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YA 2
uﬁﬁ%ﬁfﬁwﬁaﬁﬁgmﬁmwwuﬁﬁ%

qyraﬁm&?trﬁ)

THHUT dIYHTE: U0 dioHE &1 39 d9AH & &9 § gRYING fear Siar g o
R TH 39 U g 39 ©0 H §ad ol § 3R 9 d0HH |, 39 & aHl ®4
Th R & Y Igad | E8d ¢! ot gg=dt uerd 39 dhHur aoHE & GRId gl
3 Tt aUEHl W, Had TH U RRR BT § 3R G ©F Th HeReqd IR
H e 81 g, W R-9R RR &0 ¥ §aq W 81 IR B Y, GeB Bl
GHHU doHH 96 TSIt Sfcw § iR Ugeq e fou u i ¥ saad o S

g:

AePd TJEpr = AFIfFa-® TehY (96°C W Iga)

YHAU dOHM BRscs aaun Ry i femmn wrar g1 IeHUI @t "edT & R,
S & @AV A fapN, oy gd H uRadd, Ead &1 W enfe g gl
Ipyur fodg (QUHH) BERM & 3N ®Ul & TaHie ¥ A gl gl 98 duEE o
R UH RS G BEsc TN Foid @@l H §ad ol 8, 94 gRgcs aaul &l
IHHT dIHAH Hgl Sl g1 Iareul & fog, 32.38 St IR W Na.S0:. 10H.0
3R Na,SO; Igad # Bl

Na,SO,.10H:0 = Na,SO, + 10 HO (32.38 & IR W Idgaq)

32.38 ot AT ¥ IW, Na.SO..10H0 FAS@ Na,SO. H §ed WAl § A 3
& gfafrar & U Sg@d 81 32.38°C ¥ I Had Na,SO..10H0 TRR I|T B,
dfe fAoia GifsTd Tethe IRRR BT § 3R 839cs e H dad oal §, IMt
gyt wfdfehan g9 32.38°C B SHERSC Jlfeqd b &I HhHU YA
Hgl I g

IeRU: TRQCS AUl & IHHU auHE &I YR caG, SR NaSO;.10H:0
JyHAfe® ¥ U ¥ SR/ gea-=iadl gRI|

A4

SIMATYHh dle
(F) TSN/ IS0 YA (1°C), IURU yHHeR, Ude dldR ardll i &)

&E, R, d@iex R IR, onfl
(W) A 3R faegd gR3es Ae (NaSO,.10H.0), 3Mgd od

fRrgia a1 wraifre Rigia
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9 YA §¢IT oAl §, o gl3gcs dlee SMif¥d ¥TU J dRA B Ol § 3R UH
f§g T Ugd ST 8 I8l Wlee &1 dOHH AEEING U ¥ fRR a1 ¢ 96 a& &
ORI 8 a8 TRecs ¥U ¥ g A g U & IHHU & GRM
ST & SORIYU & HRU Bl ¢l I8 fdg Tpaur &g gl

ometer
0.1*C}

o 1. Joqu duEE &1 FuR
38 T & aRM, R I & g W Ugd oaT § @l Wiee &I agdH T FHiEd
IR & fou oaeiRe & ¥ RR Wal g1 98 Foild §U ¥ gRges &Y |
gRadd & ERE ST & fdb™ & HRU gl g1 g8 aueH  (fdg) IhHur arode
W 31 gafom Agifee ®u J A aUHEl @1 A G =Ryl

fafer/ufepar

SR oA ¥ AU IUR TN & a1 $ Th Uddl claR dl wRaE-dr 8
T 40-50 TH T3S Na,SO:.10H0 & 3R Tlee | TH YAMIER (0.1°C) SR
ReR S| YA &7 §ed Tiee H T R U g 8T AMMGT| 39 AGIoH &I U=l
T W TH SR | odvs, OoOH Th W R TH YR yAHeR 8 3fd §gd
HH M W UAt & FF H fiax & fR-eR 7 R R T TE aH & o
Tt & aftd T u 3 Rat mEaa # S U YA ¥ &R oY fie & §re
glee T dUAE Ue| Tlee b1 doHH Rpls Hd 99T e &l Bard W drgdHH
SeH W e dRA & Ol gl S YA TIHT 40°C d% Ugd oG, o TH AT
¥ # 31 iR 3§ d81 89 & Tlee R UM AT B AR fRad W R ®W
e & 9Ig Ilee &1 aoHE Ae B IHAT dUHE & U TH HRAT SR ST
HA1 T g =Rl

Gﬁ?ﬁm/m:
o J=AT g7g (e aoaE  (FSit i},
™ Hd I9 &S B JHY
1
2
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TMOET

(T) B SFT 3R ITHT S dGHAH BT x- 3 W AR AT &) y- 38 W @i
| fm o fowg U ae ok Sfiaes & o R fou U o # @ W sHER
w fT T €1 9% ABCDE dlUH a% ©§ SR d% EDFBA Rfde a &1 Gl agh!
! Vgifdd U ¥ A @H =1RRT AP o % g9 e Ry U fam & <= €,
T9T 8! 81 g1 39D BRU Ig § b UH 3 U I gW o ®U H HHHU
YHAU qOHH R R T8l Bl 8, dfch TH BT & aRF Uig 3P dmHE R
3R 3T F & GRME YIS HH dUHE W gial gl 9feE, ¢ 3R F fdgsit (@muam)
®T A Na,SO..10H,0 P THHHAU AYAM S|

@) g7 snytia wTomET

URUMA: Na,SO..10H,0 BT THHU dIIHM °C Bl

ArayTtar

- TH FRA R FIT TR & SRE dYHH BT JGYFIgdS HOH|

. C 3R F figet & 9 ofigg fig (TF Thmur doWH) & EyHgad  foan
ST AR

rdfae gl & Juwr ®§ sguanT / awfae dea

Ry w0 §, g fogm (o, wame fogm, Rifeen fogm ok argeen
SO SR SSART & &8F # orguyM SR o & 39 @ & wan sgd
ST g

. G4l 3R Sgad SMUsH & Hifd® O & IR IR & fom|

« TRIBAT ST
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TART 2
IER RReH &1 R ARG
a9 (e #H)

gefes fig: gefiew fig a8 g1 § o9 & o fao, we 3N faams ok &
Ra g @t e & wu A ANg g |1 gefdes fig a8 gAdw dowE g |
o R R @R Gt fiu U qa@ W RR g1 g1 gefaes womet < a1 &f 9
3t uerlf &1 TH GEeU, 3 YU § o TH gWR-Se s g oo e off
G gedh & A d HH dIAHE R Uoddl a1 S g1 39 UG BT WA
AR W urgsll & e &1 quF H1 & forg fvar o1ar g1 dad aft 5§ gl
% d9 TH WCIH U Bl §, d9 UP Yelaed VUNEH a-at gl "Iefded Wsq
Hie wsal vgr § form mar 3, ot of § verdr Al vefdIv, SR refagr,
e orf ® ey

efded Jumel SR gefded duM Uh godciss H ded gl & quft firsmr srgurdl
& fou, gefdew qUEHE 998 &H WK &4 g Uges &1 dIEE g1 guR-oiel
0 d9H R 3oq Tt gedi P B o, R IgUl gefaed yumel TH kA H
fUga STt g9% fadla, @ R-gefdesd o #, yde gee o fafy aowH
R TS Sel T oF W o d% b o Il 99 9 §ul U6 gefdes yumed F,
STt & gedhl B ¥ UH Ugd fUuddr § o9 fhdl o e su & gefdes
I R T fHar S g, dfed e &t g yonelt & d9HE & gedh el &
3= gt gew! & fUgen & fau sg1 @ifRul o@ T R-Fefdesw o 31 g
g, O 3P UQP °Uch U ST diUHE W (3D ofell & 9B & SRH) o
S ® o9 d& fb O 9l 3 9 8 o

Hifdws gfar & g9 o9 derdf &1 9T axd €, 9 IMe & v Yo e
qfe g8d 8 dfce & a1 & F e T afftel &1 fyor g g1 W g o
-3 Uaf TH-gak I FHHOY Wdd FIGR B qdhd § dfb- had gda,
gt e omeRt O a1 Ay g Whd §, W Uchl & S Ui INEfAe s
g Jfed e B Tedl gl T ol F oremmd ¥ Wew Hifdd  3faR-3Huifdd
siafeparstt & T 8 UHhd g

e M 39k IR # Hf 98 Ien g, W9 @R U §W S 3, o o
I9H T ¥ 0 § HH 89 W g4 A1, 3 Uerd Y Ut gar 8 o 9%
o o H Pls NaCl AT 3T Yo gU faog =i T 8 €1 aduH wan # ged
Ugd Ug AT Ol ® P o d81 89 W 3 ga v ¥ 2@dfid €1 8, o o
AY &9 Od & I Iged H Th Y U BT g1 Tiee F UF & IR H, 39
I (PG HO) WA HO & Y Igad # gt g S fo1 o g¢ Aee & Ut o
TEdl gl AWy SR fSWhfRangd & iy, St IR & auHH R S a1
I 3 § dOR fpu o iR ydd fovdwer & mwemd ¥ 3Fd RO YHHU B
3T fobdr STE|
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Iexg: feomur yumel &1 WU 3@ §MI: fEhNA wHRT R o THYUTd SR
gefded qmuyE &1 gdl AT |

A4

AT ATS

(F) IUHU/IUGRU fUueH g IuHRo, 38 UMl & §R, d§¢ ¢ &F, o
Al

(@) WA R faagd SEhHa eifF, o THRId|

Rrgia/warmere Risia

gaqE WA #, q-ucdh Ay # g9 a R0 URadHl $f offg $F Snat | garf &
dH IH RO 3N, IR SR AT fERY g1 98 ARy WU a1 WUl foRd Y=
gerd 7 fiyyor foxft fqu o ofvfufadl, S 9oWE, <ad iR WEAT & d8d HiNg
giar 8, WieR € & gFar # onier Wifde uerdf & Iy sUR SN A1 SIdEa |
3dd AE@YUl g1 89 I8 UMPR dad g b 8dl, THE 1 UFt 3R APhal o Yo
oRaw @t fRufedt & aw, R SR 3N st # dANg g1 AfFd aiftifs
IS IAG B AR H, I8 gRYd $1 & R 9gd WN e o § %
ifoH I@reE, SMAR W TH Sfed gy, U AH¥d R AagiRe Wifded fawl
A Bl 3 gUIRe 3R RA ARRA T8 9

e uerf Y TR 8, O U8 HH TaHIP ol § R SHAP HH B B AR &
®RBT W R Bt B

(i) ANg Ud® e &1 o]

(ii) Gl gerdl & TAHb |

et Tarl P S-S/l OB &I gk Ul & WY WU ¥9 ¥ famn 9 @
3R g &1 o Fuika foar orar 81 @ uerd & Oia ufoRa SR 39 Ao
& TAHIE & o9 TH A% 91 Al g1 WH ¥ 9gqed TSR Hed 7l
fafer/ufesan

T UGG e 4 o/ o1 Ibar &

1. IR /M W 1 TH SEBHA THET BT o B 3R UAD Dl 3- 3N LI
Jrefl ¢ & # S|

2. 1 & TR afte B U SER o AWNIA & AR &1 9o B I qEnd guf
i & Hid ufawrd st €1 Ud% A & U o &Jd | SId iR 37 ey
q ddd BRI

3. 3 Ol IR X @ & UM & WH B T 3R I% T B F9 It fua
ST, o fgor @ e gHH TR F i 3% 9kl R} $ fw fRam

4. T TE B UM & WE Y Fo iR Il B 39 991 & fn 3% 38 Ul
& WR H |
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5. ¢ WE Pl dSHR UAP o ¥ & WU Pl T ¥ MKl Tdd 39
fRreor @Y S ¥ RS B 3R ISP TaHI® BT Tl q|

6. T SIhAT WH R T-AWia & Toade erT-se Fuffa s

(i) o- AR B @D = 95°C.

(ii) SIZHMHAUHN &I TTaHid = 58°C.

(iii) SRBHAUHA & A6 = 1 T

3D /TP :
o- TRITA P AET (UH H)  ShHAHRA &I Jid [\l Jid [@[ie (°C
3T (i) )

2. 8166 0.2 20
1. 2780 0.4 40
0.5188 0.6 60
0.2132 0.8 80

TMOMET

(@) TH AT 3R IAHT 354 Udd Yo § SEhAadAsd & Hid ufaza 8k
TP e & S Th A% sl I8 o ¥ T W SER 9 UsR &1 gl
Th R B (x) faem g (@@ auam o = o e g 8 §) @
gfar § iR fdg Temie (a8 aueH o ® 1 g fUeedr §) & axid g1

EE|

g% O ad fdg E W § 9k 9P 3TeU TaHid &I gefaed aaq=  (FHemr g
U Ja9 $HH TTaHI%) Hel ol & SR Wd WAl &) gefded WA &gl Sl

gl
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(a) A Ut IO

oy
ey &1 gfded aouE _ § SR DI IR gl

Trayrrai

. YEYHIYd® 3R TH aoF BT &F |

. TEHie 3R fRAE F R Iéle HMU|

. YAy ST & Ry TU I TaHie 3R {HIG F adied & B ¢Wd Bl

qrdfa® g & Juwr ®§ SWANT / aWifae WEa

eifdre R qd-id! el e ¥, Ffdesd My uig sidd Aeayl g

. 39 3R Wl (Sre /Rl RReH) & SHGR USRI & gefded dgd™ &1
gdl @ § §gd SUArtt § S WU el & & # At siayromeff § ¥ U@ g
- I Ry SRy & fog, By urd) O Y d@l pt god T HY oD
Bl 8 3R J o @R §d &, O I% P, AET R g O dbAIbl
SN & fow smexl s Bl

. Tefdes My u1g o9 Tiol oSt SR S=-Yge s+ &1 uisharst S gadcive
Yoo AN, urge & iU urgepd RRMAe & Jogm v, a1 Tt ufswanst & fow
mexl 8, o H S gad-uaig IO iR IHY M & HRU GRS RR
RISl & gAdd IuffT 1 axgemdl gl gl

. BF-aRT It (SIS /ERfae RReH) & 3FIPR USRI & gefacd dgdqM &I
gdl @ # §gd SUartt g S wRu el & & # At siayromsf § ¥ U@ g
. {5l fou U daieM W U By oTg ged T & JHeHl 3R HiIsarult Bl
. Yid DI Y& W R By uig W iR T ITER & gHE B 9HIH &
fou urged geifAaier § IuanT fear Siar g

. fafie YT goe gonfedl &1 98 SR el Sa1 &1 SR BHgedd & os
&t ® IuANT fHar Srar g o fafte R WU, sgas @ife Al ok @ s
fator ufsanst &1 fmfon
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TIRT 3

WAl S Aigdl a7 da9a= gRad
qa a9d (Hau #)
WHEA WA T 3R T BT 07 g1 WA & TH HF GRT G HF R YdIE &
o fear S a1 UfRlY RA B WHEAT F ®U A M @l g1 g8 S &
3ffdRe TY0 & PHRU 1 § AR &I U ¥ @A &I UPHid 3R doHH R R
AT g1 APER Uae H, Ud® Wd for feadt siqddy & SuHl omud Wd &
JUHIMR 'CIQ1(‘|n| %l urd $ WW@W Udle ool wvlldl %l Q'1Ii-4\-|"||‘{ Udle
d ufRlye §d ' F & AT Wdl & S 9 3R, v 3R T WRal $ JUS B
g, ‘A P &9 & Y Uil Bl § SR Ib T B g (x) P GepHTIUIR
gl gl
3|

F < A v/Xx

q
F =n.A.v/x

n RRRI® F1 § 3R 38 59 &1 ' frgmar e @eT o 31 A IRiad g
ffAzﬁliﬂ., vzlﬁ'ﬁﬂ./m., leﬁtﬂ., ?ﬁF:n.W,nﬁW
P! & T JHHEIGR WAl & & Thdl & a7 3R I 991 3@ & ol axagd
§9 & ¥ § uRyifa feear mr g, o 1 ¥, @R § 9IR Tuh Idg &1 &a%d
THdl gl

Ta & GF & Y EAT DI IAOAT DI oST Jh! 9

F = é6nnrv

eI FYA T TAE, n 5 & WHAT 8, r Hiex & g3 § R MU M & B
g, 3R v %@ H Md &1 T gl

g 3R gY O Udd, Had UAle i oRa Uard Sefdd &H foufd gid &1 &
RRu iR i S M, oiffe Td wa e i faufd g &1 S99 ware &
ufd Siffi UfaRIy BT 81 TP SHIE ' Ulsw © SR Bt 3P ' Aduigw g
WHAl ® TY.3M5. SHls URGT JHs, Pa S § 3R TH Pa S 1 feaum ufd
iR ufd Ahs & N 7l

3exd: fHdt fidr T (FeRRTa) 9id & fu SHeiexH/duaH & 9y a=ar |

dcclld hl SFHIT I

A4

SITATYHh dle
(T) IUDHRU/IUHRU Th Hidd Ridex, Th ®id & Udell dadR &d, T

U6, YAHICY, Th CEIR, ol Db, 3cdrs/fefica fomidier, ik e @
T a1 Tl
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@ WA R fama gwfa dd /o /Aud RRu/gws Ry, o
frgia ar e fRrgia

YRUM/IR&BIT & SER, dgd dUHM & GRM i [RRY B Al HH g1 S|
TUT ST 81 § Hifd S-S &9 &1 diUAM dgdl §, S9db AUSH $I el
ol ft 9gdl €1 %9 B ' & § O 3R ' 8RN § g |

%-— Megal biall

Cradumicd Cylinder

——p -~ 100l
=t Beaker
UL i f
]
Dhistami
Travghad

. U ogawyr. fodiqr YEt @R & 719H ¥ 7 & Had 4N & ol oy

faferwfosar

T TONT & WU A & forg,

1. 3EI-3ET YA W 150 e T 9 Hidd Reigy Wi

2. Udelt dFPR &E W o I &1 FE @My, 3R 38 g RE ¥ HH RRU
I W

3. P4 RRU B E & R 3@ & T a Fih &1 ITAN DY
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4, P RRO Y W @ & g T 3G 3R T 9 dF 961 ¢ o adb b DA
RRU gifed dodM @R 9 31 S|

5. WId P 7 P og@ ¥ 1A 3R 99 Tig Uga MR ¥ okl SRER a1 S|
6. 99 Tig gasl M= ¥ OR df TRWR §¢ IR G

7. Ud® dOHE & fau 5 Giemn & fou 39 ufdar & gl Aie: d9HH deq
R EAT ¥ Hil$ gRadd ¢@q & fog, 10 S0 IRy & ofRa & 9gad gt
T SET-S(THT AYHAMHI BT ITANT He |

3[adlPp /drfereT:
Ofle | 2°C [12°C [ 22°C [ 32°C [ 42°C [ 52°C [62°C | 72°C | 82°C
(fire,

%“(ﬂbwl\)l—‘ﬁ

TMOMET
(T) I FHT 3R ITBT $3H

Average Viscosity (kg/(ms)) vs. Temperature (°C)
30
L

20

Average Viscosity (ka/(ms))

20 40 60 80

Temperature (°C)

(@ I Ut o

gfom

1. {59 dUAH R g9  WHAGT T8 AYS Bl g2 (U b U g i
gfeRie)

2. f59 IUHH W I H WHAT FIA HH [l © (YO8 b U TS HH
ufRie)

3. Y% &I Upid

Page 11 of 98




grauT=ar

- AT B & T U g9 BT TR R d O Y gl WM (gl dogH) R
oy 9 <

- AU U &9 &1 aoaE f[Afdy auaE fig & o9 RR ™, 8k 9d® A1 0.1°C
¥ 3 el g =R

. Tfd B /A F AU IuE P S M aren 59 uRex g =nfeul

- I e TAeR T &1 Iuh fbar ST =R

- 97 P! Pada qut e fear S =iy S« a8 RR 70

qrfae gfhar & Juwn § gyET / dWfe Wed

. IENMe TR W §gd SUArT (AeHed SoN-anTT oY drgq feomsf, 3afaesa
O S SRR, 3fe) |

- U7 wef| gl §¥HCE W Tlewr fbu U fafte geR & 97 uerdf & forg
AN AicH|

. T gHhie & U™ A fawerier ok Ranfler &1 S e fafid R
& T AN Ay g

. Wg®w, Ue, mEgfcHhd|

. T F S R HgWUr B AHbA F |

- SRR YPHM Sfad P! TN F1 & fod Ifod dd e & Y Al s Idg
D PR B & AT

- YT 3R 3 BRUT I 3R & e 0T TH Bl g I & fou|

- M & TP U P [FHARs &1 & g, @R 9¥r 3R Ug & FH IR &
femi
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TN 4

3l fyyoiia gaf & fayor 9 = fGfes «=u @
qa a9d (Hau #)
WHEA Gdl 3R TG &1 00 g1 &9 & Th YT gRT gak U R Tag & oy faar
S arel UiRIY 59 B WHEAT & U H S ofdl gl I8 SU[efl & SR aur
% HRU Bl & 3R T ®T ¥ Td & UHid MR dagaH W R &Rar g1 R
Ude H, Ud® Wd fo feet ofafyur & ol Sd WA & YHHIR dddt gl
R & A UdTE I 3MRId Yag Hel Ial g1 dfFR Uae #, Uiy §d ' F
G N Rl & §g 9T R, v AR & Wdl & 95 B Gds, 'A D A D
HY erquifdd T § SR 3% s @ g8 (x) P hHUNT Bl g
31yfd

F < A v/Xx

F =n.A.v/x

n fRRI® ? 3R ¥ %9 &1 RuRme uie $er wiar 81 3 IRed gl
A=Tf., v=139W./3Fs x =1 JH., @ F = . IIQT, 5 B RA
& YHFIR WRdl & d9 TH a7 3R §91 I8 & U 31a® §d & 9 H
R foram ST 8, S 1 9. R § SR Yudh Udg &1 &A%d Uhdl gl 39D
PR ' URY SR BIA PR AdUlST Bl WHA P TH.IME. IPlE URGA
JHs, T TH § 3R U U1 W9 1 paum ufd dex ufd Ibs & IR gl
IeRA: o Hyuig R el § &4 e & e &1 FuRo fGenits U 9
Ey

g o

A4

SITAYHh dle
() IUBRU/IUH X4 did, 3HRedics/fsfoea fommiex, R.Sl. aida, fuue

(b) IO 3R faaguw feu wu fhsvita & uend

Rrgia o1 e R«

fR@iier gRT WHAl &1 AU UlSgsd & HIeR0 WR YT 8, S 8 n -
nrd4.P.t/8 V.l S8l V = B r 3R das | & SRBT Tet F Wy ¢ gEy
T §84 a1 [HEAl 5 & dkd BT Al P = RA DI Gdld  (FRSRCICd Gad) |
3R t. 3R t, Th HRABT Tl B UM dals & AHH ¥ ¢ ¢RA Uerdl & JHH
A & fou yare & fow siawus THg €, df SWied IHieRuw ¥ gH ug e
q:

n = nr4.P.t/8 V. I

el vV = 3o r 3R a1 ol BRGT A b wewH T ¢ g H d84 9
WHAT n & RA BT AT P = RA BT a9 (TRSRCfCH adld) | 3R t, 3R
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t, Uh PIRBI Tl P! THE Ta8 & HIOH I & Rd Sl & IAH MTad &
fou yare & fow sawgs gHg § O SWRidd JHIeRU ¥ gH I8 e §:

ni/nz = P1.t1/Pa.to
%d &l qld = h.d. g.

b Al gaf & o h iR g 99 §, W P/P, = di/ds

ESIKLY
ni/n2 = di.ti/dz.t, S8 d; 3R d; @ T&@ & ¥9@ § 3R 1, SR n, 3@

.

G n, = THT P GEAT
dl ni/n. = UM & AUE Td B AU T

die: U WHAT B Bls b5 ol gidll fAaaa & n & A B 3P FigdT
(TR & fovg wie fhar 9rar g1 fAfts Ul & 9% urd feu o & iR
AR R WA el & Hd 9% & §U 8 5, I 396 9edh! B A
B e arelt A @ ¥ AR R B

fafer/ufsea

AR TN &1

1. & %3 A 3R B Bl SET- U | fhamex faftd demstt & &3 O
IR HX, SN fF 103, 202 R TH TWE A & AT & 903 dd|

2. Ued wam & aftfd SR sicdrcs fawpiiic &t Terdl ¥ Udd 9id &
forg garg &1 g fRuifa &%

3. AR @ e QU MU (smma) fsmr & forw vate &1 9wg §id @]

SqAID /dTfeIPT
1. PN BT AUAH = «C
Uarg &1 999 9Rufldg ¥U § g fbar T g
g, gchl Bl 3 Y g B IHd (DS
A B
3F1a faerg
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.
(a) ATH §AHT
Udlg & 9HY

&
ST g1 fau Mo
&

Ww%lwﬁgﬁma{&rw’ww%@v@ﬁ%ﬂaﬁ® x- 3f&f R
U foig SRd faea & A &1 Ufa=id ST g1 B &1 UfA= 100 HIEAH A &I

ufYorm fou U fAeor @ e % A 3R % B Bl

grautrar

. TR B §UR RTES ARER F S Od Ple UgH SR TN FHRd JEH
IR&M ==AT UgH |

. i Id & JUTdd 9T QRETHS &M UgH |

. o ia & fow yaff g5 &1 Iuam & (afe foor mar 8 |

- T H IUENT fhu TN A & e o 9 # 9 o 9y g 39w |
SN fPu TN IREl & WY dudh 9 5 )

Trfde g & Juwr ¥ uEnT / aeifee Hed

. DrAfcH AN, a8 ew, ARE 1 I o Pt dAd & dd W Pl oHG
T fe@dr gl

. I (YfGHI) Ufchan|

. gfegar WA fogm ¥ T sififeat a1 Seig RIFTRU U SRAT

- 0g vl & | & for W 39 A o ey e gerdl & e ot
SISO U fHar S g&dr g

. PIACH AN H, T dPh-Idp & IYAN feT fHar o1 g aifs sier e,
ARE a1 WY M B AT F dd W Bls oHE 7 |

-s;%vﬁ&glql, T famm oW 9 & FEfor & for e fayofia ®a gerf
DI |
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TAT 5

mﬁmmmmmm
(d )

Tdh Tdel Uedl g 3R gg Hifde a1 ITmfHe Judh & URUMHRGR=Y &8
g 3R zgfou 38 fiomr-or dw-sifmivy 9 fear mr g1 Ifhg IRe
o Te foyul WA (SS1 ¥ag &) Bl §, S9 oAl I WY I & U TH
WW$W1§WW%|H€B§?$W@W1§WW
R TH b D! Idg I T & I9Re 9 U fooar oiar g1 RR agaHa w®
fU=NYS Bt Figal ¥ 9fG & A IV &I A1 I8 d9aHE § 3fg & 91y g
ST g1 o dgAF fRR @1 o1dr 8, @) Uy & HaR W EAH 5 A1EH
q aftfg foear Sar 8; Tigdl & U HaRM & U # AUMYS Pt Idg W AIYH
?IITEIT @fe ™81 & TR F AOYH; WS ok AR smeay emd
|
Ie: B IRGIT gRT el thRifes thRis & Irew &1 RuRor &A1 8k Ire
& AN BT TIT BT

A
3

Er

STIYHATY
(a) JTPRU/IUHU LIS didd, fUle, &g, e,

(b)WGﬁTlquﬂ Uk Iipd IRGIE, RFd TRfees TS R 0.1 N

Rrgia a1 e fRrgia
Pl MEHIyd Wisfed 7 Ue fdfg T I rgHasg JHieu faar:
x/ m = KCt/n (1)
el x 3R m HHY: AIMYS IR ANy Pt 7AEE § ¢ IAfNYes B Figar g
K wisfera I RRI% § 3R n wiskE Af¥NYT gidie g

THSRT (i) BT log Ad §U log(x/m) = AN K + (1/n) LogC Tg THIHRUT e
G HIBUT (y = nx + ¢) P FAA ©

RNYS B! Figdl Bl daad gU dfe &7 T TH &A1 §, o oH T it
fradt 8 e g™ 1/n & TR g1 8 MR AU 1og K BT g1 U6 Ued
9 fewmn mm B

e

% /30 BT § fb Sf=Nwor & WET ¢ & WY §edl § SR Sidd: ddfta W
d® Ugadt gl
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fafer/uforar

EOR RUEE Wb I M g

1. 0.5 N U™ RS & 50, 40, 30, 20 SR 10 el deRr & & Saar o

i;ﬁ?g?lﬁﬁ‘ﬂ: 0, 10, 20, 30 3R 40 el dier NG 9@ A 3R I A9
|

2. U Sad # 1 T Iihd IRBIA S R R $% TTHT UH 6 b SR

el 3R W & dAUEF W M & U Y °¢ ab W & T 3

3. IRPA & BF d R A IHT UIPH A T B THT IR e dre”

frde &1 e <l

4. 39 YIS g &1 5 e AR o R 30 q@d & wU § fhawafed &

%Wo.lem$Waﬁa$wu&rﬁnmﬁ|an@rﬁﬂ%ﬂ

|

a1 /dTfereT
HH BT dUHH =
W@Hﬂ%%ﬁ@?ﬂﬂﬁﬁa@aﬁw_lm
Ud% SR TAYA gq ¢ TN faead &1 3aad = 5 e

qiad . 0.5 N g ™ A I Tgad
CH:COOH & | gt &Y |mm  pRfYe R [NaoH &t
AET (THUA) (AR C (V)
1 50 0 0. 50
2 40 10 0. 40
4 20 30 0. 20
5 10 40 0. 10

NV = NV, BT SUART b YRV & ol 3 bl AHICT I 70T B 39
A & 3 P URMe AHfIe I el 399 U Afrnfdd ona ot it
U8RI 39 N #F o

UMWT 3T P AFT, x = Nx60/1000 (g H)

gt ARl H m= 1 g

gﬁmﬁaﬂmaﬁeﬁvmq&mﬂ%m&wmwﬁw

Sidd | URMNe | [a=nyor | SfY=nd | sawifg | x/m | og | ogC
9. Hiadt IS |91g ofd (3 P B @ x/'m
[ A |t (O x
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A4

TUHTE
() TH FMT 3R ITHT FIM 1 og(x/ ) 3R 1 ogC & & WP §ALI g

1/n & TR § 3R IRY | ogk F R gl
(b) T 3TuRd TOAEN

gf¥omd IF &t Ugfa theferd SifRNYOr THATd & AR §1 1/n 3R K & #AF
HH: 3R g1 g8 Thsfera gram &t dudl &1 Ul &Rl g

grayrfaar

Tt il & e I iR 999 ®u T |
W%%ﬂ&maﬁﬁ%ﬁﬁaﬂqﬁwﬁaﬁ?mﬁa@wﬁﬁ
URMY® BIcT AET &I

T <l
. M4 ¥ 9 SRS quaﬁaﬁ%a‘s’lqmwﬁudmmﬂwm%l
YU & 99 § o 9 &4

e &

qrdfa® g & Juwr ®§ SWANT / aWifae WEa
-wﬁﬁﬁﬁvmﬁ?mﬁﬁ&mﬁﬁuﬁaﬁméw
g e & *U A s Hd B

. 9 A’ ® Ifby IRSIA BT IUAT fooar oar & Fifes g8 I 4 aral gdl
D PG P & U 9™, eIt I B AEdl gl

. SENE SIyERT ¥ SN faud IaR®, Ilhd IRDPIW, TR HeRI-T R =
ufhar sMagemde (AeH ad IeR), Ridfew, onfe & forw ds1 ot weM &
%%Q&rtriimjd;u-naﬁwwa BN aﬁvwmlmﬂml

- 9 TMeA, FoieliaR, IR SR fAfera T & gyamRor
.&m%w&rgmqq

. HicHhe fafimr

.« M WA R 3T IR
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TGN 6
4R & 91y pH Hifed HTUA gRT 3 &1 Mfad

qa o9d (e #)
B IS R N9 ITEHE UfhA 9 WEH @1 Srddl A1 &REdr 9
TeRE O yvifad gt § o wfafear &t g1 @it ora Sieflg 9@ & H+ smaA
IOF TRA & AU T & I gl FS A O HA, H,SO, HNO, 3ffe Sielig
e # I e q Ed 8 § SEfd CHCOooH, Hcm&niﬁmzh@ﬁ;ﬂm
% omafd 83 &1 0 & Helgd SR S1C A & FHER o F U F o ol
GBI (-1 0g m)%@ﬁwwmw%ﬁvwnﬁ
9d B 3fd IR B, pH>7&nﬁHaﬁaﬁ
3 § IR | Sd-4R SIATH H, UE FA

3eRY: Ultg Hifew: diug difice SMATH gRT Sfd  (Hgd/PHHGIR) P fdd Bl
YR YR (ASgd/FHOIR) & WY

ATTIHAT (T) IS0/ IR0 Higg Hex (TH SaaeiHd Hiex 3R T o
SAdRCIS), N, ENC We, da diad, e, Wifed & $U, so Ha diax,
SIS

(@) TrE R faagd FHeR/Aeed TRIS iR 89, 3d ofd

figia o1 Al Rrgia

fedt fdema &1 pH, pH HeX @ Jgrar ¥ e U F AUT S Jbdl g1 pH &
AU &1 ST A-&R SIAT & HRU $I TRE & fou fear srar g1 38
AU a% U &4 & T Al fafYr em a1 g1 S[HYe a%h, HU U pH
AFl SR AT T SHY®S B AT (M) BT TH AW gl SA-&R IERIIHR0l
¥ faftry =Rolf & fagos & pH AF Uil Py S € iR 3 7 &R fdm W
T U aR ot 7 & Ovg wie fhu Od g URfYe ot # pH dR-4R s
g FifF NaOH §RT HO &t S TET S TWUd & HRU H+ AT B Aigdr dR-
R & gt ondt § forad uRUMRG®T Nad &9aT & (et A AT T8 NaoH
& gaE grf |

HC (aq) +NaOH(aq) Nad (s)+H2Q(1)

dfd1, Jeaar fdg R (a8 fog o R 9UM 961 O o & 99H AF1 T &R gRI
msﬂ%ﬁmﬂﬁw@qmw% pH ot § Fgar § ifes Jou fdg W H+
WWE@HWN%lW%W%@%WHHde‘rwm%laiﬂmu:r
o1 Sifqw fdg a8t urn o1 ¥hdl § S8l pH HH &9 doft ¥ Seadl ol g, d%
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F1 MHR 3 3R I BT T &R B IR0 &FaT R &R B Sl 3R
3 B &RAd R R F=ar Bl

T IR W9 SFIHUA I &I FAH0r g S ¥ SR geudn fig i & orr 8,
TNl haRHIe? R SIATTH &1 & U U6 @& g9 Iohdl ¢ off U Iugad
T fig (98 foig P R Y@@ I seadr §) UeH S|

faferwfosar

1. 0.1(M NaOH 9@ fear wmar gl

. 3Fd fad &1 Ho O fear Srar g1

, 7, 3R 10 & G § pH HIeR & Hfesle B

Sw N
©
I
NS

&
il
2t
1y
B

av
o
I

2
A3 4

33

7

;

p

&,

>

4

;

e

2l g]

T
8,

Da%

fdea & pH §9H T T NaOH & AET & W% §A4|

a1 /dTfereT :

1. 250 THUA 0.05 UH AF® e TR Ofd & darl:

faema @ U & fou aoq feu 9F a sifeTfoies TRie &1 goad™, w
W= 0.05%X126x250 = 1.5750 UTH/1000

Grell o9 drell dldd &1 S0qH = x =

o arclt aidd 3R 3 RIS &1 goaAd = vy
QMR & &6 gl dIcl didd &l Go0HH = z =
el TS RIMIARUN &1 dRdfdd SddH = wi = (y-z) =

2. NaOH & favg OF® Siericie TRIE Oid &1 SHUA:

R T O = e NS

T3l Wik § O = V1 = 20 THUA OHS ATRIfeid TRIS U

gad dovdd = fhAiamafe

3 fig - TEA ¥ e

%. 9. e ST Tgad HO Pt HJE
URIYSH 3ifem

1
2
3
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JUadl M (V.) =

diferpt 1. GTg-Afi¢d SrgATH
fo/m T HO &1 AT (Vs) e W NaOH & AT (V) (THTS)

(YHUT)
25
VihaoH pH ApH = AV= hNpH/ AV Vavg=
pH - pH Vi — Vi Vi+Vi) [ 2

TUET
(T) T §FT 3R DT S

(@) gF SmUTRa T
1. OF® e TRE 9 & AeRdT: M = wix 1000/ (HIOR STHE x V)

M = w X1000/126% 250

2. f3T T NaoH GI@ @ HiERar:
MVi/n1 = MV2/n;
(S e THS)  (NaOH)
Nt =1, Ny = 2
M =M x Vix n,/Vox n;
M =

M =

3. few e Hao faega &) AieRarn:
MVs/1 = MV./1
(fear w1 Ha ) ( NaOH)
M = M x Vi/Vs

IOt AU MU HO BT dlbd = S, = My x 126 =

pH 3R AT W NaOH (V@NaOH) & 3MTdT & &g Th IH 910 3P I |
TS U1 &7 g1 1Y el e §gd Wal ol
g &3 &1 Aw-fig Fuifa #3198 gouar fig g
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HO & QU1 SRIeRU & U 3aRde® NaOH &1 I AFT (Ve nl) % I Tl
T R HO (S:) Pt dibd BT Udl TS|
25 X M = Vux M
(Ha ) (NaGH)
HO (S:) @ ddd = (M) x 126 (HO 1 HITR Go0HM)

ApH/AV 3R Vavg & S T UM% §1C1 30k UM% § Th RRR gH1 =gy o
g foig 81 % ¥ HO & QU SeRIMIGRU & U Sa=ae® NaOH &1 Wd Sid
AT (Ve nl) &1 Tl mdl R HO (Sy) &) didhd &1 Ol @ |

25 X My = Vax M

(HC ) (NaGH)
HO (S)) @ ddbd = (M) x 126 (HO @I HIGR G0HMH)
gy
3T HO P didbd = S, = g/ L
maerrﬁﬁ

. ZAHIS P UG U 3k ¥ FaT ST AT SR Iadels I Oid HI dIHE UTed
A B %umﬁwﬁmwaﬂ%m

- TN ¥ UBA pH Hiex &I dierse forar sem =nfeul
-ﬂaﬁuf@wwwmwwémwrﬂ@wm$aﬁw_
I R A AS BT ITANT dRPb °9id & giFe w9 I ffamr o1 goar gl
- TEEHal B T UG & B § I g8 Iwan d T g
. TN FAdCIS Pl GERM IR ofd H F&l PR QAT dligT ofd SHBT SUART - Bl

grfae giHar &) Juwr ® AT / aWfAe Wea
- &1 SR TGl AT IR & U W IS G IR INMAHG SdGl &
e dtg A9 &1 fazawe, @1 g@r iR 99 Uefet e # ogarst @
ST/ &RITAT BT i |
- HiY d gt & g
-W%Waa&rrcg% fafthT q@, vaiaRor SR & fou 9t &1 TJorE
- IRE I §R §F Tl
. fafmior #)
. WG JaT 3R Ao FTUarT S 5 IWEF fagE o S8R ®% 3 Ul
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TN 7
4R & 91y pH Hifed HTUA gRT 3 &1 Mfad

FERY UCREMARS egey BT ITIN B3P TIREH SFERINE (K.Cr.0y) 3R Hhd
AT Tehe (FAS) 1TSS HRAT 3R URUIHI &1 alegric e ergee o qa-T HRT|

4

SITAYHhdlu:

JUHRT: e, U, - TRe, hafd sdders, Wied fAfeny sadgis, S,
I 19 fgam aren 33, pH Hicx a1 UidRrier, s¥c }'s, A Ridsy, BAd, &id 3
ol

JYF 3R faqgs : Uy S/FERe (K.Cr.0-), By 3MHIfATH qehe (FAS,
Fe(NH)2(SO:):+6H:0), TeRIR® TRIS (H.S0:), 3Md oId, UCREH WRNEARS
(K«[Fe(CN)s]) degilfeds e2ee & 3fd g &1 ual @ & fom, ddde ©F,
SRHHAMRA diegAfed eZeeM & fam), 3ixied & o e faaes 9, AF®
UieRad Sdre faaa )

Rrgia:
T SAYRVM: UICRIMCH 3R H erge’H o 3id fog &1 Fuila o= & fore faeaq

T dieest & YRG! &1 -1 =M 5 | I8 fafd fagiy &0 § Ysiad ergesq & fog Suanh
8 oTgT 3id fig Txg Tdhad! gRT ST § UdT Te) 9d Il g |

IS JHIBRUL TR SRaiRe iR WY AHgH Jebe & diF ISia
yfaferar & FufeiRaa ¥u o gwifar o v g:;

K2Cr207+ 6F€?* + 14H*— 2Cr®* + 6F€* + 7H20
ref-wfafsrane:

Cr207* + 14H* + 66 — 2Cr*" + 7TH.0
Fe* > Fe* +e
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1. faeg= +1 da:

. Tl Mgy Getbe faeae : I1d UE H FAS &1 Iéidar 3 did 3R 3gd oid
HUlel | TN &/ S & ol $8 §¢ eI RD TRIS ST |

. URRRW SsadiRe f[aaaq : I1d 961 H K.Cr.0, B R ofd H "iddhR AFH
faea TOR HR|

2. JUBIUT B TYTYT:

e SIRC P K.CrO, fae  diax W |
. ORI & AFd THIYUM! BT START HRPb 3iRiThd B |
. FASTITH & daoig fed™ are 39 R Sier # 39 3R 3adeis & 9ia d gad|

3. TTg¢ X ufeha:

. INCIFASTITT T K.Cr.0, faaTa STEHT T B 3R AR |

. U@ CIS¢C OigH & §IG dieedl Rdbie dY |

o TISCRM ORI XM OF a0 o dieeol H Agdqul 3R R aRad= =1 g1, St ofd foig &1
AT g | By 3! o HIRUT gedhl 81 W 3 foig TR JuTe 81 5 § ofR faaa=
ESARISIEEETIN

4. AIegAfeS eTgexM.:

. TH 3 I3y H, Th Iugad Yhdd (O, SISHHATHRA) BT ITINT FRPb
EERNE K
. 3id g &1 Yobd <1 & o 1 ufvads a@ FAS faaa o K.cr.o, faaaa S|

gD dIfIPI: (1) NERARS ergeaM:

Page 24 of 98




K2Cr207 &t HIAT (THEE) SEHUG. 3ddlfed THAY

feratee)
0.0
05
1.0
Endpoint
deqife® TTFEIM:
K 2Cr207 @1 HTAT (THTA 3faetieh (1 GRdcH)
0.0
05
1.0
Endpoint
TMUMHET:
AR 3k wienfydt o
UIeRrAfc® ergerH & o
N1 xVi=N2xV;
\_rlﬁlz

e Ni=KoCr0- faaa &t e

e Vi=3JAN I T8 K.Cr.O, faea &) am

« N =FASaaa ot A

e V,=FASTaTaq &1 am
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AT TIZCIMA & [ATU: K,Cr,0, B SUTNT 1 5 HET & YR TR FAS faera= @1 FiHfere!
D1 U] B & I FHH G T START Dy |

HATRE T

Molarity = Normality/n-factor
For K2Cr207:

n-factor = 6

For FAS:

n-factor = 1

URUMH: GRS e™en iR aegiiee e™esH d urd FAS faeae &) e
3R AAIRE B gaT B |

TrayT=ar:

1. Gt BT & IHH S ITART ¥ Ugd W 3R T T |

2. UICRIAHR &1 dh W 3ixrifdrd B

3. cigee &l eR-4R SIS SR fadoa & AR fRard 8 arfes w9 =0 I fyor g
b |

4. TRIIHRUI T G & HRUI Il J T o fore drl faergd IuaiT o |

5. JUTIA! 1 GHTETd THT FaUTT SR R SUGad YRETHD SUDHRUN BT SUTT e |

6. TN &b §1G Pt-3diacS Bl T Dy |

7. QR TRINT & SR draHH &1 fRIR §91E 39 |

IV

1. 3NN fazduor dRRAEMRE eEee &1 IWN BHeHd, T, 3R
T S B uras 8301 3R Fwd Hid SR SdTe) & fa=ewor & for forar
ST g

2. qgTaRur fARTY: 9 3R gt & A1 & Ugue! &1 digar Fuiia w1l

3. ATHYUTH TANTRITATE: YTy ufaferaratt & mfira fafid st sreaaqi § adie
3R ! fa=eryor & forg SuaiT fasa Sira 3 |
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UGNT 8

IeRY: UIREMs IRl o1 Wi Bre IRTH Fetbe (BasOs) P Al uiie
(Ksp) Feffva &=

SATIGHATC:
a. JUHIUT: IR, T, A iR, S, Jab g fga™ arar 43, pH Hier
1 U AR, Fafd 3aaers, Wied fAferg saaeis, die fad, &Re
}E, 719 RideR, BAd, & &1 Tl
b. YA 3R faea: SaH FARES (Bacl.), TIfeTH Tethe (Na.SOs), S
d, 3mafie Yfed THRNS (S8 KNO, faera), sixie- & fofe A
o (SR 7% Bacl. faaam)

Rrgia:

& YRV fIaaar o (Ksp) T RRRI® & S o | U S A1 &1 faadar
1 qU BT & | BaSO. & forw g fRuferad sifyeafaa T fear mun g

Ksp = [Ba®*][S05"]
STd BaSO. U1 H geidT 8, d1 I8 Baz* 3R SO, 3o | fawfold
gl e:
BaS04(S) « Ba?*(aq) + S03~ (aq)
IcRrmfe s faferl & ol & digdr & U H faaad &1 faud (@lecst) T uRadH o a1 niid
2, ORI ST 1 TigdT 3R 39% a1¢ ksp BT YR fHar S g g |

ufepar:

1. oo & dart
o 3" FARTSS fa@a=: I 961 § BaCl. &I 3Yd od § 9iddx AFdH
faea IR #R |
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. Tifean Tebe faau: 19 96 d Na.SO. B 3d ofd | dides AFdh
e TR ® |
2. SUBRUT D TITYT:
e ST &I BaCl, [Aad ¥ U 1R |
o TR &I HH® faaaH] &1 ST e Hifdhd He |
o Na:SO, AT 3! a1 fga™ ara 39 W dlex B I 9iR Sdiacrs &l iid
T gau|

3. TIgex ufsha:

o FNCT H NaSO. fTaa H BaCl, [AaaH SIS Y& H1 3R TR fgand|

o TdA® BaCl. SIS o dlg faHd (@leco)) Rals B |

o TISCTM SIRI XW od b fob fava & Agaayuf sik fRR uRad= 8, S Baso.
& IYYU B SR 5|

el dferaTa:
ﬁﬁﬁiﬂﬁﬁﬁ?ﬁaﬁﬁﬁﬂq:

BaCl, BT Tad- (Taue) % UH.UP. 3qalfdd THA (ifdrdiees)
0.0

0.5
1.0

Endpoint

A4

TUTTT:

Ba> 3R SO+ B igar Fufa #3: gaA fig W St 718 Bacl, &1 AT 3R ITH
Higdl BT SUANT B Baz' HTTHI D1 Higdl bl UM DX | 3 UbR, JATGH foig W faer=
T S0 G| B Figdl Bl U] DY |

faoTar Ui (K.,) P TOET:
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> YA foig &R fae@H Baso, T Uqw gl &, Sfet:

[Ba>] = [SO]
>  Ksp @1 TTUMT I BT SUTNT B B
Ksp=[Ba*] x [SO+]
Ksp=[Ba*]?
> SHIRIHATIER Higdl B A Ui diex & uRkafdd & 3R Ksp BT T0HT B
- 3 3 S IHIYFT & 1Y S8R 3R Kep T TR T U B3 | T8 34fi a1 A

dfr RR g1 AR
UIRUITH: %& dH TR BaSO. & Ksp A 1 RIS Y| 59 A B Gl BT 3MTeberT
B & fore 4 Tifgfde I O ga &1 |

TrayT=ar:

1. Ot BT & IHE DI ST I TS AT SR L@ I |

2. ORI 31 3l ¥ 3ixrifdd B

3. Trgec ®l eR-¢R SIS 3R faera & TmaR feard I arfes T U 4 fHreor g1
b |

4. GYUI AT BN o DHRUN Il I s o T arol [aeem &1 SUaRT i |

5. JATGAI B YA THT TG 9= 3R UG YRETEHD ITHRUN BT SUTNT DY |

6. X TANT & SR T & fRR 91T T |

7. TN & 1 Pt-3adeS Dl A1 |

IV

1. OId SUAR: BaSO. & [daddl Ul &l FH STd H ethe 31| Bl g U Uag
IRAT G

2. WHTEGfeHed: f[aaad U] &1 JH &al FHir SR RRGT e # Hgayqul |

3. qgiaRur fARREY: dfass Sial § fafid Dfivet @t facar &1 fRufor e ugm
TR DI FRE BT

4. INAAE IANT: S@aun R facgdr ufaferarst & =nfa ufesarslf & fow

Heayqui|
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TGRT 9

IeRT: UeREMAR® ARG o1 Iua Brd sifaieis 3l (T 2-&M ) &
faaei fRRIF (Ka) & FRuffd Bl

TIPS
a. JUHIUN: Xc, fUle, a- wiRe, didhx, dadbid fga™ arem 34, pH Hiex a1
RIdex, Bd, & & S

b. YT 3R faa: ST S (H.C.0.), VST BIESIRIEE (NaOH),
3R STd, pH ISR o foTd A S faera

Rrsia:
A YR SR 3 Uab gl-&R 3 5, forgant o1 & fob g wieila o
AU (HY) TF R IodT ¢ | fagsi= &) =Ron & gt 8;

H2C204+ H* + HC,O4

HC,04 « H* + C204%

S RN o IS FRRI® B Kay 3R Ka, b &9 H G141 ST €| UICRAMRCH TTgeH H NaOH
SISd T 9 B pH AT ST &, for fagei RRi® fuffvd & &t srgafa firadt ]1

ufepar:

1. faeaa &) aur:
o ST 3 faerasT: 1 AR H ST 3R B SR od | giady
A A TR 1
. AIfSTH gESiRIgs faaa: J1d 9 & NaOH &1 3d ofd § Ui
A Ao TR &1

2. IUBU BT WITYAT:
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e ST DI NaOH faTaT ¥ ehiapr 1R |
e pH ™R B UHS THR JHTUTHI BT IUTRT Hich 3iRMfbd B |

o S 3 faaae & diex | dadig A ardd 39 )R T 3R pH

gadele ol °Uid § el |

3. TTgex ufshar:

o FNT T HiqTierd 3 faa # NaoH faaae Siie TF & 3R TR

fgamy|
e TI® NaOH ST+ & §1¢ pH Rabls ®e |

o TZCIM ORI G OF A b pH & Tyl SR RR uRad 7 81, S gl

fagof =Rl & FA fogal &) quiar 8|
SAATH dATTeIhTE:

ﬁﬁﬁﬁﬂﬁﬁﬁ?ﬁ?ﬁﬁ?ﬂq:

NaOH T 3Tgd- (THEA) pH

0.0

0.5

1.0

Endpoint 1

Endpoint 2

A4

LB LY
fauesl RRIP (Ka 3R K 2) Fruffya &9
1. UYH faei fRRIE (Ka):

o Ugd A fdg (V1) TR SIS T NaOH & AT &1 Ugd™ Hr |
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o RPIS BT MY pH FHT ITATT b 9 foig R H+ 3T T Higdl Bt T
Eadl
o DI IUUNTHY:

e = o
2. oy fawsia fRRIF (K):
o T YAJA fdg (Vo) WIS T NaOH St AT $I Ugd i |
o RPIS BT T pH FHT ITATT b 9 foig R H+ 3T BT Figdl Bt TUAT
oy

o I BT SUIN BY:

[H+] [HC;0,4—]
[HzC204]

e 3 3R ISP YW &R Tl P! Widl NaOH Siet T8 AT 3R IR sifawfcis
3T ) TigdT I U 1 o bl 8

Ka =

gfoms:

SHTRATIOT 3 & T K 3TR Koz 3 O f T TTW AT b1 RIS 3 | 7 A1 b1 wetdpa
BT HTHT DR & o 37! Aifefde A A a1 B

TrayT=ar:

1. pH TR B 31%  3iFMifdd B

2. Trgee &l R-4R WIS 3R faaaq 1 maR fRard % arfes Iae =9 ¥ fiygor g
b |

3. GgUUI g1 B & HRUI IV 2 & ot arol faaa= o1 IudiT |

4, T, faR U W NaOH SR Holed &R, B THTTD THT FraeTt §d iR

5. TR YN & SR dT9qH &1 fRR §91E 3G |

SIWANT:

1. PTHNGfeH: 3 o fawei RIS &I TS gal T SR fRRT sieqa- &
ey HEwyul g |
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2. TTaRur fFRRTY: UIpfae Sfal § Srei-e Sl o fagoi (RIS &1 FeRu|

3. QTR FENT: ST 3 aTel Wil SAG! DT ST 3R FRRT BT fa=erwoT|

4. IETAAE THY: At Imafe uftsarstt & -emg sidll & deR &1
T |
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TART 10

FERY: TISTH TESIRIZS (NaOH) b 1Y T Holg 317 (B3 S IaalRep RIS, HCl) &
CATZOIH B VAT Bl AR AT AT BT SUTRT dxeb FuffRd Hl

4

STAIH dI:

SUPRT: BRI (MG TP JUR TG $Y eaRiHeR), YR (&=
IREGAT & 1Y), 419 Riclex, fUte, diaw, ffam aran (@aa i a1 3=g3id), gl St
(PRI & fom)

A SR Ay

. TRSIFIRD TRTS (HCI), AFS Ui |
. JIfeTd TESIREE (NaOH), I UId |

. S o
Ryegia:

YA ATYRVIT: YCAZORE P ST I8 ST IRac § Sl U 3d 3R T &R &
gfaforar A R I 3R Alee &1 W giaT ¢ | Aot 3l iR &Y & fore, gg ufafesar
TTHT I Bl B 3R i Isaiadt giaht g1 wfafehan &) fFafafad ueR ¥ gxifar o
Tl B:

HCl(aq) + NaOH(aq) — NaCl(aq) + H20(l) +13.7 K cal
o A T Aolgd §, d YUiadT faHIRTd g1 oifd § SR uffohan 9cies 0 A gil 6|

H*+0H™ — H,0 +13.7K cal

Y edrzoiR Ufdfshar & o vuredt ufikad (AH) & faeaa & aue aikads &t
IR TR FARMHICR BT ITART TR AT o bl § | O1d Th 3 3R &R HI T
gfaforar & e Hiet urit &1 Fufor gar 8 ot Fdell g8 W1 &1 A6 &1 e § 3@ AT g |
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g 9 1 arg § foh afe o a1 R P18t FHOIR Sadciange g, d Scafold ST
T I ATGOIRMA 1 ST HH 1T 3R GHI HHASIR 814 R I8 a4 HH gt

ufepar:

1. faega &t dar:
o A AAIRS & BIESIFANRD TRTS (HCI) BT AFS faaa daR HI |
o A AAIRE & AISTH FESIAIZS (NaOH) HT A [aaT daR H1 |
2. PARIHER B RITYAT:
o TS IHTIRTD B o HARIHIC BT fRTifohd He|
e HCI faee &1 1 76 A SR 39 HaRHeR J 814
e NaOH fqer &t T 9 qm|
3. AN T HETe-:
o HANHIR H HCl f[aeae o1 IR dToHH &of B |
e NeOH faea= &1 astt I Hel faeem & STel oiR a1 = &
o T HA F TIE BT YA TSl B |

4. ﬁusruruﬁﬂ
a PaRmex ¥ IS ot oft ST erar a1 g1 &1 Feiid 37 & e Smgd
ST &1 JHH AET TSR T (U0 TR i |

eI dIfPpIu:

dIYHTA HIU:

ATOdd HEATHCI 3MOdd HET YRS d99E Sifdd 9| dr99™ gRad—

(mL) NaOH (mL) (°C) (°C) (AT) (°C)
MUY
IA SAT () BT ITUMET:
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Q=mx ¢ X AT

. m =399 F1 gTHA @ ad & fob fITa &1 99 od & IHH 8, 1 g/mL)
o c=og &I fafRy ST &\ dT (S1a & e 14T 4.18 Jg°C)
« AT =dYHH H URadq

ufaferar fe e Hel 3R NaOH & HId & TurET:

Moles of HCl = Molarity of HCI x Volume of HCI (in liters)

Moles of NaOH = Molarity of NaOH x Volume of NaOH (in liters)

<ffe wfafhar 1:1 At 3rguTd # B B, HCl & AT NaOH % Tid & SRTaR g1 =1 guf
BIGGIESRE ALY

ufe Me Tt} ulkad= (AH) @t 0T

q

AH =
manoles of HCl or NaOH

e Ife ufaferar IsE §, AH &1 AF THRIED 8|

gf¥oms:

AT DI TUFT DI T8 HEAT (AH) BT kImol & TR BRI 5 AF DI g1 Holgd
3 3R &RT & YZATSOIRM B S & FGiTadd A I B, S AHRI: AT -57.1
kJ/mol BIT ]

grarfaar:

1. T &1 IuAT FRb HCI 3R NaOH Pt AT &1 et aiies ¥ AT |

2. AT ¥ Ugd AR 3R HaRiHiex &I ixrifdhd H |

3. Tqoem &1 Siedt ¥ firamd SiR ar|m uikadH &1 qRd 1Y difds TRasT o 1 &S
HECEEEED
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4. Fagd, e 3R A= & SRS g1 Tvg g =R
5. HCl 3R NaOH I} &l JH dTgHH TR 3G 3R JHM Hferd! g 91eu|

CRLDIE

. Afere IR [EA faT varTRTarstt § SsHTIfde SR FaRA & Rigidl B
T

. SN sy IRt Faio H wgt Ssad ufafean s g, ufdfesan ot
S B ST RET 3R Ufehar fEomz & fore Agayut 71

. BHEIgePH: a1 A0 T IHIET Yz Uidfoharsit & fRRGT 3R gRaf
BSRIECERGIN

«  TEiaRur A Wefae Sa Herl § S a1 faf e &1 sreaae o311 9Ig1 3-4R
EISIERIECIE]
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TANT 11

IERY: ST BESIHIZS (NaOH) & 1Y b HHSIR 343 (Tifees TRTS, CH,COOH)
& YCATSOIRM DI ST B haRHCH (ARl BT TN HRh HUTRd BT

4

STAIH dI:

(a) SUBRT: HARIHICR (SFHTT: U YR H1h HY baRIHIeR), YA
(&= URYGdl & 1Y), {1 Ridey, fde, diex, fRam arar Gseia ar
Bgare), Sl Al (HedHieR & o)
(b) T 3R faaa
1. THI® TS (CH;COOH), A 9id |
2. OIfSTH TRSIFZS (NaOH), A Ul |
3. 3Tgd ol
Rrgia:

Hd ATYRUI: YCASOIRM B ST 98 SWT URTTH 8 Sl Th 3 3R T &R &
UfAfoha 3 TR e 3R Ulee §71 TR BT & | HHLIR 3T 3R Aolad &R & g, ufaforar
T HHOIR ST DT TTIDHR 3R &R P 1Y ITD! TG | Ufaifhan 2nfire gt 8 | wfafsma
&1 FEfIRad THR ¥ GRITT o I &:

CH3COOH (aq) + NaOH(aq) — CH3COONa(aq) + H20(1)

= e dTgolRM Ufdfehar & fo TuTedt uftad™ (AH) & 9id o daH GRdad- & ARt
PP HARIHICR BT IUART B [T ST bl § | HHSIR 3 & folT Yoo o
ST AR TR Holgd 3l 1 gorqT H S8 STHIET Bl § T $& Sl HHIR 37
I AT B & T ITdRT 1 SI1eit g |

ufeear:

1. Eﬁ?[ﬁatﬂﬁ:
o 19 AR & THifes TS (CH,COOH) BT A i daR H1 |
o A AR & FISTH BRSTRIZS (NaOH) HT AFS et dIR HY |
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2. HARTHIER Bt RITIAT:
o TR IMARTS Bl T FARIICR B fRMifhd HY|
o TIIRH TRTS O B 1 T AU SR 39 haRHex H ST |
e NaOH HId &1 JH &1 A1y |
3. WART BT HATe:
o HaRHeR H THifesn TRTS Uid BT URMS dT9HH oof B |
e NaOH faaaH &1 dolt ¥ e Thrs aid # 1t 3R RamT & o1 |
o YU HA & TG SHfYFHAH AIHH Gof DY
4. fe=1 yaRT: FaReR I IS ot ot 3o emrar o1 g1 & ReiRd s &
foTT SIgd STet o1 U T FAQThR Ueb =707 TRy vy |

eI dIfePp1y:

dIYHTA HIU:

3TOd- |1 MO T | RIS 3ifadq argHE giYad=
CHsCOOH (mL) | NaOH (mL) | 99| (°C) | 919HH (°C) | (AT) (°C)

o m=9d P ZHAF @ A § [ O B7 9@ 5 & IHA §, 1 g/ml)
o c=9d @ AR ST &HdT (S1d o T T 4.18 Jg°C)
e AT =d9aH ¥ gRadH
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ufaferar fe T8 CH:COOH 3R NaOH & Hid H1 VAT
CH>COOH & HId = CH;COOH &1 AT x CH;COOH &1 HHET (Tiiex H)
NaOH & HId = NaOH &1 AICRdT x NaOH T 3RIdH (qilex H)

Jfds UffehaT 1:1 Hid 4T | 8Idil §, CH:COOH & I NaOH o HIdl & SRTSR 814 a1y
quf geamselRE & for|
ufa Me Tt} ulRad= (AH) @t o

_ q
" Moles of CH3COOH or NaOH

AH

AYe: dfes ufaferar Isadt 8, AH &1 A THRIES |

UIRUITH: eesoieM & TTUMT &1 T8 ST (AH) BT kd/mol H TRdd 3 | 59 A B
I HHOIR 3 P LA BI HWT P Vgifde A I B3, ST BRI &
HRUT IR TR TG 3! Bt ga1 | HH IS gl ]
grasTfaar:
1. Tt &1 IUTI FRb CH:COOH 3R NaOH ! AT &I gl i § A |
2. TANT Y Ugd yHHIeR 3R R B i=Tifdhd H1 |
3. faora ot Sieet § et 3iR a9 uikad &1 ged ATY difds URa=T & Jq1 ST
B F1 81 9 |
4, 31T ATRER BT SUANT B3 dlfch TATaRUT & W1 SSAT BT MEH-UeH HH gl
5. TdgH, a1e 3R fAfdHR0r & SR ST 71 F70g g1 =1l
6. HCl 3R NaOH &I &I U a1 R 9 SR 0 et g1 Ayl
7. QiR ¥ HIRD T Sleld 997 fada g1 a1 gt

8. YU’ HT Ted FARMIER & ad Bl Ta! J1 AU

Glﬂ'FI'!ﬂ'lT:
1. Riférep Ie=Y: T g vaTRITeel § SeHTfde 8iR Sakiad! & Rigial &l
T
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2. MNP Sy IS fafor & oigl Ssrard ufaferant s €, ufafsar o
ST B ST GR&M 3R Ufehan fEeirg & oy Heayu B

3. WHERYfeHed: Gal AU T IHIET YeargolRH Uidfoharsit i fRRGT 3R gRaf
G BT

4. gTaRol fag: UIpiad Sia bl & ST i &7 31 =1 o] 3-8
yfaferand g gepdl &1
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TANT 12

IERY: AR 3R THieH & fafid ufawrd o el & sradie, fafy smad, Sik
AR 3(UdaH o1 Ao s

ATATIHAI;

(a) SUBRT: AUIAT! (TS IT fSforeq), ®ia & did, fUtey, ATgA e TIRG A0
g fafdisR, yaiiex (@moam fHaFu & fam)

(b) T 3R Ge: SIegz, THCH, 3Myd oid, faftrst ufawrd arel Sleyg ik WiieH &
I (I 10%, 20%, 30%, 311fe)
.
o AR
. 3P (n): fHE uerd &1 suadHie fald # e &1 1fd &1 39 yard &

YT 1 I T SUTd 81 I8 AU § b U1 ford g db g § a1 3uafda
g1a 8 51d a8 uard § yaw HRar B

n= -
%4

wigl ¢ fAafd A usm &1 fa 8, 3R v 39 uerd & Ut ot 71fd B

. fafRry suad= (R): AR 3madH Ufd 318 goaH™ &1 3fuad= Ufad § 8k 38
AR -STIRST GHIBRUT BT IUTNT B U fhaT ST Fobll 8:

n2-1 1
= X —
n2+2 d

S8l R A1 o1 AP 3ruacHie §, n A1e0H &1 3Udd-ie g 3R d faee &1 9@
gl

T ' ATIH & 1Y Tl 8, dTIHH & 1Y I IR R R RR g1 81 =
I H fARAY 3rugd=ie &1 3udd-ie H8d g
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. HIeR 3uadH (R-m): afe ARy sraaddar & ava & smuifas YR & 1qom fHan
SITdT 8, ) U8 S1¢ 3(udd- &1 A 3d1 8, R, 59 UPR:

R,,= Molecular weight x R

8T m 3TUMdP HR § 3R d O T I9cd g |
ARy 3R T1¢ 3ruadH g faera o Srupsil &t ydiemvur e & e UeH ovd g

uferar:

1. el @t ARt dlcgiicd wRe | facd R faams o 3fad are & firaes
3T Ta & fafa TigdT (O™, 10%, 20%, 30%, 3Tfe) TR Tegf~ 3R T &1 9id
IR B

2. UGATHTH BT SRMH; SUTTHIUT DI Y oI AT AHD HEH aval BT ST
IR 3RMhd DI

3. JUGdID HIYT;

o YA DI UH g P AT o fIoH R W |
o PR TICHITG B 3R UATTHAII B 3G BI Ieht I o9 a1 fSfored
oot 31 ue a1fes 3ruadies 1d fhar s I |
o TSP Tigdl & fore FUfHa duae (3MHAR TR 25°C) W 3Udd-ie
oI Rapls B
4. ¥ HIYAT: TRIDIHICR AT g @HTUT &1 IUTRT HRh YD Ol & g Dl 341
T TR ATY 5 IR ${Udc-ids AT 1 |
5. fARETOT YT g Siegs SR T & SuddHie iR U9 UK R & forg
OT9+ & GIgRIU|

&1 aTferepTy:
3gd-i® AT
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TigdT (%) JYIAIP (n) U (d) (g/mL)

10%
20%
30%
TMUMET:
1. fafRmy sruadq (R)
2
n2-1 1
> -=R
n<+2 d
2. HIER YT (R,,):
n’-1 M
m - n242 d
GIBT:

« n=9d BT UGB

. d=9d &1 97 CIH/Adde)
e M =9d% BT HIOR SOHM (Cleds: 92.14 AH/MId, TIHICH: 58.08 ATH/HIT)

A ¢ O H Oid® o fo1E Tg] HIeR SHHM BT SUART A3 B |

TRUMT: UAS Tisdl & cledz 3R THEH aidl & fafRiy suad= ik Hier sfuada &
g 71O fPT T A URd $3 1 39 Tl Bt Aifdd A A1 Wit ¥ U JE & 1y
JoT B |

Traynf=ar:

1. 9t BT & o1 B SUINT I Ugd AT MR @1 YA H1 |
2. 3UITHIU &) Bh T 3f=Tifhd B |
3. AU P 98l €71 ¥ Fafd &3 R 3ruadie amHHa R AR glar g
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4. AT & RIfASR IR T DI Ui © 4 ATY drfe Torreii & Ffear 7 8f|
5. I ] QAU ¥ JUTH 3R ST GREM SUHRON BT ST X |

ST

1. YTt faawor: g § gerdf @1 o1 SR Aigdr o1 HyRon

2. I IENT: R BIHARM B! [orax SR R G S|

3. W 3R UG ITYRT: TR SATG! BT O =0T 3R ST |

4. AT faqr=: IR & SHifPdd Ol BT 3y |

5. TaTaRYT fag: 9 Femi § 9ol gU Uy &1 faRayu - UgHor Wk &1 AR
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CHY 24527 MHifds ™= A= waRm=mer 11

W . TN HT 9 Us
ShHID

L. T Holgd YR DT SWNT HReb Aebdiidd 0 ¥ fag | 46-50
T Sl o Yo H ANg o (UEd 3R HHGIR )
& O (AT HiARdl) BT SHE Il

2, %qwqaﬂ%aﬁ%%wﬁr@am&’m(m)sﬁ?%%
qlhdce Figar MUiRa s & o

3. HI & dUHH TR HlE- CCGARISS (0 4) SR gFr | 56-57
(RO & S9 MESH (1) & faavur Ui &1 Mo
DHIAT

4. A & AYAM R JHT AR doli & o9 dollsd TS o | 58-60
fquTeF Ui iR ool # SSige TRis @1 siuifds fRufa
& FURT HAT

5. ITH gehe (BasO,) P ARl SMIG (Ksp) I oy | 61-63

6. aﬁaﬂnﬂaa{fimm—mw&rﬁmm%m
IS Gl BT I

7. qﬁ%ﬁ?ﬂma@mquuwx_ a, Br, 1) fhsmor| 68-71
P Higdl BT ﬁreﬁw

8. CI3eRA dd-idh] gRI JedReRM IHdeddl &1 FyURo 72-75

9. ﬁr@lﬁ aﬂrvi’r (Ha CHCOOH) I NaOH o Iy | 76-78

HeacHicH CI$§-‘2I"I
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T 1
& Ay &1 Araanidig AT

JET: Udd &R NaOH I Al AU dRb QU U 3fi & fhgor § Iufkya
3T A Td B (USA 3K HO T god 3K CHCOOH) $I AET (AT HIGRdl) Pl
3THM T

& ICRUEGIY

LR DK

NaOH, HO 3R CH,CooH

SUBIT

f&fSicd aradmar Mier, deddl Jd, didx (100 e, N AS, AHG HIRD,
fade, s¥e

Rrsia

IrAdbdl A9 BT IYANT A-&R Ul 3= AU & Sifqq fdgsei &1 @ &
foe fopar ora §1 sOH Wiftd Rigid g8 © fb fdggd areedr smal &1 dem
dur ioRfidar m® MR oxdt 81 S AeEd S (HO) dYT HHOIR SR
)CHCOOH) & YU P Aolgd &R (NaOH) & [d%g SfIHIUd fobal ST €1 &l
faufda fagsll I ol & TaoH U Bid 1 3fe gIssiadiNG ofd auT TRife®
A & YU & Afsad TRsRs & fovg ogHfud fear onar 8
TESladING 3 3HfU® Holgd 3 81 & PHRU Ugd SN gl URIeH
3T HT AIAUA TRSIGAIN® 3 & YUl ®U ¥ INH 8 o1 & UHd gl
URY B g
@WWWWWWWQW%WHQ &
7ol IgRIFIGRY & T g W G UgEd 21 Naod AR ¥ wRiR® o
e | S 8, ofd daddl e mufRad difsge wiite & Ao &
HRU §¢ Ol § S gad aHd TRfcd ofd & g o ol gl IeHI®RT

T 8 & aig H gad o+ Sl & SMYfd & HRUI Iadbdl d8 AN WR
aﬁ?éﬁﬁﬁ&%wldl%lui\v& fagalt ¥ Ha ok TRt o & IerfF HA
ngmmﬁmﬁwﬂ | Jafd fdg a TRifed ona & dma

|mwmmaﬁ?w§a’a&m$ﬁwﬁww&mm§éﬁm
Y SAEMG fHar ST 8, QORT 9% Ul HHIR

8-|’

Ad @Il § SR ISP §Ig C|scc$@uﬁwnﬁa§raﬁ$ﬂmﬁﬁm
Al B 3BT & PR A@HAT d¢ St &1 @i, 9§ clgec Udh HHNR
3 Dt @ Ig o fig ¥ a1 AT fRR T B
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Conductance

1. IePpdl 9 Bl 4T 3R Il 9 Ul H 9 fRRIS Bl Hfelse P
2. 10 el Ha 3R 10 fielt creoooH & SR 38 TH di H e
3. FRC Dl NaoH I JWR & =M T W

4. HeFMR B A AR FHery Jd J Fde H:| Hex g & 'car R
TGd §U JUDHRU Pl Al B

5. Hiex @1 1.0 Ugd d HdaAMadl 9el &I HIHR Iq-dhdl gal dl "20 ns’
R IGd gU Hiersie P

6. 1 A NaoH S0 3R ordt kg ¥ fRamt|

7. Ui} g9 &1 ' reAD Wmawmﬁt%%ﬁr&ma@raﬁmﬁ@aﬁ

gﬁaﬁﬁi ITAhdl Bl AU O DI ATdddl Ue| 3T HM P 3ddih- aierdl |
|

8. ddid difaer I fau SRE ¥ NaoH Al ud® fam & 91,
9id P D e I feamd qrdbdl Ul g AcAbdl Al Bl el
et § aof B

e & 91 Irded R GH )

10. AW T NaOH & AT (x-318) & oo fAa@d (v- 31e) &1 Ardddn
aral U g1 3R hAT: HO 3R URifed RIS & IeriFieRu & form Iuam
fhT T NaOH & 3MTH B TUMT B

11. fqufaa figst var ok b & U T fyor # O sRsieiRe TR
3R wRifew ufs &) dia Fulfka & o1 godt 3l

SqAIB TPl :

qAPT 1: UF Uad 3 3R TP god ofd &9 U Uad &R & o &

o O

dlcIpdlHAY  STHTYA

i @ NaoH @ HET | IEPHAT (08 or nho)
(m )

SIeee
olo|w|o
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OO NGO BB BRI W W WIWINININ P P P
w|o|~| Bk o1 N| | o w|o|~| & k|| o1 N

TR oo fig a® o
BRIl

TUTAT

faweu 1

fow U e fgor &Y AET = 20 A [~ 0.01 MHa (10 TR SR -~ 0.01
M TRIfcw RIS (10 fiel) @1 fsmn

AF®IPHd NaOH faeae &1 HieRdl = M nol /L= ... ol /L..

1. W% ¥, AEHAE 9% & ead § Ugal uRddd Ugal deddl fag aar @
(3 g # Ag Ho & gUl ISR & 916 U gl ©) | o 39
Ugd Jogdl fdg it & A NaOH &1 3iad [uiRa fear s gear g1

2. T UPR, G JOal fdg v» m & TWIA NaOH BT A (G 3l &
qof IeRfHieRur & o IuaiT fhT MW NaoH & Fd MEAH W% 9 Fuiid
far ST Thar 81 gdd o & SeNMIBRU & U ITANT fHU MW NaoH @
AT = (Vo - Vi)

Uad 3% (HO) ®F HIeRdT = My ... . ol /L
forar a1 yad o &1 ™A = 10 o

oA 3 (CHCOOH) I AlRdl = M ol /L
forar T gdd S @1 SMAdH = 10

(a) HO &I AT = MVi/ 10 = o mol / L
(b) CHCOOH @ HAITRAT = M (V2 - 1)/ 10 = ... mol / L
fawea 2
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ERSIFIRG TRIS & drhd

HC1 ‘a’ I JGNIM @ & [T ATGRID NaOH &I AFT = ... m
NaOH &I IMHMIAT = 0.1 nd

TRre & Uy & AE = 20 ™

HO I FERIAl = 3{dRGd NaOH Pi HET+0. 1/ foldl a1 Ha &1 $d AT
X = a*0.1/ 20
=___¢

f3u MU Tw diex Oia & ANg HO @ AT = x* 36. 45

TRifes RIS & @& IR & & AU 3aIDH NaOH DF HET = ... foren
NaOH ] ITHFIAT = 0.1 fHal
& fHYUr &t AT = 20 el
Rifed TS & AH=Idl = 3MaRTS NaoH &I AFT+0. 1/ ferar a1 whifes s
AT

Y = b*0.1/20
=___9

3T T & R O d Aivg thifts e &1 961 = v+ 60 -....... .9

qh
TINT 3R 3fadidhd & SFUR WH S|

gf¥umg

HO @ AIERAT = MVi/ 10 = oo mol / L

CH,COOH &1 HITRAT = M (Va2 - Vi) /10 = ... mol / L
arasrfaar

1. JYERU (HSICHICY) DI A1 XA & 916, YN [& a3 4 U8d 39 RBRR
B 31 =1 Ul

2. AAHAl YA DI UM G A1 AR oI § AT S A6y

3. G AU & SR daddl 9d & Wiedd Idders & Oid # T dwe 9
EEIEEINEI Y

4. G SAICIS & §F Pls g4l DI gagal "ol giAl IR

5. 3IHUG &I faxav® &I a1 & HH I HH ¥ 1 S Fifed g1 iUl

e g & wuEn § guE / WS Wea

(1) 3BT WA efds Fded & fawawn & forw foeam <ar g1

(2) 3P IYAN HFHOR TRTS, HHGR 3MYR, HHGR 3R Aogd TS & s
3fe & fawawor & faw fHar s g&ar g
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fau U Y, IewRu & Qjﬂ%ﬂﬁ?ﬁ'g’ Aifsgn SeRa Tdthe
CioHsNaSQy, M = 288.38) Ul HeliMd Thdce UPHA (CuHuNOBr, M =

422.49) T 3 <P SN U oH a1 sies Y & T, A od

US|
HeaHcR, bl sdgers, YHMHR, YHRee, W, 25 fieh fawemunars

?
i
15
;%
i%
ﬂ%’
itk
?:;

' %
gacl AFICRR §9d 3, SUOY 3% 9de Iihd uard $gl ol g1 3%
g, Wigdl & Uh (T §ed W Ugad & §le, Thace & U T 3
¥ e T R od § 3R We @ e wfed shedl # oafyd
fore fARa @1 Srar §1 ifidefie digar a9, S8l 4 Je/d ufhdl &
g, 39 frfecra fid digar og1 oar & SR 39 Udie ¢ a1 dfdag =M
d9d fbar o1 31 ovc s Sfdw U A Ifkg uerdf iR carsi @
STt Wifde Iaafe oRvdet & § e 3l I9ERe w9,
WER HH 3MUfds Affe gid §, AT god W, 4 o ¥ A1 & i
T & T Tl Od 9d ¢ PR hdde & WRA AUST A1 Al @ Th
IS = (S FF gor) & Ig=d g 8, gufoy Ot SRemefft &1 ufvomd
PR Hldged It H Bl g1 U BRU ¥, Jhddc & A JHIYH I
THIRUYE $IAgsy & €9 § AFN Sdl g1 Jhace &l MUfdd AT IHTER

(feueha >%WWWW®WW@TW (BTEgITbe)
Gl HET B1d § -

)

3

:

%a

[
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biwd 1 lpdaphobdc pram

R 4 Figuie 1 Asiplipl tructure of adasas

S 1 \
5 . \
- \
a | \
- \
\
“ |y = |
| Al artactar Surface Mcaber
‘ 5 | ¢ wirface salutwied firmed
| urtace |
|
| ~
[ Youter ot 20°C
Concantrdoe [merl

i 1. digar & 3fg & Ay Thade fqaqs &1 gy d-ma, fem &1 i

ove &1 [uRur oM R W thace THEl & wufa Wide a1 e ol
&t gt Fkar & e b uide @ R & wrEgeRn w® sruia gt gl
9 Uard P Udel A & HRU, dlhace JHYM & Tdg! ddld @I HIUH
oves FuRor &t T [(ftr &1 ufaffie sar §1 smafie wthade & Ama
ZAdCIBIGA AU & IYANT dgd St JaueH s g, ﬁlﬁuw@r&r@ﬂm
gigdl & I I U DI {dggd dredhdl HT U4 dheaciaicsd fafY g

R TH ST Uige &1 Wiel R SURA 3, @Wﬁmﬁﬁwmw
T 81 I8 gdfiafed § f ot off O o araear IUF Al ®F Aigdl &
HY sgurfae gt g1 a8 fig, S8l BRa 69 L= g1 8, THh S Uige &
w0 0 Rk a@ed («) & Figar FRar R $RE fear S g1 sfdT uike
CARCIE] &gw%, Fife T8 YaF FRar & cax # ts Ayl aRadd &
fofgd &l g

xk = f(c)

FoR &1 R I WER iF gl aid & & S HI SaRied §
(= 2w, &) |

P

0,02 L] (iRt ALY [RTE

s [_II."‘.I:"III |

A [Sm’moll]
E &

FRITTIN L #17 [(makidm 3L

e 2. gigar & BT & *U § QR I@ed (o) 3R AR Ir@ddar (b)
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-
-

surface tensian [mN/m]
G .

CMC = 33 my/

u b
\
» . ——
S reegeantvT T

CONCentratio r[r nJ

ﬁmﬁwmﬁuﬁw

AF® Thace & oM & AUFH Teid MURo & fow 9igdt & g 99 (c

R HIeR Iddbal ( ﬁﬁﬁwwmmmw%ﬁazmw

P 91, ﬁﬁﬁﬁ@ﬁs’qﬂ@%@raﬂ?ﬁﬁ ovc ¥ A @1 digar A § Aelqd

THIWBI UHR & IAdC/ARe & U H FAgR IRdl ¢ AR Igal & R Hqd

R AR IAdhd] &1 HRar & M¥e A & Te Blel THRAD edH gidl

%ﬁ@%ﬂwﬁmﬁﬁwﬁmmmaﬁh
ofldl &:

A= -J'I-j —J"?"-;'Il"' S m’ mol |

SRl 1o fPOTEI® TIHUN W WA AIGR dAAHhdl § adl ¢ 3egaq fhd T gihade
@I Wigar §

MR ITabdl & A @t T0ET ARy aaedr («) & UEife JE iR faaE
P AR Tgdl ¥ P! AT 31 39 AR BT T 3PS S. k. mol -1 B

i
A= e [5 m mol]
«

(1)

wfeear

(1) 25 el dicgnfdds "R O Figdl ¢ = 0.012 nol /L (AT JPHE ¢ =

?ﬁomm”” & I Thace Afsgn SISRd Idhe &1 URMNE O1d dUR
|

(2)_ % by M yerd @ TUAT @ T AR @ WY diegifits was |

fIRaUTE® g &1 ITANT HRb il ST dTeu|

(3) Tl B US WA H U Sgd ol S[A@R °id, SR e 98 T dE ¥

gd SN d O 3gd o1d &1 AW AET S, o b dlegifcd TR IR HTR

& Y fear ma gl

(4) I & FET ¥ g94 & fau Haa @l afa § o w
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(5) feR Sd 3R Ugd ¥ W 3R WU MU Iadhdl s § O S| yAfHeR
IR Ieiedl IS B AUl YARee B 25 felt AREE W o W AR
Saaeifed ReR &1 a1 HR| HedemieR arg B

Sqardp-

(1) agqE 25 &I AfREE dF ugar & oG, ASgH SIeRid dathe & fow
c =0.012 nol /L (TT 9P & [T ¢ = 0.0012 nol/L) & Y 91d & forg
Ugdl daddl sl Ug |

(2) Thdce O B! SATC Wigdl HioGl Oid & Uddl $Re ddR P ol alfgy|
(3) O Pl AAWH HET Bl TUAET B ol & 9 Ieeor & gdr™r T g
3§ AU T 1A &I AT B T AR &I gal ¢ R R St Ao # g
qHidad gt S|

(5) IUSRV TAH WR UeRH & RIEAHT & 9, Idrddbal sel ug |

(6) - &t S Aferer 1 H & S Jua H UdS Windl & A RO 2-4 B
ARSI

FU & ¢, YAdP UMY W, dIadhdl Uid § AU ¢ Oid & o HqE U 25
foreft g1 =R

JqeiPp TPy :

aiferet 1: U MU VY & Head & FuRo & fw w0 7w ek oM fbe
g
T =

°C

e e e ¥ K L3 A
{mel dm™) | (mel m™) |{mel dm {+ml}) (1S cmY (Smly | {5 m® mel

12

0011

LRI

0.009

0008

0007

006

.ons

0004

0003

0.002

cMc=_ _ _ _ ml/L

pILg '
TN 3R 3adie AR UM% 1|

TMOTAT

ST JUAR

(a) To the Table 1 calculated vc and A (FHI®RU 1 & 3YR)
(b) A daR & « = f(c)

gfyoma
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AT B TS e AR gigar (dumRll) iR R T gthade @1 ghdade
' _ (3P ®) Bl

grayf=ar

(1) 3fId rRPM TT fdhaT SIFT =TT

(2) Y0 & TdR feamr T8f ST =gyl
(3) 91 § I &4 9 T

Irafde fay 9o o Sy / dyee dEa

(1) dd R Ui o Uiy I H, Faltld dd agel (33M3R)
I F ey F TR § Ghae B Toue FH T Ugd Hem W fER
far S gl

(2) HrEfed I Tl

(3) W 3R 9T uerd|

(4) P &

die: ARl & SR a1 a T Bgl 3 gRgihiidd Ugua! @I fauied
B & 3R AU TESBITD HR P 3R BRA Bl FHEING A 8, 39 TR

T Oy TROT § 9O dd gl
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TART 3
FW F aUHHE W AYyda iR ydta & du A &1 faavur quiie

Ie: FI & A9 WR HEd CCEIRIRS (G4 4) SR TFl (B0 & &9
IMAREH (1) & a0 o &1 FuRT &l

frsia

4 A faamedl, S fF ca . SR Od H MASH & AUIAE a1 JHH
g, 39fau famur a1 faueq |, Se WRaad U #, aF g1 39 UBR,
I ¢ &R ¢ P oA, IR el WA F 1, B Wga g, @ AR U

C/ G = K (faure= uri®)

3’

AR TRUEg Wb I SH 696

(1) 20, 30, 40 3R s0 el o, & IR SIHT-3AT Sdal & S| 3G

Ud® Siad H 1 T 1, S, 12 B T R ¥ o dadb D! g Ay

3R 37 Sidal & Ugd § WY db dad Be|

(2) Tgd ¥ 50 firelt o, g # 40 firell, R & 30 fielt SR @ # 20

et ot S

(3) dddl P HIHR d¢ B AR I8 THT TF °e db ok J ffam 8k

R 3¢ d9 d% W3 WA ¢ o4 dP b UdP didd & il af WP ¥ I

SET-3CT TRl H 3 7 g g

(4) WIfSTH YA (YA doi 248.18) & 0.1 N 9@ & 200 el dOR

H| 90 ¥ 50 el fUde o SR ¥ 0.01 N S M & U T AT Udar H

%H%H%OPR §AR UM 0.1 N & 150 fiel 3R 0.01 N Y”N&he & 500 fHeh
|

(5) U@ qad d -3 ca 4 DI 5 T Wa (FAd @ W) e &

3R 3B W P Ybad & ©U H IUAN o’d g¢ &¢ # faW 7 0.1 N

QT Yiehe & favg e3ee &Y 3R AT Aie ¥ sifaw g a3

¥ U9 g ¥ Idbfad g gl

(6) b ST Wd H |, B! igdl BB HH §, Y TAH ddd I 25

el Sicflg wa fde &Y SR ST 0. 01 N YNk BT & Y <TIZeC B

3R ST e B

(7) NVi = NoVe G BT IYANT IRb UdD diddd Dl Jdd WRa H 1, Pt

AT A B 3R OF 39 AR DI 1, P FHIDHU YR (126.92) I

o fear ST ® @ Wigar ot ufownfid s we T R
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qiad o.1q=re1s’c|‘rﬁ 25 fiet Sy |G mol /L |G mol /L |G/ G = K
4. aEn 5 ot WRd & IIY

Iiieis WRd & | UG 0.1 T
Y YANT B TS | BRUT DI A

(JHUCT) (JHTCT)

AIWIN P

gfvomd
cd, 3R UFt H 1, &1 faueH oie ... foit I}y W) §

dic: I 89 Ol WRd & cd ., Ht UM HET B IUGRT Hd & 3R 3

I BT GHIYE F Y AT P 8, A 8H G WR ¢ F WWH W

IwNT fbT MU gRA Bt HET @1 o Ul e Ihd ©

graytfaar

1. R TN & ERE d99H 3R &9 RR g1 d91feul

2. FJoH 3ERT U BHI =R _
.aﬁélﬁuﬁam&m@ﬂwﬁq@maﬂ%&mﬁﬂ:ﬁ&méﬁ,

a1 I fageq Ia1 s s gRmI

.aﬁr e R sifyyofia g9 =ifeul oo &t A dead ¥ 3 W
3RR gl gsAT et

5. faq &1 sfuifds srawen # s & g @Ry afe ¥g seddr &

Wﬁwmwﬁvﬁﬁaiqmmmmﬁ, 9 f& oa

w

%b¢

g

%%

ST &Y Juwm ® sgwaNT / aWfAe Wew

(1) UPpfad gardf &1 sy

(2) H 99 g # a1 & RER ga1 & FU SR IuF IR0 o W
AR e 31 39fE, qarell, = k AF 84 & BRUL, o RO DI gl
&t & PR Tar 3 i Rers endt R

(3) SEICNIhIHRA gl gal AcHaRey Hd &dl &1 ol d & s
go-Rid gid € g 3% ¢dia gia § o 9%l T IeH gl gl
a0 & fau -Sfafifae e (offe fafts) @1 el tRie (ofde
gt # Wafes 1 gEsiRaeH|
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TANT 4
ydta SR 3rydly faemadt & 9 oo BT AU quis SR Sryda
H CHCOOH Bt STUIfaP SR

SEXY: W & dAYAM R I 3R o & g dolizd TRE & fAueH o
3R oSt # dolisd TRIS Pt SUMdd ST & FYR0 HAT|

4

STIgHdTE
AT /FHTYT

S TRIS, dofF, 0.1 N 3R 0.01 N NaoH 9@ 3R fhiawmafer|

SUBIT

TOY & Y 9R ddd (250 e, I@HR wWRG, fUue (10 e, <Re,
SR, AU 9T Rde} 3R Th 3T B gl HAd|

Rrsia

gfe fod frdt e faame & ggaifvig giar g8 o f_AdRur 99 o Vo, = k g
g, 98l n f9ae < # 9oy ggaifordl o I= g1 Suise TR UMl & e
el & wU § Hivg T 7 R RR g1 a1fgul 39 vahes wu ¥ Jafia
fear o1 g1 g1 oo # fomR safie, o Ve, RR g1 =ikl 3@ yanmas
®U ¥ gaifud fear s ghdr g

wfoar

IR Sadl § ¥ ud@ # so0 il fEfe® dfer ok 50 fielt o9 o SR 3%
Th 4§ IR db dad Dl

F 1 UM, 2 UMW, 3 UH 3R 4 UH dozd TS P S@T-3e did SR 1
TH P Ugel didd H, 2 TH & g add H SR T R M ot S|
S Aiddl B ITP WIR T HIDPR §G Pl 3¢ WHT Y °¢ dd 3D Rg
¥ fedy 3R R S d9 d T8 8 A ¢ & & b @Rat e & R
Wy Y ¥ e 9 g |

JeY SHW P WA oo P Rt 3R A9 & WA U dI, A H gar gan
EEIEEZRYG S

34, Ugal didd $t Il B GR-9R Th e dA drdt Hiy § S|
waﬁgwﬁ:ﬂﬁm%w (UM P 3R U6 YHHR WIRG H TS 10
forett o

9 o ¥ folU T NaOH & 0. 01N O o UIY 3-4 Acl Aiawafed &t
Thdd & U H ST P clgee B 3R Sffqy fig &1 e He

d ool W ¥ 10 frell fex o 3R 0.1 N NaoH & WY AT HfshaT Bl
SR |

3 WE, G SIIe P AW B T A a1t B9 F S 3R wfehar B
SR |

T ®E, R SR DR Aaa F Ty o 3/ el AET A B
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Jqaip- ROt
ST 1. 0.01 N NaOH THIYH & fd¥g STl WRd BT STHUA|

CIGSECH foram a1 S TR @ Ugdd NaCH i HET
AT () (m)

1 10 Vi

2 10 V>

3 10 V3

4 10 V4

dIfIBT 2. 0.1 N NaoH faed & fd%g ool WRd &1 A

qiqd . doil WA &I forn T | UG NaOH DI HET
AT () (m)

1 10 Vi’

2 10 V!

3 10 Vs’

4 10 Vy!

T

(a) UGl didd &I 9dd IR H duilsd URIS & Iigdl
Ugad NaOH &1 Tiell IHE (M) = 0.01v, I8 10 et # dolis®d TRS & M,
& R gl Y doigd URTS P Figar

= (0.01V; x 122)/10 g/L

(Solish TS & THged MR = 122) T8 G ©

(d) d9H W # doigd TS &I Figdl = (0. 1*V1' *122)/10 TH/ /T AT
Eb%' G
3 @, ﬁuaﬁaa‘r%clsﬁ?czmﬁsh?cl/czaﬁ?qﬂqﬂ'ﬂ?ﬁﬁ

dad |, G C G/ C C/ VG
1
2
3
4

Wé@w%ﬁscl/cz%nﬁmﬂﬁ% dfe c/ve, & 79 RR Ue o
' A dolige s & ousit o Sfedar 2 g

b
4,
A
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G 3R Vo, & §9 UH UM% §¢ TS et @1 U gt g (o o) W
I HRl ¢ fb dofia & SSig® ci & Ssff &t Sfeadr 2 g

gfRomH

1. Od SoiF & & fUSH Tie &1 AF .. .cCcWR .. ... g
2. oo & duisd TRIE &I AMUfge a1 femR Bl
graunfar

1. @ YN & SRE dUHE iR gad fRR I =iyl

2. A a1 Ui g A1l

3. P Wt Oa Il S@RT dF g Ugddl dleu: Aigdr foat oM g,
Téipdl ¥ fagas Ida1 o 3w ghm|

4. &M A Fa TR ol R aiieul fowg &t AE §eed ¥ 3 W
Bls 3R 78 Ys Ao

5. faom @ suifids s@en # @ g 81 del; df I8 Saadl ©, ol
aHl foame O MR suifde genfadl @1 gigdl W faaR &, T & Fa
Tigdl W

qrdfa® g & Juwr ®§ SWANT / aWifae WEa

(1) UPpfad garf &1 sy

(2) H 99 g # a1 o RERE Ta1 & FU R IUF faavur quie W
ik &t g1 3o, garel, = k A B9 P BRU, ddld RO Bl Il
&t & PR Tar 3 it R ent 2

(3) SRICIIBIARM S8l gal Heaiaged gd gdl & ol ¥ &H fafts ga=ia
gd ¢t ofde ydig Bd § R SUdT 9 S&oid gl g1 IaeRU & o
wIfafifie s (e ffts) &1 JfeRe s (offe ydn) o waks
R ESIESERET
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TANT 5
AfYaH Tdbe (Baso,) & YAARIAdl WG (Ksp) &1 fAuiRor

g TANT gaH YaRNd THG aRTH Fabhe (Baso,) & ga-Riddl IdG (Ksp)
@ FuiRa &7 & N P o1 81 gaeiaar Sdie U AgdqUl SSANT IS
(HTeEIE) IR B, o weha Al § emafe aiffiel @) ganRiedr @l
1 1 S Bl ksp & MuRT @ YhawHror, fwfy FHor ik Y-—arA
Caeid) o aff & Iuan g1 81 39 W B UANRIAl ddHiel Bl
mﬂaﬂBaso4$wﬁWﬁBaz+eh?sog-&nu:ﬁ%aﬂ%rwrfﬁa

Wamnm (RT) R aRTH I (Baso,) & Ya-RIadl IME (Ksp) Pl
fuffa &=

3TagPd JATHHT:
(a) IOTA:

o IRNTH HIRES (Bacl,

o ST I (Na,504)

o gd Wa (fSRew diw)

. BRSNS TRAS (acl) (ARG pr JHAMISH DI GGG B)
(b) YDV TH Hid & UH:

. fozcvonEs dRIS] (Analytical Balance)

o TUi® TWIRP (100 mL)

o PR (100 mL 3R 250 m1)

e UYUCE URUT (10 mL)

. hek TR Twd Hd

o TMAGAl HIER (Conductivity Meter) <3om'\ &, BIg-dRPbIT &

ferg)
Rrgid/Rrgiaee anuR:
IRTH The TEH gaH gaRId THG §, SR SUBI ga-Riedl Sger
fFofafea ver ¥ oxfar ST 8

BaSO,(s) = Ba?*(aq) + S0,2” (aq)

9 g & U geH=itadl IdE (ksp) BT Aol 39 YbR RN

Ksp = [Ba*"] [SO4*7]

Page 61 of 98




IJw faeqa |, Baz* & WIR Higdl 50,2~ Bl Higdl & SRS RN Hifds
BasO, &I fdged 1:1 ofUId ¥ Bl g1 o, Wqw faa™ & Baz* AT 50,2°
P Figal Fd B Ksp B TUAT I S Jbadl gl

ufepar:
T 1: WJW Baso, fAerdd &t darl

1. @Y 0.5 g Baso, USSR Bl dlddR 100 mL SR T S|
2. 390 50 mL SMd 9d A 3R FiF $1 3¢ ¥ 30 fiFe d& fRam)
3.%ﬂ®q®mm$mwmﬁz4ﬁwﬁwmﬁ@ﬁs
|
WU 2: AqW e &1 Faed (frewm)
1. 9qu e &l fheer TR ¥ 8 dif 3ifdad Baso, 3@ 8l MU
2. hees Wy fa & & W dlax T Shgl HR
TRUT 3: Ba?* ®I Aigdl &1 fAuRor
1.?%1?@[10 nL I IJUCE USUC NI Uax UHh VHIHR FReG o
|
2. 39 AT @I Na,50, & Udh AMD [Gag- & [d¥s <Rce PRI ATl

Mex GRT 3id g (End Point) &1 MR &%, a1 afe Tva g1
JUgdd Ydbdad (Indicator) HI TN Bl

3. Wgdd Na,S0, [A@ad &I AR & RPie Bl
U&JuT
el &1 Fgfaied ueu § Rele -

Baso, fhece @1 AET | wa,so, AT U foem &t reihal
(mL) HET (mL) BIRGRE]

o TAAHAT IRAAT TH Na,S0, ®I HAEl &I U Wic He, o FHgedd
ﬁ_gr (Equivalence Point) fAuifya fear o1 I&|
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TUTAT :
1. Ba?* I HIeR Figdl FofaRad g gRT 0 o

[Ba’*] = (M (NapSO,) x V_(NapSOs)) / V. _(BaSO, [dedH)
2. 39 Wigdl &I Ksp Aoid H UARIUT &

Ksp = [Ba®*]?

gfyom

IR dI9H R SRgT I@he (Baso,) & YaRiedl IMG (Ksp) DI
BEIRGRICE

raTf=ai -
m—m T :
1. hec¥@ ¥ U8d Baso, fae@ & Ul U ¥ Igad # M <
2. TZCYHE & TRE WUl ¥ T
AT TRl |IaUTai:
1. Qi ®ig & Iyl & W Td L 9|
2. IIABdl Hex B ITANT HRA U Ugd ITDT b (blsH) He|
Ffedi & wurfaa w4
1. quf fded ¥ ad aRomy o & gl
2. TRCRH & SR 3fd fig &1 Taa Ayl
GIﬂ'Tﬁ"T:
1. gaH o= daul o goa-Riadl agR &l qHeT|

2. O SUdR (Water Treatment) oy sﬁ?ﬂﬁm ufearel & ITANT|

3. WS 3f@AUU (Mineral Precipitation) O Y-IEM®G HeAIs &t
SRS |
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TANT 6

Sreeiia Srfufpare - smadla weiie Srfufpar gRT ImfA® al &1
g

aﬁ?«l:ﬁzﬂa G{f\w (Oscillating Reactions) 3 IEEAA® W % o
AYPRB! R IAE &I Figal THT & Y AERF *9 F dead el gl
&rf\ﬂ-ﬁtrrﬁ R (non-linear) IS Tfdd! 3R Elﬁlgf@ dd (feedback
mechanisms) &I UHTGRITE EE_Q'TT‘T HIA %l IS e AfNfpar era=ia
ffparsll &1 Ue URig Ioew g, OH meH SR SMaisgs Ml &l
TRE@R® fpamsi & SRU 3Mafie T uRadd Bid &1 a8 wan sififear wifae!
(reacti%on kinetics) @ HIH 3R Igmfe ufaehadr &1 semma oxq |
SEHECIE

EACE
o JMEH T qra-Ria ififrar ot i SR &3 &1 3ema &l
e THY & TIY B I 3Maf¥e {1 URad-l T Adadidd Bl

3TaRgPH ITHUT :

(h) IIA:

o URRY SRS (k1)
gIgeio WRIFSS (H,0,, 6% [d0TH)
TIfETH YARehe  (Na,S,03)
gaeid ®d  (ddhdd)
TYh BT S (H,50,, fAqW)
SYd oie] (Distilled Water)

(M) ISP TG HIT U :

§HT (100 mL 3R 250 mL)
e e’ (10 mL 3R 50 mL)
e 3R IR

o XMUdld

. 1:—imlcbhlhl RS2 (Magnetic Stirrer) Ud RGN ®S (Stirring
Bar)

o IR T R WM
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Rrsia:
MEH aled fiifrar Qa-Riiad TaeRrR UeRfd #xdl g, S MRS (1),

AMNEH (1,), SR URNRBE (3,0527) M & o WER fharsit & sRu
g1 g1 =9 ififear # fufefeaa =Rur gftfera g

1. 3MTATSTSS T SMGHIBRUI (Oxidation of Iodide to Iodine):
gRSloH WSS gRI SRS ATl & B0 e dqiegd o
HCIE

H,0,(D) + 21" (aq) + 2H  (aq) = 1,(g) + 2H,0(1)

9 o o gEelod WIFES, MSRS ATl (I7) I AUdd e
(1,) H 3B o g

2. TS BT AGHII (Reduction of Iodine by Thiosulfate):
gfe Iugad A § Aifegy yrigehe fiarm Se, d gad s
YIgethe Al § ufdfhar #R O emiiese § uRafdd & o ©:

1,(9) + 25,057 (aq) - 21" (aq) + S,0% ™ (aq)

9 d% YUl YNIhe 3TAHl @1 a0 7 g oMU, a9 dd dg Sifufhar
ol ¥ et @l gl

3. WH-IAEH qpd f|for (starch-Iodine Complex Formation) :
qod EeH T & I e el Iod §9ar 8, e 31 afkada
%jm%w;r&na?ﬁqha?h@r:ﬂﬁaﬁ?m?&mwaﬁawﬂaaﬁmﬁﬁ

|
waT-fafdr:
WU 1: WE faage &1 dard
1 g ARG WH & 100 nL YD od & Id1d AR 381 g <

WU 2. fafyw e & aar
ICRUE] JIedp ufesar

fG@a T a | 2 g k1 + 50 m1 3N 9@ 3B We Ui

fA@aT B | 10 nL 6% H0, + 40 mL YA 9 | FHYT TR H

fd@aT ¢ | 1 g Na,5,0; + 50 mL M @ 3D Wg A

WRUT 3: fAdg9T B T SFAIH0I
foga 8 # 2 mL H,s0, THAMT
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WRUT 4: fAyor yfssar

1
2
3.
4

. 250 mL SiAR H TEPT Iuoid W 3R gebl HMT URY B |
. B f9@@T 2, B, S8R c & dR-4R i

5 mL W faagd e

7 ORad (I ¥ ) &1 e R R 9 Rals e

K ERIGE] (Observations) :
& 1 uiiaad O & fou 99y siava Rais a3

Ih YT (Cycle T R &1 999 e 81 &1 99y
Number) (s) (s)

1

2

TUTAT (Calculations):
1. A% I% $ $d IHT SedR d qlad 3afy (T avg) 10 Be:

Z Tc cle
Tavg = Ny

0 Teyere = YD Th BT P JHY

o N = $d dPbl Bl J&Al

2. gfe Tigdr 3ifps IUAS o, o TS RO & fau ififpar g Fuifa

P

gfyomg (Results) :

39 fifpan & amafdies qlad ¢ U fSH@t ofd e[y 1., Ydhs
gl
fgaifrd W1 uRadd ¥ Sififear @ & UfAgf® dF (feedback loop)

Gl R

Irayr=ar (Precautions) :
wanT-faflkry wmawnfar:
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faemt & 9w o fed arfe sifiifsar Ifed &9 ¥ =«
gIESo WIS dnl dUR &I difs Ieie gRome i |
o OIfSTH YANehe &1 Figal IR MeRs 4 &H 9|
o O g e T uwe B, Ty Reis B
A AT :
o AN & GRM YR&T I=AT 3R T UgH|
o TY®H & A B JAUFIYGD G|
o B UH D WH QG dlid fed I &1 S Tob |

Hyrfaa 'aﬁ'q‘f (Sources of Error):
o YAE A H R & HRU qlad 99 T gRadH |
. RS WA ¥ a8 9ed

Glﬂ'mﬂ'ﬂ (Applications) :
o S IS ufdharstt o Ufagf® dF (feedback mechanisms) I
g H g |
o e Tfde! IR Tfae yomferal (dynamic systems) P ™ %ﬁ
RUEERI]

o IEEAM® Hadd‘) (chemical sensors) 3ﬁ? Sfed vonferal & sifNfosar
et & Siemgd H IuAN|

Page 67 of 98




TANT 7

UIeRaAfe® egeM §RT kX (W@l X = c1, Br, I) THYUT &t Jigar &1
fArefor

9 TN # UICREAE &1 IUENT FRP KCl, KBr AR KI & YU H ARG
gA8S Tl (c1-, Br-, 1) &t Figdl RulRa @ ot 31 39 f(fyr A, ag
ATl & WS WY B T g, O ARSIl & Uy qfNfkm wRe
YARIA agx (W@l x = c17, Br-, I°) 3[@&U §d ¢l URRENR® do-ie
ﬁsﬁ?ﬁj@'ﬁlﬁ (potential) ﬁsﬁ?ﬂﬁuﬁaﬁ:{ﬁwwé, o
mmwm (equivalence point) ﬁﬂfﬁﬂm\_ﬂfﬂal gg fafy
s Hdedwid SR Tle Bidl § dul fIRAWUNTH® IWEF  (analytical
chemistry) ﬁWW%WﬁW%I

IeRY: UICREMR® TI5e¥E &1 JUWINT HP KC1, KBr, 3R KI & HYU &
Higar fAuia &A1

3TaRgPH AL :

(P) JIA:

TeRAA FRES (kC1)

UM FHES  (kBr)

TeREA eSS (k1)

0.1 M RfeR A18¢e (agno,y) faagH
SIYd olel (Distilled Water)

(@) SUSRU T4 Pig UA:
o UICREMIR
Hamd de 3@3@3 (Calomel Reference Electrode)

R Fohdd 5@10@5 (Silver Indicator Electrode)
. &

S Ryde’

o I (100 mL 3R 250 mL)

o JWHIY ISP Td IdoH TS

o fiUe (10 mp)

B Td Yois sida
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ﬁl?&"i?l':

kx fHY0T & AgNO; & Y TESYH & GRM, Ag™ 3M0F g8 Al (C1-,
Br-, I7) U Nfhal R ReR TARS (AgCl, AgBr, AgI) & YA/
3d8U ¥ ¢ 3 faltm ReR gase dife At gom=iaar Toie  (ksp)
Tad g, Hife ITP S HOl  (Lattice Energy) SR SaANH  $Holl
(Hydration Energy) (9 BIdl 81 T8¢¥H & GRM fayg ¥ g4 ad uRada
Jogar fig & <id g

Ksp @ Aged RRIG & wu o gkl fear oar 8, S o9 SR ga §T
RieR g3e & dfg g axidl g1 5 A&l &1 ksp HH gidl &, d U
a8t gd gl

frr Bomsgw & 9@@UW w9 P wHEM o«

AgI > AgBr > AgCl

SIH] HRU U8 g & agr &1 fbved oma oiftes fRR glar 8 |ifs agt 3R
- Al B AN TAaT AP Bl §, o 30 Auigd fdegaRifad Sy
(electrostatic attraction) W%IWW AgI ST I STABIT
qﬁmaﬁ?wﬁwwm% Y 98 9a9 Ugd s@afud grar
81 9% 9 ager 3R 3fd H agcl &1 3@&Y a1 gl

3fffspar:

Ag* + X~ - AgX (319
(W8l x = c17, Br, I
wanT-fafer:
W 1
OCRAHIEY @R 3adIgy & Wed Y 3R % M¥ifbd (calibrate) BRI
RO 2
10 mL KX Y0 & SR I¥ 100 nL YA oA & WY §tHR F G|
IRUT 3:
RE T 0.1 M AgNo; faadd Wi

0T 4:
ﬁ%&@?ﬂﬂ@?aﬁaﬁ?m«des JI8 IUT pard dey Idaers &I A

faeee o gand|
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I 5:

DT JAoid g B 3R IR-fR agno, T TEERA URH FH| TAF 0.5
mL Gh?:%f & dIg favg (potential) Rapls B3|

RUT 6:

Jgoadr fdg & U, Udd 0.2 m W fdya A

IROUT 7:

CRCRA [ BH & 915 It ST Rdbls A SR W S|
3qAIBT (Observations) :

A% IR0 H favg A ok fafafed arot § Rels &%
WIS T AgNO; ®T AT (mL) | f[AHT (mv)

0.0
0.5

Y YR BN :
AgNO,; SIS 7T 3dd & f3eg favg &1 up 99| fava ® dtg uRad=
degar foig & gxifar g

UMl (Calculations) :

Ud% goddl fodg IR S T agNo, & AT &I JUART FRdb KC1, KBr 3R
KI I Tigdl Jd PN

Vagno, X Mygno,
CX ==

VSample
TR,
o Vigno, = Joudl fdg R SIS T agnos; BT AT
° MAgN03 = AgN03 i w W
o Viampre = 57 fdegd &1 3
gfyomg (Results) :
AN §RT KC1, KBr 31X KI ol Higald FHofif@d U & Urd &1 TS

Cer Cpr Crm
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Traunfear (Precautions) :

wanT-faflkry wmaunfar:
o TAGRIGY B TG & U U SR Siifha P
o AgNO; AT @I USRI ¥ §OIH: W, Hifh I8 USRI & Ufd
TaeMa g gl

I |yl :
e ST P GEYFIgES W R A § qélwar dAN 9 |
e 3T P GHYdD Rdbls B

'\‘T‘l-l'l'ﬁ?f 'aﬁ'q‘f (Sources of Error):

o AT WGWUl (contamination) ¥ URUMH UuIfdd & Ihd gl
o IS BT WF HY T Tad - RO & JHIfad HR IHhel gl

\’rlﬂ'ﬂtﬁﬂ (Applications) :
o O H 3ARS M B Iurfd w1 FuRon
o SENM® uftharsft § Al @ [oa FEE
o TUGRUNG A H 3MaH® Higdl &1 fa=eyor|
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UANT 8

CI3exM dPIP] GRT Ygarga wadeddr &1 fufor

YCAZeRM TH Hifad IMEAe fifehar § SH T o (acid) fodl &R
(Base) & IIY AfNfHAT &R AU (salt) SR T (Water) HI AN Bl
%l BRI HfNTHTAT BT IR §d (Driving Force) vold o ') RR mﬁﬁ g
(Covalent Bond) @I fAAM 3R fEdia IdmE % ¥ ¥ T 3MdHd aqul
&1 FHior giar B nggargeRAr &1 3 pr = 7 BFT TRl §, Sfcd TUPBT SR
I AT J § 9F 3 3R &R IHF A TV (Mole Numbers) H (HATT
cIE

T TN BT I fAfUT ol (S H,S0,, HsPO,) SR &RI (S NaOH, KOH,
NH4OH) &b W@W YHJYAl (Neutralization Equivalent) I agéﬁﬂ
gRT PR $A 31 oaeIRE TUgedl, of IR &N @) WEFanRke
(Stoichiometric) TUMI &I JAY UGH Hl §, o HEHS G
(Quantitative Chemistry) i Udh ]TG’@'E[Uf YR %I

1. 3E]T (Aim/Objective) :

TIZCIM BT SUAN TR QU T S (H,SO,, HiPO,) SR &R (NaOH,
KOH, NH,OH) & CQIgulRM JAJedl &I YR &1

2. AP AN (Requirements) :

(P) SATdYGPh IATY:

o OMW: H,50, (UCRIND 3W), H;PO, (PIDING )
YR: NaoH (NSTH TRIIRZS), KoH (WY TESIRIEZS), NH,OH
(SMITA BTEgIFES)
e fAaaq: S fid 8 (oxalic Acid) IT HF® NaoH [dadH
Jhdd (Indicator) : LRI NI (Phenolphthalein), ﬁf?ﬂ%a

3N (Methyl Orange)

(@) IYBIVT UG hid UH:

®RE (50 mL)

o fide (10 mu)

o DI-PA FIRD (250 mL)
o MBI (100 mL)

o WA

o Yas daq

. YId Ws Ty gfga
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e J3IYd O/d (Distilled Water)

3. RIGid (Principle/Theory) :

RF T A d UK HY A SR &R ¥ U OH- 3 SId &l
A wRa €1 Yoo Aol B R 3R &R & F1d Wigdl ad
faaeml & eRexd gr1 Mufikd fsar Sar 8, 9@ d@ & gegan fog

(Equivalence Point) - 3 VU]

wWigfhad! iR YearselR- Jadeddl:

ETEORM FHJI BT Hferd IS THieRo ¥ U wisfeamics
W (Stoichiometric Coefficients) I ﬁﬂﬁiﬁ foar Srar %| R
& fag, sto4a‘rmaNaOH@r&rﬁ—rMW%, o g wy gt @ & 1
A H,50, P! QUId: gasel &x- & AU 2 AJE (Equivalents) NaOH
P TSl gl Bl

e AaFe (Primary Standards):

Rfere o d WAfd HM® (Primary Standard) & ®U H T Ol §
Fiifs T8 RRR (Stable) BT §, SR HIGR SHAM (Molar Mass) b

BT B, @Twmﬁmlﬁws@ﬂ%weﬁvw
(Standardization) %mmmgl

IS GIﬁ-mT\Ql' (Chemical Reactions):
1. HpSO, BT CTZCXM:

H;504 + 2NaOH - Na,S04 + 2H,0

2. HyPO, BT CTSCYM:

H3P04 + 3KOH - K3P04 + 3H20

3. NH,OH PT CI3¢XH:

NH,OH + HCl - NH,Cl + H,0

ICATSIRM THJeddl & Ugad @S (Titrant) & 3G SR SUD! HIeRdI
$ 3MYR W TUAT B Wil gl

4. Ufsear (Procedure) :

(1) faegs &t dgd:

e NaOH @ UH® fqaoq TR &1 & fau 3fad A6 & naon &
(Pellets) P Yd od | °id SR difdd Mad- d% gdal &l

e H,S0, T HsPO, BT AF®D faagy i s UHPR TR B
(2) TTECRM HedU:
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. IRT P RIS (IW/AR) T DR W, dR g X B Oy I
arg gagd 7 &

e 10 mL [ARAY (Analyte) (3I/&R) Pl UUC P TEEAT ¥ HifFdd
e H RFEARd B

o 3T Jhde A (FAfcRdq: Usd Srid-Ued &R & foru, fhurgd
3RST: Uad 3fd-gad &R & faMg) |

(3) TTScxE Wfehar:

o DDA TP HI TH Jhg CBd & HUR G|

o TRC Y TRee R-4R WS SR famm &1 ffad Rl

o S W1 URadH 8 (Jeuar fig W), <ReRE Ad|
(4) Qg (Repeat) :

. gl URUM U IR+ & o CEeyA &l $5 dR QeI
5. 3dAlH (Observations) :

AP dTfeIhT

H fazas @1 URIY® e | oifdd e | Ugad cgee ol
g7 SIAdA (mL) Udd (mL) Udd (mL) ™A (mL)

1 10

2 10

3 10

6. UMl (Calculations):

GEE
edlgoleE Hdedl _ TIREE BT 3T x TREE Pl AR
' ICESLACI I IURE |
JclerUl:
e NaOH &I 3dd = 25 mL
e NaOH &I HIGRdl = 0.1 M
o HySO, BT AT = 10 mL
3 25 %X 0.1
AR FATeddT = 025 eq
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7. gfiyomH (Results) :

T TON & WeEd ¥ U MW SR (1,504, HiPO,) 3R &R (NaOH, KOH,
NH,OH) &1 <JCAIgolRM Tl Jhadigad Huikd fear mar gfvomm
Jgifas gl & 3FT g

8. QrayTf~ar (Precautions) :

o TN TOR AF® fqa0F &1 ST He|

o doaar fig & fFAde eRde & 46 IayrgEad Siel

o Ot B & UF B YD Id q DI RE M|
9. \’rlﬂ'ﬂtﬁﬂ (Applications):

. I TEE Toiel B Al 1 FaRon

o Sfd® Tl T SA-&R Ige &I fa=awor|

o SNy IR F TorEEr

. PN I S & e/ aREdl @1 S|
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W 9
faftra small (nc1 SR cH,COOH) ®T NaOH & HIY HETRACD CIZLRM

cbsqcu-ncqo CI3eA U (AR ® ddb-iid &, forad fobdl Imae sfifar
& GRM fdggd I@ddl (Conductivity) H 8M a1 URGdd &1 HGT OTdl gl
9 TN ®, 8 HCl (TRSIGAING ) 3R cH,cooH (THIH ofd) o fHgyum

Pl NaoH (HIfSTH BIRIIANREE) & Y TZSC DIl NaoH & UR-€R Sigd &
Y AAHA B B 9 URad B gol fhaT ST <EeRE #1 oifay fig
(Endpoint) dg fdg ®/d1 §, S8 daedl § 3f@Md URdad gial §, o I8
aofar 8 fb faema o Sufdya @t onal &1 <gearseRE 8 @ 3l
I.G%W:
e HCl 3R CHycooH & YU &7 NaoH & T HSaefcd CIZIA B
o TIZCYA UK & ERM Aadbdl H B a1 URadHl &1 LR HRAT|

o TIAPAl ScT BT fIRAYT HRb naon fAdgT ) Figar FuiRa HAm)
2. TSN :

(P) JIA:
o 3MW: HCl (TTSSIFAND 3I), CH;COOH (THICH )
o &R: NaOH (WSTH TRIFRZS)
o J3{Yd O] (Distilled water)
(E) IUHI/TA:
o TMADHAl HICX (Conductivity Meter)
o ST (Burette)
o TURRUC (Pipette)
e YBHBPR WIRD (250 ml)
o TISCYH HIAY (NaoH fd@ow & form)
o W3 3R T
o JIDI AN arc I (IR ATIHR)
3. Rigia/Rrsia:
Hedcicd Cgexd |, faau @1 fagga deedr & uikadd &1 IudnT

m%mm&&%m%mmw%ﬁgm
faaos & IufRd mAt &t T=1 SR It Tfd R AR
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3l o1 fage:

e HCl Ud TOEd 3 g, off [ R MMd gl 8:HCl - H* + Cl-

e CH;COOH Udh HHGIR 3 g, of 3P =4 I IMAFT giar
8:CH;CO0H = CH;C00~ + H*

e NaOH U HOgd &R §, o T @€ 3Mfd 8dl §:NaOH - Na* + OH-
derfiezur ffhang .

o HC1 BT NaoH ¥ deRN®RUI: HCI + NaOH - NaCl + H,0

o CHsCOOH I NaoH ¥ deRNf&RUI: CH,CO0H + NaOH — CHsCOONa + H,0

NaOH e W u* 3 @I Figdl "edt 8, N9 Idedr HH gl gl o9
I o e B O1d g, df daeal § MG gig Bl 8 Fife oH” S
RS F o o &1 T8 uRade ergerq & Sifad fig &1 g &rar 3l

4. ferar:

. 250 mL P YHIPR TARD H 50 mL HCL 3R CHicooH & THYT &I ol

1

2. 0.1 M NaOH fdadd & &R F W|

3. dAIdddl Hlex ®I 3 Yo ar WiRe H S|

4. NaoH B IR-R &R § wRe & e ot ofR Iy g faa &
fgerd 381

5. U® NaoH HAM & §I¢ draddl &1 M Gol He|

6. 9§ dHdl Uk fAad AF db Ugd oM¢ I1 3EF® S @i, dl
CISCRA T |

7. 3 Tl uRumy urd 9 & foIlT UanT &Y 2-3 IR Gl
S.a&‘I'UT:
ﬁ&rUTaTI%ﬁﬂ:

HHID | NaOH B HEAT (mL) | ATABAl (S/cm)

S N

NaOH @I SISl T8 AE 3R Iahal & s Th AH S| AH H S8l
qadwdl B g gRkade g1 §, dg! cise’M &1 Sifam fig g gl
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6. TUMHT:
NaOH P! Wigal g @ ¥ Mot o 8-

M,V =M,V,

e M, = W YT (mc1 3R cuscooH) HI AR
o V, = 3% YU B AET (mL)
e M, = NaOH fd@@d &I WleRdl (M)

e V, = NaOH fd@@9 & HEAT (mL)

U S¢T ¥ NaoH P! HIGRAT I TUAT B R 3 WY Ht Figar Jd B

7. URUIMH:

arRe’A o offqm fdg R aiedr d dig uRads &1 fbar a1l naon &t A
AR ... 3R o fyor Ft Wigdr ... TR TR
8. QrayTf~ar:

e NaoH @ 9R-IR e i araear & g9 o gkad-l &1 et 9
T S o |

o W@%ﬁmlﬂﬁaﬁﬂﬁaﬂ@r&m (Calibrate) B

o NaOHaﬁWﬂFﬁw HWWWGW (Corrosive) Eﬂ?ﬂ%l

. ?%demdlﬁaé‘m U ¥ go P} dii aRomy fagea

|
o I 9@ ® SUANT I dlis Plg 3R[G URUMH HI gIfad T |
9. G'I'ﬂ'mﬁﬂ:

1. 3NeNfre IUMTT: HeSaAicH CZex™ &I IudN faftd A & snclig
wd ey faaaHl @ gigar Fuia =9 & fou fear o g, fovw =g
T fAEer ufearsit )

2. YafaRul fRRET: S Al & ST A1 &RIAd Bt Sid $HRA 3R
TG0 ¥R A & U 9 d&-ie &1 SuAnT fbar odm gl

3. BHElgePd I Huda IO F oAd-&R Agad &1 faRawor HA
% fou g fafy &1 wam feean S g

4. @RI UG U IENT: WY IdG) H pr 3R FAgdr &1 fIzadwor 1 &
fou sger Iua fosar g
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CHY 24615 MHifd®w ™A A= waRT=maT 111

WA BT A 78
PHID
Teh Tolgd Sdciose &l qHJe dradhdl HulRd $r o 80- 82

BT IUANT BP TR THG B AT BT

T (FEF®/ ABEHD) f[Tau BT IUIRT FRb SRR & 99 83- 86
P THEU ¥Y § JANUd AT

dqieT el BT JTHT b 3R SRR- e & HgH BT I 87-89

RR eqry Ufadiitd SR Sfa=Nyul HIU &1 ITINT db fbdl U 90- 92
U Uit T8 &t 908 ®icd Ius &I [HURo &A1

i IR0l W WRRDIUS (ATl BT IuART dd HURd 3§ | 93-95
g1 fodt fou U FEH® W & gYadHu RRIG (Ka) &1 FuRon
HT|

HW & dOHHE (RT) TR BYEIT (MeOH), ST (EtOH), 38R 96- 98
T-3RF & UF dFd &1 FURT HA1 iR WaHHeR &1 SUdNT
TP Bl (C), BRIH (H), R RiSH (0 & WHIGH
WIHR B! TN HAT
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TART 1
Heaeiier BT IUART FXP Holgd sAdeiaged HI JAded aradbdl

IERY: UH Holgd Sadciaze & THded dadddl FuUiRd &R 3R dedcHier &
JUART PP AR FHIDHU DI AT BT

[O)
T

KO, Nad, oMgd d

SUHRO]
HeacHicy (Id & i), fiue, dihr, dicgiicd Wik

Rrsia

IqADHdl B fdagd & URRIY & FohH & w9 d gRUING fHar 1 81 Debye-
Huckel - Onsager )DHO) o HIHRUT gRT fhdl faU U Higal R YA Adidbal ol
Yigar ¥ Jefdd Te faafad U &l ac = A - (A + Bi) Vo. O8I A 3R A
HA: Tigdl ¢ 3R 3Fd TIHR0N W AR & AT ITabal &, A AR B DHO
fRRie g1 T M Iradar 99 &1 99 RRIG dOR 0.1N KA OF BT IGANT 6P
fRuifka frar ST 81 0.1N Nad &t Iasmd 3R 3T Figarell & fou =raear fFAuffed
P S Bl A S Ve BT UH Gedl ¢aF P I Th e War a1 ® S DHO
iU B I Bl gl

o7

1. feu v aGraear 99 & Aa RRI® &1 Ao
feu U Iraedr Ad B ATADdT SId BT SUAN] HIb A% {HAT Sl &l 0.7456 UTH
3G P dide duT 100 el Irdedr Sd # gide 3P 0. 1N KA dOR fHar S
2l 3} Udedl 99 H d9 do MR BT SaT @ o9 9 b 3 3decis uid |
g4 75l |, FABal Hex I I gF W 3P dradhdl HuiRd & ot 81 9 RRi®
B TUAT FHERT = 1.288/dAdbdl gRI B S gl

2. quged dradal &1 [uiRor 3R pHO TR &1 TGdEH

SWFd IAHdl Ud B! Iradbdl ofd 4 I fHar orar @ iR 3 AT MW 0. 1N Nadl
9d ¥ O A g, R S8 el dd § S/ ST ¢l S aaddl Hiek § el
STl 8, draddl ATG St g1 S9! ARy SR WHde aiddbdl @1 TUHET & Ol gl
0.1N Iigdl & SWIad U MU O &t = faftd Figar (0.05, 0.025 3R 0.0125)
IR HA & U 3w ¥ uydar fHar ot 8, aedbdl ¥ &1 SUAN dRd YdS Od
D TABar - AuiRd &t At 31 ST I AAH Bt AT B O Bl
Ae §H Ve BT UH SET T 1 Y & & Y G B 3R A B TRICIaRE T
Nad & fQ A. &1 @9 <l Bl

IS GHIHO

NatOH + Hd - Na*d - + H.O
NaOH T HTBIBI0
ya) 0.1N UIeRMW gEgioA dde (pup) WA &I dOR
i) PHP &1 GOHHM =0 ©ooeeeannnnn. g (W - W)
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ii) PHP & IMHMIAT = o.oveeenn. .. 10/204 = N

YHTHR FIRG: ASTH TRIIGARS (NaOH) HI 10 cni

Hhdd: faamafed

3id fdg: Beb Tamel ¥ TEH

TRJa 9. 1 2 3
sifad sve AfeT (@)
URAE FRe JfeT (@)
PHP &1 3dd (JH)

QT TRSIAES  (N) &I JEFA = PHP (Vo) BT AT x  PHP(Ny) I
ITHIAT/NaOH( V1) T AT

= X 0.1/10 =
............... N
AMDIPd NaCH FHIYT BT IUANT HRP Hedelied ©4 ° HO T AN
aﬁ.ﬂ &laanQNamaﬂ bl (TH) N = T HF x
(TH) (N./25) N
DIt IE )
Conductance

Volume of NaOH added
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URUMA: 0.1N NaCdl & IAQE AABAT . .oveeeeneeennnn.. s M2/eq. ® 3R
A T I NaQ & U 8, ed g arel U At ar arar I Sdl-8hd TR
B B AT Bl gl

faspd: ged Tam aiar Te Wt 3T 91 A DHO THIBRUT &l JATud Hdl ol

qrayfat

-39 5 @ ulg 9 a1 SoIe TE g P W T B

. g W F A o sooes 9a F "us H g

. TP RA B TN PRA $ o€, 09 1 3A9Is B OIS a1 g

qrafae g 3t awr ¥ gyt / aWfAe ued

. TARIARE & JYFHRU RRIH T HURT FHA1

. g8 Udl T fb U HHOIR Foaciage &t it Aiar adddl ol gl
. HHAGR SAdCIAEcy & JuUFHu &1 fei fuifa sl
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TANT 2
T (FEfA®/ pEfA®) faaaal &1 IUART $IF Beer & AUH &1 IAUA|

IeRY: T (PR AFEHD) f[ag- s ST FRb Beer & GH Pl AT
U I qAMUd HATI

TG DHATE
EIDE ]
0.01M KM1O,/TRURd 3RS Oid, 3RId oid

:

HeRHICR, Hd<, ©e X ¢gd, & ¢ I Hdd Riiex &l 100 THT §ldh, o
E Yo, R M8, SHaw (sftmra: fie-w)

144

WpIeHe Th IUSRU § off U 997 gRT SO USRI & A6 & J19dl g
@a@ﬁﬁﬂaw@%mmﬁwwmaﬁmﬁﬁm%wﬁﬁaﬁuom-‘u
dioar & AR F T FH RaT B TR WP IV, Waewlend g RufiRd w3 &t
TH Uhd § 6 TN qHUE & A1y I USRI R0 e & wU § USRI B didd
ﬁwwwﬁmgm fpa1 YTl WRrafdd gid1 81 Aifas Rigid a8 8
% Td% 9 g1 te fAfdd 1 ¢ WaeH R USRI aRfa a1 Idfid gidr ]l

.!".\/

Cuvette
Col ori net er

UV- Vi si bl e Spect r ophot onet er
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SPECTROPHOTOMETER =

Adjustaite apertune photoresistor ukput

---';-’ . I~ | .
Lqm‘ijli;‘rr?,k - I,I- !7]41 L-:P—[ H EEE‘H |

| & s \
| ) _." o '._ L Sample Armnplifier
-T Marpchmamabor Cuvette
ufepar
)a) Amx BT FAYUROT
)b) Ay WX fafts digar a oia &1 Sz
)a) Amx BT FYUROT

U dedl (MR fagfar uie &t aifcrerstl) I forn o 9ol 8, a1 it adle &4
. Sixied o § RufRa fear w1 g&ar B
i), 1o o firelt, o. OlMKI\/hO4 (3O UR 158.03 JH/HAE) 9@ (Xld °id) dAR

~

B, 3 I H W

yii). HER SR/ IUGRUT &I Ufdd aG HY; SIS0 & ' gH-T & U 30
e 9@ udtem &3

yiii). %op 1, ®is dfad < IOV I1 GV YeH, T & avneyd dar enfe
ESISEll

)i V). sﬁ?g@ﬁamﬁﬂawiﬁr@m%m)mmagﬁ?ﬁ,

|
Th 9
glg TS 8 (A 1 9| ANgd Ofd ¥ 3/4 dgde WX UH WIah

T P el Wb F ST F & A, aq : - I T & a6l

®I foic-w! foxg ¥ Ui - Fgde &l Had Neg ARS & W bR I 71 JUTA |
arega? Wmﬂa‘s’wsﬁ%@r?ﬂmwmﬁgﬂg@rﬁw%ww
DI GHRM 3T R X9 b TS A% RS ¥ hR ok

). Qe dgde (3N Sfd & 1Y) BT ITAT I fheek 1 W HeRUICR (IR
0, TUNUI = 100%) B P HY R Wl Fde I deR FAHIA |

)V ).ﬁﬂwﬁwm%wuwsﬁ?ﬂéeﬁeﬁ?mwﬁmﬁf,mﬁ
ﬁﬁs’ﬂﬂﬁfﬁl

yvii). @ fheRr @@ @9 W) & U W0 gE (v) R WU BT (vi) DI
yiii). TRIH F T Avx AT CH @ THd § o9 R o sifiday
3[@NUT/0. D, ST Bl

Amx B! TUET & forw sraeiep aiferesr

et a
R AR
e
53

A
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(@) A W AT Figar ard @&l ST @y

W&mﬁaﬂﬁaﬁa@?&nﬁawﬁ@ﬁﬁw
0.01M KMhO, (3MTUIfd® HR 158.03 JH/H)

Wmmaﬁfw

UiE 9%, gEl, o} &d 1-5 ddd $i|
ﬁ%%qwaﬁ%mwwaﬁaéwaﬂﬁ

& foU SgRe &1 ITART B UAD °id Bl Th S 2
A8 I ol g ¥ Ay

IWNT & dfg Tl As B A% SR W

Jigdl B TUET MV, = MV, GRT &I &1 Jbdt 8

®. 9. fireex NG/ & | 371,38t/
SCRILII

1 1 420

2 2 440

3 3 490

4 4 520

5 5 540

6 6 570

7 7 600

8 8 650

9 9 700
¢ & | 0. 0IMKMQ, (i) TG o () | Wigdl (M
1 2 8 0.002
2 4 6 0. 004
3 6 4 0.006
4 8 2 0.008
5 ~10 0 0. 010

. 3§ U Ud HH® JEYF! & U Sfa=iuu-Higdl Sl Uhd &1 & o dar gl
. HYR SR/TAT IUBRT HI Wfad TG HY, SUB & ' dJH-(T & forg 30 e
e Ul B
. IuH H B3 W gER Ad (v 3R TROEF) g9 Uddl §, e @ deR, WA
WI%{G?IT HIWr A SN Yo, I H qee dAn oife g Fhar ¢
TC Uy dars (HE Ao, 1 W & Oy @ 9% iR g9 WM (Fhad e
W & 1%112)mwﬁa@?ﬁlwﬂdcﬁwﬁdaﬁ@rwzl‘Hemeaﬁvgﬂe
G2l
P

ﬂaﬁwmaﬁa?ﬁnwhomha@wwwwﬁwﬁl

%%ﬂmﬁaﬁmls@mwﬁ&mqﬂﬁ$m@i@a
] D! J99 HY Figdl ¥ L& gl ATl I Figal db sid

¢l W SR fazdver & o 91 &1 TP Sl o dex Fgde @ 4 e

. d9 & 9% T g B & 98 AR Wic § a1 T8l
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3l drferT

& @@ | 0.0IMKVIO, () [ 3mgd ofd (nL) | 9iadl (M | &=

. 000

. 002

. 004

. 006

. 008

O B|IWIN -
1|00 K~|IN|O
OIN| ~|O| 00
O|0|O0|0|0|0o

. 010

PICCEIE]

Graph of absorbance againsi
conceniratian

2
o

~a
;;f"

] .'-__x

<

Concentration {units)

Abzorbance

IMOTAT

gfRome
SARNYUT S Figdl & s U YW 9 U BIdT & ol dWc-siiR &I & 3iRdd
®I wifad & gl

graur=ai

. g8 & G dIgY fb SR-TE¢ B &1 Ulad b Uil gRT g% ®0 4 &Y
J HYH gigal W fear oar §; sIeE, I #A drell Ueifaal ot Uddl Jigd
P HUT WM A6l

. HIBR H 0.1 < A< 1.0 B AT & JGYU P HUS B I8 <l Sl gl

. IINMWT B et Toiadl & et Wt TR & I9EfHe I9i/faged @ =1 & fou
wwﬂwﬁ’raﬂ%m

IrAfd® giar It GURT § SWART / d9Ie Hed

. [P0 99 7 FeF w1 T4 foog B gigdr ST
-Wﬁ%@ﬁﬁﬂﬁ%%ﬁﬂﬁﬁ%l
- BRA® faE Tl

. JEifEr S geaelial @ gfg @ Ao S euifass S fawe H
. gal I H et o I fRuiva = & o

. T SR Ue I # SR U B O Bt S H

. Jad fawdwor 3R N 1 M|

. PreM® DD F Yfadl BT uar @ Hl
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TART 3
AgI/did &1 quifafa fazawor

IeRG: dia/ AT BT FHYT 3R 3R Beer - Lanbert & FH &1 A

A4

STAYh dIY
EGIRE]

QuSO,.5H.0, K:S:0;, NH; O1d, KI, Na.S.0,, |, SMd 9d,

JUDHRO]

Rrsia

Il HUHIFTH Fhe HIidd U B & U did & A Oidl &l U Jacl Dl
SHIfET & Ay IUAING fohar Srar § iR U Ff¥a amn o udan fear smar g1 s
T UAF O BT @G 620 TICH W AT Ol § ifh Picdd 39 o of W
P Sfa=IyUT feErar g1 SE=iyul Ml &1 3iRMe- 9 U HR- & (o Figdl &
favg wic forar ST 81 URIe0 S &1 Jd A6 S Tolgd S & JqY IgAmd

frar ST & 3R W 9dW W I9E AET | Udal fhar SEr 81 620 TIUH W39
O BT I HIUT ST 8 3R 3P Tigdl 3iihd g 4 FuiRd &t ot 81

uferar

0.3929 UM AR (Ud-Ruafaed) cuso..sH.0 fbed &1 100 el gD & & 9l
SR, S 1 e # 1 A PR ged Te O9id & ®U § H Rl g1 dAR
Wid °9d & 9h AR 4d g¢ sRe H R o omar g1 3§ U & 5, 10, 15, 20
3R 25 A BT 50 JH: AFD WIRS H WFART fhdr Sdl g1 399 9 U | 5
itz T O S Srdr § SR 3 URTES UMl & Iy e g uden fear
OIdT 8, WIRD &I s PR a7 ol § SR 33t kg Bamar oiar g1 udieor 9id &
TP 3 50 A AFS FIRe | forar 9 g, 5 QHP mfNar Siar oiar g, 3H-
TS UHT &1 ST b 50 e deb uden fear ofidr g ek st kg foramn
S g 10 M & SC Widsdfdcd HeRHIeR & SUAN dREb 620 TAGH W R
YE & fog TAe Raga & oW sawiwor & AT oar g1 did & Jigdl
(frcum,/tawa &) & fovg 3OV & Wic #Rb Th 3hbd g daR fbar e
g1 SiTPT I HT ST Hp, WU fdaqo # aid &t Tigar iR Ry v faeaq &
100 9 ¥ HiNg AFT & TUAET & S Fdhat ¢

IS GHIBIOT

1. K282()8 + 2Kl = 2K2804 + |2
2. 2Na,S,0, + |, 2Nal + Na,S,0, (WIfsgH erfane)

SqeIPp dTfereT

)i ) ATTHTT T UHTEG: SRl 525 nm R HYT STGT 8
25°C( 298K) 35°C( 308K)

100 m T 0. 1N K,S,Q; + 100 100 M T 0. 1N K,S,Q; + 100 i T

DT 0. 1N Kl 0. 1IN KI

Ty (e 3Gy (0. D) | g9 (frFe) 3GRIYUT ( O D)

0

2

4
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6

8

10

12

14 3R 3 W

yii) Tigdl BT YHE: TEARTRITET dI9H U= HI9T 47

100 m @I 0. 1IN K;S;G + 100m bl | 100 ml bl 0. IN K;S,0; + 100 ml bl
0. O5N KI 0. IN Kl

gy (e 3G ( O. D) gy (e 3G ( O. D)
0
2
4
6
8
10
12
14 3R T RE
UG AT
35T = DANKL/ 7
T T— T o
i/ A
// / / oosNK
/ fasic 4
i oofabs |/
III.-';J,H -orbance .{:i-"'r
P /
/
AT X3y W: g9 (fFe) SR v-31¢f W: O D (3G
IMOET
gfomg
1. Ru 0 9@ & 100 A § A o B AR ... I 8

2. A= e.c.|, SONYY ¥ Figdl Wic Jd J ToR aret e Xar a1 § s R
oW & g9 @ Jaftd HRar gl

Traunfaai

- T9 AU YD ITANT ol HR @ ol ol SHRM Fdc Pl IUH F gl Gl

. e Tgde W I3 dMed FAHE U= oar 8, o 39 oy TR ¥ 4R ¥ 9 &9
. IO H 9 8 W HAHER P § PR <

. A, YA SR 3 A Uerf, USSR AT 3N faceh axgst &l "R 9 FfeeR SR
JUHUT & 3G UA A Ab |

qrafae g &t gwar § eguanT 4 WA wed

. A foge vanTRarstt # §HAdl srdu, SUd SAdl, HARHICR & B AGEIND
VAN § o waiRge, fd, aaRkF, WEARgs, SRd, gfod Siaiier, HifdssH
3R TESOM S T Pt S HRPb T Pt UG Bl TR0 HRAT MHSA ¢

Page 88 of 98




W&m

: 2
G-
by RF
B
&

-8 15
mm RE

Page 89 of 98




TANT 4

frdt T T wWiRRe TYA @ JUe HicH Ius &1 AR

IR R T wWIRKY 3R 3fa=NY0 AUHl &1 ITANT FRPb QU ¢ FERNE T
Pt g HicH A (Quantum Yi el d) & YR HAT

4

STAYh dIY

A
TARNE AT (W, WHEey, SE- WRIRF), fdams (S8, degd, UMD, AF®
Ha AT et sicy dics 91 8 (S9, S # JASHRA 63)

q@ﬁﬁam@a@mﬁm gl fael WeglplcHiex, @®csl  Fgday, ﬁﬂzeﬁ“\f

OEHIUUe, e WIRG, [AVUTdS i, Scl fawdyur & o Iugdd AtkeddR

aTell SR, Q%dld@?ﬁ?&ﬂﬂ@

Rrsida

HicH W& (o) DI T THA GRI AN BICH S G & 3Ud & U H
trﬁflrrf&a%m gl 39 Faffed giieo &1 IuEnT wRe UMT BT S

THhat B
GS 775)2
CDS_CDR (GR)(T]R
SHE
or = dgY P wiew diw
Gs = 4 &1 Ufgue
Gp = T &1 Afste
=H@$mmﬂmwﬁwm&mﬁﬂm
x = YeH & foru Iugi feu U faames &1 suadaie
ufeear
1. O&l 3t arR:
o 25n TG FIRG U Iugdd [darid &1 SUANT b FRNKC TG Bl
Uddl Oid daR &R

0o T UBR, SUGH [dad & ITAT IR e T (o] dicH dics

I 8) & g 9d dOR P
2. JARYYT R FARNE HIU:

0 %QTF;_;@ ¥ faamae® &1 IWN dxdb IR Tgde & IS WHAT
URY Y|

o gdl- fow WaeIwleier &1 IUAN dxdp T 3R Yoo adl Ht Sa=worar
H IoHT e W AW

0o URGX ®dc &1 IWN TRb A1 3R TeH THl & TIRRE IS0
Wl ®I A1 FRAY I dbl & A & & B JHIGd BRb
TAfhd TR diaar Ui & |
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0 %qn;@@?ﬁﬁ%ﬁm’ g ufg Oial & U Wi 8k
e ki

0 %WWW%WWWWWW
Y| WF WH g WS mm a1 8, R SRy = 0 gl g

e RN Wael Rere Hd g, &ied dic ¥ I &1 A% & forw e deR
o RR |

3[qelp drfereT
afeer 1; e & ST advee W gufead W.ua. dgar sk sra=iyumEr
4. | gAfed ft. v, dgar | SUoAT aew W Sr@Rnyurdr

(J'I-POONHQ.I

aifereTt 2: T T TR & I aice W Jufed d.ua. daar iR
SARNYOTAT

%. d. | gAfed d1.gd. dadr ISl dieH W)
SITNYUTAT
1
>
3
4
5
Hisd UATH
f/
T s Wiofx0.1

— Liriaar fill of IF|

n o | " N e aqm TIFIITAR LA
o0 01 02 03 04 05 06 07 0B 08
Optical density at 405nm

i 1. ST aeed W SEvuar & Iy H JAfpd Wud digdr & IS T,
LR [eh P Hud IToi |
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A4

oMY
e wicH dies MuiRa o4 & forg, fiw 7U 97 & wra oiR Fd aFl &
gfoRIud &3

g
T T TR P A B TS TNy TR $ied di| § .

Traynfaar
. gﬁ@aﬁﬁ?aﬁﬁmwﬁwmw%aﬁiéwqﬁﬁ%

|
o TWIRNC FAl B Bicl- sl ¥ S & iy Jbe 8 @ |

Wit Odf & fou fam fPy U SIKT Fgaey &1 SUANT B

o TRRMIR I WHIFIRMER &I ST ¥ Ugd ol o I 3i®Mifdbd Hil

Jrafa®e gfvar 3t guwn § egwanT / e HWed

 HRE BT Hied B Bl gH PIUA SHPISARIG JUB oY Tase! 3R
TR I &l feomgd oxa & forg smawus g1

o I HicH i@ It T IUAN IWAHG AR H Afid TAagey &1 uhieRu
IR SN Syt & uar e & fow fsar S gl

o HicH die Sl M & AN & U BrRSHATNE NG & mey § Iugad
BIeRIReER 94 § Hag xdl gl
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TART 5
Waeraiue faftrl grT et for v sefAe 31 &1 gyaswor RRiS

3IeRW: AR¥E Y8 A1 R U FEfAe I &1 fowed RRI® (k.) foftd udams o
WaerReiUe Al &1 Iua axd Ay Sl

A4

STAYH dIg
EGIRE]

. ARE ¥ (1 wEAE )
. foftrsr pH & s®R 91 (W9, pH 3, pH 5, pH 7, pH 9)
. T S

w N -

JUDBIT

UV-vis WaglhieHer

PICS FYdeH

fiie &R AwmIfte

D Tl

ICESPMIGEEGRIS ¢

HTg & ga9 (SR, e, 9 fHy®)
a1 fo=ayu AieaR dTel e
M MR R T

©®NOoO AW E

Rrgia
AT YIS Th HEHD T 8 Sl JHIYH P pH & MYR W T deadl gl

O

Na' 0-S N“N N Yellow

Ay = 460 nm
0
methyl orange

.\..nn'! HCI
) v Q) .
Na' 0-§ —N-N={ =N ~— Na' 0-$ NN N
() H 0 H

red
Py ™ 320 am

g 4 wUf # ANg gl 8 Welld ¥U (HR) 8k feuieRd U (R) | 39 wUl &
i dqen fFafafed ©u @ ad fear o1 9@ ®:

HRE=H" + K

e RRI® (ka) & Fufofed gy fear s &

i H'|R
oy T

Page 93 of 98




faftrs pH AFl TR 9id &1 ANV B dl- [de] WaIhIcHIc &1 IUART B AUl
ol bl g1 fafte dveedf W Gy &7 fI%dvu &b, HR SR R @I igdrsi
P Fuia fear 1 Ioar gl

ufesar
1.EﬁFﬁﬂﬁaﬂT&:
o fAffE pH A @ IR OIE P TH YA TR B
o fuRd Y (T fiu U e IE) FT IS We 9d AR B, Sad
@ A B AR oId § °id T gl
2. 9Y9dd:
o Wid Uid B IH Al & G T HL dlib Q0T T U & b |
3. SARMNYUT HIYH:
o Yai-foel WawieHer e ®X 3R T AN ofd BT SUANT dRd Rad
& ¥U I 3iifed PR
o faf& pH AFI R SE U@l & 3@ Wael AU (400- 700 nm &1
I ) |
4. a1 IUE:
0 ;lgaﬁ?R- ¥ fw ey SEvu ard deHEl R GYU HE aof
|

AT arfaeTd
arferet 1: fRAfYs pH AT W= Sra=ivor Ser

PH | HR &1 3ifreaw Sra=mnyor R &1 AfUedH r@enyor

OO0 Ww

arfereT 2 ﬁﬁ-ﬁpHﬂ'ﬁWW

H |[H] &t digar HR 1 HigdT R @1 Higdl

OIN| 01| W| T

4

TS
1. Higare &1 fAuiRor

o S[ANNU HHEI 3R SRR-AREE TH BT IWNT PP HR MR R B
gigarst &1 FRuRor H3)

A=e-c-|
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o A SARINU, c: AR SGRINUMI, c: Wigdl, |: agde &l UY dawg
(GHTIT‘ﬁ?chn”)I

o [H] P Higdl Jd HA & [T I BT IUIN Dy

pH = -1 og[ H]
2. K, @ IOET
o I:IﬁR., R, 3R H &I Figareil T IUINT P foved RRIG Ka &I AT
|
M %

gfRomH
MU Bt 5 fawed RRI® K, T AT § ... nol /LI
graurf=rar

1. 9l B e AR 3R gdand gREa $e

2. IRV A9 # figdrsff ¥ §99 & fou ot @l & faw fram fer U eds
A B SUART 1|

3. AU o4 ¥ Ugd Ydl- fas WaIBIcHicR &1 Bl ¥ 3iifbd H1|

Hidl iR Fgded & Iguu I §9

5. UGl Bl GrayE ¥ U |

»

IrAfde giar $t quRT ® SWART / due Hed
1. WiRy FARFE: W1 & e RRI$ &1 9usH uefde sa Aerl & pH
IR T B R F Aeg R Ghdr B
2. mﬁqﬁao—cﬂ g1 fAmir ol fRRar sreggd o fawded fRRI®T &1 719 Agayuf

3. ﬁﬁzﬁwwm ot el & foveT RIS &1 Pyl fAxayomas
[EE § ufafear @ 3R UqeH @ gHee & fw At 7
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TANT 6

e T R ugrdf &1 y¥ d9E SR WA §RI ¢ H, 3R O & WRHI
WIEHR Pt TUMAET

I P & dUEHE R AYAEIE (MeoH), UG (EtoH), SR TH-3RA & UF
gTa &1 o HA1 3R RaHHeR BT UGN HRb FlEd (C), TRSOH (H), SR
RS (0 & WRAMTaE WIHR B TUAT HATI

A4

STAYH dIg
EGIRE]

1. AT (MeOH)
2. TIHIA (Et OH)

3. n-hexane

IUHII

. AR

BRGNS

. Igucs fferex

. YA (FW & dOHHE Pt S & )
. A §d (SiRied & fa)

Rrsia

GGEHEGRIC)

Idg! g U Wifde 01 § S R st & o RdA- 89 IRpY RGNS Fa
&1 ufaffid &ar g1 39 s ufd 3H1s dds (Nm) H AT ST B

ga b~ WN P

2rrhpg
il

Surface Tension(y) =

Al

uigl:

o r: PR BT B B

o h: HUTH H R Y B S 7

¢ o: WA B AT ©

e g TFQAHYN U §

. n: SO B FE B (RAHHIR A & o)
WRER

WER TH AUMAH 07 § S Fde! a-ld R MR dicgd HI &fdd Hal gl S0
I fHt Aife & Iqdg! a1d &1 SFAF @ & e fhar omar 81 WRA] tRER
(P) @t AT fAgfafead grRT @) o gt ©:
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CHY 24515 Physical Chemistry Lab | and Minor Project — | (Self-learning)

S. No. Experiment Name Page No.

1 Determination of the Transition Temperature of hydrated salts: CaCl, and 2-4
NaS04.10H,0 thermometrically and/or by solubility.

2. To draw the phase diagram of the binary system: diphenyl amine and o- 5-7
naphthol and find the eutectic temperature.

3. Estimate the variation in viscosity with concertation/temperature for a give 8-10
(glycerol) solution.

4. Determine the composition of the given mixture consisting of two miscible 11-13
liquids viscometrically.

5. To determine the adsorption of aqueous acetic acid by activated charcoal al 14-16
to study the adsorption isotherm.

6. pH metric: Determination of the strength of the acid (strong/wesak) by pH 17-20
metric titrations with base (strong/weak)

7. Potentiometric titration of K2Cr,0O7 & Ferrous Ammonium Sulphate and 21-23
comparison with volumetric titrations.

8. Determine the Solubility Product of BaSO4 Potentiometrically. 24-25

9. Determine the Dissociation constant of di-basic acid (oxalic acid) 26-27
Potentiometricaly.

10. Caorimetrically: Heat of neutralization of strong acid (HCI) with a strong 28-30
base (NaOH).

11. Calorimetrically: heat of neutralization of weak acid (CHzCOOH) with a 31-33
strong base (NaOH).

12. Determine the refractive index, Specific & Molar Refraction of given 34-36

percentage of solutions (Toluene/Acetone)

Physical Chemistry Lab | and Minor Project-1 (Sef learning)
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Transition Temperature of hydrated salts thermometrically
Transition Temperature: Transition temperature is defined as the temperature at which one solid
form/crystal state changes into another solid form, at this temperature both the forms of solid exist in
equilibrium with each other. All polymorphous substances show thistransition temperature. At all other
temperatures, only oneform is stable and the other form existsin ametastable state, gradually changing
into the stable form. For example, the transition temperature of sulfur is 96°C and the equilibrium is
expressed as below:
Rhombic sulfur & Monoclinic sulfur (equilibrium at 96°C)
The transition temperature is also shown by hydrated salts. During the transition phenomenon, thereis
an absorption or evolution of heat, change in vapor pressure, volume color etc. The transition point
(temperature) always lies below the melting point of the two solid forms. The temperature at which one
hydrate changes into another hydrate or anhydrous salt is called the transition temperature of hydrated
sat. For example, at 32.38°C NaS04.10H0and NaSO4 are in equilibrium.
NaxS04.10H20 = NaxS04 + 10 H20 (equilibrium at 32.38°C)
Above 32.38°C, NaS04.10H20 changes to anhydrous NaSO; i.e. favor forward reaction. Below
32.38°C only NaS04.10H20 is stable but anhydrous sodium sulfate is unstable and changes into
hydrated salt i.e. backward reaction. Hence 32.38°C is called the transition temperature of decahydrate
sodium sulphate.

Experiment 1

Aim: Determination of the Transition Temperature of hydrated salts: CaCl, and NaSO4.10H20
thermometrically and/or by solubility.
Requirements:

(a) Apparatus/Equipment’s: Thermometer (1°C), Ordinary thermometer, thin-walled glass tube,

stirrers, beaker and burner, etc.

(b) Chemicals & Solutions: Hydrated salt (NaSO4.10H>0), distilled water
Principle/Experimental Theory
When temperature is raised, the hydrated salt becomes partially liquid and a point is reached at which
the temperature of the salt remains practically stationary until conversion is com-mew. It is due to
absorption of heat during transition of hydrated form into another or anhydrous form. This point is
transition point. During cooling, again a point is reached at which the temperature of salt remains
practically stationary for acertain interval. It isdueto evolution of heat during the change of anhydrous
form to hydrated from. This temperature (point) is aso the transition temperature. Hence both the
temperatures must coincide theoretically.

Figure 1. Schematic for determination of the transition temperature.
M ethod/Pr ocedure:
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Set up the experiment as shown in above Figure 1. Take about 40-50 g. of powdered Na,SO4.10H20 in
a thin-walled test tube and insert a thermometer (0.1°C) and stirrer into the salt. The bulb of
thermometer should be completely dipped into the salt. Clamp this assembly in a beaker containing
water, provided with astirrer and an ordinary thermometer. Now heat the beaker gently in awater bath
using very small flame and stir the water regularly for uniform heating. Read the temperature of the
salt after every half a minute by the thermometer inserted in the test tube. While recording the
temperature of the salt, keep the salt stirred. On raising the temperature, the salt becomes liquid. When
the temperature has reached about 40°C, stop heating. Then allow it to cool, stirring constantly both
salt and water and note the temperature of salt after every minute. Heating and cooling should be slow
near the transition temperature.

Observations/Table:

S. No. Timing (minute) Temperature (°C)
While heating While cooling
1
2
3
4
5
Calculations:

(a) Plotting Graphsand Their Trend

Plot temperature on x-axis and time on y-axis. The curves of heating and cooling as shown in figure
are obtained as shown in below Figure 2. The curve ABCDE is the heating curve and curve EDFBA is
the cooling curve. The two curves should coincide theoretically but as we see in the Figure 2, it does
not happen so. The reason for thisis that the transition of one solid form into another solid form does
not take place instantaneoudly at the transition temperature but at a slightly higher temperature during
heating arid at a dlightly lower temperature during cooling. Therefore, the mean of the points
(temperatures) C and F will give the transition temperature of NaxSO4.10H:0.

Figure 2. Transition Temperature Curves
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(b) Formula based calculations:
Result: The transition temperature of NaoSO4.10H20 is °C.

Precautions:
e Careful reading of temperature during heating and cooling.
e Avg point (i.e. transition temperature) between the C and F points must be taken carefully.

Application in real world problem / Scientific Significance:

1 In the research and development especialy, in the field of Materials Science (Physics,
Chemistry, Medical Science, and Architectural Engineering) and Engineering, such experiment isvery
useful.

2. To modify physical properties of drug and polymer molecules.

3. Architectural applications.
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Phase Diagram of Binary System
Eutectic Point: The eutectic point is when a solid solute, a solid solvent, and aliquid mixture all exist
in the same phase. The eutectic point is the lowest temperature at which the liquid phase is stable at a
given pressure.
A eutectic system is a homogenous, solid mixture of two or more substances that form a super-lattice
that melts or solidifies at a temperature lower than any of the individual ingredients’ melting point. The
term is most usually used to describe a mix of metals. Only when there is a precise ratio between the
components does a eutectic system form. The word “eutectic” is derived from the Greek words “eu,”
which means “good” or “well,” and “tecsis,” which means “melting.”
Eutectic System and Eutectic Temperature
For all mixing ratios of the component componentsin a eutectoid, the eutectic temperatureisthe lowest
attainable melting temperature. The super-lattice will release al of its components at this temperature,
and the entire eutectic system will melt into a liquid. In contrast, in a non-eutectic mixture, each
component will solidify into alattice at its own specific temperature until the entire material solidifies.
In a eutectic system, one of the components of the lattice melts first when any of the other mixture
ratios is heated to the eutectic temperature, but the temperature of the entire system of the mixture must
increase for all of the other components of the component lattices to melt. When a non-eutectic mixture
cools, each of its components solidifies (during the development of itslattice) at adifferent temperature
until the entire material is solid.
The substances that we encounter in the material world are hardly ever pure chemical compounds but
rather mixtures of two or more such compounds. The individual substances in such a mixture may
behave more or less independent of each other but merely diluted, i.e., an ideal solution or mixture, or
there may be substantial chemical interaction or complex formation between the constituents. The study
of such mixtures can lead to an understanding of the most fundamental intermolecular interactions.
While you may never have thought about it, when salt water freezes, as it must if the temperature is
sufficiently low, the solid substance is pure water with no NaCl or other dissolved solutes incorporated
into the ice lattice. The present experiment assumes in the first place that when solid precipitates from
a liquid mixture on cooling, the solid is a pure substance in equilibrium with the remaining liquid
solution. In the salt water analogy, the solid ice (pure H20) is in equilibrium with the liquid H20 that
remains in the unfrozen salt water.
Mixtures of naphthalene and diphenylamine, both solids in the pure state at room temperature, will be
prepared and their phase transitions studied by means of athermal analysis.

Experiment 2

Aim: To draw the phase diagram of the binary system: diphenyl amine and a-naphthol and find the
eutectic temperature.
Requirement:
(a) Apparatus/Equipment: Melting point apparatus, cold water jar, stoppered test tubes, water-bath
(b) Chemicals & Solutions: Diphenyl amine, a-naphthol.
Principle/Experimental Theory
In the present experiment, the phase changes that occur in a two-component mixture will be
investigated. The three common phases of matter are the solid, liquid and vapor states. The particular
phase or phases in which a pure substance or mixture exists under a given set of conditions, e.g.,
temperature, pressure and composition, is obviously of utmost importance in our use of or interaction
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with the myriad of material substancesin the world. We take it for granted that the mixtures air, ocean
water and wood exist in the vapor, liquid and solid states at ambient conditions. In the preparation of
countless commercial chemical products, great effort is taken to ensure that the final product, usually
acomplex mixture, isin an attractive and practical physical state. Solid toothpaste and liquid margarine
would not sell!

If the substance is not pure, it gives low melting point and the magnitude of their lowering depends
upon the two factors.

e The proportion of each substance present.

e Melting points of both substances.

The varying amount of a substance is homogeneously mixed with another substance and melting point
of the mixtureisdetermined. A graph is plotted between mole percent of one substance and the melting
point of that mixture. The graph gives valuable information.

M ethod/Pr ocedure:

It can be taken stepwise

1. Weigh 1 g of diphenyl amine at four places and transfer each one to separate stoppered test tube.

2. Weigh the amounts of a-naphthol as given in the table bel ow. These amounts make the mole percent
in whole integer. Transfer each amount to one test tube and label them carefully.

3. Now put all the four test tubes on water bath and heat them. When the contents melt, shake them for
awhile to make the mixture uniform.

4. Remove the test tubes from water bath and place these in cold water jar to solidify the contents.

5. Remove the mixture of each test tube separately by breaking the test tubes. Powder each solid mixture
separately and find their melting points.

6. Determine the melting points of pure diphenyl amine and a-naphthol separately.

Given data,

Melting point of a-naphthol = 95°C.

Melting point of diphenylamine = 58°C.

Amount of diphenylamine=1g

Observationsd Table:

Amount of a-naphthol (in Mole fraction of Molepresent | Melting point (in °C)
diphenylamine (dpa)
2.8166 0.2 20
1.2780 04 40
0.5188 0.6 60
0.2132 0.8 80
Calculations:

(a) Plotting Graphsand Their Trend

Plot a graph between mole percent of diphenylamine in each mixture and its melting point. It will be
of the following type as given in the Figure.

The cross (x) on the graph represents the thaw points (the temperature at which mixture begins to melt)
and the dots represent the melting point (the temperature at which entire mixture melts).
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The minima in the curve is a E and the melting point corresponding to it, is called Eutectic
temperature (lowest melting temperature) attained by a mixture) and the corresponding
composition is called Eutectic composition.

(b) Formula based calculation:

Result: The eutectic temperature of the mixtureis __ and itscompositionis .

Precautions:

e Take care of careful and accurate weighing.

¢ Accurate measurement during melting and freezing points.

¢ Keep on watching thermometer reading especially, close to melting and freezing point observation.

Application in real world problem / Scientific Significance:

1
2.

Both academically and technologically, eutectic alloys are extremely important.

Very useful in the detection the eutectic temperature of amorphous kinds of Solid-state Materials
(doped/hybrid systems) which is one of the fundamental conceptsin the area of Phase Rule.
Binary systems (for example, aloys) have alower melting point than pure elements and are more
fluid, making them ideal for technological applications like casting, welding, and joining.
Eutectic dloys are idea for sealing long narrow joints and high-throughput joining processes
like electronic component housings, vacuum brazing of metallized ceramics to metals, or
processes that require the minimal presence of harmful volatile impurities due to their free-
flowing properties and excellent wettability.

Very useful in the detection the eutectic temperature of amorphous kinds of Solid-state Materias
(doped/hybrid systems) which is one of the fundamental conceptsin the area of Phase Rule.

To understand and predict the alloy microstructure obtained at a given composition.

Used in metallurgical engineering to understand the effects of aloy composition and heat
treating on ametal's microstructure.

To give the precise and accurate data of the various composite component systems and are
utilized in several areas of pharmaceuticals like the formulation of various dosage forms,
polymer coating methods and several other formulation processes.
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Viscosity versus Concentration or Temperature Alteration

Viscosity is the property of liquids and gases. The resistance offered by one part of the liquid to the
flow on the other part is known as viscosity of liquid. It is due to internal friction of molecules and
mainly depends on the nature and temperature of the liquid. In the laminar flow, each layer moves
paralel to its adjacent layer without intermixing. The unparallel flow of layer is called turbulent flow.
In the laminar flow, the resisting force 'F' is directly proportional to the velocity difference between
two adjacent layers, v and the area of the surface, 'A" of contact of two layers and is inversely
proportional to distance (x) between them. That is

F o A.v/X
or
F=n.AV/ X

what n constant and is called 'coefficient of viscosity' of the liquid. If in the above equation A = cm., v
=1 cm./sec., x =1 cm., then F = 1. Hence, n is defined as the force necessary to maintain a velocity
difference of unity between two adjacent parallel layersof liquid, 1 cm. apart and having areaof surface
of contact unity.

Viscosity can be calculated with Stokes’ Formula:

F = 6nnrv

where F isforce in Newtons, n isthe viscosity of the fluid, r isthe radius of the sphere dropped in the
fluid in meters, and v is the velocity of the spherein the fluid.

Thinner, free flowing fluids like water and milk are relatively less viscous. Thicker, more sluggish
fluids like corn syrup and glue are more viscous. They have more resistance to flow.

Its unit is 'poise’ and smaller unit is “centipoise’. The S.I. unit of viscosity is Pascal Second, Pa S and
one PaSisequal to 1 kg per meter per second.

Experiment 3
Aim: Estimate the variation in viscosity with concertation/temperature for a given (glycerol) solution.
Requirement:
(@ Apparatug/Equipment: A graduated cylinder, a glass thin cylindrical tube/Stalagmometer,
permanent marker, thermometer, atimer, two corks, Ostwald’s/Digital Viscometer, and atiny steel ball.
(b) Chemicals & Solutions: Vegetable Oil/Water/Maple Syrup/Corn Syrup, water

Principle/Experimental Theory

As per the assumption/hypothesis, the viscosity of the corn syrup will decrease during increasing/rising
temperature. This happens because as the temperature of the fluid rises, the kinetic energy of its
molecules aso will increase. The fluid will become less ‘sluggish’ and ‘flow better’.

M ethod/Procedure:

To set up this experiment,

1. Filling the graduated cylinder with 150 ml of water at different temperatures.

2. Marking 9 cm on the thin cylindrical tube, and filling it completely with corn syrup.

3. Use the two corks to keep the corn syrup inside the tube.

4. Place the corn syrup filled tube in the water and let it sit until the corn syrup was the desired
temperature.

5. Drop the stedl ball into the tube and started timer when the ball passed the first marking.

6. Stop the timer when the ball passed the second marking.
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7. Repest this procedure for 5 trials for each temperature.
Note: Use nine different temperatures varying in intervals of 10°C, in order to see the gradua change
in viscosity as temperature increases.

",
%— Meral hall
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| =1
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Figure. Experimental arrangement. The dotted lines indicate the start and end point for the bottom of
the ball through the liquid.

Observations/Table:
Trial (mins, 2°C | 12°C 22°C 32°C 42°C 52°C 62°C 72°C 82°C
secs)

1
2
3
4
5

Avg

Calculations:
(a) Plotting Graphsand Their Trend

Average Viscosity (kg/(ms)) vs. Temperature (°C)
30
L

20

Average Viscosity (ka/(ms))

20 40 60 80

Temperature (°C)

(b) Formula based calculations
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Results:

1. Theliquid has the highest viscosity at which temperature? (the most resistanceto flow)

2. Theliquid has the lowest viscosity at which (the least resistance to flow)

3. Nature of the graph

Precautions

e Make sure you put the liquid back into the right place (right temperature) when you are finished with
it.

e Keep the temperature of the measured liquid constant near the specified temperature point, and the
accurate measurement should not exceed 0.1°C.

¢ To watch the motion, the liquid used must be transparent.

¢ The perfectly spherical ball should be used.

e Velocity should be noted only when it is constant.

Application in real world problem / Scientific Significance

1. Very useful at industrial level (Mechanical Engineering like vehicles designing, Electrical
Engineering like transformers, etc.).

Beverages. Application notes for different types of beverages tested on Brookfield Instruments.
Food. Brookfield hasavariety of food application notes using different viscometers and rheometers.
Lubricants, Paint, Pharmaceuticals.

To prevent corrosion and contamination by dirt.

To cover rolling contact surface with the proper oil film in order to prolong bearing fatigue life.
To carry away heat generated inside bearing due to friction and other causes.

To lubricate each part of the bearing, and to reduce friction and wear.

NSO WD

Page 10 of 36




Composition of the mixture of two miscible liquids viscometrically
Viscosity is the property of liquids and gases. The resistance offered by one part of the liquid to the
flow on the other part is known as viscosity of liquid. It is due to internal friction of molecules and
mainly depends on the nature and temperature of the liquid. In the laminar flow, each layer moves
paralel to its adjacent layer without intermixing. The unparallel flow of layer is called turbulent flow.
In the laminar flow, the resisting force 'F' is directly proportional to the velocity difference between
two adjacent layers, v and the area of the surface, 'A" of contact of two layers and is inversely
proportional to distance (x) between them. That is
F o< A.v/X
Or
F=n.AV/ X
what n constant and is called 'coefficient of viscosity' of the liquid. If in the above equation A = cm., v
=1 cm./sec., x =1 cm., then F = 1. Hence, n is defined as the force necessary to maintain a velocity
difference of unity between two adjacent parallel layersof liquid, 1 cm. apart and having areaof surface
of contact unity. Its unit is 'poise’ and smaller unit is “centipoise. The S.I. unit of viscosity is Pascal
Second, Pa S and one PaSisequal to 1 kg per meter per second.

Experiment 4
Aim: Determine the composition of the given mixture consisting of two miscible liquids

viscometrically.

Requirement:

(@ Apparatus/Equipments: Stop watch, Ostwald’s/Digital Viscometer, R.D. bottle, Pipette.
(b) Chemicals & Solutions: Given miscible liquids

Principle/Experimental Theory:

The measurement of viscosity by viscometer is based on the Poisuill€'s equation, which is
n=xar*Pt/8 V.l

where V = volume of the liquid of viscosity n flowing in timet, through the capillary tube of radiusr
and length |. P = pressure (hydrostatic pressure) of the liquid. and t; and t> are times required to flow
for equal volumes of two liquids through the same

length of a capillary tube, then from above egn. we have:

Ny N2 = Prti/Patz

The pressure of liquid = h.d.g.

Since for the two liquids, h and g are the same, hence

Py/P> = di/d2

Therefore,

nyn2 = d.ta/da.t2

where d; and d> are the densities of two liquids and n1 and n2 their viscosities.

If n2 = Viscosity of the water

Then /2 = Relative viscosity of liquid with respect to water.

Note: Relative viscosity has no unit.

The values of n of the solutions are plotted against their concentrations (compositions). The curves of
various forms are obtained and usually viscosity curves of simple solutions are sagged, i.e., fall below
the straight line connecting the viscosities of their components.
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M ethod/Pr ocedur e:
Perform the experiment as follows:
1. Prepare a number of solutions, of different compositions by mixing the two liquids A and B in
different proportions e.g., 10%, 20% and so on up to 90% of A by volume.
2. Determine the time of flow for each solution with the help of Ostwald's viscometer as de- scribed
in the previous experiment.
3. Find the time of flow for the given (unknown) mixture as usual.

Observations/Table:

1. Room Temperature=__ °C
Time of flow isrecorded in tabular form
S. No. % age of components Time of flow in secong
A B

1

2

3

4

5

6

7

8

9

10 Unknown solution
Calculations:

(a) Plotting Graphsand Their Trend

The values of time of flow are plotted against concentration of one component (say A). A straight line
is obtained as shown in the given Figure. Corresponding to the measured time of flow for unknown
solution, the point is located and marked on the straight line. A perpendicular line is drawn on the
concentration axis from that point.

The point so obtained on the x-axis gives the percentage of A in the unknown solution. Percentage of
B will be 100 minus percentage of A.

(b) Formula based calculations
Results: The composition of the given mixtureis %Aand___ %B.

Precautions:

e Alwayswear alab coat made of protective material in the lab and safety goggles while carrying out an
experiment.

e Wear protective gloves while handling phenol.

e Use fume hood for phenol (if given).

e Do not ingest or inhale the chemicals used in the experiment. Also avoid direct contact with the

chemicals used in this experiment.
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Application in real world problem / Scientific Significance:

. Cosmetic Industry, no deposit appears on the bottom of the bottle of a body milk, lotion or shampoo,
among others.

. Didtillation (Purification) process.

. To obtain chemical reactions or thermal transfersin fine chemistry.

. Homogenizations can also be obtained by mixing two miscible liquids in the food industry for the
manufacture of beverages.

. In the cosmetics industry, this technique is used so that no deposit appears on the bottom of the bottle of
abody milk, lotion or shampoo, among others.

. Also, true solutions are dispersions of mutually miscible liquids for the manufacture of floral waters.
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Adsor ption of acid by activated char coal

Absorption is a surface phenomenon and may take place as aresult of physical or chemical interaction
and hence the name physio-or chemo-adsorption. Activated charcoa which has a porous structure
(large surface areq) serves as a good example to illustrate the phenomenon. It is obtained by heating
bone charcoal to a high temperature in vacuum to desorb the gases from its surface. At a constant
temperature the amount of absorption with increases in concentration of adsorbate. it decreases with
increase in temperature.

When temperature is kept constant, the adsorption is usually described through isotherms; the amount
of adsorbate on the surface of adsorbent as a function of concentration sure (if gas). Two types of
isotherms; Freundlich and Langmuir isotherms are common. Langmuir adsorption isotherms determine
the specific area where as the Freundlich, which is describes the overall amount of surface adsorption
along with condensation effect.

Experiment 5
Aim: To determine the adsorption of agueous acetic acid by activated charcoa and to study the
adsorption isotherm.
Requirement:
(@) Apparatus/Equipments: Stoppered bottles, pipette, burette, beakers,
(b) Chemicals & Solutions: Powdered activated charcoal, glacial acetic acid and 0.1 N NaOH

Principle/Experimental Theory:

Freundlich Isotherm

Freundlich gave a purely empirical equation: x/m = KCY" (i)

where x and m are the amounts of adsorbate and adsorbent respectively, C is concentration of adsorbate
K is Freundlich adsorption constant and n is Freundlich adsorption exponent.

Taking log of the equation (i) log (x/m) =log K + (1/n)logC

This equation is similar to straight line equation (y = mx + c)

Varying the concentration of adsorbate if we plot a graph, we get amost a straight line with a slope
equal to 1/n and the intercept log K. Graph pattern is shown below:

A

o9 7

e

The graph/indicates that amount of adsorption increases with C and finally reaches a saturation value.

M ethod/Procedure:
Proceed stepwise as follow:
1. Take 50, 40,30, 20 and 10 ml of 0.5 N acetic acid in stoppered bottles and to these add 0,10, 20, 30
and 40 ml of distilled water respectively and label them.
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2. Transfer 1 g of activated charcoal to each bottle then shake these vigorously for about one hour and
allow them to stand for half an hour to attain the room temperature.

3. Filter off charcoal and while filtering discard initial nearly four ml of filtrate in each case.

4. Now take 5 ml of each filtrate and titrate it against standard solution of 0.1 N NaOH using
phenol phthalein as an indicator. Note the reading in each case.
Observations/Table
Room Temperature = °C
Amount of charcoa used for each bottle=1g
Volume of solution taken for titration each time=5ml

Bottle No] Volume of 0.5 N|Volume of water adde I nitial normality of the aci{ Volume of NaOH
CH3COOH (ml) (normality) C2 used (V)
1 50 0 0.50
2 40 10 0.40
3 30 20 0.30
4 20 30 0.20
5 10 40 0.10

Calculate the normality of the acid after adsorption using N1V1 = N2V2. Subtract this value from initial
normality of the acid. Thiswill give you the normality of the acid adsorbed. Let it be N.

The amount of the acid adsorbed, x = Nx60/1000 (ing)

m=1ginall cases

Repeat the calculationsof remaining solutionsand produceyour resultsin tabular form asbelow:

BottleNo] Initial |[Normality (Nor mality { Amount o x/m log x/m logC
normalitythe acid aftacid adsor bacid adsorb
acid | adsorptiof X
Calculations:

(a) Plotting Graphsand Their Trend
Plot the graph between log(x/m) and logC. The slope is equivalent to 1/n and the intercept to logK.
(b) Formula based calculations

Results: The trend of the graph is in accordance with Freundlich adsorption isotherm. The values of
IUnandK arerespectively  and . Thisteststhe validity of Freundlich isotherm.

Precautions:

e Shake all solutions properly and uniformly.

e Filter the solution before proceeding for titration and discard theinitial small volume of thefiltrate.
¢ Do not use wet paper in filtration asit may dilute the solution.

¢ Avoid to breathe the fumes of acetic acid.
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Application in real world problem / Scientific Significance:

1. Remove moisture and control the humidity of offices and rooms because they act as adsorbents.

2. In gas masks, activated charcoal is used as it adsorbs vapours, toxic gases to purify the breathing air.

3. In industria applications such as heterogeneous catalysts, activated charcoal, capturing and using
waste heat to provide cold water for air conditioning and other process requirements (adsorption
chillers), synthetic, etc.

. In gas purification, desiccation, catalysis and separation of inert gases.

. Precipitation titration

. Chromatographic methods

. Froth flotation and other applications

~N o o b~
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(@)
(b)

Strength of acid by pH-metric titration with base
Most of the chemical and biochemical processes are profoundly affected by the acidity or alkalinity of
the medium in which the reaction takes place. All acids dissociate in aqueous solution to yield H* ions.
Some acids like HCl, H2SOs4, HNOs etc. are completely ionized in aqueous medium whereas
CH3COOH, HCOOH etc. ionizeto asmall extent only. The former is known as strong and the later as
weak acids. pH of any solution is defined as (—log H") and has values between 0-14. pH < 7 indicate
acidic solution, pH > 7 indicate basic solution and pH = 7 means neutral solution.
In an acid-base titration, the important information to obtain is the equivalence point. It is the point at
which an equal amount of acid has been neutralised by equal amount of base or vice versa. If there are
anumber of moles of acid in thetitration flask, the equivalence point is reached when that same number
of moles of base added is the same as the number of moles acid in the titration flask, and the volume
of the base added is also known. Similarly, if the number of moles acid in thetitration flask isunknown,
it can be calculated for the equivalence point if the molarity of the base and the volume of base added
are known.

Experiment 6
Aim: pH metric: Determination of the strength of the acid (strong/weak) by pH metric titrations with
base (strong/weak)
Requirement:
Apparatus/Equipment: pH meter (an electronic meter and glass combination electrode), Burette,
Burette stand, wash bottle, pipette, plastic funnel, 50 ml beaker, glass rod.
Chemicals & Solutions. weak/strong acid and base, distilled water

Principle/Experimental Theory

The pH of a solution can be measured accurately with the help of a pH meter. Measurement of pH is
employed to monitor the cause of acid-base titration. It affords a direct method of obtaining atitration
curve. The titration curve is a graph of measured pH values versus the volume (ml) of titrant added.
The pH values of the solution at different stage of acid-base neutralization are determined and plotted
against the volume of alkali added on adding a base to an acid, the pH rises lowly in theinitial stages
as the concentration of H* ion decreases gradually due to the consumption of some amount of HCI by
NaOH resulting in the formation of NaCl (whose amount will be the same as that of NaOH added).

HCl(ag)+NaOH(ag) — NaCl(s)+H20(1)

But, at the equivalence point (the point at which an equal amount of acid has been neutralised by equal
amount of base or vice versa), pH increases rapidly as at the equivalent point H* ion concentration is
very small. Then it flattens out after the end point. The end point of the titration can be detected where
the pH value changes most rapidly. However, the shape of the curve depends upon the ionizability of
the acid and the base used and aso on the acidity of base and basicity of the acid.

Once atitration curveis constructed and the equivalence point established the experimenter could then
choose an indicator to perform the titration calorimetrically that would give a suitable endpoint (point
at which indicator changes colour).

M ethod/Procedure:
1. 0.1(M) NaOH solution is provided.
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2. HCI solution of unknown strength is provided.

3. Cdlibrate the pH meter with the solutions of pH 4, 7, and 10.

4. pH-metric Titration: Clean the electrode with distilled water and wipe them with tissue paper or
filter paper. Take 25mL of HCI solution in a50 mL beaker and immerse the electrode in it. Note down
the pH range. Rinse the burette with distilled water and then with NaOH solution. After that fill the
burette with NaOH solution. The reading shown on the scale of pH meter is pH value of the HCI
solution. Add NaOH solution drop wise from the burette (maximum 0.5 mL at a time), shake the
solution well with the help of glass rod and note the corresponding pH values. Near the end point,
volume of NaOH added should be as small as possible (0.1 ml at atime, which is the least count of an
burette that we use in our laboratory) because the acid is neutralized and there will a sharp increase in
pH values. Further addition of even 0.01 mL of NaOH, increase the pH value to about 9-10. Put back
the selector to zero position after each pH measurement, and always keep the selector at zero position
when itisnot in use.

Plot the graph of pH of solution v/s volume of NaOH added.

Observations/Table:

1. Preparation of 250 mL 0.05 M standard oxalic acid solution:
Mass, w of oxalic acid to be weighed for the preparation of solution
w= 0.05x126x250= 1.5750 g/1000

Mass of empty weighing bottle =x =

Mass of weighing bottle and oxaic acid=y =

Mass of weighing bottle after transfer = z =

Actual mass of oxalic acid transfer = wl = (y-z) =

2. Titration of standard oxalic acid solution against NaOH:
Solution in burette = oxalic acid

Solution in titrating flask = V1= 20 mL standard oxalic acid
Indicator used = phenolphthalein

End point = colourless to pink

S. No. Burettereading Volume of HCI used
Initial Final

N

Concordant volume(V2) =
Table 1. pH-metric Titration

Volume of HCI taken (V3) (ml] Volume of NaOH added (V) (ml) pH
25
V NaOH pH ApH = AV= ApH/AV Vavg= Remarks
pH¢ — pHi Vi—Vi (Vi+Vi)/2
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Calculations

(a) Plotting Graphsand Their Trend
(b) Formula based calculations

1. Molarity of standard oxalic acid solution:
M1 = wix 1000/(molar mass x V)

M 1= w1 x1000/126x 250

M=

2. Molarity of given NaOH solution:
M1V 1/m =  MaVan

(Standard oxalic acid) (NaOH)
m=1nmn=2

M2 =M1 x Vix no/Vax Ny

Mo =

3. Molarity of given HCI solution:
M3Vs/l = MaV4/l

(Given HCI) (NaOH)

Mz = M2 x V4/V3

Strength of the given HCI will thereforebe=S; = M3 x 126 =

Plot a graph between pH and volume of NaOH (V @NaOH) added. There should be aregion in your
graph where the slopeis very steep.

Determine the mid-point of this region. Thisis the equivalence point.

Find out the corresponding volume of NaOH required (V4 mL) for complete neutralization of HCI from
the graph. Then find out the strength of HCI (S1).

25X M3 =Vax M2

(HCI) (NaOH)

Strength of HCI (S1) = (M1) x 126 (Molar Mass of HCI)

Plot a graph between ApH/AV and Vayg. There should be apeak in your graph which is the equivalence
point. Find out the corresponding average volume of NaOH required (V4 mL) for complete
neutralization of HCI from the graph. Then find out the strength of HCI (S1).

25X M3=Vax M2

(HCI) (NaOH)

Strength of HCI (Sy) = (M1) x 126 (Molar Mass of HCI)

Results: The strength of the unknown HCl = S; = g/L

Precautions:

e Electrodes must be immersed in the solution properly and sufficient time to be allowed for the
electrodes to obtain the temperature of the solution.

e pH meter should be calibrated before the experiment.

e Magnetic stirrer may be used or the solution be stirred mechanically from time to time during pH
metric titration using glass rod.

e Leavethe selector in zero position when it is not in use.

e The glass electrode should always be kept dipping in the distilled water when not in use.
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Application in real world problem / Scientific Significance:

1. Analysis of the exact pH value of food grade products and chemica products to ensure safety and
quality, or evaluation of the acidity/akalinity of drugsin pharmaceutical and biotechnology industries.

. Soil measurementsin agriculture.

. Water quality for municipa water supplies, swimming pools, environmental remediation.

. In brewing of wine or beer.

. In Manufacturing.

. In healthcare and clinical applications such as blood chemistry; and many other applications.

o O WD
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Potentiometric titration of Potassium dichr omate vs. Ferrous ammonium sulphate

Potentiometric titration involves measuring the potential (voltage) changes in a solution to determine
the endpoint of atitration. This method is particularly useful for redox titrations where the endpoint is
not easily detectable by visual indicators. It is the procedure through which the quantity of the given
test substanceis determined by the measured addition of titrant until the entire test substance undergoes
reaction. After the titration process, the potential difference between the two electrodes (namely the
reference and indicator electrode) is measured in conditions where a thermodynamic equilibrium is
maintained and the current passing through the electrodes does not disturb this equilibrium.

Experiment 7

Aim: To perform potentiometric titration of potassium dichromate (K-Cr.0O-) and ferrous ammonium
sulphate (FAS) and compare the results with volumetric titrations.

Requirement:

(a) ApparatusEquipments. Burette, Pipette, Volumetric flask, Beakers, Magnetic stirrer, pH meter or
potentiometer with suitable electrodes, Burette stand, measuring cylinder Funnel, Glass rod.

(b) Chemicals & Solutions: Potassium dichromate (K2Cr207), Ferrous ammonium sulphate (FAS, Fe
(NHa4)2(SO4)2-6H20), Sulfuric acid (H2SO.), Distilled water, Potassium ferrocyanide (K4 [Fe(CN) ¢])
for detecting end point in volumetric titration, Indicators (e.g., diphenylamine for volumetric titration),
Standard solutions for calibration (e.g., standard potassium dichromate solution)

Principle or Experimental Theory:

Potentiometric titration is alaboratory method to determine the concentration of a given analyte. It is
used in the characterization of acids. Instead, the electric potential across the substance is measured.
Potentiometric titration is a laboratory method to determine the concentration of a given analyte. It is
used in the characterization of acids. In this method, there is no use of a chemical indicator. Instead,
the electric potential across the substance is measured.

Chemical Equations:. The redox reaction between potassium dichromate and ferrous ammonium
sulphate can be represented as:

K2CrO7+ 6F€?" + 14H*— 2Cr* + 6F€* + 7TH20

Half-reactions:
Cr.07% + 14H* + 66 — 2Cr3* + 7TH0
Fe* - Felt + e

M ethod/Procedure:

Preparation of Solutions:

Ferrous Ammonium Sulphate Solution: Accurately weigh a known amount of FAS and dissolve in
distilled water. Add afew drops of sulfuric acid to prevent oxidation.

Potassium Dichromate Solution: Prepare a standard solution by dissolving a known amount of
K2Cr207 in distilled water.
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Setting up the Apparatus: Rinse and fill the burette with the potassium dichromate solution, Calibrate
the pH meter or potentiometer Place the FAS solution in a beaker on a magnetic stirrer and immerse
the electrode in the solution.

Titration Process: Start adding the K.Cr.O7 solution from the burette to the FAS solution while
continuously stirring, Record the potential (voltage) after each addition of titrant, continue titration
until the potential shows a significant and stable change, indicating the endpoint.

Volumetric Titration: In a separate setup, perform the titration using a suitable indicator (e.g.,
diphenylamine), Add K>Cr.0O7 solution to the FAS solution until the color change indicates the endpoint.

Observation Table:

Volume of K2Cr207(mL) Potential (mV)
0.0
0.5
1.0

Endpoint

Calculations:

Normality and Molarity Calculation:

For potentiometric titration: N1 x V2=N2 x V2
Where:

N1 = Normality of K>Cr.O7 solution.

V1= Volume of K>Cr>07 solution used.

N2= Normality of FAS solution.

V2= Volume of FAS solution

For volumetric titration: Use the same formulato calculate the normality of FAS solution based on the
volume of K>Cr.0~ used.

Molarity Calculation:

Molarity = Normality/n-factor

For K2Cr20y:

N-factor = 6

For FAS:

N-factor =1

(a) Plotting Graphsand Their Trend
(b) Formula based calculations

Results: Compare the normality and molarity of the FAS solution obtained from potentiometric
titration and volumetric titration. ldeally, both methods should give similar results if performed
accurately.

Precautions:
e Ensure all glasswareis clean and dry before use.
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¢ Calibrate the potentiometer properly before starting the experiment.

e Add thetitrant slowly and stir the solution continuously to ensure uniform mixing.

e Use freshly prepared solutions to avoid errors due to oxidation or degradation.

¢ Handle chemicals, especialy strong acids, with care and use appropriate protective equipment.

Application in real world problem / Scientific Significance:

. Industrial Analysis. Potentiometric titrations are widely used in the pharmaceutical, food, and
chemical industries for quality control and analysis of raw materials and products.

. Environmental Monitoring: Determining the concentration of pollutants in water and soil samples.

. Research Laboratories. Used for precise and accurate analysis in various research studies involving
redox reactions.

. This comprehensive manual provides detailed instructions for conducting potentiometric titration of
K2Cr207 and ferrous ammonium sulphate, ensuring accurate and reliable results.
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Determine the Solubility Product Potentiometrically

The solubility product (Ksp) is a constant that describes the solubility of an ionic compound in water.
For BaSOs, it is given by the expression:

Ksp = [Ba**][SO5 "]

Experiment 8
Aim: To determinethe solubility product (K) of barium sulfate (BaSO.) using potentiometric methods.
Requirement:
(a) Apparatus/Equipments: Burette, Pipette, Volumetric flask, Beakers, Magnetic stirrer pH meter or
potentiometer with suitable electrodes, Burette stand, Measuring cylinder, Funnel, Glass rod.
(b) Chemicals Required: Barium chloride (BaClz), Sodium sulfate (Na2SO.), Distilled water, Ionic
strength adjuster (e.g., KNOs solution), Standard solutions for calibration (e.g., standard BaCl. solution).

Theory/Principle or Experimental theory:

When BaS0; is dissolved in water, it dissociates into Ba?* and SO4>~ ions:

BaSOa4(S) <> Ba?*(aq) + S0%™ (aq)

Potentiometric methods invol ve measuring the change in potential (voltage) of a solution as afunction
of the concentration of ions, which allowsfor the determination of ion concentration and, subsequently,
the Kgp.

M ethod/Procedur e:

Preparation of Solutions,

Barium Chloride Solution: Prepare a standard solution by dissolving a known amount of BaCl: in
distilled water.

Sodium Sulfate Solution: Prepare a standard solution by dissolving a known amount of Na.SOa in
distilled water.

Setting up the Apparatus: Rinse and fill the burette with the BaCl. solution, Calibrate the pH meter or
potentiometer using standard solutions, Place the Na.SOs solution in a beaker on a magnetic stirrer and
immerse the electrode in the solution.

Titration Process: Add the BaCl. solution from the burette to the Na.SO4 solution while continuously
stirring, Record the potential (voltage) after each addition of BaCl: solution, continue titration until the
potential shows a significant and stable change, indicating the precipitation of BaSO..

Observationg/Table:
Potentiometric Titration:
Volume of BaCl. (mL) Potential (mV)
0.0
0.5
1.0

Endpoint
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Calculations:

(a) Plotting Graphsand Their Trend

(b) Formula based calculations

Determine the Concentration of Ba?>* and SO.*: Using the volume of BaCl. added and its
concentration, calculate the concentration of Ba** ions at the endpoint, similarly, calculate the
concentration of SO4>" ions in the solution at the endpoint.

Solubility Product Calculation:

At the endpoint, the solution is saturated with BaSQa, so:

[Ba?] = [SO+]

The Ksp can be calculated using the formula:

Ksp=[Ba*] x [SO4*]

K sp=[Ba?]?

Convert the concentrations to moles per liter if necessary and cal cul ate the Ksp.

Results: Record the calculated Ksp value for BaSOa. Compare this value with the literature value to
assess the accuracy of the experimental procedure.

Precautions:

e Ensure all glasswareis clean and dry before use.

¢ Calibrate the potentiometer properly before starting the experiment.

e Add thetitrant slowly and stir the solution continuously to ensure uniform mixing.
o Use freshly prepared solutions to avoid errors due to contamination or degradation.
¢ Handle chemicals with care and use appropriate protective equipment.

Application in real world problem / Scientific Significance:

1. Water Treatment: Understanding the solubility product of BaSOs helps in the removal of sulfate ions
from water.

2. Phar maceuticals. Knowledge of solubility productsiscrucial in drug formulation and stability studies.

3. Environmental Monitoring: Deter mining the solubility of various compoundsin natural waters
to monitor pollution levels.

4. Chemical Industry: Important for processes involving precipitation and dissolution reactions.
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Deter mine the Dissociation constant Potentiometrically
Oxalic acid is a di-basic acid, meaning it can donate two protons (H*) in an aqueous solution. The
dissociation occurs in two steps:
H2C204+> H* + HC204
HC204 <> H* + C204>

Experiment 9
Aim: To determine the dissociation constant (K@) of oxalic acid (a di-basic acid) using potentiometric
methods.

Requirement:

(a) Apparatus/Equipment: Burette, Pipette, Volumetric flask, Beakers, Magnetic stirrer, pH meter or

potentiometer with suitable electrodes, Burette stand, Measuring cylinder, Funnel, Glass rod.

(b) Chemicals & Solutions: Oxalic acid (H2C204), Sodium hydroxide (NaOH), Distilled water, Standard

N

buffer solutions for pH calibration.

Theory/Principle or Experimental theory:

The dissociation constants for these steps are represented as Kal and Ka2. Potentiometric titration
involves measuring the pH of the solution as NaOH is added, allowing for the determination of the
dissociation constants.

M ethod/Pr ocedure:

Preparation of Solutions:

Oxalic Acid Solution: Prepare a standard solution by dissolving a known amount of oxalic acid in
distilled water.

Sodium Hydroxide Solution: Prepare a standard solution by dissolving a known amount of NaOH in
distilled water.

Setting up the Apparatus:

e Rinse and fill the burette with the NaOH solution.

e Calibrate the pH meter using standard buffer solutions.

¢ Place the oxalic acid solution in a beaker on a magnetic stirrer and immerse the pH electrode in the
solution.

Titration Process:

Start adding the NaOH solution from the burette to the oxalic acid solution while continuoudly stirring.
Record the pH after each addition of NaOH.

Continue titration until the pH shows a significant and stable change, indicating the endpoints of both
dissociation steps.

Observationg/Table:
Potentiometric Titration:
Volume of NaOH (mL) pH
0.0
0.5
1.0
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Endpoint 1
Endpoint 2

Calculations:

(a) Plotting Graphsand Their Trend

(b) Formula based calculations

Deter mine the Dissociation Constants (Kal and Ka2):

First Dissociation Constant (Kau):

Identify the volume of NaOH added at the first equivalence point (V1).
Calculate the concentration of H* ions at this point using the recorded pH.

Use the formula:
_ [H+][HCz04-]

Kag = [H2C204]
Second Dissociation Constant (K az):
Identify the volume of NaOH added at the second equivalence point (V2).
Calculate the concentration of H* ions at this point using the recorded pH.
Use the formula:
[H+] [HC204—]

[H2C204]
Note: The concentrations of the acid and its conjugate base forms can be derived from the volumes of
NaOH added and the initial concentration of oxalic acid.

Ka =

Results: Record the calculated values for Kal and Ka2 for oxalic acid. Compare these values with the
literature val ues to assess the accuracy of the experimental procedure.

Precautions:

e Ensure all glasswareis clean and dry before use.

e Calibrate the pH meter properly before starting the experiment.

e Add thetitrant sSlowly and stir the solution continuously to ensure uniform mixing.

e Use freshly prepared solutions to avoid errors due to contamination or degradation.

¢ Handle chemicals, especially strong bases like NaOH, with care and use appropriate protective
equipment.

Application in real world problem / Scientific Significance:
1. Pharmaceuticals: Understanding the dissociation constants of acids is crucia for drug formulation
and stability studies.
2. Environmental Monitoring: Determining the dissociation constants of organic acidsin natural waters.
3. Food Industry: Analyzing the acidity and stability of food products containing oxalic acid.
4. Chemical Research: Studying the behavior of di-basic acids in various chemical processes.
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Calorimetrically: Heat of neutralization of strong acid with a strong base.
The heat of neutraization is the heat change that occurs when an acid and a base react to form water
and a salt. For strong acids and bases, this reaction is amost complete and highly exothermic. The
reaction can be represented as:
HCl(aq) + NaOH(aq) — NaCl(aq) + H20(1)

Experiment 10
Aim: To determine the heat of neutralization of a strong acid (HCI) with a strong base (NaOH) using
calorimetric methods.

Requirement:

(a) ApparatusEquipments. Calorimeter (preferably a ssimple coffee cup calorimeter), Thermometer
(with high precision), Measuring cylinders, Pipettes, Beakers, Stirrer (magnetic or manual), Insulating
materials (for calorimeter).

(b) Chemicals & Solutions: Hydrochloric acid (HCI), standard solution; Sodium hydroxide (NaOH),
standard solution; Distilled water.

Theory/Principle or Experimental theory:
The enthalpy change (AH) for this neutralization reaction can be measured using a calorimeter by
monitoring the temperature change of the solution.

M ethod/Pr ocedure:

Preparation of Solutions:

¢ Prepare a standard solution of hydrochloric acid (HCI) of known molarity.

¢ Prepare a standard solution of sodium hydroxide (NaOH) of known molarity.

Setting up the Calorimeter:

o Calibrate the calorimeter if necessary.

e Measure a known volume of HCI solution and pour it into the calorimeter.
e Measure an equal volume of NaOH solution.

Conducting the Experiment:

¢ Record the initial temperature of the HCI solution in the calorimeter.

¢ Quickly add the NaOH solution to the HCI solution in the calorimeter and start stirring.
¢ Record the maximum temperature reached after mixing the solutions.

Control Experiment:
Perform acontrol experiment by mixing equal volumes of distilled water to determine any heat capacity
or loss associated with the calorimeter itself.

Observations/Table:
Temperature Measur ements:
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Volumeof HClI| Volumeof NaOH Initial Temperatur  Final Temperature | Temperature Change
(mL) (mL) (°C) (°C) (AT)
(°C)

Calculations:
(a) Plotting Graphsand Their Trend
(b) Formula based calculations
Calculatethe Heat (q) Released:
Q=mx ¢ x AT
Where:
m = mass of the solution (assuming the density of the solution is similar to water, 1 g/mL)
c = specific heat capacity of the solution (approx. 4.18 J/g°C for water)
AT = change in temperature.

Calculate the Moles of HCl and NaOH Reacted:

Moles of HCI| = Molarity of HCI x Volume of HCI (in liters)

Moles of NaOH = Molarity of NaOH x Volume of NaOH (in liters)

Sincethereactionisinal:1 molar ratio, the moles of HCI should equal the molesof NaOH for complete
neutralization.

Calculate the Enthalpy Change (AH) per Mole:

AH = 1
mAHoles of HCl or NaOH

Note: Since the reaction is exothermic, the value of AH will be negative.

Results: Present the calculated heat of neutralization (AH) in kJ/mol. Compare this value with the
theoretical value for the heat of neutralization of strong acids and bases, which is typicaly around -
57.1 kJ/mol.

Precautions:

e Ensure all glassware is clean and dry before use.

¢ Measure volumes of HCI and NaOH accurately using pipettes.

e Calibrate the thermometer and cal orimeter before the experiment.

¢ Mix the solutions quickly and measure the temperature change immediately to minimize heat loss to
the surroundings.

e Useinsulating materials to reduce heat exchange with the environment.

Application in real world problem / Scientific Significance:
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. Educational Purpose: Understanding the principles of thermodynamics and calorimetry in chemistry
labs.

Industrial Applications: In chemical manufacturing where exothermic reactions are common,

knowing the heat of reaction is crucial for safety and process design.

Phar maceuticals. Ensuring the stability and safety of exothermic neutralization reactions in drug

formulation.

Environmental Science: Studying heat exchanges in natural water bodies where acid-base reactions

may occur.
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Calorimetrically: heat of neutralization of weak acid with a strong base
The heat of neutraization is the heat change that occurs when an acid and a base react to form water
and a salt. For weak acids and strong bases, the reaction involves the ionization of the weak acid and
subsequent reaction with the base. The reaction can be represented as:
CH3COOH(aq) + NaOH(aq) — CH3COONa(aq) + H20(l)

Experiment 11
Aim: To determine the heat of neutralization of a weak acid (acetic acid, CH3COOH) with a strong
base (sodium hydroxide, NaOH) using calorimetric methods.

Requirement:

(a) Apparatus/Equipment:

Calorimeter (preferably a simple coffee cup caorimeter), Thermometer (with high precision),
Measuring cylinders, Pipettes, Beakers, Stirrer (magnetic or manual), Insulating materials (for
calorimeter)

(b) Chemicals & Solutions: Acetic acid (CHsCOOH), standard solution; Sodium hydroxide (NaOH),
standard solution; Distilled water.

Theory/Principle or Experimental theory:

The enthalpy change (AH) for this neutralization reaction can be measured using a calorimeter by
monitoring the temperature change of the solution. The heat of neutralization for weak acids is
generally less exothermic than for strong acids because some energy is used to ionize the weak acid.

M ethod/Pr ocedure:

Preparation of Solutions:

e Prepare a standard solution of acetic acid (CHsCOOH) of known molarity.

¢ Prepare a standard solution of sodium hydroxide (NaOH) of known molarity.

Setting up the Calorimeter:

o Calibrate the calorimeter if necessary.

e Measure a known volume of acetic acid solution and pour it into the calorimeter.
e Measure an equal volume of NaOH solution.

Conducting the Experiment:

¢ Record the initial temperature of the acetic acid solution in the calorimeter.

¢ quickly add the NaOH solution to the acetic acid solution in the calorimeter and start stirring.
¢ Record the maximum temperature reached after mixing the solutions.

Control Experiment: Perform a control experiment by mixing equal volumes of distilled water to
determine any heat capacity or loss associated with the cal orimeter itself.
Observations/Table:
Temperature Measurements:

Volume of Volume of NaOH| nitial Temperatu(Final Temperaturf, Temperature
CH>:COOH (mL (mL) (°C) (°C) Change (AT) (°C
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Calculations:

(a) Plotting Graphsand Their Trend

(b) Formula based calculations

Calculatethe Heat (q) Released:

g=mxcx AT

Where:

m = mass of the solution (assuming the density of the solution is similar to water, 1 g/mL)
c = specific heat capacity of the solution (approx. 4.18 J/g°C for water)

AT = change in temperature

Calculate the Moles of CH:COOH and NaOH Reacted:

Moles of CH;COOH = Molarity of CH:COOH x Volume of CHsCOOH (in liters)
Moles of NaOH = Molarity of NaOHx Volume of NaOH (in liters)

Sincethereactionisin al:1 molar ratio, the moles of CHs:COOH should equal the moles of NaOH for
complete neutralization.

Calculate the Enthalpy Change (AH) per Mole:

AH = 1
moles of CH3COOH or NaOH

Note: Since the reaction is exothermic, the value of AH will be negative.

Results: Present the calculated heat of neutralization (AH) in kJ/mol. Compare this value with the
theoretical valuefor the heat of neutralization of weak acids, typically less exothermic than strong acids
due to partial ionization.

Precautions:

e Ensure all glassware is clean and dry before use.

Measure volumes of CH;COOH and NaOH accurately using pipettes.

Calibrate the thermometer and calorimeter before the experiment.

Mix the solutions quickly and measure the temperature change immediately to minimize heat loss to
the surroundings.

Useinsulating materials to reduce heat exchange with the environment.

Application in real world problem / Scientific Significance:

Educational Purpose: Understanding the principles of thermodynamics and calorimetry in chemistry
labs.

Industrial Applications. In chemica manufacturing where exothermic reactions are common,
knowing the heat of reaction is crucial for safety and process design.

Phar maceuticals. Ensuring the stability and safety of exothermic neutralization reactions in drug
formulation.
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4. Environmental Science: Studying heat exchanges in natural water bodies where acid-base reactions
may occur.
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Determine therefractive index, Specific & Molar Refraction of given solutions
Refractive Index (n): Therefractive index of asubstanceisthe ratio of the speed of light in avacuum
to the speed of light in that substance. It is a measure of how much the light is bent, or refracted, when
entering the substance.

(o
n= -
14

Where cisthe speed of light in vacuum, and v is the speed of light in the substance.

Specific Refraction (R): Specific refraction isthe refractive power per unit mass and can be cal culated
using the Lorentz-Lorenz equation:

n-1__ M
X —=
nZz+1 d

Where M isthe molar mass and d is the density of the solution.

Molar Refraction (R-m): Molar refraction is the refractive power per mole and is given by:

m—

n?-1__ M
nZz+1 d

Both specific and molar refraction provide insight into the polarizability of moleculesin the solution.

Experiment 12

Aim: To determine the refractive index, specific refraction, and molar refraction of given percentage
solutions of toluene and acetone.

Requirement:

(a) Apparatus/Equipment: Refractometer (Abbe or digital), Glass beakers, Pipettes, Volumetric flasks,
Measuring cylinders, Thermometer (for temperature control)

(b) Chemicals & Solutions: Toluene, Acetone, Distilled water, Solutions of different percentages of
toluene and acetone in distilled water (e.g., 10%, 20%, 30%, etc.)

Theory/Principle or Experimental theory:
1. Refractive Index
Therefractiveindex (n) of a substance is a measure of how much light is bent or refracted as it
passes through the substance. Mathematically, it is the ratio of the speed of light in avacuum to
the speed of light in the substance:

S a

where:
e cisthe speed of light in avacuum,
e v isthe speed of light in the substance.
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Refractive index is afundamental physical property influenced by the nature of the material and
the wavelength of light. For this experiment, a refractometer is used to measure the refractive
index of solutions of toluene and acetone at different concentrations.
2. Specific Refraction
The specific refraction (R) of asubstance is a parameter derived from its refractive index and
density, describing the substance's ability to polarize light relative to its mass. It is given by:

o n-11

TnZ+2 p

where:

e nistherefractive index,

e pisthedensity of the substance.
Thisformula, known as the L orentz-L orenz equation, relates refractive index to the
polarizability and density of the material. Specific refraction is useful for comparing refractive
properties independent of the sample’s mass.

3. Molar Refraction
Themolar refraction (M_R) is an extension of specific refraction, adjusted to account for the
molar mass of the substance. It describes the ability of one mole of the substance to polarize
light, thereby linking optical properties with molecular size and structure:

n?—1 M

where:

e M isthe molar mass of the substance.
Molar refraction isimportant for understanding molecular interactions, such as solute-solvent
interactions in solutions. It al'so provides insights into molecular size and structure, asit is
related to the el ectronic environment within a molecule.

M ethod/Procedure:

Preparation of Solutions. Prepare solutions of toluene and acetone in distilled water at various
concentrations (e.g., 10%, 20%, 30%, etc.) by mixing appropriate volumes of the solute and solvent in
volumetric flasks.

Calibration of Refractometer: Calibrate the refractometer using distilled water or a standard reference
liquid.

Measuring Refractive I ndex:

Place adrop of the solution on the prism of the refractometer.

Close the cover plate and look through the eyepiece or read the digital display to determine the
refractive index.

Record the refractive index for each concentration at a controlled temperature (typically 25°C).
Measuring Density: Measure the density of each solution using a pycnometer or a densitometer at the
same temperature as the refractive index measurement.

Control Experiment: Repeat the measurements for pure toluene and acetone to obtain their refractive
indices and densities.

Observations/Table;
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Refractive Index M easur ements:

Concentration (%) Refractive Index (n) Density (d) (g/mL)
10%
20%
30%
Calculations:

(a) Plotting Graphsand Their Trend
(b) Formula based calculations
Specific Refraction (R):
n2+1

QU

Molar Refraction (R_m):
n?-1 M
m n2y1 T d

Where:

n = Refractive index of the solution

d = Density of the solution (g/mL)

M = Molar mass of the solute (toluene: 92.14 g/mol, acetone: 58.08 g/mol)
Note: Ensure to use the correct molar mass for the solute in the solution.

Results: Present the cal culated val ues of specific refraction and molar refraction for each concentration
of toluene and acetone solutions. Compare these values with theoretical val ues or values obtained from
literature.

Precautions:

e Ensure all glasswareis clean and dry before use.

e Calibrate the refractometer properly before taking measurements.

e Control the temperature accurately as refractive index is temperature-dependent.
¢ Measure the volumes and densities accurately to avoid errors in calculations.

¢ Handle chemicals with care and use appropriate protective equipment.

Application in real world problem / Scientific Significance:

Chemical Analysis: Determining the purity and concentration of substances in solutions.

Phar maceuticals. Ensuring the quality and consistency of liquid formulations.

Food and Beverage Industry: Quality control and assurance of liquid products.

Material Science: Studying the optical properties of materials.

Environmental Science: Monitoring pollution levels in water bodies by analyzing dissolved
substances.
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CHY?24525 Physical Chemistry Lab 11

Experiment Experiment Name Page

No. No

1. To estimate the amount (or molarity) of acids (Strong and weak acid) | 38-42
present in the given mixture of acids using astrong base
conductomertically

2. To determine the Critical micelle concentration (CMC) and surfactant | 43-48
concentration of the given surfactant

3. To determine the distribution coefficient of Iodine (o) between | 49-51

carbon tetrachloride (CCls) and water (H2O) at room temperature

4. To determine the partition coefficient of benzoic acid between water | 52-55
and benzene at room temperature and the molecular state of benzoic
acid in benzene

5. Determination of Solubility Product (Ksp) of BaSO4 56-58

6. Oscillating Reactions: Study of Chemical Oscillations Using the | 59-62
Iodine Clock Reaction

7. Determination of strength of KX (where X = Cl, Br, I) mixture using | 63-66
potentiometric titration with AgNOs.

8. Neutralization Equivalent Determination Using Titration Techniques | 67-70

9. Conductometric Titration of a Mixture of Acids (HCl and | 71-74
CH;COOH) with NaOH
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EXPERIMENT 1
Conductometric Titration of Mixture of Acids

Aim: To estimate the amount (or molarity) of acids A & B (Strong acid HCI and weak acid
CH3COOH) present in the given mixture of acids using astrong base NaOH
conductomertically.

Requirements

Chemicals

NaOH, HCI & CH3COOH

Apparatus

Digital conductivity meter, Conductivity cell, Beaker (100 ml), Glass rod, Standard flask,
Pipette, Burette,

Theory

Conductance measurements are employed to find the end points of acids- alkali and
other titration. The principle involved is that electrical conductance depends upon the
number and mobility of ions. When a mixture of strong acid (HCl) and weak acid
(CH3COOR) is titrated against a strong alkali (NaOH). Combinations of curves with two
inflection points are obtained. If mixture of Hydrochloric acid and acetic acid are titrated
against sodium hydroxide, Hydrochloric acid being a much stronger acid will get
titrated first. The titration of acetic acid commences only after Hydrochloric acid has been
completely neutralized

The conductance falls linearly with the addition of sodium hydroxide. The conductance
reaches a minimum at the point corresponding to complete neutralization of HCI. Acetic
acid being neutralized by the addition of NaOH the conductance now increases because o
f the formation of highly ionized sodium acetate which replaces the weakly ionized acetic
acid. After the neutralization is over the conductance still largely and rapidly increases due
to supply of free OH ions. From the intersecting points the NaOH required to neutralize
HCI and acetic caid are calculated. While the point a corresponding of acetic acid. When a
mixture of a strong acid and a weak acid is titrated with a strong base or a weak base, a
titration curve like the given below is obtained. In this curve there are two break points.
The first break point corresponds to the neutralization of strong acid. When the strong acid
has been completely neutralized only then the weak acid starts neutralizing. The second
break point corresponds to the neutralization of weak acid and after that the conductance
increases due to the excess of OH ions in case of a strong base as the titrant. However,
when the titrant is a weak base, it remains almost constant after the end point.
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Conductance

Volume of base in cm’

Figure. Conductometric titration: a mixture of a strong acid (HCI) and a weak acid
(CH3COOR) vs. a strong base (NaOH) or a weak vase (NH4OH)

Procedure

1. Wash the conductivity cell and calibrate the cell constant in the conductivity water.

2. Take 10 ml of HCl and 10 ml of CH3COOH and mix it in a beaker.

3. Fill the burette with NaOH up to the top mark.

4. Connect the conductometer to the mains and to the conductance cell. Switch on the
instrument keeping the meter switch at ‘CAL’.

5. Calibrate the meter keeping the selector knob at “20 mS’ by rotating the sensitivity knob
till the meter reads 1.0.

6. Add 1 ml of NaOH and stir well.

7. Shift the meter switch to ‘READ’. Immerse the cell in beaker containing mixture of acids
and measure the conductance. Read the conductance of the solution. Record this value in
observation Table.

8. Make additions of NaOH from the burette as given in Observation Table. After each
addition, stir the solution well and read the conductance. Enter all the conductance values
in the observation Table.

9. Note the conductance after each ml (or each 2 ml or each 3 ml) addition of NaOH
solution.

10. Plot a graph with conductance of the solution (Y- axis) against volume of NaOH added
(X-axis) and calculate the volume of NaOH used for the neutralization of HCI and acetic
acid respectively.

11. From the inflection points ‘a’ and ‘b’ strength of Hydrochloric
acid and acetic acid present in given mixture can be determined.
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Observations Table:

Table 1: Conductometric titration of a mixture of a strong acid and a weak acid vs. a strong

base

Volume of NaOH added (ml)

Conductance (mS or mho)

0.0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

24

2.7

3.0

3.3

3.6

3.9

4.2

4.5

4.8

5.1

54

5.7

6.0

6.3

Continued till exceeding the
second end point

Calculations
Alternative 1

Volume of the acid mixture taken = 20 ml [mixture of ~ 0.01 M HCI (10 ml) and ~ 0.01 M

acetic acid (10 ml)]

Molarity of standardized NaOH solution = M1 mol/L=........ mol/L.
1. From the graph, the first change in slope of the conductometric curve gives the first
equivalence point (obtained after complete neutralisation of HCI present in the acid
mixture). From which volume of NaOH corresponding to this first equivalence point /1 ml

can be determined.
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2. Similarly, the volume of NaOH, corresponding to the second equivalence point /> ml
(total volume of NaOH used for the complete neutralization of both the acids can be
determined from the graph. Volume NaOH used for the neutralisation of weak acid = (V> —
V1) ml

The molarity of strong acid (HCl) =M, ........... mol/L
Volume of the strong acid taken = 10 ml

Molarity of the weak acid (CH3COOH) = M3 mol/L
Volume of the weak acid taken = 10 ml

(a) Molarity of HC1=MV1/10=............... mol/L
(b) Molarity of CH3COOH = M; (V>—11)/10=......... mol/L

Alternative 2

Strength of Hydrochloric acid

Volume of NaOH required for neutralizing HCIl ‘a’ = ............ ml
Normality of NaOH= 0.1 ml

Volume of mixture of acids= 20 ml

Normality of HCI = Vol of NaOH required*0.1/Total Vol of HCI taken
X =2a*0.1/20

-___8

Amount of HCI present in given one litre of solution= X* 36.45

Strength of Acetic acid

Volume of NaOH required for neutralizing Acetic acid ‘b’ =............ ml

Normality of NaOH= 0.1 ml

Volume of mixture of acids= 20 ml

Normality of Acetic Acid = Vol of NaOH required*0.1/Total Vol of Acetic acid taken

Y =b*0.1/20
=___8
Amount of Acetic acid present in given one litre of solution=Y*60 =................ g

Graph
Plot the graph according to experiment and observations.
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Result

Molarity of HC1 =M1 V1/10=............... mol/L
Molarity of CH3COOH = M; (V>— V1)/10=......... mol/L
Precautions

1. After switching on the instrument (conductometer), it should be allowed to stabilize prior
to starting the experiment.

2. The conductance cell must always be dipped either in solution or in distilled water.

3. The platinum electrodes of the conductance cell must be completely immersed in the
solution during the measurement of conductance.

4. There should be no air bubble between the two electrodes.

5. The titrant must be at least ten times more concentrated than the analyte.

Application in real world problem / Scientific Significance

(1) It is used for the analysis of turbid suspensions.

(2) It can be used for the analysis of weak acids, weak bases, a mix of weak and strong
acids, etc.
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EXPERIMENT 2
Critical Micelle Concentration of Ionic Surfactants

Aim: To determine the Critical micelle concentration (CMC) and surfactant
concentration of the given surfactant

Requirements

Chemicals/Solutions

The given Shampoos, for example, Anionic Surfactant (Sodium dodecyl sulphate
Ci2H25sNaSO4, M, = 288.38) or Cationic Surfactant Septonex (C21H44NO2Br, M; = 422 .49)
or other daily used branded shampoo samples, Distilled water

Apparatus
Conductometer, conductivity electrode, thermometer, thermostat, stirrer, 25 ml analytical
flask

Theory

Surfactants (tensides) are organic substances, which significantly decrease the surface
tension of water at relatively low concentrations and are, at least partially, water soluble.
Because surfactants are adsorbed mainly on the surface of the solution, creating a thin
monolayer, they are called surface active substances. When dissolving them, after they
reach a certain value of concentration, molecules or ions of surfactants begin to associate
and to organize themselves into more complex units, called micelles. The characteristic
concentration value, where the association process begins, is called the critical micelle
concentration and it is labelled with symbol ¢ or abbreviation CMC.

The CMC is one of the most useful physicochemical characteristics of many biologically
active substances and drugs. From the chemical point of view, surfactants are mostly low-
molecular compounds, so when dissolved, they form a true solution in concentration ranges
below the CMC. Micelles are aggregates of a larger number of simple molecules or ions of
surfactants (e.g. several dozens), so the resulting size of such structures is in the colloidal
range. For this reason, the micelle solutions of surfactants are regarded as association
colloids. The molecular structure of surfactants is amphiphilic (biphilic), it consists of both
non-polar (hydrophobic, lipophilic) and polar (hydrophilic) parts - Figure 1.
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Figure. Surface tension of a surfactant solution with increasing concentration, formation
of micelles

The determination of CMC is generally based on the localization of the position of a
breaking point in the concentration dependencies of selected physical or chemical
properties of surfactant solutions. Because of the surface activity of this substances,
measurements of the surface tension of surfactant solutions represent the principal method
of CMCs determination. In the case of 1onic surfactants, the utilization of electrochemical
measurements is much more convenient, especially the measurements of the electrical
conductivity of their solutions with varying concentration. The conductometric method is
based on the finding of a breaking point on the curves, which describe the concentration
dependence of conductivity. It is well-known, that the conductivity of any solution is
directly proportional to the concentration of its ions. The point, where the micelle formation
starts, is indicated on the concentration dependence of specific conductivity (k) as a
breaking point. It is easy to find the breaking point, because it marks a significant change
the slope of the linear dependence:

K =f(c)

The requested value of CMC is the intercept of two linear functions with mutually different
slopes (Figure 2a, b).
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Determination of the CMC with a tensiometer

The dependence of the molar conductivity (A4) on the second root of concentration (c¢) can
be used for more precise determination of CMC of ionic surfactants Figure 2b. The solution
of surfactant, e.g. sodium dodecyl sulfate, behaves as the strong univalent type of
electrolyte in the concentration range below the CMC and the linear function of dependence
of the molar conductivity on the second root of concentration has a small negative slope.
This concentration dependence of the molar conductivity is thus described by the Onsager
equation:

A=A, - ac [5 m’ mol”)

where .18 - 15 the corresponding molar conductivity at the infindtive dilution
¢ =15 the concentration of the studied surtactant
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Values of the molar conductivity are calculated from the experimental values of specific
conductivity (x) and the molar concentration of solution. The basic unit of this quantity is
S.m?mol ™.

bt

A=— [5 m mol]

™~

(1)

Procedure

(1) Prepare the initial solution of the surfactant sodium dodecyl sulfate with concentration
¢ =0.012 mol/L (or Septonex ¢ = 0.0012 mol/L) in 25 ml volumetric flask.

(2) The calculated amount of the studied substance should be weighed using analytical
balance directly in the volumetric flask.

(3) Dissolve the substance adding a small amount of redistilled water, and when it is fully
dissolved add the remaining volume of redistilled water, as it is given with the marker on
the volumetric flask.

(4) Use only a slow mixing motions to avoid the formation of a foam.

(5) Insert the stirrer and pour the solution in the conductivity vessel, which was previously
cleaned and dried. Immerse the thermometer and the conductivity electrode. Set the
thermostat to 25°C and switch on the electromagnetic stirrer. Turn on the conductometer.

Observations

(1) After the temperature reaches 25°C, read the first conductivity data for the solution with
¢ =0.012 mol/L for sodium dodecyl sulphate (or ¢ = 0.0012 mol/L for the Septonex).

(2) The next concentration of the surfactant solution should be prepared by diluting the
current

solution.

(3) Calculate the necessary volume of the solution as it is outlined below, in the example
Now remove the calculated volume of the measured solution and then add the same volume
of pure redistilled water.

(5) After stabilization of the display on the instrument scale, read the conductivity data.
(6) Repeat the steps 2-4 for each concentration in the series given in the Tables 1 or 2 below.
Please note, that at each measurement, the total volume of the measured solution in the
conductivity vessel should be always 25 ml.
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Observation Tables:

Table 1 Measured and calculted values for the determunation of CMC of the sodium dodecyl
sulphate
[ = samasisapriss u-’('

(o r .\.f? ¥ K Y A

{mel dm~) | (molm™) J{mol dm | (Znl) {us eml) (Smiy | (5 m® mal
IRT: 1
) |

0.012

0.011

D.o1n

n.00g

0.005

0007

0006

D.00s

0,004

ons

0.002

CMC=____mol/L

Graphs
Plot the graph according to experiment and observations.

Calculations
Thata freatment

= Tothe Table 1 or Table 2 calenlated e and A (pecording Equation 1)

= Prepare dependence & = fic) and A= f Je)

Results
The calculated Critical micelle concentration (CMC) and surfactant concentration of the
given surfactant are __ (in unit).

Precautions

(1) Appropriate RPM must be set.

(2) Mixture should not be constantly stirred.
(3) Avoid the formation of foam in solution.
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Application in real world problem / Scientific Significance

(1) Oil and petrochemicals like in the petroleum industry, CMC is considered prior to
injecting surfactant in reservoir regarding enhanced oil recovery (EOR) application.

(2) In cosmetic industries.

(3) Food and beverages.

(4) Agriculture area.

Note: The micelle formed above the CMC partitions the hydrophobic pollutants from soil
and accommodate micelle inside its hydrophobic core, thus retrieving it into aqueous
phase.
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EXPERIMENT 3
Distribution coefficient of Ilodine between nonpolar and polar solvent at room
temperature

Aim: To determine the distribution coefficient of lodine (I>) between carbon tetrachloride
(CCly) and water (H>O) at room temperature.

Requirement
Chemicals/Solutions

I, CCls, K1, and sodium thiosulphate.

Apparatus
Four stoppered glass bottles each of nearly 200 ml, pipettes of 5 and 25 ml, burette, and
beaker

Theory

Since the molecular state of iodine in both the solvents, le., in CCls, and in water is the
same, the distribution or partition law, in its simplest form, will be applicable Thus, if C;
and C; are the concentration of I in CCls, and aqueous layer respectively, we have the
relation:

C1/Co= K (partition coefficient)

Procedure

Proceed stepwise as follows:

(1) Transfer 20, 30, 40 and 50 ml of CCls, in four different bottles. Now add 1 gram of I
in each bottle, shake well to dissolve I> completely and label these bottles first to fourth.
(2) Add 50 ml of water to the first, 40 ml to the second, 30 ml to the third and 20 ml to
the fourth bottle.

(3) Stopper the bottles tightly and shake these vigorously for nearly an hour and then
allow these to stand until the contents of each bottle separate in two clearly distinct
layers.

(4) Prepare 200 ml of 0.1 N solution of sodium thiosulphate (equivalent weight 248.18).
Pipette 50 ml from it and dilute it to ten times to make it 0.01N. Thus we have 150 ml of
0.1N and 500 ml of 0.01N thiosulphate solutions.

(5) Pipette 5 ml of CCl4, layer (bottom layer) from each bottle separately and titrate these
against 0.1 N sodium thiosulphate taken in burette using starch as an indicator and note
the readings. The End point is indicated by disappearance of blue colour.

(6) Since concentration of I in aqueous layer is fairly low, pipette 25 ml of aqueous layer
from each bottle and titrate it against 0.01 N thiosulphate solution and note the readings.
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(7) Find the normality of I in each layer of each bottle using the formula N1*V; = N>*V;
and when this normality is multiplied by eq. wt. of I» (126.92) gives the concentration
also substitute normality values.

Observation Table:
Room temperature .....°C.
Bottle | Vol of 0.1 N Hypo | Vol of 0.1 N C1 mol/L | C2 mol/L Ci/C=K
No used with 5 ml of | hypo used with
CClalayer (ml) 25 ml od

aqueous layer
(ml_

AIW[(IN|—

Results
The partition coefficient of I in CCls, and water is ... at .... °C

Note: If we use the same volume of CCls, of the aqueous layer and titrate it with the
same hypo solution, we can even substitute volumes of hypo used in place of Ci and C»

Precautions

1. Temperature and pressure should remain constant throughout the experiment.

2. Equilibrium state should have been attained.

3. Neither solution should have reached the saturation stage: greater the concentrations,
larger are the deviations from accuracy.

4. The two liquids should be mutually immiscible. These should remain unaffected by
changing the quantity of the solute.

5. The molecular state of solute should not change; if it changes, consider the
concentration of molecular species common to both solvents and not the total
concentration.

Application in real world problem / Scientific Significance

(1) Extraction of natural substances.

(2) In fatty base suppositories, the release of the drug depends on the form of drug and its
distribution coefficient. so, drugs, have high k values, favour the oily phase leading to slow
release of the drug.
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(3) Biotransformation where drug metabolites are less lipid soluble than the parent drug
i.e. more polar allowing its urine excretion. e.g. "aromatic ring hydroxylation of salicylic
acid (more lipid) to gentisic acid (more polar).
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EXPERIMENT 4
Partition coefficient of CsHsCOOH between polar and nonpolar solvents and the
molecular state of CcHsCOOH in nonpolar solvent

Aim: To determine the partition coefficient of benzoic acid between water and benzene at
room temperature and the molecular state of benzoic acid in benzene.

Requirement
Chemicals/Solutions

Benzoic acid, benzene, 0.1 N and 0.01 N NaOH solution and phenolphthalein.

Apparatus
Four bottles (250 ml) with stoppers, conical flasks, pipette (10 ml), burette, beakers,
measuring cylinder and a separating funnel.

Theory

If the solute associates in one of the solvents, the distribution law expressed is C1/V/C, =
K where n is the number of solute associates in solvent two. Benzoic acid exists as normal
molecules in water and as a should be constant. This can be verified experimentally. dimer

in benzene. Therefore, C1/v/Cz should be constant. This can be verified experimentally.

Procedure
Take 50 ml of distilled water and 50 ml of benzene in each of the four bottles and label
them one to four.

Now, weigh 1 g, 2 g, 3 g and 4 g of benzoic acid separately and transfer 1 gm to the first
bottle, 2 g to the second bottle and so on.

Close these bottles tightly with their stoppers. Shake them thoroughly for about half an
hour and then allow these to stand as such until the two layers of the liquids are clearly
separated.

The top layer will be benzene and the bottom of the water, both containing dissolved
benzoic acid.
Now, transfer slowly the contents of the first bottle to a separating funnel.

Extract the bottom Player (water) in a beaker and take 10 ml of it in a conical flask.

Titrate it against 0.01N solution of NaOH taken in burette using 3-4 ml of phenolphthalein
as an indicator and note the end point.
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Now from benzene layer, take 10 ml and repeat the titration process with 0.1 N NaOH.

In this way, transfer the contents of the second bottle to separating funnel and repeat the

process.

Likewise, repeat it with third and fourth bottles too. Note the readings.

Observation Tables

Table 1. Titration of aqueous layer against 0.01 N NaOH solution.

Bottle No Vol of water layer taken Vol of NaOH used (ml)
(ml)

1 10 Vi

2 10 Vs

3 10 V3

4 10 V4

Table 2. Titration of Benzene

layer against 0.1 N NaOH solution

Bottle No Vol of benzene layer taken | Vol of NaOH used (ml)
(ml)
1 10 \%
2 10 Vo’
3 10 Vs’
4 10 \Z%
Calculations

(a) Concentration of benzoic acid in aqueous layer of the first bottle
Mili equivalent (Meq) of NaOH used = 0.01V This is equal to Meq of benzoic acid in 10
ml. Hence concentration of benzoic acid

=(0.01V) x 122)/10 g/L

(Equivalent weight of benzoic acid = 122). This is Cy

(b) Concentration of benzoic acid in benzene layer = (0.1*V'#122)/10 g/L or say C;
In same way, find C; and C; of remaining bottles and tabulate Cand ratios C1/Cz and

C1/A/C; as follows:

Bottle No Ci

C Ci/Cy

CiACa

1

2
3
4
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It is seen that values of C1/C» are not constant but those of C1/+/C» are found to be constant.
Hence, the complexity of molecules of benzoic acid in benzene is 2.

Graph

Plot a graph between C and /v/Cs. A straight line is obtained (See Figure) which verifies
that complexity of molecules of benzoic ci in benzene is 2.

Results
1. The value of partition coefficient between water benzene is..... at ...°C.
2. The molecular state of benzoic acid in benzene is dimer.

Precautions

1. Temperature and pressure should remain constant throughout the experiment.

2. Equilibrium state should have been attained.

3. Neither solution should have reached the saturation stage: the greater the concentrations,
larger are the deviations from accuracy.

4. The two liquids should be mutually immiscible. These should remain unaffected by
changing the quantity of the solute.

5. The molecular state of solute should not change; if it changes, consider the concentration
of molecular species common to both solvents and not the total concentration.

Application in real world problem / Scientific Significance
(1) Extraction of natural substances.
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(2) In fatty base suppositories, the release of the drug depends on the form of drug and its
distribution coefficient. so, drugs, have high k values, favour the oily phase leading to slow
release of the drug.

(3) Biotransformation where drug metabolites are less lipid soluble than the parent drug
i.e. more polar allowing its urine excretion. e.g. "aromatic ring hydroxylation of salicylic
acid (more lipid) to gentisic acid (more polar).

55|Page




Experiment 5. Determination of Solubility Product (Ksp) of BaSOx

This experiment aims to determine the solubility product (Ksp) of sparingly soluble BaSO4
salt. Solubility product is an important thermodynamic quantity that provides insights into
the extent of solubility of ionic compounds in aqueous solutions. The determination of Ksp
has applications in fields such as water treatment, pharmaceutical formulation, and
geochemistry. This experiment uses common laboratory techniques to study the
equilibrium established between Ba?" and SO+> ions in a saturated solution of BaSOa.

1. Aim/Objective:
To determine the solubility product (Ksp) of barium sulfate (BaSO.) at RT.

2. Requirements:
(a) Chemicals:

o Barium chloride (BaCl.)

o Sodium sulfate (Na2SOa)

o Distilled water

o Hydrochloric acid (HCI) (if pH adjustment is needed)

3. (b) Instruments/Equipment and Glassware:

o Analytical balance

o Volumetric flask (100 mL)

o Beakers (100 mL and 250 mL)

o Graduated pipette (10 mL)

o Filter paper and funnel

o Conductivity meter (optional for cross-verification)
4. Principle/Theory:

Barium sulfate is a sparingly soluble salt, and its solubility equilibrium can be
represented as:

BaS0,4(s) = Ba**(aq) + S0,* (aq)
The solubility product (Ksp) expression for this equilibrium is given by:
Ky = [Ba**][S0,27]
In a saturated solution, the molar concentration of Ba?* is equal to that of SO+>~ due to the

1:1 stoichiometry of BaSO4 dissociation. By determining the concentration of Ba®" (or
SO+*) in a saturated solution, the Ksp can be calculated.
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4. Procedure:

Step 1: Preparation of Saturated BaSO4 Solution

o

Weigh approximately 0.5 g of BaSO. powder and transfer it into a 100 mL
beaker.

Add 50 mL of distilled water and stir continuously for 30 minutes using a
glass rod.

Allow the solution to stand for 24 hours to ensure equilibrium is
established.

Filtration of Saturated Solution

Filter the saturated solution through filter paper to remove undissolved
BaSO..

Collect the clear filtrate in a clean beaker.

Determination of Ba?* Concentration

Take 10 mL of the filtrate using a graduated pipette and transfer it to a
conical flask.

Titrate the solution against a standard solution of Na-SOa using a
conductivity meter to detect the endpoint or a suitable indicator if
available.

Record the volume of Na>SO4 used.

5. Observations:

o

Record the data in the following format:

Volume of BaSOs Filtrate Volume of Na>SO4 Added Conductivity

(mL)

(mL) Change

e Plot a graph of conductivity change versus volume of Na-SOa to determine the
equivalence point.

6. Calculations:

©)

Calculate the molar concentration of Ba?" using the equivalence point:
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Mya,s0, X Vna,so,

[Ba®*] =
VBaSO4 solution

e Substitute [Ba?*] = [S0,%7] into the Ksp expression:
Ko = [Ba2+]2

7. Results:

o The solubility product (Ksp) of BaSO4 at room temperature is determined
as Kgp =. ...

8. Precautions:
Experiment-Specific:

o Ensure complete equilibration of BaSOas solution before filtration.
o Avoid contamination during titration.

9. General Handling:

o Use clean and dry glassware.
o Calibrate the conductivity meter before use.

10. Sources of Error:

o Incomplete filtration may lead to erroneous results.

o Endpoint detection errors during titration.

9. Applications:

o Understanding the solubility behavior of sparingly soluble salts.
o Application in industrial processes like water treatment.

o Insights into geochemical phenomena such as mineral precipitation.
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Experiment 6: Oscillating Reactions: Study of Chemical
Oscillations Using the Iodine Clock Reaction

Oscillating reactions are captivating chemical phenomena where the concentration of
reactants and products changes periodically over time. These reactions offer a vivid
demonstration of non-linear chemical kinetics and feedback mechanisms. The iodine clock
reaction is a widely used example of an oscillating reaction that exhibits periodic color
changes due to iodine and iodide interactions. This experiment provides insight into
reaction kinetics and demonstrates the interplay of chemical dynamics in a visually striking
manner.

1. Aim/Objective:
To study the kinetics and mechanism of the iodine clock oscillatory reaction and
observe periodic color changes over time.

2. Requirements:
(a) Chemicals Required:

o Potassium iodide (KI)

o Hydrogen peroxide (H202, 6% solution)
o Sodium thiosulfate (Na2S203)

o Soluble starch (indicator)

o Sulfuric acid (H2SO4, diluted)

o Distilled water

3. (b) Instruments/Equipment, Glassware, etc.:

o Beakers (100 mL and 250 mL)
o Measuring cylinders (10 mL and 50 mL)
o Pipettes and droppers
o Stopwatch
o Magnetic stirrer with a stirring bar
o Safety goggles and gloves

4. Principle/Theory:

The iodine clock reaction exhibits oscillatory behavior due to a feedback mechanism

involving iodide (I"), iodine (I2), and thiosulfate (S203?") ions. The reaction cycles through
the following steps:
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¢ Oxidation of iodide to iodine by hydrogen peroxide: The reaction between iodide
ions and hydrogen peroxide occurs in the acidic medium and can be represented in
the following manner:

H,0,(D) + 21 (aq) + 2H* (aq) = 1, (g) + 2H,0(])
In this reaction, hydrogen peroxide oxidizes iodide ions (I" ) to molecular iodine.

¢ Reduction of iodine by thiosulfate: If calculated amount of sodium thiosulphate
is added in the presence of starch solution as an indicator to the above reaction
mixture, the liberated iodine reacts with thiosulphate ions as fast as it is formed and
is reduced back to iodide ions till all the thiosulphate ions are oxidized to
tetrathionate ions.

o 1,(8) + 25,05 (aq) = 21~ (aq) + S,0¢™ (aq)

e Starch-lodine Complex Formation: Free iodine forms a deep blue complex with
starch. This oscillation between formation and disappearance drives the periodic
color changes.

4. Procedure:

Step 1: Prepare the starch solution by boiling 1 g of soluble starch in 100 mL of distilled
water. Allow it to cool to room temperature.

Step 2: Prepare the following solutions in separate beakers:

o Solution A: Dissolve 2 g of KI in 50 mL of distilled water.

o Solution B: Mix 10 mL of 6% H202 with 40 mL of distilled water.

o Solution C: Dissolve 1 g of Na2S203 in 50 mL of distilled water.
Step 3: Add 2 mL of sulfuric acid to solution B to acidify it.

Step 4: Place a magnetic stirrer in a 250 mL beaker and begin stirring gently.

Step 5: Sequentially add solutions A, B, and C to the beaker while stirring continuously.
Add 5 mL of starch solution.

Step 6: Observe and record the periodic color changes (colorless to blue) over time.
5. Observation:

o Record the time intervals for each color change cycle.

o Construct a table:

Cycle Number | Time for Colorless (s) | Time for Blue (s)

1
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6. Calculations:

o Use the observed times to calculate the average period of

oy 2 Teyel
oscillation:T,,q = %

7. where T¢ye is the total time for one complete cycle and N is the number of
cycles observed.
o Determine reaction rates for each step if concentration data is available.
8. Results:
o The reaction demonstrated periodic oscillations with an average period of
approximately Tg,, seconds.

o The observed color changes confirmed the dynamic feedback loop in the
reaction mechanism.

9. Precautions:
Experiment-Specific:
o Ensure proper sequence of solution addition to maintain reaction
consistency.

o Use freshly prepared H202 for reliable results.

o Always keep the concentration of sodium thiosulphate solution less than
that of potassium iodide solution.

o Record the time immediately after the appearance of blue color.

10. General Handling:

o Wear safety goggles and gloves at all times.
o Handle sulfuric acid with care to avoid splashes.
o Use clean glassware to prevent contamination.

11. Source of Error:

o Variations in stirring speed may affect oscillation periods.

o Impurities in reagents can lead to irregular oscillations.
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12. Applications:
o Oscillating reactions like the iodine clock illustrate principles of feedback
mechanisms in biochemical pathways.

o They are used as educational tools to teach chemical kinetics and dynamic
systems.

o Potential applications include chemical sensors and studying reaction
dynamics in complex systems.
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Experiment 7. Determination of strength of KX (where X = Cl,
Br, I) mixture using potentiometric titration with AgNOs.

This experiment determines the concentration of halide ions (Cl~, Br-, and I") in a mixture
of KCI, KBr, and K1 using potentiometry. In this method, the precise measurement of Ag*
ions reacting with halide ions to form AgX (where X = CI", Br, ") precipitates is done.
Potentiometric techniques measure the changes in electrode potential, hel ping identify the
equivalence point of thetitration. Thismethod is highly accurate and sensitive, widely used
in analytical chemistry.

1. Aim/Objective:
To determine the strength of a mixture of KCI, KBr, and K| using potentiometric
titration with AgNO:s.

2. Requirements:
(&) Chemicals:

Potassium chloride (KCl)

Potassium bromide (KBr)

Potassium iodide (K1)

0.1 M Silver nitrate (AgNOs) solution
Ditilled water

3. (b) InstrumentsEquipment and Glasswar €:

O O O O O

Potentiometer
Calomel reference electrode
Silver indicator el ectrode
Burette
Measuring cylinder
Beakers (100 mL and 250 mL)
Magnetic stirrer and bar
Pipette (10 mL)

0 Funnel and wash bottle
4. Principle/Theory:

O O 0O 0O o o o o

During titration of the KX mixture with AgNOs, Ag" ions react with halide ions to form
precipitates of AgCl, AgBr, and Agl. These precipitates have different solubility products
(Ksp) because different Silver halides have different lattice energy and hydration energy,
and the potential changes during the titration indicate the equivalence point for each ion.
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Titration was done with the help of Potentiometer which consists of two type of electrodes
(areference electrode and an indicator electrode).

Here, Ksp is defined as the equilibrium between the solid and dissolved form of silver
halides. Low Ksp compound will precipitate out first as compared to high Ksp compound.

Here, the order of formation of precipitate during titration in Silver Halides are : Agl >
AgBr > AgCl . Thisisbecause Agl hasahighly stable crystal |attice dueto the large charge
densities of Ag+ and I-ions .This strong electrostatic attraction between the ions makes it
difficult to break their bond.So their precipitate form is more stable than KCI and kBr, and
covalent character of Agl is more than AgBr and AgCl respectively. So, Agl doesn’t easily
ionise and less soluble in water and give precipitate first followed by AgBr than AgCl.

Reaction:

Agt+ X - AgX (solid)
where X =CI, Br, I".

4. Procedure:
Step 1: Clean and calibrate the potentiometer and electrodes.

Step 2: Take a10 mL sample of the KX mixture and dilute it to 100 mL with distilled
water in a beaker.

Step 3: Fill the burette with 0.1 M AgNOs solution.

Step 4: Set up the potentiometer. Immerse the silver electrode and calome reference
electrode in the sample solution.

Step 5: Start the magnetic stirrer and titrate the sample with AgNO:s slowly. Record the
potential after every 0.5 mL addition.

Step 6: Near the equivalence point, take readings at every 0.2 mL.

Step 7: After completing the titration, record the data and prepare a graph.

5. Observations:

0 Record the potential readingsin atable:

Volume of AgNOs Added (mL) | Potential (mV)

0.0
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0.5

e Plot a graph of potential versus volume of AgNOs added. The equivalence point
corresponds to a sharp change in potential.

6. Calculations:

0 Use the volume of AgNOs added at each equivalence point to calculate the
concentration of KCI, KBr, and KI:

Vagno, X Magno,
CX -

VSample

where V,4y0, is the volume of AgNOs added at the equivalence point.

7. Results:
o The concentrations of KCI, KBr, and K| are determined as C;-, Cg,-, and
C,-, respectively.
8. Precautions:
Experiment-Specific:

0 Handleand calibrate the electrodes properly.
0 Protect AgNOs solution from light.
9. General Handling:

0 Ensure accurate measurements while filling the burette.
0 Record data carefully.
10. Sourcesof Error:

o Contamination of the sample.
o Mafunctioning or improperly calibrated electrodes.
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9. Applications:

0 Determination of halide ionsin water.
0 Quality control of chemicalsinindustrial processes.
0 Analysisof ionic concentrations in environmental samples.
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Experiment 8: Neutralization Equivalent Determination Using

Titration Techniques

Neutralization is a fundamental chemical reaction where an acid reacts with a base to
produce salt and water. The driving force of this reaction is formation of a low-energy and

stable covalent bond in water, together with the second product, mostly ionized salt. The

“neutralization” term does not mean neutral pH, but the state in which the same mole
numbers of both acid and base have been mixed. This experiment aims to determine the
neutralization equivalent of various acids (e.g., H2SOs, HsPO.) and bases (e.g., NaOH,
KOH, NH4OH) through titration. The neutralization equivalent provides insights into the

stoichiometric relationships of acids and bases, a useful concept in the quantitative
chemistry. This experiment uses simple and reproducible titration methods to analyze the

reaction efficiency and equivalence point.

1. Aim/Objective:

To determine the neutralization equivalent of the given acid (H2SO4, HsPO4) and base
(NaOH, KOH, NH+OH) using titration.

2. Requirements:

(a) Chemicals Required:

Acids: H2SOa4 (Sulfuric Acid), HsPO4 (Phosphoric Acid)

Bases: NaOH (Sodium Hydroxide), KOH (Potassium Hydroxide), NH:OH
(Ammonium Hydroxide)

Standard solution: Oxalic acid (primary standard) or standard NaOH solution

Indicator: Phenolphthalein, Methyl orange

(b) Instruments/Equipment, Glassware, etc.:

Burette (50 mL)

Pipette (10 mL)

Conical flask (250 mL)
Beakers (100 mL)
Funnel

Wash bottle

Retort stand with clamps

Distilled water
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3. Principle/Theory:

Neutralization involves the reaction of H" ions from the acid with OH™ ions from the base to
form water. The neutralization equivalent is determined by titrating a known concentration
of acid against a base (or vice versa) until the equivalence point is reached, which is detected
using an indicator.

Stoichiometry and Neutralization equivalent: The neutralization equivalence is determined
using stoichiometric coefficients from balanced chemical reactions. For instance, H2SO4
reacts with two moles of NaOH indicating that one mole of H>SO4 requires two equivalents
of NaOH to neutralize completely.

Primary Standards: Oxalic acid is chosen as a primary standard because it is stable, has a
high molar mass and is not hygroscopic. These characteristics make it suitable for accurate
preparation and standardization.

Chemical Reactions:

1. For H2SOa4: H>SO4 + 2NaOH — Na.SOs4 + 2H>0
2. For HsPO4: HsPO4 + 3KOH — K3POs + 3H.0
3. For NH.OH: NH4+OH + HCl — NH.CI + H.0

The neutralization equivalent is calculated based on the volume of the titrant used and its
molarity.

4. Procedure:

1. Preparation of Solutions:
o Prepare a standard solution of NaOH by dissolving a weighed amount of
NaOH pellets in distilled water and making up to the desired volume.
o Prepare a standard solution of H>2SO4 or HsPO4 similarly.

2. Titration Setup:

o Rinse the burette with the titrant (acid/base).
o Fill the burette with the titrant, ensuring no air bubbles.

o Use a pipette to transfer 10 mL of the analyte (base/acid) into a conical
flask.

o Add 2-3 drops of the appropriate indicator (Phenolphthalein for strong
acid-strong base, Methyl orange for strong acid-weak base).

3. Titration:
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o Place the conical flask under the burette on a white tile.
o Slowly add the titrant from the burette while swirling the conical flask.

o Stop when the color of the solution changes (indicating the equivalence
point).

4. Repeat:

o Repeat the titration to obtain concordant readings.

5. Observation:

Observation Table:
S Volume of Initial Burette Final Burette Volume of
No. Analyte(mL) Reading (mL) Reading (mL) Titrant Used
(mL)
1 10
2 10
3 10

6. Calculations:
Formula:

Neutralization equivalent = (Volumeoftitrant x Molarityoftitrant)/
(Volumeofanalyte)

Example:

Given:

e Volume of NaOH =25 mL
e Molarity of NaOH =0.1 M
e Volume of H.SO4 = 10 mL
Neutralization equivalent = (25 % 0.1)/10 = 0.25 eq
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7. Results:
The neutralization equivalent of the given acid (H2SO4, HsPO4) and base (NaOH, KOH,
NH4OH) is determined successfully. The results align with theoretical values.

8. Precautions:

Experiment-Specific:

1. Always use freshly prepared standard solutions to maintain accuracy.
2. Perform titration drops carefully near the endpoint to avoid overshooting.

General Handling:

1. Rinse all glassware thoroughly with distilled water.
2. Handle acids and bases with care to avoid spills and skin contact.

3. Record readings at eye level to minimize parallax error.

9. Applications:
Determining the strength of household cleaning agents and food-grade acids.
Analyzing the acid-base balance in biological systems.

Quality control in pharmaceutical industries.

b=

Agriculture: Measuring the acidity or alkalinity of soil to determine the need for
amendments
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Experiment 9: Conductometric Titration of a Mixture of Acids (HCI
and CH;COOH) with NaOH

Conductometric titration is an analytical technique that measures the change in electrical
conductivity during a chemical reaction. In this experiment, we will titrate a mixture of HCI
(hydrochloric acid) and CHsCOOH (acetic acid) with NaOH (sodium hydroxide) solution. The
change in conductivity is recorded as NaOH is gradually added to the acid mixture. The endpoint
of the titration is determined by observing the point at which the conductivity stops changing,
which corresponds to the neutralization of the acids in the solution.

1. Aim/Objective:
e To perform a conductometric titration of a mixture of HCI and CH:COOH with NaOH.
e To observe the changes in conductivity during the titration process.

e To determine the concentration of NaOH solution by analyzing the conductivity data.
2. Requirements:

(a) Chemicals:
e HCI (Hydrochloric acid)
e CH3;COOH (Acetic acid)
e NaOH (Sodium hydroxide)

e Distilled water

(b) Instruments/Equipment:
e Conductivity meter
e Burette
e Pipette
e Flask (250 mL)
e Titration column (for the NaOH solution)
e Stand and clamp

e Magnetic stirrer (if required)

3. Principle/Theory:

In conductometric titration, the change in electrical conductivity of a solution is used to
determine the endpoint of the titration. Electrical conductivity depends on the number and
mobility of ions present in the solution. HCI, being a strong acid, dissociates completely in
water:

71|Page




HCl - H* +CI”
CHsCOOH, being a weak acid, dissociates partially:
CH:COOH = CH;COO~ + H*
NaOH, being a strong base, dissociates completely into:
NaOH - Na* + OH™

During the titration, NaOH neutralizes the H* ions from both HC1 and CH;COOH, forming water
and salts:

HCI1 + NaOH - NaCl + H,0O
CHsCOOH + NaOH - CHsCOONa + H,0

As NaOH is added, the concentration of H* ions decrease, leading to a decrease in conductivity.
After neutralization of the strong acid, further addition of NaOH will cause an increase in
conductivity, as OH™ ions are now in excess. The point at which the conductivity changes sharply
indicates the equivalence point of the titration.

4. Procedure:

Take 50 mL of a mixture of HCI and CHsCOOH in a 250 mL flask.
Fill a burette with 0.1 M NaOH solution.

Place the conductivity meter into the flask containing the acid mixture.

Gradually add NaOH from the burette to the flask while stirring the solution.

Record the conductivity after each addition of NaOH solution.

AN

Continue adding NaOH until the conductivity reaches a constant value or shows a sharp
increase, indicating the neutralization of both acids.

7. Repeat the experiment 2-3 times for accuracy.
5. Observations:

Observation Table:

Volume of NaOH (mL) | Conductivity (S/cm)

0.00 0.02
5.00 0.04
10.00 0.10
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15.00 0.18

20.00 0.30

25.00 0.40

30.00 0.45

35.00 0.48
Graph and Data Analysis:

Plot a graph between the volume of NaOH added and the conductivity of the solution. Mark the
point on the graph where there is a sharp change in conductivity, which corresponds to the
endpoint of the titration.

6. Calculations:

The molarity of NaOH solution can be determined using the formula:
M1 Vl = MZ VZ
Where:

e M, = Molarity of the acid mixture (HCI and CH;:COOH)

e V, = Volume of acid mixture used (mL)

e M, = Molarity of NaOH solution (M)

e V, =Volume of NaOH solution used (mL)
From the data, calculate the molarity of NaOH and determine the concentration of the acid
mixture.
7. Results:
The results showed a significant change in conductivity at the equivalence point, molar
concentration of NaOH .......... And acid mixture ,,,,,
8. Precautions:

1. Add NaOH slowly and steadily to avoid any sudden changes in conductivity that might
lead to errors.

2. Ensure that the conductivity meter is properly calibrated before use and check the
readings regularly.

3. Handle NaOH with care, as it is a corrosive substance.
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4. Record the conductivity accurately at each stage of the titration to ensure reliable results.

5. Use distilled water to prepare solutions and avoid contamination.

9. Applications:

1. Industrial Applications: Conductometric titration is widely used in industries to
determine the concentration of acidic or basic solutions, especially in quality control
processes.

2. Environmental Monitoring: This technique can be used to monitor pollution levels by
determining the acidity or alkalinity of water samples.

3. Pharmaceuticals: In pharmaceutical formulations, the concentration of acids and bases
can be analyzed using conductometric titrations to ensure product quality.

Food and Beverage Industry: Conductometric titration is also applied in the analysis of food
products
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CHY614 Chemistry Lab III

Experiment No.

Experiment Name

Page No

1.

To determine equivalent conductance of a strong electrolyte
and validate Onsager equation using conductometer.

76-78

2.

To verify the Beer’s Law colorimetrically using colored
(organic/inorganic) solutions.

79-84

3.

Estimation of Copper/Iron Colorimetrically and Verification
of Beer-Lambert’s Law

85-87

To determine the relative quantum yield of a given fluorescent
sample using steady-state fluorescence and absorption
measurements.

88-90

To determine the dissociation constant (Ka) of methyl red or a
given organic dye using spectroscopic methods at different
dilutions.

91-93

To determine the surface tension of methanol (MeOH),
ethanol (EtOH), and n-hexane at room temperature (RT) and
calculate the atomic parachor of carbon (C), hydrogen (H),
and oxygen (O) by using stalagmometer.

94-96
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Experiment 1
Equivalent conductance of strong electrolytes using conductometer

Aim: To determine equivalent conductance of strong electrolytes and validate Onsager equation
using conductometer.

Requirements
Chemicals

KCl, NaCl, conductivity water

Apparatus

Conductometer (with cell), pipettes, beakers, volumetric flask

Theory

Conductivity is defined as the reciprocal of resistance of the solution. Debye-Huckel-Onsager
(DHO) obtained an expression relating equivalent conductivity at a given concentration to the
concentration by the equation: Ac = A» — (A + Bhs)Vc. Where Ac and A are the equivalent
conductivities of the electrolyte at concentration ¢ and at infinite dilutions, respectively, A and B
are DHO constants. Cell constant of the given conductivity cell is determined by using the prepared
0.1N KCI solution. The conductance of 0.1N NaCl and for other concentrations the conductance
are determined. A graph of Ac Vs ¢ gives a straight line with decreasing slope verifies DHO
equation.

Procedure

1. Determination of cell constant of the given conductivity cell

The given conductivity cell is cleaned using conductivity water. Exactly 0.1N KCl is prepared by
weighing 0.7456 g of the solid and dissolving in 100 ml conductivity water. It is transferred into
the conductivity cell till the two electrodes just dips in the solution, connected to the conductivity
meter its conductance is determined. The cell constant is calculated by the equation = 1.288 /
conductance.

2. Determination of equivalent conductance and verification of DHO equation
The above conductivity cell is cleaned with conductivity water and it is rinsed with the given 0.1N

NaCl solution, then it is poured into the conductivity cell. It is connected to the conductivity meter,
the conductance is measured. Its specific and equivalent conductance are calculated. The above
given solution of 0.1N concentration is diluted properly to prepare other different concentrations
(0.05,0.025 and 0.0125), the conductance of each solution is separately determined using the
conductivity bridge. From that equivalent conductances are calculated. A graph of A Vs e is
plotted. The extrapolated value of Ac backwards along Y axis gives the value of A for NaCl.
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Chemical Reaction
Na" OH+ H" ClI'— Na' CI' + H,O

Standardization of NaOH

(a) Preparation of 0.1N Potassium Hydrogen Phthalate solution
i) Mass of PHP=... ............... g(W1—Wy)

i1) Normality of PHP = ............ 10/204

Observation Tables

(b) Standar dization of Sodium Hydroxide (NaOH)
Burette: Potassium hydrogen phthal ate solution
Conical flask: 10 cm? of Sodium hydroxide
Indicator: Phenolphthalein

End point: Pale pink to Colorless

Trial No. 1 2 3

Final Burette reading (cm?)

Initial Burette reading (cm?)

Volume of PHP (cm?)

Normality of Sodium hydroxide (N1) = Vol. of PHP (V) x Normality of PHP(Nz)/Volume of
NaOH(V1)

Estimation of HCI using the standardized NaOH solution conductometrically

S. No. Vol. of NaOH added | Conductance (S) Nuc1= Graph value x
(cm’) (N1/25) N

Model graph
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Conductance

Volume of NaOH added

Calculations

Amount of HCI present in 100 cm? of its solution = Normality x 36.5/10 g = ------------—-- g
e, g
Result : The equivalent conductance of 0.1N NaCl is ................... S.m%/eq. and A

For NaCl from the graph is.....

A straight-line graph with decreasing slope verifies Debye- Huckel Onsager equation.

Conclusion: A straight line graph with decreasing slope verifies Debye-Huckel-Onsager (DHO)
equation.

Precautions
e Seethat the two metal pins or e ectrodes do not touch each other.
o Make surethetwo pins or eectrodes are in contact with the solution.
o After testing each liquid, wipe or dry the pins or electrodes.

Application in real world problem / Scientific Significance
e To determine an electrolyte’s dissociation constant.
e To find out what a weak electrolyte’s limiting molar conductivity.
e To determine the degrees of dissociation of weak electrolytes.
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Experiment 2

Verification of Beer’s Law using Colored (Organic/Inorganic) Solutions.

Aim: To verify the Beer’s Law colorimetrically using colored (organic/inorganic) solutions.

Requirement
Chemicals
0.01M KMnO4/Methyl Orange solution, distilled water, alcohol, acetone

Apparatus

Colorimeter/Spectrophotometer, cuvette, six test tubes, Two Burettes or graduated cylinders two
100 mL beakers, test tube rack, stirring rod, tissues (preferably lint-free)

Theory

Colorimeter: When a beam of monochromatic light passes through a colored solution, the
coloring substances absorbs a portion of the light & the rest is transmitted. Absorption of light is
related to the color intensity.

A series of lenses in a colorimeter guide a beam of light with a particular wavelength through a
solution as it makes its way to the measuring apparatus. This compares the colour to a current
standard to examine it. The absorbance or % transmittance is then calculated using a
microprocessor. By measuring the difference between the amount of light at its source and that
after passing the solution, it is possible to determine the concentration of the solution and how
much light will be absorbed.

Several sample solutions with known concentrations are first prepared and evaluated to ascertain
the concentration of an unknown sample. Plotting the concentrations versus absorbance on a graph
yields the calibration curve. To determine the concentration, the results of the unknown sample are
contrasted with those of the known sample on the curve.

Spectrophotometer: The spectrophotometer is based on the Beer-Lambert Law which states that
the amount of light absorbed is directly proportional to the concentration of the solute in the
solution and thickness of the solution under analysis.

The spectrophotometer technique is to measure light intensity as a function of wavelength. It does
this by diffracting the light beam into a spectrum of wavelengths, detecting the intensities with a
charge-coupled device, and displaying the results as a graph on the detector and then on the display
device.

1. In the spectrophotometer, a prism (or) grating is used to split the incident beam into
different wavelengths.

79|Page




2. By suitable mechanisms, waves of specific wavelengths can be manipulated to fall on the
test solution. The range of the wavelengths of the incident light can be as low as 1 to 2nm.
3. The spectrophotometer is useful for measuring the absorption spectrum of a compound,
that is, the absorption of light by a solution at each wavelength.

Cuvette Colorimeter

-

UV-Visible Spectrophotometer

SPECTROPHOTOMETER

Adjustabie aperture

)

=

. |

Manachramator Cuveite

Procedure

(a) Determination of Jmax
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This can be taken from references (tables of molar extinction coefficients), or more accurately,
determined from a calibration curve.

(i). Prepare 100 ml, 0.01M KMnO4 (Molecular weight 158.03 gm/mol) solution (stock solution),
fill it in a burette

(ii). Switch on the computer and/or the instrument powers; wait for 30 minutes for ‘warm-up’ of
the instrument.

(iii). In the instrument, one can choose % transmittance or absorbance display, wavelength range
of interest, etc.

(iv). Take one clean and dry glass (only for visible range scan) or quartz cuvette with a given path
length (say, 1 cm). Prepare a blank by filling a cuvette 3/4 full with distilled water

Note: To correctly use cuvettes, remember:
e Wipe the outside of each cuvette with a lint-free tissue.
e Handle cuvettes only by the top edge of the ribbed sides.
e Dislodge any bubbles by gently tapping the cuvette on a hard surface.
e Always position the cuvette so the light passes through the clear sides.

(v). By using blank cuvette (with distilled water) calibrate the colorimeter (absorbance = 0,
transmittance =100 %) at filter 1

S. No Filter Wavelength/ | O.D./ and putout the blank cuvette.
Range Absorbance

1 1 420 (vi). Then fill another cuvette

2 2 440 with the stock solution and

3 3 490 measure absorbance, note the

4 4 520 reading in table.

> > 240 (vii). Repeat the step five (v) and

6 6 570 tep six (vi) for all the filt

7 7 600 step six (vi) for a e filters

2 2 650 (wave length range)

9 9 700 (viii). From table we can see the

Amax i.e. wave length at which solution show maximum absorbance/O.D.

Observation Table for calculating the Amax
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(b) Absorbance of different concentration solutions
Obtain small volumes 0.01M KMnO4 (Molecular weight 158.03 gm/mol) of solution and
distilled water in separate beakers, fill in the separate graduated burettes

Label five clean, dry, test tubes 1-5.
Use Burettes to prepare five standard solutions according to the chart below.
Thoroughly mix each solution with a stirring rod. Clean and dry the stirring rod between uses.

Concentration can be calculated by M1V1 = M2V

ARRR

1 2 b 4 5
Test Tube | 0.01M KMnQ4 (ml) Distilled H,O (ml) Concentration(M)
1 2 8 0.002
2 4 6 0.004
3 6 4 0.006
4 8 2 0.008
5 ~10 0 0.010

e You are now ready to collect absorbance-concentration data for the five standard
solutions.

e Switch on the computer and/or the instrument powers; wait for 30 minutes for
‘warm-up’ of the instrument.

¢ In the instrument one can select light sources (UV and visible), choose the slit
width, scan speed and % transmittance or absorbance display, wavelength range
of interest, etc.

e Take two clean and dry glass (only for visible range scan) or quartz cuvettes with
a given path length (say, 1 cm). Prepare a blank by filling a cuvette 3/4 full with
distilled water and the other cuvette with aqueous KMnO4 solution with lowest
concentration.

e Read the absorbance value displayed in the meter. When the displayed
absorbance value stabilizes, record its value in your data table.

e Repeat the procedure for Test Tubes 2 to 5.Similarly spectral runs are done for all
the other samples starting from the lowest concentrations to next higher
concentrations of KMnO4. Every time one should rinse the cuvette taking a small
portion of the solution to be analyzed next.

e Plot a curve between Absorbance v/s concentrations. Check whether it is a liner
plot or not
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Observation Table

Test Tube | 0.01M Distilled H20 Concentration(M) | Absorbance
KMnO4. (mL)
(mL)
0 10 0.000

1 2 8 0.002

2 4 6 0.004

3 6 4 0.006

4 8 2 0.008

5 ~10 0 0.010

Model Graph

Graph of gbsorbance against

conceriratan
5]

S -
3
= #_/.-"'C'
3 P

L -
= o

Concenbration {units)

Calculations

Result

A linear curve is obtained between Absorbance v/s concentrations that prove the existence of

Lambert-Beer law.

Precautions

83|Page




One should note that the Beer—Lambert law is obeyed by many substances mainly
at low to moderate concentrations; therefore, dilute concentrations of the
absorbing species should be measured.

In practice it is advisable to measure absorbances in the range 0.1 <A< 1.0.
Care must be taken to avoid any kind of chemical associations/dissociations of the
absorbing species.

Application in real world problem / Scientific Significance

To know the concentration of solutes colorless or coloured in a solution.

Determination of the rate of reaction by measuring the rate of formation and
disappearance.

In forensic sciences.

In molecular biology like measuring the growth of microorganisms like bacteria.

In the pharmaceutical industry to determine the composition of the drugs.

In the foods and paints industry and water quality checks.

Blood analysis and diagnosis of diseases.

In the detection of impurities in organic compounds.
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Experiment 3
Colorimetric analysis of Iron/Copper
Aim: Estimation of Copper/Iron Colorimetrically and Verification of Beer-Lambert’s Law

Requirement
Chemicals/Solutions

CuS04.5H,0, K»S,03, NH3 solution, KI, Na2S,0s, I, Distilled water,

Apparatus
Colorimeter, beaker, flask, funnel, measuring cylinder, balance, micropipette, filter paper

Theory

A series of standard solutions of copper is treated with ammonia to get blue
cuprammoniumsulphate complex and is diluted to a definite volume. The absorbance of each of
these solutions is measured at 620 nm since the complex shows maximum absorbance at this
wavelength. The absorbance values are plotted against concentration to get a calibration curve. A
known volume of the test solution is treated with strong ammonia and diluted to the same volume
as above. The absorbance of this solution at 620 nm is measured and its concentration is
determined from the calibration curve.

Procedure

0.3929 g of AR (anti-reflective) CuSO4.5H>O crystals is dissolved in 100 ml of distilled water,
which acts as the stock solution containing 1 mg of copper in 1 cm?. The stock solution prepared
is filled in a cleaned and rinsed burette. 5, 10, 15, 20, and 25 cm? of this solution are transferred
into 50 cm? standard flasks. 5 cm® of ammonia solution is added to each of them and diluted up to
the mark with ion exchange water, the flasks are stoppered and shaken well. The test solution is
taken in another 50 ml standard flask, 5 cm® of ammonia is added, diluted to 50 ml using ion-
exchange water and mixed well. A blank solution is prepared by diluting 5 cm® of ammonia
solution. After 10 minutes the absorbance is measured for each solution against blank at 620 nm
using a photoelectric colorimeter. A calibration curve is drawn by plotting absorbance against
concentration of copper (in mg/ml). Using the calibration curve, the concentration of copper in the
test solution and the amount present in 100 cm® of the given solution can be calculated.

Chemical Equations:
1. K2S,058 + 2KI— 2K>SO4 + 1>
2. 2NaxS>03 + b— 2Nal + NazS40¢ (sodium tetrathionate)
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Observations Table

(i) Effect of temperature: Absorbance is measured at 525 nm

25°C(298K) 35°C(308K)
100 ml of 0.1N K2S20s + 100ml of 0.1N | 100 ml of 0.1N K2S20s + 100 ml of 0.1N KI
KI
Time (mins) Absorbance(0O.D) Time (mins) Absorbance(O.D)
0
2
4
6
8
10
12
14 and so on

(ii) Effect of concentration: Measured at lab-temperature

100 ml of 0.1N K2S:0s + 100ml of
0.05N KI

100 ml of 0.1N K2S20s + 100 ml of 0.1N KI

Time (mins)

Absorbance(0.D)

Time (mins)

Absorbance(0.D)

14 and so on

Model Graphs

0.0/Abs

-orbiance

r;.]m:];-“’  —

f
/ / 0.05NEI
&

At X-Axis: Time (Mins) and At Y-axes: O.D. (Absorbance)
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Calculations

Results

1. The Amount of copper present in 100 cm® of the given solution is ............... g
2. A= gcl, Absorbance Vs concentration plot gives straight line passing through the origin verifies
Beer-Lambert’s law.

Precautions

Always remove the cuvette from the instrument when not using it.

If any optical marks are found on the cuvette, gently clean it with tissue paper.

Switch off the colourimeter when not in use.

Prevent water, dust and other liquids, powders or solid foreign objects from entering the
measuring caliber and inside of the instrument.

Application in real world problem / Scientific Significance

Basic research in chemistry laboratories, in addition, colorimeters have numerous
practical applications including testing water quality by screening chemicals such
as fluoride, zinc, chlorine, cyanide, iron, dissolved oxygen, molybdenum, and
hydrazine.

Analysis of blood, water, soil nutrients and foodstuffs. For example, to monitor and
measure the colour of various foods and beverages, including sugar and vegetable
products.

Determination of solution concentration

Determination of reaction levels

Determination of bacterial crop growth and In textile manufacturing, colour printing,
and paint manufacturing for precise quality inspection.
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Experiment 4

Determination of relative quantum yield of a given fluorescent sample

Aim: To determine the relative quantum yield of a given fluorescent sample using steady-state
fluorescence and absorption measurements.

Requirements
Chemicals
1. Fluorescent sample (e.g., Perovskites, Dyes-fluorescein)
2. Solvent (e.g., Toluene, water)
3. Standard reference sample with known quantum yield (e.g., Rhodamine 6G in ethanol)

Apparatus
1. Fluorometer or spectrofluorometer

2. UV-Vis spectrophotometer
3. Quartz cuvettes
4. Pipettes and micropipettes
5. Volumetric flasks
6. Analytical balance
7. Computer with appropriate software for data analysis
8. Gloves and safety goggles
Theory

Quantum yield (®) is defined as the ratio of the number of photons emitted to the number of
photons absorbed by a sample. It can be calculated using the following equation:

G 2
® = (22)(;7)
where: GR Nr

e ®p =Quantum yield of the reference

e Gg = Gradient of the sample

e Gp = Gradient of the reference

e 7, = Refractive index of the solvent used for the sample

e 7 = Refractive index of the solvent used for the reference

Procedure
1. Preparation of Solutions:
i.  Prepare a dilute solution of the fluorescent sample using suitable solvent in a 25mL
standard flask.
ii.  Similarly prepare a dilute solution of the reference sample (whose quantum yield is
known) using suitable solvent.
2. Absorbance and Fluorescence Measurements:
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il.

iil.

1v.

Initially perform the baseline scanning of the solvent of the given sample using two
sided transparent cuvette.

Measure the absorbance of the sample and the reference solutions at the excitation
wavelength using a UV-Vis spectrophotometer.

Measure the fluorescence emission spectra of both the sample and the reference
using transparent cuvette. Integrate the area under the fluorescence emission curves
to obtain the integrated fluorescence intensities

Repeat steps ii. and iii. for five solutions with increasing concentrations of the given
sample and the reference.

Plot a graph of integrated fluorescence intensity vs absorbance at excitation
wavelength. The linear plot gives the slope/gradient m with intercept = 0.

Note: While recording the fluorescence spectra the slit widths should be kept
constant to prevent error in the quantum yield.

Observation Table
Integrated PL intensity and Absorbance at excitation wavelength of reference.

SI. No | Integrated PL intensity Absorbance at excitation
wavelength
1
2
3
4
5
Integrated PL intensity and Absorbance at excitation wavelength of given sample.
SI. No | Integrated PL intensity Absorbance at excitation
wavelength
1
2
3
4
5
Model Graph
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Fig 1: Linear plot of Integrated PL intensity with respect to absorbance at the excited wavelength,
inset: PL emission of the sample.

Calculations
To determine relative quantum yield, substitute the obtained and known parameters in the given

formula: G )
v = (52) ()
Gr/ \Ng

Result: The calculated relative fluorescence quantum yield of the given sample is .......

Precautions
1. Ensure the solutions are prepared accurately and are free of contaminants.
2. Avoid exposure of fluorescent samples to light to prevent photo-bleaching.
3. Use matched quartz cuvettes for all measurements.
4. Calibrate the fluorometer or spectrofluorometer properly before use.

Application in real world problem / Scientific Significance

1. Understanding the quantum yield of materials is essential for designing efficient
optoelectronic devices like LEDs and solar cells.

2. High quantum yield materials are used in chemical sensors for detecting various analytes
in environmental and industrial applications.

3. Quantum yield data helps in selecting appropriate photosensitizers for cancer treatment
through photodynamic therapy.
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Experiment 5

Dissociation constant of a given organic dye by spectroscopic methods

Aim: To determine the dissociation constant (K.) of methyl red or a given organic dye using
spectroscopic methods at different dilutions.

Requirements

Chemicals
1. Methyl red (or organic dye)
2. Buffer solutions of varying pH (e.g., pH 3, pH 5, pH 7, pH 9)
3. Distilled water

Apparatus
1. UV-Vis spectrophotometer

2. Quartz cuvettes
3. Pipettes and micropipettes
4. Volumetric flasks
5. Analytical balance
6. Glassware (beakers, pipettes, solution mixers)
7. Computer with data analysis software
8. Gloves and safety goggles
Theory

Methyl red is an organic dye that changes color based on the pH of the solution.

Na' “O-8 NN \ vellow

Rea 460 nm

T

methyl orange

NaOH | HC)
() v Q) .
Na' O—-S —N-—N== -.\°-\.|()S N=N =N
0 H 0 H
red
hngy ™ 320 am

Fig 1: Acidic and basic forms of Methyl Orange

It exists in two forms, the protonated form (HR) and the deprotonated form (R"). The equilibrium
between these forms (above acid and base forms of methyl orange) can be represented as:
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HRE=H" + K

The dissociation constant (Ka) is given by:

H'||R
4 HR

150

The absorbance of the solution at different pH values can be measured using a UV-Vis
spectrophotometer. By analyzing the absorbance at different wavelengths, the concentrations of
HR and R- can be determined.

Procedure
1. Preparation of Solutions:
o Prepare a series of buffer solutions with different pH values.
o Prepare a stock solution of methyl red (or given organic dye) by dissolving a known
amount using distilled water in 25mL standard flask.
2. Dilution:
o Dilute the stock solution with the buffer solutions in the ratio of 1:50 (eg: 100uL
stock: 5000uL) to obtain different dilutions.
3. Absorbance Measurements:
o Set up the UV-Vis spectrophotometer and calibrate it using distilled water as the
blank.
o Measure the absorbance spectra of the dye solutions at different pH values over a
range of wavelengths (400-700 nm).
4. Data Collection:
o Record the absorbance values at the wavelengths corresponding to the maximum
absorbance for HR (red color) and R- (yellow color).

Observation Tables

Table 1: Absorbance Data at Different pH Values
pH | Absorbance maxima of | Absorbance maxima
HR of R°

O ||| W
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Table 2: Concentration at Different pH Values

pH | Concentration of [H'] Concentration of HR Concentration of R
3
5
7
9
Calculations

Determine Concentrations:
o Use the absorbance values and the Beer-Lambert law to determine the concentrations of
HR and R-.

A=¢-c-1

Where, A: is the absorbance, €: is the molar absorptivity, c: is the concentration, and I: is
the path length of the cuvette (usually 1 cm).

o Use the formula to determine the concentration of H*
pH = -log[H"]

2. Calculate K. :
o Use the concentrations of HR, R-, and H+ to calculate the dissociation constant Ka.

i H'|R
A T

L1 |

1Seeeeei... mol/L.

Precautions
1. Ensure accurate preparation and dilution of solutions.
2. Use matched quartz cuvettes for all measurements to avoid discrepancies in absorbance
readings.
3. Calibrate the UV-Vis spectrophotometer properly before taking measurements.
4. Avoid contamination of solutions and cuvettes.
5. Handle chemicals with care.

Application in real world problem / Scientific Significance
1. Environmental Monitoring: Understanding the dissociation constants of dyes can help in
monitoring the pH and composition of natural water bodies.
2. Pharmaceuticals: Knowledge of dissociation constants is crucial in drug formulation and
stability studies.
3. Analytical Chemistry: Determining the dissociation constants of various compounds is
fundamental in analytical chemistry for understanding reaction mechanisms and equilibria.
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Experiment 6

Surface tension of the given liquids and calculation of the atomic parachor of the C, H, and
O by stalagmometer

Aim: To determine the surface tension of methanol (MeOH), ethanol (EtOH), and n-hexane at
room temperature (RT) and calculate the atomic parachor of carbon (C), hydrogen (H), and oxygen
(O) by using stalagmometer.

Requirements
Chemicals
1. Methanol (MeOH)
2. Ethanol (EtOH)
3. n-Hexane

Apparatus
1. Stalagmometer
Analytical balance
Graduated cylinder
Thermometer (to ensure room temperature)
Distilled water (for calibration)

Nk

Theory

Surface Tension

Surface tension is a physical property that represents the cohesive forces between liquid molecules
at the liquid-air interface. It is measured in units of force per unit length (N/m).

2rrhpy
n

Surface Tension(y) =

o r:1s the radius of the capillary
h: is the height of the liquid column in the capillary
e p: is the density of the liquid
g: 1s the acceleration due to gravity
n: is the number of drops (for stalagmometer method)

Parachor
Parachor is a molecular property that correlates surface tension and molar volume. It is used to
estimate the surface tension of a compound. The atomic parachor (P) can be calculated using:

M~
P = :

I
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where:

e M: is the molecular weight of the compound
e v:is the surface tension
e p:is the density

Procedure
1. Calibration:
o Clean the stalagmometer thoroughly with ethanol and then rinse with distilled
water.
o Calibrate the apparatus using distilled water at room temperature.
2. Measurement:
o Fill the apparatus with methanol (MeOH) and measure the height of the liquid
column in the capillary or the number of drops in the stalagmometer.
o Repeat the measurement for ethanol (EtOH) and n-hexane.
o Ensure that all measurements are taken at room temperature.
3. Data Recording:
o Record the height of the liquid column or the number of drops for each liquid.
o Record the density of each liquid (use standard values or measure separately if
necessary).

Observation Tables

Table 1: Surface Tension Data

Liquid Li Ililiecllgg:)fufmn Radius of Density (p) Surface
1 q (h) Capillary (r) vy Tension (y)
MeOH
EtOH
n-hexane
Table 2: Parachor Calculation
I Molecular Surface .
Liquid Weight (M) Tension (y) Density (p) Parachor (P)
MeOH
EtOH
n-hexane
Calculations

1. Surface Tension is calculated by using the formula:

Surface Tension(y) =

rhpg

Tl
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2. Parachor is calculated by using the formula:

MAy'/*
P ==

o

3. Atomic Parachors of the H, C and O are calculated by using the formulas:
Pgton — Pumeon = PCH2
Phexane_6XPCH2 =2 XPy

P _Phexane_6XPEt0H+6 X Pyeon
H=

2
PCHZ_ZXPH:PC
Pc = Ppion — Pyeon — 2 X Py
Po = Pyeon —4 X Py — P¢
Results
o The determined surface tension values for methanol, ethanol, and n-hexane are..., .... and
... (N/m) respectively.
e The atomic parachor values for carbon (C), hydrogen (H), and oxygen (O) are ..., .... and
... respectively.
Precautions
1. Ensure that the apparatus is thoroughly cleaned before each measurement to avoid
contamination.
2. Maintain a constant room temperature throughout the experiment to ensure accurate
results.

3. Carefully measure and record the height of the liquid column or the number of drops.
4. Use distilled water for calibration to ensure accurate surface tension measurements.

Application in real world problem / Scientific Significance
1. Material Science: Understanding surface tension is crucial in the study of wetting, coating,
and the behavior of liquids on surfaces.
2. Pharmaceuticals: Surface tension plays a role in drug formulation and the interaction of
drugs with biological membranes.
3. Chemical Engineering: Surface tension data is essential in processes like distillation,
extraction, and emulsification.
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FAHHA ST ATH TH.UHH. WS @A

qIGTHHA I ATH Jefas @ 3T geTRmer i
T IS Hiuaar$ 24616

7Ey | Weos | I=9 A& qEY

- 1

qataeIFar. g
UTISAHHA IRUMA: STF T&TH gier

1 39T TIT AT TART FAT ST 3og HPEedeh AT Tdallel H ATGEIND PIAS @A Hlel
H FGE AT ©

2. 3T & FIACIATT JUFFIT deheileh 1 FaTeld Y

3. IONCHE Hedihad Y

st &1 "@idea faRor

ﬁ'{-—dg—rm
AMTCAS faavor:
A3t o Afaefiics fageor;

(i) FET FT fa2evoT|

(i) ST3TeT TTET ST fAReIVoT|

2 AR TYFEEHIN FT YAV TS HLAYOT G1g-gRET AR araror aoiad|
(i) f3msTH (vfAesaf@eart) SR (11) [Cu(acac),]

(ii) 3T (vfAesafiesK) sraFamEree (11) [Co(acac)z(H20)]

(iii) e (8-gTsgirafaFailfoeicl) Togaiiias

3 PAQIRF JUTFHIor

AT BT UG hIACIATheh Jerentol- Ag (1), Hga(l1), 3R Po (1)

AT &1 Y9 shIACHITIheh JUeFhivl- Cl-, Br, 3R I

4. SaTell BIRAS

AART g B garr wemfcds ¥ ¥ e v 9w #F
IfRa/aftTa/ae R 1 FuRor a=er

ST [EH A R

gl T I[UNCHS 3ThTaioieh TARAINOT, 7a7 HERIOT, o TRIaeient; Tarder yepreret

AT FT AFCHS TS AUV, ToT FEIUT, S HUH; RIdT gehrarer
Qe sesitiffae HfAEd, st AR 3R . seeg, Uahe, ald AELS gles Hue, deet

W
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1. 99 faawor
g fazawor: uners s fazayor

v TS [A=RASOT &1 SUART AT 9| HI UgdT - o fod [T ST § 3R S d1G TG Td Uedh! ol AT fa=ersoT fasar
ST g |

v Ty &1 P ot faxasor T &t URMS S & 1Y R {01 ST §: O (A1), 319 (R-41q), o1 a1 s rg, srgem=ia
BSIEpIN

v i T ORA § af Sufyfa, ufafshan (3reiia, &Ry, doy o), arsdiesor 3R &R THTeT TR URI&(01 ST U&7 fma S Fehd g |

v gfe AT IR-4Tfad 319 & af SUfRUFd, Ja uieun, smifaaw gt & e udiemr, Argde/Argerge & forg wigmr, sk & forg
URIE(UT, Taal o 1Y URIEUT | erIReh TRTS, Te a1 iy H1eqd H RicdR 8¢ & 1Y URIEUl, T aadiR1se T4 & 9ry
TRYeru farat off I § |

v e T Ui 8 A g H B | HNOs &1 TRYerr fpam S gaheT g |

v 3P ATdl, Ut H ga=idr, gddr | TeRied (6UH), ig. TIHTd, Tddl. HNOs (8M), TG, FHA! & HNO3, TehT XordT BT TRIET0T
o ST ST 2

v oy 9 ved YA &1 udien

AR O A=A & o, eFTa=! o1 THg NSS! & YR TR JHg! H ariiepd farar orar g S fadiy st & ary
33T 8Id €| I9E fBHE HCl, HoS, NH4OH, NH4Cl, (NH4)2COs & ST i =12t sraman T 8

g | YATGH: Ph2*, Hg?", Ag* ; 9Hg SN He: Uddl (2uH) TariTd

TYE | 1A YT (@] SUMHE): Pb%+, Hg?+, Bid*, Cu?+t, Cd%t : IHg B HD: H,S
y 1 g b

TYE | 1B YT (IS SUAHE): 453+, 455+, 5b3*, Sb°F, sn?, sn** Tg SfNHUS: H,S

Department of Chemistry MANLIT Bhopal
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YR ||| YR Fe?*, Fe3*, AI3*, Cr3*, Cro* ; THg 3HH®: NH4OH and NH,Cl

TYE |V YRS Co?+, Mn?*, Ni*, Zn?*; Tg AUdH®: NH4OH 3R NH.Cl FT JufRdfd T H,S

TYE V YFTA: Ba?+, sr2*, Ca?* ; TG HHHHSD: 1M (NH4)2C0s

TYE VI YF9T@H: Mg?*,Na*, K+, NH}, ; T8 UG HD: Pig A AHBHD Tl

g TSI Y=Ta! T THET H ifeiur 39 UhR e 7

RO 1

9Hqg | YHEI:

Pb** Hg% or Ag* I 8 IHdI gl B d, I o 3R aRa SfHif-a1 O9idt S1ai | afe 3raey

T & STt Hiel  3ifaRed uden Taiid ey afe o1g uRkad el g1 @ dl STell TR0l U | U Fibg el 3qd

EIKSHSGI] Pb2+ JURYA
T B1 o1l § Hg?* IR
qd Ag* SURId

1|Page
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Maulana Azad National I nstitute of Technology Bhopal

(T TR, R #3ew & o ISHY Agw @ wRe)
(An Institution of National Importance under MoE, Govt. of India)

TROT 2

TG || A YA 3y Oid § MfaRed H,S | afe &Ys aRad = 81 aY 9T IR0 U | T WU, 81 gohdl © afe pb?+,

Hg?*, Bi%*, Cu?*, Cd**, s+, As%*,sb3*, Sb°, sn®", or sn* T@ U q ANE ¥ B o, Tad UFT J o o | TI™TA, 2M NaOH
SIS | T 3aaT ot STy ot fiER =RUT BT Ure BY | afe A 3fady @

BRI | cd?t IurRa
3T, T Tl THAT o 3R Uaell S1d | H,SOs. T 3(a8T §
g | pp?+ JURYT
I Plg 3T TeY 8, df Uh TSl THAT & 3R Udell NaOH fired | afe 3raaia 2
Arer cu?t IURRYd
dretr Hg?* 3URYd
e Bi3* IURYd

RO 3

TYE |1 A M IRU-2 H B & (o0, Iadl STl | Taied $ifie A6 §, 979 UIdiet. O: Tdhe gidl & | 391 31 i
IRURIRIE) | sn2* Iuf¥d
TR TS, Telt ot IufRUf BT ST BT €. TSB! SHTRITHRUT SGRIT S & foT, Teb qroT AT o 1R 6M HCl & 1Y
3t HX 3R K| firemg
DI T ol Sh*+ JURY
R Ui sb5+ JURIT
Uiell UIdIEt. AsTT snt* B ST BT 81 (NH4).CO: Bt ifafad AEn oS | afe sr@au @
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YN Bl © | snt+ IURYG

As T SHTRNBRUT STRIT ST o oY, Teh TSl THAT & 3R 6M HCl H 3fiihd B 3R K| ey
PIs J-IH Tl As3+ IURRYd
WRT As>+ JURA

TR 4

TUE |11 UTE. T Wﬁ?ﬂ?ﬁ%aw HoS FepTar & fore 8 IaTet ofR TR 1 of | Ji T 2-3 4 STef| HNO; 3R
GIIRT 39Tc | STeld o 1Y TShT B3 | NH3 NH4C| 1 BT 4-5 §¢ STai 3R SHP alG dvdl &1 el 31w AT ST |
NH3 ¥ Tidiet | 31 ot Ts-11 oA Hlbj\dépf%ld)“? 3R PVS 9EAd el g3 o TRUI-5 BT UTe &Y. AfS $s @A § a1 39

B o 3R GBI SF B
qhg Uidiet. SifalRad NHsSlig1 & | A3+ IUTyd
a1g +ft sufvafda <gar s
NS Fi-sft Frea g S e | et SufRUa
URREREIEIET Fe3* JUMRRUT
el g1 Uidret. cr3+ JURT
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TROT5

IHE |V Y91E: TG || Y0 &1 8¢ & §IC U H,S FiS[e, 81 9obdT ¢ | Ife Pig URddH gl ¢ ol TRUI-6 BT UTeH B3 | I
e fiheex § dl ST oid B3|

gooh] YT UIGICT, Mn?*+ 3URYd
Hihe, 9T, Zn?+ IURT
T Y. Co*", Ni?* JURId

T 6

TYE V YA °Id 8 (NHa4),COs D1 SHfAHaT SliS |
IR |11 ¢! 1 §CH & §1a U H2S HIGIG 81 9ohdl ¢ | Afe PIs URAd g! & 1 aRUI-7 &1 UTe B | GG 3agy |
Ba?*,Sr?*or Ca?* &1 U P AT HRAT g1 TSN T & Cas0, &1 e A ey, R e &3

dohTd gihg UITIeT, Ba?* IUfRd
gthe Uit -k s 8 sr2+ JufRd
Pis UIUIct Tal. I Ca?* JURT

= YT 1 U Al & A I 1T W Bt St g
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TIOT 7
TYE VI YARI: °id § NaoHPO, 1 b SiiS |
qihg Yididt. | Mg?* IufRA
T drell 9 PI d & A1 TH B NaOH
ST i a7er NH; 3Ufd
relT 397 Na* 3UfRUd
goohT SaTelY LaT K* 3ufyd

forsror 3 WA Yo & quEEor R g & fow gdator:

ST AT JUFHIVT 37T TGTo1 A T el, Hel HATEST H AT HTIAT T G870 hleT Gl Tere i | o ofrer &1 318 Aetatt & 3egaR

JAFHIOT ForT ST &

. ﬁﬂ?qr;ﬁaﬁ%w\s\iﬁ&wlmaﬂl:ﬁwﬁwwaﬁmw%wmm, IRcH, FIRTSS, Rifdide a1 hidhe & 31
gl &

. UfhaT o7 Ieid foba T g 3R off. Wear, of. FRIaxier gRI aNd & [unde e [z &1 Jef faar mar §; 7dT Txhur

O YepTeien |

G- | YT DT GUFHRU|

THE-11A 3R THE-11B ¢! BT GYFH0T 3R UgdH

THg- 111 YT BT GBI

G-IV YT T GUTDHRUT

G-V YT DT JUFDRU|
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8. TE-VI YT BT JUdhUl

v 3Ol & firgor o1 adteor
3T B fepTan & fore AT § Tt wih et o) NSTH TEHEHT & 1Y IS S 8 | i HRY o7 S HIai-e & 7Y
o 3aaftd gid § Siaich ST AIfeaH ST & fauRid oid § 3gd ¢ |
TIST 31 B FARE TR DY 3-4 TH1 Foid TISTH FHTae & Ty e 3R gam & oy 3mgd Siat et | SiRYet [ &
o & dgd 15 e a% T & 3R R B o | /Al &1 ier T € SR a1 ¥ efclird B o | HNOs (8M), iR O,
I & foIe IaTd SR 38T 8H ¢ | 59 db R80T &g 7 81 ST, TRUEG diidh & 2M NH,OH i@ | sifafad smifan
e & e dR-R IaTd SiR 31€ 39 Od &I Feazw IsT 3% Hel odl & |

T URTEf0T I ST B a1 AT DI HEaR far o 9ad &
a) BEMC CoZ-TbTee Bt Iurfd H s02-
b) ATECC NO; - TIZCI3C &I UM T No;
¢) AIEeC NO;, SHES Br-~ 3R TSRS [~&! Sufeufd d
d) Ecc NO3, FRE & Ul | clo;
6) FIRZS Cl- P U H gr—-aT 1~
f) cl-® IufRUfdH Br-
g) Cl- Pt IulRUfd A 1~
h) Br~ 3R [~ Th gk &I SUffa &
i) Cl-, Cloy 3R Clo; T Ok &t Iufufa o
i) 107 3R [~UH IR ! Iufyf o
k) POo3~ &I IURfA | As03-
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) PO}, As0}, As03~ B Sufufa |

m) $2-, S02~, 5,02~ and SO2~Teh GIR HI IURKYfd I

n) S27,50%", and S,02" U g &I IufYfq o

o) did 3R SRTH T9ur o1 Iuffad & aRke Bo3-

p) TIRZEY, gTHRIR! Rifdidre 3R Tethe T gaR &1 Jufeyfa &

fOga ufshan &1 Ieaa oft. Wedl, o, FRawiex gRT ard & [OMd® Sbef-db [yl X | fordr 41 §; 73 Il fUo—
YUDhIRh |
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2. At iAfe® SrHTIH
2.1. AIfSTH YARIehe O &1 STINT HRh HIUR e b MHAT & o8 ASHICH
SITATA|

IERT: IMAISH & Aid & U # TN SRS 3R UH Jbdd & ©J J W &l
JUANT TR FifeaH YANehe (818 & AL THIYM & [a%g SHUT HRep BIR

Tbe & Td JHTYM &I dibd MyUiRd 11 3T U J1d HIR Jetbe Oid B JTE=Id]
N/30 2|

IUPHVT ARG SJRe (25 e, fe (10 fireth), TeTeR wrRe (100 e, Sax,

TS TIPS

i
ii.
iii.
iv.
V.

N/30 1 JTd fad & 1Y HIIR Jehe °id
33T fad TaT HIR Hehe °idl

HifsaH YTk e (81340

10% T RN 3Masss (KI) 9

ST AR 1% T (S(aNYUl Hbddh)

forfa:

HIR Fehe T H1ed H UIcREd HISss & 1Y Uiifehdl adl § 3R SRIeR
AT H SIS Had Bl & ST d HRUT A &1 1 a3 ol aTd 81 Sl g |

& e Bl Th Hobdd & U H T BT IUINT dReh AHD greul JHIU™ &
%G SITHTYA foraT ST § | TTd-3rae] Siciay o A0l & HRUN IS Xrd
pad P 1Y el BIer 7 BT Hd aT gl

gRUT 3R IS & o Ufdfhar & HRU JfggH MeEs 3R Afeaw
ZeTiEAe &1 fafur grar 31

Y UHR ofd YT TSI SI3UT & W1 Wfafehan Hdl € af iid HIa 31 &1 dtardl HH
B St 3, Y Tt gfram Wb, €Y ST § S §1d Rl § fb 3@ IS Smis)-werd
P -Te] o1 g, St ufafehar & sifaw fog &1 a3

4 KI P! HIR Jebe & °id & Famn Srar 8, @ U 3EISEs, Cual, & I
3138y & i & Y 1, Bt THe W gad il g |

ZCuSO4 + 4KI - 12 + Cuzlz + 2K2504

2 (3MAEH) FR & dUHF R RR § R U & T @R ¥ ga=ia e g
IdTed 1, B Uiet & T & forg, sifafed K1 e Srdr 8 s K1, & Sfed s g
3R 3T USR Oid 7 RR G a1 8

KI+IZ « KIg
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v TE Kl3 T HHOIR BRI g 3R T I 1, Pl Gad Bl g Sl HH B ardl Toie
& 1Y UfAfhar R 8 | I8 Jad SIS (12), ST KB & =0 § 9 H gl
2, TR Tha® & 0 T WXTd &1 SN Hdb AISTH YRIeh °id o 1Y AT
ERIEIGIE]

Na25203 + IZ - Na2$406 + 2Nal
A STH YURNAAE B Yehe B STRIBRUT HTRIT: 4+
fSTH TTIRATC T T B SHTRITHRUT AR 5+

v YA & 3ifaH fdg R, 91 &1 -idl I (eTd-3MTs! SIcied & HHI0l & HRON)
TS BY ST 3R Cugl, BT TP Jthe &Y & SITU |

m:

(31) T PIIR Hebe JHTYT B JETIdT H FTSU! JHTUTT BT AP DT

1. ST B N gTSUl ATeU=H ¥ YA fag ad |

2. Udh T YDHIDHR UeiRed H 10 fAcitelleR I didhd arel HIUR Helbe didd hl sy J STa|
3. YHTIHR TARS H 5 HcAeieR 10% K1 O1d Sd 3R Y 378 ave [Hamd|

4. 91 B 1-2 ifAe & ol T IS, 1, & God 811 & HRUT O o1 T 7T8RT Uial g1 1.1 S
& Ki; PIcieg & U H 9id A @1 8|

5. o |, ol &g I fHeE T4 grsm od & 1Y SIHTOH foar | g8l WiegRH B
TR T UHar 37 6iR-4R Wit us |

2. 19 O BT W bl Uial 81 oY <) 399 dTol dOR Wi 91d &1 2-3 §¢ e ©r-
STATS! BT I B BRUT U BT T T el 31 SITal &

3. 3{d B YR Dl §&-§a& Hb TAR f3dld I8 §d dh fob a1 1 7199 9 1 ST
3R Cusl, T e 3A&Y - I SN | T8 STHTYA &1 Sifaw faig ol

2. FC AT RBIS HX | STATTH BT T9 qP GIGRTY ofd dP GETd UTedidh T = gl omd |
@) 13T T 77T BTGV e FTHTYTT BT TTHT BT [E10F
3T HIR etbe °idt & forg +ff T8t uferar evs 13 3R AT Raprs &t s |
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SAAIB dIfeTdI-1;
31T BTSU! UIe o |IY Hd DI Hethe bl STATI
. 9. | o & Frax sqe QfEor (vAT) )
= A AT
Hethe e i > " oo
AT (THT)
1 10
2 10
3 10
SAATH dTfeTPI-2;
33T IR Jehe Uld & 1Y gISUI °id 1 SIHTIA
. 9. | o mam Frax sqte {fSr (vaAT) .
ﬁ = AR AT
i # TR+ fae Lz
AT (THT)
1 10
2 10
3 10
RIS |

1 IMH-99ded 99 | HIIR Jetbe Bl = 1 TH-TH e Joi- | DSTH Yethe Bl
ST BT3T GHIYT™ & fold: N,V, = N,V,

3T PR Febe JHIYH & [T N,V, = NV

TINT, 3T HIR Tbe Uid H did ol AL &

dlond = ARl x dHged gyl

N; X 63.54 g/L

Uf¥umH: f3T U 3T HIR Iebe Ad dI dibd g/l ©
TrayTf=ai:
Hid & GH THM DI 7d & U ! Ferdl ¥ 3D g ¥ el |
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- & U UId 1o & [T Tdd BT SUINT By |

- YT 1 Ul ST Y UG GHT A9 o §ia B bl Sl1d bR |

- Tl BT IUINT HRA & 918 I (Tl 3R Biet TS W I |
- U331 UUT &1 HHTEH & forT A= ol BT TN R |

- it &1 I3 IRE & @Telt HxA & o 3 G |

- 3ifferar fRrsor &1 Tda MR gHIaRR 8t e |

- B DI B DI GHIAd THI ISP &4 39

2.2. TAIST God ATHT THS H SATAIS I & 3fTha & ford masafesd
SIJHTUA |

IEI4: TRUI AR BT SUIANT Ih HAISAICH AT gRI 3RS A gad T8 H
TSI AU BT SH TR

SUHIUT ATTRHATY: TTT aTel Riciex, BTHR FIRD, did 1, I S, HiY, e
(25 fireh), e T3, fude (10 fireh)
IS SATTRTH AT

i SIS gad THH

ii.  0.0005N fSTH YrhC (B2

jii. W& H.S04

iv.  10% OICIRH MSES (KI) Oid

v. T dOR 1% TR (a0 Hahddh)

fafae:

v % § AISH St Gl BT SHH AFISHich STHUA dob-ild gRT gty o
UIDIRE ISR

v Y Ugd Oi% e T9% O Jod SMaleH HabTal Sl g | THS o T & IoiR®
UK

v 3ffafkad K1 & gad e & gamRiid a1 o forg fiemar A § off e
ofefRufedt o ot o w1t srga-=iia grar g |

v 3T =RU1 H Had SRS &1 IUHNT JIfSaH yriehe gRT forar ST 8|

v Tgad UTINIehe B HTT o SRS 1 HT 3 FAT gl
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v XTd &1 SUAT UfdfshdT & Ses! Yobde & &0 H [haT ol 8 SR od T ad
TS & 1Y UfAfehar daT § Al I8 -id I &1 Sy §1a1 ¢ |

KIO; + 5KI + 3H,S0, — 3I, + 3K,S0, + 3H,0
KI + Iz Ad KI3

Na,$,03 + 1, > Na;$,0¢ +2 Nal
T + I3 — T — IS hlecoldd
ufesar:
v ST OTe AT R & forg 50 fArefieiiex SIRId Sfd & 10 UM 0 ©id | 399 0.5 et
H2504 3R 5 el 100 K1 fram|
v O Pl eR ¥ Ram wR dien 1 fears <, fOhR afe 7 ¥ 6@ ¢ SR TRS &1 10
fBTe & forg Siek & 3|
v 3OF 91 39 °Id &I 813UI ¥ 9 dd cI3ec P ofd ad [ Ig gedbl Urell = g1 SITg|
WTd U &1 TS g Sl o a8 °9idt -8 W1 H ged Se|
v T Y YARIARC ® §E-9§¢ HRP dd ab (Wl od db 91 JTei - 8 ofg 3R

ST Fie B o IProcedure:
SqAIH qTfeIDT:
TEU O & 1Y TSI Gad 9D BT JHATIA
% 9. | foar 31'«:; ﬁ sqc {fsar (woTw) " :
TR+ sifas rr
(THT)
1 10
2 10
3 10

ITOTHT:
SIS g 41 (W) = (Adldiey T S/gErgT Tia7 x 21.15 x FNeqgy

YN ] FIHT=IcAT < 1000)/(THF @ 7L BT oI T1H T
RUI: 3T 7T & & T3 B SrHIAd s a g didium ot amd g |
|rayfai
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v AT 9 ugd ufafesar flgur bl 10 e aob 3tk O 3@ ST AT Aifds smrasie
SIS & 1Y SHIRITDHRUT gRT I fobar S|

v T U ® ufdfear o sfd § firamar ST a1feu, od smave e &1 9gd BH HE a9
&1 3R 91 g Uil W BT 71|

v W &1 91d dreTl daR fear S anfeu|

2.2. UrgRIqaTge A Hoefer srs3itFarss (MnO,) BT SHH
IERY: UIRIQYISC B! J1d AET H HiS[g MnO, B HIET 6T SIHMH AT
JUHRT TARIPATY: &3, file, AHIHR TRE, fax, B, JR|
IS TIPS AT

i URRIGHTSE UIdey,

ii. TSy 3fiawc,

ii. TR wRATT,

iv. TP BT dod

forfae:
UTRICTSE U Wil § 3R 390 I3 &9 ¥ MnO, BT |

JURYT MnO, ! HET A AIfSTH HTaTee Bt Bl § HH 81 Sl 8 3R Hugad
S{TETEIE BT KMNnO,~™ & HF® JHTYH & fa%g SHHIUT fam J1dT 81 KMnO, W-Hdbdd
& U T B Bl g AR Sifaw foig R TR 71 ernelt & ded Srar g |

Pyrolusite (MnO,) + Na,C,04 + 2H,S0, - MnSO, + Na,SO, + 2C0, + 2H,0

Na,C,0, + KMnO, + 8H,S0, -» 2MnS0, + K,SO, + 5Na,S0, + 10C0, + 8H,0
(Srfcifeam)

uferar:

(@) T SfaTeie &1 qrH® JuTaT (100 fireh

100 fireliefier afcgifesd v # 0.67 U AIfSTH sifadTeie & did SR 3RId oI gRIT
[ERIEKEACEIY

@) KMnO, THTYTE B darY (250 firefiefter)
DHIHR TARD | 0.79 UTH KMnO,4 Alet | 3T ST gRT et 3R HTT a0 &1 |
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@) (0.197) IeRgR® TS (100 frelh) ot dard
0.72 forelt s TewrgRes This Oidd | HoS0, U H §G-6g B |

@) KMnO4 FHTUT T HHBIDHI0T

250 firelietiex ABTHR TR | 10 fcficier Wifead sifarde o iR fhR 5 fidieiic’ H2S04
uRrs et 39 80 -C R TH X 59 ad & IART g3i1 FHdwa 7 ST 3R KMnO, & I1Y
SIHTTA & 3R 3fd H 3fd fofg R geeht el 7 fawars < | wwad S ured 8 ae 39
(03) IR GIERMT | AF & b "X ml 3FIHIYIH AF g

() IRRIGHTSE YA BT AFDIDHRT

250 fieficiier qW YHTHR TS H ~250 FHAmT &1 go &3 3R fUte gRT 40
forefiefier Tifeam sifamae 3R 0.1 U9 Ta2u93iia & 40 fireliefier SIS | aRRIqeTSe
DT HTAT I TS B P JDTDHR FARD b1 T IR HIY DR Oid Dl B qrad=
(60- 70 -C) R TH B | T (ABIHR TARD 3R HIY B G IR Bl GIAR BT SR
ST P ATH AT ¥ U1H o 916, SgXT H o 7T 76 KMnO, O ¥ SfTeiTere TRis
DI smfafcar=iie AT &1 ST B3| Sifad fig TR genT Tare I @ T g | a1
o for sfafsrarsita sifeiferes e o1 v fir e,

Q%) e THTYTH ST A 1B

250 fireficiieR YHTHR TIRe | Uit gRT 40 fArciclier Tifgaw sifaarae o 3R 50
firefieiie® 0.1 N H.S04 BT | YHTHR TIRD Bl e W DT B Ui HI BHH
ATIHM (70 - 80 -C) TR TTH B 3R YA oI F ¢ of | 38 Re | forg T KMno, 9id
& Ty TH AT H AT B | AF o fF "z ml 4oml TFSTH 3ffeRele B [
gfafehar & foIe SMawa® KMnO, &t $d AET B

JTUTaT:

IRRITATSE I dofel = 0.250 ITH

KMnQOs T IrATIAT = 0.1 N

IRRICMHISE &1 3TIATIh AT (Y) AT IRRIMHISE & HAThIT & §lG =

el

Rert 3rgATaR AT (2) = el
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ATAA = 2 -Y

S H FAl[g MnOz & AMT = IRl x KMnO, & HHAGIAT x AT dofel &l
MnO,/1000

% FH H HiSlg MnOz = (MnO2x100 T HATATY(FHT T dolel)

RO gRRIGESE A Aislg MnO2 &1 ATET %g

3.T% AfAFAF & T A EDTA FT 3TANT Fldh FIEcAFAIATCH AT
3.1. AAHABE # Ca 3k Mg®T AraRor

352RT: FiFcAFHAEH EDTA 36JHIYA EaRT SIAASE - CaMg(COs) H Hhicvras

IR FARTH (Serae) a1 FuRoT|
HToRIH (SheTaeT) FT FUROT
IS HTTRIHA:

1. ST HATTT

2. FUHHTA AT

3. IS TTHISH EISSIFRISS el
4. SET ohdsh

5.0.05TA EDTA WA 3|
fafae:

v AT 12-13 9 A1Y HfeRgd 3R AR & FURor & v 3R emser
10 9v" WX Fel HicvHA AR ATARGH & IAMS Fedl A W) @
HIAH & fFURoT & v v W Fiecoaaaies Y fGefaa &1 715
gl

v Ig fafr sftier urg gEqerdt & g g
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v g AfY SiaAsey, I 9eR, Avaarse, prevfes 3R fafase Afcad W
CIDE IR
MgCl, + Na,CioH1405N, > Mg C1oH14,0gN, + NaCl
CaCl, + Na,C1oH1405N, »  Ca CyoH14,05N, + NaCl
MgCl, + 2KOH - Mg(OH), + 2KCl
YRR Fel HoUIH & AT AT

1. Tsh AFATHR FellEh H 25 Helleliex Teie did e & e

2. TEH g STel &I 2 T T S|

3. 5-7 fAel g drel (dva=10) AaT| 38H 1% Huaded aid r 3 A, 1%
BISSIFHTHISH BISSIFaRISS el $r 3 el 3R 206 ST sf3her fr 3-4

9¢ fAed|
4. 3eSI TE ¥ BATU 3N s F 0.05TH EDTA 8IcT & AU SHAN AT
|

5. 3fdd fog s 35 @ Yo el T o grml Jg QST Hfovgd 3R
HIATH & Aol @rar g (Aml)
Faer Ffewawr F v sgATTE:

1. Ush FATPR Foll&h H Tl 8l &7 25 fAeiieiier Aue O [wrel| sad
G STl & 2 ¢ TJS STel|

2. @A 10 [FAelelier 8M KOH gl fAame

3. T UAFATHR FollFh H Tl oA &l 25 fHeleley Ude & Aerel| 59
YT ST & 2 T IS STel|

4. A 10 fAeellc 8M KOH gter fHaT

5. fohR 3w 3 el 196 PUTHTT 91 3R 3 el ERSIRIaHRA BEgaaRrIgS Od
fiyamy, 39 3 fiFe d W @A 2|

6. 3TH 1% U I SEher o1 5-6 T2 T4, 31T kg feamy|
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7. XC Y 0.05 M EDTA O'd & %G SHBT S{THTI B |
8. Sifay faig g1 Y€ U Y At T NN (B ml.)

IOTT:
HTRIH dHr AET Hisg

Teish AT & 25 fHceNel & folT 0.05M EDTA FATHT & B f@eheley &1
3TRISAT BT &

1 UH EDTA & 1000 fAeleliey = 40.08 IMH Ca
safIT, 0.05 TH EDTA T 10 & TATUS = 40.08 x 10 B x 0.05/1000

=Casl X IqrH

sHfAIT, Cadl % = X x 100/3TAIATSE HT Tolel

3.2. FIFASS Thad 1 3TANT & fAsher &1 AuURon|
358 FlFCFaIATeH EDTA 3efH9e gaNl foishel & f¥efiRor anda
HTIRIHATT:

1.0.1 TH EDTA THTET

2.0.1 TH [Qod gAY
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3.10% 3IHAIATH FIRISS ©lel
4. g@ig yARTH g

5. FILFHSS Hehcleh
fafae:
HeTATI & ERI gled arell fafshar @
Ni** + EDTA* - Ni [EDTA]*"
> fAdhe T =Fdss & faeqy EDTA & |1Y A= fear gl
EINT H, AT AT H HAAAT H AT A gl AT
> g gfshar 3fae fog o T1 aRade &1 serdh &1 EDTA 3 Ni2* 3msit

& dra gfdfshar JdeTehd Hel g, 3afaT TATIT 3 Ycgal EDTA
foeRoTt &1 Jore & ISt AT fohar S =nfge|

gfshar
1. 25 fANeleY [Aehel 31T Ol & Ueh ASFAThR Follsh A fUde T S|

2.75 TR YT ST, FFAES $f3hex T 5-6 d¢ (0.1 IMH FPFAES- 10
I NaCl fA=on) 3R 10 Feleller 1M 3AATH FRESs gl [Hard|

3.31d 8 & U WTT Yo el & AT Hig IAATH ael AT ge-sg b STel,
St &l & diel 3T & Il Tolell gl

4. 337 fog I 9 T 0.1 TH EDTA THTU & Ty -GN 3HfATd=T H|
5. 319 °iel Fl &R dld & [T 38 10 Helelley T@lg JAIAId 9 Farv|

6. 518 Teh Bl T {7 Wl & A91el oF g1 ¢ o aoh il a1fed & 3yt SRy
|
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EDTA 3{JATYeT YROTAT T I0TAT A 3ETT gicll 8, Fhifeh EDTA Tt &g 3t
& FIY 1:1 31 # fafehar & gl

Ni2* + EDTA* — Ni[EDTAJ*

#. . e faagsa sq¥c ST a1 wwver F | 3fAw regATIT
AT Aeeler & YgFd EDTA $ AT {fgar (FAefieiex
o e |
1 25
2 25
3 25

SHPI AT g [oh Tolhel o HAlel I TEIAT 3YTNT [hU T EDTA & AT Sl J&AT
% TR Bl

0.1TH ST &7 1A = 5.871 fARITA Ni
qforma: RT arv e H ----[Fehaned e &
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4, GAWOT

4.1 gFarASARIETee (I11) FARTESS [Co(NH3)4]Cls

HAFAFT T HTGIFAIT:

i. laTec (Il) FARESS gFAgssc (CoCl,. 6H,0)
ii. 3AIATH FARSS NH,Cl

iii. gffcq. e NH,0H

iv. 30% gTgaleldd WRIFdrss (H,0,)

v. dféred. tadive HCl

vi.  95% 3qeATel (C,HsOH)

vii. I IRl AR % T

FIT F TdT $T FTIIFHAIT:

AFATHRIX FlTER, ATl Sid, ST, TATHIET,
gferar

v' 30 T gt & ~ 3.5 Al (655 AfedAe) NH,Cl 3R 5 I (21
fAfese) CoCl,. 6H,0 BTl

v 3WFT AT & 1 77 T aRPa 3R 45 Feelex (675 Afose) Tig
ey @A

v Wﬁ@%g‘s’%?ﬁﬁ&ﬁ?%mm # 1@ STl § AR IROmAT Y avel
P 0C T 33T fohdT ST &l FIMAR f&eld §T 30% H,0, T 4ml (~35.3
milimol) -4 §&-g& HTeh STel| H, 0, e & GRIT d9dAT 10°C & A
AT W

v 8% 91 9% & & § Ifafhar wares #r ger ¢ 31 38 I Tole & W
3R o7 g & AT eh-3eh o feerrd gU 30 Aee & fAT 50-60-C A I3
Y| Co(ll) UeraT shiFCelerd &1 Co(lll) 3HATS HlFcolerd H quT IR |

v T @, afafshar f&sor & 6 & & 7 0-C W 33T Y AR 3cqrg gieT 4
forEceliehd g1 STl §1 §eRlel 99 & & fedesT gant 3cure fAsor
IReTel o T ThT H|
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v 3cuig fAOT @t 40 fAeleliex 9 urel, 1-2 fAeielier |ig & Areaw & A7
QFATPR FollTh H TATIRT | TIHTSA 3R 57 60-70-C da I Y 3R
g # HlSg Flecaad @ fFem|

v IWRIF O FT I GEAT H B o 3R % & T 3R [FAue # dur
HT of

v I g Fr I RAfa & o o 3 % & T 7 S8 W 3R sae
~1 fAeieliex 331 @G 9erd fAemd| vadive 3R 3<dr g e 3a &
3cqTe, ARN-der fohEeelT g & & & 37T & oildT ¢ 3R 38 g &
ded BT g 3R 38 ~ 25 Aoy 95% ATl & oiar & 3R gar &
gardr g

TaEfAE yfafeu:
smafas ufafssar  H,0, + 2~ - 20H-
2NH,OH + 20H™ - 2 NH; + 2Cl~ + 2H,0

2CoCly — 2Co3* + 4Cl™ + 2e~
ey gfaferar &
2CoCL, + 2NH,OH + 10 NH; + H,0, — 2[Co(NH3),|CL; + 2H,0
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5. A faeayor

5.1 & & Cu()arETE-e & ¥ # Jocarwyor fefor

358 BcaTh VAT EaRT Al &l CUSCN & 9 H 3 HT ST |
IYFIOT Y HaRTSHAT: AT gHiader, e

TARfAS AEIFAT: 3ANAIH RDEsae, 200 tgdlivd, iedlgd, o4 [&@es 7amg
e, aiT Told, e, TR Gfer & |y Torw Us (qferaarsn), 3|

IGIECGH

AfAAEH AT A, TR A TJod ForgIH TAS T 3UANT Feh FIHUH 3o
H deoT STar g1 R 37198190r Toie & 9 H 10% 3 g Ahreie g

AAATEH TAT &, IS A TJod TeFIH TRAS T 39ANT Hleh
FIYH 3T H dael ST g T The W I W (1) AAEGAC TIod A &
fT 3198I9oT Teie & T H 10% 3AHIT Dhree gid R Sar 1

2Cu** + HSO3 + H,0 — 2Cu* + HSO3 + 2H

Cu* + SCN~ - CuSCN |
FYOH ATANTSAC, Hbe ddeT|

qIIEr. Ig g ST 8T § 3R eI 3T ¥ STH ST § J2r 9dd g9 ¥
1T ST €1 NHACNS §ATUI.  &FI9d A% & fohar o7 Jifediaor &t JFd &
fIT atel & 91 & AT A8 AT A Fergqd TS A1 AAGITH glsgleld dehse
fFemar Jrar g

gfhar: SET FF T9T & 9dT AT g

kkhkhkkkhkhkkkhkhkkhhhkkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhhkhhhkhkhhkhkhhkkhkhkkhkhkkk,kkkk,k*x%
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qATET-2
1. AMATcAS faeeivor-|

Cr, Fe, Co, Cu, Mn & NH4*, PO & NOs&T qoifAfa aregamer

3ae¥: qUIfATY fafY garT RU 71w i & HAlg[g die &7 gegdAe AR S|

HTERIFAIT: AFATHR Felleeh, SIeT, T, 3O |

I IGE K CELE T3 L

HIIT (I1) Tehe, HSO4 BT

3YHIOT T AT HdT:

FONHICY, AT FelTEdh, AT aTell fHelsy, ¢¥¢ T, FJac
foafa:
X & o & FH & AR FeT 8o ganT JaRiisa Tehrer T AT
08(12) = e.c
orA= ec.l
STEI I, = 39T IR T dradr
I = HART FRIRM AT AT, € =21 HGMTOT I[OTh
| = 9y & GaTs AT ATCIH I AR

A = 3GNYOT IT 3ifCehal Tdcd
yfear:

11eX Y ¢Fe T of AR @l ¢¥e st A A, B,C,D,E F, G H,I,J K& & &
JIeel Tl a7 §1 3 AleTeh HIR Hethe Bl (0.5M) of iR s8H YA Sfed FAemd
10 fATENEY AMYS aTel ST & 3UANT aah ¢Fe <l ST o drferer & geirar
AT &, AR el T ol AT 10 FACNET 8 Sl B

15| Page



¥ Maulana Azad National Institute of Technology Bhopal

(IRT PR, REr #ae" & o9 T HEw BT GRIM)
(An Institution of National Importance under MoE, Govt. of India)

arfasr-1
Sl.No. | Test TubeLabd | Volumeof CuSO4 | Volume of distilled
water added
1 A 0 10
2 B 1 9
3 C 2 8
4 D 3 7
5 E 4 6
6 F 5 5
7 G 6 4
8 H 7 3
9 I 8 2
10 J 9 1
11 K 10 0

T JIMVUT AT A & T FATe=T IR g
ar WO H JuiATIS garT Tt [Aersr & 3raeivor T AT

|. 3T e &1 TIT

1.3rgenyor FeTRa &

AAR AT T ATH A Uge T AR A el 1 ITANET dHieh @reir ST o
Sttt =nfgwl Rerd dter & fAT 3r@eioor A 1 g W A Y AR B IR A0
Sl AT |

f Y N

|. 3T et T IIT &L

al HSAIT-379T FgIeT H Wiell 8T AR AFH CuSO, Tiel $1X| @rell blel &1 39T
yaewrar e AUiRa w & fow fhar srar & Sefe Aes Jos &1 39T
fheet & TIaT & AT Far Srar &1 @l fheel & ta & ai¢ T o 3R 31f¥eas
ANV &TAAT &1 T SIeNy|
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arfersr-2

. | Filter Number | Absorbance
X
Y
Z
X
v
7

D
CDU'IJ}-CONHZ
o

3R dA HIMYFAT ¢ aTel fheeX IR &l Alc X of| 39 heex &1 39T T
GETOT AT H HIAMNOT 1 Tl I & fAw famar e g

raenyor AURa #:X

T fheel & dHheR#AT T YRS ST " 3aRiyeh Ilelr 100% FIYOT & 9
H AT &1 IS B 37T T & hect W FT 3@ & HNYOT A A | A egar
I UMD AT HY| X-378T TAH Y-316T W HGMYT HA| Hl foog @ gl oA
arelr #@ely Y@ gred gl

AT dHA F AT aAor FHT AT

Teh &1 oy 9T 3T Al & 37NN & ATY 3R U & a1 A Tl Hl| Aig
I ST, AT oA .
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adlee difaer:
T TETOT AT & FIT raRiyor AT Al #|

#. | T E CuSO4 T feme v Imyga rqeior

. CLLC) T ST Y AT

1 A 0 10

2 B 1 9

3 C 2 8

4 D 3 7

5 E 4 6

6 F 5 5

7 G 6 4

8 H 7 3

9 I 8 2

10 J 9 1

11 K 10 0
IMOTeAT:
AT "l A HlGE dF & AR = (M x HIAX Hothe & HUMdeh HR x el M
3TIdT)/1000

# Ling of beet M For nhaorbanpe:
# e ol golut .'Ir.-' i r'r-'-:'r-rr-"I-'t'nr..':'-"r
" %
o
Absgrnance .-'"'-.-!
by sarmiple .?.-"-.
."-.;
o
.‘_..r"
l-'-..-..
.-___.-"'...-l.
k
Concaniralmn
of soiulion

RO ...

18| Page



¥ Maulana Azad National Institute of Technology Bhopal

(IRT PR, REr #ae" & o9 T HEw BT GRIM)
(An Institution of National Importance under MoE, Govt. of India)

4. hTETAE IREI FT AT

4.1. 3682 TAcher SEfAUSA Toms3EasA HiFrcedd [Ni(DMG) 2] R | (-
SIUHGH SIFCFH T FW@T T3S (el T )

AT AH:
1) her 3AATH Fethe: 0.1 ATH

2) SIBfAUSS Tars3iaass (100 fAelr CoHsOH & 1% =1 II1H)
3) NHz HHTETS (1:1 NH3 3R H20)
4) 3T STel
5) Uil 3ohigel
faf@e:

v A% (1) wefas dif0e ssfuse sas3iieasd, CaHo(NOH), & AT Th
38T FATT gl

v sfRusdIaead & 33U A%a & Afaafes Aeewor & dafder veie &
T F fRar Srar g1

v sefAusaTddas & IUPACHATA 2,3- sgeIsild Se3ifears & 3N gawr
AT AT HT IfFRAR E

v el Fleie &I AT AFIcAS §9 & Th AU & giar ¢ foad dog 5 &
9 Fr AT H IH BT g1 8T aTell dhereled Ufafshar =i AT T 718 g

> YT SETAUBATAFEA & Ucdeh al 0B W T JHidH Heg
(TANTE) § Th Wield &l Jhae gl ¢, hel2ld JiAfshdl ar ATSersted
AT TR gelarelel SIS & &Tel & hRUT glal &, o foh Jiierdierel aaATo3it
W ZoFCiaAl GaRT|

>

> 8l & fIvg #I 5 § A TR & Vet & forw gfafsear smfaar ar agge
Y aRT g9 [T T aer A Fr S g
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> uﬁtﬂmqu HH g S § Al IWIed gfafshar &1 G @eher (1)
3T & fAATOT 37 Aere S €, FHEH Ni(DMG) . aT9d e & 7 gl St
gl

> UAET & gRIeT 89U 31TAFHS & T H SBAABAIHFIBH (STH) &
Udh 3Tchigieleh Ol &l 39ATT THAT SATAT § Fdifeh STHST Uil H hadl
AT goraTeler giem &

> sqfaT 3ifAeas i agT T AT SISl § el Agedqor o Fiieh Ig
dhelc & A1Y fhEceied g bl &

> Ig Siietell 87 Hgeaqul § foh slecord Tad Jiehigiols o # $6 §¢ dh
CIEEENIC SIS

> e HRFAF F NS T AT & OISl W § 37 il § AT g
e

1) 7\ fasher 3Afagd Fothe of 3R gaa 20 fAceliexr 3ga S AT

2) BT F ITH Y 3R 3TH 20 HAellelley ohigioln SBTAABA Tens3iiiFas
BICEE

3) eRMAR f&elld §T L:1NHs 3R HO &l &Y Sg-sg oeh STel| el T
3989 ST g

4) 38 9T Ol H Tk 8 F fAT S5 A AR A gU N3 5w & o o
3T H I I § FS IR 9T I« dw [ F gors Fanss 3R dothe
A @ HFA o g S|

5) g8 3del # 110-1200C R FEIT, f3elicher # 3371 Y 3R el

qRume: 39a7 arH

4.2. FesFe(CN)e]s wframg e
3EaeT: IAAT oATell Fes[Fe(CN)e] s IR hdadT
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ATAI S THIA:
i. Fe$RId AT ollg &I U3 - 0.5 ATH
i.  H2S04-50 ml Idell &Y
ii.  OICRITA WIATSAES- 4.5 ATH
iv. S 3edlgel- 15 A
HTT & Tall T MTTIHAT:
i e
i. TS
iii.  Welol

gfrE A Fed[Fe(CN)gls T TIT=T

Figure: Ferri ferrocyanide

fafae:
ST MRRATA FATTIASS Ka[Fe(CN)]H Fe (111) 578 fRemar Srar g, o g Hia
T & TH IET AT 3G8T gred giar &1 gfafear &

4FeCl; + K4[Fe(CN)s — Feyu[Fe(CN)gl3 + 3KCl

Prussian blue
OR Fe + H,S0, - FeSO, + H,
2FeS0, + K4[Fe(CN)g] = Fey[Fe(CN)g] + 2K,S0,
Turnbull’s blue
Fe,[Fe(CN)g| + [0] = Fey[Fe(CN)g]3

Prussian blue
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PRUSSIAN BLUE OR TURNBULL’S BLUE

v & gaie A 3ERE(11) gFarararnie(ll) gl
v’ Ugel Ig Arar AT AT fh Fe(I1) T K3[Fe(CN)e] & a1 wfafsrar & fafdieaT
it 1 AT gar § Sieg 3mRa (1) gFaag=nie (1)
[Fes[Fe(CN)el2] (Soieer T &felr TaT) gl SiTell &1 STRIATS el a1 & Jofer
H W1 Grepr g8 I1=T) |
v olfhel 8Tel & A Taffiea TacIeaIfUeh dheilehl I Fge & Jg TATT fhar aam
¢ 6 30 diffe & d@xmer 9k o & @A gl
v TGl T AT 3R IREAT FHielm @ YR & FAW § AR sHA
Fe(l11)[Fe(I1)(CN)e] T 3ffadiator 3rawam 7 JreT giar €1 (Ssiger & el 3R
T &relr: Fe(ll)[Fe(I)(CN)e] &1 ST, g=ae, fafors va. foradie 3R sst .
9, AR HiFD FEEE IR BT 3T HiFST Ther, 5., FehrleT
fafyr : 1 Sl 1969)

Ugel gFAMISANE (I11) 3T Fe (1) & Fe (I11) 7 3ierdiihd am § 3N F&d
gFAETTATRE (1) 7 39afRd g Srar g
Fe?" + [Fe(CN)g]3~ — Fe3* + [Fe(CN)g]*™

319 Fe(lll), [Fe(CN)g]*~ & a1y wfafshar e afRms #rem W1 3cdeet
AT &

Fe3* + [Fe(CN)g|*™ — [Fe(III)Fe(II)(CN)g]~

v TAGe & Flel LT & ATHST H HF g sAlell LT Ko[Fe[Fe(CN)q]], TreRIg#
HAAEASE F U Ghe I (e &) H 3UTRAfT & FROT g ar &1 I8
AifATeh IR H AICRIgA HIAIEs giel & A1 Silg 3T Fe (1) Fd7® Hr
gfafshar @ Soar g

FeSO, + K,[Fe(CN)g] » K;[Fe[Fe(CN)g]] + K,S0,
v gellieh 38 IifTen 1 TTAHIer AT AT & GRIAS ool W1 & 3fferdiicha &
ST 8, Afehet Fo -3 & ToAgel & el W1 & B T & v
fSFer & #&d g1 Toiga & slren 1 wE SREFss ¢
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v GRRIIHE BR&ASS & @Y Fe?t @ giafshar & aRumaEasy ceigel & ael
T FT AT AT dAdT § TorderT 39IeT TRl 3R e H Tged & &7 &
T sirar 1

3Fe?t + 2K;[Fe(CN)g] — Fes[Fe(CN)gl,
(Blue ppt.)

77 & JIAGT So T HAIRT & NIl $& WIARIASS H B WRIAIASS
(R o) # iieFdiehd &1 o Siram 8, i IRUTATaET 3cure &1 W1 %A
e g1 foI& Toiger & el @7 & §9 A o ST Hehl &

CIE |

aRoma: 39eT = 2

AT

1. 3R (I11) FARTSS RSP &, 30T & 3T fawrerd g, 3R caar 3R Fas &

STeleT YaT & gl

2. MRITH BAATSATSS 3iddgor & st fader gar g1 afe MefRas wiarrss
@I faufed &&= & v a9 T SITdr § a1 I8 A TS & @99 A 37T g, o
STedlell g183leleT A58 A ARAT & Thdr &l

3. {Wged 3T & caar 3R Fush W &er o9 &9 3R O & 8 gersr 3T
el ¥l 38 FrauEh ¥ gL

4. TqEAAS Sic arel T, TWHA-ATARIHT g&de 3R T WRA-gfae w9 gga|
3TTIANT:

S

1. 9T o & el &I ¥ Ue, TR, @ AR TAHed # 39T & v v 818 &
w9 H fawfaa fear ar an)

2. SHPT 39T YT, I, Tollieed 3R 3T arfoifods 3caer § fhar Smar gl
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3. 4R T TANFAdT & AT AR M| Jg groad dF F arg3it i S wHA
HAT § difch IR 3o¢ AT T HT Toh|

4. 3T 3ANT 37 AP & Sellol & v Y frar srar & s WAt @fews ar
HMoga a1 IR Afozs ¥ gfia & v )

5. 37— &l 9T o9y & v REerdenarey &
6. TS Rl 3R T I
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AATR-3
1. HIY(I1) TABHAT FIFAFH ST FLTOT:-

ITTRIFATT: CuSO,.5H,0, AT TRls/7ensiae, Qifsa# grssiearss, atb, I
STl 3T |
Taafas afAfRar:

CuSO45H,0(aq.) + 2NH2CH.COOH(aq.) + 2NaOH(aq.) — Cu(NH2CH2CO0)x(s) + NaxSO4(ag.) +
7H20(1)

ARSI
R H, Hy R R H, R
N N N O
\C/ \C/
/' \ / \
(e} (@] @) N
(0] (e (0] Ho (0]
(a) (b)
fafer:

50 fAell ofiex & Sl ol 39ANT dieh 10 fACT e fA3mTeiih Stel # s00 e
1A (11) a0T BYed, Y 38 a1 Y| 10 AT offex a7 fa3imslieha Stel & 400 fATaTA
tfAaTfafesd tis/rasia o 3R 394 Aifsad gesiaass (2so FAca#) Ha|
WAWETWHWCWQ@?I?W?D#T@I o (A # tfaaefaes tfas () #r
gier AT = ﬁwﬁ¢ai$dlqﬁldﬁqgﬂﬁﬁmﬁﬁaﬁﬁaﬁg
fear | R S &l 9t & el 7 geT T o At & dre, ST T Al
& et forar amam| ®efer T Gl @ AT § 91T T U ARG F oS &
aTe, fihee 9u T helel & geT a1 I3, 98 HIFexeld R dd deh el @M AT
SI9 deh b 3ol T TRE ¥ aIfSud o g Sv| fheed IO W AHA & Ged# Tl
AT Ir AR gfafhar 3ust $r T f TS|

qRome: A HIAR (1) TASHIE Plecadd I gfaerd 39 = %
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2. %)) srRdasRaFETe FEcdTFd FT G-

H@IHATE: SATIAHAS, TISTHESIIFABS,  FIOISSHeHIBS,  fahel  (Il)
TeHIICS Ao Fel I BIH TS|
TaEfas AR

NiCl, (aq.) + 2 (C,Hs),NCS,Na (ag.) —— » Ni(NC(C,Hs),) (s) + 2NaCl (aq.)

ARSI

N\ NN
VAR VAN 2

GERDEENECEIBRIEICIE

SE-UIATSERAYFEEHT FT AT

0.208 fACT (0.02 HIel) SEURACHTS T 30 THelT AYATT Jobd Teh el ool ATl Folleeh
#H forar Ir 3R TS 3EH dlec S1U H @M AT 80 THIAH (0.02 HAVel) NaOH i
10 fAe 33 Uil & OiaT AT| 39 33 Ay gEsiFassuld i fgerd gu -4
AT Ol A Je-dc Hleh AT IT| SH S T d9A 0 ¥ 5 3l afewaw
ST T@r 37| Y 3 33 8 #0120 TR (0.02 HYel) FHIEeT SEHEHISS &l §5-9a
o fAemr ar AR gfafear BT & 338 auAe ) 30 Fee a erar @
S ac v qrar-Hthe 3GET 91 IATFPES F dc 38 25 Hellellex gFdaT &
T 93T 3R Y 25 fACTCEY aus ey sd=el & e I

forre(l 1) SETRATERAREHAT FiFcAFT FT FRTT:

R &7 # seridcdATnde F QST F0F T o T arel Mo dof arel
FoEh H 30 fAell AYATAT H ©ieT 7| 0.01 AlcAToiohel FARISS Pl Th sl H 10
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fAel Aysier & o T Y fAsheseNssae # 30 e a% Rerd gu -
RIS & AfSIA FAHS dlel e del dld Foalksh H §g-g¢ e Slell
IAT| qROTHT 3cuTe T G@RT AT AR 20 A sEURIST ST & wrr |

qiome: Tfa Add (1) seuidcsiiRasE™e Fircadd fir gfaed 39s=_ %
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3. gFEITRaE-(IRAT) FAIHA (Ill) FARES FiFcdFd F FATOT|
FTERIFATE: HITATH (lll) FARTSS, JRAT, FTEZIFARBUNS, IGcoTel T
LIDIDEIEIE IR

CrCl; + 6 NH,CONH, —HCl _ [Cr (H,;NCONH,)e*" +3 CI"
IS AT
\ / \ /
H/NA %
H\N\]/ Y \
H—N N—H
/ \ / \

geraTTehd-(ZRAT) HIfAIA (Ill) FARSS
fafer:

HIATH FaIss (1 Arel) AR IRAT (6 Are) 1 10 AT f3ffees afex & aver Srar
¢ 3R 3 tH TTHive Y $T §¢ STl Sl §1 e H TEA 1Y W d9 a6 ITH
T STar § I9 d F fheedlT $Ee J g ST 9t 91T A T HH 50-60
B33t W gl & Gt Srar § 3R ao & ey fhar Srar 81 dd® g gX T Hr
gsdi & & # fohecolihd glar §| d9gd & @i 3N 309 HeRa

aRoTeT: ERATT geFATind-(IRAT) HITATH(111) FARTSS HiFcard FH gfaerd 39T =

%
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4. CeTefATFgRE(11) We®he [Cu(NHz)aSOs.H-0 dIR &=
JTERIFATY: CuSO,5H,0, 3Teehigel, 1:1 HATIT e, YA STef, H,S0, 3T |
TaRfaE AT

CUSO4. 5H20 +4 NH3 R [Cu(NH3)4]SO4H20

TS AT

! SO,*. H,0

fafar:

250 fAell olieX & it H 1 AT HI Tohe o IR 3T FA T HFA Gl (SETHIT 10
fAel ofiex) & diel| ol &1 A% el & AT I 3EeTh gl al HoS0. H F& §d
STel | @R fRed gU @ifad AT diel et oie o foh Fgfis grggirass &
siTel 378IT o § V| Y 319819 &l Hiclhl ATh °idl 9Tod HY| @Y aAtel T &
BT H AR f&elld §U 20 fAel 3rehigel 3Tel 3R IAfAIT HT 7 I9 T 3T
N 9 I & A [T TTHIT WA T 8 SAT| 8T ared S 15-16 fAsIe &
foIT gt & & & 60-70 33 Afcaad X a7 FY| i A T8 Ferel 3R 3@y
N STHAA EIRTASAFI R (1) Fothe & & S & AR & sl W1 & foheeed F&idl,
forecer &1 BT o 3 9 ga1 & 39 # gEa & v @ &1 R a9 w3k
oRomH I\ & Rdie &Y 3R gfaerd 397 1 7o Fi

aRommer: H2Afa eerefAsarg (1) Fehe [Cu(NHs)d SOs.H0] FiFceterd T gfcerd 3ust

=_ %
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SEMESTER-I
Name of Program M.Sc. Chemistry
Name of Course Inorganic Chemistry Lab |
Course Code CHY 24516
Core/ Elective/ Other Core Core
Credit 1

Prerequisite: NIL
Cour se Outcomes: Studentswill be ableto

1 To carry out their own experiment which helps them to gain practical skills in inorganic
chemistry

2. Perform qualitative chemical analysis

3. Estimate cation & anion of inorganic compounds quantitively (volumetric & gravimetric)

4 Synthesize inorganic compound

Description of Contentsin Brief

This course deals with inorganic chemistry practical of both qualitative and quantitative including

synthesis.

Detailed Syllabus

1 Group Analysis

e Quadlitativeinorganic anaysis

2. lodometric titration

e lodometric titration for estimation of copper sulphate using sodium
thiosul phate solution.

e lodometric titration for estimation of iodine in iodized common salt.

e Estimation of MnOz in Pyrolusite.

3. Complexometric titration using EDTA as a reagent

e Determination of Caand Mg in Dolomite.

e Determination of Nickel using murexide indicator.

4. Synthesis

e Bis(acetylacetonato)diammamineiron(l1) [Fe(acac)(en)Cl2].

e Hexaminecobalt (I11)chloride (any coordination compound).

5. Gravimetry

e The gravimetric determination of copper as Cu(l)thiocyanate

List of Text Books

1. Vogel’s qualitative inorganic analysis, 7" edition, B Sivasankar; Pearson Publication
2. Vogel’s quantitative chemical analysis, 6™ edition, JMendham; Pearson Publication
3. Practical Inorganic Chemistry, G. Marr and B. W. Rockett, Von Nostrand Reinhold Co.,
London
Page 1 of 36
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Name of Program M.Sc. Chemistry

Name of Course Inorganic Chemistry Lab Il and Minor
Project-11 (Self Learning)

Course Code CHY 24526

Core/ Elective/ Other Core Core

Credit 2

Prerequisite: NIL
Cour se Outcomes; Studentswill be ableto

1 To carry out their own experiment which helps them to gain practical skills in inorganic
chemistry

2. Understand qualitative chemical analysis

3 Estimate the mixtures by colorimetric and gravimetric techniques

Description of Contentsin Brief
This course deals with inorganic chemistry practical of both qualitative and quantitative including

synthesis.
Detailed Syllabus
1 Quantitative Analysis-I
e Colorimetric estimation of Cr, Fe, Co, Cu, Mn & NH4*, POs* & NO3
2. Quantitative Analysis-|
e Meta ion estimation in a mixture of salt (both two & three) by Gravimetric
estimation.
» Cu& Ni
» Cu,Ni & Zn
» Fe,Ni & Zn
3. Qualitative Analysis
e Group Analysis of Inorganic ions.
4. Synthesis of I nor ganic Complexes:

e Ni(DMG)

o [Co(NHz3)e][Co(NO2)e]

e FeqFe(CN)e]3 Prussian blue

5. Gravimetry

e Gravimetric analysis of single elements- Ag and Fe
List of Text Books

1. Vogel’s qualitative inorganic analysis, 7" edition, B Sivasankar; Pearson Publication
2. Vogel’s quantitative chemical analysis, 6™ edition, JMendham; Pearson Publication
3. Practical Inorganic Chemistry, G. Marr and B. W. Rockett, Von Nostrand Reinhold Co.,
London.
Page 2 of 36
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Name of Program M.Sc. Chemistry

Name of Course Inorganic Chemistry Lab |11
Course Code CHY 24616

Core/ Elective/ Other Core Core

Credit 1

Prerequisite: NIL

Cour se Outcomes. Studentswill be ableto

1 To carry out their own experiment which helps them to gain practical skills in inorganic
chemistry

2. Conduct the chromatography separation technigue of ions

3. Evaluate qualitative & quantitative analysis of mixtures.

Description of Contentsin Brief

Detailed Syllabus:

1 Quantitative analysis:

Gravimetric analysis of alloys,

(i) Anaysisof bronze.

(i) Anaysisof German silver.

2. Synthesis M etal-complexes and characterization using IR spectroscopy.
(i) Bis(acetylacetonato)copper(ll) [Cu(acac),].

(i) Bis(acetylacetonato)diaquacobalt(ll) [Co(acac)2(H20)].

(iii) Tris(8-hydroxyquinolinato)aluminium

3. Chromatographic separation

Paper chromatographic separation of cations- Ag (1), Hgz (1), and Pb (I1).
Paper chromatographic separation of anions- Cl-, Br, and I".

4. Flame Photometry

To determine lithium/ sodium/ potassium in the given solution flame photometrically

by calibration curve method
List of Text Books:

1. Vogel’s qualitative inorganic analysis, 7" edition, B Sivasankar; Pearson Publication
2. Vogel’s quantitative chemical analysis, 61" edition, J Mendham; Pearson Publication
3. Practical Inorganic Chemistry, G. Marr and B. W. Rockett, Von Nostrand Reinhold Co., London

Page 3 of 36
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1.

Group Analysis

Group Analysis: Qualitative inorganic analysis

v
v

Qualitative analysisis used to identify the sample components followed by quantitative analysis of individual components.

Any analysis of mixtureis started with preliminary examination of samples as: liquid (solution), solid (non-metallic), metal or an aloy,
insoluble material.

If the sampleisliquid then Appearance, Reaction (in acid, alkaline, neutral), Evaporation and Test on alkaline solution can be tested.

If the sample is non-metallic solid then Appearance, Dry test, Test for ammonium ions, Test for nitrate/nitrite, Test for borate, Test with
dil. sulphuric acid, Test with silver nitrate in neutral or acidic medium, Test with barium chloride solution can be tested.

If the sample is metal then dissolution in dil. HNOsz can be tested.

Also, solubility in water, dil. HCI(6M), conc. HCI, dil. HNO3(8M), conc. HNOs, aguaregia of samples can be tested.

Testing for a single cation in solution:
For systematic qualitative analysis, cations are classified into groups based on group reagents which form precipitate with particul ar

reagents. Group reagents are HCI, H2S, NH4OH, NH4Cl, (NH4) 2CO3 as mentioned below

Group | Cations. Pb**, Hg%*, Ag* ; Group Reagent: Dilute (2M) HCI

Group |1A Cations (copper subgroup): Pb%*, Hg?*, Bi3*, Cu®*, Cd** ; Group Reagent: HzS

Group |1B Cations (ar senic subgroup): As3*, As5+, sb3*, Sb°*, sn?*, sn**; Group Reagent: HzS

Group Il Cations: Fe?*, Fe?*, AI3*, Cr3*, Cr®* ; Group Reagent: NH4OH and NH4Cl

Group 1V Cations. Co?*, Mn?*, Ni**, Zn?*; Group Reagent: H2S in presence of NH4sOH and NH4Cl

Group V Cations. Ba?*,sr?*, Ca?* ; Group Reagent: 1M (NH4).COs

Department of Chemistry MANIT Bhopal
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Group VI Cations: Mg?*,Na*, K*, NH, ; Group Reagent: No common reagent
The scheme shows the classification of cations into groups as follows:

STEP-1

Group | Cations: Add excess dil HCI to the aqueous solution of the sample. If there is no change, then follow next step. A white ppt.
may contain Pb**, Hg%*or Ag*. Filter, wash and add liquid ammonia solution. If the precipitate

does not change Pb?* present
turns black H g3 present
dissolves Ag ™ present
STEP-2
Group I1A Cations. To the acidified solution add excess H»S. If there is no change, then follow fourth step. A ppt. may contain if
Pb%*, Hg?*, Bi3*, Cu?*, Cd?*, As3*, As5*, Sb3+, Sb°",sn?*, or Sn* were originaly present. Filter, wash with dil. HCI, add 2M
NaOH. If the precipitate dissolves, follow third step. If the remaining precipitateis
yellow | cd?* present
Otherwise, take afresh sample and add dil. H>SO.. If the precipitateis
white | Pb2*+present
If thereis no precipitate, take a fresh sample and add dil NaOH. If the precipitateis
blue Cu?*present
yellow Hg** present
White Bi3* present

Page 1 of 36
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STEP-3
Group 1B Cations. To thefiltrate from step-2, add dil. HCI in excess, when the ppt. reappears. Check its colour
Brown ppt. | Sn* present
Orange ppt. indicates presence of Sb. To know its oxidation state, take afresh sample and acidify with 6M HCI and add K
No colouration Sbh3*present
Brown colouration Sbh>*present
yellow ppt. indicates As or sn** . Add excess amount of (NH4)2CQOsa. If the precipitateis
Remains undissolved | sn**present
To know oxidation state of As, take afresh sample and acidify with 6M HCI and add K
No colouration As3" present
Brown colouration AsS* present

STEP-4

Group |11 Cations. After removing group-I1 cations, boil it for removal of H>S and then filtrate. Add 2-3 drops of conc. HNO3 and

boil again. Neutralize with ag. NHz and add 4-5 drops of saturated NH4Cl solution followed by slight excess of lig. NHs to ppt. out any
Gr-11 cations may be present. If thereis no change, then follow step-5. If thereis a precipitate, filter and examine it
White ppt. remains unchanged even A3 present

after excess NHzis added
Green ppt. turns black after sometimes | Fe?*present
Dark brown ppt. Fe3*present
Bluish green ppt. Cr3*present

Page 2 of 36
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STEP-5

Group 1V Cations: Pass H>S after removal of group 111 cations may be present. If there is no change follow step-6. If thereis
precipitate filter and examine it.

Pale brown ppt. Mn?* present
White ppt. Zn**present
Black ppt. Co>*, Ni**present

STEP-6

Group V Cations. Add excess of (NH4)2COsto the solution.

Pass H»S after removal of group 111 cations may be present. If there is no change follow step-7. White precipitate indicates the presence
of Ba?*,Sr?*or Ca?*.

To the fresh sample add more amount of CaSO;, then observe

Immediate white ppt. Ba?" present
White ppt.is slowly formed Sr?*present
No ppt. formed Ca’* present

These cations a so identified by their colouration under flame.

Page 3 of 36
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STEP-7
Group VI Cations: Add excess of NaoHPO4to the solution.
white ppt. | Mg?* present
Heat a fresh sample with dil. NaOH
Ammonia odour NH present
Y ellow colouration Na™ present
Pale violet colouration K*present

v Testing for separation and identification of common cationsin mixtures:
Before proceeding the individual cation separation, make sure to test for ammonium ionsin origina solution. Then separations are carried out as
per the scheme given below:

1. Separation of cationsinto groups. These stepsis followed when anions of organic acids, borates, fluorides, silicates or phosphates
being present.

Procedure is mentioned and refer to Vogel’s qualitative inorganic analysis by G. Svehla, B. Sivasankar; 7" edition Pearson publisher.
Separation of Group-I cations

Separation and identification of Group-11A and Group-11B cations

Separation of Group-l1I cations

Separation of Group-1V cations

Separation of Group-V cations

Separation of Group-VI cations

No gk wd
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v' Testing for mixture of anions
For extracting anions all heavy metals from samples boiled with sodium bicarbonate. Since heavy metal ions are precipitated out as
carbonates while the anions remain in solution counter sodium ions.
Soda extract Preparation: Mix the sample with 3-4 times of anhydrous sodium carbonate and add distilled water to dissolve. Heat the
above mixture under reflux for 15 mins and then filter. Wash and discard the residue and acidify filtrate with dil. HNOs3(8M), then bail to
remove CO, and alow to cool. Add 2M NH4OH stepwise until the mixture becomes akaline. Boil slowly to remove excess ammonia
and now the solution is called as neutralized soda extract.

The selected test i.e. interfering anions can be performed as follows:
a) Carbonates CO2~in presence of sulphite SO%~
b) Nitrates NO3 in presence of nitrite NO;
c) Nitrate NO3in presence of bromide Br~ and iodide [~
d) Nitrate NO3in presence of chlorate ClO,
€) Chloride Cl™ in presence of Br~or I~
f) Cl™ inpresenceof Br~
g) Cl™ inpresenceof [~
h) Br~ and I~ in presence of each other and C1~
i) Cl™, ClOyand ClO3in presence of each other
]) 10, and I”in presence of each other
k) PO;™ in presence of arsenate AsO;~
) P03, As03~ and AsO3~in presence of each other
m) S$2,50%7, 5,02~ and SO~ in presence of each other
n) S2~,50%7,and S,03 in presence of each other

Page 5 of 36
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0) Borate BO;™ in presence of copper and barium salts

p) Fluorides, hexafluoro silicate and sulphate in presence of each other

g) Oxaatesin presence of fluorides

r) Chlorides and cyanide in presence of each other

s) Hexacyanoferrate (11), Hexacyanoferrate (I11) and thiocyanate in presence of each other

t) Detection of organic salts (oxalate, tartrate, citrate, benzoate, succinate, acetate, formate and salicylate)

The detailed procedure is mentioned in Vogel’s qualitative inorganic analysis book by G. Svehla, B. Sivasankar; 7\" edition Pearson publisher.
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2. lodometric titration

2.1. lodometric titration for estimation of copper sulphate using sodium thiosul phate solution.

Aim: To determine the strength of unknown solution of copper sulphate by titrating it against
intermediate solution of sodium thiosulphate (Hypo) by using Potassium iodide as a source of
iodine and starch as an indicator. The Normality of the given known copper sulphate solution is

N/30.

Apparatus Requirements: Burette (25 ml), pipette(10 ml), conical flask (100 ml), beaker,
funnel, dropper.

Chemical Requirements:

i.
ii.
iii.
iv.

V.

Copper sulphate solution with known strength of N/30
Copper sulphate solution with unknown strength
Sodium thiosul phate (Hypo)

10% Potassium iodide (K1) solution

Freshly prepared 1% Starch (Adsorption indicator)

Theory:

v

Copper sulphate reacts with potassium iodide in acidic medium and liberates equivalent
amount of iodine due to which the solution becomes wine red in colour.

Theliberated iodineistitrated against standard Hypo solution using starch asan indicator.
Theiodine gives blue black colour solution with starch indicator due to the formation of
starch-iodo complex.

Because of the reaction between hypo and iodine, there is formation of sodium iodide
and sodium tetrathionate.

Thustheintensity of blue black colour decreases when compl ete iodine reacts with hypo,
then the solution becomes milky white which indicates that no more iodo-starch complex
isleft, indicating the end point of the reaction.

When KI is added to the solution of copper sulphate, an equivalent amount of 12 is
liberated along with the formation white precipitate of cuprous iodide, Cualo.

ZCuSO4 + 4KI - 12 + Cuzlz + 2K2504

I> (iodine) isvolatile at room temperature and is not completely solublein water. To keep
the produced 1> in solution, excess Kl is added which makes Klz complex and thus
stabilizes in solution.

KI+IZ Ld KI3

ThisKlz isaweak complex and readily liberate 1> which reacts with the reducing agent.
This free iodine (I2), which remains in solution as Kls complex is then titrated with
sodium thiosul phate solution using starch as indicator.

Nazszog + Iz - Nazs406 + 2 Nal

Department of Chemistry MANIT Bhopal



AT AT T AeNfran G Aard
Maulana Azad National Institute of Technology Bhopal

(TRT R, R #ae™ @ onfF g F8 b1 |ver)
(An Institution of National Importance under MoE, Govt. of India)

Oxidation state of Sulphur in sodium thiothionate: +4
Oxidation state of Sulphur in sodium tetrathionate: +5

v At the end point of the titration, the blue colour (due to formation of starch — iodo
complex) of solution will disappear and a white precipitate of the Cuzl» isformed.

Procedure:

(A) Standardization of hypo solution with the help of known copper sulphate solution
1. Rinse burette and filled up to the zero mark with hypo solution.
2. Pipetted out 10 ml of known strength copper sul phate solution in a clean conical flask.
3. Add 5ml of 10% K1 solution in the conical flask and mixed it well.

4. Keep the solution for 1-2 min. The solution became dark yellow in colour due to the
liberation of 1> which remainsin the solution as K3 complex.

5. Theliberated I, wastitrated with hypo solution added from the burette. The dark yellow
colour was faded slowly on addition of hypo solution.

6. When the solution becomelight yellow in colour, add 2-3 drops of freshly prepared starch
solution. The solution become deep blue in colour due to the formation of starch-iodo
complex.

7. Now add hypo solution drop wise with constant stirring until the blue colour disappears
and white precipitate of Cuzl2 remains. This was the end point of the titration.

8. Record the burette reading. Repeat the titration until concordant readings were obtained.
(B) Determination of the strength of given unknown copper sulphate solution:

The same procedure was repeated for the unknown copper sulphate solution and record the
readings.

Observation Table 1:

Titration of Known Copper Sulphate with unknown hypo solution

S Volume of copper Burette reading (ml) Final titrereading
No. sulphate solution | nitial Final
taken (ml)
1 10
2 10
3 10
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Observation Table 2;

Titration of hypo solution with unknown copper sulphate solution

S Volume of copper Burette reading (ml) Final titrereading
No. sulphate solution I nitial Final
taken (ml)
1 10
2 10
3 10
Calculations:

1 gram-equivalent wt. of copper sulphate = 1 gram-equivalent wt. of sodium thiosulphate
For unknown hypo solution:
N.Vy = N,;V,
For unknown copper sulphate solution:
N,V, = N3V
Hence, amount of copper in the unknown copper sulphate solution is:
Strength = Normality x Equivalent Weight
N; x63.54 g/L
Results: The strength of the given unknown copper sulphate solutionis __ g/L
Precautions
¢ Rinseadl the glass wares properly with the help of tap water.
e Usethefunnel to pour the solution into the Burette.
e Always check the closing of knob before pouring the solution into the Burette.
¢ Remove and place the funnel after using it onto the funnel stand.
e Always use Index finger to handle the manual Pipette.
e Do not blow the Pipette to make it empty completely.

e Always mix the reaction mixture by rotating it in circular manner.
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Take care of the glass rod while handling the glass wares.
Avoid to making noise while using the glass wares.
Always take care about the meniscus.

Take the observations carefully.

Take care very much while handling the chemicals.

2.2. lodometric titration for estimation of iodine in iodized common salt.

Aim: To estimate the iodine content in iodized salt by iodometric titration using hypo solution.

Apparatus Requirements: Measuring cylinder, conical flask, watch glass, wash bottle, funne,
burette (25ml), burette stand, pipette (10 ml)

Chemical Requirements:

i.
ii.
iii.
iv.

V.

lodized salt

0.0005N Sodium thiosulphate (Hypo)

Conc. H2S04

10% Potassium iodide (K1) solution

Freshly prepared 1% Starch (Adsorption indicator)

Theory:

v
v

v

The iodine content in salt is estimated in ppm by iodometric titration technique.

At first the liberation of freeiodine from the salt is carried out by adding conc. sulphuric
acid to the salt sample.

Excess K1 is added to solubilize the free iodine which is quite insoluble in water under
normal conditions.

Freeiodineis consumed by sodium thiosulphate in titration step.

The amount of thiosulphate used is proportional to the amount of free iodine which is
liberated

Starch is used as an external indicator of the reaction and it forms blue coloured complex
when starch reacts with free iodine.

KIO; + 5KI + 3H,S0, — 3I, + 3K,S0, + 3H,0
KI + Iz Ad KI3
Nazszog + Iz - Nazs406 + 2 Nal
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Starch + I3 - Sratch — iodo complex
Procedure:

v Dissolve 10gm of sat in 50 ml distilled water to get agueous solution. Add 0.5ml of
H>SO4and 5 ml of 10% K to it.

v On shaking the solution gently, yellow coloration will appear then covered with watch
glass and keep the flask in dark for 10 mins.

v’ After this titrate this solution against hypo until it turns light yellow. Add few drops of
starch solution after which the solution will turn blue-purple colour.

v Add thiosulphate drop by drop from the burette until the solution becomes colourless and
note down the readings.

Observation Table:
Titration of iodized salt with hypo solution

Sl Volume of copper Burette reading (ml) Final titrereading
No. sulphate solution Initial Final
taken (ml)
1 10
2 10
3 10
Calculations:

lodine mg/kg (ppm)
titration volume inml X 21.15 X Normality of sodium thiosulfate x 1000

salt sample weight in gram

Results: The estimated iodine content in the given salt sampleis strength of thegiven
ppm.

Precautions

v" Thereaction mixture should be kept in dark for 10 mins before titration because iodine
will be produced by oxidation with oxygen.

v" Starch solution should be added towards end of the reaction, when very little amount of
iodineisleft and the solution is pale yellow colour.

v' Starch solution must be freshly prepared.

2.2. Estimation of MnO2 in Pyrolusite
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Aim: To estimate the quantity of MnO: present in the known amount of Pyrolusite
Apparatus Requirements: Burette, pipette, conical flask, beaker, funnel, dropper.
Chemical Requirements:

i.  Pyrolusite powder,
ii.  sodium oxalate,
iii.  potassium permanganate,
iv.  sulphuric acid

Theory:
Pyrolusiteis aminera and mainly consist of MnOs.

The amount of MnO» present is reduced by excess of standard sodium oxalate and unreacted
oxalateistitrated against standard solution of KMnO4 . KMnOs is act as self-indicator and orange
colour change pink at the end point.

PerIuSite (MnOZ) + Na2C204 + 2H2504, - MnSO4 + Na2504 + ZCOZ + 2H20

Na26204 + KMn04 + 8H2$04_ d ZMnSO4_ + K2504_ + 5Na2504 + 10C02 + 8H20
(Unreacted)
Procedure:

(A) Standard solution of Sodium Oxalate (100ml)
Weigh 0.67 gm of sodium oxalate into the 100ml of volumetric flask and make upto the
mark by distil water.

(B) Preparation of KMnOgs solution (250 ml)
Weigh 0.79 gm of KMnO4 into the conical flask. Dissolve and make up to the volume
by distil water.

(C) Preparation of (0.1N) sulphuric acid (100ml)
Dissolve 0.72 ml of conc. H2SO4 in water by dropwise manner.

(D) Standardization of KMnOgz solution
Take 10 ml of Sodium Oxalate into the 250 ml conical flask and then add 5ml of H>SO4
acid. Heat it at 80 ~C till al fumes releases and titrate with KMnO4 and finally pale pink
colour is observed at end point. Repeat it (03) number of timestill concurrent readings
are achieved. Assume that “X’ ml is titre value.
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(E) Standardization of Pyrolusite sample

Weigh out ~250 mg into a 250 ml dry conical flask & add 40 ml of Sodium Oxalate by
pipette and 40 ml of 0.1 N H2SO4. Heat the solution at low temperature (60 — 70 -C) by
inserting funnel on the neck of the conical flask till disappearance of black colour of
pyrolusite. After washing it (both side wall of conical flask & funnel) with minimum
amount of distill water, titrate the unreacted amount of oxalic acid by hot KMnOa
solution taken in burette. Pale pink is observed at end point. Assume that “Y” ml of
unreacted oxalic acid.

(F) Standardization of Blank Solution

Take 40 ml of Sodium Oxalate by pipette into the 250 ml conical flask & add 50 ml 0.1
N H2SO4. Heat the solution at low temperature (70 — 80 <C) by inserting funnel on the
neck of the conical flask and wash it with distil water. Titrate thisin hot condition with
KMnQOs solution taken in burette. Assume that “Z” ml is total amount of KMnO4 required
for the complete reaction of 40ml of sodium oxalate.

Calculations:
Weight of Pyrolusite = 0.250 gm
Normality of KMnOs=0.1 N

Titre value of pyrolusite (Y) i.e. after standardization of pyrolusite = ml
Blank titre value (Z2) = ml
Volume=Z-Y =

Amount of MnO. present in sample = Volume X Normality of KMnO, X
Eq.wt.of MnO, /1000

% of MO present in sample = Amount of Mn0; <100 /Weight of sample

Results: The amount of MnO2 present in the pyrolusiteis %

Page 6 of 36
Department of Chemistry MANIT Bhopal



AT AT T AeNfran G Aard
Maulana Azad National Institute of Technology Bhopal

(TRT R, R #ae™ @ onfF g F8 b1 |ver)
(An Institution of National Importance under MoE, Govt. of India)

3. Complexometric titration using EDTA as areagent

3.1. Determination of Caand Mg in Dolomite

Aim: Determination of Ca& Mg (Cations) in Dolomite - Ca(Mg(COs). by Complexometric
EDTA titration.

Glasswar e requirements: Conical Flask, Burette, Pipette, Beaker, Standard Flask etc

Chemical requirements:

1.
2.
3.
4,
S.

Buffer solution

KSCN solution

hydroxylamine hydrochloride solution
EBT indicator

0.05M EDTA solution etc.

Theory:

» A simple complexometric method has been devel oped for the determination of calcium

and magnesium directly at pH 12-13 and the magnesium from the difference in the titre
values for total calcium and magnesium at pH about 10.

> The method isfree from most metal interferences.

» The method has been applied to dolomites, limestone, magnesite, phosphatic and

silicate matrices.
Chemical Reactions:
MgCl, + Na,C1oH.403N, —» Mg C1oH1,0gN, + NaCl
CaCl, + Na,CigH140gN, - Ca Cy9H{4,0gN, + NaCl
MgCl, + 2KOH - Mg(OH), + 2KCl

Procedure: Titration for total calcium & magnesium

1
2.
3.

Pipette out 25 ml of the stock solution in aconical flask.
Add 2 test tube of distilled water to it.

Add 5-7 ml of buffer solution (pH=10). 3 ml of 1% KSCN solution, 3 ml of 1%
hydroxylamine hydrochloride solution and 3-4 drops of 2 % EBT indicator to it.

Shake well and titrate it against 0.05 M EDTA solution from the burette.

End point will be from wine red to pure blue colour. This reading corresponds to
calcium & magnesiumionsi.e. A ml.
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Titration for calcium only:

1. Pipette out another 25 ml of the stock solution in aconical flask. Add 2 test tube of
distilled water to it.

2. Add 10 ml of 8M KOH solution to it & shake vigorously.

3. Thenadd 3 ml of 1 % KSCN solution and 3 ml of Hydroxylamine Hydrochloride
solution to it, alow it to stand for 3 minutes.

4. Add5-6 dropsof 1 % Patton Readers indicator to it, shake well.
5. Titrateit against 0.05 M EDTA solution from the burette.

6. End point will be from wine red to pure blue colour. This reading corresponds to
caciumionsi.e. B ml.

Calculations:
Amount of calcium present
25 ml of the stock solution required B ml of 0.05M of EDTA solution
Therefore, 250 ml............. 1I0Bml.............oo. ..
1000 ml of 1 M EDTA =40.08 gm of Ca
Therefore, 10 B ml of 0.05 M EDTA =40.08 x 10 B x 0.05/1000
=X gmof Ca
Therefore, % of Ca= X x 100/ weight of Dolomite

Result:
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3.2. Determination of Nickel using murexide indicator.

AlM: To determine nickel by complexometric EDTA titration.
REQUIREMENTS:

0.1 M EDTA solution

0.1 M Nickel solution

10% ammonium chloride solution

concentrated ammonium solution

o  w DN P

Murexide Indicator
THEORY:
Reaction taking place during titration is
Ni** + EDTA* - Ni [EDTA]*"

> Nickel istitrated with EDTA against murexide. At the beginning, titration
solution should have low ammonia concentration & increased near the end
point.

» This procedure enhances color change at the end point. Reaction between
EDTA and Ni?* ionsisrelatively slow, so titration should be carried out slightly
slower than in other direct EDTA determinations.

Procedure
1. Pipette out 25 ml nickel ion solution into aconical flask.

2. Add 75 ml of distilled water, 5-6 drops of murexide indicator (0.1 g murexide- 10 g
NaCl mixture) and 10 ml of 1M ammonium chloride solution.

3. Now add concentrated ammonium solution dropwise to obtain pH around 8 which is
shown by the yellow colour of the solution.

4. Titrate slowly with 0.1 M EDTA solution until the end point is reached.
5. Now add 10 ml of concentrated ammonium solution to make the solution alkaline.

6. Continue slow titration till the solution colour changes from yellow to violet.
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Observation Table:

S. No. Volume of Ni Burette Reading or Final titre
solution taken in Volumeof EDTA used in readingin
mi ml ml
Initial Final
1 25
2 25
3 25
Calculation:

Calculation of EDTA titration resultsis aways easy, as EDTA reactswith al metal ionsin 1:1
ratio.

Ni?* + EDTA* — Ni[EDTA]*
That means number of moles of nickel is exactly that of number of moles of EDTA used.

I ml of 0.1 M EDTA =5.871 mg of Ni

Results: The given solution contains ---- mg of nickel.
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4. Synthesis
4.1 Hexaaminecobalt (111) chloride [Co(NH5)4]Cl5
Reagentsrequirements:

i.  Cobalt (I1) chloride hexahydrate (CoCl,.6H,0)
ii.  Ammonium chloride NH,Cl
iii.  Conc. AmmoniaNH,OH
iv.  30% hydrogen peroxide (H,0,)
v. Conc. HC
vi.  95% Ethanol (C,H50H)
vii.  Activecharcoa and Ice bath

Glasswar e requirements:

Conical flask, wash bottle, beaker, thermometer,

Procedure

v" Dissolve ~ 3.5 mg (65.5 milimol) of NH,Cl and 5 g (21 milimol) of CoCl,.6H,0 in 30
ml water.

v To the above solution add 1 g of activated charcoa and 45ml (675 milimol) of conc.
ammonia.

v' Theflask is placed in ice bath under fume hood and cool the resulting brown slurry to
0-C. Add dropwise slowly of 4ml (~35.3 milimol) of 30% H,0,with continuous stir.
During the addition of H,0, maintain the temperature to less than 10-C

v’ After thisremove the reaction flask from the ice bath and placeit in hot plate and
heated to 50-60°C for 30 mins with intermittent shaking for complete transformation of
Co(l1) agua complex to Co(l11) ammine complex.

v Again, cool at 0°C the reaction mixture in ice bath and the product crystallizes from the
solution. Collect the product mixture with charcoal by filtration under suction pump.

v Transfer the product mixture into the original conical flask by means of 40ml of hot
water, 1-2 ml conc. HCI and heat it to 60-70°C and complex present into solution.

v' Filter the above solution in hot condition and cool down inice bath and add ~1ml cold
conc. HCI and mix thoroughly. Finally the product separates out as orange-yellow
crystalline solid and filtrate it under suction and wash it with ~25ml of 95% ethanol
and the air dry.

Chemical Reactions:

lonic reaction H,0, + 2e~ —» 20H™
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2NH,OH + 20H™ - 2 NH; + 2Cl™ + 2H,0

2CoCly — 2Co3t + 4Cl™ + 2e~
Net reactionis
2CoCl, + 2NH,OH + 10 NH3 + H,0, > 2[Co(NH3) ]Cls + 2H,0
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5.Gravimetry

5.1 The gravimetric determination of copper as Cu(l)thiocyanate
AlM: Estimate the copper as CuSCN gravimetrically.
Apparatus Requirement: silicacrucible, etc.

Chemical Requirements: Ammonium thicyanate, 2N HCI, Alcohol, G4 sintered glass
crucible, watch glass, beaker, Glass rod with rubber tubing (policeman), etc.

Theory:

In gravimetric estimation, cupric ion get reduced to cuprous ions using saturated sulphurous
acid. Then 10% Ammonium thicaynate solution as precipitation agent is added to obtain white
coloured Copper (1) thiocyanate.

2Cu®t + HSO3 + H,0 - 2Cu* + HSO3 + 2H
Cut +SCN~ - CuSCN |
Cuprous thiocyanate, white ppt.

The ppt. is curdy and readily coagulated by boiling and washed with dil. NH4CNS solution. A
small amount of sulphurous acid or ammonium hydrogen sulphite is added to wash the liquid
in order to prevent any oxidation of cuprous salt.

Procedure: Sdlf by students
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SEMESTER-2
1. Quantitative Analysis-|
Colorimetric estimation of Cr, Fe, Co, Cu, Mn & NH4*, POs* & NOs

Aim: To determine the mass of copper present in the given solution by colorimetric method.
Requirements: conical flask, beaker, funnel, dropper.
Chemical Requirements:
i.  Copper (I1) sulphate, H>SO4 solution
Apparatus Require:
Colorimeter, Standard flask, measuring cylinder, test tube, cuvettes
Theory:

The amount of light absorbed by colored solution according to Beer’s Lambert’s law

log(ITo) =e.c.l
orA= e.c.l
Where I, = Intensity of incident light
I = Intensity of transmitted light, e = molar absorption coefficient
[ = path length or thickness of medium
A = absorbance or Optical density
Procedure:

Take 11 Nos. test tubes and all the test tubes are labelled as A, B, C, D, E, F, G, H, I, J, K. Now
take standard Copper sulphate solution (0.5M) and add distilled water into test tubes by using
10ml measuring cylinder. Total volume becomes 10ml of the prepared solution as indicated in
the table.

TABLE-I
Sl. No. | Test TubeLabd | Volumeof CuSO4 | Volume of distilled
water added
1 A 0 10
2 B 1 9
3 C 2 8
4 D 3 7
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5 E 4 6
6 F 5 5
7 G 6 4
8 H 7 3
9 I 8 2
10 J 9 1
11 K 10 0

Now the solutions are ready for measuring the absorbance value.
Measurement of Absorbance of all solution by colorimeter in two steps:

|.  Select the proper filter
[I. Determine absorbance

Before measuring the prepared sample, blank reading must be taken by using all reagentsii.e.
water. Set the absorbance value as zero for the blank solution and then measure prepared sample.

I.  Select the proper filter:
Fill blank solution and standard CuSO4 solution in two different cuvettes. Blank solution
is used for setting the absorbance zero while standard sample is utilized for selection of
filter. Check dl filters one after another and find out the maximum absorbance.

TABLE-II

Filter Number | Absorbance
X
Y
Z
X
v
7

@
@U‘IJ}-OOI\)I—‘Z
o

Note down the filter number which gives maximum absorbance. Thisfilter is utilized to find out
absorbance the all the test sample.

Deter mine absor bance:

Initial reading of colorimeter of the selected filter is set as “zero” absorbance i.e. 100 %
transmittance. Now measure absorbance all samples at same filter. Plot the graph of different
conc. In X-axis vs. absorbance on Y -axis. Straight line is obtained passing through the origin.

M easurement of absorbance for unknown sample:
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M easure absorbance of unknown samples at same filter and plot in the same graph. Determine
the conc. of unknown sample.

~. :
« | — 000 54
o .’ 1.‘
—_ o -
Light Sowrce Condenser Monochkramator Slit Sample Holder Detector Display

{Prism) {Cuvette) (Photocell)

Observation table:

Note down the absorbance value for all test sample.

Test Tube Volume of Volume of distilled Absorbance
Label CuS0Oa4 water added

,':'Stooo\lcnmhoomn—\gﬁ

Na|—|ZT|OMMmMOI0|w >

BSlo|o|Njo|ua|~w|N ko
o (N w/~U|o(N|wlol5
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Calculations:

M x mol.wt.of copper sulphate xVolume of solution
1000

Weight of copper present in unknown solution =

Line of beat fit for abgorbanoes
“ of solutions of known conoentrations
fbsorbamce
by sample
Canceniration
pf solution
RESUIES cveeiiiiieiiieiiieeeineennnens
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4. Synthesis of Inorganic Complexes:
4.1. Ni(DMG)2

AlIM: To prepare nickel dimethyl glyoxime complex [Ni(DMG)2]. (Dry Powder of Ni-DMG
complex (Scarlet Red Coloured)

REAGENTS:
1) Nickel ammonium sulphate: 0.1 g
2) Dimethyl glyoxime (1% =1 gmin 100 ml C2HsOH)
3) NHazsolution (1:1 NHz and H20)
4) Distilled water
5) Ethyl alcohol
THEORY:

> Nickel (I) forms a precipitate with the organic compound dimethyl glyoxime,
C4He(NOH)2.

» Dimethylglyoximeis used as a chelating agent in the gravimetric analysis of nickel.

» The lUPAC name of Dimethylglyoximeis 2,3- butanedione dioxime & another nameis
Chugaev’s Reagent.

» The formation of the red chelate occurs quantitatively in a solution in which the pH is
buffered in the range of 5to 9. The chelation reaction that occursisillustrated below.

» Although the loss of one proton occurs from one oxime group (NOH) on each of the two
molecules of dimethylglyoxime, the chelation reaction occurs due to donation of the
electron pairs on the four nitrogen atoms, not by electrons on the oxygen atoms.

» Thereaction is performed in a solution buffered by either an ammonia or citrate buffer
to prevent the pH of the solution from falling below 5.

» |If the pH does become too low the equilibrium of the above reaction favours the
formation of the nickel (1) ion, causing the dissolution of Ni(DM G). back into the mother
liquor.

» An acoholic solution of dimethyglyoxime (DMG) is used as the precipitating reagent
during the experiment because DMG is only slightly soluble in water.

» Itistherefore crucial to avoid the addition of too large excess of the reagent because it
may crystallize out with the chelate.

» lItisalso important to know that the complex itself is dightly soluble to some extent in
alcoholic solutions.
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> By keeping the volume added of the chelating reagent small, the errors from these sources
are minimized.

PROCEDURE:
1) Take 0.1 g nickel ammonium sulphate and add 20 ml distilled water init.
2) Heat the solution and add 20 ml of alcoholic dimethyl glyoxime solution.

3) Add 1:1 NH3 and H20 solution dropwise with constant stirring. Scarlet red precipitate
isformed.

4) After thiscool the solution for one hour and filter through aweighed G-3 crucible.
Wash the precipitate many times with hot water until the washings are free from
chloride and sulphate ions.

5) Dry itinovenat 110-120°C, cool in a desiccator and weigh.
RESULT: Yield g

4.2. Fey[Fe(CN)e)3 Prussian blue
AIM: To prepare Prussian blue Fes[Fe(CN)g3
CHEMICALS REQUIRED:

Fefillings or iron metal powder - 0.5 g
Dilute H2SO4-50 mi

Potassium ferrocyanide- 4.5 g

Ethyl Alcohol- 15 ml

GLASSWARES REQUIRED:

> Beaker
» Glassrod
> Funnd

STRUCTURE of Prussian blue Fes[Fe(CN)g]s

YV VYV
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THEORY:

When Fe (I11) salt is added to potassium ferrocyanide K4 [Fe(CN)g], a dark blue precipitate of
Prussian blueis obtained. Thereaction is:

4FeCl; + K4[Fe(CN)g — Fey[Fe(CN)g]3 + 3KCl
Prussian blue
OR Fe + H,S0, — FeS0, + H,
2FeS04+ K,[Fe(CN)g] = Fey[Fe(CN)g] + 2K,S0,
Turnbull’s blue
Fe;[Fe(CN)¢] + [0] > Fey[Fe(CN)e]3

Prussian blue

PRUSSIAN BLUE OR TURNBULL’S BLUE
v Itsformal nameis Iron(l11) hexacyanoferrate(ll).

v Earlier it was thought that the reaction of Fe (I1) with K3[Fe(CN)g] produces different
compounds known asiron (1) hexacyanoferrate (I11) [Fes[Fe(CN)g]2] (turnbull’s blue
which isfade in colour in comparison to Prussian blue).

v But recently with the help of different spectroscopic techniques it has been established
that the composition of this compound is same as that of Prussian blue.

v" Turnbull's blue and Prussian blue are identical in all respects and consists of iron in the
oxidation states of Fe(I11)[Fe(I1)(CN)e]. (Turnbull's blue and Prussian blue:
Fe(l1IN[Fe(l1)(CN)e] Lee D. Hansen, William M. Litchman and Guido H. Daub,
American Chemica Society and Division of Chemical Education, Inc., Publication
Date: 1 January 1969)

v First hexacyanoferrate (111) ion oxidizes Fe (1) to Fe (I111) and itself reduced to
hexacyanoferrate (11).

Fe?" + [Fe(CN)g]>~ - Fe3* + [Fe(CN)¢]*
Now Fe (111) reactswith [Fe(CN)g]*™ to produce Prussian blue

Fe3* + [Fe(CN)g)*™ — [Fe(III)Fe(II)(CN)g]™
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v’ The less intense blue colour in case of turnbull’s blue is due to presence of awhite
compound (light green) of formula K2[Fe[Fe(CN)e]], potassium ferrocyanide. This
compound is formed by the reaction of Fe (I1) salt added initially with potassium
ferrocyanide solution.

FeS04_+K4_[Fe(CN)6] - Kz[Fe[Fe(CN)6]] + K2504_

v Although most of this compound is readily oxidized to Prussian blue but some of the
unoxidized form may be responsible for the fade colour of turnbull’s blue. Turnbull's
blue isferrous ferricyanide.

v' Thereaction of Fe** with potassium ferricyanide results in the formation of blue
precipitate of Turnbull's blue which is used as a pigment in ink and paint.

3Fe?" + 2K3[Fe(CN)s] — Fes[Fe(CN)gl,
(Blue ppt.)

NOTE: During preparation of prussian blue of some of the ferrocyanide is not oxidized to
ferric ferrocyanide (Prussian blue) the colour of the resulting product will be less intense which
can be taken as turnbull’s blue.

PROCEDURE:
RESULT: Yidd= ?
PRECAUTIONS:
1. Iron(lI) chlorideis corrosive, sightly toxic by ingestion, and a skin and tissue irritant.

2. Potassium ferrocyanide is dlightly toxic by ingestion. If potassium ferrocyanideis
heated to decomposition or it comes into contact with strong acids, toxic hydrogen
cyanide gas may evolve.

3. The pigment will easily stain skin and clothing and is not easy to remove by washing.
Handle it carefully.

4. Wear chemical splash goggles, chemical-resistant gloves, and a chemical-resistant
apron.

APPLICATIONS

1. Prussian blue was originally developed as adye for use in paints, ink, lacquers, and
enamels.

2. Itisusedintextiles, rubbers, plastics and other commercial products.
3. Antidote for heavy-metal poisoning. It works by binding to the metalsin the digestive
tract to keep the body from absorbing them.
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4. Itisalso usedto treat people who have been contaminated with radioactive cesium or
thallium or non-radioactive thallium.

5. Histopathology stain for detecting iron

6. Typewriter ribbons and carbon paper
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SEMESTER-3
Synthesis of Ni (I1) diethylenedithiocar bamate complex.

Requirements: Diethylamine, Sodium Hydroxide, Carbon Disulfide, Nickel (II) Chloride, Sodium
Diethyldithiocarbamate, Methanol, Cooled water, Diethyl ether, Hexane, Absolute ethanol, Chloroform

Chemical reaction:

(C2H5)2NH + CSz +NaOH —— > (CzHS)zNCSZNa + H20
NiCl, (aq.) + 2 (C,Hs),NCS,Na (aq.) —— > Ni(NC(C,Hs),) (s) + 2NaCl (aq.)

Chemical Structure:

N /\/\ /o
_/ \/\/ N\

Nickel (II) diethylthiocarbamate

Synthesis of di-ethyldithiocar bamate:

0.208ml (0.02 mol) diethylamine was taken in a round bottom flask containing 30 ml of methanol and
placed in an ice salt bath. 80 mg (0.02 mol) NaOH was dissolved in 10 ml of cooled water. This cooled
NaOH solution was added dropwise to the amine solution slowly in stirring condition. The temperature
of the ice bath was maintained 0 to 5°C. Then 0.120ml (0.02 mol) of carbon disulphide was added
dropwise into that cooled sol ution and the reaction mixture was stirred for 30 min at the same temperature
after that a yellowish white precipitate was formed. The precipitate was dissolved in 25 ml of diethyl
ether. After drying, it was washed with 25ml hexane and then with 25 ml cooled absol ute ethanol.

Synthesis of Ni(ll)diethyldithiocar bamate Complex:

As prepared sodium salt of diethyldithiocarbamate was dissolved in 30 ml of methanol in a two neck
round bottom flask. 0.01 mol NiCl, was dissolved in 10 ml of methanol in a beaker. Then the NiCl,
solution was added dropwise to the round bottom flask containing sodium salt of di-ethyldithiocarbamate
in stirring condition for 30 mins. The resulting product was dried and washed with 20 ml diethyl ether.
Then the precipitate was further washed with 20 ml hexane and then with 20 ml cooled absolute ethanol.

Finally, the product was dried and re-dissolved in chloroform for further use.
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Synthesis of hexakis-(urea) chromium (111) chloride complex.
Requirements: Chromium (111) Chloride, Urea, Hydrochloric Acid, Distilled water etc.
Chemical Reaction:

CrCly + 6 NH,CONH, —HCL o [Cr (H,NCONH,)** +3 CI

Chemical Structure;

~ r/ H
H PN
N o ! o N
/ S 4
H
H—N N—H

Hexakis-(urea) chromium (I11) chloride

Procedure:

Chromium chloride (1 mol) and urea (6 mol) are dissolved in 10 ml of distilled water and afew drops of
3 M HCI is added. The solution is heated on a steam bath until a crystalline crust forms. The durry
obtained is dissolved in the minimum of water at 50-60 degrees and rapidly filtered. The salt crystallizes

as light green needles. Dry in the vacuum and determine the yield.

Result: The percentage yield of synthesised hexakis-(urea)chromium(l11) chloride complex = %
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To preparetetraamminecupric (11) sulphate [Cu (NH3)4] SO4.H-0O
Requirements: CuS0O4.5H-0, Alcohal, 1:1 ammonia Solution, Distilled water, H>SO; etc.

Chemical Reaction:
CUSO4. 5H20 +4 NH3 —_— [Cu(NH3)4]SO4H20

Chemical Structure;

5 SO,*. H,0

Procedure:

Took 1 mol of copper sulphatein a 250 ml beaker and dissolvein aminimum quantity of water (about 10
ml). Add few drops of H>SO, if necessary to clear the solution. Add concentrated ammonia solution with
constant stirring until the blue precipitates of Cupric hydroxide form. Then dissolve the precipitate to
obtain a clear solution completely. Add 20 ml of alcohol with constant stirring to deep blue coloured
solution & smell of ammonia will be observe until blue colour nearly gets discharged. Heat the beaker
containing solution to 60-70°C over water bath for 15-16 minutes. Remove the beaker and allow
precipitate to settle. Long needle shaped blue coloured crystals of tetramminecupric (11)sulphate will be
formed, filter out the crystals and placein hot air oven for dry. Then, weigh and report the result in grams

and cal culate the percentage yield.

Result: The % yield of tetraamminecopper (11) sulphateis= %
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() ITafae Tl gRT Tea NE/fFsmars Ayl & 9iffre) @1 guas,

3R UgaT|
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(i) f<dt few e wefAe T o
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3R R, sraaiferd a2l &1 AEUFIgaD Jeuae QA gidl 8| areyd fazayur & forg

3{UATS T8 AT Ufshar H fgfafad wror 2
|. URTYS Tieur:
a) Hifd® 3raw: IR IR
b) Hifd® He—: H BT TS / IR Uard &1 HYHiH
c) SRRM Ttemr: % fAdd Wgar & 2 §¢ O a1 20 mg H7 o 3R

3ie R 7T B | afe; At Gelt S B 1Y Sier B,
@ T8 Th WHfRe® Aifie 81 gt SiiR, afe g fom
il S & 1Y Sfeddll 3, dl Aiffep Uferthfess gl

. Sffafyed a=a;

A0 BT UEor: @W(Na)mésw@%mﬁwwa@ﬁaaw

TH B3 919 o g8 fUgd &R ord 7 81 91U fhR, 39H Hurds ey iR ara T

B TP TH B | TH IR & 91, T g P 5-10 mL R ST HRT §3HT ek
T BTe 3R AR 9 ¥ &F ¢ | TP Hid & hal & 1Y Gax 8 d, oy

QfSTH T TRICae T g1 SITe |

WieTH e Tegae BT ST HR& QU ¢ A & o alieor g
ATSCIor, Yo 3R Sl ) ST BT IaT oI ) BioFT 39 YR B

BRitaly

3adAIH
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AISCIST T URTEfr:
2 mL TRIcae H THh Yl Higa
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AU H 33714 §¢ SAUC GoRRD
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TR DT URI&UT:
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AIfSTA ASCIGAES (Nao]Fe(CN)sN
o)) fhrem|

ST T ST AT T <A
T

TR (S) AING B |
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3. S B TI&I:
2 mL Tacae B 4 §g ST ARfed | qthe a1 §eb Uld U1 &I FARRS (CI)/EHES
RIS (HNO,) fieme 3R 5 fFe e | Sfaed < Tl (Br)/ )
I | ST B 3R 39H Ryeer 1Ree gl
(AgCl) &1 $S §d STl |
(8) SR aaeatfﬁgrq@? AT | 3a8 gaRia ©. FIRTES (CI) HVG 8|
(NH3) framt 3iR 09 &3 | 38T T gaRia gl |SHES (Br) HINE 8l
ERPRGENIGE] ITASTZS (1) AINlE 7 |
(b) TRICAT B 56 §al H 1 mL HTe-|CCl4 TRA AR WY 11 H|fAgs (Br) a5
J (CCly ¥R 1 mL|S&d Tl
(KMnOs) T Uit
e st R T FuA B 3R
TRYE B T §g S|
(c) THICHE &1 5-6 §al H 1 mL P& | CCls TRA §TH1 11 H# §ed | 3marerss () FAfed
C (CCls) 3R 1 mL Tifsgw || gl
IEC8e (NaNOp) O iy 3R
3B RE HUA B
.  gaa=itedr:

QI o1 Ge-I=ITeTdr T &A1 STHT-3EHT UIHT, SUR, 5% STeid QISTH FEHTET (NaHCOs), 5%
S ST BIESIFIES (NaOH), STIYE IR IFARG URFS (HCI) Td Hogcs TewgiRe RS

(HzSO4)ffa'ﬁ|
A SAUc | Hu<cs
- o | SR 5% 5% A e goft
NaHCOs| NaOH
1. + + + + /- winuRrs
FraifRaferes This)
2. + + + /- At T (Bee)
3. + + + /- Y (3
4, + + ged (TfesgIss, B,
THTES, TS, TR, §W
3R 15 TR IPTa)
. :%ﬁ(mm@ﬁw
5. + + + + + fafay @ratersge. aiar sk
YTy
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fewft:

1. PEfeD TS &I ga-=iadl &t TR0 SHdE gl giaiNG RIS (HC)
& 1Y GCATSOIRM B URTS B JH: A& Hh 1 of qabell ¢ |

2. oo RIS I gorr=iarar & JaTofidrur Sqe gregiddig TS (HCl) & 1Yy
AR HRP TRTS BT T: 30T Hb PI off Fobdll B

3. Hi-F WA esgaaRe® TS (HCl) e W a9 (@fed) &9 81
AHE! H, Hie- ®I Oia- & g art e S 9 g 3R iR, Srde difsad
313@3;133 (NaOH) & 1Y Fgdrgsl dd ga-Riterdl &1 JHofidhrur &t
bl g |

4. HYCCS IRIRD RIS (H2S04) H5 e UMD & [0 ZAD & &G & B B
qHdT 8| HITCS H2S0, H ARNTT BT GRI&0T shad aHt foedT ST ueha § oid
DS o= Tt st B Srge=ia g1l afg fau T AT oS0, # Srga-=id g,
0 AIH TH iR RIARCH / §AoMCS g1SSIdbIad 8l Iadl g

V. WaREd YU Bl fazayor:

UM GLIEOn gRT A | Hivlg BaRHd JU &1 Uga B | Ife IHa gl ar af
fAferaeor wdtem few o anfeu | faavur arfereT & e e |

V. shafesT:

% R HaRFd JU &1 UgdH & SH & §le, U I ] SRafesd (@Hfe+) duR
HRD 3R IP TP BT HYURU B gqHb! ARdHR1 B S MU
vi. fafér

3T 3fadidh 3R sy e fou o uR Fam;

RS wiemn, sifafted d@l, gamRiiadl, HeRAd JU I8 foawor 8k
Shafesd & sMyR W, faU 7T A &1 Uga™ &1 718 § SR sua! fAfeada &1
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TRI&for NI fpy
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A ga-=iedr:
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RS (HC) 31 52 9 ST M QAT |ppre 3y
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forama | fisor & 5 e a@ 7 aE

7 B3| Gl B dS 10% FifsTH

FEHIEHT (NaHCO;) O | ST |

B FRISS (FeCls) TIMS:

50 mg Afes & e Brgglaargs| U HRI-STH 1 A1a- | preiieee s
(NH.OH) ! $& §¢ STel oTd deb op| BT S{d&Y & 71| ffEa g

gg forermg & forw &g 9 81 S 1
gll%[&;j\gﬂ BR& FARISS (FeCls) °IA
f

Siafeqw; varss i siftifers:

1 gm FETaTd TRTS B YW Md-dd aTd FIRD | 81 | YT FARISS (SOCl2) Bi
9 I I ofd b b Hfe- gard ITH g 7 Y 37k faforar fArsmr & afex dre ek &
Y Fiex 914 F 15 Hiex dd RUAR H1 | TRIS FARSS ®I &l Bic aidx J 8d | 39 9%
T 38T B 3R W b fipr A 13 Uil 9 TN 3FR U TS JaR1gs | =dl Sird g, <l
g BTSSR gIdR 1oy HIaiaxiered TS & §6d oirdl ¢ | Th oxe oJd () H2mL

STAIIT (NH3) 3R G-t Gt 3% @ | 2 mL TR (CoHsNH2) AT

1. THIES QU Uh diax | oy T uiys JeiRigs ® ST (NHs) & §8-3g
HRP SIc, Od db [ B AT 7 I SY | I ol 5 fHe ddb ST B |

2. iforfers dumdt: guR dia H forg U Uiis FeRig s § UM (CoHsNH2) J&-3&
PP STl Od A b Bid &Y 7 §9 9| 5 fie db ST B |
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T BT BaREd U fazawor

ERiw NI CrIGE ] BGR
YA BIP RIRTSS (FeCls):
A B 598 o IR ITH e qgR |SR3| Qe H  Welfers OH
ol hils FARTSS (FeCly) O Y| <l 1T &l
% g¢ |
YT WIS
T % g # 100 mg D F, | (o) T @ T A IS
%W%(Hz%@ﬁZ(m e / <ftel / S dfv & e oH
ST AR fo 3T b1 o Y| Nl / BT / el &R
31 B 29 M 3 2.3 5 | S T
S B 5 mL 10% ST BRSIHRES
(NaOH) HIeT § STef |
SR (Br2) UT-it & 1Y fafoma:
T (CsHs0H) &I 1a§ﬁaﬁ1ﬂ=r (Br2) tﬂﬁ'ﬂ% @rq'&}q W tﬁmﬁ THiferd OH
ur ooy &6 dep f ARM T | gl
;rqgsﬁa%%z’}%qﬁﬁu%aﬂmﬁ
|
feraxa= fafspar:
% T o o § Sifean Arseree | el SRIATER Hiel I Qs H Welfeis OH
(NaNOy) % 1 71 2 fibeed &, 05 gm|<& T, S STge| g
Jua Sret 3R 1 e qe T B3| 37| PR W e T H
381 B9 ¢ SR QN SMadd di
HOccS GeRIRD TRTS (H2S0,) ST |
STHAICISHIRI:
TF 3% ogd B TR (CeHsNH,) R[N 31 3| tHlfere o+ fAfrd g
HOCcs BIRSIFNNG TRIS (HCl) &1 Tl

2/3 §d of 99 dp fob TfeiH ot R 9
g A Y 3R R, 3 mL 31U ST |
¢ TE B IB H 0°C AP d8l B
R THEH & oid § 20% AfSgH
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STSIIaH °Id &1 A & 10 mL 10%
TIfeaH gIESIES (NaOH) ds Uia o
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S¥afeaw:

A: sl sdtafeT: 1gmqﬂﬁﬁWﬁ€IﬁGﬁTWWW%ﬁ3mL BT
(CH3OH) ¥ dici | fthr 39 fireor & s (Bro) &1 TRIfes® TRTIS (CHCOOH) 9id dd d&
et 519 a6 o6 Br, &1 AT@ W1 RITA 9 8 SMY| 5-10 e & o oremt @ <1 fAgor |
T BT SST U ST 3R B uerd o 89 o, 5 srer o fear man g1

B: dulisa 3¥Afed: 500 mg TfE 3R 10 mL 15% TIfSTH TSRS (NaOH) T
& BIfEd FaRe § S| iR, 9o &) 99 9% $ud B 99 9 & IR 9w
fead gEgauss H gd A 9, 2 mL Sd FARISS (CsHsCOC!) ST 3R TR &l
dg HR S| TARSG B 10 fiFe 9% SR A HUH B, o9 Sfe soga safea srer &)
STY | SIS FARISS &1 SHIHdl DI geH & [l 10% TfSTH HTEMCT (NaeCOs) T o
BB 4T 3R BIEHT Bl 5o P fo fhr I urit 3 4|

c: e sffed: 1 gm e & Ma-dd I T # ST 3R 10 mL 1%
JIfeay BIESIES (NaOH) Uid STd | wIRIIRIfcH TRIE (CICH,.COO0H) BT, farsfur
P 1Y °e & [T HH 31T W dler hoTwR J RETa &<, fafdar fiym o de1 w2
3R ERIIFAING TRIS (HCl) ¥ earRs &1 | TR Safed SierT g1 S|

D: p-AWRITe BT FAUTEATA: 500 mg AT [p-ATUTA (C1oH70H)] B Dbt Teikes H
STd 3R 3 5 mL 15% WIfSTH ERSIAES (NaOH) ©id | it | fih 2 mL Sgafda
b e [(CH3)2S04] ST, TR Dl Bl T Y B 3R d9 db SR J HUT B o F db
% U 9% 11 &1 B3 Uard 3@ 7 81 S| §94 aTal p-AT0d FHUTSd 32 &1 3F

S &1 baRMa Ju fazawor
U TR 3qclih BGR
AT

1. SHIGC BEsIFR® thrs (Hel) &
geRiterdr:

10mg(5§ﬁ)ﬁﬁ$ﬁﬁaﬁ?wﬁ15aﬁ$ﬂaw3ﬁTWW q Ul
mL SHGe SRSEARG TR (HCl)| T S Te §a| dJbel /e
fiemy| T B ghar gl

2. A5cyd TRYs Wi

50 mg m 1 méﬁ(l)ﬁgwmgmg%m P
HESENIRED (HC) ¥ drct 3|Fe & Ty - Hdl
mL T fraeu % B 391 B oiR|T B U aTdiel |7l UEE e FiEa
& QfeTw TMEcge (NaNOy) Oidt &t gl

o e STl (2 aR R A B R NI e >
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3T B 94| fAufor &Y g HRan
g Jped ol
Afa gl

(3) TER W T BTG |, ey opfe
TS BT T UIA H 1 fymfor 1 31 e
mL 5%  WETH|Z| Rfyerd eme
FESIRIES  (NaOH) | Rfarg

ey Y B AT @l i
Bied Uard 3rem gl
SIS

3 I (Br,) U & 1Y fafepam:

19&/10 mL A § 4 (Bry) Ut | Tid-Athe  Sf@aT 1| WIgHRT S M B |
ey 9 do & A S A s ey | i
A 6 S $S T T W i H ST |

4. a3t 3 o1 SHSeRITE:

o ogd § Qe @Y 2 W 3§ o, TS SIS & T gAYt 3 AR B
Haccs BRSIFIRG YRS (HCl) STad
SI§ d% fob i ga 9 o &R 3 mL
&81 UM STe | X &Jd &I 9% | 0°C
d% ds1 B Jud & 9 H 20%
TIfeay A18erse (NaNOy) Tt (Ford ot
oocwammmé)aﬁwaﬁ
K| 39 SENI-IH 9 &1 i
(CeHsOH) & 10 mL 10% disgH
gZSIES (NaOH) O # fHemg|
AT 0°C TR 1Y < |

Stafeaw:

1. UISHAAd S ie:

A. S S¥AfRE: 1 mL T SR # S 3R SHF (Bry) &1 wRitw RS
(CHsCOOH) a9 d& A S@ de S &1 et 31 R 7 8) S| 5-10
fire & fore SrerT 3@ < | feur o 9% &1 3871 a1 STl for qthe/diar T 31T
g1 S|

B. duisd sHAfRT: 1 mL T & FfHd WRS T IA, 10 mL 15% Tfsaw
TIESIAIZS (NaOH) TTd 3R T1Y B ol FRISS (CeHsCOC!) Bt 20 §e ST |
TR bl Blb T diY B 3R d9 dF SR F HUF B3 oF do &b wigT dard
3{CT 1 B ST | B o 3R FIaHe i J & & SR foh urit T en |

c. Witerga sfdfea: 1 mL T &1 T E! Fifdd WIRS J Sidd, 3 mL TRifcsd
TAEIESTES (CHsCOOCOCHs), 3 mL TfId Ufifes TRIS (CHsCOOH) STd 3R
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10 fFie & AT afer 91y R T B Y0 & $© d T & 38 T ardll ¢
cJd U SIAdR fafohsl O 8 &1 Sid B 3R S yard o gl A, df 6
FRAT I TR <, 3T HB 3R THI qH TH AT R} 3% | Tafepan o &1 8
gt a1d dieh | STl | B TRiergd S<iadfea e gt simem|

2. RS 3 =:

A. p-ATScrl RIS 3RfA: 1 mL A &1 iR § STl 3R YA 5°C A Uga
% g H 81 B 5 mL HI<CS BRSNS TS (HC!) ST, 3t ke framy
IR ST HAT TR T | 1 DIl T3 TSI AZCTRE (NaNOy) F T 3 od
7 3, o 3 @ U § 91 9IR 39 9% § 5°C a% 481 B 3 39 B
@%ﬂﬂqﬁaﬁ%ﬁ@mﬁﬁ@ﬁﬂ@ﬁq&@maﬁ dT9H 5°C
TR §AU G | p-AIS! CRNTSMRT 3 ERIIHKIRISS & HHIU & HRUT °Id AT
B ST | R 109 NaOH Tt STt 3R Teh TTeRT 81 TS+ ST & S|

B. fushe 3R 1 mL T diR & S0 iR ITH e Wgar fUfrs tirs
[(NO2)sCsH20H] 3R 1Y &t 2-3 mL BYATA (CHsOH) STt | fsur &) safdesda
TR 1Y TR d9 db T B od 9 OIel TP 7 81 5| 2 5 e ¥ R ofa
¢ | RIYRT 3 BT U UidT foheaiy fishe 31T g1 SITe|

P BT BaRAd YU fazawor
O |TRiEm NICrGZE] femf
o
1 2.4 SIZATS IS ARIS ST
(2.4-DNP) TSt&{or.

23 §al T # 1 mL 24 .
SEMRTEESRA_ (24-DNP) éﬁ;ﬂl‘ic\lmﬂliﬂ'élsﬁil\ﬂ\lﬂ ?{Wﬁ;ﬁﬁﬁ@
sifrrees forem (afe AE Hfe &, 2 smay = man |
ol 38 BYHIA b1 $S §al J °iet) | Al

P AAT T ST ¢ O 3 PO
foel o forg 7T afer a1 o 7|

2 SIgaehIse el fafrar:
Ll TR A 1 mL G | TPe S SAE 5 Al ¥ UfseEs /

IZeBISC (NaHSOs) O fyemyy | 1T PicH gl gHbdlg|
3. cra USTefur:
1mL T 5 mL el offieRe| P o U (@ e Ueserss MREda gl

forems iR TH B3| &) T |
4, e udiequr:

1ml T3 # 1 mL Sfean S| 31 P Gy s 1| Ufesgigs Rid gl
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(Na2COs), 1 mL Tfeig & A 3R 1
mL Trfei e B ey | farsor &1 2-3
e 9% Iard |

(RAfes
gfdfehar T8l ad 8) |

fewoft: afe 2,4-DNP Tier # Bree? I THenr TeRTES & @ e B
g gpdar gl

ey PR o darl:

T I % &F H 5 mL iR 7182 (AgNOs) T o 3R ITH 10% TSTH g3 I8S
(NaOH) Bd Bt 2 §¢; STel | Ueh U 3fa&ly a1 5 | 39 fHreor & sifan 9 (NH40H) &1 ga-

§¢ Hdb 9 dP SId Sd ddb b A T b1 AU Yol 7 S| 3 ey HYHRD & =0 4
ST ST |
fruse $ieH & s Iwid e
HH  [RIe NIERIGE] IBrsa
T
1 T B 3 §al 4, 10 mL 20% SIeid(1) TP gob Uidt I B[RS PicH Hikad g
TfSTH TESIRES (NaOH) STd 3MR(3[@aT  (SATSThI,
38l kg U foemyl diR-gR mCH|3)a=rW|
MNSZE (K1) + S (I o
R 78 1 o R i Ty NG A R T T B BT e

BT T TG A &I oMY 3§ °d &l 10

T P §E DS

fire F R T AR ey A T HY|  |3(G&Y T8l ST 5 |

2. 05 ml A H, 3 mL 10% UCREATS geb Uid {1 wIfiusd e Rt g
AMNSTES (K1) BT 3R 10 mL TS| FET (TS IBIH) T
JOR AfsTa (NaOCl) S|
HraeT I fHan | SR ¥ HuA S|

S & Thefor.
HH [RIE SERICE frpy
=T

Uh Ul ¢ cqgﬁSOmgHﬂfrr@r 1 gm
AWBUT (CroHs) ST, TS SR foraem|
IH TH B | FIfSTH (Na) U HT TH

BICT Th el ST AR O § TH H1 |

Oad fShd & Hafe

&% HRUT HY B B
SIS

Saita A (Afeserss / Pck) o1 sfafeaw

A: ST Bt SR 1 mL 3T 500 mg T $I T Bic S1pR 8 S0 3R I9H 5 mL FY=id

(CH3OH), 100 mg BTESIfaTd 3 8RgIdaRISS (NH.OH.HCI) ST 3R 3% a1 1 gm
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fsgr wfiee (CH:COONa) STt | il & Safdedrd aler 1Y W 15 fiFe d& 71 &3 3R
318 WR Uthe fobiecliy SR 3T 81 ST B

B: Afiwrafea @t aurt: 1 mL a1 500 mg THAT $T TH Bic dax T ST 3R ITH 5 mL
TYHTA (CH2OH), 100 mg YHIBTENTES BRSIGARIES (NH.CONHNH:.HCI) 3Ta 3R 39d
q1¢ 1 gm ASTH THICE (CHCOONa) BTl | FHre(ur &l Saifacdd dier a1 W 15 e d&
TH 3 3R 8T 8 W T fohedid YHIBIaTeI 3@ 81 SIdl g |

C: fT1s BIsSTHA &t dURY: 1 mL 37 500 mg THAT &I U& BIC A H STal 3R 3T 5 mL
BYTA (CH30H), 100 mg fHAEd BRI BRSIKIRIES (CsHsNHNH2.HCI) STdl, 39dh
e 1 99 QifsaH Tdfiee (CHsCOONa) 3R 1 mL Rad ufifes TR (CH:COOH) STd|
fHreror @1 5 e & fou gafdedhd aier a1y R TH & 3R 381 8 WR RN 3T &l
EIGIE

THISS &1 BaRd JU faxauor

SR NG

BISSITOIRINT:

U o ogd | 5 mL e o, 2 mL
QST TRSIRIZS (NaOH) STa 3R]
TR W 2 fie a& 71 B3| forerng g
T BT URIEI0T B | SURIG &R 1]
T grseladiNe URrs (HCl) fiem|

ST (NHs) T Had
gl o foend ol
e s faani

Fraifaafeie TR &I
Tthe 398 ST 3|

RS AR B

RS AR B

THISS P Sidfead

THISS &I BISSIRIRE: 1 gm T3 & SHied WRe § 3IME, 10 mL 20% Ifsaw
TRSIFIES (NaOH) OYd FIargd 3iR fsmr & Iae d 38 g9 §-R IR TH %3 | ufaferar
R80T DY TST B 3R H< S SRS IGANRD RIS (HCI) T Faesl B3 | SHIT &1 JHa
& ATy BT RITeIeD RIS BT Udh e & 3(e g1 ol ¢ |

T3¢ BISSIHIa P baR-d YU fazawor
TR1&m NICICZE] B
el - aTeh ULT&UT:
1 mL ST (C:HsOH) T 50 mg FEA D Ioid UUT (TT BICISC! BTS G eblai e
oid, 50 mgwaﬂﬂﬁmmaﬁ%a@W| g
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(NH4Cl) 3fR 50 mg fS& (zn) %
ST | Y07 Y I dob TH B3 3R
IH dl IHA g gerf # eray
P RP ST 3R 3 diex 91 H TH

P

fewoft: afe few T Aiftes & ATscioM § duT THTgs, g ¢k A15el eRgieed & o
FUTHS U&UT &l &, A TAess & e uier |

T3¢ g1 SIbIa B SIlafeay:

SEATSeRH: 1 mL «ujﬁ (-II$CI®I'UII'-I) DI Uh DI Md-adl I Wi T Sdl, 390 A1

o1 [2 mL UQI&PT

TRIS (HNOs) + 3 ML HILES TeRIRF TRIS (H2S0:)] ST 3R

Y8707 Y 15 firTe % 1T TR HITER & Ty dfex 1Y R T 3| b fer &) 68 et
Tl SR | BT | m-STSATSC eI P geobl Ul HIS 1eRT 51 ol 6|

TS s &1 baRHEd u fazawur
A. SOIATSS BT GHE0T (CsHsCONHCeHs):
hH (ORI 3l BE
=T
1. 50 mg AqME H 5 mL HA<CS TR FlewaRs FREd g1
TERNG TRIS (H,S0:) AN SIRGISIRs Ui B3
Trau QT H | & FUH AT I AT
denfargs &1 s3dfeaw:

1 gm TAARS P Md-ad dared TR § ST, 20 mL 70% RIS TRIS (H2S04) STt 3R 10
fire & forw &7 ST W iR dowR I Rudeq w31 R faftraen fiyo & 381 &9 el
WHfed Hrelfaifcs RIS &1 Teh T Hfe Uar e 8 Sal |1 T e
AT (CoHsNH2.H2S04) ST &, S OTt H ga-=iid § 3R 38 ST gRT 1 Sff ¥l g |

B. URICIFATES T URI&IUT (CcHsCONHCH2):

HH
T

RI&T0T 3aAip

fepy

&M ¥ TH & 3R SAdE Jifegard

50 mg AIfT® | 5 mL HaCceddd §ai Bl ST SfHI HAT
TCRRS TS (H.S0,) firemy (! Md e 3, ol 3R

aﬁgﬁ@m (NaOH) ¥ WH@H&@TWMW
|

R ass Rfed g
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TReifAarss &1 sfdfeqw:

AT S¥dfea: 1 mL T dlex # 1 8RR §HA (Br) @1 Ried RIS
(CHsCOOH) Od dd dc fidd Sia d SIHIF &1 ard 11 Rirf 9 81 oe | 39 15 fiFe
& forg SrerT 39 &1 38 38 U § ST 58T p-SHIEURIeI eSS (BrCsHsNHCOCHs)
3T B ST g |

B.ATgel s¥afed: 1 gm g@ 9T (ERMARS) 1 mL WREd thifds this
(CHsCOOH) H T} 3R 100 mL & stk H STal| SR ol 9t T W 3R 1 mL
HaCCs AEfe®d TRIS (HNOs) 3R 0.5 mL HH< S YR TRTS (H2S04) HT S8
foreor ST SR AT 5°C ¥ = | 39 10 e 9@ T8 81 6 ¢ | Haci g3 s |

3Tdl, p-13e! TRISIHATES 3IehT 81 Sl ]

TR &1 HaRHd J4 fazayor

HH (Ol NG Bisa

1 EIESIIIHD TRIS TR&r:

gl & Te g § 100 mg omoﬂ@]%_éﬁaﬁm RS e AR &)
TR offH  gRoGARIESHIU b BHRU TR
(NHOH.HCI) 3R 5 mL 10% SIfEggeT a1 e e 1
SISISS (NaOH) O Ty fygorfaRiaganl

®l 2-3 ffFe & fau 9 i W)
3qTCl | 38T B 3R STAC BIESIHANND
RIS (HCI) ¥ 3fiipd P | 3 O ¥
ged Bk FIRSS (FeCls) °Id DI
P9 ¢ S|

2. SIS ST

50 mL Tel-ae a1 TeiTeh & 2 ml. TR TRSITNE FIHyTey P &1

d, 20 mL 30% WfeTH TREHRSLPRA R TS

(NaOH) 9/d ST&f 3R and d¢ & forgfadn Yedblgid arel g

afer HSTR FT I ISP U P DR HLU TR Refl

HY| Y B G B SR dEcese R RS

%’E@W RS (Hol) A YedRegeazoRH GRI
|

TR &l S3afeaw:

BIGSIARI: 50 mL & Td-ad dld RS T 2 mL TR o, 395 20 mL 30% Wifead
ERSIRIZS (NaOH) BId ST 3R 1Y € & o TAI §7R TR dlex Ha1eR BT STANT TR
RO 3 | af I8 R BIs daid 98 dRell g3 o1 5, A1 I8 TAiohal & G B BT Wb el
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g1 ST HS SR THY & o1 TH 1 oIRT X | TR fafoait firsior &1 250 mL & e d ST
3R FST TR THT HU<cS ERSIGAND TRIS (HCI) T geargsl & | WHCH HIafaucid

TS BT T e 3T T 81 Il 2|
BIESIPIE HI fazAwu
HH  [O30&u NERIEE] fep
AT
1 TR FRTSS (AIC) & 1Y
LS (1) X &E & IR ROfe Bl

FARIBIH (CHCI3) fiems iR 3t kg

3R I TaasH | SARHG
E@ﬁﬁﬂﬂﬂ“ﬂ%@ﬁaﬁﬂwﬁﬁ@a
T 39 e Sld & FRBH 0

T HH FARISS &I @ dl

FS mg AR A1 0.2 mL TR H, 3 mL TN T PRI gl

P X R 15 geal tfheE L, o |
W(AICIg)ﬁwﬁ@éEﬂaﬁ(Z) am"g?m:ﬂwmgﬂm

%lsg\ldmfd 81 bl
|

RIIEE Tiefl-

%lsg\ldmfd 81 bl
|

BISSIPIE &I Sdfead:

A TAIEERA: 1 mL FRGIPET H 2 mL HYCCS TRieH TS (HNOy) 3R 4 mL
TS GRS RIS (H2SO4) T FIsr ATy SR fRrsyor &Y 20 firfe dap afeR amy

¥ B3| Ryeor B 6 U et St H S|

B. e 1 mL T B T B SR T ST, 3 mL HYATA (CH3OH) 3R T e R
fOfdhe TRIS [(NO,)sCsH-0OH] STat | T3 8o &1 arex a1y # 15 e d T B3|
T @R 3T <, T8l T Ulell foheelia fishe 31 81 ST 3|

fafay gu @1 fazdwor
I.W@Eﬁ:
BH  [ORIE SICRICE frsh s
T
L wfersT udtequr:
2 mg AT BT 4 mL TR F O ok Sdal Wl & e ®id Riepraigrsgey M
34 & IAHBRD o TR (CioH-OH)TTERT ST TS & o
Siell fhR ¢ &E & fH RN I 2 mL
hOccs UeRR® TS (H2S04)
1T ¥ ST |
2. 2.4 STEATSCIpATgARISSINH (2.4
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DNP) URI&[ur:

SIESIECIEEIENHESISE|
SRS T

1 mL Ut § 5 mg OB, 1 mL 2,
(2.4-DNP)B.

4RI A& 3T g1 Sl

PHIEIe g bl
SUfUf|

T YT

e a arex S H TH B |

1 mg AfME BT 1 mL T § At 3R 5
mL eIy SRS Siai| fH8ur & 5-

103171’&)(54)3@7111“

(2) X97d qUUI 5] &1 7T

(1) T I0d U (31 SHlefUesis (Ed 3|

DIe FfEId 8

s prRpea THan

20 mL AE BT 1 mL IR B Gt 1 mi|(L) ST TGRS T
oA (CoH/OH) I 3R Ha<cs
FE@WQ%(HCI)ﬁZS@E'@I

famRRId gl

(2) af U BT dAIHA R
1 gR-IR fawfia gar,
amm:ﬂﬁﬂﬁaﬂ?rw

| [P Afed g
eI AR B

PIalgIggcH B Sdfeas:

A. TS Safed: 5 mL I H 1 gm Prefergge Ui 3R R, TP aigfeT cgd & 3 mL
REd Tffe® TRIS (CH:COOH) 3R 5 mL HA3d gI3STol (CsHsNHNHZ) STail 15
e ao afex a1y § 71 B3 | T tia it g d ST 31T 8 ST g |

B. SHIARM: 1 gm FHTEERSC Pl DB TARDG & SId 3R ITH 10 mL 20% TfSTH
TIZSIHES (NaOH) STl 3R IFF dIE 2 mL dolldd FARIES (CeHsCOCH) STa | TR Pl
PP F d¢ Y 3R 10 e T IR T HUA F3, S teT doigd Safed &1 teh g
B Uard e 81 S|

B
T

RRitaly

aﬁqﬁ‘euﬁ&m:

20 mL I &I T T o g H 39
3R 39 TP e & forg ofiR-¢fiy 7 &3 |
gfe A 7 gRAT (NH.CONH,) B, d T8
&nﬂﬁm(NHg)$aaaaﬁ$muﬁma
ST & 3R S8YC (NH2CONHCONH,)
&1 Hiod 8 T 81 39 1 mL TH ST
EIESIIES (NaOH) Ot H €t 3R T

B ST IR SR PIR AT (CuSOu)

BHIIR Tetbe BT T ST 8
upil

giar AfEd g
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el 1 Ueh g SId |

gfvar &1 sddfeqs:

A. ATFCYA: ¢ &d H 1T TT 5 mL UM H 1 gm Aifep et 3R 3 mL Hdccs i RS
(HNOs) ETd, ®id Bl B I B! a8 [l Th e fheead gRAT A18ee (NH2CONH,.
HNOs) 3¢l &1 74T |

B. gf¥AT SfieTae; Uk ¢ ogd | ol 1T 5 mL It & 1 gm 9T 91df, 3 mL i TR
[(COOH)2]$WGWWQT&@%WQW$|WW
[NH2CONH,.(COOH)2] &1 Tl TG Hid e gl T |

|11 YT

feouft: afg srfafvad I Tiemr & N SR S i Aie[g 8, df YrgRar & fog utermr &1

HH (ORI 3adIH sy
TR

P FARISS (FeCls) & ITY THEUT:

10 mg TEAT A IR SV §R R qa a THRE b1 ART ol WUrEigRa Hied g1
F O aF T8 fud 7 oyl e gon SHIEH JIRIIEE
TRIff® TS (CH:COOH) BT 23 §(NHSCN) & BRI
el R IP  WC  UeTRygH[dw R Tl

ﬂ?ﬂﬂmﬂmtc: [KsFe(CN)e] 1 HT dd

w'@ﬂﬁfa@ﬁ 10 mg THAT fUraemyexT ¥ fe@rs faan iR k- urargivar Hiad g

98 SqC Efl%r% Elil‘s'?ﬁ%:ﬂaw’rﬂw
(CH:COOH) &1 %% §d SId, $9d dIg
UCTRIgH

[KsFe(CN)g] I
EEECISINI

YTIRGAT P S3Idfeas:

SATIARM: 500 mg UTARRAT (NH.CSNH2) P G Td-ad alel e | STel, 399 10 mL 3H1d
(C2HsOH) 3R 3 mL SSigd FRISS (CeHsCOC) BTt | %o &Y 30 fie & o afer pe R &
1Y afex 1Y W Rudaay &9 | 7 faferam fsmor &) T 100 mL diaR 7 ST 3R 9% § $3T S|
TS he fohicelid Soilsd YTRRATH daR1SS 3(eRT 81 oiidl 8|
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CAC G CRSICGRCRIG
HAARER-|
Ttefor ght

fasga ureus:
1. 91 & T B <o TRIS &1 JuUddhul iR UgaH |

2. MU gy & T H HRA iR gt &1 FHuRon
3. Ao fafTR Oie & tRifes T &1 sirda |
4. o qa AT & TS a1 &1 HeRo|

5. f4U T HTHS T | g8 IPbI6 &1 harHd gu faeyun|

6. HIEe TITH H HaRMd YU B UgdH 3R fau T s § I7a SRafesd &1 gwewm|
7. AT TRIE SRS T WIS TRIS &1 I=avU 3R IdTE T Wag b b [aRAwT|
8. M-I, U 3 s BT YLAYT, 3R Wa b Hdhd f[azawur|

'\('\

9. M-AZCNRICIAARES, SUD FUT BT YAV, 3R ] Wae I Hohd Ayl

A

10. BT DDV BT ITTNT IXh TSP TRIS B dURT 3R WD D dh-1h] gRT WD Y|
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QI&I0T AT 1
ST T & AL A P TRIS (Cr6H52046) BT JUTHRT 3R UG |
e TRrs &Y\

STIRASH AT

> fefees url, 99 TR, TIeuls We, IR 79, dia, g, a1s1 {3, fhder T 3R Hitdd
CINE|

W AT

> 3 3NT-3Q 91 & Uil &1 10 gm
> HfeRITH HTEMT (CaCOs)

> gIESlNG RIS (HCl)

o~d:

T Bt YRR (AT R HIN[G ¢ TRIS B b ekH HTAHT & 1Y ITATRT TR BieRaH eHe & &1
T 3aefia forar SITa1 3 | Hiekry e & iR s gRgIaalNeG RIS & I1Y gIReIargd f&al SIdl §
3R U & 1Y A: fheediioapd fpar ST g |
wfomar:

1. 91 S Rl & YD THA BT 3l 10 19 I9 o |

2. 250 mL & &R H 100 mL fSRees UMt o a1 39 A1 &1 7 S |
3. 3(d 3y 10 e T IaTd |
4
5

. O B! ST Hb BF A | B & 918 TH 2 gm B Hrai-e B sik fR 3 Ia1d |
. ¢ Ty ey e & U H 3r@aaftd 81 odT | | Rt gRT 3/a8y &Y 31 B |
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6. T UPHR U HeRAH ST DI 4-5 mL HI<CS SRSIGAIND TS & TTY TH HRh SIS gl
forar STar g |

7. U ¢ TRIS &1 U & ATy forkeciigrd fahdT ST 8 SR SUST &1 0T &1 oIt & |
8. UM YA URFRUTAT! T 3= & 741 & oy IWRIed TRUN & GlgRIy|

9. IdIC BT TATIH Rple DI |

PUS (AAF AL DT | AAF A DT | P TRIS BT aoH e uirs &1
Cip o (Y) (gm) (Z) (gm) UIGRIG
1 I -1 10 0.211 3.21
2 AR TAT- 10 0.321 211
3 R -1 10 0.186 1.86
3qeIp T UM
fafrer I & Ao TRg &Y o

T BT aoi =10 gm (Y)
fheeR TR + e TRIS &1 9o = x
TR TR BT ao =y
P RS HIITH=x-y =2

e TRre &1 ufawrd (%) =
gfyom:

IR A BT a0l (Y)

e wRrs w1 aeH (2) X 100

o o & T | ¢ TRis o1 ufawra sifiies gidT ], 39T Wie dedR gidl 7
HIAYTAT:
1. I P T 3R Guft 9 & a9 &1 A9 9e g1 =g

. U oid fefees g anfgul

. JUHRY I 3R F@M 81 AT

2
3
4. HY<CS TRTS FAdTd & FHY UM K ogd Blea? BT IUTRT HY |
5

. gfe TRy @a1 & TUuh H 3T oY af S U J 33t g N o |
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U1 &{01 ST 2
ST fau MU g & TR § HRA 3R AT (C12H2-0w) BT fAeiRon

(i) PTRIF BT gUFHIl
TIISH AT

> fSfee urh, wHa, o, IR, Ul fEw, Waar, fihee TWR, 9o da9
YUY od 9T :

> QU DT

> 10% URIfC® TRIE (CHsCOOH)
> STe3YURA U (C;HsOCzHs)
> YA (CH3CH20H).

d~d:

R g T HieRIaH daul & U T U1 ST | Ui BieRiaH HiRHT BT ATSHIgdacd Ulec &I pH 4.6
2, SUMT BRI 4.6 A HH pH a1 Tiet H ger=iel a1 21 S pH TR W | e 91! Y69 ST 7, 37 pH
TN &1 3MZAI3afGed Uise gial g | U 3U-3UH 3M3aigafae® Uige IR ThHd 3R 3@aftd gid ¢
I & S-S 3T TRIS WA & HRUI 3 SMZUISAaed Ulge Bl A SAHT-3TT 8Id & 3R
3 UHR I °Id BT pH B FARNIG B 3T fHa1 o G 3|

yfepar:
1. U iR H 100 mL GY &1 TG of | Y P 50°C TR THIHIT 15-20 BTe dah IaTdl |

2. T WAl BT SUANT HP U1 a1 T H1H B IRd Bl geld|

3. 10% URIfes TRIS & R-¢iR §g-5g dRep ST 3R AR U B 5d d b pH 4.6 1 81 ST | 3 pH
IR, BT Fafd g1 & 8l Sal o |

4. TS0 B HI & AUEHE R 15 e & o 81 <1 S99 /a8y {1 81 Sial g |
5. BT P B R A fheex TR &1 ST HReh 3a&Y &I A[aUHIYde® 3 o |

6. g@uaﬁ%@%ﬁ@fzem%ﬁmw%l Y IR &Y BT 100 mL SEURAT SR 3R AT T 4T
CISIC

7. &Y DI IH: BH o |
8. QY o T I U &Y b ol A By |
g
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TR ORI R Iy I R o) ) ] e —— gm

HIGYTAT:

1) T P YD ol He |

2) TTH IUHVT &I JraeT=t  JHT |

3) &S STRUAT U BT TN B 3R A B 3T Y R Q|
4) 38U B! Ifd TI A BH |

5) Q8 &1 9gd Y qroHH IR 7 39 |

(ii) AFEIST BT GUTHT

draeter A T
OH OH OH
0  HO OH
HO&/O%\
OH OH
STaLYS AT

> SR, B, die? a1y, ftheex TWR, W, SIWR, Aithd RS, ao- A 3R & &1 3|
T I

> QU
> ZUAIA (CHsCH-OH)
> HfeRITH HTEMT (CaCOs)

o~d:

O g I 99T 3R W Ferd T ord €, 3 Frelegse ¥ € ¥8d € Hifes d oo 9 § geHsiia gid
g1 TY H T HIERERYE AFRIN (CizHzOm) 81 TaeIS THHH HlagRge g, o W= U™l & IRR #
YN BT 2 1 T8 U SRABRIZS ¢ Frad E)-Te ISl 1 Teb 317] 3R St-NeiaIol T Teb 31] 1,42
ST BIAT € (SHWR B AT <), 3R T U § Txafd gt 81 T IR iR HI gel fqu 91 & «1e,
daeIS B HHX & YA W 3UATA & fH9or 3R aRomdt STa-3341a s & fohe ool gRT 31ehl-
TR & &Y H 3o forar S ghai g

uferar:
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1. J9 IR P 9T FTTH BRI B ST B o TG BieRITH HIS(-C [HeT 47 |

2. F1d B TS Y U B! AAR 3R doit F U= B |

3. 39 UfhaT ¥ Safs Wi siaaftd g S g |

4. 7T TR0 B BHER ITH I UIH 3R HieRad Hrai-e Hbra o | bR T iy &) e & S|

5. TTAR AT §U TH B ST g3 IR I TR U T1UTS HAET db Hifad B |

6. 30 2 UTH Ifhd TR FIAT 3R T9 dF 33T dRE HUH B 9F db &b Ui BT T HidhT 7 TS S|
7. 91 H 50 mL $AATA AT, 38t ARG HUA B 3R 20 fe ah Tehian HY |

8. Uld &I GF: B d |

9. g ol & foheed U R o forg 33T 1 fiR-efRR anferg & |

10. Aftfa deIst fopeed &1 aoi B3|

11. IS BT TP RPTS B |
gfRom:
LRI C b R R 6 o] 2 | — gm 3R SHBT AP = ~--memmmemev

HIGYTT:

1. T DI YD qoi B |
2. T IUSHRUN DI G I JUT |
3. ST BT 3T g1 I |
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UII&10T T 3

IR FIfvIou® IR 919 (CHscooH) # uiife® Ttiys &1 s |
Thyfes Tirs &t S

STIRYD AT

> fSfees U, vHa, Sifed wiRe, FRE 3R siXifed Rids|
TR I

> faf TR &1 e

> TATRIeH fedhex

> 0.1 M QfSTd gESIRISS (NaOH) Ticl

> 0.1M 3ITiId TRTIS [(COOH)]

o~d:

faf R g9Ta & TR I &1 T& 919 g, O ugd I § @HRied far odr 81 334ia & WHR 9
wRifes this &1 IareH giar 81 iR & tiifes TRrs ot e 31d AR $eeH (@RI & aifsay
SISSINIZS & °Id & 1Y SITATTT b FUfvd &t o1 gt B

CHsCOOH (ag) + NaOH (ag) ———» CHsCOONa (aqg) + H20 (1)

3THA & 3ffad fig &R, ST Uld & o WISRISACT 1:1 & 3urd & gidl g1 faf TR & ofdt &1 e
frafafied 3@ gr1 Reifa &t o gt @:

TRIfCH TRIS & YT = Mcn,coon* 60 (TRITCH TRIS 3T SHTUfadh aor)
sSPer:- AT

Sifaw fag:- TEH T e

ERE

HAETH TS IRITSS BT R SSHT:-
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5.

T I 0.1 N HIfSTH gregadss uidt 9 |
T W DDA RIS 0.1 N }TSS 10 mL SHiaifarss TRrs faeem o
SIRIG DD FARD B BRI Sfedhex B 1-2 Y STa 3R w1 dRg Hu- Be |

39 3T ST TS SIS I (Sl &XC | HRT §3MT §) T dd I C3eC B oId ddh BT I W °
el A 81 S | 3 ¥ HH 19 IR eEee & 3R Ti1d AT e H1 |

T BT YN IR Al STH geoaSs &I HIARIe/ AT &1 0T oY |

I 9T g Iqass ok RfTR 7 & f= ergamT:-

1.

2.

3.

4,

5.

6.

0O\

Toh Biohel TR H 1.5 mL faTR STed|

faf "R 1 Uler & forg feRees urt fiyemy difes die &t /T 20 mL 81 S|

SRIG B TS A BTG Sfgdher BI 1-2 g4 ST 3R 3B aRE HUH Be |
QST TR SIRIES & JTd A Y FRC Bl WA & [l et DT ITAT Dhe |

39 AR & i &) fSTH SRS S Oid (Sl $gRC H RT §3M §) & 1Y dd dd TIgec ®Y od ad
o I ST el 9 8 S| HH Y HH o TR Tgee B 3R I AT e HL

fau MU faf TR & 997 & tRifes TRrs &t Jigdr &t T R

SqAD:
NaOH BT R SSAT .-
PUI® | SfeHTaD TRIS __sedfsn T NaOH &1
@ 3 (mL) [ gRf (mL) | Sifed (mL) 3Ta (mL)
1 10
. 10
3. 10
I ST (mL) =
JTd NaOH 3R fafF R T & &g SrguTe:-
0P | [aR &1 emaad B SRS UG NaOH BT
(mL) ARTYS (mL) | SifadT mL) ST (mL)
1. 20
2. 20
3. 20
[ 3Md (mL) =
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TUMET:
NaOH BT R SSAT:-

NnNaoH * VNaoH = Noxalicacid * V oxalic acid

NNaoH = Noxalicacid * V oxalicacid / V NaoH
A NaOH 3R fafFiR 1A & fiw srguTus:-

NNaoH = MNaoH

MnaoH * VNaoH = McHgcooH * V cHgcooH

Mchacoon = Mnaon™ VNaon / V cHgcoon

uftifes Tfte &1 Uaerdr = (Mcuycoon *60) gnilit.
gfyoms:
qiftsue fafR & utRifes TR &1 yeadr = gm/lit.
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I&[0T AT 4
3Ie2y: fafts a0 Tl & ufyrs awg &1 fHufzor
ST AT

> SR, o dRI9, IR, BIfeT Aicd sdTfa
WY T

dd & T (RTE 9 SR IR4! da)
fefeees urt

3 TRTS [(COOH),]
NN

SYUTS 3ehIgd (CH3CH2OH)
UleTRad g3 IaNIes (KOH) Tl

YV VYV V VY VY

d~d:

RIS T &1 U I o 1 a1 Uard & Higg thel TR &l I dRE ¥ <STaIg el o3 & 7Y 3aad &R
(KOH, NeOH) @1 firefioma e & & # aRRyiitd fvar smar 81 TS Ieg T [andvuneTs U 8
Tt It fonsdt da &t arertt Fufa w3 & fore fosar ST 81 98 WRa Sid-&R AT fafy )
HH BT 81 RTSET a1 gRSIaied Ufhal & HRUT ad H Hiolg Jad el TRIS & fhaiawmafer
EPHR BT ITANT TR U WSS &R U STHTI foham S g |

R-CO0OH + KOH ——ae K- COOK + HAO
Fatty acid Pottassium soap
wfomar:
(A) 3HTeRATTeTe TRTS BT ITANT IR KOH BT KSR
1. 10mL 0.1 N 3iaTfcred RIS &l DIfAdhd T § STdl, Uid § BRI sfedher 3t 2-39¢ S|
2. UId B GICIRTIH gISSIaNT=s Uid o ITY dd ddb SIHTUT BRI olg dd (b [T et 37 fears 3

3| 9N fhT U UieTRigd gESIRISs Uid @1 A ol dRI| UIeiiad gRelwss did &l
ST 3R BT N1V1=NV, T SUINT HRbs, gl 1 T0HT BT Al & |

3. QT ST v v & fo ITRIad g1 =RUM (AR0M 1 31K 2) B HH J HH o §R g™ S g |
(B) TN/ & TRIS I b1 AYRr:-

1. 5gm T & TA B! Al o1l § AR TH Bl d G H @1 o1 ¢ | fhR 39 pifdd v o
25 mL 99T fadrad QT SiTaT § SR ¥ 3fwd! IR Hul-d gidl ¢ | Ui § BRI §fedher B
F3 gc Ht STl S B
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2. IWNGd Od B! WSous UREY FESIaEs Oid & WY a9 deb AT SIdT § 56 dd o gedbl
TTel! 3T 20-30 seconds % 1 I8 | SUANT 1 T3 AT Reble B! ol g |

3. Y AT U HA & forE ITRIad &l TRUM (TRUT 1 31R 2) B HH I HH diF aR Sl S g

4. IS I RO @RU1 1 F 3) B T Wiell 9 & 1Y SIGR1T Sl 8, Ford Pig g Fg7 e
g gl
3qdIe Td IUMT:
(A) 3T TRIS BT STUNT IR KOH BT L SouTH:-

PHID | MRS TRIS e ST WIad KOH &t
@1 3 (mL) T (L) T (L) 3Tgd- (mL)
1 10
2 10 Va
3 10
N1V1=N2V2

W8T, V1 = Ugdd STaTiereh TRTS &1 3aa-
N1 = S{TaRITIoTe TRIS Pt AHTere!

V2 = U] KOH 1 31

N2 = KOH & AIHferct
N2 =V1* Ni/V2
3duq K OH 1 Tt .
(B) TI/dd I & TRIS A¢Y;-
3T § g Ule R BI3gIaIes &1 I &1 dlfcid (Gl 9 o T1Y)-
N i f e B I TG KOH &t
pHIP $r(=|;1=rr S (L) | TROH® (mL) | Sifew (mL) ST (ml)
g
1 5 25
2 5 25 Vs
3 5 25
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SFTATT H UgeR UICTRITH SIS gIRISS i HIAN o dTfereh! (G faeimaes o fa)-

AfET

: a1 faaras &t — e — T KOH B1
PHIT I (mL) URfY® (mL) | i (mL) TIA (mL)
1 25

2 25 Va4

3 25

0.1 N KOH faera= (Red =9 & fore wrgerd) = va mil
0.1 N KOH faaa (@91 & T8 & 91 Ugerd) = Va ml

T & T SFTATUIS A = Va ml — Va m
=V m
3ATq THA BT SFHTYG A V ml
TR 3 (mg KOH/g I9T) = AT HTF * KOH 1 T1Hferet * F
T 1 oM (g)

1 ml 0.1 N KOH faaaa § 56.1 mg KOH 8

3dUT N2 N KOH A 56.1mg* N2N/0.LN=Fmg g
TRIS 9 (mg KOH/g T = (V ml) * (N2 N) * (F mg)
(59)

= mg KOH/g 94T

gfyom:
T 71T a91/dd T BT ST AF © mg K OH/g 3T
feugof}- Gyvile gai 1 fafiyT de aar g1 & fore glgverg/
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U&7 ST 7

3£ AP TABISSISS (CaH«03) T TRNMAfIF TS (C/H/NO,) HT TRAWU 3R IATE BT
Wb e fazeyor|
STaRYD AT

> TIIel el aTell TRIRe — 250 mi, W, oK, TN &1 Bel, §aR HAd, aiax, fule

Wgad THEH:

> TP TIEIRTIES (CaHaO3) — 10 gm

> GRAT (NH2CONH2) — 2 gm

> OIfSTd gIESIRISS (NaOH) - 7.5 gm

> SHH (Bry) Oid - 2.1 ml

> 10% UleTRad gI3gIaNTss (KOH) ©Id - 20 m

> TARYsd TRifed TRIS (CHsCOOH) - 3R &R & fad
> ZYA1d (CHaCH20H)

d~d:

AT & S &1 AP TRIRSIEs & HEi-d I § I U & Ufd gfaauifthierd a0 qegadf
RIS YTHTSS [CoHa(CONH,)2] FTAT 81 TH B TR Tg Tfehd BIhR YIS [CoHa(CO)NH] &
ST 8| TS| WfSad a1 MeTRioy gRuIsHES (NaOBr a1 KOBr) & faaa-l & 1y 3Mufdes I3ReHe
@THa I3RuHe) feardr 8, s urufties Tfte o 81 81 39 I3Roie & THISS &l Fraid ol
TRHTY] 3{ET §1 ST § 3R TAISS &1 R JU G4 e SfH & A1gor WA I IS ST |

‘-‘%\ B < a N KH
| ’----_ '] e ).I\N,"‘_ - HH =t KOH -+ Hry —i "]-\_\_\_\_‘____.-J’ au
urca " !‘
phthalic anhydride phthalimide anthranilic acid
0 Q o T o
N [ A A i
F M FHy | Cyckeaton T )J\
o . Hlﬁf ‘“‘“ﬁ»-,;,,_.? = " T i HO iy
_-—~"/ "\ carbamic ackd
2 |
CG‘ET * NHJT
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l- B
e L“*H: Dr‘x
HzO ¥
o - CO; o = =
mocyanate e

A TRie &1 I T 3R aaralt & fmfor & far Srar 21
yfepar:
WY 1: yYiferHTsS F1 darst

1. 250 ml TId it aTd e § Afdieh TIEIRSIS S (10 g) SR i (2 g) fAramg|

2. TP Dl I SIS S/ Hed W 130-135°C TR 9 db TTH 1 ofd dob 1o Ireit fued =
WU, N7 7 1 9T 3R 31 7 81 9| i §g hR < 3R SST8H ¢

3. 319 @ faufed @ & o Ul (@4 50 mL) STl |
4, gﬁ 3dE & BF o, UIg T J & & 3R b IdIE U - & g 38ATa ° I: fobeaiiga
|
¥ g 3d1G

3JUl:

UGEIGE

feagof): gf¥ar & wurT gv Fa=es saifar gier &7 39FiT 4T o aFdr 81
Y 2 WRfAfae thys 1 aart

1. 7.5 gm OSTH BESIHIIES Bl 40 mL T H O 3R 38T F1Y H TIHT 0°C ATIHH b G851 B |
2. TR, 2.1 mL S U, Gifed A & ARS8k 20 mL 10% TR g8 giaugs uid e |
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3. ©d &1 5-10 e d& TH & 99 a& fob AfTAIgS ga = oe| Oid &1 8 o SR ke TRifed

TRYS I Uid & YIS DR |

4. TS RIS & 39 fhead B SM d, Ul § & of 3R UIST 37 g ara wle AT 76 url

I g: fbeediid B o |
5. TRIS & §I-R Bd IR UG HX 3R 100 °C TR @ |
6. JUST 3R TTEHI® Bl Reble B

7. 3G & Gal-fafoiad SeuiRi WaeT 3R MESR Wael &I Rale di |

FU: e 3dIG
SYT:
UNEICH

TOTT:

Tgt IR ifiwte Aftie TIRISSIRS §; SHCTY JUST &1 UM 34! AT ¥ ST AR |

ATH TTRISIISS HT 3MUIAH I = CH.O,
TATATRIE TRIS BT 3MMIfde g = CH.NO,

AfTH TTRISSIZS BT SMUMAH +R = 148 g/mole

I TS &1 3MTuTfde HR = 137 g/mole

WW:

148 g AfTTH TR SRS 137 g TR TRy SIaT 81

3T, 10 g AP TTERSRS TATR ......2 (X) g T TRy

X = (137 x10)/148 = 9.26 g
Jgifdd IuT=9.26 g

AABING U =

g

% IS = (ATTETRD IU)/(FGIfaP IS x 100

e

QYTITeTep TS =i foba Tt § 3R T IusT Urg Tl s ...
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U410 @ 8
IR W-AFSTARIA (CoHoN202), TP 3 S BT JRAYUT, 3R W [ (P d A=Ayl
STIGP AT
> 3MTSY o1y, BT RifereR, e defl arelt tReireh
WG T

> HUCCS YeRIRD TRTS (H2S04) — 4 ml

> fefees arer -3 ml

> O-ATSSURIEAES (CeHaN20s) — 0.7 gm

> TIfSTH gIESIRISS (NaOH) T — 120 ml of 2 M

GRH

f-TArgeufRfem &1 I iy uRfRufadt & f-aeuRiedzs &1 sRsiR §1 I8aRe
FFAT ST IR © -

1. U 100 mL T Td 10 TR D! haees e RIS (4 mL) 3R T (3 mL) & aYd I HR |

2 %ﬂlsg\lw’%dﬁmlss (0.7 ) ireme 3R ufafssar firgror & 20 fiFe a6 Ruda & ded eR-¢i 7
|

3. T YU B &S U (20 mL) H ITe 3R NISTH TRSIRIZS O (2 M, TRIHT 120 mL) & 1Y B
P pH P! T b JHIIRIT B 5d deb fob &RIT 7 81 91T 3R T TidT 3d&y T 7 81 9l |

4. THYUI D] TSI 1Y H ST DR

5. DA b Uldl 319 UaT1d &I GUg B, U 3 3rad! g ol of iR gar & g ol

6. TNS® i & THD A Uidl foheed U B & o 1:1 FUATe/STa 7801 § I: fore il &1
7. 3O IUS IR TAHID B Rbie Br|

8. IdIE & gdl-fafiad sreur=iq WaeT 3R L3R Wae &l NP1 B |

9. W-TARCUMTH & SH/EHISa/RICd dd dR B AR 3D Teid HI A4 |
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U IHGI Uld fbeed

ST

NGE G

O

G-3RI FdES &1 3H1UIfdd Y = CoHaN2Os

Y-S QufAfe &1 3MTUTfdes Y = CoHeN20»
Ul-AZIuRTeIAEE &7 3Mufdd WR = 156 g/mole
Ui-Argciufferd &1 3muifde 4R = 138 g/mole

Aifos Iuw:

156 g Ul--TgcIuRieT e s 138 g M- s &
9o, 0.7 g M-ARCIREIAARS SAMI§ ......7 (X) g B-ASgeFf

X = (138 x0.7)/156 = 0.62 g
Jgifdd IuT=0.62 ¢

AABING U =

g

% IS = (ATTETRG IU)/(FGIfaP IS x 100
e
R-TEeuffem Tafa farar M § ok ufawa Sus urg i g L. %
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URI&1T TRST 9

3IeRg: W-ATScIufeIass (CoHaN20s), SHP YA BT IRAWY, MR ITPT W IHIHd
=T

STIRASH AT
> DIfFHd FIRE, S, ST Bd, fthee TR, T Bt 3!

PRCTRIUEE
> TRICIATES (CHINO) - 5 gm
> Tfy3rd uliifess TRIS (CHsCOOH) — 5 mL
> HUCCS YeRIRD TRTS (H2S04) — 10 mL
> I AReHh TRIS (HNOs) — 2 mL
> ZUEH 3fehIgd (CHaCH;0H)

~d:

IR & HIeH § TRIEHARe ¥ HEHd dfd G-AgeuNe~ags & dar f&ar S g1 o9
TRIeTaEs & A o S fh TRfed TRe iR Jor e TR &1 s 5, & Iry Sififomar
TR ST g, A P-AReeReags a9 dl g1 T-AEeuRe-aRe & Y-y 3-8 uRe-ags
1t T U1 IdTE & FU H §7a71 3| i -3 uRIeIFaREs sicdhied | afid ga-=id g, 3o
fopeciiarRur & ATegH § U-ATSCNRICTATES HI 3T BT 9gd S & |

=9 Ufeean § i e ufafshars e & e g

NHCOCH, NHCOCH, NHCOCH.

o2 | HNO, H,80, &

f .

1
~

Fig 1. Flask kept in freezing mixture

ufesar:

1. 250 mL §iR H TARTT thifes thrs 3R uksr tRieaRs o, 3iR [ & &i" & I 9
3] Rg feay|
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2. 39 MyuId S cs GRS 3 ey, foa uie 71 g1 Sime |

3. SR &l fgHiigd fHrsor oy & ¥ SR wfaferan fisor &1 | o-sec &t A & qamiforg &1

4. yfdfear fAYor &1 AR fead g BT Arsfcs TR &l §a-dg i STd|

5. OE AIgfee TRIS T fHreor R1 81 oY, o iR 1 9 & Tl F SR FApTa 3T AT 3N & &

oI R & IIHM W Q|

6. 3T B DI AU BT GIR SIHR H ¢t T3 A gs Ib IR I[dl | IdATG N-AReUREIFARS @d

3fa&Ud gl A 5|

7. SUBE T, AR DI U F 3! g °l d 3R Afdacs Rufve d g: fhvediiapd & o

8. AU IUS 3R eI B Rbia Bbe|
9. IdE & gdI-fafSTad sreur=iq WaeT 3R L3R Wael &l NP1 B |
10. ft-TZCIURIIFARES & TRIS YId TR &1 3R 3 a1 &I AT |
Fq: TEH fobeed
3Uv:
T
IMOTAT:
TRICTFAISS BT 3MUMdD Y = CeHoNO
Y-SRI arss &1 3TUTfde I = CeHaNOs
@aﬁa@m&mwz 111 gm/mole
A cRiciAdgs &1 3uifdd WR = 156 gm/mole
WB’W:
111 g RIS 156 g M-TReRer s s 8
i, 5 g TRIEIFARS F9EI1| ........2 (X) g U-AEeRyerfs

X = (156 x 5)/111 = 7.03 g
Jgifd® IusT=7.03 g

HTIEIND U =

g
% IUS = (BTN IS/ (Fgifad IUST) x 100

P
- TReIgRIeTRRTS Wt fbar Tl & SRy U U TR %
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U&101 H3AT 10
Iy g TP &1 TGN P TEIUP TRAS (CeH100.) BT TR 3R W wh iU db-ip!

SRT EI-THD YD |
STIRIP T
> Y §1Y, Difhd TS, T deil ardl TR, YATHIER, S, Bd, Agi Rifeier, ftheer TR

T T
> HISalgaHId [(CH2)sCHOH] — 1 mL = 0.96 gm
> HUgcs ARIdH TRIS (HNOs)— 15 mL of 50%
> SHIMTH HengMTS e (NHaVO0s) - 0.05 gm

dvd:

SIS TRIS Te SEEE R RIS § fS®T IUPAC W RRIF-1,6-ST13® TRIS § 3R 39T 4
(CH2)4(COOH), B! 3 @I ¥, g8 Ta9 HAe@yUl SISHRANRIE 3T 5, forded! IudnT
SR STIHTST [NH2(CH-2)sNH2] & 1Y Tlciidra U= Uil §RT Adi- & 3dle & [o7g AR
F *u & fooar orar 8, PR 6,6-ad I9dT 81 ST 59 UK &1 Ie¥T IoRD  SARTH
TengHrec &1 IR & 50% Arsicd RIS &1 ST TR AsdlgaI I & AR & JA1HH o
ufsfie uirs o Iaifta a1 8|

MECHANISM:

lllllllllllllllllllll

uferar:

1. 250 mL & T ad aTdl U a1 HiHdd TR H 15 mL 50% 8w TRTS T 3R RS & 9id
& dTex T T TTHT 65-70°C T TH DY |
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7.

8.
9.

39 T TR O H Tw geab! ST Henamrse (0.05 g) |
ATTHM 65-70°C TR ST IWd §T 3 faer H 1 mL Irgailgaid sg-sig bR S|
gfaferar &1 IAfd YR T Bt 71 Ul ATSeor & Sfidgs & Hoa 4 Ydbfad i ol

AEadeaHid ®f T dRE HaH & §1e, WY 3 DI T T FHad 8¢ g dd d9q= &I 10
fTeT q% ST X |

gfafrar fiYor ol TaNT=ITer & dT9HH d 81 B3 3R iR, 39 3mey a1y # | Tl uhrs &1

fohRealiohR Ul Geob UTal/Athe fohed & U H BT 5|

g UIaAthe foheed & JETas aid o |

3O ITST 3R TS DI Rebls B

e & Gal-fAfiad e WagT 3R SR Wagl & Rols B

FTU: Jhe/Uldl fohedid Urdex

SYvT:

AP

TOTT:

IS KIgRIHId BT 3UIdP JH = (CH2)sCHOH
TSP TR &1 3MUI[dP JH = CoH1004

RadigaRIHId BT U HR = 100 gm/mole

eI TRYIS &7 3UIIS HR = 146 gm/mole

WW:

100 g TTSFARaRIHIST 146 g TSTU% TS I1aT 8

39T, 0.96 g TTSTARFIAIA IAATS ... ? (X) g TS TR

X = (146 x 0.96)/100 = 1.40 gm

Jgifdd IS = 1.40 gm

HTIEIND U =

agm

% IS = (ATTETRD IU)/(FGIfaP IS x 100
e
ufefie TRrs Ixaftid fror it € SiR ufama St U T g ... %

38|Page



CAC G CRSICGRCRIG
AR |
TIT&IoT it

fasga ureus:
1. TR 3R FIAH HIHCHTH! gRT 3! TRIS o 4T 1Y fHrs/0r &1 g |

2. I TR PIHCHT! GRT YT &1 GYFHRUN 3R UgaH |

3. HIH DHIHCIUTH! GRT UTAD & Ut P 37 J oleh| T JUTFHRUI|

4. TR Q IS 3o B-ATHIS dOR HRAT 3R IdTE BT i d fazeyor|
5. UTR PIHCIUTE! §RT Ad Ue & Ugad W &I gUFan vl

6. dferarsfores e ¥ snfaufa ERieEafaEie the) dUR &A1 3R I @
o

7. 1A T 2, 4, 6-CTeATRCIhId dOR HRAT 3R IATE BT Tehd fa=ayon|
8. &R BT IUINT HDb TG BT Y=AWUT|
9. FUTEE- 3RS P TZAWUT 3R IHT Waed [aRawuT|

10. &R BT YT P TIPS 3R TR BT MHa (ARG i |
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qt&qur I@T 1
I£TY: TR 3R HTaH HIASHTWI gRT HAT iy & fau e faryor &1 guasor

STIRA®H AT

> A Af Rifeier, e d taRe, Hiuas) ff3ed, S
> Il U 2, @oH %ivd, URid, Whd, M
> DIHCIUTH WY, Thd, TaHIR T, fite, Aiek 3R Ued, ady, 1, s, YoM cd

Wa T

> AT S TRTS &1 °id (3RId ST & 2mg/mL)
> FeEfes 9id: 99 mL THEN (CHsCOCH3) 3R 1 mL TRIfe® TRIS (CHsCOOH) & 200 mg FA-TeTsfgA

(CoHeO0) |

> TR B! & forg Hiesd Rl faSe Id (CH.OH): TRId TRifeds TRIS (CHsCOOH): TTHt
(H20) =4:1:5

> DT HIHCIUR & T HiETgd aR0T: Uiy $2R; THIEH (CHsCOCH3) = 7:3 (Fd 10 mL)

> Tiferest SI1d 40 - 20 gm

d~d:

ISR &1 RIGTd JYahRu 81 HIHCTh! § & TR0 81d §: Ueh fRR =Rl 3R GIRT Wagd TRUT| Ja,
I H BT U fRR TR0 & 70 H B HdT & 3R s diarsd @RI & =0 § &1 a1 8 | HiaH
HIHCIUThT & A H, RafersT piad & fRIR TR & U H IudiT far oirar g | faamas & amiey faa ot
i ot 71 R A AT 4R A & HIoH gRT fReffd &t ot 3

R
: Listance traveled by solute ) .
I: !
Distance fraveled by solvent ®) Ib [ smes
a
: iaw -
n—- Y P ——
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SAATT ¢ B! I B P T IGH TTHT 1 cm TT ITY HH TeRTs d% T (s STAdH
IR T STl & |
dietq fihee TR &I fhIRI T Udhg | TR & A e & @ 1.5 cm &1 g3l R T URid argA
i |
Uo foig ol fafgd &X; 39 fag WR i TRYS & Y0 & U 9gd Bt §& S|
9 R Yard a1fed 81 S ($ad & Adhs), dl I VM R G §¢ S |
I R P! G RE & ¢ |
30 BT P! SAATHT ¢h T TH PR W b HiaTsd wRol 1 B SR 81
e & FS R IUD! SHals & HH T HH ¥% U T 64 <, forgd o THT 1 8¢ i
TS g |
BT B el ¢ IR fAaa® & SFIUNT & Fay g ald HHT &I URid ¥ RIfigd &, 99 & & a8
HITS & Y d - Ugd S|
DTS D! @ |
gs U eRie uid ¥ wie &1 | |
FRTSieT O1d & BTN R -1d 3t 3R 98 7 <, Fifh 399 $© AN g Gbd g |
BT I 110°C R 10-15 e I TRY gaT a1dt a1 H JWE | ST B! TTeT TRHA 7 B3 | el
R TP TH B I B $1 I3 T8 TR YR 3T Il 5|
% T ¥ TR IR F IR1 &1 o | FRisfeT & vy dR-¢R Bid U 9d 8, 39 T IR
HPNCEIKS]
T Ui foig & g foig ¥ &g a &1 gt A1 3R it ffg st & fore Ry A &1 101 38|
Ry A 3R T fAeT=fe Wi &1 31 R$lg x|
31T 3 URTS i Uge Bl |

HIAH B!

Y B IR -
Y o ATd B Bl S W |
HIad H 10 mL THUA 7:3 Uiferad SR 3R Wi 9id 1|
50 mL TeHHAR HRa § 20 gm RAfTehT SIdt 40 &1 a5 &, Hid B 66 4 Uid $I {Hard gy diR-eiR
$S AET T USIrad SUR 3R e &1 9id ST |
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o Tl 3t Yerd ¥ 9id & TAR WY J S1a, R Wy & e TaiaR wiRe w9 SR sifafkad
ICHIREACANECANREA
gray 3 Rifser ot st W sran d gEa 73

o UHA Sfalkad faame &1 G: START WY R H & g o S 9 g |

o TOUT &1 39T HRb, TH & 2 TR 10 mL 3T TRTS frgior S|

o WY F T oM3cde & Wi 3R Tge B WH J dR-R oRA 21 S9-o1 e WY 9 -
TToRAl 8, C¥e-cgd &1 U el | T Thd He |

SqAID:

3 TRrs [T Ri

IMOTAT:
T I TRIS & Ry A &1 TUMT 63 3R HH BI T AFS SHH! TRIS I H1 |

_ foca (3=l of¥rs) gR1qa &1 78 g

Rt = e smm g s AR A
gfvomma:
LI RE LY e 1 3) ) t3) I MR 3l Thre |
GIGEIELE

o EEREH ladrs &1 3uaT ®rd 99 X UgH |

o foodft oft 9 gu Sqaftv foars (SeeHa/fifcsd TtRig/ar & fau T dwy deR 4 S1d|
fenfl 4t faciraes o1 A1elt # vatg 814 &1 3rgHfd 81 §t ST =nfe|

o (I3 te SR @Ra 81 R o o Saaft faars & o &1s gelt due $iR/ar mf
T8I
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Ut &{ur IWT 2
3T U SR HHCTW! §RT DT BT JYFHRT 3R g |

STIRA®H AT

> U fo3d, fieR, TR, DI TR, TN Wed, 3fiaq 3R T 14|
T YT

> RifereT S Sh - 100 g
> YIS THICT (CH3COOC:Hs) : JTSHUMIA [(CH3)2CHOH] : THT (H20) : TaRkfa= (CsHsN) = 26 : 14 -
7:2

> W (CsH1206), AMHAYH (CeH120s), NEGIE] (CsH100s), NIENIES] (CsH100s) - Td® 100 mg
> T (CoHsNHy), QTR bTSASHIA [(CoHs)2NH] - T 1 gm

> HIhIN® TS (HsPOs) - 25 mL

> ST THICT (CHsCOONa) - 2 gm

> T (CH3COCHs3) - 100 mL
> 2 M gReIadNe TS § IRAT [CONH,);] Tiet (HC) — (5 ShId Teie)

dvd:

9 TR PIHSUTHT (TLC) & GYIHRUT &1 HRUT AN § | Th A1 Th F 3 Dh! DI IIRNS H
gdell TRd W 3@ S1dT 3, o SrHenfhes Wie TR §911 Sdl 8| Adsd avu fadmas SR foear &
HRUT TFATHYU §d & oG We & A § FW P SR d8aT ¢8| BB &gd gRT ¢ T geH
SIS & Ui ST B & AR Iad ¢ | FRR TR & Ul 34 31emsfur aren e et 1fa 4
THT AT 81 SER1 3R, FRR TR0 % Ul 1 SATHNT arell e doit I IR T |

Y TG, Ueh! &I FRR IR0 & Ufd geh! Bt HYU & YR TR TH AT We W 3feiT fhar Srar g
o & e feat ot e o1 ifa R A9 A1 3[R AF & A9+ gRT Rufid &1 St 81

nk i —g smmmmrrE R aE

i

< Distance traveled by solute
Distance fraveled by solvent &) | b

yfepr:
1. AFHR b AP UId IR B |
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2.0.02 M TH Tifsuy wfiee & RifereT Sid &1 9id R &% 3R 250 ps i &t wel § S|
3. 30 fiFe & o 105°C TR Gfhg w1
4. B BT T TR B |

5. T H 1% T &1 5 AT 3R 1% S-S dsHIT &1 5 AT Dl 85% BIhIReD TRIS &I 1 HE
& 1Y AR Aopfet AfpHD duR B |

6. 26: 14: 7: 2 & AT W YW TIee, MIHUUFIE, Ut SR fURfeT &) e diesd IRu daR
B 3R SfegIAdber # 33! dRg ¥ WiAdhe B |

Huerft @e # AR iR A e HIAT:

1. 3T o H et Ot &1 T THReY URE §1¢ 31R U &1 O-9cd &1 1 I JHANSIT B3 | I8 et
wiel &1 Rt H Ayl |

2. YFH &b AT & Ul DI Th AR I IO g1 R TS el IR I |
3. e & TS & qRP A9d a8 | TIZS & YT Bl oW -ird I T Jdl ST ST 5 | WSS Bl g@HI g |

4. PRIIPS IR T Ugd A TR HisTgel ol Y0 &) 30 mts. d G 811 | WSS I IR 7 39
TRe I fob 98 qdg & [ &l g & | TR P & ¢ |

5. [ddTI® &I Wi & 3/4 YN d% Ugd- ¢ | ©ie dl ger |
6. @ic & WS I R fAdided BT SHUNT §112Y | 59 g1 § Jarsd|

7. TR &1 YRdl 9 Wss | f[s@1a ifiemHe o fsshd B |

8. JdI X1 ¥ fasRid essll b1 g1 A1d |
9. U Y fohd T JIGHR TG &b Ry T &b 0T He |
AP
BT A [T R
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O
S DR 3R 0 & Uedi & R A D1 g1 D
Ry = f3eRT (X19R) g1 70 &1 71 g
[T SIUUFT §RT 09 Bt 75 g3l
afoma: fRrsor & FEfafed ORI TR ey e e SR

N.B.: 20 mL 2 M gT3SIaTING Tfes &5 gm a7 s gier 81 39100 mL §37c7 & &7 farerar
S77aT 8 3V 100°C a5 TH T Sirar 81
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Ut &{ur TWAT 3
IR PHIAH HIHCTITH] GRT UTAS & Ul & 3 A ITP| BT JUTHIT|
ST AT

> SHIHCHITh] WH, JUTHRUI Hd, TA-HR TR, fite, ARk ok URed, diey, Foiuw, 1, )W, gavm
CL|

WG AT

> Ffae Sid 40

> TIICH (CHsCOCH3)

> UTIfergd 3R

> TIfSTH FaRISS (NaCl)

> BIcRIH HTEHe (CaCOs)
> STH e (NaSOy)

dvd:

Qe ot il T 3 T F1sed 81 § S 3 dR R & 3R o o €, daRifhd iR aRIAATs|
FARITGE U 3R & 9 W1 € Sl Urell &l 897 fa@rd g1 dRicHIgs uidl I Ui Aifiieh! & Uh 98 TUg Bl
feegr & e RUT PeT ol 21 PSS TCIRUT (313 AT

ZHISAN & | ARHIYH, THTER 3R RS & A1 T & forg SAeR AiffTe,

AR dlel-HRACH, 98 A S MoR SR G &I AR7M T @@ 3, -
FACHITS & I2ER0 31 UIadh & Ul H FARIbd T 3R &t 3R diel- s [PS—
PN T Wged =0 H 8 & 3R 1Y &1 37 Tgreg 1 i) A o i RN
g gl s

Y HIAH HIHCHITHR! YIRT H, 317 UIdd 9§ e B 3] o3| Fem

T4 Tl o1 Ueh TieiebIe RAfeleT sl UR UaNT fosar Siraem | gTalie 3 H -
B3 STT-3C UCH BId &, A1 d BT TR &l 37 38 H 3@ &1 ol d & | |
Ty oo T areht 7 (e A HAE B9 B, W e fey et o B G i
@& H TR B »
yfepr:

WY P URL-

1. %Y & i B B HT 9 |

2. HIaH H 10 mL 7:3 TSI 3R SR THieH 9id S|
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3. 50 mL TATHIR TIRS H 20 gm RITTHT SIdt 40 HT gl &3, T Hid &1 ©8 & 1Y °id & fHara 99a
- T A= A Uiferd 3R - T Uid S1d |

4. fote ot IgTar § Uid &) TR WH § W, by TWH & e TeaR iR 37 3R sifafvad faams
CANECAEEA

FITETT e ferer &1 &4 ff siaa 4 qa 731
5. Y &1 G & ot TR stfafked facmae &1 g: Sudi a3 |

TS BT 79T a9 -

%ﬁwaﬁw%ﬁaﬁ; 22 mL TEEH, 3 mL TeIferad $UR 3R Bfekgd Brefe @ U Weal fou
|

2. Ui} &1 99 a% U 51 d% [ chs 34 oI 7 81 9t % 3w 9 ¢ ik s afe siawues & af
TGS 3 DI B

3. e &1 T& QuaHRur d 8 STel 3R ITH 20 mL TSI $2R 3R 20 THUA 10% NaCl Od ST |
4. GYaH0 e ! fRad SR el R &)t fiax A @ < |

5. S IRd ®I 5 mL 3Rd 9 ¥ &l IR e |

6. IR 31 BT 50 ML TATHIR TIRes | STl 3R NSTH Tethe &1 Th Wed e S|

7. 91 B GAR 50 mL THER IR | STt | Al SH1a=aes g1 ot Sifaad fadmas & aiftid ax |
HIAH HIACIUTH! HAT -

1. fUe &1 IUTIT B, TiH o MY TR 10 mL T<h T 37h ST |

2. TH & A SiScde &) T, Tee & TH J dR-¢fR TorA &1 o8-S Tee WY 3 e oRarg,
T IR BT B

3. 5fd Gichl Ugt WY o +iid 0o Ugd ST, af IR & Toh ¢xc oJd H Uha hR |

4. 919 € TQUC HT U1 ISl §, S SIE 9G4 ¢ | AT e gl Sar g |

5. Afe 3TIRTS g1, A T | sifafad faamaes &t arftd R &, 793 &t ¢ ooy & Wifhed Jdg R ¢
3R USRI IR E |

IR IWFd UIey Vg & R 7 & .
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U101 HE&AT 4
I£2Y: TR T frATSa SISl p-AWRITA (Ci6H 12N20) SUR HRAT 3R IATE BT Wae b add
faweyor|
STGS AT

> 9%, Md dell aTell TR, Hid & B8

WG AT

> AR (CeHsNHz) — 5mL

> HUCCS BRGNS TRIS (HCI) - 16 mL
> TIfSYH ASILE (NaNOy) - 4 gm

> - AT (CaoH70H) - 8 gm

> Tifead gISSIRISS (NaOH) — 5 gm

d<d:

2RI U S8 T o I &I 815 © o g ufdfshar gRT dur foban o 9obar g1 THaH
gIESIadN® URTIS &I IuUfd # iSTgH A2ege & Wy Ufifehal o Soi- Sl —aH FaRISS a1l
21 3P AT doli- SN FR1SS 2-70iTd & 1Y UfAfehal B Th THB IS AT T T 2-70iTd
UERIERIEE RIS

NH,

) man. /7 N\ _*
()] +NaNo, + 20C1 =25 N=NCI +2H.0

Henzene dazoniumn

OH

s 3
ON:NCI ‘ ounaon \_N—N Q HC
— /

dvd:
1. 16 mL HH<CCE BESIFANG TR 3R 20 mL U & fyor & 5 mL THife 9|

2. 9% T 90 Bl 0-5°C TP B81 B IR R STH 15 mL T H 4 gm NSTH Z¢SC T U1 §&-98
HRP S, AR feelld I 3R YA &1 5°C ¥ 7 HafHd W
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w

5. dIUHM &1 10°C ¥ SR 7 d¢- 4T HH I HH 371Y He I fRard W .

. G RS , 50 mL U H 5 gm TifeTd grEelazs o Oid § 8 gm p-Awild did (dfg 3Ha=dd
B ) O ! T 3 1 Ty B UTed 81 o) 3R bR 315y &1y § 0-5°C I ST B |

4. 3fd fHd T 3US Od ol G 3US Ui § §g-5g Hdb HMdR fBard gu ST |

6. IUIE B! BH o, 33 UM 4 o o, J&T o 3R 3Tt a1 Tifkrga uRifess TRis @ g: foreaiipd o

Sl
7. IUS 3R TAHID DI Rbie Dr|
8. ITG & Jal-AfTad SreurRie WaeT 3R RSN WagT B NP1 B |
FY: gL IHGd d1d [heed
3UT:

TAHI®:

IUTHT:

T DT STUMdD Y = CoHsNH2

TR &1 SUfde 4R = 93 gmvmol

TS d TSI B-ATRITE T SMTUIAD I = CreH12N20
fiPTSd SIS B-ATRITA BT SMUMAH HR = 248 gm/mol

93 gm TR 248 gm TS 3MTST B- 0T ST B |
5.15 gm (= 5 mL) T 248/ 93 x 5.15 = 13.73 gm TS 31Tl p-A0RiTe STaT B
3T, b 3ol p-AHITe T Tgifdd IUS = 13.73 gm

AABING UG = ------ 9

% IS = (ATTETRD IU)/(FGIaP IS x 100
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Ut &1uT TWT 5
IR TR HIHSUTH! GRT Ad Ue H wgad I & GYFHT|
ST AT

> Tagart: Aaf Rifeier, Hiert fegay, Siewd
> dlci IR 2, {@H9H Bied, IR, Whd, g™

WG AT

> AT < U 1 Uiet (STuTga SuR 9)
> TR BHCHTH! & T Hiesd Rl faSe Id (CH.OH): TRad TRIfe® TRIS (CHsCOOH): T
(H20) =4:1.5

d<d:
SHIHCIUTD! &1 RIGTd JUaDHRU § | HIHCTTD! H &l TRUT §1d §: Ueh R R0 3R GIRT AR d TRUT| Ja,

SIS H BT U fRR TRU1 & =0 H BRI T § 3R f[Iamae Hiersd @R & =0 § &1 ordl ¢ | [aars
& o fHat +ff e &1 ifa R A a1 SIgYURUT A & AU gRT RYiid &) e g1

ol o] —gd s emmnnamnnnn

2 Uislance traveled by solute
=
Distance traveled by solvent (&) Ib

ufesar:

- STATHT F BT TRTHT 1 cm T I HH TERTS 9 TAT fadrass ST duR I@T SITd § dTfdh 39
Tqud foar I aas |

- GicH fheer TR oI fHRI T U | HITS & A1e W THT 1.5 cm DI g3 R T URid Arg Wi |

- T% fog &1 fafgd & fdg R A9 Ue °ld &1 Te 9gd 8i¢! 9 S|

- RA P A0 g1 & d1¢ (Pdd S Yabe), I RIM R g 9 STl |

- GHT 1 {1 TRE 9 @ S|

« 3T HTTS Pl STATNT b H 3, foras gt 2 ) 3iR 1

- fITI® P BT W HH A FBH % SHATs db g <, TP ol ATHIT 1 6 P rawadhdr g |
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- BT & geTd 3R faars & Ted ¥ & e &1 Uid 9§ RIfgd &%, a9 o a8 FHITel & 2 e =
Ugd S|

« BT BT 110°C TR 10-15 e & o 7 g1 & 3iig & @& | SIS 1 W1al TR 9 $L | el 7Y
q% TH B Y SIS DI QLT g TR YU 3T el ¢ |

- W& Yo TR YR I ORT 14|

WIS YN S TA Y g dP DI go 19 R Juft 43 & o1 Rf A BT T0MT B

- WYUK & R TF 3R T DI Rl |

- 9 U H 3F1d T Dt ggaH B |
3[aATP:
Ada e [T R
T[UTHT:
T ! TRIS & Ry AF &1 TUMT 63 3R HH BI T AFS ST TRIS I H |
R = faor (a1 Uo) gRI T B TS g
'~ Raos s gR aa FT R ot
gfyoms:
feumu o amr . MR S TS|
TrayTf=ai;

o FERfEH fadrs &1 IUTNT S T T UgH |

o fodt ff 92 gU Saafth faame (SleHia/uRifies TRis/am) &1 feT T el R ¥ Sl
fenfl it faciraes o1 A1elt # vatg 814 &1 3rgdfd 78! §f ST =g

o (I3 te SaaRia @Ra 81 R o o Saaft faars & o &1s gelt dae $iR/ar mif
T8I
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Ut &{uT TWT 6
32y Aferamsfere thys ¥ R EResadfasiee tfis, CoHe0.) TR AT 3R ITHT
Wb fazeyor|

3TITgP JTHAT:
> T, S, Bifc Hed, TRic SicH Pidd Fid, YAfHeR|

TR T
> TRICEd FAR1SS (CHCOCH) - 5mL
> fafRkfeq (CsHsN) - 5mL
> Aferamgfeis TS (HOCsHLCOOH) - 6 gm

d~d:
TR 9gd Uaferd <aT g $iR U8 3 SaRATRIG, YorRid 3R g fHaR® guE & fog S ot 81 39
IS 0 A TResadfcarsite TR & W I oM oar gl Afcarsiie e 3 tufa &

Trawur fURfe ot Iufkufa & TRifediiaRo ufssar gRT 81T ¢ | TRITsd FiR1sS dgd Uifharid § ¢k
g Aferesiors This & WY SIRGR ufdforal drds SRR §1ar 3 |

coo .
s CO0H

(" % | l

1. TRIC §icH DG T B THT 6 gm Aferargiois Thrs o sik 33d 5 mL faflkfes frema|
2. TRYS &1 g & forg 3t ave gyl

3. TRIRG &I TBId 38 UM H I 3R 3TH 5 mL TRICRd RSS! $S §g SIdl 3R ad|
4. 15 TBFTe I Uciien o, IR &1 aTex 914 B I 3R TTHIT 90°C e TH & |

5. 39 fohechiorRur & fow e w6 2

6. P IAIG bl BH o |

7. IUS 3R oD Bl Reple B
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8. IdIE & gal-fAfvae el WaeT 3R MR WaeT &I Rbis HI |
U TG G foheeaiid
3Uv:
DISEI G
TUTAT:
Aferargferes TRIs &1 3muifa® T = HOCsH4COOH
mmw 3MUIfdd WR = 126 gm/mol
RyegeRferTg i TRIS & MUIfded T = CoHgOs
tRiezaafersiie thrs &1 muifds R = 180 gm/mol

126 gm Aferarsfere TRrs 180 gm tReRadfrTs e Thrs s a3
6 gm Afcrarsfere Thrs 180/ 126 x 6 = 8.57 gm TRIES RIS ol TRIS ST B
safer, TRiesaafeamsite This &1 dgifds Sus = 857 gm

AGIND FUS = ------ gm

% IS = (TTETRD IU)/(FGIfaP IS x 100
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URI&1T TR 7

IeRT: BT A 2,4,6-CT5ATSE BT ((O2N):CeH-0H) dIR HRAT 3R IATG BT Wb b
=T

STIRIP T

> 33 1Y, DI T, T dail aral GRa, didhR, Hd, Hu- aral Riciey, fheex TwR|
W T

> WHId (CoHsOH) - 5 gm
> HUCCS YIRS TRTS (H2S04) - 6.5 mL
> S RIEH TS (HNOs) - 19 mL

dvd:

246@@%@@%@@%%0?@%%@%%@?@%%@3%
fHreror & Try ufdfehar e rld daR o Sl g1 ARfes TR ¥ A1gel IHg il 3R Ry fufoaf wR
ST gaT 2, 3 ffres uRre & 1o+ & R wed Sugad ok fRR R 2

fOforer TRTS <1 oROll & ST 5| U8 oRUl § BT ol TRIS &1 (A0 gial &, Sl &y rEA\s g
Eﬁ@%mﬁmaﬂﬁwz%?@sﬁﬁadﬁ%qﬁrg%@uﬁwwwucn%)ﬁ G

OH OH
SO.H
conc. H,50, conc HNO,
—_—
SO,H

Plcnc ac1d

e

1. 500 mL & YW FARG B 5 gm TH B 3R 6.5 mL HdH daecs TerRe RIS o
2. QT ®I 30 e I arex a1y H fRamd 3iR T &3 99 Sifdf 3iR TR1 e TewifFe TS &1 Wy

il UTed B STY |

3. TKIR® & MY a1y H 38T & 3R IR TR fRad ¢ W & dodE W 19 mL $I<cs
TEfe® TS ge-gg PP S|

4. TR fyr 1 $© T & o WS X5 & 3R 916 X 7 & YU &1 doit ¥ e dg gl o,
TRIRG, ! aTeR 1Y H &l ©¢ I TH $x 3IR dig-dia H fgard R |

5. Ufafrar fargor &Y $81 33 3R 100 mL U= ST |
6. fUfoher TS & Ulal fovted b1 & o, 9t 1Rfee TRis &1 gem & fore Ut 4 o/t ave e o
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7. SHYC 3fchigd W Id1G Dl fh T frealipd Hl |
8. IUS AR TTHID Bl Rebls Be |

9. IE & gaI-fafTad Seui=H WaeT 3R TSR Wagl &l KBS B

¥Y: gob Ul Ul

3Uot:

LGEIGS

UM

THId &1 3MTUMdd P = CeHsOH
B &1 3T0I[dd HR = 90 gm/mol

~\

2,4,6-CTe-T3C I &1 TUIAH P = (O2N)2CeH20H
2,4,6-CTa-T3CIhHId & UM HR = 229 gm/mol

90 gm WA 229 gm 2,4,6-CTe-TZeIthAId ST ] |

5 gm WA 229/ 90 x 5 = 12.73 gm 2,4,6-CTS-T3C Uh-Idl ST & |
3T, 2,4,6-CT8 T3 I h-Id BT JGi T JUST = 12.73 gm

HATIRIRD U = ------ gm

% IS = (TIETRD IU)/(FGITaP IS x 100
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U1&{u1 &1 8
IERY: &R BT SUANT HID AT HT HIAYUT|
STIIP AT

> FIR B, ToHHaR TR, ftheek TR &1 Th ghel, 250 mL didhx
WY T

> dd - 6 mL AT UM &I ad / 6 gm FHT U DI a4l
> 95% YT (C2HsOH)

> 20% STy B SIRIES (NaOH) O

> Iqw QifeTd RIREE (NaCl) O

oxd:

I HERICIE Td0 Bd § oM 9gd adl gIseidbla- YT gidl ¢ AT &I a9 a1 ad & &R
T3S IR | ST off Tobdl 8| 3T BRIy &l e w1 oidr 8, 3R g8 ufafear afeai 3
ST S 81 TWIRAT ¥4 9, WigH SHaR] & g6 3R @18 (NaOH) I 918 91 | (URIRS ¥4 ¥ 13
® AHS! P IG B U STADR ST STl AT 1) WA 7 &1 §al & IR} AR e S aem 3R dal Bl
TP d B THdl & | TG & 30] a0 P §G DI 59 aRE U O & 19 3! IR-Yd1T U ad H FHT et
g 3R % Ml "R T 9 & 915 R W Ui &t 3R g1 § 1 afe A9 &t 4 w1t B € 8RR
e I ORA & o it Qe & 3] &, Y o b1 o Ul | Tt il © SR bR Syt § o8 el B

0
O
H,C—0—C—R R — G ~O Na*
CH, — OH O
O H,O'Ehanol v |
i
CH— O—C—FR' “Neon Gy —OH . R* — C —0O'Na
, 0
0 Heat CH, — OH
H,C—0—C—R™ " R*—C —O'Na
: Glyoerol Carboxylate salt
Trighyoaride (Soap)

1. 120 mL TeHHIR TR # 6 mL TERRISS (WM UHH &1 a91/dd) I 6 gm T U BT ]
ol

2. 50/50 3{TUT H 40 mL UK - 95% AT fHysr0r & 5 gm Hif$TH FTESIHISS Ul |

3. da quf 120 mL RS H WfSaH RS IRTSS Ui S1d 3R °id & 4R & gAnd|

4. TR P FT B 3R 3 Iqad I & 250 mL SR H &l & | O BT 45 e aa T 1|
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7.
8.

9

§dTe 7Y yfafesar 999 & fore 3afd ¢d §¢, 250 mL s | 150 mL SYd ofd § 25 gm Af$qH
FARISS B THS OId IR B | THSG & OId DI 81 B & (oY A B g% & Tl & 7o &
|

Afehar T80 R 8H & 918 (@, 45 e & d16) A9 & °Id &1 38 T9H & °id | Sdl 3R s
fBre d& fgami|

A& AT ®I dgH e & A1ed 9 8 |

Bd | oI (1) P &R TR 10 mL 9% & ds Ul 9 HH J HH o IR 4|

T D1 G DHR & ol Teh TR Y F I |

graetfaai:
1. 31U JREMT I UG | T8 3T TR0 H faRy U § Aeaqu ¢, Fifer Qfead gRsiags ¥ el &l
T &ffcl B gl 5
I1. TfS T I B dl I8 Ul
111, 3o wifcifehan feor o1 76 gl I9T 81 999 <9 d 6 |

IV. 3 3T 9 ¢ 3R TH fhT TN °1d o7 3a §gd Sifid HHAgH <

*q.

3JUvl:
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&1 AT 9
I RT: FUUTEA- 3N (CreH14N3NaO3S) BT HRAYYT 3R IHT Waed fazayur|
SIS AT

> 9, TR
g THIE:

> Hw‘ﬁmm (HaNCgH4SO3) - 7 gm
> fcla Tifsay sreafe (NaCos) - 2 gm
> TISTH ASRE (NaNOy) - 2 gm

> SIS TREH [CoHsN(CHs)] - 4 mL

> HUCCS TIRSIFING URIS (HCI) - 8 mL

> BHAC SEeIaaIN® URIS (HCI) - 20 mL

> Tifead RIS (NaCl) - 8 gm

> 20% ST IS SIRIES (NaOH) B - 30 mL

o~d:

ArEd SiS dUR oRA & T Saiifan g ufafshar 1 SudnT foedt SITa 8 | 969 Ugd, AewhlAiad
Rye iR AIfSTw TEeRe gRgiaRe thrs @t IufRifa ¥ ufafpar = €1 fFr, UR SHvicEss

eI TRIS &I T4, TH-SBMUEd TR & 91y Iuaiid fear siar § aife aifed Sare urd 8
T, Wit fob Frurge eieT 21

3T H fHuTS e 3o -

I8 TS § FHelg TSI TRHTY R WeHes 81 ST €, Sl fIsTid SIraT 8 1 396! I AR & A1t g) S
gl

&R ¥ fyrge sier-
&R A1eqH B, Hesid TSI URATY] G: GIex 8 &1 g SR AR & I 31 H g offd g

8 e /=
HN—' M —S—0OH + 2HO + NaND, e O-5—, S—N=N
! Y / IEI [} Wy
\ i A
SLdttamilic acid d-plarabenmaneoyilionic acls
ZMacl + 2ZHD
a — F I P
N A . P N T o W -
Gug—l, . FoN=N >N S e N
TR S/ Gs A ey b L )
[w| | S s o r e E
B, Medimasthiylaniling ethyl orange
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8.
0.
> q:

& TR& H 50 mL UM H 2 gm Aol Qifsad Siaiqe & 9id § 7 gm e Thrs O @fe
TGS g al TH BY) |

10 m}ﬁ}ﬂ:ﬁﬁ2gmmq@@wmﬁ@ﬁaﬁwﬁvﬁaﬁaﬁmmqﬁ0°cﬁs°cw

3T R

3F 8 mL HUCCS TRSIFANND URTS BT 20 mL UM H §g-5g B B 3R a0 &1 10°C ¥

i 9H1Y T gU fRald X8|

Hiet bl 3! ARG YT 3R 20 mL ST BTRgIaiiRe URIS H 4 mL SISMUEd TR &1 9

se1 O frand|

?ﬁm&waﬁ 10 e 9@ st kg foamy SR A U 20% WIfSTH BISSIRIES °id 30 mL
|

Id P 60°C db TH B3 3R 8 gm TSTH FARTSS S|

feamy, fsur & 9% & Uil H 33T %<, 9gd 8o adld U S5 I DM, 38 UHT U oM, &g 3R
Iedd U ¥ ftedipd 1|

3UST 3R T Y Rpis B
IadTe & gal-faferad srereiy WaeT 3R TSR WaeT B Rebls Be |

e AR A1 foheed
3YvT:

AP

IOTAT:

T feTh TRTS BT TUIfdeh Y = HaNCsH4SOs
e TRIS &1 3fuifde R = 173 gm/mol

fORITSe SRS BT STUIfdD G = CraH1aNaNaOsS
ﬁrw&ﬁiﬁm&wﬁw:w gm/mol

173 gm TThTHf® TRIS 327 gm fHUEd 3RS I4TaT B

7 gm TTIBTTeIe TRIS 327/ 173 x 7 = 13.23 gm fHUEd 3RS I1aT 81
3o, firuTge 3RS &1 Jgifaed IuW = 13.23 gm

HTTEIRD UG = ------ gm

% IS = (ATTETRD IU)/(FGIfaP IS x 100
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TRI&I0T ST 10

IETY: &R BT STANT HIP THIS 3R TSR BT e (R faftn) |
(A) IR Ui §RT T[T BT STHa. -
ST AT

> &Re, fUle, Bd, Hied TR, Hahes TR, didbe, a1 Siad, §9- R |

Tgad T

‘?g:b;rﬁ (CeH120g) - 1.25 gm
(CuSO4) 17.32gm

@ﬁmﬂ IRy eRee Rl ee) (KNaCsH40s-4H 20) - 86.5 gm
TIfead gIESIES (NaOH) — 30 gm

HIccs YergR® RIS (H2S04) — 5 mL

Al s 2fedhex - 1%

YV V VYV

d~d:

DI BT Ui &1 Sleg! I foolid ®R Gl §, STg! 916 aTdl HIR Fethe & o °id & Aisad
IeRIH eRee R Jee) & &R O & 1Y fiares urd faar Srar 81 a1 arar U sfed uerd

SIHR T TTSSIASS & AU B bl & | Th doll daR BT i $I Ugd U A ISl

U1 & FAQTh ST GRT AFGIGd b1 ST ¢ | fhR A BT Oid &1 SUdNT fhdt s e

# reqopret ot A FReffid S & forg fsan Srar 71

CuSO,+2NaOH ——>Cu(OH),+Na,SO,

H H
OH HO—‘C—COONa /o—'c—coor«a
Cu + —_— Cu +2H,0
“OH HO—C—COOK “o—c—cooK
H y
Rochelle salt Soluble complex
ll-l
_O—C—COONa HO—CH—COONa
CH,,04 +208 ———> C4H,,0,+Cu,0 +
\‘4\ l HO—CH—COOK
O0—-C—COOK Gluconic Red precipitate
acid (cuprous oxide)
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uferar:

(i)

(i)

(iii)

(iv)

(v)

(vi)

BT i A Ft daRt:
v 3gd od H 17.32 gm fohedlig SR Fethe °id |
v HId Bl 250 mL YA TR H STd, e B R ofd ° el 3R = de fremd |
BT B B @t dun:
v 86.5 gm TSI TICRAH eReYe R Uee) 3R 30 gm NSTH SZSAUZS PI TH T
T
v BT H 3R °Id Bl 250 mL HEHICH IR | 8Ta 3R 2 a& e |
fafres = gfeaer:
v Tfel= & 1 0.19 STellg 9id dOR &1
S DI 9id BT AR
v’ TTH 1.25 gm TE@ 1ol BT el ao Bx 3R 39 250 mL YIRS TR H 1|
v Y IS AET A od oid H €l SR R 9% s ||
UMD B g & 1Y AT
v SJRC B HH® qPIol gid I W |
v %50m|_?ﬁq9|ﬁqm TR § 10 mL BT 91 A 3R B fUte & Mol 3R 39 25 mL O
Gl Y|
v O1d &1 dR & Srelt W §R-6R Iad 3R 7S Wdhie Ol (SgRe | forar mam) & Ay
AT H | Uh IR | 1 mL O Sdl 5§ dab o 91 &1 =tdl 11 a4 7 81 9 3R Fgu™
IS (Cu20) T T a8 fa@Ts = & T |
v AT & SR BT °idt & T &A1 SIRY T |
v Y HY gl ATd ST U oA o forg ufshar &1 gl
v g difaeT | H sadie Rbis |
ST DI e & |IY STHATI:
v 39 §JRC B 3fFId @ISl Ui o 3R A e iol Ui & ol §dTE Y a<ie J g A
CAKARRUY
v 3id fdg &1 31f¥e Tdter U I udl a7 o forg, 3id foig ¥ dep uga hiei dia o fAfdeis
& gD Dt 4-59¢ S|
v 1% THE gH 9 9ele SR Tt foig foam|
v IS AT || H i Rabls dy|

SqAID:

(i)

(i1)
(iii)
(iv)

T SREHIIST = ......m1......gm

qG Jd BT dol + DI = ...Mma....... gm

IO &d BT a0 (A B! RIFIART HRA B AE) = ..M. gm
RIFIANRA TehIol BT IO = me-mz=m............ gm
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ATADT |- AP ThIo °tet a1 Wiy g

$HAY. | Wlely Oid &l R AfETmL F PSRN CANRRI
A mL o ~ ~ D1 A= (mL T)
URIHS T sifaw s (3ifdH — URMHD)
1. 20
2. 20
3 20
ATFRIBT |1~ ST TD 1ol Ut a9 B "
Y. | B Oid Bt &R AT mL d PEESENCAE R
e mL | _ _ ! HEAT (mL H)
URIYS Uod sifad e | (sifaw - uRfYe)
1. 20
2. 20
3. 20

TUTAT:

20 mL Wi OYel o ST & ol Ugerd A Tfeh ISl B ol {11 = Vi mL

20 mL Wi OYel & S{HTI & T TRIerd 3HR7Td Te[ebiol °id ! | = Vamb

ST eIt T B SISl B A = m+2 = gm
2

e DI °Id DI dTdhd=V;

ST TSl Ui ] dlhd = =
2

s gm/lit,
gfvomm:
ISR R RI A Koo a1 | S gm
SR BT T BT ATB B gmlit.

(B) &R BT IUUNT P TATSRIA BT SATHa (FRIFAA fafen:-

STITgP T

> &Xc, fite, Bd, e d WG, YHie® TaRe, Siax, a1 Jiad, §9 a1
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W T

> TARRMA (NH2CH2COOH) — 2 gm
> OSTH BIESIaES (NaOH) T - 0.1 M
> WA (HCHO) O - 40%
> A gfgdex
d<d:

TARRA, TATHT 3 o Sl TRISY d 3@ Wl & R & ¥ § T Al U iR Th
FralfaRee Jd Bl g1 3 U faudid Udhid & 81 & SRUI U gOR &1 AUIfAH 0 § eIy HRd o
3R 3R AU §41d € folg S[ge” 3ma- a1 feydia 3o gl ol 8 | 3 31T SadeReied BN gRT
TS A SYIGA €1 3 YT 81 § Qi &R 1 SURUTT H, JUIHRU1 TRIS 3T & 64 D! 9g1a1 Gl ¢ |

HyN — CHyCOOH s N'Hy — CHCOO™
N HCH,CO00™ + OH sy NH,CH,CO0™ + H,0
o AT JU fR BIAfcSegs & 1Y To- ¥ Toidl & iR A 3R SBARNT dd a1 8 | 39 ISR,

3 Y IATE! & AT S A YU & e aiva & agd Bt 3Tt € 3R FreifRifd J9 &) dH® &R
& 1Y AT SATIA fordT S G ]|

CH, = O+H,NCH,C00"

» CH, = NCH,CO0™ + H,0 +
CH, OHNHCH,COO ™ +(CH,OH),NCH,CO0" + etc,

() WIfsud sESodIss 9Id, 0. M:
v 250 mL YRS TIRS | 2 gm WfSTH TRSIRTES didt 3R I ot & 1Y =4 b
EIK]
(i) ST 40% WU o
v 250 mL ®IEd TRE § 40% BHH 9id &1 50 mL & 3R IUH 8-10 §¢ BRI
SfEhex Bl Il
v 398 9aYHl § &R ¥ ST gEsIREs (0.1M) &1 SYC Uid Sid, oid db b °id
HeaRGICIE Y
(i) TATSRA & WS 9d Bt dURL:
v TARRA &1 2 gm a9 31% I ®Y 3R 39 250 mL YA H TR H STdl dUT RId oid 4
= a@ et
(v) WIS TATSRH Uid & |rY 3gHII:
v 250 mL P d TR | 25 mL HHS TAERA Od o 3R ITH 3-4 §& BAMGYTH §fSdhex
S|

63|Page



v 39H sgRe H for T STage WfSTH BISSIeISS Uiel (0.1M) §&-§G PR STd o e fob
T[T T TG A g1 S|

v 3E ST 10 mL LT WA ©id STal | O &1 el 1 e a4 8 S|

v T[S T Aoy S ad dR-9R Dfead grgiass fia [

v IUANT fhU T GIfSTH BRSNS S & AT AIC &) 3R SIHIUA &1 dd I GIeTY oid ddb
fob & wey AT v = 81 S|

v 3fadidh difcrdT | § iadie- Rl He|

(v)  SISId TSR e & |1 SJHII

v 25 mL 3T TERA 9d & o SR aftfd SaR ST &3 3R 39 AT H Tgad
TIf$Tq greglass & Ul Alc R |

v 3faqIdH et || H i KBl Hr|

SqAID:

(v) AEAREDHIGeT=.....M......gm

(vi) OO CJd BT oM + TARRF = ...m,....... gm
(vii) GO ogd BT ao (@I Bl MR B & §16) = .....Ma........gm
(Vi) IR TASRE BT IS = me-ms=m........... om

AT | ;- HIFD TATS R Ui 9919 AiSaH geSIRNITss Uid

P, | TARNE A B Re AfSTmL F Tgad Aifead
T mL | o1 P AT (mL H)
URIH® Ua sifaw gs (3ifaH — URfHD)
1. 25
2. 25
3. 25
ATRADT |- ST TSR A g9 JIf ST eSS IaASs °id
U, | TARNE U B ReAfSTmL F Tgad Aifead
A mL | 1 & AT (mL H)
URTHS U3 sifow T (3ifaH — URfY)
1 25
2. 25
3. 25
RILUE I

T TSR °id & 25 mL & ol Ugdd Tifead giRIags °id & 4Tl = VamL
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SITA TR °id & 25 mL & oY Ugad Hifead gregiadg s °ld ol |3 = Vaml

ﬁnwaﬁaﬁmaﬁw:w% = ... gm

ST TSR O &} e = T e jﬁaﬁw*"l
2
e gm/lit.
2
RESULT
QU T o & TSR B AH .. m
g

ST TATS R U1 DT ATB v gm/lit
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P~ A fag=

AR
TRI&IOT =it
faqa ureum:
1. Fig 3R TR & TR URrs o7 e
2. 1l ford 9 fuufa &1 feamfon

3. THICR U ARG BT Fsh0T 3R Tl ¥ ST Ay

4. eqcie § WY fFHTaHT 3R ST Wae R U [a=aw T |

5. Qe @1 ufdl O ARTa o1 Fenvur oiR srafers IHg! & ugaH |

6. TTAE TRI&OT gRT fganemst firsron & D! w1 gya o, YEwor 3R ugaH |
7. WA RBIUE IR (ISR, TTTHINR 3TfS) §RT Afdid NAH! Bt uga |

8. CTUa! da-ich T SUTNT FHRab HfGTd ATID| BT YFGHRUT 3R TAHIH 1 gfp |
9. 7-BTE SIRIT-4-fUTSd HHINA, 370 FUH BT TLAYT, 3R Waed fazawT|

10. Tl faforei iR Wagd favayo gR1 RFTfie T &1 d=avun

11. BRSPS ¥ 2,5-Se8IS S Rl TRICTI T HRANU|
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&1 AT 1
I£2Y: g 3R Ha¥ | Arsfed Tis [HOC(CO2H)(CH2CO:H),] BT fAsamdur|
rsfes uirs &) T

O OH

O
HO OH
OH
STIGP AT
> TR RfeieR, ST, i &1 T, AT didd, - IR, IR Bd, §a-R TR, agH U, dic?
1Y, pH TR |
W T

> g BT TH/ER BT

> TIfSTH gESIRISS (NaOH) - 10%
> IR FARISS (CaCly) - 10%

> Wm(stOO-lN

~d:

WS wal # ursfes TRrs siftie A § uran Srar g1 g, g 3R IR H 39 ofd & Figal foviy = 9
3fYF S 81 T8 T Wl & LH HR B 8% dF gl Tdhdl gl RM A1 H, Hfexray gEgiass
[Ca(OH);] & TTY W Fal & I B IUAR HIb DHIeRTH WReC [Cas(CeHsOr)z] P AT b
MNH TM R IRfed RIS &1 Idre fhar STar o7l Siekad Trgee &I e faar ST § SR
STqC YRS TRTS B ITTN Fb 34 U: Irgfew uhrs H ufkafdd fovar sran j1

C6H807 _|_ 3NaOH Na3C6H507 —|— 3H20
(Citric acid) (trisodium citrate)

(trisodium citrate) (Calcium citrate)

2C¢HgO;  —+ 3CaSO,

Caz(CeHsO7), + 3HaSO4 > (Citric acid)

(Calcium citrate)

uferar:
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1. TYIR P gvel § BIc 3R FaredHr 3P W Fdd |

2. T TR Rcde ¥ 100 mL Ag/&dR &1 39 ||

3. 100 mL /AR & T &I TP TP 250 mL T H STal 3R ITHT pH (23T 3) S |

4. 10% ST TESIRIZS Ul a9 ddb Had o1d g pH >9 7 81 oY | Td SIGaaR 8l Sidl § 3R I e
TR 1§ gad ST g |

5. JFH BT ITART TR °Id DI Teb ¢ T 500 mL FaR & S o |

6. ST & I T 10% BT FARTSS °Id STet 3R 3BT ARG o of |

7. SYTIRITA BRI ASCC B A& B P o8 °Id B afex a1y H 45 e & Iad |

8. YUhg o [eRI WIZCC & A& &l aagd H B o SR ga o

9. QY HIeRTH WIZee B U BT aoT He |

10. IR WIZce I dic T8 AR &I Uh didhR J SId 3R 1 N IS TRIS SEAHR 39 Tz
B | BRI Yethe JTeR e ST g |

11. 301 &) o firie d W @A <

12, YA HieRTH Yebe B BM o 3R KIH 1Y W JH! g5 IR DI SISt A6 # Hfad B
rsfes TRYS fbtediod 8l ST 8|

13, fopedll &l §aR B IR THHAT B, O, diet iR IuS $I 0T 3|

14. IAIE BT eI Rb1S B |

3Uv:

AP

e

100 mL AR & T A JUS ARG RS HI ARG gm AR TeHH §
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U&7 ST 2
Ie=y: Pren fird J FARA (C17H10NO3) BT fAsameun|
i @t \==:

TIPS ATHUT:
> ToAd Uageaey, diR, dfex a1y, e el el Teikep, Ale R 3iR O, Bt
T I

> Ia B - 10 gm
> 95% ZYAIA (CHsCH20H) — 200 mL

> 10% 3feh gl UIeTRiay gI3sIaISs (KOH) — 10 mL

~d:

fUORA U Tehalss & S diall 13d H 10% d HING 8IdT & 3R 59 TAIRS & ©0 & o1 offal ¢ | fuufa
B 95% U & TIY HIcht B T FAprar a1 3T fHar o Toudn 31 ey fRufa # Fsedur iegde
JUHRON § fopar ST aTfgu |

UfaeTRies T T, BTl e &1 HIR, AARTT 3R 81 St s SHHIRAT BT ST B aral HHT Sl 5
gTdlich, TS 3BT Jad 3ifUe ITINT W Aisy & U | [Har S1dr g1 fUuR= wWiegq gidr g, afe
@] WIRARMEAmR @faRF) st i &1 afsy gew g, o 38 ARy Wig UeH &-ar g1 HSRU &
SR 1l fird & dRau # ) &1 SR Afad= o1 ool # i 1fa @ srgaaRseH g gl

IS AH: 5-(3,4-methylenedioxy)phenyl-2,4-pentadienyl piperamide.

T WIe g ITd Toic 3R BIeATS |

IS g

Fol i & uehaigs OORT (5-9%), arsa=ia dd (1-2.5%), dRaT I (6%), TUARSH IR Tr™ (@ 4T
30%) BT g
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IUANT:

HTH e BT SUART e Suoies & U B o1 o1 8, U &6 ®I 31 Hrdl & 3R T &1 Tgur FHrrdl
2| SUHT IUIANT FNTQ o =0 & HY {51 ST § 1 fifess o H gfs & 91 a1g Shierdl ol Saford axal g |

ufera:

1. 10 gm &1l fird AR TS U o iR Ted 91 |

2. Uhe P! Gidaae ISR A ITal 3R T 200 mL 95% FAATd gad I adl a1l aiep | 3 & o forg RR
B

3.36¢ & Tg, S B AAd B 3R IGH 10 mL TH SIS UIeTRigH SR eags uid fHemd|

4. 74 fhreror Y fRamg SfR ot oft srga=ia uerd &t e & foe sM o

5. T 919 W 9 B T B 3R 15-20 mL U STt | 39 3T H o fexars aar § ok el ggai
3T Bl Tt g |

6. 39 U1 &I TR o 3Hafd adb W 3R Hd fUuRA &1 & o |
7. TS o 1Y G: fobeeeliahrur 1|

8. IIG b1 eI RebTs B |

faavor:

T: HRI-BTe

T gotdd

e dian

3Uv:

UGEIGE
e
10 gm el Ford & Srert 1 113 oA ot Amn ® gm IR TEHHE
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U1 &{uT1 ST 3
IERY: THTCY T ATSHIUI (CaoHso) BT fsamvr iR wrer § e Aoy

(A) THIER | ATSHIUI BT fSHYUT.-
ATSHIUI P YT
HyC._CHy
|
CH,4 CH, CH, L‘
S CH, CH, CH
|
HyC /LCH}
TP IATTHT:
> HeTR, IR fheex, G HiRD
Tgad YA

> TACR HIUC - 5gm

> SYHIA (95%) — 10 ml

> SIZFARIHAT (CH:Cly) - 10ml

> e STH Tethe (NaSOs) — 1tsp

> g AIfSTH RS (Nacl) °ld - 10 mi
dvd:

IECALIE] (C4oH56) TH I AT PRICHITS qUics §, S THIER 3R 3T o1 el | U Sl g
ATSHIUN Teh SRUM & T 8 AU Sh1sdl Bt 81 I8 Ul | goriiel 81 8 3R foddl +ff gy
It (@ife s afgd) & ar e |

ARHIUHE &I RUAd HoT9%H gRI Fdrar o ¥&dl 81 I6 |d R ——
fafsram fHsyor & Fad FW I G g § 3@ o1 g1 g8 U forfen

HeTR ¥ ST BidT &, Fored e aret ®is ff awg 331 giar T

R T ST § qT fafepan e & ooy iR it 21 fors fafepsn & forg | B
ga- Dl doit I TH o S1dT 81 39 dob-te &I aiH I8 § P 39 a AL

JHY I BIS] o Yobdl g, auT 599 31 faams foam o1 smawgsdan ()

TR1 BIdil, T ufdfshar ur & @ S b1 SRt 8T @l Ay R’
HeTmR | Tufd g ot 81 39 ifafkad, dfer v fear man faamas 5 Dibacs
gwﬁﬁﬁ dIIH TR SEaT, 3fc: faferar off I arome W emt

|
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wehar:

1. T TR H 5 gm eHICR &1 U did |

2. 10 mL A1 Y iR 5 e d& T a1 |

3. ek TR A B o iR IRT BM foran g3 uerd gare Aera o

4. TIEIE &1 Hifehd Rleh H G |

5. e Tl &1 TMd Il arell Sidd § STel SR 10 mL SRdaRIAe |

6. U1 & 4 e T IaTd, g TR R aTal ok DI a0 B3 3R I Ugd e & fiyan |
7. 39 RO I A IR GRS |

8. gt i ol gUIHU BAd H Thd He |

9. 10 mL I TIfSTH FARISS Oid STd, iR T fFamy 3R fHrefur &bt &l IRl & ST g < |
10. el ORd D1 IhgI de |

11. 1 I 3RTSaN WIiedH Fethe A 3R 5 e a® - |

12. fheer TR 9 B |

13. fA%ig 1 3R Aidd T (TR A 1) I, =Y ASHIGH b1 T T g1 S|
e e F S AT A AEEdH B AR gm.

(B) TS | SITAT fArspyur.-
STaRAP ATTHT:

> U3 3w, fiaw - 3, & 918, I &1 S, Hex, BT Iwd, Ao, fufke o, IR 7iie & a1y
T3uTS WS, sis? e

W T
> TN -2
> ZY1d (CHaCH20H)
> UM (H20)
> §d 9 BT ad
> TH® (NaCl)

GE:H
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=9 TN H WIS T ST (Ha1 7T § i 599 Wl &) A6 & gt 7, oy St & Wy 0 9
3T O 9bdl g1 THD SITAT & THRIAP Bidhe RRI &I </d ad o, Sorad R H3a 3 o & 3R
SITTU &3 3chigd & Uid H 3gafd g ST g |

wfomar:

1. TP WS o, 39 BId 3R BIC-BIC ¢hel § dIe d

2. U SIhR | TTHAT 30 mL U o |

3. SigR U U BIC! 909 90 1ol 3R fgand|

4.9 T &l BICT IHT U $T aRA 814 3R 3! g e, gagal a4 9 b |
5. ¢ gU TS Bl didhR J STd |

6. SR T HIgg 91 & e A +ff STl

7. T fiyor U & forT I 14T Uep a1 &l FBIe a0 i d1 |

8. s ¥ 80T &1 Sichx H ST |

9. R80T 1 TTHAT 1-2 e b TTH 3, THY-9HF R 3 f3ard 36|
10. B BT Fp TR I IR H8/01 B BE |

11. O f&r & gL o |

12. B a1t 01 1 §R-GR 397 | STl |

13. 31  fd@m aTdl ST K e &l 4|

frepd: HTa A fo arel ST T &1 saaie He |
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UEUT GWT 4
I£TY: eFae A IR (CsHNO,) FHTaHT iR 3T Waepifus faeyun
TRIRIETS &1 T

H
" \H/EH*'J
@’ I
HO
TIPS ATHIT:

> dicgiicd TR, AT Riftiex, fUte, fiox, i & B8, Bd, aoH 9oy, Hid $I AleR 3R
O, T, dicid ey TR ST |
T

> TR ¢Fae (CsHNO.)

> TIfSTH gEeIRISS (NaOH)
> feReee uml (H.0)

d~d:

gat-fafsrea Weewicid! prigfend vl § Jad 31t ITART &1 T arell db-id! 3 9 Th ¢
O faees ¥ foelt uerd gR1 Sraxiftd sreearice a1 fafsea fafexor & A & A9=n i gl
TS Wadhleiied fagemu o fRifid & arel Aifdie g7 fR-dwd 93 §, I8 91T & & 5e
THTRT &1 {01 & T Sa=Nid uerd & °id arel WP 9d & A1eqd 3§ Uik a1 St &, I U1 &t
froar & it 8 gt 8 |

T w0 ¥, SR-Aee G B 39 YHR e {1 ST &:

A =¢dl

A4

oigl,

A= 3TNV T YHRNT Tcd

¢ = Sfa=NurRiiere o fagft qurie

¢ = faerm 4 facta ot wigar

| = T & A1 § fafexur &1 gy @a18 (cm)
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JTOTfA® WR: 151.2 gm

STEYUTTRT TH: TH-(4-BTeg I s TRiermres
T =fad: 300 mg - 500 mg.

YSRUT: 3wl dRE ¥ &G, YHT UfeRIE Rl § R $1|

H®: Rfderdier daee # Ferfdyeraila &1 amEr aard v arar & &5 @ 7 95.0% FUr HfeE &
3ee 105.0% &7 817 arfze/

uferar:

TH % 3R @ 1000 mL dieghied FIRG H THT 100 mL ffees urit o | R fRard U a4 4
gm AT greeinTss S | fsRees Ut T 1000 mL diegd &1 |

1. 20 Tiferat et gul &1 o |

2. TTHT 0.15 gm RIRTTHAT & SRTSR UTS SR P AT BT gl Ioi B |
3. T TP 200 mL dlegHied TR o 3R 39 TR A% Td 9 |

4. IT3SR B FraUgdes diel T3 HET &I Bd | STa|

%WﬁO.lM fSTH gIESIRISS Bt 50 mL AT Sl difes IRT UT3eX dlegAlcd iR B IR
e

6. TIROTTHT 27807 BT 100 mL f$Rees urt & et ofR 15 fie da fgem|

7. 3id & gt g o urt freng SR 91T 200 mL a0 81 S|

8. uRum faqa ! dfel fheer A BH T

9. 10 mL =g o SR U & A1 100 mL TS Tl B |

10. 100 mL GiegAfcd TR & 10 mL TROMH €9iat o 3R 39 0. M AIfSTH RS Igs fHam|
11. fEfeeE it &1 UG FHRap Uidt &1 AT THEIS B 3IR Y0 H1 |

12. GRUMH! faerd= o SRVl DI e TRTHT 257 nm UR HIY |

13. TTHIT 257 nm TR SHTYHTH A (1%, 1 cm) BT HH 715 nm F-d §T CsHoNO, Bt HTAT Bl TUMHT DY |

TUTHT:

1. O § WRIRrera &) Sgifas Jigdr:-

gal a0l 200 ml § 0.15 gm — 0.75 mg/m
or 750 pg/ml

faita ag®Ror: 100 mi & 10 ml — 75 pg/mi
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AT TIHIT: 100 ml H 10 ml— 7.5 pg/ml (7.5 x 106 g/ml)
AGifaP SE=MTT (A)

= S(ARNYUTRITET () x FisdT (c) (in ¢/100 ml) x T4 TS (1)
A =¢d

A=715x75x 104 x 1

A =0.5362
E2ICRIRE R CRII 1y F S —— nm
URIRICTH Cadie Bl % Yodl =  ATAgIND AR x 100
Agifad sra=io
= x 100
0.5362
S %
gform:;
BRUE TR G [T NP | KT P I e 3] | — %wiw.
ey

IR cacie &1 fam a1 3T 1P 1995 & 3FNR & / GRIH U Tal |
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U&0T &1 5
IERY: YA ) uferal A ARITA (CioH200) BT fAsmor iR srafers Tug! ot uga |
AT BT W

CH,

S

HO 3
;;
»'.r|-’

3TITgP T

> 500 mL PIfFdd FiRep, GUFHIU B |
UG T

> JaH &1 uRil - 100 gm

> BTESURA 32U (CsHsOCHs) — 10 mL
> @%ﬂﬂﬂ?ﬁ?‘lﬁs’—ng

> fefess Ut

dad:

T T uRrg siiwefig dielf § § U g, S ARITA o1 ITe ol 8| Yo st I | al, RRy o
$D d137 & WE Bl 9 & ol Th FIar & U H UM ST g | AT (CroHa00) U Whfded =0
O S aTel SO S § Sff ge & Wl fasiy =0 & gein ok wWiwRfiie # uran Siran g1 98 U It
3fepigd o forad T fafkiy g ol iy ok wa1g gl 31 Wi fefeaze fadt +f fFspuiur aoiies &
i a9 31fd ST B S aTell da-id &, S8l Gai- & T Bt ATt &Y U1 6T SUANT HXb TH
fosaT ST &1 A wfsha & SR, SHTa=de del arsdied g1 ST &, Haf-id 81 Sl § SR Ul J 37erT gl
ST 5|

3nysha Ty

U fdPR: ool I1 &Xd & ol gHTa |

T deeft THwn: THadd gud|

T 3R SJHTH: JEES |

&< Y B SISl o1 g, AUl &1 ¢ 3R RRed|

g Yoot TR siprgfey wiit fRufadt & fawg gyt |

a1 Tedt UG B 3R SMaR! & BTe ¥ 811 a1d &6 9 8d <dT 8, 3R IR 994 A Apar g

o g s~ wWwDbdN PR
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1. 100 gm G4 &1 Uftrll &bt 500 mL SifFdd e § 300 mL fefees urt & ary 81|

2. THYUI ! dd T TH B S1F g 100 mL R YT 7 g1 Q|

3. 3RId Pl 250 mL GYFHRON Boeicl T RYHIARd B |

4. UM WY 7 Mo & T 10 mL SESURd 3R fHem|

5. fIgd Selid =R &1 THE § IJW HRob HAGD dd Dl T HA 8 SR o fg T 2 gm

Hifsad gargs e
6. U DI d9 dP SR T T I8 919 I St 9 &1 Tigara- ad 9 81 o

7. G ARON DI A B & qle, SIeid IR0 D! AN ¢ AR YEHT T 7 Jad SURIA (PIa(-1dh) TRUT Bl
T: UTed e |

gfoms:
g $t Uil Bt &t 715 A H ARA ST ARG ... gm
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Y& SBT3
IR AT AH-11h BT SUUNT HXP ATGIITd AITDB| BT KB RUT 3R TATid Dt Y|
d<d:
O TR PIHCUIG (TLC) T ¥4 ¥ Ue TURNYUT HIHCIUTR! a1 & | Hid &1 We IR afid (Rifere!
o T Tae tRal IR 3ifrd diffe gaeh uRal (FRR TR0 R Sifernfay fasar Sirar g ik udel wRal iR
AiaTsd TR & arg faHITg 81 91T §, i AlTsd TRl Udell WRd & A1ed I Raar g1 Alersd TRl &1

g1 S 9ot & 71w T giaT g1 S-S AT 3R faHTSH T iy gidT §, A HiaTsd TRl
& 1Y 3{FT S|

STITgP T
> A Wiy
W T

> TARIBIH (CHCl3)
> TYAIA (CH:OH)
> Riferer oa-oft

uferar:
HTT-1: TIRT St TARY:-

1. FARIGH 3R YT & 2:1 3T § (66 mL FARIBIH 3R 33 mL DY) Jad IR A
Ul (R & |

2. Ao U8 & 35 gm RARTHT SId-Sh BT goi B3, 39 T didd A ST, 3R fh daR faamass yomef
ol 3H A
3. 3T IRE oot 3R 3 S U varaw Rferes Oiet U 8 T B
um-u:aﬁnwﬁﬁwﬁéum:-

1. T 9% 3R gE! Suad wel o 9id # Th 91 At SR graur ¥ e | fRifdew Sa-st &t te
U 1Rd AT faame & 91y wiel W S1fnfyar fosar S 81|

2. WSl ®l $© Be & oy U R I@HR [ ol a1feid g1 ¢ |
HET-111: Wl BT JaR:-

1. duaeft Saaude ¢F T 2-3 mL faar® o SR gadh 9 &F ¢ | 54 B THT & forg 9 dlfds ¢
e AT § W 81 |

2. U% DI THA ogd § T/AYAra § iU 71U 9ifie &1 Id@ 9id duR &3 |
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3. aﬁaéagawﬁaﬁag@,%@ﬁmwmﬁmﬁ,%ﬁaﬁaﬁﬁmﬁw
fyepTa o

4. O ®! §R I AT e R 1 T 5 mm SHWR [ | 3{F DiUeR] ogd I Ui d1eR Favadh Riferant
Wi TR AN fobar S 2

5, a:%%%?l-ﬁuj\qiﬁmmwﬁaﬁa@ﬁﬁ%ﬁgmﬁ%ﬁmﬁ@ﬁéﬂ%@?ﬁ%ﬂwﬁf

|

6. Wi P! &R T SaaUHC TH & 3iaR TRBT I 3R TFH- U & ¢ | & W b AifeT Uige faams
& JWEI

7. SR} foran g1 faemae &) @Wie R Ie ¢ | e faas & Iy SR &t e d sgd 5

8. W£WWWW$WWﬁW%©wW|WWﬁ
|

HIT-IV: Ygdld:-
a SMISH <R fAfY: T Bt B &) 7 & SIDT T 3R A 811 T RR W ISt T3 W 3R

TS & 3 fohed STal 3R fhR J UISt =5 T | T TS SR Had & | Wic & udl & H &
fore Sadutic We R SR & HIH ¥ A8 &1 IS¢ | qed T Ui (@N) YT I &1 Y& a7 &,
S A& Uige 9 A gRT 99 Bt T3 g1 B ST | U T YR Y&aT g =il ¢ b At
Upid | 3fdd I 8

. STSH IR faft: U e o, Fer & Faa T H e fhed &1 U Rd W 3R Gah1 I & ¢ |
30 O JHY & oL W aifs wef NS aryg F T 81 oY | 3 3MNSH Bl Hed ol fhR ST
@ic Pl TS Hef H RS RUfd I | g 9 & < | 59 3 IH9 o g T arfs diat @) )X 3
& Yo faofyd g sy

. gdt fEeamE: J9ate we & gdt fEeaex & X SR sra=nyn &1 e e afe aiffie uefa o
TRNC g, df TR ! dal e TR UgaT off ¥abdl ¢ TR Aifited! & gdT f$caer gRI

deR P J UgdHT o Jhdl 2|

fewoft: afe wie RS fig R o1 8T § a1 nfafadr sridiveH® 3, ) fadras a1 faeras fsor o
¢faar ! fAgfefad »a o ser|

UeIferad SR — ol — FIRIBIH — FURA THIce — THieH — HARd sfehigd — TRiies TRE -
il

R o9 @1 UFT; Ry AF (Fedl a1 QYR $R) < 718 fUft & d8d Ue A St fa=ivar g1 9T

ﬁﬂmwsm$mmwm%|Wmsﬁ?muﬁﬁammngﬁaﬁﬁﬂégﬁﬁ
|
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e gRT Hd forg ¥ =l 7 gt

Ri =

faamae SRTHFT gRT ga fag ¥ 9l 15 gt

giorm:

[[eR2 RIC 3|1 o —— TS/ 3YS)

R R [ 2R K PP O T AT (41O | [ - —
ol N o e —
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&[0 H.IT 9
IeRY: 7-BTSSIRIT-4- TS PR (C10H:03), SAP U BT YRAYT, 3R Waed fazawor
STIRYD AT
> T TG 9T DG d R, RUdeq o, Sidx, BT Rifder, BAd iR &g &1 33|
UY & ITHTTA:

> YR (CoHe02)
> HUCcs GRS TRIS (H2S0,)
> 3UT3el THICITHICT (CoHo0s)
> TIfSTH gESIRISS (NaOH)
> ZYAIA (C2HsOH)
Ry K

HHINA UHid H 0H FU F U OH dTd BIe-d AT BT U ol g | 39 AADI & IRAV0 DI R
RIP! Y B BT UATY a1 &1 671 & b 37 B3 SUANT § oY b ey $fiR Higd yanei # fhaifea,
forfers fored fovm, g womeht, wrfefe s e, SR, Hae-Te 3R s Iare! o for ggur
el Ue iR Ridfesws TRk # gl &t fsum & fer

HHINA & T GIAT0 & RIS IARS Ju-Id Tole & IR & fpIa iR p-piel Ter & o9
faforam wnfirer gich 8, 5 U aA fafran & =y A ST Srar 8|

i :
'/K. o*’%\. H,»50, Below 10°C m|
N S
HO” ™"oH  E0” S0 HO o o

Resorcinol Ethyl acetoacetate 7-Hydroxy-4-
methylcoumarnn
B5% yield
0o 0
aa & M()H
Jvll
”\() H\
/ oH ¢ ]\ Me 0”107
OF )
)\)Lon —s | \« : “ | S OFt
HO HO~\F | / H?
HO ZN6
|
i H
_\ g
l‘ Me OH ~FtOH
= +H* %
H—
~H:0
HO 07 N0 HO C 0
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1. 250 mL ofiF ¢ 91T BifHed Wi o, forgd yAfieR, giffe R 3R B=a & 8, 9yt I9H
10 mL g TRe ey |

S| dYEM 10°C § - =dll ST A TRiReh Bl 3159 a1 H gl < |

1 gm TR 3R 1.34 mL 3Yd SUTIA THICITHICE Pl §5-§g B STa 3R AR fgard 36 |
fHI01 & SR 318 1Y HT AU 2 ¢ a% 10°C F 1d §91¢ 74|

IR HYUT IR BT S & F1G, TIRD D! S16x AdhTel SR HHL & d0HH W 12 °e b 39 |

o= 901 1 el g8 9 3R 30 mL T H ST 33! g feamd |

3{A&Y DI TaRH T GRI B 0 3R I B 3US UM I ol o |

3 @I 15 mL 5% wiv TIfSTH BRSIRIES & Uid § Oid, B 3R 2M TR RIS SAHR ad
d% R 51d do o diet fere TuR & fore siefia =1 g1 S|

0. IFH UU R T 7-8IS3Ia-4-TUZd ST B BH o, I & 38 U1 F & & 3R 100°C TR TH
g1 a7 3fia H 1 o |

10. g ST 95% 1A & ATy T:foheeeligrd fawa Srar g

11. IUS IR TAHIH BT Rbie D |

12. I@1E & GAI-fATad =i TWagT 3R TSR Wagl B Rals He

13. 7-BTE SIa-4- TS SIHTRA & FH/SSISa/INRAR O daR B 3R 3P Terid ! A |
U e 31
3Uol:

A WD

© N o O

DSEIC

IUTHT:

IR @1 MUIfA® JF = CeHeO:2

IR BT 3MUIfAP HR = 110 gm/mol

7-BTSSiaT-4- TS HIAIRA HT MUMAH T = CaoHeOs
7-gTSSiaT-4-UTEd HIHIRA HT 3MUIfdd 4R = 176 gm/mol

Agifdes 3ua--

110 gm YAIRFAT 176 gm 7-BTRSIRTT-4- ST SHIARA ST 8

MY, 1 gm YTIRMA (X) g 7-8T33Iat-4-MUEd SR ST g ie= 1.6 g
Agifdd IuT=16¢
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TGN TS = ------ g
% U = (TTTGIND IueT)/(@gifcids IUST) x 100
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TI&0T AT 10
IET; Ui fafoparm ok Waga fazeivor grT RFfie tfirs (CoHs0,) T Hzay|

STIRASH AT

> TS Jd YUl o 1Y S e ardl Tid dd aTal TR, Ride dre-eR 9e, WY fSRea=r womet
& 1Y TH 3R 500 mL e I aTal T, S, A ffeiex, ok wad S|

W T

> gifeegles (CsHsCHO) — 10.5 gm

> TIeTRH THiee (CHsCOOK) — 6 gm

> TRICH TTBTEISS [(CHACO)-0] — 15 gm
> TIfSTH HEHT (NaCOs) — 20 gm

> HUccs gIRsIadiRg URIS (HCI)

> Yfdewreus ke - somL

d~d:

WA TSEE 3R Tlhicdh TTEIRSRS & o fafthaf off Th d SaR® &1 Iuffd & t& ufehd
Fefiefi= 3T U R T el €, S1: TIee A 3R U SRS ITHTH 31T U o,p-3RIqW BIaiiaiteid
TRE 3R TF A TR TRIS SUd FHRdl g1 THICe 31 3R Th gEel-ad 3 &I Jufyfa &
IISEIRS 3R URIfed TRIRgIEs & did IRER fohar ¥ Rifies Tirs oik tiifes uhis ura giar |

O. _OH
Oy -H Ho I
1’ Potassium 1 H
o~ O Q acztate O
| | \Y o U
] ] T ,»L__ N - [| ] -~ o
R 8 HyC (o) CHy . HiC OH
Beezaldshyde Acetic Anhvdnda Comnamie acid Acetsc acid
L= e
CH,C00- + H-CHCOOCOCH, == CH,CO0H +CH, . CO . 0. COCH,
0 ]
a ] o 0
{E o CH=C i 9 %5
|+ o ‘l:‘ CHLOOOCH, H0 €~ €~ CoccH,
Ho cH- E-“x H o Uk‘l V!
O
' i
CH = CHEOC‘CH. & CH=CHCDH  HOCCH,
-H,0 i b . R
O H,0 O
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IUANT:

R TRie &1 IuanT w@re, Ridfes &M iR T garal & fovan SIrdT g1 S9&T SUANT 3 SaT &
fore forured, SURd SR S d Wer & fAAfur § foran STrar 81 ST SUAT Ygerk, THTeH & 3Ugd &
w0 H ft fpar S g

ufesar:

1.

0.

TTHT 105 gm (10 mL) SICSBIES, 15 gm (14 mL) TRIRR® TIEIESRS 3R 6 gm IRI® gfofd
QiR THice &I Th YW 250 mL T dd aTd TR | STd, foer SRt R R CaCl,- TS ogd
Uikl

M delt I TR bt IRl B 3t aRe ey 3R ufafsear fiyor & smua 919 # 160°C WR 60
i do TH BY; 3R R U 3 °¢ & folT 170-180°C & I=d AU TR 7TH Y |

T fRUTT (90°-100°C) TR, TR P! YT DI 500 mL & T I aTel TR H STal, fSraH T 50
mL T g1, o Wi fefeaem dare & fou Suged §1

TIRh-1 St ITEA BT UIS 71 Ut T ¢ of iR TeRp-2 A ST < |

500 mL TTd dell aTc IR | AITSTH BIEHe bl A Ui SIam? URUTH °id B &RIT &1 o, aT
ITH GR-4R SRER fgerd 36 |

3o o1 WA fefeedym 99 9 &3 o9 do fo gaa sufafparia s~ifcsgTss: 3/ 9 81 WY 3iR
3{Tad Terd IRt dve ¥ 9T A gl 9|

fefRedizm waRe & It & 381 B 3R TaRH gR1 B o, o Sifwir IJegad sraifed 3u-
JdIG! ¥ FehRI Hd S|

M ¥, Hu<cs gReladiNG TR &I dR-4R UISt-UiSt A & 8 ard uerd o S arfd a8
3{TAT pH H FGd ST | CO, T B R aRE I &g gF do IdR fBard g |

gRUTH 9id 1 81 Hd GHY, e This e fhed & U & 3T gl a1 8|

10. IR A B BF o, UIS &8 U 3 o o, 3rad! aRg ¥ @1 o 31k 100 f&3ht Tfcad iR g o
11. 30T IUS IR TAHIH B! Rebie Dr|

12. I@TE & GAI-fAad St WaeT 3R TSR Wagl &I Rals B

¥ g fohecd

3Uv:

TP
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MUATs

AICEEIZE BT 3MMUIMAD YA = CeHsCHO
aﬁﬁ%’@ P 3MUIdH HI = 106.12 gm/mol
R TRiE &1 3M1uIfde I = CoHgO2
ﬁFﬂﬁ@QﬁF&' P 3UTdd HY = 148.16 gm/mol

106.12 gm SIS 8IS S 148.16 g RATfie tfrs smaT 8

10.5 gm of SIS BTZS 148.16 /106.12 x 10. 5 = 14.66 gm RIIH® TRIS I1AT 8
zqfery, e Thrs ) Ygifae IU = 14.66 gm

TGN U = ------ gm

% IS = (ATTETRD IS/ (FGIdP IS X 100
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UI&fur AT 11
& XY: BISSIP S | 2,5-ST3eT3g IR TRISIPBAI (CsHs03) BT HIATOT|
da<d:

TAd & RTCaRE ¥ BAlfad TR U 8id 81 hlfde Tkex Foid Tegiifad TRaaRrss o
IUFUFT H Th1ee I3RSHE ¥ TORd § 3R HAIA® e ad 8|

Step 2
on r]»cncu.
<. H,50, ~
| AcgO “ I
On (l('otn,
Hycraguinone Hy v s i oane
diacotate

Mechanbm [ O -Acylation)

o o :"4;" . > oM
H
— E o
TN ‘ f? N':"a' v (=L o (' —CM,
[' _— = H = l:_ = ‘_.:'J
[ ] I !
on noQ oy, O—C—CMy
Step 2 Frien Migration
e
? C O, Pq o
Mechanism
i 0
|
‘[’_C—Q" a,A—0 \E——cu, ChAl— 5
o
N Alct, N \V
] S [ T | ' 2 C—CH,
/j /o == 5
I
s ClAl—O-LC—CH CLA—
CI,AI—- CI.N—O'\ o
P I
CHy

2, Sdlhydvoxy 88 | Pa ge
acetophenone



w®UI: E@ﬁ:ﬁqmﬁaﬁm
Yo THTA 3R TaRa® ATt

> miﬁ:ﬁ:{ (CeHeO2) —5gm

> TRfeh TIBIRSIES [(CH3CO)20] — 10 mL

> HOccs YeRRe TRIS (H2S04) - 2 or 3 drops
» PRs HIgH

> TId delt aTell TRelleh — 250 m

uferar:

1. U T dclt aldd TR § 5 gm 813gidpsH, 10 mL TRICH Tiermgis 3R 2-3 §¢ dd<cs
TRIR® TRTS o SR TR &1 15 e ao eR-4R feam

2. TR &) IRl & 100 gm HRS 33T H ST feei|
3. 3G B BF o IR UIS Th-38 T J o o |
g:foreedieor: fadre-3Td
3Uv:
TeI®:
WY ||: 2.5-SIEEISS I TRIEIBAT Pt aarY:-
TR I 3R Taa® qraft:

> BIRglPpeH SrHYCE - fUwd wRur A U

> foia Tgfiaw CRaRIES (AICHs) — 10 gm

> HUccs BRIl URIE (HCI) - 3ml
> T dell dTel TRieh, TR TR 3R 3Mad &1y

ufesar:

1. U 250 mL A dat 9 WD B, §RSipsid SHd¥ce ®i difdd HE 3R 10 gm e

TG TSHIRTS S S0 3R 3 Udh TR doTeR 4 RR &1

2. R &1 dd & o H a1 i i R 3 Te I TH B qUT dIUHH 115°C-120°C & o §91T
T |
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3. 99 T Mo = 81 S, df a1 $T 165-170°C TF F6T ¢ AR T 30 e a% T &=l
ORI T |
4. 319 TTH HTS 3MZY 3R 3.5 mL HUCCS BESIFANRD TRIS (HCI) STADBR $8T B | IATE DI S
T SR I% & &8 U § A |
g:fepediaorn facmes- d=nfad fafe
wU: Ta/dia-gr e
30l
T
IUTHT:
BIS GBS BT AP T = CeHeO2
BI3gIpSI T A +R = 110 gm/mol
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Jgifds Iust = 6.9 gm

TIGIND JUS = ------ gm

% U = (ATTGING IueT)/(Agifcids IUS) x 100
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AlIM:
(i) Separation, purification, and identification of single compound/compounds of binary
mixtures by chemical tests.
(it) Functional group analysis of hydrocarbonsin a given organic sample/l dentification of
functional groupsin a sample and synthesis of itsderivativesin a given mixture.

The identification of organic compounds by qualitative tests involves a study of various
chemical characteristics and then, a careful correlation of observed facts. The generd
procedure adopted for systematic analysis consist of the following steps:

. Preiminary tests:

a) Physical state: Solid/ Liquid.
b) Physical constant: M.P. for solids/ B.P. for liquids
c) Ignition test: Take 2 drops of the liquid or 20 mg of the solid in a

nickel spatula and heat on the flame. If the compound
burns with the sooty flame, it is an aromatic compound.
On the other hand, if it burns with a non-sooty flame, the
compound is aliphatic.

1. Extradements:

Lassaigne's Test: Heat a small piece of Sodium (Na) metal in a fusion tube till it
melts and becomes red hot. Then, add compound to it and heat to red hot. After
heating, drop the fusion tube into mortar containing 5-10 mL of distilled water and
cover with wire gauge. Grind it along with glass pieces and filter, which produces the

sodium fusion extract.

Schemes to detect the presence of Nitrogen, Sulphur, & Halogens in the given
compound by Lassaigne's test using sodium fusion extract are as follows.

Sl. No. | Experiment Observation Inference
1 Test for Nitrogen:
To 2 mL of the extract, add a pinch of |[Prussian blue colour is|Nitrogen (N) is present.
solid Ferrous Sulphate (FeSOs) and|observed.
heat it to boiling. Add carefully 3 or 4
drops of dil. Sulphuric Acid (H2SOs) in
that solution.
2. Test for Sulphur:
To 1 mL of the extract, add 1 mL of |Purple or violet red colour|Sulphur (S) is present.
freshly prepared Sodium Nitroprusside|is observed.
(Na[Fe(CN)sNQJ).
3. Test for Halogens:
To 2 mL of the extract, add 4 drops of [White or pale yelow|Chloride (Cl")/Bromide

dil. Nitric Acid (HNOs) and heat to
boil for 5 minutes. Cool and add few
drops of Silver Nitrate (AgCl).

precipitate is observed.

(Br)/lodide (I") idare
present.
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(&) To the above ppt, add dil Ammonia
(NH3) and shake.

(b) To 5-6 drops of the extract, add 1
mL of Carbon Tetrachloride (CCl4) and
1 mL of Potassium Permanganate
(KMnOa) solution. Shake well & add
one drop of acid.

(c) To 5-6 drops of the extract, add 1
mL of Carbon Tetrachloride (CCl4) and
1 mL of Sodium Nitrite (NaNOy)
solution and shake well.

Ppt. issoluble.
Ppt. is sparingly soluble.
Ppt. isinsoluble.

CCls layer changes to
orange brown colour.

CCls layer changes to
purple colour.

Chloride (CI) is present.
Bromide (Br’) is present.
lodide (I") is present.
Bromide IS
confirmed.

(Br)

lodide (I") is confirmed.

[1. Solubility:

Test the solubility of the compound separately in water, Ether, 5% agueous
Sodium Bicarbonate (NaHCOs), 5% aqueous Sodium Hydroxide (NaOH)
solution, dil. Hydrochloric Acid (HCI) & conc. Sulphuric Acid (H2SO4).

SNo. | H:0 | Ether | 5% 5% | Dil.HCl | SOon¢ CLASS
H2S04
NaHCOs| NaOH

1 - + + + +/- Strong acid (carboxylic
acid)

2. - + - + -l - Weak acid (phenal)

3. - + - - + +/- Bases (amines)

4. - + - - + Neutral (aldehydes,
ketones, amides, anilides,
esters, ethers & nitro
hydrocarbons)

Neutral (polynuclear
i + i i i aromatic and halogenated
hydrocar bons.)

5. + - + + + + Miscellaneous
(carbohydrates, urea and
thiourea)
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Note:

1.

VI.

The solubility of the carboxylic acid can be confirmed by reprecipitating the acid by
neutralizing with dil. Hydrochloric Acid (HCI).

The solubility of the weak acid can be confirmed by reprecipitating the acid by
neutralizing with dil. Hydrochloric Acid (HCI).

Sometimes amines forms salts (solids) on adding Hydrochloric Acid (HCI). For such
cases, water can be added to dissolve the solid and then, confirm the solubility by
neutralizing with dil. Sodium Hydroxide (NaOH).

Conc. Sulphuric Acid (H2SO4) can nearly act as a solvent for a number of neutral
compounds. The solubility in conc. H2.SO4 may be tested only when the compound is
insoluble in al other solvents. If the sample is insoluble in H2SOa4, the compound may
be a polynuclear aromatic / halogenated hydrocarbon.

Functional group analysis:

Identify the functional groups present in the compound by qualitative tests. If
possible, two confirmative tests should be carried out. The details are given in the
table.

Derivatives:

Once the functional group isidentified, it has to be confirmed by preparing one or two
derivatives (solid) and by determining their melting points.

Reporting:
Report your observation and conclusions as below:

Based on preliminary tests, extra elements, solubility, functional group analysis and
derivatives, the given compound is identified and confirmed as ---------------------------
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FUNCTIONAL GROUP ANALYSISOF CARBOXYLIC ACIDS

Experiment Observation Inference

Solubility in Sodium Bicarbonate
(NaHCO3) solution:

To 50 mg of the compound add 1mL of | The compound dissolves|Presence of COOH

10% Sodium Bicarbonate (NaHCOs3)|with effervescence. group.

solution.

To the clear solution add afew drops of | The compound is| Compound contains
conc. Hydrochloric Acid (HCI). regenerated. carboxylic acid.
Esterification:

To 50 mg of the compound, add 1 mL |Fruity odor is observed. Compound contains
of Ethyl Alcohol (CoHsOH) or carboxylic acid.

Methanol (CH3OH) and 1 mL of conc.
Sulphuric Acid (H2SOg4). Heat the
mixture in hot water bath for 5 mts.
Pour the contents into cold 10%
Sodium  Bicarbonate  (NaHCOs)
solution.

Ferric Chloride (FeCl3) Colouration:

To 50 mg of the compound, add few|A brownish violet or reddish| Carboxylic  acid is
drops of Ammonium Hydroxide| brown ppt isformed. confirmed.

(NH4OH) until akaline to litmus. Add
1 mL of neutral Ferric Chloride (FeCls)
solution.

Derivative: amide & anilide

Transfer 1 gm of carboxylic acid into a dry round-bottom flask. Add Thionyl Chloride
(SOCly) till the solid just dips in it and reflux the reaction mixture on a water bath with a
water condenser for 15 mts. Transfer the acid chloride into two small beakers. Cool it inice
and see that no water enters the beaker. If the water enters the acid chloride, it undergoes
hydrolysis back to carboxylic acid. Measure 2 mL of Ammonia (NHs) in one test tube (dry)
& 2 mL of Aniline (CsHsNH2) in another dry test tube:

1. Amide preparation: Add Ammonia (NHz) drop wise to the acid chloride taken in
one beaker till asolid ppt, if formed. Cool the product for 5 mts.

2. Anilide preparation: Add Aniline (CeHsNH2) drop wise to acid chloride taken in
second beaker till asolid ppt isformed. Cool for 5 mts.
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FUNCTIONAL GROUP ANALYSISOF PHENOLS

Experiment

Observation

Inference

Neutral Ferric Chloride (FeCl3):

Take 5 drops of the compound and add a
few drops of freshly prepared neutral
Ferric Chloride (FeClz3) solution.

Green/brown/violet/
blue color develops.

Compound

contains

phenolic OH.

Phthalein Fusion:

To 100 mg of the compound in a test
tube, add equa amounts of  Phthalic
Anhydride (CsH4(CO),0) and then, heat
the mixture. Add 2 drops of conc.
Sulphuric Acid (H2SO4) and then, stir the
mixture and cool. Add 2-3 drops of this
mixture into a beaker containing 5 mL of
10% Sodium Hydroxide (NaOH)
solution.

(a) Pink color develops.

(b) Red / blue / violet-
blue / green / faint
green colour develops.

Compound

is

unsubstituted phenol.

Compound

contains

phenolic OH.

Reaction with Bromine (Br2) Water:

To 1 drop of Phenol (CsHsOH), add
Bromine (Brz) water till the persistence
of orange colour. Pour it in a beaker
containing ice cold water.

Formation of yellowish
white ppt.

Compound

contains

phenolic OH.

Libermann reaction:

Take 1 or 2 crystals of Sodium Nitrite (
NaNOy) in adry test tube, add 0.5 gms of
the sample and heat for 1 minute. Allow
it to cool and add twice the volume of
conc. Sulphuric Acid (H2SOa).

Deep green/deep blue
colour develops, which
on dilution changes to
red color.

Compound

contains

phenolic OH.

Diazotisation:

Take 2/3 drops of Aniline (CsHsNH>)
and conc Hydrochloric Acid (HCl) in a
test tube until the dissolution of Aniline
and then, add 3 mL of cold water. Cool
the test tube in ice to 0°C and add few
drops of 20% Sodium Nitrite (NaNO>) to
the Aniline solution. Add this diazonium
solution to a cold 10 mL of 10% Sodium
Hydroxide (NaOH) solution of sample
and maintain the temperature at 0°C.

Formation of red

orange dye.

Confirms the presence of
phenolic OH.

Derivatives

A: Bromo derivative: Transfer 1 gm of the sample into a beaker and dissolve in 3 mL of
Methanol (CHsOH) if the compound is a solid. Then add Bromine (Brz) in Acetic Acid
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(CH3COOH) in this mixture until red color of Brz is persistent. Keep aside for 5-10 mts.
Add ice cold water to the mixture and filter the solid, which is separated out.

B: Benzoyl derivative: Transfer 500 mg of the compound into a conical flask and add 10
mL of  15% Sodium Hydroxide (NaOH) solution. Then, shake the mixture till al the
sample dissolves in the Sodium Hydroxide, add 2 mL of Benzoyl Chloride (CsHsCOCI) and
cork the flask. Shake the flask vigorously for 10 mts where by solid benzoyl derivative
separates out. Filter & wash with 10% Sodium Carbonate (NaCOs) solution to remove
excess of Benzoyl Chloride & again wash with water to remove the carbonate.

C: Aryloxy derivative: Transfer 1 gm of sample into a round-bottom flask and add 10 mL
of 1% Sodium Hydroxide (NaOH) solution. Add Chloroacetic Acid (CICH2COQOH), reflux
the mixture with a water condenser on a small flame for half an hour, cool the reaction
mixture & neutralize with Hydrochloric Acid (HCI). An aryloxy derivative got separated.

D: Methylation for B-Naphthol: Transfer 500 mg of sample [B-Naphthol (C1o0H7OH)] into
a conical flask and dissolve it in 5 mL of 15% Sodium Hydroxide (NaOH) solution. Then
add 2 mL of Dimethyl Sulphate [(CH3)2SO4], cork the flask and shake vigorously till a buff
coloured solid separates out. Filter the f-Naphthyl Methyl Ether formed.

FUNCTIONAL GROUP ANALYSISOF AMINES

Sl. No. |Experiment Observation Inference
1. Solubility in dil. Hydrochloric Acid
(HCI):

(HC). obtained. tertiary amine.

2. Nitrous acid test:

of conc. Hydrochloric Acid (HCl) and|gaswith the formation of |[of  diazonium

dilute with 3 mL of water. Cool in icejan orange-brown|Primary  amine
and add few drops of cold Sodium Nitrite| solution. confirmed.
(NaNO2) solution.

confirmed.

of 5% Sodium | confirmed.
Hydroxide (NaOH).
Dark green solid
separates out.
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Take 10 mg (5 drops) of the compound | The compound dissolves| The compound may be
and add 15 mL of dil Hydrochloric Acid|and a clear solution is|primary / secondary /

Dissolve 50 mg of the substancein 1 mL | (1) If liberation of brown|Indicates the formation

(2) If yellow oily drops|Indicates the formation
Separates out. of N- nitroso amine.
Secondary amine i

(3 Dak red colour|Indicates the formation
solution is obtained. To|of p- nitroso amine.
this solution, add 1 mL |Tertiary  amine i




3. Reaction with Bromine (Br2) Water:

To 1 drop/10 mg of sample, add Bromine| Formation of yellowish|Primary  amine s
(Br2) water until orange color persists. |white precipitate. confirmed.
Pour it in a beaker containing ice cold
water.

4. Diazotisation of Primary Amine:
Take 2 or 3 drops of sample in a test|Azo dyeisformed. Primary  amine is
tube, add conc. Hydrochloric Acid (HCI) confirmed.

until sample dissolves and add 3 mL of
cold water. Cool the test tube in ice to
0°C. Add few drops of 20% Sodium
Nitrite (NaNO) solution (which is aso
cooled to 0°C) to the sample solution.
Add this diazonium solution to a cold
solution of Phenol (CeHsOH) in 10 mL
of 10% Sodium Hydroxide (NaOH)
solution. Maintain the temperature at
0°C.

Derivatives:

1. Primary/ secondary amine;

A. Bromo derivative: Transfer 1 mL of the sample into a beaker and add Bromine (Br2)
in Acetic Acid (CH3COOH) until red color of Bromineis persistent. Keep aside for 5-
10 mts. Add ice cold water to the mixture where by awhite/yellow ppt. separates out.

B. Benzoyl derivative: Transfer 1 mL of the sample into a conical flask, add 10 mL of
15% Sodium Hydroxide (NaOH) solution as well as 20 drops of Benzoyl Chloride
(CsHsCOCI). Cork the flask and shake vigoroudly till a solid separates out. Filter and
wash with carbonate solution followed by water.

C. Acetyl derivative: Transfer 1 mL of the sasmple into adry conical flask, add 3 mL of
Acetic Anhydride (CHsCOOCOCHs3), 3 mL of Glacial Acetic Acid (CH3COOH) and
heat on a water bath for 10 mts. Test for completion of reaction by transferring few
drops of the mixture into the test tube containing ice cold water. If solid separates out,
stop heating, otherwise continue heating for some more time. Transfer the reaction
mixture into a beaker containing cold water. A solid acetyl derivative separates out.

2. Tertiary amine:

A. p-Nitroso tertiary amine: Transfer 1 mL of the sample into a beaker and cool inice
till the temperature reaches 5°C. Add 5 mL of conc. Hydrochloric Acid (HCI), mix
well and continue cooling. Transfer 1 spatula of solid Sodium Nitrite (NaNO) into a
test tube, dissolve in half test tube of water & cool this in ice to 5°C. Now add this
cold Sodium Nitrite solution drop wise to the cold sample present in the beaker,
maintaining the temperature at 5°C. The solution becomes red due to the formation of
p-nitroso tertiary amine hydrochloride. Then add 10% NaOH solution and a dark
green solid separates out.
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B. Picrate derivative: Transfer 1 mL of the sample into a beaker and add spatula of
Picric Acid [(NO2)3CeH20H] as well as 2-3 mL of Methanol (CH3OH). Heat the
mixture on electrical water bath till the solution becomes clear. Keep it aside for 5 mts.
A ydllow crystalline picrate of tertiary amine separates ouit.

FUNCTIONAL GROUP ANALYSISOF CARBONYLS

Sl. No. |Experiment Observation Inference
1 2,4-Dinitrophenylhydrazine (2,4-DNP)
test:
An orange ppt. of 2,4-| Compound contains
To 2-3 drops of sample, add 1 mL of |dinitro phenyl | carbonyl group.
2,4-Dinitrophenylhydrazine (2,4-DNP)|hydrazoneis formed.
reagent (if compound is solid, dissolve it
in few drops of Methanol). Keep it in
hot water bath for few minutes if no
precipitate is formed.
2. Bisulphite addition reaction:
To 1 mL of sample, add 1 mL of|White addition product/May be adehyde or
saturated Sodium Bisulphite (NaHSO3)|isformed. ketone.
solution.
3. Tollens’ test:
To 1 mL of sample, add 5 mL of Tollens’| A silver mirror is|Aldehyde is confirmed.
reagent and heat. deposited (or black
ppY).
4, Fehling’s test:
To 1 mL of sample, add 1 mL of sodium|Red colored ppt. is|Aldehydeis confirmed.
carbonate (NaCOz) solution, 1 mL of |formed (aromatic
Fehling’s solution A and 1 mL of|aldehydes do  not
Fehling’s solution B. Boil the mixture|respond).

for 2-3 mts.

Note: If all the tests are negative except 2,4-DNP test, then the compound may be
ketone.

Preparation of Tollens’ reagent: Take 5 mL of Silver Nitrate (AgNQOs) solution in a clean test

tube and add 2 drops of 10% Sodium Hydroxide (NaOH) solution. A grey ppt. is formed. To
this mixture, add ammonia solution (NH4sOH) drop wise until the grey precipitate dissolves.
Thisisknown as Tollens’ reagent.
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| odoform test for M ethyl ketone:

Sl. No. |Experiment Observation Inference

1 To 3 drops of sample, add 10 mL of 20%(1) A paleyellow ppt.  |[Methyl ketone IS
aq Sodium Hydroxide (NaOH) and shake(iodoform, CHI3) is confirmed.
well. Add gradually Potassium lodideformed.
(K1) + lodine (l2) solution with shaking
till dark colour of iodine persists. Now|(2) If no ppt.isformed [The ketone is not methyl
warm the solution on a hot water bath forjafter prolonged heating. |ketone.
10 mts.

2. To 0.5 mL of sample, add carefully 3mL|A pae yellow ppt.Methyl ketone g

of 10% Potassium lodide (KI) solution|(iodoform) isformed. |confirmed.
and 10 mL of freshly prepared Sodium
Hypochlorite (NaOCl). Shake vigoroudly.

Test for Benzophenone:

Experiment Observation Inference

Take 50 mg of the sample in a dry testThe mixture turns green|Benzophenone iS
tube, add 1 gm of Naphthalene (CioHs),due to the free radical|confirmed.

mix and heat until melts. Add a smallif5rmation.
piece of Sodium (Na) metal and heat

again.

Derivativesfor carbonyl compounds (aldehydes & ketones)

A: Preparation of oxime: Transfer 1 mL or 500 mg of the sample into a small beaker and add 5

mL of Methanol (CH3OH), 100 mg of Hydroxylamine Hydrochloride (NH2-OH.HCI) followed
by 1 gm of Sodium Acetate (CH:COONa). Heat the mixture on an electrical water bath for 15
mts and on cooling white crystalline oxime separates out.

: Preparation of semicarbazone: Transfer 1 mL or 500 mg of the sample into a small beaker and

add 5 mL of Methanol (CH3OH), 100 mg of Semicarbazide Hydrochloride
(NH2CONHNH2.HCI) followed by 1 gm of Sodium Acetate (CH3COONa). Heat the mixture on
an electrical water bath for 15 mts and on cooling white crystalline semicarbazone separates out.

: Preparation of phenyl hydrazone: Transfer 1 mL or 500 mg of the sample into a small beaker

and add 5 mL of Methanol (CHsOH), 100 mg of Phenyl Hydrazine Hydrochloride
(CeHsNHNH2.HCI) followed by 1 gm of Sodium Acetate (CH3COONa) and 1 mL of Glacial
Acetic Acid (CH3COOH). Heat the mixture on an electrical water bath for 5 min and on cooling
hydrazone separates out.
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FUNCTIONAL GROUP ANALYSISOF AMIDES

Sl. No. |Experiment Observation Inference

Hydrolysis:

Take 5 mg of the compound in a testAmmonia (NHsz) gas isAmideis confirmed.
tube, add 2 mL of Sodium Hydroxideliberated. Turnsred litmus
(NaOH) and heat for 2 mts on a burner.|to blue.

Test the solution with litmus. Add
Hydrochloric Acid (HCI) to the aboveWhite ppt. of carboxylic Amideis confirmed.
alkaline solution. acid is formed.

Derivatives for amides

Hydrolysis of amide: Transfer 1 gm of the sample into a conical flask, add 15 mL of 20% Sodium
Hydroxide (NaOH) solution and heat it on a Bunsen burner till the boiling of the mixture. Cool the
reaction mixture and neutralize with conc. Hydrochloric Acid (HCI). A white ppt. of carboxylic
acid separates out with loss of ammonia.

FUNCTIONAL GROUP ANALYSISOF NITRO HYDROCARBONS

Sl. No. |Experiment Observation Inference

Mulliken-Barker test:

Dissolve 50 mg of the sample in 1 mL|Black or grey ppt. / silver|Nitro  hydrocarbon g
of Ethanol (C:HsOH), add 50 mg ofjmirror formation. confirmed.

solid Ammonium Chloride (NH4Cl) and
50 mg of Zinc (Zn) dust. Heat the
mixture to boiling & filter. To the
filtrate, add Tollens’ reagent and heat it
on the water bath.

Note: If the given compound contains Nitrogen and gives negative test for amides, urea & nitro
hydrocarbons, then test for anilides.

Derivative of nitro hydrocarbons:

Dinitration: Transfer 1 mL of the sample (nitrobenzene) into a small round bottom flask, add
nitrating mixture [2 mL of fuming Nitric Acid (HNOz) + 3 mL of conc. Sulfuric Acid (H2S0O4)] to
it and heat the mixture on water bath with an air condenser for 15 mts. Transfer the reaction
mixture into a beaker containing cold water. Pale yellow solid of m-dinitrobenzene separates out.

FUNCTIONAL GROUP ANALYSISOF ANILIDES

A. Test for Benzanilide (CeHsCONHCsH5):

Sl. No. |Experiment Observation Inference

To 50 mg of the compound, add 5 mL|Carboxylic part of Benzanilide is confirmed.
of conc. Sulfuric Acid (H2SOs) andanilides separates as solid.
warm carefully.
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Derivatives of Benzanilide:

Transfer 1 gm of anilide into a round bottom flask, add 20 mL of 70% Sulfuric Acid (H2SO4) and
reflux with a water condenser on a small flame for 10 mts. Then cool the reaction mixture where
by a white solid of aromatic carboxylic acid separates out. Aniline forms anilinium sulphate
(CeHsNH2.H2S04), which is soluble in water and can be eliminated by filtration.

B. Test for Acetanilide (CeHsCONHCH3):

Sl. No. |Experiment Observation Inference

To 50 mg of the compound, add SFormation of oily dropletsAcetanilideis confirmed.
mL of conc. Sulfuric Acid (H2SO4) jindicates the amine part,
Warm Carefully and neutralize WIthWhICh is extracted with ether.

dil. Sodium Hydroxide (NaOH). Evaporate ether and test for
primary amine. (any 1° amine
test)

Derivatives of Acetanilide:

A.Bromo derivative: To 1 gm of sample, add Bromine (Brz2) in Acetic Acid (CH3COOH)
till the red color of Bromine persists. Keep it aside for 15 min. Pour it into cold water
where by p-Bromoacetanilide (BrCsHsNHCOCH3) separates out.

B. Nitro derivative: Dissolve 1 gm of dry sample (acetanilide) in 1 mL of Glacial Acetic
Acid (CH3COOH) in a 100 mL beaker. Surround the beaker with ice and add a cold
mixture of 1 mL of conc. Nitric Acid (HNOs) & 0.5 mL of conc. Sulfuric Acid (H2SOa)
maintaining the temp below 5°C. Allow it to stand for 10 min. Pour into crushed ice, p-
nitro acetanilide separates out.
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FUNCTIONAL GROUP ANALYSISOF ESTER

Experiment

Observation

Inference

Hydroxamic acid test:

To a drop of the compound, add 100 mg
of solid Hydroxylamine Hydrochloride
(NH2OH.HCI) and 5 mL of 10% Sodium
Hydroxide (NaOH) solution. Boil the
mixture on a Bunsen flame for 2-3 mts.
Cool and acidify with dil. Hydrochloric
Acid (HCI). To this solution add few
drops of neutral Ferric Chloride (FeCls)
solution.

Deep violet or deep
reddish colour develops
due to the formation of
hydroxamic acid.

Ester is confirmed.

Hydrolysis:

Take 2mL of ester in a 50 mL round-
bottom flask, add 20 mL of 30% Sodium
Hydroxide (NaOH) solution and reflux
using a water condenser for half an hour.
Cool the mixture and neutralize with
conc. Hydrochloric Acid (HCI).

Ester undergoes
hydrolysis to give an
alcohol and acid. The
alcohol being liquid
floats on the mixture and
acid gets precipitated by

neutralization.

Ester is confirmed.

Derivatives of Ester:

Hydrolysis: Take 2 mL of ester in a 50 mL round-bottom flask, add 20 mL of 30% Sodium
Hydroxide (NaOH) solution and reflux using a water condenser on a Bunsen burner for half an
hour. If there are no oily drops floating on the surface, it indicates the completion of the reaction.
Otherwise continue the heating for some more time. Then transfer the reaction mixture into a 250
mL beaker and neutralize with conc. Hydrochloric Acid (HCI) while cooling. A white ppt. of
aromatic carboxylic acid separates out.

ANALYSISOF HYDROCARBONS

Experiment

Observation

Inference

Test with Aluminium Chloride (AICIs):

To afew mg of the compound or 0.2 mL
of liquid, add 3 mL Chloroform (CHCl3)
and shake well. Then transfer a pinch of
Aluminium Chloride (AICI3) into a dry|
test tube and sublime. Add Chloroform
mixed sample to the sublimed
Aluminium Chloride such that the
Chloroform layer touches the Aluminium
Chloride.

(1) Orange colour developsCompound may be

on the sides of test tube.

(2) Purple or blue or green

colour develops.

halo-hydrocarbon.

Compound may be
poly-hydrocarbon.
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Derivatives of Hydr ocar bons:

A. Nitration: To 1 mL of hydrocarbon, add a mixture of 2 mL of conc. Nitric Acid (HNOs)
& 4 mL of conc. Sulfuric Acid (H2SOs), and heat the mixture on water bath for 20 mts.
Transfer the mixture into a beaker containing cold water.

B. Picrate: Transfer 1 mL of the compound into a small beaker, add 3 mL of Methanol
(CH30H) and one spatula full of Picric Acid [(NO2)3CsH2OH]. Hesat the reaction mixture
on awater bath for 15 mts. Keep aside, where by a pale crystalline picrate separates out.

ANALYSISOF MISCELLANEOUS GROUPS
|. CARBOHYDRATES:
Sl. No. |Experiment Observation Inference
1 Molisch test:
Dissolve 2 mg of the compound in 4 mL offA deep violet color is|Carbohydrate IS
water and add 3-4 drops of alcoholic a-formed at the junction of|confirmed.
Naphthol (CioH7OH). Then add 2 mL ofjtwo layers.
conc. Sulfuric Acid (H2SO4) carefully from
the sides of the test tube.
2. 2,4-Dinitrophenylhydrazine  (2,4-DNP)
test:
To 5 mg of the compound in 1 mL of/Orange ppt. separates. Presence of carbonyl
water, add 1 mL of 2,4 group.
Dinitrophenylhydrazine (2,4-DNP) reagent.
3. Tollenstest:
Dissolve 1 mg of the compound in 1 mL of|(1)  Silver  mirror  isiAldoseis confirmed.
water and add 5 mL of Tollens’ reagent.|deposited.
Heat the mixture on water bath for 5-10
mts. (2) No Silver mirror. Ketose is confirmed.
4, Rapid furfural test:

Dissolve 20 mg of the compound in 1 mL
of water. Add 1 mL of a-Naphthol
(C10H70OH) solution & 2-3 drops of conc.
Hydrochloric Acid (HCI).

(1) Violet color is formed
immediately.

(2) If the color is developed
dowly a RT but develops

on heating in awater bath.

May be fructose.

May be glucose.

Derivatives of carbohydrates:

A. Osazone derivative: Dissolve 1 gm of carbohydrate in 5 mL of water and then, add 3 mL of
Glacial Acetic Acid (CH3COOH) and 5 mL Phenyl Hydrazine (CsHsNHNH>) in a boiling tube.
Heat on water bath for 15 mts. An yellow crystalline phenyl osazone separates out.
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B. Benzoylation: Transfer 1 gm of carbohydrate into a conica flask and add 10 mL of 20%
Sodium Hydroxide (NaOH) followed by 2 mL of Benzoyl Chloride (CeHsCOCI). Cork the flask
and shake vigorously for 10 mts where by a white solid of penta benzoyl derivative separates

out.

. UREA:
Sl. No. |[Experiment Observation Inference
1 Biuret test:

Place 20 mg of sample in a dry test tubgColour of copper sulphateUreais confirmed.
and heat it gently for a min. If the samplechangesto purple.
contains Urea (NH2CONHy), it melts with
liberation of Ammonia (NHs) and
resolidifies to form Biuret
(NH2CONHCONH?y). Dissolve thisin 1 mL
of hot Sodium Hydroxide (NaOH) solution
& heat it. Cool and add a drop of copper
sulphate (CuSQa) solution.

Derivatives of urea:

A. Nitration: Dissolve 1 gm of sample in 5 mL of water taken in a test tube and add 3 mL of conc.
Nitric Acid (HNO3), mix well with aglass rod. A white crystalline Urea Nitrate (NH2CONH2. HNOs)
Separates out.

B. Urea oxalate: Dissolve 1 gm of sample in 5 mL of water taken in a test tube, add 3 mL of

saturated solution of Oxalic Acid [(COOH)2] and shake well. A white solid of Urea Oxalate
[NH2CONH>.(COOH);] separates out.

. THIOUREA:

Note: If both N & S are present in extra elements test, then test for thiourea.

Sl. No. |Experiment Observation Inference
1. Test with FeCls:
Take 10 mg of the sample and heat it on gBlood red color developsThiourea IS

burner till it melts. Then add 2-3 drops of/due to Ammonium|confirmed.
Acetic Acid (CH3COOH) followed by gThiocyanate (NH4SCN).
few drops of Potassium Ferricyanide
[K3Fe(CN)g).

2. Melt 10 mg of samplein adry test tube andGreen color appears & |Thiourea IS
add few drops of dil. Acetic Acidsowly changesto blue. confirmed.
(CH3COOH), followed by few drops of
Potassium Ferricyanide [KsFe(CN)g].
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Derivative of thiourea:

Benzoylation: Transfer 500 mg of Thiourea (NH2CSNH>) into a dry round-bottom flask, add 10 mL
of Ethanol (CoHsOH) and 3 mL of Benzoyl Chloride (CsHsCOCI) to it. Reflux the mixture on a water
bath with a water condenser for 30 mts. Transfer the hot reaction mixture into a dry 100 mL beaker
and cool inice. A white crystalline Benzoyl Thiouranium Chloride separates out.
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ORGANIC CHEMISTRY
SEMESTER -
LIST OF EXPERIMENTS

Detailed Syllabus:

1. Isolation and identification of tannic acid in tea samples.

2. Determination of casein and lactose contentsin a given milk sample.
3. Estimation of acetic acid in commercial vinegar solutions.

4. Determination of acid value of different oil samples.

5. Functional group analysis of hydrocarbonsin a given organic sample.

6. Identification of functional groups in organic compounds and synthesis of their derivativesin

agiven mixture.

7. Synthesis of anthranilic acid from phthalic anhydride and spectrochemical analysis of the

product.
8. Synthesis of p-nitroaniling, its acid derivatives and their spectrochemical analysis.
9. Synthesis of p-nitroacetanilide, its derivatives and their spectrochemical analysis.

10. Preparation of adipic acid using greener approaches and structura confirmation by

spectroscopic techniques.

18|Page



Experiment No. 1

AlIM: Isolation and identification of tannic acid (C7eHs2046) in tea samples.

STRUCTURE OF TANNIC ACID:

MATERIALS REQUIRED:

> didtilled water, Bunsen burner, tripod stand, wire gauge, beaker, funnel, China dish, filter
paper and chemical balance.

CHEMICALSUSED:

» 10 gm of 3 different tealeaves
» Calcium Carbonate (CaCOz)
» Hydrochloric Acid (HCI)

THEORY:

The Tannic Acid present on the tea leaves (sample) is precipitated as Calcium Tannate by
treatment of that sample with Calcium Carbonate. Calcium Tannate is then hydrolysed with
conc. Hydrochloric Acid and recrystallized with water.

PROCEDURE:
1. Weigh exactly 10 gm of each sample of tealeaves.
2. Take 100 mL of distilled water in a 250 mL of beaker and add tea sampleto it.
3. Now boil it for 10 mts.

4. Cool and filter the solution. To thefiltrate, add 2 gm of Calcium Carbonate and again boil
the content.

5. Tannic acid gets precipitated as Calcium Tannate. By filtration, separate the precipitate.
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Calcium Tannate thus obtained is then hydrolysed by warming it with 4-5 mL of conc.

Hydrochloric Acid.

Tannic Acid obtained is crystallized with water and the yield is calculated.

Repeat the above steps for the other two samples under similar experimental conditions.

Record the melting point of the product.

OBSERVATION & CALCULATION:

Sl. No. Name of Tea Weight of Tea | Weight of Tannic Acid | Percentage of Tannic
Sample Sample (Y) (gm) (Z2) (gm) Acid
1 Tea Sample-1 10 0.211 3.21
2 Tea Sample-l 10 0.321 211
3 Tea Sample-Il| 10 0.186 1.86

Calculation of Tannic Acid in various tea:
Weight of tea=10 gm (YY)

Weight of filter paper + Tannic Acid = x
Weight of filter paper =y

Weight of Tannic Acid=x-y =Z

Weight of Tannic Acid (Z)

0 . =
% of Tannic Acid Weight of tea sample (Y)

X 100

RESULT:
The tea sample containing the higher percentage of Tannic Acid gives better flavor.
PRECAUTION:

The measurement of weight of tea sample and all extract should be precise.
The used water should be distilled.

Apparatus should be clean and dry.

Always use test tube holder while adding concentrated acid.

o ~ w N PE

If acid makes contact with the skin, wash it with water thoroughly.
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Experiment No. 2

AlIM: Determination of casein and lactose (C12H22011) contentsin a given milk sample.

(i) Isolation of Casein

MATERIALS REQUIRED:

> didtilled water, funnel, beaker, dropper, petri dish, spatula, filter paper, weighing balance.
CHEMICALSUSED:

» Milk sample

» 10% Acetic Acid (CH3COOH)
» Diethyl Ether (CoHs0OC2Hs)

» Ethanol (CH3CH20H).

THEORY:

Casain exists in milk as the calcium salt. Since Calcium Caseinate has an isoelectric point of pH
4.6, casein in insoluble in solutions of pH less than 4.6. The isoelectric point of a protein is the
pH where the net charge on the protein is zero. Proteins tend to aggregate and precipitate at
these respective isoelectric points. Proteins have different isoelectric point values owing to their
amino acid composition and thus they can be separated by adjusting the pH of the solution.

PROCEDURE:
1. Take 100 ml of milk samplein a beaker. Boil the milk at 50°C for about 15-20 mts.
2. Remove the upper fat or cream layer using clean spatula.

3. Add 10% Acetic Acid drop wise slowly with constant stirring until the pH reaches to 4.6. At
this pH, Casein starts precipitating.

4. Allow the mixture for 15 mts at room temperature. This completes the precipitation.
5. Filter the precipitate carefully using the filler paper fixed on glass-funnel.

6. The precipitate is washed 2-3 times with distilled water. Each time, the precipitate is washed
with 100 ml diethyl ether and ethanol.

7. Filter the precipitate again.
8. Note down the weight of precipitate obtained from the milk sample.

RESULT:
The amount of Casein obtained from 100 mL of milk = ---------------- gm

PRECAUTIONS:
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1) Weigh the sample carefully.

2) Handle the hot apparatus carefully.

3) Use cold diethyl ether and keep the bottle away from flame.
4) Filter the precipitate properly.

5) Do not over boil the milk at very high temperature.

(i) Isolation of L actose

STRUCTURE OF LACTOSE:
OH OH OH

HO 0 0
OH
OH

MATERIALS REQUIRED:

> beaker, funnel, water bath, filter paper, spatula, dropper, activated charcoal, weighing
machine and glass rod.

CHEMICALSUSED:

» Milk sample
> Ethanol (CH3CH20H)
» Calcium Carbonate (CaCOs)

THEORY:

When the fats and proteins have been removed from milk, the carbohydrates remain in the way
as they are soluble in agueous solution. The main carbohydrate in milk is Lactose (C12H22011).
Lactose is the only carbohydrate, which is synthesized in mammals’ body. It is a disaccharide
consisting of one molecule of D-glucose and one molecule of D-galactose joined in 1,4'-fashion
(see the above structure), and is synthesized in the mammary glands. Once the Casein is
removed, Lactose can be isolated as the apha-anomer by addition of Ethanol and crystallization
from the resulting water-ethanol mixture at room temperature.

PROCEDURE:

1. Boil the original liquid to which the Calcium Carbonate was added after isolation of Casein.
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2. Stir the solution constantly and vigorously with glass rod.
3. This procedure precipitates the remaining proteins.

4. Filter the hot mixture to remove the proteins and Calcium Carbonate. Then transfer the hot
mixture into a flask.

5. Concentrate the filtrate to a volume of about one fourth by heating with constant swirling.
6. Add 2 gm of activated charcoal and shake well until the solution is decolorized.

7. Add 50 mL of Ethanol into the solution, shake well and wait for 20 mts.

8. Filter the solution again.

9. Evaporate the Ethanol slowly to get the crystals of Lactose.

10. Weigh the formed crystals of lactose.

11. Record the melting point of the product.

RESULT:

L actose content in the given milk sample = ------------- gm and its melting point is = ------------
PRECAUTIONS:

1. Weigh the sample carefully.

2. Handle the hot apparatus carefully.

3. Keep the Ethanol away from flame.
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Experiment No. 3

AIM: Estimation of acetic acid (CHsCOOH) in commer cial vinegar solutions.

STRUCTURE OF ACETIC ACID:

MATERIALS REQUIRED:

> digtilled water, funnel, conical flask, burette and graduated cylinder.
CHEMICALSUSED:

» Vinegar sample

» Phenolphthalein indicator

» 0.1 M Sodium Hydroxide (NaOH) solution
» 0.1 M Oxalic Acid [(COOH)]

THEORY:

Vinegar is a solution made from the fermentation of Ethanol, which in turn was previously
fermented from sugar. The fermentation of Ethanol results in the production of Acetic Acid. The
Acetic Acid content of avinegar may be determined by titrating a vinegar sample with a solution
of Sodium Hydroxide of known molar concentration (molarity).

CHsCOOH (ag) + NaOH (ag) ———» CHsCOONa (aqg) + H20 (1)

At the end point of the titration, stoichiometry between both solutionsliesin a 1:1 ratio. Strength
of acid in vinegar can be determined by the following formula:

Strength of acetic acid = Mcrh,coon * 60 (molecular weight of acetic acid)
INDICATOR:- Phenolphthalein

END POINT:- Colourless to pink

PROCEDURE:

Standardization of Sodium Hydroxide:-
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5.

Fill the burette with 0.1 N of Sodium Hydroxide solution.
Take 10 mL of 0.1 N standard Oxalic Acid solution in a clean conical flask.
Add 1-2 drops of Phenolphthalein indicator in the above conical flask and shake well.

Now titrate it with Sodium Hydroxide solution (which is filled in burette) till the colour
changes from colourless to pink. Titrate at least three times and note the concordant reading.

Ca culate the molarity/normality of Sodium Hydroxide by using formula.

Titration between Known Sodium Hydroxide and Vinegar sample:-

1.

2.

6.

Pour 1.5 mL of vinegar in aconical flask.

Add distilled water to dissolve the vinegar so that the volume of the solution becomes 20
mL.

Add 1-2 drops of Phenolphthalein indicator in the above conical flask and shake well.
Use afunnel to fill the burette with a known solution of Sodium Hydroxide.

Now titrate the Vinegar solution with Sodium Hydroxide solution (which is filled in burette)
till the colour changes from colourless to pink. Titrate at least three times and note the
concordant reading.

Cdl culate the concentration of acetic acid in the given vinegar sample.

OBSERVATION:

Standardisation of NaOH: -

S.No. | Voal. of Oxalic Acid Burettereading Vol. of NaOH used
(mL) Initial (mL) Final (mL) (mL)

1. 10

2. 10

3. 10

Concordant volume (mL) =

Titration between known NaOH and Vinegar sample:-

S.No. Vol. of Vinegar Burettereading Vol. of NaOH used
solution (mL) Initial (mL) Final (mL) (mL)

1. 20

2. 20

3. 20
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Concordant volume (mL) =

CALCULATION:

Standardisation of NaOH:-

NNaoH * VNaoH = Noxaicacd * Voxalic adid

NnaoH = Noxalicacid * V oxalic acid / 'V NaoH

Titration between Known NaOH and Vinegar sample:-
NNaoH = MnNaoH

MnaoH * VNaoH = McHgcooH * V cHgcooH
McHacoon = MnaoH™* VNeoH / V cHgcooH

Strength of Acetic Acid = (Mch,coon *60) gmilit.

RESULT:

Strength of acetic acid in Commercial Vinegar = gm/lit.
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Experiment No. 4

AlM: Determination of acid value of different oil samples.
MATERIALS REQUIRED:

> beaker, weighing balance, dropper, heating mantle etc.
CHEMICALSUSED:

Oil samples (coconut oil and mustard oil)
Distilled Water

Oxalic Acid [(COOH)2]

Phenol phthalein indicator

Ethyl Alcohol (CH3CH20OH)

Potassium Hydroxide (KOH) Solution

THEORY:

YVVVVVY

Acid value is defined as number of mg of alkali (KOH, NaOH) required to completely neutralize
the fatty acid present in one gm of oil or fat substance. Acid value is an analytical tool used to
determine the freshness of an ail. It works on simple acid-base titration method. The free fatty
acids, which are present in an oil due to oxidative or hydrolytic process is titrated against a
standard alkali using Phenolphthalein as an indicator. The amount of alkali consumed represents
the amount of fatty acid.

B-CO0OH + KOH ——3 F- COHM + HeO
Fatty acid Pottassium soap
PROCEDURE:

(A) Standardization of KOH using oxalic acid:-

1. 10ml of 0.1 N Oxalic Acid is poured into conical flask, add 2-3 drops of Phenolphthalein
indicator to the solution.

2. The solution is titrated with Potassium Hydroxide solution till a permanent pink colour
appears. The volume of Potassium Hydroxide solution used is recorded. Using the
volume of Potassium Hydroxide solution, the concentration is calculated by using the
formulaN1V1=N2V2.

3. Above two steps (Steps 1 and 2) are repeated at least three times to get the concordant
reading.

(B) Determination of acid value of fat/oils:-
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1. 5gm of fat sampleisweighed and placed in a conical flask. Then 25 mL of fat solvent is
added to that conical flask and shake it well. Few drops of Phenolphthalein indicator is
added to the solution also.

2. The above solution is titrated with standardised Potassium Hydroxide solution until a
faint pink colour persist for 20-30 seconds. The volume used is recorded.

3. Above two steps (Steps 1 and 2) are repeated at least three times to get the concordant
reading.

4. Above three steps (Steps 1 to 3) are repeated with a blank sample, which does not contain
any fat sample.

OBSERVATION AND CALCULATION:

(A) Standardization of Potassium Hydroxide using Oxalic Acid:-

Volume of Burettereading Volume of
S. No. Oxalic Acid Initial Reading Final Reading Po’gassuum
(mL) (mL) (mL) Hydroxide used (m)
1 10
2 10 V2
3 10
N1V1=N2V>

Where, V1 =vol. of Oxalic Acid used
N1 = normality of Oxalic Acid
V2 =vol. of Potassium Hydroxide used
N2 = normality of Potassium Hydroxide
N2 =V1* N1/V2
Thereforethe nor mality of Potassium Hydroxideis

(B) Determination of acid value of fats/oils:-

Table of volume of Potassium Hydroxide used in titration (with fat sample)-

Fat Burettereading Volume of
Sl. sample Volume of fat — _ Potassium
No. sedp solvent (mL) Initial Final Hydroxide used
used (g) Reading Reading (ml)
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(mL) (mi)

1 5 25
2 5 25
3 5 25

Table of volume of Potassium Hydroxide used in titration (without fat sample)-

Burettereading Volume of
Sl. Volume of fat Initia Fina Potassium
No. solvent (mL) Reading Reading Hydroxide
(mL) (mL) used (mL)
1 25
2 25 A\
3 25

0.1N KOH solution used for blank sample (Blank) = V4 ml
0.1 N KOH solution used for sample (with fat sample) = Va ml
Titre value for sample=Vzml — Vs ml

=V ml
Therefore, thetitrevalue of sampleisV ml

Acid value (mg KOH/g fat) = Titre value * Normality of KOH * F

Weight of sample (g)
1 ml of 0.1 N KOH solution contains 56.1 mg of KOH.
Therefore, N2 N KOH contains =56.1 mg * N2 N/ 0.1 N = F mg
Acid valug(mg KOH/g fat) = (V ml) * (N2 N) * (F mg)
(59)
= mg KOH/g fat

RESULT:

Acid value of the given fat/oil sampleis mg KOH/g fat.

Note: - Repeat the above experiment for different oil/fat samples.
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Experiment No. 7

AIM: Synthesis of anthranilic acid (C7H7NO2) from phthalic anhydride (CsH4O3) and
spectrochemical analysis of the product.

MATERIALS REQUIRED:

> round bottom flask — 250 ml, ice, condenser, glass rod, Buchner funnel, beaker, pipette.

CHEMICALSUSED:

Phthalic Anhydride (CsH403) — 10 gm

Urea (NH2CONH>) — 2 gm

Sodium Hydroxide (NaOH) - 7.5 gm

Bromine (Br.) solution - 2.1 ml

10% Potassium Hydroxide (KOH) solution- 20 ml
Glacial Acetic Acid (CH3COOH) - to neutralize
Ethanol (CH3CH20OH)

YVVVVYVYYYVY

THEORY:

Nucleophilic attack of amino group of urea towards one of the carbonyl groups of Phthalic
Anhydride forms intermediate substituted Phthalamide [CsH4(CONH2)2]. It gets cyclized on
heating to form Phthalimide [CsH4(CO)2NH]. Amides get a molecular rearrangement (Hoffmann
rearrangement) with solutions of Sodium or Potassium Hypobromide (NaOBr or KOBr) to give
primary amines. In this rearrangement, carbonyl carbon atom of the amide is detached and the R
group of amide gets attached to the nitrogen atom of amine directly.

MECHANISM:

< o

'\-“_\_‘ e

| i 4 Jl\ P WH -+ 2KOH -
i ¥

o o

phthalic anhydride phthalimide

YD N & o
L » . ..
L&) - H'Iﬁ.-"'-‘ h“"-n.-h:lH? - : - M i
_ﬂa/ 'I\ carbamic ackd
2 |

EG‘ET - NHJT
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USE:

PH'DB"-_—C'H_-" ("" -

P, E"“\‘-~|.|:
H0O
O -C05 o

Anthranilic acid is used in the manufacture of dyes and drugs.

PROCEDURE:

Step 1: Preparation of Phthalimide.

1
2.

Mix Phthalic Anhydride (10 g) and Urea (2 g) in @250 ml round-bottom flask.

Heat the flask on an oil bath/sand bath/heating mantle at 130-135°C till the contents melt,
froth up and become solid. Remove the flame and allow cooling.

Add water (about 50 ml) to disintegrate the solid.

Filter the crude product, wash with little water and recrystallize from Ethanol to obtain
white product.

APPEARANCE: white product

YIELD:

M.P.:

Note: Concentrated ammonia solution can be used in place of urea.

Step 2: Preparation of Anthranilic Acid.

Dissolve 7.5 g Sodium Hydroxide in 40 ml water and cool in ice bath to about 0°C
temperature.

Then, add 2.1 mL Bromine solution, desired amount of Phthalimide and 20 mL 10%
Potassium Hydroxide solution.

Heat the solution for 5-10 mtstill phthalimide dissolves. Filter the solution and neutralize
the solution with Glacial Acetic Acid.

31|Page


https://labmonk.com/quantification-of-mefenamic-acid-by-ultraviolet-spectrophotometer-in-tablet-dosage-form
https://labmonk.com/synthesis-of-5-nitrosalisylic-acid-from-salicylic-acid

4. Filter the solid crystals of Anthranilic Acid, wash with water and recrystallize from hot

water with the addition of alittle decolourising carbon.
5. Caollect the acid on aBuchner funnel and dry at 100 °C.

6. Record the yield and melting point.

7. Record the UV-Visible absorption spectraand IR spectra of the product.

APPEARANCE: white product
YIELD:
M.P..

CALCULATION:

Here limiting reagent is Phthalic Anhydride; hence yield should be calculated from its amount.

Molecular formula of Phthalic Anhydride = C,H.O,

Molecular formula of Anthranilic Acid = CH/NO,

Molecular weight of Phthalic Anhydride = 148 g/mole

Molecular weight of Anthranilic Acid = 137 g/mole

Theoretical yield:

148 g Phthalic Anhydride forms 137 g Anthranilic Acid

Therefore, 10 g Phthalic Anhydride will form ....... ? (X) g Anthranilic Acid
X = (137 x10)/148=9.26 g

Theoretical yield =9.26 g

Practical yield=—g
% Yield = (Practical Yield)/(Theoretical Yield) x 100
CONCLUSION:

Anthranilic Acid is synthesized and the percentage yield is found to be.........
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Experiment No. 8

AIM: Synthesis of p-nitroaniline (CeHeN202), its acid derivatives and their spectrochemical
analysis.

MATERIALS REQUIRED:

>

ice bath, measuring cylinder, round-bottom flask.

CHEMICALSUSED:

>

>
>
>

Concentrated Sulfuric Acid (H2SO4) — 4 ml

Distilled Water — 3 ml

p-Nitroacetanilide (CeHsN20O3) — 0.7 gm

Sodium Hydroxide (NaOH) solution — 120 ml of 2 M

THEORY:

The synthesis of p-nitroaniline is the hydrolysis of p-nitroacetanilide under acidic conditions.
The chemical reaction is as follows-

26N A :
ON ~ ON

p-nitroacetanilide p-nitroandline

PROCEDURE:

1. Fill a100 mL round-bottom flask with a solution of concentrated Sulfuric Acid (4 mL)
and water (3 mL).

2. Add p-Nitroacetanilide (0.7 g) and heat the reaction mixture gently under reflux for 20
mts.

3. Pour the hot mixture into cold water (20 ml) and adjust the pH of the solution with
Sodium Hydroxide solution (2 M, approximately 120 mL) until alkaline and a yellow
precipitate is obtained.

4. Cool the mixture in an ice bath.

5. Caollect the crude yellow solid by filtration, wash thoroughly with water and dry in the air.

6. Recrystallise from 1:1 ethanol/water mixture to obtain bright yellow crystals of the title
compound.

7. Record your yield and melting point.
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8. Record the UV-Visible absorption spectraand IR spectra of the product.

9. Prepare the bromo/benzoyl/acetyl derivatives of p-Nitroaniline and measure their melting
points.

APPEARANCE: bright yellow crystals
YIELD:
M.P..

CALCULATION:

Molecular formula of p-nitroacetanilide = CeHgN203
Molecular formula of p-nitroaniline = CsHeN202
Molecular weight of p-nitroacetanilide = 156 g/mole
Molecular weight of p-nitroaniline = 138 g/mole
Theoretical yield:

156 g p-nitroacetanilide forms 138 g p-nitroaniline
Therefore, 0.7 g p-nitroacetanilide will form ....... ? (X) g p-nitroaniline
X = (138 x0.7)/156 = 0.62 g

Theoretical yield = 0.62 g

Practical yild=—¢g

% Yield = (Practical Yield)/(Theoretica Yield) x 100
CONCLUSION:

p-Nitroaniline is synthesized and the percentage yield is found to be........... %
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Experiment No. 9

AIM: Synthesis of p-nitroacetanilide (CsHsN203), its derivatives and their spectrochemical
analysis.

MATERIALS REQUIRED:

» conical flask, beaker, dropping funnel, filter paper, glass rod.

CHEMICALSUSED:

Acetanilide (CeHoNO) — 5 gm

Glacial Acetic Acid (CH3COOH) — 5 mL
Concentrated Sulphuric Acid (H2SO4) — 10 mL
Fuming Nitric Acid (HNOs) — 2 mL

Ethyl Alcohol (CHsCH20H)

YV VVY

THEORY:

The organic compound p-Nitroacetanilide is prepared from Acetanilide through nitration. When
Acetanilide is treated with nitrating mixture that is a mixture of Nitric acid and Sulphuric acid, p-
Nitroacetanilide is formed. Along with p-Nitroacetanilide, o-Nitroacetanilide is also formed as a
minor product. Since o-Nitroacetanilide is very much soluble in alcohal, it is very easy to isolate
p-Nitroacetanilide through crystallization.

The chemical reactions involved in this processis given below.

NHCOCH, NHCOCH, Nl 1COCH,

HNO,, H,30,
2H8K

t-Mibreacetanilido

- Hutmm...l ids (Mdinar)
{Mlajarh

4
y .

>

Acetanilide <
—alacial acen
acid + con. H 50

- el | |

Freezing
\ ‘l mixture

Fig 1. Flask kept in freezing mixture
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PROCEDURE:

1. In 250 mL beaker, take Glacia Acetic Acid and powdered Acetanilide, and stir the
mixture well with glass rod.

2. Tothis mixture, add conc. Sulphuric Acid and therefore, the solution becomes hot.

3. Place the beaker in a freezing mixture bath and adjust the temperature of the reaction
mixture in the range 0-5°C.

4. Add fuming Nitric Acid drop by drop while continuously stirring the reaction mixture.

5. When the addition of Nitric Acid is complete, take out the beaker from ice bath and keep
it at room temperature for about half an hour.

6. Now pour the contents of the beaker over crushed ice taken in another beaker. The
product p—Nitroacetanilide precipitates out immediately.

7. Filter it, wash the residue thoroughly with water and recrystallize from methylated spirit.
8. Record your yield and melting point.

9. Record the UV-Visible absorption spectraand IR spectra of the product.

10. Prepare the acid derivatives of p-Nitroacetanilide and measure their melting points.

APPEARANCE: Colourless crystals
YIELD:
M.P..

CALCULATION:

Molecular formula of Acetanilide = CsHoNO
Molecular formula of p-Nitroacetanilide = CsHsN20O3
Molecular weight of Acetanilide =111 gm/mole
Molecular weight of p-Nitroacetanilide = 156 gm/mole
Theoretical yield:

111 gm Acetanilide forms 156 g p-Nitroacetanilide
Therefore, 5 g Acetanilide will form ....... ? (X) g p-Nitroacetanilide
X = (156 x 5)/111=7.03 ¢

Theoretical yield=7.03 g

Practical yild=—¢g

3B|Page



% Yield = (Practical Yield)/(Theoretical Yield) x 100
CONCLUSION:
p-Nitroacetanilide is synthesized and the percentage yield is found to be........... %
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Experiment No. 10

AIM: Preparation of adipic acid (CsH1004) using greener approaches and structural
confirmation by spectroscopic techniques.

MATERIAL REQUIRED:

» ice bath, conica flask, round-bottom flask, thermometer, beaker, funnel, measuring
cylinder, filter paper.

CHEMICALSUSED:

» Cyclohexanol [(CH2)sCHOH] — 1 mL =0.96 gm
» Conc. Nitric Acid (HNO3) — 15 mL of 50%
» Ammonium Metavanadate (NH4V Os) - 0.05 gm

THEORY:

Adipic acid is a dicarboxylic acid with ITUPAC name Hexane-1,6-dioic Acid with formula
(CH2)4(COOH).. From an industrial perspective, it is the most important dicarboxylic acid used
as monomer for the production of nylon by polycondensation reaction with Hexamethylene
Diamine [NH2(CH2)sNH2] forming 6,6-nylon. Hence the purpose of this experiment is to
synthesize Adipic Acid through oxidation of Cyclohexanol using 50% Nitric Acid in presence of
catalyst Ammonium M etavanadate.
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PROCEDURE:

1

7.
8.
9.

In a 250 mL round-bottom flask or conical flask, place 15 mL of 50% Nitric Acid and
heat the acid solution on water bath nearly to 65-70°C.

Add a pinch of Ammonium Metavanadate (0.05 g) to that hot acid solution.

Add 1 mL of Cyclohexanol dropwise to the acid solution maintaining the temperature at
65-70°C.

The reaction progress is indicated by the evolution of brown gasi.e. oxides of nitrogen.

After complete addition of Cyclohexanol, maintain the temperature for 10 mts. more till
evolution of brown gas ceases.

Cool the reaction mixture to lab temperature and then, place it in an ice bath.
Crystalization of Adipic acid takes place as light yellow/white crystals.

Dry and weigh the light yellow/white crystals.
Cadculate the yield and obtain melting point.
Record the UV-Visible absorption spectraand IR spectra of the product.

APPEARANCE: White/yellow crystalline powder

YIELD:

M.P.:

CALCULATION:

Molecular formula of Cyclohexanol = (CH2)sCHOH

Molecular formula of Adipic Acid = CeH1004

Molecular weight of Cyclohexanol = 100 gm/mole

Molecular weight of Adipic Acid = 146 gm/mole

Theoretical yield:

100 gm Cyclohexanol forms 146 gm Adipic Acid

Therefore, 0.96 g Cyclohexanol will form ....... ?(X) g Adipic Acid

X = (146 x 0.96)/100 = 1.40 gm

Theoretical yield = 1.40 gm

Practical yield=——gm
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% Yield = (Practical Yield)/(Theoretical Yield) x 100
CONCL USION:

Adipic Acid is synthesized and the percentage yield is found to be........... %
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ORGANIC CHEMISTRY
SEMESTER -1
LIST OF EXPERIMENTS

Detailed Syllabus:

1. Separation of the given mixture of amino acids by paper and column chromatography.
2. Separation and identification of sugars by thin layer chromatography.
3. Separation of pigments from the extracts of spinach leaves by column chromatography.

4. Preparation of phenyl azo B-naphthol from aniline and spectrochemical analysis of the

product.
5. Separation of the dyes used in nail paint by paper chromatography.

6. Preparation of aspirin (acetylsalicylic acid) from salicylic acid and their spectrochemical

anaysis.

7. Preparation of 2, 4, 6-trinitrophenol from phenol and spectrochemical analysis of the product.
8. Synthesis of Soap using akali

9. Synthesis of methyl-orange and its spectra analysis.

10. Estimation of glucose and glycine using alkali (Soronsen’s method)
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Experiment No. 1

AIM: Separation of the given mixture of amino acids by paper and column

chromatography.

MATERIALS REQUIRED:

» Glasswares: measuring cylinder, conical flasks, capillary tubes, beakers.
»  Whatman paper No. 2, aluminium foil, pencil, scale, gloves.
» Chromatography column, funnel, Erlenmeyer flask, pipette, mortar and pestle, clamps, ring,

stand, suction bulb.

CHEMICALSUSED:

» Sample: Solutions of Amino Acids (2mg/mL in distilled water)

» Ninhydrin Solution: 200 mg Ninhydrin (CeHeOa4) in 99 ml Acetone (CH3COCH3) and 1 mL
Acetic Acid (CH3COQOH).

» Mobile Phase for Paper Chromatography: Butanol (CsH9OH): Glacia Acetic Acid
(CH3COOH): Water (H20) = 4:1:5

» Mobile Phase for Column Chromatography: Petroleum Ether : Acetone (CH3COCH3) = 7:3
(total 10 mL)

» SilicaGed 40-20gm

THEORY:

The principle of chromatography is partition. In chromatography, there are two phases: one isthe
stationary phase and the other is the mobile phase. Here, water trapped in the paper acts as the
stationary phase and solvent acts as the mobile phase. In case of column chromatography, silica
column is used as the stationary phase. The movement of any compound relative to the solvent is
determined by measurement of R value or retention value.

L3
Distance traveded by solute )
[istance fraveled by salvent &) Ib | sl

PROCEDURE:
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Paper Chromatography
The developing tank is kept ready by adding enough solvent to a depth of approximately
1 cm or lessto make it saturated.
Hold the Whatman filter paper by sides. Draw a pencil line about 1.5 cm from the bottom
of the paper.
Mark one point; at point apply avery small drop of mixture of amino acids.
After the liquid has evaporated (only a few seconds), add a second drop to the same spot.
Allow the spot to dry completely.
Place your paper in the developing tank with the mobile phase with the spot toward the
bottom.
Allow the solvent to ascend the paper to at least % of its height, which will require around
1 hour.
Remove the paper and quickly mark the farthest advance of solvent front with a pencil,
unless it reached the top of the paper.
Dry the paper.
Spray the plate with the Ninhydrin solution in the hood.
Do not alow the Ninhydrin solution to stream down the paper, because this may move
some of the compounds.
Dry the paper in hot air oven at 110°C for 10-15 mts. Do not over heat the paper. Long
heating times may cause browning of the paper over the entire surface.
Circle each coloured spot with a pencil. The Ninhydrin spots fade gradually, so circle at
once.
M easure the distance from the origin to the center of each coloured spot and calculate the
Rrvauesfor all spots.
Record the Rf values and the colour of each Ninhydrin spot.

[dentify the unknown amino acids.

Column Chromatography
Preparation of the column-

Place the glass wool at the bottom of the column.

Put 10 mL 7:3 Petroleum Ether and A cetone solution into the column.
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e Weigh 20 gm Silica Gel 40 in a50 mL Erlenmeyer flask, add some amount of Petroleum
Ether and A cetone solution slowly while mixing the slurry with a glass rod.

e Placethe dlurry in the column with a pipette continuously, then place an Erlenmeyer flask
under the column and allow the excess solvent to drain.
Be careful : Never let silicatodry in the column.

e Collected excess solvent can be reused to place the column.

e Using apipette, add 10 mL amino acid mixture to the top of the column.

e Open the bottom outlet of the column and let the elute pass through the column slowly.

As the eluent passes down the column, collect the samplesin a series of test-tubes.

OBSERVATION:

Amino acid Colour Rs

CALCULATION:

Calculate the Rr value of each of the amino acid and compare the value with standard amino
acid.

_ Distance travelled by solute(Amino acid)

Rf

Distance travelled by solvent front
RESULT:
The given mixture was found to contain ............. & .o amino acids.

PRECAUTIONS:

o Wear gloves when using Ninhydrin solvent.

e Dispose of any leftover developing solvent (Butanol/Acetic Acid/Water) in reclaim
container provided. No solvent should be allowed to go down the drain.

e Butanol is a flammable liquid. Make sure there are no open flames and/or heat near the
developing solvent.
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Experiment No. 2

AlM: Separation and identification of sugars by thin layer chromatography.
MATERIALS REQUIRED:

> capillary tube, beaker, stirrer, chromatography chamber, glass plates, oven and spray gun.
CHEMICALSUSED:

Silicagel G-100g

Ethyl Acetate (CH3COOC:Hs) : Isopropanol [(CH3).CHOH] : Water (H20) : Pyridine
(CsHsN) =26:14:7:2

Glucose (CeH120s), Rhamnose (CsH120s), Ribose (CsH100s), Xylose (CsH100s) - 100 mg
each

Aniline (CeHsNHy2), Diphenylamine [(CsHs)2NH] - 1 gm each

Phosphoric Acid (H3POa) - 25 mL

Sodium Acetate (CH3COONa) - 2gm

Acetone (CH3zCOCHs3) - 100 mL

Urea[CO(NH2),] solution in 2M Hydrochloric Acid (HCI) — (spraying agent)

VVVVY V¥V VYV

THEORY:: Principle of separation of Thin Layer Chromatography (TLC) is adsorption. One or
more compounds are spotted on thin layer of adsorbent, which is created on a chromatographic
plate. The mobile phase solvent flows through the plate towards upward against gravitational
force due to capillary action. The components spotted by capillary tube move according to their
affinities towards the adsorbent. The component with more affinity towards the stationary phase
travels slower. On the other hand, the component with lesser affinity towards stationary phase
travels faster.

In this way, components are separated on a TLC plate based on the affinity of the components
towards the stationary phase. The movement of any compound relative to the solvent is
determined by measurement of R value or retention value.

P

Distance traveled by solute
Distance fraveled by solvent &) | b
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PROCEDURE:
1. Prepare standard solutions of sugar.

2. Prepare durry of Silica Gel in 0.02 M Sodium Acetate and pour into the plates of 250 us
thickness.

3. Activate at 105°C for 30 minutes.
4. Prepare mixture of sugar.

5. Prepare the locating reagent by mixing 5 volumes of 1% Aniline and 5 volumes of 1%
Diphenylamine in Acetone with 1 volume of 85% Phosphoric Acid.

6. Prepare the mobile phase by mixing Ethyl Acetate, Isopropanol, Water and Pyridine in the
ratio of 26: 14: 7: 2 thoroughly sonicated in ultrasonicator.

Preparation of TLC plate and loading of standard solution:

1. Make a uniform paste of Silica Gel in distilled water and adjust the thickness of paste
properly. Thisisimportant in preparation of TLC plates.

2. Load the solution of sugar samples on the slides at equal distance from each other.

3. Label on back side of plate. An origin line on the back side of slide from bottom is to be done.
Slideisto bedried.

4. Pour the mobile phase mixture, aready prepared in the chromatographic chamber is to be
saturated for 30 mts. Keep the dlide in chamber in such a way that it just touches the surface
solvent. Cover the chamber.
5. Allow the solvent to rise to 3/4" of the plate. Plate is to be removed.

6. Draw a solvent front on back side of plate. Dry it in air.

7. With the help of sprayer, spray the spraying reagent on to the slide.

8. Measure the distance of developed spots from the origin line.

9. Calculate Rr values of each separated sugar sample.

OBSERVATION:

Sugars Colour R
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CALCULATIONS:
Rf values of spots of standard sugars and mixture were compared.

Rf = Distance travelled by solute (Sugars)

Distance travelled by solvent front
RESULT: The mixture was found t0 CONtaiN...........; voveveveeeiiiiny eeeeeeee, &

N.B.: Spraying solution is 5g Urea in 20 mL 2 M Hydrochloric Acid. It is added with 100 mL
Ethanol and heated to 100°C.
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Experiment No. 3

AIM: Separation of pigments from the extracts of spinach
chromatography.

MATERIALS REQUIRED:

leaves by column

» chromatography column, separating funnel, Erlenmeyer flask, pipette, mortar and pestle,

beaker, clamps, ring, stand, suction bulb
CHEMICALSUSED:

SilicaGel 40

Acetone (CH3COCH3)
Petroleum Ether

Sodium Chloride (NaCl)
Calcium Carbonate (CaCQOs)
Sodium Sulphate (Na&SOa)

THEORY:

YVVVVVYY

The leaves of plants contain a number of colored pigments generaly falling into two categories,
chlorophylls and carotenoids. Chlorophylls aand b are the pigments that make plants look green.

Carotenoids are part of a larger collection of plant-derived compounds
called terpenes. Carotenoids are tetraterpenes (eight isoprene units).
Lycopene, the compound responsible for the red coloring of tomatoes
and watermelon, and B-carotene, the compound that causes carrots and
apricots to be orange, are examples of carotenoids. Spinach leaves
contain chlorophyll a and b and B-carotene as major pigments as well as
smaller amounts of other pigments.

In this column chromatography experiment, you will separate the
pigments from the spinach. An aiquot experiment of the extracted
spinach will be applied to an silica column. Although there are many
different components in the extract, they separate into two main bands
on the column. The fastest-moving band (yellow) contains the carotenes
and the slower-moving band (green) contains the chlorophylls.

PROCEDURE:

Prepar ation of the column-

1. Place the glass wool at the bottom of the column.

2. Put 10 mL 7:3 Petroleum Ether and Acetone solution into the column.
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3. Weigh 20 g Silica Gel 40 in a50 mL Erlenmeyer flask, add some amount of Petroleum Ether -
Acetone solution slowly while mixing the slurry with a glass rod.

4. Place the dlurry in the column with a pipette continuously, then place an Erlenmeyer flask
under the column and allow the excess solvent to drain.

Be careful : Never let silicato dry in the column.
5. Reuse the collected excess solvent to place the column.

Prepar ation of spinach sample-

1. Put the spinach into a mortar; add 22 mL Acetone, 3 mL Petroleum Ether and spatula tip of
Calcium Carbonate.

2. Grind the leaves until the pieces are too small to be seen and then filter the pigment extract if
needed.

3. Put the filtrate into a separating funnel and add 20 mL petroleum ether and 20 mL 10% NaCl
solution.

4. Shake the separating funnel and drain the lower layer into a beaker.
5. Wash the upper layer twice with 5 mL distilled water.

6. Then put the extract into a50 mL Erlenmeyer flask and add a spatulatip of Sodium Sulfate

7. Decant the solution in another 50 mL Erlenmeyer flask. Evaporate the excess solvent if
needed.

Performing the column chromatography-

1. Using a pipette, add 10 mL leaf extract to the top of the column.

2. Open the bottom outlet of the column, |et the elute pass through the column slowly. Asthe
eluent passes down the column, the sample is devel oped.

3. When the yellow band reaches the bottom of the column, collect layer in atest tube.
4. Change the test tube as the eluent changes color. Separation of the sample is achieved.

5. If needed, evaporate the excess solvent in the sample, close the sample test tubes with parafilm
and store.

CONCLUSION: The Rfvalues of the above plant pigments are
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Experiment No. 4

AIM: Preparation of phenyl azo B-naphthol (CisH12N20) from aniline and spectrochemical
analysis of the product.

MATERIALS REQUIRED:

» ice, round-bottom flask, glassrod

CHEMICALSUSED:

» Aniline (CeHsNH2) — 5 mL

» Conc. Hydrochloric Acid (HCI) — 16 mL
» Sodium Nitrite (NaNO») - 4 gm

» B-Naphthol (C10H7OH) - 8 gm

» Sodium Hydroxide (NaOH) — 5 gm

THEORY:

2- Naphthol Aniline dye is a scarlet dye that can be prepared by coupling reaction. Aniline reacts
with Sodium Nitrite in the presence of Hydrochloric Acid to form Benzene Diazonium Chloride.
Further Benzene Diazonium Chloride reacts with 2-Naphthol forming a bright orange coloured
2-Naphthol Aniline dye.
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PROCEDURE:

1. Dissolve5 mL Anilinein amixture of 16 mL conc. Hydrochloric Acid and 20 mL water.

2. Cool the solution in ice to 0-5°C and then to it, add a solution of 4 gm Sodium Nitrite in
15 ml water dropwise with continuous shaking and controlling the temperature below
5°C.
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3. In other flask, dissolve 8 gm of B-Naphthol in a solution of 5 gm Sodium Hydroxide in
50 mL of water (heat the solution if necessary to get a clear solution) and then cool in the
ice bath to 0-5°C.

4. Now add either of the cold solution to another cold solution drop by drop with continuous
stirring.

5. Continue tirring at least for half an hour without allowing the temperature to rise above
10°C.

6. Filter the product, wash with cold water, dry and recrystallise from ethyl alcohol or
glacial acetic acid.

7. Record your yield and melting point.
8. Record the UV-Visible absorption spectraand IR spectra of the product.

APPEARANCE: Deep shining red crystals
YIELD:
M.P.

CALCULATION:

Molecular formulaof Aniline = CeHsNH>
Molecular weight of Aniline =93 gm/mol
Molecular formula of Phenyl Azo B-Naphthol = C16H12N20O
Molecular weight of Phenyl Azo B-Naphthol = 248 gm/mol

93 gm of Aniline yields 248 gm Phenyl Azo B-Naphthol
5.15gm (=5 mL) of Anilineyields 248 / 93 x 5.15 = 13.73 gm Phenyl Azo B-Naphthol
Hence, theoretical yield of Phenyl Azo -Naphthol = 13.73 gm

Practical yield = ------ gm
% Practical yield = (Practical yield) / (Theoretical yield) X 100
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Experiment No. 5

AlM: Separation of the dyesused in nail paint by paper chromatography.

MATERIALS REQUIRED:

» Glasswares: measuring cylinder, capillary tubes, beakers.
» Whatman paper No. 2, aluminium foil, pencil, scale, gloves.

CHEMICALSUSED:

» Sample: Solution of nail paints (in Dimethyl Ether)
> Mobile Phase for Paper Chromatography: Butanol (CisH9OH): Glacia Acetic Acid
(CH3COOH): Water (H20) = 4:1:5

THEORY:

The principle of chromatography is partition. In chromatography, there are two phases: one isthe
stationary phase and the other is the mobile phase. Here, water trapped in the paper acts as the
stationary phase and solvent acts as the mobile phase. The movement of any compound relative
to the solvent is determined by measurement of Rr value or retention value.

i froet] —pet s wmmaan
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PROCEDURE:

e The developing tank is kept ready by adding enough solvent to a depth of approximately
1 cmor lessto make it saturated.

e Hold the Whatman filter paper by sides. Draw a pencil line about 1.5 cm from the bottom
of the paper.

e Mark one point; at point apply avery small drop of nail paint solution.

e After theliquid has evaporated (only afew seconds), add a second drop to the same spot.

e Allow the spot to dry completely.
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e Place your paper in the developing tank with the mobile phase with the spot toward the
bottom.

e Allow the solvent to ascend the paper to at least % of its height, which will require around
1 hour.

e Remove the paper and quickly mark the farthest advance of solvent front with a pencil,
unless it reached the top of the paper.

e Dry the paper in hot air oven at 110°C for 10-15 mts. Do not over heat the paper. Long
heating times may cause browning of the paper over the entire surface.

e Circleeach coloured spot with a pencil.

e Measure the distance from the origin to the center of each coloured spot and calculate the
Rrvauesfor all spots.

e Record the R values and the colour of each spot.

e |dentify the unknown dyesin nail paint.

OBSERVATION:

Dyein nail paint Colour R

CALCULATION:

Calculate the Rr value of each of the nail paint dye and compare the value with standard
literature value.

R = Distance travelled by solute(Nail Paint)

Distance travelled by solvent front
RESULT:
The given mixture was found to contain ............. & .ooiiiiiin, dyes.

PRECAUTIONS:

e Digpose of any leftover developing solvent (Butanol/Acetic Acid/Water) in reclaim
container provided. No solvent should be allowed to go down the drain.

e Butanal is aflammable liquid. Make sure there are no open flames and/or heat near the
developing solvent.
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Experiment No. 6

AIM: Preparation of aspirin (acetylsalicylic acid, CoHsO4) from salicylic acid and their

spectrochemical analysis.
MATERIALS REQUIRED:

> ice, beaker, heating mantle, conical flask, thermometer.
MATERIAL REQUIRED:

» Acetyl Chloride (CH3COCI) - 5 mL
» Pyridine (CsHsN) - 5mL
» Salicylic Acid (HOCgH4COOH) - 6 gm

THEORY:

Aspirin is very popular drug and is known for its antipyretic, anti-inflammatory and analgeric
effect. It is chemically known as Acetyl Salicylic Acid. Synthesis of aspirin from Salicylic Acid
occurs by acetylation process in the presence of Pyridine. Acetyl Chloride is very reactive and it
reacts vigorously with Salicylic Acid to form aspirin.

COOH

PROCEDURE:

f
CL

Take about 6 gm of Salicylic Acid in flat bottom conical flask and add 5 mL of Pyridine.

Shake well to dissolve the acid.

Allow it to stand for crystallization.
Filter the crude product.
Record your yield and melting point.

@ N o g A w NP

Place the flask in icy cooled water and add in drops 5 mL Acetyl Chloride and shake.
Wait for 15 mts, place the flask on water bath and heat to nearly 90°C.

Record the UV-Visible absorption spectraand IR spectra of the product.
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APPEARANCE: Colourless white crystalline
YIELD:
M.P.

CALCULATION:

Molecular formula of Salicylic Acid = HOCsH4COOH
Molecular weight of Salicylic Acid = 126 gm/mol
Molecular formula of Acetylsalicylic Acid = CoHgO4
Molecular weight of Acetylsalicylic Acid = 180 gm/mol

126 gm of Sdlicylic Acid yields 180 gm Acetylsalicylic Acid
6 gm of Salicylic Acid yields 180/ 126 x 6 = 8.57 gm Acetylsalicylic Acid
Hence, theoretical yield of Acetylsalicylic Acid =8.57 gm

Practical yield = ------ gm
% Practical yield = (Practical yield) / (Theoretical yield) X 100
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Experiment No. 7

AIM: Preparation of 2, 4, 6-trinitrophenol ((O2N)3CeH20H) from phenol and
spectrochemical analysis of the product.

MATERIAL REQUIRED:

» icebath, conical flask, round-bottom flask, beaker, funnel, measuring cylinder, filter
paper.

CHEMICALSUSED:
» Phenol (CéHsOH) - 5gm

> Conc. Sulphuric Acid (H2SO0a4) - 6.5 mL
» Conc. Nitric Acid (HNOg) - 19 mL

THEORY:

2,4,6-Trinitrophenol (Picric Acid) is basicaly prepared from Phenol by reacting with a mixture
of concentrated Sulphuric Acid and concentrated Nitric Acid. The nitro groups from Nitric Acid
attacks on ortho and para positions, which is the best suitable and stable positions leading to the
formation of Picric Acid.

Picric Acid is produced in two steps. The first step contains the formation of Phenol Sulphonic
Acid, which on further reacting with conc. Nitric Acid resultsinto 2,4,6 - Trinitrophenol (known
as Picric Acid).

SO.H NO
conc H,50, conc HNO,

NO

2

Picric at:1d

PROCEDURE:
1. Indry 500 mL flask, take 5 gm Phenol and 6.5 ml conc. Sulphuric Acid.

2. Shake and heat the contents on a water bath for 30 mts when a clear solution of o and p-
Phenol Sulphonic Acid is obtained.

3. Cool the flask in an ice bath and then add 19 ml. of conc. nitric acid at room temperature
drop by drop with continuous shaking.

4. Allow the reaction mixture to stand for some time and when the brisk evolution of brown
fumes stops, heat the flask on awater bath for two hours with occasional shaking.
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5. Cool the reaction mixture and add 100 mL of water.

6. Filter off the yellow crystals of picric acid, wash thoroughly with water to remove al the
nitric acid.

7. Recrystallise the product from dilute alcohol.

8. Record your yield and melting point.

9. Record the UV-Visible absorption spectraand IR spectra of the product.
APPEARANCE: Paeyelow leaflets
YIELD:
M.P..
CALCULATION:
Molecular formula of Phenol = CeHsOH
Molecular weight of Phenol = 90 gm/mol
Molecular formula of 2,4,6-Trinitrophenol = (O2N)3CsH20OH
Molecular weight of 2,4,6-Trinitrophenol = 229 gm/mol
90 gm of Phenol yields 229 gm 2,4,6-Trinitrophenol
5 gm of Phenol yields 229/ 90 x 5=12.73 gm 2,4,6-Trinitrophenol
Hence, theoretical yield of 2,4,6-Trinitrophenol = 12.73 gm
Practical yield = ------ gm
% Practical yield = (Practical yield) / (Theoretical yield) X 100
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Experiment No. 8

AIM: Synthesis of Soap using alkali.

MATERIALS REQUIRED:

» Buchner funnel, Erlenmeyer flask, a piece of filter paper, 250 mL beaker
CHEMICALSUSED:

» Oil — 6 mL cooking oil / 6 gm cooking fat
» 95% Ethanol (C2HsOH)

» 20% Sodium Hydroxide (NaOH) solution
» Saturated Sodium Chloride (NaCl) solution

THEORY:

Soaps are carboxylate salts with very long hydrocarbon chains. Soap can be made from the base
hydrolysis of afat or an oil. This hydrolysis is called saponification, and the reaction has been
known for centuries. Traditionally, soaps were made from animal fat and lye (NaOH). (Lye was
traditionally made by pouring water through wood ashes.) Soap can emulsify fats and oils by
forming micelles around oil droplets. The soap molecules surround an oil droplet so that their
non- polar tails are embedded in the oil and their charged “head” groups are on the exterior of the
droplets, facing the water. If the oil droplets are small enough and if there are enough soap

molecules to surround them, the oil droplets become dispersed in the water and can then easily be
washed away.

0
O
H,C—0—C—R = R — =0 Na
CH; —
O H,O'Ethanol o, C|>
| L
CH— O—C—R"’ “Nson T O —OH s R* — C—0O Na’
: 0
0 Heat CH, — OH
H,c—0—C—R™ R*— C —O Na
Triak 4 Glycera! Carboxylate salt
riglycende (Soap)
PROCEDURE:

1. Take 6 mL of Triglyceride (cooking fat/oil) or 6 gm of cooking fat into a 120 mL
Erlenmeyer flask.

2. Dissolve 5 gm of Sodium Hydroxide into 40 mL of water- 95% Ethanol mixture in 50/50
ratio.
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7.
8.
0.

Add the Sodium Hydroxide solution into the 120 mL flask containing the oil and swirl
the solution gently.

Clamp the flask and submerge it in a 250 mL beaker of boiling water. Heat the solution
for 45 mts.

While alowing for the stated reaction time, prepare a salt solution of 25 gm of Sodium
Chloride in 150 mL of distilled water in a 250 mL beaker. Place the beaker in an ice-
water mixture to cool the salt solution.

Pour the soap solution into the cooled salt solution after the reaction time is complete
(i.e., after 45 mts) and stir for several minutes.

Filter the precipitated soap through vacuum filtration.
Wash the solid (soap) in the funnel at least thrice with a10 mL ice-cold water each time.

Place the soap into a paper cup to harden.

PRECAUTIONS:

|. Wear your safety goggles. This is especialy important in this experiment, since Sodium
Hydroxide can cause permanent eye damage.

I1. Wear gloves, if they are available.

I11. Watch your reaction mixture at all times asit is heating.

IV. Do not let it boil over and do not et the volume of the heated solution decrease too much.

APPEARANCE:

YIELD:
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Experiment No. 9

AIM: Synthesis of methyl-orange (C14H14N3NaOsS) and its spectral analysis.
MATERIALS REQUIRED:

> ice, flask
CHEMICALSUSED:

Sulphanilic Acid (HsNCeH4SOs) - 7 gm
Anhydrous Sodium Carbonate (Na&2COs) - 2 gm
Sodium Nitrite (NaNOy) - 2 gm

Dimethylaniline [CsHsN(CH3)2] - 4 mL

Conc. Hydrochloric Acid (HCI) - 8 mL

Dilute Hydrochloric Acid (HCI) - 20 mL

Sodium Chloride (NaCl) - 8 gm

20% Sodium Hydroxide (NaOH) solution- 30 mL

THEORY:

VVVYYVYVYVYY

A diazonium coupling reaction is used to prepare Methyl Orange. Firstly, Sulphanilic Acid and
Sodium Nitrite react in presence of Hydrochloric Acid. Then, the prepared diazotized Sulphanilic
Acid istreated with N,N-Dimethyl Aniline to get the desired product, which is Methyl Orange.

Methyl Orangein Acid:-

It gets protonated at the central nitrogen atom from acid, which gets reduced. It changes colour
from orange to red.

Methyl Orangein Base:-

In the basic medium, the central nitrogen atoms again form double bonds and turn yellow from
orange.

e, v} o =
.lr' t\-\. 1] . H r -\."‘_ e
HN—( —E=0OM + MO + NaND, # O=5— J—N=EN
; / 1] ' Wy
“Ldtamilic acks d-plarabenransciltonic acio
+ ZMall + IHD
0 —_ I ., a
n y \ > - "'H_\‘.f-“"--. HN—"-'.. "":"._N i ¥
G=5—y —H=N 4 — TN Fonge AN R
[TH  N - Y =— .o =D
r | - s __l.l" ,\I_i'.
M, Medimethylanilinag iethyl orange
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PROCEDURE:

1

8.
0.

Dissolve 7 gm Sulphanilic Acid in asolution of 2 gm of anhydrous Sodium Carbonate in
50 mL of water in aflask (warm if necessary).

Add a solution of 2 gm of Sodium Nitrite in 10 mL water and cool the resulting solution
inanice bath to 0°C to 5°C.

Now add 8 mL of conc. Hydrochloric Acid diluted with 20 mL water dropwise with
stirring maintaining the temperature below 10°C.

Shake the solution well and add an ice cold solution of 4 ml Dimethylaniline in 20 ml of
dilute Hydrochloric Acid with stirring.

Shake the reaction mixture thoroughly for 10 mts and add with stirring 30 mL of 20%
Sodium Hydroxide solution.

Warm the solution to 60°C and add 8 gm Sodium Chloride.

Shake, cool the mixture in an ice bath, filter the dye under a very gentle pressure, wash
with cold water, dry and crystallise from boiling water.

Record your yield and melting point.
Record the UV-Visible absorption spectraand IR spectra of the product.

APPEARANCE: Deep orangered crystals

YIELD:

M.P.:

CALCULATION:

Molecular formula of Sulphanilic Acid = HsNCgH4SO3

Molecular weight of Sulphanilic Acid = 173 gm/mol
Molecular formula of Methyl Orange = C14H14aN3NaO3S

Molecular weight of Methyl Orange = 327 gm/mol
173 gm of Sulphanilic Acid yields 327 gm Methyl Orange
7 gm of Sulphanilic Acid yields 327/ 173 x 7 = 13.23 gm Methyl Orange

Hence, theoretical yield of Methyl Orange = 13.23 gm

Practical yield = ------ gm
% Practical yield = (Practical yield) / (Theoretical yield) X 100
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Experiment No. 10

AIM: Estimation of glucose and glycine using alkali (Soronsen’s method)

(A) Estimation of Glucose by Fehling’s solution:-

MATERIALS REQUIRED:

>

burette, pipette, funnel, conical flask, volumetric flask, beaker, wash bottle, Bunsen
burner.

CHEMICALSUSED:

VVVYYY

Glucose (CeH120e¢) - 1.25 gm

Copper Sulphate (CuSOy) - 17.32 gm

Sodium Potassium Tartarate (Rochelle salt) (KNaCsH40s-4H20) - 86.5 gm
Sodium Hydroxide (NaOH) — 30 gm

Conc. Sulfuric Acid (H2SO4) — 5 mL

Methylene Blue indicator - 1%

THEORY:

Glucose reduces Fehling's solution quickly, where the latter is obtained by mixing an agueous
solution of Copper Sulphate with akaline solution of Sodium Potassium Tartarate (Rochelle
salt). The latter prevents the precipitation of cupric hydroxide by forming a complex. A freshly
prepared Fehling's solution is first standardised by titration against a standard glucose solution.
The standardised Fehling's solution is then used to determine the amount of glucose in an
unknown sample.

CuSO,+2NaOH ———>Cu(OH),+Na,SO,

H H
OH HO—E—COONa /0—|C—CO0Na
Cq' - R — Cu +2H,0
“OH HO—C—COOK “0—c—cooK
H h
Rochelle salt Soluble complex
ll-l
_0O—C—COONa HO—CH—COONa
CgH,,04 s20i ——> C4H,,0,+Cu,0 +
\"\ l HO—CH—COOK
O0—-C—COOK Gluconic Red precipitate
acid (cuprous oxide)
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PROCEDURE:

(i)

(i)

(iii)
(iv)

(v)

(vi)

Preparation of Fehling's solution A:

> Dissolve 17.32 gm of crystalline Copper Sulphate in distilled water.

» Transfer the solution in 250 mL volumetric flask, wash the container with
distilled water and make up to the mark.

Preparation of Fehling's solution B:

v Dissolve 86.5 gm of Sodium Potassium Tartarate (Rochelle salt) and 30 gm of
Sodium Hydroxide in warm water.

v" Cool and transfer the solution in 250 mL volumetric flask and make up to the
mark.

Methylene Blue indicator :
v Prepare 0.1% agueous solution of Methylene Blue.
Preparation of standard Glucose solution:

v" Weigh accurately about 1.25 gm of Glucose and transfer to a 250 mL volumetric
flask.

v Dissolveit in small quantity of distilled water and make up to the mark.

Titration with standard Glucose solution:

v" Fill the burette with standard Glucose solution.

v’ Pipette out 10 mL each of Fehling's solution A and B in a 250 mL conica flask
and dilute it with 25ml water.

v' Boil the solution gently over a wire gauze and titrate with standard glucose
solution, (taken in burette) adding 1ml of the solution at atime till the blue colour
of the solution just disappears and red precipitate of Cuprous Oxide (Cu20)
begins to appear.

v" Continue the heating of the Fehling's solution during the titration.

v Repeat the process to get at least two concordant readings.

v Record the observations in observation Table .

Titration with unknown Glucose solution:

v" Now take unknown Glucose solution in burette and repeat the titration exactly in
the same manner as described for standard Glucose sol ution.

v' To detect the end point more accurately add 4-5 drops of Methylene Blue
indicator to the Fehling's solution just before the end point.

v The disappearance of the colour will give exact and point.

v Record the observations in Observation Tablell.

OBSERVATION:

(1)

(i)
(iii)
(iv)

Wt. of the weighing tube = ...... mi...... gm

Wt. of the weighing tube + glucose = ...ma....... gm

Wt. of the weighing tube (after transferring the compound) = ...... ma........ gm
Wt. of glucosetransferred = me-mz=m........... gm



Tablel:- Standard Glucose solution v/s Fehling’s solution

S.No. Vol. of Fehling’s Burette reading in mL Vol. of Glucose
solution in mL solution used in mL
Initial reading | Final reading (Final —Initial)
1. 20
2. 20
3. 20

Tablell:- Unknown Glucose solution v/s Fehling’s solution

S.No. Vol. of Fehling’s Burette reading in mL Vol. of glucose
solution in mL solution used in mL
Initial reading Final reading (Final —Initial)
1. 20
2. 20
3. 20

CALCULATION:

The volume of standard glucose solution used for titrating 20 mL of Fehling’s solution = Vi mL

The volume of unknown glucose solution used for titrating 20 mL of Fehling’s solution = VomL

. . V;
The amount of Glucose in the unknown Glucose solution = m*V—1 =......

2

strength of standard Glucose solution*V;

The strength of the unknown Glucose solution =

_4*’;2*"1 = e, gm/lit.
RESULT:
The amount of Glucose in the unknown solution is...........ccceveeenees gm
The strength of the unknown Glucose solution is...........cccceeeveeneee. gm/lit.
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(B) Estimation of Glycine using alkali (Soronsen’s method):-

MATERIALS REQUIRED:

» burette, pipette, funnel, conical flask, volumetric flask, beaker, wash bottle, Bunsen
burner.

CHEMICALSUSED:

» Glycine (NH2CH2COOH) — 2 gm

» Sodium Hydroxide (NaOH) solution - 0.1 M
» Formain (HCHO) solution - 40%

» Phenolphthalein indicator

THEORY:

Amino acids like glycine, aanine, etc. contain one amino group and one carboxylic group as part
of their structures. These groups being of opposite nature neutralize one another intramolecularly
and form internal salts caled Zwitter ions or dipolar ions. These ions are held together by
electrostatic attraction. They are neutral but in presence of akalis, the dissociation favors
formation of acid ion.

HyN = CH)COOH s N'Hy ~ CHCOO™

N HCH,CO0™ + OH s NH,CH,CO0™ + H,0

The free amino group then undergoes condensation with formaldehyde to form mono and
dimethyl derivatives. Thus, the formation of these condensation products greatly reduces the
basic character of amino group and the carboxylic group can readily be titrated with standard
alkali.

CH, = O+H,NCH,C00" » CH, = NCH,COO™ + H,0 +

CH, OHNHCH,COO ™ +(CH,0H),NCH,CO0™ + e,

PROCEDURE:

(i) Sodium Hydroxide solution, 0.l M:
v Dissolve 2 gm of Sodium Hydroxide in a 250 mL volumetric flask and make up
to the mark with distilled water.
(i) Neutral 40% Formalin solution:
v Take 50 mL of 40% Formalin solution in a 250 mL conical flask and add 8-10
drops of phenolphthalein indicator.
v' Toit, add carefully from a burette a dilute solution of Sodium Hydroxide (0.1M),
till the solution isjust faintly pink.
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(iii)

(iv)

(v)

Preparation of Standard solution of Glycine:
v" Weigh accurately 2 gm of Glycine and transfer to a 250 mL volumetric flask and
make up to the mark with distilled water.
Titration with standard Glycine solution:
v' Take 25 mL of standard Glycine solution in a 250 mL conical flask and add 3-4
drops of phenolphthalein indicator.
v" Add dilute Sodium Hydroxide solution (0.1M) taken in burette drop by drop to it
until apink colour is just obtained.
v" Now add 10 mL of neutral Formalin solution to it. The pink colour of the solution
immediately disappears.
v Continue adding Sodium Hydroxide slowly till pink colour is restored.
v Note the volume of Sodium Hydroxide used and repeat the experiment until two
concordant readings are obtai ned.
v Records the observationsin Observation Table.
Titration with unknown Glycine solution:
v Perform the titration as described above for 25 mL unknown glycine solution and
note the volume of Sodium Hydroxide used in this titration.
v Record the observationsin Observation Table Il.

OBSERVATION:

(V) Wt. of the weighing tube = ...... mi...... gm

(vi)  Wt. of the weighing tube + Glycine = ...ma....... gm

(vii)  Wt. of the weighing tube (after transferring the compound) = ...... ma........ gm

(viii) Wt. of Glycinetransferred = me- m3=m........... gm

Tablel:- Standard Glycine solution v/s Sodium Hydroxide solution

S.No. Vol. of Glycine Burette reading in mL Vol. of Sodium

solution in mL Hydroxide used in mL
Initial reading Final reading (Final — Initial)

1. 25
2. 25
3. 25

Tablell:- Unknown Glycine solution v/s Sodium Hydroxide solution

S.No. Vol. of Glycine Burette reading in mL Vol. of Sodium
solution in mL Hydroxide used in mL
Initial reading Final reading (Final —Initial)
1. 25

66|Page




25

N

w

25

CALCULATION:
The volume of Sodium Hydroxide solution used for 25 mL of standard Glycine solution =V mL

The volume of Sodium Hydroxide solution used for 25 mL of unknown Glycine solution = V>
mL

The amount of Glycine in the given solution = = m*% = ... gm

2

strength of standard Glycine solution*V;

The strength of the unknown Glycine solution =

_4*’;2*"1 =, gm/lit.
RESULT:
The amount of Glycinein the given solutionis..........ccccceeeveneee. gm
The strength of the unknown Glycine solution is..........ccccue..... gm/lit.
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ORGANIC CHEMISTRY
SEMESTER -I11
LIST OF EXPERIMENTS

Detailed Syllabus:

1. Extraction of citric acid from lemon and orange.

2. Extraction of piperine from black pepper.

3. Extraction of lycopene from tomato and DNA extraction from onions.

4. Extraction of paracetamol from tablet and its spectroscopic analysis.

5. Extraction of menthol from mint leaves and identification of functional groups.

6. Separation, purification, and identification of compounds of binary mixtures by chemical tests.
7. ldentification of individual compounds by spectroscopic analysis (IR, NMR etc.)

8. Purification of individual compounds using TLC technique and confirmation of melting
points.

9. Synthesis of 7-hydroxy-4-methyl coumarin, their derivatives and spectral analysis.
10. Synthesis of cinnamic acid by Perkin's reaction and spectral analysis.

11. Synthesis of 2,5-dihydroxy acetophenone from hydroquinone.
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Experiment No. 1

AIM: Extraction of citric acid [HOC(CO2H)(CH2CO2H)2] from Ilemon and orange.

STRUCTURE OF CITRIC ACID:

O OH
O

HO OH
OH

MATERIALS REQUIRED:

» measuring cylinder, dropper, glass rod, filter paper, wash bottle, Bunsen burner, Buchner
funnel, Buchner flask, vacuum pump, water bath, pH paper.

CHEMICALSUSED:

» Lemon Juice/Orange Juice

» Sodium Hydroxide (NaOH) - 10%
» Calcium Chloride (CaCl2) - 10%
» Sulphuric Acid (H2SO4) - IN

THEORY:

Citric Acid exists in greater amountsin citrus fruits. Lemons, limes and oranges have particularly
high concentrations of the acid. It can constitute as much as 8% of the dry weight of these fruits.
In olden days, industrial-scale citric acid is produced by treating the citrus fruit juice with
Calcium Hydroxide [Ca(OH).] to precipitate Calcium Citrate [Cag(CsHsOv)2]. Calcium Citrate is
isolated and converted back to the citric acid using dilute Sulfuric Acid.

C6H807 _|_ 3NaOH > Na3C6H507 —|— 3H20
(Citric acid) (trisodium citrate)

INay;CeHs0; 4 3cacl, ——— Ca3(CeHs07);  + 6NaCl
(trisodium citrate) (Calcium citrate)

2C¢HgO;  —+ 3CaSO,
(Citric acid)

Caz(CeHs07), + 3HS04 g
(Calcium citrate)
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PROCEDURE:

1. Cut the lemon/orange into pieces and squeeze it to get the juice.

2. Measure 100 mL of lemon/orange juice with a measuring cylinder.
3. Transfer the 100 mL of lemon/orange juice into a clean 250 mL beaker and test its pH (2 or 3).

4. Add 10% Sodium Hydroxide solution till the pH becomes >9. The solution becomes cloudy
and the colour changes to a deep orange.

5. Filter the solution to anew clean 500 mL beaker under vacuum.

6. Add 10% Calcium Chloride solution to the beaker solution and mix it thoroughly.

7. Bail the solution for 45 mtsin awater bath to precipitate the insoluble Calcium Citrate.
8. Filter the precipitate of white Calcium Citrate under vacuum and dry it.

9. Weigh the amount of isolated Calcium Citrate.

10. Place the weighed amount of Calcium Citrate in a beaker and neutralize it by adding 1 N
Sulfuric Acid. Calcium Sulphate is suspended out.

11. Allow the mixture to stand for few minutes.

12. Filter off the insoluble Calcium Sulphate and concentrate the filtrate to small amount on a
steam bath. Citric Acid crystallizes out.

13. Collect the crystals on a Buchner funnel, dry, weigh, and calculate the yield.
14. Record the melting point of the product.

YIELD:

M.P:

RESULT:

The amount of Citric Acid isolated from 100 ml of lemon/orange juice is gm and
melting point is
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Experiment No. 2

AIM: Extraction of piperine (Ci7H19NOs) from black pepper.

STRUCTURE OF PIPERINE:

MATERIALS REQUIRED:

» Soxhlet extractor, beaker, water bath, round-bottom flask, mortar & pestle, funnel.
CHEMICALSUSED:

> Black Pepper — 10 gm
> 95% Ethanol (CH3CH20H) — 200 mL
» 10% Alcoholic Potassium Hydroxide (KOH) — 10 mL

THEORY:

Piperine is an akaloid present in black pepper to the extent of 10% by weight and is known to be
an amide. Piperine can be extracted or isolated from the black pepper with 95% Ethanol. In an
ideal case, the extraction should be carried out in a Soxhlet apparatus.

Historically, pepper has been thought to cure many illnesses such as cancer, malaria, and cholera.
However, today it is most commonly used as a food additive. Piperine is tasteless, but its
sterecisomer (Chavicine) is the active ingredient in black pepper, which provides its
characteristic taste. Loss of pungency during storage of black pepper is attributed to the slow
isomerization of Chavicine into Piperine.

CHEMICAL NAME: 5-(3,4-methylenedioxy)phenyl-2,4-pentadienyl pi peramide.
CATEGORY': Flavoring agent and insecticide.
CHEMICAL CONSTITUENTS:

Pepper contains an akaloid piperine (5-9%), volatile oil (1-2.5%), pungent resin (6%), piperidine
and starch (about 30%).

USES:
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Pepper is used as aromatic stimulant, cures stomach ache & causes feeling of warmth. It is also
used as condiment which stimulates taste buds with increase in gastric juice.

PROCEDURE:
1. Weigh 10 gm of black pepper, grind it finely and make packet.

2. Insert the packet into the Soxhlet apparatus and fix it to the round-bottom flask containing 200
mL of 95% Ethanol & reflux for 3 hrs.

3. After 3 hrs, distill the Ethanol and add 10 ml of warm ethanolic Potassium Hydroxide solution.
4. Stir the warm mixture and filter to remove any insoluble matter.

5. Warm the solution on a steam bath and add 15-20 ml of water. At this stage turbidity appears
and yellow needles may separate.

6. Keep this solution till then extlab period and filter the crude piperine.
7. Recrystallize with acetone.

8. Record the melting point of the product.

DESCRIPTION:

Colour:- brownish black
Odour:- aromatic

Taste:- pungent
YIELD:

M .P:

RESULT:

The amount of Piperine isolated from 10 gm of black pepper is gm and melting point is
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Experiment No. 3

AIM: Extraction of lycopene (CaoHss) from tomato and DNA extraction from onions.

(A) Extraction of lycopene from tomato:-

STRUCTURE OF LYCOPENE:

CH,

J

MATERIALS REQUIRED:

» condenser, Buchner filter.
CHEMICALSUSED:

» Tomato paste- 5gm

» Ethanol (95%) — 10 ml

» Dichloromethane (CH2Cl>) - 10ml

» Anhydrous Sodium Sulphate (N&SO4) — 1 tsp

» Saturated Sodium Chloride (NaCl) solution - 10 ml
THEORY:

/WMWY\WT)

Lycopene (CaoHss) is a bright red carotenoid pigment, which is found in tomato and other red
fruits. Lycopene is a terpene constituted with 8 isoprene units. It is not water soluble and stains

any porous material, including most plastics.

Lycopene can be extracted by reflux condensation. A liquid
reaction mixture is placed in a vessel open only at the top. The
vessel is connected to Liebig condenser, such that any vapors
given off are cooled back to liquid and fall back into the reaction
vessel. The vessal is then heated vigorously for the course of
reaction. The advantage of this technique is that it can be left for
along period of time without the need of adding more solvent or
fear of the reaction vessel boiling dry. Vapor is immediately
condensed in the condenser. In addition, since a given solvent
will always boil a a certain temperature, the reaction will
proceed at the same temperature.

[ — Waler Out

| == 4~ VWater In
\ |
v v
A
! + Reactants
‘ v

o “Vater
-

o .;'
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PROCEDURE:

1. Weigh 5 gm tomato paste in aflask.

2. Add 10 mL Ethanol and hesat for 5 minutes.

3. Filter with filter paper and pressto take off all the filtrate.

4. Keep thefiltrate in conical flask.

5. Put the crude in round-bottom bottle and add 10 mL Dichloromethane.

6. Boil the solution for 4 mts, separate the supernatant and add it to the first filtrate.
7. Repeat this step for three times.

8. Collect all the filtrate in separatory funnel.

9. Add 10 ml saturated Sodium Chloride solution, shake gently and allow separating the mixture
into two layers.

10. Collect the lower layer.
11. Add 1 teaspoon anhydrous Sodium Sulphate and allow to stand for 5 mts.
12. Filter with filter paper.

13. Keep the filtrate in dark bottle (away from light), otherwise the color of lycopene will
disappear.

RESULT: The amount of lycopene in the given amount of tomato is............ gm.

(B) Extraction of DNA from onions:-

MATERIALS REQUIRED:

> petri dish, beaker — 3, cutting board, tea strainer, cutter, teaspoon, match box, spirit lamp,
tripod stand with wire gauze, blender mixer.

CHEMICALSUSED:

» Onion-—2

Ethanol (CH3CH20H)
Water (H20)

Dish washing liquid
Salt (NaCl)

YV V V
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THEORY:

Onion is used in this experiment because it has low starch content, which allows the DNA to be
seen clearly. The salt shields the negative phosphate ends of DNA, which allows the ends to
come closer so the DNA can precipitate out in a cold acohol solution.

PROCEDURE:

Take an onion, peel it and chop into small pieces.

Take about 30 mL water in a beaker.

Add one teaspoon of salt in the beaker and stir.

Add two teaspoons of washing liquid to the solution and stir well, avoiding bubble formation.
Put the chopped onions in the beaker.

Also add the solution in the beaker to the blender.

Blend them for about one or two mts to get a smooth mixture.

Pour the mixture from the blender into a beaker.

© © N oo g »~ w N P

Heat the mixture for about 1-2 mts, stirring it from time to time.
10. Put the strainer on a beaker and filter the mixture.

11. Take Ethanol in a petri dish.

12. Pour thefiltrate gently into ethanol.

13. Observe the DNA strands appearing in the ethanol.

RESULT: Observe the DNA strands appearing in the Ethanol.
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Experiment No. 4

AIM: Extraction of paracetamol (CsHsNO:) from tablet and its spectr oscopic analysis.
STRUCTURE OF PARACETAMOL.:
H
N

\ﬂ/

Q2

CHg

HO

MATERIALS REQUIRED:

» volumetric flask, measuring cylinder, pipette, beaker, glass rod, funnel, weighing
balance, glass mortar pestle, spatula, Whatman filter paper etc.

CHEMICALSUSED:

» Paracetamol tablet (CsHoNO-)
» Sodium Hydroxide (NaOH)
> Didtilled Water (H20)

THEORY:

UV-Visble spectrophotometry is one of the most frequently employed techniques in
pharmaceutical anaysis. It involves measuring the amount of ultraviolet or visible radiation
absorbed by a substance in solution. The fundamental law that governs the quantitative
spectrophotometric analysis is the Beer-Lambert law, “It states that when a beam of light is
passed through a transparent cell containing a solution of an absorbing substance, reduction of
the intensity of light may occur”.

Mathematically, Beer-Lambert law is expressed as:
A =¢gcl

Where,

A= absorbance or optical density.

¢ = absorptivity or extinction coefficient.

¢ = concentration of solute in solution.

| = path length of radiation through sample (cm)

MOLECULER WEIGHT: 151.2gm
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[UPAC NAME: N-(4- hydroxyphenyl) acetamide
USUAL STRENGTHS: 300 mg — 500 mg.
STORAGE: Storein well closed, light resistant containers.

STANDARD: Paracetamol tablet contains not less than 95.0% and not more than 105.0% of
the stated amount of paracetamol.

PROCEDURE:

Take about 100 ml of distilled water in a clean and dry 1000 ml volumetric flask. Add about 4
gm of sodium hydroxide with continues stirring. Makeup the volume at 1000 ml with distilled
water.

1. Weigh and powder 20 tablets.

2. Weigh accurately a quantity of the powder equivalent to about 0.15 gm of Paracetamol.
3. Take clean 200 ml volumetric flask and place clean funnel onit.

4. Transfer carefully weighed quantity of powder into funnel.

5. Add 50 ml of 0.1 M sodium hydroxide into funnel so as to all powder gets transferred to
volumetric flask.

6. Dilute the resulting mixture with 100 ml of distilled water and shake for 15 minutes.

7. Finally add sufficient quantity of water to make up the volume up to 200 ml.

8. Filter resulting solution from Whatman filter.

9. Take 10 ml of filtrate and dilute to 100 ml with water.

10. Take 10 ml resulting solution in 100 ml volumetric flask and add 0.1 M sodium hydroxide.
11. Adjust the volume of solution using distilled water and mix.

12. Measure the absorbance of the resulting solution at the maximum at about 257 nm.

13. Calculate the content of CsHoNO: taking 715 nm as the value of A (1%, 1 cm) at the
maximum at about 257 nm.

CALCULATION:
1. Theoretical concentration of paracetamol in solution:-
First dilution: 0.15 gm in 200 ml — 0.75 mg/ml
or 750 pg/ml
Second dilution: 10 ml in 100 ml — 75 pg/ml
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Third dilution: 10 ml in 100 ml — 7.5 pg/ml (7.5 x 10°® g/ml)
Theoretical Absorbance (A)

= Specific Absorbance (g) x Concentration (c) (in g/100 ml) x Path length (1)
A =ecl

A=715x75x10%*x 1

A =0.5362

Practical Absorbance = ------------------ nm

% Purity of paracetamol tablet = Practical absorbance x 100

Theoretica absorbance

= x 100
0.5362
e — %
RESULT:
The percentage purity of paracetamol tablet was found to be ----------------- Yow/w.
CONCLUSION:

The given sample of paracetamol tablet complies/ dose not complies as per |P 1995.
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Experiment No. 5

AIM: Extraction of menthol (Ci10H200) from mint leaves and identification of functional
groups.

STRUCTURE OF MENTHOL:

MATERIALS REQUIRED:

» 500 mL conical flask, separating funnel.
CHEMICALSUSED:

» Mint leaves— 100 gm

» Diethyl Ether (C2Hs0C2Hs) — 10 mL
» Sodium Chloride— 2 gm

> Distilled Water

THEORY:

Mint is one of the most well-known medicinal plants, which produce menthol. Mint isfound in a
large number of candies, syrups, or as a flavor intended to enhance the taste of certain
medications. Menthol (Ci0H200) is a naturally occurring terpenoid found in mint plants,
particularly peppermint and spearmint. It is a cyclic acohol with a characteristic minty odor and
taste. Steam ditillation is the most often used technique among them any extraction techniques,
where the mint plant material is heated using steam. During such process, the essentia oil
vaporizes, becomes condensed and is separated from the water.

MEDICINAL BENEFITS:

Digestive disorders. Effective for constipation or diarrhea.

Urinary issues: Diuretic effect.

Cough and cold: Soothing.

Pain relief: Joint pain, muscle pain, and headaches.

Respiratory problems: Effective against conditions similar to bronchitis.

Skin conditions: Relieves pain from insect and animal bites, and prevents the formation
of cracks.

o0k wbdNPE
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PROCEDURE:

1. Place 100 g of mint leavesin a 500 mL conical flask with 300 mL of distilled water.
Heat the mixture until recovering 100 mL of distillate.

Transfer the distillate into 250 mL separating funnel.

Add 10 mL of diethyl ether to extract the essential oil from water.

a b~ w DN

Add approximately 2 g of Sodium Chloride to facilitate the separation of the essential oil by
saturating the lower aqueous phase with salt.

o

Vigoroudly agitate the mixture until the turbidity of the agueous solution disappears.

7. After separating the two phases, discard the aqueous phase and recover the ethereal (organic)
phase containing the mint essentia oil.

RESULT:

The amount of menthol in the given amount of mint leavesis......... gm
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Experiment No. 8

AIM: Purification of individual compounds using TLC technique and confirmation of
melting points.

THEORY:

Thin Layer Chromatography (TLC) is mainly an adsorption chromatography technique. The
compound spotted on thin layers of silica gel coated on a glass plate gets adsorbed onto the thin
layers (stationary phase) & gets partitioned between the thin layers and mobile phase, when the
mobile phase percolates through the thin layer. The percolation of mobile phase is by means of
capillary forces. As adsorption and partition go on simultaneously, the compound will move
along the mobile phase.

MATERIALS REQUIRED:

» TLC plates
CHEMICALSUSED:

» Chloroform (CHCl53)
» Methanol (CH3OH)
» Silicagde-G

PROCEDURE:

Part-1: Preparation of Slurry:-

1. Prepare a solvent system containing Chloroform and Methanol in 2:1 ratio (66 ml of
chloroform and 33 ml of methanal).

2. Weigh 35 gm of silica gel-G of TLC grade, transfer it into a bottle, and then add the
prepared solvent system.

3. Shakewsdll and observe that uniform silicaslurry is obtained.

Part-11: Preparation of TLC Plates:-

1. Diptwo clean and dry TLC plates together in the slurry carefully and remove carefully. A
uniform layer of silicagel-G gets adsorbed on plates along with little solvent.

2. Allow the solvent to evaporate by keeping the dides aside for few minutes.

Part-111; Development of Plates:-

1. Take 2-3 ml of solvent in TLC development tank & cover with the lid. Keep it for some
time so that the tank gets saturated with solvent vapours.

2. Prepare a saturated solution of given compound in Acetone/Methanol in a small sample
tube.
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3. Place a capillary tube inside the solution, take out the capillary tube from the solution as
soon as the solution enters into the capillary tube.

4. Spot the solution gently on TLC plate just 5 mm above the bottom. The solution from the
capillary tube now comes out and gets adsorbed on silica plate.

5. Let the solvent evaporate, which is present on the plate. The point at which the compound
is spotted on the plateis called loading point.

6. Place gently the plate inside the development tank in a slant position and cover with the
lid. Observe that the loading point is above the solvent.

7. Allow the solvent to ascend on the plate by capillary action. Compound spotted moves
upward direction along with the solvent.

8. Remove the plate from the development tank after the solvent reaches to the maximum
height. Then alow the solvent to evaporate.

Part-1V: Detection:-

a

lodine Blower Method: Take a small glass tube with one end being narrow. Place a little

cotton on the narrow end & add a few crystals of iodine and again place little cotton. Thisis
called as iodine blower. Blow the iodine through the blower on the development plate to
locate the spot. A yellow (or) brown colour spot immediately formed, which indicates the
distance travelled by the compound from loading point. A simple spot obtained indicates that
the compound is extremely pure in nature.

lodine Chamber Method: Take a chamber, put iodine crystals at the bottom of chamber as a
layer and cover with the lid. Keep it for some time so that the chamber gets saturated with
iodine vapor. This is called as iodine chamber. Then keep the developed plate in a slant
position in the iodine chamber. Cover with the lid. Keep it for some time so that yellow (or)
brown coloured spots develop.

U.V. Detection: Keep the developed platein U.V. detector and observe the absorbance. If the
compound is fluorescent in nature, fluorescence can be detected at longer wavelengths.
Fluorescent compounds can be better detected with U.V. detector.

NOTE: If the spot remains at a loading point or mobility is unsatisfactory, increase the polarity
of solvent or solvent mixture in following order.

Petroleum Ether — Benzene — Chloroform — Ethyl Acetate — Acetone — Methyl Alcohol —
Acetic Acid — Water.

CALCULATION OF Rt VALUE: Rf Value (retardation or retention factor) is characteristic of
a compound under the given set of conditions. It can be used for qualitative purposes. Measure
the distance moved by the compound as well as the by the solvent from the origin. Then
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Distance moved from origin by the compound

Distance moved from origin by the solvent front

RESULT:

The given compound is ------------------ (pure/ not pure)
The solvent system selected on hit and trial basisis ---------------------

The Rr value of compound =-----------=-==-=--=-=m----
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Experiment No. 9

AIM: Synthesis of 7-hydroxy-4-methyl coumarin (Ci0HsOs3), their derivatives and spectral
analysis.

MATERIALS REQUIRED:

» three-necked conical flask, reflux condenser, beaker, measuring cylinder, funnel and
glass rod.

CHEMICALSUSED:

> Resorcinol (CsHeO2)

> Conc. Sulfuric Acid (H2SOa)
> Ethyl Acetoacetate (CsH10053)
» Sodium Hydroxide (NaOH)

» Ethanol (CoHsOH)

THEORY:

Coumarins are a class of organic compounds occurring widely in nature. Synthesis of these
compounds by simple methods is being attempted due to its wide variety of uses such as
fixatives in food and cosmetics, liquid crystal displays, information systems, pharmaceuticals,
insecticides, rodenticides and to mask foul smell in industrial products such as printing inks,
paints and synthetic rubber.

A general synthesis of coumarin involves reaction between Phenol and B-Keto Ester in presence
of acid catalyst condensing agent, which is known as Pechmann reaction.

i
&N Cf#\\i H,50, Below 10°C

.‘xh|
| -

"‘H.\ ! - .__‘,.Q:\Q ..-r"'q:-x-t\-
HO” = "SoH EO” S0 HO )
Resorcinol Ethvl acetoacetate T-Hydroxy-4-

methy lcoumzarin

85% vield
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MECHANISM:-

Lo
ll\_
tl \i ()“ k Me OH ()
) -
W()H —_— ' Kv-“ Rt ” ()ll
HO HO =
)

HO

1
Me

I Me OH _ FtOH
= LH* %
.(_—_
—H,0
HO 0~ 0 HO

C (8]

PROCEDURE:

1

w

© N o o &

10.
11.
12.
13.

Take 250 ml three necked conical flask fitted with a thermometer, mechanical stirrer and
funnel by adding 10 ml of Sulphuric Acid.

Immerse the flask in an ice bath when temperature falls below 10°C.

Add 1 gm of Resorcinol and 1.34 mL of distilled Ethyl Acetoacetate dropwise with
continues stirring.

Maintain the temperature of ice bath below 10°C during addition for 2 hours.

After complete addition, remove the flask and keep at room temperature for 12 hours.
Then pour the mixture into crushed ice and 30 mL water with vigorous stirring.

Filter the precipitate by suction pump and wash it with ice cold water.

Dissolve the solid in 15 mL 5% w/v solution of Sodium Hydroxide, filter and add 2M
Sulphuric Acid with stirring until the solution becomes acidic to litmus paper.

Filter the crude 7-Hydroxy-4-methyl Coumarin at the vacuum pump, wash with ice cold
water and dried in hot air oven at 100°C.

The product is recrystallized with 95% Ethanol.

Record your yield and melting point.

Record the UV-Visible absorption spectraand IR spectra of the product.

Prepare the bromo/benzoyl/aryloxy derivatives of 7-Hydroxy-4-methyl Coumarin and

measure their melting points.
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APPEARANCE: White solid
YIELD:

M.P.

CALCULATION:

Molecular formula of Resorcinol = CsHgO2

Molecular weight of Resorcinol = 110 gm/mol

Molecular formula of 7-Hydroxy-4-methyl Coumarin = C10HgO3
Molecular weight of 7-Hydroxy-4-methyl Coumarin = 176 gm/mol
Theoretical Yield:-

110 gm of Resorcinol gives 176 gm of 7-Hydroxy-4-methyl Coumarin.

Therefore, 1 gm of Resorcinol gives (X) g of 7-Hydroxy-4-methyl Coumarin. i.e=1.6 g
Theoretical yield=1.6g

Practical yield = ------ g

% Practical yield = (Practical yield) / (Theoretical yield) X 100

86|Page



Experiment No. 10

AIM: Synthesis of cinnamic acid (CoHsO2) by Perkin'sreaction and spectral analysis.
MATERIALS REQUIRED:

» double necked round-bottomed flask with guard tube system, reflux condenser set, another
500 ml round-bottomed flask with steam digtillation system, beaker, measuring cylinder,
Buchner funnel etc.

CHEMICALSUSED:

Benzaldehyde (CsHsCHO) — 10.5 gm
Potassium Acetate (CH:COOK) — 6 gm
Acetic Anhydride [(CH3CO)20] — 15 gm
Sodium Carbonate (N&COs) — 20 gm
Conc. Hydrochloric Acid (HCl)
Rectified Spirit — 50 mL

YV VVYVYY

THEORY:

The reaction between aromatic aldehyde and an aliphatic anhydride capable of providing an
‘active methylene’ moiety in the presence of a basic catayst, such as. acetate ion and a
hydronium ion yields an a,f-unsaturated carboxylic acid and a mole of acetic acid. Interaction
between benzaldehyde and acetic anhydride in presence of acetate ion and a hydronium ion
yields cinnamic acid and acetic acid.

O. _OH
O H Mo ,J\
i' Potassium 1 H
A O O acetate A O
N . TS I
I ] + AN - ll ] + M
R 8 HyC 0 CHy . HyC OH
Beezaldshyde Acetic Anhyvdnda Cmname acid Acetic acid

MECHANISM:-
=)
c.-u.r:me + H=CHCODCOCH, == CH,C00H +CH, . C0 . O, COCH,
o (=]
@ i 0 o
[P S onH 9
. tli:ucH,CDCCH H.O

i ¥ ; C=C=COCCH,
0 — |l 1 |
H H 8]

g 3
CH = cugoccu A CH=CHCOH  HOCCH,
=HO i — B |
o O H,0 O
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USE:

Cinnamic acid is used in the flavors, synthetic indigo and certain pharmaceuticals. It is used in
the manufacture of methyl, ethyl, and benzyl esters for perfume industry. It is also used as a
precursor of the sweetener, aspartame.

PROCEDURE:

1.

0.

Transfer about 10.5 gm (10 mL) of Benzaldehyde, 15 gm (14 mL) of Acetic Anhydride and 6
gm of finely powdered Potassium Acetate into a dry 250 ml round-bottom flask, provided
with CaCl>-guard tube at its top-end.

Mix the contents of the round-bottom flask thoroughly and heat the reaction mixture in an oil
bath at 160°C for 60 mts; and further at an elevated temperature of 170-180°C for about 3
hrs.

At hot condition (90°-100°C), pour the contents of the flask into a 500 ml round-bottom flask
containing about 50 ml of water, which isfitted for steam-distillation operation.

Rinse the contents of the flask-1 with alittle hot water and pour into the flask-2.

Make the resulting solution in the 500 ml round-bottom flask alkaline by adding a saturated
solution of Sodium Carbonate gradually with vigorous shaking.

Carry out steam-distillation of the solution until all the ‘unreacted benzaldehyde’ is removed
and the distillate is absolutely clear.

Cool the contents of the distillation flask and filter by suction to get rid of most resinous
unwanted by-products.

Carefully, add conc. Hydrochloric Acid gradualy to the filtrate in small lots at intervals so
that it is rendered to acidic pH. Continuously shake until the evolution of CO. ceases
completely.

While cooling the resulting solution, cinnamic acid gets separated as colourless crystals.

10. Filter in the Buchner funnel, wash with alittle cold water, drain well and dry at 100 °C.

11. Record your yield and melting point.

12. Record the UV-Visible absorption spectraand IR spectra of the product.

APPEARANCE: White crystalline

YIELD:
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M.P.:

CALCULATION:

Molecular formula of Benzaldehyde = CsHsCHO
Molecular weight of Benzaldehyde = 106.12 gm/mol
Molecular formula of Cinnamic Acid = CoHgO»

Molecular weight of Cinnamic Acid = 148.16 gm/mol

106.12 gm of Benzaldehyde yields 148.16 g Cinnamic Acid

10.5 gm of Benzaldehyde yields 148.16 /106.12 x 10. 5 = 14.66 gm Cinnamic Acid
Hence, theoretica yield of Cinnamic Acid = 14.66 gm

Practical yield = ------ gm
% Practical yield = (Practical yield) / (Theoretical yield) X 100

89|Page



Experiment No. 11

AlIM: Synthesis of 2,5-dihydroxy acetophenone (CsHsOs) from hydroquinone.

THEORY:

Acylation of Phenols gives phenolic esters. Phenolic esters undergo Fries rearrangement in the
presence of anhydrous Aluminium Trichloride to give phenolic ketones.

Step 1
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A 1
§ - 1,50, o g
l\ b Ay ————— “ I
L l(““o
Hycraguinone Hy v i niriomne
diacotate
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Step |: Preparation of Hydroguinone Diacetate: -

CHEMICALSAND MATERIALS REQUIRED:

Hydroquinone (CeHsO2) — 5 gm

Acetic Anhydride [(CH3CO)20] — 10 mL
Conc. Sulphuric Acid (H2SO4) - 2 or 3 drops
Crushed Ice

round-bottom flask — 250 ml

VVVVY

PROCEDURE:

1. In around-bottom flask, take 5 gm of Hydroquinone, 10 ml Acetic Anhydride and 2-3
drops of conc. Sulphuric Acid, and shake the flask gently for 15 mts.

2. Pour the contents of the flask into 100 gm of crushed ice with stirring.
3. Filter the product and wash with little ice-cold water.
RECRYSTALLISATION: Solvent-ethanol.
YIELD:
M.P..

Step |1: Preparation of 2,5 Dihydroxyacetophenone: -

CHEMICALSAND MATERIALSREQUIRED:

» Hydroquinone Diacetate — obtained from previous step
» Anhydrous Aluminium Trichloride (AIClz) — 10 gm

» Conc. Hydrochloric Acid (HCI) - 3ml

» round-bottomed flask, air condenser & oil bath.

PROCEDURE:

1. In a250 ml round-bottomed flask, add desired amount of hydroquinone diacetate and 10
gm anhydrous aluminium trichloride and fix it with an air condenser.

2. Heat the contents for half an hour in an oil bath or on low flame maintaining the temp in
between 115°C-120°C.

3. When the evolution of gas started, raise the temperature to 165-170°C and continue
heating for about 30 mts.
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4. Now cool the contents by adding crushed ice and 3.5ml conc. HCI. Filter the product and
wash with ice-cold water.

RECRYSTALLISATION: Solvent- rectified spirit
APPEARANCE: Yélow/Y ellow-green crystals
YIELD:

M.P.:

CALCULATION:

Molecular formula of Hydroguinone = CsHesO2

Molecular weight of Hydrogquinone = 110 gm/mol

Molecular formula of 2,5-Dihydroxy Acetophenone = CgHgOs
Molecular weight of 2,5-Dihydroxy Acetophenone = 152 gm/mol
Theoretical Yield:-

110 gm of Hydroquinone gives 152 gm of 2,5-Dihydroxy Acetophenone.

Therefore, 5 gm of Hydroquinone gives (X) g of 2,5-Dihydroxy Acetophenone, i.e= 6.9 gm
Theoretical yield = 6.9 gm

Practical yield = ------ gm

% Practical yield = (Practica yield) / (Theoretical yield) X 100
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JARET &l

36T AT Grefad BRASASS F 3UANT Feh GICRNIA SBhiAC &
AT BT IAATH othe T AHA/ARI H dievd FUTRT ATl A1
HE IATATH Fethe S Jod Fiaar N/40 g

Sgerd Gl sQ¥e, fAUe, AFaR Foreh, S, Hrd f o3, e
fACE & ATelieR Tele, sg¥T ¥, A 3R 3ed B 3AGTH Hothe,
HATsh GefATH SEhiAe Oid, Nefigd PRIASASS

Rceda: & 3 AAIH Fehe [FeS0,.(NH,),S0,4.6H,0] T fER gl
A% g [99H FeSO, sTHr Ifehd gcah g 3R ST 39T U [a2eivedh
& ® H fRIT ST g1 NeRIA FShAT [K,Cr,07] Teh IrAfAsh Al @
AR AT IO Toie & &7 # SR &l § AR HSO, &
3T A, Ig S & i WATT] HFd HI ¢

KoCr,O; + 4H,SO; ==  Ky;SO, + Cno (804)3 + 4 H,O + 3[0]

Hebdl Aerdliotel Fe®* 3al, St foh hid Hothe §, &l Fe®' et &
3R X &l &, ST & cuerd fohar rmm

6[FG(SO4)(NH4)QSO46H20] +K>,Cr, O+ 7H,SO, —
3F€2(SO4)3 +K,SO,+ CI’Q(SO4)3 +6(NH4)QSO4+ 43H,0

STe gfafshar @ & Sielt & AR | Fe®” et Fe’ 3maait # 3iferdliehd
& Ja &, O I Hohde & TATY P FFCFH Ag] Solld FAifeh 3T
hael Fe* 3 e gia g

e BRABAES Ks[Fe(CN)g] Teh THG T ol A& & ToTdd
SCHeIhT ®F & TATead [Fe(CN)g]*™ 3mae gar g1 BRI 3T Fr
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3ufeAafa &, I8 B BRASASS Fes[Fe(CN) ¢] » FT el T Fr I
& &l

N
Il

C N

C., | wC%
3K’ _Fe

c” | “ea

N =N

N

VA
N

W
%

l
N

3 Fe #* + 2[ Fe (CN)g]® = Fe;[Fe(CN)g], el 3T & Iifdren)
3 Fe * + 2[ Fe (CN)e|® ——, #I$ gfafrar &l (W 31 7g)
gfehaT:

1. SYIT A AT el & U=l 4§ & of|

2. T BIC Wolol I YA Hlah SHA UICIATH SBhIAC HI| sAoTel ahl
M & fAIT 38 AT Tl | P A Folol foiehlel I gRIAH {fSar
Al AL

3. TS UFASR FlEh H ATd BT JFHTAIH Hothe &I TUUC
G

4. A Nl AT & T TolT A A AT H TR Hehdh of 3 IEH
1Y HIT I TS Dl ol & Tl T N S H W

5. TR Felleeh H SPIC ¥ TeATellSe I oA’ FATS g efY-efiY

STefell & L]
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6. TAHOT & TF I &7 g5 o & [T AH ©F F AFIER Folesdh H

ST 3R 3& Toh Gid H T A| Arelr W7 Fe®” 3mTet dhr suredfa
Hehd &3]
7. 3ETATI a9 d& T @ T dF o H Pl W1 IRade o G@rs
gl Fg 3w [Nig & &7 7 Rt g
8. TRUT 2-7 T QRIT, SId ofeh 3Tl FEIT {1 o1 fAer aw|

9. 37ATd W™ I AAIH Tehe & TATY TUT 2-8 &l gIgdy|

3dellehed_dTfolehT:
AT FAS §a18 K,Cr,0; (FeTad)
.9, | e garT agl Ferel | sgye AT (ml #) | gEara e
T FAS ©liel T AT | gyRfAs | 3ifaA (ml &) (V,)
(mL &) (V4)
1. 0.0 24.5
2. 0.0 22.4
25 20.7
3. 0.0 20.7
4. 0.0 20.7
KoCr,0; (AEIAd!) aATH 37Td FAS
.9, | e g@arm agl el | sg¥e A (ml #) | gaara T
AT FAS Ol &1 AT | gRfAF [ 3ifaT | (ml &) (V)
(mL #) (V1)
1. 0.0 19.6
2. 0.0 18.7
25 15.6
3. 0.0 15.6
4. 0.0 15.6
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AUTAT: 1. AT FAS dd1 K,Cr,0; (FEaadT)
N,V, = N,V,
N/30 x 25 = N, x 20.7

N, = (N/30 x 25) / 20.7 = A

2. KoCrp,0y (FETadr) oI 37a1d FAS
NJVs = NV,
A x 156 = N, x 25

N,= A x 156/ 25 = B

B IAFTIHT Gothe & QU AT G dr dreed (g/l)

= WA x GAJed dole

=B x 392 g/l =C gl

IRUME: ™R JAATH Tethe & GU 3T gl Fr drevd= C g/l
et

1. 3THTYS YE LT A Ygol HM i & Tlall 1 Ul § i =@nigu|
2. diel & Welel ¥ 81 3 AT E H ¥ Igel 38 gl A6 ™|
3. gfafRaa &Y f& sg¥e &1 Ao Eﬂﬁﬁﬂﬂg&ﬁ%l

4. AFATHR FATER H STolel T Ugol HIid HT B T Uil I A6 HY|

5. 3eIHTYe I T ek algId ¢ ST ek 3Tl FaIrd AT o fAer
ST
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JARET &l

3¢c2T: AT GRfATH BRATSATSS FHT 3TN FIh GIATA SEHIAT &
AT WA 3TATATH Fothe T AH/AX H diehd [AUTRT =T
3TARE Thded & T H SBhASAHT HT 3T AT, AT BT
HATATH Hethe & Jod Figar N/40 &

Sged HHA: P, fUUe, iR FellEeh, sg¥c &S, AT drel
Roisy, F1a 3R 31T W AT Totbe, AS NERIYHA SEHAT,
STSTthellgoT3THIS, WedgRe TS, Tl

Reerid: wa 3T Fothe [FeS04.(NH4),S04.6H,0] T f&R aredr
J7% & S8 FeSO, sa&T AfhT gcah ¢ 3R STFAT 39T Th faRelvdh
& ¥ H FAr SA1ar g1 9l sEwdAe [K,Cr0;] T WafAs A &
IR AT 30T Toie & &9 # S &l § AR HSO, &

3T &, Ig A= & il WATT] HFd HI ¢.

KoCr,O; + 4H,SO; == Ky;SO, + Cny (804)3 + 4 H,O + 3[0]
HeFcl Herdiiolel Fe?" 3=, St foh B Hethe &, &l Fe®' el #
3fferdiiehel Y ool 8, oI foh sgerd fohar amrm gl

6[FG(SO4)(NH4)QSO46H20] +K-.Cr,0O+ 7H,SO, =
3F€2(SO4)3 +K,SO,4+ Cr2(804)3 +6(NH4)2SO4+ 43H,0

S wfdfshar gt g1 el § 3R |t Fe” 3maet Fe® 3ell & 3iferefiepe
& Ja &, O I Hohde & TATY P FFCFH Ag] Solld FAifeh 3T
Fad Fe 3mae gia gl

AT fdg W, g4 Cr* & goohl g T [, 98 58 &9 & ggme
el ST Tl 81 38 TR, 3ifax fog @I Tose &7 F vgaed- & v
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Teh AR Hehcleh T ATl glch §| FHI § Ugdl A fdg @
TI & AT gl fAemar Sar g

So gfafear o & Sl § 3R Fe?' 3maet Fe® 3mastt 7 iterdispd &
ST &, ar sfafea [O] sefrasaseia 7 siedsd g oar ¢
sTeTthetrgel3rellet, St ufaifs & egcdest 81er §, & fheiser Hogl & aer
E31 T 31l gIeTm &

STSThATS I3 (1) Teel TR ST3itheaAiger sfeistsa (1) & JTeRieor &
arreie () & 3FEa0T 8IdT &1 SBhASa3 A 38 Uiafshdm #H hdd
a8l Hohddsh o T H FII el H T&TH idl g o1 8l H hiehiNe
Ui Alsg glar & 3R A fog ) darelr a7 @ e gl

Diphenylamine I
Diphenyl Benzidine
(colorless) oxidation

©—=0~0——0)

Diphenyl Benzidine {violet)
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gichaT:

1. SZIC & WHART T & Ul & U0 IR 386 a6 38 NefRIHA
SBhIAC & el § YIT|

2. T B Helol T 3YANT Hlch sYIC &l UIERIYH SghiAC el § |
Aol &1 8 & T 3§ AT 96T &1 sPE @ Belol Tl 3N IRIAS
JfFer (0.0) Ae w3 s # 9 AfAera &1 Feor F{|

3. T YFIHR Follker H ATd By ARIHT Tothe o Wue &
IGEACE

4. AT ¥ Ugd A fdg @ a9a & faT 100 Aelellcy AT el &l
It fAeTT Fifes 3@ geT # QST g Stedr 3 Sl &l

5. 3, BIC AMYT Tl [@eisy FI Ace T AFadR FollEsh H 5 Felallex
H,SO, TS sTef 3R 38 3T kg 4 Garv|

6. QAFATHR Fell¥eh H STEhATHSH Sf3he T 1-2 §¢ 3Tel 3R 39
ST g ¥ gey|

7. YR FER H sPIC ¥ dieRTA sshiAc aid (Taremse) HR-6R
AR GATT §T AT q& H

8. FATPR FollFeh H SIgT THUTH Hiel [FRem agr g ST WM So91
Y& B ST, ST &l H A« g S|

9. VAT I deh i Sid deh fdH dg T 3 U elel T TR darair
1 7 Ao S|

10. sg¥e e &1 3ifa\ fog & &9 & Repis Y| &@el A ST of 3R
Sl & v aaPR Tl &l oY o

Page 9 of 49




11. TROT 3-8 T GGV, SId ofeh TRl JEIT AT o AT v
12. 37ATd W IAIATH Gothe & 1Y TWOT 3 - 9 F 0|
3dcliehad_dTlelehT;

AT FAS d1 K,Cr,0; (FEaadT)
%.9. | 9 garr s @erel | s {EFr (ml #) | goara Hfar

T FAS 91T T AT |YRTAS | 3TaA (ml ) (V)
(mL #) (V1)
1. 25 0.0 24.5
2. 25 0.0 22.4
20.7
3. 25 0.0 20.7
4. 25 0.0 20.7

K,Cr,0; (FEIadr) 18 37a1d FAS

%.4. | 99 garr st el | s {EFr (ml #) | goara Hfer

T FAS O T AT | yRfAss | A (ml &) (V)
(mL #) (V1)
1. 0.0 19.6
2. 0.0 18.7
25 15.6
3. 0.0 15.6
4, 0.0 15.6
UTT:

1. AT FAS &1 K,Cr,0; (FEIadT)
NV, = N,V,

N/30 x 25 = N, x 20.7
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N, = (N/30 x 25) / 20.7 = A

2. Ko,CryOy (FEdad!) delre 37aTd FAS
NoV, = N,V,
A x 156 = Ny x 25

N,= A x 156/ 25 = B

B IAFTIHT Gothe & QU AT G dr dred (g/l)

= HHAIAT x HAJeT doled

B x 392 g/l = C gl
RO T AR Tothe & T 1T & fr dreed = C g/l
IEIGRIR

1. AT Y& el F Igol T T & dcieil I Gl § e =gy
2. BT T Welol & ¥ 3R 3RTATYS Y& Fel & Ugel 38 g A6 W]
3. gafad &Y & sg¥e &1 dlerd aﬁa@mgm%l

4. 3TATYST Y T« T ABId 1§ o9 deh M9l &I S o faer
ST
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9T HEAT

3T AEEA & did & §9 # AIfsTA aradehe Nap,SOs (gr8dl
A=) 3R eRTA 3AEEs (KI) & T ALl o & [asqy
Tohdeh & T H T HT 3TN Hlch 3T GICRATHA SShIAC I dlehdd
@ gm/l F FURT =T U arv qiefs sewide i aaeaar N/40
gl

Sged FHAT: sPe, AUe, iR Felleh, sg¥e &3, A AR 3rad
e fATH SBhIAC AT, AT FISIH A Tehe [daded, 1% TR
faeraeT, 5 THTS UreflRIge 3AsEs|

ffeuia: 3AEARES AT dicgAfes faeavor i wh fafr g1 I8
Eieg gfafear off & ser wafAe 3t & sufeafa 3k e 8
ST A g 1 S ar &1 $HA ITAST T ITTET AT
AT & ST IeRTA sspde g & R & fav [Aevs &
afafshdr @ Hed glar g1 WefRIFA siSshiAc °lel &Y 3Fellhd A &
oI KI A Siar 81 I8 Hed A S @Aded AE &l § o
Hohdsh & & H T HI 3TN FIh ASTH UTAHhT & Hlelsh oiel
& fa%ey TAMS fhar STaT g1 3RS WSIH 3mAsss (Nal) &
IOIAT & Sar g 3R gl g carfddeie # aRafdd & ST gl
IMAEA o T & T ThaT dXeh sitel WT AT TSI T hlecelard
SATAT B IS & AU 3Fellehd SISHIAC HITAIA 3 ST &

39, I, I 8T & 8t |° 3T e Xl § St 96Y 3R T & gid gl
¢Tg-3TTAISISS Uil gI8Ul HiedRe FH &l Hehclsh & & H SIS W I
3RIT 919 ST g, S ST & amf™a Har § 3w gy ey @1 &
HIFCAFH ATl §1 g PiFcoreq 3ifdd g W WEeT g Siiar g 3R
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HITATH 3T HT godhl &30 W T gl Ig &1 f&ar s anfge
ESSITITad I Uehel & ToIT AN & T H T Hemm o § 3R
3HATI A dT9A W AT STer anige| 3o &g o Foer #iar a1
grcd giar gl

arfae gfafsar:

qeRITH SEshiAe KI & ary gfafshar &ar § AR 3mASe Jord i §
Sas IRUTHETIERT W7 &l & 7T gl

4K,Cr,07 + 7 H,SO4+ 6Kl — 4K,SO,+ Cr2(804)3

+7H,0+3l,

S T A Srdar 8, a FFd IS T )TN g7 Sirar @
3R W Ao T & B

Starch + l,— Starch-iodocomplex (3T&X sar=AT T9T)

Q3T UIHEhE & TTY AT e T, TG $aT6A T e g

ST & 3R AfSIH efAAAT o1 gol ALY witell W7 fe@rg & =gy
2Na,S,0;3; + |, —»Na,S404 +2Nal

KQCI'207 = |2 = N828203
g

1. SYT ! AT ol & U=l § & of|

2. Ueh BIC Tl &l YT Hlch 3T TISTA YTATethe F HI| ATl &l
I F AT 38 25T g7 &1 sqe F Bolol faprel 3R IRfEE e e
|
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3. TITS YFATPR Folsh H AT GICAITH 3BhAC A Wue & |

4. B A arel [Teist $r TgIar ¥ 5 FAeflelier Kl ger 3rer 3R
3TFHIOT &l Yol o TIT AFATPR FellEeh & HE &l &b o, a4
3FERToT ¥ 3t & W1 AT A Uohar § TS Tg el & ST gl

5. FFT AT T 3TANT e & AT, SMAR el §T G AT
YE HY| IS VoGl A T G S0 offel T eR-ef hrepr I3
ST § 3R ©er el 81 STl &

6. 319 gETATAT HT Ushed & AT ITATA F oI & ol IR T
gfSehel &1 2-3 g4 STel| AV AT & AW & HROT FHbT W I
ST & STaaT|

7. T @, s A AIf3TA YrAHehe TR Y& A S T b ST
@1 FHSY wAlell o g1 ST S foh 3ifae g g

8. sqic & s Al ;M
9. TROT 3-8 Teh QGIIT, SId ofeh 3Tl FEIT (ST o1 fAer Sw|

10. 37T NERATH SISHhiAC AT & 1Y WOT 3 - 8 F IgT|
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37acliehel dTTolenT:

ATd chr207 dTH N828203 (H‘EIIT:IT-ﬁ)

%.4. | 9 garr st @erel | s {EFT (ml #) | goara Hfwr
AT K,Cr,O; Bl T | U@ | 3ifds | (ml &) (V)
AMET (mL ﬁ) (V4)
1. 0.0 24.5
2. 0.0 22.4
25 20.7
3. 0.0 20.7
4. 0.0 20.7
Na,S,0; (HEIddl) qo18 37ATd FAS
.9, | e garT agl Ferel | sgye A (ml #) | gEera e
T K,Cr,O; 8Yel T uRfde | 3fas (ml &) (V,)
AMET (mL ﬁ) (V4)
1. 0.0 19.6
2. 0.0 18.7
25 15.6
3. 0.0 15.6
4. 0.0 15.6
ITOTeTT:

1. AT K,Cr,0; §a1 Na,S,0; (HeTad)
N,V; = N,V,

N/30 x 25 = N, x 20.7

N, = (N/30 x 25) / 20.7 = A

2. KoCrO4 (H&?Ja?ﬁ) SoATH 3ATd NaS,03

Page 15 of 49




NV, = NV,
A x 156 = N, x 25

N,= A x 156/ 25 = B

qIefITA SEhiAT & feU 1T diel T drehd (g/l)

=WF|TX~H¢H(:|3(*¢I doiod

=B x 392 g/l = C g/l

gROTH: GefRATH S8 & feU 3T gier Fr drehd= C g/l

GICEIERIE

1. AT Y& Fel F Igol T T & dcieil I Gl § e =g e
2. ©lel T Befel § 3 3 AT Y& FA & Uged 5§ gelell Ire |
3. gARYd Y fh e & wAvoTel el & T E3M &

4. 3TATYST Y T« T ABId 1§ o9 deh MUl &I S o faer
ST

5. TATT & IRH & T o Ae|
6. €T & for 3ifas =xor & Sl o1 ey fews A ¢
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94T 4

32T HTARNE Hhdeh & T H [AUS ARG HI 3T & N/50
HergXeh TS faordel & H1Y AT e o & el 3R dIR areh
& el A CaCO; THell & Heeh & Hol &I Ar AR |

S AT SQUC, AT arell fHelsT, aarhR Felleeh, T, sgie
T3, I & Ul 3 RR gl & 7o, /50 FergRe ufis o,
use AR

f@eurd: aelt & FqFd 3Fal S ATSHT el Hr &THCT gl g1 &gar &
d gl gery A gla & ToleTeh JUFIOT W AT STel e & HROT
gISgierdarss AT (OH) A Jef™r gicll &1 Treil ol &TIar SesAtafad
3ufedfd & &ROT gIdr & CO3, HCO5 3R OH™ Urell & #A#fst &l
&I Al H,SO, 81l & A%y Ul & FHA 1 IFATA Feh OH
, CO5*, HCO3 &1 ATAT & ATl ot fFefiRe i 5 whelt 2
Hrearpafos i fAasa 3RS &1 39T Gohdes & & J FIT ST §
fauRor farafaf@a gfafeamst ov smaia g

glell AT &TRIAAT o HhIROT;
(i) FIiEead &amar (OH 3R CO5* 3= & HROT)
(i) AR FHORAT (HCO3 & RO

STl H &TRIIAT 3cUeed ey dlel Teahl & ey H Arafai@a ufa
3co<T 8 Tehadll &

1.gI8s1FASs (OH )hadt 2 Fadl FEe (CO5%)

3.3hddl dEhEisie (HCOy)
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4 grssigdss (OHY) 3R @Efae (CO5%) T arda
5.FMEfe (COs%) 3R ssFEiae (HCO;) THh A

€1 & Ulel @ &TRIFAT OH', CO5*, HCO3 &l Teh &1y 39Teufd &
$HRUT T & Wehell g1 OH 3R HCOs & Teh WY glel hr HHIGT
S % & $HNROT Wikel Y fear a3 g fob & qa Aot CO* 3maeT
qeld &

OH + HCOy o OO0 + HO

NaOH + NaHCO: MNaxC0s +H:O

gH YR, OH 3R HCO; 3 Uil & Teh 61y Al 81 & Fohd ol
AT aF F YR |), A=A (OH, CO* , HCOs ) Tsh a1 Hisg 1T
g gohd

AT 39ar & $RUT R & R 3R drar

ALEALINITY | HYDROXIDE | CARBONATE | BICARBONATI

P 3 ' 0 ' i ' M '
p-12M | 0 ' ap ' 0

PeM M or P i 0
PelzM | ( ' ap | M.z
[P=12M | 2p-Mm | 2M-P) | M

fAusa 3N v dfivg Fhds & Fger 39T [ffea dvg «w s
IS AT THeIdT & SHRUT HFET AT H Fhar Sar g1 fAuse e
37FlT ATEIH H offel W1 3R &R Aegsd H drelr 97 fe@rar gl
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T S $r @

@5 }< § y () < > Q9 @®
(CH3),N N=—/N— SO;Na
(yellow)

®

(red)

Sodium 4-[(4-dimethylamino)phenylazo]benzenesulfonate

EIER
1. STIC &l WA FcT & el & o of|

2. Teh BIC Weldl &I YA Hlh 3§ HeWIRF TAS F M| AlsTel Fl
M & TAT 37 AT 987 of| sPE A BeAol Aprel IR IRAF (S e
|

3. TaTH UFAHR FollEh H A drel Aozt A ggr—yar ¥ 100
fAelTelieY s T 9relr of |

4. I WM U & fIU fAUEe AR f3hed #1 1-2 §¢ AT

Page 19 of 49




5. {FATRR FellEeh A SRT ¥ Few IR TS GR-EN HMIR gATT §U
fAET & & STd T fqerdeT &1 T gooh alel H dadl|

6. ST FH ISTS sAlc |

7. TROT 3-6 T QBIIU, STd Teh IHTeh GHIT ATST o AT S|

8. AR UMel & oIHa & HTY TOT 3-6 &l &g |

3gcliehel dTTolehT:

ol ol 9Tl a1 EDTA

$h.H. | Ul & A B AT | s BEAr (ml A) | g ffSar
(mL &) (V4) sRfRE  [3ifaw |(ml &) (Vo)
1. 0.0 24.5
2. 0.0 22.4
100 20.7
3. 0.0 20.7
4. 0.0 20.7
IR U= s EDTA
.. | AR uel & A dr| s {EAT (ml #) | gHara dfer
AT (ML A) (V4) sRfee  |3faFm | (ml ) (V)
1, 0.0 19.6
2. 0.0 18.7
100 15.6
3. 0.0 15.6
4. 0.0 15.6
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JTUTaAT:

o TS QU g T &TIar & Ay giafshar widr g, Sad
3 3cUe Bl 8, hieRIHA FElde & o & 3id-fdg ,

H,SO, & fANIEATeT &1 §&ar = CaCO; & fANTATeT i gear
el IN H,SO, &1 1 fAelr = 50 fAhama CaCO;
1 fAelr N/50 H,SO, = 1 fAeEmA CaCO,

It N/50 HpSO, & "a" ml &7 39T FAJed fog w foham arar g, ar
SHehT HAcleld & o Uil & st & 100 ml # CaCO; T "a" mg Hlsg
gl

gH YR, G a0 et & FHa A CaCO; i Higdr 10.a mg/l IT ppm
gl

aRomma: AU a0 e & urel & Joa 7 Hfewdd R ATNRFA 3=t
% HNOT gl ATell el HORCT ... mg/L 3N TR 9=t # ... mg/L Bl

1. 3TATIS Y& Flel F Tgol T T & Scieil I U § e AT

2. ©Yel @l Holel @ # 3 TATTE Y& el & Ygol 38 gl TG W
3. gAREd # & sqXe H1 wAvetel Bl A $RT 3T B

4. 3TATYST Y T« Teh ABId 1§ oI deh U &I S o fAer
ST
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94T 5

32T HARE Hhdeh & T H SAHHIA seleh-¢I (EBT) T 31T
X N/50  fIeeT & AU 3EATTT i el & aelt 3R IR gl &
FHA H CaCO; THET & Hesl # FoT FHoRdr e e

S AT SQUC, AT arell fHelsT, aarhR Felleeh, T, sgie
T3, F & Ul 3R AR 9 & e, N/50 EDTA HHATH, SRAHA
Soleh-2, AT ST Taerdet

fAceia: Tohde & ¥ H SAIGRIA solh-&I [EBT] FI 3UATT Fleh 3T
fafer ZaRT 9ol T HSRAT T AT AT ST | el i R
TAGR IR 9 & Ca 3m¥at 3R Mg 3maat $r 3ufeafa & wror gidr
Harelter 8 SHoRdT & TeTe aXd &1 Afehed Irehfceh STl # 3eTeht A
TGl & FROT FORAT Fl HAR T Had hieTd AR HIATRTH
IIAT T Gigdm & T H AT SATT &1

UTeAl T HORAT T 3JAT Hleleh SSIEIT AT €S¢C & & A 3R
SSICT I Hehcleh & & H 3UANT &leh hIFCATAIAICH AT @R
fRar STar 1 gt & FHfeerddA 3R ATHRIA aqur Fr 3ufFafa & FrRor
SEH YR 3R TARN (Fel) HARAT 3T S 1 FeRor Siecaraaics
fafer w 3mRa &1 sfaeasrasa eer-vfafes vi@s (EDTA), 39
QIfsTd 7% & T H T 3cUeed T § st Ca®* 3R Mg®* & arr
Sfeer 3T AT B
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EDTA &7 aailae &9

Fiorrma a1 AvAflRa & a1y JAfed 3ma=T

SUIMHIA solsh & Teh HiFcolFdiAfeedh Heheleh & foraeh 3urer
HIFCATHATCH ITHTTT H AT ST &1 STel hl R TeROT Sishar
H Ig TH ol Al §, S Yepid & HAHRT &1 SHHT 3UANT HET &
8 FHferg#d, SEdT, AR AR 3T arg AT S dedl & HROT
qlell T Fel HORAT & FUROT & AU FlrcaFaiAfits AT 7 v
Hehcleh & &7 H AT ST §1 Ig 39el diadfeer qon & faw gfdey g
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IUPAC Name: Sodium 1-[1-Hydroxynaphthylazo]-6-nitro-2-naphthol-

4-sulfonate
EDTA 37ATde &1 fageid

ST & WY U1d 3T H aRd, qor 3R 1:1 37d:fhar oed R
FFCRFH FT AT BT §, FFCFAAREES ITATIT HT R

Cal* or Mg ¥ + EBT *H,C1- X608 (1092 FBT]} or {[Mg?—EBT]}

pH=10
From hard water Tndicator Metal-imdicator unstable complex

{Blue) (Wine-red)

Ca®* or Mg ¥ + EBT “H,5- 54,08 (e EBT]} or {[MgX—EBT]}

pH=10

From hard wates Tndicator Meial-indicator wnstable complex
{Bluog) (Wine-red)
[Ca** EBT] Titration Ca* EDTA + EBT
or + EDTA pH=10 or
[Mg* EBT] Mgl EDTA + EBT
(W ina-red) {Cobsurliss) Fria imilicaor (Blug)

HOR STel &l NH,OH-NH,Cl S5 & 393197 ek 10 & 90T deh a0
fram STar § 3R SN Fohae e 1 Fo §¢ st i g1 S

T 3T & 6 Ueh FHHAN HIFCAFH SoAlcll ¢, [Tl LT arsel ST
orer giar g {wfafsar (i)}

EDTA & &l Uil & FHa & AT & aRiel, EDTA Ugel Herd
Ca 3m¥=t a1 Mg 3=t & A1y Ay sgd R, Tl 3R areir &
golareliel eTq-EDTA Slecasrd (Ffafshar i} ST 1 @l JFd rg 3maeit
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& 3TN & dT6, HidRed EDTA FATUR & 3ETel §g rg-gerer
PIFECHFT {FTAfshar (i)} T Hehae, ST & [eafg &Y &Y 2

39 YR, FAJeY foig W, arge 3 (UTI-SSIEr & SHROT) § el (Fee
ST & HRUT) W H aRade gier 8, 3R $eT doRar iR gl gl

EIETIE
?. SPIC @l AHT el & Tleil F & o

. T BIC Weldl I 3YANT Fleh 38 EDTA & | Aol Fl A &
T 2@ Aer §g7 &1 <Re A B Heprel IR gR@F AT A H|
3. TITG YFATHR FollEh H AT dlel fQeisT 1 Feraar @ 100
fAeleleT Al FT 9=l of|

Y. dIgad-olTel WM 9 & fow 5-10 fAehelex 3mfaar swt 31k sfEanet
&I 2-3 §¢ fAeT|

3. AT I FIMAR gl §C IRH I o ah & [aeewor o1
IS FHiell o1 g1 S|

§. SYIC & UIeTh Al Y|
b. TIOT 3-6 ek 2IEXTT, SIS e 3MMIhl FHIA QfST o Al S|
¢. TR 9l & FHA & Y TOT 3-6 @l el |
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37acliehel dTTolenT:

ol ol 9Tl g1 EDTA

$.H. | el & FHA fT AT | sgee {fFer (ml A) | gHIra dfFr
(mL &) (V1) sRfee  |3fdFm | (ml ) (V)
1, 0.0 24.5
2. 0.0 22.4
100 20.7
3. 0.0 20.7
4. 0.0 20.7
IR 9t §a17 EDTA
H.E. | R 9=l & FAHA HT| sgye EFr (ml A) | gEora JfEar
AT (ML ) (V4) sRfee  |3fdFm | (ml ) (V)
1, 0.0 19.6
2. 0.0 18.7
100 15.6
3. 0.0 15.6
4. 0.0 15.6
dTUTeAT:

EDTA & fRel-HAded I §&dr = CaCO; & fAN-gAdey Hr gear
It IN EDTA &7 1 el = 50 f&eiame CaCOs;

N/50 EDTA &r 1 fHell = CaCO; & 1 TACImHA

gie N/50 EDTA & "a" THAUS &1 393NT FAJeY fog W fhar mm g,
dl gHT AT § & drell & & & 100 fAeieler # "a" fAeamA

CaCO; HISg &l
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39 &R, fqU a0 uelt & 71 H CaCO; $r Higdr 10.a mg/l AT ppm
gl

aRoTH: fCT 91T el & Gl & FAHed H S IR ATHRITHA =t
% HRUT gl dTell el HORC ...... THNAH/MET 3N IR &l 6 ...
TR/ e

HIGETiTaT:

1. AT Y& Fel F Tgol T T & Scieil I G § T =AMB T
2. ®ie I Weiel ¥ Y 3N AT Y FE § 6l 56 gerell AG W |
3. gARYd Y fh e &1 aAvtel el & T E3;M &

4. 3TATYST Y T T ABId 1§ oI deh M9 &I ST o faer
ST

Page 27 of 49




94T 6

3G TS 3YRUT ¢aRT [AFhells alel del & Felel Taise AR BRI
tase & AUTRT FIET

TS AT Tl 3YUT, RIPeAs arell o, TAHR, diex, RuaRe
olg, el &I B3, UTelr

fcurd: 3<s RFaAs arer ad & FRIENT dIAT & dgd HREW el
gt aTfew 3R Afe arsdientor gar o §, af Teer &t RRufa & dgd
arsq @l gaT o AT saclereiiel 0T agT aar a1fgu] Feler 3R R
gisc 3efoh HSRUT 3R 3eToh 3w 39T & SRTeT 39T & TR &
& L& AT YeTeT Fel # HeThh &ld &1 ool ol Folel Tarse el
& R AR & 31f%% gar arfeu|

Tol?l TaTSC: Foldl TaIS5C I8 gsTdd dT9AT gl ¢ o W feharg arer
d Teh 9ol & AT Yoafad 8 & fav uafcg arsg olsdr § o9 T
qieTor ot 38% FAT oS ST gl

e foig: 31 g ag ~geTad d9ae § 99 W s arel dd &

arsg H F HH IT Yhs doh oRIdR STodd I8d & oid Teh YJI&ToT oft

$H% HIT a5 ST gl
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. THERMONETER
. STIRRER

. FLAME POINT

. OIL CUP

. WATER

. HEATER

ABEL’S APPARATUS

39T FT [GaRvT: [agarelf gaRT f3gar fel@r e &1
gishaT:

1. dleX Sfohe & X T &I ¢ 3R 39 FW I 3 U (98T H 3@a
gU) ¥ o, AT ST & a7 & AT 918 STl & AT HA § FA e
HI fAFreT &1 38 a9F e W ™ ¢

2. I & Y H UigeY deh ool .

3. YA A F F M0 AIfh 8 A H 39 IR AT F FT F T A
T THUT| sahr AT 3mgehr 3R & 9 ey 8T

4. A & drq HI d1e Tdhelad kel & fIT Aol FY & Tached I AN
gy H T aifgv] 3@ gofy Wrear Ser g Sid efEeT e @l

5. YATHIET F1 gsTadATs 1°C §, SHIAT A H Jcdeh Teh 3t dr
e A1 TTRrae 9 (ST gof dr =i =migu|

6. 81T TTe A 3 40°C & g ot & AT Foi (fhsl & TU=HT W)
I S Y& H
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7.ﬁﬁ%ma€§mﬁwmaﬁmu€mﬁa§ammw
el g arfew 3R el off O & F9 & 37eT ALT gler TR

8. g¢d dIUATT & TTY 379a) st Ft "HiS dciiesT T6I" AT "Foler
ST A" AT "AHET W S" & FT H Al P
9. Shadl Ygell 39T deh o 3R de §¢ X &

10. 81X 9¢ T & dic i JIIATT Sedr @I olfehed TNETOT AGT AT
SNy

11. gl 3T § FO q{&T07 el HE&d AN W "3AT 761" &

12. ged dIvATT & eI 3T 3R 9as &1 ff Jg Y| d9 dh SRy
W 9 dao A9 3-4 IR "HIS Tl Al o AT AT

THGAT 3dcilehsl dTfelen:

1. YA d31d A

FH AT | argaAT (°C) | 3racliehet
1 40 IS el G
2 Al PIS Hdollehel oTgT
3 42 S 3TdeliheT TET
4 a4 IS el G
5 45 S dcllehed A&
6 ol TFolel 34T TS
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7 49 TFolel St IS

8 50 PIS Hdcilehel TgT

9 °1 FolQr gdY I8

10 >3 FI$ AT Gl

11 >4 37T &t 9T

2. d9#AT Hed §Ad:

S TEAT argare (°C) 3geilehel
1 >4 3T ST IS
2 53 3T ST IS
3 52 Torel G&@T IS
4 o1 PIS dcilehel oTgl
5 S0 Torel G&@T IS
6 49 S dcliehed A&
7 48 TFoleT ST TS
8 ol S dcllehed A&
9 46 TFolel 34T TS
10 45 HIS 3Tl ET
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11 a4 PIS Hdcllehel TgT
12 43 PIS Hdcllehe] oTgT

qRUTTE: RIehaATS arel el &I Feler foig 46°C Bl
RS arer aet 1 379 g 53°C B
GIEBIT R
1. del & &9 # Giged & IW dol o .
2. ufshar # QU 710 AEATAR YA & &b & omy|

3. ey W Ui TR & SO & fT afeX Siche & U e AET H -
gl gyl

4. T §€ T T Tl IT 3T FT ST R FHT & 39 Tlel|
5. Ugell 39T & 39T sl off S 7 &Y

6. I AT & HT I Yo A §elol T HIRAA 7 . TARATT HGRIH A
VT A & U Fgl

arEdfaes gfaar f gEEAIAAS Hged H 3TuAT:

* USITolIA 3cUel, 3o1h fHSUT, 3T ol 9ery, ¥ faaras 3R oo &
Foler foig 95-100 f3aft afcwaw o AUIRT e & forw| 3emeor &
e |

Page 32 of 49




o gYUT 3R 3T FROT & fARET & 376 3cTeoT IHAT (A T
AT I AT Il TAgeh) Hl gT o S & folv|

o IR & Ycddh HET A [AheAT T & ToIT (Ider Aifder dol a1 HA
Fafaar ”Rears), 3R avor 3R ’aE #F $7 s & o)

o 3iga @ &ROT 3 W & Pohed & T

o SRINGT T YT F g N TEaT A & v AfoT gush gag =
3T do e (v RIRRUas a1 gdel dof & 1Y Tigeh) & AT FaR
hIT|
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g4eT 7

3¢aRT: UeEhl AT & 390N aRT [Rehalls dlel del & TFel?l tarse 3R
BRI @Ee & FuiiRa wer|

3TETS AT UoFhl HACA I 30T, RIhals arel ddl, TATHIC,
g, TaRe o9, aaar f o3

fcurd: 3<s RFaAs arer ad & FRIENT dIAT & dgd HREW el
gt aTfew 3R Afe arsdientor gar o §, af Teer &t RRufa & dgd
arsq @l gaT o AT saclereiiel 0T agT aar a1fgu] Feler 3R R
gisc 3efoh HSRUT 3R 3eToh 3w 39T & SRTeT 39T & TR &
& L& AT YeTeT Fel # HeThh &ld &1 ool ol Folel Tarse el
& R AR & 31f%% gar arfeu|

Tol?l TaTSC: Foldl TaIS5C I8 gsTdd dT9AT gl ¢ o W feharg arer
d Teh 9ol & AT Yoafad 8 & fav uafcg arsg olsdr § o9 T
qieTor ot 38% FAT oS ST gl

e foig: 31 g ag ~geTad d9ae § 99 W s arel dd &

arsg H F HH IT Yhs doh oRIdR STodd I8d & oid Teh YJI&ToT oft

$H% HIT a5 ST gl
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390 T IRY:

Pilot bumner ——————==m

Shutter
control

Oil level
Pomter

3YFXUT FT [ART: [Tl gaRT [§gar fera@r S &1
gishaT:
1. def & &9 # alellegr Rer T dof |

2. YHATHICT Y S Y dlich I§ del H 3o 3N del & FT & dol & o
THUU| S8 39t 3R (ST & TY AT § @M ST aA1fgu|

3. dof & arsg Hl 1Y et & Ul & T dol T o cFhed W
Qe §¢ (g1 AMgU| 38 JHT Wil ST Afgu o9 <fEeaT FI=r &l

4. YATHY N 7GIdH U 2°C §, SHTAT d9A 7 gT ar 3o &
gefr a1 e W AT gor &1 e @y, fo@er 3 § & ODD
QST 8T o ST Fehat B

5. 1Y AT A 3 100°C & &1 off (fehs! & WOl W) & AT Folel
Y S & A
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6. @t QY & HEA W IWeA AT, gar #H §gd HUF FW ofgh R el
% FY & eI Fe AL

7. 9¢d dI9ATT & TTY 379 [TShY &l "R Tellhe o6 AT "Folem
ST A" AT "AHET W S" & FT H Al P

8. hdol Ugel 39T deh o 3 geT §¢ X &

9. g1eY 9 A & dic i JIUATT Sgdr @I ofeheT TNeToT AGT AT

SNy

10. Tgel 31T & IR GH&T0T el HEd dll W "37gAfa 78 g

11. ged dIvATT & eI 3T 3R 9as &1 ff Jg Y| d9 dh SRy
W 9 de& 9l 3-4 IR "&IS Tl A" o BT FTI2. JT & FY

H qigeY d& dol .

A R CRIEGEGIEEDR

1. YA d31d A

el T&AT | dr9AT (°C) | 3dellehed
1 100 FIg el sTar
2 106 #)S Herollest A8
3 112 #)S Herollest A8
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4 118 IS dclichel sIgl
5 122 IS dcliched sIgl
6 124-180 | orober Y 1S
7 184 TroleT SET IS
8 186 TroleT SET IS
9 188 TroleT SEY IS
10 190 FIS ITclF TET
11 192 Torel G&@r IS
12 194 RIS ITFcilchel G
13 196 FI$ AT el
14 200 TR ST IS
15 204 IS Ndcllchel TG
16 200 3T & 1§

2. dI9AT "ed 9H:

% & | dagAT (°C) | 3ideitehe

1 206 31T T TS
2 204 3T Y S
3 202 Forel & TS
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4 20 IS 3Tdcilehel Tgl
5 198 T ST TS
6 196 IS 3Tdcilchel Tgl
7 194 TFoleT 3 TS
8 192 S dcllehed e
9 190 eler S TS
10 188 FI$ AT el
11 166 FIS Al TGr
12 154 TR ST IS
13 162 FI$ AT el
14 180 FIS Al TGT
15 178 IS T A&

qRUTTH: ThaAls arel del @1 Feler faig 184°C &
FRIhaTs arer a1 e foig 204°C §
|
1. 9 & F9 7 digey & FW del o
2. SfyFar # R T PRETER YHFHR # S & e
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3. e §¢ W T Tl IT 39T I g s IHT & 58 T |
4. 9gST 3T & I FHefr oY Jra T |

5. 3 del & $Y P e F §elal Sl RN o Y. LRI T
VT F & AT FE

qIEATdeh gfalar &1 TAEAT/AAAS Hged H I

o YT IH 3cUTel, 3% HH0T, 3T R a1y, 3F Aemas 3R da &1
Folel foig 95-100 33t afewaw a% AUiRT = & forw| 3emeor &
foe, o w4 RufY dd, Feh, de, dHAEgehed & Fdftd g
3mie|

* GY0T AR 3T FRON F SN & 3eI 3o IHT (FA g
AST el AT Tdell TAgeh) A T o e & o]

o IIRAFT & Tcdeh HET Fl RAhal el & AT (Idell Afdel del AT FA
RafRar Rear), 3R gvor 3R BT # Fa &= & o)

* 3 @ &ROT 3 HuoT & Uehed & U]

o SIRET T YT F g I TFT A & v AfelkT gus gdg a1
3T do hed (7 IR a1 gdel dof & T Tigsh) & AT FaX
|
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9T 7. 8

3¢aRy: 3Ecdles [AERIAICY GaRT fehars are dof 6 Rafadge
AR &

3TaTS AT Hcdres Ay, [RIeds arer dd, Teg-ard, 3N,

T/ <gd, sgIC &3

feuia: Rufeure el do & Jod Agcaqon #ifds Uil #§ & T g
g frdY a9 & varg & 9y &1 AT g1 Ig U Iifaeiier ool
eIy & RS g9 & Uil Rl ¢ afarge, ar do & A,
Hecaqul ¢ il Ig AN & Tl AT A I & IieH & o gdoy
T bt H Jfehed T oo &1 drehet R gafar eiRa el g1 ame
dol &7 ITAAT HAF il § 3R gdel do &l ITIdT A gidr gl

afe aRarer Rufaal & fow 9 sgd amer &, o 98 g & avo7 der
$, 9 YhR IHT dar g 3R 3R FoT &1 39T gRm| TFHAT &
g 3N AT W HAGTF e-Fe @ eelt| gah fauda, afg i
gq“léchgd gdell &, d 90T &l Uahet & fT fhed gafeg AT 3R
3ERGR oT¢T gl 388 o 7Ll W 3reAraeds ge-pe Yar gl
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390 T IRY:

Limb Y [ Limb X

Upper mark b

Bulb B b-

Lower mark 2

)

Caplllary— J‘

39T T faavor: faeamdl ganr fogar forar S g
gfshaT:

1. Ot @ TSt <gd (3T X) & AIH § T deh STell Sl § ol oo
fop 931 god (A) X o AT

~—Bulb A

2. 9 @ 39 fA™MA B & AUIgT IR Teh T I & ATEIH § gHN
IFg ars # ©Er ST gl

3. R el & A Sgel feam ST &
4. S8 g Ao fE B & 9R idm &, Teqdid dre] &Y & Sl g

5. o F foar A ermar & a9 e far amar § 3k 39 € 38
ﬁremAwqgﬂw%ﬁqaﬁ’Héawam?ﬁ%l

6. I UTshaT il SR GIEXTS SIal & 3R THAT Alc & foramr ST g
7. T 3iaa @ &7 AuTEAr i AT Bl
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AHAT 3TeTcllehel CITToTeRT:

HH &I dd & Jdig FT AT (Jdhs H)

| AT ([Fs H)

1

2

3

JTUTaT:

el &7 IAAT (n2) = (p2t2 )/(p1 t1)xn1

o1 = HAY & dTTHATT G Gl &I Geled = 0.997 ATH/TATST

p2 = deT & Golcd (ATH /THATA)

n 1= Gl &1 QATAAT = HaAR & drgdAT W 0.997 cp

n2 = cp H dd Fr Rufauge

t1 = a ¥ b do U6 & Yaig o 3ad 8T = 21.48 s
12 =Hhs H a b dh dd & 9ag & 390 JH7T
gROTH: f&T 3T AT ST QAT FAL & dTATT W ..o cp gl

graenfaar:

1. I 91T & YaIg o el faTepidey & Feaner Tafa & w@r
ST AT 3R 3PR 38 F9 fhar Sw df s I8 &Y aR

R el anfeul

2. el YeT JHA FHI KA & 36T HIS gaT H FoIdoll Ag1

SoTT ATRT|

Page 42 of 49




3. 9cd A # AT 3T R 9T &1 AT SI=T 8lelT ARV b I
=0 B fgs d% dir S0, af Ig ded B I W ¢ iR ded A H
UIsT @1 AV I{ U]

4. T & I dod dh Rl Terd YA & &G 3aferdl § Gehse]
TR 1 8RR @ =g

5. §AY YaTE & A & GRIeT [AEPIHAC &l el g1 a1fgel

aIEdfash gfaar T gREA/AAAS Hged H 3TN
+ 3TEA (YefaeRon) Tishar|

- A G [aeeT # TErRAs Iidfshar a1 gefel FATR0T
IIed el & AT

-@ey 3R 9T qerd|

- FIEARCH 3T, SIS g & didd & dd W Fs JAG G@rs
el &l &,
. SlRM, AT AFY, IR & AT H|

- @ied 369 # 9 uerdi & AT & fav ar @iy awe
geref & A ff gATdRIoT greg fhar ST ehar gl

- Aigd TATgeT 3EANT H, SH deheiih I 3YIET T SATAT § dfeh
SISt gy, el A1 AFY A Sidel & T W HIs STAE o |

- 3 3feldl, T AT Foll & Uil & [FAAT & fav e
fAsofar aver gerdf &1 therra gl
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q2T 4.9
3¢cR¥: 398 fawpdier 1 a1 2 @Rt RS ared dd &
oA iR wr
3EeTHh HHAT: 5gs farniAey, Rders arelm do, yHEHR,
Terg-ard, areir
fcura: ded dYAT & Y O Yerdi Hr Rafaaee FA &
STl & 3R aRumaTasy, ATRIET dauAeT ded W R arer
o Idell & Sar &1 safav, 3es Rears aror o i RaRge
dI9ATd H dgelld & 1Y SIGT 781 Seolell dMET, difeh dTIATT
$I Feodr IRIEATGAT #F sgaT RIMaR 3997 fRar o1 | a8
eX fo g ot Reers arer ao i RafRdge agdE= & ary S
g, 39 U YA & A9 Sdr g, 9 Rufeads gEee (Vi)
& T H T SaT &1 I dAYAT dead 9 "aeds arer del ar
Rrafadree 3o & AR &, o sue RaRs g g
¥1 Ol 3R, AR AT o R RS A o B Rofiaee
had gy & gefad gich 8, df s8R gaee AE
BT T
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39aUT T IRG:

Potnter
Stirver blade
Valve rod

l Tap for emptying water
\Aptcj«oflﬁlmmdimxw
. and 10 mm length

[ Kohlrausch flask

Levelling screw

/i
’

L J

39T T faaRor: faegrdl garr foqar forar S g
g @1 g 1.62 T (Geeex 1), 3.8 e (e 2)
IR Fr Fars: 10 e (eweex 1), 15 A (e 2)
qichaT:

2. doI-HY & &g Fl dled ¥ 8 F ¢ X ¢ 3R do &l disel
deh X ¢

AT AFS THT 38 SHe I F (AT AT ar f
&g & g W
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3. YATHICT &I 30 YR @ 6 a8 del # g9 3 ad & &9
& dol ¥ o ceau| HeT Q3o X gr AR T A @
CEIN]

Y. dol &I dIgHT Sle .

3. el Fheol el Y& HaA & TIT dled ger & 3R Feg-ara &
Rl Y& T &

&. 50 fAGNENCY Aol SheT HY AR Tl dlell HHI Al I o |
b. def & HT H IIH T& del I of. ST & TUA H oHIHIT ol
& TR deh LT qlell STel|

¢. e gAW 3R qoT &l d9A B gl deh Tellel | T8
ugell AT & omeAer 4-6 0C FI g1 aIfgu|

Q. T @ A T ATUAT e B, del FHEST HLAT Y& A &

forw area ger ¢ 3R qa Tiu-ara o & HY, 50 AT do

Sheol Y 3R ol arell TFT Alc Y|
o, ol & Y H IIUY g ool HT of. Ay AT H 9l Fg1v 3R
3R a7 gl o arfer A qEdl AfSe & 4-6 0C IW ¢

SITq|
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¢¢. dI.3TS. I Tl A & o0 FH T HH g ST greg ==
& forT grewv|

AHAT 3TeTcllehsl CTToTeRT:

$H TEAT | ddT &7 d9dAT (0C #H) |50 fAeielle dof ThT el
T AT (s H)

1 23 (B HR 1 ATTH) 185

2. 29 176

3, 35 156

4. 42 123

5. 47 108
IT0TST:

X-378T WX dT9AT 3R Y-318T W TAT & oI PqMH dAT (IMH TaR
)| AARIARAF doh IIod A & v Wit 1 Aoy fogait
S YA F o SN, dsh W o s arel faigait & a1 &
IRUMA: ITh AT H Jefs & Y dd Ig & THT H FHA!
ZATAT &, S ded digdAT & Oy Reas arel oo @ Ruafuge
# fRrae 1 dhd ST gl

AT

¢, dof f8% diseT d& & . Fad 50 fAeeey & |

2. foar forelt Rama & ad el o & AT AT arer SR &t
&g & S i W
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3. THTH F SF T SF .

Y. BT FAolaT B¢ B A HTeEH T Fohdl ¢ AR SHH JdTE
&¥ I dGol Gohdl gl ddT & Jalg H & I F3T ToR W |

g, SA gl Hr Fufa &, Bg & aF = & o gaeraren
TEIId & ATHS T I &

§. dYAT &I TWUTEEY i & Fev|

. QST ST & Tgel del I I [T T o

¢. Gl STl TAY Ig FARTd X of fh Ig dT & 9 H o
X arfeh sHeU T s

aredfaes gfarar i gaea/daiae Agea # ey

- Y533 fAEPIEX 1 T 39T IMAAR | 30-2000 Jehs T T
T & dga1 Tl Teh/adl (s & dar) fr Rufadee # Ao
& o fRar Srar

53 fawheer 2, 2000 Hhs & 3OS FAT WAT H Telgeh/dol
(Frer/sTY) & varg S Adr g

- dell T FoTEr AR Jede AWt wr Ui S 7 Aeg
T § (G ol oI A &1 o, 3ME TeTeh &g Joflicas
T & ol giar )l
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- Offiee 9FR & R gerdt & garg & AN & o S F
AR W 9fogd 3R 3= 3t & ad IR wew H
fRafouee & A & faw 39T fRar ST €1 38eRer % o,
aredt, 3R 6

- AT 3YIRT TAledT A SaRT ATAAT (FH Rafar ar aden
J/EIEH) W dIIHAT & THT Fl @ & fow off fFar Srar g
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CHY 24126 ( mmm Engineering Chemistry Practical

Exp. Name of Practical Page
No. No.
1 Determination of strength of Ferrous ammonium sulphate solution | 3-5
by titrating with Potassium dichromate using Potassium ferricyanide
as an external indicator.

2 Determination of strength of Ferrous ammonium sulphate solution | 6-8
by titrating with Potassium dichromate using Diplenylamine as an
internal indicator.

3 Determination of strength of Potassium dichromate solution by | 9-11
titrating with Sodiumthiosulphate using starch as an internd
indicator and K| as source of iodine.

4 Determination of total alkalinity of water samples by titrating with | 12-14
sulphuric acid solution using methyl orange as an internal indicator.

5 Determination of total hardness of water samples by titrating with | 15-18
EDTA solution using Eriochrome Black-T as an internal indicator.

6 Determination of flash and fire point of lubricating oil by Abel’s | 19-20
apparatus

7 Determination of flash and fire point of lubricating oil by Penskey | 21-23
Marten’s apparatus

8 Determination of viscosity of the lubricating oil by Ostwald | 24-25
Viscometer

9 Determination of V.I. of the [ubricating oil by Redwood Viscometer | 26-27
1

10 Determination of V.I. of the [ubricating oil by Redwood Viscometer | 28-29
2
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Experiment No.

Aim: To determine the strength of unknown Ferrous ammonium sulphate solution in
gm/L by titrating it against an intermediate solution of Potassium dichromate using
Potassium ferricyanide as an externa indicator. The normality of known ferrous

ammonium sulphate solution is N/30.

Materials Used: Burette, Pipette, conical flasks, beaker, glass rod, Porcelain grooved
plate, burette stand, Known and unknown Ferrous ammonium sulphate solutions,

Standard Potassium dichromate solution, Potassium ferricyanide

Theory: Ferrous ammonium sulphate [FeSOa4.(NHa) 2S04.6H20] is a stable double salt
with FeSO4 being its active constituent and is used as an anal yte. Potassium dichromate
[K2Cr207] isaprimary standard and acts as strong oxidising agent and in the presence
of dilute H2SOs, it liberates three atoms of oxygen

K2Cr207+ 4H2S0, mey K ,.SO,4 + Cro (SO4)3 + 4 H20 + 3[O]

The liberated nascent oxygen oxidises Fe?* ions which is of ferrous sulphate to Fe®*

ions as expressed.

6] Fe(S04).(NH4)2S04.6H20] +K2CroO7+ 7TH2SOs = 3Fe5(S04)3 +K2SO4+
Cr2(S04)3 +6(NH4)2S0a+ 43H20

When the reaction is completed and all the Fe?* ions get oxidised to Fe** ions, they will
not form any complex with indicator asthey contain Fe** ions

Potassium ferricyanide K3[Fe(CN)s] is a bright red salt which contains
the octahedrally coordinated [Fe(CN)g]*~ ion. In presence of ferrous ions, it gives

Prussian blue coloured compound of ferro ferricyanide Fes[ Fe(CN)sg]2

3K’
C/
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Formation of Ferro Ferricyanide
3Fe? +2[ Fe(CN)g]® ~ =) o[ Fe(CN)g]2 (Prussian Blue)

3Fe™+2[ Fe(CN)g]3 ~ e N\ o reaction (colourless end point)

Procedure:

1

2.

Rinse the burette with normal tap water.

Fill it with Potassium dichromate using a small funnel. Drain it dlightly to fill up
the nozzle. Remove the funnel from the burette and note the initial reading.

Pipette out known Ferrous ammonium sulphate in the clean conical flask.

Take small amount of external indicator in the clean porcelain groove plate and
keep the glassrod in a beaker full of tap water along with it.

Start adding analyte from burette in conical flask slowly with continuous swirling
action.

Dip the clean rod in to conical flask to take adrop or two of mixture and touch itin
one of groove. Prussian blue colour will indicate the presence of Fe?* ions.

Continue the titration till no colour change in the indicator is observed. It will be
recorder as end point.

Repeat from step 2 — 7, till you get concordant readings.

Repeat from step 2 — 8 with unknown Ferrous ammonium sulphate.

Observation Table:

Known FAS vs K2Cr207 (Intermediate)

S. Volumeof FAS Burette Reading Concor dant

No. | solution pipetted (in ml) reading
out (in ml) (V) Initial Final (inml) (V2)

1 0.0 24.5

2. 0.0 224

3 25 0.0 20.7 20.7

4. 0.0 20.7
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K2Cr207 (Intermediate) vs Unknown FAS

S. Volume of FAS Burette Reading Concor dant

No. | solution pipetted (in ml) reading
out (in ml) (V3) Initial Final (inml) (Va)

1 0.0 19.6

2. 0.0 18.7

3 25 0.0 156 156

4. 0.0 15.6

Calculations:

1. Known FAS vs K2Cr207 (Intermediate)
NV =N,V,
N/30 x 25 = N, x 20.7
N, =(N/30 x 25) / 20.7 = A

2. K2Cr207 (Intermediate) vs Unknown FAS
N3V3 = N4V4
A x 15.6 =Ngx 25
Ns=A x156/25=B

Strength of given solution of Ferrous ammonium sulphate in g / | = Normality x

equivalent weight

=Bx392¢g/l=Cygll

Result: Strength of given solution of Ferrous ammonium sulphate C g/l.
Precautions:

1. All the glass-wares should be washed with water before starting the titration.

2. Fill the solution with funnel and remember to remove it before noting starting the
titration.

3. Ensurethat the nozzle of the burette is filled with the solution.
4. Clean the glassrod with water before inserting in conical flask.

Keep on repeating the titration till you get concordant readings.
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Experiment No.

Aim: To determine the strength of unknown Ferrous ammonium sulphate in gm/ L by
titrating it against an intermediate solution of Potassium dichromate using
Diphenylamine as an internal indicator. The normality of known Ferrous ammonium
sulphate is N/30.

Materials Used: Burette, Pipette, conical flasks, burette stand, measuring cylinders,
Known and unknown Ferrous ammonium sulphate solutions, Standard Potassium

dichromate solution, Diphenylamine, Sulphuric acid, water.

Theory: Ferrous ammonium sulphate [FeSOa4.(NHa) 2S04.6H20] is a stable double salt
with FeSO4 being its active constituent and is used as an anal yte. Potassium dichromate
[K2Cr207] is a primary standard. In acidic medium, dichromate ions Cr.O-* would
rapidly reduce to Cr* ions which are green in colour.

KoCroO7 = 2K* + Cr.074
Cro04 +14H" +6e =2 2Cr¥* + 7H.0
6Fe?* + CroO% + 14 HY 2 2Cr¥* + 6Fe® + 7H.0

At equivalence point, we will get Cr3* light green in colour, which cannot be identified
as such. Thus, an internal indicator is required to clearly identify the end point.
Phosphoric acid is added asit reduces the redox potential of the ferrousto ferricion and

addition of water is done to lighten the colour so as to make endpoint clearly visible.
K2Cr207+4H2S0, mmmmmy K 2SO4 + Cr2 (SO4)3 + 4 H20 + 3[O]

6] Fe(SO4).(NH4)2S04.6H20] +KoCroO7+ 7H2SO, = 3Fe)(SO4)3 +K 2S04+
Cr2(S04)3 +6(NH4)2S0a4+ 43H20

When the reaction is completed and Fe 2* ions get oxidised to Fe*" ions, extra nascent
[O] oxidised to diphenylamine. Diphenylamine, a derivative of aniline, consist of
an amine bound to two phenyl groups. The diphenylamine (I) undergoes oxidation first
into a colourless diphenyl benzidine (I1) which is the real indicator and is reversibly
further oxidized to diphenyl benzidine violet (I11). Diphenylamine is only able to
function asindicator in thisreaction when phosphoric acid is present in the solution and

at the end point violet colour is observed.
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Diphenylamine \

Diphenyl Benzidine
(colorless) oxidation

©—=O~D=—0) -

Diphenyl Benzidine (violet)

Procedure:

1. Rinse the burette with normal tap water and after that rinse it with Potassium
dichromate solution.

2. Fill the burette with Potassium dichromate solution using a small funnel. Drain it
slightly to fill up the nozzle. Remove the funnel from the burette and note theinitial
reading (0.0) and observe the upper meniscus in the burette.

3. Pipette out known Ferrous ammonium sulphate in the clean conical flask.

4. Add 100ml of normal tap water to avoid premature reading because in this
experiment reading come too early.

5. Now, with the help of small measuring cylinder add 5 ml of H2SO4 acid into the
conical flask and stir it well.

6. Add 1-2 drops of diphenylamine indicator into the conical flask and stir it well.

7. Start adding Potassium dichromate solution (analyte) from burette in the conical
flask slowly with continuous swirling action.

8. Deep purple colour will start forming where FAS solution fall in conical flask,
which then disappears.

9. Performtill by final drop you get permanent purple colour of entire solution.

10. Record the burette reading as end-point. Drain the solution and wash the conical

flask to repeat.

11. Repeat from step 3 — 8, till you get concordant readings.

10. Repeat from step 3 — 9 with unknown Ferrous ammonium sulphate.

Observation Table:

Known FAS vs K2Cr207 (Intermediate)

S. Volume of FAS Burette Reading Concor dant

No. | solution pipetted (in ml) reading
out (in ml) (V) Initial Final (inml) (V2)

1 0.0 24.5

2. 0.0 21.7

3 25 0.0 20.7 20.7

4. 0.0 20.7
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Unknown FAS vs K2Cr207 (Intermediate)

S. Volume of FAS Burette Reading Concor dant

No. | solution pipetted (in ml) reading
out (in ml) (V3) Initial Final (inml) (Va)

1 0.0 18.6

2. 0.0 18.0

3 25 0.0 17.7 7.7

4, 0.0 17.7

Calculations:

3. Known FAS vs K2Cr20Oy7 (Intermediate)
NV =N,V,
N/30 x 25 = N, x 20.7
N, =(N/30 x 25) / 20.7 = A

4. KoCr207 (Intermediate) vs Unknown FAS
N3V3 = N4V4
A x17.7=Nygx25
Ns=Ax177/25=8B

Strength of given solution of Ferrous ammonium sulphate in g / | = Normality of
unknown Ferrous ammonium sulphate x Equivalent weight of Ferrous ammonium

sulphate

=Bx392g/l=Cgll

Result: The Strength of unknown Ferrous ammonium sulphateis C g/l.
Precautions:

All the glass-wares should be washed with water before starting the titration.
Fill the solution with funnel and remember to remove it before noting starting the titration.

Ensure that the nozzle of the buretteis filled with the solution.

A WD PE

Keep on repeating the titration till you get concordant readings.
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Experiment No.

Aim: To determine the strength of unknown Potassium dichromate solution in gm / L by
titrating it against an intermediate sol ution of Sodium thiosul phate Na;SOs (hypo solution) and
Potassium iodide (KI) as a source of iodine, using starch as an adsorption indicator. The

normality of given Potassium dichromate solution is N/30.

Materials Used: Burette, Pipette, conica flasks, burette stand, Known and unknown
Potassium dichromate solutions, Standard Sodium thiosulphate solution, 1% starch solution,

5mL potassium iodide.

Theory: lodometric titration is a method of volumetric analysis. It is also a redox reaction
where appearance and disappearance of elementary iodne indicates the end point. It involves
indirect titration of iodine which is liberated by reaction of analyte for the determination of
potassium di chromate solution. K1 isadded to acidify potassium di chromate solution. It gives
an equivalent amount of free iodine which is titrate against standard solution of sodium
thiosulphate using starch as an indicator. The iodine is reduced to sodium iodide (Nal) and
hypo solution converts into tetrathionate. lodine also reacts with starch to form black blue
colour iodine starch complex. Acidified dichromate with iodine gives chromium ion.

|- e— Cr3* +],
Now, |2 dissolve in I” solution to get Is” ion which are dark brown in colour. The tri-iodide
solution gives back I” ion as adding hypo solution starch using as indicator absorbs iodine and
form dark blue complex. This complex turns colourless at end point and gives light green
colour of chromium ion. It should be noted that starch is added in between the titration to
prevent hydrolysis and titration should be carried out at low temperature. At the end point
oceanic blue colour is obtained.
Chemical reaction:
Potassium dichromate reacts with K1 and liberate iodine resulting in brick red colour.

4K >Cr207 + 7 HaSO4+ 6K I — 4K 2S04+ Cra(SO4)3 +7H20+3l2

When starch is added, the liberated iodine gets adsorbed on starch and gives dark violet colour.
Starch + 1,— Starch-iodo complex
(Dark blue-black colour)
On titrating with sodium thiosul phate, dark violet colour disappears and a light oceanic blue
colour of Sodium tetrathionate should appear.
2NaS03 + 12 > NapS4Os +2Nal

K2Cr207 = I = NaxS,03
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Procedure:

1. Rinsethe burette with normal tap water.

2. Fill it with Sodium thiosulphate using a small funnel. Drain it dightly to fill up the
nozzle. Remove the funnel from the burette and note the initial reading.

3. Pipette out Known Potassium dichromate in the clean conical flask.

4. Add 5 ml of KI solution with the help of small measuring cylinder and cover the
mouth of conical flask to prevent oxidation, otherwise the oxidation prevents the
colour formation of I3”ions which makesit brick red.

5. Start the titration immediately, with continuous stirring, to use the liberated iodine.
The dark brown red colour fades away slowly on addition of hypo solution and the
solution turns yellowish.

6. Now add 2-3 drops of freshly prepared starch indicator, in between the titration to
prevent hydrolysis. Due to adsorption of remaining iodine, it will turn dark blue in
colour.

7. Again, start adding Sodium thiosulphate from burette till its colour changes to
oceanic blue which is the end point.

8. Note down the reading from the burette.

9. Repeat from step 3 - 8, till you get concordant readings.

10. Repeat from step 3 — 8 with unknown Potassium dichromate sol ution.

Observation Table:
Known K2Cr207 vs NaeS03 (Intermediate)

S. Volume of Burette Reading Concordant

No. | K2Cr207solution (in ml) reading
pipetted out (in Initial Final (inml) (V2)

ml) (V1)

1 0.0 26.5

2. 215 22.4

3 25 0.0 20.7 207

4. 20.7 20.7

Unknown K2Cr207 vs NaeS03 (Intermediate)

S. Volume of Burette Reading Concordant

No. | K2Cr207 solution (in ml) reading
pipetted out (in Initial Final (inml) (Va4)

ml) (V3)

1 0.0 18.6

2. 18.6 17.8

3 25 0.0 17.7 1.7

4. 17.7 17.7
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Calculations:
1. Known K2Cr207 vs Nae$,03 (Intermediate)

N1Vi =NV,
N/30 x 25 = N, x 20.7
N, = (N/30 x 25) / 20.7 = A
2. NaS0s (Intermediate) vs Unknown K2Cr207
N3V3 = N4V4
A x17.7=Nygx25
Ns=Ax177/25=B

Strength of given solution of Potassium dichromate in g / | = Normality x equivalent
weight

=Bx49¢g/l=Cydgll
Result: Strength of given solution of Potassium dichromateis C g/l.
Precautions:

1. All the glass-wares should be washed with water before starting the titration.

N

Fill the solution with funnel and remember to remove it before noting starting the
titration.

Ensure that the nozzle of the buretteisfilled with the solution.

Keep on repeating the titration till you get concordant readings.

Do not add Starch in the beginning of titration.

o g~ w

Observe that in final stage, violet colour is not reappearing.
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Experiment No.

Aim: To determine the total alkalinity in terms of CaCOs3 equivalentsin the tap water
and prepared water samples by titrating it with N/50 sulphuric acid solution using
methyl orange as an internal indicator.

Materials Used: Burette, measuring cylinder, conical flasks, beaker, burette stand,
tap water and prepared water samples, N/50 sulphuric acid solution, methyl orange.
Theory: Water has ability to neutralize free acids. In alkalinity al the substances
which cause an increase in hydroxide concentration (OH") upon dissociation or dueto
hydrolysis are included. The water alkalinity is due to the presence of: CO3z", HCO3
and OH". Alkalinity of water sample can be determined by estimating the quantity of
OH , COs%, HCO3 by titrating water sample against standard H>SOs solution.
Phenol phthal ein and methyl orange are used as indicators. The determination is based
on the following reactions

The akalinity of water is attributed to the presence of:

(i)Caustic alkalinity (dueto OH-and CO3* ions)

(i) Temporary hardness (dueto HCO3)

With respect to the constituents causing alkalinity in water, the following situation
may arise:

1.Hydroxide (OH") only

2.Carbonate (COs%*) only

3.Bicarbonate (HCOz3) only

4.Hydroxide (OH") and Carbonate (CO3*) together.

5.Carbonate (COs%) and Bicarbonate (HCOz") together.

Note: Alkalinity of water cannot be due to simultaneous presence of OH", COz?
HCOs ?

The possibility of OH™ and HCOs™ together is ruled out because of the fact that they
combine instantaneously to form COs* ions.

OH + HCOy ot C0R+ H2O
NaOH + NaHCO

MarxC +H D

Thus, OH™ and HCOs™ ions cannot exist together in water. On the basis of same
reasoning, all the three (OH", COs* , HCOs™ ) cannot exist together
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Types and Extent of Alkalinity dueto variousanions

ALEALINITY | HYDROXIDE | CARROMATE | BICARBONATI
=1 i ] M
P=1/2 M i F.t i

P Mor P ik 0
P =132 M L Fil M - 2P
P=151 M 2P -M MM -P ) {i

Methyl orangeis apH indicator frequently used in titration because of its clear and
distinct colour variance at different pH values. Methyl orange shows red colour in

acidic medium and yellow colour in basic medium.

o
H

o LT

CHy

Structure of Methyl orange

Sodium 4-[(4-dimethylamino)phenylazo]benzenesulfonate

(CH3);N N=—/—N— SO;Na
(yellow)

(red)
Procedure;

1. Rinsethe burette with normal tap water.

2. Fill it with sulphuric acid using asmall funnel. Drain it dlightly to fill up the
nozzle. Remove the funnel from the burette and note the initial reading.

3. Take 100 ml of tap water with the help of measuring cylinder in the clean
conical flask.

4. Add 1-2 drops of methyl orange indicator to get pink colour.
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5. Note down the reading of burette.
6. Repeat from step 3 - 6, till you get concordant readings.
7. Repeat from step 3 — 6 with prepared water sample.

Calculations:
As sulphuric acid is completely reacting with alkalinity causing ions which are taken in

terms of calcium carbonate, hence at the end-point,
Number of milliequivalent of H2SO4 = Number of milliequivalents of CaCOs
i.e. 1 ml of IN H2SO4 =50 mg of CaCOs
1 ml of N/50 H2SO4 = 1 mg of CaCOz

If “a” ml of N/50 H2SO4has been utilised at equivalence point, it means that “a” mg of CaCOs3

ispresent in 100 ml of the water sample.
Thus, concentration of CaCOsin given water sampleis 10.amg/l or ppm.

Result: The total hardness caused by calcium and magnesium ions in the given tap water

sample is ....... mg/L and prepared water sample is ..... mg/L
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Experiment No.

Aim: To determine the total hardness in terms of CaCOs equivalents in the tap water and
prepared water samples by titrating it with N/50 EDTA solution using Eriochrome Black-T as

an internal indicator.

Materials Used: Burette, measuring cylinder, conical flasks, beaker, burette stand, tap water
and prepared water samples, N/50 EDTA solution, Eriochrome Black-T, ammonia buffer

solution

Theory: The hardness of water is estimated by EDTA method using Eriochrome Black—T
[EBT] asindicator. Water hardness is generally caused by the presence of Caionsand Mgions
in water. Some other polyvalent ions like strontium, iron, aluminium, zinc and manganese also
contribute to hardness. But because of their low concentration in natural water, hardness is
generally measured as concentration of only calcium and magnesium ions.

The estimation of water hardness is done by complexometric titration using standard
EDTA astitrant and EBT as an indicator. The presence of calcium and magnesium saltsin the
water results into temporary and permanent (total) hardness in it. The determination is based
on complexometric method. Ethylene diamine tetra-acetic acid (EDTA), in the form of its

sodium salt yields the anion which forms complex ions with Ca?* and Mg?*.

HOOC-—CH, Hall— COOH
i
naoc_-nﬂ; L-—cnnﬂ
Structure of EDTA

OO H Cpg 00
\‘il-cu,{:-ljll‘/

TOG-CiH J:.HE-GDD 3

Anionic form of EDTA

mm\ﬂfm,n[:& eHc00H
# N.\
@ NS
u =0
L

Complex ion with calcium or magnesium
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Eriochrome Black T isacomplexometric indicator that is used in complexometric titrations,
e.g. inthe water hardness determination process. It isan azo compound, carcinogenic in nature.
It is mainly used as an indicator in complexometric titrations for the determination of total
hardness of water due to elements like calcium, zinc, magnesium and other metal ions. It is

well known for its chelating properties.

|UPAC Name: Sodium 1-[1-Hydroxynaphthylazo]-6-nitr o-2-naphthol-4-sulfonate
Principle of EDTA Titrations

The quick, complete and 1:1 interaction of metal ion with EDTA leading to the formation of

stable complex is the basis of complexometric titrations.

Ca®* or Mg ¥ + EBT 8,0 ¥4, 08 1102 EBT]} or {[Mg—EBT]}

pH=10
Fromm lard wates Timilic ator Metal-indicator unstable complex

(Blae) (Wine-red)

Cal* or Mg ¥ + EBT M,C- N4, 0H f1Cqls  FBT]} or {[Mg—EBT]}

pH=10

From hard wates ladicator Mletal-indicator unsfable complex
(Blue) (Wine-red)
[Ca* EBRBT] Titration Ca* EDTA + EBT
or + EDTA pH=11 or
[Mg* EBT] Mg EDTA | + EBT
(Wiia-radd) [Cobeurliss) Frris imilicaror (Blug)

The hard water is buffered to a pH value of 10 using NH4OH-NH4Cl buffer and a few drops
of EBT indicator solution are added. EBT forms aweak complex with metal ions, which hasa
wine red colour{reaction (i)}

In the course of the titration of water sasmple against EDTA, EDTA first combines with free Ca

ions or Mg ions to give very stable, colourless and water-soluble metal-EDTA complex
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{reaction ii. after all the free metal ions are consumed, the next drop of added EDTA solution

displaces the indicator, EBT, from metal-EBT complex {reaction (iii)}.

P Thus, at the equivalent point, there is change in colour from wine red (due to Metal -

EBT) to blue (due to free EBT), the total hardness is thus determined.

» For the determination of permanent hardness, temporary hardness is first removed by

boiling. After the removal of precipitate by filtration, the permanent hardness in the

filtrate is determined by titration with EDTA as before. Temporary hardness is then

determined by subtracting permanent hardness from total hardness.
Procedure:

1. Rinsethe burette with normal tap water.

2. Fill it with EDTA using asmall funnel. Drain it dightly to fill up the nozzle.

Remove the funnel from the burette and note the initial reading.

3. Take 100 ml of tap water with the help of measuring cylinder in the clean

conical flask.

4. Add 5-10 ml of ammonia buffer, and 2-3 drops of indicator to get wine-red

colour.

5. Start thetitration with continuous stirring till colour of analyte becomes clear

blue.
6. Note down the reading of burette.
Repeat from step 3 - 6, till you get concordant readings.
8. Repeat from step 3 — 6 with prepared water sample.

~

Observation Table:
Known water samplevs EDTA

S. Volume of water Burette Reading Concor dant

No. sample (in ml) (in ml) reading
Initial Final (in ml)

1 0.0 285

2. 0.0 24.4

3 100 0.0 20.7 20.7

4. 0.0 20.7
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Prepared water sasmple vs EDTA

S. Volume of water Burette Reading Concordant

No. sample (in ml) (in ml) reading
Initial Final (inml) (Va)

1 0.0 18.6

2. 0.0 18.0

3 25 0.0 17.7 7.7

4, 0.0 17.7

Calculations:

Number of milliequivalent of EDTA = Number of milliequivalents of CaCOs

i.e. 1 ml of IN EDTA =50 mg of CaCOz3

1 ml of N/50 EDTA =1 mg of CaCO3

If “a” ml of N/50 EDTA has been utilised at equivalence point, it means that “a” mg of

CaCOs ispresent in 100 ml of the water sample.

Thus, concentration of CaCOzin given water sampleis 10.amg/l or ppm.

Result: The total hardness caused by calcium and magnesium ions in the given tap

water sample is ....... Mg/l and prepared water sample is ..... mg/Il.

Precautions:

1. All the glass-wares should be washed with water before starting the titration.

2. Fill the solution with funnel and remember to remove it before noting starting the

titration.

Ensure that the nozzle of the buretteis filled with the solution.

4. Keep on repeating thetitration till you get concordant readings.
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Experiment No.

Aim: To determine the Flash Point and Fire Point of the lubricating oil by Abel’s Apparatus.

Materials Required: Abel’s apparatus, Lubricating oil, Thermometer, Heater, Spirit lamp,
Wooden sticks, Water

Theory: Good lubricating oil should not volatize under the working temperature and even if
vaporization takes place, the vapors should not form inflammable mixture with air under the
condition of lubrication. The flash and fire points are helpful in providing safety limit against
fire hazard during their storage and their industrial use. Flash point of the oil should be higher
than the operating temperature of the machine.

Flash Point: Flash point is the lowest temperature at which the lubricating oil gives
off enough vapors to ignite for amoment when atest flame is brought near to it.

Fire Point: Fire point isthe lowest temperature at which the vapors of the lubricating
oil burn continuously for at least five second when atest flame is brought near to it.

Diagram of the Apparatus:

THERMONETER
STIRRER

FLAME FOINT
. OIL CUP
WATER
. HEATER

ABEL’S APPARATUS

Description of the Apparatus: To be written point-wise by student.
Procedure:

1. Remove the water jacket from heater and fill it with hot water (keeping it in the basin)

up to the top but afterwards empty out at least half a mug to create space for vapors.

Put it back on the hester.

Fill the oil up to the pointer in the oil cup.

3. Fix the thermometer so that it should dip in oil and not strike the bottom of the ail
cup. It should be firmly placed with the readings towards you.

4. Shutter on thelid of oil cup should remain close to prevent the escaping of oil vapors.
It should be opened only when testing is to be done.

5. Least count of thermometer is 1 °C, so readings should be recorded at every one
degreerise or fall of temperature.

6. Switch on the heater and start checking for flash with flame (on wooden splinter) after
40°C.

7. Flame should be kept at the mouth of shutter. It should not be too much highin air
and never inside the ail cup.

N

Page 19 of 29




8. Note your findings with increasing temperature as “No Observation” or “Flash is

observed” or “Fire is observed”.

9. Check uptofirst fire only and switch off the heater.
10. Temperature will continue to rise even after switching off the heater but testing

should not be performed.

11. TESTING ABOVE FIRST FIRE IS STRICTLY “NOT ALLOWED”.

12. Check for fire and flashes during decreasing temperatures also. Continue till you get

“No Observation” 3 — 4 times.
Sample observation table:

1. Whileincreasing the temperature:

S. No. Temperature (°C) Observation
1 40 No Observation
2 41 No Observation
3 42 No Observation
4 44 No Observation
5 45 No Observation
6 47 Flash is observed
7 49 Flash is observed
8 50 No Observation
9 51 Flash is observed
10 53 No Observation
11 54 Fire is observed

2. While decreasing the temperature:

S. No. Temperature (°C) Observation
1 54 Fire is observed
2 53 Fire is observed
3 52 Flash is observed
4 51 No Observation
5 50 Flash is observed
6 49 No Observation
7 48 Flash is observed
8 47 No Observation
9 46 Flash is observed
10 45 No Observation
11 44 No Observation
12 43 No Observation

Result: Flash point of the lubricating oil is 46 °C.

Fire point of the lubricating oil is 53 °C.

Precautions:

1. Donot fill the oil above the pointer in the oil cup.

a b~ wnN

Fix the thermometer asinstructed in the procedure.
Water jacket should have water less than full to avoid spilling of water on heater.
Keep the shutter close. Open it only while checking for flash or fire.

DO NOT EVER CHECK ABOVE FIRST FIRE.
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Experiment No.

Aim: To determine the Flash Point and Fire Point of the lubricating oil by Pensky Marten’s
Apparatus.

Materials Required: Pensky Marten’s apparatus, Lubricating oil, Thermometer, Heater,
Spirit lamp, Wooden sticks

Theory:
Good lubricating oil should not volatize under the working temperature and
even if vaporization takes place, the vapors should not form inflammable
mixture with air under the condition of lubrication. The flash and fire points
are helpful in providing safety limit against fire hazard during their storage and
their industrial use. Flash point of the oil should be higher than the operating
temperature of the machine.

Flash Point: Flash point is the lowest temperature at which the lubricating oil
gives off enough vapors to ignite for a moment when a test flame is brought
near to it.

Fire Point: Fire point is the lowest temperature at which the vapors of the
lubricating oil burns continuously for at least five second when atest flameis
brought near to it.

Diagram of the Apparatus:

Pilot bumer ———————=x
Shutter
b2 control
5 &= 0il level
penn Pomter
Oil %
bath R [U]4—Sﬁrrer
Ny W
Oil
cup
- ~

Description of the Apparatus: To be written point-wise by student.
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Procedure:

© ©

10.
11.

Fill the oil up to the grooved ring in the oil cup.

Fix the thermometer so that it should dip in oil and not strike the bottom of the oil
cup. It should be firmly placed with the readings towards you.

Shutter on thelid of oil cup should remain close to prevent the escaping of oil vapors.
It should be opened only when testing is to be done.

Least count of thermometer is 2 °C, so readings should be recorded at every two
degreesrise or fall of temperature, which means ODD readings cannot be taken.
Switch on the heater and start checking of flash with flame (on wooden splinter) after
100 °C.

Flame should be kept at the mouth of shutter, not too much high in air and never
inside the oil cup.

Note your finding with increasing temperature as “No Observation” or “Flash is
observed” or “Fire is observed”.

Check up to first fire only and switch off the heater.

Temperature will continue to rise even after switching off the heater but testing
should not be performed.

TESTING ABOVE FIRST FIRE IS STRICTLY “NOT ALLOWED”.

Check for fire and flashes during decreasing temperatures also. Continue till you get
“No Observation” 3 — 4 times.

Sample Observation Table:

1.

While increasing the temperature:

S. No. Temperature (°C) Observation
1 100 No Observation
2 106 No Observation
3 112 No Observation
4 118 No Observation
5 122 No Observation
6 124 - 180 No Observation
7 184 No Observation
8 186 Flash is observed
9 188 Flash is observed
10 190 No Observation
11 192 Flash is observed
12 194 No Observation
13 196 No Observation
14 200 Flash is observed
15 204 No Observation
16 206 Fire is observed
While decreasing the temperature:
S. No. Temperature (°C) Observation
1 206 Fire is observed
2 204 Fire is observed
3 202 Flash is observed
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4 200 No Observation
5 198 Flash is observed
6 196 No Observation
7 194 Flash is observed
8 192 No Observation
9 190 Flash is observed
10 188 No Observation
11 186 No Observation
12 184 Flash is observed
13 182 No Observation
14 180 No Observation
15 178 No Observation

Result: Flash point of the lubricating oil is 184 °C.
Fire point of the lubricating oil is 204 °C.
Precautions:

1. Do not fill the oil above the grooved ring in the oil cup.

Fix the thermometer as instructed in the procedure.

Keep the shutter close. Open only while checking for flash or fire.

DO NOT EVER CHECK ABOVE FIRST FIRE.

Do not try to remove heated oil cup by yourself. Ask the lab assistant to do so.

gk wd
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Experiment No.

Aim: To determine the Viscosity of the [ubricating oil by Ostwald Viscometer.

Materials Required: Ostwald Viscometer, Lubricating oil, Stop-watch, Dropper, Rubber
tube, Burette stand

Theory: Viscosity is one of an oil’s most important physical properties. It isameasure of a
fluid's resistance to flow. It describes the internal friction of a moving fluid. Viscosity, or the
thickness of the ail, isimportant because it determines the lubricant's film strength and
efficiency in preventing friction between moving parts. Thick oil has a high viscosity, and
thin oil has alow viscosity.

If oil istoo thick for the operating conditions, the machine must work harder, thus generating
heat and using more energy. Over time, thiswill create unnecessary wear and tear on the
machine. Conversaly, if alubricant istoo thin, the film may not be thick enough to prevent
friction. Thistoo will create unnecessary wear and tear on the machine.

Diagram of the Apparatus:

Limb ¥ [l Limb X

Upper mark h—

Lower mark 2

Caplllary— 3 Bulb A

Description of the Apparatus: To be written point-wise by student
Procedure:

1. Oil isinserted through the wider tube (limb X) till the large bulb (A) getsfilled.
2. Theoil isthendrawn upin Limb 'Y by sucking through a rubber tubing slightly
above the upper mark b.

The ail isthen permitted to flow down.

Stopwatch is switched on as soon as oil crosses mark b.

Oil isalowed to fall down unassisted and stopwatch is switched off as soon as it
reaches mark a.

6. The same procedure is repeated three times and time is noted down.

7. Averagetimeisthen calculated.

ok~ w
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Sample Observation Table:

S. No. Time of flow of oil (in sec)

Average Time (in sec)

WIN I 2

Calculations:

Viscosity of oil (12) = % xnl

p1= Density of water = 0.997 g/ml at room temperature
p2= Density of oil (g/ml)

n1= Viscosity of water = 0.997 cp at room temperature
n2= Viscosity of ail incp

t1 = Mean time of flow of water from ato b = 21.48 sec

to= Mean time of flow of oil fromato bin sec

Result: Viscosity of the given oil is ............... cp at room temperature.

Precautions:

1. Theviscometer should be held in avertical position during the flow of the
liquids and its height must remain constant each time when it is clamped.

2. While sucking the liquids, no air bubble should be formed inside the capillary

tube.

3. Thevolume of the liquids taken in bulb A should be so much that when
sucked up to mark b, it should fill the bulb B and alittle should still remainin

the bulb A.

4. After sucking the liquid up to upper bulb of tube, the level should be kept

stationary by holding with fingers.

5. Theviscometer should not be disturbed during the measurement of the time

flow.
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Experiment No.

Aim: To determine the Viscosity-Index of the lubricating oil by Redwood Viscometer 1.

Materials Required: Redwood Viscometer, Lubricating oil, Thermometer, Stop-watch,
Water

Theory: Viscosity of liquids decreases with increasing temperature and, consequently, the
lubricating oil becomes thinner as the operating temperature increases. Hence, viscosity of
good lubricating oil should not change much with change in temperature, so that it can be
used continuously, under varying conditions of temperature. The rate at which the viscosity
of lubricating oil changes with temperature is measured by an arbitrary scale, known as
Viscosity Index (V. 1). If the viscosity of lubricating oil fallsrapidly asthe temperatureis
raised, it has alow viscosity index. On the other hand, if the viscosity of lubricating oil is
only dlightly affected on raising the temperature, its viscosity index is high.

Diagram of the Apparatus:

g Potnter
Water bath Stirrer blade
=¥ = Valve rod
Metalli oil cup
Heating tube — —
M, Tap for emptying water

Agate jet of 1.62 mm diameter
and 10 mm length
| Kohlrausch flask

me—hzhgm

Description of the Apparatus. To be written point-wise by student

Diameter of the orifice: 1.62mm; Length of the capillary: 10mm
Procedure:

1. Closethe orifice of the oil-cup properly with the valve and fill the oil up to the
pointer.
2. Place the measuring beaker beneath the orifice to collect the oil asit drains out.
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Fix the thermometer so that it should dip in oil and not strike the bottom of the ail
cup. It should be firmly placed with the readings towards you.

Note the temperature of oil.

Remove the valve to start collecting the oil and also start the stop-watch
immediately.

Collect 50 ml of the oil and note down the time taken.

Fill back the same ail in the oil-cup. Pour lukewarm water in the water bath
approximately up to the level of ail.

Rotate the stirrer and wait for the temperature of the oil to stabilize. It should be
roughly 4-6 °C above the first reading.

Again, note the temperature of oil, remove the valve to start collecting the oil and
also start the stop-watch immediately, collect 50 ml of the oil and note down the
time taken.

Fill back the same il in the oil-cup. Flow out small amount of water and fill more
hot water so as the raise the temperature to 4-6 °C above the second reading.
Repeat to get at least five readingsto plot V.I. curve.

Sample Observation Table:

S. No. Temperature of oil (in °C) Time of collection of 50 ml of oil (in sec)
1. 23 (Room Temperature) 185
2. 29 176
3. 35 156
4. 42 123
5. 47 108
Calculations:

Plot the graph between Temperature on X-axis and Time on Y-axis (on graph paper). Join the
points to get hyperbolic curve. Do not join the points by scale. Leave the points not falling on

curve.

Result: Graph shows decrease in time of collection of oil with increase in temperature, which
indicates fall in viscosity of lubricating oil with rising temperature.

Precautions:

12. Fill the oil up to pointer only. Do not fill only 50 ml.

13. Place the measuring beaker exactly beneath the orifice to collect the oil without
any spillage.

14. Fix the thermometer properly.

15. Small debris can clog the small orifice and change its flow rate. Keep close watch
on the rate of flow of ail.

16. In case of clogging, report the matter to lab assistant to clear the orifice.

17. Raise the temperature in step-wise manner.

18. Stabilize the temperature of the oil before taking the reading.

19. While adding water, make sure it should not fall in oil-cup to prevent the

formation of emulsion.
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Experiment No.

Aim: To determine the Viscosity-Index of the lubricating oil by Redwood Viscometer 2.

Materials Required: Redwood Viscometer, Lubricating oil, Thermometer, Stop-watch,
Water

Theory: Viscosity of liquids decreases with increasing temperature and, consequently, the
lubricating oil becomes thinner as the operating temperature increases. Hence, viscosity of
good lubricating oil should not change much with change in temperature, so that it can be
used continuously, under varying conditions of temperature. The rate at which the viscosity
of lubricating oil changes with temperature is measured by an arbitrary scale, known as
Viscosity Index (V. 1). If the viscosity of lubricating oil falls rapidly as the temperatureis
raised, it has alow viscosity index. On the other hand, if the viscosity of lubricating oil is
only dlightly affected on raising the temperature, its viscosity index is high.

Diagram of the Apparatus:

Thermometers
Stirer
Water bath Stirrer blade
. e Valve rod
Metallx oil cup
Water Water
Heating tube — —
alr Tap for emptymng water
Agate jet of 1.62 mm diameter
L and 10 mm length
ml [ Koblrausch flask
50
, : Leveling screw

Description of the Apparatus: To be written point-wise by student.

Diameter of the orifice: 3.8 mm; Length of the capillary: 15 mm
Procedure:

1. Closethe orifice of the oil-cup properly with the valve and fill the oil up to the
pointer.

2. Place the measuring beaker beneath the orifice to collect the oil asit drains out.

3. Fix the thermometer so that it should dip in oil and not strike the bottom of the ail
cup. It should be firmly placed with the readings towards you.
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Note the temperature of oil.

Remove the valve to start collecting the oil and also start the stop-watch
immediately.

Collect 50 ml of the oil and note down the time taken.

Fill back the same ail in the oil-cup. Pour lukewarm water in the water bath
approximately up to the level of ail.

Rotate the stirrer and wait for the temperature of the oil to stabilize. It should be
roughly 4-6 °C above the first reading.

Again note the temperature of oil, remove the valve to start collecting the oil and
also start the stop-watch immediately, collect 50 ml of the oil and note down the
time taken.

Fill back the same oil in the oil-cup. Flow out small amount of water and fill more
hot water so as the raise the temperature to 4-6 °C above the second reading.
Repest to get at least five readingsto plot V.I. curve.

Sample Observation Table:

S. No. Temperature of oil (in °C) Time of collection of 50 ml of oil (in sec)
1. 25 (Room Temperature) 98
2. 31 72
3. 37 44
4. 42 28
5. 47 12
Calculations:

Plot the graph between Temperature on X-axis and Time on Y-axis (on graph paper). Join the
points to get hyperbolic curve. Do not join the points by scale. Leave the points not falling on

curve.

Result: Graph shows decrease in time of collection of oil with increase in temperature, which
indicates fall in viscosity of lubricating oil with rising temperature.

Pr ecautions:

1. Fill theoil up to pointer only. Do not fill only 50 ml.

2. Place the measuring beaker exactly beneath the orifice to collect the oil
without any spillage.

Fix the thermometer properly.

Small debris can clog the small orifice and change its flow rate. Keep close
watch on the rate of flow of ail.

In case of clogging, report the matter to lab assistant to clear the orifice.
Rai se the temperature in step-wise manner.

Stabilize the temperature of the oil before taking the reading.

While adding water, make sure it should not fall in oil-cup to prevent the
formation of emulsion.
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