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Classification of Methods of Chemical Analysis
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(Quantitative Analysis) 37 S8 1.4
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(It is a part of the -uj&n ay/,»L?erufu:w-‘a,ﬂvwer&? éé;ﬂb/,
system taken for study. It has all the properties of the system)
(Surrounding) J')’l 423

J(’Z(Uv’lue/&/c‘-aw’/zw-cb_t'lk"/Surrounding le/lKu’lucb,éguﬁgb%/:ﬁuwﬁrlﬁ
€ »Surrounding L3 A1 i J&JT&J?;;Ic‘,CﬁnI PN
(Interface) Jl.j’)ﬁj 4.2.4

-cb_t'Uv‘J/Interface gd@kﬁjguluuj&QG/»b{i.;u)'Surrounding .L.J'/’KJU}’(UZ‘J
< e 425

Ll e AL N1 b AN L L L e f ST
(Chemical Analysis) ,f."@ﬁ(mﬁ?c‘_té:@{;uzuimu:"//ﬂﬁ» _c"_t‘tg.l,-(((/?;r}gﬂ s 2
ayys
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L5l S o QL $a & ST U et 5 6 UTles sz QL S 21 11 e
Kap v (L Lo Sod cie PFS Fmd e Mariod xS S F
_‘Lﬁlgd/&};dK&%@fﬂ!ﬂ&ﬁ%?iéﬁ”dlu”;ﬁbat‘nt’/'/f/v(Protocol)

ﬂf.‘/r}gﬂ_‘c (Sample) ;/u‘a.lf@cf. idf:ﬁ&ggu’l_‘c(System),’Uvﬁugldluﬁdt‘fu’i
/g@,fué}‘goﬁ&?m/g’c;%gj. Zesu Lyl g LA g e
_uj"‘algl:@:gﬂgﬁmfbgayfj”L'/'uu(&gé_/,o’l:/,l/Wﬂ“-ZQ.’/Jf4(Protocol)
dzﬁﬁuiu'-iu:”(zufcizu/c&/u’téu{'c’%-Zq/faéngL/wﬂ;/L&g;jg
uﬁl:’/(,f."’/’.') Analyte ,)bft«,!c;uﬁu’!/g-’;}{;m}‘"&.lz:é//}!n;gl]';y‘;o}ft'iuﬁ}ﬂ
LS8 Spe Lo Eglogda ALy S
u.’f‘zuﬁ;:x’la&l-bat‘n/l!ﬁmatrix ,ﬂ.‘amuﬁ’;m’uﬁ;/ (,f.“'i) Analyte J/Lat‘nuﬂ’{duj‘ridt‘f
% (Lead, Pb) -5 tf.?u.?//fﬂ“awg/uf?{ﬂ/ﬁﬂfhb@t‘zt}/ﬂﬁuloﬁ%‘ Lﬁé’.)e"l?;!
S A e Ml 1 PO ST e s L
Qb e U T 2 e Ju"a}’b(ﬁ.,{l S e P flony 8 Je o LS U3 Jé
Z S EBS JIF gr_ Kjeldahl Method ;“r‘-f( AES !o;Lo;Lf -cé-&n‘d? < (Organic Matter)
-ﬁlgﬂfdfj&ﬂ/;lc‘-algTuﬁJﬁ(Inorganic) L}Q’L‘/:;//n)!ﬂd?)/b&nd?cu’lJ/L"uj
JENT Izt T < Qo UL S T 2l Je e L Ao Jé
;?;i,'gu’%(}%c‘-lnterface U{UW“',&?J y{bi’gﬂgrc‘-System ﬁ;x".@&&(diﬁq;ﬂ/’ﬁb{l/
_‘L{,//.ﬁia,dl/lLu’l/&g/}léal,//(K{Boundary & Interface v{u
.,{iu‘fuujz“.uwm,l&gm‘um”zu‘fémuﬁ.ﬁ/fi/d/&gutm?‘unM,ﬂ,‘auf'nt{wﬁfgu’%
_u,?éul.Boundary (7 uﬁ{ i -« Interface
uu/'/&gxugd/wmrwv{!/wﬁb’,u_u?yﬁyﬁ;/.gé.ﬁ (uM/Jlf»)/&ngﬁ;us Je
et A rr oA o e S L i
Eor 2Ll A LIKQL Ut 2o Tt Study (G AL 2L L2 et S0y S0 e
T 5L B33
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(Open & Closed System) rUﬁ';’ZU{/}L@: 4.2.6

MalujénExchange L System & Surrounding #1 (JUJ)U{/.U}’D)LU:&(@L{J
System & Surrounding (ét’?)u@'l ._:/u:u’ruz; L,{IJU}/,LJI_U,?ZJ(Open System) (UéJm
Ellouslosl e ufgf(UzJ WAy _u:?':é (Closed System) (Uz’JXf.Ll‘Lﬁ‘CnExchange JELL
rlb’) uwg.@?ﬁ aiu,?én';Exchange quZ:System & Surrounding u’{w{cuﬁ Use (ét‘l;)
_u,?é"‘i/(lsolated System)
,?5d/ﬁcaan(fﬁﬁ///r"}dg(ﬁ.lgﬂ/&gwﬁ-Qb@@ﬁ/gjfz:&ga’_ﬁuﬁ4/Jt‘>4}i:1Jl:"f
e denSrt dyg s Sipdar e TEF P Sl e
(Surrounding) 3 Al (System),j/ul.yfbal,/kguﬁm&gc—uﬁgff‘aélﬂfc«w’!fw 163l
B et P 2SS Pt B e Mol S o e e
-‘Lfﬁn J)P‘Ufl.érchdl/lm (Surrounding) J!/!L(System)
SIS I 7 6l S bnd Uilioe QoS At Lt T i Y2 1 A o630y
S Qonp S35 TINS5 de b ptUrle et e 8P evtie
A < (System) (6 (A DT K- Qb o2 7 Sebd Uienic ez ond ST
-c‘-ff'ﬁn .J;l;ufl.ﬁ"lbﬂr__ﬁ!/w! (Surrounding)

sExchange £t (Surrounding) 3/ 41 »I(System) (& ui»éu?m%uﬁruﬁ Lng!,i}’
&
"U?’J'Exchange Kssl s U1y %JJLKMVQLL{JJLﬂg:’/ngﬂﬁuﬁdt’/d/4;l 2 Ji
"Uzu/ L!iu’!‘afﬁnExchange KJL’I?:A! ?nuﬁ'/ufl.é (Surrounding) A 2I(System)
_ug':i(CIOSed System)
J!/l’%!&tl;/;!oﬁtuﬁJlfz/gn Isolated System o:;ng/‘/?w{!u’%/&ﬁuﬁ2/:}dt‘fd//?n 3JE
_ﬁ;ﬁﬂnufExchange u:l.d:
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(Sample Analysis)d f Ko' 43

u’ml_‘gt'lgyﬂ}flb'£Q/o)/{fc;@lz:ofid/(Analyte) ,:f."'Zu?y‘ule ,:f,“gﬁ_/

SoLd F DL 2 n TS SE A B ST S bl A e o
Uee$ed 30 S6 o LS fenbleal L U1l st 26 L J6 Ut f Lo e
W 25l P62 pey

-
¢

o

The General Analytical Problem

A I g Jea

Select sample

- et

S Extract analyte(s) from matrix

| -

/ -JeE 4 Analyte = A

Separate analytes

tr
-/ Iy Analyte

Detect, 1dentity and
quantify analytes

. . q ';"u 1's (::?“ < . Y=
Determine reliability and / /=P Bz B Analytes

significance of results Lo e

-\,

(Errors in Chemical Analysis) UW u::/f“&@.{ 4.4

s osnr st b1 FE aobr S sz 1 Lone ol £ st P’
e |
e e F e PSP S
-t (Data) L‘é,ﬁ’{/.[:v()"’t .
ce S el S N s BISEE el
,Q/f@g/ﬁ(iéé&éi .
L s F Loy Sy A S S-S K(Standards) .:ut:wnc? .
-£J5:§,((Quality) s LJlﬂ“Q//(Statistical Analysis)élg&p?(:ﬁ’ﬁ .
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- (Median) J/u;!(Mean)L/}!ujo;_wL/ffJg%fw-ulead/gﬂgﬁgbﬂb‘!ﬁguﬁﬁu’l

-MZ
X

X
I

0

-

(Mean) L3l 4.4.1
it S e el QR At S b

-=N ;u;:"d/ (Replicate Measurement) JJ?J" Sliex; ;ugd)l/ﬁid/x S sl
Where x; = individual values of x; and N = number of replicate
measurements

(Median) L}.L;"/)/JW’) 4.4.2

~ Ascending Order u’iuj"%: .,«,?]LL’@L)’V /Jl/l.’;ﬁﬂiﬁu’l : &L//) /JV;
Soles w3 /’ﬁl-‘g rM(&gm)J", 5y &L{u {Jlﬁ‘a(Odd) u'ﬁl//:; Ji P @/Aarrange
& b ST o1 s~ QDS 3 1t 2L sttt s Qe s £ i1 s2(Even)
Fe T e n FE L b st il et B d $U1GE 5 (Outlier) "0 25T (Y e
< &wﬁb’*
(Illustration of “Mean” and “Median”) -yl}ud/' 'J/ 2" sl "Lesl" 443
e MU 2 662 EIE NS BF Lo 10 ppm A FISFS UF e
:mJ’l;.%’Jj

x= 9.78 < /f‘—“ 10.00
® & o ] ® @
I I | |
0.2 0.6 10.0 10.4
+
I-];:3 (ppm)

Note: The mean (h-svalue is 9.78 ppm (i.c. 9.8 ppm) & the median (Ji+.»)value is 9.7 ppm
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(Precision) § 46| 4.4.4
<& (Reproducibility)4 & A AR dAP
P S ke & o e S AG LIS e oS b
:u:/“%tadi(b’/
(Deviation from the Mean) i #leb-si 2 (G0 f e s Sb-s16, 56" = 0
S e B et
d, =[x — X )
(Accuracy) &3 4.4.5
L Ldn s b {5 e d F i L E nf el 3o n L i mualf
G IR LIE S D )
:«Llﬁléf/) 4.4.6
LS SENSE e L S e A ENSE S

Absolute error uﬂp / uﬁk Jib :(B) = x; - x, (Where x, = true or accepted value)

X. — X
v s E o=—1 T 100%

Relative error ™ /¢ &5 ¢+ T r *

t
(Absolute Error) Ldﬁ) / ubu J}b J&%c‘-/vaup (Relative Error, E,) u,;v / fk L?J 'Ly
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[lustrating the difference between “accuraCy” and “precision” a / uy»& "uﬁ 2" "J ,wG'Q”

_;;oL.’o;d/
° X,
oo WA Z o z
u@b@ﬂ:'uﬂuﬁ/ @ @ Jﬂb@d‘l/}l&/}{
&
Low accuracy, low precision Low accuracy, high precision
7w I | F o Eé !
J,wbgﬂnuﬁm}‘l Jﬂb@(}‘luluc/)ul‘l
High accuracy, low precision High accuracy. high precision

L S56 8 " "t "Sas e 2 A s u A s 447

(Some Analytical Data Illustrating “Accuracy” and “Precision” )
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- (X; —xp) _ Analyst |
llg:/f i
— - § —F O OH
. (Co-xp—_| Analyst 2
. e L J ‘; ! ® = I \~ Y
5 l
, =X — Analvst 3 ,,,/ O
3/{:«% | .
N * : Aspirin
4K 7 AN x) Ancbid4 (Acetylsalicyclic acid)
L o o :j e o | | (}lv@(}fgf&ﬁ)qﬁ
-2.0 -1.5 -1.0 -0.5 0 0.5 1.0

uﬁ JAbsolute error (x; - x,), %N
| imprecige, maccurate f st /fwy[ 407
i precise, inaccurate f/;ﬂ,u J,fb"gd‘t BKLE
! umprecise, accurate FEonldeim Sasf k7
t | precise, accurate Fodt st Fr1 k.7

(Types of Errors in Experimental Data) (ljﬂd/uy.{”l‘ U’:/Vz})'ﬁ’&@f:‘ 4.4.7

:uj@‘ﬁnuy‘l} /uWJrLl"lufuﬁ/Liumngj

(Systematic (Determinate) Error) (§ 6/ u»‘ (df‘ )fgy 1
j@,/uﬁJl_cb,Jn/:'Du’guJ&f;u’lﬁ-c‘_bz}"% (Accuracy) f/)d/lzfcg;d/ubﬁgl
-‘L&nﬁ%k et

(Random (Indeterminate) Error) $b/ J’J‘ (W& Deiie 2
Jﬁﬁ'l,d/l.’gﬁ,_‘ab‘nml/{/?/)qt’fgﬁu’i/l L (Mean Value) /.53l LIL3 AU
_+Cﬁ@&i4/}&Mﬁ;u’i_‘a&n}mﬂ@&J&féuugﬂ_‘amuu}l/v (Precision)
Y SN

(Gross Errors) Ukl /UWU’/ 3
clniene 3ad" QG e G B el o1 ndal Bt ot .
e e i S p T P e e S St a3 S s et
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(Sources of Systematic Error) d’/}'édl& (Jf‘)(k/ 4.4.8

(Instrumental Error)(élf J =07 4.4.8.1

LT Ui EL§FeE utSee (e 8 LS Calibrate AT
e SnfS

-,/é,u'b:/g.ru}w_f/"-f:éugauféé( 0
_a/j,}f_él_é‘}:‘,}g’i LT 1 A()

(Methodic Error) ubﬁ G/JK.E{ ) 44.8.2
qug (Reagent) ﬁ!d}&ﬁ&-‘aéncgufugt'/uﬁgu é.‘r‘ﬂ. L}@Jyy@gfdb /uw,
_Jf ;/J"( L‘Q:«/g(Reaction)
U S gt Ut e VoKieldahl ezl £ g £ o7 bt (Nicotinic Acid) 4i it K-
-‘461@@4;,1{‘4%
(Personal Error) U}:JZ 8’5 4.4.8.3

L 2 U e s SR b s o s e
woferod Cudr § 6 o
(K G2 FE S d £t (Precision) (6L @
A E e
v e
(Systematic Errors) U.ngy 4484
u‘dﬁ fu“J »dul
,‘L[ el SN L3158y - o“‘ uﬁ'&g/ I LAY (Constant)‘}r/ 0)
ZJe&1 Ll f;zr d/;?ﬂ sd_ S edsru :/f,“i L//,:ub ZJe (Proportional) e t¥ ()
At LS il /m-‘Lm}u( 4 iu"ﬂ,;‘gwﬁmg% iuso;g/’-ujz&muu/‘lu:qlf
_‘LJBJ%‘ZU‘:/)UL{W,: éinﬁ:rw&}jt&uy ‘e i
::‘_Cﬂlﬁlfc‘—uﬁikd;‘g/pu@i(uhﬁw
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I U ST 5L Js s EI1S 0Tl P K S b
_q/ﬂ«_ﬂ@;}»‘iJi};gﬁézf.‘n(y;fmdwm{;qb»

FLLL e &N Fndfpdr 5 F Sl S Fre ey - UK
SN

A B llxe 540 @

JEEUR AP LSS FEUR Tl ik 2 e

LA 6UI G e

(Statistical Treatment of Random Errors) (v L}E/P gu};bii uf 7 ‘L 4.5

e QeSS Uth e it P (s S I Pl
& L (Electronic Detectors) J ,"-gij 61 20 4 g_u:zfic Uk d;fa’ bl 7 sk 1
s (S s
A KU 25 451
M—,uﬁu;fq//rﬁdﬂﬁg_‘au@ul,{t{./umlu;zf'uwb,ﬁ{-@%ﬁquj)
:wéuﬂr_.ﬁg/gb;/ﬂﬂfaﬁJ&u%ui?-c‘-&%guw +UUtee ;L

Combination of Random Errors <+~ §| Ux,w .

Total Extor No. Relative Frequency
+U+U+U+U +4U 1 1/16 = 0.0625

-U+U+U+U +20U -+ 4/16=0.250
+U-U+U+U
+U+U0-U+U
+U+U+U-U

-U-U+U+U 0 6 6/16=0.375
U+U-U+U
-U+U+0-U
+U-U-U+U
+U-U+U-U
+U+0U-U-U

+U-U-U-U 20 4 4/16=0.250
-U+U-U-U
U-U+U-U
U U+U

U-U-U-U 40 1 1/16 =0.01625
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(The Graphical form of Distribution of Errors) ‘f’ Lf/,,}“.I d/ (:ﬂ d/ U!..blz 4.5.2

Frequency Distribution for

Measurements Containing Random Errors

=

W
I

-
T

Relative frequency
(=] o ] (=1 o
(%]
T

0

-6U —-4U -2U 0 +2U +4U +6U

Deviation froi

4 random uncertainties

Avery large number of
random uncertainties

3

m mean

Relative frequency

<
'S

e e e

Relative frequency

o o o
W B

e

0

—12U -8U -4U 0 +4U +8U+12U
Deviation from mean
10 random uncertainties

(%] L]
T ]

o

Deviation from mean

SA(AEN L AL L urz bt A Calibration) o 2XF (Pipettedey X101 7 :1J¢

Tlis1s a
Gaussian or
normal error
curve.

Symmetrical about

the mean.

WHUE £ 2WVolume) F6U1E A (et L34 e 2 505 S U1 mb

-

u/‘»’iuiL (Median) L-s war‘awu: (Ascending Order) s(,{:';d)}"}(&jé J"fb 6!4:‘;
el LS et o e ) stbrst6 U8 S 26,025 U
Data on the Calibration ofa 10ml Qﬁ(ﬁ[&fé%ﬂ&lo

Pipette
S.No. | Vol, ml. S. No. | Vol, ml. S. No. Vol, ml
1 9.969 18 9.980 35 9.985
2 9.971 19 9.980 36 9.986
3 9.971 20 9.980 37 9.986
4 9.973 21 9.981 38 9.986
5 9.975 22 9.981 39 9.986
6 9.975 23 9.981 40 9.986
7 9.976 24 9.982 41 | 9987 |
8 9.976 25 9.982 |«—T 42 9.988
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= (Median) b~
Ll KUM,J ]




9 9.977 26 9.982 43 9.988
10 9.977 27 9.982 44 9.988
11 9.977 28 9.982 45 9.989
12 9.978 29 9.983 46 9.990
13 9.978 30 9.983 47 9.990
14 9.978 31 9.983 48 9.991
15 9.978 32 9.983 49 9.992
16 9.979 33 9.983 50 9.994
17 9.980 34 9.984
Mean volume Zb/!l =9.982 ml Median volume f;ub/ﬁ =9.982 ml
Spread g =0.025ml Standard deviation </ #1§/=  =0.0056 ml
LLKL‘LA/J - #? JI(Calibration data in graphical form) JfJgﬁ!/J'/ﬁ/.:{f{
cF : T A = histogram of experimental
B — results
Sl — ; Sty F
2 1 - B = Gaussian curve with the same
= . . ; . mean value, the same precision
S : . ' and the same area under the curve
= [R— - as for the histogram.
E * __,._F--"'”"'_ : @,‘Lﬁfu’;?jvé/ﬁmudy{'
1 i . P . p
QoS g sy WY B Sags FAET 0 abh g il &r!/}‘”f}?,}/dbﬁéé:/’/mluﬁn
MGETI 9ATA G077 ROED PARL GUINE RORD 19N w ;
ca

Ranpre o Mecamure iz vzhiaes ml. & Jﬁéfdt

Few Terminologies Related to Statistics abﬂb‘!ﬁgg}l’/az?;)lﬁ!

Sample (s)= finite number of observationss/ . ss & d/ el =28

Population()= total (infinite) number of observations (N oo 5/ d/ el ulis (s U)gf =d:gl’

)

ijﬁuf’?;, /ﬁ-ZQ/u,li’»g(Gaussian curve) v.v'l:ﬂr‘? d/‘f) df?o}/@&.;b’@ﬁd}ﬁﬂ%
_‘Lﬁaj}/bd/(f;ut/‘v(iéuj/L}?}?L

ca.l:ﬂr‘}("'id/(GaussianCurve) fd’fg 453

(Population Mean) (p) b-sI6(55LT 4.5.3.1
ey uj/ W fl?ﬁ)-c“_ (True Value) 4 &37 p:uf.' d/:ﬁy‘(,wd/ (Systematic Error)u}"l‘ (J’/
-‘Lu..juiéﬂﬁlé}?;JN L )—(,‘Ldﬂ/ﬁo)&/'
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=(s) bslbosr”
(Sample mean ~ —et 542 (WhsI ZGUTL P ($) balb i FnN > 20205 U~ L
Population mean when N > 20)
(Population Standard Deviation) (G) Jff‘fdjkw‘gd)ﬁ 4532
ESEF 25l enlotsoriend J1-c () A1 AT ;g,(ué/ﬂd)&l’dﬂ?»m

3 2
D (% —u)
i=1

N
Where p = Population mean; N is very large-</Ze Nosle (True Value),.3$ nulz

:LLJ.)'Z’//)“L{JLEGL S ulu.@/’;d/abwd/u'}dfg

e—(x—,u)2/20'2

Y= o

:/éJLJ};L’_LL&fu/}u:/“}‘gé/f(ffg})ﬁ;(f‘é (20,=) GB/}!CAchf'id/.l,vﬁu

Wt

O =

k4

.. 0.3
o
e
02
<
=
o

—_—
—_—

Deviation trom mean. = -

‘UJJL A - O Ui 070 D0 Uiy vujwl%/ﬁJOB/)iGAfg

e F e LU e 23S S S P (D56 LA
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z=(X-p)o
et 188 Ui Lty et U1-O1 Ale b 3 UE IS A1 e Grez
¥ u”{ m{‘alg (Standard Deviation) f [ d/.l,vup/ K1l

Belative frequency

(Area under a Gaussian Curve) ,}Jgée‘:b' ﬁ Tk 189 4.5.3.3

5683 1Fee i1 L0 L (ball368.37 b e biP & & uiebls S
et nd 220 L SKE LB E 95570 f1-a v nd 20 £ SkEE L bb
sl Ba L IKL LB 99770 sl
S olie o &”Vgiguﬁjj@iéﬁéﬁugfwégm = LE4168.3 Us (100)514
W otie Bad” iie gt Fed LE0S L el 2161955 Ut (100050 A0
e
(Sample Standard Deviation (s)) 3| 71§ /.25° 4.5.4
e (AL LU LN

Z(& - X)*

a1  N-1




:wéfJff},;Jsg/ﬂuu%uVs Lloulk

e WUl 2 S LA T

_‘agdlﬁ”m—l (f'{ (degree of freedom) > Z:u';lﬂi.lf«CN 2

s 2t 2 I N1 N s eI Lo Z 51628 NT o 298U
_‘Lu.?;LJJZJ_Z:u}//J

YV R I (5”“ clooﬁﬁgs N-1=995N=100 /11
-Knu:c’/,u,ifnjc,4,e}'?q/ﬁj¢;5ﬁﬁgm—1= 4 IN=5 Sl L

(‘LU}J}"iL }-J,@}) s il sehola b

Note: NEVER round off figures before the end of the calculation
=S u‘”f L@;;m%;rtﬁué.fw ey
(Example of Standard Deviation of a Sample) J@'J J’f.ldjkw‘g,&!; 454.1
2Ll § (Reproducibility) A sged K3 L2 L Lus L (Se)ﬁ?f ST
-(ng(Standard Deviation) ! f ISA2b, J’j g.-uff d/ Jj [.;,.9/,}@@&&;%@»’3’

Selenium content
Sample (ng/g) (x) Xi:
1 0.07 0.0049
2 0.07 0.0049
3 0.08 0.0064
4 0.07 0.0049
5 0.07 0.0049
6 0.08 0.0064
7 0.08 0.0064
8 0.09 0.0081
9 0.08 0.0064
N=9 ¥x=0.69 ¥x’= 0.0533

besiMean= 3x /N=0.077mg/g >x2/N = 0.4761/9 =0.0529




Standard deviation: =0.00707106=0.007

N
S (% - %) . \/0.0533— 0.0529
i=1 9-1

Coefficient of variahice 72K, Concentration = 0.077 +0.007 me/ g
(Standard Error of a Mean) | 71 (Sarbb-sl 4.5.4.2
LS b st Zoire e LEFeNAA e e & 0 Fali P60 A1 A
2L SR e S B8 (G AGE S Felipd sree (nf e ¢ 08P
—e ol
e UAUtealond (5,) ¢ s

= N

(Pooled Standard Deviation) J'f ld/.L.a»a}(‘f' 4543
/b,/u’f,bﬂ-‘abndzﬁﬁt/(‘f':c%;lﬂl:;)!M.’.J(Sets of Data) u?i’éif.lq,at?;lu"’g

N 220, U:Lﬁ‘}"}'rn‘ ijlvggazﬂt/(kﬁﬁu Jsufqyecat“n&;u’w-n y@c,c/w.{u

-

~SEUITEUFEN NG N, P e d E L L i S f S P

:Jn ,.;l;L»iL(Sample Standard Deviation)! 71 u’JL,vLL/Lé

D (K= %)+ D (6 =5+ D (% = %)+

Spool ed — N1

‘.‘L&C{dﬂb«gJd}l)fié&fﬁé/@u!ﬁlu% )
1o £ Lo Ut A U1 E 82K SF Lt SEUV AU 16 e f i
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Bottle Sugar % (w/v) No. of obs.  Deviations from mean
1 0.94 3 0.05, 0.10, 0.08

2 1.08 4 0.06, 0.05, 0.09, 0.06

3 1.20 5 0.05, 0.12, 0.07, 0.00, 0.08
4 0.67 4 0.05, 0.10, 0.06, 0.09

S 0.83 3 0.07, 0.09, 0.10

6 0.76 4 0.06, 0.12, 0.04, 0.03

005)° +(010)*+(008)°  [00189
%=\/( Dt 2)+( ) _ | 5 =00072=0007

and similarly for dl s,.

Set n| 2 (x -%) S

1 00189 0.097
200178 0077 o |OISZ_ e
3 00282 0084 23-6
4 00242 0.090
5 00230 0.107
6 00205 0083

Total  0.1326

3 pee Lo t§uiifers L& 455

-<b'wSquare £ £ 18 o : (Variance) U™ 43-1

i(xz - X)?

2 _ |

B N -1

(Relative Standard Deviation) 3 f ld/.l,v&” ( Coefficient of Variance (CV) =AF d/ /53. 2

:Q?QL.@/J’};/%{JI

CV = (2)x100%
X

84



(Use of Statistics in Data Evaluation) JL’:‘" K&Q;P)lﬁ' u':dt‘Zéb d/l‘df 4.5.6

U S pb AT I b SR oA
et e & et S e3P i S
-LL%/“ Ljﬁd/ojﬁd/s g/:J/f+Vn4JIJLi|K(Range or Limit ofUncertainty) Md/«jf.u:/{
el s 20 Fao S L o Do S5/ L SR s, e oA
(Delimitations of some Terms) .:«laﬂb‘l(?m.g 4.5.6.1
-u;"c«b@éﬁ_n;ﬁ/[r u ul.ﬂbat’ﬂ,ﬁm(;/'i/ic’: X k-3l o : Confidence Limits 1.4 J;L:‘i
32y s sl S I LR chosl - : Confidence Interval s63(%/
_9ufg%/;1£yJ)&1 bl X ,J/Lgt'/ifi/p(uwﬁgw’!,: Confidence Level 5&)@"!
-%&ftqjlu{!Kou‘ar}”uﬁ;ﬁﬂfsﬂ’éf/')@zm,%aquﬁ?:&i
Jede1Lz 4.5.6.2
:KMLA}"!Lu?génd)ufﬂd;’g/ﬂﬂ‘é(}/agﬁépf(j’fguyﬁéuygfﬂgd/z
Z = (X-p)ouly U2

50% of area lies between 10.670
|:> 807 of area lies between +1.290
907 of area lies between t1.640
957 of area lies between +1.96G
997 of area lies between 12.580

£41296 L F a5 St B 480 U100 o 32807 2 ST b £ i
—UtH1.296 e $oFeL(CL) T SI80%0 AUt K ngs
Wi, LiCL: £ Pk
M=XZ*zo
Wl AUIAPISL L 0L L UF N

CLforu=X+ 27
: JN

85



2()?;?:/@/,5(,(2 rLﬁéﬁU@g;ﬂr/"iid’./dy%}ijm

Confidencelevel (%) z

50 0.67
68 1.0
80 1.29
90 1.64
95 1.96
96 2.0
99 2.58

99.7 3.0

99.9 3.29

e P e S L E g A A1 S U Ui
w«f;@‘l?ﬂ(k’ 6 —2:J& 4563
(Atomic Absorption /4 $ (Copper Concentration) J& /1 L &t < é:u; lé:JLﬂéln
/,JJ C<«—sS Lé@oﬁ(‘f’iU{fc:«%-éﬂJ’b&% mg/mL .3{1541 ,f,"b,jyd/;ﬁ Analysis)
(6=032pgCu/mL) -GGt /G301 032
:@&4Uﬂ§.d;’,§ﬂ 4}'(4;!/7
1 (a
4 (b
16 (c
SO KU ao $15199%151907% §

(1.64)(0.32)

90%CL =8.53+
Vi

=8.53+0.52ug/ml (a)

i.e.8.5+0.59/ml

(2.58)(0.32)

99%CL =853+
V1

= 8,53+ 0.83ug/ml

1..8.5+0.8u0/ml
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90%CL =8.53+

1..8.5+0.3g/ml

99%CL =8.53+

(2

1..8.5+0.4ug/ml

90%CL =8.53+

i.e.8.5+0.1ug/ml

99%CL =8.53+

1.e.8.5+0.2ug/ml

(1.64)(0.32)

(L.

2.

)

(c)

=8.53+0.26g/ml
7 g/
58)(0.32)
AR ~ 8,53+ 0.41ug/ml
Ja
(164032 _g53, 0.13ug/ml
58)(0.32)
AR ~8.53+0.21g/ml
J16

wlsBinsetre o2 4.5.6.4

(}’.‘?’ﬁ;uy(}’i:%!k,ﬁﬁK)l}'?l,J/,:,g/_LL()L"”/ﬁd/sJ/mLau.?}ahﬁj‘”éfd/cu’ggjhﬁ

_‘Ldb o

Z%J"}g/ﬂww)d/fruj“L/JW'gtcL{%éz (zuﬁc«/ﬂ&’;

I=(x-)/s

A s gl o fugel A F &
St 2 L CLG Mo

CLforu=x=+1S
“ /m

(where X = samplemean for N measuremerts)

ZUZJ.)',?/,&‘ u:/ﬁdl/d/t
UBSL L Az
Confidencelevd, %
Degr ees of
freedom (N-1) | 80% 90% 95% 99%
1 3.08 6.31 12.7 63.7
2 1.89 2.92 4.3 9.92
3 1.64 2.35 3.18 5.84
4 1.53 2.13 2.78 4.60
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5 1.48 2.02 2.57 4.03
6 1.44 1.94 2.45 3.71
7 1.42 1.90 2.36 3.50
8 1.40 1.86 2.31 3.36
9 1.38 1.83 2.26 3.25
19 1.33 1.73 2.10 2.88
59 1.30 1.67 2.0 2.66
0 1.29 1.64 1.96 2.58

t—> ze 15T (N-1) > 0l ]

/;llv'}’/Jla c«/ﬂﬁwg‘ /,-,;o).t./’ﬁgnt > z7{(N-1) <00 U"J’ UZ[LOO,}?iZ:UUJ"l}uJ(N—l) 2

Note:

(D

)

As (N-1) > 00,50t —> 2

For all values of (N-1) <00, t>z, i.e. greater uncertainty

e U dB14.5.6.5
(L St LSS S o e e e d) e
7.27:6.98 <7.47
SobCL L b L Sot1 907

S
Xi % Xi2
7.47 55.8009
6.98 48.7204
7.27 52.8529
X = 21.72 X = 157.3742
g=X _2L12_ 4o
N 3

. (%) 21.72)°
> i \/157.3742—( ) 4

N-1 2

=0.246=0.25%
88




(2.92)(0.25)

90%CL = X+ 1S/ =7.24+

=7.24+0.42%

Ifrepeated analysis showed thats — o =0.28 % then:

(1.64)(0.28)

90%CL = X+ 27 —7.24+
° JN Ne

=7.24+0.27%

(Testing a Hypothesis) b/ le § & 1/ 4.5.6.6
Y Ui 3sil = (True Value),.3 & (Experimental Value) 2430t 7 £2

(i d £

-J ufj Wl .7 + (Accurately Known Standard) /L’«/‘")l’/ /,:ubo/uug%c;../ 1

_Q/u..ﬁ/.t;,J(Experimental Value) /4 &@}'J;/c;,fjv’lpléu’l 2
-Jnt/éng(Hypothesis) &;/"fugu:"iziw%m})a{uiu;ffguj»ulf%wu{',
e P e o CBins ) PGSRBS e
Solution of Problemf’§ -+
Null Hypothesis -2 46
(o ) U (bias) o? O Ut U e S U S
.?/,c/“AL(KJI.Q;.%L’@.,,L?Kubuuu:"uy‘ace:d/uﬁyﬁé_fﬁngﬂ_{/ﬂﬁ,_/wu
:u.‘.“{;//“ﬁdj
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&Lj’/; B/;l_eiﬁjﬁ&b/’/)Auf/“r‘?u’I
e d LS
—uA)u*/'/Jidefj(A)LW -V

e
(up) ZJ_Z:/,J(}L; (B)s!

Belaniye freguency, o0

Analyrizal re=nle, v,

ey e Uz F ¥(Bias) s U e 19U

Bias ..ﬂ; = UBT HA = UB T X¢
LS ESFL x-x, Art{u/c,mJu“‘wu.{.,ﬂ
a1l Lpidd e P S bl Fee bt xur 1L L 20

‘Lu.?';,.w‘au&lg(ukﬁ&l.tbj)Systematic Error _.wéfy‘/jjd/:l}'ﬂ,)b/;
J:;’,?/,wJ(Hg)u&ufu’lul.lf’ibfdfjl()i/d/.@v{l;JALG?;{‘I; =R YT I
Nd S (e

37.1.4137.4 <38.9
K3 P U1 C S 957 L2t 338,97 148 F1 §a UA(Standard Sample) oy Sikae S
?+af J)’/ .l,J/K(uH; (V ) Systematic Error
(Solution of Problem) JF§. -
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x=37.8% ..x-x =-1.1%
D % =1134 > x* =428838

. \/ 428830-(1134)*/3
2

(o8 (Bias) o $F U F e S U S P
s 26}43',:@‘2/'7%?&&#;4%5(;)?@}@
L

=0.943%

J”;//)}/ﬂ;’//;/"dla; X—X >

JN

430 =t () F
£10.943% = (T % 1)'s

N=3
ts/v/N = 4.30x 0.943/v/3 = 2.342%
S X—x <*ts/VN

= t5/VN <t x-x &
_‘Lujaf(jfgubﬁf”/?id/)?l 95 Z/}lc‘L/lijﬁf”(ﬁgiM
Cra bl nl Felf4.5.6.8
(Are two sets of Measurements Significantly Different?)
—e bl P LU s S S
2’ be(Replicate Aanalysis) ,./'fndyN1 g X a6 1=
nJilac(Replicate Analysis) ,:f:JJNz - X, sl 6T 1=
curilf oLl
o/@»/@!;t/(jnd; ZcLﬂL/JWIKVQ/yd/(Pooled Standard Deviation) </ 71§/t

(R4

:c‘_C%g;.,,;/“

N, + N,

X, — X, ==*ts
Xl 2 pooled NlN2

JJ}&?’uyniuy'/ﬁ?m}p;wMJJ}uj’uJ/'uyuiui/uj»?eu:w/w’d/
_uE
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MALJ/’(?:W»LU;:‘ w5 B34 4.5.6.9
(Test for Significant Difference Between two sets of Data)
:(mg/g)Ln,o!’/,éC«’J;}@/)Luﬁf/Jg»% Ldfnﬁ (B) uuzuﬁu!/éu»; :JU"‘
(8 b 28 599, 5121)
N,=N,= 5(;5{‘&(37/,: (Replicate Measurement) Jj @;J Jw 5 .,{l Y
?wﬁ4/kuguq/ﬁ»,1g4fd/;?u 997
LB L>K0.267 = 5 001ea
stz 8L (51T (Degree of Freedom)Uly,
Ni=1+N, -1=5-1+5-1=4+4=8§
(L S 990 1=236 S/
e LSS 2Py

+ts\/N, + N,/N,N, -i.e.+(3.36)(0.267),/10/25

i.e.+0.5674,0r+0.57 mg/ g.
But % — %, = 280~ 26.25=1.75.g9/g

1.8.% — X, > £S g/ Ny + N, /NN,

-44-61,/%&%4‘-&2/”4’uﬁ@ﬁﬂ-_uﬁu;@/é,ﬁﬂm;.&/’ﬁ 4,45J’J,&"¢y
(Detection of Gross Errors) (8=, 6UsE¥(§ % 4.5.7

:?cb_ﬁ‘cn&’/ﬁ..{ié}’/@{-cé-ﬁ‘ﬁn (Outlying Result) ﬂyLﬂw/ﬁéJ/uﬁ&y.{lééC
e S e L FIEUs s e UsiB S 0
SIS RV VPRI Py 1N
_%&JQC“_M{_%LJL}VU@‘Z}?J!“’V{’QJ’-%JJ;/?JV&/KL/MJ:MJI
e U LTRSS e LG
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t— ] it
1 An X1 A X3 g
x
. W ey
i = a5 — A5
w = "tEI —xl
Qorp = diw
W Poyp = Doge TEIRCL X
gacffJZ//J'wuﬁJQapﬂl/&

Quip =[¥q =X/ 1w

Uz where X; = questionable resul St
= nearest neighbour s/
w = spread of entire setsugeere .y

:C‘-:/ijJchit-C‘-t'k?giﬂ}"L&.{“LU}//JJQ““ gL)’//‘.jd/(gexp/'i

QCrit
No. of Confidence level
observations | 90% | 95% | 99%
3 0.941 | 097 | 0.994 ;ﬂQexp>chit’é£i/ St s ]
4 0.765 | 0.829 | 0.926 L
5 0642 | 071 | 0821 e QS-S Youtlier
6 0.56 | 0.625 | 0.74
7 0.507 | 0.568 | 0.68
8 0.468 | 0.526 | 0.634
9 0437 | 0.493 | 0.598
10 0412 | 0.466 | 0.568

.
ey

_?}/Z[dct‘}'!u@lﬁ.lgéj/“-/:difzwg}dxeé/d/;l}?l_l
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/"iu’l_unuf;fl;’:L’%,ﬁ}:gd/’_f%/?ubuﬂl}:‘LU:Z}‘iZfl;/?d!f.ld/’lgu;lb/;lgd'./'/J}//Outliers 2
ST T Sl 2
_Q.“/Jl.’:"‘l /ﬁ&y»’;lfd/b/;if‘gdﬂf; ‘Luv(ul/“/,}’/Outliers/! 3
(Q Test for Rejection of Outliers) o Q c“J_ Z:L/C}/}’/ Outliers
f SS by dtitn L LigalusTe, ;«’tuﬁé_/é&gégﬂ :JE
0.403,0.410,0.401,0.380 mg/L
¢ bt /204 (0.380).8 YATY

Q.,, =|0.380-0.401/(0.410-0.380) = 0.7

But Q. = 0.829 (at 95% level) for 4 values
Therefore, Qexp < Qqrit, and we cannot reject the suspect value.

SIVDBACIL AV IENAIES,
0.403, 0.410, 0.401, 0.380, 0.400, 0.413, 0.411 mg/L
e bt S 150380
Qui=0.568: & L1317 o, §057 7
e Qb S-S5 2 40,380 516Qu,> Quid
8 eslet S5 5 2 s U100 S ek
s=0.011 mg/Lire bbb 525038010 /i,
$=0.0056 mg/L i re_tphs /s et S
e GaQU e & 5 5 o Sl 6

Lol 46

L e PSS WA L ey S e
i E el b LUl stegiS s @

o6 LSS E U fe e

sl dUE S Y3l e
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sISE 47

D/j,&g:wﬁ&‘:w :Jlf'f-‘a ¢t QJ.L;Jlb‘é‘a,ﬁb{!Kal'f@ : (System) Y .
Cf 8 b Uiz s L st o s et P Sk e A0

=y’ 48

@Ulrdbﬁélzlﬁd&y‘”

Ce il e (System)l8 -1

fesl /y/L(Interface) Jl.-ﬁlﬁ'j =2

Sl e pBInBnli 3

Tl e (AccuraCy)ué 7 -4

?‘a.lf'/(Methodic Error)uw d Kzl s

e, S PGy 26

sl e s0i S 7

¢ /(Personal Ero @ 35 -8

?‘LJ‘/&-(L (Gross Errors) Uk b /UW S¥ 29

¢ (Systematic (determinate) Error) $6/ ‘e ) Z10

ey Lz

B S A V A A

_EUt e QoS AT GO L L £ ULAE 2
O b UK U SL LG Sl 3
A bl KNI L N L L S E St p S Sl elF QL s
,“éuy./ <

~E oS LUk e teU L AU (Sample Analysis) L7625 -6
.‘:«Ulrd’ laz:c:«yﬁd,’,)’

_gfuy,;gu'éu)lf»/auﬁd;gzi*f,“&g/?futk,:ﬁgff -1
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-G/Z;'/&“;’,,ALU}JC"/&/&EJ@»JUBL}QJWIu:.t’,f,'/&t.fj 2
S bl s e Ut sl i B e AL kb d;,g_nugdff‘j&,{ 3
s Lo 2 LU e 4

(Suggested Learning Resouces))’!‘(}lﬂ/'o)/’/’/“f 4.9

Analytical Chemistry, 6th Ed. G.D. Christian, Jhon Wiley & Sons (Asia) Pvt. Ltd.,
New Delhi, 2004.
1. Fundamental of Analytical Chemistry, 9th Ed. D.A. Skoog, D.M. west, F.J. Holler, S.R.
Crouch, Brooks Cole — Cengage Learning 2014.
2. Analytical Chemistry, J.G. Dick, 1974.
3. Statistics for Analytical Chemistry —J.C. Miller and J.N. Miller, Ellis Harwood,
Chichester, 1984.
4. Statistics for Analytical Chemists —R. Caulcutt and R. Boddy, Chapmann and Hall

Publications, London, 1982.
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16 3¢ abd suv 504
(UV Visible Spectroscopy)

712’21(3%

53

e 5.0

yrgrs 5.1

.:,WU,UMLJV_:%»J}"LM Ve 5.2
S 521

I livoss?ed, 522

TPl )E 503

eF ISy 5.2.4

B asteds 525

gl st el 526

c«!}?(}g/, 5.2.7

AIE e F3G, 528

.%buw‘LUL‘UEEJ&ﬁ;,A,?; 5.2.9

q,g)u/u’ sy 5210

NFL b yi e Bl is) 52,11
b e 2 53

531

Il Ko 2w 532

Sl B 533

el f Ko 2 534
ST £ dassuvd 5.4

o

N 5.4.1
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IZENL el fhaisl UV 542
AIL Uil UV 543
=Gl F L bl UV 5.4.4
Ky e luab 545

G 5.5

SEISLE 5.6

U QB 2r 5.7

IRy ET 4 5.8

5.0

b1 (o 2 St QU e £ Sl s LW 57 1 G st

Gﬁud/@/r/,:uu:fd/ué/g/;lug&;}fcz;}:;f’é’&u/d/f,/%_wggﬁd/y(zJuj,/&,‘f;}’w
J/'J#Jgd"f‘?al?”ﬂﬁuﬁbﬁ:bé/di/fﬂﬁUﬁtﬁw&@*o)l«fﬁ:%(v@;c/@lzi
Jﬁﬁﬁwfasé—f’/é/‘:wxf@f&bﬁBwauzréyézuﬁ&c‘-ydﬁ”{duiﬂw
B e I s P e b5 S e UL L eis

w501

L ALt B G p LSt d pUV AP S 0
LU e AL s A S w L L LAY
LSt e AL b £ (et UVAY 3T AT 0

G 1 Z bl S UV 5.2

P 5.2.1
Lf@JUl;jJ}’/;!UI;jjkdﬂ})uf:«UVLJu,?ZZi/uﬂ‘{&@.q%b&}” !/&@.JQJ/UV
_e bl Uil
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u’ﬁblﬁ» O U~ UV 190 - 400 nméfj/,l (VIS, 400 — 800 nm)&/i&@_:a:b*ufld
2 e et EPIRINMR 0 2l Qb A0 ey e 2 £ Pl
B AL ISR PP Ty Tt (BRSNS ATy o WGy PN
Jﬂu@g‘eééuagﬂw& 522

de;g%‘amb:i’;uﬁuﬁfgf?b&mé/q/nﬁféz_ug.,u;uKéuigﬁuﬁu}.%wu;;
Z8iSeen e 8.2 L 4w 2@ E = B et if1KSuTes
_‘Q&n&gw’,«fﬁ%&nd}w

[

f,;éuifig.,uguzwwwmﬁ1J¢

E2—E1=E=hv=h%

62V 16,624 x 107 erg — sec 8 i 6= hedb9 S L6217 12 3o (6 Bz
L3z 1 () b= hsl2.998 x 10" ems™ SIS CACPSLH) £ 46 § FLrid
q/“/‘a,bfu%’;ugg;cwi&wﬁ4fn[@&“u&tu?-fnuﬂﬁﬁardhngfm;g)(f@tf%n
oGS LN LGS I 7 S, S Lufnif ok faasd (b A 5L
- E=hv.J& J Gtu?d /“*";zruﬁéwft‘LCC/

Sia sl Jyt-c,mdw.zyﬂ Gl L Sl § a3
-93%&&"?*0}uﬁb)péU’:u%ré}z’kéqu“iré/u'u‘}’ LULJ/U?%)JJ}'
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THE ELECTROMAGNETIC SPECTRUM

-
2
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Micro- Infrared Visible
Radio waves waves radiation light

oo W &

g g |
10° 1 10° 10° 107 10° 10" 10"

b%i’u’:bb?ﬁ/. 2. F

X-rays Gamma-rays

sl JP 523

St S b 2o e de o S o 5T 52
elsle 3t 2 e oW b o b L JLsid 21010 S50 10 A St Ul o oz
e Fe
FEudflers, b bbbl &, TP L, - : (Lambda)A & J# (D)
—e bl b e (Lambda) A b et e b 30 JobB 0 b6 & L
ét,J 1//1 (A°) =1x10""m @W/@rdk

4 (nm) 1nm=1x10°m
/‘ui( m) 1Irm=1x10°m

ce S 3 1 (L)

-« Hz 7 €2(Hertz) ) Pnli SA b
eI UNE s 5.2.4

u}’”d;/LL/;)VijugzugLnuwu’ibb&mJzuiu1§_‘ﬁbgu/ét1§f3u“’wn
ujﬁngyﬁ 1 ui»wu,t@ru:utc‘-énd et i} Cuﬁuu’ib Ot 2 sf S § Bl sl sl
c;kap{!&u?,c‘_dﬁ.,{uf@mﬁfuugﬁnwﬁ Jui»oj}m@ruﬁuuc‘_ﬁ,{uJ&u?&ﬁu
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LA sl

SHerstied
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Types of Electromagnetic Radiation

S

radio infrared visible light ultraviolet X-rays gamma rays
microwaves
1 ~— .
alpa’ |
used 1o used in ransmits | makes things | absorbed by | used 1o view used In
broadcast | cocking, radar,| heat from abls to be the skin, inside of medicine for
radio and telephone and | sun, fires, sean used in bodies and | killing cancer
tedevision other signals radiators fluorescent oyects calis

tubes
S der BMGE e 338
Fersteds 525
-wwﬂidﬁ'wgﬂmf?mmﬂa 18445, K s
it et Pl e g i
Ll Lae T2 Ud sl /,,.g,zug[;,qf” 4 u]l,gu’:b 5ol B E 2 )
S e BSE 1t dnetor® Gy U3
dn e S s SE L s Yz id
ol a0 5.2.6
-ugﬁ‘ufwu,wﬁ;@»@,ﬁm
2 ()

/:.’d/j.l:l; (ii)
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o b LSCLTE Sanr PS4 Gid
b pne N2 LR i (iv)
Foil 507

e o 3F s 1L/;z?‘amf_ff"’;gﬁécwwf’w,;mL,»'&/Uv//_u.,».
B ST IS denr e TS sl b
L E G A 508
b e & 5-0" S AT TFG i e @S TES el 08 5-50 (L)
-uf&ng?c;g/uu@,g/}zifﬁ.bﬁ/;lﬁ(l?ui’wqf}[‘u:glﬂ""-%
F PTG sl (5 TE G s e (DI TG G i 18 51 min-5 (L)
e Fluif e s o d v S e s nmn-s AL sl
o SIS
S }fzg‘d}’rAlkyne{Alkene)wgl#.:«UVUJ" POV (uéﬁ g (3 i @)
_‘L&mméuif;&ﬁ n-o" u..‘j’o/:;}
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e F e )il FEEE @
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Figure-3: IR Spectrum and Characteristic Absorption Bands

1000 00

Types of vibration Frequency (cm-1)
Alkane C-C stretching 1200
-CH3 bending 1375
C-H stretching 3000-2840
Aromatic C=C stretching 1600, 1500, 1450
=C-H bending Below 900
Alkynes =C-H stretching 3300
C=C stretching 2100
=C-H bending 700-600
c.0 Stretching 1300-1000
Amine -N-H bending 1650-1580
C-N stretching 1350-1000
Nitriles =N 2250
Imines C=N 1690-1640
Nitro group (NO2) N=O 1550 (as), 1350 (s)
Alkyl halide {C-X) c.Cl 750
C-Br, C-l <660

Figure —4: IR Table of Various Functional Groups
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Figure -5: Sample IR spectrum (Vanillin)
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(Applications of Chromatography) w U= Ld}éu}J 13.6
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Lede 13.7
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TLC, Paper Chromatography, HPLC, Column -} Jl)uf’ J C"»‘d/ SKY o

> /:‘ sChromatography

s 13.8

_‘Lt'lgﬂ{(v/«;{‘ 218 Pl (Mixture)e 2T A U3 S )Lg!.{llﬂf S Sy
VAU 1 b 1 6(Column) A6 U2 U < 5 L L1656 5 ‘Elution Chromatography
Z_xCompounds S 7 Solutes M 6ot Z S -UsAe(Solutes) J s 20 U U2 6
b L o

SL et nsrlif <\ Bt L1 Ut 5 A U1:Column Chromatography (COS/&wsf¥
el W(Separate)s.c uﬁﬂ// i1

Qualitative S %‘Tz: Ur.‘.’// Je 3 U iGas Chromatography (GC)dJﬁ‘u;’o’!
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53 (Volatile) sl 2| %60 *U" *Gas Liquid Chromatography (GLOYS A5 o
b qunalytical R&D Laboratoriesﬁi L‘f:g d/ .:«P//(Thermally Stable)(é/ /.:ub 3/!]
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=32 13.9
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—e bl Je1d dzé’c)}JuJ L L(Purity)gf‘g 4
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GLC (Gas-Liquid Chromatography) a.

HPLC (High Performance Liquid Chromatography) b

Thin Layer (TLO)S.€ o Jiul Column Chromatography (CC)u’/@’u;’H K(1) -4
-“&g < 9t L Chromatography

(Suggested Learning Resouces))'}”(élﬁr’o)/'/"}{ 13.10

(1) Analytical Chemistry By G.L. David Krupadanam; D.Vagaya, Parasad Kvor-Prasad Row,
KLN Reddy & C. Sudhakar, Umitesh Press —2001
(2) Basic Concepts of Analytical Chemistry, By S.M. Khopkar, 3 Ed 2017, AGE

International Publisher.
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(Paper Chromatography)
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IR (YET 4 14.15

4w 14.0
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e Y PN s e or KS KU SH Y
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—e bl ¢ 4 +# L(Stationary Phase) S(Cellulose Filter Paper)}i'g/fg Ik Ve ol
o&:ﬁ;%&?[d)@‘uﬂ-ujlndwuvzk Z (Mobile Phase) =z J}/(Solvents)c«lﬁgdﬁ;m
e KRR I I AT oo L e b 1L LT S f L

s 14.1
otk £ 1§ S $rhd Ut A L (Paper Chromatography) S /95 564 L deiur
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SEANE 142,
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. Solvent

Lid o front

@ Blue
Solvent Paper 10¢m ) | Purple

front = | ! 8em
6cm

FH Red

Solvent— 2 im »
Origin

—

Paper Chromatography (l)gﬁ'

SIS0 1422

F e e bl S i F S s L eisE b2 sl
ST et p & e 7 o e f s LIS E S re L el
oad/wrzuégxl’uﬁdjé'u)w-ujz‘ffd/é')dﬁgwJ(w/d/%uﬂémwo/:;!y‘fﬁl
= 7 Ut E s (Distribute) (= wrss < (Mobile Phase)ezr 3 si(Stationary Phase)
CALU A forr Jon T /)I‘L&/ =7 258 S L (Partition)$ #*  (Filter Paper) %61 ra
LB P S U (Bands)Ush i e\ S L Toini 2 Lt sioidb e s S
L8 25 L s L(Stationary Phase)e; JUS K /M ok oo LT Flupls
Jex1 sk SusL fu;);'mf,ﬁg/w,mpf/))kutd/% U _‘Lt“w/dtw“ﬂié(;/w
[

Table: Characteristics of Whatman Papers Chromatography

Grade | Flow rate of Water in Density (g/ cm’) Thickness
(mm/ 30 min) (mm)
20 85 0.58 0.16
2 115 0.54 0.18
1 130 0.54 0.16
3MM 130 0.56 0.33
3 130 0.49 0.38
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4 180 0.46 0.20

17 190 0.50 0.88

31ET 225 0.30 0.53
Uk £ el Lol RIS b §SE Ul o LG 9 S 56
it asl S Ee S el
- (Hooks)urwi/(Stationary phase)ca%‘ch/vuﬁw-‘ade’vg Jdlé'}’f'dlé' ISR
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Descending Chromatograpphy
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Paper Chromatography
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(One Dimensional Paper Chromatography) S8 /Y %6 nke)i Ll 14.3.1
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(Ascending Chromatography) d/@’c})’éﬂ & ZL Sl } (B)
;é (Flow) 3Ly K(Solvent)y ST < (:}ufl d/u'/@ LY U}Jdﬂ (3”’7,,&(5/!/
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el a6 Lt e Ut e Sed I T T S IS 3K S o F
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(Various Modes of Development) %)JBL(}“; 14.4.2
S b e LR L AN L SR IS5
Mobile < 34 JRod u’lgj’/Spotted Paper X 1 ¥ e lux JE1 6688 oy )&'KDescending/! (D
Mobile ss e (Hangs)¥ b J. éL/.:}' £ Chamber Paper.sl <t [/ Fix 2/ TroughPhase
J1 /;l;/J]L‘Moveb/lg J{, c;/,:}i,gf/;’édchGravitymCapillary Action 5 %§Phase
i S 7 0 e s S eaBSIG S 7 e (E FBaAS AL AL
il ¥
Mobile b £ blol e Ao S 519 56 potted 2S£ 9 S 66 Ascending £ A 5
YHold«Vertically Z Paper sl <t 3.2 U< Bottom £ Chamber J 2 < tbl/dip U* H  phase
=7 ((Move up Ascending) sl & S ¥ Mobile Phasee{ A1 25 < Hook Ll <tk
&)JU”,A!J}L/J/"L/B/J';J/J@;!KB/}!AJ/LLWZJ/d//?ﬂJyﬁ ﬁ_‘at‘/
_t‘kgguﬁ;jé/dﬁ/Sd/PaperJyffh,«e‘Lt‘lglé//d/lgq?
y/Mark/SpotL =\ /BusIA sl Solvent Front/d%‘/zg U § ui»:’/Paperp! ZUl
c«/:‘u’!}-z UM(colorless)bf/;BulAjl_é) 6%{)4)@'{/?/}‘ e3 L U U:?/&p//ﬁ‘Lt’L?
Z_w s\ Develop Ut bl =\ P BAIA 25 L 7 < bl (Spray)s€ % €Color Reagent.; %6
et U R s e Lunal L
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(1 )Jug
Name of The Mixture Color Reagents Color
Amino acids Ninhydrins Purple
Sugars Aniline phthalate Brown
Cations such as Co"’, Mn"", | Diphenyl Carbazide Purple, Pale, Pink, Red, Pink
Ni", Zn"
Anions, F ,el ,Br,I Silver nitrate / Fluorescein Brown
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(Nature of Paper) c’«.’)"fdﬁg 14.4.3

Cotton o sl & b J1 4 s LStationary Phase <2t J/l/ 4 \paper Ux S8 Y S
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Grade Flow rate of water in mm/30 min Density 0/cm’ Thickness mm
20 85 0.58 0.16
2 115 0.54 0.18
1 130 0.54 0.16
3 MM 130 0.56 0.33
3 130 0.49 0.38
4 180 0.46 0.20
17 190 0.50 0.88
31ET 225 0.36 0.53

Detection of Spot 14.4.4
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//f(uff+bb 6% % §U7d/Color Reagente e Y Je*16Color Reagent L& e s
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Name of The Mixture Color Reagents Color
Amino acids Ninhydrins Purple
Sugars Aniline phthalate Brown
Cations such as Co+2, Mn+2, Diphenyl Carbazide Purple, Pale, Pink, Red, Pink

2 +2
N1 7, Zn

Anions, F ,el ,Br,I

Silver nitrate / Fluorescein

Brown

Retention Factors 14.4.5

-‘at'lgg/:w U“Retention Factor Values JS (}"JuﬁRf S| e LSS5

Cistance fraveled by solute (4

liemnt i o

Distance traveled by solvent (&)

R, (A)
R (B)

T. T [ S ———

i

5-

_ DistanceMovedbyCompound A(d, )

~ DistanceMovedby Solvent front(d, )
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_‘Lb‘nqlgu(/?;fa,é;ﬂ?(((Solvent)yuﬁd;@‘u!u’)!} SIS o

=3By 14.11

ey Solaliz®s 2

-cb-mJﬁsb,/ (Stationary Phase)=2 J LS USSR -1

HES =t @ Ao d® U ()
e b5 Paperl ksl s eI LGB WIS K 2

Cellulose Filter Paper (b) Whatmann Filter Paper (a)
u}’f&/;,uﬁul (d) Normal Paper (c)

_é‘;t’}féyd}'?){:ﬁgfgjkJ&M/uﬁd/@u)dﬁg 3
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-‘Lt'}’i

(L () Partition Coefficient(c) Absorption(b) Adsorption (a)
e JE LIS SIS 4

SEIT© GBI D) $60IE @

S et

e S PSSR IS S

One Dimensional & Two Dimensional Chromatography (a)

Coloumn Chromatography & Thin layer Chromatography (b)

uﬁ/uiéfc;uﬁw (d) u"*’ui»zi/,n (c)

-l 6Mobile Phase S8 P bs7 -6

el e g () el E e ()

HE st @ U Uil ()

4& AU i3S olvent % (Horizontal or Radial Chromatography) S4 s &~ -7
2P0 a1 (@) Radially Spread (0) b ple () el e ()
_%J“)’y/Color ReagentUi;LﬂJWiiéu% JAmino Acidss$K uyy 6 -8
(L s (d) Ninhydrin (¢)  SilverNitrate (b) ~ Diphenyl Carbozide (a)
-4‘-&{6!/ e JBRESK IS KK _9

Rotation Field Values (b) Reservation Factors Values (a)

S ES st @ Fudn o)

—e b U LS5 S B udSRK -10

2_Z(Quantitative Analysis) v % (516 s/(Qualitative Analysis) v #

L LEFE S 43 mliet it ()

LG8 T8 2 ()

(l/" L/,:)' (d)

c:«lJlrJlad:c:«glﬁ/‘?

S Y Sb I U LS IS -1
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_affug+bnﬁly/K/ﬁRfuﬁJA‘J@QA}M‘LJI/L{LRf 2

L Usibd i se )1 los? S < %S % Stationary Phase sl J&&1 Ut S £ IS 5K 3
& Uil

&9t AL Reagents—i¥ L_isd_ st JeI Ut Development S8 U9 S i6 _4
e JEusir Le b1 AU U Qualitative AnalysiséS8 9S8 -5
- 29 /( Ascending Chromatography)$./€ 4l S -6

erJeleliz®

e S L5 IS 5K

Sl K P LSS 2

-q/ uy,r_dz‘ﬁuﬁ;/gLFactorsLl,LnJ1;u}u4J,5Rfuﬁu’/é‘uﬂd,‘% 3
et I LR IS 4

(Sugeested Learning Resouces))'}”(émw/’/“f 14.12

(1) Qualitative analysis 6" Ed.R.A Dayjr and A.L. Underwood, Prefic Hall India Ltd, 1991 .
(2) Analytical Chemistry By G.L. David Krupadanam; D.Vagaya, Parasad et al. University

Press (INDIA) Pvt. Ltd.
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(Thin Layer Chromatography)
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4 15.0
L eIl e g% S s (Thin Layer Chromatography)($./€ /e &
m&yt}'Qyt,gn'a&w/m‘gmdwc_.p/ut Organic Laboratoriesd/l{u)'ujfﬁ&ldl}
e bl Uil Les Sl p il snJen gt 3F Szl B
Ul Z,Adsorption Chromatographyue/ ,:-‘L(E/ Jf 4 J»1Z Coloumn Chromatography TLC
//ﬁf,m (Less than a Milligram)-c" s /625 2 /145 H/L.}b/u(;/ <TLC-< &n L/.JK/.:
_‘LL"//uéfi L&VTQuantitatively s .:«@f//'/ ndf( Ue*1505
fﬁ-‘aauvplﬁrﬁdﬁu}a/’&
_&@J)!EJJ/uﬁoﬁTLJ/égﬁ 1)
S FLE S dut ()
5L\ it dentification) ol S =l 2t (3)
_‘4L”/ L}l/f d/ J’f Z Coloumn Chromatography (4)
iL(Selection)&CﬁJ Mobile Phases | Solvent, EluentZ- £ Coloumn Chromatography (5)
e b U L8 s 2T L e\ p 2.5 10-100 mg (6)
et i AR
$ASTLC Plate (1)

/s Spot4TLC plate§Sample Solution (2)
-t/ DevelopéTLC plate#,3Z Mobile Phases (3)

_(Detection of The compounds)u,l'f},f d/ c«p(/ 1)

#B 15.1

_f:lpd/ﬂ/ = %« Z(Thin Layer Chromatography)($./& uﬂa4g}z,@w sl e
‘ufé_bd/gfilm:/l.}"’diuﬁgzté,,fé Jl’/;lJ}‘fédzé'u;Ja/?Jiuﬂiéu" °
_Ké_ngUzu"fuﬁ;/gL;,JJL’MmeJffz,ué.mul/‘u46&@)&4&2/&47 °
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il $ syl

=2 (Liquid) $lusi(Stationary Phases) 2o/ (Solid) U+ £ LS K use
u).;/?uf-‘auf»,{t dSolid Liquid Chromatography 2 1<t s 61215 £ (Mobile Phase)
u)c:«/,:uzéj_u’!‘at'nfl{u}f J:/t{'// Laﬁ‘f,gf/)' L (Adsorption) w2l Z:Jr’l)dfb LSk
=2 e dp,o,t;d/uff l{d%ﬁ'.{‘ u(c;lf’// U/ Jl%Jfl{Adsorption Chromatography (TLC) $.6
Jf Ko S { Mobile Phasel # l+3n4Adsorbentf e byl J(Adsorption Strength)
Z Dissolve 53 J 1 SAdsorbent- J /& »AdsorbStationary Phases < sy (Role)
3142 d//" alf’// - «U#Solvent Move Nyt oS (Movement)=/7 St d/ £
M&JLA,B,J/U':J?JJ’wLM&V//B/}‘A,J/U:J?oﬁTVgiﬁ’-wLﬁMoveLJfLDCSOI‘ptiOl’l
,/.5%‘ ug’ALMobile Phase &;{; d'/VA o oy u’f J sPolar sl =2 d(l/ /7 ‘Lt‘nPolar
-‘Lt'lgnDistributeuy‘ucCSolventAlAdsorbentue/ J /B ) J I_€ »(Distribute)

e 153

<Material Stationary Phase (§ U Y J Coloumn Chromatography (= $./€ ¢4 % &
Z (’w‘ u’r“; 2L LTLC - L/((C/ u(Adsorbent 9Ly SOLIS J’ (s Alumina.#/Silica
"K/ g LBmderJ/}’ac - %CaSO «Calcinated Gypsum sreGy DAL s JeSilica gel
-4‘-L"/

(ﬁ; Keiselguhr § 2L (??“V? (Adsorbent) ez £s &ty &yt Jei1 Ut $6 9 = Jf:
InG S i g » & sDextran gel 21 (Starch) s u‘a/ccMagnesiaf(CaCOQ&j}{/K
_‘Lfd;g};ﬁ“d/ap'//Lbngéo,éyﬁ ul/:lg)jaﬁjﬁu;ﬂ}g?ﬂguﬁdugdjg/-uj

3
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(I)Juy

Sr.No | Adsorbent Nature Activity Compounds to be Separated

1. Silica Gel Acidic Active Amino acids, fatty acids, terpenoids, lipids

steroids, alkaloids

2. Magnesium Silicates Acidic Active Sterols, Alkaloids, esters, Glycerides, sugars,

phengar osazones,

3. Alumina Basic Active Unsaturated hydrocarbons, Vitamins, Esters,

Inorganic compounds, sterols

4. Kieselguhr Neutral Intermediate | Strongly hydrophilic compound
activity
5. Sugar Neutral None Chlorophyll, Xanthophylls
6. Cellulose powder Neutral None Water, Soluble compounds, amino acids,

sugars, enzymes

(Liquid Phase Support) J!fLBL/;‘/,,L?Jéﬁ/éL 15.4

40310(4‘,@;4&{2@27./}’%@@,3”%41JLiquid Phase Supportuﬁdzé'u;’c«/’é’:
2ot K 54 16 (Mobile Phase) wit S 7 Ut 5 e (nlis§ o Skl pone e s
Ll
-‘a( Polar or Non Polar)u%}./fku%gwf@}'a{]d/;lm;ﬁ/uﬁz_xf @))
Silica Gel e ¢ e e S USSP e d S e b L Lw i Ut 66 0d  (2)
» 2 sAlumina
e Fabll e et s Poef i et ea S (3)
s T ESpots L e 2T (4)
b $E 1 Ratio) et Len S 7 (5)
SF tea P S zpglnomr L Ligs drsl st § e e ez S (©)
_LLJ" 5 Order §Eluting PowerJ u;’)f AL /u’ !..ujLnoﬁ'ﬁ‘ :,L,J///,:;l‘«, J - ll'id/ 3L Elute
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Petroleum Ether < Hexane < CCl,; < Trichloro Ethane < Benzene and Toluene <
Dichloromethane < Chloroform and Diethyether < Ethylacatate < Acetone < Pyridine <
Organic acid
S B ea Lo £l F odiE e S i e S P L Bluents b
Kb Pt
_‘LV%JEL:{‘Z'&{Liquid Phase Supportuﬁu’/@’u):«/v&c_afgﬂ

(Preparation of TLC Plate) djg Ju}:} d/c:«/,:& 15.5

G S E e QedbreySea b & §GOUEsb ey d
RN 42\ Adsorbent Aluminum Plate S (3; J ,»guw ZuU uj':i/ (Chromatography Plate)&?
8}? / 40 ;f sChromatographic Tank.3 ) Py ué’{w L J f/V;l KThickness Size d/ Silica Gel
Goe s GE 0 S F Uiee $420x200my 10x200m, 20x5em A § U 4, ¢ feee
Sar (2 iy L)ZSOuméﬂ 512 SAdsorbent 1ol £ 5 ($sL» 5L K Adsorbent S &b 3se(Uniform)
e Qe Ut §aE & 7182.00 mmt 0.5 U2 = 35S Adsorbents_p

I'LC Plate Preparation

e

(f
L ARCYY} G:’//“ i/ J/L"‘Lt‘lg Q/JL«: = U/ O{’ /Gf % = b7 ;’/Adsorbent/,: G;.
_4;_(3{7Jflauf/?/!ﬁ&;gu'éuﬁ.}gjj_,»/’J’éd/Slurryé:/quﬁ&g/Adsorbent
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Pausing Method 15.5.1

ngnu/“[f :’/(:_/?) Slurry d/t_ﬁ,‘TﬁAdsorbentﬁzi,&'f(}’”uﬁu’!‘a,‘@.)uVTa.‘/.‘@,/’d

b P U Adsorbent S SE
Nl

@Ff
Dipping Method 15.5.2

1 s £ 2Slurry SAdsorbent - 15 U 3o b Ui L Lk Susf 3£/ 3 450

WA L8 S 0 L LS oz uiir 3.) s bbbt e B ok 2 Ui

-‘al:‘lg

GBS

Spraying Method 15.5.3
L/Dilute/Slurryufu’!fg‘agnufwlaa/?/lﬂc;g}u’lf){‘at‘lgguﬁ’;dlﬁ/lugj;@/’,
-§.GTU5}(Uniformity)/|ﬂuﬁu"iu’!c‘-élgéw”{a//’(}; /,:;1“15£Spraying
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Eae2 nun o0 wige faw Wt powatein

Finuded plae

@F

Spreading Method 15.5.4
Uiy U d/Q«‘J Preparative TLC Plate/»%, ur}? U éat'lgg(JL»"’l(JTfﬂ;,{ )spreader % A1
e M e Lo T P bon

e Fe b ugfd/(i/mlugf_ﬁigcugfd/é%}/gf_%uﬁqﬂhd{m
_+tno)gj@jKJ!-‘LJn@2é(u.l}?.ddgbat‘lggReady to Use,

(Mobile Phase) :.é.*zJ f“' 15.6

u,?':éEluent/u)' c‘-t‘lgy/dl.»"’!/céﬁ J}iLL//(DeveIOpment)/';lg!’/d/l?u;’c«/’&;
v c«@J///,:Stationary Phases./5 X 245 éPolarity&;wl x> Stationary Phase Eluent s/
,J/:?JJ‘{ .{l,&gcb-&nﬂ;’/?c«fuid/'gﬁﬁ%/_‘/(/d/ufEluting Powerd/y uu;lu;zL/w’ﬁ‘
_ujd’.}y/’u}&lﬂ“l/‘:uﬁLEluent

Petroleumether, Hexane, CCl; Trichloroethane, Benzene, Toluene, Dichloromethane,

Chloroform, Diethylether, Ethyl acetate, Acetone, Pyridine and Organic acid

(Sample Application) =W 2y 15.7
‘.‘gt‘lgyfj.l’?uﬁu}‘;u%’;/fui/“@:ul/é/(Sample)dﬁL;ﬁfﬁaﬁ/dﬁdz@'uﬂa/’&:
t‘%jl/’&gd/Rf/;luC;yd/cﬂcg;J“ﬁu}ngJ.'.a‘f'//,:TLC,:f):@:lg.lgfuﬁ;/guﬁuyﬁdgfu;ﬁfu!
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4Spot /Sample J¥ W « Pencil d//.:JIZ.Scm £2.0 cm 5 LE d/(:;; d/TLC ;’/Sample‘a
T ‘(ng(uL) /"J)A:/LIO;//; (Diameter) 2§ 1 G ln Il slerlz {Spotdul‘gt’lgg@
S ) B Il -5t S G NS sz iU Tl e 2T S e UF bl 2 2 2Spoth’
RPN P TP
(Saturation of Chamber) t/'/o/b::“ 4 }( /{,ff 15.8
S ujLn;LJU},C/JJg.égcéK4;pﬁ,§ Li;é,ﬂdl.»"‘iuﬁdjé‘u)a/,:&
Lébr‘u:gf?bat’ﬁuﬁf@u:gfﬂi u"Lm/?/K:g}/m’vJ&"“ STLCAL K)ol FF
gzﬁutan}’/;éKdﬁéfv Jsy* o Lu’!‘awg;/@.féw s LJL’M‘LL"@M,LK/JJ;
it e e F A See QeSS L = Skt
(DeveIOpment of TLC Plate) L/jlaf/f d/c«/,,& 15.9
/@;u%)ﬁ/&y‘/@/?&fﬂSample)ngiJ/iiL/f@f/&,gjf;/
_a/j):g/K@;/”&w‘d;u)’,;:/’;y/:g}’j:fi‘d;:‘dji/'fﬁ‘awg
(Ascending Development) &}:‘:."fjdﬂ / 15.9.1

¥ (Ascending Development) 493531 2 5 AU d_b W e Imlicor UG8 u)c,4¢§z

185 S E A bl B (205 emUt e FAE U p L3 AU b

utﬂijVug/ug;fﬁ/(&/L.@/JL‘Lt’ng’}lgu(/.:)lLéﬂz{ ez S A ()t Sr
P AL

piiaton

Figare IN0T (o) Opuration of ohin laver sporendes
) Aligrmg Ty with Classslide Partially € otal

OV
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(Descending Development) -”»&?‘{’53’65’/’ 15.9.2
b, é;@édf b b2 Z(Stripd s, S 68 sk W 3 b

(6t oo w0 U1 A S IS 6 3 P o
ASCENDING TECHNIQUE

| |
1 |
' ) )
]
'
develapmest chamber after
e.g.baaker drying

mith 2 fid or a closed jar
) f
(Horizontal Development) .’uf:ﬂ'gf ﬁ I 15.9.3
u(/;gLuyﬂZ:GfJHAI‘4t‘lglA/Juf.'(Centre)uy‘/;Lf/@ﬁféa@f/uﬁ.‘g}'ui
-4‘-t'/ =/ 7 Jte~Horizontal Deve10pmentJ’5 Il
(Multiple DeveIOpment)é’«%f":{fub} 15.9.4
et e Gt e S e S 1SS e
(Step-Wise Development)&:%gm Ao 1595
e s do S UsE LS s S F 2 s b
(Two Dimensional DeVGlOpment)&}:".{gjd)b{D) 15.9.6
Uisle bl dtte xS F U St s LE IS e USSR,
e bt i A G LS Ly o L
(Gradient Elution Development) #4351 A1 01415.9.7
Gradient ¥ 6 2} 51— Qs ir b6 S a5 S b Lo SF L L odyh 2 p P
& Elution
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(Detection of Spot) wud/ﬁ 15.10
J”(J/t"at'lgy//b‘éf/’/d@ﬁyLDeveIOpment Chamber+! éﬁ.//DeveIOp)@.f“ u(c«/,:(f.

I T A ROP: P P LN tori 5 b F Spot 2t rEvaporate )
uﬁc«/ﬂjl};ujl_nwaé.,/ﬁm éufi’}j/?&g’/?/? ub?d}i’.nColoredkdﬁg;c&(/ﬁ
47";‘-)"/-:&? S o f S f:‘at’lp u/u’/ujz_nlodine Crystals J/uf gﬁChamberujﬁgT/B? J

Sl mnrelS S LUz Ul zbBrown Spots

Quickly

Undearstand Th i n Iayer
chromatography

Detection by UV
ight

(D

JOUER, 15.11

uﬁJI-c‘,.’g}L{! KL//;WJ/(GA L:&K/uﬁd/lé‘u)ca/?&(Retardation Factor)Q/ﬁJRf

(GAJE;@W/JE;LZ//J!Mu,?iu.L.Retard fMovementéa&f/,zfu’ ﬁAdsorptioncéj u(l/

Ju’ L JCalculate S &6 Lr’li'» PASIY -2 Bands|, Spotsza,«;..u L,?;J’/% Sk .f/’(}’iRetard/,:
-c‘-t'lgy//;WLFormulaeJn S S58R,
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Determining BF Values:

l I unit ] distance molecule raveled
0.8 Rf = ———— —
[ ] umnite distance solvent raveled
0.4 units
] SRS SRS Rf = 04
Rf = 08
distan cemovedbyCompound A(d,)

R, of CompoundA= _
distan cemovedby Solvent (d

)
R, of CompoundB = distancemoved by Coerounngdz)

distan cemovedby Solvent (d,

®F
_‘a&ﬁ/’.j/.:JIfJ.}y//ﬁRf‘L&n{cl.l‘&d/Rfd/olf’//
» 2 sAluminal Silica Gel J O"'J'/,::a.ff s d/ Adsorbentl x> (1)

4@{:7(;(Solvent System (2)
/,:,}zéAdsorption CoatingZL%/v&f (3)
LA, _+@ﬁ;u/1;/ﬂiéguﬁug§ Jgp//()yt,/;i‘awr}dfbggJJ/ﬁJCﬁRf
NSNS
(Effect of Adsorbent) ! guJ/P 15.11.1
Ln!ﬁfuﬁjl,c‘i/&//fu’!Lui«f'.).‘fﬁ‘gt’n.fyégjiKAdsorbentufdzé'u;Ja/,:&
Strong J/u{{ < &n el &KJSelectiVity L Adsorbent dﬁﬁ?‘.‘ Jay// Y PR RS 2L
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U7 J’f E/J ﬁ"& 8 u:' '€ wAdsorbent /5 bz U"J‘ J ikt U /" J ,«;.l.‘ J Weak Adsorbent.s/Adsorbent

-
¢

.

1)/ Adsorbent_il? u:z—JwJ“ S’ ?nu:‘?; 43 /’}"}”Jj E/J ﬁli.t’ < Weak Adsorbent_§ »

Table (1) Chromatographic Adsorbents 2 —Jug

Most Strongly Adsorbents Alumina «Charcoal <Florisil

ALO;, MgO/ SiO,(analysis)

Least Strongly Adsorbents Silica Gel

Si0,

(Effect of Solvent) /I KJJ{ 15.11.2
L x L1, Adsorption -t fobei 36STE/ E16(Solvend Y LGB e 4
- J/ﬂlﬁfMovement d/ JI4TLC Plate d/,,,}: J’ Jc&'// J~Solvent Jfgéat'/Desorp IJ/
d/Solvent Z// Ulelbs u:/"/ Jfgufﬁ?.‘ U"J'LL oy Jf KDesorptionr—'&ZPolarity d/Solvent
%L"tgwwwuﬁﬁwf@/)(lpiziL/J’b/JfJf}f‘Qﬁi‘gé/ﬂ;m;/ﬂuﬁf}holaﬁty
e WL Ll w1t TLCUE U 58
Table (2) Solvents for Chromatography

Less Eluting strength (Less polar Solvent) Pentane, Hexane, Heptane, Toluene, P-Xylene, Dichloromethane, diethylether

Ethanol(anhydrous) Methanol(anhydrous)

(Anhydrous) Ethylacetate (anhydrous) Acetone(Anhydrous) Acetic Acid,

Greatest Eluting Strength (More Polar Solvents)

solvant front

ik Dy =
. HadH e
O =~ O
- =B e
| 1 ] E |
MO M
starting product c
material (P) .
(S 7 5
SM R}H P
Reaction ;_._TF*’: -
mixture ~ TLC Plate

@®)F

267




(Qualitative Analysis) f.“ S 15.12
")l’”/)l,«;d/:«@f/)ﬁr uﬁoﬁffuﬁu%‘a/ﬁé{)(Qualitative Analysis».«gu’/!{u'uﬂa/v&,

e P E S8 SO s LTLCme L e (P
(Applications of TLC) &UW"CUJ@'}J;‘«/’J: 15.13

Progress Monitoring d/ J b""ég (D

R; JProductsz;i Reactants sl (f & e f 4 J% el 2re 25 Reactant ¥ e bl L 6’(

Reaction & S & (Interval of Time); =il ‘L&/( ProgressJ lﬂég{d; P +&ﬂJ; )
_u,?é//Monitor/ijJ&{ﬂcC/J!‘LC&?:@(ProgressJJQ/véTLCd/J!}/L/;g/Mixture

[Melvers frost l
wivers fromt
4
‘ '
—— — e e— ec— .
|
i — - g A | B i
Wl TIC plass wib g TLC plate wnide (n As e snnlvemt mow A goond wine oy oo
bevelopng charoh " " e S sipmratom uf 1
vl bene ~ o wodl compancres of b W
® iritial spet —— vt besel
/”\ solvent
@Ceéo
sample ) oB@®
spots starting
line \| @A ®

TLC plate

mobile phase

TLC chromatogram

TLC chamber

O¥:
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Monitoring of the Progress of The Column Chromatography (2)

L fo 25 LTLCE S B und S L Separations’Z Column Chromatography ¥
== Jf Z Column Chromatography S #Fraction < s/ ‘LD:l?gMOIlitOI'}J/ (Fraction)& L1
5uﬁFractionu2u;!‘L&nu?,CC’JL}/JI‘L_/'// ‘fjlaui' FractionJﬂ@&TLCLde_ﬂJllp
e b S b S il S
2 LS el Jl}/ﬂ‘agﬁlgd/u.f?u(c:«lf’//udlé/:;)ﬁ/u:4.g,‘74315£d16'0)&{:£ 3)
et B S R
T d S hond S e Qo § st § el Qebl Jbd S 25 ZTLC ()
> /,,-‘ sNucleic acidAlPeptidesuf yﬂ:é’_}':’t’ IGlycosides Steroids<Alkaloids<Terpenes
e B gl peask 28 e\ Mt Z UTles st U § Ut 2 Uit #F 25 L TLC (5)
-‘LCC@.%/AW/FGJ;UQ:;JL:’/
(iiu}}f:‘l)u’%;}"wmuazﬁypfJu‘;’,g/}Lui%r@g,ijéu&,g/}LTLc (6)
E Supte L Z F IS pBeer (& L Ut T 56) =204 ZSorbitol sl /)t
-‘LH?&J;}
-4‘-&@9@%“& ilsolationuic)’@d/(lmpurities)f.@’u‘dl}/f}ﬁy‘uﬁag»! @)
-4.&@JJW’TLCi£L/(}’”/¢Auu:u//ﬁuu)é (8)

LEA 15,14

_d/ Lol <AL (Thin Layer Chromatography)dzé’uﬂa/,: ulid_;bw ufélﬂu o
_JJ’ladc?Tcd:‘ﬁut;/gi,}é?mJﬂfédjé'u)a/?&é_;%,wLw o
_fJﬁi}at)Vu”fut;/gzi@uW1£ m’mJ’fz,ua’.njm/‘u?d/é'u)a/?&z}ﬁl}buﬁ;’u’ .

sEIELE 15.15

L/Uﬁf":l’”urAdsorbentJ/uﬁgﬁ.’@,/Lgide?JU%id/@U)@@Ji :Pausing Method e
e bl S B)SalarryS el
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Jl‘al:‘lggdl.’f‘“l/w J}'iéé_/’/(Develop)jlgf/TLC Phase *($.€ U}Js"«/.:di :Eluant e
_uj"'JEluant}(

2 (AdsorbenD2f sl (ng s e/ il t Sk e o & Adsorbent o
_‘at'm,«fl.l.‘,gAL:éﬁJf“'/ﬂJy?c&(/’z:oxT{.wﬁ_‘a

=32 15.16

:,qulaL:,yzu";}*

_+&nt /'/(/? Jrit 3w~ Thin Layer Chromatography(TLC)dzé’u)c«/,: & -1

Gas Chromatography (b) Adsorption Chromatography (a)

uﬁ; u’{ (j/ =~ (d) Column Chromatography ()

ey S Sk 2

Solid Solid Chromatography (b) Gas Chromatography (a)
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Polar Elution (b) Isotopic Elution (a)
Non — Polar Elution (d) Isocratic Elution (c)
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St A LA & AL 6 25 L Sod 1L HPLCsIZE Y U Z HPLC -4
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Title & Paper Code: BSCH502DST : Analytical Methods in Chemistry
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_“é..fcj /7 J Auxochrome Giv)

-+ Mode 10,100,60,40,45,5,40,10,40,5  (v)
-etugpsc G

_&E ey 7 S Thremal Analysis  (vii)
eSS L i)

kI (i)

-é O] /7 u( Electrolytic Cell (x)

(924
_9/ Uk AU Precision s/ Accuracy -< > /.l/c. Qualitative Analysis .s/Quantitative 2
_’é': (Calculate) g}j J Standard Deviation £ / Data J: BRIV 3
Class 65-85 85-105 105-125 | 125-145 | 145-165 | 165-185 | 185-205
Interval
Frequency 4 5 13 20 14 8
_“&6 Applications ZUv-VIS Spectroscopy 4
_“&}( ug/ Mode of Vibration _<IR Spectroscopy 5
_“éu.l(,up;/c«!}"!Ll;L/}‘t’f/ Thermogram _:L:fugg.@/.]d/Thermogram .6
_“éu’ﬁ.p?u Jru’!.ﬁgLu’!-“éug.y/?d/Electroanalytical Method i
3 S DTA sDSC 8
S A S S me LGS 9
(¥~
_a,/u.lggg}.’.‘}‘“/ (Sources) d/w':ium! Errors L(:}Jc;-ujég?,!’LError .10
_d,// (Derive) jé!u.?}!/ﬁﬂd“_/(.é!/.’.d/Beer - Lambert's Law A1
e diswe 12

Emission Spectroscopy (a)
Hyper Chromic Shift ~ (b)
Hypso Chromic Shift  (c)
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