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DATA ANALYSIS
................... 31
.................... 52
Separation and Purification Techniques . . - 70 We will be Jdealing with a huge number of data in analytical
chemistry. Hencg, it becomes necessary (O analyse and interpret these
91 data. Let us discuss them in this chapter.
Errors in Chemical Analysis
.................... 125 ( Definition of error : The difference between the measured value of @
property and its accurate value is called the error.
...................... 139 Explanation : In the laboratory we may weigh a substance or measurc
the volume of a solution. Accurate resulis will be obtaincd only when
; R L a person with great skill is mcasuring with best ipstruments.  But this
Ultra Violet & ViSlDle‘ SpeCtrosmPy o is an impossiblc one. Usually the measured value of the property will
never be the accurate value of the property. The difference between
‘ 9° Infrared spectroscopy ------""""7°""° 197 these two is called the error. Errors in measurement will affcct the
| accuracy and precision of the property. Hence, the analytical dala
.! 228 . - obtained in such circumstances become unrcliable. )
1@ Raman Spectroscopy - ------"°""°"°7" 7"
Sy D45 | Classification of errors
11. Nuclear Magnetic Resonanceé - --- """ " The errors that we come across in a chemical analysis are
' classified into the following two types
12 Electron Spin Resonance - -----"""""" £7% (i) Determinate errors
; (i) Indeterminate errors or random crrors
284 ’ . R : .
-------- : It should be kept in mind that it as impossible to ascertain the
: ass Spectrometry ......... ) : i ;
15. M type of error. However, this classification of errors helps us to discuss
302 analytical crrors. ) | D
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+ Characteristics ————
I} These crrors have a definite valuc
2} Ome can assign the cause for the crror.
i) The analyst can mcasure and account for these errors.

» w5 (i) Decomposition oF ¥ap et i e
') gt::::ﬂm l_cﬁlhccnmﬂbc:ihurm; (iv) I :nm'jﬂcwm
i t accuralc valuc. U thes property, can > . . ~
wdentufied . 3. they (v) Sidc reactions duunns the -ﬂﬂﬁﬂ-_ -
Sources of these errors ——— mm'mdﬂﬁcﬂmmndlhncmthc—n}l
Detcrmnate duc to the ing factors <erious of the three types of detcrminate errors. In order to avoid
Tl urs appcar to the following 2 these mg:mnﬂbclhﬂoqh*n theoretical part of the expenmcnl. .
(1} Defective mmstruments -
Personal errors
(n) Carcless operatson e imtroduced by I defi |ur_mlﬂll-ll=ﬂ-
(1) Procedural defects The sources of this error arc human defects in cycs, mind ctc For -
' cxample, in colorimetric cxperiments, crrors wall be ntroduced by a
Classification ——— person who is colour blind. A person with defective cyes wall o
(1) Instrumcatal crroes invariably note down the rcadings crroncously.
(1) Errors of mcthods or methodsc crrors Carclessness, fatigue and improper instructions from the tcacher -
will also introduce these errors.
{:a:) Porsonal or opcrative crrors X
We shall discuss them These crrors may crecap m, when ——— -
2 | (i) the precipitate is washed wrongly.
lastrumental errors : Thesce crrors may occur ———— (ii) the precipitate is heated 10 an improper temperature. -
(1) Mlbﬂlmm:hu“;gopcﬂyw*d‘ (ni)thrt mm;ﬂﬂch“.hdlumdmm -
(i1) wsng uncalibratod woights, burctics and pepctics. = :‘:Uhlﬂl lhl;’ ptﬂ.‘tpﬂl*lc- = i
_ w) the reagent s contamunated wath impurities. E =
- - ot i
(1) presence of mmpur mu'l.mv:.rt 2 B L T (v) the deliq o allia LR " y
plat wcible fow longc
P S . TR Along with these, the analyst may also miroduce this crros

fcmpcraturc by
These errors can be avoided

(1) by periodic calibration of apparatus and weaghts
€34) by wuing best instruments

thor Thene errors may be sdentificd by changing the instruments. Al

- the ®erors wall also change

thay ....'..,_,___"“---m. cmployed i the analyss are comtaminated,

(1) wrong calculations.
(1) wrong placement of decimals.
(1) noting wrong signs.
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Analytical Chemistry

Determinate ¢

as Tollows Y also be C

lassified into another two types

(1) Constant err i
0Oors » »
(1) Proportional errors

onstant errors

The magnitude i
. of thas error is i - . 1
sample taken for analysis. I s S

For example, let us consi 1P ‘
e, ! sider that 0.3 mg of precipitate is lost
when washed with 100 ml of the wash hquid. . o
(1) l.f we wash S00 mg of the precipitate with 100 ml of wash
hiquid, 0.3 mg of the precipitate will be losd.

0.3 x 100
Hence, the loss = ————— = 0.06%
0SS 0
(ii) If we wash 50 mg of the precipitate with 100 ml of wash liquid,

here also 0.3 mg will be lost.

33X H 0.6%

Hence, the loss = 50 =

From these we find that a constant error will become more sErious
as the size of the quantity measured decrcascs. In order (O munimisc
the effect of constant error, it is necessary (o use a large g:.amplc. +Thal
is why in gravimetric analysis, the solution 1o be estimated 15 50
prepared that the weight of the precipitate is around 0.2 g.

Proportional errors :
cascs n

The magnitude of this type of crrors increascs or decr If the
proportion to the size of the sample taken for ana_lynlﬁ-r" causc
impuritics present in the sample s not rem s iy

proportional crror.

Correction for determinate errors R
1) Determinate instrumental errors arc €o b calibrated

the instruments used. The ¢ uipments arc _
e al errors ansec due 1o

periodically. This is because instrument
wear, corrosion or mistreatment.

2) Determinate personal errors can hc min
discipline. By checking syﬂcmahc&!ly the -
book entries and instrument readings, the ﬂ"

minmmiscd

imiscd by care and self
calculations, nole
or can

Analytical  Chemistry 5

3) Determinate methodic errors are particularly difficult 10
detect. However, they may be corrected by using one or more
of the following, procedures

1) Independent method of analysis @ If the sample to be analysed s
~ contaminated with impuritics i.c., not available in pure state, then this
mecthod can be used to minimise error.  First, the sample is analysed
in a particular method. Then it i1s analysed by a different method of

cstablished rehability.
For example, hydrochloric acid is estimated volumetrically by
ttrating against standard sodium hydroxade.

The sample, hydrochloric acid is added to silver nitrate solution
to obtain silver chloride precipitate. The precipitate 1s weighed and
the amount of hydrochloric acid is estimated. When the amount of
hydrochloric acid estimated is the same in these two methods, this
serves as a correction for methodic errors.

) Blank determinations : Constant  errors  affecting  pnysical
measurements can be frequently evaluated with a blank determination.
In this, all steps of the analysis arc pcrformed without the sample.
This result is then applied as a correction 1o the actual measurements.

This method is useful to correct errors that are duc to the
introduction of interfering contaminants from reagents and glassware
employed in the analysis. This method is useful to correct utration

data in volumeltric analysis.

3) By employing large sample size : As stated carlier that a constant
error decreases as the size of the sample is increased. In order to
correct such type of errors, large sample size is used for analysis.

_Indeterminate errors

These errors arise [rom uncertaintics in a measurement that arc
unknown and are not controlled by the person doing an experiment.

Sources
(i) instrument uncertainties
r,-(ﬁ) m__‘_‘ ’ . T AT
1t is difficu
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Analytical C hernistey
B AT T - Abmolute ereon depends on thee retidBILY A e P
>~ e - ACCURACY u.nr.ll’_. A i oA of uncarianty may b (hare s ther  wiss PROSS 1
1 , HAAD relative error 16 wsed Ly SHPIEss RELWIREY
stiom : Acmrmuﬂwdcyuofwmhﬂummmrd
ﬂhﬂm‘wdarw:wdutofam. TABLE 1.1
Wu.. with example : As per the data available, the mlubilllﬁjf
“‘:‘I ﬂ‘ C.s_(')‘ ,'.‘ 2‘4 » 10_5 mil dm—ﬁ. II’ an lu"‘l gcu ‘hlii Dm“m m ’m “ m
yme value while determining the same n an cxperiment, then s e —————————————
considered as the accuracy of the result is excellent. 1 it differs, then No. Precision R S
e ulcull:ﬂ lh:.ﬁdmnluon- This deviation gives a mcasurc of the o - s e ST bes i oo ol
sccuracy Of €Xpe X bclmnlwnmmvmwmnmwﬂ
Methods of expressing accuracy mr.mmd gnder  identical land the eagrcred vahi
ACCUracy is cx in terms of absolute crror or relative error. conditions. 08
cy
' Thclmrth:scvalu:sarc.mcmm:willhclhmracy. : 2 |Precision may be achieved. ACCRIACY & BEVET Emosrs B
< Absolute error (E) © Itisdzﬁn:dmﬂudéﬂ'mcwnmc accepted mww
value (x) and the observed value (X)) . -
ical 3 S .o 3. |Expresses the reptmhmbdu"'yw O FECR P Rd
‘ PENC— e .. i, of the results. measurcement
‘ Relative error (RE) : It is the error perceniage of the accepted valie. i ——————
. Mnlmlupltnlm:ﬂ.ﬁwg!lm Oumnnclcaﬂyundctumdthcmﬂﬂmdﬂ:w
. precision and accuracy. Mmumalhmmﬂ-ﬂ:
.."_";:lm ﬂclcarthalhighpfncisinndnunuimplym This can be
=1 R % | ptmdwith:nmm;ﬂe. In a volumetric analysis, an analyst can g=t
- concordant ttre values. th.th:muhmlytmanwh:-r”
Iicre.umrdmwmhMMankmml-m
Explanation with example But as the answer does not agree with the expected valoc, © s nof
p The di intion m.mmd.ﬂgk.ﬁ‘nzﬁ'ChITwa accurale ﬂmammmmhnm“
- ltummmtm.a.wawnulmrw -'_ mrmlmthmhmmmmmu
It is the observed value (x)). , cy:nmunknmindﬂmﬁnﬂﬂm
4 |
Then, Absolute error, E = x — % : Confidence Limits
-8 _ 179 3% 3077 ' Definition : These are the [limits which may be set about the
~ 1.80 x 10 1.7 |
o—* : WmﬂwaM:ﬁcﬁﬂmqﬁwﬁdh
- E ":‘ﬂf:' ' rmmmmﬂu,m“udm
Relutive ervor, RLE = —— % 100 ) . Only the mean of an infimte
4 * . » can be true Or accurate mean. The truc mean 1s
_ 005 x 10 " 00 » not achicved as
. 175 x 107° Hence, we make a
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r | Analytical € hemistey

Wwﬂﬂ with m’lﬂ * As per the data available, the solubilit
product of CaSO, is 2.4 x 107% mol’ dm™®. If an analyst gets lh;
wame value while determining the same in an cxperiment, then it 1s
considered as the accuracy of the result is excellent. If it differs, then
we calculate the deviation. This deviation gives a measure of the

accuracy of cxperniment.

Methods of expressing accuracy
Accuracy is expressed in terms of absolute error or relative error.
The lower these values are, the more will be the accuracy.

Absolute error (E) : It is defined as the difference between e accepted
value (x,) and the observed value (x,)

Muathematical expression : E = x — X
Relative error (RE) : It is the error perceniage of the accepted valie.

|
Mathematical expression : R.E = - »x 100

- LF » 100
Xy

R -

example -8
Fxplanation with P = ot 26°C Is 175 % 107}

=1

o

-~ The dissociation constant wn..:mrlﬂ'
%

4

3

L] L]

- 180 1D
'S -0.05!]0_’
: RE = ST x 100

[ ————————————

No. Precision

s I lllhﬂl‘.lw“n‘mm

between two or more values

measurced  under  dentical
it

2. |Precision may be achieved.

proved with an example. In a volumctric analyss, an analyst can g=t
concordant titre values. Ycl.th:runlln.-yturnn-wy:”
I{ﬂc.ﬂmdlﬂlmmmnm*lﬂﬂ"ﬂ
anmamrdmmwﬂhlhw-hql-m
accurate. ﬁmnmmmﬂhnw*
Therm[w&hmyh:mamﬂunﬂemu

q-:nmmnunknnwnindumarrm

Confidence Limits

Definition : These arc the lirruts
experimentally measured mean within
(e mean with a given degree dM
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c Analytical Chemistry Analytical Chemistry :
pernmental mcan, x. Then ¢
=1 - y 2 . =
o I:lg):‘lmlls. Within these li:l:‘:;“'“‘: l:}c closcness of x wath st by TABLE 1.2. |
L dhlllt? Thc = Can .“d M w‘lh | given dcgruc i 3
: e . rious probabilities d
Conflidence interval Th: E::I fbc::"":‘:“ these Imits s called the t values of vario P __
: . n I ! l blj -
. probability that we require. Jf lhc ey chc_nda. on_the degree No. No. observations 80 %% confidence 90 % confidence ' d
then the interval s small 994?' € requircment s 99% probability, o= 4 292 :
100, the truc "'“:an. ' _"a B s PTUbahtlrly mcans that 99 times out of 1. ? 1.89 2‘1.; -
9% W%, RS “(:bbc _Hnlhl.n this interval. Sumilarly, we can choosc 2 4 1.53 2,[)& , 9
This serc b pr .:It_)t_lll)"_ cic. depending upoOn our requirements. 3. 5 1.48 - P
percentage probability is called confidence level 4. O .44 1.94
Mathematical ex 5 8 1.40 1.86 3
pression of confidence limits 6 10 1.37 1.81
e T}:f -‘uanc‘lald deviation, o is for a large number of mcasurements. Solution 4
n IC Mmcasurcments arc performed in a small number. then . .
; | Experimental mcan

a 92.10 + 92.50 + 92.70 + 92.80 + 9290 _ 45 4o
X - .
5

Standard deviation, s = 0.3¥62. (Its details will be given 1 nexi

standard dcy:alticm, @ 1s approximately equal 10 s. ic., o=3s The
comfidcnce limit for a single measurement for s« 1s given by

g = x +~ 7o

h " A B
prese o = o few pages)
The confidence limit for the # of N mcasurements is given by Trie e, g - % ?l.':..
3 N
- Z o g
i = X -+ 7-’\-7 - 9260 =+ 2.02 ):?3['}‘3162
0.639

= 92.60 x 5237

When o is unknown : The confidence limit for 4 of N measurements
u = 9260 = 02856

s grven by
— I s
= -+
o % ;N . | .
where, t 1s a statistical factor and 1| = . Sea? PROBLEM FOR EXERCISE
s ;
Thus, we find by applying statistical methods, we can fix the A student has rcportcd. lhz:;] g:.rccg:}alg: _nfln:}a;;o:n:jn l;:)ng::rg;r;;;
B e o Low S devenps o & 0t & ool Cﬂmp‘m"’d ﬂ-'f 2?169"5 1;33 d lh. \:atluc 1-1f st-ali-u;cal facu:r'is -2.5?1.
results can be found for various confidence levels of probabilitics. For - c:fmﬁdcm.u.h..v: s 70 70 an dcd T (D) a0 A,
this we must know the values of Z and t which arc recadily available Calculate (1) mean (1) 5lnnda.r LVMI“T an i
m Statistics books or hiterature. Ans : (1) 20.06 () 0.25 (Ill) 20.06 %= 0D.2O
' Rejection of Data or Q Test :
o e R SRR -' O test was introduced by Dean and Dixon in 1951. I 'l:‘ s
In an analysis of ferrous allay, the percentigge of iron are 92.10 ; 92.50; data, we come across one or (wo values that are M.ll: i lnl f-:.m:h ;::sc\.
92.70; 9280 and 92.90. Calculate the true mean in the confidence level | to reject such a data or not would h::cﬂ'“‘_" grtien Lc CG;IIPII'{: (WO
of 90 %. The table for calculation is also given. : we employ a tesl called, Q test. In this test, W
R : O-values —

L
¢
\
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Analytical Chemistry

cexpenmental mean, X. Then, we cxamine the closeness of X with p# by
sctung hmns. Within these limits we can find # with a given degrec
of probability. The interval between these limits is called the
confidence interval. The size of the interval depends on the degrec
of probability that we require. If the rcquircment is 99% probability,
then the mterval 1s small. 999 probability mcans that 99 timcs out of
100, the truc mean will be within this interval. Similarly, we can choosc

IS, HE, KS5E probabiluy cic. depending upon our requiremcnis.

This percentage probability s called confidence level

Mathematical expression of confidence limits

The standard deviation, o is for a large number of mcasurements.
When the mcasurcments arc performed in a small number, then

standard deviation, o is approxmately equal 1o s. ic, o=s. The
comfidence imit for a single mcasurement for g is given by
u = x = Zo
where, L = z—;,-‘g'
The confidence limit for the # of N mcasurcments is given by
~ Zo
M = x ¥ m
When o is unknown : The confidence limit for # of N mcasurcments
s grven by
- IS
= +
s x - #
where, t is a statistical factor and 1 = x_:_&

Thus, we find by applying statistical methods, we can fix the
conlidence himits within which the truc average of a set of experimental
results can be found for various confidence levels of probabilities. For
this we must know the values of Z and t which arc readily available
n Statistics books or litcrature.

Explanation with example

In an analysis of ferrous alloy, the ; 92.50,

' percentage of iron are 9210 ; 4

:rl.?n; 92H0 and 92.90. Calculate the true mean in the confidence level
P90 . The table for calculation is also given.

rwye .

————

Analytical Chemisiry

TABLE 1.2
t values of various promtmmas

9% Cﬂﬂﬁdm“ 1
No. ! No. obscrvations ’ﬂﬂ % :;n? 292 ‘
13
5 v 1.53 22 oo
2. p 1.48 7 P
3. [ 44 1.9
6 -
; : o 81 =
3' ]O ].37 I—-_
Solution -

Experimental mcan
= 9210 + 92.50 + 92.70 +
X = ‘ 5

s = 0.3¥62. (Its details will be given 1o nexi

92.80 + 9290 _ 92 60

Standard deviation,
few pages)

Truc mcan, £ = x + 75‘3"

N

u = 9260 x

PROBLEM FOR EXERCISE J

A student has reported the percentage of carbon in an organic
compound as 20.36 ; 1938 ; 20.26 ; 20.18 ; 19.72 and 19.86. The
confidence level is 95 % and the value of statistical factor 1s 2.571.
Calculate (i) mean (i) standard deviation and (i) true mcan.

Ans : (i) 20.06 (ii) 0.25 (iii) 20.06 = 0.26

Rejection of Data or Q Test

O test was introduced by Dean and Dixon in 1951 L
data, we come across one or two values that are sus; o0
to reject such a data or not would become difficult. In such cascs,
we employ a test called, Q test. In this test, we comparce (WO

O -valucs

- ‘-‘:f i r

whether

ok
=,
il
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dence. The

Let us illustrate how Lo decide whether 1O rejec

with an example.
1)

WORKED EXAMPLE

The percentage of calcium oxide ih a quick lime sample are 55.95;

56.00 ; 56.05; 56.10 and 56.25. Now we suspect that the last value
de on this value whether to reject or retain.

and so we have Lo deci
. | 2)

For this sct of data,
Suscipious valuc — [ts ncaresl neighbour

The spread of the entirc scl
56.25 — 56.10 _ 0.15 _ 550

= 56.25 — 5595 030
L:lourrcsullsarcin%%mnﬁdcnmbﬂ-el. WchOklll'ldﬁl'%%
confidence column of the table. Since we have 5 obsecrvations, W€ look

Qup ~

signiﬁca nt figures

a‘\lilll}“licnl Chiemistey Allllll'“c“' Choemaiseey
! | T, : f obscrvations 5 under Y0 % conli
(1) {)l-'-lp (n) A B for Ocni agmnsi numbcr O .
. . 1s .73,
Ao A LA R Lot “Iu:’-\ o.. (0.73) = Q... (0.50), we retain the data.
Ssince, Q. exp 4 . must be
If Q. > Qup W© retain the data Though trhc O-test is superior 1O other n:.;..lhnd!-. l:::“u‘-lar Lata
The vari ' » | : - AT __ful while deciding 1O cither reject or retain @ par : h
he various steps in Q test are explained as follows carcful whilc h s nwmber of observations arc <mall, the
) Hapobraln: Chame (e S O between the suscpo THI;“: u5|i_l'lghl::;5“:t‘-3- test d::::rca-i.cﬁ Hence, in order 10 reject a valuc 1n a
' CRArCS - o At dem . ud ol LheE rcha : v
i:lt:r::;crlu..m.al ncighbour 1s divided by the spread ¢ T il sat, & B o appruach . desirable.
(ii) To obtain Qcp, the following table giving various Qcn valucs, ) _SIGNIFICANT FIGURES
is uscd. g e . contdains
Definition : Significant figures are figures in @ nmnf;er which
TABLE 1.3. only digits known with certainty plus the first unceriain one.
- - - ‘t
Calculation of Qi Explanation : A mecasurcd value has sOomc unccrtainty .:)bﬂu‘l;u‘:h
¢ Therc 1s a convention to give the mcas.t_ircd valuc_. as a num cr :rhis
Tve: No. 9 W U 2% that it contains only the figure about which there is uncertainty.
observations | confidence confidence practice is called significant figurc convention.
98 : 3 3 by - .
; ; 32: 3.73 Example : If the weight of a crucible 1 a weighing 15 knnw::l wltlh
3 7 0.51 0.59 certainty only upto three decimals, the value should be reported on Y
4 9 0.44 0.51 upto four decimals as 18.6642 gram.
Lor retain a datum Points to be remembered while using the concept of
a number is found

The number of significant figures of a give
out by counting the number of figures from left 1o right in the

number beginning with the first non zero digit and continuing
till reaching the digit that contains the uncertainty.
Example : Each of the following has three significant figures.

s33: 0345; 234; 0.00567 sl 0123 3¢ 0%

Zero is a significant figure when used as a number. It 1s not
a significant figure, when it is used to locate decimal points in
very small and very large numbers.

. 0.001230 has four significant figur

Example :
seroes before 1 arc used to imply only the magn

- g 1
mm._ 1_ ‘Il k LTI_-.d.r:'!‘-_’-.'"&‘ J'Il-'l-‘.-."'.
e - O 3 "ol __'r an i g
number ¢ .
L [ .
B H 3 .___.',a-
."-\. -

es. The threce
itude. So, they
"-“ e ’: ;

p,-.:t?aﬂ'_‘-"‘ﬂ-"ﬂ" T s =
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TARLE 1.4
Sigmificant figures
| — — . .
§ No Number ‘ilgnll’hunl figares
I (MM’ P
yi () () M)A 3
; ";',‘ » l{] ‘
R | 87 = D I
g » 114 1
6 6.023 = 1% 1
7 T Rl 9
LK g ?f___ﬂ_ﬂ,lﬂll /

Addition of numbers

1.4 ¢ .2 27

[ he answer fior Oy

Al ; ;
e

selchition s,

I he actual §
¢ should be 2.00. fBut it is gven
yal an (e sum va

and the answe

(4 *

006 ! The reason Is (hat the scd ond decin

1.2 1 ot *.lﬂlll'l( ant, because of an unt crimnty in the hrsd

260 decimul place 17 the pven value of 14 and 1.2
{1ence, the sum should be reported as - A4

on of numbnrl
llnwrw:r, the

¢ for the sulst 134 2.2 1% 141

Subtracti

The answe
action I8,

Fachon,

actunl subtr
¢ should be 1 30.8 Bul il is pven as 131

that the farsl ,tlccinml in 1the answer 1%

of an ypcertainty In the hirsl
1d be reporle d

and the answe

[ he reason i
t because

133 el sippmihean
z.2 decimal of 2.2. Hence, {he answer shou
[RILE. as 131.

of numbers
carned out, it 18 assumed

1% L'{Illnl o the
hal contarms

Multiplication and division

when multiplication and d
(hat the numbor of p,iuniﬁ('nnl frpruar s

:;Ill"'lﬂ‘l of significant hpores of the compon
o least number of wignifie ant hpures

jvision are
of the result
cnl qmmlily 1

|

Agulytic ! { hermnnnkey
fy )4 e ah o /7

{ url*i-"lf r
re l."' i fl A=

(v) 24 w () 12 o s Tt o
2 |
sond 70, (NGTE BYE anly WO aaprificant fagrrar €
(¥ ILE B TH L TR I s 1% $oena AP el 1 SRR BT
1 b
fagrand e’ af 31 S only WO
PHOBLEMB FOH EXEFICISE
olve The (o slherni g
() © Mas y 2070 0 | e SANYL Ak
(i) aAl6G1 7 () (N)2A AnS L
255

1 slgnlﬂcant figures

c data, wWe have a ™
At

importance ©

While prrm*nlinu ccrentih
we give mean of median as the best value, Now the upcertay:;
(he best value must also be indicated while presentng fhe cdata Ihe
usape of significant Ngures s very helpful for this prur o’
(yn scveral Cascs, one has 1O round off numbers 1o gve e arngful
clice i1s (o a pumber wh h contans oty
e ! e

the usual pra

T hus, sigmiiicant fagpure

resulls. Tor this,
one uncertain fippure 1o dl, 1% adopted
important.

g preclslon

ethods Of expreseln
ced in two ways =

Precision 18 CRPIFESS
(1) absolute method
(11) relanve method
we shall discuss them.
The precision

thod : 15 lI'-Klll’l‘*“‘de in terms of averags

in this method
of average moan de

Absolute me
ISl devianion
1

aller the valuc

viation, the gred

The sm

be the |1rn'ti.iuun.
™™ 1

eaom 18 t‘!pl’(:h_ﬂf_‘.d 'n Lorms BF

The prec
set of values

n of a
from the mean

Helntive method ¢
deviation [rom the mea

Percentage deviation
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Addition of numbors
Al ] « (JIRYSA
The answer or 1.9 « QUM v 1.5 10 ¥ 7 i L] i
F'hie actual acdditiomn Iimportance ol t;iqnlﬂcmﬂ ligures
1.4 J airnel 1 ly B W bl e 200 It B s given & i ] While prosenling sl il dma, we have a sed il b andd wsuaiy
.06 1 Mhe peasan is thatl the second decimal in the sum value \‘;l p-il',- nean or median as the best '.-.|11|; lopw The ancearia -lH
1.2 ie ol o fgant, because o o wncertainty in the Larsl tne i '1 value must also e T AL Il“idiw ll:'i P escnling the dlata [
2 .6y decimal place the given wvaloe ol ) 4 and 1.2 usage of significant bgures s very plul Tor thas purge
lence, the sum should be reporti o ns 2.7 (in several cases, ane has Lo round ofl numbers to gve mean nplul
resulis. For this, the asual praclce 1% 16 a number which contaimns ol
Sublraction ol numbers ene uneertamn Dhpure an i, s .u\..plrul F hus, sypmlcant apraarecs 1
I'he answer [or the sublraction, 134 1 2 s 141 Flowever, T imporiant
actual sulraction s :
e o Methods Of expressing precision
and the answer should be 13)LH Butl it s jriven as 141 ( Procision s expre wniet] I Lwo ways
[ he reason is thal the st e cimal 1n the answer (1) absolut methiod
IA3 jrioil syrnihicant because o an unci riainty in the Dirs : = o
{ | itn
2.2 decimal ol 2.2 IHence, Lhe answer should be reparid d A RS,
1 141 we shall discuss them
1 HLR ns
Absolute method The procision 15 EXprosss d n Lerms o averag
Multiplication and division of numbers mean deviation in this method
i W
When multiplication il division are Carr d oul, 118 assumcd | (he smaller the value ol averape moan deviatian, the &1
: af thie 1t sult 15 equal 10 Lhe b the precsion
thal combiarns ”
antity th Helntive method The Precision 1s Cxpress: d in lecns A% T w
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number of significant bgor
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Analyticnl Chemistry

M(.‘.ill"l - - P v
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> 1N
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In order 1o

> understand these .
y s . s : SC Iwo m : S0mMe
terms used in Statistics. cthods, let us know

Mean or Average

—
Definition : /1 is the quotient obtained when the sum of a set of replicate
measurements, by the number of individual results in the sel.

Explanation with an example
Calculate the mean for the following set of values : 20.20; 20.08

and 20.02. -
20.20 + 20.08 + 20.02
Mcan =~ 3
- 920 . 2010

PROBLEMS FOR EXERCISE

Find the mcan value for the following :

- .30
1) 20.24 ; 20.64 ; 20.13% and 20.19 Ans i!:: .

1) 30.26 ; 30.24 ; 30.30 ; %).18 and .22 Ans @ M.
Median :
Definition : It 15 the vatue about which all other values are cequally
RS r half will be smaller

Half the values will be greater and the othe

than the median.

Steps adopted 1o obtain median

decreasing order.

. in i sasi w
| 2nwe the set of values in increasing ¢ :
s dle value gives

- & b ol weanlnes 'hﬂ" Ihc mid

—

Analytical Chemistry 17

iii) If there arc even number of values, then the average of the
middle pair gives the median,

Explanation with examples
(i) Calculate the median for 10.20 ; 10,02 and 10.08

Arranging the values in the increasing order we gel,
10,02 ; 10,08 and 10.20

This sc¢t contains odd (3) number of values,
median of this set is the middle value, 10.08.

Hence, the

(i) Calculate the median for 3026 ; 3020 ; 3024 ; 30.18 ;
30.22 and 30.28.

Arranging the values in the increasing order we obtain,

30.18 ; 30.20 ; 30.22 ; 3024 ; 30.26 and 30.28

This set contains even (6) number of valucs. Hence, the
median of this set is the average of the middle pair of values.

30.22 + 30.24 60.46

> = i 30.23

PROBLEMS FOR EXERCISE

Calculate the median for the following :

(i) 20.20; 20.08 and 20.02
(i) 20.21; 2004 ; 2013 and 20.19

Ans : 2008
Ans : 20.16

Mean Deviation or Average Deviation -

Definition : The average deviation of a value in a set of vnlruu is the
average of the deviations of all the individual values from their average.

Steps adopted to obtain average deviation
(i) The average of the given scl of values is calculated.
(ii) The deviation of cach value from the average is calcufllt:d.
(iii) The average of all these deviation (ignoring signs) gives the

average deviation.
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Analytical Chemistry
Mecan :
can of a set of values — Particular valuc
3 The mean i Ll
.

In order 1
O understand th
: A AL ; cse lwo SOme
terms used in Statistics., methods, let us know

Mean or Average

_—
defi . ' : ; :
Definition : /1 5 the quotient obtained when the sum of a set of replicate
measurements, by the number of individual results in the set.

Explanation with an example

Calculate the mean for the following set of values : 20.20 ; 20.08
and 20.02. i

PROBLEMS FOR EXEHCISEJ

Find the mean value for the following :

i) 2024 ; 20.64 ; 20.13 and 20.19 Ans g{:..u:
i) 3026 ; 3024 ; 3030 ; 30.18 and 3022 Ans : 30.24
Median z
Definition : It is the value about which all other values are cqually
distrnibuted.
cr hall will be smaller

Half the values will be greater and the oth
than the median,
Steps adopted to obtain median
i)  Arrange the set of values in increasing or d '
ii) If there are odd number of values, then the midd

the medhan,

coreasing order.
le value gives

T m—— R TE——

e e —

Analytical Chemistry 17

i) If there are even number of values, then the average ol the
middle pair gives the median,

Explanation with examples

(i) Caleulate the median for 10.20 ; 10.02 and 10.08

Arranging the values in the increasing order we gel,
10,02 ; 10,08 and 10.20

This sct contains odd (3) number of valucs,
median of this sct is the middle value, 10.08.

Hence, the

(ii) Calculate the median for 3026 ; 3020 ; 3024 ; 30.18 ;

30.22 and 30.28.

Arranging the values in the increasing order we obtain,
30.18 ;: 30.20 ; 30.22; 3024 ; 3026 and 30.28

This sct contains even (6) number of valucs. Hence, the
median of this set is the average of the middle pair of values.

30.22 + 30.24 _ 60.46
2 2

= 30.23

PROBLEMS FOR EXERCISE

Calculate the median for the following :

(i) 20.20 ; 20.08 and 20.02
(i) 20.21 ; 2004 ; 2013 and 20.19

Ans : 20.08
Ans : 20.16

Mean Deviation or Average Deviation

Definition : The average deviation of a value in a set of values is the
average of the deviationsy of all the individual values from their average.

Steps adopted to obtain average deviation
(i) The average of the given sel of values is calculated.

(ii) The deviation of cach value from the average is calculated.
(iii) The average of all these deviation (ignoring signs) gives the
average deviation,
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SEPARATION AND
PURIFICATION TECHqu_U§§

General principles involved in the separation of
precipitates

Precipitation is the onc of the several separation techmques usced
in analytical chemistry. The basic principle of scparation by
precipitation is that the concentration of a substance should exceed
its solubility in & particular solvent. Solubility (s) of a substance 15
the amount of the substance required Lo give a saturated solution ol
the substance in a particular solvent atl a particular temperature.
Thus, precipitation of a substance depends on its solubility (s) which
in turn depends upon the nature of the solvent, temperature clc.

Another important principle in effective precipitation is the
solubility product (K_ ). Solubility product of a sparingly soluble salt

is the product of the concentration of ions raised o switable powers in
a saturated solution.

Let as mnsidr_.-r a sparingly soluble salt A, B, . In s saturatcd
solution, the following cquilibrium will exist.

AB, T= xA" 4+ yB*
The solubility product (K.p) of this salt is given by
Kep = IV (B
For example,

(1) Ba SO, —> Ba**

-

+ SO
Kep = (Ba"| (50} )

SSRGS

. iy
M.ll"lﬂl (.Ilgrl'l'l" _____—-——_":-_+ (-‘:r ‘-’id
— ZAR
PR As‘? r {)‘ -'1."—-:' z
(n) IAsdr '? [cr Oy I
Kep = .
s C‘I* 4+ ¥

@) CaFs = P Laia | - J

- JEn [(F ] soluble salt Ax B, mole/ly |

bility of the sparinglg.r

iny
i n the solub
lationship betwee .
;“" )r:ﬂ be written a5 follows e
£ A B ‘__::n-__ x are 4y B
Yy

solubiii'y prod
Let the solu (s) and the ucy

o ys
23 y+* B"’P’
x,, = ATl
= (ﬂ)'(ys}y
. = X’sz’+y

For example — 3
G A = AR T

Here, x = Y = 1.

g) Cat, = cf" #2%¥
Here, x= 1; y= 2
o Ky = 1122 (s)! *2 =45
In the same way we can wrile forothcrspnﬁﬂﬂfwlublcﬂhs.

By employing suitable methods, when we make the ionic producy
to exceed solubility product, then the substance is precipitated. Using
this principles, substances are separated by precipitation.

Explanation with examples z

0N agualilaly
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Cd, Bi, As  Sb and Sn (The oy solubilny product of sulphides of Cu,

Calions. arc precipstated as sulp x‘l:a(:h: :r_f:p “::- ::l:m‘ 5ok
a \-.

The soluby
comprarativel t:l“y prodect of sulphides of Ny, Co, and Zn arc
that of gre 4 “'shcr (For exampie, of Ni S is 1.4 x 107 %) than
2 ‘S::‘l‘l‘ _ mectal wns like Cu, Cd. Bi, As etc. The sulphide won
ration i the presence of dil. HCl is insufficient for their
precapitation. So, they are not precipitated in group 11 The sulphdes
ol group IV arc precipmtated only in the prescence of NH, OH.

b In the presence of NH, OH, the hydroxyl ions combine with
H™ wons of H, S 1o gave unionised water. Hence, morc of H, S ioniscs
and thus the concentration of $°7 jons in solution MCrEAsEs. It becomes
o high that the solubilny produc of N 5 clc. arc excecde
they are preapitated out

111, Precipitation of hydroxides of group " in
analysis

Ammgnium hydroxide 1s a weak basc and romiscs
a very small extent as follows -

NH,OH T NH, + OH

But, NH, C] salt s ioniscd completely.

NH, Cl = NHy + C

In the prescnce ol'_higl'lly umnnd N!—l‘ 1 duc

the mumber of NHg ions, the ;onisation of

qualitative

in solution 1O

product of the hydroxides of Al
w_mﬁx"dﬁ:(ol{),ul -

ot

Analvtical Chemistry

The hydroxdes of Za, Ni, Ceo, M;u:nﬂwaapdd[rﬂm
sall solutions It i because these hydroxdes have comparatively bigher

K,, valucs (K., of Zn (OH); s 18 x w ')

IV. Quantitative Analysis
In quantitative analysn an cxcess of the ptmm rcagenl
always cmployed to cnsure complete precpration.

For cxample, in the precipitation of barium chromatc, small
quantity of Ba Cr O, may be left oul in solution if cgual quanulcs ol

rcactants arc uscd.
BaClL + K,CrO, T= 2KCl+ BaCrO,
If a litle excess of K, _
(Ba?™ | [Cr O} | far exceeds the solubility product of Ba Cr O, and @
s precipitated completely. -
Solvent Extraction
IruaupliWmWﬂWnﬂdww
present in @ rmxaure by extracting it with a solvent

Principlc:msuhinmn:tnh:mrncwdshnuldbcsnlﬂﬂchl
icular solvent while all the other constitucnts in the moauere :
be imsoluble. After the exiraction, the solvent should be casily

scparable.
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Lhas comsasts of 3 U - 1ol provide d 1 F 1L
vith a slop cock through whae h ot [
comnecied Yo a Tunncl 'I'I..il‘l d reservons ’ i
A small amount of wat ris hirsd |n| woud i [ ] l (’ ‘
the | lubw and a rcasonahbl quantity of )
the collond 1w taken in the reservinr The
Lo« ock s then shehtly O d and 1th T j
rescrvorr s gradually  rascd y Bas o 1
mtroduce the collind imto the | tub
pgently. The water o dusplaced uprward l ./
producing a sharp boundary in cach arm " / -"/

A voltage of SO 1o 200 volts s then .||1p||- 1 s
by mcans of platinum clecirodes which ad 10

arc immersed in water laver only
The movement of the particles can /

e readily ' followed by olscrviang  Hhe

Fi !
position ol the boundary by means ol a
nakced cvwe or a lens or a4 cathctomelor When Lh [rariie I ar
' - ' (11
nceatively charged, as in the case ol As, 5y collmd. the boundary o

. a i . i VT !"l that on | hi
e nepalinve « ILt‘IIHIt wde cen Lo M thi I

wde 1o move up showing that { he Illil‘ll'r ., MOV

Ih"‘xlll‘-l clectrode

h:“_udu 'Ilu Th!-.lllk.,' 1|'t'l Lrode

APPLICATIONS

(1) By noung the direction of motion ol Lhe
C[L-‘"“ ficld, it is possible to determinc the sign of the charge

carricd by the particles

(u) It 1s also possible by this technique to determine
which collmdal ll.i.illilt.h"m migratc i an electrig lic

pariu les In Lhe

the rate al

Id.

charge on bacteria and viruscs can be determined

(i11) The sign ol
() Rubber can be clectrodeposited on metal objects as in
clectroplating.

(v) Biomolccules ke prote |
he scparated using clectrophoresis from their solutions

ins, carbohydrates, nucleic ac wds can

PURIFICATION OF ORGANIC SOLIDS

Soxhlet Extraction: It is the exiraction of a solid with an organi
sodveni, in which the impurities are insoluble using the Soxhlet extractor

(e )

o o

Frinciple Il

P
e u rarl '
hal th '
il I |
i | | I ! <
] } | I r i
! jrarf a I
Pricedurs hici
| ) i | -‘-F ] ,’J!
f jer ( w vle tu |
sricl | ; MM /A 4 f
| r o [ i 1 f al ri
op | ( I Tl from
whc ) ih laed liy t
xiracicd powdcred. It )
placed in a thimble made up
of a2 thick iher apcr I'hs
thimbi ' placed o th
ir'l.'fnl | § "-1 !' wali-r
condcnscr I'h cxlracling

solvent 15 taken in the boiling
flask. The solvent s bosl d STt F gt araey
s Yap«iur ri \ Ij‘n‘l.uj!]l I Fig 42

and cnicrs the waler condenser The R ———
condcnscd solvent falls on the sample in the thimble The substane
to be extracted dissolves while the L e o e do ncot The soletwe &
ilicred by the thimble and collects in the cylinder C When € becomes
(full, the solution reaches the Oask through S The solvont bocomes
vapour again and rises up through T The extracied solid romas o
the Mask

1 hll'-. the solvent cxtracts the solw contnuoushy [rom the samp
and brings it 1o the Nask. Finally, the solution from the Mask o destobled
The solvent distills off, leaving behind the organic substane

Advantages
[0 wilh 1he
(1) This method puu.ult 4 Uhowough conlact and hca
LY 'I\'l ni
u'“l’li 4 mﬂﬂ

(1) A small quantity of the solvent is enough

cvoled
amount of sobd as the solvenl s e
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on Analytical ( hemintry

(1) Thes m a continuous process. Hence, the cfficiency of
cedractron s more i thes method

Applications
(1) This method s used 10 caract mils and fats from MNowers and
sceds
(n) This method s used 1o extract alkalowds from plants.

Crystallisation
This s a techmque employed (o punfly orgamic sohids.

Principle : The mmpurc solid is dissolved in the minimum volume of
suitable solvent. The soluble substances go into solution while the
insoluble subsiances arc left behind. The hot solution 1s then fikered
and allowed to cool without disturbance ull the crystallisation 1s
complcte. The crystals arc scparated [rom the mother hquor by
filtratson and then dried 1o obtain pure compound.

1-1‘ L . - f - Y o T —y -*,._‘::- - —

it

Analstical € hermistry Lad

P =

Subhimatuem 1w wscd (o punily wilatile seddicls fike naphiilsalanc,
camphor wodine cte from nom voldatile vpares. Sobdimatoon ey P
carried out in 1wo ways as lollows depending upon the mature of 1he
immpuritics present and sobd (o be recomvercd

(1) Sublimatiom under ovdinary pressure
(1) Sublimation under reduced prossur

We shall discusa them in detm)

Sublimation under ordinary pressure

The sohd 10 be purificd by sublimation w takon o china dinb
placcd on a sand bath. The Tunncl s placed i the v ricsd prositicss
over the china dish. The china dish i hestcd gently. The solatile,
sublimable solid evaporates, passes through the pores of (he filec r
paper  and i deposited as pure sobd on the walls of the fannct The
filter paper prevents the sublimed sold Trom falling Back ot the chins

dish and prevenis the fTunncl from getting b st

‘ remove insoluble part

The elfficsency of the mecthod depends on

(1) Sclectson of the sunable .mhcm_
(1) Preparation of the solution
(i) Filtratxon of the soluton

( & Ihsaton.
(:}&cg::lm and drying of the crystals.

——— The impure solid 1s dissolved in enough hot solvent 50 as
4 ~ong I The hot solution is filtered 1o

saturated solution.
10 obtsin & Supe wcles and dust. The filtrate is cooled. Purc crystals

of the solid scparaic oul. The impuritics remain in solubon.

: isal hod are benzene,
The solvents employed in crystallisation mel
petroleum cther, methyl alcohol, cthyl alcohol and acetone.

- W

Py 4.4

Hiustration

the sohd with low
crystallise out in the order of

impurities arc prosemt, they &re
charcoal 10 the hot solution.
Sublimation |

the w P Sbewe L
savhidd wiathout €O s % '-

P
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apparates usod w shown in fig 4 4 In this apparal
mham-wmumwnhwmmm": :
m&cwﬁdwﬂimmmn-uﬂutuhﬂm :
the surface cooled by waler

] Purification of organic hquids S Y6
Thciolkmhqmlhmhmumdmwrifyﬂfﬂ““w
) dasullavon
{(u) distillavion under reduccd prossurc
(m) frqclionai distillation
(iv) steam distillation
We shall discuss them i deuald

Distillati
Principle: On hcating a hqud undc
a lcmpcraturc al which s total vapour e hersr s G
ic pressurce. The temperaturc oy o
::ﬂm:iﬁprhffu:)mds distill over. Thas constant qemperature 1% own
the boiling point. f
Procedure. The distllation apparatus 18

. . 1 ils al
yc pressurce i b
1 l'.;::‘::';r P mes equal 10 the

hh(“‘f“ in ﬁg 1.5.

1. mml&l‘ﬂ'
2. Pure liqud
3. lnlet for Wekes
S 4. Outlet for waler
1 5. Thermomeler.

S

Pl maiA
e

¥ - i . . £ gt l."‘iﬁr-

1?-_1:'-?“{1 .
LA el
=4

o
W, -
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~dips into the hquid to be purificd.
pours of the liquid bubble up through

[

Fig 47

uced | Procedure : The apparatus consists of a round botromed flask which
| s fited with an one holed cork. A fractionating consting o
o @ long glass tube blown into bulbs is inscrted the hole
k. M\m is inscrted so that its bulb is ncar the opening of the sk
| tube of the fractionating column. A water condenser s attached 10 the
other end of the condenser. The miture o s o b <parad
[ractional distillation is taken in the flask A fow porechun bis s
dded to avoid bumping of the liquid mixtere. The muture i heaied

-
-

urs of liquid A with lowcr boiling point slong with 3

[ the liquid B with higher boiling posel 1isc
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Azeotropic Distillation
An azcolr 'S 1
ope s A mixtare of two or mor

wing  constant il |
boiling point  and  constant
| with that

behaves as

i
composition of the Liquid phase is ident
entica

shase for an aze
azcolrope. Hence, an azcoOLrope

it distily over as sud

of the vapout

o sinple
h, with

I
liquid. When an az
sotrone ix dist!
out a change ens t:n::t:h.-“f tllhll}lud.
cannot be separated 1;:;“";\“,!.1 he components ol an azeotrope
. ordinar Listillation YOCONS. Few
preOtropes arc . . y Uis won |
I ¢ reported in the table T
TABLE 4.1
Azeotropic Mixtures
—
| Compomans Percen Bolling Point °C___
s.No ‘ Lage | L
e A composi ixture
- tion of » .
i 4]
i H, O C, Hg OH | 930 wo | 783 78.15
2 CH, COCHy| CS, 67.0 55.25 40,25 39.25
4. H, O Mol 20.3 100 85 110
5. H, QO HINO, o8 100 HO I:’.ll_.:’
0. 1, O IO, 71.6 100 110 200,
Close cuamiuulinn of the above table reveals
ol an ,:ucnlmpc may be lower than those ol ua'unmpu
o 3in the table) or may be higher (han those of its €O
4 1o 6 in the table ). The first calegory is called g’
polling point while the second catcgory '®
aximum polling point. )
Amnlrupir distillation (T distillauion llﬂ‘l
(ormation of azeotropes in Elﬁﬂd Lo nepnrullf “t'lu
i azcotropi€ mixture. It & & ocess © brea i
omponents I an azootré
; lute alcohol

Analytical Chemistry

K5

—

Absolute

distillation, To th
amount of benze
(ractionating app
forming a ternary
minimum boiling
alcohol and 74

second azeotrope,
32.4% ol benzene distils off. At

distils over.
An azeotrope may be broken into ity components b
method, pn:ﬁ.:runlinl adsorption, (ractional extraction Of fractional
freczang,
L

Steam Distillation

Principle

The separal
which are immiscl
lliﬁli"ﬂlit!l‘l. The no

flask.

we know that @
heric pressy
d s heated.
re of water (P,) an

(mospheric pressure (P). ie. P = P, +

the atmosp
an organic li¢
pressu

vil pnur
i

equal 10 the

Preparation of Ab
alcohol is
¢ cthyl a

1% of benzenc.

jon and

solute Alcohol Trom Rectified Spirit
obtained in some ies by azeolropic
lcohol ::umuminuu.:d with watcer, @ calculate
ne is added and the mixture i distilled through a
aratus. Benzene FOMOVES from alcohol by
azeoLropic mixture of water, # d benzene ©
point, 65°C and contmining 7. 4% of waler, 18.5% of
Once this azeotrope is distilled off, a
alcohol boiling at 68.3°C, containing
cthyl alcohol

bhenzene and
he end of (his, absolute

y a che mical

c compounds
help of steam
he distillation E%5. -

olatile organi
cd with the

puriﬁrulitm ol v
pehind int

nccumplinh

ble with water 18
s are lelt

n volatile impuritic

when its vapour

re. In steam distillation, a m
The mixture boils wh
d that of the organic

ixture of wate
en the combin oy
liguid (7, is 34
: - g

re would be lower Wige ¥
in stcam '
F 3| "1 i

&5 L

liquid boils

emperalure of the mixtu
re of the pure organic _liquid. Thus,

! ALY - o RN ER
b St 1:"?‘1\-'_."!'"".-','-.',' 1__-.1.5 .,

e ‘.._.-.. " A
1 T !
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Saome examples @€ ” .:;fl :'::::Hm in an orp'ﬂi:‘ ::“f"" the ad
)y OF CO3 sclation
b o & iwmwn .nr:?l:;fd:ﬂu NIO":;,:’ :g: ﬁ’!arpad- The acid |
2. Protective tube l;::l“f the sodium '::“I,::ddiﬂl dilute HCT e
3. Impure liqud recovered from the “"o' like P - ﬂlp"‘h"" p’:‘,ﬂ :
4 Inlet for water (ii) Sparingly soluble phenols by the addition sodium
' oF alc solvest 18 PY e
s Outlet for water ,‘:’,,Simre solution. fed by adding dilute acids.
&~ 6 Pure hiqud like amines are purili are added to
(iii) Organic bases 1 water soluble salts. If bascs
;:;:9 y;:::;glr-oldian. pure Amines l:;. ::‘:1 [l react with a
wr
i form a solid

: dd a r
(9) 16 8. E80 po:'dbl:o:ﬂ :ith the impuritics) 1O

Fig 458

(iv) Stcam  distillation in  employed n
manulacture of many aromalic m.-..p"unds,

)

The mixture is taken in the flask and s pgently heated (0 maintain
the required temperature so that unncccssary sicam condcasing in "'F substance (# ative is ,ep.uted a
flask is avoided. Stcam is.passcd ihrough i, The sies™ carrics with & derivative. The deriVatre  nce.
the steam volatile constituent in the mixture and cnicrs ":" cnndcnlcr as 1o obtan the pure * o treated with Na HSO, and
where it condenses. The condensed watcr and the stcam diptillcd liquid For example, impure s 4T “111:.- derivative is separalec )
collocting the recever as Two immisciblc laycrs acctone alonce forms & solid der'lv:t:;cd with NaOH or Na, COy n
The distillate is then treated (o recover the organic substance by filtration. When the derivative ud;;lincd.
suitable method. In case the organic subsance is a sobd, the solid may warm condition, pure scelons s by this method.
be separated by filtration. 17 it is a ligusd, st can be removed o S nemeent Methanol, ethanol can be P""md Y
of a separating funncl The aqueous layer in both cascs may be
extracted with a suitable solvent. : Tests of purity bstance from impuritics, it becom
Aniline, mitrobenzenc, wodobensene €1 arc P""fwd by sicam Alter the recovery of ',h" . thods uscd to test the purity
distillation necessary (o test for its purity. Some me
PR of the compounds are discussed. BRSSP T2
P tions is di in
(i) Steam volatile turpentine is separated from crude pine resin (i) Chromatography : The ":“p':;:l‘:o:m layer chromatogr
by this techmique. ' ::c:::nbjmu;’f :aniﬁ;"::p::ri:‘:;t?;od inn the technique, then the samplec
\ o :;:pjl::im[::n:':n::m‘::::d ks i " pl:r:'ﬁ-mwrll spots are obtained, then the sample requires further
: (iii) The volatile components of scversl cescatisl alls can be i ¢ solid substances can be tested
f recovered by stcam distillation. (i) Melting point : The purity of ‘“ ey ey ' B i ant ;
I the ;mnﬁcnlilm and “ “ ﬂ " . | 1.1:1'3}:__:.:1* -; o ey s
- then it will m‘r ‘?#.;__ﬂi_ ) melt )

Chemical methods of purification . W, . forn
This is based on the addition of a suitablc romgent lﬂih-_‘:' : :
it will react with the ¢ and the pure

substances. The reage
umﬁuumodfmlhmnuﬂ ¢
compounds with contammants arc usually "“.’ is mcthod

ol
STy L

= .:l:ﬁ'f‘-‘jh_--'

e
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