
a***************************************************

SHA PT E a 3

SORPTION ELUTION

-a****************************************************

. *********************************************************



85

3.1 INTRODUCTION

A chromatographic process is characterized as moving 
a discrete zone of a substance in the stream of the mobile 
phase through a column of adsorbent* It is related to the 

multiple repetition of adsorption-desorption cycles. In the 

chromatographic process, the components to be separated are 

distributed between two phases, one of these phases 
constituting a stationary bed of large surface area, the 

other being a fluid that percolates through or along the 

stationary bed* This definition extends the term chromatographic 

process to physiochemical measurements in which only a single 
substance is adsorbed-desorbed on column (238). The separation 

of the components depends s upon the differential migration 
resulting from a resistive action, namely selective sorption 
of the components of the mixture. Chromatography (1-15,239-265$ 

is the most variable and in many respects the most adaptable 
technics in all branches of science, because it may be used 

for the examination of a variety of chemical substances*

The two major subdivisions of chromatography, based 
on the mobile phase used, are gas chromatography and liquid 

chromatography, of which the former has extraordinary success. 
However, only about 15& of organic compounds are amenable to 

gas chromatographic analysis. Insufficient volatillity 
and thermal instability of many organic compounds are mainly 

responsible for this unfortunate limitation imposed on gas 

chromatography.
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Liquid chromatography was in limited use even from 

ancient times though the principles underlying this remained 
unrecognised, for example, the utility of some earths for 
the purification of sea water was known even to Aristotle.
The tremendous advances in researches in biochemistry, 
diagnostic medicine and pharmaceutical materials are mainly 
responsible for triggering the explosive growth of liquid 
chromatography, as many of the substances failing under 
these heads are nonvolatile.

In liquid chromatography, the stationary phase may be 
solid or liquid# Liquid chromatography using solid as the 
stationary phase is potentially more useful branch, since it 
possesses certain advantages such as greater speed and 
separation efficiency, ease of automation and uncontrolled 
operation, easier quantitation and possibility of achieving 
preparative separations. Liquid-solid chromatography can be 
classified, based on the way, in which the solid stationary 
phase is used, as column chromatography, thin layer 
chromatography and paper chromatography.

Liquid-solid chromatography in columns was the first 
form of chromatography. It was introduced by the Russian 
botanist Tswett (1905) during the investigation of plant 
pigments. However, the technique remained practically 
ignored for a number of years and it is only when Kuhn, 
Winterstein and Leaderer (1931) reported the separation of 
Carotenes and Xanthophylls on the columns of alumina and 
calcium carbonate, that it has attracted attention of 
investigators who have shown that the chromatographic analysis
can render greater service in many areas of enquiry.
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Soon after this " rediscovery of chromatography ",

Adams and Holmes found that ion exchange could be performed 

on finely ground gramophone records. This led to the 

development of synthetic ion exchange resins* An enormous 

development of different applications of ion exchange emerged, 

the most important among these being, ion exchange chromato­

graphy. Systematic study of the phenomena of ion exchange 

revealed the great potential of ion exchangers in quantitative 

analysis and the real breakthrough of ion exchange was the 

release of information about the separation of rare earths 

demonstrating the possiblities of ion exchange chromatography 

in the separation of species with almost identical properties.

Ion exclusion, reported by Wheaton and Bauman (114,115), 

is one of the several new developments involving ion exchange 

resins. It is a molecular process whereby a nonionic solute 

is removed from the solution into the resin phase by sorption 

and the ionic solutes are excluded by the Donnan effect, the 

nonionic solutes are then can be physically displaced from 

the resin by washing with the proper developing agent. This 

process appears to have its utility in the deionization of 

aqueous solution of nonpolar or slightly polar solutes such 

as alcohols, glycols, weak organic acids, ketones and amino 

acids.

The technique of ion exclusion has been extended to 

the separation of two or more nonionic compounds. Most ion 

exchange resins show pronounced differences in their affinities 

for various nonelectrolytes and can then be used as stationary
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phase fox the separation of many organic compounds (114,115, 

266-312). The scope of this separation method can be 
broadened by altering conditions in one of the phases. The 
replacement of water with concentrated electrolyte solution 
as developer has the effect of salting different solutes 
into the internal phase to various degrees and thus offering 
separations that ; are not.possible in water. This technique 
is known as 1 salting out chromatography *, Similarly, the 

relative distribution of some pairs of compounds can be 
altered by using a mixture of water and organic solvent as 
the developer, and the technique is called * solubilization 
chromatography *•

Thus the term * ion exchange chromatography *, in a 
broader sense, covers all chromatographic separations, ionic 
as well as nonionic substances carried on with ion exchange 
resins.

3*1*1^ Techniques

There are essentially three methods of performing 
column liquid chromatography. These are i

(1) Frontal analysis : In this technique the solution of

the mixture of substances is introduced continuously into 
the column. Only a part of the least sorbed componert is 
obtained in the pure form. The method is not attractive for 
preparative requirements as well as for analytical purposes.

(2) Displacement analysis s In this technique the components 
of the mixture, initially sorbed in the column, are successi­
vely displaced (depending on the affinity for the stationary



phase) by continuously passing the solution of substance 
which is more strongly sorbed than the components present 
in the mixture. In this case also the separation of the 
components is not complete.

(3) Elution analysis i In this technique the sample, 
initially sorbed on the top. of the column, is washed down 
with an appropriate developer (eluent or solvent). The 
components often leave the column in pure form. One of its 
disadvantages is much smaller capacity of the column and 
much higher consumption of the solvent. Simple elution - 
using a single solvent, stepwise elution - using several 
solvents successively with increasing elution capacity and 
gradient elution - varying the nature of the solvent gradually 
and continuously, but not in steps, so that a mixture of 
uniformly changing composition is introduced into the column9 
are the three methods of carrying out the elution analysis.

3,1.2 Theory of Chromatography (1-15, 114,115,220,221,225,
228,239-392)

The ultimate g.oal of theories of chromatography is to 
provide means for predicting from known, or independently 
measurable fundamental properties, performance of columns 
under given conditions and optimum conditions for given 
separations. However, the general theories of column 
performance are too complex to be solved by mathematical 
analysis unless very drastic simplifications are introduced 
and numerous simplifying assumptions are made. Inspite of
these limitations, fundamental data can be used to derive 
simple useful relationships which serve as helpful guides in
obtaining optimum operating conditions.
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In general, three quantities of the chromatogram 

are of interest, the time necessary to elute a given component 
from the column, the width of the peak and the completeness 
of the separation (resolution) .-

» The elution curve in chromatography represents the 
distribution of concentration with time and is therefore a 
probability density curve. Although these curves are generally 
asymmetric^ for ease of interpretation they are usually 
considered symmetric and described mathematically by a 
Gaussian curve. Under these conditions it is possible to 
relate the rate of movement of the zone expressed in terms 
of the volume of eluent, from the start to the emergence 
from the column of the.midpoint of the peak, to the distribution 
coefficient (Section 3.4.1).

Two parameters can be used to describe peak widths,

the plate height, H. (S’ is the half of the widtfr measured at 
the ordinate of Cm^/e, where Cm is the peak height of the 
elution curve. In the literature euqations are given
correlating <5^ with the distribution coefficient and the 

column parameters (313-339).

The theoretical plate concept was introduced by 
Martin and Synge, who recognized the similarity in the 
chromatographic process to that taking place in distillation 
columns. The concept was applied to ion exchange columns 
by Mayer and Tompkins and later modified by Glueckauf, who 
based his analysis on a continous flow model. The theory 
brings out effects arising from the operating parameters,

number of theoretical plates, N or
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such as flow rate, feed concentration, particle size etc.,'

It also includes the distribution coefficient of a component 

being separated and all possible diffusion effects. Despite 

the value of this approach in characterizing the efficiency 

of distillation columns and extractors, its physical 

significance in chromatography is questionable. Nevertheless 

the measured quantities N and H are useful for characterizing 

band spreading and the efficiency of a chromatographic system. 

Other factors being equal, for a given size of the column, 

its efficiency will be greater, the larger the number of 

theoretical plates or smaller the plate height. Also, in 

using it to compare the performance of different columns, 

one finds that their ability to separate substances does not 

increase in parallel with a decrease in plate height. This is 

obviously a practical disadvantage*

Thus it can be seen that the size, shape and position 

of the peaks on the chromatogram can be calculated with some 

success from fundamental data and the various compromises 

necessary in striving for optimal column performance.

Another important parameter used as a quantitative 

measure of the ability of a column to separate two given 

components is resolution. In mathematical terms it is a 

measure of the degree of separation of zones, represented as

A Vm
R ® _

n n(<% + d2)

where AVm is the gap between the centres of the peaks of 
the two neighbouring zones, <3^ and the standard deviations
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of the two zones, n is an intiger greater than zero. The 
magnitude of n indicates the degree to which the gap between 
the two zones is filled and the crosscontamination by zone 
spreading. The value of n depends on the type of, problem 
and chromatography and the degree of separation required.
In liquid chromatography the generally accepted criterion 
of minimum resolution is to select the value of n as 3.
This means that after having devided the effluent into 
fraction at a point Ve = Vm^ <*• at least 99.86 % of each 
of the components.is in its appropriate fraction and the 
impurity amounts to at the most 0.14 % of the peak of the 
contagious component.

Thus resolution can act as one bridge between theory 
and'practice. However, it does not describe the physical 
and chemical factors which are the causes of the separation. 
It must also be emphasized that the resolution is not a 
complete measure of practical success. It provides no 
inkling of the time which may be consumed in achieving the 
separation.nor does it gurantee that the zones are readily 
detectable. Nevertheless, it is a practical measure of some 
worth, if its limitations are kept in mind.
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'■3.2 ^EXPERIMENTAL

For preparing a resin column, a definite quantity of 
air dried resin in hydrogen form was weighed, soaked into 
distilled water contained in a beaker and then transferred 
carefully into a pyrex glass column. The length (L), bed 
volume (Vb), void volume (Vi), and disc volume (Vd) were 
measured* The column capacity (C) was calculated’ from the 
amount of air dried resin taken in the column and its air 
dried capacity (c) per gram of the resin. All these column 
data are given in section 3*3 where needed.

The solutions of organic acids and the solvents were 
prepared as described in Section 2.2.

The resin column was conditioned prior to performing 
the elution run by washing it with several bed volumes of the 
solvent to be used as eluent, back washed by passing the 
solvent upwards with sufficient speed to loosen the resin 
and to remove air bubbles. The resin was then allowed to 
settle under gravity to achieve a size classification within 
the column.

For carrying out the elution run, the liquid level was 
first brought to the resin bed level, then a known feed volume 
(Vf) containing W millimoles depending on the solubility of 
the solute were added carefully from the top* of the resin 
bed so that the surface layer of the resin was disturbed 
minimum. The solution was allowed to sink into the resin by
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opening the pinch cock at the lower end of the column.

The effluent was collected in a measuring flask (Vs ml) and 

it was marked as sample number 1. When the liquid level was 

again at the resin bed level, 5ml of the eluent were added to 

rinse the inside of the column above the resin bed and it was 

allowed to sink into the -resin. Then the column was connected 

to an overhead reservoir'of the eluent and the continuous 

elution was carried out at the.rate of 2 ml per minute. The 

effluent was collected in measuring flasks (Vs ml) and numbered 

as 2, 3, 4 and so on.

The solute content in each sample was estimated by 

simple titration)or by ultraviolet absorption. W and Ws denotes 

the solute content in millimoles in the feed solution (Vf) 

initially sorbed on the resin bed and in the effluent sample (Vs) 

respectively.

After the run was completed the column was washed with 

distilled water and conditioned with the solvent to be used 

for the next run.

The same procedure was followed for the column elution 

of the mixtures of organic acids.

f 3.3 ' RESULTS
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Table 3.3-1 : Values of constants (equations :

19 & 23) for dicarboxylic acids 

studied.

Resin al °2 °3 f2

Dowex 5QW-X1 0.75 1.6 0.000 1 1

Dowex 5QW-X2 0.30 1.6 0.005 1 1

Dowex 5QW-X4 0.19 1.6 0.060 1 1

Dowex 50W-X8 0.02 1.6 0.550 - -
Dowex 50W-X12 0.00 1.6 - - -
Dowex 50W-X16 0.00 1.6 - - -

Asnberlite-200 0.12 1.6 - - -
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Table 3*3-2 : Elution runs of Glutaric acid on the
column of resins XI, X2 and X4 in 
aqueous medium.

Sample
No. 102W = 

Vf
Vs *

XI

50
5
5

X2
50

5
5

iAs

X4
50

5
5

1-21 mm *

22 - 0.3
23 0.3 mm 0.9
24 0.5 1.2 2.3
25 0.7 4.0 7.9
26 1.3 8.5 15.3
27 2.3 13.7 15.1
28 4.5 13*1 7.5
29 6.7 7.8 2.0
30 9.1 3.4 0.6
31 9.3 1*5 0,3
32 7.2 . 0.5 -
33 4.9 - -
34 2.9 - -
35 1.6 - -
36 0.9 - •a*

37 0.3 - -
38 tm - •
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Fig* 3.3*2 t Blot of; vjftr»ju& sample-
nuaber for the column elution* 
of giutarlc acid on the column 
of resin Dowex 508-X2 (100*200) 
using distilled water a® solvent 
and eluent*
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Table 3,3-3 : Elution runs of Glutaric acid on the

column of resins X8, X12, X16 and 
Amberlite-200 in aqueous medium.

Sample
No.

X8
io2w ■ 100
Vf « 10
Vs - 5

X12
50
5
5

XI6
50
5
5

102Ws

Amb-200
100
10
5

1-12 - • , mm

13 m 1.5 0.5 -
14 <■» 6.0 2.2 ' -
15 - 8*6 5.0 0.5
16 0.6 9.1 6.8 2.5
17 4.2 8.0 7.2 6.5
18 11.0 6.4 6.8 10.7
19 18.8 4.5 5.6 13*8
20 21.8 2*5 4.3 14.4
21 18.4 1*5 3.4 13.5
22 12.6 0.9 2.5 11.1
23 6.8 0.5 1.9 8.7
24 3.2 0.3 1.4, 6.0
25 1.6 0.3 0.9 4.0
26 0.8 mm 0.7 2.6
27 0.6 - 0.5 1.6
28 - - 0.3 0.9
29 - mm - 0.5
30 - - - 0.3
31 - - - -
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Table 3*3-4 s Elution runs of Oxalic, Malonic,

Succinic and Glutaric acids on the 
column of resin Amber-lite-200 in 
aqueous medium.

Sample
No.

Acid
102W
Vf
Vs

Oxalic
* 100
= 10
« 5

Malonic
100
10
5

Succinic
100
10
5

102Ws

Glutaric
100
10
5

1—12 • - - -

13 2# 4 0.5 - -

14 , 4.9 1.3 - mm ,

15 11*4 3* 6 1.0 0.5
16 16*2 8*4 3.8 2.5
17 19*5 13*1 9.6 6*5
18 18.7 16.2 13.9 10.7
19 14*6 17.5 14.8 13.8
20 10.6 15.4 15*3 14. 4
21 2.4 13.1 13.9 13.5
22 - 7.9 12.0 X X 4 X
23 - 2.6 3.6 8.7
24 - 1.0 4.8 6.0
25 - 0.5 2. 4 4*0
26 - - 1.0 2.6
27 • - - 1*6
28 '

m - MB 0.9
29 mm mm - 0.5
30 - - - 0.3
31 • • MB



Table 3.3-5 s Elution runs of Adipic, Pimelic and
Suberic acids on the column of resin 
Amberlite-200 in aqueous medium.

90

Sample
Mo.

Acid
102W -
Vf *
Vs

Adipic
100
10
5

Pimelic
100
10
5

102Ws

Suberic
35
10
5

1-15 • -

16 2.1 0.9 0*1
17 4.7 2.4 0.2
18 9.3 4*8 0.5
19 12*5 8.1 1.1
20 13.5 10.9 1.9
21 14.5 12.0 2.7
22 12.5 .12*4 3.4
23 10.4 11*5 3.8
24 3.3 10.0 3.9
25 5.7 8.5 3,8
26 3.9 6.7 3.3
27 2.1 4.1 2.9
28 1.0 3.5 2,5
29 mm 2.0 2.1
30 mm 1.1 1.5
31 - 0.9 1.2
32 - 0.5 0.7
33 mm 0.4 0.6
34 - 0.2 0.3
35 a* - 0.2
36 - - 0.1
37 mm - Oil
38 - • mm



Table 3.3-6
100

: Elution runs of Azelaic and
Sebacic acids on the column of 
resin Aroberlite-200 in aqueous 
medium

Sample
No.

Acid
1C?W *

Vf
Vs

Azelaic

35
10
io ~

10 Ws

Sebacic

6.4
10
10

1- 7 - -

8 0.05 -
9 0.11 -

10 0.51 0.05
11 1.6$ 0.13
12 3.71 0.^1
13 5.40 0.32
14 5.29 0.43
15 4.88 0.54
16 3.97 0.62
17 3.16 0.64
18 2.24 0.62
19 1.53 0.55
20 1.02 0.51
21 0.56 0.45
22 0.25 0.39
23 0.20 0.34
24 0.20 0.29
25 0.15 0.24
26 0.11 0.20
27 - , 0.14
28 - 0.09
29 MW 0.07
30
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Table 3.3**14

Illustration of effects due to variation of feed volume 
feed concentration and bed length*

Acid s Adipic i Resin i Dowex 5GW-X4 ; Vd = 6.5 ml*

ill. load »

Vf
ml

102W

mmol
f c Vb

ml
L

cm
C

meq
Vm ml ##

Exp Cal

1 10 0.100 139.40 57.80 160 157.4 157.61
2 20 0.100 139.40 57.80 160 157,8 158.11
4 40 0.100 139.40 57.80 160 159,4 159.11
6 60 0.100 139.40 57,80 160 160.7 160.11
8 80 0.100 139.40 57.80 160 161.2 161.11

10 100 0.100 139.40 57.80 160 161,9 162,11
12 120 0.100 139.40 57.80 160 163.0 163.11
15 150 0.100 139.40 57.80 160 165.0 164.61

5 10 0.020 139.40 57.80 160 159,5 159,61

5 20 0.040 139.40 57.80 160 160.& 159.61
5 30 0.060 139.40 57.80 160 158.7 159.61
5 40 0.080 139.40 57,80 160 159,1 159.61
5 50 0.100 139.40 57.80 160 153.5 159.61
5 60 0.120 139.40 57,80 160 158.9 159.61
5 75 0.150 139.40 57.80 160 159.0 159.61
5 100 0.200 139.40 57,80 160 159,8 159.61

8 100 0.125 139.40 57.80 160 160.7 161.11
12 100 0.083 139.40 57,80 160 162.3 163.11
15 100 0.067 139.40 57.80 160 164*9 164,61
17 100 0.059 139.40 57,80 160 165.9 165.61
20 100 0.050 139.40 57,80 160 166.0 167.11
22 100 0.045 139.40 57.80 160 168.1 168.11
25 100 0.040 139.40 57.80 160 170,0 169.61

10 100 0.100 34,85 14,45 40 49.0 49 • 15
10 100 0.100 69,70 28,90 80 87.0 86.80
10 100 0.100 104.55 43.35 120 125,1 124.46
10 100 0.100 174.25 72.25 200 200.2 199.76
10 100 0.100 209.10 86.70 240 237.0 237.41
10 100 0.100 243.95 101,15 280 277,4 275.06
10 100 0.100 278,80 115.60 320 308,8 312.72

**• horizontally cont*



Continued* •..
112

Vm ml Vg ml/raeq "" 0" ml (T§ mi/me q"* ##

Exp Cal Exp Cal Exp Cal Exp Cal

95.14 95.35 0.5915 0.5928 7.45 7.62 0.576 0.589
95.54 95.85 0.5909 0.5928 7,80 7,78 0.590 0.589
9-7.14 96.85 0.5946 0.5928 8.00 8.12 0.580 0.589
98*44 97.85 0.5965 0.5928 8.60 8.45 0.600 0.589
98*60 98.85 0.5913 0.5928 8.84 8.78 0.593 0.589
99.64 99*85 0.5915 0.5928 8.90 9.12, 0.572 0.589

100.74 100.85 0.5921 0.5928 9.50 9.45 0.593 0.589
102*74 102.35 0.5953 0.5928 10.00 9.95 0.593 0.589

97.24 97.35 0.5921 0.5928 8.20 8.28 0.582 0.589
97.74 97.35 0.5953 0*5928 8.20 8.28 0.582 0.589
96*44 97.35 0.5871 0.5928 8.25 8.28 0.586 0.589
96.84 97.35 0.5896 0.5928 8.30 8.28 0.590 0.589
96.20 97.35 0.5859 0.5928 8.10 8.28 0« 574 0.589
96*64 97.35 0.5884 0.5928 8*35 8.28 0.456 0.589
96.74 97.35 0.5890 0.5928 8.40 8.28 0.598 0.589
97.54 97.35 0.5940 0.5928 8.50 8.28 0.560 0.509

98.44 98.85 0.5903 0.5928 8.85 8.78 0.594 0.589
100.54 100.85 0.5901 0.5928 9.50 9.45 0.593 0.589
102.64 102.35 0.5946 0.5923 9.35 9.95 0.581 0.589
103.64 103.35 0.5946 0.5928 10* 10 10.28 0.574 0.589
103.74 104.85 0.5859 0.5928 11.00 10.78 0*582 0.589
105.84 105.85 0.5928 0.5928 11.00 11.12 0.580 0*589
107.74 107.35 0.5953 0.5928 11.70 11.62 0.596 0.589

28.56 28.71 0.5890 0.5928 5.10 5.39 0.543 0.589
52.62 52.42 0.5953 0.5928 6.35 6.39 0.524 0.589
76.78 76.14 0.5982 0.5928 8.00 8.12 0.578 0.589

124.00 123.56 0.5950 0.5928 9.90 10.00 0.582 0.589
146.86 147.27 0.5911 0.5928 10.90 10.79 0.596 0.589
173.32 170.98 0.6011 0.5928 11,40 11.52 0.582 0.589
190.78 194.70 0.5806 0.5928 12.20 12.20 0.589 0.589

** horizontally cont...
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pi ml 10 Cm mmol/ml
mm m or m

Exp Cal
N

Exp
•mm mmm

Cal
Ne

Exp Cal Exp Cal

21.10 21.55 0.50 0.52 163.08 156.58 1.054 1.013
22.10 22.00 1.05 1.03 150.03 151.78 1.003 1.013
22.30 22.97 2.00 1.97 147.44 142.26 1*051 1.013
24# 00 23.90 2.90 2.33 131.02 134.09 0.988 1.013
25.00 24.33 3.45 3.64 124.41 126.75 0.994 1.013
25.20 25.80 4.45 4.38 125.34 119.87 1.068 1.013
27.05 26.73 5.10 5.07 112.45 113.89 0.997 1.013
28.90 28.14 6.00 6.02 105.56 105.81 1*008 1.013

23.80 23.42 0.40 0.48 140.62 138.23 1.035 1.013
23.70 23.42 1.00 0.96 142.07 138.23 1.046 1.013
23.75 23*42 1.50 1.45 136.45 138.23 1.004 1.013
23.55 23.42 2.00 1.93 136.13 138.23 0.999 1.013
23# 10 23.42 2.45 2#4X 141.05 138.23 1.042 1.013
23.85 23.42 2.65 2.89 133*95 138.23 1.665 1.013
23.95 23.42 3.20 3.61 132.63 133.23 0.970 1.013
24.20 23.42 4.20 4.82 131.68 138.23 1.125 1.013

24.70 24.33 4.50 4.54 123.72 126.75 0.988 1.013
26.30 26.73 4#00 4.22 112.00 113.89 0.990 1.013
28.35 28.14 4.00 4.01 108.58 X 00 # ^31 1.047 X# 013
29.20 29.06 3.90 3.88 105.30 101.07 1.073 1.013
30.85 30.49 3.60 3.70 94.00 94.60 1.013 1.013
31.75 31.45 3.55 3.59 92.58 90.61 1.045 1.013
33.45 32.87 3.25 3.43 84.80 85.35 0.998 1.013

15.20 15.25 7.40 7.40 31.36 28.37 1.177 1.013
18.00 18.07 6.40 6.24 68.67 67.30 1.291 1.013
23.00 22.97 5.00 4.91 92.11 87.93 1.071 1.013
28.70 28.28 3.35 3.99 156. 88 152.67 1.045 1.013
30.15 30.52 3.70 3.70 181.53 186.29 0.984 1.013
33.00 32.58 3.50 3.46 231.15 220.29 1.067 1.013
34.20 34.51 3.10 3.27 244.54 254.69 0.972 1.013
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Table 3.3-15 i Column elution of mixture of (1)

Succinic and (2) Adipic acids on 
the column of resin Dowex 50W-X4 
in aqueous medium.

C « 160 meq ; Vf * 5 ml i Vs = 5 ml.

Sample
No.

Acids
102W

Succinic +
25

102Ws

Adipic
25

1-19 - - ' -
20 0* 10 ■ -

21 0*80 -
22 2*82 -
23 . 8.30 - -
24 9.30 - m

25 3.82 -
26 0.80 -
27 0.10 -
28 m

\
0.10

29 * - 1.50

30 - 3.50

31 - - 5.63

32 - 6.10

33 Ml 4.36

34 - 2.25

35 - 0.80 .

36 • 0.15
37



Table 3.3-16 : Column elution of Malonic acid and a
mixture of Glutaric and Pimelic acids on 
the column of resin Dowex 50W-X4 in 
aqueous medium

Vf » 5 ml ; Vs * 5 ml ; C = 160 meq

Sample
NO.

Acid
102W

Malonic
25

Glutaric
25

lO^Ws

+ Pimelic
25

1 -15 - - -

16 0.12 - m

17 0*26 - -

18 0.60 • -

19 1.22 - -
20 ■ 3.23 m *Bk

21 11.60 - -

22 7.70 0.25 -

23 1.38 0.37 -
24 0.12 1.37 -

25 m 3.82 -
26 - 7.22 m

27 - 7.42 -

28 - 3.40 -

29 - 1.10 «
30 - 0.25 -

31-34 - m -
35 - - 0.12
36 - - 0.37 .
37 - - 0.75
38 - 1.36
39 m m 2.25
40 - - - 3.17
41 . m 4.00,
42 - - 4.10
43 - - 3.38
44 - m 2#44
45 - - 1.50
46 m 0.85
4? - - 0.35

, 48 - - 0.12
49 * **



11G
Table 3.3-17 : Column elution of dihydroxybenzoic acids

on the column of resin Dowex 50W-X4 using 
O.OlN aqueous hydrochloric acid as solvent 
and eluent.

Vf = .25 ml } Vs = 25 ml ; C = 160 meq.

Sample Acid 2,6-diOHI 3,5-diOHI 2,4-diOHI
No. 102W 2.35 2.56

lC?Ws
6.21

1- 4 - • •

5 0.01 - -
6 0.27 - -
7 1.20 - -

8 0.80 - mm

9 0.08 - -
10 0.02 - •*

11 0.01 - ,
12 m 0.01 -
13 - 0.06 -

14 - 0.51 -
15 - 1.14 -
16 - 0.61 -

17 - 0*21 mm

18 — 0.04 -
L9-24 - - -

25 - 0.05
26 — 0.28
27 **■ — 0.83
28 “ 1.34
29 — 1.34
30 1.02
31 0.66
32 0.39
33 0.21
34 *• 0.10
35 0.05
36 m

O



Table 3.3-18 : Column elution of dihydroxybenzoic acids
on the column of resin Dowex 50W-X4 using 
10 % dioxan in 0.01 N aqueous hydrochloric 
acid as solvent and eluent.

Vf = 25 ml Vs » 25 ml ; C = 160 meq.
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Sample Acid 2,6-diOHI
No* 101 2W 3.04

3,5-diOHI
1.43

102Ws

2,4-diOHI
3.51

1- 2

3

4

5

6

7

8 

9

10

11

12

13

14

15

16

17

18 

19

0.14 -
1.72 -
0.95 -

0.08

0.05 m

0.03 0.12

0.02 0.79

- 0.49

«■»

0.04

- -

- -

-

- -

- -

-

0.01

0.04

0.48

1.44

1.16

0.36

0.04



Table 3.3*19 Column elution of Benzoic acid(l) and 
dihydroxybenzoic acids on the column of 
resin Dowex 50W-X4 using 0*01 N aqueous 
hydrochloric acid as solvent and eluent

Vf - 25 ml ; Vs * 25 ml ; C = 80 meq.
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Sample Acid I 2,6-diOHI 3,5-diOHI + 2,4-diOHI
N°* 102W 0.39 1.06 2.50 4.00

lC^Ws

1

2

3

4
5
6

7
8 
9

10

11

12

13

14
15
16
17

18 
19

0.16

0.78
0.16
0.02

0.01

0.13
0.18

0.08
0.01

0.02

0.32

1.44

0.75

0.03

0.08
0.62

1.27
1.25
0.60
0.20

0.02



Table 3,3-20 : Column elution of mixture of dimethojfylf)
benzoic acids on the column of resin 
Dowex 50W-X4 using 1C$£ dioxan in 0.01 N 
aqueous hydrochloric acid as solvent and 
eluent.
Vf = 25 ml ; Vs = 25 ml ; C = 160 meq.

Sample
No,

Acids
102W

2,6-diOMeI
1.77

+ 2,4-diOMeI
1.48

102Ws

+ 3,5-diOMeI
0.65

1 —10 t mm - •

11 0.15 - m

12 0.80 mm -

13 0.69 - * /14 0il5 - -
15 0.02 - -

16-22 - - -
23 m 0.02 Ml

24 - 0.07
25 - 0,18 m

26 - 0.29 m

27 - 0.33 - .28 - 0.27 -
29 - 0.17 mm

30 Mi 0.08 m

31 y 0.03 -
32 mm 0,01 mm

33 - - 0.002
34 - - 0.020
35 - mm 0.043
36 • - 0.066
37 - Ml 0.088
38 mm - 0.107
39 - - 0.109
40 - - 0.094
41 - - •

0.071
42 - - 0.043
43 - - 0.025
44 mm - 0.010
45 - - 0,002
46 - - -



120
3.4 DISCUSSION

For the treatment of the resin-solvent-solute system, 
one may consider a column of the resin as made up of three 
parts, viz. (a) the liquid between the resin beads, (b) the 
liquid within the resin beads and (c) the resin net work.
The nonionic solute will not be restricted by electrostatic 
forces in the external solvent, but distributes on and 
through the resin and the external solvent. The uptake of 
the solute by the resin is characterized by the distribution 
coefficient which can be expressed in various ways such as 
volume distribution coefficient, Kv, weight distribution 
coefficient, Kw. In chromatography, distribution coefficient 
is the important factor as.it determines the rate of movement 
of the solute down the column. It is related to the peak 
elution volume, the width of the elution curve and the 
resolution.

In the present sfudy the distribution coefficient is 
expressed in terms of the sorption coefficient, B (defined 
in Chapter 2), This, is related to the volume distribution 
coefficient Kv (per ml of the resin) and weight distribution
coefficient Kw (per gram of the resin) as»

/

B « Kv/c* « Kw/c

where c* denotes capacity of the/resin in equivalents per ml 
of the resin and c, the capacity in equivalents per gm of the 
resin. Therefore, it follows that it would be possible to 
correlate the sorption coefficient, B, with the following i
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(1) the peak elution volume,

(2) the width and peak height of the elution curve, '

(3) the number of theoretical plates and

(4) the resolution

by simple equations and these equations may be compared with 

the equations given in the literature (313-339), where the 

above equations are related to either volume distribution 

coefficient or weight distribution coefficient.

Generally the equations are based on the assumption 

that the elution curves are symmetric and could be described 

mathematically by a Gaussian curve* However, when certain 

components are,eluted from the chromatographic column, they 

are seen as asymmetric peaks - customarily called bands with 

a diffuse or sharp trailing or leading front* Trailing is 

associated with lowered binding at higher concentration, so 

that the center of the peak moves rapidly than the wings, 

and the sorption coefficient decreases with increase in 

concentration* Conversely, fronting involves increased 

binding and sorption coefficient at higher concentration, 

i.e. binding of some sample on to the stationary phase 

increases the affinity for,binding more sample. Fronting 

is thereforea co-operativity phenomenon and may bear some 

resemblance to the binding of hydrophobic molecule together 

in bio-membranes (237). In such cases calculations based onv 

Gaussian distribution may lead to considerable errors.
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3*4*1 Aliphatic Dicarboxylic Acids

Several series of runs were carried out with aliphatic . 
dicarboxylic acids (from oxalic to sebacic) on the column
of resins XI, X2, X4, X8, Xl2, X16 and Amberlite-200

\

(group I, VI Table 2.3-1) to study the effect of load, feed 
volume, concentration, bed volume or column length and 
degree of crosslinking of the resin using water as solvent 
and eluent*

Since the elution study involves a large number of 
runs, all the runs and graphs of all the elution curves 
are not given, instead the results are summarized in 
Section 3*3* Interpretation of the results were made for 
different column parameters in the following ways i

3*4*1*1 Peak Elution Volume

The peak elution volume, Vm, denotes the volume of 
the eluent from the start of the elution run to the mid­
point of the peak* Taking interstitial volume of the 
column as 0*4 Vb, it may be expressed as s

Vm = Vd + 0.4 Vb + Vm -----(17)
where Vd is disc volume, Vb is bed volume and Vm may be 
expressed as following :

Vm = 0*5 Vf + C ♦ VQ ——(18)
where Vf is feed volume, C is the total exchange capacity 
of resin in the column and



Here c^. oj and ct, axe constants (Table 3.3-1) determined 
by the resin-solute-solvent system. For each homologous 
series, the values of oc^t <», and otj were calculated from 
the experimental values of Vm for the members of corres­
ponding series, oc^ can be thought of as dependent on the 
shape and size of the substituents in the homologous series 
and degree of crosslinking of the resin but independent of 
the chain length of solute molecule, depends on the 
molecular destortion due to the polar functional group 
present in the solute molecule and independent of the 
crosslinkage of the resin containing ionogenic groups of 
the same type. Generally in straight chain compounds, the 
value of 0Cj increases with the increase of such polar groups. 
However, the total increase may be less than the simple 
addition of values of individual groups, cc^ can be 
considered as a measure of the phase separation in the 
resin medium. Alternatively, it may be considered as a 
measure of gel-permiation of the homologous series in the 
swollen resin. It is realized that these ideas are in 
the nature of suggestion and modification in the nature 
of thinking when more detailed data become available need 
not be ruled out.
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Above equations give the variation of Vm with feed 
volume, column capacity or column length and sorption 
coefficient B. Further it is indicated that Vm is 
independent of load. If we assume an ideal column in 
which interstitial and disc volumes are negligible and feed
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volume is sufficiently small then from the above equations 
it follows that :

(1) Vm is directly proportional to B

(2) Vm is directly proportional to C and for the given 
column C is directly proportional to length of the 
resin bed L. Hence Vm is also directly proportional 
to L. Then the above equations resume the form

Vm = B • C ------(20)

The column runs with resins XI, X2 and X4 were quite 
symmetrical (Figs. 3.3-1 to 3.3-3) and could be described 
by Gaussian curves. However, somewhat band spreading was 
observed with the resin of lower degree of crosslinking 
such as XI. Table 3.3-2 gives illustrative elution runs 
for glutaric acid with these resins. Further, with the 
resins of higher degree of crosslinking such X8, X12 and 
X16, the elution curves were rather asymmetric and there was 
trailing at the end of the run (pigs. 3.3-4 to 3.3-6).
Table 3.3-3 gives illustrative runs for glutaric acid with 
these resins alongwith the resin Amberlite-200, whose 
behaviour was also similar (Fig. 3.3-7), although it has 
an open high-internal-surface structure. The trailing also 
increases with increase in the chain length of the solute 
molecule among the homologous series (Tables 3.3-4 to 3.3-6).

The values of VQ are calculated according to 
equation (19) using the values of B from Table 2.3-9 for 
dicarboxylic acids studied with various resins* These are
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compared (Tables 3.3-7 to 3.3-13) with the experimental 

values of Vg obtained by carrying out actual column elution 

runs of these acids on column of different resins. Not all 

but some elucidative runs and elution curves are given 

where necessary. Data indicate that the experimental values 

of Vg are significantly lower than the calculated values 

as the crosslinking of the resin and the chain length of 

the solute molecule become high. For solutes of relatively 

smaller chain length, this difference is negligible. The 

difference is particularly significant for resins of cross- 

linking 12 and 16 and for solutes .of larger chain length. 

This may be explained as follows :

The resins of lower degree of crosslinking swell 

considerably in aqueous medium and hence almost all sites 

are available for sorption even for larger molecules. 

However as the crosslinking of the resin increases, the 

swelling in aqueous medium decreases. Hence in such resins, 

all the sorption sites may be available for solutes of 

relatively smaller chain length but some of thejfeorption 

sites may not be available for sorption of solutes of 

relatively larger chain length because of the sieve action. 

It is realized that there could be no clearcut boundary 

line for this sieve action and the operation of this effect 

would depend both on the crosslinking of the resin and 

chain length of the solute molecules. Table 3.3-14 
illustrates the applicability of above equations for 

different values of feed volume, feed concentration,
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bed volume or bed length and load* Tables 3.3-7 to 

3.3-13 give some illustrative values of Via for different 

acids for the resins used from several runs carried out.

The comparision between the experimental values of Vm 
and those calculated from equations (17), (18) and (19) is 

again satisfactory, except for oxalic acid indicating that 

the equation is applicable for the rest of the acids* For 

oxalic acid, the calculated values of Vm and Vg are higher 

than the experimental values. This may be attributed to 

the fact that the oxalic acid is relatively stronger acid 

(pK^ = 1*27) and hence, the lower experimental values of Vm 

and Vq should be due to the operation of ion exclusion.

This view is also supported by the observation that, the 

value of Vq with water as solvent and eluent is equal to 

about 0*05, while, using 0*2 N aqueous hydrochloric acid 

solution as solvent and eluent, the value of Vg increased 

to 0*18. Which may be due to the partial suppression of 

the ionization of oxalic acid. This conclusion gets furthar 

support from the observations of Tanaka, N and Thornton, E.R. 

that, the effects of head groups (here - COOH groups) include 

possible effects extending to the first methylene group or 

so, whose environment might be altered by chain-end effects 

including specific solvation of polar head groups (237)*

This in turn would affect ionization and hence sorption.

From all above observations it may be concluded that, 

in this homologous series, homology may not be operative 

until the first -CHg unit (nc * 1) is introduced into an
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unique molecular environment of ground molecule i«e. the 
second member (malonic acid) of the series.

3.4.1.2 Band Width
*•

As indicated in Section 3.1, the width of an elution 
curve is a measure of column performance or column efficiency. 
Narrower is the width, better will be the column performance. 
Two parameters may be used to describe peak width ; (i) <f, 
the half of the width measured at the ordinate Cnv^/e, also 
referred to as ‘standard deviation’ and (ii) |3» the width 
measured at the ordinate Cn/e* Where Cm is the peak height 
(Section 3.4*1*3) of the elution curve and e is the base of 
natural logarithm. For a Gaussian curve, these two para­
meters are related as ;

(3 = 2^2 . <f ----- (21)
-2In the literature equations are given correlating 0 

(variance) with the distribution coefficient and the column 
parameters. This means that width of an elution curve 
depends on the sorption coefficient of the solute and the 
column parameters such as, resin particle size, area of 
cross-section, bed length, flow rate, feed volume and 
temperature. By considering one variable at a time holding 
other parameters constant, its effect on the width of an 
elution curve can be studied.

In this work the effect of sorption coefficient, 
column length, feed volume, feed concentration, column capacity 
and load on 6 and p has been studied keeping other parameters



constant. Under these conditions it would be possible to 

give an equation correlating <f with 6q (or B) and C as :
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6 • ¥£ + Vc . <fQ ------- (22)

and 6q ®ay be expressed as :

s ^1^1 f 2**2® ..... (23)

where and f2 are constants (Table 3*3-1) determined by 
the particle size of the resin bead* Since (f and |3 are 

related (equation s 21), we can also express § in terms of 

B and C as s

P * 2*/2[¥£ ♦ + f2^B)] .——(24)

Above equations give the variation of 6 or (J with 

sorption coefficient B and column parameters* It further 
follows that <f and (J should be independent of load* Table 

3.3-14 illustrates the effect of feed volume, feed concen­

tration, column length oi column capacity and load on the 
values of 6 and <f0* Tables 3.3-17 to 3*34? give experimental 

and calculated values of 6, (Tq and p for aliphatic straight 

chain dicarboxylic acids studied from the several runs 

carried out* The experimental determination of Vm, 6 and 
(3 are shown in Section 3.4* 1*6* Experimental values of <5q 

can be obtained by substituting the values of Vf, C and 
experimental <f in equation (22). Above tables demonstrate 

fair applicability of the equations suggested* However, 

when trailing or fronting is involved, e.g. with resins
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of higher degree of crosslinking such as X8, X12, X16 

and Amberlite-200, there is remarkable departure from 

Gaussian distribution. In such cases equations reported 

can not be effectively applied. Hence resin X4 onwards* 
values of <f and other dependent quantities have not been 

mentioned in the rest of the tables.

3.4.1.3 Peak Height

The peak height* Cm, is the concentration at the peak 

elution volume. This depends upon (i) the amount of the 

solute loaded, W, which refers to the area under the elution 

curve and (ii) the width of the elution curve. For a 

Gaussian curve these two are related as s

Cm W
V2J7. <T

(25)

From equations (22), (23) and (25) it follows that

Cra . ----- ------------ S----- ----- -------------------- (26)
(f^ + f^B)]

The above equation indicates the dependence of Cm 
on load and band width (i.e* B and C). The values of Cm 

calculated according to above equation for various dicar- 

boxylic acids with different resins are compared (Tables 

3.3-7 to 3.3-9) with the experimental values of Cm obtained 

by carrying out actual column elution runs of these acids

on different resin columns. Experimental determination of 
Cm is demonstrated in Section 3.4.1.6. Table 3.3..14 shows
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the variation of Cm with different column parameters 

which include feed volume, feed concentration, load and 

column length or column capacity. Data indicate that the 

' equations (25) and (26) are fairly applicable for the runs 

described by Gaussian curve.

3*4*1*4 Number of Theoretical Plates
mm mm mm m»*» «•» mrnmm mum <m mum mmm

The number of theoretical plates, N, or the plate 

height, H, is an indirect measure of the width of an elution 

curve and hence the column performance or column efficiency* 

For the particular solute, larger the number of theoretical 

plates in the given column, smaller will be the width of the 

elution curve or greater will be the column efficiency and 

Vice versa. Hence for the particular compound, the experi­

mental determination of the number of theoretical plates in 

the given column involves the experimental determination of 

peak elution volume and either the width ((T or £) or peak 

height of the elution curve. These are related to the 

number of theoretical plates by the following equations i

Further from equations (18), (22) and (27) it follows that

N (27)

(28)

---------------------------------------- --------(29)
f *Jc (f^ ♦ £2«jB)

N
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The equation (29) expresses N in terms of B and C.

Defining N0 as ls{/c when Vf =0, we have,

(30)

The experimental and calculated values of the number

the number of theoretical plates for the column elution runs 

of various dicarboxylic acids on different resin columns 

are recorded in Tables 3*3-7 to 3*3-9 together with the 

experimental and calculated values of N0* Requisite 

quantities for the evaluation of N0 are V0 and whose 

experimental and calculational determinations are given at 

relevant places in Section 3*4*1* The calculated values 

were found to be in agreement with the experimental values 

obtained from several series of runs which were carried out*

3*4*i*5 Resolution (separation study)

The extent of separation of the two components is 

conveniently expressed in terms of resolution, Rn, as :

wherq AVm is the gap between the centers of the peaks 

of neighbouring elution curves and n is an integer greater 

than zero* The subscripts 1 and 2 denote solute 1 and 

solute 2* The magnitude of n indicates the degree of

of theoretical plates were computed according to the 

equation (28) and (29) respectively. Both these values of

Rn n^l * $2)
A Vm
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separation and it depends on the type of problem and 
chromatography. The generally accepted criterion of minimum 
resolution in liquid-solid chromatography is to select the 
value of n as 3. This means that after having divided the 
effluent, Ve, into fraction at a point Ve « Vm^ + 3d^, at 

least 99.86 % of each of the components is in its appropriate 
fraction and the impurity amounts to at most 0.14 % of the 
peaks of the contagious components. Combining equations (17), 
(22) and (31), we get

*
c <ve2 - V

3^/c ((T0 + (3ft ) + Vf
(32)

0,
From equation (32) it follows that for the given pair of 
components having the sorption coefficients and Bg* the 
resolution, Rn for the particular column i.e. particular 
value of C) can be calculated and thus the extent of 
separation could be predicted before carrying out the actual 
column runs.

An illustrative calculation of Rn for a mixture of 
succinic acid (BQa^ * 0*0826) and adipic acid (Bca^ * 0.2494) 

on the column of resin X4 is shown in Section 3.4.1.6 along- 
with the summary of intermediate values involving in the 
procedure (Table 3.4.1-1). Experimental Rn is also calculated 

from equation (31) by substituting the experimentally 
determined values of Vm and <f for these two acids from 

their individual column elution runs on the same column.
The two values of Rn thus obtained are in fair agreement.
Then the actual separation was tried by taking the mixture
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of these acids. The two components were separated in 
accordance with the resolution computed from their B values 
and from their individual runs.

For some other pairs of dicarboxylic acids of inters^;, 
the values of Rn (calculated from B values and also from the 
individual column elution runs) are quoted in Table 3.4,1-2 
in Section 3.4i*6. The column elution runs with number of 
mixtures were carried oii and the elution of each component 
was practically unaffected by the presence of the other.
The elution runs of mixtures of some illustrative pairs have 
been cited in Tables 3.3-15 and 3,3-16.

As seen earlier, Vm is proportional to C and (f is 
proportional toVc. Therefore, Rn increases with */c* thus 
always reaching unity-indicating a satisfactory separation, 
if suitable column length is used. By setting Rn * 1 in 
equation (32), the minimum number of equivalents of the 
resin, C^n required for the separation of the desired pairs 
of dicarboxylic acids can be calculated* The equation of 
Cmin can be written as :

Cmin (Vq2 - Vq^) 
3*/cmin {00^ ♦ <%2) ♦ Vf

—--03)

A number of mixtures were experimentally tried and 
the agreement between the experimental and calculated 
values of Cmip was fair. In Table 3.4.1-2 are given values 
of Cmin calculated according to equation (33) using 
calculated values of Vq and from Tables 3*3^7to 3*399.



Depending on the value of Rn, separation may be 

classified as s

1. Quantitative and efficient separations : These have Rn

value as unity or almost unity. This in fact, is the 
object of any chromatographic separation.

2# Quantitative but inefficient separations ; These have Rn 

value considerably greater than unity, thus resulting 

in a waste of time and eluent#

3# Qualitative and incomplete separations : These have Rn

value less than unity and peaks overlap considerably# 

However, the peaks can be easily identified. For 

identification purposes resolution need not always be 
unity.

The separation can be improved by increasing the 
column length if the cross-section of the column is kept 
constant, decreasing the feed volume and/or decreasing the 

particle size of exchangers depending on the practical 
limits of pressure drop, solubility of components in the 
solvent and their detectability in the effluent samples#



3*4.1*6 Model calculations and experimental determinations :
«• mmmumm mum mum****** «*«*«* mrmmummmmtmm *• m •**»•«•••*■» mum «*»«»»• <■*«»•*«■

The methool of calculation and experimental determination 
of various chromatographic quantities reported in Tables 
3.3-7 to 3.3-13 for different elution runs are illustrated 
in this section by considering column elution of succinic 
acid (Fig. 3.4.1-1), adipic acid (Fig. 3.4.1-2) and a mixture 
of succinic and adipic acids (Fig. 3.4.1-3, Table 3.3-15).

Calculation I

Acid
Resin
Solvent & 
eluent

Succinic 
Dowex 50W-X4

Distilled water

Bexp = 0.0830 Bcal - 0.0826
210 W .« 50 mmol Vf = 5 ml Vs * 5 ml

Vb = 139.4 ml Vd • 6.5 ml L = 57.8 cm C = 160 meq

The chromatogram of the elution run is obtained by 
2plotting 10 Ws versus sample number, where Ws denotes the 

amount of the solute in millimoles present in the given volume 
of effluent sample (Vs ml). The points represent the analyzed 
fraction of the effluent. The smooth and continuous graph is 
drawn through these points and the resulting plot is the 
experimental elution curve (Fig. 3.4.1-1).

Now, r,W ■ °1 + °2 Bcal + °3 B cal <Table 3‘3’1* 0.19 >1* (1.6 x 0.0826)+ 0.06 (0.0826)2

* 0.323 ml/meq
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Fig. 3*4.1-2 * Plot off Ws versus sample
number for the column elution 
of adipic acid on the column 
of rosin Dowex 50^»X4 (1GQ- 
200) In aqueous medium.
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0.5 Vf + C . Ve cal

(0.5 x 5) + (160 x 0.323) 

54.13 ml

^mcal * Vd + 0.4 Vb + Vi»ca^

- 6.5 + (0.4 x 139.4) + 54.18

* 116*44 ml

Vni * (OX) (Vs) (Fig. 3.4.1-1)
6X.p

* 23.6 x 5 

a 118 ml

Vmexp
Vra - Vd - 0.4 Vb 

exp
118 - 6.5 - (0.4 X 139.4) 

55.74 ml

'0 exp
Vni - 0.5 Vf 

exp
C

55.74 - (0.5 x 5) 
160

* 0*333 ml/meq

cal * fl°i * f2°fcBcal~ (Table 3.3-1)

= (1 x 0.19) + (1 x 1.6 x 0.0826)

« 0.322 ml/meq

' W/6 +«/c . (Te cal
« 5/6 + (*/l60 x 0.322)

4.906 ml



<rexp

exp

Peal

Cm‘cal

Ncal

N0 cal

■ 0.5 x (Fig. 3.4.1-1)
* 0.5 x 10
» 5 ml

(T - Vf/6a eXD 4
/^G

- 5 - 5/6 
a/160

* 0.329 ml/meq

- 2^/2 . <rcal Pexp « MP {Fig. 3#4.1-1)
« 2a/2^ x 4.906 = 14 ml

= . 13.88 ml

137

W

—250 x 10

Vmcal
Cfcal.

f 54.18 
[_4. 906
121.96

-J

Cmexp

2.5066 x 4.906 
4.066 x 102 mmol/ml

Nexp

= XY/Vs (Fig. 3.4.1-1) 
-219.75 x 10

-23.95 x 10 mmol/ml 

2

exp-1
T55.74T L 5.00J
124.28

~V0 cal" 2 M a0 exp
d* * •*V«0 exp

_^0 cal. _ 0 exp.
r-“0.323 ~ 2 s 0.333
0.329

_0* 322 J

'2.

1.006 1.024



138
Calculation II

Acid
Resin

Solvent and 
eluent

Adipic

Dowex 50W-X4 

Distilled water

Bexp ° 0.2510 Bcal « 0.2494

10^W » 50 mmol Vf = 5 ml Vs * 5 ml

Vb « 139.4 ml Vd = 6.5 ml L = 57.8 cm C = 160 meq

From Fig. 3.4.1-2, on calculation, the following 

results are obtained s

Vmea a 159.64 ml Vtn asexp
158.5 ml .

?mcai a 97.38 ml *w * 96.24 ml

V0cal a 0.593 ml/meq ve exp - 0.586 ml/meq

^cal a 8.284 ml <sexp 8.1 ml

^0 cal a 0*589 ml/meq (f0 exp 0.574 ml/meq

Peal s 23.43 ml/ / Pexp 23.1 ml

cal a 2.408 mmol/ml exp “ 2.45 mmol/ml

Ncal a 138.18 Nexp 141.17

N© cal s 1.013 M- =0 exp 1.042

Calculation III

Acids : Succinic (1) + Adipic (i)
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He sin ! Dowex 50VIMC4
fliert* ^ ! Distilled water

10 W * (25 + 25) * 50 mmol Vf = 5 il Vs * 5 ml 
Vb * 139.4 ml Vd * 6.5 ml L - 57.8 cm C * 160 meq

Rncal

c <v92cal - \cal>

f^cal + \caO * vf

160 (0.593 - 0.323) 
3*7160 (0.322 + 0.589) + 5

1.0917

Rnexp
(Vn^exp • Vm^exp) 

3 ((5^exp + <£>exp)

158.5 - 118.0 
3 (5 + 8.1)

1.0305

Calculated C,,,^ is obtained by substituting the calculated 
quantities in the following equation

<V- V C">in - 3 {\ * V ' Vf = 0

This is a quadratic equation of the form

aX + bX + e 0



roots of which can be given by

X
4 ac

140

where we have,

b « -3 {<% + )
91 V

a -3 (0.322 + 0.589) 

* -2.733

a a

and c «

VQ _ ve92 el

0*593 - 0.323 

0.270

-5

Therefore
a/Sain 2.733 + ^7.469 + 5.4 

0.54

2.733 + 3.587 

0.54

* 11.705

and calculated = 137 meq.

Similarly Exp. Cffl^n * 151.6 meq.

Fig. 3.4.1-3 shows that the resolution is achieved as 

per the prediction. All results obtained in this way for 

separation of mixture of succinic and adipic acids are summarized 

in Table 3.4.1-1. In Table 3.4.1-2 are given the values of

Cjjiin computed alongiwth the corresponding column length Lmin 

and Rn predicted for couple of mixtures of aliphatic di- 

carboxylic acids of interest.
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3*4*2 Strong Mineral Acids

Series of elution runs were carried out with strong 

mineral acids such as HC1, HgSO^, HCIO^ and HgPO^ on the 

column of resins XI, X2, X4, X8, X12, XI6 and Amberlite-200, 

Table 3*4.2-1 gives the values of Vg for acids studied with 

given resins*

Since these acids are completely ionized in solution, 

they should be excluded from the resin phase* Hence, the 

values of sorption coefficient 3 should be practically zero 

and Vg in such cases should be equal to a^* For the resins 

of crosslinking 4, 8, 12 and 16, the value of Vg is practi­

cally zero indicating that is zero for strong electrolytes 

However, with resins of crosslinking 1 and 2, o^ is not zero 

but has a value of 0*10 for XI and 0.05 for X2. This should 

imply that when a strong electrolyte solution is passed 

through a column of resins having low degree of crosslinking 

such as XI and X2, the electrolyte is not completely excluded 

from the resin phase and hence the downward motion of the 

electrolyte is somewhat retarded relative to the downward 

motion of the solvent. This should be due to the relatively 

higher degree of swelling and hence more open structure of 

these resins. This is further supported by the runs of 

the strong electrolytes with a resin Amberlite-200* This is 

a macroreticular resin with considerably open structure and 

hence in this respect its behaviour should be similar to 

that of resins of low degree of crosslinking. It is 

observed that for this resin Vg = 0.09 indicating that for
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this rasin also is different from zero. From this 

study, one may conclude that separation of strong electro­

lytes on the basis of sorption-elution is very very 

difficult due to their poor and similar sorption.
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3.4*3 Disubstituted Benzoic Acids

Preliminary studies of the column behaviour of some 

of these benzoic acids using water as solvent and eluent 
have shown that these acids emerge out of the column as 

asymmetric bands with a smeared leading front and a sharp 

trailing front indicating that some parts of the zone move 

faster than the other* this is due to the partial exclusion 

of these acids from the resin phase* Hence for the acids 

with lower pK values, the departure from the Gaussian 

distribution will be more* In separation studies this is 

not desirable as it leads to the overlapping and therefore 

to a smeared separation of adjacent bands. Further, the 

chromatographic equations become less valid and may give 

erroneous results if applied*

However, this problem has been overcome by using 0*0lN 
aqueous hydrochloric acid (WH) as solvent and eluent. In this 

solvent the ion exclusion mechanism become less or inoperative 

and the elution curves become fairly symmetric. In consis­
tence with this observation, the column elution runs of all 

the benzoic acids were carried out in 0.01N aqueous hydro­
chloric acid (MfH) and/or 1C$ dioxan in O.Q1N aqueous hydro­

chloric acid (DWH)*

Series of elution runs were carried out with six 

disubstituted benzoic acids viz. 2,4-, 2,6- and 3,5- 

dihydroxy benzoic acids and corresponding three dimethoxy- 
benzoic acids on the column of resin Dowex 50W-X4 (100-200) 

in hydrogen form to study the effect of load, feed volume



14?
and column length using WH and DWH as solvent and eluent*

The elution curves were fairly symmetrical under suitable 

conditions and could be described as Gaussian curves. 

However, even in acidic solvents, solutes with low sorption 

coefficient e.g. 2,6-dihydroxybenzoic acid, showed some 

trailing i.e, the bands with a diffuse trailing front. This 

may be due to the overloading of the column. Trailing 

becomes more apparent with longer columns.

Equations worked out for various parameters in the 

study of dicarboxylic acids are equally valid for these 

benzoic acids but for the parameter Vq, where the third term 

being negligible, may be neglected giving the equation of 

V0 as :

V8 " *1 + «>B

Constants involved in the chromatographic equations for this 

study are summarized in Table 1 as follows :

Table s 1 Value of constants

Solvent f2

WH 0.250 1.0 1.0 0,71

DWH 0.115 1*0 1.48 . *• 1.03

0,84®

* for dihydroxybenzoic acids and benzoic acid 

@ for dimethoxybenzoic acids
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Below is given a set of revised equations worked out 

for various chromatographic quantities for elution study 

of disubstituted benzoic acids#

Peak Elution Volume

The peak elution volume, Vm , may be given by

Vm = Vd + 0.4 Vb + 0*5 Vf + C (c^ + o^B)

where and ot, are constants (Table L) determined by the 

resin-solute-solvent system# The values of Vm are calculated 

according to above equation for disubstituted benzoic acids 

studied and these are compared with the experimental values 

of Vm obtained by carrying out the actual column elution runs 

of these acids# Some of them are given in Tables 3#3-17 to 

3*3-19* The calculated and the experimental values of Vm 

are reported in Table 3*4.3-1#

Peak Width

The peak width, 6 or p, can be expressed as :

6 (fjO^ + *2*2B) + “

or p ■" 2/v/2 Ja/c” (f^ + f2G^B) * y]

where fs and as are constants (Table 1) of which fs are 

determined by the particle size of the resin* Table 3*4*3-l 

gives the calculated and the experimental values of 6, 6q 
and p for disubstituted benzoic acids from the several runs 

carried out# The experimental values of these quantities 

are obtained as shown in Section 3.4#1#6.
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The peak height, Cm, can be expressed as i

*/2J?pC (fjO^ -I* f2G^B) +

Experimental Cm has been determined as shown earlier and 

the values thus obtained are compared (Table 3.4.3-1) with 

the values calculated according to above equation*

Number of Theoretical Plates
*■> m mmmtma mi mm mm mm mm m» mm mu mm mm mm mm mm

The number of theoretical plates, N, can be given by 

the following equations j

0*5 Vf + C (o^ + o^B) 

cal + +

Both the calculated and experimental values of N are given 

in Table 3*4.3-l* Table 3*4*3-2 illustrates the applicability 

of above equations for different values of feed volume, feed 

concentration, bed volume or bed length and load*

Resolution

The extent of separation of the mixture of components 

is expressed in terms of resolution, Rn,as :

C (V0 - Vfl )e,
Rncal 3a/c" (<Tq + <fa ) ♦ Vf

Qr
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Rnexp

Vn^ - Vm^
3 (0^ + <3^)

i

The resolution of some mixtures is not actually achieved 

as predicted by theEn value calculated according to above 
equation* This is more frequent for the acids with lower pK 
values, e*g* 2,6-dihydroxybenzoic acid, vtihere there is a 

departure from Gaussin distribution due to partial exclusion. 
Such acids exhibit trailing which leads to the overlapping of 
bands and hence deviation from expected En value is observed.

The minimum..number of equivalents of the resin, Cm£n» 
required for the complete separation of acids under 
investigation can be expressed as following

mm )e.
3^Cmin * Vf

The illustrative elution: runs for the separation of 
some mixtures are summarized in Tables 3*3-19 and 3.3-20.
In Table 3*4*3-3 are given some illustrative examples of such 
mixtures alongwith the predicted values of En, Qain and
corresponding column length*

/

Table 3*4.3-4 gives requisite step-values of calculation 
for the column elution of 3,5-dihydroxybenzoic acid (Fig* 
3*4*3»1), 2,4-dihydroxybenzoic acid (Fig* 3*4.3-2) and a 
mixture of 3,5- and 2,4-dihydroxybenzoic acids (Fig. 3.4*3-3)*
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Table 3.4.3-2
Illustration of effects due to variation of feed 
load, feed concentration and bed length.

Acid : 3,5-diOHI Resin : Dowex 50W-X4
Solvent : WH Vd i 6.5 ml

103W
mmol

l . T r* Vm ml **
VX
ml

XU X c VO
ml X

cm
U

meq Sxp Cal

10.0 10.0' 1.00 139.4 57.8 160 374,3 376.06
12.5 12.5 1.00 139.4 57.8 160 379.8 377.31
15.0 15.0 1.00 139.4 57.8 160 376.6 378.56
17.5 17.5 1.00 139.4 57.8 160 379.0 379.81
20.0 20.0 l.OC 139.4 57.8 160 382.1 381.06
22.5 22,5 1.00 139.4 57.8 160 384.9 382.31
25.0 25.0 1.00 139.4 57.8 160 385.0 383.56

25.0 3.0 0.12 139.4 57.8 160 385.0 383.56
25.0 6.0 0.24 139.4 57.8 160 385*0 383.56
25.0 9.0 0,36 139,4 57.8 160 385.0 383.5,6
25.0 12.0 0.48 139.4 57,8 160 385.0 383.56
25.0 15.0 0.60 139.4 57.8 160 385.0 383.56
25.0 18.0 0.72 139.4 57.8 160 385.0 383.56
25.0 21.0 0.84 139.4 57.8 160 385.0 383.56
25.0 24.0 0.96 139.4 57.8 160 385.0 383.56

10.0 20.0 2.00 139.4 57,8 160 374.3 376.06
12.5 20.0 1.60 139.4 57.8 160 379.8 377.31
15.0 20.0 . 1.33 139.4 57.8 160 376.6 378.56
17.5 20.0 1.14 139.4 57.8 160 379.0 379.81
20.0 20.0 1.00 139.4 57.8 160 382.1 381.06
22.5 20.0 0.88 139.4 57.8 160 384.9 382.31
25.0 20.0 0.80 139.4 57.8 160 385.0 383.56

25.0 25.0 1.00 34.9 Ll4.5 40 112tO 110.16
25.0 25.0 1.00 69.7 28.9 80 205.0 201.28
25.0 25.0 l.OC 104.6 43.4 120 296.8 292.44
25.0 25.0 1.00 174.3 72.3 200 470.0 474.72
25.0 25.0 l.OC 209.1 86.7 240 587,2 577.84
25.0 25.0 1.00 244.0 101.2 280 672.0 657.00
25.0 25.0 1.00 278.8 115.6 320 765.0 748.12

** horizontally cont...
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Continued.....

Vm ml ve ral/meq

Exp Cal Exp Cal

312.0 313.80 1.92 1.93
317.5 315.05 1.95 1.93
314.3 316.30 1.92 1.93
316.7 317.55 1.92 1.93
319.8 318.80 1.92 1.93
322.6 320.05 1.95 1.93
322.7 321.30 1.94 1.93

322.7 321.30 1.94 1.93
322.7 321.30 1.94 1.93
322.7 321.30 1.94 1.93
322.7 321.30 1.94 1.93
322.7 321.30 1.94 1.93
322.7 321.30 1.94 1.93
322.7 321.30 1.94 1.93
322.7 321.30 1.94 1.93

312.0 313.80 1.92 1.93
317.5 315.05 1.95 1.93
314.3 316.30 1.92 1.93
316.7 317.55 1.92 1.93
319.8 318.80 ,1.92 1.93
322.6 320.05 1.95 1.93
322.7 321.30 1.94 1.93

91*5-;. 89.70 1.98 1.93
170.6 166.90 1.98 1.93
248.5 244.10 1.97 1.93
393.8 398.50 1.91 1.93
497.1 487.70 2.02 1.93
567.9 552.90 1.98 1.93
647.0 630.10 1.98 1.93

^8 mi/meq **

Exp Cai Exp , Cai

20.0 19.88 1.45 1.44
20.4 20.30 1,45 X • 44
20.6 20.72 1.43 1.44
21.0 21.13 1.43 1.44
21.8 21.55 1.46 , 1.44
22.1 21.97 1.45 1.44
23.0 22.38 1.49 1.44

23.0 22.38 1.49 1.44
23.0 22.38 1.49 1.44
23,0 22.38 1.49 1.44
23.0 22.38 1.49 1.44
23.0 22.38 , 1.49 1.44
23.0 22.38 1.49 1.44
23.0 22.38 1.49 1.44
23.0 22.38 1,49 1.44

20.0 19.88 1.45 1.44
20.4 20.30 1.45 1.44
20.6 20.72 1.43 1.44
21.0 21.13 1,43 1.44
21.8 21.55 1,46 1.44
22.1 21.97 1.45 1.44
23.0 22.38 1.49 1,44

13.2 13.27 1.43 1.44
17.5 17.05 1.49 1.44
20.0 19.94 1.45 1.44
24,8 24.53 1.46 1.44
27.0 26.43 1.47 X#
28.7 28.26 1.47 1.44
30.4 29.93 1.47 1.44

** horizontally cont....
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p ml 410' Cm mmol/ml N Ne

Exp Cal Exp Cal Exp Cal Exp Cal

56# 8 56.23 2.00 2.01 243.4 249.2 1.75 1.80
57.7 57.42 2.40 2.46 242.2 240.9 1.31 1.80
58.0 58.60 2.85 2.89 232. 3 233.0 1.80 1.80
59.1 59.76 3.20 3.30 227.4 225.9 1.80 1.80
61.5 60.95 3.50 3.70 215.2 218.8 1.77 1.80
63.0 62.14 4.00 4.09 213.1 212.2 1.81 1.80
64.3 63.30 4*ol Arm 46 6 196.9

-*'•
206.1 1.70 1.80

64.8 63.30 0.46 0.53 196.9 , 206.1 1*70 1.80
64.8 63.30 0.99 1.07 196.9 206.1 1.70 1.80
64.3 63.30 1.60 1.60 196.9 206.1 1.70 1.30
64.3 63.30 2.07 2.13 196.9 206.1 1.70 1.80
64.8 63.30 2*57 2.67 196.9 206.1 1.70 1.80
64.3 63.30 3.30 3.21 196.9 206.1 1.70 1.80
64.8 63.30 3.65 , 3.74 196.9 206.1 1.70 1.80
64.3 63.30 4.18 4.28 196.9 206.1 1.70 1.80

56.8 56.23 3.95 4.01 243.4 249.2 1.75 1.80
57.7 57.42 4.00 3.93 242»2 240.9 1+81 1.80
58.0 58.60 3.85 3.35 232.8 233.0 1.80 1.80
59.1 59.76 3.80 3.78 227.4 225.9 1.80 1.80
61.5 60.95 3.64 3.70 215.2 218.8 1.77 1.80
63 #0 62.14 3.60 3.63 213.1 212*2 1.81 1.80
64.8 63.30 3.55 3.57 196.9 206.1 1.70 1.80

37.0 37.53 7.50 7.52 43.1 45.7 1.92 1.80
50.0 48.22 5.84 5.85 95.0 95.8 1.77 1.80
56.4 56.40 5.00 5.00 154.4 149.9 1.85 1.80
70.0 69.33 4.10 4.07 252.1 263.9 1.71 1.80
76*2 74.90 3.72 3.77 339.0 339.2 1.89 1.80
81.2 79.93 3.58 3.53 391.5 382.8 1.81 1.80
86.0 84.65 3.40 3.33 453.0 443.2 1.81 1.80
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3*4.4 Geometrical Isomeric Acids

The elution runs were carried out with the column 
of resin Dowex 50W-X4 (100/200) for crotonic and maleic, 
acids in aqueous medium. The value of Vq obtained for 
crotonic acid is 0.47 which is the same as that of 
propionic acid.(from colleague's work). Further, the 
values of VQ for maleic and malonic acids are comparable. 
These observations support the earlier conclusion (Section 
2*4.3) that the contribution of Vinyl (-CH=CH-) and.methylene

I(-CHg-) groups to the sorption are practically same, 
provided the rest of the molecular structure remains 
unchanged.

The separation of maleic and fumaric acids had been 
tried earlier (300), where a relatively longer column
(210 cm) was used with a resin.X4 of 50/100 mesh'. The

\

objective here was to improve upon the conditions of. 
separation than those given earlier. In. this study .the .. 
same resin of 100/200 mesh is used with a more convenient, 
column length (57.8 cm) to obtain the complete separation.

Number of runs were-carried out for maleic and.
fumaric acids using water and aqueous hydrochloric acid 
of different concentrations as solvents and eluents., .
Tables 3.4.4-1 and 3.4.4-2 show such illustrative runs. . 
Table 3.4*4-3 summarizes the values of VQ for these runs.
It is observed that fronting is more in the case of fumaric 
acid than maleic acid in aqueous medium, which is not
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desirable for separation purpose. However, the fronting 

reduces to considerable extent in acidic medium* The 

another advantage of the acidic medium is that, with 

increase in pH of the solutionfthe VQ values of fumaric 

acid decrease while those of maleic acid remain practically 

unchanged. This facilitates the process of separation.

The different behaviour of these two acids in acidic 

medium may be attributed to the fact that the pK values 

of maleic and fumaric acids are comparable but a vast 

difference is there in their solubilities in water (Table 

1,3-1). In-acidic medium, the common ion effect causes 

the decrease in ionization as well as solubility of both 

the acids. The fumaric acid being very less soluble, 

suffers more due to this effect and favours-resin phase. 

This increases the sorption and the resulting ve values 
decrease with increase in pH of the solution. On the' 

other hand maleic acid being very highly soluble (about 

hundred times the solubility of fumaric acid),is affected 

to a much lesser extent or remains almost unchanged due 

to this effect, which causes no change in sorption and Vq 

values.

It is observed that the quantitative separation. . 

of mixture of maleic and fumaric acids could be achieved 

using N/100 aqueous hydrochloric acid as solvent and 

eluent. The results are reported in Table 3.4,4-3 and 

shown in Fig. 3.4.4-1.
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Table 3*4*4-4 s Elution run of mixture of Maleic
acid and Fumaric acid on the colunn 
of resin Dowex 50W-X4 using N/100 
HC1 as solvent and eluent*
V£ = 10 ml ; Vs = 5 ml
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Sample
No.

Acids
102W

Maleic
50

+

l02Ws

Fumaric
55

1-17 •
. IS 0*94 -

19 7.52 -
20 • 16*00 - '
21 14.10 mm

22 6*60
23 0*94 -
24 m w»

25 - , 1.00
26 m 1.90
27 MB 5.64
28 - 12.22
29 m 14§ XO
30 - 11.28
31 m 6.60
32 «* 2.82
33 ' m , m
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3*5 CONCLUSIONS

Some of the essential conclusions drawn from the study 
of sorption-elution behaviour of acids studied are as follows :

(1) Feed volume affects elution volume* The larger feed 
volume results in an increase in the peak elution volume 
and hence wastes time:, and eluent* The calculated value 
of Vm which includes feed volume supports this*

(2) Feed volume also affects the column efficiency. This 
is evident from the dependence of 6 on the feed volume.
If the feed volume is larger, there will be appreciable 
band spreading and the deviation of the peak shape from 
Gaussian increases* Thus, for acids having lower 
solubility (or higher B values) in given solvent, the 

elution curves get flattened and the observed 6 values 
are higher than those calculated on the basis of Gaussian 
distribution* This effect is distinguished in the case of 
benzoic acids and the higher members of the homologous 
series of dicarboxylic acids where the feed volume and 
the volume of the fractions collected are both relatively 
higher, in consistence with the solubility of the acids 
and the detectability of the components in the effluent* 
However, it should be possible to decrease the value of <5* 

or to increase the column efficiency by taking smaller 
feed volume*

(3) Increase in length (L) and hence C would seem to provide 
a solution to any separation problem* This is true
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within some practical limits* If the column is too 

long, the flow rate will be very low and the process 

becomes time consuming* It may also happen that the 

zones, when separated, will be so dilute as to be 

undetectable.

(4) In liquid chromatogaaphy where the kinetics of sorption 

are controlled by particle diffusion, the ‘theoretical 

plate height* is not a characteristic of the column alone, 

but depends also on the partition coefficients and on the 

diffusion coefficients of the substances to be separated* 

Therefore, we must expect different theoretical plate 

heights and numbers for almost every substance* 

Calculations have shown that the trend is as expected*

The observed difference between NeXp and Nca^ may be 

attributed to the fact that the square terms are involved 

and hence the experimental error gets magnified*

(5) The separation of the members of the homologous series 

can be achieved under suitable conditions. In the series 

of aliphatic dicarboxylic acids, the separation of 

alternate members is easier than the separation of 

adjacent members. In the later, elution curves overlap 

to some extent which can be overcome by decreasing the 

feed volume or by increasing the column length to improve 

the separation.

(6) Mineral acids can not be separated from their mixtures 

using sorption-elution technique because of their poor 

and similar sorption.
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(7) The separation of molecules that differ in the 

nature of functional groups would be easier, e.g. 
separation of dihydroxybenzoic acid and dimethoxy- 
benzoic acid.

(8) The separation of the position isomers of the 
disubstituted benzoic acids is possible. In general, 
sterically hindered isomers can be separated from other 
isomers in which the steric effect is lesser or 
negligible, e.g. separation of 2,6-dihydroxybenzoic 
(T-resorcylic), 3,5-dihydroxybenzoic (ce-resorcylic) and 
2,4-dihydroxybenzoic (0-resorcylic) acids.

(9) A mixture of maleic and fumaric acid can not be completely 
separated in aqueous medium* However, a quantitative 
separation could be achieved using H/100 aqueous 
hydrochloric acid as solvent and eluent on a column of 
convenient length with resin Oowex 50W-X4 of 10C/200 mesh.

(10) Quantitative separation could be easily achieved for 
any mixture whose difference of B values of components 
under isolation is substantial. However, by varying 
conditions, resolution for any mixture can be improved.

($1) Since the elution behaviour of each component is
independent of the presence of the other, separation of 
binary, ternary or multi component mixtures is feasible.

(12) Resin Oowex 50W-X4 shows the excellent chromatographic 
performance out of all the resins studied. Resolutions



, 167
can be further improved by employing the smaller 

particle size of the same resin. However, with 

decreasing particle size, pressure drop increases 

and hence flow rate decreases. One may overcome 

this by using high pressure technique.

Thus the study provides a simple, convenient and 

useful technique for the separation of aliphatic as well 

as aromatic acids and in general, should be applicable 

to the separation of other similar families.


