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4.1 INTRODUCTION 

1—20Chromatography is a physical method of separation 

in which 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. The separation 

of the components depends upon the differential migration 
resulting from a resistive action, namely selective sorption 
of the components of the mixture. Chromatography is the most 

variable and in many respects the most adaptable technique in 
all branches of science, because it may be used for the 
examination ofavariety 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 1% of organic compounds are ameanable to 
gas chromatographic analysis. Insufficient volatility and 

thermal instability of many organic compounds are mainly 
responsible for this unfortunate limitation imposed on gas 

chromatography.
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,
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as many of the substances falling under these he§ds 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 chromato
graphy and paper chromatography.

Liquid-solid chromatography in columns was the first 
form of chromatography. It was introduced by the Kussian 
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 Lederer (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.

Boon after this "rediscovery of chromatography", Mams 
and Holmes found that ion exchange could be performed on 
finely ground gramaphone 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 chromatography.



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 possibilities of ion exchange chromatography in the 

separation of species with almost identical properties.
Pi poIon exclusion, reported by Wheaton and Bauman (1953) ’ >

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 solutions 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 
phase for the separation of many organic compounds^1"^ 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 ‘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,

4,1-1 Techniques :
i ■ III Ml III m — i IT i« Hi ■! M II n II It * ■liij. Min

There are essentially three methods of performing 

column liquid chromatography,. These are :

(i) Frontal analysis s In this technique the solution of the 

mixture of substances is introduced continuously into the 

column. Only a part of the least sorbed component is obtained 

in the pure form. The method is not attractive for preparative 

requirements as well as for analytical purposes.

(ii) Displacement analysis : 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 a 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,
(iii) Elution analysis : 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



77
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 successi

vely 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 column) are the three 

methods of carrying out the elution analysis.
4.1-2 Theory of Chromatography*''*'*'00 :

The ultimate goal 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,

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 carve. 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 distribu
tion coefficient (Section H-.4—1).

Two parameters can be used to describe peak widths, 
the variance ns—2 and the number of theoretical plates, Hi 
or the plate height, H, <r~ is the half of the width measured 
at the ordinate of Om/Ye , where Cm is the peak height of the 
elution curve. In the literature equations are given 
correlating <r*2 with the distribution coefficient and the 
column parameters

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

zbased his analysis on a continuous flow model. The theory 
brings out effects arising from the operating parameters, 
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 signifi
cance in chromatography is questionable. Nevertheless the 
measured quantities N and H are useful for characterizing 
band spreading and the efficiency of a chromatographic system.
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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

% = AZ/n(<r-| + <r*2)
where AZ is the gap between the centres of the peaks of the two 
neighbouring zones, <r~\ and <r~2, the standard deviations 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 chromatogra
phy and the degree of separation required. In liquid chromato
graphy 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 = ¥m» + 3«"i 
at least 99.86% of each of the components is in its appropriate



fraction and the impurity amounts to at the most 0 ,lM$ 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 guarantee that the zones are readily detectable. Nonetheless 
it is a practical measure of some worth, if its limitations are 
kept in mind.

If,2 EXPERIMENTAL

For preparing a resin column, definite quantity of the 
air dried resin, Dowex 50W-X4- (100/200), hydrogen form 
(Chapter 3), was weighed, soaked in distilled water 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 
quantities are reported in Table ^,2-1 for various columns 
Li, L2 and L3 used in this study.

The solutions of benzoic acids and the solvents were 
prepared as described in Section 3',2,

The resin column was conditioned prior to performing 
the elution run by washing it with several bed volumes of the
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solvent to be used as eluent, back washed by passing the 
solvent upwards \d.th 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 put the elution run, the liquid level was 
brought to the resin bed level. Then 25 ml of benzoic acid 
solution to be analyzed were added carefully from the top of 
the resin bed so that the surface layer of the resin was 
disturbed as little as possible. The solution was allowed to 
sink into the resin by opening the pinch cock at the lower end 
of the column. The effluent was collected in a 25 ml measuring 

' flask and it was marked as sample number 1, When the liquid 
level was again at the resin bed level, 5 ml 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 25 ml measuring flasks and 
numbered as 2, 3 and so on.

The solute content in each sample was estimated by the 
ultraviolet absorption, W and Ws denote the solute content in 
millimoles in the feed solution (25 ml) initially sorbed on the 
resin bed and in the effluent sample (25 ml) 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 benzoic acids.
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Table 4,2-1 t Column Parameters :

Column L
cm

103 C
eq

1031Tb
liter

103 Vi
liter

103Vd
liter

1Q3 Vf
liter

103 Vo
lites

1QZJ0 102a, 103 02

Li 56 170 140 55 15 25 95 - Ml 2.06 1.0
l2 28 88 70 30 15 25 70 30 1.50 0.8
l3 15 46 4o 15 15 25 55 22 1.10 0.6

L * Column length
C = Column capacity
Vb = Bed volume
Vi = Void volume
Vd = Disc volume (Dead volume)
Vf = Peed volume
Vo = Vi + Vd + Vf
at = Column constant
02 = Column constant

4,3 RESULTS



Table 4.3-1 s Column elution of p-OH benzoic acid on column Lf 
and benzoic acid, p-OH and 2,3-diOH benzoic acids

83

on column I<2 with water as solvent and eluent.

Benzoic acid p-OH H p-OH 2,3-di0H
Column Li l2 La La
102W

Sample Ho.
1*68 1.08 1.48

102Ws
1.03

1 tm

2 - - - 0.02
3 - - - 0.17
4 mm - - 0,40
5 - - - 0.44
6 - 0.02 0.01 0.01
7 - 0.07 0.03 -
8 - 0.17 0.11 -
9 - 0.35 0.26 •m

10 «* 0.44 o.6o -
11 - 0.05 0.46 -
12 - - 0.01 -
13 0.01 - mm -
14 0,02 - - -
15 0,04 - •m -
16 0.08 - - -
17 0.14 - - -
18 0.28 - mm -
19 0.47 - - -
20 0.47 - mm -
21 0.13 - -
22 0.01 - mm -
23 - - - -
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Table **.3-2 : Column elution of monohydroxybenzoic acids on 

column L| with 0.01N aqueous hydrochloric acid 
as solvent and eluent.

Benzoic acid o-OH m-QH p-QH
102W 2.15 7.15 3.$*

Sample No. 102Ws

1-15 mm - **

16 **» 0.04 -

17 - 0.27 -

18 . - 1.3b mm

19 mm 2.55 0.02
20 - 1.96 0,12
21 • r - 0.82 0.56
22 - 0.21 1.11
23 - 0.02 0.99
2b 0.03 - 0.51
25 0.09 - 0.19
26 0.27 - 0.06
27 o.5i - 0.02
28 0.56 - 0.01
29 0.1+0 mm -

30 0.20 - -

31 0.07 - -
32 0.02 - mm

33 - -
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Table 4.3-3 * Column elution of monomethoxybenzoic acids on

column Li 
as solvent

Benzoic acid
1G2W

Sample Bo.

with 0.01B aqueous 
and eluent.

o-OMe m-OMe
8*20 4.65

102Ws

hydrochloric acid

p-0Me
I.09

1-25 *OD

26 0.03 - -
27 0.09 - -
28 0.28 - -
29 O.76 - -
30 1.53 - -
31 1.98 mm -

32 1.69 - -
33 0.99 - -

3^ 0.49 - -
35 0.19 mm -

36 0.07 - -

37 0.02 - -

38 - - «Ht

39 - 0.03 -

40 • 0.07 mm

4l - 0.16 -

42 - 0.32 0.01
**3 - 0.52 0.03
kkTT - 0.69 0.06
45 - 0.74 0.09
46 - 0.66 0.14
47 0.54 0.17
48 0.38 0.17
49 0.25 0.14
50 0.16 0.11
51 0.09 0.07
52 - 0.05 0.04
53 - * 0.02
54 - - 0.01
55 - sm -



so
Table 4,3-4 s Column elution of 2,3-, 2,4- and 2,5-diOH

benzoic acids on column Lj with 0.01N aqueous 
hydrochloric acid as solvent and eluent.

Benzoic acid
102W

Sample No.

2,3-diOH
10.20

2,4-diOH
6.21

102Ws

2,5-diOH
1.81

1-16 « —

1? 0.01 - -

18 0.22 - 0.01
19 1.52 - 0.14
20 3.22 — 0.47
21 2.90 - 0.58
22 1.53 - O.38
23 0.58 - 0.17
24 0.15 «e§ 0.10
25 0.04 - 0.02
26 - 0.05 -

2 7 - 0.28 -

28 - 0.83 -
29 - 1.3^ -

30 - 1.3I+ -

31 - 1.02 -

32 0.66 -

33 0.39 -

3** - 0.21 -

35 - 0.10 -

36 - 0.05 -

37 - - -



s?Table 4.3-5 s Column elution of„2,6-, 3,4- and 3,5-diOH
benzoic acids on column L* with 0.01N aqueous 
hydrochloric acid as solvent and eluent.

Benzoic acid 
102W

Sample No.
1-4

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20 
21

2,6-diQH 3,4-diOH 3,5-diOH
2.35 2.01 2.56 

102Ws

0.01
0.27
1.20
0.80
0.08
0.02
0.01

- - 0.01
- 0.02 0.06
mm 0.21 0.51
Mm 0.68 1.14
- 0.71 0.61
- 0.30 0.21
m 0.06 0.04
- 0.01
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Table 4-.3~6 s Column elution of monohydroxybenzoie acids on 

column L| withlO$ dioxan inG.OlB aqueous 
hydrochloric acid as solvent and eluent.

Benzoic acid o-QH m-OH p-OH
102W 11.10 8.62 k.28

Sample No. 102Ws

1-9 - -
10 0.36 0.02
11 - 3.22 0.32
12 - 3.92 1.70
13 - 0.96 1.79
Ik 0.08 0.07 OM
15 1.05 - 0.03
16 3.82 - -
17 **„05 - -
18 1.61 -

19 0.29 - -
20 m.



Table *+.3-7 s Column elution of monomethoxybenzoic acids on 
column L, with 10$ dioxan in 0.01N aqueous 
hydrochloric acid as solvent and eluent.
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Benzoic acid o-QMe
102W 10,93

Sample No.

m-OMe
9.85

102Ws

p-QMe
2.35

1—13 f - - mm

1*+ , 0.15 - mm

15 1.37 -
16 *+.07 - tm

17 3.7*+ - mm

18 1,27 . 0.03 0.01
19 0.18 0.20 0.07
20 - 0.88 0.25
21 - 2.19 0.55
22 4K> 2.95 0.70
23 2,11 0.50
2*+ - 1,09 0.20
25 0.39 0.06
26 mtt 0.12 0.01
27 «n - -
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Table 4-.3-8 : Column elution of p-oi, p-Ofit, p-n-On- and.
2-0B-4-0Et benzoic acids on column L| with 
10% dioxan In 0.01N aqueous hydrochloric acid 
as solvent and eluent*

Benzoic acid 
102W

Sample No.

p-ui
1.49

p-Ofit
2.29

p-n-OFr
0.88

102Ws

2-0H-4-0ilt
2.44

1-19 «.

20 0.02 - - -
21 0.09 - - -
22 0.27 - -
23 0.47 - mm -
24* 0.41 0.01 - -

2 5 0.19 0.06 mm . -
26 0.06 0.17 mm mm

2 7 0.01 0.37 mm -
28 mm ,0.52 mm -
29 - 0.52 m -

30 - 0.37 - - -

31 - 0.20 - -
32 mm 0.08 0.01 0.01
33 - 0.02 0.02 0.03
34. - - 0.03 0.07
35 - mm 0.06 0.14
36 - 0.10 0.23
37 - mm 0.13 0.32
38 - - o.i4 0.38
39 - m* 0.14 0.38
4*0 - mm 0.12 0.32
4*1 mm mm 0.08 0.25
42 - mm 0.05 0.17
4-3 - mm 0.02 0.11
44 . - - 0.01 0.06
4? mm - - O.03
46 *»



Table 4.3-9 sOolumn elution of dihydroxybenzoie acids on column L, 
with 10% dioxan in 0.01N aqueous hydrochloric acid as 
solvent and eluent.
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Benzoic 2,3-diOH 2,4-diOH 2,5-diOH 2,6-diOH 3,4-diOH 3,5-diOH 
acid
10aW 1.18 3,51 4.00

Sample No. 102iWs

-3 mm - -

4 - mm

5 Ml ~ -
6 mm ■am -
7
8

9

mm

mm

am -
10 - m 0.19
11 0.07 - 2.72
12 0.47 0.01 0.98

13 0,51 0.04 0.12
14 0.12 0,48 -
15 0.01 1.44 -
16 mm 1.16 -

17 mrn 0.36 -
18 mm 0,04 mm

19 - - -

3.04 1.00 1.99

_ am am

0,14 am -
1.72 mm -
0.95 - am

0.08 mm am

0.05 0,07 0.12
0.03 0.54 1,07
0.02 0.36 0.73

- 0.05 0.08

-
•4 -

mm mm am

am - -
• - am

- - -
mm - -
- - -

mm

1 mm-mrmm*
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Table 4.3-10 i Column elution, of dimethoxybenzoic acids on 

column L| with 10$ dioxan in 0.01W aqueous 
hydrochloric acid, as solvent and eluent.

Benzoic acid 
102W

Sample

2,3-diOMe
2.86

2 ,4-diOMe 
1.48

2,5-diOMe 2,6-dlOMe 3,4-diOMe 
0.63 1.73 1.72

102WS

1-10 mm — m . mm —
11 - •e - 0.11 -
12 - - 0.62 mm

13 0.07 mm 0.73 mm

1**- 0*49 - - 0.23 -
15 > 1.18 mm mm 0.02 mm

16 0.84 - - mm -

1? 0.25 - - mm mm

18 0.03 mm - mm mm

19 - - - - mm

20 - - - - -
21 - - mm - 0.02
22 - - - - 0,09
23 mm mm 0.01 - 0.23
24 - 0.02 0.04 - O.36
25 mm 0.0 7 0.09 - 0.39
26 - 0.18 0.14 - 0.31
2 7 0.29 0.15 - 0.19
28 - o.33 0.11 - 0.08
29 - 0.27 0.06 - 0.03
30 - 0.17 0.02 - -
31 mtt 0.08 - - -
32 - 0.03 mm * mm

33 - 0.01 - mm mm

34 -- • - - -



Table 4.3-11 s Column elution of hydroxy-methoxybenzoic acids 
on column 1% with 10% dioxan in 0.01N aqueous 
hydrochloric acid as solvent and eluent.
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Benzoic acid 
102W

Sample Bo.

2-OH~3-OMe
6.12

2-0E-4-QMe
2.06

10

2-0H-5-0Me
6.28

2Ws

4—0H»3"“0Me 
3.93

1-11 mm mm mm

12 - - - 0.05

13 - - mm 0,31
lb - - - 1.17
15 mm - - 1.42
16 mm • - 0.76
17 - -

- 0.21
18 0.06 - - 0.02
19 0.35 - - -
20 1.08 - -. m

21 1.71 - . 0.10 mm

22 1.54 mm 0.48 ~
23 0.92 - 1.13 -

2b 0.38 - 1.62 -
25 0.11 0.02 1.52 -

26 0.02 0.07 0.9 5
27 - 0.18 0.41 mm

28 - 0.33 0.11 -
29 - 0.42 Ml -

30 - 0.42 - -

31 - 0.30 -
-

32 - 0.20 - -

33 - 0.10 - -

3b - 0.05 - - Ml

35 mm 0.01 - mm

36 -- mm * - -



Table 4-,3-12 : Column elution of benzoic acid and monohydroxy 
benzoic acids on column Lz with 0.Q1N aqueous 
hydrochloric acid as solvent and eluent.
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Benzoic acid
102W

Sample No.

H
0.39

o-GH
0.92

m-0H
3.55

1G2Ws

p-OH
1.28

1—8 mm mm — —
9 - - o.5o -

10 - mm 1.64 0.01
11 0.01 - 1.12 0.10
12 0.13 - 0.25 0.4l
13 0.18 0.07 0.03 o.50
14 0.08 0.25 mm 0.21
15 0.01 0.35 mm o.o4
16 - 0.21 - mm

17 - 0.07 mm -
18 mm - -



Table 4-.3-13 s Column elution of dlhydroxybenzoic acids on
column L2 with 0.01N aqueous hydrochloric acid 
as solvent and eluent.
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Benzoic 2 
acid

,3-dlOH 2,4-diOH 2,5-diOH 2,6-di0H 3,4-diOH 3 ,5-di0H

102W 2,44 2.4-8 3.01 1.75 1*21 2.12
Sample No. 102WS

1-2
3

- mm

\

mi

mu 0.25
mm

M

-

** - mm « 1.28 mm -
5 - - ** 0.23 - -
6 •

- 0.02 UR -
7 - - mm mm 0.01 0.01
8 - - „ 0.04- - 0.15 0.3^
9 0.03 - 0.33 mm 0.59 1.04-

10 0.21 - 1.25 - 0.39 0.61
11 0.81 - 1.02 - 0.07 0.10
12 0.87 , - 0.30 - - mm

13 0.38 0.05 0.03 - - -

lb 0.10 0.26 - - - —

15 0.04- 0.72 •m - -

16 0.02 0.78 - mm - -

17 mm 0.4-7 - - - -

18 - 0.19 - - - -

19 - 0.05 - - - -

20 «r - UR «■» mm UR
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Table 4,3-14 : Column elution of benzoic acid and 2,3-, 2,6- 

and 3,5-dime thoxybenzoic acids on column Lz 
with 10% dioxan in 0.01N aqueous hydrochloric 
acid as solvent and eluent*

Benzoic acid H 2,3-diOMe 2 ,6-diOMe 3,5-diOMe
102W 0*94 1.67 1.56 0.58

Sample No* 102Ws

1-4 «•

5 mm «• 0.03 -
6 - 0.02 0.35 -
7 0.07 0.36 0.92 -
8 0.50 0.91 0.24 mm

9 0.35 0.36 0.03 mm

10 0.03 0.02 - -
11-17 - - - -

18 - - - 0.03
19 - - - 0.07
20 mm - - 0.11
21 0m - - 0.13
22 - «*• - 0.11
23 <m - - 0.07
24 - - - 0.05
25 - - - 0.03
26 - mm mm 0.01
27 0m - - •
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Table 4.3-15 : Column elution of dihydroxybenzoic adds on

column L3 with 0.01N aqueous hydrochloric acid
as solvent and eluent.

Benzoic 2 ,3~di0H 2,4~di0H 2 ,5-di0H 2 ,6-di0H 3,4-diOH 3 f 5-di0H
acid
102W 3.10 3.56 1.73 2.66 2 .28 2.44

Sample No,
■o mm m-m

102WS
r———«—•

1 - mm - - mm

2 - mm - 0.72 - mm

3 - - - 1.85 - -
¥ - - 0.10 0.19 0.21

5 0.12 mm 0.13 - 1.13 1.26

6 1.14 0.02 0,88 - 0.82 0.87

7 1.36 0.35 O.63 - 0.15 0,11

8 0.42 1.48 0.09 mm - - •
9 0.05 1.23 - - - -

10 - O.39 - - -
11 - 0.07 - - - -
12 mm 0.01 - - - -
13 - - wo wo - MO



Table H-.3-16 : Uolumn elution of benzoic acid, m-OH, 2~0H-3-0Me 
and 4-OH-3-OM© on column I3 with 0.01N aqueous 
hydrochloric acid as solvent and eluent.
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Benzoic acid 
102W

Sample No,

H
0,60

m-OH
3.38

2-0H-3-0Me
0.57

102WS

OMq
0.82

l«lfr „
5 •W 0.50 « -
6 0.05 1,81 - -
7 0.29 0,9^ - 0.02
8 0.23 0,l4 mm 0.15
9 0.03 - 0.31

10 - - 0.02 0.25
11 - - - 0.10 0.09
12 mm 0,17 0,02
13 - - 0.17 -

lb - - 0.09 -
15 - - 0.03 mm

16 <a» - — am
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Table *+.3-17 ’ Column elution of benzoic acid, 3,4~diQH, 

3,5-diOH and 2,3-diOMe benzoic acids on 
column L3 with 10$ dioxan in 0.01N aqueous 
hydrochloric.acid as solvent and eluent.

Benzoic acid H 3,4-di0H , 3 ,5-di0» 2,3-diOMe
102W 4.45 0.92 o.55 0.53

Sample Mo. 102Ws
..

1 - - - mm

2 - 0.02 0.02 mm

3 0.12 0.38 0.25 0.03
4 1.26 0.47 0.24 0.17
5 2.68 0.04 0.03 0.30
6 0.36 0.01 - 0.05
7 0.07 - - -
8 **
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Table *+.3-18 i Column elution of p-alkoxybenzoic acids on 

column L3 with 10% dioxan in 0.OIK aqueous 
hydrochloric acid as solvent and eluent.

Benzoic acid 
102W

Sample No.

1-5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

p-OMe p-Oht p-n-OPr p-n-OBu
0.64 0.90 0.60 0.31

102Ws

0.13
0.33
0.16
0.02

0.07
0.30
0.34
0.15
0.03

0.03
o.ii
0.18
0.17
0.09
0.01

0.01
0.02
0.05
0.07
0.07
0.05
0.03
0.02

l
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Table 4.3-19 s Column elution of p-halobenzoic acids on 

column L3 with 10$ dioxan in 0.01N aqueous 
hydrochloric acid as solvent and eluent.

Benzoic acid
io2w

Sample No.

p-Cl
0.83

p-Br
0.68
102¥s

P-I
0.62

1,4 mg - -

5 0.01 - -
6 0.15 - -
7 0.40 0.04 - ,
8 0.23 0.17 -

9 0.03 0.30 -
10 MO 0.18 0.01
11 MD 0.03 0.05
12 MU - 0.12
13 * MB 0.17
14 MU *■» 0.15
15 , MU - 0.09
16 - - 0.04
17 - - 0.01
18 m* - -
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Table 4.3-20 s Column elution of mixtures of (A) m-OH and o~QH 

and (B) 2,3-diOH and 2,4~diOH benzoic acids on 
column L| with O.QIN aqueous hydrochloric acid 
as solvent and eluent.

Benzoic acid 
102¥

Sample No.

m-QH + o-OH 2,3-diOH + 2,4-di0H
3.77 9.98 0.72 1,70

102Ws

1-16 - - mm mm

17 0.06 - - -
18 0.4-5 - 0.01 - .

19 1.23 mm 0.08 mm

20 1.23 - 0.21 mm

21 0.63 mm 0,24 mm

22 0.17
■ - 0.15 -

23 0.01 - 0.05 •
24 mm 0.01 0.01 -
25 - 0,22 - m*

26 - 0.86 • 0.04-
27 - 2.08 - 0.14-

, 28 - 2.73 - 0.30
29 - 2.26 , - 0.4-3
30 1.20 - 0.4-1
31 - 0.4-9 - 0.25
32 - 0.16 mm 0,10
33 - 0.05 mm 0.04
3^ - - - 0.01
35 - - - **
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Table 4.3-21 : Uolumn elution of mixtures of (A) m-QH and 
m-OMe. and (B) 4-OH-3-OMe and 2-0H-5-0Me 
benzoic acids on column,.L| with 10% dioxan 
in 0.01N aqueous hydrochloric acid as solvent 
and eluent.

Benzoic acid m-OH + m-OMe 4-0B-3-0Me + 2-0 H-5-0 Me
102W

Sample No,
2.78 2.1&

102Ws
3.29 2.72

1-9 mm — —

10 0.3b - -
11 1.25 mm - mm

12 0.97 - 0.05 -
13 0.21 mm 0.26 -
14 0.02 - 0.90 -
15 - - 1.08 -
16 - mm 0.69 -
17 - - 0.25 -
18 - - 0,05 -
19 - 0.02 mm -
20 - 0.12 - 0.02
21 - 0.40 - 0.23
22 - 0.64 mm 0.62
23 - 0.59 mm 0.78
2b - o.33 - 0.68
25 0.12 - 0.30
26 - 0.01 - 0.08
27 - - - 0.01
28 — mm mm



Table 4.3-22 : Column elution of mixtures of (A) 3,5-dlQH and
2,4—dlOH and (B) 3 ,4-di0H and 4-0H-3-0Me benzoic 
acids on column L1 with 10% dioxan in 0.01N 
aqueous hydrochloric acid, as solvent and eluent.

104

Benzoic acid 3,5-diOH + 2,4~di0H 3,4—diOH
10% 1-43 3-13 1.18 1.83

Sample No. 102Ws
1-7 mm - mm

8 0.12 mm 0.07 -
9 0.79 ■m 0.62 -

10 0.49 - 0.42 -

11 0.04 - 0.04 mm

12 mm 0,01 - 0.02
13 mm 0.08 - 0.19
14 - 0.69 - 0.54
15 - 1.31 - 0.66
16 M 0.77 - 0.34
17 - 0.20 0.09
18 - 0.03 - -
19 - •m - -
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Table 4-.3-23 : Column elution of mixtures of (A) 4-0H-3~0Me 

and 3,4-diQMe and (B) 2,3-diOMe and 3,4-diOMe 
benzoic acids on column L* with 10% dioxan in 
0.01N aqueous hydrochloric acid as solvent and 
eluent.

Benzoic acid 
102¥

Sample !o.

i+-0H-3-GMe +
3.28

3j4-diQMe 2
1.59

102Ws

,3-diOMe
1,42

+ 3,4-diOMe 
1.59

1-11 mm •m mm

12 0.04 - 0.01 -
13 0.38 - 0.04 -
14 0.99 - 0.25 -

15 1.03 mm 0.59 -
16 0.59 - G.4l -
17 0.17 mm 0.12 -
18 0.02 mm 0.02 -

19 - - 0.01 -
20 mm - — mm

21 - - mm mm

22 - 0.01 mm 0.01
23 - 0.07 - 0.08
2b - 0.21 - 0.21
2 5 - 0.37 - - O.38
26 - o.39 mm 0.39
27 - 0.29 O.29
28 - 0.17 •* 0.16
29 - 0.03 - 0.04
30 - 0.01 - .

0.01



10GTable if.3-24- : Uolumn elution of a mixture of 2,6-diOH,
3,5-diOH and 2,4-diOH benzoic acids on column 
L2 with 0.Q1N aqueous hydrochloric acid as 
solvent and eluent.

Benzoic acid 
102W

Sample No,

2,6-diOH +
0,53

3,5-diOH
1.02

102WS

2,4-diOH
1,4-8

1-2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

0.08
0.39
0.08
0.01

0.02
0.25
0.4-8
0.21
O.03

0.09
0.32
0.4-8
0.34
0.16
0.05
0.01



Table **.3-25 : Uolumn elution of mixtures of (A) 2,6-diOH and
2,4-diOH and (B) 2,3-diOH and 2-OB-3-0Me benzoic 
acids on column L3 with 0.01M aqueous hydrochloric 
acid as solvent and eluent.
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Benzoic acid 2,6-diOH + 2,*+«diOH 2,3-diOH + 2-0H-3-QMe 
102¥ 1,92 2„*+7 1,10 0.29 

Sample No. 102Ws

1
2
3
k
5
6
7
8
9

10
11
12
13
1**
15
16

o,55
1.27
0.08

0,01
0,22
0.89
0.91
0.36
0.08
0.01

0.0**
0.36
0>9
0.17
0.02

0.02
0.06
0.10
0.08
0,0**

0.01



Table 4 ,3-26 : Column elution of mixtures of (A) p-01 and 
p-I and (B) p-OBt and p-n-OBu benzoic acids 
on column L3 with 10% dioxan in 0.01N aqueous 
hydrochloric acid as solvent and eluent.
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Benzoic acid p-01 + p-I p-OBt + p-n-OBu
102¥ 0.72 0.43 0.70 0.19

Bample No, 102Ws
-______ ___ ______________ _____ ______________ ___________ _______

1-4
5
6
7
8
9

10
11
12
13
14
15
16
17
18 
19

mm ** — **
0.01 « - -
0.13 mm - Ml
0.36 - 0.05 -
0.21 - 0.24 mm

0.04 - 0.26 -
Ml - 0.14 mm

- 0.02 0.02 -
mm 0.06 - 0.01

- 0.12 mm 0.01
mm 0.13 mm 0.04

- 0.07 - 0.06

- 0.03 - 0.05

- 0.01 - 0.03

- - mm 0.01
mm mm *•



DISCUSSION m

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 coefficnent, 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 study the distribution coefficient is 
expressed in terms of the sorption coefficient, B (defined in 
Chapter 3). This is related to the volume distribution 
coefficient Kv (per ml of the resin) and wight distribution 
coefficient Kw (per gm 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 
(i) the peak elution volume,
(II) the width and peak height of the elution curve,
(iii) the number of theoretical plates and
(iv) the resolution
by simple equations and these equations may be compared with the 
equations given in the literature^”^ where the above quantities 

are related to either volume distribution coefficient or weight 
distribution coefficient.
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Generally the equations are based on the assumption 

that the elution curves are symmetric described mathematically 

by a Gaussian curve. However, when certain components are 

eluted from the chromatographic column they are seen as asymme

tric peaks - customarily called bands with a diffuse or sharp 

trailing or leading front. In such cases calculations based on 

Gaussian distribution may lead to considerable errors.

Preliminary studies of the column behaviour of some 

benzoic acids using water as the solvent and the 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 

others (Table 4-.3-1). 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 undesirable because 

this leads to 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 can'be overcome by using 0.01N 

aqueous hydrochloric acid as solvent and eluent, in which the 

ion exclusion mechanism becomes less or inoperative and the 

elution curves become fairly symmetric. In consistence with 

this observation the column elution runs of all the benzoic 

acids were carried out in G.01N aqueous hydrochloric acid and/or 

10$ dioxan in 0.01H aqueous hydrochloric acid, Even in acidic 

solvents, solutes with low sorption coefficients, e.g. 2,6- 

dihydroxybenzoic acid, may show some tailing i,e, the bands with
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a diffuse trailing front which may be due to the overloading of 
the column. Tailing becomes more apparent with longer columns,

M-,4-1 ; Peak Elution Volume s
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. It can be expressed in terms of B ass

Vm = B.C (1)
where 0 is the total capacity of the resin in equivalents in 
the given column. Prom equation (1) it follows that

(i) Vm is directly proportional to B
(ii) Vm is directly proportional to C and for the given column

C is directly proportional to the length of the resin bed, L, 
hence, Vm is also directly proportional, to L,

However, equation (1) is valid only if the void volume,
VI} disc volume (dead volume), Vd; and feed volume, Vf are 
negligible, and if they are not negligible we may express the 
peak elution volume as :

Vmo = B.O + Vo (2)
where Vo is the suma of Vi and Vd, and in the present study, since 
Vf is sufficiently large it is also included in Vo, Thus

Vo = Vi + Vd + Vf <3)
The values of Vmo are calculated for various benzoic 

acids from their B values (chapter 3) for different values of C 
(i.e. for different values of L) and these are compared with the 
experimental values of Vmo obtained by carrying out the actual



column elution runs of these acids on different columns 
(Table 4,3-1 to 4.3-19). The calculated and experimental values 
of Vmo are reported in Table 4.4-5-1,

4.4-2 : Width and Peak Height of an Elution Uurve *
■ - r - 11 - - mi j- in- i i n iM air ■ i i I ii     m ii im in »■ ni Mi - -in mm • 1 " —— -n     ■■■ ■ if— it

As mentioned in Section 4.1, the width of an elution 

curve is a measure of column performance or column efficiency 
and is generally expressed in terms of cr or p, For a Gaussian 

curve these two quantities are related as :

p = 2 Jz,<r (4)

The width of an elution curve depends generally on the 

distribution coefficient of the solute and the column parameters 

such as resin particle size, area of cross section, flow rate, 
feed volume and temperature. In the literature equations are 
given correlating a~z (variance) with the distribution coefficient 

and the column parameters. By considering one variable at a 

time, holding other parameters constant, its effect on the width 

of elution curve can be studied.
In this work the effect of distribution coefficient and 

column length on <r-have been studied, the oth&r parameters 
\*ere held constant. Under these conditions it would be possible 

to give an equation correlating «r- with B and C as :
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a~ =
aj ^/"b" + 0,2B (5)

where
a, = k] (6)

and
a2 = k2 So (7)

kt and k2 being constants
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The values of a» and a2 could be calculated by plotting 

experimentally determined values of /•/B versus */B for the 
elution runs on different columns (Table 4,2-1). Hence, from 
the values of at, a2 and C the constants k* and k2 can be 
obtained from equations (6) and (7) respectively. The values of 
ki and k2 thus computed are1 0,05 and 0,0025 respectively and
remain constant for all the values of 0 studied in this work,

!

It may be suggested empirically that k| and k2 may be 
expressed in terms of feed volume, Vf, by

k, = Jlt/ir (8)

k2 = Vf/w2 » k,2 (9)

Now combination of equations (5)> (6) and (7) gives<r 
in terms of B and 0 as s

<r- s k, iilc + k2,B fa
(1 + /£, k2/kt) (10)

Since <r* and p are related (equation 3) we can also expres 
p in terms of B and C as :

p ss 2kt J2B,G (1 + /i.k2/k,) (11)

Another important quantity of the elution curve is the 
peak height which refers to the concentration at the peak elution 
volume, denoted by Cm, This depends upon (i) the amount of the 
solute loaded (i.e, initially sorbed on the column), W, which 
refers to the area under the elution curve and (ii) the width 
of the elution curve. For a Gaussian curve these are related as:

Cm = m/STtt <t* (12)
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From equations (10) and (12) it follows that

Cm * -----==—-------- (13)k, /2trBC (1+y B k2/k,)

The illustrative calculations of c-and Cm for the given 
values of B, C and W and their experimental determination are 
shown in Section 4.4-5. The calculated and experimental values 
of c- and Cm are reported in Table 4.4-5-1.

4.4-3 dumber of Theoretical Plates :

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. The experimental determination of the 
number of theoretical plates in the given column, for the 
particular compound, involves the experimental determination of 
peak elution volume and either the width (<r or p) or peak 
height of the elution curve. These are related to the number of 

theoretical plates by the following equations :

N, * (Vm/<r~)2

* 8(Vm/P)2
fVm.Om 1 2l, 2 marl~t~J

Theoretically N, = %

In the present study, the number of theoretical plates 
for the column elution runs of various benzoic acids on different 
columns have been calculated using the experimentally determined 
values of Vm, o~ , Cm and ¥, These values are reported in 
Table 4,4-5-1* For a particular compound, N, and N2 are 

comparable and hence the average of these is taken as I experi
mental denoted by Nexp.

(14)

(15)

(16)



Further from equations (1), (10) and (1*+) it follows

that
_____-- B.C
ki-/Sc (1 + yi k2/ki)

on simplification, and putting k2 = k2, we get

(17)

N = -------- --------------- (18)
k2 (1 + ki yi)2

The equation (18) expresses N in terms of B and 0 and 

the values of N calculated using this equation are reported in 

Table 4-,H~5-l.

** Resolution (Separation Study) :

The quantitative measure of separation is the Resolution 

given by the equation :

Rn = --------£2-------- , Vria - Tb, (i9)
3(«“i + «"a) 3(^1 + «”a)

where £*Z = Vm2 - Vmi, the gap between the neighbouring peaks. 

The subscripts 1 and 2 denote solutes 1 and 2e

Combining equations (1), (10) and (19) and on simpli

fication, we get

Rn

3k 1

So ( - ^5.)
k2 B2 + B|

1 + — x —-----------
kj jBz +JB\

(20)

From equation (20) it follows that for the given pair of solutes 

having sorption coefficients B| and fi2, the resolution, Rn for 

the particular column (i.e, particular value of 0) can be 

calculated and thus the extent of separation can be predicted



before carrying out the actual column runs.

An illustrative calculations of Bn for 3,5-dihydroxy- 
benzoic acid (B = 1,68) and 2,4-dihydroxybenzoic acid (B = 3.7O) 
on eo3.umn L2 is shown in Section 4.4-5. Bn is also calculated 

from the experimentally determined values of Vm and o~ for these 
two acids from their individual column elution runs on the same 
column, using equation (19)« The two values of Bn thus obtained 

are in fair agreement. Then the actual separation was tried by 

taking the mixture of these acids, the two components separated 
in accordance with the resolution computed from their B values 

and from their individual runs.

For some other pairs of benzoic acids of interest, the 
values of Rn (calculated from B values and also from the indivi
dual column elution runs) are reported in Table 4.4-5-2, The 

column elution runs of mm mixtures of some illustrative pairs 
have been carried out (Table 4.3-20 to 4,3-26).

As seen earlier, Vm is proportional to 0 and <r~ is 
proportional to /C. Therefore, Bn increases with -/C thus 

always reaching unity-indicating a satisfactory separation - if 
a sufficiently long column can be used. By setting Rn = 1 in 

equation (20), the minimum number of equivalents of the resin, 
Gmin required for the separation of the desired pairs of benzoic 
acids can be calculated. The equation of Cmin can be written as

where

Omin =

At =

1 + A2 12

A» J
- A—

(21)

(21a)
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k2 R2 + B|

kt JBz +M\
(21b)

Table 4.4-5-2 gives the calculated values of Cmin for 

some pairs of benzoic acids.

Depending on the value of Rn, separations may be 

classified as :

(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 : In these Rn

value is considerably greater than unity, thus resulting 

in a waste of time and eluent.

(3) Incomplete separations : These have Rn value less than

unity and peaks overlap considerably. However, the peaks 

can be easily identified. Thus for identification purposes 

resolution need not always be unity.

4.4-5 : Calculations i

The calculation and experimental determination of 

various chromatographic quantities for the column elution runs 
reported in Tables 4,3-1 to 4.3-19 are'illustrated in this 

Section by considering a pair of benzoic acids.

Calculation I

Benzoic acid s 3»5-diOH 

Solvent and eluent ; 0.01N aqueous HC1 

Column t I2 5 C = 0.088 equivalents 
W - 2,12 x 10"2 millimoles ; B = 1.68
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The graph of the elution run is obtained by plotting 

102Ws versus sample number (Table 4-.3-13), where. W$ denotes 

the amount of the solute in millimoles in 25 ml effluent sample. 

The circles represent the analyzed fraction of the eluent. The 

continuous graph is drawn through the circles and the resulting 

plot is the experimental elution curve, Pig. 1.

Now

Vo sr Vi + Vd + Vf

= 0,030 + 0.015 + 0.025 = 0.02

V»(cal) = B„C

zs 1.68 x 01088 = 0,14-8 liter

v®o(cal) - Vm(cal) + Yo

= 0.14-8 + 0.070 = 0,218 liter

Ymo(exp) s: OX = 9,2 samples (Pig.l)

52 9,2 x 0.025 = 0.230 liter

Ym(exp) s Vmo(exp) - Yo

= 0.230 ~ 0,070 = 0.160 liter

k, = Jff/ir

= yo,025/3.14- = 0.050

k2 = Vf/7r2 =: k,2 = 0.0025

at = ki Jo

s 0,05 70.088 = 1,50 x 10~2

0.2 = k2 /s

= 0.0025 Jo]088 = 0,8 X 10~3

W ,
Um(oal) rr k, s/2trBC(l + k, 76)
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Cm' = 

Gm(exp) =

^(cal) =

N

XY = 1,06 x 1Q~2 (Fig.l)

40C»r (
40 x 1.06 x 10~2 = ^gjcJLG"1

at /B + a2®

1.50 X 10“2 Jl,68 + 0,8 X 10~3 X 1.68 

0.021 liter

‘(exp) = 1/2 x PZ (Fig.l)

= 1/2 x 0,04 = 0.020 liter

% - [^(exp)/<^(exp)] 2 

(0,160/0s020)2 = 64

N* = 21T

Nexp

Ncal

exp; »w»Hexi
Ff

— 2x3 •!*+
0,l60 x 4,2 x 10 

2,12 x 10“2~*~"~
-1

* ia

Ni .t ^3 = 64
~2 "2

B.C
kail + k| /B)2 

1,68 x 0,088 = r,6
2,5 x 10“*3(1 + 0,05/1*68)2

50

Calculation II :

Benzoic acid t 2,4-diOH

Solvent and eluent : 0.Q1N aqueous HOI

Column : L2; 0 = 0.088 equivalent
W * 2.48 x 10~2 millimoles; B = 3.7O

Prom Tables 4.2-1 and 4.3-13 and Pig,2, on calculation,

the following results are obtained t



120
V”WD - 0.326 liter . Ym(exp) = 0,323 liter

Vmo(cal) = 0.396 liter Vmo(exp) = 0.393 liter

0n(Ml) = 3.i x KT1 ^m(exp) = 3.2 x..10-1

<r’(cal) ~ 0.032 liter ^(exp) * 0^031 liter

Ncal = 104 Hexp ■ i°2

Calculation III :

yc (/Ik *** yj j3j )
Hn(cal) =

3*i 1 + Ic2 Bz + Bj

1*12

Rn(exp)

kj f&z +JB%
Ym(cal)2 ** Ym(cal) ^

^lcap2 + ^TcaPiJ

0,326 - 0,l48 
3(6,032 + 0.021)

Ym(exp)2 “ Vffi(exp)1 

3 (exp) 2 + ^(exp) t]

0*323 - 0.160 _ , no
—■ X©W/

3(0.031 + 0,020) --------

■'min “
1 + A2
-^r

T 2

where

and

A|

A2

M -/Bt _ JJ7?0 - .71768
~kT ” '‘”3 x"olo5 ~

k2 B2 + B|
• 1 ..«• ii* • ■«

k, J% +/§|

°_.0025 # 3.70 + 1.68 
""0.05 Jf^fo +Jl. 68

4,20

0,084
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therefore,

Gmin 1 + 0.084 O.O67 equivalents

Pig. 3 gives the experimental elution curve for the 
column elution of the mixture of 3,5-diQH and 2,4-diOH benzol 
acids on column L2 (C = 0.088 equivalents) with 0.01N aqueous 
hydrochloric acid as solvent and eluent (Table 4.3-24),

Tables 4.4-5-1 and 4.4-5-2 give the calculated and 
experimental values of the chromatographic quantities for 
the substituted benzoic acids of interest,
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elution run of 3»5-diOH benzoic acid on column 
L2 with 0.01N aqueous hydrochloric acid as 
solvent and eluent.

Y

4------- Vimo(px.p)----------- >



0*
2 

0*
4

Fig 2 Flot of Ws versus sample number for the column 
elution run of 2,4—diOH benzoic acid on column 
1>2 with 0.01N aqueous hydrochloric acid as 
solvent and eluent. ;

o

SAMPLE | NUMBER----- >

k-------------VwioCexp) ------------ ----------^



Pi
g 3

 Pl
ot

 of
 Ws

 ve
rs

us
 sam

pl
e n

um
be

r fo
r th

e co
lu

m
n e

lu
tio

n r
un

 of
 

'll: 
th

e m
ix

tu
re

 of
 (a

) 3»
5*

*c
liO

H
 an

d (b
) 2,

,4
—

di
O

H
 be

nz
oi

c a
ci

ds
 on

co
lu

m
n  L

2 w
ith

 0.
01

N
 aq

ue
ou

s hy
dr

oc
hl

or
ic

 ac
id

 as 
so

lv
en

t an
d 

el
ue

nt
.

SA
M

PL
E

 NUM
BE

R



Ta
bl

e *1
-,4

-5
-1

 i C
al

cu
la

te
d a

nd
 ex

pe
rim

en
ta

l q
ua

nt
iti

es
 fo

r th
e c

ol
ui

pa
 el

ut
io

n r
un

s of
 be

nz
oi

c a
ci

ds
(W

H
 = 

0.
01

N
 aq

, HO
I, D

W
H

 = 
10

$ d
io

xa
n i

n 0
.0

1N
 aq

. HC
1)

.

84 42 45 20
.

20
9 99 10
6

13
9 62 30 60 16
2 79 76 22
8 

fo
 

10
4*

°

11
3 39 51 15 25
2

12
3

13
8

19
^ 73 29 88 22
1 93

 
87

 
2 7

7 
14

6

12
5 4l 5*
+ 

16
 

2 5
7 

13
0 

1*
*3

 
19

6 78
 

30
 

86
 

21
7 94 89 27
4

14
4

10
0 37 48 13 24
7

11
5

13
3

19
2 68 28 90

 
22

5 91
 

84 27
9

14
7

76
 

79
15

0 15646 20 737 12 20

4l 20 6811
7 108

 
22

 
23

12
 

14
15

2 164
 

92
 

10
3

59
 66 

75
 

71
*

15
6 1605 12 20

25
 

21
 

20
 

18
 

38
 

28
 

28
 

28 23
 

19
 

21
 

31 26 24
 

4l
 

26

27 20 19 15 40 30
 

29 31 24
 

18
 

22 35 26 25 45 29

32
0

18
3

20
8

12
0

69
3

37
0

41
8

**
83

26
0

15
5 

. 2
94

 
56

0 
31

8 
31

5 
78

0 
41

0

31
8

18
5

19
8

12
2

67
3

36
9

39
3

46
0

25
9

15
4

26
5

54
0

30
1

31
3

77
5

39
1

ca
l# 

ex
p,
 ca

l» 
ex
p« 

ca
l«
 e
xp
,

0,
39

0,
60

0,
94

4.
45

2.
15

 
0,

92
11

.1
0

7.
15

3.
55

3,
38

8,
62

3,
64

1,
28

4,
28

8,
20

10
,9

3

L2 l3 Li L2 L, Li L2 L3 L| Li L2 L, L, Lf

1,
00

2.
62

1.
28

4,
00

1.
74

1,
45

1,
75

2,
15

2.
82

 L2

D
W

H

W
H

D
W

H

W
H

D
W

H

W
H

D
W

H

W
H

D
W

H

W
H

2 Ni&p 
H

ea
l

M
M

IQ
2 

C
m

1Q
3<

j-
lit

er
10

3V
m

o 
lit

er
C

ol
- 102

W
 

ur
an

 milli m
ol

es

o-
0M

e

p-
O

H

m
-O

H

o-
O

H

HB
en

zo
ic

 ac
id

 Sol
- B 

ve
nt

—
M

m »i»M i<ii ail m

co
nt

d



m
-O

M
e 

W
H

 6,oo L
, 4.65 

11
15

 1125
 

56
 6l 33 

30
 

28
5 

27
7 

28
1 

31
3

D
W

H
 

2.
40

 
L,

 
9.

85
 

50
3 

54
8 

34
 

34
- 

11
6-

 11
6 

17
7 

17
9 

17
a 

14
4

p-
O

M
e 

W
H

 6.44 L
| I.09 

11
90

 1193
 

56
 

62
 

, 8 
7 

31
3 

31
2 

31
3 

38
2

D
W

H
 

2.
65

 
Li

 
2.

35
 

54
6 

54
8 

36
 

34
 

26
 

28
 

17
7 

18
3 

18
0 

15
7 41

 
19

9 48 28
4 69 10
0

16
8 42 55 79 15
0 69 36 73 21
4

10
4 55 99

C
3

41 20
5 40 21
3 53
 

61 23
1 40 54

 
58 16
9 69 25 94 21
5

10
9 43 13
3

39
 

20
2 40
 

21
8 59 65
 

24
3 37 57 62 17
8 66

 
25

 
96 20
9

10
9 43 14
2

42
 

20
7 39 20
7 46 57 21
9 43
 

50
 

54 16
0 72 25 92 22
1

10
9 42 12
3

36 56 21 56 32 60 58

38 65 20 58 31 $1 508 7 
12

0 13013
 

21 14
 6 8 3 19 16 12

13 22 16 7 9 4 16 17 11

19 43
 

26
 

60
 

34 44 33 19 24 38 33 26 23 23
 

43
 

31 24
 

26

19 42 23
 

51
 

28
 

34
 

37 20 24 31
 

34
 

26
 

19
 

23 43 32
 

23
 

28

17
8

71
3

21
8

95
8

28
5

38
8

58
3

18
0

22
5

33
3

51
3

29
0

16
5

31
5

73
5

39
3

21
0

38
3

17
7 

68
 7 

21
5 

95
4 

28
7

39
5  

57
4 

18
5 

23
3 

33
1 

51
2 

28
6 

16
8 

29
1 

72
4

39
6 

22
5 

37
4

0,
64

2,
29

0.
90

0,
88

0.
60

0.
31

1.
49

 
0,

83
 

0.
68

 
0.

62
 

10
,2

0 
2 

.4
4 

3.
10

 
1.

18
 

6.
21

 
2.

48
 

'3
.5

6 
3.

51
D
W

H
 1.64 

L,

Irj

‘112

1.
15

3.
70

3.
48

 I** l3
5.

05
L3

7,
40

 L3
2 

» 
82

 I*t
3.

87
 1*3 

6,
00

 L3 
2.

45
 i*t

D
W

H

W
H

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

W
H

2,
4-

di
O

H

p-
O

B
t

p_
n-

O
Pr

p-
n-

O
B

u
p-

C
l

p-
Br

P~
I

2,
3-

di
O

H

co
nt

d.



91
 

15
7 

22
0 

28
4 

19
0 55

 M
92

 m
co

nt
d,,

,

14
-7 69 36 75 26 16 9 22 11
2 53 28 58 lb 10
b 50 26 53 14

18
2 67 28 13
5 23 7 1 4

13
2 60 17 53 4

19
5 64 17 55 3 61 15
8

18
0

19
4

17
9 4.
5 93

17
9 65 29 16
3 23 5 1 4

13
4- 62 16 58 4

20
1 63 17 56 2 63 15
8

17
5

20
4-

18
4

4-
3 98

18
4 68

 
26 10

6 22 8 1 4
13

0 58 17 4-
8

18
8 64 17 53 3 58 15
7

18
5 

18
4

17
4 4.
7 87

50 51
 

75
 

70
 

29
 

24
 

4-
6 22
 

19
 

b$
 

4-
2 52
 

43
 

10 7 70 17 16 66 12 57

67 63
 

13
3 81 29 23 60 .2
1 37 37 40 64
 

42
 

22
 

n? 68
 

19
 

19
 

63 14 5822
 23 

48
 

51
38

 
36

73
 

11
0

31 23 20 18 19 11 13 17 28 21 19 20
 

20
 

23
 

20
 

19
 

19
 

21 34 35
 

47
 

64 39 26 26

33 25 18 22 14
 

11 8 15
 

28
 

21
 

15
 

19
 

10
 

28
 

21
 

15
 

19
 

10
 

32
 

36
 

43
 

52
 

40
 

24
 

27

51
5

26
0

15
8

28
0

18
5

10
0 70 13
0

4l
5

23
0

13
3

23
3 93 41
0

23
0

13
3

23
3 88

.

31
3

53
3

73
5

96
3

61
0

23
3

36
5

49
5

27
7

16
3

28
5

16
6

11
5 79 16
6

39
1

22
3

13
5

24
0 94 38
1

21
8

13
2

23
4 93 36
1

54
6

73
4

97
1

64
6

23
9

35
5

1,
81

3.
01

1.
73

4.
00

 
2,

35
 

1.
75

 
2.

66
 

3.
04

2.
01

 
1.

21
 

2.
28

 
1.

00
 

0.
92

 
2,

56
2.

12
2.

44
 

1,
99

 
0.

55
 

0,
57

6.
12

 
2.

06
2.

44
 

6.
28

 
0,

82
3.

93

L
i

L2 % L, % l
3 L| Li L
i

6,
66

2.
65

3.
76

5.
15

3.
24

4.
00

1.
53

L, L
, I2

z
’IIrj

I P£

Z1Irj

0.
85

1.
68

0,
42

1.
74

1,
12

0.
51

2.
35

WH D
W

H

D
W

H

D
W

H

D
W

H

W
H
 _

D
W

H

D
W

H
 0,82

D
W

H

W
H

D
W

H

W
H

H
M

H
M

<3W
H

2-
0 H

-3
-0

 M
e

2-
0H

-4
-0

M
e

2-
0H

-4
-0

iS
t

2-
O

H
-5

-O
M

e
lf-

O
H

-3
-O

M
e

3,
5-

dl
O

H

3,
4-

di
O

H

2,
6-

di
O

H

2,
5-

dl
O

H



NHNiOCOOCOlA 
O V\ CM OOtNj* CV.
H H H H H

120
14

0 4? 15 17
8

18
9 84 37 14
5 99

14
7 52 15 17
2

18
5 91 39 15
2 96

13
3 42 14 18
3

19
3 77 34 13
8

10
2

48 37 12 13 6 30 37 16 5

4l 32 14 14 6 28 35 17 6

25 20 18 44
 

4l
 

25
 

18 45
 

45

28 21 15 4l 40 25 18 40 39

38
3

20
0

12
3

69
0

66
5

31
5

17
5

62
3

52
5

38
4

22
0

13
3

66
6

64
6

31
8

18
4

62
9

53
9

2.
86

1.
67

o.
53

1.
48

0.
63

1.
73

1.
56

1.
72

0.
58

Li l2 %
3»

36
 L| 

3.
24

 L| 
1.

30
 L, L2

3.
14

 L| 
5.

33
 L2

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

2,
4~

di
0M

e
2.5

- 
di

0M
e

2.6
- 

di
0M

e

3.
4-

 
di

0M
e

3.
5-

 
di

O
M

e

2,
3-

dl
O

M
e DWH I

.7
0



Ta
bl

e 4
J+

-5
-2

 : C
al

cu
la

te
d a

nd
 ex

pe
rim

en
ta

l q
ua

nt
iti

es
 for

 the
 col

um
n e

lu
tio

n m
in

s of
 som

e
m

ix
tu

re
s of

 be
nz

oi
c a

ci
ds

,
126

co
nt

d.

19
2

24
6

13
7

*+
89 29 88 46
2 71 71 38 27
9 45 12
6

20
5

20
5 6 7

 
17

4

1.
06

0.
84

1.
13

0.
77

2.
40

1.
54

0.
71

1.
45

0.
67

0.
81

0.
35

0.
90

o.
58

0.
97

0.
60

1.
00

0.
84

1.
12

0.
59

2.
50

1.
42

0.
60

1.
56

0.
78

1.
05

0.
36

0.
95

0.
59

0.
92

0.
63

24
-3

2
14

-1
9

39
-5

2
18

-2
6

39
-5

2
18

-S
-2

6

24
-3

3
32

-4
4

9-
14

12
-1

9
7-

11
IO

-1
7

10
-1

7
26

—
36

13
-1

9

16
-2

3 /
 

10
-1

4 /
 

26
-3

7 /
 

14
-1

9 /
16

- 
23

 /
10

-1
4 /

 
18

-2
6 /

 
18

-2
 6 /

6—
 

9 /
7-

 
11

 / 
5-

9 / 
5-

9 / 
7-

11
 /

17
- 

25
 / 

9-
16

 /

G
m

i H
i 

eq
ui

v
Ex

p
Ca
l 1

fin
El

ut
io

n r
an

ge
G

m
ill

!
eq

ui
v

17
0

17
0

17
0

17
0

17
0

17
0

17
0

17
0 46 46 46 46 46 17
0 88

W
H

D
W

H

W
H

D
W

H

W
H

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

'D
W

H

W
H

So
lv

en
t

m
-O

H
 + 

o-
0H

o-
0M

e +
 m-

O
M

e

m
-O

H
 + 

m
-O

M
e

p-
O

M
e +

 p-
O

Et
 

p-
O

M
e + 

p-
n-

O
Pr

p-
O

Et
 + 

p-
n-

O
B

u 
p—

01
 + 

p-
B

r
P-

01
 + 

p-
I

p-
B

r + 
p-

I 
2,

3-
di

O
H

 + 
2,

4-
di

O
H

B
en

zo
ic

 ac
id

s

3.
4-

 
di

O
H

 + 
2,

3-
di

O
H

 
W

H
 

17
0 

14
-2

0 /
 17

-2
5 

0.
65

 
0.

54
3.

5-
 

di
O

H
 + 

2,
4-

di
O

H
 

W
H

 
88

 7-11 / 13-1
9 

1.
12

 
I.0

7
D

W
H

 
17

0 
9-

11
 / 

12
-1

8 
O

.9
9 

1.
11



127

.W
H

 = 0
.0

1N
 aq

ue
ou

s h
yd

ro
ch

lo
ric

 ac
id

D
W

H
 = 1

0%
 dio

xa
n i

n 0
.0

1J
J aq

ue
ou

s hy
dr

oc
hl

or
ic

 ac
id

,

27 82 58 26
0

17
0 88 25
1 90 11
8 60

0.
87

1.
25

 
0.

74
 

0.
96

 
0.

92
1.

26
 

0.
83

 
1.

18
 

l.l
4 

1,
77

69*1
02*1
9£*

t

+18*0

10*1
£8*0
68*0
W

l
92*1

10
-1

5
18

-2
6

7-
12

12
-1

8
18

-2
6

21
-2

8
18

-2
6

21
-2

9
21

-2
9

23
-3

0

5-
9 /

11
- 

15
 / 

4-
7 / 

8-
11

 /
12

- 
18

 / 
12

-1
8 /

 
13

-1
8 /

 
12

-1
8 /

 
13

-1
8 /

 
11

-1
5 /

b6 17
0 4-
6

17
0

17
0

17
0

17
0

17
0

17
0

17
0

W
H

D
W

H

W
H

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

D
W

H

2.
3-

 
di

O
H

 + 
2-

0H
-3

-0
M

e

3.
4-

 
di

O
H

 + 
4-

0H
-3

-0
M

e

lf-
0H

-3
-0

M
e + 

2-
0H

-3
-0

M
e 

4-
0E

-3
-0

M
e +

 2-Q
H

-*
»-

0M
e 

2,
3-

di
O

M
e + 

2-
0H

-3
-0

M
e 

4-
0H

-3
-0

M
e +

 3,4
-d

iO
M

e 
2,

3-
di

O
M

e +
 3,4

-d
iO

M
e 

2,
6-

di
O

M
e +

 2,5
-d

iO
M

e



128
4.4-6 Conclusions :

The study of the sorption-elution behaviour of 
substituted benzoic acids indicates that :
(i) Peed volume can affect elution volume - the larger feed 
volume results in an increase in the peak elution volume. The 
fair agreement between the values of Vmo calculated, which 
include the feed volume, with the experimental values of Vmo 
supports this.
(ii) Feed volume can also affect the column efficiency. This 
is evident from the dependanee of <r~ on the feed volume. If
the feed volume is large there will be appreciable band spreading 
at the time of introduction and the peak will be broadened and 
the deviations of the peak shape from Gaussian increases. Thus, 
in the case of benzoic acids having lower B values in a given 
solvent the experimental values of <r are considerably larger 
than the calculated values and this is more so with shorter 
columns. In the case of benzoic acids having higher B values 
when eluted from longer columns, the elution curves get flattened 
and the observed <r~values are thus higher than those calculated 
on the basis of Gaussian distribution. In the present study, the 
feed volume and the volume of the fractions collected are both 
25 ml, in consistence with the solubility of the acids and the 
detectability of the components in the effluent, However, it 
should be possible to increase the column efficiency by taking 
smaller feed volume.
(iii) In liquid chromatography where the kinetics of sorption
are controlled by particle diffusion, the theoretical plate height
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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 diff

erent theoretical plate heights and numbers for every substance 

almost. Calculations have shoxm that the trend is as expected.

The observed difference between NeXp and NCaq may be 

attributed to the fact that the square terms are involved and 

hence the experimental error gets magnified,

(iv) Increase in length (L) and hence C would seem to 

provide a solution to any separation problem. This is true 

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,
(v) The separation of molecules that differ in the type or 

number of functional groups would be easier, e,g, separation of 

m-hydroxybenzoic acid and m-methoxybenzolc acid*
(vi) The separation of position isomers, at least partially,

of the monosubstituted benzoic acids is possible, e.g. separation 

of o- and m-hydroxybenzoic acids,
(vii) The separation of the members of the homologous series can 

be achieved under suitable conditions. In the p-alkoxybenzolc 

acid series, It is observed that the elution curves of the 

adjacent members overlap to some extent. This can be overcome 

by decreasing the feed volume and it should be possible to 

achieve a complete separation.
Cviii) The separation of the position isomers of the disubsti- 

tuted benzoic acids is also possible. In general, sterically
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hindered isomers can be separated from other isomers in which 

the steric effect is lesser or negligible, e.g. separation 
of 2,6-dihydroxybenzoic (Y~resorcylic), 3,5-dihydroxybenzoic 

(a-resorcylic) and 2,)+-dihydroxybenzoic (p-resorcylic) acids. 

Thus the technique provides a eonvinient and useful 

procedure for the separation of substituted benzoic acids and 

in general, should be applicable to the separation of other 

molecular families.
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