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SUMMARY 

N,N-Dimethyl-p-aminobenzeneazobenzoyl esters and amides can be chroma- 
tographed on cation exchangers in the H+ form with aqueous-alcoholic solutions of 
hydrochloric acid as the mobile phase. Characteristic minima of capacity ratios oc- 
curring at a certain concentration of alcohol (cu. 80 % of ethanol) are due to a complex 
variety of simultaneously acting phenomena. Solutions containing 80 ‘A of ethanol are 
best suited to chromatography, as the capacity ratios of chromatographed compounds 
are the lowest and the retention ratios are the highest in these solutions. Capacity 
ratios decrease with increasing concentration of hydrochloric acid according to a theo- 
retically assumed relationship. The results of chromatographic and spectroscopic 
measurements confirmed the protonation of the derivatives to the first step in the 
mobile phases useful for practical separations. Ion-exchange chromatography can 
yield more efficient separations of some aliphatic esters and anilides than adsorption 
chromatography on silica, but excessive analysis times cannot be avoided. 

INTRODUCTION 

In Parts I-V of this series1-5, a theory was presented that can be used to cor- 
relate retention characteristics (retention volume, peak width, resolution) with the pa- 
rameters of elution (isocratic, gradient, stepwise and combined two-step elution, 
isocratic in the first step and gradient in the second step). This theory was found to 
apply well in adsorption chromatography and can be expected to be useful for 
numerous ion-exchange applications also. 

In this paper, the validity of the basic assumptions in this theory is verified for 
a complex system of weak organic bases chromatographed on cation exchangers in 
acidic solutions. N,N-Dimethyl-p-aminobenzeneazobenzoyl esters and amides are 
partially protonated in ethanolic and methanolic solutions of hydrochloric acid and 
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therefore they are weak organic bases G. The influence of the composition of the mo- 
bile phase on the retention characteristics of sample compounds in this system is exa- 
mined thoroughly. On the basis of previous experiment#, acation exchanger with alow 
degree of cross-linking (Dowex SOW-X2 (H+)) was chosen. Some experiments were 
also performed with a cation exchanger with a higher degree of cross-linking (Ostion 
LG KS 0804-8 “/, DVB, 20-40pm). 

THEORETICAL 

The theoretical treatment of the problem was presented in Part Vs. The basis 
of the theory is represented by an equation that describes the relationship between the 
capacity ratio, k’, of the sample compound and the concentration, c (molarity or 
mole fraction), of the more efficient eluting component in the binary mobile phase: 

k’ w k;. c-” (1) 

where k; and n are experimental constants. 

EXPERIMENTAL 

The compounds chromatographed, ion exchangers and columns, solutions 
used as the mobile phase, instrumentation and operating techniques used in the pres- 
ent work were identical with those described in Part Vs. 

RESULTS AND DISCUSSION 

Influence of tl!e concentration of alcohol in the mobile phase on sorption 
The experimental capacity ratios, k’, of N,N-dimethyl-p-aminobenzeneazo- 

benzoyl amides and esters in solutions containing different amounts of hydrochloric 
acid and ethanol (or methanol) are given in Table I for Dowex 5OW-X2 (H’), 200-400 
mesh, and in Table II for Ostion LG KS 0804 (H+), 20-40pm. 

The influence of the concentration of methanol and ethanol in the mobile 
phase on the capacity ratios of N,N-dimethyl-p-aminobenzeneazobenzoyl derivatives 
on Dowex 5OW-X2 was studied at a constant concentration of hydrochloric acid 
(0.925 M) in the mobile phase (Table I). Fig. 1 shows the relationship between the 
logarithms of the capacity ratios of methyl, n-amyl and n-nonyl esters of N,N-di- 
methyl-p-aminobenzeneazobenzoic acid and the logarithm of mole fraction of 
ethanol (x); the influence of the logarithm of the mole fraction of methanol on log k’ 
of the methyl, n-propyl, n-amyl and n-nonyl esters and the methylamide, n-butylamide, 
dimethyl-, diethyl-, di(n-propyl)- and di(n-butyl)amide is illustrated in Fig. 2. 

In ethanolic mobile phases, the occurrence of minima of’log k’,is observed at 
mole fractions of ethanol of about 0.4-0.6 (which corresponds to 60-85 %*). Only the 
dimethylamide and diethylamide show distinct minima of k’ in methanolic solutions 
in the concentration range studied, in approximately 80% methanol (mole fraction 
0.6-0.7). The relationships between log k’ of the other compounds studied and the 
logarithm of the mole fraction of methanol decrease monotonously over the whole 
concentration range up to 91.5% methanolic soluti,on. 

* All concentrations quoted in percentages are by volume. 
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TABLE I 

CAPACITY RATIOS OF N,N-DIMETHYL-p-AMLNOBENZENEAZOBENZOYL ESTERS AND AMIDES 
ON DOWEX SOW-X2 (H+), 200-400 MESH, IN VARIOUS AQUEOUS-METHANOLIC AND AQUEOUS- 
ETHANOLIC SOLUTIONS OF HYDROCHLORIC ACID AS MOBILE PHASE 

Column dimensions: length, 240 mm: diameter, 2.68 mmf volume. 1.35 ml. Volume of mobile phase, 0.43 ml. 
Flow-rate of mobile phase, 0.0642 ml/min. 
_ -_._ _....... ._.-.__-..-._ ---- .-_-_ ----- ------.---- -_.__-.: ----------.. .-..-- .-.__ ---.-..______.__._ 
Compowwi HCI corrcenlrarion (M) 

_______- -- ----.-- -.---.-- --....---.- -.--_-.-_.---__.-_..________...______ 

I.719 0.925 0.473 0.221 0.925 0.925 0.925 0.925 0.255 0.935 0.937 0.926 
_-- --.-- -_-_ ---- .----. .---- _-.-----.-------.- .-.----- --.-.--- ----- ..__ _..-- .-_-._.-___ __ 
Etiranol (%) McIhanol (%) 
.---._.____.-.- ._._.----... -..---.__-- _.__. .- ..__.__.. _.---. ._ .________ ..__.__ 
76.5 76.5 76.5 76.5 95.8 65.0 50.0 35.0 92.3 80.0 65.0 91.5 

Methyl ester 
Etllyl ester 
n-Propyl ester 
Jr-Butyl ester 
rr-Amyl ester 
ri-Hexyl cstcr 
ll-Octyl ester 
rr-Nonyl ester 
rt-Decyl ester 
Isopropyl ester 
Isobutyl ester 

Methylamide 
Ethylamidc 
rr-Propylamide 
n-Butylamide 
rt-Hexylamide 
Allylamide 
Dimethylamide 
Diethylamide 
Di(rr-propyl)amide 
Di(n-butyl)amide 

Anilide 
N-Ethylanilide 
p-Chloroanilide 
o-Nitroanilide 
p-Nitroanilide 

Phenyl ester 
o-Cresyl ester 

9.67 

7.26 

6.07 

4.05 

12.0 

8.59 

15.9 
11.0 
8.34 
6.84 

20.3 
16.6 
14.1 
12.3 
10.9 
9.41 
7.33 
6.77 
6.04 

13.5 
11.5 

47.7 100.9 24.9 19.7 36.8 98.3 20.7 35.7 16.4 

32.9 63.6 . 33.1 . 16.9 12.1 

23.6 43.5 13.6 12.0 30.0 191.9 13.6 31.8 10.2 

13.0 23.1 9.04 7.85 26.3 31.5 10.3 32.0 6.84 

27. I 70.5 
23.4 
20.7 
17.7 
14.9 
20.0 
31.3 
20.9 
14.8 
11.2 

26.0 
17.4 
25.4 
16.1 
27.8 

26.1 
22.7 

40.4 

SO.6 
32.9 
23.8 

165.7 
137.2 
111.3 
94.1 

161.2 30.4 30.7 34.1 
99.9 20.1 27.4 22.2 
67.0 16.7 23.6 15.8 
46.2 13.6 21.1 12.9 

27.3 36.3 24.9 

19.8 28.7 17.2 

Analogous minima of selectivity were observed by Pietrzyk’ for the sorption 
of various aromatic amines on the hydrogen form of cation-exchange resins in a 
number of mixed aqueous-organic solvents (alcohols, acetone, acetonitrile, dioxane 
and tetrahydrofuran) at an organic solvent concentration of about 80%. This phe- 
nomenon was explained by the simple concurrence of the following two opposite ef- 
fects. An increase in the dielectric constant of the solution brought about by the addi- 
tion of water to the organic solvent accounts for the decrease in the electrostatic forces 
between the functional groups of the resin and the protonated amine cations. This ef- 
fect results in a decrease in the distribution coefficients. A similar decrease in sorption 
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TABLE II 

CAPACITY RATIOS OF N,N-DIMETHYL-p-AMINOBENZENEAZOBENZOYL ESTERS ON 
OSTION LG KS 0804 (H+), 20-40pm, IN VARIOUS AQUEOUS-ETHANOLIC SOLUTIONS 
OF HYDROCHLORIC ACID AS MOBILE PHASE 
Column dimensions: Icngth, 240 mm: diameter, 2.68 mm; volume, I .35 ml. Volume of mobile phase, 
0.43 ml. Flow-rate of mobile phase: 0.034 ml/‘min. Ethanol concentration, 76.5 % 
-- --_.--- .--__ 
Compound NC1 concentration (M) 

4.745 

Methyl ester 7.92 
rr-Propyl ester - 
rr-Amy1 ester 3.51 
n-HcxyI ester - 
n-O&y1 ester - 
rr-Nonyl ester 1.78 
rl-Decyl ester - 

0.922 
..-- 

57.4 
28.9 
16.3 
11.8 
7.52 
6.32 

- 

0.478 0.221 
----_-..--._ 

- - 
- 
38.6 1 
23.4 - 
13.9 - 
10.8 21.8 
8.10 15.6 

will be caused, on the other hand, by the better solvation and higher solubility of the 
organic base in the outer solution after the addition of an organic solvent to water. 
It can be assumed that the latter effect is more important in dilute aqueous solutions 
of the organic solvent, while the first effect will predominate in concentrated solu- 
tions. As aconsequence, minimum sorption will occurt at a certain concentration of the 
organic solvent in the mobile phase. 

It seems, however,’ that other factors may also have a significant influence on 
the sorption. The measurements of Riickert and Samuelsons showed that the ratio of 
the concentration of ethanol in the outer solution and in the solution inside the ex- 
changer reaches a maximum at a certain composition of the outer solution. Thus, 
minimum sorption can be expected in this solution on the basis of considerations that 
take into account only the simple partition mechanism based on the different solu- 
bilities of the compounds studied in both phases. For example, the maximum ratio 
of the concentration of ethanol in the outer solution to that in the “inner” solution is 
reached at approximately 80% of ethanol in the outer solution (mole fraction cu. 

OS I 
'-0.6 ‘-0.4 -- 0.2 ’ log x 

Fig. 1. Relationship between the capacity ratios (k’) of N.N-dimethyl-p-aminobcnzencazobenzoyl 
esters and the mole fraction (x) of ethanol in 0.925 M aqueous-ethanolic solutions of hydrochloric 
acid on Dowex SOW-X2 (H+), 200-400 mesh. I, Methyl ester; 2, rr-amyl ester; 3, n-nonyl ester. Column 
dimensions: length, 240 mm; diameter, 2.68 mm; volume. 1.35 ml. 
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Fig. 2. Relationship between the capacity ratios (k’) of N,N-dimethyl-p-aminobenzencazobenzoyl 
esters and amides and the mole fraction (x) of methanol in 0.926-0.937 M aqueous-methanolic solu- 
tions of hydrochloric acid on Dowex SOW-X2 (l-l+). 200-400 mesh. I. Methyl ester: 

ion- 
exchange equilibrium is thus influenced. 

The differences between the content of ethanol in the outer solution and in the 
solution inside the ion exchanger decrease with decreasing degree of cross-linking (the 
concentrations are virtually equal in both solutions with Dowex 50-X1 (Na+)9) and, 
consequently, the influence of the concentration of ethanol in the mobile phase on the 
sorption of organic ions depends on the degree of cross-linking of the exchanger. The 
sorption is also influenced by the ionic strength of the outer solution; higher ionic 
strengths cause a decrease in the difference between the content of ethanol in the 
outer solution and that in the solution inside the exchanger9. 

It is obvious that the influence of the concentration of alcohol in the mobile 
phase on the capacity ratios of chromatographed compounds is complex. A variety 
of different effects can act simultaneously and it is difficult to establish which mecha- 
nism is the most important. 

In practice, it is advantageous to choose a concentration of alcohol such that 
the sorption is near to the minimum, in order to make possible the use of a mobile 
phase .with a lower content of acid. In solutions containing less than 50% of ethanol 
or methanol, the solubility of the derivatives studied is decreased to such an extent 
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Fig. 3. Relationship between the capacity ratios (k’) of N,N-dimethyl-p-aminobenzencazobcnzoyl 
esters and the number of carbon atoms (I?~) in thealkyl chains on Dowex SOW-X2 (H+), 200-400 mesh, 
using aqucous-othanolic solutions of hydrochloric acid with different concentrations of the acid and 
ethanol as the mobile phase, a, 0.221 M HCI in 7&S’% ethanol; b, 0.473 M WC1 in 76.5% ethanol; 
c, 0.925 M WC1 in 76.5 o/0 ethanol; d, 1.719 M WC1 in 76.5 oA ethanol: e, 0.925 M HCl in 95.8 y0 ethanol; 
f, 0.925 M HCI in 65.0% ethanol; g, 0.925 M I-ICI in 50% ethanol. Column dimensions: as in Fig. 1. 

that, in addition to very high capacity ratios, the elution peaks are extremely broad. 
The use of such solutions as the mobile phase is completely unsuitable. 

Not only the capacity ratios of t!le individual organic ions, but also their reten- 
tion ratios, depend on the concentration of alcohol in the mobile phase. The influence 
of the concentration of ethanol on the ratio of sorption of the individual aliphatic 
N,N-dimethyl-p-aminobenzeneazobenzoyl esters on Dowex 5OW-X2 (H+) in solu- 
tions with a constant concentration of hydrochloric acid (0.925 M) is shown in Fig. 3, 
and the influence of the concentration of methanol on the sorption of aliphatic esters 
and amides is illustrated in Fig. 4. These figures show curves illustrating the relation- 
ship between the logarithms of the capacity ratios of the derivatives studied and the 

‘c ‘2 ‘4 ‘6 ‘6 “c 

Fig. 4. Relationship between the capacity ratios (k’) of N,N-dimethyl-p-aminobenzcneazobenzoyl 
esters (curves a-o) and amides (curves d-f) and the number of carbon atoms (lrc) in the alkyl chains on 
Dowex SOW-X2 (H+), 2QO-409 mesh, using aqueous-methanolic solutions of hydrochloric acid with 
different concentrations of methanol as the mobile phase. a and d, 0.937 M HCI in 65 oA methanol; 
b and e, 0.935 M HCl in 80% methanol; c and f, 0.926 M HCl in 91.5% methanol, Column dimen- 
sions: as in Fig. 1. 
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number of carbon atoms in the alkyl chains in direrent mobile phases. Comparison 
of the curves for different concentrations of ethanol (Fig. 3) shows that curve c for 
the 76.5 y0 solution is the steepest, which means that the greatest differences in sorp- 
tion can be achieved in this solution. Curve e, corresponding to the 95.8 % solution, 
is only slightly less steep, while the decrease in steepness is more distinct with curve f 
for the 65 % solution. The differences between the capacity ratios of the individual com- 
pounds are considerably lower in 50 % ethanolic solution (curve g) than in more con- 
centrated ethanolic solutions. This behaviour probably can be explained by a decrease 
in the difference between the concentration of ethanol in the outer solution and that 
in the solution inside the exchanger at lower concentrations of ethanol, which is con- 
nected with the decrease in the differences in ratios of solubility in the two phases 
between the individual chromatographed compounds. 

The dependence of the differences between the sorption of individual homol- 
ogous esters and amides on Dowex 5OW-X2 (H+) in methanolic solutions is analogous 
to that in ethanolic solutions. The differences increase with increasing concentration 
of methanol (from 65% to 91.5% solution). It is interesting that the change in con- 
centration of methanol shows a greater influence on the sorption of esters than on 
that of amides (Fig. 4). 

The relationship between log k and the length of the alkyl chain is steepest 
in 91.5% methanol. Its slope corresponds approximately to the slope of the analogous 
relationship for 65% ethanol. Over the whole concentration range of methanol, the 
differences in sorption (selectivity) are lower than in 80% ethanolic solutions. 

Solutions of hydrochloric acid in 80% ethanol were chosen for further study 
of the influence of the concentration of acid in the mobile phase on the capacity ratios 
of 

In~uence of the concentration of acid in the mobile phase on the capacity ratios of NJV- 
dimethyl-p-aminobenzeneazobenzoyI esters and amides 

Tables I and II give a survey of the capacity ratios of N,N-dimethyl-p-amino- 
benzeneazobenzoyl derivatives on Dowex 5OW-X2 (H+) and Ostion LG KS 0804 
(H’) in ethanolic solutions that differ in their content of hydrochloric acid. The 
relationships between the logarithms of the capacity ratios and the number of carbon 
atoms in the alkyl chains of aliphatic esters and amides in solutions (76.5 % of ethanol) 
with different concentrations of hydrochloric acid (0.221-4.765 M) are shown in Fig. 3 
(aliphatic esters on Dowex 5OW-X2, curves a-d), Fig. 5 (primary amides, curves e and 
f; secondary amides, curves a-d ; on Dowex 5OW-X2) and Fig. 6 (aliphatic esters on 
Ostion LG KS 0804). 

On Dowex SOW-X2, the relationships have almost identical slopes in solutions 
with different concentrations of hydrochloric acid. The slope increases slightly with 
decreasing acidity of the mobile phase, but this change is not very significant. The 
homologous series of esters shows a steeper relationship between log k’ and the num- 
ber of carbon atoms in the alkyl chains than the series of primary amides, and a less 
steep relationship than that for secondary amides (Figs. 3 and 5). 

The increase in the slope of the relationship between log k’ and the number 
of carbon atoms in alkyl chains with decreasing concentration of the acid in the mo- 
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0 ‘2 ‘4 ‘6 ‘0 k 

Fig. 5. Relationship between the capacity ratios (k’) of N,N-dimethyl-p-aminobenzcneazobenzoyl 
amides and the number of carbon atoms (n,) in the alkyl chains on Dowex SOW-X2 (H*), 200400 
mesh, using aqueous-ethanolic solutions containing hydrochloric acid with different concentrations 
as the mobile phase. a and c. 0.221 M WC1 in 76.5% ethanol; b, 0.473 M WC1 in 76.5 o/o ethanol; 
c and f, 0.925 M WC1 in 76.5 o/o ethanol; d, 1.719 M WC1 in 76.5% ethanol. Column dimensions: 
as in Fig. 1. Curves a-d relate to the homologous series of secondary amides and curves e and f to 
the series of primary homologues. 

0’ 2’ 4’ 6’ 8’ “e IO’ 

Fig. 6. Relationship between the capacity ratios (k’) of N,N-dimethyl-p-aminobenzeneazobenzoyl esters 
and the number of carbon atoms (n,) in the alkyl chains on Ostion LG KS 0804 (H+), 20-40,vm, 
using aqucous-ethanolic solutions containing hydrochloric acid with different concentrations as the 
mobile phase. a, 0.221 M NC1 in 76.5 % ethanol; b, 0.478 M HCl in 76.5% ethanol; c, 0.922 M WC1 
in 76.5% ethanol: d, 4.745 M HCl in 76.5% ethanol. Column dimensions: as in Fig. 1. 

bile phase is more distinct on Ostion LG KS 0804 (H+) (Fig. 6) than on Dowex 
5OW-X2 (H’). 

Figs. 7-9 illustrate the relationships between the logarithms of the capacity ratios 
of the derivatives studied and the logarithm of the.molar concentration of hydrochloric 
acid. The relationships are approximateiy linear on both exchangers and the slopes 
are almost identical for different individual derivatives studied on both cation ex- 
changers and are close to the value - 1. 

Table III gives a survey of the parameters of eqn. 1, n (slopes of the lines) and 
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0.5 -0.6 -0.4 -0.2 '0 '0.2 

Fig. 7. Relationship between the capacity ratios (k’) of N.N-dimethyl-p-aminobenzeneazobenzoyl 
esters and the molar concentration of hydrochloric acid (c) in aqueous-ethanolic solutions containing 
76.5 % of ethanol on Dowex SOW-X2 (H+), 200-400 mesh. Compounds: I, methyl ester; 2, n-propyl 
ester; 3, n-amyl ester: 4. n-nonyl ester. Column dimensions: as in Fig. I. 

Fig. 8. Relationship between the capacity ratios (k’) of N.N-dimethyl-p-aminobenzeneazobenzoyl 
amides and the molar concentration of hydrochloric acid (c) in aqueous-ethanolic solutions con- 
taining 76.5 % of ethanol on Dowex SOW-X2 (H+), 2MOO mesh. Compounds: I, dimethylamide; 
2. diethylamide; 3. di(n-propyl)amide: 4, difn-butyljamide: 5. methylamide; 6, rr-butylamide. Column 
dimensions: as in Fig. I. 

k0 on Dowex 5OW-X2 (H+) and Ostion LG KS 0804 (H+). The linear decrease in the 
experimental values of log k’ with increase in the logarithm of the concentration of 
hydrochloric acid in the mobile phase is in good agreement with theoretical assump- 
tions in Part V5 and provides evidence that eqn. 1 can be used to describe the influence 
of the concentration of acid on the sorption of protonated N,N-dimethyl-p-amino- 
benzeneazobefizoyl esters and amides on cation exchangers in the H+ form. Spectro- 
scopic measurements described in Part V5 showed that the protonation to the first 
step predominates in the concentration range studied and that approximately 80% of 
the total amount of the derivatives exists as the protonated form in 0.221 M hydro- 
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OS 6 

-0.5 0’ 0.5’ LOG c 

Fig. 9. Relationship between the capacity ratios (k’) of N,N-dimcthyl-p-aminobenzcneazobcnzoyl 
esters and the molar concentration of hydrochloric acid (c) in aqueous-ethanolic solutions containing 
76.5% of ethanol on Ostion LG KS 0804 (H*). 20-40lrm. Compounds: 1, methyl ester; 2, It-amyi 
ester: 3, n-hcxyl ester; 4, n-octyl ester: 5, rt-nonyl ester; 6, n-dccyl ester. Column dimensions: as in 
Fig. 1. 

chloric acid in 80% ethanol, while the derivatives are protonated to the extent of cu. 
90% in 0.478 A4 acid and virtually complete protonation can be assumed in more 
acidic solutions. Thus, the protonated form of the derivatives studied will predominate 
over the non-protonated form in the mobile phases used in chromatography. 

In Part V5, it was shown that the relationship between the capacity ratio, k’, 

TABLE III 

EXPERIMENTAL CONSTANTS, II AND k”, OF EQN. 1 DESCRIBING THE RELATIONSHIP 
BETWEEN THE LOGARITHMS OF THE CAPACTITY RATIOS OF N,N-DIMETHYL+ 
AMINOBENZENEAZOBENZOYL ESTERS AND AMIDES AND THE LOGARITHM OF 
CONCENTRATION (MOLARITY) OF HYDROCHLORIC ACID IN 76.5% ETHANOLIC 
SOLUTIONS USED AS THE MOBILE PHASE ON COLUMNS OF DOWEX SOW-X2 (H+), 
200400 MESH, AND OSTION LG KS 0804 (H+). 2040ycm 
Column dimensions: length, 240 mm; diameter. 2.68 mm; volume, 1.35 ml. Volume of mobile phase, 
0.43 ml. 

Cotnpowrd 

_-._---- -- 
Mcthyi ester 
n-Propyl ester 
rt-Amy1 ester 
rr-Nonyl ester 
rr-Deoyl ester 

Methylamide 
n-Butylamide 
Dimethylamide 
Diethylamide 
Di(n-propyl)amide 
Di(n-butyl)amide 

Dowcx 50 w-x2 
_ .._... -_---._ _- . . . __ 
n ki 

_______._~____ 
1.1s 18.6 
1.07 13.3 
0.98 10.4 
0.86 6.5 
- - 

1.29 24.8 
1.17 16.3 
1.13 29.1 
1.10 20.1 
1.03 14.4 
0.95 11.1 

Osrion LG KS 0804 
.._ -.-.~_.-__--.____- ._._ _ 

I1 IC:, 
-.-- ____.__..__- ._____-.__ ._.._. _ 

- - 

- - 
1.02 16.7 
0.81 6.1 
0.98 3.7 
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of a weak organic base on a cation exchanger in the H+ form and the concentration 
of H+ ions, [I-i+], in the mobile phase can be expressed as 

assuming that only one protonated form of the base, BH’+, predominates in the solu- 
tion (V, and V, are the total volumes of the stationary and mobile phase, respectively, 
in the column, Q is the total exchange capacity of the cation exchanger and KEy,Hi+ is 
the conventional selectivity constant describing the sorption of the BHIf+ form on the 
exchanger in the H+ form. In agreement with this equation, the experimental values 
of n in Table III are near to unity (the exponent i in eqn. 2 is identical with the ex- 
ponent 17 in eqn. 1 and i = n = 1 if protonation to only the first step takes place 
under the experimental conditions). 

Slightly higher values of 17 for primary amides can be caused by possible inter- 
ference of protonation to the second step, which takes place in acidic solutions of 
these compounds, as indicated by spectroscopic measurements5, but the variation of 
the experimental values does not permit significant conclusions to be drawn (Fig. 8). 

The experimental results confirm the validity of the theoretical assumptions5 
concerning the sorption of N,N-dimethyl-p-aminobenzeneazobenzoyl amides and 
esters on cation exchangers in alcoholic solutions of acids and show that eqn. 1 is 
suitable for describing t,he relationship between the capacity ratios and the concentra- 
tion of the efficient eluting component (hydrochloric acid) in the mobile phase for this 
practical example of the chromatography of weak bases on cation exchangers in the 
H+ form. 

Exarnpfes of separation 
The separation of N,N-dimethyl-p-aminobenzeneazobenzoyl esters of lower 

aliphatic alcohols on cation exchangers was more successful than separations by ad- 
sorption chromatography on silica using a mobile phase consisting of ethyl acetate 

Fig. 10. Separation of a mixture containing the n-nonyl ester (1), rr-amyl ester (2). rt-propyl ester (3) 
and methyl ester (4) of N,N-dimcthyl-p-aminobenzeneazobenzoic acid on Dowex SOW-X2 (W+), 
200-400 mesh, using,0505 M hydrochloric acid in 76.5 % ethanol as’the mobile phase. Column di- 
mensions: length, 315 mm: diameter, 3.00 mm; volume, 1.73 ml. Flow-rate of mobile phase: 0.069 
ml/min. Pressure: 10 atm. Sample: 33 1~1 of ethanolic solution containing 0.5 g/l of each component. 
Detectidn: spectrophotometric at 510 nm. 
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Fig. 11. Separation of a mixture oontaining the Jr-nonyl ester (l), n-amyl ester (2). n-propyl ester (3) 
and methyl ester (4) of N,N-dimcthyl-p-aminobenzcncazobcnzoic acid on Dowex SOW-X2 (H+), 
200-400 mesh, using 0.199 M hydrochloric acid in 76.5% ethanol as the mobile phase. ‘Column di- 
mcnsions: as in Fig. 10. Flow-rate of mobile phase: 0.09 ml/min. Pressure: 11 atm. Sample: 40~1 
of ethanolic solution containing 0.5 g/l of each component. Detection: spcctrophotometric at 510 nm. 

and cyclohexane. The separation of methyl, n-propyl, n-amyl and n-nonyl esters dy 
adsorption chromatography was poor owing to the low retention of these compounds 
over the whole concentration range of ethyl acetate in the mobile phase. Chromato- 
grams of this mixture showed one slightly split peak common to the three earlier 
eluted components, overlapping considerably with the second peak of the methyl 
ester, even when very low concentrations of ethyl acetate in the mobile phase or gra- 
dients of ethyl acetate with a very low slope of the gradient function were used. 

The chromatography of lower esters on cation exchangers was more success- 
ful, although the separation time was considerably longer. Fig. 10 shows the separa- 
tion of the above four esters on Dowex 5OW-X2 (H’), 200-400 mesh, with 0.505 M 
hydrochloric acid containing 76.5 % of ethanol. The use of a mobile phase with a 
lower content of acid (0.199 A4 hydrochloric acid in 76.5 % ethanol) results in an 
improved separation, even with a relatively higher flow-rate of the mobile phase (Fig. 
11). This separation can be used for quantitative analysis, but takes a considerable 
time (cu. 12 11). 

Chromatography on Dowex 5OW-X2 (H+), 200-400 mesh, with 0.955 A4 
hydrochloric acid in 76.5% ethanol gives separations of some N,N-dimethyl-p- 
aminobenzeneazobenzoyl anilides that could not be resolved by chromatography on 
silica owing to their very similar capacity ratios. Fig. 12 shows the separation of a 
mixture of the o-nitroanilide and p-nitroanilide, which takes about 5 h. A mixture of 
the anilide and N-ethylanilide can also be well resolved under these conditions, in 
contrast to adsorption chromatography on silica. 

The chromatography of N,N-dimethyl-p-aminobenzeneazobenzoyl derivatives 
on cation exchangers in aqueous-ethanolic solutions of hydrochloric acid can be 
used as a method complementary to adsorption chromatography on silica. 

The best concentration range of hydrochloric acid for practical chromatogra- 
phic separations is between 0.1 and 1 M. Adsorption chromatography, as far as the 
separation is possible, is to be preferred because of the very long analysis times re- 
quired by ion-exchange chromatography. 

The experiments with gradient-elution ion-exchange chromatography were 
omitted, partly due to long analysis times and partly due to the fact that the plate num- 
ber is not constant for different compounds as was assumed in the derivation of the 
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Fig. 12. Separation of a mixture containing the o-nitroanilide (1) and p-nitroanilide (2) of N,N- 
dimcthyl-p-aminobenzcneazobenzoic acid on Dowcx 5OW-X2 (H+), 200400 mesh, using 0.955 M 
hydrochloric acid in 76.5% ethanol as the mobile phase. Operating conditions as in Fig. 10. 

theoretical relationships for retention characteristics in gradient elution, but depends 
strongly on the capacity ratio. This latter effect is probably caused by the influence 
of the “inner diffusion” on the broadening of the elution zones5. 
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