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CHROMATOGRAPHY OF AROMATIC ACIDS ON ION EXCHANGERS 

T. HANAI*,* and J. HUBERT 

UniversitP de Montreal. Department de Chimie, CP 6210. Succ. A, Montreal. Quebec H3C 3VI (Canada) 

SUMMARY 

The chromatographic behaviour of aromatic acids was determined on an oc- 
tadecyl- (TSK LS 410), a propylamino- (Chromosorb LC-9), a diethylaminoethyl- 
(TSK IEX 540 DEAE) and a sulphonyl-bonded silica gel (TSK IEX 510 SP) in 
sodium phosphate buffer with acetonitrile. The dissociation constants and the max- 
imum capacity ratios are related to the pK, and log P values. The maximum capacity 
ratios correlate well with their log P values on the octadecyl-bonded packing. The 
pK, values obtained on ion exchangers correlate well with those obtained on the 
octadecyl-bonded packing. The pK, values decrease on anion exchangers in the order 
510 SP > 410 > 540 DEAE > Chromosorb NH2. 

INTRODUCTION 

The retention of aromatic acids is optimized in reversed-phase liquid chro- 
matography by using a combination of partition coefficients (log P) and dissociation 
constants (pK,) on octadecyl-bonded silica gels in pH-controlled acetonitrile-water 
mixtures. The log P and pK, values are related to the structures of the solutes in the 
system’. However, the chromatographic behaviour of aromatic acids on ion-ex- 
change resins cannot be predicted directly from the structure of the acids2, as the 
resin matrix, which is a polystyrenedivinylbenzene copolymer, is very hydrophobic. 

In this work, the chromatographic behaviour of aromatic acids was determined 
on some ion exchangers whose matrices are very polar. The observed dissociation 
constants and maximum capacity ratios are correlated with those obtained on an 
octadecyl-bonded silica gel to measure ion-ion interactions between the acids and 
ion-exchange groups on the packings. 

EXPERIMENTAL 

The details of the instrument have been described previously’. The cation ex- 
changer was a sulphonyl-bonded silica gel (TSK IEX 510 SP) from Toyo Soda (Tok- 
yo, Japan). The anion exchangers were a diethylaminoethyl-bonded silica gel (TSK 

* Present address: Gasukuro Kogyo Co. Ltd., 237-2 Sayamagahara, Iruma, Saitama 358, Japan. 
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IEX 540 DEAE) from Toyo Soda and a propylamino-bonded silica gel (Chromosorb 
LC-9) from Manville Products (Denver, CO, U.S.A.). The octadecyl-bonded silica 
gel was TSK LS 410 from Toyo Soda. These packings were laboratory packed in 15 
or 25 cm x 4.0 or 4.6 mm I.D. stainless-steel tubes. The columns were thermostated 
in a water-bath at 40°C. The eluent was 0.02 M sodium phosphate buffer containing 
20% (v/v) of acetonitrile. 

RESULTS AND DISCUSSION 

The observed dissociation constants and the maximum capacity ratios are list- 
ed in Table I with their log P values. 

The correlation coefficient (r) is 0.87 (n = 30) between the pK, values on the 
octadecyl- and propylamino-bonded silica gels. This value becomes 0.99 (n = 27) 
when those compounds which show an ortho effect are eliminated from the calcula- 
tion; such compounds are 2,4-dihydroxybenzoic acid, 2-hydroxy benzoic acid and 
2,5dihydroxyphenylacetic acid. Our results show that the propylamino-bonded silica 
gel gives pK, values on average 0.606 smaller than the octadecyl-bonded silica gel 
and the DEAE ion exchanger gives pK, values on average 0.363 smaller than the 
octadecyl-bonded silica gel. The correlation coefficient between pK, values obtained 
and preducted from the reference values is 0.98 (n = 33). The pK, values obtained 
on the cation exchanger are 0.025 higher than those obtained on the octadecyl-bond- 
ed silica gel and the correlation coefficient between the observed and predicted values 
is 0.996 (n = 36). 

One of the important factors in predicting retention times of the acids is their 
maximum capacity ratio obtained from the following equation: 

k’ = (k:, + kf . K,/W+]/( 1 + K&H+]) 

The correlation between the log P values of acids and the maximum capacity ratios 
observed on both a polystyrene gel and an octadecyl-bonded silica gel is excellent3v4. 
In this experiment, the correlation coefficient between the log P values and the max- 
imum capacity ratios obtained on the octadecyl-bonded silica gel is 0.991 (n = 36). 

However, the maximum capacity ratios obtained on ion exchangers are not 
related to their log P values, owing to the different mechanism of the retention. The 
maximum capacity ratios are, therefore, related to dissociation constants, which in- 
dicate the acidity of the acids. The correlation coefficient is not satisfactory. The 
value on the DEAE ion exchanger is 0.53 (n = 28) and the value on the propylamino 
ion exchanger is 0.64 (n = 26). The acids that are complete outliers show either an 
ortho effect or have a 3,4-dihydroxy group. 

The minimum capacity ratios are close to zero and the dissociation constant 
can be predicted. However, there are some problems in predicting the maximum 
capacity ratios on ion exchangers. 

CONCLUSION 

The value of ion-ion interactions can be measured, even if the values are dif- 
ferent for the type of ion-exchange group and the batch of products. The dissociation 
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constant of aromatic acids in ion-exchange system can therefore be used to predict 
the maximum capacity ratio for the calculation of the capacity ratios of the acids in 
ion-exchange liquid chromatography. 
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