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SUMMARY 

The chromatographic behaviour of 30 aromatic acids was examined in a 
system of tie particie macroporous polystyrene+iivinylbenzene copolymers and ac- 
etonitrile-water mixtures at different pH as eluents. The acids were benzoic, phenyl- 
acetic, cinnamic, mandelic, naphthoic and hippuric acids, and their hydroxy and/or 
methoxy derivatives. 

At low pH, the logarithm of the capacity ratios of these acids was linearly 
related to the logarithm of their partition coeEcients in the octanol-water system 
calculated after Rekker. By combining the above result and the dissociation constant 
of the acid, it was possible to predict the retention times of the acids at a given pH 

of the eluent_ 

INTRODUCTION 

The aromatic acids and their metabolites are biologically important com- 
pounds. Therefore the understanding of their chromatographic behaviour and the 
development of a system which allows the prediction of their retention times in liquid 
chromatography could improve their analyses in clinical chemistry and the study of 
drug metabolism. 

When the retention times for the molecular and ionic forms of an ionizable 
compound and its dissociation constants are known, the retention time in an eluent 
at a given pH can be calculated in aqueous phase liquid chromatography (LC)’ and 
therefore fewer experiments are needed for the rapid optimization of the chromato- 
graphic separation conditions. 

It is also possible to predict retention times of non-ionic compounds in re- 
versed-phti LCz4_ The retention times of aliphatic alcohols. alkyl and/or halogen- 
ated benzenes and polyaromatic hydrocarbons were related to the logarithm of their 
part&@ coe&ients @ the octanol-water system (log P) calculated by Rekker’s 
methods. The same approach was extended6 to aromatic acid separations on an 
Gad&yl-bonded silica gel packing with an eluent at pH 2. 

. - 
* A part of this paper was presented at the 64th Confzreere of the Chemical Institute of Cam& 

Halifau, Gmadu, Jtme 1981, and the 23rd Rocky Mountain Conference, Denver, CO, U.S.A., August 1981. 
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389 

DISSOCIATION CONSTANTS OF ACIDS (pK,) IN WATER 

The pK* values were mzsurcd in dii&-ent 2cetonitxil~water mixtures_ They were converted into p& 
values irt pure water by the experimentally derived relation: 

pK, (water) = pG (acetonitde-water) -0.0X( % acetonitriIe) (7) 

Compound Chromatography Titration Literature 

Method 1* Method P 

3(0H)NA 
NA 
3MeOCA 
CA 
IPA 
Z(OH)BA 
3MeOBA 
3hleOPhA 
4MeOPhA 
PM 
BA 
IAA 
4(OH)3hfeOCA 
4(OH)CA 
Z(OH)HA 
2(OH)PM 
3(0H)BA 
3hfcohu 
4(OH)3MeOBA 

4WH)BA 
J<OH)PbA 
MA 

gH)3MeOPM 
5<OH)IAA 
34(OH),CA 
34(OH),BA 
34(0H)2PhA 
35(OH)+A 
25(OH),PbA 
4(0H)3hleOhfA 

3%Of-%BA 
UA 
X(OH)2BA 
34(OH),MA 

2.56 
4.24 
4-34 
4.37 
4.79 
2.69 
4.10 
4.37 
4.67 
4-43 
4.18 
4.68 
4.57 
4.56 
3.38 
4.14 
4.12 
3.x 
4.50 
4.56 
4-43 
x40 
3.42 
4.34 
4.61 
4.54 
4.48 
4.37 
J-18 
4.13 
3.58 
4.45 
- 
- 

2.86 

4.24 
411 
4.73 
2.97 
4.09 
4.45 
4.44 
4-58 
4.20 
4.60 
4-57 
4.56 
- 

4.18 
4.15 
3-36 
4.52 
4.73 
- 

3.41 
- 

4.30 
4.65 
4.54 
4.59 
4.38 
4_23 
- 

3.71 
- 
- 
- 
- 

2.89 
4.25 

4.40 
4.37 
4.81 
3.06 
4.09 
4.27 
4.35 
4.29 
4.19 
4.65 
4.56 
4x7 
3.58 
4.14 
4.16 
3.47 
4.48 
4.53 
4.40 
3.42 
3.58 
4-37 
457 
4.53 
4-49 
4.34 

4.12 
4.06 
3.55 
4.40 
- 

3.32 
3.50 

4.17- 

4.44- 

x97-, 2.92 J, 2.54 p, 1.58 * 

4.25*-. 4.14.4.31. 4.100 
4.19***. 3_7s. 3.93 5 
4.75” 

4l.G** 

4.48- 
4.30 = 
3_8S*ft. 3.37. 3.46. 3.49 o 
3_80** 
4.29 a 

4.48- 
4.70 * 

4.04- 

3-25 J 
4.41- 
3.8W 
3-20. 3.25 4 p 

* Experimental conditions, see Table I. 
** Obtained on Hitachi 3013 packing. xcith a ZO”/b acetonirrile-water mixture with 0.05 .\f sodium 

phosphate at 55-C. 
- Ref. 6_ 

t Ret 8. 
sa Ref. 9. 
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The better-correlation between the log k’ and log P2 values su_ggests that the 
log P vaiues meaaued on an ODS silica gel can also be used with a different packing_ 

The dissociation constants ks, of the different acids were measured by chroma- 
rorzraphy in X-507; acetonitrile-water mistures with 0.05 M sodium phosphate 
(Table II)_ The values obtained by titration in acetonitrile-water mixtures with and 
wi+hout O-1 M sodium sulfate are also given in Table II_ 

The dissociation constants obtained by LC were similar to those obtained by 
direct titration_ If the dissociation constant is known, it should lx possible to predict 
the retention times of an acid in an eluent at different pH values and/or concentrations 
of aceconitriie. To verify this, two eluents with different pH values were prepared in 
an 30’:~ acctonitrile-water mixture with 0.05 M sodium phosphate_ The capacity 
ratios k’ of the acids at a given pH were calculated from eqns. 2 and 3: 

x-’ = (k, + k; - KJ[H+])/( 1 + KJ[H’]) (2) 

x_’ = k&l f K,I[H-]) (3) 

Eqn. 2, where k; is the capacity ratio of the acid in its molecular form, kf the 
capacity ratio of the acid in its ionic form and K the dissociation constant of the acid 
in the eluent, can be simpli&d to eqn. 3 by assuming that kf is nedigible compared I_ 
Lvith L:i (ref. 7). 

The capacity ratio of the molecular form of an acid (k; talc.) in acetonitrile- 
water (30:70) was calculated from cqn. 1 with the log Pr value in Table 1. The-r value 
for a gi\-en eluent was obtained from the experimental results in Table I as previously 
described”. 

The capacity ratio ki was measured in acetonitrile-water (30:70) mixtures with 
0.05 M dibasic sodium phosphate. and the dissociation constants of the acids were 
obtain& by direct titration_ 

The measured and calculated capacity ratios are listed in Table III. The average 
difference between the calcuIated and observed capacity ratios was CCI. lOoA. The 

largest differences were found for 3(0H)NA and 2(OH)B_4. The main reason for such 
a difference was probably the poor reproducibility of the dissociation constant ob- 
tained by titration_ 

The capacity ratios predicted from eqn. 3 were usually found satisfactory, and 
this approach could be used as a first approximation for the calculation of the capacity 
ratios. 

The agreement between the observed and the calculated capacity ratios was 
usuahy within f 10 %_ The compounds for which the largest deviation was found are 
those for which the largest error was found in &_ 

To extend ‘&e study to another system,- a new column was packed with a 
Hitachi 3013 polystyrene gel_ The eluents were 10-60 7; acetonitrile in water mixtures 
with 0.05 _W sodium phosphate_ Six standard* compounds were selected to char- 
acterize the system following the procedure described previouslya. 

For each eluent (0.05 M phosphoric acid with acetonitrile) the capacity ratios 
k& of the standard compounds were measured and related to their hydrophobic@ 

* The stzmdard compounds were: Ihydroxy-3-metioxymandeic acid, 4-hydrony-3-methoxybenzoic 
acid. 2-hvdrox\nippuric acid, indolr-3-acetic acid. bmethoxybenzoic acid and cinnarnic acid. _ 4 
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(log P)_ From a least-squares calculation the slope y and the intercept m in eqn. 1 
were obtained for each eluent. With these values the capacity ratios km for all acids 
used previously were calculated by eqn. 1. 

The same procedure was used to calculate the kf values of the acids. The stan- 
dard compounds used were the same as previously and in addition 3,4,%trihydrosy- 
benzoic and Znaphtoic acids were also used. The ement was 0.05 M dibasic sodium 
phosphate in aeetonitrile-water (30:70). The dissociation constants obtained by titra- 
tion were used (Table II). The capacity ratios were measured and calculated by eqns. 
2 and 3 in eluents with 30% acetonitrile at pH 4.26 and 5.62. Ah data are collected 
in Tabie IV. Here again, the agreement between the observed and predicted X-’ were 
within F 10%. For 3-hydroxy-2-naphtoic acid an error higher than 10 o? was at- 
tribtited mainly to the error in rC;_ 

CONCLUSION 

The hydrophobicity calculated after Rekker can be used as a fist appproach to 
predict retention times for both non-ionic4 and ionic compounds on different pack- 
ings (ODS, polystyrene gels) used in reversed-phase LC. The relationship between 
hydrophobicity (log P) and capacity ratios (log k’) is linear for ionic and non-ionic 
compounds but different slopes were obtained. The combination of hydrophobicity 
and dissociation constant with solvent concentration effect also allows us to predict 
the retention times for acids. 
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