Journal of Chromatography, 239 (1982) 385395
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 14,854
PREDICTION OF RETENTION TIMES FOR AROMATIC ACIDS IN LIQUID
CHROMATOGRAPHY*

T. HANAI*, K. C. TRAN and J. HUBERT
Département de Chimie, Université de Montréal, Montréal, Québec H3C 3V1 (Canada)

SUMMARY

The chromatographic behaviour of 30 aromatic acids was examined in a
system of fine particle macroporous polystyrene—-divinylbenzene 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 raiios of these acids was linearly
related to the logarithm of their partition coefficients 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 moclecular 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-phase LC>*. The retention times of aliphatic alcohols. alkyl and/or halogen-
ated benzenes and polyaromatic hydrocarbons were related to the logarithm of their
partition coefficients in the octanol-water system (log P) calculated by Rekker’s
method®. The same approach was extended® to aromatic acid separations on an
octadecyl-bonded silica gel packing with an eluent at pH 2.

* A part of this paper was presented at the 64tk Conference of the Chemical Institute of Canada,
Halifax, Canada, June 1981, and the 23rd Rocky Mountain Conference, Denver, CO, U.S.A., August 1981.
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In this paper. the combination of the hydrophobicity and the acid dissociation
constant X, is used to predict the retention times of aromatic acids at 2 given pH and
acetonitrile concentration. The retention times of ca. 30 aromatic acids were measured
on macroporcus polystyrene gels as packings with mixtures of acetonitrile and water
as eluents. The ionization constants for the different acids were also measured by
direct titration in different acetonitrile—water mixtures.

EXPERIMENTAL

A Waters 6000A chromatographic pump was used with 2 Rheodyne Model
7125 injector. A Hitachi Model 100-20 spectrophotometer with an Aitex Model 155-
01 8-ul flow cell was used as a detector. Perkin-Elmer Model 56 or Shimadzu Madel
C-R1A. were used as recorder. The packings used were 5- or 10-um macroporous
polystyrene—divinylbenzene copolymers (Hitachi 3013 and 3011, respectively). The
columns were slurry-packed in stainless-steel tubes (15 or 25cm x 4.1 mm 1.D.). The
column was thermostated, and the temperature was controlled by a Haake F5e water
bath. Analytical grade chemicals supplied by Sigma and Chem. Service were used
without further purification. Burdick & Jackson glass-Cistilled acetonitrile UV and
distilled water treated through Milli-Q system (Millipore) were used as components
of the eluent. The pH was controlled with a 0.05 M sodium phosphate buffer. A pH
meter built at Université de Montréal was used with Fisher Scientific Model 13-639-6,
13-639-56 and 13-639-92 electrodes.

RESULTS AND DISCUSSION

The logarithms of the capacity ratios (log &’) of the acids in their molecular
form were measured in 20-50 9/ acetonitrile in water mixtures with 0.05 M phos-
phoric acid at 55°C. Their values and the hydrophobicity expressed as log P are
reported in Table 1.

The log k" was linearly related to log P in this system, and the relation is given
by egn. 1:

logh” = y-log P + m (1)

where 3 and m are the slope and the intercept of the least-squares straight line,
respectively.

The correlation coefficients obtained when log P values after Rekker® (log P,
in the tables) were used in eqn. 1, were 0.947 (s = 235) in acetonitrile—-water (20:80),
0.973 (7 = 31) in acetonitrile-water (30:70), 0.959 (n = 31) in acetonitrile-water
(40:60) and 0.965 (2 = 31) in acetonitrile-water (50:50) mixtures (# = the number of
commpounds used in the least-squares). The correlation coefficients obtained with log P
values (lcg P, in the tables) derived from measurements in reversed-phase LC on an
octadecyl-bonded silica gel® were 0.988 (z = 27) in acetonitrile—water (20:80), 0.996
(7 = 32)in acetonitrile—water (30:70), 0.993 (» = 32) in acetonitrile—water (40:60) and
0.996 {n = 32) in acetonitrile~water (50:50) mixtures. All the lines merged at a single
point and therefore the retention time in a given eluent (acetonitrile—water) for the
moiecular form of an acid can be predicted from its log P value.
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TABLE Il
DISSQCIATION CONSTANTS OF ACIDS (pK,) IN WATER

The pK, values were measured in different acctonitrile—water mixtures. They were converted into pK,
values in pure water by the experimentally derived relation:

pK, (water) = pK, (acetonitrile~water) —0.022( % acetonitrile) (7

Compound Chromatography Tirration Literature
Method 1* Metliod 2**

3(OH)NA 2.56 2.86 2.89
NA 4.24 - 4.25 4 17xnx
3MeOCA 434 424 440
CA 437 4561 437 4.44%%%x
IPA 4.79 473 4.81
2(OH)BA 2.69 267 3.06 2.97%*% 2925 284 188%
3MeOBA 4.10 4.09 4.09
3McOPhA 4.37 445 427
AMeOPhA 4.67 4.44 4.35
PhA 443 458 429 4.25%+* 414,431, 4.10°%
BA 4.18 4.20 419 4.19%xw_ 378 393°
IAA 4.68 4.60 4.65 4.75%k%
4(OH)3MeOCA 4.57 457 4.56
4OH)CA 4.36 456 4.57
2(OH)HA 3.38 -~ 3.58
2(OH)PhA 414 418 414
3(OH)BA 412 4.1s 4.16 4.06%4
3McOMA 3.38 336 3.47
4(OH)3MeOBA 4.50 452 1.48
4OH)BA 4.56 4.73 4.53 4.48%%x
4(OH)PhA 4.43 - 4.40 4.30°¢
MA 340 3.41 3.42 3.85%** 337, 2.46, 3.49°
HA 342 — 3.58 3.80%**
4(OH)3MeOPhA 434 4.36 4.37 4.29¢
S5(OH)IAA 461 465 1.57
34(OH),CA 454 454 4.53
34(OH),BA 4.48 4.59 449 4.48%*x
34(OH),PhA 437 4.38 434 4209
35(0H),BA 418 423 4.12 4.04%x*
25(0OH),PhA 413 — 4.06
HOH)3McOMA 3.58 3.71 3.55 3.25%
345(0H),BA 4.45 - 4.40 4.41%%x
UA - - — 3.80%%*
24(OH),BA — - 3.32 3.20, 3.254¢
340OH),MA - — 3.50

* Experimental conditions, see Table L.
** Obtained onr Hitachi 3013 packing, with a 209, acetonitrile-water mixture with 0.05 M sodium
phosphate at 55-C. :
+tx Ref. 6.
¥ Ref. 8.
I8 Ref. 9.
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The better correlation between the log k&’ and log P, values suggests that the
log P values measured on an ODS silica gel can also be used with a different packing.

The dissociation constants K, of the different acids were measured by chroma-
tography in 20309, acetonitrile~water mixtures with 0.05 A sodium phosphate
(Table Il). The values obtained by titration in acetonitrile—water mixtures with and
without 0.1 VM sodium sulfate are also given in Table I

The dissociation constants obtained by LC were similar to those obtained by
direct titration. If the dissociation constant is known, it should be possible to predict
the retention times of an acid in an eluent at different pH values and/or concentrations
of acetonitrile. To verify this, two eluents with different pH values were prepared in
an 307, acectonitrile—water mixture with 0.05 A sodium phosphate. The capacity
ratios k" of the acids at a given pH were calculated from eqns. 2 and 3:

ko= (hy + k- K/HTD/( + KJ/HTD 2
k= k_j(1 + Ky[H™D 3)

Eqgn. 2, where &, is the capacity ratio of the acid in its molecular form, &{ the
capacity ratio of the acid in its ionic form and X, the dissociation constant of the acid
in the eluent, can be simplified to eqn. 3 by assuming that k] is negligible compared
with &, (ref. 7).

The capacity ratio of the molecular form of an acid (X, calc.) in acetonitrile—
water (30:70) was calculated from eqn. 1 with the log P, value in Table 1. The y value
for a given eluent was obtained from the experimental results in Table I as previously
described®*.

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

The measured and calculated capacity ratios are listed in Table I11. The average
difference between the calculated and observed capacity ratios was ca. 109,. The
largest differences were found for 3(OH)NA and 2(OH)BA. 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
usually within %10 9. The compounds for which the largest deviation was found are
those for which the largest error was found in K.

To extend the study to another system,-a new column was packed with a
Hitachi 3013 polystyrene gel. The eluents were 10-60 9/ acetonitrile in water mixtures
with 0.05 M sodium phosphate. Six standard* compounds were selected to char-
acterize the system following the procedure described previously®.

For each eluent (0.05 Af phosphoric acid with acetonitrile) the capacity ratios
k7, of the standard compounds were measured and related to their hydrophobicity

* The standard compounds were: 4+-hydroxy-3-methoxymandelic acid, 4-hydroxy-3-methoxybenzoic
acid, 2-hydroxynippuric acid, indole-3-acetic acid, 3-methoxybenzoic acid and cinnamic acid.
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(log P). From a least-squares calculation the slope y and the intercept m in eqgn. 1
were obtained for each eluent. With these values the capacity ratios &, for all acids
used previously were calculated by eqn. 1.

The same procedure was used to calculate the k] values of the acids. The stan-
dard compounds used were the same as previously and in addition 3,4,5-trihydroxy-
benzoic and 2-naphtoic acids were also used. The eluent was 0.05 M dibasic sodium
phosphate in acetonitrile—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 309/ acetonitrile at pH 4.26 and 5.62. All data are collected
in Table IV. Here again, the agreement between the observed and predicted &” were
within +109,. For 3-hydroxy-2-naphtoic acid an error higher than 107, was at-
tribated mainly to the error in K.

’

CONCLUSION

The hydrophobicity calculated after Rekker can be used as a first appproach to
predict retention times for both non-ionic* 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 &) is linear for ionic and non-ionic
compounds bui different slopes were obtained. The combination of hydrophobicity
and dissociation constant with solvent concentration effect also allows us to predict
the reteation times for acids.
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