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SUMMARY 

The capacity factors of various arylaliphatic acids have been determined at 
various temperatures on a PBondapak C 18 reversed-phase system with buffered 
aqueous methanol as eluent (pH 3.0). Two groups of derivatives of arylaliphatic acids 
were evaluated, the lipophilicity of which is affected by intramolecular interactions. 
A series of arylacetic acids without intramolecular interactions was used for the sake 
of comparison. Analysis of the data obtained showed a linear correlation between 
the logarithms of the capacity factors and the corresponding changes in enthalpy. 
Enthalpy-entropy compensation is operating in this system, with differences in the 
slopes between the particular groups of acids. It may be concluded that the decrease 
in lipophilicity of some derivatized acids is probably due to the differences in the 
mechanism of the solute-stationary phase interactions. The linear relationship be- 
tween log k’ and dH* values implies that a decrease in lipophilicity of the ortho- 
dialkoxy derivatives is connected with a decrease in changes in entropy on passing 
from a mobile to a stationary phase. Such a conclusion is in agreement with a hy- 
pothesis of steric hindrance of solvation. 

INTRODUCTION 

Much attention has been recently givenie3 to the role of temperature in 
reversed-phase high-performance liquid chromatography (HPLC). For a mechanistic 
interpretation of this type of chromatography, an extrathermodynamic approach 
based on enthalpy-entropy compensation4-7 has been used. Applying this principle, 
Melander et aL4 derived eqn. 1 

log /& = - ~ 
AG; 

- - + log cp 
2.3Rj3 

(1) 

where: k$ is the capacity factor of a solute at temperature T, /II is the compensation 
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temperature, AH* is the change in standard enthalpy, AGF is the Gibbs energy of a 
process at temperature p and +!J is the phase ratio of the column. 

When enthalpy-entropy compensation is indeed operative in a family of com- 
pounds, a linear relationship for eqn. 1 is observed between the corresponding log 
k’ values determined at the harmonic mean temperature Charm (or close to this tem- 
perature, Teval) and the AH0 values. The compensation temperature, B, can be evalu- 
ated from the slope of eqn. 1. The change in the standard enthalpy, AH*, of the 
transfer of a solute from the mobile to the stationary phase can be calculated from 
the slope of the linear relationship between log k’ and l/T(van ‘t Hoff plot), expressed 
by eqn. 2, where AS* is the change in standard entropy. The mechanism of the process 
is assumed to be invariant over the temperature range investigated. 

AH* 1 AS0 
logk’= --.- 

2.3R T + 2.3R 
__ + log cp (2) 

A number of authors5-8 have shown that the reversible binding of various solutes to 
hydrocarbon stationary phases manifests enthalpy-entropy compensation under a 
wide range of conditions. An identical intrinsic mechanism of the interactions of 
solutes with a bonded stationary phase may be concluded from the closeness of the 
compensation temperatures, B, calculated for various sets of compounds. 

In an earlier paper9 we found that the intramolecular interactions studied af- 
fect the lipophilicity of arylaliphatic acids in a similar way both in HPLC and thin- 
layer chromatography (TLC) and in the reference system n-octanol-water. In the 
series of arylacetic acids, where the derivatives with intramolecular interactions were 
involved, the relationships between log P [n-octanol-buffer (pH 3.4)] and log k’ is 
expressed by eqn. 3. 

F 
log P = 1.761 log k’ + 1.954 2”1 0.;9 1 O.(s98 1075 (3) 

The capacity factors k’ were determined on PBondapak Cl8 using 60% methanol- 
buffer (pH 3.0) as a mobile phase. 

We have now applied the enthalpyentropy compensation concept to the re- 
tention behaviour of the arylaliphatic acids I-III in HPLC. The influence of the type 
of substituent on the linearity of a log k; - AH* dependence and the compensation 
temperature, p, has been evaluated. 

A!--Y-COOH 

x/ / 
CHjO 

EXPERIMENTAL 

Experiments have been carried out using a liquid chromatograph assembled 
from a Model 6000A pump, a U6K injector, a 440 fixed-wavelength detector and an 
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M 730 data module (Waters Assoc., Milford, MA, U.S.A.). To maintain the tem- 
perature ( f 0. 1°C) a water-jacketed column connected to a circulating water-bath 
was used. A PBondapak Cl8 column (300 x 3.9 mm) was obtained from Waters 
Assoc. A mixture of methanol and 0.0025 M aqueous phosphate buffer (pH 3.0; ratio 
3:2) was used as mobile phase. Double-distilled water, filtered through 0.45~pm Mil- 
lipore filters, was used throughout, and methanol was of Lichrosolv quality (E. 
Merck, Darmstadt, F.R.G.). The eluent flow-rate was 1 ml/min. Detection was per- 
formed by UV absorption at 280 nm, range O-0.01 a.u. The retention time of sodium 
nitrate (0.2% solution) was taken as to and the capacity factor, k’, was evaluated 
from the retention time, tR, of the solute by the relationship k’ = (tR - to)/to. 

The syntheses of the compounds I-III are described elsewherelO-r4. 
The coefficients in the regression equations were calculated from the experi- 

mental results by multiple regression analysis. The statistical significances of the 
regression equations were tested by the coefficient of multiple correlation (r), the 
standard deviation (s) and the Fischer-Snedecor criterion, (F). 

RESULTS AND DISCUSSION 

The experimental values for the capacity factors of the series of acids I-III 
determined in the temperature range 20-60°C are given in Table I. The arylacetic 
acids (I) (where intramolecular interactions do not take place) were used as a standard 
series and series II and III were compared with this. The fall in lipophilicity for the 
arylalkoxy derivatives (II) is probably due to hydrophobic interactions of both aro- 
matic nuclei’ 5. Any actual approach of the aromatic nuclei has not been proved 
experimentally but indirect support for this hypothesis stems from the decrease in 
lipophilicity which occurs on lengthening the connecting chain between the aromatic 
nuclei. A decrease in lipophilicity for 3-methoxy-4-alkoxy derivatives has been ten- 
tatively ascribed to steric hindrance to solvation l C* 7. The latter can negatively affect 
a gain in entropy during passage from an aqueous to an organic phase. 

Enthalpy changes were calculated from regression analysis of the relationship 
between log k’ and l/T (Table I) according to eqn. 2 and are summarized in Table 
II. The relationship between log k$ and AH0 for the acids I--III is expressed by eqn. 
4. The log kk values were calculated from experimental data obtained at 313”K, 
which was close to the harmonic mean of the temperature range used (Charm = 
309XK). If the group of acids is divided into the individual series I-III (Fig. I), the 
statistical significances of eqns. 5-7, respectively, are considerably better than that of 
eqn. 4. 

F 

log k$ = -0.0894HO - 0.901 2: 0.;47 o.s21 157.7 (4) 

log l&i = -0.096AHO - 0.994 6 0.996 0.035 505.8 (5) 

log k; = -0.086AHO - 0.945 7 0.987 0.038 191.2 (6) 

iogk; = -0.107AHO - 1.118 7 0.997 0.047 726.7 (7) 
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TABLE II 

THERMODYNAMIC QUANTITIES OF RETENTION FOR ARYLALIPHATIC ACIDS I-III 

Compound log&m -AH0 -AS’ 

No. (kJ mar’) (J “ICI mot’) 

Ia 0.301 13.450 20.68 
Ib 0.408 14.952 23.44 
Ic 0.762 18.690 28.59 
Id 0.615 16.292 23.73 
Ie 1.245 23.366 34.28 
If 0.965 20.239 29.64 
IIa 0.659 19.293 32.48 
IIb 0.853 21.457 35.71 
IIC 1.050 23.333 37.88 
IId 0.470 16.187 26.20 
IIe 0.858 21.244 34.87 
IIf 1.046 23.015 36.96 

IIg 0.981 22.010 35.00 
IIIa 0.045 11.072 17.96 
IIIb 1.050 20.260 28.09 
IIIC I .080 20.110 26.98 
IIId 0.334 12.805 18.00 
IIIe 1.252 22.165 30.31 
IIIf 0.392 14.555 22.48 
IIIg 1.358 22.990 30.89 

-AH"(kJ.mol-'1 
Fig. I. Compensation plots, log k; 1 3 vs. -AH0 for three groups of arylaliphatic acids. The log k;i3 and 
-AH* values are taken from Table II. Solutes: arylacetic acids I ( +); phenylalkoxy derivatives II (e); 
3-methoxy-4-alkoxy derivatives III (0). 
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The high values of the statistical criteria indicate that an enthalpy+ntropy 
compensation mechanism is operative in each instance. At the same time, however, 
the different straight lines for the individual series of acids I-111 are obvious. The 
corresponding compensation temperatures, /3, of 735, 643 and 881”K, respectively, 
were calculated using eqns. 5-7. With the exception of the last value, these temper- 
atures are comparable with those described (in the range 596794°K) for various sets 
of compounds in other reversed-phase HPLC systems4-6. These differences show a 
decrease in hydrophobic retention, especially for the series III, which is probably 
connected with the differences in the mechanisms of the solute-stationary phase in- 
teractions. 

From the respective straight lines in Fig. 1 we may conclude that different 
changes in enthalpy correspond with the same value of log k$. This implies that the 
same change in Gibbs free energy must be accompanied also by a different change 
in entropy. In the series of dialkoxy derivatives (III) (at least in the region of higher 
lipophilicity) the change in entropy corresponding to a given change in enthalpy is 
lower than that in the reference series of acids (I). It is probable that a decrease in 
lipophilicity of the derivatives III is connected with a decrease in the change in en- 
tropy during the transfer from the mobile to the hydrophobic stationary phases. Such 
a conclusion is in agreement with the hypothesis of steric hindrance of solvation16%1 ‘. 
The decrease in lipophilicity of the acids II is probably not connected with a decrease 
in the change of entropy on passing from aqueous to organic phases. 

The use of linear AS0 vs. AH0 plots for the testing of compensation behaviour 
has often been criticized4,6 since this can lead to artifacts caused not by true com- 
pensation between these quantities but by statistical effects. However, these relation- 

40 - 8’ 
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-AH*(kJ,mol-1) 
Fig. 2. Compensation plots, -AS’ vs. - AHo, for three groups of arylaliphatic acids. The -AS* and 
-AH* values are taken from Table II. Symbols for solutes as in Fig. 1. 
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ships provide a better view of the mutual differences in entropy changes for the same 
changes in enthalpy. The standard entropy changes, ASO, were calculated according 
to eqn. 2 and are summarized in Table II. It is necessary to know the ratio q of the 
phases in the column. The value CJI = 0.137 corresponds to 10% content of carbon 
in a stationary phase of weight 2.5 g with a retention volume of 2.7 ml of methanol. 
The value of q is only approximate; however it is sufficient for a mutual comparison 
of the calculated changes in entropy. The linear AS0 vs. AH0 relationships for the 
whole group, as well as for the individual series of acids I-III, are expressed by eqns. 
8-l 1. The plot in Fig. 2 clearly demonstrates the fall in entropy changes for the series 
of dialkoxy derivatives III compared with the reference series I, in agreement with 
above conclusions. 

-AS0 = - 1.482AH0 + 0.746 2: 0.;3 1 2.3sl5 

-AS0 = - 1.358AH” + 2.519 6 0.993 0.677 

-AS0 = - 1.553AHO + 1.637 7 0.986 0.717 

-AS0 = -1.133AHO + 4.898 7 0.989 0.904 
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