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INTRODUCTION

The reversed�phase liquid chromatography
method with aqueous organic mobile phases and non�
polar adsorbents is the most widespread technique of
liquid chromatography in current practice [1, 2].
Adsorbents grafted with groups containing aromatic
fragments have begun to be used alongside the classical
silica gels grafted with alkyl groups [3]. The simplest
example of such stationary phases is the silica gels
grafted with phenyl groups with spacers of various
natures and sizes [4]. The peculiarities of these mate�
rials are due to the electron�donating properties of
their surface because of its π basicity, with the strength
of the latter changing depending on the surface con�
centration of grafted groups and the length of spacer
[1]. After the adsorption of aromatic molecules or
molecules containing multiple bonds on these station�
ary phases, π–π interactions between adsorbate and
adsorbent are considered to be occurred [3, 4]. This
circumstance explains the π selectivity of the sorbents
providing the separation of such important com�
pounds as tetracyclines, anesthetics, narcotic analge�
sics, benzodiazepines, nucleosides, and compounds
containing nitro, azido, or sulfonyl groups [5]. Other
features of phenyl�containing adsorbents consist in
the possibility of eluting the mixtures of highly polar
compounds with 100% aqueous mobile phases and
performing hydrophilic chromatography with the use
of solvents with a high content of organic components
[5]. Moreover, a higher selectivity of methanol as a

mobile phase component in comparison to acetoni�
trile has been reported in the case of the separation by
means of phenyl�containing adsorbents [5].

Silica gel grafted with dimethyl�(4�phenyl�n�
butyl)silyl groups was previously characterized under
conditions of high�performance liquid chromatogra�
phy (HPLC) [6, 7]. The adsorption properties of this
silica gel were examined on the basis of a study of
adsorption thermodynamics and did not confirm the
presence of π–π interactions between the adsorbate
and adsorbent, which have been strongly manifested,
for example, in HPLC with the use of hyper�cross�
linked polystyrene [8]. The obtained data, in contrast,
indicated great similarity of adsorption properties of
the investigated stationary phase and octadecyl silica
gel [9]. To optimize the techniques for the separation
of mixtures on silica gels grafted with phenyl groups and
control the adsorption selectivity, it is important to
understand whether π–π interactions between adsor�
bate and adsorbent take place during HPLC on phenyl�
containing adsorbents and to estimate their contribu�
tion to retention. The solution to this problem seems to
consist in disclosure of regularities of the influence of key
factors determining adsorption selectivity on the thermo�
dynamic characteristics of adsorption (TCA) of test com�
pounds on such adsorbents. The structure of adsorbates is
likely to be one of the main factors [10–12].

The aim of the work is to find out the dependences
of TCA of substituted 1,3,4�oxadiazoles and 1,2,4,5�
tetrazines from aqueous organic solutions on silica gel
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grafted with dimethyl�(4�phenyl�n�butyl)silyl groups
on the structure of their molecules.

EXPERIMENTAL

The instruments, chromatographic column, and
experimental conditions have been described in detail
in [6, 7]. The experiment was performed with the use
of a Prominence liquid chromatograph (Shimadzu,
Japan) equipped with an LC�20AD semipreparative
gradient pump, a DGU�20A3 mobile�phase degasser,
an SPD�20A spectrophotometric detector with a ther�
mostatically controlled cell, and a CTO�20A column
thermostat. The commercially available Ascentis®

Phenyl silica gel (Supelco Analytical, United States)
chemically modified with dimethyl�(4�phenyl�n�
butyl)silyl groups was used as an adsorbent, with the
structure of grafted group being as follows:

The size of adsorbent particles was 5 µm, the aver�
age pore diameter was 100 Å, the surface concentra�
tion of grafted groups was 2.44 groups nm–2, the
dimensions of the chromatographic column were 2.1 ×
150 mm, specific surface area Ssp = 450 m2 g–1, and
mass of adsorbent in the column g = 0.26 g. Column
temperature T was varied within a range from 313.15
to 333.15 K in steps of 5 K.

Aryl�, hetaryl�, and cyclohexyl�substituted 1,3,4�
oxadiazoles and 1,2,4,5�tetrazines were employed as
adsorbates. Their structures and purity were con�
firmed by data of elemental analysis; mass spectrome�
try; and IR, 1H NMR, and 13C NMR spectroscopy, as
well as with the use of chromatography–mass spec�
trometry.

The elution in HPLC was fulfilled in an isocratic
mode with aqueous acetonitrile (MeCN–H2O),
methanol (MeOH–H2O), and isopropanol (i–
PrOH–H2O) solvents of 1 : 1 (vol) ratio at a flow rate
of the mobile phase of 500 µL min–1.

On the basis of the primary chromatographic data,
the following TCA from solutions were calculated.
Thus, the standard differential molar change in Gibbs
energy of adsorption (ΔaG°, kJ mol–1) was calculated
based on distribution constant Kc at 313.15 K via the
equation [13]

ΔaG° = –RT ln(Kc/Kc,st),

where Kc =  + 1 (k is the retention factor); VM,
µL, is the volume of the mobile phase in the column
measured by the system peak [2]; , µL, is the volume
of the adsorption layer (  = 88 µL)) [14, 15]; and

Si

CH3

CH3 .

M akV v

av

av

Kc,st,st is the distribution constant in the standard state
(Kc,st = 1) [6, 7].

To determine lnKc at different temperatures of the
chromatographic column, the standard differential
molar changes in enthalpy (ΔaH°, kJ mol–1) and
entropy (ΔaS°, J (mol K)–1) of adsorption were calcu�
lated via the linear regression analysis method with the
use of the following equation [6, 13]:

lnKc = –ΔaH°/RT + ΔaS°/R. (1)

The techniques for the calculation of lipophilicity
(logP), van der Waals surface area (Sw, Å²), dipole
moment (μ, D), and polarizability (α, Å³) of adsorbate
molecules have been described in [16].

RESULTS AND DISCUSSION

Along with other factors, the structure of adsorbate
molecules is known to play a key role in the selectivity
of HPLC separation due to the differences in geomet�
ric and electronic structures of analytes, determining
the energy of intermolecular interactions between
adsorbate and adsorbent and those between adsorbate
and bulk solution. The effect of differences in the
structures of studied compounds on their retention on
silica gel grafted with dimethyl�(4�phenyl�n�
butyl)silyl groups is manifested in the coefficients of
equation relating the logarithm of retention factor to the
inverse temperature of column, namely, lnk = B/T + A
(Table 1). The corresponding values of the coefficients
of determination represented in Table 1 show that the
temperature dependence of retention is well linearized
in the Van’t Hoff equation coordinates.

The data in Table 1 indicate that, in the case of
adsorption from both aqueous acetonitrile and aque�
ous alcohol solutions, the values of coefficient B =
⎯ΔaH°/R depend on the nature of heterocycles. The
highest values of B coefficient are typical of nonpolar
1,2,4,5�tetrazines (compounds 15–17), likely due to
the presence of hydrophobic interactions in the bulk
solution leading to the expulsion of molecules con�
taining large nonpolar fragments from the polar
medium onto the nonpolar surface of silica gel grafted
with phenyl groups [17]. Among other heterocycles,
the high B values are also observed in the cases of
bromo�containing 1,3,4�oxadiazoles (compounds
12–14) because of large values of polarizability of their
molecules [16]. At the adsorption from aqueous aceto�
nitrile solution, the B value of 2�[di(thienyl�2,2')�5]�
5�cyclohexyl�1,3,4�oxadiazole (compound 4) is com�
parable with those of brominated 1,3,4�oxadiazoles;
from isopropanol solution, the intermediate between
those of bromo�containing 1,3,4�oxadiazoles and
1,2,4,5�tetrazines; and from aqueous methanol solu�
tion, the highest. As this coefficient is proportional to
the change in enthalpy of adsorption, then the differ�
ences between its values of the examined substances
indicate differences between energies of the processes
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accompanying their adsorption under the HPLC con�
ditions.

The nature of adsorbate also strongly influences the
A coefficient, which is proportional to the change in
entropy of adsorption (Table 1). In the cases of adsorp�
tion from aqueous acetonitrile and isopropanol solu�
tions, the maximum values of this coefficient are
observed for nonpolar 1,2,4,5�tetrazines. This result is
due to a strong delocalization of their molecules on the
surface caused, in turn, by hydrophobic interactions in
the associated bulk solution [17]. In comparison to
other adsorbates, 2�(4�nitrophenyl)�5�(thienyl�2)�
1,3,4�oxadiazole (compound 6) is characterized by
higher A values of adsorption from aqueous acetoni�
trile and isopropanol solutions. In the case of adsorp�
tion from aqueous methanol solution, 2�[di(thienyl�
2,2')�5]�5�cyclohexyl�1,3,4�oxadiazole (compound 4)
demonstrates the maximum A value.

In addition, the data in Table 1 indicate a signifi�
cant influence of the nature of organic component of
the mobile phase on both energy and entropy compo�
nents of the change in Gibbs energy of adsorption. The
B and A coefficients increase after the transition from
aqueous acetonitrile to aqueous isopropanol and then
to aqueous methanol solution. Their values appear to
be affected by such factors as the particularities of
adsorbate solvation by the organic component of the
mobile phase in the bulk solution and those of adsorp�
tion of the organic component on the surface of the
stationary phase [7]. Solvation of the studied hetero�
cycles seems to increase after successive transitions
from aqueous methanol solution to aqueous isopro�
panol and acetonitrile ones [7], as the lipophilicity of
the organic components of eluents decreases after the
transition from acetonitrile (logP = 0.65) to isopro�
panol (logP = 0.49) and methanol (logP = –0.27).
Because of the presence of large hydrophobic moieties
in the molecules of investigated compounds, they
should be more solvated by more lipophilic molecules,
thus resulting in the reduction of absolute values of
effective changes in enthalpy and entropy. The higher
the content of acetonitrile in the adsorption layer, in
comparison to methanol, the lower the absolute values
of effective changes in enthalpy and entropy. This cir�
cumstance is due to the increased energy costs for the
expulsion of organic component of eluent from
adsorption layer and to the release of the greater num�
ber of degrees of freedom after its expulsion into the
bulk solution in the case of acetonitrile in comparison
to methanol [7].

Figure 1a shows the dependences of the standard
differential molar changes in Gibbs energy of adsorp�
tion of examined compounds from aqueous organic
solutions on silica gel grafted with phenyl groups on
the van der Waals surface area of molecules of these
compounds. The data in this figure, as well as in Table 1,
indicate that all adsorbates are adsorbed from aqueous
methanol solution to a significantly greater extent
than from aqueous acetonitrile solution and even more
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Fig. 1. The dependences of the standard differential molar
changes in (a) Gibbs energy, (b) enthalpy, and (c) entropy
of adsorption of 1,3,4�oxadiazoles and 1,2,4,5�tetrazines
from aqueous organic solutions on silica gel grafted with
phenyl groups on the van der Waals surface area of their
molecules.
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than from aqueous isopropanol one. The use of all
compositions of mobile phases leads to the deviation
of the points corresponding to 1,2,4,5�tetrazines
(compounds 15–17) toward higher –ΔaG° values from
the linear |ΔaG°| versus Sw dependences typical of the
majority of 1,3,4�oxadiazoles. The strong adsorption
of nonpolar 1,2,4,5�tetrazines is likely due to the
hydrophobic interactions in the associated solutions of
the mobile phases [17] leading to the expulsion of
molecules containing large nonpolar moieties onto
the nonpolar surface of adsorbent. In the case of
adsorption from both aqueous alcohol and acetonitrile
solutions, the points corresponding to nitro�substi�
tuted adsorbate (compound 6), in contrast, deviate
from the linear –ΔaG° versus Sw dependences toward
lower |ΔaG°| values. This result seems to be due to the
higher polarity of molecules of this compound (μ =
6.011 D) in comparison to other 1,3,4�oxadiazoles
[16], resulting in higher energy of intermolecular
interaction with components of the bulk solution and,
thus, in a decrease in adsorption from the solutions.

In general, the retention of studied heterocyclic
compounds agrees well with the known regularities of
reversed�phase HPLC, namely, in the case of the
majority of 1,3,4�oxadiazoles, the |ΔaG°| values
increase symbatically with Sw, regardless of the nature
of organic component of the solution from which
adsorption occurs (Fig. 1a). It is of interest to note the
somewhat stronger adsorption of cyclohexyl�substi�
tuted 1,3,4�oxadiazole (compound 3) from aqueous
organic solutions in comparison to its closest analogue
such as 2�(thienyl�2)�5�phenyl�1,3,4�oxadiazole
(compound 2). In the case of adsorption of these het�
erocycles on hyper�cross�linked polystyrene charac�
terized by the presence of π–π interactions between
adsorbate and adsorbent, the opposite pattern occurs,
namely, a decrease in adsorption is observed after the
introduction of cyclohexyl substituent instead of phe�
nyl group [8]. The substitution of phenyl group by
cyclohexyl one enhances the adsorption from aqueous
organic media on the classic reversed�phase material,
such as octadecyl silica gel because of the conforma�
tional flexibility of cyclohexyl moiety and its possibil�
ity to penetrate into the conformationally mobile
grafted layer [16]. The regularities of adsorption of
studied compounds on silica gel grafted with phenyl
groups are similar to the features of adsorption on
octadecyl silica gel under the conditions of reversed�
phase HPLC and significantly different from those of
the adsorption on hyper�cross�linked polystyrene.
Thus, adsorption and chromatographic data repre�
sented in the form of ΔaG° indicate that the selectivity
of separation under the conditions of reversed�phase
HPLC on silica gel grafted with dimethyl�(4�phenyl�
n�butyl)silyl groups is strongly influenced by the dis�
persion interactions (as in the case of octadecyl silica
gel) rather than π–π interactions between adsorbate
and adsorbent. The lower content of carbon on the
surface of phenyl�containing silica in comparison to

octadecyl silica gel results in the weaker adsorption of
the same compounds on this adsorbent [6, 16]. This
fact also indicates the dominant role of dispersion
interactions between adsorbate and adsorbent. In the
case of HPLC on silica gel grafted with phenyl groups,
the key role of these interactions is confirmed by the
linear –ΔaG° versus Sw dependence typical of the most
1,3,4 oxadiazoles. The leaning of phenyl groups
against the silica substrate due to the contact with
polar medium, as well as the π stacking between adja�
cent grafted phenyl groups, have been proposed as
possible reasons for the lack of the π selectivity of the
examined adsorbent [7].

However, interpretation of enthalpy and entropy
contributions to the adsorption of investigated hetero�
cycles on silica gel grafted with phenyl groups discloses
a complex mechanism of processes accompanying
HPLC on this adsorbent. Analysis of the data in Figs. 1b,
1c makes it possible to find out the effects responsible
for the mentioned above regularity, that is, for the
stronger adsorption of cyclohexyl�containing hetero�
cycle (compound 3) on the studied adsorbent in con�
trast to its phenyl�containing analogue (compound 2).
Thus, Fig. 1b shows the higher absolute value of the
change in enthalpy of adsorption of 2�(thienyl�2)�5�
phenyl�1,3,4�oxadiazole from aqueous organic solu�
tions than that of 2�(thienyl�2)�5�cyclohexyl�1,3,4�
oxadiazole. Moreover, the data in Fig. 1c indicate the
larger absolute value of the change in entropy of
adsorption of 2�(thienyl�2)�5�phenyl�1,3,4�oxadiaz�
ole than in the case of 2�(thienyl�2)�5�cyclohexyl�
1,3,4�oxadiazole. In other words, the |ΔaG°| value of
cyclohexyl�containing adsorbate (compound 3) is
higher than that of its phenyl�containing analogue
(compound 2), while the latter exhibits higher values
of |ΔaH°| and |ΔaS°| (Fig. 1). In the case of 2�(thienyl�
2)�5�phenyl�1,3,4�oxadiazole (compound 2), the energy
of π–π interactions between the adsorbate and adsorbent
is likely to be higher than in the case of 2�(thienyl�2)�5�
cyclohexyl�1,3,4�oxadiazole (compound 3). As a
result, the phenyl�containing heterocycle is character�
ized by larger |ΔaH°| values (Fig. 1b). At the same time,
in the case of adsorption from aqueous organic solu�
tions of various nature, an increased conformational
flexibility of cyclohexyl moiety in comparison to phe�
nyl group seems to result in higher values of |ΔaS°| of
2�(thienyl�2)�5�cyclohexyl�1,3,4�oxadiazole (com�
pound 3) in contrast to those of 2�(thienyl�2)�5�phe�
nyl�1,3,4�oxadiazole (compound 2) (Fig. 1c). There�
fore, an increased adsorption on silica gel grafted with
phenyl groups, manifested in larger |ΔaG°| values, is
observed in the case of cyclohexyl�containing hetero�
cycle (Fig. 1a). This result may be explained by the
mutual compensation of enthalpy contribution
responsible for π–π interaction between adsorbate
and adsorbent and the entropy contribution responsi�
ble for the conformational flexibility of the cyclohexyl
fragment. The competition between these two factors
seems to determine the |ΔaG°| values measured in the
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adsorption experiment and, hence, the chromatographic
behavior of compounds. Thereby, the increased adsorp�
tion of cyclohexyl�substituted heterocycle is likely to
indicate, not the lack of π–π interactions between
adsorbate and adsorbent during HPLC on silica gel
grafted with phenyl groups, but the fact that the
enthalpy contribution induced by these interactions is
offset by the entropy contribution caused by the con�
formational flexibility of cyclohexyl moiety. As a
result, the presence of π–π interactions between
adsorbate and adsorbent does not lead to π selectivity
of silica gel grafted with phenyl groups, as this contri�
bution is not enough to suppress the conformational
effects occurred during the adsorption on chemically
modified silicas [1].

Figure 1b also shows that the increase in |ΔaH°| is
symbatic with Sw values. This result is typical of the
majority of adsorbates, with the only exception being
nonpolar 1,2,4,5�tetrazines exhibiting the deviation of
corresponding point toward larger |ΔaH°| values. An
increase in the enthalpy of adsorption after the
enhancement of the van der Waals surface area of mol�
ecules is due to the gain caused by an enlargement of
the contact area between adsorbate and adsorbent and
by an increase in the energy of dispersion interactions.
In general, these dependences confirm the known
principles of reversed�phase HPLC. Another interest�
ing fact should also be mentioned. It has been noted
above that the |ΔaG°| values of all compounds are sig�
nificantly reduced after the transition from an aqueous
methanol solution to an aqueous acetonitrile one and
reduced then less significantly after the transition to
aqueous isopropanol solution (Fig. 1a). On the other
hand, the transition from aqueous methanol solution
to aqueous isopropanol and acetonitrile ones results in
a sharp decrease in the |ΔaH°| values of all adsorbates
(Fig. 1b). In the same manner, the change in entropy
of adsorption (|ΔaS°|) depends on the nature of organic
component of the bulk solution (Fig. 1c). In other
words, the |ΔaH°| and |ΔaS°| values of examined com�
pounds are lower in the case of adsorption from aque�
ous acetonitrile solution than from aqueous isopro�
panol one, while the |ΔaG°| value demonstrates the
opposite pattern. The higher |ΔaH°| and |ΔaS°| values
of adsorption from aqueous isopropanol solution are
likely to be due to the increased solvation of adsorbate

molecules in aqueous acetonitrile media and the high
content of acetonitrile in adsorption layer [7]. Per�
haps, in the case of adsorption from aqueous acetoni�
trile solutions, the enthalpy and entropy components
of Gibbs energy diminish to varying degrees due to the
influence of these factors. Therefore, the |ΔaG°| value
determined as a difference between these components
[18–20] is higher in the case of adsorption from aque�
ous acetonitrile media in comparison to aqueous iso�
propanol ones. Thereby, the investigated substances
are adsorbed to a greater extent from aqueous acetoni�
trile solutions (Fig. 1a).

It is important to note that the enhancement of the
van der Waals surface area of molecules leads to an
increase in not only |ΔaG°| and |ΔaH°| (Figs. 1a, 1b), but
also |ΔaS°| values (Fig. 1c). In general, the –ΔaG° ver�
sus Sw dependences of 1,3,4�oxadiazoles are linear in
the case of adsorption from aqueous organic solutions
of different nature. As hydrophobic interactions influ�
ence not only the energy component but also entropy,
the points corresponding to nonpolar 1,2,4,5�tetra�
zines, like those of the dependences of Gibbs energy
and enthalpy, deviate from the linearity toward higher
values [17]. The increase in the absolute value of the
change in entropy after the enhancement of Sw seems
to be due to the stronger localization of molecules of a
larger size on the surface. Thus, the dependences of
TCA from solutions correlate with the surface area of
molecules. The equation coefficients of the depen�
dence of TCA on Sw and the corresponding coeffi�
cients of determination are given in Table 2. The data
indicate the best correlation of Gibbs energy with the
van der Waals surface area of molecules, whereas the
correlations of enthalpy and entropy are somewhat
worse. As to enthalpy and entropy, the correlations
between the TCA and Sw are more accurate in the case
of aqueous alcohol solutions, which is likely due to the
stronger association of these solvents and, conse�
quently, the higher localization of adsorbate molecules
during adsorption from them. One can also see from
Fig. 1 that the selectivity of separation of adsorbates in
aqueous methanol and isopropanol mobile phases is
higher than in aqueous acetonitrile ones. This result
can be explained by the maximum difference in TCA
of the pairs of compounds which occurs during the
adsorption from aqueous methanol solutions. That is,

Table 2. The equation coefficients of the dependences of the TCA of studied heterocyclic compounds from aqueous
organic solutions on silica gel grafted with phenyl groups on the van der Waals surface area of their molecules

Bulk solution
–ΔG° = a + bSw –ΔH° = a + bSw –ΔS° = a + bSw

–a b r2 –a b r2 –a b r2

MeCN–H2O (1 : 1) 5.0141 0.0363 0.980 –4.0273 0.0164 0.455 –26.1225 0.0546 0.281

i�PrOH–H2O (1 : 1) 5.2121 0.0346 0.978 10.2687 0.0726 0.890 18.1048 0.1276 0.652

MeOH–H2O (1 : 1) 11.5048 0.0717 0.972 14.4694 0.1259 0.879 14.6625 0.1901 0.816

r2 is the coefficient of determination of the dependence of corresponding TCA on Sw.
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the outcomes of the present study confirm the data
declared by the manufacturer on the higher selectivity
of separation on silica gel grafted with phenyl groups
with the use of methanol, rather than acetonitrile, as a
component of the mobile phase [5]. However, the high
selectivity of separation of investigated compounds
with methanol is considerably restricted by much
higher adsorption of the compounds from aqueous�
methanol media in comparison to the adsorption from
aqueous acetonitrile solutions (Fig. 1), leading to
reduction of separation efficiency.

The dependences of the standard differential molar
changes in (a) Gibbs energy, (b) enthalpy, and (c)
entropy of adsorption of examined compounds from
aqueous organic solutions on the reduced dipole
moment of their molecules are shown in Fig. 2. The
enthalpies of adsorption from solutions have been pre�
viously shown [9] to depend on the reduced dipole
moment, which is the most appropriate measure of the
polarity of the bulk molecules [21, 22]. Under the con�
ditions of reversed�phase HPLC, the retention char�
acteristics, as a rule, do not correlate directly with the
dipole moment of molecules [23], whereas the use of
the reduced dipole moment makes it possible to
describe the dependences of TCAs from solutions on
the polarity of adsorbates. Figure 2 indicates the
reduction of the absolute values of all TCAs after an
increase in the reduced dipole moment of adsorbates.
In the case of adsorption under the conditions of
reversed�phase HPLC, this result is obviously due to
the essential role of intermolecular dipole–dipole
interactions of adsorbate with the components of the
bulk solution of mobile phase. The strong deviation of
the point corresponding to cyclohexyl�containing
adsorbate (compound 4) from the dependence typical
of most heterocycles is likely to be owing to the size of
its molecule comprising, in contrast to other studied
substances, four cycles.

CONCLUSIONS

The examination of the dependence of thermody�
namic characteristics of adsorption of 1,3,4�oxadiaz�
oles and 1,2,4,5�tetrazines from aqueous organic solu�
tions on silica gel grafted with dimethyl�(4�phenyl�n�
butyl)silyl groups showed that the π selectivity of stud�
ied adsorbent is significantly restricted by the confor�
mational flexibility of grafted groups and molecules of
adsorbates. In terms of the π selectivity, the investi�
gated stationary phase is inferior to hyper�cross�linked
polystyrene and exhibits chromatographic behavior
similar to that of octadecyl silica gel. In this case, the
adsorption of investigated compounds by phenyl�con�
taining silica is weaker than that by octadecyl silica gel.

It was found that the nature of organic component
of the mobile phase significantly influences the ther�
modynamic characteristics of adsorption of 1,3,4�
oxadiazoles and 1,2,4,5�tetrazines. After the transi�
tion from aqueous acetonitrile and aqueous isopro�
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Fig. 2. The dependences of the standard differential molar
changes in (a) Gibbs energy, (b) enthalpy, and (c) entropy
of adsorption of 1,3,4�oxadiazoles and 1,2,4,5�tetrazines
from aqueous organic solutions on silica gel grafted with phe�
nyl groups on the reduced dipole moment of their molecules.
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panol solutions to methanol ones, the selectivity of
separation of investigated compounds increases with a
simultaneous substantial increase in adsorption.

Thus, the use of silica gel grafted with dimethyl�(4�
phenyl�n�butyl)silyl groups along with aqueous acetoni�
trile mobile phases is optimal for HPLC to separate the
compounds strongly retained on octadecyl silica gel.
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