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NATION OF THE ADSORPTIVE PROPERTIES OF THE SUPPORT

TERESA CZAJKOWSKAx*

Department of Physical Chemistry, Institute of Chemistry. Marie Curie-Skiodowska University. 20031
Lublin ( Poland)

(First received September 21st. 1981; revised manuscript received March Sth. 1982)

SUMMARY

Association constants were used to determine the effective concentration of
bis(ethylhexyl) tetrachlorophthalate (EHTCP) in the system EHTCP-squalane on a
diatomite support with a specific surface area of 0.5 m?*/g (Polsorb B NAW) at dif-.
ferent coverages of the support by the stationary phase. It was shown that, even with
relatively large amounts of the stationary phase (10 %;). the effective concentration of
the polar component is iower than the original concentration. Retention data of
aromatic and aliphatic oxygen-containing compounds, measured at different tem-
peratures, were used.

INTRODUCTION

In a previous study! it was demonstrated that in the system tetradecylamine
(TDA)-n-octadecane (OD), the association constants calculated from the bulk par-
tition coefficients, K. differ considerably from those calculated on the basis of the
partition coefficients observed with different coverages of the support by the
stationary phase. The effective concentration of the complexing agent in the
stationary phase for various coverages of the support by that phase were also calcu-
lated on the basis of association constants determined from the bulk data.

In this study we applied the measurement of association constants to the de-
termination of the adsorptive properties of the support and the adsorption contri-
bution to the overall retention mechanism. To this end, a less active (i.e.. white
instead of pink) diatomite support (Polsorb B NAW?) with a specific surface area
nearly seven times smaller and less active than the hexadecylamine complexing agent
bis(ethylhexyl) tetrachlorophthalate (EHTCP) was used. Aromatic hydrocarbons
and polar aliphatic compounds were used as solutes.
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The equations of Purnell® were used to determine association constants despite
the fact that, as described by these equations. they do not constitute the absolute
thermodynamic equilibrium constants®. However. the main purpose of the work was
the determination of the adsorptive properties of the support, by defining the effective
concentration. C_,. for various coverages. and not the determination of association
constants.

The bulk partition coefficients were determined using the method of Conder et
al>.

EXPERIMENTAL

Measurements were made with a Perkin-Elmer Model 116E instrument equip-
ped with a katarometer with nitrogen as the carrier gas at a flow-rate of 60 mi/min. A
silanized glass column (1 m x 4 mm 1.D.) was used. The measurements were made at
67.6, 76.7. 83.4 and 95.6°C. The size of the samples was held constant at 0.1 ul.

The Polsorb B NAW? support. with a particle size of 0.2-0.3 mm, was dried for
4 h at 200°C before coating. The support was coated in amounts of 3, 6 and 109,
(w;w) with EHTCP and its mixtures with squalane in ratios of 3:1, 1:1 and 1:3 (w;w)
by means of the fluidization method. The columns were conditioned overnight at
120°C with the carrier gas at the stated flow-rate. The column packings were pre-
pared. then the volume of the stationary phase was calculated from the previously
measured® density of these liquids at the specified temperature.

RESULTS AND DISCUSSION

The ratios of the observed (KR) and bulk (X)) partition coefficients for 1I-
butanol and ethylbenzene in the mixed stationary phase to the partition coefficients in
the inert component of the stationary phase (K, K1), as a function of the concentra-
tion of EHTCP in the mixed stationary phase at various coverages of the support, are
shown graphically in Figs. 1. 2 and 3. The slope increases as the amount of stationary
phase increases and, even at 10 % coverage. it is clearly smaller than the slope of the
line representing the pure partition.

The above observations suggest that for each different amount of the
stationary phase, the concentration of the complexing agent originally introduced is
higher than that of its effective concentration. that is. in the stationary phase there are
fewer polar groups able to interact with the solutes than might appear judging from
the composition of the mixed stationary phase.

At 67.6°C the dependence of the ratio K/Ky takes a parabolic shape and two
types of complexes (1:1 and 2:1) are formed?3.

Table I lists the association constants calculated on the basis of the bulk par-
tition coefficients for the compounds presented in Fig. 1 and for other solutes ana-
lyzed in this system. The so-called effective concentrations that were calculated for
these solutes, with different coverages of the support at different temperatures, are
given in Table II.

It is evident that when the amount of the stationary phase is 39 only about
40 ¢, of the functional groups of the polar component are involved in the complex-
ation process, but when the coverage is 109/ the amount of these groups does not
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exceed 65 9. The remaining groups are probably linked with the support surface or

oriented towards its surface and present on the gas-liquid surface.
Fig. 1 and the data in Table I show the different behaviors of aromatic and

aliphatic polar compounds in the system investigated. Although weak complexes are

TABLE 1

ASSOCIATION CONSTANTS AT $5.6, 83.4, 76.7 AND 67.6°C FOR THE COMPLEXATION REAC-
TIONS BETWEEN EHTCP AND VARIOUS SOLUTES

Solute 95.6°C (K,) 83.4°C(K,) 76.7C(K,) 676 C
K, K
t-Butanol 0.196 0.107 0.090 0.087 0.275
Diethyl ketone 0.246 0.115 0.096 0.089 0.218
Isoamyl acetate 0.245 0.096 0.065 0.042 0.272
Benzene 0.259 0.346 0.624 0.351 0.390
Toluene 0.225 0.334 0.476 0.799 0.066
Ethylbenzene 0.207 0.22 0.328 0.301 0.403 .
Ka/MR 4
i
1.2+
11
1.0
1 2 Sy 1 — 3 <,
Kaﬂ K "R/ %R
a, 4 b, 4
2F 2.0
1.2 3 3
2 2
11 1 15
1
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Kr/KR Ka/fr
1.6“- a3 b,
20
1.4 N
X g .
1.2h 1 5 3
2
1
1.0 1.0
1 ;3 o — 2 2
1 2 Ca 1 2 Ca
mole /1

Fig. 1. Variation of K;/K, with concentration of EHTCP in squalane at different loadings of the
stationary phase. (a) I-Butanol; (b) benzene. a,, b,. 67.6°C; a,, b,, 76.7°C; a;, bs. 95.6°C. Graphs: 1. 3°,:
2, 6%, 3, 109%; 4, values obtained from X .
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Fig. 2. Variation of K| /K with concentration of EHTCP in squalane for \arious solutes at (a) 67.6 C and

{b) 83.4°C. Graphs: 1, isoamyl acetate; 2. I-butanol; 3. diethyl ketone; 4. ethylbenzene: 5. toluene; 6.
benzene.

Fig. 3. Variation of K;/K; with concentration of EHTCP in squalane at various temperatures. (a)
Toluene; (b) diethyl ketone. Graphs: 1,956 C; 2. 83.4°C: 3. 76.7-C; 4. 67.6 C.

usually formed in this system the more stable complexes are formed by aromatic
compounds, especially at lower temperatures (Figs. 2 and 3).

The ratio of the effective concentration of the complexing agent to the concen-
tration originally introduced had been previously suggested! to be treated as the
activity coefficient (Fig. 4) of the complexing agent in the system mixed stationary
phase-support—solute. Table III presents such values for different coverages of the
support at different temperatures. The values of the activity coefficients are less than
unity in nearly all instances, and are essentially identical within the limits of experi-
mental error, for different compositions of the mixed stationary phase at a given
coverage (Fig. 5), and they all increase with increase in the amount of stationary
phase on the support. At higher temperatures (83.4 and 95.6°C), the activity coef-
ficients calculated from the retention data of aromatic compounds are lower than
those calculated from the retentions of 1-butanol, diethyl ketone, and isoamyl ac-
etate (Table 111, Fig. 5a). A decrease in temperature reduces the differences, whereas
at 67.6°C a reverse process is observed, even for higher coverages (Fig. 5b).

The above observation agrees with the reverse dependence of the association
constants of aromatic and aliphatic compounds on temperature. The activity coef-
ficients do not reach unity with any amount of the stationary phase (except for two
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Fig 4. Relationship between C,; and C,,,, for different loadings of the stationary phase. (a) I-butanol; (k)
benzene. a,, b,. 95.6°C; a,, b,, 67.6°C.
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Fig. 5. Dependence of ;» = C_,/C,,, On percentage of stationary phase on the support at 67.6 and 95.6°C.
(a) 1-butanol; (b) benzene. Solid line, 95.6°C; broken line, 67.6°C. Concentration of complexing agent: O.
214; 0, 1.42; @, 0.86; ®, 0.38 mole/l.

instances with ethylbenzene, Table III), whereas the effective concentrations. regard-
less of the degree of coverage, are always lower than the concentration originally

introduced (Fig. 6).
CONCLUSIONS

Using the complexation constants in the systems with mixed stationary phases,
one can establish the influence of the support on the observed retention data and
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Fig. 6. Dependence of the effective concentration of complexing agent on liquid stationary phase loading.
(2) 1-butanol: (b) benzene. a,, b,, 95.6°C; a.. b, 67.6°C. Concentrations of complexing agent introduced:
i, 0.£0; 2, 0.87; 53, 1.42; 4, 214 mole/L.

calculate the effective concentration of the polar component of the stationary phase
with different coverages of the support. This concentration is lower than the original
(also at 10°, of the liquid stationary phase) even when the specific surface area of the
support is as small as 0.5 m* g.

Because the complexing agent EHTCP is a polyfunctional compound. the
interpretation of the observed temperature dependence may require that the mode in
which these molecules orient themselves on to the liquid-solid and gas-liquid surfaces
be defined. as well as determining the specificity of this interaction with solutes.
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