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SUMMARY 

The appiication of gas chromatography to measurements of the association 
constants of organic molecular complexes is described. The way in which these 
measurements can be used to determine the effective concentration of a polar station- 
ary phase in systems of mixed stationary phase-solid support and the analyzed 
sui~stance is discussed. 

INTRODUCTION 

In most chromatographic systems, the properties of the adsorptive support 
affect the retention data, especially at low coverages of the support by the stationary 
phase. These effects have been studied by many workers and several methods are 
known for-the-quantitative determination of adsorptive effects in gas-liquid partition 
chromatography (GLPc)‘*. 

The equation of Conder et alms for the retention volume has been extended to 
include both adsorption on the solid support and adsorption at the gas-liquid inter- 
face. The recent modification of this equation by Waksmundzki and co-workers3*4*6 
permits the quantitative determination of these adsorptive effects on the overall 
retention volume. 

It has been observed that the properties of the adsorptive support have an 
effect mainly in systems with non-polar stationary phases, or when the solute is more 
polar than the stationary phase and is able to form hydrogen bonds or z-bonds with 
the support surface or to interact with the support via dipoltipole interactions. 

.Scholtz and Brandt’ have shown that adsorptive properties do not play an 
important role in systems with polar stationary phases. Some functional groups of 
such stationary phases interact strongly with active sites on the support, causing their 
deactivation. The.solute can then be adsorb&i OR these sites, which, for geometric 
reasonS, are not occupied by futictiocal groups of the stationary phase. These sug- 
gestions_of Scholtz and Brandt have been confirmed by the recent investigations by 
Waksmuruizki et aLa, who investigated the effective surface area of-Polsorb C g*xo 
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covered with dilauryl phthalate. According to their results for some average support 
coverages, the effective surface area of the support decreases l@-fold. 

Kn addition to direct support-stationary phase interactions, there may also 
occur Some perturbations due to mutual interactions of the moledules in the station 
ary phase’s= on the support surface. These perturbations may change the properties 
of liquid Hms on the support, in comparison with bulk liquid pro&tie& In this way, 
the non-ideality of support-stationary phase systems increases: the effective concen- 
tration of Iiqttid becomes different from that calculated on the basis of the amount 
of stationary phase. As a result, the theoretically ca!culated retention volumes are 
very different from those measured~experimentally. 

Chromatographic systems with mixed stationary-phases seem to be the most 
convenient for studying the influence of the efhective concentration of a polar com- 
ponent on the retention data. In particular, systems in which complex-forming inter- 
actions between functional groups of liquid and polar solutes may occur show the 
most evident influence of the support surface, as the retention volume in this instance 
is a function of the concentration of the complex-forming groups in the stationary 
phase. 

For this reason, in determining the effective concentration of polar stationary 
phases, we used chromatographicallyy measured association constants of the com- 
plexes formed by polar solutes and the functional groups of the liquid phase. The 
measurements were made for the system n-octadecane (OD)-tetradecylamine (TDA)_ 
Polsorb C (a support of the firebrick type). Methanol and chloroform were used as 
complex-forming substances. 

THEORETICAL 

In our measurements of association constants ofthe complex formed between 
chloroform and the amine groups of TDA we used the method of PurnelP2 and 
Cadogan and PurnelP3*‘“. According to their results, the partition coefficient, KR, of 
a solute between a mixed stationary phase, in which the concentration of the active 
component (A) is C’, and the gas phase is given by the equation 

where & is the equilibrium constant of the reaction A + B + AB, and Ki is the 
partition coefficient of the solute (B) between the non-polar component (S) of the 
mixed stationary phase and the gas phase. 

When the solute forms more than one cqmplex with the stationary phase, for 
instance according to the reaction A -j- B + A,B, then 

u-here K2 denotes the equilibrium constant of the reaction between the complex AB 
and the active component A. For non-ideal solutions where both KR and the activity 
coefficient, YA, of the active component (A) depend on its concentration, C,, eqn. 1 
can then be writtenf”~f5 as 

(3) 



BENARY STATIONARY IWASES IN GLPC 93 

In e&a. 3, .czl is a function of the molar volume of the solute (Vu) and of the molar 
volumes VA and Vs of components A and S: 

In gas chromatographic measurements, the molar volumes of the components 
of the stationary phase are usually much greater than those of the solutes. Hsueh- 
Liang Liao et ~1.‘~ pointed out that in this case Q~ is web approximated by the equation 

alwVB l--+1 
[ S 

The function aI is similar to the y function developed by Eon and co-workers’Q’, 
who used it.for the correction of complex constants measured chromatographically. 
When the molar volumes of the components of the liquid phase are identical or only 
slightly different, then a, = 0 and eqn. 3 reduces to eqn. 1. Usually the values of aI 
are about of 0.01-0.1 l/mole, so that aI influences the constants of rather weak 
complexes only. 

EXPERIMENTAL 

Measurements were made at 60” with a Perkin-Elmer Model I i6 E instrument 
equipped with a katharometer. Nitrogen was used as the carrier gas at a flow-rate 

of 50 ml/n& the flow-rate was measured with a bubble flow meter. The inlet pressure 
was measured with a mercury manometer. 

Polsorb C, used as the support, had a particle size of 0.12-0.315 mm, its 
specific surface area was about 3.5 m’/g. Before covering it with liquid, the support 
was washed with methanol and dried at 200”. 

Three mixtures of tetradecyiamine and octadecane (3:1, 1 :l and 1:3) were 
investigated. Each mixture was introduced on to the support as solutions in methanol 
or diethyl ether. En this way, three coverages were obtained, containing 4,6 and 10% 
of the stationary phase. The cohmms were then stabilized at 60” for 20 h. The amount 
of liquid covering the support was controlkd carefully by extraction of liquid from 
the cohunn packing using a diethyl ether-methanol mixture. 

Different amounts of solute were used and the retention volumes were extra- 
polated to zero sample size. The densities of octadecane and tetradecylamine at 60” 
were measured with a pyknometer and were found to be 0.7545 and 0.7830 g/ml, re- 
spectively. These densities were used to calculate the volume of the mixed stationary 
phase and the molar volumes of the components. 

RESULTS AND DISCUSSION 

In Figs. 1 and 2, the K,/Ki ratios for chloroform and methanol, respectively, 
are shown as a function of tetradecylamine concentration. Curves No. 4 in both 
figures were constructed by using the values of KL found by extrapoIation of the 
function V,/ V, = f( I/ Va to the limit V, +- cm (Conder et aZ.3 (V, is the absolute re- 
tention vaJue, V, is the volume of the liquid phase, and KL is the bulk partition coeffi- 
cient). 



Fig. 1. Va@ation of &IK; with concentration of tetmdecylamine in octadecane (moIe/I) at 600 for 
chIoroform. 1, For 4% coverage; _, 7 for 6% coverage; 3, for 10% coverage; 4, from KL values. 

Fig. 2. Variation of K&K: with concentration (mole) of tetxadecykunine in octadecane at 6OO” for 
methanol. Curves as in Fig. 1. 

On the basis of curve No. 4 in Fig_ 1, the association constant KI was calculated 
for the 1:l complex of chloroform and tetradecylamine. According to eqn. 1, this 
association constant is equal to the tangent of this curve and is 1.48. According to 
eqn. 3, the tangent is (aI -I- _&), so that KI = 1.46 as crI = 0.02. 

For methanol, the dependence of I&/K: on the tetradecylamine concentration 
has a parabolic shape, which seems to be evidence for the formation of 1:2 com- 
plexes_ The association constants for both f :l and 1:2 complexes has been calculated 
from the following linear form of eqn. 2: 

Th2 function 

is shown in Fig. 3. The association constants calculated in this. way are KI = 0.46 and 
Kz = 1.61 for the 1: 1 and 1:2 complex, respectively. For the system octadecane- 
tetradecylamine-methanol, cr, = 0.01 so that ICI = 0.45 aud Kz = 1.64. 

In Figs; 1 z&d 2; cwves No. I,2 and 3 were constructed by using the retention 
data for coveragcs of 4, 6 and lo%, respectively. With chloroform the tangents of 
these curves increase with increase in the amount of liquid phase. With methanol 
-(Fig. 2), the curve relating to the coveragc 4% is almost linear, which jndicates the 
formation of a 1 :l complex only. At higher coverages, the tangent increases as the 
value of the argument increases, which suggests the formation of 1:2 complex. All of 
these observations sugsst that at the coverages of 4, 6 and iO% the effective con- 
centration of tetrzdccylamine is less +&an that caltil&.cd on the b&s -of the amount 
of liquid introduced. 

Using the- association constants KI and K+ found from the bulk partition 
coefficients, the effective concentrations of tetradecyknine (CT&) were.‘calculated 



9.5 

- 
1 2 4 

CT: hnde/l) 

Fig. 3. V&&ion of (KdKi - 1)/C, with concentration (mole.!e!i) of tetradecylamine in octadecane at 
60”. Values obtzined by introducing a correctior for adsorption efkcts. 

from eqns. 1 and 2 corresponding to coverages of 4, 6 and 10%. These effective con: 
centrations for all composition of the liquid and for all surface coverages are reported 
in Table I. 

It is shown in Fig. 4 that the I&/K: plotted as a function of the calculated 
effective concentrations of liquid are almost identical with the functions corresponding 
to pure bulk solution (cvrves No. 4 in Figs. 1 and 2). 

In the Table I, the ratios of the effective concentrations to the concentrations 
introduced are also reported. These ratios may be treated as activity coefhcients of 
tetradecylamine for the systems support-stationary phase. Even considering some 
disagreement in the values of C etl evaluated from K coefficients for methanol and 

I w 
f 2 

C&f&le/LP 

Fig. 4. Variation of KdP= with effective conchtration (C sci, mole/I) of tetradecylamine in octa- 
decane at 6W for chloroform (curve 1) and rnethvloi (curve 2) at di&erent coverags of th= support 
with liquid_ 
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clxlorofo&, it see& t&t both C,, and C&/C incr should be treated as parameters that 
characterize the systems support-mixed &.ationary phase-solute. 

Xt can be seen from Table I that at a coverage of 4 % the effective concentration 
of the polar component is about four times lower than that introduced, while at a 
coverage of .lO% the e&ctive concentration is twice as low as that introduced. 

The amount of polar liquid that does not take part in the complex-forming 
mechanism greatly exceeds that which corresponds to a monomolecular layer, even 
at a coverage of 4%. For Polsorb C (3.5 mZ/g), the monolayer was determined for 
coverages of O-2-0.6 % due to the size of adsorbed functional groups of liquids. 

However, the properties of the boundary layers of some polar organic liquids 
are different from the bulk liquid properties. It has been shown by Derjaguin’* that 
the contact of the liquid with a solid phase leads to a change in the physical properties 
of the adjacent liquid and also influences the structure of this layer, making it resemble 
liquid crystals. According to Derjaguin’s results, the thickness of the boundary layer 
with spec& properties is about 1000 L%, which means that many layers of spreading 
liquid differ from the bulk liquid. 

In addition, the mixed stationary phase: octadecane-tetradecylamine forms a 
non-ideal solution. We have found” that a considerable excess free enthalpy is 
observed when these two components are mixed. 

Hence the disproportion found between the values of C,,, and C,,,, (Table 1) 
cannot be explained only in terms of the simple interaction of the polar groups of 
the liquid with the surface of the support. 

We feel that the experimental data reported here are not adequate for con- 
clusions to be drawn about the behaviour of y (activity coefficient) considered as a 
function of the concentration of the complexing component. One can determine only 
approximately the contriiution of the polar component in the complex-forming mech- 
anism; Similarly, the quantitative determination of the effect of the su_&ace area on the 
effective liquid concentration requires more experimen’til data. 

The method used here for the determination of the activity of the polar com- 
ponent is evidently a simpJiEcation of the real chromatographic process. From the 
results reported, it fol.lows that in addition to the bulk solution and to the support 
surface adsorption, many other effects in9uence the retention data. These effects 
arise from the form of the thin Liquid film that covers the support. For instance, the 
properties of Ghns must, of course, be different from the bulk properties. As men- 
tioned above, this thin Glm is inGuenced directly, and perturbed indirectly, by the 
presence of solid_ 

1 P. Urone and J. E. Parcher, Advan. Ctironratogr., 6 (1968) 229. 
2 D. E. K&tire, in J. H. Purnell (Editor), Progress in Gas Chronrafogruphy, Vol. 6, Interscience, 

New York, 1968, p_ 93. 
3 A. Waksmundzki, W. Rudzi&ki, Z. Suprynowicz and J. Rayss, J. Chronmrogr., 74 (1972) 3. 
4 2. Suprynowicq A. Waksmundzki, W. Rudz&ki and 1. Rays, J. Chmm~fogr., 91 (1974) 67; 
5 3. C. Conder, D. C. Locke and J. H. Pumell, L P&s. Chem., 37 (1969) 700. 
6 Z. Supiynowicz, A. W&sxuundzki and W. Rudzi&kf, 5. Chronza~ogr., 67 (1972) 21. 
7 R. CL Scholtz znd W. W. Brandt, iri N. Brewer, J. E Callen and M. D. Weiss (Editors), Gas 

Chrom~ugrcqhy, Academic Press, New York, 1962, p. 7. 



g).: 

8 A. Waksmmxizki, J. Rays, W. Rudzidski ed Z. Suprynowi~ C’kmz:Airal.~< Wursaiv), Iti(1973j 
695. ‘. 

9 k. Wakqnundzki, ZI. Ssprynowicz and T. pietrusi@skk, C&n. Annl. (Warsaw), 9 (1964) 72i. 
10 A. Waksmundzki,~L Miedziak, T. Czajkowsk_a and J. Gawdzik, C&III. Anal. ( Wwsmv), IS (1973) 

763. 
11 0. Sinanoglcu and K_ S. Pitzer, J. C?zenz. Phys., 32 (1860) 1279. 
12 J. H. Pm-&U, in A. B. Littfewood (Editor), Gas Chramafilgru& 19i%, Institute of Petroleum,. 

London, 3967, pm 3. 
13 D. F. Cad&n and J. H. purnell, .i. Chem. Sot., A. (1968) 2133. 
14 D. E. Cadogan znd J. H. Pun@l, J. P&s. Chem., 73 (l969) 4389. 
15 Hsueh-Lian,o Liao, D. E. Martirc and J. P. Sheridan, Anal. Chem., 45 (1973) 2037. 
16 C. EOZI, C. Pommier and G. Giochon, Chronzzfcxn@& 4 (1971) 235. 
17 C. Eon ad B. L. Karger, J. Chroinatogr. Sci., 10 (1972) 140. 
18 B. V. Deiaguin, Discuss. Furac&zy Sot., 42 (1966) KG. 
19 A_ Waksmundzki and T. Czajkowska, Am. Sot. Chirn. PO!., 47 (1973) 1909. 


