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1NI;LUE:NCE OF SILANIZATION ON ADSORPTIVE PROPERTIES OF SUP- 

PORTS IN GAS-LIQUID PARTITION CHROMATOGRAPHY 

Clranges in the mechanism of support-surface adsorption in gas-liquid partition 
chromatography systems, due to silanization of support surface, are investigated, 
Some parameters describing support-surface adsorption have been evaluated for 
appropiate gas-liquid partition chromatogrnplry systems before and after silaniza- 
tion. The study was carried out by using the “best-fit” procedure, presented earlier 
by tile authors. 

INTRODUCTION 

Recently, we publisiled a paper1 that described the lirst method of evaluating 
quantitatively the contributions of tJle three retention mechanisms - bull\: liquid 
partition, support surface adsorption and liquid surface adsorption - that contribute 
to the total retention volume, which involved chromatography alone. This is a 
mathematical procedure based on numerical calculations, but esperimental data 
that are required can be simply obtained by gas chromatography. These are the 
retention volumes, measured at several temperatures, and tllen extrapolated to zero 
sample size of the solute. 

One obtains by using this procedure five parameters, which fully describe the 
quantitative adsorptive properties of gas-liquid partition chromatography (GLPC) 
systems. 

The problem of particular interest is the investigation of the adsorptive pro- 
perties of the support-liquid interface in the presence of the liquid phase. Many studies 
have been carried out in this field, and have recently been discussed in detail by 
CONDER ct a1,2. . . 

One of the most interesting aspects ‘is the investigation of the ciianges in the 
adsorptive properties of supports due to the silanization processes. 

Chromatographic supports often exhibit strong adsorptive and catalytic 
properties3 -lj, which may be a source of difficulties in many analytical problems, 
Moreover, theoretical investigations involving chromatographic data may be difficult 
because of the above effects, Therefore, many attempts have been made to decrease 
the strong specific effects as far as possible, and have been discussed in detail by 
LEIBNITZAND STRUPPI@, One of the most effective methods is the silanization of solid 
support surfaces. 
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In the silanization process, the “active” centres (silosyl groups, active hydrogen 
ions) react with silanizating reagents to form triinethylsilane groups, being a type 
of orgnnosilicon thin films. Such films do not interact with solute molecules, or only 
to a small estent’gs. For this reason, silanized supports are often used as standards in 
comparison with wlkh the adsorptive properties of other supports are determined. 
These st andardse-l l nre assumed to be non-interacting, especially when some pllysico- 
chemical quantities are being calculated, as, for esample, part ition coefficients or 
escess molar heats of solut ionllt I?. 

The silanizing reagents most often used are I-lDillCS~~~, DMCS and TiclCS~‘~~ 16, 
I~IRICLAMP found that DMCS is the most effective reagent. It was sl~own that treat- 
ment of supports with HCl before silanixation makes the silanixation more effective. 

Recently, mistures of several silanizing reagents have been used, q,, Silyl S, 
produced by Pierce Chemical Co. Sylil S can be simply introduced into chromato- 
graphic columns by means of a microsyringe. 

The effectiveness of :-ilanization depends not only on the reagent used, but 
al& on the way in which the silanizntion is carried out (static methods of sorption 
from organic solvents, or dynamic methods of treating the supports by reagent 
vapour immediately in chronlatographic colun~~w~~~ lH). In addit ion, radioactive 
radiation has been used to make silanizntion more cffectivel”. 

Tt is generally assumed that tllc adsorptive properties of silanized support sur- 
faces differ estremely from tllose that esisted before the silanization and supporting 
esperimcntal results have been reported by many investigators8-12*“0~21. However, 
no method esisted for fully evaluating the quantitative changes in adsorptive pro- 
perties of supports as a result of silanization processes. We feel that our method for 
the quantitative description of adsorption phenomena in GLPC systems1 should be 
very useful for this purpose. 

The theoretical problems of our method have been described in detail in a 
previous paper], In this paper we present and discuss only some basic results that 
are required for the understanding of tllc application of the method. 

Asin the previous paper, we consider the case of infinite dilutions of solute, This 
idealcaseis a good approsimation in conventional elution chromatography, in which 
the concentrations of solutes are very small (sample size cn. 0.1 yl). Nest, we assume 
that the total retention volume, Viv, consists of three parts, resulting from the three 
retention mechanisms: bulk liquid partition, support-liquid interface adsorption and 
gas-liquid interface adsorption. Accordingly 

v, = K,V, + i&l/:, + K,Vi (1) 
where Zr’l, KS and Z<i are the partition coeflicients for bulk liquid solution, support 
surface adsorption, and liquid surface adsorption, respectively, and Vl, V8 and V/Q are 
the volumes of the zones in which the above retention mechanisms take place, 

In the case of infinite dilution of solute, the mutual interactions between the 
solute molecules can be neglected. Then, from statistical thermodynamics, there 
exist simple relationships between the partition coefficientsZ<nl (?~a = I, s, 2’), and the 
potential energies, E. ,,,, of the solute molecules in the zones V,,,,: 

J. Clwow~ato~/*., 72 (1972) 5-11 



ADSORPTIVE PROPERTIES OF SUPPORTS IN C~~I’c SYSTEMS 7 

(2) K,,, = exp E,L ( > - ic’T 

where k is the Roltxmann constant and 1‘ is the absolute temperature. 
From eqns. I alld 3, 

It is well knc~w~n that 1’1 and V’s can be found espcrimentally. C’r is assumed to 
be equal to the volume of tile liquid phase, and Kz can be found from tlw plot V’,v- 
T/‘,v(Vz), at higller degrees of coveragcs of tlic support by liquid. Now, let the kxlue of 

A- 0 + defined by 

A’ + = I$! - k’,z/; 
0 

01 

(4) 

JJG + v,exp - 
( > - Ii?” (5) 

be known for a number (at least four) of temperatures. The parameters V8, ITS, Vi and Bg 
are chosen so that they approsimatc as . . accurately as possible to tlic esperimental 

from cqn. 4 w1w1 it is assumed to have the analytical form given 

in cqn 5. 
By using the best-lit procedure, two pairs of values of V,E are ol.Aainecl. 

The problem that remains is to ascribe these pairs to appropriate types of adsorption 
phenomena, Some additional tests must tllercforc be carried out so as to be able to 
assign some pair to adsorption by the support or by the liquid surface. These tests 
may be of either an esperimental or theoretical nature. The method of identification 
depencls on the GTJC system under investigation, and, above all, on the inventive- 
ness of the investigator, 

\3:e are of tlie opinion tliat the parameters V B and Es are very useful for 
charactcrizing the adsorptive properties of supports. Their changes after silanization 
can be regarded as being a quantitative measure of the changes resulting from the 
silanization. 

Of course, the change in the adsorptive properties of a support should affect 
to some estent both the parameter Ez and the parameters Et, $*i, because of the 
long-range interactions that may exist. On the other hand, it is obvious tllat the 
estent of tile changes in El slioulcl Ix smaller than tliosc in ER, and much smaller in 
‘l/c, Et, The last corklusion can be treated as a kind of test in tile iclentilication pro- 
blem discussed above, It can be assumed that two pairs, VI, E, and V2, E,, taken 
from appropriate (the most similar) sets of pairs before and after silanization are the 
pairs that are related to adsorption on the liquid surface, This test has been used by 
us in the identification of the pairs obtained in numerical calculations, 

The best-fit proceclurc applied here requires numerical calculations, but in our 
opinion there is no difficulty in using it nowadays. 
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EXPERIMENTAL 

The measurements were carried out under conditions very similar to those applied 
in our previous work. The purpose was to compare results obtained by using pure and 
silanized diatomite D. I 

As the support we used the silanized diatomite D “Polsorb C”, with a specific 
area of 2.02 m”/g and a particle diameter in the range 0.1-0.3 mm. This solid was 
covered with dinonyl phthalate from an ethereal solution by using the dynamic 
method. In this manner three GLPC systems were obtained, containing I, 2 and 5 y0 
(w/w) of the liquid, respectively. 

Purther, two substances, cyclohexane and carbon tetrachloride, were examined. 
In each instance a O.I-,ul volume of the solute was introduced by means of a Hamilton 
microsyringe. 

Hydrogen was used as the carrier gas purified by use of type gA molecular sieve, 
The flow-rate was about 75 ml/min. 

The pressure gradient, expressed as the ratio of the pressure before the column 
to the atmospheric pressure, was about 1.5. 

Reagents 
Dinonyl phthalate, gg %, produced by BDH (Great Britain). 
Cyclohexane, produced by POCh Gliwice (Poland), re-distilled, and purified 

with type gA molecular sieve. 
Carbon tetrachloride, produced by POCh Gliwice (Poland), re-distilled, and 

purified with type gh molecular sieve. 

RESULTS AND DISCUSSION 

The results of our measurements and calculations are presented in Tables I and 
II, respectively. In addition to the results for silanized Polsorb C, the analogous re- 
sults for non-silanized Polsorb C are also given for the purpose of comparison. 

TABLE I 
E.SPBRIMENThL RESULTS 

I 

XT ( > Cycloltexanac Carbon, tet~acfdovidc 

(cmP) 5o” G5” 80” 100° 120° 50” 65” SO” 100° 120° 

Boforc 
silanizstion 2,05 1,IG 0.75 0.44 0.24 2.32 r.3C 0.84 0.4G 0.27 

After 
silanization 461 3.09 2.x0 I *34 0.84 6.33 5.10 2.79 I.73 1.07 . 

Before considering our findings the results for non-silanized Polsorb C which 
were presented in our previous paper should be mentionedl, but in another form, 
The difference lies in the fact that the pair E = 8887, V = 1.44’ IO-~ (carbon tetra- 
chloride) was previously ascribed to the gas-liquid interface adsorption, whereas the 
second computed pair was ascribed to the support-liquid interface adsorption. We 
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TABLE II 

RESULTS OBTAINED FROM CALCULATIONS 

Cow.polr?ad Bwliz liplid partz’t~ioat S~arp~ort s2lrface adsorption Gas-liqdd 
siwfacc adsorptiora 

Ba 
(cal/?riole) 

Cycbolwwne 
Bcforc 
silanization 2969 7191 1.52. IO-~ 3507 1.80*10-J 

After 
silanization 2705 14789 I.YZ. 10-D 3083 3.35’ Io-J 

Cnvbon 
telvncl~lovide 

Before 
silanimtion 3132 8887 I,+$ IO-’ 3SYS 5.G* 10-a 

After 
silanization * 2792 18429 1.51. ~0-11 3344 2.21 l 10-J 

made this identification on the basis of similarity between the values E8 before and 
after covering the support with liquid. We now feel that the present investigations do 
not give support to the above identification. 

We now feel that the most appropriate and reliable test is the similarity of gas- 
liquid adsorption effects before and after silanization. This type of test has been accep- 
ted in this paper, and such identifications allow for a simple interpretation of the 
experimental results reported here. 

Let us begin with a discussion of solid support adsorption. It was generally 
assurneds~a~22 that the support surface adsorption is an average effect, which consists 
of two separate effects, support-liquid interface adsorption and support-gas interface 
adsorption, In our opinion, the results in Table II provide evidence that support-gas 
interface adsorption is a predominant component of the total support surface ad- 
sorption, when using silanized supports (at least for Polsorb C). This follows from the 
following explanation of the results given in Table II. 

Polsorb C is a type of silica gel with a non-uniform solid surface. The most 
active adsorption regions are crystal edges and narrow pores. Silanization reduces the 
strongly adsorptive activity of the surface, although to different estents on the wide 
planar parts of the surface and in narrow pores. In the narrow pores, the silanization 
is considerably enhanced because of steric effects. 

Hence there I’emains after silanization a small volume (in the narrow pores) 
in which strong adsorptive forces exist, whereas on wide planar parts of the surface 
the adsorption is virtually negligible. 

As shown earlier20 silanization causes support surfaces to exhibit hydrophobic 
properties, although on the other hand it prevents wetting of supports by liquids in 
narrow pores (a pore-size distribution analysis showed that there exists a maximum 
in the distribution curve near 45Az3; in this case, the narrow pores are not wetted, 
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and decide the form of the support surface adsorption. The support surface adsorption 
will be, in this case, of the support-gas interface type, ‘exhibiting high adsorption 
energies (Es) and a small volume of the zone in which sucli adsorption takes place (the 
volume of the narrow pores). 

The last conclusions are in excellent agreement with our experimental results, 
It can be seen from Table II that for both cyclohexane and carbon tetrachloride the 
E, values are very high for silanized Polsorb C. On the other hand, the v, values are 
exceptionally small. 

For non-silanized Polsorb C, one would expect good wetting of supports by li- 
quids, which may be the origin of the two following effects. Firstly, there originates a 
new type of interface, r&r. a support-liquid interface, its properties being determined 
predominantly by the solid-liquid interactions. Secondly, these interactions have the 
additional effect of “blocking” the most active centres, even in narrow pores, as they 
are then available for liquid. 

Of course, in addition to the predominant part of the short-range Van der Waals 
forces, there may exist long-range induced forces, which can modify not only the bulk 
liquid partition, but also the liquid-gas interface adsorption. Because of the lack of 
symmetry of the long-range forces, they should increase the energies Ez and Et, which 
can be seen in Table II. In fact, both Ez and Ec are even higher for non-silanized 
Polsorb C for both cyclohexane and carbon tetrachloride, 

The following problem, of a mathematical nature, should be mentioned. One of 
our basic theoretical assumptions was the temperature independence of the para- 
meters El, Es. A?&, V’s and T/‘g, which is in fact not strictly true. Por instance, the degree 
of support wetting changes with changes in temperature. This has, of course, a 
considerableinfluence on the above parameters. Therefore, the parameters evaluated 
are values averaged over the temperature range of the measurements. However, 
these difficulties can be avoided simply by decreasing the temperature range as 
much as possible, but this requires an even greater increase in the accuracy! of the 
measurements. 
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