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DETERIYIINATION OP SOLVATION EFFECTS 

IN LIQUID ADSORPTION CHROMATOGRAPHY 

WITH MIXED I O B I U  PHASES 

Y. JARONIEC, J.A. JABONIEC and J.K.R&?.Y&O 

Institute of Chemistry, 
I.Curie-Skzodowska University, 

20-031 Lublin, Poland 

ABSTRACT 

A model of chromatographic process, involving formation of 
multimolecular solute-solvent solvates in the mobile phase, 
is discussed, This model leads to an equation deecribing 
dependence of the capacity ratio upon mobile phase compoei- 
tion. The TLC data for some solutes chromatographed in 
n-heptanetchloroform on silica gel are interpreted by means 
of the above equation. 

INTRODUCTION 

Beginning with the works of O6cik ( 1 )  and Snyder (2) 

almost twenty years ago, theoretical studies in a continuing 

stream have examined means of evaluating main effects in 

liquid adsorption chromatography with mixed mobile phaees. 

Reviews of these efforts (3-6) show the extent of these 

investigations. The main principle of simple chromatographic 

models is competitive character of adsorption proceaa 
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1290 JARONIEC, JARONIEC, AND ROZYZO 

occuring at liquid/solid interface (2-6). Moreover, these 

models can incorporate additional assumptions - treating 
such effects as surface heterogeneity of the adsorbent, 

differences in molecular sizes of solute and solvent mole- 

cules, changes of surface phase composition upon mobile 

phase composition, nonspecific and specific molecular intelc 

actions in the surface and bulk solutions. 

In many chromatographic systems, in which specific 

solute-solvent and solvent-solvent interactions are poseible, 

e.g., hydrogen bonding between solute and solvent molecules, 

the association effects play an important role (7-13). A most 

general deecription of liquid adsorption chromatography with 

mixed mobile phases, involving solute-solvent and solvent- 

solvent asaociation, has been presented in the previous 

paper (9). In the case of model assuming formation of double 

associates in the mobile phase, a simple equation has been 

proposed to describe dependence of the capacity ratio upon 

mobile phase composition ( " $ 8 ) .  This equation has been used 

to interpret HPLC (70,721 and TLC (13) data. This interpreta- 

tion gives answer to the question: what type of association 

in the bulk solution is dominant, solute-solvent or solvent- 

solvent association. 

In this article we will study a model o f  chromatographic 

process, involving formation of multimolecular solute-solvent 

complexes (solvates) in the mobile phase. This model leads to 

an equation, which will be examined by using TLC data of some 
solutes chromatographed in n-heptane+chloroform on silica gel. 
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THEORY 
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Let us consider liquid adsorption chromatography with 

mixed mobile phaee, in which strong specific interactions 

between solute and solvent molecules cause the formation 

of mixed complexes (solvates). Further assumptions are as 

f ollons: 

(a) the initial solution is devided into two phases, the 

surface phase and the mobile phase, 

(b) adsorption has a competitive character, 

(c) molecules of solute and solvents have different sizes 

and a spherical shape, 

(d) the total number of  moles of all solvents in the surface 

phase is conetant and independent upon the presence of 

solute molecules because of their infinitely low 

concentration, 

(e) the adsorbent surface is supposed to be homogeneous, 

(f) the surface phase is ideal and monomolecular, 

(g) the solvates are formed in the mobile phase. 

Assumptions (a)-(e) are frequently used in the theory of 

liquid adsorption and liquid adsorption chromatography 

(6,14,15). The remaining assumptions, (f) and (g), are 

reasonable for adsorbent surfaces interacting strongly 

with the solute molecules. In this case the solute-adsorbent 

interactions are predominant over specific solute-solvent 

interactions in the solution. As a consequence the solvatee 

break down in the potential field generated by the adsorbent 

eurface. Therefore, there are only monomers in the eurface 

phase. 
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1292 JARONIEC, JARONIEC, AND ROZYZO 

Let a denotes 8-th solute chromatographed in multi- 

component eluent, in which solvents are numbered successively 

beginning from the most efficient eluting solvent t o  the 

weakest solvent. Thus, 1-st solvent is the most efficient 

one. Similarly as in the previous paper (9) the chromato- 

graphic process may be represented by quasi-chemical react- 

ions describing competitive character of solute adsorption 

and solvation phenomenon in the mobile phase. Thus, the 

solute adsorption is repreeented by the phase-exchange rever- 

sible reaction ( 6 , 9 )  : 

where the subscripts (m) and (s )  refer to the mobile and 

surface phases, respectively, 8 and 1 denote molecules 

of the s-th solute and 1-st solvent, and r is the ratio 

of molecular sizes of the s-th solute and 1-st solvent. 

The solvation phenomenon, occuring in the mobile phase, may 

be represented by the following reaction: 

where 1 s denotes (q+l)-molecular complex in the mobile 

phase composed of one solute molecule and q molecules of 

1-st solvent. The equilibrium constants describing 

reactions 1 and 2 may be expressed as follows: 

q tm) 

and 
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DETERMINATION OF SOLVATION EFFECTS 1293 

where ye and yl are mole fractions of the e-th solute 

and 1-st solvent in the surface phase, xs and xl are 

mole fractions of the s-th solute and 1-at solvent in the 

mobile phase, and a is the mole fraction of the eolvate 

1 s in the mobile phase defined as the ratio of the number 

of solvates 1 8 to the total number of molecules in the 

mobile phase. The mole fractions y, , y1 , xs and x1 

define concentrations of unaesociated moleculee of the 

s-th solute and 1-st solvent. 

9 

9 

P 

The total mole fractions of the s-th solute and 

solvents in the mobile phase are expressed by : 

Since the mole fraction xs is infinitely low in compari- 

son to the solvent concentration (c.f., assumption d), the 

total mole fraction x: is in a good approximation equal 

to 

contains only monomers of solute and solvents. Therefore, 

the total mole fractions y: and yy are equal to g ,  and 

y1 , respectively. The di8tribution coefficient k, , defined 
as the ratio of the total mole fractions of the s-th solute 

in the surface and mobile phases, respectively, i.e., 

x1 . According to the assumption Cg) the surface phase 
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1294 JARONIEC, JARONIEC, AND ROZYZO 

in the case of the model under considerations assumes the 

following f o m :  

Taking into account the proportionality between distribution 

coefficient k, and capacity ratio k;, we have: 

ki = I3 k, = E (y,/x,) t 1 + CqCxl)' I-' s (10) 

where I3 is characteristic f o r  a given adsorbent and inde- 

pendent upon the eluent nature in a good approximation (2). 

The ratio ys/xs may be determined from equation 3 and 

then equation 10 asaumes the following form: 

In the case of one-component eluent (solvent 11, x, is equal 

to unity and the capacity ratio of the a-th solute chromato- 

graphed in the pure solvent T is expressed as follows: 

Thus, if solvent forms associates with the solute, the 

capacity ratio of the solute chromatographed in this pure 

solvent depends on the phase-exchange equilibrium constant 

Ksl and association (solvation) constants C1 , C2 ,..., Cp. 
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DETERMINATION OF SOLVATION EFFECTS 1295 

Combining equations 1 1  and 12 we have: 
A 

Equation 1 1  and its another form, equation 13, describe 

dependence of  the capacity ratio upon mobile phase compoai- 

tion for the eluent, in which 1-st solvent can form 

different multimolecular solvates 1 s f o r  q=1,2,...,p . 
In many systems one type of  solvates is dominant, e.g., 

(q+l)-molecular solvates; then, equations 1 1  and 13 aseume 

simpler f orms: 

9 

Another simplifications of equations 1 1  , 13 , 14 and 15 

are possible for rl (identical molecular sizes of solute 

and solvent molecules) and/or glal (this assumption is 

valid for the whole concentration region except the low 

concentratiomof x1 and for very strong adsorption of 1-st 

solvent in comparison to adsorption of other solvents). 
The mole fraction y1 may be determined from the excess 

adsorption data meamred for l-st solvent or calculated 

by means of the theoretical isotherm equations (6). 

The equilibrium constants KB1 and Cq may be 

evaluated Prom the chromatographic data by using another 

forms of equations 1 1  and 14 : 
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1296 JARONIEC, JARONIEC, AND ROZLYO 

(16) 

C’g = Cq/ (E  KBl) f o r  q = 1,2,. . . , p  (19) 

For r=l and y l = l  equations 16 and 17 become: 

According t o  equation 21 the  dependence (ki x,)-’ VS. 

( x , ) ~  is  l i n e a r .  Equation 27 with q = 1 has been examined 

by using HPLC and TLC data  ( 10,12,13); for many chromato- 

graphic aystems i t  gives  a good representat ion.  It means 

t h a t  assumption o f  double aaeociates  i n  the  mobile phase 

gives  f requent ly  s a t i s f a c t o r y  r e s u l t s .  I n  t h i s  paper we 

s h a l l  examine equation 21 f o r  q > l  by using TLC data. 

EXPERIMEMTAL 

Chemicals 

Chloroform and n-heptane (pur i ss .  grade) were obtained from 

Polskie Odczynniki Chemiczne (Cliwice, Poland). The 6 i . lh .~ i  

g e l  ( type 100) w a s  from E.Merck (Darmstadt, FRG). 

TLC measurement 8 

The TLC measurements were made under thermostated condi t ions 

a t  293X. S i l i c a  g e l  w a s  the  adsorbent and chloroform+n-heptane 
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DETERMINATION OF SOLVATION EFFECTS 1297 

was the eluent. The adsorbent layera were 0.3 mm thick and 

were activated f o r  2h at 408X. The chromatograms were 

developed by the ascending technique to a distance of t6  cm. 

The epots were visualized using the universal reagent (16) .  

The RF-values have been measured for : p-nitroaniline, 

o-nitroaniline, 2-nitro-p-toluidine, 4-nitro-p-toluidine, 

2,3-dihydroxynaphthalene and o-dinitrobenzene. The RF-values 

were converted into RM-values using the well-known equation: 

However, the capacity ratio was calculated as follows: 

kk = 10 

The experimental dependence k;l va. x, for different solutes 

chromatographed in chloroform+n-heptane was examined by 

using equation 21 . 
RESULTS AND DISCUSSION 

In the paper (17) the TLC data for many solutes of 

different chemical structure were measured by using the 

following binary mobile phases: methanol, ethanol, 

n-propanol, n-butanol with benzene, ethyl acetate, acetone 

and ethylmethylketone with toluene, ethyl acetate and 

chloroform with n-heptane. 

Analysis of TLC data for solutes chromatographed in 

alcohol+benzene and ketone+toluene shown that effects 

connected with association of 1-st solvent are dominant. 

However, for many solutes chromatographed in ethyl acetate 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1298 JARQNIEC, JARONIEC, AND RQZYZQ 

FIGURE P . Dependence (kk x,)-l VB. x1 for six solutes 
chromatographed in chloroform+n-heptane on silica gel. 
Solutes: p-nitroaniline ( A ) , o-nitsoaniline (0 1 , 
2-nitro-p-toluidine ( 0  ) , 4-nitro-p-toluidine C A ) , 
2,3-dihydroxynaphthalene ( X  ) and o-dinitrobeneene (f ). 

and chloroform with n-heptane the solvation effects play 

an important role. For majority aolutes chromatographed 

in these eluents the model assuming formation o f  double 

asaooiatee in the mobile phase gives a good repreeentation 

of TLC data in question (17). However, this model 

(equation 21 with q = l )  is not suitable to interpret the 

TLC data presented in the experimental part. Experimental 

points does not fulfil equation 21 with q=l (see Figure 1). 

Plotting these data according to equation 21 with q=2 , we 
observe a good linear behaviour of (k; xlrl V~.(x~)~;Fig.2 . 
It follows from Figure 2 that the model assuming formation 
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DETERMINATION OF SOLVATION EFFECTS 1299 

PIGURE 2 . Dependence (ki xl)-l VS. (x,)~ f o r  the solutes 
presented in Figure 1. 

of solvates (one solute molecule + two solvent moleculee) 
in the mobile phase gives a reasonable representation of 

TLC systema in queakion. 

1. 

2. 

3. 
4. 
5. 

6. 
7. 
8. 

RGPRRENCES 

Obcik,J., Przem.Chem. a,1965,129. 
Snyder,L.R., "Principles of Adsorption Chromatography", 
Marcel Dekker, New York, 1968. 
Soceewifiski, E., Anal.Chem. $l,l969,179. 
Snyder,L.R. and Poppe,H., J.Chromatogr. 184,1980,363. 
Snyder,L.R., in: " H i g h  Performance Liquid Chromato- 
graphyn, Academic Press, New York, 2,1983,757. 
Jaroniec,M. and Obcik,J., JHRC & CC 2,1982.3. 
Jaroniec,M. and Piotroweka,J., JHRC & CC 2,?980,257. 
Jaroniec,Y. and Jaroniec, J .A . ,  J.Chromatogx, 
210,1981,130. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1300 JARONIEC, JARONIEC, AND ROZYEO 

9. Jaroniec,M. and Jaroniec,J.A., J.Liquid Chromatogr. 

10. Jaroniec,M., R6ky20,J.K. and Jaroniec,J.A., 

11. Borbwko,M. and Jar0niec.M.. J.Chem,Soc.Paraday I 

12. Jaroniec,M., Jaroniec,J.A. and GoZkiewice,W., 

13. Jaroniec,M., R66yZo,J.K., Ohcik-Mendyk,B, and 

14. Jaroniec,M., Advancee in Colloid Interface Sci. 

15. B o r h k o , l .  and Jaronlec,Md, Advances in Colloid 

16. Ertei,H. and ITorner,L., J.Chromatogr. 1,1962,268. 
17. Jaroniec,J.A., Ph.D.diseertation, &Curie-SkZodowska 

- 4,1981,2121. 
Chem.Ana1. 26,1981,623. 

=,wa3,363. 

JHRC & CC &,1981,89. 

Jaroniec,J,A., J.Liquid Chromatogr, 2,1982,1033. 

- 18,1983 9 149. 

Interface Sci. 2,1983,137. 

University, Lublln, 1983. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


