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THERMODYNAMIC APPROACH TO TLC WITH MIXED MOBILE PHASE. 

DETERMINATION OF PARAMETERS CHARACTERIZING TLC SYSTEMS 

J.OhIK, M. JARONIEC and 1.MALINOWSKA 
Institute of  Chemistry, 

M. Curie-Sk2odowska lJnlversity, 
20-031 Lublin, Poland 

ABSTRACT 
An equation, derived in terms of the thermodynamic for- 
mulation of TLC with mixed mobile phase, has been diacus- 
sed.The parameters of this equation,describing solute- 
solvent interactions in the mobile phase and phase-exchan- 
ge equilibrium between molecules of both solvents,are 
determined by using its linear forme.Theee linear rela- 
tionships have been examined by applying the TLC data for 
eight different binary mobile phases. 

INTRODUCTION 

In 1965 (1) one of the authors of this paper propo- 

sed the thermodynamic description of TLC with mixed mobile 

phase.Th1s treatment has been developed theoretically (2- 

6 )  and widely examined by using the TLC data (7-1OI.The 

first theoretical considerations ( 1 )  were presented for 

multicomponent eluents and energetically homogeneous so- 

lid surfaces.Although,the fundamental equation resulting 

from this treatment has been derived for non-ideal phases, 

only its simplified version refering to ideal mobile and 
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surface phaRes was used for analyeing the experinental 

TLC data.The extensions of the theoretical treatment ( 1 )  

have been made for regular eluents ( 3 )  and energetical- 

ly heterogeneous adsorbents ( 5 , 6 ) .  

The fundamental equation derived by Obcik ( 1 )  for 

TLC with binary mobile phases and energetically homo- 

geneou8 adsorbents may be preeented in the following 

form ( 4 - 6 )  : 

where 

+ x 2 = 1  B ; X1+X2'1 1 1  

and 

lute chromatographed in mobile phases "1+2" , '*1" and 

"2" ,respectively; xi and xi for 1=1,2 are  the mole 

fractions of the i-th solvent in the surface and mobile 

phases,reapectively; A is a constant characterizing so- 

lute-solvent interactions in the mobile phoae (2). 

Equation 1 contains the mole fraction x: 

evaluated from the excess adeorption data or may be cal- 

culated by using a theoretical equation ( 5 , 6 ) .  

RM , RMl and RY2 are the RIfl-vt31ues of a given so- 

8 1 

,which may be 

In this paper we shall diacues the problems connec- 

ted with evaluation of the parameters appearinu in equ- 

ation 1 .Moreover,we Rhall propose two linear forms of 

equation 1 ,which are very convenient for determining 

these parametere.The above linear forns will be examined 

by using the experimental TLC data. 
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THERMODYNAMIC APPROACH TO TLC 83 

THEOHETI CAL 

Firstly, we consider the determination of the ad- 

sorption parmeters from TLC data and the exceeR adaor- 

ption iaotherm.Then,the mole fraction x: may be evalu- 

ated by meane of the well-known relationship (6) : 

where n: is the adsorption excess of 1-at solvent and 

ns 18 the total number of moles of the adsorbed compo- 

nents in the surface phase. 

Equations 1 and 3 give : 

where 

and 

C = A + D  ( 6 )  

The constant D is the difference of the RM-values of a 

given solute chromatographed in I-st and 2-nd solvents, 

and it la known from experiment.Thuo,equation 4 may be 

transformed to the following linear form : 

The constant 

the linear dependence (RM - D ~ 1 )  va. n, .Since the value 

of n 

C/ns may be calculated from the elope of 
e 

1 8 
may be evaluated from the excess adsorption isot- 
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84 OSCIK, JARONIEC, AND MALINOWSKA 

h e m  

ating the constant C .However,the constnnt A may be cal- 

culated by means of equation 6 .Concluding these consi- 

derations, we can draw that equation 4,correlating the 

chromatographic and adsorption data,makes possible the 

determination of the parameters A and ns . 

nt VR. x i  ( 1  1 1 ,  tHe relationehip 7 leads for evalu- 

The parameter A may be determined directly from 

the chromatographic data.Eor thifi purpose the mole frac- 

tion xy is evaluated by means of the following equation: 

where K,2 is the equilibrium constant defining the 

phase-exchange reaction between molecules of 1-st and 2-nd 

Aolvents.Equation 8 is the well-known relationship ( 4 )  

defining the mole fraction x: for the adsorption model 

involving ideality of both phases, energetic homogeneity 

of the adsorbent surface and equality of molecular sizes 

of both solvents. 

The constant K12 may be approximated by : 

- 
where D is the arithmetical average of the D-values 

f o r  different chromatographed euSatences.Applying the 

approximate equation 9 for calculating K , 2  ,equation 1 

contains only one unknown parameter; it is A .This para- 

meter may be easily calculated from TLC data (7-10). 
This method for calculating the parameters K12 and 

from TLC data waa used up-to-date (7-10). 

A 
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THERMODYNAMIC APPROACH TO TLC 85 

In this paper, two linear forms of equetions T and 8 

are propoeed for determining the parameters K12 and A . 
Combining equations 1 and 8 we have : 

Equations 10 and 11 make possible the calculation of K12 

and A directly from the experimental dependence RM vs. 

x i  .In the next section of this paper we shall examine 

these equations by using TLC data. 

RESULTS AND DISCUSSION 

For the purpose of examination of equations 10 and 

1 1  the TLC data f o r  the selected chromatographic systems 

were token from the literature (8-1l).Theae data were 

measured f o r  different substances chromatographed in eight 

different binary eluent8 on silica gel and aluminium oxide 

at 297 K.The other details concerning the TLC meaoure- 

pent6 are given in the references (8-11). 

The TLB data f o r  Rome methyl derivative8 of naphtha- 

lene and polycyclic hydrocarbons chromatographed in dichlo- 

roethylene/carbon tetrachloride and dichloroethylene/n- 

heptane on silica gel were analysed by means of  equations 

TO and 11.The numerical values of the parameterA K12 and 
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86 O S C I K ,  JARONIEC, AND MALINOWSKA 

TABLE I 

The parametere KT2 and A f o r  eolutes chromatographed in 
binary eluents on silica gel at 297 K. 

Substance Equation 10 Equation 11 

K12 A K12 A 

Mobile phafle : dichloroethylene/carbon tetrachloride 

pyrene 3.70 -0.17 3.81 -0.16 

3,4-benzopyrene 3.62 -0.23 5.61 -0.12 

naphthalene 3.99 -0.11 3.33  -0.16 

2,3-dirnethylnaphthalene 3-91 -0.28 3.87 -0.29 

2,3 ,5- t r ine thylnaphtha lone  3.46 -0.44 2.50 -0.65 

Mobile phase : dichloroethylene/n-heptane 

pyrene 1.95 -1.16 1.1'8 -1.69 

ant hracene 1.68 -0.60 1.49 -0.93 

naphthalene 1.84 -1.33 1.56 -1.98 

1-methylnaphthalene 1.63 -1.66 2.00 -1.06 

2-methylnaphthalene 1.96 -0.85 1.57 -1.50 

A are  summarized in Table I.It follows from this table thut 

both linear fo rms  obtained from equfitione 1 and 8 predict 

similar values of the adsorption parameters .In Figure 1 

the linear dependences 70 and 11 are presented for nephtha- 

lene chromatographed in dlchloroethylene/carbon tetrachlo- 

ride on silica gel.The experimental points plotted accordin8 
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THERMODYNAMIC APPROACH TO TLC 87 

- 05 1 '@ 
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FIGURE 1 . Linear dependences TO (the solid line) and 11 

(the dashed line) for naphthalene chromatographed in 
dlchloroethylenc/carbon tetrachloride on ellca gel at 2973. 

to the dependence 110 are distributed Droportionately on 

the straight line 

dependence 1 1  these points are compressed at lower concen- 

trations of xl .  This distribgtion of the experimentnl 

points on the straight lines 10 and 11 may be useful to 

select the suitable method for determining the parameters 

K , 2  and A .For  in8tance : If we have TLC data ,in which 

the RM -values for high concentrations of  wereme measured 
with a small precieenes8, the method utilizing the rela- 

tionehip 10 seems to be better for their interpretation 

than the method basing on 0qURtiOn 11 . 

C(xl> va. x i  ,whereas,in the case of the 
1 

1 

1 
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TABLE I1 

The perameters K12 and A calculated accordine to equa- 
tion 10 f o r  Rolutes chromatographed in binary eluents. 

Substance Eluent and Adsorbent K12 A 
~~ ~ 

quinoline benzene/cyclohexane 12.00 0.82 

6-methylquinoline on aluminium oxide 12.37 0.95 

2,6-dimethylquinoline at 293 K 

ieoquinoline 

acridine 

12.00 0.83 

11.97 0.44 

72.66 0.81 

5,6-benzoquinoline 12.67 0.49 

naphthalene 

diphenyl 

chryeene 

anthracene 

acenaphthene 

pyrene 

benzene/n-heptane 13.63 0.31 

on silica gel at 11.98 0.38 

297 K 13.14 0.48 

12.08 0.42 

11.55 0.26 

12.40 0.44 

diphenyl trlchloroethylene/ 13.78 0.51 

naphthalene n-heptone on silica 13.61 0.36 

chrysene gel at 297 K 14.04 0.62 

anthracene '13.78 0.42 

pyrene 14.49 0.53 

acenaphthene 14.11 0.36 - 
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THERMODYNAMIC APPROACH TO TLC 89 

In Table I1 the parametem K 1 2  and A ,evaluated 

according to equation 10 , are summarized for some quino- 
line derivative8 chromatographed in benzene/cyclohexane on 

aluminium oxide and for polycyclic hydrocarbons in 

benzene/n-heptane and trichloroethylene/n-heptane on silica 

gel.For these chromatographic data equation 10 gives better 

reeults than the relationship 1 1  .Figure 2 shows the linear 

relationship 11 f o r  some substances chrometographed in 

benzene/cyclohexane on aluminium oxide.It followa from 

this figure that equation 10 gives good representation of 

the data measured for the systemR from Table 11. 

The equilibrium constants K12 ,given in Table 11, are gre- 

ater then thofle summarized in Table I.It means that diffe- 

rences of the elution st rengthe , cliarnc terizing the binary 
eluerite from ?able I1,are greater than  those for the elu- 

ents from TaSle I .Although,the constant K12 is evaluated 

FIGURE 2. The linear dependence 10 plotted for iaoquino- 
line (@ ) ,acridhe ((> ) and 5,6-benzoquinoline ( 0) 
chromatographed in benzene/cyclohexane on aluminium oxide 
a t  293 K. 
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90 OSCIK, JARONIEC. AND MALINOWSKA 

from the TLC data measured for a given uolute,its depen- 

dence on the kind of solute is rather smell.This result 

is physically correct,because according to the theory the 

constant KI2 charmterixes the phase-exchange reaction 

between molecules of both oolventu.Therefore,it i R  charac- 

teristic f o r  a given binary eluent.However,the constant A 

characterizes interactions o f  a given Aolute with solvents 

in the mobile phase,and it depends on the nature of Rolute 

and solvents. 

TABLE I11 

The parameters K12 and A calculated according to equation 
1 T  for solutes in binary eluents on silica gel at 297 K. 

~~ 

Substance Eluent K12 A 

phenol chlorof orm/carbon 7-35 -0.57 
2,4-dichlorophenol tetrachloride 1.65 -0.60 

2,6-dichlorophenol 1.64 -0.52 

3,4-dichlorophenol 1.22 -0.53 

pyrene chloroform/n-heptane 2.68 -0.6T 

an t hrace ne 2.16 -0.42 

chrysene 2.36  -0.96 

3,4-dichlorophenol 2.15 -1.43 
-~ ~-~ ~ ~ - 

naphthalene trichloroethylene/ 2.10 -0.06 

2,3-dimethylnaphthalene carbon tetrachlo- 2.70 -0.36 

2,4-dichlorophenol ride 2.63 -0.22 

2,6-dichlorophenol 2.06 -0.76 
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THERMODYNAMIC APPROACH TO TLC 91 

In Table I11 the parameters K12 and A ,evaluated 

according t o  equation 1 1 ,  are t3ummarized for solutes chro- 

matographed in chloroform/carbon tetrachloride, chloroform/ 

n-heptane and trlchloroethylene/carbon tetrachloride on 

eilica gel at 297 K. 

For systeme summarized in Table I11 equation 11 gives 

slightly better results than equation 10. The values of K , 2  

for chloroform/carbon tetrachloride, chloroform/n-hcptane 

und trichloroethylene/carbon tetrachloride on silica gel 

are analogous to those characterizing dichloroethylene/ 

carbon tetrachloride and dichloroethylene/n-heptane on this 

same adsorbent (c.f.,Tables I and 111). 

In Table IV the average values of K12 are compared for 

the systems summarized in Tables I-1II.The first colurnn of 

this table contains the average values of calculated 

according to equation 9 .The second and third columns of 

this table contain the K, -values obtained by averaging 

the KT2-values for different solutes chromatographed in a 

given eluent/adsorbent system.It follows from Table IV that 

the differences in the values of K12 ,predicted by equations 

9 and 1'0 or 11 ,are greatest for binary eluent8 containing 

o solvent of very small elution strength,for instance : 

n-heptane.Then,the memurements of HM-values in the pure 

eluent with a greater preciseneee is very difficult. 

Application of inaccurate Ry'valuea ,meamred for different 

solutes in a pure solvent, in equation 9 predicts an 

Inaccurate value of K , 2  .Therefore,this R,2-va1ue differs 

from those evaluated by means of equations 10 and 11 . 

- 

- 

- - 
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92 O S C I K ,  JARONIEC,  AND MALINOWSKA 

TABLE IV - 
The average values K12 
9 , 10 and 11 for the chromatographic systems studied. 

evaluated according to equations 

- - 
Sys t em KT2 (eqn 9) K12(eqn 10 

and eqn 1 1 )  

dichloroethylene/ CC14 2 . 4 8  3.74 3.82 

dichloroethylene/n-heptane 4.33 1.81 1.56 

henzene/cyclohexone 12.60 12.28 - 
benzene/n-heptune 6.74 12.46 - 
trichloroethylene/n-heptane 5.74 13.97 - 
c hlorof om/CCl 1.93 - 1.47 

c hloro f orm/n-he p t m e  5.77 - 2.34 

1.86 - 2.37 trichloroethylene/CCl 4 

Concluding,we can draw that equations 10 and 11 seem to be 

more suitable for evaluating the K,* -value than equation 9, 

because they utilize the R,paluee measured at different 

compositions of the binary eluent. 
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