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TWO-DIMENSIONAL T.L.C. ON MECHANICALLY 
BLENDED SILICA-BASED BONDED PHASES. 

EVALUATION OF THE BEHAVIORS OF C8-DIOL 
MIXTURES USING PULYNUCLEAR AROMATIC 

HYDROCARBONS AND COMPARISON 
WITH C18-CYAN0 MIXTURES 

z. HAJOUJ~, J. THO MAS^*, AND A. M. SIOUFFI~ 
'Laboratoire de Chimie 

Facultk des Sciences et Techniques 
Parc de Grandmont, Tours 37200, France 

2Laboratoire de Gknie Chimique et Chimie Appliquke 
Facultk des Sciences et Techniques Saint-Jkrdme 

Avenue Escadrille Normandie-Nikmen 
Marseille 13397, France 

ABSTRACT 

C8-diol mixed phases for two-dimensional T.L.C. were prepared by 
mechanical mixing of silica-based bonded phases. Their properties 
in terms of retention and mechanisms developed were determined 
using polynuclear aromatic hydrocarbons as the compounds analyzed. 
Comparisons carried out with C18-cyano mixed phases revealed both 
similar behaviors and appreciably different behaviors, which we 
have explained. 

INTRODUCTION 

Two-dimensional thin-layer chromatography (T.L.C.) using two 

separation mechanisms can be carried out on juxtaposed phases (1). 

* To whom correspondence should be addressed 
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888 HAJOUJ, THOMAS, AND SIOUFFI 

When the compounds analyzed are polynuclear aromatic hydrocarbons 

(P.A.H.), the occupation of the whole layer is difficult. In fact, 

the retention in the normal mode increases with their resonance 

energy ( 2 ) ,  and similarly in the inverse mode as the 

hydrophobicity is directly related to the number of fused rings. 

It was interesting to study whether the mixed phases might be more 

attractive for the analysis of these environmental pollutants. We 

have theref ore studied some combinations of apolar bonded phases 

and polar bonded phases, mixed mechanically. The properties of 

C18fcyano mixed phases have been published recently ( 3 ) .  In this 

note, we report those of C8/diol mixed phases, not previously 

studied, and compare them with the results from the earlier work. 

MATERIALS 

The P.A.H. analyzed were : anthracene (Aldrich) 99.9 % pure, 

fluoranthene (Aldrich) 98 % pure, benz[alanthracene (Aldrich) 99 % 

pure, benzo[blfluoranthene (Aldrich) 99 % pure, and indeno[1,2,3- 

c,dlpyrene (Alltech) 98 % pure. 

The mechanically mixed C8/diol phases were prepared in 

various mass compositions from the following two commercial 

products : Hyperprep 120 octyl (Shandon), d, (particle diameter) = 

12 prn, S (specific surface area) = 200 m2.g-I, % C = 7, bonding 

ratio = 3.6 pmo1e.m-2 and Hyperprep 120 diol (Shandon), d, = 12 

Nm, S = 200 m2.g-l, C = 2,88, bonding ratio = 1.3 pmo1e.m-2. 

METHODS 

Preparation of phase mixtures and plates, and development 

and detection techniques, were all as previously described ( 3 ) .  
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SILICA-BASED BONDED PHASES 889 

All the results are the mean of three experiments. 

RESULTS AND DISCUSSION 

The Rm = f (mass % of diol phase) graphs given in Figure 1 

show the effect of the percentage of the polar phase on the 

retentions of various P.A.H. in two-dimensional T.L.C. : 

- with hexane as solvent in the first direction, the elution mode 
was normal. In the composition range 30 to 100 '% of the diol phase 

(Fig- la), the retention increased linearly with the increase in 

percentage of the diol phase, whatever the P.A.H.  (the correlation 

coefficients, r, had values : ranthracenr = 0.9925 ; rrluoranthonc 

= 0.9875 ; rhenzant.hraconP = 0.9890 ; rbenzoiiuoranLhone = 0.9793; 

rinaonosyrnno = 0.9937). 

- with a 90/10 CH30H/HzO mixture as eluent in the second 

direction, the mode was of the inverse type. In the composition 

range 10 to 90 % in diol phase (F1.g. lb), the retention decreased 

linearly with the increase in percentage of the diol phase, 

whatever the P.A.H. (rnnthracene = - 0.9828 ; rrluoranthone = - 

0.9854 ; rbanranthracene = - 0.9934 ; rbanzofluoranthane = - 

0.9864 ; rindonogyrono = - 0.9846). 

The graphs in Figure 2 show Re = f (PI), P' being the 

polarity as defined by Snyder ( 4 ) .  They correspond to the two 
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890 HAJOUJ, THOMAS, AND SIOUFFI 

FIGURE 1. Influence of the percentage of the diol phase on the 
retention in two-dimensional mode. 

Compounds : ( X) anthracene, ( 0 1 f luoranthene, 
( 0 )  benz[alanthracene, ( 0 )  benz[blfluoranthene, 
(D) indeno 11,2,3-c,dIpyrene. Mobile phases : hexane in the first 
direction (Fig. la) ; CHJOH/H~O 90/10 in the second direction 
(Fig. lb), after evaporation of hexane. 
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SILICA-BASED BONDED PHASES 891 

F I G F  2. Study of the mechanism operating depending on the 
polarity of the eluent and the composition of the stationary 
phase. 

Compounds : anthracene (Fig. la), indeno [1,2,3-c,dIpyrene (Fig. 
2b). Mobile phases : P' = 0.0 (hexane), P '  = 1.15 (hexane/toluene 
50/50), P'= 2.3 (toluene), P' = 3.4 (CHzCL), P' = 4.8 (dioxane) 
PI = 6.84 (CH30H/H20 90/10). Stationary phases - ( 0  1 C8, ( j 
C8/diol 9O/lO, (+) CB/diol 50/50, ( v )  C8/diol 30;70, (I) diol. 
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892 HAJOUJ, THOMAS, AND SIOUFFI 

P.A.11 .  having the greatest differences In retention. The mOSt 

significant results were those obtained for the most highly 

retained compound, indeno[l,2,3-c,d]pyrene (Fig. 2b). This was 

because of a too weak retention of anthracene leading to the RS 

observed being too similar as much by modifying P' as the CB/diol 

mass composition. We observed : 

- the existence of a maximum for each curve corresponding to a 

given mass composition. This maximum, P'max, corresponded to the 

inversion of the mechanism : normal phase polarity mechanism or 

inverse phase polarity mechanism according to whether p' was less 

than or greater than P',,% . 

- the value of P',,, was close to 3.5 for all CB/diol 

compositions, as well as for the pure diol phase. 

- at low polarity, in the range 50-100 % of diol phase, the mixed 

phases behaved like the diol phase. At high polarity, over the 

whole composition range, the behavior type was less clear cut, but 

more resembled that of the C8 phase. 

Mixed Phases - - _ _ _ _ _ - - - - -  

The polarity zones in the mobile phase where the normal 

phase and the inverse phase mechanisms respectively apply were 

very comparable. In fact, the whole of the C 8 / d i o l  mixed phases, 

and the ClS/cyano mixed phases containinq at least 50 % of the 

cyano phase ( 3 ) ,  both had a P',,, close to 3.5. This was a little 

unexpected considering the only moderate polarity generally 

attributed to the cyanopropyl phase. 
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SILICA-BASED BONDED PHASES 893 

In normal phase polarities, i.e. P' < 3.5, we will first 

consider the range 50-100 % in polar phase. On the one hand, the 

retentions obtained for the P.A.H. on the C8/diol mixed phases 

were fairly comparable to those obtained on the C18/cyano mixed 

phases for  correspondinq mass compositions. On the other hand, the 

nehaviors of these mixed phases were very close to the behaviors 

of the pure cyano and diol polar phases respectively, themselves 

also very close. The selectivity triangle for hydrophilic bonded 

stationary phases (5) shows that the essential property of a cyano 

phase is the orientation of the dipoles. As €or the diol phase, it 

does not have a dominant acid character, but behaves somewhat 

oddly as an orienter of the dipoles (5). The retention of the 

P.A.H., compounds which are not very polar but very polarizable, 

is essentially governed by Debye-t.ype interactions, which with the 

cyano and diol phases would lead to similar interaction energies. 

In inverse phases polarities, 1.e. P '  > 3.5, the C8/diol 

mixed phases showed lower retentions for the P.A.H than those 

obtained with the ClS/cyano mixed phases of corresponding mass 

compositions. This is explained on the one hand by the higher 

hydrophobic nature of the C18 group compared to the C8 group (Alog 

P = 5.190 determined by Rekker's calculation method ( 6 )  in the 

revised system, P being the partition coefficient in the n- 

octanol/water system), combined on the other hand with the greater 

hydrophoblc nature of the cyanopropyl groilp compared to the diol 

group (Alog P = 1.181). In addition, f o r  a given polarity of the 

mobile phase (for example P' = 6.51, the range of retentions 
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894 HAJOUJ, THOMAS, AND SIOUFFI 

corresponding to the different mass compositions was much narrower 

for the CB/diol mixed phases than for the C18/cyano mixed phases. 

This must result from the smaller difference in hydrophobic nature 

between the individual C8 and diol groups (Alog P = 5.012) than 

that between the individual C18 and cyanopropyl groups (Alog P = 

9.021) 
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