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SUMMARY 

Using silica gel layers impregnated with compounds having electron-acceptor 
properties, compared with non-impregnated layers a decrease in RF values of aro- 
matic hydrocarbons occurs when the same solvent is used. The Rp values do not 
correspond with the values of solid complexes of hydrocarbons with the relevant 
acceptors. They vary with the concentration of impregnating agents and, thus, are 
an indication of a modification in adsorption properties of the silica gel layer. The 
effect of impregnating layers when using a solvent of electron-acceptor properties is 
very limited. Chloranil and pyromellitic dianhydride form colored complexes with 
aromatic hydrocarbons .and can be used for detection on impregnated layers with 
acceptor compounds which do not form colored complexes with the hydrocarbons. 

INTRODUCTION 

Aromatic hydrocarbons as donors of x electrons are capable of forming donor- 
acceptor complexes (EDA) with substances having electron-acceptor properties. This 
finding has been used by various authors for separation of polycyclic aromatic hydro- 
carbons on thin layers. Until now, the following methods have been used: 

(I) a plate already prepared is impregnated with a complex;forming agent; 
(2) a complex-forming agent is added to the adsorbent during preparation of 

the plate ; 

(3) a plate already prepared without a complex-forming agent is developed in 
a system containing the complex-forming agent. 

FRANCK-NEUMANN AND J&SANG~ were the first to point out the possibility of 
using the EDA complexes in thin-layer chromatography. They separated polycyclic aro- 
matic hydrocarbons on layers impregnated with gr??t.-trinitrobenzene, whereas poly- 
nitroaroma.tic substances were developed on non-impregnated layers in anthracene- 
containing systerns.BRn~~~~L~~~added asmall amountofcomplex-forming agent 

to the aluminium oxide and silica gel used as adsorbents. For separation of aromatic 
hydrocarbons, KESSLER AND M~~LLER~ used a saturated solution of picric acid as a 

developing system. Thin-layer chromatography was also used for the study of EDA 
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complexes of other 7c donors, e.g. aromatic amincs on layers impregnated with poly- 
nitroaromatic compounds‘+0. 

In the present study the effect is examined of impregnating commercially 
available silica gel plates with tetracyanoethylene and some acceptors from the group 
of halogen quinones, aromatic anhydrides, N-methylated cyclic ureids and bile acids, 
not yet used for separation of aromatic hydrocarbons. The study also included the 
caffeine previously examined 2, The polynitro substances as complex-forming agents 
were not studied here, since a considerable amount of work dealing with these sub- 
stances already exists 1 - 0. As developing systems simple’solvents with relatively clear- 
cut electron-acceptor (tetrachloroethylene) and electron-donor (di-gz-butyl ether) prop- 
srties were used. 

EXPERIMENTAL 

The origin and purity of the aromatic hydrocarbons studied and the methods 
used for their purification are listed in Table I. As solvents, predistilled di-gz-butyl ether 
and tetrachloroethylene were used. 

Tetramethyluric acid (TMUA) used for impregnation of the layers was prepared 
;ynthetically7. Caffeine PhBs 2, chloranil (Lachema p.a.) and tetracyanoethylene 
:TCNE, Lachema, pure) were purified by a repeated vacuum sublimation. Pyro- 
nellitic dianhydride (PMDA, Fluka, pure) and desoxycholate sodium (LBEiva Praha) 
,vere not purified prior to use. 

3LE I 

MATIC HYDROCARBONS INVESTIGATED 

- --I_ -. 

Hydroca;bon Origin Puvily Pzirificalion m2lirod 

Pentamcthylbenzene Synthctizcd after ref I I 7 Crystallization from ethanol 
Hcxamethylbcnzcnc Synthctized after rcf I I 7 Crystallization from ethanol 
I-Methylnaphthalenc B.D.H. Great Rritain not given - 
z-Methylnaphthalene E. Merck for synthesis Distillation 
z,3-Dimethylnaphthalcne Koch-Light purum - 
a,G-Dimcthylnaphthalene Koch-Light purum - 
Accnaphthcne Schcring pururn - 
Accnaphthylene B.D.H. Great l3ritain not @ven - 
Fluorcne . Loba-Chcmie purum liecrystallization from 

XYlCllC 

2.3-13cnzofluorenc Schucharclt purum - 
Fluornnthcnc Schuchardt not given Crystallization from ethanol 
lo-Methylcholanthrcnc ICbch-Light purum - 
Biphenyl Chemko, S&&kc not given - 
wz-Terphcnyl Chcmko, StrL;;lskc not given - 
Anthraccnc Lachema for analysis - 
Phcnanthrcne Lnchcma Zone refining 
Chrysenc Loba-Chcmie purum - 
Pyrcne Koch-Light purum Sublimation 
3.4-Bcnzopyrcne Flulca puriss. - 
x.z,s.G-Dibcnzanthraccne Koch-Light purum - 
1.z,3.4-Dibcnzopyrcne Koch-Light puruin - 
l-2,4.5-Dibcnzopyrcne Koch-Light puru m - 
3.4,g. ro-Dibcnaopyrcne Koch-Light purum - 
Anthanthrcnc Koch-Light purum - 

___.--..- ~_____ 
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Chronzatogra@ty 
Benzene solutions of aromatic hydrocarbons (kept in darkness) were applied 

to ISO x ISO mm reflex silica gel foils Silufol (Kavalier, n.p.) without a, luminescence 
indicator. Prior to use, the plates were impregnated by spraying as follows: 

(I) 0.05 M and saturated aqueous solution of TMUA; 
(2) 0.05 M and saturated aqueous solution of caffeine; 
(3) saturated solution of PMDA in ethyl acetate; 
(4) saturated solution of chloranil in chloroform; 
(5) 0.05 M aqueous solution of sodium desoxycholate; 
(6) 0.05 M TCNE solution in acetone. 
After chromatography aromatic hydrocarbons were detected by spraying the 

plate with a saturated solution of chloranil in chloroform. The color of the spots could 
be intensified by heating the plates to about 110~. SubstancesNo.~o-1z,15and 17-24 

could also be observed as fluorescent spots under UV light. For comparison of RF 
values, solid complexes of pyrene with TMUA6, PMDAB and TCNElO have been 
prepared. 

RESULTS AND DISCUSSION 

Concentration of the acceptor compound in solution used for impregnation 
shows a marked effect on Rp values of aromatic hydrocarbons, as is evident from 
Tables II and III. These changes in Rp values are evidence of the altered adsorption 
properties of a layer, which behaves like a new type of adsorbent. The solid EDA 
complexes of pyrene listed under EXPERIMENTAL behave similarly to pyrene itself 

on non-impregnated layers. Due to the effect of solvent and adsorbent, a disinte- 
gration of the relatively weak donor-acceptor bond occurs4. As impregnating agents 
PMDA, chloranil, TMUA and caffeine, the last of these has been recommendeda, 
gave good results. When sodium desoxycholate was used, no effect was observed with 
aqueous solutions which were found suitable as mobile phase for separation by paper 
chromatography 11. RF values of the aromatic hydrocarbons obtained on plates im- 
pregnated with tetracyanoethylene were not reproducible. TCNE is often’ used as a 
detection agent for aromatic compounds 12-i4, but later its limited effectiveness was 
reportedlb. On the layers impregnated with chloranil and PMDA lasting color stains 
are achieved after application of aromatic hydrocarbons (Table IV). For detection 
purposes, however, spots on plates impregnated with chloranil are more suitable; 
yellow-colored spots occurring mostly on plates impregnated with PMDA give less 
contrast when compared with spots on plates impregnated with chloranil. 

The RF values obtained on non-impregnated layers are influenced by the ad- 
sorption forces which increase, as a rule, with the number of aromatic rings in a 
molecule, regardless of their arrangement lo. On layers impregnated with acceptor 
compounds, the situation is similar, since an increasing number of rings in a molecule 
of an aromatic hydrocarbon is also accompanied by a decrease in their ionization 
potential. The stability of the EDA bond is proportional to the difference between the 
electron affinity of the acceptor and the ionization potential of the donor, 

,The solvent has also a considerable effect on the quality of separation, Tetra- 
chloroethylene causes considerably smaller differences than di-s-butyl ether in Rp 
values of are.matic hydrocarbons on both impregnated and non-impregnated plates; 

J. Clwomalog-., 45 (1969) 278-283 
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TABLE IV 

COLORS OF It COMPLRXES OF CHLORANIL AND PYROMELI.ITIC DIANHYDRIDE WITH AROMATIC HYDRO- 
CARBONS 

No. Hydrocarbojt Color of n complex Colov of n cont$4.cv 
witlr cldoranil with PMDA 

I 
2 

3 
4 
5 
G 

; 
9 

IO 
II 
I2 

I3 
14 
15 
IG 
17 
IS 
I9 
20 
21 
22 

23 
24 

Pcntarncthylbenzenc 
Hcxaxncthylbenzenc 
I-Mcthylnaphthalcnc 
z-Methylnaphthalenc 
2.3-Dimethylnaphthalcnc 
2,6-Din~etl~ylnaphthalcne 
Accnaphthcnc 
Rcenaphthylcne 
Fluorcne 
2.3-Benzofluorenc 
Fluoranthcne 
zo-Methylcholanthretlo 
Biphenyl 
m-‘I’crphcnyl 
Anthracene 
Phenanthrcnc 
Chrysene 
Pyrcnc 
3.4-Benzopyrcnc 
1.2,5.6-Dibcnzanthraccnc 
1.2,3.4-Dibcnzopyrcnc 
r-2,4.5-Dibcnzopyrenc 
3.4,g,ro-Dibenzopyrene 
Anthanthrcnc 

brownish red 
reddish violet 
grcyish brown 
brown 
brown 
Grey 
bluish grey 
brown 
brownish viol& 
dark brownish grey 
brown 
greenish yellow 
yellowish brown 
yellowish brown 
greenish blue 
brown 
brownish grcy 
dark green 
greenish yellow 

wy 
greenish yellow 
greenish yellow 
greenish yellow 
yellow 

yellow 
light yellowish brown 
yellow 
yellow 
yellow 
yellow 
oran& 
yellow 
yellow 
yellowish brown 
light yellow 
grcy 
light yellow 
light yellow 
reddish pink 
yellow 
yellowish brown 
light red 
grey 
yellowish brown 
yellowish brown 
grcyish brown 
yellowish green 
light green 

since with an excess of the acceptor solvent the effect of the complex-forming agent 
from the impregnated plate can only be shown to a lesser degree. 

It is impossible to attain such a homogeneous distribution of the complex- 
forming agent on the plate by the spray-impregnation method as by the addition of 
the complex-forming agent to the adsorbent during preparation of the platese, A 
satisfactory, reproducibility (RI,_ value & o.os), however, indicates that the former 
method is also suitable for practical separation of aromatic hydrocarbons. 
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