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ABSTRACT 

Data obtained by chromatography, adsorption from solution and theoretical calculations show that a monolayer of liquid crystal 
adsorbed on the surface of graphitized thermal carbon black (GTCB) has an orientational order that is analogous to the mesomorphic 
state of the substance. A decrease in the adsorption potential and an increase in the general structural selectivity in the separation of 
polynuclear aromatic and partially hydrogenated compounds were observed for the modified sorbent. This is due to the influence of the 
liquid crystal monolayer on the adsorption of the studied substance on the one hand, and to the influence of GTCB on the monolayer 
on the other. The order of elution of isomeric polynuclear hydrocarbons on the modified and unmodified surfaces is the same, which 
makes it easier to identify the investigated isomeric mixtures. 

INTRODUCTION 

One of the most interesting possibilities of chro- 
matography is in elucidating the relationship be- 
tween retention and the molecular structure of the 
compounds under investigation. In gas chromato- 
graphy on the non-specific monoatomic adsorbent 
graphitized thermal carbon black (GTCB) such 
a relationship has been demonstrated by many 
workers [I ,2]. This forms the basis of the Kiselev and 
Poshkus method of studying of molecular structure 
13941. 

non-linear and non-planar molecules cannot pene- 
trate easily between anisotropic molecules of the 
mesogen and, hence they pass through the column 
more quickly. 

In gas-liquid chromatography, the relationship 
between retention characteristics and molecular 
structure is much more complicated [5-91. Neverthe- 
less, when a liquid crystal material is used as a 
stationary liquid phase there is still sufficient sensi- 
tivity to the form and geometric size of the adsorbed 
molecules. The structural selectivity in this instance 
is due to the ordering of the mesophase. According 
to Witkiewicz [lo], long and plane molecules can 
easily enter the lattice of the liquid crystal while 

It has been established that the state of a liquid 
crystal stationary phase is defined by the nature of 
the support and the character of its surface, the 
orienting influence of which on the structure of the 
immobile layer being greater in this instance than 
with traditional liquid stationary phases [lO-121. 
With inert supports, and also with active supports, 
the sensitivity of the layer to the molecular structure 
of adsorbates depends on the amount of liquid 
crystal deposited [13-l 51. 

It has been observed [ 161 that there is a connection 
between conformational changes and electronic 
structures of molecules with different types of 
ordering in the mesophase. Owing to the short-range 
surface specific and non-specific interactions in the 
first adsorption layer, liquid crystal molecules ap- 
plied as a monolayer on an active support of silica 
(glass, Silochrome) or on to split graphite form 
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highly oriented layers [17]. By means of scanning 
tunnelling microscopy, some data on the state of the 
liquid crystal monolayer on split graphite have been 
obtained [18]. The position and orientation of 
molecules in the liquid crystal lattice were deter- 
mined [IS]. The overlapping of terminal groups in 
the monolayer film is weaker than in the bulk. It was 
also noted [ 181 that the structure of the layer is more 
likely to be molecular than of liquid crystalline type. 
Hence the use of the mesophase notion is inappro- 
priate and there are no mesomorphic transitions in 
this instance. High structural selectivity of a mono- 
layer of liquid crystal of cholesteric type on hydrox- 
ylated and dehydroxylated Silochrome was found 
in the gas chromatographic separation of xylene 
isomers [ 191. 

The aim of this work was to determine the 
structural selectivity of a monolayer of liquid crystal 
of nematic type applied to GTCB. The adsorption of 
molecules on a non-porous homogeneous surface of 
GTCB depends on their geometry and polarizabili- 
ty. The same tendency was observed in the papers 
cited for the adsorption of molecules on a liquid 
crystal film. However, GTCB has a high adsorption 
potential and requires high working temperatures; 
GTCB pellets can easily be ruined. In addition, the 
majority of the liquid crystal exists in the nematic 
state in a narrow temperature interval. Hence, with 
the known advantages and disadvantages of GTCB 
and of liquid crystal stationary phases, it was 
considered of interest to modify GTCB with a liquid 
crystalline substance. Studies were made of the 
influence of non-specific adsorption of the support 
on the anisotropic properties of the monolayer on 
the one hand, and the influence of the monolayer on 
the adsorption properties of GTCB on the other. 

EXPERIMENTAL 

Sterling MT 3100 D4 GTCB (Cabot, Boston, 
MA, USA) with a specific surface area of 7.6 m2/g 
was used as the adsorbent. For application of a 
monolayer we chose a high-temperature liquid crys- 
tal of the nematic type, bis(hexyloxybenzylidene) 
phenylendiamine (BHOBPDA). trademark H-75 
(USSR): 

where C = crystal state, S = smectic state, N = 
nematic state and I = isotropic liquid. This com- 
pound has a low saturated vapour pressure and a 
wide temperature interval of the mesophase. 

The calculation of the amount of liquid crystal 
which corresponds to a monolayer is based on the 
Van der Waals size of the molecules and on the 
following circumstances: (a) liquid crystal molecules 
have no active terminal groups; (b) the maximum 
gain in energy is for horizontal packing of the 
molecules; and (c) there are no pores on the GTCB 
surface. The area occupied by one liquid crystal 
molecule on the GTCB surface was found to be 185 
A, and the amount of liquid crystal corresponding to 
monolayer covering was 0.9 pmol/m2 according to 
calculations, This value was proved experimentally 
by adsorption from solution. The equilibrium con- 
centrations were determined with a Model SF-4A 
spectrophotometer (USSR). 

Gas chromatographic measurements were carried 
out on a Chrom-5 analytical chromatograph 
(Czechoslovakia) equipped with a flame ionization 
detector and modified for physico-chemical investi- 
gations [20] and on an LKhM-8 MD chromato- 
graph (USSR). 

The following micropacked columns (MPC) were 
used: (1) GTCB modified with a monolayer of 
BHOBPDA, 45 cm x 1 mm I.D., pellet fraction 
0.16-o. 18 mm, mass of GTCB 0.5482 g and of liquid 
crystal 0.0018 g; (2) modified Chromaton N AW, 
pellet fraction 0.160.18 mm, 5 wt.% of liquid 
crystal, columns 25 cm x 1 mm I.D. and 90 cm x 
0.75 mm I.D., mass of the packing 0.0841 g and 
0.2029 g, respectively. The liquid crystal was precipi- 
tated on the GTCB and Chromaton N AW from 
dichloromethane solution under constant vibration 
followed by conditioning by heating in a flow of 
nitrogen. 

The chromatographic sorption characteristics of 
the investigated compounds on the modified GTCB 
were compared with those obtained on unmodified 
GTCB [21] and in the bulk of the liquid crystal 
applied to Chromaton N AW. 

Isomeric mixtures of partially or fully hydro- 
genated aromatic compounds were used as ad- 
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sorbates. The injection of adsorbates into the col- 
umn was performed with 10% solutions in ethanol 
or benzene without splitting of the gas flow. 

RESULTS AND DISCUSSION 

The obtained adsorption isotherm has a satura- 
tion region, which corresponds to a monolayer. The 
amount of liquid crystal is 0.9 pmol/m2. The de- 
pendences of the logarithms of the retention vol- 
umes of phenanthrene and anthracene on reciprocal 
of temperature in the bulk phase of the liquid crystal 
on Chromaton N AW are presented in Fig. 1. The 
character of these curves is in agreement with the 
common concept of phase transitions in liquid 
crystals. The three regions of the different phase 
states of BHOBPDA can easily be distinguished, 
namely the crystalline, smectic and nematic states. 
The transition of the liquid crystal from crystal to 
smectic is accompanied by a decrease and that to the 
nematic state by an increase in retention. A further 
increase in temperature leads to a decrease in 
retention. 

The fact that the temperatures of the phase 
transitions of the pure liquid crystal and liquid 
crystal applied to Chromaton coincide proves that 
at the given degree of impregnation the inert support 
does not influence the properties of liquid crystal 
phase. The separation of the sorbates is due to the 
difference in the enthalpy of dissolution of the 
sorbates in the liquid crystal bulk. The maximum 
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Fig. 1. Temperature dependence of the retention volumes of (1) 
phenanthrene and (2) anthracene on Chromaton N AW with 5% 

liquid crystal. 
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Fig. 2. Temperature dependence of the retention volumes of (1) 
phenanthrene and (2) anthracene on GTCB modified with a 
liquid crystal monolayer. 

structural selectivity, c1 = I/,(anthracene)/ V,(phen- 
anthrene) corresponds to the nematic state. 

As can be seen from Fig. 2, there are no bends on 
the curves of the dependences of the logarithms of 
the retention volumes of phenanthrene and anthra- 
cene on the GTCB surface modified with a mono- 
layer of BHOBPDA. Hence no phase transition of 
the liquid crystal monolayer on the GTCB surface 
takes place and its physical characteristics change 
continuously. 

In the investigated temperature range, a high 
selectivity of separation of these components was 
observed. In addition to anthracene and phen- 
anthrene, acenaphtene, acenaphthylene, fluorene 
and pyrene were also studied on modified GTCB. 
Their retention characteristics are given in Table I 
for different stationary phases for comparison. 

It can be seen from Table I that the retention 
values on modified GTCB are lower than those 
obtained for adsorption on unmodified GTCB, and 
also for dissolution in the liquid crystal. The reten- 
tion values of aromatic compounds on the unmodi- 
fied GTCB at 473 K were obtained by extrapolation. 
The decrease in the adsorption potential on modi- 
lied GTCB can be related to the increase in the 
distance between the interacting molecular centres 
of the adsorbate and the support by the thickness of 
the layer. The retention values also reflect the 
contribution of the specific interactions between 
molecules of the adsorbate and those of the liquid 
crystal. Here the presence of benzene rings in the 



62 V. I. NAZAROVA, K. D. SHCHERBAKOVA, 0. A. SHCHERBAKOVA 

TABLE I 

RETENTION VOLUMES, V;73 (473 K), INTERNAL ENERGY, -dU. AND SELECTIVITY COEFFICIENT. r, MEASURED 
ON DIFFERENT STATIONARY PHASES 

CI = V,(anthracene)/V,(phenanthrene). 

Substance 

Acenaphthene 
Acenaphthylene 
Fluorene 
Pyrene 
Phenanthrene 
Anthracene 

Y. 

___ -__ -.--_-_- _-_ 

Liquid crystal GTCB GTCB + liquid crystal 
____ -I- 

V473 
g 3 

-AU V‘S73 -AU r/473 -ALI 

(cm /g) (kJ/moU p 3 
(cm id (kJ/moJ) g3 (cm /g) (kJ/‘mol) 

--__ --_-I__.__ 

822 55 1751 91 16.7 76 

836 51 1975 93 6.7 64 

384 38 8334 79 15.5 79 

5380 43 ._ - 83.3 64 

1194 45 53662 97 19.5 77 

820 42 44017 97 11.8 76 

1.45 1.22 1.65 
_____-.__- -__- _~___ --.- 

liquid crystal was responsible for the high affinity to 
aromatic molecules of the sorbates. 

The increase in selectivity obtained in the separa- 
tion of phenanthrene and anthracene on modified 

e min 
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Fig. 3. Chromatogram of a mixture of tetracyclic aromatic 
hydrocarbons in a micropacked column with 5% liquid crystal on 
Chromaton N AW, pellet fraction 0.16-1.18 mm, column 25 
cm x 1 mm I.D., temperature 443 K, mass of adsorbent 0.841 g, 
inlet pressure 1.92 lo5 Pa (1.9 atm), carrier gas nitrogen, 
flow-rate 10 ml/min. Peaks: 1 = pyrene; 2 = triphenylene; 3 = 
benzanthracene; 4 = chrysene. 

GTCB reflects the effect of the action of the 
adsorption field of GTCB and of the monolayer of 
BHOBPDA, which is in a structured state similar to 
the mesomorphic state of a bulk phase. It should be 
noted that the order of elution on the unmodified 
GTCB and in the bulk phase of the liquid crystal on 
Chromaton coincides for nearly all the compounds. 
The selectivity of the mesomorphic phase to aroma- 
tic compounds is high, as can be seen, for example, in 
the separation of a mixture of tetracyclic aromatic 
hydrocarbons in the short micropacked column 
(Fig. 3). 

The structural selectivity of the liquid crystal bulk 
phase to the isomers of perhydro compounds in the 
absence of specific interactions is not so high. In this 
instance the separation of the isomers is due only to 
the difference in their molecular structures. On the 
90-cm column with liquid crystal stationary phase 
applied to Chromaton N AW the mixture of isomers 
of perhydroanthracene was not separated complete- 
ly (Fig. 4a), whereas on the unmodified GTCB such 
a separation is possible (Fig. 4b). The identification 
of peaks was based on mass composition in the case 
of their separation on 5 wt.% liquid crystal (Fig. 4a). 
The separation of the same mixture on modified 
GTCB in the 45cm column with temperature 
programming is shown in Fig. 4c. The order of 
elution for all the above columns coincides. For the 
separation of perhydroanthracene isomers on modi- 
fied GTCB in comparison with unmodified GTCB, 
the selectivity estimated with only the first two peaks 
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Fig. 4. (a) Chromatogram of the mixture of perhydroanthracene 

isomers in a micropacked column with 5% liquid crystal on 
Chromaton N AW; column 90 cm x 1 mm I.D., temperature 458 
K, mass of adsorbent 0.2029 g, inlet pressure 1.92 IO5 Pa (1.9 
atm), carrier gas nitrogen, flow-rate 3 ml/min. (b) Separation of 
perhydroanthracene isomers in a micropacked column with 
unmodified GTCB [2 11; column 1.2 m x 1 mm I.D., carrier gas 
hydrogen, flow-rate 10 ml/min, flame ionization detection, mass 
of GTCB 0.788 g, inlet pressure 2.12 10’ Pa (2.1 atm). (c) 
Separation of perhydroanthracene isomers in a micropacked 
column with GTCB modified with liquid crystal; column 45 
cm x 1 mm I.D., temperature programmed from 433 to 443 K 
starting at the 4th minute, carrier gas nitrogen, flow-rate 10 
ml/min, mass of adsorbent 0.55 g, inlet pressure 1.92 10’ Pa (1.9 
atm), GTCB fraction (as in b) 0.160.18 mm. Peaks: 1 = 
cis-syn-cis; 2 = cis-syn-tram; 3 = cis-anti-cis; 4 = trans-anti- 
tram; 5 = trans-syn-trans. 

being taken into account is slightly lower and the 
working temperature necessary for the separation 
decreases (by 70430 K). 

The use of GTCB modified with a liquid crystal 
monolayer can be successful for the separation of 
technological mixtures obtained by hydrogenation 
of high-boiling polyaromatic compounds, the result 
of which is the formation of isomeric compounds 
with different degrees of hydrogenation. We ob- 
tained a complete separation of a mixture of deca- 

6 
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Fig. 5. Separation of a mixture of perhydropyrene isomers in a 
micropacked column with GTCB modified with a liquid crystal 
monolayer. Temperature 453 K, other conditions as in Fig. 4~. 

hydropyrenes (obtained by hydrogenation of hexa- 
hydropyrene at low temperatures), as shown in Fig. 
5. In this instance theory predicts the existence of 
five possible isomers. The identification of the peaks 
of this mixture was performed as described previous- 
ly [20] according to the model concepts of their 
molecular structures and using the sum of the 
distances of their atoms from the plane surface of the 
adsorbent (Cri). According to the decreasing order 
of this value, the first to elute from the column with 
GTCB modified with BHOBPDA should be the 
isomer with the molecule containing an incomplete- 
ly hydrogenated B-ring and the rings in the row 
A-D-C have cis linkages, i.e., hydrogen atoms at 
carbon atoms 8,12 and 16 are situated at one side of 
the system of rings. This isomer, ADC-cis-deca- 
hydro-B-pyrene, has the most bent form of the 
molecule and the maximum sum of distances from 
the adsorption field plane, Cri. The other isomers 
are eluted according to the decrease of this sum. The 
isomer ADC-cis, trans-decahydro-B-pyrene is the 
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Fig. 6. Temperature dependence of the retention volumes 01 
perhydropyrene isomers in a 45-cm micropacked column with 
GTCB modified with a liquid crystal monolayer. The curve 
numbers correspond to the peak numbers in Fig. 5. 

second to elute. In its molecule the B-ring is 
incompletely hydrogenated and the A-D-C rings 
have cis and tram linkages. The third peak on 
the chromatogram belongs to the isomer in which 
the A-ring is incompletely hydrogenated and the 
B-C-D rings have tram, cis linkages, i.~., to BCD- 
trans,cis-decahydro-A-pyrene. The fourth peak cor- 
responds to ADC-trans,trans-decahydro-B-pyrene 
and the fifth to the isomer with an incompletely 
hydrogenated A-ring and cis linkages of the B-C-D 
rings. The sixth peak belongs to the initial com- 
pound hexahydropyrene, the molecule of which has 
the most planar structure. 

The separation of isomers of this mixture on OV- 1 
liquid stationary phase has been published [22]. The 
temperature necessary for the elution of isomers of 
this mixture on carbon black modified with liquid 
crystal is lower than that for their elution on 
unmodified carbon black by 150-180 K. The chro- 
matogram in Fig. 5 was obtained with a 45-cm 
micropacked column of GTCB modified with 
BHOBPDA. The high selctivity of the separation on 
this sorbent can be explained by the overall con- 
tribution of non-specific dispersion and specific 
interactions caused by the presence of the aromatic 
ring in an A or B position in molecules of deca- 
hydropyrenes. The selectivity of separation of this 
mixture on modified GTCB is higher than that on 
the liquid crystal phase. 

The curves of the dependence of log V, on the 
reciprocal of temperature are presented in Fig. 6. As 
it can be seen, a high selectivity is observed over the 

whole interval of temperatures studied. This con- 
firms the assumption about high orientational 
ordering and stability of the liquid crystal mono- 
layer applied to a homogeneous graphite surface. 
The column with GTCB modified with BHOBPDA 
has been used for 1 year without changes in its 
properties. 

CONCLUSIONS 

Adsorption from solution and theoretical calcula- 
tions have shown that the amount of liquid crystal 
adsorbed on a GTCB surface corresponds to a 
monolayer. The molecular orientational ordering of 
a two-dimensional BHOBPDA film is similar to the 
mesomorphic state of a bulk phase. There are no 
phase transitions in the adsorbed liquid crystal 
monolayer and the working temperature range is 
widened. Comparison of the retention characteris- 
tics obtained for polynuclear hydrocarbons in 
chromatographic columns containing unmodified 
GTCB, bulk phase of BHOBPDA and GTCB 
modified with a BHOBPDA monolayer shows that 
the decrease in adsorption potential and working 
temperature is due to the action of the liquid crystal 
monolayer. The structural selectivity of GTCB 
modified with liquid crystal for the separation of 
aromatic and partially hydrogenated isomeric poly- 
nuclear compounds is higher than that with unmodi- 
fied GTCB or with the liquid crystalline bulk phase. 

GTCB modified with a monolayer of BHOBPDA 
or other liquid crystals with the use of more effective 
capillary columns appears promising for the separa- 
tion of complex isomeric mixtures of high-boiling 
compounds. It has been established that for GTCB 
modified with a liquid crystal monolayer the rela- 
tionship between the retention values of hydro- 
carbons and their molecular structures is of the same 
character for unmodified GTCB. 
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