
EFFECT OF THE SUPPORT SURFACE ON THE STRtEIURE OF -ITiE 

FILM OF LIQUID CRYSTALLINE STATKNARY PHASE 

SUMMARY 

It has been found that the ckromatographic properties of the Ckromosorb P 
NAW-p-butyi-p’-hexaaoylazobenzene system depend largely on the thi&ness of the 
liquid crystal N.m. Modification of the liquid crysti properties by tke support surface 
t&es place to a distance of about 2 nm from the surface. The mod&xi liquid crystal 
layer reveaLs a selectivity w&k respect to n-octane and toluene different from tkat of 
the liquid crystal in the bulk phase. 

INTRODUCIION 

Liquid crystalline stationary phases are widely used in gas ckromatographylJ. 
They feature universal stationary pkase properties and can be used for separating 
complex mixtures ofpolar a.ad non-polar compounds and z&o isomers. The possibiJ&y 
of using k&k-temperature liquid crystalline stationary phases in the ckromatogmptic 
analysis of aromatic poIynuclear kydrocarboas deserves special empkasisc6. 

The exceptional pkysico-chem&I properties of liquid crystals are mar&~& 
ia the piosrtia of tke Sqtid cryst%Uine stationary pka+suppoti system- These 
properties depend not only 011 the structure of the mesophase and the liquid czystal 
mohxule but also on the amount of the l.@id crystal on the support and on tke type 
of the latter. The properties of the system produce, depending on the column temper- 
ature, two kinds of changes in the retention values, tiz., revealing or not reveaJ_ing 
phase transitions’. 



Vetrova and co-w~rk&=~ showed that a thin f2m of liquid ChystaE dep&ted 
on &e surf&e of an active adsorbent is signScantly &&ted by the surFace. This 
iSuence is revealed by the extension of the range in w&h the Iiqnid crystake phase 
exists and, in practice, -when the liquid czystal is -used as the stationary phase in 
partition gas chromatography, by the extension of the temperature selectivi~ range 
of t&at phase with w to some pairs of isomers. 

These remarks concerx, of course, systems in which the liquid crys’Laf layer is 
deposited on the surf&e of an active adsorbent_ Chow and Mar?&9 and Schnur 
and Martin9 investigated systems in which the 63ms of liquid crys@s were deposited 
on the surFace of non-active supports @MCS treated) and found that .the thermo- 
dynamic propxties of these compounds are independent of the 6l.m thickness and that 
the ikfhxence of the siknkd solid s-ace is negligible. 

00 the other hand, it is ‘known that the liquid crystal mokcuks are arranged 
on the active adsorbent surf&e in the domains parallel to each other (along the long 
axes) and are at the same time oriented with respect to the adsorbent surface. Their 
foag axes can make angks with the surface ranging from 0 to 34)“. The type oforien- 
tation and the sizz of the angle depend on the mesophase structure and the chemical 
structunz of the liquid crrjtal molecule and also on the adsorbent surface activitJi_ 
The intera&io~ of the liquid csystal mokcuks with the adzxxbeut s&ace is greatest 
in the Iayer directly adjacent to the s~urFace_ It is not known. however, how far (over 
how many successive liquid crysta! molecular layers) the influence of the adsorbent 
surface extends, and what the properties are of the liquid crystal whose structure is 
km&r the strong ir&~ence of the surface. 

The work described here was aimed at the at least partial ehxidation of this 
problem. 

, _ 
The properties of liquid -zystal iYms on the solid surf&e were analysed on the 

basis of the retention volum;, V,, of n-octane and toIuene, defined as 

M = weight of adsorbent (support) in the column; 
i = lam~Martin coefkient; 
OS = carrier gas ffow-rate at the flow meter temperature; 
4 = displacement of the maximum peak of the tested substance from the 

starting point as measured on the chromato_m: 
ri, =displaoementofthemaximumpeakofair; 
tc =chartrecorderpaperspeed; 
Tn = temperature of carrier gas in bubble Bow meter; 
P. = atmospheric pressure; and 
F = saturated water va_pour pressure at temperature Tn. 
The nztention volume V, was selected in view of the fact that very small 

amouu% of the stationary phase were used in the measurements considered’z, 
Johns-Manvik Chromosorb P NAW with a specik &ace area of 3.9 m’/g, 



as measured by the method described by SerpineP, and partic!e size 6040 mesh 
was used as the stationary phase srrpport, 

'ISe stationary phase was ~butyl-p’-hexanoylazobe=e_ It was found by the 
therm~ptical method that the transition of this compound to the nematic phase 
takes place at 331.7% and the isotropic liquid region be-&s at 338.2”K Further, an 
additional solid-phase transition is observed in the temperature range 328.2-331.7%. 

The test substances nsed as a “molecular probe”” in chromatographic mea- 
surements were analytical-rcagent grade n-octane and toluene produced by Real&m, 
U.S.S.R. 

The retention volume measurements were made on a Chromatron chromato- 
graph using glass columns I m long and 4 mm I.D. The accuracy of the temperature 
control with this instrument was 0-t “K in the temperature range used. Hydrogen was 
used as ffie carrier gas at a fiow-rate of 40 cm3/min. 

Figs. 1 and 2 show Vs = f(t) plots, where v is the mass ratio of stationaty 
phase to support, for n-octane and toluene, respectively. These relationships have 
been plotted for three temperatures at which the liquid crystal is in the solid (3LSS”K), 
meso- (3362°K) and isotropic liquid (359.7%) phases. From the plots it follows that 
the fnst potion of liquid crystal (up to about 0.3-OS”~ blocks the active centres of 
the Chromosorb surface, which leads to a decrease in the V, value. From a certain 
value of z an increase in the retention volume is observed for both test substances, 
which can be explained as regards the two higher temperatnres by the dissolution of 
these substances in the liquid stationary phase. This explanation cannot be related 
to the situation when the stationary phase is in the solid state, because then for n- 
octane Vs is in principfe independent of t, whereas for toluene the considerable 
increase in Vs with incressing t is probably due to the interactions between its aro- 
matictig andthe~~d~~molec~~lyingonthe sw&aceoftheadso&ent_ 



These pIots allow ns to conclude that the retention IIEZC~ of e&e cbro- 
nzatographed sub ‘znces changes with the value of 5. This phenomenon is directly 
related to the effect ,f t&e support surf&e on the liquid cry&l layer covering it. The 
rang of these infkms were found fimn the V,fr = f (I/t) plot!?. Such pIots, con- 
sisting of two inknecting straight lines, are shopin ira Fig. 3. The value rc at the 
ix~tersection ccmesponds to the mount of the stationary phase above which no 
kflu~ce of tEte support miif2c.e is obsmed. 

Assuming that the diameter of the pbntyl-i’-hexanoyl motecale is 
O-315 M (this due wzs d&ti from the density and molar volume of ambenzene 
in&esoEd$xxseunderthe assumption that the density is equal to that of the liquid 
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crystal and does not vary with temperatuxF), the mmber of mblecular layer-i of the 
liquid txystal which correspond to e&e t, values at the particular temperatures were 
calculated from the V& = f (l/r) plots for n-octane and toluene. 

The data in Table 1 indicate that the number of layers adsorbed above which 
the S&~ence of ffie suppoe is no longer observed depends on the temperahxe (or 
.&ate of&e liquid crystal). This can be explained by the de&u&ion of the ordered 
structm-e of the liquid crystal mokcules on the adsorbent surface with increasing 
temperature. The considerable differences in the numbers of layers determined for 
n-octane and toluene at 318.5% are probably due to the low accuracy of determi- 
nation of te at that temperature cased by the short retention times- 

kciq~cxy~dscace T-em~c~e (“K) SC xzhdh?r of kzyffs 

n_ocEane Y.?h%me IZ-UCCaZlk? TOk 

solid 318.5 OSlO58 0.0038 3.92 2.57 
Mesophase 3362 0.0032 0.0031 22 20 
lim-opk iiquid 34Q.2 OSKEJ 0.0029 196 196 
isotropicliquid 359.7 OS025 0.OCQ.S 1.69 1.69 

A further question is how the Iayers of the liquid crystals which are under the 
i&uence of the adsorbent suxface are afkted in comparison with the same properties 
in the bulk phase_ For &is purpose the sorption enthalpies, AH, of n-octane and 
toluene on cohmn packings containing varying amounts of the liquid crystal at two 
temperatures, corresponding to the solid state (3 18S”K) and isotropic liquid (359.7X), 
were determined. T&se relationships a~ shown in Fig. 4. The AN = f(t) plots at 
3 18S”K show a distinct maximum at t = 0.3x, which corresponds to about two 
mokcular layers of tie liquid crystal on ffie stiace. Another much weaker maximum 
occzs at t = 0.8-l Ok. The AH = f (7) plots at 359.7% have a similar shape, but the 
extremes of this fimction have lower relative values. It should be ooted that a small 
maximmn at the same coverage also occurs on the V, = f(t) curves at 359.7% 
(Figs. 1 and 2)_ 

The diExence between the shapes of the AH = f(t) curves detetied at 
diEerent temperatures can perhaps be expJ.ahd by the diEeremes in the kinetic 
energy of the moiec&s in the adsorbed layer. 

The above data do not allow a fSl interpretation of the structure of the liquid 
crystai layer on the adsorbent s&ace. Neverthekss, they support the concept that 
the adsorption forces on that surface “organize” the surface ti in such a way that 
it has different properties to the liquid crystal beyond the mge of these forces. This 
conclusion is co&nned by t&e &ape of plots of relative retention volume (VFt”‘/ 
Vgxmnc) against t plot (Fig. 5). It can be seen that at all three temperatures a sekctivity 
maximinn occurs at z = 0.3 oA and, only at temperatures corresponding to the liquid 
crystal solid state and mesophase, also at r = 0.8 %_ The lack of a maximum for the 
isotropic liquid at this coveragc means that tie interaction of the liquid crystal with 
n-octane and toluene mokcuks does ~08 change in tbis state_ The difkent sekctivities 



a 

of the cohmn packings, on which the phenomenon of disdntion of the chnmato- 
graphed substances - o~Jy to a small extent, are probably due to the diSkrent 
surf- stmctures of these pzckings, Le., to the diikent zstnxm of the liquid crystal 
layer. These differences are so large that they kad to a change in the elution order of 
n-octane and tokne_ 

The eect of adsosption forces on the s-as= of cbromosorb P NAW on tk 
~tmeoftheliqaidcrystal~hasaran~of~at2nmand~rrcspo~~ 
5-5 layers of horizont&l lying liquid crystal molecak. Within this muge we can __ _ 
cixmgwh t&e fofIowillg regions in which the Iiquid 6ixysM has diE--t properties: 
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