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Liquid crystalline polymers are currently among the most widely studied classes of polymeric materials. 
The correlation of mesophase and liquid crystalline polymer molecular structures with observable 
physico-chemical properties is a major objective. In this work, inverse gas chromatography (i.g.c.) was used 
to determine the transition temperatures of a main chain, liquid crystalline, biphenyl-based organic polyester. 
The transition temperatures determined by using this method agree very well with those determined by 
other techniques. In addition, the i.g.c, experiment gives physico-chemical parameters for the interaction 
of probe molecules (saturated and aromatic hydrocarbons) with the liquid crystalline phases. Thus, enthalpies 
of mixing and solution of probe molecules in the polymer were estimated, and activity coefficients were 
calculated. From a single i.g.c, experiment, a wide range of information regarding the temperature-dependent 
properties of a liquid crystalline polymer was obtained. 
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INTRODUCTION 

Liquid crystalline polymers are currently among the most 
widely studied classes of polymeric materials. Future 
advances in the field require a fundamental understanding 
of the solid-state structures at a molecular level. 
A variety of thermally stable polymers with low- 
temperature transitions to liquid crystal (LC) phases are 
presently available. The correlation of mesophase and 
molecular structures with observable physico-chemical 
properties is a major objective of the present work. 

Thermotropic transitions in liquid crystalline polymers 
may be detected by a variety of methods, most commonly 
differential scanning calorimetry (d.s.c.), changes in X-ray 
diffraction patterns with temperature, or the observation 
of the texture of thin films through a polarizing light 
microscope. 

The object of this study was to test the applicability 
of inverse gas chromatography (i.g.c.) to the determination 
of transition temperatures and physico-chemical properties 
of thermotropic LC polymers. In this technique, which 
is based on the fundamental thermodynamics of gas 
chromatography (g.c.), the retention behaviour of suitable 
probe molecules is determined as a function of 
temperature on columns in which the polymer is the 
stationary phase. 

I.g.c. has been previously used to determine a variety 
of polymer properties 1'2, including glass and other 
solid-phase transition temperatures, polymer melting 
points and degrees of crystallinity, and solution 
thermodynamic parameters. Recent publications 3'4 
illustrate the wide range of applications to amorphous 
and semicrystalline polymer characterization. Some 
progress has been made in the study of macromolecular 

liquid crystals using i.g.c. For example, Aspler and 
Gray 5'6 have determined Flory-Huggins interaction 
parameters and the glass transition temperature for 
hydroxypropylcellulose, which forms lyotropic liquid 
crystalline mesophases. Nesterov et a l?  have reported 
the use of i.g.c, in the detection of shallow smectic phase 
transitions in quinone-based polymers. On the other 
hand, Nishioka et al. a did not observe any significant 
deviations in probe retention times for g.c. experiments 
on polysiloxane side-chain liquid crystals. Martire et al. 9 
and Chow and Martire 1°'~ were the first to study in 
depth the interaction of very small amounts of organic 
solvent vapours with small-molecule liquid crystals by 
gas-liquid chromatography. Attempts have also been 
made to relate gas chromatographic data to the order of 
liquid crystalline phases 12. 

In this study, multiple transition temperatures of a 
liquid crystalline polyester were determined using the 
i.g.c, technique. The polymer chosen for this study had 
the thermal stability and multiple transitions necessary 
for the confirmation of this procedure. 

EXPERIMENTAL 

Mater ia l s  

All solvents were reagent grade, and were used as 
received. The chromatographic support was 70/80 mesh 
Chromosorb G, acid-washed diatomaceous silicates 
deactivated with dimethyldichlorosilane (AW-DMCS). A 
melt condensate of diethyl allylmalonate and 4,4'-bis(6- 
hydroxyhexyloxy)biphenyl was prepared according to the 
method of Reck and Ringsdorf 13, as modified by Zentel 
and Reckert 14. The structure is shown below (I). 
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The number-average molecular weight M,, measured 
by gel permeation chromatography in CHCI 3 using 
polystyrene standards, was 2.1 x 104. Differential scanning 
calorimetry (d.s.c.) data were obtained using Perkin-Elmer 
DSC-2C and DSC-7 apparatus with a nitrogen purge, 
using heating rates of 20 and 10°C min- 1, respectively. 
Calibrations with indium (and decane for the DSC-7) 
were carried out in the usual way. 

Inverse gas chromatography 

The polymer I was deposited from CHC13 solution 
onto the Chromosorb G support by the pile coating 
method 15 to a level of 5.33wt%. A total of 0.864g of 
polymer was packed into a 6.35 mm (o.d.) x 1.2 m copper 
tubing column. A column containing 0.372 g polymer at 
2.99wt% was also studied in order to confirm the 
invariance of specific retention volume with column 
loading. I.g.c. measurements were performed on a 
Hewlett-Packard 5890 Series II gas chromatograph 
equipped with a flame ionization detector. A precision 
mass flow controller with a range of 0-20 ml min-1 was 
used to control the nitrogen carrier gas at a nominal 
flowrate of 10 ml min- 1. Specific retention volumes were 
confirmed to be independent of the carrier flow rate at 
low flow rates. Barometric room pressure was measured 
to +6.67 Pa (0.05 mmHg), and column pressures were 
measured with a mercury manometer. Carrier gas 
flowrates were measured from the end of the column with 
a water-jacketed soap-bubble flow meter. Injections o! 
probe vapour at infinite dilution (equivalent to ~< 0.01 #1 
of liquid), mixed with methane gas as a marker, were 
made from a Hewlett-Packard headspace injector (Model 
19395A). Data were collected, recorded and analysed on 
an HP Vectra ES-12 personal computer with the 
associated g.c. software package HP 3365 Chemstation. 
The column temperature was continuously measured to 
0.1°C with a thermocouple interfaced to the computer. 
The column was equilibrated for several minutes 
for each temperature increment of 1 or 2°C; the 
necessary equilibration time was confirmed by the 
invariance of the retention times with the equilibration 
times. Equilibration is not necessary for transition 
temperature determinations; injections are usually made 
at intervals 16-1s during a heating rate of 0.5°Cmin -~ 
However, thermal equilibration is necessary to obtain 
the activity coefficient data. The retention times t, and t m 

were determined from the positions of the peak maxima. 

Calculations 

Specific retention volumes Vg (ml g- 1) of the probe in 
the polymer were computed using ~9 

V~ = [F(t~ -- tm)760]/wP o (1) 

where w is the weight of polymer in the column, t, is the 
retention time of the probe, t m is the retention time of 
the methane marker gas, F is the carrier gas flow 
rate under standard-state conditions (adjusted for gas 
compressibility), and Po is the carrier gas pressure at the 
column outlet. Retention diagrams are plotted as the 
variation of In V~ with l I T  where T is the temperature 
(K). The slope of the linear portions of the experimental 
curve is related to AH2, the heat of solution of the probe 
at infinite dilution in the stationary phase, by 

5 In V~/f(1/T) = - A H ~ / R  (2) 
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where R is the molar gas constant. The partial molar 
heat of mixing, or excess enthalpy A/7•, resulting when 
a mole of solute is added to an infinitely large amount 
of polymer, is given by the change in activity coefficient 
with T: 

A H  ~ = R [  6 ln(a~/w l )~] / [  6(1/ T)] (3) 

where (a~/wl) ~ is the weight-fraction activity coefficient 
at infinite dilution of the probe in the polymer. The 
magnitude of A/7] ~ indicates the extent of departure from 
an ideal solution. 

Weight fractions and mole fractions are inter-related 
as follows. The mole fraction xt is given by the number 
of moles of component 1, n~, divided by the total number 
of moles of all of the substances in the system. For n ~ << n 2 
in a two-component system, x 1 ~ n l /n  2. Since nl = mx/M~,  
where ml is the probe mass and M1 is the probe molecular 
weight, x l  ~ m x M 2 / m 2 M 1  (after making the equivalent 
substitution for the polymer 2). Therefore, the weight- 
fraction activity coefficient of the probe in the polymer 
is given by (a l /wl)°~= ? ~ ( M t / M 2 ) ,  where ~,~ is the usual 
mole-fraction activity coefficient. The weight-fraction 
activity coefficient of the probe at infinite dilution is 
calculated from 

ln (a l /wl )  ~ = l n ( 2 7 3 R / M 1 P  ° Vg ) - (B I  ~ - V1)P°/R T 

+ PoJ~(2B13 - V1) /RT (4) 

where pO is the saturated vapour pressure at temperature 
T, Bll is the probe virial coefficient, B13 is the probe- 
carrier gas virial coefficient, and J~ is a carrier-gas 
compressibility correction factor. These parameters may 
be calculated by using the methods previously reported19. 
V1 is the probe molar volume, calculated from the liquid 
molar densities at each temperature, using data from 
Timmermans 2°, Yaws 21, Rackett 22, and Orwoll and 
Flory 23. 

The heats of vaporization (AHvap) of the probe 
molecules were calculated both from experimental data, 
where 

AU°xp=AHT-AH~ (5) - - v a p  

and from the relationship: 

A n ~ , p = M ~ ( d - e t )  (6) 

where d and e are constants which have been tabulated 
by Dreisbach z4'25, t is the temperature (in °C) and M1 
is the molecular weight of the vaporizing substance. 

If the weight-fraction excess chemical potential, w# e, is 
considered, R T  ln(a l /wl )~°= wp e and also 

w# e = A H T  - T [ S  ~ - R In(M2/M1)]  (7) 

where S e is the excess entropy. The intercept of 
ln (a l /wl )~ /[&(1/T)]  gives [-S~/R+ln(ME/M1)], and 

the weight-fraction excess entropy is 

wS ~ = S ~ - g In(ME~M1) (8) 

RESULTS AND DISCUSSION 

The polyester (I) prepared for this analysis was 
characterized by d.s.c., X-ray diffraction, and 1H n.m.r. 
spectroscopy. Phase structures were confirmed by 
comparison of our data with data obtained for the 
previously synthesized 14 polymer. The transition tem- 
perature assignment (°C) is kl 59 k 2 75 s b 103 sa 123 i 
where k represents a crystal phase, sa and sb are the 

POLYMER, 1994, Volume 35, Number 3 585 



Studies of LCPs by Lg.c.: M. Romansky and J. E. Guillet 

e- 
.J 

23 

T ( * C )  

150 125 I00 7~ 5 
I I I I _o °'  

de.  
,:P 

TsB,.7S'C o o _ 
TP 122°C ~ / . ~  

_~. o -~ oO~- 

I 1 I I , I , 
25 27 29 31 

t / T  (K) x 104 

F i g u r e  1 Retention diagrams for polymer I: (O) decane, second 
heating cycle and; (x)  toluene, third heating cycle 

TeC) 
4.5 150 125 I00 75 50 

I I I I 

• . crystalline ,,go 
~sotrop~c Smectic phase ~r 

4 .0 - -  mel t  A 2 ~8' _ 

T~ll~2eC S ~ c t i c  T$~ 78o c ~ ) t  

3 . 5 -  • ~ crystolline7 
--~ .•IP ' T$A.'I04°C .J~ - phase - I  

f o i / 
3,0;0/ J J 
2.5 i I , I i a J / 

23 25 27 29 31 
i / T  (K) x 10 4 

F i g u r e  2 Retention diagrams for polymer I, using a toluene probe in 
duplicate isothermal experiments: (O) third heating cycle and; 
( x ) fourth heating cycle 

smectic phases A and B, and i represents the isotropic 
phase. 

Figures 1 and 2 show i.g.c, retention diagrams for 
toluene and decane probes on the polymer. This 
biphenyl-based polyester displayed probe retention 
behaviour similar to that of a typical semicrystalline 
polymer 2, with the additional feature that crystal--crystal 
and mesophase transitions were observed as changes in 
the slope below Ti, the temperature of transition to the 
isotropic phase. Mesophase transition temperatures 
were assigned to local maxima in the i.g.c, retention 
diagrams, corresponding to complete conversion to 
the higher temperature phase. This procedure was 
generally established for the determination of melting 
points in semicrystalline polymers 16-xs. Significantly, the 
determined transition temperatures were independent of 
the probe used (see Figure I for a representative example), 
and also of the number of preceding heating and cooling 
cycles. The column was slowly cooled after equilibration 
at 160°C (in the isotropic phase) at the end of each run. 
The reproducibility of the probe retention times and the 
specific volumes I/8 on successive heating cycles after the 
first annealing was better than 2%. Duplicate retention 
diagrams for the toluene probe are illustrated in Figure 2. 

The transition temperatures determined by both 
i.g.c, and d.s.c, are summarized in Table 1, with the 
temperatures listed representing the average values of 
several determinations for both methods. The agreement 

between the two entirely different techniques is 
remarkable, considering that the d.s.c, scans were carried 
out at heating rates of 10 or 20°C min-1, whereas the 
i.g.c, experiments involved equilibration at successive 
temperatures. It may be inferred from this agreement that 
the chromatographic support does not influence the 
formation of LC phases. Our preliminary studies 
on this polymalonate as well as on other liquid 
crystalline polyesters 26 demonstrated a good correlation 
between temperature-ramped (0.5°Cmin -1) i.g.c, and 
d.s.c, measurements for the identification of transitions 
in LC polymers. Figure 3 shows the retention diagrams 
obtained for a decane probe injected manually onto the 
polymalonate column during a temperature ramp of 
0.5°C per minute, as well as automated injections made 
during isothermal experiments. At low temperatures there 
is a significant difference between the data obtained from 
temperature-ramped experiments and those obtained 
by the equilibrium method. It is clear that thermal 
equilibration is necessary in order to accurately determine 
the heat of mixing of the probe molecule with the polymer. 

The slopes of the straight-line portions of the retention 
diagram plots were not parallel, indicating significant 
differences in the entropy and enthalpy of solution of an 
individual probe in each of the different mesophases. 
Variations of the retention diagram slope in different 
mesophases have been observed in many g.c. experiments 
on small-molecule liquid crystals. Some examples are 
given by Kelker et al. 27 (and references cited therein). 

T a b l e  1 Thermal transitions (°C) observed for polymer I by using 
different techniques 

Transition 

I.g.c. 

Temperature 
Average of ramped D.s.c. 
isothermal (0.5°C min- 1) 
runs decane probe 20°C min- 1 10°C min- 1 

kt-~k 2 59 - 59 58 
k2--~s b 77 75 75 72 
sb~sa 102 102 103 99 
s=~i 122 124 = 123 119 

"Estimated value 
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F i g u r e  3 Retention diagrams for polymer I using an n-decane probe: 
( x ) manual injections at a heating rate of 0.5°C rain- 1 (first heating 
cycle) and; (O) automated injections under isothermal conditions 
(second heating cycle) 
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Table 2 Partial molar enthalpies of mixing and solution (kJ mol- 1) of various probes in three phases of polymer I 

Isotropic Smectic A Smectic B 

Probe AH~ -AH~ AH~ -AH~ Ag~ -AH~ 

n-Decane 11.0 _ 0.3 31.7 _ 0.2 23.4 + 0.4 21.7 + 0.3 8.3 + 0.4 38.9 +_ 0.3 
Toluene 5.1 +0.2 27.8 4-0.1 18.5 4-0.9 15.3 + 1.0 3.8 +0.2 31.1 +0.4 
p-Xylene 5.1 +0.2 31.4+0.03 16.6+0.1 21.3+0.1 3.6+0.2 32.5+0.9 
m-Xylene 4.84-0.2 31.64-0.2 17.9+0.9 21.5+0.5 3.1+0.2 35.7-t-0.3 
o-Xylene 4.3 + 0.2 33.1 _+ 0.03 19.7 + 0.8 20.9 + 0.4 3.9 + 0.2 33.5 4- 0.1 

Enthalpies of solution, AH~, and mixing, A/7~, of the 
probes at infinite dilution in I are listed in Table 2. The 
AH~ values were obtained from the slopes of the 
straight-line portions of the retention diagrams by using 
linear least-squares regression according to equation (2), 
and the A//~ values were similarly calculated by using 
equation (3) 19 . Due to the limited number of data points 
in any linear region, the enthalpies of mixing should in 
this case be regarded as estimates, only accurate to within 
___5%. Data points were selected in ranges where the 
correlation coefficient of a minimum of six points was at 
least 0.99. 

The heats of solution for all of the probes were lower 
in the isotropic phase than in the smectic A phase, 
indicative of more favourable solute-solvent interactions 
in the higher temperature isotropic phase. Normally, 
solute-solvent interactions decrease at higher temperatures 
because of increased thermal motion. The heats of 
solution of the probes in the smectic B phase are much 
closer to the values for the isotropic phase, which may 
be interpreted to mean that the probe molecules are 
dissolving in the 'amorphous' part of the bulk phase. For 
example, AH~ for p-xylene is - 32.5 kJ tool- 1 in the 
smectic B phase, and -31.4  kJ mol-1 in the isotropic 
phase. However, in the smectic A phase, AH~ is 
-21.3 kJ mol-  1. 

Partial molar heats of mixing show a similar trend; 
high values of A//~ in the smectic A phase indicate highly 
non-ideal solutions, whereas the excess heats of probes 
with the isotropic and smectic B phases are more typical 
of small-molecule-polymer interactions. For p-xylene, 
A/7~ in the smectic B phase (80-94°C) is 3.1 kJ mol-1, 
in the isotropic phase (130-150°C) it is 5.3 kJmol  - t ,  
and in the smectic A phase (104-114°C) it is 16.3 kJ mol- 1, 
i.e. three times larger. This trend was manifested for all 
of the probes studied. The heat of mixing of n-decane is 
the highest in all of the phases, as would be expected 
since it is the least similar in its chemical structure 
to the polymalonate, whereas the substituted benzenes 
are more structurally similar to the biphenyl mesogen. 
For comparison, Schuster et al. 28 found a value 
of 3.8kJmo1-1 for the A/7~ of nonane in molten 
polystyrene at 160°C. DiPaola-Baranyi et al. found 
11.4 kJ mol-1 to be the heat of mixing of decane in 
poly(vinyl acetate) 29 between 120 and 150°C, and 
13.4kJmo1-1 for decane in poly(methyl acrylate) 3° 
between 78 and 108°C. Experimental and calculated 
values of AHv derived from equations (5) and (6) are listed 
in Table 3 to illustrate the precision of the data on heats of 
mixing and solution (see Table 2). Experimental heats of 
vaporization are slightly higher than those calculated for 
the majority of probe/phase combinations, but are mostly 
within experimental error. 

Table 3 Experimental and calculated heats of vaporization (kJ mol- 1) 
of various probes in three phases of polymer I 

Isotropic Smectic A Smectic B 

Probe AH~ "p AH~ AH~ "p AH~ AH~ xp AH~ 

n-Decane 42,3 42.1 45.1 45.0 47.2 47.0 
Toluene 32,9 31.4 33.8 33.2 35.1 34.9 
p-Xylene 36.5 36.4 37.9 37.8 36.1 39.1 
m-Xylene 36.6 36.5 39.4 38.2 38.8 39.4 
o-Xylene 37.4 37.1 40.6 39.0 37.4 40.0 

The difference in the enthalpies for the different phases 
may be explained by a lack of penetration of the probe 
into the crystalline parts of a highly organized phase such 
as exists in the smectic B case. The concept of 'partial 
liquid crystallinity', proposed primarily by Lenz et 
al. 31-33, has been a topic of recent discussion. Many 
workers reject this model on theoretical grounds, 
in combination with the fact that many observed 
biphasic systems are really a result of microheterogeneity 
due to molecular weight distribution and head-to-tail 
isomerization 34. However, de Candia et al. 35 have 
measured the transport behaviour of gases and vapours 
through liquid crystalline polymers, and proposed a 
structure including a disordered phase within well- 
ordered liquid crystalline domains, based on the observed 
permeation. They found that isotropization enthalpies 
and sorption coefficients were correlated, but the diffusion 
coefficient was the same for different preparations of 
similar polymers. These findings imply a functional 
similarity under i.g.c, conditions to semicrystalline 
polymers, i.e. similar to ordered spherulites in an 
amorphous matrix. 

The infinite-dilution partial molar excess entropy may 
be calculated by combining equations (7) and (8): 

ln(al/wl)  ~ = A R ~ / R  T -  S~/R + In(M2/M1) (9) 

Excess entropy values for the solvents used in this 
study were not calculated directly, since the polymer 
molecular weight is not known absolutely. Rather, the 
weight-fraction entropy values w Se (to an accuracy of 
+ 1%) are listed in Table 4. (However, the range of 
data points chosen significantly affects the intercept 
calculated.) All excess entropies are positive once the 
constant factor R ln(M2/Mt)  is added to wS e, as in 
equation (8), provided that M 2 is of the order of a few 
thousand. Weaker solute-solvent interactions in the 
smectic A phase (where polymer-polymer attractions are 
important to the stability of the mesophase) cause a 
predominance of the translational entropy for the solute 
and a high w Se. Increased solute-solvent interactions 
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Table 4 Partial molar weight-fraction excess entropies (J K -  1 mol -  1) 
of various probes in three phases of polymer P 

Probe Isotropic Smectic A Smectic B 

n-Decane 2.5 27.0 - 15.0 
Toluene - 4 . 0  27.0 - 14.5 
p-Xylene - 1.9 22.2 - 15.4 
o-Xylene - 3.5 29.8 - 14.3 
m-Xylene - 3.6 24.9 - 15.9 

= Values are uncorrected for R In M2/M1 as in equation (8) 

Tah le  5 Selected activity coefficients of various probes in three phases 
of polymer I 

Smectic B Smectic A Isotropic 

Probe 80°C 90°C 105°C l l0°C 130°C 150°C 

n-Decane 100.9 94.4 63.5 57.9 19.6 16.8 
Toluene 28.4 20.4 - 11.2 5.2 4.9 
o-Xylene 21.0 20.3 18.1 13.4 5.5 5.2 
p-Xylene 19.3 18.7 13.7 12.9 5.8 5.6 
m-Xylene 19.6 19.2 14.8 13.9 5.9 5.6 

in the isotropic phase (i.e. reduced polymer-polymer 
interactions) decrease the excess entropy of the probe 
molecules relative to the smectic A phase. The lowest 
excess entropy values, in the smectic B phase, are again 
indicative of the more 'ideal' nature of the mixing when 
compared to smectic A, and may be attributed to probe 
solution in amorphous or non-ordered regions of the 
bulk polymer, as discussed above. 

Activity coefficients were calculated using equation (4), 
and selected values are listed in Table 5. The variation 
of the activity coefficient with temperature (shown in 
Fioure 4 for xylene probes) illustrates the transitions 
between phases as accurately as the retention diagrams. 
All activity coefficients show a positive deviation from 
Raoult's law, as expected for small molecules dissolved 
in polymers. The magnitudes of these coefficients are 
similar to values obtained for the same probes in 
polystyrene and poly(methyl acrylate) amorphous phases 
at various temperatures. DiPaola-Baranyi et al.  29 found 
( a l / w Y  ° for decane in poly(vinyl acetate) at 135°C to be 
38.0. Schuster et al. 28 found a weight fraction activity 
coefficient of 4.87 for toluene in molten polystyrene at 
140°C, and 9.94 for nonane at 130°C. In the case of 
small-molecule liquid crystals, Coca et al. 36 found 
an activity coefficient of 1.846 for toluene in the 
smectic phase of 4,4'-bis(heptyloxy)azoxybenzene at 80°C. 
Calculations based on their published data yield a 
weight-fraction activity coefficient of approximately 8.9. 
In the isotropic phase at 130°C, an activity coefficient of 
0.794 can be converted into a weight-fraction activity 
coefficient of 3.7. 

The activity coefficient of the p-xylene isomer is 
significantly lower than that of the other two isomers in 
the liquid crystalline phases, but not in the isotropic 
phase. Similar observations have been made in g.c. 
studies of small-molecule stationary phases 1°AL27'37. 
The interpretation of the relationship between activity 
coefficients and the extent of order is not yet clear, since: 
the influence of the anisotropic environment a7 is not 
accounted for in the regular solution theory on which 
the calculation of enthalpies is based. 

The rationale behind the use of activity coefficients 
derives from some concepts introduced by Humphries et 
al. as. An orientation-dependent activity coefficient Yo~ 
may be introduced, since the main difference in the 
activity coefficients at the transition between a liquid 
crystal (7~) and an isotropic phase (?~) is due to the 
orientational free energy. 

In 7~ =In y~ - I n  ?~ (10) 

When modelled for a simple small-molecule nematic 
phase, using the Maier-Saupe order parameter prediction 
of 0.4292 at the nematic to isotropic transition, an 
orientational (mole-fraction) activity coefficient ),~o/y~ of 
1.5 is predicted 27. A nearly constant value of 1.1 
has been found for g.c. experiments involving the 
solution of hydrocarbons in small-molecule nematic 
liquid crystals t1'27'37. The correlation is significant for 
this rather unrefined theory. 

The ratio of the activity coefficients ?~ for all probes 
studied in the smectic A phase to those in the isotropic 
phase is approximately 2.0; for the smectic B-smectic A 
transition, the respective activity coefficient ratio is 
approximately 1.2. These ratios were calculated by 
linearly extrapolating the ln(al/wt)  °° values to the 
inflection point in plots such as the ones shown in 
Fioure 4, and calculating the hypothetical activity 
coefficients in each phase at the transition temperature. 
The error in these determinations is _0.1, since the 
selection of the actual transition point will affect the 
activity coefficient values that are found. The activity 
coefficients tabulated in Table 5 illustrate the decrease in 
activity coefficient with an increase in both temperature 
and molecular disorder. Experiments are in progress on 
a variety of LC polymers to systematize and expand on 
the trends that have been observed. 

CONCLUSIONS 

Inverse gas chromatography is a powerful tool in the 
determination of transition temperatures of thermotropic 
liquid crystalline polymers. Polymer LC phase transitions 
found by i.g.c, correlate well with those obtained by d.s.c. 
measurements. In situations where d.s.c, experiments 
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Figure 4 Variation in the activity coefficient with temperature for 
xylene isomer probes, where the marked temperatures correspond to 
the transition temperatures, obtained from the corresponding i.g.c. 
retention diagrams: (O) o-xylene (seventh heating cycle); (C)) p-xylene 
(eighth heating cycle) and; ( x ) m-xylene (ninth heating cycle) 
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m a y  p roduce  poo r ly  resolved peaks,  or  where X-ray  
de te rmina t ions  are unavai lable ,  i.g.c, can be an  i m p o r t a n t  
exper imenta l  adjunct .  In  addi t ion ,  a t h e r m o d y n a m i c  
descr ip t ion  of  the in te rac t ion  of  small  molecules  with LC 
phases  can be obta ined .  D a t a  in this ca tegory  are  of pr ime 
impor t ance  to bo th  indus t r ia l  and  academic  research for 
the comprehens ion  and  design of blends of l iquid 
crystal l ine po lymers  with small  molecules  or  polymers ,  
and  chemical  reac t ions  in LC phases,  as well as the 
proper t ies  of the LC po lymers  themselves. 
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