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The transition heats and tempemtures of a series of 4-alkyl4’~nostilbenes 
were measured with the DuPont 990 thermal analyzer- The entropies of both the 

soIid-to-mesophase and the mesophase-to-isotropic Iiquid was found to be dependent 
on the number of carbons in the alkyl chain on the molecule, The entropy change in 
the nematic-to-smectic transition found in the C, member of the series was found to 

be extremely small. 

INTRODUCTION 

This paper describes some thermodynamic properties of a new series of liquid 
crystalline compounds which we have recently prepared’. The general formula for 

these compounds, 4-aIkyl4’-cyanostilbenes, is shown in Fig. 1 in which the R group 
is varied from a normaI C, alkyl chain to CR,. 

Structural simiiaxities between these compounds and the 4-alkyi4’+zyano- 
biphenyls, Iiquid crystais that have recentry been found very useful in the fabricat+ 

of eIectro6ptical devices, prompted us to investigate the thermal properties of these 
new Ii&id crystaIs. The single bond which joins the two aromatic rings in the biphenyls 
is repIaced by a zrans doubIe bond. 
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The purity of these materials, a very critical parameter particularly when one is 
comparing _snaU energy di&rences in a homoIogous series of compounds, was 
determined by thin-layer chromatography, combustion analysis and gas chromato- 
graphy. The latter could readily detect impurities as low as 0.01 wt. % in which the R 
group is a different length carbon chain. The conformation of the molecular structure, 
particuhtriy the absence of cis isomers was confirmed by IO0 Mz NMR spectrometry. 

Preliminary investigation was carried out using polarized light microscopy’. 

W& _are at present pianning to extend this microscopical investigation by means of 

defibkrizcd fight intensity measurements_ Differential thermal analysis was performed 

to chmpIement the microscopic work and is described in this paper. The type of liquid 
crystal phase present, whether nematic or smectic, can be seen quite readily by 
inspection of the texture when observed under a pohuizing microscope. However, it is 
much more difficuh if one is trying to determine which of the several kinds of smectic 
is present, and it is often nv to use the miscibility technique’ or X-rays, Where 

a smectic phase is present we have therefore not attempted to identify to which sub- 
class it belongs but have simply labeled it smectic or, if mofe than one, smcctic is 

observed in a single compound, have arbItrariIy IabeIed them smectic I and II_ 

WEREMENTAL 

The instrumentation used in making the DTA measurements was the DuPont 
990 thermaI analyzer with the DSC ceil_ The celI was calibrated from -40 to 15O”C, 
and a iow temperature dual stage mechanical cooling accesso ry facilitated the sub- 
ambient measurements- The transitions were integrated by cutting out and weighing. 
Three or more repetitive values were measured for each transition- 

Weekly caiibration runs between -40and 150°C were made on a sapphire disk. 
From these runs the cell constant (E) was cakuiated at each of 6 temperatures from 
the specific heat of sapphire- 

SampIe and calibration runs were made at a rate of 5°C min- r_ Just prior to the 
onset of a transition the display was switched to a time base of 0.5 min in.-’ to 

expand the x axis without disturbing the scan rate_ 
This factor was then used to calculate AH in cal g- ’ for each peak. Individual 

values were average and cons&vative confidence limits were constructed for each 

mean. 

_ Samples were weighed to the nearest 0.02 mg on a Cahn electrobaIance and 
sealed into DuPont hermetic sample pans in air_ 

Each sampfe was programmed from -40 to i15O”C at a rate of 5°C min-’ 
and then from I50 to -40°C at the same rate- This procedure was repeated after 

I5 min at -40°C a sufficient number of times to result in 2 similar traces, which were 
used for caIcu!ation of AH_ 

Temperatures were read at the peak of the transition and are in reasonabIe 

agreement with results from microscopy. These are shown in Fig. 4 
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The characterization of series of liquid crystals and the relation between 

thermal properties and molecular structure has customarily been carried out using 
only mesophase transition temperatures_ Although this has been very profitable in a 
number of instances a recent paper by Dewar and Griffin3 has emphasized the lack of 
correlation between the transition temperatures and the corresponding heats of 
_$t’ansition, and points out the importance of the change in entropy. This homologous 

series exhibits z similar lack of correlation between AH and transition temperature, 
and therefore the entropy change was used as the principie criterion for the changes of 
order that are taking place within the s_vstem. 

The entropy changes that take place in going from the crystal to the mesophase 

will be discussed first_ A plot of the number of carbon atoms in the alkyl chain versus 
entropy change can show some regularity, or as pointed out by Barrall and Johnson 

in their review of the thermodynamic properties of iiquid crystals*, can present an 
extremely scattered picture- These authors are of the opinion that one shouId expect a 

regular relationship if one can account for all the crystal forms. Figure 2 shows data in 

which entropy change is plotted against number of carbon atoms in the alllyl chain. 
The bold Iine shows the results of this analysis. A standard feast squares or regression 
analysis was performed and even in the worst case the probability of this association 
occurring by chance alone is cc 0.05 

Thii relationship, although showing some scatter, shows that the order in the 
system, even in the aystaIiine solid is dictated by the length of the afkyl chain, the 
longer the chain the greater the entropy change to the mesophase, and thereFore the 
more highly ordered the crystalline solid_ The existence of this correlation is also a 

good indication that in this series the crystal structures are all of the same type. This 
was emphasized by omitting the C,, member of the series from the plot. It was the 
only member whose thermogram was complicated by the simultaneous existence of 
two solids, both of which melted to the same mesophase. The entropy change calcu- 
lated from this molecule is quite far from the calcuIatcd line_ 

The entropy change found in the C, compound on going from the smectic to 
the nematic mesophase is extremely small and although clearly discernible in the 
polarizing microscope would probably remain undetected using a less sensitive 

&.rument than the DuPont 990 thermal analyzer- The estimated value of 0.01 e-u_ 
is an order of magnitude smaller than the smectic + chofesteric transition cited by 
Ban-all et a.Ls as one of the smallest entropy changes ever measured. 

The As versus carbon number plotted in Pig. 3 for the nematic-to-isotropic 
liquid transition shows a remarkably smooth reMion, as does the smectic-to-nematic 
or isotropic liquid. The nematic-to-isotropic liquid transitions have a definite mini- 
mum at C6, indicating less order in the nematic phase for this molecule than for others 
in the series- This is in contrast to other series such as the alkoxybenzoic acids6 in 
which the entropy change for this transition is essentiahy constant indicating that 

the order involved in the nematic phase is independent of the length of the alkyl chain. 
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The plot of the Ar versus carbon number in going to the nematic or isotropic Iiquid 

from the smectic phase shows relatively small entropy changes when the transition is 
to the nematic phase. These changes increase rapidly, as wouId be anticipated, above 

C, where the transition is directly to the isotropic liquid. 

In summary, a new series of liquid crystalline compounds were prepared and 

their heats and transition temperatures measured by DTA. It was shown that the 

order in the system seems to be a function of the length of the hydrocarbon tail on the 
mole&e. The types of mesophase and the pIace within the series where they appear 
are not unusual and correspond to other liquid crystal series which have been studied. 

The very small entropy change found in the C, member of the series for the smectic- 
nematic transition is intriguing in that it indicates either a more highly structured 

nematic than is usual or a Iess ordered smcctic. 
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