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A DSC STUDY OF A NEW SERIES OF LIQUID CRYSTALS- 
2-(4-AL~~~B~NZE~)-~SUBS~~~~ B~AZOLES 

ABSTRACT 

The DSC me~rement of a series of 2-~4-alkoxybenliene)-S-subssitu~~ ~ent~~~les, 
newly prepared ~mpo~ds, was carried out iu a ~tr~ge~ atmosphere. The results showed 
that with a few exceptions, these compounds are liquid crystal materials which is in go& 
a~eem~t with results obtained by orher techniques. The tr~s~t~~n temperatnr~, and the 
enthalpy and entropy changes of the compounds were obtained, and the results are discuss&, 
The effects of the scanning rates on the superc~~ing and thermal history of the sauqles were 
also investigated. 

Because of the existence of rn~t~-mes~phas~~ liquid crystalline materials 
possess a variety of unique and attractive ph~sico&he~c~ properties, boy 
investigators have found d~ffer~~t~~ scanning c~o~rne~ to be ~art~c~~~~y 
suitable for the detection and study of the rne~rno~~~ state [I]. 

fn this study, the thermal properties of a series of 2~(4-alkoxyb~~e~e)~~- 
substituted benthiazoles, a new group of liquid crystalline compounds, were 
dethroned by DSC. Their transition temperatures, and enthalpy and entro- 
py changes from one phase to another were measured or ~a~c~at~d. The 
effects of some factors, such as heating and cooling runs, scanning rates and 
tr~tment of samples on the explemental results were observed and briefly 
discussed. Some sig~fic~t conclusions were obt~ned. 

MATERIALS AND METHODS 

All the ~rn~on~ds used in our ~~e~~ts were newly s~~~s~s~ and 
kindly provided by the Department uf Chemistry, Suzhou University. The 

~_603~/91~$0?~~~ 0 19% - Elsetier Science Publishers B.V, 



purity, composition and molecular structure were checked by elementary 
analysis, thin layer chromatography and IR spe~tr~photometry. 

The instrument employed for this study was a Delta series Differential 
Scanning Calorimeter DSC-7, Perkin-Elmer Corp., with a 3700 data station 
121. The sample mass used ranged from 3 to 5 mg, and aluminium pans were 
used for samples and reference material. All runs were carried out in pure 
dry nitrogen atmosphere with a flow rate of 20 ml rnin-I. The scanning rate 
for both heating and cooling runs was 5” C rnin-‘, unless otherwise speci- 
fied. The calibration of both temperature and energy was performed before 
starting the measurements using high purity samples, such as In, Zn, Sn and 
Pb, provided by Perkin-Elmer Corp. as standards. 

The transition temperatures and enthalpy changes measured are listed in 
Table 1. The mesophase identification was based on the value of each 
transition enthalpy change, together with corresponding optical evidence 
f3,4]. For this purpose, an Orthopl~-Pol model polarizing microscope, Leitz 
Corp., was used for observing the structural features and the texture of the 
samples. As all the transition processes can be safely supposed to follow a 
path consisting of successive equilibrium states when the samples are heated 
at a constant, preferably linear rate, the transition entropy changes can be 
calculated by direct application of the relation AS = AH/T. The results are 
shown in Table 1. 

The results show quite clearly that the compounds studied mostly exhibit 
nematic mesophas~ f5]+ This may be atributed to the fact that the terminal 
groups in the molecule of the samples are all benzoate esters. On the other 
hand, with an increase in the length of the alkyl chains, which favours 
smectic properties, the compounds have a greater or lesser tendency to 
eXhibit smectic mesophases [B], e.g. samples 7 and 8. Although the reasoa for 
this phenomenon is not quite clear, the molecular geometry must be im- 
portant: when the total length of both alkyl chains at the ends is long 
enough, in other words, the length-to-breadth ratio of the molecules reaches 
a certain value, the molecule has a more linear rod shape with a more 
regular orientation and better order {7]_ The same argument may explain the 
fact that compound 1 only exhibits a monotropic nemastic mesophase. 
Compounds 9 and 10, with a substituting halogen atom, only exhibit a 
smectic mesophase. This result can probably be interpreted in terms of 
intermolecular forces: the substitut~g halogen atom makes the attractive 
forces between the molecules stronger. However, in contrast, the presence of 
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both F and Cl atoms in the ortho-position of the benzene ring may destroy 
the molecular s~etry by damaging the uniform cross-section of the 
molecule; compound 11, therefore, no longer has any mesogen property [7]. 

It can be seen that the transition temperatures from mesophase to liquid 
phase, 7;,t, decrease with an increase in the length of the terminal alkyl 
group, and in a series with both even and odd carbon chain members, the 
TN1 decrease ~te~ately with ZNieven > TN,,,. These observations are in 
good agreement with those reported in the literature (81. But the transition 
temperatures from the crystalline to the mesophase state do not appear to 
change in any regular way. 

From Table 1, one can see that the AH and AS values for tr~sitions 
from crystal to mesophase are without exception higher than from mesophase 
to liquid. The AS,, and A& of compound 7 are especially high, which 
indicates that the compound is stable in both crystalline and mesophase 
states. 

Supercooling is a common, if not universal, feature of rnesorno~~~ 
transitions, particularly in the case of the transition related to the crystal 
phase. This is usually atributed to the fact that the mesophase has the lowest 
transition temperature and so is easily frozen in a glassy state. In our 
experiment, the cooling runs were carried out for all the sampIes, see Table 
1. It is noticeable that, with a few exceptions, the supercooling decreases 
with increasing length of alkyl chains. In order to obtain more information 
on the effect of the cooling rate on supercooling, measurements at various 
scanning rates, 2.5-20 O C min-‘, were performed for some samples. Figure 
1 shows the results for one of the samples, which indicate that the above- 
mentioned effect exists but is not considerable: liquid crystal transitions are 
more easily nucleated in comparison with some other substances [9,10]. 

60 
0 5 10 15 20 

Scanning rote PC/ mini 

Fig. 1. The effect of scanning rate on the supercooling phenomenon. 
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Fig. 2. A comparison of the curves of compound 10: 1, direct measurement; 2, measurement 

after heating and cooling. 

It is interesting to note that, for the compounds in this study, the 
transition temperatures and enthalpy changes obtained by direct measure- 
ment of the samples are almost exactly the same as those obtained by 
measuring the sa- lples after heating and cooling; any slight differences are 
still within the normal instrumental error range. Measuring the samples the 
latter way is preferable because the base line of the curves is much smoother; 
the cycle of heating and cooling makes the size of the sample particles and 
the packing density of the samples more even which improves the transmis- 
sion of heat through the samples. Figure 2 clearly shows this phenomenon. 
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