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SOME TRM.l9ODYNAMIC IRDICl!Z5 DETERHIRATION IN INDLJC~ 

~HO~~~E~IC LIQUID CRYSTALS 

N.S.Topuridze, L.D.Kldiashvili, L.I.Nadareishvili, 

T.S.Piliashvili, Z.I.Elashvili, K.G,Dzhaparidzt, 

Institute of Cybernetics, Tbilisi, USSR 

Some thermodynamic parameters (phase transition temperatu- 
res,entropy and enthalpy chimps) of liquid crystal systems 
(nematic liquid crystal-440 and optically active substances 
mixture) were studied. Two types of optically active additives 
were established: I type additives concentration increase 
results in monotonous decrease of d H and aS,while the maximum 
was observed with II type additives. 

As for influence on temperature of transition to isotropic 
phase,here also two types of active additives were observed: 
meaogenous actfve additives have no effect on this temperature, 
whilanonmeaogenons ones contribute to fts decrease. 

Optically active substances are known to induce cholesteric 

structures in nematic liquid crystals (LCf,these structures re- 

sulting from optically active substances (OAS> and LC molecul.ar 

interaction [tJ . It is the possibility to use them in informa- 
tion displaying devices that arouses interest in these systems. 

Phase transition thermodynamics study in such systems can provide 

a valuable information on liquid phase (mesophase) energetics, 

molecular degree of order and thermostability. 

The present paper determines some the~od~~ic indices 

(phase transitions temperature,entropy,and enthalpy changes) for 

nematic liquid crystals (alkoxyazoxy compounds/LC-440 mixture) - 

optically active substances (cholesterol ester of_pelargonic acid, 

cholesterol chloride,tigogenincaprinate, L-menthyl-p-nitrobenzo- 

ate, di-L-menthyloxalate, L-menthyl-p-chlorobenzoate, p-nonyl- 

oxybenzylidene-p-amino-L-menthol benzoate) syatem.These compounds 

were smthesized by us. 

Phase transitions thermodynamic indices both for basic sub- 

stances and for LC-440 mixtures with the aforeaaid OAS additives 

were studied using P.Paulic,I.Paulic,L.l?rdei derivatograph,the 
device for the~~rav~metric analysis. The studies were conducted 

under heating and cooling conditions at 0,5'C/min temperature 
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increment and decrement respectively. 

Two of OAS studied,cholesterol ester of pelargonic acid and 

cholesterol chloride,are mesogenous,i.e.,capable to provide 

liquid crystal phase.Thermogravimetric analysis of cholesterol 

ester of pelargonic acid within 2O-150°C temperature range indi- 

cated that (see ?ig. la) two minima (RO'and 90°C) and three 

maxima (85',7C',and 46'C) are formed at heating and cooling res- 

pectively,thus testifying to the various degrees of order in the 

structure of the given ester.It is in good correlation with li- 

terature data [2] . The first minimum on a heating thermogram 

corresponds to solid crystal dliquid crystal fusion (SC4l.C) 

and the second one - to passing to isotropic liquid state (clea- 

ring point). In the case of cooling,however,the first,second and 

third maxima correspond to the appearance of specimensmectic4uid 

crystal phase,cholesteric and crystallization phases respective- 

ly. Fusion and clearing points are known to determine the tempe- 

rature interval within which the mesophase is stable. For the 

given substapce the mesophase existence at heating is determined 

by 10°C (SO'-RO'C) interval,while at cooling temperature range 

for mesophase existence is considerably wider -3g'C (85'-46'C). 

The attempt to find the characteristic clearing point within 

the same temperature range at cholesterol chloride heating proved 

to be unsuccessful (see Fig.lb),while at cooling mesophase onset 

is observed at 65'C,its range being determined by temperature in- 

terval of 5'C (65'-60'~). Basic Lc-440 mixture is fusing at the 

temperature lower than ambient. Therefore,phase transition from 

SC to LC state was not recorded by our device. !leating therao- 

gram for this substance (see Pig. lb) has one mini-lum (71'C) 

within the temperature range of 20-120°C which corresponds to LC 

transition to isotropic liquid state (IL) while at cooling neso- 

phase onset is observed at temperature 60'~. 

LC-440 mixtures with abovementioned OAS 1.5-12:; additives 

were studied.These mixtures proved to be resistant to repeated 

thermal effects within 20-120°C temperature interval. This con- 

clusion follows from gravimetric analysis (no sample weight vari- 

ations and phase transition temperatures and heat reproducibi- 

lity). Since fusing temperatures Por the mixtures under study is 

l_ower than ambient,liquid crystal to isotropic liquid state 

transition was studied at heating,while qesophase onset - at 

cooling. 
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At heating and cooling all mixtures investigated have one 

minimum and one maximum onaT-T curves respectively. 

In these mixtures (and similarly in basic mesogenous OAS) 

phase change temperaturesat heating and cooling are not repro- 

duced due to system metastability. 

Two cases (see the table) were observed depending on the 

type of OAS concentration effect on clearing temperature (Tc): 

concentration increase in mesophase having OAS mixture almost 

doesn't influence initial M-440 clearing temperatnre,whereas all 

OAS studied lackingthemesophase,decrease temperature of clea- 

ring;e.g. 3% L-menthyl-p-chlorobenzoate addition lowers clearing 

temperature on 70°C. 

Two types of admixtures concentration effects on Tc in bina- 

ry mixtures wsre previously reported in llterature[J] . 

It should be noted,that the temperature interval of transi- 

tion to isotropic state for pure LC440 is less than l'C,some- 

what increasing in mixtures (Z-J'C). 

Enthalpy and entropy difference changes (4 If and dS respec- 

tlvely) under the effect of added OAS concentration were studled. 

Big.2 shows &Ff-:oOAS curves at heating.Obviously one can 

differentiate between two types of active components: I type 

components concentration increase leads to monotonic decrease of 

enthafpy difference (curves 1,2,3,4).They differ considerably 

from each other in effect intensity.Thus,addition of 1.572 L-men- 

thyl-p-nitrobenzoate decreases AH more than two times,while 

that of p-nonyloxybenzylidene -p-amino-L-nentholbenzoate leads to 

similar AH dsCr8ase at 65. 

Curves 5,6,7 are zndicative of the II type CAS. They are 

characterized by a certain initial maximum,whereas even further 

significant @AS concentration increase (curves 6 and 7) has a 

little If any effect on&H. 

Entropy changes data are lzsted in the table. At OAS concen- 

tration increase S tends to change in the way typical for a H 

change. 

The existence of tW0 types Of OAS effects on 0 H and aS 

seems to be related to these substances structures and chemical 

nature. 
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