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INTRODUCTION 

In science and technology the us.8 of crystalline liquid substances 
has undergone an interesting developement during the last years. 
This is especially the case in the field of electro-optics (liquid- 
crystal-displays). 

The present paper gives come examples of the use of the Mettlrr 
Thermosystem FP800/84 for the determination of thermal chrracte- 
ristics of liquid-crystals. These are correlated with the optical 
behaviour, which is determined by means of microscopy or micropho- 
tography. 

Crystallized substances generally become liquid at a temperature, 
the melting point (Tm), that is specific for the substance. here- 
by an isotropic phase is formed. Liquid crystals, however, do not 
go during melting from the anisotropic solid state into the iso- 
tropic liquid state but first from an anisotropic liquid phase. At 
a higher, well defined temperature, called the clearing point (Tel, 
(Tel, the turbid liquid-crystalline phase becomes isotropic-liquid. 

THEORETICAL ASPECTS 

In crystallography the term anisotropy is applied to crystals, 

which show a different growth and structure in the different cry- 

stallographic axis, which leads to differences in the physical 

properties. With liquid crystals it is similar; they behave like 

optically anisotropic, double refracting liquids. This anisotropy 

comes from a long-range order of e.g. rod like molecules in the li- 

quid phase. which at the same time they show a mechanical mobility. 

CI structure generally consists of isotropic or anisotropic building 

blocks. These can possess translational (Tl or rotational (Rl de- 

grees of freedom of motion. Rotational degrees of freedom make only 

sense with anisotropic building blocks. Solid crystals which consist 

of isotropic building blocks (abbrevation: To x R21 have no degree 

of freedom. Liquid crystals, on the other hand, consist of aniso- 
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tropic building blocks. The smecti c si-tructure iT2 x RZ! ther.efore 

has two translational and rotational degrees of freedom. 'The cho- 

lesteric structure corresponds to T3 :: Hl, the nematic to .T3 x R2 

and the isott-epic structure corresponds to TX x 133. In principle 

there 1s a deficiency of a translational order. Here, however, 

exists an orientational order, this means a rotational order re- 

lated to the elongated axis of the molecule (fig. 1). 

About (3.5X of the or-ganic compounds form liquid crystals. These 

are compounds with elongated molecules ot 20-X fi in length and 

an axial ratio of 1:4 to 1:8, with fixed axis b,y double bonds, 

with strong dipoles in the elongation axis and with easily pular- 

izable groups. &s intermolec:ular forces then act the dipole-di- 

pole attraction, between the permanent dipoles, the induced dipo- 

les and the dispersion forces. 

About the thermodynamics of liquid crystals, it can be said that 

the main portion of the transition enthalpy lies in the first 

order phase transition between crystal and liquid crystal. For the 

transition enthalpy from liquid crystal to isotropic liquid only 

about 2% of the total amount of heat is required. Due to the weak 

maintain the liquid crystalline order. 

Fig. 1 Arrangement of molecules 
in liquid crystals, a) nematic 
structure, b) smectic structures. 

Fig. 2 Helical orientation 
of the molecular layers of 
the cholester-ic structure. 



155 

it is easy to change it by means of external forces like: elec- 

tric- and magnetic fields and effects on the boundary layers. 

This causes different electro-optical effects: 

-In nematic phases a dynamic scattering effect occurs. This effect 

is used for electronic displays. 

-In cholesteric phases (fig. 2) a selective reflection of light 

with a strong color chanqe appears if the helix pitch of the 

molecular layers changes by thermal- or other influences. This 

effect is mainly used for temperature indicators in thermography. 

A characteristic cholesteric phase appears only with substances 

that are optically active. The name was chosen, because many de- 

rivatives of cholesterin show properties that are characteristic 

for this phase. As mentioned before, the mobility of the molecu- 

les of the cholesteric structure is similar to the nematic struc- 

ture. In comparison to the nematic structure, however. also a 

three dimensional structure is formed. This structure has a heli- 

cal character. The pitch of such a helix is about 0.1 - 10 F_!rn and 

is substance- and temperature-dependent. Moreover the helix pitch 

is changed easily by electromagnetic fields, foreign molecules 

and other influences. The helix can have a right-hand as well as 

a left-hand screw axis. 

The close relationship with the nematic phase becomes evident 

from the fact, that when mixing right-hand helixes with left- 

hand helixes, nematic phases are formed depending on concentra- 

tion and temperature. Besides it is found, that electromagnetic 

fields interfere with the helix pitch and can even eliminate the 

helix structure. Hereby nematic phases are formed. Investiga- 

tions have shown that already a small amount of an optically- 

active non-nematic substance added to a nematic phase can induce 

cholesteric properties. 

finother structure of liquid crystals that has not been discussed 

so far is the smectic structure (greek: cjmectic = like soap- 

greasy). Here the molecules are arranged in parallel layers; 

these molecular layers may be shifted perpendicular to the elon- 

gated axis of the molecule. Until now no practical applications 

for the smectic liquid crystals have been found. 
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Experimental part 

'The experimental set-up for the investigation of liquid crystals 

is shown in fig. 3. The upper part of the figure shows the micro- 

scope with the FP84 TA Microscopy Cell and the FPl30 control unit 

with central processor. Fur the simultaneous recording of DSC- 

curves a recorder is used. It is also pas5ible to measure or to 

record the transmittance of a samp1.e during the thermal treatment 

(Fig. 5). 

'The FtWO control unit has a RS 232 output and is connected by 

means of an appropriate interface to a personal computer. The re- 

sults presented hereafter were recorded and evaluated with a 

HP 86R. Depending on the computer configuration, the curves can 

be plotted or stored in the memory. Listings of the programs can 

be obtained from the authors. 

The sapphire crucible with sapphire lid for holding the sample is 

shown in fig. 4. Between the bottom and the lid, sapphire balls are 

used as spacers in order to avoid that liquid crystals are pressed 

ant of the crucible when they reach the isotropic (liquid) state. 

tFig. 4 Crucible arrangement for 
the investigation of liquid cry- 
stals in the liquid state 

-Fig. 3 Experimental set-up for 
DSC and thermoaptical analysis 
of liquid crystals 

The image recording of the structural or morphological changes of 

the sample by means of a video system can be of great value for 

the evaluation of the results and for the correlation with the 

recorded curves. Hy means of a second camera the corresponding 

temperatures can be recorded on the same video tape. (Most mic- 

roscopes are nowadays compatible with video systems.) 
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Results and Discussions 

N,N'- his (4-octyloxybenzylidenej-p-phenylendiamine (OOBF’D) 

Three DSC-curves of N,N'- his (4-octyloxybenzylidene-p-phenylene- 

diamine (OOBPD) are shown in fig. 6. The first curve was obtained 

with crystals from the solution, the second curve with a premel- 

ted sample. Ecoth curves show significant di+ferences especially in 

the shape of the peak and in the tout-se of the baseline. The dif- 

ferences are likely to have been caused by different packing den- 

sities of the sample in the crucible, which resulted in a diffe- 

rent heat flow in the samples. An earlier publication Cl1 assumed 

the following phase transitions: 

X 160 S 209 N 238 I 

hereby denotes X the crystalline, S the smectic, N the nematic and 

I the isotropic phase. The indicated values correspond to the tem- 

peratures of the phase transitions. In a later publication CZJ it 

is shown, that besides several crystalline phases also different 

smectic phases occur: 

X 115 S5142 S,149 S,155 5,164 S,203 N 231 I 

For comparison purposes the different mesophases are indicated in 

the second DSC-curve (fig. 6). The corresponding temperatures of 

the phase transitions and the thermodynamic values are presented 

in the table below: 

Transitions: T(C) Delta Ii (KJ/Mole) Delta S (J/K Mole) 

X - s5 115 17.6 45.6 
s5 - 54 142 6.7 16.3 
s4 - 53 149 2.1 5.0 
53 - s2 155 0.4 1.0 
52 - Sl 164 3.2 7.1 
Sl - N 203 3.6 7.5 
N -1 231 2.3 4.6 

Figure 5 shows the changes in light transmittance during the hea- 

ting and cooling periods. A series of characteristic microphoto- 

graphs of OOBPD is presented in figure 7. The numbers of the pho- 

tographs correspond to the numbers in the figure 5. Comparison of 

microphotographs l-4 shows, that the original crystal boundaries 

at-e maintained almost until the melting starts. The course of the 

cooling curve (fig. 5) shows, that the phase transitions I to N 

and N to Sl are principally reversible C31. 
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The solidificatiun of S5 to X ( !I) 1s In accordance with a rear-ran- 

qement of the crystal tlahlt. followed hy d solid-rol id trarlsition 

Hereby also cracks are formed. ll~e separation betweet %ol .idi-fxc:a- 

tion S5 to X!II) and the recrr-vstalll-atiori %(I; to X(II) appears at 

cool i nq. Th L :i i!; ach L eved by cluenchinq (see f1q.h the two I)SL:-peai.~ 

at--ound 1nn Y; 1 . 

Another-- thermal analy!sis method which may be appl:~ed tot- 1 iquld 
crrystal char-acIter-i;ati.on is the dl 1 atompt.r-1 c expansi on measurement 
wi t.h the Mettler- .Tn ZCKKl/ VIA 4C) tar C!OPPD ret orded dckrinq cool :,I’,(!. 
For this purpose the sample was me1 ted in a cylindrical. cont.ciiner 
which was cc~verecl with a piston-.lrI-:‘e lid. This ccl I was mo!.rrtte~d 
bet.ween the platfi~rm and ttle measuri!nq Eer\sor of the TMA far the 
di latometric n)eas1.It-.emE?nt!i in f I.inc:-tinn of temper-aturc?. The cur+es 

in fig.8 correspond to the c:oolin(~ CIUPV~ and the fir-st. deriv&.ire 
of tt)e cool i,nq cc~rve for OOEGD. T’he 1 at.t er shows a strong si mi 1 a- 
ri.ty with the KC-curve of OOW’D (f1q.h). .TIhe I-M/S curves al readv 
~ihc)w qua1 :t%at ive1.v that the dlmens:~onG~l cilalnqes at. t.he transl - 
t].ons l.iqc.rld crystal1 ine-liq!.rid cr-vstal lint? and solid-r,ol id dif- 

f er for- several order-~ of mdqr)1 ttude. 

\ TMA CURVES 1-i I 

Fig. 8 .TMA curves of OOHF’D 

5-n-Heptyl-2- !4-cyanophenyl )-pyrimidine 

This compound is a commercially available liquid crystal C41 with 

one nematic phase. The transition from the crystalline phase X to 

the nematic phase N lies at 45.5’!2, the clearing point at 51°C. 

This means that at this temperature the compound has become iso- 

tropic. According to the temperature range, this would be a typical 

liquid crystal for the use in displays of calculaters etc. The li- 
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Summary 

For temperature indicators and for the use in displays of electro- 
instruments liquid crystals have become extremly important. The 
growing number of applications requires an accurate knowledge of the 
phase transitions,. These transitions can be examined easily by means 
of the combined DSC thermnoptical analysits method. This simultaneous 
method is not only an ideal Imeans for- the determination of thermal 
character:i!stics of liquid crvstals but can also be used for the in- 
vestigations of their mixtures. Since liquid crystals at-e mainly ap- 
plied in .form of mixtures, this DSC-method is useful also fi:,r the de- 
termination of the corresponding phase diagrams. The quantitative 
composi.tion of these mixtures can thus be determined. fk typical re- 
presentatives for liquid crystals the following substances have been 
studied by siimultaneous DSC-thermomicroscopy: UOHPD and 5-Heptyl-2- 
(4-cyanophenyl) pyr imidine. 
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