
SOME PHYSICAL STUDIES ON LIQUID 

CRYSTALS AND THEIR MIXTURES 

A thesis submitted to the 
Bangalore University 

for the degree of 
Doctor of Philosophy 

in the Faculty of Science 

by 

H. P. PADMINI 

Liquid Crystal Laboratory 
Raman Research Institute 
Bangalore 560080, India 

September 1993 



DECLARATION 

I hereby declare that tlle en tire worli embodied in this thesis is t l ~ e  

result of t l ~ e  investigations carried out by rne independei~ tly in tlle 

Liquid Crystal Laboratory, Raman Research Ins tit u te, Bangalore, 

aid tllat no part of it has been submitted for t l ~ e  award of any 

Degree, Diploma, Associateship or any other similar title. 

J ' p c . 2 ~ -  . 
H. P. PADMINI 

" C E R T I F I E D "  

Professor N.V.MADHUSUDANA 

Head, Liquid Crystal Laboratory 

Raman Research Institute 

BANGALORE 560080 



CERTIFICATE 

I certify that this thesis has been composed by Ms. H. P. Pacllniui 

based on the investigations carried out by her a t  the Liquid 

Crystal Laboratory, Raman Research Ins tit u te, Bangalore, under 

IIIY supervision. The subject matter of this thesis has not pre- 

viously foriized the basis of the award of any Degree, Diploma, 

Associa t cship, Fellowship or o theis similar ti tlc. 

( , , : ..{J I 
Professor N.V.MADHUSUDANA 

Head, Liquid Crystal Laboratory 

Raman Research Institute 

BANG ALOItE 560080 



ACKNOWLEDGEMENTS 

I express m y  deep sense ofgratitude to  Prof. N. V.Madhusudana for his invaluable 

guidance and encouragement in m y  research work. 1 am highly indebted t o  h im for 

all the bencfit,s I derived. 

I thank all the members o f  administrative s taf f  o f  Raman Research Institute for 

their munificient help in carrying out research work in this esteemed Institute. I am 

grateful to  Prof. S. Cl~andrasekhar for his help and encouragement . 

I a.m highly grateful to  m y  tea.cher colleagues Mr. P. R .  Maheswara Murthy and 

Mr. Sl~a.ranabasava M. Ir'hened for all their friendly cooperation in m y  work. 

I profusely thank Dr.R.Pratibha, Ms.S.SaraJa, Ms. Geetha Basappa, Mr.S.Sesl~il- 

chala, Dr. J.ll.Fernandes, Mr. D.S.Shankar Rao, for all the help I received fro1~1 

 then^. I thank Messrs. K.Su bralnanya, S.  ltaghavachar, V .  Nagaraj, I1.Su bralr~o~tya~rl, 

M.Mani, Ishaq, Majeed, Dhasan, all from LC Lab, Dr. A.Ratnakar and the  otllcl. 

st,afl 111c~r111)c~r.s of t l ~ c  Lihrary, A4r. C'.llarrl;icl~a~~c~ra Ilao ; i t ~ t l  Mr.  Ilajr~ Varfil~c~sc of 

the Photography Lab and h4r. Ir'. T .  Gangadharan and his team for their cooperation 

in vario~ls rvays. 

I express m y  deep sense o f  gratitude to the National Education Society, Ban- 

galore, for recommending m y  name for the teacher fellorvsl~ip and Providing I I J ~  a l ~  

opportunity to  work for 111~y Ph.1). I do not find crloi~gh rvortls to  cxprcss rrly irldchl- 

edness to  Dr. 11. Narasimhaiah, our esteemed Preside11 t ,  NES, ibr his generous llclp 

and encouragemen t . 1 thank m y  colleagues o f  Tile Nalional Colleges, Bar~gizlo~.c, 

wllo have helped rnc irl varions ways. 

I thank the University Grants Commission for awarding m e  the teacher fellorv- 

s11 ip. 

I ofler reverential pranams to  m y  Guru Srimat S~vami  Adidevanandaji o f  Sri 

Rarnakrishna Math. IVords fall sl~ort to  acknowle(fgc t l ~ e  loving care, c.oopc~.i~l,ioll 

a l ~ d  support extended to rile by m y  ~ n o t l ~ e r  Ilatnarr~lrla and father Yarthas;tr.;lllly 

in all m y  endeavours. I express m y  sincere gratitude to m y  brothers Dr. Shan~su11- 

dar, Srirangarajan, nephew Pradeep and m y  sister Srilatlla for their spontarlco~rs 

coopera tion and encourageme11 t .  

Finally, 1 thank all m y  friends arid well wishers wllo llave helped n ~ e  clirc?ct,ly or 

ill dil'cctly. 



C O N T E N T S  

Preface 

Chapter- I Introduction 

Chapter I1 Electromechanical effect in 
cholesteric liquid crystals &it11 
free bouridary corldi tiorls 

Chapter 111 Electromecha.nica1 effect in 
cllolesteric sa~riples with fixed 
boundary conditions: 
Tlicorc t,ic:~l analysis 

i-xiv 

1 

Chapter IV Experimelltal study of elec tro- 
rneclianical effect in st~z~iples with 
fixed boundary conditions 62 

Cllapter V Electroclinic response of some 
ferroelectric liquid crystals: Part I 78 

Chapter VI Electroclillic measure~nents - 
Part 11: Determination of the 
coefficients of the Landau theory 



Preface 

'I'liis tliesis describes some experimental studies on liquid crystals and  their mix- 

tures. I t  is concerned mainly with the effect of electric fields on liquid crystalline 

materials consisting of chiral niolecules. 

In Chapter I ,  we give a general introduction to the subject with particular refer- 

ence to  tlie phenomena reported in tlie rest of the tliesis. 111 particular some relevant 

propertics of nematic, cholesteric, smectic C, and srncct,ic C* phases arc  or~tlirlctl. 

The  hydrodynamics of cholesterics, defects in cliolesterics and some properties of 

ferroelectric liquid crystals are the topics reviewed i11 this chapter. 

In Chapter 11, we give the results of our measurements of the electromeclianical 

corll)lir~g cocllicicnt usirig drops wit11 zero aricl~orir~g crlergy. 111 11articr11ar LVC 

present the variation of v~ with the pitch of the cholesteric material. 

Due to  the macroscopic chiral arrangcrnent in a cholesteric, it sustains novel 

cross couplings between hydrodynamic fluxes and forces. An excellerit example of 

such an effect is the Leittnann rotation phenomenon. Leh~nann observed ill 1900 

that a vertical thermal gradient, which is a force with the cliaractcrist,ic of a po- 

lar vector, sets cholesteric drops into a rotational motion (see also Cliandrasekhar, 

1977). Leslie (1968) and others have worked out detailed liydrodynamic theories of 



cholesterics and obtained solutions corresponding to the Lehmann effect. According 

to these models, the coupling constants depend on the macroscopic chirality asso- 

ciated with the helical arrangement of the director (de Gennes, 1975; Pleiner and 

Brand, 1987). In such a case in the si~ilplest approximation, the thermomechanical 

coupling coefficients would be oc q(= 27r/P), the wavevector of the helix. For the 

compensated cholesteric with q=O, the coefficients should vanish. 

de Gennes has pointed out that any transport current should give rise to  a 

similar effect. Recently Madhusudana and Pratibha (1987, 1989) demonstrated the 

electromechanical coupling which arises due to the transport of ions in a cholesteric 

sample. They found an electromecha~iical rotation in cholesteric drops with free 

boundary conditions. 

If an electric field acts along the helical axis of a sample contained between two 

conducting glass plates, the torque balance equation takes a very simple form: 

where yl = a3 - a2 is the difference between two Leslie viscosity coefficients, 4 the 

azimuthal angle, IG2 is the twist elastic constant, v~ an electromechanical coupling 

coeficient. The above equation can be integrated to obtain a solution for 4 by 

using appropriate boundary conditions. An interesting solution is obtained if the 

anchoring energy for azimuthal orientation is zero on both the surfaces. The solutioli 

is then of the form (Leslie, 1968; de Gennes, 1975) 

where c is a constant of integration. It corresponds to a continuous rotation of the 

structure with time, i.e., the Lehmann Rotation. The angular velocity is given by 



( v ~ E ) / Y ~ .  The cholesteric drops which are found to follow this dynamical behaviour 

in our experiment contain a X-line defect and the above equation has to  be modified 

to take into 'account the entropy production due to the motion of this defect. ddld t  

is equal to (vEE)/3yl in the presence of a line defect rotating with the structure. 

Tlie material chosen for our experiment consisted of a binary mixture of alkoxy 

phenyl trans-alliyl cyclohexyl carboxylates to get a room temperature nematic with 

Ac x -1. The dielectric anisotropy is chosen to be negative to avoid a change 

in the orientation of the director due to the dielectric coupling with the field. 

Cholesteryl chloride and methyl butyl benzoyloxy heptyloxy cinnamate were added 

to  get cholesteric materials with left arid right handed helical arrangements respec- 

tively. The pitch was measured using the Cano wedge technique. By dissolvirig 

a small percenhage of an epoxy compound, viz., Lixon, flat cholesteric drops were 

obtained. These drops were surrounded by the isotropic phase on all sides as Lixon 

has a strong affinity for glass. Thus the azimuthal anchoring energy a t  the surface 

of the drops was zero so that the structure of the drops could rotate freely. 011 ap- 

plication of a DC electric field to  the electrodes, the structure was found to  rotate. 

v,q was calculated using the slopes of d4ldt vs. E curves for samples with different 

values of the pitch which were got by varying the concentration of the cholesteric 

material. Indeed, v~ was found to be proportional to q, as expected on the basis 

of the phenomenological models. We found that a compensated cholesteric mixture 

which contains both cholesteryl chloride and methyl butyl benzoyloxy heptyloxy 

cinnamate does not show the rotation phenomenon, clearly demonstrating that the 

electromechanical effect is essentially of structural origin (Fig. 1). 

While tho T,cli~nann rotation plicnomcnon rc~iiairis tllc ~iiost corivi~~cing c:vitl(:~~(:c 

for the cross coupling term in the cholesteric phase, experimentally it requires a very 



Figure 1. Variation of the electromecharlical coupling coefficient v~ 

as a function of q ( = 2 ~ / p ) .  



special combination of chemicals to get the required type of drops. It  is compara- 

tively easier to prepare samples with fixed boundary conditions by having a strong 

anclioring of the director at the glass plates. In chapter 111, a theoretical arialysis of 

the electromechanical effect in cholesteric samples with rigid boundary conditions 

and subjected to both DC and AC electric fields is given. 

When the director is fixed a t  both the boundaries z=0 and d,  under the action 

of an applied DC field the medium has a static deformation. For a material with 

negative dielectric anisotropy the solution to equation (1) becomes 

where the azi~nuthal angle of the director Q = 0 and dd at z = 0 and d respectively. 

In the absence of the applied field, the director has a uniform twist in the sample. 

When tlie field is applied, the variation of Q across the sample thickness becomes 

non-uniform such that the thickness averaged value 4 will be greater than or lower 

than that in tlie field free case depending on the sign E (and that  of vE) .  It is 

usually preferable to  apply AC rather than DC electric fields to  liquid crystals to 

avoid clcctrolytic processes. Tliis rcsults in 4 oscillatiolis. Witli tlie usual ~riatcrials 

and typical sample thicknesses, the phase difference of the sample is much larger 

than the electromechanical contribution to the angle of twist. In such a case, the 

polarisation of the light beam incident along the z-axis follows the director (Mauguin 

criterion) and the deformation in +profile cannot be detected by such a bearn. 

This optical problem can be overcome by using a material which has a positive 

dielectric anisotropy. When an AC field is applied to the sample so that the applied 

voltage is above the threshold for the Freedericksz transition, a tilt-deformation is 

iv 



produced in the director field thus reducing the effective birefringence of the sa~nplc.  

This reduces the total phase difference introduced by the cell. Then the Mauguiri 

criterion does not apply and we can detect the changes in the d(z) profile. 

A detailed theoretical analysis of this problem is also given in chapter 111. Under 

an AC electric field, the torque balance equation can be written as 

re' is the elastic torque, 

rdie' is the dielectric torque, 

rEM is the torque due to electromechanical coupling, and 

r h y d r O  is the hydrodynamic torque. 

It leads to two coupled non-linear partial differential equations in 0 and 4. We 

have tricd to  solve these equations using a standard programnie. The calculated 

0 profile which is symmetric about the midpoint of the cell (Fig.2) is found to 

be practically independent of the sign and magnitutle of (I. Tile profile docs 11ot 

change sign with time as 0 oscillations arise due to the dielectric anisotropy of the 

sample and hence the relevant torque is quadratic in E. On the other hand, the 

4 profile is asymmetric about the centre of the cell (Fig.3). This is because the 

(34 80 torques r2 and r3 depend linearly on q- and q- respectively. The asylri~nctry az ( 3 ~  
changes sign during one period. This is because 4-oscillations are caused by the 

clectro1iicclia1iica1 coupling which is linear in l3, which charigcs sign with t i~nc .  As 

the sign of q is changed, the sign of 4 profile also changes. 

We have also calculated the transmitted intensity as a function of time when tlie 

sample is kept between crossed poiarisers (Fig. 4). We rnay note that there are two 



POSITION , 

Figure 2. 0 plotted as a function of position across the cell thickness a t  three 

different times. (a) t=0.225 T, (b) 0.5 T and (c) 0.775 T for q = 3 x 1 0 5 m - l .  Cell 

thickness = 3 pm; applied voltage = 4.93 3,  frequency = 18 Hz. 



Figure 3. 4 plotted as a function of position across the cell thickness a t  tliree 

diflererit tirrics. (a)  t=0.225 T, (b) 0.5 T and (c) 0.775 T for q = +3x105m-'. Ccll 

thickness = 3 pm; applied voltage = 4.93 V, frequency = 18 112. 



TIME 

Figure 4. Intensity of transmitted light plotted as a f~inction of time 

for q = +3x 105m-'. 



peaks within one period, but tlie second peak is slightly higher than tlie first for 

q > 0 showing that there is an f component which arises from the electromechanical 

coupling. When q <0, the first peak is higher than the second one and the phase 

angle of the corresponding f component is opposite to that in the q > O  case. 

We describe in chapter IV our experimental studies on electromechanical effect 

in cholesteric samples taken in cells made of appropriately treated glass plates which 

provide fixed boundary conditions to the director. 

In the case of materials with negative dielectric anisotropy, the average azimut ha1 

angle of the distorted director field was sensed by a conoscopic technique using 

thick samples (d = 50 pm) and voltages above the restabilisation threshold of EIiD 

instability. The conoscopic pattern consists of two hyperbolic dark bands which 

rotate back and fort11 showing that tlie average value of 4 oscillatcs a t  tlic frcquclicy 

of the applied field (Fig. 5). The value of the electromechanical coupling coefficient 

cstilriated by the conoscopic method is consistent with our earlier measurer~ic~it of 

v~ using cholesteric drops with free boundary conditions. 

We have also conducted electrooptic experiments on samples with a weak positive 

dielectric anisotropy. In this case at voltages above the Freedericksz threshold, a tilt- 

deformation is produced in the director field thus reducing the effective birefririgerice 

of the sample. It then becomes possible to detect optically the changes in t l ~ e  $ ( z )  

profile. For this purpose, we used mixtures of 82% of 2-cyano-4-heptyl phenyl-4'- 

pentyl-4-biplienyl carboxylate [7P(2CN)5BCIj 18% of 4'-n-lieptyl-4-cyanobiphcnyl 

(7CB) and a cholesteric material. 

At low cliougll frcqucricics of about a few IIz,  tlic ~~ietliulii had a, very clcar Ii~icar 

electrooptic effect when kept between a pair of crossed polarisers and oriented such 



Figure 5. I'rint fro111 ;I vi(l(.o i ( \co~(l i~lg sl~o\r ir~g t l ~ r  tot.ntio11 of tlic conoscopic 

figures of a 50 t l ~ i ( I i  I I ( \ ~ ; I ~ ~ V ( ~  A( I I I ~ I ~ ( ' I ~ ~ I I  I ~ ~ ~ I C I ~  the voltage 

oscillates bet\vcc~l t-210 V (left) and -210 li (right) a t  6 Hz. 



that the surface alignment made an angle + of n/8 radians with the polariser. The  4 

oscillations due to the electromechanical coupling 11, give rise to  a maximum optical 

signal at the frequency of the applied AC signal wlien 11, =: n/8 radians. 

The electrooptic signal oscillates at twice the frequency of the applied field wlien 

II, is changed to  w/4 radians. This signal arises from the 0 oscillations which occur 

due to the dielectric anisotropy of the sample which couples quadratically with E. 

The corresponding optical signal at twice the frequency of the applied AC voltage 

has its maximum value for 1C, = n/4 radians. 

We also found that a nematic sample without any chiral molecules but with some 

twist angle shows the II, angle dependence of tlie f a ~ i d  2f signals wliicli is similar 

to the one described above. When we twist a nematic we produce a macroscopic 

cliirality in tlie sarnple and our observations again conlir~rl that the electro~~ieclianical 

coupling has a.contribution from the macroscopic helical arrangement of the director 

(Fig.G). 

Our results on untwisted chiralised, twisted chiralised and twisted nematic sam- 

ples indicate that the electromechanical couplirig has a contribution whicli depellds 

on q tlie natural wavevector, and a contribution which depends on the macroscopic 

twist. 

We also present our rrieasurements of the electromeclianical coupling coefIicierit 

in systems whose pitch changes handedness as the temperature is varied across a 

coir~pcitsalion tc111l)crature. For this purpose a suital)le cliolestbric tnixture was clio- 

sen consisting of 7P(2CN)5BC, 7CB and cholesteric chloride. The pitch and the 

handedness of tlie lielix were determined from the Cario-Crandjean disclinatio~ls ill 

wedge shaped cells. As the temperature increases, the electromechanical signal de- 

vii 



Figure 6. The ~b angle dependence of the f and 2 f signals frorn a twist,etl 

nematic sample without any chiral component and with weak positive dielectric 

anisotropy. Twist angle = 20°, f = 18 Hz. The signals were amplified through the 

transformer input of the lock-in-amplifier. 



creases and changes sign at  the compensation temperature (Fig.7). The signal again 

increases as the temperature is further increased. It is seen that as the frequency in- 

creases, the electromechanical signal decreases. We niay note that the co~npeiisated 

mixture used in the experiment on cholesteric drops in chapter I1 has only about 

10% of the chiral additives. But the compensated mixture used for the experinlent 

in the present experiment contains N 56% of cholesteric material. This again shows 

that tlie EM coupling constant predominantly depends on the macroscopic chirality 

associated with the helical arrangement of the director and not that of the molecule. 

In Chapter V we give our results on measurements of the electroclinic coeficicllt 

in snlectic A liquid crystals made of chiral molecules. 

'l'lie clcctroclinic cfrect in the smectic A phase of a cliiral liquid crystal was dis- 

covered by Garoff and Meyer (1977, 1979). A remarkable property of this effect is 

the associated fast elect rooptic response. Wlien an electric field is applied parallel 

to the smectic layers, a molecular tilt angle 8 relative to the smectic layer rior~rial 

is iliduced. Ulilikc tlie elcctro~~icclia~iical eITect wliicli dopc~ids or1 rliacroscopic chi- 

rality, electroclinic effect (ECE) is essentially molecular in origin. The electrocliriic 

coefficient strongly depends on the smectic C* like short range order. 

Wlien an electric field is applied to the sample in tlio smectic A phase 1)arallcl 

to the smectic layers, it produces a non-zero average of the transverse component 

of the molecular polarization (P). This produces a 2-fold axis which, bccausc of t11c 

lack of mirror symmetry produces a tilt in a plane perpendicular to P. In an aligned 

srricctic A sarriple, tlie tilt of tlie director is directly related to tlie tilt of tlic optic 

axis. Therefore the ECE results in a linear electrooptic response. 



Temperat ure/K 

Figure 7. l 'e~nperature variatioris of tllc f signal at 7 IIz (O), 

17 Hz (a), 27 Hz (@), 37 Hz (A) and 57 Hz (O) .  



Following the Landau theory of Garoff and Meyer, the IrleaIl field expression for 

the free energy density of a s~nectic A liquid crystal 11lade up of chiral molecules is 

given by 

Here Fo is the ground state free energy of the smectic A phase, A(T)  is the ternper- 

ature dependent Landau coefficient given by a(T - T,), 0 is the induced tilt angle, 

x is the generalized susceptibility, P is the induced polarization, E is the external P 
field, c is the electroclinic coupling constant between P and 0 and em is the high 

frequency dielectric constant. 

Minimising the free energy with respect to 0 and P 

and 

wllere 

and ii=aT,'. 

Due to  the linear coupling cPO, the transition temperature is displaced i r l  a 

chjral compound compared to its non-chiral analogue. When a sinusoidal field EetWt 

is applied to the cell, A(T*) is to be replaced by [A(T8)] + iwq, where q is the soft 

mode viscosity. 



I t  can be shown that the amplitude of the 0 oscillations a t  the frequency w is 

The phase angle of the 0  oscillations with respect to  the applied field is given by 

It is clear from equation (8) that as T approaches TCm, the viscous term restricts 

the divergence of 0 ,  and thereby the amplitude tends to  a saturation value. The 

relaxation time of the fluctuations of the order parameter 8, viz., 

also diverges as Y',' is approached. 

The experimental set-up used in this experiment is the same as that used to  Iriea- 

sure the electromechanical coupling coefficient. We use a PIN photodiode which has 

very fast response to monitor the optical signals. We have made the measureme~lts 

on a homologous series, viz., [2S,3S]-4'-(2-chloro-3-met hyl pent anoyloxy ) phenyl- 

trans-4"-n-alkoxy cinnamates (D series) synthesized in our laboratory and also on 

two commerical samples, viz., SCE-5, SCE-6. 

We measured the electroclinic coefficient e = wliere E is the amplitude of 

the applied electric field as a function of temperature. The electroclinic coefficient 

rapidly increases as tlie A-C* phase tra~isitiori tcrnperaliire is al)proaclicd. S o ~ r ~ c  

typical results are shown in figure 8 for SCE-5. 

We have plotted the inverse electroclinic coeflicient as a function of temperature 

for all the systems studied and a typical variation is shown in figure 9. As expcctcd 



339.5 340 340.5 341 341.5 342 
Temperature / K 

Figure 8. Variation of electrooptical signal as a function 

of temperature for SCE-5. 



Figure 9. Temperature dependence of the inverse electroclinic coefficient, 

e-' of Ilir 9111 hornologl~e at, 1960 Ilz .  



from the Landau theory, the variation of e-' is quite linear a t  temperatures a little 

above Tc*. As we approach Tc*, however, the relaxation time increases, the dissipative 

contributio~l becomes prolninent and the electrocliriic coeficient saturates. 

We have fitted our data of both the amplitude and phase of tlie electrocliliic 

signal using equations (8) and (9) on the 8th homologue (Figures 10 and 11) and 

found the critical index 7 = 1.0 which agrees with the niean field value. 

Chapter VI is an extension of the Vth chapter. Here we describe experiments to 

estimate several of tlie coeficients of the Landau expansion, using the procedure 

of Dupont et  al. (1991). The main feature of this technique is to make botli 

optical and current measurements in the A* phase of the ferroelectric samples. Tlie 

experiment was computer controlled and using appropriate softwares the signals 

were riicasurcd as fulictiolis of voltage, freyue~icy and tcrlil~craturc. We llicasrirctl 

tlie frequency dependence of the optical signal in the temperature range of a few 

degrecs above tlie A-C* tra~isitio~l te~nperaturc to tlic: transitio~i te111l)eraturc: for 

the compounds D7, D8, D9 and D10. A typical frequency variation is show11 in 

figure 12, for the compound D9; which clearly shows the increase in T as TA-c* is 

approached. The data was fitted to a Lorentzian using a non-linear least square 

lit t i~ig progralliIric to calculate tlie relaxation frccluclicy T- ' ,  wliicli is plotted as a 

function of temperature in figure 13. The relaxation frequency increases linearly 

with temperature in accordance with the prediction of the Landau theory. 

Tlie current through the sample is also plotted as a function of freque~icy i l l  figure 

14. The electroclinic contribution to the dielectric const ant relaxes beyond T-' . It 

call l ~ r  sliown that by plottilig €1 vs. e, thc Y-intercrpt yialds (c, + c , ~ ,  - xp) wit1 

the slope gives cx (figure 15). We can estimate all the Landau coefficients from 
P 



Figure 10.. Divergence of e in the 8th ho~nologue as T,' is approaclicd. 

The continuous line is the theoretical variation given by equation (5.10). 



Figure 11. Te1n1)crature variation i ~ i  the pllasc ariglc of tlie elec1.l-orli~lic 
r 1 

sig~ial i l l  tlre St11 Iiomologue. 1 he co~iti~iuorls l i~ i r  is tlie t.llcoretici~l 

variation given by equatio~i (5.11). 



Solid linc givcs the fittcd I,ornnt,zia~l.  
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Temperat ure/K 

Figure 13. Variation of 117 as a functioli of ternperaturc for I)!). 



Figure 14. Variation of current as a ft~lictioli of f r eque~~cy  

for the compound D9 a t  342 Ir'. 





these measurements. The values of these coefficients which we have calculated for 

two compounds D9 and Dl0  are shown in the table. 

These numbers are quite reasonable and are similar in order of magnitude when 

cornpared with the data on other compounds (Dupont et al., 1991). 
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Table 

Coefficients of the Landau theory 

Coefficients 

x P I ' o  

x c ( C I ~ - ~  ran-') P 

c(NC-' rad-') 

~ ( N r n - ~  x I<-') 

AT,(Ii') 

7 ( N ~ r n - ~ )  

Compound 
D9 

11.6 

3 . 7 3 ~  10-" 

0.36 x107 

0.78x104 

1.7 

0.01 

Dl0 

8.5 

.87 x lo-" 

0.65 x lo7 

0.78x104 

0.4 

0.01 
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