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A discussion is given of the dielectric properties of some nematic phenyl benzoates with 
the structure 

0 

For n = 2 the dielectric anisotropy A c = e l l -  €1 is found to be positive. For n = 1. however. 
the sign depends on the puru substituents In particular, replacement of an alkyl group by an 
alkoxy group shifts AE towards negative values. The frequency dependence of E shows a 

tion energy for this relaxation is 0.4 till 0.5 eV for all the compounds studied. In 
case of a positive static A€ the relaxation leads to a change of sign of A€ which is of interest 
for the study of electrohydrodynamic instabilities. 

relaxation at relatively low frequencies (kliz range), while e l  remains constant. k e activa- 

INTRODUCTION 

Since the pioneering work by Meier and Maier' it is well known that the dielec- 
tric permittivities and €1, respectively parallel and perpendicular to the pre- 
ferred axis of a nematic liquid crystal, can have a different frequency depen- 
dence. e l  exhibits the normal Debije dipole relaxation of a fluid which usually 

t Presented at the Fourth International Liquid Crystal Conference, Kent, Ohio, USA, Au- 
gust 21-25, 1972. 
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226 W. H. DE JEU AND TH. W. LATHOUWERS 

occurs in the GHz region. €11 may show an additional dispersion in the MHz 
region' 9' or even in the kHz r e g i ~ n . ~  -' In one of these cases this relaxation lead 
to a change of sign of the dielectric anisotropy Ae = €11 - 

A change of sign of & as a function of the frequency is interesting because it 
gives the opportunity to study the behaviour of a nematic under the influence of 
electric fields for Ae > 0 and Ae <O in the same sample. For practical reasons the 
frequency fo where e//=El must not be too high. Consequently, the relaxation 
of €11 should take place at frequencies as low as possible, while €1 should be 
somewhat smaller than €11. This favourable combination has been found4 in WI, 
a mixture of four nematic phenyl benzoates6 ( B I ,  B2, A with n-butyl and 
methoxy as p-substituents, and the Same with the end groups interchanged; see 
Table 1). At room temperature Ae was found to be positive for frequencies 
below 10 kHz and negative above this frequency. However, as this is a non- 
eutectic mixture of rather different compounds it is not very suitable for more 
detailed investigations. 

In this paper we shall first give the static dielectric pennittivities of five 
nematic phenyl benzoates (Table 1). Then the frequency dependence will be 
considered at  a reduced temperature of 0.93Tc. Finally the relaxation of €11 will 
be discussed as a function of temperature. The different types of electrohydro- 
dynamic instabilities above and below fo will be discussed in detail in Part 11. 

TABLE 1 
The Compounds Investigated 

No. compound Formula 
~ ~~ 

Nematic mnge ("C) 

A 

B 

0 0 

9 -  15 

3 1  - 4 9  

58 - 84 
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NEMATIC PHENYL BENZOATES I 22 7 

EXPERIMENTAL 

Compounds Al, A2, B1 and B2 were synthetized by R. SteisstrWr 
(E. Mer~k)~ . '  and used without further purification. Compound A3 was obtain- 
ed commercially (Eastman Kodak) and recrystallized several times from metha- 
nol. 

The dielectric permittivities were measured using cells consisting of two glass 
plates with evaporated copper electrodes. The distance was futed using 80pm 
mylar spacers and epoxy resin. Each cell was used only once, and its cell con- 
stant was determined at room temperature with chlorobenzene. The calibrated 
cell with the liquid crystal was placed in a heating stage (similar to the Mettler 
FP 52) built in this laboratory. Alignment was assured by a magnetic field of 
about 13 kOe. The temperature was stabilized within 05°C by a Eurotherm 
type 017 temperature controller. The set-up was checked by measuring the tem- 
perature dependence of the dielectric constant of n-decane. Over the range 
20- 100°C de/dt could be reproduced within 1%.  The overall error is estimated 
to  be about 3%. and somewhat larger at the highest temperatures. 

The static values of the dielectric permittivity were measured at  a frequency 
of 1592 Hz using a Wayne-Kerr B642 bridge. For other frequencies in the audio 
region the same bridge was used with an external source and detector. In the rf 
region a Wayne Ken B201 bridge was used in combination with an S R 2 6 8  
source and detector of the same make. In the higher frequency range errors can 
arise due to  the small resistance and inductance in series with the dielectric cell. 
In our experiments with copper electrodes the series resistance R, was < 0.5 S2 
so that for typical C-values of 100 pF (R,C')-' >> 5 MHz, the highest frequency 
used. The series inductance L ,  however, tends to  a small increase in the measured 
capacitance above 2 MHz. This could not be circumvented because of the relati- 
vely long leads between the sample in the magnet and the bridge. The measured 
capacitance is given by 

where C is the capacitance of the cell, x = w / o o  with oo = l/m, and 
Q = R G C .  As x << 1 and Q >> 1 this leads in a first approximation to 

Cp = C ( 1  +x' - l/Qz). (2) 

Using this formula a correction was applied to assuming that €1 still remains 
constant between 1 and 5 MHz. The dielectric losses above 2 MHz were also 
corrected for the series inductance by subtracting the apparent conductance of 
an air-spaced capacitance of the same value using the same leads. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

7:
39

 2
3 

Fe
br

ua
ry

 2
01

3 



228 W. H. DE JEU AND TH. W. LATHOUWERS 

THE STATIC DIELECTRIC PERMlTTlVlTlES 

The results for the dielectric permittivities as a function of the temperature at  
1592 Hz are given in Figures 1 and 2. Compound B2 was found to  decompose 
slightly at about 200°C. Therefore no  reliable dielectric measurements could be 
carried out in th is  region. 

In A1 the dipole moment is almost completely due to  the linkage group. As 
the dielectric anisotropy is about equal to  that of the dipole-less di-alkyl-azo- 
benzenes,' the angle of the bridge dipole with the preferred axis must be close 
t o  55". At t h i s  angle the dipole moment would contribute equally to € 1 1  and 

Replacing an alkyl group by an alkoxy group (compound A2) leads to a 
change of sign of &. The Same effect is found in some azoxybenzenes'O and 
can be understood from the fact that the'alkoxy dipole moment makes an angle 
of 72' with the p.p'-axis of the adjacent ring." The angle between this axis and 
the long molecular axis will be small, and therefore the alkoxy dipole moment 
contributes more to €1 than to  €11. 

In compound A3 the dipole moment of the carbonate group clearly con- 
tributes mainly to  €11. leading again to a positive A€. A peculiar phenomenon 
here is that Z =+(€/I + 2 ~ i )  changes discontinuously at T,. At present we 
cannot offer an adequate explanation, but similar effects have been found in 
p-alkoxy benzoic acids." This suggests that the effect could be related to 

55 ' 

50. 

2 

- t ( O C J  

0 20 LO 60 80 100 120 
FIGURE 1 
rings (see also Table 1 ). 

Static dielectric permittivities of the phenyl bcnzoates with two aromatic 
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NEMATIC PHENYL BENZOATES I 229 

9.0 
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7.0 

6.0 

50 

L.0 

L I 

. 

I -- t 1°C) 

50 100 150 200 

FIGURE2 
rings 

Static dielectric permittivities of the phenyl benzoates with three aromatic 

changes in intermolecular association at T,. Going from A 1 via A2 to A3 each ad- 
ditional dipole moment leads to an increase in7, as expected. 

The compounds with three rings show higher values for bothE and A€. This is 
mainly due to the increase in the absolute value as well as in the anisotropy of 
the electronic polarizability (as is also reflected in the higher clearing points). 
Replacing an alkyl group by an alkoxy group again increases E, but now AE is 
not much affected. This means that in th ls  case the angle between the p.p’-axis 
of an outer benzene ring and the long molecular axis is much larger. 

THE RELAXATION OF E// 

The dielectric permittivities of compounds A2, A3 and B1 were measured as a 
function of the frequency at the same reduced temperature of 0.93 T,. This 
corresponds theoretically to a value of the order parameters = 0.65.13 Taking 
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230 W. H. DE JEU AND TH. W. LATHOUWERS 

€11 = eil  - i ~ j j  the results for eil are given in Figure 3. In Figure 4 the values for 
ei, and eTl are combined to Cole-Cole p10ts.l~ A s  the data can be fitted by a semi- 
circle we can describe the relaxation with a single relaxation time TR , determined 
by the maximum of eyl. 

Theoretically the relaxation time TR is given by” *16 

TR = g T D .  t 3) 

The effect of the nematic order is described by a retardation factorg related to  
the height of a potential barrier W by 

g = (kT/Wi exp (W/kz)  - 1 3 .  (4) 

The ordinary Debeije-relaxation is defined by 

TD = 41  q a31kT 

where q is the viscosity and a a molecular dimension. 
In order to  determine g it would be necessary to  measure TD too. A rough 

impression of the variation of TD can be obtained from the change in viscosity. 
The  viscosities were determined by measuring the flow through a capillary tube 
that was calibrated with glycerol-water mixtures of known viscosities. In the 
nematic phase the viscosity is, of course, anisotropic and the measured value is 
approximately q, because of the alignment of the molecules parallel to the flow. 
Nevertheless these values can sewe as an indication of the relative difference 
between the compounds. The results are summarized in Table 2. From the fact 
that f R I )  varies appreciably less than either fR or q we conclude that the differ- 
ences in the relaxation of A2,  A 3  and B1 are mainly due to differences in TD 
because of  variations in q. Comparison with MBBA and hexyloxy-azoxybenzene 

FlCURE 3 Relaxation of €11 at O.93Te The horizontal bars indicate the value of €1. 
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NEMATIC PHENYL BENZOATES I 23 1 

I .  r . .  I ,  r 

* L.0 4.5 5.0 5.5 6.0 

FIGURE 4 Cole-Cole plot of c// at 0.93 Tc. 

shows that the same is approximately true for the latter compound, but MBBA 
seems to be an exception. 

More information about the relaxation of €11 can be obtained by varying the 
temperature. The temperature dependence of the viscosity could be fitted by 

17 - exp (Wvisc/kT). (6) 
In the nematic and in the isotropic phase the same value was found for Wvisc. 
Now the temperature dependence of the relaxation frequency f~ = 1 / ( 2 n ~ ~ )  is 
approximately given by 

f ~ - l  expz - (W+Wvisc)/kT3. (7) 

Consequently low relaxation frequencies can be expected when using low tem- 
peratures and cooling down far below T,. This requires nematics with a low 

TABLE 2 
Relaxation Frequency f~ of c/ /  and Viscosity of some Nematic Compounds at T =  0.93Tc 

Compound fR (MHz) r) ( C P )  fR r) 

A2 

A3 

0.2 40  8 

0.4 24 10 
B1 3.3 4 13 

MBBA 1 . 2 4  32') 38 

hex ylox y-azoxybenzene I.2b) a 9 

a) Calculated from data of Ref. 2 
b, Ref. 1 
c, Calculated from data of Ref. 17. 
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232 W. H. DE JEU AND TH. W. LATHOUWERS 

- f IHzI 
20 

10) loL 10’ 1 o6 1 o7 
FIGURE 5 
horizontal bus indicate the value of €1. 

Relaxation of e l /  of the eutectic BI /B2  mixture at various temperatures. The 

melting point. In Figure 5 we give the dielectric constants as a function of 
frequency for various temperatures using the eutectic mixture of B1 and B2 
(nematic range 68-191°C). In this way relaxation frequencies of the order of 
1OkHzcan easily be obtained. In Figure 6 fR and the frequency of dielectric 
isotropy fo are displayed logarithmically against 1/T. Within the experimental 
accuracy we find a straight h e ,  the slope of which gives -(W + Wvisc). As the 
h e s  for fo and fR are approximately pardel we can also determine the activa- 
tion energy from fo instead of fR. 

The frequency fo can easily be determined from the type of instability above 
the threshold in an electric field4 (reorientation for A E X ,  turbulence and dy- 

lob 

lo5 

1 oL 
2 L O  260 280 3.00 320 

FIGURE 6 
and .. f~ and fo of  the BVB2 mixture as a function of 1/T, respectively plotted as x 
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NEMATIC PHENYL BENZOATES I 233 

namic scattering for A K O ) ,  as wdl be discussed in some more detail in Part 11. 
The variation o f .  fo with temperature for all the above-mentioned nematic com- 
pounds and mixtures with AeX is shown in Figure 7. From the slopes of the 
lines we obtain activation energies for the various phenyl benzoates that are 
rather similar (see Table 3). The same is true for hexyloxy-azoxybenzene 
and MBBA. On the other hand somewhat lower values for W have been reported 
for p-azoxyanisole (g = 135 at 125"C, l8 leading to  W = 0.27 ev) and for a 
mixture of Schiff bases (W = 0.21 eV.)3 Hexyloxy-azoxybenzene, however, is 
more typical for the series of di-alkoxy-azoxybenzenes than p-azoxyanisole.'* 

The physical interpretation of the energy barrier W leading to  the retardation 
factor g is not very clear. Usually it is thought to  describe an individual mole- 
cule that is hindered in its rotation around a transverse axis because of the 
nematic order. However, then W would be expected to have a similar temperature 
dependence as the order parameter,'while experimentally W is found to be 
rather independent of temperature. Therefore, it seems plausible that a rotation 
around a transverse axis is more determined by the short range order than by 
the nematic (long range) order.'' Moreover, such a rotation will always be 
associated with local disorder, which in turn could lead to  rotation of other 
molecules. Therefore it seems more correct to  assume groups of molecules 
rotating together.Thiscou1d also lead to a low frequency dispersion for e l l ,  while 
the relaxation of €1 is still determined by the easy rotation of  individual 
molecules around the long axis. 

lo6 

105 

loL 

2.40 2.60 2.80 3.00 320 3.40 360 

FIGURE 7 fo as a function of 1/T for various phenyl bcnzoatts. 
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234 W. H. DE JEU AND TH. W. LATHOUWERS 

TABLE 3 
Activation Energies for some Nematic Compounds (set text) 

Al 
A3 

0.90 - - 
0.8 1 0.38(2) 0.43 

B1 0.75 0.22 0.53 

B2 

MBBA 

0.79 - - 

0.65(a) 0.30@) 0.35(') 

hexyloxy-azoxybenzene 0.8 1 0.30 0.5 

(a) Calculated from data of Ref. 2. 
(b) Calculated from data of Ref. 17. 

For further improvement in this field not only TR but also TD should be measured 
in order to  obtain values o f g  for various compounds. In fact Eq. (5) for TD gives 
rather poor agreement with experimental results in the isotropic phase, the 
theoretical values for T being much hlgher than the experimental ones. 
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