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An impedance spectroscopy experimental characterization of a new synthetized Palladium complex 
organo-metallicliquid crystal is reported. It has been found that although organo-metallic complexes modify 
some of the physical properties of the liquid crystals, namely transition temperatures, values of the relaxation 
times and conductivity, they still have, in the nematic phase, the general behaviour of the usual liquid crystals. 
In particular the low frequency conductivity is very small, so one can conclude that the considered 
organo-metallic liquid crystal behaves like a good insulator. The temperature dependence of the static 
parallel and perpendicular components of the dielectric tensor are reported. 

Keywords: Dielectric relaxation, organo-metallic liquid crystals. 

1 INTRODUCTION 

Usual nematic liquid crystals are formed by rod-like organic molecules. They behave, 
usually, as good insulators.' A few years ago, liquid crystals containing transition 
metals have been synthetized by different groups2g3 in order to improve the electro- 
optical performances of possible devices. 

The analysis of the linear and non-linear properties of a new Palladium complex4 
have been recently Their dielectric behaviour is reported here for the 
first time. 

In this paper we present the dielectric characterization of one of these organometallic 
liquid crystals, performed by means of the impedance spectroscopy technique.7-' The 
real and imaginary parts of the dielectric constant have been determined versus the 
frequency and the temperature for two director configurations, respectively parallel 
and perpendicular to the applied electric field. 

Our paper is organized as follows. In Sect.2 the used experimental set-up is 
described. The obtained results are reported and discussed in Sect. 3. The main 
conclusions of our investigations are stressed in Sect. 4. 
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92 T. BEICA et al. 

2 EXPERIMENTAL 

The liquid crystal organo-metallic complex, named AZPAC, was synthetized by 
M. Ghedini e t d 4  It is one of a series of new synthetized liquid crysta1s,l2 which 
structure is reported in Figure 1. 

The transition temperatures of the AZPAC are 

TKN = 82 "C TN, = 102 "C. 

It has been obtained by complexing the liquid crystal 4-4'-bis(hexyloxy)-azoxybenzene, 
having a nematic phase between 80" and 126". The used samples showed well defined 
transition-points when the temperature was increased, but a supercooled liquid crystal 
nematic phase13 was seen, even at 18 "C, with the polarizing microscope and confirmed 
by the dielectric measures (see Fig. 3). 

The dielectric measurements were made in the range of 1 kHz -+ 5 MHz using 
a commercial impedance spectrometer controlled by a PC. 

The cells are made with two parallel glass plates of 18 x 10mm2, with spacers of 
50pm, coated with either I T 0  (Indium-Tin Oxide) or gold. The time constants of the 
empty cell with I T 0  electrodes are in the range of + lO-'s, due to a relative high 
resistance of the electrodes ( -  SOOR). This time constants values are comparable with 
the expected relaxation times of the liquid crystal, so that the I T 0  covered cells were 
only used to control the liquid crystal changes versus the temperature, with a polarizing 
microscope. The golden electrodes cells (with electrode resistances - 2 R) have, instead, 
a RC time constant far beyond the instrument limits, so that the dielectric measures are 
performed with this type of evaporation. 

The values of the components of the complex dielectric permittivity E = E' - id' were 
calculated from the complex admittance divided by wC,, where C, is the capacitance of 
the empty cell. 

0 

Pd 
0' ' 0 

H 

FIGURE 1 Structural formula of AZPAC. 
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DIELECTRIC RELAXATION OF ORGANO-METALLIC L.C. 93 

Temperature 

Cont ml 

Unit 

The two useful orientations of the liquid crystal with respect to the electric field have 
been obtained by an orienting magnetic field of 0.9 T and rotating it with a step-motor 
control unit. The sample exhibits negative dielectric anisotropy and a strong tendency 
of a natural alignment with the long axis parallel to the walls of the cell. In order to 
avoid any voltage induced deformation of the director orientation, the amplitude of the 
electric field at  the cell has been set to a value not exceeding 0.1 Volt. 

In Figure 2 it is shown the block diagram ofthe experimental set up: the liquid crystal 
cell is held in a thermostat, which can be rotated, via a step motor, in a magnetic field. 

Step RIotnr 

Control 

Unit - 

3 RESULTS 

In Figure 3 the dependence of the quasi-static (1 kHz) dielectric permittivity for the 
parallel and perpendicular director orientations versus temperature is shown. Follow- 
ing the arrows it is possible to see the trend of the dielectric constant with increasing 
and decreasing temperature, and the large supercooled nematic phase. In this phase the 
dielectric anisotropy is not large ( E ;  - 4.5, E;, - 3.8), but marked. 

The behaviour of E' and E" versus frequency are given in Figure 4 and Figure 5, 
respectively. The labels / I  and I refer to the nematic director parallel and perpendicular 
to the radiofrequency applied electric field. It is clearly shown in these figures that only 
the high frequency part of both the real and the imaginary part of the dielectric constant 
is changing with temperature. The low frequency parts (,f < lo4 Hz) are practically 
unchanging. 
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94 T. BEICA et al. 

5.0 

2.5 I .  I ,  I 
20 50 80 110 140 

FIGURE 3 means isotropic phase. In the range 
55 - 82 "C there are points measured in the supercooled liquid crystal state (E;, and E ; )  and the crystalline 

Quasi-static E: and E;, versus temperature in "C. 

state E L .  

-w 

FIGURE 4 

I I 

4.5 

4.0 

3.5 

I 
1 o3 1 o4 1 o5 106 

f/HZ 

Real part E' of the complex dielectric permittivity E(o) .  Both 11 and I values are given for the 
same temperatures. 
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DIELECTRIC RELAXATION OF ORGANO-METALLIC L.C. 95 

t 

.45 

.30 

.15 

"1 03 1 o4 I o5 106 

f/HZ 

FIGURE 5 Imaginary part E" of the complex dielectric permittivity. Both ( 1  and I values are given for the 
same temperatures. I absorption peaks have the same amplitude. 

In Figure 5 it is noteworthy that the perpendicular loss versus temperature is higher 
than the parallel one, with a strong dependence on temperature. 

In Figure6 we show Cole-Cole plots for one temperature in both parallel and 
perpendicular alignment; a Cole-Cole plot with a zero magnetic field is also reported 
and it is very close to that done with magnetic field in the perpendicular orientation. 
This confirms that the natural orientation of the considered liquid crystal is parallel to 
the substrate. The values of the parallel component of the dielectric constant has been 
measured (for T = 60") varying the applied magnetic field. For H = 0.9 T, E , ,  differs of 
1% from the value at H = 0.7 T; this authorizes us to suppose that with H = 0.9 T the 
sample is well oriented along the magnetic field. 

The Cole-Cole plots were fitted by simulating the nematic csll with a suitable electric 
circuit. The best fits are given by the circuit of Figure 7, where CPE is a constant phase 
element.' This means that the complex dielectric permittivity is approximated by the 
expression. 

E, - Em 
E ( O )  = E ,  + 

1 + (iOZ0)@' 

which gives a better fit than the simple Debye's fit, where fi = 1. 
In this expression E,, E, stand for the dielectric constant at very high frequencies 

( N nZ) and the static dielectric constant, respectively; is an empirical parameter which 
is not very far from 1. 
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E' 

FIGURE 6 A Cole-Cole plot ofexperimental values of E' and E" in parallel-perpendicular orientations and 
without magnetic field, at T = 60°C. 

FIGURE 7 The equivalent circuit used to fit the data. 

The constant phase element usually employed is an impedance function of the type 
Z,,, = A(iw)'-B. The relaxation time is then 7g = (E, - E,)E,A.' /?is mainly connected 
to the deformation of the loss curve ~ " ( w )  from the ideal one given in Debye's formula 
~ " ( w )  = (E,  - ~ ~ ) w 7 ~ / ( 1  + 0'7;). A plot of log f c ( f c  = 1/2m0) vs. temperature (Fig. 8) 
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DIELECTRIC RELAXATION OF ORGANO-METALLIC L.C. 97 

7.0 

6 5  

6.0 

5.5 

5 0  
2.7 2.8 2.9 30 3.1 

IOOOT-~/K-~ 
FIGURE 8 logf, vs. 1000/T for both parallel and perpendicular orientation. In the nematic phase 
temperature domain the dependence is linear. 

does show a fairly straight line. This allows us to consider that the Arrhenius behavior 
is respected and the calculated values of the activation energy were 0.951eV for 
perpendicular and 0.961 eV for parallel orientation.I2 

A Cole-Cole plot and the fit are shown in Figure 9. The fit is greatly improved when 
a parasite inductance of about lOnH is taken into account. The values of the fit 
parameters, valid for two temperatures in the supercooled range are summarized in 
Table 1. 

R, is the resistance of conduction, i.e. that conduction which is only present at very 
low frequencies or d.c., and has mainly an ionic character. From the values of R, it is 
possible to compute the conductivities (Fig. lo), which show a dependence on the 
temperature and also a positive anisotropy. The measured values are quite low, so that 
the material, even in the isotropic phase, is a real insulator, and there is no overlapping 
of electronic orbits due to the Palladium atoms. Usually’ the conductivity is computed 
with the values of another resistance which in our circuit is replaced by A. Actually A is 
responsible for the relaxation, not for the d.c. conductivity. 

C ,  is related to the admittance at high frequencies, and the ratio C , / C ,  gives the 
dielectric constant at very high frequencies, 6,. 

The ratio (C, + C,) /C,  gives therefore E, which is the static dielectric constant, i.e. 
the d.c. or very low frequency one. C ,  is quite unaffected by temperature, in the nematic 
phase. 
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6 6 

0' 
3.50 3.75 4.00 4.25 4.50 4.75 

I 

E' I 

FIGURE 9 
and the fit curve. 

A Cole-Cole plot of experimental values of E' and 6'' in perpendicular orientations at 79.5 "C 

L 

15 - 
7 

IE 

c 1 0 -  
% s 
- 

5 -  

0' I 

50 70 90 110 

T/OC 
FIGURE 10 Parallel and perpendicular values of conductivity versus temperature. The overlapping of 
points at 72°C is due to the expenmentals errors. 
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DIELECTRIC RELAXATION OF ORGANO-METALLIC L.C. 99 

TABLE 1 

Parameters of the equivalent electric circuit for E,, at TI = 74.5 "C and T2 = 79.5 "C 

PF 30.1 f 0.2 
PF 30.3 + 0.2 

lo3 S.1. units 11.67 f 0.05 
0.953 

MR 55k 1 
PF 106.3 + 0.2 
R 11.2 f 0.2 

nH 45 & 10 

30.1 f 0.2 
28.9 k 0.3 
7.13 f 0.03 

0.962 
5 1 + 1  

106.7 & 0.3 
10.3 0.2 

67& 11  

Re is the series resistance and is mainly due to the resistance of the electrodes, but 
presumably it takes into account some effects of the electrodes polarization, as the 
small dependence on the temperature seems to indicate. 

4 CONCLUSION 

It has been shown that the dielectric characteristics of the organo-metallic complex 
AZPAC are definitely those of a normal nematic liquid crystal although the values of 
the physical properties as transition temperatures, relaxation times and conductivity 
are different from the values of the ligands.14 

It is important to stress that the equivalent circuit fits very well the experimental data 
and allows an accurate and trustful interpretation of the results. It is important to 
notice that AZPAC is an insulator at all temperatures (when not highly decomposed) 
so that the overlapping of electron orbitals is not likely. The organo-metallic liquid 
crystal presents a supercooled state, presumably with a high viscosity. 

Further studies on dielectric properties of AZPAC and its ligand are under way. 
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