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The electrohydrodynamic mobility of ions in the nematic mixtures Merck 5 and 7a
was found to be about 10-5cm?V-1s-! with the activation energies 0.3 eV and 0.4 eV
respectively. It is proposed that the conductivity in the investigated substances is controlled
by ion transport, and not by the generation process.

Ion mobility measurements in liquid crystals have been carried out over the last ten
years. Results published during that time differ not only quantitatively, but also quali-
tatively [1-11]. This may be due to the different experimental methods and conditions
used by different authors. It seems necessary to carry out a systematic investigation and
the analysis of applied methods.

One of the methods used for mobility measurements is the time-of-flight method
described by Helfrich and Mark [12]. In that method the voltage step applied to the layer
of the substance causes the injection of the carriers into the layer. The value of mobility
can be obtained from the position of the cusp of the transient injection current: it appears

after the time
2

d
t =079 —, O

uv
where d, p and V are the thickness of the specimen, mobility and voltage respectively [13].
The above formula is valid for the unipolar injection of carriers. The presence of this kind
of injection was shown by additional microscopic investigations of the electrohydro-
dynamic instabilities. On the basis of those observations one may determine the negative
sign of the carriers.
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The time-of-flight method was applied to liquid crystals already in 1967 by Heil-
meier and Heyman [1]. Later it was employed by other investigators (Refs. [2, 5, 9, 11]),
but not always with the original Helfrich and Mark’s bridge.

In our experimental set-up, a voltage step pulse was applied to two circuits simul-
taneously: one containing the specimen having capacitance C, and resistance R,, and an
other containing a resistance R, = R, and capacitance C, = C, (Fig. 1). Voltage drops
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Fig. 1. Block scheme of the experimental arrangement for drift mobility measurements. G — step voltage
generator, S -— liquid crystal sample (capacitance C), C, — comparative capacitor, Ry, R, — identical
resistors, Osc — oscyloscope with differential input

arising across the resistance were substracted by the use of a differential amplifier in the
oscilloscope, which showed only the conduction current. An example of the transient
current is shown in Fig. 2.

-

Fig. 2. Typical transient current in the mixture Merck 7a at room temperature. Thickness of sample 50 um,
‘ vertical scale 5x10-7 A/div, horizontal scale 20 ms/div, applied voltage 54 V

We investigated two mixtures Merck 5 and Merck 7a, nematic in temperature ranges
—5°+75°C and —10--80°C respectively. Chemical structure of Merck 5 is presented in
Fig. 3. Merck 7a has the same composition but it contains 109 of some nematic ester.
The results obtained for both substances are similar. We found that the presence of SCLC
is what makes the use of Eq. (1) valid. The existence of intrinsic carriers in the substance:
caused deviations from the square-of-the-voltage-current dependence. The intrinsic current
dominated over the injected one, therefore the slope of the current-voltage characteristic
on the logarithmic scale were 1.4+2. This current descreased with time and caused the
differences between the shape of experimental and theoretical transient current curves.

The values of the mobility measured at room temperature are 1.2x 105 cm?V-1g-1t
for Merck 5 and 1.3x10-° cm?V-1s-! for Merck 7a. They are independent of electric
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field strength, contrary to Lacroix and Tobazeon’s result [9]. The exponential temperature
dependence of mobility was found, with an activation energy in nematic phase of 0.3eV
for Merck 5 and 0.4 eV for Merck 7a. These values are within the limits of error for the
conductivity and viscosity activation energies [14].

Merck 5.
mixture of
CH3O-C>—T=NOC2H5
0
and

CH3OO-T= N~ C,Hg
0

Fig. 3. Chemical structure of Merck 5

The mobility was measured in the region of electrohydrodynamic instabilities. The
hydrodynamical properties of a substance ion transport. The approximate equality of all
three activation energies suggests that the temperature dependence of conductivity is con-
trolled by the transport mechanism, and not by the carrier generation process. The
mentioned values are therefore the effective ion mobility in the presence of EHD flows. The
effect of these flows on ion motion will be the subject of our subsequent investigation,
carried out in order to obtain the value of ion mobility due to their motion in a quiet liquid.
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