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Abstract. We present results of carbon nanotubes electro-optical effect in nematic
liquid-crystal cells under an applied dc voltage. The doped cells were fabricated with
addition of single-wall nanotubes and multiwalled carbon nanotubes. We investigate
the optical transmittance switching behaviors and time evolutions. It is shown that
doping with nanotubes can effectively reduce the dc driving voltage and improve the
switching behavior.
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1. INTRODUCTION
The carbon nanotubes are fascinating new class of materials because of their
properties, such as high tensile modules, good heat, electrical conduction, unique
optical and electronic properties [1, 2].
Single walled carbon nanotubes (SWNTs) and multi walled carbon nanotubes
(MWNTs) are produced by several technique of whom the most used are electric
arc discharge, pyrolysis or spray pyrolysis of hydrocarbons over catalyst [3],
chemical vapor deposition, laser ablation [4], or hydrothermal methods [5].
Due to unique optical and electronic properties, research over the last years
has been focused on studying the effects induced by the carbon nanotubes in
nematic liquid crystals for applications in electro-optical technologies.
For this applications, is essential that single walled carbon nanotubes and
multi walled carbon nanotubes to have a uniform alignment and is important to
give nanotubes a designated direction.
Liquid crystals are anisotropic fluids, that represent an intermediate state
between crystalline solid and isotropic liquid. Liquid crystal molecules shows
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translational freedom, such as fluids, but tend to occupy positions and orientations
in certain preferred directions as solids.
Nematic liquid crystal phase is characterized by molecules that have no
positional orientation but tend to be oriented along the same direction, called the
director [6, 7].
In order to impose an alignment of dispersed carbon nanotubes are used the
liquid crystal self-organizing properties as well as Freedericks transition to a welldefined orientation of the molecular axis of the director [8].
This leads to the possibility of total change of orientation direction of carbon
nanotubes and also mechanical and electrical anisotropy, which is confirmed by
Monte Carlo simulation [9, 10].
In this paper we studied the changes induced by carbon nanotubes on electrooptical properties of liquid-crystal carbon nanotubes disperse systems and ON-OFF
and OFF-ON switching times.
2. EXPERIMENT
The single-wall nanotubes employed in this study are commercially available
materials. They were produced by the laser ablation technique and purchased as
purified material. They were produced by chemical vapor deposition, purified by
acid treatment and subsequently used as provided.
Liquid crystal-nanotube dispersions were prepared by adding small amounts
of either SWNTs or MWNTs to the respective liquid crystals and sonicating the
mixtures at 40 kHz for one hour to promote dispersion. It is presumed that this
procedure reduces the nanotubes bundling and thus enhances their solubility.
The liquid crystals used, E7, are commercialized by Merck with a nematic
phase at room temperature and positive dielectric anisotropy.
The measurements were made in standard cells, with ITO electrodes, having
the thickness of 8 µm.
Applied voltage is DC voltage.
3. EXPERIMENTAL RESULTS AND DISCUSSION
The E7 liquid crystal characteristics-mesophase between 20°C–61°C,
dielectric anisotropy 13.8 to 20°C, refractive index n = 1.6 recommend it as a good
host for nanotubes. Tube diameter was 20–30 nm, wall thickness 1–2 nm, and tube
length 0.5–2 µ m.
Particular problems arising in such systems are related to the nanotubes
clustering tendency:
– multi-wall nanotube (MWNT) form fibrils (Fig. 1).

3

Effects of carbon nanotubes on the electro-optical properties

1013

– single-wall nanotube (SWNT) form clusters (Fig. 2).

Fig. 1 – The view for the forming tendency of nanotubes MWNT fibrils dispersed
in liquid crystal E7, c = 0.01%.

This trend is accelerated by temperature and is independent of cell thickness.
We can observe the clear fibrils tendency to orient in the same direction. We observed
no dependence on the nanotubes concentration (under condition c < 0.05%.).

Fig. 2 – The view for the forming tendency of nanotubes SWNT clusters dispersed
in liquid crystal E7, c = 0.01%.
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The classical ultrasonic technique is used in order to obtain a homogeneously
dispersed system which will allow us to evaluate the electro-optical properties. For
this purpose the mixture is dispersed by ultrasoning 40–45KHz (30–50Watt) for
1–2 hours at a temperature nearest to the nematic isotropic transition.
3.1. ELECTRO OPTICAL RESPONSE
Experiments aimed at obtaining information on MWNT nanotube-induced
changes in electro optical response of liquid crystal E7 cells.
Concentration range investigated 0.001– 0.015% .
Experiments were conducted at a temperature of 250C (thermostatic
chamber), on a modified Toshiba optical microscope, the signal taken over being
monitored by a multichannel oscilloscope YBR 1000.

Fig. 3 – Electro-optical response of a liquid crystal E7 cell at applied voltage of 1.5V.

The initial oscillation is obtained due to the weak electric field reflected in
the liquid crystal molecules oscillation around the average equilibrium position.
The electric field increased intensity in the cell makes the electro optical response
to follow the electric field variation with higher fidelity.
Conducted experiments confirm that nanotubes insertion in the liquid crystal
significant changes the dielectric anisotropy and the system viscosity as well as the
threshold voltage and the electro-optical switching speed.
Those mentioned are confirmed by Fig. 4 where the electro optical response
of a cell with E7 doped with different MWNT concentrations is represented.
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Fig. 4 – The form of electro-optical response of cells with E7 having different MWNT
concentrations: A) c = 0.001%; B) c = 0.005%; C) c = 0.01%.
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Operating voltage 8V (DC). During the experiment the following parameters
were followed:
• Switching Time ON (Fig. 5). Is defined as the timeframe in which the
transmitted intensity changes in between 10%–90% of maximum intensity.
We observed a practically liniar rise of the “switching time on” according
with the nanotubes concentration.

Fig. 5 – ON switching time dependence on the NT concentration (U = 15V).

• Switching Time OFF (Fig. 6). Is defined as the timeframe in which the
transmitted intensity changes in between 90%–10% of maximum intensity.
In this case the nanotubes influence is also significant.

Fig. 6 – OFF switching time dependence on the NT concentration (U = 15V).
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• Delay time. In the case of liquid crystal NT doping a very interesting
phenomenon appears – the delay time.

Fig. 7 – NT-induced delay time for c = 0.015% (red E7 – black E7+NT)
and c = 0.005 (E7 green – blue E7+NT).

Note how the NT changes the cell transmission depending on the NT
concentration.
Delay Time dependence on concentration is shown in Fig. 8.
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Fig. 8 – Delay Time induced by NT concentration (U = 15V).
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4. CONCLUSIONS
We have demonstrated that liquid crystals self-organizing in the presence of
nanotubes of 0,001 – 0,015% concentration, leads to significant changes with
synergic influences on the system properties.
– The CL + NT system has significantly changed dielectric anisotropy,
viscosity, threshold voltage and electro optical switching speed;
– The ON and OFF response time is dependent on the NT concentration; in
both cases they increase with increasing concentration;
– Delay time is a new phenomenon observed during the electro-optical
response with possible future technology applications;
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