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Abstract 
We investigated the electrooptical properties of a 

carbon nanotube (CNT)-doped nematic liquid crystal 
(LC) cell. Experimental results reveal that the doped 
CNTs influence the elastic constant of LC-CNT 
dispersion. Using a small amount of CNT dopant, the 
rise time of the LC cell is nearly invariant; the 
threshold voltage of the cell increases due to the 
increase in the elastic constant of LC-CNT dispersion. 
At a higher CNT concentration, the marked increase 
in the dielectric anisotropy of LC-CNT dispersion 
markedly decreases the rise time and threshold 
voltage of the LC cell. The fall time of this cell 
decreases with increasing CNT concentration due to 
the increase in elastic constant and the slight increase 
in viscosity of LC-CNT dispersion. The rise time and 
the fall time of the LC cell are decreased 
simultaneously when the LC host is doped with a 
moderate amount of CNT dopant. 

1. Introduction 
Liquid crystal (LC) devices are widely used as 
indispensable components in display devices because 
of their attractive features such as flatness, low power 
consumption and full color capability.[1] The 
electrooptical performance of an LC device is 
markedly affected by the material used. Recently, the 
effects of carbon nanotubes (CNTs) on LC devices 
have been studied. Lynch and Patrick reported that 
they organized CNTs with liquid crystals.[2] Well-
established methods of LC alignment, including 
grooved surfaces, magnetic fields, and patterned 
electrodes, were employed to align CNTs. Dierking et 
al. electrically investigated the reorientation behavior 
of LC-CNT dispersions for two complementary 
geometries.[3] Lee and coworkers investigated the 
electrooptical properties of CNT-doped twisted 

nematic (TN) LC cell.[4-6] Before their dispersion in 
LCs, CNTs were pretreated with a grinding mill. The 
grinding helped in preventing aggregation or physical 
entanglement and shortened the CNTs. They reported 
that the decreases in the threshold voltage, hysteresis 
and rise time of an LC device are attributed primarily 
to the suppression of the field screening effect and the 
increase in the LC dielectric anisotropy induced by 
the addition of CNTs. Additionally, the well-known 
backflow effect occurs in a TN cell after switching off 
the applied voltage; this effect is suppressed by doped 
CNTs; therefore, the fall time decreases. However, 
they did not explain it. Lee and coworkers reported 
that the decreases in the residual DC and hysteresis of 
an LC cell are due to ion trapping by CNTs that have 
a permanent dipole moment. They also explained the 
obtained results using density functional calculations 
by local density approximation.[7] In a previous study, 
we investigated the CNT-doped LC devices under two 
complementary structures.[8] The measured results 
revealed that doping a small amount of CNTs into the 
LC mixture is effective in improving the 
electrooptical characteristics of an LC device when 
the employed LC mixture is viscous, and that the 
suppression of the backflow in an LC cell is due to the 
increase in the viscosity of the LC-CNT mixture, 
which slows down the flow velocity of the LCs inside 
the cell. In this study, we improved the solubility of 
LC-CNT dispersion and investigated the 
electrooptical properties of the CNT-doped TN LC 
cell using very tiny amount of CNT dopant. Under 
this condition, the dielectric anisotropy and viscosity 
of LC-CNT dispersion are nearly the same as those of 
pure LCs; therefore, the contribution of effective 
elastic constant in the electrooptical property of an LC 
cell is revealed. 
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2. Experimental 
A cleaned indium tin oxide (ITO) glass substrate was 
coated with polyvinyl alcohol (PVA), and then rubbed 
with a cloth to induce homogeneous alignment. A TN 
cell was constructed using two identical homogeneous 
alignment substrates, and the angle between the 
rubbing directions of the top and bottom substrates 
was 90°. The LC-CNT dispersion used was a mixture 
of nematic E7 (from E. Merck) and the multiwall 
CNT CN3017 (from Seedchem, Australia). CN3017 
has tube widths of ~20-30 nm, wall thicknesses of ~1-
2 nm, and tube lengths of 0.5-2 m. The CNTs 
dispersed in alcohol solvent were doped to the LCs. 
After evaporating the solvent, the LC-CNT dispersion 
was introduced into the sandwich cell by capillary 
action. The cell thickness was 6.8 m. The employed 
CNTs were not pretreated with a grind mill, indicating 
that their length did not decrease as reported by Lee 
coworkers.[4-6] Figure 1 shows the optical 
microscope images of the CNT doped LC cells at 
various CNT concentrations. As shown in the figure, 
LCs and CNTs were mixed well such that the CNT 
clusters were completely dispersed. 

Fig. 1: Images of the CNT doped LC cell at various 
CNT concentrations. 

A He-Ne laser with a wavelength of 632.8 nm was 
used to characterize the electrooptical properties of 
the cell; it was placed between a pair of cross 
polarizers. Figure 2 shows the transmission intensity 
of the TN cell after a dc voltage is applied. As shown 
in the figure, in a pure LC cell, transmission intensity 
is invariant after dc voltage is applied. However, the 
transmission intensity of a 0.005 wt% CNT-doped 
cell after dc voltage is applied markedly decreases due 
to the ions generated by the doped CNTs. Therefore, 
to exclude the ion issues and field-screening effect, a 
1 kHz square wave voltage was supplied to the cell 
while measuring the electrooptical properties. To 
measure the dielectric anisotropy of LC-CNT 
dispersion, a cell was fabricated using two glass 

substrates whose inner surfaces were covered with 
ITO electrodes, yielding an overlapped area of 1 cm2.
An LCZ meter (Hioki 3522-20) was used to measure 
the capacitance parallel or perpendicular to the 
director of the LCs. The obtained capacitances were 
used to calculate the dielectric anisotropy of LC-CNT 
dispersion. 

Fig. 2: Transmission intensity of TN cell at 0 and 
0.005 wt% CNT concentrations when dc voltage is 
applied to cell. 

3. Results and Discussion 
Threshold voltage and response time are critical 
considerations for an LC device. A low threshold 
voltage and a short response time result in a better 
performance for the optical device. The threshold 
voltage thV , rise time on  and fall time off  of a TN 

cell depend on the cell thickness d, the viscosity 1

and the effective elastic constant effk   as[9]  
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where kii (i=1, 2, 3) are the splay, twist and bend 
elastic constants, respectively. Adding a small amount 
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of high-aspect-ratio CNTs into rodlike LCs modifies 
the birefringence, dielectric anisotropy, viscosity and 
elastic constant of LC-CNT dispersion. These 
parameters markedly affect the electrooptical 
properties of an LC device. Figure 3 shows the 
measured transmission curves for the TN cells as a 
function of applied ac voltage at various CNT 
concentrations. As shown in the figure, the threshold 
voltage of the cell increases with CNT concentration 
initially, and then decreases rapidly with increasing 
CNT concentration. Equation (1) indicates that the 
increase in the threshold voltage is attributed to the 
increase in the ratio of the effective elastic constant to 
the dielectric anisotropy, i.e., /effk .

Fig. 3: Measured transmission curves for TN cells as 
function of ac applied voltage at various CNT 
concentrations. 

Fig. 4: Measured dielectric anisotropy of LC-CNT 
dispersion as function of CNT concentration. 

Figure 4 shows the measured dielectric anisotropy of 
the LC-CNT dispersion as a function of CNT 
concentration. As shown in the figure, dielectric 
anisotropy increases slightly and is nearly invariant 

when the CNT concentration is below 0.005 wt%, and 
then increases markedly when the CNT concentration 
exceeds 0.005 wt%. This indicates that the increase in 
the threshold voltage is attributed to the increase in 
the effective elastic constant when the CNT 
concentration is below 0.005 wt%. When the CNT 
concentration is 0.01 wt%, the dielectric anisotropy of 
LC-CNT dispersion increases markedly, and 
significantly decreases the threshold voltage of the 
cell. This result is consistent with our previous finding; 
i.e., doped CNTs increase the dielectric anisotropy of 
the LC-CNT dispersion, and then decrease the 
threshold voltage of an LC cell.[8] The variation in 
the transmission intensity at zero voltage is due to the 
variation in the birefringence induced by doped CNTs. 

As expected in eq. (1), increasing the effective 
elastic constant of the LC material will increase the 
rise time and decrease the fall time of an LC cell. 
Figure 5 shows the measured electrooptical responses 
of the TN cell at various CNT concentrations when 
the applied voltage is turned (a) on and (b) off. The 
voltage applied in this experiment is 5V. As shown in 
Fig. 5(a), the dependence of the rise time on CNT 
concentration is not apparent when the CNT 
concentration is below 0.005 wt%. However, when 
the CNT concentration is 0.01 wt%, rise time is 
rapidly decreased. Equation (1) indicates that the rise 
time of an LC cell is dependent on the dielectric 
anisotropy and effective elastic constant of the LC 
material. Increasing CNT concentration reasonably 
increases the effective elastic constant of LC-CNT 
dispersion, thereby increasing the rise time of the cell. 
However, as shown in Fig. 4, the dielectric anisotropy 
of LC-CNT dispersion is increased slightly and nearly 
invariant when the CNT concentration is below 0.005 
wt%. Additionally, the voltage applied to the cell is 
high. Therefore, the contribution of the effective 
elastic constant to the rise time is not revealed and the 
rise time of the cell does not increase with CNT 
concentration as expected in eq. (1). However, when 
the CNT concentration is 0.01 wt%, the dielectric 
anisotropy of the LC-CNT dispersion increases 
markedly and the rise time of the cell decreases 
rapidly. In a previous study[8], the CNT dopant was 
found to increase the viscosity of the LC-CNT 
dispersion, consequently suppressing the backflow 
effect and increasing the fall time of an TN LC cell. 
Therefore, in this experiment, the decrease in the fall 
time with increasing CNT concentration is due to the 
increase in the effective elastic constant of LC-CNT 
dispersion, as indicated in eq. (1). As presented in the 
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figure, the optical bonus is not completely suppressed 
and the fall time does not increase with CNT 
concentration, indicating that the increase in the 
viscosity induced by the CNT dopant is not 
significant in the experiment. 

Fig. 5: Measured electrooptical responses of TN 
cell at various CNT concentrations when applied 
voltage is turned (a) on and (b) off. 

4. Conclusions 
In this study, we investigated the electrooptical 
properties of the CNT-doped TN LC cell under the 
condition of a small amount of CNT dopant condition. 
Experimental results reveal that doped CNTs increase 
the effective elastic constant of the LC-CNT 
dispersion. Using a small amount of CNT dopant, the 
rise time of the cell is nearly invariant; threshold 

voltage of the cell increases with CNT concentration 
due to the increase in the effective elastic constant. At 
a higher CNT concentration, the contribution of the 
dielectric anisotropy of LC-CNT dispersion to the 
reduction in the rise time is significant. The higher 
threshold voltage due to the increase of the effective 
elastic constant using CNT dopant is effectively 
suppressed by the increased dielectric anisotropy of 
the LC-CNT dispersion. Fall time decreases with 
increasing CNT concentration due to increase in 
effective elastic constant and the slight increase in the 
viscosity of LC-CNT dispersion, which suppress the 
backflow effect inside the cell. The rise time and the 
fall time of the LC cell are simultaneously decreased 
when the employed LC host was doped with a 
moderate amount of CNTs. 
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