
2766

Impact of titanium dioxide nanoparticles on purification and
contamination of nematic liquid crystals
Dmitrii Pavlovich Shcherbinin* and Elena A. Konshina

Letter Open Access

Address:
Department of Optical Physics and Modern Natural Science, ITMO
University, Kronverkskiy pr. 49, Saint Petersburg 197101, Russia

Email:
Dmitrii Pavlovich Shcherbinin* - shcherbinin.dmitrij@gmail.com

* Corresponding author

Keywords:
ionic impurities; liquid crystals; nanoparticles; titanium dioxide

Beilstein J. Nanotechnol. 2017, 8, 2766–2770.
doi:10.3762/bjnano.8.275

Received: 21 July 2017
Accepted: 08 November 2017
Published: 21 December 2017

This article is part of the Thematic Series "Nanostructured liquid crystal
systems and applications".

Guest Editor: A. Emelyanenko

© 2017 Shcherbinin and Konshina; licensee Beilstein-Institut.
License and terms: see end of document.

Abstract
We have investigated the impact of titanium dioxide nanoparticles on the ionic contamination of liquid crystals. Nematic liquid

crystals with high and low initial ionic contamination have been examined. It has been shown that titanium dioxide nanoparticles

reduced the ion density of liquid crystals with high initial ionic contamination from 134.5 × 1012 cm−3 to 63.2 × 1012 cm−3. In the

case of liquid crystals with low initial ionic contamination, the nanoparticles led to an insignificant increase of ion density from

19.8 × 1012 cm−3 to 25.7 × 1012 cm−3.

2766

Findings
Nowadays, liquid crystals (LCs) are widely used in different

display and non-display applications. The development of

display techniques has led to the construction of high-quality

screens including fully transparent [1], flexible screens [2] and

dual-view [3] displays in the past years. The area of LCs for

non-display applications is also rapidly growing. The applica-

tion of LCs includes metamaterials [4], photonic crystals [5],

plasmonic structures [6], THz devices [7], sensors [8], diffrac-

tive optics [9], adaptive lens technologies [10] and vision

correction [11], as well as tunable filters [12] and dispersion for

imaging [13]. In addition, nanoparticles can induce other new

functions in liquid crystals, including improved response time

[14,15], surface plasmon resonance [16], and improvements in

alignment [17].

The ionic contamination of LCs remains one of the challenges

to LC technology. Ionic conductivity negatively affects LC

device performance, leading to slow response, a reduction of

the voltage holding ratio, and image quality degradation.

Despite the negative effect of ionic contamination in display

techniques, LCs with high ionic conductivity may be used in

non-display applications [18,19]. Although modern LC mix-

tures are highly purified, uncontrolled contamination during

utilization can occur [20]. Physical–chemical methods provide a
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desirable level of LC purity during synthesis which cannot be

applied during the process of using the LC devices. The search

for a new solution to control the ionic contamination induced

during LC device utilization is a current research focus in the

field of LC display techniques.

Extensive experimental research has shown that nanoparticles

(NPs) affect the ionic conductivity of LCs. However, data ob-

tained from different experimental studies are contradictory.

The decrease of ionic contamination was observed in LCs

doped with carbon nanoparticles [21], semiconductor quantum

dots [22], and metal NPs [23]. At the same time, the increase of

ionic contamination due to doping with NPs was reported in

other papers [24-26]. This contradiction was resolved by the

theory developed by Garbovskiy et al. [27-30]. In the frame-

work of this theory it was shown that the same nanoparticles

can lead to both contamination and purification of LCs. The

theory considers adsorption and desorption of ions on nanopar-

ticle surfaces and takes into account the initial ionic contamina-

tion of LCs. The same NP can lead to both purification and con-

tamination of LCs under certain conditions. The aim of this

study is the experimental verification of Garbovskiy’s assump-

tion that the same NPs may have a different effect on the LC

ionic conductivity depending on the initial LC contamination.

We have examined nematic liquid crystals with low (LC1) and

high (LC2) ionic contamination and their composites with TiO2

nanoparticles. The impact of TiO2 nanoparticles on purification

and contamination in LCs has been experimentally shown.

The plane-parallel cells consisted of two glass substrates

covered by indium-tin oxide (ITO) electrodes and rubbed

polyimide layers were used for measurements. The thickness of

the LC cells was set by spacers and controlled by measure-

ments of empty cell capacitance. The thickness of the cells was

15 ± 1 μm. We used commercial nematic LC (ZhK1282,

NIOPIK, Moscow) with low initial ionic contamination (LC1).

The ionic surfactant cetyltrimethylammonium bromide

(CTABr) was added to the same LC to produce a LC with high

ionic conductivity (LC2). The surfactant dissolves in LCs and

dissociates on Br− and CTA+ ions [31]. The concentration of

CTABr in LC2 was about 0.1 wt %. LC2 was studied as a sam-

ple of LC that was contaminated during the utilization process.

Titanium dioxide nanoparticles (Plasmotherm, Moscow) were

doped into LC1 and LC2. The nanoparticles were a mixture of

anatase and rutile with an average particle size of 50 nm. Used

NPs were obtained by plasma synthesis and were not covered

with any ligands. Dry NPs were added to LCs at a concentra-

tion of 0.25, 0.5 and 1 wt %. The composites were prepared in

isotropic phase over one hour by ultrasonication. To estimate

ion density (c) and average diffusion coefficient (D) in LC1,

LC2 and their composites with TiO2 NPs, low frequency dielec-

tric spectra were measured. All measurements were performed

with a LCR-meter (Agilent E4980A) under the same conditions

at room temperature.

The investigation results of the low frequency dielectric spectra

LCs are shown in Figure 1. The spectra were obtained in the

range from 20 Hz to 1 kHz. In this spectral range, the disper-

sion of dielectric permittivity is related to ionic conductivity.

Figure 1a represents real and imaginary parts of the dielectric

permittivity of initially low-contaminated liquid crystals (LC1)

and their composites with TiO2 nanoparticles. The increase of

NP concentration led to the enhancement of the real and imagi-

nary parts of the permittivity. We have observed an insignifi-

cant change in the spectra shown in Figure 1a. In contrast, the

changes in the spectra were significant in the case of the

initially high-contaminated LC2 (Figure 1b). Doping LC2 with

TiO2 NPs resulted in a reduction of the real and imaginary parts

of the dielectric permittivity. This indicates a decrease of the

ionic conductivity of LC2.

In this frequency range, the spectra of the dielectric permit-

tivity can be approximated by following equations [24]:

where сi – ion density, q – elementary charge, D – average

diffusion coefficient, ε0 – dielectric constant, d – thickness of

the cell gap, kB – Boltzmann factor, T – temperature, f – fre-

quency, and ε∞ – high-frequency dielectric permittivity.

We have evaluated the ion density and the average diffusion

coefficient of LC1, LC2 and their composites. The data are

shown in Table 1.

The initial data show that increasing the TiO2 NP concentration

up to 1 wt % leads to the rise of the ion density to 30% in the

case of initially low-contaminated LC1. In the case of initially

high-contaminated LC2, the ion concentration is reduced almost

twice by doping with 1 wt % TiO2 NPs. In both cases, the

increase of concentration leads to an increasing diffusion coeffi-

cient. Moreover, the estimated diffusion coefficient of ions in

LC2 was larger.

In the framework of Garbovskiy’s theory, the surface of the NP

is considered as a surface with absorbing sites. Because of

adsorption/desorption processes on adsorbing sites, the concen-
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Figure 1: The low frequency spectra of the real and imaginary parts of the dielectric permittivity for LC1 (a), LC2 (b), and their composites.

Table 1: Ion density and average diffusion coefficient of LC1, LC2 and their composites.

TiO2 concentration, wt % LC1 LC2

Ion density ×
1012 cm−3

Diffusion coefficient ×
10−8 cm2/s

Ion density ×
1012 cm−3

Diffusion coefficient ×
10−8 cm2/s

0 19.8 3.8 134.5 47.5
0.25 23.2 4.2 105.2 52.3
0.5 24.9 5.6 72.7 56.2
1 25.7 6.5 63.2 60.0

tration of ions in the LC composites change. Ideal nanoparti-

cles will have a high surface density of adsorbing sites which

are completely unoccupied. This ideal NP surface would result

in more pure LCs, regardless of the initial ionic contamination.

However, the adsorbing sites of real NPs are partially occupied.

In general, the effect of doping LCs with NPs on the ionic

conductivity depends on the initial contamination of the LC as

well as the surfaces states of the NPs, ion adsorption and de-

sorption rates. Adsorption/desorption rates and contamination

of the NP surface define a critical concentration of ions. If the
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initial concentration of mobile ions in LCs is beyond the criti-

cal concentration, doping the LC with NPs will lead to purifica-

tion of the LC. If the initial concentration of mobile ions in a

LC is lower than the critical concentration, doping the LC with

NPs will lead to contamination of the LC. In our experiments,

TiO2 NPs purified LC2 with an initial ion concentration of

about 1014 cm−3 and slightly contaminated LC1 with an initial

ion concentration of about 1013 cm−3 (Table 1).

There are several types of ions in liquid crystals in our experi-

ments such as the ions present in the initial LC, ions adsorbed

on the surfaces of nanoparticles, ionic impurities introduced by

aligning layers, glue, and Br− and CTA+ ions in the case of

LC2. All of these types of ions may have different density, size,

diffusion coefficient and adsorption/desorption rates. In such

complicated systems, the proportion between different types of

ions can change [24,29] and may influence the average diffu-

sion coefficient. Moreover, the change of dopant concentration

may have resulted in the variation of the activation energy that

affected the diffusion coefficients [32].

To conclude, we would like mention other factors that influ-

ence the ionic conductivity of the LC composites. As it was

mentioned above, a high density of unoccupied adsorbing states

is desirable. Size, aggregation, local fields near nanoparticles

and the action of a high electric field affect the purification/con-

tamination processes. NPs with smaller size have a larger sur-

face area thereby facilitate purification/contamination pro-

cesses. Nanoparticles in LCs tend to aggregate. This leads to the

reduction of the total number of adsorbing sites. Moreover, in

composites with a higher NP concentration, the aggregation

process is stronger. Dry nanoparticles tend to aggregate in a

nematic liquid crystal matrix. We have observed this aggrega-

tion in a polarized optical microscope at a concentration of over

0.5 wt %. This imposes restrictions on the concentration of NPs.

Several studies [33-35] considered the local fields near nanopar-

ticles as a trap of ions. Such a consideration is acceptable for

NPs with high polarizability such as graphene or ferroelectric

NPs. The next factor is a high electric field. It was shown that

an electric field higher than 2.5 V/μm induces the desorption of

ions [27].

We have studied the impact of TiO2 NPs on nematic LCs with

different initial ionic contamination. It has been shown that NPs

reduced the ionic density of LCs by two times with an initial

contamination of 134.5 × 1012 cm−3. These types of NPs can be

used to prevent uncontrolled ionic contamination that occurs

during LC device production and utilization. The study of the

nature of the adsorption states, the estimation of adsorption and

desorption rates of ions for various types of NPs, will be the

next step in understanding the effect of doping liquid crystals

with nanoparticles and the content of ion impurities resulting

from this process.
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