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The influence of the inclusion of the dodecanethiol functionalized gold particles (with diameter 3–5 nm)

on the structural transitions was investigated. The studied samples were based on the nematic liquid crystal
4-(trans-4′-n-hexylcyclohexyl)-isothiocyanatobenzene (6CHBT). The volume concentration of the gold particles
was φ1 = 2 × 10−4 and φ2 = 10−3. The obtained results showed that the inclusion of the gold particles in the
6CHBT liquid crystal increases the sensitivity of such system on the external magnetic field.

PACS numbers: 75.50.Mm, 61.30.Gd, 61.30.Hn

1. Introduction

System of nanoparticles dispersed in liquid crystals
have attracted attention for development of novel materi-
als based on the controlled assembly of the particles. The
properties of such materials, in most cases, significantly
differ from those of the host materials. In the past few
years there has been a significant increase in the number
of published articles dealing with use of metallic, semi-
conducting, ferromagnetic or ferroelectric nanoparticles,
fullerenes and carbon nanotubes in mixture with liquid
crystals [1–4]. Depending on experimental parameters
such as nanoparticle functionalization and concentration,
size and core material, cell surface treatment, as well as
applied electric or magnetic field diverse effects arise in
different nematic liquid crystal hosts [4, 5]. This effect is
due to the anchoring of the liquid crystal molecules at the
surface of the particles. The aim of the presented work
was to study influence of the gold particle admixture on
structural phase transition in nematic liquid crystal in
electric and magnetic fields.

2. Experiment

The studied ferronematic samples were based on
the thermotropic nematic 4-(trans-4′-n-hexylcyclohexyl)-
-isothiocyanatobenzene (6CHBT) [6]. The nematic sam-
ple was doped with the dodecanethiol functionalized gold
nanoparticles of size 3–5 nm dispersed in toluene (con-
centration 2%) purchased from Sigma-Aldrich Co. The
volume concentration was φ1 = 2× 10−4 and φ2 = 10−3,
respectively. The doping was done by adding this sus-
pension, under continuous stirring, to the liquid crystal
in the isotropic phase. This admixture shifts the temper-
ature of the nematic–isotropic transition to lower values
depending on the volume concentration of admixture, so
the measurements in the magnetic and electric fields were

done at 25 ◦C, i.e. at temperature when all samples (un-
doped and doped) are in nematic state.

The structural transitions were monitored by capaci-
tance measurements in a capacitor made of ITO-coated
glass electrodes (LINCAM Co.). The capacitor with the
electrode area approximately 1 cm × 1 cm was connected
to a regulated thermostat system, the temperature was
stabilized with the accuracy of 0.05 ◦C. The distance be-
tween the electrodes (sample thickness) was D = 5 µm.
The capacitance was measured at the frequency of 1 kHz
by the high precision capacitance bridge Andeen Hager-
ling.

3. Results and discussion
The structural transitions in combined electric and

magnetic fields were studied in the experimental geom-
etry shown in Fig. 1. We start from a planar aligned
cell. During measurements the external magnetic field
was applied parallel to the capacitor electrodes and the
electric field was applied perpendicular to the capacitor
electrodes. First, the initial planar alignment was stabi-
lized with the external magnetic field and then the elec-
tric field was increasing until the director of sample was
reoriented to the electric field direction. The distortion
manifests itself in the increase of the capacitance that
reflects the re-orientation of the nematic molecules. Fig-
ures 2 and 3 show the dependence of the capacitance on
the electric field at different magnetic fields of 6CHBT
liquid crystal doped with volume concentration of gold
particles φ1 and φ2, respectively. These dependences
show that the critical electric field is shifted to higher
values with the increase of the magnetic field.

The dependences of the critical electric fields on the ap-
plied magnetic field for pure 6CHBT and 6CHBT doped
with different volume concentration of the gold nanopar-
ticles are shown in Fig. 4. In the given geometry the
electric threshold U in the presence of a magnetic field
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Fig. 1. Cross-section of the cell in the initial state,
after application of the magnetic field and after appli-
cation of the voltage U > Uc. The unit vector n (di-
rector) denotes the preferential direction of the nematic
molecules.

Fig. 2. Capacitance dependence of 6CHBT doped with
gold particles with volume concentration φ1 = 2× 10−4

on electric field measured at different bias magnetic
fields.
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where UF is the critical voltage of the electric Freedericksz
transition at H = 0 and HF is the magnetic Freedericksz
threshold field (at U = 0). In the experiment the thresh-
old of the structural transition of the pure liquid crystal
and the liquid crystal doped with different volume con-
centration of gold particles were defined as the voltage at
which the capacitance variation (indicating the distortion
of the director) reached 10% of its maximum.

Fig. 3. Capacitance dependence of 6CHBT doped with
gold particles with volume concentration φ2 = 10−3 on
electric field measured at different bias magnetic fields.

Fig. 4. Dependence of the critical electric fields on
the bias magnetic field for pure 6CHBT and 6CHBT
doped with gold particles with volume concentration
φ2 = 2× 10−4 and φ2 = 10−3. The solid lines repre-
sent the best linear fit to Eq. (1).

4. Conclusion

The influence of the inclusion of the dodecanethiol
functionalized gold particles (with diameter 3–5 nm) to
6CHBT liquid crystal on the structural transitions was
investigated. The obtained results showed that doping
with dodecanethiol functionalized gold particles changes
the sensitivity of the nematic liquid crystal 6CHBT on
the external magnetic field.
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