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Ferronematics are stable colloidal suspensions of magnetic particles in nematic liquid crystals. The presence
of the magnetic particles enhances the magnetic susceptibility of ferronematics, in comparison with pure liquid
crystals. In this work the thermotropic liquid crystal 4-(trans-4′-n-hexylcyclohexyl)-isothiocyanato-benzene
(6CHBT) and 6CHBT dissolved in phenyl isothiocyanate were doped with spherical magnetic nanoparticles with
aim to increase the sensitivity of the liquid crystal on an external magnetic �eld. The volume concentration of
the magnetic particles was 5 × 10−4. The phase transition temperature from isotropic to nematic phase in the
external magnetic �eld up to 12 T was monitored by precise capacitance measurements in the capacitance cells
�lled with nematic sample as well as with the prepared ferronematic sample. There was no observable shift in the
transition temperature in the case of pure 6CHBT, 6CHBT doped with spherical particles and 6CHBT dissolved
in phenyl isothiocyanate while in the case of 6CHBT dissolved in phenyl isothiocyanate doped with spherical
magnetic particles the shift in the temperature about 9 ◦C of the phase transition from isotropic to droplet state
at the external magnetic �eld 12 T was observed.

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

1. Introduction

Liquid crystals are anisotropic �uids that exhibit a
wide variety of phases and phase transitions. Their or-
dering is a function of temperature. In nematic phase the
molecules have no positional order, but tend to point in
the same direction (along the director n). Liquid crystal
nanocomposites are considered to be extremely promis-
ing materials in which the properties of a liquid crys-
tal phase used in di�erent applications are modi�ed by
presence of various nanoparticles. There are many re-
ports showing that doping of a nematic liquid crystal
with small amount of nanoparticles a�ect the important
properties of nematic materials resulting in a decrease
of structural transitions threshold [1�5]. In the last two
decades interest in these materials has grown substan-
tially; not only because of the interesting physical prob-
lems, but also for the promise to provide an optical device
technology based on magnetic switching. It has long been
known that the possibility exists in liquid crystals for an
external �eld to substantially alter the nematic�isotropic
transition temperature [6�8]. However, the e�ect could
not be induced by magnetic �eld H [9] until recently [10].
The principal reason is that the estimated critical �elds
are well over 100 T for traditional liquid crystal materi-
als [9].
The �rst experimental observation of the predicted

magnetic-�eld dependence of the nematic�isotropic phase
transition temperature has been recently carried out [10]
on a powerful electromagnet (H up to 30 T). To demon-
strate the e�ect, besides the powerful electromagnet,
the proper choice of a �non-traditional� (bent-core) ne-
matic liquid crystal material was also necessary. The
�non-traditional� nematic material chosen in Ref. [10],

has considerably di�erent physical properties from �tra-
ditional� calamitic nematics; the �rst-order character of
the nematic�isotropic transition at the �clearing point�
is substantially weaker than for �traditional� nematics.
These properties, combined with the high magnetic �eld,
have contributed to the observation of the phase transi-
tion temperature shift that was ≈ 0.8 ◦C at the magnetic
�eld of 30 T. In our previous work [4] we have studied the
structural transition in the 6CHBT-based ferronematics
dissolved in phenyl isocyanate.
The aim of presented work was to investigate the mag-

netic �eld induced phase transition from isotropic to ne-
matic state in 6CHBT-based ferronematics and 6CHBT
dissolved in phenyl isothiocyanate and doped with spher-
ical magnetic nanoparticles.

2. Experiment

The studied ferronematic samples were based on the
thermotropic nematic 6CHBT 4-(trans-4′-n-hexylcyclo-
hexyl)-isothiocyanatobenzene. The 6CHBT is a low-
-melting enantiotropic liquid crystal with high chemi-
cal stability [11]. The temperature of the nematic-to-
-isotropic transition (clearing point) of the studied ne-
matic is TN−I = 42.8 ◦C. The nematic sample was doped
with Fe3O4 particles (diameter d ≈ 10 nm, standard de-
viation σ = 0.28) coated with oleic acid as a surfactant.
The magnetic particles were prepared by co-precipitation
method [12]. The doping was simply done by adding
this suspension, under continuous stirring, to the liquid
crystal in the isotropic phase. Due to the small volume
concentrations of the magnetic particles (5 × 10−4) and
surfactant in the prepared ferronematic samples the inter
particle dipole�dipole interactions are avoided.
In the work of Kedziora et al. [13] the coexistence of
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nematic and isotropic phases was observed in the 6CHBT
liquid crystal dissolved in a nonpolar medium (benzene)
in the vicinity of the temperature of the isotropic-to-
-nematic transition. Due to the existence of a short-range
orientational order of the mesogenic molecules (6CHBT),
the pseudonematic domains (droplets of 500�1000 nm in
size depending on the temperature) were formed in the
isotropic phase. The size of these droplets increased, as
the temperature of the liquid decreased. The temper-
ature range of the droplet state depends on the molar
fraction of the molar fraction of 6CHBT [4]. In our work
liquid crystal 6CHBT was dissolved in phenyl isothio-
cyanate (that is more stable than benzene) and doped
with spherical shaped Fe3O4 particles coated with oleic
acid.
The structural transitions in ferronematic samples

were indicated by capacitance measurements in a ca-
pacitor made of ITO-coated glass electrodes (LINCAM
Co.). The capacitor with the electrode area approxi-
mately 1 cm × 1 cm was connected to a regulated ther-
mostat system, the temperature was stabilized with the
accuracy of 0.05 ◦C. The distance between the electrodes
(sample thickness) was D = 5 µm. The capacitance was
measured at the frequency 1 kHz by the high precision
capacitance bridge Andeen Hagerling. The homogeneity
and stability of the samples were veri�ed by optical mi-
croscopy and by repeating the capacitance measurements
after 5 months on the same samples, with reproducible
results.

3. Results and discussion

The in�uence of the magnetic particles on the magnetic
�eld induced isotropic-droplet state phase transition in
�traditional� calamitic liquid crystal 6CHBT dissolved in
phenyl isothiocyanate was studied by capacitance mea-
surements. The used magnetic particles were spherical.
The size of magnetic particles was much greater than
the dimensions of the liquid crystal molecules, i.e. the
magnetic particles can be regarded as macroscopic ob-
jects �oating in the liquid crystal. The surface of the
magnetic particles is able to orient the adjacent liquid
crystal molecules due to strong orientational coupling be-
tween the magnetic particles and the liquid crystal ma-
trix. There are two theoretical assumptions on the initial
orientation of the director and the magnetic moment of
the magnetic particles: perpendicular or parallel [14�16].
This theory considers the �nite value of the surface den-
sity of anchoring energy W at the nematic�magnetic par-
ticle boundary. The �nite value of W , as well as the pa-
rameter ω that is de�ned as a ratio of anchoring energy
to elastic energy of liquid crystal (ω = Wd/K, where d
is size of the magnetic particles and K is orientational-
-elastic Frank modulus), characterize the type of anchor-
ing of nematic molecules on magnetic particles surfaces.
The parameter ω ≫ 1 characterizes the rigid anchoring.
The soft anchoring, characterized by parameter ω ≤ 1,
unlike the rigid, permits both types of boundary condi-
tions (m ∥ n and m ⊥ n). From our previous measure-
ments on 6CHBT-based ferronematics we have obtained

parameter ω = 10−2, which characterizes soft anchoring
and the boundary condition between m and n was found
to be parallel [17]. In the case of parallel mutual initial
orientation of the director n and the magnetic moment
of the magnetic particles m, the decrease of the critical
magnetic �eld was observed.

Fig. 1. Cross-section of the cell after application the
constant magnetic �eld in the initial state, after heating
and after cooling. The unit vector n (director) denotes
the preferential direction of the nematic molecules.

During the measurements the magnetic �eld was ap-
plied parallel to the capacitor electrodes (see Fig. 1). The
constant magnetic �eld was held, while the temperature
was increased above the temperature of the transition
from nematic to isotropic phase TN−I and then slowly
decreased. The dependence of the measured capacitance
re�ects the re-orientation of the molecules of the liquid
crystal to the nematic phase.

Fig. 2. Temperature dependence of the capacitance for
pure 6CHBT and 6CHBT doped with magnetic particles
at magnetic �elds B = 0 T and B = 12 T.

Figure 2 shows the temperature dependence of the
capacitance for pure 6CHBT and 6CHBT doped with
spherical particles measured without magnetic �eld and
in magnetic �eld 12 T. There is a shift in the temperature
of isotropic to nematic phase transition due to doping but
there is not observable shift in the magnetic �eld. The
situation is di�erent in the case of liquid crystal dissolved
in phenyl isothiocyanate.

In our previous work [4], the structural phase tran-
sitions were studied in combined electric and magnetic
�elds and obtained results showed the shift in the temper-
ature of phase transitions due to doping with magnetic
particles.
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Fig. 3. Temperature dependence of the capacitance for
6CHBT dissolved in phenyl isothiocyanate (PI) (mo-
lar fraction 0.906) without magnetic particles and with
magnetic particles at magnetic �elds B = 0 T and
B = 12 T.

Figure 3 shows the temperature dependence of the ca-
pacitance for 6CHBT dissolved in phenyl isothiocyanate
and 6CHBT dissolved in phenyl isothiocyanate doped
with spherical particles measured without magnetic �eld
and in magnetic �eld 12 T. There is a shift in the tem-
perature of isotropic to droplet state transition due to
doping to the 28.5 ± 0.05 ◦C. On the other hand, an
additional shift in temperature of phase transition from
isotropic to droplet state, as well as in the temperature
of phase transition from droplet state to nematic phase
in the external magnetic �eld of 12 T. The magnetic �eld
dependence of the temperature of the isotropic to droplet
state phase transition is shown in Fig. 4.

Fig. 4. Isotropic-droplet state phase transition tem-
perature vs. applied magnetic �eld (line represents the
best linear �t).

4. Conclusion

Our results showed that due to doping of liquid crystal
6CHBT dissolved in phenyl isothiocyanate with magnetic

particles, the shift of the temperature of the phase tran-
sition from the isotropic to droplet state in the magnetic
�eld up to 12 T is about 9 ◦C.
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