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CONFORMATIONAL EFFECTS
AND PHOTOLUMINESCENCE SPECTRA
OF NANOCOMPOSITES 5CB LIQUID

PACS 33.50.Dq, 68-65-K

CRYSTALS-CARBON NANOTUBES!

Specific temperature dependences (10-300 K) of the emission band mazimum, its intensity
and half-width in the luminescence spectra of 5CB liquid crystals and 5CB + carbon nanotube
nanocomposites are observed. The analysis of the luminescence spectra and thermal properties
of the studied systems has shown that the observed features are due to polymorphic transfor-
mation of 5CB and conformational changes of its molecules.
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1. Introduction

The nanocomposites on the basis of liquid crys-
tals (LC) have attracted attention because of unique
physical properties and possibilities of their practical
application. The introduction of minute amounts of
nanoparticles of different nature, shape, and size into
the LC matrix allows one to change the properties
of the resulting nanocomposites. Of particular impor-
tance are composites of carbon nanotubes (CNT),
which are dispersed in liquid crystals. Composites
LC—CNT are currently a subject of numerous stud-
ies [1-4]. In particular, the authors of [1, 2| reported
original results regarding the formation and the struc-
ture of aggregates of CNT dispersed in 5CB lig-
uid crystal. Their results clearly demonstrated an in-
crease in the number of aggregates and their size with
time. In addition, the nematic-isotropic transition in
5CB liquid crystal with carbon nanotubes was stud-
ied by the differential scanning calorimetry (DSC)
method [1,2]. Subsequently, the influence of the CNT

© G.V. KLISHEVICH, N.D. CURMEI, N.I. LEBOVKA,
V.I. MELNYXK, 2016

968

concentration on the isotropic-nematic and nematic-
smectic phase transitions in 8CB liquid crystal has
been studied by the DSC [3]. The self-organization
of CNT clusters in 5CB liquid crystal, starting with
a certain CNT concentration, leads to the percola-
tion transition reflected in the electrical conductivity
behavior and in the appearance of optical singulari-
ties [1,4]. The state of art in the physics of LC-CNT
nanocomposites is well presented in [1-4], and the
current researches of these composites were preceded
by the numerous works devoted to the luminescence
properties of pure LC [5-10].

Interesting results were obtained in [6]. By the
analysis of the time-resolved fluorescence spectra of
nematic and isotropic phases of 5CB LC, it was shown
that the luminescence bands in the regions 340-
360 nm and 380-400 nm are related to the monomer
and excimer emissions, respectively. The analysis of
the literature shows that the majority of papers de-

1 This work was reported at the XXII International School-
Seminar of Galyna Puchkovska “Spectroscopy of Molecules
and Crystals” (20-27 September 2015).
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voted to the luminescence of cyanobiphenyls, includ-
ing 5CB liquid crystal, dealt with its solutions and
mesophase structures. A relatively small number of
papers were devoted to the spectral properties of
a solid crystalline phase, in particular, to the low-
temperature luminescence of 5CB LC [11-14].

This paper presents the results of our experimental
study of the luminescent and thermal properties of
5CB LC and composites 5CB LC with CNT, as well
as a comparative analysis of their properties. The
essential advantage of our work, in contrast to other
studies, is the use of low temperatures from 10 K
to 300 K, and the use of different methods (lumi-
nescence and DSC). This has allowed us to establish
the relationship between the experimentally observed
changes in the luminescence spectra and the physical
processes at the microscopic level, as well as to pro-
pose a mechanism of influence of nanotubes on the
structure of LC.

2. Experimental

The luminescence spectra were measured with a
MPF-4 Hitachi (inverse linear dispersion 3 A/mm)
spectrofluorimeter in the spectral interval 300-
600 nm with the use of the 315-nm line for the
excitation. The measurements were carried out in
the temperature range 10-300 K on heating, by
using a helium cryostat equipped with a system
of automatic temperature regulation with an accu-
racy of (£0.1 K). The calorimetry experiments were
done with a differential scanning calorimeter (Perkin-
Elmer DSC-7). The measurements were carried out
on cooling and heating at a rate of 5 K/min. 5CB ne-
matic LC was purchased from Merck (Germany). The
phase transition temperatures for the crystal-nematic
and nematic-isotropic liquid states are 296.8 and
308.4 K, respectively. The carbon nanotubes were
about 20-30 nm in diameter, and their length was ap-
proximately 5—10 microns. 5CB composites were pre-
pared by the addition of relevant quantities of CNT
to 5CB in the isotropic liquid state (7" = 310 K). The
samples were sonicated for 5 min, by using an ul-
trasonic disperser. Ultrasonication is a generally ac-
cepted technique to obtain highly homogeneous dis-
persed nanotube samples. The samples were placed
in quartz tubes with the inner diameter of 3 mm and
the height of 25 mm. Before measurements, the sam-
ples were rapidly cooled by the direct immersion to
liquid helium.
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3. Results and Discussion

It is commonly believed that the luminescence of
5CB LC is caused by the emission of monomers and
dimers. The formation of different conformations of
5CB molecules in monomer and dimer structures
determines the complexity of the spectral shape of
the luminescence band. This is most clearly mani-
fested itself at low temperatures. At room temper-
ature, the emission of dimers contributes mainly to
the luminescence. At temperatures below the crystal-
lization temperature of 5CB LC (crystallization point
296.8 K), the composite transforms into solid crys-
talline state. Its luminescence is mainly due to the
emission of monomers.

The temperature-dependent fluorescence spectra of
5CB LC in the temperature range from 10 to 297 K
are shown in Fig. 1. It is seen that these spectra
differ significantly in the shape and the position of
bands. The positions of the bands at the maximum
(Amax) and their half-widths (AX) and relative in-
tensities (I) at temperatures from 10 K to 297 K
are shown in Fig. 2. First, we compare the lumi-
nescence spectra of 5CB LC measured at 10 and
297 K (Fig. 1). It is seen that the spectrum at 297 K
is shifted relative to the spectrum at 10 K to the
red side by 27 cm~!. At the same time, the inten-
sity and the shape of the luminescence band change
significantly. When the temperature increases, the
solid crystalline state of 5CB transforms into the ne-
matic LC phase, resulting in the increased number of
dimers. Due to the strong dipole interaction between
molecules in dimers, the molecules become more pla-
nar (flat). Moreover, it is known [7] that the electron
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Fig. 1. Luminescence spectra of 5CB LC at various tempera-
tures

969



G.V. Klishevich, N.D. Curmei, N.I. Lebovka et al.

1111320
0 50 100 150 200 250 300
s01b 5CB+NT ——1 7400
E 70 1. -t /380 E
060 J < -O-OEAS <§WA/%\>¢\C<';;°; 7d360 =
< —— AN KR0S ] g
<150 J340 2
40 1
————T——————T—— 320
0 50 100 150 200 250 300
109 ¢ 5CB
= 0,9 W\nmﬂh ‘
> ) N 4 |
.‘q:__‘; 0:6 - = Peak \ ‘7'
£05 —Jy=— Integr O

—T T T 1
0 50 100 150 200 250 300

81,03 d 5CB + NT vy

S 09 e ) \

3 08 e Yove

20,7 —V— Integr /

20,6 A 7

£ 0,594 w=y= v O
I v ] v 1 M I M ] M 1 v 1
0 50 100 150 200 250 300

Temperature, °K

Fig. 2. Temperature dependence of the position of the band
at the maximum (Amax), its half-width (AX) (a, b), and peak
and integral intensities (¢, d) in the luminescence spectra of
pure 5CB and 5CB-CNT composite

energy level of a 5CB molecule is reduced during the
transition from the twisted conformation in the solid
crystalline state to the planar (flat) one in the nematic
LC phase. Therefore, during the transformation of
5CB from the solid crystalline state into the liquid
nematic state, the formation of dimers with planar
(flat) conformation of the molecules occurs. This ex-
plains the observed red shift of the spectrum at 297 K
compared to the spectrum at 10 K.

Values of position of the band

at the maximum (Amax) and its half~-width (AX)

in luminescence spectra of 5CB LC and 5CB LC +
CNT composite at various temperatures

5CB 5CB + CNT
T, K
(Amax), nm | (AX), nm | (Amax), nm | (A)X), nm
10 358.5 60.2 372.4 61.0
297 385.7 81.2 382.8 65.9
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Fig. 3. DSC thermograms of 5CB-CNT composites at various
concentrations of CNT measured on heating

It should be noted that among the first were au-
thors of [15,16] who paid attention to the dependence
of the molecule conformations on the temperature at
the nematic-isotropic phase transition in 5CB LC and
6CB LC.

With respect to different values of the red shift of
the fluorescence bands in pure 5CB and its nanocom-
posite, it can be assumed that, in the latter case,
some of the molecules are linked to the surface of
nanotubes. Due to this linking, a steric restriction
of the conformational mobility of 5CB molecules oc-
curs. This explains a smaller red shift of the band in
the luminescence spectrum of 5CB-CNT composite
relative to that in pure 5CB.

The most interesting are the results of the tempera-
ture dependence of the luminescence band parameters
such as Anax, AA, and I in the fluorescence spectra
of 5CB and 5CB-CNT (Fig. 2). It is essential that an
increase in the temperature in the interval 220—230 K
leads to a sharp (abrupt) decrease of the parameter
values. However, with increasing the temperature up
to 297 K (a vicinity of the crystal-to-nematic phase
transition), the parameter values begin to increase
sharply again (Fig. 2).

Attention should be paid to the fact that the val-
ues of (Amax) and (AN) in the luminescence spectra
of 5CB LC are substantially greater than in 5CB-
CNT composite (Fig. 2, Table). In pure 5CB, they
are (Apax = 27.2) and (AX = 21.0 nm), respec-
tively, while, in 5CB-CNT, they are (Apmax = 10.4)
and (AX = 4.9 nm). Thus, the presence of CNT com-
plicates the corresponding conformational changes of
5CB molecules.

With the aim of interpretation of the observed tem-
perature changes in the fluorescence spectra, the ther-
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mal properties of the systems were examined within
the DSC method. As mentioned above [1,2], the DSC
method was widely used previously for the study of
the phase transitions in a nematic-isotropic compos-
ite 5CB LC-CNT. Furthermore, the results of DSC
measurements of pure 5CB LC in the interval 200-
320 K are presented in [17].

It is of interest to compare the behavior of the DSC
thermograms recorded on heating with the lumines-
cent spectra. Figure 3 shows the typical DSC thermo-
grams of pure 5CB LC and its composite at various
CNT concentrations. There are two exothermic peaks
at 229 and 262 K on the thermograms.

The first one (Cf — C?) corresponds to the low-
temperature phase transition of the crystal-crystal
type inside the metastable phase C;. The possibil-
ity of such intracrystalline transition was indicated
in [18]. The first peak at 229 K on the DSC ther-
mogram correlates with the anomalous behavior of
the luminescence parameters at ~230 K (Fig. 2). The
second peak at 262 K on the DSC thermogram cor-
responds to the transition of the metastable phase
C? into the stable crystalline phase Cs. It should be
noted that the peak at T = 262 K, (C? — Cy), in
the DSC thermogram has no analog in the lumines-
cence spectrum. The stable crystalline phase melts
at 297 K, by passing into the nematic LC phase
(Cy — N). It can be seen that there is a correspon-
dence between the endothermic peak at 297 K in the
DSC thermogram and changes in the luminescence
parameters at T = 297 K. The presence of CNT
in LC has a different effect on the intracrystalline
phase transition in different temperature intervals:
they suppress this process at T ~ 229 K, but in-
tensify it at 262 K. Possible reasons for this fact are
discussed in [19].

4. Conclusions

The investigations of pure 5CB LC and the 5CB
LC +CNT composite in a wide temperature range
have revealed some correlations between the spec-
tral luminescent and thermal properties of these two
systems. It is shown that, as the temperature in-
creases from 10 to 297 K, their fluorescence spectra
are shifted to the red side by 27 and 11 nm, respec-
tively. This fact is associated with the formation of
dimers during the transition of 5CB from the solid-
crystal phase to the liquid crystal nematic state. As
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a result, planar conformations of molecules are re-
alized in the LC nematic state, which leads to the
experimentally observed red shift of the band in the
fluorescence spectra. The comparison of the anoma-
lous temperature behavior in the fluorescence spectra
(position of band maxima and their half-widths and
relative intensities) and the results of DSC show that
the temperatures 229 and 262 K correspond to in-
tracrystalline transitions of the crystal-crystal type,
and the temperature 297 K corresponds to the tran-
sition from the solid crystal phase to the nematic LC
one. Thus, basing on the experimental data, we can
conclude that the observed temperature transforma-
tions of the luminescent and thermal properties of
5CB LC and the 5CB LC + CNT composite in the
temperature range 10-297 K are due to conforma-
tional changes in 5CB molecules during the phase
transformations.
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KOH®OPMAIINHI EOEKTHU I CTIEKTPU
®OTOJIIOMIHECIHEHIIIT HAHOKOMITO3UTIB
PIIKUN KPUCTAJI 5CB-BYTJIEIIEBI HAHOTPYBKU

Peszowme

V cnekTpax JroMiHecteHnil pigkux kpucraais 5CB i rerepo-
komiio3utiB 5CB—kapboHOBI HAHOTPYOKM BUSIBJIEHI XapakTep-
ui Temneparypsi (10-300 K) 3anexkuocTi 3Mmilenb MakcuMyMiB
cMyr, Ix miBmupuH Ta BigHOcHEX inTeHcuBHOCTell. Ha ocno-
Bl KOMIIJIEKCHOI'O aHaJIi3y JaHUX 3 JIIOMIiHECIHEeHIl Ta BUMIpPiB
mudepeHIiagbHOl CKAHYI0YO! KAJIOPUMETPIT MOKA3aHO, 10 0CO-
6JIMBOCTI, sIKi CIIOCTEPIraloThCs, OB’ A3aHi 3 MOJIMOPMHUMU 1€~
PeTBOPEHHSAMH Ta KoH(MOpMariiHuMu 3Minamu moirekysr 5CB.
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