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Abstract
The dispersion of colloidal polyvinyl pyrrolidone (PVP) capped gold nanoparticles (GNPs) in an azoxybenzene-based nematic 

liquid crystal (NLC), namely 4,4’- di pentyl azoxy benzene (D5AOB) has been studied. The present study reported the differential 
scanning calorimetry (DSC), polarized light microscopy, UV-Vis’s absorption spectroscopy, photoluminescence (PL) and Fourier-
transform infrared spectroscopy (FTIR) of GNPs doped NLCs. Three different concentrations of GNPs have been dispersed in pure 
D5AOB viz 0.25, 0.5, and 1.0 wt%. It has been observed that, with the increase the GNPs concentration, crystal to nematic phase 
(Cr-Ne) transition temperature does not change sufficiently but nematic to isotropic temperature decrease significantly. This study 
reported that the 76% and 46% enhancement of UV-Vis’s absorbance and photoluminescence (PL) intensity respectively with the 
suitable amount of GNPs dispersion in D5AOB. The increase in the surface area of GNPs has been attributed to increase in the PL 
intensity, resulting in increased emissions due to increased scattering of excitation.

Keywords: Colloidal gold nanoparticles; Nematic liquid crystals; Differential Scanning Calorimetry (DSC); UV-Vis’s absorbance; 
Photoluminescence; Fourier Transform Infrared Spectroscopy (FTIR).

Introduction
Liquid crystals (LC) are the organic molecules charming 

and mysterious in nature. Part of their attraction comes from 
the magic phenomena of their dance with light. Nematic liquid 
crystals (NLCs) have rich properties about their fundamental and 
practical applications [1-6]. Dispersing of inorganic nanoparticles 
(NPs) (metallic and non-metallic) in liquid crystals (LCs) had been 
employed for the significant changes in the electro-optical and 
spectroscopic properties of mesogens. LCs are unique materials 
with extraordinary, electro-optical and dielectric properties, 
which are widely used in storage and display devices. A variety of 
nanoparticles have been used to further enhance the fundamental 
properties of NLCs. It has been shown that by dispersing NPs in LCs, 
the dielectric and electro-optical parameters can be enhanced and 
tuned. Recently, NPs have been of significant interest to the display 
industry for their potential to influence device applications because 
of their unique electrical [7] and optical [8-10] properties. Many 
researchers had executed numerous types of NPs such as ZnO, TiO2,  

 
Fe2O3 [11-13], carbon nanotubes (CNTs) [14-16] and quantum dots 
(QDs) [17-19] dispersed in LC. They had studied the LC polymer 
with the dispersion of gold nanoparticles (GNPs) for refining the 
alignment of molecules and found the remarkable change in optical 
and optomechanical properties [20]. Gharbi et al. [21] studied the 
blue phase (BP) LC with the dispersion of cubic crystal GNPs and 
observed that the addition of the functionalized GNPs lowers the 
transition temperatures. They had found a wide range of BP with 
the dispersion of GNPs. The impact of gold nanorods (GNRs) on the 
dielectric and electro-optic properties of the ferroelectric liquid 
crystal (FLC) had also been examined [22]. It was reported that 
the dispersion of GNRs in FLCs lead to an increase of the internal 
electric field in the LC layer. The switching time and rotational 
viscosity decreased with the addition of GNPs in pristine FLC.   A 
remarkable improvement in the electro-optical parameters of a 
polymer-dispersed liquid crystal (PDLC) with the dispersion of 
12 nm diameter size of spherical GNPs [23]. Optical transmission 
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of PDLC is increased at certain voltage and frequency with the 
suspension of GNPs. However, the different shape, size, and nature 
of NPs dispersed in LCs can capture the ions, enhance the alignment, 
and tune the properties of LCs [24-29]. Many researchers have been 
reported the effects of NPs on the properties of nematic, and the 
remarkable experimental results were used in the development 
of display technology. In this way, good quality devices with 
faster switching [30, 31] and low power consumption [32, 33] as 
explained by the screen effect mechanism [34, 35] were produced.

Despite the progress towards understanding the NP-NLC 
composites, the effect of NLCs on the skin depth, optical density, 
stretching frequency corresponding to different groups/chains 
etc, thermal ordering of molecules, transmittance of light vector 
and photoluminescence as a function of the GNPs concentration, 
relative to the LC director have not been systematically studied 
in detail. This paper describes the results of our investigations 
of the thermodynamic and spectroscopic parameters of weakly 
polar nematic LC 4,4’- di pentyl azoxy benzene (D5AOB) with the 
dispersion of GNPs at the different concentrations. The excellent 
optical properties have been observed as enhanced UV-Vis’s 
absorbance, optical density, and photoluminescence as well as 
lower skin depth of weakly polar nematic LC in the presence of 
GNPs. These properties can play the key role for the development of 

potential optical devices and optical sensors. There are also changes 
in vibrational band in skeletal vibrations in the fingerprint region 
that may be useful in electro-optic as well as photonic applications.

Materials
In the present work, we have used 4,4’- di pentyl azoxy benzene 

(D5AOB) LC (Frinton Laboratories, USA) as a host material and 
GNPs as a guest material in nano-nematic composites. The D5AOB 
LC has negative dielectric anisotropy (∆ε = 0.30) nature and phase 
sequence exhibits as Crystal ↔ 22ºC↔ Nematic (N) ↔ 65ºC ↔ 
Isotropic (I). The molecular structure of D5AOB is shown in Figure1. 
The dialkylazoxy benzenes (DnAOB) are approximately symmetric 
in the central part as well as symmetric at the end groups with a 
non-polar conformation. LC molecules have an advantage in the 
structure of D5AOB, which is the deviation of the long molecular 
axis from the direction of the magnetic field orientation. The 
magnitude of the dipole moment and angle between the dipole and 
long molecular axis of D5AOB is 1.70 D and 64.9º, respectively [36]. 
Experimental measurements were performed on the suspension of 
the D5AOB nematic LC dispersed with polyvinyl pyrrolidone (PVP) 
functionalized GNPs. In this work, we have used GNPs are spherical 
in shape and having a diameter of 13±2 nm with UV absorption 
peak at 530 nm [37].

Figure 1: Molecular structure of 4,4’- di pentyl azoxy benzene (D5AOB).

Dispersion of Gold NPs in D5AOB liquid crystal:
Three proper concentrations (0.25%, 0.5% and 1.0% wt/wt) of 

GNPs were dispersed with a fixed weight of pure D5AOB LC to form 
nano-nematic composites. The proper dispersion of NP in nematic 
LC was performed by the ultrasonication method. Polarized optical 
micrographs have been taken to ensure homogeneous dispersion 
of GNPs in nematic LC. Calibrated sample cells were filled with pure 
D5AOB and nano-nematic composites. The filled sample cells are 
heated from isotropic to room temperature for a couple of minutes. 

Characterization of pure and nano-nematic composites:
The thermodynamic study has been carried out with the help 

of differential scanning calorimeter (DSC) of NETZSCH model DSC-
200-F3-Maiahaving temperature range from 170°C to 600°C (with 

an accuracy of 0.1 K) is used to study the phase transition scheme 
of pure LC and its composites. Phase transition temperature Tr(°C), 
phase transition enthalpy ΔH (joule/gm) and phase transition 
entropies ΔS (joule/gm°K) for both Isotropic to nematic and nematic 
to crystalline state calculated from DSC thermograph for pure and 
GNPs doped systems in cooling cycle at the scan rate of 5°C/min 
in sample mode. ELICO double beam UV-VIS spectrophotometer SL 
210 has been used to study the UV-visible absorption spectrum of 
pure LC and its composites. It is a double beam spectrophotometer 
with 1.8 nm bandwidth having a wavelength range from 190 nm 
to1100 nm. The instrument consists of pre aligned Deuterium Lamp 
(D2), Tungsten (W) Halogen Lamp along with Silicon photodiode as 
the detector. Concave holographic grating with 1200 lines/mm is 
used as monochromator in this instrument. It has an accuracy of ± 
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0.5nm. Quartz cuvettes of 10 mm path length are utilized to execute 
the measurement. AGILENT Fluorescence spectrophotometer have 
been used to study the photoluminescence spectrum of pure and 
GNPs doped systems. The instrument is equipped with Xenon lamp 
of power 13 Watt (Cathodeon AXE 3u), 80 flashes/second and pulse 
width ~2μsec. To get a high-quality data, a slit width arrangement of 
5 nm has been used in this experiment. It also has a wide excitation 
range from 220-600 nm. A fiber-optic probe issued to measure the 
fluorescence in case of sample cell. All the measurements can be 
performed in scan mode by using cuvettes.

Fourier transform infrared spectroscopy (FTIR) is an ideal 
method to examine IR vibration bands. Shimazu IR Affinity-1 
spectrophotometer has been used to record the IR spectra of LCs 
and its composites. The instrument has a high S/N ratio (≈30000:1) 
and a Michelson interferometer with 30° incident angle. In this 
study the scan wavenumber ranging from 450to 4000 cm-11with 
the resolution of 8 cm-1.

Results and discussion
Differential Scanning Calorimetry (DSC) studies

DSC thermograms show interesting results (Figure 2). It has 
been observed that the height and width of the peaks for both 
nematic to isotropic phase transition temperature and nematic 
to crystalline state changes with the concentration of GNPs. Peak 
height has gradually decreased whereas width of the peak has 

increased in such a way that enthalpy change (ΔH) of the transition 
show continuous decrease (see Table 1) with the increasing 
concentration of GNPs. Here it is important to mention that ΔH for the 
nematic–crystal phase transition i.e., enthalpy of the crystallisation 
has also decreased with the increasing concentration of GNPs but 
here changes are small as compared to the nematic–Iso phase 
transition. Entropies of the transitions (ΔS) which represent change 
in order (or disorder) have also been determined for both phase 
transitions and are listed in (Table 1). While going from Cr to Iso 
phase, ΔH and hence ΔS is positive at transitions and consequently 
order is decreasing (or disorder is increasing) and is least (disorder 
is maximum) in the isotropic liquid phase. It is worth to mention 
that, in the case of pure nematic phase, ΔH for Iso–nematic phase 
transition is significantly large as compared to Iso–nematic phase 
transition of GNPs doped composites. It means pure D5AOBis highly 
ordered (rigid) structure as compared to GNPs doped composites 
which is also synchronised with our previously published work [3]. 
If we assume that Isotropic phase is completely disordered (it can 
be taken other way also i.e., crystal phase is perfectly ordered) then 
magnitude ΔH at Iso-nematic phase transition will yield relative 
order (rigidity) of the nematic phase as compared to that of the Iso 
phase. Low magnitude of ΔH will represent GNP doped nematic LC 
phase of low rigidity as compared to the pure D5AOB where ΔH is 
comparatively high at the Iso- nematic phase transition. For this 
reason, it can be assumed that 1.0 wt% GNPs doped composite 
phase i.e., 3rd composite has least rigid as compared to the pure 
D5AOB [38].

Figure 2: Differential scanning calorimetry (DSC) thermograms for the pure and dispersed samples during cooling cycle at the 
scan rate of 5°C min.
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Table 1: The phase transition temperature Tr (°C), phase transition enthalpy ΔH (joule/gm), and phase transition entropies ΔS (mil-
li-joule/gm°K), for both Isotropic to nematic and nematic to crystalline state calculated from DSC thermograph for pure and GNPs 

doped systems in cooling cycle at the scan rate of 5°C/min.

System

Pure D5AOB 0.25 wt% GNPs 0.5 wt% GNPs 1.0 wt% GNPs

Tr (°C)
ΔH

(j/g)

ΔS

(mj/g°K)

Tr

(°C)

ΔH

(j/g)

ΔS

(mj/g°K)

Tr

(°C)

ΔH

(j/g)

ΔS

(mj/g°K)

Tr

(°C)

ΔH

(j/g)

ΔS

(mj/gK)

Iso. –Nematic 65.32 13.42 0.04 63.4 10.88 0.04 61.2 7.06 0.03 60.3 4.27 0.01

Nematic–Cr. 26.36 20.31 0.07 26.43 18.9 0.05 26.3 16.77 0.03 27.3 14.52 0.02

Optical study
To design the potential photonic devices, the spectroscopic 

properties need much more attention. The interaction of photons 
with NLC molecules in presence of nano-environment plays a 
significant role in the fabrication of electro-optical applications. 
UV-Visible absorption spectra have been performed to observe 
the absorption of white light by pure nematic LC and nano-
nematic composites and shown in figure 3(a). From the figure, it 
has been found that absorption is higher for composite than pure 
nematic LC. The absorbance peak is found at 336 nm for pure 
and nano composites. It has been noticed that there is no shift in 
absorbance peak for nano composites. Maximum absorbance is 
found for 1.0% wt/wt nano-nematic composite system. A better 
explanation possibly is as follows: The strong band corresponding 
to the wavelength 336 nm ( 336nmλ = ) has good agreement 
with the mechanism of trans-cis isomerization, which is the main 
photochemical mechanism of azoxybenzene derivatives. Band 
corresponding to wavelength 336 nm can be assigned to *π π−  
transition of D5AOB trans-isomers same as the other materials of 
this class and it dominates at the room temperature. The increase in 
absorbance may be related to an increase in the n *π−  absorption 
band of cis isomers, which is characterized by stronger absorption 
in this spectral region than trans-isomers [39]. The increase 
in absorption may also be due to the coupling between the light 
source and the electromagnetic radiation associated with the free 
electrons of the GNP. GNPs show different optical, electro-optical 
and chemical properties due to the number of free electrons in 
contrast to the bulk metal. An increment in the absorption is may 
also be due to surface plasmon resonance (SPR). The GNPs absorb 
most of the visible radiation. Due to strong interaction of visible 
radiation and free electrons cloud (which is on the outer boundary 
of the GNPs), indicating that there is a collective oscillation of free 
electrons. This phenomenon is called SPR. It depends on various 
parameters of the gold nanoparticles such as size, shape, dielectric 
constant as well as the surrounding medium [40].  Optical density, 
skin depth and extinction coefficient are the intrinsic optical 
properties of nematic LCs. Hence calculate them to explore those 
intrinsic optical features by using experimentally observed UV-
vis absorbance data. The systematic explanation perhaps is the 
following. Applying the Beer-Lambert Law, as follows:                                         

                                      ( )t
oI I e α−=                                  (1)

       

In which,                    2.302A
t

α =
                               (2)

     

Where, α signifies the absorption coefficient, t is the thickness 
of the LC layer in the sandwiched sample holder and A is the 
absorbance of the material. The optical density (OD) is defined 
as the absorption coefficient times thickness of LC layer i.e., OD = 
αt. An electromagnetic wave when passes through a system, it is 
constituting bulk NLC molecules reverberate at random frequencies, 
to resonate with travelling beam frequency. Throughout this 
vehement phenomenon, the energy profile is redistributed based 
on the vibrational frequency of the molecules. The re-emission of 
photonic energy during the vibrational motion of the molecules is 
called optical density of the material. The definition of OD signifies 
the higher the optical dense material slower the transmission of 
electromagnetic radiation through the medium. In the present 
investigation we observed the OD as 0.765, 0.852, 1.203 and 1.338 
for pure, 0.25, 0.5 and 1.0 wt% GNPs doped nematic LC respectively 
see Figure 3(b). Penetration depth or skin depth is a measure 
of how deeply light can penetrate a medium. It is defined as the 
depth at which the optical density of photonic energy inside the 
medium falls to (about 37%) of its original value. Skin depth (δ) 
and the absorption coefficient (α) have inverse proportionally i.e., 
δ=1/α. Skin depth of pure and GNPs doped composite systems 
with the variation of photonic energy depicted in (Figure 3(c)). 
The figure confirms that the skin depth decreases with increase 
in the concentration of GNPs in nematic LC, which but obvious 
compliments the OD results. Hence the GNPs doped nematic LC 
composites behaves as shielding agent for the transmission of the 
electromagnetic radiation. Since, metals are conductors. Inside a 
conductor in electrostatic equilibrium, the electric field is equal to 
zero. So, metals act as protect shields and block electromagnetic 
radiations. But this is not only the reason if so then skin depth 
must be zero for GNPs. When frequencies get to the UV range, the 
particle properties of photons become important and you have 
the photoelectric effect, where photons have enough energy that 
when they deposit that energy in a metal it is sufficient to knock 
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an electron out. One more thing we keep in mind there is very few 
numbers of GNPs (≤1 wt%) in LC media so the skin depth is not 
only corresponding to the metal NPs though LC-GNPs composite 
system [41].

The extinction coefficient of pure and LC-GNPs composite 
system as a function of photonic energy shown in Figure 3(d). The 
extinction of attenuation coefficient is a measure of the damping of 
the electromagnetic wave as it passes into a medium. It comes out 
of the fact that the refractive index is complex and can be expressed 
as n-ik; where n is the real part of the refractive index (and tells us 
about velocity in the medium) and k is the extinction coefficient. 
The absorption coefficient α, allows us to measure how much light 
is absorbed and is related to k by 4 /kα π λ= . It essentially the 
reciprocal of how far the light travels into the solid. Variation of 
photoluminescence (PL) intensity of the pure and dispersed system 
as a function of wavelength is shown in Figure 4. We have performed 
the experiment for the pure and nano-nematic composites at the 
room temperature (35°C). The spectrum of emissions is recorded 
at a steady wavelength of 336 nm and a slit width of 5 nm. As, we 
increase the concentration of GNPs in pure nematic LC, increased 
PL intensity has been observed. For pure, 0.25%, 0.5% and 1.0% 
wt./wt GNPs dispersed nematic LC, we have observed PL intensity 
180 a.u., 264 a.u., 257 a.u. and 239 a.u., respectively. We observed 
no significant shift in the peak of PL emission spectrum and all the 
peaks of the pure and dispersed system are situated at 423 nm. The 

increase in PL intensity is due to the GNPs enhanced surface area, 
which strengthens the excitation beam’s numerous reflections and 
outcomes in the resonance effect of the local surface plasmon. This 
effect becomes more evident with appropriate dispersion of GNPs 
in the nematic LC [42].

We have performed the fourier transformed infrared 
spectroscopy (FTIR) for the pure and nano nematic composites 
to analyse the structural change and stability as well as the effect 
of GNPs on the nematic LC. Fig. 5 demonstrates the FTIR spectra 
at room temperature of the pure and nano-nematic composites. 
The intensity band corresponding to wave number 2800-3000 
cm-1 is due to C-H stretch bond and it demonstrates that the 
GNPs evolve the CH/CH2/CH3 extending vibrations. The distortion 
corresponding to the 1300-1800 cm-1   wave number may be due 
to C=O/C=C=N bending. Here, we observe that this distortion is 
increased for NPs dispersed system, which signifies the interaction 
of GNPs with the single bond elements present in pure nematic 
LC. The frequencies in the range 1400-700 cm-1 are skeletal 
frequencies arises from linear chain structures in the molecule and 
hence different absorption band in the infra-red spectra. In this 
observation, we also discovered a tiny vibrational band in skeletal 
vibrations in the fingerprint region. In this region, we obtain the 
vibrational band owing to single bond bending; this may be due to 
C-O /C-N/C-C [42].

Figure 3: Variation of (a) UV-Vis absorbance with the variation of wavelength and (b) Optical Density, (c) Skin Depth and 
(d) Extinction Coefficient with the function of photon energy (hυ) for pristine D5AOB, 0.25%, 0.5% and 1.0% wt/wt GNPs 
dispersed NLC.
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Figure 4: Variation of PL intensity with wavelength for pure and nano nematic composites.

Conclusions

Figure 4: Variation of PL intensity with wavelength for pure and nano nematic composites.

In present work, we examined the impact of PVP capped gold 
nanoparticles on the entropy, enthalpy, photoluminescence, UV-
Vis’s absorbance and FTIR of nematic LC. Several interesting and 

significant results, such as variation of phase transition temperature, 
enthalpy, entropy, photoluminescence, UV-absorbance and FTIR 
of weakly polar nematic liquid crystal (D5AOB) with the variation 
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of dopant concentration (PVP capped GNPs), are obtained in the 
present work. Skin depth, optical density and extinction coefficient 
has been thoroughly investigated. The results show that the 
increasing the concentration of GNPs (up to≤1wt%) in nematic 
LCs increases the optical density and consequently decreases the 
skin depth. This is the desirable to produce high quality optical 
sensors and optical devices. Nematic to isotropic phase transition 
temperature (TNI), enthalpy change (ΔH) and entropy change (ΔS) 
monotonically reduces with the addition of GNPs consequently the 
orientational order parameter of LC-GNPs composite decreases. 
Furthermore, photoluminescence, UV absorbance and FTIR of pure 

nematic LC have been significantly influenced by the presence of 
GNPs. The change in UV-Vis’s absorbance and photoluminescence 
intensity of LC-GNPs composite was also investigated and observed 
the 76% and 46% enhancement respectively (Figure 5). The 
increase in the surface area of GNPs has been attributed to increase 
in the PL intensity, resulting in increased emissions due to increased 
scattering of excitation. The FTIR analysis of LC-GNPs composite 
system reveals a tiny vibrational band in the skeletal vibrations in 
the fingerprint region which may be expedient in electro-optic as 
well as photonic applications.

Figure 5: FTIR spectra with wavenumber for pure and nano-nematic composites.
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