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Enhancement of the Electro-Optical, Photoluminescent 
and Plasmonic properties of Gold Nano Particles 
(GNPs) doped Cholesteric Liquid Crystals Matrix

Manisha Chaudharya, Monika Yadavb , Rajendra Prasadc

Abstract: The optimized investigations of gold nanoparticles 
(GNP) doped cholesteric liquid crystals revealed the vibrant 
transitions of liquid crystal phases. Thermodynamical investiga-
tion observed the critical temperatures of different phases. The 
different concentration of gold nanoparticles induced in choles-
teric liquid crystal shows the extensive assortment of various 
phases and reduced the cholesteric-blue phase-isotropic tran-
sition temperature from 105 °C to 101 °C. The predisposition of 
the twisting of molecules in the gold nanoparticles doped cho-
lesteric liquid crystal samples was confirmed by the electro-op-
tical examination. Dielectric investigation recorded the effect 
of gold nanoparticles in cholesteric liquid crystal. It signatures 
that the dielectric permittivity and absorption reduced from 
11.57 to 10.2 and 14 to 13.2 respectively. Plasmonic behavior 
of the CLC-Au NPs matrix modulated by the wavelength shifting. 
Enrichment of the functional area of the material surface and 
decrement of photoluminescence intensity has been experiential 
by the doping of gold nanoparticles in a cholesteric liquid crys-
tals matrix. 
Keywords: Photoluminescence; Plasmonic behavior; Dielectric 
investigation; Gold nanoparticles (Au-NPs).

INTRODUCTION

Liquid crystal is a unique and transitional phase between the solid 
and liquid. According to the arrangement of molecules liquid crystals 
have various phases (Qi & Hegmann, 2008; Coles & Morris, 2010; 
Infusino, et al., 2013). The dispersion and unification of gold nanopar-
ticles (GNP) into liquid crystals introduced very great progressive ap-
plications (Bisoyi & Kumar, 2011; Jain et al., 2006; Daniel & Astruc, 
2004). GNPs are one of the most famous and frequently studied met-
al which produces massive impact on various properties like optical, 
mechanical chemical, biological sensing, cancer treatment and elec-
tronic applications (Pathinti et al., 2021; Asiya et al., 2020; Lee et al., 
2016; Vardanyan et al., 2013). This is theoretical and experimentally 
proved that, the liquid crystal materials have the self assembled na-
ture of molecules by applying the external treatment. The bottom-up 
technique of plasmonic GNPs nanoparticles is realized by the liquid 
crystal because of their unique properties (Garbovskiy, 2017; Bitar et 
al., 2011). GNPs nano particles are arranged in long order for the ex-
amination of physical properties of molecular order in the range of mi-
croscopic to the macroscopic level. The combined exhilaration of free 
electron charge carriers, which are present in the conduction band, 
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of the GNP shows surface plasmon resonance (To-
mylko et al., 2011; Cordoyiannis et al., 2020; Dinget 
al., 2013). Surface plasmon resonance is a very im-
portant property for nano-optical devices (Chaud-
hary & Ghildyal, 2024; Yadav et al., 2018; Roy et 
al., 2019; Hadjichristov & Marinov, 2017; Pathak et 
al., 2021). The optical and electrical performance 
such as brightness and efficiency are influenced by 
luminescence and dielectric investigation which are 
responsible for the doping of GNPs. The chirality of 
constitutional molecules forms the spiral structure 
of the cholesteric liquid crystal. Electric fields play 
a major role in optical devices. Due to the applied 
electric field to the liquid crystal materials then all 
molecules are aligned according to the direction of 
the electric field. That’s why, selective light reflec-
tion property is very important for most optical ac-
tive applications. 

The focus of the present work is to examine 
the outcome of doping of GNPs (Au-NPs) in a 
thermotropic cholesteric liquid crystal (CLC). 
We presented here experimental results on pure 
and gold nanoparticles doped cholesteric liquid 
crystal. Thermal properties e.g. transition tem-
perature and enthalpies of different mesophases 
of pure and GNPs doped cholesteric liquid crystal 
have been investigated. The molecular director 
shows the average direction of molecules in cho-
lesteric liquid crystal. It has a helical structure. 
The helical pitch is the equivalent wavelength of 
visible light. The helical pitch of cholesteric liq-
uid crystal lies in the visible light range of wave-
length of visible light. Dispersion of GNPs mod-
ifies the helical pitch of cholesteric liquid crystal 
(Kim et al., 2015). We have also investigated 
the dielectric properties, photoluminescence and 
plasmonic behavior of both pure and Au NPs 
dispersed cholesteryl butyrate cholesteric liquid 
crystal.

METHOD AND MATERIALS

In the extant study, the pure and Au NPs doped 
cholesteryl butyrate cholesteric liquid crystal 
(CB-CLC) have been used. The molecular formu-
la and molecular weight of cholesteryl butyrate 
are C21H25N and 291.44 respectively. Cholesteryl 
Butyrate (CB) Cholesteric liquid crystal has the 
following phase sequences, (a) crystalline phase 
(Cr), (b) cholesteric phase (N*), (c) blue phase (BP) 
and (d) isotropic phase (Iso). The cholesteryl bu-
tyrate cholesteric liquid-crystal (CB - CLC) and 

gold nanoparticles (Au NPs) have been procured 
by Sigma Aldrich. Without any fine-tuning of 
Cholesteric liquid crystal (CB) and gold nanopar-
ticles (Au NPS), both have been used for various 
investigations. In the existing study, Cholesteric 
Liquid Crystal cholesteric butyrate (CB-CLC) and 
Au NPs were used as a host and dopant material 
respectively. The 10 nm was the particle size of the 
Au nanoparticles. We have organized four sam-
ples. Sample 1 referred to pure cholesteryl butyrate 
(CB) and 3 samples referred to the Au NPs (by dif-
ferent weight) dispersed cholesteryl butyrate. The 
host cholesteric liquid crystal is solid at room tem-
perature. First, the Au NPs mixed with the ethanol 
solution. After that Au NPs become stabilised by 
the covering. In the second step, we dispersed the 
Au NPs in the host CB cholesteric liquid crystal 
as a dopant. After that, Au NPs doped cholesteric 
samples have been intermingling unceasingly and 
stimulated at a temperature of 100 °C. The etha-
nol solvent has been completely evaporated. Ac-
cordingly, we have prepared three Au NPs doped 
samples by weight of 0.5%, 1.0% and 1.5% in 
the cholesteryl butyrate cholesteric liquid-crystal 
(CB-CLC).

For the investigation of various properties of 
undoped cholesteryl butyrate cholesteric liquid 
crystal and Au NPs doped CLC, we have used con-
ducting glass plates, and Indium tin oxide (ITO), 
for the preparation of liquid crystal cells prepared 
liquid crystal cells. The thickness of the cell was 6 
μm. The isotropic phase of pure and Au NPs doped 
CB liquid crystal samples have been filled in the 
conducting liquid crystal cells by the capillary 
process. Differential scanning calorimeter (DSC) 
has been used for the thermodynamical examina-
tion of various liquid crystal phases of Au NPs dis-
persed and pure cholesteric butyrate liquid crystal. 
Photo Luminescence spectra of undoped binary 
mixture and GNPs doped binary mixture of liq-
uid crystal have been recorded by using a Fluores-
cence Spectro photo-meter. Fluorescence Spectro 
photo-meter associated with a Xenon flash lamp 
in the mode of fluorescence. Agilent Carry Eclipse 
G9800A is the model’s name for the fluorescence 
spectro photo-meter. The dielectric investigation 
of pure and Au NPs doped of cholesteryl butyr-
ate cholesteric liquid-crystal has been measured 
by using an impedance analyzer. The model no 
of the impedance analyzer is HP 4192A. All the 
dielectric observations were computer-controlled 
and automated.
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RESULT AND DISCUSSION

Thermodynamical studies

The differential scanning calorimetric apparatus 
achieved excellent thermal stability and operated at 
a slow scanning rate. DSC thermograms of undoped 
and Au NPs doped cholesteryl butyrate cholesteric 
liquid crystal are shown in Fig. 1. DSC thermogram 
has been recorded during the heating cycle at the 
5 °C/min scanning rate. The 5.0 mg was the mass 
of all samples. The DSC thermograms reveal, heat 

capacity with the function of temperature of un-
doped CB cholesteric liquid crystal, 0.5 %, 1.0 % 
and 1.5 % by weight Au NPs doped CB cholesteric 
liquid crystal are exposed in figure 1 (a-d) respec-
tively. DSC thermogram of undoped CB cholesteric 
liquid crystal (fig. 1a) has three peaks. The first peak 
agrees with the crystal (Cr) to cholesteric phase (N*) 
transition at 93 °C temperature, the transition of cho-
lesteric phase (N*) to blue phase (BP) correlates with 
the second peak at 100 °C temperature and the third 
peak correspond with the transition of blue phase 
(BP) to isotropic phase (Iso) at 105 °C temperature. 

Figure 1. DSC thermograms of pure (a) and 0.5%, 1.0%, and 1.5% 
(b. c & d) gold nanoparticle doped CB cholesteric liquid crystal.

(a) (b)

(c) (d)
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The DSC thermogram of Au NPs (0.5%, 1.0% 
and 1.5% by weight) doped CB cholesteric liquid 
crystal are shown in fig.1(b-d). The transition tem-
peratures of crystalline phase (Cr) to cholesteric 
phase (N*), cholesteric phase (N*) to blue phase 
(BP) and blue phase (BP) to isotropic (Iso) phase of 
Au NPs doped sample 2 (0.5 % Au NPs doped CB) 
are 91.5 °C, 99.5 °C and 103 °C respectively. Simi-
larly, Au NPs doped sample 3 (1.0 % Au NPs doped 
CB) has three peaks. The crystalline phase (Cr) to 
cholesteric phase (N*) transition corresponds to the 
first peak at 91 °C temperature, the second peak 
shows the transformation of the cholesteric phase 
(N*) to blue phase (BP) at 98 °C temperature and 
the third peak correspond with the conversion of 
blue phase (BP) to isotropic phase (Iso) at 101.5 °C 
temperature. The transition temperatures of crystal-
line phase (Cr) to cholesteric phase (N*), cholesteric 
phase (N*) to blue phase (BP) and blue phase (BP) 
to isotropic phase (Iso) of Au NPs doped sample 4 
(1.5 % Au NPs doped CB) are 90 °C, 96 °C and 
101 °C respectively.

In the present study, the dispersion of Au NPs in 
the CB Cholesteric liquid crystal reduced gradually 
conversion temperatures and enthalpies of crystal-
line (Cr) to cholesteric (N*), cholesteric (N*) to blue 
phase (BP) and blue phase (BP) to isotropic (Iso) 
transition with the cumulative of doping percent-
age of Au NPs in the unadulterated CB cholesteric 

liquid crystal. Another interesting feature of Au 
NPs doped CB CLC samples is the range of the blue 
phase increased with the increasing doping of Au 
NPs (Fig. 1b-d). The doping of Au NPs does imply 
the very specific determination of transition tem-
perature and increment of range of blue phase. The 
first order of transition of the blue phase depends 
on the latent heat and it plays a major role (Bukow-
czan et al., 2021). The blue phase sturdily stabilized 
in the occurrence of Au NPs. The changing of en-
thalpies is dependent on the conversion of various 
phases (Cr, N*, BP and Iso) in undoped and Au NPs 
doped CB cholesteric liquid crystal. We are also ex-
periential that the distinction of the transition tem-
perature of different phases of pure CB cholesteric 
liquid crystal is greater as associated with Au NPs 
doped CB cholesteric liquid crystal. The encour-
agement of doping on the conversion temperature 
resembles the mean-field theory hypothetical model 
of cholesteric liquid crystal (Gorkunov & Osipov, 
2011; Petriashvili, 2022). 

Photoluminescent Study

In the present study, photoluminescent (PL) spectra 
of undoped and Au NPs doped CB-CLC samples 
were recorded at room temperature and shown in 
Fig. 2. The excitation wavelength was 410 nm for 
the investigation of luminescence properties in the 

Figure 2. Photoluminescence Spectra of pure and Au-NPs doped CB cholesteric liquid crystal.
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influence of increasing doping of Au NPs in CB 
cholesteric liquid crystal as well as in undoped CB 
cholesteric liquid crystal. The photoluminescence 
intensity of undoped and Au NPs doped CB cho-
lesteric liquid crystal was maximum at 464 nm 
wavelength. The photoluminescence intensity of 
undoped cholesteric liquid crystal CB was 755 a.u. 
Further, the addition of (0.5%, 1.0% & 1.5% by 
weight) Au NPs in the CB cholesteric liquid crys-
tal exhibited the photoluminescence intensity 850, 
900, 950 a.u. respectively. Fig. 2 shows that the lu-
minescence intensity continuously increased due to 
the increment of doping of Au NPs. The size of Au 
NPs played a significant role in the enhancement of 
PL intensity. This enhancement is attributed to the 
accumulation and surface functionality of Au NPs 
(Huang, 2015; Kumar & Singh, 2023). The photolu-
minescence properties of the display depend on the 
suitable dopant’s particle size. It increases the add-
ingexcitation reflections and PL intensity becomes 
enhanced (Chaudhry & Ghildyal, 2022). 
 
Plasmonic Investigation

The plasmonic behavior of undoped CB-CLC and 
doped CB-CLC are shown in Fig.3. Fig. 3 presents 
the absorption spectra of undoped CB-CLC. The 
absorption peak of undoped CB-CLC was observed 

around 570 nm and shows the absorption spectra 
of Au NPs doped CB-CLC samples. 0.5% Au NPS 
doped CB-CLC has an absorption peak of 535 nm, 
1.0% Au NPS doped CB-CLC has an absorption 
peak of 534 nm and 1.5% Au NPS doped CB-CLC 
has an absorption peak of 533 nm. The reflection 
central wavelength λo shifts from 570 nm to 535 
nm due to the doping of Au NPs in the cholesteryl 
butyrate cholesteric liquid crystal. The shifting of 
the reflection central wavelength λo is due to the 
orientation of the helix axis (Roy et al., 2015). Due 
to the scattering of light by the boundaries of liquid 
crystal cells, it introduced the loss of transmission 
of light. That’s why the reflection central wave-
length λo shifted towards the lower wavelengths. 
This lag of shifting of reflection central wavelength 
λo is responsible for analytically reproducible (De 
et al., 2018).

Fig. 3 shows the plasmonic properties of the 
undoped and Au NPs particles doped CB choles-
teric liquid crystal. Basically, an increment of ab-
sorbance accredited the plasmonic behavior of Au 
NPs. It is a well-known fact that the circularly po-
larised light is reflected by the layers of cholesteric 
liquid crystal. This is notable by the surface plas-
mon resonance (SPR). The reflection of circularly 
polarised light by the undoped CB Cholesteric liq-
uid crystal at 550 nm. 
 

Figure 3. Plasmonic Spectra of pure and Au-NPs doped CB cholesteric liquid crystal.
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Dielectric Study

In the present work, the dielectric characteristics of 
the undoped and Au NPs doped CB cholesteric liq-
uid crystal samples were investigated by dielectric 
spectroscopy technique (Caputo et al., 2012; Liu et 
al., 2018). This is a very influential technique for 
the consideration of molecular particulars. The di-
electric properties have been recorded as a function 
of the frequency of undoped and Au NPs dispersed 
CB cholesteric liquid crystal samples. Fig. 4 Shows 
the dielectric permittivity. 

The most significant physical property of the 
liquid crystal is dielectric anisotropy. The operating 
verge voltages for liquid crystal displays are evalu-
ated by the dielectric anisotropic. The multifaceted 
dielectric constant of the liquid crystal is expressed 
with the equation (Chauhan, 2023).

ε* = ε’ – iε’’	 (1)

The dielectric constant has real (ε’) and imagi-
nary parts (ε’’) respectively. The imaginary part ε” 
illustrates the dielectric loss. Fig. 4a demonstrates 
the frequency-dependent dielectric permittivity ε’ 
of undoped and Au-NPs doped CB-CLC at room 
temperature. The dielectric permittivity of undoped 

and Au NPs doped CB-CLC is continuously de-
creased with increasing frequency. In Fig 4a, it is 
clear that the dielectric permittivity decreases due 
to the increment of doping of Au NPs in CLC. The 
dielectric permittivity which has a high value at 1K. 
A potential barrier is generated at low frequency 
due to the existence of space charge polarization. 
The maximum variation of dielectric permittivity 
is achieved in the range of frequency 1K to 100K 
due to the attenuation of space charge polarization. 
After that, the variation of dielectric permittivity 
remains constant from 10K to 100K. Due to the lack 
of sufficient time at high frequencies, the molecules 
do not align in the direction of the applied electric 
field. Dielectric absorption spectra of undoped and 
doped are shown in the Fig 4b. Initially the dielec-
tric loss factor ε” increases with the increasing of 
frequency. It reaches up to the maximum value at a 
critical value of frequency and then decreases with 
further frequency increases. The dielectric absorp-
tion of undoped and doped CB - CLC attain a max-
imum peak at 520992 Hz frequency. The dielectric 
absorption decreases with the increasing doping of 
Au NPs by weight. The information of movement 
and bonding of molecules is satisfied by the tran-
sition frequency (Köysal, 2010; Jonscher, 1999; In-
fusino et al., 2014). 

(a) (b)

Figure 4. Dielectric investigation (a) permittivity and (b) absorption spectra
of pure and Au-NPs doped CB cholesteric liquid crystal.

CONCLUSION

We dispersed Au NPs in a Cholesteryl butyrate cho-
lesteric liquid crystal and investigated the outcome of 
Au-NPs on thermodynamical, photoluminescence, 

plasmonic and dielectric properties. Thermody-
namical studies stated that the dispersion of Au NPs 
in cholesteryl butyrate directed towards a lessening 
of the critical temperatures of cholesteric (N*) and 
blue phase. The critical temperatures of cholesteric 
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(N*) and blue phase (BP) were reduced due to the 
dispersion of Au-NPs. An anisotropic nature is very 
weak in the Au nanoparticles. That’s why the decre-
ment of critical temperature is a connotation with the 
anisotropic properties’ effect of Au nanoparticles. 
The percentage of doping and size of Au NPs play a 
very important for reducing the temperature. Photo-
luminescence spectra show the Au-NPs heightened 
photoluminescence properties of cholesteryl butyr-
ate. The signature of the high functionality of Au-
NPs explicitly the interaction between the surface 
of the host and doped material. The electromagnetic 
field is generated at the surface of Au NPs due to 
the interaction between the molecules. The Au-NPs 
and cholesteryl butyrate matrix change so many op-
tical properties. This matrix has excessive latent for 
the photonics devices. Au-NPs contribute a major 
role in the enhancement of plasmonic properties of 
cholesteryl butyrate cholesteric liquid crystal. We 
observed a significant change in the transmission 
behavior. The transmission responses are shifted 
towards the lower wavelength due to the increas-
ing refractive index. The wavelength shifting is 
responsible for the shape and molecular arrange-
ment of Au NPs doped CB-CLC matrix. Impedance 
analysis showed the existence of Au NPs due to the 
charge accumulation at the edge. Dielectric studies 
signified that the decrement of dielectric permittiv-
ity and absorption of CB cholesteric liquid crystal 
due to doping of Au NPs suggested the orientation 
of molecules is reduced. The dipole correlation of 
CLC molecules also changed due to the Au NPs ma-
trix. So ionization, recombination of molecules and 
ionic conductivity of CLC‑Au NPs matrix has been 
increased. The CLC-Au NPs matrix is a very im-
portant candidate for liquid crystal displays in the 
future. This composite will tune the various proper-
ties of optical devices. 
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