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Abstract: 

In the present study, silver doped zinc oxide nanoparticles (NPs) have been added in 

the pristine ferroelectric liquid crystal (FLC). The dielectric, electro-optical and spectroscopic 

properties was investigated of the pristine FLC and FLC-NPs composite system. The 

dispersion of NPs into the pristine FLC material sturdily influences the various properties of 

composite system. Due to dispersion of NPs, a rapid increment in the dielectric permittivity 

and faster switching was observed for the FLC-NPs composite system. Absorbance of the UV 

light got diminished in the presence of silver doped zinc oxide NPs. Photoluminescence 

emission of the pristine FLC material has been quenched after the addition of NPs and a red 

shift was also detected. The possible applications of this investigation have been suggested in 

the letter.  
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1. Introduction: Liquid Crystals (LCs) are partially ordered, anisotropic fluids, which are 

thermodynamically located between the crystalline solid and isotropic liquid. They exhibit 

orientational or low dimensional positional order of their long molecular axis which results 

into anisotropic physical properties, such as refractive index, dielectric permittivity, elastic 

constant, or electric conductivity. One of the major applications of LCs is displays and 

photonic devices. Their operation is based on electro-optical effects in LCs, with which their 

dielectric and conductive properties are closely coupled [1-3]. Among the LC materials, 

Ferroelectric LCs (FLCs) have gained intense attention of researchers in recent years due to 

their remarkable properties i.e. fast switching, low threshold voltage, improved optical 

contrast, memory effect, wide viewing angle characteristics, etc. [4-6]. FLC materials exhibit 

the ferroelectric properties due to the low symmetry of chiral smectic C (SmC*) phases [7].  

At the same time, ground-breaking developments have been made in the fields of 

nanotechnology and nanoscience, which led to the birth of a series of novel nanomaterials [8-

11]. These nanostructured materials, have achieved remarkable academic and industrial 

attention due to their size-dependent electronic, optical, magnetic, and chemical properties 

and have been widely used in almost every field of science from energy, optics, computing, 

biosciences and medical sciences [12-14]. With the continuous advancement of technology, 

enrichment in the basic properties of available LCs is exceedingly required. Dispersion of LC 

compounds with different nanoparticles (NPs) is the most popular approach adopted to 

improve the physical and electro-optical properties of LC devices. Certainly, when the 

nanomaterials encounter liquid crystals, a highly interesting and unique synergy will be 

observed, leading to an abundance of exclusively new and potential applications [15-19]. 

Various different types of NPs such as organic, semiconducting, ferromagnetic, metallic, and 

insulating are being used to produce technologically improved electro-optic devices [20-24]. 

As a dopant for LCs, metal oxide NPs are interesting materials with intriguing properties and 

have received immense interest in the scientific community owing to their exclusive physical 

and chemical properties resulting from their limited size and a high density of edge surface 

sites [25-27]. Singh et al. have found the occurrence of photoluminescence in FLC by doping 

it with Cu-ZnO NPs [28]. Sharma et al. have reported an increase in the contrast ratio, 

birefringence and band gap after the dispersion of ZnO NPs in NLCs [29]. Incorporation of 

Au/SnO2 Nanocrystals (NCs) enhances the optical tilt angle, PL intensity and reduces 

saturation voltage of a FLC mixture as observed by Doke et al. [30]. This modification in 

electrical and optical properties was attributed to change in dynamics of FLC molecules in 

presence of the NCs. Ayeb et al. have found that doping of pure and copper-incorporated 



 

 

TiO2 NPs in NLC 5CB decreases the dielectric anisotropy, response time and splay elastic 

constant [31]. 

Zinc oxide (ZnO) is a wide and direct bandgap (about 3.37 eV at room temperature) 

semiconductor with high exciton binding energy (60 meV at room temperature), and unique 

optical and luminescence properties [32-34]. Doping in ZnO with selective metals could 

amend its luminescent characteristics and accelerate the course of their practical applications 

[35-37]. The diffusion of copper or silver into ZnO can induce variations in its lattice 

structure and correspondingly, in the interrelated physical properties. Therefore, in this letter, 

we report the dielectric, electro-optical and spectroscopic properties of pristine FLC and 

silver doped zinc oxide nanoparticles-FLC composite system.  

2. Experimental Details: 

The host FLC material used in the present study is Felix 16/100 (Clariant Chemicals 

Co. Ltd.) and the phase transition of the sample is Cr, SmC*, SmA, N*, and Iso at -20°C, 

72°C, 82°C, and 90-94°C. The nanocrystalline powder of Ag-doped ZnO was synthesized by 

chemical co-precipitation method [38]. For making the composite, first we dissolve the 

optimized concentration (0.5 wt.%) of NPs into the Chloroform and then take the desired 

amount of solution to disperse in the host FLC material. After the dispersion, composite was 

homogenized with an ultrasonic mixer for 5 h at 100 °C temperature. The fabrication of LC 

cells has already been described in our previous work [24]. The pristine FLC and composite 

was filled in the assembled cells by capillary method at a temperature higher than the 

isotropic temperature of the FLC material. 

3. Results and discussion: 

The frequency dependence of the dielectric permittivity for the pristine FLC and FLC-

NPs composite system at room temperature has been shown in figure 1. The addition of silver 

doped zinc oxide NPs in the pristine FLC causes an increase in the value of dielectric 

permittivity which is related to the strength of the helical geometry of the FLC molecules. 

The enhancement in effective dipole moment (increase in net polarization) of the composite 

system on the addition of NPs increases the dielectric permittivity. Notably NPs prepared by 

hydrothermal method have more uniform size and posses only some surface defects. The 

higher interaction of the FLC molecules with surface defects increases the net dielectric 

permittivity of FLC-NPs composite system. 

 



 

 

Fast switching time is one of the basic requirements for display applications and was 

determined using polarization reversal technique by applying a square wave of appropriate 

frequency. The voltage dependence of response time (τ) for pristine FLC and FLC-NPs 

composite system indicates that τ decreases with an increase in voltage as shown in figure 2. 

It is evident from the figure that the switching time of FLC molecules gets faster in the 

presence of NPs. The probable reason for the faster switching process is the lower value of 

rotational viscosity which offers a decreased viscous torque. Therefore, the faster response of 

composite system is attributed to the reduced viscous torque. 

Figure 3 represents the absorbance in arbitrary unit on the wavelength scale (nm) for 

the pristine FLC and FLC-NPs composite system. The UV-visible absorption study was 

performed at room temperature to examine the absorbance of white light by the pristine FLC 

and FLC-NPs composite. It is noted from the graph that pristine FLC and FLC-NPs 

composite absorb a broad regime of UV light between 310 and 360 nm. The absorbance of 

the FLC-NPs composite is lower than the pristine FLC and a major absorbance peak was 

found at 331 nm for the pristine FLC. This absorption peak may be attributed to the π–π* 

transitions which are usually observed in all the thermotropic LCs. The perturbation in the 

geometry of the FLC molecules by the dopant nanoparticles is accountable for the reduction 

in the absorbance of FLC-NPs composite. Another reason behind the decrease in the 

absorbance might be due to the scattering centers formed in the presence of NPs. 

The variation of photoluminescence (PL) intensity at wavelength scale for the pure 

FLC and composite system has been depicted in figure 4. The absorbance wavelength was 

selected as excitation wavelength for the PL measurements. From the figure, it is obvious that 

the PL intensity of the pristine FLC material has been decreased after the addition of NPs 

which may be due to absorption of major portion of PL emission of the FLC material by the 

NPs. Besides the reduction in PL intensity, a slight red shift has also been observed in the PL 

emission because NPs are acting as PL quencher in the pristine FLC. The PL emission peak 

was centered at 364 nm and 378 nm for the pristine FLC and FLC-NPs composite system, 

respectively. 

4. Conclusion: 

In summary, Ag-doped ZnO nanoparticles were dispersed in the pristine FLC Felix 

16/100 and the dielectric, optical and electro-optical properties were investigated for the 

composite system. Due to the alignment capability of NPs, the optical micrograph of 

composite system was found to be altered. The relative permittivity of composite system was 



 

 

found to be increased as the dipole moment of NPs supported the dipole moment of pristine 

FLC and effective dipole moment was increased. The switching time gets faster for the 

composite system owing to reduced viscous torque and rotational viscosity. Absorbance and 

photoluminescence have been found to be decreased for the composite system. The observed 

outcome of the present study may be applied to faster switching displays and charge storing 

devices.  
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Fig. 1 Variation of dielectric permittivity with frequency for pristine FLC and FLC-NPs 

composite system. 



 

 

 

Fig. 2 Variation of response time with applied voltage for pristine FLC and FLC-NPs 

composite system. 



 

 

 

Fig. 3 Variation of absorbance with wavelength for pristine FLC and FLC-NPs composite 

system. 



 

 

 

Fig. 4 Variation of PL intensity with wavelength for pristine FLC and FLC-NPs composite 

system. 

 


