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Abstract 

Nematic liquid crystals (NLCs) have proved to be excellent materials for nonlinear optics (NLO) and its applications because of 
their large nonresonant nonlinearity and their extended spectral transparency. The aim of this paper was to investigate nonlinear 
refraction index of eutectic mixture of heptylcyanobiphenyl 7CB and pentylcyanobiphenyl 5CB NLCs doped with TiO2 NPs 
(were synthesized by sol-gel method). 
The eutectic melt temperature of 273.45 K and eutectic composition of 0.45 7CB were observed for the binary system 5CB, 7CB 
mixture in good agreement with theoretical predictions. The third-order nonlinear optical properties of prepared sample, which 
tested by close aperture Z-scan method with CW He:Ne laser beam at 632.8 nm, are reported. Results suggest that TiO2 NPs in 
5CB/7CB mixture is a promising material for third order nonlinear applications. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 

The electrical and optical properties of the liquid crystals can be improved using new nanomaterials differing in 
size, shape, and properties (Al-Hazmi et al. 2014). Nonlinear optical effects have an important role in modern 
photonics technology which includes generation of ultra-short technology pulses, ultrafast switching, controlling the 
frequency spectrum of laser light, all-optical signal processing, Divya et al. (2014). The technique used in this 
investigation is the most comfortable, sensitive and informative Z-scan technique, which allows the determination of 
both nonlinear absorption coefficient β and nonlinear refractive index n2 sign and magnitude, Saievar Iranizad et al. 
(2014), Zongo et al. (2015). 

2. Experimental 

2.1. Preparation of TiO2 nanoparticles (NPs) in E5CN7 

Eutectic composition of 0.45 7CB and 0.55 5CB (5CB and 7CB were purchased from Aldrich) were observed for 
the mixture of 5CB/7CB that is in good agreement with theoretical predictions. The mixture of 5CB and 7CB with 
were prepared at room temperature and were placed in an ultrasonic bath for 30 min to obtain appropriate 
homogeneity, Javadian et al. (2015). 

TiO2 NPs were synthesized by sol-gel method and were characterized using scanning electron microscopy 
(SEM) and X-ray diffraction (XRD). Then synthesized NPs doped to prepared eutectic mixture nematic liquid 
crystals (NLCs). The percentages of TiO2 NPs in guest–host system were 1% W/W. 

2.2. Nonlinear optical properties characterization 

The third-order nonlinear optical properties measurements were performed using single beam Z-scan technique. 
The measurements were done with linearly polarized TEM00 Gaussian beam of a CW He–Ne laser at 632.8 nm. 
The focal-length of the positive lens is 8 cm and the waist radius (ω0) was obtained about 44 µm at the focal point 
by the edge scan method. The intensity of He–Ne laser at the focal point is measured to be 328.83 W/cm2. 

The sample was placed in a prepared cell of 12 µm thickness and thus the thin sample approximation is valid, Lu 
et al. (2015). The cell was hold on an optical rail and translated across the focal region along the axial direction that 
is in the direction of the propagation of the laser beam, Zidan et al. (2015). 

An aperture was placed in front of the transmission detector, and the transmittance was recorded as function of 
the sample position on the z-axis (closed aperture Z-scan), Zhao et al. (2015). The difference between the 
normalized peak transmittance and valley transmittance, ∆Tp-v in the pure close aperture curve is used to calculate 
the NLR index, n2 of the compounds through the equation, Dehghani et al. (2015): 
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Where za is the distance between the aperture and the focal point, and z0 is the diffraction length of the beam 
with wave vector k, Zidan et al. (2015), Alsous et al. (2014). Here S=0.37 and Leff were listed in Table 1. 

3. Results & discussion 

3.1. Characterization of TiO2 NPs 

The XRD is used to identify crystalline structure and crystallite size of the samples. Fig. 1 shows the XRD 
pattern of TiO2 NPs. X-ray diffraction pattern showed a tetragonal structure with the average size of 13.7 nm. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1. XRD pattern of synthesized TiO2 NPs. 

SEM image of TiO2 NPs is shown in Fig. 2. SEM photograph confirming the average size of TiO2 NPs were 
found to be at 34nm. 

 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 2. SEM image of synthesized TiO2 NPs by sol-gel method. 
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3.2. Linear absorption coefficient of Pure E5CN7 and TiO2 NPs in E5CN7 

At low input power of laser, pure E5CN7 and TiO2 NPs in E5CN7 exhibit a linear behavior. Then for calculating 
of linear absorption one can use the optical limiting (OL) experiment. Fig. 3 shows the output power for prepared 
samples as a function of the power without the sample at low power. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Optical limiting behavior of pure E5CN7 and TiO2 NPs in E5CN7. 

The linear absorption in low incident powers can be found from the below equation, Dehghani et al. (2015). The 
values of α for pure E5CN7 and TiO2 NPs in E5CN7 are listed in Table 1. 
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3.3. Nonlinear refraction (NLR) of pure E5CN7 and TiO2 NPs in E5CN7 

The third-order NLO properties of pure E5CN7 and TiO2 NPs in E5CN7 were tested by Z-scan. The closed 
aperture Z-scan data of pure E5CN7 and TiO2 NPs in E5CN7 are shown in Fig. 4. 

 

 

Fig .4. Pure close aperture curve of pure E5CN7 and TiO2 NPs in E5CN7. 
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The peak- valley configuration of the curve suggests self-defocusing effect and shows both of samples have a 
negative refractive index (n2 < 0). The magnitude of n2 is tabulated in Table 1. As the values of optical parameters 
show TiO2 NPs in E5CN7 has higher values than pure E5CN7.  

                            Table 1. Calculated optical parameters of pure E5CN7 and TiO2 NPs in E5CN7 

Sample  ΔTp-v  Leff(µm) n2(cm2/W) α(cm-1) 

Pure E5CN7 2.25×10-4 11.18 1.7×10-8 118.2 

TiO2 NPs in E5CN7 6.93×10-4 11.07 5.3×10-8 136.4 

4. Conclusion 

In this work, we study structure properties of synthesized TiO2 NPs by using SEM and XRD. X-ray diffraction 
pattern showed a tetragonal structure with the average size of 13.7 nm. SEM photograph confirming the average size 
of TiO2 NPs. were found to be at 34 nm. 7CB and 5CB were mixed in a ratio of 45/55 to obtained eutectic mixture 
of them (E5CN7). Then synthesized NPs doped in E5CN7. 

The present paper demonstrates the linear absorption and nonlinear refraction of the pure E5CN7 and TiO2 in E5CN7 
by optical limiting and close aperture Z-scan technique respectively. The peak– valley configuration revealed a 
negative nonlinear refraction which is attributed to de-focusing process. As the results show optical properties of 
NLCs improved by adding TiO2 NPs. 
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