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In this paper the linear and nonlinear optical (NL) properties of ZnO-TiO2-PMMA nanohybrids 

films prepared via solution casting method were investigated. The effect of film thickness on the 

linear optical properties has been studied using UV-Vis spectrophotometer while the NL 

properties have been characterized using Z-Scan technique. The results show that the energy 

band gap (Eg) and nonlinearity are increased as the sample thickness increased. The nonlinear 

refractive index (NLR) (cm/W2), nonlinear absorption coefficient (NLA) (cm/W) and third order 

susceptibility χ (3) (esu) are of the order 10-7, 10-6 and 10-5 respectively. The optical limiter 

threshold around (35-66) mW and depend on the sample thickness (optical limier increased as 

the sample thickness increased). 
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1. INTRODUCTION 
NL materials have been explored greatly for their various applications in all-optical switches, 

photonic devices, optical modulation and optical sensor protection [1–6].  A high nonlinearity 

and ultra-fast response time of organic materials improves their importance for optical limiting,  

Also, among all organic materials, p-conjugated polymers have received significant interest as 

third-order nonlinear optical materials for photonic switching devices, optoelectronic materials 

for light emitting diodes and  solar cells [2,7,8]. In the recent years, many researchers interested 

in the linear and NL properties of a matrix transparent films consisting of polymer, organic dyes, 

and TiO2 or ZnO nanoparticles [9-17].  A matrix of Polymer-TiO2 nanohybrids has been studied 

for their novel optical properties. They show a very fast recovery time of 1.5 picosecond and 

high optical nonlinearity up to 1.93×10-9 esu as observed by Z-scan technique using 250 femto-
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second laser pulses at 780 nm [10]. The dependence of the optical limiter and nonlinear optical 

properties on the dopant concentrations of TiO2 in PMMA was studied in [18]. TiO2-ZnO 

nanohybrids shows a great enhancement in the optical nonlinearity [19, 20].  In this paper the 

linear and nonlinear optical properties of PMMA-TiO2-ZnO nanohybrids films of different 

thickness have been studied. 

 

2. EXPERIMENTAL PART 
           PMMA-TiO2-ZnO nanohybrids were prepared using solution casting method [7] where 

poly(methyl methacrylate) (PMMA, Veracril, Colombia ) was first dissolved in chloroform ( 

CHCl3, 99% , BDH chemicals Ltd Poole England ) in beaker 1 meanwhile 2 wt% of titanium 

peroxide nanoparticle ( TiO2, 99.8%,  particle size = 50 nm, Hongwunanometer, China ) and 0.2 

wt% of zinc oxide (ZnO, 99.8%,  particle size = 80 nm, Hongwunanometer , China)  were 

dispersed  in chloroform in beaker 2. Both beakers were stirred for 4 hours, then sonicated for 

30 minutes, finally both solutions were mixed together and stirred for 10 hours, then sonicated 

for 20 min to obtain the homogenous mixture. The mixture of the solutions was poured into a 

Petri dish and left at room temperature for 24 hours to evaporate the solvent. The films coded as 

(TZ125, TZ195, TZ290 and TZ420) for thickness (125, 195, 290, and 420) μm respectively. The 

UV-visible spectrum of these samples was measured using (Metertech SP8001, Taiwan). The 

nonlinear optical properties of the nanohybrids were measured using Z-scan Technique. The 

excitation source of this system is CW Nd-YAG laser (MIL-111, Changhun new industry, china) 

with wavelength of 1064 nm. The output beam is focused onto the sample by using a bi-convex 

lens with a focal length of 15 cm, giving a spot size of ~ 60 μm. Open aperture form of the Z-

scan setup is used to determine the two photon absorption coefficient by assuming the total 

nonlinear absorption effect as = 𝛼𝑜 + 𝛽𝐼 . For Gaussian laser beam, the normalized change in 

transmittance ∆T (z) for open aperture is described by [21] 

∆𝑇(𝑧) ≈  −
𝑞𝑜

2√2
 

1

[1+𝑍2

𝑍𝑜
2⁄ ]

                                                                            (1) 

Where 𝑞𝑜 = 𝛽𝐼𝑜𝐿𝑒𝑓𝑓  , zo is the diffraction length of laser beam, β is the two photon absorption 

coefficient, Io is the intensity of the laser beam, Leff is the effective thickness. The closed aperture 

form of the Z- Scan is used to obtain the nonlinear refractive index (n2) by using [22]. 

∆𝑇𝑝𝑣 = 0.406(1 − 𝑆)0.27|ΔΦ𝑜|                                                                   (2) 

 

Where  ΔΦ𝑜 =
2𝜋

𝜆
𝑛2𝐼𝑜𝐿𝑒𝑓𝑓 , ∆𝑇𝑝𝑣 is the normalized difference of the maximum (peak) and 

minimum (valley) transmission in the closed aperture scheme,  ΔΦ𝑜  is the induced phase shift 

in focus due to nonlinear refraction, S is the aperture transmission. 

The imaginary and real parts of the third order nonlinear optical susceptibility of nonlinear 

optical material is calculated by the relations [23] 

Im(𝜒(3)) = (𝑛𝑜
2𝜀𝑜𝑐𝜆 2𝜋⁄ )𝛽                                                                           (3)                                                                                          

Re(𝜒(3))(𝑒𝑠𝑢) =  
𝑛𝑜

2

0.0395
𝑛2(𝑐𝑚2𝑊−1)                                                          (4) 

Where 𝑛𝑜 =
1+𝑅

1−𝑅
+ √

4𝑅

(1−𝑅)2 − 𝐾2 is the linear refractive index, 𝜀𝑜 is the vacuum permittivity and 

c is the light velocity  

The value of the third order nonlinear optical susceptibility of these films was calculated using 

[7] 

𝜒(3) = [(Re𝜒(3))
2

+ (Im𝜒(3))
2

]
1 2⁄

                                                               (5) 
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3. RESULTS 

3.1 Characterization, formation of TiO2 phase 

      Chemical composition, properties of ZnO-TiO2-PMMA nanohybrids are shown in figure 1. 

This Figure shows a broad band around 3600-3805 cm-1 which is due to OH stretching (39) on 

the surface of titania particles, and the band around 2839-2964 cm-1 indicates the O –CH3 

stretching of the PMMA. The peaks around 1728, 1458, and 1150 cm-1 assigned to C=O stretch, 

C-H bending, and C-O stretch of the PMMA respectively [13.14]. The peak at 744 cm-1 is the 

stretching vibration of Ti-O band [19]. The figure shows a peak at 478 cm-1 indicate the ZnO 

stretching vibration. 

 
Figure .1, FTIR spectrum for ZnO (0.2w %) film. 

3.2  Linear optical properties  

          The linear optical transmittance, absorbance and the band gap values of the Nano-

composites for different sample thickness (200-1100) nm has been shown in Figures 1, 2 and 3 

respectively.  

 

 

 
Figure 1. Transmittance spectra of PMMA-TiO2-ZnO nanocomposite thin films (zno=0.2) 

with different thickness TZ125, TZ195, TZ290 and TZ420 respectively. 
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Figure 2. Absorption coefficient of PMMA-TiO2-ZnO nanohybrids thin films with different 

thickness TZ125, TZ195, TZ290 and TZ420 respectively. 

 

 
Figure 3. Optical band gap energy of PMMA-TiO2-ZnO nanohybrids film with different 

thickness TZ125, TZ195, TZ290 and TZ420 respectively. 

. 

Figure 1 indicates that the transparency of the films decreasing with the increasing in film 

thickness due to the electrostatic interaction between particles becomes larger leading to increase 

the probability of particles to be gathered forming agglomerated particles which causes light to 

be scattered [8]. The linear absorption spectra shown in Figure 2, demonstrate that all four 

nanohybrids thin films are highly transparent in the visible region. It can also be seen that the 

higher sample’s thickness TZ420 exhibit a higher absorbance than other samples (TZ125, 

TZ195, and TZ290).  

           The direct optical energy  band gap energy (Eg) were obtained from Tauc’splot of (αhν)2 

versus photon energy for all thin film thickness were  presented in figure (3). The band gap Eg 

were calculated to be (4.33, 3.62, 3.54 and 3.10) eV for TZ125, TZ195, TZ290 and TZ420 

respectively. |It was shown that as the thin film thickness increased, the band gap energy of TiO2 

decreased, which improve minimum energy required for electron excitation from valence band 

to conduction band [16]. 

              The linear refractive index (no) of the nanohybrids measured at 1064 nm is 2.592, 2.630, 

2.577 and 2.187 for TZ125, TZ195, TZ290 and TZ420 thickness respectively. 
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Table 1. Linear properties of TiO2-PMMA with different film (zno=.2) thickness TZ125, 

TZ195, TZ290 and TZ420. 

Sample Code Film thickness μm αo (cm-1) Eg (eV) no 

Tk125 125 52.83 4.33 2.592 

TK195 195      47.58 3.62 2.630 

TK290 290 36.08 3.54 2.577 

TK420 420 34.15 3.10 2.187 

 

 

3.3 Nonlinear optical properties  

The NL properties of PMMA-TiO2-ZnO nanohybrids films as a function of film thickness were 

characterized using Z-Scan technique. Figure 4 shows the open and closed aperture Z scan for 

all transparent films. 

  

 

Figure 4. Open aperture and (b) Closed aperture Z-scan measurement results for TZ125, TZ195, 

TZ290 and TZ420 films respectively performed with 1064nm. The input irradiance was 

2.12×10-3 MW/cm2 and beam waist 60 μm. 

 

From Figure (4.a) the curves show symmetrical and minimum values at z=0 which correspond 

to β >0 and the two photon absorption behavior of the nanohybrids. Figure (4.b) show that all 

the films exhibit self-focusing behavior (n2>0), normalized transmission exhibit minimum 

“valley” followed by maximum "peaks",  the values of β , n2 , and the third order nonlinear 

optical susceptibility of these films  χ(3) are shown in table(2). 

 

3.4 Optical limiter 

            From figure 5, It is shown that adding ZnO 0.2wt % nanoparticles  into  the  nanohybrids 

TiO2+PMMA enhance the optical limiting behavior of the hybrid  samples compared  with  pure 

TiO2+PMMA films, also as the film thickness TZ125 increased the limiting threshold 

increased(see table.2). 
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Figure 5. (a-d) optical limiting behavior of 0.2wt% ZnO in TiO2+PMMA for different film 

thickness TZ125, TZ195, TZ290 and TZ420 respectively. 

 

Table.1 Nonlinear optical properties of TZ125, TZ195, TZ290 and TZ420 films. 

Sample thickness 

Code 

n2 (cm2/W) 

x10-7 

β (cm/W) 

×10-6 

χ(3) (esu) 

x10-5 

Optical limiting 

threshold (mW) 

TZ125 15.5 8.83 26.4 35 

TZ195 4.79  7.54 8.39 45 

TZ290 4.66  6.42 7.83 50 

TZ420 3.17  3.37 3.84 66 

 

4.  CONCLUSIONS 

            The optical response of ZnO doped TiO2 – PMMA nanohybrids prepared via solution 

casting method are investigated using UV-Vis spectrometer and it found that film transparency 

and band gap energy is decreased as the film thickness increased. The nonlinear optical response 

was characterized using Z scan technique and it found that the nanohybrids exhibit decreasing 

in optical nonlinearity as the film thickness increased. The observed NLA is explained by two 

photon absorption and the NLRis explained by self-focusing.  
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