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 In the present work, structural, optical, electrical and sensing 

properties have been studied for the (TiO2/rGO) nanocomposite 

prepared by the pulse laser ablation method in the liquid, where the Nd-

Yag laser was used, and the two wave pulses (1064-532) and 300mJ, 

which were deposited on glass bases , The structural properties have 

been investigated by X-Ray diffraction technique analysis and 

morphological by atomic force microscope (AFM),  The particle size of 

the membranes is less in the films prepared using wavelength (1064) 

than in the prepared films using wavelength (532). The optical 

properties of the nanocomposites have been determined by using the 

optical transmittance measurements in the spectral region from (300- 

1100) nm. Electrical properties such as I-V properties was also studied. 

sensing properties measurements showed good Humidity sensitivity 

within the range (20-80) %   RH. 
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 دراسة خصائص المتراكب النانوي المحضر من خطوتين الاجتثاث بالليسر في السوائل

 رعذ شاكر النايلي زينه حاكم

 جبمعة القبدسية / قسم الفيضيبء

 ةـــلاصـــخ  ــــال  الكلمات المفتاحية:

 النبنىية المحشاكببت

 الحشظية ببلليضس في السىائل

TiO2/rGO 

 الخصبئض الححسسية

 النييبنى  ولححسسييية للمشكيي  والكهشببئييية والبصييشية الحشكيبييية الخصييبئض دساسيية جمييث الحييبلي العمييل فييي 

(TiO2 / rGO )لييضس اسيحخذا  جيم حيي  ، السيبئل فيي النبضيي بيبلليضس الاسحئصيب  بطشيقة المحضش Nd-Yag ، 

 دساسيية جييم ، صجبجييية قىاعييذ عليي  جشسيييبهب جييم والحييي ، جييى  مللييي 666 و( 865-4697)  المىجييية والنبضييبت

 ،( AFM) الزسييية القييى  مجهييش بىاسيطة والمىسفىلىجييية السييينية الأشييعة حييىد جقنييية بححليييل الخصيبئض الحشكيبييية

المحضيش   ببلأغشية مقبسنة( 4697) المىجي الطى  ببسحخذا  المحضش  الأغشية في أقل الأغشية جسيمبت وحجم

 النفبرييية قيبسييبت ببسييحخذا  النبنىييية للمشكبييبت البصييشية الخصييبئض جحذيييذ جييم(. 865) المييىجي الطييى  ببسييحخذا 

 خصيبئض مثيل الكهشببئيية الخصيبئض دساسية جميث كميب. نيبنىمحش( 4466-666) من الطيفية المنطقة في الضىئية

I-V .نسبية سطىبة(٪ 06-56) حذود في للشطىبة ذ جي حسبسية الاسحشعبس خىاص قيبسبت أظهشت. 
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1. INTRODUCTION 

In recent decades, TiO2-based nanohybrids 

have conventional increasing interests from 

researchers for their great potential in the many 

industrial applications, such as solar cells, 

photocatalysts, and sensors [1,2]. Under the 

concern to alleviate the decline of the 

environment impurity and energy crisis and to 

protect sustainable global growth,  It is an 

imperative n-type semiconductor with has band 

gap of 3.2 eV, there are two types of crystal 

structures which consist of anatase and rutile 

phase [3].  Among dissimilar materials that can 

be certain to make composites with TiO2, 

carbon materials deal unique benefits, such as 

constancy and chemical inertness, and tunable 

textural, and chemical assets [4,5] .Graphene is 

one atomic layer thick 2D material. It has 

unique features such as  great essential carrier 

mobility, High theoretical surface area , 

electrical conductivity and high thermal [6] 

Nanocomposite materials having TiO2 are more 

striking than bare TiO2[7]. Henceforth, 

modification TiO2 with graphene might surpass 

the limitations of both materials with their 

synergistic effects and show the well sensing 

properties. 

TiO2/rGO was synthesis for the first time 

by Williams et al.[8] through UV-assisted photo 

catalytic reduction method. Since then, several 

retreats of methods are being followed to 

synthesize such material of interest in various 

applications photocatalysis[9], hydrogen 

generation[10], gas sensing[6]. Thus, graphene 

oxide has to be reduced to return the exclusive 

properties found in the pristine graphene. the 

production from the reduction process could be 

added modified and used for a wide series of 

applications[11].  (GO) has appeared as a 

forerunner for bulk production of graphene-

based materials, as it can be produced from 

cheap graphite powders [12] and usually covers 

groups'' hydroxyl and epoxide'' on their basal 

plane, ''carbonyl and carboxyl'' groups on their 

edges [13]. A simple technique is described for 

reduction of GO solution by pulsed laser 

ablation which majority of oxygen-containing 

functional groups of GO are removed. The 

reduction time was carried out fast at room 

temperature. This method offers an active way 

to production r-GO in short time and care for 

environment [14]. 

2- Experimental Work 

Titanium Dioxide TiO2 NPs were 

synthesized by laser ablation of in height purity 

Ti target placed in double distilled water 

(DDW) at room, temperature. Ti target is 

located in the bottom most of quartz vessel 

complete with 4mL of liquid and  exposed with 

Q-switched,( Nd:YAG) laser worked at 

wavelength of (532,1064)nm , duration of pulse 

7ns, and repetition frequency of 6Hz.The 

energy of laser was used to ablation Titanuim  

target was 300mJ/pulse, the time  of ablation 

was: 6min . The beam of  laser was fixated on  

(Ti) target using focusing lens of 100mm focal 

length. TiO2 nanoparticals produced by the 

above step (by PLAL), were mixed with   

(1mL) of GO  (<450 nm, Cheap Tubes) (0 

,00625g  each  1mL of deionized water),we 

denoted (TiO2rGO,532) for the sample prepared 

with a wavelength of 532 and (TiO2rGO,1064) 

for the for the sample prepared with a 

wavelength of 1064 , This  suspension  was 

irradiated for (10 minutes) with the similar the 

parameters of laser, Through this method, GO 

becomes reduced rGO and concurrently, the 

nanoparticals TiO2 anchor on the  rGO sheets to 

formula TiO2/rGO nanocomposite.                                      

3- Resulting and discussing 

3-1 X- ray diffract (XRD) 

    Figures (1),(2) describe films diffraction 

Graphene Oxide, and Dioxide Titanium-reduced 

graphene oxide(TiO2/rGO) that prepared by 

pulsed laser ablation in Double distilled and 
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deionized water( DDDW) on cover glass 

substrates. X-ray diffraction test exhibited a 

high-intensity high peak for the Graphene oxide 

at the surface (001) and angle (2θ=11.85
0
) this 

agree with card (JCPDS Card NO.75-1621) this 

agree with researcher[7]. The results of X-ray 

for TiO2rGO are shown in Figure (2). 

It had two peaks (002)(101) corresponding 

to  degrees (10.80)(25.28) respectively ,graphen 

oxide in in (TiO2/rGO) had polycrystalline 

structure with a hexagonal type crystal 

structure. 

 

Fig. (1): X-ray diffract of GO. 

 

 

Fig.( 2): (XRD) of TiO2/rGO 

3-2 Surface Morphology                                                                                                 

Figures (3), (4) show structures of samples 

in two and three dimension for the 

(TiO2/rGO,532)(TiO2/rGO,1064)nanocomposite

s produced using PLAL method at fixed energy 

300mJ , wavelength (1064&532)nm.    The 

results showed that the film materials and 

through the two-dimensional and three-

dimensional diagnosis are homogeneous to a 

certain extent and homogeneous vertical 

heights, noting that there are no spaces in the 

surface of the material. . All the images show 

homogeneous distribution with columnar 

structure. The AFM analyze showed that 

average grain size of particles decreases when 

laser beam wavelength used in preparation  

increases , The root mean square (RMS) ,grain 

size and  average roughness of the films are 

listed in below table. 

Table (1) show Morphological characteristics 

of (TiO2/rGO) prepared at wavelength 532nm 

and 1064nm. 

Mean grain 

size 

(nm) 

Roughness 

average Sa 

(nm) 

Root mean 

square Sq 

(nm) 

Sample 

 

68 284 375 
(TiO2/rG

O,532) 

61 190 248 
(TiO2/rG

O,1064) 
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Fig.( 3) :AFM images in 2D,3D for (TiO2/rGO) prepared at wavelength (a)532nm, (b)1064nm. 

3.3 Optical properties 

from the figure(4) It can be noticed that the 

absorbance for nanocomposites have a high 

values at wavelength in the neighborhood of the 

fundamental absorption edge (300nm) , then the 

absorbance decreases with the increasing of 

wavelength. In general, the absorbance of 

nanocomposites  has low values in the visible 

and near infrared region this agree with[7] . The 

sample prepared at 1064 wavelength has the 

highest absorption of the sample prepared with 

wavelength 532. The value of the optical band 

gap that obtain off the linearly parts of the  

(αhν)² as    a functions of the photon energy hν 

is (3.1) for TiO2rGO,532 and (3) for 

TiO2rGO,1064 . 

 

Fig .(4): The absorbance spectra as a function of 

wavelength for (TiO2/rGO) produced by pulsed laser 

ablation in liquid at λ(532,1064). 
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3-4 Current – Voltage (I – V) characteristics 

     Figure (6) show the relationship 

between the current passing through 

(TiO2/rGO,532) (TiO2/rGO,1064) 

nanocomposites  prepared by using  

wavelength(1064&532)nm  and the voltage 

applied , , the relationship between current and 

voltages for (TiO2/rGO,532) is linear and 

indicating the behavior of ohmic material and 

the Resistance can be calculated by Ohm’s law 

where it's almost  constant . while 

(TiO2/rGO,1064) nanocomposite  exhibit the 

behavior of diode material. the current flowed  

in the sample prepared by wavelength  532 

wavelength shall be less than the current flowed  

in the sample prepared by the wavelength 1064. 

 

 

Fig.(5): ): I-V characteristic of (TiO2/rGO) 

nanocomposites 

 

3-5 Application of (TiO2rGO) nanocomposite 

as sensor Humidity                                                                  

Air in the atmosphere containing water 

vapor is named as atmospheric air. It is 

expedient to treat air as a mixture of dry air  

with water vapor since the structure of dry air 

remain relatively constant[15]. Calculating and 

monitoring humidity is economically essential 

for maintaining equipment and machinery used 

in medicinal, agricultural, engineering, and food 

stowing sectors; also, it is central for 

maintaining well and comfy living 

environments[16]. The greatest usually used 

terms are Relative Humidity, (RH) that  definite 

as:'' ratio of the amounts of wetness content of 

air to the full (waterlogged) vapor level that the 

air can grasp at a same known temperature 

,pressure of the gases''[17].                                                           

The sensitivity of the sensor is definite as'' 

the variation in forward current at a sure voltage 

of the sample in definite humidity with respect 

to its current at the similar voltages in dry 

conditions''. Thus, the sensitivity is designed 

from the following equation [18].  

 ( )  
       

    
                   (2-27) 

Figure (7) shows the response and recovery 

characteristics of the fabricated humidity 

sensors for (TiO2 / rGO,532) (TiO2 / rGO,1064) 

nanocomposites prepared by using pulsed laser 

ablation in DDDW at wavelength 1064&532 

when they are exposed to 20% RH and 80% 

RH, respectively. the resistance decreases for all 

samples of  nanocomposites with increasing the 

humidity and the nanocomposite  have high 

sensitivity at high humidity, this behavior can 

be explained as  follows: titanium dioxid 

reduced graphene oxide   mixed with water 

show higher sensitive humidity sensing at room 

temperature,  In the presence of humidity, it 

attracts – OH group hence the resistance    
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decreasesز (TiO2/rGO,532) 

and(TiO2/rGO,1064) nano composites are 

porous in   nature and has surface oxygen atoms 

which  essentially arise attributed to the samples 

preparation technique. the nanocomposites 

adsorb the humidity, its resistance decreases due  

the increase of number charges of carries, the 

adsorption of water on the surface of the 

nanocomposites leads to the dissociation of 

hydrogen ions.  These hydrogen ions are 

bonded to the surface lattice oxygen atom and 

forms the hydroxyl groups, this result agree 

with  [16]. 

 

 

Fig.(6): Respone and recovery charcteristics of   

(TiO2rGO) prepared by using pulsed laser 

ablation in DDDw at      a) 1064       b)532        

based sensor measured  for 20 and 80 RH  at 

1V. 

Table (2) shows the response time, 

recovery time and sensitivity of (TiO2/rGO,1) 

(TiO2/rGO,2) to 20 and 80 RH.  

Sensitivi

ty (%) 

Recover

y Time 

Respon

e Time 
Sample 

61 3.12 2.72 
TiO2rGO,10

64 

89 5 0.39 
TiO2rGO, 

532 

 

We note from the figures that 

(TiO2/rGO,532) nanocomposite had the highest 

sensitivity and the least response time and 

recovery time when they are exposed to  low 

humidity20 and high humidity 80% RH.                                                                  

 

Conclusions 

TiO2/rGO nanocomposite was prepared by 

laser ablation method at differ wavelength 

(532nm, 1064nm), and 300mj, The structure of 

TiO2 in XRD investigation is anatase titanium 

Dioxide, The results of X-ray for (TiO2/rGO) 

show that It had two peaks (002)(101) 

corresponding to degrees (10.80)(25.28) and 

graphen oxide in in (TiO2/rGO) had 

polycrystalline structure with a hexagonal type 

crystal structure                                                                                                   

AFM analyze of (TiO2/rGO)  showed that 

average grain size of particles decreases when 

laser beam wavelength used in preparation 

increases. Uv-Vis spectrophotometer 

measurements The sample prepared at 1064 

wavelength has the highest absorption of the 

sample prepared with wavelength 532. The I-V 

curve characteristic of TiO2rGO 

nanocomposites demonstrated behavior of 

ohmic and diode materials. And the current is 

increasing at high relative humidity for 

(TiO2/rGO) nanocomposites. The best result 

recorded for sensitivity at 98. 
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