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Abstract Article Info. 

The growing need for unique optical properties in the manufacturing of 

electronic devices has led the world to the field of hybrid materials and their 

composites. In this study, a simple physical technique was used to successfully 

manufacture hybrid nanocomposites containing nanoparticles of titanium dioxide 

(TiO2) and reduced graphene oxide (rGO) from tetrabutyl titanate (TBT) and 

graphene oxide (GO) powder using the hydrothermal method. For two 

hydrothermal treatment times (12h and 24h), various samples were created: TiO2, 

rGO, and TiO2/rGO nanocomposites thin films. Fourier transformer infrared 

(FTIR) spectra of the samples gave clear evidence for the reduction of GO and the 

engagement of Ti with reduced graphene by the formation of a Ti-O-C bond. The 

measurement of the energy band gap obtained by the photoluminescence 

spectrometer shows a decrease in the energy band gap for all samples after the 

hydrothermal reaction time increases, for the composite, the band gap decreases to 

2.65 eV and 2.64 eV. 
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1. Introduction 
Hybrid organic-inorganic materials have generated a great deal of attention lately 

because of their unique optical, electrical, and mechanical properties. These materials 

are composed of organic and inorganic components, resulting in a combination of 

properties not possible with either material alone. At the nanoscale and even the 

molecular scale, new methods for characterizing hybrid materials are being created [1-

10]. The use of hybrid materials has increased in many significant fields, including 

sensors, electronics, optics, lightning, medicine, catalysis, energy storage, and energy 

conversion. The study of optical materials, which has numerous applications in fields 

such as bioimaging, screen design, optoelectronics, lighting, and energy, has seen great 

success with the development of hybrid materials. This is partly because creating 

extremely new optical systems at the macro or nanoscales, combining the mechanical or 

optical properties of inorganic materials with the distinctive optical responses of organic 

molecule species constitutes a revolutionary method [10-16]. The interfaces between 

organic and inorganic substances are crucial because optical processes are extremely 

sensitive to their surroundings in most systems [16-19]. Titanium dioxide (TiO2) and 

reduced graphene oxide (rGO) nanocomposite is one example of a hybrid organic-

inorganic material.   

 TiO2 is a semiconducting material with remarkable physical and chemical 

properties. It is affordable, nontoxic, and has high chemical and mechanical stability 

[20, 21]. For all its favorable features, TiO2 can be utilized in many different 

applications, including gas sensors, self-cleaning electrochromic devices, self-cleaning 

solar cells, photocatalysis applications, and many more. rGO is a derivative of graphene 

oxide (GO) obtained through the reduction of the oxygen-containing functional groups 

in GO. It possesses excellent electrical conductivity, mechanical strength, and 

flexibility, making it an attractive candidate for enhancing the electrical and optical 
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properties of composites [22, 23]. The combination of TiO2 and rGO is expected to 

produce a synergistic effect, resulting in superior optical properties and improved 

performance compared to individual materials [24]. The synthesis of TiO2/rGO 

nanocomposite via the hydrothermal method offers a promising approach to achieve 

intimate interfacial interaction between TiO2 and rGO. The prepared nanomaterials by 

the hydrothermal method under specific temperature and pressure conditions enable the 

synthesis of thin films with controlled morphology and high crystallinity [25, 26].  

This study investigates the optical properties of (rGO/TiO2) nanocomposite thin 

films synthesized by the drop casting method. The optical properties and 

characterization were done using the photoluminescence (PL) analysis and Fourier-

transform infrared spectroscopy (FTIR). PL can provide an understanding of the 

electronic structure and emission behavior of the nanocomposite, while FTIR is capable 

of identifying functional groups and providing information about surface chemistry and 

bonding configurations. 

 

2. Experimental Methods 

2.1. Materials 

Graphene oxide powder (GO) was obtained from nano-meter.ir, deionized water, 

100% ethanol solution, acetic acid and tetrabutyl titanate (TBT) manufactured by Sigma 

Aldrich. 

2.2. (TiO2-rGO) Nanocomposites Synthesis  

The TiO2, and rGO were prepared using a simple method of two steps, In the first 

step, rGO and TiO2 were separately prepared by dispersing 300 mg of GO powder 

(purchase from Nano-scale, Iran) in 2.5 mL of tetrabutyl titanate (TBT) (from Sigma 

Aldrich) in a solution containing 2.5 mL of water, 5 mL of ethanol, and 5 mL of acetic 

acid and stirring it magnetically for 10 min. The second step was the hydrothermal 

treatment of the two solutions in a 50ml Teflon-sealed autoclave at 180
o
C for different 

times (12h and 24h). The autoclave was cooled to room temperature after hydrothermal 

treatment, washed multiple times with absolute ethanol and DI water, and dried in a 

vacuum drying oven at 70
o
C for 10 hrs. The preparation of TiO2/rGO nanocomposite 

was by mix the two sol-gel of TiO2 and GO prepared in the first step and also putted 

into a 50 ml of Teflon-sealed autoclave and maintained at 180
o
C for 12hrs and purified 

by washing as mentioned above. The prepared samples are labeled as in Table 1.  

The (TiO2-rGO) nanocomposites thin films samples were prepared by the drop 

casting process and dried at room temperature before being thermally treated at 60°C 

for 30 mins. The prepared samples are labeled as shown in Table 1. 

 

Table 1: Samples symbol. 
 

 

 

 

 

 

 

 

 

 

 

 

Samples Symbol 

(TiO2)-12h T1 

(TiO2)-24h T2 

(rGO)-12h R1 

(rGO)-24h R2 

(TiO2-rGO)-12h C1 

(TiO2-rGO)-24h C2 
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3. Results and Discussion  
3.1. FTIR  

The FTIR spectra of the samples (T1, T2, R1, R2, C1, C2) obtained with an FTIR 

spectrometer (8400S, Shimadzu, Japan) are shown in Fig.1. All showed broad peaks in 

the range of 3700-2600 cm
-1

, which is attributable to hydroxyl groups at various 

positions (O-H stretching of interacting hydroxyl groups, as well as molecular water's 

symmetric and asymmetric O-H stretching modes). The T1 and T2 samples are 

distinguished by a wide peak at 525 cm
-1

 and 820 cm
-1

, representing Ti–O–Ti band and 

Ti-O skeletal frequency, respectively [27-30]. For R1 and R2 samples, the characteristic 

peaks which indicate the reduction process of graphene oxide were at 1240 and        

1060 cm
-1

 assigned to the C–O–C (epoxy) and C–O (alkoxy) stretching vibrations, 

respectively, the peak at 1570 cm
-1

 belongs to the C=O bands [31, 32]. For C1and C2 

samples, the peaks observed below 1000 cm
-1

 are broader and shifted to a higher 

wavenumber compared to the corresponding band in T1 and T2 samples. This band is 

presumably a combination of Ti-O-Ti vibration and Ti-O-C vibration modes resulting 

from the chemical interaction of TiO2 with rGO. The presence of Ti-O-C bands   

suggests that, during   the   hydrothermal treatment, the   oxygen-containing functional 

groups of GO interacted strongly with the surface hydroxyl groups of TiO2 

nanoparticles ensuring that the nanoparticles remained attached, even after chemical 

cleaning and ultrasonication, to eventually afford the chemically-bonded TiO2/rGO 

nanocomposites, which verify the successful synthesis of the nanocomposites [33-35]. 

 

Figure 1: FTIR spectra for TiO2-rGO nanocomposites' for two hydrothermal reaction times 

(12–24 hrs). 

 

3.2. Photoluminescence (PL) Analysis  

The PL measurement, using a photoluminescence spectrometer (Shimadzu, 

Japan), results of samples T1 and T2 are shown in Fig.2. Both samples exhibited similar 

behavior with strong peaks at wavelengths 378 and 380 nm, respectively, which 

correspond to the emission of bandgap transitions with light energies close to the 

anatase bandgap energy (387.5 nm) [36]. Exciton PL produces additional peaks at 

wavelengths of 398, 454, 470, 484, and 495 nm, which are mainly caused by surface 

oxygen vacancies and defects [37, 38]. Fig.3 shows that the R1 and R2 samples each 

have a single peak, at 464 nm for the R1 sample, and at 467 nm with decreased intensity 
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for the R2 sample. When exposed to light, the composite has a lower rate of electron 

and hole recombination than TiO2 nanoparticles, as shown in Fig.4, where PL 

sensitivity of TiO2-rGO (C1 and C2 samples) was noticeably lower than that of TiO2 

nanoparticles (T1 and T2 samples) [39, 40]. This phenomenon is ascribed to the fact 

that electrons are excited from the valence band to the conduction band and then 

transferred to rGO sheets due to its excellent electronic conductivity, preventing direct 

recombination of electrons and holes [41-43]. the other reason may be due to the 

quenching effect of rGO, that is, some of the generated photoluminescence is absorbed 

by rGO. The energy gaps of prepared samples are listed in Table 2. 

 
Table 2. the Energy gap of the prepared samples. 

 

 

 

 

 

 

 
 

Figure 2: T1 and T2 samples photoluminescence spectra. 

 

 Figure 3:  R1 and R2 samples photoluminescence spectra. 

 

 

 

 

Samples Energy gap(eV) 

T1 3.28 

T2 3.26 

R1 2.67 

R2 2.65 

C1 2.65 

C2 2.64 
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Figure 4: C1 and C2 samples photoluminescence spectra . 
 

4. Conclusions 
Without using any inorganic or organic reducing agents, TiO2, rGO, TiO2/rGO 

nanocomposite were successfully synthesized using the hydrothermal method. FTIR 

results confirmed the formation of rGO by indicating its functional groups as well as the 

formation of Ti–O–C bonds between rGO and TiO2 verifying the formation of the 

nanocomposite. The photoluminescence measurements of the synthesized material 

showed a reduction in the energy gap of the nanocomposite after the incorporation of 

TiO2 with rGO. 
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/ ثاني أكسيذ انتيتانيوو اننانويت  تزلدراست بصريت لأغشيت رقيقت من أكسيذ انجرافين انمخ

 يتئانمحضرة بانطريقت انحراريت انما

 
نينذا اسماعيم محي

1
عبذ الامير امير فيصمو 

1 

 انعزاق  بغذاد، بغذاد،جايعت  انعهٕو،كهٍت  انفٍشٌاء،لسى 1

  انخلاصت 
إٌ انحاجت انًخشاٌذة نهخصائص انبصزٌت انفزٌذة فً صُاعت الأجٓشة الإنكخزٍَٔت دفعج انعانى إنى يجال انًٕاد انٓجٍُت ٔيزكباحٓا. 

فً ْذِ انذراست، حى اسخخذاو حمٍُت فٍشٌائٍت بسٍطت نخصٍُع يزكباث َإٌَت ْجٍُت ححخٕي عهى جسًٍاث يخُاٍْت انصغز يٍ ثاًَ أكسٍذ 

بُجاح باسخخذاو انطزٌمت انحزارٌت  GOٔيسحٕق أكسٍذ انجزافٍٍ  (TBT)بٕحٍم ذ انجزافٍٍ انًخفض يٍ حٍخاَاث رباعً انخٍخإٍَو ٔأكسٍ

حى اسخخذاو انطزٌمت انحزارٌت انًائٍت نخصٍُع يزكباث َإٌَت ْجٍُت ححخٕي عهى جسًٍاث يخُاٍْت انصغز يٍ ثاًَ أكسٍذ انخٍخإٍَو  انًائٍت

حعطً دنٍلًا  FTIRانحزاري انًائً. ٔأطٍاف  انخحضٍزٔأكسٍذ انجزافٍٍ انًخخشل بُجاح. حى إَخاج عٍُاث يخخهفت عٍ طزٌك حغٍٍز سيٍ 

ا عهى اخخشال  . حظٓز فجٕة انطالت انضٕئٍت انخً حى Ti-O-Cيع انجزافٍٍ يٍ خلًل حكٌٍٕ رابطت  Tiأكسٍذ انجزافٍٍ ٔحفاعم ٔاضحا

ا فً فجٕة ان نجًٍع انعٍُاث بعذ سٌادة ٔلج انخفاعم انحزاري انًائً، بانُسبت  طالتانحصٕل عهٍٓا بٕاسطت يطٍاف انهًعاٌ انضٕئً اَخفاضا

 .  2.65ev,2.64evإنى  طالتنهًزكب، حُخفض فجٕة ان

 .خصائص بصزٌّ ،َإَي، انطزٌمت انحزارٌت انًائٍت، يزكب TiO2 ،rGO :انمفتاحيت انكهماث

 


