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Preparation and study of electrophysical and optical properties  
of TiO2-GO nanocomposite material 

Nanocomposite material TiO2–GO was synthesized by hydrothermal method. The formation of 
nanocomposite was confirmed by FTIR analysis. It is shown that the functional groups characteristic of 
graphene oxide partially disappear in TiO2–GO, which indicates its partial reduction during synthesis. In ad-
dition, the appearance of a wide band below 1000 сm-1 also indicates the formation of bonds between TiO2 
and GO. EDS analysis showed the presence of titanium, oxygen and carbon in the powder of nanocomposite 
material. Raman spectra of nanocomposite contain peaks typical for both TiO2 and graphene oxide. Meas-
urements of the optical characteristics of the synthesized material showed that the absorption spectrum of the 
nanocomposite shifted in the long-wave region relative to the absorption spectrum of the original compo-
nents, which may be the result of changes in the band gap of the semiconductor. Measurements of 
electrophysical characteristics showed that the resistance to electronic transport of nanocomposite material is 
much less than the value of this parameter obtained for pure TiO2, which leads to an increase in the efficiency 
of the photocurrent conversion. 
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Introduction 

Titanium dioxide (TiO2) occupies a special place among semiconductor materials due to its physical 
and optical properties, such as high melting point, chemical inertness, high efficiency of phototransformation 
and photostability [1–3]. Titanium dioxide with a band gap of 3.2 eV is only sensitive to light with wave-
lengths below 380 nm, which are in the UV range. However, it is one of the most popular photocatalysts [4] 
due to its high oxidation capacity and chemical stability in relation to the high acidity environment. 

Semiconductor nanoparticles are aggregated, which leads to a decrease in the generation and transport 
of charge carriers to the counter electrodes in photocatalytic and photodetecting cells. When used with 
graphene, this problem can be solved. In this case, TiO2 nanoparticles are evenly distributed in graphene and 
easily form chemical bonds along the folds of graphene sheets or other defects. 

Graphene with sp2 hybridization has recently been widely used in almost all branches of science due to 
its high mobility of charge carriers, high specific surface area and the possibility of chemical functionaliza-
tion and mechanical strength. Graphene also absorbs both UV radiation and 1–2 % of light in the visible 
spectrum [5–8]. 

In this paper, a nanocomposite material based on TiO2 and graphene oxide was synthesized. It is as-
sumed that the addition of graphene oxide will improve the electrophysical properties of the semiconductor 
material, which can be used for photocatalysis and photovoltaics. 

Method of experiment 

Preparation of TiO2–GO nanocomposite material by hydrothermal synthesis was carried out as follows: 
10 mg of graphene oxide (GO, Cheaptubes, USA) was mixed with 30 ml of deionized water purified by 
Aquamax water purification system and 10 ml of ethanol in ultrasonic bath for 1 hour. Then, 1 g of TiO2 was 
added to the suspension of graphene oxide and the sonication and stirring were sequentially alternated for 
2 hours, for each procedure for 30 minutes, until a uniform suspension of light gray color was achieved. Af-
ter that, the suspension is poured into a Teflon coated 100 ml autoclave and heated at 120 ºC during 24 hours 
for the synthesis of the composite. This process simultaneously restores graphene oxide (GO) to reduced 
graphene oxide (rGO) by «taking» the electron from ethanol and forming Ti–O–C bonds of TiO2 and rGO. 
After cooling to room temperature, the suspension was filtered several times with deionized water and the 
product was dried at 60 ºC [9]. Under these conditions the ratio of GO to TiO2 was equal to 1 % in 
nanocomposite material. 
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To measure the electrophysical properties of the TiO2-GO nanocomposite material, films were prepared 
by the «spin-coating» method (Vacuum Spin Coater, MTI Co, USA). The finished paste was applied to the 
surface of a rotating substrate with a conductive layer of FTO. The substrate was rotating at a constant speed. 
Speed mode was varied from 500 to 4000 rpm, rotation time — 10 s. It allowed to change the thickness of 
the films obtained by varying the speed of rotation of the substrates. After application and drying, the film 
was annealed in Ar atmosphere for 2 hours. Under the same conditions, films based on pure TiO2 paste were 
obtained. 

The surface of morphology of the obtained nanocomposite materials was studied using a scanning elec-
tron microscope (SEM) Tescan Mira3. Also EDS of the samples was carried out on the SEM. The Confotec 
MR520 microscope (3D Scanning Raman Confocal Microscope, Sol Instruments) with laser excitation at a 
wavelength of 632.8 nm was used to record the Raman spectrum. The FTIR spectra were recorded using the 
Fourier spectrometer FSM 1201 and the electronic absorption spectra were recorded using the Cary-300 
spectrophotometer (Agilent). To measure the absorption of nanocomposite films, the samples were deposited 
on quartz substrates. 

The method of impedance spectroscopy was used to study the kinetics of transport and recombination 
of charge carriers. Measurement of impedance spectra was carried out under illumination of samples by xen-
on lamp light with radiation power of 100 mV/cm2 (Cell Tester Model # CTAAA, Photo Emission Tech. 
Inc., USA) on Z–500PRO impedancemeter (Elins, Russia). The amplitude of the applied signal was 25 mV, 
and the frequency was ranged from 1 MHz to 100 mHz. 

Platinum films deposited by an electrochemical method from an ethanol solution of H2PtCl6 on glass 
substrates with a conductive layer of FTO were used as a counter electrode. The electrodes were glued to-
gether. The 25 µm thick polymer film Meltonix (Solaronix, Switzerland) served as a gasket between the 
working electrode and the counter electrode in the cell. The electrolyte used was Iodolyte H30 (Solaronix, 
Switzerland). 

Results and its discussion 

Figure 1 shows SEM images of neat materials and nanocomposites. The figure shows that nanoparticles 
aggregated in the bulk sample of titanium dioxide. However, in the pictures a small number of micropores 
can be distinguished. Graphene oxide has a layered structure, which is formed by separate sheets. In the syn-
thesis of nanocomposite material, titanium dioxide particles tend to be less aggregated. In the picture the 
interparticle pores can be distinguished. 

The presence of graphene oxide in the synthesized sample can be confirmed both visually and accord-
ing to the EDS analysis (Fig. 1d). Figure 1d shows that most part of the studied sample is represented by at-
oms of titanium and oxygen. The carbon content of the sample is low, due to the low GO concentration rela-
tive to TiO2 (1:100) in the sample. 

The measured Raman spectra are shown in Figure 2. Ttitanium dioxide with anatase structure has six 
combination-active peaks in the vibrational spectrum (Fig. 2a): three Eg peaks centered at about 149, 183 
and 630 сm-1 (Eg(1), Eg(2) and Eg(3) peaks respectively), and two B1g peaks at 397 and 506 сm-1 (denoted 
by B1g(1) and B1g(2)), and A1g peaks at 481 сm-1 [10]. 

In the Raman spectra of graphene oxide several bands can be clearly distinguished: D-band, which 
characterizes the degree of defectiveness of graphene ( ν  = 1350 сm-1), G-band, which characterizes the 
graphene in-plane vibrational modes of sp2 hybridization — this parameter displays the degree of crystalliza-
tion of the material ( ν  = 1586 сm-1) and 2D band, which indicates the degree of graphitization and displays 
the number of graphene layers ( ν  = 2700 см-1) [11]. 

Both TiO2 and graphene oxide peaks are present in the Raman spectra of the synthesized material. This 
confirms by the data obtained by EDS analysis of the samples. 

Figure 3 shows the FTIR spectra for pure TiO2 and graphene oxide powders, as well as for the TiO2–
GO nanocomposite material. FTIR spectra of graphene oxide shows the oscillations of bonds characteristic 
of chemical groups: C-O (1095 сm-1), C-O-C (1261 сm-1), C-OH (1454 сm-1), C=O (1728 сm-1). The intense 
peak at 3000–3500 сm-1 (3441 сm-1) characterizes fluctuations of O-H groups in the composition of C-OH 
and water. The peak at 1628 сm-1 is called skeletal vibration of graphene oxide [12]. Figure 3 shows that the 
functional groups characteristic for graphene oxide are absent. 
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Figure 1. SEM images of powders 
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Figure 2. Raman spectra of powders 

ow-frequency mode of about 500 сm-1, which corr
een from the spectrum, at 3440 сm-1 there is an in
dioxide particles adsorbed OH group. 

TiO2–GO exhibits absorption below 1000 сm-1. T
s of Ti-O-Ti and Ti-O-C bonds (about 792 сm-1). 
hermal reduction graphene oxide with residual fu

with surface hydroxyl groups of TiO2 nanopa
 is formed. 

гандинского университета 

c) 

responds to the vibration 
ntense band, which indi-

This peak can be consid-
The presence of Ti-O-C 

functional groups of car-
articles and, ultimately,  



Preparation and study of electrophysical and optical properties … 

Серия «Физика». № 2(94)/2019 57 

a — TiO2; b — graphene oxide; c — TiO2–GO 

Figure 3. FTIR spectra of powders  

 

 
а) b) 

a) 1 — TiO2; 2 — graphene oxide; 3 — TiO2–GO; b) at 1 — 390 nm; 2 — 700 nm 

Figure 4. Absorption spectra (a) and the dependence of the optical density of nanocomposite films  
on the substrate rotation speed (b)  

As is known, the edge of the TiO2 absorption band appears in the UV region of the spectrum about 
380 nm. Graphene oxide also absorbs in the UV region, the maximum of its absorption spectrum is 230 nm. 
GO films are practically transparent in the wavelength range from 400 to 800 nm [8, 13]. Figure 4a shows 
that the TiO2–GO nanocomposite actively absorbs light in the UV region of the spectrum. Along with this, 
there is a broadening of the absorption band in the visible range of the spectrum. As shown in [14], this is 
due to the fact that nanocomposite materials shift the edge of the band gap of the material in the long-
wavelength region of the spectrum. 

Figure 4(b) shows the dependence of the optical density of TiO2–GO nanocomposite films on the sub-
strate rotation speed. As can be seen from the figure, the increase in speed leads to a decrease in the optical 
density of the samples, which indicates a decrease in the thickness of the films. 

Next, the electrophysical characteristics of the material of the nanocomposite of TiO2–GO and pure 
TiO2 were studied. To obtain an equivalent circuit, the data of the measured impedance spectra were pro-
cessed in the EIS analyzer program. The resulting equivalent electrical circuit of the electrochemical cell is 
shown in Figure 5 [15]. 
 

 

Figure 5. Equivalent electric diagram 
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On the basis of the obtained data (Fig. 6) the basic electrotransport properties of films were calculated, 
where: keff — effective rate constant for recombination, τeff. — effective lifetime of the electron, electron 
transport resistance in the film of titanium dioxide is Rw, charge-transfer resistance Rk ( max mink w wR R R= − ), 
related to recombination of electron. 
 

а) b) 

а) TiO2; b) TiO2-GO: 1 — 500 rpm; 2 — 1000 rpm; 3 — 2000 rpm; 4 — 3000 rpm; 5 — 4000 rpm 

Figure 6. Impedance of spectra  

T a b l e  1  

Values of electrophysical parameters of TiO2 films 

Film speed keff, s
-1 τeff, s Rk, Ohm RW, Ohm 

500 rpm 10 0.1 2417.4 208.3 
1000 rpm 13.895 0.072 2554.5 84.9 
2000 rpm 13.895 0.072 2194.0 69.3 
3000 rpm 5.1795 0.193 5411.7 48.2 
4000 rpm 26.822 0.037 2485.5 42.3 

 
From Table 1 it is seen that the best electro transport and conducting properties were recorded for TiO2 

film deposited at a speed of 2000 rpm. For this sample, there is a minimum resistance value of the electro 
transport 2194 Ohm. The maximum value of the resistance of electro transport are films deposited at a speed 
of 3000 rpm. 

T a b l e  2  

Values of electrophysical parameters of TiO2–GO films 

Film speed keff, s
-1 τeff, s Rk, Ohm RW, Ohm 

500 rpm 10 0.1 3521.5 48.4 
1000 rpm 26.822 0.037 3075.9 1196 
2000 rpm 7.1969 0.139 4400.7 66.9 
3000 rpm 51.767 0.02 2052.9 30.5 
4000 rpm 10 0.1 4307.2 127.5 

 
Table 2 shows the electrophysical parameters of the TiO2-GO nanocomposite material. As can be seen 

from Table 2, that in films deposited at a rotation speed of 3000 rpm, the resistance of electronic transport is 
equal to Rk = 2052.9 Ohm, which is the minimum value compared to other samples. The minimum value of 
the resistance of electronic transport when measuring the impedance means that the films have large values 
of electrical conductivity, since the resistance is inversely proportional to the conductivity. Rw — in the film 
TiO2-GO 3000 rpm is 30.5 Ohms and shows that in the nanocomposite material resistance to electronic 
transport is negligible. And in the sample applied at a speed of 1000 rpm, Rw is equal to 1196 Ohm, which is 
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much more than the above value. This suggests that electronic transport in thick films is carried out with low 
efficiency. 

Effective lifetime of the electron (τeff.) in a sample of 2000 rpm is more than in the other samples. For 
films deposited at a speed of 4000 rpm, the electrophysical parameters are close in value to that, obtained at 
2000 rpm. Studies have shown that the best mode for deposition of TiO2-GO films is the rotation speed of 
3000 rpm. 

Thus, studies have shown that hydrothermal synthesis forms a bond between the particles of TiO2 and 
graphene oxide sheets, which indicates the production of nanocomposite material. This was confirmed by the 
EDS analysis data on the presence of titanium, oxygen and carbon in the powder of nanocomposite material. 
The Raman spectra of the nanocomposite show peaks characteristic of both TiO2 and graphene oxide. Ac-
cording to the FTIR spectra in TiO2–GO functional groups characteristic of graphene oxide partially disap-
pear, which confirms its partial recovery during synthesis. In addition, the appearance of a wide band below 
1000 сm-1 indicates the formation of a connection between TiO2 and GO. 

Measurements of the optical characteristics of the synthesized material have shown that the absorption 
spectrum of the TiO2–GO nanocomposite is shifted to the long-wave region relative to the absorption spec-
trum of the initial components, which may be the result of changes in the band gap of the semiconductor. 

Measurements of the electrophysical characteristics of the nanocomposite material showed that the re-
sistance to electronic transport is much less than in pure TiO2, which leads to an increase in the efficiency of 
the photocurrent conversion. 

This work was performed within the framework of the research grant AP05132443, funded by the Min-
istry of education and science of the Republic of Kazakhstan. 
 
 

References 

1 Zhang, X-Y., Li, H-P., Cui, X-L., & Lin, Y. (2010). Graphene/TiO2 nanocomposites: synthesis, characterization and applica-
tion in hydrogen evolution from water photocatalytic splitting. Journal of Materials Chemistry, 20, 2801–2806. 

2 Serp, P., & Figueiredo, J.L. (2009). Carbon Materials for Catalysis. Hoboken, N.J.: John Wiley & Sons. 
3 Hummers, Jr. W.S., & Offeman, R.E. (1958). Preparation of graphitic oxide. Journal of the American Chemical Society, 80, 

1339–1347. 
4 Hashimoto, K., Irie, H., & Fujishima, A. (2005). TiO2 photocatalysis: A historical overview and future prospects. Japanese 

Journal of Applied Physics, 44, 8269–8285. 
5 Williams, G., Seger, B., & Kamat, P.V. (2008). TiO2-Graphene Nanocomposites. UV-Assisted Photocatalytic Reduction of 

Graphene Oxide. ACS Nano, 2, 7, 1487–1491. 
6 He, M., Jaehan, J., & Feng, Q. (2012). Graphene-based transparent flexible electrodes for polymer solar cells. Jour. Materials 

Chem., 22, 46, 24254–24264. 
7 Roy-Mayhew, J.D., Bozym, D.J., Punckt, C., & Aksay, I.A. (2010). Functionalized Graphene as a Catalytic Counter Elec-

trode in Dye-Sensitized Solar Cells. ACS Nano, 4, 10, 6203–6211. 
8 Zheng, Q.B., Gudarzi, M.M., & Wang, Sh.J. (2011). Improved electrical and optical characteristics of transparent graphene 

thin films produced by acid and doping treatments. Carbon, 49, 2905–2916. 
9 Zhang, Y., Tang, Z.-R., Fu, X., & Xu, Y.-J. (2010). TiO2 Graphene Nanocomposites for Gas-Phase Photocatalytic Degrada-

tion of Volatile Aromatic Pollutant: Is TiO2 Graphene Truly Different from Other TiO2 Carbon Composite Materials? ACS Nano, 4, 
12, 7303–7314. 

10 Swamy, V., Kuznetsov, A., Dubrovinsky, L.S., Caruso, R.A., Shchukin, D.G., & Muddle B.C. (2005). Finite-size and pres-
sure effects on the Raman spectrum of nanocrystalline anatase TiO2. Phys. Rev. B., 71, 18, 184302/1–11. 

11 Zhang, W., Cui, J., Tao, C-an, Wu, Y., Li, Z., & Ma, L. (2009). A strategy for producing pure single-layer graphene sheets 
based on a confined self-assembly approach. Angew. Chem. International Edition, 48, 5864–5868. 

12 Zhang, H., Lu, X., Li, Y., Wang, Y., & Li, J. (2010). P25-graphene composite as a high performance photocatalyst. ACS 
Nano, 4, 1, 380–386. 

13 Ibrayev, N., Seliverstova, E., & Zhumabekov, A. (2018). Preparation of graphene nanostructured films for photovoltaics. IOP 
Conf. Series: Materials Science and Engineering, 6. 

14 Gao, P., Li, A., Sun, D.D., & Ng, W. (2014). Effects of various TiO2 nanostructures and grapheme oxide on photocatalytic 
activity of TiO2. Journal of Hazardous Materials, 96–104. 

15 Adachi, M., Murata, Y., Takao, J., & Jinting, J. (2004). Highly efficient dye-sensitized solar cells with a titania thin-film 
electrode composed of a network structure of single-crystal-like TiO2 nanowires made by the «oriented attachment» mechanism. 
J. Am. Chem. Soc, 126, 14943–14949. 

 
 



А.Zh. Zhumabekov, N.Kh. Ibrayev et al. 

60 Вестник Карагандинского университета 

А.Ж. Жумабеков, Н.Х. Ибраев, Е.В. Селиверстова, Г.Б. Камалова 

TiO2-GO нанокомпозиттік материалды алу мен оның электрфизикалық  
жəне оптикалық қасиеттерін зерттеу 

TiO2–GO нанокомпозиттік материалы гидротермалды əдіспен синтезделді. Нанокомпозиттің құрылуы 
ИҚ-талдау мəліметтері арқылы расталды. TiO2–GO нанокомпозитінде графен оксидіне тəн 
функционалды топтар жарым-жартылай жоғалады, яғни синтез барысында оның жартылай қалпына 
келетіні көрсетілген. Сонымен қатар 1000 см–1 төмен кең жолақтың пайда болуы да, TiO2 жəне GO 
арасында байланыстың құрылуын дəлелдейді. ЭДС талдау нанокомпозитті материалдың ұнтағында 
титанның, көміртектің жəне оттегінің бар болуын көрсетті. Синтезделген материалдың оптикалық 
сипаттамаларының өлшеулері нанокомпозиттің жұтылу спектрі, бастапқы компоненттердің жұтылу 
спектрлеріне қарағанда, ұзынтолқынды аймаққа қарай жылжығанын көрсетті, яғни оның нəтижесі 
жартылайөткізгіштің тыйым салу зонасының өзгеруі болуы мүмкін. Электрфизикалық сипаттама-
ларының өлшеулері кезінде нанокомпозиттік материалдың электрон тасымалдануы кедергісі таза TiO2 
мəндерімен салыстырғанда көп есе төмендігін көрсетті жəне фототокты түрлендіруде тиімділігін 
жоғарылатуға əкеліп соқтырады. 

Кілт сөздер: титан диоксиді, графен оксиді, TiO2–GO, нанокомпозиттік материал, импеданс спектрі. 
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Получение и исследование электрофизических  
и оптических свойств нанокомпозитного материала TiO2–GO 

Гидротермальным методом синтезирован нанокомпозитный материал TiO2–GO. Образование нано-
композита было подтверждено данными ИК-анализа. Показано, что в TiO2–GO частично исчезают 
функциональные группы, характерные для оксида графена, что свидетельствует о его частичном вос-
становлении в ходе синтеза. Кроме того, появление широкой полосы ниже 1000 см–1 также свидетель-
ствует о формировании связи между TiO2 и GO. ЭДС анализ показал наличие титана, кислорода и уг-
лерода в порошке нанокомпозитного материала. В Раман спектрах нанокомпозита имеются пики, ха-
рактерные как для TiO2, так и оксида графена. Измерения оптических характеристик синтезированно-
го материала показали, что спектр поглощения нанокомпозита сдвинут в длинноволновую область от-
носительно спектра поглощения исходных компонентов, что может являться результатом изменения 
ширины запрещенной зоны полупроводника. Измерения электрофизических характеристик показали, 
что сопротивление электронному транспорту нанокомпозитного материала намного меньше значения 
этого параметра, полученного для чистого TiO2, что приводит к повышению эффективности преобра-
зования фототока. 

Ключевые слова: диоксид титана, оксид графена, TiO2–GO, нанокомпозитный материал, импеданс 
спектры. 

 
 




