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by growing Cr-doped TiO, nanorods on the surface of the Fluorine doped
tin oxide coated glass slide (FTO) using the hydrothermal technique.
From X-ray diffraction (XRD) analysis, pure and Cr doped TiO, were
Polycrystalline with two phases, Rutile and Anatase. Optical energy gap was
found about (3.0 - 3.3 V) which is estimated from Uv-Vis and fluorescence
measurements. According to hall effect measurement undpoed TiO, NRs
shows negative conductivity while doped films shows positive conductivity.
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INTRODUCTION

Nowadays, the use of clean energies is
necessary to contribute the current demand
of energy. In this way various semiconductors
have been reported, TiO, being one of the most
popular, due to its good chemical stability and
non-toxicity[1,2] Inexpensive, high visible range
transmittance, high UV spectral range absorbance
and high-efficiency photo-catalytic activity[3].
It has a high level of interest in the world due to
frequent applications in many fields. TiO, thin
films exist in three phases, anatase (Eg = 3.32eV),
brookite (Eg=3.26eV) and rutile (Eg=3.05 eV),
and the properties of the sample depend on the
existence of these phases due to the difference
between them. Numerous studies are attentive
to the dependence of the different TiO, phases
on the preparation technique[4]. They have
different structures, but their chemistry is the
same, there are many techniques used to obtain
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nanostructure materials such as chemical bath
deposition (CBD), hydrothermal, solvent-thermal,
chemical vapor deposition (CVD) and DC reactive
magnetron sputtering, hydrothermal synthesis is
considered to be the most appropriate method
for the production of TiO, nanorods arrays due
to its modest experimental conditions, low cost
and uniformed TiO, NRs film [5]. Hydrothermal
synthesis method is a type of soft chemistry to
synthesize materials, this method developed by
simulating the nucleation and growth processes
of some rocks that contains minerals in nature.
[6]. An effective way of changing the electronic
characteristic of TiO, is doping, which can be
done by either replacing the O? anion or the Ti*
cation [7]. There are many researchers try to make
impurities with metal dopants such as Au [8], Fe
[9] and Ag [10] in this work we have been added
chromium to the TiO, NRs film.
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The aim of this work is the studying the
structural, optical and electrical properties of
p-type Cr-doped TiO, NRs films and compare it
with undoped TiO, NRs.

MATERIALS AND METHODS
Titanium dioxide preparation

The first stage in the practical part is cleaning the
FTO glass samples, we use ethanol alcohol purity
99.9% to clean with ultrasound for 15 minutes,
after that we use a Deionized water to clean the
sample in the second stage for 15 minutes in the
same device and then let it dry well before use.
Titanium dioxide nanorods array were synthesized
using the hydrothermal process in a chemical
solution using a Teflon-lined (100 ml) autoclave. 50
mL of concentrated hydrochloric acid (35-38 wt.
%)(Central Drug House (P) Ltd Group) New Delhi,
has been dissolved in 50 mL of Deionized water
(D). After vigorously stirring, 1.7 mL of titanium
butoxide (TBOT) (Germany) added to the solution
for 5 min. the FTO glass placed face down in a
Teflon. After that, the solution was poured into the
autoclave with a Teflon-made liner for the start of
the hydrothermal process. Hydrothermal reaction
occurs at 180 °C with a response time of 3 hours.
After that, the autoclave was removed from the
oven and allowed to cool to room temperature.
Then the prepared film is then rinsed well with DI
water.

Synthesis of Cr -doped TiO:
After completing the previous step and
preparing titanium dioxide in this step, we add

chromium Il nitrate (Central Drug House (P) Ltd
Group) New Delhi after adding titanium butoxide
and we mix the solution for 90 minutes, the added
proportion (1%) after that, put it in the autoclave,
then in the electric oven for two and a half hours
and after the time is complete, the autoclave is
cooled under water and we take out the samples
and clean them with Deionized water.

RESULTS AND DISCUSSION
X-Ray Diffraction

Fig. 1 shows the X-ray diffraction patterns of
undoped TiO, NRs arrays and 1% Cr-doped Tio,
NRs prepared by hydrothermal method on FTO
glass. As shown in Fig. 1, there are two phases of
TiO, Rutile and Anatase, peaks at 27.3°, 36°, 54.3
°and 65.4 ° corresponding to the planes (110),
(101), (211) and (221) respectively for rutile phase
and peak at 37.8° corresponding to (004) plane for
Anatase phase. All peaks and orintation belonging
to it are obtained according to the ICDD card (021-
1276) for Rutile phase and (021-1272) for Anatase
phase, in addition to the presence of peaks
belonging to FTO according to ICDD card no. (046-
1088). As shown in the Fig. 1 the intensity decease
after doping TiO, with Cr atoms indicating a loss of
crystallinity due to lattice distortion [11].

The dimension of crystallite size was estimated
using Scherrer equation [12]:

D kA
~ Bcosb (1)

Where, D is crystallite size, K is shape factor
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Fig. 1. X-ray curves of TiO, nanorods undoped and 1%Cr-doped TiO, (*: FTO, A: Anatase, and R: Rutile)
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Fig. 2. FESEM images of TiO, nanorods array fabricated by hydrothermal method (a) undoped, (b) doped with 1% Cr

(0.9), B is the Full width half maxima (FWHM) (in
radians) , A is the X-ray wavelength (0.15418 nm)
and 0 is Brag angle of diffraction. The crystallite
size which was calculated by equation (1) decrease
from 30.1nm for undoped TiO, to 25.4 nm after
doping with Cr atoms , this decrease gives the
impression that the doping is hindering the crystal
growth of TiO, NRs [13].

Field-Emission Scanning Electron Microscopy

Fig. 2 Show the Field-Emission Scanning
Electron Microscope (FESEM) top view image of
undpoed TiO, NRs and Cr-doped TiO, NRs films,
The top view shows the uniformly distributed
nanorods array across the entire surface of the FTO
substrates. The average dimensions of TiO, NRs
increase from 62 nm to 79 nm after introducing
Cr as dopant, TiO, thickness film is 853 nm and
285 nm for undoped and Cr-doped TiO, nanorods
film respectively, caused by thermodynamic
changes in surface free energy of the TiO, NRs
in which surface energy reduction decreased the
driving force of anisotropic growth, This means
that the increased nanorods diameter was caused
by the increased number of nanowires instead of
increased diameter of single nanowires [14].

Optical Properties

Fig. 3a and b illustrate the UV-Visible
absorbance spectrum and absorption coefficient
of the undpoed and Cr-doped TiO, NRs array which
was grown on FTO substrate by hydrothermal
technique, in the range (380-1100) nm. As is
evident, there is anincrease in the absorbance and
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thus an increase in the absorption coefficient after
doping with chromium atoms, can be attributed
to the presence the additional energy levels such
as Cr 2p level and oxygen vacancies within the
band gap of TiO, due to the Cr-doping, which leads
to the decrease in the optical energy gap, and as
is evident from the Fig. 3 ¢, where the energy gap
value decreased from 3.16 to 3.0 eV, the optical
energy gap was calculated using the relation [12]:

ahv = A(hv — EP)"* @)

photoluminescence (PL)

Fig.4illustrates the effect of excitation energy on
photoluminescence emission spectra of undoped
and Cr-doped TiO, NRs.The measurements are
carried out by excitation wavelength 270 nm (4.59
eV), the peak emission at 369 nm corresponding
to 3.3 eV energy gap which very close to value
obtained from Uv-Vis measurement, the PL
intensity decrease after doping with Cr atoms
caused by increase the dimensions of NRs which,
in turn, increases surface oxygen vacancy [15].

Electrical Properties
DC conductivity

Fig. 5 shows the In o is a function of (1000/T)
for undoped and Cr-doped TiO, NRs films. The
values of thermal energy of electrical conduction,
Ea, calculated from the curves in Fig. 5 ranged
between 0.07 and 0.3 eV (Table 1) these values
were estimated by the formula [16]:

E

o= aoe(_K_%) (3)
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Fig. 3. Optical properties of undoped and Cr-doped TiOz NRs films (a) absorbance as a function of wavelength (b) absorption
coefficient and (c) optical energy gap.
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Fig. 5. Dependences In ¢ = function of (1000/T) plotted for (a) undoped (b) Cr-doped TiO, NRs films .

where k is Boltzmann’s constant. The activation
energy increased after doping due to the increase
in NRs dimensions, and it is also well known that
the transport mechanism of charge carriers is
strongly influenced by crystallite size [17]. After
Cr atoms doping, holes became the major charge
carrier instead of electrons due to the high doping
percent, therefore the conductivity increased in
p-type as shown in Table 1.

Hall Effect

For the purpose to examine the electrical
characteristics  (carrier  concentration and
mobility) of the undoped and Cr-doped TiO, NRs
films, hall effect measurement was employment.
The electrical properties of the undoped and Cr-
doped TiO, NRs array have been tabulated in
Table 2. Fig. 6a and b illustrates the relationship

between hall voltage (V,) and passing current
for (a) undoped and (b) Cr-doped TiO, NRs films,
where it showed that the hall voltage is negative in
undoped TiO, NRs film, the reason that undoped
samples have negative conductivity is due to the
oxygen vacancies [18]. The Cr (1 wt. %)-doped one
showed p-type character because the Cr** ions
incorporated in the lattice points of Ti* ions act as
electron acceptors [13].

CONCLUSIONS

In this paper, titanium dioxide NRs film and
p-type Cr-doped TiO, NRs films were successfully
grown on FTO substrate by hydrothermal technique
using TBOT as a precursor. we have carried out
the influence of doping 1 wt. % Cr on structural,
morphology, optical and electrical characteristics
of the TiO, NRs films were investigated.

Table 1. activation energies and conductivity at room temperature for undoped and Cr-doped TiO, NRs film.

Dopant Ratio Ea; (eV) Range (K) Eaz(eV) Range (K) orr (Q.cm™?)
o 0.000 0.0696 318-393 e 393-318 0.019167168
1% 0.1275 318-393 0.2924 393-318 273.3860136

Table 2. Electrical properties of the undoped and Cr-doped TiO: NRs films

Sample Ru (CM3/C) n (cm) M1 =Ru o (cm?/ Vs)
Ti0: 0.9775 6.4x 10% 0.02
Cr-doped TiO; 15.7 4x 107 5980.8
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Fig. 6. The relationship between Hall Voltage (V,) and passing current for (a) undoped and (b) Cr-doped TiO, NRs films.
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