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Abstract
This paper reports as prepared and Cr doped TiO2 NPs at different doping
concentrations of 0.02, 0.04, 0.06 and 0.08 mol% using simple technique called solgel method. The structural properties of as prepared and doped TiO2 NPs were
characterized through X-Ray Diffraction (XRD). The XRD results reveal that pure
crystalline (anatase phase) was found in average crystal size range 12-14 nm which is
calculated by Debye Scherrer formula. The lattice spacing of samples were decreased
as Cr-doping concentration is increased corresponding to anatase phase (101) of the
nanoparticles. The average crystal sizes of Cr-doped TiO2NPs were decreases with
increasing doping concentrations. Spherical and uniformly distributed TiO2 NPs were
observed from SEM results which are good agreements with that of XRD results. The
absorption spectra of as prepared and Cr doped TiO2 NPs were investigated by
UV/visible Spectroscopic photometer which enhance visible range of the absorption
shifts to the red color as the doping concentrations increases. Additionally, energy
band gap (Eg) of as prepared and doped nanoparticles were obtained from
UV/visible which is decreased with increasing Cr dopant concentrations is due to
decreasing particles size. Finally, defect states of prepared and doped TiO2 NPs were
Photo luminescence spectra.
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1. Introduction
Titanium dioxide Nanoparticles (TiO2NPs) are well known multi-functional
nanoparticles because of its non-toxicity, ubiquity, and stability [1]. TiO2 NPs have
attractive application in photo catalysis, pigments, antireflection coatings, optical
filters, and sensors applications. It has also large band-gap, chemically inert, photostable, inexpensive and high refractive index [2, 3]. In addition, TiO2 NPs have been
needed for polymer and dye-sensitized solar cells, hetero-junctions and hybrid
organic-inorganic
based solar cells, photo-catalysis application [4]. In
nanotechnology, solar cells are one of the important of researchable areas due to its
low-cost, simple to synthesis, have excellent efficiency of photo-conversion, have
excellent properties like structural and electronic [2-4]. The three main structure of
TiO2 are rutile, anatase and brookite. Among these, anatase and rutile are
commercially important due to its high energy band gap of 3.23 eV and 3.00 eV
respectively [3-5]. It is also promising semiconducting material because of mainly its
photo-stability and optical properties [6]. Not only TiO2, but also ZnO, Ncb2O5 etc
have excellent performance in solar cell activities of some semiconducting materials.
Many researches were conducted by doping metal ion into TiO2 with its modification
on dye sensitive solar cell (DSSC) [7]. Here, there are acceptor dopants that produce
photo-anode of dye sensitive solar cells. In other words, when iron, chromium,
vanadium copper, zinc etc are doped with TiO2, they are highly fabricating solar cells.
Reduced TiO2 NPs in to nano scale gives large surface to volume which is applicable
in optical properties [1-5].
TiO2 NPs absorbs UV-Radiation to its wide band-gap and the doping effects reduce
the band gap energy. Furthermore, doping TiO2 NPs by metals shows life-time
electron and hole. In other words, the doping metal with TiO2 NPs ignores
recombination of photo-excited charge carriers. Doping Cr in TiO NPs is important to
obtain small bang gap by making shifting up of valence band and down conduction
band and it makes easy to intrinsic properties in the visible region [1-6, 8]. Red-shifts
of absorption band from UV to visible region is caused to charge transfer I conduction
band to electron of doped TiO2 [9]. Frankly speaking, several metal-ions are doped
with TiO2 NPs [6-9]. So, chromium has enhanced photo response in the range of
visible wavelength leads narrow optical band-gaps. Several synthesizing technique
are reported in several literatures. TiO2 NPs can be synthesized by wet-chemical
precipitation techniques, Chemical bath deposition techniques, Vapor pressure,
mechano-chemical technique, hydrothermal techniques, Sol-gel technique etc. From
these techniques, sol-gel deposition technique is the simplest methods, low costs and
easy methods for the preparations on doped TiO2NPs which gives photocatalytic and
optical properties [10, 11]. From metallic ions, Cr gives high photo current density in
visible region by optical absorption shifts. Moreover, there is an occurrence of
valence electrons and valence band of TiO2 were the excess holes creates an acceptor
due to narrowing the band gapes between valence band and conduction bands [7, 9,
11].
Several papers present the impacts of temperature calcinations and Cr-doping for
photo-catalyst results shifting towards high wavelength (red shift absorption edge) as
the doping concentration was increased [12]. Like sol-gel method, chromium doped
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titania was prepared for dye sensitive solar cells through hydrothermal technique
results an increments in rutile phases while Cr-dopant were increased with
improvements in electron life time and transportation mechanisms [13]. Similarly, Crdoped Tio2 nanoparticles were by sol-gel technique at dopant concentration (0.1, 0.5,
1.0 & 5.0 mol %) for absorption light results the formation of pure anatase phases
(Raman spectroscopy & XRD results) and color centers were emerged from the
UV/visible spectroscopic analysis [15]. As presented by Wu T et al. as prepared and
Cr doped TiO2 NPs were synthesized through hydrothermal approach for the purpose
of structural and optical properties. The result shows the doped titanium dioxide
Nanoparticles have excellent photocatalytic properties [16]. In addition Shuai C et al.
reports room temperature synthesized TiO2 NPs by Cr-doping through sol-gel
technique were increases shifting of absorption band (red shift) to visible region as
chromium doping increases. Uniformly anatase phase crystals of dope TiO NPs were
observed from scanning electron microscopic result [17]. This experimental work
presents, as prepared and Cr-doped TiO2 NPs at doping concentration of 0.02, 0.04,
0.06 and 0.08 mol% through sol-gel deposition technique. The experimental details
and Characterization techniques were investigated.

2. Experimental details
First titanium dioxide nanoparticles were prepared from acetic acid (CH3COOH),
titanium isopropoxide (Ti[OCH(CH3)2]4) as Ti precursor and Chromium nitrate
(Cr(NO3)3.9H2O) as Cr precursor and used from preparations without further
purifications. After this, for synthesis TiO2 NPs (as prepared), 8 ml titanium
isopropoxide were mixed with 16 ml of acetic acid. Then, solution was added to 16
ml of ethanol without touching the wall of the container and stirred by gentile
magnetic stirrer for 2 hr. Then, the solution was settled at room temperature and gellike substance was formed. The gel-like samples were washed three times by ethanol
and it is now obligated to dry into oven at calcinations temperature of 160 oC for 6hr.
Finally, the samples were brought to muffle Furnace (Model No: MC2-5/5/10-12,
Biobase, Chaina) for 8 hr at calcinations temperatures of 400 oC. For preparing Cr
doped titanium nanoparticles, chromium nitrate solution were prepared and mixed to
TiO2 solutions and stirred for 30 min. By similar procedure, Cr doped titanium
dioxide nanoparticles were synthesized at different Cr concentration of 0.02, 0.04,
0.06 and 0.08 mol%. The synthesized samples were finally characterized by XRD
(Model: D8 Advance Bruker, AXS, Germany), UV/Visible Spectroscopy (Model:
Jasco, V 670, Japan), SEM (Model: Tecnai, G-2200 twin FEL, Netherlands) and
photoluminescence.

3. Results and Discussion
3.1 X-Ray Diffraction Analysis
Figure 1 show XRD results of as prepared and Cr doped titanium dioxide
nanoparticles at 0.02, 0.04, 0.06 and 0.08 mol% of chromium concentrations in the
range of 20o -80o. As shown in figure (a, b, c, d, & e) the XRD result exhabits sharp
diffraction peaks at diffraction angles of 18.86°, 31.58°,37.11°,44.91°, 59.54° and
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65.20° with their corresponding reflection of (101), (103), (200), (105), (204) and
(116) lattice plane which indicates the crystallinity of as prepared and doped
nanoparticles respectively. These results manly investigate crystal size and crystal
phase of as prepared and doped nanoparticles. The diffraction peaks reflects the
formation of pure anatase phase and matched with (JCDS File No.900-9086, 5000223 & 900-8123). Pure anatase phases are observed in all lattices planes which
indexed in all diffraction patterns i.e. octahedral (Ti-6) and trigonal planar (O-3)
geometry of host TiO2. The crystal phase of pure TiO2 NPs was unchanged in doping
Cr in TiO2 lattice. As the Cr doping concentrations increases, variation in intensity of
diffraction peaks were formed with small shifts. This shifts cause slight expansion in
unit cell volume due to the reduction of crystal size. In addition, unit cell volume
expansion is quite doable to host titanium ions and ionic radii of chromium dopants
[20].

Figure.1. X-ray diffraction Patterns of as prepared and Cr doped TiO2 NPs with
dopant concentration of a. 0.02%, b. 0.04%, c. 0.06% and e. 0.08% mol.
The calculated ionic radii of Ti4+ and Cr3+ 60.8 and 59.7 pm are relatively close to
each other. By substitution doping, Cr3+ enters lattices sites of Ti4+ [21]. Decreased
intensity peaks with increasing full width at half maxima (FWHM) were observed
from Cr-doped TiO2 NPs is due to small sizes of the particles at which all Cr dopants
does not enter the position of octahedral. Some Cr dopents are left on the grain
boundaries or surfaces. Due the reduction of crystallite size, the crystal grows and
their periodicities are distributed. Moreover, there is crystal impurities are observed.
The crystallite size of as-prepared and Cr doped TiO2 were calculated by using Debye
Scherrer equation,
𝐾𝜆
𝓭=
(1)
𝛽𝐶𝑜𝑠 𝜃
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Where the parameters 𝓭, λ, β and θ are average crystallite size, wavelength X-ray
wave length (0.15425 nm for Cu-Kα), full-width at half-maximum (FWHM) of the
diffraction peak and the diffraction angle respectively. The calculated crystal sizes of
as prepared and Cr-doped TiO2 are 13.12, 12.86, 12.73, 12.70 and 12.50 nm related to
the x-ray diffraction patterns of (a, b, c, d & e) as shown in figure 1
above respectively. The average crystal sizes of as prepared and Cr doped TiO2 NPs
are decreased as Cr doped concentrations are increased is good agreement to that of
SEM results [22]. Wide diffraction peaks with small intensity were observed from
XRD results as Cr doping increases are caused as a result of charge in ionic radius of
Ti+4 and Cr+3. Here, Cr doping concentration creates excess oxygen vacancies and
neutralizes charge in TiO2. [23]. Occupation of Cr+3 to titanium dioxide lattice results
the absence of impurity peaks in diffraction patterns. At the saturate and moderate
level, the photo-catalytic properties of doped nanoparticles increase as concentration
increases. Finally, the lattice spacing distance dhkl of as prepared and doped
nanoparticles of anatase phase of results 0.379, 0.353, 0.347, 0.338 nm and 0.329
which decreases with increasing dopants.
3.2 Scanning Electron Microscopic Analysis
Figure 2 shows scanning electron microscopic analysis of as prepared and Crdoped TiO2 NPs at doping concentration of 0.02%.0.04%, 0.06% and 0.08% mol and
the morphology of the particles are increases as the Cr-doping increases. From
theoretical investigations, Cr doping on TiO2 can be done through interstitial doping,
substitution doping and isolated substitutional mechanisms. Theoretically,
Compensating oxygen vacancy is observed during substitutional doping [24].
Therefore, Cr doped ions of TiO2 nanoparticles can be understood from scanning
electron microscope (SEM). The morphology, crystallinity and particles sizes of
synthesized nanoparticles are investigated from SEM results. Therefore, SEM images
reflects the formation uniformly distribution spherical shapes of nanoparticles with
small agglomerations in the last two samples and it is reported that agglomerations
observed in TiO2 NPs than the bulk titania. The particle sizes of as prepared and Cr
doped titanium doped nanoparticles are less than 15 nm is the same as the XRD
results.
3.3 UV/Vis Absorption Spectra Analysis
Figure 3 shows UV/Visible absorption spectra of as prepares and chromium doped
titanium dioxide nanoparticles at the room temperature. The optical properties of the
synthesized nanoparticles were determined from energy bang gap formula and the
tendency of absorpting the UV radiation were mostly observed from as prepared
sample as it has 3.2 eV band gap energy. The formation cut off UV/Vis wavelength of
absorption spectra shows excitation of electrons.

ISSN: 0303-6286

864

Tierärztliche Praxis
Vol 41, 2021

Figure.2. SEM images of as prepared and Cr doped TiO2 at doping
concentrations of 0.02%mol, 0.04%mol, 0.06%mol and 0.08 mol%
The photo-excitation of electron from conduction band to valence band.
Furthermore, the electron excitation is formed by 3d→ 2g orbital of the Ti4+ cations in
the conduction band while 2p orbital of the oxide anions are formed in valence band
[25, 26]. Doped titanium nanoparticles reflect shifting towards high wavelength called
red shift is due to chromium acceptance tendency of TiO2. The amplitude of red shift
absorption edge was increased with increasing doping concentrations. A red shift in
absorption edge is due to conduction band of doped nanoparticles slightly gives
reduced energy band gaps [27].
Table 1 show the optical band gap of as prepared and Cr-doped titanium dioxide
nanoparticles using optical band gap equation.
Eg =h

C
λ

(2)

where Eg, h, c, and 𝜆 are band gap energy, blanks constant, speed of light, and
wavelength spectrum of the absorption spectra respectively.
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Figure 3. UV/visible absorbance spectra of a) as prepared and Cr-doped TiO2
nanoparticles at dopant concentrations of b) 0.02 mol %, c) 0.04 mol%, d)
0.06mol%, and e) 0.08mol%.
Table 1. Wavelength, band gap energy of as prepared and chromium doped
titanium dioxide nanoparticles
Sl.No.

Concentrations (%mol)

Eg (eV)

1

As prepared

3.30

2

0.02

3.29

3

0.04

3.26

4

0.06

3.21

5

0.08

2.94

As shown in table 1 above, the band gap energy of as prepared and chromium doped a
Titanium dioxide is decreased as doping concentration increases and easily tuned to
specific levels. As a result of optical absorption shifts, transitional metal ions like Cr
doping concentration are observed in Ultraviolet to visible regions (28).
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3.4 UV/Visible Transmittance Spectral Analysis
Figure 4 shows UV/Visible transmittance spectral analysis of as prepared and
chromium doped titanium dioxide nanoparticles. The transmittance spectra of as
prepared and doped nanoparticles are observed in Ultraviolet and visible region with
having high transparency. Moreover, the transparency synthesized sample decreased
with increasing Cr-dopant concentrations [29]. From the amplitude of transmition
edge were decreased with increasing doping concentrations.

Figure 4. UV/Visible Transmittance spectra of as prepared and Cr doped TiO2
NPs at doping concentrations of b) 0.02 mol%, c) 0.04 mol%, d) 0.06 mol%, and
e) 0.08 mol%.
3.5 Photoluminescence Spectral Analysis
Figure 5 shows photoluminescence (PL) spectra of as prepared and chromium
doping concentration of synthesized nanoparticles. PL emission spectra have been
extensively used to show the charge transfer or electron-holes in semiconductor
particles [30-32]. Again, PL shows as prepared and Cr-doped TiO2 NPs and the curve
pattern of Cr-TiO2 similar to that of undoped anatase titanium dioxide nanoparticles.
However, the PL intensity decreased significantly with increasing chromium doping.
The intensity in 0.08mol% of Cr doped TiO2 NPs was small which is most likely due
to Cr atoms playing the role of electrons capturers where by depressing the
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recombination process. Conversely, the intensity of undoped TiO2 NPs was very large
compared to the others [33-43].
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(b)
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Figure 5. PL spectral analysis of a) as prepared and Cr doped TiO2 NPs at
dopant concentrations of b) 0.02 mol%, c) 0.04 mol%, d) 0.06 mol% and e) 0.08
mol%.

4. Conclusions
The sol gel deposition technique were followed to as prepare (undoped) and
chromium doped titanium dioxide nanoparticles for investigating structural and
spectroscopic properties. The synthesized samples were characterized by XRD, SEM,
UV/Vis and PL. From XRD results, nanosized particles (11 -13 nm) and pure anatase
crystal phase are synthesized at the same calcinations temperature. The particles sizes
are obtained by using Scherrer’s formula and decreases in particles size with
increasing chromium dopant concentration. Wider diffraction peaks with small
intensity were observed with an increament in chromium dopant and cause the change
on ionic radii (Cr+3 & Ti+4). The occupation of Cr+3 to the main TiO2 lattice are due
the presence purity or absence of purity of synthesized nanoparticles with and without doping chromium. Uniformly distributed/homogenous spherical shapes of as
prepared and Cr-doped TiO2 NPs were observed from SEM images. Around 0.379,
0.353, 0.347, 0.338 and 0.329 nm of lattice space were observed corresponding to as
prepared and doped TiO2 NPs of (111) of anatase phase. With increasing Cr-doping
concentrations, the crystal size become decreased which is the same with that of XRD
results. In addition, the bang gap energy of prepared samples were decreased as the
chromium concentrations increases and shifted toward high wavelength or red shift.
Finally, due to reduction band gap energy, transitional metal ions are easily tuned to
TiO2 lattice.
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