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Introduction

Titanium dioxide TiO; is a broadband non-toxic semiconductor with high chemical stability, thermal
stability and photocatalytic efficiency (Juhana ef al. 2022, Kanan et al., 2020, Komaraiaha et al., 2019).
TiO7 exists in nature as three polymorphs viz rutile, anatase and brookite. The rutile is the most crystal
prevalent form of titanium dioxide (Karishma et al. 2020, Cho et al., 2022). The band gap energy is
approximately 3.02 eV for rutile and 3.2 eV for anatase, this wide band gap gives TiO- the ability to
absorb the ultraviolet (UV) light where, the wavelength is less than 380 nm (Ilie ez al., 2017; Nasir et
al., 2014). TiO; has attracted the attention of researchers seen his unique proprieties and his wide
applications area in the optic devices, the lasers of solid state, telecommunications systems, biosensors
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and especially in the photovoltaic solar cells (Salhi et al., 2016). Several techniques are used for the
synthesis of TiO; as hot dip deposition centrifugal, sol gel coating with filtered arc and co-precipitation
(Roman et al. 2017, Luiz et al., 2021, Winfred et al. 2016, Ghulam et al. 2020, Asept et al.2022).
Spectroscopies techniques are essential means for the characterization of nanoparticles in many
laboratories due to the sensitive interconnection between the vibrational behavior and the structure,
composition and properties of the material. The modification of the structural properties of the material
induced a shift, an increase in size, an electron-phonon coupling, combinations and harmonics of the
vibrational spectra compared to the bulk material (Aguilar et al. 2019). In this study, the main goal is
the improvement of optical proprieties of TiO.. In order to have better results doping TiO> is a good
option by using various transition metals such as Cd, V, Cr, Mo, Zn, Co, and specially Mn, these
metallic elements trap electrons and holes to reduce electron hole recombination rates. As the
Manganese and the Titanium have similar sizes, the two elements incorporate very well together in
order to get better charge mobility. Therefore, using Manganese help altering the intrinsic
optoelectronic properties, and by creating defect sites on the d-band states it can reduce the wide band
gap of the TiO; and improve the absorption of the visible light and refine the optical properties to high
oxygen mobility (Milan et al. 2020, Devi et al., 2020, Kaur et al., 2017, Siyoung et al., 2022).Since
Mn?* known by its poor emission efficiency due to the spin-forbidden *T(4G)/%A1(6S) transition, an
additional ion needed to be used to promote the Mn?" excitation and improve the emission intensity,
for this matter the Ce** provide the best intended results as its 5d—4f transitions act as an activator in
Titanium TiO; to emit broadband visible light (Liao et al., 2020).
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Figure 1. Schematic level diagram for Energy transfer between Ce®" and Mn*'for photonic conversion.

The energy level diagram presented in Figure 1 shows the energy transfer process between the excited
levels of Ce** and Mn?*. With the energy difference between Ce** and Mn?* the possibility of the energy
transfer occurs within the non-radiative transitions from the lowest 5d excited of Ce** to the *T> level
of Mn**ion by assistance of phonons. Under the UV-light radiation the Ce" electrons raise to higher
component of 5d level then relaxes to the 5d crystal field splitting state, and then it regress to the 2Fs)
and %F7,» spin-orbit split 4f ground state by releasing photons with similar values of the energy levels,
an energy transfer happens from the excited 5d state of the Ce*" to *T» level of Mn?*, this manganese
ion level relaxes to the T level and then decompose nonradiatively to the ®A; ground state that improve
the Mn?* emission properties mobility (Junrong ez al. 2020, Susana et al., 2016).
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2. Methodology
2.1 Materials and instruments

Titanium (III) chloride TiCls (purity > 99.95%) purchased from Sigma Aldrich is used for un-doped
TiO; preparation. The precursors MnCl>4H>0 (98%), CeCl3 7H20 (99.9%) received also from Sigma
Aldrich are used as Mn and Ce source respectively for doping TiO>.The un-doped and Ce/Mn doped
TiO2 were characterized by Attenuated Total Reflection-Fourier Transform Infrared ATR-FTIR
(Perkin-Elmet spectrometer UATR two), X-Ray diffraction XRD (D2-PhaserDiffractometer from
Bruker), Raman spectroscopy (Renishaw 1000 B spectrometer),diffuse reflectance spectroscopy UV-
Vis and scanning electron microscopy SEM (Quanta 200).

2.2 Experiments

For the synthesis of TiO> doped with Mn (TCMO), a volume of 5 mL of titanium tri-chloride (TiCl3)
solution was mixed with 40 mL of di-ionized water and a portion of 10% of Mn in an Erlenmeyer flask.
The pH of the solution was then adjusted by adding a few drops of ammonium hydroxide NH4OH. The
mixture was placed on a magnetic stirrer heated at 60° C with continuous stirring for 3 hours. The
solution is left for settling for 24 hours. The precipitate was filtered with 0.45 pm porosity filter, the
filtra is then dried in an oven at 105 °C for 24 hours. For the preparation of the samples (TCM1, TCM2
and TCM3) amounts of MnCl>4H20 and CeCl3;7H20O were added according to the stoichiometries
10% of Manganese and 1%, 2% and 5% with the same protocol.

3. Results and Discussion

3.1 X-Ray Diffraction Analysis (XRD)

Figure 2 shows the XRD patterns of Mn-doped and Ce/Mn co-doped TiO. For Mn-doped TiO>
(TCMO) the rutile phase is indicated by the presence of an exhibited diffraction peaks shows at
20=27.26°;35.97°; 54.19°; 41.2°; 56.41° and 69.75° (Haque et al. 2017, Li et al., 2014, Boxiong et al.,
2010, El Afia et al.2020). Whereas the peaks at 25.07° (101) and 62.69° corresponding to the anatase
phase (Zengping et al. 2016). For The others sample Mn/Ce doped TiO2 (TCM1, TCM2 and TCM3)
the spectrum shows the presence of the same peaks corresponding to anatase and rutile crystalline
phases with a slight shifting. The spectrum shows that all samples have almost identical peak positions
with absence of diffraction patterns associated with compounds derived from Manganese and Cerium.
This absence may be due to the incorporation of Mn and Ce into TiO; lattice, or these species were
very dispersed on the surface of TiO2, or presumably due to the low concentration of the Mn and Ce
dopants. The crystal size D of TiO2 was estimated by using Scherrer Eqn. 1 and Williamson-Hall
method Eqn.2 (Mustapha et al. 2021, Kibasomba ef al., 2018). The concept of this method is plotting
the curve Bcos6 versus 4sinf (figure 4), the interception of this graph is (KA)/D. Using y = (KA)/D, the
crystallite size is calculated from D = (KA)/y and the slope deduced from the curve presented the strain

(e):

D= Bcos 6 Eqn.1

KA
cosB = —+4.e.sin6 Eqn.2
D q

Where A is the wavelength incident X-ray (= 1.549 A); K isshape factor (= 0.9); B is Full-width at half
maximum (FWHM) of the peak in the XRD patterns and 0 is diffraction angle. ¢ is the strain.
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Table 1 illustrates the crystals size D, the stain (¢) and the lattice parameters of all samples. The average

crystallites size of TiO2 calculated by the two Scherrer and Williamson - Hall methods are much closed
as indicated in figure 3. The results show that doping with Mn and Ce ions infect the crystal size and
strains lattice of TiO; (Xiaojun et al. 2017, Meddouri et al., 2016). The results are presented in table 1

and they consistent with literature (Zhang et al. 2016):

Table 1. lattice parameters of Mn/Ce doped TiO:

herrer | D a(nm) c(nm) V( A3) £(%)
(nm) (nm)
TCMoy 13.2 29 5.3 2.5 62.53 -2.6.10°3
TCM 8.8 11.9 5.3 2.5 63.01 103
TCM: 15.88 10.48 5.3 2.5 62.14 -2.9.10°3
TCM3 18.13 10.48 5.3 2.5 62.33 -2.9.10°3
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Figure 1. XRD patern of Mn doped and Mn/Ce co-doped TiO»
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Figure 3. Graphical presentation of f.cos6 versus 4.sin6 of Mn doped TiO;
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Figure 4. Graphical presentation of Size sheerer and Volume (V) of Mn/Ce doped TiOs.

3.2 Fourier Transform Infrared Spectroscopy (ATR-FTIR)

The Fourier transform infrared spectroscopy (FTIR)was used to define the functional groups present
in the synthesized material. The figure 5 showed the FTIR spectra for Mn doped TiO2 and Mn/Ce co-
doped TiO,, strong bands have been seen at the region 530,47 cm™! and 629,42 cm™! corresponding
respectively to Mn-O-Ti and O-Ti-O vibrational mode (Al-Amin ef al. 2016). These results were in
agreement with earlier reported studies. Stretching and bending vibration of hydroxyl groups of all
loaded materials were in the range of 3200-3600 cm™ and 16171635 cm™! (Zahid ez al. 2018). All The
FTIR results confirm the formation of TiO> nanomaterial.
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Figure 5. FTIR spectra of Mn doped TiO2 and Mn/Ceco-doped TiO2
3.3 Shift Raman

Figure 6 shows the Raman spectra of synthesized TiO> doped with manganese and cerium. Raman
peaks are sensitive to any change occurring in theTiO; lattice when dopant is added into the interstitial
site. The insertion of Mn?*distorts the TiO; lattice, or a strain is induced by a decrease in the number
of oxygen atoms bonded with Ti (Sharotri ef al. 2019). The spectrum showed a rutile mode at E; around
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437 cm™ ,while for anatase phase the modes are B1,~357 cm™ A1 + Big ~ 516 cm™'and Eg ~ 600 cm!
(Scarisoreanu et al. 2019).
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Figure 6. Raman shift spectra of synthesized TiO2 doped on Mn and Ce TCMo ; TCMi; TCMz and TCM3
3.4 SEM Spectroscopy

The surface morphology of the prepared titanium dioxide samples studied by using scanning electron
microscope (SEM). Figure 7 (a; b) shows respectively the SEM image (10 pm scale) of doped by
manganese and co-doped by manganese and Cerium. It's remarkable that the samples are regular in
shape and there is no significant change in the morphology of the surface after doping with Cerium.
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Figure 7. SEM images of Mn Doped TiO, TCMy(b); Mn/Ce doped TiO, TCM; (¢) & EDX spectrum of TCM3
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3.5 UV-Vis Absorption

The figure 8 presents the UV-Visible absorption spectrum of Mn-TiO, and Mn/Ce co-doped TiO:
curried out from 200 to 1000 nm at room temperature. The spectrums show a height intensity
absorption band in UV region around 320 nm corresponding to the charge transfer between Oxygen
and titanium atoms. The absorption was enhanced due to the incorporating Mn and Ce dopants into the

Ti0, lattice.
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Figure 8. UV-Visible spectra of Mn/Ce doped TiO»

The optical gap of TiO; was determined using the Tauc method Eqn. 3 (Li, e al. 2014), this method is
based by plotting energy (Eg) and the optical absorption coefficient figure 9. The band gap decreased
which improved its absorption efficiency (Tbessi ef al. 2018).
1
ahv = B(hv — Eg)z Eqn. 3

Where B is proportionality constant and hv is the energy of the incident photon.

TiO, (10% Mn)

(OLh\))1 :

Eg=3,23 eV

2,0 2,5 3,0 3,5
Energie (eV)

Figure 9. Graphical presentation of the gap energy of Mn doped TiOx.

Figure 10 shows the variation of the optical gap energy E; of TiO2 (Mn) after co-doping with different
Cerium fractions. It is observed that the gap energy decreases from 3.23 eV down to 2.97 eV. This
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variation is caused by the incorporation of Cerium in TiO> lattice. This impurity will create defects by
creating intermediate energy levels in the forbidden band of TiO2 which has led to the reduction of its
optical gap (Tbessi et al. 2018). These findings are in good agreement with that found by Singh &
Mehata, 2019, who developed the mix phase of TiO, NPs, at low temperature method at different
annealing temperature ranging from 400 to 900 °C, presenting higher efficient for the degradation of
dye (RhB) under UV irradiation. Furthermore, the gap energy values obtained correlate well with the
Titanium dioxide (TiO2) photocatalysts in the form of thin films (Zhang and Xu, (2020)). The Eg
obtained arranged between 2.28 and 3.25 eV (Sheikhi et al. 2019; Kaleji et al. 2013; Rangel-Vazquez
et al. 2015).
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Figure 10. Evolution of the gap energy Eg of Mn-doped TiO: after adding Cerium.

Conclusion

Mn-doped and Mn/Ce co-doped TiO> nanoparticles have been successfully prepared by a simple
precipitation process. The presence of oxygen-titanium bond at 530 cm™! and 629 cm™! confirmed par
FTIR spectrum and the presence of the anatse and rutile phases indicated by XRD proved the formation
of TiO; nanomaterial. The particles size of TiO, was estimated by Sherrer and Williamson Hall
methods, the average size is around 29 nm for Mn-doped and its decrease to 10 nm for Mn/Ce co-
doped TiO,.This decrease is due to the incorporation of Mn and Ce showed by XRF into the TiO:
lattice. The absorption band was also improved when Mn and Ce dopants were added. The results in
this study reveals that the couple (Ce, Mn) doped TiO; enhance the UV absorption and can help to
increase the performance of the photovoltaic cells.
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