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ABSTRACT

This paper reports the structural and optical properties of Undoped TiO, and 5% Ag-doped TiO,
nanoparticles under visible- light irradiation. These films were synthesised using
Electrohydrodynamic Spray Pyrolysis Technique, deposited at 250°C and later annealed at 400°C
few minutes. The films were characterised by Surface Profilnometry, Ultraviolet — Visible light
Spectroscopy (UV-Vis Spectroscopy), Optical Microscope and X-ray diffraction (XRD). The result
from surface profilometry showed that the thickness of all the samples is thin films. XRD results
showed that all the films have crystalline nature of TiO, and annealed films result in an increase of
crystallinity. The crystal phase observed was trigonal for both TiO; 4nq 5% Ag doped TiO,. The
unannealed Undoped TiO, exhibited low absorbance within the visible spectrum but increases as
we dope with 5% Ag-doped TiO, and effect of annealing increases the absorbance. Extinction
coefficient increases within the visible region as we doped and thermal annealing also increases its
effect within the visible region. The study of the microstructural properties using Optical Microscopy
showed an increase in the hardness of the film for annealed films and they have micro-grains that
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are closely packed compared to unannealed samples. The direct band-gap for unannealed films
range from 4.70 eV- 3.10 eV while annealed films was between 3.20 eV and 2.80 eV. Doped

Annealed films showed reduced band-gap.

Keywords: Ag doped TiO,; field assisted spray pyrolysis; structural properties; optical properties and

wide band gap semiconductor.

1. INTRODUCTION

Titanium dioxide (TiO,) also known as titania is
the most promising electron acceptor and a very
useful wide band-gap semiconducting transition
metal oxide which has attracted much interest
among researchers due to its unique
characteristics such as non-toxicity, affordability,
easy handling, resistance to photochemical and
chemical erosion [1]. It is a wide band-gap
semiconductor with energy of 3.0-3.4 eV and is
widely used in applications such as hydrogen
production [2], gas sensor [3,4], photo catalytic
activities [5], dye-sensitised solar cells and photo
electrochemical cells because of its relative high
efficiency and high stability. TiO, exists in both
crystalline and amorphous forms. In Its existence
in three crystalline polymorphs, namely, anatase,
rutle and brookite, anatase and rutile have a
tetragonal structure, whereas brookite has an
orthorhombic structure [6].

There are different routes that can be used to
synthesise titanium dioxide. These include a
conventional solid state route [7,8], precipitation
[9,10], Sonochemical [8], hydrothermal [11,12],
microwave hydrothermal [13] and sol-gel
methods [14,15]. Titanium dioxide (TiO,) also
exhibits useful electrical, optical, and
photocatalytic behaviour  due to the
powerful oxidation and reduction properties
that arise in the absorption of photon energy
[16].

Due to TiO, wide band—gap which ranges from
3.0eV- 3.4eV, between the valence and
conduction bands, there is a significant limitation
with regards to the photocatalytic applications.
Hence several attempts have been
made by researchers to improve its absorbance
within the visible region thus enhancing its
photocatalytic activities through the process of
doping [17].

In this work, we carried out a comparative
analysis of the different deposited samples to
identify the effect of concentration of dopant and
the effect of thermal annealing on the samples
using Electrohydrodynamic Spray Pyrolysis

Technique. The films  deposited were
characterised by  Surface  Profilnometry,
Ultraviolet — Visible light Spectroscopy (UV-Vis
Spectroscopy), Optical Microscopy and X-ray
diffraction (XRD).

2. EXPERIMENTAL

TiO, was synthesised using 0.2 mol of titanium
acetyl acetonate [Ti(CsH;O,)s] and 20 mol of
propanol [C3HgO] as the precursor while 0.68 g
of silver nitrate [AgNO;], mixed with 20 mol of
propanol in a conical flask, placed on a magnetic
stirrer and was stirred with the magnetic stirring
bar, until the AgNO; was properly dissolved
served as the precursor for Silver(Ag). The
precursor delivery system containing string pump
was formatted using a laptop to get accurate
atomization or deposition. The flow rate was set
at 4200microlitres/ hour, the volume was set at
400microlitres/hour and the time of deposition
was set at 10mins. The Electrohydrodynamic
Spray Pyrolysis Techique was set at the voltage
of 3.5KV and the distance between the nozzle
and the substrate (pro cleaned glass) was
5.95mm. From the precursors we obtained

4AgN O,
Ti(NOs)s

+ Ti(CsH,C)s =4( Ag(CsH,0;) ) +

5% Ag doped TiO, was deposited at 250°C and
was duplicated to get two samples. Undoped
TiO, was also deposited at 250°C and also
duplicated to two samples. Hence we have a
total of four (4) samples. One 5% Ag doped TiO,
and one undoped TiO, were later annealed at
400°C in few minutes using master chef
annealing machine with Model No: P70BI7L-
Ds(7014336), in order to expel the water of
crystallisation from the samples.

The thickness of the synthesised samples (both
doped and undoped) was measured using
surface profilenometry with a VeecoDektak 150
profiler machine. Using UV-Vis spectroscopy, the
absorption spectra of the deposited undoped
TiO, and Ag- doped TiO, thin films were
recorded within the wavelength range of (UV)
region of (230 nm to 390 nm), visible light (VIS)
region of (400 nm to 700 nm) and near infrared




(NIR) region of (714 nm to 1080 nm). The
reflectance values of the work were obtained
using a relation between the absorbance (A),
transmittance (T) and reflectance (R), according
to the law of conservation of energy given by

A+T+R=1 (1.1)

From equation 1.1, reflectance (R) was given as

R=1-T-A (1.2)

The values of refractive index of were obtained
using the equation of refractive index according
to (Ali et al., 2015),

n= (1+VR)/(1-vR) (1.3)

Where R is the reflectance and n is the refractive
index.

The values of extinction coefficient of this work
were calculated using the equation of extinction
coefficient according to[18]

K = aN4T (1.4)

Where k is called the extinction coefficient (k), a
is the absorption coefficient, A is the wavelength,
T is equal to 3.142.

The microstructural properties of both doped and
undoped TiO, were determined using Light
Microscope; Celestron LCD digital microscope.
(Model no: 44348), under the magnification of
800. The XRD pattern was recorded on a Rigaku
Ultima IV X-ray diffractometer equipped with a
graphite- monochromated Cu Ka radiation
source (40kv, 30mA) and wave length 1.54A. A
diffractogram was collected in the 26 range
between 3° and 90° with a step size of 0.01° and
a scan speed of 1%min. the XRD Pattern was
processed using JCPDS card numbers. We used
Debye Scherer equation to calculate for the
crystallite size.

D = kA /BcosB (1.5)

Where D is the crystallite size, K= shape factor,
which is constant (0.89), A = wavelength (1.54A),
B = Full Width Half Maximium (FWHM), 6= 2
Theta, which to obtain 6, we divided by 2.

3. RESULTS AND DISCUSSION

The thickness of the synthesised samples (both
doped and undoped) was measured using
surface profilometry with a VeecoDektak 150
profiler machine; the result showed that all the
samples are thin films.
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3.1 Optical Properties of the Deposited
Films

The absorbance spectra of the deposited films
were shown in Fig. 1a and 1b. It is found that
absorbance spectra of 5% Ag doped TiO, has
high absorbance within the visible region than
the undoped TiO,. Comparing the annealed and
unannealed films, it also showed that annealed
films have the best absorbance within the visible
region than unannealed films.

Figs. 2a and 2b below showed the extinction
coefficient of unannealed samples and annealed
samples. It showed that doping increases the
extinction coefficient of the film within the visible
region.

using Tauc’s relation

ahv = A(hv — Eg)" (1.6)
where hv is the photon energy, h is Planck’s
constant, a is the absorption Coefficient, A is the
constant, for direct transitions n=2, and E; is the
optical band gap, which is given as
Eg =hv=hc/A (1.7)
C is the velocity of light = 3 x 10° ms™ A is the
wavelength in meters (m). v Is the transition
frequency, h is the Planck’s constant = 6.62x10 "
¥Js. Since 1J = 1.602 x 10" eV

We substituted these variables into equation 1.7
and obtained

hU(eV) = hc  (6.63 X 107%*/s x 3 x 10°ms™"
vEv) =5-= Ax 1.602 x 10-1¢

(66310734571 x 3 X 10°ms~?
“\ A(nm) x 1079 x 1.602 x 10-1°¢

hv (eV ) = 1.241/ A (um) (1.8)

From equation 1.8 we calculated the photon
energies in (eV) for various wavelengths A
in(um). A graph of (O(hv)2 versus hv for both
unannealed and annealed samples were plotted
and the direct band gap was extracted by
extrapolating the straight portion of the graph on
hu axis at (ahu)® = 0 which gives the band gap of
both unannealed and annealed fiims. For
unannealed, the undoped TiO, has the band gap
of 4.70eV while 5% -doped Ag has band gap of
3.10eV which shows that doping brings about
reduction of the energy band gap from the graph

Fig 3a.



For the annealed films, the undoped TiO, has the
band gap of 3.20eV which is in agreement with
undoped TiO, result obtained by [19] while the
5%-doped Ag has 2.80eV similar to result
obtained by [20]. The annealed films have
narrowed energy band gap than the unannealed
films. see Fig. 3b.
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3.2 The Micrograph Analysis

Figs. 4a- 4b show the micrograph of unannealed
and annealed samples of TiO, using Celestron
LCD digital microscope, model #44348 with
magnification of 800. Fig. 4a shows the
micrograph of undoped unannealed TiO, sample
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Fig. 1a. Absorbance spectra for the undoped and doped unannealed samples
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Fig. 1b. Absorbance spectra for the undoped and doped annealed samples



which reviewed rough surface morphologies and
larger pores on the film, which may be due to the
aggregation of tiny crystals and the time of
deposition. Using imaged app, we obtained an
average particle size of 6.00 while Fig. 4b, the
micrograph of undoped annealed TiO, sample
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reviewed an increase in the number of orderly
stacked grains. There was reduction in the size
of pores and there was increase in the hardness
of the film compared to unannealed sample. The
average particle size of 8.00 was obtained using
imagedJ app.

Undoped TiO2

Doping with 5% of Ag
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Fig. 2a. Dependence of extinction coefficient on the wavelength for undoped and doped
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Fig. 3a. Direct band gap for unannealed undoped TiO, and 5%-doped Ag films
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Fig. 3b. Direct band gap for annealed undoped TiO, and 5%-doped Ag films

Figs. 5a- 5b show the micrograph of unannealed
and annealed samples of 5% of Ag/TiO, using
Celestron LCD digital microscope, model #44348
with magnification of 800. Fig. 5b shows rough
surface morphology of the film; larger pores and
larger grains were evident. Using imaged app,
we obtained an average particle size of 7.00

while Fig. 5b shows the micrograph of annealed
5% Ag/TiO, sample. Close observation
reviewed that micro grains are packed closely
compared to unannealed sample. There was
increase in the hardness of the film and using
imagedJ app, we obtained an average particle
size of 9.00.
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Fig. 5. Micrograph of 5% Ag:TiO,, (a) unannealed sample (b) annealed sample

3.3 The X-ray Diffraction

Fig. 6 show the x — ray diffraction patterns for
both Annealed and Unannealed undoped TiO,
samples with peaks at 20 =  25.30°, 27.56°,
37.99°, 48.25° 54.22°, 62.65° and 74.80° which
correspond to miller indices [101], [110], [103],
[200], [105], [213] and [107] respectively. These
results show that the samples are of trigonal
crystalline phase of TiO, which correspond to the
Crystallography Open Database (COD) entry file
number of 96 — 153 — 7225. Using Debye-
Scherer equation the average crystallite was
8.78nm and 8.76nm respectively. Comparing the
two, the annealed TiO, pattern had well defined

or high intensity of peaks than the undoped
unannealed TiO, sample.

Fig. 7 shows the x — ray diffraction patterns for
5% Ag of both annealed and unannealed
samples. They have diffraction peaks at 206 =
25.33°, 27.49°, 37.98°, 48.31°, 54.28°, 62.47° and
74.89° which correspond to miller indices [j101],
[110], [103], [200], [105], [213] and [107]
respectively. The results show that the Ag doped
TiO, are crystalline in nature. The x -ray spectra
were matched with the standard data using
Match3 software. The result corresponds to the
Crystallography Open Database (COD) entry file
number of 96 — 153 — 7225. There was no
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Fig. 6. X- ray Diffraction Pattern for Undoped Unannealed TiO, and Undoped Annealed TiO,
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Fig. 7. X- ray diffraction pattern for both 5% of Ag/TiO, annealed and unannealed samples

Significant shift in the peak position of diffraction
patterns of both annealed and unannealed 5%
doped with ag, except the changes in the
intensity of these peaks. Annealed sample had
well defined or high intensity of peaks than the
unannealed sample due to annealing of the
sample. Using debye-scherer equation the
average crystallite was 8.80nm and 8.76nm
respectively.

4. CONCLUSION

In this paper we have reported the structural,
optical properties of TiO, and Ag-doped TiO,

synthesised using Electrohydrodynamic spray
pyrolysis equipment. The XRD pattern showed
crystalline nature of TiO,. There was increase in
the crystallinity of the films in the case of
annealed. UV- vis spectroscopy revealed the
shifting of absorption edge of silver-doped TiO,
to the visible region compared to that of Undoped
TiO, and the annealed films showed higher
absorbance than unannealed films. The
Extinction coefficient showed that as the dopants
are been added to the parent material, the
extinction coefficient values of the films increases
within the visible region. The direct band gap for
annealed showed more decrease in energy band



gap than the unannealed doped samples. Using
Optical Microscopy showed increase in the
hardness of the film for annealed films and they
have micro-grains that are closely packed
compared to unannealed samples. For the
unannealed, the direct band gap ranges from
4.70eV — 3.10eV and the annealed the direct
band gap ranges from 3.20eV — 2.80eV. The
undoped TiO, nanoparticles showed poor
photocatalytic activity, while doping of silver ions
improves the efficiency under the visible —light
irradiation.
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