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Abstract

This study explores the transformative impact of gallium (Ga) doping on the structural and optical properties of tin oxide NPs
synthesized using chemical and green method. The nanoparticles were synthesized at different doping concentrations of gallium
(Ga-Sn0,). The effects of different dopant concentration on structural and optical properties of Psidium guajava capped SnO,
nanoparticles were investigated using X-ray diffraction (XRD), Ultra Violet- Visible spectrophotometer (UV-Vis), Fourier
transform infrared and photoluminescence spectroscopy (PL). The bandgap energies of Ga-SnO,NPs were estimated using
Tauc’s plot. The bandgap energies were observed to decrease with introduction of gallium. Highest bandgap was obtained at
2.5% and 2.0% Ga-SnO,NPs having a bandgap value of 3.25 and 3.07 eV for capped and uncapped Ga-SnO, respectively.
Smallest bandgap was obtained at 0.5% Ga-SnO, NPs having a bandgap value of 2.29 and 2.46 eV for capped and uncapped
Ga-SnO, respectively. Fourier transform infrared spectroscopy showed the stretching vibration of SnO, between 690-790 cm™
wavenumbers. Structural analysis using X-ray diffraction (XRD revealed Ga doping significantly leads to a decrease in
crystallite size calculated using Scherrer equation. The results obtained showed that both capped and uncapped Ga-SnO,
maintained the tetragonal rutile structure. This showed that the dopant occupied the interstitial site of the precursor materials.
Derby Scherrer formula was used to calculate the crystallite size, the results obtained showed that capping agents and doping
reduces the crystallite size of nanoparticles. All nanoparticles formed were in the range of 10.99-18.00 nm. The PL spectrum
showed emission at a near band emission and deep level emission.
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1. Introduction

The Dye-sensitized solar cell (DSSC) photoanode is a  12.3% [1]. Additional light converters include silicon-based
promising 3" generation photovoltaic cell. They are in the  solar cells [2], p-n junctions [3], and hybrid perovskites [4].
limelight for a prospective greener energy source due to their ~ Recently, studies have been oriented toward enhancing
low cost and simple manufacturing method, flexibility, envi-  greener energy conversion by improving DSSCs' main com-
ronmentally friendly and comparatively high efficiency of  ponents: the nanocrystal photoanode, dye, counter cathode
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electrode, and electrolyte [5]. However, the efficiency solely
lies in the capacity of the photoactive nanocrystal electrode to
harvest light and transport photoelectrons that are injected
from the photo-excited dye of the semiconductor at the con-
duction band [6].

For the last three decades, tin oxide (SnO,) has become one
of the most studied semiconductor materials belonging to
variety of transparent conductive oxides known as TCOs [7].
The review articles have mostly discussed the challenges and
opportunities of indium (In)-doped SnO, (ITO). It has both
low electrical resistivity and facile pattern ability [8]. How-
ever, it lacks temperature stability and resistance to chemical
attack. Although the amount of indium is limited in the earth's
crust, the human population is prone to its toxicity [9]. The
low-rate self-compensation effect makes it more challenging
to obtain binary oxide semiconductors having a p-type con-
ductive behavior [10]. These challenges provide an impetus to
seek an alternative to 1TO, which has high electrical conduc-
tivity and comparable visible transmittance.

To solve the challenge, metal doped tin oxide is widely
applied for transparent conducting oxide. The advantage of tin
dioxide is that it is abundant and non-toxic, has high thermal
and chemical stability [11] and UV-resistance properties
which make SnO, an efficient electron transport layer (ETL)
[12], especially in the case of perovskite solar cells. SnO; has
a wide optical bandgap, 3.6 eV [6] and a high transmittance
over the entire visible regime, which indicates that when it is
used in an optoelectronic device its absorption losses can be
minimized [13]. Earlier studies on SnO, reveal that by al-
loying with metal oxides or doping with metals, its electronic
properties can be selectively tuned to obtain a better optoe-
lectronic device performance [14].

Different dopants are used in doping tin oxide which in-
clude In [15], Ga [10], Al [16], Sb [17], Zn [18], Cu [19], N
[20] used as acceptor dopants. Ga is one of the commonly
studied dopants to tailor the electronic properties of SnO,, as
its ionic radius (0.62 A) is nearly equal to that of Sn** (0.694).
Gallium (Ga) doping has been widely investigated for its
effects on various semiconductors to enhance their structural,
optical, and electronic properties [21]. Different semicon-
ductors, such as lead sulphide (PbS) [22], cadmium oxide
(CdO) [23], zinc oxide (ZnO) [24], titanium dioxide (TiO,)
[25], and copper oxide (CuO) [26] have been doped with Ga.
Doping with Ga improves key properties such as conductivity,
carrier concentration, and optical absorption. High doping
concentrations can cause phase separation, forming secondary
phases that degrade material quality [27].

Different methods have been used to synthesize SnO, na-
noparticles such as sol-gel route [28], hydrothermal method
[29], spray pyrolysis [30], chemical vapor deposition [31],
thermal evaporation of oxide powder [29], and green-method
[32]. However, these methods are considered to be harmful to
the environment since they utilize toxic reagents and involve
tedious procedure to prepare nanoparticles. Therefore, there is
need to develop simple and green method to synthesize these
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nanoparticles. Physical and chemical methods are gradually
being replaced by green synthesis methods [33] because of
issues related to consumption of large amount of energy [34],
release of toxic and harmful chemicals [35] and use of com-
plex equipment and synthesis conditions [36]. Green synthe-
sis provides advancement over chemical and physical meth-
ods as it is non-toxic [37], pollution free [33], environment
friendly and economical [38].

This method involves the use of plant extract as a capping
and stabilizing agent to control the crystal growth of nano-
particles. Flavonoids, terpenoids, phenolics, aldehyde and
ketones are the phytochemical components in plant extracts
that act as reducing and stabilizing agents. Psidium guajava
contains abundant amounts of polyphenols which are inex-
pensive, renewable and widely available and could be effi-
cient for the growth of nanoparticles. Additionally, Psidium
guajava extract is simple to obtain and doesn't require costly
equipment. The study therefore tries to explore the use of
plant extracts in the synthesis of SnO, nanoparticles and how
various concentration of Ga affects the structural and optical
properties of Psidium guajava capped SnO,. The results from
the study will give insights on the tunability of the material
properties of Psidium guajava capped SnO, nanoparticles for
the targeted solar cell applications.

2. Material and Methods

2.1. Materials

All reagents used were of analytical grade and were used as
received: They include stannous chloride dihydrate
(SnCl.2H,0) (>98%), gallium (1) nitrate hydrate
(Ga(NO3); XH,0) (>99.9%), absolute ethanol (C,HsOH)
(>99%), guava leaves extract and deionized water. All reagent
were purchased from Sigma Adrich & A. B Chem. Deionized
water was prepared in Murang’a University of Technology
Research Laboratory.

2.2. Preparation of Psidium Guajava Leaf
Extract

Guava leaves (Psidium quajava) were collected from a
farm in Murang’a County near Murang’a University of
Technology, Kenya. County is located in central Kenya at
latitudes of 0=34' S and 1° 7' S and longitudes 36° E and
37°27' E. The samples were first cleaned using running tap
water followed by deionized water to remove surface pollu-
tants. The washed leaves were dried in an oven at 50 °C for 5
hours before crushing using a blender. 4.0 g of the sample was
introduced to 100 ml of deionized water and heated at tem-
perature of 60 °C for 30 minutes. After cooling to room tem-
perature, the mixture was filtered using 1 mm Whatman filter
paper (Figure 1) [39] and stored in a refrigerator to be used as
capping agent in the synthesis.
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Figure 1. Schematic representation of Psidium guajava leaves extract preparation.

2.3. Preparation of Ga Doped SnO;

Stannous chloride dihydrate with a mass of 1.35 g was
dissolved in 30 ml deionized water and stirred for 10 minutes
at room temperature. 30 ml of Psidium guajava extract (cap-
ping agent) was added to the solution after which ammonium
hydroxide was added to raise the pH to 9. Different concen-
tration (0.5. 1.0, 1.5, 2.0 and 2.5%) of gallium (IIl) nitrate
hydrate was added and refluxed at 60 °C for 3 hours using hot
plate. Aging process was allowed for 24 hours after which
washing was done using deionized water and absolute ethanol.
Drying was done using laboratory oven at 100 °C for 2 hours
and annealed at 500 °C for 3 hours. The process was repeated
without Psidium guajava extract.

2.4. Characterization Technique

X-ray diffractometer (XRD) model ARL EQUINOX 100
was used at 40 kV, 0.9 mA, with x-rays generated at wave-
length of 1.5405 A at a scanning range of 20°-80° and an
interval time of 20 seconds. XRD diffractometer was used to
obtain the crystal structure and phase component of the syn-
thesized SnO, and Ga-SnO, NPs. Photoluminescence spec-
troscopy (PL) Infitek SPLF97 model was used to determine

the electronic structure and defects in nanoparticles. Ultra
violet visible spectroscopy (UV-vis) evolution one plus model
was used to determine the optical properties of nanoparticles.
FTIR model IR Tracer-100 SHIMADZU was used to deter-
mine the functional group.

3. Results Discussion

3.1. XRD Analysis

The structural properties of synthesized pure SnO, and
Ga-SnO, NPs were investigated using the XRD diffractome-
ter model EQUINOX 100. Figure 2 depicts the XRD diffrac-
tion pattern of synthesized SnO, and Ga-SnO, NPs capped (a)
and uncapped (b) at varying mol% of Ga (0.5, 1.0, 1.5, 2.0 and
2.5%) in 2 8 from 20280< The 2 6 value corresponds to the
reflection from miller index (110), (101), (200), (211), (220),
(002), (310), (301), (202) and (321) which agrees with JCPDS
card no 41-1445. Tetragonal rutile structure of SnO. was
maintained as all diffraction peaks matching well with the
standard JCPDS card (41-1445). Uncapped SnO, and intro-
duction of Ga shows a growth of a peak at 46<
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Figure 2. XRD pattern of synthesized SnO, and Ga-SnO, with (a) and without (b) Psidium guajava extract in the range 20°-80°.
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The crystallite size of capped and uncapped Ga-SnO, was
calculated using Scherrer equation (Equation 1) [40].

_ ka
_ﬂ cos @ (1)

Where k is the width constant (0.9), 1 is the wavelength
which was 1.5406 A for Cu anode X-ray tube, g is the full
width at half maximum (rad) (FWHM) and 6 is the Bragg
angle. The crystallite size was calculated from the average of
four most intense peaks (101), (200), (211) and (301) and
table 1 tabulates the results. For uncapped Ga-SnO,, 2.0%
Ga-Sn0, had the smaller size of 10.99 nm while the highest
crystallite size value of 15.23 nm was observed at 2.5%. For
capped Ga-SnO,, 1.5% Ga-SnO, has a smaller size of 11.46
nm and a higher crystallite value of 16.27 nm at 0.5%
Ga-SnO, The decrease in crystallite size when Ga was in-
troduced into SnO, indicates that introducing Ga atoms dis-
rupts the natural crystal growth as Ga introduces foreign at-
oms in SnO, as reported by Siyalo et al [41]. Since ionic ra-
dius of Ga*" is smaller than that of Sn** and that their substi-
tution or incorporation into the SnO, structure creates lattice
strain or distortion which inhibits the growth of the crystalline
domains, leading to smaller crystallite sizes [42]. Decrease in
crystallite size was also reported by Siyalo et al [41] and
Shinde et al [43].

The 26 values represent the diffraction angles in X-ray

diffraction (XRD) analysis. Slight shifts in these values indi-
cate changes in the lattice parameters due to doping. For
example, addition of Ga to metal oxide caused lattice distor-
tions, leading to shifts in the 2 6 values [44]. The dislocation
density (8), defined as the length of dislocation-lines per unit
volume of the crystal was calculated using the equation 2 [45]
as table 3 tabulates the results.

®)= 6

Where D is the crystallite size obtained from Scherer
equation. The dislocation network within the structure is
indicated by the dislocation density and is inversely propor-
tional to crystallite size. For capped Ga-SnO,, the (8) value is
high at 1.5% with 0.0076 and least at 0.5 with 0.0038. For
uncapped sample, the & value was high at 2.0% with 0.0075
and least at 2.5% with 0.0052. Uncapped and capped Ga-SnO,
indicates an inverse relationship between the (8) and crystal-
lite size as shown in figure 3. Change in the interplanar
spacing (d) indicates alterations in the crystal structure caus-
ing a change in variations indicate changes in the lattice pa-
rameters due to Ga incorporation [46]. Stronger nanoparticles
with higher dislocation densities and strains have fewer duc-
tile nanomaterials, whereas weaker nanoparticles with lower
dislocation densities and strains have more ductile materials.
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Figure 3. Trend of micro strain and dislocation density of capped (a) and uncapped (b) Ga-SnO..

Table 1. 26, full width at half maximum (FWHM), crystallite size (D) and the dislocation density () for uncapped (a) and capped (b) Ga-SnO..

Dopant concentratio
Materials Plane
0% 0.5%
100 26.72 26.76
Uncapped NPs 20 101 34.02 34.02
200 38.73 38.34

16

n (%)
1.0% 1.5% 2.0% 2.5%
26.65 26.86 26.82 26.75
34.03 34.32 34.18 34.34
38.75 38.79 38.68 38.73
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Dopant concentration (%)

Materials Plane
0% 0.5% 1.0% 1.5% 2.0% 2.5%
211 51.91 51.91 51.91 52.15 52.12 52.29
301 65.48 65.41 66.38 65.52 65.55 65.52
100 0.4985 0.4842 0.9820 0.9674 0.6848 0.9306
101 0.5318 0.6708 0.5754 1.2718 0.6567 0.5872
FWHM 200 0.3521 0.5199 0.5282 0.4585 0.7122 0.4699
211 0.6089 0.7575 0.7184 0.6447 0.7460 0.6572
301 0.5257 0.7767 0.9741 0.9415 1.2353 0.6144
D (av) 18.00 13.10 13.09 12.17 10.99 15.23
1) 0.0031 0.0052 0.0052 0.0068 0.0083 0.0043
100 26.72 26.73 26.90 26.78 26.86 26.70
101 34.04 34.02 34.06 34.09 34.13 33.98
20 200 38.16 38.73 38.72 38.57 38.67 38.71
211 51.91 51.85 51.95 52.03 52.04 51.85
301 65.48 65.44 65.42 65.44 65.45 65.43
J 100 0.5876 0.5985 0.9542 0.5563 0.9454 0.5800
Capped NPs
101 0.6046 0.5329 0.5864 0.5546 0.4308 0.5908
FWHM 200 0.6162 0.4653 0.4470 1.0602 0.5217 0.4806
211 0.7299 0.6725 0.5777 0.6850 0.6094 0.6485
301 0.4727 0.5177 0.7260 0.9419 1.0307 0.6745
D (av) 14.89 16.27 15.33 11.46 14.77 14.80
1) 0.0045 0.0038 0.0043 0.0076 0.0046 0.0046
0.95
™ = Crystallite size (nm) b 204 === Crystallite size (nm) 0.95
—+=FWHM —o—FWHM 0,90
E pO E‘ 184 L 0.85
[~ c
~ 16+ +0.80 - - 0.80
'§ / \ L0.75 .g 16+ -0.76
— "]
= 1 E 144 3
8 0.65 8 L :'5:
0.6
§ 12 - 0.60 §12. \\ [ 0.55
a 0.55 .
(a) (b) 0.50
T ' ; ; R ' -
1 0 1 2 3
% concentration of Ga % concentration of Ga

Figure 4. Relationship between crystallite size and FWHM of capped (a) and uncapped (b) Ga-SnO,.

For both capped and uncapped Ga-SnO,, high intense peaks ~ which shifted towards high angle. This is because the ionic
were observed at (101), (200), (211) and (301). The peaks  radius of trivalent Ga®" (0.062 nm) is much smaller than that
were broadened with increase in concentration of Ga and  of Sn™. An increase in crystallite size is indicated by a de-
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crease in FWHM (Figure 4) and macrostrain. Variation in
FWHM suggest crystallite size and strain changes due to
different doping levels [47]. It is observed that the FWHM is

. R . . 1
inversely proportional to crystal size: crystal size a Y

[48], the variation was not constant with variation in concen-
tration and a decrease in FWHM generally indicates an in-
crease in crystallite size [28] (Figure 4).

Lattice strain was calculated using equation (3) [47].

B

Figure 5 shows the variation of strain with crystal size, it is
observed that crystallite size is inversely proportional to strain
[41]. Interstitial doping and nanocrystal size fluctuation were
identified as the causes of the strain and lattice parameter
variations,,,, Changes in strain were attributed to the incor-
poration of Ga, which introduced lattice distortions and de-
fects [47] due to slight difference in ionic radius and different
oxidation states, contributed to the reduced crystallite size.
Nanoparticles with a smaller crystallite size have a larger
surface are to volume ratio thus higher surface energy causing

" 4tane ©) higher strain [49].
0.010
18] —c— Crystallite size (nm) 204 =—c = Crystallite size (nm)
—e— Strain L o.00s —e— Strain -0.008
E E 18{ o
E 4 £
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% concentration of Ga % concentration of Ga

Figure 5. Shows the variation in crystallite size and strain for capped (a) and uncapped (b) Ga-SnO,.

3.2. UV-Vis Analysis

Figure 6 shows the absorption spectra of synthesized SnO,
and Ga-SnO, with (a) and without (b) psidium guajava extract
at different mol% of gallium. The absorption is related to the
bandgap of the material [50]. The highest and the lowest
intensity was observed at 2.0% and 0.5% Ga-SnO, respec-
tively for the capped NPs while for the uncapped NPs, the
highest and the lowest intensity was observed at 2.0%

Ga-Sn0, and pure SnO, respectively. Ga doping alters the
density of states in the conduction and valence bands as gal-
lium introduces new energy states or altered pre-existing
energy levels [44]. Additionally, by modifying defect states,
Ga doping can reduce recombination losses, improving
charge separation and transport which is a critical factor for
the efficiency of solar cells as reported by Siyalo et al [44].
The absorption edge of different samples varies as the con-
centration of Ga in the SnO, nanoparticles varies.
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Figure 6. Absorption spectra of synthesized pure SnO, and Ga-SnO, with (a) and without (b) the Psidium guajava extract.
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Figure 7 provided shows Tauc’s plot for capped (a) and
uncapped (b) Ga-SnO, at different mol concentration. The
analysis involves the determination of the optical bandgap
energy using Tauc’s relation [24].

(ahv)"'=B(hv — Eg) 4)

Where « is the absorption coefficient, hv is the incident

photon energy, S is the proportionality with a value of 1 and

300

— 0% Ga
Jo——0.5% Ga
250 3

1.5% Ga

200 e 2.5%, Ga

(chv)? (eV em™)?

100 -

50

(hv) (eV)’

E, is the optical energy band gap. By extrapolating the linear
portion of each curve (the rising edge) to the x-axis, the in-
tercept of the linear section of (ahv)? versus hv plot on the hv
axis was used to determine the average energy band gaps as
shown in Figure 8 and the values were tabulated in Table 2.
This process identifies the photon energy at which electronic
transitions occur from the valence band to the conduction
band.

300

— 0, Ga

1=—0.5% Ga
250
|=—1.5%Ga

200 ) e 2.5%, Ga

(ahv)’ (eV cm’)’
2
1

-
o
=3
1

50

3
(hv) (eV)

Figure 7. Tauc's plot estimate of synthesized SnO, and Ga-SnO, with (a) and without (b) Psidium guajava extract.

For capped Ga-SnO, NPs, the band gap decreases from 3.25
eV to 2.29 eV with 2.5% Ga-SnO, having a highest band gap
and 0.5% Ga-SnO; having the smallest band gap. For un-
capped Ga-SnO,, the band gap decreases with 2.0% and 0.5%
Ga-Sn0O, having the highest and smallest band gap respec-
tively. Decrease in bandgap was also reported by Seid et al [52]
for Ga doped ZnO. Ga atoms introduce additional energy
levels within the bandgap, these energy levels likely arise due
to structural defects or changes in the electronic density of
states caused by doping, which shifts the absorption edge to
higher or lower photon energies, depending on the doping
concentration [51]. The newly introduced energy levels may
serve as intermediate states, facilitating multi-photon absorp-
tion and subsequently improving the efficiency of photoca-
talysis under visible or near-ultraviolet light.

The decrease in band gap with addition of dopants is due to
the shrinkage effect which occurs due to the induced shift of
the minimum conduction band and maximum valence band
[53]. Even though, the crystallite size and the band gaps ex-
pected to be changed oppositely, explanations for such a
condition can also be due to the quantum size effect which can
cause the shrinkage of the band gaps [54, 55]. The bandgap
decreases indicating the substitutional incorporation of Ga®*
into the SnO, lattice introduces donor states therefore reduc-
ing the optical bandgap.

19

Table 2. Energy bandgap of pure SnO, and Al-SnO, synthesized with
and without Psidium guajava extract.
Dopant concentration

Capped (eV) Uncapped (eV)

Pure SnO, 3.98 3.21
0.5% 2.29 2.46
1.0% 2.79 2.78
1.5% 3.19 3.0

2.0% 3.17 3.07
2.5% 3.25 2.90

The lower band gap energy helps in increasing number of
electron-hole pair. Ga doping tunes the optical bandgap of
Sn0O,, highlighting its potential for tailoring electronic and
optical properties for specific applications, such as photo-
voltaics. Decrease in the band gap indicates a change in ab-
sorption, hence reflecting changes in the material’s electronic
structure, providing a means to engineer SnO, materials with
desired optical characteristics.
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3.3. Photoluminescence Analysis

Figure 8 depicts room temperature photoluminescence
spectra of synthesized pure SnO, and Ga-SnO, with and
without Psidium guajava extract respectively. The excitation
spectrum has a peak around 264 nm with different peak in-
tensity as shown in figure 8. The absorption peaks suggest that

18
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the material absorbs energy causing electrons to move from
the valence band to the conduction band, creating excited
states. From figure 8 (), excitation spectra increased when Ga
was introduced with 1.0% showing the highest intensity while
0.5% Ga-SnO, had a lowest intensity. From Figure 8 (b), pure
SnO, had the highest intensity and 2.5% Ga-SnO, had the
lowest intensity.
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Figure 8. Photoluminescence spectra of synthesized pure and Ga-SnO, with (a) and without (b) Psidium guajava extract.

Photoluminescence spectra show two types of emission:
near band edge emission (NBE) in UV region and defect level
emission (DLE) in the visible region. The inset in figures 4
and 5 represents the DLE in the range (460 nm — 480 nm) for
capped and uncapped Ga-SnO, respectively. For SnO, and
Ga-Sn0,, emission peak was observed at 354.62, 378.74 and
468.21 nm. Peak at 354.62 and 378.74 nm corresponds to the
near band edge, are attributed to the radiative recombination
of the photoexcited electron in the conduction band with the
photo generated hole in the valence band [11, 50]. Emission in
the NBE was also reported by Seid et al [52].

Table 3 shows the, peak centre and intensity of Ga-SnO, at
varying concentration of Ga synthesized with (a) and without
(b) Psidium guajava extract. For capped Ga-SnO,, maximum
peak intensity was observed at 0.5% with an increment of 0.49
from pure SnO,. A decrease in intensity was noted at 1.0%
and 1.5% Ga-SnO, with a decrease of 0.04 and 0.02 respec-
tively. For uncapped Ga-SnO,, maximum peak intensity was
observed at 2.0% with an increment of 0.53 compared to pure
Sn0,, Increase intensity in the visible emission for Ga doped
samples has been reported by Siyalo et al [51], Asedy et al [56]
and Shinde et al [43]. Similar red-shift has been observed in
the dominant PL peak for other oxide spectra, example, for
SnO, on doping with Mn [57], for ZnO on doping with Ag [58]
visible emission corresponds to the transition of photon en-
ergy carriers from donor levels of interstitial atoms to the

acceptor vacancy levels [52]. The enhanced intensity is due to
the introduction of free carrier concentration (electrons) by
gallium and due to the increasing quality of Ga** acceptors
[11]. Also, Ga enhances the radiative recombination process
due to introduction of new energy states or localized states
within the bandgap that allow more efficient electron transi-
tions [41]. Decrease in the intensity may be attributed to the
decreased quantity of radiative transitions of interstitial oxy-
gen by diffusion to oxygen vacancies [59]. Similar observa-
tion has been reported by Seid et al [52]. Addition of a diva-
lent/trivalent ion in a Sn ion, results in an increase in the
number of O-vacancies, producing O-vacancies related traps,
which make a strong contribution to the luminescence [60].
Enhanced emission properties due to Ga doping can im-
prove the performance of photo catalytic and other optoelec-
tronic devices, where efficient light emission and controlled
luminescence are essential. The enhanced UV emission is
indicative of an improvement in crystallinity and was verified
by the observable decrease in the DLE peak intensity with the
increase in mol%. This is due to the decrease in the concen-
tration of interstitial oxygen in the SnO, nanostructures which
occurs when Ga is doped in SnO,_ In the process the residual
O ions get consumed by Ga** ions [61]. Doping with Ga en-
hances light absorption and prolongs the lifetime of pho-
to-generated carriers. This enhancement is essential for pho-
tocatalytic processes while the newly introduced energy levels
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may serve as intermediate states, facilitating multi-photon
absorption and subsequently improving the efficiency of

photocatalysis under visible or near-ultraviolet light [41].

Table 3. Peak centre and intensity of Ga-SnO, at varying mol concentration of gallium.

Capped Ga-SnO,
Dopant concentration
Peak centre (nm)

0% (Pure Sn0O,) 471.12 2.03
0.5% 468.71 2.52
1.0% 468.74 1.98
1.5% 468.50 2.0

2.0% 468.87 2.40
2.5% 468.90 2.22

3.4. FTIR Analysis

FTIR Spectroscopy was used to identify the chemical
bonding and functional groups in both capped and uncapped
Ga-Sn0,. Figure 9 shows the FTIR spectra in the range
400-4000 cm' for capped (a) and uncapped (b) NPs. The
stretching of Sn-O for capped and uncapped SnO, is respon-
sible for the peaks at 783.42 and 698.21 cm™ respectively.
0O-H bending, probably from phenolic compounds, is respon-
sible for the peak at 954.09 cm™ for capped SnO,, whereas
0O-H bending, most likely from water and hydroxyl groups, is

Intensity (a. u)

Uncapped Ga-SnO,

Peak centre (nm) Intensity (a. u)

470.16 2.31
468.99 2.58
468.99 2.46
468.95 2.80
468.99 2.84
468.92 2.62

responsible for the peak at 892.33 cm* for uncapped Ga-SnO,.
For both capped and uncapped SnO,, the peak at 1148.69 and
1063.51 is caused by C-O stretch. For capped Ga-SnO,, the
peak is an indicative of alcohol or ester group while the peak
at 1389.46 and 1326.39 cm™ for capped and uncapped
Ga-SnO, is due to C-H bending. Peak at 2982.46 (capped) and
2921.90 cm™ (uncapped) typically indicates C—H stretching
vibrations, which can be associated with aliphatic or poten-
tially aromatic groups. The peak at 3662 cm™ (capped) and
3604 cm™ (uncapped) is due to O-H stretching indicative of
hydroxyl group.
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Figure 9. FTIR spectra of capped (a) and uncapped (b) Ga-SnO, at varying concentrations of the dopant.
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4. Conclusion

The capping agents had major impacts in both structural,
morphological and optical properties of nanoparticles. The
XRD analysis showed that the tetragonal rutile structured of
SnO, was maintained. The use of capping agents and Ga
doping decreases the particle size. The use of capping agents
increases the intensity of the emission band. The band gap of
the nanoparticles were lower than that than that of the bulk
due to quantum defects.

Abbreviations

DLE Deep Level Emission
FWHM  Full Width Half Maximum
Ga Gallium

NBE Near Band Emission

NPs Deep Level Emission
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