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Abstract: In this study, silver oxide thin films were deposited at room temperature using thermal evaporation on glass substrates.
The films' structural, surface morphological, and linear optical properties were analyzed. X-ray diffraction (XRD) analysis
indicated that the films exhibit a cubic structure. Field emission scanning electron microscopy (FE-SEM) revealed an average
grains size between 38 nm and 43 nm. Energy dispersive X-ray spectroscopy (EDX) confirmed the presence of silver (Ag) and
oxygen (O) in the samples. UV-Vis, FTIR, and laser Raman spectroscopy were also conducted on thin films.

Keywords: Thermal Evaporation, FESEM-EDS, Raman spectra, XPS, UV Analysis.

1. Introduction

Silver oxide can be found in multiple oxidation states
including Ag:O, AgO, AgiOs4, and Ag:O3. Among various
forms, the most thermodynamically stable is Ag20, which can
exist at high partial pressures of oxygen and low temperatures
[1, 2]. Research has explored the potential applications of
silver oxide thin films across a range of fields, such as
photovoltaics, high-density optical devices, optical memories,
organic light-emitting diodes, plasmonic photonic devices,
and precursor materials for high-temperature
superconductors. Similarly, as an antibacterial coating, silver
oxide is also utilized in contemporary medicine [3]. The
diverse crystal structures of silver oxides lead to a variety of
intriguing physical and chemical properties, including those
relevant to optics, electronics, photonics, and non-linear
optical systems. Owing to the varieties of applications, silver
oxide gained special attention regarding the synthesis of
nanoparticles and the formation of thin films which further
offer a higher surface area to volume ratio and quantum
confinement effect leading to the use of silver oxide in
nanotechnology [4].

The process used to grow these thin films, along with
innovative experimental setups, significantly influences
their characteristics, resulting in a broad spectrum of
properties even for a single material. Notably, silver oxide
thin films exhibit considerable variation, particularly in their
electrical and optical characteristics [5]. Using pure oxide as
the starting material is preferable for depositing metal oxide
thin films. The main techniques for depositing Ag>O films
are electron-beam evaporation and reactive sputtering of
silver metal in an argon environment enriched with oxygen.
The pulsed laser deposition technique is an additional
technique. Nevertheless, the best and the cost-effective other
technique is thermal deposition for the synthesis of silver
oxide thin films. The thermal evaporation process is
commonly utilized in laboratories and industries due to its

precision, allowing for easy control over preparative
conditions such as evaporation rate, film thickness, surface
morphology, and structural characteristics. These techniques
work in the gaseous phase, therefore vacuum conditions and
high temperatures were found to be necessary parameters
[6]. The properties like porosity and crystallinity depend
highly on the reactive oxygen environment during deposition
in the case of Sputtering as compared to thermal deposition.
Previous research by Fortiu and Weichman [7] has indicated
that silver oxide exhibits p-type semiconductor
characteristics with a band gap of approximately 1.2 eV,
while other studies have reported a wider range of band gaps
between 1.2 and 3.4 eV. This indicates that the diverse
crystalline phases and properties of thin films, which arise
from different deposition techniques, contribute to the wide
range of band gaps [8, 9]. Additionally, the substrates
compatible with these high-temperature methods are limited
to those that can withstand high temperatures, such as quartz,
glass, and silicon [10, 11].

The goal of this work was to examine the characteristics of the
films made from the thermal evaporation of pure AgxO
powder using structural and optical studies. Here, we have
deposited Ag2O this film on a glass substrate using the thermal
evaporation technique. The prepared thin films have been
subjected to various analytic techniques such as X-ray
diffraction, FE-SEM, EDS, XPS, UV-visible spectroscopy,
FTIR, and Laser Raman Spectroscopy for their structural,
morphological and optical properties. One of the special
properties of silver oxide that led to its promising
technological applications is its thermal breakdown into
oxygen and silver. Silver oxide has a reflectivity of over 70%
across a very broad wavelength range. The material can be
used to replace the widely used organic storage material in
short-wavelength optical data storage, which is an advantage.
Researchers were drawn to the silver-oxygen system (Ag-O)
because of its innovative uses in blue optical lasers, anti-
reflective coating and optoelectrical field.
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2. Experimental Procedure

Silver oxide thin films were prepared at room temperature
using the thermal evaporation coating technique. The
starting material was black Ag>O powder (Alfa Aesar, 99.9%
purity) with a melting point of 300°C, which served as the
target material in a molybdenum boat. This material was
gradually outgassed before the evaporation process. The
films were deposited onto unheated glass substrates, with the
resulting thickness measured at approximately 140 nm. The
glass substrates were cleaned with acetone using an
ultrasonic method, followed by rinsing with distilled water
and air drying. The distance between the molybdenum boat
and the substrate was set at 8 cm. The entire procedure was
conducted in a vacuum chamber with a pressure of around
5x%107* mbar. Following the synthesis, optical and structural
characterizations of the deposited films were performed
using Laser Raman Spectroscopy and X-ray diffraction
(Rigaku, Smart Lab 3KW). Surface morphology and
elemental composition analyses were carried out using
FESEM-EDS (7610 F Plus/JEOL). Figure 1 displays typical
images of the deposited silver oxide thin films on glass
substrates.

Fig. 1: Deposited Ag20 thin film on glass substrates

3. Materials and methods

3.1 X-Ray Diffraction (XRD)

X-ray diffraction with Cu-Ka radiation (A = 0.154056 nm) was
utilized to examine the crystalline phases of the prepared films
over a 20 range of 20° to 80°. Figure 2 displays the X-ray
diffraction pattern of the as-deposited Ag2O film. The pattern
reveals two weak diffraction peaks at (220) and (311), alongside
a strong and sharp peak at (111) for AgO. This indicates that
the Ag20O film is oriented, and the XRD pattern confirms its
cubic crystalline structure [12].
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Fig. 2: XRD Pattern of the Ag>O thin film

3.2 Laser Raman Spectra

Raman spectra of the Ag>O film were obtained at 532 nm
excitation using Laser Raman Spectroscopy (Witec UHTS
Model 300). Several peaks were identified and compared to
standard Raman data for Ag>O thin films, as shown in Figure
3. The measurements were conducted over a wavelength
range of 200-500 nm. The presence of Raman-active modes
helps assess the degree of short-range structural order. The
modes observed at 230, 249, 317, 435, and 475 cm™ are
associated with the internal vibrations of silver oxide. These
peaks in the Raman spectra correlate well with previously
reported findings [13,14].
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Fig. 3: Raman spectra of silver oxide thin film

Table 1: shows the comparison between the reported
literature and our data

Sr. | Raju N.R.C et | Tsendzughul et | Our
No. | al.[13] al. [14] Data
1. 216 219 -
2. 300 237 230
3. 379 305 249
4. 429 332 317
5. 467 470 435
6. 487 487 475

3.3 FE-SEM Studies

FESEM images with different magnifications have been
recorded using FESEM-EDS (7610 F Plus/JEOL). SEM images
of deposited silver oxide thin film, 25000x magnification 4(b),
50000x magnification 4(c), 100000x magnification 4(d) with
average grain sizes (increasing from 38 nm to 43 nm) and
100000x magnification 4(e) with average porosity (increasing
from 28 nm to 31 nm) of the deposited thin films sample are
recorded. Spherical shapes (like Nanoglobular agglomeration)
morphology of silver oxide nanoparticles has been observed in
FESEM studies [15].
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Fig. 4(a): Shows the selected area for magnifications for the
silver oxide thin film.
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3.4 EDX Analysis

The EDX spectra have been recorded using the FESEM-EDS
(7610 F Plus/JEOL) system to provide additional proof and
to verify the elemental composition and purity of the
synthesized Ag>O thin films. Fig. 5 shows the typical EDX
spectrum of Ag>O thin film. EDX analysis confirms that
Silver and Oxygen are the only elements involved in the
synthesis of thin films [16].
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Fig. 5: Shows the prominent peaks for Silver and Oxide
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Table 2: Elemental composition of silver and oxide

Sr. Element Expected Observed
No. Atomic % Atomic %
1. 6] 333 27.3
2. Ag 66.6 73.6

3.5 Fourier Transform Infrared Spectroscopy (FTIR)

The Fourier transform infrared spectroscopy (FTIR), model
Perkin Elmer operates in the frequency range of 4000-1000
cm!. We obtained every peak in the functional group
(diagnostic area) between 4000 and 1500 cm-1. Peaks
2099.7 cm™!, 2910.4 cm™', and 3778.1 cm™' were short and
had weak signals, whereas peak 3529.2 cm! had a large
signal. These peaks in the FTIR plot were caused by weak
interactions between functional groups. The Ag-O-Ag
bonding and the O-H stretching vibration modes are
responsible for the FTIR peaks, which are consistent with the
silver oxide FTIR spectra published in earlier works [17, 18].
Fig. 6 below provides a graphical depiction of FTIR spectral
data for silver oxide thin films.
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Fig. 6: FTIR spectra of silver oxide thin film
Table 3: Shows the FTIR data for silver oxide thin film

List No. Ag0 em™ (X) T % (Y)
1 2099.7 8

2 2910.4 62

3 3529.2 50

4 3778.1 80

3.6 UV-Visible spectroscopy

UV-visible absorption spectroscopy was used to study the
optical absorption of silver oxide thin films. The outer
electrons of atoms or molecules in the UV-visible spectrum
are absorbed by radiant energy and change into higher
energy states. The energy band gap of the silver oxides in
this phenomenon can be obtained by analyzing the spectrum
resulting from optical absorption. Since the shift of electrons
in the o and & orbitals from the ground state to higher states
occurs during the absorption of UV and visible light, the
spectrum provides information about the structure of the
molecule. This optical absorption coefficient was computed
between 200 and 800 nm in wavelength. A shorter
wavelength was used to obtain the absorption edge. The
nanoparticles absorption edge measures at 380 nm. As a
result, a significant violet shift was obtained at the absorption
edge. Over the whole visible spectrum, the silver oxide
nanoparticles have outstanding transmission. The
transparency lower cut-off (200 nm- 400 nm) and optical
transmittance window are mainly wused in optical
applications, which is why the lower cut-off wavelength is
380 nm. For materials used in optoelectronic device
applications, transparency in the visible spectrum is a desired
characteristic. It shows that the near-IR, visible, and UV
regions of the silver oxide thin film reveal good
transparency, suggesting that it can find application in
devices [19].
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Fig. 7: Shows the optical absorption spectrum of silver oxide
thin films

3.7 X-ray photoelectron spectroscopy (XPS)

The X-ray photoelectron spectroscopic studies were
performed on the Ag>O films formed on the glass substrate
in order to determine the shift of core-level binding energies
present in the sample. The binding energy range of 360 eV
to 380 eV is where the Si3d core level spectra are recorded
[20]. Figure 7 shows the Ag 3ds» and 3ds» peaks for the
sample grown where Ag 3ds. peak at 373.8 and Ag 3ds.» at
367.4 eV for pure silver is observed. Without annealing, the
as-deposited Ag20O sample will mainly contain Ag2O with a
small amount of AgO and Ag grains. According to the
current results, the binding energy for 3ds shifts to a higher
value as compared to reported data [21, 22].
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Fig. 8: Shows XPS spectra for the sample

4. Results and Discussion

AgO thin films were successfully synthesized on glass
substrates using a thermal evaporation technique at room
temperature. The focus of the present work is the study of
structural and optical properties of AgoO thin films. The
structural and morphological studies and microstructural
features of silver oxide thin film are determined by using
XRD, FESEM, and EDAX. EDAX plot shows particular
peaks for silver and oxide and reveals that silver and oxygen
are the only elements involved in the synthesis of thin films.
In order to find out the optical properties, the films are
characterized using laser Raman spectra and UV-visible
spectroscopy. Raman spectra at 532 nm give several peaks and
the results match with reported literature [13, 14]. XRD plot
gives the [h k 1] values and gives indices to the different planes
and shows the cubic nature of the silver oxide thin film.
FESEM gives the microstructural features for different
magnifications. FE-SEM results show that the average grain
size of silver oxide thin films increased from 38 nm to 43 nm
and the average porosity of the film increased from 28 nm to
31 nm. XPS studies were carried out to determine the shift of
core level binding energies present in the grown sample, and
according to the result observed the binding energy for 3ds»
shifts to a higher value.

The standard values for the XPS binding energies of silver
and oxygen atoms are 373.8 eV and 367.4 eV, respectively.
UV-Vis spectroscopy reveals the films are transparent and
absorption edge measures at 380 nm. As a result, a
significant violet shift was obtained at the absorption edge
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[19]. Thermal evaporation will be used in the future to
prepare silver oxide thin film samples doped with Erbium.
Furthermore, co-dopants such as Europium will be used to
enhance non-linear behavior. These thin films will be
investigated for their nonlinear optical properties.

The thin film grown will be used to determine second
harmonic generation (if optically possible). The second-
order nonlinearity or third-order nonlinearity will be
studied and the corresponding %@ and ¥® will be
determined using the Z-scan technique. Mach-Zehnder
interferometer will be constructed and devised to find an
optical bistable nature. The bistable nature of the thin films
will also be studied for eventually finding applications in
optical switching, dichroic filters, lasers, etc. It can be
further used to characterize the samples for low energy
electron diffraction (LEED), neutron diffraction, and
electron loss spectroscopy (ELS).
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