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Synthesis and characterization of silver/silver-oxide
tin film via chemical bath deposition
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The chemical bath deposition technique was used to deposit Ag/AgO films on a glass substrate using silver nitrate (AgNO3) and tri-
ethanolamine (a polymer matrix) as the complexing agent. X-ray diffraction (XRD) was used to study the crystalline structure of the
films, scanning electron microscopy (SEM) was used to study the micrograph/morphology, and energy dispersive spectroscopy (EDS) was
used for elemental composition analysis. Four peak® atalues of 38.05C, 44.15C, 64.3TC, and 77.41C matched the (111), (200),

(220), and (311) peaks, respectively, indicating that the obtained films were crystalline. The Ag/AgO films had a relatively low transmittance
value of approximately 12% in the wavelength range of 300 to 1100 nm, a band gap energy of less than 2 eV, and a high absorbance of
> 80%, suggesting applications in photothermal, photoelectronic devices/systems, architectural coatings, and other areas where spectrall
selective films are of interest.
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1. Introduction TEA's low content resulting in a mix of silver and silver ox-
ides [7].
The development of functional materials often involves syn-
thesizing novel materials to enable new applications. Nano- This study, “Synthesis and Characterization of Sil-
materials have garnered significant interest due to theiyer/Silver Oxide Thin Film via Chemical Bath Deposition
small size and potential across various industries, includ¢CBD)” presents a unique and economical technique for em-
ing biomedical and electronic fields. By reducing mate-ploying CBD to create homogeneous Silver/Silver Oxide thin
rials to the nanoscale, new functions and quantum effectfims. It draws attention to the novel pairing of silver and sil-
can be achieved, particularly with semiconductor and metaler oxide in a single film, which exhibits encouraging qual-
nanoparticles. These advancements are notable in fields likges for use in photovoltaics, sensors, and catalysis, among
biology and medicine, where gold nanoshells, quantum dotsther fields. In addition, the study offers a thorough examina-
and super-paramagnetic nanoparticles are used for imagingn of the thin films’ optical and structural qualities, connect-
and drug delivery among others [1,2]. ing synthesis parameters to material attributes. In comparison
Silver (Ag) is valued for its exceptional properties, in- with earlier studies, this work provides an examination of the
cluding electrical conductivity, antimicrobial effects, and op- structural and optical properties, demonstrates how synthesis
tical capabilities, making it superior to other metals. Its low parameters directly affect material performance, and offers
toxicity allows for use in disinfectants, drug delivery, and tex- substantial improvements in the uniformity and control of the
tiles. Silver oxide exists in multiple phases: AgO, Ay  film properties.
Ag-03, and AgO,, each with unique optical and electrical
properties. These oxides are utilized in photocatalysis, photo- - Chemical bath deposited Silver/silver oxide thin films are
voltaic applications, energy storage, and flexible electronicsexpected to demonstrate superior optical and structural prop-
Methods such as thermal oxidation, electron beam evaporasties relative to those deposited by alternative methods. The
tion, and chemical vapor deposition are commonly used t@ynthesis parameters of CBD, including temperature, pH, and
grow silver oxide thin films [3-6]. reactant concentrations, will have a significant impact on the
Recent literature highlights the successful preparation omorphology, crystallinity, and optical absorption of these thin
silver nanoparticles within bacterial cellulose membranes usfilms. In addition, silver and oxides are expected to be mixed
ing triethanolamine (TEA) as a stabilizer and reducing agentwith a single film at the same time to improve the perfor-
This approach yields well-dispersed spherical particles, wittmance in device applications.
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2. Experimental procedure [ e
Soda lime glass substrates were immersed into dilute hy- 4 Tharrnhistar
drochloride acid (HCI) for 24 hours after which the substrates _ Synthetic
were washed with distilled water and then dried in air to 0 of DO foam cover
ensure good adhesion and uniformity of films onto the sub- H H < Glass Beaker
strate. A 100 ml beaker was employed as bath container with Bubstrates)
a synthetic foam cover which serve not only to protect the (- -~ Eledyiches
reaction baths from dust and other environmental impurities, | '@ ¢ i@ %a§d

but also to suspend the substrates in such a way as not t¢ ———

touch the bottom or wall of the bath container. The reaction

baths were thoroughly stirred using magnetic stirrer; in that itFIGURE 1. Skeletal representation of the experimental set-up for
gives uniform and homogeneous stir. The thermometer aidetiie synthesis of Ag/AgO thin films.

in maintaining the temperature of the baths and was regu-

lated by turning off or on the heater when the temperaturd his suggests that silver nitride undergoes decomposition
was about to exceed or fall below the range of 40G5Tri-  and depending on the experimental conditions and amount
ethanolamine (TEA) was added slowly to 0.001 M of AgNO ©of reagent, either Ag and AgO or possible mixture of AgO,
in 100 ml beaker using a syringe until 2 ml of it was droppedAg20 and higher oxides are deposition onto the substrate.
in each beater while the baths were under constant stirring oHowever, the final product depends on the amount of TEA in
a magnetic stirrer with distilled water added to make a totasolution. If enough TEA is added to completely dissolve the
volume of 80ml in each bath. Four pre-treated glass subpreviously formed precipitate of AgOHie. Ag.O, and then
strates carefully suspended from synthetic foam covers wer@n Ag film is deposited onto the substrate. Just couples of
immersed vertically in each of the bath solutions. The bathglrops less of TEA produced a film of AgO onto the substrate.
were kept at 40-55C on an electric heater. The first two sub-
strates were removed one from each bath at about 60 minutes,
washed with distilled water and dried in air. Subsequent one
were removes at an interval of 25 minutes; each washed and’
dried in air after which the samples were taken for charac- .
terization. The experimental set up is shown in Fig. 1 while3-1- Physical appearance

Table | shows the time of synthesis of Ag/AgO thin film, the

volume of TEA used, the molarities of AgNGind the total A colour change of AgQN@was observed, from a colourless

Results and discussion

volume of the bath solutions. solution to a brownish solution, which became clear under
It is known that silver ions can be complexed by ammo-constant stirring upon the addition of TEA, attributable to
nium hydroxide according to the following reactions: the dissolution of the initially formed precipitate. The de-

posited films were opaque, and the opacity increased as the
AgNO; + NH,OH = AgOH + NH,NO;. (1)  geposition time increased. Although, in each case, there was
In excess of NHOH, uniformity and homogeneity in the dispersion of the film on
the substrate, indicating that the thickness of the thin film de-
AgOH + 2NH4OH = [Ag (NO3),] OH + 2H,0.  (2)  posits increased with time, culminating in a more reflective
surface. The opacity of the film and the reflective surface

The complexing reaction of silver ions with TEA follows a ; ,
were at maximum when excess TEA was added solution.

similar pathway [8].
AgNO,+[TEA] OH = AgOH+[TEAH] NO3, (3)
AGNO, +[TEAH] OH = [Ag (TEA),] OH+2H,0. (4) 32 X-raydiffractometer
The X-ray diffraction spectra of the as-deposited Ag/AgO

thin films are presented in Fig. 2 withd 2values varying
from 20°C to 80°C and Cu-kv radiations of wavelength

TABLE |. Deposition parameters of Ag/AgO thin film.

Time of Volume of Molarities Vol. of A~ 1.5406 A.
Deposition TEA of AgNQ bath solution The appearance of Bragg peaks: 380544.15C,
(hour) (ml) (M) (ml) 64.37C, and 77.41C were correlated with standard JCPDS-

ICDD diffraction patterns from PDF-2 sets 1-43 database and

1.00 2.0 0.001 800 there exists conformity which corresponds to the preferred
125 20 0.001 80.0 orientation planes of (111), (200), (220) and (311) respec-
1.50 2.0 0.001 80.0 tively confirming the presence of Ag/AgO films. Following
1.75 2.0 0.001 80.0 the inverse law relationship of full width at half maximusn

Rev. Mex. Fis71011003



SYNTHESIS AND CHARACTERIZATION OF SILVER/SILVER-OXIDE TIN FILM VIA CHEMICAL BATH DEPOSITION

(111)

Intensity/a. u.

0.8 1

ABSORBANCE.A

0.6 T

0.4 T

0.2 1

20 30 40 50

268/degree

60 70 80

600 700 800 900 1000 1100

WAVELENGHT(nm)

200 300 400 500

FIGURE 2. X-Ray diffraction pattern of AQ/AgO-TEA film. FIGURE 3. Absorption spectra of Ag/AgO thin films.

(FWHM); Eq. () was used to deduce the average crystallit
size which was valued as 0.21 nm after calculation.
0.9
~ Bcosb’

efects, potentially increasing catalytic activity, while the
macrostrain indicates structural strain that could modify the
film's band structure. The interplanar spacing (1&)7re-
flects the crystallographic orientation, essential for tailoring
film properties in optoelectronics [9].

(5)

where) is Cu-kx radiation wavelength (1.5408), 3 is full
width at half maximum (FWHM) in radiary is the Bragg
angle. Using the Bragg’s equation of E@),(the interplanar
spacingdy,; was established to be averagely 1.7496r the
grown Ag/AgO thin film.

3.3. Optical analysis

Figure 3 show the optical absorption spectra of Ag/AgO thin
films without taking reflection and scattering into account
which was measured in the wavelength range of 200-1100 nm

== , for the as-deposited films. The Ag/AgO thin films showed a
2sinf  /R? 4 k2 412 high absorbance value.

wheren corresponds to the order of the fringes and equals 1 The transmittance spectra for the films is shown in Fig. 4.

for a special case. Other crystallographic parameters detePespite the slight increase of transmittance through the visi-
mined were macrostrain, and dislocation density; given ble spectrum, there was stability in its measurement at wave-

nA a

Dy = (6)

by Egs. (7) and (8) respectively. The interplanar spacing an
the macrostrain decreases as the@lue increases.

length A ~ 1100 nm. Thicker Ag/AgO thin-film films ex-
hibit lower transparency, especially in the visible spectrum,
according to their transmittance spectra. This is corroborated

¢ — B cot § @) by recent studies, which show that increased thickness of sil-
4 ver oxide thin films reduces transmittance mainly because of

15¢ increased light absorption and scattering. In the visible spec-
P=uD (8) trum, for instance, films that are thicker than 100 nm have

transmittance below 20%, according to Patedl. [10]. Ac-

Equation (8) was established by Williamson and Sma”mancording to Wanget al. [11], developmentsin chemical bath
where a is the lattice constant and D is the particle size. Ta-
ble Il shows the values calculated for as-deposited Ag/AgO
thin film at the temperature range of4® 55°.

These parameters in Table Il, contribute to the film's en-
hanced optical and electronic properties. The small particle\?

size suggests high surface area and quantum effects, bene%
cial for applications in sensors and catalysis. The moderateZ

30 +

25 T
[}

L]
20 +

15 T

T

dislocation density implies the presence of crystalline de- 2 5
; 10 ™ -.
TABLE Il. Summary of structural parameters of as-deposited é '\_‘/
Ag/AgO thin film. 57 -
Bath Particle  Dislocation  Micro-  Inter- planar o 1 i ; i ; ; , , i
. . . . 200 300 400 500 600 700 800 900 1000 1100
temp. size density, strain, spacing, :
R R WAVELENGHT(nm) Vv
) (nm) p(A™Y) € dnri (A) _ o
FIGURE 4. The Transmittance spectra (%) for Ag/AgO thin films.
40-55 0.2 0.65 0.37 1.77
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FIGURE 5. Variation of the absorption coefficient with photon en-
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FIGURE 6. Variation of the refractive index with photon energy for '
Ag/AgO thin films. T
a) 10pm EHT=2000kV Signal A=VPSEG3
deposition processes have made it possible to better control bkl S, L
layer thickness, which has improved both transparency and
electrical conductivity.
Figures 5 and 6 depicts the variation of absorption coeffi-
cient and refractive index with photon energy. The values of
absorption coefficient were calculated using B (

I; = Iyexpat, 9

whereq is the absorption coefficient; t is film thickneds,
and I; are the intensities of initial and transmitted light re-
spectively.

The absorption coefficienty) is related to the incident
photon energy by:

K(hy — 1
o (hv — Ey)= ’
hv

(10)

b) 10um EHT= 20000V Signal A=VPSE G

whereK is a constantF, is the energy band gap amds a
constant equal to 2 for direct band gap. Figure 7, shows the
variation of (ahv)? versushv for Ag/AgO films. The graph  FIGURE 8. SEM images of Ag/AgO films coated on glass sub-
gave the direct band gap values, obtained by extrapolating th&rates.

linear line on hv axis as 1.5 and 1.6 eV for the films.

W= 80mm Mag= 1.00KX
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3.4. Morphological analysis SRR
The scanning electron micrographs of the Ag/AgO thin film
coated on glass substrates shed light on the surface morpho
ogy of the film as shown in Fig. 8. The micrographs show
a black, granular surface with different-sized and shaped
grains. Notably, there are no holes or cracks evident on
the surface, demonstrating the consistency and strength o/ o &, a4
the deposition. Nonetheless, the grains were uniformly dis- F—+= J'Lzls f-“‘ca; itiadasss s isnrsasinesisasnssnsns
persed, with certain regions exhibiting agglomeration. Ap- Fuiscsie 20530 ots cursor: 0.000 ke
proximately 20um is the average grain size, as determined

by ImageJ software [12, 13]. This grain size is in line with FIGURE 9. EDX spectrum of Ag/AgO.

similar research [14, 15] that highlights the impact of depo-
sition conditions on thin film microstructure. The uneven -
grain distribution seen in the SEM pictures is characteristic o*'me glass substrate.
films deposited via chemical bath deposition (CBD), where

the nucleation and development of grains are greatly influ- .
enced by bath temperature, pH, and reactant concentratioﬂ,‘ Conclusions

among other variables [16]. . : .
The significance of optimizing these parameters to attainUSIng Agt - triethanolamine (TEA) as the precursor, an

the intended grain size and morphology has been brougf queous chemical bath deposition technique was used to syn-

to light by recent developments in the synthesis of Ag/AgOt esize Silver/Silver oxide thin films at temperatures between

thin films using CBD. For example, Ware al. [11] work 40 and 55°C. This confirmed the hypothesis that CBD can

from 2023 showed that changing the bath solution’s pH ma?{)roduce films with better optical and structural properties

reatly lower agalomeration and enhance the uniformity o han other methods. The resultant films had a poor transmit-
greatly lower agg - R . Y tance of about 12% and a high absorbance 8%, exhibit-
grain distribution. In a similar vein, Liet al.[17] discovered

that regulating the deposition temperature might improve th(i?ng uniformity and reflection. The films appear to be suited
optical and electrical properties of Ag/AgO thin films by in- or applications requiring spectrally selective films, such as

creasing their crystallinity and decreasing their structural degleptronics, optoelectr_oni_cs, photothermal, and related appli-
fects cations, based on their direct energy band gap € 2 eV).

’ The study demonstrated how the synthesis factors affected
the Ag/AgO films’ morphology and optical properties. As a
potent reducing agent and a silver ion chelating agent, TEA
The EDX spectrum in Fig. 9, recorded along the cross-sectiohad a dual purpose in regulating nucleation, particle devel-
of the sample reveals the presence of Ag crystallite. Th@pment, and eventually particle size. The deposition method
diagram shows the presence of a peak associated to the Agay be fine-tuned to make films with the necessary silver
(~ 22.20%) atoms. Almost disappearing peak of oxygenoxide content by tuning TEA concentration. This would
suggest that it is a contribution from the glass substrates givincrease the films’ potential for use in solar cells, thermal
ing an elemental composition of Ag/O-Si-Ca-Al-Na-Mg-S. control window coatings, anti-reflective coatings, and other
Traces of these elements shows that the starting materiatgitting-edge technical fields. These results support the hy-
(TEA and AgNO3) could contain some impurities. It is not pothesis that CBD can synthesize high-performance Ag/AgO
unexpected that traces of Si, Ca, Al, Na, Mg, and S werghin films for device applications by highlighting the signif-
observed, as these elements are common components of tigance of meticulously regulating the synthesis conditions to
glass substrate, which contains them as active ingredientgbtain the required film properties.

Ma S
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