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This work presents, the effect of the TEA concentration on the structural, optical and 

surface roughness of Ag2O films prepared using the chemical bath deposition method. The 

structural properties ensure the formation of simple cubic crystal structure. The estimated 

energy gab value finds to range between (1.62-1.9eV) with TEA concentration. Surface 

roughness has it minimum value of (0.714nm) at specific TEA value of about (2.5ml) 
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1. Introduction 
 

Silver oxide could be found in multiple forms, it contains different amounts of Ag and O, 

for example (Ag₄O₃, Ag₃O₄, Ag₂O, AgO,Ag₂O₃). These phases have a various crystalline 

strictures Produce different optical, electrochemical and photochemical characteristics [1, 2].  

Ag₂O more stable than other phases.  The most important characteristics of silver oxide films are 

high thermal conductivity, thermal stability, low quality resistance, cost of making inexpensive 

and high-grade symmetry on the substrate surface [3, 4]. 

 There are different deposition techniques to prepare Ag₂O thin films such as chemical 

bath deposition, thermal evaporation, electron beam evaporation, RF sputtering, chemical vapor 

deposition, DC sputtering, electro-deposition and pulsed laser deposition. Many studies show that 

silver oxide films have a range of energy band gab from1.2 to 3.4eV. Various crystalline phases 

could be obtained   depending on the techniques that used in deposition process [5, 6]. The Fermi 

level of Ag2O thin film was found from 4.8eV to 5.1eV with ionization energy (Ei) about (1.0eV). 

It’s also one of the P-type semiconductors. NWanya et al (2013) reported the optical energy gap of 

(Ag2O) thin films (1.64 ev to 1.95 eV). The XRD showed the moderate of (200) and (211) phases, 

while the Particle size found at range 31.52 to 67.54nm (Saroja et al. 2013). Ezenwai et al (2015) 

on the other hand fabricated (Ag2O) thin film by deposition in a chemical bath (CBD) method at 

various concentration of complexing (TEA). They estimated energy band gap attained a value of 

about (1.62). In (2016) Elfadel et al. found The (Ag2O) thin films gave relatively high 

transmittance in near IR region and high absorption in visible region.   

Ag2O thin film used in many applications such as photovoltaic cells, high density optical 

storage devices, Organic light-emitting diodes, gas sensors and as contacts in microelectronic 

devices and photo diodes [7, 8]. Silver oxide is used in modern medicine fields as an antibacterial 

coating [9, 10].  
 

 

2. Experimental  
 

Ag2O thin films were deposited on glass slide (2x1.5) and p-type silicon as a substrates 

using chemical bath deposition (CDB). Before deposition glass slide cleaned with methanol, 

distilled water and dried in air. 0.2 g of silver nitrate (AgNO3) solid added to 10 ml distilled water. 

Then added different consternation (2.5ml, 5ml, 7.5ml and 10ml) from triethanolamine (Known as 

TEA) (C6H15NO3) solution as a complexing  agent with constant stirred until the brown color 
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disappears[11-15]. The final volume mixture (150 ml) by addition distilled water in beaker. After 

(60 min) from stirred solution with constant temperature 50C ° immersed vertically glass slid in 

solution. All above chemical reactions take the following chemical formulas [16-18]. 
 

Ag(NO₃)²+TEA→[Ag(TEA)]² + 2NO₃                                                 (1) 

 

(Ag(TEA)2+ →(Ag)2+ +TEA                                                   (2) 

 

Ag² + OH → AgO + H₂O +2e-                                                   (3) 

 

After deposition thin films, the structural characterization of the films were examined 

using X-ray diffraction instrument. UV-visible (shimatzu) double beam spectrophotometer using 

to measurements the optical properties. Morphological properties of (Ag2O) were achieved using 

atomic force microscope. 

 

 
3. Results and discussion 
 

Figure (1) presents the X-rays diffraction peaks of the samples at different TEA 

concentration (2.5, 5, 7.5and 10ml), the figure reveals its crystal structure and orientation. These 

results ensure the complete desolation of the raw material. The obtained diffraction pattern for 

(2.5-7.5) TEA concentration respectively show the formation of two diffraction peaks at (200) and 

(211) diffraction plane at 2= (38.7, 45)  diffraction angle which is related to Ag2O crystals as 

matches with (00-001-1041) standard carts. The sample prepared at 10ml of TEA concentration 

shows the demonstrated of just one peak at (112) diffraction plane at 2= (50.6) which reveals the 

formation of AgO crystal, the last result is coincident with the (01-073-6645) standard card. 

However, silver oxide (AgO) is the dominated one at (200) diffraction plane. A clear improve in 

the films crystalline formation at 2.5 TEA concentrations could be recognized, other works 

presents similar results [3, 19-23]. 

 

 
 

Fig. 1. (Ag) and (Ag₂O) X-ray diffraction peak. 

 

 

The parameters which distinguish the structure of the deposited films were characterized 

by analyzing of (XRD) result by using the following equations [9, 10]: 

 
𝐷 =

𝐾λ

β(cosӨ)
                                                                         (4)  

 

𝛿 =
1

D²
                                                                            (5) 

 

𝜀 =
β

4 tan 𝜃
                                                                         (6)  
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β = full width at half maximum in radius, D (nm) represents the grain size, K is constant value 

called shape factor depended on wavelength used, Ө is Bragg angle, δ represents the dislocation 

density, ε is the strain and the wavelength of X-ray is λ.  The estimated values of crystallite size, 

the strain and density of dislocation for silver oxide film have been tabulated in table (1). It is seen 

that as the TEA decrease, (Ag2O) peak appear to be the dominating diffraction peak. This may be 

related to the chemical reaction of AgO  that take placed with the  (OH−) or due to the chemical 

reaction of Ag raw metal with (OH−), This could attributed to its conversion into (Ag2O) [1, 24-

28]. 

 
Ag

+
+ OH

- 
→ AgOH                                                                (7) 

 

2AgOH → Ag₂O +H₂O                                                            (8)  

 

The results also revealed that the average grains sizes decreases as the TEA concentration 

increased except at the (7.5ml) concentration the deposited film was out of trend, similar results 

could be found else were. The obtained results also show that  the strain and the density of 

dislocation increased with increase the TEA which resulting in  reducing the  particle size as 

shown in other work also[1, 11, 29, 30].  

Figure 2(a-d) shows the relation between the film's absorption and the incident wavelength 

as a function of TEA concentration (2.5- 10ml) respectively. 

  

  
a) b) 

 

  
c) d) 

 
Fig. 2. the plots of (αhυ)2 versus (hυ) for (Ag₂O) thin films prepared at different TEA solution 

(A)2.5ml,(B)5ml and (c) 7.5ml (d) (c) 10ml.  
 

 

It is obvious that the absorbance intensity was high in the UV-VIS region of the 

electromagnetic spectrum and low in the (NIR-IR) region. This is due to the slightly conversion of 

the Ag metal films to its oxide form with(Ag2O) structure which has a semiconductor properties 

similar to other TCO's material, this shows a good agreement with other work [1,3,15, 31]. Using 

Tauc equation [7], the energy gap of the deposited film could be estimated depending on the 

absorption spectrum 
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𝛼 =
A(ℎ𝑣−Eg)ⁿ

ℎ𝑣
                                                                       (9)   

 

where α is the absorption coefficient, A is constant, h is the Planck's constant, Eg is the energy 

band gab, 𝜇  is the photon frequency, n depends  on the type of transition For n=2 indirect  or 

n=1/2 direct[11, 32, 33] . 
In The relation between (αhv)² versus  (hv) is called Tauc plot, the extrapolation to the 

linear region would give the value of Eg as shown in the same figure. The estimated optical band 

gap (Eg) values are (1.62, 1.8,1.85 and 1.9 Ev) at different concentration (2.5ml, 5ml, 7.5ml and 

10ml) respectively. There is a slight increase in optical band gap as the TEA increases, this might 

be related to the light change in the film composition, also may be attributed to the quantum 

confinement effect [34-37]. 

The estimations of n (Refractive index), k (extinction coefficient),  = optical 

conductivity, εr and εi (real and imaginary parts in dielectric constant) was done depend on the 

optical properties using the equations (7 to 11). 
 

 K=
𝛼𝜆

4𝜋
                                                                         (10) 

 

n=
1+𝑅

1−𝑅
 √4𝑅/(1 − 𝑅)² − 𝐾²                                                     (11)   

                                                                               

𝜎 =
𝛼𝑛

4
                                                                       (12) 

 

𝜀r =n-K                                                                       (13) 

 

𝜀i= 2nK                                                                      (14)        

 

(λ) Is the wavelength of the incident photon [38-41]. 

 

The relation between the incident wavelength (nm) and the refractive index and the 

extinction coefficient is shown in figure 3 (a, and b). It is clear that the absorbance decreased with 

the incident wave length and it is obvious that variation was observed in both (n) and (k) with the 

TEA solution. The observed decreasing may be due to the increase of the absorption showing a 

normal dispersion of the thin film. While the increase of (K) is related to the variation in the 

polarization of the thin films as shown in other works [1, 12, and 42]. 
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a) b) 

 

  
c) 

 

  d) 

 
e) 

 

Fig. 3. Wavelength(nm) Vs (a) refractive index, (b)extinction coefficient , (c)optical conductivity, 

(d) real and (e) imaginary  dielectric coefficient. 

 

 

The variation of optical conductivity with wave length is shown in figure (3 -c), from this 

figure, it's obvious that the optical conductivity increased with the increase of the wave length for 

the different volume of TEA solution. This increasing may be due to the increase in the density of 

state in the band gap as shown in other work [15, 43]. 

The relation of both (εr) and (εi) with (λ) for films under consideration could be shown in 

Figure 5 (d-e) for thin films at different volume TEA solution. It's notes that real (εr) part of the 

dielectric constant was decreases with the increase of the wavelength and this is associated with 

how much the velocity of the photon retard inside the material and gives the indication about the 

losing of energy of a charged particle which passed through the material. While we were found the 

(εi) imaginary part the similarity between this relation and extinction coefficient(K) curve due to it 

independent on extinction coefficient with great degree as in relation (11) [11,33, 44]. 

Figure 4(a-d) shows the atomic force microscopic analysis of the prepared (Ag₂ O) films 

at various triethanolamine concentration (2.5- 10) ml, respectively. It's clear that by increasing the 

TEA concentration the crystalline size is decrease, these results are coincide with the results 

obtained from the XRD analysis. The obtained results also show that all samples insure the 
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formation of uniform surface formed of large islands spread on the substrate; this may be related to 

the quantum size effect predominant on the thin films surface. The surface roughness of silver 

oxide films also increased with increase the (TEA) concentration; the obtained results are tabulated 

in Table (2). In order to determine the optimum volume of (TEA), it should be favorite to obtain 

thin films with low roughness so as to reduce the scattering losses, so that the lower volume of 

(TEA) appears to be the optimum choice [3, 45, and 46]. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Fig. 4. AFM image of silver oxide films prepared at different TEA solution (A)2.5ml, 

(B)5ml and (c) 7.5ml (d) (c) 10ml. 
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Table 1. Structural parameters of samples extracted from x-ray diffraction technique.  

 

 

TEA(ml) 

   

 2Ө 

(deg) 

 

d-spacing 

(A) 

 

hkl 

 

B 

(deg) 

 

D 

(nm) 

 

(δ) *10⁻ ᶟ 

(lines/m2) 

 

ε*10⁻ ᶟ 

2.5 38.7 2.326 200 0.524 16.07 3.86 2.1 

5 38.8 2.320 200 0.578 14.57 4.7 2.3 

7.5 38.8 2.326 200 0.542 15.53 4.14 2.2 

10 50.68 1.801 112 0.759 11.58 7.44 2.9 

 

 

Table 2.  Data obtained from the (AFM ) analyses of silver oxide  films. 

 

TEA(ml) Roughness Average 

(nm) 

 

Root mean 

square(nm) 

2.5 0.719 0.819 

5 0.928 1.08 

7.5 1.46 1.7 

10 3.05 3.65 

 
 
4. Conclusions 
 

After studied the obtained results in this work we could conclude that TEA concentration 

has an effected rule on the formation and construction of Ag2O3 thin films. 2.5ml TEA 

concentrations reflect the formation of optimum films properties with the respect to other 

concentration. Good quality silver oxide film with minimum surface roughness and semiconductor 

energy gab could be obtained at 2.5ml TEA. Other optical constants such as permeability and   

optical conductivity also found to vary with TEA concentration. 
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