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Abstract— Nanocrystalline Ag2S film can be prepared by 

hydrolysis of thiourea in an alkaline medium containing 

silver salt and suitable complexing agent which allows for 

obtaining suitable species, silver ion in this medium. The 

preparative parameters such as ion concentration deposition 

time, pH of solution, were optimized. The structural, optical, 

electrical properties and the type of conductivity were studied 

by thermoemf measurement. From the optical absorption 

data, an energy gap equal to 1.78eV was found. The film 

deposited with ammonia at pH~10 show the highest degree 

of crystallinity and have a preferred orientation. 

Keywords: Nanocrystalline Ag2S Thin Film 

I. INTRODUCTION 

In the resent century, the properties at the nanoscale have 

become important due to increased industrial application and 

tremendous development in electronics and computer 

technology. The basic requirements for such studies are the 

knowledge of structure, bonding and characterization of the 

electrode-electrolyte interaction. In present days the 

applications of nanomaterials extend to wide ranging areas 

such as catalysis [1], biosensing [2], drug delivery [3], 

diagnosis [4], solar cells [5], optoelectronics devices [6], 

photonic band gap materials [7], nonlinear optical devices 

[8], etc. In recent years, metal nanocrystalline 

semiconducting thin films have received much attention due 

to their application in various fields of science and 

technology. Metal nanoparticles have attracted extensive 

interest of their unique size-dependent optical [9-10], and 

electronic properties [11-12]. Because of the small particles 

size, semiconductor nanoparticles may show quantum 

confinement, a phenomenon, which arises due to the fact that 

the electronic energy levels do not form a continuous set but 

rather discrete in nature [13]. Hence, emissions from excited 

nanoparticles tend to show size-dependent vibrational 

frequencies. This property makes most nanoparticles useful 

in memory storage, sensor and electronics technologies [14]. 

An interesting aspect of nanomaterials is the number of 

various factors that could influence their observable 

properties only to make them applicable in their various 

aspects of day to day life. The change in observable properties 

of nanomaterials such as color, optical and electronic 

behavior, and magnetic response is due to the facts that as the 

size approaches atomic dimension, energy level bands are 

slowly transformed into quantized discrete energy levels. 

Since the changes in the electronic structures occur in the 

nanometer region, it gives an insight as how properties 

changes from molecular levels or atomic level to bulk. 

Further the decrease in size would confine the electronic 

motion, which will after the chemical and physical properties 

of the materials [15]. The quantum size effects are studies in 

case of semiconductor nanomaterials which predicts how 

energy level spacing of nanomaterials depend on nanoparticle 

radius [16]. The decrease in size increases the effective band 

gap of semiconducting nanoparticle, increases the blue shift 

in observed absorbance and emission spectra. The advantages 

of nanomaterials due to size of nanoparticles re the large 

surface to volume ratio of corresponding materials compared 

to its bulk counterpart. The large surface area makes 

nanoparticles to be more reactive, facilitates number of 

application of nanomaterials. Silver sulfide (Ag2S) is an 

important chalcogenide compound compound which has 

been investigated for its numerous applications. Silver 

Sulphide (Ag2S) belongs to Ⅰ-Ⅵ compound semiconductor 

materials with monoclinic crystal structure. Silver Sulphide 

appears to be a promising material for conversion of solar 

energy in to electrical energy as its band gap is in between 1-

2 eV. The semiconductor silver Sulphide photoelectrical and 

thermoelectric properties [17-18]. Silver Sulphide (Ag2S) has 

been used in IR detectors [19], photoconductors photovoltaic 

cells, electrochemical storage cells [20-21], etc.it is also well 

known as a mix ionic and electronic conductor at high 

temperatures above 200°C. considerable efforts on synthesis 

and characterization of silver Sulphide have being done and 

there potential application areas have being developed. 

Various techniques such as chemical bath deposition (CBD) 

[22-23], spray pyrolysis deposition (SPD) [24], successive 

ionic layer adsorption and reaction (SILAR) [25], molecular 

beam epitaxy (MBE) [26], thermal evaporation [27], sol-gel 

and ion implantation techniques [28] gamma irradiation[29-

30] etc. have been reported for the preparation of silver 

Sulphide thin films. Among these, chemical bath deposition 

(CBD) and successive ionic layer adsorption and reaction 

(SILAR) has become the favored route because of its 

simpleness, low cost, scalability and reproducibility [31].  

II. EXPERIMENTAL DETAILS 

The arrangement of experimental set up for the thin film 

synthesis by chemical bath deposition (CBD) method consist 

of container, usually a glass beaker, magnetic stirrer, 

substrate holder and thermometer etc. The bath is kept on the 

magnetic stirrer-heater set up in order to maintain the constant 

temperature. The substrates are dipped in to the glass beaker 

containing precursor solution. The glass beaker serves two 

purposes as chemically inertness and visibility inside the 

bath. The Ag2S films were grown on coring glass substrate 

(75mm × 25mm × 1.35mm) from an alkaline bath. Loba 

analytical reagent grade silver nitrate [AgNo3] and thiourea 

[CH4N2S] were used for the synthesis of nanocrystalline Ag2S 

thin films. Double distilled water is used for preparing 

solution. The Ag2S films were prepared by dipping the 

ultrasonically cleaned glass substrates in mixture of aqueous 

solution of 0.1 M silver nitrate, 0.5 M thiourea and liquor 

ammonia as complexing agent at pH ~ 10. The effect of 

various parameters such as concentration of silver ions, 

deposition time etc. on film thickness has been carried out. 

For the synthesis of Ag2S thin films, 20 ml (0.5M) silver 

nitrate was taken in glass beaker of 50 ml capacity (deposition 

bath) to this liquor ammonia solution was slowly added with 
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constant stirring. To   this mixture, 20 ml (0.5 M) thiourea 

solution was added slowly with constant stirring. The pH of 

the bath was adjusted to 10. The substrates were vertically 

immersed holder into the beaker containing the precursor 

solution. The syntheses of thin film were allowed to proceed 

with constant stirring the solution at room temperature (300 

K). The substrates were taken out from the beaker after 30 

minutes, washed with distilled water and dried in open air at 

room temperature. A film obtained was uniform, well 

adherent and blackish grey in color.  

III. RESULTS AND DISCUSSION 

For the optimization of the concentration of silver ions, 20 ml 

volume of (0.5M) thiourea [CH4N2S] solution was taken in 

each beaker containing glass substrate and 20 ml volume of 

silver nitrate [AgNO3] of various concentrations (0.025 to 

0.15 M) and liquor ammonia as complexing agent were added 

in each beaker. The reactant beakers were kept at room 

temperature (300K) with constant stirring for deposition time 

of 30 min. Then the film was taken out, washed with distilled 

water and then dried. Fig. (a) shows variation of Ag2S film 

thickness as a function of concentration of silver nitrate at 

constant concentration of thiourea (0.5M) and deposition 

time of 30 minutes. It is observed that film thickness is 

highest (130nm) when concentration of silver nitrate is 0.1 M. 

After this due to the peeling off film material, film thickness 

decreases for further increase in concentration of silver 

nitrate. Fig. 1.1 (b) shows the variation of Ag2S film thickness 

as a function of deposition time. Initially film thickness 

increases linearly and decreases for further deposition time. 

Such behavior can be understood by the film formation and 

continuous precipitation, which are taking place in the 

deposition bath. Thickness of film was found to vary between 

30 and 140 nm with deposition time of 10-50 minutes.  

 
(a) 

 
(b) 

Fig. 1.1: Variation of Ag2S film thickness with (a) Conc. 

Silver nitrate and (b) Deposition time. 

A. X-ray Diffraction (XRD)  

Fig. 1.2 shows the XRD diffraction pattern of as deposited 

Ag2S thin film onto glass substrate. The X ray diffraction 

studies show that Ag2S film is nanocrystalline in nature. In 

the diffraction pattern, four dominant peaks at 28.95°, 33.56°, 

36.89° and 40.82° corresponding to (1 1 1), (1 2 0), (1 2 1) 

and (0 3 1) planes are seen with polycrystalline monoclinic 

(acantite) crystal structure. The average crystallite size was 

calculated by using well known Debye-Scherrer’s formula of 

full width of half maxima (FWHM). The calculated average 

crystallite size was 25.61 nm. Table 1.1 shows comparison of 

observed and standard ‘d’ values for Ag2S thin film.   

Table 1.1 Comparison of observed ‘d’ values with standard 

‘d’ values for Ag2S thin film deposited by CBD method. 

 

 
Fig. 1.2: The XRD pattern of Ag2S thin film 
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B. Optical Absorption  

Optical properties of Ag2S thin film were calculated with the 

help of optical absorption. Fig 4.6 shows the variation of 

absorbance (αt) with wavelength (λ) for Ag2S film. The 

deposition spectrum of as-deposited film has been recorded      

at room temperature without considering losses due to 

reflection and transmission. The optical absorption of Ag2S 

thin film on glass substrate was studied in the wavelength 

rang 300-1100 nm. The fig shows that absorbance decays 

exponentially with an increase in wavelength. The spectrum 

shows absorption edge at around 800 nm wavelength for 

nanocrystalline Ag2S thin films. The edge is seen to be 

strongly blue shifted. The nature of the transition (direct or 

indirect) is determined by using the Scherrer relation, the 

band gap was determined from fig.1.4 the intersect of 

straight-line position of (αℎυ)2 versus ℎυ graph shown in 

figure. The variation of (αℎυ)2 verses ℎυ is a linear at the 

absorption edge confirm that the Ag2S is a semiconductor 

with direct band gap. The as-deposited Ag2S thin film shows 

the optical band gap 1.78 eV which agrees with the reported 

value for Ag2S thin film on FTO substrate [32].                                           

 
Fig. 1.3: Variation of (α) against λ 

 
Fig. 1.4: Variation of (αℎν)2 against ℎν 

C. Electrical Resistivity 

The dark dc electrical resistance of the Ag2S film was 

measured in 300-600 K temperature range. The electrical 

resistivity was found to be of the order of 105 Ω-cm. fig. 1.5 

shows variation of ln ρ with inverse of absolute temperature 

for silver sulfide thin film. The electrical resistivity of Ag2S 

film decrease with increase in temperature indicating the 

semiconducting nature. It is observed that the ln ρ versus 

1000 / T curve for Ag2S film shows linear portions.  

 
Fig. 1.5: The variation of log ρ with inverse of absolute 

temperature 

D. Thermoemf  

The type of electrical conductivity exhibited by Ag2S thin 

film is determined by thermo-emf measurement. The polarity 

of thermally generated voltage at the cold end was negative 

indicating that Ag2S is n-type semiconductor [20]. s 

IV. CONCLUSION 

Ag2S films were obtained using the chemical bath deposition 

method, which is a simple technique to growth chalcogenides 

compounds. Particularly, the CBD technique is an easy low-

cost process, and useful for large-area industrial applications, 

reason for which it has been very used in the current days. 

CBD is a process to achieve high quality films, which are 

obtained by adjusting the pH, temperature and reagent 

concentrations. Normally, for obtaining Ag2S thin film by 

CBD in aqueous solution silver salt is used as the Ag+ ion 

source, thiourea as the sulfur source, a base to adjust the pH f 

solution, and a ligand to control the precipitation of 

chalcogenides and hydroxides. I this particular work we 

synthesis the Ag2S thin film with good properties by chemical 

bath deposition technique using ammonia as a complexing 

agent. The deposited thin film showed a good electrical 

behavior in the interface metal semiconductor with values in 

the order 105Ω-cm. from the study of absorbance and 

transmittance spectra it has been found that Ag2S thin films 

with direct band gap of 1.78eV can easily obtained by CBD 

technique. These characteristics in the Ag2S films make them 

a suitable candidate for various optoelectronics and device 

applications.  
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