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In this contribution, we introduce a one-pot, rapid solvent-free method for preparation of silver iodide nanoparticles 

(AgI NPs). The AgI NPs were characterized by X-ray powder diffraction patterns (XRD), energy dispersive X-ray 

spectroscopy (EDX), diffuse reflectance spectra (DRS), scanning electron microscopy (SEM) and dynamic light 

scattering (DLS). The XRD data indicated a wurtzite structure of the β-phase of AgI in the synthesized NPs. The EDX 

analysis confirmed the formation of a 100% pure AgI compound. The SEM images and the DLS data confirmed the 

nanosized spherical morphology of 25-70 nm. The DRS of the AgI nanoparticles showed a band gap about 2.7 eV.  
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INTRODUCTION 

Silver iodide (AgI) is frequently used in 

photography and in cloud-seeding to promote 

rainfalls [1]. Also, the application of AgI-based 

superionic conducting glasses [2] has attracted 

much attention. The conductivity of the solid AgI is 

comparable to that of liquid sulfuric acid, and is 

even higher than that of liquid AgI [3]. At ambient 

temperature and pressure, AgI usually exists as a 

mixture of two phases, β-AgI and γ-AgI. The β-

phase has a hexagonal wurtzite structure and the γ-

phase has a cubic zinc blende structure [4]. 

Amongst the various types of nanomaterials, 

semiconductor nanoparticles attract special interest 

because they are expected to exhibit excellent 

properties compared to the corresponding bulk 

material [5]. Recently, there has been increasing 

interest in AgI in form of nanoparticles (NPs) 

which have different optical, electrical and 

superionic properties compared to the bulk 

compound [6]. 

We have recently reported the facile synthesis of 

CuI NPs by a mechanochemical method [7]. This 

method involves the mechanical activation of solid-

state displacement reactions at low temperatures in 

a ball mill [8, 9]. When comparing the 

mechanochemical process with the hydrothermal 

[10], thermal decomposition [11], microemulsion 

and reverse micelles [6], laser-based synthesis [12], 

electrospinning [13] and sonochemical [14, 15] 

methods for the preparation of AgI NPs, it obvious 

that the mechanochemical reaction has many 

advantages such as: one-pot synthesis, rapid 

reaction, solvent -free and safe reaction conditions. 

To the best of our knowledge, no reports for the 

preparation of AgI NPs under these conditions have 

been reported. Nevertheless, recently Hawari et al. 

synthesized AgI NPs using the mechanochemical 

method in the liquid-state over a long period of 

time (40–70 h) [16]. This study, for the first time, 

introduces a solid-state mechanochemical method 

for the synthesis of spherical β-AgI NPs. The 

proposed method is solvent-free and facile which 

would result in a lower cost and environmental 

safety.   

MATERIALS AND METHODS 

AgNO3 (99%) and KI (99.5%) were purchased 

from Merck Company and were used without 

further purification. In a 10 ml stainless steel vial a 

mixture of AgNO3 and KI solids with a molar ratio 

of 1:1 were milled using a Mixer Mill (Retsch MM-

400) apparatus at 1800 rpm (30 Hz) for 40 min at 

room temperature. The resulting mixture was 

washed with deionized water to remove the 

potassium nitrate salt. The precipitate was then 

dried in a vacuum oven at 100 ᵒC for 2 h to obtain 

the final yellow product.   

X-ray powder diffraction patterns (XRD) were 

recorded on a SIEFERT XRD 3003 PTS 

diffractometer using Cu Kα irradiation (λ¼1.5418 

Å). Diffuse reflectance spectra (DRS) were 

measured on a TU-1901 spectrophotometer.  

Scanning electron microscopy (SEM) and energy 

dispersive X-ray spectroscopy (EDX) were 

performed with a Hitachi S-4160 microscope with 
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attached camera operating at 30 kV to determine 

the morphology, particle size and purity of the 

prepared synthesized salt. Dynamic light scattering 

(DLS) analysis was performed on a Zetasizer Nano-

Z model apparatus to determine the size 

distribution of AgI NPs. All measurements were 

done at room temperature. 

RESULTS AND DISCUSSION 

The X-ray diffraction (XRD) pattern was used to 

investigate crystallinity and phase structure of the 

product before and after the washing process (Fig. 

1a, b). As shown in Fig. 1a, peaks related to KNO3 

phases were indexed and before washing the peak 

intensity of the products was relatively high. Due to 

overlapping of AgI and KNO3 peaks in a certain 

region, after washing the sharpness of AgI peaks 

decreased (Fig. 1b). So it was concluded that AgI 

NPs were completely formed by the solid-state 

method. The β-AgI phase can be characterized by 

the peaks located at 2Ɵ value of 22.32ᵒ, 23.71ᵒ, 

25.35ᵒ, 32.76ᵒ, 39.20ᵒ, 42.63ᵒ and 45.57ᵒ, which are 

assigned to the (1 0 0), (0 0 2), (1 0 1), (1 0 2), (1 1 

0), (1 0 3) and (1 1 2) planes of β-AgI crystal, 

respectively (Fig. 1 b)[17].  

All diffraction peaks can be indexed to the 

hexagonal phase for the β-AgI with a wurtzite 

structure (space group P63mc, JCPDS card no. 3-

0940). As we expected, all products generated from 

these simple mechanochemical reaction systems are 

pure AgI crystals, no diffraction signal from other 

byproducts such as Ag2O was detected. 

 
Fig. 1. (a) XRD pattern of the mixture of AgI NPs and KNO3 salt (b) AgI NPs after the washing process; 

(c) EDX pattern of the synthesized product. 
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In the long history of investigation of AgI, one 

main difficulty was to obtain pure single phase 

crystals [18, 19]. According to our studies, AgI 

single phase crystals were obtained during 

mechanochemical reaction for 40 min at room 

temperature without any solvent. The estimated 

grain size of the AgI powder using Debye-

Scherrer’s formula [20] was found to be about 32 

nm. The purity of the prepared AgI NPs was 

evidenced by the EDX pattern shown in Fig. 1c. 

The EDX analysis verified the existence of silver 

and iodide atoms in the final product. This analysis 

showed 100% purity of the synthesized compound 

which is in good agreement with the XRD data. 

The morphology of the obtained product was 

investigated by SEM. As can be seen in Fig. 2a and 

b, the SEM images show that the AgI NPs powder 

consists of 25-50 nm spherical nanoparticles. 

The DLS analysis was also used to estimate the 

particle size and size distribution. The particle size 

histogram in Fig. 2 c shows that size distribution is 

25-70 nm and nanoparticles are uniformly 

aggregated, which is very close to the results 

obtained by SEM analysis. Optical absorption 

measurements were used extensively, because they 

are some of the most important methods to 

investigate the energy structures and optical 

properties of semiconductor nanocrystals [21, 22]. 

Based on the theory of optical absorption, the 

relation between the absorption coefficient and 

photon energy is as follows: 

αhν = A(hν - Eg)n/2 (1) 

where α is the absorption coefficient, ν is the 

frequency of photons, A is a constant, Eg is the 

band gap energy and n depends on the nature of the 

transition (n=1 for direct transitions) [23]. 

 

Fig. 2. (a, b) SEM images of AgI NPs; (c) Size distribution histogram extracted from DLS analysis data. 
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Fig. 3. (a) Optical absorption spectrum of obtained AgI NPs; (b) the plot of (αhν)2 vs.hν. 

Figs. 3a and b show the optical absorption spectrum 

and the plot of (ahν)2 vs. hν for the prepared AgI 

nanoparticles, respectively. There is a broad 

absorption peak with broader shoulders at about 

495 nm and weak absorption peak at about 505 nm.  

According to the extrapolated values of the linear 

section, the band gap Eg is estimated to be 2.7 eV 

and 2.8 eV. 

CONCLUSION 

In this work, β-phase of AgI with spherical 

morphology of NPs was successfully synthesized 

using the mechanochemical method. The XRD and 

EDX analyses of these NPs revealed a pure β-

phase. According to our studies, AgI NPs were 

obtained during mechanochemical reaction for 40 

min without any solvent. This facile, solvent-free, 

short-time and one-pot method for the synthesis of 

AgI compound is reported for the very first time. 

The method proposed in this work has many 

advantages, such as solvent free characteristics 

which result in lower costs, environmental safety 

and a very easy procedure of synthesis. We believe 

that this simple method will be adopted in realizing 

other forms of nano-sized silver compounds on 

industrial scale. 
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(Резюме) 

В настоящата работа се предлага едно-стадийна, бърза синтеза, без разтворител, за приготвянето 

на наночастици от сребърен йодид (AgI NPs). Наночастиците са охарактеризирани чрез прахова 

рентгенова дифракция (EDX), дифузионни отражателни спектри (DRS), сканираща електронна 

спектроскопия (SEM) и динамично светоразсейване (DLS). XRD-данните показват, че синтезираните 

наночастици имат структурата на вюрцит на β-фаза от сребърен йодид. В допълнение EDX-анализът 

потвърждава образуването на сребърен йодид със 100% чистота. Освен това SEM-образите и DLS-

анализът потвърждават сферичната морфология на частиците с размери 25-70 nm. DRS-спектрите на 

продукта показват, че наночастиците от AgI имат забранена зона около 2.7 eV.  
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