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ABSTRACT

The synthesis of silver iodide nanoparticles for variety of applications such as photocatalyst and antibacterial properties has attracted broad interest 
due to the extraordinary properties of these materials. The preparation of silver iodide nanoparticles through a physical or chemical reduction process 
is the most common methodology applied to obtain nanoparticles with the required size, shape, and surface morphology. This review paper discusses 
the details concerning the past and recent advancement of the synthesis and characterization of silver iodide nanoparticles and also composite silver 
iodide/carbon nanotubes nanoparticles. A review on the advantages of various techniques, which aim to achieve the photo catalyst and antibacterial 
properties is also included. A brief summary concerning the recent challenges and improvement approaches is presented at the end of this review.
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INTRODUCTION

Silver halides (AgX, X = Cl, Br, I) hybrids [1-3] were widely attracted broad 
attention because of their excellent photocatalytic performance. AgI, 
which has been well known as a photosensitive material and extensively 
used in photography yields, is one of the members of silver halide 
materials. At present, its excellent photocatalytic performance has also 
attracted intense investigation [4,5]. The synthesis of nanomaterials 
with various crystal sizes, shapes, and morphology is an outstanding 
aspect from the practical point of view [6-9]. In addition, AgI has been 
investigated extensively because of their enhancing applications in the 
fields of solid state ionics and photography. Further, nano-sized AgI is 
used as new functional material in a variety of fields such as magnetic, 
medicine, photography, antibacterial, electronic, catalytic, and optical 
fields [10-11]. The synthesis methods for the preparation of silver 
iodide nanomaterials include template method  [12], electrospinning 
method  [13], ultrasonic spray pyrolysis  [14], and sonochemical 
methods [15].

Green nanotechnology for the synthesis of metal nanoparticles is an 
emerging area of research in the fields of nanotechnology with a lot 
of applications including optical, luminescence, and photo-catalytic 
properties [16-19]. The use of plant extracts, eco-friendly aqueous 
medium, and mild reaction conditions makes the method advantageous 
over other chemical methods. In the last decade, different synthetic 
approaches involving plant extract medium had made a big impact due 
to its low cost, energy efficient, and non-toxic solvent medium [20].

AgI nanoparticles fabricated from the above methods including 
green synthesis have been examined for their photocatalytic activity, 
homogenous catalyst, and antibacterial applications. The preparation 
method and applications of fabricated AgI nanoparticles are summarized 
in Figs  1 and 2. With the outstanding advantages of photocatalyst, 
antibacterial properties and optical enhancing properties, silver iodide 
nanoparticles can be directly used as films, coatings, catalytic materials, 
and water treatment.

The embedding of AgI with other semiconductors was also 
investigated  [21-27]. Xu et al. [21] took the g-C3N4 as the supporting 
material and synthesized AgX/g-C3N4 hybrid materials (X = Br, I). In 

their studies, the AgX not only maintained well its structures on the 
surface of g-C3N4 but also displayed enhanced photocatalytic activity 
due to the formation of heterojunction structure. The strategy of 
coupling AgI with semiconductor has improved the properties of AgI. 
Similarly, it is hoped that the combination of carbon nanotubes (CNT) 
and AgI can improve the performance of the hybrid. Eliseev et al. [28] 
prepared AgCl intercalated in CNT. The results showed that the hybrids 
have higher photocatalytic degradation efficiency.

In this review, we have discussed the variety of synthetic approaches 
of AgI nanoparticles and their characterization using X-ray Diffraction 
(XRD), Scanning Electron Microscopy (SEM), High Resolution 
Transmission Electron Microscopy (HRTEM), ultraviolet (UV)-visible, 
and Fourier transform infrared (FTIR) spectroscopy. In addition, their 
application in catalysis, biological sciences, and other disciplines have 
been assessed.

Huaming et al. had reported that the CNT/AgI hybrids with variety 
of CNT content were fabricated through a facile solvothermal 
method [29]. The synthesis of CNT/AgI composite takes place in three 
steps: Preparation of CNT dispersion in ethylene glycol by ultrasonic 
treatment solution is the first step. In the second step, silver nitrate 
(AgNO3) was added into a 50  mL beaker. In the last step, a 4  mL of 
above CNT dispersion solution (CNT: AgNO3 in mass ratio of 0.1%) was 
added to the AgNO3 beaker, and then stirring for 0.5  h. Subsequently, 
potassium iodide (KI) was added to above solution and kept stirring for 
another 30 min at room temperature. Finally, the reaction mixture was 
transferred to 25  mL Teflon-lined stainless-steel autoclaves and kept 
for 20  h at 140°C. The final samples were labeled as 0.1% CNT/AgI. 
0.3% CNT/AgI and was fabricated using 12 mL CNT dispersion solution 
and similarly 1% CNT/AgI was fabricated using 40 mL CNT dispersion 
solution. Synthesis of Ag/AgI was achieved without adding the CNT 
dispersion solution. Huaming and Hui have studied the photocatalytic 
activities of the as-fabricated samples toward photo-degradation of 
RhB in water. Fig.  3 shows the photocatalytic reaction results of as-
fabricated Ag/AgI and CNT/AgI composites with different CNT contents. 
It shows that RhB self-decomposition was negligible under visible light 
irradiation. When the photocatalyst was added, the concentration of 
the RhB gradually decreased under the visible light. The dye started 
degrading after 24  min and the degradation efficiency of RhB over 
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Ag/AgI, 0.1% CNT/AgI, 0.3% CNT/AgI, and 1% CNT/AgI were 56.17%, 
84.43%, 88.1%, and 67.81%, respectively. After irradiation for 48 min, 
the degradation efficiency of RhB over Ag/AgI, 0.1% CNT/AgI, 0.3% 
CNT/AgI, and 1% CNT/AgI was 88.91%, 97.71%, 98.07%, and 93.27%, 
respectively. It is clear that the photoactivity of Ag/AgI was greatly 
enhanced after the introduction of CNT. The 0.3% CNT/AgI displayed 
the highest photocatalytic activity, which has a 31% improvement 
compared to pure Ag/AgI materials after 24 min irradiation. When the 
CNT content was higher than 0.3%, a further increase of CNT content 
caused a decrease of the photocatalytic activity. It can also be seen that 
the photoactivity of the 0.1% CNT/AgI and 0.3% CNT/AgI is very close, 

which may be due to the parallel crystal structure. The modification 
of a little CNT to Ag/AgI has changed the crystal phase of AgI and led 
to forming smaller size particles as well as being advantage to charge 
transfer, which ultimately enhanced the photoactivity of the hybrid.

Fig. 4 demonstrates the PL spectra of Ag/AgI and CNT/AgI composites. 
The PL intensity of the as-fabricated samples gradually decreased with 
the increase of the introduced CNT content, which means more efficient 
charge transfer, higher migration, and lower recombination in the 
CNT/AgI composites compare to the pure Ag/AgI. PL analysis inferred 
that introducing CNT is an effective way to improve the electron–hole 
separation efficiency and decrease the recombination. The results 
reveal the reason why the CNT/AgI showed improved photoactivity.

Hawari et al. have reported the synthesis of AgI nanoparticles from 
the reagents AgNO3 and KI using distilled water as solvent [30]. The 
reaction completed within 15 min, and then filtered and left to dry for 
a day. The precipitates were collected, repeatedly washed with distilled 
water and then sintered at 250°C for 5 h.

Fabrication of AgI nanoparticles is achieved using AgNO3 and KI 
under ultrasound power in the presence of sodium dodecyl sulfate as 
surfactant [31]. The yellow precipitate was separated by centrifugation 
and washed with distillated water and ethanol to remove impurities for 
several times and then dried. AgI nanoparticles have been characterized 
by SEM, Transmission Electron Microscopy (TEM), XRD, UV-visible, and 

Fig. 1: Synthesis of AgI nanoparticles

Fig. 2: Application of AgI nanoparticles

Fig. 3: Photocatalytic degradation of RhB under visible light 
irradiation

Fig. 4: PL spectra of Ag/AgI and carbon nanotubes/AgI composites
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FTIR spectroscopy and their application as catalyst for the synthesis 
of benzofurans has been accessed. SEM image of AgI nanoparticles 
prepared using surfactant was presented in Fig.  5. This result shows 
that spherical AgI nanoparticles were obtained from AgNO3 and KI with 
particle size 45–50 nm.

The influence of various catalysts on the synthesis of benzofuran 
4 is summarized in Table  1. As shown, we found that silver iodide is 
the most effective catalyst for this organic reaction. Moreover, AgI 
NPs afforded excellent yields in shorter reaction times in comparison 
with bulk AgI. The increased catalytic activity of AgI NPs over the 
commercially available bulk AgI may be attributed to the higher surface 
area of nanomaterials. This is thought to be due to AgI NPs morphology 
which has been shown in the SEM image.

The AgI nanoparticles have unique optical, electrical, and catalytic 
properties that make it useful in industrial applications. Li et al. have 
reported the fabrication of AgI nanoparticles by using a spinning disk 
reactor (SDR) method at ambient temperature in a continuous mode 
of operation. The reaction was carried out in a SDR by injecting two 
streams of AgNO3 and KI solution continuously. The reaction time was 
less than 1 min, which was considerably shorter than the conventional 
wet chemical process [32].

Yamasaki et al. have demonstrated the fabrication of AgI nanoparticles 
by treating AgNO3 with KI in an aqueous solution in the presence of 
poly-N-vinyl-2-pyrrolidone as a protective polymer. They have been 
characterized by the XRD, TEM and differential scanning calorimetry 
(DSC). TEM measurements indicates that the AgI NPs have a mean 
diameter size of 6.3 nm [33].

Hexagon-shaped β-AgI nanoplates were synthesized via a simple 
solvothermal route in reactable ionic liquids [34]. Feng et al. 
demonstrated the application of β-AgI nanoplates as photocatalyst 
for the degradation of RhB dye under the visible light irradiation. In 
a typical preparation, the mixture (AgNO3 and [Bmim] I solution) 
was transferred into Teflon-line autoclave and heated at different 
temperatures for 24 h and then cooled to the room temperature. The 
product was centrifuged, washed with water and ethanol for several 
times, and dried for 8 h. The photocatalysts samples heated at 100°C, 

120°C, 140°C, 160°C, 180°C, and 200°C for 24  h were, respectively, 
named T100, T120, T140, T160, T180, and T200. The photocatalysts 
were characterized by XRD, SEM, X-ray photoelectron spectroscopy, 
diffuse reflectance spectra, and thermo gravimetric and DSC (DSC). 
The hexagon β-shaped AgI nanoplates exhibited high visible light 
photocatalytic activity for the degradation of RhB. The high stable of 
β-AgI was due to the presence of the (Bmim)+ on the surface of the 
sample. RhB dye was chosen as the model pollutant to investigate the 
photocatalytic activity and stability of the sample under the visible 
light irradiation. Fig. 6 demonstrates the photocatalytic activity of the 
samples for the degradation of RhB dye. For T140, T160, T180, and T200 
photocatalysts, the corresponding degradation efficiency is 96.6%, 
89.4%, 38.5%, and 29.6%, respectively. Under the same condition, 
the photocatalytic activity of the T100, T120, and T140 sample had the 
similar degradation efficiency. The photocatalytic activity was in the 
following order: T100 ≈ T120 ≈ T140 > T160 > T180 > T200.

Photocatalytic mechanism of β-AgI material: Photocatalytic oxidation 
reaction of organic pollutants explained in four stages: (1) Photon 
absorption by semiconductor; (2) photo-generated electrons and 
holes; (3) the separation of photo-generated electrons and holes; and 
(4) transition of electrons and holes to the surface and reactions with 
pollutants. The radicals and holes trapping experiments could detect the 
main oxidative species in the photocatalytic process for revealing the 
photocatalytic mechanism of β-AgI sample. Visible light irradiation results 
the photogenerated electron–hole pairs were formed. e− reacted with O2 
to form •O2−. Then hydroxyl radicals could be obtained. The generated •OH 
radicals reacted with organic pollutant, for degradation. The photocatalytic 
degradation mechanism of organic pollutants by β-AgI is shown in Fig. 7.

The measured band gap energy of the AgI sample is about 2.8 eV 
(Fig. 8). The band gap was close to the value reported in the previous 
literature [35]. From this result, it could be inferred that the AgI samples 
might have good photocatalytic activity under visible light irradiation.

Kaliammal et al. demonstrated the chemical synthesis of AgI 
nanoparticles. An aqueous solution of iodine was mixed with polymer 
(PEG-PPG-PEG) protected silver nanoparticles for 30  min under 
magnetic agitation resulted the pale yellow colored solution and 
confirmed the formation of silver iodide nanoparticles [36]. The particle 
size of the nanoparticles has been determined by XRD and HRTEM. The 
optical characterization was carried out using UV-visible absorption and 
photoluminescence spectroscopy. The catalytic property of silver iodide 
nanoparticles was investigated using methyl orange. Antibacterial 
activity was determined using cup diffusion method for a Gram-positive 
and Gram-negative organism such as Escherichia coli ATCC 8739 (Gram 
negative) and Staphylococcus aureus ATCC 6538 (Gram positive). Fig. 9 
shows the HRTEM images of silver iodide nanoparticles. Fig. 9a showed 
that the silver iodide nanoparticles were small in size in the range 
of 10–15  nm and spherical in shape. This value agrees well with the 
particle size obtained by the XRD analysis (9  nm). Fig.  9b shows the 

Table 1: One‑pot synthesis of benzofuran 4 by various catalysts 
including AgI nanoparticles

Entry Catalyst Time (h) Yields (%)
1 CuI 3.5 65
2 CuCl 5 55
3 AgBr 4.5 52
4 AgI 3 60
5 CuI 2 86
6 AgI 1 93

Fig. 5: The scanning electron microscopy image of AgI nanoparticles
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selected area electron diffraction pattern of silver iodide nanoparticles, 
which shows partial crystalline nature in this case (AgI-AB-1).

Fig. 10 shows the UV visible spectrum for silver iodide nanoparticles 
shows an excitonic peak at 432  nm. This value agrees well with the 
value reported by Chen et al. for silver iodide nanoparticles [37].

The antibacterial properties of silver iodide nanoparticles 
were evaluated using the cup diffusion method (Fig.  11). In this 
experiment, three wells were made on E. coli and S. aureus grown 
Petri plates. Different volumes of silver iodide nanoparticles of the 
same concentration were poured into these wells (10 μL, 25 μL, and 
50 μL) and these plates were incubated for 24 h. It was found that in 
all the four cases the zone of inhibition increased as the volume of the 
nanoparticle solution increased from 10 μL, 25 μL, and 50 μL. In the case 
of Gram-positive bacteria (S. aureus), when treated with silver iodide 
nanoparticles the diameter of the zone increased from 14 mm, 16 mm 
to 23 mm (Fig. 11a). In the case of Gram-negative bacteria (E. coli), the 
diameter of the zone obtained is 10 mm, 15 mm, and 20 mm (Fig. 11b).

Green synthesis of AgI nanoparticles using the freshly prepared 
Ocimum sanctum leaf extract and their application as photocatalyst 
for the degradation of organic dyes such as methylene blue and methyl 
orange have been recently reported by the same author [38]. The PXRD 

Fig. 6: Photocatalytic degradation efficiency of RhB over different 
catalysts prepared with various solvothermal temperature under 

visible light irradiation

Fig. 7: The proposed reaction mechanism of the β-AgI system

Fig. 8: The band gap of β-AgI sample

Fig. 10: Ultraviolet visible spectrum of silver iodide nanoparticles

Fig. 11: Photograph images of the zone of inhibition 
of Staphylococcus aureus and Escherichia coli treated 

with (A & B) silver iodide nanoparticles

ba

Fig. 9: (a) High resolution transmission electron microscopy 
image of the silver iodide nanoparticles and (b) shows selected 
area electron diffraction pattern of silver iodide nanoparticles

ba
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pattern of the silver iodide is represented in Fig.  12. The diffraction 
peaks at 2θ values 22.44°, 23.81°, 25.3°, 39.32°, 42.81°, and 46.40° are 
assigned to (100), (002), (101), (110), (103), and (112) planes of β- AgI, 
respectively.

Fig.  13a shows the SEM image of AgI NPs prepared through green 
synthesis by using the freshly prepared O. sanctum leaf extract. From 
the SEM image, spherical AgI NPs in the range of 125–375  nm was 
generated by green synthesis. Fig. 13b shows the elemental composition 
of the AgI NPs. The Ag/I atomic ratio in the AgI NPs obtained from the 
EDX analysis was approximately 1:1 The absence of other peaks which 
further indicates that the AgI has formed with high purity.

In the present review, FTIR analysis as shown in Fig. 14 of AgI NPs 
prepared by green synthesis of AgI nanoparticles using the freshly 
prepared O. sanctum leaf extract shows that the peaks peaked at 513.07 
cm−1 are due to C-H bending and the intense peaks peaked at 1217.08 
cm−1 are due to the C-N stretching vibrations. The absorption peaks are 
centered at 1367.53 cm−1 which represents the C-H rocking and the 
characteristic peak at 1737.86 cm−1 corresponds to the C=O stretching 
mode of vibration. In the spectra, the peak indexed at 2123.62 cm−1 
represents the characteristic bands of N-H/C-O stretching vibration. 
The common broad absorption bands for the sample are centered at 
3439.07 cm−1 attributed to the O-H/N-H bending of phenolic and amide 
groups. The presence of all the above peaks indicates that O. sanctum 
leaf extract acts as capping agent on the surface of metal halide NPs.

Fig.  15 (a) shows the photocatalytic activity of AgI NPs for the MB 
solution irradiated under the visible light for 60  min and also it can 
be observed that the initial bluish color sample gradually becomes 
completely colorless. Fig. 15 (b) shows the decrease in the absorbance 
peak of MB at 664 nm. Fig. 15 (c) shows the photocatalytic degradation 

with respect to the function of time and concentration of the MB dye. 
From Fig.  15 (c), it is observed that when the time is increased the 
concentration of the dye is reduced and the percentage of degradation 
of dye increases with respect to the time as presented Fig. 16 (c) inset. 
The results obtained in the present investigation are very similar to 
the Rodriguez-Cabo et al reported work for the degradation of MB 
dye using AgCl nanocatalyst [39]. According to the current study, the 
degradation of highly concentrated 20  ppm MB dye with AgI sample 
degrades the 99.5% organic dye in 60 min of time. It is well observed 
that the AgI NPs synthesized in the current research work has shown 
better performance compared to AgCl NPs reported by Rodriguez-
Cabo et al.

Similarly explanation is reported for the photocatalytic activity of AgI 
NPs for the MO solution as shown in Fig. 16 (a-b).

APPLICATIONS OF SILVER IODIDE NANOPARTICLES

According to reports, millions of people around the world are in danger 
of illness or even death because their drinking water is infected by the 
harmful bacteria. Therefore, eliminating harmful bacteria in water 
simultaneously is of great importance. AgI nanoparticles doped with 
CNT have been employed as antibacterial agent and used to treat the 
water containing bacteria. In addition, CNT/AgI nanoparticles also used 
for photocatalytic degradation of RhB under visible light irradiation and 
finally used to treat the affluent containing dyes. The results suggest 
that the CNT/AgI can degrade the pollutant and kill the bacterium 
at the same time and the CNT/AgI can be used as a double function 
material [29].

Li et al. have reported the hexagon-shaped β-AgI nanoplates 
fabrication through a simple solvothermal route using ionic 
liquids and demonstrated their potential as photocatalyst for the 
degradation of RhB dye under the visible light irradiation. The 
photocatalysts samples heated at 100°C, 120°C, 140°C, 160°C, 180°C, 
and 200°C for 24 h were, respectively, named T100, T120, T140, T160, 
T180, and T200. The photocatalytic activity was in the following 
order: T100 ≈ T120 ≈ T140 > T160 > T180 > T200 [34].

Kaliammal et al. have reported the synthesis of AgI nanoparticles from 
polymer (PEG-PPG-PEG) protected silver nanoparticles for 30 min by 
reaction with aqueous solution of iodine solution. HRTEM image of 
silver iodide nanoparticles show particles of size in the range of 20 nm–
35  nm. The antibacterial activities of the as-fabricated AgI were also 

Fig. 14: Characterization of silver iodide nanoparticles using 
Fourier transform infrared studies

Fig. 12: The P X-ray Diffraction pattern of AgI nanoparticles

Fig. 13: (a) Scanning electron microscopy image of AgI NPs and 
(b) EDX analysis

ba
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studied through the inactivation of Gram-positive and Gram-negative 
bacteria [36].

The Apsana et al. have used the O. sanctum leaf extract for the 
biosynthesis of AgI nanoparticles and demonstrated their antibacterial 

and catalyst potential. In many studies, silver iodide nanoparticles 
were used as photocatalyst for the degradation of organic dyes. Silver 
iodide nanoparticles prepared by biological approach have been tested 
for its photocatalytic activity for the degradation of organic dyes such 
as methylene blue and methylene orange. This green fabrication of 
catalyst is far better to other methods. Green synthesis involves no toxic 
chemicals and pollution free environment. The presence of polyphenols 
indicated that they act as reducing and capping agents for the AgI 
nanoparticles. Green synthesis of AgI nanoparticles can be used as a 
potential catalyst of future [38].

CONCLUSION

Silver iodide nanoparticles are widely used in biomedical materials 
because of their antibacterial property. Their applications also extend 
to optical and photocatalytic materials. Silver iodide nanoparticles can 
be synthesized by chemical and physical methods with the presence 
of reducing agents, or SDR method, respectively. In addition, CNT/AgI 
nano hybrids are fabricated by using solvothermal method. CNT/AgI 
hybrid is widely investigated for its excellent photocatalytic activity for 
degrading RhB. In addition, CNT addition to AgI nanoparticles will be 
collectively enhance the antibacterial property by killing the E. coli.

In this work, the methods employed to prepare the AgI nanoparticles 
and hybrid material CNT/AgI and their applications are presented and 
reviewed.
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