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Silver-doped rice husk silica composites were created using the sol-gel method. Silver nitrate and rice husks were used as  
the resources. The composites were sintered at 850 °C and then characterised using Fourier transform Infrared Spectroscopy 
(FTIR), X-ray diffractometry (XRD) coupled with a Rietveld analysis, Scanning Electron Microscopy-Energy Dispersive 
Spectroscopy (SEM/EDS), Ultraviolet-visible (UV-vis) spectroscopy and the Brunauer–Emmett–Teller (BET) method.  
The obtained results indicate the significant role of the Ag concentration and that the phase transformation changed the 
samples’ characteristics, including an increased crystallite size and absorbance.  The results also showed that the Ag/SiO2 
composite with a uniform microstructure in the form of spherical Ag particles with a relatively uniform size were dominated 
by silver and cristobalite phases as the main phases. Meanwhile, the silver phase emerged as a dominant phase and was 
embedded in the silica matrix. The crystal sizes of the silver and cristobalite were found to be 40 and 20 nm, respectively. 
The absorbance value showed that Ag/SiO2 works on two wavelengths of 310 and 415 nm. The obtained surface area values 
ranged from 5.0 - 11.4 m2∙g-1 which belongs to the mesopore criteria. Such structural and textural properties of the produced 
composite indicate its suitability to be used as a catalyst. 

INTRODUCTION 

 Silver has gained greater attention in material 
technologies due to its great potential, such as its ability 
to be used as a catalyst [1, 2], in optoelectronics [3], 
chemical and biological sensing [4], as well as having 
antibacterial and antifungal properties [5, 6]. Silver par-
ticles are capable of reducing microbial growth even 
at very low concentrations. Silver can also be used as 
a protective coating and as innovative multifunctional 
composite. For example, silver particles have the po-
tential for advanced optoelectronic devices and sen-
sors [7]. Silver also has high electrical and thermal 
conductivity, at 6.3 × 107 S∙m-1 and 429 W∙m-1∙K-1 [8-9], 
which are practically useful for metal nanowire materials 
[10]. Therefore, it easily mixes with different inorganic 
materials, such as SiO2, TiO2, ZnO, SiO2-TiO2 [11-14] 
and results in new characteristics. Several researchers 
have inserted silver particles into a silica matrix of 
various forms, such as rods [15], powders [16], and 
monoliths [17] for antibacterial applications. Mohd, et 
al. 2019 [18] found that spherical silver particles on the 
silica surface with a particle size of 10 - 40 nm have a 
potential to be a catalyst in dye treatments.  

 Other than silver, SiO2 has been used as a substrate 
to immobilise precious metals such as TiO2 [19], Au [20], 
and Ni [21]. Bare metal particles are active and have  
a higher tendency to combine in the solution state due to 
van der Waals bonds compared to the solid state. Silica 
is biocompatible, porous, and highly reactive. Therefore, 
it can form chemical bonds with metal substrates and can 
bind directly to various ions and organic molecules in 
pores and surfaces. It has been known for decades that rice 
husks can be a source of silica via thermal and alkaline 
processes. With the thermal method, rice husk produces 
husk ash which is dominated by silica and can be used 
as an economic raw material. With the alkaline method 
[22-25], silica of high purity, activity, and an amorphous 
level can be obtained as a sol for easy use in synthesi-
sing materials using the sol-gel method. In several 
studies, silica from rice husks has been successfully used 
as a production material for silica-bitumen composites 
[26-28], a nanosilica [29-31], and a ferrisilicate [32]. 
 Its characteristics allow the silica to be used as 
a convenient carrier agent to help mitigate the accu-
mulation of silver particles and to accelerate their dis-
persion to produce Ag/SiO2 composites at the desired 
performance. Several researchers have synthesised 
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Ag/SiO2 composites, and obtained Ag/SiO2 composite 
structures with particle sizes of 20 - 40 nm at a sintering 
temperature of 800 °C [33]. Sintering at 1000 °C also 
results in a stable structure without silver loss due to 
evaporation [34]. However, most silver experiences 
evaporation loss at a sintering temperature of 1060 °C 
and such evaporation is not detectable at a sintering 
temperature above 1110 °C. Nonetheless, cristobalite and 
tridymite crystals are formed at 1060 °C and 1080 °C, 
respectively. Furthermore, research conducted [35] with 
a silver concentration of 0.02 - 0.06 M after sintering 
at 500 °C showed that the phase formed was dominated 
by silica with no silver present. However, silver was 
detected with an increasing silver concentration above 
0.06 M. This indicates that silver particles were trapped 
in the silica matrix. This composite was found to exhibit 
optical limiting properties. This finding also explains 
the interaction between the electrostatic repulsion of 
silica spheres and silver particles that form the structural 
arrangement of the synthesised silver-silica composite.
 This work presents a collection of data obtained 
for sol-gel-derived solution from various silver con-
centrations to form Ag/SiO2 composites. The composites 
have been developed for antibacterial and environmental 
applications. The main focus of this study is to determine 
the optimal silver concentration additions, which allow 
the formation of the Ag/SiO2 composite structure. 
Therefore, it is essential to characterise the structural 
changes in details by adding silver to the silica matrix to 
obtain the Ag/SiO2 composites. For this purpose, infra-
red (IR) spectroscopy, X-ray diffraction (XRD), SEM/
EDS, UV-vis spectroscopy and the BET method were 
employed to determine the characteristic correlations 
from various silver concentrations.

EXPERIMENTAL

Materials

 The raw rice husk was obtained from a local rice 
milling industry.  Before use, the husk was soaked in hot 
water and left overnight.  The floating husks were dis-
charged, while the sinking husks were collected, rinsed 
with distilled water, and then oven dried at 110 °C for 
eight hours.  A 5 % sodium hydroxide solution, a 10 % 
nitrate acid solution, and silver nitrate (98 % purity), 
ethanol and deionised/distilled water were used where 
reagent grade materials were purchased from Merck 
(KGaA, Darmstadt, Germany). 

Preparation of the silica and silver sols

 The rice husk silica was extracted using an alkali 
extraction process, as used in previous research [26].  
Fifty grams (50 g) of the dry husk was put into a beaker 
glass containing 500 mL of 5 % NaOH. The mixture 
was boiled for 30 minutes and left to cool down to room 

temperature and further left for 24 hours to optimise 
the release of the silica from the husk. The mixture was 
filtered to separate the dissolved silica (silica sol), with 
the rest being discharged. Afterwards, in order to obtain 
the silver solution at various concentrations (0.3, 0.4, 
0.5, 0.6, 0.7 and 0.8 M), an amount of AgNO3 powder 
was placed into 100 mL of distilled water and stirred 
using a magnetic stirrer for 30 minutes at a temperature 
of 110 °C. This resulted in a yellowish silver solution 
ready to be used as the silver sol.

Synthesis of the Silver-Silica (Ag/SiO2) 
 composites

 To obtain a solid Ag/SiO2 composite, silica and 
silver sols with the same volume of 100 mL were placed 
in separate beakers. First, the silver sol at different con-
centrations (0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 M) was poured 
into the silica sol, and a 10 % HNO3 solution was dripped 
in while stirring continuously. The complete procedure 
can be seen in a previous article [36]. The composite was 
then ready for analysis.

Characterisation

 The effects of various silver concentrations on the 
structural evolution of the silica matrix were studied 
using spectroscopic measurements. Analysis of the 
functional groups was performed using a Perkin Elmer 
FTIR spectrometer in the range of 4000 - 500 cm-1 in a di-
ffuse reflectance mode using potassium bromide (KBr)-
based pellets. The crystalline phase of the powder was 
characterised using XRD patterns with Cu Kα radiation 
(λ = 0.154 nm). Refinements were performed using the 
Rietica program version 1.70 for Windows 95/98/NT 
[37]. The microstructure of the thermally polished and 
etched samples was analysed using a Philips-XL SEM. 
The UV/Vis spectra of the samples were recorded from 
250 to 800 nm. The Brunauer–Emmett–Teller (BET) sur-
face area of the samples was then studied using a surface 
area analyser (Quantachrome Novawin-version 11.0). .

RESULTS AND DISCUSSION

Functional group characteristics  
of the Ag/SiO2 composites

 Figure 1 shows the IR-spectra of the various Ag 
concentrations in the composites sintered at 850 °C.  
For all the samples, the strong bands are located at 1050 
and 788 cm-1 and are associated with the silica network. 
These are assumed to be the asymmetric and symmetrical 
vibrations of the Si-O-Si and O-Si-O functional groups 
in the SiO4 tetrahedral, respectively, as reported by other 
researchers [38 -40]. However, particular attention should 
be noted by the appearance of the peaks at 1050 cm-1 and 
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788 cm-1 that are narrower. This behaviour is related to 
the formation of the Ag-O-Si bond [41], proving that the 
crystallisation of Ag-silica occurred in this composite. 
This observation is identical to the results derived from 
its diffractogram. 
 The small peak located at 3741 cm-1 for almost all 
the various Ag concentration in the composite (Figure 1) 
is usually associated with the O-H bond stretching 
vibration and the hydrogen bonds forming the silanol 
groups. This is also supported by the presence of a low 
band at 1673 cm-1 due to the H-O-H deformation that 
interacts via the hydrogen bonding with the silanol group 
[42]. All the samples also showed that the O-H groups 
disappear due to the thermal processes in this study. This 
phenomenon indicates the elimination of the hydroxyl 
groups in the solid powders. The re-emergence of the 
asymmetrical Si-O-Si stretching mode seems to indicate 
the Ag binding to the oxygen of the siloxane bond which 
occurs as the water molecules evacuate and the siloxane 
bond is re-established. Small peaks appearing at 1611 
and 1752 cm-1 mark the vibrational strain of the C=C 
group and C=O bond of carboxylic acid as reported in 
earlier studies [43-45]. Another small peak observed at 
2361 and 2122 cm-1 may be attributed to the presence 
of the O-H functional groups which is characteristic 
of carboxylic acids and C-H which is characteristic of 
alkanes. A gradual decrease in the NO3

- ions with an in-
crease in the Ag concentration in the composite could be 
due to the strong pyrolysis of AgNO3 when sintered at 
850 °C, releasing Ag atoms and NO2 gas.

Structural characteristics of the Ag-SiO2 composites

 Figure 2 shows the XRD results of the various 
Ag concentrations in the Ag-SiO2 composites. Phases 
formed were observed with a PDF diffraction line [46], 
with the main phases being cristobalite 21.9° (PDF-39-
1425) and Ag 38.9° (PDF-4-0862). 

 Figure 2 shows that for the XRD spectrum of the 
Ag-SiO2 composite at 0.3 M Ag, a peak at 2θ = 22° is 
attributed to the amorphous silica matrix. This amor-
phous silica structure is due to the agglomeration of 
silver covering the formation of silica crystalline on 
the surface, as also observed by other researchers [47].  
In addition to the obtained amorphous silica, strong  
peaks at 2θ = 38.9°, 48.5°, 63.0°, 77.5° and 82.6° 
correlate to the (111), (200), (220), (311) planes and 
(222) orientations, which can be matched according 
to face-centre cubic (fcc) structure of Ag. This silver 
existence confirms that the Ag particles distributed on 
the cristobalite surface formed an fcc pattern of Ag-SiO2 
composites, which also agrees with the results from 
previous studies [48-52]. In other words, the presence 
of silver and silica phases indicates that, under these 
conditions, the formation of an Ag/SiO2 composite 
starts with the deposition of Ag particles on the silica 
surface. An increase in the Molar Ag is found to be 
different from that of the 0.3 M Ag sample. When the 
sample was at 0.4 M Ag (Figure 2), it was associated 
with an increase in the structural order of the amorphous 
silica phase towards the cristobalite crystalline phase, 
compared to the observed sample at 0.3 M (Figure 2). 
Under these conditions, conversion of amorphous silica 
to cristobalite takes place. The presence of cristobalite 
is due to the crystallisation of the rice husk silica during 
thermal treatment, as is evident in previous research [53]. 
Interestingly, these changes may be related to the FTIR 
changes (see Figure 1), as both these changes are caused 
by an increase in the order of atomic arrangement.
 The 0.4 to 0.8 M (Figure 2) samples concentrations 
were characterised by the clearly detectable presence of 
cristobalite and silver phases. The decrease or increase in 
both phases is attributed to the reaction to form Ag/SiO2 
composites via interdiffusion of cristobalite and silver 
atoms. Another difference with the various silver con-
centrations is the crystallisation variability of the silica 

Figure 1.  The FTIR spectra of the various Ag concentrations in 
the composites sintered at 850 °C.

Figure 2.  XRD patterns of the various Ag concentrations in the 
Ag/SiO2 composites using CuKα radiation sintered at 850 °C.
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matrix, as the silver amount increases. Figure 2 shows 
that the intensity of the cristobalite and silver increases 
with an increase in the Ag concentration in the range of 
0.4 to 0.6 M, while the cristobalite intensity decreases 
and the silver intensity increases at an Ag concentration  
at 0.7 and 0.8 M, respectively. The relative intensities 
at the silver peak (111) were higher than those of other 
peaks at each concentration. This indicates the prefe-
rential plane orientation to the silica surface. The in-
creasing silver concentration results in more intense and 
narrower silver crystal diffraction peaks. This means 
that the average size of the silver particles increases. 
The crystallite size is estimated by analysing the broa-
dening of the (111) and (101) reflections for silver and 
cristobalite, respectively. The crystallite size can be cal-
culated using the Scherer formula [54].
 Figure 3 shows the crystallite size of the various Ag 
concentrations in the Ag/SiO2 composites. The crysta-
llite size value of the crystalline silver is larger than that 
of the silica, which indicates that the agglomerates of sil- 
ver particles formed during sintering temperature of 
850 °C are embedded in the silica matrix. The crystallite 
size of the cristobalite and silver increases rapidly at an 
Ag concentration of 0.4 M. This is followed by a gradual 
decrease for the Ag concentrations from 0.4 to 0.6 M Ag 

and another gradual increase at an Ag concentration of 
0.7 M. This phenomenon indicates that the increase in 
the concentration from 0.4 M Ag to 0.7 M Ag does not 
significantly affect the particle size, but it does affect the 
silver dispersion that enters the silica matrix. For this 
reason, Ag particles are diffused into the silica particles, 
and, hence, increases the crystallite size of silver. This 
result strengthens the previous work [36].  
 In order to verify the XRD results, a Rietveld 
analysis was used to obtain quantitative information on 
the phase composition of the samples. The refined XRD 
patterns of the samples at Ag concentrations of 0.4 M 
and 0.7 M are shown in Figure 4. Table 1 presents the 
structure of the best fits and quantitative results cal-
culated by the Rietveld method for all the samples. 
The Rwp, Rexp, Rp and goodness of fit (GoF) parameters 
indicate the quality of fitting values which is, in this 
case, relatively low according to the basic principle  
of GoF [55]. Therefore, perfect agreements were ob-
served between the measured and calculated patterns. 
Table 1 shows that the amount of silica decreases slowly 
as the Ag concentration increases. This means that Ag is 
dispersed in the silica matrix. These results are supported 
by the presence of the Si, O and Ag elements using EDX 
that indicates formation of the Ag/SiO2 composites, 
even without the presence of the other elements. The 
silica quantity slowly decreases while the silver quantity 
slowly increases as the Ag concentration increases. 

Figure 3.  Crystallite size of the various Ag concentrations in 
the Ag/SiO2 composites sintered at 850 °C.

Table 1.  Figure-of merits (FOMS) and weight percentage 
(wt. %) of Ag and SiO2 from the XRD data refinements for the 
samples with the different Ag concentrations. 

Concentration  Rwp Rp Rexp GoF SiO2  Ag
of AgNO3

(M)     (wt. %) (wt. %)
0.3   7.04 6.78 3.87 3.30 72.98 27.02
0.4 10.40 5.50 3.21 3.57 72.15 27.85
0.5   7.21 6,09 4.25 2.87 71.85 28.15
0.6    9.65 5.91 5.50 3.07 71.08 28.92
0.7    7.67 8.06 4.41 3.02 70.40 29.60
0.8  10.40 5.97 6.40 2.72 69.74 30.26

Figure 4.  XRD Rietveld plot for the samples with various concentrations of Ag using CuKα Radiation; (a) 0.4 M; (b) 0.7 M.
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Microstructure characteristic 
 of the Ag/SiO2 composites

 Figure 5a-c shows the surface morphologies of the 
Ag/SiO2 composites with the different Ag concentrations. 
Meanwhile, Table 2 presents the significant presence of 
silver and silica with differences in the grain boundary 
size and particle distribution on the surface. The surface 
morphologies of the samples are marked by particles with 
different grain sizes and distributions. The microstructure 
of the sample with a 0.3 M Ag concentration (Figure 5a) 
reveals almost the same characteristic as that of the 
sample treated at 0.4 M Ag (Figure 5b). The samples 
prepared at 0.3 and 0.4 M (Figure 5a-b) concentrations 
are marked by large grains with less evident spherical 
particles, compared to those observed for other sample 
(Figure 5c). In addition, the clusters in the samples 
prepared at 0.3 and 0.4 M concentrations are surrounded 
by both medium sized and fine grains of silver, 
respectively. However, in the clusters prepared by other 
Ag concentrations, the crystalline of cristobalite still 
exists in the Ag/SiO2 composites, surrounded by both 
medium sized and fine grains of silver.

 The sample surfaces prepared at higher Ag concen-
trations (0.4 and 0.6 M) are dominated by larger grains 
composed of cristobalite clusters and are covered by 
some spherical particles of silver. Both samples are mar-
ked by initiated spherical particles of silver on the silica 
surface. This feature suggests that at the 0.4 and 0.6 M 
Ag concentrations, the cristobalite and silver phases 
continue to contact and allow those particles to interact, 
and, hence, form Ag/SiO2 composites. This evolution 
is supported by the results of the XRD analysis for the 
samples at 0.3 M through 0.7 M, as shown in Figure 2, 
in which a silica amorph was detected. Formation of 
Ag/SiO2 composites can be clearly observed through 
the SEM micrograph examination of the treated sample 
at a 0.7 M concentration (Figure 5c), which shows in-
tensive spherical particles across its surface as Ag the 
concentration increases. This agglomeration results in 
increased interactions between the silver and silica and 
is followed by the intensive formation of Ag-SiO2, as re-

vealed from the XRD observations. This phenomenon 
confirms that at concentration range of 0.4 - 0.7 M, the 
cristobalite phase reacts with the silver phase to form 
an Ag-SiO2 composite. Moreover, the microstructure 
of the samples was found to display spherical particles 

Figure 5.  Morphologies of the various Ag concentrations in the 
Ag/SiO2 composites sintered at 850 °C, magnification 5 kX, (a) 
0.4 M, (b) 0.6 M, and (c) 0.7 M

Table 2.  Chemical composition of the various Ag concentrations 
in the Ag/SiO2 composites. 

Sample O  Si Ag Na
(Ag Molar) (wt. %) (wt. %) (wt. %) (wt. %)

0.3* 52.25 27.23 20.52 -
0.4 43.86 23.66 32.48 -
0.5* 41.08 21.12 37.80 -
0.6 42.58 18.36 38.19 0.87
0.7 44.05 16.15 38.61 1.18
0.8*  44.05 15.15 39.61 1.18
Note: *) data is taken from the previous work [36]
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with relatively uniform sizes on the silica surface. 
These surface characteristics suggest that, at these con-
centrations, silver particles undergo a diffusion process 
that evenly spreads into the cristobalite particles, and, 
hence, encourages an increase in Ag/SiO2 as the dominant 
phase, as verified by the XRD results.
 The EDX data presented in Table 2 show the sig-
nificant effect of the various Ag concentrations in the 
Ag/SiO2 composites. The results from the elemental 
composition analysis indicate the significant effect of  
the different silver concentrations. At an Ag concen-
tration of 0.4 M, the silica contains a significant amount 
of silver (23.66 wt. %), which decreases to 16.15 wt. % 
at an Ag concentration up to 0.7 M. Meanwhile, at an 
Ag concentration of 0.4 M, the silica contains a sig-
nificant amount of Ag (32.48 wt. %), which increases 
to 38.61wt. % at an Ag concentration of 0.7 M. The 
sample surfaces containing Ag concentrations of 0.4, 
0.6, and 0.7 M (Figure 5a-c) are marked by fine grains 
of silver structure that cover several large grains of the 
cristobalite structure. The XRD results (Figure 2) reveal 
that these are composed of cristobalite and silver. Due 
to the agglomeration, the silver group interacts with  
the cristobalite, and, hence, the size of the cristobalite 
phase becomes smaller. The presence of silver and 
cristobalite phases in the last four composite samples 
suggests that the cristobalite phase continues to interact 
and allows the particles re-arrangement, leading to the 
formation of an Ag/SiO2 composite. The interesting 
results from all the samples, both from the structural 
and microstructural characteristics, show that the Ag 
ions from the silver nitrate change to Ag particles, 
and, hence, form an Ag phase. This is proven by both  
the XRD and UV-vis results. In addition, the results of  
the microstructural analysis using SEM for all the sam-
ples indicate that the Ag particles are well dispersed in 
the silica matrix and that most of the particles are almost 
spherical in shape.

Optical characteristics of the Ag/SiO2 

 composites

 The data obtained from the SEM/EDX and XRD 
data were complemented with the observations of 
the Ag/SiO2 composite formation using UV-visible 
spectroscopy.  Figure 6 shows the optical absorbance 
spectra of the various Ag concentrations in the Ag/SiO2 
composites.  
 Figure 6 shows two intense broad bands and small 
band peaked at around 310, 415 and 450 nm, res-
pectively, that are caused by the silver in contact with 
the silica particles. The absorbance peak of around 310 
and 415 nm indicates the presence of Ag particles to 
form Ag/SiO2 composites, as was also found by previous 
researchers [56]. These results show that silver phases 
dominate the sample surfaces with a silver absorp-
tion spectrum peak ranging from 350 to 390 nm [57].  

The 415 nm absorbance peak is caused by surface 
plasmon excitation; a phenomenon that exists at the in-
terface between a metal and a dielectric material [58]. 
The third peak (450 nm) is caused by aggregates of silver 
particles; a well-known phenomenon also found in other 
metals. For silver, such a reflection band was recently 
described by Martinez-Castanon, et.al., 2005 [59]. They 
also found that silver peaks at around 500 nm. Based on 
Figure 6, all the samples have two working regions of 
wavelengths at 310 nm and 415 nm. As for the changes 
in the Ag concentration, the sample with a concentration 
of 0.8 M Ag has the maximum absorption at the 310 nm 
wavelength. In comparison, the sample with the 0.5 M 
Ag concentration has a maximum absorption at the 
410 nm wavelength.

Surface area (BET) characteristics 
of the Ag/SiO2 composites

 Figure 7 shows the representative nitrogen ad-
sorption-desorption isotherms for all the Ag/SiO2 com-
posites at various Ag concentrations. Meanwhile, the 
porous characteristics of the Ag/SiO2 composites are 
given in Table 3. The graph shows that conspicuous 
hysteresis loops at a relative pressure are observed. These 
results indicate the typical characteristics of mesopores 
with a narrow pore size distribution. The phenomena are 
usually related to the capillary agglomeration associa-
ted with large pore channels, as also found in previous 
research [60]. Such a loop may exhibit a wide variety 
of shapes. This is also attributed to the presence of 
aggregates of plate-like particles that gave rise to slit-
shaped pores. Table 3 shows that pore size distributions 
of the various Ag concentrations, from 0.3 up to 0.5 M 
Ag, in the Ag/SiO2 composites have a wider pore size 
distribution than those with concentrations from 0.6 up 
to 0.8 M. This indicates the influence of silver on the 

Figure 6.  Absorption spectra of the various Ag concentrations 
in the Ag/SiO2 composites sintered at 850 °C.
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properties of the Ag/SiO2 composites. This, in turn, 
implies that surface area increases for Ag concentrations 
of 0.3 M to 0.5 M, and conversely, surface area decreases 
for Ag concentrations from 0.6 M to 0.8 M, as given in 
Table 3.
 Figure 8 shows the pore distribution of the Ag/
SiO2 composites. The samples are mostly mesopores 
with a size smaller than 3 nm and estimated pore size 
probability from peak position is about 1.2 nm with a re- 
latively narrow pore size distribution. Figure 8 also 

shows that the pore distribution for all the samples  
is uniform. The shift in the pore distribution to small 
pores is due to the presence of some silver particles 
within the silica host matrix or the dispersion of the Ag 
particles inside the porous silica.

CONCLUSION

 This study successfully demonstrated the 
preparation of Ag/SiO2 composites using the sol-gel 
process by mixing rice husk silica and silver nitrate as 
the raw materials. The XRD data revealed the formation 
of Ag/SiO2 composites, in which, at an Ag concentra-
tion of 0.3 M to 0.7 M, it results in major phases of sil-
ver and cristobalite. The silver phase emerged as the 
dominant phase that is embedded in the silica matrix.  
The phase transformation was found to cause changes 
in the sample characteristics related to the formation 
of silver, including an increased crystallite size and ab-
sorbance.  The UV-vis absorption spectra revealed that 
Ag/SiO2 works on two absorption bands at 310 nm and 
415 nm wavelengths. Silver and cristobalite crystals 
were found to be 40 and 20 nm in size, respectively. 
From all the samples, the obtained surface area values 
ranged from 5.0 to 11.4 m2∙g-1, with the largest one 
obtained at a 0.5 M Ag concentration and it belongs to  
the mesopores criteria. The characteristics of the struc-
ture, microstructure, absorption bands, and mesopores 
found in this study suggest that the observed samples 
have the potential to be used as catalysts.
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