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Abstract: In this study, silver nanoparticles (Ag-NPs) were synthesized using the wet 

chemical reduction method on the external surface layer of talc mineral as a solid support. 

Silver nitrate and sodium borohydride were used as the silver precursor and reducing agent in 

talc. The talc was suspended in aqueous AgNO
3
 solution. After the absorption of Ag+ on the 

surface, the ions were reduced with NaBH
4
. The interlamellar space limits were without many 

changes (d
s
 = 9.34–9.19 Aº); therefore, Ag-NPs formed on the exterior surface of talc, with 

d
ave

 = 7.60–13.11 nm in diameter. The properties of Ag/talc nanocomposites (Ag/talc-NCs) 

and the diameters of the Ag-NPs prepared in this way depended on the primary AgNO
3
 

concentration. The prepared Ag-NPs were characterized by ultraviolet-visible spectroscopy, 

powder X-ray diffraction, transmission electron microscopy, scanning electron microscopy, and 

Fourier transform infrared. These Ag/talc-NCs may have potential applications in the chemical 

and biological industries.

Keywords: nanocomposites, silver nanoparticles, talc, powder X-ray diffraction, scanning 

electron microscopy

Introduction
Metal nanoparticles, which consist of novel metals, have significant applications in 

medical identification, catalysis, sensors, optics, and electronics, because of the char-

acteristics of their shapes and sizes.1–6 When metal nanoparticles are used alone, they 

present some common problems, particularly agglomeration between nanoparticles.7 

To overcome agglomeration, preparation of nanoparticles based on clay compounds, in 

which nanoparticles are supported within the interlamellar spaces of clay and/or on the 

external surfaces, is one of the most effective solutions.8–10 Synthesis of nanoparticle/

clay composites is very important in the fabrication of such different tools as optical 

devices, adsorbents, catalysts, sensors, polarizers, color filters, magnetic data storage 

media, and many others.11–18 The main characteristics of these nanocomposites are the 

size and shape of the incorporated metal nanoparticles, as well as the chemical and 

physical properties of the clay source (ie, ion absorption capacity, active surface 

area, and interlamellar space). Different techniques can be used to achieve metal/clay 

nanocomposites, ie, distribution of nanoparticles from chemically produced metal 

nanoparticles in the clay matrix and by synthesis of metal nanoparticles outside and 

inside the clay matrix using physical methods. In addition, the wet chemical reduction 

method can be used for immobilization of noble metal nanoparticles on the external 

and interior surfaces of silicate layers.19
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Silver nanoparticles (Ag-NPs) are a typical metal of 

nanomaterials, and the synthesis of silver/clay nanocom-

posites has been discussed in a number of publications.20–22 

Notably, silver nanoparticles are widely used as antibacte-

rial agents,23,24 catalysts, photocatalysts,25,26 photosensi-

tive components,27 and the surface enhancer for Raman 

spectroscopy.28,29 Talc is a nonexpandable lamellar hydrated 

form of magnesium silicate, with the empiric formula of 

Mg
3
Si

4
O

10
 (OH)

2
. It is used as a filler material for polymer 

and rubber, and is utilized extensively in cosmetic and 

pharmaceutical powders. The talc surface is extremely 

hydrophobic and, thus, in a finely ground state, will actually 

float on the surface of water. This natural phyllosilicate is 

formed over millions of years by the alteration of certain 

minerals, such as magnesite (MgCO
3
) or dolomite [MgCa 

(CO
3
)

2
], under heat and pressure changes and in the presence 

of dissolved silica. Due to variation in the physical condi-

tions during this process, all talcs diverge in some features 

in their composition, because the formation conditions 

differ from their distinct origins.30,31 The natural lamellar 

talc structure consists of layers 0.96 nm thick constructed 

from a central sheet of octahedrally coordinated magne-

sium hydroxide in a trioctahedral arrangement sandwiched 

between tetrahedrally coordinated Si
2
O

5
 silicate sheets.32 

The crystal arrangement of talc is reflected in physical 

properties, including its excellent cleavage in the direction 

of the plane of silicon oxide anions. This is due to weak 

van der Waals bonds between the packets. The softness 

of talc is also due to the easy displacement of these lay-

ers, rendering the material a poor electrical and thermal, 

refractory behavior, and resistant to acids. The attractive 

forces between the sheets give the matrix a nonexpandable 

characteristic and, consequently, the chemical reactivity is 

limited to modifications on the surface.33

In this research, Ag-NPs were synthesized on the external 

surface of talc layers in aqueous solution using AgNO
3
 and 

sodium borohydride as the silver precursor and reduction 

agent, respectively, at room temperature. Needless to say, 

to date, there has not been any research on Ag/talc nano-

composites (Ag/talc-NCs) using the wet chemical reducing 

method, ie, lamellar polymeric silicate, which is the subject 

of this study.

Material and methods
Material
All reagents in this work were of analytical grade and used 

as received without further purification. AgNO
3
 of 99.98% 

was used as the silver precursor and obtained from Merck, 

Germany, while the talc powder of ,10 microns and NaBH
4
 

of 98.5% were obtained from Sigma-Aldrich, St Louis, MO. 

All these aqueous solutions were used with double distilled 

water.

Synthesis of Ag/talc-Ncs using NaBh
4

For the synthesis of Ag/talc-NCs, the silver contents of the 

samples consisted of 0.5 (A1), 1.0 (A2), 1.5 (A3), 2.0 (A4), 

and 5.0 g (A5) Ag/100 g of talc. Constant amounts of talc 

were suspended in different volumes of 1 × 10−3 M AgNO
3
 

solution and stirred for 24 hours. The freshly prepared NaBH
4
 

(4 × 10−2 M) solution was then added to the suspensions under 

continuous stirring to reach a constant AgNO
3
/NaBH

4
 molar 

ratio of 1:4. After addition of the reducing agent, stirring was 

continued for a further hour. The suspensions were finally 

centrifuged, washed twice with double distilled water, and 

dried under vacuum overnight. All the experiments were 

conducted at ambient temperature.

characterization methods  
and instruments
The prepared Ag/talc-NCs were characterized by ultraviolet 

(UV)-visible spectroscopy, transmission electron microscopy 

(TEM), scanning electron microscopy (SEM), powder X-ray 

diffraction (PXRD), and Fourier transform infrared (FT-IR). 

The UV-visible spectra were recorded over the range of 

300–700 nm using a Lambda 25-PerkinElmer UV-visible 

spectrophotometer. Meanwhile, the TEM observations were 

carried out using an Hitachi H-7100 electron microscope, 

and the particle size distributions were determined using 

the UTHSCSA Image Tool software, version 3.00 program. 

Furthermore, SEM was performed utilizing the XL 30 Philips 

instrument to study the morphology of talc and Ag/talc-

NCs. The structures of the Ag/talc-NCs produced were 

Figure 1 Photographs of AgNO
3
/talc suspension (A0) and silver-talc nanocomposite 

suspension at different AgNO
3
 concentrations, ie, (A1) 0.5%, (A2) 1.0%, (A4) 2.0%, 

and (A5) 5%.
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Figure 2 Ultraviolet-visible absorption spectra of silver-talc nanocomposite suspensions for different AgNO
3
 concentrations, ie, (A1) 0.5%, (A2) 1.0%, (A3) 1.5%, (A4) 2.0%, 

(A5) 5%, and (A0) AgNO
3
/talc suspension in the absence of NaBh

4
.
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Figure 3 Transmission electron microscopy images of (A) pure talc and (B) talc after impregnation with aqueous AgNO
3
 (AgNO

3
/talc, A0).
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Figure 4 Transmission electron microscopy images and corresponding particle size distribution of silver-talc nanocomposites at different AgNO
3
 concentrations [(A2) 1.0% 

(A–B), (A4) 2.0% (C–D) and (A5) 5.0% (E–F)].
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Figure 5 Scanning electron microscopy micrographs of the talc (A) and silver-talc 

nanocomposites at different AgNO
3
 concentrations [(A2) 1.0% (B), (A4) 2.0% (C), 

and (A5) 5.0% (D)].

examined using Philips PXRD (X’pert, Cu Kα radiation). 

Changes in the interlamellar spacing of talc and Ag/talc-

NCs were also studied using PXRD in the small angle range 

of 2° , 2θ , 15°. In addition, the interlamellar space was 

calculated based on the PXRD peak positions using Bragg’s 

equation. A wavelength of 0.15418 nm was used for these 

measurements. The PXRD patterns were recorded at a scan 

speed of 2° min−1. Moreover, the FT-IR spectra were recorded 

over the range of 400–4000 cm−1 utilizing the Series 100 

PerkinElmer FT-IR 1650 spectrophotometer. After the reac-

tions, the samples were centrifuged by using a high-speed 

centrifuge machine (Avanti J25, Beckman).

Results and discussion
As shown in Figure 1, the AgNO

3
/talc suspension was 

colorless (A0), but after the addition of the reducing agent 

suspensions, it turned to light brown (A1), brown (A2), 

and dark brown (A4, A5). The formation of Ag-NPs was 

followed by measuring the surface plasmon resonance of 

the talc suspensions containing Ag-NPs in the wavelength 

range 300–700 nm (Figure 2). The TEM images and size 

distributions of Ag-NPs showed that the mean diameter 

of the nanoparticles ranged from about 7.60 to 13.11 nm 

(Figure 4). Additionally, the SEM images indicated that 

there were no structural changes between the initial talc 

and Ag/talc-NCs. Meanwhile, with the increased Ag-NP 

concentration in the talc, the external surface of the talc 

became shinier (Figure 5). The comparison between the 

PXRD patterns of talc and the prepared Ag/talc-NCs under 

the chemical reduction route in the small angle fell in the 

range of 2θ (2° , 2θ , 15°), which indicated the immo-

bilized formation of Ag-NPs on the external surface of 

the talc layers (Figure 6). On the other hand, as shown in 

Figure 7, PXRD patterns were also employed to determine 

the crystalline structures of synthesized Ag-NPs in the wide 

angle range of 2θ (30° , 2θ , 80°). Furthermore, FT-IR 

spectra (Figure 8) showed that there was no interaction 

between the silicate layers and Ag-NPs in Ag/talc-NCs. 

The synthesized talc suspensions containing Ag-NPs were 

found to be unstable over a long period of time, displaying 

signs of precipitation.

UV-visible spectroscopy
The color of AgNO

3
/talc suspensions through the reduction 

process using NaBH
4
 changed from colorless to light brown, 

brown, and finally dark brown, which indicated the formation 

of Ag/talc-NCs suspension. The silver surface plasmon reso-

nance bands were detected at around 404–415 nm (Figure 2). 

These absorption bands were assumed to correspond to 

Ag-NPs smaller than 15 nm.34,35 While there was no UV-

visible absorption of Ag-NPs before the addition of NaBH
4
 

in A0 (Figure 1), the growth of the plasmon peak at 404 nm 

indicates formation of Ag-NPs in A1. Furthermore, the 

gradual increase in AgNO
3
 concentration from A1 to A4 

also increased the corresponding peak intensities in the 
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Figure 6 Powder X-ray diffraction patterns of talc and silver-talc nanocomposites for determination of d-spacing (d
s 
) at different AgNO

3
 concentrations [0.5%, 1.0%, 1.5%, 

2.0% and 5.0% (A1–A5), respectively].

wavelength range 404–411 nm. In A5, the absorption peak 

due to the surface plasmon resonance of Ag was slightly 

red-shifted to higher wavelength (415 nm), which indicated 

an increase in size of the Ag-NPs.

Morphology
Figure 3 illustrates the TEM images of pure talc and talc after 

impregnation with aqueous AgNO
3
. Figure 3a demonstrates 

a typical talc clay image with homogeneously distributed clay 

flakes, and Figure 3b shows a TEM image for AgNO
3
/talc (A0), 

which was similar to the talc image, but without any Ag-NPs. 

Figure 4 demonstrates TEM images for the size distribution 

of Ag/talc-NCs containing different percentages of Ag-NPs. 

The TEM images and their size distributions revealed that 

the mean diameters and standard deviation of Ag-NPs were 

about 7.60 ± 2.62, 11.30 ± 4.06, and 13.11 ± 4.58 nm for 

1.0% (Figures 4a and 4b), 2.0% (Figures 4c and 4d), and 5.0% 

(Figures 4e and 4f), respectively. These results demonstrate 

that the diameters of the Ag-NPs synthesized by this method 

depend on the initial AgNO
3
 concentration. Conversely, 

Figure 5 shows the surface morphology of talc and Ag/talc-

NCs (A0, A2, A4, and A5). Furthermore, the structure of talc 

with or without Ag-NPs showed a massive, layered surface with 

some large flakes, ie, a typical structure of talc (Figure 5a). 

More importantly, no morphologic differences were observed 

between the initial talc and Ag/talc-NCs. Meanwhile, with the 

increased Ag-NPs concentration in the talc, the external surface 

of the talc became shinier (Figures 5b–d).
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Figure 7 Powder X-ray diffraction patterns of talc and silver-talc nanocomposites for determination of silver crystals at different AgNO
3
 concentrations [0.5%, 1.0%, 1.5%, 

2.0% and 5.0% (A1–A5), respectively].

crystallographic planes of the face-centered cubic silver 

crystals, respectively.37 For all samples, the main crystalline 

phase was silver and no obvious other phases as impurities 

were found in the PXRD patterns. The PXRD peak broaden-

ings of Ag-NPs were mostly due to the existing nanosized 

particles in these nanocomposites.38 Moreover, there were 

characteristic peaks in about 2θ = 34.54°, 36.04°, 40.56°, 

42.74°, 48.56°, 54.60°, 60.56°, 66.50°,70.34°, 71.42°, 

and 72.84° that related to talc (PXRD Reference Number 

00–029–1493) as a stable substrate. The intensities of 111, 

200, 220, and 311 reflections due to the Ag-NPs phase 

were also found to increase along with the increased Ag-

NPs content.

FT-Ir chemical analysis
Figure 8 shows the comparison of FT-IR spectra for the 

silicate host structure of talc and Ag/talc-NCs with dif-

X-ray diffraction
As shown in Figure 6, the original d-spacing (d

s
) of talc, 

ie, 9.34 A°, gradually decreased to 9.28, 9.27, 9.26, 9.26, 

and 9.19 A° at constant 2θ angles for A0, A1, A2, A3, A4, 

and A5 by the Ag-NPs formation on the surface of talc 

layers. This d
s
 value was a direct proof of the fact that, in 

the path of ion impregnation, Ag+ ions were bound only on 

the external surfaces and edges of the talc external layer 

space. Consequently, the metallic nanoparticles formed 

only at the exterior layer location, causing a decrease in 

the basal spacing of talc. In all these samples, the intensi-

ties of reflections and half-widths were constant; therefore, 

the parallel lamellar structure of the mineral clay was not 

disrupted by the formation of nanoparticles.36 In addition, 

all the Ag/talc-NCs had a similar diffraction profile, and the 

PXRD peaks at 2θ of 38.40°, 44.28°, 64.45°, and 77.39° 

(Figure 7) could be attributed to the 111, 200, 220, and 311 
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ferent amounts of Ag-NPs. The positions of vibrational 

bands in the region 1100–400 cm−1 corresponding to SiO 

and other interlayer bonds remained unchanged, and a 

strong band at 1001 cm−1 was associated with the stretch-

ing vibration of SiO. The band at 670–673 cm−1 was also 

assigned to the stretching vibration of SiO, which is usu-

ally taken as evidence for a three-dimensional amorphous 

silica phase.39 The band at 427–383 cm−1 was assigned to 

the Si-O-Si bending vibration. The FT-IR spectra indi-

cated the rigidity of silicate layers and nonbond chemical 

interaction between the silicate layers and Ag-NPs in Ag/

talc-NCs.

Conclusion
The synthesis of Ag-NPs on the exterior layer space of talc 

as a solid material in the wet chemical reduction method 

by using NaBH
4
 as the reducing agent at room temperature 

was easily feasible. The properties of Ag-NPs were studied 

as a function of AgNO
3
 concentration, whereby the molar 

ratio of AgNO
3
/NaBH

4
 was found to be constant. When 

the amount of AgNO
3
 was increased, the particle size of 

the Ag-NPs gradually increased as well; however, their size 

distribution was found to be narrow. FT-IR showed that there 

was no existing chemical interaction between the talc layers 

and the Ag-NPs.
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Figure 8 Fourier transform infrared spectra of talc and silver-talc nanocomposites at 1 (A2), 2 (A4) and 5 (A5) wt% silver nanoparticles.
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