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Colloidal Ag and Au nanoparticles have been intensively

studied due to their potential and real applications varying

from optics and catalysis to biomedicine.1-3 Many methods

exist for the synthesis of Ag and Au nanoparticles, but most

processes result in low nanoparticle concentrations due to

aggregation into large particles.4.5 Surfactants, thiols or clays

as capping agents or stabilizing reagents have been used

effectively to prevent the growth and aggregation of nano-

particles. In particular, high concentrations of Ag colloidal

sol have been obtained using synthetic layered clay, laponite

as a steric barrier to prevent aggregation of Ag nanoparticles.6

The use of clay for high concentrations of noble metal

nanoparticles generates nanoparticle/clay composites that

are believed to be important materials with a large variety of

applications in functionalized ceramics, adsorbents, ion ex-

changer and catalysts.7 Noble metal nanoparticles in layered

clays are distributed into central layer spaces and/or on the

external surfaces. The adsorption of Ag nanoparticles on the

external surfaces and edges of talc in Ag-talc nanocom-

posites were suggested based on X-ray diffraction results

that showed little variation of basal d001-spacing.8 In the case

of kaolinite and montmorillonite, intercallation of small Ag

nanoparticles or Ag clusters in the interlamellar space of

layered clay minerals was reported, as well as the formation

of larger Ag nanoparticles on the exterior surface of these

clays.9-12 However, exfoliated noble metal-clay nanocom-

posites are rare in spite of expected high performance due to

large surface areas of clays to allow interactions with

nanometals.

We have been interested in a colloidal synthesis procedure

and found a simple method for very stable (> 24 months) Ag

nanoparticle sols with laponite. The natural hectorite of the

smectites, laponite is utilized as a stabilizing reagent in this

synthesis and forms the basis for production of highly

concentrated solutions of Ag nanoparticles. Laponite is a

synthetic polycrystalline clay and the empirical composition

is Na0.7[(Si8Mg5.5Li0.3)O20(OH)4].
6 The structure of laponite

consists of layers formed by the condensation of two outer

layers of linked Si(O,OH)4 tetrahedra with a central layer of

linked M(OH)6 octahedra, where M is either an Mg or Li

ion. Part of the magnesium ions in the central layer are

substituted by lithium ions, resulting in a net negative charge

of the layer, which is balanced by sodium ions located

between adjacent layers in a stack. The sodium ions in

laponite are exchangeable, and in aqueous dispersions, these

ions diffuse into the water, and plate-like particles with

negatively charged faces are formed. This work reports on

Ag nanoparticles-laponite composites prepared by a freeze-

drying method from resulting Ag nanoparticle sols. The

adsorption behavior of Ag nanoparticles into laponite is

investigated.

As the concentration of AgNO3 increased, the intensity of

the absorption peak at about 397~407 nm in UV-vis spectra

of Ag colloids increased, as shown in Figure 1. The absorp-

tion peak at about 400 nm in Figure 1 is characteristic of

surface plasmon resonance absorption of Ag nanoparticles.13

With the increase of silver nitrate concentration, absorption

peaks at about 405 nm slightly shifted to the shorter wave-

length of about 5-8 nm and new bands at about 418 and 545

nm appeared, as shown in Figure 1(c) and (d). It is reason-

able that absorption peaks at the shorter wavelength are

assigned to small silver nanoparticles adsorbed on laponite

and new bands at a longer wavelength are associated with

the aggregation of Ag nanoparticles growing into larger

particles with increasing silver content in aqueous solution.

Figure 2 shows the result of TEM observation in which

small particles prevailed at low concentrations (Figure 2(a),

(b)) and above this concentration silver nanoparticles were

Figure 1. UV-vis absorption spectra of silver colloids as a function
of AgNO3 concentrations: (a) 0.05, (b) 0.25, (c) 0.50, (d) 2.5 mmol.
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aggregated and larger particles were formed (Figure 2(c) and

(d)). These TEM results are consistent with those of UV-vis.

The particle sizes of small particles and larger particles in

Figure 2(c) are about 3-8 nm and about 10-20 nm, respec-

tively. Figure 3 shows X-ray patterns of Ag nanoparticles-

laponite composites, in which the Ag nanoparticles revealed

X-ray patterns characteristic of silver, although the degree of

crystallinity was different. While the peaks for Ag nano-

particles are broad when the silver content is low, they

sharpen when the amount of silver present is high. The size

of Ag nanoparticles using the Scherrer Formula14 was calcu-

lated from the (111) reflection in the XRD patterns. The

nanosilver particle diameter increases with the increase in

the silver content, as shown in Figure 3. These XRD results

reveal that sizes of Ag nanoparticles are in the range of 7.5-

20.3 nm and this agrees with those of TEM, as shown in

Figure 2. The XRD patterns of Ag-laponite nanocomposites

in Figure 3(a)-(c) show broad peaks with basal d001 spacings

of about 1.40 to 1.47 nm calculated from the d001 reflection

at about 2θ = 6.800, corresponding to an interlayer distances

of about 0.44 to 0.51 nm. The interlayer distance is obtained

after subtracting the thickness of the intrinsic silicate layer

(~0.96 nm) from the basal spacing.15 The sharpness of the

d001 reflection in Figures 3(a)-(c) suggests that the layers of

laponite during freeze-drying are stacked face to face in

ordered tactoids. The intercalation of Ag nanoparticles into

the interlayer of laponite is excluded, because the particle

sizes obtained from the TEM micrographs in Figure 2 and

XRD data in Figure 3 are too large to be accommodated

between the layers of the clay. A considerable amount of

nanosilver particles are to be deposited on the external

surfaces of the clay. With high nanosilver concentrations,

most of the d001 reflections and peaks characteristic of

laponite disappeared, as shown in Figure 3(d) and (e),

suggesting that laponite is exfoliated during freeze-drying.

Ag-laponite nanocomposites are redispersed in water. Figure

4(a) shows a TEM micrograph of the exfoliated Ag-laponite

nanocomposites, in which some of laponite layers appeared

as dark stripes (Figure S1) and uniformly distributed. The

shape and particle sizes of Ag nanoparticles are round, about

10-30 nm, implying that external faces of laponite are cover-

ed with Ag nanoparticles. To understand thermal behaviour

Figure 2. TEM micrographs of nanosilver particles prepared in
various concentrations of AgNO3: (a) 0.05, (b) 0.25, (c) 0.50, (d)
2.5 mmol. The scale bar represents 20 nm. 

Figure 3. XRD patterns of Ag-laponite nanocomposites after
washing with different concentrations of AgNO3: (a) 0.05, (b) 0.25,
(c) 0.50, (d) 2.5, (e) 5.0 mmol. Peaks for Ag nanoparticles can be
indexed according to their face centered cubic structure.

Figure 4. (a) TEM micrograph and (b) XRD patterns of exfoliated
Ag-laponite nanocomposite after washing prepared in concent-
rations of AgNO3: 2.5 mmol. The scale bar represents 100 nm. 
and  represent orthoenstatite and protoenstatite, respectively.
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of exfoliated Ag-laponite nanocomposites the sample was

heated to various temperatures for 4 h in air as shown in

Figure 4(b). The major new peaks started to appear at 700 oC

and were attributed to the formation of enstatite polymorphs

(MgSiO3, JCPDS 19-0768 (orthoenstatite), 11-0273 (proto-

enstatite)).16 The XRD patterns of laponite decomposition

for the thermally treated samples were consistent with those

published for Eu3+ or Er3+ intercalated laponite powder,17,18

confirming the presence of laponites. The nanosilver particle

diameter calculated increases with the increase of temper-

ature from 15 nm at 200 oC to 33 nm at 900 oC as shown in

Figure 4(b). This study shows that there is a critical mole

ratio (negative charge of laponite to AgNO3 =1) for restack-

ing of laponite in ordered face to face. In low content of

silver ions, residual sodium ions diffused into the water would

relocate between plate-like laponites to give stacked face to

face in ordered tactoids. On the other hand in high content of

silver ions a small amount of residual sodium ions are present

and densly populated laponites adsorbed Ag nanoparticles

with large size would interfere restacking of laponite in

ordered fashion during a freeze-drying.

Experimental

Analytically pure AgNO3 (Sigma-Aldrich, 99+%), NaBH4

(Aldrich, 99%), NaOH (Daejung, 98%), and redistilled

deionized water were used for all sample preparations.

Laponite RD (Rockwood) was used without further puri-

fication and was considered as an anionic material with a

negative charge (cationic exchange capacity) of about 50

mmol/100 g. Laponite RD (1.00 g, 0.50 mmol of negative

charge) in 1000 mL water was set at pH 10 using NaOH

(1 M, 5.5 mL) to avoid degradation.19 The solution was

vigorously stirred for 12 h using a mechanical stirrer and

filtered through 0.45 μm pore size Millipore filters. Excess

NaBH4 (9.55 mg, 0.25 mmol) was added into the laponite

solution and stirred for 5-10 more minutes. Separately,

analytically pure AgNO3 (8.58 mg, 0.05 mmol) in 100 mL

water was prepared and Ag colloids in laponite sol were

generated by slowly dropping silver nitrate solution in water

into the laponite solution containing NaBH4. The same pro-

cedure was conducted for the preparation of other concent-

rations of colloidal Ag nanoparticles. Ag-laponite nano-

composites were obtained with a freeze-drying process using

a Samwon deep freezer (SFDSM24L). Ag-laponite nano-

composites were washed with distilled water three times and

dried at room temperature. The morphology and size of the

resulting products were analyzed by a transmission electron

microscope (TEM; JEOL JEM-3010) operating at 300 kV.

The absorption spectra of the nanoparticles were recorded

on a UV2201 Shimadzu UV-vis spectrophotometer using

optical quartz cells. The solid state characterization of nano-

particles in laponite was done by XRD (Rigaku, Ultima IV).
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