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Abstract Several methods have been offered for silver

nanoparticles production. A new method has been devel-

oped including shape-controlled synthesis of silver nano-

particles in different shapes. Dendrite, cubic, spherical and

porous structures were formed by self-arrangement of the

surfactant as a template under ultrasound radiation. In order

to produce silver particles, ascorbic acid has been used to

reduce an aqueous solution of silver nitrate in the presence

of dodecylbenzenesulfonic acid sodium salt, poly (vinyl

pyrrolidinone), and a mixture of organic and aqueous

solutions. Scanning electron microscopy and transmission

electron microscopy analysis revealed that the morphology

and the size of produced particles were influenced by the

type of capping agent, presence of ultrasound radiation,

and crystallization time. In order to measure the surface

roughness of dendrite and porous particles, an optical

reflectometer was used. Surfactant molecules in an aqueous

solution can aggregate in different shapes depending on

temperature, ionic property of solution, time, and aprotic

solvent content.
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Introduction

In recent years, much attention has been paid to metallic

nanoparticles due to their potential in catalytic, biologic,

and electronic applications (Murphy 2002; Huang and

Murray 2001; Kamat 2002; Zhang 2003; Rosi and Mirkin

2005; Daniel and Astruc 2004; Morones et al. 2005;

Elechiguerra et al. 2005). Their novel optical, thermal,

chemical and physical properties are because of higher

surface energy of nanoparticles compared to the bulk solid

and short mean free path of an electron in a metal

(10–100 nm for many metals at room temperature).

Among various metallic particles, silver nanoparticles

have attracted considerable attention due to their superior

thermal and electrical conductivity (Li et al. 2010; Moon

et al. 2006). Nanoparticle preparation has been developed

through various methods including ultraviolet irradiation

photo reduction (Zhou et al. 1999), sonoelectrochemical

synthesis of nanoparticles (Saez and Mason 2009), micro-

wave-assisted synthesis (Mallikarjuna and Varma 2007),

electrocrystallization (Murashova et al. 2003), electroless

metal deposition (Qiu et al. 2005), photo reduction

(Yonezawa et al. 2005), laser ablation (Brito-Silva et al.

2010; Tsuji et al. 2008; Jiménez et al. 2007). In addition,

several chemical and biological procedures have been

offered involving: polyol (Sun et al. 2003; Zhu and Hu

2004; Gautam et al. 2007; Wiley et al. 2005), hydrothermal

(Zhang et al. 2006), template (Adhyapak et al. 2004; Sun

et al. 2005; Hong et al. 2001), surfactant self-assembly

(Pileni 2003) as chemical methods. Culture supernatant of

bacteria with microwave irradiation (Saifoddin et al. 2009),

and production of metal nanoparticles by microbes (Kannan

Badri and Natarajan 2010) are some examples of biological

synthesis of nanoparticles. Some researchers have consid-

ered the effect of templates. Static, hard and soft templates
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have been, respectively, used to enhance the growth rate of

one crystallographic face over another (Cho 1999; Zhao

et al. 2004; Hu et al. 1999), anisotropic growth (Huang et al.

2000) and synthesis of different shape of particles (Pileni

2003; Suber et al. 2005; Ding et al. 2008; Wei 2006; Eastoe

et al. 2006). Within all these methods, surfactant self-

assembly has been widely reported because of its superior

ability in controlling the size (Jana et al. 2001; Kovalenco

et al. 2007) and morphology (Jana et al. 2001; Kovalenco

et al. 2007; Wang et al. 2002; Johnson et al. 2002; Liu et al.

2009; Nishino and Kanno 2008) of nanoparticles. In the

present work, self-arrangement property of the surfactant as

a template has been investigated to produce different shapes

of particles such as cubic, porous micro-rod, sphere and

dendrite forms under ultrasound radiation.

Following our previous studies on the effect of ultra-

sound radiation on size and size distribution of copper

particles (Moghimi-Rad et al. 2010), simple one-step pro-

cedure have been developed to synthesize anisotropic sil-

ver nanoparticles. Anionic surfactants and neutral polymers

in water/oil solution have been applied as soft templates to

synthesize anisotropic silver nanoparticles. Dodecylben-

zenesulfonic acid sodium salt (SDBS) and poly (vinyl

pyrrolidinone) (PVP) have been applied as a surfactant and

capping agent, respectively. We have studied the effects of

surfactant, polymer molecules and both of them on the size

and morphology of particles in different crystallization

times. Dendrite and porous micro-rod were the results of

silver reduction inside of surfactant self-assembled struc-

tures in the presence of ultrasound radiation.

Materials and methods

Materials and synthesis

All reagents used in this work were analytical grade,

including silver nitrate (AgNO3, Mw = 170 g/mol,

Merck), ascorbic acid (C6H8O6, Mw = 176.12 g/mol, 99%,

Aldrich), dodecylbenzenesulfonic acid sodium salt (SDBS)

(C18H29NaO3S, Mw = 348.48, Fluka), poly (vinyl pyrro-

lidinone) (PVP 6000) [(C6H9NO)n, Merck], and n-heptanes

(C7H6, Mw = 100.21 g/mol, Merck).

A typical synthesis involves the preparation of a solution

consisting of 40 mL deionized water, 0.68 g (2 mmol)

SDBS, 0.22 g (2 mmol) PVP, and 0.36 g (2 mmol)

ascorbic acid in various concentrations (Tables 1, 2, 3). In

order to prepare the first solution, the mentioned materials

had been homogenized, then the second solution consisting

of 20 mL deionized water, and 0.34 g (2 mmol) AgNO3

was added to the first one under ultrasound radiation.

To prepare various morphologies of silver particles, the

final solution has been treated in several distinctive

precipitation pathways (Tables 1, 2, 3). 30 ml of n-hep-

tanes was added to the final solution under sonication

(Probe ultrasonic Sonifer 450, 50–60 Hz), which resulted

in fast rearrangement of surfactants. This reassembly of the

surfactant led to the formation of porous rod and dendrite

structures precipitating instantly. Residue of this solution

has been centrifuged after two different crystallization

times. Centrifuging after 30 min and 5 days led to spheri-

cal and cubic nanoparticles formation, respectively.

Recovered silver particles from the solution were subse-

quently washed with distilled water and dried in the oven.

Typically, during titration of the silver nitrate solution,

ascorbic acid reduces the silver ions to the metallic forms

by an electron transfer reaction. Scanning electron

microscopy, transmission electron microscopy and optical

reflectometer were employed to reveal the morphology,

size and surface roughness of the prepared silver particles,

respectively.

Characterization of silver nanoparticles

In addition to the particle size and size distribution, phase

composition and crystallinity of the synthesized silver

particles were investigated by using an X-ray diffractome-

ter. The phase analysis was conducted on the silver particles

(sample #1). The X-ray diffraction patterns correspond to

silver with a crystalline face centered-cubic (fcc) structure

as shown in Fig. 1. The prepared particles were determined

to be pure Ag without any impurity.

Results and discussion

Basic chemical reaction

Typically, during titration of the silver nitrate solution,

ascorbic acid converts to the oxide form through a radical

reaction and reduce the silver ion to the metallic form.

Effect of capping agent on the particles size

under ultrasonic radiation

Effect of PVP as a capping agent has been studied under

ultrasound radiation. Figure 2 shows SEM images of syn-

thesized particles with and without presence of PVP

(Table 1). Results indicated that presence of PVP could

remarkably decrease the average size of particles, which is
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in agreement with Dan Min et al. report (Dan Min et al.

2008). In our previous work (Moghimi-Rad et al. 2010), it

has been shown that the ethylene glycol (EG) as a capping

agent could influence diversely on the size and size dis-

tribution of synthesized copper particles. This contradiction

in observation can be explained through the different

interaction of protecting agents and ions. As it was

described, copper ion–EG complex retards the reduction

process and consequently increases the particles size

(Moghimi-Rad et al. 2010). In the present work, due to the

reduction ability of both PVP molecules (Dan Min et al.

2008; Wu et al. 2010; Kan et al. 2005) and ultrasound

radiation (Liu et al. 2009; Solano Ruiz et al. 2010; Talebi

et al. 2010), the reduction reaction of silver ions can be

facilitated. The presence of PVP not only facilitates the

production of silver atoms, but also prevents individual

colloidal particles from coalescing with each other (Ahmadi

et al. 1996), which results in finer particles with narrower

standard deviation.

Effect of surfactant on the particles morphology

and size under ultrasonic radiation

Silver particles have been produced in the presence of

SDBS in order to investigate the effect of surfactant self-

assembly on the size and shape of particles under ultra-

sound radiation. Results show that applying different

combinations of solvents including water (Fig. 3a) and

water/n-heptanes (Fig. 3b) could influence surfactant self-

assembly, leading to different morphology and size of

particles. In static condition, presence of hydrophobic

solvent affects the surfactant self-arrangement and results

in porous microstructures (sample #3). Following the

attachment of positive silver ions to the micelles surface,

repulsive force will be reduced within anionic heads of

surfactant molecules, leading to an increase in packing

parameter (Zhang et al. 2004), so large porous silver par-

ticle formation is the result of an expansion in spherical

micelles (Fig. 3a). Dumbbell-like structures have been

produced by adding n-heptanes during the sonication.

Vinson et al. (1991) showed that addition of n-heptanes

could increase the packing parameter, so that reverse

micellar structures will form. On the other hand, Wang

et al. (2009) reported the effect of dodecanol on the self-

assembly of SDS to form dumbbell-like structures of CuO.

Thus, it can be concluded that the presence of n-heptanes

Table 1 Reactions with and without PVP as a protecting agent

Sample ID Protecting agent Protecting agent (mmol) Ultrasound radiation Solvent

#1 – – Yes Water

#2 PVP 2 Yes Water

Table 2 SDBS as a protecting agent with and without n-heptanes solvent

Sample ID Protecting agent Protecting agent (mmol) Ultrasound radiation Solvent Separation

#3 SDBS 4 Yes Water Self-precipitation

#4 SDBS 4 Yes Water and n-heptanes Centrifuge

Table 3 SDBS and PVP as protecting agents in different precipitation pathways

Sample ID Protecting agent Protecting agent (mmol) Ultrasound radiation Solvent Separation pathway

#5 SDBS and PVP 4 and 2 Yes Water and n-heptanes Self-precipitation

#6 SDBS and PVP 4 and 2 Yes Water and n-heptanes Centrifuge after 30 min

#7 SDBS and PVP 4 and 2 Yes Water and n-heptanes Centrifuge after 5 days

Fig. 1 X-ray diffraction of synthesized silver particles (sample #1)
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disturbs the charge balance of surfactant, which causes

conjugated inverse micelle. This procedure led to produc-

tion of silver particles with dumbbell-like structures par-

allel to silver ions reduction inside the inverse micellar

templates (Fig. 4).

Effect of using PVP in company with SDBS

on the shape and size of the particles under ultrasonic

radiation

In order to investigate the self-assembly behavior of SDBS

in the presence of PVP, both SDBS and PVP have been

used simultaneously in the mentioned reaction condition.

Addition of n-heptanes to the reaction mixture consisting

of surfactants and capping agents resulted in porous surface

and dendrite particles (Fig. 5a, b). Figure 5 indicates the

probable structures of the surfactant in the presence of PVP

and ascorbic acid before and after addition of n-heptanes.

Similar to silver ions, PVP and ascorbic acid molecules

arrange according to their hydrophilic properties in spher-

ical micelles. Diffusion of ascorbic acid within the sur-

factant molecules decreases their availability to reduce

silver ions, therefore retards the reduction process (Arıkan

and Tunçay 2006). Titration of n-heptanes to the reaction

mixture under ultrasound radiation could result in electro-

static force balance disruption among organic molecules.

According to Suber et al.’s (Suber and Plunkett 2010)

report, polymer (polynaphthalene) can organize the silver

particle chains in dumbbell-like structures, so it can be

deduced that the presence of PVP molecules in contact

with the surfactants not only prevents them from detach-

ment, but also arranges them in a directional structure

along liner polymer molecules. This rearrangement facili-

tates the reaction between ascorbic acids and silver ions,

thus metallic silver could be instantly formed inside these

surfactant templates (Fig. 6).

Sonication continuance resulted in homogenously

dispersion of n-heptanes in water/surfactant solution and

production of stable spherical micelles. Spherical nano-

particles could be produced by Silver ions reduction

inside these micellar templates (Fig. 5c), which were

recovered from the reaction mixture by centrifuging after

30 min. Centrifuging after 5 days delay rearranged sur-

factant structures from spherical to cubic forms. Parallel

to this evolution, unstable fine nanoparticles tend to

crystallize in a cubic structure (Fig. 4d) to reduce surface

energy of particles. In a certain proportion of water,

silver ions, surfactants, PVP molecules, and n-heptanes,

longer crystallization time led surfactant molecules to

arrange in cubic structures. To reveal the shapes and

crystallinity of dendrite particles, transmission electron

microscopy (TEM) analysis and selected area electron

diffraction (SAED) have been used. The SAED patterns

indicated polycrystalline structure of dendrite particles,

Fig. 2 SEM images of

synthesized silver particles.

a Without using any capping

agent (sample #1); b in the

presence of 2 mmol PVP

(sample #2)

Fig. 3 SEM images of

synthesized silver particles.

a Self-precipitated particles

after reduction (sample #3);

b produced particles after

adding n-heptane, sonicating

and then centrifuging (sample

#4)
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which could be expressed because of silver ions fast

reduction. Fast production of silver atoms prevents them

from arrangement in single crystal structures. The

cloudy-like boundary of dendrite particles in Fig. 7a

probably indicates the presence of PVP and SDBS

molecules.

Surface porosity of micro-rod and dendrite silver

particles have been investigated by using an optical

Fig. 5 SEM images of

synthesized silver particles.

a and b Self-precipitated

particles after reduction (sample

#5); c precipitated particles by

centrifuging after 30 min

(sample #6); d produced cubic

particles after 5 days

crystallization time (sample #7)

Fig. 6 Schematic structures of ascorbic acid, PVP, surfactant and silver ions with and without the presence of ultrasound radiation and

n-heptanes
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reflectometer device. Results (Fig. 8) revealed that

roughness average (RA) for micro-rod surface is 354 nm,

and root mean square (RMS) which indicates roughness

average precisely, is about 434 nm. Highly porous

synthesized particles are useful for catalytic activity

(Harunar Rashid and Mandal 2007), heat transfer appli-

cation (Murtha et al. 2007), antibacterial property

(Vimala et al. 2010; Jing et al. 2008), etc. Figure 9

revealed surface roughness of dendrite structures. As it

was shown in Fig. 9b, fluctuation of height values is

about 2 lm, which is more than porous micro-rod sur-

face roughness. On the other hand, oblique plot shows

branchy structures of surface confirming the dendrite

structure of particles.

The surface plasmon property of particles has been

investigated by using UV/Visible spectrophotometer (Per-

kin Elmer Lambada 25). The intensity of the peaks around

430 nm, which is assigned to the plasma resonance of Ag

particles, increased and the peak shifted to the longer

wavelength (red shift) showing an increase in the size of

the silver nanoparticles (Guoping et al. 2005). Figure 10a

shows absorption spectra of final solution compared with

initial agents. Absorption at 416 nm revealed the surface

plasmon of silver particles with different shapes in the final

solution. Absorption spectra of dendrite structure at

436 nm correspond to surface plasmon vibration of

particles. Broad absorption could be related to the large

size and size distribution.

Conclusion

Pure silver nanoparticles have been synthesized via a wet

chemical reaction in the presence of capping agent and

surfactant under ultrasound radiation. In summary, size

and shape variation of silver particles have been inves-

tigated in the presence of PVP, SDBS, and both of them.

PVP molecules could reduce the size of synthesized

nanoparticles due to an increment in the reduction rate

and prevent individual colloidal particles from coalescing

with each other. Porous spherical and dumbbell-like

structures were produced by surfactant (SDBS) self-

assembly in water and water/n-heptanes solutions,

respectively. Results show that simultaneous usage of

PVP and SDBS could affect the particles morphology by

changing the transition structures of surfactant under

ultrasound radiation. Presence of PVP molecules in con-

tact with SDBS causes the directional growth of particles,

along liner polymer molecules. Homogenous dispersion

of n-heptanes with and without retardation time causes

different morphology (spherical and cubic) related to

the surfactant self-arrangement and crystallization

Fig. 7 TEM images of

synthesized dendrite particles.

a, b Dendrite particles (sample

#6); c, d selected area electron

diffraction (SAED) of

synthesized dendrite particles
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time. TEM analysis revealed that fast reduction of silver

ions prevents silver atoms from producing regular

arrangement, so polycrystalline structures is a result of

reaction instead of single-crystalline structures. Optical

refractometer revealed surface roughness of porous

micro-rod and dendrite structures. In addition, optical

spectroscopy has been used to consider the surface

plasmon vibration of particles.

Fig. 8 Refractometer analysis of porous micro-structure

Fig. 9 Refractometer analysis of dendrite structure
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