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G R A P H I C A L A B S T R A C T

Silver nanospheres, small nanotriangles and big nanotriangles can be separated successfully from their associated nanoparticles by the improved surfactant-assisted
shape separation method and the separated nanotriangles have a relatively high regularity and uniform size.
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A B S T R A C T

So far from the suggestion of a seed-mediated method, there has been considerable development in the con-
trollable synthesis of anisotropic nanoparticles. However, the formed nanoparticles often exhibit considerable
polydispersity in their size or shape. In this work, we improved the surfactant-assisted shape separation method
that were different from gold nanorods reported previously to purify silver nanotriangles and investigated the
important parameters systematically. The results showed that relative amount of CTAB to AgNPs (which was
determined by the concentration and volume of CTAB) and the temperature of CTAB were the critical roles in the
separation of silver nanotriangles. Silver nanospheres, small nanotriangles and big nanotriangles were separated
successfully from their associated nanoparticles by the surfactant-assisted shape separation in twice. The se-
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parated nanoparticles have higher regularity and more uniform size, which is important to enlarge the appli-
cation scope of silver nanomaterials. This improved method allows us to purify silver or other metal nano-
particles prepared by a facile seed-mediated method in high efficiency and yield.

1. Introduction

Anisotropic noble nanoparticles, e.g., nanorods, nanotriangles (tri-
angular nanoplates or triangular nanoparticles) and nanocubes, are of
great interest in recent decades due to their excellent optical behavior
[1], electrical property [2] and catalytic property [3,4]. As a result,
they have been used in the field of analysis and determination [5–7],
biomedicine [8] and nanodevices, antibiotics bacteriostasis [9], cancer
therapy [10,11], sensing application [12], and so on. The properties of
anisotropic nanomaterials are strongly dependent on their morphology
and particle size [13,14]. Therefore, how to obtain silver nanoparticles
with uniform size and morphology is a key problem for their applica-
tions.

It is well-known that silver nanoparticles are commonly obtained by
chemical reduction of silver salt precursor under the protection of or-
ganic or inorganic stabilizers [15–17]. Hard templates are usually used
for fabrication of silver nanowires [18]. The synthesis routes of silver
nanotriangles includes photoinduced conversion [19–21], template
method [22] and solution phase method [12,23]. Xia et al. used poly-
vinyl pyrrolidone (PVP) as coating material and reduction agent to
prepare triangular nanoparticles. Truncated triangular silver nanoplates
were synthesized in solution with the presence of cetyl-
trimethylammonium bromide (CTAB) micelles [23].

However, it is relatively difficult to obtain the uniform nano-
particles by a seed-mediated method (surfactant-directed synthesis,
soft-template technique). For example, while silver nanorods with
controllable aspect ratio have formed, the associated nanoparticles
(such as nanospheres and nanoplates) are also produced due to the
unbalance between nucleation and growth [24]. Consequently, the re-
sulting nanorods are not the same in the aspect ratio. That is to say, the
resulting nanoparticles prepared by a typical seed-mediated method are
commonly a mixture of the nanorods, nanospheres and triangular na-
noplates [25,26]. As a result, efficient and robust separation methods
are important and necessary to obtain uniform nanoparticles from the
mixture.

Usually, high-speed centrifugation is used in separation of the
mixture to obtain the uniform nanoparticles, e.g., silver nanotriangles
or nanorods. This separation method requires that the prepared nano-
particles have a good monodispersity, or the separating effect is very
low so as to not obtain the uniform nanoparticles. That is to say, the
centrifugation method is not suitable for the separation of the nano-
particles with polydispersity. Jana et al. prepared gold nanorods in
CTAB solution and separated the nanorods by adding CTAB solution
into the precipitate for several times [25]. They obtained the highly
monodisperse gold nanorods from the associated nanoparticles by this
surfactant-assisted separation method and thought it was attributed to
CTAB-assisted self-assembly of the nanorods. We noticed that they
isolated the small nanospheres from the 1.0 L solution by centrifugation
and all the precipitates were collected and then dissolved in 10mL of
0.1 M hot CTAB solution. The same dissolved process of the precipitate
needed repeating 4–5 times. Obviously, the separation process will be a
very tedious work to consume time and energy, which does not facil-
itate the shape separation on a large scale. In addition, the main na-
noparticles are gold rod-like nanoparticles rather than silver triangular
nanoplates.

In general, a seed-mediated method is used to prepare nanorods and
nanowires [14,27]. In this paper, we first prepared high concentration
of silver nanotriangles by the improved seed-mediated method. Only
10mL instead of 1 L of the colloidal solution is needed in the separation
of silver nanotriangles from the associated nanoparticles, which make it

easy and efficient to separate the uniform nanotriangles. However,
there are few literatures published to study the separation of silver
nanotriangles from the mixture of the nanoparticles by the surfactant-
assisted inducement. Although the shape separation of gold nanorods
was reported by a short communication [25], no other detailed studies
on the shape separation of gold or other nanoparticles were published.

Here, we attempt to isolate the silver nanotriangles from the as-
synthesized nanoparticles by adding different concentrations, volumes
or temperatures of CTAB solution into the precipitate. Some crucial
parameters were obtained in the separation of silver nanotriangles from
the mixed nanoparticles with different morphologies. Silver nano-
spheres, small nanotriangles and big nanotriangles were separated re-
spectively only by double separation. As a result, silver nanoparticles
with different morphologies, i.e., silver nanospheres and nanotriangles,
can be separated perfectly by the surfactant-assisted shape separation.
The efficiency is superior to that of centrifugation in the separation of
nanospheres and nanotriangles. The nanoparticles with different
shapes, especially the nanotriangles with different side lengths can also
be separated efficiently, even though the CTAB solution at room tem-
perature is employed to replace 50℃ CTAB solution. Obviously, the
separation of the different morphologies of silver nanoparticles and
different side lengths of silver nanotriangles from the mixture is an
effective separation method and can facilitate a large-scale production.

2. Materials and methods

2.1. Preparation of silver nanoparticles

First, silver seed colloid was prepared by the following method,
which is different for 10 times equivalent of reducing agent than one in
traditional seed prepared method: 0.6mL of KBH4 (100mM) was added
into 20mL solution contained 0.25mM AgNO3 and 0.25mM sodium
citrate and then vigorously stirring the mixed solution for 30s. The
formed sol turned to stable pale yellow and was preserved as seed sol to
prepare silver nanotriangles. Under stirring, silver nanotriangles were
prepared by mixing 0.5 mL of 0.01M silver nitrate (AgNO3), 1.0mL of
0.1 M ascorbic acid (Vc), 16mL of 0.1 M CTAB aqueous solution,
0.25mL of the seed sol and 1.0mL of 0.2 M NaOH in order. After NaOH
was added, the conical flask was gently shaken for 30 s and then put
into 25℃ water-bath to maintain the reaction for about 10min. The
colloidal solution changed in color rapidly from colorless to blue-black
and then unchanged obviously after 10min, implying that the reaction
for the formation of silver nanotriangles had finished.

2.2. Surfactant-assisted shape separation for the prepared nanoparticles

Typical separation process is as follows: 10.0mL above prepared
colloidal solution was centrifuged at 10,000 rpm for 10min. The su-
pernatant mainly containing CTAB was discarded and the precipitate
containing main silver nanotriangles, some silver nanospheres and few
silver nanorods was dissolved in 0.4 to 1.5mL of 0.2 to 0.5 M hot CTAB
solution (25 to 80℃). The dissolved solution was aged for 5 h or 12 h to
get the first supernatant and precipitate. The first supernatant presented
in bright yellow, implying that silver nanospheres with a small particle
size were separated out from the precipitate. The precipitate separated
from the first supernatant dissolved in 0.2 to 1.6 mL of 0.1 to 0.4 M hot
and fresh CTAB solution. With the same depositing time or cen-
trifugation at 400 g for 16min, the secondary supernatant and pre-
cipitate were obtained by this simple separation for the next studies.
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