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Synthesis of shape-controlled metal nanoparticles has

been intensively studied due to their shape-dependent

material properties.1-5 In particular, gold nanoparticles have

received a great attention due to their usefulness in optical,

chemical, and biological applications.3,6-9 Various shapes of

gold nanoparticles, such as cubes, octahedrons, rods, and

branched multipods have been prepared in a high yield using

seed-mediated method which provides better control over

the shape and size distribution of the nanoparticles.10-17 

In this study, we report on the observation that the particle

shape was dependent upon in situ seed-growth time of our

one pot synthesis of gold nanoparticles. It was found that the

cube yield increased with the increase of the seed-growth

time while a short seed-growth time (~15 min) resulted in

the formation of high-yield octahedral particles. This can

also be regarded as a simple and convenient method of

synthesizing octahedral and cubic gold nanoparticles in

aqueous solution. Although the synthetic methods using

cetyltrimethylammonium bromide (CTAB) and ascorbic

acid have been previously reported, the shape control of gold

nanoparticles relied on the adjustment of the concentration

of reducing agent, gold precursor, activators, or seed parti-

cles. In this report, shape of gold nanoparticles was con-

trolled by tuning only one parameter, the in situ seed-growth

time, without any variation in reactant concentrations or in

the way of a separate seeding.

Typically, a 250 μL of 10 mM HAuCl4·3H2O solution was

added to a 20 mL of 10 mM CTAB aqueous solution. After

the solution was gently mixed, 100 μL of 100 mM L-as-

corbic acid was added to this solution and mixed thoroughly.

The color of the resulting solution changed from yellow to

colorless and the mixture was left to stand for 30 min to

reduce Au3+ to Au+ sufficiently and then 30 μL of 100 mM

NaOH was carefully injected to the bottom of the reaction

vessel. The mixtures were left undisturbed for seed particles

to form and grow for different periods of time (in situ seed-

growth time). The solutions were then mixed thoroughly

after the period of time. 

As shown in Figure 1, the seed-growth time influenced the

shape of gold nanoparticles. It is well-known that the inter-

action between the faceting tendency of the stabilizing agent

and the rate of Au0 supply to the crystallographic planes is

important for the formation of various shapes.14 Generally,

the shape control of nanoparticles of an fcc crystal is related

to their surface energies associated with different facets

which increase in the order of γ{111} < γ{100} < γ{110}.
2 How-

ever, stabilizing agent can interact selectively with different

metal crystal facets and alter their surface energies. In case

of CTAB, it prefers the {100} facets to the {111} facets.

As described before, gold nanoparticles were synthesized

by mixing an aqueous solution of HAuCl4, CTAB, and

ascorbic acid, followed by the addition of NaOH into the

reaction mixture. NaOH was added into the reaction mixture

as an activator producing the Au0 atoms through the re-

duction of Au+ ions,11 since the ascorbic acid only converts

Au3+ ions into Au+ ions.18 Careful addition of NaOH to the

bottom part is a crucial step in obtaining the monodispersed

Figure 1. Schematic illustration of the growth process that we
propose to account for the formation of octahedral and cubic gold
nanoparticles and FESEM images of Au nanoparticles synthesized
under different seed-growth time conditions: ((b): 15 min, (c): 2 h,
and (d): 6 h). The yield of cubic gold nanoparticles at different
seed-growth time (e).



2244     Bull. Korean Chem. Soc. 2013, Vol. 34, No. 8 Communications to the Editor

gold nanoparticles. After adding the NaOH, small seed

particles were gradually formed at the bottom of the reaction

vessel, which was noticeable from the advent of a reddish

color at the bottom layer (Figure S1). This step with the

retarded mixing can be regarded as a control of the local

concentration of NaOH by manipulating its flux. For the

synthesis of octahedral nanoparticles, the solution was

mixed well for dispersing the small seed particles generated

after 15 min from the NaOH injection. This mixing step can

exert very similar effect on the reaction as the addition of

seed particles prepared separately. The dispersed small seed

particles will provide the active sites for metal ion reduction,

which leads to the faster formation of Au0 atoms. At this

condition, octahedrons wrapped by thermodynamically more

stable {111} facets were obtained. On the other hand, when

the reaction mixture was left to stand for a long time without

mixing, cubic gold nanoparticles were obtained. In this

condition, the preferred binding of CTAB on {100} facets

may induce a directed addition of gold atoms onto the {111}

facets, which increases the yield of the cubic nanoparticles

surrounded by CTAB-stabilized {100} facets. 

Figure 1(b), 1(c), and 1(d) are the representative field

emission scanning electron microscopy (FESEM) images of

gold nanoparticles. The morphology and cube yield depend

on the in situ seed-growth time. When the seed-growth time

was given for 15 min, monodispersed octahedral gold nano-

particles were obtained (Figure 1(b)). As shown in Figure

1(b), the orderly assembled gold nanoparticles obtained after

solvent evaporation, reflecting the uniformity of the particles.

With the increase of the seed-growth time, the yield of cubic

nanoparticles, the cube yield, increased and upon an extend-

ed seed-growth (≥ 6 h) the major product was the cubic

nanoparticles. Figure 3 shows the dependence of the cube

yield upon the seed-growth time. The cube yield increased

with the increase of the seed-growth time until 6 h starting

from almost zero at ~15 min. Further increase of the seed-

growth did not improve the cube yield whose maximum was

about 80% (Figure 1(e)). 

One can find that the cubic nanoparticles are less homo-

geneous in size compared with the octahedral nanoparticles

(Figure 1(d)). This can be attributed to the inhomogeneous

environment of the bottom layer due to the interface bet-

ween the bottom (seed-growing) and the upper (remaining)

layer. Close to the interface, the seed-growth in the bottom

layer may be affected by the upper layer whose chemical

composition is different from the bottom layer. Actually, the

two layers are almost fully mixed after 6 h of the seed-

growth time (Figure S1). Therefore, it can be inferred that

the crystal growth has took place along with a retarded

mixing of the solution by diffusion of the reactants, to which

the size distribution of the cubic gold nanoparticles can be

attributed. 

Morphology of the seed particles formed right after the

seed-growth period was also inspected by TEM taking an

aliquot before the additional mixing. The shape of particles

taken after 15 min was nearly spherical having an average

diameter of 10 nm. However, in the case of the sample taken

after 6 h, several shapes were mixed (Figure S2). Although

the cubic nanoparticles were not monodispersed, they were

yet quite homogeneous in size and were obtained in a quite

high yield. It was also found that the sizes of cubic nano-

particles were relatively larger than those of octahedral ones,

which could be attributed to the Ostwald ripening which

might also affect the size distribution. 

In conclusion, we have found a strong dependence of

particle shape upon in situ seed-growth time which basically

is the interval for the delayed mixing of the whole reagents.

The yield of cubic gold nanoparticles increased with increase

of the in situ seed-growth time, while octahedral nano-

particles were the major product when the time was relative-

ly short. This observation, therefore, can also be considered

as a simple method to selectively synthesize octahedral and

cubic gold nanoparticles in high yields without the separate

steps for seed preparation.
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