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M
etal nanocrystals have attracted
extensive research attention be-
cause of their unique properties

and various applications to catalysis, biodi-
agnosis, electronic, photonic, and sensor
devices.1,2 The intrinsic properties of a
metal nanocrystal depend strongly on its
size and shape.3,4 Controlled synthesis of
metal nanocrystals is thus important for un-
covering their properties and for achieving
practical applications. Much effort has been
devoted to synthesizing various metal
nanocrystals with different shapes.5�21

Among them, metal nanocrystals with
sharp edges that dramatically increase elec-
tric field enhancement exhibit attractive op-
tical properties,4,21,22 and thus have promis-
ing applications in surface-enhanced
spectroscopies, chemical or biological sens-
ing, and the fabrication of nanodevices.
This has led to an explosion of interest in
synthetic approaches to prepare such metal
nanocrystals.

The polyol process23 is a convenient,
versatile, and low-cost route for the prepa-
ration of element and alloy metal nanopar-
ticles. In this process, liquid polyol or diol
acts both as a solvent of the precursors and
as a mild reducing reagent. In recent years,
this technique has been further modified
through the introduction of shape-
controlled polymers, foreign ions, and seeds
and combined with careful regulation of re-
action temperature for the synthesis of
metal nanocrystals with well-defined geo-
metric shapes. A number of regular metal
nanocrystals which include truncated tetra-
hedra,7 cubes,6�8,24 bipyramids,9

octahedra,8,11,17,25 decahedra,7,17 icosa-
hedra,7 one-dimensional (1D) nanowires,
nanorods,26 nanobars,27,28 and 2D
nanoplates29,30 have been successfully syn-
thesized on the basis of this technique. On
the basis of the selective adsorption of sur-
factant PVP, we reported a polyol synthetic
strategy for octahedral Au nanocrystals in a
polyethylene glycol 600.25 Although this
approach provided a versatile method of
synthesizing Au octahedra, it has a draw-
back that requires a complex and time-
consuming workup procedure for the for-
mation of high-yield Au nanooctahedra.
Another polyol route was developed by in-
troducing Ag� ions to a 1,5-pentanediol so-
lution. Au colloid synthesized by this
method needs a purification process
through centrifugation at 500 rpm to re-
move the big Au particles.8,31 Moreover, oc-
tahedral Au crystals were obtained as the
byproduct (�10%) in a polyvinylpyrroli-
done (PVP)-mediated polyol process for the
synthesis of cubes, truncated tetrahedra,
and icosahedra in an ethylene glycol solu-
tion.7

In addition to polyol synthetic strate-
gies, straight wet-chemical methods were-
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ABSTRACT A straightforward and effective polyol route for the controllable synthesis of high-quality gold

(Au) octahedra with uniform size is presented in an ethylene glycol solution. Large-scale Au octahedra with the

size ranging from tens to hundreds of nanometers were selectively synthesized in high-yield. The surfaces of

octahedral Au nanocrystals are smooth and correspond to {111} planes. Formation of Au nanooctahedra was

attributed to the preferential adsorption of cationic surfactant poly(diallyldimethylammonium) chloride (PDDA)

molecules on the {111} planes of Au nuclei that inhibited the growth rate along the <111> direction. The

reduction rate of gold ions in the synthesis process can be rationally manipulated by acidic and basic solutions.

This provides a facile and effective route to harvest Au octahedra with different dimensions. The synthetic strategy

has the advantage of one-pot and requires no seeds, no foreign metal ions, and no pretreatment of the precursor,

so that this is a practical method for controllable synthesis of Au octahedra. Size-dependent optical properties of

Au octahedra were numerically and experimentally analyzed. The analysis shows that Au octahedra with sharp

edges possess attractive optical properties, promising their applications to surface-enhancement spectroscopy,

chemical or biological sensing, and the fabrication of nanodevices.

KEYWORDS: crystal growth · gold · octahedron · polyol synthesis · size
tailoring · surface plasmon resonance
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also described by a few groups.12,32 However, these

methods could not afford uniform, high-yield octahedra

(yield is about 70�80%). Alternatively, the seed-mediated

preparation pathway employing single-crystal Pt nano-

particles or Au nanorods as seeds for the synthesis of uni-

form Au octahedra was introduced recently.33�35 How-

ever, to the best of our knowledge, controllable synthesis

of single-crystal Pt and Au nanoseeds themselves is also

a challenging task. Moreover, it is difficult to directly and

systematically tailor the dimension of octahedral Au crys-

tals over a wide range by using the previously reported

methods. For example, the maximal size of Au octahedra

synthesized by our previous method was limited to �60

nm. The size of Au octahedra generated by chemical

sharpening Au nanorods was limited by the length and

aspect ratio of Au nanorods.

Figure 1. Low magnification (A) and high magnification (B) FESEM images of the as-prepared octahedral Au nanocrystals;
TEM image of Au nanooctahedra (C) and SAED pattern (D). The electron beam was perpendicular to one of the triangle faces
of an individual octahedral particle. Scale bars for panels A, B, and C are 2 �m, 200 nm, and 200 nm, respectively. Panel E
shows the energy dispersive spectrum for the nanooctahedra on the copper grid.
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Here, we report a new, facile, and straightfor-

ward polyol process for the controllable synthesis

of high-quality Au octahedra by using the polyelec-

trolyte PDDA as stabilizer rather than the traditional

PVP. High-yield (�95%, without purification), mono-

disperse Au octahedra were obtained in a one-pot

reaction with a short reaction time of a few tens of

minutes. Furthermore, the final size can be readily

controlled by introducing acidic and basic solutions

into the reaction medium. As a consequence, the di-

mension of octahedral Au crystals can be straightfor-

wardly and systematically tailored over a wide range.

Large-scale, uniform Au octahedra, the size of which

ranges from tens to hundreds of nanometers, were

selectively and controllably synthesized. Moreover,

this synthetic procedure requires no seeds, no for-

eign metal ions, and no pretreatment of the precur-

sor. The as-prepared octahedral Au nanocrystals

were very stable for months due to the electrostatic

repulsion and steric stabilization provided by poly-

electrolyte PDDA.

For a typical synthesis of Au octahedra, chloroau-

ric acid (HAuCl4) as gold source and PDDA as surfac-

tant were introduced into an ethylene glycol solu-

tion in a glass vial. Subsequently, the vial was

mounted into an oil bath and heated at 195 °C for

30 min. The final products were collected by cen-

trifugation and washed with water for characteriza-

tion and property study.

RESULTS AND DISCUSSION
Structural Characterization of Au Nanooctahedra. Field-

emission scanning electron microscopy (FESEM, Figure

1A,B) images show that practically all of the products

were octahedral nanoparticles. The mean edge length

of the octahedral nanoparticles was 50 nm with a stan-

dard deviation of 3 nm. All the surfaces of the octahe-

dral nanoparticles were smooth with no obvious de-

fects. The transmission electron microscopy (TEM)

image also demonstrates the Au nanoparticles with

hexagonal projection were uniform in size (Figure 1C).

Figure 1D presents the [001] zone-axis selected area

electron diffraction (SAED) pattern recorded by focus-

ing the electron beam on one of the triangle faces of an

Au nanooctahedron. The spots with hexagonal symme-

try were indexed to {220} reflections, which revealed

that each Au nanooctahedron was a single crystal with

{111} lattice planes as the basal surfaces. Energy disper-

sive spectrum (EDS) analysis for such as-prepared

sample confirms that the nanooctahedra consist of

only gold (see Figure 1E, the copper element came from

copper grid).

Influence Factors for the Formation of Au Nanooctahedra. Fur-

ther experiments revealed that the surfactant PDDA

in the solution plays a key role in the synthesis of Au

nanooctahedra. When PDDA was absent, AuCl4
�

ions were quickly reduced to Au atoms, which were

then agglomerated to form random-shaped Au par-

ticles in about 2 min at 195 °C, as typically illustrated

Figure 2. The products synthesized at the reaction temperature of 195 °C in the absence (A,B) and presence (C,D) of surfac-
tant PDDA. The concentrations of PDDA in samples C and D were 5 and 125 mM; the corresponding molar ratios of PDDA to
HAuCl4 were 10 and 250, respectively. Scale bars for panels A, B, C, and D are 100 �m, 5 �m, 500 nm, and 500 nm,
respectively.
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in Figure 2A,B. This reflects that PDDA is crucial for
the formation of octahedral Au nanocrystals. To in-
vestigate the effect of the PDDA concentration, a se-
ries of experiments were performed without chang-
ing other parameters except the PDDA
concentration. Interestingly, octahedral Au nano-
crystals were produced in high-yield over a wide
range of PDDA concentrations from 5 to 125 mM,
which corresponds to the molar ratios of PDDA to
HAuCl4 of 10 and 250, respectively (Figure 2C,D). This
is completely different from the previous reports on
the shape evolution of metal nanocrystals using PVP
as the surfactant,29,30 where the crystal shape usu-
ally evolved to a sphere at a high molar ratio of PVP
to HAuCl4 due to high coverage of PVP on all planes
of Au nuclei.

Previous works on the polyol synthesis revealed
that an appropriate reaction temperature is essential
to obtain the desired product because the reaction
temperature greatly affects the reducing power of poly-
ols and the generation rate of source Au atoms.9,25,29,30

Experiments under different reaction temperatures
were thus conducted in this study. Experimental re-
sults showed that high-quality Au octahedra were pro-
duced dominantly in the temperature ranging from 185
to 195 °C. Moreover, the edge length of Au nanoocta-
hedra was increased from 50 to 60 nm as the reaction
temperature was decreased from 195 to 185 °C. This in-
dicates that the low reduction rate of gold ions in-
duced by decreasing the reaction temperature will re-
sult in large-sized Au octahedra. When the temperature
was further decreased to 160 °C, the product with
golden color was deposited on the bottom of the vial
after the complete reaction. FESEM images displayed
that the products were also dominated by Au octahe-
dra with an edge length of 300�400 nm, as illustrated
in Figure 3. These results indicate that high-yield Au oc-
tahedra can be obtained in a wide temperature region
and that the size of crystal can be manipulated by
changing the reaction temperature. Consequently, the
PDDA-mediated polyol process presented here is a reli-
able and effective synthetic strategy for octahedral Au
crystals.

Reduction Process of AuCl4
� Ions. The essence of the

polyol synthesis is the reduction of a metal salt with a
polyol or diol in the presence of surfactant. AuCl4

� ions
were generally reduced to Au atoms according to the
following reactions.23,29,30

CH2OH - CH2OHf CH3CHO + H2O (1)

6CH3CHO + 2AuCl4
-f 2Au0 + 3CH3CO - COCH3 +

6H++ 8Cl- (2)

However, in the present polyol synthesis, the color
of the gold precursor changed gradually from yellow
to colorless in the initial step (�6 min). The UV�vis
spectrum shows that the absorption band for AuCl4

�

ions disappeared completely, whereas the plasmon
band for Au nanocrystals did not appear, indicating no
Au nanocrystals were produced. Thus, we believe that
the oxidation of gold induced by AuCl4

� ions also oc-
curred during the reaction process, which resulted in
AuCl4

� ions being evolved to AuCl2
� ions. That is, the

as-formed Au atoms generated by reducing AuCl4
�

ions with aldehyde through reaction 2 were oxidized
to AuCl2

� ions through reactions 3�5. AuCl2
� ions

were finally reduced to Au atoms according to reac-
tion 6. It has been revealed that almost complete evo-
lution of AuCl4

� ions into AuCl2
� ions is crucial for the

selective formation of octahedral Au nanocrystals.25

Au0 + AuCl4
-+ Cl-fAuCl2

-+ AuCl3
- (3)

2AuCl3
-fAuCl2

-+ AuCl4
- (4)

2Au0 + AuCl4
-+ 2Cl-f 3AuCl2

- (5)

2CH3CHO + 2AuCl2
-f 2Au0 + CH3CO - COCH3 +

2H++ 4Cl- (6)

For the direct proof of the oxidation of Au atoms,
an experiment was performed by adding HAuCl4 solu-
tion into Au octahedra colloid. In the study, 0.015 mL of
0.5 M HAuCl4 solution was added into 15 mL of 0.5

Figure 3. The products synthesized at the reaction temperature of 160 °C with the concentrations of PDDA and HAuCl4 at
25 and 0.5 mM, respectively. Scale bars for panels A and B are 10 �m and 500 nm, respectively.
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mM, 50 nm Au octahedra colloid (the ratio of Au to

AuCl4
� ions is 1:1); the color of the solution was

changed from brown to reddish (2 min), and then to

faint yellow (2 h) which is a typical color of AuCl4
� ions

(Figure 4A), indicating that Au octahedra were com-

pletely dissolved. The corresponding UV�vis spectra

show that the absorption peaks from AuCl4
� ions and

Au nanocrystals decreased synchronously as the reac-

tion time increased (Figure 4B). Moreover, the absorp-

tion band of Au crystals was blue-shifted and finally dis-

appeared. This reflects that the size of Au crystals

continually decreased, which is consistent with the

TEM observation. As shown in Figure 4C,D, the size of

Au nanocrystals decreased from 50 to 35 nm when

HAuCl4 solution was added into the Au octahedra col-

loid for 2 min. The shape of Au nanocrystal evolved
from octahedron to sphere. The dissolution behaviors
of Au octahedra presented here are similar to the previ-
ous reports on the dissolution of Au nanoparticles and
nanorods induced by AuCl4

� ions in the presence of
cetyltrimethylammonium bromide (CTAB).36,37

Formation Mechanism. When the concentration of Au
atoms produced by reaction 6 has reached a supersat-
uration value, they will start to nucleate and grow into
Au nanocrystals. As is known, the geometrical shape of
a cubical crystal is determined by the ratio (R) of the
growth rate along �100� to �111� direction.38 A per-
fect octahedral nanocrystal (R � 1.73) results from
much higher growth rate of the �100� direction than
that of the �111� direction. Generally, the selective ad-
sorption of surfactants, ions, ligands, or polymers on a
given crystal plane can inhibit the crystalline growth
along one specific direction, leading to a preferential
growth along another direction.6�9,11 Therefore, the in-
troduction of an additive with a selective adsorption
function is widely used for the synthesis of anisotropic
nanocrystals in a solution phase. In our work, surfactant
PDDA was introduced as a stabilizer to prevent aggre-
gation of the products. It has been shown that PDDA
play an important role in the formation of Au nanoocta-
hedra. PDDA is known to be a cationic polyelectrolyte
and thus an initial strong electrostatic interaction be-
tween PDDA and AuCl4

� ions leads to the formation of
stable ion pairs. Consequently, the reduction rate of
AuCl4

� ions in the polyol synthesis of Au nanocrystals
was decreased in the presence of PDDA. It has been re-
vealed that a slow reaction was favorable for the forma-
tion of anisotropic metal nanocrystals.25,29,30 Under
the slow reaction, the growth of metal nuclei can be ki-
netically controlled through the selective adsorption of
polymers or foreign ions introduced in the solution,
which leads to final products that deviate from the ther-
modynamically favored shapes (spheres, cuboctahe-
dra, or multiple twinned particles, etc.). X-ray photoelec-
tron spectra (XPS) and Fourier transform infrared (FTIR)
spectroscopy measured for the repeatedly washed
sample directly verifies that PDDA molecules were
strongly adsorbed on the surface of Au nanooctahedra
(not shown here). This suggests that the surfactant
PDDA serves not only as a stabilizer to prevent the ag-
gregation of the products but also as a strong shape-
controller to assist the formation of octahedral Au crys-
tals through the strong electrostatic interaction with
AuCl4

� ions and through the selective adsorption with
Au nuclei during the crystal growth process. On the ba-
sis of our results, we can infer that (i) PDDA molecules
preferentially adsorb on the {111} planes of Au nuclei,
and consequently the growth rate along the �111� di-
rection is reduced while the growth rate along the
�100� direction is enhanced, which facilitates the for-
mation of octahedral Au nanocrystals; (ii) an electro-
static repulsion between the surfactant PDDA may in-

Figure 4. The color change of Au nanooctahedra colloid after introducing a
given amount of HAuCl4 solution (A), the corresponding UV�vis spectra (B),
and TEM images for sample a and sample b in Figure 4A; scale bar is 50 nm.
Photographs in Figure 4A are Au nanooctahedra colloid (a) and Au nanoocta-
hedra colloid together with HAuCl4 solution for 2 min (b) and 2 h (c), respec-
tively. Curves in Figure 4B were recorded when the solution was diluted (�5)
with water. Curve d is the absorption spectrum for HAuCl4 solution added to
the Au octahedral colloid. The colloid was sampled for optical absorption mea-
surement and TEM observation during the reaction process.
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hibit overadsorption on the surfaces of Au crystals,

and thus the shape of the major product does not

change with the increase of PDDA concentration.

Meanwhile, the as-prepared octahedral Au nanocrys-

tals were very stable for months due to the electrostatic

repulsion and steric stabilization provided by cationic

surfactant PDDA.

Size Tailoring of Au Octahedra. We found that the size of

Au octahedra could be further adjusted through intro-

duction of acidic and basic solutions to the initial gold

precursor. In this way, Au octahedra with various sizes

from tens to hundreds of nanometers were selectively

harvested at the reaction temperature of 195 °C. Figure

5 presents the size evolution of Au octahedra along

Figure 5. Au octahedra with average edge lengths of 63, 80, 95, 110, 125, 160, 230, and 320 nm (A-H) synthesized at 195 °C
by introducing 1 M HCl solution with different amounts (from 0.05 to 0.4 mL) to the initial gold precursor. Scale bars: (A�D)
200 nm, (E�H) 500 nm.

A
RTIC

LE

www.acsnano.org VOL. 2 ▪ NO. 9 ▪ 1760–1769 ▪ 2008 1765



with the concentration of HCl. Octahedral Au crystals
with average edge lengths of 63, 80, 95, 110, 125, 160,
230, and 320 nm were obtained when the concentra-
tions of HCl in the initial gold precursor were 2.5, 5, 7.5,
10, 12.5, 15, 17.5, and 20 mM, respectively. Apparently,
the sizes of Au octahedra were increased with the in-
crease of HCl concentration. It was observed in our ex-
periments that the duration of the color change was
prolonged and the initial reddish color became faint
with increasing HCl concentration. For example, the
color of the gold precursor changed to reddish after be-
ing heated for about 8 min in the absence of HCl. The
light reddish color appeared at about 13 min if the HCl
concentration was increased to 20 mM, and finally the
products of golden color that is the typical color of big
Au crystals were produced. This reflects that HCl can de-
crease the reduction rate of gold ions, and this pro-
vides a new and effective route to synthesize Au crys-
tals with different dimensions by changing the HCl
concentration. Moreover, the monodispersity of Au oc-
tahedra was less than 10% and the yield of Au octahe-
dra was higher than 90%.

In contrast to the acidic HCl solution, the reduction
rate of AuCl4

� ions could be enhanced by the addition
of NaOH solution. We found that a small addition of
NaOH expedited the color change of the gold precur-
sor solution and decreased the sizes of the final gold
crystals. For example, when 0.02 mL of 1 M NaOH was
added into the precursor, a reddish color was observed
after 5 min. In this case, the majority of the final prod-
ucts were 20 nm Au nanooctahedra with slightly
rounded corners (Figure 6A). In particular, the color of
the gold precursor changed immediately from yellow
to reddish when the concentration of NaOH reached 3
mM, suggesting the rate of reduction was greatly en-
hanced. Irregular Au nanoparticles less than 15 nm were
produced as the major product (Figure 6B), which fur-
ther verified that the relatively slow reaction was impor-
tant for synthesis of metal nanocrystals with well-
defined geometric shapes.

The above results suggest that ac-
ids and bases can kinetically manipu-
late the reduction rate of gold ions,
and this in turn affects the initial gold
nucleation process, which is one of de-
termining factors for the shape and
size of the final products. As described
above, the oxidation of Au atoms oc-
curred in this study. The oxidation rate
of Au atoms was generally increased
as the concentration of H� ions in-
creased in the reaction medium.37

Thus, it can be deduced that reduc-
tion reaction of gold ions was inhib-
ited to the left if an acidic solution (in-
crease of [H�] ions in the solution) is
added into the initial gold precursor.

This causes the generation rate of Au atoms to be-

come slower, and produces bigger Au crystals. On the

contrary, when the reduction reaction was driven to the

left through the introduction of a basic solution, hydro-

gen ions are consumed by hydroxyl ions and hence

smaller Au crystals are produced.

Figure 6. TEM images of Au nanocrystals obtained in the presence of NaOH with different
concentration: 1 mM (A) and 3 mM (B). Scale bars are 50 nm.

Figure 7. UV�vis absorption spectra for Au octahedra with
different edge lengths dispersed in water (A). The edge
lengths of Au octahedra from curve a to curve i were 20,
50, 63, 80, 95, 110, 125, 160, and 230 nm, respectively. The
absorption peak as a function of the nanooctahedra edge
lengths (20�110 nm) (B).
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OPTICAL PROPERTIES
The UV�vis�NIR optical absorption spectra of

Au octahedra with different sizes are shown in Fig-

ure 7A. Octahedra with edges �110 nm display a

single resonance that corresponding to dipole sur-

face plasmon resonances (SPR). The absorption

peaks for Au octahedra with edge lengths of 20, 50,

63, 80, 95, and 110 nm were found at 535, 565, 578,

595, 610, and 625 nm, respectively. This shows that

the absorption peak position has a linear correlation

with the octahedron size (Figure 7B). In addition,

the SPR peaks of octahedral Au nanocrystals are red-

shifted compared to spherical Au nanoparticles of

the same size, which is attributed to the sharp struc-

tural features of the octahedra. It has been shown

that intense polarizations localized at such features

typically induces a red-shift in the absorption spec-

tra.4 Moreover, as the particles become larger from

20 to 110 nm, the dipole peak broadens and a shoul-

der at around 540 nm grows. In contrast, large octa-

hedra that have an edge length of 230 nm (trace i

in Figure 6A) display three resonances at approxi-

mately 565, 760, and 960 nm. The emergence of nu-

merous peaks in the optical spectrum is consistent

with multipolar excitation of large metallic

nanoparticles.39�41

To clarify the origin of the observed resonance

peaks of the Au octahedra, we calculated the opti-

cal properties of the octahedra in water using the

discrete dipole approximation.42,43 Details regard-

ing the calculation and the method can be found in

the Supporting Information (SI). Figure 8 shows the

calculated extinction spectra of octahedra with vari-

ous edge lengths between 20 and 230 nm. The re-

sults agree well with experiment and show all of the

same trends in the optical spectra observed upon in-

creasing the edge length. The peak widths for par-

ticles �100 nm (traces a�c) are slightly wider than

those measured experimentally. This is attributed to

the apexes of smaller particles being slightly

rounded. For small Au octahedra, it has been shown

that the sharp tips lead to an interaction between di-

pole resonances rotated 45° from one another that

oscillate parallel to a symmetry plane that bisects the

octahedron into square pyramids (designated as in-

plane modes). The interaction produces a peak split-

ting and resonance broadening. This effect is mani-

fested in traces a and c as shoulders found at 625

and 575 nm, respectively. The splitting is also

present in trace b, but the intensities are approxi-

mately equal leading to a more symmetric peak

shape. This interaction decreases substantially as

the particles get larger than 100 nm, and the in-

plane dipole splitting becomes inconspicuous. Note

that there are also out of plane (perpendicular to the

symmetry plane) dipole modes that contribute to

the excitations at similar wavelengths. As the edge

length reaches 160 nm (trace e), the peak centered

at 750 nm begins to broaden significantly. The emer-

gence of higher-order excitations is evident at ap-

proximately 540 and 675 nm. Three peaks are clearly

resolved at 565, 760, and 960 nm for the octahedra

with 230 nm edges. A detailed analysis of the in-

duced polarizations (presented in the SI) shows that

the peaks at 565 and 760 nm primarily correspond

to out of plane and in-plane quadrupole excitations,

respectively. The peak at 960 nm results from both

in-plane and out of plane dipole excitations that oc-

cur at approximately the same wavelength.

CONCLUSIONS
A low cost and straightforward PDDA-mediated

polyol route for the controllable synthesis of single-

crystalline Au octahedra was presented in an ethyl-

ene glycol solution. This is a facile and effective

method for rapid and large-scale synthesis of uni-

form Au octahedra. The dimension of Au octahedra

could be tailored from 20 to 320 nm by introducing

a given amount of acid and basic solution to the ini-

tial gold precursor. Structural characterization by

FESEM, TEM, and SAED indicated that the surfaces

of the Au nanooctahedron are smooth and corre-

spond to {111} planes. The surfactant PDDA was

found to be crucial for the synthesis of octahedral

Au nanocrystals. Formation of such Au octahedra is

attributed to the preferential adsorption of PDDA on

the {111} planes of Au nuclei that inhibited the

growth rate along the �111� direction. Size-

dependent optical properties of Au octahedra were

numerically and experimentally analyzed. We be-

lieve that octahedral Au nanocrystals with attrac-

tive optical properties could have promising applica-

tions to surface-enhanced spectroscopies, chemical

or biological sensing, and the fabrication of

nanodevices.

Figure 8. Calculated extinction spectra for Au octahedra
with different edge lengths in water. The edge lengths of
Au octahedra from curve a to curve f are 20, 63, 95, 125, 160,
and 230 nm, respectively.
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METHODS
Synthesis of Au Octahedra. The synthetic procedure for Au nano-

octahedra is described below. A 0.4 mL portion of PDDA (Mw �
400000�500000, 20 wt % in H2O, Aldrich) and a given amount of
1 M HCl solution (from 0 to 0.4 mL) was added to 20 mL of eth-
ylene glycol (Aldrich) solution in a glass vial. The mixture was
stirred with a magnetic blender for 1�2 min at room tempera-
ture and ambient conditions. A 0.02 mL portion of 500 mM chlo-
roauric acid (HAuCl4, Aldrich) aqueous solution was introduced
under stirring. The final concentration of AuCl4

� ions and PDDA
in the initial gold precursor was about 0.5 mM and 25 mM, re-
spectively (the molar ratio of PDDA to AuCl4

� ions was 50). The
bottle containing the as-prepared gold precursor solution was
sealed and subsequently heated at 195 °C, which is close to the
boiling point of ethylene glycol, 198 °C, in an oil-bath for 30 min.
During the reaction process, the color of the gold precursor
changed gradually from yellow to colorless in the initial step
(�6 min). A reddish color appeared after the gold precursor was
heated for 8 min, reflecting the formation of Au nanocrystals.
The final product was collected by centrifugation at 15 000 rpm
and washed repeatedly with pure water for characterization and
optical property study. After the centrifugation, the products
were deposited on the bottom of the tubes and the superna-
tant solution became clear and colorless, indicating no Au
nanocrystals existed in the solution. Further experiments, in
which the amount of the reagents were controlled to be identi-
cal to that of the Au nanooctahedra, were also conducted in or-
der to determine the influences of surfactant PDDA and reaction
temperature.

Characterization and Optical Property Measurement. The products
were characterized by FESEM (Hitachi S4300 and FEI XL30) and
TEM (FEI Tecnai F20). The samples for FESEM were prepared by
directly depositing the washed products on the stages. The
samples for TEM examination were prepared by putting a drop-
let of the treated solution on copper grids coated with thin car-
bon film and then evaporating in air at room temperature. XPS
and FTIR measurements for Au nanooctahedra that were repeat-
edly washed with water were performed using a VG ESCA2000
X-ray photoelectron spectrometer with an Mg K� excitation
source and a Fourier transform infrared spectrophotometer (Shi-
madzu IRPrestige 21), respectively. For optical measurement,
the products were dispersed in water and then optical absorp-
tion spectra were recorded with a spectrophotometer (Jasco
V530) in the wavelength range of 400�1100 nm, using an opti-
cal quartz cell with a 10 mm path-length. The optical properties
of the octahedra in water were calculated by using the discrete
dipole approximation.42,43
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