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Triangular gold nanoplates were prepared both by chemical
and photoreduction methods. Uniformly sized nanoplates were
obtained and their extinction spectra agree with those calculated
by discrete dipole approximation with aspect ratios obtained by a
transmission electron microscope.

Metal nanoparticles show unique properties that are differ-
ent from those of bulk metals.1,2 Silver and gold triangular
nanoprisms and nanoplates display interesting localized surface
plasmon resonances.3–11 They are particularly of interest in that
the electromagnetic field is enhanced around the vertices of the
particles. Furthermore, when two or more triangular particles
meet, the enhancement is magnified which is expected to sig-
nificantly affect spectral properties such as surface-enhanced
Raman scattering.12–14 Recently much effort has been directed
toward preparing triangular gold nanoprisms and nano-
plates.15–20 We would like to report here simple chemical and
photoreduction methods to prepare triangular gold nanoparti-
cles.

In the chemical reduction method, we used tartaric acid as
the reducing agent and hexadecyltrimethylammonium chloride
(CTACl) as the protective agent. A solution containing 0.5
mM (1M = 1mol dm�3) HAuCl4, 2.2mM CTACl, and
45mM tartaric acid was placed in an oil bath kept at 40 �C. After
standing for 10min, the bath temperature was increased to 67 �C,
where the reaction took place for 10min, after which the solution
was taken out of the bath. Transmission electron microscope
(TEM) observations were made using a Hitachi H-8100 TEM
with 200-kV acceleration voltage. Figure 1 shows TEM images
of the nanoparticles obtained. Figure 1a shows a typical example
of two-dimensionally arranged triangular nanoplates with side
lengths of 54� 9 nm, and Figure 1b shows that their thickness
is 15 nm. In Figure 1a, some particles appear to be diamonds, but
a magnified image shows that they are triangles (Figure S1).21

TEM and selected area electron diffraction (SAED) images ob-
tained using a JEOL JEM-4000EX TEM with 400-kV accelera-

tion voltage are shown in Figure S2,21 where the SAED pattern
shows that the particle is a single-crystalline gold with (111)
main face. In Figure 1b, some particles may appear to be rods,
but they are seen to be triangular plates when TEM images are
taken with tilted angle (Figure S3).21

In the photoreduction method, we used a 500-W high-pres-
sure mercury lamp (Ushio UI-502Q).22 After nitrogen bubbling,
aqueous solutions containing HAuCl4, CTACl, HCl, and KCl in
a quartz cuvette (1-cm path length) were irradiated by a collimat-
ed beam from the lamp for 3 h at 35 �C. After the reaction, the
solution was allowed to stand for 30min, and the purple super-
natant solution, which contained smaller spherical particles
and rods, was discarded. The sediments were dispersed by add-
ing water, and larger particles were separated by centrifugation.
Figure 2 shows a TEM image of particles with side length of
100 nm (Figure 2a) and thickness of 8 nm (Figure 2b) obtained
by irradiating the solution containing 2.1mM HAuCl4, 3.5mM
CTACl, 150mM HCl, and 66mM KCl. When the HCl concen-
tration was 50–150mM and the KCl concentration was 30–
70mM, similar results were obtained.

Figure 3 shows the extinction spectra for our triangular
plates. The 54-nm side length gold nanoplates show a peak at
550 nm and a tail extending up to about 800 nm, whereas those
of 100-nm side length display two broad extinction peaks at
593 and 850 nm. In order to examine these peak wavelength dif-
ferences, we calculated extinction spectra for two perfect gold
triangular nanoplates with side lengths of 54 and 100 nm with
different ratios of the side length to the thickness, i.e., aspect ra-
tio (R), by discrete dipole approximation (DDA)23 using the gold
dielectric function.24 The calculated extinction spectra are
shown in Figure 4. The R value dependence of the major peak
wavelengths, � , (longer than 600 nm) for the two different plates
is shown in Figure S4.21 The �max values increase linearly with
increasing R value and are expressed as

�54 nm ¼ 544:4þ 17:7R ð1Þ

�100 nm ¼ 601:7þ 17:7R ð2Þ

(a) (b)

Figure 1. TEM images of the gold nanoparticles obtained by
tartaric acid reduction of HAuCl4 in the presence of CTACl.
Scale bars: 100 nm.

(a) (b)

Figure 2. TEM images of the gold nanoparticles obtained by
photoreduction of HAuCl4 in the presence of CTACl, HCl,
and KCl. Scale bars: 100 nm.
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for the 54- and 100-nm plates, respectively. These peaks are due
to the in-plane dipolar plasmon resonances. In Figure 4, there are
small peaks for the 100-nm plates at 583 and 617 nm for 7- and
5-nm thicknesses, respectively. These peaks are due to the in-
plane quadrupolar resonance.

From the TEM observation in Figure 1b, the 54-nm plate
thickness is about 15 nm. For this plate, the R value is 3.6, and
the peak wavelength is calculated to be 608 nm using eq 1. This
calculated wavelength is 58 nm longer than the peak wavelength
for our 54-nm plate (550 nm). In the case of triangular silver
nanoplates, the calculated peak wavelengths are reported to be
blue-shifted with increasing snip length.4 The 58-nm wavelength
difference of our 54-nm plates could be explained by some de-
gree of snipping.

From the TEM observations the thickness of the 100-nm
plate is about 8 nmwhich corresponds to an R value of 12.5. Sub-
stituting this value into eq 2, the peak wavelength is obtained
to be 823 nm, which is close to the observed value (850 nm in
Figure 3b). Alternatively if we substitute the observed peak
wavelength (850 nm) into eq 2, the R value is obtained to be
14. From this value, the thickness is calculated to be 7.1 nm,
which is close to the thickness of 8 nm obtained from the TEM
observation. Thus, the calculated extinction spectrum may assist
in determining the actual plate thickness when the thickness de-

termination is difficult. The other extinction peak at 593 nm
(Figure 3b) is higher than that from DDA (Figure 4), which
would be due to the presence of smaller particles.

In summary, we prepared two kinds of size-controlled trian-
gular gold nanoplates, whose extinction spectra agree fairly well
with those calculated by DDA.
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Figure 3. Extinction spectra of the gold nanoparticles obtained
by tartaric acid reduction (a) and photoreduction (b).
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Figure 4. Calculated extinction spectra for the 54- and 100-nm
gold nanoplates of various thicknesses, 5, 7, 10, 15, and 20 nm
for the 100-nm plate and 3, 5.4, 10.8, and 15.2 nm for the 54-
nm plate. Solid lines: 100-nm plate. Dashed lines: 54-nm plate.
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