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The use of nanostructured materials in applications such as
biodetectiort, catalysis? and electronicshas led to an explosion
of interest in the development of synthetic methods for preparing
such structures. The majority of effort thus far has focused on
isotropic, pseudo-spherical structures, but recently, researchers have
made promising advances that are yielding control over particle
size, shape, and compositiérf. These architectural parameters
dictate the physical and chemical properties of a nanostrugture.

Triangular nanoprisms, in particular, are a class of nanostructures
that have generated intense interest due to their unusual optical
properties and the recent development of new methods for preparing
bulk quantities of them.Depending upon composition and desired
dimensions, certain types of prisms can be prepared either thermally
or photochemically2? The photochemical routes, thus far, have
been used to synthesize silver nanoprisms with excellent size

Heiontom),

control. Gold nanoprisms, on the other hand, have been synthesized O 0 t0e, 1700

exclusively by thermal methods with varying degrees of success Figure 1. (A) TEM image of Au spherical and triangular nanoparticles.
regarding purity and size contr®l. Both prism compositions are  (B) Zoom-in image. Inset shows the electron diffraction pattern of the top
particularly attractive for their enhancing properties with respect ©f asingle prism. (C) Histogram of nanoprism edge lengths. (D) AFM image
to Raman spectroscopy. The optical spectra of nanoprisms shouldgl;l:ﬁ:gﬂzzgqs on mica (tapping mode). Inset: height profile along the
exhibit a distinct dipole resonance as observed in isotropic spherical '

structures in addition to weaker higher order resonafd¢eshe The histogram in Figure 1C represents the edge-length size
case of silver, where bulk preparations of high quality and relatively distribution of the nanoprisms. The average edge length of the
pure nanoprisms can be realized, these plasmons have beemanoprisms is 144+ 30 nm. We also measured the average
identified and assigned through experiment and computétioa. spherical nanoparticle diameter and found that it is43%2 nm.

the best of our knowledge, no one has experimentally identified a |nterestingly, electron diffraction analysis of an individual gold
quadrupole resonance for colloidal solutions of gold nanoprisms. nanoprism shows that, unlike lithographically generated structures,
Such structures should exhibit quadrupole resonances as evidencechey are single crystalline and that the large, flat top and bottom
by their identification in lithographically patterned analogé&he faces are [111] facets (Figure 1B). Atomic force microscope (AFM)
identification of higher order surface plasmon resonance modes withimages of the gold nanoprisms confirm that their top and bottom
other metal nanoparticles is important because it provides not only faces are atomically flat with a uniform thickness of Z&.5 nm
greater understanding of their physical properties but also a (13 prisms studied, Figure 1D and inset). This thickness is
spectroscopic fingerprint that can be used to characterize and assesgpproximately equal to the average diameter of the seed nanopar-
the quality of such structures. Herein, we present a synthetic ticles when the thickness of the two layers of CTAB on the top
approach and separation procedure for synthesizing and isolatingand bottom surfaces of nanoprisms is taken into account. This
large quantities of gold nanoprisms with uniform edge lengths and suggests that growth of prisms occurs in two dimensions from the

thicknesses, which has allowed us to use-tiN6—NIR spectros- isotropic seed to form the anisotropic prism.
copy to observe an in-plane quadrupole resonance mode of such The nanoprism growth process has been monitored in real time
structures for the first time. by UV—vis—NIR spectroscopy (Figure 2). The spectra clearly

Our synthetic procedure builds off the work of Murphy et@l.  reveal two distinct bands, the first of which appears at 532 nm and
and involves the preparation of small gold seed nanopartidles (  indicates the presence of spherical particles 882 nm, Figure
5.2+ 0.6 nm) and the subsequent three-step growth of seeds in an1A). The position of this band does not change significantly with
aqueous solution containing the capping agent (cetyltrimethylam- time. The band is assigned to the dipole resonance associated with
monium bromide (CTAB)), gold ions (HAu@BH,0), reducing the spherical gold nanoparticles and its intensity correlates with
agent (ascorbic acid), and NaOH (see Supporting Information). This the concentration of gold nanoparticles in solution. A second band
synthetic procedure produces a mixture of spherical and triangularis observed initially at 750 nm, and this band red-shifts as the growth
gold nanoparticles, each with a relatively homogeneous size process continues. This band is assigned to the dipole resonance
distribution (Figure 1A). In contrast with many other similar of the gold nanoprisms, and at the end of the growth process it
synthetic routes for gold nanostructures utilizing CTAB, our appears in the NIR at 1296 nm in conjunction with another band
synthetic method produced no rods, cubes, or branched struttures. that appears at 814 nm. The shift Afax most likely reflects an
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Figure 2. In situ UV—vis—NIR spectra following the formation of gold
nanoprisms after seed addition.
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Figure 3. (A) TEM image of the purified Au nanoprisms. (B) Correspond-
ing UV—vis—NIR spectra of purified Au nanoprismd)(and DDA
calculation (I).

increase in nanoprism edge len§thhe assignment of this shift in
dipole resonance as a function of time and concomitant increase in
edge length is consistent with theoretical calculations and our
isolation of the final nanoprism product (vide infra). After 30 min

the reaction stops as indicated by fixed dipole plasmon resonances

at 532 nm for the spherical particle products and-a800 nm for

tions from nanoprisms of smaller edge lengths have been consid-
ered. DDA calculations modeling relative populations of each prism
length show that the intensity of the quadrupole resonance from
large prisms is much greater than the intensity of the dipole
resonance of any remaining small edge length prisms in solution
(see Supporting Information). The asymmetry of the experimental
dipole resonance peak atL300 nm is due to the truncation of the
peak by the absorbance of water in the IR region. It should be
noted that additional calculations also showed that the in-plane
dipole resonance peak-atL300 nm is very sensitive to the physical
dimensions of Au nanoprisms, as it is in the case of Ag
nanoprismgd8 The in-plane quadrupole is also affected by those
variations, but less sensitively. For example, the resonance bands
(either of Ag or Au) red-shift with increase in edge length and
sharpness and decrease in thickrfess.

This communication provides a method for synthesizing Au
nanoprisms in their purest form. The purity of such materials has
allowed us to correlate their structure with their optical properties
and identify the quadrupole plasmon resonance, which has never
been observed in solution because of inhomogeneity and impurities
found in the products formed from other preparatory procedures.
In view of the high stability of gold as compared with silver, these
structures should provide a route to synthesizing many technologi-
cally useful materials not attainable with their less noble analogue.
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