J

AlC

S

COMMUNICATIONS

Published on Web 08/28/2008

Purification of High Aspect Ratio Gold Nanorods: Complete Removal of
Platelets

Bishnu P. Khanal and Eugene R. Zubarev*

Department of Chemistry, Rice University, Houston, Texas 77005

Received August 1, 2008; E-mail: zubarev@rice.edu

The properties of nanostructures are known to be dependent on
their shape.' Many literature reports describe the preparation of
various nanostructures, but only few methods offer nearly quantita-
tive yields of a targeted shape. In most cases mixtures of shapes
are produced and the separation of a particular component may be
the only way to obtain it in a pure state. Several techniques that
can separate nanoparticles have been reported in the literature
including HPLC, diafiltration, capillary electrophoresis, and gel
electrophoresis.® However, their applicability to CTAB-coated large
nanostructures has not yet been demonstrated. A well-known
example and long-standing challenge is given by high aspect ratio
gold nanorods, which can only be prepared in solution by a three-
step seed-mediated method.* Unfortunately, the content of rods in
the mixture that forms during that synthesis is very low (<20%),
and two other components (spheres and platelets) are present in
much higher quantities. Multiple rounds of centrifugation can
remove the majority of spherical particles, but the remaining mixture
of rods and platelets is known to be inseparable.*> Here we
demonstrate that a partial dissolution of that mixture with Au(IIl)/
CTAB complex transforms platelets into smaller nanodisks, which
have much higher solubility and remain in the supernatant
indefinitely while the pure nanorods slowly precipitate. This
technique allows for the isolation of nearly all nanorods that were
present in the initial mixture and brings the level of their purity to
at least 99%. In addition, the separated nanodisks are ~90% pure
and can be converted back to multifaceted platelets when treated
with growth solution containing Au(l) ions and ascorbic acid.
Therefore, the initial mixture can be separated into individual
components, which is demonstrated by a combination of TEM,
UV—uvis, and NIR spectroscopy in deuterated water.

Figure 1A shows a representative TEM image of structures that
form under standard conditions known as the three-step seed-
mediated method introduced by Murphy et al.* Three major
components of the mixture are spherical nanoparticles (~50 nm),
multifaceted platelets (100—150 nm), and high aspect ratio rods.
The surface of all nanostructures is stabilized by a bilayer of CTAB
molecules, which are present in high concentration (0.1 M). The
solubility of nanostructures in CTAB-saturated aqueous solution
is mainly dependent on their overall size and surface-to-volume
ratio. Because of that spherical particles possess the highest solution
stability and do not precipitate. This is in contrast to large platelets
and nanorods which undergo gravitational sedimentation if the
solution is left undisturbed for 10—12 h. At this point the
supernatant containing nearly pure spheres (see Supporting Infor-
mation, Figure S1) can be removed and the precipitate can be
redispersed into CTAB solution (Figure 1B). Our initial attempts
to separate platelets from rods using conventional centrifugation,
membrane filtering, electrophoresis, and density gradient gel
centrifugation have failed completely. This result may not be
surprising considering the fact that the average masses of platelets
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Figure 1. TEM images of gold nanostructures prepared by a three-step
seed-mediated method: (A) as-synthesized mixture; (B) mixture of faceted
platelets and rods after the removal of small spherical particles; (C) mixture
of nanodisks and rods that was obtained by treating the mixture shown in
panel B with Au(III)/CTAB complex; (D) nanorods precipitated from the
solution of the mixture shown in panel C. All images are taken at 12000
magnification; all scale bars are 200 nm.

and rods are very similar. For example, a 20 nm thick triangular
prism (100 nm) has nearly the same mass as a 300 x 20 nm
nanorod.

In a separate project we were investigating the oxidation of gold
nanostructures by a complex that forms when Au(Ill) ions are added
to CTAB aqueous solution. Interestingly, the rate of dissolution is
strongly dependent not only on the size as was previously
demonstrated,® but also on the actual shape of nanostructures. We
noticed, for example, that the treatment of the mixture of platelets
and rods with Au(III)/CTAB complex results in a conversion of
platelets into smooth disklike structures. More importantly, a nearly
40% reduction in the size of platelets occurs when the size of
nanorods is decreased only by ~20% (Figure 1C). This difference
in the rate of dissolution turned out to be critically important because
the resulting nanodisks became fully soluble, whereas the shortened
nanorods were still heavy enough to undergo gravitational sedi-
mentation in 12 h. Examination of the precipitate by TEM revealed
that the rods had a fairly narrow size distribution measuring 22 +
2 nm in diameter and 247 4+ 31 nm in length, and the content of
impurities was found to be less than 1% (Figure 1D).

The dissolution of the platelets/rods mixture is accompanied by
its continuous change from dark brown to green and further to blue
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Figure S5. Extinction spectra of D,0 solutions of isolated nanostructures plotted as a
function of wavelength (left, see also Fig. 3 in the text) and as a function of energy
(right). Letters S, D, P, and R stand for spheres, disks, platelets, and rods, respectively.
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