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/Abstract: Noble-metal nanocrystals with anisotropic shapes
have received increasing interest owing to their unique
properties. Here, a facile route to the preparation of Pt nano-
bars with aspect ratios tunable up to 2.1 was reported by
simply reducing a Pt" precursor in N,N-dimethylformamide
(DMF) at 160°C in the presence of poly(vinyl pyrrolidone)
(PVP). In addition to its commonly observed roles as a sol-
vent and a reductant, DMF could also decompose to gener-
ate CO, a capping agent capable of selectively passivating

Pt{100} facets to promote the formation of nanobars. The
size and aspect ratio of the nanobars could be tuned by
varying the amount of Pt" precursor involved in the synthe-
sis, as well as the concentration of PVP because of its dual
roles as a stabilizer and a co-reductant. Our mechanistic
study indicated that the anisotropic growth resulted from
both particle coalescence and localized oxidative etching fol-
lowed by preferential growth.

/

Introduction

The successful synthesis of noble-metal nanocrystals with di-
verse shapes offers exciting opportunities in a wide variety of
applications."” Even if enclosed by the same crystallographic
facets, nanocrystals taking different geometric shapes could
still exhibit different properties and performances.">? A nota-
ble example can be found in the surface-enhanced Raman
scattering (SERS) property of Ag nanobars, which is highly de-
pendent on their aspect ratio.”! A nanobar is enclosed by six
{100} side faces similar to a nanocube, but elongated along
one (or two) direction with an aspect ratio greater than one.
Besides the unique features in plasmonics, nanobars might
also exhibit attractive catalytic properties. Although the type
of facet or surface structure of nanocubes and nanobars is es-
sentially identical, their difference in specific surface area and
the proportion of undercoordinated atoms situated on edges
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and corners can lead to distinct catalytic performance.'” For
example, the Pt nanobar exhibited different CO poisoning tol-
erance in methanol oxidation reaction as its aspect ratio
varied, but the mechanism is yet to be resolved.”) Moreover,
by enlarging the area in contact with the support, it is expect-
ed that the movement and detachment of nanobars will be
mitigated under the harsh electrochemical conditions, en-
abling higher durability, as reported for catalysts based on
one-dimensional metal nanocrystals.”’

Despite the attractive properties of nanobars, it is challeng-
ing to induce anisotropic growth during a colloidal synthesis
of noble-metal nanocrystals, owing to the constraint from their
face-centered cubic (fcc) lattice.™ Enclosed by multiple equiva-
lent facets possessing surface atoms with the same spatial ar-
rangement and coordination number, there is no intrinsic driv-
ing force for an fcc metal to break its cubic symmetry and
grow into an anisotropic shape. To this end, a variety of strat-
egies have been proposed and demonstrated for generating
nanobars, including particle attachment,*” facet-selected
growth as a result of localized oxidative etching,”® and manip-
ulation of reduction kinetics.”” Although progress has been
made in the synthesis of nanobars, the available synthetic
methods and understanding of the mechanism responsible for
anisotropic growth and symmetry reduction are still limited,
compared with other types of one-dimensional nanostructures,
let alone nanocrystals taking isotropic shapes. To promote the
potential applications of nanobars, it is of critical importance
to deepen our understanding in symmetry reduction for
achieving anisotropic growth in a controllable manner.

Most of the synthetic protocols that have been developed
so far focus on the preparation of Pd,”®'? Ag,®*" and bimet-
allic" nanobars. As for Pt, although it has been demonstrated
as a key catalytic material for a number of reactions and indus-
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trial processes,"” limited success has been achieved in the syn- 0
thesis of Pt nanobars with well-defined facets and controlled )J\ 153 °C HsC. .CHj3
. 14,8 . . . .. . ’CH3 C:O + N
aspect ratio.*® Due to the difference in intrinsic properties H N = lll

among various metals, the synthetic method for Pt nanobars
tends to differ from those developed for other metals and thus
need further study. In an early report, it was demonstrated
that Pt nanobars could be prepared by reducing Na,PtCl, in a
mixture of ethylene glycol and water in the presence
of KBr and poly(vinyl pyrrolidone) (PVP).®! The local-
ized oxidative etching enabled by the CI"/O, pair se-
lectively removed Br~ ions from one of the side faces
on a cube to activate the preferential growth for the
generation of nanobars. However, the product quali-
ty was poor. In another study, Pt nanobars were ob-
tained through the reduction of Pt(acac), by benzyl
alcohol at 180°C in the presence of oleylamine and
formaldehyde as the capping agents.” It was pro-
posed that particle coalescence contributed to the
formation of Pt nanobars, and the aspect ratio could
be tuned by varying the amount of formaldehyde.
However, the explicit roles played by the reactants in
the anisotropic growth and the mechanism for the
control over aspect ratio are still ambiguous.

Herein, we report a facile synthesis of Pt nanobars
by heating a PtV precursor in N,N-dimethylforma-
mide (DMF) in the presence of PVP. In addition to its common
roles as a solvent and a reductant, DMF plays a critical role in
the formation of Pt nanobars by producing a capping agent in
situ. Specifically, CO from the decomposition of DMF at an ele-
vated temperature can act as a capping agent selective toward
Pt{100} facets, facilitating the formation of Pt nanobars. The
aspect ratio and size of the nanobars can be tuned by simply
adjusting the concentrations of the precursor and PVP in-
volved in the synthesis. Besides the explicit roles played by the
reactants in the synthesis, we also uncover the mechanisms re-
sponsible for the formation of nanobars. Our mechanistic
study indicates that both particle coalescence and localized ox-
idative etching followed by preferential growth contribute to
the anisotropic growth vital in the formation of nanobars.

Results and Discussion

In a standard synthesis, the Pt" precursor was reduced by DMF
in an oil bath held at 160°C in the presence of PVP, which
could serve the dual roles as a stabilizer and a mild reducing
agent. Although the temperature of the oil bath was higher
than the normal boiling point of DMF (153 °C), the reaction so-
lution did not boil during the synthesis, probably due to the
increased pressure inside the tightly capped vial. It was expect-
ed that DMF would decompose at such a high temperature to
produce CO (see Scheme 1), a capping agent selective toward
the Pt{100} facets. Figure 1A shows a representative transmis-
sion electron microscopy (TEM) image of the Pt nanobars ob-
tained using the standard procedure. Specifically, about 90%
of the particles in this product showed a bar-like morphology.
The average length, width, and aspect ratio of the Pt nanobars
were 8.0+1.5 42409, and 2.04+0.5 nm, respectively (Fig-
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Scheme 1. Decomposition of DMF at its boiling point (or a higher tempera-
ture) to produce CO.
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Figure 1. (A) Typical TEM image and (B) distribution of the aspect ratio (length/width) of
the Pt nanobars prepared using the standard protocol.

ure 1B). It should be pointed out that the size measurements
were based upon TEM images, and some Pt nanocrystals with
a square projection could also be nanobars vertically oriented
on the copper grid. As such, the purity of the sample tends to
be underestimated, and the actual distribution of aspect ratios
should be narrower.

By changing the concentration of the precursor in the solu-
tion, the size and aspect ratio of the Pt nanobars could be
readily tuned by varying the number of seeds formed during
nucleation and the amount of precursor available for the
growth step. Figure S1 shows TEM images of the Pt nanobars
prepared when the amount of the PtV precursor was varied in
the range of 2-40 mg. When the amount of the Pt" precursor
was increased from 20 mg in the standard procedure to
40 mg, the product had a slightly lower aspect ratio of 1.8 and
a smaller edge length of 5.1 nm (Figure S1A). In this case, more
seeds were formed during nucleation because of the substan-
tially accelerated initial reduction rate. As the amount of pre-
cursor introduced into the synthesis was fixed, a smaller
amount of the precursor would be allocated to each seed for
the following growth process, giving rise to nanobars with a
smaller size and a lower aspect ratio. When the amount of the
precursor was further decreased to 10 mg, the edge length of
the Pt nanobars slightly decreased to 7.3 nm while the aspect
ratio was reduced to 1.4 (Figure S1B). A plausible explanation
is that when the concentration of the precursor was low, fewer
seeds would be generated in the nucleation step, but the
small amount of precursor remained in the solution might not
be adequate for the anisotropic growth of the already formed
seeds. As a result, the nanobars would take a smaller size and
aspect ratio. Therefore, nanobars with the greatest aspect ratio
were only obtained when the amount of the precursor was op-
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timized to 20 mg as used in the standard protocol. This explan-
ation is consistent with the proposed growth mechanism,
which will be discussed at a later point. Interestingly, as the
amount of the precursor was further decreased to 5 and 2 mg,
as shown in Figure S1C,D, nanocubes and nanocrystals with ir-
regular shapes became the dominant species in the product.
The change could be ascribed to a much slower reduction rate
due to the extremely low concentration of the precursor, lead-
ing to the generation of diverse seeds during the nucleation
stage and their growth into particles with irregular shapes.

Since its terminal hydroxy groups have the reducing capabil-
ity, PVP can serve the dual roles as a stabilizer and a mild re-
ducing agent in the synthesis of Pt nanocrystals."® To validate
the role of PVP in the synthesis of Pt nanobars, the amount of
PVP introduced into the reaction was varied while keeping all
the other parameters fixed. Figure S2 shows TEM images of Pt
nanobars prepared using the standard protocol except that
different amounts of PVP were involved. As shown in Fig-
ure S2A, B, changes to the Pt nanobars were not obvious when
the amount of PVP was decreased from 100 mg in the stan-
dard protocol to 50 mg, while a slight increase in size to
8.7 nm and aspect ratio to 2.1 was observed when 20 mg of
PVP was used. The increase in size and aspect ratio could be
attributed to a slower reduction rate at an extremely low con-
centration of PVP, leading to the formation of fewer seeds in
the early stage of the synthesis. In the growth process, more
precursor would be available for growth, resulting in the en-
largement of Pt nanobars. As expected, when the amount of
PVP was increased to 200 and 400 mg (Figure S2C,D), smaller
Pt nanobars with average edge length of 6.2 and 4.2 nm, and
aspect ratios of 1.6 and 1.4, respectively, were formed in addi-
tion to some small particles. This can be rationalized by the
stronger reducing power at a higher concentration of PVP,
leading to the formation of a larger number of seeds and thus
a smaller size for the resultant nanobars. Moreover, self-nucle-
ation occurred due to the accelerated reduction of the precur-
sor, generating some small particles. Taken together, we can
conclude that PVP did not just act as a stabilizer to prevent
the nanocrystals from agglomeration; it could also serve as a
mild reducing agent in the reaction. Collectively, by varying
the concentrations of the PtV precursor and PVP, Pt nanobars
with tunable sizes in the range of 4.2 to 8.7 nm and aspect
ratios ranging from 1.4 to 2.1 could be obtained.

In this synthesis, DMF acted as a solvent, a reducing agent,
and a precursor to the actual capping agent. A number of pro-
tocols involving DMF have been reported for the synthesis of
colloidal metal nanocrystals with different shapes, including Pd
tetrahedra,™ Ag decahedra and icosahedra," and Au decahe-
dra,"® among others. In most of these studies, DMF was
simply regarded as a solvent or a reducing agent. A few stud-
ies, however, demonstrated that DMF could play the role of a
capping agent to affect the shape taken by the metal nano-
crystals. For example, it was proposed that DMF or its oxida-
tion product could serve as a capping agent responsible for
the generation of Au rhombic dodecahedra covered by {110}
facets."”? Moreover, a recent study revealed that DMF was criti-
cal to the formation of ultrathin Pt nanowires because it could
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react with water to produce H, and thus induce the coales-
cence of Pt nanoparticles."® In the present work, in addition to
its common roles as a solvent and a reductant, DMF played an
essential role in the formation of Pt nanobars enclosed by
{100} facets. At its normal boiling point of 153°C or a higher
temperature, DMF would decompose to produce CO and di-
methylamine (Scheme 1).')

It has been well documented that CO could serve as a cap-
ping agent selective toward the Pt{100} facets.”® A recent
study on the synthesis of Pt nanocrystals by heating Pt(acac),
in oleic acid also demonstrated that CO arising from the decar-
bonylation of oleic acid contributed to the formation of Pt
nanocubes and nanobars enclosed by {100} facets.”" Besides
the capping effect, CO could also act as a reducing agent in
the synthesis, facilitating the nucleation and growth processes.
To confirm the presence of CO on the surface, Fourier-trans-
form infrared (FTIR) spectroscopy was performed on the as-
synthesized Pt nanobars. As shown in Figure 2, the FTIR spec-
trum exhibited a well-resolved band at 1990 cm™' and a weak
band at 1824 cm™, corresponding to the linear and bridging
CO species, respectively.”®™ The absence of these two bands
on the FTIR spectra of PVP and DMF indicates that they were
not from the residual PVP or DMF remaining in the sample. It
can be concluded that the CO generated from the decomposi-
tion of DMF served as a capping agent for the Pt{100} facets,
and likely a reducing agent as well, contributing to the forma-
tion of Pt nanobars. Different from previous reports on the
synthesis of Pt nanocubes, during which metal carbonyls®®? or
CO gas flow™® was introduced into the reaction system, DMF
in this simple route not only served as a solvent and a reduc-
tant, but also generated CO in situ for the selective capping
toward Pt{100}. As expected, when DMF was replaced by
benzyl alcohol and ethylene glycol (Figure S3), Pt nanoparticles
with nearly spherical shapes were obtained, suggesting the
pivotal role of DMF as a source of capping agent in the forma-
tion of Pt nanobars.

Since there is no intrinsic driving force for the Pt nanocrys-
tals to grow into an anisotropic shape lower in symmetry than
its cubic lattice, we were interested in understanding the
mechanism responsible for the formation of the Pt nanobars.
To gain insight into the shape evolution and thus elucidate the
mechanism underlying the anisotropic growth, the nanocrys-
tals formed at different time points during the standard syn-
thesis were collected and examined by TEM. Figure 3 shows
TEM images of the intermediates that reveal the morphological
evolution of the nanocrystals from small seeds to nanobars. As
shown in Figure 3A, a large number of small seeds were
formed at the initial stage of the synthesis (t=2h). Att=2.5h
(Figure 3B), in addition to more particles with sizes smaller
than 3 nm, some relatively large bar-shaped particles and trun-
cated cubes were observed. As the reaction proceeded to t=
3.5 h (Figure 3 C), anisotropic growth could be clearly identified
as almost all of the nanocubes and the large particles evolved
into bar-shaped structures with an average aspect ratio of 1.2,
while the number of small particles decreased significantly. If
the reaction was allowed to continue for 6 h (Figure 3D), all
the small particles disappeared from the product, and the re-
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Figure 2. FTIR spectra of the Pt nanobars prepared using the standard protocol, confirming the presence of CO on the surface of the nanobars by showing

well-resolved CO bands corresponding to the linear and bridging configurations.

Figure 3. TEM images of Pt nanocrystals obtained at different time points of
a standard synthesis: (A) 2, (B) 2.5, (C) 3.5, and (D) 6 h, respectively.

maining Pt nanobars exhibited sharp edges and corners, as
well as an increase in aspect ratio to 1.6.

The presence of both bar-shaped and cubic nanocrystals in
the sample obtained at t=2.5h led us to postulate that two
different growth pathways could be involved in the formation
of Pt nanobars. A careful examination of the sample by high-
resolution TEM (HRTEM) revealed that the existence of the bar-
shaped nanocrystals at the early stage of the synthesis could
be ascribed to the coalescence of the initially formed small Pt
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nanoparticles. Figure 4A shows HRTEM image of two Pt nano-
crystals featuring a bar-like shape and continuous lattice fring-
es, validating their single-crystal structure. In addition, the at-
tachment of two adjacent small Pt nanoparticles was also
clearly observed in this sample (Figure 4B-D), demonstrating
the occurrence of particle coalescence. It is noteworthy that
nanoparticles formed at the beginning of the reaction would
be single-crystal while particles with twin defects could be
generated as the reduction rate slowed down due to the con-
tinuous consumption of the Pt precursor. However, in the pres-
ence of ClI” ions released from the precursor and O, dissolved
in the solution, the twinned particles would be selectively re-
moved afterwards as a result of oxidative etching,®” leaving
behind single-crystal nanoparticles. From the thermodynamic
point of view, the small Pt nanoparticles with great mobility
and high surface energy would like to collide and attach to
each other to reduce the total surface free energy. The two
nanoparticles could rotate to join with the lattice planes shar-
ing the same crystallographic orientation (Figure 4B), leading
to the formation of larger nanocrystals with a single-crystal
structure. On the other hand, when the particles attach in an
orientation-mismatched manner, as indicated by the domain
boundaries in between (Figure 4C, D), defects would be includ-
ed in the resultant particle. Despite the polycrystallinity of the
coalesced particle, recrystallization could take place afterwards,
during which the defects would be eliminated, and the surface
of the nanocrystals would be smoothed via lattice rotation and
atom migration in the presence of capping agent. The recon-
struction in structure and shape by recrystallization has also
been observed in the formation of Pd, Pt, and PtFe nanocrys-
tals.”? Moreover, the involvement of recrystallization in the
growth of nanobars is also suggested by the fact that slight
kinks were observed in Pt nanobars formed in the early stage
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Figure 4. HRTEM images of the product obtained at t=2.5 h into a standard
synthesis showing (A) small Pt nanocrystals with a bar-like shape and single-
crystal structure and (B-D) Pt nanoparticles coalesced in (B) an orientation
matched and (C, D) mismatched manner. The red dashed line outlines the
profile of the particles while the arrow indicates the domain boundary be-
tween the Pt nanoparticles.

of a synthesis (e.g., the particle at the bottom of Figure 4A)
while nanobars with well-defined shape were obtained as the
final product. Taken together, particle coalescence followed by
recrystallization of the attached particle in the presence of CO
as a capping agent led to symmetry breaking and elongation
of Pt nanocrystals along one dimension, giving rise to single-
crystal nanobars enclosed by {100} facets. A similar mechanism
involving the particle coalescence was also suggested for the
formation of Pd nanobars synthesized in an aqueous solution
by a different procedure.”

In addition to particle coalescence, the formation of nano-
bars could also be attributed to the anisotropic growth of
nanocubes driven by localized oxidative etching. It was report-
ed that localized oxidative etching was capable of breaking
the symmetry of a nanocrystal through site-selective activation
of the nanocrystal surface.” In this route, oxidative etching
occurs locally on a specific face of the nanocrystal in the pres-
ence of an oxidant/ligand pair, such as O, and halide ions re-
leased from the precursor or other additives.”™ By selectively
removing the capping agent from the surface of nanocrystals,
the activated site would be preferred for the deposition of
atoms in the following growth, resulting in symmetry breaking.
To validate the role of localized oxidative etching in the
growth of Pt nanobars, we conducted the synthesis by follow-
ing the standard protocol except that different types of precur-
sors were used and the atmosphere in the reaction was also
changed. As shown in Figure 5A, by replacing Na,PtCl, with
Pt(acac), that contained no Cl™ ions, the as-obtained nanocrys-
tals exhibited a nearly cubic shape. In contrast, the nanocrys-
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Figure 5. TEM images of Pt nanocrystals prepared using the standard proce-
dure except for the different precursors and atmospheres: (A) Pt(acac),,

(B) Pt(NH;),Cl,, (C) Na,PtCls-6 H,0 together with bubbling Ar into the reaction
solution, and (D) Na,PtCl,-6 H,O with the addition of 0.13 m citric acid, re-
spectively. Insets are magnified TEM images of individual Pt nanocrystals.

tals prepared with Pt(NH;),Cl, as the precursor (Figure 5B)
showed poor purity and uniformity but still contained a por-
tion of nanobars, demonstrating the significance of Cl~ ions in
the generation of nanobars. Furthermore, we conducted the
synthesis under an inert atmosphere by bubbling the reaction
solution with Ar to elucidate the role of oxygen. Although it is
difficult to completely exclude oxygen from the reaction solu-
tion, the as-obtained products contained Pt nanocubes and
nanobars with lower aspect ratios (Figure 5C), suggesting par-
tial inhibition of anisotropic growth because of the reduced
amount of O, in the reaction. Moreover, previous studies have
reported that citric acid could efficiently block oxidative etch-
ing in the synthesis of nanocrystals due to its capability to
react with and thus remove the adsorbed 0,.%%! Following
this strategy, we added citric acid at a concentration of 0.13m
to the standard synthesis. The resultant product was found to
consist of nanocubes and rounded nanoparticles (Figure 5D),
indicating impeded anisotropic growth due to the lack of oxi-
dative etching. A possible explanation for the presence of
rounded nanoparticles is the strong binding of citric acid to
Pt{111} facets, which may hinder the adsorption of CO on Pt
surface and thus the generation of {100} facets. Taken together,
the presence of O, and Cl™ ions released from the precursor is
essential to the formation of Pt nanobars, attesting the signifi-
cant role of localized oxidative etching in the induction of ani-
sotropic growth.

Based on the experimental results, the growth mechanism
for Pt nanobars was proposed as illustrated in Figure 6. At the
beginning of the synthesis, the Pt" precursor was reduced by
DMF at 160°C with PVP serving as a co-reductant, generating
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Figure 6. Schematic illustration of the proposed growth pathways of Pt nanobars. With CO serving as the capping agent for Pt{100} facets, the particle coales-
cence and localized oxidative etching followed by preferential growth both contributed to the anisotropic growth of Pt nanobars.

nuclei that then quickly evolved into small nanoparticles.
Owing to the decomposition of DMF, CO was produced and
acted as a capping agent for Pt{100} facets. Afterwards, two
distinctive pathways could be taken for the generation of Pt
nanobars. Due to the coalescence of the initially formed small
nanoparticles, nanocrystals with larger sizes and bar-shaped
morphology were formed, which later grew into nanobars
with well-defined facets through recrystallization with the cap-
ping effect from CO.

Meanwhile, nanocubes were generated from the growth of
the initially formed seeds, and localized oxidative etching start-
ed to take place. The CI™ ions released from the precursor and
0, in the solution could remove CO on the surface of a nano-
cube by oxidation. Without the capping agent as a physical
barrier to prevent the addition of atoms onto the surface, this
particular site was activated, favoring the deposition of Pt
atoms. Once heterogeneous nucleation selectively occurred on
one of the side faces, the following growth would preferential-
ly take place on the activated surface, breaking the symmetry
of a nanocube. As a result, anisotropic growth was triggered,
promoting the elongation along one direction to generate
nanobars. Taken together, the formation of Pt nanobars could
be ascribed to the coalescence of small particles in the early
stage of the synthesis and the preferential growth on specific
faces of nanocubes activated by localized oxidative etching.

Conclusions

We have demonstrated a facile approach to the preparation of
Pt nanobars by heating a PtV precursor in N,N-dimethyl-
formamide (DMF) with poly(vinyl pyrrolidone) (PVP) serving as
a stabilizer and a mild reducing agent. The involvement of
DMF is critical to the generation of nanobars as DMF played
multiple roles in the synthesis: a solvent, a reducing agent,
and a precursor for generating the capping agent in situ.
Using Fourier-transform infrared (FTIR) spectroscopy, it was
confirmed that CO, which was produced from the decomposi-
tion of DMF at a high temperature of 160°C, served as the
capping agent to selectively adsorb on {100} facets for the for-
mation of Pt nanobars. By varying the concentrations of the
PtV precursor and PVP involved in the synthesis, the aspect
ratio and size of the Pt nanobars could be readily tuned. It was
found that the anisotropic growth was induced by both parti-
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cle coalescence during the early stage of the synthesis and lo-
calized oxidative etching followed by further preferential
growth. This work offers not only a facile route to the synthesis
of Pt nanobars with well-defined facets and tunable aspect
ratios, but also a deeper understanding of the growth mecha-
nism responsible for metal nanocrystals to take shapes lower
in symmetry relative to the cubic lattice.

Experimental Section
Chemicals and materials

Sodium hexachloroplatinate(lV) hexahydrate (Na,PtCl;6H,0, 98 %)
and PVP (M,,~55000) were obtained from Sigma-Aldrich. DMF
(99.8%) was purchased from Acros Organics. All chemicals were
used as received without further purification. Deionized water with
a resistivity of 18.2 MQ-cm was used throughout the experiments.

Synthesis of Pt nanobars

In a standard procedure, 20 mg of Na,PtCl;:6H,0 and 100 mg of
PVP were dissolved in 10 mL of DMF under ultrasonication. The as-
obtained yellow solution was stored in a tightly capped 20-mL
glass vial and heated in an oil bath held at 160°C for 16 h under
magnetic stirring. The solid product was collected by centrifuga-
tion at 6000 rpm for 10 min and then washed with water twice to
remove excess PVP. The Pt nanobars were then re-dispersed in
water for further characterization.

Characterization

TEM images were taken using a Hitachi HT-7700 microscope oper-
ated at 120 kV. HRTEM images were captured on a Cs-corrected FEI
Titan 80 kV TEM at the Oak Ridge National Laboratory (ORNL). FTIR
spectra were performed on a Varian 640 spectrometer through the
use of an attenuated total reflectance (ATR) accessory. The Pt nano-
bars for FTIR analysis were collected by centrifugation and re-dis-
persed in ethanol without further treatment. The sample was drop-
cast on top of the crystal and dried under ambient conditions. The
spectra were recorded in the range of 4000-400 cm™" with a reso-

lution of 8 cm™".
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