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Intermetallics are compounds of metals that display crystal ' " ‘\‘l

structures different from the constituent mefaonsequently, these / ’/ y
materials possess distinctly different electronic, magnetic, catalytic, '

and mechanical properties in comparison to their disordered alloy / ///-/’
counterparts. In recent years, crystal phase- and shape-controlled //

platinum-based intermetallic nanostructures have attracted lots of \
N

research attention because of their potential applications in ultrahigh
W

magnetic data storage as illustrated in face-centered tetragonal (fct)
4

that platinum-containing intermetallic phases such as PtPb, PtBi,
and Ptin show superior electrocatalytic properties toward the
oxidation of small organic molecules for fuel cell applications when

compared to their disordered alloys.

The nonhydrolytic colloidal synthesis of nanoparticles has
garnered the attention of many researchers because of its versatility
and success in synthesizing nanoparticles of various compositions
and shape%:° The colloidal intermetallic nanoparticles can be
synthesized either by co-reduction of metal catléisor mixing
a known amount of metal nanoparticles followed by an annealing .
process? 14 In either case the final products were composed of 2.Theta (degrees)

large aggregates of nanoparticles, which are not desirable for Figure 1. (a) TEM image and (b) selected area electron diffraction pattern

catalytic application. The control of size and shape of intermetallic from a single PtPb nanorod and (c) PXRD pattern of ensemble of PtPb
nanoparticles, however, has been met with limited success becaus@anorods. The inset of panel a shows a HRTEM image of the tip region of

of the difficulty in achieving the simultaneous reduction of cationic & PtPb nanorod. The inset of panel b shows a simulated electron diffraction
metal precursors and the inability to identify suitable stabilizing Pattern from a single PtPb nanorod with tid 0-izone axis.

agents. The intrinsic crystal structures possessed by intermetallics calculated from the SAED pattern were consistent with those of
however, should promote the formation of nanoparticles with the hexagonal PtPb with= 5.48 A andc = 4.24 A (space group:
interesting shapes. In this Communication, we demonstrate the p6y/mmg, which has the NiAs-type structure, Table S1. The
synthesis of ordered intermetallic PtPb nanorods. The formation elliptical shape of the diffraction spots arise because of an
of rodlike morphology is attributed to the difference in coordination anisotropic distribution of shape factors of the PtPb nanofbds,
numbers of the platinum or lead adatoms of the growing low-index where the short axis of the diffraction spot was parallel to the (001)
surfaces. directions, confirming that the nanorods grew alongdfais. The
PtPb nanorods were synthesized by simultaneously reducingPXRD pattern confirms the nanorods were made of pure PtPb
platinum acetylacetonate (Pt(acg@nd lead acetylacetonate (Pb- intermetallic phase (JCPDS database-International Centre for Dif-
(acac)) with tert-butylamine-borane (TBAB) complex in a mixture  fraction Data, 1999, PCPDFWIN version 2.02) (Figure 1c). The
of diphenyl ether, adamantanecarboxylic acid (ACA), hexade- energy-dispersive X-ray (EDX) spectroscopy data also indicate that
canethiol (HDT), and hexadecylamine (HDA) at 18D under an the Pt/Pb atomic ratio was'50/50 for as-synthesized nanorods,
inert atmospher& Figure 1 shows the transmission electron Figure S2.
microscopy (TEM) images, selected area electron diffraction  In this reaction mixture, the Pt and PB* salts were reduced to
(SAED), and powder X-ray diffraction (PXRD) patterns of the PtPb intermetallic PtPb by a strong reducing agent, TBRBNhile
nanorods made at a reaction time of 30 min. These nanorods hadTBAB was very important in the shape control, the molar ratios
an average length of 4% 12 nm and a width of 5.9 3.4 nm, and reaction time of other reagents, including HDA, ACA, and
which led to an average aspect ratio of &22.8 (Figure 1a and HDT, were also critical for obtaining PtPb intermetallic nanorods
Figure S1). The inset of Figure 1a is a high-resolution TEM image (Figures S3-S6). This result was in contrast to those previously
of the tip of a representative nanorod. The lattice distance normal synthesized PtPb nanoparticles, where irregular aggregates fé¥Hhed.
to the growth direction of the rods was 2.76 A, matching that of ~ The formation of rodlike morphology could be explained by the
PtPb (002) plane. The lattice plane parallel to the long-axis of the difference in the numbers of coordination sites along various low-
nanorod had a-spacing of 2.12 A and could be assigned to the index surfaces of the hexagonal crystal structure of PtPb. Figure
(110) plane. The SAED diffraction pattern of a single nanorod 2a shows the hexagonal cell of PtPb viewed fi@®—1direction.
matched that of the simulated electron diffraction (ED) pattern of There existed two low-index equivalent directions perpendicular
an intermetallic PtPb single crystal viewed along fh&é0Jzone to the uniquec-axis: the [-110] directions which also included
axis shown in the inset of Figure 1b1” The observed-spacings the -1—-200direction and [100] directions which includet100

FePt nanoparticles* Furthermore, it has recently been identified

Intensity{a.u.}
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Figure 2. (a) The PtPb crystal structure and-(#) the growing surfaces
viewed along (aJ00—10] (b) (100]) (c) (+-1107) and (d)[110directions,
respectively. Inset of panel a is the unit cell of intermetallic PtPb. Only the
growth along [001] directions involved 3-fold sites, while those along [110]
or [100] directions involved at least one type of 2-fold binding sites. The
viewing directions of panels-bd were slightly offset for clarity. The gray
and blue balls represent Pt and Pb atoms, respectively.

direction. Careful crystallographic examination reveals that crystal
growth perpendicular to the-axis is unfavorable because of
relatively low numbers of binding sites for adatom incorporation.
For a Kossel crystal, adatom preferably incorporates into a site with
a high-coordination number because of the strong binding energy,
which is proportional to the number of nearest neighBderowth

in the 3-1—200direction of intermetallic PtPb involved two types

of lead adatom sites: one in which the adsorbed lead atom is
coordinated by four platinum atoms and the other by two platinum
atoms, Figure 2b. The lead atom coordinated by two platinum atoms
was unstable and growth in the equivalenfilf-20] directions was
limited. Growth in the[110direction involved sites where the
platinum atom was coordinated by two lead atoms and vice versa,
suggesting that growth in the equivalent [110] directions is also
unfavorable (Figure 2c¢). Growth in the [001] directions, however,
involved 3-fold coordinated sites for both platinum and lead
adatoms. The relatively high-binding numbers for both types of

adatoms mean the favorable sites for adatom incorporation are along (10)

[001] directions, that is, the uniquzaxis.
The electrocatalytic properties of PtPb intermetallic nanostructure
toward the methanol oxidation reaction were tested. The PtPb

nanorods were deposited onto carbon black (Vulcan XC-72) and (

treated in air plasma before further annealing at 600for 2 h
under an atmosphere of 5% (v/v} kih argon. This treatment led

to the change in morphology (Figure S7). Figure 3 shows the cyclic
voltammogram recorded at a scan rate of 50 mV after 50
cycles!® The peak mass current density was above 700 mA!mg
Pt. This value was significantly higher than that of a commercial
PtRu/C catalyst (Johnson-Matthey, 30 wt % Pt and 15 wt % Ru)
when normalized to the unit mass of platinum.

In conclusion, we demonstrated a synthesis of ordered interme-
tallic PtPb nanorods. The formation of rodlike morphology is
attributed to the adatom incorporation onto the growing surfaces
with strong binding sites for both Pt and Pb atoms along low-index
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Figure 3. Cyclic voltammograms of electrocatalytic oxidation of methanol
with PtPb/C and a commercial PtRu/C catalyst.

directions. The synthetic strategy should open up new avenues to
the simultaneous composition and shape control of ordered inter-
metallic nanoparticles.
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