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Recent, new synthetic approaches have been intensively explored @'_\ .
to prepare new types of nanostructures using a chemical replacement @ 4 4!? o
reaction in a solution phagé.The crystal compositions, structures, 9
- ':5 - )
. @)

4@

and shapes of starting nanocrystals might have been varied after

they were chemically transformed into new types of nanostructures. @~ y

For example, the studies on silver nanocrystals in the presence of I = . ' .
gold ions have shown that the replacement reaction resulted in the g m @ ﬂ @ It
product of gold nanocrystals with a significant shape transforma- FePt nanocrystal

tion122¢ The driving force of this specific reaction of the nano- ©® =Ptatom

crystals was attributed to the differences of the reduction potentials @ =Featom

between silver and gold. Several other examples have also ® =FeO

demonstrated that the new types of metal nanostructures, such as ® =Ruatom o

hollow,! core/shell nanocrystafsor nanocrystal dimers,were
formed under different reaction conditions. Besides the chemical Figure 1. Schematic illustration of chemical transformation from FePt to
replacement reaction between two pure metals, the binary semi-Fe—xPtRy nanocrystals in solution. (1) Ruions and FePt nanocrystals

i were mixed in the solution. (2) Then, the cation redox reaction occurs
conductor CdSe nanocrystals were transformed reversibly ifo Ag between R# ions and the (F)e species including Fe atoms of FePt

Se nanocrystals by a Cation'e)_(Change reactidhese exam_ples nanocrystals and a small amount of FeO on the nanocrystal surface. The
have suggested that the chemical replacement or galvanic reducions of Fét and Fé" were gradually formed in the solution, and Ru

tion—oxidation (redox) reaction of nanocrystals might be a quite ions were reduced to Ru atoms in the FePt lattices. (3) Finally, the ternary
useful method to apply for the preparation of other new types of F&-—PtRu nanocrystals were produced
nanostructures.

The PtRu nanocrystals have been intensively investigated recently
because of their unique catalytic properties for fuel cell applica-
tions87 One always looks for new types of metal nanocrystals with
improved catalytic performance to replace expensive Pt and Ru
metals for commercial purposésn this report, we selected FePt
nanocrystals and the metal ions V= Ru*, Sr¢*, or Ni?*, as
reactants to produce new ternary metal nanocrystals of eV
using a cation-redox reaction in a solution (Figure 1). The structure - et T .
and composition of resulting nanocrystals were characterized by e, Yy g e —
transmission electron microscopy (TEM), X-ray diffraction (XRD),  Figure 2. High-resolution TEM images of (a) FePt and (b).E@tRy
and X-ray photoemission spectroscopy (XPS). Moreover, X-ray nanocrystals. The averaged sizes of the nanocrystals are calculated to be
absorption near-edge spectroscopy (XANES) was employed to ~4 nm for both samples. The lattice fringes of the samples were observed
confirm the chemical transformation from FePt to; ERtRy clearly (insets of upper_cor.ner) in the imaggs, showing thz_it the crystal

. ., structures were well maintained after the cation redox reaction.
nanocrystals. The analyses of extended X-ray absorption find
structure (EXAFS) revealed the detailed binding structures and
coordination numbers of both FePt and, kPtRYy nanocrystals.
The results suggested that iron atoms of FePt lattices were oxidize

¥

The starting materials, FePt nanocrystals, were synthesized by
following the previous report with some modificatiohddigh-
" L . dresolution TEM images of resulting FePt nanocrystals in Figure
to be F&* and F.é lons an.d were replgced by ruthenium atoms 2a have shown that the nanocrystals were crystalline with clear
from the reduction of Rif ions in solution fo form F_ﬁ PR . lattice structures. The nanocrystals were uniform and well-dispersed
lattices. Our m_ethod has opened a new route to easily and rapidly , 1o TEM grid with an average diameter of nm. Energy
prepare a So,l'd',SO|Ut'°n type of ternary metal nanocrystals for dispersive X-ray spectroscopy (EDS) of FePt nanocrystals indicated
catalytic applications. that the ratio of Fe and Pt was approximately 1/1. The XPS results

" National Taiwan Normal University. were used to further confirm the compositions and oxidation states
* National Taiwan University of Science and Technology. ;

§ National Synchrotron Radiation Research Center (NSRRC). of both Fe and Pt of FePt nanc_)cryStals' Th? solution of FePt
IlInstitute of Atomic and Molecular Sciences, Academia Sinica. nanocrystals was then reacted with the metal ion&"(M Ru**,
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Figure 3. Normalized XANES spectra near the (a) Fe K-edge of FePt nanocrystals and references and in the preedge spectra (inge@d® &t EePt,
Fe—xPtRy nanocrystals, and Pt foil; and (c) Ru K-edge of kPtRy nanocrystals, Ru@land Ru powder.
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Figure 4. FT-EXAFS spectra at the (a) Fe K-edge of FePt nanocrystals and Fe foil, and the bond distances of (1), (2), (3), (4), {5}lderiting,
Fe—O bonding in Fe-O, Fe-Fe bonding in Fe metal, Fé~e bonding in Fe O, and Fe-Pt bonding, repectively; (b) Pt l-edge of FePt, Re PtRy
nanocrystals, and Pt foil; and (c) Ru K-edge of k@tRuy nanocrystals, Rugl and Ru powder.

Sr#t, or Ni2t) at 85 °C. The redox reaction between FePt (Fe foil, FeGO,4 and FeP@) are shown in Figure 3a. The edge
nanocrystals and the metal ions was monitored qualitatively by energy position of the FePt sample is found to be between that of
detecting the release of Feand Fé* ions using 1,10-phenanthro-  the reference compounds of Fe foil and F@g indicating that

line or thiocyanate anions as an indicator in the solution. A clear the iron element in FePt nanocrystals is a mixture Gfdrel F&*.
color change of the solutions with the indicator was readily Figure 3b shows that the white line feature of FePt and PR
observed, suggesting that Fe elements of FePt nanocrystals wersamples is the same as that of Pt foil, implying that the oxidation
oxidized to be F& and Fé" ions. No color change was found in  state of Pt in the FePt and E£§PtRy nanocrystals remained Pt

the control experiment when Ry Sr#*, or Ni2" was not added The composition of iron in the sample FgPtRy is too low to get

into FePt nanocrystal solution. The typical TEM image (Figure 2b) EXAFS spectra of good resolution at Fe K-edge, indicating that a
of the resulting Fe_«PtM, nanocrystals revealed that there was no large number of the Fe atoms have been replaced by the Ru atoms.
significant change on the average size and shape pof R/, However, Ru elements can be observed at Ru K-edge for the
nanocrystals in comparison to those of original FePt nanocrystals Fe,_4PtRy, sample. The XANES feature of Ru K-edge for the
(Figure 2a). The nanocrystals kept similar crystal structures and Fe,_PtRy nanocrystals is close to that for Ru powders as shown
average sizes (calculated by Scherrer’s equation) before and aftein Figure 3c, indicating that most of the Ru species have been
the chemical transformation based on the X-ray and electron reduced to the Rustate. It is suggested that the Fe atoms in the
diffraction measurements. The compositions of KetM nano- bimetallic nanocrystals can react with Rwia chemical transfor-
crystals were further confirmed by EDS, XPS, XANES, and mation. The electrons required for the reduction of Rions are
EXAFS. Typically under the reaction time of 1 h, the Fe/Ru ratio contributed from the oxidation of Feo F&+ or F&' to Fet.

of resulting Fe 4PtRy nanocrystals is calculated from X-ray Figure 4 shows the Fourier transformkdweighted EXAFS
absorption spectroscopy (XAS) by measuring the edge jump spectra of the FePt and £¢PtRuy nanocrystals. The structural
(Auy),*° and it showed that the ratio of Fe/Ru is 0.27/0'¥3he parameters extracted from the EXAFS spectra for the samples of

overall results suggested that metal iongFMvere indeed reduced  FePt and FePtRy powders in nanocrystals are listed in Table 1,
to be metal atoms of kePtMy nanocrystals, and iron atoms of in which the fittings were based on the fcc structure and the FeO
FePt nanocrystals were oxidized and released &sdred F&' in crystal structure, respectively, using the FEFF7 software pack-
the solution. age!>13 The spectrum of the Fe K-edge of the FePt nanocrystals
To further understand the details of the redox reaction of the (Figure 4a) demonstrates a peak between 1.3 and 2.0 A corre-
FePt nanocrystals and the metal ions, X-ray absorption spectroscopysponding to the FeO bond as confirmed by FEFF7 fitting based
using a synchrotron radiation source was performed on the samplesn the FeO structure. If the iron atoms are occupied in the core
of FePt and FePtRy nanocrystals. The Fe K-edge XANES region, the iron would not be oxidized to form the FeO species
spectra of the bimetallic FePt powder and reference compoundsbecause the oxygen from air would not quickly diffuse into the
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Table 1. Structural Parameters?® Derived from the Fe K-edge, Pt In our understanding, the CI coordination would be attributed to
Lu-edge, and Ru the residue of RuGlafter the galvanic redox reaction. Both the
R; 0(x1079) AE, coordination number of Pt around the Ru atoms and the coordination
edge shel N Q) *) (V) number of Ru around the Pt atoms cannot be extracted and only
FePt show the PtFe and Ru-Fe bonds, indicating a three-stacking
Fe Fe-O 3.2 1.899 5.0 —-18.0 region in the Fe ,PtRy nanocrystals (RtFe/Fe/Fe-Pt). For the
K-edge FFeEt 53’2 gigg Z)g 1%3 structural model of Fe PtRy nanocrystals, these observations
Pt Pe;Fee 17 2.683 79 3.9 indicate that most of the Pt atoms are preferentially located in the
Lyi-edge PtPt 6.8 2.736 6.0 4.1 core region and the Ru atoms are located in the shell region with
Fe. PtRU. a intermediate iron layer between the Pt and Ru atoms.
Pt Pt-Fe 0.4 2.724 0.0 3.9 The new ternary Re4PtMy nanocrystals were tested for their
Lu-edge Pt-Pt 6.8 2.736 6.2 3.8 catalytic properties in the anodic electrode of a fuel cell. Their
Ru Ru-Cl 27 2347 0.0 17.3 catalytic capability will be discussed elsewhere. Furthermore, the
K-edge Ru-Fe 1.2 2.573 8.0 12.2 S ; . : . .
RU=RU 33 5717 0.0 136 in situ studies of detailed che_mlcal transforma_tlon from binary to
ternary metal nanocrystals using X-ray absorption spectroscopy are
aN: coordination numberR;: bonding distanceg? Debye-Waller in progress. Overall, our results have demonstrated a simple and
factor, AEg: inner potential shift. rapid route for the syntheses of new catalysts based on metal alloy
nanocrystals.

core of the nanocrystals. It is believed that the FeO species would
be dispersed on the surface of the FePt nanocrystals. The spectrum Acknowledgment. We gratefully thank NSTPNN, NSC, NTNU,
also shows a broad peak between 2.0 and 3.3 A corresponding toNTUST, IAMS, and National Synchrotron Radiation Research
the co-oscillation feature of the F€t bond and FeFe bond. The Center for financial support for this project.

EXAFS spectra at the Pt)l-edge of the FePt and EgPtRy
nanocrystals are shown in Figure 4b. A peak between 1.9 and 3.1
A corresponding to the PtPt bond of both FePt and EePtRy
samples is shorter than that of Pt foil, indicating that the hetero-
atomic bonding exists in the Pt core atoms of both the FePt and
Fe_«PtRy samples. As shown in Table 1, the coordination number

: (1) (a)Yin, Y.; Erdonmez, C.; Aloni, S.; Alivisatos, A. B. Am. Chem. Soc.
Of Npire and Nopi is found to be 1.7 and 6.8 for the FePt 2006 128 1267112673, (b) Yin, ¥.; Rioux, R. M.; Erdonmez, C. K.:

Supporting Information Available: Experimental procedures,
qualitative analysis, XPS, TEM, ED, EDS, and XRD. This material is
available free of charge via the Internet at http://pubs.acs.org.
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