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Within density functional theory at the general gradient approximation for exchange and correlation (BPW91)
and the relativistic 19-electron Los Alamos National Laboratory effective core pseudopotentials and basis
sets (3s3p2d), the geometric and electronic structuressAtitimetallic clusters have been studied in detalil

in comparison with Bt A total of 38 conformations for RAu are located. The most stable conformation for
PiAu is a sextet with an edge- and face-capped trigonal bipyramid, in which the Au atom caps an edge of
the trigonal bipyramid. BAu, in general, prefers a three-dimensional geometry and high spin electronic state
with multireference character. The electronic impact of the doping of Au in Pt clusters on the overall chemical
activity of the doped bimetallic cluster is not as significant as that of the doping of Pt in Au clusters; however,
the doping of Au lowers the chemical activity, thus enhancing the chemoselectivity in the gas phase, of PtAu
bimetallic clusters.

I. Introduction cause for the unique catalytic activity of AuPt bimetallic
clusters? In bulky catalysts, Au generally acts as a poisoning
reagent to catalytic activiti€ssimilar behavior of Au can also
be seen in cluste¥sand has been utilized for chemoselectivity
of the PtAu clusters in some catalytic reactidfisDetailed
studies on the structures of these bimetallic clusters help in
understanding their chemoselectivity in catalytic reactions. In
the present work, we study the structure and properties of
bimetallic cluster RfAu in comparison with that of Rwithin
density functional theory (DFTf The structure of Btwas
studied in detail in our previous wofk The most stable
conformation for Pt has coupled tetragonal pyramid (CTP)
geometry in quintet. The energy of septet CTP is also very close
to quintet CTPL! Within the present general gradient ap-
proximation (GGA) of DFT, these two electronic states are

Bimetallic clusters are particularly important in catalytic
applicationd because of their unique catalytic selectivityhich
originates from their unique electronic structudue to the
interactions between the two different elements and their
compositiont The PtAu bimetallic clusters (or alloys), which
are important catalysts for alkane conversi@-N coupling#®
isotope exchangéand NO reductioff, were found to have
enhanced catalytic activifyThe geometry of the PtAu bimetallic
clusters is attributed to their unique electronic structure and
properties. The investigation of the geometric and electronic
structures of the core bimetallic cluster facilitates understanding
on the metal cluster structure and its application.

Au clusters (with up to seven atoms) were found to prefer
low spin and planar geometry while Pt clusters prefer high'8pin

and three-dimensional (3D) structufeThis is attributed to the
strong relativistic effect of AW in Au clusters and the
involvement of Pt 5d and 6s atomic orbitals in bonding of Pt
clusterst! The substitution of an Au atom by a Pt atom in-Au

degenerate.

[I. Computational Details
The successful applicatiofis216of GGA due to BeckE and

cluster does not change the essential structure of the Au eluster Perdew® for exchange and correlation functionals (BPW91) on

the preference for two-dimensional (2D) geometry and low
spin—although 3D structures of ARt are stablé? However,
the electronic structure of ARt changes much upon the

transition metal clusters give us confidence in applying this
method to the RAu cluster studies. The very strong relativistic
effects of Au and PP have a profound impact on the structure,

substitution of a Pt atom. The reactivity of Pt-doped Au cluster properties, and reactivity of Au or Pt clustéf€°The relativistic

is much enhanced with respect to pure Au clustén. catalytic

19-electron Los Alamos National Laboratory (LANL2DZ)

applications, Pt was found to be the essential catalytically active effective core pseudopotenti#isvith the basis sets (3s3p2d)

component in PtAu bimetallic catalystQuestions naturally

are employed in present studies to partially account for the

arise: what are the geometric structure, electronic structure, andrelativistic effects. The optimized geometry fore®Rt cluster
properties of Au-doped Pt clusters? Would the Au-doped Pt is further used to calculate the vibrational frequency to verify
clusters keep a 3D structure and prefer high spin? What is thethe nature of the stationary point on the potential energy surface
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(PES). If there is no imaginary frequency (no negative eigen-
value for the Hessian), the stationary point is a minimum. One
and only one imaginary frequency for the stationary point
indicates a transition state. More imaginary frequencies imply
a high order saddle point on the PES. Since the structure and
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TABLE 1: Relative Stability, lonization Potential, and
Electron Affinity of Neutral Platinum Heptamer Predicted
Using BPW91 Exchange-Correlation Functionals with
LANL2DZ Relativistic Pseudopotentials and Gaussian Basis
Set

isomer multiplicity AE (eV) IP (eV) EA (eV)
CTP 5 0.00 7.12 2.76
7 0.01 7.17 2.74
3 0.10 7.11 2.82
9 0.39 6.97 2.20
1 0.40 5.18 4.88
ECTBP 3 0.16 8.98 3.00
1 0.54 6.02 4.04
FCTBP 5 0.30 7.15 2.82
3 0.31 7.10 2.86
1 0.52 6.85 2.97
ECT 3 0.32(TS)
5 0.42 (SP)
FCOh 5 0.36 7.22 2.86
3 0.39 7.23 2.76
TCT 3 0.54 7.09 2.88

@ Only minima for the relevant clusters, except for ECT, are listed.
Relative energies are from ref 13TS, transition state; SP, higher order
saddle point.

properties of RfAu cluster are the topics of present work, only

minima are included in ongoing discussions. If a transition state
(or high order saddle point) is very stable, the geometry of such

a stationary point is distorted along the imaginary vibrational
frequency modes to locate a minimum. Natural bond orbital
(NBO)? analysis is performed for the electronic structure,
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Figure 1. Structures of the RBAu cluster. ECOh, edge-capped
octahedron; FCTBP, face-capped trigonal bipyramid.

natural atomic charge, and net spin analysis. For open shelly, oo of quintet (and septet) CTP,Respectively. Edge-capped

electronic states, unrestricted DFT (UDFT) is employed in the
calculations. Most of the calculations were carried out with
Gaussian 98 (or Gaussian 03) quantum chemical packages.
For comparison, the relevant structures gftBtPEAu are also
analyzed.

Ill. Results and Discussion

Detailed studies on Ptlusters can be found in ref 13. Only
the relevant structures of Pio PtAu are briefly discussed in
the present work for comparison withgRt1 as shown in Figure
1S in the Supporting Information. The calculated relative
energies, vertical ionization potential (IP), and electron affinity
(EA)?* of Pty are listed in Table 1. The most stable conformation
for Pty is a quintet with CTP geometry. Septet CTR iBtnearly

trigonal bipyramid (ECTBP) [ECTB in ref 13], however, has
different IP and EA values. The IPs and EAs of transition metal
clusters can be utilized along with other electronic properties
to identify the structures of these clusters in experiment.

Substitution of a Pt atom by an Au atom in;Rilusters
drastically increases the conformations for the resultaguPt
A total of 38 minima have been located fogRt, as shown in
Figure 125> The relative energies, IPs, and EAs of thgA®Rt
minima are listed in Table 2.

The most stable conformation forgRU is a sextet with an
edge- and face-capped trigonal bipyramid (EFCTBP) geometry
in which the Au atom [Au(6) in Figure 1] caps an edge of the
trigonal bipyramid. There is no structure in;Ptlusters
corresponding to the EFCTBPgRU. Quadruplet EFCTBP Rt

degenerate with quintet CTP. The energy of triplet CTP is also Au lies energetically close to the sextet EFCTBP, ca. 0.21 eV
close to that of the quintet and septet CTP. Essentially, CTP less stable than sextet EFCTBR/R1L. The next close lying

Pt; has multireference character. Proper treatment of this electronic state of EFCTBP is octet with 0.38 eV above the
conformation is beyond the scope of conventional DFT, although sextet EFCTBP. Decuplet EFCTBP has much higher energy

UDFT includes some multiconfigurational character. Neverthe-

than its lower counterparts with 1.55 eV lying above the sextet

less, the electronic structure from DFT studies certainly provides EFCTBP. Overall, the electronic state of EFCTB is of multi-

helpful information on transition metal clusters, since the
prohibitive active space size of Pteeded in multireference
configuration interaction (MRCI) treatment rejects the applica-
tion of MRCI in this case. The overall property of CTR Pan

be the superposition of all the low-lying electronic states,

reference with a mixture of sextet, quadruplet, and octet. The
multireference character of the second most stable conformation,
ECTBP, is even stronger than that of EFCTBP. In ECTB{ Pt
Au, the Au atom [Au(3) in Figure 1] caps an edge of the trigonal
bipyramid. The energy of the lowest electronic state of ECTBP,

especially the quintet and septet. The calculated IPs and EAssextet, is 0.17 eV higher than that of the sextet EFCTEBP Pt
of these conformations are close to each other. However, theAu. The quadruplet ECTBP is only 0.07 eV above the sextet

IPs and EAs of nonet and singlet CTP Rte different from

ECTBP followed by the doublet ECTBP with energy only 0.02

those of the first three most stable electronic states. Nonet CTPeV higher than that of the quadruplet ECTBP. Most of the Pt

Ptz has a smaller IP and EA, while singlet CTE Ras a smaller

Au clusters have multireference electronic states, e.g., CTP,

IP and larger EA, respectively, than those of the three most edge-shared trapezoid and tetrahedron (ESTT), face-capped
stable electronic states, thus indicating different electronic trigonal bipyramid (FCTBP), and FCOh, as shown in Figure 1.
structures. The IPs and EAs of face-capped trigonal bipyramid In fact, an electronic state with multireference character is

(FCTBP) [FCTB in ref 11], face-capped “octahedron” (FCOh)
[COh in ref 11], and tricapped tetrahedron (TCT) are close to

normal in transition metal clusters with a partially filled d
subshell. The doping of an Au atom does not change the
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TABLE 2: Relative Stability, lonization Potential, and
Electron Affinity of the Neutral Bimetallic Cluster Pt sAu
Predicted Using BPW91 Exchange-Correlation Functionals
with LANL2DZ Relativistic Pseudopotential and Gaussian
Basis Set

conformation multiplicity  AE (eV) IP (eV) EA (eV)
EFCTBP 6 0.00 7.34 2.76
ECTBP 6 0.17 7.37 2.74
EFCTBP 4 0.21 7.91 2.99
ECTBP 4 0.24 7.45 3.09
ECTBP 2 0.26 7.51 3.04
CTP 6 0.36 7.22 2.72
ECOh 8 0.38 7.24 2.20
EFCTBP 8 0.38 6.85 2.14
ESTT 4 0.43 7.63 3.16
ECOh 2 0.47 7.44 2.53
CTP 4 0.49 7.17 2.80
FCOh 2 0.51 7.55 2.66
FCTBP 4 0.52 7.13 2.87
FCOh 4 0.54 7.07 2.85
CTP 2 0.55 7.45 2.94
FCTBP 2 0.56 7.20 2.99
FCTP 6 0.57 7.30 2.54
CTP1 4 0.57 7.20 2.93
CTP1 2 0.60 7.37 2.64
TCT 8 0.61 7.13 2.05
ESTT1 2 0.62 7.89 2.94
FCTBP1 2 0.63 7.33 2.91
ESTT 6 0.64 7.50 2.65
FCTBP1 4 0.64 7.06 2.93
TCT1 2 0.66 7.83 2.08
CTP2 6 0.69 7.17 2.83
FCOh1 4 0.69 7.17 2.93
ECTBP1 4 0.70 7.58 3.17
TCT1 4 0.70 7.29 2.78
FCOh2 4 0.73 7.07 2.95
FCOh3 2 0.73 7.51 2.53
FCTBP2 4 0.73 7.29 2.90
ESTT 2 0.76 7.91 2.99
CTP2 4 0.76 7.29 2.92
FCOh1 2 0.80 7.30 3.04
CTP2 2 0.81 7.64 2.75
EFCTBP 10 1.55 6.37 1.96
ESTT 8 2.32 6.55 2.28

aThe relative energyAE) is calculated with a zero point vibrational
energy correction.

electronic structure of Ptluster much. This can be seen from
the IP and EA values of BAu clusters. Overall, the IP and EA
values of PAu clusters (as listed in Table 2) are close to those
of corresponding Rt(as listed in Table 1). However, the IP
and EA values of RAu vary with the geometry of the cluster
because of different bonding in different conformations. The
vertical IPs and EAs should not be compared directly with
experiment before corrections for the method’s systematic error
and geometric effect.

The close relative stabilities of g%u conformations make
the experimental isolation of different isomers difficult. From
the structure and relative energy ofsAl, one can find that
the coordination number of Au to Pt is less than that among
the Pt atoms; e.g., the Au atom bonds to only two Pt atoms in
EFCTBP and ECTBP BAu, the two most stable conformations.
The bonding of Au atom in BAu is in contrast to the bonding
of Pt atom in AyPt clusters in which the Pt atom prefers as
much bonding as possible with Au atoA#sThe preference of
low coordination of Au atom in BAu is also reflected in the
doping of Au in CTP Pt(the most stable conformation of/%)
and COh Pt(as shown in Figure 1S) at different positions. The
most stable CTP BAu (CTP in Figure 1) is the one with least
bonding of Au to Pt atoms; i.e., more Au coordination makes
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Figure 2. (A) One-electron energy spectrum, single electron density
of states, and partial density of states of S, P, and D shells of EFCTBP
PtAU sextet (the yellow atom is Au). The surface isovalue for molecular
orbital plotting is 0.01 A32. (B) One-electron energy spectrum, single
electron density of states, and partial density of states of S, P, and D
shells of EFCTBP RAu quadruplet (the yellow atom is Au). The
surface isovalue for molecular orbital plotting is 0.013A

of Au and Pt atoms in bimetallic PtAu clusters are ascribed to
the different shell structures of Au and Pt atoms: the 5d subshell

the conformation less stable. The different bonding charactersof Au is full (Au: 5d'%s') while Pt has one partially occupied
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TABLE 3: Electronic Configurations, Natural Atomic Charges, and Spin Densities of the Most Stable Minima of the P§Au

Bimetallic Clusters?

atom EFCTBP RAu [6] charge (spin) ECTBP BAu [6] charge (spin)
1 5cP116- 860046 P 017 g0 01 —0.06 (0.81) 5806567604 0.25 (0.88)
2 5cP-086 5! 0% pP-03 —0.11 (0.85) 581%69 %% P03 —0.13 (0.68)
3 5cP 0% 00603 —0.11 (0.85) 588%g 21601 —0.05 (0.06)
4 5cP- 066 70p 057 P01 0.19 (0.81) 580065 1%6p°02 —0.13(0.81)
5 5P 1169886046 (- 017 pP-01 —0.06 (0.81) 589769 %6pP-0%6 (P 027 P01 —0.01 (0.92)
6 5cP-816g! 2% pP-0 —0.05 (0.07) 580169 8%6 P 046 P 017 -0 0.05 (0.85)
7 5cP- 066706 pP-057 -0t 0.19 (0.81) 580669 8% P 057 01 0.03 (0.80)
atom EFCTBP RAu [4] charge (spin) ECTBP BAu [4] charge (spin)
1 5cP- 08686 046 (- 017 001 —0.03 (0.75) 580%656% "0 0.26 (0.46)
2 5cP116<-9%6 P08 —0.10 (0.54) 581065 0% P03 —0.16 (0.38)
3 5cP1%6<-966 P03 —0.11 (0.12) 588165 2% P01 —0.06 (0.03)
4 5cP-05%6 760047 P01 0.19 (0.85) 589065 1%6 P02 —0.14 (0.43)
5 5cP- 086906 - 046 (P 017 P 01 —0.04 (0.76) 580669%6 060 017 pP-0 —0.07 (0.46)
6 5cP 8165256001 —0.06 (0.06) 58°7%65> 8% pP- 0% d- 07 P01 0.11 (0.37)
7 5cP- 086 7igpP-047 P01 0.17 (-0.08) 53965 8%6p 0% 017 -0t 0.05 (0.88)
atom ECTBP RAu [2] charge (spin)
1 5P 0669 6% P04 0.24 (—0.59)
2 5P 0%g! 05003 —0.13 (-0.13)
3 5cP816g! 2% P01 —0.04 (0.03)
4 509765 1% P02 —0.11 (0.67)
5 5P 069966056 (P-017 P01 —0.04 (0.79)
6 5cP-0%69 846046 (P 017 -0 0.08 (0.19)
7 5P 0% 86056 (P-017 P01 0.01 (0.04)

aThe core electrons are not shown. The labels of atoms in each structure are shown in Figure 2. The multiplicity of each conformation is
specified in square brackets. The values in parentheses are the net spin of each atom.

5d orbital (Pt: 586s!). The multicoordination of Au is mainly ~ Au atom is close to zero and it does not change much with
due to its strong relativistic effect, which involves partial electronic state.
bonding of 5d orbitald®'® Similar to P$, P&Au prefers Density of states (DOS) and partial density of states (PDOS),
electronic states with high multiplicity as shown in Table 2.  in combination with molecular orbital (MO), especially frontier
The electronic configurations, natural atomic charges, and MOs, give the overall electronic structure and reactivity of a
net spins from NBO of the five most stable conformations of system. The DOS, PDOS, and frontier MOs of the EFCTBP
PtAu are listed in Table 3 for further study on their electronic sextet and the quadrupletsRt are plotted in Figure 2. These
structures. In the electronic structures for the fiveARt two electronic states have similar overall electronic structures
conformations, charge transfer occurs from Pt to Au. Most of while details differ. Both electronic states have relatively clear
the net spin distributes on Pt atoms in all conformations. The d, s, and p bands with a very small highest occupied molecular
intraatomic charge transfer occurs from 5d to 6s in the Au atom, orbital and lowest unoccupied molecular orbital (HOMO
while it occurs in the reverse direction in the Pt atoms. The LUMO) gap which renders excited states feasibly accessible.
electron promotion from 5d to 6s in Au is so conspicuous that The bonding of the cluster is mainly from 5d atomic orbitals.
it clearly indicates the significant involvement of 5d orbital in  The major hybridization (5d6s hybridization) occurs at the
bonding. Between the two close lying electronic states of frontier orbital region responsible for the cluster bonding,
EFCTBP, sextet and quadruplet, the electronic configurations although its role is limited. 6s6p hybridization occurs at a higher
and charge distributions of these two states are similar. Pt(4) energy region, and it has no significant impact on the chemistry
and Pt(7) (the atomic labels are shown in Figure 1) have the of the clusters. The contribution to the frontier MOs from Au
largest positive charge, while Pt(2) and Pt(3) have the mostis limited in both electronic states, and this is consistent with
electrons in these two electronic states of the EFCTBRWPt the net spin distribution in the cluster. With more unpaired
In both electronic states, most of the net spin resides on Pt(1),electrons, the sextet EFCTBPgRU has more split bands. It
Pt(4), and Pt(5). From the quadruplet to the sextet EFCTBP also has more symmetric MOs, thus indicating a more symmetric
PtAu, the drastic change of net spin distribution occurs on Pt- nuclear frame, than the quadruplet ECFTBRARt
(7) (from —0.08 [5 spin] to 0.81 f spin]), thus a suggesting The overall electronic structures for the ECTBRARtClusters
structural change from quadruplet to sextet. The similarity of are similar to those of the EFCTBPsRt. However, the detailed
the electronic configurations and charge distributions of different electronic structure, thus chemical activity, of these clusters
electronic states is also found among the three most stablechanges with the nuclear frame. All the DOS, the PDOS, and
electronic states of ECTBPsextet, quadruplet, and doubtet the frontier MOs for sextet, quadruplet, and doublet ECTBP
which explains the possible mixing of these electronic states in PtAu as well as the overlap population density of states
the wave function of the ECTBP gu. The largest charge  (OPDOS¥® are plotted in Figures 3, 4, and 5, respectively.
distribution change with electronic state among the three statesOPDOS depicts bonding between two groups in a system, and
of the ECTBP RjAu is the net charge on Pt(6). The most it is employed in the present work to study different bonding
noticeable change in net spin on each atom with the change ofbetween Pt and Au in the gtu cluster. Only the HOMG-1,
electronic state is the net spin on Pt(1) (frerf.59 |3 spin] to the HOMO, the LUMO, and the LUM®1 are plotted for
0.46 [o. spin]) and Pt(2) (from-0.13 [5 spin] to 0.38 fx spin]) chemical reactivity since usually the frontier MOs are most
from the doublet to the quadruplet ECTBR:ARU. In all five active in chemical reaction. The contribution of the frontier MOs
electronic states of EFCTBP and ECTBP, the net spin on the from the Au atom is clearly manifested by the MOs in the three
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Figure 3. (A) One-electron energy spectrum, single electron density for molecular orbital plotting is 0.01 . (B) The overlap population

of states, and partial density of states of S, P, and D shells, and frontnardensity of states between Pt(4) and the rest of the cluster, between

molecular orbitals of ECTBP BAu sextet. The surface isovalue for -
molecular orbital plotting is 0.01 2. (B) The overlap population Au(3) and the rest of the Pt atoms in the ECTBRARt quadruplet
from Mulliken population analysis, and some occupied molecular

ii?;;tyagg stLaéefegte tg\;eﬁ]r; }?t(4;tgrr:1(js tir:]e égﬁ;;egf SC él)](fgter% rgritweenorbitals. The surface isovalue for molecular orbital plotting is 0.0% A

Mulliken population analysis, and some occupied molecular orbitals.
The surface isovalue for the molecular orbital plotting is 0.08.A and chemical activity of the ECTBP ¢Au is a mixture (or
superposition) of all three closely low-lying electronic states.
figures. Au obviously has much less contribution to the frontier According to the frontier MOs, the net spin, and the charge
MOs than its counterpart atom Pt(4) does; thus Au lowers the distribution in the ECTBP BAu, the chemical activity of the
reactivity of Pt clusters through spreading on the Pt cluster (or ECTBP PgAu is similar to, while lower than, that of ECTBP
alloy) surface. This qualitatively explains the poisoning role that Pt.**
Au plays in the Pt catalytic reaction. The lowering of catalytic OPDOS analysis helps in studying the detailed bonding
activity of PtAu clusters by Au, on the other hand, refines the between a group of atoms and the other atoms in a system. The
chemoselectivity of PtAu clusters since different reaction OPDOS of all three lowest electronic states of the ECTBP Pt
channels have different reaction mechanisms thus with different Au, as well as the OPDOS of the ECTBP Rir comparison,
sensitivities to the catalyst. The doping of Au breaks the are plotted in Figures 3B, 4B, 5B, and 5C. Triplet ECTBR Pt
symmetry of the MOs of the bimetallic cluster with respect to hasCs symmetry as manifested by its MOs in Figure 5C. The
the MOs of the ECTBP Rtas shown in Figure 5B. Similar to  two capping Pt atoms to the trigonal bipyramid in the ECTBP
the case of the EFCTBP g2, the overall electronic structure Pty have strong bonding MOs below9.0 eV and have
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(A) 80 from —9.0 to—7.0 eV is essentially nonbonding for the edge-
capping Pt atoms. In the ECTBPgRU, the remaining edge-
capping Pt [Pt(4) in Figures-3] atom has roughly similar
bonding with the rest of the cluster as it does in the ECTBP
Pt;. The conspicuous change in the bonding of atom Pt(4) in
the ECTBP R#Au occurs in the nonbonding and antibonding
regions ca. from-9.0 to —6.0 eV. In the antibonding region
(=7.0to—5.0 eV) for Pt(4), there are three major peaks in the
ECTBP Pt the HOMO-17 (—6.80 eV), the HOMG-10
(—6.20 eV), and the HOM©4 (—5.40 eV). In the doublet
ECTBP PgAu, the antibonding peak at6.20 eV disappears
for the edge-capping Pt atom while the Au atom retains these
two antibonding peaks. These first two antibonding peaks of
Pt(4) from the lower energy side disappear in the sextet and
the quadruplet ECTBP FAu. In all three electronic states of
the ECTBP PRyAu, the antibonding peak at5.4 eV in Pt
remains. This peak is the strongest antibonding MO of Pt(4) in
all three electronic states of the ECTBPsARi. The most
noticeable change in the bonding of Pt(4) in the ECTB{ARt
p with respect to its counterpart in the ECTBR Btin the region
i . i . of nonbonding (from-9.0 to—7.0 eV): in the doublet ECTBP
g 8 | 8 2 0 2 4 6 PtAu, the nonbonding region comes with a small antibonding
EnemyieV) peak at—7.80 eV, there is an enhanced bonding peak&B2
eV for Pt(4) in the quadruplet ECTBP dAu, and a new
antibonding peak appears &{7.95 eV in the sextet ECTBP
P%Au. The bonding of Au atom to Pt atoms is similar to that
of the counterpart Pt atom in the low-energy region€&l.0
to —9.0 eV in all the structures, while it changes in the region
above—9.0 eV. The details of bonding and antibonding of the
Au atom as well as the edge-capping Pt atom can be inferred
from the MOs in Figures 35.
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004 ll. Concluding Remarks

o Within DFT, the detailed geometric and electronic structures

of the bimetallic cluster BAu have been extensively studied
and compared with those of the pure Btuster. In conclusion,
the following significant contributions toward understanding the
structure and properties of PtAu clusters are concluded:

1. Like the P4 cluster, the RAu prefers high spin electronic
states and 3D geometry.

2. In contrast to the bonding of Pt in ARt'2 Au prefers
low coordination with Pt atoms in fAu.

3. According to the frontier MOs of BAu, the contribution
from the Au atom to the chemical activity of PtAu cluster is
limited. This partially explains, in combination with 2, the
poisoning role of Au in Pt-catalyzed reaction. On the other hand,
the lowering of reactivity by Au in PtAu cluster brings new
chemoselectivity in PtAu clusters, broadening the application
of PtAu bimetallic clusters.

The relative stabilities of the FAu clusters lie very close to
each other, thus causing difficulty in isolating thegARt
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Figure 5. (A) One-electron energrjg)!/( (sp{ectrum, single electron density S 8 )
of states, partial density of states of S, P, and D shells, and frontier COnformation in experiment. The present DFT exploration on
molecular orbitals of ECTBP Fau doublet. The surface isovalue for  the structures of the gXu clusters provides helpful information
molecular orbital plotting is 0.01 &. (B) The overlap population  on the synthesis of Bau complex and chemical application of

density of states between Pt(4) and the rest of the cluster, betweenthe pgAu clusters. However, since the electronic states gf Pt

Au(3) and the rest of the Pt atoms in the ECTBBABtdoublet from o, are very close to each other, a more proper and accurate
Mulliken population analysis, and some occupied molecular orbitals. '

The surface isovalue for the molecular orbital plotting is 0.02.AC) pred.iction on this cluster qwaits a method capable of handling
The overlap population density of states between the edge-capping Pt-multireference wave functions.

(4) [or Pt(3)] and the rest of the cluster, in the ECTBR $&iptet from

Mulliken population analysis, and some occupied molecular orbitals. ~ Acknowledgment. W.Q.T. thanks the Japan Society for the
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