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JHWG g 20— 2 B0 W0 90 46 48 2, — 2 7
B3LYP J5 ¥4k 45 2 i Pt — 0 A1 58 54 2 Fa 700 fl 5
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AR O &z MBS ESRE W,
VAT 5 B SEWE AR R 64T T RGE MR SE A5 R 5 5
BOAE A M ARG I A SCR A O 9k R 4 %
A B R RIS Y. O T HE— 0 Bk i ] Uy ik R R
X IZ AR R WA P, 40 A BSLYP J5 ik 7
SDD 41 fil MP2 J5 3 7€ Lanl2dz F Xf — &k PtNi
HEAT T S PeNi #3508 0. 229 nm il
0.249 nm, 51 B3LYP/Lanl2dz /K I i & i
£ (0. 230 nm) AT, Uk B 2 T 3 A 3k 4 X
ARG .
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E,=[»nE(Pt) +mE(ND-E(Pt,Ni,)]/6 (1)
1, E(Pt,Ni, ) %77 Pt,Ni, BFlIfEMRE &, E(PO .

E(ND 23R A i Pt.Ni T 1 fE .
ME 1 F1 1 0] & W, PeNi F 5 19 LA 25 44
B ST AR, A S 1 Y, RS A A L S A Y £

(4c) (5a) (5b) (5¢) (5d)
B 1 Pt,Ni,(ntm=6,n.m==0) @ £ W JLI{T 44
Fig.1 Geometrical structures of Pt,Ni, (n+m=6,n,m70) clusters
£ 1 PLNi,(nt+tm=6,nm70)AHEESEHMNILASEMER
P TEEE R
7}/‘;\— E e B L
Rl  mfF ZEE K /nm G /ey eV
PiNi c 9 R\, =Ry; =R, =Ry =0. 252,Ry; =Rys = R3, = R,; =0. 240, 1,798 1551
is W . .
‘ " Ris =Ry =Ri;; =R =0. 254
Ri;; =R =R,;=R,;; =R;; =Ry =R,;; =R,; =0. 257,
Py, Ni, Dy 5 v P e 2.116 1.279
R,;=R,,=R,; =R,, =0. 243
. . Ry, =R,;=0.247,R,, =R3, =0. 256 ,R; =R,; = R;; = R;; =0. 253,
Ptg N13 Lgv 3 _ 2.175 1.524
Ry;s =R,; =0.253,R;; =R, =0. 275
. . R\, =0.255,R;;=R,;,=R,;=R,,=0.270,R;; =R,; =0. 264,R;, =0. 232,
Pty Ni, Cyy 7 2.239 1.061
Ry; =Rs =R,;; =R, =0. 252
. R, =0.271,R;3=0.249,R,; =0. 256 ,R;4,=0. 249,R,; =0. 271,
Pt; Ni Cs 3 2.243 1.415

Ry =0.241,R3, =0. 256 ,Rs5 =0. 249,Ry5s =0. 252
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XU 25 4 (B 1 Cad) s SRR N Cov s 5 5 BE N
1.798 eV/atom; A 1b.1c.1d My RE & HLIEDS
Ay AE H 0,194 eV.,0. 302 eV .,0.372 eV. Pt,Ni,
T ) TUA] 235 40 R AT 7 A B, o A7 - 1T 7R, SRS A
FLEZS M U A RHE 454 Can &l 1 (2a)) , X FR P 2
D 4545860 2. 116 eV/atom; W &2 2b.2¢.2d
M RE = MBS 4k B Mt 0.410 €V.,0.718 eV,
0.739 eV. Pt;Niy A1 B JLAT 45 #4) BE A 57 (4R Y,
A V- T TR L R S A R = EE A DY A R S A Cln 4]
1(3a)) s X R A Cov S5 G REN 2. 175 eV /atom; H
WAL A& 3b. 3c. 3d. 3e W AE & 3B 7 5 & B
0.254 eV.0. 731 eV.0. 794 eV.0. 854 eV. Pt,Ni,
B JUART S5 AL 0 g ST IR L, LS 25 2 L AW
R = A AU S5 A CAn &l 1 R 4 X FRYE R Coy s
ZEABEN 2. 239 eV /atom, Al 7 Pty Ni, #1324
ik En—A PR3 8] RS 4b4c REE
RS B S 0. 223 eV, 0. 243 eV. Pt Ni, Hl#%
) JUART &5 ¥ B AT S7 AR D, th A5 S v R, S AR 45 4 =
A = HE R Y S5 Can L 1(5a)) . X FR 1
J Cs 454680 2. 243 eV /atom; H &4 5b.5c.
5d B RE & AR S 23 0 i 0. 248 eV, 0. 464 eV,
0.668 eV. NG5G REMBEPR Lol & 1, 45 & BE B Pt
JELF 5011 186 T T 3 0. BE BB P JRF A1 A

2.2 HAFEHRMZMILFEMCRE

2 BAEE E R 298. 15 Kelvin, KX E N
1.00 atm I, i B3LYP/Lanl2dz J5 ¥ 518 3] i) 3L
A Pt Ni, FSERAERE AHr W C, hRifERT S
o PSR AR UG AH - BV U A i R
PER AR s 8 SCHE BURS

AHr = E- nE,- mE, (2)
KX ELE, M E, 47 5 8 B85 0 P, Ni, H £ g it .
A PeoNiJE - 178 B BE B TH A5 30 A AR S 1Y
B AR I A d B A 1 AT A 2 TR B AT
2 PR E M. Py, N, HREI AR Po sl (1938
T 3G hn (B P, Niy S0 [RAE bR iR B P B0y
FA 38 (B NS0 14 8 /0 ) T 3G i (P N, &b 28 8%
).

%2 5 H T i GIAO-B3LYP/Lanl2dz J5 3
TR NICS, NICS J2& 4 F 05 & P iy F 4 xF T
BUACS W) T HLAL 5 9 B A R 2 A AR G i . 3
B NICSE 2% mi &R ¥ Bq 7 T %8 80 1
R0 (0,000 nm) , BH T 0. 025 nm,0. 050 nm,0. 075 nm
0,100 nm &b, Al £ 7R 05 B IR R OS5 &
PE o BB 1Y) 4 X (B8R K B M. 7T LA Y PeNi;
WA AT 2 35 75 k. PG NG, F P N I BE B 35 %
P P, NI, FIFELEFRTE 0. 100 nm Ab 4 5 B 1 f ok

®2 PuNi, ABFEMRANESEMRMILEME

. = TR
5 AR /(Cal * mol™' « k™') /(Cal » mol™!
PtNi; —10. 776 28.438 108. 834
Pt;Ni, —12.709 28. 480 108. 723
Pt;Ni;  —13.062 28.730 113.971
Pt,Ni, —13.470 28.703 121.274
Pt;Ni —13.500 28.730 124. 229

NICS/X10°¢
+k™) 0.000 nm 0.025 nm 0.050 nm 0.075 nm 0.100 nm
33.408 46. 456 119. 829 347.423  719.787
—54.495 —289.020 —366.120 —589.084 -1205. 250
—27.487 —34.098 —40.828 —13.717 175.234
13. 688 7.590 —3.287 —19.641 —39.942
—81.033 —83.865 —89.206 —87.949 —85.600

2.3 iRFHKIG
SEARSCHFGE R Pt,Ni, (n+m=6,n.m=7=0) K
ROPHE T H 2R R, E 3 FIH T PN,

(b =6 nom7=0) 141 5 3 25 g T80 1 9% 30 512 7
52 PR I T X BB SR X 2 I 4 A R f
S T . 4 B I 0 P e B 0

®3 PuNi, AEESEMIRIME

Clusters Sym Frequencies/cm ™!
PING e 102(b,),103(b,),104(b,),118(b,).129(b,),141(b,),145(b,),
tIN15
a 182(by),186(by),193(by),223(b,),268(h,)
82(bz,) »82(by, ) ,105(by,) ,127(by,) ,150(b,, ) , 164 (b, ) ,164(b,,) ,
Pt, Ni, Din
180(b2y) +216(by,) 4218(by,) »218(by,) »260(hy,)
54(by),72(by),74(b;),94(b,),125(b,),146(b,),155(b,),
Pt;;Ni_; sz
155(by),197(by),198(b,),220(b,),253(bh,)
) 51,61(b,),64(b,),73,88(b,),108(a;),120(b;),151(a;),
Pt, Ni, Cov
182(a;),216,264(h,),283
) 21(a'"),30(¢a"),54(a""),82(a""),110(a"),136(a’"),170(a") ,
Pt; Ni Cs

173(a""),178(a"),184(a"),212(a"),287(a")
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B 2 Pt,Ni,(n+tm=6,n.m70) A % &£ A& ##H IR % F Raman i &

Fig. 2

AL » 5 A KT i 20 0 238 AT LA B W 21 A0 o 3 o i
S IR SO 067 . AR 3 AT L M T A I R Bl A R
14 3 R Ry LE AL % W 4% &5 A 2 Ry A BB T L i R E
S TS 23 02 3o 0 285 B8 e B 8 il R INF A S 25 1
T Pt,Ni, (ntm=6,n.m70) FFHEIELEZEMM IR
Fl Raman 35K (U1K 2). 4R )5, 38 1 GaussView kb
A 4% A 2 Vg (L T %o g 01 46 1 4 sl X

MIE 2 W] F tH, PtNis B9 TR 5 58 4i ) 1 Xf
NIy 223 em ' HPR SR AR (1), (3) L (4)
A5 NI J5 21 A% 9 DY 30 % 1) 28 JE 9% 3l s Raman fiy
SRR BNEAE 268 em ' ARSI ALIE (1)L (3) . (D)
A5 NI JE 41 Y 34 T 19 F 0% 4k 25

Pt, Ni, HIF& 1 TR 5 58 Pk 3 W % B A 50 26 R
216 cm ' HAR S UE WA PR 5 04 NiJE
20 B Y 08 B B AR IR B T ) Raman 58
% s Raman He i §i% 20 06 X R (9 45 % A 260 cm ™!,
HAR S A U A Ni 57 21 B 1Y DY 34 T 11 0 W% 4
B, XY IR 583 %

Pty Niy HIFE (19 TR 5 58 PR 3h W X B 1) 450 26 ok
220 em L HAR SRR (5) L (6) Pt T 5 =4 Ni
J5 4B = A JE B A 4R 2)) s Raman S5 58 Ik 3 i
XFRE A #E S 74 em !t PR BRI (1)L (3) Ni
5= P R 2B DUk HE R AR TR R 3.

Pt,Ni, B 19 TR $5 38 4 sh W X I 19 450 26
264 em ', HOPR g A X2 PeNL B A B0 IR 35
Raman $5 38 4% 3 W5 X 7 19 451 % 2 108 em ', H 4R 3l

Infrared and Raman spectra of Pt,Ni, (n+m=6,n.m7%0)clusters at ground state

B P-Ni, PPt g i) it 45 45 50

Pt Ni F#% (1 TR £z 38 Pz 3l 0 X 5 19 531 %6
184 em ' HR SN E Ni JHEF 5 (D (3Pt T
] F) 7 A % 21y s Raman g 3 9® 2l 06 X5 B 14 43 26 oy
170 em™ ', HAR SR 2 Pe-Ni B iy 37 4 Fl PP gt
) A 4 = 2l

KA Pt Niy BRI TR 45 5 W i i i) 4
B £ . PtNi; B0 IR fil Raman, Pt, Ni, F 4% %
IR.Pt;Ni; fil Pt,Ni, F# 1) Raman B A — i 5m
W A U L Pes Ni A 8 1 0 {8 B 300 R 458 R 1Y)
P N AL E LT .
2.4 tRULE

F B3LYP J7 i 7£ Lanl2dz 3 20 /K ¢ | Xt
Pt,Ni, (n+m=6,n.m=~0) & # 89 & 751 B 5 #z 1k
AT T 15 WAk 28 FAE 25 1A 2 5% A e 37 19 i)
e TR R B AEZ MG 22 R % L [8] BE 38 BB 1% 52
A3 [ Qnigs 5 07 | BRI ) AR AR AR B AR FH LA B il
U R ORI TR R SOE 7/ B T Y S
BT AR AL 30 R R AL H T3 2 R 3 .
U TS H I TE T 0 58 WAk 258 10 A8 Ak ka1 A
RN R, BT DUR A SR 42 Lanl2dz i
D AN AT T 50 A 6k 5 1 S 34 (o) R
T 45 1] S PE A AR B Aa FIEEAN LT 15 3 28 1
WAL Car /6 CAT LA R FAE A 5 H 7 45 A4 1 4 X 2
JIFRENE) DAL 43 77 A AR LR PR a2 M T
M EE R B

F4 PLNi, (ntm=6,n.m70) B ESHEBHRULE

Cluster Str L

axx axy ayy axz ayz azz {a) {a)/6 Aa
PtNi; la 214.736 0.000 214.740 0.000 0.000 216.868 215,448 35.908 2.130
Pt, Ni, 2a 169.628 0.000 169.628 0.000 0.000 197.213 178.823 29.804 27.585
Pt; Ni, 3a 208.298 —0.001 167.677 —0.002 0.000 213.542 196.506 32.751 43.481
Pt, Ni, 4a 144.097 0.000 272.987 0.000  0.000 213.092 210.059 35.010 111.715
Pt; Ni S5a 154. 014 —17.588 323.126 0.000  0.000 191.667 222.936 37.156 153.782
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<a>:%(axx+ayy+azz) (1)

Aa ={[ (axx —aw)*+ (ayy —az )’ +
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% 4 WF A8 n=2 WL, P, NI, BFE R4k
AR EBE Ptosihy n A9 10 HE I, 2 B 5
18] ) RSB RH B A B e B 3 00 5 L P, N,
532 FR A A S K ik 1) 1 2408 B /)N o 3 B D1 T Y ol B
AHEAT FH f52 555 s A AL 8 A9 4% 1) S PR AN 728 B Pt iy
n F 3G 0 TR R 30 L 36 B R P, N, 38 A B R
HHERREE Y.

3 g

A SCA % BE Uz R BROE Y TR Ak % B2 6R
(B3LYP) J7 %, 7 Lanl2dz 3£ 41 /K 3 | xf Pt,Ni,
(nt=m=6,n,m=0) A FE ) TUAT 25 44 4 3h #3032 Ol
T AR AL AR SRR B AT T RIe RO L E S A R R

D MJU &54 438 . Pt,Ni, (n+m=6,n.m7=~
0) 45 4 VAT 72 114 A6 25 45 1) & 1) S7 R 25 4, PN
P, Ni, Pty Niy 5 i) 5 25 2548 31 Ay D #f BUHE 45 44
Pt Ni, Fl Pts Ni, 15 73 531 & 50 = 3 BUHE I = #
HER MY I 454 .

DML REMBER AT FE . 45 G REFE Pt i1
B 3 TG . BEBRBE Pt 1BV A IR

3) P, Ni,, FIHE 9 A= iU 0 T (8 2 B AT 7
2 E R ER.

4) th NICS {H iT 45, PtNis K138 BA K57 1k
P, Ni, I Pt; Ni A% B A 557 & 1. Pt Ni, P38 1
[ 0. 100 nm &b (475 B M e ok

SYMIGEE B3 B, Pes NIy T # f9 TR 4558 1 i
W A B0 B 2, PtNi; A% 19 IR A1 Raman, Pt, Ni,
A% IR . Pt; Niy 1 Pt, Ni, F# 1) Raman B4 —
AR R, P NI T A 0 {8 2 S AE A 3R 35 R
ML RN L B LT %5 PN, (b =6,
nm=0) 5 A J5 7 [ 9 50 B AH PR I BE P i £y
FRY JE 0 T o i L P N AT A B0 A 3 5 i 1) 24
IR /0N o ST 18] B S SRR B A e 3 B AR 3R 0 45 1) 5
PEANAZ 55 Bl P S0 F 18 i B 1
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Theoretical Study of Geometrical Structures and Properties
of Pt,Ni, (n+m=6,n.m70) clusters

ZHANG Xiu-rong*, GAO Cong-hua’, HONG Ling-1i"
(a. Research Institute of Higher Education ;b. School of Materials Science and Engineering ,

Jiangsu University of Science and Technology ,Zhenjiang Jiangsu 212003, China)

Abstract : All the possible geometrical structures of Pt,Ni, (nt+m=6,n.m70)clusters are optimized with a
hybrid Density functional theory (B3LYP) at Lanl2dz level. For the ground state structures, the energy,
thermodynamic properties, Nucleus Independent Chemical Shifts (NICS), spectrum and polarizability are
studied. The calculated results show that:the ground state structures of PtNi;,Pt;Ni,and Pt;Ni; clusters
are quadrangular bi-pyramid, and Pt,;Ni, and Pt;Ni clusters are triangular bi-pyramid with hat and
triangular pyramid with quadrilateral, respectively. From the point of view of thermodynamics, Pt,Ni,
clusters are stable because of the negative enthalpy of formation; the positive NICS of PtNi; clusters show
anti-aromaticity, the negative NICS of Pt,Ni, and Pt;Ni clusters show aromaticity. The number of the IR
absorption peak of Pt;Ni, is the most. The IR and Raman absorption peak of PtNi; ,IR of Pt,Ni, , Raman of
Pt;Ni; and Pt, Ni, have only one. The absorption peak of Pt; Ni appears in the bigger frequencies only,and is
zero almost in the small frequencies.

Key words: Pt,Ni,, clusters; Spectrum; Polarizability; Density functional theory (DFT)
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