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2. MR TT RS2 TS5 MRERE , WA/KIE 150080)

FE  H MP2 il €18 ik fifb T H,PAuPh(a) | Xf%( H,PAu),C H, (b) Al {7 ( H,PAu),C,H, (¢) i3t
DB, TTREEERFY, [Au(PH) 1 HSIAM Au( 1) BA YIRS BB T = % 8 MG, 5155
THREEN C—C A SEER. TTEAREESY a ~ ¢ WIRIKRERBE LS098 443, 461 1429 nm, ¥)F
THER 7 -7 BREART, A Au(6p) —a(Ph) Fl Au(6p) —Au(5d) BATFHERIER. 53R ILAE i
HEAR AT (413 nm) FHELHR/R THECEY a ~ ¢ WAL R Z [ Au(PH,) | B 7 —m 2L

XHEWR WES; B DLHE; Au( 1) BECEY

FESES 0641 XREFRINAY A XEHS  0251-0790(2008)02-0389-07

BT Aa( 1) Bl A9 HA AR GIEE B, TR E81E T KB TAER 0z e .
[Au(PH,) | "B FHAS H HRIWANZR TS5, BB AL 0 S 508 F RN, FlanShat 54
FLEL A HyPAuPh #l H,PAuC = CAuPH, %5 Au( 1) BECA 2 AR, eIk oy &k A
RMRAERR ° (7" ) WA, N TS Au(PH,) | " SIARS, EHORZESRAES S Au( 1) BEEY
" BRI GRAEMIVER) 0258 2 ° (rr ™ ) RS HIARTR (B = F1EH) , F8A1% H;PAuPh(a) |
X (H,PAu),C H, (b) FEL( AuPH, ) ,C H, (¢) #EfT T HISHFsE. 4R LW, RS Au(PH,) |*
BEMMZIMT Au 25, (HENAPUERD  (rr” ) WOREAR, B[ Au(PH,) ] " XTEGYLE
IGRBHE .

1 H&EFGE

K MP2 Fil CIS J7ikmr 5HE THRLA Y a ~ ¢ RS FIBUE B ME5H, THEAAR T ENMRt A
$61%. BRI LANL2DZ 41, Au F1 P %] Hay Fl Wadt 252 BT IS IE S, % Au Fi P JE
TOrEET 19 AFN S AT RS TR, X Au F1P 3 BIIMA—A> £ BB (o, =0.2) FI—4> d B
B(a,=0.34)2 g SEASY a~cBRM C., €, C, X FRYE. Hiberlen F1 Rosch™ IE]
16 Au( 1) ECAYH PH, AT LARER PMe, Al PPh, Z53E 1, REASTS 24 A IS5 R, Bruce 17 7
W58 Au( 1) Bl A4t s sl T s, ARG A, ASCH H R FUEE P LR LAY Ph A 'Bu %5
RECEEIAT T RSO SE. A PRIl Au(8s6p3d1f/3s3p2d1f) , P(3s2pld/2s2pld) , C(10s5p/
352p) M H(4s/2s). FrA BB IR Gaussian 98 FEFF *' | 7E Origin 3800 iR 55 &% I 5¢ Al
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Fig.1 Optimized structures in the groud states using MP2 method for benzene and complexes a—c

T 1AM IR ES EER KRS RS2 T Au B 5R R —AFH,
P—Au—C $1°4 180. 0°, X5 (Ph,P) AuPh FYSZER{H 175. 5°' | (‘Bu,P) AuPh [5E561E 177. 7° " LA
J2(Ph,P) Au[ C,H, (2,6-1 CH,NMe, |, ) ] f S0 {8 178, 6° 2 JE w2 0. SCik [ 13 ] A9 45 S B,
[Au(CoH, { CH,NMe, | ,2,6) 1T BY8EAA I—Au—C,,  FI[ (Ar) Au(C=C)H] [ Ar = C.F;, C.H, (NO,),-
2,4,6]-" 1A C,,,, —Au—C,,  WEHEIT 180°. ST RIS FI C—C BERMIL, RiAY a~
¢ i C—C B A (K 1).

Table 1 Optimized geometry parameters( bond length, nm) in the ground states using the MP2 method

and the excited states using the CIS method for complexes a—c

a b c

Bond " ‘ Experiment " 1 g, ) ,

(PhyP) AuCgHs (*Bu);PAuPh €
Au—C 0.2052 0. 2055 0. 2045 0.2067 0.2051  0.2065 0.2051 0.2070
Au—P 0.2369 0.2305 0. 2296 0.2412 0.2370  0.2412 0.2371 0.2417
C1—C2 0. 1437 0. 1474 0.1437  0.1471 0. 1436 0. 1443
@—Cc2” 0.1427  0.1378
C2—C3 0. 1427 0. 1384
C3—C4 0. 1426 0. 1451
P—H 0. 1419 0. 1406 0.1420 0. 1407 0. 1420 0. 1407

ARPTFAAT, 2R S R 7 PR UE (HOMO ) 5 SR IR RE 5 25 B (LUMO) 43 318 o il ™ 3B, H
F[Au(PH,) ] * B, f#if5 LUMO BB Au 1Y 65 Fl 6p FLIE ST, Au FOSRANT ISR 15 65 A1
6p FUEWAR, ARORIY TR, B AR EAH R AR RS B T Au 1Y 65 Fl 6p BLIE I,
WIERLA ) a ~ ¢ 1 C—C AR K ANXS TR 772255, TR MRE A Y a ~ ¢ Y Au—C BYEER 35100
0.2052, 0.2051 F1 0.2051 nm, 525045 (Ph,P) AuPh, (Ph,P) Au[ C,H, (2,6-{CH,NMe, |,)] 5
('Bu) ;PAuPhy Au—C B U435 0. 204577 0. 20551 F1 0. 2055 nm!"?) | BS54 R 5 S sl
TFARIREF. THEARRIE A a ~ ¢ B9 Au—P S 51512 0. 2369, 0. 2370 F10. 2371 nm, X 5 5255 &
{# 0. 2296 nm[ (Ph,P) AuPh "', 0.2305 nm[ ('Bu),PAuPh] """ 0.2282 nm{(Ph,P)Au[ C,;H,(2,6-
{ CH,NMe, % 2) 11 .

K CIS B THEAW a ~ ¢ FUR FISAS R ILMZEH , 8550 BR, iAW a~c WA
BorHIEA A7, PB R A SRR, B RN, TR A R, R S50 TR 1
RS REY MRS TR TR C—C B (0. 1431 nm) FEFEZR (0. 1426 nm) A TG K, X5
HL PN o R GE BRI 3 7 ROEEE A — 3. X TR A a ~ ¢ BIEEES, Au—C BERKARIR /N, 24
BT 0.0015 ~0. 0020 nm, 1] Au—P FRASLEK, KT 0.0045 nm. X TEEY) a ~ ¢ K
A, HTFBEEAEEA ST L, BInTREAR ROV o 8.

2.2 [Au(PH,) ] " &IF TR RIS

KA CIS HETAELA Y a ~ ¢ AR THRIBOETE. 13315 2028 1Y S AR AE &2 R BOB 1S ol 205. 4

nm; LAY a ARRARBEREIIOETE R 221. 6 nm, HELIMEAA 275 nm " X ; BEAH b Al ¢ A9
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ICAE OGS 43 31 232.9 F1239. 6 nm. UhBHH T Au IIEIVERT, 20 F M S5 IR RE & MR SOG 35 9
KA PG, 5o AR AR R K B 5 I AR Au( PH, ) ] * 20 H (35 213 K.

TERA T RIS CJRFI s BB B 1. 304, p BB R K 2. 901 ; FERA TR L ST, C
JRFRY s BEEAR RN 1,285, p BUIEAG 50 2. 924, X UEHAFE SR AOETERISGE FE , BT C BRTAY s
BiE W C R0 p PLEFEFS.

BLEY) a ~ ¢ IR S AN ZES W& RPN PLEA fEs T3R8 2. HHREREN, 7 Au( 1) A
PG R, C R s Bl A LA, R, 78 Au( 1) BRAWRGiE Mt # A4
Au BT p FUBEAEZ BT, iR k2205 51 AL Au(PH,) ] "B H M Z im0, A4 Au Ji
T d BUBERR BT, a2k 22(8BEE 5 A [ Au(PH,) | * %0 H B934 2w B4 C IR T p #1
EHRR BT, AR NS Aul JRFER—HZ LW C IR T p FLUBEMAES M ZERTHE C
J7F p FUBRAL R 2. JEREUT TR, ICA Y a ~ ¢ WRARREMR I E A RN 7o ar " BRI
Ji, C(p)—Au(p) BA B HEBIMER (LMCT) , A Au(d) —Au(p) &8 H 0 H ff 75 75 T8 1 o
(MCCT). A WL[ Au(PH,) ] 7€ Au( 1) FCEWH s FIRIBGRE MU DRSS | IES B E T
[ Au(PH,) ] * &M B9 B AR BRI L.

Table 2 Gross orbital populations of the ground states and excited states for complexes a—c

Atom a b c Atom a b c
(orbital) XA’ A'A’ X'a, A'B, X'A, A'A; | (obital) X4’ A4 X'a, A'B, X'A, A4
Au(s) 0.798 0.800  0.837 0.839 0.840  0.838 || Au* (d) 9.681 9.675
Au(p) 0.513 0.896  0.546 0.863 0.518 0.645 || C1(p)  2.901 2.771  2.942 2.760 2.878 2.814
Au(d)  9.677 9.620  9.662 9.617 9.681 9.675 || C2(p)  2.936 2.872  2.939 2.879

Au* (s) 0.840 0.838 || C3(p)  2.898 2.886

Au” (p) 0.518 0.645 || C4(p)  2.913 2.832

2.3 [Au(PH,) ] &I TR & LIE

KT CIS TPkt S BCa Y a ~ ¢ AT, IR 2 TENTRBOL A S, R EILETT,
FLE) a ~ ¢ BB RN FEZS A ST LB AT ) T3 3 BCA Y a ~ ¢ e Sl B kA
PUBBRAL A8 7 T LB 4 BUR 38 T3 4.

Table 3 Gross orbital populations of the ground states and excited states for complexes a—c

Atom a b c Atom a b c
(orbital ) o ‘4, B, ', A, || Corbital) /L L ', B, A, A
Aul (6s) 0.793 0.793  0.819 0.819  0.842 0.841 || Aul * (5d) 9.697 9.694
Aul (6p) 0.497 0.518  0.515 0.540  0.496 0.515 || C1(2p) 2.891 2.923  2.870 2.880  2.867 2.869
Aul (5d) 9.690 9.685  9.689 9.684  9.697 9.694 || C2(2p) 2.953 2.929 2,936 2.918  2.960 2.939
Aul * (65) 0.842 0.841 || C3(2p) 2.901 2.905 2.867 2.869
Aul * (6p) 0.496 0.515 || C4(2p) 2.930 2.918 2.960 2.939

Table 4 Partial molecular orbital composition( % ) of the lowest energy excited states of

complexes a—c under the CIS calculations

Contribution( % ) Au composition( % )

Complex Orbital Energy/eV . A PH, s , J Composition of other orbitals
a 504’ 0.352 94.9 4.7 4.5
4la’ 0.159 2.0 7.4 636 29 24 20
404" 0.158 99.8
384’ 0.129 2.9 372 32.9 37.2 17. 1% p(P), 15.6% s(H)
36a’ 0.061 7.2 79.8  13.0 79.3 2.4% p(P), 10.2% s(H)
344’ (HOMO) ~0.278 93.2 6.6 5.9
334" ~0.314 99.8
294’ ~0.445 60.1 39.0 38.8
b 7la, 0.386 93.7 6.0 5.6
67b, 0.290 21,9 524 255 51.2 13.2% p(P), 11.8% s(H)
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Continued
. Contribution( % ) Au composition( % ) . .
Complex Orbital Energy/eV Composition of other orbitals
C Au PH, s p d
b 60b, 0. 184 29.0 3.6 67.4 2.4 31.4% p(P), 33.6% s(H)
59a, 0. 184 99.6
54b, 0.138 15.9 41.2 42,9 41.0 22.0% p(P), 20.6% s(H)
48b, (LUMO) 0. 067 6.0 80.0 14.0 79.6 2.6% p(P), 11.0% s(H)
47a,(HOMO) -0.241 83.2 11.4 9.8
46b, -0.289 99.7
400, -0.409 56.0 42.2 1.7 41.1
c 93a, 0.413 94.0 5.8 5.1
87e 0.304 15.9 59.3  24.8 58.6 13.3% p(P), 11.3% s(H)
86e 0.304 15.9 59.3  24.8 58.6 13.3% p(P), 11.3% s(H)
78e 0.202 40.9 .0 5401 4.8 1.8 27.0% p(P), 26.9% s(H)
TTe 0.202 40.9 .0 541 2.8 1.1 27.0% p(P), 26.9% s(H)
72e 0. 159 7.2 352 57.7 34.7 29.7% p(P), 27.8% s(H)
Tle 0. 159 7.2 352 57.7 34.8 29.7% p(P), 27.8% s(H)
67e 0. 086 5.3 8l.4 13.2 80. 8 2.8% p(P), 10.2% s(H)
66e 0. 086 5.3 8l.4 13.2 80. 8 2.8% p(P), 10.2% s(H)
60e( HOMO) -0.239 90.9 8.8 1.3 6.2
59¢(HOMO) -0.239 90.9 8.8 1.2 3.8
55a, -0.379 56.7 42.4 27.8

BN, A TR AR R BOE & 5Pt
TR 413.0 nm, HH FRRGE (& 2) EOULHE A
TR TR R B & SEIE N 7 —m BRiT
AR, B SRR, BT C T 2p
BB AR S K 2.910; ARAST C JEFHUE AR A
eI, 5 C1 5C1 " BB AT A s . e 3
ZERIR R, TEH R KB ERT R R, C TR s e~
BB S H S T2 SR, 20e(HOMO)

CIS HALEREY, B AW a 1 RATAERBEE %
KT IAE 442. 7 nm 4L, SEJRT A —'A'BR
T TR A T 3

0.17227

—_—

0.47454
—————

0.47454

21e(HOMO) 23e(HOMO)

RADN T 25 ERAHERITE R 9 FHEE . Fig.2 Single electron transitions in the CIS calcula-
F4 Al , 442.77 nm W A S S R AR A HL tions for 413.0 nm phosphorescence of ben-
BB DT, JHA DRI Au 25 (364" F1 38a’#lL zene

). K3 AN TIZERENE T =K. 16294, 36a’ Fl 34a’ (HOMO) BB, T = FEEPERK
&, BA o RN 7E 384, 40a"F1 500 HUE T, T RABEPERR L, (ARG« REETR. 5
SMETTLIR R, 75 290"l 38a’ BUBE HH A /D EAY Au 19 p JUEF 4 PUERZ S, PIIER S a (4427
nm BOEE SHOEEFEIA R 77 (Ph)—(Ph) BRIT, 1 Au—Ph BRI RARBIGIEIT. M 384 BLE T LIF
H, Au Al C BRI K o 4, X RE TECAY a A DS Au—C 5 Au—P BB T RS K AR
H. 23 aH TECAY) a BB A RISEZS AOBIE A far A6 8 SR T LA B AR IA.

B &9 b Y EARBE R B & B IS AE 461. 3 nm &b, BB, —'A 7 /E. 3 4 BdEmT WL, ZRIEpH
T EE RS BRIT 2 461. 3 nm BECR B9 FZETTHk, IFEA DR Au 192 5 (400, , 48b,, 54b,F1 676, %
).

RS T B WA 4. 7E 406, , 46b, Fl 474, (HOMO) #ifih | 7= EEEPAERR b, BA
7 EEPET; 7 48D, (LUMO) , 54b,, 59a, M 71a, BB, BT ZNHEPERR b, (AEA «° RO
. HICEL A b B 461, 3 nm BHOEESGIEL TR 7 (Ph) > (Ph) BRI, JFFEA Au—Ph B 5555
BN, 48,5 546, HUIE WoR Au Fl C ZEDE MR 7 #, XS TREY b MMAS Au—C 5
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404,
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0.23537
E—
0.35758
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Fig.3 Single electron transitions in the CIS calcula- Fig.4 Single electron transitions in the CIS calcula-
tions for 442.7 nm phosphorescence of com- tions for 461.3 nm phosphorescence of com-
plex a plex b

Au—P FEEAXS TR, 33 o TRCEY) b BYBUR SIS R BLIE L A e 5 LA B A5 A —
.

TWEASREN], AW ¢ MR RRERBOLALSDEIETE428. 9 nm &b, BAPA —'A BRIEAT. K4
TLAE Y, B S RA RS N AT RS BRI R BT, IR Au 9SS, 1815 S5 TR ST R T

0.13212
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0.20278 @

0.20278
e

0.21255 0.21255
=

0.35195 (.35195
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0.11218
e

—0.11218
e
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Fig.5 Single electron transitions in the CIS calculations for 428. 9 nm phosphorescence of complex c
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=, 7E55a,, 59¢(HOMO) F160e(HOMO) i 1, = FLENERR L, BA o UM ; 723
RESTHET, EPEEA LR TF B A o R, 540, 0] LIER, 78 55q, RS T
HUETA Au ) p HUER d PUEMS 5. FILECA Y ¢ 19 428. 9 nm B R GHEIE BA Au—Ph HLfarf%
A R " (Ph)—ar (Ph) BREA T, 78 7le 5 72¢ HUiEi, Au Al C Z B AEYE K 7 5, FI K
B Au—C 5 Au—P PIEEAIN TRESAE K. 51T %3 WEAY o (8L SRS R HLIE d T
A JE SR T LA ESIA.

3 4F

(1) AR EINE AW a ~ ¢ IS FUR S T ARILN) C—C SR AT TR F IS Mk &
R X5 Au(PH,) ] S5 FRZEN 7 (ESEPE) A% T Au BSRAHXHERN, 65 F1 6p L
BRI T, AR FAE TR 5] Au 1 6s B 6p BB b, JEMIEISS T2 b C—C Bid sl rE
.

(2) MNTHEEY a~c /T, BMESTH Au—C il Au—P BEESER L AL ARG . 502 PR 70 3 o 5 1)
R E P, Au fil C JEF HIE R K 7 8, Wi 3 ~5 Fk.

(3) BLAY a ~c MEARREE B A CHE IR R AN 7 —a BN 3, 1l Au—Ph Hl Au(6p)—
Au(5d) BRIEAGES SR, B4a R0 A HLECHR Py f a4 B BRAE L.

AU FAHBHRZOEET, hTESE Au 5IA, FER-PUBEERT, AR R T K
PR AS AT A Y a ~ ¢ WAL TFRIBDELIE. Hik, ARSCHTFFE BT Aa( 1) B R OER R4
TIPSR R,
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Theoretical Study of Excited States Properties of
Phenyl Modified | Au(PH,) | *

JIAO Yu-Qiu', PAN Qing-Jiang"?, ZHANG Hong-Xing'"
(1. State Key Laboratory of Theoretical and Computational Chemisiry, Institute of Theoretical Chemistry,
Jilin University, Changchun 130021, China;
2. School of Chemistry and Materials Science, Heilongjiang University, Harbin 150080, China)

Abstract The structures in ground and lowest-energy triplet excited states for [ Au(PH,) |C,H,(a), 1,4-bi
(AuPH,)-C,H,(b) and 1,3,5-ter( AuPH, )-C,H, (¢) were optimized by the MP2 and CIS methods, respec-
tively. It was shown that the introduction of [ Au(PH;) ] * decreases the electron density around phenyl ring,
which weakens the C—C bonding in the ring. The lowest-energy phosphorescences of a—c¢ were predicted at
442.7, 461. 3 and 428. 9 nm by the CIS method, respectively. Comparison with that of benzene shows that the
phosphorescent emissions of a—¢ exhibit the 77 * — transition involved in the phenyl ring, accompanied by
Au(6p)—Ph and Au(6p)—Au(5d) charge transfer transitions.

Keywords Excited state; Phosphorescence; Ab initio; Au( I ) complex
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