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Theoretical Studies on "°[(d..)(p, )] Excited States and Metal-Metal
Interaction of a Series of d® Complexes
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Abstract The structures of trans-[M,(CN)4(PH,CH,PH,),] [M=Pt (1), Pd (2) and Ni (3)] and trans-
[M(CN),(PHs),] [M=Pt (4), Pd (5) and Ni (6)] in the ground and '~ (d,2) (p-)] excited states were optimized
by the MP2 and CIS methods, respectively. The CIS calculations revealed that upon excitation the Pt-Pt dis-
tance of 1 shortens but those of 2 and 3 lengthened. Experimental emissions were well reproduced by the
TD-DFT calculations. For example, the fluorescent/phosphorescent emissions of 1 were predicted to take
place at 356/417 nm in the solid state and at 348/404 nm in the CH,Cl, solution, agreeing with experimental
388/450 and 386/448 nm, respectively. It is shown that the metal-metal interaction decreases on going from
1 to 3 in their excited states, leading to the increase of the o(p.)—c*(d..) emission energy along the series
complexes. With respect to analogous mononuclear d* complexes (4~6), the d*-d® interaction results in a
large red shift of emission wavelength for the binuclear Pt(Il) complex but slightly affects those of the binu-
clear Pd(II) and Ni(II) complexes.
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Pt, Pd, Ni; R=Me, Ph 1 Cy). X-ray & ART 5 i B2 00
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o(p)—o*(d) 1142 & 'Ly (Metal-centered, MC)EKiT, 2K,
Pd Fl Ni BCAILE FIRESAT T AN A MC BRIT K
FIG, Bk oo & BieEikr 7R, (HE
A R AZKR AW I FEAR IR IE R DB A Sl H g
T7RIST trans-[My(CN)y(PH,CH,PH,),] [M=Pt(1), Pd (2)
Al Ni 3)F trans-[IM(CN)»(PHs),] [M=Pt(4), Pd(5)F!
Ni(6)] IR A PE T, 53R B <6 e 1) 95 A0 B E F et
U LA RS e

1 HEA%

ffi T trans-[M(CN),(PHs),] H!  trans-[My(CN),-
(PH,CHPHL), I/ A VAR AR R B &4 ), B
H A0 Me, Ph LLJ Cy S5 KIUACAE. 7F Gaussian 03 F2
Fef¥) MP2/LANL2DZ H1 CIS/LANL2DZ #8445 143
SRAL 1~6 (LSRR S SR E DN Co R TE).
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Table 1 Optimized geometry parameters of 1~3 for the 1Ag ground state and 'A, A, excited states, together with the experimental

values”
Parameter ! 2 3

'A Exp. A, Ay 'Ag Exp. A, Ay 'A Exp. "Au Ay
Bond length/nm
M—M 0.3069 0.3057 0.2991 0.2985 0.3020 0.3043 03386 0.3578 0.3021 0.2957 0.3830 0.4155
M—P 0.2305 0.2329 0.2351 0.2349 0.2292 0.2345 0.2387 0.2405 0.2116 0.2236 0.2505 0.2521
M—C 0.2020 0.1994 0.2035 0.2032 0.2005 0.2001 0.2035 0.2042 0.1826 0.1864 0.1970 0.1962
C=N 0.1221 0.1161 0.1160 0.1161 0.1222 0.1140 0.1173 0.1193 0.1223 0.1149 0.1165 0.1175
PP 0.3065 0.3056 0.3058  0.3069 03119 0.3142  0.3069 03102 0.3122
Bond angle/(°)
P—M—P 179.9 177.3 178.4 178.2 178.8 177.2 173.6 169.6 178.7 176.5 163.3 156.3
C—M—C 173.5 176.6 168.7 169.8 172.2 176.6 175.6 175.5 170.9 175.8 172.4 173.5
C—M—M 93.2 92.1 95.6 95.1 93.9 91.7 922 92.3 94.5 92.0 93.8 93.3

“ trans-[My(CN)4(PCy,CH,PCys),] (M=Pt, Pd 1 Ni) S I (EK B T 3CHk[2,4].
2 MMATIE 4~6 1) "AFEER AL A BRI U S HL LSl ¢

Table 2 Optimized geometry parameters of 4~6 for the 1Ag ground state and 'A,/°A, excited states, together with the experimental

values”
Parameter ! > 6

'A Exp. A, Ay 'A, A, Ay 'Ag Exp. Ay Ay
Bond length/nm
M—P 0.2320 0.2336  0.2357 0.2349 0.2310  0.2365 0.2374  0.2125 02243 02543  0.2502
M—C 0.2021 02021  0.2033  0.2030  0.2010  0.2021  0.2020  0.1824  0.1857  0.1953  0.1962
C=N 0.1220  0.1106 ~ 0.1159  0.1158  0.1221  0.1161  0.1161  0.1220  0.1148  0.1188  0.1195
Bond angle/(°)
C—M—P 88.5 89.2 88.8 88.5 88.1 88.3 88.1 88.0 89.0 88.3 88.8
C—M—P’ 91.5 90.8 91.2 91.5 92.0 91.7 91.9 92.0 91.0 91.7 91.2

“ trans-[M(CN),(PCys3),] (M=Pt K1 Ni) {15258 2K 1 SCHR[2].

YEF. B, AUZEEA IR M—P/C K 2 thiih X —
FAE.
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43900 356 F 417 nm, 5 RIS W 4.

76 TD-DFT 225 b, XU Pt &9 1 45 H T ARET
X% Pd (2)FINi Q)AL S AR MC & 4. X 5 AT
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Pt-Pt SR S AR FE AR AT A S, 2 T 3 1) M-M R B AR
K. Sk 4~6 HILL, 1~3 'ASA R SR SR K
ST NLERE 121/150, 58/44 F135/13 nm. X FhIZEH kN
#a#h 5 M\ Pt—Pd—Ni 1 M-M H BAE RIS 7. L,
3 BCRATEFE BT A% 6 MTE. N EWHhER AR d°
FCA PO T, BAEE 1R Z T 1~6 [
6 S L TR AE R (ICT coefficient|>0.1). #] LI
FIBUZBC A= AR B A S, DAL, 7R XU G &
Wrp d-d® HECAE FH IR R B AT A R i K A X T
WX g, BARBEEEY 4~6 fHAEE LMK
e, (ESEAEXUEIC &) 1~3 AR i 20y S 85U F
W4 & Pt ICAWILEL Pd AN Ni B & 090G BRI BUE S
Hhe. KT 1~3, o(d2) Fl o*(d) PUEEE RGN 2.52,
0.80 iBIRF] 0.21 eV, 1M o(p )l o*(p.)BEZLBENI M 2.28,
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# 3 TD-DFT HHEAARI1 1~6 (K Pz — d2 BRIEAERE ZSH CHLCL ¥ 16 A2 563 (B K nm)
Table 3 Calculated P: —d.: emissions of 1~6 in the solid state and CH,Cl, solution at the TD-DFT level (wavelength: nm)

In the solid state

In the solution

Complex - 1
A, A, Exp.(f/p)* A, A, Exp.(f/p)*
1 356 (0.165) 417 388/450 348 (0.222) 404 386/448
2 279 (0.136) 292 275 (0.183) 287
3 278 (0.066) 274 272 (0.091) 272
4 235 (0.045) 267 234 (0.077) 265
5 221 (0.069) 248 221 (0.052) 245
6 243 (0.032) 261 242 (0.038) 259
@ SIS WL B trans-[P(CN)a(PCy,CHLPCy, ) 1 7 GO FBE G (p) & S KL AE, R FSCHRI2]; * 465 P9 ¥R T g,
4 - 1 5 2 6 3
o L o¥[P,(Py)]
e ’ T ox . (Py)] L PN
Ll i ABRIBEV gl BRIV gy ARV
. p.(Pt) 19 - ' 6[p-(Pt2)] Po(Pd) éb’ag o[p(Pt2)] B 20ag 6 [P-(Nb)]
© *(Ni-P)+8[d2-,2(Ni
8 44 [CT Coef[=0.724  |0.727 0.717 0.705 0.714 %zzi | G*( 1 )+ [* 2.y 1).]
s 7 152 : G*(Ni-P)+8*[dy2,2(Ni)]
= 6 [d(Py)] 0.575|
e o*[d=(Ni)]
84 120 AEy2.52 eV agt AT )]
d2(Pt) : d-(Pd) - T 18y . .
17ag &[d2(Pty)] AE~021 12au—u-——6 [dy2(Niy+o(Ni-C)
ot 6[d2(Pty)] Pl 6 [dy2(Niy)+o(Ni-C)
17a, 2 15 "
104 € 4o o(Ni-P)
10a,—— G(Ni-P)

Bl 1 TD-DFT i XU% 1~3 1) o(p.)—o* (d.2) FHI% 4~6 1 p, — d.» 1B A8 R I M0 e gl
Figure 1 Diagrams of the single electron transitions under the TD-DFT (B3LYP) calculations for the o( p, )—oc* (d,») phosphorescent
emissions of dimers 1~3 and the p.— d.. ones of monomers 4~6 in the solid state

1.54 Jl/NE 1.28 eV. BEARAE 2 F1 3 (K1 A, RS T 4 )8
(A AR FARSS, 205028 0.3578 F1 0.4155 nm, FiLL'E
MIRBCRASPE BT gk 5 F0 6. B, BA i
AWMy (PH,CH,PH,),]* (M= Au, Ag, Cu)[\IHF 77 & W4
TD-DFT/LANL2DZ #8255 FA3 20 o (dp ., d,p) A
o*(dq_2,d,.) IALIEBSRBEMRIN Y 3.23, 3.00, 1.55 eV,
1M o(sp-)F1 o*(sp.) IEEZLHE A 1.55, 1.40, 2.03 eV. X4k
SERLER T AR AR EAE X 4 il A MC BT
M) BT K

TD-DFT/PCM 1H 5 £33 T 1~6 7 CH,CL i 1 1)
K5, Bn, 22010 AL A BRI 348/404 nm Gt
Y trans-[Pty(CN)4(PCy,CH,PCy,),]7E CH,Cl, %3 1)
386/448 nm FF G ARLF. THEAFEN ) 1 AL R A MR
RFHARFEIT, XU BT R A S v ) TR AR B AR
55, Zfolith, FRAT R A ROURZ BE A M7 T A R
HH R Y R S F T BT A 4 L 25 T 4 s i AR 28 6
d* Fe S RS AR,

3 4

KHMELELI MP2 1 CIS J7i0F9% 1~6 (1 45k
JEREMERT. BREORASH IR ER R 1 RS
Pt-Pt P 2 ARG FE AR S, 117 2 R 3 1) 4 1) P A1 K
7t TD-DFT #g g LWl T 1~6 1 d,. —p. BTk
SIRE, 1 145 CHLCL & H 70 il AT 348 #1404 nm 1)
PCFENE R, H5E50 1) 386 Al 448 nm AHXTR. 7
1~3 (RS, d®-d® AHEAE AR UG R, 1Y 1 & 5
BRATAEtn; L AZRL S 4~6 MLk, 4@ A0 AR
A5 XU Pt S PI RS L0, M6 A% Pd Fl Ni
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