Yy PRAL 22 2 /e ( Wuli Huaxue Xuebao)

January

Acta Phys. -Chim. Sin.,2001,17 (1) :43 ~ 47 43

7 Bk ALt e 5 A A LB A B 5 A

R ERM

(Pl s 5 e TR, M

ke B OERHF

510275)

BE O TR A Y Ru bpy B 1 RHAELARAY 4, 4 XURICHT A, FlHe L% 32 R (DFT) 7k
TEB3LYP/LanL2DZ /KF LT HE | BRI —28 08 A HE L 755 (1 — OCH, ) 5% AHL HL T2 ] (40 — NO,) AYHL
ARIE AN X T 0 ) P T 5 ) 5 A S B, I EE A BRSO BT A R IR R ZE IS SRS, O L

R AR FIFLER S BT e L B i 2%

KA

JNHMARES (1) BRALBERL A PIRu bpy B+ (bpy =
2, 2/- BRMERE ) B HAG AWt T HA MR DNA 1
AR . RMH b RE . BRI A DS
TEPEEMERE, PV T DNA Z5H3R50 | ks ko
PRET . KFHREHL M AT RL B A SE | HATE A
JUEFZ A el el AR 0 e Lk APk
S OPHTASE O EAR R | AR RO E A R
HE TR R B SCTE, BT AR R 43T
SRS ST A -5,

T EM bpy %" (M: Fe, Ru, Os) BLa ¥
FLER AT 1 2 )5, ASCHE—2E X ET (1) B
MERERE A4 [Ru bpy k1 Bl (ki —2e BRI (hn
S 3 HL 3£ A — OCH, Fls i fL F3EH] — NO,) 1
4, 4'- SRR A Y, fE% 12 R (DFT) B3LYP/
LanL2DZ 7KV T35 . i Sl &9 b —
AR IERCAA Y 4, 4/ 07 B H B BU S IE U
XTECA Y H 254 SO DGR ot e B8 S . BETE
56 B r s LA . Al CAIZ R LA Y T
AEor T RO L AR A HIALER T 4
erie %

1 HEEBEETE
A PEEJEE T Ru 5 =12, 2/- BRALBE (bpy)

2000-05-11 JEIWIHG , 2000-07-24 W EME L HT . BER N : FBHE AL (E-mail: ceszke @ zsu. edu. cn).

(29671035)

2,2'- WRMERERTAEY), AT (IDERMEIE L&, OBk,

R, Iz Rk

2 i U DS W VR VA | A ANR T TR NP G Sl =7
Ru bpy %", BAT D, XPFRME . G Hrp— N Bt e i
PRI 4, 4" 57 1 H 98P R8O RS , Bl & 9
Dy SERRPER AR Ny ¢ SERRYE . TR RER, N
TR ROIE A TAERRAE L b 58 B ST F2 2
[ TR SE , ASCVE T DU ALIE L Ad
B B TEC A B AR B R A B A 1) B A S 0
FPFIE T, R 1 PR MH-C KA H-C -
C 5 MR IBhR I LB s ) | AR L 45 1
T X R R AT A B A B AR LT AT
B BHA R MBS R reaon, TLATA
VAW S5, BV e AR T Bt 5L 1Y
rra-n AR BUREER) 7o on. FHIGCOCARAS 3 09 H 5
SR BAE AT A OGBS

THATEREZ PR (DFT) B3LYP/LanL2DZ %
H O ACE T AR ARG, i

#1 BKRu bpy 3 WEEZBEK (nm)FgER ()7
Table 1 ~ Main bond lengths and bond angles of the

parent Ru bpy %* taken from experiments'”’

Ru-N c-Cc C-N" N-Ru-N Ru-N-C

0. 2056 0. 1360 0. 1360 78.7 115.9

“The average bond lengths in the ligands (bpy) were used from

experiments.
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Fig. 1
its substitution derivates(R: -OCH;, —H, —NO;)
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The calculation model of Ru Q)py %* and
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Table 2 The calculated coordination bond lengths

(Rru-n~) of Ru ﬁbpy %* and its substitution derivates
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Fig.2 Schematic representation of energies of
some frontier MO in Ru bpy %* and its
substitution derivates, and the corres-
ponding electronic spectrum (I, IT, ITL

same as Table 2)
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Table 3  Some frontier molecular orbital energies( &i/a. u. ) of Ru %py %* and its substitution derivates

Comp. (6] (6] (6] (6] NHOMO HOMO LUMO NLUMO (N+1)LUMO Aei-u Aer-nu

IR= la 1b 2a 3a 2b da 3b 5a 4b
—OCHs) -0.4671 -0.4646 -0.4586 —0.4042 -0.4015 -0.3994 -0.2736 —0.2684 —0.2674 0.1258 0.1279
ImIR= la le le’ 2e 2e¢' 2a 1ax 3e 3e'

-H) -0.4723 -0.4693 -0.4693 -0.4113 -0.4113 -0.4076 -0.2788 -0.2731 -0.2731 0.1288 0.1325
I R = la 2a 1b 2b 3a da 3b 5a 4b

-NO:) -0.4851 —-0.4716 -0.4713 -0.4393 -0.4375 —0.4348 —-0.3270 -0.3129 -0.2953 0.1078 0.1105

Note: O expresses the occupied molecular orbital.
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Fig.3  Assignment of the absorption spectrum

of Ru bpy %3 (taken from ref. [1])
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Table 4  Main atomic orbital populations of some frontier molecular orbitals in Ru @)py %* and its substitution derivates
Ru N C R H
Comp. Orbital p » 4 P » P » p » S
I NHOMO 0.0 0.0 71.7 0.2 2.9 3.3 19.5 0.0 2.1 0.3
(-0OCHs) HOMO 0.1 0.0 70.1 0.0 12.0 2.9 13.8 0.0 0.9 0.2
LUMO 0.0 0.2 0.4 0.3 28.2 0.8 70.0 0.0 0.0 0.1
NLUMO 0.0 0.1 7.2 0.6 29.7 0.5 61.8 0.0 0.0 0.1
II NHOMO 0.0 0.3 71.8 0.2 2.4 2.8 22.3 0.0 0.0 0.1
(-H) HOMO 0.1 0.0 77.0 0.0 3.6 4.4 14. 8 0.0 0.0 0.1
LUMO 0.0 0.2 0.0 0.4 29.8 0.7 68.8 0.0 0.0 0.1
NLUMO 0.0 0.1 7.0 0.7 30.0 0.3 62.0 0.0 0.0 0.0
III NHOMO 0.0 0.2 73.1 0.2 2.6 2.5 21.0 0.0 0.3 0.1
(-NO.) HOMO 0.1 0.0 76.3 0.0 3.9 4.0 15.2 0.0 0.4 0.1
LUMO 0.0 0.1 7.3 0.0 32.1 0.5 49.8 0.0 9.6 0.1
NLUMO 0.1 0.0 2.0 0.0 25.0 0.5 55.1 0.0 17.2 0.0

Note: I, II, IIT same as Table 2.
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The stereographs of the frontier molecular orbitals of complexes (I, II, III)
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Ru bpy %* and its Di-substituted Effects of the One bpy*

Zheng Kang-Cheng  Kuang Dai-Bin ~ Shen Yong  Wang Ju-Ping
( School of Chemistry and Chemical Engineering, Zhongshan University, Guangzhou — 510275)

Abstract  Studies on the complex Ru Q)py %* and its 4, 4’-di-substituted derivates on one bpy are carried out
by using DFT method at BSLYP/LanL2DZ level. The regularities of the substituent effects of stronger elec-
tron-pushing group ( — OCH;)and stronger electron-drawing group ( —NO.) on affecting the electronic structure
and its related properties, e. g., the coordination bond lengths and the spectroscopy properties, efc., have been
investigated. The results obtained may be useful as references for the synthesis of the complexes, the mechanism

analysis on photochemistry , electrochemistry, catalysis-chemistry and biochemistry of the complexes , efc.

Keywords: 2, 2'-bipyridine(bpy),  Ru(II) bipyridine complex,  Photochemistry,  Electrochemistry,
DFT method
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