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/IS THE2 A [M(bpy)o(phen) > AT [M(phen)y(bpy)]** (M = Ru, Os)[E — (A3 ({ B fiRHT
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HwEY) [Ru(bpy)2(phen)]** [Os(bpy)a(phen)]** [Ru(phen),(bpy)]** [Os(phen)(bpy)]**

M-N (b 2.0892 2.0791 2.0923 2.0766

KA (bpy)
M-N (phen) 2.1094 2.0899 2.1029 2.0893
1) N-M-N (bpy) 79.025 78.324 78.639 78.477
N-M-N (phen) 79.282 79.220 79.712 79.180
) N-C-C-N (bpy) -1.906 -1.874 —2.481 -2.051
N-C-C-N (phen) -1.623 -1.064 —1.055 -1.062
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/IS THE2 A [M(bpy)o(phen) > AT [M(phen)y(bpy)]** (M = Ru, Os)[E — (A3 ({ B fiRHT

AT A BTFIRE £ TR Ra(HER HH, KIRX (A > 320 nm) FE2 L d-n o F TR
) HLAAR BT g AR ERIERE m. e L BRAE, o d-d BRITFT A R LR BIAR D, T R X R

aaa e Fr
2 @0 e & e
JJ ‘J s
) & &
J} t, ‘% 3;4 A
*fu,;) 49 P % A
133rd 66b 134th 68a 135th 6&7b 136th 69a 137th 68b
n(phen) day d,, HOMO d: LUMO  a*(bpy)
, ., . od
S o
@D 3 2, > 4
4,
"“\ (Al > ) A
A 2P p. L
138th 70a 139th 69b 149th 74b 150th 76a 153rd  76b
n*(bpy) n*(phen) dy(0ren) da(0%sun) Ry(c*cn)

Bl 3 A-[Ru(bpy)(phen)]* )i 4 Kohn-Sham it/ &

£ 2 A-[Ru(bpy),(phen) > o (1) = ZEERAT

R PE M(nm) f R,a(DBM) H(Debye) m (BM) T A
3A 460.67 0.0089 0.3725 10190 z -04374 z d,—7*(bpy) (86.61%)
4B 44434 0.0286 0.4922 1.0988 x 0.1738 x dg = (bpy) (58.96%)
13990 'y  -0.2757 vy d, e—m*(phen) (37.72%)
5B 435.48 0.1027 -0.7804 -2.1768 x 0.1129 x dp_—m*(phen) (47.05%)
24622 'y  -0.2596 y d— m*(bpy) (25.50%); d.2_:—m*(bpy) (22.20%)
20A 280.13 0.2498 6.8886 41850 z  -1.9370 z n(bpy)—1*(bpy) (65.78%)
d,—7*(phen) (3.65%); dy_y»—1*(bpy) (2.65%)
22B 277.09 0.4310 -3.5062 24320 x 1.7685 x n(bpy)—m*(bpy) (38.81%)

49313 y  -0.0238 y  m(phen)—m*(bpy) (19.36%); m(bpy)—n*(phen) (11.82%)
dy_y—m*(bpy) (3.97%)
25B 25933 0.5513 20212  -6.0138 x  -0.1546 x n(phen)—m*(phen) (61.30%)
-04456 y 34551 y dyy—*(phen) (6.95%)

# 3 A-[Ru(phen)y(bpy)]** ' EHELT

SRR . (nm) f R..(DBM) M (Debye) m (BM) j7SSH/E)
4B 451.93 0.0149 0.34895 —0.1111 x 0.0104 x dy_e—m*(bpy) (58.19%)
1.2869 y 0.3174 'y d.,—n*(phen) (37.15%)
3A 448.22 0.0140 0.44078 1.2597 z 04162 =z d,,— ¥ (bpy) (89.45%)
5B 434.94 0.0691 —0.56267 0.3421 x 0.0439 x d,,—m*(phen) (45.71%)
—2.6495 y 0.2462 y dy_e—m*(bpy) (34.09%)
5A 432.96 0.1037 —0.45632 32990 z 0.1577 =z d,— ¥ (bpy) (60.64%); d,s—n*(phen) (24.95%)
7B 404.77 0.0726 -0.47136 -0.6700 x  -0.0141 x d,,—*(phen) (80.43%)
26165 y  —-02132 vy
23B 278.73 0.3272 2.93964 26500 x  -1.1676 x n(bpy)—1*(bpy) (64.00%)
4.0033 y 1.6197 y d,,—m*(bpy) (4.19%); d,,—*(phen) (2.86%)
29A 260.11 0.2399 11.20978 3.9781 z 33597 z  m(phen)—m*(phen) (61.10%); d,_»— m*(phen) (4.50%)
31B 257.59 0.7002  -12.86823  —-6.6475 x 27313 x  m(phen)—m*(phen) (37.87%); n(phen)—m*(bpy) (9.89%)
1.2978 y 2.1375 y d;_—m*(phen) (7.58%); d,,— n*(phen) (5.27%)
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RERE: (0 2011 4F H41 % FHTH

F 4 A-[Os(bpy)(phen)* F i) = ZEERIT

WARYE A (nm) f R, (DBM)  u (Debye) m (BM) BRIT VA&
1B 590.72  0.0022 0.28740 05849 x = -0.5672 x d,2—7*(bpy) (96.98%)
04385 y = -0.5153 y
3A 519.92  0.0317 0.65355 20250 z 03779 z d,—7*(bpy) (87.01%)
3B 512.69  0.0202 0.44346 1.1016 x 0.2284 x d_y—m*(bpy) (65.55%)
-1.1761 'y = -0.2318 y d,,—1*(bpy) (30.31%)
4B 500.34  0.0202 0.28223 0.8289 x 0.1120 x dy_p—m*(phen) (42.27%); d,,— n*(bpy) (31.00%)
13700 y  -0.1774 y d_y—m*(bpy) (20.38%)
5B 464.25 0.1195 -0.85056 23898 x 0.1212 x dy_y—m*(phen) (51.82%)
28234y -02467 y dy,— 1t (bpy) (32.44%)
5A 46252 0.1368 -0.60319 39634 z  -0.1776 z dy_p—m*(bpy) (47.70%); d,,—*(phen) (23.73%)
19A 278.57 0.2154 5.65865 3.8800 z 1.7207 z  m(bpy)—n*(bpy) (56.37%); n(bpy)— mw*(phen) (20.11%)
21B 275.63 0.4136 -3.73007 25059 x 1.6844 x n(bpy)— n*(phen) (45.88%)
—47562 'y -0.0531 vy n(bpy)— m*(bpy) (26.39%)
24B 258.08 0.5806 —2.49003 -6.1325 x 0.1847 x n(phen)— m*(phen) (57.60%)
07712 'y 24350 y d,,—m*(phen) (7.72%)
5 A-[Os(phen),(bpy) > 1) Z IR
XFRPE A (nm) f R, (DBM) # (Debye) m (BM) BRIV )8
1B 585.62 0.0021 0.27601 -0.6975 x 07616 x ds—1*(bpy) (95.47%)
-0.0076 'y  -0.1100 vy
3B 521.45 0.0247 0.55057 02557 x  -0.0618 x dy_y—m*(bpy) (94.46%)
1.7708 'y 0.3546 vy
3A 508.05 0.0357 0.65828 21330 z 0.3636 z d,— ¥ (bpy) (91.79%)
5A 463.39 0.0097 -0.77773 37161 z 0.2426 z dy—m#(bpy) (56.15%); d,_»—m*(phen) (29.91%)
7B 439.09 0.1326 -0.81960 0.5788 x  -0.0214 x d,,— ¥ (phen) (65.47%)
37740 'y -02590 y
23B 275.62 0.2543 0.88391 22678 x  -0.9098 x n(bpy)— m*(bpy) (33.05%)
35849 'y  -0.8992 vy d,2—7*(phen) (46.58%)
29A 258.93 0.2277 6.39407 38754 z  -1.9761 z n(phen)—m*(phen) (42.78%)
d,,—m*(phen) (4.03%); d,—*(bpy) (3.97%)
30B 256.36 0.5343 —8.55585 -5.7978 x 1.8727 x n(phen)— *(phen) (26.18%)
1.1326 y 0.5288 'y d,,—ssm*(phen) (3.68%); d,,—n*(phen) (3.62%)

T Phm-m . AFAIEGE T LU L, 76 A-[M(bpy),-
(phen)]* 48 &1, 280 nm P (1K) A m-mo+ 1 2R
T T IRE R IC A4, 259 nm BT 0 -k BRAT U S
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Ab P P A oo R D) Jeg 40 S M b

W5 CD % 55053 b 4%

R 4 b T A RO DR K RN e R, SR A
Gauss M F N5k T WUF 51 CD S,
P 4 2 7 Ao B (B o A Y IR S 56 CD
PEUTISh gl CD ORI BT R R S H T R
K P X (4 > 320 nm) Ru 5404 28 nm 1] Os #4554
40 nm; FEPX (A < 320 nm) L ERE, )
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WM RIS %A MR R TAG C, #O6-T [M(bpy)a-
(phen)]*24 11 nm, i %+ [M(phen),(bpy)I** 4 8 nm.
P v 0 1) 0 2 3R R BT 1RO B R AR R iR B, IR
7 BRI 1R — 55 B80T o S 3R s L I R K B R i '
B BEAMR A I DRI K X CD Ay ) o 1 2 )
IR, Mooy Bom s, JF AT 5| < Aex5— | Fl| < Ae/5—|
E N N AN R O e i R I B a A R St
DL B, RO 1 S0 1 1% oy 5 K i X A BT 408 1f
WX A FTIERS, (HEARM A MRS 5L Ry &
FHR LT

S VI S R S50 B (R X B B0k, n LG sK
B R R . %) T [Ru(bpy)a(phen) ], Kl [X
466 nm AL IERT EEEH 1'A—=3'A F1 1'A—4'B 1)
d-m* KA =2E 1, 408 nm LRI AT 1'A—5'B
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o 150 522.3(34.2)
£
_0
g ° \]‘ ~ |/ 59070110
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Bl 6 A-[Os(bpy)s(phen)** K115 CD ik (a) FISL I 1 (b)
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E 150 [ 520.3 (34.0)
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e O 5856 (11.2)
&l ]
i | (-37.5)
300 ) , 3”".5 ,
200 300 400 500 600 700
A (nm)

B 7 A-[Os(phen)y(bpy)* B THE CD Y 1E (a) F S5 1E (b)
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M ZE H 1'A—22'B [fin(bpy)-n*(bpy) fl 1'A—
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(bpy) | 7EK % X 464 nm K155 — AN IEH J& i 1'A—~4'B
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RERE: (0 2011 4F H41 % FHTH

MRy, Hidh 649 nm 4L IEH EH 1'A—~1'B (1)
d-m*BRIE P2, 486 nm ALIETT R A 1'A—=3'AL 1'A
—3'B M 1'A—4'B ) d-n*PRiE, 423 nm Kb 4705 )
S 1'A—=5"B A 1'A—5"A () d-n* BRI 5 . 788
WX, 292 nm ARIERIEN A 1'A—19'A
n(bpy)-m*(bpy) BEiE 7 42, 264 nm AL (R FUH U 1'A
—21'B A n(bpy)-n*(bpy) fil 1'A—24'B ] n(phen)-
m*(phen)ik N7~ 2E (). [Os(phen),(bpy)]* /£ K% X 649
nm &ME—ANERHE 1'A—=1'B 1) d-n* kil =4k,
492 nm AMIE ANESRA 1'A—3'B A1 1'A—3'A
(1) d-m*BKIE, 428 nm AL FATNEH 'A—5'A Fl
U'A—7'B 1) d-m*PRIT 5 1. KX 293 nm AL [H IEAT
i 1'A—23'B [Kn(bpy)-n*(bpy) BKiT =42, 270 nm [
I TR AE G A A D) S ph 200 S 0 DR T A4 - B O R A
FEAER, KRB RRE S B A 1T A—29" AGE )l
1'A—30"B(f1715).

RV, DU £ A P A0 A DX IR WS 2
St 4R BRI A B BRIE 5 1, d-d BRI T o () Ak
AR D AR R D) B A b AR T
A, HAES T eI d-ns g B BT 1 o1
RO 2 23K 5).

TR U ) B A S SR 4% A ) T R

7N\ [\ g
\=N/ \\N_// n=5416D

/
Ry
I

P - BRI BB K RIBGE B

g

Ag (L mol'femr )

=

320

240
160 |

g0 F

0

80
160 |

ke, FA1 X AF DFT/B3LYP/6-31G*/KF 5 lkntt
W FARSE MR AR REAT T V5. &5 SRR W AP G A (1)
FFAE oo SR 4 A2 Rl e 9 140, A (14 98 R FL A A
BRATAE P 8 e, $Enk, BT orvste-
o AR AR B TH 5 T P RV L 4% A W (BT
SFE, S RWE 8 AR, o, 2B ERR
ERIEBEXT CD & ok, AUk 2R 7R 48 35w mhk (1 o1
R, B r oSz B CD Aty iz ] L
HE L, PR ECAA B e BRI R A AR = AN T
A, RFRYES 5 A B Al B. #E[M(bpy)a(phen)]* 7,
AP RAT R ARy, I YR TR
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Theoretical analysis of the CD spectra and chiroptical properties of
[M(bpy),(phen)]** and [M(phen),(bpy)]** (M = Ru, Os) chelates

GAO XiaoLi', WANG YueKui', WANG Yan®, JIA Jie' & SU XiaoLing'

1 Key Laboratory of Chemical Biology and Molecular Engineering, Ministry of Education; Institute of Molecular Science, Shanxi
University, Taiyuan 030006, China
2 Department of Chemistry and Chemical Engineering, LvLiang University, Lvliang 033000, China

Abstract: Calculations of the excitation energies, oscillator and rotational strengths, and the CD spectra of the chelates
[M(bpy)a(phen)]** and [M(phen),(bpy)]*" (M = Ru, Os; bpy = 2,2"-bipyridine; phen = 1,10-phenanthroline) have been
performed at the TDDFT/B3LYP/LanL.2DZ//DFT/B3LYP/LanL.2DZ level including solvent effects. The calculated CD
spectra are in good agreement with the observed ones. Detailed analysis for the dominant transitions reveals that the CD
bands in the long wavelength region (320—700 nm) are dominated by the charge transfer transitions d-m*, while in the short
wavelength region (200-320 nm), the stronger CD bands are mainly from the exciton coupling of the long-axis-polarized
m-* transitions on the ligands. The chelate [M(bpy),(phen)]*" shows only two exciton absorption bands, in which the
negative one can be assigned to the m-m* transition of the phenanthroline, and the positive one to those of bipyridine
ligands. However, the chelate [M(phen),(bpy)]*" has three excition bands, in which the left two with opposite signs can be
assigned to the m-m* transitions of phenanthroline ligands, and the right positive one to that of the bipyridine. These
findings provide a deep insight into both the electronic structures and chiroptical properties of the chelates with different
ligands.

Keywords: Ru(II)/Os(Il) chelates with different ligands, theoretical analysis of ECD, TDDFT calculation, chiroptical

properties
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