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WE OFIF%EZ KBS (DFT) 1Y B3LYP kb T 2L ET ALl A% [ M(N) X, ] - [M =Ru, Os;
X =S,C H,, mnt(maleonitriledithiolate) ] F4FEA L2454 , 13RI LTS 505 SLE0 245 R & 154R4F. R A TD-
DFT 77k, 1538 TRCAWFE CH, CN %5 W 138 % 2 L F 450 Fn s FIRBOR 3. AU SCREF ks i CPCM
PRI TSN, TFFTas R, WA 1 ~4 78 CH,CN ¥R M WS BRE k SSAR (0L, AR AE AR e 2
$8INH LMCT #il LLCT PR A IRGE, & BRI 8 35 I ILCT/LLCT BRiE.
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HUEFARE Y S R 2 AR A YR A O A RS )z iR Hoh B BT Ak e
I R R LA I R E M AL A T RARET AR A e M R R B B 5T AR
/B ARSCH DFT/TDDFT J7iitB T [M(N)X, ] " [M =Ru, X =S,C,H, (1), mnt( maleonitriledithiolate )
(2); M=0s, X=S,CH,(3), mnt(4) LS5 | FE5 RO ERT, UG R ER
A JEAFAIE.
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Os, X =S,C.H,(3), mnt(4) | B JUMEHIEFTHAL. LIRS LR R L6t SRA TD-DFT® Jrik, H
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B IO, TR Lanl2DZ 3E4H, XF Ru M1 Os B Ff] Hay 1 Wadt 25000 52 H A AR X8 %
e Ru Ml Os I 16 MY+, FFHE TIMAMAL BT A9) 1 1 3 JEBRL5ny 52, 45548
FITFF L WAL, RIBFIA £ sREOR d BB LS SR a2l . Fk, 76 Ru Ml Os J&

Table 1 Optimized geometry parameters of the ground states for complexes 1 and 3 using DFT( B3LYP) method -

Spocies LANL2DZ LANI2DZ +2f LANI2DZ +2f +2d Expt. [1]
1 3 1 3 1 3 1 3
M1 =N2 0. 1654 0.1678 0.1639 0. 1660 0.1644 0. 1667 0. 1621 0. 1661
M1—S3 0.2434 0.2435 0.2427 0.2426 0.2383 0.2371 0.2325 0.2319
N2—M1—S3 105.0 104.8 104.5 104.8 105.9 105.5 106.0 107.4
S3—M1—S4 86.5 86.4 86.7 86.6 85.8 85.9 85.6 85.2
S4—M1—S6 85.8 86.0 86. 1 86.0 85.6 86.0 83.1 85.2

# Bond lengths are in nm, bond angles are in degree.
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FrHmA 2 4 F iR X F RuJiF, a,=0.095, 1.71, XF Os JEF, a,=0.07, 0.87; Xt S FI N J&F
A2 4> d 8L, XF STRT, a,=0.12, 0.7, X F NJEF, a,=0.1, 0. 14. 15 prfd H 34 .
Ru(8s7p6d/6s5p3d) , S(3s3pld/2s2p1d) , N(10s5p/3s2p) , C(10s5p/3s2p) I H(4s/2s). WA &
FH Gaussian 03 F&/#!" | 7E Origin 3900 IR 55 #% I 5¢ .
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FH B3LYP Jrik A THECA Y1 ~ 4 (RS E 254, TR RN F LS80 T8 2, FRF4 N
THEAYIM(N) (S,CH,), ] (N"Bu,) (M =Ru, Os) [ OsN(mnt), ] (N"Bu, ) iSRG ESE . K
1 R HILm A, Hrp M=N (L F 2 #l, TEEH T vy i, S3—S4—S5—S6 -1 il wy V1047, « 4
{7 F S5—M—S6 A4k b FEARGHES, EAY 1 ~4 ¥RA C, 6 FrbE, MNHL, X 4 MECE
WA A TS, B ATLLE, BAY 1 ~ 4 EEA TR AL AW G it i VO Oy HE R A5 K, 4
J& M(VI) (M =Ru, Os) JEFAFriuts, NJREFAFHED. 1582 Fin, TR 20 LA S5O SE 5041
P& BARGS | o RIEEKAR 22 ASH5E 0. 006 nm, Fe KAVEE MR 22 AT 30, UEIHA SCRIEUY TR T
B RTEERY. thanid 1 fnge 2 I L, FUARETEC S 1 A 2 (IES N S AT A B AR EL S 3 A4
FFEES HA AL A BRI AU L S8k, Hob iR B 5 AN FE R AL A9 3 f1 4 19 Os=N K
(0. 1667 nm) HLEALETEC S 1 F12 A Ru=N £ (0. 1644 nm) K T K#) 0. 0023 nm.

Table 2 Partial optimized geometry parameters of the ground states for complexes 1—4 using the DFT method

4 1('4)) 2(14)) 3('4)) 4('4))
Species

Caled. Expt. (1] Caled. Caled. Expt. (i Caled. Expt. [14]
M1 =N2 0. 1644 0.1621 0. 1644 0. 1667 0. 1661 0. 1667 0.1639
MI1—S3 0.2383 0.2325 0.2382 0.2371 0.2319 0.2370 0.2328
S3—C7 0.1773 0.1762 0.1775 0.1765 0.1740
C7—C9 0.1411 0. 1430 0.1411 0.1429 0.1423
C9—N11 0.1183 0.1182 0.1143
N2—M1—S3 105.9 106.0 105.7 105.5 107.4 105.2 107.2
S3—M1—4 85.8 85.6 86.3 85.9 85.2 86.3 86.4
S4—M1—S6 85.6 83.1 85.3 86.0 85.2 85.9 84.9

# Bond lengths are in nm, bond angles are degree.

Fig.1 Optimized ground-state structures of complexes 1—4 under the DFT(B3LYP) calculations
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PRAFHES R E LTS | FIFH TD-DFT Jr kit AR5 7l SX N RCA Y 1 ~4 (Wl DLy
Ffit, ff ] SCRF Jriksh CPCM #RAIZ% (& CH,CN B9 AL, 1558 TECA Y 1 ~4 78 CH,CN %P
H L FIOGRE. AR BRSO A | MR RN AR5 B, DA KO R BRAE B R A1 T 3R 3.
R THHNELA WTE CH,CN 3 WSOLTE , 7R354 FhaHs T MOIBGIRGE T b ) i 533038 B R o

M3 PR, AW 1 A3 A MUAHE PRI 76 CH,CN FRTITEARINE S 1 M3 B
MRBEMS 5051 453 F1 347 nm, HEA X'A,—A'B BRIEARTE. e AW 1 M3 1 A'B kS, ¥
M 12a,—15b, & A HE 2N EEERT. R4 T, BLEY 1 F13 1Y 124, H13E (HOMO -2) #§
99.6% S,CaHFEARMSr, T2 7 (Ph) Ml p,, p.(S) BLETTHK. FEAY 1 /Y 156, PLiE (LUMO) & A
40% 19 d, (Ru) B3E B o> F1 35% p, (N) BUIE STHK, TRCG %) 3 B9 156, B8 (LUMO) & A 33% K
d,.(0s) HUBEMIIFI32% p, (N) PUBTTER, ENFAA M=N 8 7 ° V. L, Boadr1 M3/
453 F1347 nm FIKERIEBEFE NN [ (Ph) +p,, p.(S)]—[7" (M=N) ] i fuj#4 %[ Ligand to metal
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Table 3 Calculated absorptions of complexes 1—4 in CH,CN solution at TD-DFT(B3LYP) level

Complex State Config. (ICII coef. ) A/nm(E/eV)  Oscillator strength Assignment

1 AlB, 12a,—15b,(0.69) 453(2.74) 0.0194 LMCT / LLCT
B'B, 17b,—23a,(0.67) 317(3.91) 0.1504 ILCT

2 A'B, 12a,—15b,(0.68) 362(3.43) 0.0414 LMCT / LLCT
B'B, 13b,—14a,(0.55) , 14b,—14a,(0.33) 249(4.96) 0.1225 ILCT

3 AlB, 12a,—15b,(0.60) 347(3.57) 0.1582 LMCT / LLCT
B'B, 176,—23a, (0.66) 314(3.95) 0.1615 ILCT

4 A'B, 12a,—15b,(0.66) 308(4.03) 0.1576 LMCT / LLCT
B'B, 13b,—13a,(0.39) , 14b,—13a,(0.54) 264(4.70) 0.2030 ILCT

Table 4 Partial molecular orbital compositions( % ) of 1—4 in CH,CN solution under the TD-DFT calculations

Compositions( % )

Complex MO Energy/eV Ru N X Assignment of orbital

1 23a, 0.3646 4.7 0.1 95.2  «*(Ph)
15b, (LUMO) -1.3954 40.5  35.0 24.4  d,(Ru) +p,(N)
17b, (HOMO) -4.1204 1.6 10.2 88.2  w(Ph) +p,(S) +p,(N)
12a, -4.9441 0.3 .0 99.6 @ (Ph) +p., p.(S)

2 14a, -1.7903 3.3 .0 96.6  p,(C7) +p,(C9) +p,(NI1) +p.(S)
156, (LUMO) -2.7786 36.0  37.3 26.7  d,.(Ru) +p,(N2)
16b, (HOMO) ~5.3479 1.7 10.6 87.8  p.(N2) +p.(8) +p.(CT7) +p.(C8)
12a, -7.0647 0.5 0.0 99.5  p.(S) +p,(CT)
14b, -7.2296 6.6 1.0 92.4  p,, p.(9)
13b, -7.3537 4.7  22.3 73.1  p,(N2) +p., p,, p.(S)

3 23a, 0.3508 6.0 1.7 92.3  7*(Ph)

156, (LUMO) -0.6963 36.7  31.5 31.9  d,(0s) +p,(N)
17b, (HOMO) -4.1797 1.5 11.9 86.7  @(Ph) +p,(S) +p,(N)
12a, -5.0184 0.4 0.0 99.6  @(Ph) +p,, p.(S)

4 13a, -1.9173 4.0 0.4 95.6  p.(C7) +p,(C9) +p,(NI1) +p,, p.(S)
15b, ( LUMO) -2.4036 16.7  23.0 60.2  d,.(0s) +p,(N) +p,(C7) +p,(C9) +p,(NIL)
16b, (HOMO) -5.4173 1.5 11.9 86.6  p.(N2) +p.(S) +p,(C7) +p.(CB)
12a, -7.1398 0.8 0.3 98.9  p.(S) +p.(CT)
14b, —7.2835 3.4 7.5 89.1  p,(S)
13b, ~7.4299 4.4 13.6 81.9  p,(N2) +p,, p,(S)

charge transfer( LMCT) Fl ligand to ligand charge transfer( LLCT) JBRiE. X FECAWI 1 9 B' B, A, 1F
317 nm &by=HE — S5 BAIRTFIR BN 0. 1504 A9, X BRIE 2 176, —23a, W R AR TTHR, B
ICIAAREKAN0.67. HFE3 KA FHAL, KA T X'A,—B'B BEM 317 nm WL EA S,C H, AL
PRPYEE fof %% #% (Intraligand charge transfer, ILCT) P45, [FBFAEA MR /D # LLCT BRiE. 7 17b, HLiE
(HOMO) ', HLF= FEAERFE S, CH, Btk b, BA IR o BT, WifE 23¢, FLiE T, BT 1)
SROYARAE S,C H, FLiR b, (HEA IR o R YE ST, S —2481A 317 nm BOSCH & U7E R 3F 1 1)
R, IFEADEE [ p.(S) +p,(N)—7” (Ph) | BT, FEAH 3 69313 nm WSCELA LA ER T
PERT, MAER 3 FR 4, AHEX RGN [ 7(Ph) +p,(S) +p,(N)—7" (Ph) | far %88 (ILCT/
LLCT) BRiE.

Bl &%) 2 76 CH,CN I eI REW IS 362 nm, SKIE T X'A,—B' B, i FERIT. TEH Tk,
PWHE K CH A A FRZE(0. 68) 1 12a,—15b, AP E LW MR . 126, B3 (HOMO -2) & FH
99.5% mnt PR, FZEH p, (S) Ml p, (C) BTk, M4 R Ru(36% ) Ml N FLi& (37% ) #F 156, il
(LUMO) 2 ESAEH, IFEMR T 7" (Ru=N) SEEHUE. FILFRATIER A4 2 79 362 nm WULFEIA K
[p.(S) +p.(C) ]—[ 7" (Ru=N) | HLfH# (LMCT/LLCT) BRiE. Bla 2 MR B LB &) 4 10
fRAEM I 308 nm [ RERFE A A [ p.(S) +p.(C) ]—[ 7" (0s=N) | HL w544 (LMCT/LLCT) BRiE. SR
SRAETEC A 2 ML, TERALEREC A 4 1 LUMO #LE T, 7* (0s=N) (40% ) I8 TTHRE L AR (1
7" (Ru=N) (73% ) HUE sTlk/NY 2. 363 M 4 a1, BCAY 2 F1 4 50 BI7E 249 F1 264 nm Kb AT
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W BEHE AR mnt B AR Y R Ar AL BRAT (ILCT) FHRA D0 LLCT HE. lad e Fe 549 2 19 249 nm
Wk, AT AR R R H T T A TR, BE A 2 B 249 nm WELA XA, —B' B, TR, 7E B'B,
KT, IIA 0.55 F10.33 (I ICTIZHA 2B 130, —14a, Fl 14b,—14a, i % A TTRNIZIRIT.
3 RNk 4 ATHN, HE 136, %13E (HOMO - 4) Fl 146,138 (HOMO -3) 1, LT = EZEPAE mnt ik L,
FEA p(S) FE TIRR (5058 59% F179% ). THAE 14a, HUIE (LUMO +4) H | 74K A5 4E mot Bt
kb, AEIFZENE 77 (CCN) FLE [ (78% ). FrUAFRMTHE—45IA 249 nm TIICH &30 AE mnt FLAA
EWp, . .(S)—7" (CCN) JHLf 548 (ILCT) BRiE, [RIMHFEA D &R [ p, (N2) —7 " (CCN) | i % 7%
(LLCT) BRiE.
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Theoretical Studies of Electronic Structures and Spectroscopic Properties
of [ M(N)X,] (M=Ru, Os; X=S,C.H,, mnt)

LI Ming-Xia"*, ZHOU Xin', ZHANG Hong-Xing'“ , FU Hong-Gang”, SUN Chia-Chung'
(1. State Key Laboratory of Theoretical and Computational Chemisiry, Institute of Theoretical Chemistry,
Jilin University, Changchun 130023, China;
2. Key Laboratory of Functional Inorganic Material Chemistry, Ministry of Education of the People's Republic of China,
Heilongjiang University, Harbin 150080, China)

Abstract Ruthenium( VI) nitrido complexes and osmium ( VI) nitride complexes [ M(N)X, ]~ (M = Ru,
Os; X =S5,C,H,, mnt) were investigated theoretically to explore their electronic structures and spectroscopic
properties. The ground-state geometry structures of complexes 1—4 were optimized by the DFT method
(B3LYP). The calculated geometry parameters are in agreement with experimental values. Absorption spectra
for complexes 1—4 in CH,CN solution are predicted at the TD-DFT/B3LYP level. The solvent effects are seri-
ously considered using the conductor-like polarizable continuum model ( CPCM ). For complexes 1—4, in
CH,CN solution, the low-energy absorptions have a mixed LMCT/LLCT character, while the high-energy ab-
sorptions are attributed to the ILCT/LLCT.

Keywords Ru( VI) nitride complex; Os( VI) nitride complex; Absorption spectrum; Density functional
theory; Time-dependent density functional theory
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