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1. 4-8 EPR

complexes O % G5 Ag¢ <>

4 2104 2042 1.951 0.153 2.033

5 2175 2.086 1.910 0.265 2.048

6 2229 2116 1.871 0.358 2.077

7 2226 2121 1.862 0.364 2.075

8 2.242 2.097 1.846 0.396 2.068
[Ru™(NHJ),(dpe)] | 2.722 2722 1.889 0.833 2.476
[Ru"(tBu,sq)(bpy),]” | 2.067 1.985 1.985 0.082 2.013
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[Ru(trpy)(3,5-Bu;L)(OH2)](CIO,),

[Ru(trpy)(4-BuL)(OH2)](CIOx)

[Ru(trpy)(CLL)(OHZ)](BF.) (11)
EPR

( ) [Ru(trpy)(4-CIL)(OHZ)](CIOs).  (2)
(9), [Ru(trpy)(3,5-ClzL)(OH)](BF4) (10)
X- XPS
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12-17 9 Co
B X~ |1+or0
. O 1. 18y co o
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CH,CI, 12-15 CV +1.0 -1.0V
Erest
2
2. Co
Potentials / V vs. Ag/Ag* w(C0) / cm?

Complexes cat/ sq sq/q cat state MV state® sq state Av(CO)¢
12 -0.58 +0.49 1927 1978 -51
13 -0.62 +0.45 1905 1946 -41
14 -1.05 -0.07 1868 1923 -55
15 -0.76 +0.19 1881 1937 -56
16 -0.83 -0.44 +0.64 +0.95 | 1897 1990 1938 2013 1996 2054 -64 -99
17 -0.54 -0.28 +0.66 +0.85 | 1908 2002 1946 2026 1996 2055 -53 -88

CVs and IR spectra with electrolysis were determined in (a)CH,Cl, and (b)1,2-dichloroethane containing "BusN(CIO,) or

"BusN(PF;) (0.1M) as a supporting electrolyte.
CO) bands between sq and cat states.

(C) Ligand-based mixed valence state of [Ru(CO),(sg)(cat)]. (d)Differences of



16 17 cis-

X- 16 cCv
3
10 3 [Ru(CO),(cat),]*/[Ru(C0),(cat)(sq)]",
[Ru(CO),(cat) (sa)] / [Ru(C0).(sm).1,
[Ru(C0)2(sm)21/ [Ru(CO).(sa) ()]
12
co (C0) 1978cm™ ©)
12 I 1.00x10° A (c)
[RU(CO)(cat) (trpy)]° (CO) 1927 c 51 o
cm? 2
1(CO) 35 cm™ 3
-1.‘50 -1.‘00 -0.‘50 0.‘00 O.‘SO 1.60 1.‘50
V vs Ag/Ag*
(CO) 4
Stretching Force Constant(k) 10 16  CV(scan rate:50(a),

Stretching-Stretching interaction constant(k;) 100(b-), 200(c),300(d))
4

+e”
[Ru(CO)(sa)(terpy)]l* — [Ru(CO)(cat)(terpy)]° 2)
1{CO) =1978 cm™1 YCO) = 1927 cm™1
2+ +
N N
| e |l ©)
\ I
Ru(CO)(bpy), Ru(CO)(bpy),
YCO) = 2015 cm? YCO) = 1980 cm?
o _t&, 1 te 2
[Ru(CO),(sa),] ~—— [Ru(CO)y(sa)(cat)] = [Ru(CO)(cat),] Q)
UCO) = 1996, 2054 cm'L UCO) = 1938,2013 cm'? UCO) = 1897,1990 cm'*
3. Stretching Force Constant(k)  Stretching-Stretching interaction constant(k;)
KJ/N cm’?

Complexes sq state, ke cat state, Keg® Aky = Kot - Kg
12 15.81 15.00 -0.81
13 15.30 14.66 -0.64
14 14.94 14.10 -0.84
15 15.16 14.29 -0.87

catstate, kg,” MV state, kyy”  sq state, ke Ak = Kk - Ksq AKy = Keat — Ky
(ki) (ki) (ki)
16 16.56 15.77 15.26 -0.79 -0.51
(0.47) (0.60) (0.73)
17 116.57 15.93 15.44 -0.64 -0.49
(0.48) (0.64) (0.74)

a) Stretching constants of CO of the monocarbonyl complexes were calculated by the equation: {CO) = (k/m)*%/2xc (the reduced
mass of CO group: m = 1.139 x 10 g, light velocity: ¢ = 2.9979 x 10" cm s™. b) Stretching constants and stretchstretch
interaction constant of CO of the dicarbonyl complexes were calculated by the equation: Ay = z(k + ki), A1 = gk - ki), (41> A,
A = {(2mc)’INa} LCO)?, Na = Avogadro ~ s constant, ¢ = light velocity, 2= Na/m).
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[Ru("Bu,SQ) (OH,) (trpy)1*

2,7-di-tert-butyl-9,9-dimethyl-4,5-bis(2,2~ :6 7 ,2>>-terpyrid-4 = -yl)xanthene

(btpyxa) [PtCI,(cod)] [(PtCD) (btpyxa)](PFs) (20) X
4.1 - 4.7 A
20  [RuCl,(dmso),] [(PECD{RuCl,(dmso)}(btpyxa)]" (21) 21
3,5-BuL [(PtCH{Ru(*Bu,SQ) (dmso) }(btpyxa)]* (22) 6 22

RuCl,(dmso),

[(PtCI)(btpyxa)](PFs) [(PtCN{RuCl,(dmso)}(btpyxa)](PFg)
HO, itBu [ e . >< ' Bu | eFo.
HO By 0 | | (6)
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15 cv 20 I
23 cv | I
K Wﬁ [10nA
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20 -15 -10 05 0 05 10 15
16 Potential / V vs SCE
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[Ru("Bu,SQ) (PPh;) (trpy)J(PFs) (24) X
C-0 (1.303(3) A, 1.304(3) A)
[{Ru(*Bu,SQ) (PPhy) },(btpyxa)](PFs), (25) CV UV-vis-NIR
24 25 *Bu,SQ

[{Ru(H,SQ) (PPhy) },(btpyxa) ] (PFs), (26) (H,SQ = 1,2-benzosemiquinone) CV
£, =+0.54 V £y, = +0.75 V Ru-

BD 16, P9l L R b)
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| 1 | I | I 1
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18 25
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+0.07 V (vs. SCE)

[Ru"™(O™)(sa)(trpy)]”
[Ru"™(0™)(sa)(trpy)]"

[Ru"(NH3)(3,5-Bu,SQ)(trpy)]* (27)
[Ru"(NH,Ph)(3,5-Bu,SQ)(trpy)]** (28)
MeOH 27 +0.34V  —0.46
V (vs. SCE) Ru''/Ru'"' Cat/sQ
-BuOK +0.3V
( 19
[Ru'"(OH,) (sa) (trpy) 1% (1)
+0.6 V
27
1
27(1 mM) tBUOK (100 mM)
MeOH +0.35 V
75 F/mol
ESI-MS 27

[Ru'"'(OMe) (sq) (trpy)]*
[Ru'"'(OMe) (sq) (trpy)]*

[Ru"(OH)(sa)(trpy)]**

[Ru"(0™)(sa)(trpy)]”

t-Bu_I *

20 pA I
w0 o 10
(V/vs. SCE)
19. t-BuOK
MeOH 27(a)
1(b) CV

(cloy)

27 [Ru'"!(OMe) (sa) (trpy)]*
27  CHCI, tBUOK  MeOH oV
27 (10 mM) BuOK (20 mM)
'ProH (200 mM) CH,CI, oV 0.82 F/mol
"ProH 20%
27
[Ru'' (NH,Ph) (3,5-Bu,SQ) (trpy)]* (28) CV 27 +0.40 V
MeOH 20 MeOH 1% CH.CI,
28 Ru
X N=C
21 28
N [Ru''' (NPh—) (sa) (trpy)]*
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20. t-BuOK
MeOH 28 CV
(@) CV (b)

[Ru'!(NH,Ph)(sq)]*

—2e-, -2H*
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28

27

[Ru''(NH3)(sa)(trpy)]*

HCHO == CH,O0H=~,
\— CH,0H

27

—H _
=——= [Ru'(NH,)(sa)(trpy)I°
+H

[RUMNH(sa)(trpy)lT < [Ru(NH,)(sa)(trpy)]*

8
27 28
Ru-
1l 2+
NH[Ru (trpy)(NH3)(Bu,SQ)I™ 27 NH, 1+
3 5=
N—Rull__
o . 2%
Bis(2-pyridylmethyl)-2-aminoethylamine (NH,-L — O\-)
Ru- . Bu
[{(n6-CsHe)RUCI,},] NH,-L NH,PFg 1:1.5:4 1By
EtOH [{Ru(NH,-L)}(u-Cl)](PFs), (29) 30
29  AgBF, (Bu,CatH,)
tert-BuOLi 0.20 T30
[Ru(NH,-L)(Bu,SQ)](PFe),0.5H,0 30 iy
CH,CI, 30 618 nm T oase -
£7890 Mlcm?  {Ru(ll)-SQF* . \_..“”’ E
CT ; 0.0 = 1.5 z
22 2.79 B.M. S & Lo
S,=1/2 + 1/2 005 i
spinonly g, = 2.45 B.M. P
o - TITIIIY :.:.::::::::I:: . .:::I'_u
Ru(lll)  SQ 0 100 200 300
TIK
CH,Cl, 30 CV +0.20 V
-0.77 V. vs. SCE 22 30 6]

(,ueff)



[RU(IN=SQT*/[Ru(IN-SQT* [Ru(l)-SQJ*/[Ru(ll)~Cat]’ 30

‘BuOLi [Ru"(NH,-L)(Bu,SQ)]*

28% 30 1mM
[RU"(NH,-L)(Bu,SQ)I"
NH,-L
[Ru"(NH,-L)(Bu,SQ)J?* 30 27
30
7 CH,Cl, BUOLi

ESI-MS 30

[RuNHa-LyBusSO (PR (10 ol

OH fert-BuOLy (100 gmol ) R“"D
- 7
in CHaCla/PhCHSOH (20 5)
+ 0.4V vs, SCE 63 pmol
Ni(I1)- Ni(I11)-
Q-
(SQ)- (Cat)
M™sQ  MOMD*cat Mm:
Ni(11)
Ni(11)
S=0

Py(Bz), MePy(B2), N (© N K©
Ni-
N N

[Ni" (Py(B2)2)(tBu2SQ)1(PFe)  (31)
[Ni'"'(MePy-(Bz),)(tBusCat)](PFg)  (32)

tBuoCat : 3,5-
31
Py(Bz), MePy(Bz),
c-0 1.305(5) A 1.294(5) A
XPS Nizp3/2
31 8549eV 32 856.1eV 77 K EPR

23 31 g = 2.0061 32 Jiso = 2.26



31

Goo = 2,29, gy = 2.20
31

Ni(11)-SQ 32 Ni(lll)-Cat

Ni(1)-SQ  Ni(lI1)-Cat

I I
280 300 320 340

360 380

23. 31(a) 32(b) CHsCly 77K
EPR
Ni(I)-SQ ~ (31) Ni(lll)-Cat  (32) CHyCly
Bu,NNO; (TBANO3) 31 Ni(I1)
SQ 595 nm 435 nm 780 nm 32
Ni(lll) 405nm 540 nm 775nm 32 435nm 785 nm
NO3’ 11 [Ni"' (Py(B2)2)(tBu;SQ)(NO3)] (33)
INi''(MePy(Bz)2)(tBuSQ)(NO3)] (34) 77K EPR g1 = 5.0, 4.6
92=22,21 g3=1.9,1.9 XPS Ni2P3/» 33
34 855.3 eV 9 NO3”
31 32 Ni(I1) sQ
Ph Ph O
Ph Ph ‘/O:'\\I
. _ N_! ‘O
w'—Ph tBu l—Ph {BU + 1 equiv NO; éﬂ Nl
E > O: or EN:Ni”p@\ - > ROA tBu
=N o tBu - ’NMe ) tBu
tBu R=H, Me
[Ni"(Py(B2),)(tBU,SQ)T*

[Ni"'(MePy(Bz),)(tBu,Cat)]*

[Ni"'(Py(B2),)(tBuzSQ)(NO3)]
or

[NlII(MePy(BZ)Z)(tBUZSQ)(NO3)]
9



DMF 31 Csl

31 32 CHyCl,
25 31

595 nm 32

430 800 nm
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. 04 08 12
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24, 31 CHyClp DMF
Ph Ph
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~ = or S~ :@\
- Z - Ni|
S T, ST,

INi"'(Py(B2),)(tBu,SQ)]*

20000 9.9 M7
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ONIOM(UB3LYP/631SDD:UB3LYP/321LAN)

1. ONIOM(UB3LYP/631SDD:UB3LYP/321LAN)
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(631SDD: SDD for Ru,
6-31G* for C,H,0,N, 321LAN: LANL2DZ for Ru, 3-21G for

¢ )

X
Ru

R = Bu, (1), 'Bu (2), H (3),
Cl (4), Cl, (5)

1.0ONIOM
Small model (Bold)
Real model (Plane)

Ru-0' (&) Ru-02(A) Ru-OAc(R) OLCl(A) 02C%A) Ru-N(A) Ru-N(A)
1 2.063 2.095 2.057 1.310 1.311 2.078 1.942
1 (Exp.) 2.030 2.019 2.062 1.328 1.324 2.053 1.952
2 2.068 2.096 2.054 1.309 1.306 2.076 1.943
3 2.064 2.093 2.055 1.310 1.307 2.076 1.944
4 2.065 2.091 2.053 1.309 1.307 2.053 1.946
5 2.049 2.087 2.046 1.308 1.302 2.079 1.951
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