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Career Summary

1963-1966 — PhD Stanford University (Henry Taube)

1967 — NATO Postdoctoral fellowship University College, London

1968 — Joined faculty at University of North Carolina Ll)

1972 — Promoted to Associate Professor » Los Alamos
1975 — Promoted to Full Professor e e b
1982 — Smith Professor

1985 — Kenan Professor

1994-1996 — Dean of the Graduate School UNC _— e e
2000-2004 — Los Alamos National Lab [ElL| [ e i mponnns

s - at CHAPEL HILI

2005-present — Arey Distinguished Professor of Chemistry, UNC
As of 2016 — 756 publications, 6 patents




Selected Awards

Alfred P. Sloan Fellow (1975-1977)

Medal of Merit Award, Ohio University Alumni
Association, Ohio University (1988)

Dwyer Medalist, University of New South Wales,
Australia (1989)

ACS Award in Inorganic Chemistry (1990)

Centenary Medalist, Royal Society of Chemistry
(1991)

Southern Chemist of the Year Award, Memphis
Section of ACS (1992)

American Academy of Arts and Sciences,
Cambridge, Massachusetts (1994)

National Academy of Sciences, Washington, DC
(1994)

Nyholm Award, Royal Australian Chemical Institute,
Inorganic Division (1996)

Inter-American Photochemical Society Award in
Photochemistry (1997)

Basolo Medalist, Northwestern Universtiy (1999)

ACS Award for Distinguished Service to Inorganic
Chemistry (2002)

Research Triangle Institute President’s Award
(2008)

ACS Voices of Inorganic Chemistry Feature (2001)

Special Symposium to Honor Professor Thomas
Meyer; Manipulating Energz and Electron Transfer
in Molecules and Devices. Fall 2016 ACS National
Meeting August 21-25, Philadelphia, PA




Electrochemistry 101: Basics

AG = _nFEcell

E.. = cell potential in volts
E..;>0means AG <0

For a 1 electron transfer:
o 1V =>2.3 kcal/mol
> 0.1V =>0.23 kcal/mol



Graduate Work

Electron Transfer reactions of Ruthenium Amines
— Eme.xsd.b AE.C - E,d'°
Couple I \% \"% v ~E°, v/

Ru(NHj)e2+3+ 0.21 0.088 0.015 0.073 0.10 == 0.01
Ru(NH;3)s2= 38+ 0.061 0.092 0.012 0.080 o
Ru(NHjs)e2 T8+ 0.011 0.099 0.009 0.090
Ru(en)z2*+.8* 0.21 0.187 0.015 0.172 0.21 &= 0.01
Ru(en)z2 .3+ 0.061 0.196 0.012 0.184
Ru(en)s2+.3+ 0.011 0.206 0.009 0.187
Ru(NH;z)sOH2*.8+ 0.011 0.16 0.01 0.15=0.01 0.16

faster
RuNHz)el?*  +  [RuND3)el* = = [Ru(NHgel"* *  [Ru(ND3)sP* Henry Taube

slower
[Ru(ens)g]** + [Ru(enD)g]’* =< = [Ru(ens)g]** *+ [Ru(enD)e]**

Both are outer sphere electron transfer!

Inorg. Chem. 1968, 7, 11, 2369-2379




Electrochemistry 201: Mechanism

— Reorganization

E.. = cell potential in volts
E

\+2|v|/ + \+3|\|/|/ — \+3|\|/|/ + \+2|v|/
™~ N

o > 0 means AG < 0 ~

For a 1 electron transfer:

o 1V =>2.3 kcal/mol
> 0.1V =>0.23 kcal/mol Fe'(CN)g™  *+  MoY(CN)e> —>  Fel(CN)s™ +  Mo"(CN)g*

Outer Sphere Electron Transfer

No bonds made or formed
Penalty is reorganization

Inner Sphere Electron Transfer

(HsN)sCo''=cP?*  +  Cr'((H,0)s2* —»  Co'(NH;3)s2*  +  cl—Cr''(H,0)5%"

Bonds broken and formed
More complicated thermodynamics




Graduate Work

Electron Transfer reactions of Ruthenium Amines Fed*
 Emessa? AES —Ede [RU(NH3)g]** > [Ru(NH3)e*"
Couple I \% \"% v ~E°, v/ 2+ vl
) , ‘ i 3 [Fe(OH)] 6x less reactive!
Ru(NHj)g2+.3+ 0.21 0.088 0.015 0.073 0.10 = 0.01
Ru(NH)g= 1+ 0.061 0.092 0.012 0.080 [Ru(NH3)g]** > [Ru(NH3)g]*"*
Ru(NHj)e2*3+ 0.011  0.099 0.008 0.090
Ruflen)s2*.3+ 0.21  0.187 0.015 0.172 0.21 = 0.01
Ru(en)s?*.3+ 0.061 0.196 0.012 0.184 . Fe3*
u(en)s2 .3+ 0.0 0.20 .00 ;
iu(;’Ha)sOHz“-“ o.oﬁ o.(fs6 (()).(())19 %.11?57=0.01 0.16 [Ru(NH3)5(H,0)]** > [Ru(NH3)s(H.0)1**
[Fe(OH)]2+ 6X more reactive!
[Ru(NH3)5(H20)1** > [Ru(NH3)s(H20)1**
Kuoo/k = ~36
faster H20"7D20
[Ru(NHz)sl2*  +  [Ru(NDy)g** =< = [Ru(NH)e** + [Ru(NDg)g]**
slower
[Ru(eng)s]®* + [Ru(enD)]** =< [Ru(eng)g]®* +  [Ru(enD)el**

Both are outer sphere electron transfer!

Inorg. Chem. 1968, 7, 11, 2369-2379




The Beginnings of PCET

Meyer and Taube (1968) - Meyer's graduate work Lumry (1955) and Dodson (1956)

Fe3* [Fe(H,0)g]?* —  [Fe(H0)q]*"
[Ru(NHg)gl2t  ———  [Ru(NHg)g]*" 270 2770

[Fe(OH)]?* ©6xless reactive!
[Ru(NH3)el** > [Ru(NH3)g]*"

Kh2o/Kp20 = ~2

[Fe(H,0)g]** —  [Fe(H0)5(OH)I**

Fed3*
[Ru(NH3)5(H20)]**  ——  [Ru(NH3)g(H,0)]>" .

[Fe(OH)2* ©6x more reactive! +4

H H H
[RU(NHg)s(H,0)P%* > [RuNH3)o(HON™ £ 1,0+ FdOH)Z =| FeO-H-0-+HQFe

kn2o/kp2o = ~36

—
—

FEOH) s HO* Feg, ()

J. Chem. Phys. 1955, 23, 12, 2460 J. Am. Chem. Soc. 1981, 103, 10, 2897-2899

J. Am. Chem. Soc. 1956, 78, 5, 911-913
Inorg. Chem. 1968, 7, 11, 2369-2379




The first characterized PCET

21%10° M | v(OH), Ru"-OH,** v(OH), Ru'"-OH

[Ru"(bpy)a(pyXO)™" + [Ru'(bpy)a(pyNOH)) =——=—=—==="12 [Ru"'(bpy);(py}OH)]"

Rate = k 5. [Ru'*=0""J[Ru"-0H,*"]

1x 100 M s V
AG® = 2.5 keal mol” *
E

k = 16.1

¥ Hgﬂ'; D,0 (v=20) ?

Ru'V=0"" + Ru'.OH,"" === (Ru"V=0H-0-Ru"}*

) H
AQeq
RuV=0,H-0-Ru"}" e {Ru"-O-HO-Ru"}" H H
u__;- H H .... \ / .

@y 1) @ ) [RuV=0" JO-Ru'T" — [Ru"-0" JO-Ru™*
(Ru'"OH.O-Ru'y - 3 Ru".OH* H 5 H 5
[FEu g u u (d']‘[_4) (dnﬁJ (d]‘l: } (q‘iﬂ; }

J. Am. Chem. Soc. 1981, 103, 10, 2897-2899

Inorg. Chem. 2003, 42, 25, 8140-8160




PCET Mechanisms

(ET-PT) &

[(Bpy);(py)Ru"-O]" + [(bpy)x(py)Ru'"-OH,]*
v I Shd
[(bpy)a(py)Ru™"=Q eee H-O-Ru“(bpy)(py)]” —=

(a) T AG® > 0.55eV

EPT) (dr)y (d=®)
, \G* =+ 0.44 e\ . _ [(bpy)a(py)Ru""'-O-Haes O-Ru'!(bpy)(py)]**
[(pr):(py)Ru'V=O]2' 4 [(bpy)_w(py)Ru”-OHZ]Z' = 2 [(Bpy)s(py)Ru"(OH)] H
\G® =-0.11 e\ .
( 'l)) ( (dn”) (250'dn®)
C
(b) l \G®' > 0.59 eV
-
y . m "i-- vl e
[(Bpy)s(py)Ru'Y=OHF*" + [(bpy)(py)Ru"-OH] O3Mn 'bHC = O3Mn".O-H, *C
(PT-ET) =

/—\ H 24 H 24
i“ H I.. H
N. N-H NN, H—C""

&
(Hz"’"“}zF*"\NI S % [ — (szim};Ft'“\I Ph

N-H N7 N-H
— (-

Chem. Rev. 2007, 107, 11, 5004-5064




Coining the term PCET
:: ) / RuV=0?" +2H" + & == Ru'l-OH," HOOOH> Ru(bpy)s(oy)OH" °:©:O

Kn2o/Kp2o = 30

1.2 ' :
. ; Ru'V=0"" + H" + ¢ = Ru'"-OH** [Ru(bpy)a(py)OP*
2 B ‘ ; H202
—_~ : : 2+
[42) 1 - J o = ) : i . ) kHZO/kDZO =22 [RU(bpy)z(DY)OH] 02
Z o Ru"=0""+H,0 +2¢" P Ru -OH" + OH
. | E
0.8 !
2 i
a 0.7 4 ;
06 4 Ru-dH,> + ¢ — Rul-OH,? _
0.5 - ) N /
0q ] RULQH +H +¢ — Ru'-OH,” ~
03 o Ru-OH*" +¢© — Ru'-OH™
02 Ll :l t 1 o ] I \ \ 1 \ : ) z 5 1 1
-1.0 1.0 3.0 5.0 7.0 9.0 1.0 13.0 15.0

pH

J. Am. Chem. Soc. 1981, 103, 10, 2897-2899 J. Am. Chem. Soc. 1982, 104, 24, 6872-6873

J. Am. Chem. Soc. 1992, 114, 1, 173-186 Inorg. Chem. 1987, 26, 7, 1126-1132
Chem. Rev. 2007, 107, 11, 5004-5064




PCET on Surfaces

-€

o777 swv o7 o7 ¢

(vs NHE)

Eltu“[_OHZ“‘ _ ]T.U[V=DH3+

+

H
C.'-

AR AR Y |
AG® =+ 0.07 eV 7o 7o

k /k > 70
H,O D,O

J. Am. Chem. Soc. 1998, 120, 50, 13248-13249




Features of PCET

+ 9+
O 9
I:DZO - HZO) /N‘-—) % . /N-)
k. [k t b Os!V=N + 0 _ OstV=N
Reaction® 1,0 D0 AAH AAS T N
25°C kcal/mol cal/*C mol "-[ J
Ru'Y=0?* + Ru'-OH,>* 7* 16.1+0.2 +1.6 0.3 i (m‘ + i (\n 7+
(dnh (dn®) /N“) oo ;h".)
JV_ o ¥ s
RUV=02+ HO- H-OH 28710  +15  -17 Os™=N —  |O5EN,
(dnh : H, Kored . Colossal KIE!
*) . Q. - 0J k(H20)/k(D20) = 439
Ru'V=0?* + H-0-0-H 21.6+1.2 +3.2 +2.0
' 2 i Q1+ o]t
(dn) (%) ("
Os'=EnN _ Yo Vs
RullLOH2* + Ho_@_OH 9.3+0.1 NA NA . Us"=N + HQ
) H
(dr) (%) N
g2+ L -
Ru -OH + H.O-O.H ]ﬁ.: + (.7 NA N.FL )
(dn*) (c?) ] @
. /N‘j . rapid . /N
The electronic configurations of the electron transfer donors and acceptors are Os'V=N_ + HOQ ‘ 0s¥=N + HyQ
indicated for the individual entries. H K

Proc. Natl. Acad. Sci. U.S.A. 2004, 101, 13138.

J. Am. Chem. Soc. 1999, 121, 18, 4530-4531
Chem. Rev. 2007, 107, 11, 5004-5064




Water oxidation

Ru v It hes
o+ == II]
4Ce(IV) + 2H,0 r— 4Ce(III) + O, + 4H 4cev [ .3}'} mng‘ +2H %0 —e
0.13 Yo~to 4+
v e 064 o= 4+ 4CT 4 RP-O=R e
Ru'llo- R—I#_tf_;.,, llhulﬂ R—|4"'+_C°'.. ljlu“'ﬂ-lllu"’ ' o160 HO OHy
0 o, o, o Ou, On -H' ] OH  OH 023 "o
(ky) (kz)
+CelY
iky) + Cel% 0,+H" -2 {rapid)
+H0 k)
v
.0 RuMO- Il—|3+ - Ru"-0-Ru" i ac.an li'tu“'u-lliltu?' * —6e~, —6H*, +2H,0
2 o © (rapiay | 17 & & o [(bpy),(H;N"")Ru"ORu"("NH,)(bpy),1** ‘
*n ‘H+M+H+ 11 11 4
bpy),(H,O)Ru "ORu " (OH, )(b T+
+"+H'T ky =2 X 108 M5 (1M HCI0) Vo R“_| 4+ [(bpy),(H,0)Ru u (OH,)(bpy),] L
Ky =22 X 10° M '™ (0.1M HNO;) 'i1 NN (8)

44+
lj'-ul“"l:*-ljtulFI ky=2.2X 10" M5 (0.1M HNO3)
ky=2 X 107 51 (0.1IM HNO;)

t'lﬁ d ks = 1.8 X 102 M5 (0.1M HNOy)

J. Am. Chem. Soc. 1982, 104, 14, 4029-4030 J. Am. Chem. Soc. 2000, 122, 35, 8464-8473

J. Am. Chem. Soc. 1985, 107, 13, 3855-3864 Inorg. Chem. 2003, 42, 25, 8140-8160
Inorg. Chem. 2008, 47, 6, 1727-1752




Single Site Water Oxidation

*Maximize rates
3 0,+H* tpy *Minimize overvoltage
series
H,04P Z L
Mebimpy N
series “)
H20,P-. N
Mebim-pz  4,4'-((HO),(O)PCH,),bpy acac

- — 2+

Others

ull! 00H|2+ [RuY=0*" /Nf\)/"

=31
; \_8/‘”’ Mebimb CNC NCN

J. Am. Chem. Soc. 2010, 132, 5, 1545-1557

Acc. Chem. Res. 2009, 42, 12, 1954-1965




Early work



https://youtu.be/NCQWEUiwyGo?t=348

Excited State Charge Transfer

Y YA 3 = =
Ru(b x »  [Ru(b . T
[Ru(bpy)s] [Ru(bpy)s] N\ / \ /N

J. Am. Chem. Soc. 1974, 96, 14, 4710-4712



Making Stuff with Excited State
Charge Transfer

. ) - =<

[Ru(bpy)s]**  ——  [Ru(bpy)s]*** > [Ru(bpy)s***

with added Back
reductant D Electron
Transfer

Y

Rubpy) >+ —Ng )— N— * D Rubpy)sl™  +  —Ng = N'—
— =\ . Pt = =\ _
N/ /T T T TN/ ST

Pt
H* + & — 1/2H,

J. Chem. Soc., Chem. Commun., 1979, 381-382




Mechanistic photoredox

s k17 : k23 .
Ru(bipy);** + Q === Ru(bipy);***. . . Q === Ru(bipy);**. . . @ === Ru(bipy),** + Q"
kay k32 R43

1 encounter complex ion pair
Tof| ™™ NR
1*30 Q= A2 Ar
Ru(bipy);** + Q = Ru(bipy);*. . . Q
1.26 Rug, >t/ 2t
E, \"r {CH]CP\ .En. I"'l'Ir [HED 0.54 RUB 24 4
couple vs. SCE) vs, NHE}# 082 T.: 1!4302,H+(uH?JIH2ﬂ
Ru(bpy);3t/2+ 1.29 £ 0.07 1.26
Rui{bpy)t*/+ 0.77 £ 0.07 0.84 ; " ohe
Ru(bpy);?+/2+* ~0.81 0,07 ~0.84 e B +
Hu{bp}.}32+;’+ —1.33+£0.07 -1.26 -0.41 H [pH?]N.-"ZHz
-0.84 | Rug, >t/
-1.26 nu332+’*

m. Chem. Soc. 1974, 96, 14, 4710-4712 J. Am. Chem. Soc. 1979, 101, 17, 4815-4824

J. A
J. Am. Chem. Soc. 1975, 97, 10, 2909-2911
J. Am. Chem. Soc. 1975, 97, 16, 4781-4782




The Energy Gap Law

17
7\ 7\
B B
/ \N/OSL4 / \N/OSL4

L = CO, X, PR3, NRy

Inlkpr x 19
o

o

Rh(NH3)sL
N/Re(CO)3L
(Various Solvents)

-11 1 1 1 1 |
13 1% 17 19
Eermn €m™ x 1073)

J. Phys. Chem. 1986, 90, 3722-3734
J. Phys. Chem. 1983, 87. 952-957




Excited State Charge Transfer

Y YA 3 = =
Ru(b x »  [Ru(b . T
[Ru(bpy)s] [Ru(bpy)s] N\ / \ /N

Ultimately, a related sequence
of reactions may lead to the permanent storage of light en-
ergy as chemical energy.

Am. Chem. Soc. 1974, 96, 14, 4710-4712
Am. Chem. Soc. 1975, 97, 16, 4781-4782

I
J.




Solar Fuel Cells

6H,0 + 6CO, + 48hv — C H .0, + 60,

2H,0 + 4hv — 2H, + O,

2H,0 + 2CO, + 4hv — 2HCOOH + O,

Water Oxidation is KEY to
artificial photosynthesis!!

Inorg. Chem. 2005, 44, 20, 6802-6827

Light
* Harvesting
Antenna

c“hd !
11"2 HE

D = Electron Donor
C = Chromophore
A = Electron Acceptor



Bringing Parts Together

Chromophore

1

Donor ,Q Ruw Acceptor
PO(OH),
™
{HO);OP \ N N' -:

Hﬁ%@q@%&m&r Qo
2 @@%@@%

J. Am. Chem. Soc. 2004, 126, 16, 5282-5291




The First Dye-Sensitized
Photoelectrosynthetic Cell

i) TiO;| -[Ru,"-Ruy"-0H;]* + H'(PD) v »
TiO, | [-Ru,"-Ru,"-OH]J** + H" + %H,(P1)
ii) TiO; | -[Ru."-Rug"-OH]* + H'(Pt) ——> >

TiO; | -[Ru,"-Ruy"-OH]*™ + “H,(Pt)
iii) TiO; | -[Rus"-Ruy"-OH]" ——> Ti0; | -[Ru,"-Ruy"=0]* + H"*

iv) TiO; | -[Ruy"-RuyY=07* + H'(Pt) > >
TiO; | -[Ru,"-Ruy"=0]"" + YH,(Pt)

Inorg. Chem. 1999, 38, 20, 4386-4387




Dye-Sensitized
Photoelectrosynthesis Cells

Conduction |
Band !
Electron |
o Injection |
1 . .
Transport | ™\ _ 1 2H, Light Absorption:
Sequential 1
[3) / T Photon : 1 - 2 S‘1
O : ©) = o+ VA (0.25-0.5mol0,s)
v hv & |0 ' NN Injection: < )=
: be Diffusion: : : £
- N
g o, AH'———s 4H" s 1 @y - fsec-psec v
°® i N usec-msec e
2 [chromophorej ":o Wetie i ¥ <e' Intra Assembly:
§ Aiztear:'\yslty 0 o e Oxidation : 3 3 = i pseC'nseC
£ i 3 e
8 o 1 B —N N7
= Sequential R
§ HoleqTransfer 2H,0 i ] (HO),0P \ /N /Rl{-.,N\
g . ; =N NI PO(OH), =
= ! N\ N )
& : \ / 2 / Molecular Catalysis:
= |valence I O=p{ ,F{=° ALD N 7 \ >0.5s"
@® |Band Proton Exchange Membrane [ ] H ('S ? ? ? overlayer =
Pholoar_\ode N—
TiO, shell by ALD ~
Back e Transfer:
usec-msec

s
. -nanoparticle

Chem. Rev. 2015, 115, 23, 13006-13049

J. Am. Chem. Soc. 2016, 138, 40, 13085-13102




The First Dye-Sensitized
Photoelectrosynthetic Cell

i) TiO;| -[Ru,"-Ruy"-0H;]* + H'(PD) v »
TiO, | [-Ru,"-Ru,"-OH]J** + H" + %H,(P1)
ii) TiO; | -[Ru."-Rug"-OH]* + H'(Pt) ——> >

TiO; | -[Ru,"-Ruy"-OH]*™ + “H,(Pt)
iii) TiO; | -[Rus"-Ruy"-OH]" ——> Ti0; | -[Ru,"-Ruy"=0]* + H"*

iv) TiO; | -[Ruy"-RuyY=07* + H'(Pt) > >
TiO; | -[Ru,"-Ruy"=0]"" + YH,(Pt)

Inorg. Chem. 1999, 38, 20, 4386-4387




Current Research

)

a l po
[Ru(dvb), e P
PO,H,),bpy)]>* U Y 4
((PO3H,),bpy)] =N, IlI:\‘,NI’ S
PO3H,
HOp  POMH: Reductlve

TiO 4 h*

2
Electrochemistry
a) H20 OH + 002 <= HCO3" b)
T+
+2e, 1H+
¥ Tn? ~ CH.CN ¥ YH? VAR L
(tBu)zP—,llr'—P(tBu)g (tBu)oP—Ir—P(tBu), N
CHiCN NGCH, H'NCCH, [ j
3a+ 3MeCN N
[Ru(4,4’-(PO3H,),bpy), [Ru(t_pr)z(4-Me-4’- oo
(4-CH,Br-4’-Mebpy]?* vinylbpy)]?* +CO, (tBu)ZP_Ir_P(tBu)z
7/
0 HO H;CCN
(1Bu)P—Ir—P(1Bu), NCOH;
HCOO NCCH3
3|

Overall: 2CO, + H;0 +2e~—> HCOO~ + HCO5~

Angew. Chem., Int. Ed. 2015, 54, 4778— 4781 J. Phys. Chem. Lett. 2015, 6, 3213— 3217

Angew. Chem., Int. Ed. 2014, 53, 8709- 8713
Chem. Sci. 2013, 4, 3497- 3502




Nitrogen Is not Oxygen

Il 24 -ﬁe', -AH '”:U I - ':'SH—N“_;"I-
[Os(tpy)(bpy)(NH;)] [Os" (tpy)(bpy)(NO)] o
+6¢, +5H", -H50 ||
cis-[0s (bpy)s(CHNH )]’ 0N, D)
le H t || L
-En:'. _5H . '”30 ]'I. \«'H” e ':FS.H h]! fmd | ._ Gsl"._h-liimz-l:.-
cis-[0s"(bpy)a(CHINH )Y = cis-[0s (bpy)a(CIHNON H’ H
+6¢, +5H, -H,0 _ ; Ta—
05N 0s" —m[”' 2 = (Os'-HN=NH-0s")"™"
re || e JH, -2
% cis,cis-[(bpy(C)Os' (N2)Os (Cl)bpy), ] “ Vo l
e -3H G’S“ e + g =N [I:]:SII-NEH-L:I'S”_}L:””.
.rmns-[Ds“{lp}r}{E']}z{Nlh}] - .rrans-[Cls"rI{I.py]{fl};(?{]]'
4e’, -3H’ N .

(ﬂ h M -}l'll

Inorg. Chem. 2003, 42, 25, 8140-8160




Osmium Nitrido Complexes

A . B o trans-[0s " (tpyCa(N)]” + O~NMe, —r trans-[Os" (py N CNOY]" + NMes
.'-:':'I 3:5: ll-__Illrk\hh\'\' By - : . o
dry _w_‘i ) 'g:'s=tk:'=_{ ! j :T_ d'ﬁ trans-[0s" (ipy)(C(N)]" + 18 Sg == trans-[Os" (tpy N C12(NS)]
™ e & N =
1 1**? 2PN . P e, an, S trans-[Os" (tpyNCI(NS) + PPhy —= trans-[0s" (tpyNCI(N)]” + SPPhs
(= = v oA el
_N '\-. - . N . .
p il Y o w7 oyt trans-{0s" (tpyX(CIR(N)]" + PPhy ——= trans-[Os'"(tpy)(Cl)2(NPPh;)]
i F 3
» _—
b= . ’__
[On, N0 trans-[0s" (tpyCl(N)] " + PPh; o [{tpy}{CIhDsw\pph] S
]

trans-[Os" " (tpy CDH(NPPh3)]

[(tpy)CD;0s" '=N] + 2 HNR; —= [(tpy)lCl0s"" =N_ ] + H5NR;
. , NR;
.lrrr.l'-|{'J51"JL11pyJ{(‘I]-_:,{N}] My — H’I{ﬂ'—l{hfﬁ}'}{CUgf}S“ ’t

CH;CN o
) 2 oN=N=N

Rapid

[(tpy)(C1);08™ =N _ + [{tpy)NCD)0s""=N]" [(tpy)(CD,08"= N-NR;]" +

I

¥ [(tpyNCI20s" (N)Os (Cla(tpy)]°

Inorg. Chem. 2003, 42, 25, 8140-8160

J. Am. Chem. Soc. 2002, 124, 17, 4580-4582




Osmium Hydrazido Complexes

; " 0.E1Y : 032V + 058 W o i 1
[0sVI=NNR ———— [OsYuNNRy)T ——— [0 NHINRY]T  ———— [05TNILNR;) (18) 9

, 1
{dny {dmy* (pH 1) iy (p,= 3.20 & 0.04) (¥l 10) id=)*

NME; = M .‘Q"—‘E:l
- w_r
3 [ (/-\ (—\0 +
dat, e ..-\.EE‘::. /NJ oKt /N\.)
L s - Os'V=N F o e | osVs + 1,0
s 0s”t = | N0V i » N-(gV - () - - rapid
L [

4 W e e
0s™=N = [os"=N —_—

e
os"-x" | + Q@ — [OSVEN

] HNR,; +
{RiIY) W Mg

R, * " ¢ K
Hl: @Og\w _'E.‘EPEZ.. \N—@G-Os” + H,NR,"
e K .

Inorg. Chem. 2003, 42, 25, 8140-8160




Summary

Conduction )
” Big %33 k34 band Electron i
Ru(bipy);™** + Q === Ru(bipy);***. . . Q === Ru(bipy);**. . . Q"3== Ru(bipy),* + Q" - @ " ;

kay k32 ki3 ransport ¥ N\ gocvential !
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o Molecular water oxidation catalyst
o Dye sensitized photoelectrosynthetic cell

v I\ 4+
Rutlg-Ratt] " ECL pyig il #_F T { lllu“’O-lllu'—"l ]
] +

o. -H ! -H* OH OH
2 H, OH, . OH OH )
e e | €
(ky) . acel" 0,+H" " (rapid)
+H; (ks)
] v
[(bpy)a(py)Ru' =0 ess H-O-Ru"(bpy)a(py)]** === Rito-ReY e [ pavo-pa' 1] < puno-pev 1
s | H,0 6 © apiay 7 00 8 k & &
o o.
H e +
{dmxl.-} {dnl’n} +"+HH+ H M+H
1 5-Rull iy a0
[(bpy)s(py)Ru""-O-Hese | -Ru {bp}-‘];{p}f}]‘ §tu“‘0—$u'_"|“ k;=z:zx 100 M5 0.1M HNU;} OH 0
H 0 0. ky=2 X 107 5 (0.1M HNOy)
0. H ks = 1.8 X 102 M5 (0.1M HNO3)

(dn’) (250 dn®)




