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N[RZeT AR P E Vo I=E JETN=l Cleavage of N=N : 944 kJ mol

Harber-Bosch process (1908) N, + 3H, — 2NH,
at High T (500 °C), high P (20 MPa) 30 GJ /ton of NH;
Nitrogenase

N, + 8H* + 8e" + 16 ATP — 2NH; + H, + 16ADP + 16Pi
at RT under 1 atm air
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A. D. Allen, C. V. Senoff (1965). "Nitrogenopentammineruthenium(ll) complexes".
Journal of the Chemical Society, Chemical Communications: 621. N
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NH;

A. Yamamoto, S. Kitazume, L. S. Pu, S. Ikeda Chem. Commun. 79 (1967) |1JABEk
A. Misono, Y. Uchida, T. Saito, Bull. Chem. Soc. Jpn., 40, 700 (1967) oy ey N

Co(acac); + PPh; + AIR; + N,—> CoH(N,)(PPh,),
1970s, 1980s

Mo, W dinitrogen complexes + HX —> NH;, N,H,

Joseph Chatt, University of Sussex
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PhMe,P” I‘PMezPh+ HCo(CO),4 3 + W(VI) J. Am. Chem. Soc. 1982, 94, 4367
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N, [RuCl(dppp)2]PFg
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N H- H L.
PhMesP/,, | "N, v PP NH- + WOVI Hidai et al.
PhMe,P” | ~pme,ph T (pr i ,P) PFs —> NH3 +W(VI)  Science 1998, 279, 540.

PMe,Ph

i-Pr
Catalytic
cat= i-Pr
i-Pr i Schrock et al.
HIPT rilz i-Pr Science 2003, 301, 76.
',:l':r H|PT\<':‘/,'M|0—N (HIPT) TR (EK)
| %—N\/ 830 cycles (2017)

N, + (2,6-lutidinium)(BAr'y) + Cr(n>-CsMes) ——————>  NH;
H* e

(6 cycles) o
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J. Electrochem. Soc., 142, 3936-3704 (1995).

Langmuir, 6, 816-821 (1990)

{ZEMEEAR Modified electrode

e Red 148 EUVWIEEFHE)HE
R
EBIREAT 1 T—4. fllE
RS DEHE
18 Ox
HeaEfE

FCIBRE] (HBATE)

BEALE
EIRRMEHE
1. {EZFRE 1973 R. F.lane, A. T. Hubbard, Pt/quinone-olefin

2. HEHESHZE 1974 NSF Energy Workshop in Chapel Hill, NC
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Electroreductive polymerization 1985-
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Fe +280 — Fe +2C —= Fe
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— Y =
BFD
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Electrode (GC, ITO)

Electroreductive synthesis of conducting polymers
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Irreversible Charge Transport through Polyferrocene Films
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Figure 3. Current ve. voltage curves for the device ITO/Poly-

Solid-solid interface Ce*BF, - /Poly-Fe/TTO at a potential sweep rate of 20mv s=1, I'= 1.3

% 10-% mal em 2 far both polymers.
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Electronics using hybrid-molecular and mono-molecular devices
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Coulomb blockade and the Kondo effect in single-atom transistors
J. Park et al., Nature, 417, 723 (2002) ﬁ; |\§ >~>Z@
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1) BENODEFEE (GERS)

(1) Franck-Condon®[RIE (EF#&))
e 9.1 x10% kg [1/1900]
p,n 1.7 x10% kg
BEFHNBETIHEMEICE., BED FOBILETEDBKREE ML,

(2) BFIRLX—EMOHEAY
O HF0EE (k3-[EER)

O BEDEMZEIE
N 2N DN —y
Vi E [V — M "\ 1
el T AN e T N / | N
B
A ] 1 C S,
L6 s SEERIZE TS
E 2 Franck-Condon® [R ¥
5
A

(3) FEtHbREE
BHESNDIRILF—DFET DIOLBEBFHEITEI ST

(4) ER#AE (adiabaticity)

BT ELRY adiabatic (c = 1)
SEMERIREE GBRIREE) /D 100% DR TEFMNEKRIE

JEHTEVE non-adiabatic (k< 1)

2) ¥—hHRX (Marcus) I
(1) BBRER

1 FExxZ=H|
R #EZL D= DOREHEIE
% LiztE BEELTREZEET S,
)qil/‘ Electron coupling energy
I
[Fe(OH,)g]*2
AG°=0

X i)
RIS ERZ AfG = 32 kJ mol!

k = koexp (- 4#G / RT)

k=3.0 M's

(2) Marcus D=

{LERIE
k K, ks
A+B A|B] —— I[A*|BT" < A+ B
K4 ks Ks
Wik — &0 BRBE #BF0
B EEM ik
DFRIRERL

kg =xZexp (- 4fG/RT)  Z: nuclear frequency factor, Z, ~10" M-'s' GE#& )

MG = w, + (H4)(1 + 4G 2)? 2 BEAIRILE—
AGY= AG+w - w reorganization energy
P r
W, = (ZxZg/Dglag) Zp, Zy: BFE, Dy BRHIEEE, 1y BEFHEIIERE
RISHEEEEEROFERERETIEDTIDICESHHENLE
W, = (ZpZp/Dylas)  (RISMIETIZEBMH HIEAS0)
When Z,, =1,Zg =-1,r,5 =7 A, D,=37 (MeCN) , w, =-5.5 kJ/mol.

AEEMELE () KE. [LH. HIB. 5FHK.
BRHYATUTAT497, pp.426-435 (1992) o




AGY= AG+w, - w,
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Marcus theory

log ke, = C - (V4RT)(1 + AG®/2)?
. C=log xZ-w/RT
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normal region ‘ Marcus’ inverted region ‘
AGY [ 1IEEfE ] [ EnnElsk |

log Ket

AGY < -AGO =2 AGO >
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Inner sphere  Outer sphere
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2, (eV)= (7.20/a(A) )(1/n2 = 1/D,)

B

5,43 52 It
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s (eV)
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1)
BBEANECEFRBRIG BBLEYI ARG
[Rua(bpy)s]?* + [Rug(bpy)s]** [Ru(bpy)s]?* —— [Ru(bpy);]** + e
" [Rup(bpy)s]** + [Rug(bpy),[** /H,0 7N\ 7\
A(bPY)s s(bPY)s 2 Q—@
H,O0 n=1.33, D,=78.5
$81K a=6.8A

A, = (7.20/6.8)(1/1.332 — 1/78.5) =(3.60/6.8)(1/1.33%2 — 1/78.5)

=0.585 eV =0.29eV
MG~ A J4=0.14eV 14 kJ mol! MG, ~ /4 =0.07eV 7 kJ mol!
kets ket,e
= 10" exp {-0.14 x 96500/ (8.31 X 298)} = 10* exp {-0.07 x 96500/ (8.31 x 298)}
=3.4 x 108 M-1s"! =580 cm s™!

#12)
[RU(NH3)e* T [RU(NH3)e]*" + & [Ru(bpy)s]** —— [Ru(bpy)s]** + e

/
I H,0 HN NH o D

a=35A . a=6.8A
HN  NH
.= 0.61eV A.=0.29 eV B
MG, =0.15eV  15kJ mol MG, =0.07eV 7 kJ mol
k,, =76 cms! k,,=580cms!
' ﬁ?b‘k?b\ﬁi)‘ﬁ?f&ﬁb‘ﬁb\
13)
Zz0ty /At 4 BEHR
a=35A

H,O n=1.33, D,=785 4=0570eV Kk, =97 cms’!
EUSrn =151, D =12.0 2, =0.366eV  k,=510cms!
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Harber-Bosch process (1908) N, +3H, — 2NH,
at High T (500 °C), high P (20 MPa) 30 GJ /ton of NH;
Nitrogenase
N, + 8H* + 8e + 16 ATP — 2NH, + H, + 16ADP + 16Pi
at RT under 1 atm air
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Standard Reduction Potentials at 25°C (298 K) for Many Common Half-Reactions

Half-Reaction E W Half-Reaction Wy
F,+ 2 —2F 2.87 0, + 2H,0 + 4¢~ — 40H 0.40
At + e = Agt 1.99 Cu** + 2e” — Cu 0.34
Co™ + e — Co™” 1.82 Hg,Cl, + 2e~ — 2Hg + 2CI° 027
H,0, + 2H™ + 2e~ — 2H,0 1.78 AgCl + e — Ag + CI- 022
ce*t + e —Cet 1.70 S02 +4H' + 28 — H,S0, + H,0 0.20
PbO, + 4H' + SO, + Ze” — PbSO, + 2H,0 1.69 cut +e —Cu’ 0.16
MnO, + 4H' + 3 — MnO, + 2H,0 1.68 2H' + 2 —H, 0.00
22" + 2H* + 10, — 10" + H,0 1.60 Fe'* + 3e” — Fe —0.036
MnO,” + 8H" + Se” —Mn™" + 4H,0 1.51 Pb'* + 2Ze” > Pb —0.13
Autt 4+ 3e” = Au 1.50 Sn** 4+ 2~ — Sn —0.14
PbO, + 4H' + 2¢ — Pb?* + 2H,0 146 N2 +2e — Ni —0.23
Cl, + 2e = 2C1° 1.36 PbSO, + 2¢ —Pb + SO.* —0.35
Cr0 + 14H' + 60 — 2Cr'" + THO 133 Cd® +2e —Cd —0.40
O, + 4H" + 42 — 2ZH,0 1.23 Fe'* + 2e” — Fe —0.44
MnO; + 4H + 2~ — Mn*" + 2H,0 1.21 ot +e s ot —0.50
10, + 6H* + 5e” — 11, + 3H,0 1.20 Cr* + 3 = Cr —-0.73
Br, + 2¢ — 2Br 1.09 Zn*' + 2 —Zn —0.76
VO,* + 2H" + ¢ = VO* + H,0 1.00 2H,0 + 2¢” — H, + 20H" —0.83
AuCl, + 38 — Au + 4C1- 099 Mn?* + 2¢ — Mn 118
NO;~ + 4H* + 32~ — NO + 2H,0 0.96 AP* 4 3e” — Al —1.66
ClO, + ¢ — ClO;~ 0.954 H, + 2" — 2H —223
JHg** + Ze” — Hp* 0.91 Mg*t + 2e” — Mg -2.37
Agh +e —Ag 0.80 La'' + 3¢ —lLa —2.37
Hg** + 2e” — 2Hp 0.80 Na* +e —Na —2.71
Fe't + e — Fe** 077 Ca*t + 2 —Ca —2.76
0, + 2H" + 2~ — H,0, .68 Ba™ + 2e” = Ba —2.90
MnQ,~ + e~ — MnO.," 0.56 K" +e —K -292
I + 2e” — 217 054 Li" +e” —Li —3.
Cu" +e —=Cu 0.52 b
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M. Terasaki et al., BBA-Bioenerg. 2007, 1767, 653.




= G [1[* 9
EE'%g E *’T‘ ﬁﬁ j- J *ll?@ HOMO-LUMO GAP ENERGIES 1.3 t\/’l_‘;‘

Em CHXFZEIRETESIERRER>Y HEFi5ED L e
Photon RELATIVE P(‘J]['\.] IALS Ul'” ;
3 O oRe R
—"T3V] (10V) L6V gV
BLFIRE ‘ﬂ 0341 183
IR RERD " s Auy
NUI—>3> " .
METALLIC, Al
3\ wErBHAAR o | [T *%Hjtir
BT s cold | | S
R TOEAOH D ~Nf} nanoparticle _ 1 { VOLECTLELIKE o

Ceuy = dneey(r/d)(r +d) “aF”

Fig. Summary of electrochemical behavior by MPC core size, showing estimated energy
gaps (HOMO-LUMO gaps) and electrochemical energy gaps (which is the spacing between
the first oxidation peak and the first reduction current peak for the native nanoparticle).

environment

:n H,0 ?hyd_rophobic /:’f;\\

R. W. Murray, Chem. Rev., 108, 2688—2720 (2008). o

ﬂ#ﬁld\ T I\ A ZANDOF T O—F

reference
electrode

3(% /\ - =3 S —— bath
i \/ \ o ceramic
| b - | LCC
B

4+ 0.1 M Bu,NCIO,-CH,Cl,

I (uA)
- =

2F
-4 |
-08 -04 O 0.4 0.8
Double Surfactants E (Vvs Ag/Ag*)
C,H,;N(CH,);Br in NEt4ClO4 H O
+ PhSDS T
IZ HA

" HZO% ({.hydrophoblc (a) (b)
Is A

* ¥ - 1
* ok * . AR AT ER EER ‘l_l'"l’
. . \ \ . . . . . M. Miyachi et al., Chem. Commun. 2010, 46, 2557. (Hot article).

-04 -02 0 02 04 -04 -02 0 02 04
E/V vs Ag/AgCl E/V vs Ag/AgCl “Photosensors: Going for gold”

)
M. Nakai et al. Angew. Chem. Int. Ed. 2008, 47. 6699.

Nature-Asia Pacific, Featured highlight, June 21, 2010




Bio-photosensors

Cyanobacterial PSI-Molecular Wire-Electrode
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2) HRODESE

1950 | Prussian blue etc. (BUAIRES)
1956-1965 | Marcus theory (BETFBENRER)
1967 |Hush theory  (IVCT/\> R
1967 | #9bin and Day SRARTFMEED»HE (Class I, 11, 11I)
1969 | Creutz-Taubef&ADERK (9FR)
1970’s | Marcus-Hush theory M&5E
A INRESRETFAMEEARDE R EYIIERIE
1980°s | ;AEINRIRE

1994 | Creutz-Newton-Sutton (CNS) theory
BB FOOEE]. EFX &/R—)LEHX

1995 | Aoki-Chen theory —#RM 5L RADILE (L Rw X EE))
1996 |Aoki-Nishihara AUT IO > DL Ry O XS
1997 |Ito-Kubiak IRICKDEERFMODEFIIEE RO

1999 |Nishihara AU T2 Ot L > dDIVCT/\> Rf#ET

2002 |Class II - Class I1I#f$MDthree-state model

3) BAFEFMiaADDE

Robin-Day® %38
LRy Z#%BHEBEERDIRE Class [ < Class II < Class II1

Class | Class Il Class lll

=)

intervalence charge transfer (IVCT)

4) [FEFliEZE® (Intervalence-transfer, IVCT)
(Class IIDIBE)

¥, = YA+ a¥y BV
Y. =pY,- ¥y Sap=B-a=0 vmax\/
IZHAB
o =-H,pg/hvr .
=2.06 x 102 (g, AV, )/ V) VT M0 G—(m)
o =0.05

H,p =2.06 x 102 (€, AV, )V, /T

Smax

Av1/2 = (23 lovmax)l/2

Vmax

5) E&{LiRycEN
EC, EC,
Red-Red — Red-Ox —" Ox-Ox

AE® = E%(Ox-Ox/Red-Ox) - E?,(Red-Ox/Red-Red) (1)
K. = exp(4E°F/RT) (2)
AG, = AG, + AG, + AG, + AG, + AG, (3)

AGg:the statistical distribution of the comproportionation equilibrium

AG, the electrostatic repulsion of the two like-charged metal nuclei

AG;:an inductive factor dealing with competitive coordination of the
bridging ligand by the metal nuclei

AG;:the free energy of resonance exchange

AGg,the stabilization of one of the reactants
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3-Ferrocenylazobenzene

Reversible photoisomerization using a single green light source and a redox reaction
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Bipyridine-dithiolato Pt Complex with Two Azobenzenes
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Bis(ferrocenylethynyl)ethene

Visible light isomerization to alter through-bond electronic communication
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Bis(arylethynyl)ethene

Visible light Isomerization to switch through-bond electronic communication
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Bis(ferrocenyl)dimethyldihydropyrene

High efficiency of photoisomerization
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Bis(ferrocenyl)dimethyldihydropyrene

Redox-assisted ring closing with electronic communication switching
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Reversible Light-induced Magnetization Change at RT

Azobenzene-attached pyrigylbenzimidazole complezx of Fe(ll)
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Reversible Photoelectronic Signal Conversion Based on
Photoisomerization-Controlled Coordination Change

Electron
Output

Trans-cis Structural Ligand Cu'/! electron
Conversion Exchange transfer

S. Kume et al., J. Am. Chem. Soc. 2005, 127, 490. 124
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Intramolecular Electron Arrangement with a Rotative Trigger
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Dual Emission Caused by Ring Inversion Isomerization
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Reversible Cu(ll)/(1) Electrochemical Potential Switching
Driven by Visible Light-Induced Coordinated Ring Rotation
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J. Am. Chem. Soc. 2001, 123, 12903—12904

Structural Conversion and Spin Separation in
Bis(ferrocenylethynyl)anthraquinones Triggered by
Proton-Coupled Intramolecular Electron Transfer
Masaki Murata,” Mami Yamada,” Takako Fujita.”

Kohei Kojima," Masato Kurihara,” Kenya Kubo,’
Yoshio Kobayashi,} and Hiroshi Nishihara*'
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UV-vis spectra of 1-RAq and [1-RPyI]*TFSI-
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Reversible NIR Absorption Switching of [1-FcPyl]*

Caused by MeOH (NaOMe) and Acid
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Preparation of the Neutral form [1,5-Am,Pyl,]°
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Guest-Induced Crystal-to-Crystal Transformation of
1,4-Fc,AQ

Fig. Crystal structure of 1,4-Fc,Aq along b axis.
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New Type of Strong D-A Interaction Systems
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New Strong D-A Interaction Systems
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Redox Behaviors of t-Conjugated FeTPY Wires
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Loosely Distributed Dendritic Molecular Wires




Construction of Molecular Wires on Silicon Surface
Si-CR

:Si-C bonds are more stable than Au-S bonds. ]
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Reversible On/Off Conductance Switching of Single

Diarylethene Immobilized on a Silicon Surface
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Reversible On/Off Conductance Switching of Single
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Photoresponse of Si-Fe(tpy), oligomer electrodes
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New Arylation Reactions of Hydrosilanes
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Proposed Reaction Mechanism at Si(111) Surface
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Construction of Hetero-structure, Co(10)-Fe (5)
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ET Issues for n-Conjugated Redox Moleculer Wires
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1. Mechanism of molecular wire redox conduction

2. Superior long-range electron transport ability

3. Surface junction effects

4. Terminal redox site effects

5. Electron transport dynamics in branched wires @
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Experimental results and simulation of PSCA
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Chart 1. Novel Synthesized Cg—wire—exTTF Triads (1-5)
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B of the n-conjugated metal complex oligomer spacer Il
» Fe Co =

Q< DO
85 oo L, = k= kOexp(-BX)
25 | nCoL;Fe
—— 7: of -
FeLco S| B~ 0.0025
n Co Fe = 25
. — nFeL,;Co
: B~0.012
x/A

nCoL;Fe | @

Superior Long-range Electron Transport Ability

A =
B d k e
alkyl chains

00 — X —»

m-conjugated oligomers k= k°exp(-/x)

0.1 W

T-conjugated redox CHEMISTRY

AN ASIAN JOURNAL

0.01

0.001

Nishimori et al., Chem. Asian J. 2009, 8, 1361 (Front cover) @

Ink

Surface Junction Effects on Electron Transfer
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Terminal Redox Site Effects on Electron Transfer
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Metalladithiolene
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New Synthetic Method of Windmill Complexes
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X-ray crystallography
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Metalladithiolene Cluster Complexes
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Multi-clusterization

Rational design of metal cluster complexes

S._S
/ OC\F/e/>\Co @
/\
OoC CO

Cluster
\ @
(o]

Cluster of clusters

=




Metalladithiolene Cluster Complexes:Rh,Mo,
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