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Figure I11-13. (A) Emission spectra of 0.20 mM [Ir(ppy)2(bpy)]PFs excited at 337 nm in DMF in the
presence of concentrations of TEA. (B) Stern-Volmer plot of emission intensity at 593 nm using TEA as a

quencher.

Table III-8. Emission Quenching Data Using TEOA or TEA as a Quencher
Quencher KM  kEKsv/t)y M sty v (= ko[QI[E]) M s7Y)®
TEOA 23 8.1 x 107 3.1x10*
TEA 40 1.4 x 108 5.0 x 10*

ar = 285 ns (in DMF).? ?Q: Quencher; E: Emitter. Photocatalytic condition: PS, 2.0
mM; WRC, 20 uM; SED, 2.5 vol. % (= TEOA, 0.19 M; TEA, 0.18 M).
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FHEE RKRELEROWMAL

FAKBRAERITBT, $EED DA UTERIEZR 4 WRC & LTERT2AI8HE SN TR
DS BERD ) A 2y M=y SRS 72 NiSAROEREA~ L B I, KOBTKIG
EREELTWAZERALNERS>TNDS, ZDXHIT, RAERERTBWTHEENSAED
TEREECaa A FIRKLF 72 ERTRE—FK WRC & LTEIK HE, KBOFET TIX, £ WRC
BRPLT N HLERR L THET DL TEERREIETHIVIRbONE Z L35
nTWa7, £ZTC, [Ix(ppy)(bpy)]PFs % PS 33X ' TEA % SED & L7 HAFRRERIC, Az
WRC (2% L TEFIEDOKBEZHRML, HAKBRERIGEIToT, TORE, BLE 1600 HED
KRFPOFETTI 2 H [Ni(pybt)2]#HIE TON DIET Z 7R X 725> 72 (Figure 1I-14 35 X' Table
I1-9), XJERAYIZ, Ni(ClO4)2-6H,0 XA TON DR TR bz, ZHIdRGRFP A L=
vhnaaf RR, KEFIZX YD T AT L Rollod bFE 2 HD, —F5 T, [Ni(bpapte)](ClO4)
F L VNi(mtpa)2](ClOs) IZFB W TH TON DX TR R 67z, FFIZ, [Ni(mtpa)z](ClOs), (22T
I%, Dempsey HIZ & - T, ERILFEAIZRARFERNME L U THWEE, S LIC#EREEZ BT 5
T L CMBERZ T Z Al S TR Y 8, JKERERIZBWTHRERIZ, FH—F WRC
NEEWMENTMBEAERZ R LTS BN, £, RRICENRER TR F 4= —T 1
Bt 35 D [Ni(bpapte)|(CIO4), (ZFB W T HHHLUDBE N EHZ > TV DH EBEZXHND,

d
L

L A

"Absence
Presence <o°

INi(pyClbt),] [Ni(mtpa),l2* Ni2* W
INi(pybt),] [Ni(PYCFsbt)]  [Ni(bpapte)
WRC

Figure III-14. Performances of [Ni(pybt):], [Ni(pyClbt):], [Ni(pyCFsbt):], [Ni(mtpa):](ClOs),,
[Ni(bpapte)](ClO4); and Ni(ClO4),-6H,0 as WRCs in a photocatalytic hydrogen evolution system
containing 20 uM WRC, 2.0 mM PS ([Ir(ppy)2(bpy)]PFs), 2.5 vol. % SED (TEA) and 17.5 vol. % H»0 in
DMEF in the presence or absence of ca. 1600 equiv. (relative to WRC) of Hg.
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Table I11-9. Performances of [Ni(pybt):] Family,
[Ni(mtpa),]?*, [Ni(bpapte)]** and Ni** as WRCs in the Presence of Hg

WRC Hg H:evolution (umol) WRCTON WRC TOFua (b))  Conversion (%)
_ 385 1905 158 (4 1) 0.40
[Ni(pybt)2] 395 2017 165 (4 h) 0.41
- 502 2895 240 (4 1) 0.61
INiByClut ] 504 2948 330 (2 h) 0.61
, 521 2568 193 3 h) 0.54
i, 542 2702 2343 h) 0.56
. N 123 616 28 (14 h) 0.13
[Ni(mtpa),] 227 1152 73 (5 h) 0.23
, N 211 1069 138 (1 h) 0.22
[Ni(bpapte)] 254 1289 174 (1 h) 0.26
Pl e 126 643 64 (4h) 0.13
- 202 1033 53 (7h) 021

In a photocatalytic hydrogen evolution system containing 20 xM WRC ([Ni(pybt):], [Ni(pyClbt):],
[Ni(pyCFsbt)], [Ni(mtpa)](ClO4)2, [Ni(bpapte)](ClOs)2 or Ni(ClO4)2-6H20), 2.0 mM PS
(Ir(ppy)2(bpy)]PFs), 2.5 vol. % SED (TEA) and 17.5 vol. % H>O in DMF in the presence (+) and absence
(- of ca. 1600 equiv. (relative to WRC) of Hg.

FARFERAERIZEBVT, [Ni(pybth]id D WRC & U TERT 2 Z LR ENTER, 0
—5 T, KFEFLERITICHRARMOZRE L HITHA Lz, £Z T, [Nipybtp]l% WRC,
[Ir(ppy)2(bpy)]PFs % PS 33 . O' TEA % SED & L C 24 K] O YEAKBRE AT E 1T o 72 18 O RIGTE
Rz, RN =& L RIE O [Ir(ppy)2(bpy)|PFs % BHM L THUYEAKERAERIGE T2 T2, &
HID 24 KT 2000 FEEED TON Z7R L, BEMEZICIIFE RO A iV T 2000 28 2 5
WRC TON %7K L7z (Figure II-15 33 X (X Table ITI-10), Z DO Z &b, B L & b I KERAERE
PET L TWL DX, WRC DRIETIZR L, PSORRIZE Db D THBZEBNHLMNE 2o T,
BEINE OKBREROHEMIL, PS ORENPTHIRE L VIIKELS RoTLEILDELEX
bivd,
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Figure III-15. Performance of [Ni(pybt):] as a WRC in a photocatalytic hydrogen evolution system
containing 20 uM WRC, 2.0 mM (0-24 h, 1st run) or 4.0 mM (24-48 h, 2nd run) PS ([Ir(ppy)2(bpy)]PFs),
2.5 vol. % SED (TEA) and 17.5 vol. % H,O in DMF. After the final quantitation of H» in the 1st run (024

h), the same amount of PS as the initial condition was added to the system (hollow arrow).

Table I1I-10. Performance of [Ni(pybt):] as a WRC for Recycle Experiment
H: evolution (umol) WRC TON WRC TOFmax (b)) Conversion (%)

Ist run 395 1958 151 (3 h) 0.41
2nd run 460 2279 491 (1 h) 0.48
Total 856 4237 151 (3 b 0.88

In a photocatalytic hydrogen evolution system containing 20 M WRC ([Ni(pybt)2]), 2.0 mM (024
h, 1st run) or 4.0 mM (2448 h, 2nd run) PS ([Ir(ppy)2(bpy)]PFs), 2.5 vol. % SED (TEA) and 17.5
vol. % H20 in DMF.

77



BRIA SEEH(PS) DR

PS [TEKEFE AR 2 BB S W 2 EERMKESR TH Y, Bernhard HI1E[F—D WRC %
WTHPS ELTHWDA U P LERICE > TKRREEDPKRES ERDZLERELTVD
7a, £ Z T, [Ni(pybty:BHOfEIEMEDM EA2HRF L C, [Ir(ppy)(bpy)]PFs @ bpy Bfi+ EiZ 2 >
D tert-7 F VI % FH T 5 [In(ppy)2(dtbbpy)]PFs % PS IZHWTHAERERK S ZIT-7 2,
[Ni(pybt):]J8, [Ni(mtpa)](ClO4), 35 J U} [Ni(bpapte)](ClOs), DETIZIWT, FHHD TON iE 2
fF12m_E L, [Ni(pybt): ZEIZ 8V T i 24 BERE T 5000 127 L 7= (Figure IT1-16 33 X O Table ITI-11) ,
ZD—75 T, [Ie(ppy)2(bpy)IPFs & W72 356 L IZ 72 U, [Ni(pybt): FHO BEHEEL DEZ X 5 TON
DOHFEREITIR G2 2o Tz,

6000

5000
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3000

WRC TON

2000

ANANANANANAN

1000 |
L =dtbbpy ¢
0 ' Z ’ = <~ L=bpy ~;\%§Q
[Ni(pyClbt),] [Ni(mtpa),J>* \\\‘\QQ
[Ni(pybt),] [Ni(pyCF;bt),] [Ni(bpapte)]?* &

WRC

Figure IlI-16. Performances of [Ni(pybt);|, [Ni(pyClbt):], [Ni(pyCFsbt),], [Ni(mtpa):](ClO4), and
[Ni(bpapte)](ClO4), as WRCs in a photocatalytic hydrogen evolution system containing 20 M WRC, 2.0
mM PS ([Ir(ppy)2L]JPFs: L = bpy, dtbbpy), 2.5 vol. % SED (TEA) and 17.5 vol. % H,0 in DMF.
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Table I11-11. Effect of PS in Photocatalytic H, Evolution

WRC PS(L) H:evolution (umol) WRCTON WRC TOFua (h?) Conversion (%)
_ dtbbpy 1002 5012 1072 2 h) 1.0
INi(pybt):] bpy 395 2017 165 (4 h) 0.41
_ dtbbpy 1059 5239 1089 (2 h) 1.1
Clb )
NUppClheel - oy 594 2948 330 (2 h) 0.61
, dtbbpy 1035 5104 932 (2 h) 1.1
Ni(pyCFsbt -
PRGN 542 2702 234 (3 h) 0.56
_ . dtbbpy 456 2275 204 (1 h) 0.47
N 2+ b
Pil(mipny] bpy 27 1152 73 (5 h) 0.23
_ dtbbpy 735 3688 663 (1h) 0.76
N te)]* :
[Ni(bpapte)] bpy 254 1289 174 (1 b) 0.26
dtbbpy 204 0.21
bpy 21 0.021

In a photocatalytic hydrogen evolution system containing 20 xM WRC ([Ni(pybt):], [Ni(pyClbt):],

[Ni(pyCFsbt):], [Ni(mtpa)2](ClOs): or [Ni(bpapte)](ClOs)2), 2.0 mM PS ([Ir(ppy):L]PFs: L = bpy, dtbbpy),
2.5 vol. % SED (TEA) and 17.5 vol. % H>O in DMF.

Mz PS DEW D KT FEEMBR DS FRIRRIC S 2 2B EM~<57-0, TEAB LV
[Ni(pybt)2] Z1H YA & L TlIr(ppy)2(dtbbpy) [ * DIE SR Z1T o 72, FWTZIERFIORE 2D &
E D[Ir(ppy)2(dtbbpy) | * DI A7 FUVIZEIT 5 E— 7 HREMN D Stern-Volmer 72 v b+ Z{EfL
L C kg % U7z (Figare I11-17 and I11-18 33 1 OF Table II-12), % OFEE, [Ir(ppy)z(dtbbpy)]PFs
PS ELTHWD L, [I(ppy)(bpy)]PFs 2 HWVZHA L0 b, BT GER A EE R IX
FREBRDZENRENT, TR LT, B|ET 5 [Nipybt)] 12 & 5 ¥ 1%,
[Ir(ppy)2(dtbbpy)]PFs DT AN Z E b B ML R0 Tz,

- 576 nm -
(A) 10000 Quencher B) 37 Int.y/nt. = 56357[Q] +0.954
concentration ([Q]) ) R2 = 0.996
Z 8000 - — 0 M 54 | o
M
£ 6000 - 10 M £
- — 15 M S 18 -
2 4000 - —20M E
@2 — 25 M
£ 1.2 -
5 2000 - d Key = 5.6 X 104 M-
O T T T 1 1 0~6 T T T T T 1
400 500 600 700 800 900 0.0E+0 1.0E-5 2.0E-5 3.0E-5
Wavelength (nm) [Q] (M)

Figure III-17. (A) Emission spectra of 0.20 mM [Ir(ppy)2(dtbbpy)]PFs excited at 337 nm in DMF in the
presence of concentrations of [Ni(pybt):]. (B) Stern-Volmer plot of emission intensity at 576 nm using

[Ni(pybt):] as a quencher.
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(A) 10000 - Quencher (B) 24 1 |nt int. = 40.3[Q] +0.99
578 nm concentration ([Q]) ALgird oIS #0092
R2=0.999
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[
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@ — 25mM
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Figure III-18. (A) Emission spectra of 0.20 mM [Ir(ppy)2(dtbbpy)]PFs excited at 337 nm in DMF in the
presence of concentrations of TEA. (B) Stern-Volmer plot of emission intensity at 578 nm using TEA as a

quencher.

Table I11-12. Emission Quenching Data of [Ir(ppy)2(bpy)|" Family
Using SED or WRC as a Quencher

. 1 kq (= Ksv/7) v (=k[QI[E]D)
Emitter Quencher Ksv (M™) (M- 5717 M s
TEA 40 74 % 107 2.7 % 10°
[r@py)(dtBOPYIPEs gy ovbiya] 5.6 x 10* 1.0 x 10" 4.0 % 10°
TEA 40 1.4 x 10° 5.0 x 10°
[Ir(ppy)2(bpy)IPFe [Ni(pybt):] 5.0 x 10° 1.8 x 10 7.2 % 10°

ar = (.54 ps (for [Tr(ppy)(dtbbpy)]PFs in DMF),'° 7 = 285 ns (for [Ir(ppy)2(bpy)]PFs in DMF).® °Q:
Quencher; E: Emitter. Photocatalytic condition: PS, 2.0 mM; WRC, 20 uM; SED, 2.5 vol. % (=
TEA, 0.18 M).

— T, DMF IERFTOYA 7 U v 7RV E A Y —IZBWT, [I(ppy)(dtbbpy)]PFs D&
—IEICREALIL, [Ir(ppy)2(bpy)]PFs (ZH~T 0.08 VIETLMIZ S 7 F LTWiz (Figure III-19 B8 L}
Table I11-13) , &t 5-EDEAIZ L - TlI(ppy)(dtbbpy)]PFs X, [Ir(ppy)2(bpy)]PFe (2t~ TiEiT
EHITL K 2o e, 2D—FH T, WRC ~DEFBENCIBWT, BIXAHELICIVAETCLSPS D
| BRI TH 5 [Ir(ppy)2(dtbbpy)liE, [Ir(ppy)a(bpy)]L ¥ & 0.08eV KE B EN 2 RF>Z & %
BHRLTWS, L7en o T, [Ir(ppy)(dtbbpy)|PFs % PS IZ V= HAKFEFRARIZEIT S TON DR
& 72 ML, TEA IZ X 238 eAVE D EERINCARITH - Th, BAT 2 [Ni(pybt)]iZ X % H
XAmabh, £0LET, XYETMICHALIET S [I(ppy)a(dtbbpy)] D BRALENLIZ X LET)FR) 72
FHEDB, Bo TVEEHLTIERVNEEZILNS,
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Figure I11-19. Cyclic voltammograms of 1.0 mM [Ir(ppy)a(dtbbpy)]PFs (top, red line) and

[Ir(ppy)2(bpy)]PFs (bottom, orange line) in DMF containing 0.10 M "BusNClOj as electrolyte at a scan rate
of 50 mV/s.

Table I11-13. Oxidation and Reduction Potentials (V vs. SCE) of [Ir(ppy)(bpy)]*

and [Ir(ppy)2(dtbbpy)[*
4 * *
Moy LT o ﬁ; }w) (Eoc) (LEo;-l-) E3 Es Es Eox Heed
Red -1.41 -2.06 -2.16 -2.48 0.74
L = dtbbpy Ox 137 -1.34 -2.09 -2.39 -0.78
Redox 0.13) -137r 2.12r 244qr
Red -1.33 -2.02 -2.16 -2.46 0.76
L=bpy Ox 1.43 -1.26 -2.08 -2.39 -0.66
Redox 0.08) -1.29r 2.12r -243qr

r: Reversible; qr: Quasi-reversible. * Eox, *Erea: Excited state oxidation and reduction potentials calculated
using Hess’s law on the basis of recorded potentials and emission energy," Ejem; *Eox = Eox — Ejem, *Ered

= Ered + Ejem, Ezem = 2.15 and 2.09 €V for [Ir(ppy)2(dtbbpy)]PFs and [Ir(ppy)2(bpy)1PFs, respectively.
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[Ni(pybt):JJE DREERIFFHEE L BRI FHIZEE ) K OR T (WRC) & LTERT5 2
EEHIFE L, EARERERICBVT, [Ni(pybt:BEDOKDEITTIIGIZ 51T 2 /e 272 Lz,
[Ni(pybt)2]iZ, [Ir(ppy)2(bpy)IPFs & JEHEHAI (PS), tV =& 7 — T X v 2R iEE {5k (SED)
& LTHWEBEBRORISEEICBW TS, NoS, B OFEMEEN D> v 7=y 7V (1)
FERBIOENICHIRT D VA /Y M=y S AR E DBV TON ZiR L, FUSSAMF D
{EIZ X Y, [Ni(pybth O Z OfEIZE Hizm E L7z, [Ni(pybt)]d X Ut TEOA ZiHEAIL L7
[Ir(ppy)2(bpy)™* D K B FS L O Stern-Volmer fEHT 235, Z OHAKFFEARIZRIT S PS Dtk
FHIEE TiX SED I L A B TEHIEEN BN TH DL Z L BH LN RoTe, NI x=Z ) =T
IORLVICNY ZF LT 2 % SED & LTHWS & [Ir(ppy)a(bpy)] * D3ETTHIHEIE & (R L,
[Ni(pybtJHD TON I3B L Z 2 fFi2/e 72, F72, [Ni(pybthJHIZX, KELFT THHEE LRV
SFMED WRC & LTIERILTWAS Z L hREhiz, TR LT, RICEHTY, BAfER
FRNF AT ML O [Ni(pybt)| 22 X T, F4 = — 7 /LR 85 @ [Ni(mtpa)](ClOs), 35 L T
[Ni(bpapte)](ClO4), ® TON JFEK<L, S 51T, ALV #EH L TEOMEITS HITET L7z, *fI3E
Bris L OEAKEBRER) SFAE LIKRITKICHRT D Z L3R sh D, [NipybteHiZo T
PED WRC & L TOBREMIZHEN TR Y, LRERER O & & b ITKBRERSBA L TH,
PS ZBIINT % & FOWREE OIS 2R Uz, Bz, RhilikiBo PS 2 2hRaVICiHET %
kU =F 7 2 2 (SED) & WRC ~DOETBENTIS 1T 5 BRE) /128 XV K& 22[Ir(ppy)2(dtbbpy)]PFs
(PS) M AA DR IAERAERIZEBVT, [Ni(pybt):2HD 24 KEfE] T? TON X 5000 (2 HEEL
TEs
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[Ni(pybt)2]iZ, [Ir(ppy)2(bpy)]* (PS) 35 & UF TEOA (SED) & FW 7= FAKFREFRAERIZE W T, BERO
NaSy BEAZ D FEMENL D> v 7= v 7V (D EEERZNICHIR T 5 /2 A /' Mighfk
X0 HE O AEEEE (TON) 278 L7=, [Ni(pybt)JEIZ5 FHED WRC & L TOBREMEIZ HENR
THEY, [Ir(ppy)(dtbbpy)]" (PS) 35 L Ot TEA (SED) & DA EDLEIZEWT, £ 6@ TON X
5000 (2 HE L, LOLRB G, ZEORMNE R 22 W SEAL/\ A5 O [Ni(pybt)| 3873, &0
L LTHFHED WRC & LTH#EET 2O IFH L TldZey, £O—F T, [Ni(pybt:]JED
HER RS L OERILFEIZEEN G, T bl | EFETE2Z T ZBRIC, #MEPREEDL D
LR S, JKRERERICEWTY, [Ni(pybth L, BTAMEEICEIVETLEA Y DT A
PEAYIEREAI D 1 EFETEIC L > TRIEIN 720, BRALFEWZRE T L FRIZ, 2D X5 7%
EABELD ETFHEIND,

Z ZTCARETIE, BARRBERIIBWTAELS EEZ LN SNipybt ] D | EFETE%,
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$£—IE [Ni(pybt) D ILEHET
1. [Ni(pybt)]

Scheme IV-1. One-Electron Reduction of [Ni(pybt),] with [CoCp*2]

NI\Q*;Q’

and Isomerization from [Ni(pybt):]- into [Ni(dpydbt)]~

‘\ ~>
DMF
\ \
//
[Ni(pybt),]
DMF

[CoCp*,][Ni(dpydbt)]

I

[Ni(pybt)2] 100 mg (0.207 mmol) % ik NN-2 A F /1AL A7 X K (DMF) 120 mL (Z¥Ai# &
B, BEGRRERHERS LE®R, T AFL 90 b 69.2 mg (0.210 mmol)Z N2 T
50 CT 1 BefiliEE Uiz, 8D - BRI DI 4E 50 CTRERE L T—BlE
W L ERIZ 10(vv) P 7 ra A Z 07 FUREAEE I mL 2z &L, BEao
BT M2 x 2 mL CHE Lz, TRREOIRK) bR EBERER, Ko B
57 ki 4x0.5mL #BWCHES M Uz, MR 2 BE T CASRZE S, BEL
W35 = & CERAREE L L T[CoCp*:][Ni(dpydbt)]-0.5CH.CL #1372, & 163 mg (0.190
mmol, 91.8%), X ARSI U2 BT, BEREZIERR LY 7 nr 24102
ERSY, BRBK LRV Z 2B L LEERFRKIT CORIILBIEIC L - TE
% L7z,

HE

CHN elem. anal. Calcd for C44HssCoNgNiS,-CosHCI: C, 62.36; H, 5.76; N, 6.54. Found: C, 62.46; H,
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5.98; N, 6.67.

UV-vis-NIR (DMF) Amax (em/M~! em') 1925 (399), 1762 (1869), 1415 (625), 913 (9487), 695 (2539),
401 (5824) sh nm.

'H NMR (400 MHz, acetone-de): 6 1.77 (s, 30H, [CoCp*,]") (distinct signals are not observed except
a signal for protons of [CoCp*,]*) ppm.

X-band solid-state ESR: gis, = 2.05.

IR (KBr): 3036 (w), 2978 (w), 2911 (w), 1586 (m), 1468 (s), 1431 (s), 1376 (m), 1303 (s), 1151 (m),
1022 (m), 742 (s) cm™.
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[Ni(pyClbt),]

Scheme IV-2. One-Electron Reduction of [Ni(pyClbt):] with [CoCp*:]
and Isomerization from [Ni(pyClbt)?|~ into [Ni(dpydClbt)]~

[Ni(pyClibt),]

DMF

[CoCp*,]INi(dpydCIbt)]

AT FIE

[Ni(pyClbt):] 116 mg (0.210 mmol) % ik DMF 120 mL (Z¥fif &, #RH AR 2 BUs iR
LU& FH AFarr kL 67.9 mg (0.206 mmol)E % T 50 CT 30 syl L7z,

BN R EOWIRD O L 50 CTRIERE L, —BREGER LZEAIC 12 (W)
Srun AR UlTE N RSEE 30 mL ZMNZ 2%, KEE R LT 172 ([SHERS L CIE
WE U, BRiEE 7 o 10x2mL TS L, BREOIIRY G2 MERE Lz, &
SR EEEE 7' 5 x 0.5 mL TS LT bERRT S Z & THREABERE L
T[CoCp*2][Ni(dpydClbt)]-0.5CH,Cl, %157, L& 95.3 mg (0.103 mmol, 50.0%), X #iiEfiE
o U B i, BERBI2ERIE LY 7 m e A2 CEfRSE, SRSk Lc~
VA UERAEREEL LT BRFHE T COERKIEBIEIC L > TIER L.

HE

CHN elem. anal. Calcd for C4sHa6Cl,CoNsNiS,-CosHCI: C, 57.72; H, 5.12; N, 6.05. Found: C, 57.71;
H, 5.18; N, 6.17.

UV—vis-NIR (DMF) Amax (e/M~' cmr?) 1927 (875), 1761 (2204), 1407 (876), 934 (14681), 692
(3363), 398 (5882) nm.

'H NMR (400 MHz, acetone-de): & 1.78 (s, 30H, [CoCp*,]") (distinct signals are not observed except
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a signal for protons of [CoCp*:]*) ppm.

X-band solid-state ESR: g =2.00, g, = 2.05, g: = 2.13, giso = 2.06.

IR (KBr): 3042 (w), 2979 (), 2912 (w), 1586 (m), 1550 (m), 1523 (s), 1469 (m), 1431 (m), 1306 (s),
1280 (s), 1076 (m), 963 (s), 790 (m) cm".
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[Ni(pyCF3bt),]

Scheme IV-3. One-Electron Reduction of [Ni(pyCFsbt):] with [CoCp*;]

and Isomerization from [Ni(pyCFsbt);| into [Ni(dpydCF;sbt)|~

CF3 P ] C CF?I-
@’ Co mk 'Q/ @”

7
N ’—@\ - ﬁ(’ FsC Nz

- DMF -

i

FaC’Q,“/
N
/

N .
,‘s\} = Co r“‘" YN
N SF ,@ (N, ~F
I g
[Ni(pyCF3bt),] = i
. . il
—e 1 O X
- X F4C NN CF,
- (o] Hu.. H
DMF ’_@\ Ma -
N\ /7 \ 7

[CoCp*,][Ni(dpydCFbt)]

AN

[Ni(pyCF3bt);] 132 mg (0.210 mmol) % ii/Kk DMF 120 mL (Z¥3fif &, 4R Gk & s i
K[UTzte, 7 Hh AF /=m0 b2 70.0mg (0.213 mmol) %12 T 50 °C T30 45 Lz,
5 b= Bk DFEIR D DR Z 50 CTRIEREE U T—BERzE L 7=BEERIZ 1:10 (vv)
vrua A&7 N ARETEEE 11 mL 2N THEE L, BERAOREZTE M 3 x2
mL THEH L7z, RGO DI 2 WERE E%, HBolc@ENE7 & M4 x0.5 mL
ZRWCHAES i Ule, T2 B0 T CARRE S8, BEEZRI 5 = L CEskamE
& & L T[CoCp*,][Ni(dpydCF3bt)]-0.3CHCl, % 15%7-, & 179 mg (0.183 mmol, 87.1%),

EE

CHN elem. anal. Calcd for C46H46C0F6N4Ni32'C0_3H0_(,Clo_6: C, 56.97; H, 4.81; N, 5.74. Found: C,
57.03; H, 5.04; N, 5.49.

UV-vis—NIR (DMF) Amax (ew/M™! cmt) 1927 (433), 1782 (1374), 1422 (409), 890 (8100), 688 (1930),
480 (2137) sh, 435 (3072) sh, 387 (5983) sh, 343 (10926) sh nm.

"H NMR (400 MHz, acetone-ds): & 1.80 (s, 30H, [CoCp*:]") (distinct signals are not observed except
a signal for protons of [CoCp*;]") ppm.
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X-band solid-state ESR: gis, = 2.05.
¥ I8 [Ni(dpydbt)| D{LFRIFERIL

Scheme I'V-4. One-Electron Oxidation of [Ni(dpydbt)|~ with (NH4)2[Ce(NO3)e]

-
e L o
N N~ N (NH,),[Ce(NO3)g] N~ N
@Co NH"“ % HN acetone NH“" S HN
W <\ /; \ 7/ <\ /;

[CoCp*,][Ni(dpydbt)] [Ni(dpydbt)]

1 BN A R VRE RO F

iR 7 v E=U LB UAIV)ET & b A SE TR by 7 R (NHq)2[Ce(NO3)s] 8.55
mg/10 mL) Z % L7z, [CoCp*:][Ni(dpydbt)]-0.5CHCl, 1.33 mg (1.55 umol)Z 7 & b > 2 mL IZ¥&
i X H 7= Rk BIAIRIZ, (NHa)[Ce(NO3)s]D A b 7 &R 0.991 mL (NHs)2[Ce(NO3)s] 1.55 yumol) Z
BEE LA DI T Uiz, M FTHROEAD > LR AR D2 WERE L, — PR
Lz, Bbh-EENbY7au 22y smL #HWCAE S Z M L, miikz Y 7nax ¥
VTR LU CREHEIR & LTz,

2. HNMR A7 kVHIE FRE o L

BT v E=U LU U A(V)EZT7 & M ICEMRIE TR by 7 5K (NHa)[Ce(NO3)s] 8.42
mg/10 mL) Z 78 L 7=, [CoCp*:]INi(dpydbt)]-0.5CH:Cl, 3.26 mg (3.81 umol)% 7 & k> 20 mL IZ
TR S B 7o R BIRIRIZ, (NHa)2[Ce(NO3)s] D A b 7 5% 2.48 mL (NH4)2[Ce(NO3)s] 3.81 pmol)
ZRBE LA LR T Uk, M THROE DB R EARRD A BERE L, —BEER
Lz, BohBEENPLE nafrA ImL ZHAWCAES 2B L, REHERE Lz, #l
TER OREEREWE T CARBLE I ECTHBESE, Y7o A2 10mL ZHWTRAES %
hH#g, MR A2 REICGEL T CRTF Lz, 36 BRiRE, 5o 7-RBIRE BIE T CARE
EESETHRSYE, Eoh-EENLEZ vkl s ImL Z AWVWTARSZMHT 52 & TH
UREHA IR 2 TR L7z,
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F=H WRLER

#—IE [Ni(pybt)JEDLZEMETE S VETERYDEE LEE

1. [Ni(pybt):]

[Ni(pybt):] ® DMF ¥EIZ 1| YBEDTFH AF L3, bV EMATRIGEEES &, WIRIEK
BICRFA» LEFEICE(L L, BARMITERARGEL L THELNT,

ZHZFAKTICBWT, BERBOY 7 oo 2 & VIR, BEEE L TRV F R ZRKIER
Exi b 2 A, HAREE X SR ST IO U BABRRESRAE bz, BUESS X BUEEAEeT o
FER, BITARMIT, 2 20 ) DUBRPBENT D & bICA X/ REMTORE DAL
ZHLTEL SNWNAS MEENFE2E L, JOFAELTTIAFAT N ME=T LA
F UM 1 ST B EEMUENLOE /7 =4 PSSR [Ni(dpydbt)|- T & - 7= (Figure IV-1)

top view

side view

Figure IV-1. Structure of [CoCp*;][Ni(dpydbt)] (left: top view, right: side view). Atoms are drawn as 50%

probability thermal ellipsoids. [CoCp*;]" is shown in wireframe and solvated CH>Cl, molecules and

hydrogen atoms are omitted for clarity.
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Table I'V-1. Crystal Data and Structure Refinement

for [CoCp*;][Ni(pybt):]-2CH:CL

Empirical formula
Formula weight
Temperature

Crystal color, morphology
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Ry (> 2.000(D)”
wR2 (all reflections)®

Goodness of fit indicator

C46Hs2C14CoNsNiS2
984.51

200K

black, plate

0.55 x 0.17 x 0.07 mm?
monoclinic

P2y/n
a=123345(4) A
b=222711(6) A
c=18.1248(H A

B =109.540(4) °
4692.2(3) A3

4

1.394 g/cm?

0.0767

0.2248

1.043

a) R[ = Z”Fol—ch“ / Z|F0|
b) WRZ - [Z(W(Fol—Fcz)z) / ZW(FOZ)2]1/2
CCDC number: 1970594

BEAEREHZOWTIEZET & F RO TH NMR 227 FVHIE, ER ESR A~227 MLVHIGE,
DMF #EiE DWW A2 b ABITE, CHN TR T L VIR A7 MAVBIEZAT -7, 'THNMR 2
AR MZBWTE, JhFA v E L THET DT ATV M=y AICHKTS | B
WO ZF AW 17T ppm (BRI ENDDHTH -T2, £z, CHN LESPrORERIL, X Bl
fIRHT CTH B & 7 o T2 REE IS T B HRIC 0.5 YEDOY 7 nua A &2 e TR OFHFEE
L H03%RBET—FH L, ULEX VY, [Ni(pybty] DETAERY & L THEHD - BREE KIX
[CoCp*:][Ni(dpydbt)]-0.5CH.Cl & & %2 b5 (N 91.8%) .
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2. [Ni(pyClbt)]

[Ni(pyClbt):] > DMF #RIZ 1 YBOT I A F N2, vy EMA TGS D &, BRI
WE BT A SEFAICELL, BTERYITEREEEKE LTELN ., ERXFEITICE
W, BEREBIOY 7 mu 2 & VIR, BEEL LTV F R RRIERE R L 25, B
i X R EEARAT I8 Lo ElRINESE G D, B X G O R, [Ni(dpydbt)]-
LRBOEREEEZAEL, IVFALELTTAAFAI NV =T A F U0 1 DFET
AE@MUEALDE J T =4 5K Ni(dpydClbt)|-T & - 7= (Figure IV-2)

top view

side view

Figure IV-2. Structure of [CoCp*;][Ni(dpydClbt)] (left: top view, right: side view). Atoms are drawn as
50% probability thermal ellipsoids. [CoCp*;]" is shown in wireframe and solvated CH2Cl, molecules and

hydrogen atoms are omitted for clarity.
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Table IV-2. Crystal Data and Structure Refinement

for [CoCp*,][Ni(dpydClbt)]-2CH,Cl,

Empirical formula
Formula weight
Temperature

Crystal color, morphology
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Ri (I > 2.006(D))”
wR: (all reflections)®

Goodness of fit indicator

Ci16Hs0ClsCoN4NiS2
1053.40

200K

green, plate

0.55 x 0.42 x 0.06 mm?
triclinic

P1

a=10.1761(3) A
b=124123(4) A
c=19.1814(5) A
a=96.674(2) °

£ =91.868(2) °
y=196.713(3) °
2387.24(12) A?

2

1.465 g/cm?

0.0481

0.1300

1.030

a) Ri=X||Fo-Fd|/ Z|F|
b) wR: = [EW(F-FSY) | Tw(F2)*"?
CCDC number: 1970595

B AREHC OWTIZET & F KO 'TH NMR A7 hVEIE, B ESR A7 R VRIE,
DMF YA DI A~ FVBIIE, CHN JERAHTRB LR A7 MLWRAEZ{T> 72, 'THNMR A
R MZBWTHE, I FALOFTHAFAa N =T AICHFKET D | BEROV TV
OHNPBR ST, £72, CHN TEOFTORBIIL, X BHEERNT TH B2 & 72 o TGS G
FTAHHKIC 0.5 BEDT /7 A X 2N MR OHEME L £03% KRB T—H L, ULX
Y, [Ni(pyClbty] DETTAERM & U THE b AL - Rk E R 1Z[CoCp*,][Ni(dpydCIbt)]-0.5CHCl & F5

Z 515 (IR 50.0%) .
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[Ni(pyCF3bt),]

[Ni(pyCFsbt)2] > DMF ¥AKRIZ 1 YEDT H A F N2 ,0 My EMA TRIGE® D &, iRl
WREBI\RE A DIEFEAICE L, BAERYITERCEKEE LTHE LN, ZOREHZOWT
b BiEROIERR 23R4 7208, X BEPHRIEISE LRI bhihotz, T, ZOREIE
REHZOWTET & b RO 'THNMR A7 FVEIE, B ESR A< hMLVEIE, DMF &K
DO A7 MIVIIER L O'CHN TR oW 21T -7, 'H NMR A7 MUZEWTIE, JAF
FLEELZONDTHAF NI N =T MIHKT S 1 BROT 7T VOLBER S,
E7-, BBOWII AR bb, BERESR A7 bABIOYA 7V v 7 A LE A Y —(CV)
DOFEED S [Ni(dpydbt)| ZEAFH L L, I F AL ELTTARAFALIAIN =T AL T
D 1 DTFET D FEMUENLOE 7 T = A Ni(dpydCFsb)|"Th 5 L E XA bILD, &b,
CHN TTESHTOFERIL, HE &5 [CoCp*:][Ni(dpydCFsb)|I 5™ 24K 0.3 HED T 7
oaAY o EMA RO EME & £03% KRBT Lz, LLEXY, [Ni(py CFsbty] DiETTA
B & LT 6 i 7o R K1 [CoCp*2] [Ni(dpyd CF3bt)]-0.3CH.CL & & % Hiv5 (INER 87.1%),
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¥ _IE [Ni(dpydbt) EEDETFIKE

BEpL T 03B —BEY 7T =4 ThdD /) o4 /' MO FINiddb)]| % 1| ETFETT D
Z & TR b i A [Ni(ddbt)|-DEAL I O JE RS & EEREIL, [Ni(ddbt)] & BAAF 23k 7T S 77 =
7 (INi(ddbt)) (2K T 5 & v 7 ESEAR[Ni(phbt)] O PRIICZ2 2 Z L 2HEL TRV 12, B
i en X MRS AT 21T 5 2 & 23T & 72 [Ni(dpydbt)|E X O [Ni(dpydCIb)[ 12\ T, BN FE
O JE - #E & B 12 [Ni(ddbt)] & [Ni(phbt)] D [ & 72 5 TV 7= (Table IV-3, JR-T[#f5 A BRAEAS
[Ni(ddbt)] & [Ni(phbtp] DHFE & 225> T D b D EEA TR L), L7Z23-> T, [Ni[dpydbt)] 5 X
O Ni(dpydCIbt)|-DENLFIET AN b ) 7 =4 Th Y, [Nidpydbt)|H L U[Ni(dpydClbt)|-
IR —EEHD A /'y MUEERD | EFETEKRTHDEEZ b5,
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[Ni(dpydbt)|2EIZW b, 'HNMR A7 hLd 1.8 ppm (3T, MAUTFA L DT AF IV
a0 b= T AIZHET D 1 BERO VT F O R ER LT (Figure IV-3),

[CoCp*,]*

t__
7

[CoCp*,][Ni(dpydCF3bt)]-0.3CH,Cl,

[CoCp*,][Ni(dpydClbt)]-0.5CH,Cl,

[CoCp*,][Ni(dpydbt)]-0.5CH,Cl, Jh LL : }
10 9 8 7 6 5 4 3 2 1 0
S/ppm
~
i

Figure IV-3. '"H NMR (400 MHz) spectra of [CoCp*:][Ni(dpydbt)]-0.5CH>Cl, (bottom, dark blue line),
[CoCp*,][Ni(dpydClbt)]-0.5CH,Cl, (middle, blue line) and [CoCp*;][Ni(dpydCFsbt)]-0.3CH2Cl: (top,

violet line) in acetone-d.

DMF IR DOWIL A2 S U2 T, [Ni(dpydbt)], [Ni(dpydClbt)|=35 J UF[Ni(dpydCFsbt)|-
IZFE 913, 934 35 L TN 890 nm (ZHFAD 2RI & — 7 & 7R L7z (Figure IV-4) . BZ+28 7
CHNRNY T =4 Thd ) oA )y MUSERIIEH Y 7 =4 8 LBRE /) T =4
45 D ] C O JE A [ B 7 81 (intervalence charge-transfer, IVCT) ICH$ 2RI ZRT Z &
M 122 [Nidpydb) HOBI FH £ T VANV NI T =4 ThBLEZLLND, ZD IVCT
CHRT AR — 2 OfRE, BRESERFETOBEICIEILVY FY7 FLTWLIDOIHL
T, Y ZAFaAFAEOBETIIIN—7 FLTEY, ZHUELEITTHTO[Ni(pybt):] 23R
4 LMCT (ZH T 2RI e — 2 Offim & —FH L T\,

FETO ESR A7 MZEWT, [Ni(dpydbt)| 1 giso = 2.05 DEFHIRY 7T VR LTZ
(Figure V-5), Z DX 5 723 7 F 0% 5L, [Ni(dpydbt)|- SOMO A3ZEIEUIFIZHRT D
B THH-HEE L LN (FigureIV-5), —5 T, [Ni(dpydClbt)|iEn v By 72y 7 %
TRL7. Z0OZ L, [Ni(dpydClbt)|-TiZ, £® SOMO iZ= v 7 /VIZHRT 2HEDOTE R H 5
TEEBHRLTWANS, BEHMO . Ay MNESEERD | EFRTEICHSTZ ORGSR/
Wz Eas L, NI (AT b7 = VEMATF) OFEZ/ISVBDOLEEILND,
[Ni(dpydCFsbt)]-® > 2 F /L iZ[Ni(dpydbt)|-® b DIZHEEL L TV 7223, [Ni(dpydbt)| (2T 7 &
— RThy, ENCEFENRR LN,
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IHOORER LY, [Nidpydbt)| HIZH AN LB —EED ) oA /& NMESEERD 1 &
FETETHY, FORNMFIZFIZT IV NI T=F o ThDEE LD,

60000 -

Complex Amax (nm) [em (M~ em™)]?
. 1925 [399], 1762 [1869), 1415 [625], 913 [9487],
. INi(dpydbi)] 695 [2539], 401 [5824] sh

1927 [875], 1761 [2204], 1407 [8786],

934 [14681], 692 [3363], 398 [5882]
1927 [433], 1782 [1374], 1422 [409], 890 [8100],
[Ni(dpydCFsbt)]- 688 [1930], 480 [2137] sh, 435 [3072] sh,
387 [5983] sh, 343 [10926] sh

[Ni(dpydCIbt)]-

S
o
]
o
|

30000 H 2sh: Shoulder.

[Ni(dpydbt)]~ (X = H)

=== [Ni(dpydClbt)]- (X = Cl)
----- [Ni(dpydCF,bt)}- (X = CF3)

20000 -

10000 W

Molar absorbance coefficient (M- cm-1)

.
“eee

1100 1300 1500 1700 1900
Wavelength (nm)

0

=S

300 500 700 900
Figure IV-4. UV-vis-NIR spectra of [CoCp*;][Ni(dpydbt)]-0.5CH,Cl, (dark blue solid line),
[CoCp*;][Ni(dpydClbt)]-0.5CH,Cl; (blue dashed line) and [CoCp*,][Ni(dpydCF3bt)]-0.3CH,Cl, (violet
dotted line) in DMF. Inset table: UV—vis—NIR absorption data.
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Giso = 2.05 X =CF,
[Nif(L-3)]

;
NI

[Ni(dpydCFbt)]-

X =Cl
INI'(L*)1

!
N

X=H
[NIf(L-))

[Ni(dpydbt)]-

T T T T T T T T T 1

280 290 300 310 320 330 340 350 360 370 380
Magnetic field (mT) Ny

Figure V-5. X-band solid-state ESR spectra of [CoCp*2][Ni(dpydbt)]-0.5CH2Cl: (bottom, dark blue line),
[CoCp*:]|Ni(dpydClbt)]-0.5CH:Clz (middle, blue line) and [CoCp*:][Ni(dpydCFsbt)]-0.3CH:Cl: (top,

violet line) at r.t..
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%=1 [Ni(dpydbt) EOEBRILFMEE

[Ni(dpydbt)| #HI%X, DMF KT CTOVA 7V v 7 RALE LA Y —(CVIZBWT, WTiLh
BAREAL L 0 BB 14, BEMANC 1 ORI 2B LR T, S O ICELRNIZIERS 22 R L
W% 1 o= L7z (Figure IV-6 35 J. T8 Table IV-4), Z i b O R[22 58— el s J O —FR{Lii
X, /A /By NERKICEBO M T ETOBB TR X OBLTHAEE A OND, TDIE
TR L ULk L, BREOEFRMMEOR SIS UTEBRLAic 7 FLTEY, Y 7t
o A F )L & H T 5 [Ni(dpydCFsbt)[ 2385 b B LM O BALIC 2 b OFLETTE® 2R L,
2T, [Ni(dpydbt)|ZEHDOELIEE L USETI O v — 7 BROMIX, #F51HEEOFHR & EHRBEIR
ZR LI2720, WO b BSOS IXIEEEE CTH 5 (Figure IV-7-1V-9) ,

[Ni(dpydCF;bt)]-

XoChy

Current
e
20 pA

I T T T

1.4 (1551 0.8 0.5 0.2 -0.1 -0.4 -0.7 -1 -1.3
Potential (V vs. SCE)
Figure IV-6. Cyclic voltammograms of 1.0 mM [CoCp*;|[Ni(dpydbt)]-0.5CH>Cl, (bottom, dark blue
line), [CoCp*2][Ni(dpydClbt)]-0.5CH,Cl; (middle, blue line) and [CoCp*2][Ni(dpyd CFsbt)]-0.3CH2Cl,
(top, violet line) in DMF containing 0.10 M "BusNClO; as electrolyte at a scan rate of 50 mV/s.
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Table V-4. Oxidation and Reduction Potentials (V vs. SCE) of [Ni(dpydbt)]~ Family

Er E> (Eoc) E;
Red -0.09 -1.01
[CoCp*»][Ni(dpydbt)] Ox 1.04 ~0.02 ~0.94
Redox —0.05r (-0.13) —0.98r
Red 0.07 —-0.82
[CoCp*2][Ni(dpydClbt)] Ox 1.10 0.14 ~0.75
Redox 0.11r (-0.07) —0.78 r
Red 0.17 -0.74
[CoCp*2][Ni(dpydCFsbt)] Ox 1.16 0.25 ~0.68
Redox 0.21qr (-0.19) -0.71r
r: Reversible; qr: Quasi-reversible.
(A) 40 - Ean (B) 40 -
Eoc Ered3l R? =0.999
10 - ' 10 M
3 2. % 2 \Q\“\‘\‘
- Scan rate £ Eox1, R =1.000
E -50 A — 400 mV/s g -50 -
&) 200 mV/s ©
-80 - - 100 mV/s -80 - E... R?=1.000
— 50 mV/s o
-110 L= : : ; . -110 ; ; .
1.2 0.7 0.2 03 -08 -13 5 10 15 20

Potential (V vs. SCE)

(Scan rate (mV/s))"2

Figure IV-7. (A) Cyclic voltammograms of 1.0 mM [CoCp*:][Ni(dpydbt)]-0.5CH:Cl, in DMF containing

0.10 M "BusNClOy as electrolyte at various scan rates. (B) Plots of peak currents vs. (scan rate)!2, for first

reduction (Era3), first oxidation (Eox2) and second oxidation (Zox1) waves.
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(A) 40 - E (B) 40 -
e E, .4 R2 = 0.999
10 N 10 _’é/é’/é/@
- - E,. R?2=0.998
< < - ox1:
2 20 2 .20 - :
§ Scan rate §
s 501 —400mvis 5 07
o 200mvis  ©
-80 A — 100 mV/s 801 E ., RZ=1.000
£ — 50 mV/s
410 /22 . . , . -110 , ‘ .
12 07 02 03 08 -13 5 10 15 20
Potential (V vs. SCE) (Scan rate (mV/s))'2

Figure IV-8. (A) Cyclic voltammograms of 1.0 mM [CoCp*;][Ni(dpydClbt)]-0.5CH2Cl> in DMF
containing 0.10 M "BusNCIlOy4 as electrolyte at various scan rates. (B) Plots of peak currents vs. (scan rate)'/2,

for first reduction (Ereas), first oxidation (Eox2) and second oxidation (Zox1) waves.

(A) 30 - iy (B) 30 -
v E,oss R2 = 1.000
10 104 o 8 '
2 0] S 40 o Eun R2=1.000
§ Scan rate S ~ 5
5 -30 1 Eoxt —400mvis 5 -30 1
© 200mvis  ©
-50 - — 100 mV/s -50 - E,,., R2=1.000
Eoo — 50 mV/s
-70 T T T T 1 -70 T T 1
1.4 0.9 0.4 -0.1 -0.6 -1.1 5 10 15 20
Potential (V vs. SCE) (Scan rate (mV/s))'2

Figure IV-9. (A) Cyclic voltammograms of 1.0 mM [CoCp*;][Ni(dpydCFsbt)]-0.3CH,Cl, in DMF
containing 0.10 M "BusNCIOy as electrolyte at various scan rates. (B) Plots of peak currents vs. (scan rate)'”,

for first reduction (Ereq3), first oxidation (Eox2) and second oxidation (FZox1) waves.

[Ni(pybt) DAL AR TTII ST A MR —EHEHD / A /& MlgEED 1 EHETETH
% [Ni(dpydbt)| % 5% 7=, LLZA2A 5, [Ni(pybth D CV IZBWT, # 1 BT EHHS
NEBICEBLA~IT VR L TEBE LEZBORNVEZ TS T A%, Winb, (EFEIISRTTLH 2L
T 57z [Ni(dpydbt)| 28 S O & 1Z—FK L7V (Figure IV-10), Zhu i, [Ni(pybt:RiLET S
BERBRIZ ) oA 2y VEGERICEREIN D DT TRRVWIEZERL TS, £,
[Ni(pybt):HD HE—R T L, LD D WVITIEFHTH Y, T, [Ni(pybtpJHITET 23 1T
DEFOWBENRKEL EDLEDEEZ LD, MA T, [Ni(dpydbt)[ FHDH 1 BALIIZHT 5k
L OBITLIEDEIL, [Ni(pybtHOH 1 BITEOBI LV b, BLE 1 VEIMAICAELTHW
A1, AL 1 BFRTETH- TS, [Ni(dpydbt)ZHIX[Ni(pybt) [ HH L ¥ bE{KITH L TLE
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Thb, LEEDBoT, /oA /vy NlgEED | ETRTAETH 5 [Ni(dpydbt)[ FHIL, BILE%
F TR E HEEDE A [Ni(pybth| A | EFETREEZZENT D72 DIZEME L TERT S
LEZz 515 (SchemeIV-5), —75 T, [Ni(dpydbt)[ JH XV T 1 b 5B —ER(LI 1L R 70 258 % R
L7z, ZOZ L, Y427V v 7 ARAVEF A N —DRE R 7 —/Tid, Bz XV & U7k
—HBIED ) A /'y NEIES T CH B [Ni[dpydbt) | JHIZEZE TH 5D Z & 3R S 72 (Scheme
IV-6),

— [Ni(dpydbt)]s

019 016 0.3 0 -OI.3 -d.G -0.9 -1.2 -1.5
Potential (V vs. SCE)
Figure IV-10. Cyclic voltammograms of 1.0 mM [CoCp*,][Ni(dpydbt)]-0.5CH>Cl, (bottom, dark blue
solid line), [Ni(pybt):] (bottom, dark blue dashed line), [CoCp*,][Ni(dpydClbt)]-0.5CH2Cla (middle, blue
solid line), [Ni(pyClbt);] (middle, blue dashed line), [CoCp*:]|Ni(dpydCF3bt)]-0.3CH2Cl, (top, violet
solid line) and [Ni(pyCF3bt),] (top, violet dashed line) in DMF containing 0.10 M "BusNClO; as electrolyte

at a scan rate of 50 mV/s.
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Scheme IV-5. One-Electron Reduction of [Ni(pybt);] Family

and Isomerization into [Ni(dpydbt)]- Family

=4 &
. XQ,:\.,.M ~
= WL
DMF ;| —
/s 43/
N
[Ni(pybt),]: X=H (distorted)

[Ni(pyClbt),]: X =Cl " -
[Ni(pyCF3bt),]: X = CF,

Y

DMF

[Ni(dpydbt)]~ X=H
[Ni(dpydClIbt)]: X =CI
[Ni(dpydCF3bt)]™: X = CF3

Scheme VI-6. (Quasi-)Reversible Oxidation of [Ni(dpydbt)|- Family in Electrode Process

A -
X N N X
He H

[Ni(dpydbt)]: X=H
[Ni(dpydCIbt)]: X =ClI
[Ni(dpydCF3bt)]: X = CF;
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SEPUIE  [Ni(dpydbt)-D{LFrBEER{L

[Ni(dpydbt)| FEHOEBLIETH B / 4 /& NEESFINidpydbt)|i%, 127U v 7 HRLE
YA MY —DOEMAr—NA T, BRECFETDHIENHALNER -T2, £Z T, [Ni(dpydbt)]
DERZEDHFNICHERT 20, | YEOMBET v E=v 2B VA(V)ZHNT
[Ni(dpydbt)|- %327 1 BFERL LT, WIRAZ FLB LT 'HNMR A7 MVEHRIE L
T

Trun AR YRROWIN AT h X, [Ni(dpydbt)]|237~7 913 nm @ IVCT I[ZHFET 5%
XY bEREMD 839 nm 2, BI—EIED ) VA /& FMISES TR 72 BT N B
@) (intraligand charge-transfer, ILCT) |ZJf )@ S 41 5 WX % 7~ L 7= (Figure IV-11) 1202, —J5, E 7
B 2 ARV AR 'TH NMR A7 MU, FEKREC, [Ni(dpydbt)| OREEIZR)IST 22 7T
V%R LTz (Figare IV-12), L72735C, [Ni(pybt)]h» b EIEZICHZR—EEHD /) A /& Mg
53 F[Ni(dpydbt)| ~7FE 95 Z LIXTE 23, [Ni(pybth] DETIZLVE LD 1 ETEILE
[Ni(dpydbt)| % #&H 3% Z & T[Ni(dpydbt)| 31% HAL 5 Z & D3 H A & 72 o 72 (Scheme IV-7), L
MU G, REFBFEET S &, WNART FZERBWTIE, [Ni(dpydbt)]® ILCT (ZHR$ 2%
Mo v — 7 BERKREIILT L, [Ni(pybt)2] ® LMCT IZHE T 2WINE— 27 RBND Z & HRd
-7z (Figure IV-13), 72, 'H NMR A~XZ MUIZHEBW TS, BFEBREKO > 7T BEMET
L7- (FigureIV-14), L7253-> T, FERFIZHBVTC, [Nidpydbt)]lL, ZoOREEZRHET 52 &
MNTET, BEROMBIC 7 == VEEZE T2 oS, BALD ) A 72y MSESZFO LS ITv
TGS ERA~DOBRML S LRWARERCFETHDL Z BRI L RoT,

1.2

o
©
1

839 nm
(ILCT)

Normalized absorbance
(=} ©
a o

[Ni(dpydbt)]

360 nm

o
N
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Figure IV-11. UV—vis—NIR spectrum of CH2Cl, solutions of [CoCp*:][Ni(dpydbt)]-0.5CH.Cl, oxidized
with 1 equiv. of (NHa4)2[Ce(NO3)s].

107



Lk

=
o
Q
]
O,
()
=]
88 86 : 6.
Lo e A IR T
N ~ a8 2228 5 © J
© ~ N~ [ N Ny N © ©
A ‘J- Al lll Aﬁ“
5 4 3 2 . 0
| f o(\ ‘\ \ e
2 Spobbil
© l\'t\'t\'l\'t\'t\'l\'ow

Figure IV-12. 'H NMR (400 MHz) spectrum of CDClIs solution of [CoCp*:][Ni(dpydbt)]-0.5CH2Cl,

oxidized with 1 equiv. of (NH4)2[Ce(NOs)s].

Scheme IV-7. Pathway of Formation of [Ni(dpydbt)] from Octahedral [Ni(pybt):]

OO0 |, XD, O

[Ni(dpydbt)]

: ]I‘\Q
N st
Ni +e~

Y

s

[Ni(pybt),]

[Ni(dpydbt)]

T

j N
\ Y/
(distorted)
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g ¥ ~ 7d
£ 14d
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Figure  IV-13.  Time-dependent =~ UV-—vis-NIR  spectra ~of = CHxCl,  solution  of
[CoCp*2][Ni(dpydbt)]-0.5CH>Cl, oxidized with 1 equiv. of (NH4):[Ce(NOs)s]. The sample solution was
stored in the dark at r.t..

s After 0 day ” M__JLA_M e

After 36 days L

85 8 75 7 6.5
S/ppm

Figure IV-14. '"H NMR (400 MHz) spectra of CDCls solution of [CoCp*:][Ni(dpydbt)]-0.5CH:Cl
oxidized with 1 equiv. of (NH4)2[Ce(NO3)s].
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HE A

WAKRBIRAERITBWVWTEL D LE X LIS [Ni(pybt)FED | EFRITLEEZ(LFHETIZ L T
FAELL 72, NEAL/\EAEE O [Ni(pybt):]JHiZ, 1 EFETAERKD E LT, 250 Y P UERDL
BfLd 2 & bicA I/ REFMTO/BE DM X 29 LTE LT SINWNS MERNF2HT 5
R PEENLOE /) T =4 ARSI [Ni(dpydbt)| 38 % 5 2 7, X #HEEEHTIZ 351 T, [Ni(dpydbt)]~
5 £ U'[Ni(dpydClbt)|-DENL - O JR G & IRE L, Bis—HE YT =4 VB & T b
ST =A VERMFORETHY, 72, Ni[dpydb)[ FHOWIN AR ML, BT T =48
L EBRRE ) T =AU ORI TO IVCT IZHFET AWRINER LT Z &b, [Ni(dpydbt)| 281,
ENODOENFNT AN NI T =F 2 Thd ) oA 78y MIGHED 1 EFETETHLZ
EDRHABNEIpoTz, BSR A A B ENEIFFTH V7T AERL, BT RIEEZHT D45
BT, YA OREENDL SOMO 12T 5=y VHROPEDOFE L AL,
[Ni(dpydbt)[ D CV iX/ A /& MGEERITRE 2Bl A+ b T O R e FR iR nE @ 2 7R
L7z, LU s, ZOZEEX[Ni(pybtJHO LD & ix—F LWz ®, [Ni(dpydbt)| 35,
[Ni(pybt) JEAR T2 Z T TRELSBENEBALE, ThOORMLICK > TERTHEEZXD
n5, —77, [Ni(dpydbt)] % FFEALFHIZ | BFELT D L, [Ni(pybte]2 513G b eh->
7= ) v A 7y FEEESY T INi(dpydbt) | DTFTEDS, WIN AT MviZEBiF 2 ILCT HROPINE
L OV TH NMR A7 MUZBIT 3 FEHRERO S 7 FAbp bR bnkiole, LLRDBD,
ZFROEOWINB XY 7 F VOB L & BITERT L, ¥y 7RO R b HERE
ENRoT=Z Evh, [Nidpydbt)IFERTPICB W TARELETH D Z ENRENT,
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HHEE [Ni(pybt)]3 0 /K34 AR A 5= iGN
H—f WS

YA BEIAEMBRICBNTEL B EE X LN S [Ni(pybth D 1| EFETEZEDS DI,
[Ni(pybt)2 B Z LB T L CRIGERPERE L L 25, Thbid 1 EFETORIS, Bl
PEY U BERTFORERALZEE-> T NS WEERNTE2ET 5/ A /&y MEGEED 1
E BT TH B Ni(dpydbt)| T~ EMEND Z ERHAL N E e ofe, Thi, JEAKFEMER
2T, [Ni(pybt:JED 1 BFETTIC X > T[Ni(dpydb)| FENRER L, £ 52K OETRIE
b A W REME A R T AR Th o 72, ZEOELIE % B 72 72 W [Ni(pybt) | 3HIS 5 L T,
[Ni(dpydbt)| 3, / >4 /&y MNMUSEHEORHE CH 2 BALETIEE 2B F BT 2E A D &
LHlic) =L oY DLEDERFRFN T a b AN ZRET 5 Z & THRMIZKDIET
KISz cx 2 L FRIND,

Z = CAETIE, [Ni(pybt):XHH L U [Ni(dpydbt)| 2 D/KFEFH ARSI T 2 ER 2 7' =
N TEE F COEBSACHRE L > THEL, 51T, HAKRFRAERITI TNi(dpydbt)| HE7
WRC & LTERT 200V T HHLMIT 5 Z & T, [Ni(pybt)a] Z iV o ARKRFEAEITK T
B KRR AR BE 2 HEE LTz,

E_E ERR

E—1E HAOYvwIRLAVAM)—(CVIZEITETOLUET
m*MNVf?”$WATiF@MDK%WB&U&%%%E&LT@%%M?F3%7%
LT VE=Y AEMEEREHRRIC, ~A427ud )y P2AnTya buRe UCHISEZ —7E
BRI, +OICEEZ2BUUHKE, FA 27V v 2RV E A MY —(CV)MEEZT-T2, F
7-, VEFEMmIT, MERICIREmEMEL, REK TSRS L bz, BHickmz
XN TROBIEIWZH W=,

BIIE NKRREERE

YA TRARNCHOWTIE NHi-1 & RRDOFHEIZ TIT- 72,
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B MRLER

%—I8 [Ni(pybt)]3E# & U[Ni(dpydbt) DIzt 3 70 koAt

Eisenberg O IZ X o THE SN AEMNEEHEEO Ny 2 (Y PrFFL— M=y (1)
PERINi(pyS)s| 23K DBITIE & i3 2 B OBFYIOWERIX, VY VLVEREF~DOT 1 b A)
Mz X DXL —FTHDHEEZLNTWS L, £ T, [Ni(pybt)]383 L U [Ni(dpydbt)| HIZ 5t
TH78 FUAMEONWT, BIRARZ MIUC K DRE LT,

[Ni(pybt): EEOFREHAKIZ 7 1 PR e LT 50 YEOFERE M L7z, WIRARY hL%
HIE LD, W OBERIZE W TS, [Ni(pybt): ZHIZRHEARY 72 LMCT (ZHR§ 2RI — 27 D
R I L2 dy > 72 (Figure V-1), Z D Z L 1X, JKFFRAMERIZIBWT, [Ni(pybt)FHIZ Xt
THZa hUMMTEZLY, BRCZThODOBIENPEZDHZLEEZERLTWVWS, £,
[Ni[dpydbt)| FBIZ O W T HREIEETH Y, ZHH 0 IVCT I3 T 2RI e — 7 OFREEIX 50 Y&
DOEFAFE T ICB W T HZE(LZR &, [Nidpydbt)| FEHiZ 7V —0 Y PLVERFETE2A LT
HH00, TNHIIHHT AT hAAMbEZ HRnWEEIXLbND, Lzdi> T, [Ni(pybt)]#H
B L O Ni(dpydbt)| FHIZKR T 57 0 b UATINMTEZ 697, £0 K 5 il fidK O o U % fil i
THRBBRICOEETN TV RWVWEHEIND,
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Figure V-1. Caption is given in next page.
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Figure V-1. UV-vis—NIR spectra of (A) [Ni(pybt):], (B) [Ni(pyClbt):], (C) [Ni(pyCFsbt)], (D)
[CoCp*;][Ni(dpydbt)]-0.5CH2Cly, (E) [CoCp*;][Ni(dpydClbt)]-0.5CH,Cl» and (F)
[CoCp*,][Ni(dpydbt)]-0.3CH,Cl, in DMF in the absence (blue dashed line) and presence (red solid line)
of 50 equiv. of AcOH.
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ISR 3 5 VI T X 0 #1173 5358, MESICEEOFETTYHA 27U v 7
RAZ A R)—(CV)ZRET D L, ZORISHSETT 5 EAIC, RS B4 2 B (il
TEEFE,  fea) OMEOBENN (L) BRI S5, BHE ETOB—RMBERIZBWT, £ Offi
B OMIL, fEESICEET 2B, M OTEEE D, (EREROREREAL, 7777
— B F, BT OEEFEE ks 36 L Ol P OBREP]ZHWTR V-1 TRSh, ZDLE,
Fobs IXARIEE I S D EEERBEFEIZ 33 1) A G REES ke & A OREAITEABND, LD >
T, HEBPEORGEESANCHK LT 1 ROBFE, i DEIE, [AIDFHREEREBREZRL,

[AJICX LT 2 RDBE, [AlLEMBEFRZTY,

> O + e =— P 0O + e = P
P + A Q P + 2A -
V= kobs[P] V= kobs[P]
= K [AIIP] = ko[AI[P]
Q + A —/» Q@ Q + e = O + B
Q + e = 0 + B |
ic =nFAP)\ Dkgps (V-1) ic = nFAPL Dkgys (V-1)
= nFAPDRJA]  (+ ks = ke[AD = nFAPYAIDE,  (+ kyps = K[ATD)
i. (A): catalytic plateau current
n: number of electrons transferred in the redox event

D (cm? s7Y):  diffusion constant of the redox species (catalyst) P

A (cm™): electrode surface area

Kobs: observed rate constant

Faraday’s constant

rate constant

[P] (mol cm?): bulk concentration of the redox species (catalyst) P

[A] (mol cm?): bulk concentration of the substrate A

Q!
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50 Y EDOFRTFIE T T, [Ni(pybt):]281 X O'[Ni(dpydbt)| ZEIZHT 5 7 1 b AHINTEZ b
RWEEBZ DN D, ENbOT 1 BTN BT 2MEEREZ, 7o bR E UTHERR
ZRWEZCVRIBIZLVRE L,

[Ni(pybt)JH 1%, JEAKFERAEMBRIZIBWTREITAITEIIC XV 4 U S[Ir(ppy)2(bpy)] 5> b DEF
BEAFIEE2—1.33 V (vs. SCE)E TOENIZ, FHEAOTE T CIIH Bz Rz, Ll
NG, BiROBEZENSE TS, bt —7 BROMEIZEM L 21k, Thbix
fibiAE A I 34 B8 oI (AREER) TidRds o 7=, (Figure V-2-V-4), Mz T, Edo X Hiz,
[Ni(pybt)2] 281X CV D] A &7 — /LTI, [Ni[dpydbt)| JE~ L EEE(L L2V EEZ BN DD,
[Ni(pybt):J38i%, HIZBTEN 2T TlE, AOBETMBE(WRC) & LTER LaaWNnZ A3 57
Lol

F7o, BAMERFAF L CHE SN T A= —T VERE O i) F A SR TH
% [Ni(bpapte)](ClOs); 1%, CV HIEIZIU CTHEBRDIREE Z M S THIREZIE & A ETRS 2
-7~ (Figure V-5) , [EIEIZRiER TR F 4= —7 L & U TEUL L 72 [Ni(mtpa)](ClO4): 1%, XL
2R 70 P UBTERIGICEWT, 70T e hragnfitii e LT3R L2R2nW I & &
Dempsey HIFHEH LT\ 5 2, L7cid> T, KIEFET ONAKRRRAER THIMEEERIED K E <
KTF45Z & EPRET, CVRIBIZRIT S ZOREHRES £72, [Ni(bpapte)](ClO4), ITHAKFIEERIZ
BT, TFHED WRC & LTHBRELARVWI AL TS,
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Figure V-2. (A) Cyclic voltammograms of 1.0 mM [Ni(pybt):] in DMF containing 0.10 M "BusNCIO4 as
electrolyte in the presence of various concentrations of AcOH at a scan rate of 50 mV/s. Return traces are
indicated by dotted lines. (B) Plot of peak currents for new reduction wave (hollow arrow) observed after

addition of AcOH vs. (AcOH concentration)'2.
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Figure V-3. (A) Cyclic voltammograms of 1.0 mM [Ni(pyClbt);] in DMF containing 0.10 M "BusNCIO4
as electrolyte in the presence of various concentrations of AcOH at a scan rate of 50 mV/s. Return traces
are indicated by dotted lines. (B) Plot of peak currents for new reduction wave (hollow arrow) observed

after addition of AcOH vs. (AcOH concentration)'/2.
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Figure V-4. (A) Cyclic voltammograms of 1.0 mM [Ni(pyCFsbt),] in DMF containing 0.10 M "BuNCl1O4
as electrolyte in the presence of various concentrations of AcOH at a scan rate of 50 mV/s. Return traces
are indicated by dotted lines. (B) Plot of peak currents for new reduction wave (hollow arrow) observed

after addition of AcOH vs. (AcOH concentration)'/2.
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Figure V-5. Cyclic voltammograms of 1.0 mM [Ni(bpapte)](C104) in DMF containing 0.10 M "BusNCIO4
as electrolyte in the presence of various concentrations of AcOH at a scan rate of 50 mV/s. Return traces

are indicated by dotted lines.

& TCHT O [Ni(pybt)2 ) JH & 1356 R, [Ni(dpydbt)| 81, BFfE DFFE T2 T, 1.1 V (vs. SCE)
(D> B FElA DO # B 1R 7F U 7o il % 7R L 7= (Figure V-6-V-8) . [Ni(dpydbt)] FHOXf A A2 &
L CHIE L TWB[CoCp*l D+ flind s 0 fli~DiRTiE 7 v b & Io i & il L7272
(Figure V-9), = OftifEA X [Nidpydb)| FHIZ L Db D ThHDHEFE R D, £, TOMLER
Y OELLIE[Ir(ppy)a(bpy)] 2> & DETFBER AREREM TH D Z L2 6 b, JWKRRAERITB N T
WRC & U CHEE L TWA DX,  [Ni(pybt):EHOETTIZ X » TER L7ZBE—EED / 1 /&
v NRgERD—E TR T TH 5 [Nidpydb) [ FHE E 2 B d, MAT, £h b O DL s
EN D E-1/-2 fiicm T 2B T L b O MR OEMICH S8, [Ni(dpydbt)[ FHD
BRI, Ta NI LR AR L TR Y, EOHRIERD X 6 5T KIEERK
DB E &I D LHEIND,

—75, [Ni(dpydbt)|-Dfitfitsl DEF O IL, FilOREDFHIR L EREREZTT Z L0,
7o b BTRIGE T 5 @RI AEEEMIT T e P OREISHLTIRE RS 3,
%T, [Ni(dpydbt)|3—1/2 ki d 2@’ FEEOGFIE T CIIFFRSFIC/2D 2 &0,
FOBTLOERIZITT o b ORI > TnD EBXBILD, FhiCx L, [Ni[dpydClbt)]-
B XL U Ni(dpydCFsbt)|-TiZ, *OEROMIT, BEEOMRE L EMBMRETRT Z &b, AEE
MEZ 7 e b DI L T2k ERY, ETRIIZE(CLCF) 2F T 5%4E, [Nidpydb)] & X
BEERENSE LD Z LR EINT,
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Figure V-6. (A) Cyclic voltammograms of 1.0 mM [CoCp*;][Ni(dpydbt)]-0.5CH2Cl; in DMF containing
0.10 M "BusNCIlOs as electrolyte in the presence of various concentrations of AcOH at a scan rate of 50

mV/s. Return traces are indicated by dotted lines. (B) Plot of 7ca vs. (AcOH concentration)!’2.
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Figure V-7. (A) Cyclic voltammograms of 1.0 mM [CoCp*;][Ni(dpydClbt)]-0.5CH,Cl, in DMF

containing 0.10 M "BusNCIlO; as electrolyte in the presence of various concentrations of AcOH at a scan

rate of 50 mV/s. Return traces are indicated by dotted lines. (B) Plot of icat vs. AcOH concentration.
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Figure V-8. (A) Cyclic voltammograms of 1.0 mM [CoCp*;][Ni(dpydCFsbt)]-0.3CH,Cl, in DMF
containing 0.10 M "BusNClO; as electrolyte in the presence of various concentrations of AcOH at a scan

rate of 50 mV/s. Return traces are indicated by dotted lines. (B) Plot of icat vs. AcOH concentration.

(A) 20 4 AcOH concentration (B) 20 4
— 25mM — 10 mM E
15 4 red1
5mM — 4 mM 16 -
< 10 - —3mM —2mM < oo O Pa)
& —1mM — 0mM 31206 ©
t 5 €
o g 8
P S -1
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Figure V-9. (A) Cyclic voltammograms of 1.0 mM [CoCp*;]PFs in DMF containing 0.10 M "BuNCIO4
as electrolyte in the presence of various concentrations of AcOH at a scan rate of 50 mV/s. Return traces
are indicated by dotted lines. (B) Plot of peak currents for first reduction (Ewd1) wave vs. (AcOH

concentration)"2.

[Ni(dpydbt)| J8 O il L7 o ©°— 7 Tt OBV S R EE DO I5HR & E#REIFR 2 7R L 72 (Figure V-
10-V-12), Zhidk, BRALEMN T v MBI RG, (FRERKRE TS 2 WidlaE Lok
PRI SN b OTIERL, EBRXEOH—RMEIZLI2bD0THLZ L ZEKRLTEY,
ZDZ kX, EEEE RN L 72 [Ni(dpydbt)| OREHAR & iV 2 CV JIEIZISVNT 50 [H e
5[ &1To /=%, Wik DMF THe# L7=72 T OEAERZ VT, Bkl BEME DA ZEZT DMF
WRTCVRIEEZIT-oTH, DX e 38R SRV L2 5 b 3XFF S 5 (Figure V-
13), oD &b, HAZERAEMBRIZEBWVLT, [Ni(pybtZHOETIZL > TEKT S
[Ni(dpydbt)| 21X, SfRIC X - TEBEEZERT I LT EELLN, 2D LiE, KR
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FRAERIZEBWT, [Ni(pybt:JEIZ/KBIEFTFTH TON ORMRIETERIZNVWI EEH—EKL
TW3,
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S 501 — 100mvis :? &g
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20
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Potential (V vs. SCE) (Scan rate (mV/s))'2

Figure V-10. (A) Cyclic voltammograms of 1.0 mM [CoCp*;][Ni(dpydbt)]-0.5CH>Cl, in DMF containing
0.10 M "BusNCIlO; as electrolyte and 10.0 mM AcOH at various scan rates. Return traces are indicated by

dotted lines. (B) Plot of ic vs. (scan rate)'’2.

(A) 100 1 Scan rate ; (B) 100 -
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Figure V-11. (A) Cyclic voltammograms of 1.0 mM [CoCp*;]{Ni(dpydClbt)]-0.5CH>Cl, in DMF
containing 0.10 M "BusNClO; as electrolyte and 10.0 mM AcOH at various scan rates. Return traces are
indicated by dotted lines. (B) Plot of ica vs. (scan rate)'2.
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Figure V-12. (A) Cyclic voltammograms of 1.0 mM [CoCp*;][Ni(dpydCF3bt)]-0.3CH,Cl; in DMF
containing 0.10 M "BusNCIO; as electrolyte and 10.0 mM AcOH at various scan rates. Return traces are
indicated by dotted lines. (B) Plot of ica vs. (scan rate)'’2.

25 — 1st cycle
20 — 5th cycle
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Figure V-13. Cyclic voltammograms of 1.0 mM [CoCp*:][Ni(dpydbt)]-0.5CHCl> in DMF containing
0.10 M "BuyNClOy as electrolyte and 10.0 mM AcOH at a scan rate of 50 mV/s. Ist, 5th, 10th, 25th and
50th cycles are only shown for clarity. Black line shows the result of the rinse test, which was recorded

using working electrode after 50 cycles of scan.
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HERRTEFE F T CV JIEED D, [Ni(dpydbt)| 3HiZ 7 1 NV BIRRIGZEd 2 Z LA G
molz, £Z T, CVHIEDREREZEIZ, [Ni(dpydbt)| JH2S DMF R HIZ W TESULFAIITK
FARG & T S BEOBBEEIZONT S, Artero b DOIRBT 2 HIEICL - T, Hig Lok
FAERENL ETip & B O Y- BAL Ecan 2 DEM L2 (K V-2), 20L&, DMFERFIZET
% EiniE, DMF IR TIZBIT HEERD pK, (13.5)8B L OCHWFROBRE 5 V-3 Z AW T
ki, FOREE, [Ni(dpydbt)]-, [Ni(dpydClbt)]=F L U [Ni(dpydCFsbt)|-0 7k 38 A= RS i 0D fii
WCETABEEILX, FhFENR540mV, 550mV BL 540 mV & BFE S Hiviz (Figure V-14)

’](Ecat/l) (V)

Ecat/2 (V):
E"p (V):
& (V)

EOW/H; \V):

C‘OHZ (M)

e (V):

pK,:
Co M):

1 Eea2) = | Eearr —€9) —E" 11| (V-2)

overpotential
half-wave potential for catalytic wave
theoretical half-wave potential for 2H"/H, couple

systematical error between stationary voltammetries (e.g., cyclic voltammetry)
and rotating disk electrode voltammetry (g; = 0.015 V)

2.303RT RT G,
—F—PKa i Elﬂ = (V-3)

T
E 11—7=E° + =
2 H'/H
2 COH;»_

standard potential for the reduction of protons in the solvent
(in DMF, E*g+y, =—0.62V (vs. Fc¢'/Fe)=-0.06 V (vs. SCE))

concentration of dissolved H, (in DMF, C°y, = 1.9 mM)

measure of how fast is the diffusion of the products
with respect to that of the reactant (in DMF, & = 40 = 5 mV)

acid dissociation constant (AcOH in DMF, pK, = 13.5)
total concentration of acid

gas constant

temperature

Faraday’s constant
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Figure V-14. Caption is given in next page.
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N(Ecat2) = |(Ecaz — &) — ET1/2|

Onset-£,,, =-1.12V

Ecavo =-1.36 V
ETp =-0.84 V
£q =0.015V
n(onset-E ) =0.29 V
N(Ecat2) =054V

Figure V-14. Cyclic voltammogram of 1.0 mM (A) [CoCp*:][Ni(dpydbt)]-0.5CH.Ch, (B)
[CoCp*,]INi(dpydClbt)]-0.5CH2Cl> and (C) [CoCp*2][Ni(dpydCFsbt)]-0.3CH>Cl, in DMF containing
0.10 M "BusNClOs; as electrolyte and 10.0 mM AcOH at a scan rate of 50 mV/s.
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¥=IE [Ni(dpydbt)] % WRC & LI-RKRRERE

HEBRTELE T CTD CV 2> 5 [Ni(dpydbt)[ JHIZ 7 1 b VBEILRUSIRT U T ER 27”4 Z & 238
b rolz, FI T, BAKRBRERICBWTAELS L& X 5115 Ni(dpydbt)| $HZ EIZKDE
FEfE (WRC) & L CHWT, [Ir(ppy)(bpy)]* % YEt8EHA (PS), Y =F/7 X/ (TEA) ZHEHE
FHE 54K (SED) & UT=HKFEFRAEK 21T - 7= (Figure V-15 35 £ Uf Table V-1) .

[Ni(dpydbt)[ZEHIZ Wb 24 B TO TON 723 3500 ## %, [Ni(pybtyE % EEISEZTRL
7o £, NREHBAMEND 1, 2 BT TOF 3K & Rote, ZOZ Lnb, HAKRRRAERICE
WTERRIZ WRC & U THERE L TWA DI, [Ni(pybt)]EHDIRTTIT L o THARL L 72 [Ni(dpydbt)]~
HEHTHY, [Ni(pybth]EZHW5E, TOF BiKE 725 E TICHEME/ZE T 5D1E, Th
bOESCFENEBNRERDZ DY, /A /'Yy MUSEERA~DOERII[Ni(pybt) JH OiE T
BICDoLK Y EBIDEDTHDIEE2DND, BT, EBFRKREIE(CL, CFR) zFL2w
[Ni(pybt)2]iZ, TOF 2K E 25 EFTICHMZZELTEY, i, [Ni(pybt)lZ{LFRIIZETT
L72[, [Ni(pyClbt)2] 5 X O [Ni(pyCFsbty| (2T, +a7&Eon / A /& MlgEED 1 B+
BILTAENERTHETICHEMAE LI L ERIELTWA, CV 2B TIX[Ni(pybt)] D #4731
AR 2R L, 2 X [Ni(pybt)] D AR TE SN - BEOREERI R BEH BN/ NS WD LEZD
U, FD7=0IZ, [Ni(pybt)]® 1 EFETIE S [Ni(dpydbt)|~EME(LiE, EFRF(Z(CL, CF3)
PETAHEEOBED LS ICESITITR I BRWETFHEEND, LTz -T, [Ni(pybth]dEz H
WEBSIZ R S 7 TON O, EELORS SICRERT2LF2 b5,

4000 / /
3000 / /
z
e 17
& 2000 -
14
= / i
1000 - [Ni(dpydbt)]-s
5 . ‘ [Nipybtisls @
non-substituted Cl CF,
Substituent
Figure V-15. Performances of [CoCp*:][Ni(dpydbt)]-0.5CH:Cl, [Ni(pybt)2],

[CoCp*>][Ni(dpydClbt)]-0.5CH2Cl,  [Ni(pyClbt)],  [CoCp*:][Ni(dpydCFsbt)]-0.3CH2Cl>  and
[Ni(pyCF3bt)2] as WRCs in a photocatalytic hydrogen evolution system containing 20 M WRC, 2.0 mM
PS ([Ir(ppy)2(bpy)]PFs), 2.5 vol. % SED (TEA) and 17.5 vol. % H>O in DMF.
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Table V-1. Performances of [Ni(dpydbt)|~ and [Ni(pybt):] Families as WRCs

WRC H: evolution (umol) WRC TON  WRC TOFua (h™)  Conversion (%)
[Ni(dpydbt)]- 708 3503 415(2h) 0.73
[Ni(pybt):] 395 2017 165 (4 h) 0.41
[Ni(dpydCIbt)]~ 721 3541 593 (1 h) 0.74
[Ni(pyClbt),] 594 2948 330 (2h) 0.61
[Ni(dpydCFsbt)] 733 3641 591 (2 h) 0.76
[Ni(pyCFsbt):] 542 2702 234 (3 h) 0.56
21 0.021

In a photocatalytic =~ hydrogen evolution system containing 20 M  WRC

([CoCp*2][Ni(dpydbt)]-0.5CH:CL., [Ni(pybt).], [CoCp*:][Ni(dpydClbt)]-0.5CH:Clz,

[Ni(pyCIbt)s], [CoCp*][Ni(dpydCF:bt)]-0.3CH:Cl: or [Ni(pyCFsbt)]), 2.0 mM PS
([Ix(ppy)=(bpy)]PFe), 2.5 vol. % SED (TEA) and 17.5 vol. % Hz0 in DMF.

[Ni(pybt):21Z, LRMIZH#E LTV A8 7 = =/LEO[Niddbt)] X ¥ b RigICE L/ T =
NBTEAECX B2 2, CVRIEDRERNSHONE -5, £ T, —1.3 V (vs. SCE)*
ICBTEMEPETAERBETCHAINVALEALA % PS BLO TEA % SED & LTHW,
[Ni(pybt)2] 3 X U'[Ni(dpydbt)| % WRC & U7z WK FEFA UG % 7 (Figure V-16 33 L U Table
V-2),

FOFER, [Niddbt)|Z AW THELAKENIE LoD LT, [Ni(pybt)]H LT
[Ni(dpydbt)| & 72354 T, ABRAEDSHR SNz, € ® TON iX[Ni(dpydbt)|TH 70 2S5
TEb-oTb0D, AP Y DAKICLEZ LICEZEBERLICE>TESRET Y —72K
ERAMBROBENTRETH S Z LR ENZ, £DO—F T, AWEFREZPS L LTHWZE
&, 500W ¥t v AT LA NRBE TIPS OFBEAE LV 72w, LED Btk L0k
BERELERD D,
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Figure V-16. Performances of [CoCp*;][Ni(dpydbt)]-0.5CH>Cl,, [Ni(pybt)] and [Ni(ddbt)]-0.2CH2Cl,
as WRCs in a photocatalytic hydrogen evolution system containing 20 xM WRC, 2.0 mM PS (FI), 2.5
vol. % SED (TEA) and 17.5 vol. % H>O in DMF.

Table V-2. Performances of [Ni(dpydbt)|~, [Ni(pybt):] and [Ni(ddbt)] as WRCs

WRC H: evolution (umol) WRC TON  WRC TOFua (h!)  Conversion (%)
[Ni(dpydbt)]- 14 69 3.0(8h) 0.014
[Ni(pybt)2] 11 57 32(10h) 0.012
[Ni(ddbt)] 0 0 0 0

In a photocatalytic hydrogen evolution system containing 20 M WRC
([CoCp*2][Ni(dpydbt)]-0.5CH:ClL, [Ni(pybt):] or [Ni(ddbt)]-0.2CH:CL), 2.0 mM PS (F1), 2.5
vol. % SED (TEA) and 17.5 vol. % H20 in DMF.
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FWIE 70O 2HFEET TOINi(dpydbt) DR TT & K FE AT R ICHE

[Ni(dpydbt)| 2H1%, EEEATEAE T O CV JIEBIZR W TR 2R+ Z Lnb, 7'r b BTG
T D Z AR ENT, TO, BEEERREOHEMIZ L7223 > T, [Ni(dpydbt)[ ZHD-1/-2 i
W T A% 1 BTESBLROBM]~DY 7 h2RLTZ, £Z T, Smagowski HIiZ X 57
T, REHARICHN U Eife D& S, DMFEEO pH Z ALY, TOpH L ZTD L&D
AR BN L OB ITEM O BIK (Pourbaix X) Z{ER L T, ZDEA 7 +ZfFHT L7 (Figure
V-17),
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Figure V-17. Caption is given in next page.
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Figure V-17. Plot of peak potentials for first reduction (Ereas, Eox3) and catalytic (Eca) waves of (A)
[CoCp*;][Ni(dpydbt)]-0.5CH,Cl, (B) [CoCp*:][Ni(dpydClbt)]-0.5CH>Cl» and ©
[CoCp*,][Ni(dpydCF3bt)]-0.3CH2Cl, vs. pH (Pourbaix diagram). Those potentials were determined by
cyclic voltammetry in DMF containing 0.10 M "BuyNClO4 as electrolyte in the presence of various
concentrations of AcOH at a scan rate of 50 mV/s. pH values were estimated on the basis of a report by

Smagowski et al..”

Z DOFER, [Ni(dpydbt)|-D-1/-2 kST 5% 1 BiiE, v hUFETRBNTE, £
DERD-65 mV/pH TV 7 T HZERHALNE RSz, ZOfEIX 1 EFE 1 207 m F U
BET5 70 b o EFBE (PCET) IBRRIZB VTR B 5-59 mV/pH OB/ 7 MIEWZ
&b, [Ni(dpydbt)| D% 138X, v hUFETTIX1EF 1 7= b0 PCET ibfe THAT
ThHEEZLND, £72, [Ni(ddbt) TiX, —1/2 fliOBRTIZEBNTZED L 527 MIBHAIS
RInolzZ &b 5, o hUMEe ) DLVEDERRETF ETEI - T H EHESIND
(Scheme V-1), %7z, [Ni(dpydbt)| D% 1 BT 0 MAFE T CTARAH L olz, T,
PCET B2/ CTAE U 1 BRI 1 71 b AHIENiHpypydbt)| 23, ZOEKIZS HIZT 1
b oATNAEF 5 Z & T PCET @RS L2 | EBHET 2 7'u hofhifEeE Rolclzhb b
AbhD,

Scheme V-1. One-Electron Reduction of [Ni(dpydbt)]~ Coupled with One-Proton

N 2
N N

Hop =t
N=— =N
\ 7 <\ /)
[Ni(dpydbt)]™ [Ni(Hpypydbt)]”

—7 T, [Ni(dpydClb)[-35 L U [Ni(dpydCFsbt)|D—1/-2 \Zx e 25 1 ooy, 7u A7
ETFT, FRFN-99 mV/pH L U103 mV/pH DELLS 7 FERL, TNUHLOEIZ 1 ETFE 2
7o kB EIT S PCET @BRRICBW TR 65118 mV/pH TOEA V7 MIEro7cZ & hn
5, [Ni(dpydClbt)|5 X UYNi(dpydCFsbt)| D% 1 #itikix, v P HFETICBWT, 18+ 2
7u k2 ® PCET @2 CHEIT LTV 5 L& 2 515 (Scheme V-2) . [Ni(dpydbt)| D35& & 3R
v, [Ni(dpydClbt)|-} X O Ni(dpydCFsbt)|- D% 1 BN 7 e b U HFETIZBWTHAH TH
5701, 1 EBFET 2 7o FAIEOERKD PCET BEIZLZ2bDTHLDLEEZLN
Dis
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Scheme V-2. One-Electron Reduction of [Ni(dpydXbt)|~ Coupled with Two-Proton

X NT N¥ X e, 2H*
—»

Hes & H

%,
“ i

= O
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HEPETH D Z LRI E NS,

PLEETO CV MIBIC X W ESNIZMAZEZ, [Ni(pybt)2EHE L U [Ni(dpydbt)[ 2HD/KFEFE
AT AR SRR A Scheme V-3 (2D X 5 IZHEE L7z, £, [Ni(pybt)JHIT 1 E-FiE5T
LD BRMEAIZE Y 2 A 7y NEED 1 EFIRITTETH 5 [Ni(dpydbt)[ A~ L L S h
ThUE DY A 2 VBB END, 220D, BAFR OB FRICHFICEREZ 20
[Ni(dpydbt)| 1% 1 D71 kBB ZE-7- PCET BEEET, 1 EFHEIT 1 72 bk e
Y, IBIHEFE L1 e OIS X o T, BFERNIC 1 BRI 2 7 b AR AERL
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b AR D AR 2 FTREIC L72AS, TR EBI &I, =y /AP LOBFEEZETSE, &
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A& R 5,
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Scheme V-3. Mechanism of Catalytic H, Formation Proposed on the Basis of Electrochemical Studies
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FElz %t LT 1 7%, [Ni(dpydClbt)|-3 X O [Ni(dpydCFsb)|- O &1L, TlX 2R &R o7, il o
E— 7 B O & 73 EEE OBIRIL, [Nidpydbt)|JHAS Y — Rl L L TIERIT 2 Z L 2R L,
ZRHIEB L% 055 VOMBEBETT e M UBTRIGEMET S & RS ohic, JOKRREER
2B T [Ni(dpydbt)| JE% WRC & LTHWS &, [Ni(pybtpJEz AV 2HE LY b, TOF 3Kk
oL 723 ETORERNEL, LYEWY TON &R UL, Zhid, EBEIZ WRC & LTIEHT S
[Ni(dpydbt)| H 23 #17> b USRI CHFET D2 L EZ bID, £, [Ni(dpydby] &
TIF LA R HERH & L ChARDBITRKIG 25 = LR REETH T, Tr hUAF
£ F 12 3 1) % [Ni(dpydbt)| 38 © E& (L& T2 B 2 Pourbaix BIZ X » TP LIzL 25,
[Ni(dpydbt)| " Cit, 1 BT L 1 70 b OBBZE> 7o b IREEFBE) (PCET) @R TH 1 &
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BT, BET D oA vy NESEEORIRE L 725 Ly TIRESEEO K E Z D
PEEIZOWTHR AT, 260 ) PAEEZHET DY FT7 VY VEEEER= > 7V (D) OROE
DI, BERD X 5 72 cis OFEmMUEAOREE T l, PIPVrERRTFETOR=v 7V
HFLMCEIT 5 2 & C, By 7RI TS SN ZEEENLF & LT mer BUTERNL L72R
FOAT M\ R > = 7 4 v (1) $ 4 ([Ni(pybt):38) 283 Bz, & v 7 HEEEL T ORI
A NF A= —F VEREDBRE TIX, AEANEEEOD 2 flih FA k= v FVEEERBE LI,
FOMERBIREMBERFPAFLUOETERZE IR TWHWTS mr THo
([Ni(bpapte)|(C104)) » [Ni(pybthJHIZI T 5 = v 7l b Y ¥ BRIFEF R OK S HEET T
FT MNEERTO ST AEBII LT, BMMEETSTF AT AREOBE LY bR
725 TNz, [Ni(pybtR HOWIL A7 RV, BALHRERF 2> b= v 7 /L L~ LMCT IR
%R LTz, [Ni(pybt)]$HI3—1.0 V (vs. SCEYTIC K & < fENREL Z LIGERT 5 B2 61D
HET] G 3 D UNIIER B T 2 7R LTz, TERDFIEIZ L o T[Ni(pybtp] 20 BHID / A /&
v NEIGES T~ D BMAL BRI, oA ' MUERIIE bR d o 72 (Scheme VI-1),
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Scheme VI-1. No Isomerization from Octahedral Schiff base Complex

to Non-Innocent Type Complex
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72o [Ni(pybt):]iZ, [Ir(ppy)a(bpy)]PFs % YHIREHI(PS), ~VU =¥ /—N7 I & RHE LG4
(SED) & L CTAWEBEBORKIEREIIZB VTS, NoS; BALOFEmMEALD > v 7= v 7L
(I $EEB L OFNICHIET B/ oA /'y M=o VBRI W &V TON 2R L, OGRS
OFEAELIZ LY, [Ni(pybt)JHOZDMEIZE bz bk Lz, ZOMKBRAERIZEBITS PS O
{LZEAEFE Tl SED IC X ABITMHAER KRB Cho7eied, FIx=d /=7 IrOfibY
i b U =F AT I % SED & LTHV S & [Ir(ppy)a(bpy) ] * DB T E Z R L, [Ni(pybt)]3H
® TON B L F 2B o7z, FHICH LT, RUEHTH, ENRMERTRF A7 Mo
[Ni(pybt)BEIZ tE~T, F 4 —F /LR # O [Ni(mtpa)2](ClO4), 3 X UY[Ni(bpapte)](Cl04), ? TON
&Moo, ARERE L OEKBBRERD) DRAE LIoAKRITKICHEKRT D Z eB8XFEND,
[Ni(pybt): 2T 5 F1ED WRC & L COBRREIZHENTEY, SRHEFFEORE S & HI2KHR
RAEBPED LTH, PS ZBRMT 5 & BORROMBIESEZ R Uiz, A&, RhEiREO
PS #ZNRENTIHIET S h U =F 7 2 2 (SED) & WRC ~DOETFHBENCIIT HEE /23K Y K
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TON % 5000 {2 % L 7= (Scheme VI-2),
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Scheme VI-2. [Ir(ppy)2(dtbbpy)]|*-Sensitized H, Evolution System Using [Ni(pybt):] Family as WRC
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DWW TIR AT, AEAL/\E AR O [Ni(pybt) 281X, 1 ETETAERM E LT, 22008 VU ER
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5 EmEMUEALDE 2 T =4 USSR ([Ni(dpydbt)| ) % 5 % 7=, X BAEEARAT IS 381) 2 B
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b7z, [Ni(dpydbt)|[ JHIL / > A / &2 FUGERIZRHEE 72BN 1 £ C o wafi ZelebisE o 26 8h &
ARLUTER, Z OZEBIL[Ni(pybt D D L 1TF e > TWiziz, [Ni(dpydbt)|%HiX, [Ni(pybt)]
BERBETEZIT TREBENEALLR, TNODEMLICK > TEKRT A EEZ NS, —F,
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Scheme VI-3. Pathway of Formation of Non-Innocent Type Complex
from Octahedral Schiff Base Complex
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