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Scheme I-1. Electron Transfer in Photosystem and Molecular Hydrogen Evolution
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Figure I-1. Potential/pH (Pourbaix) diagram for redox of water.
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Figure I-2. (A) An electrochemical cell with TiO; electrode under irradiation. (B) Band gap of TiO».
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Figure I-3. Compounds serving as a sacrificial electron donor (SED).
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W, ZRLSMC L, WETBEIZIHT 5720, MERANCET 25 2%, HE»DORA]
W HRT D Z ERFE LW, B, 7 I V8L, 1 BEFBLESh 5L, Schemel-4 (ZR7
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ZOWBBITBIT A EEEISHREIZFHED Z LT, SERISHIEI S TLEWY, SED £ LTO
HEENMET T2 LB EbN TV AT BIEEMEEFTHWA Z EMBHFE LW,




Scheme I-4. Decomposition Process of Amine Donor

[ ]
R“NR, —» R N'R, + €

H
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R'“e NR; R'“°N*R,
E e RoNH  + ; + ¥
Rv/ ¢N+R2 m—— 2 RCHO H

BINIR  FIEEH| (PS)

1977 4E, Shilov 512 X o T, HAKRFAEMBERBID THE SN, ZZCIXARKERETHLT
7V A =B 7T E U A (PS) & L THWLAL TV (Figure 1-4) %6,

HO (0] OH
| | 408
HzN N\ NHZ HzN g\ NHZ o
CLCC T &
o

acridine yellow tripaflavine fluorescein

Figure. I-4. Organic dyes used as a photosensitizer (PS).

— 5T, SRR, AHEFRICHS TR IO 2 REMEN BN =0, %< OXAKERE
filfitRIZPS E LCTHWLRTEY, &b, [Rulbpy)s (Figure1-5) X, ##7bHIEE Th
b L < AV B BEEARCHIRAITH S, [Rulbpy)s P, KEEXEARZ brofkiiRE s &t
200-600 nm DI EWRINT 5 Z ERFHETH Y, ZHUTEKBEHEHBE O 19%ICHY 5, £
o, JRIIZ KV £ U 2% o—HIEFHRIREE *[Ru(bpy)s*'13, RERZEZET, 630ns & kR
E#Ham o ZEHEGEIRED *[Rubpy)s %24 L5 Y, 3*Ru(bpy)s]*1%-0.84 V (vs. NHE)IZ,

3#[Ru(bpy)s]* DETTHITE NI X 0 4 U7z [Ru(bpy)s] 1, & HIZEILMID-1.26 V (vs. NHE)IZHE{L
BAZH LTS, BEAHEEE L ORTHEED &5 b O@RICEWV T HAKDETRIG
PHETET DD DOBIFNERE 2T LT\ 5, PS ITNAKERAMBR % BRE) S &5 EE R
BREETHY, TOEDIZ, ZThETEL OERIEENER SN, b OBREFHEATTbh
T& 7, #Z, THETIE, Bemnhard 523, 7 v 2 ¥ L— MNUGEEKRTH % [Ir(ppy)(bpy)] &A% PS
ELTEVERERATAZEEZREL TS X, licd, FIHEIHICEFICBRWRINEZRF>Z LT
BFLBRERBERNT 2V AL PS E LTHWLNRTEY, ERARALT ¢ U 5K Zn(TMPYP)]*
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THENIOBEBER 23 2, —77, ARERIHEEANL, BB HHAERZ LnE Sh
TR, IEFETIE, KOBILMEBEOMHREM L2 EIZXID, XV TUREARTHLI IV L E
A EIEEA & L TAVW TS mWMEEERE Z R0 b HE SN TWD X, BIZRIATIE, &
H 512k ->7T, 3 DO[Ru(dmbpy)2=v b % 1,4,589,12-~FHTH M) 7z =L TERFEL
TeVT = AZRgERE PS & Lo ARERRAMBRICE Y, EFREE AWK b DARFETE
AR DERINTNS 3,

_l2+
N = \
' 5 ‘\\N\
Ru
7 | ‘NI =
by~

[Ru(bpy)s** [Ir(ppy)a(bpy)l* [Zn(TMPyP)]**
Figure I-5. Metal serving employing as a photosensitizer (PS).

BAE KOETHME (WRC)

K OETLAE (WRC) & U TEREESAZ Vo JOKERAETRIE, 1979 £RIT Sutin 51T K > TH)
DTSNz, £ 2T, KREREAMFZHT 5 3790 Mgk ([Co(Meg[14]dieneNs)(H20)]*,
Figure I-6) , YEHEEA (PS) & L C[Ru(bpy)s[*HH X QMg EE 7L 54 (SED) & L TT Aa/)L v g
FloiFaya A () A 4 v 2EteAKEIRIC AR & B2 & i KRR REAET S &
BRHITND 32,

—I 3+
2
oH, ¥
X S
SN “ tn, N W =
NV ‘N(| Nl =
| l“_i | N, =
S Y
H;0 ¥
[Co(Meg[14]dieneN,)(H;0),1** [Rh(bpy)s]**

Figure I-6. Metal complexes promoted catalytic water reduction reaction in early times.

ik a0 Mg L RRENCIE, JEAKRBREMBER IV TKRBAERCZRET S Z Lo
5, [Rh(bpy)s]** (Figure I-7) b VB TiZW 22, TOROEL AL v A FOXETTH
o7z, EEDO WRC iFH&=2u A FTHY, ZOHED[R(bpy):sP OERBEXIIBFEETHD
¥, ZDX I, PIHONKRRERNEZLIL, WRC & LTHEXESRBER LM HAVWONT
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Bt & W To ki b oKREREZ ERLT 2720I121F, =2 MEREOEMPLERE LTEE
WCHFIET 2HFEESBEZ AW -a&Ll kL x-r%?ﬂ"ﬁf;ﬁﬂﬁ@ﬁﬁ;éyj;ginéo

FOESBHTEAEINEEBOV L DL LTy X ARETFT NS, = v Z/LiZ[NiFe]lt R
R F—POEEFLOLBTHH Y, BT, AL BEUVST D7 b () k& AkICFHE
PR OHEE R IR D = v 7 b (D) $KI1E, 2 OB 2 SRS 351 5 IR & LRI AE
ThDEHFEIH, ThETEL OPENAE SN TE R 22,

ED X5 EREOR, ST, DuBois b, BULFIC=MT IV EHTIRAREA(VHRT
)=y A (DESER, & Fash—¥ LRIC, TRk ROE L2l 5 - & %
ST LTERY ¥, LD, [Ni(PPN,P* (Figurel-7) i3, BASISICBNTTRHS b0
®, [DMFH)](CF:S03)DEKT & b=k U AR T, FERICE VO LEFEEE (TOF) T
KFBARKEZEITEE, O TOF I, [FeFelt Kr4h—¥2K&E< EEY, 106000 s 2
ETHZEERELTVD

2
Ph_ —] ’ Ph Ph —IZ* _—|—

N ~ "8
{Ph

N
4 PhPh % = —Q
< ? N
e, N o \ \ /'\ﬁ" Nll ‘\\‘T
~N :| Y “Ph ~
\ Ph” \ /N\ / v ‘
PH  py > Ph | Ph N=

e \ 7

[Ni(P"“zN"")z]2+ [Ni(PPP,NPh,),(MeCN)}?>* [Ni(pyS)sl-
(DuBois catalyst)

Figure I-7. Nickel(IT) complexes with amines which behave like proton relay site in H-cluster.

DuBois HIZK > THEEINT—EOER(VKRAT 4 V)= v/ (D) EEEIE, Z Ol TR
RIS T2 LEX BN TEY, SbI8, WLOEEICALE L& T Ui,
Nil-H & £ T 280472 57, NiLHE~O7 e M ARG L LTHHIEL TWD Wb
TV 2% (Scheme I-5) 3,

Scheme I-5. Proton Relay in Electrocatalyst Bearing Pendant Amine like H-Cluster

,Bn _I * Bn _| * Bn _| #
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Bn /\Cy Cy\ Bn. - HCy\ . Bn, /\ HCy\
+e~ +H
EO S R O A e R A
cy cy cy
Qe & Ay
Bn Bn Bn
INi(PY,NB")1>*
r —Hy, +o~, +H" H
"H+s e, +H2
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ZDXHIZ, DuBois Hik, & KeFF—EOEHERLIROND L5727 e U ARERLZE
ATBHZ LI LS T, ZORIESHE ANTHICHERT 5 Z LICRIIL, £0Z LAFEFIZE Y TOF
TOKKERIE OB A FREICT A Z L HEFELTL, —F5 T, [Ni(PPLNPY, P LU OB Z
FTHER(PHRRT )=y (1) EEEDONKFERERICEITD WRC & LTORELIT
P THEY, Holland 51, [Ru(bpy)s]* (PS) & 7 & =)L ¥ (SED) DEKT & b=k U VK
Iz T, AIEYEERE T C, [Ni(PPNPR),)2* (Figure I-7) 73 WRC & L CHEEET 2 Z L W& L
T35 Y, ZOHFT, [Ni(PPNPR), 2 IAKR ARG & 150 REHE 2B - Tl Ly, £ TON
112700 282 5 Z L, [NIPPNPIL P A K R AERICEIT S WRC & L TEWIHAMEZSR
THZEBPRINTWS,

£72, FHEMUEALLISND = )V (1) $§K TlX, Eisenberg HIZX > T, ANEAL/NEAETRID b
U2 (Y P rFF L— ) BEENi(pyS)s|~ (Figure 1-7) 23, Je/KFERARIZEIT S WRC & LTHE
BET2ZLPEINTRY, AREREEHEATHL 7 VE LA B X UBBE 54
ELTO NI ZFAT IVDEKRTE ) —VEERFIZBWT, FAIEEHEHE T T, £0 TON X 30
R C 3400 LA E, W1Hid TOF 1% 230 h! LI EDfEE RS 3, SEmUEAL oA & 3Ry, E
R Y RESEROTERRNC LBE/R ZE DEALIE 2 Fi 7= 72 IS b b 595, Z O ANEUL/\ HARBISE A &
VMBS A2 R T DX, 7 FOFEET T, U PAROERRFA T e b AN X o T
FL—FTHILT, =y VHLNIEOEMEREL, I HIC, KSR TAER L7 Nil-H &
WY PVEOERRFN T 0 b EMEEd D LV D, [FeFelt Fu s —E OfEMEF.O 2 HE
T 5 Z LI LTz DuBois 0= 7V (I1)EEED X 512, [Ni(pyShl- DtV PNFEDERIR
T o FREIHMLE LTHIEL CWA b EBEZX bhTWD, 20X 51, EEEEZ W
TR DBICIGZ IS 256, SROWE O ZIETF LI WL S ARRIRE 2D,
ERE Y IEYRRE AR TS LT, SRERITE L-WETHDL LWV D,

Mz, & Farr—En, ZoEERNIFESROFEETH Y 200, mBEENEZ R
THERE LT, 7u b ARE BT (PCET) b bh, HFESREIEEEL WRC & LT, 2%
BN AR AR BUS 2 HEIT 8 5121, - OfBERREBRRIZ IV T, AR LR i R 23
ELRHPLERBMERFHOFREEZRE LW ERBELNEEZLND, 20X %
PCET ¥t T TG HEITT 5 WRC & LT, EHHIX, KRR N-~7 v BRI~ (NHC)
BLF2ET 5 2590 b (1D #EK[Co(NHC)CL]* (Figure I-8) 2 #4545 LT 5 38,

_ ]
i eme Bl
e ep-

; " \)b

.y

[Co(NHC)CI,]* [Ni(bpet)(MeCN),]2*

Figure 1-8. Complexes serving as water reduction catalyst (WRC) via metal-centered proton-coupled

electron-transfer (PCET) pathway.
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—HRIZ, AKFBERAREERS DB IZIBWNT, PRETH D CoH D AERKIT, Co'fliL 7 hr
HYDFIETH D EHESNTVDER ¥, R EITREAIZ, [Co(NHC)CL]' Tid, Col fEiAiE
T EN DB H O E£E 5 &8 .0 Th PCET HIZ K - T Coll-H FEFREMENAERT S &
E2bNTVWD, ZHIZE 2T, [CoNHC)CL]' X, [Ru(bpy):]*(PS)& EDTA(SED), & 5HIZA
FrEFu—4 2 R)ZEDEBEERRTICBO T, ARXEEHTT, *Ru(bpy):F OEE{LAITHE
X STERLEATFAEEI =T U B TFF TN EEEOE IR E T HEVEREN T
HWRC & UTHERE L, KBAEMRISEZETIE D LNAEETH D L STV D, £FERIZ,
INEBIX, NN-CAFATE N7 I R/T7 RAa N EBEERIRE SR IZ, NSNS DU EERRAT
FEAHT HAEA/N\EAEE = » 7 L (1) $5[Ni(bpet)(MeCN), > (WRC), [Ru(bpy)s]** (PS) 33 &
W7 R 2L Bk (SED) % & LRSIt 2 I3 2 L AEAYIC KERRET H Z L 2 W&
LTEY, TOfMBRKIGEERICBIT2 NilfED 1 BRI PCET #ECEIT T2 L b RLT
W5 A,

£—O0I8 KOBTHABEWRC)ELTD/ a4 /2 MR

Fefbi TTIE R BN F 2 A D8, TRl / v A /By MR D 2 =— 7 I BTN,
& RS % K OIRTTAE (WRC) & UTo AKFRRAERISCIR ST, x2S FIA S hTn
%o B Z21%, Schemel-6 |27~ X 512 Chirik B, BV P2 P4 I EEEK[Fe(Prpdi)(N2)2] 23,
a,0-Y T EIEE LT B R+ 2a RIS ICB W T E UTBEET A Z ¢ 2 MELTEY
#, Crabtree B 1%, Z D[Fe(Prpdi)(N2):] & O BHEFEEORALF 2 H T 5 = v 7 /v (1) $5E73,
BIRFMZIBNT, KBERUEEZAEST 2 Z L 2 BEL TV 2,

Scheme 1-6. Applications of Non-innocent-Type Complexes for Catalytic Reactions

H I /

X 10 mol % [Fe('Prpdi)(Ny),] (cat.) :
/\/E benzene 3 I:-E)E a | / \Q
H Pr I \

E = CH,, NBn, N'Bu, C(CO,Et),

L [Fe(inPdl)(Nz)z]

_l_ ‘Bu clI Ph
N
co coll cl
N’ ~ J@/ Bu "N \og
Ph Bu
ICO“'(apP“)z]‘ [Co"(CH,CI)(isq™),]

7z, Soper biE, ERX(T /7= /7 ) asryr MEER[CoM(ap™y,| 2 AW e/ a2 v 7Y
VT ERRELTWE B, ZORETOANT T AL T LI LD a3 30 s ~OER LBz B
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T, ML S =00 DI OREZHER L TR Y, bV ICZORMFS, ZER
LIBIF I UTUINERSTNWD, ZO LI, /A /'Y MNISEHEORE{VE TTIEN 2
BN, PSR OBEENE(T 2B, BN TOETREZE(LITEE LT, FLERO
AL DT E HT=D HFET 200 X 5 IHEET 25601 D 5,

TDXDe ) A 7y MUSEHRIC X B AR E AW IE KRR ERIS O OBFFEIE, Kisch
BIZX o THESNTWA Y, TZTiE, KRR VA /&y MNIgEERTH L VT4 L ek
DEKT F T K 7T VIERICERB AR T2 2 LT, AWiEEoRE EoksR
BRATSH LRSI TWSD, ITHETIE, Eisenberg HA3, /3L f #8b £ 75 45 =i
LA Uk e D ) A 7 & FRISEK (Figure 1-9) 23 Y6 KRR ARICEBIT 5FER: WRC &
BB EERROTHRELTEY, Th b ORMEIEMEICIE, BATFD/ A /& MaEFRE
NHEELTWAZ LZ2EMLTW5S, ¥, [Ni@bty]ix, 7vALEAL PO BLRNI =& )
—/L7 2 (SED) DAERFIZRN T, AENERHE T T, WRC & LTKEEZRAESE, 100 K
T Z O E#EEL (TON) 1X 6000 Z#E %, BT, ZOMBSIMETRIZBWT, BrEhdZ
ETHBRS T =4 RiB L e oTe 2 DOERMTOENENOERMERKEFIX, 7o bz
ZIFHEEZLNTNS,

N\ —-I—
0004
tBuN N‘Bu LN _‘]2_
Q c [Co(bdt),]" @: ;Fle:“ :@
e MO- e, W
AR L X
N :‘ [{Fe(bat)z),1-

[Ni(abt)zl

Figure I-9. Non-innocent-type complexes serving as water reduction catalyst (WRC) in photocatalytic H»

[Mo(bdt),(‘BuNC),]

evolution system.

e A )y NREMAIFIL, [FeFelt Fu & —EOEEFOICHES L, HEFER I
LIEIIN-EFOBRIM E L THEET A EEZZION TS 7 =L R/ D[4FedS]7 7 A H
—DE I BEETHLERET L TE D, ok, EHLIL, /oA /B MREfIFE LT
MENAERVEUPFFT ML FORVEBEVRESERFER CTHAE IV VRICEBHR LT
E2(ET V0 PF AT ) =y v (1) #5K[Ni(depdt):]* (Figure 1-10) % EFEFGSIZ BT 5
WRC & L THWTAERERSDEREBEEIZEI LTS 4od, x5z, FERELTHY
T7HF T F L B EHT 5 [Ni(pypzdt)2]> (Figure 1-10) (X, X DK\ 173 mV OEFEE CTKEFR
ARSI TE 2 L HMESRTEY %, ZhbDEBREETOKERAEDL, BLETEMLER
B F E~DT o hUZFEEHMOEANIL ST, T DD =y S VEEEROBAETRISH, AL
T ETOPCET B CH#EITT 5720 THD EEFEIN TN D,
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z R N\ 7/ z N
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Figure I-10. Non-innocent-type nickel complexes serving as water reduction catalyst (WRC) via ligand-

based proton-coupled electron-transfer (PCET) pathway in electrolysis.
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WIFZEETIE, THETIZ, RUVFTV Y VREBEXDERA AV EDORISIZ XLV #ix 2 E
Bty 7HESERERSNTE 748, £, ZThbDOW, cis BOVE AN O BZEE?
i, 43 IREMCTOREOMABMZ 2N LT, vy 7RSSR T 28ED / v A /v
NUSEEREBEOND Z L ERELTWVWD S, filxIE, =& ) —AFIT, RUVTFTY YL
Felig = > 4 v (1) WA T % KOS S8 5 Z & T, cis BOFENEMLOEIY v 7=y 7L
SR BABLN, IbITOYy 7HESEEE P PICTRRT S L, 2 DORFREE
Gl oA )y M=y Vg~ & BT (Scheme 1-7) #ade,

Scheme I-7. Synthesis of NzSz-Type Nickel Complexes

. . Nl“
2 [ I N Ni(OAc),-4H,0 o // H'
H EtOH
X gjk

benzothiazoline
X =H, Cl, Me

Schlﬁ base complex non- |nnooent type complex
[Ni(phbt),]: X=H [Ni(ddbt)]: X=H
[Ni(3,5-Cl,phbt),]: X =CI [Ni(d-3,5-Cl,dbt)]: X =ClI
[Ni(3,5-Me,phbt),]: X = Me [Ni(d-3,5-Me,dbt}]: X = Me

£, T LTEONE ) VA /'Y M=y VBRI, BEERPIZEBWNT, EFIRT,
ZFOARFRBEOFEAEDOHHEE E Lo T, ET D vy 7HE= v VR~ L BIELEZR
T2, b OSERIE, ERPICBOTEEREBIZH D LD B, Zh 6O, €o
T x= A EOBEBRKICE > THEORY ICERH Y, BINARY b Lo TRMALZ B
L7z & 25, EfRZ B8 C, [Ni(ddbt)] 5 X OMUIEE 7 = = V3o 3,5 (LI IR+ % F 9 5 [Ni(d-
3,5-Chdbt)] TiX 8 BILLER ) A /&> MEEEKRL LTHEETE 50Cx LT, [Nid-3,5
Mexdbt)] TiZ 1 ENEE LWEERT, TOIRLAER Y v 7KL LTHEEL TS Z N
BAOMNERoTND e

MZT, Z2HDD NS BLD ) A 7'y M= s Rix, BAREM X Y L&z~
| BEBFICHY TS 2 ORIt 27~ L, Wieghardt & OEIZESIFIX Y, £ oid
P, |BEEDT VIV T =4 LTHEELTBY, ZoR#2BR{ETREL, FI
FCAL T 3§ 5 4l 545 FHiE (SOMO) TOETOHAY THhH EExX b D, £I T, A
I%, [Ni(ddbt)|B X }[Ni(d-3,5-Chdbt)] L2 1 EHEITL L, b DORITAERY O B X
S ERRATIC BT 5 1 BT RITAERY T H 5 [Ni(ddbt)[ -3 L UYNi(d-3,5-Cldbt)| D ELAL - D J5
F-[E14E A HEEfE, UV—vis-NIR HIEIZ31T 2 R 1-MiE BT 8% (intervalenec charge-transfer, IVCT)
WCHRT AWIN, BE, ESR A7 MBI IZHBNRT PHIVOEFED S 7 F A0
Ni(II)FLDEFEEEZRTEFEDS T FADE, NoSoBfLD /) A /'y M=y 7V EEEDIRE
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BWT, ZOBMTFRBILEZT DI LT, =y AVHLMERR L L 72 5 FREZ AR L7220
ZEBNTHREND D, ARRAOBTTMBE (WRC) & 725 Z L A#IFFS iz, LA, HOF5E=
TlZ, Scheme I-8 [ZRLZRUVERF TV Y v EHiE=y 7 () MATIMEZ Y ERENS
VAR n BEREBT D A /vy M=y rgEER, BEMEZRTIEZRARHLTEY, £
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(TON)1Z 3 &, FEFITIEL, ZO8EKRIZ WRC & LTIEEAEER LD 272 %,

Scheme I-8. Synthesis of Non-innocent-Type Ni Complex with Extended 7-Conjugated Systems
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BEFBEAFARERBM LY WAL MSETANHIE L TWAH Y, JKBREMBRICBNT
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Scheme I-9. Proposed Mechanism of Electorocatalytic Molecular Hydrogen Formation
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17



B=H HEY
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Figure I-11. Structure of non-innocent-type complex bearing 2,6-substituted pendant phenyl groups.
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Scheme I-10. Synthesis of Noninnocent-Type Nickel Complexes Bearing Proton Relay Sites

| T L,
7Ny
2, /@:N H| Ng NI(OI::)(::HZO X | N 3 X Y 4
H N = G=N
)

= N \\\o‘ ’ Ne toluene

PyBtH;: X=H

> =
PyCIBtH,: X =Cl [Ni(pybt)y: X=H [Ni(dpydbt)]: X =H
PyCF;BtH,: X = CF; [Ni(pyClbt),l: X =Cl [Ni(dpydCIbt)]: X = CI

[Ni(pyCF3bt),]: X = CF3 [Ni(dpydCF3bt)]: X = CF3
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2-(Pyridin-2-yl)benzothiazoline (PyBtH3)

Scheme I1I-1. Synthesis of PyBtH,

BRKFIE

PyBtH; [IEEHR D FEE BB ITEHK LT 5,

227 2 )RV FA =129 g (103 mmol) & 2-B° U P2 AL LT K 0.986 mL (10.3
mmol)% =% / —)L 30 mL (ZIEfR S, 2 RefliENE LTz, FUGEK 2D @& ORE i+ 2
FCRMER, ~F 2 30 mL ZMMATHET 2 ETHREBLAXNORA L., REALERE
FhoTF—aAlloTEIRL, W~F42 3x30mL CTHdE, WAk, BEZRETsZ
& THEKE L LT PyBtH, 27537, IV&E 1.95 g (9.12 mmol, 88.5%).

CHN elem. anal. Caled for C12H10N2S: C, 67.26; H, 4.70; N, 13.07. Found: C, 67.32; H, 4.66; N, 13.11.

"H NMR (400 MHz, CD3CN): 6 5.60 (brs, 1H, NH), 6.35 (d, /= 3.3 Hz, 1H, bt-H2), 6.69 (ddd, J =
7.6, 7.5 and 1.1 Hz, 1H, bt-H6), 6.74 (dd, J= 7.7 and 1.1 Hz, 1H, bt-H4), 6.94 (ddd, /=7.7, 7.6 and
1.3 Hz, 1H, bt-H5), 7.00 (d with fine coupling, /= 7.5 Hz, 1H, bt-H7), 7.25 (ddd, /= 7.6, 4.8 and 1.1
Hz, 1H, py-H5), 7.53 (d with fine coupling, J = 7.9 Hz, 1H, py-H3), 7.75 (ddd, /= 7,9, 7.6 and 1.8 Hz,
1H, py-H4), 8.50 (ddd, /=4.8, 1.8 and 0.9 Hz, 1H, py-H6) ppm.

IR (KBr): 3194 (s, N=H), 3069 (m), 2876 (m), 1590 (s), 1469 (s), 1436 (m), 750 (s) cm™.
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5-Chloro-2-(pyridin-2-yl)benzothiazoline (PyCIiBtHz)

Scheme 11-2. Synthesis of PyCIBtH>

H \g\‘é H Ki
O+ e, e R
cl NH, cHo EtoH  ¢Cl Hol

PyCIBtH,

A RFIR

2-T3/-4-70uaXrEBrF4—/14.06 g (25.5 mmol) & 2-¥°Y DAL T R 244
mL (25.5 mmol)% =% / —/L 100 mL {2/ %, 5BFRER Lz, BISRIKRZR 10 mL £ TR
Matt, BV 150mL 2%, BMBTHECTHRELENDGHI L, MEET T —
TasilkoTEIRLL, &H~XY 5x50mL THHE, W%, BERETS Z L BB
¥k & LT PyCIBtH, #57-, L& 5.37 g (21.6 mmol, 84.7%)

PEH

"H NMR (400 MHz, CD3CN): 6 5.79 (brs, 1H, NH), 6.40 (d, J=2.5 Hz, 1H, bt-H2), 6.65 (dd, J= 8.1
and 2.0 Hz, 1H, bt-H6), 6.70 (d, J= 2.0 Hz, 1H, bt-H4), 6.93 (d, /= 8.1 Hz, 1H, bt-H7), 7.26 (ddd, J
=7.6,4.8 and 1.1 Hz, 1H, py-H5), 7.51 (d with fine coupling, /= 7.8 Hz, 1H, py-H3), 7.76 (ddd, J =
7.8,7.6 and 1.8 Hz, 1H, py-H4), 8.50 (ddd, /= 4.8, 1.8 and 0.9 Hz, 1H, py-H6) ppm.

CHN elem. anal. Caled for C;2HoCIN,S: C, 57.94; H, 3.65; N, 11.26. Found: C, 57.79; H, 3.55; N,
11.30.

IR (KBr): 3194 (s, N=H), 2928 (w), 2876 (W), 1582 (s), 1456 (s), 1436 (s), 1347 (m), 1076 (s), 839
(m), 803 (s), 748 (s) cm.
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3.  2-(Pyridin-2-yl)-5-(trifluoromethyl)benzothiazoline (PyCF3;BtH>)

Scheme I1I-3. Synthesis of PyCF;BtH>

H SN NaOH H N
+ [ —— RaVaN

NH,-HCI CHO 3
PyCF3BtH2

BT

AKERLF b U 7 A 0.829 g (20.7 mmol)ZIR= 4 / —/L 100 mL IZ¥EfR S E 72K, 2-7 3 /-
4-(R Y ZFu AF L) R¥ o F A — VR 4.91 g (20.7 mmol) Z M 2 7z, A& U 7 RE¥E#K
IZ2-E Y 07 e R 1.98mL (20.7 mmol) & %, 5 RELER L7z, RIGSEEWE =
HETAHL, BRI > TAGEEGET Y 7 L) ZRER, BEARIKREDBEOE RN
B3 % F Tl Uiz, B ¥ 150 mL 22 TR 2 ECl L omAl L,
WHEOILEE T T — a AL > TEIR L, H~FH 2 3 x 20 mL THHER, I8iE L7z,
BohizpEz Y7 oo A% 30 mL SRS, BRI X o CREHEE G2 FRER, ®
CIETE & IRAARLE U, BRI 2 2 & CHE AR L LT PyCF:BtH, 215872, I 3.13
g (11.1 mmol, 53.6%).,

HE
"H NMR (400 MHz, CD3CN): 6 5.91 (brs, 1H, NH), 6.46 (d, J=2.7 Hz, 1H, bt-H2), 6.92 (s, 1H, bt-
H4), 6.95 (ddd, J=7.9, 1.7 and 0.8 Hz, 1H, bt-H6), 7.12 (d, /= 7.9 Hz, 1H, bt-H7), 7.27 (ddd, /= 7.6,
4.8 and 1.1 Hz, 1H, py-H5), 7.51 (d with fine coupling, J= 7.8 Hz, 1H, py-H3), 7.77 (ddd, /= 7.8, 7.6
and 1.7 Hz, 1H, py-H4), 8.51 (ddd, J=4.8, 1.7 and 0.9 Hz, 1H, py-H6) ppm.

CHN elem. anal. Caled for C13HoF3N,S: C, 55.31; H, 3.21; N, 9.92. Found: C, 55.34; H, 2.97; N, 9.97.

IR (KBr): 3188 (m, N—H), 2891 (w), 1596 (m), 1459 (m), 1333 (s, C—F), 1246 (m), 1161 (s, C-F),
1112 (s, C-F), 1074 (s), 820 (m) cm™.
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4.  2-Methylthio-N-(pyridin-2-ylmethylene)aniline (MTPA)

Scheme I1-4. Synthesis of MTPA

~ CHO @: ~
* I ) NZ N7
i _N EtOH ]
N 4 a\f e
MTPA

A FIE
MTPA [ ZEER DO FEEZZEBIZERKR LTZ 4,

2-B YU HALFE R 0.776 mL (8.12 mmol) & 2-(AF/FA) 7=V > 1.00 mL (8.12
mmol)% T & / —/)L 50 mL |[Z¥EfR S8, 5BRBRIR Lz, RIGEEEBE%, Gohimea
HRWE I ~F Y 80 mL ZMZ TRET 5 E TR LN OHBA L, HEaltkas T
vI—va sl XoTEINL, Si~d¥ 3x20mL T, MEHI%, BEERTSZLT
S EEL LT MTPA 21572, & 1.25 g (5.46 mmol, 62.7%),

HE
CHN elem. anal. Calcd for C13H12N3S: C, 68.39; H, 5.30; N, 12.27. Found: C, 68.29; H, 5.15; N, 12.32.
'H NMR (400 MHz, CD3CN): § 2.44 (s, 3H, SMe), 7.14 (d with fine coupling, J = 7.6 Hz, 1H, ph-
H6), 7.17-7.21 (m, 1H, ph-H), 7.27-7.29 (m, 2H, ph-H), 7.45 (ddd, /= 7.6, 4.8 and 1.1 Hz, 1H, py-
HS5), 7.89 (ddd with fine coupling, J= 7.8, 7.6 and 1.7 Hz, 1H, py-H4), 8.20 (ddd, /=7.8, 1.1 and 1.0

Hz, 1H, py-H3), 8.52 (s, IH, CHN), 8.69 (ddd, /= 4.8, 1.7 and 1.0 Hz, 1H, py-H6) ppm.

IR (KBr): 3065 (w), 2979 (w), 2898 (w), 1623 (m, C=N), 1585 (m), 1565 (m), 1472 (s), 1436 (s), 781
(s), 743 (s) cmL.
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5. 1,2-Bis(2-aminophenylthio)ethane (BAPTE)

Scheme I1I-5. Synthesis of BAPTE

HyN
H NaOH @
2 + N e R
Ct EtOH @:
NH,
BAPTE

BAPTE [ZBE D L2 S E AR LT %

KT b U 7 A 0979 g (24.5 mmol)E =% / —/L 100 mL (Z¥EfEE, 12- 7 rETX
1.10 mL (12.9 mmol) & 2-7 2 / R P FF—iL 3.00 g (24.0 mmo)Z Nz, 15 BRFTERH L
7o BUOSMBAWICTH /) —/L T0mL M TMET 2 Z & TR E Litk, MW7k 300mL 2
HEVWCRET 2 ECRIF LN OHA L, BRI X VED - BB L BIEGRER, B
X% 230mL ZHWTHYZH L, WREZMERENT 1 B§HET 2 2 & CHE AR
PERER 21572, B & ED - BIERZ B~ TR, Bl CORERRT S LT
B AEA L LT BAPTE 237, Y& 1.80 g (650 mmol, 55.1%),

HH

CHN elem. anal. Caled for C14H1N2S2: C, 60.83; H, 5.83; N, 10.13. Found: C, 60.91; H, 5.87; N,
10.12.

"H NMR (400 MHz, CD3CN): 6 2.81 (s, 4H, CH>), 4.63 (brs, 4H, NH,), 6.57 (ddd, J = 7.7, 7.3 and
1.4 Hz, 2H, ph-H5), 6.71 (dd, J = 8.2 and 1.4 Hz, 2H, ph-H3), 7.07 (ddd, /= 8.2, 7.3 and 1.8 Hz, 2H,
ph-H4), 7.24 (dd, J= 7.7 and 1.8 Hz, 2H, ph-H6) ppm.

IR (KBr): 3388 (s, N=H), 3361 (s, N=H), 3295 (s), 1620 (s), 1479 (s), 1447 (s), 1305 (m), 1206 (m),
858 (m), 750 (s), 698 (m), 467 (m) cm™.
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6. 1,2-Bis[2-(pyridin-2-ylmethyleneamino)phenylthio]ethane (BPAPTE)

Scheme 11-6. Synthesis of BPAPTE

D 0
S + 2] g SN
~-N EtOH
NH, NI
BAPTE N 2

BPAPTE

B RTFNR

BPAPTE [IBEH D L2 B EICARK L ¢, BRIITHROBRAT 2 b= I L EZHANTIT-
s

BAPTE 803 mg (2.90 mmol) & 2-t° U > H AT £ K 0.560 mL (5.86 mmol) % = % ./ —
U 30mL SNz, 4 RefRFE Uiz, BUGEE 2B EM%, BohcREAIMRMEZET &
= MU VSRR S, | A THE L CRARBEREITHS Y, T T —va vtk
STEIRL, B7 & b= kYU 4x30mL CEMEZES, E%, PEOGTE =MV
THel L CRUERCIRT 5 Z L Tk L LT BPAPTE %57, IX& 873 mg (1.92 mmol,
66.2%),

PEE

CHN elem. anal. Calcd for CasH22N4S,: C, 68.69; H, 4.88; N, 12.32. Found: C, 68.64; H, 4.94; N,
1231,

"H NMR (400 MHz, CD3CN): 6 3.19 (s, 4H, CH>), 7.13 (dd, J = 7.6 and 1.6 Hz, 2H, ph-H3), 7.19
(ddd, J=17.6, 7.4 and 1.6 Hz, 2H, ph-H5), 7.25 (ddd, J=7.6, 7.4 and 1.5 Hz, 2H, ph-H4), 7.32 (dd, J
= 7.6 and 1.5 Hz, 2H, ph-H6), 7.44 (ddd, J=7.6, 4.8 and 1.3 Hz, 2H, py-H5), 7.86 (ddd, /= 7.8, 7.6
and 1.7 Hz, 2H, py-H4), 8.13 (ddd, /= 7.8, 1.3 and 1.0 Hz, 2H, py-H3), 8.46 (s, 2H, CHN), 8.68 (ddd,
J=4.3, 1.7 and 1.0 Hz, 2H, py-H6) ppm.

IR (KBr): 3059 (w), 2919 (w), 1622 (m, C=N), 1565 (m), 1473 (s), 1435 (m), 1262 (m), 775 (s), 735
(s), 493 (m) cm!.
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1.  Bis[2-(pyridin-2-ylmethyleneamino)benzenethiolato]nickel(1I) ([Ni(pybt)z])

Scheme I1-7. Synthesis of [Ni(pybt):]

H . Ni(OAc),-4H,0
2 N T -

EtOH

[Ni(pybt),]

A RFIR
PyBtH; 304 mg (1.42 mmol)% = % / —/L 20 mL \Z¥&fiRt4, Blik= > 7 v (I1) PUKF4) 173
mg (0.694 mmol)Z NN %, 1 BFREFE L7z, 5 O /- REt8 o BBk D> & R o i 2 385
L, =& /—/3x20mL CHEH, WELETSZ L CTHEFEHEL LTNi(pybt)] =%
770 UV 246 mg (0.507 mmol, 73.1%). X SRAEEMET I U 72 B dn IS, B EsUE 2 DMF (&
BIREYE, PFL—T )VEARE & U R-RIERIEC K> TIERR L Tz,
HE

CHN elem. anal. Caled for C24H1sNaNiS,: C, 59.40; H, 3.74; N, 11.55. Found: C, 59.19; H, 3.63; N,
11.36.

'H NMR (400 MHz, DMF-d>): No distinct signal except signals for protons of residual solvent and
protons of H20.

IR (KBr): 3044 (w), 1599 (m, C=N), 1472 (s), 1447 (s) ,1282 (m), 1119 (s), 1065 (s), 775 (s), 742 (s),
712 (m) cm™.

X-band solid-state ESR: giso = 2.07.

UV-vis-NIR (DMF) Amax (e/M~! cr!) 608 (6630) nm.
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2.  Bis[4-chloro-2-(pyridin-2-ylmethyleneamino)benzenethiolato]nickel(I) ([Ni(pyClbt):])

Scheme II-8. Synthesis of [Ni(pyClbt):]

H Ni(OAc);4H,0 ’Q/\ N
2 el

N T EtOH N’ ‘
H i /
PyCIBtH, /

[Ni(pyCibt),]

B RFIA

PyCIBtH; 313 mg (1.26 mmol)% =% / —/\ 20 mL \Z¥fiF%, Eile= > 7L (D) EAKF
156 mg (0.627 mmol)Z il %, 1 BEfLEHE L7z, &5 REAOKEBIRY OREFEAOHEZIE
BIL, =& /—/L3 x20 mL T, BEZRET 52 & CREE @B L L T[Ni(pyClbt)]
%187z, IV 322 mg (0.581 mmol, 92.7%), X FRFEEEEHT I L7z BifEahIE, Bk DMF 128
RRB 2R S8, VoFAT—TVEEER L UTCiR-IRIEBOES & o THERR L7z,

HE

CHN elem. anal. Calcd for Co4H16CLaNsNiS,: C, 52.02; H, 2.91; N, 10.11. Found: C, 52.01; H, 2.94;
N, 9.96.

UV—vis—NIR (DMF) Amax (em/M™" cm™) 613 (5875) nm.

IR (KBr): 3047 (w), 1601 (m, C=N), 1472 (s), 1447 (s), 1229 (m), 1173 (m), 1127 (m), 1095 (s), 1060
(s), 933 (m), 771 (m), 609 (m) cm.
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Bis[2-(pyridin-2-ylmethyleneamino)-4-(trifluoromethyl)benzenethiolato]nickel(I) ([Ni(pyCFsbt):])

Scheme I1-9. Synthesis of [Ni(pyCF:bt):]

" /@ Hu Ni(OAc),"4H;0 Fac/@/«r\"_..\m
FiC >

N
| > EtOH / N g
PyCF3BtH, 4 J

[Ni(pyCF3bt),]

B RFIE

PyCF;BtH; 509 mg (1.80 mmol)% = % / —)L 20 mL \Z¥Af#Et:, BEig= > 7 v (1I0) KT

224 mg (0.899 mmol) & N %, 1 RERELENE L7, 1567 REORRBIRA> bR R A OB K 2 I8
BIL, =%/ —/L3x20mL THHEE, BELET D Z & TREZRER S L TNi(pyCFsbt),]

15377, IVE 535 mg (0.862 mmol, 95.9%)., X MEEMREATIZHE L7z BildhiX, Bizk DMF (28
FRE A S S, TR N2 BRBEE LT ERKIRBOEIZ Ko TR L 72,

CHN elem. anal. Caled for Co¢H16FsN4NiS2: C, 50.26; H, 2.60; N, 9.02. Found: C, 50.12; H, 2.72; N,
8.94.

IR (KBr): 3052 (w), 1598 (m, C=N), 1477 (m), 1322 (vs, CF), 1255 (m), 1230 (m), 1163 (s), 1104 (s,
C—F), 1084 (s, C—F), 941 (m), 771 (m), 499 (in) cm".

UV—vis-NIR (DMF) Amax (ew/M™" cm™") 571 (6305), 307 (49476) nm.
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Bis[2-methylthio-N-(pyridin-2-ylmethylene)aniline]nickel(II) Diperchlorate ([Ni(mtpa)z](ClO4)2)

Scheme 11-10. Synthesis of [Ni(mtpa):](ClO4)2

=
N . Q ?
2 NI(C|04)2'6H20 o
N7y | MeCN o \‘ 'D
N\ //
S

[Ni(mtpa),](CIO4);

(ClO47),

ERCFNE
[Ni(mtpa)2](Cl04): 1 IBEH D FHEE B BIZER LT 4,

WEERE = v 7L (1) ASAFY 429 mg (1.16 mmol) & A 7 & b = b U /L 30 mL ([Z#fiR S
H7= B E AEKIZ, MTPA 533 mg (2.34 mmol)Z I %z, ZRiR T2 BRI L7z, READK
IR % RFS L E%, KT F= R U A 20mL ICIERESE, V=FAT—T L 150mL &
Mz CHICER S, FBARERET I T—vaickVERL, Y=Frz—F/13x
30 mL CEE#%, YoFLo—T )L 50 mL ([ZBE I TR L OREZRT 522 T
FRABEK L L C[Ni(mtpa)](ClO4), Z 7537, ILHE 826 mg (1.16 mmol, 100%), X M AT
\3E U7 B S, BB 2 K T & b= MY VISR SR, YT —T VR AR
& LT ARKIEBOEIC K- TERR L T2,

P

CHN elem. anal. Caled for CosHa4CLN4NiOgS,: C, 43.72; H, 3.39; N, 7.84. Found: C, 43.76; H, 3.54;
N, 8.01.

UV—vis-NIR (DMF) Amax (em/M-! cm') 817 (15), 363 (7853) nm.

IR (KBr): 3067 (w), 3011 (w), 2027 (w), 1596 (m, C=N), 1483 (m), 1146 (s, C1-0), 1119 (vs, CI-O),
1087 (vs, C1-0), 787 (m), 744 (m), 625 (s), 504 (m) cm™.

'"H NMR (400 MHz, CDsCN): No distinct signal except signals for protons of residual solvent and

protons of H2O is observed.
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5. {1,2-Bis[2~(pyridine-2-ylmethyleneamino)phenylthio]ethane}nickel(II) Diperchlorate
(INi(bpapte)](ClO4)2)

Scheme II-11. Synthesis of [Ni(bpapte)](ClO4):

Z "N ——I 2+
j@ Ni(C10,);-6H,0 Nuwyf
S

|
g 5’ TN Clo,”
@ eCN \ N’ \ \ ( 4 )2
- N
N7~ =~

, /@ \ ) |
BPAPTE [Ni(bpapte)](ClO,),

B RFIE

WIEERe = > &L (1) 75K Fa¥ 248 mg (0.677 mmol) & iiAK 7 & k= b U /L 50 mL (ZFFfiF
SE 72 @IAIRIZ, BPAPTE 312 mg (0.686 mmol) % I %, =i T 4 RefEffEHE L7z, FRiBE
DFIRRD IEE 2 BE%, BonREamkvEElATE b= 1Y/ 30 mL 2%
fiff W7z, REZERICX > TBREL, RBARIRKRIC Y —F /LT —7 /1 200mL Z %2 TH
IO W7, TR IERI%, VBROTFAT—FT TG L CRERERT 5 2 & TRBE
3 & L C[Ni(bpapte)|(ClOs), % 157-, IXH: 408 mg (0.573 mmol, 84.6%), X #th i fT 15
L7 Hifs L, BB 2 BAT & = U VR SE, HT7 A% (6 mm 1. D.) F CAE
WL TVTFNT—T VERIRIER ST D Z LI Lo TERR LT,

PEE

CHN elem. anal. Caled for CasH22Cl:N4NiOsgSs: C, 43.84; H, 3.11; N, 7.87. Found: C, 43.58; H, 3.10;
N, 7.67.

UV—vis (DMF) Amax (em/M™" em™) 370 (13999) sh, 350 (24214), 335 (25319), 321 (22227) sh nm.
X-band solid-state ESR: gjso = 2.07.

IR (KBr): 3060 (w), 3009 (W), 2912 (w), 1595 (s, C=N), 1480 (s), 1144 (vs, CI-0), 1117 (vs, C}-O),
1089 (vs, C-0), 783 (s), 628 (s) cm™.
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1.

2-(Pyridin-2-yl)benzothiazoline (PyBtH3)

PyBtH, LR O FIEEBEICERLIZ B, 2.7 I/ R_RUBVFA—A L 228 Y VUL
Fb FEEAH 11 TRIGSED Z LIk o TRIGERD ZAEREE LTEIRL, E7 & b
=k UJUIRIED 'HNMR A7 kLid PyBtH, ORSEIZHET D 7 FvErRLic, RIEA VD
LEEFNCEBIT D IR A2 MUTIE 3194 cm™ |2 N-H ifFEEIFR T 28— BERAISh
7z, CHN FEEE/HHT Ok B3 PyBtH, OFARRICKIIE T 2 FHHEMHE L +03%ARMT—E L7, BlbEX
D, PyBtH, 557 Z L #HeRR L7- (13K 88.5%) .

5-Chloro-2-(pyridin-2-yl)benzothiazoline (PyCIBtHz)

2T I AR rFA— e 2B YDA T e REEAR 111 TRIGESED
ko TRISERM EHBEKAL LCEIR L., BT M= Y EKD 'TH NMR A~
27 M VL PyCIBtH, OREEIZHIS T 5 v 7 F v E R Lic, BAEW Y U LEEANCBT 5 IR A~
R L CHE 3194 em™ 12 N-H ifEIRENCIRB T 5 v — 27 238l S 17z, CHN JTROHT OFFRIL
PyCIBtH, DAHFR IR 5 FHEAE & +03% KM T—H Lz, S ELY, PyCIBtH, G672
& afERR L7z (IR 88.5%) o

2-(Pyridin-2-yl)-5-(trifluoromethyl)benzothiazoline (PyCF3BtH2)

2.7 )A4- (MY TAFu XA FN) B FA—NEREE KB Y VLA THRR, 15
BO 2V DU HANALTE RERIGEE D Z LI L » TRINERY 2 kR {E L LTEIY
Lz, BE7 & h= b YU ALEEKR®D 'H NMR A7 hViX PyCFsBtH, DIEEICKIST 2 7 v &
TRUT- BAbh U & ASERIC BT B IR A7 bL T, 3188 e 12 N-H {igHRE), = 512 1333,
1161 3 L0 1112 em™ |2 C-F {#FIREICIFE TX 5 £ — 7 Ml Sz, CHN LR OfER
I3 PyCFsBtH; DMLRRIC KRG 5 3HEME & £03% KM T—H L7z, BAEXY, PyCFR:BH 1D
iz & 2R Uz (IR 53.6%)

2-Methylthio-N-(pyridin-2-ylmethylene)aniline (MTPA)

MTPA IZEER D FEEZBEIZAR LY, 2-E Y PV ANNSATE RE 2-(AFAFA)T =Y
VEEAN 1] TRIGERD Z Lo TRIGERY EZHAHRAKHEL LTEIR Lz, BT & h=
kU LYEIR®D H NMR A~2Z b+ /LiE MTPA OFGEIRET 2 7 FvaRLic, REDY 7 A
SEFIC I B IR A7 R TIE 1623 em ! 1 C=N ifEIRENCIFB CE 5 v — 7 MBS iz,
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CHN TTHROWT OFERIL MTPA OFMRIZRIRET 25 EME & +03% KT L7z, UEXD,
MTPA &L= Z L 2MERR LT (K 62.7%) o

1,2-Bis(2-aminophenylthio)ethane (BAPTE)

BAPTE 3B D F L2 SEBITER LTS, HEL LTKELT N v 22N, 12-070F
T 2T I )RUBUFA—INEENE 1] TRIESED Z LI o TRISERY % RE
ke LCEMN L=, E7 & h= kU LK O 'HNMR A7 hLiZ BAPTE O IZ% 7
BT FNER LU, RS Y U LEANZERIT S IR A7 hL Tl 3388 3L 103361 cm™ iZ N-
H {iFERENRE TE 5 £ — 27 BBl S iz, CHN JuRHHT OfE R BAPTE ORI IR
HHBEMEEE03%RME T LE, U EX Y, BAPTE RGO Z & 2RER8 L7 (IR 55.1%),

1,2-Bis[2-(pyridin-2-ylmethyleneamino)phenylthio]ethane (BPAPTE)

BPAPTE [IBER D FEEEEBIZTAM L7 S, BAPTE & 2-t°) YU B ATk REE/VH 1]
TRIGEE S Z L IZ Lo CRIGERD Z R EREE LTRIRL., E7 & = Y AEKRD H
NMR A7 hvid BPAPTE ORGEICKIET 5 7P vER Lz, Bl Y U LAEEANZRIT S
IR A7 R LTI 1622 em ™ 1 C=N {fiFRENIZIfIE CT& 2 ©— 7 BBl S /-, CHN TR oHT
D 13k BPAPTE DA IGT 5 FHHEME & £0.3% KM Tc—F L7z, kXY, BPAPTE 3%
bl Z L MR LT (IR 66.2%),

38



®=

BIH HHOERK

L.

Bis[2-(pyridin-2-ylmethyleneamino)benzenethiolato]nickel(1l) ([Ni(pybt)2])

PyBtH, D= % / —/LV¥EIRIC 12 Y EOEEE= v 7V (D) AT E M %2 5 & RHEAERITE
LICHBEIREIR & 72 0, RONERDIIRTARELE L TEbhik,

¥ (A5 %2 DMF ICIEfE S, Y F L= —T VEABE & LTS iR-IRIEHIEIC X > THfSSE X
PEEMRATICHE L2 BAaT o v 7 REEAE D s, BfEa X SAEEMATIC X Y, [Ni(pybt)]iZ,
2-BY ARV FTIY UNEERMETCHE Yy TBEL LT, F4T MRERTFEA I
EZFFRFIIMATEY DUVERRTFTHENALL, £ D SN ZJEENLF 2 D05 mer BITHUL L
Te BN EBROER Y v 7= v 7V (1) #EE TH - 7 (Figure 11-1)

AR EHZ SV TIE, E DMF 8O 'THNMR A2 hVHIZE, IR A7 M AVRIER X OV CHN
TRIWTEITo72, '"HNMR AT MUVIIKBEHFEIRIC S 7 TNV ERE R P07 &0 b,
[Ni(pybth] i ZTTERFICB W T O NHEFEE L RFF L TWD B2 6D, BIkh U v LAEAICK
7% IR A7 RV T 1599 em™ 12 C=N ifE#iRENCIfER TE 5 ©— 27 M@l s h, Z OfsRIT,
B S AL X BRRESEMRTIC IV T N1-C7 B LT N3-C19 OFEE R E O NS —HEG Th o722
& E—EHLTW5, CHN TR OREFIZ[Ni(pybt)] DMK (251 5 FHRME & £0.3% KT
—H L7, UEXY, BonEFRHREDS[Ni(pybt)] & B2 b5 (IR 73.1%),

Figure II-1. Molecular structure of [Ni(pybt):]. Atoms are drawn as 50% probability thermal ellipsoids. A

solvated DMF molecule and hydrogen atoms are omitted for clarity.
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Table II-1. Crystal Data and Structure Refinement for [Ni(pybt):]-DMF

Empirical formula
Formula weight
Temperature

Crystal color, morphology
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Ry (I > 2.000(D))”
wR: (all reflections)®

Goodness of fit indicator

C27H2sNsNiOS:
558.35

200K

black, block

0.11 x 0.10 x 0.04 mm?
monoclinic
P2y/c
a=11.3962(4) A
b=189231(4) A
c=129723H A
p=114313(4)°
2549.38(15) A?

4

1.455 g/cm?
0.0446

0.1220

1.065

a) Rl = ZIlFOl_IFC“ r/ ZIFOI
b) wR: = [Z(wF—FP)) / TwFH)""
CCDC number: 1970598
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Bis[4-chloro-2-(pyridin-2-ylmethyleneamino)benzenethiolatonickel(Il) (|[Ni(pyClbt):])

PyCIBtH; D% / —/VESHRIZ 12 BEOFHE= > 7/ (1) MK & N2 5 & P8 ariRix
EHICEEREIRE 20, BOSMERMIIRTEREL LTEbNE,

WAELZ K DMF ICHEREE, VxFL—F L 2BEE L UR-RitEEIc L > T8
fEdh X BEEMRITICE L-BEa T oy 7 IRE&EPE O, B X SEEMRITO/-E,
[Ni(pyClbt)] i, EACRRFIRF DN FALZHERIRF%2E L, [Ni(pybt)y] & FEROBENAEARR L F T
LEmy y 7HE= v ()85 T - 7= (Figure 11-2) ,

BERREHZ OV T, IR A7 MLVHIER X O'CHN TR0 21T o 72, BAbA U 7 AGEANIC
BiTD IR A7 hLTiL 1601 em! IZ C=N fEiRENCFR TE 2 B — 27 B S h, ZORER
RS X BAEEMRAT ORE R L —B LTV B, CHN FTHEHHT OfE RIZ[Ni(pyClbt)] DAL %
ST HERIE L H03% R CT—H Lz, U EXVy, Boh-REEHE DS [NipyClbty] L& % 5
na (IR 92.7%) .

Figure I1-2. Molecular structure of [Ni(pyClbt),]. Atoms are drawn as 50% probability thermal ellipsoids.

Hydrogen atoms are omitted for clarity.
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Table II-2. Crystal Data and Structure Refinement for [Ni(pyClbt);]

Empirical formula
Formula weight
Temperature

Crystal color, morphology
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

4

Density (calculated)
Ri (I>2.000(]))”
wR: (all reflections)®

Goodness of fit indicator

C24H16CIN4NiS:
554.14

200K

black, block
0.21 x 0.14 x 0.10 mm?
triclinic

Pi

a=89125(3) A
b=12.1348(5) A
¢ =12.2295(5) A
a=67.774(4) °
B =69.928(3)°
y=87.213(3)°
1144.97(9) A

2

1.607 g/cm?
0.0348

0.0917

1.047

) R =Z||FolHFd| / ZIFY|
b) wR:= [E(w(FSF)) | Tw(F)]"?
CCDC number: 1970596

)
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B
Bis[2-(pyridin-2-ylmethyleneamino)-4-(trifluoromethyl)benzenethiolatonickel(I) ([Ni(pyCFsbt):])

PyCF:BtH, D= % / — VYR 12 YEOEE= v 7N (1) WA EMZ 5 L HAEARIR
FELICERAREKLE 20, RISERDIIRECHEE LTEbIE,

B AL &2 K DMF ICHfiE S, 78 b U2 BRE L U7 ARKIEBIEIC K - THERE X s
TEFRATIZHE L BERIRERB3E biv, Biffd X ST O R, Ni(pyCFbt):]lx, BlAL
WERTFONRTALUZ N U 7t a A FAVEEZAF L, [Ni(pybte] & FHEOEMERZE T2 EHt
v 7=y v (D) 8K Th - 72 (Figure 11-3) ,

BHEFREHZ OV T, IR A7 MVHIER LT CHN iR 21T o7z, BAbA Y v AgEANC
BIFDH IR AT MV TIE, 1598 cm™ I C=N ffiffE#iRE), X 512 1322, 1104 B LT 1084 cm™! (2
C-F iEEESRB CE 20— BB SN, ZOBRITHEERE X BHGERTORBR L —FL
T\ 5%, CHN JTRHT OFE R IX[Ni(pyCFsbt)] DRI T 2 5HRME & £03% K T—H LT,
PEXY, Boh-REARED [Ni(pyCFsbty] &5 2 b s (N 95.9%).,

Figure II-3. Molecular structure of [Ni(pyCFsbt),]. Atoms are drawn as 50% probability thermal ellipsoids.
A solvated Me>CO molecule, disordered parts and hydrogen atoms are omitted for clarity. -
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Table II-3. Crystal Data

and Structure Refinement for [Ni(pyCFsbt):]-Me,CO

Empirical formula
Formula weight
Temperature

Crystal color, morphology
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Ri (I> 2.000(D))”
wR: (all reflections)®

Goodness of fit indicator

C29H2:FeNsNiOS:
679.33

200K

black, plate

0.28 x 0.22 x 0.08 mm?
triclinic

P1
a=10.3997(2) A
b=12.7078(2) A
c¢=13.3086(3) A
o =114.490(2) °
£=111.726(2) °
y=92.4482(17) °
1446.31(6) A3

2

1.560 g/cm?
0.0310

0.0880

1.059

a) Ri=Z||FolHFd| / Z|F|
b) WR: = [E(w(FA—F2) | Tw(F2)™
CCDC number: 1970597

%
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Bis[2-methylthio-N-(pyridin-2-ylmethylene)aniline]nickel(IT) Diperchlorate ([Ni(mtpa)2](ClO4)2)

[Ni(mtpa):](ClOs): IZBER D HIEE S BT AR Lz 4, RERE= v 7V (1) RNz ik T
T h= P VCERESBT-AFARIRIC 2 YB0D MTPA 212 % L REFISFRBEERERY,
BRI RBEREL L TR LN,

BB 2 AT b= N MCEREY, V2 FAL—T N ERERE L UAKIEBIEI
Xoo THHEMS X REEMRNTICHE LB ashRER 2672, BiES X SREmTokR,
[Ni(mtpa)2](ClO4): 1L, [Ni(pybt)]iZ351F DHiEIRF EA~DAFAEDEANIZ L > TFA=—T )V
OFREFETFASENL L7z SANAN ZBERL T 2 O 572 D mer BAORSENAL\ HEEEDO B/ >~ 7
BE=v V() EERTH o7z, T =4 LCGABRRERA A % 2 DA FA
PESEETH Y, Patra HIZX > THE SN LD LR —TH 5 Z & D3RR I 7z (Figure 11-4) 4,

BEREHZ oW T, T b= MY AMEROBIR ALY bARIE, IR A7 MARER LT
CHN TENH 1T o7z, BALA Y 7 AEANCE T 5 IR A7 bV T, 1596 cm! 12 C=N {iiiis
BE, =512 1146, 1119 B L1087 e (ZxkfA A2 & UTHIET HiladfisREE 1 4 D CI-O fif
WEENCRR TE A —7 BB S 7o, Z OfRERIE, B X SEEMHITIZs VT NI-C8 B X
VN3-C21 RERFETHY, {7 =4 & LCRERBA AV EZAL WD L E—HL T
%, CHN FE3R /3T D #5513 [Ni(mtpa)2) (Cl04), DFERI iz~ % FHAUE & +0.3% AR T— 2 L7z,
T b= N ABRORIN AT STBERD A7 ML E—F LT, EXY, KRGk
L T [Ni(mtpa)](ClOs), 23F H 7= Z & Z s L7z (I 100%) .

Figure II-4. Structure of [Ni(mtpa)z](ClO4),. Atoms are drawn as 50% probability thermal ellipsoids.

ClO4~ are shown in wireframe and disordered parts and hydrogen atoms are omitted for clarity.
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Table I1-4. Crystal Data and Structure Refinement for [Ni(mtpa);](Cl1O4),

Empirical formula
Formula weight
Temperature

Crystal color, morphology
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

A

Density (calculated)
Ry (I > 2.000())”
wR> (all reflections)

Goodness of fit indicator

C26H24CL1aNsNiOsS:
714.22

200 K

brown, needle

0.07 x 0.05 x 0.04 mm?
orthorhombic
P2,2:2)
a=8.5516(3) A
b=10.2011(3) A
c=33.01458)A
2880.04(15) A?

4

1.647 g/em?

0.0505

0.1271

1.043

a) Ry =X||FoHFd| / Z|Fo|
b) wR: = [EWFESFEY) | Sw(FD)?
CCDC number: 1970599

%

46



o=

{1,2-Bis[2~(pyridine-2-ylmethyleneamino)phenylthio]ethane } nickel(II) Diperchlorate
(INi(bpapte)](ClO4),)

W SRR = v 7V (1) AAFIHEBAT € b= U VMICRRS B -AFAERIC 1 Y&0
BPAPTE %1% % L IRBICHRBEIFRE 2V, RKISERMIIFBEHREL LTHELNT,

BEREEBAT £ b= MY VICERRESE, TIABRTEABEL LTV Fr—T V%
- S8 5 2 & CHRER X BEEERITICE L-BE T o v 7 RS 2872, SR X HE
TEFRAT OFESR:, [Ni(bpapte)](ClO4), X, [Ni(pybt)]iZ351F % 2 D DENIALHEIF A3 =F L I K
- THfE SNz TF A= —T VG % & Lo NINASASNAN ASEEECL T % 8 3 2 /SELAL)\ i At o
Gy y 7HE= v V(D EERTHY, 2 20 SANN 2= M mer BITERALL TV, F
Te, M7 =Ar L UTHIERRA T %2 2 D8 5 Mk F4 86K TdH - 72 (Figure 11-5)

BHERREHZ SV THE, IR A2 MVHIER L OVCHN TR0 21T -7, BALD U o AFEAIC
BITD IR A7 bTIE, 1595 em™ IZ C=N fffEiRE), = HIZ 1144, 1117 B LT 1089 em iz
XA AL LTHET iBERREA 42 O CO fFREICRB T 28— B8N, Z0
I EAE R X BRREAT BV T NI-CT B X UYN3-C19 AEBEATHY, f7=4r &L
TilEEgA 28 LT\ & & —E L TV 5, CHN TLEIHT OFERIL, [Ni(bpapte)](Cl04),
DRI T DFHEMEE F03% R CT—FH Lz, UEXY, GohlRBERHED
INi(bpapte)](ClOs), & & 2 b5 (L 84.6%)

Figure I1-5. Structure of [Ni(bpapte)](ClO4),. Atoms are drawn as 50% probability thermal ellipsoids.

ClO4™ are shown in wireframe and solvated MeCN molecules and hydrogen atoms are omitted for clarity.
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Table I1-5. Crystal Data

and Structure Refinement for [Ni(bpapte)](ClO4):-2MeCN

Empirical formula
Formula weight
Temperature

Crystal color, morphology
Crystal size

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Ry (I>2.00a(D)®
wR> (all reflections)”

Goodness of fit indicator

C30H2sC1:N6NiOsS2
794.31

200K

orange, block

0.16 x 0.15 x 0.08 mm?*
monoclinic

Ce

a=21.9482) A
b=18.33062(19) A
c=20.7006(8) A
p=115.404(5)°
3419.0(4) A3

4

1.543 g/em?

0.0346

0.0941

1.060

a) R = E”FOI_IFC” / Z[Fo|
b) wR: = [EW(FF3)?) | TwFS)HY2
CCDC number: 1970593

Ed
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B #HEOEE

1968 4E1Z, Livingstone H1Z Lo T, PyBtH; LEfE= v 7V (D) DRISIZE VEFEAEET S
SEADNAERT D Z LIEIBRICHE SN TV, LU, pybt 25 mer B CEAL L7z 231 b
(I) $&5 A 8 LWL BREZH T2 = v 7V (D §5F 4° O X SEET IR IciEsh s b
DD, [Ni(pybt)]IZ OV Tik X BEEEMRATIC L 255 2 EEN4S B ETHLMNT /> TW k-
e

[Ni(pybt)2], [Ni(pyClbt):], [Ni(pyCFsbt)], [Ni(mtpa):]>"35 X (’[Ni(bpapte)> 1\ T 11 H SNV
2= "N mer BITEANLL, = v 7 VEYIXEALNmEREEZ & 725 T 5 (Figure II-1-11-5
B X O Table11-6) , FFlZ, [Ni(pybt)2]38 ([Ni(pybt)2], [Ni(pyClbt):]+ L OY[Ni(pyCFsbt)]) 1L, =
TNAHRLEFFT MRERFB IS I VERREFRIZIEN B SEME A L 0D, =
VR E Y O U BRFE M OSSR [Ni(mtpa):)2*, [Ni(bpapte)] 1 L UMt )\ {454
PEEOLDE Y HEL O, ZHIFENLLZF AT MEERTO b7 U ARBICRER L TWD 1
Fio, MER 7 = = VEOHAEICE LN FRMEEM O v 7EE= v 7 v (1) $5KiX cis
OERNAFRNTH DT, 7= = /VERTOBEMEZRT 2 X 51, ZoPL&RE Y ITEATLF
HEIEHTE OB E 722 23, ZOMEEZ L) DLEE LIRS, TOX O RERIMAT, ©
VO VERRBFO R —HBLOLER 5 BX L — MNREOEKBFWRETH H 720, ANENL/\TH
K EEr Lot BEx NS,
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Table I1-6. Selected Bond Lengths (A) and Dihedral Angle (deg.) for [Ni(pybt).],
[Ni(phClbt),], [Ni(phCF3bt),], [Ni(mtpa)]** and [Ni(bpapte)]**

[Ni(pybt)2] [Ni(pyClbt)] [Ni(pyCFsbt):] [Ni(mtpa),]*" [Ni(bpapte)]*

Ni(1)-S(1) 2.4035(11) 2.3780(9) 2.3961(6) 2.4543(14) 2.4033(8)

Ni(1)-S(2) 2.3833(8) 2.3790(8) 2.3983(7) 2.4220(14) 2.4086(11)
Ni(1)-N(1) 2.037Q2) 2.032(2) 2.0420(19) 2.029(4) 2.032(2)
Ni(1)-N(3) 2.037(2) 2.030(2) 2.0476(19) 2.045(4) 2.032(2)
Ni(1)-N(2) 2.142(3) 2.157(2) 2.1342(15) 2.088(4) 2.068(3)
Ni(1)-N(4) 2.127(2) 2.129(2) 2.137(2) 2.077(4) 2.061(4)
S(1)-C(1) 1.747(3) 1.742(3) 1.736(2) 1.779(5) 1.788(3)
S(2)-C(13) 1.737(3) 1.735(3) 1.734(3) 1.779(5) 1.781(3)
N(1)-C(2) 1.418(4) 1.405(4) 1.417(3) 1.405(6) 1.410(4)
N(3)-C(14) 1.409(4) 1.410(3) 1.416(3) 1.407(6) 1.427(5)
N(D)-C(7) 1.281(5) 1.282(3) 1.283(2) 1.285(6) 1.286(4)
N(3)-C(19) 1.285(3) 1.281(4) 1.285(3) 1.282(6) 1.280(5)
C(1)-C(2) 1.402(5) 1.404(3) 1.417(3) 1.405(7) 1.392(4)
C(13)-C(14) 1.409(4) 1.406(4) 1.415(4) 1.394(7) 1.396(6)
C(1)-C(6) 1.409(5) 1.405(5) 1.411(3) 1.387(7) 1.394(5)
C(13)-C(18) 1.407(4) 1.405(4) 1.410(3) 1.399(7) 1.395(6)
C(2)-C(3) 1.396(4) 1.399(4) 1.393(3) 1.404(6) 1.402(4)
C(14)-C(15) 1.396(4) 1.393(3) 1.394(3) 1.401(7) 1.401(4)
C(3)-C(4) 1.369(6) 1.365(5) 1.380(3) 1.376(7) 1.381(5)
C(15)-C(16) 1.370(5) 1.369(4) 1.380(3) 1.382(8) 1.365(7)
C(4)-C(5) 1.383(6) 1.373(4) 1.398(3) 1.376(8) 1.374(5)
C(16)-C(17) 1.380(4) 1.382(4) 1.397(4) 1.390(8) 1.377(8)
C(5)-C(6) 1.376(5) 1.371(4) 1.370(4) 1.383(8) 1.389(4)
C(17)-C(18) 1.381(5) 1.365(4) 1.364(4) 1.372(8) 1:377(5)

Dihedral angle® 83.51 84.47 86.76 85.77 87.95

“Dihedral angle composed of NiSN planes

50



g=

FEE SEOSKFEHEE

— I d-d BRIIEHBE TH D720, BRINART MUIZEIT 5 B — 7 OF MRHARIL (enax)
IEFEFIZ /D E W (emax < 1000 M em!), L L7225, [Ni(pybt)], [Ni(pyClbt)]$ L O
[Ni(pyCFsbt):]ix, THZH, 608, 613 3L T571 nm |2 emax 23 6000 M cm! FEEE DWLIY 2
Z R L7 (Figure II-6A), T D X 5 RWINE — 7 IZRMMRERFR T LI bEEh TV D
[Ni(mtpa)2](ClO4), 35 X O'[Ni(bpapte)](ClO4), TiE R & 3172 7>- 7= (Figure I1-6B) , Mascharak & i
pybt 23 mer BACEML L7z =50 b (I $5EDWIN AT S AZEWT, FHEOWRREY— 7 %2R
TLEWELTRY 3, ZOHEORMRERF2F A7 MR+ b A7 4 F Mt
FIEBRTHEHERTDEZ D, TORNE—713F4T MRERFH 230 b (D) Fais
~O E %8 (ligand-to-metal charge transfer, LMCT) Th A LIRBLTWS, ZDOZ LIk, 747
MR EE R F TEAAL L TV A [Ni(pybt BEIZB W T OIS AN E— 27 RR 5h, 7%k
STV B [Ni(mtpa)2](ClO4), 38 X UYNi(bpapte)|(ClOs), TIXR. 6NV Z EnB L EAMIT BN D,
Mz T, 2O K57 LMCT 13547 M Z2 A 54 O&R (1D $EE O3 IR 6 b
FTREEND 12, L7zh- T, [Ni(pybte]2EA 600 nm (T2 _R4 IR E— 271X, F4F MR+
PH =) HFila~D LMCT ThdH, F7=, [Ni(pybt)]iZxtd 2 [Ni(pyCFsbt)] DI £ —

7 DHAMERTN—7 ME, BETFREMED N 70 F e AFALEICL > THE b SNZHHER
FLEOBEFEEDRTICEDEEZXOND,

A 5 x\c B) 3 SR o
E |:: =No, N:.N X E N ""N,i;'\Q
§ 4 < 2 N
E_. \ E = \
St ’ 8E21 op
o 03 {F — [Ni(pybt)]: X=H o © l\ —— [Ni(bpapte)]**
o ——— b = o
T B AR
g %, 0 || § > [Ni(pyCF3bt),]: X = CF, 2y § Q/

- [ | | N
® @ 4 | r,N.
2 x ax 14 |
O ~ [L J— v
T K \’
: 2 o=
= = |\ --- [Ni{mtpa),]>*

0 T T T ..I.. T 1 1 0 ——___>\&_.-T._'_‘_‘.—l‘w‘—-|—_--j"‘_l
300 400 500 600 700 800 9001000 300 400 500 600 700 800 9001000
Wavelength (nm) Wavelength (nm)

Figure II-6. UV—vis—NIR spectra of [Ni(pybt):] (A, dark blue solid line), [Ni(pyClbt):] (A, blue dashed
line), [Ni(pyCFsbt)2] (A, violet dotted line), [Ni(mtpa):](ClO4), (B, brown dashed line) and
[Ni(bpapte)](ClO4), (B, orange solid line) in DMF.
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FHE #EOERLFEHEER

[Ni(pybt)] X, VWb, DMF EIRFTOVA 7 ) v 7RV Z A Y —(CV)IZEBNT,
1 BT IS T 58t s O b % 1 O3 D7R L7z (Figure I1-7 36 X UF Table I1-7) , —1.0V
(vs. SCE)fHEIZHN - Z 6 OB TLIRII NIV DFITTH D &5 2 B 131, [Ni(pybt)] D& 53 HE
AR TTI 28 L, [Ni(pyClbt)2] 3 X O'[Ni(pyCFsbt)] D& i 13RI CTH D, —F T,
[Ni(pybt)JEDOEE(LIE I L ORI O ©— 7 BIROMEI, R5IEREDOFGR L EREREZR L
728, W OSSR S BRI SIX IR TH - 7= (Figure I1I-8-1110), L72723-> T, Zh bigim
WEASHERT i 8 BV MIFERNLE R DX, [Ni(pybt IR T SNZBRIZ, ZOMIENRE S ED2D)
LEZ BB, 77, INi(pyClbt)] X O Ni(pyCFsbty] DiETTH X, [Ni(pybt)]® b DIZH~T 0.1
V BEERANC 7 PLTEY, ZHIEEFREIZE(CL, CF)IZXk>T=y 7/ (D FOLART S
e ollebEZ N5,

=N 3‘: : [Ni(pybt),]: X =H
I

[Ni(pycw
J [Ni(pyCF;bt),]: X = CF, >

4\/#

0.9 0.6 0.3 0 -0.3 -0.6 -0.9 -1.2 -1.5
Potential (V vs. SCE)

Current
20 pA

Figure II-7. Cyclic voltammograms of 1.0 mM [Ni(pybt):] (top, dark blue line), [Ni(pyClbt):] (middle,
blue line) and [Ni(pyCFsbt),] (bottom, violet line) in DMF containing 0.10 M "BusNClO; as electrolyte at

a scan rate of 50 mV/s.
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Table II-7. Oxidation and Reduction Potentials (V vs. SCE) of [Ni(pybt):] Family

E (Eoc) E> E;
Red 0.14) -1.09
[Ni(pybt):] Ox 0.15 ' -0.92
Redox -1.01qr
. Red -1.00
[Ni(pyClbt),] ) 095 (-0.07) b4
Red -1.00
Ni :
[Ni(pyCFsbt):] Ox 035 (0.02) 034
qr: Quasi-reversible.
(A) 40 - Eress (B) 40 -
E eqs, R?2 = 0.999
20 A 20 -
< <
2 0 3 o
5 g
E 20 Scan rate '5-_ 220 -
3 — 400 mV/s 3
200 mV/s
-40 - -40 -
— 100 mV/s E.y, R?=0.985
E, — 50 mV/
"60 T = T T T T rnl S 1 ‘60 T T 1
0.3 0 -03 -06 -09 -12 -5 5 10 15 20
Potential (V vs. SCE) (Scan rate (mV/s))"2

Figure I1-8. (A) Cyclic voltammograms of 1.0 mM [Ni(pybt)] in DMF containing 0.10 M "BusNClO4 as
electrolyte at various scan rates. (B) Plots of peak currents vs. (scan rate)'’2, for first reduction (Ereas) and

first oxidation (Zox1) waves.

(A) 40 ] Ereqs (B) 40 -
Eeqs, R2 = 1.000

20 A 20 1
< <
2 0 N E,o, R2=1.000
g Scan rate ] \M\g\*@
E -20 - Ewa  — 400 mVis £ -20 1 -~
© 200 mV/s o ~

-40 - — 100 mV/s 401 E L R=0999 g

e — 50 mV/s
'60 T oK T T T T T 1 ‘60 T T 1
04 01 -02 -05 -08 -11 -14 5 10 15 20
Potential (V vs. SCE) (Scan rate (mV/s))12

Figure I1-9. (A) Cyclic voltammograms of 1.0 mM [Ni(pyClbt)] in DMF containing 0.10 M "BusNClO4
as electrolyte at various scan rates. (B) Plots of peak currents vs. (scan rate)'’2, for first reduction (Ereds),

first oxidation (Eox1) and re-oxidation (£,.) waves.
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(A) 40 - Ereas
20 -

<

I 0 4

t

o Scan rate

5 -20 1 Eoe 400 mVis

9 200 mV/s
-40 - — 100 mV/s

e — 50 mV/s

-60 ox1

07 04 01 -02 -05 -08 -11 -14
Potential (V vs. SCE)

(B) 40

20

Current (uA)

|

E. s, R2 = 1.000

E,.., R2 = 0.999

T

5 10 15 20
(Scan rate (mV/s))'2

Figure II-10. (A) Cyclic voltammograms of 1.0 mM [Ni(pyCFsbt);] in DMF containing 0.10 M

nBuNCIO, as electrolyte at various scan rates. (B) Plots of peak currents vs. (scan rate)'?, for first

reduction (Ered3), first oxidation (Z.x1) and re-oxidation (Zox2) waves.

—77, [Ni(bpapte)|(ClOs), 1% 1 D DER{L & L7z 2 DD ik % 7~ L7z (Figure II-11) , CV
BT 520k 58T, 2 00 PUEBRRT L 2O0F A —TNRHEIRTFEE T
NASASAN DRI FA 5 = » 7V (DR B R L, 0@ Lzt Ni B LT N o
BITICERT 2 2 ERMEShTWS B, LA -> T, [Ni(bpapte)](ClOs), D L7z 2 D&t
W N B LN OBTTICHEE TS B2 bhbd, £, TOHERBTEIETEEEZ RS
DD, EHEOE SBRILEAEB S THLEREZITY IR & HELE OBRS KIEIHEKRT 5
Z &5, [Ni(bpapte) & Ni® ~ LB ITE SN2 BEICZ OREER K E KB LTV D Z EDVRR S
iz, Bbigds L OSEITE O e — 7 BROMIL, REEEOVHR & ERBEGRE R L2, &

FR S T X B AR C > 5 (Figure 11-12)
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- (4
/
ox1 \ ,' = "
= {Eoc) B (E2) E3 ‘g [ § ;‘
Red —0.69 084 | ! o«
Ox 1.02 ~0.62 (-0.62) 'l -
Redox (-0.01) -0.66r V!
AE 0.07 V!
0.057/AE 0.9 Y
r: Reversible. Eon
1.3 1 0.7 0.4 0.1 0.2 05 0.8 A4 14

Potential (V vs. SCE)

Figure II-11. Cyclic voltammograms of 1.0 mM [Ni(bpapte)](ClO4), in DMF containing 0.10 M
"BusNClOy; as electrolyte at a scan rate of 50 mV/s.

(A) 60 - Ewis E,eqs, R?2 = 1.000

40 | Ereazs R2=1.000

—

o

~

(=23

o
]

-40

E,., R2 = 0.999

Scan rate
= ~— 400 mV/s

Current (uA)
)
o

Current (uA)
)
o

-60 1 200 mV/s -60
-80 — 100 mV/s -80 -
-100 - — 50 mV/s , 100 { Eoxs R2=0.998 )
-120 RS o S - G -120 I : .
193 1 0.7 0.4 0.1 -0.2-05-08-1.1-14 5 10 15 20
Potential (V vs. SCE) (Scan rate (mV/s))'2

Figure II-12. (A) Cyclic voltammograms of 1.0 mM [Ni(bpapte)](ClOs); in DMF containing 0.10 M
"BuyNClOys as electrolyte at various scan rates. (B) Plots of peak currents vs. (scan rate)'’2, for first reduction
(Erea2), second reduction (Ereqs) and first oxidation (Z,x1) waves and re-oxidation waves when negative scan

was reversed before (Eox) and after (£o2") second reduction wave (Ereds).
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Figure 11-13. Figure. UV—vis—NIR spectra of [Ni(pybt);| in DMF.
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Scheme III-1. Synthesis of Cyclometalated Iridium Complex Photosensitizers
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