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=>2>(0'0,<4(*"0!

AO(218(*H)*+)6)P" (HO)+&--*8&H(P = Jh&OLHP*-* U=  1S&)NSQNI)#)RE 1 A)

U0)E2d'(, 7'284@, -¢ 5 2&'725) (#3CH D\ '-£-*)67>2-62*Ci5*284 , ( ('T'2842%28)¢)Q5'B, 1) &7 16°L1 (¥)B)>CH
Y5 85T)-HSH X I 2157284206 84 (CH-T TKI@ , -H)%, --) (E3CH, 28435331 82> Xt 5 '&57)-13)92>)
3).-5>'8T0)E-*)67>, PEB)TT)6, * , 6'7CH-4"RYE 5 E¥, &(H@ , 40'14) (F@'TOH"# 5 E¥20462 5 *1)ci-2457'28RU0)¢
6286)87>, 728 20 16°L1 4@, 46,1654, 7) (F-2470, T4 "X {E6255) -* 28 (-4 724" ) Q5'B, 1) &7 2% 10)62 5 *1)
-2157'28R\215 5 )i62>>)67'284@)>)H6) W) 67) (" Xe{ Erc1 iné"™t 5 ES65B) 77)4B215 7 )Ticlt""d"" X 15628 6/ 2946
| 10X I IRU0)>)925) 47X TH6 LI - 2057'284@ , -#5)* ,>) (P& CCH- T IKE, &GO, --) (R

0.8

—— Complex 7
0.7 452 nm —— Complex 7 + 1 equiv F¢”
—— Complex 7 + 2 equiv Fc”
——— Complex 7 + 3 equiv Fc
—— Complex 7 + 4 equiv Fc"
—— Complex 7 + 5 equiv Fc'
—— Complex 7 + 6 equiv Fc'
—— Complex 7 + 7 equiv Fc"
—— Complex 7 + 8 equiv Fc'

0.6 4

0.5

0.4 S

0.3 4

Absorbance

0.2 4

0.1 1

0.0 1

I T T T I T T T I T I T T T I T T T T T T T
300 350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm) §

N(04) 1<<R [\<B'-# 5 28:72>' 829 70)42d" (, '28420468S65C-T , TH5"d" X ¥ T &4T0)%>) - ) 86) £ 209)>>26) &'5 5 ¢
0)d,¥52>2*02-*0, 7)S16™ " d" X 1 I &%, --) (t+ I 1KE, 22 5 17) 5 *)>, T55) R
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B((T2842% g ) Q5'BR 167488 , " &U)E-T)*40) (£72¢ ,£()6>) , -)¢2%70)¢60, >, 67)>'-T'6¢ 3, & (-4 2%6.¢ , & (:70)¢
*520')1625>)-*28. (‘&M T2495M 2d" (, T'28420462 5 *1) @, -#23-)>B) (¢, 97)>¢ , (&) dB)-~¢ 16745 W) Q5'BATRE
UO)EL\B'-#5520'4)4@ , 10) & 5 28'72>) (H@'T0%, &#&7)>B , k2%OX¢ - '&:3)7@))&4(, 7, 62U) 67284, &(--02@) (¢
-12@f)B2I5T'28472@ , > (~10)4'&, #-7, T)RUO) - )123-)>B,, 7'28~E-5M) -T410, TH10)B>) , 67'284P'&) T'6-¢'- 18274 , - T#
L&(D)Q5'1'3>, 7)-2B)>410)#6255-)¢2%-)B)>, £025>- H@0'60¢'-#62 £ *, T'30)¢@'T0¢70)¢ 3 '4(¢2d" (, T'B)#*2@) >
2016 HE28)>)Q5'1'3>, T'284T" 7 )-4) (F72¢70)¢23-)5B, 7'28470, TAIE) Q5 'BRE2d" (, &T4@ , ) &25M0ET2¢% ) 425 5 ¢
954 20" (, 7'284 20 6REUDY - )1 ) 0*)>' 5 )&T-E,4-26-02@470, TET0)E 20" ('8) (F-*)6") -4 '~¢-T, 31)#'84*>) ) &6)# 2%
)d6)--¢, 5 258742%2d" (, &TR¢

Absorbance

3(I)0 ' 3‘.;:0 4(I)0 ' 4\‘;0 ' 5(IJO ' 5;0 ' 660 ' 6\‘1:0 ' 7(I)0 ' 7;0 ' 8(|)0 ' 8;0
Wavelength (nm)
N(04)1 <54Kd' (, 7' 28£2946156>C-T, 4T85 d " X# I TH@' 708 , >C'&M¥, 5 2587-1299)>>26)&'5 ; 10)d, ¥52>2*02-*0, 7)#
SIGTS A XSt ITE&E O, --) (T 1KE, 522 5 £7) 5 *)>, T55) rgeT24 W) Q5" BRST2*T £] 724W) Q5 'BRS32772 5 The

AO0(218(*#)*+)6)S™)BATNs) #RE 1 A)

0.8

i —— Complex 7
0.7 5 — 1eg-NOBF,

. 452 nm — 2eg-NOBF,
0.6 — 3eq-NOBF,
1 ——4eq-NOBF,
— 5eg-NOBF,
— 6eg-NOBF,
—— 7eq-NOBF,
— 8eg-NOBF,

Absorbance

r ™
300 350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm) i

N(O4) 1 <GUEK ' (, 7'28420¢68865C-T , ITES™ ' X¥ I T E410)#%5) - ) &6) 12068 1>2-28&'5 5 1) >, 815252325, T)SDKH - T¢
S0d" XSt ITE&Q%, --) (+I TKE, 1522 5 17) 5 *)>, T5>) R

10X¢



Kd'(,7'28¢ 5 28'72>' &30 [\B'+4@, ¢ , 1-26%)502> 3 ) (F@'T0& 1>2-28'5 3 £7) T>, 45252325, T)¢SDKHI - T , ¢
-152806)>42d" (, &TRUO)E-2U57' 284 2%6¢@ , -+ 5 2&'72>) (13CH [\N'-#-*)67>2-62%CH5* 28+, (('T'2842%""£) Q5B
DKHI-SYE{ER%0d" X 1. I4+.J TKE-2457'28T)B)>CH Wi 5 "&R+5>'8UT0" "W 5 '&57) -1, CAO)\N'--*) 67>, ¢
@,-5)62>() ()B)>CHOt 5 '@ 12>410)4@024)4-*)67>, F10)H'&, HS"WE 5 '&4-*)67>, T¢, 3-253,&6)1B, I5)-@)>)
7,P)8&RU0YE, ((7'2842%DKHI-£-02@-¢ , 16287'8525-+'&7)&-"TCH()6>) , -)i2%T0)¢, 3-2>3, &6)¢3, & (¢, THZYO#
& 5 158TH]D)Q5'BR, ((T'284@'T0¢, **) , >, &6)2% , 1) @43, & (¢, THZO0" 18 5 H[*28495570)>¢, (('T'2842%DKHI -4
SWE)Q5'BAT410)60, >, 67)>'-T'643 , &(-E2%6462 5 *)TYCE(-, **) >, &(¢,3-2>3,86)13, &(-+, HZXXi& 3 1, &(E, b
-0254()>#3,&(¢, TEIW]E& 5 ¢,5)£23-)>B) (£ @0'60¢ ,>)£60,>,67)>'-T'6¢ 3, & (40254 T0) *>2<% , & (¢ 3.4705-
~5U6)-T' & ()62 £ *1)d, 7'284>,70)>470, &42d" (, 7'2842970)62 5 *1)dR T 25) 2B)>410) - 2157 2847558402 5 ¢
2>, 824 %0TICYU2@ 4@0'1)H@ T0H 67420 (, 7'28.470) - 2157 2846 212541556 (1) ( (-013>2 @ &R

F&2PBS(*#)*4)6)P" (H0)8*SL/S*BEHENT*T7 , Wl #RE 1A)
U0)E>) (56728 @, -# 5 28'725) (¢3CE [\NN'-4-*)6752-62*CH'&¢ ,#-)*T5 5 <-) 1) (:65B) 77)¢ @'70¢ 266, -'28., &
SU28012@FT2P) ) <H10)4-C-T) 3 #&)>TE, & (15*28¢, (('1'2842%28))Q5'B, 1) &T12%1623, 1726) &) K2272%:T)B) >C
Y5 85T)-HSH X I 2157285206 84 (CH-T TKH@ , -H)%, --) (E3CH, 28435331 8U2>] Xt 5 '857)-13)92>)¢
3).-5>'8ET0)E-*)67>, PEB)TT)#6, * , 6'7CH-#"RY 5 E¥, &(H@ , -40'44) (F@'TOF"# 5 E¥29462 5 *1)di-2457'28R4U0)4
6286)87>,1'284 20 222%4¢ @, -6, 1651, 7) (¢ -24 70, 74 "Xt {E£ 6255) -*2&(~72¢ " ) Q5'B, ) &7 206 10)# 62 5 *{)
-2157'285\215 5 )i62>>)67'284@)>)H6) W) 67) (" Xe{ Erc1 iné"™s 5 ES65B) 77)4B215 3 )Ticlt""d" X 15628 672946
| 10X EIRU0)>)925) 4K T4222% - 2157 284@ , +5) * ,>) (F&GCH-I TKE, &G O%, —-) (B

14
e
1.2
114
1.0
09

Complex 7
Complex 7 + 1 equiv. CoCp,

Complex 7 + 2 equiv. CoCp,
Complex 7 + 3 equiv. CoCp,
Complex 7 + 4 equiv. CoCp,
Complex 7 + 5 equiv. CoCp,
Complex 7 + 6 equiv. CoCp,
452 nm Complex 7 + 7 equiv. CoCp,
0.8 __ Complex 7 + 8 equiv. CoCp,

0.7 ]
0.6
05
0.4
0.3
0.2
0.1
0.0

Absorbance

3c|)0 l 3%0 ' 4clJo ' 4éo ' 560 I séo ‘ 6(I)0 l 650
Wavelength (nm)
N(04) 1< JRé=) (567'2842%6)56>C-7, 4TS " d " X I TH'84*>) - ) 86)#2%623 ,47126) &) 1522 2%, THS " d" " X¥ t I T &4
O, --) (+I1KE, 1522 3 17) 3%)>, T55)R
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7%& = (81/)-8U8-"(S(/($"1)" P8B&” *(U&)*0(218(*#)V (SNBEQN3 ) 1#2)-8.2P8S(*#)V ($%)7*7 , 4)

Complex 7

8 equiv. Fc”
— 1 equiv CuCp2
—— 2 equiv CoCp,
3 equiv CoCp,
——4 equiv Co(:p2
— 5 equiv CcCp2
— 6 equiv CoCp,
7 equiv CoCp,
—— 8 equiv CoCp,
—9 equiv (30(2p2
10 equiv CoCp,

0.9

0.8

0.7 |1l

0.6 -{ ||l

05 |

T U\
LR\

0.4 - "\‘ \ —— 11 equiv CoCp,
| 12 equiv Con2
— 13 equiv CoCp,
14 equiv CoCp,

Absorbance

0.3

0.2 H 15 equiv CoCp,
16 equiv CoCp,

0.1

0.0

3(IJO ' 350 ' 4(|)0 ' 4%0 ' 5t|)0 ' 5&0 ' et')o ' 6‘:50 ' 7(I)0 ' 7%0 ' stl)o
Wavelength (nm)
N(O4) 1<38 Kd'(,728& 2% 6t S6>C-7,0T S"d"X¥ JTi @70 '&6>) 3)&% ,((72& 2% 9)>>26)&'5 ;4
0)d, ¥52>2*02-*0, 7)#50d"'X* t ITE5*47240¢) Q5'B, 1) &7-192U2@) (:3Ci>) (567'284 @704 22 2*#50d "X § ITi"&s
O%,--) (+ITKE, 1522 5 #7) 3 %)>, T55)R

$HO%, --) (+I 1KE-215T28:296)5"d "X IT:@ , ) * , ) (15& (), %284, &.(:@ , 420" ('8) (¢, &, )>23'6,, UC
3CH"¥)Q5'BY'&6>) 7 )&T-2%9)>>26)&'5 5 10)d, 452>2*02-*0, T)HSY4{E.£0d" Xt J¢-257'284'8¢+ I KT, & (¢
D\N\'---*)67>,{@)>)6204)67) (RI6L1 20" (, T'284@ , 46, ") (:25745*4724g¢) Q5'B, 1) &7- F10) &£28)£)1) 67528
>) (567,87t 222%:# S0d"X) ITt @, ¢ , () (¢ '8 2&)¢ )Q5'B, 1)&74 '86>) 5 )&7-# S {ET.£ 10)¢>)-541-¢ -02@* , ¢
>) (567'2842%70)£2d" ('8) (+-*)6")-#>2 ; 164@0'601-5**2>7-t,160) 3 '6,UCH)B)>-'30)#2d" (, '28R

70'0,<4("0!
N*P-(&-)8- 14" +%- = &2)(#+-1-82)" , &8%-*"8* , ")

UO)#'89>,>) (F-*)67>,§ 20 T0) OC3>' (¢ *>2<4%, & (¢ 3¢ , &(¢ T0)¢ 6t @)>)¢ 237,'8) (¢ @'70¢ ,# \)>T)d¥ i Xt 1UI=H
—*Y6752 3 )T)HSHEP)>.4 2 )> 5, &CTE) Q5™ *) (F@'T0¢ , H'Q5" (& >2%) & I 2UES 5 )>655CH6, ( 5 '5 5 ¢T) US> )Tt
O7)6T2KU0)E-*)6T52 3 YT)H@ , -+*55%) (H@'T0L(5Ct, 4724, B2' (F10)¢6287>" 35728402 5 £05 3 " (TCH&#T0)¢
%675, HUO)E I UI=E-*) 67>, 12070)i-, 5 *1)-4@)>)#237,'&) (&0, T1)&5, 7) (127, #>) U) 67284 5 2 () SSU=T¢
S/ ,>>'6PISC-T, 04+, 5 2&(IL>'- T8, &(B)62>() (FET0)E*)6T>, b, 8I)H>2 3 EZXXXET2IgXXI6 5 *4@'70%, -6, &
B)I26'TCH2UZXEP/8RU0>) )i-*) 67>, 4@'T0F , £5) -215T' 28420746 5 4SOYWES2<, () (-6, &-TE@)>)%, B)>, ) (1924
),60¢-, 3 *DRUO)SU=<IUI=E-*)67>, 828 70)4 1%, &( 4, &(FT0)E62 5 *0)dk-, 5 *1)-4@)>)i*)>92> 3 ) (192 54
*2@ ()>-.£*>)B'25-4C:(>") (£58.()#0'%0:B, 655 5 Réé

70+9)d60,&%)£)d*)>" 3 )&T-4@)>)62& (567) (:28:10)HD'<62 5 *1) 0 &T0)#>)-) &) 1207 oK, & (H+aKRXR™ 5 Et
7K WHRTE o +KES+KE-205T 284 @'T0H " XXE , T2 5 ¢ i+ 4$6>2-KoM, &'6- £ [ 1$T4@)>)¢ 5 'd) (1925410255
L1522 $47) 3 %)>, T5>)4@'TOBRYS 5 B2, #+ T 1Ki-2U57'28:2970)462 5 *)diSYXXE{ ITHUO)&.AT0)E-, 3 *)H@, -
b, &%, SO (228, BEBU=H6>C-T, 46>) , T8, 110°&40' 5 Rét

SU=<IUI=E-*)67>,£@)>)£)62>() (H@'T010)IK*5-4-207@ , >) 952 5 tH>5P)#H>5P)>SK*5-RRXTE, & (¢, &, C-) (¢
@'TOH W &>2M>, 5 SK>"'&E , SMGRYTRUO)6287>' 357 28120+ J 1 Ki-21B) &T4@ ) >)#&7)> , 67'B)C-537>, 67) (¢
02 5 £),60i-, 3 *)i-*)615 5 #,8&(13, - )I'8)62>>)67284@ , ¢, **1') (R
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0,00
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Wavenumbers (cm'1) |

O, 1]7-_JER_=J11P2>534IBTISE2!58>; 211>BY P12al 41! @3\!TATY 1T3B Y 1 1BI6SABS LIS L #< 1] 214> ; 1>63U2°IUS! L #< FIA5!
SE2!P32125>21 BT X, F1]2162! >63U2MN 45@! 45! L##< 115! SE2! P32125>2! B! L, F1]32@! >63U2"! _E2! L##<F! 1BIU25S! k41!
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- /01,17 258450214114[5Y 25511TB3ISE2! P24 ; 1IT3BYISE2! - J&R_=J11P2>S34IBT1%!45@!&!41! PBK@23111122!RA[?! <OM!
+AZ3454B547! 411A[5Y 25511 k232! Y 4@2! 4>>B3@AS[! SB! 12U2347! P32UAB61! 156@421! BS! SE2! 471Badbi52! @231U4SHU2! 45@!
>4S2>EB17%821011 g _E2!, ,0$!>Y Z45@!11411A[52@!SBISE2! X! @2TB3Y 4SAB5!45@! SE21 345 [ 1=/ UAZ34SAB5 A5 SE21TA[ 456!
1836>56327!

Position {cm) Tentative attribution
Ligand Nickel Complex
839 848 v(C-H)
865 875 v(C-H)
963/979 972/989 v(N-CH3)

1010 1034 v(N1-C2-N3)

1066 1081 Ring |

1110 1112 §(C-H)

1158 - * .

1191 1182 6(0O-H)* + Ring Il

1237 1222 v(C7-07) or v(C8-08)

1270 1272 v(C7-07) or v(C8-08)

1311 1324 Ring Il
1349/1384 1369/1384 v(N1-C2-N3)

1429 1412 v(N1-C2-N3)

1448 1434/1452 v(C4a=N5) or v(C10a=N10)

1498 1479 v(C4a=N5) or v(C10a=N10)

1527 1521 v(C-N)

1615 1615 Ring |

1635 - Ring |

1673 1591 v(C4=04)

1718 1670 v(C2=02)

H
BIEN-Z20rQ\B[B; 69_7QIS4[4k49-=4"4">"97 = I "#SHIHN ] %016@ 19!, CO*E, CU%$
SIFNX2ATY A550RNANXB3565 [UnRA2@T230 HmIQAAY 91 1 2$A> = 444&94 = I MAIBCDIN) L, C
WOIIDITASENHND324U2191-=4"4">"9 = I "# S MHI6< 19!, / /8, WC
111 371RB[AbbBY —INBU4 ; 9! 1 ==F-=4"4">) "HI#A& " @691%C , %CO?!
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- /01", [N 255450021 411A[5Y 25511 TB3ISE2! P24 ; 11 T3BY!ISE2! —_J4R_=J!11P2>S341BT!&! 411 @3\ TATY 1IT3BY | 1BI6SAB51!AS!
LA<FISIL#<FUSISE2IP32125>21BTIX, FIAS@USIL A< FUSISE2IP32125>21BTIL , FT 122 RA[ <% +AZ34S4BS4T4 1 1A[ 5 Y 2581!
k2321'Y 4@2!4>>B3@5[1SB!12U2347!P32UiB611156@421!B5!ISE2!4TBadbi52!@230U45HU2!45@!>452>EBT178.2,10.11]

Position (cm™)
Corr:\l;'I(ee)l(in Nickel Complex| Nickel Complex in Tentative attribution
DMSO in DMSO-H,0 DMSO0-D,0
841 842 843 y(C-H)
876 875 871 y(C-H)
952 952 952 v(N-CH3)
1007 1009 1007 v(N1-C2-N3)
1074 1076 1073 Ring |
1117 1116 1117 d(C-H)
1180 1182 1179 Ring Il
1220 1221 1218 v(C7-07) or v(C8-08)
1273 1273 1273 v(C7-07) or v(C8-08)
1332 1328 1324 Ring Il
1367/1390 | 1369/1392 1369/1391 v(N1-C2-N3)
1412 1413 1413 v(N1-C2-N3)
1450 1452 1448 v(C4a=N5) or v(C10a=N10)
1477 1479 1479 v(C4a=N5) or v(C10a=N10)
1531/1554 | 1531/1556 1531/1556 v(C-N)
1590 1591 1590 v(C4=04)
1616 1616 1616 Ring |
1689 1689 1691 v(C2=02)

#

- A@'0,<4("0!

ML=£-%)67>,4@)>)5)62>() (1284, &MI_*I5-£-%)6752 1 YT)>HOSPY#H'2-*'84 = 5 3/TE2%)>, T8¢, THF<3, & (¢
S]Z¢ = /8T4)Q5™**) (¢t @'T0¢ , 00 -)&-'T'BTCH >)-28&, 725¢ SM=Y""XWFU.£ HO5P)STE L & (¢ ,# O)'5 5 ¢ 6>C2-7, T
M=Z""""g? IKH2T0)H2@4T) 5 *)>,755)3 ), -5) 5 )&T-HL2@ )%, 3 *0)~@)>)E-) ,4) (F&Q5,>181753)¢, & (¢
O%, --) (492>4705) )#6C64)45-"8%:9>) )8)<*5 £ *<10, @:7)60&'Q5)KL2@ ()% _<>,Ct('90>, 67'2845L_=+T¢@)>)¢
*)502> 5 ) (F28¢H>5P)#+i$ (B, &6)H@'T0¢_<>, Ci-2556)¢3Ck, &7'6, T02()E2%622* ) #'B 802728 @'T0% , ¢
@, B))&HTOR%" RYZd" X 5 B
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-*{(420,%,"'B - -2CB@'0,<4("0!

120 (<7, T)EISHDI=H)A*)>' 1 )&T-@)>)E,605) (£28¢ , &S\SDM T YXE I /8@ ()E32>)E-*)61>2 5 )T)>%
SHYBP)>/TE2%)>, 7'84%¢ , T#, 89>) Q5) &6CH2% T YXR0LT /819254 /R /5-%)6T>, £, & (WL 3128) -#92547) 5 *)>, T5>)}
6,1'3>,7'28¢@)>)#237,'8) (:3C-*'8&' &Nt , T-)B)>, #-*) ) (- 42 5 FYXP/ST2HWOP /8 #'&4 , 11> *1)E>) - 28, &6)
/0" 201Dt [47>, <1, -7t ISV *>23)ESHAEP)> /T ()-8 (F925¢ "R]# 5 5 ¢ 2R(REBI>628. ,§>272>-#5642-) (¢ @'TO0¢
B)-*)6, *-TR 1, 5 *I)T) 5 *)>,75>)-t@)>)¢6287>2U) (+3C10)E-*)6752 5 )T)>#B)&(2>}-¢-C-T) 5 #5-\U[ ¥
\,>', 30)U) 1 *)>, T5)[&TEEP) (F12¢, ~H? [AMAT>) 5 ) KHOBP) 222485 [& TR ST-5604-*"88'&%e> , T) -+
TH-H@)UEPE2@ETO, TE, SHOBT' 284, 1, '&-T2T24@ , U6, &4'&(56)E (>, 3 , T'BT) 3 %)>, T5>)#'865) , - )H'&-' ()
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