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Summary

The relationship between d-d absorption energy and half wave potential of complex ions in ACT
has been studied at 25C. Macrocyclic ligands increasing d-d transition energy caused half-wave
potentials of Ni{I)-macrocycle to be shifted more positively,

The d-d transition energies (¥, , em™') of the Ni(rac-1(14]7-diene)*" and Ni(meso-{14)-decane)®
isomer were discussed with the dielectric constant(€/€,) of the various solvents, in which ¥, (™
) increased with increasing €/€&,.

The electrochemical oxidation of Ni(meso-(14]-decane)® in aqueous solutions in the presence of
phosphate yields (Ni(meso-(14)-decare) (H,PO,).)"

The entropy differences,S34—S%, (=S% ) for Ni(meso-{14)-decane)3-2* and red-Cu (meso-(14)-
decane)3-2* couples have been determined from cyclic voltammetric measurement as a function of
temperature in a nonisothermal electrocemical cell, respectively, The entropy differences were of

similar magnitude but of opposite sign, indicating that the changes in axial coordination by phos-

phate occur upon reduction of Ni¥ (meso-(14)-decane) and Cu¥ (meso-(14)-decane) complex inos.
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Fig.2. ldealized structures of stereoisomers of Ni([14]-decane)?: (a) Ni(meso-[14]-decane)®",
(b} a-Ni(rac-[14]-decane)®, (c) B-Ni(rac-{14]-decane)®"
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Fig.3. Cylindrical type of polarographic cell 1. reference electrode with S.C.E., 2. dropping

mercury electrode, 3. helix type of Pt. auxiliary electrode, 4. salt bridge, 5. sample

solution, 6. sintered glass disc, 7. water jacket.



8

232 MY YL E FHAA 483 $oh9 A
dE 24 Aol A4 ¥ AMAANR £ Ui
2MLE Aolgs] 4tst AR ujAle &
=AY
Ni(meso-{14)-decane)* 3} red-Cu (meso-{14)-
decane)® #o]&29 Cyclic Voltammogram-g
Model RE 0089 X-Y Recorderr} %33 EG &
PARC, Model 174A Polarographic Analyzer§
ol &dle ik, o] o olfg AAHHARL
NaH,PO, 4§43 TEAP ol4l2ved foflo|g]
k. 7 AF9 FEE 5.0X10'M, AL
5t 3.0Me]%le scan ratee 100mV/sec&
g, HYHFTL 3.4m* Pt screen, nZAT
Pt wire, 22|z 71F43FL &gzl AF(S,

C.E)°l3le}. Cyclic Voltammograme T ¥
peak potential§ &A4&7] H# o] As§ 7
< Circulator& 234} 7) cylinder typeo}gie o,
TEE 5~45C ¥z =z=Asgc},

Az g 3%

1. SAR00IM NIL_, (C0,) 289 ¥a
o uRy

D 329 §F4ad9eys) gaics
o ol X Ni-AtHze) #o], NiLZ* 9] d-d
#4529 =R Fig 4ol49} 2ol 22,000 #&
o4l "BUF4Helar} ey},

1
1 g-Ni(rac-[14]-decanc)™*
2 Ni(rac-1[14)}7-diene)?*
3 Ni(meso-[14]-decane)**
P & a-Ni(rac-[14]-decane)?*
g s Ni(neso-1[14]7-diene)?*
o
=
o 3
]
o
<
400 480 560
Wavelength(nm)

Fig. 4. Absorption spectra of Ni(I)-macrocycles in ACT solution at 25T
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Table 1. Electronic absorption energies and molar conductance for the Ni(I)-macrocycles

isomers in acetone(m™').

Isomer 'Ag—'Ag € max C Molar
onductance
Ni (meso-{14)-decane) (C10.). 21280 80 200 2:D
a-Ni(rac-{14]-decane) (C10,). 21980 106 236 21
5-Ni(rac-(14)-decane) (C10,). 22220 71 245 2:1)
Ni(1(14)4-diene) (C10.}, 22600 109 207 2: 1)
Ni(meso~1{14)7-diene)} {C10.) ; 22730 85 209 2:1)
Ni (rac-1(14)7-diene (C10,) . 22990 97 205 2: 1)

¢

o ME LMol 4] 674 &, NiL (ClO).o] &4
X% 39 (Table 1), 2:1 A" Fhol 3
gk, whebd] oA EollXE NiLL el el
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A AzHAFze 4udFeolet ¥ F
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(Swisher, 1980) .
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Fig.5. Abscrption spectra of Ni{meso-'14]-decane)®

250

complex ion in various polar solvents at
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Fig.8. DC polarogram of 10"‘M a-Ni(rac-{14] decane)® (I) and residual current (I) in 10°M
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Fig.9. Log plot of a-Ni(rac-[14]-decane)® in ACT solution at 257
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Table 2. Polarographic data obtained with DME at 25¢

Macrocyclic ligand Elect{ode E. (V) Slope

L) reaction il (mV)
rac-1(14)7-diene - NiLZ* +e—NiL} -1.419 71
meso-1(14)7-diene in acetone -1.431 66
1(14)4-diene -1.440 53
a-rac-( 14]—c{ecane -1.450 73
S-rac-(14)-decane -1.473 65
meso-{14)-decane -1.480 67

=% 3" A AANANILY 2tej L Fof of el 2Izhs Ao o ENLL 2fele-9 dwhzbd
o] o] ofulatolzucl FYo] HolYe ¢ A Wy Ay Holie FF4olix sl 4
4 Adk. 2Ea, olglYolLoH cis olUYAM, 2 4¥AE 3o F9ic Fig. 10§ 29 d-dHo]
Ni(1{14)4-diene)* .t} trans o}, Ni(l AvzlE 24 st AJP=Y5F ol il
(14)7-diene)* o] 4ol Hol&tA Yoixic}, A e ot4 ok UFoz olFEA,

Omeso- [14] ~decane
O B-rac- 14 -decane
1.47
o~
~1.45¢ O a-rac- [14] -decane
“
114 4-diene o
1.43} meso-1 [14] 7-diene O
rac-1 [14] 7-diene O
1 i 1
21.4 22.2 22.8
v (cm-l, KK)
max

Fig.10. Dependence of E,,, on ¥, (=n"") of Ni(I)-macrocycles in ACT solvent.
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Z NiLL" 2tol 2ol Az#adg 47|17 F7id4 ZH¢ $UAAHE =A% Fig.11& ol&3d o
2 @90 42 Yoiuteh NiLZ atol 22 ofrix] d d4e A9¥ 4 2o (Gregory, 1985).
Elecirode Solution Eloctrods Solution

©) — B
f

Energy teved
of elecisony

0) P oo -

NiL%" +e” —NiLZ

Potenlial

Ni*"d® orbital (lonization energy, 1E=3.393 MJ mol™")
Hg 6s* orbitai {(lonization energy, [E=1.007 MJ mol™")
Fig.11. Represention of reduction process of a species Nil.2" in solution. The molecular

orbitals (M.0.) of species NiL2" shown are the highest occupied M.O. and the lowest
vacant M. O.

NiLZY #e]2 (Ni(I)d® AZ s ol 23l
2, IE=3.393 MJ mol'} 2 LUMO d#xd 49
oz #3947} Hg 65 A= (Hg 65 A=g
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2 A AztswAe] F42% LUMO dAE¥49
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Current(I)

2. Ni, Cu(meso-[14]-decane)}?" %t0|
29| A3 A ME

1) Ni(Hl, 0) #to]2e 78taa 29 gt
X,
Ni(meso-(14)-decane}* #o]-22] Cyclic Vol- .
s 0.70 - -
tammogram-% TEAP oldE U E &gl Nall, . volto V": s.c.s.l 10
PO, 444, NaClO, F&¥oir = Lgirh,

red-Cu (meso-{14)-decane)?" %o} 2.2 Nall,:"O,

Fig. 12. Cyclic voltammograms with a |.2m' Pt working electrode and
a scan rate of 100mv/ sec: (a) 5.0Xx10"°M Ni(meso-[14])-decane)’ in
o : 114) - 3 -
_/']:__g_o_l! o“ /{1 4:51] o],gir,]._ (Flg_}Z) . 3.0M TEAP ANT solution, (b) Ni(meso- [14]-decane)'” and {c)} red

Cu(meso-[14)-decane)}* in phosphate aquaous sclubion.
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A 7139 (coulometric method) ol 2% Ni
(meso-(14])-decane)* 3 red-Cu(meso-[14)-
decane)® #teo]-2e] Al% #UsAL dghAl 4A
A wbgeld & 4 U (Jones, 1983)
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*Jof 4= Cyclic Voltammograme] 4+stsisl fe}
vl ebokel. db A=xbwied]l Ni(I)-tetraamine
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S golEatst FolE Fo| £2AFo o
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o} ClO, °l-&& H,PO; o|v} CHCNel ]3] A
g5 o] wighd] sted, NaClO, $Edols=
Ni{l} %o]2% AHHAA 4 glesz Afa§
<E 4 8. =28y NaH.PO, & &%¢&
TEAPelAE e g &9 ol H,PO; oy ANT
7b Ni(@) ol Fa&oz AYs=E A te-
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Zol Cyclic Voltammogram®] 413ls}% %9l %
4 9leict, o] glo|= tetragonalFZ<9l Ni(@H) &
ol29] dAsx Adinz gz FAUR 4
R A, cavitye] 27, $Ex8AE, a2n AR
71 Foll aled Fgt= Hoz dEA gld,
(Fabbrizzi, 1986)

D. W. Margerum ¥ AM8t@4 HAEF &3
8= 2 41 mononuclear- 3 binuclear- (Ni(@l)~
peptide) 2ol e AehA kAL A7 w 3l
. FAR AR £ Ux U=st NHY A
. A RS F A AYS U W 4%
AAHE slzstd o3 3Ad,

Ni(Il)-peptide+e” & Ni(1l)-peptide

E'=0.83V

(Ni(Il)-peptide (NH;) J+e = Ni(I)-
peptide + NH, E'=0.40V

(Ni(Il)-peptide (NH,) ,]+e" 2Ni( I }-peptide +
2NH, E'=0.29v

Ni () -peptide{Ni (Il } -peptide (NH,) {Ni (@) -
peptide (NH,), %42 Ni(ll)-peptide o]
t% tAEA Hol Egte F£EA Rk Ni-
{meso-(14)-decane)® #o]29 7%l Fig.12
(@), (b) & = %3tz Phosphate (E (Nif/Nil)=

0.71V} 7} obdeE” (E°(Ni#/NiT) =0 75V} %
o} 2ol YUMo o tAEA o,
H,PO; ol&2 A¥el of A3t 2e & 4+ 2
t} . (Zeigerson, 1982),

2) Ni() s Cu(ll) oj2e] HUASs} o
Eg3,

Ni(meso-{14) decane)3-2* 9 red-Cu(meso-
(14)-decane)3-2*+ 2}o]-2<] Y peak potential
(E)el cigt 2% &AL ASHA z=AL
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o, 7 o) o A E'Y £xA5E F3i7 4
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Fig.13. Dependence of E* for NiL%?* and CuL}?*

upon temperature at =3 0M NaH,PO,.
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Table 3. Nonisothermal temperature coefficients of electrode potentials and entropy differences

for NiZ-TL_ and CuT - IL_ redox couples.

ME.TL

dE°/dT, mv/deg

#=3.0M (NaH,PO,)

Sg, cal/(deg.mol)

Ni(meso-{14)-decane)*»* 0.46 10.61

Cu (meso-(14]-decane)*+* -0.95 -21.95

o] =} nonisothermal cellol4} ul= =)ub-$ (2) 8 £ AL vEidc, oj# AdE d*AzUE d)
2244, (dE/AT) v DA FHE 4+ U 2 & Ni(I) % Cu(l)zte] &2 4uigalel A
o, nASS, , 28z Fr Z7 A3I9ge 1@ AgedFzsl o tAstn, a3 AW AL 3§
d4 AA4, AbstbE A} [URAR e T gl Ni(I) % Cu(l) #elgg 6uigAlal

2te}, 22]x faraday constrant(96,487Coul/
%2 23.06Kcal/V

(margerum, 1980)

mole e’ mole e’) o]t}

Ox+e 2 Red recoremrercieanns )
dE’ - SRed-S.Ox - AS:C .
4T hen —nF .~ nF @

Table 301 Jehd ASS 2 ¥5, 25 @} ()
N3y 7 golee) 4+xaoT wHRY WHE
474g 4 e},

434

-
p=g

Nil (meso-(14)-decane) (H,PO.,),+e"
Nil(meso-{14)-deane) +2H,PO;

red-Cu® {(meso-(i14)-decane) +2H,PO;

—ry

red-Cul! (meso-{14)-decane) (H,PO,), - (5)

257 FAER (WA Hye 2EEe
(5) 49 HYe A%z 27 ol5¢ Aoleh,
%

N .ku

257 FAg4E Ni(E, 1)
24 53, Cu(l,I) Foje o)

tetragonal +Z7} i A&7 afFolch,
d*Axuwld el red-Cu(meso-{14)-decane)* 2
ol£8 7% s5YUAH]ERE ulFl FHe
{(gauche conformation) o|=}, ¥ LA o] EZ L 9
ao] &
x

2zt & &) (chair conformation) 2 4, o]
Structure 1 M3 23 #sisE 7H3 Fo
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#o}, (Liang, 1981) .
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trigonal bipyramid+22 ¥t} (Chen, 1986)
& e

ol &g olol 4 NiLZ™ #e]&s] d-dHeleud
A (.. om'Y = Ni(meso-{14)-decane)* (3-Ni
(rac-(14)-decane)* {a-Nif{rac-[14)-decane) **(Ni
(1{14}4-diene) > (Ni(meso:-1(14)7-diene) *' {Ni
(rac-1(14;7-diene)* #o]& £HqE Z7}slgc}.

2

Ni(rac~-1(14)7-diene)* 2} Ni(meso-(14)-decane) ’

Aol e d-d FFoluvc Lol FAHAS
F1E4 5 52 oA BoI o5,

Ni(rac-1(14)7-diene)*, Ni(meso-1{14)7-
diene)*", Ni(1(14)4-diene)*", «-Ni(rac-(14)-
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(14)-decane)™ 2tej-2e| WA (-E, Vv 7
7+ 1,419, 1.431, 1.440, 1.450. 1.473, 1.480°]
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£ #ol2el WAHANE ta G Ho2 ofF
3,

+= W] otg Ar3 YA 4L Ni
(. D)3 Cu(l, ) 2o} JASY (=Skq-So
)el e 7z 10.61cal/deg.mols -21 95cal/
deg.molel3lch, oj&l AH} Niimeso-(14)-
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o dA=z¥s AHATFR o] wfelatz 47
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