Ni((14)-diene)* 3} Ni((14)-decane)? 32}o]-& 9]
ol A Ao iy A7|3}3}H AHA

T & W

Electrochemical Properties of the Sterecisomers of a
Ni([14] -diene)* and Ni([14]-decane)? Complex lons

Byun, Jong-chul *

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(¥,,,, m') 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 Voo (cm™
) 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,Sg,q~S3(=S% ) for Ni(meso-(14)-decane)32* 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 Cul (meso-(14)-decane) complex inos,

A = Z& hemoprotein (Ramesh, 1988) oAl pros-

thetic group§& =%tk hemoprotein o] &jei

Porphyrin 24282 4533 AlojA 43 chlorophyll, vitamin B,,8 Z& 7o 2% 3}

889 o274 YMEEE Ao}, (Mansuy, Y224 HolF4 Ading = FEML,)
1985) °]& 343 &2 hemoglobin, myoglobin, ol olgdth (kh-+, 1987).

cytochrome, nitrogenase, 18|32 peroxidases} olgs =l ¢S ML )24 57,7,12,14,14-

* BREFEAR {L®F
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hexamethyl-1,4.8, 11-tetraazacyclotetradeca-

diene nickel (1) perchlorate, Ni({14]-diene)
(CLO) .ol §4& A ol4a47 2 714 &
At k-, 1987) ol& FolA imines] HX
of 9% olAdAA+ 5,7,7,12,14,14-hexamethyl-
1,4,8,11-tetraazacyclotetradeca-1,4-diene
nickel (I), Ni(1(14}4-diene)*s} 5,7,7.12,14,14
-hexamethyl-1,4,8,11-tetraazacyclotetradeca-1,
7-diene nickel (), Ni(1(14)7-diene)*oj=, o]
E Zollv 43| Erh53id,

D H Busch % (Busch, - 1974)& Ni((14)-
diene)?* #o]2& 5,7,7,12.14,14-hexamethyl-1,
4.8,11-tetraazacyclotetradecane nickel(I), Ni
((14)-decane) 22 M4 7A Ni(meso-(14)-
2 «-Ni(rac-(14)-decane)®", -Ni(rac-
(14)-decane)® ojAdAAME ¥ #l3dd,

decane)

Fig. 1. ldealized structures of steroisomers of Ni([14]-diene)®
(¢) Ni(rac-1[14] 4-diene)?,

Ni(meso-1[14] 7-diene) *’,

AAufdo] ALz A e (low spin state) o)™,
AAZH e Ni(T) #Ho|& ol4dxdAe
22.800~23,000em™" Abelells FFASF7F g ¥
o d-d F52Fedo] Jehdeh Aol dAA
Atololl vpebd wlmH £ FFAF2] Aele HA
o] chz 7] wlFolct Fig.lollA ¢ + Uxe #A
A3 Ni(meso-1{14)7-diene)* & C, HAA, Ni
(rac-1(14)7-diene) > #ol&e C, tiAAE 714
o}, (Warner, 1969) .

dgHe s

1. Ni([14] -diene)** 2t0j22] 0O|AM X
4+

Ni(1(14}4-diene) **3} Ni(1(14)7-diene)?" 2}o]
2o 2709 w4 F 4] (asymmetric center) o}
Aoprle] EAsmzA £ F}xQ) o],
Ni(meso-1(14)4-diene)* =} Ni(rac-1({14)4-diene)*
, 283 Ni(meso-1{14)7-diene) > 2} Ni(rac-1
(14)7-diene)*7} zt53stc}, 7+ o] AA Mol A
el o) &7k 2Aged Ni-Adzg #3e
(NiN) ¢ F4ez F9s™d, (1) CH-I, o
< PI"7lE NN 59 $i4el 2z, (2) CH,
-, gem-carbong| 43&= gy NiN;‘ﬂ_
2 &3}k, (3) CH,-I, gem-carbons} 4
AE7)le FEole FAozte g ‘%_“’l?% 2
oo e Y e NN gasich,
(Fig.1) (Margerum, 1974)

*

o

(d)

: (@) Ni(rac-1[14]7-diene}*, (b)
{d) Ni(meso-1{14]4-diene)*".

2. Ni([14)-decane)? %}0|22| 04
ElE4

Ni((14}-diene)* 2] o|=l7] ol o3 223}
7b dojutwd wichAulaol wigA) A5 A2 &
A4 ABzick N F. Curtise A Az ola= o
oz e wlodBduols 4719 ALYAF} s]Y

Ni(meso-(14])-decane)* o} A a2} =lhaly

&
He
i 22 folded formgl Ni(rac-(14)-decane)* o]
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Ni((14)-diene)* 2t Ni((14)-decane)® 2to|29] ojdAaof ojgl Ar|sjsta 4z 3

AAA F2F BHc clloldAMY A %
A9 iYL dbd wd, R} Solx CHZ
+ 7HAg. 2y, SHdcjol4dle FYE R
2 S wigolz CHTN 4%,

Fig.2(a)7} Ni(meso-(14)-decane)* 2}o]& 2]
Bt Fxete el ¢3A U, (a)ell4 64

(a)

ZalolE#e NN, dz SUdoz 3 o=yy)
(chair conformatiopl, Sz sfoje e olztaly
e}l (staggered conformation) ]t}

A geq gHgacledod gem-oEl7| =
FAF3 oo wladsie] g

(c)

Fig.2. Idealized structures of stereoisomers of Ni([14] -decane)*: (a) Ni{meso-[14]-decane)®,
(b) a-Ni(rac-[14]-decane)”, (c) g-Ni (rac-[14] -decane)?".

a-Ni(rac-(14)-decane)* #}o)g9 Fz:
Fig.2 @ A& Jebd 4 2}, o] ojyna 72
€ (Ni(rac-(14)-decane) (CH,CO0))(CIO,) 2%
o XAd¥4H22 Holy Aolnd, o AT =
A2 #7=ql acetator cis¥eZ wjgsjo) 9
o,

A-Ni(rac-(14)-decane)* #ojge FzE
Fig.2(c)ehe 2ol %eind Ac} golyas 722
oA 54Rsolefe AAYY Ko} cft Yo}
A% el A Y (eclipsed conformation) & 5]
o ek g, aclyd A YR ol E Do
2o (twist conformation) Z-& HeEHE
(boat conformation) ol wteioll, gol4) Wale)
€ A Y olc} (Warner, 1969)

2 EZA4%E Ni(meso-1{14)7-diene)*, Ni
(rac-1(14)7-diene)*, Ni(meso-(14)-decane) e,
a-Ni(rac-(14)-decane)®, $-Ni(rac-(14)-
decane)®, 23 Ni(1(14)4-diene)? o] s
¥4 ezl (Dol EA 2 Ho] o] Hat d
“d F el (i, m")et Bezagze &
4 WA EY, V)4 4B4e A
©. (2) H;,O, DMF, DMSO, o}4|&, olMEje
Hol4 ¢ Ni(meso-(14)-decane)* #to]e %

9 d-d F42Heds Axedo] Y gHE
g o]83td A F atolee T2 Wy
9 &l fALS d e golugic (3) =z
Z 33 o] sodium phosphate? = Ni(meso-[14)-
decane)”# red-Cu(meso-(14)-decane)?®" #}o]
292 Cyclic Voltammogram-g 2% 8}e] wjz}t
ded, 7 o] ASS (Nill/Njl) 3 ASS (Cul
/Culy & AAste] whg4E elmegct,

s g iy
1. Alef 3 SohA |

2 AYolAM AlL% A%, dimethylsulfoxide
(DMSO), dimethylformamide (DMF), N-methy-
lformamide (MFA), o} Eu e & (ANT), ol4E
(ACT), ol®lalicie}=l(en), HCIO,, NaBH,.
triethylamine, ethylbromide, Ni(CH,C0OO), - 4H,
O, NaCN 5-& wako | F 2 &3ua 9F <ot
olalct,

FH2adze GaAy g Az rugx
(Conductivity Bridge) 9] H71H T % XA Ale) o
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£8 oldES Wernerdol =t AA3igch 3. BT IX % BYM=
(Perrin, 1988) -
292, Cyclic Voliammogram @71 #3he) ) AAAEs W wshEy &7
o] g3 Foj24 ofdMEUEd FAEL Coetzee ol 4 E £oufo 4] NiLm(CIO,), 389 $A%%

o =keh (Perrin, 1988) . £ YSI Model 31 Conductivity Bridge§ A}&3}

o (DA szt AR, A7 ke A4,

2. stEe| Y ¥ & Re Agolnsd M EEoidt,
34E (14)-diene - 23HCIO,, meso-(14)- A=kX1,000/R.M rereeee o)
decane, rac-(14)-decane %——3—. Hay-Buschyj+l o
833, Ni(rac-1(14)7-diene) (C10,),, Ni(meso- o}ﬁqs__qp{; NiLZ" el @8] wsld 9+ Yanaco
1{14)7-diene) (CI0,),. Ni(1{14)4-diene} (C10,)., p8 Type Polarogram® ol 48l &a8gct
Ni (meso-(14]-decane) (Cl10,),, a-Ni(rac-(14])- AA#HA 2= TEAP~ 10° Mol E §0-g AL &3]
decane) (C10,)., z&]x, A-Ni(rac-(14)-decane) gdeom, AL 3HIYA o2 ohmic drop(iR) &
(C10,). #-E-L Curtis-Buschg& A3t ¥4 AEuAslgct, REAFor JAYe wIHA
A F. N1EATozE dctelg ARY EHgzq
AgEe 3e, IR HNMR, electronic AFE Ak, o o AJYAFA AH42A
spectra, L& 3 elemental analysis §¢ ¥¥X 29 42 Folt 59.0molqd. AHIMLAE
s} ulg H<ls o, (Hay, 1975). Fig.33 #e] cylinder type® o|-&#%ict, &2tz
1
™~ 2 Ny 3
|
anl(B%

t

[ II '
C oo

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.
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{{14)-diene)* 3} Ni((14)-decane)® 2to]&29] o] A o] gt Ar|stat= YA 5

YL FAY ALF FAAA 43 §49 A
HE 2EY AMo] A2E AN £ Q)
2IMLZ Aolge] 4%t YUMo vl &
=49%,
Ni (meso-(14)-decane) * 3 red-Cu(meso-{14])-
- decane)® #o]229] Cyclic Voltammogram-&
Model RE 0089 X-Y Recorder”} %3t% EG &
PARC, Model 174A Polarographic Analyzer&
ol§3te] AUel. o] @ ol 4¥ AxAHHYL
NaH,PO, 483 TEAP M EUEY LHo3]
. 24 #Ee FEE 5.0%X10'M, A=A
¥ %+t 3.0Mc]gle scan ratex 100mV/secE
k. #YJAFe 3.4m® Pt screen,nz2AITL
Pt wire, 28x 71FATL g AI(S,

C.E)°lglt}. Cyclic Voltammograme 2 & ¥
peak potentialgd #Ysl7] & o] & As& 7
+ Circulator¥ %2 4]7 cylinder typeo]lo i,
+EE 5~45C ¥9R =Aslgct.

A3 g5 3%

1. SM200M NiL,, (CO,) .48 4%
3wy

) ags) F4adeyds gALE

obAEAM Ni-Asxe 2o, NiLZ' o d-d
§429E302 Fig 4ol 49 2ol 22,000 L&
oM BAF4Tolast eyget,

Absorbance
w

1 3-Ni(rac-[14]-decane)**
2 Ni(rac-1[14)7-diene)®*

3 Ni{meso-{14]-decane)?*
& a-Ni(rac-[14]-dccane)?*
s Ni(meso-1[14]7-diene)?*

S

300

480 560

Wavelength (nm)

Fig. 4. Absorption spectra of Ni(I)~macrocycles in ACT solution at 25C

ojAg d° AAfAE stA Az w FEatol
€ 729 o d-dAo] 'A;,~'A,, (Table 1)o] 3
%3,

imine®] $x7} cisql Ni(1(14}4-diene)? o]}
transq] Ni(meso-1(14]) 7-diene)* ¥ Ni(rac-1
(14)7-diene)* ato]g2] d-d AHole o|x}elule]
FAKA2 283+ Ni((14)-decane)® 2}o]-goj
A 25t o] x& ozl doytct, zwm,
transe]4d A Al o] o] cisold A Hol2mc

o EL duAEF F43e e dye] &
trans?t o] Zq HAZE 437 wjFojrt o
z2 2Alu] o]4Aa lolx Ni(meso-1(14)7-
diene)** 3} Ni(rac-1{14)7-diene)?, Ni(meso-
(14)-decane)* 3 Ni(rac-(14)}-decane)* <] wjx
AN F H§ olld o yAMI} eAlo] o]y
2od e o Fo) BE 43, olHe
o] 29 z& Wiol4 FLol 23 Lofizlzle
4aage] Holz2 B %+ o,
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Teble 1. Electronic ebsorption energies and molar conductance for the Ni(I)-macrocycles
isomers in acetone(m™').

Isomer ‘A g ALg € max C Molar
onductance
Ni (meso~(14)-decane) (C10,), 21280 80 201 2:1)
a-Ni(rac-(14])-decane) (C10,), 21980 106 236 2:1)
4-Ni(rac-(14)-decane) (C10,), 22220 7 245 2:1)
Ni(1(14)4-diene) (C10,), 22600 109 207 (2:1)
Ni (meso-1{14)7-diene) (C10,) s 22730 85 209 2:1)
Ni(rac-1(14)7-diene (C10,), 22990 97 205 (2:1)

ot E&AolA 671 2%, NiL,(Cl0,).9 & (Swisher, 1980) .
=XF 29 (Table 1), 2:1 AAA ol 3 ol 29 d-d Aolel N &oie] Jgg n
gt welA ol MEo|ME NiLZ #Ho] 2ol o 7] st gole RAAE(E/E) N i A
HE 5ol A (i, m™': Fig.5) % Fig.6% 7ol

CO; o129 WAE T4 4 o=z olge
=890,

As) ARHATzY eAFolsd T 4 Ask

Absorbance

380 460 540
Wavelength(om)

Fig.5. Absorption spectra of Ni (meso-{14]-decane)* complex ion in various polar solvents at
25C.
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5% 7

Ni((14)-diene)* 3} Ni({14)-decane)® #o]29 olAdAe] cigt Hr|3jata 4

Fig.69 Ni(rac-1(14)7-diene)* ¢} Fig.79)

Ni-

(meso-(14)-decane)* 2to]-Zol el g

Ao Frolie $e1s) $8447 2AHE4E

2 oz ez o|Esigc)

23,2

2.7}

Wavenumber (KK)

22.2 O ACT

Nt (rac- 1 [14] 7-d1ene)2+

20 4

0

60 80

Dielectric Constant (e/co)

Fig.6. Maximum absorption energy(em™') of 3.35X10°M Ni(rac-1{14]7-diene)*" against dielectric

constant (e/¢,) .

21.9¢t

21.6¢

Wavenumber (KK)

21.3F O pcT

d L

2+
N1i (meso- [14] -decane)

20 40

60 8C

Dielectric Constant -(Cho)

Fig.7. Maximum absorption energy (o) of 3.35X10°M Ni(meso- [14]-decane) > against die-

lectric constat (e/c,)

oo {447 F7H(ACT(ANTCDMF
{DMSO<H,0) 3} 229 counter ion{dtch o}
)3 & 7o) Asgoe] Frlsloz Azt
o] 2ol 2& K% atHEA g}, o] = Aiza
2iteo] A 470 & B o] AAH
Hell dojypnz, Foradezde o 52 oz

i ,t_

Zo2 ol5¥ el
2) wRAYel AdFroldz DA
e 42 A T3] ACTR A Ni(1{14)4-
diene)*, Ni(meso-1(14)7-diene)*", Ni(rac-1
(14)7-diene)*", Ni(meso-(14)-decane)* . a-Ni
(rac-(14)-decane)*®", 3-Ni{rac-{14)-decane)®*
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ol 2o AFEtzale A, : & FHzagos ARY gy YUYE Qe 4
Fig.8& a-Ni(rac-(14)-decane)® 2lo]o] o Uit

1.1 —-1.3 135 13
E.volt wvs., S.C.E.

Fig.8. DC polarogram of 10"*M a-Ni(rac-[14] decane)® (I) and residual current (I) in 107M
TEAP-ACT solution at 25C.

O] ENILZY 2ol 22l Btz ool B 71 (Fig. M & U4 AH(E, ) ot &7 Table 20 &+
sed g ZALe7) 93ted log plote] a7l 3t

\
1.0} 0\
(o]
0.5F \O slope
\-73
[s]
- I oF \
(] Lol
o
ﬁv
7y Q
2
-0.5} \
(o]
-1.0} \\\\
1 1 1 no\
-1.40 -1.45 -1.50 -1.55

E.Volts vs. S.C.E.

Fig.9. Log plot of a-Ni(rac-[14)-decane)* in ACT solution at 25¢C



Ni((14)-diene) >3l Ni((14)-decane)® #o]2-9| o|4ig el cig Hrjststd 4% 9

7F9A A% fYAAY o loglig-i/D) vs. FEY AYXE BoINILL ol |UAHL
E2l 71&7l€ 25Ce4 59mVel=2, Table 2¢i 7led ol k4 sloldg o 4 oy}

Table 2. Polarographic data obtained with DME at 25C.

Macrocyclic ligand Electr.ode Ey W) Slope

Ln) reaction (mV)
rac-1{14)7-diene . NilL%*+e — NiL} -1.419 71
meso-1{14)7-diene in acetone -1.431 66
1(14)4-diene -1.440 53
a—rac-[M]—d.ecane -1.450 73
5-rac-(14)-decane ~1.473 65
meso-(14)-decane ~1.480 67

=3 $4Y PopAHlANIE 2ol Fol| o] uel 2izZke Aol GENILY He]ge wisiA
glato] o] ojmlalo] 2 it Yo Folge ¢ S 3 gL Fole FF o] WA A
4 st 2=, olglatelgeld cis o4l 2 4A4E 2o Fgic}, Fig 104 LW d-dRel
Ni(1{14)4-diene)*" 2.t} trans ol4AAl, Ni(l Auz§F =24 st P=Uds& 2ol uis
(14)7-diene)* o] o] Lo|&tAl doiyict, A Afe da g9 FFoz olFIAG.

Omeso- [14] -decane
O B-rac- [ 4] -decane
1.47
S 1.45F O a-rac- [14] -decane
5
1 14] 4-diene o
1.43} meso-1 {14 7-diene O
rac-1 [14) 7-diene O
1 1 1
21.6 22.2 22.8
- -1
KK
\’max(cm ’ )

Fig. 10. Dependence of E,,, on ¥ . (') of Ni(I)-macrocycles in ACT solvent.
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F.NILZ #ol2e AHdR 717 FoHg4 TS 4UAYE =A% Fig. 11+ o438 o
£ o] 47 Uoiytch NiLZr Ho]29 ofuix] d d4e 49Y 4 Ao (Gregory, 1985),

Elecirode Solution Eloctrode Solution

©) — \—'1"—
}

Potential ———— —
Energy level
of electrony

© ST i

NiLZ} +e” —NiL}

Ni*"d® orbital (Ionization energy, TE=3.393 MJ mol"}
Hg 6s® orbital (Ionization energy, IE=1.007 MJ mol™)
Fig. 11. Represention of reduction process of a species NiL2Z" in solution. The molecular

orbitals (M.0.) of species NiL%" shown are the highest occupied M. Q. and the lowest
vacant M. O,

NiLZ" ol (Ni(I)d® AE=H4 o] stely
2], IE=3.393 MJ mol'} ¢ LUMO ddl =49
ozl £471 Hg 6s* Axd+ {Hg 65° A=g
4, [E=1.007 MJ mol'} vz &4 2} e},
2 AP Ade] F4+& LUMO dHl=g4-e
ofvjz] Ael7} F7}éted DME (dropping mercury
electrode) ¢ Hg WYAA=E4 oA F49 &
AL3HAl sle] AAto]Fo] foldlr] wifoln),

Current (I)

2. Ni, Cu(meso-[14]-decane)* %}0|
22| A5 # MZE

1) Ni(ll,I) o] &9 7i3lets Fz9 gty
x.

Ni(meso-{14)-decane)* zo]-22} Cyclic Vol
o Sael N 0.70 0.90 1.10
tammogram-3 TEAP ol«4 %2 E & &4 NaH, E. volt vs. S.C.E.
PO,+~& <4, XNaClO, g&Hox 7zt A9},

red-Cu (meso-{14)-decane)* #o|-2&-2 NaH,PO,

Fig. 12. Cyclic voltammograms with a 1.2m' Pt working electrode and
a scan rate of 100mv/ sec: {a) 5.0X10*M Ni(meso-[14]-decane)® in
FEHol A sl (Fig.12). 3.0M TEAP ANT solution, {b) Ni(meso- {14]-decane)™ and (c) red-

Cu(meso-[14] -decanea) ‘" in phosphale aqueous solution.
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Ni((14)-diene)

“5} Ni({14)-decane)*

Aolze] oldAMel WY AN 43 11

A7l24 (coulometric method) off 2]&fod Ni
3 red-Cu(meso-(14])-
decane)® #o| el 4la} YA YiA YA
A edd ¢ T °'°"'4 (Jones, 1983)
ate]-& 9] NaClO, 4%
ool 41 Cyclic Voltammograme] 41337} v}l
Uz ekekcl, d* AMxluledal Ni(l)-tetraamine
golgo] d” Mxuidql Ni(ll) ztolgoz Alsf
s GolEAe}l Fole Fol £A%d Ayslo
Az vl of okA3 tetragonal FERE
) ClO; ol€e H,PO; o]y} CH,CNof ujs #
5ol dinksl ofsled, NaClO, +£&AoA&
Ni(I) el 24 tAHAY 4 glooz Afa§
44 4 8id, a8y NaH,PO, 44 ¥
TEAPoHIE U & Lol o= H,PO,; ol ANT
7 Ni{@) 2ol #A%oz AYstzz A te-
tragonal F+&¢] Ni(ll) Zo}l2g <& 4 U7 o
Tl Cyclic Voltammograme] 4335 @
4 A}k, o] 2olx tetragonalF=<l Ni(Il) %
oL AdAxE Adlnzgl 2z e FAUAL +
o A, cavityy] 27, FZdAE, 22w g
71 Bol Qsle] Afple oz dA U,
{Fabbrizzi, 1986)

D. W. Margerum %<& A% HAEF &%
3} binuclear-(Ni(H)-
Deptide) Aol o] AoiA obgHg AT up

.S AYE £+ Adx =l NHA A
%N B F oA ARs] g o Ak ¥
HHAE vastd o3 2o,

Ni(Il)-peptide+e” Ni (1 )-peptide

(meso-(14)~-decane)

Ni(meso-(14)-decane)?®

$l=8 4 mononuclear-

—_
—

E'=0.83V

(Ni(II)-peptide (NH;) J+e~ & Ni(@I)-
peptide + NH, E'=0.40V

(Ni(Il)-peptide (NH,),)+e” @Ni (1 )-peptide+
2NH, E'=0.29V

Ni (I} -peptide{Ni (Il ) -peptide (NH,) (Ni () -
peptide (NH;), 42 Ni(ll)-peptide & o]
% obdstAl sleo] E'ge #4siA "o Ni-
Aol <l Fig.l2
(@), (b) ¥ =#3}" Phosphate {E°(Nil/Nil)=

(meso-(14)-decane)*

C(EY)el

0.71V} 7} oAl ER (E°(Nil/NiT) =0.75V) &
o 2loj2 & Aoz o A =z,
H,PO; o122 Ajel of Zsicke Ae & 4 U
©}. (Zeigerson, 1982) .

2) Ni(II)3 Cu(@) 2tol&el HAASs} of
EZy,

Ni(meso-(14] decane)32* 9 red-Cu(meso-
(14)-decane)3.2+ 2ato]29] Y peak potential
HE Lx E4e AFAN 2L
nonisothermal configuratione @ 3lod = A}s}ed
o}, 2 do]-2o) oid E'o L£Lx A5 T30 9
gle, 5~45C #H9lel4 Cyclic Voltammograms)
Esg &35dH.

0.73" ./?
o
0.72} .N/qu'HL
/ )
<3
0.71f
I~ &
>
o: \O
0.62} &uxn.nL
. m
o
0.61} \
o
0.60 - \
1 1 o\ i
280 295 310
T°K

Fig.13. Dependence of E’ for NiL%?*and Cul?*

-ll-

upon temperature at u4=3 0M NaH,PO,.

7 Aol 28} A8 B HAS, (=558 ) E
(3)Alell =2l =43 Fig.139 71-%7]1 e F

sod, E'9} £EA4, (dE/dT), o ©7 Table
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30l 531500},

Table 3. Nonisothermal temperature coefficients of electrode potentials and entropy differences

for NiZ. Il  and Cul.-IL

redox couples.

MEIL

dE°/dT, mv/deg

#=3,0M (NaH,PO,)

§2. cal/(deg.mol)

Ni(meso~(14])~decane)*»* 0.46 10.61
Cu (meso-(14)-decane)*** -0.95 -21.95
o] ] nonisothermal cellell4} ¥lH xu}g (2 )—4 + A% vepic, old Az d*AAAE 3}
2xA4, dEV/dT) v B4z TEE 4 o 2 € Ni(I) % Cu(l)ate] 22 4uiflAle] A
2=, nAS, . 28 Fe 24 A4l = A3zt o s, dH CRANAE 3
g HA4E, AsubAxel BYWH=R ez 2 o Ni(E) 9 Cu(l) #olg 6:i$All
ato], mglwx faraday constrant(96,487Coul/ tetragonal F+&7} ¥ <A affolct,
mole e && 23.06Kcal/V mole e’)o|c}, A= 3] red-Cu(meso-(14)-decane)” &
(margerum, 1980) o] &9 A¢ sUACEHL ul¥FL HH
(gauche conformation) oo, A so]EfL 9
OX+e 2= Red voreervrereernneann. @) 218 e (chair conformation) 241, o] #e] &g
dE° SoRed-S.Ox AS:, Structure T A% 723 w58 712 Jol¥ %
4T —nF o O & F4EH} HAAYE ol tetragonal FEE

Table 3ol Jeld ASE 2 X8, 48 (4) 2 (5)
A 2 Folde fAZoz YA wHYyE
A48 4 Aot

Nil (meso-{14)-decane)} (H,PO,),+e

Nil (meso-(14)-deane) + 2H,PO;

red-Cul (meso-(14)-decane) +2H,P0O; +e

—

-

red-Cul (meso-{14)-decane) (H,PO,), - (5)
=7t Fohsld (A HYe eEgXog,
B A8 HYe X oz 22 o]FY Ao}, =
227 F7184E Ni(I, 1) 2olge HHol
Z S5, Cu(l,I) #Hol22 o] ojadA ok

"o}, (Liang, 1981).

C °’IJ

Ak
~
+
(1) (11)
s
|
wrl-on
/ \c ; / NemCuom N
Structure I, [

22, Fold 32 IHEE TF}E blue
~Cu(rac-(14)-decane)® 2} o}& (Structure 1)<
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Ni ((14)-diene) > # Ni({14)-decane)* #to]&9o] oA Ao gt 7|32t a A2 13

trigona] bipyramid#Z2 %t} (Chen, 1986)
& i

oM &g floj4] NiLZ" Hojgs] d-d= ool
A (F.y. om™') € Ni(meso-(14)-decane) **¢{3-Ni
(rac-(14]-decane)*<{a-Ni (rac-(14)-decane) ** {Nii
(1(14)4-diene) **(Ni{meso-1(14)7-diene) **{Ni
{rac-1(14)7-diene)* el £AZ Zr}slgict,

Ni(rac-1(14)7-diene)* 2} Ni(meso-[14] -decane)z‘

Aol d-d EFFolvixle fole A4S
FMEFF =2 oduA Zoz o ¥y,

Ni(rac-1(14)7-diene)*, Ni(meso-1(14)7-
diene)®, Ni(1(14)4-diene)*, a-Ni(rac-(14)-
decane)®*, A-Ni(rac-(14)-decane)?, Ni(meso-
(14)-decane)* o) 29 W AH(-E, V)& %
7t 1.419, 1.431, 1.440, 1.450, 1.473, 1.480¢]
oo, d-ddelelxg 2A #t YpcUs
% oo} UstAANE cha de] REo2 olF
LS

2= wistol & At YA Qe Ni
(@, I Cu(ll, T) o] SASS (=58,4-S%
)el @& #7 10.61cal/deg.mols} -21.95¢cal/
deg.molejglet, ol® A+ Ni{meso-(14)-
decane)* 3} red-Cu (meso-(14)-decane)? #}o]-&
S dHEYS MAFR o] wFolatn Azy
4 Az,

%

T o
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