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Recently, Rorabacher et al. carefully measured the cross
reaction rate constants for the oxidation of copper(I)-poly- 
thiaether complexes by Fc3+(Lf)3 (LF=4,7-dimethy卜l,10-phe・ 
nanthroline) and for the oxidation of copper(II)-polythiaether 
complex by Co2+(Lc) (Lc=diaquo-(2,3,9,10-tetramethyl-l,4,8, 
11-tetraazacyclotetradeca-l,3f8t 10-tetraene)) in aqueous solu
tions and confirmed that two widely discrepant self-exchange 
rate constants were acquired when they applied the classical 
Marcus cross-relation to their kinetic data1. Similar results 
had been obtained earlier with simple copper(Ir II)-polypyri- 
dyl complexes23 and Anson had pointed out how the classical 
Marcus formulation could be successfully modified to obtain 
consistent self-exchange rate constants from cross-reaction 
data4.

Since the electron transfer reactions exhibited by this class 
of simple copper(I, II) complexes involve the common featu
res of bond breaking and/or bond formation it is appropriate 
to employ the Anson's method4 to analyze the data. The 
authors of reference 1 attempted to do so but their results 
differed from those to be expected on the basis of the proce
dure of reference 4. They mistakenly identified that the geo
metric mean method was the method of reference 4. In this 
Note we wish to show that the correct application of proce
dure of reference 4 leads to a new set of self-exchange rate 
constants for the copper(I, II)-polythiaether systems, some 
of which agree with the values reported in reference 1. The 
important purpose of the present work is to clearly present 
the method in reference 4, about which exists some lack 
of understanding1,5,8.

For the copper(I, II)-polythiaether complex systems stu
died in reference 1, the self-exchange reaction and cross-reac
tions are as follows:

Cu*>(L)+Cun(L)虹 Cu*n(L) + Cu'(L) (1)

CiF(L) + Fem(LF)3—»Cuu(L)+Fe[I(LF)3 (2)

Con(Lc) + Cuu(L)^Coin(Lc) + Cu'(L) (3)

When the iron (III, II) and cobalt (II, III) complexes are (as
sumed to be here) the redox couples which adhere to the Marcus 
cross relation, the method of the following postulates can be 
applied to calculate the self-exchange rate constants,如.

A.I(i)=XII(-i)—1/2〔지(2)=对⑶〕= 1/2〔入，%_2)+시(一3)〕 (4)

where the superscripts refer to the oxidation state of copper 
and the subscripts refer to the forward and revei•응e direc
tions of the three reactions. This procedure al용o involves 
th은 following assumptions:

人'(2)二源(-2)； 지'(3) = 시(-3) (5)

지⑴#*⑵壬시(一3) (6)
An(-护시 L - 2产 A11(3) ⑺

The combination of assumptions is self-consistent and con
forms to the principle of microscopic reversibility. The as
sumption of unequal reorganization energies for the copper(D 
and copper(II) complexes (Eq. (6) and (7)) implies that the 
reaction mechanism should vary depending on reaction con
ditions, i.e., cross-reactions of strongly oxidizing or reducing 
condition may follow different microscopic pathways from 
cross-reactions with little or no driving force. The recent 
experimental data conclude that the microscopic pathways 
change upon variation of the reaction driving force7. Although 
likely mechanistic consequences were not described in the 
original paper4, a recent rationalization by Rorabacher could 
be certainly a possibility6. The results calculated on the basis 
of Eq. (4) are shown in Table 1.

Although some of the calculated self-exchange rate con
stants in Table 1 (ligands B, C, E, F, G) are reasonably in 
accord with the rate constants by the geometric mean me
thod (5th c이umn of Table 9 of reference 1) and some (ligand 
C, E, G, H) by the combination method (6th column of Table 
9 of reference 1) in reference 1, the agreements are acciden
tal because the three methods are based on different mo
dels1,4. The two methods in reference 1 are based on the 
classical Marcus theory or Marcus cross relationship, which 
assumes that two halves of the couple make the same contri
bution to the reorganization energy of both self-exchange 
and cross-reactions (1/2 噸=)『*, = VQ. The classical Mar
cus theory was, however, designed for simple electron trans
fer reactions involving no breaking of chemical bonds, no 
formation of new chemical bonds but only fluctuations of 
bond lengths and bond angles and fluctuations of molecular 
orientations of the solvent in such a way to facilitate electron 
transfer. The classical Marcus theory was modified to extract 
the self-exchange rate constants for the redox couple involv
ing bond-breaking and/or bon-formation (CuIIZI(L) in this exa
mple) from the cross reaction studies with redox couples 
(Feni/II(Lf) and CoIIVI1(Lc) in this example) assumed to adhere 
to the Marcus cross relationship. The method assumes that 
two halves of the couple make the different contribution for 
electron transfer reactions involving bond-breaking and/or 
bond formation. The calculated results (columns 8, 9, 10) 
support the postulates for the copper(I, II) complexes.

The experimental values (measured by NMR line broden- 
ing method to be 105-3, 1044 and 1051 for the E14]aneS4, 
[15]aneSs and E15]aneNS4 ligands, respectively8) are diffe
rent from the calculated values in the present work or those
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Table 1. Rate Constants and Activation Parameters4

Row Redox pairs? 스啓

(eV)
Ef
(V)

△G初 

(eV)
10W 
(eV)

时

(A)
* 

(eV)
Xd 
eV)

시

(eV)
左(MS)f

1 FH(Lf严醇 0 0.939 0.186 3.5 13.2 0.60 0.30 0.30 3.3 X108
2 Co(Lc严 5 0 0.562 0.820 5.9 9.4 3.04 1.52 1.52 5.0X10-3
3 Cu(A)(OH2)2+/Co(Lc)2+ -0.079 0.542 4.2 9.1 2.02 0.50 1.52 2.1 X102
4 Fe(LF)3+/Cu(A)(OH2)+ -0.298 0.327 2.3 11.0 1.74 0.30 1.44 1.2 X106
5 Cu(A)(OH2)2+,+ 0 0.641 0.507 2.2 8.8 1.94 0.97 0.97 8.0 X102*
6 Cu(B)(OH2)2+/Co(IQ2+ -0.033 0.579 4.2 9.1 2.24 0.72 1.52 5.0X10
7 Fed” 严/Cu(B)(0Hy -0.344 0.316 2.3 11.0 1.78 0.30 1.48 1.8 X106
8 30)«冶2严/+ 0 0.595 0.572 2.2 8.8 2.20 1.10 1.10 6.3X10*
9 Cu(C)(OHz)严/Co(Lc严 -0.038 0.630 4.2 9.1 2.45 0.93 1.52 7.0

10 Fe(LF)3+/Cu(C)(OH2)+ -0.339 0.271 2.3 11.0 1.58 0.30 1.28 9.9 X106
11 Cu(C)(OH2)2+/Cu(C)(OH2)+ 0.600 0.575 2.2 8.8 2.21 1.11 1.11 5.5X10*(10伊)

12 Cu(DXOH2)22+/Co(Lc)2+ -0.068 0.541 4.2 9.1 2.15 0.63 1.52 2.2 X102
13 F은 (Lf严/Cu(D)+ -0309 0.260 2.3 11.0 1.49 0.30 1.19 1.5 X107
14 Cu(D)(OH2)22+/Cu(D)+ 0 0.630 0.477 2.2 8.8 1.82 0.91 0.91 2.4 X103*
15 Cu(E)(OH2)22+/Co(Lc)2+ -0.123 0.577 4.2 9.1 2.40 0.88 1.52 5.3X10
16 Fe(Lf 严/Cu(E)+ -0.254 0.307 2.3 11.0 1.59 0.30 1.29 2.5 X106
17 Cu(EXOH2)22+/Cu(E)+ 0 0.685 0.565 2.2 8.8 2.17 1.09 1.09 8.0X10*
18 Cu(F)(OH2)22+/Co(Lc)+ -0.256 0.461 4.2 9.1 2.18 0.66 1.52 4.9 X103
19 Fe(LF)3+/Cu(F)+ -0.121 0.410 2.3 11.0 1.77 0.30 1.47 4.7 X104
20 Cu(F)(OH2)22+/Cu(F)+ 0 0.818 0.555 2.2 8.8 2.13 1.07 1.07 1.2 X102*
21 Cu(G)(OH2)22+/Co(L沪 -0256 0.478 4.2 9.1 2.25 0.73 1.52 2.6 X103
22 Fc(Lf)3+/Cu(G)+ -0.121 0.420 2.3 11.0 1.81 0.30 1.51 3.2X1。

23 Cu(G)(OH2)22+/Cu(G)+ 0 0.818 0.582 2.2 8.8 2.24 1.12 1.12 4.2 XI俨
24 Cu(H)2+/Co(Lc)2+ -0.190 0.516 4.2 9.1 2.28 0.76 1.52 5.9 X102
25 F«Lf 严/Cu(H)+ -0.187 0.232 2.3 11.0 1.16 0.30 0.86 4.6X107
26 Cu(H)2+/+ 0 0.752 0 쇼30 2.2 8.8 1.63 0.82 0.82 1.5X10*(10")

^Experimental data from ref. 1.
°A= lt4,7(10-tetrathiacyclododecane(L12]aneS4), B^l^J.lO-tetrathiacyclotridecaneCClSjaneSi), C = 1,4,8,11-tetrathiacyclotetradecane 
(L14]aneS4)f D=l,4,8f12-tetrathiacyclopentadecane([15]aneS4), E = 1,5,9,13-tetrathiacyclohexadecane (E16]aneS4),F=2,5,9,12-tetrathiat- 
rodecane(Me2-2,3,2-S4), G=3,6,10.13-tetrathiapentadecane(Et2-2,3(2-S4) and H=lf4,7,10-pentathiacyclopentadecane(L15]aneS5).6 Standard 
free energy change of the reaction between the redox pair. c Formal potential of the redox couple vs NHE. d Activation free energy 
for the same reaction. eWork expended in bringing the reactant redox pair together. zSum of the radii of the redox pair. Total 
reorganization energy for reaction. * Reorganization energy contribution by the oxidized reactant in the redox pair. 1 Reorganization 
energy contribution by the reduced reactant in the redox pair. 'Rate constants for the reaction between the redox pair. Experimental 
values are in the brackets(entries 11 and 26). * Values calculated from the sum of 入f and 入_ for two corresponding cross reactions.

in reference 1. The redox couple Coin/II(Lc) were not shown 
to adhere to the classical Marcus cross relationship9. Use 
of redox couples adhering to the classical Marcus cross rela
tion for cross reaction experiments with the Anson's method 
may lead to the calculated self-exchange rate constants in 
accord with the experimentally observed ones for bond brea
king and/or bond forming electron transfer reactions.
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