Close contact distance between hexacyanometallate ions in the course of electron
transfer
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On the basis of rate constants of redox reactions and stability constants of anion pairs, the contact distances between hexacyano-
metallate ions in the course of electron transfer were estimated as 6.7-7.1 A, these values are comparable with the contact anion—
anion distances in solids and subtantially lower than the sum of radii of nonhydrated ions.

The charge-transfer distancd) (s the most important model whereh is Planck’s constam,is the molar gas constafdt: is
parameter in the quantitative examination of the kinetics of dhe standard free energy of the reaction dnd the charge-
wide range of redox reactions. For estimating it, the sum of thizansfer distance (A). The values of the optical transition energy
reactant radii is frequently used, which is considered as the,/cm1), the half-width of the absorption band, {cm-1),
closest possible contact distandg) (of the formation of inter- and the reorganization energy)(can be found from the
mediates (ion pairs). This work compares the contact distancexperimental absorption spectra of ion pa#d.he reorganiza-
between hexacyanometallate ions, which are calculated frotion energy can be either calculated from a particular model
the rates of bimolecular redox reactionlg,d and stability or assessed by taking into account the additive nature of ion
constants of anion pair&t). We consider anion pairs as the contributions to the sought valu&$he molar absorption coef-
products of cooperative interactions of ions in bulk solutionficients §,,/dm? mol!cm-2) and the stability constants of ion
these interactions are accompanied by the contact between anigasrs can be found from the concentration dependences of the

participating in electron transfer. absorptiort-6
When two ions interact, the valuelgf,is determined by the It is possible to accurately determine the close-contact dis-
equation 2 tances during the interaction of anions using equations (2) and
(3) because of the fact that the dependencg gfon d* at
Kops = KipKet 1) 7, ,<0 is clearly pronounced. The estimation of the contact

distance in an ion pair from equation (4) presents the major
wherek, is the rate constant of electron transfer, pccan be  problem because, in the general cdse,d*. However, inasmuch
estimated within an approximation of spherical particles fromas the electron transfer in hexacyanometallate ions proceeds

the Fuosequation between nonbinding,, orbitals localised predominantly at the
transition-metal atoms, which, at the same time, are the charge
Kip =K f, 2 centres of effective spheres, we can expect the distances obtained
Ko = A3 22,2 from equations (1)—(4) under comparable experimental condi-
P~ 73000 °© p( Dsd*kT)’ tions be equal. A comparison of the rate constants of bimo-
f=ex 72K } @ lecular redox reactions between different hexacyanometallate
DKT(L +Kd¥) ions (Table 1) shows that the experimental valifeand those
SINel \12 calculated using the datand equation (1) are equal at a
K= (W) ; distance of 6.7 A for the [Fe(CN}-, [Fe(CN)]4- pair and of

6.8+0.2 A for the [Fe(CNJ3-, [Os(CN)]*- pair.
whereN is the Avogadro numbez, andz, are ionic charge® An independent calculation of close-contact distances from
is the elementary chargB, is the static dielectric constaitis  the stability constants of the anion pairs [Fe({N)[M(CN)g4-
the solution ionic strengtf, is the absolute temperature, dnd (M = Fe or Os) was carried out by equation (2). In accordance
is the Boltzmann constant. with the spectroscopic datat a constant total concentration of
As we have demonstrated earfighe Fuoss equation is also potassium ions equal to 2.5 mol diythe stability constants of
suitable for the quantitative description of associates containinthe [Fe(CN}]3-, [M(CN)g]4- (M = Fe or Os) ion pairs are equal
two anions. According to the Marcus thedky,is determined  to 0.055+0.006 dédmol-=. Inasmuch as Billing and Khostarfya
by the equatioh determined the stability constants in solutions containing high
on M2 (BE + )2 concentration of multicharged ions, we found the ionic strengths
= géa Uzexp[ T } , 4) of solutions in accordance with the equatidr= 0.52.Cilz|. In _
(4myRT) x this case, the contact distance for hexacyanometallate ions is
where the preexponential factdy , (cmr?) can be expressed in 6.9+0.1 A. This value is consistent with the above results. The

Ket

terms of charge-transfer spectral bands as follows: use of the classical equatibr 0.5 C|z[? results in still lower
( 2 values ofd.
Haa= 0.0206% , The third way to estimate the sought values is based on the

use of the dependence of the rate constants of redox reactions

Table 1 Contact distances in [Fe(CjB-, [M(CN)¢]4-anion pairs and parameters used in the calculations.

M T/K l/moldm3  AE/V Vv Jeml o opemrl e /dmE mok emrt ka,/dm¥molls?t  k,,Jdm® motlst D/A

Fe 293 0.01 KOH 0 1.47 12200 7900 28 — 4.8%10 6.7
Os 298 0.03KCI 0.25 1.47 16400 10100 45 4.7%10 2.8x10 6.6
Os 298 0.075KCI 0.25 1.47 16400 10100 45 4.1%10 2.4x10 7.1
Os 298 0.24KCl 0.25 1.47 16400 10100 45 1.5%10 8.8x10 6.8
Os 298 0.44KCl 0.25 1.47 16400 10100 45 2.9%10 1.7x1¢ 6.6

a_, is the rate constant of the reverse redox reaction.
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strength. The agreement between contact distances determined
by different methods can be partly caused by the fact that
different approximations were used when we considered equi-
librium [equations (2) and (3)] and kinetic [equation (4)]
characteristics.
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