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The formation constants K; and K, of the complexes Fe(NCS)?+ and Fe(NCS),* in dimethyl sulfoxide (DM-
SO) and the rate constants and the activation parameters of the electron transfer reaction between Fe(II) and
Fe(III) in DMSO catalyzed by thiocyanate ion were measured. K, and K, are (8.4+0.9) x 10> M~! and (0.97+
0.10) x 102 M~! at y=0.1 M and 25°C, respectively. The apparent rate constant k,p, is nearly independent of

acid concentrations and increases markedly with total thiocyanate ion concentration.

The rate constants &,

and k, of Fe**-Fe(NCS)2+ and Fe2+-Fe(NCS),*t systems are (2.2470.35) x 10* m~sec™? and (2.96+0.64) x 103
M~Isec~! at u=0.2 M and 25°C, respectively. AH;*¥=8.9741.0 kcal/mol and AS,*=— 173 cal/deg-mol are ob-

tained from the temperature dependence of k.

From a comparison with the data of cases catalyzed by Cl-

and SCN- ions in water and DMSO, the present electron transfer reaction is deduced to proceed probably via
the inner-sphere mechanism with the SCN- ion as a bridging ligand, similar to the Cl- ion-catalyzed reaction in

DMSO.

In the electron transfer reaction between iron(II)
and iron(III) species in aqueous solutions, the hydrogen
atom transfer mechanism seemed to prevail because
the hydrogen atoms of water molecules played an
important role.?) This was proved directly. and indi-
rectly by further evidence that the reaction still pro-
ceeded at a considerable rate even in the solid state®
or in the very concentrated perchloric acid media®
and that the reaction rate decreased with the addition
of certain substances, such as nitromethane,® 2-pro-
panol,® and some other alcohols,”) because no or less
exchangeable hydrogen atoms attached to the mole-
cules of these substances. However, dimethyl sulfo-
xide (DMSO) was found to be not a substance making
the reaction proceed slower but rather to be a medium
better than water for the reaction, although DMSO
seems to have no such exchangeable hydrogen atoms
through which long chains of molecules are formed by
hydrogen bondings, as water molecules casily do.®)
Moreover, the rate constants of the electron transfer
reaction catalyzed by the chloride ion in this solvent
are much larger than those in water.”? Thus, there
must be a reaction path other than the path e the
hydrogen atom transfer mechanism.

According to recent more precise investigations, the
electron transfer reactions of both the Fe2+-FeCl]? +19)
and Fe?*-FeNCS2+11) systems proceed predominantly

1) Previous paper: G. Wada and R. Yoshihara, Kogyo Kagaku
Zasshi, 73, 2309 (1970).

2) W. L. Reynolds and R. W. Lumry, J. Chem. Phys., 23, 2460
(1955).

3) R. A. Horne, J. Inorg. Nucl. Chem., 25, 1139 (1963).

4) D. L. Baulch, F.S. Dainton, D. A. Ledward, and H. Sugier,
Trans. Faraday Soc., 62, 2200 (1966).

5) A. G. Maddock, ibid., 55, 1268 (1959).

6) N. Sutin, J. Phys. Chem., 64, 1766 (1960).

7) R. A. Horne, “Exchange Reactions,” I.A.E.A., Vienna,
(1965), p. 67.

8) J. Menashi, W. L. Reynolds, and G. van Auken, Inorg. Chem.,
4, 299 (1965).

9) G. Wada and W. L. Reynolds, iid., 5, 1354 (1966).

10) R. J. Campion, T. J. Conocchioli, and N. Sutin, J. Amer.
Chem. Soc., 86, 4591 (1964).

11) T. J. Conocchioli and N. Sutin, ibid., 89, 282 (1967).

even in aqueous solutions, via the inner-sphere mecha-
nism and not via hydrogen atom transfer mechanism.

The present work was undertaken to see what effect
thiocyanate ion has on the rate of the electron transfer
reaction in DMSO, as compared with the case in which
chloride ion was used in the same solvent.? In order
to obtain the individual rate constants of the clementary
reactions, the formation constants for the complexes
between the existing species in DMSO had to be de-
termined first. This was performed by the methods
used in our previous investigation in the iron(III)-
chloride ion-DMSO system.!2)

Experimental

Materials. Commercial DMSO of guaranteed re-
agent grade was distilled under a reduced nitrogen atmos-
phere of 3—4 mmHg, dried by shaking with activated alu-
mina, and redistilled under the same condition. Iron(II)
perchlorate crystal was prepared by dissolving pure iron wire
in dilute perchloric acid and recrystallizing under an atmos-
phere of nitrogen. Iron(III) perchlorate was, then, easily
prepared by oxidation of the iron(II) salt by hydrogen per-
oxide and the following recrystallization. Both crystals were
not anhydrous but contained some lattice water. This did
not matter at all, since the crystals were used only at very
dilute concentrations and it was confirmed that a small amount
of water does not seriously influence the results. Anhydrous
sodium perchlorate was obtained by drying monohydrous
salt recrystallized from water at 300°C. Anhydrous am-
monium thiocyanate was obtained by storing wet crystal
in a desiccator at room temperature, after recrystallization
twice. The perchloric acid in DMSO was prepared by
means of cation exchange resin. Dowex 50 wx 8 resin of
50—100 mesh was treated with 6 N hydrochloric acid to
transform it into H-type, washed with water to eliminate
chloride ion completely, dried in an electric oven at a tem-
perature not over 100°C, allowed to swell in DMSO, filled
in a column, and then made to pass through a DMSO solu-
tion of 0.7 M ammonium perchlorate, until ammonium ion
became detectable by the Nessler reagent in the eluent.
The ammonium-free perchloric acid in DMSO obtained

12) G. Wada, This Bulletin, 41, 882 (1968).
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was titrated with sodium hydroxide.

The stock solution of the radioactive tracer of %°Fe was
manufactured as follows: The radioactive *FeCl; in hydro-
chloric aqueous solution was heated in an evaporating dish,
and a few drops of perchloric acid were added just before
dryness. After repeating the procedure several times, the
final perchloric salt was dissolved in DMSO and stored in
the cold.

Photometry. For determination of optical densities of
sample solutions, a Hitachi-Perkin-Elmer UV-VIS spectro-
photometer Model 139 was used with a thermostated cell
compartment and l-cm silica cells.

Rate Measurements of Electron Transfer Reactions. The
reaction was started by mixing two solutions, A and B, in a
reaction vessel in a thermostat. Contents of solution A were
Fe(ClO,); (labeled with %°Fe), NH,SCN, HCIO,, and Na-
ClO,. Those of solution B were the same as solution A ex-
cept for Fe(ClO,), in place of Fe(ClO,);. Nitrogen gas
saturated with DMSO vapor was continuously bubbled
through the reaction solution before and after the initiation
of the reaction. Nitrogen bubbling was carried out not only
for stirring but also for preventing oxidation. At certain
intervals, an aliquot of the reaction solution was quickly taken
out by a syringe or a thermostated pipet, into a quenching
solution containing 2,2’-bipyridyl which immediately stopped
the reaction because of quick formation of Fe(bipy)s*t. The
quenching solution also contained aluminum nitrate. By
addition of ammonia, aluminum ion was coprecipitated with
iron(III) ion as hydroxide. The precipitate was filtered
from the solution and the radioactivity of a definite portion
of the filtrate was measured with a well-type scintillation
counter. The rest of the filtrate was used for optical de-
termination of the concentration of iron(II) in the form of
Fe(bipy),2t at 522 nm. The sample of the reaction solution
at infinite time was taken at least ten half lives of the reac-
tion after the initiation. In order to determine the total
concentration of iron species in the system, the iron(III)
was reduced to iron(II) by hydroxylamine. A more detailed
procedure of the rate measurement was described previ-
ously.®®

Results and Discussion

Absorption Spectra and Formation Constants of Fe3+-SCN-
Complexes in DMSO. The absorption spectra of
Fe(ClO,); and of Fe(ClO4),-NH,SCN in DMSO at
HCIO, concentration of 0.02 M are shown in Fig. 1.
Curves A and B show respectively the spectrum of the
simply solvated Fe3t, and that of a mixture of Fe3+
and SCN-, which partly form monothiocyanato com-
plex. By combining both curves and the value of K,
which will be obtained later, curve C can be calcu-
lated as the true spectrum of FeENCS?+ complex, which
exhibits a peak at 450 nm. The spectra A and C
coincide well with those of Wada et al.%!? and Csiszar
et al.,'® respectively. The spectra were not influenced
by the change in acid concentration.

The formation constant of FeNCS?*, K;=[Fe-
NCS2+]/[Fe3+][SCN-], was determined by means
of Job’s continuous variation method.’? Job’s curves
at Ce=1.00x10-3 and C=0.70x10-3 M are depicted
in Fig. 2, Co and C» being the sum of the total con-

13) B. Csiszar, V. Gutmann, and E. Wychera, Monatsh. Chem.,
98, 12 (1967).
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Fig. 1. Absorption spectra of Fe3+, FeNCS?+ in DMSO,
at [HC10,]=0.02M, 4=0.10M and 25°C.
Curve A. [Fe3+]4=5.40x10-%m
Curve B. [Fe?+]y=5.40x10-5M, [SCN-],=9.78x10-4m
Curve C. Calculated for FeNCS2+
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Fig. 2. Job’s curves for Fe3+-.SCN- system in DMSO at
[HC10,]=0.02mM, £=0.10M, 25°C and 450 nm.
Curve A. C,=1.00x10-3m
Curve B. Cy=0.700x10-3m

centrations of iron(III) and thiocyanate ion, [Fe3+],
and [SCN-],. The maximum points appear just at
the center of the symmetrical curves indicating that
the complex formed at these concentrations is of the
composition Fe3+ : SCN-=1:1. The observations
were carried out at 440, 450, and 460 nm. K, and the
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molar extinction coefficient &, of FeNCS?**+ are cal-
culated by the following equation.!?)

A = g[Fe’+] + &[FeNCS2+] — gy[Fe+],

= (61— &) [FeNCS?*] (1)
[reNGst+] = Sl =re)leiom_n)G @
[Fe?+] = x,C, — [FeNCS2+] (3)
[SCN-] = (1—x,)Cq — [FeNCS2+] (4)
= T+ ©

The values of ¢j[Fe3*]+¢,[FeNCS2+] in Eq. (1) cor-
respond to the observed absorbances of the sample at
individual wavelengths. By means of Eqs. (2), (3),
and (4), the following value was obtained.

K, = (8.40.9) x 102m~1 at 25°C (6)

Another K, value obtained by means of stopped flow
method by other authors is 1.18 X103 M~ at u=0.024
M and 25°C, which is a little larger than ours.1%:1%)
At higher concentrations, dithiocyanato complex

seems to be formed gradually, because the linearity
between ¢ and (e—¢y)/[SCN-] is no longer estab-
lished.'?:16) However, the linear relationship between
e and Ade(1+K,[SCN-])/K,[SCN-]* becomes notice-
able, according to the equation

_ 1 4z(1+K,[SCN-]) ;

PS8 K, KON @
where ¢ is the apparent molar extinction coeflicient of
iron(I1I), A the deviation of the observed ¢ from hypo-
thetical ¢ which would have been obtained if no Fe-
(NCS),*+ formation occurred, and K, is defined to be
the stepwise formation constant K,=[Fe(NCS),*]/
[FeNCS2+][SCN-]. Figure 3 shows the straight line
according to Eq. (7), from whose intercept and slope
&, and K, are obtained at 25°C as follows:
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Fig. 3. Linear relation of & against Adg(1+K,[SCN-])/
K,[SCN-]2 at [HC1O,]=0.02M, u=0.10M, 25°C and 450
nm.

[Fe3+],=1.89%x10-*M
[SCN-TJo=(3.14—11.73)x 10-2u

€ = (9.4:0.5) x 10°M~-1cm-1 at 450 nm (8)
K, = (0.9740.10) x 102 M- at 25°C 9)

The dependence of K; and K, upon the dielectric
constant of the solvents is listed in Table 1, in which
the solvents are arranged in the sequence of their di-
electric constants. It is seen that the lower the di-
electric constant, the larger the stability of the com-
plex, as expected theoretically. The linear relation-
ship of log K; vs. the reciprocal of the dielectric con-
stant is roughly established.

By similar trials to determine the formation constant

TasLE 1. DEePENDENCE OF K; AND K, UPON THE DIELECTRIC CONSTANT OF SOLVENTS
Solvent Tem%e(r:ature Dct)erll:f ;:lltc log K, log K, Ref.
H,0 0.5m NaClO, 25 80 2.14 1.31 17)
H,0O 0.128 m HCIO, — 80 2.37 — 18)
209, acetone 0.1 H+ 20 71 2.43 — 19)
409, acetone 0.1 H* 20 58 2.57 — 19)
DMSO u=0.1 25 46.7 2.92 1.99 Present work
DMSO u=0.024 25 46.7 3.07 — 14)
809%, acetone 0.1 H* 20 32 3.2 — 19)
909, ether — 29.8 4.70 — 20)

14) C. H. Langford and F. M. Chung, J. 4mer. Chem. Soc., 90,
4485 (1968).

15) According to Keiko Ohnishi in our laboratory, the value of
K, determined by conductivity method is 6x10¢ M2, which is
much larger than that by spectrophotometry. The discrepancy
indicates that iron(III) ion has a widely spread ionic atmosphere
around itself with its high electric charges in low dielectric medium.
The value determined by the spectrophotometry only measures
the complex which coordinates with thiocyanate ion in the first

coordination sphere of the central ion.

16) T. W. Newton and G. M. Arcand, ibid., 75, 2449 (1953).
17) G. S. Laurence, Trans. Faraday Soc., 52, 236 (1956).

18) H. S. Frank and R. L. Oswalt, J. Amer. Chem. Soc., 69, 1321
(1947).

19) A. K. Babko and L. V. Markova, Ukr. Khin. Zh., 25, 363
(1959).

20) A. K. Babko and V. S. Kodenskaya, Zh. Obshch. Khim.,
17, 1080 (1947).
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of the Fe?+-SCN—-DMSO system, no formation of
complex species was recognized, in spite of the fact
that the formation of FeNCS+ has been found with
the equilibrium constant 7.0%+0.5 M~ by a flow tech-
nique in water.!!)

Rate Constants of Electron Transfer Reaction. Ac-
cording to McKay, isotopic exchange reactions includ-
ing such types as the present electron transfer generally
obey the rate equation?—23)

x at+b
1n<1— )_— ~ TRt (10)

in which » and x represent radioactivity at time ¢ and
infinite time f{e, respectively, and @ and b the analy-
tical total concentrations of iron(II) and iron(III),
respectively, employed in the reaction system. R is
the reaction rate. A typical linear relation of log-
(¥e—x) vs. time is drawn in Fig. 4. If the half life
of the reaction is denoted by #/, and if the reaction
is regarded as that of first order with respect to both
iron(II) and iron(III) concentrations, the apparent

second order rate constant &, , is given by
0.693
kopp = 11
= et bt )

If the reaction is of first order with respect to the indi-
vidual concentrations of both iron(II) and iron(III),
a rate equation R=k, ab is doubtlessly established,
since the arbitrary variation in both concentrations

log (%o —x)

1 1 1 1
0 100 200 300 400 500

t, sec

Fig. 4. Typical rate measurement of the reaction at 25°C.
[Fe(I1)]¢=3.69x 10~ m
[Fe(1I1)],=2.61 X105 M
[SCN-]4=2.32X10-*Mm
[HCIO,]=1x10-2m
p=0.2m

21) H. A. C. Mckay, Nature, 42, 997 (1938).

22) J. Silverman and R. W. Dodson, J. Phys. Chem., 56, 846
(1952).

23) T. Takaishi, This Bulletin, 42, 1266 (1969).
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gave a good constant £,,, as long as other conditions
of the reaction were kept unchanged, although it was
practically impossible to assure the separate con-
centration dependence of both iron(II) and iron(III)
because of experimental difficulty.

Calculation of the values of &
the method of least squares.
usually less than 59%,.

Dependence of k,,, on Acid Concentrations. Table
2 shows the dependence of £,,, on the variation of acid
concentrations in the range 6.9 x10-5—1.01 X 10-1m.
This indicates a slight but regular decrease of £,,, with
the increase of acid concentration. Acid concentration
dependence of £,,, appears to be much less than in
the case of chloride ion-catalyzed electron transfer
reaction in DMSO.?Y It might be said that £,,, is
nearly independent of the acid concentration except at
very high acid concentration.

.pp Was performed by
The probable error was

TaBLE 2. DEPENDENCE OF kj,p, UPON AGID CONCENTRATION
[SCN-]1,=3.07%x10-%m™m, £=0.2m™, 25°C

[HCIO,] [Fe(I)]ox 105 [Fe(II)lyx10°  kupp
M M M M~lsec~?!
6.9x10-5 5.27 2.77 84.9
1.4x10-* 9.67 3.36 79.6
3.4x10-* 6.63 3.85 79.5
1.03x10-3 7.28 2.06 79.2
5.15x10-3 10.32 1.68 78.8
1.00x10-2 3.86 1.46 77.3
1.01x10-1 7.77 1.14 58.5
Dependence of k,,, on SCN— Ion Concentration. The

reaction is markedly catalyzed by thiocyanate ion;
its effects on £,,, are summarized in Table 3. £,,,
is accelerated by the presence of SCN~ ion, similar as
to the case of Cl- ion.” Thus, the following three
reaction paths can be considered to represent the prin-
cipal mechanisms.

Fet+ 4 *Fed+ —» Fed+ 4 ¥Fe2+ ko (12)
Fer+ 4 *FeNCS?+ — FeNCS+ + *Fer+ ko (13)
Fe2* + *Fe(NGS),* — Fe(NGS),* + *Fe2* &, (l4)

The symbols Fe2+, Fedt, FeNCS*, and Fe(NCS)y*

in the equations stand for the individual solvated
species Fe(DMSO)g?t, Fe(DMSO)g+, Fe(DMSO),-
(NCS)2+, and Fe(DMSO),(NGCS),*, respectively, and
the rate constants for the reactions (12), (13), and (14)
are represented by kg, £,, and £, respectively. The
first five values of £,,, in Table 3 indicate that ko=
34.4 Mm~1sec! as the mean value.

Since the observed rate is the sum of the values
through the three paths, and the concentrations of the
complexes involved in the reaction are decided by
their formation constants, £,,, is written as follows:

o+ kK, [SCN-]+£, K, K,[SCN- ]
14+ K;[SCN-]+4 K, K,[SCN-]?

When the denominator in Eq. (15) is substituted into

D for simplicity, Eq. (15) can be rearranged to

(15)

Kapp =

24) G. Wada and W. L. Reynolds, “Exchange Reactions,”
I.A.E.A., Vienna (1965), p. 59.



1022

Goro Wapa, Noriko YosHizawa, and Yoko SakamoTo

[Vol. 44, No. 4

TaBLE 3. DEPENDENCE OF k,p, UPON THIOCYANATE ION CONCENTRATION
[HC1O,]=0.01M, £u=0.2 M, 25°C

[SCN-],x 10* [SCN-]x 10* [Fe(II)]o % 10° [Fe(III)], % 103 kapp
M M M M M~1lsec—!
— — 11.4 4.35 33.7
—_ — 6.68 2.71 37.7
— —_ 11.6 3.66 35.3
— — 12.0 3.91 33.5
— — 8.15 6.25 32.0

0.77 0.765 5.76 1.30 44.9
1.08 1.06 3.15 2.28 62.7
1.55 1.54 3.75 0.87 51.9
1.55 1.53 2.66 1.84 61.9
2.32 2.28 3.69 2.61 73.4
2.32 2.295 5.32 1.47 71.8
3.07 3.04 3.86 1.46 77.3
3.09 3.06 4.07 1.26 87.1
3.30 3.26 7.01 1.14 9.1
3.87 3.83 3.69 1.63 120.5
3.87 3.83 6.25 1.47 136.3
3.87 3.83 2.01 1.74 99.1
4.64 4.585 4.35 1.95 123.6
5.41 5.36 3.59 1.73 141.2
6.19 6.14 2.44 1.47 178.3
6.96 6.90 7.17 1.74 177.3
7.73 7.565 6.02 4.28 166.2
7.73 7.675 4.40 1.41 176.2
7.73 7.66 2.01 1.79 177.4
9.29 9.19 5.11 2.11 248.2
10.83 10.76 6.08 1.52

256.7

express a linear relationship between Y and [SCN-]:
_ kappD—ky

Y= seNT
The plot of Y against [SCN-] is shown in Fig. 5. The
intercept and the slope of the straight line give £, and

k, respectively, by the least squares calculation, using
the given values of K; and K,:

= kK5 + kK K,[SCN-] (16)

10

I | ]
4 6 8

[SCN-]x 104, M

Fig. 5. Linear relation of Y against [SCN-] at [HCIO]=
Q.01 M, £=0.2M, 25°C.

ky = (2.24-+0.35) X 102 M~1sec—!
ky = (2.96:0.64) x 103 M~1sec-1

(17)
(18)

Temperature Dependence of k,,, and Activation Para-
meters. At constant acid and thiocyanate ion con-
centrations, the reaction rate was measured at dif-
ferent temperatures; 20, 25, 30, and 35°C. The results
are given in Table 4. The plots of logk, and logk,
against 1/T correspond to the activation parameters
in the following:

4Hy* = 9.7+0.7 kcal/mol (19)

4H;* = 8.9+1.0 kcal/mol (20)
48y* = —19=+2 cal/deg-mol (21)
48;% = —17+3 cal/deg-mol (22)

The values of AHy* and A4S,* agree with those by
Menashi et al.®); AHy*=9.6 kcal/mol and AS,*=

TABLE 4. TEMPERATURE DEPENDENCE OF k, AND £k,
[HCIO,]=0.01M, 4=0.2m™

Tempera- [SCN-],=0 [SCN-],=3.30x10-*M
ture ko ky
°C M~1sec? M~lsec—?!
20 26.5 216
25 34.4 310
30 44.1 380
35 60.4 461
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—20 cal/deg-mol.

General  Discussion. The various elementary
rate constants at room temperature and the activation
enthalpies and entropies of the electron transfer reac-
tions between iron(II) and iron(III) uncatalyzed and
catalyzed by Cl- and SCN- ions in water and DMSO
are collected and listed in Table 5. Generally speaking,
ko, k1, and £k, in DMSO are much larger than the
corresponding ones in water, k; catalyzed by SCN-
ion is about twice as large as k; catalyzed by Cl- ion
in both solvents. So is also £, catalyzed by SCN-
ion compared to k, catalyzed by Cl- ion in DMSO,
while £, catalyzed by SCN- ion is much smaller than
k, catalyzed by Cl- ion in water.

The exchange rates of DMSO molecules between
the molecules coordinated to Co(II) or Ni(II) and the
ones in the bulk in DMSO?) and in mixed solvents
of DMSO and nitromethane?$ are known by the NMR
method. If the exchange rates in the case of iron ions
do not differ very much from those of Co(II) and
Ni(II), since the solvated species of these metal ions
are considered to be high spin complexes, the ex-
change rate constant of DMSO may be greater than
the rate constants of the electron transfer reaction £,
and k; in DMSO listed in Table 5. Langford and
Chung!®) determined the rate constant of the anation
reaction FeS3+4SCN-—FeS;(NCS)?*+S in which
S stands for DMSO by the stopped-flow method to be
67010 Mm~1sec~!, which is also greater than £, and £,
in DMSO in Table 5. Considering this with the fact
that DMSO has no hydrogen atoms which would play
an important role in the hydrogen atom transfer mecha-
nism, it is very probable that the inner-sphere mecha-
nism is the path actually occurring in the electron
transfer reaction in DMSO. Thus, the effects of the
bridging ligands appear clearly in DMSO, although
it is not the case in water, where the role of the anions
is indirect and latent when the reaction proceeds
through the hydrogen atom transfer mechanism. Re-
cently, however, Cl- and SCN- ions were found to
act as bridging anions in the inner-sphere mechanism
even in water,1V) as stated before. As a bridging ligand,
SCN- ion appears to be better than Cl- ion in both

Electron Transfer between Fe(II)-Fe(III) Catalyzed by SCN- in DMSO
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water and DMSO. A detailed discussion on the ob-
served values of the activation parameters is not pos-
sible as yet.

Appendix:  Incomplete Separation of Radioactive Pre-
cipitate. In the rate measurements, we frequently
experienced a small fraction of the radioactive iron(III)
to penetrate through filter paper into the filtrate liquid
containing iron(II), when iron(III) was coprecipitated
with aluminum hydroxide by ammonia. Thus, the
extent of the electron transfer reaction at time ¢ looked
apparently larger than the true rate, because the radio-
activity of the filtrate was larger than that purely due
to the iron(II) species only. According to preliminary
tests, however, the penetration factor of iron(III)
through the precipitate layer leaking into the filtrate,
«, was independent of the concentrations of iron(II)
and iron(III) under the present experimental condi-
tions, as long as the concentrations of aluminum ion
and ammonia were kept constant. Consequently,
the « can be easily fixed to be constant throughout
at least one kinetic run.

When radioactivity at time ¢ of iron(II), iron(III),
and total iron is represented by x, », and ¢ respectively,
then x+y is equal to ¢, where ¢ is time-independent.
Since the radioactivity of iron(III) which has leaked
into iron(II) is (¢c—x)a, the apparent radioactivity of
iron(II) at time ¢, &', is given by
(23)

In the same way, the apparent radioactivity of iron(II)
at time fw, ¥'=, is given by

¥ =x 4+ (c—x)a

(24)

In the actual plotting of Eq. (10), 1—(x"/x') is used
instead of 1—(x/x~). Then, the following ratio g
is defined by use of Egs. (23) and (24).

= l—(¥'/x'e)  (1—)¥e
1—(%/xw) ~ (l—0t)¥eo+ca

%o = Koo + (C—Xoo)

(25)

The value of f at any different time is shown to be con-
stant for a kinetic run, because f is independent of
%, %', and &', being smaller than unity (=1 only when
«=0). Thus, the linearity of log (¥'«—x') and log-
(¥eo—x) vs. time is given by

TaBLE 5. SUMMARIZED DATA OF THE Fe(II)-Fe(III) ELECTRON TRANSFER REACTION CATALYZED
By Cl- anp SCN- 1ons iN H,O anp DMSO at 25°C

Solvent  Catalyst et peiihgon AH‘i:af’ﬁngnH v "f:f}dﬁg.iff - Ref.
— 4.0 — 10.5 —20.6 — a)
H,0 { cl- — 22.89 11.0 —15 53¢) b)
SCN- — 41.5 7.9 —26 7 <)
— 34.4 — 9.7 —~19 — —
DMSO 1 cl- — 1300 5.2 —27 1.02x 103 d)
SCN- — 224 8.9 —17 2.96 % 10° —

a) S. Fukushima and W. L. Reynolds, Talanta, 11, 283 (1964).
b) N. Sutin, J. K. Rowley, and R. W. Dodson, J. Phys. Chem., 65, 1248 (1961); Ref. 22.

c¢) G. S. Laurence, Trans. Faraday Soc., 53, 1326 (1957).
d) Ref. 9.
e) Observed at 20°C.

25) S. Thomas and W. L. Reynolds, J. Chem. Phys., 46, 4164
(1967).

26) L. S. Frankel, Chem. Commun., 1969, 1254,
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(a+b)R

1 "o—x") =1 ' _

og (x x') =logx'ew + log B 2 .303ab t (26)
(a+b)R

l o0 — = 0 — T

08 (¥ —4) =log 5 — 5750070 27)

The slope of the straight line does not change even if
%' and x'« are used instead of x and x~ respectively,
whereas the intercept of the straight line is lowered

by (log x'w+log f) —log xw, since x'wft« is equal to
I—o. As a result of the lowering of the straight line,
the reaction seemingly proceeds somewhat faster than
the true reaction. Theoretically, x should be zero
at time zero, but it frequently happens that x shows
an appreciable value when time is extrapolated to zero.
This does not affect the rate constant, as long as the
leaking of iron(III) occurs by a definite factor a.




