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THE ELECTRON TRANSFER REACTION BETWEEN WURSTER'S BLUE CATION AND
N,N-DIMETHYL-FP-PHENYLENEDTANINE IN AQUEOUS SOLUTION

Akihiko YAMAGISHI
Department of Chemistry, Faculty of Science, Hokkaido University
Sapporo 060

The electron transfer reaction between Wurster's Blue cation
(14Ppt) and N,N-dimethyl-p-phenylenediamine (DNPD) in agueous
solution is investigated by the temperature-jump method. The
forward and backward rate constants of TMPDY + DKFD = TMPD +
D¥PD? are determined to be (4.2 X 2) x 10° ana (1.5 * 0.5) x 108
vt 571 at 10 2°C, respectively.

The organic radical systems have been of special interest since they present
the simplest sort of electron transfer. MNMost of the reactions studied so far
are the electron exchange between an ion radical and its parent molecule.l)
This paper reports the temperature-jump study of the electron transfer between
Wurster's Blue cation (the cation radical of N,N,N',N'-tetramethyl-p-
phenylenediamine, TVPD?Y) and N,N-dimethyl-p-phenylenedismine (DKPD) in agueous
solution.

mvppt + DNPD @ —> TVPD + DMFDY (1)

(1) Egquilibrium Measurements. The aprarent equilibrium constant defined by

Eop = [zurp], [ourntl/ [rwent] [omrpn)

is obtained by adding a known amount of DMPD.2HC1l to an aqueous TMPD101O4—
solution. Here [TMPD]t and [DﬁPD]t denote the total concentrations of THFL and
DMFPD respectively, since a part of neutral species are present as a mono-
protonated form in the investigated pH region (3 -17).

mrn + HY = V) K,

e

DEPD + HY = yPoHT 5 K

EMPDT; is calculated from the absorbance st 610 nm, using 8610 (twrpt) = 1.1 x
104.2 Both [DKPDT} and [TKPE]t are equated to the decrease of TuFDY, pH is
adjusted by sodium acetate and hydrogen chloride.

The true equilibrium constant K of reaction (1) is expressed as

K=K, (1 KD/ + g [57)
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Fig. 1. The temperature-jump
signal observed at 610 nm (TMED*
vand). [owppE*], 0.021 m, lTueD?]
1.0 x 10741, (mEost), 2.5 x 1074
¥, (owept] 2.5 x 1074 m. ('] =
6.46 x 10~° 1. 10 * 2°C.

100 Ps/div.

0.2 respectively

+ +
in which KT and K p are determined to be 106‘3 = 0.2 and 106'3 -
by titrating dihydrochloride salts with 0.02N NaOH., Since KT is almost equal
to K, the above relation is reduced to

K =K

* Sap

This is confirmed by the fact that K is indevnendent of [H+] from pH = 3 to 7.
K is determined to be 0.023 X 0.006 at 10°C. Thus the free energy change of

reaction (1) is equal to 2.0 kcal mole -1,

(2) Rate Measurements. The rate measurements are performed with a Union Giken

temperature-junp apraratus. The pseude firat order rate constant defined by

a[miEDY)

ot _
A[TI;}.VPD )/at = Ko

is obtained from the change of transmittance at 610 nm (TMPD'-F band) after the
depends linearly on the reciprocal of [H+] as
is most likely to be

temperature jump (Fig. 1). Kops

shown in Fig. 2. The observed ut dependence of kobs
interpreted by the assunption that the protonated forms of TMFD and INFD are
both inactive in electron transfer, so that the reaction proceeds only through
the neutral form. Under this assumption k obs is expressed in terms of the
forward and backward rate constants of reaction (1) (k and X) as below.

Kopg = (%/ [y ([mwen?] )+ [omeoE®] ) + (%/[8%1kg) ([zmppE®] | + [oumen?] ),

where [ ] denotes the equilibrium concentration of each species after the
temperature rise. In derviving the above equation, it is assumed that [TMPDH+]
and [D&PDH+]e are present in large excess over [TMPD]e and [DMPD]e, respectlvely.
Again, setting KD = KT' this equation is reduced %o

ko = (K [H+]KT){K( [wep*], + [owepr*] ) + [mpE*)  + [pwEpt] )},

where K = k/k is introduced. This expression agrees with the linear dependence

of kobs on 1/(HY] as exhibited in Fig. 2. Figure 3 shows that kobs (H*) increases
linearly with the quantity, K([TMPDF]  + [W&PD:I*] ) + [TMDH*] + [DxpD¥l,  Prom
the slope of the straight 11ne, i3 and k are determlned to be
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Fig., 2. The dependence of k

+ . obs
on [H"). [omPDH ]e 0.019 I,
[mPpt], 6.5 x 1077u, [muEDE*]
1.7 x 1074, ana [mFD*], 1.7 x
107%. 10 * 20,

3 4 5 6

“Logiu™] (1)

Fig., 3. The dependence of k

‘ obs’
8 L 10~2 [H+] on the gquantity, K([TM}D?je
+ [pWEDH'T ) + [TMPDHY] +
} [puED¥] . pH 4.49 - 4.57.
a0 10 * 20C,
IU}
4
—
R
10}
2 2
X
0 1 3
1) 5 10 x 10-4
K( [TMPD'-"]e+ [PrEDHT) ) + [TMPDH"'Je + [oweDt] (M)
e~
k = (4.2 % 2) x 100yt 1
%= (1.5 % 0.5) x 108 y1 1 at 10 * 2°C,
kobs is independent of the concentration of sodium acetate from 0.033 M to

0.33 ¥, This excludes the possibility that the overall rate is determined by
the proton transfer of either TEFD or UNPD,

It should be noted that k which corresponds to the negative free energy
change of the reaction is more than one order below the diffusion controlled
limit, ca. 1010 y1 -1

. The electron exchange reactions (2) and (3) were pre-
viously studied by the ISR method.3—5)

p— S
TMFPD* + TI'FD =

3
w3

e

N
IFD 4+ THPD ¥ 3k, (2)

- + S —_ S p—
TMFDT 4+ UNED S DMED + DEPD T 5 kg (3)
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k, is reported to be (2.1 * 0.8) x 108 w1 571 in water 3) and (2.0 * 1.0) x
108 or (1.0 * 0.2) x 10?9 L s71 in acetonitrile.4?5) ky is (7.5 % 0.8) x 108
M'l s"l in acetonitrile.S) Comparing the present result to these values, it is
concluded that in the electron transfer of the substituted p-phenylenediamine
cation system, there exists a certain activating process which makes the rate
constant smgller than a diffusion controlled one. This circumstance is different
from the reactions between the anion radical of tetracyanocquinodimethane and
substituted p—benzoquinones.6 In the latter case, the rste constant correspond-
ing to the negative free energy change of the reaction is always close to a
diffusion controlled one. The effect of solvents and molecular structures on
the electron transfer rate will make clear the nature of the activating process
in the present system. The results of further studies will be reported soon.
The author thanks Frofessor Masatoshi Fujimoto for his continuous
encouragement and Dr. Mitsuyuki Soma for his valuable suggestions. This work
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