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bstract

Continuous and laser photolysis studies of (CH3)2As(III)I were carried out in methanol solutions. The photoproduct obtained with the continuous
hotolysis of the aerated solutions was identified as {(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−] by X-ray crystallography. The laser flash
hotolysis of (CH3)2As(III) I in a degassed methanol gives a transient spectrum of dimethylarsine radical, (CH3)2As(III)•, with a broad peak centered
round 560 nm. The arsinous radical, (CH3)2As(III)•, decays according to second order kinetics to regenerate (CH3)2As(III)I. In the presence of

(III)• (III) • 9 −1 −1
xygen, (CH3)2As reacts with oxygen to yield the peroxy radicals, [(CH3)2As (O2)] with the bimolecular rate constant, 2.0 × 10 M s .
he peroxy radical having weak and broad absorption in the wavelength region λ > 500 nm decays according to first order kinetics with a rate
onstant 5.0 × 105 s−1. It is suggested that the peroxy radical unimolecularly converts to (CH3)2As(V) (O)O•, which eventually turns to the product
(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−].
2007 Elsevier B.V. All rights reserved.
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. Introduction

In recent decades, much attention has been paid to the
ffects of inorganic arsenics on generation of human cancers [1].
lthough there is limited evidence of inorganic arsenic-induced

ancer in experimental animals, epidemiological surveys clearly
upports the view that inorganic arsenics are the carcinogens for
kin, lung and urinary bladder [2]. The effects of inorganic arsen-

cs in mammals, however, are very complex. In 1997, arsenic
rioxide was found to have anticancer activity [3–5]. The treat-

ent of patients of acute promyelocytic leukemia, APL, with
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rsenic trioxide at a low dose rate possibly causes the induc-
ion of apoptosis and degradation of oncogenic promyelocytic
eceptor alpha fusion protein in APL cells [6–10].

Metabolic processes of inorganic arsenics have been well
nvestigated. As(III) and As(V) taken in mammals are initially

etabolized to methanearsonic acid, CH3As(V)O(OH)2, and
ventually dimethylarsinic acid, DMA, (CH3)2As(V) O(OH)
11–13]. The metabolite DMA partly suffers further metabolic
rocesses before excretion in urine to yield highly toxic dimethy-
arsine, (CH3)2As(III)H [14,15].

Previous studies have shown that in vivo and in vitro exposure
f DMA induces genetic damages: DNA strand breaks [15–18],
ross-linking between DNA and nuclear proteins [19], and DNA

odifications [20]. Oral administration of DMA to mice exhibits

umorigenic actions in any step of the initiation, promotion
nd progression [21–24]. One of the key intermediates respon-
ible for genetic damage and tumorigenesis is suggested to
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dx.doi.org/10.1016/j.jphotochem.2007.10.002
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e dimethyarsenic peroxy radical [14]. The peroxy radical is
ostulated to be produced by oxidation of (CH3)2As(III)H at
ung and skin. In consideration for these results, International
gency for Research on Cancer (IARC) has evaluated that there

s sufficient evidence for carcinogenicity of DMA in animals
2].

In this context, we have studied the chemical properties
f dimethylarsenic peroxy radical formed by the reaction
etween the dimethylarsine radical, (CH3)2As(III)• and oxygen.
he dimetylarsine radical was produced by the photochemical
ecomposition of (CH3)2As(III)I.

. Experimental

Dimethylarsinous iodide, (CH3)2As(III)I, was prepared and
urified according to literature [25]. Reagent grade methanol
thanol, acetonitrile and toluene from Wako Pure Chem. Co. Ltd.
ere used as supplied. N,N′-tetramethyl-p-phenylenediamine,
MPD, from Aldrich Chem. Co. Inc. was purified by subli-
ation under reduced pressure. The cation radical of TMPD,
MPD+•, was obtained by oxidation of TMPD in methanol with

odine. The molar absorption coefficient of TMPD+• in methanol
as determined as 1.25 × 104 M−1 cm−1 at 610 nm by titration
f TMPD with iodine.

Optical and ESR spectra were recorded on a Shimazu
PS 5000 and Jeol JES TE 200, respectively. The concen-

rations of oxygen in methanol solutions were determined
rom the gas pressure measured by a mercury and the Bunsen
bsorption coefficient, 0.227, of oxygen in methanol at 298 K
26].

Laser photolysis studies were carried out with a Nd-
AG laser (JK Lasers, Ltd.) equipped with second, third
nd fourth harmonic generators. The energy and dura-
ion of the 355 nm laser pulse are ca. 50 mJ/pulse

nd 20 ns, respectively. The detection systems of the transient
pectra have been described elsewhere [27].

�-Ray irradiation was performed with a 0.6 kCi 60Co source
t a dose rate of 25 kGy h−1. Sample solutions in optical and ESR
uartz cells were rapidly frozen and plunged in liquid nitrogen
uring the course of irradiation. The total dose absorbed by sam-
les was ca. 12 kGy. In order to remove trapped electrons, the
rradiated samples were photobleached by a 200 W tungusten
amp with a cutoff filter (λ > 450 nm) prior to optical and ESR
easurements.
Continuous photolysis of (CH3)2As(III)I in aerated methanol

as made by a 250 W mercury lamp (Ushio 250 D) with a cutoff
lter (λ > 350 nm), which is used to avoid photolysis of solvents.

[
P
[
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. Results and discussion

.1. Photochemical product from (CH3)2As(III)I

An aerated methanol solution (50 cm3) of 3.0 × 10−3 M
CH3)2As(III)I in a quartz vessel was irradiated with the mer-
ury lamp for 6 h under stirring. The solution was exposed to
ir during the course of the photoreaction. The light yellow-
sh solution gradually turned deep yellow with the irradiation
ime. The photoproduct is soluble in methanol. After the
ompletion of the photoreaction, the solvent methanol in the
eaction mixture was distilled off under reduced pressure.
he brown viscous liquid, thus obtained, was dissolved in
hloroform. The addition of ether on the surface of the chlo-
oform solution gives deep brown plate crystals. After filtration,
hese crystals were subjected to the X-ray structure determi-
ation and the chemical analysis. The elemental analysis of
he photoproduct is in good agreement with the molecular
tructure {(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−].
nal. Found: C; 9.13; H, 2.69; I, 47.35; As, 28.13. Calcd. for
(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−]: C, 9.06;
, 2.79; I, 47.85; As, 28.25. The yield of the photoproduct is ca.
3%.

The continuous photolysis of (CH3)2As(III)I in aerated ace-
onitrile, ethanol, and toluene gives the photoproduct identical
ith that obtained in aerated methanol.
Crystallographic measurements of the deep brown crystals

ere made on a Rigaku RAXIS-IV diffractometer with Mo
� radiation. Details of the X-ray structure analysis are sum-
arized in Table 1. CCDC deposition codes are 635597 for

(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3
−].

Fig. 1 shows the crystal structure of the pho-
oproduct projected along the axis determined by
-ray crystallography. The molecule is expressed as
(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−], in
ood agreement with the data of chemical analysis.

Two hydrogen bonds bridge three dimethylarsinic acid
olecules. The (CH3)2As(V)(OH)2}+ moiety in the product has
twofold rotational axis symmetry and I3

− ion has a center of
ymmetry. Fig. 2 shows the packing arrangement looking down
he b axis. The hydrogen bonds, O(1)· · ·O(2), O(1)b· · ·O(2)b,
(1)c· · ·O(2)c, O(1)d· · ·O(2)d, are equal in bond lengths, the
alue being 2.511(4) Å. These hydrogen bonds are connected
long the a and c axis directions, making two dimensional net-
ork. In Table 2 are listed the selected bond lengths and angles.

Earlier X-ray crystallographic studies carried out for

(Ph3AsO)2H]+[I3
−] have shown that one proton binds two

h3As O by hydrogen bonding [28]. There are two types of
(Ph3AsO)2H]+[I3

−] in the unit cell. The I(1)–I(2) and I(2)–I(3)
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Fig. 2. The packing arrangement of the crystal looking down the b axis.

Table 2
Selected bond length (Å) and angles (◦)

Atom Atom Distance Atom Atom Distance

I(1) I(2) 2.9276(3) I(1) I(2)a 2.9276(3)
As(1) O(1) 1.700(3) As(1) O(1)b 1.700(3)
As(1) C(1) 1.896(4) As(1) C(1)b 1.896(4)
As(2) O(2) 1.673(2) As(2) O(3) 1.706(3)
As(2) C(2) 1.898(5) As(2) C(3) 1.897(4)

Atom Atom Atom Angle Atom Atom Atom Angle

I(2) I(1) I(2)a 180.0 O(1) As(1) O(1)b 109.7(2)
O(1) As(1) C(1) 110.1(2) O(1) As(1) C(1)b 104.5(2)
ig. 1. The crystal structure of the photoproduct
(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3−], projected along the
xis determined by X-ray crystallography.

ond distances in the [I3
−] moiety are, respectively, 2.940(2)

nd 2.954(1) Å for one type of [(Ph3AsO)2H]+[I3
−], and those

or another type of [(Ph3AsO)2H]+[I3
−], 2.903(2) and 2.890(2)

˚ . The I–I distance of the photoproduct is in between those of
he two types of [(Ph3AsO)2H]+[I3

−].
The two types of [(Ph3AsO)2H]+[I3

−] have the As O bond
istances different each other: one has 1.666(7)/1.685(7) Å, and
nother, 1.667(8)/1.674(10) Å. On the other hand, the As O
nd As–O bond distances of the photoproduct are, respectively,
.673(2) and 1.700(3)/1.706(3) Å, indicating that the As O
ond distance is very close to those of [(Ph3AsO)2H]+[I3

−].
The bond angle, I(1)–I(2)–I(3), in I3

− of the photoproduct
s 180◦. The configuration around each arsenic atom is almost
etrahedral as in the case of DMA, (CH3)2As(V)O(OH) [29].

As demonstrated above, the continuous photol-
sis of (CH3)2As(III)I in aerated methanol gives

(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−]as
he photoproduct. The brown color of the photoprod-
ct originates from the I3

− ion. The high yield of the

able 1
-ray data collection and processing parameters

hemical formula C6H22As3I3O6

ormula weight 795.71
pace group Pbcn(60)
/Å 5.5772(3)
/Å 21.884(2)
/Å 17.112(2)
/Å3 2088.6(3)

4
/◦C −60.0
/Å 0.71073
(calc)/g cm−3 2.530
/cm−1 9.221
a 0.0338

w
b 0.0988

a R = �||Fo| − |Fc||/� |Fo|.
b Rw = [Σ(w(F2

o − F2
c )

2
)/Σw(F2

o )
2
]
1/2

.

O(1)b As(1) C(1) 104.5(2) O(1)b As(1) C(1)b 110.2(2)
C(1) As(1) C(1)b 117.7(2) O(2) As(2) O(3) 110.2(2)
O(2) As(2) C(2) 111.0(2) O(2) As(2) C(3) 109.4(2)
O(3) As(2) C(2) 102.3(2) O(3) As(2) C(3) 109.1(2)
C(2) As(2) C(3) 114.6(2)

p
i
{
t
t
m

3

w
w

a −X, −Y, −Z.
b −X, Y, −Z + 1/2.

hotoproduct (ca. 93%) indicates that (CH3)2As(III)I
n the aerate methanol solution mostly converted to
(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−] by
he continuous photolysis. On the basis of the structure of
he product, the photoreaction of (CH3)2As(III)I in aerated

ethanol is presumably expressed as

(CH3)2AsI +2H2O + 2O2
hv−→[{(CH3)2As(V)(OH)2}+

{(CH3)2AsO(OH)}2][I−3 ] (1)
here H2O comes from ambient air and the solvent methanol
hich contains ca. 0.1% H2O.
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A degassed methanol solution of (CH3)2As(III)I was irradi-
ted with the mercury lamp for 6 h. However, no photochemical
ecomposition of (CH3)2As(III)I was detected.

.2. Dimethylarsine radical

The structure of the photoproduct from (CH3)2As(III)I in aer-
ted solutions suggests that the photolysis initially undergoes the
ssion of the As–I bond. Earlier ESR studies have confirmed

hat the photolysis of dialkylarsinic halides at 77 K yields the
ialkylarsine radicals by the homolytic cleavage of the As–X
X = halogen atom) bond [30,31].

The ESR spectra of dialkylarsine radicals have been well
tudied. However, the optical absorption spectra have not yet
een reported. We have carried out �-radiolysis of ethanol
olutions of (CH3)2As(III)I at 77 K to measure the absorption
nd ESR spectra of dimethylarsine radical, (CH3)2As(III)•, at
7 K.

Fig. 3A shows the ESR spectrum observed at 77 K for an
thanol solution of 1.0 × 10−2 M (CH3)2As(III)I after �-ray
rradiation for 30 min. The spectrum exhibits four hyperfine
ines due to the arsine radical. The g-value and the hyperfine
oupling constant of the parallel component are obtained as
II = 2.002 ± 0.001 and AII = 242 ± 5 G. The perpendicular com-

onents are supposed to be hidden beneath the strong absorption
f the solvent radical concomitantly produced by �-radiolysis.
he (CH3)2As(III)• radical is formed by the following reac-

ig. 3. The ESR (A) and the optical absorption (B) spectra observed for an
thanol solution of 1.0 × 10−2 M (CH3)2As(III)I after �-ray irradiation for 30 min
t 77 K. The strong central lines in (A) are due to the solvent radicals produced
y �-ray irradiation at 77 K.
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ions:

(2)

H3CH2OH+• +CH3CH2OH → CH3ĊH OH

+CH3CH2 OH2
+ (3)

CH3)2As(III)I + e−• → (CH3)As•· · ·I− (4)

Ionization of ethanol by �-ray irradiation produces electrons
nd the ethanol cation radicals. According to Eq. (3), the cation
adicals take place the ion-molecular reaction at 77 K to yield
thanol radicals and protonated ethanol molecules. The elec-
rons produced by Eq. (2) react with (CH3)2As(III)I, resulting
n the formation of (CH3)2As(III)• and I− by dissociative elec-
ron attachment [32]. Because of the high viscosity of ethanol at
7 K, iodide ion, I−, is probably located nearby (CH3)2As(III)•.

Fig. 3B shows the absorption spectrum observed for the
-irradiated ethanol solution of 1.0 × 10−2 M (CH3)2As(III)I
t 77 K. Since, before irradiation, the ethanol solution of
CH3)2As(III)I has no absorption at the wavelengths longer than
00 nm, the absorption band located at 560 nm is best ascribed to
CH3)2As(III)•. It is confirmed that the absorbance at 560 nm and
he ESR signal intensity concurrently increase with an increase
n the �-irradiation time.

.3. Laser photolysis of (CH3)2As(III)I

The laser photolysis studies have been carried out for eluci-
ation of the photochemistry of (CH3)2As(III)I in degassed and
erated methanol solutions. Fig. 4 shows the transient absorp-
ion spectra observed for the degassed methanol solution of

.0 × 10−2 M (CH3)2As(III)I at 30 ns, 2, 10 and 100 �s after the
55 nm laser pulse. From Fig. 4, it is concluded that the tran-
ient spectrum at 30 ns is composed of two absorption bands:
ne is located around 560 nm and the other, λ < 420 nm. The

ig. 4. The transient absorption spectra observed for a degassed methanol solu-
ion of 1.0 × 10−2 M (CH3)2As(III)I after the 355 nm laser pulse: (1) 30 ns, (2)
�s, (3) 10 �s and (4) 100 �s. The insets are the oscilloscope traces monitored
t 420 and 560 nm.
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ong wavelength band around 560 nm is very similar to that
f (CH3)2As(III)• produced by �-radiolysis of (CH3)2As(III)I in
thanol at 77 K. The time profiles of the absorbance change
bserved at 420 and 560 nm are shown in the insets of Fig. 4.
he 560-nm band decays according to second order kinetics,
nd disappears within 10 �s after the pulse: the value of the
pparent bimolecular rate constant, kbi/ε560 nm, measured at
60 nm is obtained as kbi/ε560 nm = 1.6 × 107 cm s−1. We con-
ider that the transient having the absorption band around 560 nm
s ascribed to (CH3)2As(III)•. The photochemical formation
f (CH3)2As(III)• from (CH3)2As(III)I in degassed methanol is
escribed as

CH3)2As(III)I
hv−→(CH3)2As(III)• + I (5)

CH3)2As(III)• + I → (CH3)2As(III)I (6)

Dimethylarsine radicals are produced by homolytic cleavage
f the As–I bond in (CH3)2As(III)I. Here we consider that the
ajor pathway returning to the parent molecule is the recombi-

ation reaction of (CH3)2As(III)• and I.
Dimethylarsine radicals produced by homolytic cleavage of

he As–I bond in (CH3)2As(III)I recombine with iodine atoms,
eturning to the parent molecule as represented in Eq. (6).

The decay profile of the absorbance at 420 nm is found to be
ifferent from that at 560 nm. It seems that the decay measured at
20 nm shown in the inset of Fig. 4 is composed of two species:
he faster and the slower decay component. Although the slower
ecay component is not identified, the faster decay component is
ossibly ascribed to (CH3)2As(III)•. On the assumption that the
aster and slower components decay according to second order
inetics, the absorbance D(t) at 420 nm is represented as

(t)=D(t)f+D(t)s = (kf/ε420 t + α)−1 + (kf/ε420 t + β)−1 (7)

Here, D(t)f and D(t)s are the absorbances of the faster and
he slower decay components at time t after the laser pulse,
espectively. kf/ε420 and ks/ε420 are, respectively, the apparent
imolecular rate constants of the faster and the slower decay
omponent, and α = [D(0)f]−1 and β = [D(0)s]−1.

The values of kf/ε420 and ks/ε420 were determined as
f/ε420 = 1.7 × 107 cm s−1 and ks/ε420 = 8.0 × 104 cm s−1 from
he curve fitting of the decay profile of the absorbance at 420 nm
ith the use of Eq. (7) and the least squares fitting program. The

ormer value, kf/ε420 = 1.7 × 107 cm s−1, is in good accord with
bi/ε560 obtained from the decay analysis at 560 nm, indicating
hat ε420 is close to ε560.

The spectrum of the faster decay component (CH3)2As(III)•
an be obtained by subtracting the transient spectrum measured
t 10 �s from that at 30 ns. Fig. 5 shows the difference spectrum
hus obtained. The spectrum is moderately in good agreement
ith that of (CH3)2As(III)• shown in Fig. 3B. From Fig. 5, it

s found that the molar absorption coefficient of (CH3)2As(III)•
t 420 nm is almost identical with that at 560 nm, in agreement
ith results of the decay analysis of (CH3)2As(III)• mentioned
bove.
Earlier ESR studies have shown that low temperature

hotolysis of (CH3)2As(III)I gives the dimethylarsine radical,
CH3)2As(III)•, and the cation radical, {(CH3)2As(III)I}+•, The

e
t
t
f

ig. 5. The difference spectrum obtained by subtracting the transient spectrum
bserved at 10 �s from that at 30 ns.

nidentified slower decay component with an absorption band
round 400 nm observed by the laser photolysis could be due to
he cation radical, {(CH3)2As(III)I}+•, produced by photoion-
zation of (CH3)2As(III)I in methanol.

According to Eq. (5), photolysis of (CH3)2As(III)I results
n the formation of atomic iodine, I. We have carried out the
aser photolysis of molecular iodine, I2, in toluene to measure
he absorption spectrum of I: photolysis of I2 gives I [33]. The
55 nm laser photolysis of I2 in toluene affords a weak and broad
bsorption band around 500 nm, which disappears according to
econd order kinetics. Since the transient spectra in Fig. 4 does
ot exhibit the absorption band ascribable to I, we assume that
he weak absorption band of I liberated from Eq. (2) is hidden
eneath the transient spectra of (CH3)2As(III)• taken after the
aser pulse.

Laser photolysis of (CH3)2As(III)I in aerated methanol
as carried out with an aim to understand the reac-

ion mechanism for the formation of the photoproduct,
(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−], isolated
y the continuous photlysis. Fig. 6 shows the transient absorp-
ion spectra observed for an aerated methanol solution of
.0 × 10−2 M (CH3)2As(III)I after the 355 nm laser pulse. The
ransient spectrum detected at 30 ns after the pulse is in good
greement with that observed in the degassed methanol solu-
ion. From this result, we conclude that the initial photochemical
vents of (CH3)2As(III)I in an aerated solution are the same as
hose in a degassed system.

The insets in Fig. 6 show the decay profiles of the 560 and
00 nm absorbances. With an increase in time, the absorbance
t 560 nm disappears within 4 �s after the pulse. The 700 nm
and exhibits the biphasic decay: the faster decay observed
ithin 2 �s and the slower decay later than 2 �s after the pulse.
e consider that the decay of the 560 and 700 nm band is

(III)•
xplained by assuming that (CH3)2As produced by pho-
olysis of (CH3)2As(III)I in aerated methanol reacts with oxygen
o yield the intermediate, (CH3)2As(III)(O2)• which undergoes
urther decay. The decay of the 560 nm absorbance is principally
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Fig. 6. The transient absorption spectra observed for an aerated methanol solu-
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ion of 1.0 × 10−2 M (CH3)2As(III)I after the 355 nm laser pulse; (1) 30 ns, (2),
00 ns (3), 10 �s (4), 50 �s and (5) 500 �s. The insets are the oscilloscope traces
onitored at 560 and 700 nm.

scribed to (CH3)2As(III)•. However, the absorbance change at
00 nm is due to the sum of the decay of (CH3)2As(III)• and the
ormation and decay of (CH3)2As(III) (O2)• concomitantly pro-
uced by the reaction of (CH3)2As(III)• and O2. The transient
pectrum observed at ca. 2 �s after the decay of (CH3)2As(III)•
s assumed to be ascribed to the peroxy radical, (CH3)2As(III)

O2)•, which is supposed to be intramolecularly transformed to
CH3)2As(V) (O)O•.

CH3)2As(III)• + O2
k1[O2]−→ (CH3)2As(III)(O2)• (8)

CH3)2As(III) + (O2)• k2−→(CH3)2As(V)(O)O• (9)

Thus, the faster and the slower decay of the 560 and 700 nm
ands are, respectively, ascribed to Eqs. (7′) and (8). With the
se of Eqs. (8) and (9), the rate equations for (CH3)2As(III) and
CH3)2As(III) (O2)• are formulated as

−dA

dt
= k1[O2]A (10)

dB

dt
= k1[O2]A − k2B (11)

here A and B stand for the concentrations of (CH3)2As(III)•
nd (CH3)2As(III) (O2)•, respectively. Eqs. (10) and (11) are
ransformed to

A = A0 exp(−k1[O2]t) (12)

= k1[O2]A0

k2 − k1[O2]
{exp(−k1[O2]t) − exp(−k2t)} (13)

Here A0 is the concentration of (CH3)2As(III)• at t = 0.
Thus, the absorbance of the transient spectrum at λ, D(λ) is
ritten as

D(λ) = εA(λ)A + εB(λ)B = εA(λ)A0 exp(−k1[O2]t)

+k1[O2]εB(λ)A0

k2 − k1[O2]
{exp(−k1[O2]t) − exp(−k2t)} (14)

t
o

c
l

Fig. 7. The plots of k1[O2] and k2 against [O2] (see text).

here εA(λ) and εB(λ) are the molar absorption coefficients
f (CH3)2As(III)• and (CH3)2As(III) (O2)• at the wavelength λ,
espectively.

The decay analysis of (CH3)2As(III)• monitored at 560 nm
as carried out by using Eq. (14) with ε≡(560 nm) = 0 and a least

quares fitting program. The rate constants, k1[O2], were deter-
ined by changing the concentration of oxygen in methanol.
s shown in Fig. 7, the plot of k1[O2] vs. [O2] gives a straight

ine. The slope of the line affords k1 = 2.0(±0.2) × 109 M−1 s−1.
he k2 value is obtained from the decay analysis of the 700 nm
and with the use of Eq. (14), the k1 value obtained above, and
he least squares fitting program. The rate constant was deter-

ined as k2 = 5.0 (±1.0) × 105 s−1. As represented in Fig. 7,
his value is independent of [O2] in the concentration range
.2 × 10−4 M < [O2] < 8.4 × 10−3 M.

The time profile of the absorbance at 420 nm was much com-
licated: both the rise and the decay were observed after the
aser pulse. Since the rise time in the time profile of the 420 nm
bsorbance is close to the decay time of the 560 nm band, the
ise of the absorbance at 420 nm is assumed to be, at least in
art, due to the formation of (CH3)2As(III) (O2)• by oxidation of
CH3)2As(III)•. The decay at the 420 nm absorbance was found
o be approximately expressed as a sum of the two exponen-
ial functions of time: the faster decay component has the rate
onstant of 3.0 × 105 s−1, and the slower one, 1.2 × 104 s−1,
espectively. The former value is moderately close to the decay
ate constant of (CH3)2As(III) (O2)• as obtained from the decay
nalysis of the 520 nm band.

As represented in Eq. (1), three (CH3)2As(III)I, two O2, and
wo H2O molecules are necessary to yield the final photoproduct.
he initial event, however, is considered to be the photodissocia-

ion of the As–I bond in (CH3)2As(III)I followed by the oxidation
f (CH ) As(III)•.
3 2

The photoproduct from (CH3)2As(III)I in aerated methanol
onsists of three dimethylarsinous acid and one HI3. The
aser photolysis studies indicate that the transients observed
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fter the laser pulse are (CH3)2As(III)• and the uniden-
ified intermediate, which is tentatively assumed to be
(CH3)2As(III)I}+•. Taking account of the fact that the yield
f the photoproduct in aerated methanol is ca. 93%, we
onsider that, although not quantitative, both (CH3)2As(III)•
nd the unidentified intermediate are oxidized by oxygen,
ventually leading to the formation of the photoproduct,
(CH3)2As(V)(OH)2}+{(CH3)2As(V)O(OH)}2][I3

−].
The kinetic analysis studies of the transient spectra of

CH3)2As(III)I in aerated methanol indicate that the reac-
ion of (CH3)2As(III)• and oxygen gives the peroxy radical,
CH3)2As(III)(O2)•, which undergoes intramolecular trans-
ormation to yield (CH3)2As(V)(O)O•. We suppose that
CH3)2As(III) (O2)• and (CH3)2As(V)(O)O• play a key role
n cancer generation by arsinous compounds in vivo. In
rder to examine whether or not both (CH3)2As(III)(O2)• and
CH3)2As(V)(O)O• are the oxidizing reagents [34], the laser
hotolysis studies of (CH3)2As(III)I in an aerated methanol
olutions containing N,N′-tetramethyl-p- phenylenediamine,
MPD, were carried out. It is known that one-electron oxida-

ion of TMPD results in the formation of the blue cation radical,
MPD+• [35]. However, we could not detect TMPD+• after

he laser pulse, suggesting that the photochemical oxidation
roducts from (CH3)2 As(III)I in aerated methanol are unable
o oxidize TMPD.

During the course of this study, we found that blue TMPD+•
s readily bleached by irradiation of (CH3)2As(III)I in aerated

ethanol. This finding suggests that the transient oxidation
roduct from(CH3)2As(III)I reacts with TMPD+•, leading to the
ecomposition of TMPD+•. A possible candidate of the tran-
ient oxidation product is the superoxide anion radical, which
an reduce TMPD+• to TMPD.

MPD+• + O−
2

• → TMPD + O2 (15)

However, regeneration of TMPD was not found in the irra-
iated solution, indicating that the super oxide anion radical is
ot responsible for the bleaching of TMPD+•

We assume that the peroxy radical, (CH3)2As(III)(O2)•,
leaches TMPD+•:

MFD+• + (CH3)2As(III)O2
• kc−→bleached adduct (16)

From Eqs. (9) and (16), the rate equations for
CH3)2As(III)O2

• and TMPD+• are represented as

−d[(CH3)2As(III)O2
•]

dt
= kc[TMPD+•][(CH3)2As(III)O2

•]

+k2[(CH3)2As(III)O2
•] (17)

−d[TMPD+•]

dt
= kc[TMPD+•][(CH3)2As(III)O2TMPD+•]

(18)
hen [TMPD+•] � [(CH3)2As(III)O2
•], the concentration of

MPD+• is approximately invariable during the bleaching of
MPD+• by (CH3)2As(III)O2

•. Thus, the following equation is

p
t
T
t

ig. 8. The plot of kd against the concentration of TMPD+•. The inset is the
scilloscope trace observed at 610 nm.

btained.

D = �D0{1 − exp(−kobsdt)} (19)

here �D and �D0 are the absorbance changes at time t and at
n infinite time, respectively, and kobsd is expressed as

obsd = kd[TMPD+•] + k2. (20)

In the present study, the concentrations of TMPD+• used are
.0 × 10−4 M < [TMPD+•] < 6.2 × 10−4 M. It was found that,
hen [TMPD+•] > 1.0 × 10−4 M, the amount of the photo-
leached TMPD+• after the pulse is less than 15% of the initial
oncentration of TMPD+•. The inset in Fig. 7 shows the time
rofile for the bleaching of TMPD+• monitored at 610 nm. The
ecay of the 610-nm absorbance was well represented by Eq.
18): the rate constants, kobsd, are determined from Eq. (19) and
he least squares fitting method.

Fig. 8 shows the plot of the rate constant, kobsd, represented
s a function of the initial concentration of TMPD+•. The plot
ives a straight line.

The slope of the line gives the bimolecular rate constant,
d = 2.7 × 109 M−1 s−1, and the intercept, k2 = 5.6 × 105 s−1.
he value of k2 is very close to that previously determined from

he decay analysis of the 700 nm band of the transients detected
y the laser photolysis of (CH3)2As(III)I in aerated methanol. On
he basis of these results, it is suggested that the transient oxida-
ion product responsible for bleaching of TMPD+• is ascribed
o (CH3)2As(III)(O2)•.

We tried to separate and identify the decomposition products
ielded by photolysis of (CH3)2As(III)I in aerated methanol con-
aining TMPD+•. Unfortunately, the products were the viscous
olymers and the identification cannot be made. Presumably,

he addition product formed between (CH3)2As(III)(O2)• and
MPD+• suffers further oxidation in aerated methanol, leading

o the bleaching of TMPD+•.
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. Conclusions

Continuous and laser photolysis studies of (CH3)2As(III)I
evealed that the As–I bond in (CH3)2As(III)I is photodissoci-
ted to yield the (CH3)2As(III)• radical. In aerated methanol, the
CH3)2As(III)• radical readily reacts with oxygen with the rate
onstant, k1 = 2.0 (±0.2) × 109 M−1 S−1, resulting in the for-
ation of the peroxy radical, (CH3)2As(III)(O2)•. The peroxy

adical is unimolecularly transformed to (CH3)2As(V)(O)O• rad-
cal with the first order rate constant, k2 = 5.0 (±1.0) × 105 s−1.
he present result shows that (1) both (CH3)2As(III)(O2) • and

CH3)2As(V)(O)O• in methanol are unable to oxidize TMPD and
2) (CH3)2As(III)(O2)• has a high reactivity toward TMPD+•,
esulting in the bleaching of TMPD+•.
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