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Photocyanation of phenanthrene takes place via
excited singlet state in the presence, but via the
excited triplet state in the absence of an electron
acceptor in the acetonitrile solutions. The phe-
nomena observed by laser flash photolysis in
presence and absence of the electron acceptor
dicyanobenzene, and cyanide anion, are pre-
sented by a scheme involving the formation of
transient ionic complexes and free cation radicals
of phenanthrene. An absorption at about 420 nm
observed in the presence, and at high concentra-
tion of phenanthrene, in the absence of the
electron acceptor, is attributed to a cation radical
of phenanthrene. The free-energy changes in-
volved in electron-transfer processes are dis-
cussed.

In our previous studies ™ of photocyanation of
phenanthrene in anhydrous acetonitrile we
observed ! that the main product is 9-cyanophen-
anthrene. The presence of an oxidizing agent
(O,) was essential for product formation. The
maximum rate of the reaction was achieved at
small concentration of oxygen and the rate was
linearly proportional to the square of the intensi-
ty of the absorbed radiation. One of the tran-
sients observed ? by flash photolysis decayed by
second order kinetics forming another transient,
the absorbance of which was proportional to the
square of the intensity of the exciting light.

In the presence of an electron acceptor,
dicyanobenzene (DCB), the rate of photocyana-
tion of naphthalene and biphenyl increased ~ with
increasing DCB concentration in 1:1 water—
acetonitrile. We observed,* that the rate of
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reaction both in the presence and absence of
DCB in anhydrous acetonitrile and in 1:1 water-
acetonitrile again was linearly proportional to the
square of the intensity of the absorbed radiation.

Furthermore, we found* that the mechanism
valid for the phenanthrene reaction in dry aceto-
nitrile > was applicable to the reactions® of
naphthalene and biphenyl in 1:1 water—acetoni-
trile. The experimental data can be explained by
the following reactions (Scheme 1).

I
ArH — ArH*
AH* — X+X'
X+X' — Y
Y — Product

Scheme 1.

In Scheme 1 ArH is the reactive hydrocarbon,
ArH?* is its excited state (singlet or triplet) and
X, X' and Y are transients. For this type of

reactions a modified quantum yield was
defined:™*
0.87wgd® 0.87 ¢d (1)
(B-BD  (I.+1)s[ArH]

where ¢ is the usual quantum yield (¢=wg/l,),
wy is the average rate of the reaction, d is the
optical path of the reaction cell, D is the
absorbance of the system, ¢ is the molar absorp-
tion coefficient, [ArH] is the concentration of
aromatic hydrocarbon and I, I, and I, are the
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incident, absorbed and transmitted light intensi-
ties, respectively.

It was shown * that for the cyanation reaction
of the aromatic hydrocarbons the following
scheme will apply (Scheme 2).

I,

ArH —

ky

ArH* —

ki

ArH*+A —

k;

AtH't —

ky

ArH *+CN- —
k3

ArHCN: —

ko

2 ATHCN +0x —

ArH*

ArH

ArH *+A~
Unproductive
ArHCN-
Unproductive
Productive
Scheme 2.

A relationship between the quantum yield q,
and the reacting substrates could be written as
eqn. (2), where c is a constant, which depends on
k3 and k;, and, in the presence of oxidizing agent,
on its concentration [Ox]. In eqn. (2) [A] is the
concentration of the electron acceptor, and in the
absence of an added acceptor, concentration of
the reacting aromatic hydrocarbon, K,=k./k,
and K,=k,/k;,. The constants K, and K, are
calculated from the experimental results.

E\/]% =c(—;—k + [A]) (I;x

+oN) @

Relatively large values of K, were observed
indicating that an excited singlet state of aromatic
hydrocarbon cannot be reacting and the triplet
state reaction was suggested. However, the
reactive state of aromatic hydrocarbon in photo-
substitution reactions is under discussion. Vink et
al.® observed that photocyanation of biphenyl
could be sensitised by benzophenone and pro-
posed a triplet state mechanism. Hino et al.5
supposed that the cation radicals of pyrene,
observed in the presence of dicyanobenzene,
were formed via the singlet state reaction. Corne-
lisse et al.” showed that the substitution of
anisoles is a triplet state reaction. This was

approved by Suzuki et al.,® but a singlet state
reaction was suggested by them in the presence of
dicyanobenzene. They proposed,” however, a
singlet state reaction for photocyanation of
dimethoxybenzene in the absence of
dicyanobenzene and a triplet state reaction in the
presence of dicyanobenzene. Yasuda ° suggested
a singlet state reaction in photocyanation of
naphthalene and phenanthrene in the presence of
dicyanobenzene, for the electron transfer process
is an exothermic process according to calculations
using the Rehm-Weller equation.!! Bunce et al.3
reached the conclusion, that photocyanation of
naphthalene and biphenyl is a singlet state
reaction both in the presence and in the absence
of an electron acceptor.

In this work we have completed the study of
photocyanation of phenanthrene by investigating
its mechanism by a steady state method both in
hydrous and anhydrous acetonitrile and by laser
flash photolysis in anhydrous acetonitrile. We
have studied the effect of dicyanobenzene and
sensitized the reaction by a triplet energy transfer
from benzophenone.

EXPERIMENTAL

The experimental methods used in the steady
state study have been described earlier.! In all
experiments cyanide anion was used as potassium
cyanide-18-crown-6-complex.  Dicyanobenzene
was purified by sublimation, benzophenone was
recrystallized several times and phenanthrene
was purified as described in the literature.> No
traces of anthracene were observed by UV-
spectra.

Fluorescence lifetime measurements were
done by SLM 4800/4800S spectrofluorometer
with absorption wavelength of 346 nm and
emission wavelength of 366 nm at a phenan-
threne concentration of 5.0Xx1073 mol dm™. For
laser flash photolysis a frequency-doubled ruby
laser (347 nm) was used for excitation.!®

RESULTS

Assisted photocyanation of phenanthrene. The
rate of photocyanation was measured in the
steady state photolysis of phenanthrene in anhy-
drous acetonitrile in the presence of DCB and
oxygen. The results are presented in Table 1. The
values of K,=3.0x10°M™" and K,=4.5x10°M!
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Table 1. Dependence of the rate of photocyanation of phenanthrene (5.0X1073moldm™) on
potassium cyanide (CN”) and DCB concentrations in anhydrous acetonitrile at 25 °C.

[CN-]x103 [DCB]x 103 Rate®x10° a [DCBJ[CN)/Va~
mol dm™ mol dm™ mol dms! mol™ dm?s mol dm s

0.5¢ 0.5 28.1 2600 4.9

1.0 0.5 335 3100 9.0

2.0 0.5 44.4 4100 15.6

3.0 0.5 45.8 4240 23.1

4.0 0.5 4.1 4080 31.3

5.0 0.5 47.8 4420 37.6
Ky=4.5%103 mol™! dm3®

5.0¢ 0.05 10.1 870 8.5

5.0 0.1 14.7 1260 14.1

5.0 0.2 23.3 2000 22.3

5.0 0.3 33.7 2900 27.9

5.0 0.4 38.5 3310 34.8

5.0 0.5 43.2 3710 41.0

5.0 0.65 56.8 4880 46.5

5.0 0.8 65.7 5650 53.2

5.0 1.0 79.0 6790 60.6

K, =3.0x10> mol™! dm3?

@ Measured rate. ® Calculated using equations (1) and (2),102]=8X10“ 5 mol dm, A,=313 nm. ¢ I,=25.9x107%
Ein dm™%s, 1,=0.85x10"® Ein dm™%, I,=25.1%25.1x10”" Ein dm=3s~!, D=1.40. ¢ 1,=26.7x10"® Ein dm™™!,
I,=1.02x10"® Ein dm3s™, 1,=25.7x10"7 Ein dm>s!, D=1.42.

Table 2. Sensitization of photocyanation of phenanthrene (Ph) by benzophenone (BP) in the presence
and absence of DCB in anhydrous acetonitrile at 25 °C.

[Ph]x103 [BP]x103 [DCB]x10° Rate“x10° a
mol dm™ mol dm™ mol dm™ mol dm=s! mol™! dm’s
1.0° 20.0 = 1.7 40
5.0 20.0 - 8.3 260
7.0 20.0 - 12.6 305
10.0 20.0 - 16.4 395
20.0 20.0 - 41.5 1000
10.0¢ 5.0 - 16.2 1320
10.0 10.0 - 20.9 825
10.0 20.0 - 16.4 395
10.0 30.0 - 15.1 245
5.04 20.0 - 8.3 260
f 5.0 20.0 0.2 8.0 285
5.0 20.0 0.5 8.2 290
5.0 20.0 1.0 8.3 295

4 Measured rate, A.,=366 nm, [CN-]=5.0x10" mol dm~, [0,]=8%10"5 mol dm™. ® ,=52.7x10"® Ein dm %!,
£t=2.7>< 1078 Ein dm™s™, I,=50.0x10"7 Ein dms™!, D=1.30. € [,=52.7x10~® Ein dm™, I, and I, variate.
1,=46.1x10"® Ein dm%™, [,=3.18x10~® Ein dm™s™, 1,=42.9x10"7 Ein dm™s~!, D=1.16.
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were calculated by eqns. (1) and (2) for the = 9
relative rate of transient formation and decay, ' 2 "
respectively. o TI|E 4
Photosensitisation by benzophenone (BP). Ex- g 3|7 <
citing the reaction mixture [BP]=20x10" M, @ 3|S it =
[CNT=5.0x10° M, [O,]=8x10° M, and 5 Blowda |
[Ph]=[(1.0~20.0)x10> M] at wavelength 366 X 8
nm, where only BP absorbs, the reaction took S [T 2
place with a relatively high quantum yield (a) m QX '?E « “E
(Table 2) and the rate of reaction depended on 8 T u|o 2 3
phenanthrene concentration. However, with in- s S § ) 3 :’l 3
creasing concentration of BP the quantum yield g i B |o®A §
decreased. These observations indicate that the 5 2
cyanation reaction takes place in the absence of 8 9 "’; n
DCB via the triplet state of phenanthrene, since o 5|3 =
BP is a well known energy transfer agent (the f-t:_,’ 3% | mom 2
triplet state energies of BP and Ph are 2.97 and g g : v : _O_N
2.69 eV, respectively); eqn. (3). In similar = 4
circumstances, but in the presence of various = i £ .
concentrations of DCB, the quantum yield re- ° Q3| - i%
mained the same (Table 2), indicating that DCB g T w):) 5 RN
does not interact with the excited triplet state but z N2l | new X £_
only with the excited singlet state. = SHEE | 2R E,
@7
[=) (V=
>, 2
3BP*+!Ph—> 'BP+3Ph* 3) S b &g
o 5 o=
=Q == Ml
E o Xl | <n §Pb
The effect of oxygen and water. The photo- § s ®| g N : < 5%
cyanation reaction of unsubstituted aromatic g8 b
hydrocarbons takes place in hydrous acetonitrile £5 - 'g N
. . . . [=%~ AN B
with high quantum yields, also in the absence of w2 0S| o~
.. . 1 4s . =) SR 2
an oxydizing agent, gleldmg both dihydrocyano- g % anlite} £ "’S Sl
and cyano-products.*'? £2 | ¥ 22 oo X | oF
The rate of the reaction in acetonitrile—water g g lg~ g =9 8’ :. f"é
solutions is also linearly proportional to the ] °m
square of the intensity of the absorbed radiation.* g - - m; -.gg
Furthermore, we observed that the quantum = &|s 5%
yield (@) increases with the concentration of %8 i £8
water in the presence, but decreases in the 2 ‘é s g 2 :r‘ ] g?
absence of oxygen in acetonitrile solutions (Table S o™ a~
3). The maximum rate is observed at a small 2 § o |7 ?3'%
: 3 + (@) S | S
concentration of oxygen. The value of 7.7X10 98| | - | BE
dm? mol™ can be calculated for the parameter! g5 |~ < £ S| 8%
K. =k, 12, where 12 is the lifetime of a transient ER [N E|ls |aoaX | JF
9~ "q $2 ol |onae |y
quenched by oxygen, probably a neutral cya- Bo |FHE | SRR | 81
nated radical, ArHCN",>* and k, is the quen- § g | EX
ching rate constant. As @ |o g e
. o ol E| 2g
Fluorescence quenching of phenanthrene by o 20 o | E “ S
ipoae e X< g Q.0
DCB and oxygen. The fluorescence lifetime of x5 =] = T | =
phenanthrene in degased anhydrous acetonitrile Sg o g e I g'
=& = oSN

is 45 ns. The fluorescence quenching constants
Ky measured by the Stern-Volmer method were
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1350 M and 750 M for oxygen and DCB,
respectively. These values correspond to quench-
ing rate constants of ky(0,)=3.0x10°M"'s™ and
kq (DCB)=1.7x10"M"s™".

The laser flash photolysis study in the absence
of DCB. By means of laser flash photolysis the
triplet absorption of phenanthrene, similar to the
spectrum presented in the literature,’* was
observed (Fig. 1) at phenanthrene concentrations
below 1.0x1073 M. It had an absorption max-
imum at 480 nm. The absorption decayed mainly
by second order kinetics with a half life of about
4-20 ps depending on the intensity of the flash.
The decay at 480 nm was faster at higher
phenanthrene concentrations but independent of
the concentration of cyanide anion.

At higher phenanthrene concentrations
(22.9x10M) a new absorption with a longer
lifetime (40—60 us) at 420 nm was observed
(Fig. 1). Increasing the ground state concentra-
tion the transient absorption increased. In the
presence of cyanide anion the intensity of this
absorption was somewhat decreased. We sup-
pose, that this transient is a cation radical of
phenanthrene (ArH*).

The rate of the formation of the transient at
420 nm, (1-3)x10%s™, corresponds to the decay
rate of triplet phenanthrene at 480 nm. The rate
increased with increasing intensity of flash. The
increase, however, became less with higher
doses. This indicates a competition between
second order decay of the triplet state and pseudo
first order scavenging of the triplet state by the
ground state of phenanthrene, forming the

S
15
10~
il

o IR (N N N I (N N N N D S

400 450 500 hm

Fig. 1. Triplet-triplet absorption spectrum of
phenanthrene (2.9x10™> mol dm™) (0), and the
transient observed 12.5 us later (X) in acetoni-
trile.
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absorbing species. The intensity of the transient
at 420 nm reached a maximum in 10—20 us, and
remained the same at least for 10 us (Fig. 3). The
presence of cyanide anion had no influence on
the rate of formation of this transient.

The laser flash photolysis study in the presence
of DCB. The decay of the triplet absorption at
480 nm was independent of DCB. At 400 and 420
nm similar absorptions (ArHt) were observed
(Fig. 2) as in the absence of DCB, not only at
high concentration, but also at low concentration
of phenanthrene.

The transient at 420 nm (ArH?) reached a
maximum during the laser pulse having a re-
latively higher intensity than in the absence of
DCB. It decayed with a rate of 1—10x10°s" and
formed a new transient with a half life of 20—50
us (Fig. 3).

The concentrations of DCB and cyanide anion
had an effect on the decay rates of both the faster
and the slower decay. In the presence of cyanide
anion the fast decay (ArH?) of the transient at
420 nm was no longer observed, but a new long
living transient at wavelengths between 380—460
nm was formed (Fig. 2) similar to the one we
observed earlier.” Evidently, at wavelength of
420 nm, there are at least three different tran-
sients with different formation and decay rates
depending on concentrations of phenanthrene,
cyanide anion and DCB and on the intensities of
flashes. Thus measured rates and lifetimes do not
represent the absolute values of the processes.

relative

20rapsorbance

(=]

(1] I N W N N N W S N W
400 450 500 nm

Fig. 2. Spectra of phenanthrene (2.9x107> mol
dm™3) in the presence of dicyanobenzene
(1.0x10% mol dm™) in acetonitrile. () im-
mediately after the pulse, (X) 5 ps, (+) 90 ps
latter and (®) as (+), but in the presence of
cyanide anion (3.6x107° mol dm™).
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Fig. 3. Experimental traces for build-up and decay of absorptions of phenanthrene (2.9%107* mol
dm™) solutions at 420 nm, (a) phenanthrene, (b) phenanthrene+DCB (1.0 10" 3 mol dm™), (c)
phenanthrene+DCB (5.0x10° mol dm™) and (d) phenanthrene+DCB (1.0x10 mol dm™)+

cyanide anion (3.6X107> mol dm™).

The laser flash photolysis study in the presence
of BP. Benzophenone triplet, monitored at 535
nm," decayed by a second order process having a
half-life of 2.7 us at a triplet concentration of
about 2x107> M in anhydrous acetonitrile. It was
quenched by cyanide anion and by phenanthrene
with rate constants of kqQCN)=3.2x108M‘ls‘l
and ky(Ph)=1.3x10""M's"!. The quenching by
phenanthrene resulted in triplet formation. This
state decayed mainly by second order kinetics
with a half-life of about 5 us.

No transient was observed monitoring at 640
nm, corresponding to the possible formation of
benzophenone anion radical.’® Thus benzophe-
none was quenched by an energy-transfer process
rather than by an electron-transfer process.

At wavelengths between 500—550 nm a tran-
sient was not studied in greater detail. It is
interesting to note, that its decay rate corre-
sponds to the lifetime of singlet phenanthrene,
measured by fluorescence decay, and that DCB
has an effect on its decay rate, indicating that the
observed transient is the singlet state of phenan-
threne.

The effect of oxygen on laser flash photolysis.
In the presence of air ([O,]=~1.3x10°M) and
DCB the decay of the transient at 420 nm was
composed of two well separated decay processes,
the first having a half-life of about 0.2 us and the
second, in the absence of cyanide anion, of about
S ps. The former decay corresponds well to the
quenching rate !¢ of the triplet state of phenan-

threne by oxygen (ko(Oz)=~1x10°M"s™ and
thus 71, =0.7/Zk=0.7/kg [0,]=0.5 ps), and the
latter to the rate of the fast decay at 420 nm
observed in the absence of oxygen and cyanide
anion. Furthermore, in the presence of cyanide
anion, another transient was formed with a rate
of formation of about 4x10%!. This transient
has a lifetime of about 1x10™s, which corre-
sponds to the lifetime of the transient AtHCN -,
formed in the reaction between cyanide anion
and the cation radical of aromatic hydrocarbon in
the presence of oxygen (71, =0.7/Zk=0.7/(ko+kq
[%)_24])=0.7/(103s‘1+9><106x1.3x10'3s'1)=0.6x
10~*s. Here k,=1x103s! is the rate constant 2 of
the decay of the reactive transient in the absence
of oxygen, and k,=9x10°M's! is its quenching
rate constant? by oxygen

DISCUSSION

The photosensitization experiments done by
benzophenone, and the laser flash photolysis
studies show clearly that the photocyanation
reaction, in the absence of DCB, takes place via
the excited triplet state of phenanthrene. Addi-
tion of DCB does not influence this reaction,
indicating that DCB does not react with the
triplet. On the other hand, direct excitation of
phenanthrene in the presence of DCB leads to
increased photocyanation and we therefore must
conclude that the important step is the reaction of
DCB with singlet excited state of phenanthrene.

Acta Chem. Scand. A 38 (1984) No. 10
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A transient observed under these conditions with
absorption maxima at 420—430 and 400—410 nm
has been attributed by Shida '’ and Asanuma *® to
the cation radical of phenanthrene and we
therefore identified the transient absorbing at 420
nm, both in the presence and absence of DCB, as
due to this radical.

In the presence of DCB the cation radical
decayed and/or transformed into another, longer
living species. The latter was identified due to its
spectrum as triplet phenanthrene, formed by the
electron backtransfer followed by inter-system
crossing. The relatively long living transient
observed in the presence of cyanide anion was a
transient ArHCN', formed in the reaction be-
tween cation radical and cyanide anion.

The processes which explain the observed
results can be described by a scheme similar to
the one proposed by Weller'® (Scheme 3). In
Scheme 3 phenanthrene is marked D (an electron
donor) and A is either DCB or ground state
phenanthrene (an electron acceptor). The
observed transient at 420 nm can be either a
radical ion pair in a singlet state !(*DY+2A%) or
free radical ions 2Dt +°A-.

If the acceptor A is DCB, radical ion pairs and
free ions are formed in the interaction with the
excited singlet state of phenanthrene. This reac-
tion is competing with the intersystem crossing
process (kis.). At high concentrations of DCB, a
high concentration of radical cations is formed at
the same time as a low concentration of triplet
phenanthrene, and therefore the consecutive
quenching of the radical cations can be observed.
" Cation radicals, as ion pair or free ions, decay
either to the singlet ground state (k;) or via the
triplet state of radical ion pair (ks and k) to the
excited triplet state of phenanthrene (k). If the
rate constant for the formation of free ions (k) is
high enough, the reactive state is the radical
cation. Now a high value of k., can explain the
fast decaying of cation radical of 420 nm.

In the absence of DCB the ground state of
phenanthrene acts as the electron acceptor. Then
the formation of radical ion pairs (ki) would be
two or three orders of magnitude less than in the
presence of DCB and it does not compete
effectively with the intersystem crossing process
(kis.). High concentrations of triplet phenan-
threne are formed and the intensity of absorption
of the radical decreases.

As is demonstrated by the sensitization by
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k,
—Tpa1a .———’L:—”(‘D* +1a)

2pta2x

ky||3(20t+ 27) — (2Dt+247)

Ik"‘ st

by

L34 1A ko
fs
L 1p +TA ——— (1p+'a)
Scheme 3.
benzophenone, the photocyanation reaction

takes place in the absence of DCB, via the
excited triplet state of phenanthrene. The reac-
tions of the formation and decay of the ben-
zophenone triplet, in the presence of oxygen and
cyanide anion, involving the energy-transfer to
ground state phenanthrene, can be schematized
as follows (Scheme 4).

Bp 2,

5Bp* LAY BP
5BP*+BP kq(BP )z BP
3BP*+0, @3) BP+0,
3BP*+CN- kq(CN) BP+CN-
3BP*+Phl‘-°“—> 3Ph*+BP

isc
- 3BP*

Scheme 4.

After the formation of triplet phenanthrene,
two possible mechanisms were proposed >* for
reactions with cyanide anion. The first is a direct
interaction of triplet phenanthrene with cyanide
anion; eqn. (4).

3Ph*+CN- —ki> 3(Ph" CNY) 4

The second involves the formation of a transient
ionic complex or free radical ions from the triplet
state of phenanthrene and ground state phenan-
threne, followed by the reactions according to
Scheme 2; eqn. (5).
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Table 4. Spectroscopic and redox potentials of the studied compounds.
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3ph*+Ph X% pht + Ph° (5)

The decision between these two mechanisms
can be made by applying the stationary state
hypothesis for the reactions of Scheme 4 and for
each of the two mechanisms. In the latter case
(eqn. 5) the rate equation can be written as
eqn. (6), where C is a constant and k=
(krni+kg(O)[O2]+ky(CN)[CN] +ko(BP)[BP])=
2.1x10%7,  kpy=2.6Xx10%7", 0,)=
(1x10°M7's1),20 K (CN)=3.2x108 M~'s™ and
ko(BP)=(8x10° M"'s").2! Using eqn. (6) and
the values of Table 2a value of k.,=0.9
x10° M's? for the energy-transfer step is
obtained. The value measured by flash photolysis
is 1.3x10° M5! close to the calculated value,
confirming the proposed mechanism. On the
other hand, the value of a rate constant from the
mechanism of eqn. (4) is two orders of magni-
tudes less than the measured rate constant.

[CN] [Ph]? 1
(1+K[Ph]) Va

C(k2+kx[CND (kT+kctr[Ph])
(6)

It is worth noticing that the rate parameter
K.=k,k, has a value of 0.71x10°M™ and
1.8x10*M™! for naphthalene reaction in water—
acetonitrile,* and a value of 1.6x10°M™ and
2.9x103M™ for phenanthrene reaction in anhy-
drous acetonitrile,* in the absence and presence
of DCB, respectively. These very similar values
support the similar reactive states regardless of
the solvent.

The free-energy changes involved in an elec-
tron-transfer process can be calculated by the
Rehm-Weller equation.’ The spectroscopic and
redox potentials and the calculated free-energies
are presented in Table 4. AG-value is negative in
reaction between excited singlet state of phenan-
threne and strong electron acceptor, DCB, and
the reaction is probable singlet state reaction.
Direct measurements also support the singlet
state reaction.

Electron transfers from cyanide anion to ex-
cited phenanthrene are possible according to the
Rehm-Weller equation both in the singlet and
triplet state. However, the latter reaction is much
slower. The sensitization experiments support
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the triplet state reaction, but not the direct
interaction between cyanide anion and an excited
state of phenanthrene. According to the Rehm-
Weller equation, the reaction between excited
triplet state and ground state of phenanthrene is
less probable than the singlet state reaction. This
is also in contradiction to our experimental
results.

The interaction of two cyanated neutral radi-
cals, ATHCN', yields a polar transient, (ATHCN~
...YArHCN),}»* stabilized by increasing the
amount of water in the solvent mixture. In the
absence of oxygen, the final product formation is
retarded. Oxygen interacts with the water stabi-
lized transient by accepting an electron from
anion ArHCN- and a proton from cation
ArHCN™, yielding the final cyano-product at a
rate which increases with the anount of water.
The almost equal values obtained for K, both in
anhydrous acetonitrile ! and in aqueous acetoni-
trile (Table 3) indicate the existence of the similar
transient, ArHCN-, in all solutions. This is
irrespective of the fact, that in aqueous acetonit-
rile the reaction takes place via the singlet state,
being due to the presence of DCB, whereas in
anhydrous acetonitrile, in the absence of DCB,
the reaction is a triplet state reaction.

Acknowledgement. The laser flash photolysis
measurements were performed by H.L. and J.L.
at Hahn-Meitner Institut fiir Kernforschung, Ber-
lin, funded by Deutsche Akademische Austausch-
dienst. This support is gratefully acknowledged.

REFERENCES

1. Lemmetyinen, H., Koskikallio, J., Lindblad,
M. and Kuzmin, M. G. Acta Chem. Scand. A
36 (1982) 391.

2. Lemmetyinen, H., Koskikallio, J., Ivanov,
V. L. and Kuzmin, M. G. J. Photochem. 22
(1983) 115.

3. Bunce, N. J., Bergsma, J. P. and Schmidt, J.
L. J. Chem. Soc. Perkin Trans. 2 (1981) 713.

4, Lemmetyinen, H. J. J. Chem. Soc. Perkin
Trans. 2 (1983) 1269.

5. Vink, J. A. J., Verheijdt, P. L., Cornelisse,
J. and Havinga, E. Tetrahedron 28 (1972)
5081.

6. Hino, T., Masuhara, H. and Mataga, N.
Bull. Chem. Soc. Jpn. 49 (1976) 394.

7. Cornelisse, J., Lodder, G. and Havinga, E.
Rev. Chem. Intermed. 2 (1979) 231.

Acta Chem. Scand. A 38 (1984) No. 10

8.

10.
11.
12.
13.

14.
15.

16.
17.
18.

19.
20.
21.

Suzuki, N., Shimazu, K., Ito, T. and Izawa,
Y. J. Chem. Soc. Chem. Commun. (1980)
1253.

. Suzuki, N., Ayaguchi, Y. and Izawa, Y.

Bull. Chem. Soc. Jpn. 55 (1982) 3349.
Yasuda, M., Pac, C. and Sakurai, H. J.
Chem. Soc. Perkin Trans. 1 (1981) 746.
Rehm, D. and Weller, A. Isr. J. Chem. 8
(1970) 259.

Creed, D., Caldwell, R. A. and Ulrich, M.
M. J. Am. Chem. Soc. 100 (1978) 5831.
Waltz, W. 1., Lilie, J. and Lee, S. H. Inorg.
Chem. (1984). To be published.

Scaiano, J. C. J. Photochem. 18 (1982) 359.
Das, P. K. and Bhattacharyya, S. N. J. Phys.
Chem. 85 (1981) 1391.

Birks, J. Photophysics of Aromatic Mole-
cules, Wiley, London 1970, p. 448.

Shida, T. and Iwata, S. J. Am. Chem. Soc. 95
(1973) 3473.

Asanuma, T., Gotoh, T., Tsuchida, A.,
Yamamoto, M. and Nishijima, Y. J. Chem.
Soc. Chem. Commun. (1977) 485.

Weller, A. Z. Phys. Chem., N.F. 130 (1982)
129.

Merkel, P. B. and Kearns, D. J. Chem.
Phys. 58 (1973) 398.

Giering, L., Berger, M. and Steel, C.J. Am.
Chem. Soc. 91 (1969) 5390.

Received February 17, 1984.



