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Dechlorination of p-Chlorobiphenyl by Sodium Borohydride
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Acridine Derivatives (9,10-dihydro-10-methylacridine
and acriflavine) act as efficient and stable photocatalysts
for reductive dechlorination of p-chlorobiphenyl as well as
dehalogention of bromochlorobenzenes with sodium borohydride
in acetonitrile/H50 (9:1 v/v) at 298 K. In the case of
acriflavine, the limiting quantum yield at irradiation
wavelength A = 350 nm has reached 0.63.

Photochemical reductive dechlorination of chlorinated compounds has
recently been studied extensively, in part due to their role as environmen-
tal pollutants.1_7) Although several photocatalytic systems for reductive
dechlorination have so far been reported,3'4) it is desired to develop much
more efficient and stable photocatalysts which have sufficient spectral
overlap with the solar spectrum.

This study reports efficient and stable photocatalytic systems for
reductive dechlorination of p-chlorobiphenyl, which is known to be most
difficult to be reduced among PCBs,7) as well as dehalogenation of bromo-
clorobenzenes using sodium borohydride (NaBH4) and acridine derivatives as
a reductant and photocatalysts, respectively.

No appreciable photoreduction of p-chlorobiphenyl (C1BP) by NaBH4
occurs in the absence of photocatalyst in a mixture of acetonitrile and H20
(MeCN/H20, 9:1 v/v) under the irradiation of light from a Xenon lamp as
shown in Fig. 1 (part a).8) When 9,10-dihydro-10-methylacridine (Acer) or
acriflavine (AFH') is added to this system at 298 K, each species acts
as an efficient photocatalyst for reductive dechlorination of p-chloro-
biphenyl with NaBH4 to yield biphenyl as shown in Fig. 1 (part b or c),
where the yield of biphenyl was determined by glc. No appreciable photo-
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zenes also occurs by using

system.

Since the one-electron
oxidation potential (ng)
of the singlet excited state
1AcrH2* is known to be largely negative (ng = -3.1 V vs. SCE),ll) 1AcrH2*
may act as a very strong reductant. In fact, the fluorescence of lAcer*
is readily quenched by C1BP. From the Stern-Volmer plot is obtained the
Stern-Volmer constant (Kgy) as 1.2 x 102 dm3 mo1”l. The fluorescence
lifetime (7 ) of lAcrH2* in MeCN/HZO (9:1 v/v) was determined as 7.0 ns by
using the single photon counting technique. Thus, the quenching rate
constant (kq = KSVr_l) is obtained as 1.7 x 1010 dm3 mol_l s™1 which is
close to the diffusion rate constant.l0) The Kgy value for the fluores-
cence quenching of the reduced form of acriflavine (1AFH2*) by C1BP is also
obtained as 3.6 x 101 dm3 mol™1l which is smaller than the Kgy value of
1AcrH2* (1.2 x 102 dm3 mol~1).

The quantum yields (®) of the photocatalytic dechlorination of C1BP
were determined using a ferrioxalate actinometer. The ¢ values in the
presence of AcrH2 under irradiation of light (A = 320 nm) were constant
with the change of both AcrHo and NaBH4 concentrations. On the other hand,
the quantum yield increased with an increase in the concentration of C1BP
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to approach a limiting value (®., ) in the high concentrations in accord-
ance with Eq. 1. Then, from the linear plot between o1 and [ClBP]_1 the
[Cc1BP]) 1] (1)

o7l = o, 71+ (Kypg

() and Kops Values are obtained as 0.42 and 1.6 x 102 dmS mol'l, respec-
tively. In the absence of NaBH4 as well, p-chlorobiphenyl was reduced by
AcrHqy in MeCN/Hzo (9:1 v/v) under irradiation of light (A = 320 nm) to

yield AcrH* and biphenyl, Eq. 2. The ® values in the absence of NaBH4

hy

showed the same dependence on the concentration of C1BP as Eq. 1, and the
() and Kobs
respectively, which agree reasonably well as those obtained in the presence
of NaBH, (0.42 and 1.6 x l()2 dm3 mol_l, respectively).ll) When AcrHqy is
replaced by AFH'* in the photocatalytic reductive dechlorination of C1BP

[ee]

o values were determined as 0.61 and 1.2 X 102 dm3 mol_l,

with NaBH,, the limiting quantum yield (¢, = 0.63) becomes larger than the
case of Acer (®, = 0.42) under irradiation of light of longer wavelength
(A = 350 nm), which has the sufficient overlap with the solar spectrum for

the practical use. The K values obtained from the ® dependence on the

obs
concentration of C1BP (Eq. 1) in the Acer/AcrH+— and AFH2/AFH+—catalyzed
photo-dechlorination with NaBH, (K,,g = 1.6 x 102 and 3.3 x 101 dm3 mol_l,
respectively) agree well with the Kgy values of 1AcrH2* and 1AFH2* (Kgy =
1.2 x 102 and 3.6 x 10 dmS mol_l, respectively). Thus, the photocatalytic
dechlorination of p-chlorobiphenyl by NaBH4 may proceed via the reductive
dechlorination of C1BP by the singlet excited states 1AcrH2* (or 1AFH2*),
followed by the thermal reduction of AcrH* (or AFHY) by NaBH, to regenerate

AcrHqy (or AFH2) as shown below.

hj///’

Acrﬂz

+
Na™ + BH3

AcrH* Q_O + C1~
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