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A visible light-driven photocatalyst by immobilizing a B, complex and a Ru(Il) trisbipyridine
photosensitizer in a polymerized ionic liquid (PIL) was developed. The synthesized copolymer was
characterized by GPC, DLS, and its UV-vis absorption spectra and luminescence spectra. The Ru(Il)
trisbipyridine photosensitizer in the copolymer showed an enhanced emission compared to that of the
the
([C4mim][NTHf,]). Formation of the Co(I) species of the By, complex in the copolymer was confirmed by

monomer in ionic liquid, 1-butyl-4-methylimidazolium bis(trifluoromethanesulfonly)amide
the UV-vis spectral change in [C;mim]|[NTf,] containing a sacrificial reductant (triethanolamine) during
irradiation with visible light. The copolymer showed a high photocatalytic activity in various ionic
liquids for the 1,1-bis(4-chlorophenyl)-2,2,2-trichloroethane (DDT) dechlorination with ~99% conversion

after a 2 h visible light irradiation. Furthermore, both the B, catalyst and the photosensitizer in the

polymer were easily recycled for use with the ionic liquid solvent without any loss of catalytic activity.

1. Introduction

Because of the recent environmental concerns, dehalogenation
reactions are presently of great interest for their potential use in
the treatment of halogenated solvent wastes as well as in remedial
approaches to removing such chemicals from contaminated soils.'
Vitamin B, derivatives have been used as excellent catalysts in
the dehalogenation reaction since the Co(I) species of vitamin By,
derivatives are supernucleophiles and can react with an alkyl
halide to form an alkylated complex with dehalogenation.” The
ability of vitamin Bj, derivatives to achieve reductive
dehalogenations prompted us to investigate the catalysis of a
vitamin B, derivative not only for the degradation of various
halogenated organic compounds but also for establishing a more
efficient and eco-friendly catalytic system.’ In 2004, we reported
the dechlorination of the pollutant, 1,1-bis(4-chlorophenyl)-2,2,2-
trichloroethane (DDT), in the presence of a catalytic amount of a
vitamin B, derivative (heptamethyl cobyrinate perchlorate,
Figure S1, ESI') and a photosensitizer ([Ru(bpy);]Cl,) under
visible light irradiation.* 1In this reaction, the supernucleophilic
Co(I) species of the B, complex generated by electron transfer
from the photosensitizer catalyzed the DDT dechlorination. Note
that combined use of photosensitizer and cobalamin derivative as
the binuclear Ru"-Co" complex for photoredox catalytic system
was first reported by L. Walder ez al.’> This system is superior to
a chemical reductant system from the viewpoint of green
chemistry, and is a simpler and more facile technique than the
conventional electrochemical system.*® However, the catalyst
and the photosensitizer can not be recycled and organic solvents
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were also used.

In recent years, ionic liquids have been the subject of
considerable interest as promising media for chemical reactions
because of their unique characteristics such as low melting point,
negligible vapor pressure, non-flammability, high conductivity
and the good solubility of many organic and inorganic
compounds as well as biomaterials.® Besides these merits, the
recyclability of a catalyst, such as a transition metal complex
dissolved in an ionic liquid, is an attractive feature of ionic
liquids since the products can be separated from the ionic liquid
by extraction, while the catalyst remains in the ionic liquid and
can be reused. Based on this strategy, we demonstrated the
recycled catalysis of a heptamethyl cobyrinate perchlorate in an
ionic liquid with [Ru(bpy);]Cl, for the dechlorination of DDT
under visible light irradiation.” Although the vitamin B,
derivative showed a high catalytic efficiency during the reaction,
an excess amount of the photosensitizer was required for the
reaction. Furthermore, only the vitamin B, derivative could be
reused with the ionic liquids, but the photosensitizer could not.
To alleviate these problems, we prepared a hybrid polymer
containing both the photosensitizing unit and the vitamin B,
derivative unit in the same polystyrene backbone.® This hybrid
polymer showed a high catalytic activity for the debromination of
2-phenethyl bromide due to the efficient electron transfer from
the Ru(bpy); moiety to the Bj, complex and eventually avoided
the use of an excess amount of the Ru photosensitizer. However,
this hybrid polymer with a polystyrene backbone was difficult to
dissolve in the ionic liquids and could not be recycled.

Polymerized ionic liquids (PILs), which carry an ionic liquid
species in each of the repeating units, have attracted great interest

This journal is © The Royal Society of Chemistry [year]
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in the fields of polymer chemistry and materials science because
of their combined unique properties of the ionic liquid and
macromolecule.” In spite of the many new properties and
functions of PILs as an ion-conductive material, CO, absorbent
and microwave absorbing materials,'  their application in
catalytic chemistry is limited.”® In order to develop the By,
complex immobilizing polymer system in ionic liquid chemistry,
we synthesized a new B, complex-Ru(Il) photosensitizer hybrid
polymer having a PIL backbone that could dissolve in the ionic
liquids. Using this hybrid PIL, the photocatalytic dechlorination
of DDT was achieved in various ionic liquids. Among the
chlorinated organic compounds, DDT is characterized by a
pronounced insecticidal property and has been used worldwide
for the last several decades despite its known hazardous effects
on human health and wildlife. Therefore, there is a pressing need
for efficient methods for the degradation of such chlorinated
compounds accumulated in the environments.' The
methodology we reported here could be applicable to
dechlorinate other chlorinated organic compounds such as
2 perchloroethylene or tetrachloromethane.'”>  The synthesis,
photophysical property and catalysis for the DDT dechlorination

o
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The NMR spectra were recorded by a Bruker Avance 500

40 spectrometer at the Center of Advanced Instrumental Analysis of

Kyushu University. The UV-vis absorption spectra were
measured by a Hitachi U-3300 spectrophotometer at room
temperature. The luminescence spectra were measured by a
Hitachi F-4500 spectrophotometer in DMF and [Cymim][NTf,] at
room temperature. The emission quantum yield (@,) values were
measured using an absolute photoluminescence quantum
efficiency measurement system (Hamamatsu C9920-02)
incorporating an integrating sphere. To measure the @,, degassed
solutions in DMF and [Cymim][NTf,] were prepared and the
concentration was adjusted so that the absorbance of the solution
at 455 nm would be less than 0.1. The excitation was performed
at 455 nm. The MALDI-TOF mass spectra were obtained by a
Bruker autoflex II using 6-aza-2-thiothymine as the matrix. Gel
permeation chromatography (GPC) was carried out using a
TOSOH HLC-8320GPC EcoSEC apparatus combined with RI
and UV attachments using two connected columns, TSK-GEL
G6000PWXL-CP and G3000PWXL-CP, and a 20 mM NaNO;
aqueous solution as the eluent. The GC-mass spectra were
obtained using a Shimadzu GC-QPS050A equipped with a J&W
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of this unique hybrid polymer in ionic liquids are now reported. 6 Scientific DB-1 column (length 30 m; ID 0.25 mm, film 0.25
um). The dynamic light scattering (DLS) was measured by a

Zetasizer NanoZS (MALVERN) instrument at 25 C using an

S

/
¢ (/ incident He-Ne laser (633 nm).
A
. . (_\7 AIBN 2.3 Preparation of the hybrid polymer
H4CO,C HN.__ O Ner
HCOC L . ] ; irr?ﬂcl;:i'c 2|4h s The By, monomer (1) (71 mg, 0.06 mmol), Ru monomer (2) (49
\ 2LH3 1 3

mg, 0.06 mmol), BVImCI monomer (3) (536 mg, 2.88 mmol) and
BVImCI (3) azobisisobutyronitrile (AIBN, 16 mg, 0.1 mmol) were dissolved
Ny in 8 mL of CHCl; and the solution was degassed with nitrogen
for 30 minutes. The solution was refluxed for 24 h, then cooled
to room temperature. The solution was next dropwise added to

LiNTF, 50 mL of diethyl ether and the precipitate was collected by
———— BuBVimRu filtration, then washed with diethyl ether to remove any unreacted

in H,O polymer (NTf," form)

By, monomer. The solid was dissolved in a small amount of
water and further purified by dialysis in water for 3 days in order
to remove the unreacted Ru monomer and BVImCl monomer,
then a Bj,-BVIm-Ru (CI" form) aqueous solution was obtained.
The UV-vis (in CH;OH, nm) exhibited 288, 368, 456, 545, 583
(Figure 3). The contents of the By, and the Ru(bpy); complexes
in the polymer were determined by UV-vis spectroscopy using
the standard data for dicyano heptamethyl cobyrinate, A(¢) = 583
(9.02 x 10%), 456 (1.62 x 10%) and Ru(bpy); monomer, A(g) = 456
(1.36 x 10*) in methanol and were 6.80 x 10” mol/g and 8.68 x
10" mol/g of the polymer, respectively.

The counter anions of Bj,-BVIm-Ru (CI” form) were replaced
by adding LiNTf, to the aqueous solution. The resulting
precipitate was filtered and washed with H,O, then dried to
obtain the Bj,-BVIm-Ru polymer (NTf,” form). The size of the
polymer was estimated by DLS to be ca. 12.7 nm in
[C4mim][NT%] (Figure S2, ESI)
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CO,CH;  COCH,

B,,-BVIm-Ru polymer (CI- form)
8

3

25 Figure 1. Synthesis of a PIL-supported B, catalyst with a trisbipyridine
Ru(Il) photosensitizer.
2. Experimental
2.1 Materials

8!

a5

All solvents and chemicals used in the syntheses were of reagent

30 grade and used without further purification. The ionic liquids
(Figure 2) were purchased from Kanto Chemical Co., Inc., and
were dried under reduced pressure for 1 day before use. Dicyano
heptamethyl cobyrinate (Figure S1, ESI') was synthesized by a
previously reported method."® Syntheses of the B;, monomer (1)

35 and Ru monomer (2) (Figure 1) were previously reported by our
group.®  Monomer BVImCl (3) (Figure 1) was prepared
according to the literature."

I

S

2.4 General catalytic procedure

A 4 mL ionic liquid (their structure were shown in Figure 2)
solution of the polymer ([Bj, unit] = 1x10° M; [Ru unit] =
1.28x107° M), DDT (3x107 M), and triethanolamine (0.5 M) was
degassed for 4 h by a rotary pump, then the solution was stirred at

2.2 Characterization os room temperature during irradiation by a 200 W tungsten lamp
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with a 420 nm cut-off filter (Sigma Koki, 42 L) and a heat cut-off
filter (Sigma Koki, 30 H). After 2 h, the solution was first
extracted with water to remove the triethanolamine, then the
products and a small amount of unreacted substrate were obtained
by further extraction with hexane/diethyl ether (3:1, v/v). After
removing the solvent, a white solid was obtained and analyzed by
"H NMR using 1,4-dioxane as the internal standard and GC-MS
comparison with the purchased authentic sample or literature
data. > The ionic liquid phase including the polymer was
dried under then reused after adding fresh
triethanolamine and the substrate.

vacuum,

3. Results and discussion

The copolymer (Bi,-BVIm-Ru polymer) was synthesized from
the corresponding monomers By, (1), Ru(bpy); derivative (2) and
the ionic liquid monomer [BVIm]CI (3) by radical polymerization
using AIBN as the initiator (Figure 1). The first two monomers
have a styrene moiety with an amide linkage to the By, and
ruthenium trisbipyridine complexes. After polymerization, the
unreacted B, monomers were easily removed by washing with
diethyl ether, and the other two kinds of monomers were removed
by dialysis in water.

The molecular weight and polydispersity of the Bi,-BVIm-Ru
polymer (CI" form) were determined by gel permeation
chromatography (GPC) (Mw = 670,000, M, = 350,000, M, /M, =
1.9) (Figure S3, ESI"). Compared to our previous Bj,-Ru
photosensitizer hybrid polymer with a polystyrene backbone (M,,
= 39,000),® the molecular weight of this new polymer was
dramatically increased when a polymerized ionic liquid was used
as the backbone. The solubilities of the polymer in different
kinds of solvents were studied and the results are listed in Table 1.
The solubility of the polymer in water is significantly influenced
by the counter ions of the polymer. When the counter ions are CI’,
the polymer was well dissolved in water. When the counter ions
were changed to NTf,, the polymer becomes hydrophobic. The
copolymers showed an excellent solubility in MeOH, DMF and
ionic liquids, such as [Cymim] [NTf;]), N-methyl-N-
propylpyrrolidinium bis(trifluoromethane-sulfonyl)amide
([P13][NTH]),'7 N, N, N-trimethyl-N-propyl-ammonium
bis(trifluoro-methylsulfonyl)amide ([N3;;;] [NTH])'™ and 1-

butyl-4-methylimidazolium  hexafluorophosphate  ([Cymim]
[PF¢]) (Figure 2) regardless of the counter ions.
PN Yo CN‘/\/ N~ TN
\—/ (CF;S0,) N “CFsSON- (CFeSOpaN- \—/ prg
[Camim][NTf] [P13][NTf,] [N3114]INTHo] [Cqmim][PF]
51.5 cP17b 63 cP17a 72 cP172 257.1 cP17b

Figure 2. The structures and viscosities (at 298 K)'” of ionic liquids
[C4mim][NTE], [PI3][NTL], [N31n][NTH] and [Camim][PF].

Table 1. Solubility of B,-BVIm-Ru polymer.*

H,0 MeOH DMF Et,O hexane [C,mim][NT] [PI3][NT£] [N311][NTH] [Comin][PE]
S T T S + + + +
form
NTE 4 o + + + +

form
*+, soluble; ° -, insoluble at room temperature. Concentration: 2 mg/1 mL solvent.

w
b

65

The UV-vis spectrum of the Bj,-BVIm-Ru polymer (CI” form)
in MeOH showed the typical shape for the B, and the Ru(bpy);
complex with absorption maxima at 583 nm and 456 nm,
respectively (Figure 3). The contents of the B, and the Ru(bpy);
complexes in the polymer were determined by UV-vis
spectroscopy, and the molar ratio of each unit was estimated to be
By, : Ru: BVIm = 1:1.28:53. These values were similar to the
initial ratio of the starting monomers (1:1:48). Based on the
molecular weight and contents of the B;, and Ru complexes in
the polymer, we estimated the number of B, and Ru complexes
in one polymer unit to be 56 and 72 molecules, respectively. In
this polymer, the neighboring Ru photosensitizer is expected to
be an electron donor for the By, activation to form the reactive
Co(I) species.®

3
B12-BVIm-Ru polymer
25 B4, monomer (1)

o 2F Ru monomer (2)
e
I
2
I}
8
<

250 350 450 550 650

Wavelength /nm
Figure 3. UV-vis spectra of Bj;-BVIm-Ru polymer (CI' form), B,

monomer (1) and Ru monomer (2) in MeOH.

The photophysical property of the Bj,-BVIm-Ru polymer
(NTf, form) was investigated by luminescence spectroscopy
(Figure 4), and its luminescence quantum yield (&,) was
determined using an integrating sphere in an N, saturated solution
at room temperature. In the ionic liquid [Cymin][NTf],
luminescence of the polymer from the Ru complex moiety was
observed at 644 nm with @;=11.9%, while @, for [Ru(bpy);]Cl,
with the dicyano heptamethyl cobyrinate was 7.3% (Figure 4).
Enhancement of the luminescence of the Bj,-BVIm-Ru polymer
in an ionic liquid was probably due to the rigidchromic effect of
the polymer and the viscous ionic liquid media.'® The Ru
complexes in the polymer may be removed from the bulk solvent,
hence the rate of non-radiative decay may decreased. This is an
advantage for the photosensitization reaction of the polymer in an
ionic liquid. Furthermore, it is also deduced from the emission
data that the triplet state of the Ru complex is not quenched by
the By, complex in the polymer. The so-called reductive
quenching mechanism could be expected for the photo-induced
catalytic reaction in the polymer system.*®'?

This journal is © The Royal Society of Chemistry [year]
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Figure 4. Emission spectra of B;,-BVIm-Ru polymer (NTf,” form) (blue
line), [Ru(bpy);]Cl, + By, complex (dicyano heptamethyl cobyrinate) (red
line) and [Ru(bpy);]CL, alone (green line) in [Cymim][NTf,] at room

s temperature;  Ae=455 nm, [Bp  complex]=1x10° M; [Ru
complex]=1.28x10" M.

Formation of the Co(I) species of the Bj, complex of the Bi,-
BVIm-Ru polymer (NTf,” form) was monitored by the UV-vis
spectral change in [Cymim][NTf,] containing a sacrificial

10 reductant (triethanolamine) during visible light irradiation (4>420
nm) as shown in Figure 5a. Before irradiation, the Bj,-BVIm-Ru
polymer produced three characteristic peaks of the Co(III) species
of the By, complex at 368 nm, 543 nm and 583 nm. After being
irradiated for 20 minutes, the peaks of the Co(Ill) species

15 disappeared and one new peak at 390 nm was clearly observed,
which is typical for the Co(I) state of the B;, complex.** In
contrast, a very slow Co(I) formation was observed when the
corresponding vitamin B, derivative (dicyano heptamethyl
cobyrinate) and [Ru(bpy);]Cl, with the same concentration of

20 polymer system were mixed in [Cymim][NTf,] (Figure 5b). Thus
the UV-vis spectroscopic change suggests a promising
application of the hybrid polymer for a catalytic reaction utilizing
Co(]) reactivity in an ionic liquid.

(@)

0.5 /\
N N—
04
® start after 20 min.
€03
[v]
2
202
<
0.1
0 . . . ) n
300 350 400 450 500 550 600 650
Wavelength /nm
b
(b) 04
LN < &
o start E/ >
< ‘L
So02f after 60 min.
3
<
01
0
300 350 400 450 500 550 600 650

Wavelength /nm

25 Figure 5. UV-vis spectral change in the polymer (NTf,” form) (a) and
monomer mixtures (b) (B, unit, 5x10° M) in the presence of
triethanolamine (1 M) by visible light irradiation (4>420 nm) under
degassed conditions in [Csmim][NTL].

The catalytic reaction was carried out using DDT as a substrate
30 in various ionic liquids (their structure were shown in Figure 2)
and DMF. The results are summarized in Table 2. For the B,-
BVIm-Ru polymer, DDT was almost completely converted to the
monodechlorinated product, 1,1-bis(4-chlorophenyl)-2,2-
dichloroethane (DDD) after 2 h by visible light irradiation in
35 [Cymim][NTH,], [P13][NTf;] and [Nj1;][NTf;] (entries 1-3 in
Table 2). The reaction did not proceed under dark conditions
(entry 4 in Table 2). When we used the By, catalyst or the Ru
complex alone, the yields of DDD were muc}ﬂl lower, which are
9% and 19%, respectively (entries 5 and 6 in Table 2).
40 contrast to the results in the polymer system, the yield of DDD
decreased to 27% when we used a 1:1.3 mixture of the B,
complex (dicyano heptamethyl cobyrinate) and [Ru(bpy);]Cl, in
[Cymim][NT£,] (entry 7 in Table 2). The yield of DDD depended
on the viscosity of the ionic liquid. The yield decreased to 32 %
45 in the more viscous ionic liquid, [Cymim][PFg] (cP=257.1 at 298
K) (entry 8 in Table 2) but still higher than 13% in monomer
system (entry 9 in Table 2). In this way, the polymer system
possessed a much higher catalytic activity than the non-polymer
system even in a highly viscous ionic liquid. The results shown
so here indicated that the reaction efficiency of the polymer system
was significantly enhanced compared to that of the non-polymer
system, which should be attributed to the enhanced luminescence
of the Ru complex and the fast intramolecular electron transfer
from the Ru complex to B;, complex in the polymer.”'

In

55
Table 2. Photocatalytic dechlorination of DDT catalyzed by the B,
complex”

Cl Cl
Cl~-cl - Cl—{-H
O Vis. light
Cl Cl under N, Cl O O Cl
DDT DDD
Entry Catalyst Solvent Conversion Yield TON¢
(%)P (%)"

1 Bj,-BVIm-Ru polymer [C,mim][NTf,] 99 99 300
2 Bj-BVIm-Ru polymer [P13][NTf,] 99 95 285
3 Bjp-BVIm-Ru polymer [Nj;;][NTf,] 96 91 273
4  B,-BVIm-Ru polymer? [C,mim][NTf,] 0 0 -
5 Bp¢ [Cymim][NTf,] 12 9 27
6 [Ru(bpy);IClL,/ [C4mim][NTf,] 23 19 -
7 By, +[Ru(bpy);]CLeS  [C 4mim][NTf,] 32 27 81
8 Bj,-BVIm-Ru polymer [C4mim][PF] 38 32 96
9 By, + [Ru(bpy);ICl,¢/ [C4mim][PFg] 15 13 39
10 B;,-BVIm-Ru polymers DMF 100 67 203
11 By, +[Ru(bpy);]Cl,¢* DMF 100 81 245

@ Conditions: [B;, complex] = [Ru complex] = 1x10-5 M in the polymer,

[DDT] = 3x10-3 M, [triethanolamine] = 0.5 M. A > 420 nm under nitrogen at
room temperature. Reaction time, 2 h.

b Conversion and yield were based on initial concentration of the substrate.

¢ Turnover numbers (TON) were based on [B, complex]. d1n the dark.

¢ Dicyano heptamethyl cobyrinate was used; [B, complex] =1x10-3 M. /[Ru
complex] =1.28x10-5 M. ¢ DDMS (8%), DDMU (2%) and TTDB (E/Z) (2%)
were formed. " DDMS (2%), DDMU (1%) and TTDB (E/Z) (1%) were formed.

4 | Journal Name, [year], [vol], 00—00
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Interestingly, —more  dechlorinated  products, 1,1-bis(4-
chlorophenyl)-2-chloroethane (DDMS), 1,1-bis(4-chlorophenyl)-
2-chloroethylene (DDMU) and 1,1,4,4-tetrakis(4-chloro-phenyl)-
2,3-dichloro-2-butene (TTDB(E/Z)), were obtained in low
viscous DMF (entries 10 and 11 in Table 2) although almost
same conversions of DDT after 2h reaction. The sum of the
yields of these products were higher using the Bj,-BVIm-Ru
polymer system than that of the B, + [Ru(bpy);]Cl, system. This
unique catalysis may be caused by the PILs backbone in the B,-
10 BVIm-Ru polymer. Further study is needed to elucidate the
effect of the PILs during the catalysis.

Furthermore, due to its excellent solubility in ionic liquids, the
Bi,-BVIm-Ru polymer can quantitatively remain in the ionic
liquid phase after the extraction procedure, hence the B;,-BVIm-

15 Ru polymer could be successfully reused for the catalytic reaction
together with the ionic liquid as shown in Figure 6. The product
can be well separated from the ionic liquid by extraction with
hexane/diethyl ether (3/1, v/v), while the B,-BVIm-Ru polymer
quantitatively remained in the ionic liquid after the extraction
procedure. Therefore, the B;,-BVIm-Ru polymer was recycled
for the next run with the ionic liquid solvent. Indeed, the DDT
dechlorination proceeded with almost the same efficiency in the
second and third runs (conversions of DDT, 2,4 98% and 34
94%) in [Cymim][NTf;] as shown in Table 3. It should also be
noted that both the B, and the Ru complexes could be recycled at
the same time in the polymer system, while only the By, complex
can be recycled in our previously reported system.’

hexane/diethyl ether g
@31, ) o 1) separation

2) dry

o

2

S

)
G

recycle

& °

.
Substrate Copolymer Product

30 Figure 6. Schematic diagram for recycling of the polymer with ionic
liquids.

Table 3. Recycled catalysis of the Ru-BVIm-B, polymer with ionic
liquid, [C4smim][NTHf] for the dechlorination of DDT.*

Cycle Conversion (%) DDD yield (%)
1 >99 99
2 98 98
3 94 93

35 * Conditions: [B, complex] = 1x10° M; [Ru complex] = 1.28x10° M;
[DDT] = 3x10™ M, [triethanolamine] = 0.5 M, A>420 nm under nitrogen
at room temperature. Reaction time, 2 h. Conversion of DDT and the
yield of product were based on initial concentration of the substrate.

» 4. Conclusion

In summary, a PILs-supported B;, catalyst with a Ru(Il)
trisbipyridine  photosensitizer as a visible light-driven
photocatalyst was successfully synthesized. The hybrid polymer
showed an enhanced emission and a relatively higher quantum

45 yield compared to the monomer mixture in the ionic liquid due to
the rigidchromic effect of the polymer, and a visible light-driven
catalytic reaction efficiently proceeded in the ionic liquids using
the hybrid polymer. This catalytic system is environmental
friendly since the catalyst and the solvent can be easily reused
without any loss of catalytic efficiency. Therefore, this study will
provide a potential application of PILs to catalytic chemistry and
contribute to the development of an eco-friendly catalyst.
Application of this PILs-supported Bj, catalyst for various
molecular transformations is in progress in our laboratory.
ss This study was partially supported by a Grant-in-Aid for
Scientific Research on Priority Areas (No. 20031021) and
Innovative Areas (No. 25105744) and the Global COE Program
““Science for Future Molecular Systems’’ from the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) of
e Japan, and a Grant-in-Aid for Scientific Research (C) (No.
23550125) and (A) (No. 21245016) from the Japan Society for
the Promotion of Science (JSPS), General Sekiyu Foundation, the
Kyushu University P&P Program and Natural Science
Foundation of Liaoning Province (Science and Technology
s Department) of China (201102084).
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75 T Electronic Supplementary Information (ESI) available: [Figure S1-S4].
See DOI: 10.1039/b000000x/
¥ No colour ascribed to By, or Ru(bpy); units in the hybrid polymer is

appeared in the ionic liquid solutions such as [Cimim][NTf;] or
gPB][Nsz].

This behaviour is typical for ionic liquid media. In DMF, the @&, value
of the polymer was 8.1% (Figure S4).

7 Due to its trichloromethylated structure, DDT could be reductively
dechlorinated to DDD by [Ru(bpy);]CL photosensitizer with simple
electron transfer.
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A visible light-driven catalytic reaction efficiently proceeded in ionic liquids
using a PlLs-supported B4, catalyst with a Ru(ll) trisbipyridine photosensitizer.
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