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Abstract

The photophysics and photochemistry of the dyes resazurin (Rz) and resorufin (Rf) in absence and presence of diphenyliodonium chloride
(DPIC) were investigated in water at pH 10. The dye/DPIC combination undergoes photoreaction via intermolecular electron transfer, resulting
in photobleaching of the dye and generation of active radical species released by subsequent decomposition of DPIC. The polymerization of
acrylamide in aqueous solution on visible irradiation in the presence of resazurin without the onium salt was negligible. However, it proceeds
efficiently in the presence of DPIC. The polymerization follows a typical radical chain mechanism with second order termination. In the case of
Rf/DPIC the photobleaching is very important, and no appreciable polymerization occurs.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Resazurin (Rz) is a phenoxazin-3-one dye widely used for
testing various biological materials such as biochemical antiox-
idants [1]. Other example of its use is the “resazurin test”; in this
test the reduction of Rz to resorufin (Rf) (Scheme 1) depends on
the ability of metabolically active spermatozoa. This reduction
is manifested by a visible change in color from blue to pink, and
this color change correlates significantly with concentration of
motile spermatozoa [2]. Resorufin has also been used as a probe
molecule to study the reorientation of solvent molecules, and
has shown an interesting chemistry and photochemistry in pro-
tic solvents which strongly depends on temperature, viscosity
and structure of the solvent [3-5].

We have previously reported the photoreduction of dyes
(flavins, safranine, resazurin and resorufin) by amines [6—10]. In
particular, in the case of Rz it was found that a clean photodeoxy-
genation to resorufin occurs from the quenching by amines of the
triplet state of the dye. This photodeoxygenation is dependent
on the amine structure and is efficient only in the presence of ter-
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tiary aliphatic amines [10]. The photoinduced deoxygenation of
N-oxides has been reported previously for other molecules [11]
and was found to proceed on irradiation of N-oxide alone or in
the presence of suitable electron donors such as amines [12,13].
In most cases the reaction is accompanied by side reactions and
rearrangements of the N-oxide [14].

Water soluble photoinitiator systems of vinyl polymerization,
especially those suitable for the visible region of the spectrum,
have gained increasing interest in recent years [15]. Among
these, the most commonly employed photoinitiators are those
where radicals are formed in a bimolecular process comprising
an excited state of a synthetic dye or natural pigment, and a
co-initiator that behaves as electron donor. The efficiency of
such a photoinitiator systems can be improved by the addi-
tion of a third component, the most commonly employed is an
onium salt. Specifically, the photopolymerization of acrylamide
(AA) initiated by the synthetic dye safranine-T in the presence
of triethanolamine as co-initiator was investigated in aqueous
solution. In the presence of diphenyliodonium chloride (DPIC)
there is a marked accelerating effect on the polymerization rate
[16,17].

Systems composed by a sensitizer and an onium salt have
been widely employed in light-cured epoxy dental polymer
systems, in this case used as photoinitiators for cationic poly-
merization [18-20]. On the other hand, few reports can be found
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dealing with dyes/onium salts as photoinitiator systems for rad-
ical polymerization [21,22].

Recently, we found that the related dyes resazurin and
resorufin, in the presence of triethanolamine are efficient pho-
toinitiators of aqueous acrylamide polymerization [23]. In this
work we present the results of the study of the photophysics and
photochemistry of Rz and Rf in the absence and in the presence
of diphenyliodonium chloride in water solution at pH 10. The
possible role as photoinitiators of the polymerization of acry-
lamide of theses dyes in the presence of DPIC was investigated.

2. Experimental
2.1. Materials

Resazurin and resorufin were from Aldrich and were used as
supplied. Diphenyliodonium chloride (Aldrich) and acrylamide
(Sigma, >99% electrophoresis reagent) were used as received.
Water was purified through a Millipore Milli-Q system. The
pH was adjusted at pH 10 by the incorporation of concentrated
solution of NaOH. In all cases, the solutions were deoxygenated
by bubbling with high purity argon and the samples manipulation
was carried out in a dark room.

2.2. Measurements

Absorption spectra were determined on a Hewlett Packard
6453E diode array spectrophotometer.

Fluorescence spectra determinations and fluorescence
quenching experiments were carried out at room temperature
in air equilibrated solutions (25+1°C) with a Spex Fluo-
romax spectrofluorometer. Fluorescence quantum yields were
determined relative to cresyl violet in methanol [24]. Fluores-
cence lifetime measurements were performed with an Edinburgh
Instruments OB 900 time correlated single-photon counting flu-
orometer. The singlet quenching rate constant of Rf by DPIC was
measured following the decrease of the lifetime as a function of
DPIC concentration.

Transient absorption measurements were made using a laser
flash photolysis equipment previously described [25]. Measure-
ments were performed in samples subjected to a continuous
bubbling with high purity argon. The triplet quenching rate con-
stant of dyes by DPIC was measured following the decrease of
the lifetime as a function of DPIC concentration.

Quantum yields of triplet species (&) were determined using
zinc tetraphenylporphyrin (ZnTPP) triplet state as a reference

actinometer. Values of 7.3 x 10* M~! cm~—! and 0.83 were used

for the absorption coefficient and quantum yield of ZnTPP
triplet state, respectively [26]. The molar absorption coefficients
of triplet dyes were determined by the ground state depletion
technique [27]. For both dyes, the negative absorption of the
difference transient spectra matches the ground-state band. This
is consistent with the lack of photoproduct formation under our
conditions of laser experiments, and permits the application
of the ground state depletion method to determine the molar
absorption coefficients of the triplet state.

The photoreaction rates were measured by the decrease of the
absorbance of the dyes at different irradiation times. Quantum
yields were determined using Aberchrome 540 as actinometer
[28].

The quantum yield of semioxided dye (®;,q) was determined
by laser flash photolysis, employing the triplet yield in the
absence of quencher as relative actinometer, through Eq. (1).

ARET
d)rad =Py

Aren ey
where @ is the triplet quantum yield in the absence of quencher,
Ar the initial absorbance of the triplet in the absence of quencher
and Ag the top absorbance of the semioxided form, measured
at the wavelength of maximum absorption. et and er are
the absorption coefficients of the triplet and semioxided form,
respectively.

In the photopolymerization experiences, the irradiation was
carried out with a Photon Technology International (PTI)
illumination system comprising a 150 W Xe lamp and a
monochromator. The irradiation wavelengths were at maxi-
mum of the dyes absorption and the bandwidth was 24 nm.
Polymerization rates (Rp) were measured dilatometrically in
deoxygenated solutions. The polymerization cell was kept in a
thermostatic bath equipped with a side window for illumination.
Capillary readings were performed with a cathethometer. Ini-
tial polymerization rates were determined from the initial linear
slopes of the volume contraction versus irradiation time plots.

Molecular weighs distribution analysis was performed on a
HP1100 liquid chromatography system equipped with diode-
array UV-vis (DAD), refraction index (RID) and fluorescence
(FLD) detection system. Separations were done at 25°C on a
TOSOHAAS, TSK-Gel (C0003-024) column (7.5 mm x 30 cm,
17 pm particle size). Water was used as mobile phase. The flow
rate was 1.0 ml/min.

To calibrate the column seven standards of poly(ethilene-
oxide) from TOSOH, TKS of different molecular weigh were
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Table 1
Photophysical parameters of the dyes in water at pH 10
Resazurin Resorufin
Absorption
Amax (1) 602 572
eM lem™h) 56,000 == 2800 55,000 == 2700
Fluorescence
Amax (Nm) 634 582
dp 0.1140.01 0.3840.01
7F (ns) 0.7 2.8
kg DFI*CI- M~ !'s™!) n.o. 2.85 x 10°
Inr ~0 0.01 £0.001
Triplet
ol 0.07 +0.010 0.04 4 0.005
Amax (nNm) 825 700
eMem™) 5400 =+ 300 15,000 & 1000
71 (S) ~90 ~100
3kg DFI*CI~ (M~ 1s71) 2.6 x 108 3.0 x 108
3R 0.08 4 0.08 0.70+0.07

employed. A linear relationship in a logarithmic plot between
the retention times as a function of molecular weigh was esta-
blished.

3. Results and discussion
3.1. Fluorescence determinations

The UV-visible absorption spectrum of Rz in basic aqueous
solutions consists of an intense absorption band at 602 nm
(¢=56,000M'cm™') and a weak band at 380nm. This
spectrum is similar to that reported in methanolic solution
[10]. The bands are assigned to the w* transition of the
phenoxazin-3-one, and to the weak nm* transitions of the N-
oxide, respectively. The visible spectrum of Rf is characterized
by an intense band centered at 572 nm (¢ =55,000 M~ 'em™1)
with a shoulder at 535 nm. The absorption of the dyes increases
linearly with the concentration in the range 0.5-20 wM. This
indicates that the aggregation of the dye is not appreciable in
this concentration range.

Rz presents fluorescence emission with a band centered at
634 nm. The fluorescence quantum yield determined was 0.11.
Rf exhibits a strong fluorescence emission with a maximum at
582nm. A quantum yield of 0.38 was determined for this dye.
The fluorescence lifetimes in water at pH 10, were 0.7 and 2.8 ns
for Rz and Rf, respectively. The rather higher fluorescence quan-
tum yield of Rf as compared to Rz, is in agreement with its longer
lifetime. The photophysical data for both dyes are summarized in
Table 1, and in the case of Rf they are comparable in magnitude
with those reported by Flamigni et al. [S] in ethanol.

The singlet quenching rate constant for Rf by DPIC in
water at pH 10 obtained by Stern—Volmer analysis was 2.85 x
10°M~!s~1 It was not possible to determine the quenching
rate constant for Rz due to the short lifetime of the dye and the
limited solubility of DPIC in water.
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Fig. 1. Transient absorption spectra of Rz 1 x 10~> M in absence (@) and pres-
ence (O) of 0.02M DPIC in water at pH 10 (1 s after laser flash). Inset:
Stern—Volmer plot for the triplet quenching by DPIC.

3.2. Laser flash photolysis determinations

Transient absorption spectra of Rz at pH 10 were obtained in
the absence and presence of DPIC (Fig. 1).

In the absence of DPIC at 1 s after the laser pulse, two
bands can be seen, one in the 650-900 nm region assigned to
the triplet and the other at 300490 nm assigned to the com-
bined absorption of the triplet and the radical ions formed by an
autoquenching process via electron transfer [10]. The negative
absorption (500-620 nm) and the valley at 379 nm indicate the
depletion of the ground state. A triplet quantum yield of 0.07 was
measured at 825 nm using e = 5400 M~ lcem~! at 825 nm and
£6=56,000M~" cm~! at 602 nm. The triplet lifetime in water
at pH 10 was ca. 90 ps approximately (Table 1).

In the presence of DPIC a quenching of the triplet can
be observed, while the absorption in the region 300-500 nm
presents only slight changes. In the inset A of Fig. 1 it can be
seen an increase in the absorption near 460 nm, which can be
assigned to the semioxidized radical form of the dye [10]. These
observations can be attributed to an electron transfer reaction

10 2.5x10",
2 2 0x10* Pe -
by .
e
15010 . °
: .
- =1 00 10x10° 2.0x10° .
<) [DPIC]/ M -
3 L .
s 0 & oo o
7] .2 L4
- A7, .
< o o0 09 L]
Copg® o®
Q:‘MMAA‘““ 2. %° o
0.0 L BV, .
; ik ooz
.
o ‘0
Og ..

300 400 ‘ 500 600 700 800
A (nm)

Fig. 2. Transient absorption spectra of Rf 1 x 107> M in absence (@, &) at 10

and 100 s after flash respectively and in the presence (O) of 1 x 1073 M DPIC

in water at pH 10 at 100 ws after laser flash. Inset: Stern—Volmer plot for the
triplet quenching by DPIC.
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Fig. 3. Changes in the absorption spectrum of Rf with irradiation time (min).
Rf 1.2 x 107> M and DPIC 1 x 107> M in water at pH 10.

from the triplet-excited state of the dye to the onium salt. The
SV plot for the triplet quenching by DPIC is presented in the inset
B in Fig. 1. The bimolecular quenching rate constant obtained
was 2.6 x 100M s~

In Fig. 2 the transient absorption spectra of Rf in aqueous
solution at pH 10 in the absence and presence of DPIC are
presented.

At 10 s the spectrum obtained in absence of DPIC exhibits
two positive absorption bands, one in the 600-750 nm region
assigned to the T-T transition and the other in the 340-470 nm
region due to the combined absorption of and triplet state and
the radicals formed by an autoquenching process via electron
transfer [10]. A negative absorption band that corresponds to the
ground state depletion in the 500-600 nm zone is also present.
A triplet quantum yield of 0.04 was measured at 700 nm using
er=15,000M~! cm~! at 700 nm and &g = 55,000 at 572 nm and
the triplet lifetime in water at pH 10 was ca. 100 s (Table 1).

In presence of DPIC the quenching of the triplet state can be
seen in the region of 600—750nm, and a strong band appears
with a maximum at 425 nm. This band can be attributed to the
semioxidized radical ion of the dye [10]. The phenyl radical pro-
duced by fragmentation of the DPIC are not readily detectable
in the spectral region near UV and visible [29]. The bimolecular
quenching rate constant obtained was 3.0 x 10° M~ s~

3.3. Photochemical reaction

The photochemical reaction of Rf and Rz mediated by amines
has been described [11]. No reports in literature describing the
reaction of these dyes in the presence of electron acceptors were
found. When Rf is exposed to visible light in the presence of
DPIC, bleaching of the dye was observed (Fig. 3). This effect
is considerably less for Rz. In Fig. 4 can be observed that the
absorption changes of Rz under identical experimental condi-
tions as employed in the experiment shown in Fig. 3 take a
much longer time to occur. On the other hand, in the absence of
DPIC, both dyes are photostable.

The kinetic of photobleaching was studied by monitoring the
relative change in the absorbance of the dyes at their absorption
maxima with the irradiation time.

The mechanism can be postulated (Scheme 2) in order to
explain the results, where kr, Lrd, kisc, 3kd, lkq and 3kq are

Time / min

DO 1 1
400 600

A/nm

Fig. 4. Changes in the absorption spectrum of Rz with irradiation time (min).
Rz 1.2 x 1073 M and DPIC 1 x 10~3 M in water at pH 10.
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Scheme 2.

the fluorescence, singlet non-radiative deactivation, intersystem
crossing, triplet non-radiative deactivation, singlet quenching
and triplet quenching rate constants, respectively.

Fig. 5 shows the photobleaching quantum yield (®r) as a
function of DPIC concentration. From a steady state analysis of
the mechanism shown in Scheme 1, Eq. (2) can be obtained for
@R. The experimental results were fitted using the Eq. (2) with
the kinetics parameters informed in Table 1. In this analysis it
was considered that both singlet and triplet excited states are

0.016f

i
o 0.008f

O‘OOO B 1 1 1 1 1
0.000 0.003 0.006
[DFICI]/M

0.009

Fig. 5. Quantum yield of reaction between Rz () and Rf (@) with DPIC
as a function of DPIC concentration in water at pH 10. Rf 1.2 x 1075 M Rz.
1.0 x 107 M.
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Fig. 6. Relative polymerization rates in arbitrary units vs. DPIC concentra-
tion for the polymerization of AA: 2M in water (pH 10) in the presence of
Rz=4x 107 M.

involved.
B — 'kg[DPIC]
R=1 gy L R
kq[DPIC] + ('79)
kisc 3kq[DPIC] 4

+- — — R (2
kq[DPIC] + (119) " 3kq[DPIC] + (31)

In Eq. (2) L7y and 3¢ are the singlet and triplet lifetimes of
the dyes, and ' g and 37R are the efficiencies of photoreactions
of the singlet and triplet states respectively. For the fitting kysc
was calculated from the values of ' 7o and @, and 'ng and 35
were used as adjustable parameters.

The values of 'nr and 3nr obtained (Table 1) show that the
efficiency of photoreaction from the triplet state is the principal
contribution to @g for Rf. In the case of Rz the contribution from
the singlet state was negligible up to 0.01 M DPIC. The &R of
Rz is considerable less than the corresponding value of Rf. This
fact is in agreement with the polymerizations results, discussed
in the next section. The @ determinations were made in absence
of monomer, a slightly photoprotector effect was observed in the
presence of acrylamide.

3.4. Photopolymerization results

In the absence of iodonium salt no photopolymerization
of AA was observed for both dyes. When Rz is irradiated
in the presence of DPIC, it is possible to observe that the
photopolymerization proceeds efficiently. On the other hand,
polymerization does not occur in the system Rf/DPIC. This is
not unexpected, since the dye suffers a fast decomposition in
the presence of the salt that is not inhibited by the monomer.
Although the presence of radicals originated by electron trans-
fer quenching of the excited states of the dye is evidenced by
laser flash photolysis experiments, the very fast fading of the
dye prevents a generation of active radicals sustained in time
necessary in order to afford a measurable amount of polymeric
material.

Fig. 6 shows the initial polymerization rate in arbitrary
units measured dilatometrically against DPIC concentration.

Rp/A.U.

1 2 3
[AA]/ M

Fig. 7. Dependence of R, on the monomer concentration for the polymer-
ization of AA in water (pH 10) in the presence of Rz=4 x 107°M and
DPIC=5x 107> M.

The polymerization rate shows a sharp augment with the salt
concentration up to 5 x 1073 M; beyond this concentration the
increment is less pronounced.

To check the polymerization kinetics, we investigated the
dependence of the polymerization rate on the monomer concen-
tration and light intensity for the system Rz/DPIC. The results
are shown in Figs. 7 and 8, respectively.

The solid lines correspond to a unitary slope for the monomer
concentration dependence and an order of 0.5 on the light inten-
sity dependence. Therefore, the rate law conforms to the classic
radical polymerization mechanism with second order termina-
tion, and may be written as:

R, o« [M]®}/? 3)

Based on the photochemical behavior of the Rz in the
presence of DPIC and taking into account the negligible photo-
protector effect observed in the presence of AA, a mechanism
of initiation of polymerization is proposed in Scheme 3.

From the mechanism and assuming that the interaction
between the singlet state of the Rz and DPIC does not lead
to polymerization, the yield of active radical (@,q) is given

1 1 1 1 i 1

i 1 " 1 1
0.0 0.2 04 0.6 0.8 1.0
lo/ AU.

Fig. 8. Dependence of the light intensity (Ip) on the polymerization rate for the
polymerization of AA: 3M in water (pH 10) in the presence of Rz=4 x 107 M
and DPIC =5 x 10~3 M. The solid line was calculated assuming a square root
dependence with light intensity.
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by Eq. (4):
3kqe31o[DPIC]
Brpg = r 42 B )

1+ 3kq37[DPIC]

where @ is the intersystem crossing quantum yield and 8 is a
proportionality constant.

It was previously shown that in many cases the square of
the polymerization rate may be correlated with the theoretical
quantum Yyield of initiating radicals, as given by Equation (4)
[16]. Fig. 9 shows a plot of the square of the polymerization rate
(Rf,) as a function of DPIC concentration. Employing as variable

parameters >Kgy =3kq3ro and B, an appropriate fitting of the
experimental results are obtained (solid line in Fig. 9), producing
avalue of 247 M~ ! for 3Ky . From the latter, and considering the
experimental value of 3kq =2.6 x 10°M~! s~ lobtained in the
absence of monomer as a good approximation for the quenching
rate constant in the polymerizing medium, a value of 95 us is
obtained for 37, being this similar to the experimental value in
the absence of monomer. These results are in agreement with
the mechanism proposed in Scheme 2, where the active radicals
are form exclusively from the triplet state of the dye, through an
electron transfer reaction between Rz and DPIC.

Experiments were carried out in order to compare the poly-
merization of aqueous solutions of AA 2M initiated by Rz
(4 x 10~° M) and TEOHA or DPIC (5 x 1073 M), it was found
that the polymerization rate is twice higher using the amine
as co-initiator system. However, in both cases a polymer of
1.3-1.4 x 10° Da of molecular weigh was obtained. Thus, the

i 1 i 1
0.00 0.01 0.02
[DPIC]/M

Fig.9. Plotof Rg as a function of DPIC concentration. The solid line corresponds

to the free radical quantum yield calculated with Eq. (4).

photoinitiator system Rz/DPIC has the advantage of producing
high molecular weigh polymer with a lower rate of initiation
allowing a suitable control of the reaction, which is valuable in
many technological applications.

4. Conclusions

The Rf/DPIC combination system readily undergoes a fast
photoreaction upon irradiation by visible light through electron
transfer mechanism. For this system the photoreaction produces
very significant photobleaching of the dye mainly from triplet
state. Although the presence of radicals was observed by laser
flash photolysis, the very efficient photobleaching of the dye
prevents a generation of active radicals necessary to afford a
measurable amount of polymeric material.

On the other hand, for the Rz/DPIC system, the photobleach-
ing observed was notable less and the radicals were also observed
by laser flash photolysis. In this case the polymerization takes
place producing polyacrylamide with high molecular weigh, fol-
lowing a typical vinyl polymerization mechanism with second
order termination. From these experimental results an initiation
mechanism was proposed, where the active phenyl radicals are
formed by fragmentation of onium salt subsequent to an electron
transfer from the triplet state of the Rz to DPIC.

Acknowledgements

This work was supported by ANPCYT (PICT 06-9830),
CONICET (PIP 3093, PEI6101,PE16261),and SECYT-UNRC.

References

[1] W.J. Priitz, Chem. Soc. Chem. Commun. (1994) 1639.

[2] A.M. Mahmoud, F.H. Comhaire, L. Vermeulen, E. Anreou, Hum. Reprod.
9 (1994) 1688.

[3] P. Schellenberg, J. Friedrich, J. Lumin. 56 (1993) 43.

[4] G.J. Blanchant, C.A. Gihal, J. Phys. Chem. 92 (1988) 5950.

[5] L.E. Flamigni, E. Venuti, N. Camaioni, F.A. Barigelletti, J. Chem. Soc.
Faraday Trans. 2 (85) (1989) 1935.

[6] C.M. Previtali, S.G. Bertolotti, M.G. Neumann, I.A. Pastre, A.M. Rufs,
M.V. Encinas, Macromolecules 27 (1994) 7454.

[7] M.V. Encinas, C.M. Previtali, S.G. Bertolotti, M. Neumann, Photochem.
Photobiol. 62 (1995) 65.

[8] G. Porcal, S.G. Bertolotti, C.M. Previtali, M.V. Encinas, Phys. Chem.
Chem. Phys. 5 (2003) 4123.

[9] M.G. Neumann, C. Schmitt, C.M. Previtali, S.G. Bertolotti, Dyes Pigment.
32 (1996) 93;
M.G. Neumann, C. Schmitt, C.M. Previtali, S.G. Bertolotti, Bol. Soc. Chil.
Quim. 46 (2001) 81.

[10] C. Bueno, M.L. Villegas, S.G. Bertolotti, C.M. Previtali, M.G. Neumann,
Photochem. Photobiol. 76 (2002) 82.

[11] A. Albini, E. Fasani, A.M. Amer, Handbook of Organic Photochemistry
C.R.C. Photobiology, CRC Press, Boca Raton, FL, 1995.

[12] S.G. Pietra, F. Bettinetti, A. Albini, E. Fasani, R. Oberti, J. Chem. Soc.
Perkin II (1978) 185.

[13] M. Sako, K. Shimada, K. Hirota, Y. Maki, J. Am. Chem. Soc. 108 (1986)
6039.

[14] F.A. Souto-Bachiller, E. Pérez-Inestrosa, R. Suau, R. Rico-Gémez, L.A.
Rodriguez Rodriguez, M.E. Coronado-Pérez, Photochem. Photobiol. 70
(1999) 875.

[15] M.V. Encinas, E.A. Lissi, in: J.C. Salomone (Ed.), Polymeric Materials
Encyclopedia, vol. 7, CRC, Boca Raton, 1996.



M.L. Gomez et al. / Journal of Photochemistry and Photobiology A: Chemistry 188 (2007) 83-89 89

[16] M.L. Gémez, V. Avila, H. Montejano, C.M. Previtali, Polymer 44 (2003)
2875.

[17] M.L. Gémez, H.A. Montejano, M.V. Bohorquez, C.M. Previtali, J. Polym.
Sci. A: Polym. Chem. 42 (2004) 4916.

[18] (a) S.P. Pappas, J.H. Jilek, Photogr. Sci. Eng. 23 (1978) 140;
(b) G. Manivannan, J.P. Fouassier, J. Polym. Sci. Part A: Polym. Chem. 29
(1991) 1124,
(c) J.V. Crivello, J.H.W. Lam, J. Polym. Sci. Polym. Chem. 17 (1979)
977,
(d) J.V. Crivello, M. Jang, J. Photochem. Photobiol. A: Chem. 159 (2003)
173;
(e) Y. Toba, M. Saito, Y. Usui, Macromolecules 32 (1999) 3209;
(f) J.V. Crivello, U. Bulut, J. Polym. Sci. Part A: Polym. Chem. 43 (2005)
5217,
(g) S.K. Moorjani, B. Rangarajan, A.B. Scranton, ACS Symp. Sers. 673
(1997) 95;
(h) Q.Q. Zhu, W. Schnabel, Polymer 37 (1996) 4129.

[19] D.A. Tilbrook, R.L. Clarke, N.E. Howle, M. Braden, Biomaterials 21
(2000) 1743.

[20] F. Millich, 1. Jeang, J.D. Eick, C.C. Chappelow, C.S. Pinzino, J. Dent. Res.
77 (1998) 603.

[21] Y. Toba, J. Photopolym. Sci. Technol. 16 (2003) 115.

[22] Y. He, W. Zhou, F. Wu, M. Li, E. Wang, J. Photochem. Photobiol. A: Chem.
162 (2004) 463.

[23] L. Villegas, M.V. Encinas, A.M. Rufs, C. Bueno, S. Bertolotti, C.M. Pre-
vitali, J. Polym. Sci. A: Polym. Chem. 39 (2001) 4074.

[24] K.I. Kreller, P.V. Kamat, J. Phys. Chem. 95 (1991) 4406.

[25] H.A. Montejano, M. Gervaldo, S.G. Bertolotti, Dyes Pigments 64 (2005)
117.

[26] J.K. Hurley, N. Sinai, H. Linschitz, Photochem. Photobiol. 38 (1983) 9.

[27] 1. Carmichael, L. Hug, J. Phys. Chem. Ref. Data 15 (1986) 1.

[28] H.G. Heller, J.R. Langan, J. Chem. Soc., Perkin Trans. 2 (1981) 341.

[29] D. Weldon, S. Holland, J.C. Scaiano, J. Org. Chem. 61 (1996) 8544;
J.G. Radziszewski, Chem. Phys. Lett. 301 (1999) 565.



	Photoreaction and photopolymerization studies on phenoxazin dyes/diphenyliodonium chloride salt
	Introduction
	Experimental
	Materials
	Measurements

	Results and discussion
	Fluorescence determinations
	Laser flash photolysis determinations
	Photochemical reaction
	Photopolymerization results

	Conclusions
	Acknowledgements
	References


