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Abstract

The quenching of the excited singlet and triplet states of phenosafranine by aromatic amines, methoxybenzenes and triethanolamine was
investigated in acetonitrile and methanol. The rate constants for the aromatic quenchers present a typical dependence of an electron transfe
process with the one-electron redox potential of the donor. A Rehm—Weller correlation is obtained with the driving force. The fitting parameters
are very similar in both solvents. The electron transfer nature of the quenching reaction is further confirmed by the detection of the radical
cations of the quenchers and the semireduced form of the dye in laser flash photolysis experiments. The absorption coefficients of the transient
species were estimated, and the quantum yield of the charge separation process was determined.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Here we report on the electron transfer quenching of
PSH" excited singlet and triplet states by aromatic amihes,
Phenosafranine, 3,7-diamino-5-phenylphenazinium chlo- heterocyclics and methoxybenzenes and an aliphatic donor,
ride, (PSHCI™) (Scheme }, is a synthetic dye that absorbs triethanolamine. Bimolecular quenching rate constants were
strongly in the region 500-550 nm. It has been extensively determined by time-resolved fluorescence emission in the
employed as a sensitizer in energy and electron transfer re-case of the singlet state, and by laser flash photolysis for

actions in homogeneous media-3], in semiconductorpt] triplet quenching. Transient absorption spectra confirm the
and in polymeric medigb]. The dye was also employed as electron transfer nature of the quenching process. The stud-
a probe in reverse micellar systeiig and its photostabil-  ieswere carried outin a polar aprotic solvent, acetonitrile, and
ity in polymer-coated semiconductors was investigdi@gd in a protic medium, methanol. These two solvents are of sim-
We have previously measured the quenching of the relatedilar macroscopic polarity and it was of interest to investigate
dye safranine by aromatics donors in metha@pland by if the differences previously found for the electron transfer
aliphatic amines in organic solveni8] and in water{10]. kinetics in these solven{42] were also present in this case.

An electron transfer mechanism was established. These dyes

have numerous applications as probes in organized systems

and as sensitizer in visible light photopolymerizatjdd]. 2. Experimental

For the latter application the kinetics of the electron trans- ) )

fer quenching of the excited states of the dye and the yield Phenosafranine was purchased from Aldrich and was used

of radicals is of particular concern. Therefore, a systematic Without further purification. It was checked that its photo-
investigation of these processes is of interest. physical properties coincided with those reported in the litera-

ture. The guenchers were all commercially available and were
purified by standard procedures when necessary. Methanol
* Corresponding author. Tel.: +54 35 8467 6439; fax: +54 35 8467 6233, and acetonitrile, both HPLC grade, were from Merck or Sin-
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Absorption spectra were recorded using a HP8453 diode o
array spectrophotometer. Steady-state fluorescence experi- 300 400 500 600 700 800 900
ments were carried out with a Spex Fluorolog spectroflu- 2 /nm

orometer. Fluorescence lifetime measurements were done
with the time-correlated single photon counting technique Fig. 1. Transient absorption spectrum taken as2fter the laser pulse at
using Edinburgh Instruments OB-900 equipment. Transient 532nm of PSH in the absence(0) and the presence®) of TMPD 1 x
absorption spectra and triplet quenching were determined0 M in MeCN.
by laser flash photolysis. A Spectron SL400 Nd:YAG laser
generating 532 nm laser pulses (20 mJ per pulse, ca. 18 ngwhereTO andr stand for the fluorescence lifetime in the ab-
FWHM) was the excitation source. The laser beam was de-sence and the presence of the quen€heespectively. The
focused in order to cover all the path |engths (10 mm) of lifetimes of PSH in air-equilibrated solution were 2.1 ns in
the analysing beam from a 150 W Xe lamp. The experiments MeOH and 3.5ns in MeCN.
were performed with rectangular quartz cells with rightangle ~ Triplet quenching was determined by laser flash photoly-
geometry. The detection system comprises a PTI monochro-Sis. Bimolecular quenching rate constafikg, were obtained
mator coupled to a Hamamatsu R666 PM tube. The signalfrom a plot of the pseudo-first-order decay rate constants of
was acquired by a digitising scope (Hewlett-Packard 54504) the triplet statekops as a function of the quencher concentra-
where it was averaged and then transferred to a computer. Alltions [Q] (Eq. (3)).
the kinetic determinations were performed a2 °C. 0,3

For the laser photolysis experiments the solutions were kops = k™+"kq[ Q] ©)

deoxygenated by bubbling for 30 min with solvent-saturated Singlet and triplet quenching rate constants are given in
high-purity argon. The fluorescence quenching experiments,pja 1

were carried out with air-equilibrated solutions. At the  hg gjectron transfer nature of the quenching process was
quencher concentrations employed, the fluorescence was,onfirmed by the transient absorption spectra in the presence
quenched without changes of the spectral shape. In addition ot yhe quencher. These spectra reveal the characteristic ab-

there were no changes in the absorption spectra of the dyegqniinn hands of the radical cation of the quencher and the
Thus, ground-state complex formation can be disregarded. ¢amireduced form of the dye. Typical spectra are shown in

The quantum yield of semireduced dye was determined gigq 1 and 21n Fig. 1, the transient absorption spectrum

by laser flash photolysis, employing the triplet yield in the ¢ bty in the presence of tetramethgiphenylendiamine
absence of quencher as relative actinometer, througfilkqg. (TMPD) 1 x 104M is shown. The triplet state of PSH

® 0 ARET 1) presents two main absorption bands: 830 and 740 nm.
R= TATSR

where ¢9 is the triplet quantum yield in the absence of 0061

guencherAt the initial absorbance of the triplet in the ab- ’

sence of quencher amk the top absorbance of the semire- 0.03

ducedform, measured at the wavelength of maximum absorp- el

tion. e7 andeg are the absorption coefficients of the triplet B

and semireduced form, respectively. 0.00 M
-0.03

3. Results
-0.06 |

: . . 300 400 500 600 700 800 900
Bimolecular quenching rate constants were determined
from fluorescence lifetime determinations according to Eq.

(2) Fig. 2. Transient absorption spectrum taken ps2fter the laser pulse at
-1 -1 532 nm of PSH in the absenc and the presenc@®) of TEOA 0.01 M
T =1 +kg[Q] (2) in MeOH "0 ’ *

A /nm
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Table 1
Rate constants (in units of 1M1 s~1) for the quenching of excited singlet and triplet states of phenosafranine by electron donors
Quencher Eip (V)2 Singlet Triplet

MeOH MeCN MeOH MeCN
N,N,N’,N -Tetramethyp-phenylenediamine (TMPD) 0.13 hro) 187 9.36 158
N,N,N’,N/-Tetramethyl benzidine 0.43 - 1B 8.32 106
p-Anisidine 0.66 836 139 471 823
N,N -Dimethylaniline 0.77 1® 154 6.25 814
p-Toluidine 0.78 .7 134 4.38 677
N-Methylaniline 0.82 B4 142 4.50 735
Aniline 0.93 690 12 281 26
2-Methylindole 1.07 &0 116 0.21 044
1,2,4-Trimethoxybenzene 1.12 53 899 0.04 050
Indole 1.2 742 989 0.0015 0038
1,4-Dimethoxybenzene 1.3 3D 801 0.00026 ®m0o07
Triethanolamine 0.90 .28 615 0.021 040

2 One-electron oxidation potential in MeCN vs. SCE. References quof{ég@jn

In the presence of the aromatic amine these two bands areproduct¢ret of phenosafranine in acetonitrile. Usiag =
suppressed and two new bands at 565 and 610 nm appea2,000 M-1cm~1 for the dye in acetonitril§l] 0.44 results
The new bands correspond to the radical cation of TMPD  for the triplet yield. This figure is more in line with the values
[14]. In this region, 650-550 nm, the semireduced form of the of safranine quoted above.
dyes also absorbs. The absorption in the region 370-450 nm  With this value for the triplet yield, and the absorption
can be ascribed to the difference absorption spectrum of thecoefficients of the triplet and semireduced dye, a quantum
semireduced dye, PSHby similarity with the known ab-  vyield of radical formation results i®bg = 0.41 from Eq(1).
sorption spectrum of semireduced form of the dye safranine This means an efficiency of more than 90% for the charge
[9]. Therefore, the quenching process may be described byseparation process in the triplet state quenching of the dye by

the electron transfer reaction. TMPD in acetonitrile.
3 N InFig. 2, the effect of triethanolamine (TEOA) on the tran-
PSH" + TMPD — PSH + TMPD® sient absorption of PSHn MeOH is depicted. The maxima

of the T-T spectrum are at 800 and 720 nm in this solvent.
The peak at 430 nm in assigned to the semireduced form of
the dye. InTable 2 the spectral characteristics of the transient
species are collected.

On the assumption that the only absorbing species at
430nm is the semireduced form of the dye, the yield of
semireduced dye for the quenching by TEOA 0.01M in
MeOH may be estimated agr = 0.32, assuming the pho-
tophysical parameters of the dye are the same as those in
MeCN. This corresponds to an efficiency of charge separa-
tion of 0.91. InFig. 3, the growth and decay of the absorption

ing of the singlet state is negligible, while more than 95% at 430nm and the triplet decay measured at 830nm in the

of the triplets are quenched. The intersystem crossing quan_prgsence of TEOA I 10°°M i_n MgCN are presgnted. In.
tum yield of phenosafraniné was reported as 0.1 and 0 06thls solvent the triplet quenching is more effective than in

. L . ' "““MeOH by a factor of 10. It must be noticed that at this con-
n acetomtr.lle and water, rgspectlve[liy]. Also, a value of centration the singlet is not intercepted. It can be seen that at
0.10 was given for the dye in methgrjﬂ)B]. However, these. 430 nm the signal presents a fast initial growth, due to the for-
yalues seem re}ther low by comparison with the_ closely sim- mation of the triplet of PSH and afterwards a slower growth
ilar dye safranine, for which triplet quantum yields of 0.5

and 0.3417,18]were reported in ethanol. Therefore, we re- that matches the decay at 830 nm.
determined the triplet yield by the method of relative acti-
nometry[19]. The triplet of ZnTPP (zinc tetraphenyl por-
phyrin) in benzene was employed as actinometer. The triplet
yield of ZnTPP was measured at 470 nm immediately after

Using the known absorption coefficient of TMPD radi-
cal cation, TMPD*, at 610 nm £ = 13,000 M1 cm~1) [14]
a value ofe = 19,000 M1 cm~1 can be estimated for the
combined absorption of the semireduced form of the dye,
PSH, and the radical cation TMPD at 430 nm. From the
known spectruni15] of TMPD** and thee at the maxi-
mum, its absorption coefficient at 430 nm may be estimated
as 1000 M1cm™1, affording a value of 18,000 M cm=1
for the absorption coefficient of the semireduced form of the
dye. According to the rate constantsTiable 1and the sin-
glet lifetime of PSH, for TMPD 1 x 10~*M the quench-

Table 2
Absorption bandsi(nax in nm) of the triplet state and the semireduced form
of phenosafranine

MeOH MeCN
the laser pulse. Values of 7:310* M~1cm~! and 0.83 were :
used foret and¢r of ZnTPP, respectivelj20]. In this way 1Pt 800, 710, 430, 320 830, 740, 440, 320
Neutral radical 430 435

a value of 9700 Mlcm~1 was obtained at 825 nm for the
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Fig. 3. Transient absorption profiles of PSH the presence of TEOA %

3\ .
107" Min MeCN. (a) 830 nm; (b) 430 nm. Fig. 5. Singlet O) and triplet @) quenching rate constants in MeCN as a

. . . function of the free energy change.
Thus, the laser flash photolysis experiments substantiate

an electron transfer quenching process. Therefore, a correla- ko . kos
tion of the rate constants with the Gibbs energy change for D*+Q ‘—k7> (b*... Q) T» (D% .. Q)
. 21 2
the overall electron transfer proce2sG°, is expected. The k1o Kao
latter was calculated from the redox potentials of the donor
E(D/D%) and acceptoE(A/A™), and the energf" of the
excited state involved, with the Rhem—-Weller equaft Scheme 2.
AG — Epp — Epay — E* +C (4) The stead;l/c-state guenching rate constant is
whereC is the coulombic energy term. In the present case, k; = X 1]i (5)
since in the quenching process the neutral radical of the dye is 1+ 2 (32 + 1)
formed, this term is negligible. The photophysical and elec- ka3 \ k3o
trochemical parameters for phenosafranine [28: Es = introducing the Gibbs energy change for the electron transfer
2.34eV,Er = 1.77eV, E(A/A7) = —0.67 V. In this way, process,
AG® was estimated in MeCN and assumed to be the same in .
MeOH on the basis of the similar polarity of the two solvents. ka3 _ —AG (6)
Corrections in the redox potentials for solvent change on go- k32 RT
ing from acetonitrile to methanol are in the order of 0.01V
[23]. In Figs. 4 and 5the rate constants for the quenching and
by aromatic donors are plotted versu&° in MeOH and k5 = 42, exp(%TG*) -
MeCN, respectively.
In both solvents the data are well fitted (solid line) by
the Rehm-Weller mechanisrB¢heme 2, whereD" andQ Eq. (5) becomes:
stands for the excited dye and the quencher respectively. k1
ko = k21 k21 o ©
1+ —5~ exp(AG*/RT) + — exp(AG /RT)
10+ k5a k3o
9l In order to fit the experimental results for bimolecular
charge separation reactions, an expressian®j, that tends
8t asymptotically toward zero for highly negative values of
-;:’ AG023 is necessary; the Rehm-Weller relationship (B8))
S T7r meets this requirement.
6 . o\ 2 1/2
50 AG = % + (AZG) + AG*(0Y (10)

-6 -12 -08 -04 0.0

AGY/ eV where AG"(0) is the free energy change for driving force
= 0 and it is an adjustable parameter. The solid lines in
Fig. 4. Singlet () and triplet @) quenching rate constants in MeOH asa  19S. 4 and 5are drawn using Eqg9) and (10)with the
function of the free energy change. fitting parameters given ifable 3
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Table 3 _ _ _ Técnica de la Universidad Nacional deoRCuarto for finan-
Fitting parameter for the quenching of excited states of PByHaromatic cial support of this work.
electron donors
MeOH MeCN

kiz(M~'s7) 1.0x 10'° 1.6x 10'° References
ko1 (s71) 3.0x 1019 3.0x 1019

0 (o1 2 2
ka3 (s 1) 1x 10t 1x 10 [1] K.R. Gopidas, P.V. Kamat, J. Photochem. Photobiol. A: Chem. 48
AG" (0) 0.2 0.2
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