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Abstract

The kinetics of the Rose Bengal (RB)-sensitized photooxidation of 2,3-dihydroxypyridine (2,3-DHP) and 2,4-dihydroxypyridine
(2,4-DHP), two compounds profusely employed in multiple fields such as pesticides design, pharmacology, and clinical therapeutics
have been studied in water at pH 5, 11 and 14, and in the mixture MeCN—water 4:1 (v/v) with and without 0.01 M KOH. These compounds
present different ionization states, depending on the pH of the medium. Rate constants values in the rang®-¢6.80 x 10°M~1s1
for both overall k) and reactivek;) singlet molecular oxygen, £ Aq), quenching processes were determined by time-resoly€d\Q)
phosphorescence detection and by spectrophotometric, spectrofluorimetric and polarographic methods. The experimental evidence suggest
a photooxidative process through a charge-transfer mediated mechanism involving an excited encounter complex.Kftkeiratioate
that the Q(*A¢) oxidation of both dihydroxypyridines is a relatively efficient pathway over an extended pH range, with respect to the same
oxidation of the monohydroxypyridines. In a general sense, the increase of pH favours the overall interaction dihydroxypytidigg—-O
although this interaction does not correlate with the importance of the photooxidation reaction. In pH 5 medium or in the mixture
MeCN-water, solvents where the respective un-ionized 2-pyridone forms predominate, only 2,3-DHP is photooxidized, whereas 2,4-DHP
slightly deactivates @*Ag) only in a physical fashion. In pH 11 aqueous solution or in alkalinized MeCN-water, where the respective
mono-ionized pyridone forms predominate, the higlkgt ratios are reached. In addition, in pH 14 water solution both di-ionized dihy-
droxypyridines show the highelstvalues, but lower relative reactivity than in the pH 11 solutions. All these results indicate that in aquatic
environments containing these dihydroxypyridines or related aquatic pollutants, a simple change in the pH conditions of the medium could
allow the switch between reactive and non-reacti‘gé@g)-mediated processes.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction ble for many photooxidationid 1]. Scheme khows its gen-
eration through visible-light absorption of a dye-sensitizer
Hydroxylated N-heteroaromatic derivatives (OH-ND) (S), as well as its main quenching proces§eg]. 1S*
and, in particular, hydroxypyridines (OHP) have attracted and3S* are the respective singlet and triplet excited states
scientific interest in areas such as pesticides defidt], of S, and Q(®%q") is the ground-state molecular oxy-
clinical therapeutics and pharmacoloigy4] among others.  gen. Q@(*Ag) is generated by energy transfer froig* to
In relation to their use as pesticides and their natural disap-O2(3Zq~) (process (3)), and can be physically deactivated
pearance from the environment, our group has studied theby collision with solvent molecules (process (4)), or with
sensitized photooxidation of some OH-NB-10], with a quencher, Q, in the solution (process (5)), which can be
special emphasis on the behaviour of OHP, hydroxypyrim- transparent at the irradiation wavelength. Finally(q)
idines and hydroxyquinolines as physical and chemical can react with the quencher giving rise to oxidation products
quenchers of singlet molecular oxygerny(&Ag)). In nature, (process (6)).
the electrophilic and metastable agery(b;g) is responsi- Regarding the three isomeric OHP, we have demonstrated
[5,6] that in the presence of Rose Bengal (RB)—the syn-
* Corresponding author. Tel:+54-358-467157; fax:-54-358-468280.  thetic xanthene dye most frequently used as a sensitizer for
E-mail addressngarcia@exa.unrc.edu.ar (N.A. Gerc Oz(lAg) generationf13]—an exclusive @(lAg)—mediated
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In the present paper we describe and discuss the ki-

s hv 1 ISC 3G 02(29_) o (1A ) ] - . .
1) ) 3) 2\ 79 net|c_behaV|our _of_ 2,3-dihydroxypyridine (2,3-I_3_HP) and
) 2,4-dihydroxypyridine (2,4-DHP) upon RB-sensitized pho-
Ky O2(2g) (4) tooxidation conditions, in water buffered at different pH
Q ) values and in the mixture acetonitrile—water 4:1 with or
05('ag) — ke O(%g) +Q (5) without added potassium hydroxide.
L Q oxidation products (6)

=

2. Experimental
Scheme 1. Generation onGAg) by sensitization, and main quenching )
processes in solution. S, sensitizer; Q, quencher. 2.1. Materials

mechanism operates, being 3-hydroxypyridine (3-OHP) the  2,3-DHP, 2,4-DHP, 9,10-dimethylanthracene (DMA), RB
isomer most susceptible towards photooxidation in water, and sodium azide, all from (Aldrich), fluorescamine (Sigma)
while 4-hydroxypyridine (4-OHP) does not react at all in this and furfuryl alcohol (FFA) (Riedel de Haén) were used
medium {Table 1, and 2-hydroxypyridine (2-OHP) exhibits ~ without further purification. The following solvents were
intermediate reactivity. The absence of reactivity of 4-OHP employed: BO (99.9% D, Sigma), acetonitrile (MeCN)
and, in general, of substituted 4-OHPs can be attributed to (HPLC quality, Sintorgan) and triply distilled water. Wa-
the predominant, or exclusive, presence of the correspond-ter (HO-D,0) solutions of different pH/pD values were
ing tautomeric 4-keto form§14,15], much less aromatic  prepared with phosphate buffess] (pH/pD 5 and 11) or
than the 4-hydroxy form and, hence, much less reactive to- by addition of potassium hydroxide (pH/pD 14). pH/pD
wards the well-known electrophilic reageni®Ag). On the values remained constant during the irradiations, as con-
contrary, in 3-OHP the OH-form is in equilibrium with the  trolled with a pH-meter. The solvents MeCNz® 4 KOH
OH-ionized N-protonated zwitterionic tautomer, and the re- and MeCN-BRO + KOH had an overall KOH concentra-
action with Q(lAg) is much more efficient. As a continua- tion of 0.01M. Along the experiments in the latter sol-
tion of these studies, we decided to explore the reactivity of vents some KOH-catalysed hydrolysis of MeCN cannot be
dihydroxypyridines, relating it with the predominant form discarded, although this process is far from efficient and
present in the medium and with its ionization state. Since normally requires vigorous basic conditiofi&’]. Anyway,
some known pesticides include hydroxypyridine groups in the UV spectra of solutions of each dihydroxypyridine in
their structure, the knowledge of the kinetics of photosensi- MeCN-water+ KOH remained unchanged when kept for
tized oxidations of the model compounds constitutes a mean-weeks in the dark at room temperature. Solutions $OD
ingful assistance in the design of photodegradable moleculesor in MeCN-D,O were employed in the time-resolved

of controllable persistence in a given environment. experiments.
Table 1
Rate constant values-10%) for the overall k) and reactive i) quenching of Q(lAg) by 2,3-DHP and 2,4-DHP, ank}/k; ratios!
Compound Solvent k (x108M~1s1) k (x1BM~1s1) ke Ik
2,3-diOHP Water, pH/pD 5 3.40 0.51 0.15
Water, pH/pD 11 5.60 3.55 0.63
Water, pH/pD 14 6.80 1.0 0.14
MeCN-water 0.70 0.71 1.01
MeCN-water+ KOH 1.7 1.68 0.99
2,4-diOHP Water, pH/pD 5 0.008 NR
Water, pH/pD 11 0.05 0.048 0.96
Water, pH/pD 14 0.08 0.01 0.12
MeCN-water NQ NR
MeCN-water+ KOH 0.04 0.037 0.93
2-OHP (a) Water, pH/pD ' NQ NR
Water, pH/pD 12 1.23 0.20 0.16
3-OHP (a) Water, pH/pD ' 0.39 0.26 0.67
Water, pH/pD 1% 2.6 2.6 1.00
4-OHP (a) Water, pH/pD ' NQ NR
Water pH/pD 1% NQ NR

aValues for monohydroxypyridines are included for comparisoﬂ.lﬂg) generated through RB sensitization. MeCN—water 4:1 (v/v) mixtures. NQ,
NR: no quenching or no reaction was observed.
bvalues from Ref][5].
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2.2. Determination of overall quenching rate constanis, k 2,3-DHP
The overall rate constant forszg) qguenching k) is X OH X OH
defined as the sum of the rate constants of physical deac- \ _ - | D
tivation to ground-state molecular oxygeky,(process (5) N
in Scheme }, and of chemical or reactive quenchinig)(

process (6)k; values were determined by time-resolved dihydroxy form 2-keto form
phosphorescence detection (TRPD), using a laser kinetic

spectrophotometer. A nanosecond Nd:YAG laser system i H@ N o®
(Spectron) at 532 nm was the excitation source. The emit-

ted radiation (mainly 1270 nm) was detected at right angles EI

. - . (@] Ka2 / 09
with an amplified Judson J16/8Sp germanium detector, after

passing through appropriate filters. The output of the detec-

tor was coupled to a digital oscilloscope and to a computer 2 4-DHP
that allowed the processing of the signal. Sixteen shots were
usually needed for averaging decay times, in order to get a

OH OH 0]
good signal/noise ratio. The apparatus has been previously
described18]. | A | N ]
The sensitizer RB, with a quantum yield 0§®A4) gen- - bl
y N~ “OH N“So  “NTToH

i

eration of 0.7913], was employed both in $#0 and DO at
concentrations corresponding to absorbances at 532 nm in '
the range 0.4-0.5. ' Ag) lifetimes were evaluated in the | dihydroxy form  2-keto form 4-keto form
absence ) and in the presence) of each hydroxypyri-
dine (104-10-3M), and the ratior%r was plotted as a
function of the quencher concentration, according to a sim-
ple Stern—Volmer treatment, using the expressi8yr =

1+ k0 (DHP).

2.3. Determination of photooxidation rate constants, k Scheme 2. Accepted tautomeric and ionized forms of 2,3-DHP and
2,4-DHP.

The rate constants for the chemical reaction between
OH-ND and Q1A Ag) were determined by different com-
parative meth0d$12] depending on the solvent used. In Mined by the specific electrode Orion 97-08, only utilizable
all the cases, th value for the sensitized photooxidation in solvents with more than 95% water.
of a reference compound must be known. In MeCN-water
4:1 (viv) and in MeCN—water 9:1v/v) + 0.01M KOH,
the reference was DMA, with, values of 12 x 10’ and 3. Results
5.2 x 10’ M~1s71, respectively, as determined by TRPD.
The DMA disappearance was monitored by spectrofluorime-  Both DHP can tautomerize to pyridone forngcheme P
try in a Spex Fluoromax apparatus, with 395 and 450 nm The main 2,3-DHP species present in water is the 2-keto
as excitation and emission wavelengths, respectively. Theform, and its successive ionizations produce the 3-ionized
disappearance of each pyridine was followed by absorption 2-keto form (pKa1 = 8.7) and the 2,3-di-ionized pyridine
spectroscopy in a Hewlett Packard 8452A diode array spec-form. The second ionization is undetectable by spectroscopy
trophotometer, reading absorbances at the wavelength ofor potentiometric titratiof20,21] The un-ionized 2-keto
maximum absorption, in the range of 300—350 nm (depend- form also predominates in dimethylsulphoxide soluf{@aj.
ing on the substrate), where RB is practically transparent. In In water containing 20 mol% of ethanol, dimethylsulphox-
order to avoid interferences from possible photooxidation ide, or dioxane, both ionizations have been observed, with
products, absorbance data for substrate conversions lowepKa1 and K2 in the ranges of 9.26-9.90 and 11.72-12.53,
than 10% were employed, assuming much lower, or null, ab- respectively[23]. In the case of 2,4-DHP (also known as
sorbances for said products at the analytical wavelength. In3-deazauracil), the 2-keto tautomer is present in the crys-
water, the reference was FFA, with= 1.2 x 16 M~1s71 tal structure[24], but in water solution other forms can-
[19], and the disappearance rates of substrate and referencaot be discarded. In this medium, the successive ionizations
upon sensitized irradiation were assumed equal to the rategjive rise to the corresponding 2-/4-kefpK 1 = 6.5) and
of oxygen uptake of the respective solutions. This assump-2,4-di-ionized pyridine(pKs> = 13.0) forms [25]. Mono-
tion is valid if the photooxidation reactions are the only hydroxypyridines show similar tautomeric and ionization
oxygen-consuming processes. Oxygen uptakes were deterequilibria. In both aqueous and organic media, 2-OHP and
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Fig. 1. Spectral evolution of dihydroxypyridines upon aerobic RB-sensitized photoirradiation. Main figure: 2,3-diOHP in pH 11 water. Right inset:
2,3-diOHP in pH 5 water. Left inset: 2,4-diOHP in pH 11 water. Numbers on the spectra represent irradiation time in minutes.

4-OHP stand as the corresponding 2-keto and 4-keto forms,9:1, and that in pH 11 water solution was the same as in al-

and 3-OHP is mainly as the N-protonated zwitterionic tau- kaline MeCN-HO 9:1. The same can be said for 2,4-DHP.

tomer, in equilibrium with the OH-fornfil4,15]. Hence, it can be assumed that for each DHP the same pre-
Consequently, the shapes of the absorption spectra of alldominant species is present in solutions with the same ab-

these compounds strongly depend on the solvent and ionizassorption spectrum.

tion statg26,27] In the case of 2,3-DHP, its spectrum in pH The visible-light irradiation in the presence of RB of

5 water solution was practically the same as in MeChOH  air-equilibrated solutions of 2,3-DHP in any of the sol-
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Fig. 2. First order plots for oxygen uptake upon RB photosensitized oxidation of (a) 2,4-diOHP, (b) furfuryl alcohol and (c) 2,3-diOHP; all 0.5mM in

pH 11 water. [Ox] and [Ox] represent the dissolved molecular oxygen concentrations atstise ands = 0, respectively. Inset: Stern—Volmer plots
for the quenching of glAg) phosphorescence by 2,3-DHP in (b) MeCN-water 4:1 (v/v) and in (a) MeCN-water 4:1 (v/v) plus 0.01 M KOH.
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vent herein used strongly modified the initial UV absorp- example, hydroquinone is an efficient physical and chemi-
tion spectra ig. 1). Although less pronounced, the same cal quencher of glAg) in water at pH 6, whereas in the
was observed for similar solutions of 2,4-DHP in water at same medium resorcinol and catechol behave as exclusive
pH 11, water at pH 14, and alkaline MeCN2®l 9:1. No chemical and physical quenchers, respectively. The picture
spectral changes were detected for 2,4-DHP in water at pHfor trihydroxybenzenes is somewhat simi[28]; the three
5 or in MeCN-HO 4:1, even after much longer irradia- isomers are fairly good physical quenchers thxg), and
tion times. The former spectral changes did not occur in are easily photooxidizable even in water at pH 2, where
nitrogen-saturated solutions, and were highly inhibited in the corresponding non-ionized forms are present. Turning to
the presence of 20 mM sodium azide, a well-known phys- the hydroxypyridine family, and to OHP in particular, it has
ical quencher of @(1Ag) [12]. All these results indicate  been demonstratel®] that their interaction with QlAg)
the existence of type Il photooxidations, which were unam- increases with the ionization of the OH group, and decreases
biguously corroborated by@lAg)-quenching experiments  when keto forms prevails in the medium, as already men-
with TRPD. tioned inSection 1
The corresponding values Table ) were graphically In the case of the two dihydroxypyridines herein stud-
deduced either through the oxygen uptake in water or ied, the kinetic data ifable lindicate an increase in the
through the substrate consumption in MeCNEH4:1. On rate constantk; andk, with the ionization. This behaviour,
the other hand, oxygen consumption was detected in thecommon for other hydroxy-aromatic compour@s28], is
RB-sensitized irradiation of 2,3-DHP in water at pH 5, 11 attributed to the intermediate formation of an excited en-
or 14, and of 2,4-DHP in water at pH 11 or 14, and in all the counter complex of the type L(DlAg) -« - DHP] with patrtial
cases it was also totally inhibited by the presence of 20 mM charge-transfer characte8¢heme R Hence, the ionization
sodium azide. The treatment of the TRPD data is shown in of the OH groups and the polarity of the medium must favour
Fig. 2, as well as the @*Ag) phosphorescence decays in the Ox(*Aq)-DHP interaction. A deeper analysis of the data
the absence and in the presence of 2,3-DHP (in$able 1 accounts for the different species present in each medium,
contains the respectile values. For comparative purposes, as follows.
described kinetic data for 2-OHP, 3-OHP and 4-OHP in In all the studied media, the values for the rate constants
similar media have been also included. ki andk, of 2,3-DHP are one to two orders of magnitude
As it has been stressed bef@&8], no relevant informa-  higher than the respective ones of 2,4-DHP. This suggests
tion about the effectiveness of the actual photodegradation isthat a condition for reaching high overall reactivity towards
obtained from the straightforward analysispéndk, values 02(1Ag) is the presence of an OH group in position 3, as
in 02(1Ag)—mediated photooxidations. A simple and useful has also been observed in the three OHPB] (Table J.
approach is the evaluation of thgk; ratio, which showsthe  This condition is particularly evident in water at pH 5
fraction of overall quenching of@lAg) thatleads tochem- and in MeCN-water 4:1, solvents where only 2,3-DHP is
ical reaction. The values deduced for said ratio for 2,3-DHP, photooxidized. According to the data, the efficiency of the
2,4-DHP, and for the parent compounds 2-OHP, 3-OHP and photooxidation process, measured as the tafiq, is low
4-OHP, have been also includedTable 1 (0.15) in the pH 5 medium, but is very efficient (a value
close to the unity) in the mixture MeCN—water 4:1. A sim-
ilar dependence, with higher photooxidative efficiency in a
4. Discussion less polar solvent (MeCN—water 4:1 mixture, as compared
to water) has been already observed for other hydroxyaro-
The kinetics of the @(1Ag)—mediated sensitized photoox- matic derivatives, being interpreted in terms of the evolution
idation of hydroxylated aromatic compounds and, in par- of the suggested excited encounter comf2g]. On the
ticular, of phenols and OHP has been extensively studied.contrary, the overall quenching process is favoured in more
Generally, speaking, the kinetic data found for these two polar solvents. The balance between physical and chemical
families of compounds can be interpreted in a similar way. quenching of Q(lAg) could be assimilated to those cases
Thus, both phenolg28] and OHP[5-8] are efficient phys- previously hypothesized for the hydroxy-aromatic com-
ical and/or chemical quenchers onGAg), and the op-
posite can be said about their respective non-hydroxylated
parent compounds. The reactivity in phenols and OHP can

_ TR Oa('Ag) + DHP
be unambiguously related to the ionization state of the OH
group, and the ionized forms always show much higher 1}
ability as Q(*Ag)-scavengef28]. Nevertheless, reported [05('Ag)*"... DHP™] —» products

data on the @(1Ag)—mediated sensitized photooxidations
of polyhydroxybenzenef8] indicate that the presence of
a second OH group in the aromatic nucleus produces ki-
netic and mechanistic effects that are not straightforwardly scheme 3. Generation and evolution of the encounter excited complex
predictable from the available information for phenols. For between @(*Ag) and a dihydroxypyridine.

[05(24)7"... DHP*]—»0,(’s,") + DHP



106 A. Pajares et al./Journal of Photochemistry and Photobiology A: Chemistry 153 (2002) 101-107

poundsa-tocopherol30], poly-alkylphenold31] and some  Acknowledgements
tyrosine-containing peptidd82,33]. This balance has been
previously described as a sensitive function of spin—orbit  Thanks are given to CONICET and SECyT UNRC from
coupling properties and entropy factors within the encounter Argentina and to CSIC from Spain for financial support.
complex, as supported by the observed flat enthalpy profile
along the reaction coordinate in experiments at different
temperature§31]. References

Regarding 2,4-DHP in water at pH 5, the non-ionized 1. Tomlin (Ed). The Pesticide Manual. British Cron Protect
keto forms mainy present in the medium have demon- 1 €, Jonir (€0) Tie Fesiere M, B cop iy
s@ra.lt_ed to be extremely poor quenchers Qf(]@\g), ex- 580, 740.
hibiting only a physical quenching componekt & kq = [2] S.R. Dixon, C.H.J. Wells, Pestic. Sci. 14 (1983) 444—448.
8 x 10°M~1s1). According to the kinetic data, relatively ~ [3] M. Fukushima, H. Satake, J. Uchida, Y. Shimamoto, T. Kato, T.
high concentrations of 2,4-DHP (ca. 30 mM) are necessary Takechi, H. Okabe, A. Fushioka, K. Nakano, H. Ohshimo, S. Takeda,

. 1 " - L T. Shirasaka, Int. J. Oncol. 13 (1998) 693-698.
to intercept Q(*Ag) under competitive conditions with its [4] H. Nakano, M. Wieser, B. Hurt, T. Kawai, T. Yoshida, T. Nagasawa,

natural environmental decayy = 2.5 x 10*s™1) [12]. In Eur. J. Biochem. 260 (1999) 120-126.

water at pH 11 and in alkaline MeCN-water 4:1, where both [5] A. Pajares, J. Gianotti, E. Haggi, G. Stettler, F. Amat-Guerri, S.
DHP are mainly in their respective mono-ionized pyridone Criado, S. Miskoski, N.A. Gaia, J. Photochem. Photobiol. A 119
forms, thek/k; ratios reach the highest values. (1998) 9-14.

. . s [6] F. Amat-Guerri, A. Pajares, J. Gianotti, E. Haggi, G. Stettler, S.
Fma"y’ in water at pH 14 the di-ionized forms of both Bertolotti, S. Miskoski, N.A. Gar@, J. Photochem. Photobiol. A

DHP behaved in a particular fashion. Even when in this 126 (1999) 59-64.

medium the rate constants for the overail(bsg) quench- [7] A. Pajares, J. Gianotti, E. Haggi, G. Stettler, F. Amat-Guerri, S.
ing processk;, were higher than those found at pH 5 or 11, Bertolotti, S. Criado, N.A. Gaie, Dyes Pigments 41 (1999) 233~
239.

the respectivé; values were, in relative terms, very low, in- _ o _ _
dicating that most QlA ) is deactivated by physical pro- [8] A. Pajares, J. Gianotti, G. Stettler, S. Bertolotti, S. Criado, A.
g T 9/ . y phy ) P Posadaz, F. Amat-Guerri, N.A. G&a¢ J. Photochem. Photobiol. A

cesses. This is an exp_e.rlm_ental ewd_ence o_f the high nucle- 139 (2001) 199-204.

ophilicity of the DHP di-ionized species, which favours the [9] A. Pajares, J. Gianotti, G. Stettler, E. Haggi, S. Miskoski, S. Criado,

formation of the encounter Comp|ex WichOAg)- F. Amat-Guerri, N.A. Gara, J. Photochem. Photobiol. A 135 (2000)
In conclusion, all this experimental evidence indicates that 10 EWH—ZQ_- S Bertolotii S. Mickoski. . Amat-Gueri NA. G

the aerobic dye-sensitized photooxidation in aqueous solu-*” can 3 e egoo(;()li')Z)'szl—SG;JS h e Amatsuert, WA, e

t|0n10f 2,1'3-DHP or 2,4-DHR, a phOtorea?t'on mediated by [11] r.c. Straight, J.D. Spikes, Photosensitized oxidation of biomolecules,

02(*Ag), is a relatively efficient degradation pathway over in: A.A. Frimer (Ed.), Singlet Oxygen, Vol. IV, CRC Press, Boca

an extended pH range. This photodegradation was observed Raton, FL, 1985, pp. 92-126.

previously in some other polyhydroxylated aromatic com- [12] (Fl-g‘g’é';"gzg”vl (\)Aé'f' Helman, A. Ross, J. Phys. Chem. Ref. Data 24

pounds, but notin the corresponding monohydroxylated par- ;31 1y - “Neckers, J. Photochem. Photobiol. A 47 (1989) 1-29.

ent compou'nds OHP- Even though the' pH Increase favoursii4] a.J. Boulton, A. McKillop, Structure of the six-membered rings,

the overall interaction QlAg)—DHP, this increase is not in: A.R. Katritzky, C.W. Rees (Eds.), Comprehensive Heterocyclic

sufficient for increasing the photooxidation rate, and the Chemistry, Vol. 2, Pergamon Press, Oxford, 1984, pp. 1-27.

highest photodegradative efficiencies have been observed ir{lS] C.D. Johnson, Pyridines and their benzo derivatives: (i) structure,

. . . in: A.R. Katritzky, C.W. Rees (Eds.), Comprehensive Heterocyclic
moderate-to-high alkaline media, where the two DHP stands Chemistry, Vol. 2, Pergamon Press, Oxford, 1984, pp. 99-164.

as their respective mono-ionized pyridone forms. Besides, [16] R.C. Weast, M.J. Astle (Eds.), Handbook of Chemistry and Physics,
in an acidic medium, where the corresponding un-ionized CRC Press, Boca Raton, FL, 1981, p. D-126.

forms are present, only 2,3-DHP is photooxidized, while in [17] G. Tennant, in: O. Shutherland (Ed.), Comprehensive Organic
a highly alkaline medium, where both DHP are as di-ionized ___ Chemistry, Vol. 2, Pergamon Press, Oxford, 1979, p. 385.

forms. their relative chemical reactivities are lo [18] S. Criado, N.A. Bertolotti, N.A. Gaia, J. Photochem. Photobiol. B
» el v : Vil W. 34 (1996) 79-86.

Regarding the natural photo disappearance of pesticides;g] wR. Hagg, J. Hoigné, Environ. Sci. Technol. 20 (1986) 341-347.
related with DHP, all these results indicate that a simple [20] K.E. Curtis, G.F. Atkinson, Can. J. Chem. 50 (1972) 1649-1654.
change in the environmental conditions, such as a sudden21] R.C. Scarrow, P.E. Riley, K. Abu-Dari, D.L. White, K.N. Raymond,
alteration of pH, could allow the switch between reactive 22 EOE-”Chtem- 24F§1385():|954‘96? T Cafada C. FocesF .

. . . f allesteros, .M. aramunt, |I. anada, . Foces-roces, F.
and n'on-react|ve Sltuathns' The _knOWIe(jige of the related Hernandez Cano, J. Elguero, A. Fruchier, J. Chem. Soc., Perkin
experimental facts constlﬁutes an |mperat|ve_ requisite Whe_n Trans. 2 (1990) 1215-1219.
programmed or natural field photodegradations of aquatic [23] M.S. Saleh, Monatsh. Chem. 126 (1995) 377—384.
pollutants are considered. This includes the cheap and ef-{24] C.C. Wilson, D.A. Keen, N.S. Stewart, J. Chem. Soc., Chem.
ficient lagooning method[34,35], i.e. degradation by the Commun. (1992) 1160-1166.
combined action of spontaneous physical, chemical and[zs] A. Albert, J.N. Phillips, J. Chem. Soc. (1956) 1294-1295.

) . p. .p y v . [26] V.T. Grachev, B.E. Saltzev, K.M. Dyumaev, L.D. Smirnov, M.R.
biological processes taking place in lagoons in the simple Avezov, Khim. Getoer. Soed. 1 (1973) 60-63.

presence of oxygen and sunlight. [27] H.J. den Hertog, D.J. Buurman, Recueil 75 (1956) 264—268.



A. Pajares et al./Journal of Photochemistry and Photobiology A: Chemistry 153 (2002) 101-107

[28] N.A. Garda, J. Photochem. Photobiol. B 22 (1994) 185-196.
[29] M.I. Gutiérrez, A.T. Soltermann, F. Amat-Guerri, N.A. GexcJ.
Photochem. Photobiol. A 136 (2000) 67-71.

[30] A.A. Gorman, I.R. Gould, I. Hamblett, M.C. Standen, J. Am. Chem.

Soc. 110 (1988) 8053-8059.

[31] A.A. Gorman, I.R. Gould, I. Hamblett, M.C. Standen, J. Am. Chem.

Soc. 106 (1984) 6956-6959.

107

[32] S. Criado, A.T. Soltermann, J.M. Marioli, N.A. Gaa¢ Photochem.
Photobiol. 68 (1998) 453-458.

[33] S. Criado, J.M. Marioli, P.E. Allegretti, J. Furlong, F.J. Rigtrez
Nieto, D.O. Martire, N.A. Gara, J. Photochem. Photobiol. B 65
(2001) 74-84.

[34] K.D. White, J.G. Burken, Water Environ. Res. 71 (1999) 676-680.

[35] H.E. Maynard, S.K. Ouki, S.C. Williams, Water Res. 13 (1999) 1-13.



	Ionization effects on the sensitized photooxidation of 2,3-dihydroxypyridine and 2,4-dihydroxypyridine: a kinetic study
	Introduction
	Experimental
	Materials
	Determination of overall quenching rate constants, kt
	Determination of photooxidation rate constants, kr

	Results
	Discussion
	Acknowledgements
	References


