Journal of Photochemistry & Photobiology, A: Chemistry 456 (2024) 115793

Contents lists available at ScienceDirect

Journal of Photochemistry & Photobiology, A: Chemistry

FI. SEVIER

journal homepage: www.elsevier.com/locate/jphotochem

Water modulates the chemiexcitation efficiency of the peroxyoxalate
reaction: Enhancement at low and decrease at higher concentrations

Maidileyvis C. Cabello *", Marcos P.O. Lemos ®, Wilhelm J. Baader

@ Departamento de Quimica Fundamental, Instituto de Quimica, Universidade de Sao Paulo, Av. Prof. Lineu Prestes, 748, 05508-000, Sao Paulo, Brazil
b Department of Chemistry, Southern Methodist University, Dallas, TX 75275-0314, United States

ARTICLE INFO ABSTRACT

Keywords:

Peroxyoxalate chemiluminescence
Chemiexcitation mechanism
Water effect

Electron transfer

Singlet quantum yields

Chemiluminescence transformations are widely utilized in analytical and bioanalytical applications. Specifically,
the peroxyoxalate system can be employed for sensitive quantification of a wide variety of analytes. Under
anhydrous conditions, the peroxyoxalate reaction shows extremely high emission quantum yields, comparable to
highly efficient bioluminescence systems. However, in aqueous media, important for bioanalytical applications,
the emission efficiency suffers a significant decrease of several orders of magnitudes, although the reason for this
loss in efficiency is unknown up to now.

In the present work, we show the results of a detailed photophysical study on the effect of water on the
chemiexcitation efficiency of the peroxyoxalate reaction using bis(2,4-dinitrophenyl) oxalate as reagent and
imidazole as base catalyst in the presence of different chemiluminescence activators. It is shown that in 1,2-dime-
thoxyethane/water mixtures (DME:H50), singlet quantum yields increase with increasing the water concentra-
tions up to 0.7 mol/L, followed by a steady decrease at higher water concentrations. The decrease in quantum
yields is not predominantly due to concurrent ester hydrolysis, as quantum yields could be corrected for this side
reaction. This indicates that the quantum yield decrease is due to the diminished chemiexcitation efficiency in
the presence of water. Using different activators, it is shown that chemiexcitation occurs via electron transfer and
electron back-transfer steps between a high-energy intermediate and the activator. Additionally, its efficiency is
governed by the energetics of the electron back-transfer step, in agreement with the Chemically Initiated Electron
Exchange Luminescence (CIEEL) mechanism, also in partially aqueous environment. Lower excitation efficiency
in aqueous media may be due to formation of solvent-separated radical ion pairs, inhibiting chemiexcitation.

1. Introduction hydrogen peroxide, in several base-catalyzed steps, which has shown to

be the cyclic peroxidic carbon dioxide dimer 1,2-dioxetanedione

The analytical and bioanalytical use of chemiluminescence (CL) is
being actively investigated since it represents an easy, inexpensive, and
sensitive alternative to quantify a wide variety of compounds [1-6].
Emission intensity measurements can be used for these purposes because
it is a function of the concentration of the chemical species present in the
sample which lead to light emission [7]. One of the most frequently used
chemiluminescent systems is the peroxyoxalate reaction, first described
by Edwin A. Chandross, due to its high quantum yield [8]. The system is
based on the base-catalyzed reaction of oxalic acid derivatives with
hydrogen peroxide in the presence of an appropriate fluorophore, called
activator (ACT) (Scheme 1) [9-11].

In general terms, the reaction occurs with the initial formation of a
high-energy intermediate (HEI) from the oxalate derivative and
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[12,13]. In the so-called chemiexcitation step, this HEI interacts with
the activator, generally a highly fluorescent compound with low
oxidation potential, leading to the formation of the electronically
excited singlet state of the ACT. Finally, the singlet-excited ACT is
responsible for the observed chemiluminescence corresponding to its
fluorescence emission [14].

The reaction steps leading to the formation of the HEI have been well
characterized under different reaction conditions; they involve the base-
catalyzed cyclization of an oxalic peracid derivative to a cyclic peroxide
as the key-step [15-18]. The interaction of the HEI with the ACT in the
chemiexcitation step has been shown to occur via electron transfer, and
electron back-transfer step according to the Chemically Initiated Elec-
tron Exchange Luminescence (CIEEL) [19-22]. The efficiency of these

Received 3 March 2024; Received in revised form 3 May 2024; Accepted 26 May 2024

Available online 31 May 2024

1010-6030/© 2024 Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar technologies.


mailto:wjbaader@iq.usp.br
www.sciencedirect.com/science/journal/10106030
https://www.elsevier.com/locate/jphotochem
https://doi.org/10.1016/j.jphotochem.2024.115793
https://doi.org/10.1016/j.jphotochem.2024.115793
https://doi.org/10.1016/j.jphotochem.2024.115793

M.C. Cabello et al.

electron transfer steps for excited state formation is the main factor that
determines the quantum yields of the chemiluminescence trans-
formation. The efficiency of the last step, fluorescence emission from the
first singlet-excited state of the ACT, is just determined by its fluores-
cence quantum yield [23-25].

Although the mechanism of the peroxyoxalate reaction has been
mainly studied in anhydrous media to avoid reactive ester hydrolysis,
several recent studies have shown the possible application of the
transformation in aqueous media, due to its importance as an analytical,
and bioanalytical tool [14,26-34]. However, the singlet-excitation
quantum yields in these aqueous media were found to be several or-
ders of magnitude lower [35-40] when compared to those obtained in
anhydrous organic solvents [10,20,41-43]. Until present, no systematic
study has been performed to investigate the influence of water on the
chemiexcitation efficiency of the peroxyoxalate system, although the use
of aqueous media is important per se, as well as for analytical and bio-
analytical applications.

In the present work, the effect of water on the efficiency of the
peroxyoxalate reaction is studied in the reaction of bis(2,4-
dinitrophenyl) oxalate (DNPO) reaction with HyO5 and catalyzed by
imidazole using different aqueous 1,2-dimethoxyethane as reaction
medium. The reason for using this mixed solvent is that the reaction
conditions leading to reproducible kinetic data were established for this
medium [44]. The determination of the chemiluminescence parameters
with different ACTs bears on the effect of water on the efficiency of the
chemiexcitation step.

2. Materials and methods

Bis(2,4-dinitrophenyl) oxalate (DNPO, Aldrich), imidazole (IMI-H,
Sigma, 99 %), 9,10-diphenylanthracene (DPA), 2,5-diphenyloxazole
(PPO), rubrene (RUB), perylene (PER) (all Aldrich) were obtained
commercially and used without further purification. 1,2-Dimethoxy-
ethane (DME, Sigma-Aldrich, 99.5 %) was refluxed and distilled from
sodium wire in the presence of benzophenone as indicator-Hy09 stock
solutions were prepared by diluting a 60 % aqueous solution in DME, the
residual water being removed by addition of MgSO4 followed by filtra-
tion; the final HyO5 concentration was determined by photometric
iodometry [45]. Aqueous DME with known molar concentration of
water was prepared by mass.

Light emission kinetic experiments were performed using 10 mm
pathlength fluorescence quartz cuvettes in a Varian Cary Eclipse fluo-
rescence spectrophotometer. The kinetic assays were performed at (25.0
+ 0.5) °C by adding the appropriate amounts of IMI-H, H,O5 and ACT
stock solutions in DME to the cuvette, containing DME or DME:H20
mixtures, in a final volume of 2.0 mL. The reaction was started by
injecting the appropriate volume of DNPO stock solution in dry DME,
followed by emission intensity data acquisition. All experiments were
carried out at least in triplicates. Chemiluminescence quantum yields
(®cp) were determined, using the luminol standard for photomultiplier
calibration [20]. The singlet quantum yields (®g) were calculated from
the (®CL) by using the fluorescence quantum yields of the activators,
determined in the reaction medium as absolute quantum yields, for
water concentrations of 0.0, 0.22, 0.7 and 1.2 mol/L In DME. The ab-
solute fluorescence quantum yields (®p) were determined using the
integration sphere (SC-30) of the steady state spectrofluorometer Edin-
burgh FS5, using the software for reabsorption correction integrated to
the instrument. For DPA, fluorescence quantum yields were also
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determined for higher water concentrations, up to 6.5 mol/L (Table S1).
The absorption and emission spectra of DPA in binary DME water
mixtures with water concentrations of up to 6.5 mol/L do not show
significant alterations with the water concentration, indicating that
aggregation phenomenon appear not to be important in these conditions
(Figures S1 and S2).

The empirical polarities for DME-water binary mixtures, Er(33) in
kcal/mol, were calculated from the values of Am.x of the solvent-
sensitive (i.e., solvatochromic) peak of the probe 2,6-dichloro-4-
(2,4,6-triphenyl-N-pyridinium) phenolate (WB), using UV-Visible
spectrophotometry measurements were performed in a Varian Cary 50
Probe spectrophotometer [46]. Aliquots of the WB stock solution (1.3
1073 mol/L in acetone) were pipetted into 2 mL volumetric tubes, fol-
lowed by evaporation of acetone at room temperature, under reduced
pressure, in the presence of P4O1¢. DME-water was then added to the
(solid) probe, and the latter was dissolved, the solution transferred to the
cell and its UV-Vis absorption measured (Table S2). The dependence of
the E7(33) values with the water concentration is clearly not linear,
indicating preferential solvation of the zwitterionic probe (Figure S3).

3. Results

The kinetics of the imidazole catalyzed reaction of DNPO with
hydrogen peroxide in the presence of DPA as activator was studied by
monitoring the decay of the light emission intensity as a function of
water concentrations from 0 to almost 7 mol/L. The emission intensity
versus time curves, adjusted by a mono exponential equation, give rise to
observed rate constants (kops) and the singlet excitation quantum yields
(®g), obtained from the integral of the kinetic emission intensity curves
(Table S3). The decay rate constants increased with the water concen-
tration; however, they are largely independent of the activator con-
centration (Fig. 1).

Interestingly, the values of the singlet quantum yield (®) increase
with increasing water concentration, followed by a significant decrease
of more than an order of magnitude for higher concentrations. The

0161 [DPA]/ mmol L i
0141 m 0.05mM g
~ oup] © 010mM
w A 1.0mM
» 0.101 #
O
2 0.08 4
'L
o.oes-fl
0.04
0.02-
0.00L : : : : : :

0 1 2 3 4 5 6 7
[H,0] (mol L")

Fig. 1. Dependence of the rate constants (kops) of the decay of emission in-
tensity on the [H,0] in the imidazole (0.20 mmol/L) catalyzed reaction of
DNPO (0.10 mmol/L) with H,O5 (10 mmol/L) in presence of three different
DPA concentrations, at 25 °C.
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Scheme 1. Peroxyoxalate reaction of an aromatic oxalic ester with hydrogen peroxide in the presence of a base and an activator (ACT).
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behavior of the quantum yields is similar for different DPA concentra-
tions; the values of ®g start to decrease from [H>O] of 0.7 mol/L
(Table S3).

In a previous kinetic study of the peroxyoxalate reaction with DNPO
in aqueous DME, it was shown that the values of ks show linear cor-
relation with the [H202], from which the hydrolysis rate constant (knyq)
and the perhydrolysis rate constant (kpe;) were calculated for different
DME:H5,0 mixtures (Table S4) [44]. These rate-constant can be
employed to calculate the contribution of hydrolysis to kops, as a func-
tion of [H20], at 10 mmol/L Hy0y; leading to the singlet quantum yields
without influence of DNPO hydrolysis. These quantum yields reflect the
efficiency of the chemiexcitation step in the media with different water
content and can be directly used for the mechanistic interpretation.
Values of ®g show an increase with the water concentration up to a value
of 0.7 mol/L, followed by a steady decrease which is highly significant
for higher water molarity (Fig. 2). As the quantum yields data have been
corrected for loss in oxalic ester by its hydrolysis, these dependencies
clearly indicate that the efficiency of the chemiexcitation step is much
lower in environments with high water content. However, the data also
show that small amounts of water (up to 0.7 mol/L) increase the effi-
ciency of the chemiexcitation step in peroxyoxalate chemiluminescence.

To better understand the chemiexcitation step of the peroxyoxalate
system, the reaction of DNPO with HyO, catalyzed by IMI-H was studied
in various water molarities using different activators such as DPA, 2,5-
diphenyloxazole (PPO), perylene (PER), and rubrene (RUB). The rate
constants and the singlet quantum yields were determined from the
kinetic curves obtained (Table S5). The rate constant values in each
water molarity do not depend on the nature and concentration of the
activators utilized. (Figure S4). Singlet quantum yields can be related to
the activator concentration through a double reciprocal relationship
(Equation (1), obtained by applying the steady-state approximation to
the minimum kinetic reaction scheme of the interaction between the
ACT and the high-energy intermediate [20].

1 1 kp ) 1
11, 1 1
o <kCAT¢;° [ACT] W

For all the activators used, in each water molarity studied, linear plots of
the double-reciprocal relationship were obtained (Fig. 3). The slope of
each correlation provides relative values for the interaction constant
between the high-energy intermediate and the activator (kcar/kp),[20]
where kcar corresponds to the bimolecular rate constant for the
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Fig. 2. Dependence of the singlet quantum yields (®;) on the [H0], corrected
for DNPO hydrolysis, in the reaction imidazole catalyzed (0.20 mmol/L) of
DNPO (0.10 mmol/L) with Hy0, (10 mmol/L), for the three DPA
concentrations.
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interaction of the ACT with the HEI and kp to the unimolecular rate
constant for the unimolecular HEI decomposition. The singlet quantum
yields at infinite concentration of the ACT (®5°) can be obtained from the
linear coefficient of the double reciprocal correlations. This quantum
yield corresponds to the yield obtained under a hypothetical condition,
i.e., where all HEI interacts with the activator (therefore, ‘infinite ACT
concentrations).

4. Discussion

The singlet quantum yields obtained in the reaction of DNPO with
hydrogen peroxide, correlated with the empirical polarity parameter
Et(33), show a maximum curve with the highest quantum yield values
for E7(33) values of 49 to 52, corresponding to water concentrations 0.5
to 1.2 mol/L (Fig. 4). As seen from the correlation of Er(33) with the
water concentration in DME (Figure S3), preferential solvation of the
zwitterionic ET(33) probe by water appears to occur, which should also
apply to the solvation sphere around the ion pairs occurring during
chemiexcitation.

To explain this experimental result, the chemiexcitation step of the
peroxyoxalate reaction, which is expected to occur by the CIEEL
mechanism, should be considered. For efficient formation of the elec-
tronically excited states, both the electron transfer and the electron
back-transfer step must occur inside the solvent cavity (Scheme 2). If the
intermediate ion radical species escape from this cage, no electron back-
transfer can occur, and the products are formed in the ground state; and
no light emission observed. Therefore, a possible explanation of the
results of Fig. 4 can be given assuming that small amounts of water
stabilize the pair of radical ions formed inside the solvent cage, and
solvation initially contributes to keeping these species together until the
occurrence of the electron back-transfer step, responsible for excited
state formation. Increasing [water] (hence Et(33)) above a certain
limiting value, radical ions can be individually solvated by water mol-
ecules, thereby avoiding that these species can undergo efficient elec-
tron back-transfer, leading to a decrease in the chemiexcitation quantum
yields (Scheme 2). This situation is akin to the effect of solvent polarity
on the stereochemistry of the products in Sy1 reactions, where racemi-
zation/inversion, and complete racemization, may occur depending on
the state of the ion pair, contact- or solvent separated, respectively [47].

The values of kqps do not vary with the nature and concentration of
the activator and show a slight increase with increasing [water],
obtaining average kops values of 0.056 + 0.001; 0.058 + 0.002; 0.062 +
0.001 and 0.069 + 0.001 s~ ! in water molarities of 0; 0.22; 0.7 and 1.2
mol/L, respectively (Table S5, Figure S4). This fact demonstrates that,
also in these reaction media, the chemiexcitation step is much faster
than the previous reaction steps and the ACT participates only in the
chemiexcitation step, not in a rate-limiting reaction step [20].

Due to these facts, conventional kinetic studies cannot provide in-
formation regarding the chemiexcitation step, as this step is not rate-
limiting for the reaction. However, to obtain mechanistic information
about chemiexcitation, one can take advantage of the fact that the for-
mation of electronically excited states occurs in this step. Thus, the
emission intensity depends on the efficiency of excited state formation
relative to other events that decompose the HEI Therefore, by varying
the nature and concentration of the ACT, it is expected that the rate of its
interaction with the HEI and, consequently, the emission intensity will
change. Thus, the chemiexcitation step can be studied by indirect
measurement of the rate of the interaction between the activator and the
HEI [20-22]. The interaction of the HEI with the ACT has been measured
directly before, however, using a specific experimental arrangement, in
strictly anhydrous conditions [21].

From the linear double-reciprocal correlations performed for all
ACTs (Fig. 3), it is possible to determine the chemiluminescence pa-
rameters of the system in different water molarities. Higher values of the
singlet quantum yield at infinite activator concentrations (®s*) were
obtained for a water concentration of 0.70 mol/L for all the activators
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Fig. 3. Double reciprocal plot of the quantum yields and the activator concentrations (1/®s vs. 1/[ACT]) for the reaction of DNPO (0.10 mmol/L) with H,0, (10
mmol/L) catalyzed by IMI-H (0.20 mmol/L) in the presence of several activators in different DME:H,O mixtures.
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Fig. 4. Dependence on the chemiexcitation quantum yields (®s) with the
empirical polarity parameter Er(33) in the reaction of DNPO with hydrogen
peroxide with DPA as activator. [DNPO] = 0.10 mmol/L, [IMI] = 0.2 mmol/L,
[H,0,] = 10 mmol/L, [DPA] = 0.10 mmol/L.

studied (Table 1). The higher the value of ®s*, the higher is the prob-
ability of excited ACT (ACT*) formation from the initial radical ion pair,
therefore, ®s™ is directly proportional to the efficiency of excited state
formation in the electron back-transfer step (Scheme 2) [20].

Furthermore, according to the CIEEL mechanism, the rate-limiting
step in chemiexcitation is the electron transfer from the ACT to
peroxide (kcar) and a linear correlation between the logarithm of the
experimental values kcap/kp and the activator’s oxidation potential is
expected, which allows the determination of the electron transfer co-
efficients a (Equation (2) [48,49].

2
ln(kCAT> —InA+aB— (i)EOXB e Ereq @

ko RT T RoeRT ' RT

Where A: pre-exponential factor; a: Marcus electron-transfer coefficient;
R: gas constant (8,613 1073 eV K’l); T: temperature (K); Eoy: oxidation
potential of the ACT; E,¢q: reduction potential of the HEI; Ry: distance
between electron donor and acceptor; e: solvent dielectric constant; e:
electron charge.

For each of the water concentrations studied, a linear dependence
was observed between In(kcar/kp) and E&? of the ACTs (Fig. 5) from
which the values of the electron transfer coefficients were determined
(Table 2). We should mention here that for these correlations E(l,ﬁz values
obtained from the literature have been utilized which were not
measured in the experimental conditions used in the present work.
However, for our mechanistic discussion only the difference between the
Eox values of the ACTs is of importance and this difference should not
change significantly for different media, as the ACTs are structurally
similar.

The electron transfer coefficient a is related to the extent of electron
transfer in the transition state; a value of 1.0 indicates an (almost)
complete transfer of the electron in the transition state, while a low
value (close to zero) indicates a small extension of electron transfer in
the transition state [19,37,51-53].

Although the values obtained here are considerably low (Table 2),
they indicate an electron transfer from ACT to peroxide as predicted by
the CIEEL mechanism. These coefficients reported for various CIEEL
systems are typically within the range of 0.1-0.3, including the perox-
yoxalate reaction [20,21,40,54]. The a values obtained in these studies
indicate an early transition state in relation to electron transfer and,
presumably, also to the cleavage of the O-O bond, since these two steps
must be simultaneous [21,48,49]. Interestingly, the a values show an
increase with the water concentration up to 0.7 mol/L, the condition in
which the highest @ yields are obtained for each ACT concentration
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Scheme 2. Solvation process in the electron-transfer catalyzed decomposition of the HEI by its interaction with an activator (ACT).

Table 1
Chemiluminescence parameters in different water concentrations and volta-

metric half-peak potentials of ACTs (Eéﬁz).

ACT EZ(V vs. SCE) [H50] o x 102 keat/kp x 1073
@ (mol/L) (E mol™1) (L/mol)

RUB 0.61 0.0 47.9+0.1 17.3 + 0.9
0.22 5241 3246
0.70 100 + 1 18 +2
1.2 63.04 + 0.07 24 + 2

PER 0.88 0.0 6.39 + 0.06 6.1 +0.3
0.22 6.8 + 0.06 7.7 + 0.4
0.70 11.0 + 0.2 5.7 £0.2
1.2 6.97 + 0.06 7.1 +0.1

DPA 1.06 0.0 4.4+ 0.4 0.8 +0.1
0.22 3.7+0.5 1.3+0.3
0.70 5.63 + 0.03 0.86 + 0.01
1.2 4.93 + 0.1 0.90 + 0.03

PPO 1.46 0.0 0.017 + 0.007 0.6 + 0.3
0.22 0.018 + 0.006 12405
0.70 0.06 + 0.03 0.6 + 0.3
1.2 0.022 + 0.001 1.11 + 0.06

@ Literature values [20,50].

(Table S5) and also the highest values for ®g° (Table 1). However, o
values only indicate the extent of electron transfer from the ACT to HEI
in the transition state, which is determined by this transfer rate. This rate
ratio kcat/kp, should also influence the singlet quantum yields calcu-
lated for a specific concentration of ACT (®s), however, the yield at
“infinite concentration of ACT” (®g°) does not depend on this rate,
precisely due to the extrapolation of the double-reciprocal plot to zero
(1/[ACT] = 0).

These results raise the following question: what are the factors that
determine the infinite quantum yield? Based on the detailed CIEEL
mechanism (Scheme 2), we can understand that this yield must be
determined by the chemiexcitation efficiency of the electron back-
transfer step, that is, the probability of forming the electronically
excited state in this electron transfer (by electron transfer to ACT’s

LUMO) instead of ground state (by electron transfer to ACT’s HOMO)
[14,20,22,25]. As previously discussed, [20] this probability of chem-
iexcitation and, hence the value of ®g° must depend, primarily, on the
energy released in the electron back-transfer step; this being valid for the
reaction of the same HEI with structurally similar ACTs [55,56].
Following the above argument, the values of free energy released in the
electron back-transfer step with formation of species in the ground
(AGggr) and excited (AG*ggr) state for the different activators were
calculated (Table 3).

As seen in Table 3, values of |AGggr|are larger for activators with
higher oxidation potentials. On the other hand, the values of |AG*ggr|are
higher for RUB and decrease with increasing oxidation potential for the
other activators. Correlating In (®g°) with AG*ggr in each of the water
concentrations, it could be noted that there is a tendency to increase the
efficiency of formation of excited states with increasing |AG*ggr| values
(Fig. 6).

As previously reported, the free energy change for the electron back-
transfer step was calculated based on the CIEEL scheme, so this result
also contributes to confirming the mechanism.

5. Conclusions

The correction of the quantum yield values for the reaction of DNPO
with HyO5 catalyzed by IMI-H, allows verifying the influence of water on
the efficiency of the chemiexcitation step of the peroxyoxalate reaction.
The increase in quantum yields for low water concentrations may be due
to stabilization of the ion pairs in the CIEEL sequence, leading to an
increase of the chemiexcitation efficiency. For higher [H3O], the
decrease in the quantum yields may occur due to the formation of
solvent-separated ionic pairs, which can no longer undergo efficient
electron back-transfer necessary for excited state formation. The linear
correlation of In (kcat/kp) with the activator’s oxidation potential
supports the occurrence of an electron transfer between the ACT and the
HEIL

Finally, the unexpected observation of an increase of the
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Table 2

Electron transfer coefficients () for the imid-
azole catalyzed reaction of DNPO with H;O, in
different water molarities.

Table 3

[H20] a

(mol/L)
0.00 0.14 + 0.04
0.22 0.13 + 0.05
0.70 0.13 + 0.05
1.20 0.10 + 0.06

Free energy change of the electron back-transfer step between the CO, radical

anion and the activator radical cation, together with the voltametric half-peak

potential (EL) of the activators.

0- A
]
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— 81  4PPO m 00
o 022
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PER 0.88 —344 273 -71

DPA 1.06 —362 305 -57

PPO 1.46 —400 356 —44

3AGrpr = -FIE¥? (ACT)-EXZ (CO,)1; EX? (ACT) from Table 1, EXF (CO,) =
—2,44 V [57], both vs. SHE (standard hydrogen electrode). bCalculated values
from the maximum of the absorption and emission spectrum. “~AG*gpr = AGgpr
+ E,.

chemiexcitation efficiency in the presence of low water concentrations
can be rationalized with an apparently optimum medium polarity for
excited state formation, which should be used in partially aqueous sys-
tems in order to guarantee optimum sensitivity for analytical and bio-
analytical applications.

—AGHEr(k] mol-1)

Fig. 6. Correlation between the natural logarithm of ®:° and the free energy
change for back-electron transfer yielding excited state activators (AG*ggr) for
the reaction of DNPO with H,04 with several ACTs in various water molarities.
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