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The presence of excited-state buffer-mediated proton exchange reactions influences the steady-state fluorescence
signals from dyes in solution. Since biomolecules in general have some chemical groups that can act as
proton acceptors/donors and are usually dissolved in buffer solutions which can also behave as appropriate
proton acceptors/donors, the excited-state proton exchange reactions may result in distorted steady-state
fluorescence signals. In a previous papkrRhys. Chem. K005 109, 734-747), we evaluated kinetic and

other pertinent parameters for the excited-state proton reactions of the prototropic formsr'of 2
difluorofluorescein (Oregon Green 488, OG488), recording a fluorescence decay surface at different pH values
and acetate buffer concentrations, analyzed by means of global compartmental analysis. In this article we use
the rate constants and the corrected pre-exponential factors from the previously recorded fluorescence decay
traces to simulate the decay times and associated pre-exponentials at different acetate buffer concentrations
and constant pH and compare these theoretically calculated values with new experimental data. We also
calculate the steady-state fluorescence intensity vs pH and vs acetate buffer concentration (at constant pH)
and compare these calculated emission values with the experimental data previously published. The agreement
between the experimental and simulated data is excellent.

Introduction As indicated previously, when these kind of excited-state

2, 7-Difluorofluorescein (Oregon Green 488, 0G488) is a proton transfer reactions take place, they influence the steady-
new fluorescein-based dyeyhose use has become very popular state fluorescence signals and could cause misinterpretion of
in recent years as a fluorescent probe in biomedicine, biochem-the experimental data from the dye. Since proteins and biomol-
istry, neurosciences, et@ Depending on pH, the dye can exist €cules in general have chemical groups that can act as proton
in solution as cation, neutral, monoanion, or dianion. The cation acceptors/donors and the buffer in which they are dissolved can
form is present only at low pH, and only neutral, monoanion, @lso behave as an appropriate proton acceptor/donor, the excited-
and dianion forms are significant in the pH range 3:3000. state reactions may result in distorted steady-state fluorescence

For several years, we have been investigating the excited-statesignals when the dye is used for labeling biomolecules, as a
proton exchange reactions of fluorescein and the effect of suit- PH or C&" probe, etc. Nevertheless, the specific rate constants,
able proton acceptors/donors which promote these readtidite which we evaluated in the previous paper, are very good at
presence of these excited-state reactions may appreciably influPredicting time-resolved and steady-state emission data and can
ence the steady-state fluorescence signals when using these dyelus contribute to a better interpretation of the experimental
The description of the reactions is thus a matter of great interest.steady-state fluorescence intensity from the probe.

In a previous papéerwe showed by steady-state and time- In this article, we examine how well the specific rate
resolved fluorescence measurements that excited OG488 mol-constants, along with the time-resolved emission data, correlate
ecules can undergo neutrahonoanion excited-state proton with steady-state fluorescence spectra. More specifically, we
transfer reaction, whereas excited monoanion and dianionuse the time-resolved emission data to calculate the steady-state
interconvert each other only if a suitable proton acceptor/donor, fluorescence intensity vs pH & M acetate buffer concentration
such as the species of acetate buffer, is present in solution. Weand compare the results with the corresponding fluorescence
found that the latter reaction becomes experimentally noticeablesignals at different pH values. Moreover, we predict the decay
at acetate buffer concentrations above 10 mM and increases irtimes for agueous solutions of OG488 at a constant pH and
efficiency as the buffer concentration is increased. We recovereddifferent acetate buffer concentrations and compare these with
the rate constant values for deactivation of the monoanion (2.94experimental data. Finally, we simulate the previously published
x 10 s1) and dianion (2.47x 10° s71), as well as the rate  steady-state fluorescence signals vs acetate concentration at
constant values of the buffer-mediated excited-state deproto-constant pH values.
nation and protonation (9.7 10° M~1 s and 1.79x 10®
M~1s71 respectively). The kinetics of the reaction was solved Theoretical Relationships between Time-Resolved
by using the global compartmental analysis appréacider Emission and Steady-State Fluorescence Intensity
identifiability conditions’! With the recovered rate constant

: Scheme 1 represents the dynamic, linear, time-invariant,
values, an apparenKg* = 4.02 was obtained.

intermolecular system used in the previous paper to describe
*To whom correspondence should be addressed. E-mail: jalvarez@ugr.es.the ConSId?red dy%lt C(.)nSIStS of two .dIStht.typeS of ground—
t University of Granada. state species and their corresponding excited-state spécies.

* University of Jae. and 2 are different prototropic forms of the dye. Thus, the
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SCHEME 1: Kinetic Model of an Excited-State Buffer- _ 1
Mediated Proton Transfer Reactior? L= i (5)
k[R] : :
R+ — +HR The overlap between the absorption spectra of the spécies
Kk}, [HR] . and2 results in the direct excitation of both at time zero by the
1* k. 2 d-pulse of light. Using the initial concentrations]o and R*] o
— +H* produced by the light pulse as initial conditions, the following
hia[H'] expressions for the four pre-exponential factors of eq 3 are
obtained:
hv | | ky hv | | &,
[T o(y, — an) — (2],
Br= — (6a)
1 D — 2 Y2="1
a1 and 2 are the ground-state conjugate aelhse forms of the Br,=— [T oy1 — &) — a2 (6b)
fluorophore, wherea:t;’.c and 2* are Fhe corresponding excited species. 12 Y= V1
R and HR are the acitbase species of the proton acceptor/donor.
(2T oy, — 82) — @,[1*]
ground-state species are related through the-dzade equilibria, B = Vo—y (6c)
determined by the corresponding Excited-state speci€l$ 2 !
and 2* are created upon photoexcitation and can decay by . (2] o(y1 — @) — ax[1*]
fluorescence (F) and nonradiative (NR) processes. These decay Poo=— Vo — V1 (6d)

processes are included in the rate conskgrit=ks + knri) for

species*. In this study we consider the excited-state process  The decay of fluorescence intensity following excitation by
promoted by species of a suitable proton acceptor/donor: thethe d-pulse of light is given by the expression

species of a buffer, HR and R. The concentrations of HR and

R are related to the pH through the equilibrium constadth (1% 1°™t,C™" pH) =

and the total buffer concentratid@Puf. The protonation oP* * %) — it 2

mediated by HR is represented by rate consk%]tLikewise, €G] +cf2]) =pet et 120 ()

R could act as a proton acceptor resulting in an excited-state\yhere« is an instrumental factor, depending & and Aem,

deprotonation of*, whose rate constant is denoted K. We andc are the emission weighting factors of spediesat the

also include the deprotonation of excited statdrepresented experimentali®™ defined by

by rate constank,;) and excited-state reaction @ with

aqueous protons, with the rate constant denotek py c(A®™ = k. (AS™ daem 8
If the system represented by Scheme 1 is excited with a ) kF'fMe"'o'( ) ®

0-pulse, which does not significantly alter the concentrations

of the ground-state species, the time course of the excited specie

is given by the following differential equation:

In eq 8k is the fluorescence rate constantitf AA®™ is the
Bmission wavelength interval arouA®”where the fluorescence
signal is monitoredpi(A®™) is the emission density of atie™,
%(t) = Ax(0) 1) defined by

pi(;Lem) — Fi(;{em,/lex)/ (;Lem’/»tex) diem (9)

where A is the matrix describing the processes which occur full emission banc'i:i

during the excited species lifetime, given®by . ]
where the integration extends over the whole steady-state

fluorescence spectruifg of species*.

— (ko1 T Koy + K4[R]) ki [H'] + K,[HR
(kor 21 2(RD kot 12HR] Thus, the pre-exponential factopsare given by

k21 + kgl[R] _(koz + klZ[H+] + k?z[HR])
) Py = «(Cyf11 + Cfz) (10a)

=«k(cfB,+cC 10b
The vectorx(t) denotes the time first-order derivative xft), P2 (©frz+ &) (100)
vector of the concentrations of specigsand 2*. The solutions Substituting; into egs 10, we obtain the following expres-
of the coupled differential rate equations given the time course of sjons for the pre-exponential factors:
excited species are the well-known biexponential expressions:

Pp=k X
1* &'+ %
X(t) = ({2"%23) = (gzeylt + gzeygt) 3) CUll 14 oy, — ayy) — a2 ;)] 1’ ;z[[Z*] olV2 = 829 — 8y [1*] ]
2 1
wherey; are the eigenvalues of the matéxand are given by (11a)
P, =~k X
v = a; tant \/(azz - a11)2 + 42,585 4) Cill 1 o(y1 — &) — @[ 2T o] + G271 o(y1 — 8z9) — @[1*] ]
12 2 V2= V1

. . . ) (11b)
with &; being theijth element of the matrix (eq 2).

The vy; factors are related to the decay timesby the [1*]0 and R*] ¢ are functions of ground-state concentrations
expression of 1 and2 and the molar extinction coefficien¢s ande; at the
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excitation wavelength. In turn, the ground-state concentrations Absorption and Steady-State Fluorescence Measurements.
are functions of pH and the dissociation constigtfor the Absorption spectra were recorded on a GBC Cintra 10e-UV
reversible reactio = 2 + H*. Thus, the relationships between vis spectrophotometer with a temperature-controlled cell holder.
kinetic rate constants (and related parameters) and the weightingA Perkin-Elmer LS 55 spectrofluorometer with a temperature-
coefficients are given by controlled cell holder was used to acquire steady-state fluores-
cence emission and excitation spectra. All measurements were
_ «G made at room temperature, and 2.0 mm cuvettes were used
Ty for both absorption and steady-state fluorescence measurements.

s Ky, — ap) — €2 ap[H'T] + cy[é TH (v, — ay) — aK.eh ] Time-Resolved Fluorescence Measyrementléluorescence
T decay traces were recorded on an Edinburgh Analytical Instru-
K,+ [H'] : o
12 ment FL900 ns time-resolved spectrofluorometer operating in
(122) the time-correlated single photon counting mode. This system
o=— Gy employs a free running discharge flashlamp (nF900 Nanosecond
2 Y2~ "1 Flashlamp) operating at 7.0 kV, 0.40 bar,JHand a frequency
SIETK (71 — 85) — €7 aHT] + Gl TH I(yy — ay)) — 8 KX ] of 40 kHz, providing a lamp pulse of 0.8 ns (fwmh). Fluores-
cence decay traces were collected using<100 mm cuvettes,
along 1024 channels of the multichannel analyzer with a time-
per-channel of 48 ps. Histograms of the instrument response
o o o function (recorded using a light scattering solution, LUDOX
wheree;  represents the molar extinction coefficient of spe- Colloidal silica, Sigma), and sample decays were recorded until
ciesi at1®X andC; denotes the total concentration of the dye. reaching the typical value of $#@ounts at the maximum.

t\Nhen tlhe sbystet;n 'Scee?'{ed tn”th :'gh(; of tccins]flant INensity  \ye recorded decay traces of OG488 solutions with increasing
(at sample absorban 1), the steady-state fluorescence total buffer concentration (in a range between 0.1 and 1 M) at

signal observed at*™ upon excitation ai** is given by a fixed pH (4.60). The experimental setups used were as
follows: A% = 420 nm andi®™ = 515 nm;A®* = 440 nm and
F( exvlemvaUﬁapH)z A8M = 515 nm; A®* = 440 nm andi®™ = 550 nm. These
T I Rk ivn st hrpt
The decay traces were globally analyzed by means of usual
This equation states that the steady-state intensity is propor-deconvolution methods, based on Marquardt's algorithm, using

Py

Ko+ [H]
(12b)

tional to the area under the graph fefex 1emt,Couff pH) vst, multiexponential functions as decay laws. The decay times were
or the sum of all photons detected from= 0 to « after shared parameters, linked over decays at the same buffer
excitation by an instantaneous pulse of lighis an instrumental concentration, whereas the pre-exponential factors were local
constant, depending otf* and ™. adjustable parameters.

Fluorescence decay traces are usually collected with 10  Evaluation of Corrected Pre-exponentials All fluorescence
counts in the peak channel, in different time intervals and under decay traces for different pH valuesdanh M acetate buffer
different optical conditions. Thus, these decay traces lack concentration, analyzed through global and global compart-
amplitude information and the values of the weighting coef- mental analysis in our previous pagexgre recorded with 10
ficients obtained from these decay traces cannot be directly counts at the peak channel in the usual manner. Due to the
related to egs 12. To obtain values mf and p; that can be  different emission intensities of each sample and the modifica-
analyzed by egs 12 at different pH values, it is necessary to tion of the optical settings of the instrument in each decay, the
evaluate them from fluorescence decay traces whose relativepre-exponential values recovered from these global analyses
amplitudes have been adjusted so that they are equivalent tacannot be related directly to eqs 12. To fit the model to the
those recorded for the same time interval and the same Opticalrecovered pre_exponentia|sy itis necessary to calculate the pre-
setup. This correction of the pre-exponential factors will be exponentials equivalent to those recorded for the same time
detailed in the next section. interval under the same optical conditions.

Materials and Methods With the spectrofluorimeter operating in the single photon

Reagents and Solutions2',7-Difluorofluorescein (Oregon ~ Mode and with fixed instrument settings, we recorded the
Green 488) was purchased from Molecular Probes (Eugene,Number of total counts for each sample during a fixed, short
OR). Acetic acid (HOAC), sodium acetate (NaOAc), and sodium time interval 5 min). The number of total counts recorded
hydroxide were from Merck and were used without further for the different samples is proportional to the relative areas

purification. A stock solution of 27-difluorofluorescein (104 A(pH)) under the decay traces when recorded for the same time
M) in 1.27 x 10-3 M NaOH was prepared using MilliQ water.  interval with identical instrument settings, and hence propor-
Using this stock solution, different solutions>5 1076 M in tional to the steady-state fluorescence emission. ThA{ji)
0G488 were prepared, at a neutral pH, with [NaOAc]L.5 = Jo fsmin(A*%2°Mt,pH) dt. Let NT(pH)) = /¢ fioo0dA®%A°Mt,-

M, and with [HOAc]= 1.5 M. We mixed the required volumes pH) dt be the area under decay traces recorded wifrc@Onts

of these three solutions to reach a fixed pH value of 4.6 and at the peak channel (the number of total counts for the sample
the total buffer concentrations required. Solutions were kept cool recorded during the time necessary to acquirecblints at the

in the dark when not in use to avoid possible deterioration by peak). The decay traces recorded wittt &6unts at the peak
exposure to light and heat as occurs in fluoreségim this channel were reduced to the graphs recorded for the same time
paper we use some experimental data previously published. interval by adjusting their areas so that their ratios were the
For reagents and solutions used in those experiments, the lattesame ag\(pH;). We calculate the adjustment factofpH;) with
paper should be consulted. the expression
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A(pH) are characteristic features of an excited-state proton transfer
=T C (14) promoted by a suitable proton acceptor/donor, resulting in a

NT(pH) reversible excited-state reaction

In the OG488 system, the short decay time is a rise-time at
whereo is an arbitrary factor which has the same value for all the emission wavelengths of 515, 525, 550, and 570 nm, since
the decays and yields values GfpH;) which are in a range  formation of D* from M* in the excited state leads to an increase
around 1. Finally, the pre-exponentials from decay traces with jn emission. But this does not happen at the 600 nm emission
10 counts at the peak were multiplied B{pH), yielding the  \avelength. At thisie™ monoanion emission is higher than that
corrected relative pre-exponentials directly related to eqs 12. of dianion, and the ESPT M*> D* produces a loss in emission

Nonlinear Least-Squares Fitting.The fitting of the pre-ex-  at 600 nm. This results in a positive pre-exponential factor asso-
ponential factors to the theoretical equations from the kinetic cijiated with the shorter decay time at this emission wavelength.
model was carried out by means of Or|g|n 6.0 routines for global To relate the time-resolved parameterS, decay timesl and pre-
fitting based on Marquardt's algorithm. The goodness-of-fitting  exponential factors with the steady-state fluorescence emission,
criteria were the regression coefficierf)( the visual similarity  the associated pre-exponential factors from global analyses of
between the fitted function and the experimental data, and thedecay traces recorded with4®unts at the peak channel must
dependency coefficient indicating whether the equation is over- pe corrected by multiplying them by the factors in eq 14, as
parametrized. A dependency value below 0.96 is acceptable. described in Materials and Methods. We performed a global
nonlinear least-squares fitting of the corrected pre-exponential
factors from decays at the emission wavelengths 515, 525, 550,

Correlation between Time-Resolved and Steady-State 570, and 600 nm, according to egs 15, derived from eqgs 12:
Fluorescence Intensity For the experimental OG48&cetate
buffer system, the general kinetic model shown in Scheme 1 = _  «'
was substituted by that in Scheme 2. Hérand 2 are repre- P Yo — V1
sented, respectively, by the monoanion, M, and dianion, D, of 7e% + + e
0G488, M* and D* are the associated excited states of these LR KalV2 = 32) = 3[H 1] + GallH I(y, — &) — i Ko
species, and the proton acceptor/donor is the corresponding ace- K,+ H1]
tate buffer species. Thus, the model consists of only two distinct (15a)
types of dye in the ground state and their corresponding excited- p
state species, as established in our previous paper where we denP, = — ———
onstrated that neutral and monoanion species behave as a single V2=
compartment, due to their sufficiently rapid interconversion [eh Ky(y1 — 855) — ay[H 1] + calH T 1(y, — ayy) — 2, Kl |
during the excited state and the same emissive behavior (quinoid K.+ [H']
configurations in the xanthene moiety) of both species. Thus, a
although three prototropic forms are present in the ground and
excited states (neutral, monoanion, and dianion) in the consid- Jex ] o o ‘e )
ered pH range, the excited-state proton transfer (ESPT) procesd/nereer is the relative extinction coefficient{ /e; ), cr is
can be completely described by a two-state excited-state model € relative emission weighting factocy(Co), and k" = «C;

In our previous paper, fluorescence decay traces of 0G488¢€; Cz is a proportionality constant depending 4 and 2°™
solutions, in the presencé b M acetate buffer, were recorded As derived from eqgs 15, the corrected pre-exponential values
over a pH range between 3.30 and 9.12. The excitation Permit the recovery of information on the molar extinction co-
Wave|ength was 420 nm, which produces preferentia] monoan- efficients and the relative emission efficiencies of the SpeCieS
ion/neutral excitation. The emission wavelengths were 515, 525, involved in the excited-state reaction, by fitting eqs 15 to these
550, 570, and 600 nm. With these decay traces, standard globafxperimental data. In the global fitting process, the adjustable
analyses (in terms of andp;) were performed, linking decay ~ Parameters were, linked over pre-exponentials from decays
times 7; over all decay traces at the same pH, while pre- recorded at the Sal'n’ém, €R which was linked over all the pre-
exponential factorgy, must be different at every emission exponential factors (since a single was used), and', linked
wavelength and pH. The global analyses showed biexponentialOVer pre-exponentials associated with decays recorded at the
decay laws. The decay times were clearly pH-dependent, andsame emission wavelength. The global fitting was carried out

the shorter decay time showed a negative pre-exponential. Thesé!sing the Origin NLLS fitting routines, based on Marquardt's
algorithm. Figure 1 shows the corrected pre-exponential factors

C(pH)

Results and Discussion

(15b)

SCHEME 2: Kinetic Model of the Excited-State Proton (symbols) and the fitting functions for each factor as lines. As
Transfer Reaction between Monoanion (M) and Dianion can be seen, the fitting is very good, as is also demonstrated by
(D) of 0OG488, Promoted by Acetic Acid/Acetate as the global regression coefficien = 0.997, and dependency
Proton Acceptor/Donor parameter values below 0.67. Table 1 showsether, and«’
K [0AC] values recovered. The: va;(l)ue, (‘)1.2%8?2,0is slightly higher than
OAc + M + HOAc that prewgusly reportedsﬁ2 =e€p ley = 0.22;? b_y means
kbp[HOAC] of absorption measurements. Nevertheless, this slight difference
M kpp D’ may be a consequence of the different instruments and
— +H* techniques used to obtain eagh The recoveredg values are
kyp[H'] also in good agreement with the results previously reported.
We compared the recovered with the ratio€y/tp from ref 5,
hv | | Koy hv | | &op wheret; is the emission parameter of spediescovered in the
global compartmental analysis. As can be seen in Table 1, the
K, agreement between the recovergdvalues and the reported

—i D ~ g~ e
— Cw/Cp is acceptable.
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Figure 1. Corrected pre-exponential factqusrecovered from global C 25et5
analyses (symbols) of decay traces from OG488 aqueous solutions at 1 M 2.06+5
acetate buffer concentration, and global fitting functions (lines). Pre-ex- ez 7 ©
ponentials associated with the longer decay time are represented by g 15645 A
solid lines and filled symbols, while factors associated with the shorter g '
decay time are plotted as dashed lines and blank symbols&)420 5 1.0e+5 -
nm andi®™ = 515 nm @& anda), 525 nm @ andO), and 550 nm @
andO). (b) A% = 420 nm andi®™ = 570 nm @& anda), and 600 nm 5.0e+4 -
(® andO). '
3 4 5 6 9
TABLE 1: Recovered Parameters from the Global Fitting of pH
Equations 15 to the Corrected Pre-exponential Factors vs Figure 2. Total number of counts (filled symbols) acquired in 5 min
pH under the same optical conditions of OG488 solutions in the presence
&M (nm) e‘F‘fO”m « Cr EwlEo? of 1 M acetate buffer. The simulated steady-state intensities (lines) were

calculated using the recovered parameters from Table 1kaner
515 0.283+ 0.004 254+ 2 0.210+ 0.005 0.218 247x 10 st koy = 2.94% 1B s L, kyp = 0, koy = 3.57 x 10F 51,

225 1or2 0280007 02 Kp=179x 1M st andk, = 9.70x 1M s ()1 =
570 20+ 2 0.60i 0.06 0.672 420 nm andi®™= 515 nm @) and 525 nm 4). (l_)) A = 420 nm and
600 6.3+ 0.2 1‘ 054 0'04 1.262 AeMm= 550 nm @) and 570 nm 4). Steady-state intensities recorded on
' ’ : : ' a conventional fluorimeter, fot®* = 420 nm andi*™= 550 nm, from
aFrom ref 5. ref 5, are also showrnQ). (c) A** = 420 nm andi®™ = 600 nm @).

Using the recovered spectral parameters, the kinetic constants ) ) ) ) )
calculated in the previous papeand egs 4, 13, and 15, we plots obtained directly from the theoretical calculation or simu-

simulated the steady-state fluorescence signal expected at théation do not differ in amplitudes with respect to the experi-

excitation wavelength of 420 nm and emission wavelengths of mental total number of counts, when multiplied by the factor
515, 525, 550, 570, and 600 nm, at the different pH values. Usedo, since instrumental factors are included in the recovered

We also recorded steady-state fluorescence intensity k', as described above. It can be seen that the agreement between
F(iexAemChuff pH) vs pH @ 1 M acetate buffer concentration  the experimental and simulated graphs is acceptable.

using two different experimental methods. The first method is  This approach, for recovering spectral information and cor-
based on eq 13 and works as follows: with the spectrofluo- relating time-resolved and steady-state fluorescence signals, can
rimeter in the single photon mode, we count all of the photons also be performed through the ratio of the pre-exponential fac-
detected during 5 min. This number is the relative value of the tors. In this case, the pre-exponential values do not need to be cor-
integral /4 fsmin(A®,A°™t,CPUf pH) dt, and we can equate it to  rected. This could be useful if the total number of counts in a
relative steady-state fluorescence intensities of the samples, iffixed time period is not acquired. In contrast, using the ratio
the instrument settings are kept constant. The results of thesgyields a loss of half of the data to be fitted and a concomitant
measurements are shown as discrete solid points in Figure 2decrease in reliability.

For comparison, we have also included in t.he f|gure the  rrom egs 15, the following expression for the pre-exponen-
previously published steady-state fluorescence intensity vs PH.ials ratio is obtained:

measured by the conventional method using a standard steady-

state spectrofluorimeter (blank symbols in Figure 2). Both values

differ in amplitude because of different instrumental factors. ™2 _

We have therefore normalized the points so that they agree inP:

amplitudes, within experimental errors. The solid curves drawn (2K (. — a,.) — ay[H™]] + col[H T1(y, — ay) — ayKeel ]
through the experimental points of Figure 2 were calculated — o " " e

with egs 4, 13, and 15, using the parameters values shown in  [er Ky, = @) — ag[H 1] + Gel[H 1(7, — ayp) — arKqer |
Table 1 and the recoverdq from our previous papérThe (16)
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Figure 3. Ratio of the pre-exponential factors from Figurepb/j:,
symbols) and global fitting functions (lines) from eq 6™ = 515 b 1.0
(@), 525 ©), 550 @A), 570 (»), and 600 nmM). /‘/o_.___,_ﬁ
L)
TABLE 2: Recovered Parameters from the Global Fitting of 0.5 1
Equation 16 to the Ratio of the Pre-exponential Factors vs <
pH 0.0 1
J&m (nm) e CR N
~~a__
515 0.198+ 0.008 0.29+ 0.01 05 oo -0 --a
525 0.31£0.01 e ' '
550 0.55+ 0.01 0.0 0.5 1.0
570 0.704 0.01 ar
600 1.20+0.02 Figure 4. (a) Decay times® andO) recovered by global analyses of

This equation can be globally fitted to the experimental ratios, 4662 traces from OG488 aqueous solutions at pH 4.60 and increasing
acetate buffer concentration. Lines were calculated using eq 4 and the

in a similar procedure, to recovef andcg. Figure 3 shows  following rate constant valuesko = 2.47 x 10 s°%, kow = 2.94 x
the fitting of eq 16 to the experimental data. The recovered 108 s, kyp x [H*] = 0, kou = 3.57 x 10f %, K =179 x 10°
values of the spectral parameters are collected in Table 2. Them-1 51, K, = 9.70 x 10* M~% s, (b) Corrected pre-exponential
agreement is not as good as fitting the individual corrected pre- factors @ andO), at1*= 420 nm andi*™ = 515 nm, associated with
exponentials, as can be seen in Figure 3, and is derived fromthe decay times of panel a. Lines were calculated by means of egs 15,
the r2 value (0.982). The approach based on fitting the pre- USing the rate constant values mentioned ab#yes 104 eg =
exponentials ratio can be used to recover the spectral parameter, -283,C: = 0.210, and an arbitrary factaf to normalize the lines to
. . e experimental results.

rapidly; nevertheless, it shows some drawbacks: half of the
experimental data are lost for performing the global fitting; in biexponential functions, showing a rise-time (negative associated
addition, the instrumental factoks are removed in eq 16, thus  pre-exponential) as expected due to the deprotonation of the
losing the relative information about different intensities at the excited monoanion to dianionic form. Figure 4a shows the
differentA®™ and requiring the simulated steady-state intensity recovered decay times as symbols, whereas symbols in Figure
to be normalized in order to be compared to the steady-state4b are the associated pre-exponential factors (corrected as
fluorescence emission. detailed in Materials and Methods) &% = 420 nm andi®™ =

Effect of the Total Acetate Buffer Concentration on the 515 nm.
Fluorescence Emissionln this paper, we have also dealt with The decay times can be predicted by means of eq 4, as long
the influence of the total buffer concentration over the excited- as the rate constant valulgsare known. To check the validity
state proton transfer reaction studied and the steady-stateof the rate constant values provided in our previous paper, we
fluorescence signal. In our previous paper, the increase in steady-have calculated the decay times as a function of the total buffer
state fluorescence emission with increasing buffer concentration,concentration, at pH= 4.60. Figure 4a shows the good
at constant pH value, was demonstratdthis increase is due  agreement between the calculated decay times (lines) and those
to the deprotonation of the monoanion and the formation in the recovered from global analyses of the decay traces. We have
excited state of the dianionic form, which is much more also calculated the pre-exponential values vs total buffer
fluorescent. In the present work, we extend this steady-stateconcentration at the same pH value. Figure 4b shows good
study, including time-resolved data of the influence of different agreement between the corrected pre-exponential factaf$ at
total buffer concentrations on the excited-state reaction. = 420 nm andi®™ = 515 nm and those calculated using eqs

We have studied the absorption, steady-state, and time-15. The lines in Figure 4a,b were calculated using the parameters
resolved fluorescence emission of solutions of OG488 at pH recovered by neglecting the ionic strength effects from our
4.60 and total acetate/acetic acid concentration between 0.1 angbrevious paper, in which we demonstrated the low influence of
1 M. The absorption spectra of these solutions were essentiallythese effect8:The use of the parameters and equations taking
equal. Only slight differences, due to ionic strength effects, were into account the ionic strength resulted in essentially the same
noticed. The steady-state fluorescence emission spectra showedurves, but a much more complicated model.
an increase in intensity with increasing buffer concentration,  From the values of the kinetic and spectral parameters which
along with a transformation of the spectral shape from monoan- we have obtained through analysis of the fluorescence decay
ion to dianion shape, as explained previodsie time-resolved traces, we can also predict the steady-state fluorescence intensi-
fluorescence decay traces of these solutions were recorded usingies at constant pH and different buffer concentrations, by means
the experimental setups mentioned in Materials and Methods. of the integral in eq 13. We have simulated the steady-state
The decay traces at the same total acetate buffer concentratiorfluorescence intensity as a function of the total buffer concentra-
were globally analyzed, with the decay times linked as shared tion, at three different constant pH values (4.00, 4.30, and 4.60),
parameters, whereas the pre-exponential factors were localwith 18 = 420 nm andi®™ = 515 nm. Symbols in Figure 5
adjustable parameters. All the decay traces were well fitted by represent the experimental steady-state fluorescence emission
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systems, such as aqueous solutions of OG488. The correlation
120 A ; ;
of the time-resolved fluorescence parameters with the steady-
100 state fluorescence emission intensity requires the evaluation of
= | 2 the ratio of either the associated pre-exponentials or the
individual corrected pre-exponential factors from fluorescence
80 - X : ;
decay traces whose relative amplitudes have been adjusted so
60 that they are equivalent to those recorded for the same time
' , , interval and the same optical setup. In this work, we obtained
0.0 0-506 . 1.0 L5 better results through the second methodology.
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