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Abstract

VThe first direct observation of the excited-state profon-transfer reaction
of l-naphthol in aqueous solution 1is reported. .Using picbsecond,vtime-resolved
emission spectroscopy; the lifetime of l-naphthol at pH = 7 is found to be
33 £ 5 psec, one to three ordérs of magnitude faster than previous determinations.
Coupled.with steady-state techniques, direct, time-resolved measurements provide
a generally applicable method for the accurate determination of the numerous rate
constants required for a completé description of the kinetics of electronically
excited i-naphthol 1nvwatet.. Compariéoﬁ'éf the present.resultsvon lénaphthol
with pfevious wofk on Z—naphth01 revea1s striking differences in thevexcited-state

reaction dynamics of these seemingly similar molecules.



Proton-transfer reactions provide the fundamental basis for all acid-base
chemistry in protic solvents. Literally hundreds of examples of excited-state

proton—transfer reactions are known. 2

In nearly all these systems, large changes
in pK, occur upoﬁ electronic excitation. Picosecond laser sources can thus be
used to effect the sudden introduction of a strong acid or base into an otherwise ‘l
unchanged solution.3 The ensuilng reaction dynamics reflect the influence of
electronic structure, solute-solvent interactions, and solvent brganization on
proton-transfer reactions. As previously demonst:rat:ed,3_5 time-resolved measurements
are often required for the correct determination of the kinetic and thermodynamic
parameters necessary for the complete characterization of excited-state proton-—
transfer reactions.

In this communication, we present the results of picosecond, time-resolved
emission spectroscopy'of electronically excited l-naphthol in aqueous solution. In
the past, excited-state proton transfer in l-naphthol has been studied using both

6-9 and nanosecond time-resolvedg"11 emission spectroscopy. These

steady-state
previous results predicted excited-state proton—transfer rates one to three orders
of magnitude slower than the rate presented here. Analysis of the results
reported here show that previous values for other parameters describing excited-state
proton transfer in l-naphthol are also in error, including the excited-state acid
dissociation constant, pK:.lo’lz-IA Perhaps most importantly, the earlier results
obscured the processes responsible for the substantial differences between the
exclited—-state proton—-transfer dynamics of l-naphthol and 2—naphthol.15 s
The experimental method and kinetic analysis used in these measurements can be
explained using the generalized excited-state proton—transfer reaction diagram shown
in Fig. 1. Since l-naphthol has a pKa of 9.2,16 essentially all ground-state
l1-naphthol molecules will be fully protonated for a solution pH < 7. Irradiation of

2

such a solution will produce the substantially more acidic,“ electronically excited
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l-naphthol (ROH*), which can adiabatically transfer a proton to water to produce an

electronically excited l-naphtholate anion (ROT*). As expected from simple thermo-

dynamic arguments such as the Forster cyc;le,6 the emission from ROT* is at
lower enefgies than that of ROH*. This spectraLJdifferenée aliows the two species
to be distinguished and independently monitored.13 The reaction scheme of Fig. 1
predicts that both the decay time of the ROH* emission and the risetime of the RO™*
emission will be equal to the total rate of decay of the ROH* population.

The picosecond, time-resolved emission spectroscopy apparatus used for these

experiments will be described in detail elsewhere.17 Briefly, 20-ps, fourth harmonic

v(266 nm) pulses derived from a passively mode-locked Nd:YAG oscillator—amplifier

system (Quantel, YG400) were used to excite the sample. The resulting emission was

spectrally filtered with appropriate narrow-band (~10 nm FWHM) interference filters

and imaged onto the entrance slit of an ultrafast streak camera (Hadland-Photonics, .

Imaéon 500). The‘streak récords were digitized.with an»intehsified.photodibde array 
(Tracor-NOrthefn, IDARSS) and transferred to a microcomputer (DEC, LSI 11/73) for
signal averaging. The data presentéd here represent the average of the signal from
500 laser pulses. Samples consisted of 1073 to 10™% M aqueous solutions of
HPLC-purified i—naphthol prepared and maintained under oxygen-free conditions. All
experiments were carried out at ambient temperature.

The first time-resolved observation of excited-state proton transfer in
l-naphthol is presented in Fig. 2. At a solution pH of i2, >99.8% of ground state
species present is RO". Laser excitation produces RO™* emission with an instrument-
limited risetime (< 6 ps) and an 8.0 * 0.4 ns fluorescence lifetime, as expected
for direct excitation of RO™*., At a solution pH of 7, >99.4% of the ground-state
gspecles present is ROH. Laser excitation broduces a ROT* time-resolved emission
profile with a distinct, 31 * 5 ps risetime and a 7.5 £ 0.4 ns decay, proof that

RO™* is indirectly produced via excited-state proton transfer from ROH*. The
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validity of the reaction scheme of Fig. 1 is confirmed by the results shown in

Fig. 3. The average decay time of the ROH* emission, measured at wavelengths
between 350 and 370 nm, is 35 * 5 ps. Within experimental error, this is

identical with the 31 * 5 ps average risetime of‘the RO™* emission at wavelengths
2500 nm. Further evidence that the reactionvscheme of Fig. 1 is correct is
provided by the observation of an isosbestic point in the picosecond, time—resolvedi
emission spectrum of l—napht:hol.18

Kinetic expressions for the temporal dependence of the emission intensity from

the protonated, I(ROH*)» and anionic, I(RO'*)’ species, as derived from the model

of Fig. 1, have the general form:z’15
= =Yyt =YsHt
Igo~*y = B(e™12° - e7V1F), (2)

All the excited-state rate constants can, in principle, be extracted by measuring
Y;»Yp, and the ratio AI/AZ as a function of hydronium ion concentration.z’g’15

Such an analysis is difficult due to the complex relationship between the various
kinetic parameters and the double exponential temporal profile of the emission.

Given the uncertainties in the experimental results, it has thus far been impossible
to obtain all of the necessary rate constants with high accuracy solely on the

basis of the time-resolved data.

Combination of the results of éteady-state measurements with direct, time-resolved
measurements yields the most accurate determination of the desired rates. For
example, the constants T, (1/1,= ky + ky,) and k*dp (see Fig. 1) can be
readily determined from v

/ey = k*dp/Yl = k*dp/(k*dp + 1/14), (3)
where ¢'/¢) is the quantum yield of fluorescence of the anion at neutral

pH relative to that at high pH, and y] is obtained from the neutral fall time

and/or the anion risetime at pH 7. A complete kinetic analysis will be presented
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in a subsequent paper.19 A short summary of representatiye results from this
analysis is given in Table 1.

Perhaps the most striking result revealed by this work is the contrast
between the excited-state reaction.dynamics of l-naphthol and those of 2-naphthol20
(see Table 1). For 2-naphthol, nanosecond time resolution is sufficient for
direct observation of the excited-state processes. In l-naphthol, excited-state
proton transfer (kgp) is ~280 tipes faster and solvent quenching (as manifested
by 7,) is ~80 times faster than in 2-naphthol. Proton-induced quenching
of ROT* is found to be substantial in 1-naphtholl9 compared to 2-naphthol, direct
confirmation of the results of previous indirect studies.’»9:20 guch results
demonstrate that changes in electronic structure as subtle as those expected for
two such similar isomers can have dramatic effects on excited-state proton-transfer
dynamics. The observed effects can be expléined by the difference in the charge-
tranéfer character of the lowest excited singiet:states of l=-naphthol and
2-naphth01.19 The presentbresults suggest that direct, time-resolved measurements
provide a generally applicable experimental method for determining the role of
electronic structure and solvent organization in acid-base chemistry. Thg
measurements reported here are currently being extended by the systematic
study of excited-state proton-transfer dynamics in naphthols and substituted

naphthols as a function of solvent, temperature, and pressure.
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Figure Captions

Fig. 1. Kinetic scheme for excited-state dynamics of l-naphthol in aqueous
solution: kdp’ k*dp, kp, and k*p represent the ground and excited state
deprotonation and protonation rate constants, respectively; kg, kﬁf,
kpy ke, kq, and k& are the rate constants for non-radiative decay,

radiative decay, and proton~induced quenching for_the neutral and anionic

species, respectively.

Fig. 2. Time-resolved 550 * 5 nm emission from electronically excited
l-naphtholate ions in pH 12 and pH 7 aqueous solutions. The smooth curves are

computer—generated fits to the data with risetimes of 5.6 ps (pH 12) and 30 ps

(pH 7).

Fig. 3. Time-resolved emission from the protonated (ROH*, 370 * 6 nm) and
anionic (ROT*, 540 * 5 nm) forms of electronically.excited l-naphthol in pH 7
aqueous solution. Smooth curves show computer—generated fits to the data with

a ROH* decay time of 34 ps and a RO™* risetime of 3l ps.

Table 1. Measured rates, lifetimes, and relative fluorescence quantum yields for

l-naphthol (present work) and Z-naphth0120 in aqueous solution.

1/15 = kg + k' e

Solute Q'/@é Yl-l (ps) k*dp (s—l) Ty (ps) Tl (ns)

l-naphthol  0.66 33 2.1 x 1010 100 8.0 :

2-naphthol = 0.64 5.0 x 103 7.5 x 107 8.0 x 103 9.0

Lt



1 *°3814

% . go-*
————= RO™" + H30
% [H0* ] °
!
ke kne ka[H3O+]
k v ‘
P~ go
< -+ H +
kp [Hz0"] 3°
OH



)

Intensity (arb. units)

60
Time (ps)

90

120



ROH™

z /\
‘| N
5
> / 0
| .g \
2t N
Y Q
/ \O

0 30 60 90 120
| Time (ps)



\{;‘)

e

This report was done with support from the
Department of Energy. Any conclusions o'riopinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.-

Reference to a company or product name does
not imply approval or recommendation of - the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable. : ' o




TECHNICAL INFORMATION DEPARTMENT =

" LAWRENCE BERKELEY LABORATORY
E UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

B TR



