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In t roduc t ion 

Upon photoexc i ta t ion many aromatic compounds are known to undergo 
u l t r a f a s t p ro ton- t rans fer react ions in aqueous so lu t i on [ 1 ] , Picosec >d 
spectroscopy o f fe rs the oppor tun i ty for modeling and understanding 
pro ton- t rans fer processes in so lu t ion by a l lowing d i r ec t measurements of 
p ro ton- t rans fe r k i n e t i c s to be car r ied out for bread classes of 
compounds. Given the important r o l e of proton t rans fe r in vast numbers 
of important chemical and b io log i ca l processes, such studies can be 
expected to provide new, fundamental ins igh t in to the chemistry of the 
pro ton. 

Aromatic molecules can become considerably more ac id ic upon absorpt ion 
of l i g h t quanta due to the a l t e r a t i o n of e lec t ron ic s t r u c t u r e , o f ten 
changing d i ssoc ia t i on constants fo r proton e jec t i on by many orders of 
magnitude [ 1 ] . For naphthols and subst i tu ted naphthols in aqueous 
s o l u t i o n , the proton t rans fer to neighboring water molecules may be 
represented schematical ly as f o l l ows : 
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F i g . l Simplified schematic of excited-state proton transfer in naphthol 
compounds. Also possible are nonradiative deactivations induced by 
interactions with protons (vice i n f r a ) . 

where k r and k n r represent the radiat ive and nonradiative decay rates 
for the excited naphthol molecule (ROH*}, k f i s the exc i t ed -s ta te ^ 
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deprotonation r a t e , k|j represents the protonat icn ra te from the exc i ted 
naphtholate to the exci ted naphthol , and v and v ' are the emission 
frequencies from the exci ted protonated and deprotonated species, 
respec t i ve ly . The c lass ic work of FORSTER [Z ] and WELLER [ 3 ] 
establ ished the theo re t i ca l framework for understanding p ro ton- t rans fe r 
phenomena in the naphthols. Because the ground-state pKa values for 
the naphthols are in the range 9 - 1 1 , the only ground-state species 
present in so lu t ions wi th pH < 7 is ROH. Fol lowing e x c i t a t i o n of ROH 
w i th a picosecond pulse of the appropriate frequency, the protonat ion 
k i n e t i c s can be d i r e c t l y determined by observing the decay of emission 
from ROH* at frequency v , or the r i se t ime of the emission from R0~* at 
the red -sh i f t ed frequency v ' . 

The d issoc ia t ion of 1-naphthol in aqueous so lu t ion occurs so r ap id l y 
tha t the f luorescence from the neut ra l form, ROH*, has been prev ious ly 
described as "completely ext inguished" [ 3 ] and as "hard ly no t iceab le" 
[ 4 ] . Apparently near ly a l l of the f luorescence orginates from the 
naphtholate ion . Here we repor t on the p ro ton- t rans fe r cha rac te r i s t i c s 
of a ser ies of 1-naphthol compounds. We also report pre l iminary data on 
exc i ted -s ta te proton t rans fer in an organometai 1 ic complex of ruthenium. 

Experimental Arrangement and Sample Preparat ion 

Crucial to the success of these experiments and to t h e i r i n t e r p r e t a t i o n 
are sample preparat ion and p u r i f i c a t i o n . A l l samples were obtained from 
LC Laborator ies (Newton, Massachusetts) and were determined to be greater 
than 99.5% pure by ana ly t i ca l l i q u i d chromatography using a f luorescence 
detec tor . Samples were prepared in a n i t rogen f i l l e d glove-box, and a l l 
solvents were thoroughly degassed by undergoing successive 
freeze-pump-thaw cyc les. 

The experimental arrangement is shown in F i g . 2 . A s ing le 30-ps pulse 
is selected from the pulse t r a i n of a Nd:YAG modelocked laser , is 

Fig.2 Experimental Arrangement for Measuring Rapid Proton Transfer. 

amplified to a level of 10 mj, and can be frequency doubled, t r ip led or 
quadrupled with the appropriate KOP crystals. The naphthols are excited 
with 266-nm radia t ion , and the organometai 1 ic complexes are excited with 
355-nm rad ia t ion . Light emitted by the samples is collected onto the 
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s l i t of a Hadland Photonics Photochron I I streak camera. Streaks are 
imaged onto an OMA, and the individual shots can be accumulated on a 
Nicolet 1074 signal averager. A relat ive time reference provided by 
means of a precursor marker pulse ensures accurate signal averaging. 
Fall times of the protonated species are obtained by observing the 
emission through a Corning 7-54 f i l t e r , and risetimes of the deprotonated 
species with a Corning 2-62 f i l t e r . 

1-Naphthol and 1-Naphthol Sulfonates: Results and Discussion 

The experimental results for the relaxation of the excited protonated 
species in 1-naphthol and two of i ts sulfonated derivatives are 
summarized in Fig.3. Note that 1-naphthol and the two 1-naphthol 

l-nopdthol 25±IOps 

l-nophthol-2-sulfonott 5 5 l l 5 p s 

l-nophWiol-5-Julfonote s 20ps 

Fig.3 Relaxation time for emission from the protonated form of 
1-naphthol, l-naphthol-2-sulfonate, and l-naphthol-5-sulfonate. 

derivatives dissociate extremely rapidly. Kinetics of the rapid proton 
transfer indicate that the excited-state pK value (pK*) for a l l three 
derivatives is in the v ic in i t y of zero. This estimate is confirmed by a 
FORSTEK-cycle calculation [2] based on the absorption and emission 
spectra of the pure compounds. Notice also that the dissociation rate 
for l-naphthol-2-sulfonate is slower than for the other two derivatives. 
Evidently, the intramolecular hydrogen bond formed between the adjacent 
hydroxy and sulfonate groups leads to a slowdown in the proton ejection 
rate in this derivative. Such an effect has previously been postulated 
[ 5 ] . 

Our result in 1-naphthol-2-sulfonate dif fers s t r ik ing ly from that of 
ZAITZEV et a l . [6] who, using nanosecond techniques, reported that the 
dissociation rate for this compound is 5.4 x 10° sec -* (1.85 ns). 
Our experiments indicate that this long decay time may be due to 
impurit ies. For example, a sample of l-naphthol-2-sulfonate that was 
obtained from Eastman Kodak, for which no attempt was made at further 
pur i f icat ion or to prevent exposure to air during sample preparation, 
yields only a long-lived component, also a few ns in duration. 

Further confirmation for the 55 ps l i fetime reported here is obtained 
from the emission spectrum of pur i f ied, oxygen-free 
l-naphthol-2-sulfonate excited at 313 ran, which is completely dominated 
by the emission from the deprotonated species. This is in contrast to 
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the spectrum obtained by ZAITZEV, et a l . [ 6 ] , in which the r a t i o of the 
emission i n t e n s i t i e s of the deprotonated species to tha t of the 
protonated form is on ly 2 to 1 . 

On the other hand, we have found tha t the pro ton- t rans fer k i n e t i c s of 
2-naphthol-6-sul fonate samples reported upon prev ious ly [ 7 ] , do not 
appear to change when c a r e f u l l y p u r i f i e d samples are used. This may be 
due to a f o r t u i t o u s coincidence between the pro ton- t rans fer ra tes of 
2-naphthol -6-sul fonate and the f a l l time of the impur i ty f luorescence. 
Sample analysis by high-pressure l i q u i d chromatography i s cu r ren t l y being 
ca r r ied out to es tab l i sh in more d e t a i l the ro le of impur i t ies both in 
the measurements reported here and in our previous measurements on 
2-naphthol -6-sul fonate [ 7 ] . 

For the case of 1-naphthol, MARTYNOV, et a l . [ 8 ] estimated a 
d issoc ia t ion ra te of > 3 x 10^ sec - ^ . Our measurement of 25 t 10 ps 
is in accord wi th t h i s est imate. We have also observed a deact iva t ion of 
the exc i ted 1-naphtholate due to in te rac t ion wi th hydronium ions. The 
f luorescence l i f e t i m e of the deprotonated species var ies from nanoseconds 
to picoseconds wi th decreasing so lu t ion pH. The values obtained from 
these d i r ec t measurements ire in accord wi th the quantum e f f i c i e n c i e s 
reported by WELLER [ 3 ] . 

Prev ious ly , we suggested that by using intense laser pulses, the pH of 
a so lu t ion could be changed in a manner analogous to the temperature 
change in a T-jump experiment [ 7 ] . This laser pH jump technique [ 7 , 9 ] 
might allow the study of rapid acid-base reac t ions . The rap id 
deprotonat ion of the 1-naphthol compounds demonstrates tha t the pr1 of a 
so lu t ion may be manipulated on a time scale of less than 20 ps. This 
rap id r a t e , the fas tes t intermolecular proton t ransfer process observed 
to da te , o f f e r s the p o s s i b i l i t y of producing very large and rap id pH 
jumps for studying rap id chemical reac t ions . 

Proton Transfer in an Organometallic Complex of Ruthenium 

Organometal 1 ic complexes are known to d isp lay a r i c h and var ied 
photocnemistry [ 1 0 ] . There is an increasing awareness that i t may be 
possib le to exp lo i t t h i s chemistry fo r the e f f i c i e n t conversion of s o l i r 
energy to eas i l y t ranspor tab le f u e l s . Recently, exc i teJ -s ta te proton 
t rans fe r was observed in an organometal l ic complex [ 1 1 ] . We repor t here 
p re l im inary measurements on the k i n e t i c s of t h i s process. Figure 4 shows 
the schematic fo r the exc i ted -s ta te pro ton- t ransfer react ion of the 
organometal l ie complex (2 ,2 ' -b ipy r id ine )£Ru(4 ,7 -d ihyd roxy - l , 10 
phenanthro l ine) . Also shown in Fig.4 are the decay times for the 
f luorescence from the protonated and deprotonated forms of t h i s complex 
in nondegassed so lu t i ons , p l o t t ed as a func t ion of pH. The emission from 
the protonatec! form decays in about 200 ns at pH 1 . Previous studies by 
GIORDANO, e t a l . [ 11 ] i nd ica te that between pH 5 and pH 2.5 , the 
protonated form w i l l be the main species present in the ground s t a t e . 
Upon e x c i t a t i o n between these pH va lues, we could then expect to observe 
a r i se t ime for the 795-nm band corresponding to the formation of the 
deprotonated species. Because of the i n s e n s i t i v i t y of the streak camera 
S-20 photocathode at a wavelength of 800 nm, we have estimated th i s 
r i se t ime using a pho tomu l t i p l i e r and a fas t osc i l loscope to temporal ly 
resolve the emission. The r i se t ime u>us obtained i s l im i t ed by the 5-ns 
response time of the photomul t ip le r tube. We are present ly studying 
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organometal l ic pro ton- t ransfer processes from complexes tha t emit in a 
region of the v i s i b l e spectrum more amenable to streak camera d e t e c t i o n . 
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Fig.4 L i fe t ime of deprotonated ( t r i a n g l e s ) and protonated ( c i r c l e s ) 
forms of the organometal l ic ruthenium complex. 
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