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Abstract 

The transient absorption spectra and the kinetic parameters of decay of the triplet states of thymine and its nucleoside, nucleotide, were 
obtained from acetone sensitization and direct excitation in aqueous solution at room temperature. The kinetic parameters from two methods 
are equivalent, thus time-resolved acetone sensitization method was verified by the laser photolysis experiment. Furthermore, advantages of 
acetone sensitization method were clarified by the characteristics of triplet acetone and enhanced yields of triplet states of thymine components. 
©, 1998 Elsevier Science S.A. All rights reserved. 
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1. Introduct ion 

Using laser flash photolysis, Salet and Bensasson [ l ] and 
Salet et al. [2] obtained successfully the triplet-triplet ( T -  
T) absorption spectra and determined kinetic parameters of 
the triplet state of thymine components whose yields are 
highest in nucleic acid bases by direct photolysis in 1970s. 
After this, the study of triplet state behavior of DNA and its 
components is hampered by the very small yields produced 
by direct excitation. 

Utilizing acetone sensitization method, a breakthrough for 
detection of triplet-triplet absorption spectra and triplet state 
kinetics of DNA components was performed at our laboratory 
[ 3-61. Very recently similar studies of triplet states of DNA 
components from acetone sensitization have been reported 
by Gut et al. [7] and Wood and Redmond [8]. Triplet ace- 
tone (SAc*) has distinct advantages over a variety of triplet 
sensitizer for kinetic studies of  triplet state behavior of nucleic 
acid and its component nucleotides. First, acetone with very 
high triplet energy [9] can sensitize the triplet states of all 
the nucleotides [7 ]. Secondly, the quantum yield (@~sc) of 
3Ac* [10] is 2-3 orders of  magnitude higher than those of 
the nucleotides [ l 1 I, so the quantum yields of the triplet 
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nucleotides should be enhanced to a most extent under ace- 
tone sensitization. Finally, owing to the fact that the absorp- 
tion band of  3Ac* appearing in the narrow wavelength region 
of 300-380 nm with very short life time, acetone-nucleotide 
interaction allowed the nucleotide T -T  absorption spectra to 
be measured accurately. In short, kinetic studies of  photo- 
physical and photochemical process of DNA and nucleotide 
system have been rendered readily by acetone sensitization 
[ 7,12]. Thus, time-resolved acetone-sensitization method 
has been accepted as a tool for studies of triplet state behavior 
of DNA and its components [7,8,13 ]. However, comparative 
studies of triplet states of  DNA components from acetone 
sensitization and direct excitation at similar condition have 
not been reported yet. In this work, the kinetic parameters of 
the decay of triplet states of  thymine (Thy),  thymidine (Thd) 
and thymidine 5'-monophosphate (TMP) have been 
obtained from both acetone sensitization and direct excitation 
using 248 nm, 20 ns excimer laser pulse in aqueous solution 
at room temperature. 

2. Materials  and methods  

Thy, Thd and TMP obtained from Sigma were used as 
received. Acetone (analytic grade reagent) was distilled 
before use. NaOH and phosphate (analytic grade reagent) 
were used as received. The pH values of solutions were 
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adjusted by NaOH and H3PO 4 solutions. All samples were 
prepared in triply distilled water and deaerated by high purity 
nitrogen (99 .99%) bubbl ing  for 20 rain. All experiments  

were carried out at room temperature. 
Laser photolysis experiments  were performed using a 

home-made excimer  laser which provided 248 nm (KrF)  
light pulse with a duration of 20 ns. The max imum laser 
energy was 50 mJ per pulse. The signals were collected using 

an HP 54510B 300 MHz transient recorder, then processed 
with an PC-486 personal computer.  Detailed descriptions of 
the equipment  and experimental  condit ions were given else- 

where [4] .  
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Fig. 3. Transient absorption spectra from photolysis of 1 mM TMP aqueous 
solution saturated with N, at pH 7:0 ~s (O), 5 ,us (A), 20 p.s ([]). Inset: 
trace at 400 nm. 

3.1. Di rec t  exc i ta t ion  

The transient absorption spectra of the intermediates pro- 
duced from laser photolysis of Thy, Thd and T M P  aqueous 
solution are shown in Figs. 1-3, respectively. At the end of 
laser pulse, an absorption band appears and can be quenched 
by O,, which decays fol lowing first-order kinetics (see insets 
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Fig. 1. Transient absorption spectra from photolysis of 1 mM Thy aqueous 
solution saturated with N= at pH 7:0 >s (©), 2 ,us (~),  6 ,as (U~). Inset: 
trace at 400 nm. 

of Figs. 1-3) ,  thus should be assigned to the absorption of 
triplet Thy, Thd and TM P  ( symbolized as 3T*). The scheme 

of formation and decay as follow: 

h i ,  I S C  

T--+ J T * ~  3T* (1)  

3 T * ~ T  ko (2)  

~ T*--+ 2T,T= k~ (3)  

The triplet states of thymine components  (3T*) decay accord- 
ing to pseudo-fi rst-order kinetics. Its apparent decay rate con- 
stant can be expressed as 

k , , b~=ko+k~[T]  

in which ko = k~ + k.~, [ T] expresses the concentrat ion of  thy- 
mine  component .  A series of  kob~ values were obtained from 
changes of the concentrat ions of  thymine  components .  The 
plot of  koh~ against the concentrat ion of  thymine component  
is a straight line. The self-quenching rate constant  (k~) and 
the rate constants  of the unimolecular  decay (ko) are obtained 
from the value of the slope and the intercept of the straight 
line respectively, and are listed in Table 1. 

3.2. Ace tone  sens i t i za t ion  
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Fig. 2. Transient absorption spectra from photolysis of I mM Thd aqueous 
solution saturated with N:: at pH 7:0/,s (O), 5 ,us ( A ), 15 ,as ( E ). Inset: 
trace at 400 mn. 

Figs. 4 - 6  show the transient absorption spectra obtained 

from the photolysis of  Thy, Thd and T M P  in the presence of 

Table I 
Rate constants for decay of triplet Thy, Thd and TMP obtained from acetone 
sensitization (S) and direct excitation (D) 

Thymine Excitation k,) ( 105 s ') k, ( 10 ~ dm ~ kl( 10 '> dm :~ 
component method mol t s ~) m o l~ s  ~) 

Thy S 0.31 12 1.0 
D 0.22 7.9 

Thd S 0.50 2.8 0.93 
D 0.42(0.4) '~ 1.9( 1 )~ 

TMP S 0.42 0.30(0.27) h 1.6 
D 0.40 0.17 

~' hFrom Refs. [ 2,7 ], respectively. 
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Fig. 4. Transient absorption spectra from photolysis of 0.2 hum Thy aqueous 
solution containing 0.13 M acetone saturated with Nz at pH 7:0.8 p,s (~) ), 
5/zs (A), 10/zs (F-I). Inset: growth and decay trace at 400 rim. 
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Fig. 5. Transient absorption spectra from photolysis of 0.2 mM Thd aqueous 
solution containing 0.13 M acetone saturated with N2 at pH 7:2 /zs (C)), 
6/zs (A), 15/zs (El). Inset: growth and decay trace at 400 nm. 

acetone respectively. At the end of laser pulse, an absorption 
band appears in the wavelength region of  300-380 nm, which 
is similar to that from photolysis of neat acetone aqueous 
solution, thus should be assigned to the absorption of triplet 
acetone (-~Ac*). Another absorption spectrum different from 
3Ac* appears subsequently, and decays with a first order rate 
law. It should be attributed to ~T*. 

h p I S(? 

A c ~  J A c * ~  3Ac* (4) 

~ A c *  + T ~ A c +  3 T * k T (5)  

~Ac* ~ A c  ku' (6) 

3Ac* +Ac--* 2Ac k~' (7) 

The kinetic parameters of  decay of  triplet Thy, Thd and 
TMP were obtained through the same data processing and 
summarized in Table I. Additionally, rate constant of  T-T  
energy transfer (kT) from 3Ac* to Thy, Thd and TMP were 
also determined according to the following procedure; since 
triplet acetone decays following the pseudo-first-order kinet- 
ics via unimolecular decay, self-quenching by its ground state 
molecular and T - T  energy transfer from ~Ac* to thymine 
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Fig. 6. Transient absorption spectra from photolysis of 0.2 mM TMPaqueous 
solution containing 0.13 M acetone saturated with N2 at pH 7:2.5 p,s (©), 
8/.~s (A), 20 p.s (~) .  Inset: growth and decay trace at 400 nm, 

component, the observed rate constant (k,,~,.,) fbr decay of  
-~Ac* can be expressed as [4[ 

kob~=k,,b~' +kT[T ] (8) 

in which k,,h~'=ko'+k,'[Ac], [Ac] =0.13 M. kT can be 
obtained from the linear plot of  ko,., against the concentration 
of thymine component (see Table 2). Furthermore, T -T  
energy transfer efficiency (Pr) from 3Ac* to T can be 
expressed as 

kT[T] 
pT = - -  (9) 

k ob s 

When set [T] as 0.2 raM, pq, was obtained as 0.11 tbr Thy, 
0.10 for Thd and 0.23 for TMP. 

From Table 1, it is evident that the rate constants from 
acetone sensitization are in reasonable agreement with those 
from direct excitation. Therefore, acetone sensitization 
method is verified by the experiment. 

To our knowledge, the ko, k~ values for Thy and TMP in 
aqueous solution from direct excitation and that for Thy and 
Thd via acetone sensitization are reported for the first time. 
Literature values are given in Table I for comparison. Salet 
and Bensasson [ 1 ] obtained ko and k~ values of  triplet Thy 
in acetonitrile solution, and afterwards determined the values 
of Thd in aqueous solution and that of TMP in ethanol solu- 
tion [ 2 ]. 

The acetone sensitization can produce the excited states of 
DNA components in high concentration, which improve sig- 
nal amplitude of the transients and can be detected accurately. 
Comparison of  inset of Fig. 3 and that of  Fig. 6 shows that 
the maximum absorbance of :'TMP* in aqueous solution 
from acetone sensitization is four times of  that from direct 
excitation, while the concentration of T in direct excitation is 
five times of that in acetone sensitization. 

4. C o n c l u s i o n  

On the basis of  above comparison, it is concluded that the 
kinetic parameters of  decay of triplet thymine components 
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f rom a c e t o n e  s ens i t i z a t i on  are  l ikely  to be  m o r e  c o r r e c t  and  

re l i ab le  than  d i r ec t  e x c i t a t i o n  due  to the  e n h a n c e d  s igna l  

a m p l i t u d e  a r i s ing  f r o m  the  t r ip le t  s ta tes  in h i g h  y ie lds .  T h e s e  

f i nd ings  m a y  be  o n e s  o f  the  i n t e r e s t i ng  a d v a n c e s  t ak ing  p l ace  

du r ing  the  las t  t w o  d e c a d e s .  
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