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5-Fluorouracil is an analogue of thymine and uracil, nucleobases found in DNA and RNA, respectively. The
photochemistry of thymine is significant; UV-induced photoproducts of thymine in DNA lead to skin cancer
and other diseases. In previous work, we have suggested that the differences in the excited-state structural
dynamics of thymine and uracil arise from the methyl group in thymine acting as a mass barrier, localizing
the vibrations at the photochemical active site. To further test this hypothesis, we have measured the resonance
Raman spectra of 5-fluorouracil at wavelengths throughout its 267 nm absorption band. The spectra of
5-fluorouracil and thymine are very similar. Self-consistent analysis of the resulting resonance Raman excitation
profiles and absorption spectrum using a time-dependent wave packet formalism suggests that, at most, 81%
of the reorganization energy upon excitation is directed along photochemically relevant modes. This compares
well with what was found for thymine, supporting the mass barrier hypothesis.

Introduction SCHEME 1

Deoxyribonucleic acid (DNA), which stores genetic informa- 1
tion, and ribonucleic acid (RNA), which mediates translation |c|> )
of the genetic code into proteins, are composed of two purines, oy c it ReHUra

’ ; o . . NN g R=CH3; Thymine

adenine and guanine, and three pyrimidines, cytosine, thymine, N3 4 5C 3 Ty )
and uracilt Thymine is present only in DNA, while uracil only c|;2 Slc R=F  S-Fluorouracil
appears in RNA. O% \:\1/ \H R=Cl 5-Chlorourac?|

Interest in thymine and uracil arises from the fact that, even 8 | 12 R=Br  5-Bromouracil
though they only differ structurally by a methyl group in the '7*

5-position (Scheme 1), large differences are observed in their

resonance Raman spectra (see below). The photochemistry of . . - .
thymine and uracil pdinucle(:otides (TST andp UpU respez- and the 0O bond of the adjacent thymine. Uracil dinucleotides

: : ; . . form the photohydrateg(= 0.018) as the major photoproduct
tively) is also very different (Scheme 2)Thymine dinucleo- > .
tides preferentially form the cyclobutane pyrimidine dimer and the CPD¢ = 0.007) The photohydrate is the result of

(CPD) with a quantum yieldgp = 0.013, as a result of solvent addition across the=&C bond.

[2 + 2]-cycloaddition between the =6C bonds of adjacent A probe for the initial excited-state structural dynamics is
thymines or the [6-4] photoproduct = 0.003) as a result of crucial to understanding the photochemistry of the nucleobases.

[2 + 2]-cycloaddition between the=6C bond of one thymine Resonance Raman spectroscopy is a powerful probe of excited-
state molecular structure and initial dynamidy tuning the
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occurs. The resonance Raman vibrational band intensity is Experimental Section

directly proportional to the slope of the excited-state potential . ) o ]
energy surface along that vibrational coordinate; the greater the  S-Fluorouracil (2,4-dioxo-5-fluoropyrimidine), 5-chlorouracil,
change in the molecular structure along the vibrational coor- S-bromouracil (99%, Sigma, Oakville, Ontario), and sodium
dinate, the more intense the resulting resonance Raman bangulfate (99%, EMD Chemicals Inc., Gibbstown, NJ) were
will be. Thus, the intensities of the resonance Raman bands will OPtained commercially and used without further purification.
directly reflect the conformational distortion of the molecule All samples were prepared using Nanopure water from a
along each of the normal mode coordinates in the excitedtate. Barnstead water filtration system (Boston, MA).

Previou$ analysis of the resonance Raman excitation profiles  Laser excitation for the resonance Raman experiments was
and absorption spectra for thymine and uracil within the 266 obtained using a picosecond mode-locked Ti:sapphire laser
nm absorption band showed that their excited-state structural(Coherent, Santa Clara, CA) pumped with a Verdi V-10 diode-
dynamics were significantly different. It was found that thymine pumped laser (Coherent, Santa Clara, CA). To obtain the 244,
had 73% of its reorganization energy directed along photo- 257, 266, 275, and 290 nm wavelengths, the output of the Ti:
chemically relevant modes, while uracil had only 13% of its sapphire was doubled using a lithium triborate (LBO) crystal
reorganization energy directed along photochemically relevant followed by third-harmonic generation infabarium boratef-
modes® It was postulatetithat the methyl group in thymine  BBO) crystal (Inrad, Northvale, NJ). Typical laser powers were
acts as a mass barrier and localizes the reorganization energ2—20 mW. The resulting laser beam was spherically focused
along photochemically relevant vibrational modes. on an open stream of flowing solution in a 23fackscattering

Here, we further test this model by measuring the excited- geometry. All the resonance Raman spectra were obtained using
state structural dynamics of 5-fluorouracil. Fluorine in the 1.6 mM 5-fluorouracil solutions containing 0.3 M sodium sulfate
5-position has a mass similar to the methyl group in thymine internal standards. Resonance Raman spectra were collected for
but has very different electronic, steric, and vibrational coupling 5-chlorouracil and 5-bromouracil at an excitation wavelength
properties. The fluoro group does not directly change the of 275 nm in the same manner. The addition of sodium sulfate
electronic transition since the 265 nm absorption maximum is as an internal standard had no noticeable effect on either the
the same in 5-fluorouracil and thymine. However, it is reason- absorption or resonance Raman spectra of any of the 5-halo-
able to suspect that the number and energies of interveninguracils. The resonance Raman scattering was focused into a
“dark” states and the energies of the states involved in the double-grating spectrophotometer with a diode array detector.
transition may be affected by the substitution of a fluorine for The laser system and spectrometer have been described in detail
a methyl group. Furthermore, it has been shown by Mathies et previously’ Measurements of the resonance Raman spectra and
al. that methyl groups can vibrationally couple to adjacent determinations of intensities were repeated on three fresh
carbon-carbon double bonds in retindsTherefore, this samples of 5-fluorouracil at each wavelength. Frequency
pyrimidine analogue is optimal for testing the effect of the calibration was performed by measuring the Raman scattering
5-substituent mass on the excited-state structural dynamics. Theof organic solvents for whom the peak positions are knomvn (
results obtained here demonstrate that the resonance Ramapentane, cyclohexane, dimethylformamide, ethanol, acetonitrile,
spectrum and excited-state structural dynamics of 5-fluorouracil and acetic acid). Frequencies are accuratezan . Analysis
are similar to those of thymine. These observations support theof the data was performed as previously describetibsorp-
mass barrier model as a determinant of pyrimidine nucleobasetion spectra were acquired before and after each Raman scan
excited-state structural dynamics. using a diode array spectrometer (Hewlett-Packard, model
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was observed, suggesting that a bulk photoalteration parameter
below 5% was observed.

The 257 nm excited resonance Raman spectrum of 5-fluo-
rouracil in the overtone and combination band region was

recorded using the same system as described for the fundamental 2 o
region, except that the 1705 ciband of 5-fluorouracil was % B = e
used to calculate the resonance Raman cross sections. Also, 0.5
M acetonitrile was added to provide a common peak in both £
spectral windows. Acetonitrile had no effect on the absorption &
or resonance Raman spectra. 5

The methods used for converting the resonance Raman
intensities of 5-fluorouracil into absolute cross sections and for
self-absorption correction have been described previdusiP 1!

The experimental differential Raman cross sections for sulfate
used in this work were 3.2% 10712 2.47 x 10712 2.08 x

10712 1.77x 10712 and 1.35x 10-12 AZ(molecule sr) at 244, e
257, 266, 275, and 290 nm, respectively. Depolarization ratios 400 600 800 1000 1200 1400 1600
of 0.33 and 0.05 were used for 5-fluorouracil and sulfate,

Energy (cm™)

respectively. Figure 1. Resonance Raman spectra of 1.6 mM 5-fluorouracil (A), 3
mM thyminé (B), and 3 mM uracfl (C) in water excited at 266 nm.
Theory The bands due to the internal standards (0.3 M sodium sulfate for

o . . . 5-fluorouracil and 0.4 M sodium sulfate for uracil and thymine) are
The resonance Raman excitation profiles were simulated with jngicated by asterisks (*). The peak that appears near 1508 tm

the time-dependent wave packet formalism expressed by thes-fluorouracil was not reproducible at all excitation wavelengths and
following equation$*? is therefore not considered in this paper.

previously!*15 In our analysis we assume that the system
remains within the strongly damped and high-temperatufe (
< KT) limits.

The initial guesses for the displacements along each normal
coordinate A) were based on the assumption that the average
relative resonance Raman intensities are proportion&? tavith
the intensity of the 1689 cnt mode arbitrarily set to 1. The
relative A’s were scaled to reproduce the experimentally
observed absorption and resonance Raman excitation profile
bandwidths. All 11 observed fundamental modes were included
in the time-dependent calculations. Overtone vibrations below
3500 cnr! were further used to constrain the simulation. The
parameters were then optimized iteratively as described previ-
ously®® until the best possible agreement was obtained between
the calculated and experimental absorption spectra and resonance
Raman excitation profiles.
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whereE, andEs are the energies of the incident and scattered
photons, respectivelyM is the transition lengthn is the
refractive indexg; is the energy of the initial vibrational state,
H(Ep) is a normalized inhomogeneous distribution of zero
zero energies around an average enekgy éxpressed as

or(E) =

}G(t)|2 (1)

Results
—(E, — By’ M.
H(E,) = (27[0)—1/2 ex 0 A3) The resonance Raman spectra of 5-fluorouracil, thymine, and
262 uracil are shown in Figure 1. The spectra of 5-fluorouracil show

no frequency shifts or relative intensity changes at different
where@ is the standard deviation of the distributigiiJand|f] excitation wavelengths within the 267 nm absorption band. This
are the initial and final vibrational wave functions in the Raman result indicates that the Raman spectra are enhanced by a single
process|i(t) s the initial ground-state vibrational wave function electronic transition. Eleven bands are observed between 500
propagated on the excited-state potential energy surface, andand 1700 cm! for 5-fluorouracil. These bands have been
G(t) is the homogeneous line width function. Within the assigned on the basis of potential energy distributions (PED)
separable harmonic oscillator approximation, fhigt)0dand given by Dobrowolski et al. derived from DFT calculations at
[f|i (t) Coverlaps are significantly sensitive only to the differences the B3PW91/6-311G** level of theordf. The observed good
in ground- and excited-state equilibrium geometries along eachagreement between the calculated and observed frequEncies
normal modeA). Thus, the resonance Raman intensities directly suggests that the PED’s are accurate. The assignments given in

reflect the dynamics of the excited state.

For molecules interacting with a batfg(t) represents the
dynamics of the chromophoreolvent coupling. The solute
solvent interactions that contribute to the solvent-induced

Table 1 are the ones that offer the best match between
experimental and calculated frequencies and intensities.

The 1689 cm! band is the most intense band found in
5-fluorouracil and is assigned afCs—=Cg). This band strongly

homogeneous broadening are modeled using the Brownianoverlaps the 1705 cm band, which is assigned t¢C,=0).1¢

oscillator model developed by Mukamel and co-workérEhe

The band at 1349 cm is also very intense and is assigned to

general implementation of these equations for absorption andthe 3(Cs—H12) + v(ring) model® Comparing the spectrum of
resonance Raman spectroscopy has been described in deta8-fluorouracil to those of thymine and uracil, it is immediately
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TABLE 1: Raman Frequencies, Assignments, and Harmonic Parameters for 5-Fluorouracil (Bold Entries Are Photochemically
Relevant Modes)

modée (cm™?) assignment and PED%6 |A¢ EY (cm™)
1705 78(C,~0) 0.33 93
1689 7¥(Cs=Ce) 0.85 610
1431 29’[(N1—02)—(C2—N3)—(N3_C4) + (C4=Olo)] + 21,8(N1—H7)—11,835(C=O) 0.26 48
1349 4@B(Ce—H12) + 16v[(N1—C2)—(C2—N3) + (N3—Cs)—(Cs—Cs)+(Cs=Cs)] + 1W[(C+Cs)—(N1—Cz)]  0.75 379
1253 44/(Cs—Fy1) + 14v[(N1—C5)—(Co—N3)—(N3—Cs) + (Cs=010)] +145[(C4CsCs)—(N1C:N3)] 0.29 53
1223 AV[(N1—C3)—(C2—Ng) + (N3—Cs)—(Cs—Cs)+(Cs5=Cs)] —215 (Cs—H12) + 113(CN) 0.47 135
1183 45°(CN) + 188 (N;—H-) 0.20 24
820 5PB[(C4CsCs)—(N1C2N3)] —16v(Cs—Fra) 0.19 14
760 83/(C;=0g)—13y(Cs=010) 0.21 17
639 86/(N3z—Ho) 0.15 7.2
553 94/(N;—Hy) 0.11 3.3

2 Frequencies listed are the experimental frequencies reported®hdybreviations: v is stretching,y is out-of-plane bending3 is in-plane
bending, and superscript “as” is asymmetric. The numbers represent the percentage PED of that internal coordinate in the mode. Assignments are
from ref 16. Only the internal coordinates with percentages larger than 10% are JiBisglacements/) are in units of dimensionless normal
coordinates and were obtained by fitting eqs 1 and 2 with the following parameters: temp@&rat@®8 K, Brownian oscillator line shape=
A/D = 0.1, Gaussian homogeneous line widith= 650 cnT?, inhomogeneous line width = 1300 cn1?, zero-zero energyE, = 36 212 cn1t
and transition lengtiVl = 0.61 A. The estimated errors in the parameters used in the calculation are as fdlpwsi%, M & 1%, T + 5%, 0
+ 5%, andA =+ 5%. 9E is the reorganization energy calculated using eq 4.

T ) T " T spectra are remarkable in that both have four weak peaks
between 500 and 900 crhand both have very intense peaks

at ~1350 and 1680 crmt. The only major difference between

the spectra is found in the 1162300 cnt?! region. This result

is not surprising, as the 1253 cfband in 5-fluorouracil

involves the G-F stretch, while the 1237 chhband in thymine

involves the C-CHjs stretch.

The experimental and simulated absorption spectra are shown
in Figure 2, while the experimental and simulated resonance
Raman profiles are shown in Figure 3. Figures 2 and 3 show
good agreement between the experimental and calculated
resonance Raman profiles and absorption spectra. Deviations
0.00 : between the experimental and calculated absorption spectra
30000 35000 40000 45000 which appear above 38 000 cfare attributed to higher energy

Wavenumber (cm™) electronic transitions which are not modeled here. The different
Figure 2. Experimental (solid line) and simulated (dotted line) relative Raman intensities of the vibrational bands seen in Figure
absorption spectra of 5-fluorouracil. The simulated absorption spectrum 1 are directly reflected in the different experimental Raman cross

was calculated using eq 2 with the parameters in Table 1. Discrepanciessections (Figure 3) and excited-state geometry displacements
observed above 38000 cinare due to higher energy electronic (Table 1).
transitions which were not modeled here.
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To better constrain the parameter set which accurately
clear that the 5-fluorouracil spectrum bears a striking resem- describes the absorption spectra and fundamental resonance
blance to that of thymine and much less to that of uracil. In Raman excitation profiles, the overtones and combination bands
fact, similarities between the 5-fluorouracil and the thymine between 1700 and 2900 chwere also measured at 257 nm.
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Figure 3. Experimental (points) and calculated (solid line) resonance Raman excitation profiles of 5-fluorouracil. The excitation profiles were
calculated with eq 1 with the parameters in Table 1. The excitation profiles have been offset along the ordinate for greater clarity of presentation.
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TABLE 2: Experimental and Calculated Absolute Discussion

Resonance Raman Overtone and Combination Band Cross ) ) .

Sections for Cytosiné Photochemical Structural Dynamics.In understanding the
mode exptl do/dQ exptl dr/dQ exc_lted-stat_e structural dynamlc_:s of 5-fluorouracil, itis hel_pful
(cm™) (A2(molecule sr)/10%) (A%/(molecule sr)/10%) to first consider the photochemistry of 5-fluorouracil. Previous

work has shown that only the photohydrate was observed in

%igé 1;1 (1)'2 1gi 2'5 the photochemistry of free 5-fluorouracil nucleobds&ome
2162 8+ 1 9+ 1 photodimerization is observed in the presence of an acetone or
2444 18+ 4 1441 N-methyllutidone photosensitizer, suggesting that the triplet state
2567 28+ 4 22+ 2 leads to the photodimer in the 5-fluorouracil nucleobase, similar
2638 1£01 1+01 to that observed for thymine and uracil nucleobases in solution.

aThe excitation wavelength is 257 nm. Cross sections were Although the photochemistry of 5-fluorouracil dinucleotides has
calculated with eq 1 by using the parameters of TableThe error not been measured, two papers have reported the photochemistry
values stated are estimated from the error in the parameters and thesf putyl-linked 5-fluorouracil nucleotides. In both cases, the

consequent variability in the goodness of fit. _ photohydrate was the dominant product. In those papers it was
Although some overtones are expected at frequencies greateg|so noted that the cyclobutyl photodimer forms in the presence
than 3000 cm?, these were obscured by the broad-i of an acetone sensitiz&1° Thus, the photochemistry of

stretching vibrations of water. It is well-known that the overtone 5_fluorouracil appears to be localized around the=Cs bond.
and combination band intensities are more sensitive to the Experiments are currently underway in our group to measure
excited-state geometry displacementssj and provide an  the photochemistry of the 5-fluorouracil dinucleotides.
additional constraint on the excited-state parameters. The Considering the above photochemistry and that the resonance
experimental and calculated cross sections for all of the observedrazman intensity is roughly proportiodab A2, one can predict
overtones and combination bands of uracil and thymine are yhich vibrational modes will have resonance Raman intensity.
given in Table 2. The calculated cross sections from the Thijs prediction assumes that the initial excited-state structural
parameters in Table 1 are all within the experimental error of gynamics lie along the photochemical reaction coordinate. For
the experimental cross sections, suggesting that these parametegge formation of either the photodimer or the photohydrate, there
accurately reflect the excited-state structural dynamics of gre two significant changes that occur during the photochemical
5-fluorouracil. The one exception is the 1981 Thmode,  reaction. One is that thes&Cs double bond becomes a single
composed of the 639 1349 cn* modes. This discrepancy is  pond. Therefore, one would expect to see intense resonance
probably due to the observed band reflecting the intensity of Raman bands for modes that involve the=C stretch. Also,
several overlapping combination bands, which may fall in that the hybridization of the €and G carbons goes from 3o
region such as the 558 1426 cn* and the 760+ 1223 cm* g Therefore, modes involving either CH or CF bending,
combination bands. deformation, or wagging on those carbons would be expected
The resonance Raman spectra of 5-chlorouracil and 5-bro-tg have significant intensity.
mouracil at an excitation wavelength of 275 nm are compared  \ye correlated the resonance Raman active modes of 5-fluo-
with that of 5-fluorouracil in Figure 4. The spectra of all three  qraci listed in Table 1 to the modes that are photochemically
halouracils are very similar. The major difference between the (gjevant. Three modes are found to be photochemically rel-
halouracil spectra is that the=€C stretch band is shifted from  oyant: the 1689 et band which is mostly(Cs=C), the 1349
1689 cnt! in 5-fluorouracil to~1630 cnt? in 5-bromo- and cm~1 band which contains boi(Cs—H12) andv(Cs=Cs), and
5-cholorouracil, while the €O stretch remains at approximately e 1223 cmt mode which involve(Cs—H1o) (Table 1). Itis

the same frequency, decreasing the overlap between the bandsiyportant to note that these three modes also have the largest
The spectra of 5-bromouracil and 5-chlorouracil are essentially A's gphserved.

the same. Using these assignments and the relation
E=A%/2 (4)
* the reorganization energyg, can be calculated from the
A frequencies®) andA’s given in Table 1. Taking the sum of all

of the photochemically relevant modes (bold, Table 1) as a
percentage of the total reorganization energy for all of the
modes, we see that 81% of the reorganization energy involved
* in the transition occurs along photochemically relevant modes.
B This result can be considered as an upper limit for the percentage
of reorganization energy directed along the photochemically
relevant coordinates. By scaling the reorganization energy in
the photochemically active modes by the percentage of the mode
which is localized along a photochemically relevant coordinate,

Raman Intensity

*

C a lower limit for the percentage of reorganization energy along
P S ey S S E— the photochemically relevant coordinate of 46% is obtained.
400 600 800 1000 1200 1400 1600 1800 The displacement between the ground- and excited-state

Energy (cm™) potential minima along a particular internal coordinatean

Figure 4. Resonance Raman spectra of 1.6 mM 5-fluorouracil (A), P€ found using the following equation

5-chlorouracil (B), and 5-bromouracil (C) in water excited at 275 nm.
The band due to the internal standard (0.3 M sodium sulfate) in each o= 5.80652Ai-(2)-71/2A- (5)
spectrum is indicated by an asterisk (*). 1™ !
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where A;j is the normal mode coefficient®; is the mode’s similar, suggesting that the excited-state structural dynamics for
frequency andA; is the dimensionless displacement. If we them are similar. This result is supported by the vibrational
consider only the 1689 cm Cs=C;s stretching vibration and  assignments and PEB%which are similar for all the halouracil
ignore any contributions from ring stretching modes, a change modes discussed in this paper. The most noticeable difference
in the G=Cs bond length of 0.085 A is obtained in the excited between 5-fluorouracil and the other halouracils is that the
state. This value is identical to the 0.08 A obtained in the excited C=C peak in the latter two is shifted to lower energy. This can
state for thymin& and compares favorably with the 0.14 A be explained by the fact that X-ray structures show that the
obtained from a calculation of the transition-state structure in C=C bond length in the ground electronic state is longer in

the formation of the thymidine cyclobutyl photodintér. 5-bromouracil (1.355 A) than in 5-fluorouracil (1.350 A) and
Comparison with Thymine and Uracil. Comparing the ~ even longer in 5-chlorouracil (1.370 A), suggesting that the
spectra of 5-fluorouracil to those of thymine and urlaile halogen changes the ground-state structure of the mol&céfe.

can follow how the addition of either a methyl or fluoro group Furthermore, the addition of greater mass asf@ould reduce
increases the amount of reorganization energy in photochemi-the frequency of the €C vibration through a reduced mass
cally relevant coordinates. In the 1600750 cn1? region, the effect. Indeed, the €C stretching frequency does decrease with
UV resonance Raman spectra of all three nucleobases contairincreasing mass of thes@alogen. The photochemistry of both
1-2 relatively strong peaks which can be assigned to 8% C  5-chloro- and 5-bromouracil is different from that of either
stretch or the €O stretch. In uracil, the €0 stretch has a  5-fluorouracil or thymine as they both undergo photohomolytic
higher frequency and\ than the G=C stretch, whereas the cleavage of the £-X bond?242°

reverse is true for 5-fluorouracil and probably for thymine. Broadening. Solvents may contribute significantly to the
Because the modes overlap for thymine, we cannot definitively breadth of the absorption spectrum in the condensed phase
extend this argument to it. In the spectra of 5-chloro and through either inhomogeneous or homogeneous mechanisms.
5-bromouracil the €C stretching frequency has decreased These two factors affect the observed absorption spectrum and
enough to resolve the=€0 stretch, demonstrating that the resonance Raman excitation profiles differently. The inhomo-
C=C stretching band is significantly more intense than the geneous line width is due to ensemble “site” effects while the
C=0 stretching band. This offers evidence that the curve-fit homogeneous line width represents contributions from excited-
analysis done for 5-fluorouracil was indeed correct in assigning state population decay and pure dephasing. The relative
more of the intensity to the-€C stretch. In both thymine and  contributions of these two broadening terms cannot be deter-

5-fluorouracil, there is a very strong peak-at350 cni! that mined using the absorption spectrum alone as they both broaden
is assigned to £-Hi» bending and a weak peak which is the absorption spectrum. However, homogeneous broadening
assigned to some combination of ring stretching ane-M; also dampens the resonance Raman excitation profile. For

bend. However, the strong peak observed in this region in uracil 5-fluorouracil, both the inhomogeneous and homogeneous line
is assigned to a more delocalized ring stretching vibration.  widths must be relatively large to reproduce the experimental
the 1200-1300 cnt?! region, only a single strong peak is absorption spectrum and resonance Raman excitation profiles.
observed for uracil, assigned_to a deloca_lized ring stretching  gglvent-induced dephasing normally dominates homogeneous
mode. For both 5-fluorouracil and thymine, there are two proadening in the condensed phase, although population decay
medium-intensity peaks in this region: one involving the may also contribute. To accurately model the magnitude of the

stretching mode of the {substituent and one involvings€ resonance Raman cross sections and diffusiveness of the
Hi, bending. For S-fluourouracil, a large amount of ring apsorption spectrum, a Gaussian homogeneous line width of
stretching is also observed with the-€H:, bending? Thus, 650 cnT! was required. Kohler et al. have determined the

all these results suggest that thymine and 5-fluorouracil contain f1,orescence lifetimes of pyrimidine thymine, uracil, and
larger excited-state structural distortions along the photochemicalcytosine nucleosides, but not 5-fluorouracil, to be on the order
C=C bond, supporting the model that a massive substituent on ot 590720 fs26 Since the fluorescence lifetime and nonradia-
Cs localizes the excited-state reorganization energy around theyjye rate constant are not known for 5-fluorouracil, the amount
photochemically active site. of homogeneous broadening that is due to population decay
Comparing the amount of reorganization energy along cannot be directly calculated. However, the excited-state lifetime
photochemically relevant modes, the 81% found for 5-fluoro- required to cause the observed homogeneous broadening may
uracil is much closer to the 73% found for thymine than the be estimated. The observed absorption and resonance Raman
13% found for uraciP. If the excited-state structural dynamics  spectra indicate that the line shape is primarily Gaussian. Thus,
are the only determinant of the photochemistry, this result would a 650 cm?® line width yields a 1/e excited-state lifetime of 8
suggest that the photochemistry of 5-fluorouracil should be more s, This is much shorter than the lifetime ofl ps observed for
like thymine, i.e., preferentially forming the photodimer over thymine and urac#. It is known that for thymine and uracil
the photohydrate in the dinucleotides. Since no work has beenpopulation decay accounts for 3.5 chof the Gaussian line
done on the photochemistry of the 5-fluorouracil dinucleotides, widths of 355 and 200 cmi respectively? Therefore, it is
the correlation between photochemistry and excited-state struc-reasonable to believe that the amount of homogeneous broaden-
tural dynamics is still unclear. However, because 5-fluorouracil ing due to population decay is relatively small compared to
appears to preferentially form the photohydrate when in a butyl solvent-induced dephasing for 5-fluorouracil, as in thymine and
linked dimer}8!°there may be other factors beyond the excited- yracil. Thus, most of the homogeneous line width observed for
state structural dynamics that influence the photochemistry of 5-fluorouracil is probably due to solvent-induced dephasing, as
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