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Rotationally resolved fluorescence excitation spectra of g}'hmﬁds of the 5— S electronic transitions of

2- and 5-methylpyrimidine (2MP and 5MP, respectively) have been observed and assigned. Both spectra

were found to contain two sets of rotational lines, one associated with +h® torsional level and the other
associated with the = +1 torsional level of the attached methyl group. Analyses of their structure using the
appropriate torsionrotation Hamiltonian yields the methyl group torsional barrier¥/gf= 1.56 andvs' =

8.28 cmit in 2MP andVs" = 4.11 andV¢' = 58.88 cmi! in 5MP. Many of the lines in both spectra are
fragmented by couplings with lower lying triplet states. Analyses of some of these perturbations yield
approximate values of the intersystem crossing matrix elements, from which it is concluded that thé
torsional levels of the Sstate are significantly more strongly coupled to thestate than the = 0 torsional
levels.

1. Introduction S,

Reported here are studies at high resolution of the-S5
fluorescence excitation spectra of 2-methylpyrimidine 2MP)  |s) ===
and 5-methylpyrimidine (5MP) as isolated species in the Nk, ~F,
collision-free environment of a molecular beam. Pyrimidine \
itself lies close to the small molecule limit in the language of
radiationless transitions. It exhibits a zero-pressure fluorescence
quantum yield of~0.3 and a fluorescence decay that exhibits
guantum beats, owing to spitorbit coupling with a lower triplet g
state! Hence, we reasoned that attachment of a single methyl
group to pyrimidine might influence this process, by providing
a low frequency torsional coordinate along which state densities v
and/or coupling matrix elements might be enhanced. If this
proves to be true, then 2MP and 5MP might be transformed —]
into intermediate-case molecules with a significantly lower lo) =
quantum yield and biexponential decay behaviors and exhibit Figure 1. Radiationless transitions in a large molecyildenotes
“intrinsically unassignable” high-resolution spectra. the bright state that is optically prepared by excitation of the ground

A radiationless transition is a change in the electronic state Stat€|0L and coupled via matrix elements; to a dense manifold of
of a molecule that occurs without the absorption or emission nearly isoenergetic dark statpk(j. In ISC, S and T are zero-order

o . singlet and triplet states, respectively.

of radiation. In bound states, there are two processes of this )
type, internal conversion (IC) and intersystem crossing (ISC). Prepared state depends upon the energy level depsithe
There has been a tremendous amount of research directed toward€c@y Widthsyx and theis { |k} couplingsvs. The important

the study of these phenomena in the past 50 years. (Early workParameters characterizing the different molecular Iimits>_qare
in the field has been reviewed by Kommandeur et2al) — PKVk andvs@p?. If xc < 1, the average level spacirg is

Radiationless transitions in a polyatomic molecule occur via 'ar9e compared with the radiative decay wighh If there are

the transfer of energy from one multidimensional potential N© (or only & few) couplings between the two manifolds, then
energy surface to another and therefore are related to all typedD® initial state decays exponentially (sometimes showing
of chemical transformations. Intramolecular vibrational relax- duantum beats) with a rate that is equal to (or slightly less than)
ation (IVR) is a related process that occurs on a single surface,the radiative rate, and the emission quantum yield is high. This

which results in an apparent energy flow from one mode into IS the small molecule limitifsZp < 1). If %> 1, the average
another level spacing is small; if, further, ¥&&/e)) > ys, then there

IVR, IC, and ISC are usually described by two sets of zero- &€ & large number of couplings between the two manifolds,

order levels, a bright state’that carries the oscillator strength ~ 2nd the oscillator strength is spread out over a large number of

and a bath of nearly isoenergetic dark st4tés} to which the levels. If only a fraction of these are contained within the
bright state is coupled: see Figure 1. The decay behavior of the€Xcitation bandwidth, then the initial state decays exponentially
' with a rate that is faster than the radiative rate, and the emission

t Part of the “Giacinto Scoles Festschrift”. quantum yield is low. This is the large molecule or statistical
* Corresponding author: pratt@pitt.edu. limit.
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As is often the case in science, valuable insight into the nature (14
of dynamical processes is gained by studies of molecules that
lie between the two limits, in the so-called “intermediate case”.
In such cases, radiationless transitions occur but are “reversible”,
and the decays are frequently non-exponential. A beautiful
illustration of these effects can be found in the early work of
Tramer and co-workers on pyrazfnand McDonald and co- +542
workers on biacetyt.ter Horst et af and Matsumoto et dl. +336.
showed that the decay behavior of pyrazine is strongly depend-
ent on the rotational state and the presence of magnetic fields.
However, probably the most dramatic demonstration of the ,_J
existence of radiationless processes was provided by the direc13lm'
detection of the fragmentation of a single zero-order bright state Frequency (cm)
into two or more molecular eigenstates using high-resolution
laser techniques; in benzene by Riedle et al.pyrimidine by 0
Konings et al® and in pyrazine by van der Meer et'dlThe
analogous observation of IVR-induced fragmentation ef-C
stretching modes in several small organic molecules was
observed by Perry and co-workétdyicllroy and Nesbitt? and
Lehmann and co-workef& 14 at about the same time.

The increased level of detail provided by frequency-domain
methods gives a more complete picture of energy redistribution
processes. Much has been learned from studies of such spectr:
including the measurements of relaxation rates and whether or 435
not the process can be “manipulated” by excitation of certain +264
modes, and not others. Scoles and his group have made notabl L
contributions in this area, demonstrating in particular a “chro- ool o - A t——
mophore dependence of IVR” in several systems. Moore and 307003 32068.0
co-workerd® have reported similar studies of promoting modes
in the photodissociation of LO and related small molecules.
But analogous studies of promoting modes in the corresponding
electronic processes of IC and ISC are lacking in larger continuous wave (CW) Ar pumped ring dye laser. The CW
molecules. This is the purpose of the work described here.  |aser was operated with DCM dye, and intracavity frequency

doubled in a LilQ crystal, yielding~300x«W of UV radiation
2. Experimental Section with a spectral resolution of about 1 MHz.

The fluorescence excitation spectrum was detected using
spatially selective optics by a PMT and photon counting system.
The PMT signal together with the iodine absorption spectrum
and the relative frequency markers were simultaneously col-
lected and processed by the JBA95 data acquisition sy$tem.

2MP

1
311763

5MP

Frequency (cm™)

Figure 2. Vibrationally resolved fluorescence excitation spectra of 2MP
and 5MP in the gas phase.

2MP (>99% pure) was obtained from Koei Chemical
Company and 5MP (99% pure) was purchased from Sigma.
Both chemicals were used without further purification. Dry
argon and helium were used in all experiments as inert carrier

galses.h ibrationall ved ) | Absolute frequency calibration of the spectra was performed
n the vibrationally resolved experiments, samples were o mnnarison with the,labsorption spectrum. The relative

seeded into 40 psi of helium gas and. expandeq jnto a Vacuumfrequency markers were obtained from a stabilized etalon with
chamber (106° Torr) throudh a 1 mmdiameter orifice pulsed a free spectral range of 299.75200.0005 MHz
valve (General Valve Series 9) operating at 10 Hz. Two ’ ' '

centimeters downstream of the valve, the free jet was excited 3 Results
with the second harmonic of a Quanta Ray>NY¥AG (model ] o
DCR-1A) pumped dye laser (model PDL-1). The dye (DCM) F_|gu_re 2 shows the V|brat|ona_lly resolved fluorescen(_:e
laser output was frequency doubled with an external potassiumeXxcitation spectra of 2MP and 5MP in the gas phase. Like Zwier
dihydrogen phosphate (KDP) crystal providing a spectral and co-workerd/'® we observe stronggQtransitions and no
resolution of~0.6 cn? in the ultraviolet (UV) region. From torsional bands near the electronic origins of either molecule.
the point of intersection between the jet and the laser beam, The origin (§) band in 2MP is at 30459.1 cth (~328.3 nm),
the molecules were excited, and the fluorescence was collecteded-shifted from that of pyrimidineby 614 cntl; whereas the
with a photomultiplier tube (PMT). Finally, the collected data 08 band in 5MP is at 30799.9 crh (~324.7 nm), only 273
were processed by a boxcar integrator (Stanford Researchcm™! red-shifted from the origin band of pyrimidine. The
Systems) and recorded with Quick Data Acquisition software absence of FranekCondon progressions along the low-
(Version 1.0.5). frequency methyl torsional coordinate indicates that the preferred
Rotationally resolved electronic experiments were performed methyl group orientation is the same in both electronic states.
using a molecular beam laser spectrometer, described in detailThe vibronic bands observed at about 535~&mmainly
elsewheré® Briefly, the molecular beam was formed by correspond to theat% mode combined with torsional levels to
expansion of the vaporized sample (either 2MP or 5MP) seededgive rise to the splitting observed in the 2MP spectiim.
in argon carrier gas<17 psi) through a heated-B30 K) 200 We have performed extensive studies of these spectra at high
um quartz nozzle into a differentially pumped vacuum system. resolution, to examine the dynamic properties of their electroni-
The expansion was skimmed 2 cm downstreanhwitl mm cally excited states. Figure 3 shows the rotationally resolved
diameter skimmer and crossed 13 cm further downstream by aS; < S fluorescence excitation spectrum of the origin band of
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Figure 3. Rotationally resolved fluorescence excitation spectrum of 2MP in the gas phase. Two simulated Apmudia $ub-bands), due to the
methyl group internal rotation, are required to fit the experimental trace. The splitting of the two sub-bands is about 157 MHz.

2MP in the gas phase. The entire spectrum contains about 300@roup rotational constant, ang is the sixfold potential barrier

rovibronic lines and spans approximately 4.5@rat a rotational

height hindering the torsional motidhThe reported microwave

temperature of about 5 K. Under the expansion conditions usedvalues for the & rotational constants and the corresponding

in our experiments, only the lowest torsional levels=t 0,

barrier heights were taken as initial estimates for the fit of the

+1) of 2MP are populated. Therefore, the transitions observed experimental trac& The final fit utilized 84 lines and resulted

in the spectrum of Figure 3 are composed of two sub-bands,

one associated with the = 0 (the A sub-band) and another
with the o = +£1 torsional levels (th& sub-band). Thé sub-
band was identified and assigned first and fit using rigid
asymmetric rotor Hamiltonians for both electronic states. The
fitting procedure was carried using the progrkorot,*® which
utilizes low barrier Hamiltonians and the graphic interface of
JB95 fitting progrant® The spectrum was found to be a pure
c-type spectrum; the electronic transition moment vector is
perpendicular to the plane of the aromatic ring. The final fit for
the A sub-band utilized 129 rovibronic transitions and resulted
in a standard deviation of 8.7 MHz; however, by performing a

in a standard deviation of 15.5 MHz. Thesub-band was found

to be red-shifted from tha sub-band by~157 MHz. A portion

of the Q branch of this spectrum is shown in Figure 4, where
the need for the two independent simulated spectra is clearly
evident. Individual lines exhibit Voigt profiles, with 18 MHz
Gaussian and 40 MHz Lorentzian contributions. The inertial
parameters obtained from the fits are summarized in Table 1.

Also apparent in Figure 4 are significant differences between
the experimental spectrum and the calculated one, highlighted
by boxes. These differences include “missing” transitions that
appear in the simulated spectrum (Figure 4b) and “extra”
transitions that appear in the experimental spectrum (Figure 4a).

combination differences fitting procedure the standard deviation These opservations are a direct consequence of-spbit

of the fit was reduced to 4.3 MHz.

The E sub-band contains rovibronic transitions whose de-
generacies are lifted by the torsierotation interaction. There-
fore, it was fit using the low barrier torsiemrotation Hamil-
tonian for a G, molecule?1-23

H=H;+ Hg + Hg 1)

with
H; = Fp? + (1/2)V4(1 — cos 6x) @)
Ar=AP? + BP2+ CP?2+ FP? 3)

and
Hir = —2FPp (4)

Here, the torsionalH{r) and the rotationalf{g) Hamiltonians
are treated separately, with the use of an extra tétm)(that
couples themA = #%2l,, and so forth, are the rigid rotor
rotational constantsP = Y Aq(lo/lg)Pg is the total angular
momentum of the methyl rotor, anti(g = xy,2) are the
direction cosines of the symmetry axis of the methyl rotor with
respect to the principal axes of inertéis the internal-rotation
coordinatep is the torsional angular momentufajs the methyl

coupling to a lower triplet state.

Figure 5 shows the rotationally resolved fluorescence excita-
tion spectrum of the g)band of 5SMP in the gas phase. The
spectrum spans about 4 cfand contains more than 2000
rovibronic lines. Upon a similar analysis, two sub-torsional
bands were also found in the spectrum of 5SMP;Atgib-band
was fit using rigid rotor Hamiltonians in both electronic states,
whereas th& sub-band required the first-order torsiamtation
coupling terms described above. For this molecule Biseib-
band was observed to be red-shifted but by a larger magnitude
(~7800 MHz) than in 2MP, which signals a larger difference
in the methyl torsional barriers upon electronic excitation. This
confirms the earlier results of Bandy et'aland Bitto and
Gfeller26 Both sub-torsional bands in 5SMP exhibit puréype
rovibronic transitions. The final fit for th& sub-band utilized
116 transitions and yielded a standard deviation of 7.49 MHz,
which was improved to 4.22 MHz after a combination difference
analysis. On the other hand, tHe sub-band utilized 80
transitions and resulted in a standard deviation of 9.86 MHz.
Figure 6 shows a portion of the experimental spectrum in a
section where the two spectra overlap, including the two
simulatedA and E sub-bands. Note that this spectrum also
exhibits several singlettriplet perturbations. The inertial pa-
rameters obtained from the fits of the spectra of 5MP are
reported in Table 2.
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Figure 4. Portion of theQ branch in the origin band of the S- S electronic spectrum of 2MP illustrating the quality of the fit. The experimental
spectrum is shown in (a), the corresponding simulated spectrum is shown in (b), and the contributions of the two sub-bands are shown separately
in (c) and (d). Boxes denote either “extra” transitions in (a) or “missing” transitions in (b).

TABLE 1: Inertial Parameters Derived from Fits of the TABLE 2: Inertial Parameters Derived from Fits of the
High-Resolution Spectra of theA and E Subtorsional Bands High-Resolution Spectra of theA and E Subtorsional Bands
of 2-Methylpyrimidine of 5-Methylpyrimidine
parametey E sub-band A sub-band microwave parameter E sub-band A sub-band microwave

S S

A" MHz) 6106.4 (1)  6095.6 (1)  6096.9 (1) A" MHz) 6100.6 (1)  6108.3(1)  6108.4 (1)

B" (MHz) 2770.3 (1) 2751.6 (1) 2751.%(Q) B (MHz) 2640.5 (1) 2642.4 (1) 2642.2%()

C" (MHz) 1867.7 (1)  1895.5 (1) 1895.6() C" (MHz) 1847.6 (1) 1844.5 (1) 1844.%()

Al' (amu A2 5.40 (5) 0.04 (5) 0.06 Al" (amu A) —0.69 (5) 0.00 (5) 0.03

S S

A’ (MHz) 6397.8 (1) 6373.4 (1) A’ (MHz) 6357.8 (1) 6365.2 (1)

B' (MHz) 2600.1 (1)  2590.2 (1) B' (MHz) 2537.2(1)  2538.9(1)

C' (MHz) 1823.7 (1) 1842.0 (1) C' (MHz) 1818.9 (1) 1817.1 (1)

Al' (amu &) 3.76 (5) —1.04 (5) Al' (amu £2) -0.83(5) —0.32(5)

band origin (cm?)  30459.06 30459.07 band origin (cm?)  30799.63 30799.89

OMC (MHz) 15.57 4.35 OMC (MHz) 9.86 4.22

temp (K) 4.5 4.5 temp (K) 5.0 5.0

aNumbers in parentheses are the standard deviations of the last 2 Numbers in parentheses are the standard deviations of the last

significant figure.? Values taken from ref 25. significant figure.? Values taken from ref 27.

for significant contractions along directions perpendiculaa, to
and expansions along directions perpendiculdr amdc when
the photon is absorbed.

MP2 (second order MollerPlesset) and CIS (configuration
interaction-singles) ab initio calculatiotisvere performed to
determine the preferred orientation of the attached methyl group
with respect to the plane of the ring in both electronic states.
These calculations predict that the staggered orientation of the

4.1. Molecular Structures Upon Excitation. Tables 1 and methyl (i.e., one of the €H bonds is perpendicular to the plane
2 list the measured rotational constants of 2MP and 5MP in of the ring) is preferred in both states, by a few wavenumbers
their ground and electronically excited states. The ground stateof energy. A similar result has been obtained for tolu¢ne.
values are in excellent agreement with the earlier microwave Experimentally, the §— S, transition dipole moment vectors
ones?>27But the excited-state values are quite different, owing in both 2MP and 5MP were found to be oriented perpendicular
to light-induced changes in the molecular geometries of the two to the plane of the aromatic ring (i.e., only paréype rovibronic
species. 2MP hadA (A" — A"), AB, andAC values of 277.8, transitions were observed). Figure 7 illustrates the results
—161.4, and—-53.5 MHz, whereas 5MP hasA, AB, andAC obtained from the CIS calculations. In agreement with our
values of 256.9,-103.4, and—27.4 MHz, respectively. (Both  observations, the pictures of the MOs for both molecules signal
sets of values are from thesub-band fits; th& sub-band values  an evident transition from amorbital (no node in the plane of
are slightly different owing to the second-order torsioatation the ring and highly localized in the nitrogen atoms) tara
contributions.) The results for both molecules provide evidence orbital (benzene-like LUMO).

Finally, we have been able to obtain both vibrationally and
rotationally resolved electronic spectra of 4-methylpyrimidine
(4MP), which are not reported here. The acquisition and analysis
of this spectrum is in the process of being improved, since the
fluorescence quantum yield in 4AMP seems to be extremely small.

4. Discussion
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Figure 5. Rotationally resolved fluorescence excitation spectrum of 5MP in the gas phase. Two simulated Apmuiia $ub-bands), due to the
methyl internal rotation, are required to fit the experimental trace. The splitting of the two sub-bands is about 7,800 MHz.
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Figure 6. Portion of theQ branch in the origin band of the S- S electronic spectrum of 5MP illustrating the quality of the fit. The experimental
spectrum is shown in (a), the corresponding simulated spectrum is shown in (b), and the contributions of the two sub-bands are shown separately
in (c) and (d). Boxes denote either “extra” transitions in (a) or “missing” transitions in (b).

Transfer of charge from the nitrogen lone pair(s) to ttte 4.2. Methyl Group Torsional Barriers. The torsional
orbital of the ring produces significant structural changes in the barriers hindering the rotation of the methyl group about either
isolated molecules. For example, the calculations suggest thatthe G—Cyetny bond in 2MP or the €-Cyetny bond in SMP
the N\—C; and G—N3 bonds shorten by-0.04 A (from 1.34 were determined from the relative spacing in frequency of the
to 1.30 A), the N—C,—N3 angle decreases by11° (from 126 A andE sub-torsional bands in the high-resolution spectra. The
to 115) in both molecules, and the;NCs and Ns—C,4 bond ground state torsional barrieng” = 1.56 for 2MP and/s’ =
lengths increase by-~0.02 A. [Interestingly, in the methyl  4.11 cnv!for 5SMP, were taken from more accurate microwave
eclipsed configurations (geometry-optimized calculations per- results?>27Then, the excited-state torsional barriarfs,= 8.28
formed by maintaining the methyl group torsional coordinate for 2MP andVe' = 58.88 cnt? for 5SMP, were determined from
frozen), there is a remarkable difference in bond lengths of the the A—E splittings. The excited-state barrier in 5MP is
N;1—C, and G—Nj3 bonds in 2MP and £&-Cs and G—Cs bonds significantly larger than that in 2MP. Plots of the one-
in 5MP. Note that the only difference among these bonds is dimensional torsional energy surfaces along the torsional
the relative orientation of the methyl group in the structures. coordinate for 2MP and 5MP in both electronic states are shown
Specifically, the G-Cgs bond is~0.03 A shorter than the & in Figure 8. Note, that the lower the torsional barrier heights,
Cs bond in 5MP.] These structural changes are very different the closer the experimental inertial defects to zero (cf. Tables 1
from those in the typical excitation ofrar* state in an aromatic ~ and 2). A similar trend was observed in 2- and 3-methylani-
molecule3® sole3!?
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5-methylpyrimidine (5MP). s
100 - 1
————————————————————— 3a,
We believe that the observed methyl torsional barrier heights »
have their origin inT bond order differences of two neighboring ~ Potential ¢, .
ring covalent bonds in the eclipsed configuration of these E(:::f‘)" - \ H 2 , o
molecules. To further investigate this phenomenon, the ;;1 Ve =58.88cm
covalent bond orders have been computed for both molecules - ‘ V U \/ \/
in both staggered and eclipsed configurations in both electronic 0.
states’? When the methyl group is staggered in 2MP, the
bond orders of the N-C; and G—N3 bonds are identicali»
= p23 = 0.458 in $ and p12 = px3 = 0.313 in 9. However,
when the methyl group is eclipsed, the-NC, bond, the N—
C and G—N3 covalent bond orders are no longer the same; |~ | Sy
p12 = 0.510 andpzz = 0.409 in the g state, ang2 = 0.367 Energy g | ~{---f---———-—------- 2 . )
andpz3 = 0.259 in the $state. The difference in the two bond  m+ %, Vs =4.1lcm™
orders increases slightly from 0.101 in thgs$ate to 0.108 in °T 3 5t

the S state, thereby explaining the small increas&/rin the Methyl torsional coordinate

electronically excited state. In ContraSt.’ the correspondmg c Figure 8. Torsional energy surfaces of 2MP and 5MP in both electronic

Cs and G—Cs covalentr bond order differences in SMP are  giaias.

0.180 and 0.438 for thep®nd S states, respectively, thereby

accounting for the much larger increas&/ywhen 5MP absorbs

light. be resolved, identified, and approximately fit by an appropriate
4.3. Intersystem Crossing Dynamics.The intersystem Hamiltonian. But since the spectra of 2MP and 5MP are

crossing dynamics in 2MP and 5MP are revealed in Figures 4 significantly more perturbed than that of pyrimidine itself, we

and 6. There, it was shown that the experimental spectra exhibitcan safely conclude that methyl torsions enhance ISC in the

“extra” lines that do not appear in the simulations, which isolated molecule and increase its rate. A similar finding has

otherwise account for most of the observed intensity. At the been made for the case of IVR by Parmenter and co-wofRers.

same time, the simulations contain “missing” lines that that do These authors argued that the increased IVR rate in molecules

not appear in the experimental spectra. Both of these observadike p-fluorotoluene is primarily a reflection of a larger number

tions can be explained by interactions between the zero-orderof available states that can “couple through the exchange of

singlet state and an otherwise dark manifold of triplet states, energy between ring vibrations and internal rotati&h”.

the “talisman” of ISC. A similar effect has been observed in  Calculated densities of triplet vibrational states in the vicinity

pyrimidine? of the zero point vibrational level of the, State are, according
Though qualitatively similar, the high-resolution spectra of to the Haarhoff formuld* ~0.60,~8.6, and~67 levels/cm?

the two pyrimidine derivatives are quantitatively different from for pyrimidine, pyrazine, and 2MP respectively.

the spectra of the parent molecule. In pyrimidine itself, the  Unfortunately, groups of lines are so mixed and congested

number of extra lines is very small, typically-@ per zero- in the spectra of 2MP and 5MP that it is difficult to identify

order state, and the fractional intensity that they exhibit is also their JK,K. parentage and therefore to determine their zero-

very small,~0—5%2 2MP and 5MP exhibit, in contrast, many order character using the elegant Lawrankeight3® decon-

more extra lines with significantly higher intensity, betraying volution procedure. Application of this procedure to pyrimidine

the existence of a larger number of perturbations between theyielded zero-order energies spanning up to 1 GHz and-spin

zero-order states. The spectra of 2MP and 5MP are still quite orbit couplings (SOC) matrix elements lying between 0 and 100

far from the statistical limit, as individual transitions can still MHz.°® However, it is still possible to extract some information
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Figure 9. Intersystem crossing in the high-resolution electronic
spectrum of 2-methylpyrimidine. The labeling of the transitions follows
the quantum number pattern described in the box. (a)Akeb-band
exhibits some extra lines next to the simulated transitions. (b)Bhe
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Figure 10. Intersystem crossing in the high-resolution electronic
spectrum of 5-methylpyrimidine. The labeling of the transitions follows
the quantum number pattern described in the box. (a)A'keb-band
exhibits extra lines around the simulated transitions forming localized
“clumps”. (b) TheE sub-band exhibits inhomogeneous broadening of
peaks.

5. Summary

sub-band exhibits some frequency shifts and the degeneracy of the main  2MP and 5MP reveal intersystem crossing dynamics upon

transitions is broken.

electronic excitation because of extra lines and line broadenings
observed in their fully resolvediS— S fluorescence excitation
spectra. Both spectra were found to be more congested than

about the analogous process in the methylpyrimidines from the that of pyrimidine because of the low-frequency motion of the
existing data. Figure 9 shows a comparison of selected regionsattached methyl group. From the fits of the spectra, \ge

of the A and E sub-bands in 2MP; Figure 10 shows a similar
comparison for 5SMP. Contrasting the twosub-bands, we see

methyl torsional barriers were determined for both molecules
in their § and S electronic states. 5SMP has a significantly larger

that the spectra exhibit many “extra” lines as well as “main” barrier in its § state than does 2MP, resulting in a higher density

lines; the individual standard deviations range from 1 to 100 of coupled states and enhanced ISC in the isolated molecule.
MHz, equivalent to a lifetime of the order of 1 ns or so. At o
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Finally, we note that the number of perturbations is enhanced

in SM'P, relqtlve to 2MP, whlch may be a consequence of the references and Notes

significant difference in their torsional barriers in the s$ate.

A more quantitative assessment of the factors responsible for

these dynamics will require microwave-optical double resonance

experiments to disentangle the spectra.
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