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Ultrafast excited-state dynamics of 2,5-dimethylpyrrole

This paper reports a detailed investigation on the ultrafast
excited-state dynamics of 2,5-dimethylpyrrole following deep
UV excitation, studied using a femtosecond time-resolved
photoelectron imaging method. The methyl substitution effects
on the decay dynamics of the excited states of pyrrole are
discussed, adding new insights into the photochemistry of a
range of important heteroaromatic molecules.
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The ultrafast excited-state dynamics of 2,5-dimethylpyrrole following excitation at wavelengths in the range of
265.7-216.7 nm is studied using the time-resolved photoelectron imaging method. It is found that excitation
at longer wavelengths (265.7-250.2 nm) results in the population of the S;(*nc*) state, which decays out of
the photoionization window in about 90 fs. At shorter pump wavelengths (242.1-216.7 nm), the assignments
are less clear-cut. We tentatively assign the initially photoexcited state(s) to the *n3p Rydberg state(s) which has
lifetimes of 159 + 20, 125 + 15, 102 + 10 and 88 + 10 fs for the pump wavelengths of 242.1, 238.1, 232.6 and
216.7 nm, respectively. Internal conversion to the S,(*nc*) state represents at most a minor decay channel. The
methyl substitution effects on the decay dynamics of the excited states of pyrrole are also discussed. Methyl
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substitution on the pyrrole ring seems to enhance the direct internal conversion from the 1n3p Rydberg state
to the ground state, while methyl substitution on the N atom has less influence and the internal conversion to
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| Introduction

Pyrrole is a typical model molecule for the understanding of the
electronic structure and photochemistry of a range of impor-
tant biomolecules, such as porphyrins, aromatic amino acids
and DNA bases."® In the last few years, we have investigated
the ultrafast excited-state dynamics of pyrrole’ and two of its
methyl-substituted derivatives, N-methylpyrrole (NMP)'® and
2,4-dimethylpyrrole (2,4-DMP),"* following excitations in the
near ultraviolet (UV) region of their respective electronic
absorption spectra. Most of the results derived from those
studies can be rationalized within the framework proposed by
Domcke and coworkers®* and the role of the lowest-lying
S1(*nc*) state in the non-radiative decay of the excited states
was confirmed. In this paper, we report our continuing efforts
on this topic and present the investigation of the ultrafast
excited-state dynamics of another pyrrole methylated deriva-
tive, 2,5-dimethylpyrrole (2,5-DMP). The motivations are simi-
lar to those for the previous studies. Besides studying the
ultrafast excited-state dynamics of pyrrole’s methylated deriva-
tives with increasing complexity, we try to understand the
methyl substitution effects on the ultrafast excited-state
dynamics of pyrrole, which may aid the development of simple
models of such dynamics extendable to larger molecules.
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the Sy(ro*) state represents a main channel.

The UV absorption spectrum of 2,5-DMP has been reported
before, but no detailed analysis has been provided.'? As shown
in Fig. 1, the main features of this spectrum are similar to those
of pyrrole. But the sharp peaks corresponding to the transitions
to Rydberg states, especially the B,('n3p,) state, are absent, and
this was found to be due to reduced oscillator strengths in a
previous calculation.”® An analogous analysis to that of pyrrole
can be made. As suggested by a reinterpretation of the electronic
spectrum of pyrrole by Neville and Worth,'* the broad, strong
absorption band between 210-250 nm should be dominated
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Fig. 1 The UV absorption spectrum of 2,5-DMP. The blue arrows indicate
the pump wavelengths used in the current experiment.
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by transitions to the 'n3p Rydberg states, most of which gain
intensities by vibronic coupling with the higher-lying 'nr* states.
The strongly electric dipole allowed transitions to the 'nr* states
should only become dominant at even shorter wavelengths.
From 250 nm to longer wavelengths, there is a weak, broad band
which should be due to the transitions to the 'no* states. It
should be noted that in a resonance-enhanced multiphoton
ionization (REMPI) spectra study of 2,5-DMP,"> a broad and
structured (1 + 1) REMPI spectrum over the wavelength range of
277.8-235.3 nm was attributed to the transition to the B,(*nn*) state
which contradicts the present consensus on the understanding of
the UV absorption spectrum of pyrrole. In the current study, the
analysis of the experimental data is based on the assignments of
Neville and Worth and a consistent picture is achieved.

The photodissociation dynamics of 2,5-DMP was investi-
gated following excitations at 193.3 nm and at many near
UV wavelengths in the range of 244-282 nm by Ashfold and
coworkers by combining the H Rydberg atom photofragment
translational spectroscopy, UV absorption spectrum and (1 + 1)
REMPI spectrum techniques.’” The deduced fragmentation
dynamics show parallels with those of the bare pyrrole. It was
concluded that the excitation at longer wavelengths leads to the
(vibronically induced) population of the S;(*nc*) state, and
once the wavelength decreases to ~250 nm, stronger, dipole
allowed transitions to the excited states lying above the $;(*nc*)
state become apparent. Ovejas et al. investigated the relaxation
dynamics of 2,5-DMP after excitations in the 290-239 nm
range by time-resolved ion and photoelectron techniques.'®
It was suggested that excitation at the wavelength range of
286-255 nm results into the excitation of the S;('nc*) state and
an invariant lifetime of ~55 fs was derived. The excitation at
shorter pump wavelengths was attributed to the transition to
the B,('nn*) state having a lifetime of ~100 fs. Direct transfer
to the ground state was proposed as the main decay channel of
the B,('nn*) state.

In this paper, we present a time-resolved photoelectron
imaging (TRPEI) study of the ultrafast excited-state dynamics
of 2,5-DMP over the wavelength range of 265.7-216.7 nm. It is
found that excitation at longer wavelengths (265.7, 257.1 and
250.2 nm) results in excitation of the S;(*nc*) state, for which a
time constant of ~90 fs is derived. At shorter pump wave-
lengths (242.1, 238.1, 232.6, and 216.7 nm), the excitations are
tentatively assigned to the transitions to the 'n3p Rydberg
state(s), which has a lifetime of 159 + 20 fs at 242.1 nm,
decreasing with the decrease of the pump wavelength, up
to 88 + 10 fs at 216.7 nm. In Section II, we describe the
experimental method used. In Section III, the analysis of the
experimental data and detailed discussion of the excited-state
dynamics of 2,5-DMP are given. In Section IV, short conclusions
are provided.

Il Experimental

The experiment was carried out in a same way as that described
in ref. 11, on a velocity map imaging (VMI) spectrometer."” Seven
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different pump wavelengths in the range of 265.7-216.7 nm
were employed and the probe laser beam was fixed at 292.0 nm
(1.0-1.3 pJ per pulse). All pump and probe laser beams were
obtained from a fully integrated femtosecond Ti:Sapphire
oscillator-regenerative amplifier (Coherent, Libra-HE, <50 fs,
800 nm, 3.8 mJ and 1 kHz). Two commercial optical parametric
amplifiers with their respective UV wavelength extension pack-
age (OPA, Coherent, OPerA-Solo) were used, each pumped by a
fraction (1.3 mJ per pulse) of the fundamental output of the
amplifier. The probe laser pulse was directly obtained from one
of the OPAs and all pump wavelengths were generated with the
second OPA in two different ways, depending on the wavelength.
Those in the range of 265.7-238.1 nm (0.4-0.8 pJ per pulse) were
directly obtained from the second OPA. For pump laser pulses at
232.6 and 216.7 nm (0.2-0.4 pJ per pulse), the output of this OPA
at 555.8 and 472.9 nm (>20 pJ per pulse) was mixed with a
400 nm laser beam (~50 pJ per pulse) using an B-BBO crystal
(0.15 mm) respectively, which itself was the doubling of a
fraction (~300 pJ per pulse) of the amplifier fundamental output
using another -BBO crystal (0.1 mm). The pump and probe laser
pulses were combined collinearly on a dichroic mirror without
further compression, and then focused using an /75 lens into the
interaction region of the VMI spectrometer to intersect a seeded
2,5-DMP molecular beam. A computer-controlled linear transla-
tion stage (Newport, M-ILS250HA) located upstream of the first
OPA enabled precise control of the temporal delay between the
pump and probe laser pulses. The pump-probe time delays
were scanned back and forth multiple times to minimize any
small hysteresis effects, and the effects caused by the fluctua-
tions and drifts in the laser pulse energies, pointing, molecular
beam intensity, etc.

The 2,5-DMP sample was obtained commercially (Adamas,
>99%) and used without any further purification. The seeded
molecular beam was generated by bubbling He of ~4.0 bars
through the liquid 2,5-DMP sample at room temperature using
an Even-Lavie pulsed valve operated at 1 kHz and entered into
the interaction chamber of the VMI spectrometer through a
1 mm skimmer (Beam Dynamics, Model 1). The pump pulse
excited the 2,5-DMP molecules from their ground state to one
or more electronically excited states by one-photon absorption,
whereupon the delayed probe pulse produced photoelectrons
via one-photon ionization. Care was taken to assure that the
photoelectron signal from 2,5-DMP clusters was negligible.
Both the pump and probe pulses were linearly polarized and
the polarization direction was parallel to that of the micro
channel plate (MCP) detector. Photoelectron images arising
from the pump or the probe laser alone were also recorded.
The sum of the single-color photoelectron images was subtracted
in order to correct for background photoelectrons generated
from single-color multiphoton ionizations. The 2D photo-
electron images were transferred to the 3D distributions
using the polar basis function expansion method.*® The time-
dependent photoelectron 3D distributions were further inte-
grated along the recoiling angle to derive the photoelectron
kinetic energy distributions, ie., time-resolved photoelectron
spectra (TRPES). Electron kinetic energy calibration was performed
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using multiphoton ionization of the Xe atoms. The cross-correlation
(i.e., instrumental response function (IRF)) between the pump
and probe laser pulses was measured by the two-color 1 + 1’
non-resonant ionization of nitric oxide, except for the
two longest wavelengths, 257.1 and 265.7 nm. At these two
longest pump wavelengths, the 1 + 1’ pump-probe photon
energy is below the ionization potential of the NO molecule
and no measurement of the IRFs was performed. The delay-
dependent curves of the electron yield were fitted, based on the
approximation that both the pump and probe laser pulses
have a Gaussian profile. The derived IRFs are 170 £ 2, 175 +
4,172 £ 3,135 £+ 4 and 134 £ 3 fs for the pump wavelengths
of 250.2, 242.1, 238.1, 232.6 and 216.7 nm, respectively. The
error bars represent one standard deviation. This process also
served to determine the time-zero which was checked before
and after the TRPEI measurements to make sure that there was
no significant time-zero shift during the measurements.

In addition, the UV absorption spectrum of 2,5-DMP was
measured under saturated vapor conditions at room tempera-
ture using a commercial UV-visible spectrometer (Jasco, V-650),
as shown in Fig. 1.
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Il Results and discussion
At longer pump wavelengths

The TRPES spectra of 2,5-DMP at pump wavelengths of 265.7,
257.1 and 250.2 nm are shown in Fig. 2(a—c). The energetic
limits for ionization to the ground (D,) and first excited state
(D) of 2,5-DMP cation, calculated using the previously reported
respective ionization potentials of 7.58 and 8.73 eV, are
indicated by two white, vertical dash lines, respectively. At all
these pump wavelengths, the photoelectron spectra are very
similar to each other, with a strong, broad and a weak, narrow
structure at the D, and D; energetic limits, respectively.
The delay dependence of the photoelectron signal shows an
extremely fast decay, with no clearly observable dynamics. In
Fig. 2(d-f), the photoelectron kinetic energy distributions are
shown, derived by integrating the TRPES spectra over a delay
range of —100 to 100 fs within which the TRPES spectra have
appreciable signals. It is clear that the whole photoelectron
kinetic energy distributions, especially the features close to the
D, and D, energetic limits shift to higher kinetic energies with
the increase of the pump photon energy except the feature at
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Fig. 2 (a—c) TRPES spectra of 2,5-DMP at pump wavelengths of 265.7, 257.1 and 250.2 nm, respectively. The background photoelectrons generated
from single-color multiphoton ionization have been subtracted. The energetic limits to the ground and first excited state of cation at each pump
wavelength are indicated by the white dash lines, respectively. (d—f) The photoelectron kinetic energy distributions derived by integrating the TRPES
spectra from the —100 fs to 100 fs pump—probe delays. (g—i) Normalized transients for photoelectrons around 1.22 eV and of kinetic energies close to
the ionization limit of Dg. The symbols show the experimental data, while the lines show the fits to the experimental data.
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1.22 eV which stays invariant. The amount of the shift is close
to the change of the pump photo energy. These characters are
exactly the same as those observed previously in the study of
the excited-state dynamics of 2,4-DMP."" Therefore, the analysis
of the TRPES spectra of 2,5-DMP at these longer pump wave-
lengths can be proceeded in an analogous manner and the
photoelectrons at 1.22 eV and other kinetic energies are assigned
to the S;(*nc*) state and from the 1 + 1’ non-resonant photo-
ionization process.

There are two more factors in support of the assignation of
the features observed at these longer pump wavelengths: (1)
integrating the TRPES spectra over a kinetic energy range, a
kinetic energy specific photoelectron transient is derived. In
Fig. 2(g-i), the photoelectron transients at 1.22 eV (1.10-1.30 eV)
and higher kinetic energies where a strong peak in TRPES
spectra is located are shown and compared with each other.
The photoelectron transient at higher kinetic energies for
250.2 nm can be very well represented with the IRF at this pump
wavelength, derived independently. As for 265.7 and 257.1 nm,
there are no independently measured IRFs and the photo-
electron transients at higher kinetic energies are fitted with a
Gaussian function. The fit qualities are very good and a full
width at half maximum (FWHM) of 164 + 2 and 169 + 2 fs is
derived for 265.7 and 257.1 nm, respectively. These widths
show consistency with the one at 250.2 nm (170 £ 2 fs),
validating the assignment of the photoelectron at higher
kinetic energies to the 1 + 1’ non-resonant ionization. The
photoelectron transients at 1.22 eV are clearly delayed and
broader than the corresponding one at higher kinetic energies,
indicating a decay dynamics for the 1.22 eV feature. The
photoelectron transients at 1.22 eV are fitted with a model
consisting of an exponential decay function convoluted with
the corresponding IRF (for pump wavelengths of 265.7 and
257.1 nm, the FWHM widths derived from the fits to the higher
kinetic energy photoelectron transients were used) and the
corresponding IRF itself to account for contributions from
the S;('no*) state and the 1 + 1’ non-resonant photoionization,
respectively. The fit qualities are satisfactory and lifetimes of
92 £ 25, 86 + 20 and 84 + 10 fs are derived for the pump
wavelengths of 265.7, 257.1 and 250.2 nm, respectively. (2) As
explained in the previous paper of 2,4-DMP,"" the kinetic
energy (e) of the photoelectron corresponding to the S;('nc*)
state can be calculated with the following equation,

& = hvp, — (IP; — AEE) 1)

where hu,,, IP, and AEE represent the probe photon energy, the
adiabatic ionization potential and the adiabatic excitation
energy of the S;('nc*) state. The &y, vy, and AEE are 1.22 eV,
4.25 eV (292.0 nm) and 4.34 eV,"'? respectively. A photoelectron
kinetic energy of 1.22 eV gives an adiabatic ionization potential
of 7.37, which seems to be very reasonable, as compared to the
reported vertical ionization potential of 7.58 eV."®

These experimental results are generally consistent with
those from the study by Ovejas et al. in which a lifetime of
~55 fs was derived and was invariant within the pump wave-
length range of 286-255 nm. However, the time constants
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derived in the current study are clearly longer. This might be
simply due to a deeper ionization window (the evolution region
of the wavepacket on the potential energy surface in which the
probe photon can ionize the molecule) since a shorter probe
wavelength was used.

At shorter pump wavelengths

The TRPES spectra of 2,5-DMP at the pump wavelengths of
242.1, 238.1, 232.6 and 216.7 nm are shown in Fig. 3(a-d). At
all these four pump wavelengths, the photoelectron spectra
are dominated by a strong, narrow peak around 1.9 eV. The
contribution from photoelectrons at lower kinetic energies
(below 1.6 eV) varies with the change of the pump wavelength.
At 216.7 nm, a very weak feature (>2.2 eV) beyond the domi-
nant peak at 1.9 eV starts to emerge. The delay dependence of
the photoelectron signals show clear dynamics. In order to
extract more detailed information from these TRPES data, a 2D
global least-squares method was employed to simultaneously
fit data at all time delays and photoelectron kinetic energies. It
was found that a model giving a satisfactory fit consists of three
components: a single exponential decay function convoluted
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Fig. 3 (a—d) TRPES spectra of 2,5-DMP at pump wavelengths of 242.1,
238.1, 232.6 and 216.7 nm, respectively. The background photoelectrons
generated from single color multiphoton ionization have been subtracted.
(e—h) The photoelectron kinetic energy dependent amplitudes of each
component derived from a 2D global least-squares fit to the data.
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with the corresponding IRF, a very long lived component and
the corresponding IRF. The derived photoelectron kinetic
energy dependent amplitudes for these three components are
shown in Fig. 3(e-h). The derived time constants for the
exponentially decaying component are 159 + 20, 125 + 15,
102 £ 10 and 88 £ 10 fs at the pump wavelengths of 242.1,
238.1, 232.6 and 216.7 nm, respectively. In the data analysis,
time-zeros were varied in the range of the time-zero drifts
experimentally measured and the cross-correlations were also
varied in the range of their uncertainties to obtain a best fit
(minimum %?). This analysis also served to estimate the con-
fidence intervals of the time constants.

The component (>1 ps) which shows no decay within the
experimental scanning range (1 ps) has a very small amplitude
over the whole range of photoelectron kinetic energy. This
contribution could be from the photoionization of the meta-
stable intermediate products or the final products from the
photochemical processes of 2,5-DMP after one photon excita-
tion. As for the component represented by the corresponding
IRF, it is associated with a zero time constant. The amplitude is
also very small and decreases rapidly with the increase of the
pump photon energy. This might be due to a small contribution
from the two-color non-resonant ionization. These two compo-
nents are out of the scope of the current study and no further
discussion will be provided.

The single exponentially decaying component corresponds
to the electronic state(s) excited by the pump photon and the
photoelectron kinetic energy dependent amplitudes derived
from the fit correspond to the partial photoionization cross
sections of the electronically excited state(s). From Fig. 3(e-h),
it is evident that the partial photoionization cross sections are
basically invariant with the change of the pump wavelength: the
peaks at 1.2 and 1.9 eV stay invariant although there is 0.6 eV
difference in the photon energies between 242.1 and 216.7 nm.
The TRPES spectra at these shorter pump wavelengths show clear
differences with those at longer pump wavelengths, suggesting
that different electronic state(s) other than the S;(‘nc*) state
should be involved. This is also consistent with the UV absorption
spectrum in which a fast rise appears around 250 nm, indicating
the onset of much stronger transition(s) to another electronic
state(s). There is no solid assignment of the UV absorption
spectrum of 2,5-DMP available. By an analogous assignment of
the UV absorption spectrum of pyrrole, the broad, strong absorp-
tion band in the wavelength range of 250-210 nm, especially
the long wavelength part of this band, should be dominated by
transitions to the states of Rydberg character, mainly the
'n3p Rydberg states and the S,('nc*) state.* These states are
highly mixed in their electronic characters and strong intensity
borrowing effects are present. At the short wavelength end of
this band, the electric dipole allowed transitions to the 'nr*
states start to contribute and become dominating at an even
shorter wavelength.'® The invariant dominant peak at 1.9 eV is
also reminiscent of a Rydberg state for which the ionization
step is dominated by the Av = 0 diagonal transitions and a
sharp peak in the photoelectron spectrum is usually derived.
Therefore, it is very unlikely that the 'nn* states are responsible
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View Article Online

Paper

for the main features observed at these pump wavelengths
and the components observed should be associated with the
lower-lying Rydberg states. As for the S,('nc*) state, it is not
expected that it dominates the absorption spectrum over such a
wide wavelength range. Therefore, we tentatively assign the
components observed at these shorter pump wavelengths to
the 'n3p Rydberg state(s). Further theoretical calculations,
including the simulation of the UV absorption spectrum, wave
packet propagation, and photoionization cross section calcula-
tions, are needed to unambiguously identify the electronic
states involved.

No clear clue of the decay channels of the 'n3p Rydberg
state(s) was observed in the current TRPES spectra. The weak
peak around 1.2 eV might suggest the presence of the S;("nc*)
state, populated via internal conversion (IC) from the 'n3p
Rydberg state(s). However, there is no clear delay of the photo-
electron transient at 1.2 eV relative to that for the 1.9 eV
dominant peak, in contradiction to what would be expected
from the 't3p — S, IC process, suggesting that this 1.2 eV peak
might not be due to the S;(*nc*) state or the S;(*nc*) state
derived following the IC of the 'n3p Rydberg state(s) has a
much shorter lifetime, caused by a much increased vibrational
energy. Nevertheless, these TRPES spectra show that the IC from
the 'n3p Rydberg state(s) to the S;('nc*) state represents at most
a minor decay channel. One of the possible decay channels is the
IC to the ground state directly. This channel is not detectable in
the current experiment since one probe photon is not enough to
ionize the ground state of 2,5-DMP.

The measured lifetimes and the observed decay mechanism
of 2,5-DMP at these shorter pump wavelengths are in good
agreement with the previous work by Ovejas et al. although in
the latter the excitation was assigned to the B,(*nn*) state. Both
studies suggested that IC to the S;(*rc*) state is at most a minor
channel and the direct transfer to the ground state should be the
main decay channel. A lifetime of ~100 fs was found at the
wavelength range of 250-239 nm in their work, but in the current
work a rapid decrease of the lifetime of this excited state, from
159 + 20 fs at 242.1 nm to 88 + 10 fs at 216.7 nm, was observed.

Methyl substitution effects on the excited-state dynamics of
pyrrole

Comparison of the experimental results for 2,5-DMP with those
for the bare pyrrole,”**>> NMP" and 2,4-DMP'" could provide
some detailed insights into the methyl substitution effects on
the excited-state dynamics of pyrrole. Here, we discuss two
aspects: the decay lifetime of the S;(nc*) state and the decay
mechanism of the 'n3p Rydberg state. For the bare pyrrole,
lifetimes <50 fs have been reported at pump wavelengths of
<250 nm.>***' At 250 nm, a more than twice longer lifetime
(126 fs) was reported.”” This was attributed to the small barrier
along the N-H dissociation coordinate and the population in the
Franck-Condon (FC) region has to escape via tunnelling. For the
methyl-substituted derivatives with methyls on the pyrrole ring,
2,4-DMP and 2,5-DMP, lifetimes of <30 and ~ 90 fs were derived
from our studies,'’ respectively. Stavros and coworkers have
reported time constants around 120 fs for the N-H bond
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dissociation along the repulsive S;(nc*) state surface of
2,4-DMP.>* These studies also show that the lifetime of the
S;(mc*) state stays invariant with the change of the pump
wavelength for 2,4-DMP and 2,5-DMP. For NMP, a dramatic
difference was observed: the lifetime of the S;(nc*) state is
around one to three orders of magnitude larger than that for
pyrrole.”* As we have discussed in the previous paper on 2,4-DMP,""
the difference in the methyl-substitution effects on the topology of
the S,(mc*) state surface due to the different substitution positions
(N atom vs. the pyrrole ring) could be invoked to qualitatively
explain these methyl substitution effects on the lifetime of the
Si(no*) state. However, as also suggested in the work of Ovejas
et al,'® the nature of the multi-dimensionality of the potential
energy surfaces of pyrrole and its derivatives has to be taken in
account in order to give a complete description of the decay
dynamics of the S;(nc*) state and its methyl substitution effects.
In this sense, a multi-dimensional dynamic simulation might be
the most insightful.

The second aspect to be discussed here is the methyl
substitution effects on the decay mechanism of the 'n3p
Rydberg state. In our previous paper on NMP,'° the excited
state at 217 nm was assigned to the B;('n3p,) state and IC to the
S;(mo*) state was clearly observed and represents a main decay
channel of the B,('n3py) state. For 2,4-DMP, the IC to the
S;(mc*) state was also observed, but only represents a minor
decay channel of the 'n3p Rydberg state(s) over the pump
wavelength range of 231.8-199.7 nm. For 2,5-DMP, no clear
clue of the involvement of the S;(nc*) state was observed in the
decay of the 'n3p Rydberg state(s) over the excitation range of
242.1-216.7 nm, suggesting IC to the S;(nc*) state is at most a
minor channel. The most like decay channel for the 'n3p
Rydberg state of the latter two derivatives is IC directly to the
ground state, presumably enabled by the ring puckering vibra-
tional modes. These observations suggest a difference in the
methyl substitution effects on the decay mechanism of the *n3p
Rydberg state. Methyl substitution on the pyrrole ring seems to
enhance the channel of direct IC to the ground state, either by
enhancing the ring puckering channel or through the addi-
tional vibronic coupling between the 'n3p Rydberg state and
the ground state involving the additional vibrational modes
from the methyl groups. As for the methyl substitution on the N
atom, these effects seem less important and the IC to the
S;(mo*) state represents a main channel.

IV Conclusions

The dynamics of 2,5-DMP following excitation at wavelengths
in the range of 265.7-216.7 nm are studied with the TRPEI
technique. We conclude that excitation at longer wavelengths
(265.7, 257.1 and 250.2 nm) results in population of the
S:1(*nc*) state, consistent with previous studies. The S;(*nc*)
state decays out of the photoionization window with a lifetime
of ~90 fs, invariant with the pump wavelength. At shorter
pump wavelengths (242.1, 238.1, 232.6 and 216.7 nm), the
assignments are less clear-cut. We tentatively assign the transitions
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to the 'n3p Rydberg state(s), having lifetimes of 159 + 20, 125 +
15,102 £ 10 and 88 £ 10 fs at 242.1, 238.1, 232.6 and 216.7 nm,
respectively. No clear clue of IC to the S;('nc*) state was
observed, indicating it represents at most a minor decay channel
of the 'n3p Rydberg state(s). Methyl substitution effects on the
excited-state dynamics of pyrrole are discussed by comparing
the experimental results for the bare pyrrole, NMP, 2,4-DMP and
2,5-DMP. Methyl substitution on the pyrrole ring seems to
enhance the channel of direct IC from the 'n3p Rydberg state
to the ground state, either by enhancing the ring puckering
channel or through the additional vibronic coupling between the
'n3p Rydberg state and the ground state involving the additional
vibrational modes from the methyl groups. As for the methyl
substitution on the N atom, these effects seem less important
and the IC to the S;(nc*) state represents a main channel.
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