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Photodissociation dynamics of CH;l probed via multi-
photon ionisation photoelectron spectroscopy.
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Darren Bellshaw,© Emma Springate,? Paulina Majchrzak,? Yu Zhang,? Gabriel Karras,?
Adam Wyatt,? Richard T. Chapman,? Adam Kirrander,© and Russell S. Minns*“

The dissociation dynamics of CH,1I are investigated on the red (269 nm) and blue (255 nm) side of
the absorption maximum of the A-band. Using a multiphoton ionisation probe in a time-resolved
photoelectron imaging experiment we observe very different dynamics at the two wavelengths,
with significant differences in the measured lifetime and dynamic structure. The differences are
explained in terms of changes in excitation cross-sections of the accessible Qg and 'Q; states and
the subsequent dynamics upon each of them. The measurements support the existing literature
on the rapid dissociation dynamics on the red side of the absorption maximum at 269 nm which
is dominated by the dynamics along the 3Q, state. At 255 nm we observe similar dynamics along
the 3Qq state but also a significant contribution from the 'Q; state. The dynamics along the
1Q, potential show a more complex structure in the photoelectron spectrum and a significantly
increased lifetime, indicative of a more complex reaction pathway.

Introduction

UV excitation into the A-band of CH,]I typically leads to rapid pho-
todissociation, which has been the subject of numerous studies in
both the time and frequency domains; see for example ref1-10
and ref11-17 respectively, and references therein. The A-band ab-
sorption is dominated by the ¢*(C-I) + n(I) transition, leading
to a weakening of the C-I bond following promotion of a non-
bonding electron from the iodine atom into an antibonding or-
bital associated with the C-I bond.!3 The subsequent dynamics
can be understood with reference to Fig. 1. Close to the absorp-
tion maximum, the 6* < n transition predominantly populates
the 3Qy excited state via a strong parallel transition. The 3Qq ex-
cited state is asymptotically linked to fragments associated with
the upper spin orbit state of iodine, I(*P, /2), in conjunction with
the CH,(X) radical in its electronic ground state. '8 A conical in-
tersection between the 3Qg and ' Q; states allows for efficient pop-
ulation transfer between the two as the molecule dissociates. The
1Q, state is one of two other, weaker, perpendicular transitions
whose absorption maxima are in the wings of the overall A-band
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absorption spectrum, with a 3Q; state maximum lying to the red
side of the absorption maximum and the !'Q; lying to the blue
side. Both states correlate with the ground spin-orbit state of io-
dine, I(?P, /2), and the ground electronic state of the CH; radical
as dissociation products. The relative contributions of these states
to the total absorption spectrum is somewhat uncertain. Exper-
imental measurements of product state angular distributions by
Eppink and Parker 12 suggest the contributions are very small rel-
ative to the dominant 3Qy state across the majority of the absorp-
tion band. Contrary to this, magnetic circular dichroism (MCD)
measurements indicate the contributions from the blue-shifted
1Q, state can be significant,!! on the order of 20% of the ab-
sorption maximum, with a number of predictions of the absorp-
tion spectrum based on potential energy surfaces showing similar
cross-sections to the MCD measurement. 41° The contribution of
the red-shifted 3Q, state is also unclear, with theory14!° predict-
ing a much higher relative cross-section than seen in the MCD
experiments 1! or the product distributions measured by Eppink
and Parker. 1

In the following, we report a time-resolved photoelectron imag-
ing study of the dissociation dynamics of methyl iodide. We com-
pare the dynamics upon slightly red and blue shifted excitation
relative to the absorption maximum, at 269 nm and 255 nm re-
spectively, observing significant differences in the measured spec-
trum and dynamics that are indicative of different excitation frac-
tions and dissociation pathways.

Existing Energy-resolved measurements of A-band dissociation
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Fig. 1 1-D cuts along the C-I dissociation coordinate of the potential
energy surfaces of CH;l relevant to the UV photodissociation and photo-
electron detection scheme used, adapted from ref2%2!, Inset: expanded
figure of the excited state potentials and a breakdown of the absorption
spectrum into contributions from the three Q states associated with the
A-band absorption as a function of energy based on ref1°

have focused on the product state and angular distributions of the
final methyl and iodine products.12-1> The high levels of align-
ment in the dissociation products provide evidence for the rapid
and efficient dissociation of CH;I at many wavelengths. Angu-
lar distributions of the methyl and iodine fragments measured by
Eppink and Parker 2 at a number of discrete wavelengths across
the A-band have been used to quantify the level of excitation into
the three accessible states by taking into account the parallel and
perpendicular character of the excitation. The highly parallel dis-
tributions of the products formed were used to extract excitation
cross-sections for the 'Q; and 3Q; states, giving values of less
than 1% of the absorption maximum of the 3Qj state. The angular
distributions showed that the majority of the products, including
both the ground and excited states of iodine, are predominantly
formed following initial excitation to the 3Qy state. Significant
contributions from the 3Q; state were not observed until well into
the wings of the absorption band at wavelengths greater than 295
nm. The analysis contained two main assumptions: that any ini-
tial excitation of the perpendicular states does not undergo curve
crossing and contribute to the excited state product formation;
and that the perpendicular transition would give rise to limiting
B, values of -1. Should either of these assumptions be unreliable
the contribution of the perpendicular states would be underesti-
mated. Bafiares and co-workers'® have subsequently shown the
importance of the 1Q; state on the blue edge of the absorption
band. Products formed following initial population of the 'Q;
state dominate the ground state dissociation products for wave-
lengths below 225 nm and contribute significantly to the excited
state products at wavelengths below 220 nm indicating significant
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population transfer from the 1Q; state to the 3Q state.

Complementary time-resolved measurements 1~1° have concen-
trated on excitation wavelengths on the red side of the absorp-
tion maximum, typically around 266 nm corresponding to the
third harmonic of a typical Ti:Sapphire femtosecond laser system.
Each measurement provides a consistent picture of the dynamics,
with excitation dominated by the 3Qy state leading to rapid dis-
sociation. Excited state iodine fragments dominate the dissocia-
tion yield accounting for approximately 70% 1%1° of all fragments
with a measured formation time of around 84 fs.2 A fraction of
the excited state population undergoes internal conversion at a
conical intersection leading to the formation of ground state io-
dine fragments with a yield around 30% and a slightly longer
formation time of 94 fs.? The transition-state region between
the bound molecule and radical fragments has also been stud-
ied via femtosecond XUV transient absorption,3 and core shell
spectroscopy,® with the structural dynamics probed using laser
driven Coulomb explosion imaging. 4810 All of these measure-
ments, however, have been performed to the red of the absorp-
tion maximum at wavelengths where the dominant transition is
to the 3Qy state. The generality of the dynamics across the full ab-
sorption band and the link to frequency resolved measurements
at other wavelengths is therefore unclear. Moreover, the energy
region between 240-260 nm is comparatively unexplored experi-
mentally in both the time and frequency domains.

Experimental Details

We perform time-resolved photoelectron imaging experiments on
the excited state dynamics of CH,;I at two pump wavelengths as
outlined in Fig. 1. The wavelengths are chosen such that one
wavelength (269 nm, 4.61 eV) is to the red side of the absorp-
tion maximum, where experiment suggests the excitation is dom-
inated by population of the 3Qy state, and the second is to the
blue side of the absorption maximum (255 nm, 4.86 €V), where
some population of the !Q, state may be expected as well as the
3Qq state. The relative excitation fractions as a function of wave-
length are shown in the inset of Fig. 1 based on the calculations
of ref1?, however as we have described above, there is significant
uncertainty about the relative excitation fractions in the litera-
ture.

The majority of the laser and vacuum systems have been de-
scribed previously22-24 with only small differences to the overall
set-up briefly described here. The pump wavelengths, 255 nm
and 269 nm, are generated by a high energy OPA (HE-TOPAS)
pumped by 8 W of 790 nm light from the amplified output of
a femtosecond laser system (KM labs, Red Dragon). We ionise
the excited state population through two-photon absorption of
395 nm light produced by second-harmonic generation of the
790 nm fundamental output of the amplifier. The ionisation en-
ergy is sufficient to allow ionisation into both spin-orbit states of
the electronic ground state of the CH3I" cation. The laser pulse
energy at each of the pump wavelengths is 6 uJ (269 nm) and
1 pJ (255 nm), while the probe is held at 10 pJ. The pump
and probe beams are reflection focused into the interaction re-
gion with 1 m long focal length optics. We rule out multiphoton
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excitation as a potential origin of our dynamic signals through
analysis of the spectral and temporal behaviour. Multiphoton ex-
citation with the probe before time zero would populate the B-
state which has a ps lifetime. No signals with such long lifetimes
are observed. Two photon absorption of the pump at 255 nm
would excite above the ionisation potential, populating a vibra-
tional state near the minimum of the ion state potential well. The
low energy peaks associated with this are seen as a stationary
background which is removed via the background subtraction.
No signatures of further absorption of the pump are observed.
Preliminary measurements using a femtosecond extreme ultravi-
olet pulse for single photon ionisation of the excited state show
similar time dependent shifts and changes in lifetime. These com-
plementary measurements, which will be the subject of a future
publication, provide further reassurances that the dynamic signals
are not the result of spurious multiphoton contributions.

The CH;I molecular beam is created by expanding the room
temperature vapour of liquid CH;I through a kHz pulsed nozzle
(Amsterdam Cantilever2%) with a 200 um aperture. The molecu-
lar beam is skimmed before crossing the laser beams at the centre
of the velocity map imaging spectrometer interaction region as
described in ref24. The photoelectron spectrum and angular dis-
tributions are obtained from the raw images through polar onion
peeling and scaling with the appropriate Jacobian. The single
colour (pump only and probe only) contributions to the spectrum
are removed from the data by subtracting the spectrum from the
earliest pump-probe delays (probe before pump) from all subse-
quent photoelectron spectra. The low pressure room temperature
expansion minimises any dimer formation and we see no evidence
for dimers in the photoelectron spectra obtained.

Results

In Fig. 2(a) we plot the photoelectron spectrum obtained at zero
delay between the pump and the probe following excitation with
269 nm light and ionisation with two 395 nm photons. The spec-
trum is plotted as a function of binding energy as defined by the
total photon energy minus the measured electron kinetic energy,
to allow for a direct comparison with the spectrum obtained at
255 nm. Combs above the spectrum mark the position of a num-
ber of cation states, based on the known ionisation limits and vi-
brational frequencies of the spin-orbit states of the ground CH,I*
cation state. 26527 The uneven intensity distribution between the
two spin-orbit ion states is contrary to single-photon ionisation
measurements of the excited states performed with femtosecond
XUV sources which show broadly similar intensities for the two
spin orbit states following ionisation.2® The higher intensity into
the upper spin-orbit cation state at 10.1 €V when ionising with
two photons is therefore surprising and we believe due to a, as
yet unidentified, resonant intermediate in the two-photon ionisa-
tion step. The 255 nm spectrum in Fig. 2(b) shows the equivalent
time-zero (Ar = 0) spectrum in red. The broad assignment of
features is the same except for a broad peak at 10.3 eV which is
labelled with a star. We assign this to ionisation into the v; =2
or v4 =2 of the 2E; /2 cation state due to an accidental resonance
with the equivalent vibrational states of the 6p Rydberg state at
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Fig. 2 Photoelectron spectrum obtained at a pump wavelength of 269nm
(a) and 255 nm (b) and probed with two 395 nm photons. The photoelec-
tron spectrum obtained at zero time delay is plotted in red in both spectra,
while the spectrum obtained at a delay of 100 fs after the 255 nm pump
is plotted in blue. Combs mark the position of vibrational states in the
lower (black) and the upper (purple) spin orbit states of the ion.

the 1 + 1’level.2? The energy also matches that expected for ioni-
sation into the v, = 1 vibrational level of the 2E, /2 electronic state
but it is not clear why this would appear with such an enhanced
yield. Resonance-enhanced ionisation through the 6p Rydberg
state could explain the enhanced intensity above what may be
expected, but this assignment should be considered tentative due
to the lack of vibrational resolution in the presented spectrum.
However, this assignment is supported by the -parameters and
energy spectrum (see discussion of Figs. 4 and 6).

The full time-dependent photoelectron spectra for both wave-
lengths are plotted in Fig. 3 where a number of significant differ-
ences are apparent. The 269 nm trace plotted in Fig. 3(a) shows
a very short-lived signal across all features in the spectrum. Each
peak in the spectrum shows the same time dependence and no
observable shifts in the energy or peak positions. By comparison,
the features in the 255 nm spectrum, Fig. 3(b), show an extended
lifetime and shifts in the positions of the maxima in the spectrum
to lower binding energies with increasing pump-probe time de-
lay. To highlight the shift, we plot the photoelectron spectrum
obtained following 255 nm excitation at time-zero (red) and at
a delay of 100 fs (blue) in Fig. 2(b). The time-zero spectrum
has an onset that matches the vibrationless level of the cation but
peaks around the binding energy associated with v3 = 1 vibra-
tional level in both spin-orbit states. At longer times the spectrum
is seen to shift to lower binding energy, highlighted in Fig. 3(b)
by arrows, to positions more closely matching the expected en-
ergy for ionisation into the vibrationless ground state. The shift
does not move to match the expected peak position, but the lack
of vibrational resolution means the shift is due to an increase in
the relative proportion of the ionisation process leading to the vi-
brationless ground state. This suggests that there is a change in

Journal Name, [year], [vol.], 1-8 |3



300

200

100

Time delay (fs)
(=]

-100
300

200

100

Time delay (fs}
o

-100

9.4 9.6 9.8 10 102 104 106 108
Binding Energy (eV)

Fig. 3 Time dependent photoelectron spectrum of CHsl following excita-
tion at 269 nm (a) and 255 nm (b).

vibrational overlap between the excited wavepacket and the vi-
brational states of the cation over the course of the first 100 fs.
The photoelectron angular distributions were also collected
and the obtained beta parameters for the time-zero spectrum are
presented in Fig. 4 for the 269 nm (a) and 255 nm (b) pump
wavelengths. As excitation and ionisation is a three photon pro-
cess with each pulse having linear parallel polarisations, we in-
clude B,, B4 and P in our angular distribution fitting functions
used for inversion. The obtained beta parameters do not show
any time dependence and therefore provide little information
about the dynamics of the system. For both wavelengths the ¢
values are close to zero for all energies and are therefore not pre-
sented. At both wavelengths the 3, values are positive across the
full spectrum, with the main peaks showing values close to one,
such that the peaks are dominated by contributions in the same
direction as the laser polarisation. The f3, values over the peak
assigned to ionisation through a Rydberg intermediate are con-
sistent with those associated with ionisation of the 6p orbital in
atomic iodine. The B, values are consistent across the 269 nm
spectrum with positive values of approximately 0.2-0.3, indicat-
ing that the excited-state orbital being ionised is not isotropic
and may be considered aligned with respect to the ionising light.
There is more variance in the 255 nm spectrum, however it is
difficult to know how much significance to place on this consid-
ering the low magnitude and variation across the features in the
spectrum. Considering the A; symmetry in the Cs, point group of
the possible excited states, one would expect parallel photoelec-
tron angular distributions with near zero f; values regardless of
any alignment in the excitation step. The photoelectron angular
distributions therefore do not reveal the parallel or perpendicu-
lar character of the states populated directly. Even in a situation
where the any alignment signal remained, the overlapping nature
of the bands would make deconvoluting the contributions from
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Fig. 4 Photoelectron spectra (yellow) and angular distributions obtained
for zero delay between the pump and probe with the 269 nm pump (a)
and 255 nm pump (b). In both (a) and (b) B, (red) and B (blue) are
plotted with the scale on the right hand axis.

each state to the total photoelectron angular distributions chal-
lenging. We therefore cannot extract excitation fractions directly
from the measurement of the photoelectron angular distribution
alone.

To obtain decay associated spectra (DAS), which provide a
quantitative description of the changes over the full spectrum, we
perform a global fit of the intensity maps presented in Fig. 3. For
both maps we fit to a minimum number of exponentially decaying
functions convolved with the Gaussian instrument response func-
tion, defined by the laser pulse cross-correlation. For both pump
wavelengths we required two such functions.

To fit the 269 nm data we fix the time-zero of the exponentially
decaying functions to be equal and find the best fit to have one
component being described by the Gaussian instrument response
function alone. The second component has an appreciable decay
lifetime of ~30 fs. The DAS resulting from the fits are plotted in
Fig. 5 (b). In Fig. 5 (a) we also plot a representative slice through
the data at 10.25 eV to show the relative contributions of the two
components to the photoelectron intensity. The exponential de-
cay leads to a tail at longer delay times. The decay associated
spectra are positive over the full range of energy values, suggest-
ing that the population is decaying into some unmeasured state
on an extremely rapid timescale. The enhanced signal over the
course of the cross-correlation is due to the enhanced intensity
driving a nonresonant multiphoton ionisation processes as seen
in our previous experiments using the same methodology, 24 such
that the dynamics of the system at this wavelength are defined by
the 30 fs decay measured in the second component.

We take a slightly different approach for the data collected at
255 nm. The shifting energy features and changes in intensity
mean the maximum is not always around time-zero. Fitting to
exponentially decaying functions from the same initial time-zero
does not provide a good fit to the data, such that we instead fit
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Fig. 5 (a) Results of the global fit (yellow) to the experimental data (black
data points) for the 269 nm pump wavelength at the energy indicated by
the dashed line in (b). The contribution from the two components of the
fit are plotted with the Gaussian (fwhm~65 fs) component in blue, and
the exponentially decaying component with a lifetime of 30 fs plotted in
red. (b) The decay associated spectra for the 269 nm data, with the blue
line being the amplitude of the previously described Gaussian, and the
red line being the amplitude for the exponentially decaying component.

the data to two Gaussian functions convolved with exponential
decays and each with a variable time-zero that is fit to the data.
The resulting DAS from this fit are plotted in Fig. 6 (b). In Fig. 6
(a) we also plot a representative slice through the data at 9.53 eV
where the energy shift is perhaps most apparent and highlights
the increased intensity at ~100 fs after time-zero. The initial com-
ponent centred at time-zero has an exponential lifetime of 40 fs,
very close to the lifetime observed at 269 nm, while the second
component is delayed by 100 fs and has a 15 fs lifetime. The
physical origin of these timescales is somewhat harder to explic-
itly define but the relatively long time-delay to the second compo-
nent in our model highlights the extended excited state lifetime
when compared with the 269 nm pump data. The energy depen-
dence of these two contributions is shown in Fig. 6 (b) where the
peaks in the DAS are seen to shift to lower binding energy on the
delayed component spectrum. The lack of shift in energy of the
feature at 10.3 €V also adds validity to the origin of this feature
being due to a resonant excitation of a Rydberg state during the
ionisation process.

Discussion

The data presented in the preceding section shows significant
wavelength dependence of the photoelectron signal suggesting
large changes in the excited state lifetime and associated dynam-
ics. This is surprising not only due to the small energy difference
between the two pump wavelengths, but also due to the strongly
repulsive nature of the excited state potentials shown in Fig. 1,
where we would expect rapid disscociation regardless of the ex-
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Fig. 6 (a) Results of the global fit (yellow) to the experimental data (black
data points) for the 255 nm pump wavelength at the energy indicated by
the dashed line in (b). The contribution from the two components of the
fit are plotted with an exponentially decaying component with a lifetime
of 40 fs (blue), and a 100 fs delayed component with a lifetime of 15 fs
plotted in red. (b) The decay associated spectra for the 255 nm data,
with the blue line being the amplitude of the initial component with a 40 fs
lifetime, and the red line being the amplitude of the delayed component
with a 15 fs lifetime.

cited state populated.

Taking each pump wavelength in turn, at 269 nm we ob-
serve dynamics that are consistent with previous measurements
in CH;l. Excitation at this wavelength appears to be dominated
by population of the 3Q state. The ultrafast decay of excited state
population is therefore indicative of the rapid, "ballistic", dissoci-
ation of the C-I bond along the 3Qq potential and the formation of
1P, /2) fragment as previously observed with XUV transient ab-
sorption spectroscopy® and Coulomb explosion imaging# at sim-
ilar pump wavelengths. We see no features that we can correlate
with excitation of either the 3Q, or ' Q; states. This is unsurprising
for the 'Q; state which, even for the most optimistic predictions,
is not expected to have more than a few percent contribution to
the overall wavepacket at this wavelength. The 3Q, is theoreti-
cally predicted to have a ~10% contribution at this energy, but all
experimental evidence to date suggests the contribution is much
lower than this. Our observations are therefore consistent with
previous experiments and we see no evidence for any population
of the 3Q, state at 269 nm. It should be noted however that
the dynamics on the 3Q; state may show very similar lifetimes
to the 3Qq state such that the dynamic features could overlap.
The lifetime measured for the departure of the initially excited
wavepacket out of the ionisable Franck-Condon region is on the
order of 30 fs and consistent with measurements of the formation
of products. !

At a pump wavelength of 255 nm the situation is markedly dif-
ferent. The excitation fraction into the accessible exited states

Journal Name, [year], [vol.], 1-8 |5



is somewhat less clear. The experiments of Eppink and Parker 12
suggest that the population of the 'Q, state at 255 nm is much
less than 1% with the remainder of the population being on the
3Qy state. MCD measurements!! and theory, 1419 however, give
between 10-15%. In all cases the expected contribution from the
3Q, is expected to be minimal. The main difference between the
two wavelengths therefore appears to be a potential increase in
the contribution of the !Q, state to the initial wavepacket.

Returning to the observed dynamics in the photoelectron spec-
trum: the shift in energy observed over the first 100 fs is indica-
tive of a changing vibrational overlap between the excited state
wavepacket and the accessible ion states. Typically for a dissoci-
ation reaction one would expect the shift to be to higher binding
energies as the molecule moves to those associated with the neu-
tral fragments. The shift to lower binding energy suggests the
molecule is rearranging to be more aligned with the structure of
the ground state of the ion, enhancing overlap with the lowest vi-
brational states, or that a component of the wavepacket that has
higher overlap with the lower vibrational states is gaining impor-
tance relative to the other components that remain measurable.
Combined with the shifts, we observe an increased excited state
lifetime of >100 fs, compared with 30 fs lifetime measured at
269 nm. These two observations suggest a much more complex
dynamic process is occurring at the same time as the direct disso-
ciation process.

The data measured at 269 nm is indicative of rapid dissocia-
tion along the 3Q, potential which leads to a transient excited
state population that remains observable for only a very short pe-
riod of time, on the order of 30 fs. From the global fit it appears
a similar process is occurring in the 255 nm pump data and is
the most likely origin of the first decaying component in the fit.
The secondary features associated with the delayed component
are harder to assign, with the appearance and longer lifetime dif-
ficult to correlate with any of the known vibrational periods of
the molecule. The shape of the 3Q potential and the dependence
on wavelength mean that it is unlikely that it is due to dynamics
occurring on the 3Qy potential. We therefore suggest that these
features are due to excited state population and dynamics on the
1Q, potential undergoing significant rearrangement prior to dis-
sociation. The relatively high intensity of the delayed feature is in
part a consequence of the lifetime dependent signal enhancement
which amplifies the contribution of longer lifetime states through
their convolution with the instrument response function3°. The
changes in Franck-Condon overlap which cause the shifts in en-
ergy also lead to an increase in signal intensity. The peak maxi-
mum of the long-lived component is therefore seen at later times
than may be expected. The fit accounts for this shift by having
a delayed "effective time-zero" for the long-lived component, cor-
responding to the delay in reaching the maximum intensity rela-
tive to the "real time-zero". The convolution of the non-negligible
laser pulse duration on the intensity profiles leads to the well-
known equations for the Gaussian convoluted with an exponen-
tial decay that form the basis functions for the global fit analysis
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Table 1 Percentage excitation fraction at the two wavelengths studied
based on published experiment and theory

255 nm 269 nm
30 10, 30, 30 0, 0,
Gedanken!! | 86.0% 14.0% 0% 96.7% 3.3% 0%
Eppink 12 99.5% 0.5% 0% 100% 0% 0%
Bafiares 14 85.0% 15.0% 0% 81.7% 5.1% 13.3%
Alekseyev'® | 75.3% 23.9% 1.8% | 81.6% 8.0% 10.3%

described above.

At (t—0o2)
I(t)=Ne e <l+erf<(\/§cy) >) 1)

Where I(t) is the time dependent intensity, A is the rate con-
stant associated with the exponential decay, o defines the laser
pulse cross-correlation width and N is a normalisation constant
related to the laser pulse profile and absorption/ionisation cross-
sections. The convolution leads to a lifetime dependent inten-
sity enhancement that can amplify the contributions of states that
have a longer lifetime relative to those with the same amplitude
but shorter lifetimes. This lifetime dependent enhancement is
quantifiable and was the subject of a recent set of numerical sim-
ulations that showed the effect over a range of pulse durations
and excited state lifetimes. 30 With the parameters obtained from
the global fit we can quantify the effect of this signal enhance-
ment to obtain approximate population of the longer lived state
relative to that with a shorter lifetime. Taking relative lifetimes
on the order of 30 fs and 130 fs we can approximate the relative
population of the secondary feature, assuming equal ionisation
propensity, to be around 20% of the fast decaying component.
For comparison with other measured and calculated distributions
we present the percentage contribution of the 3 main states at
the two wavelengths measured in table 1. From the table it is
clear that the excitation fraction more closely matches those pre-
dicted by theory and MCD measurements, but much higher than
those extrapolated from product angular distribution measure-
ments (<1%).12 So while the parallel transition remains dom-
inant, the perpendicular state provides a significant but minor
contribution to the dynamics on the blue edge. The dynamics
on the !Q, state, however, remain unclear based on the current
measurements and available cuts across the potential energy sur-
faces20:31 which do not provide any clues as to what could be
causing the rather extended lifetime.

Summary

Using a multiphoton ionisation probe we have measured the ini-
tial dynamics of the methyl iodide molecule following UV excita-
tion at two pump wavelengths. The dynamics observed are strik-
ingly different, highlighting the subtle changes in dynamics in
systems of apparent simplicity. To the red of the absorption max-
imum of the A-band, the dynamics match those expected based
on previous measurements using a wide range of techniques. The
rapid dissociation on the 3Q, state leads to a transient excited
state population which has a measured lifetime of 30 fs. As the

This journal is © The Royal Society of Chemistry [year]



pump photon energy is increased, the excited state population
is no longer completely dominated by the 3Q state and signif-
icant population of the 'Q, state is observed. The 3Qy compo-
nent follows the same dynamic process and rapidly moves out of
our observation window leading to dissociation on an ultrafast
timescale. The population in the 'Q; state shows an extended
lifetime and more complex dynamics.

Based on the observations, we can identify dynamic processes
that increase the time the wavepacket remains within the obser-
vation window of the ionisation probe corresponding to bound
structures of the methyl iodide molecule. The origin of the extra
stability is hard to pinpoint based on cuts of the !Q; potentials
which show rather steep gradients towards dissociation products.
Providing a more concrete analysis of the dynamics is a real chal-
lenge to experiment and theory. Based on cuts of the potential
energy surfaces it is difficult to see what motion could extend the
lifetime so significantly. Quantum dynamics calculations on full
dimensional potential energy surfaces that account for the exci-
tation process explicitly, and measurements covering the full dy-
namic process, are therefore essential if we are to obtain a better
understanding of this and other complex systems. Full dimen-
sional potential energy surfaces are available but do not accu-
rately reproduce the absorption spectrum when all states are in-
cluded. 32 Attempts by Alekseyev!? to correct for this by shifting
the position of states achieve moderate agreement but given the
uncertainty in the position of the 'Q, state and the energy depen-
dence of the observed dynamics it is unclear if this will reliably
describe the dynamics. This gives significant uncertainty in the
starting conditions for any dynamics calculation. Given the dif-
ficulty in calculating an accurate absorption spectrum for methyl
iodide, calculating the dynamics and observables based on poten-
tial energy surfaces with sufficient accuracy to describe the en-
ergy dependence will provide a significant challenge. Advances
in new spectroscopic probes based on XUV photoelectron spec-
troscopy, 23 X-ray absorption,® X-ray/electron scattering, 3334 or
Coulomb explosion imaging *8:10
ment of the full process. The complexity of such measurements
means that typically only a single pump wavelength is studied
such that any subtle wavelength dependence is often left unmea-
sured. Strengthening the link between experimental observation
and theoretical descriptions of the dynamics will therefore play a
key role in unravelling the complex nature of dynamic processes
resulting from complex excitations covering multiple interacting
potential energy surfaces.

allow for a complete measure-
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