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Dynamics of the A-band ultraviolet photodissociation
of methyl iodide and ethyl iodide via velocity-map
imaging with ‘universal’ detection

Sara H. Gardiner,a M. Laura Lipciuc,a Tolga N. V. Karsili,b Michael N. R. Ashfoldb and

Claire Vallance*a

We report data from a comprehensive investigation into the photodissociation dynamics of methyl iodide

and ethyl iodide at several wavelengths in the range 236–266 nm, within their respective A-bands. The

use of non-resonant single-photon ionization at 118.2 nm allows detection and velocity-map imaging of

all fragments, regardless of their vibrotational or electronic state. The resulting photofragment kinetic

energy and angular distributions and the quantum yields of ground-state and spin–orbit excited iodine

fragments are in good agreement with previous studies employing state-selective detection via REMPI.

The data are readily rationalised in terms of three competing dissociation mechanisms. The dominant

excitation at all wavelengths studied is via a parallel transition to the 3Q0 state, which either dissociates

directly to give an alkyl radical partnered by spin–orbit excited iodine, or undergoes radiationless transfer

to the 1Q1 potential surface, where it dissociates to an alkyl radical partnered by iodine in its electronic

ground state. Ground state iodine atoms can also be formed by direct dissociation from the 1Q1 or 3Q1

excited states following perpendicular excitation at the shorter and longer wavelength region, respectively,

in the current range of interest. The extent of internal excitation of the alkyl fragment varies with dissocia-

tion mechanism, and is considerably higher for ethyl fragments from ethyl iodide photolysis than for

methyl fragments from methyl iodide photolysis. We discuss the relative advantages and disadvantages of

single-photon vacuum-ultraviolet ionization relative to the more widely used REMPI detection schemes,

and conclude, in agreement with others, that single-photon ionization is a viable detection method for

photofragment imaging studies, particularly when studying large molecules possessing multiple fragmenta-

tion channels.

1 Introduction

Laser pump–probe methods combined with velocity-map imaging

detection have been the experimental techniques of choice for

studying gas-phase molecular photodissociation processes for

at least the last decade. The three-dimensional scattering

distribution of the photofragments reveals the product translational

energy and angular distributions, yielding detailed informa-

tion on the energy partitioning amongst the various available

product degrees of freedom and on the electronic states

involved in the fragmentation process. When suitably polarised

light is used in the probe step, more subtle details of the

dynamics are often revealed, such as any preferred polarisation

of electronic or rotational angular momentum in the atomic or

molecular photofragments.1–4

In recent years, there has been a move away from highly

detailed studies of diatomic and triatomic molecules towards

investigations into the photofragmentation dynamics of larger

molecules of perhaps more general chemical interest. This

raises a number of challenges for the velocity-map imaging

technique. In the ‘traditional’ approach to velocity-map imaging,

products are ionized state-selectively via a resonance-enhanced

multiphoton ionization (REMPI) scheme. The newly formed ions

are then accelerated along a flight tube towards a detector by a

carefully tuned velocity-mapping electric field. In the simplest

implementation, the mapping field preserves the velocity com-

ponents transverse to the time-of-flight axis and also compresses

the expanding Newton sphere of photofragments along this axis,

so that the ion cloud is ‘pancaked’ onto the detector, and the

velocity-map image comprises a two-dimensional projection of

the nascent three-dimensional velocity distribution. The process

can be repeated for different product quantum states by tuning

the REMPI laser to the appropriate wavelength. When studying

the fragmentation dynamics of diatomic and, to a lesser extent,
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triatomic molecules, conservation of momentum has the con-

sequence that by detecting one fragment state-selectively, complete

state-to-state information can often be obtained on the fragmenta-

tion dynamics and internal state distributions of both fragments.

The same is not true when studying largermolecules, which tend to

possess multiple possible fragmentation channels, some involving

more than two fragments. REMPI schemesmay not be available for

some or all of the fragments, the various product quantum states

may not be resolvable, and even if they are, repeating the experi-

ment to obtain images for every quantum state of every fragment

quickly becomes prohibitively time consuming.

One solution is to employ a ‘universal’ ionization scheme

that allows all fragments with sufficiently low ionization potentials

to be ionized and detected.5–13 We have recently developed a

velocity-map imaging instrument that achieves ionization of all

photolysis products with ionization potentials less than 10.49 eV via

single-photon vacuum ultraviolet (VUV) ionization at 118.2 nm.

This allows images to be obtained relatively quickly for each

fragment, and though in general this comes at the expense of

detailed state-to-state information, in favourable cases this

information is still revealed in the images. The molecules

examined in the present study represent two such cases. Further

improvements in acquisition speed will be realised in the future

with the implementation of multi-mass imaging detectors such

as the PImMS14–16 and TimePix17 sensors.

To demonstrate the power of this approach, we revisit the

first molecule for which ion images were published,18 methyl

iodide, and compare its fragmentation dynamics at multiple

wavelengths within the first electronic absorption band with

those of the next molecule in the homologous series, ethyl iodide.

We show that imaging both fragments from the dissociation of

these molecules allows us to confirm the identities of the various

fragmentation channels accessed at different UV wavelengths, and

also provides a straightforward route to determining the quantum

yields for the two spin–orbit states of atomic iodine, without the

need to correct for their different detection efficiencies. This study

represents an extension of the single-photolysis wavelength studies

of Pratt and coworkers.5,8 We begin with a brief overview of

previous studies.

2 Overview of the photofragmentation
dynamics of methyl iodide and ethyl
iodide

The A-band of methyl iodide results from a s*’ n excitation

from the lone pair on iodine to the lowest anti-bonding

molecular orbital. The band is comprised of transitions to five

electronically excited states, arising from spin–orbit inter-

actions induced by the unpaired electron remaining on the iodine

atom.19–22 The energy level correlation diagram for CH3I in Fig. 1(a)

depicts the electronic states within the C3v point group in the

absence and presence of spin–orbit interactions.

The A-band absorption spectrum of methyl iodide, shown in

Fig. 1(b), has three significant components. Following the

nomenclature of Mulliken,23 the labels 1Q1,
3Q0 and 3Q1 are used,

in descending energetic order, to label the relevant transitions

(shown in Fig. 1(a)), and also to denote the corresponding

excited states reached through each transition. The strongest

absorption is the parallel 3Q0 (A1 ’ A1) transition, with the

weak, perpendicular 1Q1 and 3Q1 absorptions (shown here

50 times magnified) making minor contributions. Alekseyev

and Buenker showed21,22 that transitions to the O = 0 states are

greatly enhanced due to intensity borrowing from the very

intense s*’ s transition that appears at significantly higher

energies than the A band. Note that the two low-lying states of E

symmetry are thought to be essentially degenerate in the

strong-field limit, yielding a single absorption (traditionally

labelled 3Q1), and the A2’ A1 transition is symmetry forbidden

and therefore does not contribute to the absorption spectrum.

All of the excited states accessible via A-band excitation are

dissociative along the C–I bond coordinate.24–26 Schematic

potential energy curves along this coordinate are shown in

Fig. 1(c). The 1Q1 and 3Q1 states accessed via perpendicular

transitions from the ground state of CH3I correlate diabatically

with iodine in its 2P3/2 spin–orbit ground state (henceforth

denoted I) and a methyl radical also in its electronic ground

state, with v quanta of vibrational excitation.

CH3I + hn- CH3I*- CH3(v) + I(2P3/2) (1)

In contrast, the 3Q0 state, accessed via a parallel transition,

leads to production of spin–orbit excited 2P1/2 iodine (henceforth

denoted I*) partnered by a ground-state methyl radical.

CH3I + hn- CH3I*- CH3(v) + I(2P1/2) (2)

We might therefore expect that velocity-map images of the I

and I* photofragments would reveal angular distributions

characterised by angular anisotropy parameters of b = �1 and

Fig. 1 (a) Correlation diagram (adapted from ref. 19), (b) the absorption

cross-section (adapted from ref. 20), and (c) schematic potential energy

curves (adapted from ref. 20) for the states involved in the A-band

dissociation of CH3I.
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b = 2, respectively, reflecting the perpendicular and parallel

transitions leading to their production from the parent CH3I

molecule. However, the situation is complicated by a conical

intersection between the 3Q0 and 1Q1 states, which allows

transfer of population between the two states. The resulting

fragmentation dynamics have been studied by a number of

authors,8,26–33 and can be summarised as follows.

At the low energy end of the A band, where only the 3Q1

component is energetically accessible, only ground state iodine

products are observed, with the expected angular distribution

characterised by b = �1. At higher energies, where the 3Q0

component becomes accessible via a parallel transition, both I

and I* products are observed. The I* product has the expected

b = 2 angular distribution predicted from the correlation

diagram in Fig. 1(a), but the ground state I product is also

observed to possess a large positive value of b, indicating that

it is formed via an initial 3Q0’ A1 transition followed by non-

radiative transfer to the 1Q1 state in the exit channel. At still

higher excitation energies, the 1Q1 component of the A band

is accessed directly, via a perpendicular transition, and the

anisotropy parameter associated with the ground state I product

is seen to decrease.

There are numerous parallels between the absorption spectrum

and dissociation dynamics of methyl iodide and those of ethyl

iodide. The A band in ethyl iodide also arises from a s* ’ n

transition from the lone pair of the iodine atom to the lowest anti-

bonding molecular orbital of C2H5I.
34 The reduced symmetry of

C2H5I (CS) relative to CH3I (C3v) results in numerous excited states

of A0 and A00 symmetry (four of each symmetry derive from the

analogues of the 1E and 3E spin–orbit-free states in Fig. 1(a)), all of

which are optically accessible. As in the case of CH3I, the excited

states are dissociative along the C–I coordinate, yielding ground-

state ethyl radicals and either ground-state or spin–orbit excited

atomic iodine. Potential energy curves for some of the excited

states are plotted as a function of C–I bond distance in Fig. 2. The

calculation of these unrelaxed (i.e. rigid body) spin–orbit resolved

potential energy curves followed the same sequence of steps as in

our recent study of the iodoethane cation.35 In brief, the calcula-

tions used the CASPT2/cc-pVTZ(C,H), cc-pVTZ-pp(I),46e-ECP(I)

level of theory, with an active space of six electrons in four orbitals

(the C–I centred s and s* orbitals and the 5py and 5px orbitals on

the I atom), and the only internal coordinate that was varied was

the C–I bond distance. All other internal degrees of freedom were

held fixed at their ground-state equilibrium values.

There have been numerous studies into the spectroscopy

and photofragmentation dynamics of C2H5I following excita-

tion within its A band,5,19,36–44 with the fragment speed and

angular distributions having been characterised at a number of

wavelengths. In common with methyl iodide, the variation in

the anisotropy parameter b recorded for ground state atomic

iodine fragments at different wavelengths across the absorp-

tion band indicates that the analogue of the 3Q0/
1Q1 conical

intersection is also important in ethyl iodide.

3 Experiment

Photofragment time-of-flight spectra and velocity-map images were

recorded using a custom-built velocity-map-imaging spectrometer,

the main features of which have been described in detail

previously.45 Gas mixtures comprising B0.1% methyl iodide

(iodomethane, Sigma Aldrich, 99%) or ethyl iodide (iodoethane,

Sigma Aldrich, 99%), seeded in 2 bar He (BOC, 499.9%) were

expanded through a pulsed solenoid valve (Parker Hannifin

Series 9) at a repetition rate of 10 Hz. Under these conditions

no cluster formation was observed (the presence of clusters

would lead to high-mass peaks at characteristic m/z ratios in

our time of flight spectra, but no such peaks were noted). The

resulting pulsedmolecular beam passed through a skimmer into

the imaging chamber, and was intersected at right angles within

the velocity-mapping ion optics assembly by the ultraviolet (UV)

photolysis and vacuum ultraviolet (VUV) probe laser beams, with

a 20 ns delay between the pump and probe pulses. The UV

photolysis light, in the wavelength range from 230–270 nm, was

provided by a tuneable, frequency-doubled, pulsed dye laser

(Sirah Cobra Stretch, 0.4 to 1 mJ per 7 ns pulse, 1 � 1 mm2

spot size in the interaction region, linewidth B0.3 cm�1)

pumped by the third harmonic of a Nd:YAG laser (Continuum

Surelite II, 200 mJ per 7 ns pulse). CH3I was photolysed at

wavelengths of 240 nm and 266 nm, and C2H5I at 236 nm,

248 nm, 257 nm, and 266 nm.

The 118.2 nm (hereafter referred to as ‘118 nm’) VUV probe

light used to effect ‘universal’ ionization of the photofragments

was produced by tripling the 354.7 nm (hereafter referred to as

‘355 nm’) third harmonic of a Nd:YAG laser (Continuum

Surelite I, B10–20 mJ per 5 ns pulse) in a 1 : 11 phase-

matched mixture of Xenon and Argon gases.46–49 The 118 nm

and residual 355 nm light were not separated before entering

the imaging chamber, but the residual 355 nm light was not

sufficiently intense to effect three-photon ionization of the

parent or fragment molecules; this was checked by evacuating

the tripling gas cell, which resulted in immediate loss of all

observable two-laser signal. The VUV laser has a photon energy

Fig. 2 Diabatized, spin–orbit resolved potential energy curves plotted as

a function of C–I bond length for all states of C2H5I that correlate to the

C2H5 + I and C2H5 + I* limits. States of A0 and A00 symmetry are depicted by

solid black and dotted grey lines, respectively, while A0 and A00 pairs that are

degenerate within the displayed energy resolution are shown as solid grey

lines line. The analogues of the 3Q1,
3Q0 and 1Q1 states of CH3I (see

Fig. 1(c)) are labelled and rendered in bold.
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of 10.49 eV, which is sufficient to ionize both the parent alkyl

iodides and their primary photofragments via non-resonant

one-photon ionization. The relevant ionization potentials are

listed in Table 1. When employing universal VUV ionization,

both the I and I* fragments are imaged simultaneously, as they

have the same mass and are therefore not separated by their

time of flight. In some experiments, the two fragments were

imaged separately by using a (2 + 1) REMPI scheme in place of

VUV ionization in order to ionize and subsequently detect only

one of the fragments. In these one-laser experiments, the dye

laser beam was used both to photolyse the parent molecule and

to ionize the chosen fragments. The chosen (one-photon)

wavelengths of 266.5 nm and 266.6 nm have been employed

previously for the REMPI detection of I and I* by Tang et al.41

All laser beams were linearly polarised, with their respective

electric field vectors aligned parallel to the plane of the imaging

detector. Switching the polarisation of the probe laser had no

observable effect on the images, implying that product angular

momentum alignment does not need to be considered when

analysing the images.4

On each laser pump–probe cycle, the ionized parent molecules

and nascent fragments were velocity-mapped via a 482 mm flight

tube onto a position-sensitive imaging detector consisting of a pair

of chevron 40 mm microchannel plates (MCPs) coupled to a P47

phosphor screen (Photonis). The resulting images were captured

using an intensified CCD camera (Photonic Science MiniIDI).

A photomultiplier recorded the total light intensity emitted from

the phosphor as a function of time, yielding the time-of-flight mass

spectrum of the ions generated on each laser cycle. To record time-

of-flight spectra with higher resolution, not limited by theB100 ns

decay lifetime of the P47 phosphor, a 20 ns time-gate applied to the

MCPs was stepped across the range of arrival times of interest,

and the total ion signal recorded by the camera was logged at

each arrival time. The time gating was achieved by applying a

500 V pulse from a high-speed MCP time-gating module

(Photek, GM-MCP-2) to the MCPs to bring them up to optimum

operating potential. The same gating unit was used to time-gate

the MCPs for acquisition of images for individual ion masses.

Time-of-flight spectra and images were accumulated over

several thousand experimental cycles. Data recorded over a

similar number of cycles but with only one or other of the

lasers entering the interaction region were also acquired, and

were subsequently subtracted from the two-laser data in order

to obtain the true two-colour pump–probe signal. The images

were processed using a polar onion-peeling algorithm in order

to extract the central slice through the three-dimensional

photofragment velocity distribution,54 from which the product

translational energy distribution could be determined. Total

translational energies, ET, were obtained by scaling the

experimentally-derived kinetic energy of the detected fragment

ion, X+, by the mass factormM/(mM �mX), wheremM is the mass

of the parent molecule. Note that Fan and Pratt5 have shown

previously that at VUV photon energies 1–2 eV above the

ionization threshold, the ionization step is relatively insensitive

to the internal state of the alkyl fragment. The product transla-

tional energy distributions obtained from the alkyl fragment

and iodine atom images can therefore be compared directly.

4 Results & discussion
4.1 Time-of-flight mass spectra

Fig. 3 shows representative two-colour time-of-flight mass

spectra for the products of (a) methyl iodide photolysed at

240 nm and (b) ethyl iodide photolysed at 257.6 nm (pump-only

and probe-only signals have been subtracted from the data, as

outlined in Section 3). Universal single-photon VUV ionization

of the photofragments was employed in both cases. The methyl

iodide spectrum contains peaks for iodine at m/z = 127 and

methyl radical (CH3) at m/z = 15, along with a small parent ion

peak at m/z = 142, indicating that C–I bond fission is the sole

dissociation channel following excitation in this wavelength region.

Table 1 Ionization potentials of methyl iodide, ethyl iodide and their

photofragments

Species Ionization energy/eV Ref.

CH3I 9.54 � 0.02 50
C2H5I 9.349 � 0.001 50
I(2P3/2) 10.45126 50
I(2P1/2) 9.509 50–52
CH3 9.84 � 0.01 50
C2H5 8.117 � 0.008 53

Fig. 3 Two-colour time-of-flight mass spectra for photofragments arising from: (a) methyl iodide photolysis at 240 nm; and (b) ethyl iodide photolysis at

257.6 nm.
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The ethyl iodide spectrum also reveals C–I bond fission pro-

ducts, in this case iodine at m/z = 127 and ethyl radical, C2H5

at m/z = 29. In addition, small signals are seen at m/z = 28 and

m/z = 27, corresponding to the C2H4
+ and C2H3

+ ions. These

minor ions almost certainly result from H or H2 loss either from

the neutral or (perhaps more probably) the ionized ethyl fragment

as a result of a high degree of internal excitation during the

photofragmentation process. In the remainder of this article, we

will focus solely on the C–I bond fission channel.

4.2 Photofragment translational energy and angular

distributions

4.2.1 CH3I. The velocity-map images and photofragment

translational kinetic energy distributions recorded for the CH3

and iodine fragments resulting from UV photolysis of CH3I at

240 and 266 nm are shown in Fig. 4. Note that the translational

energy distributions have been plotted as a function of total

translational energy release for the photodissociation rather

than as a function of the individual translational energies of

each fragment. We therefore expect the distributions obtained

for the CH3 and I/I* products to be identical, as a result of

conservation of linear momentum during the fragmentation

process (note that the VUV ionization scheme employed results

in the ‘iodine’ image containing contributions from both I and

I* fragments). This is clearly not the case, at either photolysis

wavelength. The total translational energy distributions derived

from the CH3 and I/I* images both consist of three peaks, but

while the peak positions match for the two fragments, their

intensities vary dramatically. The discrepancy arises from the

fact that I and I* have markedly different ionization efficiencies

at the wavelength of the VUV probe laser. The 118 nm probe

laser wavelength lies very close to that required both for thresh-

old ionization of ground-state atomic iodine to the I+(3P2) ionic

state,50 and for excitation to the n = 4 member of the ns Rydberg

series55 converging to the 3P1 state of I
+. The populated Rydberg

state lies within the ionization continuum, such that configu-

ration interaction between the discrete state and the conti-

nuum results in efficient autoionization.56 The combination of

these two effects results in a considerably enhanced detection

efficiency for ground-state atomic iodine relative to that for

spin–orbit excited atomic iodine at our probe laser wavelength,

explaining the discrepancy between the observed peak inten-

sities in the kinetic energy distributions derived from the CH3

and I/I* images. The relative detection efficiency of I and I* at

an ionization wavelength of 118.2 nm has been studied in

detail by Fan and Pratt,7 who found that the photoionization

cross section for ground state iodine was a factor of 19.2 larger

than that for spin–orbit excited iodine. If we scale the relative

peak heights of the total translational energy distributions

determined from the I/I* images by this factor then we find

that the distributions are in essentially perfect agreement with

those obtained from the CH3 images.

Note that cluster formation, space-charge effects, or product

angular momentum polarisation could also affect the relative

intensities of the observed I and I* signals, but we have

systematically ruled out any contributions from these effects.

We now consider the photofragment kinetic energy distribu-

tions in some detail. The lowest energy peak (appearing at ET =

1.8 eV in the distributions arising from 240 nm photolysis) is

assigned to the CH3 + I* product channel, with the two higher

energy peaks at 2.29 eV and 2.7 eV assigned to CH3(v1 = 1) + I

and CH3(v = 0) + I, respectively, with v1 = 1 denoting one

quantum of excitation in the CH3 symmetric stretching vibra-

tional mode. These assignments were confirmed by carrying

out a separate set of one-laser experiments in which the I and I*

fragments were detected state-selectively via (2 + 1)REMPI near

Fig. 4 Photofragment total translational energy distributions following methyl iodide photolysis at (a) 240 nm and (b) 266 nm. The vertical dashed lines

indicate the maximum translational energy release for the I and I* channels, calculated using the CH3–I bond dissociation energy of 2.39 eV determined

by Zhu et al.
39
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266 nm, thereby separating the contributions from the I and I*

channels.

The widths of the peaks in the photofragment total transla-

tional energy distribution for methyl iodide may be accounted

for by excitation of up to two quanta in the n2 (umbrella bend)

vibrational mode of the CH3 radical. The larger degree of

excitation in methyl products formed in conjunction with

ground-state iodine is thought to be associated with the two

possible formation mechanisms for these products, either

directly via excitation to the 1Q1 state, or indirectly via non-

radiative transfer to this state from the 3Q0 state.
20 For example,

based on detailed ab initio calculations of the potential energy

surfaces involved in the dissociation, Amamatsu et al.57 pre-

dicted that the sudden change in reaction coordinate from 3Q0

to 1Q1 via a conical intersection is likely to channel consider-

ably more of the excess energy into internal excitation of the

methyl fragment than direct dissociation on the 1Q1 state.

Comparing the measured translational energies with the

maximum theoretically possible for each fragmentation channel,

as indicated by the vertical dashed lines in Fig. 4, indicates that

the majority of the available energy is released into product

translation for both the I and I* channels. This is also true at the

longer photolysis wavelength of 266 nm: the same three peaks

are observed in the total translational energy distribution at this

wavelength, but are shifted to lower translational energy, reflecting

the reduction in the available energy. At both wavelengths, the

measured distributions extend up to and even slightly beyond the

theoretical maxima. The calculatedmaxima do not account for any

internal excitation in the parent molecule, so the fact that the

measured photofragment kinetic energy distributions extend to

slightly higher energies than predictedmost probably indicates the

presence of a small fraction of vibrationally excited CH3I in the

molecular beam, which is not cooled efficiently in the supersonic

expansion.

The A-band photodissociation of CH3I has been studied in

detail by Eppink and Parker,20,30who employed REMPI detection to

ionize either the CH3 or the iodine photofragment state-selectively,

before recording velocity-map images of the relevant fragment. The

results of the present study with regard to energy partitioning

amongst the products are in good agreement with the conclusions

drawn from the earlier study. Eppink and Parker observed that the

product vibrational energy is primarily partitioned into the

umbrella bending mode of CH3, and at the higher photolysis

energies employed in the present work, they also observed a

proportion of CH3 photofragments formed with one quantum of

excitation in the n1 symmetric stretching mode.

The quantum yields for production of I and I* products may

be defined as f(I) = [I]/([I] + [I*]) and f(I*) = [I*]/([I] + [I*]), with

[I] and [I*] the signal contributions from ground-state and

spin–orbit-excited atomic iodine. These were determined from

the data by fitting the measured total translational energy

distribution obtained from the CH3 images to a sum of three

Gaussians in order to determine [I] and [I*]. Our measured

quantum yields are compared with those determined in previous

studies,20,36,40,58–63 summarised in Fig. 5. For photolysis at

240 nm and 266 nm, we find f(I*) = 0.7 and 0.74, respectively.

Direct dissociation of the 3Q0 state to yield spin–orbit-excited

iodine dominates the dynamics, with non-radiative transfer to

the 1Q1 state and/or direct excitation to the 3Q1 state, both of

which correlate with ground-state products, becoming somewhat

more important at shorter wavelengths.

The anisotropy parameter, b, characterising the photofragment

angular distribution, P(y), relative to the photolysis laser polarisa-

tion vector, is shown in Fig. 6 for photolysis at both 240 nm and

266 nm. In polyatomic molecules, the transition dipole for the

excitation step is often neither parallel nor perpendicular to the

breaking bond, leading to non-limiting values of b. However, both
Fig. 5 I* quantum yield following methyl iodide photolysis within the

A-band.20,36,40,58–63

Fig. 6 Anisotropy parameters for (a) CH3 + I*, and (b) CH3 + I dissociation channels following methyl iodide photolysis at 240 nm and 266 nm.
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methyl iodide and ethyl iodide provide simple cases in which

A-band excitation can be decomposed into simple parallel

(b = 2) and perpendicular (b = �1) components.

The dominant parallel transition to the 3Q0 state leads us to

expect b parameters close to 2 for all products, and this is

indeed the case. The b parameters determined from images

acquired with both single-photon ionization of CH3 and I/I*

and with REMPI detection of I and I* are all in good agreement.

For the CH3 + I* channel, which proceeds via direct dissociation

on the 3Q0 potential energy surface, the b parameter is very

close to 2. The b parameter for the CH3 + I channel is slightly

lower, at 1.8 � 0.2 for photolysis at 240 nm and 1.7 � 0.2 for

photolysis at 266 nm. These values reflect the contributions

from parallel excitation to the 3Q0 state followed by non-

radiative transfer to the 1Q1 state, and direct dissociation via

a perpendicular transition to the 1Q1 or
3Q1 states. The relative

contributions of these two states to the absorption cross section

at the two wavelengths of interest (see Fig. 1(a)) indicate that at

240 nm the perpendicular contribution arises primarily from

the 1Q1 state, while at 266 nm both the 1Q1 and 3Q1 states

probably contribute. As shown in Fig. 6, these findings are in

good agreement with an earlier study by Eppink and Parker.20

The value of b can be used to estimate the relative contributions

from the two channels leading to production of ground-state

iodine. We estimate from the perpendicular contribution to b

that direct dissociation on the 1Q1 state makes a relatively small

contribution of B7% at a photolysis wavelength of 240 nm,

with a combined contribution from the 1Q1 and 3Q1 states of

B9% at 266 nm.

4.2.2 C2H5I. Velocity-map images and the corresponding

photofragment kinetic-energy-release distributions recorded

following C2H5I photolysis at 248 nm and 266 nm are shown

in Fig. 7. In contrast to the three-component total translational

energy distributions observed for fragments of CH3I photolysis,

only two broad components are observed following photolysis

of C2H5I. The lower energy peak is assigned to the C2H5 + I*

product channel, and the higher energy peak to the C2H5 + I

channel. As in the case of methyl iodide, the assignment was

confirmed in separate experiments in which the I and I*

fragments were ionized and imaged separately using a REMPI

detection scheme. The data from these experiments are shown

in Fig. 8. Since the REMPI experiments were carried out

primarily for the purpose of assignment, in the plot shown in

Fig. 8 we have simply scaled each signal to the same maximum

intensity, rather than attempting to scale the signals to account

for the different detection efficiencies for the three fragments.

The peaks in the total translational energy distributions for

the products of ethyl iodide photolysis appear at energies

considerably lower than the maximum possible translational

energies for each channel (indicated by vertical dashed lines in

Fig. 7), in contrast to the corresponding distributions for

methyl iodide photolysis products, and are also considerably

broader than in the case of methyl iodide. Both of these

observations imply that considerably more energy is released

into internal degrees of freedom of the molecular (ethyl)

cofragment in the case of ethyl iodide photolysis than is the

case for methyl iodide photolysis. In addition to the data shown

for 248 nm and 266 nm photolysis, images were also recorded

at 236 nm and 257 nm. The most probable fraction fT of

available energy released into product translation at each

wavelength is shown in Table 2. This fraction appears to be

relatively independent of wavelength, with a value of around

0.68 for the channels yielding ground-state iodine, and 0.78 for

the channel yielding spin–orbit excited iodine. Ethyl fragments

formed with a ground state iodine co-product are therefore

born with a significantly greater degree of internal excitation

than those formed with spin–orbit excited iodine. These obser-

vations are in agreement with earlier studies by Tang et al.,41 in

Fig. 7 Photofragment total translational energy distributions following ethyl iodide photolysis at (a) 248 nm and (b) 266 nm. The vertical dashed lines

indicate the maximum translational energy release for the I and I* channels, calculated using the C2H5–I bond dissociation energy of 2.353 eV

determined by Paterson et al.
38
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which the various photoproducts were detected state-selectively,

and with the 266 nm study of Fan and Pratt,5 which employed

VUV ionization for detection of the photofragments. The different

internal energy distributions for ethyl radicals formed with I and

I* co-products are likely to result from the change in reaction

coordinate in the subset of ethyl iodide molecules undergoing

the non-radiative transfer mechanism during dissociation to

yield ground-state iodine. Recall that in methyl iodide the

analogous non-radiative transfer process leads to significant

production of CH3 symmetric-stretch-excited methyl products,

which is clearly assignable as an additional peak in the total

translational energy distributions.

In the earlier work of Tang et al.,41 interpretation of the

experimental data was complicated by the fact that the high

laser intensities required for REMPI detection of the products

yielded a competing channel involving multiphoton dissocia-

tive ionization of C2H5I. The resulting C2H5
+ ions obscured the

low-energy part of the total translational energy distribution for

C2H5 arising from the neutral dissociation process, though the

complementary data for the I and I* products allowed the

competing neutral and ionic fragmentation channels to be

distinguished. In the present study, and in the 266 nm photo-

lysis study of Fan and Pratt,5 the use of single-photon VUV

detection eliminates the multiphoton ionization pathway and

allows the total translational energy distribution for the neutral

dissociation pathway to be measured directly.

Quantum yields for I and I* production were determined in

the same way as for methyl iodide (see Section 4.2.1), and the

results are shown in Fig. 9. In agreement with most previous

studies,19,37–41 the quantum yield of I* decreases steadily with

increasing photolysis energy, from 0.74 at 266 nm, to 0.6 at

257 and 248 nm, to 0.57 at 236 nm. The decrease in I* yield, and

corresponding increase in I yield, may reflect either the increase

in the relative contribution from absorption to the 1Q1 state with

decreasing wavelength, or an increasing probability of non-

radiative transfer from the 3Q0 state to the 1Q1 state. At longer

wavelengths some ground-state atomic iodine is also likely to be

formed via direct dissociation on the 3Q1 state. The quantum

yields for I* measured in the present study are in good agree-

ment with those obtained by Tang et al.47 at 266 nm, but are

somewhat lower in the region from B254–262 nm. However, they

are in agreement with other studies of C2H5I photolysis
19,37–40 at

wavelengths of 240 nm and 266 nm.

The anisotropy parameters, b, for the I and I* channel at

each of the photolysis wavelengths employed for ethyl iodide

are shown in Fig. 10. While the values determined from the

C2H5 images, the I/I* images recorded using single-photon

ionization, and the I and I* images recorded using REMPI

detection all agree within experimental error, the I/I* images

Fig. 8 (a) REMPI spectrum for atomic iodine around 266 nm. I and I* resonances at 37 524 cm�1 and 37 505 cm�1, respectively, are indicated, along with

the corresponding one-colour images for the I and I* fragments from ethyl iodide photolysis. The polarization of the laser was vertical in-the-plane of the

image. (b) The total translational energy distributions of I (green) and I* (purple) obtained from the corresponding images (left). The ET distribution

obtained from the image of C2H5, detected by means of single-photon non-resonant ionization, is shown as the black dashed line.

Table 2 Most probable fraction fT of the total available energy released

into product translation for the I and I* dissociation channels of ethyl

iodide at various photolysis wavelengths within the A-band

l/nm

fT

I channel I* channel

This
work

Tang
(2007)

Fan
(2005)

This
work

Tang
(2007)

Fan
(2005)

236 0.68 0.77
245 0.72
248 0.68 0.79
251.5 0.73
257 0.71 0.79
258.4 0.62 0.72
266 0.65 0.65 B0.65 0.78 0.74 B0.74
277.4 0.74
277.9 0.63
282.4 78.9

Fig. 9 I* quantum yield following ethyl iodide photolysis within the

A-band.
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recorded using single-photon ionization systematically return

lower b parameters than the others. This may indicate a small

amount of signal saturation in the I/I* images as a result of the

high detection efficiency at 118 nm.

As in the case of methyl iodide, the b parameter for the I*

channel is somewhat higher than that for the channel forming

ground state iodine, for similar reasons, i.e. at the wavelengths

studied, the dissociation is dominated by excitation via a

parallel transition to a state that can either dissociate directly

to give C2H5 + I* products or undergo non-radiative transfer to a

state yielding C2H5 + I. At short wavelengths there is also a

small contribution to the latter channel from direct dissocia-

tion following a perpendicular transition to the higher-lying 1Q1

state, lowering b somewhat. For example, at 236 nm, the

shortest wavelength studied, b for the I* channel is reduced

to around 1.80. Non-radiative transfer from the latter state to

the C2H5 + I* asymptote in the exit channel is also possible.

5 Conclusions

In summary, we have carried out a comprehensive investigation

into the photodissociation dynamics of methyl iodide and ethyl

iodide at a range of wavelengths within their respective A-band

absorptions. with non-resonant single-photon ionization at

118 nm allowing detection and velocity-map imaging of all

photofragments. The velocity-map images yield photofragment

total translational energy distributions, angular distributions,

and branching ratios into the I and I* product channels in good

agreement with data from previous studies employing state-

resolved detection via REMPI where available.

The measured distributions are readily rationalised in terms

of three competing dissociation mechanisms, with the relative

contributions from each mechanism varying as a function of

photolysis wavelength. Within the wavelength region studied,

the dominant excitation for both methyl iodide and ethyl iodide is

via a parallel transition to the 3Q0 state. This state can either

dissociate directly to give an alkyl fragment partnered by a spin–

orbit excited iodine atom, or undergo non-radiative transfer to the
1Q1 state to yield an alkyl fragment with ground-state iodine. The

latter dissociation channel imparts a higher degree of internal

excitation to the alkyl fragment. In the case of methyl iodide

this leads to a clearly defined peak in the photofragment

translational energy distribution corresponding to CH3 radicals

formed with one quantum in the n1 symmetric stretch excitation,

with the widths of the various peaks in the distribution also

implying some excitation of the umbrella bending mode. In the

case of ethyl iodide the internal excitation of the C2H5 products

manifests itself in translational energy distributions peaking

well below the maximum ET values allowed by energy conserva-

tion. In addition, there are minor fragmentation pathways

involving excitation via a perpendicular transition to either the
1Q1 state or the 3Q1 state, on the short-wavelength and long-

wavelength sides of the A band, respectively, followed by direct

dissociation on these states. Both states dissociate to give a

methyl or ethyl fragment partnered by ground-state atomic

iodine. The contributions from these states are revealed in the

excitation wavelength dependence of both the I/I* quantum

yields and the anisotropy parameter, b, of the I atom products.

The lower photon fluxes required for single-photon ionization

reduce experimental complications and artefacts arising from

multiphoton ionization and fragmentation processes occurring

in competition with the process of interest. When used in combi-

nation with conventional detection via REMPI, the universal and

state-selective detection approaches can provide complementary

information which, taken together, yields detailed insight into the

dissociation dynamics. As a caveat, one does need to be aware

when employing universal detection via VUV ionization that

‘accidental’ resonances can sometimes distort the relative inten-

sities of signals from fragments formed in different quantum

states. In the present study, this was shown clearly when compar-

ing contributions to the signals from I and I* fragments. Of course,

a further advantage of employing universal detection is that such

resonance effects often become apparent when comparing signals

from different co-fragments, allowing any ambiguities to be

resolved. For example, while the I/I* images noted above could

not be used to determine branching ratios into the I and I*

product channels, these branching ratios could easily be deter-

mined from the images of the methyl or ethyl co-fragment, subject

to the assumption that all populated vibrational states of CH3/

C2H5 products have very similar ionization cross-sections at

118 nm. The present work reinforces earlier conclusions5–13

Fig. 10 Anisotropy parameters for (a) C2H5 + I*, and (b) C2H5 + I dissociation channels following ethyl iodide photolysis at wavelengths in the UV. Note

the expanded vertical scale.
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regarding the effectiveness of ‘universal’ detection via single-

photon ionization for photofragment imaging studies in which

all the products of interest are amenable to ionization at the

available VUV wavelength.

In the images presented in Fig. 4, 7, and 8, each fragment

was imaged separately using a conventional CCD camera, but

in the future we intend to harness the full power of multi-mass

imaging by coupling the VUV detection scheme with the

PImMS (pixel imaging mass spectrometry) multimass imaging

detector14–16 in order to obtain images for every fragment on

each time-of-flight cycle.
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