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The methy iodide A-bard photodissociatio proces CHgl+hv— CHy(v,N,K)+1(?P5),

I* (2P, has been studied in acold molecula beam Full three-dimensiorastate-speciéi spee and
angula distributiors of the nasceh fragmens were recordel using (2+1) resonance-enhanced
multi-photan ionization (REMPI) and velocity imaging a new variart of ion imaging By
combinirg the I* quantum yield and anisotroly parametes for both | and I* channelsthe relative
absorptim strengh to the contributirg electronc states (3Q,, %Q, and 'Q,) as well as the
probability for curve crossimg (3Q,— Q) are determine for excitatio wavelengtis acros the full

A bard (240-334 nm). Parallé excitation to the 3Q, stak turns out to dominae the A bard even
more than previousy thought © 199 American Institute of Physics [S0021-960€98)00836-9

I. INTRODUCTION

The A-bard photodissociatin of CHgl in the ultraviolet
region of the spectrun (220—-350 nm) is an importart bench-
maik for the understandig of polyatomc molecuk photo-
dissociatio for experimenthas well as theoretich reasons.
Studies of methyt iodide photodissociatio hawe led to im-
portart generd insights into, e.g, the mechanism of frag-
mert internd energy disposal curve crossing ard angular
momentun correlation mechanismsThe bass of knowledge
on CHsl has developd steadiy over the pag three decades
into atremendos body of literature as recenty reviewel by
Kinsey and co-worker$ ard others?3

Still, a hiatus has remainel in the experimenthcharac-
terizatian of the absorptim profile of the A bard of CHjl.
The absorptim spectrun is composd of three broad opti-
cally allowed transitiors to dissociatie stateswhich lead to
fragmentatia into CH; ard I(?P5,,) or 1* (2Py,,). A decom-
position analyss by Gedanke ard Rowe? basel on amag-
netic chromatc dichroian (MCD) measurementas served
as the main guidelire for the mary supeb theoretica efforts
for more than two decadesbut up to now no systematic
alternative decompositia using othe experimentamethods
has been reported Becaus the systan is very well suited for
a photofragmenstudy using more recen techniquesthe ve-
locity imaging methal in this case an alternative decompo-
sition has becone feasibke by studyirg fragmen distribu-
tions, which we presen in this paper In comparisa with
previots investigationsthis is astudy acros the full A band
using one apparatustherely circumventirg difficulties in
making comparisos betwea different experimenth tech-
niques at different excitation wavelengthsBesides the com-
position of the A band the velocity imaging measurements
reved mary othe aspect of the photodissociatio process.
Thes aspectsespecialf the vibrationd energy disposain
the methy radical are discussd in aseparat article®

Since the introductian of ion imaging abou ten years
ago® the application of imaging techniqus in molecula re-
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action dynamic studies has evolved enormously as recently
reviewal in Refs 7 ard 8. lon imaging and especiay its

lateg versian velocity imaging® has proven to be quite suit-

able for detection of the full angle-velocy distributiors of

photofragmentd ard for measuremest of fragment
alignment!*!? furthermore the methal can be usa in

crossd bean studied® ard combinel with reactan stae se-
lection and orientation** Conventiona ion imaging tech-
niques make use of grid electrods to extra¢ and accelerate
the ions toward the detector In velocity imaging the extract-
ing electrcc field is built up with an electrostatt lens that

projecs the ion distribution onto the detecto in velocity

space Betta image quality results thus more accura¢ angu-
lar and speel information both of which are vital for this

study.

II. DECOMPOSITION METHOD

In this secti;m we shov how a combination of experi-
mentad observable can reved the natue of the initial photon
absorptiom step ard the subsequendissociatiom processes.
As shown schematicalt in Fig. 1, the A bard absorptio of
CHjsl involves three optically allowed transitiors from the
X(*A;) grourd state two wes perpendiculatransitiors to
the 2E (°Q,) ard 3E (*Q,) states tha correlae to the
I(?P3,) (=1) channé and a strorg paralléd transitian to the
2A; (3Q,) stakthat correlats adiabaticaly to the I* (°P,,)
(=1*) channel wheee (3Q,) is the Mulliken notation!® and
(A,,E) the appropria¢ C5, notation® In accod with the
literature the Mulliken notatian will be used for the upper
states in this article The spin-orbt splitting'” betwea | and
I* is0.943 eV and aC—l bord energy (D) of 2.39+0.03 eV
has been determined in translational spectroscopy
measurement$:1°

The photodissociatio of methy iodide is direct? (the
dissociatio time 74ss~0.066 ps is mudch smalle than the
paren rotation time 7.~ 1 ps) and is usualy assumd to be
an “axial recoil” case for which the C5;, symmety is main-
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FIG. 1. Schemat view of potentid enery surface involved in CHsl A-
bard photodissociationDeconvolute absorptiom curves from Gedanken
and Rowe (Ref. 4) are shown schematically Note that ~17% of the total
absorptim is assignd in Ref. 4 to the 'Q, state which peals at the high
energy erd of the spectrum.

tained during the dissociatiom process Recen theoretical
studieg indicate however a slight HyC—l bendirg during
dissociatio (<5°), which breals down the C3, symmetry,
and allows curve-crossig (3Q,— 1Q;) involving anonadia-
batic transitian at the conicd intersectim to take place via
coupling of the radid derivative terms in the Hamiltonian®!
The 3Q, and'Q, curves hawe acrossimg point (conicd in-
tersection well outsice the Frank—Conda region?? For
both dissociatio limits the correspondig methy fragment
can be producel in numerows rovibrationd states Because
the methy group geomety changes from pyramida in CHsl
to plana in free CHz, the umbrellb moce of CHj; isthe most
extensivey excited vibration on C—l bord breaking The ab-
sorptian proces ard subsequendissociatio dynamics are
assumd here to be independentand possibe coherene ef-
fects due to simultaneos excitatian of two electront states
are not considered.

Following photoabsorptionthe nascehfragmens recoil
with atotd kinetic enery T, Which is determine by en-
ergy conservation:

Tiot=hv—Do—Ejn(l) — Eini(CHg) (1)

with E;,; the fragmert internd energy Since the methyt rovi-
brationa stae distributiors are narrowe than the splitting of
the iodine spin-orbt states the kinetic energy distribution
can be convenieny divided into two channet (I ard 1*).
Momentun conservatio leadcs to a division of this kinetic
enery releag (KER) amorg the fragmens in a fixed ratio
determiné by their masses:

oo Mo | 15 23
| (mCH3+mI) tot 142 tot s
m, 127
Ten,= (Mot M) Tor= 75 Trot (2b)

Absorptian leads to productian of an initial population Nj ,
of moleculesin the I* channel The population change due to
curve crossimg can be describd by:
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N*=(1—P,JN}, (3a)
N=Ngy+P.Nj , (3b)

where N and N* are the fina populatiors in the | and I*
channel respectively and P.. the probabiliy for curve
crossing By normalizirg the totd populati;n (N+N* =N,
+N§=1) the quantum yields are found, i.e, ®*=N*/
(N+N*)=N* after completio of the dissociatiomn process
ard ®§ =Ng/(No+Ng)=N§ just after the absorptio step.
Using linearly polarized light the angula distribution of
photofragmergis describé by the differentid cross section

o

40 = 2= [1+BG cogo-H), @

where 6 is the fragment ejection angle relative to the laser
polarization axis, o the integral cross section, afithe an-
isotropy parameter —1<pB<2. For pure parallel transitions
the transitin dipole momert lies paralld to the C—I bond,
which leads to I(#)xcog 6, i.e., B=2. Similarly, B=—1 is
found for pure perpendicula transitiors [i.e., 1( ) xsir? 4]
and B=0 for isotropic distributions. We assume that the ef-
fects of the predicted slight C—I bendirg motion during dis-
sociatian on the resultirg angula distribution (8 parameter

is negligible especialf sinee the bendirg occus at an in-
creasd C— distance.

The transfe of population (3Q,— Q) taking place out-
side the Fran&k—Condm region is also assumd nat to affect
the anisotropy in the I* channel For the | channel two con-
tributions play arole in determiningg, direct(perpendicular
absorptim and curve crossing which may be written

B=ap+bp, =ap* +b(—1), 5
which, by taking a+b=1, leads to
_(1+p)
CT A (63
_(B*-B)
b= a5 (6b)

Here it is assumd tha the dired contributian in the | chan-
nd has apure perpendiculacharacte (8, = — 1), while the
nonadiabati contributin  (originating from 3Q,—'Q,
crossing retairs the sane anisotroy as the fragmens that
appea in the I* channé (8,= 8* ~2).

By making use of the fact tha a denote the fraction in
the | channé tha originates from the curve-crossingone
finds N* =[N —aN] and N=[Ny+aN] which, using Eq.
(33 or Eq. (3b), leads to:

aN a(l-o%*)
B fraction of population tha curve crossed
fraction of population initially in Qg

The fraction of the totd population that was initially in the
3Q, stak (after opticd excitation is found from

dF=d* +a(l—d*). )
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FIG. 2. Velocity imaging experimenthsetup PV=pulsal valve SK=1 mm

skimmer R, E, G=repeller extractor ard grourd electrode 36 cm TOF

tube from lase focus to detector dud MCP detecto with PS=phosphor
screen CCD camea connectd to the PC. The dissociatiom (DIS) and de-
tection (DET) lases are focuseal nea the molecula bean with 20 cm lenses.
Essentibdistancs are drawn to scale.

Thus by combinirg the experimenthquantum yield ®* with
anisotroy parameters3 and g* the absorption strength to
the 3Q, stake relative the to that of the perpendicula states
'Q, and3Q; is reveale for eat dissociatim wavelength.
Since the two perpendicula states are expecté to be well
separategthe contribution due to the®Q; stakis extractel at
low excitatin energis and the 1Q; at high energies.

IIl. EXPERIMENT
A. Molecula r beam apparatus

The velocity imaging methal applied in this study has
been describel previousy in detaif ard is basel upm the
application of a three-pla¢ electrostati immersio lens in-
steal of grid electrods for the extraction of the ions. This
techniqe provides superio resolutim comparée to more
commony usel grid assembliesBriefly, as depictal in Fig.
2, asolenod valve (Genera Valve) equippe with a0.8 mm
nozzk produce a ~150 us pulsed molecular beam of GH
seedd in He at 14 bar stagnatio pressuresThe mixture is
prepare by feedirg the carrig gas through liquid CHzl in a
stainles steé bubbler held at 0 °C to obtan a CHsl vapor
pressue of ~128 Torr ard to suppres |, contamination.
About 40 mm downstrean the bean passs a 1mm diameter
skimme which separatethe soure and detection chambers;
abou 100 mm downstrean from the nozzk the bean passes
throuch a 1mm hole in arepelle electroa plate and propa-
gates further along the axis of the 36 cm long time-of-flight
(TOF) tube The three electrods of the ion lens are 0.2 mm
thin stainles steé flat plates of 70 mm diameter The extrac-
tor and grourd electrods hawe 20 mm diamete apertures
which are well matchel for lensirg with the presem TOF
length.

Two counterpropagatitnlases are used one for disso-
ciation of the CHzl betwea 240 ard 333 nm (<1 mJ/pulse
and the othe for detectim (<0.1 mJ/pulse of one of the
fragments i.e, CHs(v,J,K), 1(?P3y), or 1*(?Py,). The
mog complee studies were carried out using a 10 bar H,
Raman cell to produe Stokes and anti-Stoke shifted com-
ponens for the dissociatio step Pumpirg with the fourth
harmonc of a Nd:YAG lase (Spectra-PhysicDCR-2A) at
266 nm, the 220 240, 266, or 300 nm Raman components
(AE=41% cm™ 1) were selectd with aPellin—Broca prism.
Othe dissociatim wavelengtls were producel using the out-
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put of a YAG-pumpel dye lase (Spectra-Physee GCR-11
ard PDL-1) which was frequeng doublel in a KDP crystal.

Upon photodissociationthe fragmens sprea out radi-
ally at a spea which is determiné by conservatia of en-
ergy and momentum The methyt fragmens$ are probel by
(2+1) resonance-enhangenulti-phota ionization (REMPI)
through the 3p, Rydbeg state?® using the 09 bard for prob-
ing CHy(v=0) arourd 333.4 nmand the 11, 21, 23, and 23
bands for probing vibrationally excited fragments Data are
mainly recorde on the collapsel Q branches for which
minima sensitiviy to fragmen alignmen is to be
expected? For iodine atons the REMP lines* are much
narrowe than the Dopple profile, requiring the wavelength
to be scannd bad ard forth acros the transitian during data
acquisition to ensue a homogeneos! detection efficiency.
For the methy radicab detectd via the broad Q branch all
velocity groups are detecte at equd sensitivity, mainly the
pe& of the brant was usal since no variatiors in the im-
ages are found acros the Q branch.

The lases are focusal perpendiculato the TOF axis
midway betweea the repelle and extracto electrode Both
lases generaly hawe their electric field polarization direc-
tions lying paralld to the detecto face The lases are fo-
cuseal by lenses with focd lengtrs which are chose care-
fully in ead ca in orde to ensue homogeneasidetection
efficiencies at prope overlg of the foci. A smal time delay
betwea the two lase pulses is usualy chosa& (5-30 ns),
ard checkel for detectim homogeneity The lase flux is
attenuatd with filters to avoid spae charg problens where
necessaryThe formed ions are accelerate by the extractor
electr field into the TOF tube therely flattenirg the spheri-
cd ion distribution alorg the TOF axis ard decreasig the
spreal in time-of-flight to At/t<1%. At the erd of the TOF
tube the ions impinge onto a 40 mm diamete imaging de-
tector, which consiss of a dud microchannkplate (MCP)/
P-20 phospho combinatian (Galileg, FM-3040. Mass selec-
tivity is obtaina by applying atimed voltage pulse with a
HV switch on the front MCP, thus gating the gain to select
ions with a particula time-of-flight The 2D images on the
phospho scre@ are recordel using a Peltier-coold CCD
camean (LaVision, 384x286 pixels equippel with a f
=25 mm objective (Schneiderard stored in a486FC where
further data analyss can be performed Due to the ion lens
functionality, thes images represeha projectian of the ion
distribution in velocity space blurring of the image caused
by the spatia extensim of the ionization volume (i.e., over-
lap volume betweea ionization lase focus ard molecular
bean) is thus avoided By choosimg the polarization of the
dissociatim lase (i.e., axis of cylindricd symmetry parallel
to the imaging plane the full 3D velocity distributiors can be
reconstructe from the images by mears of an inverse Abel
transform’

Problens due to cluste formation are avoided by firing
the lases in the early pat of the molecula bean pulse CH,
ard | signak due to clustes hawe alow kinetic enery re-
lea® ard shawv up as “blobs’’ in the middle of the image At
dissociatim wavelengtls arourd 220 nm the only significant
CH; or I* signak are due to clusters ard not, within our
sensitiviy range due to monome dissociation As deter-
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mined from O, photodissociatio studies’!? the velocity
resolution (i.e., the apparats function) is limited by the spa-
tial resolution obtainabé with the MCP-C(D detectiam sys-
tem single ion evens showv up as 0.15 mm diamete spos on
the phospho screenwhile the CCD cameais usually se at
~0.10 mm per pixel. Typically this resuls in a 30 meV
resolution at 1 eV kinetic enery release.

B. lon lens performance

The application of open electroa configuratiors in ion
ard electran imaging applicatiors has been described
previously? The lagt lens electrog is held at grourd ard the
repelle ard extracto voltages (Vg,Vg) are optimized for
image size and sharpnessDue to the lens functionality, a
100% ion transmissia is reachd without distortiors com-
mon in conventionhion imaging using grid electrods (tra-
jectory deflectiors and blurring effects, leadirg to images
tha represeha 2D velocity map (i.e., a flat projectin in
velocity space of the 3D ion distribution with a high spatial
resolution of the image As the ratio Vg /VR is s& ard fixed
for optimd velocity mappirg (Vg/Vg=0.71 for our 36 cm
TOF tubeg), images in ary size desiral can be obtainal for
ary ion mas (or electron$ by changirg the repelle voltage.
The radiss R in the 3D fragmen distribution behave as R
=Nuvt, with v the fragmer recoi speedt the time-of-flight,
ard N a uniform and constah magnificatimmn factar (N
=1.29 for a 36 cm TOF length. The value of N is easily
experimentalf confirmed by processge with known kinetic
enery releag (“external” calibration) or by comparing
known dissociatim channet at differert radii (“internal”
calibration. This proportionaliyy of radius with speel indi-
cates the sare close relation betwea image ard fragment
velocity distribution It is found that the t follows astandard
TOF dependene with repelle voltage Vg and fragment
mas m ard chare q, i.e., te[(m/(qVRg)], which simplifies
the ion mas identification This also leads to the mas inde-
pendeh relation:

RxN[T/(qVg)]*? 9

whetre T is the kinetic energy of the fragment This enabls a
dired comparisa of images extractel from different masses;
particles having kinetic energy of 1 eV appea always at the
sane radiws in the image independenof the mas of the
particle As shown before [Egs (2a) and (2b)] the totd ki-
netic enery releag (KER) is divided betwee the iodine and
methyt fragmen in a 15:127 ratio. Therefoe the image size
for a given KER will differ by a facta of R(I)/R(CHj)
=[T(1)/T(CH3)1¥?=(15/127)}2=0.34.

C. Determinatio n of quantu m yield and anisotropy

As pointed out before the main observabls in this ex-
perimen (to deconvolug the A band are the I* quantum
yield, ®*, ard anisotroy parameterg and g8* for the | and
I* channel The radid information of an image yields the
spea distribution from which the kinetic enery release
(KER) distribution is extracted In the stak selective
CHs;(v = 0) images two rings appearthe slow channé (inner
ring) correspondig to I* production and the fagt to | (outer
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FIG. 3. Dissociatio lase wavelengh dependeneof: (a) experimenthan-
isotropy parameterg3 and 8*; (b) experimental quantum yield* (v=0)
from CH; images ard overal quantum yield ®* from iodine REMPI detec-
tion; (c) ®§ , correspondig to the amoun of parallé absorptim from Eq.
(8), ard (d) the curve crossimg probability P, from Eq. (7).

ring). The two rings do nat overlap which allows an accu-
rate determinatio of the 1* quantum yield ®* (v=0) for
CHz(v=0) (Q brandt detection. In an analogos way the
KER sprea in | and 1* images reflecs the rovibrational
excitation of the correspondig CH; fragments.

As discussd later, the mod reliable values of 8 and g*
for the | ard I* channé are found from the | and I* images,
which can be determind separatgl without complications
due to alignmen effects'® The CH,(v=0) images can also
provide quantitative data when settirg the polarization of the
detectiom lase at the magc angk (54.79) therely eliminating
possibe alignmernt effects but large population differences
betwea the | and I* channed caug a sensitivily problem
mainly for the | channel especialy for dissociatim wave-
lengtts less than ~280 nm. The overal yield ®* (all v) for
severd dissociatim wavelengtl is determine from re-
peate wavelengh scars acros iodine atam (2+1) REMPI
resonancgin the 3035-307 nm region This approab was
more successfucompare to determinatio of the yield from
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FIG. 4. CH;(v=0) raw image (a), ard Abel inverted image (b) at 305 nm

dissociation 333 nm 08 Q brand detection the two peals in the speed
distribution (c) correspod to | and 1* formation for which the correspond-
ing angula distributiors are plotted in (d).

methy images due to the difficulty in detectirg CH; in all

possibé vibrationd states usig REMP ard uncertainties
abou the vibrationd distributions Still, thes data provide a

valuabk comparisa with previows work and are also pre-

sented.

IV. RESULTS

Figure 3 shows the main experimenth resuls of this
study. Anisotropy parameters,8* (v=0), are determined
from methyt (v=0) images and total 8, 8%, and®* values
are determiné from | and 1* images for \yss= 240, 266,
275 300, 305 310 320 ard 333 nm. Figure 3(a) shows the
anisotroly parametes from the | and I* images and Fig. 3(b)
shows the ®*(v=0) values from CH;(v=0) images
(squae symbols ard the totd ®* values from iodine mea-
suremer (triangles. The dat points are averagd ove a
large numbe (>10) of images which defire the erra bars.

A. Anisotrop y parameters
1. Methyl (v =0) measurements

For the I* channel which is dominar for wavelengths
shorte than ~290 nm (the mog intens patt of the absorp-
tion spectrum, v =0 is the mog populatel vibrationd state
of the methy radical Most of the qualitative trends of the
photodissociatio proces are evidert from the methyt (v
=0) dat in Fig. 3(b), but quantitative analyss requires a
numbe of difficult correctin factors as discussd later. In
Fig. 4(a) the velocity image of CH;(v=0), detectd at
333.46 nm (Q bandheay] is shown for 305 nm dissociation.
Next to the raw datg the Abel inverted (reconstructedimage
is also shown [Fig. 4(b)] from which the sped distribution
and angula distributiors are extract@ [Fig. 4(c),(d)]. The
speel distribution for CH;(v=0) shows the two channels
correspondig to | and I*. The sharpnesof the two peals is
reducel by the rotationd envelopé>2® (~114 cm™?) of the
probel (v=0) rotationd distribution (which is assumd to
be probel for all rotationa states in the Q branch ard also
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by the apparats function Furthe broadeningespecialy vis-
ible in the horizontd axis of the images shown is nat an
artifact, it is attributed to dissociatia of initially excited vi-
brationa modes of CH4l, which reman populatel since the
paren bean is weakly coold to avoid cluste formation A
more detailed analyss of the CH; KER profiles will be pre-
sentel in aseparat article®

By integratirg over ead ped in the KER spectrumthe
®* (v=0) quantun yield is found for CHs in its vibrational
grourd state Fig. 3(b). From the angula distributiors of the
| and I* channel values of the anisotroy parameters3 and
B* are determind using a least-squarefit routine to Egs.
(4). As is sem from thes images the anisotroy in the I*
channé displays nearly pure paralld characte (8~2) while
the | channé has significanty more perpendiculacharacter.
Still, the | channé is predominate} parallé (8>0), which
implies tha mog of the | signd originated from 3Q,—'Q;
curve crossing.

2. lodine measurements

Becaus iodine images are taken selectivey for | and 1*
fragments they display a single channe (i.e., | or I*) that
correspond to all correlatel methyt fragments Thes im-
ages are especial suited for extraction of anisotroyy param-
etersg and 8%, Fig. 3a), since the angular distributions are
not affectal by fragmen alignmen and the detecto gain can
be separatgl optimized when ther are large differences in
the I/I* yield. In addition the iodine sped distribution is
determine at a high enoudn velocity resolution to yield
valuabk information abou the methyt internd energ distri-
bution In general the B8 values presented in Fig(& agree
well with previows | atan REMPI measurement$owis and
Black 2’ for example reportel values of B(1)=1.75+0.03,
and 8(1*)=1.95+0.03 for dissociation at 278 nm, while Loo
et al.?® find values of B(1*)=1.8+0.1 andB(1)=1.7=0.1 at
266 nm.

As expectedthe I* channéshows paralld characte (8*
almog 2) acros the full A band while the | channédisplays
mixed characte leadirg to lower values of 8 at longer wave-
lengths Two curves (solid and dotted drawn throuch the
dat points of Fig. 3(a) will be usal to characterizeB(\).

Clearly, 8 becomes smaller above 300 nm, indicative of a

large perpendiculacontributian in the | channéin the long
red tail of the A band.

B. I* quantu m yield

At this point the questio arises as to what is the most
reliable experimenthapproab for a clea determinatio of
the overal I* quantum yield, thus irrespectie of the internal
stake of the correspondig methy fragment Obviously, the
mog dired methal is by ionization without stae selectivity,
as achieval ideally in electron-impat time-of-flight mass
spectromely (TOFMS).*® Using (2+1) REMP (as in our
experimentthe methyt images show directly the I/1* branch-
ing, but only for the vibrationd stae probed or, the iodine
images (eithe probing | or I*) shav the signd intensiy for
all correspondig methyt fragments where the sensitiviy is
determine mainly by the two-phota absorptia strengh in-

Copyright ©2001. All Rights Reserved.



J. Chem. Phys., Vol. 109, No. 12, 22 September 1998 A. T. J. B. Eppink and D. H. Parker 4763
TABLE I. Methyl umbrellh moce vibrationd distributiors at various dissociatiom wavelengths.
Bent Classical
IR (Ref. 29) TOFMS (Ref. 30) REMP (Ref. 26) This study 5D (Ref 31) pseud (Ref. 32 trajectoy (Ref. 33)
Channel 248 nm 248 nm 266 nm 266 nm 248 nm 248 nm 248 nm
I* v=0 0.66 0.65 0.36 0.76 0.79 0.52 0.74
v=1 0.26 0.28 0.32 0.15 0.20 0.38 0.19
v=2 0.08 0.06 0.32 0.004 0.01 0.09 0.06
v=3 0.004 0.01 0.003 0.01 0.01
lv=0 0.24 0.27 0.13 0.14
v=1 0.34 0.56 0.35 0.32
v=2 0.23 0.16 0.32 0.37
v=3 0.13 0.01 0.14 0.11
v=4 0.04 0.05 0.04
v=>5 0.02 0.01 0.02

&There is also a CH;l hat bard contributian of 0.085.

volved in the REMP process|n both approachs the total
yield has to be determineé indirectly, eithe from a combi-
nation of images or from signd intensities which are cor-
rectal for transitin strengths.

1. Extraction from methyl images

By detectiy the methyt fragmen using REMPI the I/1*
ratio and thus the I* yield could possiby be determine for
ead vibrationd stat populatel ard then averagd over the
full vibrationa distribution to obtan the overal 1* quantum
yield. Unfortunately the I/1* ratio for eaty umbrell mode
(v,) excited stak is not quantitatie sine it depends
strongl on the exad REMPI detection wavelengthas found
before by Loo et al.?® An unambiguos determinatia of the
exat positin of the 2], 23, ard 23 Q brand is also
difficult.?® At the bard maxima the yield ®* (v,) was found
in this study to be 0.94 0.83 ard 0.51 for v,=0, 1, ard 2 at
266 nm dissociationthes values follow the sarne trerd seen
by Loo et al.?° (0.92 0.77, 0.47 as well as Chandle et al.®
®*(v=0)=0.89, P*(v,=1)=0.73. In recent IR
emissio® and REMP! studies at 266 or 248 nm dissociation
wavelengthsthe v, umbrell mocde distribution is found to
be noninverte in the I* channé and inverted in the | chan-
nel, peakirg at v,= 2 at 266 nm dissociation The findings
are in agreemenwith our results which show a distinctly
lower ®* when detectiy CH; in highe umbrelb mode
statesIn principle the overal yield can be found from these
values by taking the weightel summatim ZN;®* (v,=i)
but this requires accurag values of the umbrella moce vibra-
tiond distribution N; (which varies widely in the literature,
see Table |) ard als requires accurag values of the partial
yields ®* (v,). Moreover the summatim does nat extend
over the totd numbe of states that are presumaby produced
ard the values of the yield obtainel in this manne are highly
disputable as discussd in Ref. 26.

®* yields determind by summirg partid ®* (v) yields
can also be compare with our data shown in Fig. 4(b). Loo
et al.?® estimatel ®*=0.73 at 266 nm, base upan ®* (v
=0)=0.92 &*(v,=1)=0.77, and ®*(v,=2)=0.47, as-
sumirg a 1.1:11 populatio for »,=0, 1, ard 2. For com-
parison Chandle et al.?® reportel at 266 nm ®*(v=0)
=0.89 ard ®*(v,=1)=0.73. The higha value [®* (v

=0)=0.92] isin goad agreemenwith our datg and the sum-
matian (®* =0.73 yields at 266 nm the sane value found
from iodine images (discussd later).

A simplea way to obtan the totd yield from the methyl
images could be basel upan the ®* (v =0) dag only, pro-
vided one knows the fraction of fragmens tha are in v =0
for both the I and I* channel If we denoe the= fractions by
f(v=0) and f* (v=0), respectively (where the totd contri-
bution of it ead channéis normalizel to 1.0), the corrected
branchiry ratio is found from

N*  f(u=0)N*(v=0)
‘N f*(v=0)N(v=0)"

f(v=0)P*(v=0)

T w=0)[1-®*(v=0)]" (10
leadirg to the correctel overal quantum yield
. (N*/N)
~TH (NN A

This approab works provided one knows the fractions
f(v=0) ard f*(v=0) for ead dissociatim wavelength,
thus agan requiring accurag vibrationd distributions In this
respect literature canna provide consisteh values espe-
cially acros the full range of the A band In fact, the most
reliable data® for this calculation presentd in colurm 2 of
Table I. is from a TOF study of the dissociatim of CHyl at
248 nm with electron-impat detection which is unfortu-
natel still unpublished Using the® daia [f(v=0)=0.24,
f*(v=0)=0.65 ®*(248 nm)=0.73], and Eqgs (10), (11), a
value of ®*(v=0)(248 nm)=0.84 is predicted which is
somewha lower but within the errar limits of the value
~0.90 interpolatel from the &* (v =0) [curve in Fig. 3(b)].
None of the othe previows experimenth determinatios of
f,f*(v,) directly resolvel the umbrela moce distributions,
ard mog assumd atoo-low value for Dy. Apart from the
widely fluctuating and often miscalibratedf,f* (v,) results
from the various studies at different wavelengthsno account
has bea taken for othe vibrationd modes in the methyl
radical and as shown later on, especialy the v;=1 vibra-
tion cannda be disregardd at shot dissociatio wavelengths.
Furthermore a sizabk fraction of the methy radicak can
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FIG. 5. lodine (2+1) REMP spectra(a) using asingle laseg at ~304 nm,
and (b) with a 266 nm dissociatim lase added showirg just the double-
resonah signal Signd intensities are correctel for quadratt lase power
dependenceThe lines denotel with an asterig (*) correspod to I* reso-
nancesthe othes to |. See also Table II.

hawe vibrationaly hat methyt iodide as a precursor which

also affecs the relative produd yields To illustrate this, data
from the internd energ analyss of the velocity images are
presentd in colunm 5 of Table I. Thus while the dat from

this study does agree reasonalyl with the mod reliable pre-
vious dat at 266 and 248 nm, we concluce tha determina-
tion of the I* yield from methyt images is too uncertain.

2. Extraction using iodine REMPI signals

The integratel signd intensities of iodine (2+1) REMPI
resonance are preferral for determinirg the overal yield.
Figure 5 shows two |* specta obtainel with a photomulti-
plier which integrate the signd from the phospho screa of
the imaging detector Both traces are correcte for a qua-
dratic powa dependere of the detectim lase intensity,
which varied by <15% acros the full 3035-307 nm range.
Lines with an asteri& (*) denoe I* resonancesThe upper
trace Fig. 5(a), was obtainal with asingle lase (~305 nm)
ard the lower trace Fig. 5(b), includes a266 nm dissociation
lase (showirg just the doubk resonahsigna). As expected,
at 266 nm the I* lines are much highe compare to 305 nm.

Repeatd scars were recorde acros afew close-lyirg |
and I* resonanceof comparale strength by turns with and

TABLE II. (2+1) REMP lines for | ard I* atoms.

Two-photon

lodine state Nget (NM) Intermedia¢ State line strengtR
1(?Pg) 303.68 6p “Pypp 4.37
1* (2P 304.02 6p Dy 0.90
1(?Pg) 304.55 6p “Dy)2 5.18
1(2Pg) 304.67 6p 2Dg), 1.00
1* (2P, 305.57 6p 2Pg), 2.00
1*(2Py) 306.73 6p 2Dy, 1.63

&Calibratel using ®* (266 nm)=0.73 from Refs 34,35.
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TABLE lll. I* quantum yields.

Wavelengh (nm) o* Ref.
222 0.63+0.02 40
248 0.81+0.03 41

0.73 30
0.71+0.02 42
0.70 43
0.73 44
0.58 39
0.81 45
0.89/0.67 32
266 0.73+0.04 35
0.76 34
0.77 39
0.89/0.79 32
0.68 38
F.ch 0.83/0.87/0.7% 32
0.91 46
304 0.43 38
0.20" 36
333 0.10 47

Ancludes'Q, absorption.

bCalculatel for Frank—Condm overlg with the full PE curve.
‘Includes!Q, absorptim basel on MCD analysis

dCorrectel value see text.

without dissociation lase at 240, 266, and 300 nm ard with
carefd pressue scannig of an etalm in the dye lase oscil-
lator (~0.06 cm™! bandwidth. In this way the detectim la-
sa intensityy could be kept sufficiently constam (which was
checkel with the single lase intensitie3 and pure double
resonah signak could be extracted In Table Il the two-
photm line strengtls haw been calibratel by setting
®*=0.73 at 266 nm, base upan time-of-flight mas spec-
tromete TOFMS* ard IR® results [Note tha quantum
yields from TOFMS are much more reliable than &,d* (v,)
values] Using thes line strengthsthe experimenthvalues
for ®* in Fig. 3(b) hawe bee found For comparisa with
®* yield resuls obtainel previously a summay is given in
Table Il1.

®* yields were extractel from REMPI measuremestin
a similar study at ~304 nm by Kang et al.>® Thes authors
determind ®* using REMP! of ioding in combinatim with
a pulsed-fietl time-of-flight detectim methal with a dis-
criminating pinhole in front of the detector They used the I*
ard | REMP! resonanceat 304.® and 304.6/ nm, respec-
tively, and determiné a line strengh ratio of 1*:I of 0.80
+0.05 as calibratel using an |, photolyss proces which
yields equa amouns of | ard I*. Our value of 0.90 is quite
nea theirs (see Table Ill). They also repot an I* yield of
0.3 at 304 nm, but their formula for the efficiengy of the
discrimination pinhole did not take into accoun the angular
distributions using an improved descriptior?’ ther quantum
yield becoms 0.20 arourd 304 nm, which coincides with
our value Hertz ard Syagé® estimae of 0.43 at the same
wavelength employirg a pinhole-fiet deflection method.

At shorte wavelengts goad agreemenis found with
previous studies Van Veen et al.* reportel * =0.71+0.02
at 248 nm; Riley and Wilson®* found ®*=0.76 at 266 nm.
Recently ®* values at 333 nm*” ard 222 nm™® hawe been
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FIG. 6. v, activity at 240 nm dissociation (a) Raw | image showirg two
rings for ;=1 (inner ring) ard v =0 (oute ring); (b) Rav CH; image at
1} Q brand detectim and 266 nm dissociation and (c) at 240 nm disso-
ciation (d) CH; spe@ distributiors at 240 nm dissociatim on top of the
11 Q brand [solid curve 0 and 1} contributions correspondig to the
image in pané (c)] and scannd away from 1} Q brand (dotted curve only
the 03 contribution.

reportal from iodine yields experiments The later study
could be influencel by cluste formation however which we
observe a 220 nm dissociation the CH; appeard here
only as alow KER “blob’’ centeré in the image Another
CH, study at 229 nm* did not repot quantum yields, but did

find a high value of g* in agreement with our data at 240

nm.
On the theoretich side Hammerit et al.3! ard Guo®

studial the wavelengh dependeng of the ®* yield. Ham-
merich et al. found ayield which is constah over the short
wavelengthswith a broadbad value of 0.917 (0.916 at the
absorptiom maximun), which drops from 0.92 at 280 nm to

0.67 at 307 nm, and decreasig even faster down to 0.05 at
321 nm. Guo predictal quite an analogos behavio when
just consideriny absorptim to the 3Q, state by including
'Q;: %Qy=0.170.81 absorptim (basel upan the MCD

analysi$, Guo finds the yield to increag from ~0.4 at 220
nm to ~0.87 at 300 nm. This behavia is in clea contrast
with our data Despit the fact tha the calculatel yield is too
high at shorte wavelengthsand the predictal drop to lower
values is somewhasharpe than experimentthe genera be-
haviar isin agreemenwith the modek tha do not include a
1Q, contributian to the initial photoabsorption.

C. v, activity

The excitatian of the symmetrc stretd vibration (v,) of
the methyt radicd fragmen (vibrationd energy® around
3004 cm ™) following CHsl photodissociatio has been re-
ported previously'?252649 vibrationd excitatin in this
mode can be characterizd using the highe resolutio in ve-
locity imaging This allows for the first time a quantitative
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measuremenof the v, activity using KER profiles The |
image in Fig. 6(a) at 240 nm dissociatim shows two close-
lying rings, correspondig to CH;(v=0) ard (v,=1). The
I* image dat (not shown here alo exhibit a smalle extra
ring, indicating a much weakeryv,;=1 signd compare to v
=0. Sinee in enery 1v;~4v, (=2908 cm™?), the umbrella
mock vibrationd progressia in the | channé does not seem
to exterd very much beyondv,=4.

Also shown in Fig. 6(b) ard 6(c) are CH; images at the
11 Q brand at 266 and 240 nm dissociation Sine the 17 Q
brand partially overlags the P(4) brand of the stronge 08
band** thee images hawe four possiby contributirg chan-
nels i.e, | and I* channed with the methyt in v =0 and v,
=1. The three strorg channes in Fig. 6(c) at 240 nm corre-
spord to I* (v4=1), I*(v=0), ard I(v,=1) for increasing
KER, while the weé&k |(v=0) channé can be discernd at
the oute edge At 266 nm [Fig. 6(b)] only two strorg chan-
nels appear correspondig to I* (v=0) and I(v;=1), indi-
cating a highea propensiy for the | channé for the CH,
(v1=1) fragmens at 266 nm. As all channes clearly repre-
ser parallé characterthe initial photoabsorptin processes
are dominatel by the 3Q, state From thes datg the quan-
tum yield ®* (v;=1) is0.36 and <0.2 for 240 and 266 nm,
respectively In total, at 240 nm a 15% v, activity is found,
which indicates this shoul be taken into accoum when con-
siderirg the enery partitioning At 266 nm the total v, ac-
tivity is <5%. This consideraly lower activity is confirmed
by the rotationa bard contous showirg aweake 1% bard at
266 nm dissociation This is in agreemenwith findings of
others Chandle et al.?® reportel I/1* (v;=1)>20 a 266
nm ard early calculatiors of Amamatsi et al.*® also show
a preferene for v, activity in the | channel While no
values hawe been reportal on total v, activity, a value of
E.i,>>0.5% v, was estimaté in Ref. 2.

D. CHsl A band decomposition

Using Egs (7) ard (8), the probability for curve crossing
P.. and ®} , which will be usel to representhe relative
absorptim strength can be found from g, g5 and®*. In Fig.
3(c),(d) the® quantities are shown as afunction of dissocia-
tion wavelengthwhetre the dotted ard dashe curves follow
from alternatiwe interpolatiors betwea the input daa points,
with distinctive similarities betwee the curves in panes (a)
ard (c) on one hard ard (b) ard (d) on the other Pané (c)
contairs no dasheé curve and (d) no dotted curve since these
“cross” dependenciare found to be negligible.

In the shot wavelengh region up to ~280 nm, ®F dis-
plays aconstah behavio close to unity. In othe words the
initial photan absorptio step is dominatel by the parallel
transition to the 3Q,, stak in this wavelengh region Looking
a the curves for P, Fig. 3(d), the probability for curve-
crossimg is abou 0.25 in this region The dashe interpola-
tion would seen intuitively more correct from a Landai—
Zene type of crossimy probability. the further away from the
crossimg point, the faste the crossiry spe@ and the lower the
curve crossimg probability. The ®* data allow for this inter-
pretation within the errar bars but a slightly different behav-
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FIG. 7. Experimenta absorptim spectrun from Ref 4, and the spectral
decompositia into the three contributirg statesthe two perpendiculastates
contribue much less ard are displayel at 50X magpnification.

ior is indicated by the solid line, which passs through the
data points more closely.

Above 280 nm, the curves chang drastically with ®j
droppirg dramaticaly and P rising toward 0.85 Clearly,
an increasirg fraction of the absorptim is cause by the per-
pendicula transitin to the 3Q; state the 'Q, stak absorp-
tion strengh is negligible in this region Meanwhile more
curve-crossig takes place when moving toward the conical
intersection Both trends explain the chang of appearangin
the methy images where the oute ring becoms stronge in
intensily and displays more perpendiculacharacte (ses Fig.
4).

Toward 333 nm the images shov nearl pure | channel

(®*<0.1), but the 8~0 indicates still a large parallel contri-

bution Therefore the initial absorptia still contairs a par-
allel contribution which subsequenyl curve crosss for the
main part The fact tha P, does not shov a maximum and
distind decreas could even indicat tha the conicd inter-
sectio betwea the 3Q, and 'Q, potentia enery surface
(PES lies at a lower energy Recen calculationd shov a
quite paralld behavia of the PES with the 3Q, curve show-
ing a very shallov well, which makes the actua crossing
point had to determire accurately.

Onre could argie for differert explanatios for why the
anisotroly decreaseat longe wavelengthse.g, molecular
rotation competig with slowe dissociation or severe
H,C—l angk bendirg nea the conicd intersectionHowever,
the timescaé for dissociatimn is neve reportel to differ
much acros the A band?® ard is nat vely likely due to the
steepnesof the PES?* Calculatiors shav no indication for
sevee angk bendirg upan curve-crossingHowever despite
the fact theoly has reachéd sud a suprene level, ther are
still strorg and bast discrepancie with experiment most
importantly, the inability to reprodue the experimenthab-
sorptian curve This complicatea the interpretatia of photo-
dissociatim evens on bass of thes calculations.

In orde to construt the decompose absolue absorp-
tion spectrum the experimenthabsorptiam spectrin has to
be combinel with the @ yield for the 3Qy state and with
(1-®}) for the 'Q, and®Q, states In Fig. 7, a decom-
posal spectrin shown is basel upon the Gedanka and
Rowe absorptiom data The 3Q, curve neary coincides with
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the totd absorptim curve The 'Q; and®Q; curves are dis-

played at 50X magnification Although the 1Q; stae contrib-

utes more strongy than the 3Q,, its pe& value is just 1.0%

of the 3Q, peak the majar componentThe 3Q, pe value
is 0.15% indeal very much weake than the *Q, contribu-
tion. Figure 7 shoutl be comparé with the deconvoluted
spectrum of Gedanke and Rowe? shown schematicajl as
an inset in Fig. 1. The preseh deconvolutio suggest that

the MCD dat overestimate the 1Q; componeh by ~20-

fold.

In this analyss the A, poOsitiors (at 240 and 300 nm for
1Q, and®Q, respectively and the FWHM values for each
stae were fixed to the values found by Gedanke and Rowe?
Ead curve was combinel with the appropria¢ ®§ (or 1
—®}) dal and arelative strengh factar to back-calculate
the @3 curve It is found that the suggestet'!Q; half-width
of 5120 cm™? fits well enough but the half-width of the 3Q,
stae had to be enlargel from 2769 to 49% cm ! in orde to
give agod fit. Vibrationally excited CH;l will contribute
mostly in the long wavelengh region of the spectrum how-
ever, which could influene the width factors.

Direct absorptio studies of CHzl in a molecula beam
hawe shown a dependene of the CH;l A-bard absorption
spectrum on the sampe temperaturé’ The blue wing in the
absorptim spectrun is more pronouncd at highe tempera-
tures which has been attributed to dimer formation In how
far the presene of dimers affed the absorptim spectrum
presentd in the MCD analysis or the MCD analyssitself, is
not clear Performirg a similar analyss basel upon the
“dimer-free” red-shiftel absorptio spectrun (peakirg at
2625 nm), pe& values of 1.0% and 0.19% were found for
1Q, and3Q,, respectively using the sane A, ard half-
widths The resulting integratel relative strengtts of the per-
pendicula states (1.1% ard 0.20% for 1Q, and®Q,, respec-
tively), and the quality of the back-calculate fit to ®§ are
not influencel much by shifting the absorptio curves.

V. CONCLUSION

The decompose A-bard absorptio spectrim of methyl
iodide is shown to be significanty differert from tha sug-
gestel by Gedanke ard Rowe in 1975 mos importanty in
the decrease contribution from the 1Q, stae ard the wider
appareh width of the 3Q, state The Gedanke ard Rowe
resuls hawe bee incorporaté in agred numbe of theoret-
ica treatmend of methyt iodide photodissociationand are
still often usel in the curren literature despit the growing
suspiciors over the yeas of the discrepancis which are
brougtt to light in this work. The mog importart resuls of
this study are the wavelengh trends in ®*(\) and P.o()).
®*(\) shoutl be combinal with a quantitative absorption
spectrum which is free from absorptim by clustes or vibra-
tionally excited molecules This will yield the mog reliable
spectra decomposition An accura¢ theoretich model
shout be able to reprodue the measurd P..(\) function,
which shoul also give agoad indication for the position of
the conica intersectim of the 'Q; and3Q, states The de-
composition is bas@ on avery simple assumptia of axial
recol and the separatia of opticd excitation and product
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angle-velociy distributions In a separat study of state-
selectel CH; produd angle-velociy distributiors we find no

strorg evidene to contradic¢ this assumptionVibrationally

excited molecules still presemh in the supersori expansion
are found however to contribuk to the longes wavelength
region of the absorptim spectrun (>300 nm). Becaus the
totd absorptio is quite week in this region the absolute
contributian of vibrationally excited specie to the resuls of

this study is minimal.
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