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Coulombic and pre-Coulombic geometry evolution of carbonyl sulfide in an intense femtosecond
laser pulse, determined by momentum imaging
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The Coulomb explosion of OCS in laser pulses of 55 fs and peak intensitkaf0® W cm™? has been
investigated using an ion-momentum imaging technique to determine the shape of the exploding molecule. The
results, which are interpreted using a generalized, classical, enhanced ionization model show a range of
geometries consistent with earlier measurements og €Xhibiting an enhancement of the bond angle, but no
appreciable straightening. Consideration of the pre-Coulombic motion improves the agreement of our results
with the enhanced ionization model, whilst revealing the presence of increased molecular bending.
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I. INTRODUCTION and, in doing so, corrects for the enhanced signal near zero
momentum. The details of this technique have been de-

Recent momentum imaging experiments with femtosecscribed previously1] and so will not be repeated here. The
ond laser pulsefL,2] have shown that, during Coulomb ex- advantage of this approach is the directness with which mo-
plosion, linear triatomic molecules display geometric modi-'€cular geometry can be inferred; a set of experimental mo-
fication outside the range allowed by the zero-point motio entum maps can be compared directly with maps derived

of the neutral molecule. First, the bond lengths observed argo. the simulation of molecular Coulomb explosion. The
) ’ 9 Slternative approach is to compare the experimental momen-

around double that of the neutral molecule, indicating thay,, maps with those generated by first simulating the Cou-
enhanced ionization has taken place during molecular dissgomp explosion of a molecule, and then allowing the molecu-
ciation[3,4]. Second, a mixture of straightened and bent gefar fragments to propagate through a simulation of the
ometries have been observed. spectrometer{6,7]. Ultimately, this alternative technique,

It would be desirable to be able to read a set of momenwhich will be referred to as the uncorrected method, should
tum maps as a direct molecular image. In order to do this foyield the same geometry information as the corrected
a triatomic molecule, the pattern of momentum displayed bymethod. A possible disadvantage of the corrected method is
the central ion is crucial. Conservation of momentum re-that the magnitude of the correction applied may affect the

stricts the amount of kinetic energy central ions can receivénolecular geometry observed. .
during Coulomb explosion. Indeed, in the ideal case of a In its ground vibrational state, neutral carbon dioxide has

straight, symmetric molecule dissociating via a symmetricaf. equilibrium angle of 175° and zero probability of 180°
gnt, sy 9 y due to a degeneracy of the normal modes of vibrgi®nl(]

dissociation channel the energy, and thus momentum, of ¢ are always present as zero-point motion. Recent experi-
central atomic ion will be zero. A strong signal at zero mo-mental work has provided contradictory evidence of defor-
mentum on the central-ion map would indicate a bond-anglenation in an intense laser field: Using a corrected

distribution peaked at 180°. Such an interpretation ignoresnomentum-imaging techniqugl], Bryan et al. have ob-
the effect of detector acceptance angle, which causes lovgerved a broadening of the bond-angle distribution to 150°
momentum ions produced by a molecule with a small bendvith no enhancement in the distribution near 180°. Con-
(170° for instanceto be detected when their initial trajec- versely, the use of an uncorrected momentum-imaging tech-
tory is not towards the detector. As the detector only meanique[2] has given rise to the observation that the peak in
sures the component of momentum parallel to the time-ofthe bond angle distribution lies at 180° with the range of
flight (TOF) axis, this gives rise to an experimentally bond-angles reaching 150°. In a previous studyOHvas
enhanced signal at zero momentum. In order to counter thishown to straighten during laser-induced dissociation and
the corrected momentum-imaging technique was developeGoulomb explosion[5] using the corrected momentum-
[5], which removes the effect of the finite collection angle mapping technique. This was recently confirniéfby mea-
surements made using the uncorrected method. This agree-
ment is a good indication that the magnitude of correction
*Electronic address: j3sander@scimail.uwaterloo.ca used was appropriate. Nevertheless, in the case of linear tri-
"Electronic address: w.r.newell@ucl.ac.uk atomic molecules, it would be advantageous to examine a
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FIG. 2. OCS experimental momentum maps corrected for detec-
FIG. 1. Uncorrected momentum maps showiiay C** from  tor collection efficiency(a) C3*, (b) C2*, (c) O®*, and (d) S**.
CO,, (b) N** from N,0, and(c) C** from OCS. Laser polarization Laser polarization axis vertical in page.
axis vertical in page.
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) . ) ] correction necessary is much smaller than for the middle ion
system that requires less extensive correction to its momenRyom either CQ or N,O.

tum maps. This would allow us to reliably examine the issue
of straightening. To do this we must examine the geometry of
a molecule that does not possess the center-of-mass inversion
of CO,. In consequence, the middle-ion fragment will be  The experimental system and laser used were similar to
ejected with increased momentum, reducing the relative sigthat described earlief1], and so will only be described
nificance of the correction applied to the momentum mapspriefly. Pulses of 950uJ with a wavelength of 790 nm and
Possible asymmetric molecular subjects that satisfy this repulse length of 55 fs were used from the 10 Hz ASTRA
quirement are PO and OCS, of which OCS is the more Ti:sapphire laser at the Rutherford Appleton laboratory. The
asymmetric. Figure 1 shows a comparison of the uncorrecteighcident laser beam enters the vacuum system, which has a
momentum maps for € from CO, [1], N** ions from  base pressure of I8 Torr, through a fused silica window
N,O, and the &* from OCS. As discussed above, th*C  and is reflection focused using df6 spherical mirror into
signal from CQ is centered at zero momentum and has ahe interaction region giving a near-diffraction-limited spot
“bowtie” geometry which suggests that, even before the datasize, calculated to be 12m. The intensity was calculated

is corrected, the molecule possesses on average a slightiom the spot size and the pulse energy to peak at 2
bent geometry. The N momentum map consists of compo- x 10 Wem 2. The laser focus was situated in a central
nents from the end and middle ions and illustrates how thelane equidistant from two parallel grids separated by 20
molecular alignment and geometry is reflected strikingly inmm, which formed the source region of a Wiley-McLaren-
the fragment ion momentum. The end ions acquire most ofype TOF mass spectrometftl]. A 3-mm aperture was
the energy released in the Coulomb explosion and their moplaced in front of the microchannel plates to improve angular
mentum is projected in the direction of the laser polarizationresolution[5]. During the experiment the target gas pressure
Conversely, the middle ion acquires only a small momentuntose to 107 Torr. The signal from the channel plates was
but moves perpendicularly to the laser polarization due to théed directly into a Tektronix TDS 744A digital oscilloscope
molecular bend. The fact that there is signal both above anghterfaced to a personal computer. The laser pulses were
below the central momentum island ion simply implies thatmonitored as previouskyl] in order to minimize the effect of
there is no preferential alignment between NNO and ONNenergy fluctuations. The polarization was rotated in 2° steps
The momentum map of the middle N ion is similar in shapewith a time-of-flight spectrum recorded at each step. Only
to the C ion from CQ and has a bowtie appearance, again100 laser pulses were needed to build up each spectrum, so a
suggesting a slightly bent geometry. Th&*don from OCS  two-dimensional matrix of TOF spectra from 0° to 360°,
possesses a quite different momentum map, unique in theubsequently used to construct the ion-momentum maps,
triatomic molecules examined so far by momentum imagingcould be built up in approximately 30 min.

(CO, [1], H,O [5,6], and SQ [7]) in which four distinct

lobes are visible with maximum signal at around 150 IIl. RESULTS AND ANALYSIS

(10> amums ). This pattern is to be expected as OCS is

asymmetrical and so conservation of momentum, even for a Figure 2 shows corrected momentum maps for the frag-
perfectly straight molecule, would result in a nonzero mo-ment ions from an ensemble of channels, of which(8)8,4
mentum for the middle ion. The relatively high momentumchannel of OCS is a strong component. The notation
of the central fragment ion from OCS means that it is an(Q;,Q,,Q3) represents the fragmentation channel, i.e.,
excellent candidate for closer inspection, as the amount ofO°:",C%* SRs*). As expected the O and S ions, ejected

Il. EXPERIMENTAL CONFIGURATION
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FIG. 3. G* ion momentum map from the Coulomb explosion Bond Angle (degrees)
of OCS. Simulated map shown in lower right quadrant. Experimen- 10
tal results taken under a 600 V crhextraction field. {
. 0.8 1 C-S
= 1
from the end of the molecule, possess the largest momenta 5 06 '
and have trajectories along the polarization direction. The .'-g 0.4 :
corrected " ion map now has a more distinct four-lobe a I
structure that can be modeled in conjunction with the O and b 0.2 '
S ions to find likely molecular geometries. This procedure, (0) 02 ; T s e o s o
described in detail recentlyl], consists of first determining 10

the dominant dissociation channels from a covariance map

]
experiment{12] and subsequently using Monte Carlo tech- ., 08 i o-C
nigues to generate momentum maps from model Coulomb Z osf
explosion geometry and alignment distributions. The best ‘é’ 04 i
distributions are then derived by a least-squares comparison A
with the experimental data. A comparison between one quad- 0.2 i
rant of the generated momentum map and three quadrants of () ol
the experimental map for®C from OCS is shown in Fig. 3. 2 8 4 5 6 7 8 9
The simulation was derived from a combination of channels; Internuclear Separation (a.u.)

(2,3,3, (2,3,9, (3,3,3, and(3,3,4. The agreement between ) o
the simulated and experimental data is reasonable consider- FIG- 4. (@ Simulated OCS bond-angle distributiddashed
ing the simplicity of the triangular distributions employed for line). The so_hd line r_epresents ground-state zero-point dlstrlbuyon.
the bond lengths, bend angles, and alignment functions a‘lg1e dotted line provides an upper bound on the presence of linear
shown in Figs (k;’l) A(b), and 4’0) The presence of extra, geometries. Corresponding simulated bond-length distributions for
signal in the experimental momentum maps about the 0° an S anq o-C branqhes .Of OCS are s.howr(bh. and (c), respec-
180° i h d to simulation is likelv t ively, with dashed lines indicating equilibrium internuclear separa-
positions when compared to simulation is likely +o re-ion,
sult from the time-of-flight degeneracy of thétOand G
ions. As with CQ, the peak in the bond-length distribution
indicates bonds that have been stretched to approximate
double their equilibrium distanceRgc 2.19 a.u. andRcg

f r the observations made for OCS we have performed single
lectron, over-the-barrier ionization calculations using a two-

2.95 a.u. This stretch is typical of a molecule of intermedi- dimensional interaction potential calculated using a generali-

ate mass and is consistent with the rather well-establishe tion of the method used by Posthunetisl. [14], in which

picture of critical distances and their importance through enf'® PotentialV at a pointr is derived using

hanced ionization that gives rise to a snapshot of molecular

geometry during dissociation[13]. The bond-angle- 3 Q

distribution peaks at around 170° compared to the ground- V(r)=— ( > r—R~) —e-r, 3.1
state distribution that peaks at 175°, with the tail of the dis- =t '

tribution stretching to 155°. The dashed line in Fida)4

represents the maximum extent to which molecules with avhere Q; is the charge state of the nucleusjs the laser
linear geometry can be included in the distribution before alectric field, andR; is the nuclear separation from the elec-
significant increase in the value of the least-squares fit isrostatic origin. Due to the geometric asymmetry of OCS this
found; representing a measure of the sensitivity of fit. Theneed not correspond to the location of the central atom as
above result is consistent with our previous finding in,CO with CO,. In this calculation the nuclear charges have not
[1] where straightening was not observed. In order to accourtieen averaged, as with earlier calculatiphd 4|, as the in-
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FIG. 6. Isopotential contour map of 0QS8,3,4 with a 140°
bond angle at critical internuclear separatidd=5.6 a.u.) in an
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—_— s intense laser field I&3.9x10* Wcm 2) with the O-S bond

Infernuclear Separation R (a.u1) Internuclear Separation R (a.u) aligned parallel to the laser polarization akigrtical in page The
electron is shown to be localized in the oxygen well with ionization
FIG. 5. Potential energy diagrams for OCE3,4 showing(a@  resulting from the induced Stark shiftotted line.

nonlocalized field ionization at the average molecular ionization
potential (dashed ling at R=3.70 a.u.,(b) ionization at critical  tered in which the molecule will preferentially ionize
internuclear separation &=5.85 a.u.,(c) electron localization in through localization in the C wefFig. 5d)], giving rise to a
the oxygen well. The induced Stark shiftotted line$ is sufficient revival of enhanced ionization at |arga: This revival is
for ionization atR=6.00 a.u., andd) ionization from the central  similar in appearance to that predicted for the ionization rate
carbon well aiR=7.00 a.u. of Hg™ [15], which results from the variation of ionization
athway with internuclear separation using a tunneling ap-
roach. However, the present phenomenon is qualitatively
ifferent as it results purely from the assumption of electron

Energy (aV)

dividual nuclei may have quite different charges in the cas
of OCS. The nonlocalized electron energy level is calculate

from localization.
3 3 By generalizing the calculations to two dimensions we
E=— E{E |+ E & J (3.2 can model the effect of the molecular bend on ionization
3|1&| " i=TA Ryl ' [16]. Figure 6 shows the ionization of OCS with a bond

angle of 140° into thé€3,3,4 channel and illustrates how the
wherel; is the ionization potential of the individual nucleus electron escapes parallel to the laser polarization, but not
andR;; is the internuclear separation. The effects of electroralong the bond axis. Before we can calculate the dependence
localization are substantially more complicated than in theof ionization threshold on bond angle, it is important to take
diatomic case, where the energy level of the electron can bi@to account the effects of orientation of OCS within the
dc Stark shifted either up or down depending on which podaser electric field, as the field direction changes in every
tential well it occupies. In the case of a triatomic moleculecycle. Figure 7 shows the appearance intensity versus inter-
there are three wells in which the electron may be localizednuclear separation for th&,3,4 channel for both linear and
in addition, the possibility of localization in a combination of bent (90°) geometries. In each case the curves are derived
middle and end well also exists. The shift in energy is simplyfrom the average of O-C-S and S-C-O orientations in the
given by the addition of the laser-field ener@ssuming a dc field. The linear configuration shows the effect of the second
approximation at the center of the well in which the electron enhanced ionization position at around 7 a.u., the importance
is localized, or the average of both wells when the electron i®f which is less than that of the first minimum, which is
spread between them. The chance of ionization from locallower and therefore defines the critical distance at around 5.5
ization in any well is further complicated by the possibility a.u. The ratio of the critical distance to the average equilib-
of unequal stretching of the O-C and C-S bonds, and so forium bond lengthR./R.,=2.0 agrees reasonably well with
simplicity these are only permitted to expand at an equaéxperimental results that givie./R.=1.9. Interestingly, this
rate. Electron localization conditions are illustrated in Fig. 5calculation is closer to the experimental result than the cal-
for the case of the laser electric field acting in the OCSculation of Hishikawaet al. for CO, of R,/R.=3.5. The
direction (left to right in page. At small bond lengths, ion- reason for the improved agreement in the present case seems
ization is achieved only at high intensity and without elec-to be the difference in th& values of the molecular constitu-
tron localization, as shown in Fig(&. As the bond length ent atoms. The model only takes into account the change in
increases the electron ionizes from a localized position in thattractiveness of the potential wells for the ionic charge state,
O well, as shown in Fig. ®), at the critical distance. With and takes no account of differeAtfor each ion. However,
further increase in bond length the electron continues to béhe corresponding ionization potentials are dependent on the
localized in the O wel[Fig. 5c)] until a region is encoun- atom and are therefoi2 specific, consequently the model is
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(3,3,4 channel with linear geometrsolid line) and a 90° bond . . .
. N FIG. 8. Classical pulse trajectories for the O-C bragdbtted
angle(dashed ling In both cases the O-S bond is aligned along thel'ne) and C-S brancr(pdashed jlin}s showing the evolution of the

laser polarization axis, with calculations averaged over both paralle CS molecular ion throughout the laser pulse. The trajectory is

and antiparallel orientations. o . ;
p initiated by instantaneous removal of a nonlocalized electron, form-

. h | bl ing the channel 0CY0.20,0.17,0.63). Subsequent dynamics result
good for highZ where the many electrons are treatable StaTrom modeling of the three-body Coulombic interaction during the

tistically, but for light molecules the ionization potentials are evolving pulse. Trajectories intersect th@,3,4 appearance-
shifted to higher values due to the lack of electron screeningmensity curve at Bc=4.9 a.u. and Rs=5.9 a.u.

The effect of the molecular geometry can be seen by com-

paring the appearance-intensity variation for the bent andbwer intensity than is necessary for field ionization. The
straight molecules, the difference in the values at the criticathreshold for the simulation was therefore set to
distance is only a factor of 1.2, thus there is no great effect o£0'> W cm™2. Even at this low threshold, the trajectory still
geometry on appearance intensity. The overall conclusiofifosses thé3,3,4 curve on the rising edge of the laser pulse
that may be drawn from our calculations is that there is ndor @ peak intensity of 1§ Wem 2. Final fragment ener-
strong correlation between bond angle and ionization rate fogi€S have been found to be strongly dependent only on the
moderate bending (180°—120°). The significance of this ii;nalqomzaﬂon—thresholq curve crossed, and therefore are
that it means the measured geometry distributions are repr&ar9ely independent of initial conditions, as it must be pos-

; ible to reach the final observed ionization channel, in this
sentative of the full range of molecular shapes that occugase(3'3,4), from a range of initial geometries. This is how

during dissociation of the variously charged molecules. Thi%he mechanism of enhanced ionization itself chooses the

IS Important as it allows 'maging Of thg m_olecular geome.trytemporal and spatial boundaries that give rise to a particular
without bias due to a variation of ionization threshold with charge state

molecular geometry. This relative independence of ionization The jnitial geometry for enhanced ionization calculations
threshold with moderate bond angles has also been predictggh s chosen from within the range specified by the zero-point
for H3*" under a parallel polarized field using a fully motion shown in Fig. @), whereas the initial charge distri-
quantum-mechanical approafh7]. bution was chosen to model the “pre-Coulombic” explosion
The purpose of developing these threshold curves is teynamics of OCS in a manner similar to that adopted by
model quantitatively the changing molecular geometryHsieh and Elandi19]. The charge on the molecular ion was
throughout the laser-pulse. In order to do this, we first havelistributed unevenly, as if to form a chann&,Q,,Q3)
to decide on the starting conditions and subsequently allowhereQ; are fractions representing the degree of charge lo-
the molecule to evolve freely within the laser pulse envelopecalization on each atom such tia@; = 1. The charged frag-
In the case of a diatomic moleculé] this is fairly straight- ments are then allowed to repel each other Coulombically.
forward as only the initial dissociative conditions need to beThe geometry evolution was calculated within the changing
decided upon along with the threshold intensity for the prodaser-pulse envelope and the charge state is subject to the
cess. In the case of a triatomic molecule the additional conionization thresholds derived in Fig. 8. Evolution of the mo-
straint of initial molecular geometry is also present. In thislecular geometry occurs under the fractional charge state un-
instance the model starts from the singly charged moleculatil the bond trajectories intersect tti¢,1,1) channel ioniza-
ion OCS" with the the threshold intensity for primary ion- tion threshold curve, after which the molecular ion evolves
ization calculated classically from the known molecular ion-with integer charges up to th@,3,4 channel in this case.
ization potential[18]; however, this gives an intensity too For ease of calculation we have omitted the bond-angle de-
high for the (1,1,1) channel to occur. This is because the pendence on ionization as we have shown it to be of second-
molecule may ionize through multiphoton processes at muchry importance.
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2 8 4 5 6 7 8 ° of an initially static Coulomb explosion geometry, as employed by
Internuclear Separation (a.u.) the Monte Carlo simulation.

FIG. 9. Bond-length distributions for C-$) and O-C (b)

branches, determined by Monte Carlo simulatisalid triangulay Coulombic and Monte Carlo results. As can be seen, the

overlaid with limits determined from pulse-trajectory calculations range of bond lengths are shifted baes denoted by hori-

(dashed lines The dotted lines represent the equivalent limits un-Zontal arrows in Fig. Pinto agreement with the original

der a static geometric approximation. Arrows indicate the positiononte Carlo _distributions, in particular the range of O-C
of equilibrium bond lengths. bond lengths is now very close to the peak predicted by the

Monte Carlo simulation. This procedure indicates that the

Figure 8 shows the bond trajectoriBgc andRcs for a  bond-length information obtained via Monte Carlo simula-
molecule with an initial bond angle of 175°. In effect the tion is distorted towards shorter bond lengths as no account
bond trajectories are the 55-fs laser-pulse intensity profilegs taken of the pre-Coulombic energy.
with the time ordinate transposed to internuclear separation, In order to derive bond-angle information from the trajec-
where the time transformation is derived from the Coulombtory calculations complimenting the bond-length information
repulsion dynamics. By varying the pulse envelope withindiscussed above, we start by taking a snapshot of the mo-
the parameters of our experimental pulse, we were able tkecular ion at the critical distance. To do this we begin with
find the range of peak intensities that result in t8e3,4  an ensemble of molecules with instantaneous geometries cor-
channel, and hence the rangeRyf for this ionization chan- responding to different positions on the zero-point bond-
nel. This range can be compared directly to Bistribu-  angle distribution. These are then allowed to expand and
tions obtained from the Monte Carlo simulation as shown inbend, ionizing as before when the trajectories cross the
Fig. 9. The ranges are narrower than those obtained bthreshold curves. We can then map a distribution of bond
Monte Carlo simulation and are also shifted to larger bondangles at the critical internuclear separation from these
lengths, particularly for the O-C bond, however, the agreeevolved zero-point geometries. This is shown in Fig. 10 by
ment is acceptable. the dot-dashed curve. Here we have chosen the initial charge

Now that we have the ability to calculate the trajectory of distribution OCS (0.20,0.17,0.63) that gives a best fit to the
the fragment ions from pre-Coulombic, through the Coulom-Monte Carlo bond-angle distribution. This charge distribu-
bic interaction and on to infinity, the best measure of the fittion was chosen purely on quality of fit, however, it does
of the trajectory calculation to our experiment is thehave the virtue that the sulfur atom is the most positively
asymptotic energy of the fragment ions. However, since theharged fragment, in agreement with most observed final
final quantities produced by the Monte Carlo simulation areionization channels. Once again this is only a first step, the
bond-length and bond-angle distributions, it is convenient tdragment ions generated from this pre-Coulombic model
use the static Coulomb explosion model to derive equivaleninust now be taken out to infinity, where the asymptotic en-
bond lengths and bond angles from the asymptotic energieargy can be determined, and used in the static Coulomb ex-
obtained from the trajectory calculations. In this way weplosion model to determine the final molecular geometry.
treat the trajectory results in the same way as the experimerf-he results of this process are also presented in Fig. 10 as the
tal data. The range of bond lengths derived in this way arelashed curve. Compared to the simple pre-Coulombic model
also shown in Fig. 9dotted line$ alongside the simple pre- (dot-dashed curye the range of bond-angle geometries is
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seen to narrow considerably. Although the peaks of the twaccount for the difference between the observed and simu-
distributions agree to within 2°, the low-angle tail of the lated bond-angle distribution. One candidate for such an ini-
equivalent static pre-Coulombic distribution straightens bytial process in OCS has recently been considg2églinvolv-
over 15° compared to the simple pre-Coulombic modeling rapid bending of the OCS molecule on the&E1 and 1A
(162° rather than 147°). From this it is clear that the staticstates. This process results in a bond angle of around 135° in
model underestimates the amount of molecular bend presejust 25 fs due to CO-S dissociation in which the CO-S bond
at the extreme of the distribution. Since the bond-angle dislength stretches by approximately 1 a.u. The molecule would
tribution derived by the Monte Carlo simulation also utilizes need to undergo this single dissociative process for only a
this static approach, it must also underestimate the extent ééw femtoseconds to have the bond angle, but not bond
bond-angle deformation that occurs prior to final Coulomblength, significantly modified from the equilibrium ground-
explosion. The Monte Carlo distribution already stretches tcstate value. Although excitation with near-IR radiation would
155°, and it would most likely have to stretch another 15° torequire at least four photons, it does not require the imple-
approximately 140° in order to reflect the true extent of thementation of any LDPES, and so could take place at low
molecular bending. intensity, which is essential in order to occur within the neu-
The simple pre-Coulombic model is at the limit of what tral molecule.
may be considered a reasonable charge distribution, so mak-
ing the initial charge distribution more asymmetric is not an IV. CONCLUSION
option. In order to explain the more bent geometries i )
(155°—140°) it is tempting to invoke the effect of light- We have beep aple to image the OCS molecule during
dressed potential energy surfade®PES. This has previ- Coulomb explosmn in an mtlense femtosecond Ias_er pulse
ously been suggested as a possible reason for the straightéild: s previously observed in ¢Qve have seen evidence
ing observed in KO, where the LDPES results from the for molecullar_bendmg out3|d§ th_e zero-point range QUrlng
one-photon coupling between the bent ground skiB gnhanced ionization. By considering the pre-Coulombic mo-
) ] i ~ 1 tion of the OCS molecule we have been able to better test
and the straight first excited StahéA, of H,O[2]. For NG, this enhanced ionization model. The bond lengths derived
[6], one-photon coupling between a low-lying excited state,sjng this model have been shown to be in better agreement
and the ground state has been suggested to account for thh experimental results when the pre-Coulombic motion is
observed straightening. Both these processes are feasiblgnsidered. Simulation of trajectories using a simple double
however, such a process occurring in the neutral moleculgjssociative process has shown that a broadening of the
seems unlikely, as deformation would have to occur exground-state bond-angle distribution will occur, but that this
tremely quickly on the very leading edge of the pulse prior toprgadening is insufficient to account for all experimentally
primary ionization. _ . observed geometries. We therefore suggest the presence of
The molecular geometries considered so far have all beegither LDPES or an initial single-bonCO-S bending dis-

bound, however, it is also important to consider the deformaggciation, followed by double dissociation and subsequent
tive effects of dissociative states. As we have shown in ouggylomb explosion.

simulation of a double dissociative process, this can lead to a
significant increase in the bond angle at the critical internu-
clear separation. It may be that a combination of initial
shape-changing transitions, either stable or dissociating, fol- This work was supported by the Engineering and Physical
lowed by ionization and concerted double dissociation carsciences Research Council.
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