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Strong recoil-frame orbital alignment is observed in the O('D,) product following
photodissociation of N,O at 193.3 nm. Velocity map imaging allows for
investigation of the angular distribution of this alignment, providing insight into
the dynamics in the frame of the molecule. Analysis of the results using a
rigorous quantum mechanical theory yields alignment anisotropy parameters
having direct physical significance. This alignment is dominated by strong
incoherent parallel and perpendicular contributions. In addition, evidence is
shown of a contribution from a perpendicular coherence. These results provide
detailed insight into the dynamics of the photodissociation process and the nature
of the electronic transitions responsible for the initial excitation.

I Introduction

In a widely cited 1987 review,' J. P. Simons eloquently summarized the conceptual
motivation for studying the correlations among vector quantities in reaction dynamics:
‘... the measurement of correlations involving axial or angular momentum vectors
provides an entry into the anisotropy of molecular interactions, an approach to
understanding the stereospecificity of chemical reactivity, and a means of charting the
collision dynamics in stereoscopic 3-D.” Since the 1980s, experimentalists have been
very successful at probing vector correlations in photodissociation.” Initial studies’
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probed the correlation of the fragments’ recoil velocity vector v with the laser
polarization direction e, ie., the photofragment angular distribution or velocity
anisotropy, characterized by the familiar anisotropy parameter 5. Another important
vector correlation in photochemical studies is that between the e vector and the projection
of the angular momentum J of the photofragments on the space-fixed Z-axis.* These are
characterized by the moments of the magnetic sublevel distribution: the population,
which is independent of the magnetic sublevel m distribution, the orientation, which is
proportional to the dipole moment of the ensemble and implies a nonstatistical m
distribution, or the alignment, which is proportional to the quadrupole moment of the
ensemble and implies a nonstatistical Iml distribution.” These measurements can provide
important information about the dissociation dynamics, the shape of the potential curves,
the symmetries of excited states and the role of nonadiabatic interactions. Another
important aspect of vector correlations in photodissociation studies is the correlation
between the photofragment recoil direction v, and the photofragment angular momentum
J, or the angular distribution of the angular momentum polarization.” This has been
studied in considerable detail for photofragment rotational angular momentum, where the
experiments can sometimes provide insight into the broad features of the dissociation
dynamics and the nature of the transition state.

Owing in part to several experimental innovations, a number of groups recently
have begun investigations of this same v-J correlation for photofragment atomic orbital
polarization, using either the ion imaging technique,” in which these effects can. be
dramatically evident, or Doppler® or ion time-of-flight profiles.” These studies have the
potential to provide insight into the underlying photophysics in the frame of the molecule.
Much of the recent work has relied on an analysis in which coherences, i.e., the off-
diagonal elements of the density matrix, are assumed to vanish and only the diagonal
elements of the density matrix, the magnetic sublevel populations, are inferred.
However, recent work in our laboratory,'® and in the Zare laboratory,'! building on a
theoretical foundation provided by Siebbeles and coworkers'? and Vasyutinskii and
coworkers, * has shown that these coherence effects are by no means negligible, and in
fact may be used to provide new insights into the photodissociation dynamics. We have
applied these methods to the study the photochemistry of Cl, and NO,, and here extend
them to the analysis of the alignment of the O('D,) product of N,O photolysis at 193.3
nm.

Photodissociation of N,O in the deep ultraviolet has been the subject of a number
of studies owing to its importance in the atmosphere and its use as a precursor for o('Dy)
production for reactive scattering experiments. In some of these scattering studies,'* with
state-resolved product detection conducted under bulb rather than crossed-beam
conditions, the overall ‘velocity anisotropy’ or photofragment angular distribution, as
well as the details of the orbital polarization, may be very important for a detailed
understanding and interpretation of the results of the reactive scattering experiments. We
have undertaken the present study of N;O photodissociation in an effort to enrich the
understanding of the fundamental photodissociation dynamics of N,O, and to provide a
firm foundation for the interpretation of the scattering studies relying on N,O to produce
O('D,). This study relies on our recently developed techniques providing a rigorous
connection between ion imaging measurements and alignment anisotropy parameters
having explicit physical significance.



N,O photodissociation has been studied at a number of wavelengths in the
vicinity of 200 nm. The ArF excimer line at 193.3 nm occurs near the onset of UV
absorption in N,O, so several groups have examined its photodissociation dynamics
there. Felder and Huber'® used photofragment translational spectroscopy (PTS) with a
universal detector to record the translational energy distributions [P(E)] and
photofragment angular distributions. They found a P(E) sharply peaked at 26 kcal/mol
and an anisotropy parameter of 0.48. Houston and coworkers recorded Doppler profiles
of the O('D,) from 193 nm photolysis of N,O using 1-photon laser induced fluorescence
(LIF) in the vacuum ultraviolet, with results that agreed quite well with the PTS
measurements. In addition to the excimer-based studies, both of the dominant products,
O(lDz) and N, possess convenient transitions for 2+1 resonant ionization in the vicinity
of 200-205 nm. As a result, a number of ‘1-laser’ experiments (in which the same color
is used to photolyse and probe) have been performed in this wavelength region. Shafer
and coworkers recorded Doppler profiles of the O('D,) in a one-laser experiment at 205
nm. They obtained a limiting value of 2 for the anisotropy parameter, but their results
preceded the PTS measurement, so, unlike Houston and coworkers, they were unable to
use the guidance of the PTS P(E) measurement to disentangle the translational energy
and angular distributions. Hansico and Kummel- studied the detailed N, rotational
populations in 1-laser experiments at 203-207 nm, and found distributions peaking at
J=73, with an inferred translational energy distribution agreeing reasonably well with -
Felder and with Houston. More recently, Suzuki et al. reported a 1-laser imaging study at-
205 nm in which evidence of orbital alignment was presented and a bimodal translational
energy distribution was inferred.”® Finally, Chandler and coworkers have reported both
the alignment of the O(IDZ) at 205 nm' and very detailed measurements of the J-
dependence of the anisotropy in the N, again in 1-laser experiments in the range 200~
205 nm. Despite the abundance of studies in this wavelength region, a consensus on the
detailed dissociation dynamics and alignment has yet to emerge, and no one to date has
considered the role of coherences in the O(!D,) product.

II  Experimental

The molecular beam apparatus, described in detail in a recent publication,” consists of a
skimmed molecular beam crossed by counterpropagating 30 Hz photolysis and probe
lasers on the axis of a velocity map imaging time-of-flight mass spectrometer as shown
schematically in Fig. 1. The molecular beam was produced by expanding pure N,O from
a piezoelectric pulsed valve. The photolysis laser was an ArF excimer, attenuated to 10
mJ/pulse, focused by an f = 30 cm lens into the interaction region. The O('D5) product
was pfobed on a 2+1 REMPI transition?? (1F3 —¢— 1D2 at 203.8 nm, or ’Pl — 1D2 at
205.4 nm) which was scanned over during image acquisition to encompass the full
Doppler spread of the oxygen atom product. Each image is an average of at least 32,000
laser shots. Some contribution from background ions originating from the photolysis
laser alone were subtracted from the data images shown, but note that our analysis
method is self-correcting when isolating the alignment contribution (see below). In
addition, the contribution to the signal from the probe laser alone was subtracted from the
data images. The probe light was-produced by doubling the output of an Nd-YAG
pumped dye laser in f-barium borate (BBO), then mixing the resulting doubled light with
the visible in a second BBO crystal, after adjusting the polarizations using a waveplate.
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The probe light was focused into the interaction region using an f = 30cm
lens. Polarization of the photolysis laser was accomplished using a series of ten quartz
plates fixed at Brewster’s angle, yielding a 90% polarized beam. Rotation of the
polarization of both lasers was accomplished using half-wave plates (Karl Lambrecht).
The resulting O" ions were accelerated under momentum-focusing (‘velocity mapping’)
conditions® toward a 80 mm diameter dual microchannel plate (MCP) coupled to a
phosphor screen and imaged on a fast scan charge-coupled device camera with
integrating video recorder (Data Design AC-101M). Two dissociation geometries were
employed: the photolysis laser polarization was parallel (geometry I) or perpendicular
(geometry II) to the ion time-of-flight ‘axis, and the probe laser polarization was then
fixed either parallel or perpendicular to the photoly51s polarization to probe the atomic
alignment.

III  Results and Analysis

For the O('D,) product, state multipoles up to rank K < 2j = 4 are necessary for a
complete description of the orbital polarization. In this report, however, we confine
ourselves to a detailed analysis of the dominant rank O and 2 contributions. The odd
multipoles may be present but are not probed when only linear polarizations are used. To
further decrease the significance of rank 4 alignment terms, we have chosen to probe the
O('D,) alignment via the 'F3 intermediate state. For this particular probe transition, the
detection efficiency for quadrupole components to the alignment, as expressed in the
linestrength factor ratio P4 / Py can be easily calculated” ** to be —0.1 1, and is the lowest
of all three possible probe transitions. For the P, 1D2 transition at 205.4 nm, P,/ Py
= —1.1. This line is thus particularly sensitive to the rank 4 contribution. Note that for
the third possible probe transition 1D7_ —— lDz at 198.5nm, AJ = AL = 0, and the
evaluation of the linestrength factors becomes more complicated.

Measurement of the total laboratory frame alignment is important to scale the
image data accurately.'® We obtain a value of Iy / Iperp = 0.88 + 0.14, where Iy refers
to parallel polarizations of photolysis and probe lasers and Ipep refers to perpendicular
photolysis and probe laser polarizations. For the O('D,) atom there is no net nuclear or
electron spin, so that there is no corresponding depolarization of the alignment on the
timescale of the probe. Using the expression:'®

L = Loy _ V(])fg_( )
- 20
I, +2I,. 25 P,

with the ratio of linestrength factors P, / Py = 0.68 and V(j) = 5./2/7 , we obtain for the

total alignment (Az) —0.11. This value for (Ax) represents a relatively small laboratory
frame alignment. Nevertheless, the imaging technique allows us to identify a large
recoil-frame alignment, as shown below, despite the fact that the angle-averaged
alignment is small.

The data images are shown in Fig. 2 for the indicated combination of photolysis
and probe polarizations. Subtraction of the two images for different probe polarizations
allows us to isolate the pure alignment signal from the dominant number-density
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contribution.'®® These difference images are shown in the third row of Fig. 2 for each
photolysis polarization geometry. The alignment images were analyzed using two
alternative techniques based upon basis images showing the different contributions to the
alignment angular distributions. These contributions are characterized by four alignment
anisotropy parameters,13 52, 0, Th, and %. The first two describe incoherent parallel and
perpendicular contributions: s, represents the “intrinsic” portion of the incoherent
contribution that vanishes after averaging over all recoil angles, while o, exhibits a
characteristic angular dependence. The remaining parameters characterize the coherent
contributions to the alignment: 77, embodies the coherences among perpendicular
components and J; coherences between perpendicular and parallel contributions.

A first step to analyzing the data involves extracting the recoil speed and energy
distributions [P(v) and P(E)] using the inverse Abel transform. This is applicable to the
geometry in which both lasers are parallel to the detector plane, since cylindrical
symmetry is preserved in that case. In theory, the presence of the alignment can distort
the measured P(E) if there is strong coupling between the angular and translational
energy distributions. That is, if there were both an angular dependence to the recoil
velocity distribution and an angular dependence to the detection efficiency, then the
reconstructed distribution would be in error. However as the net alignment is small,
(since it is dominated by the s, contribution), the use of the inverse Abel transform to
reconstruct the P(E) should not lead to inaccuracies. The resulting P(E) is shown in
Fig. 3, and agrees reasonably well with the results of Huber et al.,”> and Houston and
coworkers.'®

One approach to the analysis of the photofragment orbital alignment involves a fit
of the entire difference image to a linear combination of basis images produced using
expressions reported elsewhere,'® by means of the singular value decomposition (SVD)
technique. In the underlying case of N,O, the velocity distribution is not as sharply
peaked as in our previous study of Cl, photodissociation. This effectively smears out the
difference images, just as the finite experimental resolution does. To account for these
effects in a first order approximation, we have convoluted the basis images with a
Gaussian distribution to match the experimental images. The difference images are then
fitted using the SVD technique, which yields the simulated images, shown along with the
experimental difference images in Fig. 2 (bottom row). The values for the alignment
parameters extracted from the analysis are summarized in Table 1. These show the
predominance of the s, component indicating both incoherent parallel and perpendicular
contributions. However, in addition to the incoherent contribution, a significant value is
obtained for the 77, parameter, indicating a coherent perpendicular contribution to the
alignment angular distribution. >

A second approach involves fitting the angular behavior of the outer ring of the
difference distribution, using basis curves obtained from the same basis images. This
method was employed in the analysis of the NO, results,'® which were complicated by a
bimodal recoil velocity distribution, making the calculation of basis images used in the
SVD approach more difficult. The resulting simulated curves are shown in Fig. 4 along
with the analogous curves derived from the alignment images, and a similar plot in which
the coherent contributions were forced to vanish. The results, shown in Table I, agree
well with the SVD based fit, showing the large negative s, value and a significant value
for 17,. The nonzero 9, parameter is likely not significant, as indicated by the large error
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bar for that parameter and the much smaller error bars for the corresponding value from
‘the SVD approach.

The remaining quantity of interest is the photofragment angular distribution,
characterized by the familiar 8 parameter. For an image without alignment effects, for
instance in the case that P, and P, linestrength factors are zero, the anisotropy parameter
can be found by simply fitting the usual expression I(6) o« 1 + SP,(cos 6) (with P,(cos 6)
the second order Legendre polynomial in cos 8, where 6 is the angle with respect to the
photolysis laser polarization) to the inverse Abel transformed image with both laser
polarization parallel to the detector (My in geometry II). Unfortunately, alignment effects
distort this picture. As was mentioned in passing before,'® it is possible to obtain an
image devoid of alignment effects by adding the three images Mx + My + Mz For
geometry I, My is the same as a 90° rotated My. The summed image is proportional to the
projection onto the detector plane of the zeroth-order state multipole poo, which contains
just the population distribution. However, in geometry I, the projection of pgo is
independent of the in-plane angle, and all of the anisotropy information is contained in
the radial distribution. This method, albeit very elegant, is therefore not a particularly
sensitive measurement for a photodissociation event in which the resulting fragments are
not mono-energetic. In addition, this geometry does not possess an axis of cylindrical
symmetry parallel to the detector plane, so it is not possible to use the inverse Abel
transform to reconstruct the distribution. In geometry II it should be possible to obtain
the alignment-free image that could be reconstructed using the inverse Abel transform.
However, for geometry II, the My image must be obtained by propagating the probe laser
perpendicular to the photolysis laser. This experiment was not performed in the current
study. Nevertheless, for the O('D,) probe, there is an interesting feature that we have
exploited to get an approximation to the population-only distribution. The linestrength
factors for the two lines have not been determined absolutely, but the relative values are
known for the 1F3 —« D, and lPl —¢— 1D2 transitions as mentioned above. These are
Po:Py:Py=1:0.68:0.1 and 1:-0.60: 1.1 for the respective probe lines. As can be
seen in the angular distributions obtained from the reconstructed images in Fig. 5 A and
B, the two lines show contrasting behavior yielding 8 parameters of 0.39 and 0.64,
respectively, owing to opposite contributions (arising from opposite signs of P,) from the
alignment component. By combining these two distributions weighted in such a way as
to obtain the best fit to the dipole distribution, one obtains the curve shown in Fig 5 C,
giving a B parameter of 0.49, in excellent agreement with values reported by Felder et al.
and Houston and coworkers. In Fig. 6, we show the plot of the best-fit § parameter
against the sum of square residuals % for the fit. Although this approach neglects the P,
contribution to the distribution, it is nevertheless likely to be more accurate than fitting
the results for either line uncorrected for alignment. In fact, using either probe line alone
we would have obtained a value of 0.39 (for the 'F3 << 'D; line) or 0.64 (for the
'P; <« 'D, line). We will elaborate on these approaches to obtaining the anisotropy
parameter with more detailed examples in a forthcoming publication.®

IV  Discussion

Vertical electronic excitations in N,O from the equilibrium geometry are both opticélly
forbidden and energetically inaccessible in the vicinity of 200 nm. However, as can be
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seen in the schematic potential curves of Flg 7, based on extensive calculations of
Hopper optical transitions become both allowed and energetically accessible here when
the molecule is bent. This is a well-known aspect of N,O photochemistry: Shafer et al.
argued that the transition at 205.8 nm was five times more likely from the bend-excited
molecule based on the temperature dependence of the absorption cross section. Hansico
and Kummel studied the dependence of the O('D,) yield on nozzle temperature, and
found a strongly increasing product yield that nearly tracked the predicted population of
the bend-excited molecules in the beam. In the linear geometry, there are two singlet
excited surfaces that may play a role in this process, the A('Z") and the B('A). The A
state becomes the 1A” in Cs, with a minimum near 130°. The B state represents a Renner-
Teller pair with the lower component, 24’ in C;, also exhibiting a minimum near 130°
while the second component is the 2A" surface, with a minimum at the linear geometry.
One of the outstanding questions in N,O photochemistry is the relative contributions of
these excited states to this transition. The fact that the anisotropy parameters are positive
has been taken as evidence that the 2A’ transition dominates, and the deviation from the
limiting value of 2, among other things, has sometimes been adduced as evidence that the
1A" state also may play a role. For the 1A" state, the anisotropy parameter would be -1
in the impulsive limit regardless of bending. A distinct advantage of the detailed study of
orbital alignment is that it can be a probe of the excited state symmetries, allowmg us to-
address these questions dlrectly

Suzuki and coworkers’® were the first to report orbital alignment in N,O
photodissociation, in a one-laser imaging study at 205.8 nm. This alignment was inferred
from angular distributions that could not be fitted to the simple dipole distribution I(6) «
1 + BPy(cos 6). They also argued that two distinct components were present in their
distributions, based principally on the fact that the observed angular distributions varied
with recoil speed, and the P(E) could be readily decomposed into two Gaussian
components, one sharply peaked and the other quite broad. They suggested that these
two components could represent either contributions of the two possible (spin-allowed)
electronic transitions-in this region, or nonadiabatic transitions following excitation of the
dominant A’ « A’ transition. The 8 parameters were presented as a function of recoil
energy, and varied from near zero for the slow products, up to nearly 1 at the peak of the
translational energy dlstrlbutlon then became negative for the fastest products. Neyer et
al. recently rcported detailed measurements of the photofragment angular distributions
as a function of recoil speed for dissociation near 203 nm, obtained by imaging many
individual rotational levels of the N, product. This approach will obviously not be
sensitive to the orbital alignment in the oxygen atom; in addition, they chose Q-branch
transitions in N, so that they would not be sensitive to rotational alignment in the
molecule. They found f parameters near 1 for the lower rotational levels, but decreasing
sharply to near zero above J=80. They did not report an average over all the product
rotational levels, so it is difficult to compare directly to the results of Suzuki et al. and to
results at 193 nm. Neyer et al. used a modified impulsive model to argue qualitatively
that the trend in 8 parameters as a function of product rotational level simply reflected
increased bending in the excited state. They also indicate that there is some evidence for
a contribution from the 14" « 1A’ excitation, principally based upon the alignment they
observed in the O (1D2) distributions as discussed below.

A rigorous treatment of the alignment angular distribution yields the alignment
7



anisotropy parameters collected in Table I. These anisotropy parameters are associated
with distinct excitation mechanisms, and provide additional insights into the symmetries
of the excited states, the role of nonadiabatic transitions, and the hitherto unexplored role
of coherences. These anisotropy parameters can be variously expressed to yield the state
multipoles, the charge cloud distribution, or the molecular frame oxygen atom density
matrix. The latter includes explicitly both the magnetic sublevel distribution (represented
by the diagonal elements) and the coherences (embodied in the off-diagonal elements).
We show, by way of illustration, the density matrices we obtain in the molecular frame
for recoil angles of 0°, 45°, and 90°, using the experimental values for the anisotropy and
alignment parameters, and therefore only including the rank K = 0, 2 contributions:

0048 0 0 0 0048
0 028 0 028 O
p% =1 0 0 035 0 0
| 0 028 0 028 O
0048 0 0 O 0048
0.054 -0.0057 0.011 -0.0057 0.054
0.0057 027 00012 027  0.0057
p& =| 0011 -00012 035 -00012 0011
0.0057 027 00012 027  0.0057
0054 -0.0057 0.011 -0.0057 0.054
0067 0 0033 0 0.067
0 027 0 027 O
pX =10033 0 033 0 0033].
0 027 0 027 0
0067 0 0033 0 0067

For comparison, a statistical distribution over the magnetic sublevels would yield:

02 0 0 0 0
0 02 0 0 0
p. =0 0 02 0- 0
0 0 0 02 O
0 0 0 0 02

The non-zero off-diagonal elements point at the coherences that are present in this
system. For comparison with earlier literature, the recoil-angle averaged magnetic
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sublevel distributions are 0.34, 0.54 and 0.12, for the Iml=0, 1, and 2 sublevels,
respectively. This indicates that J is pointing predominantly perpendicular to the recoil
direction; in the vector model,”’ the cone on which J is precessing would make a ~70°
angle with the recoil axis. Our sublevel populations compare to values reported by
Chandler et al.® of 0.37, 0.63, and 0, respectively for the oxygen atom co-fragment to the
N, (J=66) product, and 0.53, 0.12, and 0.35, respectively, for that corresponding to N,
(J=82). They used a treatment that assumes the m-populations are all mdependent and
neglects all coherences.

The alignment distributions are dominated by a strong 52 and somewhat weaker
o, contribution, implying incoherent parallel and perpendicular components to the
excitation. This may well reflect the different components of the 2A’ < 14’ excitation in
the recoil frame. It is important to note that both singlet transitions are strictly forbidden
for the linear molecule. The orientation of the transition moment is thus an important,
nontrivial question, even for the 2A" «— 1A’ excitation. The assumption that the transition
moment is aligned along the N-O bond direction is clearly invalid for this transition.
Qualitative estimates suggest that the transition moment is directed at large angles from
the N-O bond axis for N-N-O angles near linear, and it is only when the molecule is
sharply bent that the transition moment begins to align with the N-O bond. Examination
of the potential curves of Hopper can provide a rough estimate of the degree of bending
necessary to make the transition energetically allowed. For fixed bond distances,
excitation to the 24" surface at 193 nm becomes possible for bond angles 20° or so from
linear as indicated in Fig. 8. This value is likely to be reduced by bond stretching, which
is also expected to play a role. The value of 0.5 for 8 corresponds, in the prompt limit for
a single transition, to recoil at an angle of 45° from the transition moment. Although it is
possible to achieve this angle for the 2A’ « 1A’ transition, by invoking excitation from
near-linear geometries at which the transition moment may be up to 45° from the N-O
bond, there is clear evidence in the coherences that the 1A” < 1A’ also plays a role. The
impact of a contribution from this transition will be to reduce the effective j value.

The large s, value is a manifestation of the predominant incoherent, intrinsic
vector correlation that vanishes after averaging over recoil angles. Comparison of the s,
and o values gives the ratio of the parallel and perpendicular alignment dynamical
functions'®!? £,(0,0) / £(1,1) ~ 2.2, This implies that most of the alignment is produced
via the parallel transition, consistent with the overall positive f§ parameter. We can
transform these results to the molecular frame using Eq. (17) of Ref. 10b. We find the
molecular-frame diagonal alignment parameter ( Ay” ) is always negative, implying that
the corresponding angular momentum vector J, for any recoil direction, is mainly
perpendicular to the recoil axis.

In addition to the dominant incoherent contributions to the orbital alignment, a
perpendicular coherence is clearly observed, implied by the nonzero 7, value. This can
be accounted for in several ways: (a) coherent excitation of the perpendicular components
of the 2A’ « 1A’ transition, (b) coherent excitation of the pure perpendicular 14" « 14’
transition, or (c) through simultaneous, coherent excitation of the perpendicular
component of the 2A” < 1A’ transition and the pure perpendicular 1A” ¢« 1A’ transition.
The destiny of either one of these coherent superpositions depends on the details of the
following dynamics leading to the observed value of the 77, alignment parameter, which
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will require further theoretical study. The 7}, parameter is related to the { A% ) molecular
frame alignment component,'® and ranges from 0 for recoil along the direction of the
transition moment, to = —,/6/10 at 8 =n/2, about 2/5 of its minimum possible value. The
corresponding angular momentum J is again perpendicular to the recoil axis.

Future theoretical studies will be required for a quantitative analysis of the results,
including the detailed implications for the relative contributions of the two electronic

transitions and the role of non-adiabatic transitions in the dissociation process. This work
is underway.

VvV Conclusion

We have observed strong recoil-frame orbital alignment in the O('D,) product following
photodissociation of N,O at 193.3 nm using velocity map imaging. The method allows
for investigation of the angular distribution of this alignment, providing insight into the
dynamics in the frame of the molecule. We have analyzed the results using a rigorous
quantum mechanical theory to obtain alignment anisotropy parameters having direct
physical significance. The results provide detailed insight into the dynamics of the
photodissociation process and the nature of the electronic transitions responsible for the
initial excitation. The alignment is dominated by strong incoherent parallel and
perpendicular contributions which reflect mainly the two components of the 24" « 1A’
transition. In addition, we find evidence of a contribution from a coherence between two
perpendicular transitions. The latter observation may hint at the direct evidence for a
contribution of the 1A” « 1A' transition to N,O photoexcitation in the ultraviolet, subject
to more detailed theoretical scrutiny.

The authors acknowledge Dr. D. W. Chandler for providing preprints of their N,O work,
and Dr. A. S. Bracker for helpful discussions. This work was supported by the Director,
Office of Science, Office of Basic Energy Sciences, Chemical Sciences Division of the
U.S. Department of Energy under contract No. DEACO3-76SF00098.
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Tables

TABLE I. Alignment parameters obtained from the two approaches to fit the difference
images. The digits in parentheses are the one-standard deviation uncertainty in the last
digit of the given value.

Alignment parameter ~ SVD fit Ring fit Interpretation
52 -0.082(13) —0.097(27) incoherent parallel and perpendicular
o, 0.022(14) 0.031(18) incoherent parallel and perpendicular
T 0.017(5) 0.039(10) coherent perpendicular
% —0.003(10) —0.016(20) coherent parallel and perpendicular
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Figure Captions
FIG. 1. Schematic view of the experimental setup.

FIG. 2. Data images for O('D,) from photodissociation of N,O at 193.3 nm. Upper panel,
experimental data for indicated combinations of photolysis and probe laser polarizations.
Lower panel, difference images obtained from data and the SVD fit, representing
alignment angular distributions. The background in the difference i images i is zero (white);
difference-signal is positive (blue) or negative (red). -

FIG. 3. Total translational energy distribution for O('D,) from the image in the second
row, second column (both laser polarizations in the detector plane) of Fig. 2.

FIG. 4. Fits to the alignment (difference) images of Fig. 2 obtained by analysis of the
angular behavior of the outer portion of the distribution (A) geometry I, (B) geometry IL

FIG. 5. Angular distributions obtained from inverse Abel transform of images obtained
using (A) (1P1 —¢ 1Dz)-probe transition at 205.8 nm; (B) (1F3 —¢ 1Dz) probe transition
at 203.5 nm and (C) linear combination of (A) and (B) curves yielding best-fit to dipole
distribution (see Fig. 7).

FIG. 6. Error in fit to dipole distribution () as a function of amsotropy parameter 3 for
linear combinations of curves in Fig. 6 A and B.

FIG. 7. Schematic potential curves for N,O adapted from Ref. 25. A) Dependence on
N-O bond distance, showing curve crossing region (for 130° N-N-O angle). b)
Dependence on bending angle for fixed bond distances: N-N 1.1 A; N-O 1.4A. The
arrow indicates the angle for which 193 nm excitation is energetically allowed.
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