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Anisotropy and Energy Disposal in the 193-nm NzO Photodissociation Measured by VUV 
Laser-Induced Fluorescence of O( 'D) 
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Laser-induced fluorescence near 115 nm has been used to measure the Doppler profile of the O(*D) product 
of 193-nm N20 photolysis. The anisotropy of product recoil vectors is characterized by the parameter j3 = 0.50 
f 0.05. The measured velocity distribution can be used to calculate a distribution of recoil energies that is in 
reasonable agreement with that reported recently by Felder, Haas, and Huber; an average of 27.3 kcal/mol 
is deposited into translation, leaving =37 kcal/mol for the internal excitation of the N2 fragment. 

1. Introduction 

The photodissociation of N20 in the region near 193 nm is 
known to produce O(lD) almost excl~sively,~-3 although O(%) 
is energetically allowed and O(3P) is energetically favorable but 
spin forbidden. Nitrogen in its electronic ground state ('E;) is 
also produced: 

N20 + hv - O('D) + N2('Z:,0j) (1) 

N20 is important in the chemistry of the stratosphere, where 
it is involved both in the production of O(lD) by direct photolysis 
and in its loss through reactions producing N2 and 0 2  or 2N0.4*5 
Consequently, both the natural and man-made sources of NzO 
have received considerable recent attenti0n.69~ In the troposphere 
however, photolysis of N2O has been shown to be of negligible 
importance.* 

The photodissociation dynamics of N2O have come under more 
recent investigation because of the elegant experiments by Simons 
and co-workers in which the photolysis of N2O with a polarized 
laser is used to createvelwity-aligned, superthermalO(1D) atoms 
in order to study the stereochemistry of the O(lD) + N2O - NO + NO reaction.9-11 By measuring the Doppler profile of NO- 
(v'= 16,17) produced coincidentally with NO(v'=O), these in- 
vestigators were able to show that the reaction leading to this 
specific channel proceeds by direct stripping dynamics through 
collisions dominated by a collinear geometry. A necessary input 
for their interpretation is the anisotropy of O(lD) fragment recoil 
in the 193-nm photodissociation of N20. The anisotropy is 
determined by measuring the distribution of the angle 0 between 
the photofragment velocity and the direction of polarization of 
the photolysis laser and then expressing the distribution in terms 
of the parameter (? 

Z(6) = [l + PP2(c0s 6 ) ] / 4 ~  (2) 
where Pz(c0s e) is the second Legendre polynomial. 

The anisotropy parameter, 0, and average translational energy 
of O(1D) from the photodissociation of N20 have been studied 
by Felder, Haas, and Huber12 at 193 nm using the molecular 
beam/time-of-flight mass spectrometry (MS-TOF) technique 
and by Shafer et alS13 at 205.47 nm using sub-Doppler resolution 
of the profile of the resonance-enhanced multiphoton ionization 
transition in a one-laser experiment. These two studies gave widely 
differing results for both 0 and the fraction of available energy 
deposited in product translation. Felder, Haas, and Huber found 
that 0 = 0.48 i 0.02 and that an average of 26.8 kcal/mol(41.5% 
of the available energy, Ea") was deposited into product recoil. 

t Permanent address: Institute for Electrical Science and Graduate School 
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In contrast, Shafer et al. found that (? = 2.0 and that an average 
of 53.3 kcal/mol(84% of Ea") went into translational degrees of 
freedom. The former result was used for the interpretation of 
the velocity-aligned O(lD) + N2O results. 

The purpose of the work reported here was to measure 0 and 
the energy disposal for the 193-nm photolysis of N20 using the 
newly developed method of tunable vacuum ultraviolet (VUV) 
laser-induced fluorescence (LIF) of O(lD) near 115 nm. By 
determining the Doppler profile measured using light propagating 
either parallel or perpendicular to the electric vector of the 
photolysis laser, we have determined that (? = 0.50 f 0.05 and 
that an average of 27.3 kcal/mol(42.3% of E,) is deposited into 
product recoil. 

2. Experimental Section 

The apparatus has been reported in detail elsewhere14 and will 
be described here only briefly. Neat N2O was expanded through 
a pulsed molecular beam valve (Precision Instruments) with a 
0.3-mm orifice. The 193-nm photolysis beam of approximately 
100 mJ/pulse from an ArF laser (Lambda Physik LPX- 100) was 
focused by an 18 in. focal length lens, passed through a polarizer 
consisting of stacked quartz plates with a calculated degree of 
polarization of 0.91, intersected with the molecular jet at 90°, 
and passed into a dye cell where the fluorescence was monitored 
by a photodiode. The photodiode signal was fed into a boxcar 
averager (Stanford Research Systems, SR250) and input as one 
of three channels to a laboratory computer (IBM, Ps"/2). 
O( lD) laser-induced fluorescence (LIF) signals were recorded 

using the 2p4 - 3s' transition at 115.215 nm. The vacuum 
ultraviolet (VUV) probe light was obtained by four-wave mixing 
in Hg vapor using an intermediate resonance with the 6s6d ID2 
state of Hg. The output of a 308-nm XeCl excimer (Lambda 
Physik LPX205) was split (65%/35%) and used to pump two dye 
lasers (Lambda Physik 2002E). One dye laser operating at  560.6 
nm (Coumarin 540A) was frequency doubled in KDP, while the 
second operated on the fundamental at 647.5 nm (DCM). The 
approximately 0.7 mJ/pulse of UV and 8 mJ/pulse of red were 
joined in a dichroic beam splitter (CVI, Y41025-45) and focused 
by a 250 mm focal length achromatic lens (Optics for Research, 
LAU-25-250) into a heat pipe containing 5 Torr of Ne and the 
equilibrium vapor pressure of Hg at 135-140 "C. The incident 
beams and the VUV exited the cell through a LiF window, 
propagated through the vacuum chamber in a direction mutually 
orthogonal to the molecular and photolysis beams, and passed 
through a monochromator @Minuteman, 302-VM) to a solar- 
blind photomultiplier tube (PMT) (EMR 5410-08-17). The 
output of the PMT was fed through a boxcar averager and input 
as one channel of the laboratory computer for use as a power 
monitor. Laser-induced fluorescence was collected by a solar- 
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Figure 1. Doppler profile of O(lD) produced in the 193-nm photodis- 
sociation of N20 probed with 115-nm light propagating parallel to the 
electricvector of the photolysis light. The solid line is the profile expected 
for @ = 0.50 and the translational energy distribution after convolution 
of the probe laser line width. 
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Figure 2. Doppler profile of O(lD) produced in the 193-nm photodis- 
sociation of N20 probed with 115-nm light propagating perpendicular 
to the electric vector of the photolysis light. The solid line is the profile 
expected for @ = 0.50 and the translational energy distribution after 
convolution of the probe laser line width. 

blind PMT (EMR 542G-08) in the plane of the lasers and at 45O 
to each of them. The fluorescence signal was sent through a 
boxcar averager to the third channel of the computer. The delay 
times between the photolysis and probe lasers were varied from 
roughly 200 to 400 ns to confirm that the translational energy 
distribution was not affected by collision or by the possible flight 
of products out of the probe region. 

Doppler scans of the O(*D) line were made after installing 
etalons in both of the dye lasers. The line width in the VUV was 
approximately 0.3 cm-I. 

3. Results 
The Doppler profiles obtained for the cases of the probe direction 

parallel and perpendicular to the electric field vector of the 
photolysis laser are shown as the points in Figures 1 and 2 and 
are typical of what would be expected for a slightly positive value 
of the anisotropy parameter.21 As a starting point for the fitting 
procedure, the effective anisotropy parameter  bo^ was extracted 
from the Doppler profiles using the method of Bersohn and co- 
worke r~ '~  

(3) 

where (of) and ( v i  ) are the second moments of the two profiles. 
The average squared velocity can be determined from the profiles 
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Figure 3. (Solid line) Translational energy distribution used to model 
the Doppler profiles of Figurea 1 and 2. (Dashed line) Translational 
energy distribution measured by Felder et aI.l2 

TABLE I: Anisotropy Parameters and Average Translational 
Energy for 193-nm N2O Photodissociation 

B Et,.. Ikcal/moll ref 
~~ ~ 

0.48 * 0.02 26.8 12 
2.0 53.3 13 

28.4 16 
0.50 i 0.05 21.3 this work 

in velocity space, (oz) = ( v 2 )  + 2(o i ) ,  and can then be used to 
calculate the average translational energy release of the photo- 
dissociation. Our results give 0 = 0.45 and (EtnM) = 34.6 kcal/ 
mol. However, these values for B and (EtlaM) do not take into 
account the effect of the laser line width. 

Starting from the parameters given above, we simulated 
Doppler profiles using a chosen anisotropy parameter and a 
Gaussian distribution of energy with two adjustable parameters, 
the average energy of the distribution and the width of the 
distribution. The overall width of the Doppler profiles is quite 
sensitive to the average energy disposed into translation, while 
the detailed shape of the profiles, particularly the slope of the 
sides in the case when the probe laser propagation direction is 
parallel to the electric vector of the photolysis light, depends 
sensitively on the width of the energy distribution. These 
simulated profiles were then convoluted with the laser line width 
of 0.3 cm-l and compared to the data. Figures 1 and 2 show the 
best fits as solid lines. The anisotropy parameter which best fits 
the experimental Doppler profile is 0.50 f 0.05, while the best 
energy distribution is shown as the solid line in Figure 3, which 
also presents the energy distribution determined by Felder et 
a1.12 as a dashed line. The average energy for the distribution 
fitting our data is 27.3 kcal/mol. Error limits for the anisotropy 
parameter were obtained by fixing the energy distribution and 
varying until the fit became unacceptable. 

4. Discussion 

Table I summarizes the results of this work and compares 
them with two previous studies and with a recent communication. 
It is clear that our results are in close agreement with those of 
Felder et al. The two values for the anisotropy parameter are 
equal to within experimental error, and our value for the average 
energy disposed into translation is close to that of Felder et al. 
Our translational energy distribution, shown in Figure 3, has a 
slightly higher average energy and is somewhat broader than 
that measured by Felder et al., but the agreement is still very 
good. As a test to see whether the distribution of Felder ef al. 
is really outside the error limits of our Doppler measurement, we 
transformed their energy distribution to a Doppler profile, 
convoluted it with the probe laser line, and compared the result 
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to our experimental result for the parallel configuration. The 
distribution of Felder et al. fit our data to within the experimental 
error. 

We have recently learned of a study by Hanisco and Kummel 
(accompanying article) in which the internal energy of the N2 
molecule has been measured. Our results for the translational 
energy are in good agreement with those of this new study.16 

Our results are not in good agreement with those of Shafer et 
a1.13 Values of = 2.0 and (E,,,,) = 53.3 kcal/mol are outside 
our error limits. It is possible that the values change dramatically 
between 193 and 205 nm. However, we also note that it is much 
more difficult to determine these parameters from a one-laser 
experiment where one cannot vary the polarization direction of 
the photolysis light with respect to the propagation direction of 
the probe. 

Absorption in the region near 193 nm17 is part of a weak 
continuum peaking near 182 nm. Selwin and Johnstonla have 
investigated the temperature dependence of the absorption and 
found both a structured component corresponding to a magnetic 
dipole allowed AIZ- - XIZ+ transitip and- a continuum 
component corresponding to the forbidden B1A +X12+ transition. 
Their work along with the theoretical work of Hopper19 on the 
electronic structure of N20 provides insight into :he absorption. 
I! C, symmetry the structured transition llA”(AIZ-) + 1IA’- 
(XlZ+) becomes allowed with the transition moment perpen- 
dicular to the plane of the molecule.20 The IA state splits into 
two components in C, symmetry and both the 21A’(B1A) + 1 lA’- 
(XlZ+) transition, with theLransition momyt  in the plane of the 
molecule, and the 21A”(B1A) - lIA’(XlZ+) transition are 
allowed. However, as can be seen in Figure 6 of ref 13, the 2lA” 
state is of much higher energy and need not be considered for our 
excitation energy of 6.4 eV. Selwin and Johnston found that the 
structured transition was due to molecules with one quanta of the 
v2 bending vibration while the continuum absorption was due 
primarily to molecules in the ground vibrational state. For 
molecular beam experiments, in which the bending mode of the 
parent molecule is not appreciably populated, the transition is 
most likely 2IA’(B1A) - llA’(XIZ+). 

It is clear from both the present results and those of Felder et 
al. that a substantial fraction (about 58%) of the a 2 2  500-cm-l 
available energy must go into the N2 internal degrees of freedom. 
Felder et al. argue from the resolution of their instrument and 
the lack of vibrational structure in their measured distribution 
that much of the energy must go into rotation. The signal-to- 
noise ratio in our experiment does not permit any conclusion 
concerning the division between vibrational and rotational 
excitation. However, previous studies of OCS photodissociation 
on the transition implicated in the 193-nm photolysis of N20 
have shown that a substantial fraction of the available energy is 
deposited into CO r o t a t i ~ n . ~ ~ . ~ ~  Thus, it would not be surprising 
if the N2 fragment of NzO photodissociation were also rotationally 
excited. Indeed, the accompanying paper by Hanisco and 
Kummel shows that nearly all of the internal N Z  energy is in the 
form of rotation.16 This observation is also consistent with the 
reduction in the measured anisotropy parameter B from its limiting 
value of 2.0. Dissociation from a bent upper level would not only 

reduce the value of /3 but also produce rotationally excited N2, 
as observed by Hanisco and Kummel. 

5. Conclusions 
The 193-nm photodissociation of N20 has been investigated 

by measuring the Doppler profile of the O(1D) product at 1 15 
nm. The dissociation produces an anisotropic distribution of 
fragment recoil velocities characterized by an anisotropy para- 
meter of 0.50 f 0.05. Roughly 27.3 kcal/mol or 42.3% of the 
total available energy appears in translation, while the remaining 
energy is deposited into N2 internal degrees of freedom. Our 
measurements are in excellent agreement with those of Felder et 
al. at 193 nm but disagree with measurements made by Shafer 
et al. at 205 nm. 
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