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High resolution line profiles of the OH fragment ejected by HONO( prepared with either one or two quanta in its terminal 
N=O mode, have been recorded in velocity aligned Doppler spectroscopy (VADS). Tightly collimated and counter-propagating 
photolysis and pulse-amplified probe beams were time delayed to yield the OH fragment speed distribution and, by conservation 
of energy and momentum, the internal energy distribution in the NO partner. The profiles following dissociation of HONO( 2*) 
are consistent with the NO internal distribution determined in a direct study of the NO fragment. Photodissociation of HONO( 2’) 
revealed a wide internal energy distribution in the NO and the lack of a significant population in NO( u” =O). The observations 
are rationalised on terms of an A state potential energy surface which is quasi-stable in the N-O coordinate and essentially repul- 
sive along the O-N coordinate. The utility of VADS and its wider applicability are discussed. 

1. Introduction 

A detailed analysis of the fragment energy distri- 
bution characterises the “end point” of photodisso- 
ciation and provides an insight into the later dynam- 
ics of dissociation. This, coupled with information on 
the early dynamics, gained perhaps through a study 
of the spectroscopy of the parent species, yields a sig- 
nificant body of data with which to develop and test 
theories of photodissociation dynamics. The use of 
spectroscopic techniques is prevalent in such studies 
of photodissociation, which require an intimate 
knowledge of the energy disposal between the var- 
ious degrees of freedom [ 11. Laser-induced fluores- 
cence (LIF) and resonance enhanced multiphoton 
ionisation (REMPI) spectroscopy are most com- 
monly used to determine the distribution over prod- 
uct internal energy states. Higher resolution studies 
of the polarisation dependence of single Doppler line 
profiles have further been instrumental in the deter- 
mination of vector correlations for systems in which 
specific dynamical control is exhibited; hydrogen 
peroxide, HzOz, is a notable example [ 2,3]. Assum- 
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ing that the optically prepared excited state of the 
parent and the energy of the exciting radiation are 
known, then a measurement of the product transla- 
tional velocities makes it possible to complete the en- 
ergy balance in a photodissociation. The distribution 
of velocities also facilitates (and may be essential for) 
the inversion of line profile data to vector correlation 
information [ 41. 

In a photodissociation which yields only two frag- 
ments a measurement of the centre-of-mass kinetic 
energy distribution, through energy conservation, 
determines the internal energy for the combined 
fragments. When the energy state of one of the frag- 
ments is known (e.g. an atom in its electronic ground 
state) or may be specified (e.g. a diatomic molecule 
described by the quantum numbers v” and J” ), the 
internal energy may be determined uniquely. In con- 
ventional time-of-flight mass-spectrometry 
(TOFMS) the kinetic energy distribution of mass-se- 
lected species is measured but, in general, the inter- 
nal quantum states cannot be specified, and in this 
respect TOFMS has a limited applicability. Experi- 
ments which have combined REMPI and TOF tech- 
niques for the detection of atomic hydrogen have, 
however, proved fruitful, as H is the most sensitive 
monitor of the partner internal energy [ $61. The 
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technique of velocity aligned Doppler spectroscopy 
(VADS) does offer the opportunity for quantum state 
specificity provided one of the fragments may be 
probed in LIF or REMPI. The opportunity arises here 
for the determination of the internal energy distri- 
bution in a “dark” partner, which might not other- 
wise be achieved by conventional methods. Further- 
more, even when both fragments may be probed 
spectroscopically the measurement of vibrational 
distributions is often a difficult one to make directly, 
especially if contaminating species are present (as in 
the case of the nitrous acid system), and it may be 
preferable to obtain an indirect measurement from 
VADS. 

Wittig and co-workers [ 7-101 have pioneered the 
VADS technique, measuring the recoil velocity dis- 
tribution of photofragment H atoms from various 
precursors. Photolysis and probe lasers are counter- 
propagated coaxially through a low-pressure sample 
of gaseous precursor. By delaying the probe radiation 
following photolysis fragments with velocity compo- 
nents perpendicular to the probe wave vector escape 
from the probe region and avoid detection. For a nar- 
row velocity distribution the Doppler profile of the 
Lyman-u line of the H photofragment, at long time 
delay, collapses to leave two outer wings, represent- 
ing the speed along the probe direction. This, there- 
fore, serves to separate the recoil velocity distribu- 
tion from its angular distribution. It is necessary to 
use suitably collimated laser beams and work at suf- 
ficiently low pressures to ensure a collision-free en- 
vironment over the time scale of the experiment. A 
structured Doppler profile obtained under these con- 
ditions directly reflects the population distribution of 
the partner, as demonstrated, quite elegantly, by the 
VADS line profile of H following photolysis of H2S 

[91. 
The resolution of this technique is limited by ex- 

perimental factors, such as probe laser bandwidth and 
beam profiles, and by molecular factors including the 
parent thermal translational motion, the centre-of- 
mass recoil velocity distribution of the probed frag- 
ment and, of course, the internal energy distribution 
of the partner. Photofragment H is a particularly sen- 
sitive probe of the dynamics because, due to its small 
relative mass, it displays a correspondingly large 
Doppler shift. This has, for example, allowed the res- 
olution of both spin-orbit states of Br in the photol- 

ysis of HBr, using a conventional dye laser [ 9 1. 
Photofragment OH following the photolysis of ni- 

trous acid, HONO, in its electronically excited (A) 
state has recoil velocities an order of magnitude lower 
than those of atomic hydrogen i 11,121 and the 
bandwidth of probe radiation generated by conven- 
tional pulsed dye laser systems becomes unaccepta- 
bly large relative to the maximum Doppler shift in 
the Iine profile of a selected rovibronic transition. In 
this study of the VADS of OH from photolysis of 
HONO (A) this restriction is overcome by using a 
pulse-amplified continuous wave (cw ) dye laser sys- 
tem, giving a linewidth of about 100 MHz in the ul- 
traviolet (UV), thus providing a negligible contri- 
bution to the overall Doppler lineshape. 

This report of the application of VADS to a di- 
atomic fragment (namely OH) demonstrates the 
feasibility of the technique and suggests further ap- 
plication to other related photolysis systems, simple 
bimolecular reactions and to the determination of 
cross correlations between the quantum states of two 
molecular products. The latter has, in fact, recently 
been realised in a study of the photodissociation of 

I-3202 1131. 

2. Doppler line profiles 

We now consider in some detail the contributions 
to the observed Doppler line profile of a nascent pho- 
tofragment, which may allow the determination of 
vector properties and the translational energy 
distribution. 

2.1. Doppler shifi 

An absorbing photoproduct exhibits an apparent 
shift in resonant frequency by virtue of its velocity 
component along the direction of propagation of the 
analysing radiation. The distribution of velocity 
components along the probe (z direction) deter- 
mines the detailed form of the spectral line profile. 
As Doppler shift is proportional to the parallel veloc- 
ity then a spectral line profile which varies with probe 
wavelength (or reciprocal frequency, cm- ’ ) is sim- 
ply a measure of the distribution of parallel velocity 
components. If we write S(p) for the intensity as a 
function of frequency then 
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S(Iq=S(u,) ) (1) 

where S( u,) is the intensity as a function of velocity 
projection along the laboratory (probe laser propa- 
gation) axis z. There are many contributions to U, 
arising from the speed and angular distributions in 
the recoiling fragments, from the dissociation, and the 
initial parent translational (thermal) distribution. 
These contributions will be considered below. The 
further contribution from the finite probe laser band- 
width is easily included, although the effect on the 
line shape of the pulse-amplified radiation is only 
minor. 

2.2. Centre-of-mass (c.m.) recoil anisotropy, R,(v, VJ 

The c.m. recoil distribution for a single velocity of 
recoil of a fragment produced by a linearly polarised 
photolysis source can be written in terms of the bi- 
polar moments which describe the vector properties 
of dissociation [ 41. In particular, for counter-propa- 
gated beams and perpendicular detection, we may 
express this angular distribution in terms of the ve- 
locity projections, v,, along the direction of observa- 
tion, as follows: 

Uv, u,)= [1-t/%(v,lv)l/2v, (2) 

where B is an effective anisotropy parameter and 
P2(vJv)= [3(vzlv)*- 1]/2 is a second-order Le- 
gendre polynomial. This function is merely the dis- 
tribution of parallel velocity, v,, derived from the an- 
gular distribution of the recoil velocity, v= I uI , from 
the photodissociation. In the limit of a single recoil 
speed, v, the Doppler profiles of spectral lines are di- 
rectly related to R,: 

S(V;) = R,(v, vz) , (3) 
single u 

where S( vz) is the intensity as a function of centre-of- 
muss velocity projection arising from the dissociation. 

2.3. Centre-of-mass velocity distribution P(v) 

There is, in general, a spread in fragment velocity 
from the dissociation and in the VADS experiment 
the c.m. velocity distribution, P(v), is the result we 
seek. The spread of internal energy in the recoiling 

partner at fixed total available energy, E,,= hv- 
08 (HO-NO), determines P(v) by energy conserva- 
tion. The recoil distribution, R, is therefore weighted 
by the probability of finding a recoiling fragment with 
velocity, v. The resultant contribution to the line 
shape is given by 

S(v,)= j: P(v) WV, vz) dv, 
IUZI 

(4) 

where v> v, in order to allow a projection of v,. 

2.4. Parent (thermal) contributions, T(u4 - v4) 

The observed line shape represents the final distri- 
butions of velocity vectors along the probe direction, 
&,. The final velocity u is the vector sum of the c.m. 
fragment recoil velocity, v and the parent velocity, c: 

u=c+u, (5) 

and the components of u and v in the direction La are 
u, and v,, respectively. In the simple case of a single 
velocity, v, the line shape is a convolution of the par- 
ent molecule translational energy distribution in the 
z direction, T( cz) = T( u,- v,), over the recoil anisot- 
ropy function R,( v, v,), to yield the distribution in 
total projection, S( uz), given by 

S(K) ,i,=e u j Rz( v, v,) T(uz-0,) dv,. 
--u 

(6) 

This is the summation over those pairs of values v, 
and c, which contribute to each value of u,. If we now 
include a distribution of recoil velocity, P(v), for the 
more general case we have 

S(u,)= 7 P(v) j R,(v, v,) T(u,-v,) dv,dv. (7) 
0 -” 

The distribution of parent translational energy in 
thermal equilibrium is given by a Gaussian of the 
form 

T(uq-vq)= - uot/;;exp[ -(yr], (8) 

where q=x, y or z and u. is a root mean square veloc- 
ity of the distribution: u. = ( 2kT/m)‘12. 



310 R.N. Dixon, H. Rieley / VADS of OHfollowing dissociation of HONO 

2.5. Time delay and beam shapes: The VADS line 
profile, Q(v- VJ 

We have so far implicitly assumed that all recoiling 
fragments are detected with equal efficiency. The 
principle of the VADS experiment is that by using 
tightly collimated photolysis and probe beams and 
delaying the latter, fragments recoiling perpendicular 
to the probe direction, &, escape from the interac- 
tion region and remain undetected. In an ensemble 
of parent molecules the production of a photofrag- 
ment is dependent on the power density of photolysis 
radiation at the point in space of its birth, while the 
subsequent detection of this photofragment depends 
on the power density of the probe radiation at the 
point in space of its analysis. The separation of these 
two points in space is governed by the fragment ve- 
locity and the time delay between photolysis and 
probe pulses. We, therefore, require a knowledge of 
the beam profiles, as the intensity recorded at each u, 
(i.e. P) will be a function of the overlap, Cp, of the two 
beams. This type of analysis has been performed by 
Xu et al. [ 7,141, who simulated Lyman-u profiles of 
photofragment atomic hydrogen by numerical inte- 
gration. We were able to develop an analytical treat- 
ment, based on their foundations, by assuming that 
both laser beams were uniform along their length (z 
direction) through the detection region and Gaus- 
sian in cross section. The power densities of such 
beams are a function of x and y only and vary with 
radial distance from the z axis, r= (x2 + y2 ) ‘I*. 

Consider photolysis at a point P and subsequent 
probing at a point Q, as shown in fig. 1. The spatial 
separation of P and Q is simply ut, where u = I u I is 
the laboratory velocity and t is the time delay be- 
tween the lasers. The perpendicular separation of P 
and Q is u,t, where u, is the radial laboratory velocity. 
It is zident that as the time delay increases the vec- 
tors ut which terminate along the probe axis will have 
only a minor component, u,t, perpendicular to z, and 
ultimately must also originate close to the probe axis. 
Therefore, with increasing time delay, observation of 
fragments is biased toward those which travel back- 
wards or forwards along the probe laser axis. A re- 
duction in beam waists will have the effect of dis- 
criminating in favour of those molecules with large 
parallel velocity components at a shorter time delay. 
Assuming cylindrical Gaussian beams with width pa- 

rameters wp, for the photolysis beam and w,, for the 
probe beam, we find 

~(Urt)~~(U,,Uy,t)=exp - w2+w2 , (9) 
( 

2(u:+u;)t* 

P = > 

where u* r = u: + us and u, and u, are Cartesian com- 
ponents of the fragment velocity (II) in the labora- 
tory frame. As required, when the time delay t = 0, all 
values of u, give equal probability of detection and 
for t > 0 we have a Gaussian function in u,. This over- 
lap function is the detection efftciency as a function 
of ux, u, and t, but each u, and u, has contributions 
from c,, v, and c,,, v,,, respectively. Incorporating these 
contributions into eq. ( 7 ), the general expression for 
the line profile becomes 

S(uz) = j j j j j P(v) &(v, v,) 

xT(u,-v,) T(u,-v,) T(u,-v,) 

x @(u,, uY, t) dv, dv, dv, du, du, , (10) 

where the T( u,- v,) are given in eq. (8). The terms 
in u, and u, can be integrated analytically and, with 
a change of variable, the expression for the probed 
axial distribution becomes simplified to 

S(K)= jP(v) j R(V, vz) 
0 --u 

xT(u,-v,) Q(v-v;) dv,dv, 

where 

(11) 

Q(v-vz) = y ,,( _y>, (12) 

and o is given by 

w’=o*(t)=(w;+w:)/2t*+u;. (13) 

Hence, Q( v- v,) contains the sole dependence of the 
line profile on the beam diameters and the time delay 
between the two light pulses. This function is a trun- 
cated Gaussian with maxima at v= v, and maintains 
a finite width as t-a, due to the parent thermal con- 
tribution, uo. It is also noteworthy that Q( v- v,) de- 
pends on the total cross-sectional beam waist area, 
which implies that the probe beam need not be the 
narrower beam - although this configuration is prob- 
ably preferable for ease of alignment. 
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Fig. I. A schematic of the VADS experiment, showing photolysis of the parent at point P and subsequent analysis of the fragment at point 
Q with coaxially aligned Gaussian laser beams. (a) Side view, (b) cross section. 

Finally, the thermal convolution, T( u,- v,), is in- 
dependent of v and it is convenient, computationally, 
to perform this integration last. The general expres- 
sion for the Doppler line profile recorded in a VADS 
experiment becomes 

S(uz)= IG(v,) T(U;-v=)dv,, (14) 
0 

where G( v,) contains the integration over v: 

(15) 

2.6. Line profile simulation 

An illustrative example of a step-by-step simula- 
tion of the complete VADS line profile S( u,) ES(V), 
for three different time delays between photolysis and 
analysis, is shown in fig. 2. In this example we take 
the translational energy distribution of OH, which is 
proportional to P(v)/v, to be that which is deter- 
mined by the internal energy distribution of the NO 
partner, as found in our earlier, direct, study of this 
fragment [ 15 1. In this experiment, the crude vibra- 
tional distribution measured was 

N(v”=l):N(v”=2):N(v”=3)x2:1:0.01, (16) 

while the rotational populations were well character- 
ized by a Gaussian of the form, 

iV(J)aexp[ -4ln2(?)‘]. (17) 

The Gaussian parameters appropriate to the rota- 
tional population in each vibrational level were: 

v”=l; J,=30, J,=15 

and 

v”=2; J,,,=26, J,=lS. (18) 

The population in v” =3 was considered negligible 
and was omitted. Starting with an assumed recoil an- 
isotropy function R, (eq. (2) ), with /I= - 1, and the 
velocity distribution, P(v), consistent with the above 
internal energy distribution in the NO (inset in fig. 
2 ) , a convolution is performed to yield the profile F. 
Further convolution with the VADS detection effi- 
ciency profile Q (eq. ( 12 ) ) for the three time delays, 
t = 100, 600 and 1000 ns, results in the line shape G 
(eq. ( 15) ). Final convolution with the parent ther- 
mal distribution, T (eq. ( 8 ) ) , yields the eventual line 
profile S (eq. ( 14) ) . For a short time delay the VADS 
function Q has very little effect on the final line shape, 
as expected, and S may be generated by direct con- 
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R P(v) F Q G T 8 

Fig. 2. Evolution of the VADS line profile S(I) with increase in time delay from 100 to 1000 ns. The inset is an enlargement of the c.m. 
recoil velocity distribution. See text for details. 

volution of F with T, such that the recoil anisotropy 
has a major influence. Conversely, at long time S re- 
flects the velocity distribution, P(u), and therefore 
the internal energy distribution of the partner. 

The object of the Doppler line profile analysis is, 
in general, to obtain the velocity distribution, P(v), 
and the effective recoil parameter, /I. The simplest 
deconvolution of an experimental line profile follows 
from an accurate knowledge of the laser beam waists, 
wp and w,, allowing the expression Q( u,- v,) to be 
generated for any desired time delay. A long time de- 
lay profile may then be simulated to give the best-fit 
velocity distribution, P(V), and consequently, the 
energy distribution over the internal degrees of free- 
dom in the partner. The determination of B follows 
from the best-fit simulation of a conventional Dop- 
pler line profile (short time delay and large beam 
waists), incorporating the, now determined, velocity 
distribution. A check of the reliability can be made 
by comparing line profiles taken at intermediate time 
delays with simulated profiles which embody these 
findings and vary only in their Q contribution, which 
contains the time dependence. 

3. Experimental 

A schematic of the experimental setup is shown in 
fig. 3. This configuration enabled the coaxial, counter- 
propagation of photolysis and narrow-band tunable 
probe radiation through a low-pressure sample of 
HONO, with a variable time delay between the two 
laser pulses. LIF from nascent OH was detected at 
right angles to both the laser beams and the axis along 
the sample input. 

Two different photolysis wavelengths, at 355 or 369 
nm, were used to dissociate HONO ( j? ) in its 2* or 2’ 
state, respectively, corresponding to excitations of the 
terminal N-O mode [ 161. Radiation at 355 nm ( < 5 
mJ) was generated by frequency tripling in a 
Nd:YAG laser (JK Lasers HY-750), YAGl. Alter- 
natively, in a separate experiment, light at 369 nm 
was produced by Raman shifting, in Hz, the second 
harmonic output (532 nm) of YAGl..The second 
anti-Stokes (2ti) radiation was selected by angle- 
tuning a Pellin-Broca prism. The polarisation at the 
reaction chamber (horizontal, H,, or vertical, I’,) was 
controlled by appropriate adjustment of the optical 
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Fig. 3. Block diagram of the VADS experiment. A/B, trigger pulses; BS, beam splitter; Fl /F2, YAG flashlamp controls; LG, linear gate; 
PDl /PD2, photodiodes; PM, photomultiplier; Ql /Q2, YAG Q-switch controls; V/F, voltage-to-frequency converter. 

configuration and the use of a linear polariser (the 
results were polarisation independent). 

Narrow bandwidth probe radiation of the required 
energy for excitation of OH in its A ?Z+X 2H band 
around 308 nm was generated by frequency doubling 
in potassium dihydrogen phosphate (KDP) the out- 
put of a home-built pulse-amplified dye laser. This 
device combined the narrow linewidth of a cw laser 
with the high-power output of a pulsed laser to pro- 
duce, after frequency doubling, radiation with a line- 
width of z 100 MHz (0.003 cm-‘) in the UV. A de- 
tailed discussion of the design and operation of the 
pulsed amplifier can be found elsewhere [ 17,18 1. 
Briefly, three flowing dye cells were pumped by the 
5 32 nm output of a second Nd : YAG laser (Spectron 
Laser Systems SL802), YAGZ, as in a conventional 
dye laser. Frequency selection was provided by the 

single-mode output of an argon-ion laser pumped dye 
laser (Coherent CR599-2 1 ), 599, as apposed to a dif- 
fraction grating. A solution of rhodamine 6G laser dye 
in ethylene glycol was circulated in the 599, while the 
pulsed amplifier was operated with solutions of sul- 
phorhodamine 10 1 in ethanol. The oscillator and pre- 
amplifier stages were each side-pumped by about 10% 
of the light from YAG2 with the remaining portion 
end-pumping the final amplifier stage. The ratio of 
pulse-amplified radiation (PA) to amplified sponta- 
neous emission (ASE) in the oscillator stage deter- 
mined the overall performance of the pulsed ampli- 
fier. A high PA: ASE ratio was required for the 
optimum line shape and linewidth of probe radia- 
tion. The amplification stages slightly reduced the ra- 
tio but, generally, a ratio better than 4: 1 was ade- 
quate and not too diffkult to achieve. The pulsed 
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amplifier was able to produce about 1 mJ of pulsed 
light at the cw dye laser wavelength, which was sub- 
sequently doubled and filtered to give UV at the re- 
quired probe wavelength. A linewidth of x 100 MHz 
in the UV was measured from spectra of the hyper- 
fine components of an electronic transition in atomic 
mercury [ 19 1. The probe power was attenuated by 
adjusting the voltage supplied to the amplifier of 
YAG2 and using a 10% neutral density filter. Less 
than about 0.5 uJ of UV radiation was directed into 
the reaction chamber through a 2.5 m focal length 
quartz lens, and the linear polarisation of the beam 
was vertical ( I’,). Even this rather low energy was 
sufficient to saturate the OH transitions, due to the 
narrow linewidth of the pulse-amplified light. 

The stainless steel reaction chamber was.of a typi- 
cal vacuum can type; consisting of optical entrance 
and exit windows, baffles to reduce scattered light, 
fluorescence collection optics and a port to admit the 
gas sample. Evacuation was by use of an oil diffusion 
pump (8 II diameter) and a rotary backing pump. The 
HONO sample was prepared as described previously 
[ 15 1, by addition of acid to sodium nitrite and ad- 
mitted continuously to a point z 1 cm from the inter- 
action region through a crude nozzle. The sample was 
simply exhausted through the nozzle ( z 1.5 mm di- 
ameter pinhole) resulting in a partially collimated 
flow. Entrance and exit pinholes (P 1 and P2 ) served 
to adjust the laser beam diameter and to render the 
two beams parallel through the interaction region. 

Absolute calibration of the probe frequency was 
provided by recording the LIF excitation spectrum of 
molecular iodine, excited by a portion of the cw light, 
while accurate relative calibration was achieved by 
monitoring the transmission fringes of a 0.0156 cm- ’ 
confocal interferometer. The maximum scan width 
of the 599 was only 30 GHz in the visible or about 2 
cm-’ in the UV, therefore, few I1 transitions were ob- 
served in each scan, making it difftcult to determine 
the absolute wavelength. A home-built wavemeter, in 
which the wavelength of the 599 was compared to the 
standard of a He-Ne laser (Ac632.8173 nm in air), 
greatly facilitated the selection of the appropriate 599 
scan encompassing the desired wavelength region. 

The time delay between photolysis and probe 
beams in the interaction region of the vacuum cham- 
ber was made continuously variable in the range O- 
2000 ns by using a pulse generator (Pulsetek) to di- 

rectly activate the Q switches of YAGl and YAG2, 
separated by a serial delay. The flashlamp trigger of 
YAG 1 ( 10 Hz repetition rate) synchronously acti- 
vated the flash lamps of YAG2, triggered the pulse 
generator and initiated data collection from the pho- 
todiode monitoring the photolysis power (PD 1) . The 
first pulse from the pulse generator fired YAG 1 fol- 
lowing an optimum delay of z 200 ps, while the sec- 
ond pulse tired YAG2 following a similar, though 
variable, delay. An adjustment of less than about 5 
us in this delay did not affect the laser output or re- 
sult in “pre-1asing” and provided the required timing 
for the experiment. The tiring of YAG2 also initiated 
data collection of probe power (via PD2) and any 
LIF in the reaction chamber. In order to accurately 
set the time delay, both beams were scattered onto 
the face of a UV sensitive photodiode positioned near 
the reaction chamber and its response observed on a 
100 MHz oscilloscope. The adjustment of the serial 
delay of the pulse generator gave the desired time de- 
lay with a jitter of less than z 2 ns. 

OH fluorescence was imaged into a blue sensitive 
photomultiplier (EM1 9824-QB), through an OH line 
filter (Ealing 35-8044), which gave = 15% transmis- 
sion at 3 10 f 12 nm. The recording of scattered light 
from the photolysis at short delays was avoided by 
suitable electronic gating. Four channels of data were 
collected via a voltage-to-frequency converter and 
stored on an Apple II microcomputer. LIF signal, both 
probe and photolysis powers and either I1 lines or 
etalon fringes were recorded. 

All the results discussed below were taken by mon- 
itoring the line profile of the OH( A 2Z+, v’ =0+X 
*II, v” ~0) P, (2) transition, but the experimental 
procedure adopted was equally applicable to any 
transition. The OH(O-0) frequencies of Dieke and 
Crosswhite [20] were used to calculate the corre- 
sponding wavemeter reading and the appropriate 599 
scan was selected accordingly. Verification that the 
desired wavelength had been selected was achieved 
by recording the I2 transitions in this region (at the 
undoubled frequency) followed by comparison with 
the documented spectrum [ 2 11. The PI (2 ) line was 
centred within a 17 GHz scan of the 599 dye laser 
(equivalent to x 1 cm-’ at the UV wavelength) and 
the line profile of the nascent OH was recorded syn- 
chronously with etalon transmission fringes and both 
laser powers over about 1800 data points. The line 
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profile was recorded with increasing time delay be- 
tween the pump and probe lasers until no further in- 
crease in spectral definition was attained. The time 
scale of the experiment was determined by the pro- 
files of the photolysis and probe beams and the num- 
ber density in the interaction region. Experience de- 
termined that the approximate diameter of the 
photolysis pinhole, Pl was = 1.5 mm, although the 
beam was slightly diverging, while that of the probe 
pinhole P2 was x 1 mm. The probe diameter was ac- 
tually less than this due to the focusing effect of the 
f= 2.5 m lens. The continuous nozzle was adopted in 
order to reduce the local density of the gaseous sam- 
ple; an effusive source was found to result in “ther- 
malisation” of photofragments by collision. Under 
these conditions of beam diameter and local pres- 
sure, LIF from nascent OH could be observed in a 
“collision-free” environment over a period of 1.5 ps, 
although no further spectral definition was observed 
for time delays greater than 1 ps. 

4. Results 

Presented in fig. 4 are time delayed Doppler pro- 
tiles of the P, (2) line of OH following the photolysis 
of HONO (A, 22 ) at 3 5 5 nm. The experimental pro- 
files, as expected, show an improved spectral defini- 
tion with increasing time delay. The change in the 
profiles is quite dramatic and is a consequence of the 
fact that the width of the angular distribution of the 
recoiling OH sampled by the probe becomes smaller. 
The calculated profiles include the contributions de- 
scribed in section 2, and these are compared with the 
experimental profiles. Unfortunately, the analysis was 
complicated by our limited knowledge of the beam 
waists, wp and w,, as these were difficult to measure. 
In view of this, we incorporated w (t ) (eq. ( 13 ) ) as 
a variable parameter in the simulation of an inter- 
mediate time delay profile (t = 600 ns), where we ex- 
pected little dependence on the form of P( v) (see fig. 
2).Abestfitvalueof (w$+w,2)‘/2=l.l mmwasde- 
termined and then held constant in subsequent cal- 
culations of o( t), for the remaining simulations. As- 
suming a single recoil velocity, a conventional short- 
time, large beam waist Doppler profile was fitted to 
obtain a value of the effective recoil anisotropy pa- 
rameter p. Given this value of p and the value of 

Eqerimentpl Calculated 

I I I L 9 I 
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Doppler shift /cm’ 

Fig. 4. VADS profiles of the PI (2) line of nascent OH following 

photolysis of HONO( 22 ). The centre frequency is 39390.94 cm- ’ 
and is that of OH at rest. 

w( t = 1000 ns), the long-time ( 1000 ns) profile was 
simulated to find the best form of P( v). The short- 
time, large beam waist profile was resimulated with 
P(V) fixed to obtain a final value for /I. The interme- 
diate time delay profiles provided a check of the con- 
sistency of 8, P( V) and o ( t ) , as only the value of the 
time delay, t, was changed in each case. 

The above procedure was not, however, com- 
pletely satisfactory. It was found that the effective 
spectral width of the parent thermal distribution was 
less than that anticipated for a room temperature dis- 
tribution along the z axis, due to the collimating ef- 
fect of the continuous nozzle source. A Gaussian 
width of about 0.03 cm-’ was used in the simula- 
tions to account for this, while a value of ~~~0.06 
cm-’ (full parent width) was still applicable to the 
distributions along x and y - which enter into the 
function Q (eq. ( 12) ). The effect of the laser line 



316 R.N. Dixon, H. Rieley / VADS of OHfollowing dissociation of HONO 

shape was investigated by recording the line profiles 
of OH produced in the reaction of NO2 with H atoms 
(generated by a microwave discharge through Hz0 
vapour). OH generated in this way is thermally equi- 
librated by multiple collisions and has a calculated 
Doppler width of x 0.10 cm-‘. The observed width 
was not perceptively different indicating the negligi- 
ble contribution made by the laser bandwidth. How- 
ever, an apparent “tail” to these profiles was ob- 
served, and was the result of a broad Gaussian ASE 
base to the laser profile. This type of effect is com- 
mon in experiments involving pulse-amplified, fre- 
quency-doubled radiation [ 221 and is due to the 
combination of off-centre lasing frequencies with 
those in the centre. Modelling of the thermal OH pro- 
files lead to an estimated Gaussian base of about 0.25 
cm-’ in width and a ratio of central Gaussian laser 
spike to ASE background of z 9. This effect was in- 
corporated into the calculated profiles shown in fig. 4. 

The velocity distribution, P( v), in the simulations, 
in fact corresponds to the rotational distributions and 
approximate vibrational distribution found from the 
direct measurements on the NO partner (eqs. ( 16 )- 
( 18 ) ). This vibrational distribution was required to 
satisfactorily tit the outer edges of the short-time, large 
beam waist (no pinholes or focusing lenses) profiles. 
In these profiles the contribution to the wings comes 
from the high-velocity components along the z axis 
and corresponds to a lower internal energy in the 
partner NO. There was apparently not a significant 
contribution from NO in v” ~0, in which by extrap- 
olation we would expect a rotational distribution 
peaked at high J with a similar spread to that ob- 
served in v” =2 and 3 (J, = 34, J,= 15, for exam- 
ple). A significant population in v” = 1 was, however, 
required to fit these short-time spectra.The actual 
form of the internal energy distribution is difficult to 
realise by deconvolution of the VADS profiles be- 
cause the peak value of J in the rotational distribu- 
tions decreases with increasing vibrational quanta and 
fortuitously the distributions overlap considerably in 
total energy. The effect of this fairly narrow internal 
energy distribution in the NO is to produce a narrow 
range of OH recoil velocities, P(v), which conse- 
quently has little influence on the derived value of /3. 
The best-fit value of /3% -0.75 is, therefore, very close 
to that obtained in an earlier study of the OH, of 
BZ - 0.8 [ 121. We conclude only, that the estimated 

internal energy distribution obtained in the direct 
study of NO [ 151 is consistent with that required to 
fit the VADS profiles of the partner OH. 

The calculated and experimentally observed pro- 
tiles are in fairly good, but not perfect, agreement. 
We note that the full-width of the experimental pro- 
files remains almost constant while the central con- 
trast increases at longer time, whereas the full-width 
of the calculated profiles increases slightly. The latter 
is to be expected, because as the time delay increases 
the simulation becomes more like the convolution of 
the parent thermal distribution with a delta function 
positioned at the maximum Doppler shift. Hence, for 
a “top-hat” recoil function (/3=0) the full Doppler 
width increases by an amount equal to the parent 
thermal width (plus laser contribution, if signifi- 
cant) between zero and infinite time delay. The ob- 
served trend in full-widths may be due to a non- 
Gaussian nature of the photolysis beam which is likely 
to have been diffracted through the input pinhole and 
was also slightly diverging. The widths of the wings 
in the long-time profiles did not narrow significantly 
for t > 800 ns in contrast to the calculated profiles and 
consequently the long-time simulations do not lit 
perfectly. 

An example of the calculated and best-tit profiles 
in the t= 1000 ns profile is shown in fig. 5. The cal- 
culated profile has a value of w(t) ~0.12 cm-’ ac- 
cording to the procedure outlined above, while the 
best-tit profile was that obtained by floating the value 

: 

~....~....l....l....i 
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Fig. 5. Calculated and best-fit profiles for the t = 1000 ns line pro- 
fileofP,(2)followingphotolysisat355nm,(a)o(t)~O.l2cm-~ 

((wi+~:)“~=l.l mm), (b) w(t)rO.l5Scm- ((w:+w~)“’ 
= 1.4 mm), respectively. The centre frequency is 32390.94 cm-‘. 

The dots are experimental data points. 
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ofo(t):theconvergentvaluewasw(t)=O.l55cm-’. 
The rather larger than expected limiting width to the 
wings in the experimental profile may be due to the 
effects of collisions. As the time delay increases the 
probability of collisions is greater, especially for the 
faster moving molecules, and we might expect mole- 
cules that would have contributed to the outer edge 
of the profile under collision-free conditions will con- 
tribute instead to the middle. We envisage that this 
would not only serve to broaden the outer wings but 
also reduce the overall Doppler width. Saturation ef- 
fects may also play a role in broadening the wings. 
Due to the very narrow linewidth of the pulse-ampli- 
tied radiation the power per unit bandwidth is high, 
such that small fractions of a microjoule of energy are 
sufficient to saturate those transitions which have a 
strong transition probability. This is particularly im- 
portant in comparison of different transitions but may 
also affect the intensity across a single line profile. In 
particular, within any one Doppler profile all the. 
molecules will saturate in the same way, but a small 
symmetrical broadening will be added to the peaks. 

One further possible contributing effect that we 
consider is that of molecular flow from the continu- 
ous nozzle. If the forward flow of the HONO mole- 
cules is significant then at longer time delay there will 
be an increasing contribution to the line profile made 
by molecules recoiling off-axis in the c.m. frame, in 
particular from those with low recoil speeds. This 
would also serve to broaden the wings. Although the 
conditions of flow have not been characterised, given 
an estimate of the backing pressure ( = 20 Torr) and 
the wide pinhole ( x 1.5 mm diameter), the resultant 
broadening is not expected to be appreciable. We 
should note that a collimated (not necessarily cooled) 
source of parent molecules is desirable in order to 
minimise the component of parent velocity, cz, along 
the probe axis. In principle it should be possible to 
improve the experimental resolution until it becomes 
limited by the laser linewidth (0.003 cm-’ in our 
case). In such a case an allowance for forward flow 
can be made in the line profile simulations them- 
selves or the probe and photolysis laser axes may be 
offset at each time delay to account for the mean flow 
velocity. 

A detailed analysis of the OH Doppler line profiles 
obtained in the dissociation of HONO( A, 2’ ) at 369 
nm was not undertaken due to the poorer quality of 

1,. . 1.. . 1.. 1 “. I 
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Fig. 6. The line profile of the OH P, (2) transition following pho- 
tolysis of HONO( 2’) at 369 nm. Beneath are the positions of the 
maximum Doppler shifts corresponding to the lowest rotational 
levels in ~“~0-5 of the NO partner. The centre frequency is 
32390.94 cm-‘. 

the data. We did observe, however, that the central 
contrast in these profiles was not as marked as in the 
dissociation of HONO (2* ), which seems to imply a 
rather wider internal energy distribution in the NO 
partner produced by the 2’ dissociation. Unfortu- 
nately, in this case we have no data, obtained in a 
direct study of the photodissociation at this wave- 
length, with which to compare. Fig. 6 shows a repre- 
sentative t = 1000 ns VADS line profile of the P1 (2 ) 
transition of OH following photolysis of HONO (2’ ). 
Plotted beneath are the maximum Doppler shifts 
which, by energy conservation, correspond to the 
lowest rotational levels in v” ~0-5 of the NO part- 
ner. The peaks are for reference purposes only and 
are not intended to represent a match to structure in 
the experimental spectrum. Given this reference, if 
we assume an inverted rotational distribution similar 
to that observed for the HONO (2*) dissociation; the 
NO internal energy distribution for the HONO( 2’ ) 
dissociation appears to peak in v” = 1 or 2 but 0” =O 
is not apparently significantly populated, unless at 
extremely high J. 

5. Discussion 

5.1. Photodissociation dynamics of HONO 

We have been unable to determine accurately the 
full vibrational distribution in nascent NO following 
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dissociation of HONO (2”, n = 1 and 2). Neverthe- 
less we are able to conclude that the vibrational en- 
ergy in the NO fragment from the 355 nm photolysis 
of HONO( 22) is distributed mainly in v” = 1 and 2. 
The overlap in total energy, due to the degree of ro- 
tational excitation in each v”, results in a narrow in- 
ternal energy distribution overall ( z 1700 cm- ’ in 
width), which is reflected in the VADS profiles of the 
partner OH. The consistency between these results 
and those from a direct study of the NO [ 15 ] is en- 
couraging, for it unequivocally identifies the paren- 
tage of the NO in the direct experiments as HONO. 
Measurements of NO( Y” = 2 and 3 ) Doppler broad- 
ened linewidths in the earlier work were also used to 
conclude the identity of the parent. An accurate mea- 
surement of the vibrational distribution was, how- 
ever, hampered by the presence of other NO precur- 
sors which produced NO predominantly in v” = 0 and 
1. The NO internal energy distribution following dis- 
sociation of the 2’ state is poorly resolved in the 
VADS profile of OH, but we are able to conclude that 
there is apparently a lack of significant population in 
v” =O of the NO partner, unless the rotational distri- 
bution in this vibrational state is very highly inverted 
(J~40.5). It is clear from this work that studies of 
systems with a chemical and photochemical com- 
plexity akin to that of the HONO equilibrium [ 231 
are able to benefit from VADS measurements of frag- 
ments which have a unique parentage. 

The observed translational energy release, rota- 
tional-translational energy partitioning and aniso- 
tropic velocity and angular momentum distributions 
are testimony to the impulsive nature of the HONO 
dissociation [ 12,15 1. We anticipate that the disso- 
ciative HONO (A) potential energy surface is bound 
in the terminal N=O coordinate, r(NO), but suffi- 
ciently repulsive along the coordinate parallel to the 
breaking O-N bond, R (ON ) , that dissociation is fast 
compared with torsional or rotational motions. A 
Franck-Condon treatment of photodissociation has 
been found to adequately model a number of other 
systems, such as Hz0 (A) [ 241, which display simi- 
lar evidence of prompt dissociation as that seen for 
the HONO dissociation. However, our observations 
do not concur with the calculations of the NO vibra- 
tional distributions by Vasudev et al. [ 12 ] which were 
based on a modified Franck-Condon model of the 
dissociation. For dissociation of HONO ( 2”, n = O-3 ) 

these predict a wide distribution in NO (v” ) and for 
n > 1 the distributions are bimodal, peaking at v” = 0 
and again at v” > n. The assumptions of prompt dis- 
sociation with no exit-channel interactions, which 
underlie this model, are evidently not appropriate in 
this case. 

It is apparent that exit-channel interactions do play 
a role in determining the vibrational state distribu- 
tions and we might expect that the degree of vibra- 
tional adiabaticity be sensitive to the detailed form 
of the HONO potential energy surface. Detailed 
experimental and theoretical studies, based on an ab 
initio potential energy surface, of the photodissocia- 
tion of the related CH30NO(S,) are available for 
comparison. The characteristics of the CH30N0 ( S , ) 
dissociation are somewhat similar to those of 
HONO( due primarily to the fact that the x*+-n 
excitation [ 25,161 and subsequent bond rupture are 
centred on the planar R-O-N=0 moiety [ 26,271. The 
NO fragments, in both cases, are ejected predomi- 
nantly in the plane with a high degree of rotational 
excitation, which is adequately parameterised by a 
Gaussian function in rotational quantum number 
[ 28,15 1. Ab initio calculations show that the excited 
state potential energy surface of HONO (A) resem- 
bles that of CH,ONO( S, ) in the r(N0) and R(ON) 
coordinates [ 29 1, so that we expect to observe a sim- 
ilar influence on the vibrational distribution in the 
NO. The fragment distributions from photolysis of 
CH,ONO( 3”, n = l-5) are observed to occupy pri- 
marily NO ( v” = n - 1 ] [ 30 1. A dynamical calcula- 
tion based on an ab initio surface of CH,ONO (S, ) 
by Nonella and Huber [ 3 1 ] is able to satisfactorily 
model the observed results [ 321. The S, surface is 
bound in the r( NO) coordinate and has a shallow well 
near the Franck-Condon region (accessed by a “ver- 
tical” electronic transition from the ground state). 
Perhaps more enlightening, as far as the dynamics are 
concerned, is the form of the vibrationally adiabatic 
potentials generated from this surface by retaining the 
nodal integrity of the r(N0) dependence of the vi- 
brational wavefunction and calculating the corre- 
sponding energy as a function of R (ON). The result- 
ing curves have a low barrier to dissociation along 
R (ON) in the Franck-Condon region and, due to the 
shortening of the N=O bond length and increasing vi- 
brational spacing as R (ON) increases, this effective 
barrier increases with the number of quanta initially 
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excited. The competition between adiabatic (tunnel- 
ing) and non-adiabatic (intramolecular vibrational 
relaxation, IVR) ultimately determines the final state 
distribution. The effective barrier in this case is such 
that the predominant process is vibrationally non- 

adiabatic dissociation. Unfortunately, no experi- 
mental observations were made of the vibrational 

distribution following photodissociation of 

CH,ONO( 3’) in which the adiabatic channel should 

dominate. 
Completely analagous dynamical calculationson an 

ab initio potential surface of HONO ( S, = A) [ 29 ] are 

now available for direct comparison with our exper- 
imental findings. The theoretical analysis predicts that 
HONO dissociates in the same general way as 

CHXONO (S, ) . In particular, the effective barrier to 
dissociation in the R( ON) coordinate is approxi- 

mately twice that found for CH30N0 (the ON0 bond 
angles in each case were fixed at their respective 

ground state values), favouring the vibrationally non- 
adiabatic dissociation channel. The dominance of the 

non-adiabatic route was heightened by increasing the 
strength of vibrational-translational (V-T ) cou- 

pling in the exit channel, and was required in order 

to improve the comparison between the calculated 

and experimental absorption spectra. Consequently, 

the predicted distributions over NO ( LJ” ) arising from 
dissociation of HONO( 2”, n = 0, 1, . . . ) were found to 

peak at v” = 0 for n = 0 and 1, irrespective of the de- 

gree of V-T coupling, while NO( u” = n-l ) and 

NO ( LJ” = n-2) were most populated for n 3 2 when 

V-T coupling was weak and strong, respectively. In 

all coupling cases NO ( V” > n) was virtually unex- 
cited. In the experimental photodissociation of 

HONO( 2”, n= 1, 2) we do observe NO chiefly in 
v” = 1 resulting from HON0(22), consistent with a 

vibrationally non-adiabatic mechanism, but do not 
observe a significant population in v” =O in the 

HONO (2’ ) dissociation. In the HONO( 22) case the 
presence of a significant population in NO( u” = 3) 

was observed in an earlier experiment, in which the 
NO was probed directly using laser-induced fluores- 

cence [ 15 1, and the VADS line profiles presented in 
this paper of OH from both the HONO(2’) and 

HONO ( 22 ) dissociations certainly indicate that 
NO( v” > n) is produced. Experimentally, therefore, 
dissociation preceded by vibrational relaxation in the 

exit channel is less favoured than predicted 
theoretically. 

The experimental observations may be rational- 
ised if the effective barriers to dissociation along 
R(ON) in the case of HONO were lower than 
those calculated for CH,ONO( S, ), and were in fact 
to become rather flat along R(ON) in the Franck- 
Condon region for the lowest states of the vibrational 
manifold. In this scenario, the adiabatic pathway 
dominates for the lowest values of the vibrational 
quantum number, n, of the parent (increasing the 
relative yield of NO ( v” > n ) perhaps ), while at higher 
n the non-adiabatic channel dominates. Further- 
more, an increasing energy separation between the 
vibrationally adiabatic curves as n increases would 
reduce the extent of vibrational-translational cou- 
pling and may be responsible for the reduced rate of 
dissociation indicated by a sharpening of vibrational 
structure in the parent absorption spectrum [ 161. 
Given that OH has a substantially lower mass than 
CH30 we anticipate that the HONO (S, ) surface is a 
more sensitive function of the ON0 bond angle and 
that, as preliminary ab initio calculations show [ 29 1, 
with the inclusion of this coordinate the relative bar- 
rier height along the dissociation coordinate is in fact 
lower than for the fixed angle calculation. 

Clearly, a more comprehensive experimental study 
of the vibrational distribution for a wide range of ini- 
tial parent vibrational excitation in parallel with dy- 
namical calculations will be required before we can 
draw firmer conclusions about the form of the A state 
potential energy surface of HONO. Velocity aligned 
Doppler spectroscopy will, however, be a valuable 
addition to our armoury of diagnostics in subsequent 
investigations. 

5.2. The VADS technique 

The feasibility of velocity aligned Doppler spec- 
troscopy of photofragment diatomic molecules has 
been demonstrated. The VADS profiles of OH from 
the dissociation of HONO (A) have not proved to be 
particularly revealing of the partner NO internal en- 
ergy distribution because, as mentioned above, the 
mean rotational energy in each vibrational state is a 
considerable fraction of the vibrational separation 
resulting in a significant overlap in total energy. This 
pilot study does, however, prompt suggestions for 
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improvement of these measurements. The major 
limitation to the resolution in the long time delay 
spectra is due to the thermal distribution in parent 
translation. If a molecular beam source was em- 
ployed and crossed at right angles by the laser beams 
then any parallel component along the probe direc- 
tion from parent molecules would be minimised. In 
principle, the energy resolution would be limited by 
the laser bandwidth ( z 100 MHz in the UV with our 
pulse-amplifier system). It is not necessary to rota- 
tionally cool the parent, although this may also be de- 
sirable (this causes the nature of the parent species 
to change in the HONO experiment! [ 23]), but to 
ensure that the molecular flow is well collimated - by 
using closely packed narrow bore capillaries or a rec- 
tangular slit, for example. The analysis of the VADS 
line profiles would also be facilitated by a more ac- 
curate knowledge of the profiles of the photolysis and 
analysis laser beams, so that the velocity distribution, 
P(v), and the effective recoil parameter, 8, can be de- 
termined routinely. 

VADS will, in general, be a useful diagnostic when 
there is a narrow internal energy distribution in a 
heavy recoiling partner, such that differences in the 
partner internal energy have a large effect on the 
translational recoil energy of the probed fragment. A 
further interesting possibility, not explored in this 
work, is the application of VADS to the investigation 
of correlations between internal energy states of pho- 
tofragments. A coincidence experiment such as this 
would be impractical in the HONO dissociation due 
to the high density of states available. An experiment 
of this sort does become viable for systems in which 
one of the fragments has few but well separated inter- 
nal energy states. An atomic fragment such as halo- 
gen, for example, exhibits spin-orbit coupling result- 
ing in two well separated, but often accessible, 
electronic states. In a recent study of the photodisso- 
ciation of NOBr [ 331 the existence of Br in both of 
its spin-orbit states, 2P3,2 and ‘P, ,2, was inferred from 
the tits of NO Doppler line profiles, which required 
the inclusion of two discrete translational energies to 
simulate the experimental data. The application of 
VADS to this system would allow the resolution of 
these two reaction channels, which are separated by 
a spin-orbit splitting energy of 3685 cm-’ [ 341, pro- 
vided that a sufficiently narrow laser bandwidth can 
be achieved at the probe wavelength. Inter-fragment 

correlations could also be investigated by varying the 
probed transition. 

A similar prospect arises for interrogating a pair of 
molecular/atomic products from a simple chemical 
reaction. Consider the bimolecular reaction: 

(19) 

if the collision energy of the reactants can be defined 
then the production of both spin-orbit states of Br 
may be resolvable in the VADS profile of the partner 
OH. In a recent experimental study of this system 
[ 35,361 0( 3P) was generated by the 355 nm photol- 
ysis of NO*, with a spread in translational energy de- 
termined by the internal energy distribution in the 
NO partner. The energy available for partitioning be- 
tweenO(3P) andNO(X ‘II) isabout 3000cm-’ and, 
based on results obtained in the 337 nm photolysis of 
NO2 [ 37 1, is expected to be widely distributed over 
the NO internal energy states. An anomaly in the ob- 
served OH (v” = 1) distribution seemed to imply the 
opening of the reaction channel leading to 
OH+Br(2P,,2). We note that at the threshold for 
production of the higher energy 2P,,2 state, the differ- 
ence in Doppler shifts for a transition in the OH (A 
2C+, v’ = 1 tX ‘II, ZY = 1) band will be about 0.24 
cm -I. This should easily be resolved in the VADS 
profiles of the OH despite the distribution in colli- 
sion energy, allowing measurement of the spin-orbit 
branching ratio in the Br partner, provided that care 
is taken to minimise the delay between production of 
the 0 atom precursor and the subsequent reactive 
collision. VADS profiles of different OH transitions 
may allow a correlation to be made between the spin- 
orbit states of the Br and the rotational states of the 

OH. 
There are undoubtedly other systems for which 

VADS may yield valuable information regarding en- 
ergy partitioning or inter-fragment correlations. The 
wider application of this technique is certain to en- 
hance future investigations of photodissociation and 
reaction dynamics. 

6. Conclusion 

We have demonstrated the potential of velocity 
aligned Doppler spectroscopy as a probe of the en- 
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ergy distribution of molecular fragments born from 
photodissociation or chemical reaction. We believe 
that the amount of information attainable with this 
technique will be maximised by employing colli- 
mated beams of molecules in conjunction with high- 
resolution sources of probe radiation. 

The photodissociation of trans-nitrous acid from 
its first electronically excited state occurs rapidly in 
the plane of the parent molecule to yield fragment NO 
with a distribution over vibrational states. Direct 
probing of the vibrational distribution and the use of 
VADS reveal evidence of both vibrationally adi- 
abatic (tunneling) and non-adiabatic (IVR) disso- 
ciation channels. The observations indicate a disso- 
ciation which is less extreme than predicted by 
dynamical calculations on a model potential energy 
surface, based on a fixed ON0 angle geometry, in 
which intramolecular vibrational relaxation was 
found to dominate. 
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