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Photodissociation of Vibrationally Excited Pernitric Acid: HO oNO- (2v1) + 390 nm'
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Pernitric acid (H@NO,) molecule vibrationally excited in the vicinity of its first OH stretching overtone
(2vy) is dissociated via electronic excitation using 390-nm light. The nascent energy distribution of the resulting
OH fragments is probed by using laser-induced fluorescence at sub-Doppler resolution. We find that for the
minor OH+ NO; channel, 55% of the-19 600 cn1of available energy goes into relative translation of the

two fragments and 45% into internal excitation. In addition, electronically excitegldé€ociated with the
dominant HQ + NO; channel is also observed. The visible fluorescence from the excitedrl@nents is
sufficiently intense to allow vibrational action spectra of #\®, to be recorded with good signal-to-noise.

As vibrational states in the vicinity of thes2level can also undergo unimolecular dissociation on the ground
electronic surface, comparing relative integrated intensities of spectral features appearing in the vibrational
state selected action spectra with their known total infrared absorption cross sections provides a means for
estimating unimolecular dissociation quantum yields from these levels under collision-free conditions. The
present results indicate that at 298 K the unimolecular dissociation quantum yield for theOsI(2v,) state

is ~30 &+ 5%. Evidence is also presented for the generation of HOONO impurity in the standard synthesis
route for HQNO:..

Introduction Specifically, the measurements of Rohel et’at 248 nm find

Peroxynitric acid (PNA/HGNOy) is formed in the atmosphere the following quantum yields:

via a three-body recombination reaction involving the#@d HO,NO, — OH + NO, (34%) (1a)
NO; radicals and, hence, provides a temporary reservoir for 272 3
these speciesApart from its reaction with OH, photodisso- — HO, + NO, (56%) (1b)

ciation constitutes an important removal mechanism for atmo-
spheric HQNO,. The relatively weak H®-NO bond strength  The quantum yields for the above two channels were determined
implies that PNA molecules can be dissociated not only via by respectively measuring thetal yield of OH and NQ
the absorption of UV photons, associated with promotion to a fragments resulting from 248-nm photolysis and thus do not
repulsive excited electronic state, but also through unimolecular preclude the possibility that some of the fragments shown in
dissociation initiated by infrared excitation on its ground the above equations are formed in excited electronic states. In
electronic surfacé? The latter mechanism is expected to be fact emission from electronically excited N®as been reported
important, for example, at high solar zenith angle8°) where in the 248-nm photodissociation study of Macleod et'al.
the extended optical path lengths lead to selective depletion of Dissociation of PNA can also occur readily on its ground
the short wavelength component in the solar actinic flux relative electronic surface and several aspects of this unimolecular
to the longer wavelengths due to scattering and absorfitfon.  reaction have been investigated both experimentally and
Thus, to fully quantify the photochemical loss mechanisms of theoretically®1214 Using available thermo chemical d&tane
atmospheric PNA, a thorough understanding of both its vibra- readily estimates the threshold energies for opening the lowest
tional and electronic photochemistry is needed. energy product channel from simple bond fission of PNA,HO
The UV absorption spectrum of PNA has been investigated + NO, to be~8110 cnt?. The threshold for opening the HO
by several groups and consists of a broad absorption feature+ NOs channel is much higher at13 780 cnt. The difference
starting around 360 nm and extending well below 1907nfn. between the threshold energy for opening the,HO NO,
Ab initio calculationd® suggest the presence of two excited channel, 8110 cmi, and the band center for exciting the first
singlet electronic states in the near-UV region both of which OH stretching overtone {2) of PNA, 6910 cn1l,1% suggests
are dissociative along the HONO, and the HO-ONO, that unimolecular dissociation can occur upon excitation to the
coordinates. The first excited singlet statéi 2is located 5.05 2v1 level only with the assistance of substantial thermal energy.
eV above the ground state while the second is at 5.52 eV. At room temperature (298 K) the average internal thermal
Quantum yield measurements from the photodissociation of energy (vib4 rot.) in PNA is estimated to be 700 ch® Thus,
PNA have been investigated at 248 nm and indicate that the only states associated with the high-energy tail of the Boltzmann
primary channels are those associated with the formation of OH distribution have sufficient energy to make up th&200 cnr?
and HQ photofragments, even though energetically several energy deficit required to open the H&® NO, pathway. Roehl
other dissociation pathways are also possible at this wavelengthet al. have investigated the quantum yield for unimolecular
dissociation of PNA upon excitation to several vibrational levels
T Part of the special issue “Richard Bersohn Memorial Issue”. in the vicinity of the 2; band as a function of temperature and
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HO,NO, (2'A) OH (AZ5") particular, fixingA, andAs; while varying the wavelength of the
32000 32,600 cm™! infrared excitation laseil{) generates vibrational action spectra
S that reveal information about the fraction of states within the
selected vibrational level thalo not undergo unimolecular
28000 1 dissociation and thus survive for at least a time period set by
the time delay betweerl; and A,. As we discuss below,
24000 N comparing vibrational band intensities appearing in these double-
3 resonance action spectra with their known total integrated
20000 - infrared absorption cross sections provides a means for estimat-
r'g A2 ing the unimolecular dissociation quantum yields of the bands
3 16000 - in the absence of collisions.
0
o =
Y o0 NO» + OH 0CID) 13,780 cm” Experimental Section
The experimental apparatus is similar to that used in our
8000 Kuni(E) 7,970 om™ previous s_tudies investigat_ing unimolecula_r dissociation of
v <1 6900 cmt HO2 + NO, HOCI.18 Briefly, the photolysis chamber consists of a glass cell
4000 N 5,600 cm™? equipped with a viewing window for monitoring Iaser-induced
A 2 fluorescence (LIF), two sets of mutually orthogonal sidearms
J for introducing laser light, and several inlet ports for adding
00 . The inside of the cell is coated with halocarbon wax
HONO, (1'A) reagents. T

to minimize sample wall loss. We generate #®, (PNA) in

Figure 1. Schematic energy level diagram illustrating photodissociation & manner similar to that described in the literature using the
of vibrationally excited HGNO, (PNA). Laserl, vibrationally excites following reaction scheméi”
room-temperature PNA molecules to the; 2evel wherel, subse-
uently further promotes these state-selected molecules to a dissociative
glectrgnic excitped state. The resulting OH photofragments are probed H50, + BF,NO, =~ HO,NO, + HF + BF, @
via LIF by using 23. PNA molecules excited to states of the;?2
vibrational level having sufficient initial thermal energy can also The above synthesis is realized in practice by slowly adding
undergo unimolecul_ar dissociat_ion on thg ground electronic surface. ~2 g of BRNO; to 5 mL of precooled KO, (~90%) kept in
The threshold energies for opening the various product channels showny jacketed glass cell maintained atl3 °C using a chiller
are estimated by using the enthalpy data of refs 6 and 9. circulating an ethylene glycelwater mixture. The entire
reaction is conducted inside a glovebag filled with dry. N

pressuré. Consistent with the energy constraints noted above Immediately after the synthesis the sample cell is capped off,
they find that at 295 K, corresponding to the upper limit of removed from the glovebag, and further cooled-tb7 °C. The
their reported temperature range, the quantum yield for unimo- sample cell is then pumped on to remove volatile species such
lecular dissociation for thei2 band is~27% and independent as N and NQ. During the experimental runs the chiller
of pressure over the-240 Torr range used in their study. reservoir temperature is maintained betweet8 and—10 °C

An invariable complication associated with investigating the to regulate the partial pressure of ENGD; in the sample cell.
laboratory photochemistry of PNA is the presence of impurities. The HGNO, sample is slowly flowed into the photolysis cell
Previous studies have identified®,, HNOs, and NQ as being and varying the extent to which a two-inch diameter bellows
the major impurities present in PNA samples generated by usingvalve, connecting the photolysis cell to a mechanical vacuum
the traditional synthesis route involving®, + NO,BF,.57:15.17 pump, is opened regulates the pressure. Although the sample
In this study we present evidence that HOONO can also form reservoir is kept cold, the photolysis cell is at room temperature
during the synthesis of PNA. As many of the above impurities and typically operates in the pressure range betwegh and
have overlapping absorption bands and give rise to common 100 mTorr. All components coming in contact with the reagent
photofragments, great care is needed to ensure that contributiorprior to entering the photolysis cell are made of either glass or
from impurity photochemistry is kept to negligible levels. Below Teflon to minimize loss of PNA. Under typical operating
we present the first results of using vibrational state selection conditions, the PNA samples last aboutI0 days before
to selectively excite and investigate the near-UV photochemistry requiring replacement. Concentrategdd used in the synthesis
of PNA while minimizing interference from these impurities. is prepared by bubbling Nthrough a 50% KO, solution over
Figure 1 illustrates the approach used in these double-resonanca period of several days to remove the more volatile water
experiments. Infrared lighti) is used to vibrationally state =~ component; the final bD, concentration is estimated by noting
select PNA molecules by excitation in the vicinity of the; 2 its volume change.
band, and the vibrationally excited molecules are then subse- Infrared radiation 4;) for exciting the first OH stretching
quently dissociated by promotion to an electronic excited state overtone of PNA (2;) is generated by an optical parametric
by using a second photon &t390 nm {,). Finally the OH oscillator (OPO: Spectra Physics MOPO-730), which is pumped
fragments resulting from the photodissociation are probed by by the third harmonic of an injection seeded Nd:YAG laser
laser-induced fluorescence with use of a third lage). (Thus (Spectra Physics GCR-270). The idler beam from the OPO laser
the effective total energy imparted to the PNA molecule through provides the required tunable radiation between 6600 and 7150
the double-resonance excitation corresponds to an equivalentm* with a bandwidth of~0.4 cn* and pulse energies ranging
single photon excitation energy o307 nm. Apart from from 4 to 6 mJ. Radiation at390 nm for exciting the electronic
obtaining information regarding the electronic photochemistry transition in the second step of the double resonangeig
of PNA, the double-resonance technique also provides the meangenerated by frequency mixing the visible output of another
for probing several aspects of the unimolecular dissociation Nd:YAG laser pumped dye laser operating with R-640 dye with
dynamics occurring on the ground electronic surface. In the Nd:Yag laser’s fundamental. Typical output pulse energies
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from the mixing process are between 8 and 10 mJ. The OH
photofragments resulting from the double-resonance excitation
are probed via the AX transition at~308 nm with use of laser
induced fluorescence (LIF). The 308-nm radiation, which has _oH
a bandwidth of 0.17 cmt, is generated by frequency doubling
the output of a third Nd:YAG laser (Continuum: NY81-20)
pumped dye laser (Continuum: ND60). The probe and pho- 2v, — Gn+wo,
tolysis laser beams are combined on a dichroic mirror and 5

directed into the photolysis cell after passing through a H202 + BFNOz— HOONO
collimating lens system. The vibrational excitation laser propa-
gates counter to the other two beams and is focused into the
center of the cell by using a 400-mm lens. For some of the
Doppler profile measurements, the probe laser is introduced i
orthogonal to the other two beams. All three laser systems ia " Ty
operate at 20 Hz and have temporal widths (fwhm)-af ns. Y il

The time delay betweeiy and A, is typically fixed at 20 ns, b.

although for experiments probing the unimolecular dissociative

lifetime of the vibrational states, this delay is varied between 7 onr
and 50 ns. The probe laser pulsgypically occur~80 ns after —T\
the OPO [;) and its intensity is greatly attenuated to avoid rs
saturation of the OH transitions as well as prevent photolysis 2, —_

of the PNA. The OH fluorescence excited by the probe laser is R

collected by using an f/1 lens system and imaged onto an end- OH + NOy —= HOONG
on photomultiplier (EMI 9635QB). The combination of a color
glass filter (Schott UG-11), a 308-nm interference filter, and a
355-nm edge filter located in front of the photomultiplier
provides discrimination against scattered laser light. For detec-
tion of NO; fluorescence the Schott UG-11 color glass filter is .

replacgd with a GG-420 filter aqd the 308-nm mterfgrence and 6400 6600 . 6800 7000

edge filters are removed. The signal from the PMT is sent to a v, (em™)

gated charge integrator (LeCroy, 2249SG ADC) and subse- Figure 2. (a) HOONO (21) action spectrum arising from the;&,
quently digitized and passed to a laboratory computer for storage+ BF,NO, source. The spectrum is generated by scanning the IR laser
and analysis. (A1) while monitoring OH fragment yield through the;@) transition

(A3). (b) HOONO(2,) action spectrum generated from the HONO,

+ M three-body recombination reaction. The OH radicals required for
the three-body reaction are generated by using thie NO, reaction

with hydrogen atoms being produced by passing tHrough a
microwave discharge in a sidearm reactor.

Results and Discussion

As a first step in using double resonance to investigate the
photochemistry of PNA we examine the influence of infrared
excitation ¢1) alone on the sample. The right side of Figure 1
illustrates the simple bond fission pathways associated with thewe have also generated HOONO using the three-body recom-
dissociation of HGNO, (PNA) and their corresponding thresh-  bination mechanism and the corresponding action spectrum is
old energies. As noted above, in these room-temperatureshown in Figure 2b. Although we have not characterized all
measurements the initial thermal energy associated with the highaspects of the HOONO formation, we find that the yield of
energy tail of the Boltzman distribution combined withthg2 =~ HOONO from the BENO, + H,O, source is typically high
photon energy is sufficient for opening the K® NO, pathway. when BRENO; is in slight excess of that reported in the
By contrast the OH- NO3 channel is not accessible at these Experimental Section. We note that recent studies have reported
vibrational excitation energies. Thus based on energetics wegenerating HOONO by using the reaction of BI© + H,0,.22
do not expect OH fragments to be generated solely from the Hence if BENO was present in our system as an impurity it
infrared excitation of PNA in thei2 spectral region. In actual  could account for the formation of HOONO. The HOONO
fact, however, we find that freshly prepared PNA samples do signal from our PNA source remains strong only for the first 1
give rise to OH signal when exposed to infrared radiation tuned to 2 days of use of a freshly prepared PNA sample, suggesting
to the vicinity of the 2, vibration. Monitoring the yield of the  that it is rather volatile and disappears following extended
OH fragments by using the;@) transition, for example, while  pumping. Interestingly, to the best of our knowledge prior
scanning the wavelength of the infrared excitation lagey, ( studies have not reported detecting HOONO impurity in their
generates an action spectrum like the one shown in Figure 2a.PNA samples, although it is clear that its presence can
We believe that this signal is due to OH fragment generated potentially interfere with the study of PNA photochemistry. All
through the unimolecular dissociation of HOONO impurity experiments on PNA that we report below are conducted after
present in the PNA sample. Not only is the thermochemistry the OH signal from HOONO (2) reached negligible levels.
for opening the HOONG— OH + NO; (Do ~ 19.8 kcal/ After eliminating the HOONO interference we are able to
mol)1°2° consistent with the energy associated with the 2  more clearly probe the influence of infrared excitation on PNA
excitation, but also the band centers of the four primary spectralitself. As expected on the basis of known thermochemistry and
features observed in Figure 2a match up exactly with those also reported by previous investigators, the-@v; excitation
recently reported in ref 21 for HOONO generated by using the of PNA leads to opening the HO+ NO, pathway. The
high-pressure three-body recombination reaction: -©MNO, production of HQ is readily verified by conducting the infrared
+ M — HOONO+ M. To facilitate a more direct comparison, excitation experiments in the presence of added NO. The
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further promoted to an electronic excited state by usi390-

nm light (1,) (see Figure 1). The choice of wavelendthis
dictated by a desire to maximize the double-resonance signal
from PNA while minimizing background signal initiated Ry
alone. In particular, the absorption cross-section of both 5INO
and HOOH is weak at 390 nm and N@ not expected to
fluoresce when excited at this wavelength as it leads to
dissociation. One advantage of this experimental approach is
that the excited electronic state of PNA naturally gives rise to
OH fragments, and hence it is not necessary to add nitric oxide
to record a vibrational action spectrum. Figure 3b shows a
typical vibrational overtone action spectrum of RN, (2v1)
obtained with the double-resonance technique. The spectrum
is generated by scannirdg while monitoring the yield of OH
photofragments with use of the;(@) transition. We find that

o action spectra generated by monitoring yields of other OH
rotational states give similar results. In conjunction with the
action spectra of PNA, we have also recorded double-resonance

Mt spectra of pure HOOH and HN@ separate experiments using
x10 the same combination of excitation wavelengths. Through these
cross checks we are able to verify that the spectral feature

observed at 6910 cm in Figure 3b is due to PNA while the
feature at 7075 cnt is due to hydrogen peroxide. Apparently
T T T T the combination of; andA, effectively prevents HN@species

6200 6250 6300
v, (em)

6700 6800 S0 7000 7100 from contributing at these wavelengths. Thus it is clear that by
v, (em’) tuning 11 to ~6910 cnT?, the peak of the PNA12 band, and
Figure 3. (a) Vibrational overtone action spectrum of HD, (2vy). subsequently photolyzing the vibrationally excited molecules

This spectrum is generated by exciting PNA to the vel and then  sing 390 nm light, we can investigate the near-UV photo-
converting the unimolecular dissociation products ,H® OH through chemistry of PNA with out interference. We note that the

its reaction with NO, which is also added to the reaction cell. In the binati f 2, 4 390 ds t ffecti inal
spectrum the yield of OH radicals is monitored with thgZ) transition combinaton of 2, nm corresponds to an efleclive single

as the 0— 2v; excitation frequency is scanned. (b) Vibrational overtone Photon excitation of~307 nm.
action spectrum of HNO, (2v;) from the 2; + 390 nm photodis- Another aspect of the PNA double-resonance action spectra
So°|_‘|3iatri]%':(-)f-';gisr:gst‘;tr;]”rqof %et”hegaée)dtg’nziﬁ)”nmnl\?giﬁtwcorg;?ézgs that we have investigated is to examine whether they change
presgnt andgthe time delgy bet\liveénand Az is set at 25 ns. (c) as the time delay betweet) andA IS varled._By_var_ylng this
Vibrational overtone action spectrum of HGD, (2v1) generated via  time delay we hoped to probe the lifetime distribution of those
the 2, + 390 nm photodissociation, but monitoring total NO  States of the 24 vibrational band that have sufficient energy
fluorescence while scannirlg. The weakyv;, + 2vs combination band to undergo unimolecular dissociation on the ground electronic
is shown in the inset. The assignment is from ref 6. surface. Specifically for a given time delajtj betweeni;

and A, only ro-vibrational states that do not undergo uni-
addition of NO initiates the following reaction with the HO  molecular dissociation duringt can subsequently interact with

photofragments: Az and produce OH photofragements through promotion to the
repulsive electronic excited state. Thus, action spectra of these
HO,+ NO— OH + NO, predissociative vibrational states taken under different time delay

(k= 8.6 x 10 *cm’/(molecule s)) (3) settings may exhibit different intensity distributions. The double-
resonance action spectrum presented in Figure 3b corresponds

Hence this reaction rapidly converts @ OH and since the 1o At = 25 ns, and we find that the spectrum does not change
latter species can be detected by LIF, the above reaction providegioticeably asAt is reduced to~7 ns, the temporal resolution
a convenient, although indirect, means for monitoring the limit of our laser system. Thus, these first room-temperature
formation of HQ photofragments. Figure 3a displays a vibra- double-resonance measurements suggest that the majority of
tional overtone action spectrum of H®O, over the region of PNA states that undergo unimolecular dissociation upon excita-
the 0— 2w, transitions obtained by this method. To facilitate tion through the 6- 2v; band apparently do so on a time scale
the conversion of Hephotofragments to OH, the delay between much faster than-7 ns. This observation is consistent with the
the probe and vibrational excitation lasers is increased lack of pressure dependence reported in the quantum yield
us in these measurements; the resulting OH molecules aremeasurements of Roehl et al. over the4D Torr range. We
monitored via LIF by using the {2) transition. Comparing  also note that the width of thev2 band generated monitoring
Figure 2a and Figure 3a we clearly see that although the HO formation by the addition of NO (Figure 3a) is broader
HOONO and HGNO; spectra are distinct, there are substantial than that obtained by using the double-resonance excitation

regions of overlap in the vicinity of their respective;dands. (Figure 3b). We believe this is due to the fact that the action
Consequently care must be taken to avoid excitation of the spectrum generated by monitoring unimolecular reaction is
unwanted species. biased (due to energy constraint) in favor of states in the 2

After examining the predissociation spectra from thg 2  band with high internal energy while the action spectra generated
vibrational level we focused on the double-resonance excitation by state-selected electronic photodissociation are expected to
experiments. In these measurements, PNA molecules vibra-be equally sensitive to all the states of2Using sub-Doppler
tionally excited to the 2, level by the OPOA;) are subsequently  resolution LIF we have also investigated the energy disposal
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Figure 4. Nascent rotational state distribution of the QH= 0, 213/,
manifold resulting from the 2 + 390 nm excitation of PNA. The
inset shows the Doppler width associated with théitransition with
the 0.17 cm? probe laser line width convoluted out.

for the OH+ NOj3 channel resulting from the double-resonance
photodissociation of PNA. Taking into account the photon
energies associated with and/,, the average thermal energy
in PNA (700 cnt?), and the bond energy for opening the OH
+ NOs channel (13 780 cr), we estimate the available energy
associated with this dissociation pathway to~bE9 500 cnr?.

By scanning the probe laser over the rotational transitions of
the OH fragment's A— X band and examining both their
intensity and Doppler line widths, we find that 470 chof the
available energy goes into rotational and 8420~ &nnto
translational excitation of the OH fragment. The nascent OH
energy disposal results are shown in Figure 4. Within our
detection limit, we do not observe any vibrationally excited OH.
Applying momentum and energy conservation, we infer that
the partner N@fragment receives-2310 cnt?! of translational
and~8250 cn1? of internal excitation. The amount of internal
energy available for N@is insufficient to produce it in its
electronic excited state. We are unable to obtain detailed
information regarding energy disposal for the H® NO,
pathway in these experiments. However, it is clear from
monitoring total visible fluorescence over the 4250 nm
range, that a substantial amount of the Nftagments is

Matthews et al.

vibrational action spectra with their known integrated infrared
absorption cross sections, we can estimate the quantum yield
for unimolecular dissociation associated with the &tate. As
noted above, Roehl et &ldetermined the quantum vyield for
unimolecular dissociation of several near threshold vibrational
levels of PNA as a function of temperature and pressure by
comparing the relative yield of Hdragments from these levels
with those from the much higher energy;3band, whose
dissociation quantum yield they assumed to be unity. Their
experiments relied on using the H& NO titration reaction to
convert HQ photofragments to OH for the purposes of
monitoring HQ fragment yields and, thus, were conducted
under conditions of high pressure>Z Torr). The present
experiments provide a complementary method for estimating
the unimolecular dissociation quantum yields at low pressure
(~70—-80 mTorr) in the absence of collisions and without
requiring nitric oxide. This is accomplished by noting that the
integrated signal intensityS, for the ith vibrational band
appearing in the double-resonance action spectrum is directly
proportional to the product of the following factors:
S Unw'r f's0'yy0'em 4
In the above expressiong is the number density of PNA
molecules in the excitation volumey is the band’s integrated
infrared absorption cross sectiofs, is the fraction of vibra-
tionally excited molecules that stive and do not undergo
unimolecular dissociatiomyyy is the cross section for absorption
of UV light by these vibrationally excited molecules, angl,
is their cross section for producing electronically excited,NO
Since excitation to the first excited singlet electronic state of
HO,NO; involves an n— x* transition that is primarily
localized on the N@ chromophoré? the Franck-Condon
factors associated with electronic excitation are likely to be most
sensitive to initial vibrational motion in the parent molecule
involving the NQ moiety. Since the 2, andv, + 2v3 vibrations
involve primarily motion on the OH/HOO portion of PNA, these
states are likely to have comparable Fran€ondon factors.
In addition, as the OH stretching state is the “bright” state in
overtone spectroscopy, it is likely that the intensity of thet
2v3 combination band arises from mixing of this state with the
“bright” 2v, state?® This is also consistent with the fact that
stretch-bend coupling is very common in many other mol-

generated in electronic excited states. That these excited NO ecules®* Thus assuming that state mixing is strong in vibra-
fragments are indeed being formed from the double-resonancetionally excited PNA, excitation of these vibrational spectral
photodissociation of PNA is confirmed by recording an action features having comparable energies is expected, on average,
spectrum that monitors the total visible fluorescence as a to differ little with regards to either their ability to absatbor
function of 2; with 4, held fixed at 390 nm. Figure 3c shows their propensity for producing excited NGragments upon
an action spectrum obtained by this method. The signal-to-noisedouble-resonance photodissociation; hence they will have similar
ratio in this spectra is considerably better than that obtained by values foroyy andogy. Strong state mixing and concomitant
monitoring OH fragments in a single quantum state. In fact statistical behavior also seem reasonable given that the vibra-
taking into account the photomultiplier response, filter transmis- tional state density of PNA at energies corresponding/ta
sions, and relative fluorescence signals from,N@rsus OH, ~10 states/cm'. Hence, under these conditions taking the ratio
we estimate that the HOt NO, channel is at least 10 times of integrated intensities of two spectral features in the action
more favored over the OH NO3 channel at these excitation  spectra,S andS, gives:
energies. This is to be compared with the results at 248 nm, o o o

(SIS) ~ (0l R)(f'd g (5)

where the yield of the HO+ NO, channel is~2 times that of

the OH + NOz channel® The improved signal to noise

associated with monitoring the NOfuorescence in these Thus if the total integrated infrared absorption cross sections
double-resonance experiments permits us to detect even relaare known, then one can determine the unimolecular dissociation
tively weak vibrational bands such as thet 2v3 combination guantum yield of one vibrational level relative to another. If in
band (involving G-H stretch and OOH bend) located at 6250 addition one of the vibrational states is nondissociativef,iso
cm~L. One immediate benefit of being able to detect this lower = 1.0, then the quantum yield for the dissociative sféggis
energy combination band is that by comparing the integrated obtained directly. In PNA the; + 2v3 band is lower in energy
intensities of thev; + 2v; and 2; bands appearing in the compared to the 124 band by about 650 cm, and its
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unimolecular dissociation quantum vyield is observed to be to undergo unimolecular dissociate at room temperature do so
negligible due to energy constraints. In fact the data of Roehl on a time scale faster than/ ns. In addition the quantum yield

et al® show that the unimolecular dissociation quantum yield for unimolecular dissociation of the B8O, 2v; state is

for the v; + 2v3 band is~6% at room temperature (implying  determined to be-30 + 5% in the absence of collisions at 298
thatfis = 0.94). Consequently we use thg+ 2v3; band as our K. The present results are in good agreement with the earlier
reference state and takig & 1 for this combination band. Using  results of Roehl et al. obtained at high pressure with the HO
the experimentally determined integrated intensity ratio for the + NO — OH + NO, reaction to monitor formation of HO

v1 + 2v3 and 23 bands (found to be 0.041 from the action from excitation of HQNO, in the region of the 2; level® In
spectra), and their corresponding integrated infrared absorptionfuture experiments we hope to use the double-resonance
cross-sections (8: 9.5 x 10 % andwv; + 2vz 2.7 x 10720 technique to investigate the dependence of;NQ, unimo-

cm? molecule cm?t),® we estimatefis for the 201 band to be lecular dissociation quantum yield on temperature.

~70%; hence at room temperature its dissociation quantum yield
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