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Ultraviolet —Visible Absorption Cross Sections of Gaseous HOI and Its Photolysis at 355 nm
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The absorption cross sections of HOI have been obtained at room temperature between 280 and 490 nm.
HOI was generated in situ by laser photolytic production of OH in the presencgeaofllits absorption of

UV —visible light measured using both a gated diode array camera and at several wavelengths by a
photomultiplier. Calibration was performed relative toldss. The absorption spectrum consists of two
unstructured bands with maxima at 340.4 rim.¢= (3.854 0.4) x 10° cr?) and 406.4 nMdmax = (3.30

+ 0.3) x 10°*° cr?) and is approximated closely by a semilogarithmic two-band Gaussian function. The
cross section data were used to calculate an HOI lifetime with respect to photodissociation in the troposphere
of between 170 and 100 s for solar zenith angles 6fattd 30, respectively. The photolysis of HOI was
investigated at 355 nm and was found to generate OH radicals with a quantum yield close to unity.

1. Introduction (nety HO,+0O;— OH+ 20,

lodine chemistry has been considered for almost two decades
to play a role in tropospheric ozone depletiohand has recently
been incorporated in modeling stratosphedzone loss. So-
lomon et alf have reviewed global iodine sources and show
that natural iodocarbons represent the major contributor to the . .
iodine content of the atmosphere, while anthropogenic sourcesSPECies at altitudes below 8 km. o _
are thought to account for less than 10%. The most investigated Repently, Solomon et' élproposeq that iodine chemlstw may
of this group of compounds is GH which is produced by contribute to the negative trends in ozone concentrations that
marine algaé. Boundary-layer concentrations of GHypically have been obs_erved in the past fgw_decac!es in the Iovx_/er
range between 1 and 4 pptv, although concentrations as highstratosphere. Slncg the tropospherlc lifetime of iodocarbons with

respect to photolysis is very short, it was suggested that transport

as 43 pptv have been reportefbr marine regions of high h h Iv Vi i i
biogenic activity. Recently, marine sources of other iodocarbons o the stratosphere can occur only via convective processes in

such as Chl,, CoHsl, and CHICI have been identifie@which equatorial Jegions. Howevgr_, recent measurements by Wenn-
may be of a greater combined source strength than that gt CH  2€'9 et ai* and Pundt et & indicate that there is not more
and as suggested by the Arctic measurements of Schall andthan 0.2 thV_Of 0 in the lower stratosphe_re and the pote_ntlal
Heumanr®, CHyl may only account for 26% of marine iodine impact of iodine ch_emlstry on stratospherlc ozone remains a
released to the atmosphere. matter of debate. Smpe the efficiency of the tropos_pherlc ozone
The production of reactive iodine from iodocarbons (RI loss cycle above 'S mfluenceql by the photpstablhty of HOI’
below) occurs mainly via rapid photodissociation in the accurate values for_lts abs_orptlon cross sections are required to
troposphere: enable the calculation of its photodissociation rate constant.
posp ) To date, only an unpublished determination of the YUV
visible absorption cross sections of HOI (JerdRjiis available,
in which HOI was generated in the modulated photolysis of
flowing H20,, I2, and N> mixtures:
A globally averaged lifetime of about 4 days has been

In a modeling study of the effect of iodine on tropospheric
chemistry Davis et al.found that this cycle could contribute

significantly to ozone loss in the lower troposphere and also
showed that HOI is the dominant tropospheric iodine-containing

RI+hy—R+I 1)

calculated for CHal, although the lifetime for CHl», for H,0, + hv (254 nm)— 20H (5)
example, will be considerably reduced from this value because
of the greatly increased overlap of the solar flux and its UV OH+ |,— HOI + | (6a)
absorption spectrur.

The reaction of | atoms with &s part of a catalytic ozone- HOI absorption was calibrated relative to theldst. The
destroying cycle: spectrum displays two broad bands with maxima at 335 and

410 nm and cross sections @0 " and oo " of 2.1 x 10719
and 2.3x 10719 cn?, respectively. Jenkifi notes complications
due to heterogeneous processes, and although the photolysis of
IO+ HO,— HOI+ 0O, 3) H,0- in the presence ot lappears to be a clean method for the
in situ preparation of HOI, it suffers from problems of surface
loss or possible surface reaction that is unavoidable with the

long photolysis period of 3 s.

| +0,—~10+0, o)

HOI + hw — | + OH (4a)
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flow controllers PMT appropriate filter (Schott, WG 280). The 0.5-m monochromator
’Q mono- (grating with 150 lines mmt blazed at 500 nm, total spectral
data chromator range of approximately 220 nm) was equipped with both a gated
acquisition diode ... l\ diode array detector and a photomultiplier tube (PMT). The
D, lamp ikind e BN | S entrance slit of the monochromator for diode array measure-
D Aot i 7/ ments was set at 0.1 mm, resulting in a resolution of 1.2 nm
Q ; (fwhm of the Hg 435.8 nm line). The wavelength scale was
< <> cutoff calibrated to an accuracy of 0.3 nm with the emission lines of
/6@ r:zz filter a low-pressure Hg lamp. For PMT measurements the entrance
ey « (270 nm) and exit slits of the monochromator were set at 0.25 mm,
%- ¥ resulting in a resolution of approximately 2 nm. All experiments
were performed at 295 2 K with N, or He bath gas.
OH radicals were generated by the 248-nm photolysis,GbH
- > pump (reaction 5), where the quantum yigldor OH production is
. §| e’;‘;isf;er capacitance | M = dielectric mirror 2. Furthermore, no detectable photolysis pbtcurs at this
M manometer - - = analysis light wavelength. Although the vapor pressures gbkland b and
= = photolysis light | complications related to aerosol formation placed upper limits

Figure 1. Schematic diagram of the experimental setup used for the ON conpentration of about X 10 and 4 x 10" cm™3
absorption study. respectively, the room-temperature rate constakgs= 1.8 x

107 andk; = 1.7 x 10712 cm?® s~ ensured that over 97% of
In the work described here, the same chemical HOI generation OH radicals were converted to HOI in a few microseconds via
scheme was employed, but the problem of surface reaction orreaction 6a, with less than 3% contribution from reaction 7.
loss was overcome by using pulsed laser photolysis coupledTime-resolved PMT measurements confirm that there is prompt
with rapid recording of the postflash absorption with a fast, gated loss of b and prompt formation of HOI.
diode array. New values for the absorption cross sections of

HOI are reported at 295 K, and calculations to extrapolate this H,O, + hv (248 nm)— 20H (5)
room-temperature data to atmospherically relevant temperatures
are also reported. OH + H,0, — HO, + H,0 @)

It is generally assumed that the products of the photodisso-
ciation of HOI are OH and |, although this remains untested  Diode array measurements were made over the wavelength
experimentally. Assuming an enthalpy of formafibfor HOI range 286-500 nm and comprised coaddition of 500 laser pulses
of —60 £ 7 kJ moll, the thermodynamic photodissociation with light intensity recorded 50 ms before the laser pulgkg (
thresholds for reactions 4ac correspond to wavelengths of and the postphotolysis spectra g8 after the laser pulse):
582 4+ 20, 3564 8, and 2954+ 9 nm, respectively (heats of The 60us delay after firing the laser prevented detection of

formation of products at 298 K taken from ref 15). fluorescence from the filter. Absorption over a time window
of 5 ms was calculated by the relationship &bs{ In(1¢/ly).
HOIl +hv — OH + | (4a) Time-resolved absorption measurements were performed at
several wavelengths with the PMT and consisted of the
— HI + OCP) (4b) coaddition of 100 laser pulses. As with the diode array
measurementd, was obtained by averaging the PMT signal
—I10+H (4c) obtained before the laser pulsk.values were recorded for up

) ) to 4 s after the laser pulse at a resolution of betweenslénd

All reaction channels are therefore gccessmle over part of 1 s The initial absorption was obtained from the prompt,
the wavelength range of HOI absorption (280 nm; see  ,qijash PMT signals. It was possible to measure at four single
Iate_r). Reported here is ?he first direct observation of the OH wavelengths for each time-resolved experiment by scanning the
r§d|cal from HOI photolysis and a measurement of the quantum 5o chromator between laser shots. Each experiment contained
yield at 355 nm. a measurement at 340 nm (maximum of first absorption band)
for the purpose of normalization if there was any slight variation
in reactant concentration or laser energy between measurements.

2.1. Cross Section Determination between 280 and 500 H,0, was introduced into the cell by bubbling a flow ot N
nm. The experimental apparatus used for cross section or He through a thermostated bubbler containing liquiDH
determinations is displayed in Figure 1 and has been describedA flow of | , was generated by passing & He through a glass
elsewheré?® though some modifications to the reaction cell are column containing iodine crystals at ambient temperature. All
discussed. A 1.3-m cylindrical Pyrex cell of 5-cm internal gas flows were regulated by mass flow meters, and the in situ
diameter was equipped with quartz end-windows; a dielectric concentrations of reactants were determined by absorption
mirror enabled the photolysis beam (excimer laser, Lambda measurements at 220 nm fop® (0 = 2.58 x 10719 cn¥) 15
Physik LPX 300) and the probe beam (Damp) to be and at 500 nm fora (o = 2.19 x 10718 cm?).1® With a total
overlapped collinearly along the cell axis. A second dielectric pressure of 76100 Torr and flow rates between 2000 and 3000
mirror behind the exit window reflected the photolysis beam cm?® (STD) min-! (sccm), the residence time in the cell was
back through the cell, thus doubling the effective absorption about 5 s. The time between the laser pulses was always at
path length for dissociation of #,. The collimated probe least a factor 2 greater than the residence time, thus ensuring
beam (single pass) sampled only a small central part of the that the photolysis products were removed prior to the next
volume swept out by the photolysis beam before being focused pulse.
onto the entrance slit of a monochromator. Light from the laser  For calibration of the HOI cross section, an absolute value
was prevented from entering the monochromator by use of anof the iodine cross section was required at 436 nm (see later)

2. Experimental Section
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and was measured in the present study at the same resolutiomeacted with4. The initial concentration of primary OH (from

as the diode array measurements and in the same reaction celHNO; photolysis) was estimated from the fluorescence signal

Prior to its admission to the cell, the iodine was subjected to as~6 x 10' cm=3. A total pressure of 15 Torr and a total

several freeze/pump/thaw cycles to ensure that all residual gasflow rate of 103 sccm enabled the lasers to run at a 10-Hz

was removed. The;lpressure in the absorption cell was repetition rate with the reaction volume (defined by the

measured with an accuracy of 1%. intersection of the emission of the microwave lamp used to
The stated purities ok N, and He were 99.8% (Aldrich),  excite the OH, and the laser beams) to be replenished with fresh

99.999% (Linde), and 99.999% (Linde), respectively. TheH reactants after each pulse. The stated puritiesarfid Ar were

(80 wt %) was supplied by Solvay Interox and was concentrated 99.8% (Aldrich) and 99.999% (Linde), respectively. Anhydrous

to >90 wt % by passing helium through the liquid for several HNO;3(l) was distilled from a mixture of 95% 5O, and KNG;,

days prior to use. stored at—40 °C, and used as &3% gaseous mixture in Ar.
2.2. Photolysis of HOI at 355 nm: Detection of OH By

analogy to HOBY® and HOCI2%-22 the expected products upon 3. Results

photolysis of HOI in its U\~visible absorption bands are OH

and | atoms: 3.1. UV—Visible Cross Sections Measurements

3.1.1. Experiments with;\Nas Bath Gas Initial experimental
HOIl + hy — OH + | (4a) checks confirmed that there is no detectable photolysis af |
248 nm but revealed the presence of a small, positive,
To test this supposition and to determine the quantum yield wavelength-independent postphotolysis offset corresponding to
of OH formation at 355 nm, experiments were carried out in a an absorption of between & 10* and 1 x 1072 for H,0,
separate apparatus in which OH can be detected directly andphotolysis at 248 nm with Nas the bath gas. Under these
sensitively. Most of the components of this setup have been conditions, the fate of OH is reaction with,8, to generate
recently describe@ and only details relevant to the present HOz radicals (reaction 7), which do not absorb in the wavelength
experiments are given here. As in the bBVisible absorption range of interest. The magnitude of this offset was not
measurements, HOI was generated from the reaction of OH with reproducible between consecutive experiments at fixgd,H
I,. Forthese experiments, HN@as preferred to bD; as the concentrations, although it could be reduced at lowe®H

OH source, since its cross section at 355 nm is a facterld0 concentrations. Time-resolved PMT measurements indicated
lower. that this offset persisted for around 10050 ms and showed
that in the first 5 ms (the maximum diode array gate time) it
HNO; + hv (248 nm)— OH + NO, (8) was roughly constant. There was no offset observed when only

I, and/or N were irradiated, which rules out electronic interfer-

Primary OH (OH) formed in reaction 8 was monitored by €nce. The offset was also observed in experiments at atmo-
resonance fluorescence and its decay due to reaction withsHNO Spheric pressure both with and without the cell windows,
and b monitored over a period of several milliseconds. A excluding photoinduced desorption of an absorbing species. A
dielectric mirror enabled a second laser beam (Nd:YAG, third thermal lens effect caused by the absorption of light b{H
harmonic at 355 nm) to be coupled into the fluorescence cell @nd local heating of the bath gas was probably responsible.
on the same optical axis as the 248-nm excimer laser. Both The PMT measurements of the prompt absorption were
laser beams passed through two irises of 5-mm diameter beforeshifted down by the lower limit of the offset, and an error of
entering the cell, and their collinearity was checked frequently £5 x 104 is quoted for all the following text where MNs
using a He-Ne laser that is permanently aligned with the indicated as the bath gas. It should be noted that this offset of
fluorescence cell and the lasers. 5 x 104 represents-6% of the absorption due to HOI at either

The YAG laser provided a high-intensity source for HOI of the maxima of the two bands.
dissociation in its first absorption band. The resulting signal  In common with previous studi€42>both aerosol formation
due to secondary OH (OH was also followed over a few and wall deposits were observed, though the latter were
milliseconds. The timing of the lasers was arranged so that restricted to early experiments with high initial concentrations
the primary OH signal had decayed t01% of its initial of H,O, and b. Displayed in Figure 2 is an example of time-
magnitude before the YAG laser fired (a 2.7-ms delay), ensuring resolved measurements at selected wavelengths over a period
optimal yield of HOI. The 355-nm laser fluences were of 0.5 s after the laser pulse. The formation of aerosol is
measured by a newly calibrated joule meter (Gentec ED-100A) apparent at shorter wavelengths after about 40 ms and at longer
placed behind the Brewster exit window (233% transmittance =~ wavelengths after about 80 ms. This is consistent with the
at 355 nm) of the photolysis cell and a colored glass filter (24 increasing size of the aerosol as a function of time and the
+ 2% transmittance at 355 nm). The active area of the joule associated scattering of the probe beam. The diode array
meter is 4.3 mm in diameter, and it therefore sampled only the measurement of the postflash absorption was completed after a
central 70% of the YAG beam. The 355-nm fluences at the maximum of 5.06 ms after the flash and was not affected by
center of the cell were varied between 17.1 and 121.1 m3,cm  aerosol formation as displayed in Figure 2. Further, some “off-
which convert to 3.1x 10 and 2.2 x 107 photons cm?, white” wall deposits were observed near the outlet of the cell.
respectively. Samples of this deposit were stable when heated to ardund

The concentration of HN@in the photolysis cell was 500 K, and it is believett to be bOs. By adjustment of the
obtained by diode array absorption spectroscopy in a separateaeactant concentrations, it was possible to minimize aerosol
vessel linked serially in flow to the photolysis cell. The formation to the extent that no deposits were observed during
concentration ofdwas calculated from the measured decay rate a typical experimental run. It was found that the degree of
of OH by using the known rate coefficient for OH I, at 295 aerosol formation was sensitive to the®4 concentration, which
K (1.8 x 10719 cm? s71).15 The concentrations of HN{ and in turn controls the final HOI and | atom concentrations.
I, were held constant at 1.6 10 and 1.15x 10 cm3, Subsequent gas-phase or heterogeneous reactions or nucleation
respectively. Under these conditiors90% of the primary OH involving these species is likely to be responsible for aerosol
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accounted for a maximum absorption 2.6 x 1074 at 280
nm. To account for the offset described earlier, it was necessary
to perform several iterations of a fitting procedure, which is

1=310 nm

0.10 =320 nm now described.
g Initially, the postflash absorption spectrum was shifted down
g %=330 m by 5 x 10~ absorption units. The absorption due toldss
S (determined by fitting the ,l reference spectrum onto the
2 005 puioum postflash absorption at 500 nm) and the calculated absorption

due to HO;, loss were subtracted. The resulting HOI absorption
spectrum was fitted with a semilogarithmic Gaussian function
(eq i) for each of the two bands, and the quality of the fit was
calculated:

diode array
gate time

N

0.00~

T T T T T

00 01 02 03 04 05

Time [s]
Figure 2. Examples of time-resolved absorption measurements at Where abgaxandimaxare the absorption and wavelength at the
selected wavelengths due to HOI (prompt signal) and due to aerosol peak of each band and FW is a width parameter. To improve
(onset at~0.04 s for 310 nm). The diode array measurements, taken the quality of the fit, it was then possible to shift the postflash
in the f_irst 5 ms after the laser pulse, are clearly not affected by aerosol spectrum up or down by up to s 10~4 absorption units. The
formation. absorption due to,lloss was again fitted at 500 nm and
subtracted together with the absorption due ®Hloss, and
the HOI spectrum was fitted again. This procedure was repeated
until the best possible fit was achieved. The overall shift in
the postphotolysis spectrum never exceeded the upper limit of
the offset (1x 1073 absorption units). At 436 nm the absorption
due to HOI formation is exactly canceled by that due #o |
removal (isobestic point), and since there is no possible
contribution to absorption by #D; loss at this wavelength, the
cross section of HOI can be equated to thatpfince a 1:1
conversion of 4 to HOI is considered to occur. As expected,
at the isobestic point, no change in absorption was observed in
PMT experiments at 436 nm, as shown in Figure 3. The validity
of this approach, which not only provides a method of relative

/1 2
absorption{) = abs, . ex;{ —FW[In %X } 0]

Absorption

36() 35() 460 45() 56() calibration of the HOI cross section but also serves as a test of
experimental reproducibility, is discussed shortly.
Wavelength [nm] The variation of the diode array gate times over the ranges

Figure 3. Postflash absorption measured with the diode array (gate 60—.5.60 HS anq 6&5(.)60 HS resulted in no change in the
time = 5 ms) over the wavelength range 28800 nm (solid line), position of the isobestic point or the form of the spectrum. As

and the absorption due to the loss gftroken line). Also shown is  confirmed in Figure 3, there is good agreement between the

the prompt absorption obtained from PMT measuremevis( several diode array and prompt PMT measurements, which provides
Wth_aIengthS. An isobestic point is found at 436 nm, where the cross evidence that the diode array measurements, generally made
sections of HOI and.lare equal. with a gate time of 0.065.06 ms, were not influenced by
formation. The concentration of 8, was reduced to ¥ 106 aerosol formation. Furthermore, this also demonstrated that

cm~3 with 1, maintained at 4x 10%m=3. Furthermore, to diffusion into or out of the observation region was unimportant
prevent any possible accumulation of deposits over a series ofon this time scale under the experimental conditions employed.
experiments, the reaction cell and windows were cleaned For repeated experiments and all variations in reactant concen-
thoroughly by repeated washing with ethanol after each trations and laser energy (by a factor of 3), both the isobestic
experimental run. This procedure proved vital to the measure- point (436 = 0.5 nm) and the form of the spectrum were
ment of a reproducible HOI spectrum and is discussed later. reproducible within the noise level. This reproducibility
Experiments were carried out withy&8, and b concentrations underlines the reliability of the method used to account for the
varied in the range (0:51.0) x 10' and (2-4) x 105 cm™3, offset described above.
respectively, and laser-pulse energies were varied by a factor 3.1.2. Experiments with He as Bath Ga®hen N was
of 3. A typical postflash absorption measurement made with replaced by He, the postphotolysis offset was removed com-
the diode array (gate time 0.06—5.06 ms after the laser pulse) pletely. This may be due to the better thermal conductivity of
in the wavelength range 28®%00 nm is displayed in Figure 3, He compared with that of Nand to the elimination of the
together with the J reference spectrum (measured as part of thermal lens effect.
this work), which was scaled to fit the postflash absorption at  The final experiments described in the section above were
500 nm and used for preliminary spectral subtraction. Also repeated under the same conditions and with the same procedure
shown are the initial absorptions obtained from the prompt PMT but with the N bath gas replaced with He. The method used
signals at selected wavelengths. Below 330 nm and above 436to subtract the contribution to postflash absorption due to loss
nm there is negative contribution to absorption due to the loss of absorbing reactants was as above, except that no shifting or
of l,. Below 350 nm the small negative contribution to fitting of the postflash absorption was required. For all
absorption due to the loss of,8; was calculated from the variations in reactant concentration and laser energy, both the
measured loss of;land the cross sectiot¥sfor H,O, and form of the spectrum and the isobestic point (486.5 nm)
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TABLE 1. Parameters Obtained from the Gaussian Fit to
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TABLE 2: HOI Absorption Cross Sections at 295 K

the HOI Cross Sections at 295 ad 0 K in He

A [nm] 0[107¥%cm™? A [nm] 0[107¥%cm?
Amax 108 mad 109"
280 0.0077 390 2.66
band [nm] Fwa [cm?] Fwp [cm?] 285 0.0226 305 208
1st 340.4 162.8 3.85 183.8 4.09 290 0.0589 400 3.22
2nd 406.4 170.2 3.30 192.1 3.51 295 0.137 405 3.32
aAt 295 K. P At 0 K. The parameters calculated @K allow the ggg 8%2(13 ﬁg gg;
prediction of the cross sections at any temperature (see text) by use of 310 0:926 420 2:75
the equations(2, T) = o) exp{ —FWA(T) (Ao /A% + ofs(T) 315 1.45 425 2.35
exp{ —FW2'YT)[IN(A2"/2]% whereoma(T) = omaX0)(tanh}2, FW(T) 320 2.07 430 1.92
= FW(0) tanh, and tankr tanhhcwe/(2kT)]. 325 2.72 435 1.50
330 3.29 440 1.13
335 3.70 445 0.813
4 —— This work 340 3.85 450 0.563
= o Jenkin 345 3.77 455 0.376
S 350 3.47 460 0.242
= 355 3.04 465 0.150
< 3 360 258 470 0.0904
"; 365 2.21 475 0.0525
.g 370 1.98 480 0.0296
o 2~, . ;'. 375 1.94 485 0.0161
- 380 2.07 490 0.0086
] 385 2.33
G 1 i : . JR—- o)
the fit to the averaged absorption cross sections at 295 K and
compares this new data with the previous determindfiofihe

; ' ' ' Amax Of Jenkiri® are at 335 and 410 nm, in good agreement with
300 350 400 450 the present data, although the cross sections are a factor of about
Wavelength [nm] _1.8 (first band) and 1.4 (s_econq ban_d) lower. The uncertainty
in the present cross sections is estimated toHi©% based
Figure 4. Averaged absorption cross section measurements at 295 K upon the respective errors in the isobestic point, the measured
(noisy line) t(_)gether with atwo-bgnd_Gaussi_an_fit. Also shovyn are the I, cross section at 436 nm, and l-atom recombination (see
data of Jenkit? (®). The broken line is the fit given by Jenkin. Discussion). Table 2 shows the absorption cross sections
obtained from the best Gaussian fit to the 295 K data, which
are given at 5-nm intervals.
3.2. Photolysis of HOI at 355 nm (and 532 nm) Figure
5 shows time-dependent OH profiles following the 248-nm laser
pulse att = 1000 us (primary OH radical generation, GH
and secondary OH (O¥ formation due to HOI photolysis
following the 355-nm pulse &t~ 3700us.

were reproducible within the noise level and are in excellent
agreement with the results obtained in. N

3.1.3. Cross Section CalibrationThe cross sections o} |
were measured in the wavelength range-2B00 nm. At 436
nm a value of (1.4H 0.05) x 1071° cn? was obtained and
was used to calibrate the HOI spectrum. A value of (225
0.09) x 10718 cn? was obtained at 500 nm, which is in good

agreement with the value of 2.19 107! cm? given by HNO, + hv (248 nm)— OH" + NO (8)
Tellinghuisen'® In common with previous determinations, the 3 2
absorption due toplabove 500 nm did not scale linearly with OHP + . — HOI + | (62)
concentration, precluding the reliable measurement of any 2

possible absorption due to HOl&at- 500 nm. The absorption HOI + hy (355 nm)— OHS + | (43)

cross sections of HOI measured in the He bath gas were fitted
with the semilogarithmic Gaussian function shown below for

) To be sure that the secondary OH signal was from HOI
each absorption band:

photolysis, experiments were carried out in which the excimer
laser was not triggered (i.e., no primary OH formation) and in
which either the HN@or the b was not present. In all cases,
HOI formation is precluded and secondary OH was not
observed. This rules out that any product of the 248-nm
photolysis of HNQ, and its subsequent photolysis at 355 nm
(e.g., HONO), is the source of Gtdr that HNQ is photolyzed

/lmax 2
o(A) = 0,,,(T) exp{ —chr)[m ; ] } (ii)

where omad(T) = oma{0)(tanh}¥2, FW(T) = FW(0) tanh, and
tanh= tanhhcowe/(2kT)]. The value of the cross section and
wavelength at the maximum absorptiopa{T) and Amax and at 355 nm to directly yield OH. Experiments in which the firing
the width parameter FWJ are obtained by fitting eq ii to the ~ sequence of the lasers was reversed (i.e., 355 nm before 248
295 K absorption cross sections. Since the harmonic vibrationalnm) yielded no 355-nm-induced OH signal (§Hconfirming
wavenumbemw. ~ 575 cnt! is knowr>26for the I—O stretch that the formation of OFrequires conversion of OHo HOI

in HOI, values ofoma(0) and FW(0), which are the correspond- from the directly preceding 248-nm photolysis of HN@nd is

ing parameters at 0 K, can be calculated. This semiempirical not due to buildup of any product that was still present in the
treatment allows the prediction of the HOI absorption cross cell after 0.1 s (the delay between pairs of laser pulses).
sections at any temperature. Table 1 shows the best-fit It can be shown that the relative initial signal height (obtained
parameters at 295 K and the corresponding parameters calculatetly extrapolation to the time of the respective laser pulses) of
for 0 K. The two absorption bands are centered at 340.4 andthe primary and secondary OH signals (g]khd Ol—g, respec-
406.4 nm, with cross sections of (3.850.4) x 10~°and (3.30 tively) depends only upon the fluence of the 355-nm laser pulse,
+ 0.3) x 1071 cn?, respectively, at 295 K. Figure 4 displays on the cross section of HOI, and the quantum yield of OH
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2000 4000 6000

time [y ]

Figure 5. Primary and secondary OH (Gtnd OH) formed in the
248-nm photolysis of HN@ and the 355-nm photolysis of HOI,
respectively. The excimer laser (248 nm) was triggered=al000us

to produce OB, the YAG laser (355 nm) at 367@s to make ORH.

The strong, rapidly decaying signals directly after the laser pulses are
due to optical and electrical interferences and are ignored in the analysis.
CPS= counts per second.

0.08-

0.06-

0.04

2

25

FI™™ 10" photons em’]

Figure 6. Plot of the ratio OH/OH vs laser fluence (Fl) at 355 nm.
The slope of the fitted line through the data is equal to the product of
the quantum yield of OH formation and the cross section of HOI at
355 nm and is (2.83 0.19) x 107*° cn?.

formation at 355 nm. Assuming 100% conversion of bl
HOI, the ratio of OH signals is given by

OHS

0= [[355nm HOI gy HOI
OH,

355nm™ 355nm (iif)
where F$55" is the average fluence at 355 nm through the
reaction volume (in photons crd), og'%nm is the absorption
cross section of HOI (cA) at 355 nm, anddbe . is the
quantum yield of OH formation at this wavelength.

According to eq iii, a plot of (OFJOH versus Fs5nm
should yield a straight line with a slope equal to the product of
the cross section and quantum yield of OH at 355 nm. Such a
plot is displayed in Figure 6 and has a slope@f,  ®ha. .=
(2.83+ 0.19) x 1071° cn?.

As stated above, eq iii is valid for the assumption of 100%
conversion of OB to HOI, which, as discussed in the
Experimental Section, was not the case, since som@réatts
with the HNG; precursor. In addition, observations of OH
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in which N;O/H,O were used as 193-nm photolytic precursors
of OH), and calculations using the diffusion coefficient of OH
at 15 Torr Ar show that some are also lost through diffusion
out of the reaction/detection zone in th@.5-ms period between
laser pulses, typically at a rate of 18050 s'1. We calculate
that a total of 13+ 2% is lost (does not form HOI) and correct
our result toose, Phear = (3.20 + 0.25) x 1071° cn? to
take this into account. If we now take the 355-nm cross section
of HOI determined in the absorption study;£.,,,= {3.04+

0.3} x 10719 cm?), we can derive a quantum yield of OH
formation as®je,, = 1.05+ 0.13. The errors reflect the
combined uncertainties of the weighted fit (95% confidence)
in Figure 6 where the error bars on tkexis (fluence) are based

on observations of reproducibility. The errors in relative OH
signal are 95% confidence limits from the exponential fits to
the OH decays.

There are also potential systematic errors related to the overlap
of the YAG laser beam, which has a clipped Gaussian intensity
distribution, and the microwave lamp emission. Efforts were
made to ensure that the laser beams were coaxial through the
cell and that the OH signal was maximized by adjusting the
microwave lamp emission to overlap with these beams at the
focal point of the telescopic detection optics. Under these
conditions, it can be shown that if the volume resulting from
the overlap of the microwave emission and YAG laser beam is
of uniform intensity and has a projected area that is the same
as or greater than the area of the joule metet-(nm diameter),
no error is incurred. However, since the intensity distribution
of the microwave lamp is unknown and the projected area of
intersection may be smaller than 4 mm, a possible underestima-
tion of the fluence at the center of the cell, and therefore an
overestimation of the quantum yield, may occur. We therefore
prefer to quote the final result aBbey.. = 1.05 535

Experiments were also carried out using the second harmonic
of the YAG at 532 nm and identical conditions to those outlined
above. Despite the use of very high fluences(10'8 photons
cm~2), no secondary OH was formed, indicating either that HOI
does not absorb at 532 nm or that the quantum yield is zero.
Since the thermodynamic threshold for dissociation to-©H
corresponds to a wavelength of 582 20 nm, the first
explanation seems most likely and enables us to set an upper
limit of ~1 x 10720 cn? for o (HOI) at 532 nm.

4. Discussion

4.1. HOI Cross Sections The highly reproducible isobestic
point and form of the spectrum with variation of laser energy,
bath gas, and the initial concentrations a4 and b, and the
excellent agreement between the diode array and PMT measure-
ments of the cross sections, provide strong evidence for the
validity of the results presented here. However, the-Wgible
cross sections determined in this work are considerably higher
than those reported by Jenkimlespite the use of the same gas-
phase chemical scheme for the generation of HOI and the same
method for calibration. In the following section a number of
potential systematic errors from which both systems may suffer
are evaluated.

Since the calibration is performed by measuring postflash |
loss, it is necessary to consider any reactions that could falsify
this procedure. One reaction is the recombination of | atoms

to re-form b:
[+1+M—1,+M (9)

From the expression given by Jenkin etdor the pressure-

decays in the absence of reaction partners (from experimentsdependent rate constant for reaction 9 whereeM at 295 K,
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an effective bimolecular rate constantkgf= 2.3 x 10714 cm? band in the Jenkin data suggests poor reproducibility at these
s lis calculated at 70 Torr total pressure. The maximum initial wavelengths. Jenkin also reported that the loss rate whb
concentration of | atoms in the present study was approximately greater than expected on the basis of reaction 6 only, which
2 x 10" cm3, and re-formation ofJis calculated to be too  was probably due to photolysis of. | This would of course
slow to be significant. This was confirmed by time-resolved tend to lower the calculated cross sections of HOI as the
PMT measurements in which no recombination of | atoms was stoichiometry of conversion of lto HOI is reduced.
detected in the first 5 ms after the laser pulse. As shown in Figure 4, there is an excellent fit to the
As shown by Vaghjiani and Ravishankdrathe quantum absorption cross sections by eq ii, which indicates the reliability
yields for OH, OfP + 1D), and H{S) from HO, photolysis of the form of the HOI spectrum reported here. A theoretical
are 2.09+ 0.36, <0.002, and<0.0002, respectively. This justification of the use of semilogarithmic Gaussian functions
established that the quantum vyield for OH production is 2 and to describe the shape and temperature dependence of UV
more importantly that the yields of O and H atoms, which react absorption continua has recently been gi%®rEquation ii has
rapidly with I, are negligible. ) atoms are also formed in  been used successfully to describe the shapes and predict the

the self-reaction of OH (12): temperature dependencies of the absorption continua of the
diatomic molecules GJ*° Br,,31 and BrCI3! In recent workd?
oCP)+ l,—10+1 (10) eq ii has been shown to predict well the shape and temperature
dependence of the UV spectra of methyl- and ethylperoxy
H+1,—HI+1 (12) radicals by treating them as quasi-diatomic species, whereby
the O-0 stretching frequency approximates the photoexcitation
OH+OH—H,0+ 0O 12) coordinate. By analogy with these peroxy radicals, in the
context of electronic excitation, HOI should approximate a
The formation of OfP) atoms (and any resultant loss gf | quasi-diatomic species. Equation ii predicts a limited temper-

could be ruled out in the present experiments, since the 10 ature dependence of the absorption cross sections for HOI, with
product of the reaction 10 was not observed, despite the largean increase of-5% in the maxima of both absorption bands at
absorption cross sections of IO and correspondingly low 220 K when compared with that at 295 K.
detection limits. 4.2. Photolysis of HOI at 355 and 532 nm The photolysis

An assumption inherent to the present method of calibration of HOI at 355 nm results in OH formation with a quantum yield
is that each 4 lost generates one HOI. The almost exclusive close to unity. This result may be expected given the continuous
formation of HOI via reaction 6a was determined by Loewen- nature of the absorption spectrum that indicates dissociative

stein and Anders@fwho give an upper limit to the ratidkdy/ upper electronic states between 280 and 490 nm. Similar results
ks) of 0.01 at 298 K. have been obtained for the chlorine and bromine analogues
HOCP%22and HOBr®
OH+1,—~10 + HI (6b) The existence of a third absorption band for HOBr centered

around 440 nm was detected in a photofragment study by Barnes
Barnes et at> employed reaction 6a to produce HOI and et al32 and has recently been confirmed in this laborafdry.
found no evidence for the formation of HI in the product IR This band is thought to be due to excitation to a triplet state in
spectrum. Also, in the present study there is no evidence for HOBr, and this view is supported by an ab initio calculation
the other product, 10 (see above). Since it is clear that HOI is by Francisco et & By analogy with HOBr, it may be expected
the exclusive product from reaction 6 at ambient temperatures,that HOIl should exhibit a transition to a triplet state at
the validity of the HOI cross section calibration technique wavelengths above 500 nm. However, in the present cross
described earlier is given, in that a 1:1 conversion,dbIHOI section determination a reliable measurement of any absorption
occurs. due to HOI above 500 nm was not possible owing to a
The experimental conditions employed ensured that over 97%nonlinearity in b absorption. The photolysis of HOI and
of the OH radicals were consumed bythe remainder reacting  detection of OH therefore provided an alternative means to test
with HO; via reaction 7 to form H@and HO, neither of which for a dissociative absorption at 532 nm. No OH formation was
absorb strongly in the wavelength region of interest. found, and we conclude either that a third absorption band for
As mentioned earlier, it was necessary to clean the cell and HOI is considerably reduced in intensity when compared with
windows after each experiment to obtain reproducible HOI that for HOBr or that HOI is nondissociative (dissociation via
spectra. When this was not done, the magnitude of the secondreactions 4b and 4c is not possible at 532 nm). In both cases,
band was observed to increase progressively until it becamethe atmospheric dissociation rate of HOI can be accurately
around 20% larger than the first. In these experiments, “off- calculated using the two strong absorption bands between 280
white” deposits were observed on the cell walls and to a much and 490 nm.
lesser extent on the windows. It is not clear whether these 4.3. J Values To calculate the atmospheric photolysis rate
deposits are the site of heterogeneous reaction, which forms aconstant J value) for HOI, a quantum yield of unity throughout
product or products that may enter the gas phase and contamithe absorption region was assumed and the integral
nate the measurement, or whether the small buildup on the
windows affects the form of the spectrum. 490nm .
In the previous determination by Jenkiit was noted that ol = 280nm Ihoi(M)Fac4) A (iv)
during the course of a measurement, the initial absorption was
low but increased with time until a reasonable degree of was evaluated. The actinic fluX,c(4) is calculated with the
reproducibility was achieved. The cross section data obtainedradiative-transfer model DISOR®P,and for large solar zenith
in the present study are compared with that of Jenkin in Figure angles the spherical geometry of the atmosphere is taken into
4. The second band in the Jenkin data is slightly higher than account by employing the air-mass factor correction of Kasten
the first, which may be related to the presence of deposits asand Youngd” A more detailed description of thé value
described above, and the degree of scatter around the secondalculations can be found in Landgraf and CrutZenThe
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