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Abstract. The UV-visible absorption spectrum of gaseous residing in the atmosphere and its consequent impact on the
IONO; has been measured over the wavelength range 245atmospheric chemistry depends on its loss processes. Gas
415 nm using the technique of laser photolysis with time-phase IONGQ loss processes include photolysis, thermal
resolved UV-visible absorption spectroscopy. ION®as  decomposition and heterogeneous uptake.

produced in situ in the gas phase by laser flash photoly-

sis of NO/CRsl /N2 mixtures. Post flash spectra were de- IONO> can be photolysed via two possible routes:

convolved to remove contributions to the observed absorp-
tion from other reactant and product species. The resultindo'\lo2 +hv— 10 +NO; (R2a)
spectrum attributed to ION£ronsists of several overlapping — |1+ NOs (R2b)
broad absorption bands. Assuming a quantum yield of unity

for IONO, photolysis, model calculations show that during However, no studies of the absorption cross-sections, the
sunlit hours at noon, B3\, the first order solar photolysis photolysis quantum yields or the products of ION@ho-

rate coefficient { value) for IONG is 4.0 x 102571, tolysis have been reported to date.
Thermal decomposition of IONfxould proceed as in re-
action (R3).
1 Introduction IONO, i> 10 + NOy (R3)

lodine chemistry has been implicated in tropospheric ozoneHowever, recent observations imply that reaction (R3) is a
depletion since the 1980s (Chameides and Davis, 1980slow process at ambient temperature (Dillon, 2001; Allan
Dauvis et al., 1996; Jenkin et al., 1985). Atmospheric iodineand Plane, 2002).

source gases are readily photolysed by sunlight, yielding A recentlaboratory study has provided the first experimen-
iodine atoms. lodine atoms react with ozone forming 10. tal evidence that ION®can be lost from the gas phaga a

Any subsequent reactions of 10 forming an iodine atom heterogeneous process (Holmes et al., 2001). It was shown
lead to catalytic ozone loss. In competition, 10 can bethat IONG; is taken up efficiently by dry and frozen salt sur-
sequestered into reservoir species. One of the main gaseotsces to form the di-halogens IBr and ICI, which are then
reservoir species for iodine in the atmosphere is believed taeleased back into the gas phase.

be IONG, (Chameides and Davis, 1980; Davis et al., 1996; I0ONO; has been synthesised in the laboratory in solution.

Jenkin, 1992; Jenkin et al., 1985). However, IONGQ was found to be unstable and the first at-
tempts to observe its ultraviolet-visible absorption spectrum

IONO: is formed by the reaction of 10 with NO failed (Schmeisser and Braendle, 1961). The absorption
cross-sections for ION&In the UV-visible are essential, in

IO +NO2+M — IONO; + M (R1)  order to evaluate the daytime atmospheric photolysis rate of

IONO, and the efficiency of the tropospheric ozone loss cy-
cle involving IONGp.

Broske and Zabel (1998) attempted to measure the gas
Correspondence tal. C. Mossinger phase UV-visible absorption spectrum of IONRY photoly-
(icm34@hermes.cam.ac.uk) sis of b/NO, mixtures in a large reaction chamber equipped

The rate of formation of ION®@ in reaction (R1) is well
known (De More et al., 1997) but the amount of IONO
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Table 1. Concentrations used and generated during an experiment

Before laser photolysis  After laser photolysis/O atom reaction

N/molecules crm3 2.5 x 1019 2.5 x 1019
NO,/molecules cri3 4.0 x 1015 3.9 x 101°
CRsl/molecules cnt3 5.5 x 1016 5.5 x 1016
CFg/molecules cri3 - 7.5 x 1013
|0/molecules cri3 - 7.5 x 1013
NO/molecules cm3 - 8.5 x 1013
NOs/molecules cri3 - 1.0 x 1012

for in situ spectroscopy. A diode array detector was usedband filter was used in the 350 nm region. Wavelength re-
to monitor the UV-visible absorption spectrum. However, solved analysis light from the spectrograph was then imaged
because of the low concentrations of ION@roduced un-  across the top 30 rows of a CCD detector, to record spectra.
der their experimental conditions and the presence of stronignal (charge) transfer then enabled recording of sequential
absorbers such as INOproduced by the reaction of iodine spectra, which were acquired before, during and after pho-
atoms from 4 photolysis with NQ, they were unable to re- tolysis.
trieve the spectrum of ION® Nevertheless, the UV-visible A NO,/CFsl/N2 chemical system was employed to gen-
absorption spectrum of gaseous IN®as reported (Atkin-  erate IONQ via the following reaction scheme:
son et al., 2000).

In order to avoid the effects of complicating chemistry in- NO, + hv — NO + OCP) (R4)
volving iodine atoms produced in the 10 source reactions,o(sp) 4+ CRsl — CR3+10 (R5)
as well as the effects of secondary chemistry, a pulsed laser
photolysis system and a photochemical source of 10 Witr‘ﬁo +NO2+M ~1ONG2 + M (R1)
no initial iodine atom production (N CFsl) was used in ~ CF3 + NO2 — CR20 + FNO (R6)
this study. We report here, for the first time observation of
a gas phase ultraviolet-visible spectrum attributed to IGNO  nét : 3NOz + CRl — CR0 + FNO + IONO>
The results were used to calculate the atmospheric photolysis

rates of IONQ, and the atmospheric chemistry of ION@ The reaction was initiated using 351 nm XeF excimer laser
discussed briefly. photolysis of NQ to form O(3P) (DeMore et al., 1997). N

(Messer, 99.996%), 2000 ppm M@ N, (Messer) and CH

(Fluorochem, 99%) were used as supplied. Gas mixtures
2 Experimental were flowed through the reaction cell at a total pressure of

760 Torr and at 298 K via mass flow controllers or ball flow
The IONG, absorption spectrum was obtained using themeters (for NQ in N») and their concentrations (see Ta-
technique of laser flash photolysis with UV absorption spec-ble 1 for concentrations used) were calculated from known
troscopy, utilising a CCD detection system. The apparatusalibrated flow rates. In a single experiment 1152 spectra
has been described in detail elsewhere (Rowley et al., 1996)wvere collected on the CCD with a clocking speed-ofl us
therefore only a brief description is given here. per pixel. The actual time resolution was 15us result-

During an experiment, gases were flowed slowly and con4ng from exposure of 30 pixels of the array. Post flash ab-

tinuously through a 98.2 cm long cylindrical quartz cell kept sorbance spectra were calculated relative to preflash spec-
at a total pressure of 760 Torr. Reactions were initiated intra using Beer’'s law 4 = In(lpreflash/Ipostflash)). Con-
the cell using a pulsed excimer laser beam passed longitusequently observed absorbances show changes in absorption
dinally along the cell. Concentrations of reactant and prod-brought about by the laser flash and by subsequent chemistry
uct gases in the cell were monitored using UV-vis absorp-over a period of- 1 ms. The total absorption spectrum of the
tion spectroscopy. The analysis light beam from a xenon arg@as mixture was recorded using a 150 g/mm and a 300 g/mm
lamp was passed through the cell, counter propagating thgrating giving a 130 nm and a 65 nm wavelength coverage,
laser beam, and focused onto the entrance slit of a 0.25 m forespectively. In the 245-335 nm region the 150 g/mm grat-
cal length astigmatic Czerny-Turner spectrograph fitted withing was used with a 5@m spectrograph entrance slit giving
three interchangeable diffraction gratings ruled at 150, 300a resolution (fwhm) of 1.67 nm. In the 385—415 nm region
and 600 grooves/mm. In order to protect the spectrograplthe 300 g/mm grating was used with a A entrance slit
and detector from impinging reflected laser light a narrowand a resolution (fwhm) of 0.55nm. In both cases time de-
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Table 2. Chemical reaction scheme used in the FACSIMILE model (Curtis and Sweetenham, 1987)

Reaction Rate coeff. 295 K/cn? molecule 1 s~1 Reference

OCP) + NOy — NO + Oy 1.10x 10711 (DeMore et al., 1997)
OCP) + NOy — NO3 420x 10712 (DeMore et al., 1997)
OCP) + CRgl — CRz3 + 10 1.10 x 10~11(*0.85) (Addison, et al., 1979)
NO, + CF3 — CR0 + FNO 153 x 10711 (Pagsberg et al., 1998)
NO + CF3 — CR3NO 189x 10711 (Ley et al., 1995)

CF3 + CR3 — CoFg 8.32x 10712 (Rossi and Golden, 1979)

IO +10 — 21+ 0,
IO +10 — OIO+1

8.60 x 10711 (*x0.7)
8.60 x 10711 (*0.3)

(Bloss et al., 2001)
(Bloss et al., 2001)

OCP) +10 > Oy +1 1.20x 1010 (DeMore et al., 1997)

IO + NOy — IONO, 9.00x 10712 (DeMore et al., 1997)

I + NO, — INO> 7.50 x 10-12 (DeMore et al., 1997)

I +NO — INO 450x 10713 (DeMore et al., 1997)

IO +NO — | + NOy 2.20x 10711 (DeMore et al., 1997)

I +INOy — I3 + NO, 832x 1011 (v.d. Bergh and Troe, 1976)
| + NO3 — 10 + NO, 450 x 10710 (Chambers et al., 1992)

pendent spectral information from up to three experiments245nm or between 335-385nm, due to low light levels of

were averaged to increase the signal to noise ratio.

the analysis light beam in these regions, the latter due to the

Under the conditions chosen (Table 1) numerical mod-attenuation by the laser beam filter in the 350 nm region. The

els show that the chemistry of 10 and £Hominates, as
OCP) reacts mainly (93%) with C#. In addition, only
small amounts of NO are expected (from N@hotolysis
and the @*P) + NO, reaction (7%)) and | atom produc-
tion from the reaction IG-F NO — | 4+ NO; is consequently
unimportant. Thus, only small amounts of IN@a reaction
| + NO2+ M — INO2 + M are formed. IONQ is expected

overall error on the ION@ cross-sections including the un-
certainty due to the unknown reaction channels mentioned
above was estimated to be 25%. The chemical mechanism
adopted in the FACSIMILE model could not be fully tested,
as all the products could not be diagnosed using our detection
method and the time resolution of the experiment15us)

did not allow the kinetics of product formation to be fol-

to be the only major iodine containing product formed underlowed. The estimated error of 25% excludes possible sys-

the experimental conditions used, as the reaction of With

tematic errors that could result from errors in the chemical

IO dominates over other possible reactions with 10. Thus, themechanism used in the FACSIMILE model.

IONO; spectrum can in principle be obtained from the exper-

imental spectrum, after subtraction of the absorption due to

CR0 and FNO formed via reaction (R6) and addition of ab- 3 Results and discussion

sorbance due to NDand CRl consumed in reactions (R4)

and (R5), respectively. However, it should be noted that theThe absorption spectrum recorded in the short wavelength
yield for reaction (R5) is 0.85 (Gilles et al., 1996). The iden- region (245-335nm) of the spectrum (Fig. 1), i.e. the ab-
tity of the remaining reaction channels is unknown (Gilles sorbance calculated relative to pre-laser intensities, repre-
et al., 1996). Other products that could be formed via reacsents the change in absorption due to the overall chemical
tion (R5) such as IF or GFO could also contribute to the reaction initiated by the laser flash. In the analysis it was as-
overall absorption spectrum obtained. However, since theisumed that only the 5 principal species (N@Fsl, FNO,
absorption cross-sections have not been reported to date it S8R0 and IONQ) contribute to this absorption. Thus a neg-
not possible to correct for their contribution to the overall ab- ative change in absorption results from Nénd CKl con-
sorption. Other known secondary and side reactions that ocsumption and a positive change in absorption due to IQNO
cur were taken into account by using the numerical integra-CR0O and FNO production make up the observed spectrum.
tion package FACSIMILE (Curtis and Sweetenham, 1987) toThe post flash spectrum obtained was reproducible and re-
model the post flash chemistry in order to calculate the finalmained constant over the time-scale of the spectral acquisi-
product distribution. Details of the chemical reaction schemetion (the photolysed gas flowed out of the cell over a period
used are listed in Table 2. The contribution of secondaryof 10-15s). The total absorption spectrum measured and the
products including INQ will be discussed in the results and absorption spectrum of ION{an be expressed as shown in
discussion section below. Spectra were not recorded belovig. (1) and (2), respectively.
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has to be known. The concentrations of all species were
calculated by simulating the post flash chemistry, and the
0.06 1 main contributions (N@ CFRl, FNO, CRO) were deter-
0.05 mined from the known cross-sections of these species. Other
possible contributors were,l OlO, 1,0, but the yields of
these together with their known spectra were judged to be
0.03 1 unimportant. Exceptions were the contribution oGP, for
0.02 which we have no information about the cross-sections, and
the contribution of IN@Q, which is discussed in detail below.
The absolute cross-sections of SLAFNO and CKLO have
0 \ \ \ \ \ \ \ \ been reported in the literature (DeMore et al., 1997) and
2o zv e Ee 2635 39w %9 were smoothed to the spectral resolution used for the present
experiment (CEO only absorbs at wavelength shorter than
245 nm and its contribution to the overall absorption is thus

Fig. 1. Post flash absorption spectrum in the low wavelength region0t Shown in Fig. 2). The change in concentration of each
(245-335 nm) following flash photolysis of NGCF3! mixtures. species after the laser flash is determined by the O atom con-
centration produced from NOphotolysis in the flash and

the stoichiometry of subsequent chemistry. In order to de-
termine these concentration changes a kinetic model of the
reaction system was constructed in the numerical integra-
tion package FACSIMILE (Curtis and Sweetenham, 1987).
The model provided the simulated change in concentration of
each species during an experiment for all given experimental
conditions with the initial post flash O atom concentration
being the only variable. In separate experiments, N@s
photolysed in the absence of gland the initial O atom con-
centration was determined from the change in,N®ncen-
o | | | | | | | | . tration following the flash, which was obtained from the mea-
245 255 265 275 285 205 305 315 325 335 sured change in absorption of N@nd its cross-section. It
wavelength/nm was assumed th#D] = 2 ANO,. Together with the known
cross-sections, the contribution of each species to the absorp-
C}ion spectra was then subtracted from the overall post flash
spectrum recorded as shown in Fig. 2 for the 245-335 nm re-

spectrum and absorption of FNO, NCGand CRl, respectively. The gion of th? spelctrum. The same procedure Was applied to the
red spectrum is attributed to IONCafter the stripping procedure. data obtained in the longer wavelength region (385-415nm)

The contribution of CEO is not shown as it only absorbs below @s shown in Fig. 3. However, in this wavelength region only
245 nm. NO; absorbs significantly and thus the N€pectrum had to

be subtracted from the total absorption spectrum. The fact
that the structural features of FNO and N@b not appear to
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Fig. 2. Spectral stripping procedure in the low wavelength region
(245-335nm). Note changes in scale on the left and right han
axis. Black, pink, green and blue lines show the total absorption

Atotal = AIONO, + ACR0 + AFNO — ANO, — ACHl (1)  asignificant extent in the final spectrum provides support for
the deconvolution procedure used.
AloNO, = Atotal = AcR,0 — AFNO + ANO, + AcFl ) Secondary chemistry generates about 15% of4NM@Gm-

. pared to IONQ in the laser flash. The cross-sections for
T.hUS.IONQ was found by spectral deconvolut|oq. The con- INO> are known (Atkinson et al., 2000) and together with its
tribution of each absorb_e rto the togal ab?'or"?“o” at- eaCr‘%imulated concentration the contribution of IN® the total
wavelength recorded during an experiment is given by: absorption spectrum recorded during an experiment was also
A = 0;(0) x I X Ac; 3) subtracted. Figure 4 s_hows the I_Obl@bsorption spectrum_
obtained from subtracting the main components as described
where A(}) is the absorbance of a specieat wavelength  above together with the INfDabsorption spectrum and the
A, 1 is the pathlength of the reaction cell used [cmf; = final IONO; absorption spectrum corrected for the contribu-
change in concentration of species i [moleculesgand  tion of INO, (Atkinson et al., 2000). Subtraction of INO
oi(A) = absorption cross-section of specieat that wave-  does not significantly change the shape of the IQdBsorp-
length [molecule cm?]. tion spectrum and the change in the magnitude of the cross-
In order to obtain the ION@spectrum the contribution of  sections lies within the estimated uncertainty. The absorp-
all species to the total absorbance change other than PONGtion cross-sections of IONOwere then obtained assuming
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0.015

Table 3. The absorption cross-sections of IOp&t 298 K

0.01

M anm 1018 gpgg/molecule cnt?
0.005
245 12.1

(]

g o 250 11.7
o 255 10.6
g 0005 260 9.46
001 - 265 8.80
270 7.97
-0.015 1 275 7.72
280 7.41
-0'02385 32;0 3!;5 4(')0 4(')5 4io 4'15 420 285 6.91
wavelength/nm 53(5) g;%
Fig. 3. Spectral stripping procedure in the high wavelength region ggg 451;2
(385-415 nm). Black, green and red lines show the total absorption 310 4.62
spectrum, absorption of NCand IONG after the stripping proce- 315 4'41
dure, respectively. 320 4:0 4
325 3.96
330 3.80

0.06 0.0035
335 3.74
0.05 + 0.0030 340 3.60
345 3.48
Soos | 17 350 3.34
% +00020 g 355 3.16
003 g 360 2.94
£ 700015 s 365 2.70
go02 L 00010 < 370 2.42
375 2.13
°om T 0.0005 380 1.84
0.00 T T T T \ 0.0000 385 153
245 275 305 335 365 395 425 390 1.30
wavelength/nm 395 1.03
400 0.780
Fig. 4. Comparison of the absorption spectrum of ION&hd ING 405 0.605
generated during an experiment. Note changes in scale on the left 410 0.496
and right hand axis. Black, green and red line show the spectrum 415 0.416

originally assigned to ION@obtained from the initial deconvolu-
tion process, the absorbance due to IN§&nerated following the

laser flash, and the final IONCabsorption spectrum after correc-
tion for the contribution of ING, respectively.

was calculated assuming all absorptiorhat 450 nm was

due to aerosol extinction and that the attenuation at lower
that the remaining absorption was attributed to the simulatedvavelength followed a 4.4 functional dependence on wave-
amount of IONQ generated in the reaction. length (Cox and Coker, 1983). After subtraction of this com-

The IONG absorption spectrum over the entire wave- ponent the lower curve in Fig. 6 was obtained which cor-

length range of 245-415 nm was obtained by fitting the ob-responds to minimum values for the ION®@ross-sections.
served spectrum to three Gaussian functions. This enableBxamination of time resolved absorption spectra also show
interpolation of the ION@ absorption in spectral regions no evidence for time delayed aerosol growth for the first two
where absorbance could not be recorded. The resultingxperiments performed in a clean flow tube. After rapid for-
spectrum consists of a broad continuous absorption band amation of IONG the absorption remained constant over the
shown in Fig. 5. The ION@cross-sections are listed in Ta- whole time period of the experiment. Only after multiple
ble 3. There is also a possibility of a contribution to the experiments in the flow tube did we observe a time delayed
apparent IONQ@ spectrum from formation of light scatter- increase in overall absorption with time, possibly due to the
ing aerosol produced in the 10 radical chemistry. A max- formation of aerosols, presumably from precursors formed in
imum potential contribution to the absorption from aerosol heterogeneous processes on the walls of the reaction cell.

www.atmos-chem-phys.org/acp/2/227/ Atmos. Chem. Phys., 2, 227-234, 2002



232 J. C. Myssinger et al.: The UV-visible absorption cross-sections of IQNO
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Fig. 5. Absorption cross-sections of IONO Red diamonds: data Fig. 7. Comparison of the absorption spectra of CION®Ilack),
recorded in the 245-335 nm and in the 385-415 nm wavelength reBrONO, (green), IONQ (red) and (IONQ-aerosol) contribution

gion. Black line: Fit to data. (blue).
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Fig. 6. Comparison of the absorption spectrum of ION@ed), the Fig. 8. J-values for IONQ as a function of time of day in the
predicted absorption due to aerosol formation as a functiofiidf 1 marine boundary layer, for midsummer88 (Mace Head, Ireland,
(black) and the contribution due to aerosol absorption subtracteduly 1997).

from the original absorption spectrum of ION(blue).

surements of atmospheric composition had taken place in
Figure 7 shows a comparison of the ION@bsorption  1997. The calculated photolytic lifetime of IONQinder
and the (IONQ-aerosol) absorption with those of CIONO  these conditions is less than one minute. At the same loca-
(Burkholder et al., 1994) and BrONQBurkholder et al.,  tion and time, the surface to volume ratiy/(V) of the fine
1995). All spectra show similar broad band absorption fea-fraction of the sea-salt aerosol present was determined to be
tures. The absorption due to IONG red shifted and is sig- (64 1) x 10~/ cm? cm 3 with an effective particle radius of
nificantly more intense at all wavelengths than the chlorine2.5 x 10->cm (McFiggans et al., 2000). Using these values,
and bromine analogues. the lifetime of IONQ with respect to heterogeneous uptake
on sea-salt aerosols,et[s], was calculated to be 10 h us-
S ing Egs. (4) and (5) below, and assuming a reactive uptake
4 Atmospheric implications coefficient ofy = 0.01 (Holmes et al., 2001). Equation (4)

assumes spherical geometry of the sea-salt particle. It also

The IONG;, absorption cross-sections recorded here werg, o giffusion of IONG to the particle surface into account
used to calculate the tropospheric solar photolysis rate OETurco etal., 1989).

IONO, using a photochemical box model (McFiggans et al.,

2000). We assumed a quantum yield of unity for IONO 025xy xwx S/V

photolysis throughout the absorption band. The resulting{‘het: A+@Bxyxr)/(dx1) )
photolysis rate coefficient/(value) for IONG is shown in

Fig. 8 as a function of time of day in the marine boundary 1

layer, for July 53N at Mace Head, Ireland, where mea- Thet= Het ®)
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wherew = the average molecular speed of ION@ any  less than one minute under most sunlit conditions and conse-
given temperature [cnTS], knhet = first order rate constant quently that photolysis is the main loss process for gaseous
for loss of IONG on the aerosol [s], » = mean free path of IONO,. Thus, IONQ is thus not expected to act as a stable
a molecule in air at any given temperature and pressure [cm]eservoir of atmospheric iodine during daytime.

During daytime, solar photolysis is thus expected to be the o _
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