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Abstract

Based on multivariate statistical separation techniques spectra of iodine oxides formed in the photolys8;didve been obtained. Data
was recorded by time resolved UV-vis absorption spectroscopy. Overlapped spectra of groundistated)O¥¢ibrationally excited 10{ < v")
with v” >0, and OIO have been separated from each other and from underlying absorptions of further iodine oxides. The uncertainty due tc
uncorrected foreign absorptions is of no more tHz8%. Relative errors of spectra are of the order of a few percent for the main parts of the
spectra. The up to now unknown continuous parts of spectra are thereby determined. Previous uncertainties in differential absolute absorptic
cross-section are removed. By the separation of the ground state 10 spectrum from that of vibrationally excited 10 spectroscopic measuremen
under non-equilibrium conditions are enabled. Three further absorber spectra have been extracted in the 200—600 nm window. Two of them a
most likely caused by,D, and possibly 403 thereby providing part of the missing link between 10 and OIO consumption and the formation of
higher oxides and possibly aerosol. All spectra are available as supplementary data.

Given the unprecedented quality of extracted spectra for the first time an analysis of band strength of3fig}QAX?115,) transition could
be made. The continuum absorption of the ground state 10 spectrum was resolved into overlapped bands of bound—bound transitions and tv
bound-free transitions. From the bound-free transitions found the existence of two optically active repulsive states intersecting witithg IO(A
potential has been inferred and tangents to the two repulsive potentials have been determined. Correlating the tangents to probable dissociati
products gives a plausible rough picture of the shape of the repulsive states which is in good agreement with previous observations on pnedissociati
of states. There is evidence that one of the continuous absorptions observed could have its origin?mlt9 80b-system. Relative band strength
was determined for absorption bands of IG[R, < X?I13,). They are in good agreement with literature and with simple calculations based on
a Morse approximation. An anomalous behaviour of 1&(®) in time resolved measurements was observed and studied. It could be explained
by a hypothetical partial population inversion of the 13G[R,) state, but the source of it remains unclear.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction concentrating on spectra as such and on spectroscopic analysis
—dominantly 10 and later OlO — are some of the earli£8111]

Gas phase UV-vis spectra of iodine oxides appeared quitgnd then only among the more recent ones [@2,14—-17] In
frequently in past publications. While many publications ongeneral the formation of higher iodine oxides — other than 10
iodine oxides were focussed on studies of chemical kineticand OlO —is out of question. This is, because in all experiments
and on determination of single wavelength absolute absorpisually the amount of iodine originally released to form 10 and
tion cross-sections e.1-9], the observation of spectra was OIO is returned only at a fraction as | g, lonce 10 and OIO
reported rather as a by-product. Interestingly those publicationare consumed. But references to spectra of possible products —

if observed at all — are scar{#8,6,9]
The publications reporting absorption or emission spectra

* Corresponding author. Tel.: +49 421 218 4585; fax: +49 421 218 4555,  €an be divided into two groups. Firstly th_ose report?ng more
E-mail address: peterspietz@iup.physik.uni-bremen.de (P. Spietz). or less complete band systems of UV-vis electronic spectra
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Fig. 2. The available spectra of OlO are compared. Spectra were scaled to each
Fig. 1. For 10 a number of previously published spectra exist. For comparisolther in the region between 520 and 560 nm. Relative to each other the broad
they have been scaled to the broad<®) absorption band. They all show range spectra by Himmelmann et 2] and Ingham et a[8] and the narrow
different amounts of uncorrected background absorptions and fail to determinginge spectrum by Bloss et f8] show significant disagreement in background
the ends of the spectrum clearly. There is also disagreement with respect to tﬁﬁsorption. The triplet by Ashworth et §L6] covers the scaling region, where
height of the bands. some agreement is found between the four spectra.

(10, OIO) at moderate resolution of the order of 0.3-1.1nm

FWHM. And secondly high resolution measurements focussingccuracy of any spectroscopic determination of molecule con-
on selected bands or transitions one at a time using cavity ringentration, be it in the lab or in atmospheric remote sensing as
down spectroscopy (CRDS), laser induced fluorescence (LIF) arenith sky measurements or differential optical absorption spec-
submillimeter spectroscopy. The studies[b,11] are excep- troscopy DOAJ19,20 and references therein]

tional in that they report spectra covering a larger number of As an attempt to minimise such problems — as well as
ro-vibrational bandsimulraneously, which at the same time related problems in determinations of rate coefficients and abso-
were recorded at high resolution enabling rotational analysidute absorption cross-sections — we developed a method which
They used a 21 ft grating spectrometer and photographic platesnables separation of absorptions originating from different

As iodine oxides are only observed as transient absorbersolecules as well as from instrumental effects (E&E22)).
with short lifetimes, the observational data usually consists ofn the accompanying paper byd@ez Marin et al.[23] this
overlapping absorptions caused by the iodine oxides themselvasethod was applied to time resolved absorption spectroscopy
the precursors as well as all other products formed in the courseeasurements. The objective was to determine a consistent set of
of reactions. Towards longer reaction times the aerosol formasingle wavelength absolute absorption cross-sections of iodine
tion might become an issue. Also technical drift effects of lightoxides detected inH Oz flash photolysis experiments. The data
source, chemical system or others have to be considered. Duewas recorded with a grating spectrometer and a CCD camera
these experimental limitations and the methods used for analyperated in time resolved mode. For each recorded data set the
sis, the spectra obtained within the first group of publications alkeparation technique produced curves of temporal behaviour of
contain more or less strong unknown background absorptionsptical density for all absorbers detected. As show@ithese
Even though the main vibrational bands within the electroniccurves are to a high degree-3%) free of interference from
transition might be readily visible in the reported spectra, theother absorptions and technical artefacts. They in turn provide
amount of any possibly present continuous absorption withirthe necessary input for the determination of single wavelength
the molecules spectrum remains in large parts unclear. The geabsorption cross-sections by the method of iodine conservation.
eral shape of the spectrum is only insufficiently determined. Using the curves of optical density determined there and also
This is illustrated by the comparison of available spectra forsimilartechniques, the objective of this work is to obtain likewise
10 (Fig. 1) and OIO Fig. 2. In the same way any continu- pure spectra of all absorbers detectable in+ O3 photolysis
ous absorptions possibly originating from other molecules (espexperiments. This improves our knowledge of the continuous
higher iodine oxides) remain hidden in the unknown backgroundbsorptions within the spectra of IO and OlO and enables deter-
absorptions. Due to the limited spectral coverage of the high resnination of spectra of other iodine oxides possibly occurring.
olution studies these also fail to determine the general shape tfncertainties in differential absorption cross-section of 10 and
the electronic spectra as well as in the detection of continuou®IO relevant in spectroscopic determination of molecule con-
absorbers. centration are reduced correspondingly.

As a result of the incomplete knowledge of twitinuous In the first half of this paper the new spectra will be presented
part within an absorber’s spectrum the necessary scaling of sucind compared to the available literature data. Arecommendation
relative spectra to an elsewhere determisiagle wavelength  will be given. The spectrum of IO had been thoroughly analysed
absolute absorption cross-section directly leads to an uncertaingnd will be discussed in the second half of the paper. From the
in differential absolute absorption cross-section. This limits the  analysis of the 10 continuum absorption two bound-free absorp-
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tion transitions within the IO molecule can be inferred. From theestimatingS (containing the spectra as rows) given the observa-
separated spectra of 10 in differently excited vibrational statesional dataY and the mixing matri. The general solution to
experimental Franck—Condon factors for the 10 molecule ar¢his problem (without weighting) is

obtained.

S=@T-A) ATy (iv)

2. Experimental set-up and origin of data i . . .

Whether this solution exists or not and how accurate it is,
edepends on whether the columnsAfare altogether linearly

The experiment is described in detail in Section 2 of the; ) ;
independent or not. The clearer the linear independence, the

accompanying papdg3]. There, arrays of optical density as o X
a function of wavelength and time were obtained from theSMaller the uncertainty in the estimated spedurdf two or
recorded intensities according to a variant of the Beer—Lambeff'0re absorbers contained in the observational Haave simi-
law (for definitions see Eqgs. (I-i), (I-iv), (I-vii) and (I-viii) of Ia_\rt_emporal behaviour orin linear combl_natlon mal§e up acurve
that pape¥) which nicely illustrates the linear superposition of Similar to that of another one, the solution accordingi is
absorption of absorberd = 1 ton: limited if not impossible. Sl_Jch .depe_n.dences between columns
of A are referred to as multicollinearities.
Io(A, 1) “ _ If multicollinearities exist inA, this will cause at least one

a(r, ) =In < 00 > =LY cu(®ou() () of the eigenvalues of the normal matdk=AT-A to tend to

’ M=1 zero letting the condition number (ratio of largest to smallest
Separation of overlapping absorptions produced curves of tengigenvalue) tend to infinity. The inverse Sfwill be poorly or
poral behaviour of optical density,(Ly, 1) for each absorber notatalldetermined. The problem s said to be “ill-conditioned”.
M detected in the experimental data and given with respect to According to Dahlquist et aj24] the errors ir§, which originate

selected wavelengthy,: from errors in the observational da¥aas well as in the data
; constituting the mixing matrix (here: the curves of temporal
A - behaviour of absorbers) are amplified by the condition number of
A1) = Ap,t A 11 . .
a(. 1) Mz_:laM( M. om ) 0 N.In case that an inverse &fcan be determined, the square root

of its diagonal elements multiplied by the error of the entries into
om(2) denominates the (dimensionless) absorber’s cross-sectiondirectly equals the standard error of the estimated unknowns.
spectrum normalised t@y(Ay). The experimental dat@, ) Note that this simplified statement is only true, if the error4 in
and the separated curves of temporal behaviour of optical densigite constant, or in the lack of a better estimate, are assumed to
ap(Ap, 1) for all absorberdf as described and obtained[#8] be constant.
provide the basis for the extraction of spectra covered in the Multicollinearities can to a certain degree be avoided by
present work. All spectra were obtained at room temperature. appropriate selection of a subset of data, i.e. of an appropriate

spectral window. This should be selected such that absorptions

3. Extraction of spectra of one or more absorbers contributing to the multicollineari-
ties are not contained in it, i.e. the absorption spectra of these
3.1. Theory and method absorbers should be zero within its range. This allows to remove

the corresponding columiag; fromA. The number of unknown
To enable usage of multiple multivariate linear regression, thgpectra within the window is likewise reduced. As a clear draw-
observational data(, r) can be interpreted as a matrix denom- back this directly reduces the range of the obtained spectra. For
inated as the observational matkxand the curves of temporal the excluded sections another extraction needs to be performed,
behaviouray (A, £) as column vectorasy,. By arranging these possibly compromising on quality of the extraction. Spectra of
as columns of the so-called mixing matdx=[a1, a2, ..., a,],  full coverage are obtained by joining the partial spectra from the

Eq. (i) can be stated in the form: individual spectral windows accordingly.
n
Y= ZaM . SI,, +E=A-S+E (iii) 3.2. Reliability of an obtained solution
M=1

To estimate the reliability of an obtained solution, in first
place the aforementioned standard error obtained fara good
measure for assessing the extent of possible multicollinearities.
With respect to the shape of the obtained solutions, the non-

unity at that wavelength (indicated by hat symbb).“For s, . - .
ands the superscriptis dropped, as there is no risk of Confusionnegat|V|ty condition for absorption spectra needs to be checked.
' As long as emission can be excluded, all absorption spectra

Optical density is normalised to unit pathlength and the vari-

ableL is therefore omitted. Extraction of spectra is achieved anUSt be purely positive. The _sytuatpn IS shghtly dn‘ferent, if data
is centred to pre-flash conditions, i.e. optical density observed

before the flash is averaged in time and then subtracted from all
1 prefix“I-"indicates references to equations or reactions in the accompanyin@Ptical density data recorded in time. The resulting difference
paper]23]. before the flash is equal to zero except for noise afdr the

wheres), is a vector containing the normalised specti@y(i)
andE is the matrix of the prediction error. Becausg(iy, 1)
is the optical density aty,, the spectrund;, is normalised to
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flash describes changes in optical density — i.e. concentratiomas determined accordingly. The method used for the deter-
of precursors as well as products formed by reaction — relativenination of absolute absorption cross-sectiong8j required
to pre-flash concentrations. This also eliminates long term lamproad spectral coverage so that as a trade off resolution had to
drift very effectively. Due to this procedure also negative absorpbe low at 1.3 nm FWHM.
tions can occur as a result of pre-cursor consumption, but they Absorptions from ground state |@(«0), vibrationally
must bepurely negative. Spectra with mixed positive and nega-excited 10¢’ < 1) (denoted as “I0’) and 10(/ < "), v’ >1
tive sections are impossible. If such mixed solutions occurinanglO™ "), OIO, and three further absorbers with unstructured,
of the estimated spectra, this indicates systematic problems tontinuous spectra labelled “X”, “Y”, and “Z” were found to be
the whole separation as such. Likewise systematic structures nelevant in our experiments (hnomenclature as defind@3t).
the remaining residuals containeddiindicate similar problems Vibrationally excited 10 dominantly occurred in low pressure
while residuals distributed normally are a necessary indicator oflata. Also “X” and “Y” displayed clear dependence on con-
a good separation. The quality of separation is further verifiedlitions. Therefore in general the mixing matrix was defined
by comparing spectra obtained from different data sets recordegs A = [a|0, a,0*, aj0*, @oi0, ax, ay, az]. But depending on
under significantly different conditions. the individual experiment and the selected spectral interval the
columns in4 had to be chosen appropriately.
3.3. Uncertainty estimate for obtained spectra
3.4.1. Ground state IO(V' < 0)

The uncertainty stated for the extracted spectra is based atd.1.1. Other overlapping absorptions and extraction proce-
the estimated error of observations, i.e. optical densities. It wagure. From the studies of Durie et §l1] the position of the
determined from the absorption measurements obtained durin@(0 < 0) transition is known to be at 465.5 nm marking the end
the pre-flash interval after subtraction of the pre-flash average iof the ground state 10 absorption spectrum towards the red side.
time, see above. In an artificial way this data is free of absorpThe observations by Himmelmann et[dR] showed that in that
tions except for noise. The standard deviation determined in thigegion the absorptions of OlO already overlap with those of 10.
data array was used as an estimate of the observational erréwirthermore significant absorptions arising from vibrationally
which was needed as input for theparation of time curves and  excited I0¢’ <— V") with 0 <v” <7 reach far into the OIlO region
the estimation of their errd23]. In the extraction of spectra [21,23] The temporal behaviours of concentration of differently
(this work) by multiple multivariate linear regression two vari- vibrationally excited species of 10 depended on the experi-
ants of errors were calculated. Firstly the error estimatg,pf ment's conditions and the largest difference occurs between
(the curves of temporal behaviour of optical density as obtained” =0 andv” > 0. 10 in ground state and in vibrationally excited
in [23]) was used to vary the entries into the mixing matfix state therefore have to be treated as two individual species
into both directions by addition and subtraction of this error.rather than a composite, averaged 10 spectrum. As different
Then the regression was solved for each case. The effect drehaviour in time is the key to separation, it was promising
the solutionss,, (spectra) obtained for the different variations to try a separation of ground state and vibrationally excited
was used as an estimate for the error propagated into the est® spectra even though the similarity of the temporal profiles
mated spectra. Secondly an error estimate for the spectra wasboth displaying similar rise and decay times — is a limiting
determined without any a priori estimate of the error assumindactor with respect to collinearity. The temporal behaviour of
constant unit weight for all coefficients of the mixing matrix. overlapping OlO always showed a slower formation than the
This error estimate is therefore a purely statistical error estitO species. Contribution ofzlpresent in the same region is
mate based on the condition of the normal matrix. Whicheveunproblematic as the temporal behaviour.dsltotally different
was larger was used as the conservative uncertainty estimat@m that of the transient absorptions of the iodine oxides. If
for the resulting estimated spectra. A relative uncertainty wasollinearities between ground state and vibrationally excited IO
calculated as the ratio between the estimated uncertainty améused problems in the extraction gfraund state 10 spectrum,
the determined spectra. Wherever the spectra are of zero arlimitation of the spectral window to 467 nm on the red side
near zero absorption, the relative uncertainty increases corredways was a suitable measure, just including the last ground
spondingly. For such cases tlésolute uncertainty will be state band 10(@- 0) and excluding the majority of I@( < v"),

given. V" >0. The same collinearities could also be reduced and even
avoided by analysing only data sets obtained at high pressures,

3.4. Extracted spectra in which excited 10 was significantly reduced by collisional
guenching.

In the visible and NIR 53 data sets of time resolved flash pho- Towards the UV the 10 absorption ends in the vicinity of
tolysis experiments recorded under various conditions (Table 320-330 nm. Varying the UV side of the extraction interval
in [23]) were analysed covering two different spectral rangesdelped to verify this. Starting from 460 nm towards the UV
of 280-600 and 340-660nm. Focussing on unknown UVihe smooth absorption of “Z” becomes more and more impor-
absorbers two further data sets were examined, which covéant, which slowly rises in time indicating that it is caused by a
210-410nm. Spectra obtained from different data sets werproduct of the 10 and OlO consumption mechanism. Its tempo-
finally averaged within appropriate sections. In the averagingal behaviour could be obtained directly from the range around
the estimated error was used as weight and the error of the res@20 nm, where no other absorptions were detected. In some cases
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its contribution did not become important above 420 nm due t@raph the relative error for the extracted spectrum of1@{ 0)
the flat tail of its spectrum. is plotted.
Even without knowing the origin of the observed deviation,
3.4.1.2. Anomalous behaviour of 10(2 <— 0). Inalarge number it is possible to estimate the correct peak height of 1&(B)
of measurements apparent temporal behaviour of the40@}  relative to that of |O(4— 0). Calculation of the ratio of tempo-
absorption band differed significantly from that of all other bandsral behaviour of both bands verifies that the deviation dies off at
of the (' <— 0) progression in that the peak of I0€20) at  times beyond the half-life of 10 so that in that time range the cor-
maximum IO concentration appeared weaker than the remaimect ratio between peaks is obtained. The corrected O
ing bands. It appeared smallest in low pressure experimentsand is plotted irFig. 3 (top, dotted line at (2— 0)). After cor-
and recovers systematically when proceeding to higher pressurection 10(2« 0) fits well within a common envelope of the
experiments. Strong UV-photolysis (no filters between vessely’ < 0) progression.
and flash lamps) weakens the apparent height of the 4O
band further. This weakening is strongest near the time of max3.4.1.3. Uncertainty and reproducibility. For the spectrum of
imum concentration. Later on the deviation dies off. I0(v' < 0) the obtainedelative error from above 360 nm was
The observed difference in temporal behaviour complicate@enerally less than 2.5%. Within the band maxima is of the
extraction of spectra. It could only be achieved by subdivid-order of 1-2%. Between the bands, where the absorption goes to
ing the extraction window such that in one version the{®) zero, therbsolute error is of the order of (0.5-2) 102 in units
band was included and in another niéig. 3 shows the uncor-  of optical density compared to 0.45 in the band maximum. It
rected extraction for IG( < 0) including v’ =2 (top, solid increases systematically within the range, where the most serious
line, all extraction windows joint) and the separately extractectollinearities between the different species occur.
I0(2 < 0) band with traces of IO(3- 0) (middle). In the bottom The reproducibility of the successful extractions of spectra
obtained for more than 40 data sets was very high. Systematic
contradictions occurred only whenever the spectral window for

2.5 ——————— the extraction was inadequately chosen and included absorptions
A ' causing collinearity or being unaccounted for by the chosen
S 50 curves of temporal behaviour. Another source for systematic
5 deviations between extractions was the build up of deposit during
§ % 1 the flash photolysis experiments. The deposit increased within
g £ 17 the accumulation from flash to flash and also was changed by the
2 “g flash itself. In such cases the spectral window had to be reduced
2 = 104 onthe UV side. Nevertheless in some extractions of the IO spec-
se | trum systematic deviations occurred relative to the large number
G of consistent spectra obtained from other data sets. In spite of
057 the deviations the UV tail of these spectra returned properly
to zero. The deviations were always located at the UV side of
T L s S S SRS SRV ¥ & 1, WA the 10 continuum. Still all extractions were introduced into the
——— averaging for the final 10 spectrum, because the origin of the
300 320 340 360 380 400 420 440 460 480 S00 deviations could not unequivocally be attributed to a gross error.
> 03] U AL SO But as the estimated errors of the problematic extractions were
% 2] tto@ao- generally poorer due to the lower quality of the extraction, they
% G SRR N | entered with a lower weight into the final averaging.
g o1 11— 3.4.1.4. Wavelength calibration. The calibration of wavelength
300 320 340 360 380 400 420 440 460 480 500 axis had been obtained by calibration to the known positions of
L ' l l | , mercury and cadmium lines from a line source. Used were only
5 ! { \) |y lines well separated from others under the low resolving spec-
5 O Vi V J troscopic conditions of the experiment (1.3nm FWHM). All
[ 105; wavelengths are converted tacuum wavelengths. The accu-
LI L L T 17T 717 71

racy of the calibration was always better than 1 pixel, which is
0.32 nm/0.26um geometric pixel size with the 150 grooves/mm
grating. This was also verified by the wavelength offsets found
Fig. 3. The extracted spectrum of ground state 10 is shown (top panel) includinpetween spectra of IO obtained from different data sets. In most
the apparently lower 10(2-0) band before (solid line) and after correction cases the scatter in wavelength was of the order of 0.1 nm and
(dotted line). In the middle panel the extraction for the anomalously behavinqess and of 0.2 nm as worst case. The calibration in the ground

bands I0(2- 0), 10(3 <« 0)is plotted. The relative uncertainty of the iO¢- 0) i p . . .
spectrum is shown in the bottom diagram. Between bands and at the ends of tﬁ&ate bands was verified by comparison to the Cavity ng'down

spectrum thebsolute uncertainty is of the order of (1-2) 10-3with maximum  (CRD) spectra reported by Newman et[aK]. Their (vacuum)
absorption at 10(4— 0) of 0.5, both in units of optical density. CRD spectra were convoluted and integrated (binned) to the res-

300 320 340 360 380 400 420 440 460 480 500

vacuum wavelength (nm)
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olution and detector geometry of our measurementsand used asi 4,0 ; ! TITTT .
calibration standard within the interval covered by them. Devi- § 3.5 T

ations between our spectrum and the convoluted bands from § & 301 J ‘ BY

[14] ranged from—0.08 to +0.07 nm for the isolated ¢ 0) to ; 5 25y i

(4 < 0) bands. The (5- 0) band was ignored, as itis likely to £ £ 297

be distorted by the neighbouring 10 continuum absorption. The § § %1 uyn

instrument’s function used in the convolution was only approxi- & to 1077

mated by a gaussian of 1.2 nm FWHMNb( gaussian half width). § = %9 M

This was estimated from the FWHM of the apparent line shape © 0.0 AR

obtained from a line source measurement. Therefore the differ- " 350 50 500 550

ences between the convoluted CRD spectra and our spectrumr 10

T o | 4 '

olue . ol .
were not used for re-calibration. Nevertheless the differences o ! |U W //L ‘UM’J !{Hﬁkfw) M.lmi.
350 400 4 '

rel. error

lying clearly below 0.1 nm justify a conservative (but neverthe- 0,01
less sub-pixel) estimate of wavelength uncertainty of 0.2 nm. 50 500 550
The apparent positions of band maxima will differ more or vacuum wavelength (nm)

less Strongly dependlng on the difference in resolution and blnIEig.4. For vibrationally excited 10 a spectrum was obtained by joining three sec-

ning, e.g. 10(4-0) in the CRDS study by14] at 427.2nM  ions from three extraction intervals (top). The continuum absorption (labelled
(vac.) versus 427.5 nm (vac.) from this work at 1.3 nm FWHM.“x) is of unclear origin, to be discussed below. Band assignments are accord-
This is explained by the fact that lower resolution and binninging to [11]. The relative uncertainty of the extracted spectrum is shown in the
cause the peak of an asymmetric band to be shifted away froﬁ?ttom diagram. Open circles indicate the relative uncertainty _at bgnd maxima.
the steepest ascend. This can be verified by corresponding sifge/ee" pands and at the ends of the spectrumytiigure uncertainty is of the

. . ) L rder of (2-5)x 10~* with maximum absorption at 10(3- 1) of 0.025, both in
ulations and was also verified by the convolution and binning oﬂmts of optical density.

the data of14].

hand by the characteristic function in time (defined by the mask-
3.4.2. Vibrationally excited I0(V' < V") with v"" >0 ing of the chip and the vertical slit width of the mask). The
3.4.2.1. Other overlapping absorptions and separation proce-  characteristic function has a half width of 57 pixels in different
dure. In the spectral window from 467 to 600 nm the contribu- regions of the chip. The variations are caused by mechanical
tions of vibrationally excited IQ( < v"),v” >0, of OlIO and of  imperfections of the laboratory-made masking of the chip. The
I> could be separated from each other with low errors wherevetlifference between temporal behaviour of excited IO and that
the individual spectrum has significant absorption. Collinear-of the found absorption “X” is visible only in a time interval
ities with the ground state of 10 were avoided by excludingof 10-12 pixels in time — roughly twice the width of the instru-
the 10(0<« 0) at 465.5 nm from the spectral window. By limit- ment's characteristic function in time — and very close to the
ing the spectral window to 480—600 nm this could be improvedlash. The large remainder of both curves is nearly identical.
even more, because then 10¢ 1), the temporal behaviour Therefore it is possible that the observed continuum belongs
of which differed from that of 10{ < "), v”>1, was also to excited 10. But on the other hand it cannot be excluded
excluded. Especially the low pressure data sets containing thbat it originates from a further not yet identified species.
largest concentrations of excited 10 yielded clear spectra. FoFhis can only be decided after further analysis of spectra, see
the bands falling between those of the ground state of 10, i.éhelow. The full spectrum extracted for vibrationally excited 10
below 467 nm, the separation proved to be more difficult, a®btained by joining the three different sections is shown in
there the similarity of temporal behaviour of the ground state of-ig. 4. In the bottom graph the obtained relative uncertainty is
10 in general, that of IO(2— 0) and that of excited IO produces plotted.
multicollinearities and imperfect extraction of individual spec-
tra. On the other hand the temporal behaviours were sufficiently.4.2.2. Uncertainty and reproducibility. The reproducibility
different to inhibit a reduction of free parameters. In this intervalof the spectrum was highest in the range from 480 to 600 nm.
the noise in the extracted spectra is larger and negative traces Dfie shape of the bands and zero absorption in the troughs was
the ground state of IO remain. Below 440 nm again the absorpalways reproduced. Depending on the mixture changes in rela-
tion of absorber “Z” needs to be taken into account. Also in ative height between groups of bands from differghbccurred.
number of data sets the absorption caused by “X” found betweewhen the window was extended down to 467 nm and below, the
320 and 420 nm (sef@3]) proved to be significant. Due to its different behaviour of 1O{ < 1) and 10(0«— 0) reduced the
temporal behaviour being similar — but not completely the sameeproducibility in that traces of the ground state of IO appeared
— to that of 10§’ < V"), v” > 1, its spectrum was in many fits in the spectrum or a continuous background disturbed the spec-
extracted together with the bands of excited IO as a single spetrtum. In the continuum (“X”) in spite of the low signal to noise
trum with acceptable residuals, 9eig. 4. Its spectrum displays the reproducibility was good. Based on the error estimate the
a smooth continuum located in the region of the ground state I@ncertainty of the spectrum is approximately 2—3% in the peaks.
continuum. In the continuum range it is of the order of 5-10%. Between the

The temporal resolution of our set-up is defined on one hantiands theibsolute error is of the order of (2-5} 10~* in units

by the shifting time per row of the CCD chip and on the otherof optical density.
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3.4.2.3. Wavelength calibration. The wavelength calibration

c
for vibrationally excited 10 is the same as described for the £ 1,00 o0
ground state of |0. A0 A l

§E 0,75 [ |
3.4.2.4. Assignment of transitions. In 1958 Durie and Ramsay E“TE‘ 050 I ‘ 1 “ ]
[10] recorded bands of 10 iabsorption, where only ground 2 8 \N v Wh
state I0(¢" < 0) and the 10(2— 1) band were visible. In 1960 5 2 025 . .UJ\,nv A A ﬂ .
Durie et al.[11] carefully examined themission spectrum of = m}““w WWM
IO using a 21 ft grating spectrometer in second or higher order 0,00yt ~
and observed a large number of transitions from vibrationally 100 450 500 550 500 650
excited 10. They performed a thorough rotational and vibra- E ‘ﬂ \
tional analysis, which enabled determination of the hatigins 2 01 -y
of both ground state and vibrationally excited 10. Fromtheband =~ = 2914 . ﬁ
origins they determined vibrational constants for 1O, with resid- 450 500 550 600 650

uals generally better than 0.005 nm. Only overlapped bands were vacuum wavelength (nm)

reproduced with Iarger residuals of 0.02-0.03 n,m' . Fig. 5. The spectrum of OIO was extracted from three different sections and
In our low resolution measurements for the first time a larg@nen joined to form a contiguous spectrum. On both sides it shows a clear and

number of vibrationally excited bands are observedtisvrp- smooth return to zero. Band triplets and the envelope of the spectrum show

tion. In our extracted absorption spectrum 22 bands of excited systematic form. The bottom diagram shows the relative uncertainty of the

|O are present out of 34 observed by Durie e{&1] in emis- spectrum. At the_ ends o_f the spectrumdﬂbeolute uncertainty is of the orQerof

. . . . . (0.3-1)x 103 with maximum absorption at OIO(0, 5, 1) of 0.08, both in units

sion, sed-ig. 4 with the assignments according[tol]. As our of optical density

measurements were aimed at broad and simultaneous spectra? '

coverage, high resolution was not the point of our work. Give

the limited resolution of 1.3nm FWHM and 0.35 nm/pixel of

our measurements, our bandxima are in reasonable agree-

ment with their accurate bandigins.

Examination of band height of individual progressions shows ) o o
thatinthe 10¢’ < 1) similar asin the” = 0 series again the tran- 3.4.3.1. Uncertainty and reproducibility. As for vibrationally

sition leading to the Ag, 1/ =2 appears to be weakened in excited 10 the reproducibility of the spectrum was highestin the
comparison to the neighbouring bands of the same series (s&&'9€ from 480 to 600 nm. From 470 to 600 nm the relative error
Fig. 4). This agrees to the observed anomaly being linked tdS clearly below 5%, in many parts even at and around 1%. Larger
the A2TIap, v/ =2 state. A more quantitative statement about€"™0rs occur atwavelengths, where bands of vibrationally excited
this was not possible, because firstly collinearities impeded thi> are located. Above 600 nm the erro(rj estimate varies strongly
separation of temporal behaviour of IO{2 1) from the remain-  P&tween a few percent and up to 15% due to the lower data
ing 10(v’ < 1) bands. Secondly the time scale of formation ofguality. Below 470 nmthebs_olute error was alvyays of the order
these excited species was at and below the temporal resoluti@h & féw percent of the maximum absorption in the (0, 5+ D,

of our set-up. The other interesting feature is the strong anf: 0) Pand. The shape of the bands and especially the depth of
regular presence of the I0¢@ 1) transitions. Starting with the the absorption minima between band; were always reproduced,
barely visible (0« 6) band, the bands increase steadily until theStrongly supporting the assumed quality of separation of no more
(0« 2) band, before decreasing in the401) band again. than+3% foreign contributions from other absorbg4].

"the data quality in that range in spite of the absence of collinear-
ity problems is lower than in the 460-600 nm range. Still the red
tail of the spectrum is quite well determined.

3.4.3. 010(0, vy, vy < 0,0,0) 3.4.3.2. Wavelength calibration. As the spectra were all
Between 480 and 600 nm the spectrum of OIO could bePbtained from the same data the wavelength calibration for OIO
extracted without problems, as no collinearities between OI10is the same one as described above.
IO(V' «<-V"), v'>1 and b occurred. Below 480 nm the prob-
lems of extraction were those described above for vibrational\3.4.4. Further UV-vis absorbers “X”, “Y”, and “Z”
excited 10. The quality of the extracted spectrum is corre- The extraction of absorber “X” was described in the context
spondingly lower than between 480 and 600 nm. Nevertheless vibrationally excited 1O. Its origin remains to be clarified,
the blue end of the OIO spectrum is well defined, Bag 5. see below. Absorbers “Y” and “Z” were already obtained in
Some negative contributions caused by imperfect separatiaie separation of curves of temporal behaviour as described
from 10(2 < 1) and 10(3« 1) remain, but the pattern of band in the accompanying pap§23]. Fig. 6 compares the spectra
triplets caused by the OIO angle bend of vibrational levgls obtained for “X”, “Y” and “Z” obtained from the majority of
ranging from0to 2 upto OIO(0, 10,4- 0,0, 0) isclearly present data sets, which were centred on the visible range300 nm).
(notation: vy, vo, v3: asymmetric stretch, symmetric stretch, They are already scaled to absolute absorption cross-sections.
angle bend). To the red the interval from 600 to 660 nm wasn [23] these were determined per iodine atom contained in the
covered by a limited number of experiments of at the same timenolecule. The spectra presented in this section are scaled assum-
limited signal to noise due to technical imperfections. Thereforéng a stoichiometry of 4O, for “Y” (see [23]). Also for “Z”
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3,0 vibrationally excited 10{' <— 1) are present due to the separa-
- 5w \ tion method used in our analysis.
.% 5 25 gg T Given the width of the spectrometer’s slit function of 1.3 nm
23 £5 o ;}r“{”‘-‘:% | FWHM the continuum up to the (6- 0) band can be regarded as
8 é 2,04 B | 4%"‘ ‘“*F’@‘;-m:. free of resolutional effects. The same holds for the main parts of
E T 151 \ £ 00 “;Il S | - the absorption minima and the red flanks of bands thereby clari-
R R e R e fying the extent of continuous absorptions under the vibrational
S 1.0 vac. wavelength (nm) bands of the 10 A— X transition.
§ = 05 i ] In Fig. 1the previously published spectra of [6,6,9] are

' compared. At the maximum of the ¢ 0) band near 410 nm

’ T —— they have been scaled to unity, which takes into account that
X" 1 below that wavelength the absorption by higher oxides and above
200250 800 380 400 450 500 that wavelength that by (depending on the mixturgsyibra-
vac. wavelength (nm) tionally excited 1O and OIO becomes important. The«{®)
Fig. 6. Three further absorptions were found in the UV and visible, labelledband is sufficiently broad to avoid complications caused by dif-
“X*, “Y”, and “Z". Absorption “Y” was smoothed (scatter of original data: ferent resolution.
il.lel(Tls cmzlmolecules): Spectra are scaled to absolute crosi-s”ections There is disagreement amofig6,9] with respect to the con-
according to[23] and assuming two iodine atoms per molecule for “Y” and . . ; L
“Z" and one iodine atom per molecule for “X”. Further to the UV an absorption tinuous background_ ?Ontamed_ in the Spec”“_m' T_hIS m_dlcates
was extracted from measurements, which is likely to be a superposition of “ythe presence of additional continuous absorptions in their deter-
and “Z” and possibly a third absorber. This is scaled atthe red end to “Zz”.  mination. The disagreement in the absorption minima (crucial
for the correct differential absorption cross-section needed for
a molecule that contains only two iodine atoms was assumedOAS) is especially remarkable. There, also peaks originat-
on the grounds that it appears on a similar time scale as “Y"ing from vibrationally excited 10 are found. The partitioning
see temporal behaviours [B3]. For “X” only one iodine atom  between ground state and vibrationally excited state bands is
was assumed for reasons to be discussed below. Even with hagifferent among them.
ing this factor of two in mind the absorption cross-section of Fig. 7 compares the spectra individually to the 10{ 0)
“X" clearly is the smallest of the three spectra found in this ground state spectrum obtained in this work. In each case our
analysis. spectrum lies in most parts clearly below the other ones indi-
From the two further data sets covering 210-410 nm a comeating uncorrected background absorption in the latter. This is
posite spectrum of an UV absorption was separated from themallest but not negligible in the spectrum[6f, which also
underlying ozone absorption using the DOAS technique in the&hows bands from vibrationally excited D& 1).
Hartley band and multiple multivariate linear regression. There The spectrum of Laszlo et g5] was obtained by a scan-
is evidence that the obtained spectrufig( 6, . <300nm) is  ning monochromator and photomultiplier set-up. There is no
a superposition of two absorbers, possibly “Y” and “Z” not mention of any correction of background absorption except that
excluding the presence of possibly a third one. the section below 430 nm was recorded with Q -aé source
All spectra obtained in this work are available as supple-of IO and the section above with O + glfo avoid interference
mentary data alongside the electronic version of this article affom I, absorption. The slit function of the monochromator was

£

published in Elsevier Web Products. 0.3nm (2365 grooves/mm, 2@0n slit) and the step size 0.6 nm
below 400 and 0.3 nm above. Reproducibility was high exclud-

3.5. Discussion ing non-systematic effects like light source drift or instability
of the chemical mixtures. Harwood et §6] obtained their

3.5.1. Ground state and vibrationally excited 10 spectrum with a 270 mm focal length spectrograph and photo

The spectrum obtained for ground stateilG{ 0) is free of ~ diode array by comparing 50s averages obtained before and
negative absorptions proving that no systematic problems in thafter the photolysis flash. The experiment was performed in the
extraction exist. Only in the absorption minima some negativeO + CFl system. The slit function was of 0.44 nm FWHM with
sections exist, clearly originating from incomplete separatiorD.12 nm/pixel. A correction for background absorptions was not
from excited 10. The negative values are of the order of 2%performed. Bloss et al9] used an arrangement similar to ours
relative to the peak absorption and therefore within #8%  with a 250 mm spectrograph, 300 grooves/mm grating and a
uncertainty determined for the separation. The UV-end of theCCD camera for time resolved absorption spectroscopy. Spec-
spectrum is clearly determined. Superimposed to the contirtral coverage was 65 nm. The slit function had 1.13 nm FWHM.
uum absorption, bands of small amplitude are visible belongingxperiments were performed at atmospheric pressure, so that
to the ¢/ < 0) progression. They increase in amplitude nearvibrationally excited IO should be in thermal equilibrium with
380 nm showing a very clear band feature. From thereon to thground state 10. A continuous absorption spectrum (labelled
red they first die off before becoming dominant again starting’P”) was determined, which arose as a product of IO and OIO
from (6« 0). The continuum absorption dies off near 430 nm.consumption. A separation of this absorption into different con-
From the (4« 0) band to the (8- 0) band all absorption min- tributions was not performed. An upper limit to the IO spectrum
ima between bands return to zero withit8%. No bands of was obtained from spectra recorded immediately after the flash
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Fig. 8. A section of the 10 spectrum near the vibrational feature in the absorp-
tion continuum is shown. Comparison of the 1O& 0) from this work to the
available spectraillustrates the difference in data quality. The spectrum obtained
in this work shows significantly less noise due to the extraction method, which
uses practically all optical density data of measurable signal. Also the large
number of available individual spectra (53 data sets), which had been averaged,
reduces noise.

optical density
(normalised)

2,0 o

J | Bloss etal. i i i i 5

uct of analysis of 53 different data sets, the signal to noise is
significantly better than in the spectra determined from less data.
The vibrational structure at 380 nm is clearly resolved and the
neighbouring ground state bands are clearly visible.

With respect to wavelength calibration the spectrum of Las-
zlo et al.[5] shows disagreement to all other spectra (including
ours) with deviations of different direction between neighbour-
Fig. 7. The available spectra for IO (thick line) are compared to the spectruring bands. The stated high reproducibility rules out any deviation
determined in this work (thin line). While discrepancies between those by Laszigaused by limited reproducibility of wavelength during scans.
ﬁ]‘i;‘:-rf] aﬂd Haf":‘r)lj)n‘i ‘;t aé?g :S”gtg]f:Esvcvtsr‘;mmiffhség?gre:f :ggrfe?]tt’s%?sﬂgnTherefore these contradictions cannot be resolved. Between the
in Iinei\,/itthetr?g(::ct thatil)nly in the determination of that spe%trum a correctionSpeCtra 0{6’9] and ours the dlsa_lgreement is of similar magni-
of background absorptions was performed. But still traces of uncorrected othg'iude of the order of 0.1-0.5nm in the flanks and of 0.1-0.3nm
absorptions are present. in the band maxima increasing to the red. Both calibrated their

spectra with the lines of a mercury lamp. Our spectrum was cali-
at maximum [IO]. Product absorptions were assumed to bein§rated with a mercury—cadmium lamp having additional lines in
minimised by that. A lower limit was determined by subtractionthe region of interest and the band positions agree within better
of the scaled absorption spectrum “P” by assuming that absor[ﬁhan 0.1 nm with to the convoluted and binned bands determined
tion below 340 nm originated dominantly from “P” and not from by the CRDS study of Newman et §l4], see above. This indi-
0. cates that the disagreement between the spedifz0jind ours

As [9] is the only previous study, in which a correction could be caused by the lower number of calibration lines used
for unaccounted foreign absorptions was performed, it is nok their calibration.
surprising that the agreement between their spectrum and our Summarising all aspects discussed, it is concluded that in all
lO(v' <« 0) ground state spectrum is much better than betweenregions, where spectral resolution is not an issue, the spectrum
that of[5,6] and ours. The remaining discrepancies between theébtained in this work determines the instrument independent
spectrum of[9] and our spectrum presumably result from (a)shape of the 10 ground state spectrum more accurately than
the approximations required by their step-wise correction, (bjhe previously published spectra. In comparison to the 1.13nm
the fact that the product spectrum “P” used for correction mosEWHM spectrum of[9] the difference to our 1.3nm FWHM
likely is a composition of differently evolving product spectra spectrum should not be a dominant effect. As by our study vibra-
(see above: possibly “Y” and “Z”, compare also Fig. ), tionally excited 10 is for the first time explicitly determined as
(c) the contributions of vibrationally excited IO present in their an independent species, this provides the possibility of taking
spectrum and possibly (d) the necessity of having to join the finahon-equilibrium conditions dedicatedly into account.
spectrum out of different sections obtained in different experi-
ments due to the limited spectral coverage of 65 nm. 3.5.2. OIO

Fig. 8gives an example of the different data quality achieved The OIO spectrum determined in this work has clearly
in the continuum absorption of 10. As our spectrum is the prod-defined ends towards the blue and the red, both dying off towards

optical density
(normalised)

320 340 360 380 400 420 440 460 480
vacuum wavelength (nm)
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zero. Apart from two inverted features originating from incom-
plete separation from vibrationally excited IO no systematic

vacuum wavelength (nm)
400 425 450 475 500 525 550 575 600 625 650 675

59

negative sections appear. This indicates that no systematic prob- 1,26 At
lems in the separation of spectra were present. The general z _ 1,00 4 Himmelmann etal. | |~
pattern of band triplets is regular and also the envelope is free g E 0,75 oo =
of irregularities. O G 050 b

Relative to the width of the spectrometer’s slit function of % E 025 k
1.3nm FWHM the most narrow bands are two to three times © = 0,00 o
wider (width at half the height measured from peak to peak). The L —
flanks are in general less steep than in the case of IO, covering 1,00 _'___ TR RO RN VU S SO SO
roughly one FWHM. Owing to the trade-off enforced by the £ Sorsd W, ‘ i
requirement of simultaneous covergge,23]the OO spectrum é % os0d i ]
istherefore close to butnotyetfully instrumentindependent. The g £ .. 1 7
study of effects of resolution (MIntAS) showed that changes of & 2 0,00 - Moy ]
the order of 14% have still to be expected in the peak absorption ’ ' '
at 010(0, 5, 1< 0, 0, 0)[22,23,25] 125 7 '

Fig. 2 compares the previously available spectra for OO 2 & 1,007 ]
[8,9,12,16] They have been scaled to unity in the top of the & $ ®™7 B
(0, 4, 1<-0, 0, 0) transition, which is the broadest maximum 2= g %07 ]
included inall spectra. Similar as for IO significant discrepan- £ g 9% 7 ]
cies exist in the OIO spectra with respect to uncorrected foreign © ~ %90, S i
background absorptions. Here the effect on differential ampli- L e S SO UL L e e T
tude is even more striking. This could be due to the factthat OlIO z _ 1,00 1 o
absorption in most experiments is significantly smaller than that g § 0,75 i g ]
of 10 (being a product of IO consumption). Uncorrected back- % E 0,50 5
ground absorptions therefore introduce correspondingly larger % 5 025 B
errors in the scaling. S < 000 T T T e e T

The spectrum of12] was recorded with a 500 mm grating 400 425 450 475 500 525 550 575 600 625 650 675
spectrometer, a 300 grooves/mm grating and a 1024 pixel photo vacuum wavelength (nm)

dlh(?fde farray V\;Ith Sequelmlal_re?dogt' r;l'heflatter Caﬂlses a tlml—elg. 9. The spectra available for OlO (thick line) are compared to the spectrum
shiit o 16_”“5 rom pixe _to pixel and therefore roug .y 16 ms determined in this work (thin line). All spectra but the “single triplet”-section
between first and last pixel of a spectrum. The half-life of OIOpy Ashworth et al[16] show considerable disagreement being caused by uncor-

was of the same order of magnitude. The spectrum was obtaineetted background absorptions. Especially the overlap with 10 bands is clearly
by subtraction of appropriate spectra. A correction for backPpresent in the spectra of Himmelmann et[&R] and Ingham_et al8]. In the _
ground absorptions was not performed. Wavelength calibratioﬁf’ec”um of I_BI(chss et a!?]leso strong background absorption occurs even in
was obtained from the lines of a mercury—cadmium line source. & narrowwindow avafabe.

The spectrum by Ingham et #8] was recorded with a 500 mm

grating spectrometer, 300 grooves/mm grating astd@l diode Fig. 9compares the available spectra individually to the one
array. Spectral resolution was 0.7 nm FWHM. The spectrum waebtained in this work. Both spectra of broad coverggyé2] are
calculated based on a ratio of pre-flash to post-flash intensitguperpositions of 10 and OIO. The IO bands on the blue end
The spectrum was corrected for changeiabisorption duetgl  of the spectrum are significantly stronger than the OlO bands.
consumption. There is no mention of correction of other backThe blue end of the OIO spectrum is not determined. In the 10
ground absorptions. Wavelength calibration was obtained frombsorption minima strong interference from a further additional
a mercury line source. The OIO spectrum published by Blossontinuous absorption is present in both spectra. The regular
et al.[9] was obtained under the conditions already describegattern of band triples is disturbed in both. In the spectrum by
for 10. A correction of foreign background absorptionthe [12] inversed lines originating from the xenon photolysis flash
OIO spectrum is not mentioned. Ashworth et dlL6] recorded and b bands are present. In the spectruni&jyabsorption min-

the 540 to 605 nm section of the OIO spectrum by CRD specina appear to be irregularly filled. Regular structures in flanks
troscopy at 0.2 cm! (20.006 nm). The spectrum was obtained of OlO bands indicate that interference frombands is pos-

at 100us delay between photolysis and probe pulse. Empty vessibly present. To the red the bands are significantly reduced in
sel CRD spectra were used to correct for instrumental effects. Istrength.

absorptions were corrected. Further corrections are not men- The partial spectrum bfg] shows strong interference from
tioned. A low resolution spectrum was also recorded with éackground absorption on its blue end. Only the triplet near
500 mm grating spectrometer, a 600 grooves/mm grating anf60-580 nm is in reasonable agreement with our spectrum.

a CCD camera. Resolution was 0.6 nm FWHM. There is no The partial spectrum bfi6] is in good agreement with the
mention of correction of other background absorptions in thaband triplet from our work. Disagreement exists with respect to
spectrum. the depth of the absorption minima or rather —due to the selected
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@ J " i - with the aerosol spectra reported by Harwood eff&]l.does

—— Himmelmann et al.

| —inghametal. not seem appropriate, as these were determined at time scales
I - vwed e TR of 10-300s and as a product ef Oz ‘dark’ reaction without
1,004 ; : " jl——thiswok 1§ photolysis. Bloss et aJ9] report a product spectrum (see above:
! - | i “P"), which displays a general shape very similarto “Z”. The dif-
ference between their product spectra obtained in the Os+ CF
system and in O +lcould be possibly caused by “Y” indicating
dependence of formation of “Y” on the presenceof |
For the spectrum of “X” no prior reference exists. Being
among the earliest absorptions observed in the 4 plotol-
ysis, itis clear that “X” can only be caused by an early product
suchase.g.|+@+M — 100+Mor|+0O3+M — 103+M or
possibly part of the 10 absorption spectrum not originating from

IO(V' < 0). This will be clarified in the following analysis of the
Fig. 10. A section of the OIO spectrum near the peak absorption is shownQ absorption spectrum.
Comparison to the available spectra illustrates the difference in data quality.
The spectrum obtained in this work shows significantly less noise due to th .
extraction method, which uses practically all optical density data of measurabl%' Analysis of the IO spectrum
signal. Also the large number of available individual spectra (53 data sets),
which had been averaged, reduces noise. Regular structures in the spectradyl. Absorption continuum of ground state IO(V' < 0)
Himmelmann et al[12] as well as Ingham et al8] indicate the presence of
uncorrected absorptions caused py |

1,254

0,75

optical density
(normalised)

0,00 i : T - ‘
520 540 560 580 600
vacuum wavelength (nm)

The extraction of a full range spectrum for ground state 10
being practically free of other absorptions for the first time
enables a clear statement about the shape and the extent of the
scaling — with respect to the amplitude of differential structure|o continuum absorption. It starts near 330 nm and extends to
This is most likely a result of the significantly higher resolution the (4« 0) band. Important are the band structures, which are
of their CDRS measurement. superimposed to it. Among these the localised increase of ampli-

Fig. 10gives an example of the different data quality achievedyde near 380 nm is of special interest.
for the absorption spectrum of OIO. As our spectrum (with the  Gjven the high quality of extraction itis promising to examine
exception of the red end) is the product of analysis of 53 differenhe origin of the observed continuum absorption. The presence
data sets, the signal to noise is significantly better than in thef a continuum absorption indicates the existence of at least one
other spectra. optically active repulsive potential intersecting with the upper

The effects associated to the lower resolution ofourspectrurninding electronic AT1; potentials of the 10 molecule. This is
(14% between 1.3 and 0.35nm FWHM at OIO(0, 510, 0,  supported by the change of shape of the bands of ground state
0), see above) are less significant than the systematic effegig (Fig. 3): From (0« 0) to (4« 0) the bands display an asym-
present i8,12]. The same holds fd@]. In addition a broader metry with pronounced steep flanks towards the blue. In the
spectral range is covered. Within its narrow range of spectroughs absorption returns to zero. But starting with®),
tral coverage the CRD spectrum [#6] definitely provides an  pand shape steadily becomes more symmetric, width increases
instrument iﬂdependent differential SpeCtrUm. But the Scaling Oénd he|ght decreases and Wings become more prominent result-
the absolute differential absorption cross-section to be derived jng from overlap of broadened, Lorentz shaped rotational lines.
from that spectrum remains affected by the possible presencghe troughs between bands (starting between4 and 5) no
of foreign background absorption, which cannot be completelyonger return to zero. So in principle the continuum could be

excluded. caused by overlap of bands, which are broadened by predisso-
ciation. At and around the (18- 0) band the width of bands
3.5.3. Absorbers “X”, “Y”, and “Z” reduces significantly and height is increased again. Broadening

To our best knowledge the spectra obtained for the absorbeds the vibrational bands and therefore predissociation of the cor-
“Y" and “Z” are the first absorber-specific gas phase UV—-visresponding upper states must be smaller than in the neighbouring
absorption spectra reported for — what they most likely arestates. Further towards the UV broadening increases again, with
— higher iodine oxides formed in the consumption of IO andno further visible changes.

OIO. They are free of negative sections indicating absence The occurrence of a region of less predissociation near
of systematic problems in the separation and extraction ofl0<« 0) indicates that at least two repulsive potentials, which
spectra. Scaled to the absolute absorption cross-sections estitersect with the 10(AITz/) potential, must be of relevance
mated in[22,23] they display a maximum absorption around to the observed continuum. One coupling dominantly to states
(2-2.5)x 10~ c?/molecules which is in reasonable agree-from v’ =5 to approximately” =9 and another coupling dom-
ment with the absorption cross-sections known for chlorine anéhantly to states” > 10. This is in agreement with findings by
bromine oxides. This also verifies that no gross error is presefit4], who concluded from their ab initio work on CIO and from
in the shape of the spectra, as the absolute cross-sections wékligner—Witmer correlation rules that a larger number of repul-
determined in the flanks of the observed spectra. A comparisasive potentials is likely for 10.
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4.1.1. Simulation of observed continuum: multi-parameter 1 ° —— 10(v-0) spectrum
ﬁt 0,5 <+ —— constrained Lorentz-bands
. . . .. . ] o required continuum absorptions
Togetaninsightinto the origin of the observed continuumand 0.4 ) ~~ resultof constrained fit

5-0

of the broadening of bands, it was examined, how the observed £
spectrum can be reproduced based on different assumptions. As§ 0,34

this study will also involve energy considerations, the spectra g

from here on will be represented on a wavenumber axis instead '§ O'zj
of wavelength. Two hypotheses were considered: 014
Hypothesis 1. The observed continuum is caused solely by 001
overlgp of broadened _\/lbra'qonal bands from bound—bgunq € 005, 23000 24000 26000 28000 30000
transitions. Where predissociation and therefore broadening is 3

. : ' g 0 Ao
strong, the band shape is approximated by a Lorentz profile. If 5 -0,05 : : ‘ , :
necessarysymmetric band profiles will be allowed. The latter = 22000 24000 26000 28000 30000
is likely for the (5« 0), (10« 0) and possibly” =10+ 1. wavenumber (cm’)

Hypothesis 2. The observed continuum is caused by overlapF'g' 11. The conFln‘uum of ground state IO\_Nas reproduce_d by assuming Lorentz

. . -, "shaped bands within the range of the continuum absorption. Band strength was
of broadened_ V|brat|9nal pands from bound-bound tranfs!n0n§onstrained to the systematic behaviour of calculated Franck—Condon factors.
and two continua originating from two bound-free transitionsin addition, two gaussian continua (green) representing two hypothetical bound-

into two independent repulsive states. As above, asymmetriﬁ;ee transitions had to be included to reproduce the observed continuum. Only at
profiles will be allowed, where necessary. bands, for which the asymmetric band shape cannot be reproduced by Lorentz
bands the residuals (absolute scale) show significant structure.

Multi-parameter fitting routines were used to test the two
hypotheses. With both it was possible to reproduce the shagactors. The corresponding fit also reproduced the observed con-
of the observed continuum with reasonable residuals. For bottinuum absorption with good residualig. 11). The structure
cases the magnitude of individual bands relative to each otharear the (16— 0) transition is somewhat poorer reproduced,
— band strength determined by the area under the band which is a result of the formal limitation of the constrained fit-
was determined. For comparison Franck—Condon factors fding routine, which only allowed symmetric, Lorentz shaped
the 10 A2I13» < X2I13, transition were calculated in Morse bands. This is a good approximation away from the centre of
approximation[26,27] This is based on the fact that the areabands, where the wings of Lorentz shaped rotational lines are
under each band is to a good approximation proportional telominant. Asymmetries in the observed bands resulting from
the Franck—Condon factor of the corresponding transition. Théhe intensity distribution of rotational transitions near the band
potentials were defined viae andwere With the results from  centre were suppressed in the model. Nevertheless the observed
Durie et al.[11]. The dissociation energpe was not used. continuum as a whole is reproduced accurately with only small
Thereby it is guaranteed that the term values, the turning pointesiduals.
and the shape of the state functions for low to mid vibrational The properties of the deduced bound-free transition continua
levels agree with experimental data. Only the small effect of théire summarised ifiable 1 They differ significantly in strength,
weye term is neglected. i.e. area under the curve. The band strength was scaled relative

In comparison to the calculated Franck—Condon factors neito the calculated Franck—Condon factors for the bound—bound
ther of the two series of band strength obtained from the fits dransitions. As they originate from the 10tKi3) at v’ =0,
least roughly approximated the expected systematic behaviour.their origin in terms of internuclear distance is the equilibrium
had to be concluded that the numerical fit in both cases was ovelistance of the ground state. The value showhabhle 1lis that
parameterised. But algdypothesis Icould be discarded. The published inf11].
observed continuurias o contain contributions from bound-
free transitions. Discarding the second fit only implies that thef.1.2. Deducing repulsive states from observed continua
strength of bound-free continua was overestimated. To overcome Using the internuclear equilibrium distance dt=0 and
this problem the strength of bands in the fit was constrainethe centre of a spectroscopically found bound-free absorption
to the systematic behaviour of the calculated Franck—Condoecontinuum we have determined a point of the corresponding

Table 1
Two bound-free transitions are inferred from the constrained fit to the observed absorption continuum of ground state 10

Area (cnT?) Centre (cn?) Half width (cm?1) Origin: re(X2May2) (A)
Bound-free 1 0.258 0.008 25101100 (£18) 1544+ 37 v’ =0, 1.8676
Bound-free 2 0.023-0.002 27202+ 100 +27) 570+ 55 V=0, 1.8676

A strong one with its maximum located near the«80) transition and a weaker one nearly coinciding with £). Stated uncertainties are those, which resulted
from the constrained fit indicating its stability. For the centre the error was estimated conservatively by taking the approximation of a megtiikeiria curve

by a gaussian into account, uncertainties from fit in parentheses. Band strength estimates (area) obtained from the area under the gaussiceiative tecle
calculated Franck—Condon factors of the bound—bound transitions of the@) progression.
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Fig. 12. By use of the reflection method two tangents to the hypothesised repulsive potentials were constructed (solid black lines, open Tiligg). fidm
the observed continua (left graph) and the state functioff a0 (bottom) is indicated. Note the break of the vertical axis from 8000 to 21,00b.cfine energy
scale of the left graph has its origin in thé=0 of IO(X2I13/2).

repulsive potential. With the reflection method according to Conhigher. Thev' =0 state does not intersect at all with the hypo-
don (see e.g27,28) it is furthermore possible to construct a thetical repulsive potential, and consequently the overlap of state
tangent to the repulsive potential in that point, Beg 12 This  functions has to be small. This again is in agreement with the
approach assumes that the symmetric bell shaped ground statieservations of14], who report, that the (8- 0) band shows

V" =0 state function can be graphically “reflected” at the repul-small predissociation.

sive potential to produce the observed bell shaped absorption

continuum. A necessary pre-requisite to this is that curvature of.2. Origin of absorption continuum “X”

the repulsive potential can be neglected. In that case the state

functions obtained for the considered repulsive potential and The continuum absorption “X” was extracted using the tem-
determined at different energy levels do not differ much. Due tgporal behaviour of vibrationally excited 1@ (< v”), v > 0. But
their maximum at the turning point and by consideration of thein spite of that the assignment of “X” to excited 10 is not unequiv-
Franck—Condon principle this leads to effectively “sampling” ocally, see above. Apart from the clear continuum “X” with
the v =0 state function as a function of internuclear distancemaximum at about 27,700 cth there is some weak evidence

r. Which can be approximated by the cited graphical reflectiorfor a further smaller one below @ 1). Both were fitted by a
method. Note that in comparing the wavenumber axis of thgaussian, seEig. 14and then considered in the scheme of the
spectrum to that of term energies, the energy of the lower levakflection method, sefig. 13 By starting from the continuum

(v =0) needs to be taken into account. The obtained coordinatéX” as plotted on the energy scale on the left and consider-
for the tangents are listed rable 1 ing reflection at any of the two repulsive potentials one ends at

Considering the inclination of tangents and the atomicvibrational levels in the 10(XI13/2) which are high above the
asymptote of possible dissociation product&ify) + OCP)  highest populated level’ = 7. Assuming that transitions from
and 1€Py2) + OCP) enables a qualitative but plausible associ-v” >0 should dominantly couple to the same repulsive poten-
ation of both, with the higher and less inclined one leading tdials as transitions from the ground state= 0 it is obvious that
I(?Py2) + OCP) and the other to #P32) + OCP). InFig. 13an  "X“cannot have its origin in vibrationally excited 10@{13/,
exponential decay was used to approximate this. V' >0).

Intersection of the extrapolated lower repulsive potential in  An alternative plausible explanation of “X” is the sub-band
the middle of levels’ =2 andv’ = 3 seems to fit to the observed system ATl1» < X211, According to ab initio work by
low predissociation of these levels. Newman efi}] proposed  Roszak et a[29] the A2I11, state does not form a potential well.
that the low predissociation of =2 may be a fortuitous near In fact, they predicted a very difficult spectroscopic observation
cancellation of the overlap of bound and repulsive state waveof this state due to its very strong predissociation. By reflecting
functions at that energy. Level =1 intersects near a turning the wave function of the vibrational ground state 6f¥» into
point, where overlap of state functions will in any case be largehe A2I11/, potential calculated bj29], a featureless spectrum is
leading to large predissociation, as observed4). Levels with  obtained, which peaks near 27,000¢inWhether the XI11/»

V' >3 intersect closer to the inner turning points, where the stateould have been populated in our experiments or not can be
function has larger values and the overlap is also likely to bechecked to a first approximation by energy considerations. The
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Fig. 13. The tangents constructed by the reflection method were extrapolated to plausible dissociation products. This extrapolation is basegcwletyic
considerations and illustrates that the inclination of both tangents is plausible. The location of intersection of the lower repulsive ptit¢h&alifférent levels

of the AT, state fits to the observed pattern of predissociation reportddi4}y Applying the reflection method to the absorption “X” (upper left) proves that
this cannot have its origin in vibrationally excited 10, as excitation of levels clearly above the last observet fevalould be required. For the small continuum

possibly present underneath’l@o contradiction is encountered.

X214/, v = 0 state has an energy between that of 1€105),
v/ =3andv” = 4[15]. On the other hand I0&13/) of v/ =67

sis experiments no evidence for a similar absorption was found.
Reaction of I + @ + M — 103 + M with “X” being 10 3 could be

were populated according to our observations. Therefore, id plausible alternative, especially as there is some correlation

principle there was enough energy available to forATIX.

between the temporal behaviour of free iodine atoms observed

Also its temporal behaviour being so similar to that of vibra-Pby resonance absorption and the temporal behaviour obtained
tionally excited 10 AT13, < X2I3/, v > 1 makes a transition for “X”. But the observed negative pressure dependence with
in the 2IT1/» system plausible. But the source of its formation “X” occurring dominantly at low pressure requires thermal dis-

needs to be clarified.

sociation of 1Q to explain the observed behaviour in spite of

Other explanations for the observed absorption of “X” couldthe pressure-dependent formation.

assume that “X” is a different molecule. Having its origin only

For the small continuum, which is possibly present in the

very shortly after the flash limits the available possibilities. I0OSpectrum of vibrationally excited IO@&T3/2 < XT3z, v > 0)

as a product of | + @can be ruled out as in k O, flash photoly-
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energies fit to bound-free transitions frefh= 1 or 2 to the lower

of the two repulsive states. Transitions to the upper one would
fall into the flank of the larger observed continuum and would
be covered by this. Their existence cannot be excluded.

4.3. Determination of relative Franck—Condon factors for
10

Using the extracted spectra for ground state and excited
states of 10 relative band strengths were determined by inte-
gration of individual bands. Within each progression (common
V") all bands have the same temporal behaviour. Therefore the
extraction of spectra from the overlapped time resolved data
does not influence their relative band strength. Correct scaling
of band strengths within one progression is preserved. But not
between different progressions, because different progressions
will in general have different temporal behaviour. As the spec-
trum for vibrationally excited 10 was obtained for all >0 in

Fig. 14. In the spectrum extracted by usage of the temporal behaviour o(f_)ne extraction and without discrimination between diffenént

vibrationally excited 10 one strong continuum ("X“) was found. Even though .
overlapped by artefacts from incomplete separation from ground state |10 a sel,r:I

the resulting spectrum the relative scalingween progres-

ond and smaller continuum could be inferred from the data, which according t§10NS is not preserved. Because of that, band strength obtained

Fig. 13could be caused by vibrationally excited 0.

for bands otdifferent progressions is not comparable.
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Integrated optical density as a measure of band strength canpartial population inversion of these states. If a considerable
be related to Franck—Condon factors (§28) and — by using number of IO molecules is formed in the I0{H3y,), v/ =2 and
the Franck—Condon principle — the dependence of the electroni¢ = 3 with sufficient life time, then stimulated emission could
transition momentR,,, on r can be neglected. By ignoring compete with absorption (thanks to one of the reviewers for help-
all other factors a proportionality between band strength anful comment on this). The observed absorption in these bands
the squared overlap integral, i.e. the Franck—Condon factor fawvould be weakened. This hypothesis is in line with the structure

vibrational transitiom — m is obtained: found for these bands in the CRDS measurements reported by
8730 B o 2 Newman et al[14]. Their measurements showed clear rotational
/ A = oo, .Rﬁm . [ / G (1) - Pp(r) dr structure and smallest predissociation for the«{®) transition
bandim 3he r=0 and slightly larger for the (3— 0) transition. All other bands but

o0 2 the 10(0<« 0) are without rotational structure and are strongly
e { / Gn(r) - dm(r) dr] predissociated. 10 molecules formed in théIky, state at
r=0 V' #£ 2 andv’ # 3 will therefore dissociate rather while molecules
As the scaling of band strengths between different progressionis v =2 and 3 have sufficient life time to undergo stimulated
is not preserved by our extraction method, which produce@&mission.
the spectra, for each progression the relative band strengths
within each band were scaled to the Franck—Condon factors pul-4.2. Possible source of 10 in A’T13, state
lished by Rao et a[30]. Fig. 15compares their values to those ~ The comparison of temporal behaviour of IG{20) and
obtained from our measurements. Resultsufor 0,1 >4 are  the remaining 10f < 0) bands shows that the source of
those obtained earlier from the constrained fit to the1@¢ 0)  10(A2I13) as the origin of the hypothesised partial population
continuum absorption. All others were obtained by direct intedinversion is strongest during the initial period while towards the
gration of optical density across the band and subsequent scaliegd both curves (after appropriate scaling) coincide accurately.
of the progression to the values F80]. Also shown are the Reversing the argument and subtracting the scaled 4O
Franck—Condon factors obtained from our calculations baseftom the 10(4< 0) produced a time curve which is a direct
on a Morse potential approximation. In general the systematimeasure for the presence of 10 undergoing stimulated emission
behaviour of band strength obtained from our spectra is in gooffom the A2I13, state.
agreement with the ones predictedBg]. Results are available The lifetime of 10(AT13), v =2 andv' =3 with respect
as supplementary data alongside the electronic publication. to radiative relaxation to the ground state and in the absence
The results within the/” =0 progression agree well with of stimulated emission is of the order of 10-100 ps, while the
both the results froni30] as well as those obtained using the anomalous behaviour of I0@- 0) is observed over roughly
Morse approximation for banda$< 4 (scaling was performedfor 2.5ms. This implies that a chemical source of 18[k)
v =3). Butfor largen’ —where no results H0] exist—our esti-  must be present for the same order of time. Possible are both
mates for Franck—Condon factors obtained from the constraine® + I, as well as |+ @. Consideration of enthalpies of for-
fit fall systematically below those from Morse approximation. mation proves that only @D) + 15 is barely capable to form
This indicates some unresolved issues either in the constraingd in the A’lls, state, with the enthalpy of formation for
fit or in the Morse approximation. The former is quite likely, as IO according to Chasg31]. Strong chemiluminescence was
the constrained fit is still prone to uncertainties. Also the estidirectly observed by Miller and Cohgd5], which indicates
mated factors do not behave as smoothly as one would expecsignificant population of the I0(A13,) state. They used reac-
For v"=1 the agreement between all three series ofion O+, at pressures at and below 1 mbar as source for 10
Franck—Condon factors is strikingly good, while for largér  and used the brightness of chemiluminescence as a diagnos-
—due to the smaller number of data points available —the agre¢ie of successful 10 production. In their experiment oxygen
ment is less clear. But still the systematic pattern is followedatoms were produced in am@ischarge. At the reported low
closely by the estimates obtained from integrated bands. Theressures a large fraction of O atoms had to be expected in
magnitude of Franck—Condon factors of440) compared to  O('D).
(2« 1) and (3«<-1) can also give a measure for the relative  Opposed to these arguments is the short lifetime dD)(
magnitude of absorption cross-section of these bands, becauseder the conditions of our experiments. Quenching dD(
they all are outside of continuum regions and therefore havevith N, takes place at arate of 2610~ cm® molecules1s—1
similar shape. This comparison indicates that the maximungand 4.05< 10~ cm3 molecules®s~1 with O,). At an over-
cross-section in the” =1 progression will be roughly 30% all pressure of 40 mbar concentrations of]Nand [O]

higher than that of the (4- 0) band, se¢23]. were both of the order of Z0molecules/cri. This gives
O('D) a lifetime of less than a microsecond. But according
4.4. Anomalous behaviour of IO(2 < 0) to the observation the source for PCDIg/z) should be present
over 2.5ms. So even though a partial population inversion
4.4.1. Partial population inversion of IO(A’T13p) at V' =2 and stimulated emission could provide an explanation of the
and Vv =3 observed anomalous behaviour of the I®{D) transition, the

The observed different temporal behaviour of the I&(®)  source of IO(&TIl3) remains unclear and requires further
and in parts also of the IO(3- 0) can be explained in terms of investigations.
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Fig. 15. In our spectra of ground state and excited 10 band strength was estimated by integration across individual bands. After appropriaty scaliddé
compared to Franck—Condon factors published by Rao &Gilas well as to those obtained in Morse approximation (see above). The agreement is go6é.Gor
V' >4 inconsistencies remain between the results from a constrained fit and a Morse approximation.

obtained. For the first time overlapped spectra of ground state

IO(V' < 0), vibrationally excited 10f < v") with v/ >0, and
Based on separation of absorber-specific temporal behavio@I|O could be separated from each other and from other under-

of optical density as obtained in the accompanying pg®&r lying absorptions of other iodine oxides. The separated spectra

and by use of multiple multivariate linear regression, spectraould be shown to be free of other absorptions to bettert&%

of iodine oxides formed in the photolysis of+ O3 have been [21]. The relative error of spectra in the regions with non-zero

5. Summary
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absorptionis of the order of 1-2% for the main absorbers 10 ango(A217;), but the source of the hypothesised inversion remains
OIO as well as for the band peaks of vibrationally excited 10.ynclear.

For 10O the critical issue of unidentified background absorption

is thereby solved. Its continuum is well determined. Betweery ckpowledgements

the 10(4< 0) and (0« 0) bands it was shown that absorption

clearly returns to zero thereby removing the previously present Thjs work was partially funded by the German Space Agency
uncertainty in differential absolute absorption cross-section. They| R through its support of the SCIAMACHY project and WTZ
same holds for the differential absorption cross-section of OlOyya 01/003, the European Union through contract EVK2-CT-
Even though our spectra have been recorded at low resolutiosnp1.00104 THALOZ, and by the University and the State of

of 1.3nm FWHM only it was shown that in the previously pub- gremen. This work is part of and facilitated by IGBP-IGAC and
lished spectra systematic uncertainties dominate over resolutiog ). ACCENT Net work of Excellence.

dependent effects.
By th(_a separano_n of the ground state 10 spectrum fr_om tha}spp endix A. Supplementary data
of vibrationally excited IO the accuracy of spectroscopic mea-

surements under non-equilibrium conditions is improved. Supplementary data associated with this article can be found,

Three further absorber spectra labelled X “Y” and 7" in the online version, atoi:10.1016/j.jphotochem.2005.08.023
have been extracted from the data recorded in the 200—-600 nm

window. “Y” and “Z" are likely to being caused by,0, and

1,03, respectively]23] thereby providing part of the missing

“nk betw?en 10 and O_IO consumption and .th.e formgt?on .Of [1] M.AA. Clyne, HW. Cruse, Trans. Faraday Soc. 66 (1970) 2227—

higher oxides and possibly aerosol. But a definite identification ™ 5036

requires a careful study of the chemical mechanism, which is[2] R.A. Cox, G.B. Coker, J. Phys. Chem. 87 (1983) 4478-4484.

to be performed as the next step in this series of experimentd3] R.E. Stickel, A.J. Hynes, J.D. Bradshaw, W.L. Chameides, D.D. Davies,

In any case the observed absorbers are part of the missing J. Phys. Chem. 92 (1988) 1862-1864. _

link between 10 and OIO consumption and the formation of ] A.A. Turnipseed, M.K. Gilles, J.B. Burkholder, A.R. Ravishankara,
) . - . ~ Chem. Phys. Lett. 242 (1995) 427-434.

higher oxides and possibly aerosol. All spectra obtained in[s) . Laszlo, M.J. Kurylo, R.E. Huie, J. Phys. Chem. 99 (1995)

this work are available as supplementary data alongside the 11701-11707.

electronic version of this article as published in Elsevier Web [6] M. Harwood, J. Burkholder, M. Hunter, R. Fox, A. Ravishankara, J.
Products Phys. Chem. A 101 (1997) 853-863.

. . . . . [7] D.B. Atkinson, J.W. Hudgens, A.J. Orr-Ewing, J. Phys. Chem. A 103
Given the high quality of extracted spectra, for the first time (1999) 6173-6180.

an analysis of band strength of the IG(Aa/2 <~ X?TI32) tran-  [g] T. Ingham, M. Cameron, J.N. Crowley, J. Phys. Chem. A 104 (2000)
sition for ground state” =0 and vibrationally excited 10 with 8001-8010.
v’ >0 was possible. The continuum absorption of the ground[9] J.-W. Bloss, D.M. Rowley, R.A. Cox, R.J. Jones, J. Phys. Chem. 105
state 10 spectrum could be resolved into overlapped bands (2001) 7840-7854.

.. . 10] R.A. Durie, D.A. Ramsay, Can. J. Phys. 36 (1958) 35-53.
of bound—bourjd t_ransmons and two b(_)l_md-free transition 11] RA. Durie, . Legay, D.A. Ramsay, Can. J. Phys. 38 (1960) 444—
From the contribution of bound-free transitions to the observed 455
absorption continuum the existence of two optically active[12] S. Himmelmann, J. Orphal, H. Bovensmann, A. Richter, A. Ladstaetter-
repulsive states intersecting with the 1G(Ag/2) potential was Weissenmayer, J.P. Burrows, Chem. Phys. Lett. 251 (1996) 330-
inferred. By means of the reflection method tangents were 334

det ined to the t Isi tentials. C lati th 14] S.M. Newman, W.H. Howie, I.C. Lane, M.R. Upson, A.J. Orr-Ewing,
elermined to the two repuisive potentials. Lorrelating J. Chem. Soc., Faraday Trans. 94 (1998) 2681-2688.

tangents to probable dissociation products gave a plausibigs) c.g. miller, E.A. Cohen, J. Chem. Phys. 115 (14) (2001) 6459-6470.
rough picture of the shape of the repulsive states. The resultings] S.H. Ashworth, B.J. Allan, J.M.C. Plane, Geophys. Res. Lett. 29 (2002)
intersections with bound states within IC{A3,,) are in plau- 65-1-65-4, doi:10.1029/2001GL13851.

sible agreement with observations on predissociation of statét’] ¢-E. Miller, 'E.A.  Cohen, J. Chem. Phys. 118 (10) (2003),
d0i:10.1063/1.1540107.

by [14] ob_talned by cawty_rlng down spectroscopy. Basgd O18] S.p. Sander, J. Phys. Chem. 90 (1986) 2194-2199.

the repulsive states found it could be shown that the COﬂtInUOL{§g] S. Solomon, A.L. Schmeltekopf, W.R. Sanders, J. Geophys. Res. 92
absorption designated as “X” cannot be attributed to KI{4y, (1987) 8311-8319.

V<« X237, V"),V >0. Butthere is evidence that it could have [20] U. Platt, Air Monitoring by Spectroscopic Techniques, Chemical Anal-
its origin in the I0@IT1/) sub-system. Relative band strength ___Ysis Series 127, Wiley, New York, 1994 (Chapter 2).

. . L 1] J.C. ®mez Marin, P. Spietz, J. Orphal, J.P. Burrows, Spectrochim. Acta
was determined for absorption bands originating from groumji2 A 60 (2004) 2673-2693.
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