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The suitability of Gaussian distribution functions to describe the shape and temperature dependence of the
UV absorption continua of peroxy radicals has been investigated. The ethylperoxy radical was used as a test
case. Its 298 K absorption continuum was found to be best described by a semilogarithmic Gaussian distribution
function. A linear Gaussian distribution function performed less well but still adequately described the
continuous absorption. The temperature dependence of the ethylperoxy radical UV absorption continuum
was also well predicted. Analogous results obtained for the methylperoxy radical support these conclusions.
A theoretical comparison of the semilogarithmic and linear Gaussian distribution functions is given and a
potential energy diagram of the ethylperoxy radical derived. The experimentally determined absorption cross
sections of H@ have been reanalyzed. It is shown that either the measurements at short wavelengths are in
error or an unidentified electronic transition of p@xists.

1. Introduction ature dependencies of the it@nd RQ* absorption continua

is therefore required to complement these experimental inves-
tigations and provide an additional approach for the analysis of
spectra.

LeRoyet al® described in detail the inversion of experimen-
tally determined absorption continua of diatomic molecules to
radial potentials andice versa at any desired temperature.
Nowadays such inversions are readily feasible as a consequence
of the recent availability of fast personal computers. For some
polyatomic molecules, including, for example, the peroxy
radicals, the inversion can be performed assuming that the
essential features of the molecule can be treated in terms of
guasi-diatomic potentials, thus effectively avoiding complica-
tions arising from additional degrees of freedénHowever,
in the case of peroxy radicals a computationally simpler method

The hydroperoxy radical, H) and organic peroxy radicals,
RO, are important intermediates in both combustion processes
and atmospheric chemistry. Recent revie?sve summarized
the available kinetic and spectroscopic data for peroxy radicals
and highlighted their importance as atmospheric trace species
Organic peroxy radicals are formed in the atmosphere predomi-
nantly by abstraction of hydrogen atoms from naturally occur-
ring and anthropogenic hydrocarbons such as..CReroxy
radicals are sufficiently reactive to undergo a large number of
reactions with trace gases such as,d@d CIQ and with other
RO.. They play a key role in catalytic cycles that destroy O
in the stratosphere and generate or destroin@he troposphere
depending on the NQconcentration. Finally, they assist

transport of NQ to remote areas and play a vital role in of spectral analysis is desirable and justified.

photochemical smog format@n? . In the following we discuss Gaussian distribution functions,
The role of peroxy radicals in the chemistry of the atmosphere \ich in combination with the method of spectral moments and
can only be assessed provided that their reactions with otheryne yefiection method provide a simple means for the analysis
trace gases have been characterized by laboratory kineticyt heroxy radical spectra. The suitability of the method is tested
investigations. UV absorption spectroscopy has been found to by comparing and contrasting predictions with experimentally
be widely applicable as a detection method for both organic derived spectra. The ethylperoxy radical, {0H,05*, has been
peroxy radicals and HQ_ and t_he vast majority o_f kinetic data  ggjected for test purpos@8. This choice was governed by a
have been gathered using this detection technique. recent measurement of the UV absorption continuum o§-CH
Although all peroxy radicals d_isplay in the wavelength region CH,07 that has been obtained using diode-array absorption
between 200 and 300 nm relatively intense, broad, featurelessspectroscopyand which arguably represents the most accurately
UV absorption continua assigned to a &) — (1)°A" measured R@ gas-phase spectrum to daté (ef 1 for details).
transition, the measurement of absolute cross sections has provegne results thus obtained are compared with those for the
difficult even at room temperatufe. Such difficulties are methylperoxy radical, CkD».121° The usefulness of Gaussian
associated with the quantitativé) situ generation of pure gjstribution functions for detecting unexpected features in the

samples of R@, which may be contaminated with strongly  shapes of experimentally determined absorption continua will
absorbing products of the ROself-reaction (including HQ) be addressed.

or other impurities introduced by the photolytic initiation of ] o

the chemistry. Some means to predict the shapes and temper2- Assessment of Previous Investigations

Hitherto the shape and the temperature dependence of the
€ Abstract published ilAdvance ACS Abstractddarch 15, 1997. absorption continua of peroxy radicals have been computed via
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an ab initio method only for H@.” In contrast, Lightfootet w! coth/d; AH(T) = \/(w”coth/2)2+ﬂ2 coth: and coth=
al.l adopted a semiempirical method advocated by Metrad, 1! cc?th[hcowj(Zk'l')]. e '

which describes the shapes of UV absorption continua via a4 2 the cross section and the wavenumber at the median

semllogarlthmlc Gaussian d!strlputlon functlon:; and predlpts absorptiongmed T) andimedT), and the breadth paramett-

their temperature'dependenues in a manner originally descnbed(-D are determined by fitting and, where more than one reaction

by Sulzer and Wielané component absorbs, deconvolution in an appropriate number
of individual bands. Provided that the harmonic vibrational

o(T) = 0,,{T) expl —a(T)[In(17/17may)]2} Q) wavenumbew, is known, the Einstein absorption coefficient

B'415and the parametetd;_, andg, the physical meaning of

whereomay(T) = oma,g(O)\/'Frm;a('l') = a(0) tanh; and tanhk= wh.ich will be explained belowdf. eq 7), can be pomputed.

tanhhcyw!/(2KT)). Th|s_allows_ the shape of an UV absorption continuum to be
predicted via eq 2 for any arbitrary temperature for which the

absorption Maximum,oma(T) and #mas and the breadth ynderlying assump;ions are reqsonabl_y valid. Finally, note that

parameter(T) are determined by fitting and, where more than " €d 2 the median absorption _cloLnC|des~ with the mean

one reaction component absorbs, deconvolution in an appropriateVavenumber defined viénean= (hB) “/oo(T) dv but not with

number of individual bands. Provided that the harmonic th€ maximum absorption, in contrast to eq 1.

vibrational wavenumbes! is Known, oma0) anda(0), which _ The methods for modeling the temperature dep«_endence_are

are the values of the corresponding parameters at 0 K, can bdhdependent of whether the band shape is approximated via a

computed, wherea§nax does not depend on temperature in this lin€ar or a semilogarithmic Gaussian distribution function.

model. Consequently, the shape of an UV absorption continuum Consequently, the method proposed by J&ettsand used in

can be predicted via eq 1 for any arbitrary temperature for which €4 2 can also be combined with eq 1:

the underlying assumptions are reasonably valid. The theoretical

justification of eq 1 was given by Mdriand Burrows3 Finally, o(T) = 0a{T) XK —a('D[In(T//&max('l'))]z} 3)

note that in eq 1 the maximum and median absorption coincide

(@ ) D e el o e PG Selne wnere amull) = BRI oull) = (Ui
v)=Js V)= ’ " . . "
Einstein absorotion cosfcient.15 ', coth/4)N'Z; a(T) = 0.5/In@Z); Z = 1 + 0.5[(. coth/2} +
: P ' , B coth)/(Us_, — w'%coth/4¥; and coth= cothfhcuwl/(2kT)]
Lightfoot et al' showed that eq 1 adequately describes the Joend’ £=0 " e d that 5 i Il suit dlf
shapes of the absorption continua of at least 15°Rallicals desc():(rairl:])ing“tafi:ee r;h);p%rg Fzﬁiﬂepredftlztir?gqthe I'[Sem\/\é)eeraflljjrleedepoernd-
at room temperature, the only exceptions being,Hand encies of the absorption continua of H®etween 300 and 1100

CH30;*. The shape of the absorption continuum of #O
- - - K, CH30O2* between 300 and 662 K and GEH,O,* between
16 ’ 32 22
reported by Crowlet al® could not be described via eq 1 in 300 and 600 K. In contrast, eq 3 is novel and has not yet been

terms of a single band, whereas for {0 the shape of each used. One of the objectives of this work is to compare and

reviewed absorption continuum was found to be accurately ) ' ! 89
described via eq 1, but the combined data scattered in such fiSSess eqgs—13 using the absorption continua of G@BH,0,™

«1,2,10
mamer hat ey could o e tkdSubseauenty, Crowey 1 CHOL 102 exampis, because e peromance of
and Moortgat” used eq 1 to deconvolute the absorption continua 9

. i 20,27
of BrCH,CH,05* and BrCH(CH)CH(CHe)O,* from that of HQr mthe”? not bee”.comp?l‘lref f%r peroxy rzd'dd&; .
at 298 K. Fenteket al® observed that eq 1 correctly describes eoretical comparison will also be given and a potential energy

the shapes of the absorption continua of<Op at 298 and diagram gsfafunr?ticf).n of the photoexi:]itationfcloordinz?te will pe
662 K and CHCH,O,* at 298 and 600 K. The predicted gpm%utg rfomt.e |tfpar;1mete.rs. The use ugef:sso Ggussr:an
temperature dependence afT) agreed with that determined |hstr| utlofn unct_|onsto|r| gt?ctmg ugexg)ectet_ eaturge_s in t .ﬁ
experimentally, whereas farma(T) the comparison was incon- shapes of experimentally determined a sgp lon continua wi
clusive because of experimental difficultiésCatorieet al.18 be demonstrated using the example of 4

used eq 1 to describe the shape of the absorption continuum of3 Comparison of Egs 1 and 2
CICH,Oy* at 298, 464, and 588 K, but they did not compare

the predicted temperature dependence. More recently, Catoire The simplest means to compare the appropriateness of egs 1
et all® described via eq 1 the shapes of the absorption continuaand 2 for describing the shapes and predicting the temperature
of CI,CHO,* and ChCO,* at 298 K. In addition, Huie and  dependencies of the HOand RQ* absorption continua is to
Clifton?° found that eq 1 adequately describes the shape of thecompare the figures of JoeAspaper, which are based on eq
absorption continuum of HOGI®,* in the aqueous phase at 2, with the corresponding figures based on eq 1. Such a
room temperature. Equation 1 was successfully used to describecomparison is possible only for GAH,O-*, for which Fenter

the shapes and predict the temperature dependencies of thet al® obtained better fits using eq 1 in combination with the

In eq 1 the cross section and the wavenumber at the

absorption continua of gl-1321Br,,21.22and BrCkF2%23 from absorption cross sections they recorded at 298 and 600 K (Figure
data recorded at 298 K and recently applied tgl€&Fat six 2 in ref 9) than Joer$ using eq 2 in combination with the
temperatures between 218 and 333 K. absorption cross sections recorded by Baeteal® at 298 K

Alternatively, Joer®26 has proposed a method based on (Figure 4 inref 27). We have repeated the fits for the example
linear Gaussian distribution functions to describe the shapes andof CH3CH,O>" using the absorption cross sections reported by
predict the temperature dependencies of UV absorption continua:Baueret al® and Fenteet al®

Figure 1 shows the best fits of eqs 1 and 2 to the absorption
V= VedT) 2} @ cross sections of C4€H,0," recorded by Baueet al? at 298

v
o(M) =o c('I')~—exp{ —’N— K. Because the scatter of the experimental data is uniform
eV edT) AD(T)
preferred such thdi (Oexpi — Tiied)®> Was minimized’® wherea

throughout the wavelength range studied, unweighted fitting was
where omedT) = hBimeo('I')/[«/z_rAi('l’)]; VmedT) = Ui — denotes the absorption cross section. As can be seen from
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Figure 1. Best fits of eqs 1, 2, and 3 to the absorption cross sections @€8D," recorded by Baueet al® at 298 K (Std= 3.5 x 1072° cn¥,
9.9 x 1072 cn?, and 3.5x 10720 cn?, respectively).

TABLE 1: Values of the Parameters of Eqs 13 Obtained in the Best Fits to the Absorption Cross Sections of C¥CH,O,*
Recorded by Baueret al8 at 298 K

fit assuming thatvy = 1112 cm* !
eql Oma298 K) (4.386&+ 0.0019)x 1078 ¢ Oma0) 4.407x 10718 cne
Pma(298 K) 41 783.6+ 2.5 cnrt Fmax(0) =Pmax(298 K)
a(298 K) 49.7764+ 0.068 a(0) 50.24
eq 2 Omed 298 K) (4.4098% 0.0056)x 10718 crm? B 1.632x 1011s kg!
Pmed 298 K) 41 574.5+ 6.4 et to 41 855 cnrt
A¥(298 K) 5754+ 11 cnrt B 5700 cnrt
eq3 the same as foreq 1 B 1.663x 10" s kg™
Ul 42 275 et
' 5913 cnt

Figure 1, eq 1 fits the experimental data slightly better than eq better than eq 2. For a quantitative comparison, the figure
2. For a quantitative comparison, the standard deviations of caption includes the standard deviations of the fits that were
the fits defined via Stek [ ¥ (Gexpl — ritied)?/(N — M)]*5,28 where computed via Std= {3[(expn — OTrtted/StChypdl N -

nis the number of fitted experimental absorption cross sections m/n)ZStchZ ﬂ]}O-S_ZS This result agrees with that based on the
andm s the number of adjustable parameters, are given in the gata of Bageet al8

figure caption. Note thanh= 3 in the case of eqs 1 and 2. The
values of the fit parameters are listed on the left-hand side of c
Table 1. On the right-hand side values computed assuming a
harmonic vibrational wavenumber corresponding to theQD
stretching vibrationw, = 1112 cnt',! are given. The latter is

The best fit of eq 3 to the absorption cross sections 0f-CH
H,O,* recorded by Baueet al® at 298 K is identical to that

of eq 1 shown in Figure 1. The values of the corresponding fit
parameters are given on the left-hand side of Table 1, whereas

the most plausible approximation for the photoexcitation those on the right-hand side were computed assuming again

: . . o thatw} = 1112 cn7ll

coordinate of CHCH,O,*. This result, that semilogarithmic € ! .
Gaussian distribution functions approximate the shapes of Uy~ Figure 2 shows the best fit of eq 3 to the 3bsorptlon Cross
visible absorption continua better than their linear analogues, S€ctions of CHCHO," recorded by Fenteet al” at 298 and
was also observed for gh13and BrCF23 at 298 K. 600 K. Both spectra were fitted simultaneously assuming that

Figure 2 shows the best fits of eqs 1 and 2 to the absorption @e = 1112 et The fit parameters wer@na(298 K), omax
cross sections of CG¥CH,0;" recorded by Fenteat al® at 298 (600 K)_, U:_, andp, theo values being unco_rrelated as in the
and 600 K. Both spectra were fitted simultaneously assuming, @P0Ve fits of eqs 1 and 2. The number of adjustable parameters
as before, thaty! = 1112 cnt.! In eq 1 the fit parameters was.thusm = 4. The gpod agrgement of the fit with that
Were oma(298 K), omax(600 K), #max, anda(0), the o values obtained using eq Icf. Figure 2, indicates that the methods
being uncorrelated because of the experimental uncertainty inused for modeling the temperature dependence are comparably
their ratio? In eq 2 the fit parameters wetg,ed298 K), omee good at least in the case of the UV continuum of JCH,O,*
(600 K), Ui_,, and3, the o values being again uncorrelated. N the temperature range between 298 and 600 K.
Thus in each fit the number of adjustable parameters equaled Equations +3 were also compared for the case of £t

m= 4. Weighted fitting was used such tHef{ Gexpt — Oritted)/ in a manner similar to that above using the room-temperature
Stchypi] > Was minimized® where Steyn denotes the standard — absorption cross sections recommended by Ligh#oat! and
deviations of the experimental absorption cross secfiohAs. Wallington et al? and those recorded by Lightfoot and Jemi-

can be seen from Figure 2, at both temperatures eq 1 ap-Alade!®at 298 and 662 K. Unweighted fitting was used because
proximates the shape of the absorption continuum of@HO, for these data no error estimates have been repb#tiThe
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Figure 2. Best fits of egs 1, 2, and 3 to the absorption cross sections e€8§D," recorded by Fentegt al® at 298 K and 600 K (Ste= 7.8 x

1072°cn?, 1.4 x 1072 cn?, and 7.5x 10720 cn¥, respectively).

TABLE 2: Standard Deviations (cm?) of the Best Fits of Eqs 1-3 to the Absorption Cross Sections of CHO,1:2:10

reference temperature eql eq?2 eq3
Lightfoot et al.* 298 K 6.4x 10720 1.1x 1072 6.4x 10720
Wallingtonet al.? room temperature 1.8 10°1° 26x 101 1.8x 1071
Lightfoot and Jemi-Alad€ 298 and 662 K 1.5¢ 1072 2.2x 1071 1.3x 1072

results of these fits are analogous to those foskCHO,", as

10720 cn?, respectively, noting that the number of adjustable

can be seen by comparison of the standard deviations given inparameters wasi = 5. Analogous results were also obtained
Table 2 with those in the captions of Figures 1 and 2, and thus for CH;O." at 298 and 662 K9 wy = 977 &+ 175 cn! with

support the above conclusions about the suitability of eg3.1

4. Theoretical Considerations

The approaches used for modeling the temperature depen
dence of eqs-13 are based on the method of spectral moments

originally introduced by La3 and recently elaborated in detail
by Maric and Burrows:3 For the definition of spectral moments
cf. eq A-1 in the Appendix. In addition, they use the quasi-

Std= 1.5 x 107% cn? using eq 1 and = 954 + 144 cnr?!
with Std = 1.3 x 107! cn? using eq 3. For comparison,
Lightfoot et al! recommended, = 1112 cn1? for the O-O

stretching vibration, which is the most plausible approximation

for the photoexcitation coordinate of GEH,O.*. The differ-
ences between the values of; obtained lie within the
experimental error of the fitted absorption cross sections,
indicating that eq 4 is an adequate approximationdJtrand

diatomic approximation, which assumes that the essential that the O-O stretching vibration is representative of the

features of the multidimensional potential surfaces, between
which an electronic transition takes place, can be represente
by one-dimensional radial potentials as functions of a single

photoexcitation coordinat® They also assume the validity of

photoexcitation coordinat§. Consequently, the value of;

Jrom ref 1 was used throughout this work. Incidentally, this

value was also used by Jo€efis.
Equation 1 assumes an exponentially shaped difference

the Condof?3approximation that neglects the dependence of between the radial potentials of the upper and lower electronic

the electronic transition moment on the space coordinatés or

assuming it to be a constant. Finally, they assume a harmonic

radial potential for the lower electronic state,

U" =0.50"£ (4)

states:

AU=U —U" =7, exp[-5+a(0)] (5)

The radial potential for the upper electronic statg,is obtained
by addingAU to U". However, a more realistic approximation

and neglect molecular rotation in order to use the analytical fo,rlg” than that given by eq 4 is needed to obtain a realistic
solution for the thermal average of the harmonic probability U'-** In this work a Morsé radial potential was used:

densities'?32which simplifies the underlying mathematics,
the Appendix.

One means to quantify the suitability of eq 4 as an
approximation forU"” is to allow the harmonic vibrational
wavenumber for the lower electronic stat, to vary during
the fits to the absorption cross sections of CH,0,* at 298
and 600 K® This yieldedw, = 989 + 107 cn! using eq 1
and o = 1043 £ 105 cn! using eq 3. The standard
deviations of these fits were Std 7.8 x 1072° cn? and 7.6x

U" =D'd1 - exp@&)]® (6)
where D! = (0)?/(4wix) and oo = /2w XJwl. The vibra-
tional anharmonicity constant was assumed toukje, = 10
cm™%, in agreement withwix; = 10.6 cnT! which we have
determined using data from a study on #6y Bunkeret al.34
For a Morsé? radial potential the harmonic vibrational wave-
number equalsyy = w)_,. ; + 20X, Wherew)_,_, = 1112
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\ U’ based on eq 3 OH(XI) + OEP) and OH(XIT) + O(D), respectively.
\/ Provided that CHCH,O;* dissociates in an analogous manner,
/\x, the dissociation limit ofU’ would be higher by 15 867 cm

60000 -

U' based ;

" 36 e
50000 { o ang \ than that ofU".3® Consequently, the shallow minimum Wi

of CH3CH,O»* may be real and have one or more discrete

\ vibrational levels.
The essence of the method of spectral moments, as used in
40000 /< the Appendix to derive the temperature dependencies of eqs

U’ based on eq 1 1-3, is to find a suitable distribution function that provides a
realistic description for the shape of UV absorption continua
and a realistic model potential such that both are characterized
by the same number of adjustable parameters. The parameters
of the distribution function can then be inverted to those of the
potential andvice versa via the corresponding number of

\ spectral moments. The infinite series of spectral moments

‘\ defined by eq A-1 in the Appendix can thus be truncated
assuming that the neglected moments do not contain any extra
information.

For example, in the Appendix the electronic transition
momentM, which is regarded as a parameter of the potential,
Or———— A and the two adjustable parameters of edfx anda(0), are

5482 0. 1_ 23 4. 56 7 8910111213 inverted using the zeroth, first, and second spectral moments

Photoexcitation Coordinate (dimensionless) to become the three adjustable parameters of Gﬂe\%—r), Do

Figure 3. Potential energy diagram of GBH,O;" as a function of  anda(T). Coincidentally,7max turns out to be independent of
the photoexcitation coordina temperature in this model. Similarly] and the two adjustable
3 . . . parameters of eq A)._, and 3, are inverted via the zeroth,
cm L. Otherwise throughout this work it was assumed that ot ang second speétroal morﬁents, yielding the three adjustable
wy = a);)':l_o,_ which is a valid approximation for a harmonic parameters of eq ZimedT), FmedT), andAF(T), or those of eq
radial potential. 3, Gmad T), Fma(T), anda(T). The third and all higher spectral

th Equat|ons| Ztand_ 3 ?r? pased on a linear radial potential for moments are in each case neglected. For details of the inversion
e upper electronic state: see the Appendix.

U =U._,— BE 7) The zeroth, fi_rst, and sgcond_spectral moments of e¢3 1
=0 provide the basis for the inversion and are therefore equal to
. . those predicted from their model potentials, whereas the third
where U;_, and § are the position and the slope of the ,n4 higher moments are not equal to those predicted. However,
potgnual ats = 0, respectwe!y. . in contrast to eqs 2 and 3, eq 1 is additionally based on the
Figure 3 shows the potential energy diagram of;CH,0," reflection method 113 so that its third and higher moments
as a function of the photoexcitation coordingte The radial are correct within the validity of this semiclassical methcid,

potential for the lower electronic statd’, was computed via ref 13 and eq 48 therein. This means that the prediction of the

eq 6. The thrge repres,,entatlons of the rad|§1l potential for the temperature dependence by eq 1 will be superior to that by eqs
upper electronic statd)’, are based on the fit parameters of 2 and 3

egs -3 givenin Table 1.U' based on the fit parameters of eq

1 was obtained by addiryU computed by eq 5 tb)"" defined ) )

by eq 6, whereal)’ based on the fit parameters of egs 2 and 3 - Absorption Continuum of HO*
was computed by eq 7.

The similarity of the representations fo¥ in the Franck
Condon regioni(e. around the minimum 08", cf. Figure 3)
implies that the temperature dependencies of UV absorption
continua predicted by eqs—B are equal within experimental
error for a narrow temperature range or a large valueof
This agrees with the results of the fits to the absorption cross
sections of CHCH,O*, cf. Figure 2. However, outside this
range eq 1 is more likely to predict the temperature dependencie
correctly because it is based on a more realistically shaped ) : ) 1

The shallow minimum observed in Figure 3 1ot based on  €d 1 in terms of a single band, as noted by Lightfebal." In
eq 1 deserves some attention. It is a result of the extrapolationthis seéction the cause of the discrepancy is discussed.
of AU beyond the FrankCondon region and its addition to Figure 4 shows the best fit of eq 1 to the absorption cross
U". As shown by Tellinghuisen and Henders8the dissocia-  sections of H@ recorded by Crowleyet al® at 298 K.
tion limit of U" is usually overestimated when computed from Weighted fitting was preferred. The standard deviation of the
wy and wyx, on the basis of a Mor8éradial potentialj.e. eq experimental absorption cross sections was estimated from their
6.35 Hence the lowering of the dissociation limit bf’ might scatter and modeled as a function of the wavelength viggsatd
eliminate the minimum iJ’. However, eq 5 assumes tHait cn? = 2.48 x 10720 + 3.64 x 10712 exp(—8.53 x 107924/
and U’ have identical dissociation limits, but according to a nm). As can be seen from Figure 4, this spectrum cannot be
theoretical study by Vazqueat al.*¢ the corresponding states adequately described by eq 1 in terms of a single band. This
of HO,® dissociate along the photoexcitation coordinate to has four potential causes: (i) the shapes of the UV absorption

30000 -

Energy (cm™)

¢ O°HOHO 10
wnnunuod uondiosqy

20000

10000 - U" defined via eq 6

In section 3 the suitability of eqs 1 and 2 for describing the
shapes of the RDabsorption continua was contrasted by using
accurate experimental absorption cross sections of-CH
CH,0,"2° and eq 1 was found to be the most suitable. In
addition, eq 1 was shown to describe adequately the shapes of
the absorption continua of at least 19 R@adicals in the gas
phasé17-19 and that of HOCHO," in the agueous phadecf.
5section 2. However, the absorption cross sections op*HO

recorded by Crowlewt all® at 298 K cannot be described by
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Figure 4. Best fits of egs 1, 2, and 8 to the absorption cross sections ef t¢€orded by Crowlegt al® at 298 K (Std= 6.3 x 1072 cn¥, 8.7
x 1072 cn?, and 4.5x 10720 cn¥?, respectively). Also shown is a two-band fit of eq 1 and the bands deconvoluted in this manmer4$tck
102 cnr).

continua of H@* and possibly other RO radicals are better  around 190 nm is occurring or experimental error occurred in

described by eq 2, (ii) they are double-banded, (iii) they are the determination of the absorption cross sections at short

strongly skewed, and (iv) the experimental absorption cross wavelengths resulting from contamination by other absorbing

sections are erroneous, e.g. contaminated by the absorption okpecies or stray light. This work shows therefore, either that

other reaction components or stray light. our understanding of the HOpotentials and transitions is
The first possibility can be ruled out because eq 1 describesdeficient or that the best available spectra are in error.

the shape of the studied absorption continifubetter than eq

2, as can be seen in Figure 4. The second explanation isg. Summary

improbable because the bands deconvoluted in a two-band fit

of eq 1 havingn= 6 adjustable parameters and shown in Figure ~ The suitability of eqs +3 for describing the shapes and

4 are inconsistent with the single-band absorption predicted by temperature dependencies of the R&bsorption continua has

our present understanding of the M@nd RQ* absorption been studied using recent accurate measurements of the absorp-

continua. However, the existence of a weak absorption bandtion cross sections of GJ€H,0,*.8° From comparisons with

in the short wavelength part of the HGspectrum cannot be  the experimentally determined spectra and theoretical consid-

ruled out’-36-38 |t js also interesting to note that the absorption erations, eq 1 was found to be the most suitable. A procedure

continuum of HQ@ is shifted to shorter wavelengths as compared for computing potential energy diagrams as functions of the

to RO;® radicals,cf. Figures 1, 2, and 4. photoexcitation corrdinate from the fit parameters of eg8 1
The third possibility was tested using an extended version of Was demonstrated. Analysis of the temperature dependence
eq 1 proposed by Mariand Burrowst shows that the ©0 stretching vibration approximates well the

photoexcitation coordinate for GBH,O,*. Analogous results

Ored ) 7 — b(T) 2 obtained for CHO»1:21% support the above conclusions. Re-
a(T) =" 7 ex —a(T) |n(~—)] } (8) analysis of the absorption continuum of htOndicates that
1—b(M)iv Vined T) — b(T) either the measurements contain some contamination at short

wavelengths or an unidentified electronic transition exists. This

Forb(T) = 0 eq 8 reduces to eq 1. Consequently, the value of work demonstrates the usefulness of eq 1 in the analysis of UV
b(T) is an indicator for the skewness of an UV absorption spectra.
continuum, provided that it is adequately described by eq 8.
Note that in eq 8 the number of adjustable parameters equals  Acknowledgment. We are indebted to J. A. Joens, J.
= 4. Tellinghuisen, and T. J. Wallington for helpful comments and

The best fit of eq 8 to the absorption cross sections 0f'HO  K.-H. Mébus for the fitting program. This work was supported
recorded by Crowlewt all6 at 298 K yield$h(298 K) = 26 816 by the Institut fir Sicherheitstechnologie, the Max-Planck-
+ 374 cnrt and is shown in Figure 4. Comparedit@e{298 Gesellschaft, the University of Bremen, the EU environmental
K) = 495344+ 65 cnt?, this value is indeed far from zero, program, and the DARA.
implying a pronounced skewness and thus in stark contrast to
the other fitted absorption cross sections of Rdicals,cf.
sections 2 and 3. This explanation is therefore considered
unlikely.

Having excluded the first and third possibilities, the analysis ~ According to Lax2® the moments of an absorption band are
indicates that either an unidentified electronic transition foe'HO  given by

Appendix: The Derivation of the Temperature
Dependencies of Eqs 43
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WM = [ o(M7' dIn@) = ' = w{(u — ', coth/4) +

2

w;'JIZS (Hy = E;) My, (A-1) 0.5[(w"; coth/2f + 2 coth,_,} (A-6)
Because 22M?%(3eohcy) = hB for a constanM, whereB is the

Einstein absorption coefficieAt;!5the above result is identical

to that obtained for the zeroth, first, and second spectral

moments by integrating egs 2 and 3 as required by the definition

of the spectral moments given in eq A-1.

3eghgy
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