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The He | photoelectron spectra (PES) of HOglhd FOCIQ are reported. The assignments of the PES
bands are made on the basis of band shapes, relative band intensities, and the results of ab initio calculations
using GAUSSIAN 94 at the 6-31G* basis set level. The two peaks (at 12.37 and 12.77 eV) in the first PES

band of HOCIQ are designated as electron io

nizations from HOMQ(8a), SHOMO 74(24), and 17423)

orbitals, respectively, and they can be attributed to a Jdefier effect on the largely lone-pair orbitals of
three oxygen atoms in the C@tomic group of HOCI@Q The absence of splitting in the first PES band of
FOCIG; centered near 13.20 eV is attributed to a los€gfsymmetry in the Cl@atomic group of FOCIQ

This band is assigned to electron ionizations

of the HOMUO2@), SHOMO 84(28), and 20427) orbitals,

in which the three oxygen atoms of the Gl&omic group of the FOCI9molecule hold dominant weight.

Introduction

It is well-known that halogen atoms released in the strato-
sphere by solar UV photolysis of halogenated compounds can
remove ozone via the production of XO, where X is F, Cl, Br,
or |, in the catalytic chain (reactions 1 and 2)

X+0,— XO+0, 1)

2

The halogenated nitrates XONOwhich can form in the
stratosphere by the reaction of XO with BOcan be an
important temporary reservoir of halogen atoms. They are also
involved in the chemical reactions on the surface of polar
stratospheric clouds (PSCs), which lead to ozone deplétfon.
Recently, systematic He | photoelectron spectroscopic (PES)
studies on the electronic structures of XON@here X is F,
Cl, or Br, were carried out in this laboratoty® As part of our
systematic work on the chemical species involved in ozone
depletion, He | PES studies on the electronic structure of
XOCIOs, where X is H, F, Cl, or Br, are also being pursued, as
these also play an important role as novel temporary reservoir
species in stratospheric chemistry, including ozone deplétion.
We now report PES studies on the electronic structure of both
HOCIO; and FOCIQ for the first time. In order to assign the
PES bands, ab initio Gaussian 94 SCF MO calculations using
6-31G* atomic basis sets have also been performed for both
molecules.

X0+0 — X+0,

Experimental Section

Caution! Although no explosions occurred during the
present study, both FOC{and HOCIQ are highly sensitive

* To whom all correspondence should be addressed.
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and powerful explosives. They are particularly dangerous in

the presence of organic or oxidizable materials, and they should
be handled only in small quantities and with appropriate safety
precautions.

1. Preparations of FOCIO; and HOCIO3. FOCIO; was
synthesized according to the literature mef3déby the direct
fluorination of HCIQ,. Fluorine diluted with helium was passed
through 72% perchloric acid, which was held at 85; the
products were condensed at liquid nitrogeri96°C) and then
purified by fractional condensation as verified by IR spectro-
scopy.

HOCIO; was prepared by the literature methdftom 72%
perchloric acid and fuming sulfuric acid, mixed in the propor-
tions 1 to 4. The mixture ranged in temperature from 30 to 65
°C, and the crude product was fractionated through a series of
traps at—20, —90, and—196 °C. Pure HOCIQ was obtained
in the middle fraction.

2. PES Measurement.The He | (21.22 eV) photoelectron
spectra of both FOCI9and HOCIQ have been measured on
the double-chamber UPS machine-I| built specifically to detect
transient specie’s. The operational resolution for tREs, peak
of argon (Ar") is around 25 meV. Experimental ionization
potentials (IPs) were calibrated by simultaneous addition of
small amounts of argon and methyl iodide to the sample.
Digitized spectra, time-averaged for periods of around 40 min,
are also obtained.

In order to assign the PES bands, the Hartieeck (HF)
SCF MO calculations at the 6-31G* basis set levels are
performed, using the program package Gaussidh@#a Sun
Ultra Workstation. The geometries of both HOGI@nd
FOCIG; are taken from the results of fully optimized Hartree
Fock (HF) calculations at the 6-31G* level.
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Figure 1. Geometric structures optimized by ab initio calculation using

GAUSSIAN 94 at the 6-31G* basis set level for both FOgIl&hd
HOCIQ:s.

TABLE 1: Minimum-Energy Geometries? Optimized Using
ab Initio Calculation at the 6-31G* Basis Set Level for Both
HOCIO; and FOCIO3

coordinate HOCIQ FOCIG;
XOqP 0.9551 1.3587
O.Cl 1.5971 1.6611
ClO, 1.4068 1.4057
ClOs 1.4161 1.4063
ClO, 1.4161 1.4063
XO,ClI 108.01 105.71
0,CIO, 102.24 98.31
0,CIO3 105.10 105.03
0,CIO, 105.10 105.03
0O,ClO, 114.80 115.62
0O.ClOs 114.80 115.62
O3ClO, 113.10 114.50

2 The bond length unit is angstroms; the bond angle unit is degrees
b X0 For HOCIO; X means H; for FOCI@X means F.

Results and Discussion

1. The Minimum-Energy Geometries for HOCIO; and

FOCIO3;. The minimum-energy geometries, as obtained above

for both HOCIQ and FOCIQ molecules, are shown in Figure
1.

Table 1 gives the parameters of the minimum-energy
optimized geometries for both HOCi@nd FOCIQ molecules.

From Table 1, it is seen that the GJ@tomic group basically
preserves &3, symmetry, which is consistent with the result
of reported literatur® for the HOCIQ molecule. However, in
the FOCIQ molecule, theCs, symmetry of the CI@ atomic
group is distorted. This can be attributed to the large elec-
tronegativity of the fluorine atom.

2. Assignment of PES Bands for HOCIQ and FOCIO:s.
The PE spectra of both FOCi@nd HOCIQ are given in Figure
2.

It is seen that three bands with very high intensity in the lower
ionization potential region{16.50 eV) appear in the PE spectra
of the two molecules, implying that the photoionization cross
section of the corresponding molecular orbitals is large for He
| radiation. This is a characteristic of MOs in which the light
elements hold dominant weights.

The first band with low ionization potentials (at 12.37 and
12.77 eV) in the PE spectrum of HOGGs attributed to
ionization of oxygen lone pairs in the CiQgroup. The
combination of lone-pair orbitals for the three oxygen atoms of
ClOs, assuming aCs, symmetry, transforms as;at e
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Figure 2. He | photoelectron spectra of HOGi@nd FOCIQ.

eV) in HOCIG; is observed to be half of the next peak (12.77
"eV). This fact can be explained by a through-space interaction
of the three lone-pair orbitals of the oxygen atoms in theLlO
atomic group of HOCI@ the e level being abova,acombined
with Jahn-Teller removal of the degeneracy of tRg state.

ol

Jahn-Teller
n/

Splitting (0.4eV)
\ al L

Indeed, a JahnTeller splitting of about 0.4 eV is sufficient
to produce the observed band of the PE spectrum of HQCIO
That is to say, the area of the next PES peak (at 12.77 eV) is
twice the area of the lowest IP peak (at 12.37 eV) in the first
PES band of HOCI@

There is no splitting of the first PES band centered near 13.20
eV for FOCIG;. This may be explained as loss@f, symmetry
in the CIQ; atomic group of FOCIQ a loss predicted by the
ab initio geometry of FOCI@given in Table 1. The first PES
band of FOCIQ could be also attributed to electron ionization
of the lone-pair orbitals in which three oxygen atoms in the
ClOs; atomic group of FOCI@ hold dominant weight. The
second PES band centered near 13.49 eV also arises from
electron ionization of the orbitals associated with the oxygen
atoms in HOCIQ. The third PES band centered near 15.09
eV is a result of orbital electron ionization from deeper valence
shells.

representations. A direct overlap can be expected to stabilize An obvious difference between the ionization potentials of

the a orbitals relative to the e orbitals. Simple overlap

HOCIO; and FOCIQ is that those for FOCl@are always higher

considerations also suggest that through-bond interaction shouldhan those for HOCI@ This fact is attributed to the large

also place e above.a That is to say, the lowest IP peak (at

electronegativity of the fluorine atom and is consistent with the

12.37 eV) should have approximately twice the area of the next PES results for HON@®and FONQ obtained in this labora-
peak (12.77 eV). However, the area of the first PES peak (12.37 tory.”-16
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TABLE 2: He | Experimental lonization Potentials (eV) and lonization of both 19426) and 74(25) orbitals should lead to
the Eigenvalues (eV) Calculated by ab Initio SCF MO the second PES band centered near 14.56 eV of FQCIO
E:\lgljI%t'rogo?hs'ﬂ%g@iiﬁ?ggglat&%lg;ﬁg Basis Set because the second PES band of FO@i@s high intensity in
comparison with the second PES band of HOglend PES
HOCIOs FOCIO, band intensity is usually proportional to the degeneracy of the
—€ IP —¢ IP ionized orbital. The 6424) orbital is ar bond with dominant
(€V) MO character(eV) (eV) MO  character (eV) weight on the FO group. The electron ionization of bott(Bd)
l1 14.132 B4(25) ro, 12.37 14.839 9429) r, 13.20 and 18423) orbitals should lead to the third PES band centered
:2 ig-ggg 177%3‘31; % g;; ig-gg? zgoég% 23 iggg near 15.80 eV, which is of high intensity and narrow width,
,j 16.100 16422) goj 13.49 16.133 19626) 001 1456 because the photo_lonlzatlon cross section of fluorine is larger
Is 16.726 64(21) mhoci 14.63 17.261 7425) mocoo 14.56 than that of chlorine for He | radiation and the computed
le 16.945 15420) ouocio, 15.09 17.602 6424) mrocio, 15.80 ionization energy (17.602 eV) for the '24) orbital is very
l7 18.104 5d(19) mhocio, 15.09 17.603 18&23) orocio, 15.80 close to the computed ionization energy (17.603 eV) for the
ls 19.978 14418) o 17.27 19.966 17€22) o 1680 184(23) orbital. The assignment of the PES bands in the high-

o . [ 16.50 eV) for FOCIQ s al i in Tabl
These intuitive PES assignments are supported by ab initio energy region¥ ev) for @is also given in Table

6-31G* basis set calculations for both HOGl@nd FOCIQ
molecules. The calculated ionization energies;) based on
Koopmans' approximatiori and the experimental ionization
energies are listed in Table 2. The MOs associated with each

band are designated according to their atomic and bonding . )
characters. The experimental IPs are given in Table 2 in the Acknowledgment. This project was supported by the

form of overlapping band maxima since the observed bands National Natural Science Foundation of China. Dr. Hong Gongyi
are associated with the ionization of varying numbers of orbitals. thanks the Chinese Academy of Science for a postdoctoral
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lonization of these three orbitals should produce two sharp peaks
with high intensity and low ionization potential (IP), because (1) McElroy, M. E.; Salawitch, R. J.; Wofsy, S. C.; Logan, J.Mature
ionization of the lone-pair electrons usually leads to sharp peaks(London)1986 321, 755.

. . - . . (2) Tunk, K. K.; Ko, M. K. W.; Rodriguez, J. M.; Sze, N. DNature
and a lower ionization potentials in these species. If the first (| ongon)1086 332 '811.

Thus, the assignments of the PES bands are consistent with
the argument based on band shape, relative intensities, and ab
initio calculations.
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