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Geometries for possible transition states and energy minima of the potential-energy surface for the reaction
between BrO and CIO radicals and for conformers of CIOOBr peroxide have been identified and harmonic
frequency calculations have been carried out at the second-order MBleEsset perturbation theory level

using the 6-31++G(2d) and the 6-31t+G(3df) basis sets. The energetics have been studied using the
CCSD(T)/6-311#+G(3df) methodology at the MP2 calculated geometries. The results assist in the qualitative
understanding of the mechanism and the kinetics of the stratospherically important BIO reaction.

1. Introduction overall rate at room temperature. Unlike the Cto CIO
reaction, however, it is a much faster process with a rate

The gas-phase chemistry of halogen monoxide radicals hascoefficientk ranging from 1.08+ 0.20 to 1.40x 101t cnd

long been of atmospheric interest, because of their direct moleculel s at room temperatur€. These indications couple

involvement in several catalytic ozone depletion cycles. One yith the experimental findings of a significant negative tem-

of the most important of these processes is the coupling betweenyerature dependence of the overall reaction rate and an increas-

bromine and chlorine monoxides. This coupling has been showning importance of the OCIG- Br channel as the temperature

to play an important role in the development of the “ozone hole” decrease®:1! A plausible explanation assumed the formation

over Antarctica;? and analogous indications were obtained of a short-lived intermediate of the type [CIOOBI* that either

within the Arctic stratosphere. In addition the BAOCIO cross leads to channel a or possibly rearranges to a four-centered
reaction was blaméds the primarily responsible pathway for  intermediate and produces the molecular products BrCl and O
the formation of OCIO through the channel through the elimination channel c. A short-lived intermediate
of the type [BrOCIOJ* was suggested to be formed, leading to
CIO+ BrO— OCIO+ Br OCIO+ Br products. Another possibility for symmetric chlorine

dioxide formation could be through the intervening formation
As a result, the bromine oxidechlorine oxide disproportion-  of the BrCIQ, isomer, but no evidence of such a sequence was
ation reaction has given the motive for several experimental ever suggested. The hypothesis of the formation of short-lived
kinetic studie$ ' and for extensive theoretical investigations intermediate complexes was employed to rationalize the negative
of the intermediates complex&k,'* assumed to be formed temperature dependence observed experimentally. On the basis
during the course of the reaction. Also photoisomerization of the absence of any pressure dependence in the experimental
studies of the chain structure BrOCIO and other XOCIO=X rate constant, it was concluded that decomposition of the
Cl and I) species have been performed and have shown directintermediates toward reactants is substantially favored at lower
isomerization to Y-shaped isomers with the X halogen bound temperatures over stabilization because of the collision of the

to the Cl atomt> reactants.
The reaction between CIO and BrO radicals is a three- channel  Various theoretical studies have determined possible energy
process taking place in the following schete: minima in the CIO+ BrO potential-energy profile. Guha and

Franciscé® carried out density-functional calculations of the
. o _ _ 1 different isomers of the BrCl9Qsystem using the very large
BrO+ CIO—CIOO+ Br AH?g=—5.2kcalmol™ () 6-311++G(3df, 3pd) basis set. Gomez and Patiperformed
—OCIO+ Br AH®,05= —4.7 kcal mol!  (b) an extens!ve inve_stigation of _the BrGl@omers in which they
made an interesting comparison of MP2 and CCSD(T) meth-
—BrCl+3%0, AH°,,;= —50.9 kcal mol* (c) odologies versus B3LYP calculations for the study of such
systems. In all cases, the nonplanar CIOOBr conformer was
found to be the most stable geometry followed first by the
Y-shaped CIBrQ and BrCIQ forms and then by the linear
geometry type CIOBrO and BrOCIO isomeric complexes. These
studies, however, have concentrated only on the thermodynamic
stability of CIOOBr isomers and discuss nothing about the
energy barriers involved in isomerization and dissociation

Similarly to the analogous CIG+ CIO reaction, the main
channels lead to the formation of chlorine dioxides, i.e., the Br
+ CIOO or the Br+ OCIO products, and the third, highly
exothermic channel is found to account only for 10% of the

T Part of the special issue “Aron Kuppermann Festschrift”. channels.
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transition states and potential interconversion processes betweeiThe recent spin-restricted B3LYP/6-3tG(3df, 2p) calculations

the various isomeric and conformeric forms of the Br&lO
system. Knowledge of the energy barriers is very important to

of Beltran et ak! yield 2.45 kcal mot™.
The harmonic vibrational frequencies were analytically evalu-

elucidate what intermediates are predominantly involved or ated for all species involved at the MP2(ful}#811++G(3df)

whether they interconvert during the three pathways of the level of theory, but the chlorine dioxide calculations were found
reaction. In this work, we present ab initio quantum mechanical in trouble again. The error in the vibrational frequencies from
calculations of the structures, vibrational spectra, energies, andspin contamination will mainly depend on the magnitude of

energy differences for the transition states of B#OCIO
reaction and the conformeric forms of CIOOBr peroxide. The
calculations were performed at the second-order MolRdesset
perturbation theory level using the 6-3t1G(2d) and
6-311++G(3df) basis sets. Also CCSD(T)/6-3t1G(3df)

d¥(dg. Large values of th&&#[geometrical derivative indicate
that the potential curve rises too steeply with theoordinate

as more and more high energy states mix into the UMP2 wave
function, which in turn leads to higher frequenciéds a result,
poor harmonic frequencies compared to those of the experi-

single-point calculations at the MP2 calculated geometries were mental daté28 are calculated for both CIOO and OCIO. For
performed to reproduce the proper energy ordering of the variousexample, the asymmetric bond stretching in CIOO is found to

structures determined.

2. Computational Methods

The electronic molecular orbital calculations were carried out
using the Gaussian 98 series of prografll equilibrium and
transition-state geometries were fully optimized at the MP2 level
of theory with all electrons included in the correlation calcula-
tions, using the 6-3H+G(2d) and 6-311++G(3df) basis sets.

It has been observed, howeVér8 that the correct energetic
ordering of XOO and OXO (%= Cl and Br) triatomics cannot
be achieved at the MP2 level. The CIOO radical is thermo-
dynamically more stable than OCIO, although it readily dis-
sociates into C+ O, products. Yet MP2 methodologies usually

be 1950 cm! vs 1479 and 1443 cm for the experimental
values. For OCIO, the MP2(full)/6-3#1+G(3df) harmonic
vibrational frequency of the asymmetric bond stretching mode
was found to be almost twice the experimental value and
consequently totally unacceptable. To achieve a better consis-
tency with the experiment, a restricted-open-shell MP2(full)/
6-311++G(3df)9-31optimization was performed in the case of
OCIO. The ROMP2(full)/6-31++G(3df) frequencies were
obtained by double numerical differentiation of the energy with
a step size equal to 0.05 A. This calculation produced a more
realistic set of harmonic frequencies to use in the ZPE
corrections, in which the highest deviation from the experiment
is for the asymmetric stretching mode, 1284 ¢ms 1108 and
1110 cm? for the experimental values. The CCSD(T) energy

producg the wrong energgtic ordering anq repeatedly. placeresyits for OCIO calculated at the ROMP2/6-31#G(3df)
ClOO higher than OCIO as it has been again the case with OUr geometries were less than 0.07 kcal madfifferent than the

MP2 calculations.

CCSD(T)//UMP2(full)/6-31#+G(3df), and so the latter could

Two important reasons are the usual sources of problems insgjl| be used for the evaluation of the energy difference among
the theoretical treatment of halogen oxide species with MP2 the various reaction channels.

methodologies, spin contamination, and higher order correlation

effects. Species of high spin multiplicity like the X@oublet
radicals are known to suffer from contamination of unwanted

We usedC; point group symmetry for each species as the
initial geometry of the optimization procedure, and we fully
optimized all of the redundant internal coordinates. The resulting

distortions of the potential-energy surface and the wrong
energetic ordering. Schlegélhas suggested a method where
spin contamination is projected out of the correlated wave
function and labeled this PMP2 with single annihilations of the

and BrClI; Cy, for OCIO; Cs for BrCIO,, CIOO, cis- andtrans
BrOOCI conformers, and TS(a); and finalB for the nonplanar
BrOOCI, BrOCIO, TS(b), and Ts(c) structures.

spin contamination because removal of more than the first two 3. Energy Minima and Transition States

components seems impractical for routine ts&he doublet
species under study exhibit UHE’[values in optimized MP2-
(full) structures equal to 0.7588 for Br, 0.7697 for CIO, 0.7724
for BrO, 0.7696 for CIOO, and 0.7871 for OCIO, which at a
first glance indicate no significant spin contamination. An-
nihilation of the first spin contaminant reduc&sto 0.7500

for Br, 0.7503 for CIO, 0.7504 for BrO, 0.7503 for CIOO, and
0.7510 for OCIO. To treat the electron correlation we employed

Results of equilibrium geometries and harmonic frequency
calculations for isomeric forms of the BrOOCI system that are
possibly involved in the course of CI& BrO reaction, i.e.,
skewed BrOOCI peroxide, BrOCIO linear chain, and Y-shaped
BrCIlO;,, are shown in Table 1 where they are compared with
the corresponding results of Guha and Frandisanod Gomez
and Paciod? The agreement is very satisfactory, especially with

the singles and doubles coupled-cluster method including athe MP2/AREP-TZ(2df) results of Gomez and Patfosith

perturbational correction for associated triple excitations. Thus,

single-point CCSD(T)/6-31t+G(3df) calculations within the
frozen core approximation were carried out at the MP2(full)/
6—311++G(3df) determined geometries for all species under

bond length differences less than 0.02 and with one only
exception, that of OCI bond distance in BrOCIO, where the
difference between the two values is somewhat larger. Also
differences in bond angles are smaller tharf Zlhe agreement

consideration, to establish the correct energetic ordering of between harmonic frequency results is equally satisfactory.
product channels and intermediate adducts. The results place The CIG geometrical and harmonic frequency results for both

the CIOO+ Br product channel 0.32 kcal mdlincluding ZPE
corrections below the OCIG Br channel which is consistent
with the difference in the experimental exothermicities at 298
K, 0.5 kcal mot'? mentioned by Turnipseed et'8lA theoretical
energy difference of more than 9 kcal mbls reported by other
workers!”18 whereas the experimental estimate derived from
the difference in the two dissociation energizgOCIO— CI

+ O,) andD¢(CIOO— Cl + O,) places it at 4= 2 kcal moi-1.7

the symmetric and asymmetric forms along with the results for
all reactants and products are included in Table 2. It is readily
seen that our MP2 and ROMP2/6-31+G(3df) calculations
are in fair consistency with the reported theoretical and
experimental values.

Investigation of possible transition states in the lowest singlet
potential-energy surface under study have led to three configu-
rations fully characterized by vibrational frequency analysis-
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TABLE 1: Optimized Geometries (A and Degrees) and Harmonic Frequencies (cm) for CIOOBr Isomers

MP2/ B3LYP/ MP2/
species coordinate 6-311++G(3dfR 6-311++G(3df, 3pdy AREP-TZ(2dfy
ClOOBr (0]6) 1.400 1.347 1.412

Clo 1.703 1.757 1.710

BrO 1.855 1.914 1.859

CloO 109.3 111.8 109.0

OOBr 109.6 112.8 109.4

CIOOBr 83.3 86.0 82.4

frequencie$ 776, 676, 595 864, 602, 533 761, 671, 595
431, 296, 103 412,280, 110 427,295, 101

BrCIO, BrCl 2.423 2.416 2.440

ClOo 1.430 1.445 1.441

BrCIO 104.1 114.7 104.5

OCIO 1141 104.7 115.0

frequencie$ 1187, 528, 407 1043, 512, 407 1186, 521, 398
189, 1337, 214 201, 1213, 213 201, 1330, 188

BrOCIO BrO 1.846 1.895 1.843

OCl 1.735 1.679 1.792

Clof 1.479 1.498 1.489

BrOCI 111.9 116.2 109.9

OClo 114.0 113.6 114.2

BrOCIO 74.9 79.2 67.9

frequencie$ 1192, 591, 460 1013, 546, 428 1206, 602, 412
340, 222, 92 348, 235, 104 326, 197, 66

2Results of present work.Results of ref 13¢ Results of ref 149 A description of normal modes for each harmonic frequency for BrOOCI
isomers has been conducted elsewhgété.

TABLE 2: Optimized Geometries (A and Degrees), Harmonic Frequencies (cr), Electronic Energies, and ZPE Corrections
for Reactants and Products

species coordinate MP2/6-3t1#G(3dfy CMRCIP ROB3LYP exp
Cloo Clo 2.142 2.139 1.929 1.83
(o]0} 1.154 1.201 1.215 1.23
CIoO 118.3 115.7 115.7 140
E.f (ZPE) —609.788 61 (3.78)
frequencies 223,473 181, 391 308, 549 215, 432
1950 1506 1397 1479
192, 408
1443
OCIo OCl 1.476 1.480 1.4F79 1.470
OCIO 118.4 117.8 117.3 1174
E.f (ZPE) —609.787 84 (3.69)
frequencies 975, 324 945, 452 451, 968 945, 448
1284 1095 1120 1110
945, 449
1108
le v Eef ZPE
Clo 1.546 858 —534.728 21 1.28
1.576 861
BrO 1.701 732 —2647.573 18 1.05
1.725 728 —2647.707 25
Br —2572.516 24
BrCl 2.125 470 —3032.259 24 0.67
(OXple 1.215 1501 —150.128 21 2.15

2Results of present work.Results of ref 17¢ Electronic energy in hartrees at the CCSD(T)//MP2/6-835(3df) level of theory and ZPE
correction in kcal molt. ¢ Results of ref 23¢ Results of ref 24! Results of ref 259 Results of ref 26" Results of refs 27 and 28Results of ref
21.' Results of ref 28 at the CCSD(T)/ANO4 level of theory.

.They are summarized in Table 3, and their schematic repre- Two transition states, denoted TS(b) and TS(c), have been
sentation is given in Figure 1. A first transition state is located determined in the investigation of two interesting isomeric
at a large G-O distance formed during the approach of the interconversion pathways, i.e., the [BrOGEIBrCIO;] and

two radicals. This configuration denoted hereafter as TS(a) [BrClO,— BrOCIO] processes, in order of decreasing stability
represents a low energy barrier at the entrance valley of theof the resulting isomer. The two structures exhibit some
reaction, placed only 0.14 kcal mdlabove reactants at the  similarities with the isomerization transition states determined
CCSD(T)/IMP2/6-31%+G(3df) level and representing a bi- by Guha and Francisco in the study of HBr&ystem?*35 but
molecular pathway leading directly to products CI@QBr. In important deviations are present as well, considering the
this sense, it resembles direct pathways that have been obtainedifferent masses involved and the different isomerization
in OH + CIO and OH+ BrO system®-33and which are usually ~ pathways examined. TS(b) represents the energy barrier for the
of minor importance because the reactions between two radicalinterconversion of BrOOCI to BrClg which may take place
centers prefer the barrierless association channels. from an elongation of BrO bond in BrOOCI toward the Cl edge
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Br
Figure 1. Transition-state structures TS(a), TS(b), and TS(c).

TABLE 3: MP2 Optimized Geometries (A and Degrees) and
Harmonic Frequencies (cnt?) for Transition States in the
ClO + BrO Reaction

MP2/

Papayannis et al.

TABLE 4: Total Electronic and Zero-Point Energies for
Various Species Involved in the CIO+ BrO Reaction

ZPE AE
(kcal (kcal
TS(a) species Eelec (Nartreed mol-1) mol~1)b
TS(a) —3182.82162—-3182.30071 2.84 0.14
TS(b) —3182.806 91 —3182.28536 4.41 12.21
TS(c) —3182.82595 —3182.30794 4.01 —-2.35
ClOOBr —3182.849 37 —3182.33578 4.11 —19.76
—3182.335 20
BrCIO; —3182.860 07 —3182.32563 5.52 —11.95
3182.326 08
BrOCIO —3182.84223—-3182.31757 4.14 —-8.28
S() _ —3182.317 79
cis-CIOOBr  —3182.83457 —3182.31923 3.47 —9.99
transCIOOBr —3182.842 78 —3182.32779 3.86 —14.97
BrO+ CIO  —3182.787 85 —3182.30139 2.27 0.0
Br+CIOO —3182.80237 —3182.30485 3.78 —0.66 (—1.68)!
Br+OCIO —3182.826 63 —3182.30419 3.69 —0.34 (-1.36}
BrCl + Oy —3182.901 46 —3182.38745 2.82 —53.45
TS(c) aResults of present work. The first column corresponds to MP2/6-

311++G(3df) results and the second to the CCSD(T)/6-831(3df)

level of theory using the MP2/6-311G(3df) geometries? Energy
differences with respect to reactants (based on the present CCSD-
(T) results and including ZPE value$)The CCSD(T)//B3LYP/6-
311++G(3df,3dp) results of ref 13. AE values in parentheses include
SOC corrections: for atomic Bt of the fine structure splitting given

in Moore’s compilation¥' yields a correction of 3.51 kcal nidi Y/,

of the BrO experimental splittirf§ of 968 cn1? yields a correction of
1.38 kcal mot?! for BrO, and¥, of 318 cnt! amounts to 0.45 kcal
mol~! for CIO.4°

MP2/ 6-311++G(3df)
species coordinaté-311++G(2d) normal mode v
TS(@) cClo 1.506 1576 CIOst'A 830 poe
BrO' 1.721 1.731 BrOstrA 687 100 |~ ;o
00 2.273 2.114 OOSstrA 326 - |
cloo 120.2 122.4 OOBrbdA 85 ool 7% | TS OCIO+Br
BrOO 92.4 916 OOCIbdA 62 . / — =
reaccoorA  172i B‘O»:L?I f Vol CI00+Br
TS(b) CIO 1.806 1668 OOSwrA 1717 - —_ =
BrCl 3.021 2442 ClOObend 615 o — Poooe
00 1.373 1.290 CIOO wag 358 rans- | | BrClO2 )
BrClO 160.2 151.2 OCl str 247 200 — -
cloo 116.9 117.3 CIBr str 148 CIOOBr
CIBrO' 18.6 19.1 reac coor 238i .
BrClOO 94.0 92.8
TS(c) CIO 1.518 1.494 ClOstrA 1250
clo 1.469 1.449 CIlOO bnd 686 400 1 —
BrO 2.355 2.265 CIOO wag 472
o'Clo 118.5 117.6 OCIO bnd 282 | N
CIOBr 115.7 115.8 BrCIO bnd 118
BrOCIO 83.1 82.6 reac coor 357i

of the molecule, eventually leading to isomerization into BrlO

Figure 2. Relative energetics of dissociation and isomerization
pathways for CICt+ BrO reaction, (s) represents singlet states of these

The geometrical changes accompanying such an inerconversiorf@ducts:

may be easily visualized, for example, the shrinkage of the CIO good agreement with the corresponding CCSD(T)//B3LYP/
bond (1.703— 1.668 A) and of -0 bond (1.400— 1.290 A) 6-311H+G(3df, 3dp) results, 6.8 and 10.5 kcal mbbf Guha
compared to BrOOCI minimum and the approach of Br and Cl and Franciscé? No attempt to calculate spirorbit or relativistic
atoms at 2.442 A to reach eventually the 2.423 A bond distanceeffects has been carried out in the present work, but such
in BrCIO, minimum. Similarly, TS(c) which represents an corrections are expected to further improve the energetics of
interconversion path of BrClgxo BrOCIO shows the extension  the reaction by affecting both reactants and products. For
of CIO bond in BrCIQ (1.430— 1.494 A) and the approach of  example, when spinorbit corrections reported for BrO, Br, and
Br and O atoms. All transition-state structures display imaginary CIO are included in Table 4, the energy differences between
frequencies, suggesting that these conformations are first-ordereactants and products becomes 1.68 and 1.36 kcal'rfar
saddle points. channels a and b, respectively.

The total electronic energies and relative energetics with To summarize the role of the calculated saddle point
regard to reactants at the CCSD(T)/MP2/6-3#1G(3df) level configurations, it is easily observed that TS(a) represents a low
including ZPEs for all minima and transition states are sum- transition-state configuration that the reactants assume leading
marized in Table 4. A relative stability diagram with respect to directly into products. TS(b) and TS(c) represent the two barriers
reactants is also depicted in Figure 2. The relative stabilities of for interconversion of the most stable form BrOOCI to the next
the three isomers are 7.8 kcal mbfor BrClO, and 11.5 kcal one BrClQ and of this to the least stable form BrOCIO,
mol~1 for BrOCIO, higher than BrOOCI. These values are in respectively. TS(b) exhibits a considerable energy barrier of 32.0



Studies on the BrG+ CIO Reaction

TABLE 5: MP2 Optimized Geometries (A and Degrees) and
Harmonic Frequencies (cn?) for the CIOOBr and BrOOBr

J. Phys. Chem. A, Vol. 105, No. 11, 2004213

TABLE 6: cis and trans Energy Barriers in kcal mol ~ for
Homo- and Cross-Halogen Peroxides

Conformeric Forms at the MP2/6-311+G(3df) Level of

Theory species cis trans AE  species cis trans AE
h
cis- trans cis- trans HOGH 772; 112 gg BrOOBr 1323 £514516 32
CIOOBr CIOOBr CIOOBr CIOOBr cloocl 91c 51¢ 40 1000 569 44
Coordinate Normal Mode 10.1¢ 449 57 HOOCI 6.0 4.0 2.0
(0]e} 1.560 1.495 CIO stretch'A 795 790 8.7¢ 4.4¢ 43 HOOBI 6.9 4.6 2.3
Clo 1.642 1.668 OO stretch’A 396 740 ClOOBr 8.7¢ 43¢ 44
BrO 1.793 1.817 CIOO bend'A 644 679 104" 507 54
ClOO 114.8 103.1 BrOObendA 175 281 9.3 419 52
OOBr 1156 102.9 BrOstretchA 420 211 .
reaction coor A 182i 23] aBest estimate of ref 44.The CASPT2 results of ref 45.The
QCISD(T)/6-3H-G(2df|+AZPE results of ref 3% The CCSD(T)/ECP-
cis trans cis- trans TZDP(f) of ref 40.¢ The MP2/AREP/TZ(2df) results of ref 41The
BrOOBr BrOOBr BrOOBr BrOOBr CCCSD(T)/IMP2/6-31%+G(3df) results of the present workThe
Coordinate Normal Mode MP2/6-31H-+G(3df) results of the present workThe CCSD(T)
results of ref 14! Density-functional calculati f ref 32 ity-
00 1526 1491 OOstretchAl 505 A 762  fooiooniSh L4, Densiy-functional caloulations of ref 3eDensity
BroO 1.803 1.819 BrO stretch B2 736 A 711 '
BrOO 1116.9 102.9  BrO stretch Al 590 B 638 . L.
BrOO bnd B2 372 A 215 CIOOCEP940 and BrOOBf! peroxides. Similar changes are
BrOO bnd Al 139 B 193 followed for the bond angles. The XOO angles present a
reaction coor A1 205i A 21j maximum in the cis geometry as a result of the high repulsion

of the two halogen atoms found on the plane at the closest
distance and through the minimum conformation reach their
minimum values at the trans geometry where the two halogen
atoms assume their largest distance. Optimization of the torsional
. angle, however, has been very hard to obtain in particular for
presents a much lower energy barrier of only 9.6 kcal ™ol the trans conformer because the structure appears to display a
and it is located 2.35 kcal mol below that of the reactants, plateau of energy extending about°&round the 180value.
whiqh makes feasible an interconversion process be_tween thes@oth cis and trans geometries display imaginary frequencies
two isomers. Consequently the second pathway leading to OCIOn4t characterize these forms as saddle points for rotation around

+ Br may be anticipated as following either the direct he 0-0 bond, but accurate frequencies were also extremely
intermediate formation of BrOCIO or possibly the intermediate gitficult to obtain. The torsional fundamental for the trans

interconversion of BrCl@to BrOCIO and then to products. conformer exhibits a very low value at the MP2/6-314G-

. (3df) level, 24i, for which it is difficult to evaluate the
4. BrOOCI Conformeric Forms uncertainty associated with it and which points out to a very
The third channel leading to molecular products BrEI loose saddle point configuration compared to the cis geometry.
(32¢g7)O2 must involve a kind of a cyclic intermediate complex  The difficulties associated with the optimization of the torsional
formation. Such a geometry might be suggested to be the cisangle and the accurate determination of the relevant imaginary
conformation of the peroxide isomer. It would be interesting in frequency made it desirable to have a comparison with an
this sense to characterize the conformeric forms of BrOOCI to analogous system. For this reason, the conformeric forms of
investigate possible participation of such geometries in the BrOOBr peroxide were also investigated at the same level of
mechanism of the reaction. Of course, there is a problem heretheory, MP2/6-311+G(3df), and the results are also included
with such an assumption, as in all related XOYO systems, in Table 5. A structural study of the rotational barrier of BrOOBr
concerning the different multiplicities associated with the peroxide has been carried out by Pacios and Gothbat no
intermediate states of such a mechanism and the molecularfrequency characterization of the conformeric forms of any of
products XY + 30,. The halogen monoxide radicals being the XOOY (X and Y= halogen atoms) peroxides has been
ground-state doublets correlate with both the singlet and triplet ever attempted to the best of our knowledge. The BrOOBr study
states?®37 put the intermediate adducts in the lowest singlet produced similar results, and a weak torsional frequency, 21i,
states assumingly formed do not. Thus, the singjeBrOOCI for the trans configuration was calculated in agreement with
configuration correlates withXY -+ 1O, but not withXY + the BrOOCI case, which thus indicates a loose structure of the
30,. A spin—orbit induced quenching to ground-state triplet O trans conformers of XOOY (X and ¥= halogen) complexes
may be suggested to occur somewhere in the exit channel, orin general.
alternatively, a removal of spin conservation restriction between  The cis-BrOOCI conformation is found to be a well charac-
singlet and triplet states by a heavy atom such as Br may beterized tight saddle-point geometry, with the two halogen atoms
also proposed® being at their closest distance from all geometries. It may be
Structural parameters for theis- and transBrOOCI are assumed then to represent a transition state through which the
summarized in Table 5, and electronic energies and relative intermediate formed BrOOCI minimum leads to the molecular
stabilities are included in Table 4. The various features that have products BrCH- 30, through some sort of spirorbit induced
been revealed in the study of rotational barriers of similar quenching, as mentioned above, and it has been suggested in
systems are obtained here too. We can see the elongation ofhe corresponding Br@ BrO reactior? The significant energy
the O-0O bond from the minimum through the trans to the cis barrier associated with it explains the very low branching ratio
configuration, 1.406~ 1.495— 1.560 A, and the corresponding  to channel c.
shrinkage of the CIO and BrO bonds, 1.7631.668— 1.642 Finally, in Table 6, we summarize the relative heights of cis
A and 1.855— 1.817— 1.793 A, respectively, consistent with  and trans torsional barriers for rotation of the XO group around
what has been observed in the study of the torsional barriers ofthe O-0 bond for all of the known cases of XOOY peroxides,

kcal mol® that makes very unlikely the possibility of inter-
conversion of BrOOCI to BrCl@ Thus, the pathway through
the BrOOCI intermediate complex formation leads directly into
products that must be channel a, CIGOBr. TS(c), however,
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