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Optical properties of peroxy radicals in silica: Multiconfigurational
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The low-lying electronic transitions in a peroxy radicakSi—O-0, a fundamental radiation
induced point defect in silicon dioxide, have been investigated by meansbofinitio
multiconfiguration perturbation theory calculations, CASPT2, and cluster models. The accuracy of
the computed transition energies and intensities as predicted by the CASPT2 approach has been
checked by studying the exited state properties of two molecular analogues, theaH®OOHOO'

radicals, and of a well-characterized paramagnetic defect in silica, the nonbridging oxygen center,
=Si-0J, for which unambiguous assignments exist. We found that the peroxy radical gives rise to
two optical absorption bands, a very weak one at 0.7 eV and an intense one at 5.49 eV, in agreement
with the experimental assignments of Radaig A. Radzig, Chem. Phys. Repoitd, 1206(1995].
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I. INTRODUCTION suggestetf82°that precursors of the POR centers are the

Point defects in Si@play a fundamental role in deter- PS %Y linkages=Si-0-0-Si=:

mining the properties and characteristics of microelectronic
and optoelectronic devices in technological applicatiohs.

Their identification and structural characterization is based-s odel has been supported by pioneering quantum-
on two major spectroscopic techniques, optical absorptiofy,qyica| calculations by Edwards and FoveOn the sur-
(OA.‘) and photoluminescenceL) spectrg and, for paramag- face of reactive silica POR centers are formed, by reaction of
netic defects, electron paramagnetic resonanfE®R. the E centers with molecular oxygéa2®

Thanks to the combined use of the these spectroscopies, It ’

has been possible to identify a series of spectral features in —Si'+ 0,~=Si-0-0. )
pure and doped silica and to assign them to a given structural

1’2 i i . . . .
defect. However, several of these assignments are still conTpe reaction proceeds at 77 K with almost no activation

troversial ar_1d are not universally accepted. A significant imy 5 rier. NBO and POR centers can coexist and their optical
provement in recent years has been represented by the pQsperties have been the subject of an intense debate. NBO
sibility to compute from first principles the optical and a5 4 well-characterized OA band of low intensity around
magnetic properties of a series of diamagnetic and paramagyp nm(2 eV) with an oscillator strength of about 16;242

netic defects™*In particular, the possibility to compute ex- ¢ absorption at 2 eV gives rise to a PL band at 1 F5R7
cited state properties, absorption and emission energies, aldsacond band near 260 n@.8 eV) has also been a.ssign.ed
the relative intensities has permitted us to shed some lighty NBO25-30 The POR radical, on the contrary, has been
into the complex spectral behavior of several point defects "broposed as the origin of various bands, from 2 eV up to 7.6

HH 15
silica. , _ eV. It has been suggested that one band at 5.3-5.4 eV with
One of the defects which has attracted considerable eXsqijator strengthf = 0.06+0.02 is due to POR centers lo-

perimental attention is the peroxy radi¢&lPeroxy radicals cated on the surface of the matefR&f: POR has been con-
(POR:=Si-0-0) are among the most fundamental radia- 5jjered responsible for a band a'1[ 76 eV with 065
tion induced defects in amorphous silicon dioxide together +50%) 618 and for a band around 4.8—5 eV nearly coin-
with the E center (Esig)'ﬂ the nonbridging oxygen hole  cjgent with that of NBG?2032Recently, in a carefully com-
center(NBO: Elsg'_o) and the self-trapped holéSTH:  pihaq EPR and optical absorption study of POR centers in
=Si-0-SE).7 The POR radical exhibits a surprising be- 45 mma-irradiated fused silica, Griscom and Mizuguchi pro-
havior since the concentration of this defect grows with a”'posed that POR radicals give rise to a transition at 1.97
nealing temperature and radiation dose, while the concentrar 0.01 eV andf =0.000 57 0.000 15% therefore, this band
tions of NBO and E centers decrease. It has beeny,,iq completely superpose with that of an NBO center
which, according to the same study, originates two bands at
dCorresponding author: c.sousa@dqf.ub.es 2.19 and 2.08 eV with an oscillator strength practically iden-

=Si—-0-0-SE=—=Si-0-0+'S=. 1)
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tical to that of POR. While the number of proposed assign-
ments for OA of a POR center is quite large, much less is

known about the PL properties. d;=1.692 A
A few calculations have been dedicated to this center,
. . . . . d=1.654 A
usually dealing with ground state properties. Using a tight-
binding approach, O'Reilly and Robertson estimated an ab- d:=1.671 A
sorption for this center at about 5-6 é&%Y.Quantum- 0=112°
chemical calculations based on unrestrictedllbte-Plesset B=107°

second-order perturbation theoWYMP2) have shown the
existence of a state at 0.5 eV above the ground state corre-
sponding to the electronic transition of the lone pair of the
terminal O atom to the singly occupiedp2orbital on the  FIG. 1. B3LYP optimized structural parameters of the ground state of the
same atoni® higher transitions were not searched. In a re-(OH)sSiO- cluster to model the NBO defect in silica.

centab initio configuration interaction studyjt was sug-
gested that the POR center gives a very weak absorption
0.1-0.3 eV above the ground state, with a second sta
around 6.4—6.6 eV,however, the rather small size of the
basis sets used and the limited inclusion of correlation effect

in these calculatioriscould easily result in an overestimate .
of the excitation energy. Clearly, the number of theoreticafijd 2 show the most relevant geometrical parameters ob-
: ' tained in the B3LYP optimization of the NBO and POR

studies on the excited state properties of the POR radical is
: - Structures. UMP2 closely reproduces these parameters, as the
scarce and the results are insufficient to corroborate the pro;. . : i
! differences in the distances are smaller than 0.02 A in all

posed assignments.

In this work we report the results of state-of-the-abt cases and angles do not differ by more than 2 deg. The

I . . |j@fluence on the transition energies will be discussed in the
initio calculations on the ground and excited states of a PO . . s . o
next section. It is worth mentioning that this behavior is not

center in silica. The defect center has been described by CIuﬁ'niversal and that there are cases, like, for instance, that of

ter models. In orde_r to validate the computatlon:':ll approacl*glzo double bonds, where the MP2 and B3LYP optimiza-
we have also considered the HO&nd the CHOO' radical . . . . : .
. . . tions give quite different results with non-negligible effects

molecules, for which experimental and theoretical data on - .

0 . : n the transition energiées.
the excitation energies are available, and models of a NB .

R : L : The computational approach employed to construct ac-
center in silica, since this is a well-characterized paramag-

. X . . . ?urate N-electron wave functions for ground and excited
netic defect with unambiguous assignments of the optica . . .
) states is the complete-active-space second-order perturbation

. : gl eory (CASPT2 developed by Anderson and co-
tension of electron correlation effects, and method adOptEéJorkerS?,gygg CASPT2 is a generalization of the well-known

for the optimization of the ground state geomeliiMP2 or MP2 method based on Hartree—Fock wave functions to

density funcFlonaI theor)y_have b_een carefully checked. The complete-active-space SQEASSCH wave functions. An
results provide compelling evidence that the POR center . . .
. . . important part of the electron correlation effects is treated in
gives rise to an absorption band around 5.5 eV and that ng o : .
o ; . a variational way in the CASSCF step, and the remainder,
other transitions exist below this threshold, except for a very . . ) . .
low intensity band at 0.7 eV mainly dynamical elec_tron correlat_|on, is estimated by
' ' second-order perturbation theory with the CASSCF wave
function as a zeroth-order wave function. This strategy com-
bines the accuracy of a multi-reference CI treatment and the
The POR center has been modeled by(@i);SiO0: low computational cost of a perturbational approach. Over
cluster and for the NBO center we use (@H);SIO- cluster  the last few years the CASPT2 method has proven to be a
model. These models have proven to be sufficient to studjtuitful approach to study, analyze, and predict the spectros-
the spectroscopy of point defects in silica because of the very
local nature of the transitionsThe cluster size dependence
of the results has been carefully checked by Stefanov and 0,

Raghavachatt and Raghavachari and Pacchi§rfor some

Els,Sp,Zd] for C and O, and 3s,2p] for H. No symmetry
restrictions have been imposed on the optimization proce-
dure. Nevertheless, in all systems the optimized structures
fransform following theCg point group symmetry. Figures 1

Il. COMPUTATIONAL DETAILS

etries have been optimized with the B3LYP hybrid density
functional or by UMP2 applying the augmented correlation

C_OnSiStent polarized Vt'?"ence dOUble'ZéHag'CC'PVDZ ba‘_ FIG. 2. B3LYP optimized structural parameters of the ground state of the
sis set’ for all atoms, i.e., 45s,4p,2d] contraction for Si,  (OH),SIOO- cluster to model the POR defect in silica.

specific point defects in silica. It has been shown that, with d=1.754 A
respect to the clusters used here, the inclusion of the next 41343 A
shell of Si atoms affects the excitation energies by about T
0.2-0.3 eV, while the inclusion of another shell of O atoms d:=1.648 A
has no effect on the transitiofhs3® « { o, d=1.659 A
For all four systems studied here, ground state geom- k\g , ' 4=103°
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copy of a wide range of organic and inorganic mole-TABLE I. CASPT2 excitation energieSn eV) of the HOO and CHOO-
cules‘."o‘43 The method has also been successfully applied td‘)ad_lcals obtained Wlth CASS_CF reference wave functions cons_tructed from
. . . g active spaces of different size. The small active space only includes the
study excited Stat(_es in solid state compounds: . orbitals involved in the transitions. The medium CAS contains a set of
The construction of the CASSCF wave functions hasvalence occupied and virtual orbitals selected by RASSCF calculations. The
been performed in th€, point group symmetry. To avoid large CAS extends the previous space with additional virtual orbisse
convergence problems and to ensure orthogonal ground arg?: Computed values are compared with experimental data.
excited states, the CASSCF wave functions have been opti- HOO- CH,00-

mized for an average of states for each irreducible represen-

tation of theCg point group symmetryA’ and A”. Large CAS a’A b*A" A b*A"
active spaces have been used that include all important v&mall 1.34 6.00 1.45 5.34
lence orbitals augmented with a set of virtual orbitals. In thisMedium 1.08 6.16 111 5.59
way, a large part of the electron correlation effects is treater?arge . 1.08 6.16 112 5.40
variationally. In the subsequent CASPT2 step, a secon Xp- (Refs. 50-54 ! °976.05 _ >4

order estimate of the total energy is calculated for each elec-
tronic state separately by correlating all valence electrons,
i.e., Si-3, 3p, C-2, 2p, O-Z, 2p, and H-k. The oscilla-

tor strengths are computed following the standard procedurgaSis set, and the geometry. Table | reviews the CASPT2
xcitation energies for the experimentally observed bands in
of the CASSCF/CASPT2 methodology, namely, g p y

making us& 6o : :
. X - - and CHOO- computed with three active spaces of
of the fransition dipole moments derived from the CASSCFdifferent size. The small active space contains only the or-

wave function$” and the CASPT2 excitation energies. All bitals involved in the transitions, that is, two orbitals and

excitation energies are obtained as vertical transitions fronf'hree electrons for the states 4/ symmetry and similarly

the equilibrium ground state geometry. Except as stated ot%r those of?A” symmetry. A complete valence active space
erwise, CASSCF/CASPT2 calculations were performed 3 ecomes rather large, especially for the £0@- radical

the B3LYP optimized geometry with the same basis set as IMence. to construct the medium active space, we have per-

the optimization procedure,_ .., an aug-cc-pVDZ basis ?eitormed a restricted-active-space SGFASSCH calculation
for all atoms. Geometry optlmlza'gons have been done with, 4 inciyded in the active space those orbitals for which the
the GAUSSIAN 9ss_une of programé? For the calculations of natural orbital occupation numbers show the largest devia-
the specéroscopm parameters we have usedMheCcAs4 tion from 2 or 0. This procedure leads to an active space of 7
packagé’ orbitals and 9 electrons for HOQand 10 orbitals and 13
electrons for CHOO.. Finally, we extend this active space
with three extra virtual orbitals. This active space is referred
to as large CAS. As can be readily seen from Table | the
The reliability of the CASSCF/CASPT2 approach to cal- excitation energies undergo a significant change going from
culate accurate excitation energies for radical species hake small to the medium active space, but the addition of the
been checked by applying the methodology to two test casesxtra set of virtuals does not significantly affect the relative
the HOO and CHOO:- radicals because of their similarity energies, indicating that the correlation effects due to these
with the POR defect. The spectroscopy of the H@@dical  orbitals are already treated correctly by perturbation theory
is well resolved, both experimentally and theoreticafty’?  with the medium CAS wave function as reference. Compari-
Basically, two OA peaks are found: a weak transition aroundson with experiment is rather satisfactory; the CASSCF/
1 eV and a more intense one in the 5.9-6.05 eV rafg®. CASPT2 method reproduces the transition energies within
These transitions have been assigned to excitations from the0.1 eV, an accuracy found before in many other applica-
a?A” ground state to th@?A’ and b?A” excited states, tions of the method® For both systems, the calculated oscil-
respectively. For CKDO. the situation is somewhat less lator strength of thea 2A”—b 2A” transition indicates that
clear. A broad intense OA band is observed in the 4.1-5.6his transition carries the main part of the spectral weight,
eV range with a maximum at 5.4 efRefs. 53,54, and ref- while the lowest transition is only very weak as observed
erences there)nA weak peak in the near-infrared region has experimentally.
also been reported at 0.9 &/0Only a few theoretical calcu- We have also studied the basis set dependence of the
lations on the excited states of this molecule have been pullZASSCF/CASPT2 transition energies. Beside the already
lished. Jafri and Phillip¥ studied the potential energy curves mentioned aug-cc-pVDZ basisee Table ), we have con-
of various electronic states with selected Cl wave functionssidered two different atomic natural orbitBhNO) contrac-
While they rather accurately reproduced the 0.9 eV peak, thgons from a large primitive set of gaussian type functions.
a’A”"—b?A” transition at 5.4 eV is off by approximately 1 The (14,9p,4d,3f ) set for C and O has been contracted to
eV. A more recent study of Fahr and co-workéneported  [4s,3p,2d] and[5s,4p,3d,2f], and the (8,4p,3d) set for H
an excitation energy around 0.8 eV for théA’ state and a has been contracted {8s,2p] and[3s,2p,1d].>’ With the
second transition between 5.4 and 6.0 eV depending on th@edium active space defined above, we find that the excita-
computational schemgHartree—Fock, MP2, or multicon- tion energies computed with both ANO basis sets are slightly
figurational SCF followed to optimize the geometry. lower than the values reported in Table I, but the largest
In the following, we check the dependence of the calcu-deviation is less than 0.08 eV. Hence, it can be safely con-
lated excitation energies on the size of the active space, theduded that the aug-cc-pVDZ basis set is large enough to

Ill. PERFORMANCE OF THE COMPUTATIONAL
APPROACH: HOO - AND CH;00- RADICALS
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TABLE Il. CASPT2 excitation energie$, (in eV) and oscillator strengths den. The next transition occurs at 2.02 eV witk5.6

f of the (OH);SiO- radical to model the nonbridging oxygen defectin §i0 v 14 and confirms the 2.0 eV OA band with= 102 to
The active space contains 13 orbitals and 13 electrons. CASPT2 leaves trE)e d he NBO ' This band h b . db
core electrongSi-1s, 2s, 2p, and O-X) frozen. The last two columns list e due to the center. IS ban as been assigne y

the experimentally observed transition energies and the oscillator strengthﬁkujff5 to a transition from the nonbonding orbitals of the
oxygens in the vicinity of the terminal oxygen to the @2

CASPT2 Experiment orbital localized on the latter atom. However, our calcula-

State Te f Te f tions indicate that the excited state populated in this OA has

2 o-bonding character and is highly localized on the terminal
a?A 0.00 - 0.00 - . . . :
N 024  7.7%10°° i . oxygen. A Mglllkgn population _analys(sMPA) of the singly
b 2A’ 202 56¢104 20(Ref.25  4x10 4 (Ref. 25 occupied orbital in thé 2A’ excited state shows a 77% con-
bzA” 408 5% 10‘2 - - tribution of the O-2, atomic orbital and a 13% Si character,
CoA 502 35¢10°  48(Ref.28  2x107" (Ref. 28 while the remainder arise from the three OH groups. Further

evidence for this new assignment has been obtained consid-
ering a smaller cluster model without oxygens in the vicinity,

study the spectroscopy of this type of radicals. Finally, wel-€-» rom a HSIO- cluster model. After optimizing the ge-
metry at the B3LYP/aug-cc-pVDZ level, we have calcu-

have checked the influence of the geometry by compariné& .. o .
the excitation energies calculated for the B3LYP and Ump2ated CASPT2 transition energies in a S|r2n|I51r way 25,0'0”9
optimized structures for the ground state of both radicals. Fofo! the larger cluster. Again we find the"A" and a°A
HOO. both geometries are very similar, while somewhatStates to be almost degenerate. The transition tdbth&’

more pronounced differences are found for O@-. In the state occurs at 2.1 eV and corresponds to a transition from
latter radical, the O—O bond length is 0.014 A shorter in then€ o-bonding orbital with mainly O-p, character, as in the
UMP?2 structure and the C—O distance is 0.011 A longer(OH)sSi-O- cluster. Hence, the oxygen atoms of the OH
However, these differences result in very modest changes i@#0UPS are not necessary to describe the transition observed
the excitation energies; tha2A”—b2A” transiton be- at2eV. _ _

comes, at most, 0.1 eV higher with the UMP2 geometry, There is experimental evidence that the OA at 2 eV

whereas the change in the lowest transition energy does n8fVes rise to a luminescence band at 1.9 eV. The calculation
exceed 0.03 eV. of emission energies is a very difficult task due to conver-

gence problems when one tries to optimize the geometry for
the excited state, usually a high root of a given symmetry. In
IV. THE NBO CENTER an attempt to confirm such an assignment we have taken the

The ground state and the low-lying excited states of thdollowing strategy. First, we assume that the only geometri-
NBO defect of silica have been studied usingOH),Si—O-  cal parameter susceptible to change from alfé\” ground
cluster (see Fig. 1L CASSCF/CASPT2 transition energies state to theb A’ excited state is the Si—O distance. This is
(Te) and oscillator strengthisf) are reported in Table Il and supported by the fact that the OA band at 2 eV is well re-
are compared to the available experimental data. The depefproduced both with théOH);Si—O- and the HSi—-O- clus-
dency ofT, on the size of the active space is very similar toter model. Using the same active space and cluster model as
that observed for the HOCand CHOO- radical molecules in Table II, we compute CASPT?2 total energies of A’
reported in the previous section. In other words, the relativeexcited state at various geometries, varying only the Si—O
energies do not change once a medium-sized active spacedistance, while all other geometrical parameters are kept
used. Increasing the basis set or taking the UMP2 optimizetixed. From this potential energy curve we extract the opti-
geometry has a negligible effect, and only slightly affébtg ~ mum Si—O distance for the?A’ excited state, i.e., 1.704 A,
less than 0.1 e\/the T, for the higher excitations. Table 1l which turned out to be rather close to that corresponding to
reviews the results for the largest active space considerethe ground state computed using the UMP2 method, i.e.,
which contains the highest occupied valence orbitals and.712 A (the CASPT2 equilibrium distance for the ground
some virtual orbitals. The CASSCF wave functions are constate is 1.714, almost identical to the UMP2 valu&t this
structed by distributing 13 electrons over 13 orbitals in allnew geometry, the luminescence band associated to the
possible ways. b ?A’ state is computed at 1.97 eV with a Stokes shift of 0.05

Although the peaks at 2.0 eV and around 4.8 eV haveeV. Experimentally, the luminescence is found only 0.1 eV
been unambiguously assigned to the NBO center, the chalewer than the OA band. This gives additional theoretical
acter of the transitions is still unclear. In the following, we proof that the NBO center is the origin of these two features.
discuss the CASPT2 results listed in Table Il, compare them  Concerning the 4.8 eV band, our CASPT2 results indi-
with experimental data, and propose an interpretation of theate that this transition arises frona&A” — ¢ 2A’ transition,
character of the 2.0 eV and 4.8 eV bands attributed to thevhich comes out at 5.0 eV with=4x10"2. The relatively
NBO center. The lowest transition corresponds to a switch ofarge oscillator strength is in agreement with the fact that this
the unpaired electron from the Op2to O-2p, nonbonding  peak is the most intense one in the OA spectrum related to
orbitals centered on the nonbridging oxygen. In agreemerthe NBO defect. The MPA of the open shell orbital of the
with previous theoretical studi€sCASPT2 predicts the two excited state shows that the transition arises from the transfer
states to be almost degeneratg,is 0.24 eV, and the very of an electron out of the {2 orbitals of the oxygens around
low oscillator strength indicates that this transition is forbid-the defect to the nonbridging oxygen. This is in contrast to
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TABLE IlIl. CASPT2 excitation energie@n eV) and oscillator strengthsof TABLE IV. Summary of proposed assignments of measured OA bands
the (OH);SIiOO: radical to model the peroxy oxygen radical defect in SiO  tentatively attributed to POR centers and comparison with computed bands
The active space contains 12 orbitals and 11 electrons. CASPT2 leaves th the CASPT2 level.

core electrongSi-1s, 2s, 2p, and O-X) frozen.

Experimental assignment Theoretical assignment
State CASPT2 f
Te f Te f

ap” 0.00 -

a ZA/ 0.71 1.9¢<10°° not observed 0.71 1>91075

b 2A” 5.49 1410~ 1.97 (Ref. 33 5.7x10 % (Ref.33 not supported

b2A’ 6.39 1.3x10°5 4.8 (Ref. 29 - not supported

c2A 6.83 9.1 10~ ~5.4 (Ref. 3)) 6x10°2 (Ref. 3) 5.49 1.4<10°*
c2p” 759 2 2104 7.6 (Ref. 16 6.5x10° ! (Ref. 16 not supported

the interpretation of Skuj& who assigned the two experi- However, the fact that these excitations are predicted to carry
mental bands just opposite to our interpretation. very little intensity makes them less interesting and not eas-
From our calculations another transition with appre-ily observable experimentally. The CASPT2 results are in
ciable intensity, comparable to that of the 4.8 eV transitiondualitative agreement with the previous theoretical calcula-
is found at 4.08 eV: see Table II. This transition also arisedions by Pacchioni and lerafiavho also found the first tran-
from an excitation of an electron out of the rbitals of the ~ sition at very low energy and the second one around 6.5 eV.
oxygens of the three OH groups around the defect to thélthough these values are affected by the small basis sets

nonbonding oxygen. In the measurements there is no trace @nd the limited treatment of the electron correlation, they
a band in this region which can be correlated to this excitareinforce the conclusion that there are no OA bands between

tion. In fact, a band at 3.8 eV originally assigned to a peroxyl €V and 5.4 eV that can be associated with the POR center.
bridge?s =Si—-0-0-Si=, is most likely due to interstitial As stated in the Introduction, several bands has been
Cl,.2 It is possible, however, that the transition computed a@ssigned to the POR defect, but there seems to be no general
4.08 eV has a lower intensity than predicted by the calculadgreement about these assignments. The fact that the
tions and that its presence is covered by the tails of the bandASPT2 excitation energies and oscillator strengths closely

at 4.8 eV. resemble the experimental data for three related molecules
(two radicals, HOO and CH30O0, and the NBO defegtfor
V. THE POR CENTER which the OA spectrum is unambiguously assigned, allows

o . . us to clarify the spectrum of the POR center. In Table IV we

CASETZ eXCItat.IOH energies fnd oscillator strengths f%ompare the different assignments proposed in the literature
the transitions coming from the “A" ground state to the \ith our theoretical predictions. It is immediately clear that
lowest excne_d sta_tes have been computed for the POR centgy{g only absorption band supported by our calculations is the
and summarized in Table Ill. In analogy to the NBO center,gne around 5.4 e¥: both the excitation energy and the os-
this defect site has been studied using (#);Si-O0  (jjjator strength coincide within the accuracy of the CASPT2
cluster model depicted in Fig. 2. The figure shows the mosfyethod. None of the other transitions can be confirmed. We
relevant distances and angles obtained from a B3LYP optigs not find any transition either around 2 eV or around 4.8
mization of the ground state geometry. The spectroscopigy giving evidence that these OA bands do not arise from
parameters listed in Table Il correspond to this geometryihe POR center and are probably due to the NBO center
The reference CASSCF wave function has been constructeghscribed before. In the higher energy region we do find
from an active space with 12 orbitals and 11 electrons. Thgome transitions, but these carry much less intensity than the
results are stable within 0.1 eV to changes in the size of the g o\ pand observed by Friebele and co-workers and
basis set, the size of the active sp&oece a reasonable size Stapelbroelet al1518 This band most likely originates from
has been reached, see Seo, kind the level of theory used ¢ presence of an oxygen vacancy which is known to give

for the optimization of the geometry. rise to a transition in this regich.
From Table Il several conclusions can be drawn. First,

we note that pply the excitation at 5.5 .eV carries mtensny,VI_ CONCLUSIONS

all other transitions show a much lower intensity. Second, no

excitation is found below the intense one at 5.5 eV besides The nature of the transitions in a peroxy radical defect
the lowest transition at 0.7 eV. The character of the 0.7 e\tenter, =Si—0O-0, one of the most fundamental radiation
transition is reminiscent of that found for the HO@nd induced defects in amorphous silicon dioxide, has been
CH;0O0-: radicals, i.e., it corresponds to an internal transitionthe subject of intense debate over the last three
on the terminal oxygen. This interpretation is in agreementlecades®1823.2830.323%4 f5r theoretical calculations have
with a previous UMP2 calculation by Radzig al>° Further-  not been able to completely solve the probfem.this paper
more, the 5.5 eV transition is assigned to afA”—b 2A” we have reported the results of high qualty initio calcu-
excitation which basically arises from the transfer of an eleclations with explicit inclusion of correlation effects. The
tron from the O directly connected to the Si atom,) @ the  CASSCF/CASPT2 method, especially designed with the aim
terminal oxygen (Q). The higher excited states also corre- of accurately reproducing excited state energies, has been
spond to internal transitions involving these two oxygens.applied to the study of cluster models of the POR center. The
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