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Density functional theoryDFT) methods, as implemented in the Amsterdam Density Functional program,
are used to calculate the electron paramagnetic reson@® and electron nuclear double resonance
(ENDOR) parameters of 5, SSe, and S¢ molecular ions doped into Ma(Z= Cl,Br,l) and Kl lattices. The
calculations are performed on cluster in vacuo models, involving 88 atoms for the defect and its lattice
surroundings, assuming that the molecular anions replace a single halide ion. In a previous study;, aorthe S
difficulties were encountered in calculating the superhyperfine and quadrupole principal values and axes of the
neighbor cation nuclei. The observed discrepancies were partially attributed to the use of the frozen core
approximation. In this work, the influence of this approximation on the calculated EPR and ENDOR
parameters is evaluated. The DFT results for the SSe, and S¢ molecular ions are in good agreement
with the available experimental EPR data for all considered lattices, strongly supporting the monovacancy
model for these diatomic defects.
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[. INTRODUCTION lecular ion replaces one halide ion in the alkali halide lattice
(see Fig. 1 and the intramolecular axis is oriented along a

In a previous study, electron paramagnetic resonancél10) direction.

(EPR and electron nuclear double resonafg&lDOR) pa- The structure of the present paper is as follows. In Sec. I,
rameters of the S molecular ion doped in various alkali a short discussion of the spin Hamiltonian parameters used in
halide lattices were studied theoreticdilysing density func- the analysis of theXY™ and X, (X, Y=S, Se molecular
tional theory(DFT) methods. Herein, the main issue was theions is given. The computational details are summarized in
search for an accurate description of the paramagnetic defe®€c. lll. In Sec. IV, the influence of the frozen core approxi-
and its lattice surroundings. It was found that a cluster inmation is evaluated for the system NaGl:@nd the DFT
vacuocontaining 88 atoms could satisfactorily reproduce allresults for $, SSe’, and Sg in the aforementioned alkali
experimental EPR parameterg &nd the hyperfine tensor of

the central molecular ionif relaxations of the first two lat- 49,[001]

tice shells were considered. In spite of these computational
successes, large discrepancies were encountered between g,710]
calculated and experimental principal superhyperfine and
guadrupole values and axes for the nearest neighboring cat-
ion nuclei.

In order to improve the calculated superhyperfine and !
quadrupole tensors, we will investigate the influence of the Z ‘ [ 3
frozen core approximation on these parameters by gradually /ﬁ'/ /\X '
unfreezing the used cluster, i.e., by removing the frozen core 1
approximation of subsequent lattice shells. A partially unfro- X
zen cluster is used because a fully unfrozen cluster is com- / 24

g,[110]

putationally not feasible. Such calculations are performed on
the S molecular ion doped in NaCl, and the results are
compared to those of our previous stdd@nce the most % and Y=5 Se

adequate partially unfrozen cluster is found, these calcula- 1. (1), Akali interaction 1

tions are extended to the $ Sg, , and SSe molecular ions 2: M(2), Alkali interaction 2

in NaZ (Z = CI, Br, I) and Kl lattices, for which experimen-

tal EPR and ENDOR data are also availabi¥.By compari-

son with experiment, we shall investigate the level of accu- 0 Halide ion  Alialiion

racy that can be expected, within the applied approximations,

in calculating EPR and ENDOR parameters of these para- FIG. 1. The XY~ ion in alkali halides, assuming a mono-
magnetic diatomic chalcogen defects. In all our calculationsacancy modelX,Y=S or Se. For SSe, the 1 and 1 nuclei are
a monovacancy model is used, in which the diatomic mo-4nequivalent.

)
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halide lattices are compared with experiment. The main con- [10]
clusions are given in Sec. V. 9x

Il. THEORY OF EPR AND ENDOR PARAMETERS - C

The freeX, andXY™ molecular ions hav®.., andC..,
symmetries and a (129)3 and (2m)® electron configuration,
respectively. In the alkali halide crystal lattice, the symmetry i i
is lowered toD,, andC,, . The degeneracy of the; and 7 —‘ \;‘X A ‘ G
orbitals is lifted and either B,y or ?Bs, ground state re- ‘ :
sults for theX;, molecular ions. For th&Y™ molecular ions,
the corresponding possibilities afB,; and 2B, (also see @

below).* K l{,

In all cases, the paramagnetic defect Bas; and can be 9
described by a spin Hamiltoni&n (@)
|:|5=,u5§5§—2i 9N,i|-5>ri+2i éKiri'l'Ei LQili. () Tgy[om]
The first term in this equation is the electronic Zeeman term, O ‘3\ 0
which describes the interaction between the electron §pin

and the external magnetic fieR| and is parametrized by the

g tensor. —OEG Qe

The second term is the nuclear Zeeman term, which de-

g,[110]
—5

scribes the interaction between the applied magnetic Beld : 2/,:“
and a nuclear spiﬁ . This interaction is parametrized by the ‘4 (I 0
nuclearg tensorgy j , which in most cases reduces to a scalar
On,i - de i : i
: . - Halick Alkal
If the nucleus belongs to the centrad, or XY~ molecu- 0 alaeton O At o

lar ion, the interactioréAi ri will be called a hyperfine inter- ol

action. Interactions with neighboring nuclei will be referred . 2. The applied nomenclature for the different superhyper-

to as superhyperfine interactions. fine interactions. The tilting angle in thw,-g, plane, between the
The last term in the spin Hamiltonian is the nuclear quad-a (Q,) andg, principal axes is defined asa(ag). For the SSe

rupole interaction parametrized by the quadrupole te@or defect, the angle between thg(Q,) andg, principal axes is de-

(1;>3). To first order, the EPR spectrum gives no informa-fined aspBa(Bq)-

tion about this interaction. The quadrupole tensor describes

the interaction between the electric quadrupole moment ofecular ions, symmetry allows the A and Q tensor axes of

the nucleus and electric field gradients, which are present. interaction 2 to be tilted away from the g tensor axes, by the
Symmetry requires that thg tensor is rhombic g,#g, angleBa andBq, as illustrated in Fig. @).

#0,#70,) and that the principal axes are oriented along

[110] (g,), [110] (g,) and[001] (g,), or equivalent confor- Ill. COMPUTATIONAL DETAILS

mations (Fig. 1). According to the theory of Refs. 13-15 Al geometry optimizations and EPR calculations are

(X molecular iongand Ref. 8 KY~ molecular ion theg  pased on DFTRefs. 16—18principles and were performed

tensor is characterized by,<gy<g, if the molecular ion  jth the Amsterdam density functionédpr) program pack-

has the?B,, or B, ground state and by, <g,<g, in case age, version 199821 This program comprises a set of rou-

of the ?Bg4 or ?B, ground state. The smallest g value is tines to evaluate thg, A, andQ tensors as developed and

found along the direction of the paramagnetiobes of the implemented by van Lenthe and co-work&s*

molecular ion. Because inversion symmetry is lost for the Standard basis set IV was us@demploying Slater-type

XY™ molecular ions, certain ions of a particular lattice shellorbital basis functions. This set corresponds roughly to a

become inequivalent. This is illustrated in Figag for the  triple-f basis set extended with polarization functions for

interaction with the four nearest cation neighbors ingli®,  main group elements. Calculations were performed adopting

plane, defined as interaction 1. Whereas for Xjedefect, the local density approximation according to Vosko, Wilk,

all four ions are equivalent, in the case of &~ defect, and Nusair'$® parametrization of electron-gas data.

the ions labeled 1 and’lare no longer equivalent. We will Within the concept of the full frozen core approximation,

denote theA andQ tensor properties of the ions closest to Sethe following assumptions were made. For S, Cl, and Na,

with accents. The loss of inversion symmetry may also causelectrons up to the 2 shell were kept frozen. For Br and Se,

additional tiltings of principal axes. Indeed, for ti&/” mo-  electrons up to the @ shell are frozen, while for | and K,
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TABLE I. Influence of the frozen core approximation on EPR and ENDOR values of fthe@ecular
ion doped in NaCl.

frozen core

restricted
exd full® S, ion shell 1 shell 2 shell 3
Oy 2.0107 2.0069 1.9902 2.0094 2.0096 2.0089
9y 1.986 1.9837 1.967 1.9865 1.9868 1.986
g, 2.2531 2.2343 2.3568 2.2642 2.2648 2.2686
A <A, -28.5 -27.7 -30 -30 -29.9
A, 108.5 67.4 69.5 71.4 71.3 71.3
A, <A -10.3 -13.9 -10 -10.1 -9.7
AL aniso 0.57 1.04 1.05 0.85 0.85 0.84
Ay1 aniso 0 -0.56 -0.63 -0.09 -0.09 -0.08
A1 aniso -0.57 —0.48 —-0.42 -0.76 -0.76 -0.76
Aiso 3.91 —0.09 -0.15 -0.28 -0.29 -0.29
an 54.8 9.8 9.3 25.9 25.9 26.4
Qu -0.53 -0.22 -0.22 -0.52 -0.53 -0.53
Qy1 0.23 0.1 0.1 0.21 0.22 0.21
Qu 0.3 0.12 0.12 0.31 0.31 0.32
ag -35.9 -32.1 -32.1 -32.1 -32.8 -32.9
A aniso -0.94 -0.94 -0.9 -1.06 -1.07 -1.08
A2 aniso 0.36 1.03 1.01 0.79 0.79 0.79
AL aniso 0.58 —0.09 -0.1 0.28 0.28 0.29
Aiso —-4.41 —-0.02 -0.03 -0.02 -0.02 -0.02
Q2 0.003 —0.004 —0.004 0.004 0.004 0.004
Qy2 —0.007 0.023 0.023 -0.01 -0.01 -0.01
Q. 0.004 -0.019 -0.019 0.006 0.006 0.006

%Reference 4.
bReference 1.

electrons up to the d and 3 shell were included in the good agreement with the experimental data, while the repro-
core. duction of the ENDOR parameters appeared to be more
Within the zero-order regular approximatfén®3for rela-  problematic. In order to search for an effective remedy to
tivistic effects, all calculations were performed at the spinimprove the experimental agreement, we released the frozen
orbit spin unrestricted level of theory. The relativistic atomic core restriction for a number of atoms in the cluster. The
potentials were calculated using the auxiliary programresults for NaCl:$ are presented in Table 1. We consider
DIRAC,** as is comprised in thebr program package. four classes in the restricted frozen core model. In the first
class, the $ ion is removed from the frozen core. In the
second classshell 1) all atoms included in the first lattice
IV. COMPUTATIONAL RESULTS shell are released. In the two remaining classes, the number

In our previous work aeometry optimizations were per- of “unfrozen” atoms is extended to the second and the third
P 9 y op PEr |attice shell respectively.

formed on a cluster in vacuo containing 88 atoms. The chal- . L _
Releasing the frozen core approximation only for the S

cogen atoms, the nearest shellMf (M = Na, K, Rb and molecular ion, the discrepancy between calculated and ex-
the next nearest shell @ ions were allowed to relax. DFT- . B screpancy
erimental >*S hyperfine values is partly removed, but the

EPR calculations were subsequently performed on this optip reement for they values becomes sianificantly worse
mized 88-atom cluster. In the present calculations, the sa owever when t;% first shell cations a%e also Zonsideréd
formalism is applied. The nomenclature for the different su- ' L '

unfrozen, the original agreement for thersalues is restored

2:rg%gzg;ngisgudssgf?r:ugglce lllnteractlons 's given in Fig. 2and even slightly improved, Wh_ile th&’S hyperfine values
Y remain unaffected. The unfreezing of further shédiscond,
third) does not seem to have a significant influence on the
EPR and ENDOR parameters up to the first shell. Although a
slight improvement of the calculated hyperfine values is ob-
The calculated EPR parameters for the rBolecular ion  tained by removing the frozen core approximation, it does
doped in alkali halide lattices as performed in Ref. 1, were imot appear to be the main cause for the discrepancy between

A. Influence of the frozen core approximation on EPR
and ENDOR values of NaCl doped with §
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TABLE Il. g tensor values for different diatomic lattice defects doped iZ K@= CI,Br,I) and KI. All
theoretical values correspond with the partial frozen core approximation.

Experimental Theoretical
S, SSe Se,” S,” Sse Se,”
Oy 2.0107 1.942%9 1.886% 2.0094 1.892 1.9141
NaCl gy 1.986 1.8818 1.7923 1.9865 1.8419 1.8226
g, 2.2531 2.6393 2.8356 2.2642 2.6812 2.7256
Oy 2.0114 1.9365% 1.9007 2.0187 1.9359 1.9196
NaBr gy 1.9876 1.8916 1.8079 1.9935 1.8953 1.8407
g, 2.2379 2.6259 2.8073 2.2586 2.6229 2.7344
Oy 2.0178 1.967% 1.9042 2.0189 1.9581 1.8795
Nal gy 1.9942 1.9004 1.8148 2 1.9238 1.8211
g, 2.2303 2.6064 2.8015 2.2471 2.5943 2.8013
Oy 1.6369 0.968F 0.7824 1.5654 1.1042 0.7831
Kl gy 1.6254 0.9532 0.7698 1.5537 1.0924 0.7752
(o 3.0629 3.629 3.7079 3.1655 3.5028 3.6229
aReference 2. ‘Reference 6.
bReference 3. 'Reference 7.
‘Reference 4. 9Reference 8.
YReference 5.
the experimental and calculated values. In later work, we 2. SS€ molecular ion
will explore the influence of the level of theory on these

¢ For the NaZ:SSe defects, the agreement between calcu-
parameters. lated and experimentalvalues is good. The observed trends

Looking at the influence of the frozen core approximation.

on the ENDOR parameters of the neighboring nuclei, a sigln experimentalg values when increasing the radius of the

nificant improvement is noticed in reproducing the quadru-hallde lon @y increases and, decreasgsare reproduced by

pole tensors. For interaction 1, the agreement becomes in’ir-]e calculations. Expgrimental hyperfine data are only avail-
pressive. Partially unfreezing the cluster also has a positivaP!€ for the NaCl Iatt|c§. The ex-perl-mentHB.e Interaction
influence on the calculated hyperfine tensors, but the discrep® Much larger than thé°s hyperfine interaction, which can
ancies with experiment cannot be completely removed. Theartly be explained by comparing the corresponding mag-
tilting angle a, was badly predicted in Ref. 1, a partial re- Netic moments @y se~2.5dn,s). This behavior is perfectly
lease of some atomshell 2) from the frozen core largely reproduced by the calculations for the NaCl lattice. For the
improves its value, but still not sufficiently. other N&Z lattices, the same qualitative resulté, A,
Concluding we can state that a partial unfreezing of the>A,) as predicted for NaCl are found: the largéstalue
considered 88-atom cluster yields a significant improvementorresponds to the direction of the paramagnetic lobes.
of the ENDOR values but still some discrepancies remain. The experimentad) values for the KI:SSe defect deviate
We can restrict ourselves to unfreezing the molecular ion an¢rom g, to a larger extent than for the Radattices and the
the first lattice shell, while the rest of the cluster can be keptheoretical calculations predict the same behavior. As in the
fro;en. This patrtial unfro;en cluster will be used in the fol- ca35e of the S ion, the quantitative agreement with experi-
lowing DFT-EPR calculations. ment is not that good as for the Rdattices. The hyperfine
values on the other hand are excellently reproduced. Both for
B. EPR parameters for NaZ and K lattices experiment and theory it follows that,>A,>A,, which
differs from the situation in the sodium halides.
Since the monovacancy model leads to a good agreement
tween experiment and theory, we may state that also the
%rger SSe molecular ion replaces a single halide ion in the
aZ and KiI lattices.

In Tables 2 and 3, calculated and experimegtahd hy-
perfine values for the considered molecular ions doped in thg
aforementioned alkali halide lattices are listed. Within the®®
monovacancy model, the correct ground state for all thes
MZ lattices is predicted, i.e.2,83g for the S and Sg mo-
lecular ions and’B, for the SSe molecular ion.

3. Sg, molecular ion

1., molecular ion For the N&: Se, defects, the same overall agreement is

The calculatedg and hyperfine values have the samenoticed. There are some slight disagreements, e.g., the ob-
gualitative agreement as in Ref. 1. When removing the fullserved increase in experimentgl value and decrease @
frozen core approximation, the quantitative agreement imvalue with increasing halide size. Experimental hyperfine
proves, especially the g and A values for the Kl lattice. data are available for the NaCl and NaBr lattices and are
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TABLE lll. A tensor values(MHz) for different diatomic lattice defects doped in RléZ=ClI,Br,l) and
KI. All theoretical values correspond with the partial frozen core approximation.

Experimental Theoretical
SSe SSe
S, S Se Se, S, S S Se,
A, <Af <A/ 69 63 -30 -75 -957  —40.8
NacCl Ay 108.5 80 432 350 71.3 50.4 293.7 271.9
A, <A, 60 200 287 —10.1 35.7 232.8 234.7
Aiso n.a. n.a. 233.6 233.3 10.4 26.2 143.6 155.3
A, n.a. n.a. n.a. 60 -31.7 —10.8 -—-107.6 —46.6
NaBr Ay n.a. n.a. n.a. 357 71.6 54.1 267.3
A, n.a. n.a. n.a. 275 —13.8 26.5 173.3 220.5
Aiso n.a. n.a. n.a. 230 8.8 23.3 121.9 147.1
Ay n.a. n.a. n.a. na.—324 —-13.1 —123.6 —44.5
Nal Ay n.a. n.a. n.a. n.a. 72.9 57.7 —315.4 257.8
A, n.a. n.a. n.a. na. —15.9 18.7 127.8 239
Aiso n.a. n.a. n.a. n.a. 8.2 21.1 106.5 105.8
A, <AL <A2 <AR2 <AS —-5.6 4.7 62.7
KI Ay 64 <A, <A, <A, 375 20.8 102.4 245
A, 93 141 749 740 90.4 123 698.6 732.8
A n.a. n.a. n.a. n.a. 40.8 49.5 268.9 273.3

@
o

%Reference 2.
bReference 3.
‘Reference 4.

dReference 6.
®Reference 7.
Reference 8.

relatively well reproduced by the calculations. Theory pre-

dicts in all caseA,>A,>A,, in agreement with the avail-

able experimental data.

The large deviation of the g values fragg for the Kl:Se,
defect, is again reproduced by the calculations. Ahepa-
rameter is almost perfectly predicted. In analogy with the

C. ENDOR parameters

The principal values and tilting angles of the superhyper-
fine and quadrupole tensors for the considered lattice defects
doped in NaCl and NaBr are listed in Tables 4—6. In com-
parison with our previous study, the quantitative agreement
between calculated and experimental anisotropic superhyper-

SSe apd S defc_—:‘cts, we may state tha-t the monovacanCyi,e couplings for interaction 1{;, molecular iong and 1
model is also valid for the Semolecular ion.

(XY™ molecular iong has considerably improved. This is

TABLE IV. A andQ tensor valuesMHz) for the N&1) interaction for different lattice defects doped in Na&l, stands for the isotropic
part, while A 4niso (i =X,Y,2) represents the anisotropic part of thedensor. The anglea, and aq are in degrees. All theoretical values
correspond with the partial frozen core approximation.

Experimental Theoretical
SSE 2 SSe
S, S Se Sg ¢ S, S Se Se~
Ay aniso 0.57 0.69 1.1 1.69 0.85 0.94 —2.49 -1.96
Ay aniso 0 0.11 0.25 0.57 —0.09 0.22 -0.6 —-0.87
A, aniso —0.57 -0.8 -1.35 —2.26 —-0.76 —-1.18 2.55 2.83
Aiso 3.91 3.94 4.96 4.96 -0.29 0.27 —1.58 -1.74
ap 54.8 24.8 14.6 7.5 25.9 324 11.1 10.3
Qy —-0.53 —-0.55 —-0.55 —0.56 —-0.52 —-0.62 —-0.64 -0.61
Qy 0.23 0.24 0.27 0.28 0.21 0.3 0.29 0.31
Q, 0.3 0.31 0.28 0.28 0.31 0.32 0.35 0.3
ag —35.9 —33.7 —34.8 —335 —32.7 —36.6 —33.9 —-304

%Reference 2.
bReference 4.
‘Reference 7.
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TABLE V. A andQ tensor valuegMHz) for the Nd2) interac-  plane of the unpaired electron wave function and in view of
tion for different lattice defects doped in Na@, stands for the the small values, the DFT results may become extremely

isotropic part, whileA; aniso (1=X,Y,2) represents the anisotropic dependent on the positions of the cations.
part of theA tensor. The angle@, and By are in degrees. All

theoretical values correspond with the partial frozen core approxi-

mation. . )
D. Comments on the signs of the superhyperfine

and quadrupole parameters

Experimental Theoretical
S, P sSse? sg ¢ S, SSe Se, We notice some striking discrepancies between the ex-
perimental and theoretical signs of tteupejhyperfine and
quadrupole parameters, even though the absolute values

Acaniso —0.94  —095 —091 -1.07 -02 —0.99

Ayaniso  0.36 015 011 079 =022 068  zgree quite well. One can wonder in how far all experimental
Azaniso 058 08 08 028 042 031 sjgns are really correct. First, we like to emphasize that the
Ao —441  —484 —553 -0.02 0.08 —0.08  signs carry additional information about the electronic and
Ba 0 —24.4 0 0 —44.6 0 geometric structure of the paramagnetic defect and its lattice
Qx 0.003 0.03 0.05 0.004 0.08-0.05  surroundings. But even though these signs are difficult to

Q  —0.007 -007 -009 -001 -0.18 0.16 assess experimentally, they can often be “guessed” by using
Q, 0.004 0.05 0.04 0.006 0.1 -0.11 additional information or by considering trends in compa-
Bo 0 -21.5 0 0 -0.8 0 rable systems. Hence the experimental “prediction” of the
signs can be the subject of some discrepancies with theory.
The most striking discrepancy in signs is observed in Table
5. The quadrupole tensor of the (ainteraction forSe, in

NaCl gives opposite signs. A sign reversal would lead to a
reasonable agreement. On the contrary, if we look at the
confirmed by a better reprOdUCtion of the calculated tiltingcomparab|e quantities for the Na interaction in Table 4,
angles of the principal axes. In accordance with the concluthere is obviously no need for a sign reversal. For the supe-
sions made in Sec. IV A we do not succeed in giving reasonrhyperfine interaction with Na) nuclei neighboring Se,
able estimates for the isotropic superhyperfine values. Thgowever, the discrepancy between the experimental and the-
partially frozen core as introduced in this work succeeds welpetical signs for SSe and Se, is quite general. At this

in the reproduction of the quadrupole values for both inter-gia4e the reasons for these observed discrepancies are not yet

actions. The calculated tilting angte, is also in excellent  ynown and further study on these items is in progress.
agreement with experiment.

The reproduction of superhyperfine and quadrupole pa-
rameters for interaction 2 remains problematic. Although the
calculated anisotropic values for thg ions show reason-
able agreement with experiment, the results for the S6e The present study shows that the quantitative reproduc-
are rather disappointing, especially with respect to the tiltingion of isotropic hyperfine coupling constants poses still se-
anglesB, andBq, . It should be noted that in the SSelefect ~ rious problems. Isotropic couplings arise due to the appear-
the cations 2 are in principle no longer localized in a noda@nce of spin density at the position of the nucleus. This

contact hyperfine interaction is greatly amplified by core po-

TABLE VI. A and Q tensor valueSMHz) for the Ng1) and  larization of the s-electrons and is mediated by attractive
Na(2) interaction for S¢~ doped in NaBr(Ref. 7). A, stands for ~€xchange interactions between spin orbitals with parallel
the isotropic part, whileA; 4uiso (i=X,y,2) represents the aniso- SPINS in successive core shells. A relaxation of the frozen
tropic part of theA tensor. The angles, andag, are in degrees. Al Core approximation would be expected to enlarge the core
theoretical values correspond with the partial frozen core approxipolarization, but the results do not reveal much improvement

%Reference 2.
bReference 4.
‘Reference 7.

E. Comments on the isotropic couplings

mation. suggesting an inadequacy of the used DFT functional for this
type of calculations® Indeed, the exact exchange interaction
Experimental Theoretical which is strongly non-local and which is responsible for an

Na(1) Na(2) Na(1) Na(2) adequate core polarization is replaced by a local spin density

approximation. The insufficient core polarization in the

Axaniso 1.36 —0.75 —151 —0.76 present results is an inherent consequence of the specific in-
Ay aniso 0.63 0.26 —0.95 0.71 trinsic nature of the employed density functional, and under-
A aniso -1.99 0.49 2.46 0.05 Jines the limits of DFT methods in the reproduction of some

Aiso 4.39 —4.77 —-133 —0.05 spin dependent properties.

an 7.7 0 14.4 0

Q, ~0.46 n.a. —043  —0.08

Q, 0.25 n.a. 0.21 -0.1

ao ~329 n.a. —28.7 0 In this work we presented an extended version of the

model outlined in Ref. 1. The extension mainly consists in a
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partial unfreezing of the 88-atom cluster. It was found thatfine values. These are mainly due to difficulties in reproduc-
important shortcomings of the previous model using the froing the correct isotropic coupling values.
zen core approximation are now removed. In particular, the Finally, the agreement between experimental and theoret-
qguadrupole tensors of the alkali neighbors in ¢heg, plane ical quadrupole values and orientations of principal axes is
are now reproduced in a very satisfactory way. nearly perfect. The frozen core app.roximation appears not to
For those quantities whose theoretical prediction was sak€ suitable for an accurate calculation of quadrupole tensors,
isfactory even with the full frozen core approximation, it al_th(_)ugh_ predlctlo_n of _qualltatlve trends is perfectly possible
turns out that the unfreezing effect of the core has little ef-Within this approximation. The reproduction of superhyper-
fect, in this way keeping the good experimental agreemenfin€ t€nsors remains somewhat problematic. As a general
and even slightly improving it. In this context, we underline conclusion, we have found thaib initio clusterin vacuo
the excellent reproduction of the g values for all considered@lculations using DFT methods succeed in reproducing EPR
diatomic defects. All ground states were correctly predicte"d ENDOR experimental data of diatomic paramagnetic de-
using the same procedure and level of theory for all defect_gec"s doped into alkali halide lattices in an overall very sat-
and lattices. All results give evidence for the validation of the!Sfactory way.
monovacancy model for the SSend Sg¢ molecular ions.
In general, the chalcogen hyperfine tensors show good
agreement with experiment. In some cases discrepancies are The authors would like to thank the Fund for Scientific
noticed when comparing experimental and theoretical hypeResearciFWO-Flanders, Belgiunfor financial support.
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