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F center in LiF: A guantum mechanical ab initio investigation of the hyperfine interaction between
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The paramagnetiE center in LiF is investigated at a quantum mechanical level witltehvesTAL98 periodic
code by using a supercell scheme. The isotropic and anisotropic components of the hyperfine coupling tensor
describing the interaction between the unpaired electron and the nuclear spins up to the seventh nearest
neighbors of the defect are computed by using two different Hamiltoridlastree-Fock and local density
approximation, and turn out to compare reasonably well with electron paramagnetic resonance and electron-
nuclear double resonance data. A term of the hyperfine tensor, not yet available experimentally, is presented for
future comparison. The defect wave function is analyzed in terms of the charge and spin density maps, band
structure, and Mulliken population.
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I. INTRODUCTION have been obtained experimentally up to the seventh nearest
neighbors. This allows a deeper and more severe test of the
F centers in alkali halides have been the object of extenperformance of the methods as regards the Hamiltonian used,

sive and systematic investigation for more than 60 yearsthe basis sets, and the supercell size. _
they are produced either by introducing a stoichiometric ex- | € Paper is organized as follows. Section Il is devoted to

cess of alkali metal atoms or by exposing the crystal to icm_computational details: basis set, supercell size, accuracy of

izina radiation. like neutronk.electron bombardmetor the calculation. Section Il gives the results and their discus-
g raciation, 07 T ’ sion: the electronic structure around the defect is described in
x-ray irradiation:”" An F center is an electron trapped at @ (arms of Mulliken analysis, charge and spin density maps,

negative-ion vacancy within the crystal; the defective systenhand structure, and defect formation energy. Section IV is
is paramagnetic, and has been characterized by electron spjavoted to the hyperfine coupling tensor at the various neigh-
resonance techniques, such as ERctron paramagnetic bors.

resonance and ENDOR (electron-nuclear double

resonance* %8 since the early 1950s. In this paper we Il. COMPUTATIONAL DETAILS

present the firstto our knowledgeg periodicab initio quan- The calculations have been performed with the periodic
tum mechanical simulation of tHe center in LiF, including  crysTaL9scodel® As the system has an odd number of elec-
the structural, electronic, and magnetic properties around thigons, the unrestricted Hartree-FeKUHF) and the local
defect, with particular attention to the hyperfine couplingspin density approximatidf computational schemes have
tensorT between the unpaired electron and the nuclear spiReen used. As regards the latter Hamiltonian, the adopted
of the Li and F neighbors. Two different Hamiltonians €xchange and correlation potentials are Dirac-Slater and Per-
[Hartree-Fock and local density approximatitrDA)] are devy Zunger, respectively, indicated as LDA-PZ in the fol-
used, as available in therysTALe8 program®2in conjunc-  1OWing.

tion with a basis set of localized functions and the supercel| As regards the basis set, Bloch functions are built from
scheme. ocalized functions, namely, Gaussian type functions

GTF's) resulting from the product of a Gaussian and a real

g?ﬁ calpul?tlon of pI’OpeI’tI?S fstl;]chhas tf;_e Fermi l_con:acgolid spherical harmonitor, more generally, from a linear
and the anisotropic component ot the nyperfine coupling t€ne ;o pination (contraction of GTF's. In the following they

sor at anab initio periodic level has become possible only will be indicated asatomic orbitals AO’s. For Li and F, 5
recently. The results obtained for thepy centef™* in 51413 A0's have been usécbsulting from the contraction
MgO, CaO, and SrO have undoubtedly demonstrated thais iy and one GTF's for thesland 2 p shells of Li, and the
Hartree-Fock spin density can be so accurate as to reproduggntraction of seven, three, one, and one GTF's for the 1
experimental data with excellent agreement. In other moreg, 3sp, and 4p shells of B.17 In order to have an accu-
complicated cases, like the compensated trapped holgte description of the unpaired electron at the vacancy, a
center$®**in the same alkaline earth oxides, even if not sopasis set has been added corresponding to the “ghost” atom.
good, the agreement is semiquantitative. Fheenter defect This basis set will be discussed in the following section,
in LiF, which is examined in the present paper, is particu-together with the defect wave function. The isolated fluorine
larly interesting as it offers the possibility of extending the atom energy adopted for the evaluation of the defect forma-
analysis of electron-nuclear spin coupling to a fairly large setion energy is equal to—99.37504 (Hartree-Fock and

of neighboring nuclei; in fact, in this case coupling constants—99.064 40(LDA-PZ) hartree and is obtained by using the
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TABLE |. Effect of the supercell size o&f{, the defect formation energyn hartreg. Eg is the perfect
supercell energyiﬁ is the corresponding energy per LiF unit, dﬁﬁfl is the defective system energyis
the number of atoms in the supercél).F, andl stand for primitive, face-centered, and body-centered lattice.
E; refers to the unrelaxed defect geometry.

HF LDA-PZ

n Lattice Ep = Ejt E] =5 ET

8 P —428.221800 —107.055450 —328.590048 0.25672 —106.766415 0.33805
16 F —856.443601 —107.055450 —756.811638 0.25693 —106.766415 0.33798
32 I —1712.887207 —107.055450 —1613.255239 0.25693 —106.766415 0.33829
54 F —2890.497155 —107.055450 —2790.865051 0.25707 —106.766415 0.33897
64 = —3425.774381 —107.055449 —3326.142400 0.25695 —106.766415 0.33868
128 F —6851.548839 —107.055451 —6751.916825 0.25698 —106.766414 0.33936
216 P —11561.988593 —107.055450 —11462.356596 0.25696 —106.766415 0.33954
250 F —13381.931279 —107.055450 —13282.299274 0.25697 —106.766415 0.33973

I

256 —13703.097661 —107.055450 —13603.465658 0.25697 —106.766415 0.33959

same basis set as for the bulk, except for the exponents of thee allowed to use a standard periodic codée supercell
two outersp shells, which have been reoptimized variation- scheme has been adopted: a multiple of the original primitive
ally (a«=0.440 and 0.150 instead of 0.437 and cell (which in the present case contains only two atpias
0.137 bohr?) .Y’ built with the defect located at the center and is periodically
The LDA-PZ exchange-correlation potential is expandedrepeated by the translation vectors of the supercell. The su-
in an auxiliary basis set of symmetrized atom-centeregercell must be large enough to satisfy the following condi-
Gaussian type functions, with even-tempered exporiénts:tions.
for Li* 12s functions are usedthe exponents span the (1) The interaction between defects belonging to neigh-
0.15-2000 bohr®* range; for F~ 12s in the boring cells must be negligible; this includes both the direct
0.1-2000 bohr? range and twop shells with 0.3 and interactions through Coulomb forces and the indirect inter-
0.9 bohr 2 exponents are uséd. actions through the modification of the electronic structure of
As regards the computational conditions for the truncatiorthe atoms between the defects.
of the Coulomb and exchange series, standard values as sug-(2) All the atoms that relax from the perfect lattice posi-
gested in theerysTAL9s manual® have been used. The num- tion as a consequence of the presence of the defect must
ber of k points of the Brillouin zone where the Hamiltonian belong to the “reference” supercell and must be as far as
matrix is diagonalized will be discussed below. In order topossible unaffected by all other defects.
obtain well converged results for the very small spin density These two conditions mean that, in the case of a very well
at atoms far from the vacancy, the self-consistent figldP localized defect, all the neighbors within a given distaRce
convergence threshold on energy must be equal Td b@r-  from the defect must be included in the supercell; the actual
tree, or smaller. value ofR depends on the specific defect and on the screen-
The presence of the defect breaks the translational symng properties of the medium. In the present case, however,
metry of the perfect crystal. In order to restoréaihd thus to  two additional conditions are imposed.

TABLE |l. Effect of the supercell size on the spin density # (in units of 10 2 bohr %) at the nuclei
of the indicated atomsXX indicates the anion vacancy; eight sets of neighbors are considered! ).
Subscripts give the coordinates of the vacancy neighbors in units of the cation-anion distance (1.995 A).

HF p~#
| I I \% v Vi vii Vil
n XX Li 100 FllO Li 111 F200 Li210 F211 FZZO I-i221 Li300

8 2.074 4.431 7.204 0.054

16 2.080 2.272 3.641 0.021 0.143

32 2.083 2.254 1.835 0.013 0.116 0.017

54 2.082 2.255 1.837 0.006 0.022 0.008 0.034 0.000
64 2.083 2.255 1.829 0.007 0.044 0.009 0.038 0.096 0.000
128 2.083 2.255 1.816 0.006 0.021 0.004 0.013 0.039 0.000 0.000
216 2.083 2.255 1.819 0.006 0.021 0.004 0.012 0.021 0.000 0.000
250 2.083 2.255 1.816 0.006 0.021 0.004 0.011 0.020 0.000 0.000
256 2.083 2.255 1.816 0.006 0.021 0.004 0.011 0.020 0.000 0.000
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TABLE Ill. Effect of relaxation on the HF and LDA-PZ energiéa mhartreg, on the spin densitp® ™ #
(in 102 bohr ®) at theF center position XX), and on the hyperfine coupling constaatandb (in MHz)
at the nearest and next nearest neighbacs.(in A) is the variation of the distance between the specified
atom and the~ center site; positivé\d means larger distancAE is the energy gain with respect to the
unrelaxed geometry. First row data refer to the unrelaxed situation, second row to the relaxation of just the
nearest neighbors, and third row to the nearest and the next nearest neighbor relaxation.

HF LDA-PZ
XX Liioo Fi10 XX Liioo Fi10
Atom Ad AE p*f a b a b Ad AE p*f a b a b

0.00 2.04 38.80 3.13 76.26 11.14 0.00 1.66 41.78 3.04 116.25 13.63
Li;pp 0.030 —0.70 1.99 36.40 3.02 81.93 11.35 0.0220.38 1.53 42.53 2.91 139.12 13.94
Fi110 0.008 —0.86 2.00 36.78 3.02 80.44 11.30 0.0040.40 1.53 42.62 2.91 136.49 13.91

(3) As we are interested in the hyperfine coupling be-are adopted; if applied to the total energy of the perfect sys-
tween the defect and its neighbors quite far from it, all theseem, Eg, the same energy per LiF unit is obtained
atoms need to be included in the region of no interaction —107.055 45 and- 106.766 42 hartree at the HF and LDA
with the defect of the next cell, i.e., they must be sufficientlylevels up to the fifth decimal figure with all the supercells

far from the border of the cell. described above; this accuracy permits an unbiased compari-
(4) The supercell shape must be such as to exploit poingon between the results obtained with different supercells
symmetry of the defect as far as possible. (see Table)l

As regards the latter condition, cubic supercells can be We are now in a position to verify conditiofi) above,
obtained in three different ways starting from the primitive concerning the supercell size. The defect formation energy
cell of LiF crystal, whose lattice is face-centered culig.( may be defined as

(i) Multiply the three translation vectors of the primitive
cell by an integen; n=2,3,4, and 5 have been considered E?=E3‘1+ E—E"
here, corresponding to supercells with 16, 54, 128, and 250 P
atoms. These cells will be indicated 8g, Ss4, Si2g, and
S,50 and, like the primitive LiF cell, are rhombohedral with
angles of 60°.

(i) Use the conventional simple cubic céP) of LiF,
which contains eight atomsS{); when its components are
scaled by factors of 2 and 3, ti&, and S,¢ cells are ob-
tained.

(iii ) Build a primitive body-centered supercél) starting
from the supercell defined in poifii) (Sg) and scaling its
components by a factar. It is easily seen that odd values

where Eg_l and Eg are the energy of the defective system
and of the isolated fluorine atorkf, reported in Table |,
turns out to converge quite rapidly as a functionmfthe
number of atoms in the supercell. The energy difference be-
tween the first and the last entrieSy and S,s¢, is smaller
than 0.5(1.5 mhartree at the HELDA-PZ) level: Ef shows
a quite modest stabilization, as a consequence of the reduced
defect-defect interactiofsee Table)l

In the next section it will be shown that relaxation is very
do not generate translationally invariant replicasSgf n smaII_ _also for the nearest neighbprs of the defect, so that
—2 and 4 generats;, andS, condition (2) above is easily satisfied by a relapvely small

In summary, the followingse'supercells have been consid—SUperce"' For the present study,_however, condltﬁjnnu_st

. ' i also be considered, as we require well converged spin den-

ered in the present studgs, Sie. Sz, Ssa Sea: S128: Sz160 ties at the nuclei up to seventh nearest neighbors. Table Il
Szs0, aNd Spse. shows that onl\5,,5 ensures such a good convergence at the

angTﬁJgr?hetar Eshher iilIJ(Pnegrcfch;’t(t)kr]?Igmz{l%reﬁ 2;355; 'ZZ#EI?ﬁgeHF level. It is to be noted that beyond the seventh nearest
frequency ink space. The adopted IS are 8, 8, 4, and 4 fornelghbors the electron spin density is extremely small.

Ss, Sis, S3p, and 34, respectively, and 2 for larger cells;
the corresponding number &fpoints is 35, 29, 8, 8, and 4 Ill. RESULTS AND DISCUSSION
for Sgy and Sqgand 3 for Sog, S50, and Ssg. With such a
sampling, the total energy of the system is stable at least up
to the sixth decimal figuréin hartree. Starting from the perfect lattice geomefttihe equilibrium

In order to be able to compare results obtained with sulattice parameters are 4.02 A and 3.94 A at the HF and
percells of increasing size, and thus to check the convergenddA-PZ levels, respectively the nearest and the next near-
of the properties of interest toward the noninteracting defecest neighbors of the defect are allowed to re{@able IlI).
limit, the computational method must satisfy a size-They both move away from the defect; the amount of relax-
consistency criterion: supercells of different size, for the peration is small for Liy,, however, (0.030 A and 0.022 A for
fect crystal, must provide the same value per LiF unit for allHF and LDA-PZ, respectively, with a corresponding energy
extensive properties. This condition is fulfiled lyrYs-  gain of 1 and 0.4 mhartrgend negligible for ko (0.008
TAL98 when the computational conditions described aboveand 0.004 A for HF and LDA-PZ, with an energy gain of 0.2

A. The geometry around the defect
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TABLE IV. Effect of the basis set adopted for describing theenter on total HF and LDA-PZ energy
and on the chargg®*# and the spirp®~# density at the vacancy si¥X and at the nearest and next nearest
neighborsAE (in mhartre¢ is the energy difference with respect to case 1, which refers to a calculation with
the fluorine anion basis set centeredk&€. In case 2 only the two most diffusp shells of the F basis set
are kept. In case 3 only the most diffusp shell is kept and its exponent is reoptimized; in the third column
a slash separates the best values of the exponents obtained for the HF and LDA-PZ methods. In case 4 the
defect basis set is simplified to a singiéunction.

HF LDA-PZ

Case Type AE ai’ ek’ el pES AE agx? exx® el eRl

1 7-3116,sp,sp,Sp) 0.00 091 219 225 188 0.00 0.78 174 246 292
2 1i(sp,sp) 0.437 0.137 +0.10 0.90 194 226 1.88+244 0.77 103 259 3.16
3 1(sp) 0.093/0.073 —0.50 1.05 208 225 1.84-1.09 097 148 258 3.19
4 1(s) 0.093/0.073 —0.09 1.09 208 224 177-0.15 102 148 257 3.18

and 0.02 mhartree, respectivelyRelaxation of further ence with respect to case.¥Eventually the defect wave
neighbors is even smaller and is not reported. function can be described by a single, diffus&saussian

Due to relaxation the spin density at the defect site devery accurately.
creases by about 2% and 8% for HF and LDA-PZ, respec- The situation is very similar when the LDA-PZ approach
tively. These data confirm the density functional theory tends used, with the following exceptionsee second part of
dency to delocalize the unpaired electron far from the aniorfable 1V): (1) the s function is more diffuse, the best expo-
vacancy; this tendency is favored by the displacement of theent being 0.073 bohF instead of 0.093 bohr; (2) the p
nearest neighbors (Lg) away from the defect. The hyper- influence is larger(1 mhartree contribution to the energy
fine constantb at the nearest and next nearest neighborsnstead of 0.4 in HF
changes by less than 3% after relaxation, wheraas The amount of electronic charge that can be attributed to
slightly more sensitive to itabout 7% variation for Lipand  the vacancy according to a Mulliken analysis is very close to
Fi10 at the HF level, 2% for Liyg and 20% for ki at the
LDA-PZ level).

On the basis of the relatively small effect of the geometry
optimization on the energy and spin density datéth the
exception of the Fermi contact term of,g at the LDA-PZ
level), all the data presented here refer to calculations per-
formed at the experimental lattice parameter (3.99 A) and
unrelaxed geometry.

B. The wave function of the unpaired electron of theF center

The characteristics of the wave function describing the
unpaired electron clearly emerge from the data reported in
Table IV, where the effect of the modification of the basis set
centered at the anion vacancy is explored. As a first guess,
we used the same basis set as that used for theoiRs of
bulk LiF (case 1. The inner part of this basis set, describing
the 1s and X electrons of F, is obviously useless as shown
by case 2, when compared with casétlie energy changes
by just 0.1 mhartree This is also supported by the Mulliken P, @
population analysis, which gives charges very close to zero &y &ﬁ
for the two inner shells of case 1, this is the case also for the m N N
valence shell with exponent 0.437 bofr In case 3 only the
outer shell is kept and the corresponding exponent has be%lg
reoptimized: '_t varies from_0.137 to 0'0_93 bofy |r_1d|cat|ng nians. The section is parallel to tli£00 plane through the defect.
that the unpaired electron in tiecenter is more diffuse than e ynpajred electron is at the center of the map, whose side is
the valence electrons in the Fvalence shell, as a conse- 7.9 A long. The separation between contiguous isodensity curves

quence both of their different symmetrg {or the F center s 0.01 and 0.00&/boh#, for the electron charge and spin density,
andp for the valence electrons of ff and of lack of nuclear respectively. The density range is 0.01—(fft) and —0.01—0.01

attraction at the vacancy. Case 4 shows fha&gpe orbitals (right) e/bohf; continuous, dashed, and dot-dashed lines denote
give just a minor contributiorf0.4 mhartree energy differ- positive, negative, and zero values.

FIG. 1. Electron chargéeft) and spin(right) density for anF
nter in LiF using the HRtop) and LDA-PZ (bottom Hamilto-
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HF LDA-PZ and 3 the spin density profiles along radial directions at the
30 different neighboring nuclei are represented. They show that
the spin density perturbation decreases with the distance
from the F center in such a measure that from the third
nearest neighbors it became necessary to magnify the scale;
Li and F polarizations are quite different from each other, as
a consequence of treandp symmetry of the most diffuse
0.0 functions; the Li peaks are always symmetric, whereas in the
05 , , , , F case there are asymmetric twin peaks.
L x Ligg Ling x Ly The presence of an unpaired electron is also revealed by
the band structure of the defective system, given in Fig. 4
FIG. 2. Spin density profiléin 10~ %e/bohF) along the direction  together with the one for the perfect crystal. The eigenvalues
connecting the~ center and the first neighbors,b§. The path is  are plotted along two high symmetry paths in the Brillouin

5.985 A long; ticks indicate nuclear positions. zone: fromI'(000) toX (%0%) and fromX to W(%%%). The

atp o . ) 2s and 2 type valence bands and the bottom of the conduc-
1 (seeqyy” column. However, it is slightly higher in HF  tion pand are shown. The bound unpaired electron level lies
than in LDA, because of the above mentioned tendency of, the gap; the corresponding electron-hole level appears in
LDA-PZ to distribute spin density on different atoms. The tne g spin structure, again in the gap but at positive energies.
last three columns give the spin density at the vacancy sitf, the LDA-PZ case also, the two defective levels fall in the

and at the nearest and next nearest neighbor positions asyap put the energy difference is much smaller than the HF
function of the basis set adopted. In general the basis sgfe.

effect is small at the HF level and larger for LDA-PZ: the
basis set optimization in this case favors the displacement of
spin density away from the vacancy. IV. THE HYPERFINE COUPLING CONSTANTS

Experimental evidence concerning the unpaired electron
C. Electronic structure can be obtained by electron resonance technigeP& and
ENDOR). Experiments provide useful information about the
spin density distribution and geometry of the defects. A
traight comparison between calculated and experimental

The effects of the removalf@ F ion and the consequent
formation of anF center are represented in the electron

charge and spin density maps given in Fig 1. The maps o g . ) :
the left show that the deformation of the ions from theirﬁata IS poss_,lble B hyperfme coupling constanmdb
that determine the hyperfine structure of the spethese

spherical shape is negligible; the Mulliken analysis COﬂfirmSanStantS appear in the formulation of the spin Hamiltonian
that charge transfer effects are also negligible: the six neare terms of which the ENDOR and EPR spectra are inter-

Li neighbors and the 12 next nearest F neighbors have a Hpreted
net charge oft 0.974e| and —0.970e], respectively, which - ™"p e o) and anisotropidb) hyperfine coupling

are very close to those of the perfect crystaD.o74e]. {:onstants for each nucled&(in MHz) are expressed
Higher order neighbors carry exactly the perfect crystal ne

charge. The LDA-PZ data for the two nearest neighbors are

+0.969€| and —0.968e|, whereas the perfect crystal data 210 -

arei0_9636|_ a= 3_hgﬁegNBnp ﬁ(o)r (1)
The localization of the unpaired electron at the anion va-

cancy is clearly evident at the center of the spin m@jg 1,

right) and the spin polarization of the two nearest neighbor- b= Mo T LTt T 2
ing atoms is appreciable with both Hamiltonians. In Figs. 2 27 9PeONBrl T~ 2 (Taot Tag) ], @
3.0
FIG. 3. Hartree-Fock spin den-
sity profile (in e/bohf) along the
direction connecting th& center
and the specified atom. The path
is 1.995 A long. Ticks indicate
L nuclear positions. Spin densities
from Liyq; to Fyyg are magnified
0.0 A VA A by a factor of 50.
705 1 1 1 | | |

Fii0 Liyy Fago Ligo Fous Faag
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HF LDA-PZ

DEFECTIVE PERFECT DEFECTIVE PERFECT
05

FIG. 4. Bottom conduction
(positive energies and valence
00 (negative energigsdands of arF

) center in LiF as described at the
; ? p ; 3128 level. a andB denote the ma-

- 0 -— B — - jority and minority spin states, re-
spectively. TheS,,g perfect LiF
band structure is reported on the
right for comparison. Energies in
hartree.

2s

where the spin density® ™ # at N, the elements of the hyper- culateda values with LDA-PZ are of the same quality. How-
fine coupling tensol, and the electrog factor are the only ever, in this case all constants are overestimated with the
terms that depend on the electronic structure of the systemxception again of .
(in our calculation we use the free electrgiho approximate The agreement for thieconstant is much better than far
the trueg factor, which is usually an acceptable approxima-(see Table V), in spite of the fact that the experimental
tion for our purposes All other multiplicative factors in Eqs. values span about one order of magnitu@e28 to 3.20
(1) and(2) are tabulated constafté? (h is the Planck con- MHz). The largest HF percentage deviation is 23%, and it is
stant, 8. and B, the electronic and nuclear magnetops,  about the same with LDA-PZhere again the exception is
the permeability of the vacuum, agg| the nucleag factor). F.o00, but only as regards the LDA-PZ result, which is about
T is a tensor of rank 2, which is obtained as the field gradien40% of the experimental valye
of the spin density al. Its generic element has the form It must be stressed that the model Hamiltonian adopted
, for interpreting the expeéimental spectra assumes a tetrago-
. r<o,;—3rir; nal symmetry at all site3,probably in order to reduce the
T:\j‘:EV % PZpV'?;J ‘Pu(r)(%) @, (r—G)dr number of parameters entering into the model. However only
. 3 Li 100- Li_ll_l,_ and kg, have axial symmetry with respect to
the line joining them to the vacancy. In all the other cases the
where the origin of the Cartesian reference system is &l tensor is fully characterized by the specification of a sec-
nucleusN, r; denotes theith component ofr and ¢, (r ond constant (theasymmetry constantusually definetf as
—G) is thevth atomic orbital centered in ceB. P75 is the
direct space spin density matrix element connectingitie Mo 1
atomic orbital in the zero celtthe reference cellto the vth €= 27y 9BeONBn 5 (Toz~ Ta), 4
one in cellG. T;; in Eq. (2) are the elements &f in diagonal
form, following the convention thal,; is the maximum where||T,jJ|—|Tsd is non-negative. This asymmetry con-
module component. stant is given in Table VII, for future comparison. It turns out
The calculated and experimental valuesadbr the cou- thatc is a small(but not negligible fraction of b.
pling of the unpaired electron spin to nuclear spins are re- Finally, the electric field gradient at théli nuclei has
ported in Table V. HF usually underestimates the experimenbeen evaluated'{F, whose natural abundance is 100%, hav-
tal values, with the sole exception of,d;, which is ing a nuclear spin of 1/2 is not activelhe P value is small
overestimated by nearly 100%. However, on the whole, thé—0.001 MHz), as was the case for trapped htl@sMgO,
HF data show a qualitative agreement with experiment. Cal€aO, and SrO with Li impurities, confirming that the local

TABLE V. Calculated and experimentéRefs. 5 and Bhyperfine coupling constangs(in MHz) up to
the seventh nearest neighbors of the vacaadg. the percentage difference with respect to experiment.

a
F' Li 100 FllO Lilll FZOO I-i210 F211 F220
HF 39.17 76.40 0.11 0.89 0.07 0.46 0.83
LDA-PZ 4720  145.20 149  —0.05 0.42 2.56 3.55
Expt. 39.06 105.94 0.50 0.48 0.27 0.88 1.34
Sur% +03  —279 ~78.4 +852  —73.3 —48.0 —38.4
Sioap%  +208  +371  +1972  -1104  +556  +191.1  +165.0
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TABLE VI. Calculated and experimentéRefs. 5 and Bhyper-

fine coupling constants (in MHz) up to the seventh nearest neigh-

bors. 6 is the percentage difference with respect to experiment.

b
H Ll 100 FllO LI 111 FZOO LI 210 F211 F220
HF 3.25 1147 072 117 034 066 043
LDA-PZ 2.84 1401 069 047 033 0.83 0.70
Expt. 320 14.96 068 1.12 028 069 056
Sur% +15 —233 +57 +4.2 +218 -39 —227

Sopp% —11.2 —6.4 +1.6 —57.7 +18.9 +19.9 +24.8
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TABLE VII. Calculated hyperfine coupling constants (in
MHz).

c
A Fi10 Lizig Fo11 Fa20
HF 0.38 0.00 0.03 0.07
LDA-PZ 0.76 0.00 0.11 0.03

to explore supercell convergence up to 256 atoms. At vari-
ance with defects, where the very localized nature of the
defect inp or d type orbitald*?2 cannot be described at the

LDA-PZ level (in such cases only delocalized solutions are

situation at the nearest neighbors is also only marginally perebtained, in the present case the LDA-PZ description is in

turbed with respect to the cubic situation.

V. CONCLUSION

The electronic and magnetic properties of theenter in

qualitative agreement with experiment; on the whole, the HF
and LDA-PZ deviations from experiment have opposite sign.
A semiquantitative agreement is obtained with experiment
for b, whereas fom only the trend is correctly reproduced.
New accurate experimental data would be welcome, in-

LiF have been investigated at the HF and LDA-PZ level. Thecluding measurement of the asymmetry constant ang
influence of the supercell size with respect to the most imelectric field gradient tensor components, which are now
portant properties has been explored. It has been shown thatailable from calculation. This would permit a more com-
CRYSTAL98 can provide very stable results, which permit oneplete comparison between theory and experiment.
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