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Calculations of hyperfine parameters in tin compounds
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With the aim of calibrating Mesbauer spectroscopic measurements, the electric-field gradient and electron
contact density is calculated on the Sn nuclear position in a number of Sn compounds representing all kinds of
chemical bonding in solids. The full-potential linear-muffin-tin-orbitals method with the local-density approxi-
mation for exchange and correlation effects is used. By comparison with experimEstalMossbauer data
the calibration constants relating measured isomer shifts and quadrupole splittings to the electron contact
density and the electric-field gradient, respectively, are derived. The difference between the mean square radius
of the %n Mosshauer nucleus in its excited isomeric and ground states is found ta(b®
=(0.0072+0.0002) fn?, while the quadrupole moment of the excitétfSn(24 keV,3/2+) nuclear state is
obtained agQ|=(12.8+0.7) fm?. The larger database considered and the use of a more accurate band-
structure calculational scheme than in earlier works makes these numbers more accurate and provides im-
proved calibration for Mesbauer spectroscopy50163-182807)06917-9

I. INTRODUCTION the crystalline electrostatic potentia. For an 1=3/2 to
I=1/2 transition, as in'!°Sn, the quadrupole splitting is
Mossbauer spectroscop¥is a widely used method for given by

investigations of solid state systems on an atomic scale. Two

prominent parameters determined by $dbauer experiments

are the isomer shift, which provides information on the local A= Ee|Qsz|

chemical bond, and the quadrupole splitting, which primarily 2

is a test of the local symmetry around the” $dbauer

nucleus. Both quantities depend on the solid state enVirOﬂNheree is the elementary charg€) is the quadrupole mo-
ment as well as on the structure of the nucleus. ment of the excited state of the Msbauer nucleus, and
The isomer shift of a nuclear transition energy is given by\/zz and y are the electric-field gradient and asymmetry pa-
rameter, respectively, which are determined by the solid state
OEis= a[pa(0) —ps(0)], (1) environment. Only the absolute values @fand V,, enter
into Eq. (3).
where p,(0) andp4(0) are the electron charge densities at  For the Masbauer technique to develop into an even
the nuclear positiongthe contact densitigsn two different  more accurate spectroscopy of the solid state, three important
solid state environments, here denoted the absodeafd  aspects have to be addressed. First, the calibration constants,
the source §) materials, respectively. The electron contactwhich in essence are the nuclear parametdrs) andQ in
densities carry the information on the solid state systemggs. (2) and(3), must be determined to allow a reliable con-
while the calibration constang;, depends only on the details yersjon between the measured quantities, i.e., velocities, and
of the nuclear transition. I6E,s is measured as a relative the microscopic parameters of the solid, i.e., the electron
velocity of the absorber and source materialss given by  contact density and the electric field gradient. Second,
knowledge must be obtained on how the changes in local
a=,8-A(r2>, 2 chemical environment influence these parameters. The elec-
tron contact density and the electric-field gradient are both
whereA(r?) is the difference between the mean square rarather singular quantities, which measure properties of the
dius of the Mssbauer nucleus in its excited state and itselectron gas at an extreme point, the position of the nucleus,
ground state, angd is a numerical constanffor '*%Sn,  which is far from the region where chemical bonding takes
B=12.7a3 mm/(s fm?), with a, being the Bohr radids’ If place. Third, reproduction of the measured valuesbyni-
the simplified picture of a uniform sphere is adopted for thetio calculations over a wide range of chemical environments
nucleus, the calibration constant may be related to the relashows that the combination of calculations with experiment
tive change of the nuclear radius as=yAR/R (with  can be used to gain understanding for systems for which
y="5333 mm/s for 11%n) 3 simple intutitive models fail. The present work addresses
The quadrupole splitting is caused by the interaction ofthese points. We will demonstrate that theé $dbauer param-
the nuclear quadrupole moment with the nonspherical part ofters may be calculated with high precision with the full-
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potential linear-muffin-tin-orbitals (FP-LMTO) method@  the-artab initio LDA calculations consistently lead to good
within the local-density approximatiofLDA) to density agreement with experiment, at least for the Sn compounds
functional theory’ By a comparison to experimental data we considered here. This underlines the usefulness of combining
will verify the basic relationg2) and (3) and determine the experiments with such calculations when using sistoauer
calibration constants. A wide span of chemical bonding in SrEPectroscopy to probe a material with an unknown structure.
compounds will be considered. As a resualb, initio calcu-

lations may now be considered a part of the spectroscopy, in Il. DETAILS OF THE CALCULATIONS
the sense that such calculations may be used as a part of the ) )
interpretation of experimental results. The electronic structures of Sn compounds is calculated

The calibration of Mesbauer experiments has been anVith the FP-LMTO metho_i‘i using the LDA for exchange
issue for a long timé2€ The nuclear parameterA(rZ) and and correlation effects.This method expands the electron
Q, are, in principle, assessible from first-principles nucleatVave functions in terms of muffin-tin orb|ta’r§,vyh|9h are
models, but the accuracy of such models is not always gc,oatom—centered Neumann fgnchons gugmented |ns_|de muffin-
enough to match the accuracy of bbauer experiments. tin spheres by the numerical solution of the radial scalar-
More accurate is the determination of these parameters froffglativistic Dirac equation in the self-consistent crystal po-
comparison of calculated electron contact dendities tential, together with the energy derivative of this solutton.

electric-field gradienfswith corresponding experimental iso- 1hiS construction has proven very accurate for solid state
mer shifts and quadrupole splittings. The $8bauer spec- calculations® We used three different decay constants for
troscopy of 119Sn has been theoretically investigated the envelope functions. The basis set included for each atom

previously®1%12|n Ref. 10 the electron contact density was three orb_itals of character, X 3 orbitals ofp ch.arac-ter, and
calculated in a series of tin compounds with the linear-2% S orbitals ofd character. No shape approximation for the
muffin-tin-orbital (LMTO) method®!4in the atomic spheres crystal potential is quked. The prystalllne charge 'densr[y is
approximation(ASA). In the ASA the crystal volume is di- €valuated exactly within muffin-tin spheres, while in the in-
vided into atom centered spheres, which are taken S"ghtht?ﬁrstltlal region an _mterpolatlon scheme is used_ to obtaln_ the
overlapping in order to fill a volume equal to the actual crys-charge denS|t§i:To increase the accuracy of the interpolation
tal volume. Inside the spheres, the potential is taken sphericneéme, additional “empty” muffin-tin spheres were in-
cally symmetric, however with a radial form determined by ¢luded for crystal structures with open regions of the unit
the self-consistent crystalline potential. The ASA introduces<ell- For the evaluation of the Sn electric-field gradient it was
some errors into the calculated electron contact density du@und important to include the Srp4semicore states as band
to the misrepresentation of some parts of space. These errct&ites, which was done in a separate energy panel. The less
may usually be ignored for fairly close-packed structures, buf€ep Sn 4 states were included as valence states. Similarly,
in other cases the errors are significant. With the FP-LMTdhe O 2 and F Z states were included as valence states in
method all such errors are absent. In the previous &tfay ~ the oxides and fluorides. .
Sn compounds the application of the LMTO method with the ~The electric-field gradient was calculated using the non-
ASA to the rutile structured Sn9compound was marginally SPherical partin fact the/’=2 componentof the crystalline
valid, while in the present study a series of open low-Hartree potentialy,;, from which the second derivative ten-
symmetry Sn compounds may easily be treated. AdditionSO"
ally, in Refs. 8 and 10 the core electrons of the Sn atom were
assumed frozen, while the present work invokes full self- __:aVH/=2
consistent relaxation of the radial shape of the core state b axiox
wave functions.

The calculation of electric-field gradients using the ASAWas obtained. Denoting the eigenvalues \§f by V,,,
was considered in Ref. 12, where comparisons with full-Vyy, andV,, with [V,|<|V,|<|V,], the electric-field gra-
potential calculations showed that the ASA correctly de-dient per definition is equal t&,,, while the asymmetry
scribes trends but with reduced quantitative accuracy. Notddarameter is
however, that the ASA has the advantage of being applicable
to disordered systems via the recursion mettod. _ Vo Vyy

A series of ionic Sn compounds were studied in Ref. 11 K V,, '’
by use of the discrete-variational method in the local-density
approximation for representative clusters. These authorghich lies in the rang¢0,1] (sinceV,,+V,,+V,,=0).
found that the experimental isomer shifts are well repro- To determine the electron contact density of the Sn
duced by their calculations, while the electric-field gradientnucleus in the Sn compounds, the nucleus was modeled by a
was less satisfactory, presumably due to the approximationsniformly charged sphere of radilg=1.2A%3 fm,3® where
employed for the charge density representation and/or thA=119 is the mass number of the Sn”$4bauer nucleus.
finite cluster sizes. The contact density was obtained as an average over the

In contrast to the previous studies, this paper considers mauclear volume. All core states were calculated self-
comprehensive set of Sn compounds, which represent all asensistently in the crystalline environment. In each case con-
pects of chemical bonding and which are treated with a selfsidered the experimental structural parameters were used and
consistent full-potential technique. This has two main resultsthe number ok vectors in the irreducible wedge of the Bril-
First, a highly reliable calibration of'°Sn Mossbauer ex- louin zone was chosen to obtain a well-converged electric-
periments is obtained. Second, we can confirm that state-ofield gradient and electron contact density.
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The Sn compounds considered in this work comprisemetry groupC32 (C2,mc) with four molecules in the unit
the ionic SnlV compounds, SnF SnO,, CaSnG;, and cell and two inequivalent sites.
BaSnQ;, the ionic Snll compounds SpF(a and B), The two allotropes of Sng-Sn in the diamond structure
SnCl,, and SnO, together with the compounds of varying(OZ-Fd3m) and pB-Sn in the B-Sn structure
ionic-covalent-metallic naturea-Sn, 8-Sn, SnMg, SnS, (D}lﬁ—l41/amq),17 are characterized by strong and semis-
Sn,S;, SnS,, SnSe, SnSg SnTe, and SnPd The electron  trong covalent bonds, respectively, as is the SpMom-
contact density is determined by the electronic configuratiopound in the fluorite structurm-Fm3m).
of the Sn atom in the solid state environment. A large effec- The tin monochalcogenides SnS and SnSe have an ortho-
tive occupation by § electrons leads to a large electron con-rhombic structure with four molecules per unit cell, space
tact density, since thesswave function extends all the way group D%E (Pnam), which may be regarded as a distorted
into the nucleus. In contrast, thepSwave function(apart  rocksalt structure. SnTe likewise exists in a slightly distorted
from a small 94, componentdoes not have a finite overlap rocksalt structure at low temperature. Upon heating, the
with the nucleus, but rather effects the electron contact derftructure returns to the ideal rocksalt, in SnS and SnSe
sity via an indirect shielding of the Swavel® The Snlv  around 800 K and in SnTe at 160 K} or below, depend-
compounds are characterized by a low electron contact de#d On the carrier concentratidfi.In the present work we
sity due to the nominal SH configuration of the Sn atom, onlg/ consider SnTe in the ideal rocksalt structure
whereas the Snll compounds have a large electron conta&Ph'Fmg’m?' ) )
density due to the nominal $h [i.e., (Pd5s?] configura- 1S”Pd5 is found in the cubic AuCy structure
tion. The compounds belonging neither to the SnIV nor tolOn-Pm3m), and Sng and SnSg in the hexagonal Cgl
the Snll compounds exhibit electron contact densities of inStructure (spacegroupD3;-P3m1). Sn,S; has an_ortho-

termediate values. rhombic structure with four molecules in the unit c&lThe
. . . . i 16 ; P ;
We now briefly characterize the structures considered ifymmetry isDay (Pnam). This compound is peculiar by
the present calculations. having two distinct Sn position§n equal proportionswith

SnF, has a layered body-centered tetragonal strucfure. different formal valency. The crystal may be viewed as con-

Each Sn atom is surrounded by a slightly distorted octaheSiSting of chains of SgS; molecules along the crystalline
dron of F atoms. The symmetry Blz (14/mmm) ¢ axis. The SnlV atom sits in the interior of the chain with
. 4 .

SN0, has the rutile structure, which is also tetragdial. six S nearest neighbors in a slightly distorted octahedral co-

) . rdination. The Snll atom is situated on the side of the chain
Each Sn atom is surrounded by a distorted octahedron of §nd bonding to three S atoms. The local chemical environ-
atoms. The symmetry B} (P4,/mnm).

k ) ments of the two Sn sites are therefore very similar to those
CaSnQ; and BasnQ have perovskite structuréje., the  of 5n in SnS and SnS, respectively. Experimentally, the two

Sn atoms are located in a simple cub@;(Pm3m) arrange-  Sn sites are readily resolved by B&bauer spectroscopy?®

ment with O atoms midway on all cube edges and Ca or Ba

in the cube centers. CaSgCand BaSnQ together with

SnO, are frequently used as reference materials ¥68n lll. RESULTS

isomer shifts, having essentially identical isomer shifts. Due The calculated electron contact densities and electric-field

to |ts_ cqb|c symmetry the Sn ato”? does not possess a&radients of Sn compounds are listed in Table | together with
electric-field gradient in the perovskites. In contrast, $nO experimental information of!®Sn isomer shifts and quadru-
exhibits a small qu_adrupole s_pllttlng. pole splittings. All isomer shifts are given relative to an ox-
San is found in three difierent crystgl structures, of ide source and refer td=0. The experimental accuracy is
which two, thea and 3 phas?s’ are C‘_’”.S'g'ered here. Thenotquoted, but is typically of the order 0.01-0.05 mm/s. The
st?ble form of Snk, a-Snk, is monochm.& (Spacegroup 40 jjated values are converged to the digits shown, but are
Cgn-C2/c) with eight molecules in the primitive cell. The o corse subject to systematic errors, which are difficult to
structure may be viewed as a molecular crystal offSn  5gsess. These include, for example, the validity of the LDA,
tetramers. Two inequivalent Sn atoms are found, one ofhe scalar relativistic approximation, and other approxima-
which is thrgzefold coordinated and the other one fivefoldijons of the calculational scheme, as, e.g., the fitting proce-
cczordmated. B-SnF, is orthorhombic (spacegroup gyre for the charge density in the interstitial region and the
D3-P2,2,2,) with four molecules per cell, all equivalent, restriction to only one principal quantum number pér
and with fivefold coordinationt? The third phase of SN channel in the valence bands. One conclusion to be drawn
¥-SnF,, is a tetragonal structure, but only observed atfrom the present work is that these factors do not cause sig-
elevated temperatures. It is reversibly connected withificant errors.
B-SnF,.*° The degree of agreement between experiment and theory
SnCl, has an orthorhombic structure with four moleculesmay be judged from plots of the experimental versus theo-
in the unit cell and symmetrP3; (Pnam).?’ All Sn atomic  retical values, which are shown in Figs. 1 and 2. In Fig. 1 the
positions are equivalent. experimental isomer shifts are plotted against the calculated
SnO is found in a tetragonal structure with two moleculeselectron contact densities. The straight line through the
per unit cell” The two Sn positions are equivalent, and thepoints in Fig. 1 confirms relationshifl), with the remaining
symmetry isDZ1h (P4nmm). SnO also exists in a metastable scatter around the line reflecting the combined experimental
structure(red Sn0,%* the Massbauer parameters of which and theoretical uncertainty. From a best linear fit we derive
have also been determin&Red SnO is orthorhombic, sym- the calibration constant of Egl):
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TABLE |. Calculated electron contact densitigg0), electric- 5 7102
field gradients\V,,, and asymmetry parameters, together with [ ' ' ' ' SI'IIC|2 7
experimental isomer shift$E,5, and quadrupole splittings, for al -SnF SnTe&/ ]
18 Sn compounds. Units agg * for the electron contact densities, ¢ 2 e
where a large constant (182 ZQ0%) has been subtracted. The I SnSe > v SnaSs(ll) 1
electric-field gradients are in units of 20v/m?, and the isomer @ sr SnM SnO-__.~ xB-SSanLS ’
shifts and quardrupole splittings in units of mm/s. E 2'_ SnPTj;ii .\/’/\‘\B-Sn 2
Compound  p(0) SE;s V,, 7 A 2 Cé) Céo g o-Sn
B 1La & T nSe, i
SnF, 5416 —0.36% —19.08 0O 1.82 S8 . f\Snzss(N)
Sno, 57.98 oP -587 0.81 057 ok V&~ SnS, ]
casnQ 54.23 o° 0 0 0 e S0,
BasnQ, 56.59 0P 0 0 0 4f SR . . ,
a-SnF, 9281 347 -1992 028 163 50 60 70 80 9 100 110
94.18 —20.41 0.05
B-SnF, 9346 31X —3044 010 2.1f pO) (a. u)
2?82 13223 42%%9 _16613?7 0'(;39 Sgg FIG. 1. Calculated electron contact dendiity aa?’) compared
a-Sn 79.02 209 0 0 0 to experimental isomer shiftgn mm/s relative to CaSng) for tin
B-Sn 86.16 25k 1452 0 0.4% compounds. A large constant (182 2g0) is subtracted from the
SnMg, 76.05 1.86° 0 0 0 calculated electron contact density.
Sns 94.47 328  +11.05 027 0.96
Sn,S; IV 71.43 1.02' —-4.31 045 0.0 The total variation in electron contact density in the Sn
I 95.41 3.34 —-10.55 096 0.93 compounds considered here~<$0 a.u., of which the maxi-
SnS, 70.59 0.98 +0.23 0 0.0 mal variation of the core state contribution is 3.6 &le-
SnSe 92.08 331  -9.01 029 0-8k1 tween Snkz and SnTé This means that the relaxation of the
SnSe 73.35 13? —0.05 0 0.0 core state wave functions to the actual crystalline potential
2:;:1 32?; i:sb 8 8 8 has only a minor effect on the electron contact density in

comparison to the variation in 5 valence electron
contribution® In other cases, lik€’Fe and rare earths, the
relaxation of core states is much more crudfalk is impor-

%Reference 29.
bReference 30.

°Average value of Refs. 31 and 32. tant to realize that even the nominal ‘Sn compounds
dreference 33. SnF,, SnG,, BaSnQ;, and CaSnQ have a significant &
*Reference 34. density at the nucleus. For example, in $npss(0)=43.8
fReference 35. a.u., where for comparison, i8-SnF,, pss(0)=83.1 a.u.
9Reference 31. The integrated Sn$charge density in a sphere of radius 2.1
PAverage value of Refs. 24, 31, 28, and 36. a.u. around the Sn atom reveals 0.49 dectrons in Sn
iReference 28. and 0.90 5 electrons inB-Snk,. We conclude that the ideal
IAverage value of Refs. 24 and 37. nominal configurations of Sn atoms in solids have only a
kReferences 37 and 38. qualitative significanc&®® This is also clear from the large
'Rocksalt structure. spread in isomer shifts for the class of nominalSrcom-
pounds, where the more ionic compounds, SnO and,SnF

a=(0.092+0.002a,° mm/s (4)

or, using Eq.(2), 25 ' ‘ /,'/ S
2\ _ 2 .

A(r¢y=(0.0072-0.0003 fm-. (5) 20k SnF4\. s B-S.an .
Compared to the previous calibrati8the present work con- L7
siders more compounds and a wider span*tsn isomer @ 15} /ka-San i
shifts, from Snf with an isomer shift of—0.36 mm/s to E c\”
SnCl, with an isomer shift of 4.06 mm/s. In particular, Ref. ~ SnS Rl SnO
10 considered only Snpamong the(nomina) Sn** com- < 107 sncy, ,\9‘\ ]
pounds, and as already stated, a considerable uncertainty is Snoz\.\/ }\Snsg"2s3(n)
associated with ASA calculations of compounds with the 0.5 N -
rutile structure. In the present more accurate calculations the < “B-Sn
electron contact density of Sn in Sp@ indeed significantly ohz . s .
higher than in Ref. 10, and since the calibration of Ref. 10 is 0 10 20 30
rather sensitive to the value of the Sp@lectron contact V,, (102'v/m?)

density, this explains why the present calibration constant is

~30% larger. Thgsrecent calibration of Ref. 11 found FiG. 2. Calculated electric-field gradient including the asymme-
a@=(0.084:0.007pR, ° mm/s in good agreement with the try correction,V,,= |V, (1+ 35?2 (units 16¢* V/m2) compared
present, Eq(4). to experimental quadrupole splitting® mm/s for tin compounds.
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exhibit lower isomer shifts than the less ionic, SnS andmentally. The electron contact densities of the Snll and SnlV
SnCl,. The reason for this behavior is that a larger fractionatoms are close to those found in SnS and Sn8spec-
of 5s electrons are dragged from the Sn atom in the mordively, as anticipated from the similar local chemical envi-
ionic compounds, thus leading to a lower electron contactonments. Both sites exhibit a nonzero electric-field gradient.
density. At the SnIV site the field gradient is-4.31x 10°* V/m?,
The three widely used'®sn Mcssbauer reference materi- which would correspond to an experimental quadrupole
als CaSnQ, BaSnQ;, and SnQ are commonly regarded as splitting of 0.33 mm/s, which is barely observable, and thus
having identical Sn electronic structure, but the present calin agreement with experiments, which do not report any
culations actually find some variation in the electron contactjuadrupole splitting for this sit€:?® The electric-field gradi-
density between these compounds. In fact, CaSigQthat  ent at the Snll site is- 10.55< 1071 V/m?2, i.e., much larger
compound for which the deviation from the best straight linein magnitude, and also the asymmetry paramejer0.96, is
in Fig. 1 is largest. It is doubtful, though, if these differencesvery large. This corresponds to a quadrupole splitting of 0.90
may be detected experimentally. mm/s, which is in excellent agreement with the experimen-
Figure 2 shows the measured quadrupole splittings plottethlly observed splitting of 0.90 mm#é,or 0.93 mm/s® The
against the theoretical electric-field gradiefitecluding the  agreement with the value for the field gradient calculated
factor (1+ 17?2 for the asymmetry dependence, cf. Eq. (and measurédn SnS must be considered accidental, since
(3)]. The fairly good linear relationship confirms relati(8  the asymmetry is rather different.

and we derive a value of To test the accuracy of the present calculational scheme
for obtaining the electric-field gradient in solids we have,
|Q|=(12.8+0.7) fm? (6) for the case of rutile SngQ performed a full-potential

linear-augmented-plane-w&¥e(FP-LAPW) calculation for

for the absolute value of the nuclear quadrupole moment othis compound. With the FP-LAPW method, the Sn and O
the isomeric 11°Sn24 keV,3/2+) state. This compares electric-field gradients are calculated to be5.66x 10°
favorably ~ with the experimental estimate of V/m? and —9.81x10%' V/m? with asymmetry parameters
Q=—(10.9+0.8) fm2.* The sign of the nuclear quadrupole 7=0.92 and»=0.06, respectively. With the full-potential
moment is not determined by the present work, sincssdo LMTO method we find the field gradients to be
bauer spectra do not reveal this quantity directly. The—5.87<10°* V/im? and —10.94x 10°* V/m? with asymme-
electric-field gradient of3-SnFe, is calculated somewhat try parameters;=0.81 and»=0.10 for Sn and O, respec-
larger than observed experimentally, while that of $nF tively. Since both the applied methods may be considered
comes out too small in the calculation. highly accurate for electronic structure calculations of solids,
The two crystallographically inequivalent sites in these numbers demonstrate the level of accurégy.,
a-SnF, have almost identical electron contact density and~10%) one can expect for a somewhat singular quantity like
electric-field gradient, and presumably the experimentathe electric-field gradient.
resolution of the two sites is not possible.
For completeness, we briefly discuss the results for some
specific compounds in the following. In SnTe we considered IV. CONCLUSIONS
only the rocksalt structure, since the crystallographic data on

the low-temperature phase are uncertain and apparently dSbunds comprising all aspects of chemical bonding were pre-

. . 5 _
pendent on carrle(vgcancy concentrathr?. The trangfor sented. The electron contact density and electric-field gradi-
mation to a phase with a lower than cubic symmetry is, how-

ever, readily observed in Msbauer spectroscopy by the ent of Sn nuclei were calculated and compared to

L o experimental isomer shifts and quadrupole splittings with
;pmpzazzance of a nonvanishing quadrupole splitting.0.31 good linear relationships. As a consequence accurate values

. . for the difference in mean square radius of the nuclear states,
We have also considered the red form of SnO, which Wa3<r2>: (0.0072+0.0002) fn, and 11524 keV.3/2+) ex.
reported to have a large quadrupole splitti@20 mm/s in . ) ' d 3 D
Ref. 22, 1.99 mm/s in Ref. 31and an isomer shift of 0.60 cited state quadrupole momefQ| =(12.8+0.7) fm* were

) obtained. In addition to this accurate calibration BfSn
mm/s relative toa-Sn (0.11 mm/s lower than black SnO . ;
We find, however, that the two crystallographic Sn sites otM ossbauer spectroscopy the present work confirms that

red SnO have widelv different electric-field aradients. so tha tate-of-the-art electronic structure calculational schemes
. - Widely . g ' -based on the local-density approximation can be used to
an interpretation in terms of a single quadrupole doublet is

. . . : .~ “tompute hyperfine parameters in agreement with experi-
tnhoé agﬂ;%?ﬂﬁﬁbgnii? S;teeﬁ’ls 'r’]vg? C:O;?é?datzs}égi’gﬁ? Ior; ments. This introduces the new aspect for the future of com-

~16.10< 1P V/m?2, while the other site, Sawith coordi- bining experiments and calculations for investigations of sys-

nates (0, 0.441, 0.254) in the cell, has a field gradient OFems of unknown structure.
—31.69x 10?1 V/m?, i.e., almost twice as large. The electron
contact density differs slightly, being 88.42 a.u. and 84.06
a.u. for the Sp and Sy positions, respectively. Therefore,
we encourage that the Msebauer spectrum of red SnO be  This work was supported by the Danish Natural Science
analyzed in terms of two quadrupole split lines. Research Council, Grant No. 11-0694 and by the Commis-

For Sn,S; we find distinct hyperfine parameters for the sion of the European Communities, Contract No. CI1-CT92-
two inequivalent Sn positions, as is also observed experio086.

Electronic structure calculations for a series of Sn com-
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