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A new EPR spectrum in natural scheelite is investigated; the spectrum is associated with the

tetrahedral complex [MnF,12~, which replaces [WO, %"

in scheelite (CaWOQO,). The spec-

trum can be described by a spin Hamiltonian of tetragonal symmetry; the values of the spin

Hamiltonian constants are determined.

IN recent years the optical and microwave spec-
tra of scheelite (CaWO,) containing trace
amounts of rare-earth and iron-group ions have
been intensively investigated in connection with
the application of scheelite as a working laser
material. The EPR spectra of the following ions
in scheelite have been described: Mn?* and
Gda+,[1] Euz+’[zj Tb3*,[33 Yb3",m and Na3*.[5.6]

The impurity ions are usually isomorphically
substituted for the divalent cation Ca%* in the
scheelite structure. The local symmetry then
either remains tetragonal (Mn?*, Gd%*, Nd%*,
and Yb®* replace Ca?* without local charge com-
pensation ), or it is reduced to orthorhombic by
the replacement of 2Ca?* by M3* + M!* in the
case of charge compensation.

In scheelite containing Nd**, an orthorhombic
spectrum of four strongly anisotropic lines, at-
tributed to Nd3* located in the WO, tetrahedra,
was observed together with the spectrum from
Nd®* located in Ca sites. (The distortion of the
tetrahedra along the four three-fold axes leads to
four inequivalent sites.) However, this interpre-
tation has been disputed.m In the absence of dis-
tortion along the L3 axes of the tetrahedra, the
axial spectra of the ions in Ca and W sites are
geometrically indistinguishable (identical local
symmetry S, with a common Z axis); the
orthorhombic spectra of these two sites must ob-
viously be rotated through a small angle, and
their appearance is associated with the charge-
compensation mechanism. In such cases these
spectra can be distinguished only by the charac-
teristics of their spin Hamiltonian constants.
Thus, the character of the spectra of impurity
ions in scheelite displays a complex dependence
on their introduction into Ca or W sites and on

the charge-compensation mechanism (which is
regulated by the conditions of synthesis).

We have observed in a single crystal of natural
scheelite two different Mn%* spectra, which are
naturally attributed to Ca and W sites. One of
these spectra has the characteristic ‘‘signature’’
of super-hyperfine structure (shfs) from four F!°
nuclei. At the same time, the coordination of
Mn?* in the second spectrum is definitely tetra-
hedral. This permits one to obtain the constants
of the spin Hamiltonian for Mn?* in W sites, in-
dicating a new charge compensation mechanism in
scheelite. Besides this, this is for the present the
only compound in which EPR spectra of Mn?*
with fluorine ligands in tetrahedral coordination
are observed.

The structure of scheelite may be visualized
as CaQOg groups and WO, tetrahedra alternating
in accordance with the symmetry of the space
group C%},(I4,/a). The structure is sketched in
Fig. 1, which takes into account the recent neu-
tron-diffraction (¥ and x-ray-diffraction (8] re-
finements of the oxygen positions. Besides the Ca
and W sites, one can readily distinguish possible
sites for compensating ions or for interstitial
paramagnetic ions.

The Ca—0 dlstances are almost 1dent1ca1
(Ca—40 = 2. 44A and Ca—40 = 2.48 A), and
W—40 = 1.788 A. The parameters of the oxygen
ion are x = 0.1504, y = 0.0085, z = 0.2111; their
spacings in the WO, tetrahedron are O;-O,
=2.485 A 0,-05 = 2.880 A.18 This indicates a
small distortion of the WO, tetrahedron along the
l, axis (the helght along this axis should be equal
to (0—0)/2Y2 =2.14 to 2.11 &; the experimental
helght is 1.96 A).

Both observed Mn®* spectra (they partially
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FIG. 1. Scheelite structure: a — alternation of Ca and W
sites along the four-fold screw axis b — layer arrangement
of Ca and W sites; ¢ — CaO, groups and WO, tetrahedra.

overlap) have tetragonal symmetry with a com-
mon Z axis, which coincides with the [001]
direction in the crystal. The more intense spec-
trum is identified as that described for Mn?*
placing Ca?*,!) and has the spin-Hamiltonian
constants given in Table I (see below).

The second spectrum (its intensity is 1/200 of
the first) is characterized by a very large value for
the axial component of the crystal field and by the
presence of shfs, which consists of five compon-
ents of relative intensity 1:4:6:4:1 (Fig. 2).

re-

Table I. Constants of the spin Hamiltonian of Mn?*
and W sites (in 104 em™1)
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FIG. 2. Fluorine shfs Mn*'—F*’,

FIG. 3. Dependence of the shfs constant AlsT in fluorides on
coordination, structure type, and Mn?'~F*° distance. Structure
types: 1 — scheelite (coordination number (cn) = 4); 2 — per-
ovskite (cn = 6); 3 — rutile (cn = 6); 4 — NaCl (cn = 6); 5 —
fluorite (cn = 8).

This is interpreted as being due to the interaction
of an unpaired Mn?* electron with four identical
nuclei with nuclear spin I = Y, situated at identical
distances from the Mn2* ion. In this case, fluor-
ine is practically the only possible ligand ion with
nuclear spin 4 . The presence of 0.02% fluorine
was confirmed by chemical analysis (colorimetric
determination by V. V. Danilova). Thus, these

data show that [WO,)2" is replaced by the com-
plex [MnF,]2-,

in scheelite in

. b3 ‘ A l by & % g, ‘ '
Ca ‘ —137.6 b —1.2 ’ —11.5 1,99987 l 1.99980 ‘ 88,93 ’ 89,53
W |(1)380.0[(—)0.2 |(—)2.8 1,9955 1.9885 |(—)87.5 | (—)87.2

Table II. Spin-Hamiltonian constants of Mn2*

with fluorine ligands

C'oordina- Struc- n F Ref-
tion num- ture M—F, A g 10-4cm™t As. | erence
ber Type 10-4 cm
BaF, 8 CaF, 2.68 2.0015 92.4 5.7 [10]
SrFs 8 » 2.51 2.,0015 95.6 7.9 10]
CaF, 8 » 2.36 2.0016 95.8 8.8 10
CdF; 8 » 2.33 2.0026 93.0 9.4 [1]
NaF 6 NaCl 2.31 1.996 91.0 14 .4 [*2]
KF 6 » 2.67 91,0 9.2 [13]
ZnFy 6 TiOq 2.04 2.002 17.0 14
MnF, 6 » 2.12 —_ 15.6 [1%]
KMgF3 6 CaTiOs 1,994 2.000 91,2 18.1 [19]
KCdFs 6 » 2.167 2.002 92.6 15.8 [16]
KCaFs 6 » 2.188 2.002 93,1 15.5 16]
KMnFs 6 » 2.093 — —_ 16.3 [27]
CaMnF, 4 CaWO, 1.788 g = 1.9955 87.5 27.9 —_—
g_]_:1.9885 87.2
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The spectrum with fluorine shfs is described
by a spin Hamiltonian with tetragonal symmetry:

H = b°05° + b0 - b0 + gyBH.,S,
+ g1 B(HxSx + HySy) + ALS, + B(I1.Sx + 1,Sy), (1)

where A is the hyperfine structure (hfs) constant
in the parallel orientation, and B the same in the
perpendicular orientation. The numerical values
of the constants are given in Table I (precision:
£0.0005 for the g factor and #1 X10™% em™! for
the other constants).

The components of the shfs tensor are due to
the isotropic contact interaction Ag and the
anisotropic dipole interaction Ag:

AF =279, A = 0.7-10%cm ~1(205-10~% cm ™).

The obtained constant A (for comparison with
the kind of chemical bond, see o] ) in the complex
MnF, completes the series of tetrahedral struc-
tures with different ligands in which this quantity
has been measured (in 10~ ¢ cm™!, see 9 ):
Mn-Te; (56.0 in ZnTe, 56.4 in CdTe), Mn-Se,
(60.0 in ZnSe, 61.5 in CdSe), Mn-S4 (64.0 in ZnS,
63.6 in CdS), Mn-O4 (77.0 in ZnO), Mn-F, (87.5
in scheelite).

The spin-Hamiltonian constants for Mn?* in a
number of fluorides are given in Table II. The
values obtained in [MnF,]?~ for the g factor and
for A (hfs) are the smallest, and that for Ag
(shfs) is the largest of those observed in these
fluorides.

Figure 3 shows the dependence of fluorine
shfs on coordination number, structure type and
Mn?*-F! distance.
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