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The electron paramagnetic resonance (EPR) anisotropic g-factors g, gy and g, and hyperfine
structure constants Ay, Ay and A, of Cu?* in CspZnCly crystal are theoretically investigated by the
method of diagonalizing the full Hamiltonian matrix. The crystal-field parameters are obtained from
the crystal structure by the superposition model. The results, agreeing reasonably with the observed

values, are discussed.
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1. Introduction

Cu?* enters easily into a number of host lattices, and
one gets an idea about various characteristics, such as
the ground state of the ion, the type of distortions, de-
localization of free electrons and also structural phase
transitions. The optical and magnetic characteristics
of Cu?* coordinated complexes have been studied in
[1-6]. The theoretical studies are usually related to
Cu?* complexes with six coordinated octahedra and
axial symmetry. Those of low symmetry and four co-
ordinated complexes are infrequent. For example, the
EPR g-factors gx, gy and g, and the hyperfine structure
constants Ay, Ay and A, for orthorhombic Cu?* cen-
ters in Cs,ZnCly crystal were reported in 1965 [7]. But
up to now no theoretical explanation has been made
for these EPR parameters. In this paper, by diagonal-
izing the full energy matrix, we calculated the EPR
anisotropic g-factors gy, gy and g, and hyperfine struc-
ture constants Ax, Ay and A, for Cu?* in Cs,ZnCly,
crystal. The crystal-field parameters were obtained by
the superposition model. The results are discussed.

2. Calculation

The Cs,ZnCly crystal has orthorhombic symmetry
and belongs to the Pnam space group. The host Cs™

ion is coordinated by four nearest-neighbour CI ~ ions.
The tetrahedron (CsCl,)3~ has the D, point symmetry.
The impurity Cu?* replaces the Cs™ site with approx-
imate D, point group symmetry [8].

The Hamiltonian of a transition-metal ion in the
crystal under an external magnetic field can be written
as [6]

|:|/=|:|e+|:|CF+|:|so+|:|z7 (1)

where He is the electron-electron repulsion term, Hee
the crystal-field Hamiltonian and Hso the spin-orbit
coupling interaction. For orthorhombic D, symmetry,
the crystal-field interaction Her can be expressed in
terms of the irreducible tensor operators CE:

HCF = BgoC§ + Bg2 (C§ + ng) + B40Cf)1

)
+Bu2(C5 +C,) +Bas(Cy +Cy),

where Byq are crystal field parameters. Hso can be writ-
ten as:

I:iso = ZCdlAlé (3)
where Cy is the spin-orbit coupling coefficient for free
Cu?t, &y ~ 829 Cm:1 [9]. The Zeeman interaction H,
can be written as H; = gyugHJ, with their original
meanings [9, 10].
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By diagonalizing the complete energy matrix, one
obtains the energy eigenvectors. For the orthorhom-
bic (CuCls)>~ cluster, the wave functions of ground
Kramers doublets can be written as |e, + %), which can
be obtained by diagonalizing the energy matrix. Then
the anisotropic g-factors g, gy and g, can be expressed

as [10]
% =2(e. 8’_%>’
gy:2<£,%‘N2Ly+ge e,—%>, @)
amafe risasied)

where ge &~ 2.0023 is the free spin g-value. N is the
average covalent reduction factor due to the covalency
reduction effect. We take it as an adjustable parameter
here. Lj and S (i = x,Y, 2) are, respectively, the orbital
and spin angular momenta.

The hyperfine structure constants Ay, Ay and A,
are [11,12]

2
A =P [—NZK—F 7N2(a2 — B + (g — Ge)

-1 <3oc+\/_ﬁ> (9y — %)

o—+/3p
V3B 4\/§kaﬁ]

14 (02— 0e) — 7
- ﬁz) +(9y —Ge)

1 (3a V3B
<a+\/_ﬂ>( — Q) (5)
V3B 4v/3kaf

4
A, =P |:—N2K— 7N2(oﬂ —B?) 4 (gz—Ge)

1 (3a—+/3B
+_4<a+\/—ﬂ>(gx—ge)

= 1 (3054—\/\/_—;3) (gy—ge)],

where x is the core polarization constant, which is
about 0.3 for 3d" ions in crystals [13]. Here we take

2
Ay:P[—N2K+7N2(a2
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Kk =~ 0.288. P is the dipolar hyperfine parameter for
Cu?* in the crystal, P = N2R, (where Py is the free-
ion value, i.e., Py ~ 388 x 10~* cm~! for 3Cu?* and
Py~ 416 x 10~* cm~* for 85Cu?* [13]). a and B are
mixing coefficients for the [x? —y?) and |32 —r?) or-
bitals. They can be determined from the normalization
condition o? + B2 = 1 [11,12].

According to Newman’s superposition model
[14,15], the crystal field parameters Byq in (3) can be
expressed as

Big = _le\kmo)(Ro/Rj K65, 07), (6)
j=

where ty is the power-law exponent and A (Rp) is
the intrinsic parameter with the reference distance
RO (here we take Ry ~ 2.399 A) Usually, the ratio

A2(Ro)/A4(Ry) is in the range of 9 ~ 12 for 3d" ions
in many crystals [15, 16]. We take A4(Ryp) as adjustable
parameter and Az (Ry) ~ 9A4(Ry). to &~ 3 andty ~ 5 be-
cause of the ionic nature of the bonds [15]. The coordi-
nation factor KJ(6;,¢;) can be obtained from the local
structural parameters of the studied system.

As far as we know, no structure data of Cs,ZnCly
crystal are reported. So we use those of the similar
Cs,CuCly crystal, which for Cs™ are [17]

R~2.2345 A, 0~64.4355°, ¢~ —1° (7)
Here ¢ is the small departure from the 45° angle.
Substituting these parameters into the above formu-
las and diagonalizing the complete energy matrix, the
anisotropic g-factors for Cu?* and the hyperfine struc-
ture constants A for the ®3Cu?* and ®°Cu?* isotopes
in Cs,ZnCly are obtained. Thus, from the above for-
mulas and parameters, we find that to reach good fits
between the calculated and experimental EPR parame-
ters for the Cu?* center, these parameters are

Au(Ry) ~

The comparisons between the calculated and experi-
mental EPR parameters are shown in Table 1.

467cm™t, N~ 0.834. (8)

3. Discussion

By diagonalizing the Hamiltonian matrix, we calcu-
lated the EPR anisotropic g-factors gx, gy and g, and
hyperfine structure constants Ay, Ay and A, for Cu?*in
Cs,ZnCly crystal. From the Table 1 one finds that the
calculated EPR parameters g; factors and the hyperfine
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63cy2+ (10—4 cm—l)

85CuZ* (10~ cm-1) Table 1. EPR g-factors and hy-

O 9 o A 1A 1A IAd 1A 1Al per;ing structure parameters for
Cal. 2089 2100 2487 567 464 283 608 507 30.3 Cu“* in Cs3ZnCly crystal.
Expt.[7] 2.083(5) 2.101(5) 2.446(5) 51(5) 46(5)  25(5) - - -

structure constants A; of ion in Cs,ZnCl4:Cu?* crystal
agree reasonably with the observed values.

The structural data are not those of the Cs,ZnCly
host crystal but those of the similar Cs,CuCl, crys-
tal, which would result in some errors of the calculated
EPR parameters. Considering that Cu* and Zn?* have
the same charges and about the same ion radii (r ~
0.72 A for Cu?t and r ~ 0.74 A for Zn%*+ [18]), the
discrepancy of the EPR parameters originating from
the host structural data can be neglected.

On the other hand, because of the difference of the
charge and ion radii between the impurity Cu?* and
host Cs™ ions, the local structural parameters in the
vicinity of Cu®* should be different from those of the
host Cs™ ion. Disregarding the charge compensation
and the lattice relaxation caused by the substitution of
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an impurity for the host ion in crystals may result in
some calculating errors. As the calculated EPR param-
eters are consistent with the observed values, this ap-
proximation and the results can be regarded as valid.

Considering that the spin-orbit interaction of ligand
CI~ ions is far smaller than that of Cu®* ions, in our
calculation, the effects of the ligand spin-orbit cou-
pling coefficient to g; and A; factors are omitted. The
approximate calculation is used by other authors and
testified to be reliable [4, 5].
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