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Abstract

The spin Hamiltonian (SH) parameters (zero-field splitiingnd anisotropig factorsg, andg ) and local structures for @8oXs (X =Cl,
Br) are theoretically studied from the perturbation formulas of the SH parameters fdrian3ih tetragonally distorted tetrahedra based
on the cluster approach. In these formulas, both the contributions from the crystal-field (CF) mechanism and those from the charge-transfer
(CT) mechanism are taken into account. It is found that the [JfoXclusters are slightly elongated and the tetragonal distortion angles
AB(=6 — 6y, Wheredy ~54.74° is the bonding angle related to tldg-axis in regular tetrahedra) are abeut.68 and—1.71 for X =CI
and Br, respectively. The calculated SH parameters as well as the effective magnetic moments based on the above angles are in reasonabl
agreement with the observed values. From the studies, the importance of the contributions to the SH parameters from the CT mechanism
increases with increasing the spin—orbit coupling coefficient of the ligand, i-es Bi~. The results are compared with those obtained from
the conventional crystal-field model in the previous works.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction were studied from the crystal-field model by some authors
[14-17]
CsCoXs (X=ClI, Br) have attracted interest of workers However, there seems to be some imperfectness in their

due to their magnetic [Coj°~ clusters and were exten- studies. First, the spin—orbit (SO) coupling coefficient of
sively investigated by polarized neutron diffraction (PND) the ligands B#(or CP~), which is much larger than (or
techniqud1-4]. The related magnetic structure and spin den- comparable with) that of the central €aon was not con-
sity were also systematically analyZ&d-13]. Obviously, the sidered. In addition, the p orbitals of the ligands and their
above behavious are sensitive to structure property of thecontributions to the SH parameters were neglected as well.
[CoX4]?~ clusters. Since electron paramagnetic resonanceMoreover, only the crystal-field (CF) mechanism (related to
(EPR) is a useful tool to investigate local structure of mag- the anti-bonding orbitals) were included in the conventional
netic centers in crystals, EPR experiments have been carriectrystal-field mode]15-17] In fact, another mechanism, i.e.,
out on these systems and the spin Hamiltonian (SH) param-the charge-transfer (CT) mechanism (related to the bonding
eters (zero-field splittingp, anisotropigg factorsg) andg ) or non-bonding orbitals) can also influence the SH param-
were also measured by means of EPR and Zeeman effect techeters, as mentioned in Refd.8,19] Particularly, since the
niques[14,15] The SH parameters as well as the effective energies of the CT bands lower with increasing atomic num-
magnetic moment for the tetragon&i) [CoX4]2~ clusters ber of ligand ion in the same group of periodictale], the
contributions from both the CF and CT mechanisms should
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although the tetragonal distortion angle8 (i.e., difference According to the LCAO-MO model, the one-electron
between the GeX bonding angl® related to the”4-axis and basic functions for the tetrahedral 3duster may be estab-
the corresponding angky ~54.74 in regular tetrahedra) lished, i.e.:

were estimated from the approximation formula of zero-field . . . .

splitting D [~ 2+/262A6/(15Dq)] in Ref.[15]. Thus, thethe- Vi = Nt (ddt — A xpo — AsXs — A Xprt),

oretical SH parameters or the tetragonal distortion angles in .« _ nx(s.. /332 Xpme)- (4)
the previous works may be expected to be improved by con-
sidering the above factors. Here the superscript(=a or b) denotes the anti-bonding or

In order to study the SH parameters and the local structuresbonding orbitalsgg: and¢qe are the d orbitals of the 3don,
for CssCoXs to a better extent, in this work, the perturbation andxps, xpst, Xpwe, andys are the p and s orbitals of ligands.
formulas of the SH parameters are established for’d@d Ni and N; are the normalization coefficients, agg, A and
in tetragonally distorted tetrahedra, by including both the CF As are the orbital mixing coefficients. From Ed), we have
and CT mechanisms based on the cluster approach. the normalization relation:

(N1 4 (A5)? + (A5)2 — 205 Sy — 20858s — 205 8,] = 1,
2. Calculation formulas (NI?[143(5)2 + 605 S,] =1 (5)

For a 3d (Co?*) ion in a tetragonally Ip»g) distorted ~ and the orthogonality relationship:
tetrahedron, the perturbation formulas of the SH parameters a.b a b
. . 14323202 — 32+ =
based on the CF mechanism were given from the conven- + Shaha Oz + A7)Sm =0,
tional crystal-field model in Ref21] and the cluster model 1+ A3 + 2 + 2342 + A28 — (A2 + 20)S5
in our previous worK22]. Since the CT mechanism is con-

aja a b _
sidered here, the perturbation Hamiltonian containing both (Ag2g)Se — (hs + 45)Ss = O,

[ b b
the CF and CT mechanisms may be expressed as 2220 Ladb =0 (6)
H' = Hy+ HE' + HS§ + HSS + H5E + HE (1) for the ‘e’ or ‘t’ irreducible representation and the p orbitals

of the ‘t’ representation, respectively. Hefg, S, andSs are
where Hp, HEY, Hso and Hze are, respectively, the off-  the overlap integrals between the d-orbitals of théigd and
diagonal terms of the electrostatic Coulombic interaction, p or s orbitals of the ligands.
the tetragonal crystal-fields, the SO coupling and the Zeeman  From the Macfarlane’s perturbation-loop metHjad], by
interactions. The superscripts CF and CT denote the relatedapplying the perturbation Hamiltonian in €4, to the wave-
terms in the CF and CT mechanisms, with the correspond-function of the ground stat¥A, the perturbation formulas
ing SO coupling coefficientscr, {cr andécr, icr and the  of the zero-field splittingD, ¢ factorsg) andg, [and also
orbital reduction factor&cr, kcr andkcr, kot anisotropyAg = (g, — g1)] including both the CF and CT

Considering the contributions of the CT bands to the SH mechanisms for a 3don in tetragonally distorted tetrahedra

parameters, one can write the many-electron wave-functionscan be derived. Thus, we have
of the CT configurations in terms of seven-electron wave-
functions out of§, & and &. Here the superscripts ‘a’, ‘o D = D" + DT,

and ‘n’ denote the anti-bonding orbitals (corresponding to 35 1 1 35B4D /
the CF mechanism), bonding orbitals (corresponding to the DF = EDI;%F = - 21 - Lg':gc':,
CT mechanism) and non-bonding orbitals, respectively. So, Ey  E3 E2E3

the ground stat®A, can be written as follows:
J ? " CT _ (D —3D9¢ s

*Asdas > [0F0 s et et IEr E et (2) E;

g = gCF + ¢CT
In the above square bracket, the letters on the left column are®'! — Il I

’

" and & orbitals and those on the right column detbitals. cF _ 8s+8keptee  20cp(Zkepler — kerdce + 28skeF)
Since only one excited configuratioM&t2)*(t2)° (labeled sir = 3E1 9E?
as4T2) has non-zero SO coupling interaction with the ground 2 2
4A; state, the-component of T] state withW/s = 3/2 can be 4 48 celker — 2gs)  2¢ee(ker + gs)
given as 9E3 3E3
(040 st st g ety et T Reptorep | o 2y 2
0+ o-ste—EtE-ntetlEFE—ptn— ot CF CF O9FE1E3 3E1E3 3EzE3
4T3 > +I 5855’)?@57777(]}. o
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