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The electron paramagnetic resonance of Cu2+ in ferro-
electric LiH3(Se03)2 has been studied at 298 K in X-band. 
The Cu2+ appears to substitute Li+ in the lattice with the 
2-axis nearly along the Li-0(6) bond direction. The spectra 
have been analysed using the spin-Hamiltonian appro-
priate for Cu2+ in orthorhombic symmetry. 

Lithium trihydrogen selenite, LiH3(Se03)2 (LHS) 
[1], due to its interesting features such as large di-
electric polarization, presence of ferroelectricity up 
to its melting point, role of hydrogen bonds in the 
onset of ferroelectric behaviour, and so on, has 
been the subject of a number of investigations 
[2—5]. Jain and Venkateswarlu [6—7] have re-
ported the EPR of Mn2+ and V02+ in LHS from 
298 K down to 77 K. The present note describes 
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c-axis. Broken lines link the Li atom to oxygen atoms (only 
four oxygen atoms are shown). 
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an EPR study of Cu2+ in LHS single crystal at 
298 K. 

The LHS is monoclinic with a bimolecular unit 
cell (Fig. 1) of dimensions [8, 9] a = 6.2554 Ä, 6 = 
7.882 Ä, c = 5.4339 Ä and ß = 105° 32.5'. The space 
group is Cs1(Pn) and the point group is C8(m). The 
Li+ is surrounded by six oxygen atoms arranged in 
a slightly distorted octahedron. Two linear bonds 
0(1)—H(l) — 0(6) and 0 ( 5 ) - H ( 2 ) - 0 ( 2 ) link two 
Se03 groups. Third hydrogen bond 0(4)—H(3) — 
0(3) forms S-shaped chains of selenite groups 
running along the c-direction. The Li+ ions form 
Li-0 bonds with four different chains creating a 
three-dimensional network. Figure 1, shows four 
oxygen atoms of the octahedron surrounding the 
Li+ ion. 

Single crystals of LiH3(Se03)2 doped with Cu2+ 
were grown at room temperature by slow evapora-
tion of an aqueous solution of one mole of Li2C03 
and four moles of Se02, to which cupric sulphate 
(0.5% by weight) was added. The crystals have poor 
faces but perfect cleavage in a plane perpendicular 
to the 6-axis [10]. The EPR spectra were recorded 
on a Varian V-4502 EPR Spectrometer operating 
at X-band and provided with a 9-inch electro-
magnet and 100 kHz field modulation. 

The EPR spectrum of Cu2+(S = 1/2, 7 = 3/2) in 
LHS consists of two overlapping, angle-dependent, 
four-line hyperfine patterns (Figure 2) arising from 
two differently oriented but magnetically equiva-
lent Cu2+ complexes, the principal z-axes of which 
are found at ^ 12° from the 6-axis. The angular 
variation of the spectra shows orthorhombic sym-
metry. The spectra at 298 K have been analysed 
using the spin Hamiltonian 

Jf = jUß{SxgxBx 4- SygyBy + SzgzBz) 
+ (SXAXIX + SyAyly + SZAZIZ) , 

where the symbols have their usual meaning. The 
values of the spin Hamiltonian parameters obtained 
are: 

gz = 2.417 ± 0.005, gx = 2.029 ± 0.008, 

gy = 2.160 ± 0 . 0 0 8 , ,4Z = 91.0 ± 1 , 

Ax = 48.0 ± 4 , Ay = 35.0 ± 4 , 

6 = 12° ± 2°, 0= 20°, 

where the A values are in units of 10~4 cm -1 , d is 

0340-4811 / 82 / 0900-1094 $ 01.30/0. - Please order a reprint rather than making your own copy. 



Notizen 1093 

Fig. 2. The EPR spectrum Cu2+ doped LiH3(Se03)2 single 
crystals at 298 K with B parallel to the one of the two 
z-axes. 

the angle between the z-axis and the 6-axis, and 
0 is the angle between the z-axis and the projec-
tion of z on the ac plane. The value of 0 could not 
be determined accurately because the EPR spec-
trum nearly merges to a band in the ac plane. 
Since Cu2+ has a d9 configuration and gz > gy > gx, 
the single hole must be in a dxi_yi type orbital. 
The values of the components of the (/-factor indi-
cate that Cu2+ in the lattice is surrounded by six 
oxygen atoms [11]. 

If Cu2+ enters substitutional^ in LHS, the sites 
available to it are those of Li+ and Se6+. As there 
is a small difference in the ionic radii of Li+ and 
Cu2+ and their valence states do not differ much, 
Cu2+ would prefer to occupy Li+ sites. It would be 
surrounded by an oxygen octahedron and would 
give rise to two equivalent Cu2+ complexes. Cu2+ in 

place of Li+ would produce a positive ion vacancy 
resulting in an extra contribution to the crystal 
field at the Cu2+ position, and the zaxis would be 
expected to lie along the Cu2+ — vacancy direction 
such as in NaCl: Mn2+ [12, 13]. 

The observed z-axes of the Cu2+ complexes are 
found nearly along Li-0(6) bonds. The lower energy 
of the Li-0 bond compared to the H-0 bond favours 
the absence of Li+ in vacancy formation [14]. 
Further, an aqueous solution of Se02 forms sele-
nious acid, a weak acid, which is very slightly dis-
sociated. On the other hand the salts like 
LiH3(Se03)2 are strongly ionized in solution and 
give Li+ ions more frequently [15]. Therefore an 
addition of Cu2+ will be balanced by Li+ ions and 
hardly by H + ions. The Cu2+ ions at the Li+ sites 
will thus form complexes with a large distortion of 
the surrounding oxygen octahedron along the 
Li-0(6) direction. The nature of the Li+-vacancy 
association [12—13] with Cu2+ can not be ascer-
tained because Cu2+ is already at a site of low sym-
metry and a further lowering of the symmetry due 
to vacancy association [12—13] does not affect the 
EPR spectra. 

The EPR spectrum shows no appreciable change 
at liquid nitrogen temperature; only the linewidth 
decreases slightly as the temperature is lowered to 
liquid nitrogen temperature. 
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