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EPR STUDIES OF THE LOW-TEMPERATURE PHASE TRANSITIONS IN LiKSO4 BY

oF

Cu“’ IONS

*
M.A. Hefni®, A.B.Abd El-Moiz and MM, Gallal

Physics Department, Faculty of Sclence, Assiut University, Assiut

Egypt

Electron paramagnetic resonance (EPR) spectra of cu® doped lithe
ium potassium sulphate (LP3) have been studied at different temp—
eratures., The spin~Hamiltonian g and A parameters have been eval-
uated, Phase transitions in LP3 were observed at low temperature.

2+ in the la-

The measured g-values indicate a rhombic field for Cu
ttice at the temperature range 300 - 215 K, Between 215 K and 123
K an orthorhombic field suggested., The bonding parameter (a<2),
Fermi-contact term (K) end the free ion dipolar term (P) are eval-
uated using the principal g and A values, The ground stale were

2+

function for Cu“ ion in (LP3) is determined.

INTRODUCTION
Lithium potassium sulphate (LiKSO4), due to its interesting

properties has been subjected to various investigations, including

*
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EPR. studies (1-6). The crystal structures, the existance of posit-
ional disorder and domain structures in particular have been inve-
stigated by X-ray and neutron diffraction (3,7,8). Low temperature
structural phase transitions have been studied by Raman scaltaring
(2,6), and EPR (4,9,10). However, there 1s no emough informations

2 jons in these materials.

in literature on the EPR spectra of Cu
The EFR method provides in detail description of the electric fie-.
1d symmetry produced by the ligands around the paramagnetic ions
(11). It can be used also to obtain informations about the influe=
nce of defects on the low ~temperature phase transitions (10,11,12),

Hefni et al (13-16) studied the EPR spectra of Cu?

doped in a var-
tety of host lettices.

In the present work, we report the results of the EPR study of
Cu.z+ ion doped LPS, The interest of this study is to find the site
gymmetry and the ground state wave function of the ion., Alsgo,
the attention has been focused to certain selected temperature ran-

ges to illustrate the low phase transitions which teke place in th~

13 material,

EXPERIMENTAL

LPS crystals doped with cu®" which is used in this worl were
grown by slow evaporsation at room temperature from an aqueous sol-
utlons made up of equi-molar quantities of potassium sulphate and
lithium sulphate monohydrate to which 0.05 to 0,1 mole percent of
copper sulphate was acdea as impurity, All the reagent used in the
present investigation-are of analyticel grade.

The morphology of the grown crystals agrees with that in (17),
LPS crystals are hexagonal at room temperature and its space group
is P63 (Cg). with a bimolecular unit cell of dimensions a = 5,1457
A° and C = 8,6298 A%, The four oxygens of the SO4 group are situate
ed at the four corners of a regular tetrahedron with the sulpher
atom at the center, The lithium ion alternate with the sulphur io-

ns. Each potassium ion is surrounded by six sulphate ions and each
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sulphate ion contributes one oxygen to the potassium ion forming
approxlimately an octahedron.

The EPR measurements were carried out on povder samples using a
Brucker ER 200E-SRC X~band Spectrometer with a 100 KH; modulation
and TM110 cavity. The sample temperature was controlled with an
Oxford Instruments Model ESR 900, The g values were determined us-

ing the DPPH resonance as a standerd and are accurate to0,0005.

RESULTS AND DISCUSSION

EPR spectra of the sample were recorded at different temperatures
in the temperature renged from %00 K to 120 K, A selectlon of the
first-derivative EPR spectra of the powdered crystals recorded at
various temperatures are shown in Fig. 1&2, They show a typical th~
ree g-values spectra, From these gspectra one can obtain the salient
features pertinent to the calculation of the spin-~Hamiltoniam para-
metries (12,13, 18). Furthermore, such observation provides a conve=-
nient way for studying the temperature variations of the EPR spect-
ra of LPS : Cu2+

The variation with temperature of the g-values and 630u hyperfi-
ne tensors 1s conventiently studied in the powder samples to obvia-
te the need for lengthly study of the crystal in three planes.

The EPR spectrum at room temperature (300 K) consists cf four
lines in the low field side {(corresponding to gz), one broad line
in the mid-field (corresponding to gx) and four lines in the high
~-field side (corresponding to gy). The structure of the broad line
is well resolved at low temperatures, It could be distinctly seen
in the 8y part below T = 190 K, The general form of the spectra in
the temperature range from 300 K to 230 X is that expected for a
six-coordinated copper complex having letragonal symmetry with a
slight rhombic distortion (19). These spectra are essentially sim-
ilar to that reported previously (20).

However, important differences were observed in our temperature

dependence spectra, especially below 230 K where the best-resolved
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Figure 1. Pirst-derivative EPR gpectra of Cu2+ in LiKSO4

polyerystalline sexple taken at T = 300 K, 270 K and

230 K (during cooling).

spectra is obtalned (Fig, 2). We observed that the intensity of

the lines increased and their line-widths decreased., The hyperfine

peeks, particularly those occuring in the low-field side, show ad-

ditional splitting at T

= 215 K and down, We have observed weak

doublets and singlest bebtween the main EPR peaks (Fig. 2). These

weak peaks represent, in all probability, the forbidden transitions
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Figure 2, First-derivative EPR spectra of cu?t in LiKSO4
polycrystalline sample taken at T = 215 K,.190 K, 165 K
and 123 K {during cooling)., Weak lines marked at the
extreme positions are components of the 650u isotop
which appear below T = 190 K, Forbidden hyperfine pesaks

ong = * 1 and & ny = * 2 are showm.



03:47 30 January 2011

Downl oaded At:

60 HEFNI, ABD EL-MOIZ, AND GALLAL

BMg = X1, Amp = £1 and DU = * 4, Ay = % 2, permitted by the
second order perturbation, due to the quadrupole moment of the cop-
per nucleus and partialy due to the large hypcrfine coupling const-
ant A. The 1little departure from equidistance between the four lines
of Cuz+ ion can be assigned .to:-low symmetry cffects. The EPR spe-
ctra at the temperature range 215 - 123 K could be attributed to
Cu2+ ion in orthorhombic symmetry. This is an experimental evidence
to asgume a phage transitions in LPS at T = 215 K, Tomaszewski

and Lukaszewicz (3) show that a freezing of the oxygen in a defi-
nite position results in tilting of the SO4 tetrahedra and lowering
the symmetry down orthorhombic cmcf, The tilting of the sulphate
tetrahedra explains well an elongation of the lattice in a-directie
on and shortenivng in the b~direction as a result of the phase tran-
sition from the hexagonal to orthorhombic phase, They studied stru-
ctural analysis of LP3 at low temperatures by X-ray differaction.
They provide that LPS has a firast~order structural phase transition
into an orthorhombic phase (cmc?) at 190 K ou cooling, and that be-
tween 190 K and 164 K the hexagonal phase and orthorhompic phase
are coexist, At 170 K, the lattice parameters for the orthorhombic
phase are & = 5,202 A%, b = 8,701 A° and ¢ = 8.619 A°, In additi-
on, an intermediate hexagonal P63 mc¢ phase was proposed at tempera-
tures between 216 K and 190 K on cooling. On the basis of Raman sc=-
attering, Bansal et al (2) suggested this phase to be Lrigonal.

On passing through 165 K, & sudden changes in the spectra were
obsgerved. Due to the reduction of the line-width to about 1ts half
value (11 G), some additional feature are observed, The EPR pecaks
due to the less abundant isotope 650u (I = 3/2) were resolved. At
165 K the 650y weak pesks sppeared ag shoulders in the mp = +3/2
hyperfine components at the low field gide, These weak peaks were
regolved in the mp = * 3/2 components and also appeared as shoulde=-
rs in the my = * 1/2 components at T 123 K,

On cooling further the spectra of the sample underwent drastic

changes at 123 K, The main results were as a maximum of a new three
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" 1n non
sets of four lines "a y 'b and ¢ each could be located which is

shown in Fig. 2. These lines are too weak to be analyzed.

Our study clearly shown EPR spectra from Cu~-0 complex in LPS at
the temperature range from 300 K to 215 K, characteristic of a rho-
mbic compressed system, while the observed BEPR spectra through the
temperature range from 215 K to 123 K is characteristic of orthoro-

2+

hmbic field around the Cu ion. 'rom the observed EPR spectra, the

m

spin-Hamiltonian parametrs have been evaluated and are given in Ta-
ble 1, The observed variation of the g-factors with temperatures
are similar to these obsgserved for copper doped Zinc Tutton's salt
(21) and Zinc(II) bis(pyridine-3-sulphate) hydrate (22) systems in

which Cu®

experiences a rhombic distortion. The large value g_ is
typical of Cu~0 bonding (23). From the obtained g-values we allow
to get information on the electronic ground state of the impurity

Cu2+

ion in LPS.

Dudley and Hathaway (24) suggested that for rhombic g-values
(with g, > 8 > gy), if (gx - gy)/(gz - gy) = R is greater
than unity, then e predominantly dzz ground state is present. For
a dx2_y2 ground state, the value of R is expected to be less than
unity. The principal g-values obtained at the various temperatures
give R <1, as shown in Table 1, From the calculated R values, we
suggest that the electronic ground state of copper ion in LPS is
predominantly dx2_y2.

Koto and Abe (24) reporited the following exprissions to calcul-
ate the free ion dipolar term (P), Fermi-contact term (K) and the

bonding paremeter (of):
Po= (A - A /17 DE, - DEy)
2 .
xZ= (1/6) [(A = 8)/P = ng, + (19/14) b gy = (6/14) p g T,
K = (a/p) + (2/7) o2 + OB, - (3/14)A8y
where A g, = By = 8,5 O B8y = 8, = By andAgy= 8 ~ &y (Se is
the free-spin g-value and equal to 2,0023), The valueas of
are shown in Table 1, The value of o< 2 is close to unity for ionic

bonds and becomes smaller with.increasing covalent bonding.
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From the values of the parameters p,p<2 and K (Table 1) which
give the nature of the bonding, it is found that cu® doped in LPS
is bound by a mixture of ionic and covalent bonds with the surroud-

ing atoms (25).
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