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1. INTRODUCTION.

Generdly the ferroeledric transitions can be divided in to two mgjor classes, depending
on the microscopic mecdhanism which gives rise to spontaneous polarizaion of crystal - order-
disorder transitions and dspladve transitions. In order-disorder transitions, the permanent
eledric dipoles are present above the transition temperature and become ordered below that.
In the displadve trangitions the dedric dipoles come into existence a the transition, when the
unit-cdl distorts in such a way that the dipoles are aeded. The process leading to such
distortion of unit-cdl can be explained by the cancdlation of long-range Coulomb forces by
short-range forces between ions. The cancdlation of these forces leals to an anomaly in the
frequencies of transverse optic TO vibrationa mode. When ¢ =0, the particular mode

corresponds to entire Bravais latticeis moving as rigid unitsrelative to ead other.

Criticd phenomena have recaved much attention in the last ten yeas, espeaally for the
systems undergoing dspladve phase trangitions. Nea the transition temperature the aiticd
exponents of temperature dependencies for spedfic hea, susceptibility and order parameter
are different from those predicted by Landau theory (a=0., y=1., =0.5).

Ammonium sulfate (AS, heredter) attrads interest by its complicaed medhanism and
sdient dieledric properties, denoting complicated locd dynamicd changes, espedally nea
transition temperature T,=223. Although AS belongs to A,BX, family with B-K,SeO,
structure, it is the only member which undergoes a phase transition from the paradedric
Pnam phase to the ferroeledric Pna2; phase, without passng through an incommensurate
phase or changing the size of the unit cell [1]. Having two types of NH4" ionsiit is of interest
to know if the dynamics of these ions determines the phase transition a T. Many
experimental techniques and theoreticd studies have been used to explain the phase transition
in AS, but the different explanations provided are & variance from ead other, generally
depending on the tednique amployed (with different time scdes). The Mésdauer
spedroscopy is the only technique missng till now in the series mention in [2]. In the paper
we report on rew evidence for the lattice dynamics, soft mode existence and criticd
anomalies nea T by using new EPR and Mdssauer resultsin doped AS.

2. EXPERIMENTAL ASPECTS

The EPR and MoOsdauer measurements have been caried out on crystals grown at
room temperature, by slow evaporation of a saturated addic agueous lution of (NH4)».SO, to
which small amounts of HgCl, (0.58t%), VOSO, (0.5at%) or >'Fey(SOs)s (1at%). The
glycerin was added to improve the aystal quality and habit. So, s-eledron ion Hg", polar ion
VO?, and Mésdauer isotope °'Fe were used to monitor the phase transition of AS. Two
distinct sites, for ead type of probe-ion with dightly different EPR parameters (g-fador,
hyperfine constant) and Mosdauer parameters (central shift, quadrupole splitting, f-fador)
have been identified and attributed to the two NH," positions of AS. It is worth noting that
the spin-probes distribution into these sites is unequal and a preference for the site Il was
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observed. Different temperature behaviors were put in evidence upon passng the phase
transition, depending on the nature and position occupied by ead spin-probe.

2. ANOMALOUSTEMPERATURE DEPENDENCE OF SOME CHARACTERISTIC
SPECTRAL PARAMETERS

2.1 HYPERFINE INTERACTION OF Hg" ION.

S-eledron ions, such as Hg", with (ns)* configuration show charaderistic EPR spedra due to
very large hyperfine interadions and small anisotropy [3]. As they are very sengtive to ligand
ion neture and on their dynamics, the s-eledron ions could be successully used in the aiticd
phenomena studies of phase trangitions. The EPR spedra of Hg® ion in SA have been
interpreted with the spin Hamiltonian:

%=BBHS+SAD -g,B, BO +I QO 1)

where, the different terms have usual meanings. The Hg" ion has two non zero nuclea spin
isotopes (***Hg, 1=1/2 and ?°Hg, 1=3/2). A perturbative procedure was developed in order to
cdculate the energy levels and the arresponding transitions, analyticd solutions were
obtained. EPR parameters have been cdculated from the angular dependence of the EPR
spedra, and two distinct centers were observed, corresponding to the NH," substituted sites (I
and I1). The values of isotropic parameters are: g=1.99550.0005 A=3406510 MHz (site I)
and g=1.995Gt0.0005 A=3401110 MHz (site II). It is worth mentioning that for some
values of A/hv, the NMR-type transtions in X-band are very sensitive on the value of
hyperfine interadtion, making possble its determination with a very high acaracy.
The relevant data for our study is the unusua temperature dependence of the isotropic
hyperfine constant of Hg* ion in SA. An anomalous temperature dependence superimposed on
the normal one is observed for site | (Figure 1). This anomalous part is attributed to the
existence of a soft mode [4] strongly coupled with the spin-probe in this position. Admitting
that the temperature dependence is due to the mixing of higher lying orbital into the ground
orbital through the orbit-lattice interadion, one can write

A=A -AT+A(T) )
where, the first two terms are determined by the normal vibration modes (in the T<<6p
approximation; 6p-Debye temperature). The last term is sngular and related to the lattice
instabilities at the phase trandgition. They are induced by a soft mode eistence whose
dispersion relation is approximately given by:

Vi, T) =a(M -T,)" + Ba-q,)* ©)
o and (3 are materia constants and y is the aiticad exponent (y=1 in the mean field theory).

The anomalous part Aan(T), defined from the experimental data by subtrading the normal
contribution, was fitted with

Iimov(q,T) B E
Aan(T)=-A, DI'[J.—q_'B—Qarctan Q

o ®

using dfferent y values, in the range [T-T[£20K. B determines the dispersion of soft mode
and Q the aut-off of the Brillouin zone. The best fit was obtained for the aiticd exponent

y=1.24+0.03, approaching the aitical temperature T.=223t0.01K from below and
BQ=0.795+0.03.
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Fig. 1 Temperature dependence of the isotropic hyperfine cmnstant of Hg" in SA

2.2 MOSBAUER FRACTION OF °Fe.

Two quadrupole doublets of Fe** ions, in realy octahedra symmetry have been
observed in *'Fe:SA from Mésshauer experiments, conducted with a standard spectrometer in
transmisson geometry, operating in constant acceeration mode. The positions, widths, and
intensities of the doublets have been caefully extraded by a least-squares adjustment of
appropriate linea combinations of Lorentzians. Numericd cdculations of the spedral
Mosdauer parameters (central shift, integrated and normalized spedral area quadrupole
splitting) and of the ®’Fe dedric field gradient tensors (cdculated as a summetion of
crystalline lattice ad valence dedron contributions) have mnfirmed the Fe** probe in the
ammonium sites [5]. Distinct effeds are seen upon passng the phase transition. The spedral
transition temperature T'=229K does not coincide with T.. The five degrees dift in the
transition temperature, monitored by sudden changes observed in the experimental spedral
parameters (central shift and integrated spedrum areg is likely due to the pinning effed of
the *'Fe impurity. Such shifts have been observed before in the literature, but usually for
higher concentration of impurities [6].

The most sensitive experimental Mdsdauer parameters on crystal lattice dynamics are
the normalized integrated area a, and the relative ceantral shift .. These ae linked to
Mosshauer (or reaill esg fradion f(T) and to the second order Doppler shift dsops(T), asin

a= )(gnao 50, = i +Os0ps (5

Here I, 0, and n are the resonance haf-linewidth, nuclea resonant crosssedion, and the
number of ®>’Fe nuclei per unit areaof absorber, respedively; the term Js is the isomer shift of
the esorber nucleus. The temperature dependence of the integrated areashows an anomalous
reduction, most probably corresponding to temperature dependence of the Mésdauer fradion
f undergoing through the phase transition. The temperature dependence of f iswell described
within the Debye gproximation (5). If it postulates that one of the vibrational modes has an
temperature dependence @ predicted by Cochran, then the Mésdauer fador expresson
bemmes:
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The soft mode @ntribution to the para-ferroeledric phase transition of AS was introduced by
the temperature dependence of the Einstein frequency W(T), with a dispersion relation given
by (3), when go=0. The &, is a weight of anomaous vibrational mode and 6, 6 are the
Debye temperatures in the ferroeledric and paradedric phase, respedively. As one can see
for the second-order ferroeledric transition To=T,, at T=T. MOsdauer fador goesto zero and
for the first-order transition ToZT. , T-To=T-Tc+Tc-To, f(T) goesto a nonzero minimum. Many
parameters are needed to determine f(T). So, the instability of one of the vibrational mode in
the paradedric phase of crystal can be deteded by the spedra parameter of area The
deductible minimum of f(T) can be dtered by the danges of Debye temperatures 6 and
material constanta. That is hot unreasonable due to the distortion of the aystal structure when
this changes from non-polar state to polar one. So a, 6, T, and T, and aso T, are unknown
quantities. Another unknown quantity is the y exponent. The ratio f(T)/f(Tc) shown to be not
sengitive to the weight of anomalous vibrational mode[5]. It was considered T=T'. The
Debye temperature of the AS crystal in ferroeledric phase was deduced from the relation (7),

[8]
r _16M'c? k
65 O 9 K. (5. C(O)),/ e 7

M, M" and k, k' are the massof iron and ammonium moleaular groups and the dfedive force
constants, respedively (approximated to be equally). The value 6 ™~(373t65)K has obtained
from (7) and it is smilar with that obtained from the fit of f(T)/f(6 ,T’), which gives
6" =(40Qt50)K,, for T'=22XK. In the figure 2 is given the best fit of ratio f (T)/f (65 ,T").
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Fig. 2 Thefit of experimental areafradion in the para- and ferroeledric phases of °’Fe: SA
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The aomalous reduction in f of about (12-13)% indicaes that the Fe nuclel, substituting
NH4(1) and NHy(ll), are engaged in the soft-mode vibrations. It is remarkable that in the
crystal with three or more interpenetrating Bravais lattices, it is possble that f may be
unaffeded by anomalous vibrational mode. If Mdsdauer isotopes enter in one of lattices,
Mossdauer fador will be sensitive only to the dhanges of that lattice Two sublattices are
necessary to evidence an instability of one TO-mode, v -0, if the Mdssauer nucleusis in the
third, no anomaly of f and a may shown at T. . So, the presence of Mdsdauer isotopes in the
two-ammonium positions can explain the small value of the f anomaly at T.. The aiticd
exponent y=1.25+0.15 and the materia constant a= 0.0105%V%KY which appea in the
dispersion relation (3) of this ft vibration were obtained from the fit of the temperature
dependence Mosbauer fradion in paradedric phase. The best fit of f(T)/f.(657,T') was got
with a Debye temperature 6, =400+75K. These data ae in agreement with the EPR ones
although the time scdes of the two measurements are quite different.

2.3 LINE SALITTING OF VO™,

Because the aiticad exponent y obtained from the a&ove EPR and Mdsbauer experiments is
larger then unity, from the Rushbrooke relation [7] one should get a aiticd parameter 3<0.5.
In order to verify this conclusion a caeful EPR study of the polar VO®" ion in SA was
undertaken. Two main centers were observed in this case, corresponding to the substitution
sites NH, -1 and NH4-11 of SA. Below T, the lines lit into a doublet, whose spadng increases
with Tc-T. By applying of an external eledric field the relative intensities were changed in the
way expeded from the hysteresis curve. Therefore one can concludes that this litting is
closely conneded with a locd eledric field produced by the polarized domains. So, a
temperature dependence of the form (TT)? should be mnsidered. By fitting it in the aiticd
region O<T,T<10 K, for both centers, the following values were obtained for the aiticd
parameter (3, which define the temperature dependence of spontaneous polarizaion: =0.385
for ste | and =0.483 for ste Il. These vaues are in excdlent agreement with the
corresponding y values, which have obtained from EPR and Mo&sshauer results. The probe in
the site NH,-1 seams to be more strongly coupled to the surrounding SO.%.

3. CONCLUSIONS

In summary, anomalous temperature dependence of the EPR and Mdsdauer spedra of AS
doped with Hg*, °*’Fe axd VO? ions have been observed, from which large isotropic
hyperfine @nstants, crystal-field splittings, isomer shifts, Mosdauer fradions, and nuclea
quadrupole muplings have been derived. These ae eplained in terms of the existence of
vibration mode whose softening occurs due to locd anharmonicity, having a significant
contribution to the lattice dynamics. The aiticd exponents 3 and y cdculated in the aiticd
region, confirm this hypothesis and are in agreement with the scaing and Rushbrooke

relations for the paradedric and ferroeledric phases, respedively.

Acknowledgments. The authors adknowledge the financia support of Nationa Reseach
Program CERES, projed 14/15.10.2001



Recent results of EPR and Mossbauer investigations 135

REFERENCES

[1] H.Z. Cummins, Phys. Rept., 185, 212 (1990)
[2] L.S. Smirnov, L.A. Shuvalov, I. Natkaniec, M.L. Martinez Sarrion, L. Mestres,
J. Korean Phys. Soc. 32, S98 (1998)
[3] M.N. Grecu, Rev. Roum. Phys. 36, 875 (1991)
[4] H.G. Unruh, Ferroelectrics, 183, 1 (1996)
[5] S. Constantinescu, M.N. Grecu, Balkan Phys. Lett. Supl., 5, 1017 (1997)
[6] M.L. Martinez Sarion, A. Rodrguez, L. Mestres, D. Ventura, Ferroelectrics, 166, 3 (1995)
[7] S.K. Misra, J. Sun, J. Jerzak, Phys Rev., B40, 74 (1989)
[8] S.Congtantinescu, M.N. Grecu, Rom. Journ. of Phys. , 44, 5-6, 585 (1999)



