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THE NATURE AND DYNAMICS OF THE DISTORTIONS OF JAHN-TELLER CENTEES UNDER LOW-
SYMMETRY PERTURBATIONS

M.M. Zaripov, A.M.Zistdinov and Yu.V.Yablokov, Eazan Fhysicotechnical Inastitute
of the Adcademy of Sclences, Fazan 420029, USSR

Abstract The results of the EFR study of the behaviour of Jahn-Teller (JT) Cu(H,0)
centres in ABP;- 6H;0 type crystals under low-symmetry perturbations are
reported. The following questions are comsidered: a)the nature of the dis-
tortions of JT fragments of atructure and the 8 try of lattice; b)the
gamlaum gtt;x.ua ﬁliaﬂiﬁl orrthn mirm;tdl' “:ﬂmtiuﬁi c)the

ependence o configuration of a [} centres on lattice ame -

ters; d)the dynamics of distorted JT gnteu. i

W It is known from the static blem of JT effect that if E orbital
state sp ing is small (of the order of local deformation) JT peeudo-effect is
equivalent %d the corresponding JT effect and at the intermediate splittings (of
the order of square terms of electronic-vibrationsal interaction) the presence of
the vibronic bonding may leed to essentially new and important results. The re-
sults of the EFR spectrs enalysis of Cu(II) in Zn4.xCu,BFy- 6H;0 type crystals ob-
tained serve a® one of the confirmations of this ides.

8 In s series of compounds of the ABP,- 6Hg0 :gpt the atruc-
ur [ ansition of the first type takes place, as a result their s try
lowers from rhombohedral to momoclinic /1/. In monoelinic crystals E levels of the
doped Qu(II) ions split. However Cu(IlI) BPR spectra in the monoclinic phase of the
erystals mentioned ftl‘h experimental data may be summarigzed as follows: 1)ea static
EFR spectrum with t-nieratnn dependent parsmeters is observed below Tpp ¢ ; 2)the
spectrum remains axial sfter phase traneition; 3)the curves g mg,(T) and g;_a-EJ_(T)
depend on Cu(lllooncentration but tend to ome limit at 4.2K; g values at 4.2E are

squal to the values of static JT spectrum rrﬁntan in the same crystal without
phase transition; all above-stated ie valid for {A} ; 4)the average (g) and (A3
values are temparature indogmdonﬂ and their analysis have shown /2, precent pa-
per/that inspite of the influence of the low-symmetry external perturbation re-
mo E level degeneracy the distortion of the Uu(Hgﬂ}n remaine JT and has a

¢ nature. In other words in this cryetal phase of Zn 4.y CuyBFy+6H 0 the in-
termediate situation sctually realizes. Then the temperature and concentration
dependence of the Cu(II) EFR spectra parameters in the crystal phase in question
shows that the positions of the minimums of adiabatic potentisl in the space of
normal coordinates of JT centres and hence the distortions of magnetic fragmente
connected with them depend on temperature and Cu(II) concentration. Bven more in-
teresting situation arises when low-symmetry perturbation removing B level degene-
racy is conpected with the presence of snother magnetic centre in the nearest
crystalline lattice site. In particular, the snslyais of the EFR spectra of JT
pairs of Cu(Il) ions in In, yCu,ZrPs-6H,0 cryetals has shown /3/ that in such.
cases JT distortions of the nearest cenirea are not independent. Besides it was
proved that inm Zn.x CuyBP;- 6Hy0 type orystals the correlation character depends
on the lattice amster, c from ferrodistortional in Cu x 2n4.xZrFs- 6Ha0
nr{-tal to antiferrodistortional Zn4-xC0uyBiPp- 6 crystel. We have investige-
ted the temperature dependence of the EFR spectra of JT pairs of Cu(II) ioms in
ZnagCugpirPy. 6Ha0 crystal. It was proved that as the temperature dependence of the
width and position of the HFS lines in half-fields is concerned, the picture of
the pair spectrum transformstion is enalogous to the temperature dependence of the
tu(I1l) = e ion EPR spectrum in the seme matrix. However the important differen-
ges were diescovered. Firstly, the maximum temperatures (=90K) at which the traces
of ferrodietortional pair spectrum may bs obsérved are essentlially higher than the
corresponding tong:r-gurn =50K) for the atatic JT cogpnr single ion Bpectrum in
the eame matrix. Secondly, if the static JT spectrum of the eingle Cu(II) ion va-
nishes in the interval of 40:S0K, transforming into a new dynamic EPR spectrum,
tha ferrodistortional pair spectrum stops to be observed without creation of any
new lines of absorbtion. In principle the temperature changes of the haelf-field
Cu(ll) pair EFR spectrum descriled above na{ have double origin. They may be con-
nected either lﬂ_trthg phonon-induced tunnelling between three equivalent poten-
tial wells to which the ferrodistortionsl ordering of the distortioms corresponds
or with the breaking of the distortion correlamtion iteelf. In any case it is clear
that the difference between energies of stabllization of ferrodistortional or_ 4
antiferrodistortional paira in the matrix investigated im more or about 60 cm™¥.
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