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( 77 .. .- Abstract. The 182.K (=91.2 °C) trigéhal-ta-monoclinic phase transition in ZnTiF, . 6H,0
P ws= o single crystal has been studied by EPR, for various concentrations of doped Jahn-Teller (31)
i - "~ ~impurity Cu?* jons and also for nen-JT impurity Ni* ions. The transition temperature T,
? LT e - - .. which decreases with increase in impurity concentration, is more strongly affected by the Jt

- — ... impurity, The critical exponent 8 as well as the JT potential well splitting E, have been
determineJ from the temperature variation in EPR signal intensity in the immediatc neigh-
2 bourhood ef T}, for the Cu?* impurity. The critical exponent f and E, are dependent
"7+ strongly on the JTimpurity concentration  For two different concentrations of Cu?* ions, i.e.
. 0.043 wt% and 0.98 wt %, the values of puic 1.5 £ 0.05and 0.12 + 0.03, respectively, while
! . the values of Ej.are 140 = 15cm™-and 97 .12 cm™, respectively. The valgie of By fora
. deuterated crystal containing a low Cu?* concemratxon\ls 78 £ 10cm™. The decreasc in k5,
with increasing Cu®* concentration for a hydiated crystal and. also with deutefation (for a
‘low copper concentranon) isin qualitative agreement with the corresponding gradual phase
. ! transition observed in these materials. .~

ot

. Theerystal“zrr'c ﬂuotxtnnat' hexahydrate ZnTike . 61-120 (zTFH), Uelongs to the class of
rompoundshavmg the general fospila ABF . 6H,0 where A = Zn, Mn, Ni, Co, Mg,
) ete and B =T, Si, Gesete. The structure c0n51sts of nearly regular A(H,0)¢ and BF,
.octahedra packed n.a. trlgonally d;storted structure similar ‘to that of CsCl. Many
J n\ compounds of the. above series exhibit first-order struciural phase transitions in the
Y/ - —-temperaturg range 130-300 K, from the high-tempcrature trigonal plias- ( ‘R3m) to the
low- temperature monoclmlc phasé (PZl/c\ (Kodera et al 1972, Svoyama and Osaki
+1972). L s - . '
. EPR measuremenits on ZTFH : Ni** by Rubins (1974) indicated the loss of hl;.,h
' tempe1 ature axial symraetry of Zn(H,0) octahédra below 182 K and the development
of six mequlva]ent magnetie sites, each with a rhombic component; the spectra coincide

. order phase transition-at —91.2°C (7c1) when the rotation of the fluorine octahedra
: ~~freezes and the smgle YF line splits into twe, ind:cating the foss of a chemical equivalence
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with the pseudo- tngoxtdl C axis. F nMR studies (Afanasyev er al 1979) reveal a first- ..
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between th«, fluorine atoms followm}, a tetragonal distortion of the TiF2~ OLtdth:x
Chowdhury et al (1981) found a second weak transition of a continuous nature in ZTF H\
at217 K. The latter transition is found to occur in-ZnTiF, . 6D,0 (ZTFD) at —43 °Q( Tw),
- where T is not affected on dcuteration. Recently, Chowdhu;;y et al (1985) exammed
the temperature dependence of the.-Raman spectra of both zTFH and zTFD and found
“that some bands show an interesting behaviour near the transition temperature. The
frequency of the symmetric stretchmg vibrational mode v,(H,0-D,0) in both zTFH and
- ZTFD increases sharply by about 6.cm™ ' at the phase transition temperature as the crystal
» “is cooled and then remains constant for the low- -temperature phase. Das ¢t al (1985)
. ~ theoretically mvestlgated the various coupling between the vibiational and rotational
‘ - modes of TiFZand (M“ H,0) octahedra. Chowdhury et al (1983) petformed IR and
‘ Raman spectroscopy measuteipents Qn and:concluded thai the librational modes of the
el e warer molecilecehange sigpificantly. around the transition temperature.

- L -Deeral(1984) performed EPR measurements on zTFH : Cu?t (Cu?* substituting for
. - Jsomeof theé Zn sites). Cu?* ions in this system have an orbitally degencrate *E ground
e . staté.and the system exhibits astrong Jahn-Teler (J7) effect as confirmed by them. The
2y ... JT stabilisation-energy ‘Eyr = 1000 ¢m~' has been determined from a“fit of the EPR
i ‘ llneyyldth which varies exponentially with temperature, to an Orbach relaxation mech-
h anism (De 1986). Further; from the gradual variation of the spin Hamiltonian parameters
| _ 881> A” and A} down to 4.2 K, it has been coticluded that one of the three T potential
o wells is lower than the other two by an “energy EU of 140 cm™!. With a-low Cu®**
; concentration of 0.043 wt% 'the concentration temperature was lowered by 11°C from

that of pure ZTFH; T, was further lowered when the crystal was powdered.
o '\‘\ .Because of pOSSlble interaction between the soft mode driving the phase transition
n ' dndtheTactive modes the T effect insuch systems is modified in compatison with those
ol T T " systems which do'not exhibit any structural transition (De 1986), e.g. ZnSiFy ., 6H2‘O
i MgO CaO, LazMg3(NO3)1~ 24H,0.doped with 'Cu?*. Anotherinteresting observatiomr
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Lo R o T " latter systemS' s

e , In this paper, we report a syslematlc study of the dependence of the phase transition
temperature 7, on IT impufity; i.e ~Cu?*, concentration and compare it with that of
-non-JT impurity, i.e. Ni?*, concentraiion'iin Z1FH. Further, we explore the dependence

+, ‘of the crmcal behaviour and the critieal exponent 8 on JT impurity concentrations from
EPR'measurementsin the iinmediate neighbourhood of the transition temperature. From
suchmeasurements we have been able to determine also the JT poténtial splitting E.
" The decrease in E,with increase in Cu?* concentration and deuteration is discussed and
found to be consistent with the corresponding gradual phase transition observed in this
material. Deviation from mean-field behaviour is observed for high concentrations.
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1 2. Experimental details s

v Single crystals of ZTFH were grown by slow evaporation of an aqueous solution of ZnTiF,
! obtained by dlssolvmg ZnCO;in 40% H,TiF, : CuCO; and NiCO4 were added to grow
<doped crystals. sof v various concentratrons Recrystallisation was done to reduce the Mn?*

imputity concentration beyond the détection limit in these crystals. Unlike Cu?* and
Nr2+ Mn** in | these crystals produces a slight raising of T,,. Only good single crystals

=it . devoid of any’twmnmg’ aiid with uniform concentrations of Cu?* were.ehosen for the
B , ‘ e‘rperlments These rrystalc were analysed by Galbraith Chemical Laboratoues USA,
- t ‘ . e “ ///( _' < - e
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~was that thespin-lattice. remxatl/on rate 1 /T, was much slower in ZTFH : Cu®* thaninthe ™~
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jestimation of th’e 1mpur1ty concentration. For the phase transition study , EPR spectra

x‘ere measured | in the (llg,plan of*the cgstal with the magnetic field direction along

“between 1°C min~,

Yihe' Gmax @hrs dlrectlon is close-to the 8l direction or {100} direction of the Cu®* ion and
' cm_’rgspoﬂds tothe maximum g value in the'(l 10) plane). Acciiracy of determining the
) “ “oaset of phase transmon is hrgher iri this direction because of the appearance of as many
as six fines with the largest field separations (De et al 1984).

“Above T4, the EPR spectrum comsists of an isotropic line only. It) may be mentioned .
;T IEhat it is not possible to determine the phase transition along the [111] direction because
~ll the EPR lines remain coincident even after phase transition except for the appearance
of four copper hypetfine lines at around 120 K. "The EPR spectrometer used was a Q-
‘band (33-35 GHz) reflectance spectrometer built in the laboratory. Temperatures were
varied by a manual control. An approx1mately uniform cooling and heating wate of~ =™ -

and 1°C per 120 min could be attained. The sample could be

mamtamed at.any tem erature above 77 K (liquid-N, temperature) to within +0.1°C

. 'for 30 min.. The temperature of the. sample structure was measured by both E- apd T-

oo

type thermocouples The thermometers and the digital readouts were calibrated at the- -~
témperatures of liquid N, sr)hd CO2, a toluene dlld -liquid-N, slush and a mixture of-

_isppropane and solid. CO,. ..
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3 Enhan/ced lowermg of th’é phasetransntlon temperature Td

The trarisition. Iemperature Ty was'recorded throug,h the variation in the intensity / of
. the isotropic signal as the sample was cooled at a uniform rate of 3 °C h~". Increases up
“toabout 1 °Cabove the phase transition: The sample is then cooled at a rate of 0.5 °C h™!

- Tyduring coolmg can be noted by the appearance of the high-field linesor by a notlceable

~ reduction in the isotropic EPR signal intensity  (as high as 60% in dilute material; see
ﬁgures 1and | 5) with a temperature variation of +0.1°C. In figure 1, it can be seen that

—102.6 °C there is a noticeable change in I from that at —
w1th the appearance of high-field signals which is prominent at —

-102.5 °C This is associated
—102.7 and —1QR.8°C.

-So T, for a Cu?* concentration of 0.043 wt% could be recorded as —102.6 = 0.2°C
(+0 1 °C is the error in the temperature recording). It can be seen that both the hngh-
_and the low-temperature phases coexist over a finite temperature interval AT. AT is
found to be concentration dependent. The isotropicsignal vanishes a few degrees Celsius
.- below. F;y:-The-anmisotropic signals gain intensity as the sample is cooled. Hyperfine

1
ty

Fi lgure 1. EPR spectra of 2TEH: Cu?* récorded in the immediate neighbourhoodof the phase
transition temperature pfor a Cu®* concentration of 0.043 wt%. - ‘-
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Figure 2. Decrease AT, (=T — TC.,,,‘,,.,,,,Y) in the tran51tlor1¢\emperature T, from T"d, of pure
ZTFH due to the additions of Cu®* impurities (To = 182 K): @, on warming; M, on coolmg
The maximuia error in T, for Cu?* concentrations of less than 2 wi% is = | °C while that for
concentrations between 2 and 4 wi% is 3 °C. For the highest concentration, it is =6 °C.,

e s s -

-~ structure appearo at around 18 K> Both the - “and the A-values are lcmperature
- dependentdownto 4.2K.

Durmg Warmmg‘fl/om tnelow=temperature phase, the trdnsmon is notﬂ,ed by changes
mkmg place in the reverse order. However, the transition temperature T 1 during
warmmg ftam_the low-kempefatulc\phase isslightly higher than the {ransition tem-

. perature T;; | -duting codling from the trigonatphase. The decreases AT;in T, | and
Py *3 Tromrthe transitioi femperature T,5of pure zZTFH for different concentrations are
“T shown'infigures 2. and 3. The decrease AT, in T, from that of T increases with both
" Cu?*and Niz*, It is signiﬁcantly higher for Cu?* (7 impurity) than for Ni** (non-iT
~inipufity) for, the same " concentration: The value of the transition temperature T

ing of T, for ayTimpurity in compdrlson with that for a non-JTlmpurlty will be explained
in a later paper

4 Cntlcal phenomena L T

A i

' Bd \

s

y As dlscussed earher,ihe EPR 31gnal mten31ty varies sha‘rply in {ﬁe ne’igﬁbourhood dfi”l"cl

as the” Cu2+ concentratior: is mcredsed the transition is found to become gradual with

phases coexist (trlgonal R§m and monochmc phases P2,/ c) w1dens with increase m the

N~
3

obtained is independeént of the orientation of the crystal. The observed enhanced lower=""

A <ot low Cu?* concentrations (the neighbourhood may be as small as 0.1 °C). Howgves,.

* respect to- te.mper‘aturﬂ {ﬁgure 4):-The temperature interval AT overwhich both the
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; Figure 4. The EPR spectrum recorded for a Cu?* concentration of 3.7 wt% in ZTFH. It is seen
..that the transition to the monoclinic phase (see text) takes place gradually with respect to
the change in temperature in contrast with the sharp transition observed for low Cu?*
¥ . ' concentrations (see figure ). | . ' - '
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.Qf.lhe phase fransition and the critical behaviour for two different concentratio.

s
\

= e S EuP0ns, i.e. 0.043%1% and 0.98 Wt%, we have recorded the EPR signal intensity.
' the sample is cooled or warmed at a raté 0f 0.5 °C per 100 min, every 0.1 °C(8T) intervay

~~around the phase transition. At a given temperature the sample is maintained for a long

~time to ensure that no further change in EPR: signal intensity takes place. 8T/T,; isabout

5 x 10~*and therefore the critical phenomena can be studied from such measurements.
The plot of normallsed intensity I with temperature thus recorded is shown in figures
5(a) and 6(a). Figures 5(b) and 6(b) show the plots of log (I/1,) versus log &, where £ =

1 — T/T|. In figure 5(b), I, corresponds to the transition at the point A. Three points .

on this plot-which are obtained for the points A, B, C and D in figures 5(a) (where the
temperature dlfferences betweeit'the point A and the points B, C and D are taken to be
0.1°C,0.2 °Cand 0.3°C, respectively) lieina stralght line with a slope B 0f 0.5  0.05,

forthe CuZ* concqutratlon 0f0.043%. Thus, fof this low concentration, mean- ﬁeld—typc;

...« ~behaviour is observed: However, for the highér Cu?* concentration (0.98 wt%), theplot

(ﬁgure 6(b), line 1) for the points A, B, C, Dand E is shown by full circles and a full line”

. toguidethe. eyeg(hcxe; the tdmpc.rdlure differences between the poifit A and the points™
~— B, C,D and

are taken t¢ be 0.1°C, 0.2°C 0.3°C and’ 0.4°C, respectively). I,

corresponds to the minimum intensity observed at the transition corresponding to the
point-A.“The corresponding slope B of the line is 0.17 = 0.05. However, if we take the
exact temperature differences between the point A and the points C, D and E as shown
inthe graph, we obtain.the plot (ﬁgure 6(b), 2) shown by the three circles with dots in.

““The ¢orresponding stope /3 of the straight line passing through these pointsis0.12 = 0.03.

“The EPR signal intensity { may be related to the order parameter of the phase transition,

which is related to the orientation and tetragonal distortion of the TiF3~ group at the
transition (Bose ef al 1983, Afanasyev et al 1979) and 8 may be taken as the critical
exponent in'the relation I//,, = £*#. As determined in this experiment, the value of
lies between 0.17 and 0.12 for the 0.98 wt% Cu?* concentration; however, the pgeferred

~—

~. <,
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’ - 05}
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Figure 5. (a)A The plot of the normaliséd isotropic EPR signal intensity (normalised with

--respect to the maximum EPR jntensity immediately before the transition starts) with tem-

perature change in “the immediate neighbourhood of T, while cooling from the hlgh-

‘temperature phase (the Cu?* concentrationin Z1¥H s 0.043 wt%); (b) the plot of log eversus

log(l/ Ip) (see lext) -
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’ Value 1sO 12,.Thus we ! see that, w1thah1gh T 1mpur1ty concentration, there is a deviation ;
from mean-field: behavnour This feature is under further study using different Cu®* ‘
o -coneentratlons ana Ni%* goncentratxons if! ZTFH as well as in ZTFD. .
5 The J ahn—Teller potentlal splittlng E ; )
. The sharp drop m*the 1sotrop1c EPR sngnal mtensxty I may be related to the JT potential o
splitiing E,; from our earlier work onJT systems of ZTFH : Cu and MgSiF . 6H,0 : Cu L
T \(Rubms etal 1984)r itis established that the three JT potentlal wells (corresponding to b
JT distortions along the X, ¥52 axes of the [Cu?* . 6H,0] complex are equivalent i in th&“ "
. trigenal phase (ﬁgure 7(a)) . - e
- - / . e ) o
- “r‘vr.’i‘“__ 5 7‘«':‘:'»‘?, R ‘ LT Wl
- R e | "
' ' N, UL
£
- i | r - .
ta) T ) ;
Flgure 7. Schematic picture showing that the T potenual wells are non-equivalent by an
_energy Eo below T,. e ™
“~_ .
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. - the paper by De (1986) is found to be about 6 X 106"
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However below T, i.e. in the monoclmlc phase the wells are non-equiva,

- an- eiiergy Eq (figure. 7(b)). The energy E, has been determined previously (De .

1984) for very low Cu?* concentrahons 1(0.043 wt%) from temperature variations in ti. |
spm Hamiltonian parameters g, g,, Ajand A, down to 4.2 K. It should be noted thd\
- Eq is not the same a6 the T stabilisation epergy Ejy. FISA

“In'the delowmg, we show that it ;‘s.also possible to determme Eq from the observed

" af)rupt di”Qp in EPR intens] (at T..-When thi@sample is cooled from the high- -temperature

phase we assume that, ‘at T,;, one of the threeJT potential wells becomes lower than the

R < othertwe by an energy E, (figure 7(8)}, i.e. the initial splitting occurs at T, although,

below Ty, Eymayincrease with decrease’in temperature, The energy separation between
“the other two wells is much smaller than £ and we neglectitin the following calculations.

~ 1t should, be noted that these thrée- wells are actually warped and the minima are -

separdted by 120°, 240°in the plane of Oy, Q,,, Qe, Q, are the normal coordinates of th¢”

. complex transforming as d,2 and d,2_ 2 of 3d’ wavefunctions. The isotropic EPR signal

in a JT system in general i's due to‘rapid tunnelling or phonon-induced reorientation
among the three wells; it may also arise because of the population of the vibronic levels
2A, or A (Ham 1972). In z1FH: Cu?*, the populated level ?A; level seems to give rise
to the. 1sotr0p1csngnal (De 1986). 7

. 'When the «measu:efnent is made along one of the three, [100] dnrccu(ms the EPR
mgr‘ial intensity is proportlonal to the ground-state population of the' 2A, state m dne of

T -:"“‘thewells infigure 7(a),i.e. for T=Ty + 6 ~ .

Al hm (ITr!L;&J ) — %CNO , o L (1)

e

‘,._,_

Cis the pmportlonallty constant Ny is the total population of the 2A2 state in the three
wells at 7;. This is basedon the fact that the tunnelling frequency is smaller than the
microwave frequency. Otherwise, the factor 4 in equation (1) should be omitted. It may
be mentioned that the spin-lattice” relaxation rate 1 /T calculated from equation (6) of
. 1/T,, whichincludes contribution
-from the phonon-induced reorientation and tunnelling among the three 1 wells, is much

" smallerinthe present system thaninytsystems (see§ ) exhibiting nostructural transition

(De 1986). Using the approximate R value found by Dang er al (1974) of
(1/T)/(1/7).= 6.4 x 107* for the (100) orientation in ZnSiF.6H,0: Cu?*, we can
approximately estimate the value of the tunnelling rate 1/7 at T, in ZNTFH: Cu?* to be
0.94 x 10°s71, much less than the microwave.frequency of 35 GHz employed in this

" 'work. Below the transition point 7T,, the population dlstrlbmlons in the three wclls as

described in figure 7(b) are as follows:

Ny =Ny exp(-E/kT), ' (2)
Nl +INyp=Ny © . - \ 3)
-Thus,” o | | : e
= st— Ny exp(- Eo/kT)/ L+ o Bk ()
//”" : -'\.« - -t

Tunnelhngﬁa?stﬂl be prcsent armong these wells. However, now N, corresponds to the
anisotropic EPR 51gnal because, with a lowering of the temperature below T, N,

s

.- \incréases.at the expense of N,. This is reflected in the observed increase in anisotropic

. .signal intensities at the expense of the isotropic signal intensity 1. So, we can say that the
1sotxoplc sngnai intensity '/ 1mmednate‘ly below. the transition still corresponds to the

.o

o —
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Az(tion N, of the 2A, state in one of the two upper wells and we have

lim (Ir,,_,) = CN;. NG
Thus, from equations (1) (4) and (5), we obtain - <
o r= hm (ITc| o/ITc,+u 3x/(1 + 2x) RS (6)

,,-.-.:p.....\“ -

where X= exp( Eo/kTi)-Equation+(6) tells us that, if E, = 0 at T, we expect con- e
tinuous transition: If-E = o at the transition, we expect ideal abrupt transition. For
- intermediate-FE,, we expethrans:tlons whose nature lies between ‘ideal contmuous ‘and
. : 1deal~abrupt»— et R T
[ P V- ussee Taw.this model a)g,wmxs t%vﬂuate EO from the observed variations in
AL the isoffopic-signal intensity / in-figures'S and 6 for r Cu?* concentrations of 0.043 and

N - 098 wt%.inzFFH. We determine from these ‘ﬁgures'hat the corresponding values of r
S u e ‘are—O 56 £0.04 and 0.70 % 0.05, with the corresponding transition temperatures T,
e bemg{\?l 5K and 164.5 K, respectively. We then determine from equation (6) that the
- corresponding values of E, are~140 * 14 ¢em~! and 94 = 11 ¢m™!, respectively. This

‘means that for higher concentrations the splitting E, will decrease. F rom equations (4)
“and (5), below T but for temperatures close to T, z = (dI/dT)/I < Eo/kT}(1+

2x) where we neglect terms such as exp(—gupH /kTY), which is important only at low
temperatures (less than 4.2 K). z decreases with decrease in E,, which means that; as E,

decreases with increase in Cu?* concentration, the transition may become»gradual w1th e
respect to temperature The. observed gradual transition (gradual in the sense that
Pox . *t}fe 1sotrop1c slgnal die to theﬁngonal phase of ZTFH contmues to exnst over.a ﬁmte
f\c‘ ’-

Lo

T o ”6. Effect of deute,ration : . -

T e We have repeated the above experlment and. analysls for a ZTFD crystal containing a low
Sl Cu?*.coricentration. The transition is found to be gradual with respect to temperature
‘ ‘ as seen.from figure 8, " unliké the hydrated crystal contammg a low Cu?* concentration.
T, may be noted t0_be —105.5°C where there is clearly a significant change in the
isotropic signal intensity from that at —105 °C. This is-accompanied by the appearance
P of signals (anisotropic) on the high-field side as well as on the low-field side. The value
& R Y, of r in equatidn (6) may be taken to be the ratio in figure 8 of the EPR intensities at |
i’ —105.5 and —105°C. r is determined to be 0.78 = 0.017. With T, = 167 K, we then
4~ obtain from equation (6) that Ey=77 =9 cm™. This valu¢ oT*EQ is consistent with™
| f ' the gradual transition observed in this crystal An experimental study on the critical <
. : P . behaviour in-the deuterated crystal contalmng different Cu?* and Ni** concentrations
o j “ is in progress. If the same correlation exists in the deuterated crystal, then we should
: ; expect decreasing values 6f the.critical exponent B and the splitting of E,, with increasing
T Cu?*-concentration. Moreover, the value of thie critical exponent in the deuterated
b .. . crystalforagiven Cu?* doncentratlon should be smaller than that in the hydrated crystal.
" ~ .. Ingeneral, asmallér cntleat’exponent means that the dimensionality of the.system at
- the phase transmon is l‘ow,and gradual or cox\t;\nuous transitiorrean be expected
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. Flgure 8. EPR spectrum of Cu** in zT¥D showmg that deuteration changes the nature of the
phase trangition from abrupt to gradual (compare with figure 1 and see text). The E, 0 value
is much lower than that of the hydrated crystal.

%
E 7 Concluswn BRI P e S B "‘C‘
‘ { . - The ongfn of Ef, may be«sand to he in the monoclinic distortion of the host ldttlLC ie
i LT zaRkat Ty So Eyis a measure of the distortion. For no structural transition, E, should
' be zero or very, small. The fact that E, as well as f# are smaller for hlghcf”‘u impurity
et " concéntrations: imght-gxeaﬂ ‘that thé higber JT impurity concentration is offering resist-
.- _ance to the lattice from uudergomg a structural transition. Physically, this meuns that
- - T, thetemperature at which the'Soft mode frequency of the systém becomes zeto, is
- strongly depenéem on the prescnce of 4 JT impurity, indicating a coupling of the soft
“mode to the ST modes, Since the sharptransition at T, is associated with the tetragonal
S distortion of the TiF§~ octahedra (Chowdhury eral 1981, 1985) and the weak continuous
r transition at ~56 °C-is"assotfited with the tilt of the [M™*, 11,0] octahedra, and since
- the highCu?* conccntratxon tends to make the transition at T, continuous or gradual
with temperature, it is possnble that the JT impurity concentration is influencing the
coupling of the modes associated with these two units which constitute the erystal ZTFn
in a CsCl packing. It should be noted that in pure 215D the transition at 7, (—43 °C) 1§
of a more continuous nature than that of pure ZTFH. At Tthe tilt of the water octahedra
constitutes the soft mode. When this is combined with our obserVatlon of gradual *'
, transition at T, in ZTED even for low Cu?* concentrations, we also see that coupling of
the above two modes via a JT impurity is possible.- However, the fundamental questions
ofhow the T effectinfluences the said coupling and the dimensionality of phase transition
in this crystal remain-to- be*theorehcally investigated. It is-also not understood whether
the décrease in trafisifion temperature Tcl in'powdered material (containing a low Cu**
concentrahon(De -1986)) has the same underlying cause as the decrease in T, in crystals
- containing a high Cu! concentration. It may appear that in powdered material the short-
~ . range correlation of tie$oft mode rdther thm,;-the long range correlation would be
" ,predommant whﬂem smglc crySta&s‘W’ith hi gﬁ‘Cu concentratlons the soft mode would

. - : } -
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Z{peeted to have long-range gorrelatlgm, because of thepossible mteractwn between

mod&an.d the JT a(,f'ife modesntHock 4ffd Thomas 1977). Determinations of the
fcrluczﬂ;_’gonent arid the IT potential sphttmg*Eo for many different Cu** and Ni**
'E’dncentratrﬁns n hydratéﬂ“and deuterated crystals are necessary before we can throw
\  sufficient Ilght on the separate role of JT and non-JT impurities in the dynamics of
structural transition_and the above: dpparent contradiction in this, material. Raman
> scattering and IR studies will be of additional help to elucidate the interaction of the
difféfent modes associated with the [M, H,OJ*" and TiF2~ at the transition (Chowdhury--
etal 1983). Further useful studies will concern the- apphcauon of uniaxial stress and study
the changes in transition temperatures, the-critical exponent and the 1T splitting E,,
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