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Extensive EPR measurements were carried out oft @dped RIR(SO,),-4H,0 crystals(R=rare-earth
ions, Sm, Eu, Pr, Ndin the temperature range 100—300 K. The room-temperature data indicate [GE e
substitute equally foR®* ions at the two magnetically inequivalent sites in the unit cell, and that the site
symmetry of the GH" ion is monoclinic. The G8 room-temperature spin-Hamiltonian parameters and line-
widths were estimated. The phase transition temperatiigsiere determined to be 1751 K (first orde) in
RbP(SQ,),-4H,0, 178.5:1K (first orde) in RbNASQO,),-4H,0, 232+0.5 K (second order in
RbSM(SQy),-4H,0, and 230.50.5 K (second order in RbEUSQOy),-4H,0. In RbP(SQy),-4H,0 and
RbNdSQy),-4H,0, the occurrence of the first-order phase transitions was deduced from abrupt changes in the
behavior of the linewidth, zero-field splitting, and line positions, and coexistence of lines observed below and
aboveT. . In addition, there were observed occurrences of two more phase transitions second order in nature
in RbP(SQ,),-4H,0 (T;=261K, T,»,=207.5 K and in RbNdSQ,),-4H,0 (T;;=250 K, T.,=219.5 K);
these were not as sharply defined as the preceding ones. BeloVor all the crystals, the symmetry of the
crystals was found to be lower than monoclinic, the four ions in the unit cell becoming magnetically inequiva-
lent from each other. The observed second-order phase transitions in the four crystals were found to be in
agreement with Landau theory of second-order phase transitions; the critical exponent was determined to be
B£=0.51.[S0163-18207)03729-9

I. INTRODUCTION In order to understand the mechanisms responsible for
SPT’s, it is helpful to investigate the systematics of*Gd
Electron paramagnetic resonari@#R) is a sensitive tool EPR spectra in an isostructural series of compounds. A sys-
to study the local environment about a probe ion in a crystaltem similar to those investigated in this paper,
e.g., structural phase transitio(8PT’9, values of the spin- NH,R(SOy),-4H,0O (R=rare earth), has been found to un-
Hamiltonian parameteréSHP’S, zero-field splitting(ZFS), dergo at least two structural phase transitions in the range
and the positions and widths of EPR lindé review of  100-300 K, as studied by specific heat measurenfents.
SPT'’s as studied by various techniques is given in Ref. 1.NH,R(SQy),-4H,0 (R=Ce, Nd, Sm crystals have also been
Structural phase transitions produce dynamic effects whicktudied by EPR;® which revealed the occurrences of struc-
influence the EPR spectrum of the probe ion, e.g.2'Gd tural phase transitions in NJ8&SQy),-4H,0 (Ref. 4 and
Since P?", Nd®", Sm*, and Ed" ions have rather short NH,SmM(SQ,),-4H,0 (Ref. 5 at 163 and 166 K, respectively,
spin-lattice relaxation times at higher temperatures, theinot detected by specific-heat measureménits.the litera-
EPR spectra cannot be observed in the convenient temperawe, there have not been reported any measurements on
ture region achieved with liquid nitrogen. However, the RbR(SQy),-4H,O (RbRSTH hereafter;R=rare-earth ele-
properties of the host crystals containing these ions can bments Pr, Nd, Sm, Bucrystals, other than x-ray and
monitored via the impurity ion G, whose EPR spectrum specific-heatrevealing a SPT occurrence at 232’ Knea-
can be easily recorded over a broad temperature range isurements on RbSmSTH single crystals. This paper reports
cluding room and liquid-helium temperatures. Since thean extensive variable-temperature EPR study of
Gd®" ion possesses the same charge as the haost, Pr Gd® -doped RIRSTH (R=Pr, Nd, Sm, and Eusingle crys-
Nd®*, sSm?*, and Ed™ ions, charge compensation is not a tals in order to understand the lattice effects on the structural
problem, leaving intact the mechanisms responsible for thphase transitions, in addition to an estimation of spin-
occurrence of phase transition. Hamiltonian parameters at room temperature.
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PREPARATION, AND CRYSTAL STRUCTURE
EPR measurements were carried out ¥t band

(~9.5 GHz) on a Bruker spectrometer equipped with a Sm lf
liquid-nitrogen variable temperature ufit. V
RbR(SOy),-4H,0 (R=Pr, Nd, Sm, and Eusingle crystals l@ /-

were grown by isothermal evaporation at room temperature
from an aqueous solution of RBO, and R,(S0,);-8H,0

II. EXPERIMENTAL ARRANGEMENT, SAMPLE 1

mixed in the molar ratio 3:1 foR=Pr, Nd, Sm, and Eu, to @5; q @

which 0.5 mol % Gd(SOy);-8H,0 was added|It was not ¢ S —— T
possible to grow, RR(SO,),-4H,0 single crystals for the G-N,/_TWQ\ ;’
rare-earth iondR=La, Ce, Yb, and Y] These crystals are % : :

prismatic, with green, purple, yellow, and clear colors, indi-
cating the presence of Pr, Nd®*, Sn?*, and Ed* ions, 0(3) |
respectively. s1
RbR(SOy),-4H,0 crystals are monoclinic, characterized
by P2,/c space group symmetiyThe unit cell contains
four formula units and its parameters are, for RbSmSaH,
=0.6565(2) nm,b=1.8913(6) nm,c=0.8728(1) nm, and
B=96.262)°,” for RbEUSTH, a=0.6543(1) nm, b
=1.8926(9) nm, ¢=0.8697(3) nm, 8=96.215)°, for
RbPrSTH, a=0.6649(2) nm, b=1.8990(7) nm, c
=0.8756(2) nm, 3=96.657)°, and for RbNdSTH, a
=0.6629(1) nm,b=1.8963(5) nm,c=0.8736(1) nm, 8
=96.535)°.° Figure 1 displays the structure of the
RbSmMSTH crystal. The distances of the hydrogen-bond
lengths made available by the water molecules in RboSmSTH
are in the range 0.273 to 0.307 rmypical of hydrated
systems in which hydrogen bonds play a crucial role in ef-
fecting cohesion of the structure to stabilize the lattice. In
RbSmMSTH, the Sm-O distances vary between 0.2372 and
0.2556 nm'. The distance between the nearest samarium ions
is larger than 0.6 nmh.The RIRSTH structure consists of a Q/’t

polyhedra ofR®* ions, along with two crystallographically é
independent sulfate tetrahedra, an interlayer water molecule
not coordinated to the samarium ions, and a caged Rb cation.

The R®* ion is coordinated to nine oxygens, six of which FIG. 1. Structure of RbS(80y),-4H,0. HereW(n), n=1, 2, 3
belong to one of the two uncoordinated sulfates and three tg o "\ oo ot by dration 4®2X Ne1-8 denote oxygens of

the waters of hydratlpml), ), an,d (4). The layered stru'c- sulfates, and5(1) andS(2) are inequivalent sulfatdsThe struc-
ture of RIRSTH is built up of chains of rare-earth coordina- y, a5 of RIRSTH (R=Pr, Nd, EU are the same with Sm replaced
tion polyhedra, linked in directions parallel to tkeaxis by by Pr, Nd, Eu, respectively.

S(1)0, groups, and to the-axis by S(2)0O, groups. The
neighbor rare-earth polyhedra parallel to thexis are dis-
placed along thd axis by about+ 1/4b forming continuous
zigzag chains oR-polyhedra-S(1)O,-tetrahedra, while the
polyhedra along the axis form continuous linear chains
together withS(2) O, tetrahedra. The crystallographically in-
dependent sulfate group(1)0O, is less distorted than the
S(2)0, group’ A. Line positions

The temperature variation of EPR line positions reveal
Il EPR SPECTRA that the zerp-_field_ splittingdZFS) .varies with temperature.
The monoclinic site symmetry is revealed by the angular
Room-temperature EPR spectra indicate that of the fouvariation of EPR lines for each site exhibitirig only 180°
R3* ions, there exist two magnetically inequivalent pairs ofrotation symmetry andi) the particular behavior of angular
Gd®* ions, referred to as Gdl and Gdll, hereafter, each paivariation of line positions in the vicinity of the principal
consisting of two magnetically equivalent &dions. The andX axes, different EPR transitions attaining their extreme
Gd®* ions substitute with equal preference at the two magpositions at slightly different orientations of the external
netically inequivaleniR®>" -ion sites, since the intensities of magnetic field(The magneti, X, andY axes are defined
the EPR lines for the orientations 8f along the respective to be such that wheBl|Z, X, andY axes, the positions of the
Z axes of the Gdl and Gdll centers are equal. At each siteyarious EPR transitions attain their extrema; the overall split-

the G&* ion is characterized by monoclinic symmetry with
a twofold axis of symmetry(C,, or C,) in agreement with
the structure as determined by x-ray diffractfotiThe inten-
sity of the lines remains invariant with temperature.
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500 to it for the Gdl ion lie in the range of 4°-7° for all the
(b)

RONA(SO4), - 4H;0:64%* crystals investigated here, indicating monoclinic site symme-
try. For the Gdll ion, this difference is much larger. It was
determined that the magneti; X, andY axes of the GdlI
ion are not coincident with those of the Gdll ion, similar to
the situation in NHR(SQy),-4H,O (R=Ce, Nd, Sm) single

450

400 crystals®~® except that there th¥ axes corresponding to the
o Gdl and Gdll ions are coincident. The deviation between the
g orientations of th&Z andX axes of the Gdl ion and those of
~— 350 the Gdll ion was found to increase in the sequeReePr,
m Nd, Sm, and Eu host ions in R$TH host crystals, being

about 13°, 15°, 18°, and 20°, respectively. The smaller over-
all splitting observed for the Gdll ion foB parallel to its

Z and X axes as compared to those for the Gdl ion can be
explained to be due to a small noncoincidence of the mag-
x z X z netic ZX planes of the Gdl and Gdll ions.

250
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200155550 0 50 100 150 200 B. Linewidths

(@) Angle (deg) The first-derivative peak-to-peak EPR linewidthB,,, of
the G&" ion in RERSTH crystals exhibit the following be-
havior at 297 K. Generally, the linewidths of the Gdll ion are
larger than those of the Gdl ion because ¥ plane of the
GdlIl ion does not coincide with that for the Gdl ion, the
linewidths being sensitive to the orientation Bfrelative to
theZ axis. As for the linewidths of the Gdl ion, those for the
outer transitions are greatt—M—1 M=% +3 -3
than those for the innemM = +3, *3) transitions.AB,,, of
theAM = =1 transitions M« M — 1) increases as the mag-
nitude of M increases due to the crystalline electric field,
whose effect increases as one goes to the outer ithas.
room temperature, for th(RbPrSTH, RbNdSTiHand (Rb-
SmSTH, RbEuSTHhosts, the outermost lines hawd ;s
o of about 4.5 and 3.5 mT, respectively, while the central line
z x z hasABys of 2.9 and 2.5 mT, respectively. The SdEPR
linewidths in RBRSTH for the members of the pairs of hosts
(RbPrSTH, RbNdSTH and (RbSmSTH, RbEUSTH are
found to be about the same. The slightly larger’Gtine-
200 g e T e T e T e 550 widths in RbSmSTH as compared to those in RbEUSTH is
b) Angle (deg) due to the magnetic moment of the $imon being larger
than that of the EYf ion; thereby associated with increased
FIG. 2. Angular variation of the EPR line positions of ¥dn  contributions to linewidth by dipolar and exchange interac-
(a) RbNA(SOy),-4H,0 and (b) RbEUSO,),-4H,0 crystals at room  tions between the Gd and the host Sfi ions.
temperature for the orientation of the external magnetic fiB)dn
theZX plane of the Gdl center. Note that line positions correspond-
ing to different transitions attain their respective extrema for differ-
ent orientations of the magnetic field, and thus the rotation symme- As the temperature was lowered, the lines became very
try is 180°. This behavior is characteristic of monocliniC,f) broad in the vicinity of the phase-transition temperatures.
Gd** site symmetry. The line positions of the seven allowed linesThe EPR spectra as recorded fitZ of the Gd ion with
for the Gdl ion are connected by solid lines, while those for thelowering temperature in the range 295+d.00 K are exhib-
Gdll ion have been left unconnected. ited for the RIRSTH, R=Pr and Sm samples in Figs. 3 and
4, as typical representatives of the four crystals. The dimin-
ting for BllZ being larger than that fdBlI X, which in turnis  ishing intensity of the lines marked by capital letters with
larger than that foBllY.) The Z, X axes are exhibited in temperature in these figures is due to broadening of lines.
Figs. 2a) and 2b) for the Gd* ion in RbNdSTH and The behavior of the weaker lines, e.g., those indicated by A,
RbEUSTH, respectively, which exhibit an angular variationB in Fig. 3 for the RbPrSTH hostand similar lines in
of line positions for the orientations d@ in the magnetic RbNAdSTH and in Fig. 4 for RbSmSTHand similar lines in
ZX plane of the Gdl center(Those for RbPrSTH and RDEuUSTH was studied in detail; the results are presented in
RbSmMSTH exhibit variations similar to those for RoNdSTH Figs. 5 and 6, respectively, for the RoNdSTH and RbEuSTH
and RbEuUSTH, respectivelyThe angular differences be- hosts. It was found that the widths of the lines increase with
tween the maxima of the highest-field line and the line nexdecreasing temperature aboWg for the RbSmSTH T,

450
tol RbEU(S0,); - 4H,0:6d*

400

300

250
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C. Temperature variation



2394 SUSHIL K. MISRA AND LUCJAN E. MISIAK 56
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sitions @), and widths QAB,) of EPR lines in
NdSQy),-4H,0 crystal forBIllZ of the Gdl center. The phase
transition temperatureT() is indicated by an arrow.

FIG. 3. EPR spectra recorded at selected temperatures abo{?e
and below the phase transition temperatufds,;=261, T,
=207.5, T,=175K) in a G#*-doped RbRISQ,),-4H,0 single
crystal forBllZ of the Gdl center. The spectra are selected such as
to show systematically the sequence of changes as temperatureRbOSMSTH at 110 and 105 K, respectively. At lower tem-
lowered. peratures, groups of ions become polarized, destroying the

pairwise physical equivalence of the four &dons in the
=232 K) and RbEUSTHT=230.5 K) hosts foBlIZ of the  unit cell. This results in the site symmetry at the3Gdon
Gdl ion. An examination of the Gd spectra exhibited in the becoming lower from the monoclinic prevalent abdleto
various hosts in the range 105-200 K reveal that fortriclinic below T.. The temperature dependence of the zero-
RbRSTH, the central line splits gradually into four sharp field splitting, along with the positions and widths of lines A,
lines with lowering temperature below about 200-190 K.B, exhibited, e.g., in Figs. 5 and 6 for the RbNdSTH and
This is due to temperature-induced lattice deformation, makRbEUSTH hosts, confirm the occurrences of structural phase
ing the four Gd" sites in the unit cell magnetically inequiva- transitions at temperatures mark&gd, in accordance with
lent, clearly displayed in Figs. 3 and 4 for RbPrSTH andthe temperature variation of the EPR spectra exhibited, e.g.,

in Figs. 3 and 4 for RbPrSTH and RbSmST($ee Sec. V

[Rosmsth o for more details.
1 1
: ln«ll.\n“lnl . sk ‘ RuSMSTH ; o
__._4/‘, fV MM/\# wvw\,m“m,\,_,__
e : T 600 L u — 18
2 \/“ 188 K. (b)
'jﬁf A RBEU(SO,), - 4H,0
i g 400
g g = 5
- E’ E
g A § @
= <
200
—><¢—  Position 6
——@— Linewidth
To=230.5K
9 ( ' w [ ‘ 0 0 I ] T I 500 0 L ] \ | i T | | 2
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T(K
FIG. 4. EPR spectra recorded at selected temperatures above ®
and below the phase transition temperatuiie. <232 K) in a FIG. 6. Temperature variation of the zero-field splittiff-S),
G -doped RbSK80,),-4H,0 single crystal forBlIZ of the Gdl  positions 8), and widths AB,) of EPR lines in
center. The spectra are selected such as to show the sequenceREEUSO,),-4H,0 crystal forBllZ of the Gdl center. The phase
changes as temperature is lowered. transition temperatureT() is indicated by an arrow.
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IV. SPIN HAMILTONIAN TABLE |. The spin-Hamiltonian parameter$SHP’S for

. o n , , Gd*"-doped RIR(SOy),-4H,0 crystals R=Pr, Nd, Sm, Eu) at 297

' The spin Hamlltqn]an 'used for fitting the &dline posi- K. The g values are dimensionless, while thg's are in GHz. The

tions at the monoclinic site symmetry, deduced from the angors in all parameters are0.001 in appropriate units, except for

gular variation of line positions as discussed in Sec. llI Wlthbg andb2, for which the error is 0.002 GHz. The root mean-square

the twofold symmetry axis parallel to thé axis (C,lIY) at  deviation per line RMSIGHA)=S3,(AE;—hv;)%n, where the

room temperature in the four RISTH crystals i$" summation is over all the line positions fitted simultaneously to
evaluate SHP’sAE; andv;, respectively, are the separation of the

. 1 meA~m energy levels participating in resonance for ttreline position and
H=1usl9iB,S, 9. (B,S+ByS)) |+ 3 m:Eo,tz b2'0; the corresponding klystron frequendy;is Planck’s constant. The
sign of the parametehg has been assumed to be positive in accor-
M 1 M~ dance with that determined in ammonium sulfaiesfs. 4—. It is
+ 60 m:OE-*-Z 4 b, Oy + 1260m—0 5 4+6 bg O - noted that the least-squares-fitting procedure yields correct relative
T T signs of allb]".
4.1
In Eq. (4.1), ug is the Bohr magnetor§S(=1) is the elec- SHP R=Pr R=Nd R=Sm R=Eu
tronic spin of the G&" ion, g,,g, are the spectroscopic g 2.001 1.998 1.998 1.998

splitting factors, respectively, parallel and perpendicular to

the symmetry axisp|" are the fine-structure spin Hamil- 9
tonian parameteréSHP’S andO[" are the spin operators as bJ 0.526 0.457 0.388 0.360
defined by Abragam and Blean&y.The monoclinic site

1.986 1.988 1.987 1.990

2 _ _ _ _
symmetry, with the twofold axi€,|lY axis, appears to be the b2 0.392 0.319 0.224 0.213
most plausible, as confirmed by the excellent fitting of thep? —0.008 —0.004 —0.002 —0.001
EPR line positions to the particular spin Hamiltonian, Eq. )
(4.1), given above, which consists of terms reflecting thisbs —-0019  -0012  -0.032  -0.041
onen.tatlo.n of .the monoclinic axn’sl.' (MOI’]OC|II’]IC' spin 4 0017 0019 —0.020 0028
Hamiltonians withC,[IX,Z were also tried but the fits were
much worse than those obtained wigyllY.) As well, it b3 0.001 —0.001 —0.001 —0.002
turned out thag,,=gy,=g, . It is for this reason that only b2 0027 0.002 0.017 0.032

g, , rather tharg,, andg,,, were used in Eq4.1).
The room-temperature values of the spin-Hamiltonian-bg —0.053 —-0.018 —0.002 0.030
parameterSHP’g as estimated by the use of a rigorous

least-squares fitting procedureemploying numerical diago- bg —0.015 —0.015 —0.020 —0.005
nalization of the &8 Gd* SH matrix, fitting simulta- RMsL 0.08 0.10 0.10 0.09
neously all the EPR line positions for the variationB®fin

the ZX plane to the spin Hamiltonian, given by B4.1), are N 113 366 241 235

listed in Table I. The fitted lines are those, e.g., shown in

Figs. 4a) and 2Zb) for the RbNdSTH and RbEuUSTH hosts,

respectively.(They are similar to those for RbPrSTH and phase transitions af; and T, where the changes in the

RbSmMSTH, respectively. features of the EPR spectra were gradual, and not as sharp as
those exhibited aTt .

V. PHASE TRANSITIONS AND CRITICAL PHENOMENA
A. Pretransitional behavior B. Behavior of linewidths in the neighborhood of T

and phase-transition temperatures(T) The widths of the outer lines increased when approaching

There were observed lines that existed both abgye T from either higher or lower temperatures, attributed to the
phas¢ and below(L phasg¢ the respective phase-transition fluctuations in the fine-structure tensbg’ due to magnetic
temperaturesT,) in the four host crystals in the temperature dipoles, similar to those that exist in alutfsAB,,, being
interval +1.0 K. (See, e.g., Fig. 7 for the RbEUSTH hgst. proportional to the inverse spin-spin relaxation tinte ¢),
This behavior is similar to that detected by EPR and NMR ine.g., those of the line marked A in Figs. 3 and 4, was fitted to
RbCak (Refs. 13—15and by NQR in KOsCk.1® There was  the expression
found a continuous disappearance of lines belonging to the
H phase and an appearance of lines belonging td thiease
as the temperature was lowered starting from 176.5, 179,

232.5, and 231 K in the RSTH, R=Pr, Nd, Sm, Eu crys-

tals, respectively. The phase-transition temperatligg (vas  in the temperature range of about 15 K just abdye It
identified to be the middle temperature of the range oveyielded values of the exponegtof — 0.1, —0.1, —0.31, and
which the two phases coexist 8g=175, 178.5, 232, and —0.32 for RIRSTH, R=Pr, Nd, Sm, Eu, respectively.

230.5 K for the RRSTH, R=Pr, Nd, Sm, Eu crystals, re- As for the broadening of lines with decreasing tempera-
spectively. In addition, as described below, in eachture, the crystals belonging to either the pair of hosts
RbRSTH (R=Pr, Nd) crystal there were observed two moreRbPrSTH, RbNdSTH or the pair of hosts RbSmMSTH,

AB(T)=ABJ(T—T)? (5.1
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(i) RbRSTH (R=Sm, Eu). For these crystals, broaden-
ing of the EPR lines with decreasing temperature due to
dipolar interactions occurs over the entire temperature range
110-295 K. However, at respectiie’s there was observed
a rapid increase of the linewidths by four times that at 295 K.
This could be due to the disorder that prevails following the
occurrence of a phase transition in the temperature interval
of *15K about T,, similar to that observed in a
Mn?"-doped RBCd,(SQy); crystal’® The directional spread
of the principal axes of thbg tensors belonging to different

H . g -

H r Gd®*" ions due to the reorientation of tetrahedra leads to a

L ine B L. . . .
I distribution of the resonance fields of the outer fine-structure
‘ lines belowT,.
231K
C. Shift of EPR line positions
below the phase-transition temperatures
v L

REuSTH
H

line A

L

H H According to Landau mean-field theory of second-order

phase-transitionS?° the order parameter for proper transi-

L
| l \ l tions varies with temperature a§€ T.)?, with 8=0.5. The
230.5 K order parameter, in the present case, is governed by the
amount of angular rotation of sulfate tetrahédiend Pr, Nd,
Sm, or Eu polyhedra. This reflects itself as shifts in the po-
sitions of the EPR lines A and mBE(B_BTclY"’cZ) below

Te1, Teo (Iine A), e.g., that shown for RbPrSTH in Fig. 3. As
for RbSMSTH and RbEuUSTH, this role is played by the shift

EPR signal {arbitrary units)

of the position of line B, e.g., that shown for RbSmSTH in

H L
L
I ‘ , Fig. 4 (a similar situation is found for RbEuSTHSB= (B
230 K _BTC)' Thus,
SBoc(T—Tg)?, (5.2
! | i

where T;j=T.,T¢1, T, for RbPrSTH and RbNdSTH, and
T.i=T. for RoSmSTH and RbEuUSTH.
In Eqg.(5.2), the calculated values ¢ using experimental

FIG. 7. EPR spectra showing simultaneous existence of IinesSh“cts are=0.5f0rTe=Te;, Tcp andf=—0.1(in the tem-

, : erature range of 25 K just beloW,) for T.;— T, for both
belonging to high(H) and low (L) temperature phases f&flZ of P > ¢ e c
the GdlI center in the RbESQ,),-4H,0 crystal[similar spectra are RDRSTH (R=Pr,Nd). As for RSmSTH, REuSTHS

observed for the RbP8O,),-4H,0, RbNASOy),-4H,0, and =0.51,0.53, respectively, in the temperature range 20 K be-
RbSM(SO,),-4H,0 crystals. low T.. The excellent agreement between the experimental

value of 8 and that predicted by Landau’s theory of second-

S . . . . order phase transitions beloW,,, T., for RbRSTH (R
RbEUSTH exhibit similar behaviors, while different pairs —Pr,Nd) and belowT, for RbRSTH (R=Sm, Eu) was

hosts exhibit different behaviors from each other. The detail§
are as follows.
(i) RbRSTH (R=Pr, Nd). At temperature3 ;=261K,

300 350 400 450
B{mT)

hown to be in conformity with the exactly solvable spheri-
cal model by Misra and Shrivasta%afor which 8=0.5,

Y '~ y=2, and6="523?*for spatial dimensioni=3. The occur-
10519227k5fK ;OgNngbf}_r'ST: and atchl—ZS%Kd, Te2  rence of the first-order phase transitions at respedfiven
—el9.0 1 dor , there were observed drastic In-gyoorh (R=Pr, Nd) is in conformity with the fact that the
creases by factors of @Gat T;) and 5(at T.,) in the line-

widths as cpmpared to t.hose at 295 K, as determined bo Ti?tilclnc(:‘vzlr?ér}isrg?c?r(js:rlfshggr;(raasnzqt:i:r:? abrupt, charac
while warming and cooling the crystals. At.;,T., there

were observed splittings of the outer lines appearing sud-
denly in an interval of 1-1.5 K, due either to rotation of
domains by a tilting of the monoclinic axis out of tl#EX
plane or to a deformation of the crystal lattice. In addition, Most likely, the mechanism responsible for second-order
lowering temperature may produce strains in the rippled layphase transitions in the four crystals presently studied is ei-
ers built up ofR-polyhedra—S@tetrahedra chains @.,; and  ther rotation of distorted SPtetrahedra, or order-disorder
T.o, triggered by water molecules. This kind of splitting transition. It is difficult to distinguish between these two
does not occur at all in the RoSmSTH and RbEuSTH crysmechanisms. Probably the sulfate tetrahedra plays a more
tals. important role in the phase transition than do the water mol-

D. Mechanism of the second-order phase transition
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ecules, as they supply mofgix) coordination oxygens to the order of sulfate and water groups is responsible for phase
R3* ions than do the water molecul@&rea. Further, quali- transitions.
tatively any structural transition should exhibit order-  (v) First-order structural phase transition temperatures oc-
disorder features at sufficiently smak (T—T)/T.. 2 cur only in RbPrSTH and RbNdSTH at 173 K and
T.=178.5-0.5 K, respectively, as indicated by abrupt
changes in the linewidths, zero-field splitting, line positions,
and coexistence of lines observed below and alive
(vi) The critical exponent has been deduced tqeee).5
from the shift 6B of the lines in the temperature range just
It is interesting to note thaf) the second-order transition below T, for RbRSTH (R=Sm, EU or just belowT,,, T,
temperatures decrease with increasing ionic radius of théor RbRSTH (R=Pr, Nd.
R3* ions(in the order Pr, Nd, Sm, Hun these hosts(ji) in (vii) The changes in the linewidth, positions of lines, and
RbRSTH (R=Sm, EU the EPR lines do not split before the zero-field splitting occurring at the respectifg; and T,
occurrence of the phase transition, unlikeRETH (R=Pr,  temperatures in RRSTH (R=Pr and Nd crystals indicate
Nd), where they do, andiii) in the isostructurals crystals occurrences of second-order phase transitions. The shifts of
RbErSTH and RbDySTH no phase transition has been obthe outer line positions are in agreement with Landau theory
served to occur in the temperature range 75—-298 K. of second-order phase transitions beldw for RbRSTH
(R=Sm, EY and belowT;, T, for RoRSTH (R=Pr, Nd.
The second-order phase transitions are either due to the ro-
tation of SQ molecules triggered by water molecules or due
to order-disorder transition.
The main features of the present study are as follows. It is hoped that the present EPR studies on the phase
(i) GE** ions substitute equally for R ions at the two ~ transitions occurring in RRSTH (R=Pr, Nd, Sm, Enwill
magnetically inequivalent sites in the unit cell at room tem-Stimulate further research involving specific-heat measure-
perature in the four crystals. ment, differential scanning calorimetry, Raman effect, and
(i) The room-temperarture zero-field splitting, and thus*T&Y diffraction to develop a more in-depth understanding

the spin-Hamiltonian parameters, are abnormally small in RI§T the phase transitions.
RSTH (R=Pr, Nd, Sm, EW as compared to those in other
isostructural host crystals.
(i) The site symmetry of the Gd ion in RARSTH ACKNOWLEDGMENTS
(R=Pr, Nd, Sm, Educrystals abovd . is monoclinic, while The authordS.K.M., L.E.M.) are grateful to the Natural
below T it is lower than monoclinic, the for Gd ions in  Sciences and Engineering Research Council of Canada for
the unit cell becoming magnetically inequivalent from eachfinancial suppor{SKM - Grant No. OGP0004485Support
other. by the State Committee of Scientific Research of Poland to
(iv) The rare-earth ions do not play a significant role inMarie Curie-Sklodowska University, Lublin is also acknowl-
the phase-transition processes, indicating that rotation or disdged(L.E.M.).

E. Trend of phase transitions occurring in the various
isostructural RORSTH crystals
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