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Antiferroelectric phase transition in Rb3D(SO,), single crystals studied by®’Rb NMR
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The quadrupole perturbed central transition of the magri&b resonance was used to study,Bt80,),
single crystals. Three resonance lines were found at room temperature. This result is in accord with the
monoclinic space group reported for these crystals and does not require the previously invoked self-trapped
proton states. The number of resonance lines quadruples below the antiferroelectric phase transition near 82 K.
From the line splitting the order-parameter exponent of the low-temperature phase was found=tdize
Spin-lattice relaxation times have been determined in the fully protonated and deuterated disulfates and were
used to deduce the temperature dependence of the order-parameter fluct{@€it68-18208)51902-9

There is continued interest in the study of phase transi- We address this issue in the following, but in the present
tions of hydrogen bonded crystals, particularly of those®’Rb-NMR study of RBH(SQ,), and RBD(SOy), single
which exhibit a large isotope effect. One of the best studiedrystals we find no evidence for self-trapped asymmetric
representatives of this class of crystals is the threestates inthe paraelectric phase. However &Rb resonance
dimensional hydrogen network KBO, for which complete  Was found to be suitable to investigate in detail the symmetry
proton vs deuteron substitution shifts the ferroelectric phasgreaking associated with the antiferroelectfi~E) transi-
transition temperature almost by a factor df&n even more ~ tion in the deuterated compound. .
dramatic effect is observed for some alkali disulfate crystals Quasihexagonally shaped rubidium disulfate crystals of
of the general compositioh sH(XO,), with M=K, Rb and optical quality and with typ_lcal sizes of>25X 10 mm" were
X=$,Se. While, e.g., RBI(SO,), remains paraelectric down grown from aqueous solutions using the convection method.

to the lowest temperatures, the deuterated isomorph ordel® signs for tw?nning were obtained under the polarization
antiferroelectrically near 80 K.The particular interest that microscope. Using dielectric measurements a cusp in the per-

the disulfates have received derives from the fact that eac gtl\élgjtéﬁztggnci[;rso?,fn?eaﬁi%gjl?séngg, }ll.vﬁj Tfr)]uo?]g_for
hydrogen bond only connects two sulfate tetrahedra WhiclaI AT~

¢ di ic ior3 Thus the th h dipolar int inic A2/a structure(with Z=4 formula units per unit cell
orm a dimeric ior. Thus the through-space dipolar Interac- o confirmed at ambient temperature by x-ray diffraction

tion between the hydrogen bridges is not rivaled by Pauling’s,q e |attice parameters were determined taa0.2 A,

“ice rules,” usually applied in three-dimensional hydrogen ,, _¢ o A, c=15.0 A, and8=103.1°1° All $7Rb-NMR ex-
bonded systems such as K#D,.* With the absence of this periments were carried out using the second-order quadru-
complicating feature the disulfates are considered promisingme perturbed central transitions of the 3/2 nucleus. Lar-
candidates for answering the question to what extent the iSGngr frequencies of 55.1 and 85.8 MHz were employed.
tope effect is quantum mechanical or rather purely geometrispectra were taken with the standard solid echo sequence.
cal in nature’ The latter viewpoint is usually linked to the Spin-lattice relaxation times were determined using the in-
observation of a strong correlation of the phase transitiowersion recovery method or where spectral selection was re-
temperature with the length of the hydrogen bdndow- quired from a series of partly relaxed absorption spectra.
ever, from a recent calorimetric and dielectric study of theTemperatures were measured from calibrated Ir sensors
isotopic series KD;_,H,(SOy), the “determinative role of which are believed to be accurate to withird.5 K. Stability
proton tunneling,” i.e., of quantum effects, has beenduring one measurement typically wa<.1 K.

emphasized. It has been conjectured that the controversy The upper frame of Fig. 1 shows the NMR spectrum of
may be resolved by the introduction of self-trappé@., Rbs;D(SQ,), taken at room temperature which like that of the
asymmetri¢ proton states which are thermally excited via aisostructural protonated compodiid consists of threg —
phonon-assisted tunneling mechanism that on the time- 3 transitions. In order to understand this observation we
average restores an inversion symmetric hydrogen bondnote that out of the three cations of the formula unit one
The relevant parameter thus appears to be the degree o€cupies the symmetric site RB in the nomenclature
spontaneous polaronic deformation. It is as yet unclear howadapted from Nodat al® There exist two other crystallo-
such a quantity depends on the isotopic species and on thgaphically equivalent sites which will be termed (Rband
length of the hydrogen bond. Thus the unequivocal demonRb(2') here since they are inequivalent magnetically. This is
stration of the existenc¢or nonexistenceof self-trapped due to the fact that they can be transformed into one another
states would be useful. In this context it is interesting toonly via a (glide) reflection operation. Thus three equally
mention that based on the observation of three resonancgrong resonance lines are required by symmetry and from
lines in a recent Rb-NMR study on powdered;RE50y), it the 8’Rb spectra there is no reason to invoke the existence of
was claimed that th¢(SQ,)-H---(SO,)]3~ bond is indeed self-trapped(asymmetrig states in the room temperature
asymmetric phase. From symmetry consideratithi also follows that
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FIG. 1. Upper frame: Quadrupole perturb8@Rb central lines
of Rb;D(SQy), recorded at 83.8 K. The Larmor frequency was
=85.8 MHz. The three lines correspond to the three magneticall
inequivalent sites. Arrows mark the range which is magnified in th
lower frame. Lower frame: Temperature dependence of line corre;
sponding to the R(2) site. The roman numerals are used to identify
the peaks. The measurements shown in this figure were taken with
the crystallinec axis enclosing an angle of 65° with the external
magnetic field and the crystallinea{b) diagonal being perpen-
dicular to it.
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FIG. 2. Temperature dependence of the characteristic line split-
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exponent.

ting detected at the RB) site (Ref. 17. The solid line is the result
of a power-law fit, yielding an exponent ¢f=0.2.

order phase transition. We have fitted the line splitting to a
power-law behaviorA ve(Ty—T)# where 8 is the order-
We findy=(82.3+0.1) K and
=0.2+0.0317 Surprisingly this exponent is considerably
ower than expected for the three-dimensional Ising model
(B3p=0.325) but very close to the value reported from Ra-
an scattering on ¥0(SQy),. 8
The fluctuations of the components of the EFG tensors at
the Rb sites give rise to spin-lattice relaxation. In a first step
we have measured the mean spin-lattice relaxation ¢ifag

by exciting all central transitions. We find that the magneti-

since the RHl) probe is located on the twofolalaxis, one of
the principal directions of its electrical field gradigiFG)
tensor should point along the monoclinic axis. From rotation3
patterns taken at room temperature this expectation is con-
firmed experimentally! For brevity in the following we will
mostly report on site R2) which is characterized by a quad-
rupole couplingrg=3.84 MHz and an asymmetry parameter
7=0.451

The lower frame of Fig. 1 reveals the temperature depen*-
dence of the R{2) resonance line. It is seen to split into four
components below the phase transition temperature. From
observations made on different samples we find that the
splitting always results in four lines oéqual intensity.
Therefore we conclude that the formation of a multidomain
structure is unlikely. In order to understand the quadruplica-
tion of lines we mention that while the low-temperature
space group of R(SQ,), is not known®® for KsD(SOy),
the space groupP2,/a (Z=4) (Ref. 3 and laterA2 (Z
=16) (Ref. 14 have been reported. While the former sug-
gestion only yields a line doubling and therefore can be ruled
out, the latter suggestion, implying a quadruplication of the
unit cell, is compatible with our observatiofsA conclusive
comparison of diffraction experiments and NMR requires
that precise atomic positions in the AFE phase or low-
temperature rotation patterns are available.

In any case the symmetry change associated with entering
the low-temperature phase is reflected in the NMR spectrum.

zation recovery is very close to exponential except in the
immediate vicinity of Ty . Spin-lattice relaxation times thus
obtained for RBH(SOy), and RBD(SOy), are shown in Fig.

The shortes®; are found at high temperatures and are
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interpreted as precursor effects of the superionic phase tran-
sition taking place near 450 K. Using NMR techniques this
transition has been studied in detail in the related compound
Rb;H(SeQ), by Abramicet al!° It is not in the focus of the
present article.
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Therefore one should expect that variations in the EFG atthe G, 3. Mean spin-lattice relaxation times of £4SO,), and

Rb site, and hence the magnitude of the line splitthng are
coupled to the order parameter of the AFE phiade. Fig. 2

Rb;H(SO,), measured at 85.8 or 55.1 MHz. The inset reflects the
temperature dependence(df,) in the vicinity of Ty=82.2 K. The

it is seen that\v strongly increases with decreasing tempera-solid lines are indicative for a power law characterized by an expo-
ture. It varies smoothly acrosgy as expected for a second nentA=0.65. Dotted lines are to guide the eye only.
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Upon coolingT; at first increases similarly for both pro- LA ' T
tonated and deuterated samples. But whilgHRBOy), ex- 1.0 K 7] e
hibits a monotonic behavior down to low temperatufiesof
Rb;D(SOy), shows a pronounced dip nedy . The fluctua-
tions in the elements of the EFG tensor are, however, always
in the fast motion limit as evidenced by the fact that mea-
surements at two different Larmor frequencies yield the same
spin-lattice relaxation times; cf. Fig. 3. This frequency inde-
pendence is a characteristic signature of a soft rhodech A
in our case condenses at the zone boundary. .

In order to extract the temperature dependence of the cor- 0.0 . . "
relation timer>=1/T, ¢ of the order parameter fluctuations in 104 103 102 10
Rb;D(SOy), we have subtracted the noncritical contribution
to 1T, (Ref. 20. The latter was approximated by the spin-
lattice relaxation rate T o of the protonated, nonordering FIG. 4. Normalized magnetization recove* (t)=1—[M(t)
compound yielding 0, c=1/T;— 1/T, o. In the inset of Fig. —M_]/[Mo—M..] measured for the RB) site of RRD(SQ,), at
3 we show a double logarithmic representation df, 1/ vs  several temperatures. The dashed line represents a single exponen-
|T— TN| with Ty=282.2 K which linearizes the data very well tial fit, the solid line biexponential ones, with ratég andW,. The
except close tdy. Thus on either side ofy we find that ~temperature _deper_1dence of the ratip of these rates _is s_hown in the
1/T, ¢ varies as a power |aWT—TN|7X- The exponent is inset. The orientation of the crystal is that specified in Fig. 1.
given by the magnitude of the slope=0.65 (+0.05) of the
straight line shown in Fig. 3. of the unit cell in the disulfate compound§The tempera-

In order to investigate the failure of the power-law behav-ture dependences of the line splittiffgr T<T,) as well as
ior nearTy we recorded a series of spectrally resolVied of the spin-lattice relaxation times were found to follow
measurements and in the following we focus again on thgower laws.

Rb(2) site. In Fig. 4 we present magnetization recovery Taken together our measurements show that the previ-
curvesM(t) taken at several temperatures abdye Inthe  qusly conjectured symmetry breaking associated with the ex-
case of quadrupolar relaxationM(t) ~should = be istence of self-trapped proton stdtés not borne out by the
b|expon£a\r/1vt|teﬂ zﬁr\}sjtas seen from the solid lines in Fig. 4 NMR spectra. Evidence for a time-averaged symmetry
M(t)ce”"'+e" "2 provides an excellent fit to the data. peaking is obtained for RB(SO,), below the antiferroelec-
The ratesW; and W, in our case both correspond to the ¢ transition only. The transition itself is driven by a soft

same spectral densities, but to fluctuations in different elep,qqe. This is deduced from the temperature dependence of
ments of the EFG tensét.In the inset of Fig. 4 we show the the spin-lattice relaxation time which exhibits a sharp,

temperature dependence of the ratio of the rates which al“requency-independent drop in the vicinity af,. From
most triples upon approachingy . We interpret this obser- gpecirally resolved measurementsTaf preliminary indica-
vation as being indicative for the occurrence of anisotropigjons for a change in the anisotropy of order-parameter fluc-

order-parameter fluctuations. tuations were obtained slightly aboig, .
In summary, we have investigated tiféRb spectra of

Rb;D(SOy),. At room temperature we find three resonance This research was supported by the Deutsche Forschungs-
lines as expected from the monoclinic space gréwiia. gemeinschaft within project Bol1301/1-2. We thank A.
Below the antiferroelectric transition temperature B Maiazza for growing the high-quality single crystals used for
=82 K the quadruplication of resonance lines provides furthis work and D. Schollmeier for taking the x-ray measure-
ther support for the previously conjectured quadruplicatiorments.
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