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Strain-stabilized precursor clusters in potassium thiocyanate

O. Blaschkd® W. Schranz, M. Fally, G. Krexner, and Z. todzidna
Institut fir Experimentalphysik, UniversitaWien, Strudlhofgasse 4, A-1090 Wien, Austria
(Received 27 May 1998

We present refined diffuse neutron scattering measurements performed in the long-range-ordered phase of
potassium thiocyanatd < T.). The analysis of the data yields that the diffuse scattering is due to the presence
of order-parameter fluctuations that appear as a precursor to the order-disorder phase transition. The diffuse
intensity increases when approachifigfrom below, whereas the width remains constant in the whole long-
range-ordered phase. Molecular-dynamics simulations indicate that the size of the precursor clusters is stabi-
lized by the order-parameter—strain interactidi$0163-18208)06537-0

. INTRODUCTION q.=(100) superlattice point obeys a Lorentzian line shape.
The correlation length, (average cluster sizaletermined
Several molecular crystals of the thiocyanate family, e.g.from the fits varies fromé (T.+25 K)~12 A to &,
MSCN (M=K, Rb, NH,,Tl, .. .), exhibit an order-disorder (~T.)~40 A for KSCN andé,(T.+20 K)~40 A to &,
phase transitioiPT) related to the reorientation of the linear (=T;)~130 A for RbSCN. The fluctuations are rather iso-
SCN moleculed.At T, this reorientation leads to a structural tropic, i.e.,&,= &,~1.6¢, for KSCN and~1.4¢, for RbSCN,
change from an orthorhombic phadei{cmD3., Z=4)to  respectively. Both, the correlation leng¢hand the diffuse
a tetragonal phase| 4/mcmD}1ﬁ’ 7= 2) The transition intensitle(qc) fO”OW mean'field Critical behaVior abOVe

temperatures ard<=415 K andTR’=435 K for KSCN  Tc
and RbSCN, respectively.
In both cases the phase transition is of first ofdéc-

Below T, the situation is more complex, as previous dif-
fuse neutron-scattering measurements have shown. To

) T . . clarify the nature of the fluctuation behavior as well as the
cording to birefringenctand diffuse neutron-scattering dta development from long-range ordeF£T,) to short order

the PT in _RbSCN is very close to the tr|cr|t|.cal .pomt. !n the (T>T,), we have performed a detailed diffuse neutron-
compressible pseudospin model the elastic-dipolar interac-

. . Scattering study in the ordered phdbelowT,). The results
tions are accounteld fog by a smg_le parameet It can be  are compared with molecular-dynamics simulations.
shown that forA<<35(>3) the PT is of second orddfirst
ordep, whereas forA=1 the system displays tricritical be-
havior. For KSCNA=0.44 was found, whereas for RbSCN
A=0.352 Moreover, from a power-law fit of the temperature  The measurements were done on the triple-axis spectrom-
dependence of the superstructure Bragg peaks belogter VALSE, located at a cold neutron guide position of the
Te.le(de) ~ 7%(T)~(Tc—T)?#, a value of 3=0.25 was Laboratory Len Brillouin at Saclay. The incident neutron
found for RbSCN as expected for a tricritical point. The energy was 14.7 meV. A pyro|ytic graphite filter was put
previous investigations demonstrate that in these systemsigto the incident beam in order to eliminate the higher-order
strong coupling between the orientational degrees of freedorgontamination. Pyrolytic graphite R@2) crystals were
of the SCN moleculessf-order parametgrand the lattice used as monochromator and analyzer, respectively. Single
strains €; for i=1,2,3) occurs. This strong coupling that crystals of KSCN with a mosaic spread of 20 min were used
due to symmetry is of the type- 7%;(i=1,2,3), leads to as samples. The diffuse neutron-scattering investigation was
large anomalies in the longitudinal elastic constant¥ af performed from room temperature up to 415 K.
From the dispersion of the longitudinal acoustic modes we
obtained an estimation of the order parameter relaxation time
107 s<7,<10 2 s belowT,. Quite recently the slow dy-
namics of the SCN fluctuations was also detectedtly The measurements were done in the neighborhood of the
NMR.” A thermally activated temperature dependence of thé100), (200), and (300 points in the &*,b*) plane of the
head-tail flipping rate of SCN molecules was found with  reciprocal lattice of the orthorhombic phase, performing lon-
=3.8x10""° sandE=0.66 eV, implyingr=8x10"" sat  gitudinal (h+q,,0,0) and transverseh(q,,0) scans. The
T.=415 K. (100 and equivalent points are superlattice poirgs) (re-

The dynamics of the order-parameter fluctuations is alsdated to the antiferrodistortive configuration of the SCN mol-
rather slow abové . . Indeed neutron-scattering experimentsecules in the ordered phase.
in KSCN (Ref. 8§ and RbSCNRef. 4 yielded that the high- At room temperature a sharp Bragg reflection above a flat
temperature tetragonal phase consists of orthorhombic shottackground was observed, implying that the crystal is in the
range-ordered clusters that appear static on the neutroteng-range-ordered state. The first significant changes in the
scattering time scale (16! s). Above T, the diffuse scattering pattern occurred @=400 K, i.e., about 15 K
neutron-scattering intensity of KSCN and RbSCN near thébelowT., where the sharp superlattice reflections showed an

Il. EXPERIMENT

lll. DIFFUSE SCATTERING RESULTS
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FIG. 1. Temperature dependence of the Bragg intensity at the
superlattice positiong.=(100). The solid line represents a guide

to the eye.
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FIG. 3. Diffuse scattering intensities fitted with a Lorentzian
line shape(see text The inset shows a comparison between a
Lorentzian and a Gaussian fitting function.

IV. DATA EVALUATION

intensity decrease and a broad intensity distribution ap-

peared, which was centered at the superlattice points. On In our previous workd® we found that the diffuse scatter-
further heating, the Bragg intensity of the superlattice reflecing in the orthorhombic phase of KSCN can be well de-
tions decrease(Fig. 1). Simultaneously, the diffuse scatter- scribed by a Gaussian function, and we concluded that the
ing intensity increased significantly when heating towardsdiffuse neutron scattering beloW, is due to the presence of
TC' Figure 2 shows the Change of the diffuse scatterinéma”-Sized microdomains of various orientations. Since the
around the(100) point in longitudinal and transverse scans Present data have been collected on a finer temperature mesh
for several temperatures beloW.. Similar behavior was and on a larger sample, the quality of the diffuse scattering

found in the vicinity of the(300 wave vectors.
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FIG. 2. Diffuse scattering intensity measured in the vicinity of
the superlattice point®) for longitudinal scangj=(1+q,,0,0) and

(b) for transverse scarg=(14,,0).

results is much better compared to our previous results, i.e.,
the intensity of the diffuse scattering is an order of magni-
tude higher(compare, e.g., Ref.)8This allowed us to ana-
lyze the data in the orthorhombic phase in more detail.

To clarify the origin of the diffuse scattering beloWy.,
we tried fitting the whole data set at different temperatures
for the (1+q,,0,0), (14,,0), (3+0q,,0,0), and (3,,0)
wave vectors with various line shape&@ Gaussian,(b)
square of the Fourier transform of a box functidroth cor-
responding to small-sized microdomain&) different distri-
bution functions(corresponding to distributions of domain
sizeg, (d) Lorentzian (corresponding to thermal order-
parameter fluctuations(e) discrete version of Lorentziafi.
It turned out that the best fits for all data could be obtained
with the discrete Lorentzian and the Lorentzian intensity dis-
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FIG. 4. Temperature dependence of the diffuse scattering inten-
sity atg.. The solid line abovd . represents the mean-field results
(Ref. 2. The line belowT, is a guide to the eyes.



8364 O. BLASCHKO et al. PRB 58

45 10 ] N T T T
~ Eermeonae- o AR e ERAA AN
40 (19,0) i | 2 uﬂ!°°°°::°ou,° “Eh, AAAAAA
0 Ec:
a5 | 0.8 O =]
[ OOOEE\:' A
30 - / - g Op B &
! % 0.6 4 ©
;
25 | ' e 5
& [A] ! &
t : .
20 | K E B 044
Pl o i
15 ™" ’ \n i
r ks 0.2
10 F = _—‘—r& \._\\ i
——o—]
51 E 0.0
0 T T T T T T T T M T
405 410 415 420 425 430 435 440 445 0.4 0.5 0.6 07 0.8 0.9
TIK] Temperature [T/T ]

FIG. 5. Temperature dependence of the correlation length of the FIG. 6. Calculated temperature dependence of the orientational
order parameter fluctuations. The dashed line was calculated agrder parameter; for different strengths of the order-parameter—
cording to Eq.(1), i.e., &(T)~1p(q=0). The solid line abovd,  Strain couplinga.
is obtained from the fit using the mean-field equati@Rsf. 2.

briefly recapitulate its properties. The model is two dimen-
tributions (Fig. 3), i.e., both functions fit equally well. The sjonal consisting of two kinds of particles. One of them rep-
Lorentzian line shape implies that the diffuse scattering beresents potassium ions, that have translational degrees of
low T is due to the appearance of order-parameter fluctuareedom. These particles interact via aharmonic potential
tions as a precursor to the order-disorder PT. Figure 4 showgith nearest and next nearest neighbors. The second kind of
as an example the diffuse scattering intensgyq.) and in  particles possesses rotational degrees of freedom and repre-
Fig. 5 the correlation lengtj,= 1/, (wherew, is the half  sents the SCN molecules. Each of the particles of this kind
width at half maximum of the diffuse intensjtas a function  resides in a local anharmonic potential that is of fourth order
of temperature is displayed. It is a striking feature that theand invariant with respect to the point group of the high-
diffuse intensity increases strongly when approaching temperature phasé4/mcm) of KSCN. The configuration of
from both sides, whereas the correlation length remains corpoth kinds of particles is described by two different order
stant belowT,.** The same behavior was also found for the parameters. One that we callis connected to the strain in
dx and theq, direction. The whole problem becomes eventhe potassium sublattice. The other order parametetfe-
more transparent if one applies simple Landau-Ginzburgcribes the orientation of the particles of the SCN sublattice.
theory. In this theory the Lorentzian line shape of the diffusein the Hamiltonian of the model there is a term that due to
intensity follows from an exponential decay of the two-point symmetry is of the formx»?¢. It corresponds to the order-
correlation of the order-parameter fluctuations and the difparameter—strain interaction of the compressible pseudospin

fuse intensity is given 4§ model. The full details of the model are presented in Refs. 14
and 13.

5 kgT&? To study the role of the elastic forces in such kinds of

Io(a)=[G(q)| () models, we performed simulations for different values of the

242, 2.2, 2.2'
IHaE ayey + aa8s coupling constantyr. We used systems of 10110 unit
whereG(q) is the structure factoq is the wave vector with cells with free boundary conditions. Equations of motion
respect to the peak position at the superlattice poigt3, (

and &:=[(éx,&,,&)|, with &,&,,£, are the correlation 0.035
lengths of the order-parameter fluctuations in three corre-
sponding directions. According to Edl), 1p(q=0,T)

~ &%(T), which belowT, is in contrast with our experimen-
tal findings (Figs. 4 and h Above T, the relationlp(q
=0,T)~ &%(T) is nicely fulfilled and both quantities are well
described by a mean-field critical behavioie., & =&,
=65.8 ANT—To, & =417 ANT—T,, and I5=1,/(T
—To), WhereTy=T.—2.5 K as the phase transition is of
first order.

Diffuse Intensity [arb. units]

V. COMPARISON WITH MOLECULAR-DYNAMICS Bl
SIMULATIONS 0.4 0.5 06 0.7 08 0.9 1
qy [1/2,1/2]

To obtain some insight into processes occurring close to
T, in the MSCN family of crystals we have done molecular-  FIG. 7. Calculated temperature and wave-vector dependences of
dynamics simulations of a two dimensional KSCN model. Inthe diffuse scattering intensities for a system wit 15. The lines
fact, we employed the model defined previouSty’ Let us  represent fits with Lorentzian line shapes.
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FIG. 8. Calculated temperature dependence of the diffuse inten- FIG. 9. Calculated temperature dependence of the full width at

sity atq for two values ofa. Data were obtained from the Lorent- half maximum(FWHM ~ £71) for different coupling constants.
zian fits shown in Fig. 7. Data were obtained from the Lorentzian fits shown in Fig. 7.

strong coupling between the order parameter and the frain,

were integrated by the symplectic central difference methogh agreement with the experimental findin@ggs. 4 and &
and the Gaussian thermostat was applied as canonical
procedure”® Wave-vector-dependent properties were calcu- VI. SUMMARY
lated by the standard formula for kinematic scattering, with i . . —
straightforward Fourier transformation that is assumed to be The present refined experlme_ntal data yielded new _|n5|g_ht
optimal for this kind of problent® Each calculation was into the nature of the ordeerlsorder phase transition in
done under the same conditions on 40 independent initidfSCN- In contrgst to our prévious wo?_l?,we were able 1o
configurations followed by an averaging of the results. ~ detect a strong increase of the diffuse intenguytical scat-

Figure 6 presents the calculated temperature dependen?ﬁ'ng) when approachingT, from the low-temperature
of the orientational order parameter for different values ofPhase. However, interestingly enough the width of the dif-
the coupling constankr. We observe that with increasing fuse §gatter|ng mtgnsny remains constant befw This is a
value of the slope of the order parameter becomes steepl§UrPrising result, since in any simple model, the temperature
close toT., in agreement with simple mean-field thedry. epgpdences of the diffuse intenslty(q.) and its width
The observed smearing of the PT is due to finite-size effects. ¢ ~ &€ coupled. That 1S, In the simplest Landau-Ginzburg

Figure 7 shows as an example diffuse scattering peaks fgP€O"Y 'o0(dc) ~x(qc,T) ~£°(T), which follows from the

_ ; _ . fact that y(q.)=1/(kgT) fdV'G(r,r')=£%/C for an expo-
a=15. Note that the peak is centered|gt=1/\2, which

results from the different orientation of the unit-cell in our ngntlal d_ecay of the orde_r-para_meter_ fluctuations. Inde_ed,
model® as compared with the unit cell orientation of real this relation between the diffuse intensity and the correlation

KSCN. Similar to the experimental data, the calculated dit-ength 2is nic.:ely' fulfilled in the high-temperature phase of
fuse intensity can be well fitted by a Lorentzian. From the/<SCN.” but is violated belowT .. L .

fits we obtained the diffuse intensity at the critical wave vec- As we have ShOW.” by molecular-dynamics simulations,
tor and the correlation length of the order-parameter quctuabeIO.WTc the correlatlp_n length of the ordgr-paramet_er fluc-
tions for various coupling constangsand temperatures. The tuations can be stabilized by (_elastlc strain interactions. To
results are presented in Figs. 8 and 9. understand the role of the elastic forces in more detail we are

The simulations clearly show the same features as corﬁ’—".orkir'g on an apalytic_ theory, V.VhiCh is based on a Landau-
pared with the experimental data on the diffuse scattering®/NZPurg model including coupling between order parameter
For strong order-parameter—strain coupling the diffuse inten‘:de strain, and a perturbative calculation of the FV¥°"°°'”‘
sity increases when approachifigfrom below, whereas the correlation function of the order-parameter fluctuatibhs.
correlation lengthé remains constant throughout the ortho-
rhombic phase. For a similar modébur-states Potts model
without order-parameter—strain coupling=0) bothl(q.) The present work was supported by the Fonds zur
and¢ increase strongly when approachifigfrom below, as  Forderung der wissenschaftlichen Forschung in Austria
is known from the theory of critical phenomena. Previous(Project No. P 12226-PH)Y We are indebted to Dr. A. Fuith
molecular-dynamics calculations have shown, that in thdor supplying the large high-quality KSCN single crystals.
high-temperature phase, both the diffuse intensity and th®ne of the authorg¢Z.t.) would like to acknowledge the
correlation length show a divergent behavior even for agreat hospitality during his stay at the University of Vienna.
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