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Neutron scattering study of freezing in Rbi (ND4) D2PO4
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Crystals of the type Rb&, (NH4), HYPO& are frustrated due to the competing interactions of rubi-

dium and ammonium which favor the ferroelectric and antiferroelectric configurations, respectively,
within the hydrogen-bond system. The temperature, wave-vector, and frequency dependences of
diffuse scattering are reported for a fully deuterated crystal of this type with an ammonium concen-
tration of 62 mo1%. Diffuse scattering streaks are observed along the (100) directions of the
tetragonal crystal which peak at a wave vector that corresponds neither to the ferroelectric nor the
antiferroelectric ordering of the pure crystals. Their intensity pattern in reciprocal space displays
systematic extinction according to the odd representation of the group of this wave vector. The
energy-resolved diffuse scattering has been analyzed as a superposition of an elastic, a quasielastic,
and a very broad inelastic contribution. The quasielastic width decreases rapidly on cooling and
cannot be resolved below 110K.

INTRODUCTION

The freezing of randomly frustrated systems remains a
subject of active debate. By far the broadest family under
current study are spin-glasses, characterized by competing
magnetic interactions. ' There are, however, a number of
advantages in investigating structurally frustrated sys-
tems. One of the advantages is that some measurements
are possible in structural systems which are impossible or
extremely difficult in the magnetic case, e.g., light scatter-
ing and x-ray diffuse scattering. Another reason to inves-
tigate structural glasses is of course that these model sys-
tems are a step closer to real topological glasses.

One excellent example of competing structural ordering
are solid solutions of rubidium dihydrogen phosphate
(RbHzPO4, or RDP) and ammonium dihydrogm phos-
phate (NH4HzPO4, or ADP). Those paraelectric crystals
are isostructural at ambient temperature, with lattice con-
stants that closely match, so that mixed crystals of
Rbi, (NHq) H2POs (or RADP) can be grown over the
entire concentration range. Upon lowering the tempera-
ture, RDP becomes ferroelectric while ADP becomes anti-
ferroelectric, related to different orderings of the acid-
hydrogen bonds. The ADP ordering is forced by the
specific bonding of the ammonium protons which com-
pete with the acid-proton bonding. Due to that competi-
tion, RADP maintains the overall paraelectric tetragonal
structure, down to the lowest temperatures investigated,
for 0.22&x &0.75, but manifestations of freezing into
glass are evident as high as 110 K. ' ' Diffuse x-ray
scattering results have already been obtained on concen-
trations near the ferroelectric (FE) side, near the antifer-
roelectric (Al'E) side, and in the middle range of glass

compositions. They revealed a tendency to form super-
structures of very-short-range order at intermediate con-
centrations, and diffuse scattering centered at the AFE
Bragg peaks appeared close to the AI'h, phase boundary.

In summary, there seem to be aspects of the frustration
both in time and space. On the one hand, methods which
are insensitive to spatial correlations (e.g., dielectric
response) show a dramatic increase of relaxation times on
cooling. On the other hand, methods which are insensi-
tive to time correlations (e.g., x rays) show the develop-
ment of short-range order at wave vectors which corre-
spond neither to the FE nor the AFE order parameter.
Therefore, a simultaneous observation of the space and
time dependence of the density-density correlations by
thermal neutron scattering may provide additional insight
into the dynamical origin of the freezing. Another
motivation for this method is its sensitivity to the atoms
whose correlations are expected to play a major role in
this process, i.e., hydrogen or deuterium. In order to
determine the distinct correlation function (correlation be-
tween different atoms) one has to use the deuterated salt
because otherwise the self-correlation of hydrogen would
dominate the scattering by its huge incoherent cross sec-
tion.

The present paper reports the first coherent neutron-
scattering results obtained on a crystal of the RADP fam-
ily, namely Rbo 3s(ND4)o 62D2PO4. It should be noted that
deuterated RDP can grow both in a tetragonal and in a
monoclinic structure' and that the latter seems to be the
stabler one. The experience gathered on the growth of
deuterated RADP indicates that a small admixture of am-
monium is sufficient to fully stabilize the tetragonal struc-
ture, isomorphic to that of protonated RDP and ADP.
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As in all crystals of the KHzPO4 type, deuteration has a
major effect on the characteristic ordering temperatures
and on the dynamics. The Curie temperatures of tetrago-
nal deuterated RDP and ADP are 218 K and 237 K,
respectively, ' while the corresponding values are 146 K
and 148 K in the protonated salts. Independent dielectric
constant measurements performed on a deuterated crystal
of the composition used presently, ' revealed that the
frequency-dependent freezing temperature is close to 100
K at 10 MHz, and to 60 K at 1 KHz, while the Vogel-
Fulcher freezing temperature is of the order of 26 K as
opposed to 9 K for protonated crystals. ' Finally, for un-
deuterated RADP the onset of freezing phenomena
marked by the departure of a number of quimtities from
their usual lattice anharmonic behavior, '7 occurs near 110
K. For the deuterated salt, the corresponding temperature
is not known but it is expected to be of the order of 200
K, which agrees with the onset of diffuse quasielastic in-
tensity observed on cooling in the present experiment.

EXPERIMENTAL

RADP crystals, and their deuterated analogues, were
prepared by means of a temperature-difference crystal-
growth procedure working automatically at constant su-
persaturation. Equilibrated feed material is transported
by thermal convection to a seed crystal grown previously
by spontaneous nucleation from the same feed material
and the corresponding solution. Details of the growth
procedure will be published separately in connection with
work covering crystal growth of solid-solution crystals ex-
hibiting incommensurate phases. 's The ammonium con-
centration was checked by x-ray diffraction determination
of the a and c lattice parameter at ambient temperature.
One finds a =7.560 and c =7.440 A which, extrapolating
the values of deuterated RDP and ADP and using the ex-
tensive knowledge accumulated on protonated RADP
(Ref. 19) corresponds to x =0.62+0.015. The relative
proton content was determined by NMR proton resonance
on a large crystal, using a small undeuterated sample as
reference. Taking account of the different relaxation
times in both samples it was established that the deutera-
tion in this crystal is superior to 99%. o The crystal (1.8
g/0. 8 cm ) had well-developed growth faces and was fully
transparent with no indication of twinning. No broaden-
ing of the rocking curves could be detected. It was
wrapped into aluminum foil, mounted into a He-fille
sample cell with the c-axis vertical allowing thus for scan-
ning the (hk0} plane. In a second short run the a-axis
was oriented vertically in order to complete the informa-
tion about the intensity variation of the periodic diffuse
scattering in the (IiOl) Brillouin zones. The sample cell
was cooled by a closed cycle refrigerator.

The measurements were performed with a three-axis
spectrometer. Pyrolitic graphite (002) reflections were
used for the double monochromator and the analyzer to-
gether with a graphite filter placed in the incident beam
which suppressed the higher-order contributions. Since
the freezing affects drastically the widths of the scattering
both in momentum and energy directions, and precise
knowledge of the resolution was necessary for the data

reduction. This was achieved within an average error lim-
it of 2% by calibrating the resolution with standard
scatterers (vanadium and A1203}. The width of the vana-
dium scan was 0.249+0.002 THz. It should be noted,
however, that the resolution is a four-dimensional func-
tion in (Q,co} space, ' which cannot be presented by just
one figure [(Q,co) are defined by Q =K;—Kf and
co= , (K—; I—:f ), where K;,Kf denote the incident and fi-

nal wave vector of the neutron}]. The effect of the resolu-
tion broadening depends therefore on the type of the
scattering function and on the direction of the scan in

{Q,co) space. Whenever necessary, this effect is indicated
below for specific scans and specific assumptions about
the scattering function.

DIFPVSE SCA I IERING AT LOW TEMPERATURES

A preliminary survey with a diffuse scattering spec-
trometer has revealed diffuse peaks within the (110) Bril-
louin zone at low temperatures which were not visible in
the map taken at room temperature. The aim of the triple
axis measurements was to study these peaks in more detail
and to resolve eventually their quasielastic broadening.

Figures l(a) and 1(b) display the shape of these diffuse
peaks in the (303}and (240} zone, respectively. They peak
at about 0.35a' (a'=2ir/a) and are "cigar shaped" with
the long axis in the (100}direction. They are asymmetric
in this direction, showing a smoother decay versus the Z
points (Ii+k =odd, I =even and vice versa). For our
concentration of x =0.62, no antiferroelectric short-
range-order peaks are recognizable at these points, in
agreetnent with the independent results of Cowley et al.
obtained from the nondeuterated analogue. The widths
perpendicular to the long axis are similar, the width along
the c axis being about 20% broader (without resolution
correction}. Scanning the energy direction at the peak po-
sition did not show any inelasticity at these temperatures
(i.e., 14 and 39 K) within our resolution. Actually the
width of such a scan is somewhat smaller compared to the
calibration scan from vanadium since the "dimensionali-
ty" of the scattering function in momentum space is lower
than three due to the cigar shape. The intensity shows a
remarkable variation changing from q to —q especially
along the k direction in the Brillouin zone (240) displayed
in Fig. 1(b).

In order to look for any systematic variation in the in-
tensity of these ~eaks we mapped out a quarter of the ac-
cessible circle Ii +k (5.2, 1=0 in steps of a'/3. This
map shows (i) that the asymmetry with respect to q is ob-
servable in many Brillouin zones, {ii) that the stronger
peak has not systematically a larger distance from the ori-
gin, (iii) that there are no peaks for Ii or k equal to zero,
and (iv) that the peak pattern has mirror syminetry with
respect to the (110) axis. Figure 2 displays this intensity
information qualitatively. Because of the mirror symme-
try only two "satellites" are shown per Brillouin zone.
This map provided the "background" variation as well,
which smoothly decreases with increasing momentum Q.
The decay gives some idea about the average dislocation
in this system and would result in u =0.03 A if
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FIG. 1. (a) Intensity of the diffuse scattering close to the reciprocal-lattice vector (303) at 14 K. The abscissae h, k, 1 refer to the
tetragonal unit cell. (b) Same as (a) close to (240) at 39 K.
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FIG. 2. Map of the peak intensities of the periodic diffuse

pattern in the (hk 0) plane at 14 K. Only two values are sho~n
per reciprocal-lattice vector. The second pair is related by mir-

ror symmetry around the twofold (110)axis.

FIG. 3. Integrated elastic (spectrometer set to m=0) intensity
of the scan ( l.7 ~ g' & 2.3, 4.35, 0) across the diffuse streak ob-
tained with a constant cooling (0) and heating (o) rate of 10
K/h. The background is subtracted by extrapolation and
amounts to about 20% of the peak intensity at 32 K. The inset
indicates the scan path.
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FIG. 4. Onset of the localized diffuse scattering at Q =(2,4.35,0) at 296 K together with its energy variation (v in units of THz).
The inset indicates the scan path in Q space.

described in the manner of a Debye-Wailer factor. This
value is compatible with that of locked-in acid protons in
pure potassium dihydrogen phosphate in the ferroelectric
phase. It seems that the diffuse scattering can be divid-
ed into one part which refiects the average symmetry of
the crystal (cigar-shaped scattering in q space) and a
smoothly varying background in Q space (Q=G+q,
where G is a reciprocal-lattice vector). Whatever "eigen-
vector" is chosen in order to describe the pattern of Fig. 2,
it must also involve displacements along the fourfold axis
since drastic intensity variations along I were observed in
the ( It Ol) plane too. Intense satellites were observed, e.g.,
in the (004) Brillouin zone as well.

TEMPERATURE VARIATION
OF THE DIFFUSE SCA l IERING

On heating and cooling at a rate of 10 K/h a series of
scans were made at Q=(2,4.35,0) along the h direction
with the energy transfer ro being set to zero. The area of
this section through the diffuse peak is displayed in Fig. 3
after subtracting the background. The background in-

creases by about a factor of 2 on going from 32 to 250 K.
No hysteresis is observed. The temperature range within
which the integrated intensity changes is very broad, i.e.,
from about 40 to 250 K. The peak is still recognizable at
room temperature as can be seen from Fig. 4 which
displays in addition the energy variation. The observed
energy width of 0.29 THz at this temperature is clearly
larger than the width of 0.25 THz which was observed for
the Q-independent elastic scatter (vanadium), thus prov-
ing that there develops a quasielastic component at high
temperatures. Another cause affecting this integrated in-
tensity seems to be a slight shift towards the Z point at
higher temperatures as demonstrated in Fig. 5. This fig-
ure corresponds to Fig. 1(b) changing the temperature
from 39 to 155 K. The strongest satellite at (2,4.35,0) has
become very flat for 4.25 ~ k &4.5. A similar behavior
was observed by Cowley et al. with x rays for the non-
deuterated compound. A fourth "leakage" of the peak in-
tensity on heating is the broadening of the width perpen-
dicular to the "cigar" which is observable in the raw data
above say 110K.

Rbp3p (NDg, )pp2 D2 PO~ (2,4,0 )

T =155K

hv=0

0.8 0.9 10 11

FIG. 5. Same as Fig. 1(b) at a temperature of 155 K.
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In order to disentangle all these variations we analyzed
three types of scans simultaneously as a function of tem-
perature with the resolution which was independently fit-
ted to the AlzO& and Va data. The three types of scans
were (2+x, 4.35, 0, 0), (2,4.35,0,x), and (2.6,3.65,0,x) in
(It,k, l, ro) space, where x denotes the scan variable, (h, k, l}
are Miller indices, and r0 represents the energy trattsfer.
The third scan represents an arbitrary point in the Bril-
louin zone with a momentum Q similar to the point of in-
terest which is free from Debye-Scherrer line contribu-
tions and thus informed about the background-variation.

Analysis of this latter variation resulted in no detectable
quasielastic component within our resolution. Conse-
quently, the scattering function was represented by

S(Q,r0)-Ii5(ro)+I2,

this direction which was to sufficient accuracy approxi-
mated by splitting the Gaussian into two Gaussians with
no additiona& parameter. ActuaHy the (2+x, 4.35, 0, )
scans seined to decay somewhat slower than I.orentzian
at low temperatures and the (2,4.35,0,x} scans somewhat
steelier tban Gaussian at high temperatures. The Gauss-
ian representation was maintained in view of the con-
venient folding with the resolution and the statistical er-
rors.

Figures 7(a) and 7(b) show the result of this simultane-
ous fit for the momentum and energy widths. Below
about i10 K the FWHM in 0 is stable at 0.086 A

(a)
folded with the resolution at each point of the scan
(2.6, 3.65, 0,

~

x
~

&0.4 THz) and fitted to the experimen-
tal data. The resulting temperature dependences of I~
and Iz are shown in Fig. 6. The incrale (decrease) of the
inelastic (elastic) scattering bx:omes noticable between 40
and 60 K.

The additional cigar-shaped diffuse peak at (2,4.35,0,0)
was modeled by a normalized, orthogonal, four-
dimensional Gaussian with the prefactor Ii centered at
this location. Cylindrical symmetry was assumed around
the long axis and the full width at half maximum
(FWHM) along k was set to 0.2 A '. These two assump-
tions do not affect the analysis in an essential way because
of the relaxed vertical resolution and the cigar being much
longer than the resolution ellipsoid. The parameters fitted
to the series (2+x, 4.35, 0, 0) and (2,4.35,0,x) were the
intensity Ii of the Gaussian, the momentum width per-
pendicular to the long axis and the energy width. The
(2+x, 4.35, 0, 0) scans demanded a Lorentzian decay in
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FIG. 6. Temperature variation of intensities as obtained from
the resolutions analysis. I~ (0) represents the elastic intensity
at arbitrary point (2.6,3.65,0). (+ )= Iq represents the inelastic,
frequency independent ( &0.5 THz) intensity at the same point
including the instrumental background. Its upper estimate of
two counts per minute would account for 50% of I2 at 0 K.
I3/Ii (0) represents the ratio of diffuse peak intensity, in-
tegrated over q and u, to elastic intensity at arbitrary point with
similar Q. All three intensities are normalized to unity at 0 K.
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FIG. 7. (a) Temperature variation of the correlation length
(2/FTHM) perpendicular to the diffuse cigar at (2,4.35,0) as ob-
tained from the resolution analysis. The dot-dashed hne indi-
cates the results from the raw data. The dashed line corre-
sponds to the experimental width of an infinitely thin cigar. (b)
Energy width of the quasielastic scattering at (2,4.35,0) as ob-
tained from the resolution analysis. The dashed line indicates
the»~it at which the fit recognizes a genuine energy width.
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FIG. 8. Acoustic phonon branches with polarization vectors
within the {h, k, 0) plane at 39 K.

which corresponds to a correlation length at 23 A or three
lattice constants or six hydrogen bonds. Above 110 K the
width increases rapidly and around 250 K there remains
merely a next-neighbor correlation in terms of acid pro-
tons. A similar behavior is observed in the energy width
yet with the difference that the fit cannot "recognize" any
width &0.05 THz [indicated by the dashed line in Fig.
7(b)]. Within this limitation the scattering is elastic below
110 K and broadens rapidly above. %'e checked whether
the two acoustic branches, polarized within the scattering
plane, are affected by this process and got a negative
answer within our intensity and resolution limits. The re-
sults are displayed in Fig. 8. The branches soften by
about 10% at room temperature but no anomaly at
0.35a' is observed for the TA branch. The slopes are
similar to KD2PO4. The integrated [in (q, co) space] in-
tensity of the diffuse peak (I~ } is coinpared with the aver-
age elastic scattering (Ii ) in Fig. 6. Within the accuracy
of the fit the ratio I&/Ii is independent of temperature
which means that the additional dislocation of atoms
caused by heating the sample affects both types of scatter-
ing in the same way. No discontinuity is observed around
110K or below.

DISCUSSION OF INTENSITY PATTERN

The observation of the diffuse scattering periodically
peaked at the star of q=a'/3 is reminiscent of the order
parameter fluctuations of the ordinary phase transitions in
the translationally invariant crystals. The limiting con-
centration x =1 sho~s cigar-shaped critical scattering

I

elongated along the 4 axis and peaked at the Z point
(q=a') characteristic for the antiferromagnetic correla-
tions in the a b-plane. This type of scattering has been
observed also for x =0.70, and Cowley et al. showed
that it gradually vanishes in the "glassy" phase on chang-
ing x from 0.78 to 0.68, whereas the scattering under dis-
cussion increases with a tendency to shift to smaller wave
vectors. At the other extreme (x =0) one observes critical
fluctuations around the I point (q=O) characteristic for
the uniaxial ferroelectric properties. ' Their asym-
metric appearance in the (hkO) planes was successfully
explained by their coupling to the acoustic modes. For
x =0.35 Courtens et al. observed diffuse peaks at about
I 4.

The experimental evidence is therefore that the X line
(qz ——2@a, 0 &p &0.5} offers wave vectors which are to a
certain extent "preferred" by the low-frequency excita-
tions of the mixed system. The symmetry and the sys-
tematic extinction of the peaks for / =0 and h or k equals
zero suggests the examination of the constraints on eigen-
vectors along the X line in space group I42d.

This group-theoretical analysis refers, of co!!rse, to a
fictitious translationally invariant crystal with interac-
tions and scattering lengths averaged over the Rb and
ND4 distribution. Questions to this analysis are, whether
these exists an irreducible representation which is compa-
tible with both the FE- and the AFE-type ordering of the
acid protons and, if so, whether it produces the observed
extinction. Finally, the analysis might give some hint to
the origin of the strong dependence of the intensity of the
diffuse peaks on the sign of the wave vector q. The fol-
lowing discussion is restricted to the displacements of the
acid protons and only the intensities for Q=2m(h, k, O) are
considered.

The primitive cell contains four such protons and one
may select, e.g. , those four hydrogen bonds attached to
the PO4 group centered at (0, —,', —, ) (components refer
throughout to the tetragonal unit cell). Their average po-
sitions are

X(1)=(u, —, ——,, —, ), X(3)=(—„,—, +u, 8 ),
X(2)=(—u, —,'+ —,', —,

'
), X(4)=(——,, —, —u, —,),

with u = —,
' . The group of the wave vector

qz 4np(1, 0,0——) has the twofold axis only besides the
identity giving rise to an odd and an even representation.
The corresponding (4X 3)-component eigenvectors are

E~„~=(IX!,0,0
~
(Xi,0,0

~

0 i E,EQ4E, Q5e
~

0 3 E, —lugE, —Qse' }„'
E~d=(0 pi 6 I

o 13i 132 I
b 5«b6e-»7e

I
b5~', ib6e', »e')—,

where

@=exp(imp�).

The other quantities denote arbitrary
functions of p and Greek symbols are used if they are
complex. The restriction to real functions for the hydro-
gen bonds parallel to qz [i.e., X(3),X(4)] is a consequence
of time invariance. The displacements along the hydrogen
bonds are underlined. For P, =b5=1 at both the I and
the Z point the eigenvector E~d is indeed compatible

with the ferroelectric and antiferroelectric proton arrange-
ment.

The "visibility" of an eigenvector E=[e(1)
~
e(2)

~

. . . ]
in Q space is governed by the dynamical structure factor

E'(Q) —g Q.e(~)exp[ —iQ.x(~)],
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where scattering length and Debye-Wailer factor have
been omitted for simplicity. Restricting to the (hk0)
plane, one has

Q=G+qx ——2m(H+2p, E, O),

with the integers H, E, and H+E being even. Including
the motions along the hydrogen bonds only (b6=0} one
gets for the E~ contribution

F~z(Q) -Er sin[2m(/+Hit EC/—4)]

+(H +2p) sin[2'(H/4+ J u)],
where Pi and b5 have been replaced by r and P with

0, /bs —r exp[t 2ir(y —2@it }].

It is readily seen that F~q vanishes for I(.' =0 since then
H has to be even (Fig. 2). This extinction is independent
of the restriction b6 ——0 and is not valid for I',„,„.
Switching to the opposite arm of the star of qx changes
the sign of p and ({). The sign of }u influences F~q only
weakly whereas the phase lag P between the upper and
lower hydrogen displacements offers the possibility of a
large asymmetry with respect to the I point.

Considering the scarcity of the presently available data
and the simplifications of the argument above, one cannot
expect to extract quantitative informations from the ob-
served intensities. On the one hand, the crystal is strongly
bond disordered; on the other hand, one has to allow for
the displacements of the other atoms, as well (e.g., distor-
tion of the oxygen tetrahedron in the x,y plane, orienta-
tion and translation of the NH4 groups}.

SUMMARY AND DISCUSSION

Elastic and inelastic scattering of thermal neutrons by a
mixed crystal of type Rbi, (ND4)„D2PO4 has been inves-

tigated for a concentration (X=0.62) which displays no
long-range order transition nor short-range antiferroelec-
tric correlations. The following results were obtained:

(1) Cigar-shaped peaks, arising from distinct correla-
tions, elongated along the line joining the wave vectors of
the ferroelectric and antiferroelectric order parameters
and peaked at about a'/3 are observed.

(2) This scattering develops within our energy resolu-
tion a time persistent part which grows smoothly on cool-
ing and saturates at about 30 K (Fig. 3}. The inflection
point for the raw data is at about 130 K.

(3) The resolution correction reveals that actually at
about 110 K the energy width becomes indistinguishably
small [Fig. 7(b)]. It suggests that any anomalous tempera-
ture dependence vanishes on integration of the diffuse
peak over q and co (Fig. 6}. Thus the x-ray scattering
"sees" an anomalous temperature dependence only via the
change of correlation length in q space [Fig. 7(a}]. A
similar effect on energy integration has been observed by
Aeppli et al. for amorphous MnSi.

(4) The self-correlation-type scattering observed at an
arbitrary point of the Brillouin zone shows a broad (scan
is —0.5 THz &co/2m &0.5 THz) inelastic and an elastic

contribution. The temperature dependence of the elastic
contribution is within error limits the same as that of the
(q, co)-integrated diffuse peak (Fig. 6, Ii, Ii/Ii). A possi-
ble quasielastic scattering could not be identified due to
resolution-intensity limitations.

(5) The intensity pattern of the diffuse peaks in Q space
(Fig. 2) displays extinction characteristic of the odd repre-
sentation of the X line. A possible reason for the some-
times large asymmetry with respect to the relevant 1"

point is a phase lag or a distribution of phase lags between
the upper and lower hydrogen bonds attached to a PO4
group. The correlation length perpendicular to the X line
saturates at about six hydrogen bonds below 110 K.

It is expected that the investigated system has some
similarity with the soft spin version of the Edwards-
Anderson model, whose relaxational dynamics have been
discussed by Sompolinsky and Zippelius in the mean-
field limit. According to their analysis, the relaxation rate
for the self-correlation of the spin fluctuations should
display a critical slowing down for a finite temperature.
No predictions are made for the distinct correlation func-
tion because of the restriction to a symmetric distribution
of the random interaction.

We did not observe a quasielastic component for the
background scan, which should contain the virtually q-
independent scattering due to the self-correlation. We
rather observed a broad continuum of states (intensity Ii
in Fig. 6). On the other hand, we did observe a critical
slowing down for the diffuse peaks, which correspond to
distinct correlations because of their q dependence. Possi-
ble reasons for this difference are resolution limitations
and/or the relative weakness of the self-correlation contri-
bution. Note that this contribution is spread out over the
whole Brillouin zone and superimposed on a large
genuinely elastic contribution due to the disorder in the
scattering lengths, introduced by the random distribution
of Rb and ND4.

The location of the diffuse peaks in q space is not un-

derstood. A hint is given by molecular dynamics calcula-
tions for a simplified RADP model. Adjusting the in-
teraction such that an AFE (a FE) transition takes place
for the pure ND4(Rb) salt, there arise diffuse peaks be-
tween the I and the Z point for intermediate concentra-
tions, very similar to the experiment. They peak at the
crossing of the lowest dispersion branches for the pure sa-
lts. These branches are of relaxational type and transform
according to the odd representation of qx.
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