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1. Introduction

Ammonium halides NH4X (ND4X), X=I, Br, Cl are well known for a number of
phase transitions which they undergo with respect to the disorder and relative
orientation of the ammonium ions in the lattice [1].

Two cubic phases showing orientational disorder of ammonium ions are known
to exist in ammonium halides [1], NaCl-type phase I and CsCl-type phase II. Thermal
fluctuations of the lattice excite vibrations of ammonium ions around the equilibrium
positions - i.e. librational motion, and also rotations between the allowed
crystallographic positions - i.e. reorientational motion.

The CsCl-type phase II contains ammonium ions which are disordered between
two equivalent crystallographic positions. The crystal structure, orientational disorder
and ammonium reorientational motion in this phase were extensively studied by
methods like neutron diffraction [2, 3], nuclear magnetic resonance (NMR) [4-6],
quasielastic neutron scattering (QNS) [7-9] and by the reverse Monte Carlo method
(RMC) [10].

The high temperature NaCl-type phase I of the ammonium halides is less well
studied. In this structure (space group Fm3m), tetrahedral NH,* (ND,") ions are located

in the octahedral environment of the surrounding halide ions X". In this phase it is not
possible to arrange all H (D) atoms at equal distances to halide atoms to form four
N-H...X bonds of equal strength as it takes place in the phase II [1]. The ammonium
ions were found to be highly disordered in the phase I and several models were
proposed in order to describe the resulting H (D) distribution [2], see table 1.

Table 1. Structural models for the phase I of ND,I, space group Fm3m

Model | Number of atoms | Crystallographic position | Coordinates
a 1,D1 24 e X12, 0,0
1,D2 96 j 0, ¥2a, 224
2,D3 192 ] X3a, Y3a, Z3a
b 2,D1 96 j 0, y1vs z1p
2,D2 96 k X2b, X2b, 22b
c 1,D1 32f Xles Xlcs Xl
3,D2 96 k X2c, X2¢, 22¢

In model (a) the three-fold axes of the ammonium ions match the four-fold axes
of the crystal, i.e. one of the four N-H (N-D) bonds of the ammonium ion is oriented

towards the nearest X~ ion. In model (b) two of the four H (D) atoms of the NH,"

(ND,") ions make the closest approach to two neighboring X- ions. The two-fold axes
of the ammonium ions are aligned along the two-fold axes of the crystal. In model (c)
the NH," (ND4") ions are disordered between the equivalent positions with the closest

approach of three H (D) atoms to three neighboring X~ ions. In this model the three-fold
axes of the ammonium ions are oriented along the three-fold axes of the crystal.
Resulting distributions of the H(D) atoms for the above described three model structures
are shown in figure 1.
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Figure 1. Top: particular position of the ammonium ion in different model structures of
the phase I of NHJ (ND4). Bottom: distribution of H (D) atoms in different model
structures of the phase I of NH, (NDJ). Iodine atoms form an octahedron with the
NH,* (ND4") ion in the center. Only atoms in Y part of the octahedron (X0Y quadrant)
are shown. N atom in the center of the octahedron is not shown

A different attempt to model the proton disorder in the phase I of NH,Br and
NH4I was made in the neutron diffraction study [11] by using orientation distribution
functions based on spherical harmonics. The hydrogen density distribution calculated in
this way for the NH4" ions showed broad peaks along the <100> directions implying
that N-H bonds point along these directions. However, from non of these descriptions a
commonly accepted model of the phase I structure of ammonium halides could be
derived [11].

In NMR study [12] the ammonium reorientational motion in phase I of NH,4I was
classified as a free rotation. However, in infrared study [13] an uni-axial rotation of
ammonium ions was suggested. This is consistent with results from neutron diffraction
experiments [2, 11] but not with neutron form-factor measurements [14] and other
infrared spectroscopic data [15]. No libration modes were observed in the measurements
of the phonon dispersion curves of NDsI(I) by inelastic neutron scattering [16] and
hence no information could be obtained concerning the librational motion of ammonium
ions. In QNS study of NH4I(I) [17] several models of the ammonium reorientational



motion have been tested involving free rotation, uni-axial diffusion, three-fold uni-axial
rotation and several octahedral jump models but no definite model was finally chosen.

In order to obtain more information about structure, disorder and geometrically
possible mechanisms of ammonium reorientational motion in the phase I of ammonium
halides, it is necessary to apply methods sensitive to the instantaneous crystal structure,
i.e. methods allowing to study deviations from the average crystal structure. Such a
possibility is given by the recently developed reverse Monte Carlo (RMC) method [18].
RMC analyzes the diffraction data (the total structure factor , which includes both Bragg
and diffuse scattering) and allows one to obtain detailed information on structural
disorder.

Since the results of RMC modeling may depend on features of the initial
configuration it is useful to combine the RMC modeling with a model-free (independent
on the initial structural model) method for the reconstruction of the three dimensional
scattering density distribution, in order to increase the confidence level of the obtained
information. Such a possibility is given by the maximum entropy (ME) method [19]
which has been found to be very useful for the reconstruction of scattering densities of
dynamically disordered molecules from neutron [20] as well as X-ray powder diffraction
data [21]. Consequently, RMC and ME are used in a joint approach here in order to
study the structure and disorder mechanisms in the phase I of ammonium halides.

As a model compound, deuterated ammonium iodide ND4I was selected. The
phase I was reported to occur at temperatures above T, = 254 K for ND,4I [2]. This is the
lowest transition temperature into the phase I compared to the other ammonium halides
[1, 2] and hence allowed to perform our study at ambient temperature.

2. Experimental and Data Analysis

Neutron time-of-flight powder diffraction data were measured with the DN-12
TOF spectrometer [22] at the IBR-2 high flux pulsed reactor in FLNP JINR, Dubna .
The scattering angle was 26 = 90°. For this angle, the resolution of the spectrometer at
d =2 A is Ad/d = 0.02. Standard corrections for absorption, container and background
scattering, multiple and inelastic scattering were applied. The sample was wrapped in a
thin aluminum foil. The sample volume was V ~ 100 mm>. A vanadium measurement
was used to normalize the cross-section to absolute units. All measurements were made
at room temperature.

The diffraction data were obtained in a Q-range 1.2 - 11 A™. It is commonly
considered nowadays that experimental data measured over a Q-range up to 30 Al are
necessary for the accurate structural studies of amorphous solids and liquids. However,
it was shown recently [23, 24], that in case of molecular liquids and disordered crystals
the detailed information may be obtained from the experimental data measured over
more limited Q-range up to 10 A,

The experimental data were processed by the Rietveld method using the MRIA
program [25] in order to determine the hydrogen content of the sample and to choose the
most appropriate initial structural model from the above described models (a), (b) and
(c) for RMC modeling. Structural parameters for all these models as well as the
obtained R-factors and y* values from Rietveld refinement are listed in table 2.
A hydrogen content of 20 % was found from the refinement of the site occupation



parameters for H and D. According to this, an effective scattering length
bp = 0.44x10™ cm for D atoms was used in the following RMC and ME calculations.
The structure refinements revealed a better agreement of models (b) and (c) rather than
(a). These two models resulted in almost the same quality of the fit. In a neutron
diffraction study of the mixed crystal system (NHI)o73(KD)o27 [26] it was found that
model (c) is in the best agreement with the experimental data, compared with the other
models. According to this, model (c) was finally chosen to construct the initial
configuration for RMC modeling.

Table 2. Structural parameters and obtained from Rietveld refinement R-factors and )(2
values for the different models of the phase I structure of ND

Lattice parameter a, A | 7.245(5)
Atomic positions
Atom X y P4
N 0 0 0
I 0.5 0.5 0.5
D positions, model (a)
D1 0.1408 0 0
D2 0 -0.0469 -0.1327
D3 -0.0469 0.1149 0.0664
D positions, model (b)
D1 0 0.1387 0.0238
D2 0.0575 0.0575 0.1149
D positions, model (c)
D1 0.0813 0.0813 0.0813
D2 0.0271 0.0271 -0.1355
Deuterium  isotropic 3.0
thermal factor Bp, A2
%. and R - factors
Model 7. Ry, % Ryp, %
(a) 2.6 2.87 2.18
(b) 2.51 2.85 2.14
(c) 2.50 2.84 2.14

Prior to RMC modeling it is necessary to subtract the background originating
from inelastic neutron scattering, in this case primarily incoherent scattering from the H
component. This was done using the MCGR program [27]. The total radial distribution
function, G(r), is related to the total structure factor, F(Q), by

FQ)= 4 6(0) )y M)

where p is the atomic number density of the sample and Q = 47 sin@/A is the
momentum transfer. G(r) is generated by a Monte Carlo method and “fitted” to the
experimental data. We applied two constraints. Firstly
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where ry is the expected closest approach distance (0.95 A) of any two atoms and ¢; and
b; are the concentration and coherent scattering length of species i, respectively.
Secondly the peak shapes must be appropriately given for the experimental Q-space
resolution and the measuring range. These constraints then allow the refinement of a
background term a + bQ + ¢Q’ in the fitting procedure. The MCGR fit of the
experimental total structure factor and the background term are shown in figure 2.
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Figure 2. Top: corrected and normalized to absolute units experimental total structure
factor for NDJ(I) (black squares) and MCGR fit (solid). Bottom: the refined
background term

The initial configuration for the RMC modeling consisted of 8x8x8 = 512 unit
cells (12288 atoms). Ammonium ions were randomly distributed among eight possible
equivalent positions within the initial configuration based on the structural model (c). In
order to maintain the covalent N-D bonding within the ammonium ions we have
constrained the coordination of deuterium around each nitrogen to be four-fold in the



range 0.9 < r < 1.1 A. All partial radial distribution functions 8op(r) were set to zero for
r being smaller than some value rqg which defines the closest approach distance
between atoms of type o and f. Partial radial distribution functions 8op(r) are related to
the total radial distribution function, G(r), by

G)= Y, culpbby(ges(r)=1) 3)

a,B=N,D,I
where c are the concentrations and b, the coherent scattering lengths of atom type c.
The starting values of rqs have been estimated for model (c) of the average
crystal structure (for discussion see below) and slightly modified according to the results
of the initial RMC fit. The final values of rqg are given in table 3.

Table 3. Closest approach distances

[

rog, A I N D
i 495 345 24
N - 495 09
D - - 15

Because of the finite size of the RMC model (which is equal to L), the total
radial distribution function is set to be G(r > L/2) = 1. Due to the long range order in
crystals the radial distribution function is still oscillatory at the maximum distance,
r = L/2, and so the Fourier transform to obtain F(Q) is truncated, leading to unphysical
oscillations. To avoid this the experimental structure factor must be convoluted with the
Fourier transform of a step function corresponding to L/2 [28]. The convoluted structure
factor F’(Q) and the RMC model fit are shown in figure 3. The final configuration was
obtained after more than 253000 accepted moves.
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Figure 3. Experimental total structure factor convoluted with the Fourier transform of

a step function corresponding to L/2 (half the box size) - solid curve and RMC fit -
dashed curve



The Maximum Entropy method [19] results from a Bayesian analysis aimed at

maximizing the quantity

Prob (p | F, m) o< Prob (F | p) - Prob (p | m) 4)
in order to find the most suitable scattering density p where Prob (XIY) is the conditional
probability of obtaining X when Y is unknown. F = (Fy, Op) is a limited and noisy data
set of structure factors Fy and the related error bars oy = o (Fy) with H = (h, k, [), m is
the a priori model density for p. The algorithm for p is iterative and starts from m. The
resulting density p is the closest to m which fits the data F with the smallest amount of
spurious spatial correlations. One of the advantages of ME over standard Fourier
synthesis is its reduction of truncation effects and noise-suppressing capability.

For the ME reconstruction of the scattering density in the phase I of ND4I the
program MEED [29] was used. Observed |F(H)| values for 11 resolved reflections, their
phases and error bars (table 4) were obtained from the initially performed Rietveld
refinement with MRIA program [25]. In case of N strongly overlapped reflections, when
only their intensity sum 2 J VF(H,)P? can be measured (ji - multiplicity), the
combined structure factor values were calculated,

G(H) = \/ij \FH)IP Y j, . &)

Three groups of completely overlapping reflections were derived in this way and used
for the ME reconstruction (see table 4).

Table 4. Observed and calculated from the obtained ME density distribution structure
factor values for the phase I of ND 4

h k1 Fobs G(Fobs) F, cal
111 -59.26 0.20 -59.25
200 95.73 0.76 94.21
220 69.52 0.57 69.47
311 -20.99 0.90 -20.46
222 50.33 1.00 51.19
400 53.37 1.50 53.90
331 -3.79 1.85 -3.11
4 20 43.88 0.95 44.81
4 2 2 33.90 2.00 36.32
4 40 40.93 0.76 40.18
6 20 51.85 3.61 45.86
511 9.67 0.38 9.70
333

531

60 0 22.89 0.31 22.95
4 4 2

533 33.43 2.37 29.62
6 2 2




Applying the disorder models from table 1 it was tested that phase angles of the
structure factors determined from the Rietveld refinement are independent on the
underlying structural model. For the calculation of the scattering density distribution, the
unit cell was divided into an equidistant grid of 60x60x60 pixels, giving a spatial
resolution of 0.12 A. An uniform a priori density distribution m was chosen.
Calculations were performed for an asymmetric unit cell, and the density distribution in
the whole unit cell was obtained using symmetry operations of the space group Fm 3 m.
Sections through the resulting density distribution were calculated using MECO
program [30]. Observed and calculated from the obtained ME density distribution
structure ~ factor  values for ND4(I) are presented in table 4.
The resulting R-factor is R = 3.1 %.

3. Results and Discussion

Partial radial distribution functions gnp(r), gop(r) and gp(r) obtained from RMC
modeling are shown in figure 4. The first peaks of the partial radial distribution
functions correspond to the average crystallographic distances between the N, D and I
atoms in the structure. Since eight equivalent positions of ammonium tetrahedra are
possible in the average crystal structure (model (c)), six peaks should also be expected
in the low r part of gp/(r) at 2.65, 3.15, 3.55, 3.95, 4.3 and 4.6 A, respectively. However,
only two broad overlapping peaks are found (see figure 4), a narrower one at 2.65 A and
a wider second peak which seems to consist of the remaining five expected peaks. The
broadening of the peaks is due to ammonium librations and rotations.

The spatial average D density distribution in the unit cell obtained from RMC
modeling is shown in figure 5 as an iso-density surface, for two density levels. The
density data were averaged over all 512 individual unit cells of the configuration using
cubic symmetry operations. Generally, the distribution has the shape of an octahedron.
This corresponds to the site symmetry of N atom position in the space group.

The distribution of scattering density obtained from the ME reconstruction is
very similar to that obtained from RMC modeling. A sequence of three contour plots
through the center of the unit cell is given for both methods in figure 6 showing the
close agreement of the RMC model with the ME density data.

It is also important to realize that there is a distinction between the ME and
RMC results - even though they look very similar. The ME result is a time average of
the crystal structure based on elastic scattering data only. RMC result is a space average
of the instantaneous local structure based on total scattering data (both elastic and
diffuse scattering).

Considering the average crystal structure based on the model (c), two possible
types of N-D bond orientations exist. One N-D bond of each ND4* ion with D atom
located at one of (xxx) sites of the space group is oriented along one of <111> directions.
We will refer to this type of orientation as O1 below (figures 1 and 7). The other three
N-D bonds of each ND4* ion with D atoms at (xxz) sites are oriented at the angle
0=15.77° with respect to <100> directions. This type of orientation will be labeled as
02 afterwards (figures 1 and 7). Averaging over eight equivalent positions of ND,* ions
gives configuration with eight D atoms centered along <111> directions and square-
shaped arrangements of D atoms centered along <100> directions (figure 1).
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Figure 4. Partial radial distribution functions gnp(r) (bottom), gpp(r) (center) and
gpi(r) (top). The bars represent the shortest distances between N, D and I atoms (as
appropriate) within the average crystal structure

Due to librations and reorientations of ammonium ions, the resulting density
distribution consists of wide spherical D distributions centered along <111> directions
which are connected with the nearest square - shaped D distributions centered along
<100> directions (figures 5, 6). Such a picture suggests that ammonium ions reorient by
39° jumps of N-D bonds between the nearest O1 and O2 orientations and vice versa
(figures 5, 7). Ammonium reorientations by 90° jumps between the equivalent
crystallographic positions of ND4* ions (O1-O1 and O2-O2 reorientations) are not
consistent with the obtained distribution of D density (figures 5, 8). It means that the
probability for O1-O1 and O2-O2 reorientations is very low in comparison with O1-O2
reorientations. Although this type of reorientational motion can not be excluded, since
jump paths corresponding to O1-O2 and O1-O1 (02-O2) reorientations may be
broadened by thermal vibrations and could overlap.



Figure 5. Space average D density distribution in the unit cell of NDJ in the form of
constant density surfaces for density levels 1/3 (left, only the central part of the unit cell
is shown) and 1/4 (right) of the maximum density. Calculation was done using cubic
symmetry operations

In QNS study of the phase I of NH,4I [17] it was found that the correlation time T
for ammonium reorientations is almost independent on temperature between 100 K and
300 K. However, a rotational potential barrier for reorientations by octahedral 90° jumps
of V ~ 2 kcal/mole [17] would predict that 7 should increase by a factor of 8.2x10? when
the temperature increases from 100 K to 300 K. Only models involving reorientations
over angles smaller than 90°, such as O1-O2 reorientations, can explain the QNS
results.

One may expect that with the temperature increase effective radii of the D
density distributions centered along <111> and <100> directions would increase due to
an increase of the angular libration amplitude and the reorientation frequency of
ammonium ions. It means, that the probability of 01-O1 (02-0O2) reorientations by 90°
Jjumps would also increase with the temperature increase. At rather high temperatures, a
free rotation of ammonium ions is expected. The corresponding D density distribution is
a spherical one and in this case it would not be possible to distinguish between different
types of ammonium reorientations.
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Figure 6. Contour plots of scattering density of ND in a sequence of planes
perpendicular to (001) direction. The distance to the center of the cube is 0.966 A for
the left plane and 0.483 A for the central plane. Right plane is cutting through the
center of the cube. Top: result derived from RMC modeling. Eight levels between the
minimum and maximum density values are shown. Bottom: result obtained from ME
reconstruction. Eight levels between ME density values 0 and 10 are shown

Let us discuss the average crystal structures corresponding to the other two
possible models of the ND4I(I) structure - models (a) and (b). In the case of model (a)
one of D (H) atoms of ND," ion is at (x00) sites and the other three D atoms are
distributed among circles perpendicular to the <100> directions having the distance
I. = 0.34 A to the center of the octahedron forming by the nearest I ions (figure 1).
Taking into account thermal large-amplitude librations and reorientations of ammonium
ions, the resulting density distribution should be close to a spherical one. This is clearly
in contrast to our results (see figure 5). For model (b) the distribution of D (H) atoms in
the average crystal structure consists of “triangular” arrangements of atoms at (xxz) sites
which are centered along the <111> directions with the angle y = 35.56° between the
nearest N-D bonds and “rhombe shape” arrangements of D (H) atoms at (Oyz) sites
which are centered along the <100> directions with the angle ¥ = 13.9° between the
nearest N-D bonds (figure 1). It is reasonable to suppose that the ratio of the effective
radii of these distributions remains constant or increases with ammonium librations and
reorientations. Therefore, the resulting density distribution should contain overlapping
distributions centered along the <111> directions (with a large effective radius) and
along <100> (with an effective radius which is considerably smaller). Such a

11



distribution is in poor agreement with the obtained density distribution (figure 5).

100

Figure 7. Two types of N-D bonds orientations - Ol and O2 in the model (c) of
ND(I) structure. The O1 orientation with D atom in (xxx) position and the
nearest O2 orientations with D atoms in (xxz) positions are shown. Solid curves
indicate possible pathways for O1-02 ammonium reorientations via 39° jumps

A

Va

Figure 8. ME density distribution for NDJ in [110] plane. Eight levels between density
values 0 and 10 are shown. Thick solid and broken curves indicate possible pathways
for O1-0O2 reorientations by 39° jumps and O1-O1 reorientations by 90° jumps between
equivalent positions, respectively. The absence of the scattering density along the latter
pathways may indicate that the ammonium reorientations by 90° have a very low
probability
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The distribution of the N-D-I bond angle 6 obtained from RMC modeling is
shown in figure 9. It has maximum at 6 = 180° which is close to the value for the
average crystal structure, 6y = 157°. The average N-D-I bond angle calculated from this
distribution is 6 = 132.5°. This corresponds to an average libration amplitude for ND,*
ions y=20°.

25F

20F

P(o)

0,5

0,0 " 1 n 1 " 1 " 1 L 1 " 1 " 1 n 1 " 1
0 20 40 60 80 100 120 140 160 180

6, deg

Figure 9. Bond angle distribution Py.p.{(cos6)

In figure 10 we show the angular correlations between the ammonium ions (as
defined by the set of four normalized vectors related to the four N-D bonds) and the
(100) direction (averaged over all <100> type directions) obtained from RMC modeling.
In the average crystal structure one would expect peaks at
cosp=10.962, + 0.577, + 0.193. However, due to the disorder of ammonium ions, just
two peaks at cos¢p = £ 1 and one wide peak at cos¢ = 0 are found. This corresponds to
the observation of two overlapped peaks in the low r values part of gp,(r) (figure 4).

Calculation of the distribution of the relative N-D bond orientations for the
neighboring ammonium ions has shown that there is no preferred orientational
correlations between them.

13



0,012 L] T T N I ' 1 T T T T M ) v 1 T T T T v 1

0,010 4

0,008 .

0,006 .

P(cos ¢)

0,004

0,002 .

1 1 " 1 " 1 " 1 1 1 1

-1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0

COS ¢

Figure 10. Orientational correlations between N-D bond vectors and (100) axes

6. Conclusions

The analysis of powder neutron diffraction data of the phase I of ND4I by RMC
and ME methods has provided detailed information on the orientational disorder and
possible mechanisms of the reorientational motion of ammonium ions.

It was found that the structural model in which three D (H) atoms of ND,*
(NH4") ion make the closest approach to the nearest I' ions, such as the three-fold axes
of ammonium ions are oriented along the three-fold axes of the crystal, is in the best
agreement with experimental data. Our results show that ammonium ions may reorient
by 39° jumps of their N-D bonds between the (xxx) positions and the neighboring (xxz)
positions in the structure. Ammonijum reorientations by 90° jumps between the
equivalent crystallographic positions have a very low probability. This agrees well with
the assumption of QNS study [17] that ammonjum ions are expected to reorient over
angles smaller than 90° in the phase I of NH4l.

A clear indication was obtained that ammonium ion reorientations are stochastic
and no correlation exists between the motion of neighboring ions in the high
temperature phase I.
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Kosnenko III. u mp. E14-2000-221
HccnenoBanue opueHTanuoHHoro 6ecriopsnka B ¢pasze I ND4I
Merogamu o6patHoro Monre-Kapio u MakCHUManbHOH 3HTPOIIMU

MeTtonoMm BpeMs-IpOoJIETHOH HEHTPOHHOI TU(paKIUK U3MEPEH CTPYKTYPHBIN
thaktop BeIcOKOTeMnepatypHoi ¢ha3sl I NDyI. Int umccienoBaHus CTPYKTYpPb
M TeOMETPUYECKHUX OCOOEHHOCTEH OPHEHTAIIMOHHOrO OecropsIKa HOHOB aMMOHUS
B 3TOH (paze IMpOBENECHO MOJAEIMPOBAaHUE BKCIIEPUMEHTAIBHO U3MEPEHHOIO CTPYK-
TypHOro (pakTopa MeTozamu obparHoro Monre-Kapiio 1 MakCHMaIbHOM SHTPOITHH.
Pesynbrarsl aHanu3a Mokasaiad, YTO MOHBI aMMOHHS COBEPLIAIOT JTHOpallMOHHBIE
KoJIie0aHHsI BOKPYT IOJIOXEHHH PaBHOBECHS CO CPEIHEH YIJIoBOH JIMOpalMOHHOM
aMIuTyaoM y=20°. YCTaHOBIIEHO, YTO OCHOBHBIM MEXaHHU3MOM PEOPHUEHTAIOH-

HOTO JIBIDKEHUS SIBJIAI0TCS peopHeHTaiiy nono ND, Ha yron 39 ° Mexty Gmukaii-

MU TIOJIOXEHUSIMHU THNa (xxX) U (XXxZ) NPOCTPAHCTBEHHOH Ipynnsl. Beposr-
HOCTh PEOpHEHTAIMii HOHOB aMMOHMS Ha 90° MexXmy OMmIKaHIINMH IO3HLISIMH
trma (xxx) — (xxx) wm (xxz) — (xxz) OYCHb MaJa.

Pa6ora Brmonuena B JlaGoparopuu HeWTpoHHOH (pu3mku uM. M1.M.@Dpanka
(01552158

Mpenpunt OGBEAMHEHHOTO HHCTUTYTA SAEPHBIX HccaenoBanuii. y6ua, 2000

Kozlenko D.P. et al. E14-2000-221
A Study of Orientational Disorder in NaCl-Type Phase I of ND,4I
by Reverse Monte Carlo and Maximum Entropy Methods

Structure and orientational disorder of ammonium ions in the high tempera-
ture phase I of ND,I were studied by reverse Monte Carlo and maximum entropy
methods using powder neutron diffraction data. The ammonium ions were found
to perform a librational motion with an average angular libration amplitude
of y=20° and reorientational motion by 39° jumps of the N-D bonds between

(xxx) and (xxz) positions in the structure. Reorientations by 90° jumps were found

to have a low probability.
The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.
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