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Introduction

Ammonium salts exhibit rich structural polymorphism induced by the different
ordering of NHy4 groups in crystalline lattices [1]. Anharmonic effects due to fast
reorientation of ammonium ions make it difficult to study lattice dynamics of
disordered, and even of ordered phases, above ca. 100 K. Solid solutions of ammonium
and potassium halides form different solid phases of ammonium halides depending on
the ammonium concentration which are possible to be frozen to liquid helium
temperatures. This permits studies of the harmonic dynamics of disordered crystals,
ordering effects and of quantum mechanic effects on the excitations of NH4 groups.

Ammonium halides demonstrate a series of structural phase transitions: a-3-8 in
NH4Cl, a-f-y-8 in NHyBr and o-f-y in NHI [1]. The o- and B-phases have a cubic
crystal structure of the NaCl and CsCl type, respectively, with disordered ammonium
ions. In the o-phase the NH4 tetrahedron is octahedrally coordinated by the surrounding
halogen ions. It is generally believed that NHy4 ions adopt the Cs3, symmetry of the site,
where three of the hydrogen atoms are directed toward the halogen anions, while the
fourth points towards one of the face centre of the octahedron. The cubic symmetry of
this phase is stabilised by fast reorientations of the NH4 group among eight symmetry
equivalent positions. In the B-phase the NH, groups reorient between two energetically
equivalent orientations within a cube constituted by the surrounding halogen anions [2].
Transitions from disordered to ordered phases are determined by competitions of direct
octopole-octopole interactions of ammonium ions and indirect interactions of halide
ions via polarisation. The direct interaction favours the ferroelectric state, while the
indirect one tends to the antiferroelectric state of ammonium orientations in the ordered
phases [3]. The existence of the dipole moment w = 1.4 D for ammonium ions in the o-
phase of the K;.x(NHy),I mixed crystals was detected by dielectric spectroscopy [4].

Presently, K;x(NHs)I mixed salts attract increasing interest because of their
low-temperature orientational glass (OG) phase. At low temperatures and 0.3<x<Xx., the
OG phase with an antiferroelectric short range order of NHy ions has a cubic structure of
the a-phase of the NaCl type. Above the critical ammonium concentration X, estimated
between x = 0.72 and 0.82, there occurs a phase transition from NaCl- to CsCl-type
structure [5]. More recent dielectric and structural studies [6,7] of the x-T phase diagram
of K;.x(NHs),I indicate the presence of different OG phases of g, g» and gz in the
concentration range 0.17<x<0.55 and of the €-, B- and y-phases in the concentration
region 0.55<x<1.0.

The a-phase of potassium halides doped with ammonium of low concentration

" was used to study the rotation tunnelling of NHy ions [8-11]. These investigations have
shown that the tunnelling transitions of ammonium ions can be satisfactorily described
by the single ion approximation [8]. With increasing ammonium concentration the
collective behaviour starts to arise due to an increasing role of the ammonium-
ammonium interaction [9,10]. It is suggested that the tunnelling excitations are
suppressed by the formation of the glass phase in K; «(NHy4) I mixed crystals [9]. The
temperature study shows a continuous transition from quantum (T < 5 K) to classical
mode (T > 20 K) of reorientational motion [8,9]. A model of rotational tunnelling states
in the energy range up to 8 meV has been proposed for the doped NH, ions in a KBr
crystal [11].



An IINS study of the dipolar glass K;.x(NH4).I at 20K in the concentration range
0.05<x<0.7 has demonstrated the existence of three distinct inelastic features at ca. 10,
21 and 31 meV [12]. Our neutron scattering investigations of K; (NHy),I mixed salts
show an additional band at ca. 2.5 meV [13,14].

In this paper we present the results obtained for the a-phase of Kg9s(NHy)o.0sBr
and Ko.95s(NH4)0.0sCl mixed salts together with the results of our study of the NH,
concentration effect on ammonium dynamics in K;x(NHs)xI mixed salts and on the
disorder-to-order phase transition at 10 K.

Experimental results

The investigated potassium-ammonium mixed crystals were prepared by the
evaporation of corresponding stoichiometric aqueous solutions under a pressure of ca.
10 Pa at room temperature. The powdered samples were dried for a few hours at 50°C at
ambient pressure before the neutron scattering experiment. Neutron powder diffraction
(NPD) and inelastic incoherent neutron scattering (IINS) spectra were measured
simultaneously by the time-of-flight method with the high-resolution spectrometer
NERA [15] at the IBR-2 pulsed reactor. NPD spectra were measured at four scattering
angles: 45° 69°, 135° and 144°, and IINS spectra were measured at fifteen scattering
angles from 20° to 160°. The energy of the incoming neutrons was time-of-flight
analysed on a 109 m flight path from reactor core to sample. In the case of inelastic
scattering, the energy of the scattered neutrons was fixed by a beryllium filter and
pyrolitic graphite analysers.

The NPD spectra allow us to check the phase of the investigated samples and
study the concentration and temperature dependence of lattice parameters. As an
example, the NPD spectra of K;.x(NH,),I at 10 K measured at the scattering angle 135°
are presented in Fig. 1. Strong reflections from the aluminium walls of the cryostat at
lattice distances between d = 2.33 and 2.02 A, were cut off. The structural phase
transition from disorder o- to ordered y-phase is clearly seen in the NPD spectra. The
lattice parameters and the volume per formula unit calculated from these NPD spectra
are presented in Fig.2.

A comparison of IINS spectra (summed over 15 scattering angles) of
Ko.95(NH4)o.0sBr mixed salt obtained at 290, 80 and 10 K with IINS spectrum of KBr at
80 K presented in Fig. 3, allows us to conclude about ammonium excitations in the
disordered a-phase. The IINS spectrum measured at 290 K versus the wavelength of
incoming neutrons testifies to a wide energy distribution of ammonium excitations in
the range from ca. 1 A to the position of the elastic peak at 4.15 A. The quasielastic
neutron scattering (QNS) wings observed around the elastic peak, which indicate a fast
stochastic reorientation of NH4 groups, narrow with decreasing temperature. The
spectrum at 80 K, shows the peaks corresponding to the librational and translational
excitations of ammonium (at neutron wavelength of ca. 1.45 and 1.65 A, respectively)
above the band of lattice vibration of KBr crystal, whose cut-off energy corresponds to
the incoming neutrons wavelength of ca. 2 A. In the range of KBr lattice vibrations, the
IINS spectrum of Kgos(NHs)oosBr mixed crystal at 10 K shows two additional
excitations at ca. 2.4 and 3.5 A.



The amplitude weighted phonon densities of state G(w) calculated from these
IINS spectra in the one-phonon incoherent scattering approximation [15,16] are
presented in Fig. 4. Four distinct bands, which correspond to excitations of ammonium
ions in the disorder a-phase of Kg.os(NHa)o.0sBr, are clearly observed at 10 K. Two of
them located inside the phonon spectrum of KBr are usually called the resonant modes.
These modes at about 20 and 80 cm™ are related to rotational tunnelling excitations
[8,10] and librations of ammonium ions around the dipolar axis [12], respectively. The
modes localised at about 200 and 300 cm’, correspond to translational and librational
vibrations (perpendicular to the dipolar axis) of ammonium ions, respectively. These
two modes were observed for the ordered phase of NH,Br at ca. 161 and 343 cm’,
respectively [17].

The temperature dependence of the amplitude weighted phonon density of states
G(w) for a Ko.905(NHa4)0.0sCl mixed crystal is presented in Fig. 5. The lattice vibrations of
KCl are quite intense in the G(w) spectrum of Ko 95(NH4)o.0sC1 because of a relatively
high scattering cross-section of chlorine atoms. The low frequency resonant mode of
ammonium at ca. 20 cm™ is strong at 10 K. The second resonant mode is lost in a high
background of potassium chloride lattice vibrations and should be seen at a higher
ammonium concentration. The localised tranlational and librational modes are well
expressed at ca. 230 and 340 cm™. The energies of the corresponding modes in the
ordered phase of NH,Cl were observed at ca. 180 and 395 cm’, respectively [15].

We have investigated ammonium-potassium iodide in a wide range of
concentrations (0.0<x<1.0) and temperatures (10-290 K) [13,14]. The results of our
IINS studies of K;x(NHs)I solid solutions at 10 K are presented in Fig. 6. The G(w)
spectra for the disorder a-phase within an entire concentration range of 0.05<x<0.60
show four distinct ammonium excitations at ca. 20, 70, 175 and 250 cm™. The
bandwidth of these excitations is broader than the resolution function of the
spectrometer. The G(w) spectra of the y-phase only display localised ammonium
excitations. The bands at ca. 150 and 300 cm™ marked as vs and v correspond to
translational and librational phonon excitations of NH4 groups in the crystal,
respectively. The IINS spectra of the ordered phases of ammonium halides measured at
low temperatures also display higher energy bands corresponding to the vs+vg
combination band and 2v¢ overtone excitations. They are very weak in the G(w) spectra
of the disorder o-phase. The v mode is the most intense band in the G(w) spectra of the
y-phase and its width is close to the resolution of the NERA spectrometer. This mode
becomes much broader and weaker in the o-phase and its energy changes from ca. 300
to ca. 250 cm™, which corresponds to a jump-like increase in the volume per formula
unit at order-disorder phase transition. The average energy of translational phonons for
the disorder o-phase slightly decreases as the lattice expands due to increasing
ammonium concentration (see Fig. 2.). The G(w) for these excitations is not disturbed
much by the o~ to y-phase transition.

The excitation at ca.70 cm™ is interpreted as corresponding to librations of
ammonium ions around the dipolar axis if it is assumed that tetrahedral ammonium ions
adopt the Csy, symmetry site in an octahedral halogen cage [12]. The energy of this
excitation slightly increases with increasing concentration of ammonium in mixed salts
in spite of lattice expansion.



It seems that the broad resonant mode at ca. 20 cm” observed in our
investigations of mixed potassium-ammonium halides corresponds to tunnelling
transitions of ammonium tetrahedron in an octahedral field of halogen ions. At low
concentrations (x<0.01) and temperatures (T<5K) these transitions are observed as
sharp lines in IINS spectra [8-11]. With increasing concentration and temperature these
excitations broaden and spread out. In our case (T=10 K and 0.05<x<0.6), low energy
excitations convolute with the NERA spectrometer resolution function [15] which 1s
similar to the gaussian with FWHM at ca. 5 cm’ U if the energy transfer is ca. 20 cm’!
The “tunnelling transitions” in these conditions are observed as a broad band at ca. 20
cm’' whose maximum and width slightly increase with ammonium concentration. Our
recent temperature study of the sample Ko 65(NH4)o.4sI shows that the width of the band
at ca. 20 cm’! increases with temperature and at about 30 - 40 K this band disappears
transforming into wide quasielastic wings [18].

Discussion and conclusions

The amplitude weighted phonon density of states G(®) of ammonium in the
NaCl type structure of potassium-ammonium halides was obtained over the entire
energy range of lattice vibrations of the o-phase. Ammonium dynamics in this phase is
characterised by four distinct bands whose average energies are shown in Fig. 7 as a
function of the nitrogen-halogen distance. The average energies of translational (vs) and
librational (V) ammonium excitations in a low temperature ordered phases of the CsCl

type structure of ammonium ' halides are also marked for the sake of comparison in Fig. 7.

The transition from NaCl to CsCl type structure is related to an increase
of the nitrogen-halogen distance (in the cubic structure from : a/2 to \/-?;a/2,
where a is the halogen-halogen distance). This means that the (vs) translational modes
have higher energies in the o-phase than in the ordered phases of ammonium halides.
The (vs) librational modes of ammonium ions are more affected by the geometry and
number of the surrounding halogen atoms that change from six in the octahedral
symmetry in the o-phase to eight in the cubic or tetragonal symmetry in the ordered
phases. The energies of librational modes in the ordered phases of ammonium halides
are higher than in the o-phase despite of larger nitrogen-halogen distances.

The existence of two additional bands at lower energies of ammonium
excitations in the o-phase can be explained in terms of the so called “triple approach”
model, where tetrahedral ammonium ions adopt the C;, symmetry in the octahedral
surrounding of halogen ions. Three rotational degrees of freedom of the ammonium
tetrahedron having a triple degenerated F; character in the Oy symmetry site of the cubic
cell split into two modes of the E and A character, respectively, in the Csy symmetry
site. The double degenerated mode Vg relates ammonium librations around the axes
perpendicular to the dipole moment along the Cs, symmetry axis [12]. A low energy of
the v4 mode implies very low potential barriers for ammonium librations around the Cy3
symmetry axis and strong splitting of the tunnelling states [11]. Tunnelling spectra are
very sensitive to the ammonium concentration and the lines below ca. 10 cm’ ! collapse
completely into a quasi-elastic line at x = 0.28 [9]. The concentration dependencies of
higher frequency tunnelling transitions have not been investigated yet. A low energy



band at ca. 20 cm™ was observed in our spectra of the o-phase of K;x(NH4)I mixed
salts over the whole concentration range 0.05<x<0.60.

The concentration dependencies of the average energies of ammonium
excitations in K;.x(NHy),I mixed salts are presented in Fig. 8. According to recent
knowledge about the x-T phase diagram of K;.x(NHy),I solid solutions, our samples of
ammonium-potassium iodide mixed salts at x = 0.6 and 0.8, should correspond to the €
and B phases, respectively. The existence of a transition from NaCl type structure of the
g-phase [5] to CsCl type structure of the B-phase is confirmed by our NPD and IINS
spectra (see Figs. 1,2 and 6). An essential difference in ammonium dynamics is only
observed for these two different types of crystal lattices. The G(w) of the a-phase at 10
K looks quite similar over the whole concentration range 0.05<x<0.6. The local
distortions which break the fcc symmetry in glassy phases and a complex dipolar order
of the e-phase seem to be less important than the simple concentration dependence of
the average energies of ammonium excitations. Therefore, it would be reasonable to
approximate the average energies of these excitations to a hypothetical c-phase of
ammonium iodide at low temperature. It would be interesting to calculate the lattice
dynamics of the o-phase with antiferroelectric ordering of ammonium ions or of the -
phase with complex dipolar ordering and compare them with the experimental G(w)
spectra presented in this paper. The lattice dynamics calculations of the ordered phase of
ammonium chloride in a rigid molecule model [19] explain satisfactorily the
experimental dispersion curves of ND,4Cl and the G(w) spectra of NH4Cl. The lattice
dynamics model used in the study of the dispersion curves of ND4I in the a-phase at 296
K [20] could only explain the translational band in the G(w) spectra presented in Fig. 6.

The dipolar glass interactions similar to those in spin glasses are not expected to
change excitation energies but may influence their bandwidths [12]. The bandwidths of
the four distinct ammonium excitations in the o-phase of ammonium-potassium halides
are larger than the resolution function and they slightly increase with ammonium
concentration for low energy resonant modes and for the translational mode but
decreases for the vg librational mode. It is difficult, however, to analyse them
qualitatively because we measure the density of states but not the width of a particular
excitation at well defined energy and momentum transfers. The concentration
dependencies of the average energies of ammonium excitations in the o-phase of the
K1x(NH,),I solid solutions can be seen in Fig. 8. The average energies of low frequency
resonant modes increase with ammonium concentration in contrast to lattice expansion.
It means that the direct ammonium-ammonium interaction affects the potential barrier
hindering the rotations about the Cs, dipolar axis.
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Fig. 1. The neutron powder diffraction spectra of ammonium-potassium iodide at 10K.



7.00-0—o————°
d[A] | O(— phase Y— phase |

6.0 Y

a

K 1_X(N H4)XI

>0r 1290k 3
—9

4.0 " | 1 1 n 1 L 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Fig. 2. The lattice parameters and volume per formula units of K;.x(NHs)xI mixed salts
at 10 K versus ammonium concentration.



3

—

0

Normalized Intensity x10

1 2 3 4 5
Neutron wavelength in [A]

Fig. 3. The temperature dependence of the IINS spectra of KBr and Ko 95(INHy)o.0sBr
crystals.



TTTrrrrrey Trrrrrrrry Frrrrrrrorr Trvrrvrrrrorey Tvrv Y

Ko.gs(NH4)o.osBr T =290 K

r .»"MR'MW

Fig. 4. The amplitude weighted phonon density of states G(w) for potassium bromide at
80 K and K 95(NH,)o 0sBr mixed crystal at different temperatures.



L B N B B N B B LR B B N B Trrvvrrrroy FrrrvrrrroT | B

(NH, )

095

005

Fig. 5. The amplitude weighted phonon density of states G(w) for potassium chloride at
80 K and K 95(NH4)0,0sCl mixed crystal at different temperatures.

10



TrTrrrrrrr[rrrrrrrrrrprrrrrrorr

ot K, (NH,) |

T=10K

o —_
—a———n

(@)

G(w) -area normalized ( a.u.)

o_ o -"_ i — - H *
Kl
10N\, rmotvsses | X =0.00]
0 100 200 300 400
® [cm’]

Fig. 6. The concentration dependence of the amplitude weighted phonon density of
states G(w) of KI at 80 K (solid circles) and K;_x(NH,),I mixed salts at 10K, for the a-
phase (open squares) and y-phase (solid squares).

11



o} Y =Br, Cl, I) ]
T 400 F N NFLY "C )-.
£ [
S, C\
£ .
» el Ve ]
S 300} o E Br o]
2 [ ]
= Br Tt | ]
S ]
[¢}] : D‘~-‘\§‘ I :
© 200F O .
50| - ;
5 \-\\’5 ]
c "
< [ ]
o i ]
g 100 - oLVa T Ko.gs(NHfi)o.OsY_:
°>’ A o T=10K
>

O---ommoomeoy Ommmmmm e o

0 L N N 1 N 1 N 1 N 1 N N ]
31 32 33 34 35 36 37 38
N -Y distance in [A]

Fig. 7. The comparison of the average energies of ammonium excitations: in the
disorder o-phase of Ko .9s(NH4)o.0sY (Y = Br, Cl, I) mixed salts at 10 K (dashed lines and
open symbols), and the ordered phases of ammonium halides at low temperatures (solid

lines and symbols).

12



300F K, (NH,) I — 4

200 |

Average energy of excitations in [cm™]

0f

0 [ A 1 A 1 i 1 " 1
0,0 0,2 0,4 0,6 0,8 1,0
Ammonium concentration - x

Fig. 8. The concentration dependencies of the average energies of ammonium
excitations in the o (dashed lines) and y (solid lines) phases of K;_x«(NH4)xI mixed salts
at 10 K.

13



References:

1. Parsonage, G.N. and L.A.K.Staveley. (1978). Disorder in crystals, Clarendon Press,
Oxford, Chap. 7.5.

2. Press, W. (1981). Single particle rotations in molecular crystals. Springer Tracts in
Modern Physics, Vol. 92, Springer-Verlag, Berlin, Chap. 2.

3. Huller, A. (1972). Competing interactions in the ammonium halides. Z. Physik, 254,

456.

4. Fehst, 1., R.Bohmer, W.Ott , A.Loidl, S.Haussuhl and C.Bostoen. (1990).

(KD x(NH4D): a dipolar glass. Phys. Rev. Letters, 64(26), 3139.

5. Berret, J.F., C.Bostoen and B.Hennion. (1992). Phase diagram of the dipolar glass
Kix(NHy), I Phys. Rev., B46, 13747.

6. Winterlich M., R.Bohmer and A.Loidl. (1995). Glass States and Freezing Transition
in (NH4Dx(KI);x. Phys.Rev.Lett., 75 (9), 1783.

7. Paasch M., G.J.McIntyre, M.Reehuis, R.Sonntag and A.Loidl. (1996). Neutron
diffraction study of (NH4D)o.73(KD)o.27. Z. Phys. 99, 339.

8. Heidemann, A., J. Howard, K.J.Lushington, J.A Morrison, W .Press and J.Tomkinson.
(1983). Rotational states of NH, in dilute solution in alkali halide lattices. I. Inelastic
neutron scattering studies. J.Phys.Soc.Jap., 52, 2401.

9. Bostoen, C., G.Coddens, W.Wegener. (1989). Rotational excitations in K; x(NHa)I
mixed crystals: A neutron scattering study. J. Chem. Phys., 91, 6337.

10. Mukhopadhyay, R., J.Tomkinson and C.J.Carlile. (1992). Rotational excitations in
mixed ammonium potassium halides: a neutron scattering study. Europhys.Lett., 17,
201.

11. Inaba, A., H.Chihara, J.A.Morrison, H.Blank, A.Heideman and J.Tomkinson.
(1990). Rotational states of NH in KBr crystal. A complementary study by inelastic
neutron scattering and calorimetric measurements. J. Phys. Soc. of Japan, 59, 522.

12. JTomkinson, B.A.Dasannacharya, P.S.Goyal, and R.Chakravarthy. (1991).
Localised dynamics of a dipolar glass (NHg)«K 1.l J. Chem. Soc. Faraday Trans.,
87, 3431.

13. Natkaniec, I. and L.S.Smirnov. (1997). Ammonium dynamics and structural phase
transition in K;.x«(NH,),I mixed salts at 10 K. Physica, B 234-236, 409.

14. Natkaniec, I, L.S.Smirnov, S.LBragin and A.LSolov’ev. (1998). Neutron
spectroscopy of the K;x(NHz)l solid solution. Crystallography Reports, Vol. 45,
No. 2, 211.

15. Natkaniec, I, S.LBragin, J.Brankowski and J.Mayer. (1994). Multicrystal inverted
geometry spectrometer NERA-PR at the IBR-2 pulsed reactor. In U. Steigenberger,
T.Brome, G.Rees and A.Soper (Ed), Proceedings of the ICANS XII Meeting,
Abingdon 1993, RAL Report No. 94-025, Vol. I, pp. 89-96.

16. Bokhenkov E.L., LNatkaniec and E.F.Sheka. (1976). Determination of the density of
phonon states of naphthalene crystal from inelastic incoherent neutron scattering.
Sov. Phys. JETP, 43, No. 3, 536.

17. Bajorek, A., T.Matchekhina and K Parlinski. (1965). Isledovanye dinamiki
molekularnykh grup NH, i Hy0 v kristallakh. In Proc. Symposium on inelastic
scattering of neutrons, Bombay 1964. Inelastic Neutron Scattering in Solids and
Liquids, JAEA Vienna, 1965, Vol. II, pp. 355-381

14



18. Natkaniec, I., L.S.Smirnov and A.L.Solov’ev. (1997). Isledovanie dinamiki ammonia
v smieshannykh kristallakh K;.x(NH4)«Hal (Hal = Cl, Br, I) medodom nieuprugovo
rasseyania neytronov. In Proc. National Conference on Materials Investigation by
X-ray, SR, Neutrons and Electrons, Dubna 1997, JINR Report, Vol. 11, pp. 25-30.

19. Kim, C.H., H.A Rafizadeh and S.Yip. (1972). Lattice vibrations in ammonium
chloride in the low temperature ordered phase. J. Chem. Phys., 57(6), 2291.

20. Vegelatos, N., JM.Rowe and J.J.Rush. (1975). Lattice dynamics of ND4I in the
NaCl phase (I) at 296 K. Phys. Rev., B 12(10), 4522.

liéceived on December 17, 2002.



Harkauen H., Cmupnos JI. C., Ilysanos JI. A. E14-2002-284
JIMHaMHKa aMMOHMS B pa3ynopsuo4eHHO# a-¢ase

Kj-xONHy), Y (Y =Cl, Br, I).

Hccenenosanue ¢ NOMOILBIO pacCesHHss HEHTPOHOB

C nomoupio HEATPOHHOH NOPOIUKOBO# MM(paKIMK U HEYNPYroro HEKOTEPEHTHOTO pac-
cesiHus HEHTPOHOB HMCCJIEROBAHO BIHAHHE TEMIIEPaTyphl H KOHLEHTPALMH Ha NapaMeTphl pe-
HIETKH H aMIUIHTYIHO-B3BELLEHHYIO IUIOTHOCTb (DOHOHHBIX COCTOSHHM B CMELIAHHBIX COMAX aM-
MOHHEBO-KAIHEBBIX raIoreHunos. B pasynopsanoueHHoi a-¢ase (trna NaCl) HoHsl aMMoHHs
COBEpILAIOT GBICTPYI0 CTOXAaCTHYECKYIO IEPEOPHEHTALHIO CO CKOPOCTAMM (POHOHHBIX YacToT
no temneparypbl 80 K. Ilpu 10 K crieKTpsl HEYnpyroro HEKONepeHTHOIO paccesHHs HeHTpo-
HOB IIPOABJIAIOT YETHIPE PAa3INYHBIE MOIBI BO3OYXICHHA aMMOHMA: B PE30HAHCHBIE — HHXeE
H JIBe JIOKANIN30BaHHbIe — Bbillle SHeprHH o0pe3anus Jlebas raioreHunoB Kaaus. BricOKosHep-
TeTHYECKHE JIOKATH30BaHHBIE MOJIbl COOTBETCTBYIOT TPAHC/ISUHOHHBIM H THGPALHOHHBIM KOJIe-
6anmsamM nonos NH; . DT MOIBI THIIHYHBI I YNOPANOYEHHBIX (ha3 raloreHHAOB aMMOHHS.
H3yuaercs BIMsHHE KOHLEHTPAaLMH aMMOHHS Ha JIOKQIH30BAaHHBIC M PE30OHAHCHBIC MOMBI
s cMemaHHbix coneit Ky_ , (NHy ), 1. F'apMonnueckue Bo36yxIeHHS aMMOHMS B mnm'em-
Yeckoil HU3KOTeMIepaTypHoit o -¢ase NHy I annpoxcumupyrorcs nipu 30, 95, 155 u 250 cm™
B peanbHOit HH3KOTEMIEPATYPHO# Yopsaao4YeHHOi y-¢a3e NH,4 I HabniopaloTcs aMMOHKEBbIE
TpaHCIIIMOHHbIE Kosebanus npu 140-160 emtu nmubpaunonssie xonebanus npu 300 em™!

Pa6ora Bemonxena B JlaGoparopuu HefiTporHoH ¢usuku uM. H. M. ®@panka OHUAM.
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Natkaniec 1., Smimov L. S., Shuvalov L. A. E14-2002-284
Ammonium Dynamics in the Disordered a-Phase
of Ki_,(NH4), Y (Y = Cl, Br, I). A Neutron Scattering Study

The effect of temperature and concentration on the lattice parameters and ampli-
tude-weighted phonon density of states in mixed salts of ammonium-potassium halides is in-
vestigated by neutron powder diffraction and incoherent inelastic neutron scattering.
In the disordered a-phase (NaCl type) ammonium ions exhibit a fast stochastic reorientation
at phonon frequency rates down to ca. 80 K. At 10 K, the incoherent inelastic neutron scat-
tering spectra display four distinct ammonium excitations: two (resonant) modes below
and two (localized) above the Debye cut-off energy of potassium halides. High-frequency lo-
calized modes correspond to translational and librational vibrations of NH, ions. These
modes are typical for the ordered phases of ammonium halides. The effect of ammonium
concentration on localized and resonant modes is studied for the K_, (NHy4 ), I mixed salts.
The harmonic excitations of ammonium in a hypothetlcal low-temperature a-phase of NH4 I
are approximated to ca. 30, 95, 155 and 250 cm™ 1. In a real low- -temperature ordered y-phase
of NH4 I, translational ammonium vibrations are observed at ca. 140-160 cm™ -1 and libra-
tional vibrations at ca. 300 cm™!

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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