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The study of the B-LiRb;.x(NHs)SOs mixed crystals carried out with the help of neutron powder
diffraction and inelastic incoherent neutron scattering showed that the substitution of ammonium
ions by rubidium stabilizes phase II from room temperature up to 20 K already at ammonium
concentration x=0.91. At ammonium concentration x=0.77 the B-LiRby.,(NH4),SO4 mixed crystal
at 20 K is found in orientational glass state. The mode with the energy near 200 cm™ is absent at
20 K in generalized phonon density of states of phase IT of the B-LiRb; x(NH4)«SO4 mixed crystals
and similar in orientational glass region.

{IOBEAEHUE HOHOB AMMOHHNS B CMEIHAHHBIX KPUCTAJINAX B-LIRB . x{NHs)xSO4
{0.77<X<1.0) N
JLC.Cyuprios, JLA.Illysanos', M.JL.Mapranen Cappuon’, JL.Mectpec’, M. Xeppans®

Uccneponanne cmemannnix xpuctaiob B-LiRby (NH),SOs , nposefeHHOE ¢ NOMOIBIO
HeliTpoHHOM NOpOIIKOBOH NH(PaKLKH ¥ HEYNPYIOro HEKOIEPEHTHOrO pacCesHus HeHTPOHOB,
110Ka3a0, MTO 3aMElUeHME MOHOB amMMOHWA pyGunuem crabunuaupyet ¢asy II or koMHaTHOH
Temneparyprl 1o 20 K yxe npu xoHuentpanun amMMonus x=0.91. IIpy koHueHTpauuy aMMOoHMS
x=0.77 cmewannsii xpucrann P-LiRby(NH4),SOs npu 20 K mnaxomuTcs 8 COCTOSHHH
OpMEHTALMOHHOrO CTekna. B oGobumeHHOM NIoTHOCTH (OHOHHBIX cocTosHwi daset I, u
AHANOCHYHO B 064CTH OPMEHTAUMOHHOIO CTeKna, cMewianHbIX KpHcTanos B-LiRby (NH1)xSO4
nipu 20 K oTcyTeTBYeT Monia ¢ aneprueii 6muan 200 om .
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Introduction

The studies of physical properties and crystal structure investigations of
ammoniam lithium sulphatc B-NH,4LiSOy, called LAS, showed that th.lS compound
has following succession of phase transitions [1-7]:

phase 15459.5K &>phase IT ©283K e phase Il 27K & phase IV

The crystal structure of phase I is orthorhombic with space group Pmen and
lattice parameters at 478 K a=5.299(2) A, b=9.199(2) A, ¢=8.741(3) A [1], the
crystal structure of phase II is also orthorhombic with space group P2icn [2,6] and
lattice parameters at the temperature 298 K a=5.282(1) A, b=9.1313) A,
¢=8.760(2) A [6]. On the one hand the crystal structure of LAS is examined as a
general tridymite structure [2]. On the other hand phase II of LAS is ferroelectric,
phase transition I&II in LAS is similar to the para-ferroelectric phase transition in
ammonium sulphate (NH,),SO,; (AS) and LAS is associated with the A’A”BX,
family (where A’, A”’=Li, Na, K, Rb, Cs, NH,;, N(CHa),, etc., and BX=S0y, SeOy,
ZnCly, ZnBry, BeFs, MoOy, WO, etc.) [8]. The crystal structure of phase HI is
monoclinic with space group P2,/c11 and lattice parameters at 190 K a=5.283(2) A,
b=9.121(5) A, ¢=17.444(7) A and B=90.00(4)° [6]. The crystal structure of phase
IV is also monoclinic with space group Cc [7]. The crystal structures of phase II
and phase 1II are presented in Figs. 1(a,b) which show that these structures are
close to psendohexagonal. X-ray results show that ammonium tetrahedrons are
deformed, there is partial disorder of armnomum ions in phase II but perfect order
in phase m [6].

It is known that the substitution of ammonium ions by rubidium ions in LAS
can be accompanied by the change of the x-T phase diagram as shown in[9].
Presented here recent studies have examined the participation of ammonium ions in
phase transitions and ammonium dynamics by inelastic incoherent neutron
scattering (IINS) and neutron powder diffraction (NPD).

Experiment and results

The IINS and NPD spectra from LAS at 294, 260, 40, and 20 K were
obtained by the time-of-flight method with the help of the NERA-PR neutron
spectrometer (FLNP JINR, Dubna, Russia) [10]. The generalized phonon density of
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states G(E) was calculated from the inelastic incoherent neutron scattering (IINS)
spectra in one-phonon incoherent approximation with the program described in
[11].

The neutron powder diffraction (NPD) spectra show that LAS undergoes

phase transition:

phase II <> phase 111,
which is accompanied by the appearance of two new reflections with interplane
distances 2.402 and 2.107 A on NPD spectrum at 260 K in the comparison with
NPD spectrum at 294 K as that is presented in Fig. 2. The NPD spectra of LAS
measured at 40 and 20 X do not show noticeable difference which could confirm
phase transition

phase 11l <= phase IV
which must be at 27 K. Therefore we conclude that this transition was not observed
because in accordance with [7] that is fulfilled fully only to 10 K.

The IINS spectra of LAS measured at these temperatures are presented in
Fig. 3a. The generalised phonon densities of states G(E) calculated from these IINS
spectra in one-phonon incoherent approximation are presented in Fig. 3b.

The IINS spectra contribute quasielastic incoherent neutron scattering
(QINS) at 294 and 260 K which does not change during the phase transition Il 11l
However the cooling within the temperature region of the phase III is accompanied
by a decrease of QINS which is undetected at 40 K. This behaviour can be
described by the reorientation of ammonium ions. Ammonium anharmonicity
decreases with cooling and leads to the appearance of fine structure of G(E) at 40
K. Small changes in G(E) between 40 and 20 K show the beginning of phase
transition IIl<=>IV. The fine structure of G(E) allows measurement of the energies
of the translational and librational modes of LAS in phase III. Comparisons of the
results with those of other authors are presented in Table 1.

The translational modes () and the librational modes (vs') for ammonium
ions were assigned on the basis of Raman scattering [13,14]. Since this technique
produces higher resolution, the narrow lines from Raman spectra are shown
together with the wide bands from the G(E) spectra in Table 1. Notice that the
mode with energy 249 cm™ on G(E) is absent from the data on neutron scattering in
publication [12] and from the data on Raman scattering in publication [13].

The effect of the substitution of ammonium by rubidiuvm on the succession of
phase transitions was studied on P-LiRb; (NH,),SO, mixed crystals with the
ammonium concentrations x=0.91 and 0.77 from 260 to 20 K on a NERA-PR
neutron spectrometer. Phase transition II<1II was absent (Fig. 4). The NPD spectra
for LiRbg o(NH).9150; from 240 to 20 K, and for LiRbg23(NH,)p. 77504 at 20 K are
similar to that for LAS at 294 K which is suitable for phase II. This observation
shows that a rubidium concentrations of 0.09 and 0.23 stabilise phase I down 20
K. :



3

The temperature evolution of the IINS spectra for LiRbggo(NH4)p01SO4 is
presented in Fig. 5a and calculated G(E) for these temperatures are presented in
Fig. 5b. The contribution of the QINS is observed in the IINS spectra of
- LiRbggo(NH4)09:15S0, at 240 and 200 K decreasing monotonically and is absent
below 160 K. The G(E) spectrum of LiRbgg(NH4)e9:SO4 at 240 K due to
aminonium anharmonicity is presented in Fig. 5b by a broad maximum which starts
to disintegrate on cooling. At 20 K G(E) has a fine structure which corresponds to
phase II of mixed crystals.

The comparison of IINS and G(E) spectra of B-LiRb; ,(NH,),SO; mixed
crystals is presented in Figs. 6a and 6b respectively. There is a difference between
the phonon spectra of phase III of LAS and phase II of the LiRbgs(NH4).91SO;4
mixed crystal. The librational mode with energy near 200 cm’ observed in phase
IIT of LAS is almost absent in the phonon spectrum of mixed crystal with rubidium
concentration x=0.09. The G(E) spectrum of the LiRbg3(NH4)07,50; at 20 K also
corresponds to phase II but it is represented by broader maxima at similar energy
positions than the G(E) spectrum for LiRbg gs(NH4)091S0O4. This change shows that
LiRbg23(NH4)0.77S0, can be in the orientational glass state at low temperature. The
behaviour of the B-LiRb, ,(NH,),SO, mixed crystals is similar to the
behaviour of the [Rb;.«(NH4)JsH(SO4), mixed crystals [15] in which a
rubidium concentration near 10% stabilizes phase II and at low temperatore these
mixed crystals are also in the orientational glass state.

Discussion

Obtained results about the ammonium ion behaviour in B-LiRb; (NH(),SO,
mixed crystals are compared with those of other authors studied crystal structure by
single crystal x-ray diffraction and nuclear magnetic resonance (NMR). .

As shown in [6] by x-ray single crystal diffraction study of crystal structure
of phase II LAS the difference Fourier synthesis revealed more than four peaks
around nitrogen, and a partially disordered ammonium ion crystal structure was
proposed on basis of this observation. The IINS spectra of LAS at temperatures 294
and 260 K, which are suitable for phases II and III respectively, show that the
contribution of QINS in IINS spectra does not have visible change through phase
transition between these phases. Such temperature behaviour of the IINS spectra
may be explained if the ammonium ions in the crystal structures of phases II and III
do not change the reorientations about molecular axes, for example, C; and C; of
anunonium tetrahedron or near crystallographic axes. However, in accordance with
results of [6] in phase 11 LAS ammoniumn ions may reorient about crystallographic
axes and phase transition I < III is phase transition of type disorder-order.
However, in this case the contribution of QINS in IINS spectra through the
temperature of phase transition II < III could be changed but this is not observed.
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It is shown in [16], in the result of the analysis of NMR spectra 'Li and 2D of
LLAS in wide interval of the temperature, that ammonium ions are deformed and
have electric dipole moments. The investigation by NMR of the spin-lattice
relaxation times of LAS in the laboratory (T;) and rotating (T,) frames from 400 to
77 K led authors [17] to conclude that they had observed phase transition near 133
K. Two discontinuities in the temperature dependence of both T; and Ty, at 294 and
133 K defined three distinct temperature regions:

- from about 400 down to 294 K in region of phase I T; and T, decrease with
decreasing temperature with an activation energy of 1.9+).1kcal/mole;

- then T, and T), between 294 and 133 K decrease with decreasing temperature
with an activation energy 2.55+0.05 kcal/mole;

- below 133 K T,, continues to decrease with activation energy 1.49+0.05
kcal/mole but T; goes through a minimum value at 115 K.

Authors of [17] showed that temperature dependence of T, and Ty, can be
explained by the reorientation of ammonium ions about molecular axes C; and C;
and suggested that ammonium reorientation does not play .a: role in the phase
transitions at 284 and 133 K.

The conclusion authors |[17] about the reorientation of ammonium ions about
molecular axes near phase transition I <> III at 284 K is confirmed by IINS spectra
above and below of this phase transition temperature (Fig. 3). However, the
explanation of observed anomaly by these authors in LAS at 133 K can have other
interpretation. The peculiarity observed in temperature dependence of T; may be
the result of the change in ammonium ion reorientation when, with decreasing
temperature inside the LAS crystal lattice, some potential barriers are increased and
ammonium jons are not reoriented about any appropriate molecular axis. A similar
anomaly in the temperature dependence of lattice parameters was observed in the
monoclinic phase of NH,SCN [18].

The analysis and comparison of physical properties of LAS obtained by
abovemention methods gives us the possibility to propose the model of ammonium
ion motion in this compound and the B-LiRb;.(NH,),SO4 mixed crystals.

The results of crystal structure investigation [6] and NMR studies [16,17]
showed reorientation behaviour of ammonium ions but if on the base of [6]
ammonpium ions can reorient about crystallographic axes so on the base of [17]
ammonium ions can reorient about molecular axes. The possibility of ammonium
ions to reorientation about crystallographic axes in phase II can lead with cooling to
the formation of orientational glass state. If ammonium ions are deformed and have
electric dipole moments [16} and have the possibility to reorientation about
molecular axes {17] then cooling of the B-LiRb,.x(NH;):SO; mixed crystals leads to
the formation of dipolar orientational glass state. In order to understand in detail the
nature of orientational glass state in the B-LiRb, (NH,),SO; mixed crystals it is
necessary to carry out the refinement of the crystal structure of that with the help of
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single crystal neutron diffraction. Earlier x-ray crystal structure study of phase I
LAS [6] observed in the difference Fourier maps more than four peaks around
nitrogen atoms which are suited to charge density distribution. However only
neutron diffraction can determine real hydrogen nuclear density distribution and
can help to answer on a question of real reorientations in crystal structure of phase
ITLAS.

Conclusion

The study of ammonium motion in B-LiRb;(NH4)SO, mixed crystals shows a
significant influence of rubidium. This influence was examined by neutron powder
diffraction and inelastic incoherent neutron scattering. The results of neutron
diffraction from B-LiRb;_(NH,),SO4 mixed crystals with ammonium concentration
x=1.0, 0.91 and 0.77 reveal the absence of the transition from phase Il to phase 111
from 260 K to 20 K for x=0.91 and 0.77 and the stabilization of phase II due to the
presence of rubidium.. The measured IINS spectra and calculated generalized
phonon density of states G(E) for B-LiRb,(NH4)SO,; mixed crystals reveal the
change of ammonium ion dynamics. So the stabilized phase II of
LiRbyg,0e(NH4)o.0:1SO; does not have the mode near 200 cm’ in the G(E) spectrum at
20 K by contrast to the G(E) spectrum for phase II of LiNH;SO, at similar
temperature. The broadening of peaks in the G(E) spectrum of LiRbg23(NH4)o.77804
at 20 K testifies to the transition of this mixed crystal into region of orientational
glass.
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Table 1. Energies of modes in B-NH,LiSO; (energy in cm’').

Phase IV Phase 111 Assignment
G(E) NS G(E) NS Raman
20K 20K {12] 40K 40K [12] | 126K [13]
99.5 96 101 - 96 93 z
104 97
107
114
118
: 123
137 136 - 135 136 127 z
137
150 148 b
155 .
168 160 168 168 169 z
175
179
184 b
207.4 200 206 200 202 Ve
210
231 230 230 Ve
248 249 Vg
272 271 272 270 Vo'
280
295 vt
353 344 352 360 342 Ve
356
365
369
401 400 391 376 Ve
390
400
406
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