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THE INVESTIGAnON OF AMMONIUM ION DYNAMICS IN K1..(NIIJ.Br MIXED CRYSTALS: 
Preprint ITEP 26-02/ 
L.S.Smirnov, I.Natkaniec&, V.Yu.Kazimirov", V.V.Dolbininah

, L.A.ShuvaJovb 

The x-T phase diagram of the Kt.x(NH4)xBr mixed crystals and ammonium ion dynamics are studied by neutron 
powder diffraction and inelastic incoherent neutron scattering in ammonium concentration region 0.05%1.0 
and teinperature interval from 22' to 290 K. The cross section of x-T phase diagram at 22 K shows that cubic 
disordered a-phase is observed for x=O.05, 0.14 and 0.24. two-phase region of a-phase and p-phase co­
existence is observed at x=O.52 and 0.83. The low energy resonance modes with E"i:2.1-4.2 meV and E,2=8.8­
12.5 meV and localized translational Vs mode with energy E=23-25 meVand librational v, mode with energy 
E=35.4-37.7 meV are observed in a-phase, only Vs mode with energy 18 !DeV and splitted V6 mode with 
energies 40.7 and 43.4 nieV are observed in t\-phase. Splitled v, mode is observed in Nl:48r in O-phase at 22 K, 
in y.-phase at 123 K but at 220 K the splitting of V6 mode is not observed due to the anharmonicity as and in ~ 
phase at 250 K and above. 

MCCJIE.I(OBAHJ1E ;l{MHAMMKH MOHOB AMMOHMH B CMElUAHHblX KPMCTAJIJ1AX 
K,.,,(NH.lxBR. 
JI.C.CMHpHOB, M.HaTI<:aHeL(, B.IO.Ka3HMHposa, B.B..I(oJI6HHHHab

, JI.A.lUYBaJlOBb 

x-T cIIa30BAlI )U1arpaMMa CMeillaHHblX lCpHCTaJIJlOB KI."~)xBr H ,!(HRaMHK8. HOROS aMMOHHJI HCClle,!(OBaHbl C 

nOMOl1U>1O HeihpoHHoR nopowKOBoA '!(HclipaKllHH H Heynpyroro HeKorepeNTMoro paCceJlHHII HeATpoHoB B 
06nacTK ICOHl\eHTpaUHH aMMO"H)} O.OS!;';;x:S;I.O H HllTepBaJIa TeMneparypbl OT 22 }l.O 290 K. Ce'leHHe x-T 
cIIa30BoA ,!(H8rpaMMld npH 22 K nOKa3bIBae-r, 'ITO Ky6H'IecKa1l pa3ynopJl}l.o'leHHaJI a-4J83a Ha61llO,Il3eTClI npH 
x=O.OS, 0.14 H 0.24, }l.Byx-c1183HWl 06llacTL cocymecTBOBaHHII a- H ~-c1183 HafimoJJ,aeTC.II ,IlJI.II x=O.S2 If 0.83. 
Pe30HaHCHble MO,!(bl HH3KOii 3HeprHH CE,1=2.1-4.2 meV H E/:8.8-12.5 meV H JIOJaLlIhHble TpaHCJUl1'(HOHHU 
MO,na VsC 3Hepmeit E=23-25!DeV H JlHOpaUHOHHaJI MOM Vii C :meprlfeR E=35.4-37.7 meV Ha6Juo,!(aJOTClI B a­
cIIa:re. 1OJIbKO MO,!(8 \Is C 3HeprHeit 18 meV H 08CmenneHIWI MO,na V6 C 3HepfHJlMH 40.7 Ii 43.4 meV 
Ha6nlO,!(aJOTCJl B P-cIIa:re. PacmenJletlHaJI MO}l.a V, Ha6mo'!(aeTCJI B NH.cBr B&.cIIa3e npH 22 K, Ii B y-q,a:re npH 
123 K HO npH 220 K pacmenJIeHHali Mo,!(a v, He Ha6JIIO,!(8eTCA., "110 06ycJIOBJJeHO aHraPMOHH3MOM Kale H B ~ 
q,a:re npH250 K TaK HBbIwe. 

Fig. - 12, Ref. - 7. 

© HHCTHTyT TeOpeTH'tleCKOi H 3KCnepHMeHTaJIbHOi CPH3HKH, 2002 

a. Frank Laboratory ofNeutron Physics, 141980 Duhna, Moscow region. Russia 
b. Shuhnikov Institute ofKrystallografiya ofHAS, 117333 Moscow, Russia 

http:HafimoJJ,aeTC.II


Introduction 

The crystal structures of KBr and NH4Br have different space groups at room 
temperature and fonn the KI_x(N~)xBr solid solutions with limited region near K and 
NH/ [1]. KBr do not have phase transitions from high temperature to low but NH.J3r 
undergoes the series of phase transitions [2,3]: 

a-phase <=> 410.8K <=> ~phase <=>234.9K <=>'V-phase <=> (105-78) K <=> &'phase. 
The cubic disordered a-phase has space group Fm3m-Obs, the cubic disordered 

J3-phase has space group Pm3m-Oh I, the ordered tetragonal 'V-phase space group 
P4/nmm-D4h

7 and ordered cubic a-phase - space group P-43m - Td1
• It is worth to note 

that until recent time the x-T phase diagram of the K1_x(N!-4)."Br mixed crystals was 
studied seldom. So i( is known that the K I_x(N'!4)"Br mixed crystals are cubic 
disordered a-phase up to low temperatures in the region of small ammonium 
concentrations. 

Earlier Kl-x(~)xBr were studied in region x:S;0.05 by the neutron tunneling and 
inelastic incoherent neutron scattering as well. The low energy resonance mode with 
Er 

1=2.3 meV was observed in Ko.9S(N'!4)o.osBr mixed crystal at 10 K in [4]. however 
other loW energy mode with possible energy E/=.....7-10 meV which was observed in 
Ko.9s(N'!4)o.osI [4] could not be separa(ed correctly from translational optic mode. 

The results of the ammonium dynamics study .of the KI_x(N~)xBr solid solution 
in the wide ammonium concentration region at T=20 K are presented here. Resent 
measurements show that disordered a-phase is observed up to x=O.24 and the low 
energy modes with energies 2.3-3.4 and 8.3-10.5 meV are observed in this region. The 
librational mode V6 is observed in J3-phase as spJitted on two sub-bands. 

Experiment and results 

There are presented the results of the study of the x-T·phase diagram of the 
K1-x(N"H.t)xBr mixed crystals and ammonium dynamics in different phases observed at 
low (emperature. These investigations were carried out by the neutron powder 
diffraction (NPD) and the inelastic incoherent neutron scattering (lINS) on the samples 
of the K1.x(NiI4)xBr with ammonium concentrations x=O.O. 0.05. 0.14, 0.24, 0.52, 0.83 
and 1.0 at low temperature T=23 K. These powder samples of the Kl-x(~)xBr mixed 
crystals were prepared from appropriate water solutions by slow evaporation. The 
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neutron scattering spectra of NPD and fiNS were measured on the NERA-PR neutron 
spectrometer set on mR-2 (FLNP JINR, Dubna, Russia). This spectrometer gives the 
possibility to obtain NPD and fiNS spectra from a sample simultaneously. The 
generalized phonon densities of states G(E) were calculated from the IINS spectra in 
one-phonon incoherent approximation [5,6]. 

Ammonium concentrations x of the Kl-ll'<N'H4)xBr mixed crystals were 
determined by the measure of intensities of neutron scattering from hydrQgen 
translational Vs and librational V6 modes of these samples using their !INS spectTa 
n~zed on weights and ~suring times. . ' 

The obtained NPD spectra from the Kt-x(NH.)xBr mixed crystals for x=0.14, 
0.24,0.52 and 0.83 at the T=23 K are presented in Fig. 1 and from NH.JJr at different 
temperatures in Fig. 2. The NPD spectra show that samples with x=O.14 and 0.24 are 
pure CL-phase and samples with x=O.52 and 0.83 contain both CL- and J3-phase. The 
sample with x=O.52 has a-phase in 0.77 part of the volume and J>.phase in 0.33 part of 
the volume. The sample with x=O.83 has a-phase in 0.25 part of the volwne and 13­
phase in 0.75 part Qf the volume. The concentration dependences of the lattice 
parameters.of cryStal structQres of.different phases, obtained at room ~emperature in [1] 
for the KJ-x('NI1J)x.Br mixed crystals and at low 'temperatufe in recent investigation, are 
presented in Fig. 3. The results of [1] show that on x-T phase diagram of Kl-x(~)xBr 
at room temperature with x=O.613 both (1- and J>.phases are presented and WI; have 
two-phase .compo~nd. In accordance ,with our results. two-phase compounds i~ 
K1_x(NRt)xBr ~ystem at 23 K (CL- and J>.phases) are observed within concentration 
region O.S2<x<0.82. "." .' . 

, The lINS and G(E) spectra for KRb and Ko.~NH4)o.osBr are presented in Fig. 4 
and Fig. 5 respectively. Earlier these results were published in [4J. The comparison of 
the IINS spectra from KBr (at 80 K) and from KO.9S(NH.>O.osBr (at 10 K) show the 
change~ which appeared in vibrational spectrum of mixed crystal fOT a number of 
ammonium orientational degrees of freedom. First change is connected with the 
appearance of local vibrations with energies more than boundary energy in vibrational 
spectrum of KBr. There are tranSlational mode Vs with the energy 24.3 meV and 
librational mode V6 with the energy 35.4 meV. Second change is the appearance of 
resonance hydrogen mode E/ with the energy 2.1 meV on the background of strong 
contribution of the quasielastic incoherent neutron scattering (QINS) on the wings of 
el~tic scattering profile from analyzing crystals. The QINS contribution in the IINS 
spectrum of Ko.9s<NH.)O.osBr mixed crystal at low temperature shows the presence of 
orientation . disorder . behavior of ammonium ions which confirms disorder crystal 
structure of a-phase in this concentration regio~. The comparison of the G(E) spectra 
of KBr and Ko.9S(N}4)o.osBr mixed crystal show all peculiarities in the difference of 

http:O.S2<x<0.82
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both spectra pointed in earlier comparison of the llNS spectra except the appearance of 
second resonance mode with energy Er2 near 10 meV observed in the K1-x(Nl:Li),:! 
mixed crystals. 

The continuation of the study of the K1-x(Nl:Li)",Br mixed crystals with x=0.14, 
0.24. 0.52. 0.83 and 1.0 at T=23 K was carried out. The obtained IINS and calculated 
G(E) spectra for these samples are presented in Fig. 6 and Fig. 7 respectively. If the 
fiNS and G(E) spectra for the samples with x=O.14 and 0.24 are suit to the one-phase 
KI_x(NH..)"Br mixed crystals with crystal structures of et-phase so for the samples with 
x=O.52 and 0.83 that spectra are suit to two-phases KI-x(~)xBr mixed crystals with 
crystal structures of et- and ~-phases. The fiNS spectra of the samples with x=O.14 and 
0.24 show following peculiarities. There are the contributions of the QINS which is 
diminish with increasing of ammonium concentration and such behaviour can be 
explained as the orientational glass state fonnation process. The analysis of G(E) 
spectra gives the possibility to determine the changes in,vibrational. spectrum which are 
observed in the KI~x(Nll¢)xBr with ammonium concenp-ation. There·. are 'selected 
resonance modes Erl and Er2, local translational mode Vs mid librational mode v6'in et­
phase and local translational mode Vs and librational mode V6 in J3-phase for x=O.52 and 
0.83. It is worth to note the splitting of locallibrational mode V6 in (3-ph.ase. on two sub,,: 
bands. Other interest peculiarity of the GCE) spectrum of Ko.17(NlLJ)O.83Br mixed crystal 
is the appearance of Raman modes VS+V6 and 2V6 which .~e suit to f3-phase. The G(E) 
spectrum of NH.Jlr at 23 K is suit to crystal structure of O-phase. The ITNSand G(E) 
spectra of NH4Br in different phases (at different temperatures) are presented in Fig. 8 
and in Fig. 9 respectively. The lattice modes and Raman modes of Nll¢Br at 22 K in 3­
phase are presented in Fig. 10 by translational mode Vs, librational mode V6 containing 
two sub-bands, and Raman modes vs+V6t 2V6, VS+2V6. 3V6 and VS+3V6' 

The energies of selected lattice modes in et- andJ3-phases for the K1-i(NH4)xBr 
mixed crystals as a function of ammonium concentration and of lattice modes in 3­
phase of 'NJ4Br are presented in Fig. 11. 

Lattice dynamics calculations for o-NH4Br in the frame of valence force field 
(VFF) model were carried out (Fig.12) [7]. For the O-~Br dispetsion curves have a 
complicated character and we can expect the splitting. of . the peaks on the DOS. 
Calculated energies on the boundaries of Brillouin zone are close to obtained 
experimental data. 
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Fig. 1. The neutron powder diffraction spectra of the K}_x(NH4)xBr mixed crystals at 23 K. 
Fig. 2. The neutron powder diffraction spectra of ~Br at different temperatures. 
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Fig. 3. The dependence of the lattice parameters of the K1-x(N1i4)xBr mixed 
crystals as afunction of ~nium concentration at room temperature and 
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Fig. 4. The I1NS spectra of KBr and Ko.9S(NJ:i4)O.05 at low temperature. 

Fig. 5. The G(E) spectra of KBr and Ko,9S(NI-4)o.os at low temperature. 


http:Ko,9S(NI-4)o.os
http:Ko.9S(NJ:i4)O.05


1 K (NH) Sr1600 ~ 1'1 4 lC 

~ T=23K 
~ 
i;
I! q1200 II 

::J Ii 
..0.... ~X=1.0as 

800::r: 
~ 

.jV'~__O~83:::::: 

400 . 

0' ..­ -] 

120 

::J 

.0 
' ­as 80-
::r:-...-w-(!) 

I 

40 r --""" 1..\ -,/"IlIa. ..........,. ~ - __~..._~.~_. _... J 

oIO~~~--~~~~~!-~~~ 

-t 

K (NH)Br1; 1-x 4 x 
~\ 

T=23KJ', i 

i! 

I 
-

! 
! 

' 

2.0 4.0 
Wavelength, A 

Fig. 6. 

6.0 40 80 120 
E1meV 

Fig. 1. 

Fig. 6. The IINS spectra of the K,.,.(N'H.)xBr mixed crystals at 23 K. 

Fig. 7. The G(E) spectra of the K1_"(NH.t),,Br mixed crystals at 23 K. 
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Fig. 8. The IINS spectra of NH4Br at different temperatures. 
Fig. 9. The G(E) spectra of NH4Br at different temperatures. 
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Fig. 10. The G(E) spectrum ofNH~r at 22 K. 

Fig. 11. The energies of mo(Jes in different phases of the K l-x(NlL;)xBr mixed crystals. 




Fig. 12. Calculated dispersion curves (valence force field model) 
for &-NHJJr. 
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