
P14-2001-10 

BJO.Ka:mMupoe, 11.JI.CawRH, A.Tpecco* 

11CCJIE,UOBAHl1E ,Ul1HAMl1Kl1 PEillETKl1 

rEKCA <l>JIIOOPl1)l0B (NH4 ) 3 MeF6 (Me= Al, Sc, Ga) 

METO)lOM HEYTIPYrOro HEKOrEPEHTHOro 

PACCE51HIDI HEHTPOHOB 

*I1HCTHTyr XHMHH KOH,UeHCHpOBaHHblX MaTepmlJIOB, Eop.uo, <I>paHUH51 



o ,/J/-t.001 -✓O 
Ka~rn.,mpoB B.10. u ,TI.P 

l1ccJ1e,IJ.0BaH11e ••• 

© O6be.rurneHHhlll llHCTllT)'T n..z:1epHblX 

llCClle..[(OBaHHH,2001 

BBE,[(EHHE 

KpncTaJIJihI (NH4)3MeF6 (Me=Al, Sc, Ga) JIBmIJOTCJI H30MopqrnhrMH B 

BbICOKOTeMnepaTypHOH qJa3e (np. rpynna Fm3m) II rrpeTeprreBa!OT OT 0.[(HOro .[(O TPeX 

qJa30BbIX nepeXO.[IOB npH H3MeHeHHH TeMnepaTypbI (rn6JI. 1). Ha6rr10.[(a10mnecJ1 qJa30Bbie 

nepeXO.[lbI CBJI3aHbI, IIO-Bll.[IHMOMY, C npou;eccaMH optteHTaI.l;HOHHOro 

ynopJ1.L10'leHmi/pa3ynopJ1.[IO'leHHJI KaTH0Ha aMMOHHJI npH II3MeHeHJIH TeMnepaTypbI If 

rrn6pau;HJIMH OKT1l3.[(pa MeF6 [1]. B BbICOKOTeMrrepaTypHOH qJa3e aMMOHHH MO)KeT 3aHHMaTb 

HeCKOJibKO IIOJIO)KeHHH. Ilpn IIOHH)KeHHH TeMnepaTYPbI .[(0Il)KH0 npOHCXO.[(HTb 

BbIMOpa)KHBaHJie II031II.l;HH aMMOHHJI C COOTBeTCTByJOlllHM ll3MeHeHJieM rpynnbl CHMM~llll. 

IlocKOJihKY Heynpyroe HeKorepeHTHoe pacceJIHHe HeHTPOHOB (HHPH) Han6orree 

'IYBCTBJITerrbHO K KOJie6aHJIJIM rrpoTOHOB, a, KaK YKa3aH0 BbIIIIe, qJa30Bhie nepeXO.[(bI B 

reKCaqJJI!OOpH.z:1ax MOrYT 6bITb CBJI3aHb! B TOM 'IHCJie If C JIH6pau;HJIMH aMMOHIIJI, .[(JIJI 

BbUICHeHJIJI npHpO.[lbI Ha6rr10.[(a10ru;HXCJI qJa30BbIX rrepeX0.[(0B 61,mo u;eJiecoo6pa3HO npoBeCTH 

3KCnepnMeHTbI no HHPH Ha coe.[IJIHeHHJIX 3Toro KJiacca. 

Ta6rr. 1. <1>a30Bble nepeXO.[(bI B KpHCTaJIJiax reKcaqirr10op1I.[(OB 

KpucmaJIJI To'IKU !pa306blX nepexoooe, K 

(NH4)JAlF6 221,193 

(NH4)JGaF6 249 

(NH4)JScF6 331,294,243 

3KCIIEPHMEHT 

IlorrHKpllCTaJIITH'leCKHe o6pa3I.l;bl (N~)JMeF6 IIOMeiu;aJIHCb B aJIIOMHHHeByJO KaCceTy 

If B rerrHeBbIH peqipn)KepaTop, qJOH OT KOTOporo 61,m ll3MepeH B rrpenBapHTeITbHOM 

3KCIIepHMeHTe. To'IHOCTb peryrrHpOBKH TeMnepaTYPbI COCTaBllJl)Ia ±1 K. 3KcrrepHMeHTbl no 

HHPH rrpOBO.[(HJIHCb Ha CIIeKTPOM~e Heynpyroro pacceJIHHH B o6paTHOH reoM~llll 

K):(COf-M Ha HMnyn1,cHOM peaKTope HEP-2 Jia6oparnpHH HeHTPOHHOH qJH3HKH HM. 

H.M.<t>paHKa O61,e.[(HHeHHOro IIHCTHTYTa H,[(epHbIX HCCJie.[(OBaHHii (2]. KorrH'leCTBO 

TeMnepaTypHbIX TO'leK ,.[(JUI K8)K,.[(0ro o6pa3u;a onpe.[(ellJl)IOCb KOJIJI'leCTBOM qJa30BbIX 

rrepeX0.[(0B. K8)K..[(aJI TeMnepaTypHaJI TO'IKa CHHMaJiaCb B TetJeHHe 10 'laCOB. 

B pe3yJihTaTe npose.r:1eHHJ1 3KcnepHMeHTOB no HHPH 6blrrH norryqenhr crreKTPbI 

Heynpyroro pacceJIHHJI HeHTPOHOB B IIIHpOKOM .[(HaIIa30He TeMrrepaTyp BbIIUe H HH)Ke TO'leK 
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!pa30BbIX nepeX0,!10B .. IlocJie o6pa6oTKII cneKTPOB 6bIJIII BOCCTaHOBJieHbl o6o6meHHbie 

!p)'HKIIIIII IlJIOTHOCTII qaCTOT !pOHOHHhlX COCTOl!HIIH B 0,l\HO!pOHOHHOM npII6JIIIJKeHIIII [3]. 

tl>OHOHHbIE CIIEKTPbl (NlLihMeF6 

<l>oHOHHbie cneKTPhI reKcacpmoopII,!10B, TIOJij"IeHHhie B pe3yJihTaTe npose.11emrn 

JKcnepIIMeHTOB no HHPH, nOKa3aHhI Ha pIIc.1. 

<l>OpMa JIIIHIIH Ha !p)'HKIIIIllX TIJIOTHOCTII qacTOT !pOHOHHbIX COCTOllHIIH TI03BOJil!eT HaM 

C,l\eJiaTb HeKOTOpbie 3aKJIJOqeHIIll O ,l\IIHaMIIKe peIIIeTKII B KpIICTaJIJiax reKcacpJIIOOpII,!10B. 

B qacTHOCTII, B HII3KOTeMnepaTypHOM ,!1IIaTia30He (<50 MJB), OTHOCl!IUeMCll K 

peIIIeTOqHhIM KOJie6aHIIl!M, Ha6JII0,!1aeTCll TPII HaII6onee IIHTeHCIIBHbIX Ill-!Ka Ha qacTOTaX 7, 

20 II 50 MJB. OHII llBJillIOTCll ,!10CTaTOqHo xapaKTepHbIMII Ml! aMMOHIIHC0,!1epJKam11x 

KpIICTaJIJIOB) II C ,!10CTaToqHoll CTeneHhIO ysepeHHOCTII MOJKHO YTBeplK,!1aTb, qTO JTII IlIIKII 

C0OTBeTCTByIOT JIII6paIIIIllM aMMOHIIll BOKpyr ero rnaBHbIX oceii IIHepIIIIII. B Il0Jlh3Y 3TOro 

npe.11noJIOJKeHIIll MOJKeT TaKJKe ClIYJKIITb TOT cpaKT, ~o s nepBOM npII6JIIIJKeHIIII 

IIHTeHCIIBHOCTb IlIIKOB Ha CITeKTPaX Heynpyroro HeKorepeHTHOro paccel!Hllll npl!MO 

nponopIIIIOHaJihHa KBa.11paTy cpe.11HeKBa.11paTIIqHbIX CMeIUeHIIH aTOMOB II3 IIX IlOJIOJKeHIIll 

paBHOBeCIIll, B3BeIIIeHHblX Ha .ceqeHIIe HeKorepeHTHoro paccel!Hllll aTOMa. IloCKOJlbKY 

JIII6paIIIIllM orneqaJOT HaII60JibIIIIIe CMeIUeHIIll aTOMOB, a ceqeHIIe HeKorepeHTHOro 

paccel!HIIll ,l\Jlll B0,!10po.11a IIMeeT peKOp,!1HO 6oJibIIIOe 3HaqeHIIe, C,!1eJiaHHOe npe,!1ITOJIOJKeHIIe 

npe.11cTaBJil!eTCll HaII6onee BepOllTHbIM. Bee TPII IlIIKa TIJiaBHO YIIIIIpl!IOTCll np11 TIOBbIIIIeHIIII 

TeMnepaTypbl, a IIX IIHTerpaJibHal! IIHTeHCIIBHOCTb na.11aeT. OTCYTCTBIIe l!BHO BbipaJKeHHbIX 

IlIIKOB B .11pyr11x qacTllX cneKTPOB He Il03BOJilleT HaM YTBeplK,!1aTb, qTo 3TO llBJilleTCll 

CJie,l\CTBIIeM II3MeHeHIIll xapaKTepa JIII6paIIIIOHHbIX ,l\BIIJKeHIIll C 113MeHeHIIeM TeMnepaTypbl, 

II Mb! BhIHYJK,!1eHbl OTHeCTII JTII TPaHccpopMaIIIIII Ha cqeT BJIIIllHIIll cpaKTopa ,D;e6al! - Bannepa 

II yseJIIIqeHIIe aHrapMOHII3Ma. KOJie6aHIIH C IlOBbIIIIeHIIeM TeMnepaTYPbl. OJKII,!1aeMbIX 

pa,!1IIKaJibllblX II3MeHeHIIH cneKTPOB B TOqKax ,!pa30Bb!X nepex0,!10B He Ha6JII0,!1aeTCll. 

l13MeHeHIIe COCTaBa coe,l\IIHeHIIll TaKJKe npaKTIIqecKII He OTPaJKaeTCll Ha cneKTPaX 

Heynpyroro paccel!Hllll. Ha6JII0,!1aeTCll He60JibIIIOe CMemeHIIe Il03IIIIIIH TIIIKOB, 0,!1HaKO 3TO 

llBJil!eTCll ecTeCTBeHHbIM OTPaJKeHIIeM II3MeHeHIIll OKpYJKeHIIll KaTIIOHOB aMMOHilll C 

COOTBeTCTByIOIUIIM 113MeHeHIIeM napaMeTPOB JJieMeHTapHOH l!qeHKII II, KaK CJie,l\CTBIIe, 

napaM~OB BaJieHTHO-CIIJIOBOro IlOJill. 
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KaK 6bmo YJ<a3aH0 Bblllle, tta6mona10mtteC.!1 cpa30Bble nepeX0,11bl Moryr 6bITb 

cnencrnHeM ntt6pa1.11Iii 0KTa:mpttqecKIIX K0MnneKC0B MeF6. O,nHaKO HII3KHe 3HaqeHII.!I 

ceqeHHH HeKorepeHTHoro pacce»HH.!I 3neMeHT0B K0MnneKca nena10T npaKTHqecKH 

HeB03M0lKHb!M !IX IICCnenoaaHHe MeT0,110M Heyrrpyroro HeKorepeHTH0ro pacce.!IHII.!1 

tteiiTPOHOB. 

,[(nll nonyqeHHJI 6onee nernnhttoii KapTHHhI npencrna;rneTcJI 1.1enecoo6pa3Hb!M 

npoaeneHHe aHanorHqHb!X 3KCnepHMeHT0B C 6onee BblC0KIIM pa3peme1meM II BpeMeHeM 

3KCTI031II.IIIII II 3KcnepHMeHT0B no KBa3HyrrpyroMy pacce.!IHIIIO HeHTPOHOB, K0TOpb!e 

no3B0n.!IT onncaTb ymnpettne yrrpyroii nnttnn Ha cneKTpax tteyrrpyroro pacce»HH», 

nMe10mee MecTo acnencrnne BpamaTenhHOH nncpcpY3nn. 
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KaJHMHpoB B.IO., Camutt H.n., Tpecco A. P14-2001-10 
Hccne.n;oBattHe .LJ;HHaMHKH pemeTKH reKcacpmoopH.LJ;OB (NH4 h MeF6 
(Me= Al, Sc, Ga) MeTo.n;oM tteynpyroro tteKorepeHTttoro pacce.llHllil 
HeHTpOHOB 

B paooTe npHBO.LJ;.llTC.ll pe3yJibTaThI HCCJie.LJ;OBaHllil .LJ;HHaMHKH pemeTKH reKca
cpmoopH.LJ;OB (NH4 hMeF6 (Me= Al, Sc, Ga) B mupoKOM .n;HanaJotte TeMneparyp 
MeTO.LJ;OM tteynpyroro HeKorepeHTHOro pacce.llHllil HeHTpOHOB. IlonyqeHHbie B pe-
3YJibTaTe oopaoOTKH .n;aHHbIX 3KCnepHMeHTOB <pyttKUHH TTJIOTHOCTH qaCTOT qJOHOH
HbIX COCTO.llHHH TT03BOJIHJIH c.n;enaTb HeKOTOpbie 3aKJIJOqeHllil OTHOCHTeJibHO B03-
MO)KHbIX npHqHH Ha0JIIO.IJ;a!OllIHXC.ll B .n;aHHbIX coe.n;HHeHIDIX <pa30BbIX nepexo.n;oB. 
B qacTHOCTH, xapaKTep H3MeHeHllil cpoHOHHbIX TTJIOTHOCTeH C H3MeHeHHeM TeMne
parypbI He fl03BOJI.lleT O.LJ;H03HaqHo yrnep)K.LJ;aTb, qTo B MeXaHH3M qla30BbIX nepexo
.LJ;OB BOBJieqeHbI JIHopauuoHHbie .LJ;BH)KeHH.ll KaTHOHOB aMMOHH.ll. ,LLrui: nonyqettllil 60-
nee .n;eTaJibHOH KapTHHhI npe.n;cTaBJI.lleTC.ll uenecooopaJHhIM npoBe.n;ettue 3Kcnepu
MeHTOB no KBa3HynpyroMy pacceSHHIO HeHTpOHOB. 

PaooTa BbITTOJIHeHa B naoopaTOpHH HeHTpOHHOH qJH3HKH HM. H.M.<l>pattKa 
OIDIH. 

Coo6111eHHe 061,eJJ,HHeHHOro HHCTHryTa .!ID,epHblX HCcneJJ,OBaHHii. ,lly6Ha, 2001 
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Kazimirov V.Yu., Sashin LL., Tressaud A. P14-2001-10 
Lattice Dynamics Investigation of (NH4 h MeF6 (Me= Al, Sc, Ga) 
Compounds by Inelastic Incoherent Neutron Scattering 

The results of investigation of lattice dynamics of (NH4 h MeF6 
(Me= Al, Sc, Ga) in a wide temperature range by inelastic incoherent neutron scat
tering are presented. As a result of experimental data treatment phonon densities 
of states (PDOS) were obtained. PDOS have allowed us to make some conclusions 
concerning the possible reasons of phase transitions in the given compounds. 
In particular, the character of change of PDOS with temperature does not allow us 
to assert unequivocally, that ammonium cation librations are involved in the mech
anism of phase transitions. For reception of more detailed picture it seems expedi
ent to carry out quazielastic neutron scattering experiments. 

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