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itL'\ Kpl1CTaJIJIhI r anpocyrrsrpara u;e311H npn rer-rneparype, ôonsmeã 414 K,':.'''' ,~.~., 
L .~I ,,"!\1 

~J~ • '~, nepexonar B cynepaonnoe COCTOHHHe c BhICOKOH npOTOHHOH npOBOJJ.HMO,," ',~' ,~ ~'j rl;"l .. ~ r~ f. o.f,. ~.ll')
:lo t;jlr;'t(', \.~ [f. t l' '1- l' "r CTbID/ 1/ . nJIfI 3aKJIlOtIeHI1H o B03MO:IKHOM MeXaHI13Me B03HHKHOBeHIDI npOBO;\1; •.; I.V ,I)' 

I

"';\V 'li, 1. ~ ,~' ~t\. '~~ l~ ~r 

"0 JJ.HMOCTH Heo6xoJJ.I1MO 3HaTb aTOMHYIO CTpYKTYPY Kpl1CTaJIJIa KaK HH:lKe (cPa~'~L, ", 
I' 

t:',~ 8'j ~ tl~ tt"'1 -1'.\ ,~, • 

./i...\ ,,\ '~/\-:",\ ' ~ .... .~ I ~ 
aa Il ) , TaK H asnue (rpaaa I) rer-rneparypsr nepexona. 

r 
'lt ~l CTpYI<:Typa <pa3hI II onpenenena HeJJ.élBHO B peHTreHOCTpYKTYPHOM axcne

l 
l,r'to

./ I. pHMeHTe/ 2/: CHMMeTpl1H - P2 /c , napasrerpsr peuier xa - a ='7,789 Â, b = 
• !!,I, 1

.,\ 
• .;: ,I 1\,'jq~ri ~ =8,146 Â, c=7 ,726 !\, ~ =110,87°. KoopJJ.HHaThI aTOMOB BOJJ.opOJJ.aB 3TOH cPa
t1 t,,~ J ~, I I 

ae YTOtIHeHhI B pa60Te/3/ no JJ.aHHhIM nopOllIKOBOH neirrpoaorpadiaa. CTpYK
'J ,,0 V' • " 

,,.,," :.ir l ~ ...lI! rypa 06pa30BaHa H3 804 -TeTpa3JJ.poB, CBH3a.HHhIX BOJJ.OpOJJ.HhIMH CBH3HMH., . 
lo, '~;,l ~~~l\! ~~ o"'?(..f B uena, HJJ.YLUHe BJJ.OJIb HanpaBJIeHHH [0011. Cocenaae uena CBH3aI-lhI rca\~J • ".!) /, '~'f 

I, '<':, ':/~. > THOHaMI1 ue3HH. Ka:IKJJ.hIH aTOM ue3HH oKpY:IKeH 12 aTOMaMH KI1CJIOpoJJ.a 

neaars H3 HI1X HaXOLJjITCH na paCCTOHHI1HX 3,1 -;- 3,3 Â, TpH OCTaJIbHhIX 

,'IS ,,1«1. ' 
'r f' ""'~\f,' 

3,7 -;- 3,9 Â. TaKaH KoopJJ.HHaUHH ,o6eCnetIHBaeTCH JJ.BOHHhIMH CBH3HMH 
lt••, 

i. t ~, 

c 4 TeTpa3JJ:paMH 804 H OJJ.HHapHhIMH CBH3HMI1 c 4 JJ.PyrHMH TeTpa3JJ.paMH.
i'; , ~~~ 

CxeMa CTpYKTyphI cPa3hI II no Ka3aHa Ha pHC.l.",t ~lll 
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Oc06eHHOCTH nepexozia KpHCTaJIJIa B cynepHOHHYIO ePa3Y H ,nHHaMHKa 
aTOMOB B 3TOH rpase nO,np06HO HCCJIep;OBaHhl OnTHtleCKHMH, CneKTpOCKOnH
tleCKHMH, pe30HaHCHhlMH H ,nHePpaKUHOHHhIMH MeTO,naMH/ 4-8/ . Ilepaonaxans
HO HH<t>OpMaUHH O CHMMeTpHH rpaasr 1 6hIJIa nonyueaa npn H3YtleHHH H30
Mop<t>Horo coenaaeaaa CsHSeO4, KpHCTaJIJIhl xoroporo nepexonar B cynep
HOHHoe, COCTOHHHe npn T ~ 401 K. AHaJIH3 HanpaBJIeHHH rpaaau Me:JK,ny 
cerHeT03JIaCTHtleCKHMH ,nOMeHaMH, npoaenenasrã B pa60Te/ 9 /, n03BOJIHJI 
aaxrnoxars, tlTO rovesnaa rpynna <t>a3hl 1 - 4/mmm, npaxer-r OCh 4-ro nopan
xa nanpaanena nepneH,nHKYJIHpHO OCH 2, cYIlJ,eCTBYIOIIJ;eH B <t>a3e II.I1H.LU1uH :T!pOBaHHe nopouncoasrx HeHTpoHorpaMM/ 1 0/ npHBeJIO K YCTaHOBJIeHHIO 
06'DeMHO-ueHTpHpoBaHHoH TeTparOHaJIhHOH HtleHI(H C naparaerpar-ia a = 
= 5,906 Â, c = 14,43 Â (,nJIH CsDSeO4) . KPHCTaJIJIOXHMHqeCKHe Tpe60BaHHH 
nr-recre C ,naHHhIMH o tlHCJIe <t>OPMYJIhHhIX e.n;HHl1U B 3JIeMeHTapHOH HtleHKe 
n03BOJIHlOT npe.ZJ;JlOJKHTh MO,neJIh CTPYKTyphl H8 OCHOBe rpynnsr 141/amd.
B HneaJIH3HpOBaHHOM nane OHa noxasaaa na pac.ã. 

CTpYKTypa COCTOHT H3 B3aHMonpoHHKaIOIlJ,HX KBa3HaJIMa3HhIX peurerorc 
- orma rpopraapyercn S04-TeTpa3,npaMH, npyraa - l(aTHOHaMH Cs. 110Hhl 
S H Cs 3aHHMalOT n03HUHH C cHMMeTpHeH 4. KIDK,nhIH HOH ue3HH CBH3aH C BO
cer-rsro rerpaanparaa SO 4 nseaanuarsro CBfl3HMH Cs-O TaKHM:JKe 06Pa30M, 
KaK B rpase II. ECTh 8 CBH3eH (3,4 Â)c qeThIphMH rerpaanpasia S04 B nJIOCKO
CTH (001) H 4 CBH3H (3,2 Â) Cnpyrasra qeTh1phMH rerpasnpaxra , 6JIH:JKaHIllH
MH K (001). HaH60JIee aeporrraoe nOJIO:JKeHHe aTOMOB aozropona HaxO,nHTCH 
Me:JK.ny. aTOMaMH xacrropona, pa3HeCeHHhIMH na 3,4 Â. T .K. 3TO paccroanae 
CJlHIllKOM BeJIHKO, TO nOJI:JKeH npOHCXO'P;HTh nOBopOT 'rerpaaztpon H3 HX 
aneansnsrx n03HUHH. ECTh HeCKOJIhKO B03MO:JKHOCTeH .ZJ;JlH· OCYIlJ,eCTBJIeHHH 
sroro xooneparaanoro HBJIeHHfl. Cpeznr HHX - HaKJlOH, xoropsrã COOT
BeTcTByeT MHrKOH r-rene nepexona II -4 1, npauewr OHa oxcrnaerca HaH60JIee 

Il'\. Y - /I r\...,~ /1 I 

3aCeJIeHHOH B <t>a3e r. 3Ta Mo,na npa
Ha.ZJ;Jle:JKHT ,nBYMepHoMY npencras
JIeHHIO rpynm.r 141/amd c BOJIHOBhIM 
nexropoxr k = 1T7a~ [u.10], li OHa 
,nBa:JK,nhl asrpoxcieaa, He3aBHCHMO OT 
npapozu.r Me:JKaTOMHhIX CHJI. nBe 
asrpoacneaasre KOHePHrypaUHH npo
HJIJIIOCTpHpOBaHhI pHC. 3. OHH xaparc
TepH3YlOTCH nenar-ra SO 4 -rarpaan
pOB, CBH3aHHhIX H-CBH3HMH B,nOJIh 
[111] H [i11] nanpaaneaaü COOTBeT
CTBeHHO. <I>a3Y I MO:JKHO paccr-rarpa
aars KaK nexorepearnyro CMeCh 
060HX ,nHHaMH4eCKHX COCTOHHI1H. 

Puc.2. Hõeanusupoeanuan uoôen» 
çfJa3bl 1. 

Puc.3. Ilee 6blpOJICÓeHHble tcotufiueypauuu, cooreercrey 10UJue 
MJl2KOU sioàe npu 1--7 lI-nepexoàe. 

Cpe,nHHH CTpYKTypa, naôrnonaer-raa B ,nHePpaKUHoHHOM 3KcIlepHMeHTe, npo
HBnHeT CI1MMeTpHIO 14 1 /amd H HBnHeTCH cynepnoaanneii .lJ.BYX opaenrauná 
rerpaazipon S04 c sacenennocrt.ro I /2 - ozura pa3BepHYTaR npOTJ.1B, a npyraa 
fIO 4aCOBOIf crpernce. HH:JKe 4] 4 K O,nHO H3 asrpoacneam.ix COCTOHHHH KOH
nencnpyerca 11 oõpaayercn MOHOKJII1HHaH rpasa. 

lIaCTI14HOe nozrrnepacneune 3T0I1 r-ronenn nOJlY4eHO 13 peHTI'CHOCTPYKTYP
HOM axcnepar-renre/ 11/, npouenenaora na CsDSO4' B icoropor-r onpeneneru.i 
np.rp. 141/amd, napar-rerpm peurerrca a=5,729 Â, c= ]4,2] J\ H rcoopnnna'n.i 
TH:JKeJlhIX aTOMOB: ue311H B (4a)·, a cepa B (4 b) -n03IHlI1HX. Koopnauari.i 
aTOMOB icncnopona onpenenensi H3 paauocrm.rx CHHTe30B c nocnenyio
Il.lHM YT04HeHHeM KaK (16h) c 3aCeJleHHOCThlO 1/2. A'rovns: nCHTepHH pac
CTaBJIeHhl H3 KPHCTaJIJlOXHMH4ecKHx cooôpaacennâ no (Se) -n03HUHHM 
TaK:JKe c 3aCeJleHHOCThlO 1/2. CJ1.CTeMa BO,nOpOll.HbIX CBH3CH CTaHOBl1TCH 
nnyr-repuoà B ePa3e I c B03MO:JKHOCTLID npsracrcouoâ ll.Hq>q>Y3HJ1. nporouon 
B nJIOCKOCTHX rnna (00]). 

Oll.HaKO 3aKJl104eHJ1.H o nOnO:JKeHHHX JIel'KHX aTOMOIJ IlJIOXO cor'nacyro'rcu 
c OTCYTcTBHeM 3aMeTHoH alIH30TporrHH npoToHH'OH npOBOll.HMOCTH li c 113
BeCTHbIM 3Ha4eHJ1.eM 3HTponHl1 nepexozia oS/R = I ,32/ 1 2 / , KOTOpOC JIY4we 
coornercrayer paaynopnnouemno nporoaon no 4 IlO311UHHM npn nepexone 
II + r. Kpor-re Toro, npn pa3MeIl.lCHI1J1. rrpOTOHOB no (Se) -rro3HIlHHM OTeYT
crayer HBHaH KoppenHUJ1.H CTPYKTYP dias I J1. lI. 

nJlH npoaeprcn J1.3J10)KeHHhlX co06pa:JKeHJ1.H HaMI1 npennpunaro HOBoe 
HCCJIe,ll,OBaHHe crpyrcrypt.i CsHSO4 na HeHTpOHHOM 1.!:l1q)paK10MeTpe KSN-2 
B P:JKe:JKe (lICCP). MLI n}W,ll,n04J1H J1.CrrOJlL30BaTh neneürepnponaaaoe coenn
irenae, T.K. ecrs YKa3aHJ1.H na J1.HleHCJ1.BHhIH '06MeH 11,CHTepl1H lia aonopon 
npn aarpeaamnr KpHC'TaJIna na noanyxe. Bi.rcorcoe co nepzcanue ucnopona 
B oôpasue Bhl3BaJIU õonsuroü ePOlI,H nercoropsre cnaõr.ré JlHHl1H, ocoõemro 

3 2 
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Puc.4. Heütponoepasoea CsHS0 8 çfJa3e I (T ~ 414 K).
4 

npa ôorrsurax 28, ae 6blJ1H aaperucrpapoaaasr. H3MepeHHaH npa T::::: 414 K 
HeHTpoHorpaMMa norcasaaa na pac.d , BpeMR H3MepeHHH B O.u.HO~ TOlJKe 
COCTaBlUlO 20 MHH. Ilaaasre 06pa6aTblBaJ1l.1Cb no r-rerony PHTBenbAa, lJTO 
narro CTpYKTypHhIe napar-terpsr, rrpencraanemn.re B raõmrue. OOJIO)f(eHHH 

Ta6l1u14a 
Ilocronnuute peiuertcu, tcoop àunatu U netco rop ue paCCTO.RHU.R 
(3 CTpY1<Type çfJa3bl I CsHS04 (np.rp. 14 T:: 414 K),1/amd, 

a = 5,718 (3) Â, c = 14,232 (9) Â 

ATOM 003HIJ;HH <I>aKTop 
aanonaeaaa x/a y/a z/c 

Cs 4b 1 0,5 0,25 0,125 
S 4a 1 0,0 0,.75 0,125 

° 32i 1/2 0,201 (3) 0,678(8) 0,067(1) 
H 16f 1/4 0,19 (1) 0,5 0,0 

S04 -rerpasnp 8-0 4 x 1,48 Â 
o-o 2x2,44Â 

4 x 2,40 Â 

Cs-°12-nOJIH3.u.p Cs-O 4 x 3,24 Â 

4 x 3,10 Â 
4 x 3,78 Â 

4 

aonopona 6hInH <pl1KCHpOBaHhI nocpenaae Me)Khy .u.BYMH aTOMaMl1 Kl1CJIOpO
na, T.K. xronerrs C pacurenneaasrr-r COcTOHHHeM rraun, xeaavraoro ynysurana 
KalJeCTBO nonromca. YTO'IHeHHOe 3anOJIHeHl1e n0311Ul1H ao.nopona npasrepao 
COOTBeTCl'ByeT ero KOJIHlJeCTBY B Kpl1CTaJIJIe. 

Pe3YJIbTaThI noKa3hIBalOT, lJTO aTOMhI xacrropona .u.eHcTBHTeJIhHO pasyno
pnnoueasr no .u.BYM nOJIO)KeHl1HM, acnencraae xero B03Hl1KalOT nae B03MO)K
HhIe Opl1eHTaIJ;HH rerpaanpoa S04 c paaaoporor-r aoxpyr OCH c na ± 200. 

3TO npasoznrr K COKpameHHIO )J.JlHHhI BO.u.OPO.u.HOH CBH311 no 2,78 Â. npOTO
HhI paCnOJIO)KeHhI no (16f) -n0311IJ;~HM c 3aCeJIeHHOCTblO 1/4 11, BCJIe.u.CTBl1e 
.u.l1HaMl1lJeCKOrO nOBe.u.eHHH Cl1CTeMhI (HaKJIOHOB rerpaanpoa}, OH" BhIHY)K~ nensr JI1160 OCIJ;l1JIJIl1pOBaTb o xorro O;a;HOH napsr rerpasnpon, coaepuiaa npstxc
Kl1 na 2,2 Â, JI1160 Ml1rpHpOBaTb no n0311Ul1HM, paaaeceaasrr-r na 2,85 Â 

11 3,60 Â B.u.OJIb HanpaBJIeHHH [100] ([010]) 11 (OOlJ COOTBeTCTBeHHO. ).l.eTaJIH 
sroro npouecca, 06eCneI.Jl1BaI01l~ero npoToHHYIO npoaonar-rocrs Kpl1CTaJIJIa, 
HeB03MO)f(H0 nOJIYI.Jl1Tb 113 naumx OrpaHHI.JeHHhIX .u.aHHhIX, HO oõuiae lJepThI 
HBJIeHl1H reneps MO)f(HO CI.Jl1TaTb nOHHTHhIMl1. EOJIee nonpofinsre H TOI.JHhIe 
nanaste o xoopnaaarax H TefIJIOBOM )J.BH)KeHHH ner-xax aTOMOB Mo")f(HO na
nearsca nO.T1YI.Jl1Th B HeHTpOHHOM .u.l1<ppaKUHOHHOM axcrtepasreare na .u.eH
Tepl1poBaHHOM Kpl1CTaJIne. 
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6anarypos A.M. H ,up. 
He~iTpmwrpaqmqecKoe yTOtJHeHHe crpyKTyphr 
cynepHOHHOH (pa3br CsHSO 4 

14-87-353 

flo Heli:rpoHorpacpHtJeCKHM ,uaHHhiM onpe.ueneHa crpyKTypa cynep
HOHHoii cpa3hl KpHcTamra CsHS04 (Tc ~ 414 K). 06neMHo-ueHTpn:
posauuaH rerparoHaJihHaH cTpyKrypa (np.rp.I41 (amd, a= 5,718 A, 
C = 14,Z3Z i\) HaXOJJ:HTCH B COCTOHHHH JJ:HHaMHtJeCKOrO 6ecnopHJJ:Ka: 
Terpa·J,uphl SOl ·1aHHMaiOT ,use ri03HUHH C pa3BOpOTOM ± Z0° OTHOCH
TeJihHO OL'H C, aTOMbl BO,UOpO,Ua CBH3biBaiOT TeTpa3,Upbl B UeriH B,UOJlb 
Hanpasnemu'i rHna [ 111] . flporouHaH npoBOJJ:HMOCTh ocyruecrsmreT
CH nphDKKOBoii JJ:Hcpcpy3Hei1 Ha paccTOHHHH Z,85 /\ H 3,60 A BJJ:OJih 
HanpaBJieHHH [ 100] H [ 001] l'OOTBeTCTBeHHO. flpH riOHH)f(eHHH 
reMneparyphl npOHCXOJJ:HT no,urpynnosoii cpa30BhiH nepexo,u c 3aMo
pa)f(HBaHHeM O)lHO['O H3 COCTOHHHH. 

Pa6ora RhlriOIIHeHa s Jla6oparopHH HeiirpOHHOH cpH3HKH Ol1Hl1. 

Coo6meHHe 06be.ZJ;HHeHHOfO HHCTHTyTa f!.ZJ;epHblX HCCJie.ZJ;OBaHHH. ,Lly6Ha 1987 

flepeson T .<!> .1{po3nosoi1 

Balagurov A.M. Pta!. · 14-87-353 
Neutron Diffraction Refinement of CsHSO 1 
Superionic Phase Structure 

The superionic phase structure of the crystal CsHS04 (Tc == 414 K) 
has been determined from neutron diffraction data. The volume cen
tered tetragonal structure (sp.gr. 14 1 /amd, a= 5. 718 :\, c = 14.Z3Z \) 
is in the state of dynamical disorder: the tetrahedron S04 occupies two 
positions whith an tilting of ± Z0° around the c axis, the hydrogen 
atoms connect the tetrahedrons in the chain in the direction of the 
[ 111] type. The proton conductivity proceeds by jump diffusion 
for the distances of Z.85 A, and 3.60 .\ along the [ 1 00] and [ 001] 
directions, respectively. With reducing temperature the subgroup phase 
transition occurs with one of the states heeing freezed down. 

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