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I. Bne,LJ,eHYle\ 

i~ TI HaCTOfl~eM co06~eHl1Yl npe)J,CTaBJIeHh! pe3YJJbT3Tbl 3KCnepYlMeHT3JIb

<\, nsrx \ilCCJYe,IJ.OBaH\il~ CTPYKTYPbI Yl ,lJ,l1H3M\ilKJ.1 Kpl1CTaJJJIOB Koq-e\ilH3 B l1HTep

nane revrtepa'eyp /1.,5 -:- 1;30 I{. V1HTepec K 3TOM C1'pYKType CBH3aH c
I: 

r 
,il,BHHNM11 pa60T~ [11 ,r,lJ,e MeTO)J,OM )J,H~epeHnYl3JJbHOrO TepM03HaJJ1133 B 

Kpl1CT3JJJY3X KOqeYlH3 H36JYID)J,3JY\il 1330B~~ nepexo)J, npYl TeMnep3Type 

I. OKOJYo.400 h. 

PeHTreHocTpYKTYPHbI~ 3HaJYYl3 MOHOry.~paT3 KO't€\ilH3 [2]11 KOMnJYeKCa11 
t KO~HH - XJYOpC3JYl1UHJJOB3H KYlCJIOT3 [3) nOK333JJ,~TO B 3Tl1X CTpYKTypaxI 

MOJYeKYJYbl Koq;eHHa CBH3aHbt E uenovxa CJla6hlM\il .C-H ...0 BogOpO,lJ,HblMYl 

1 
CBH3HM11. Oco6eHHOCTl1 )J,\ilH3MHKl1 KpHCT3JlJYOB c TaKYlMYl nenO~K3MH p3Heer He Rccne~oBanRCD.OHH npe~CTaBXHDT RHTepeC K8R eHyq8ft c~a6o~ RB8SR

I O)J,HOfv1epHotí 3H1130TpOn\ilYl B MOJIeKYJYHpHOM KpYlCT3JJJIe [:1]. Ilposeneaaue 

H3MI1 CTPYKTypHble I1CCJYe)J;osaHl1fl nOKFl33JJYl, o,,1,HaKO, ~TO B Kpl1CT3JYJYaX 

Ko<tel1H3, Bblp3~eHHbrx c novonn,o pH,LI,a c-r nH,IJ,ap'I'HbIX MeTO,lJ,\!!K, Ha6JlIO,n,aeTcH 

CHJJbHOe pasynopanoveaae , Oco6eHHOCTYl paaynopsnoveaaa 11 er-o BJJHH

Hl1e H3 ,IJ.I1H3MI1KY peure-rxa 6btJYI1 YlCCJYe)J,oB3Hbl M€rrO,1,BMH peirr r-eaoacxoa 

11 He~TpoHHot1 )l,H<tPBKUYlH,3 ~a!OJte no cneKTp3M Heynpyroro HeKore

peHTHoro p3cceHHHH Het1TpoHoB (HHPH) H no TeMnepaTypHO~ 33Bl1C\!! 

MOCTYl HYl3KOTeMnep3TypHot1 'I'enJYDeMKOCT\!!. 

11. nOJYy~eHHe 11 TeCTl1pOB3Hl1€ o6pa3nOB 

I{OqJeI1H: I t 3, 7-TpYlMen1JJ-2 ,6-)J,l1oKC\!!nypI1H (pac , I), N4'CSHI002 

1:apM3ueBT\!!l.leCKH~ "li" t MOJJeKYJYHpHb1y' sec 19'1,18 a ,e , M., 6bIJY nposepen 

H8 ;i3JJl1trl-1e npl-1Mecetf CJJe,nyKJ~I-1MI-1 MeTO,'J,3Ml1: ,TOHKOC JlO~HOt\ JIDrmHeC~eHT

HO~ xpoMaTcrp3t\!!e~,a T3K~e Macc-cr-€KTpOMeTp\!! €y. c )J,BYMH MHrKI1MYl Me

rrO,lJ,BM\!! \!!OH\!!3an\!!\!! - nOJJeBO~ HOHH3aUl-1ev. H nOJJeBO~ ~ecop6Ul1e~. 

TOJJbKO B Macc-cneKTpe nOJJeBot1 HOH113aUl1\il 6blJJa 06Hap~eH3 B CJle~OBb~ 

TWJlW"leCTBax MOJleKYJlHpH3R M3cca 180 t OTBe~31O~3H npcnyxraa HenOJlHOrO 

M8TYlJl\ilpOBaH\ilH - .IJ;MMeTMJlnpOM3BO,lJ,HbtM 2 ,6-1J;\ilOI<C\ilnypYlH3. AoIioJIH\ilT€Jlb-
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jp~c.l. Mo~eKy~a K01eMHa,CTpe~Ka 

C\~3 Op~eHTaUVlFl ,l1.l-1nOJIbHOrO MOMeH'I'a. 
i 
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HaR Ot.lMC'1'Ka npenapaTa npOBO,n.t1~aCb Cy15JlVlMaUMe~ D B81tyYM8. Il 
[{pMC'1'aJlJThl KO~MHa,nony~eHNe BNnapMB8HMBM M3 xnopO~pMa,'1'ony

o.na M 3cpVlpa , 06pa3YIOTCFl B BVl,l1.e ,n,eH,n,pWl'OB l-Um M8mC03epHVlC'1'bIX nne

HoK Vl Henpl-U'O,n,Hbl ,l1.~Fl onpe,n,8JleHVlFl C'1'PYltTYpb1· MOHOICpMCTaJlJlbl Vl nOJlVl

ltplilCTa.nJIlJ'leCKI!e c6pa3\1b1 BlJpllIl1JilBa.JilCb CC9Jl\J\eJilJile" B Bal<yy"e Jil3 r-a

3CBC~ 1jJa3" aa pa"JilqHble nO,ll,'O""Jil - CTel<.O.nMMeHbl" IlBapl1.Te<l!JlOH

Jil Ha Me,ll,HbIe ceTOq"Jil ,Il,'R "e"TpOHHO~ """pOCI<OnJilJil C paBMepOM Rqe~
KM 0,05 MM. TeMnepa'1'ypa nO,Il,JlOJlteK napbl1POB8J1aCb 0'1' ItOMH8THoti no 

BOoC. a CKOPOCTb pOCTa "pJilCTa,.CB "eHRJlaCb OT 0,2 M,,/q ,Il,0 0,2 
flOJIyt.leHHb1e '1'aln\M o15pasoM KpVlC'1'aJlJ1bl cTa15MJlbHh1 MS B03,n,yxe 

MM/CYTM 
M MMeIO'1' BM,Il, MeJlKt1X orpaHeHBHX Hr~ ~ np»3Y c ~eIBHMB paawepavu 
0'1' HeCKOJlbKMX MMKpOH ,l1.0 3 MM. MOHOKpVlC'1'8JlJ\H xopomo noraC8IOT B 

nOJlHPM30BaHHOM CBe'1'e,nepneHAMKYJlHPHOM OCVl npH3M Vl HC noraca~T, 

eCJlM CBe'1' HanpaBJleH B,l1.0nb OCVl npM3MW. 

111. C'1'pYK'1'ypa Kp~cTaJlJlOB KO~MHa 

PeH'1'reHoBcKMM 3KcnepHMeH'1' npoBe,l1.eH Ha t.le'1'NpeXKpy~oM peH'1're

HOBCI<OM ,Il,Jil<l!paKToMeTpe P 2 "C>lHTel<C". napBMeTpbI MOHOKJl>lHHO~ 'Ne~
1 

I<Jil onpeAe.eHbl Jil YTOqHeHbl MeTO,ll,0M HaJil"eHbWK< I<BB,!J,PaToB (MHK) no 

15 pe<l!»eKCQM.JilMB~JilM yr." 28 B HBeepBa.e OT 16° AO 24°; 
o 

a. = 3,4625( 5) A .. 295 Ke= 14,948(2) A T 
o
 

c= 8,935(1) A
 

(d = 104,95(2)0 
3V= 446,8(1) A

.p = 1,44 r/cM3 . 

l = 2 • 

Cacreaarauecxae nor-acaaaa pelPJIeKCOE '1'l-ma (h ke) c te +e-t 2 n YKa

3bIBalO'1' na O)J,HY Vl3 rpex npocrpaac'r aeunax rpynn CItlMMeTpl1Vl A 2, .i m 
VlJIItl A 21m. C60p MaCCVlBa VlH'1'eHcVlBHoc'1'ef:1 r:Akf npoaenea na xpacranne 

pa3MepoM 0,2xO,25xO,35 MM ,cKaHHpOBaHltle 0/20,Vl3JIYl.l:eHtie ~o Jr~ , 
rpa~Vl'1'oBNH MOHoxpoMaTop. M3 423 He3aBHCVlMblX orrpa~eHItl~, coópaHHHx 

. f) ,\ <1-1
B VlHTepBaJIe yrJIOB )],0 ~U1 I" ~ 0,6 A ,TOJIbKO 174 "Ha6JIIO)],aeMb!X" 

HMelOT 1 ~ 1,96 6'"<f)) • 
CTpYKTypa onpeneneaa npHMbIMl1 MeTo~aMH (Jj[jLTAJ/[5]). flHKItl 

E-CItlHTe3a q)YPbe VlHTepnpeTVlpOBaJIHCb KaK cynepnosnuaa aTOMOB l.l:errbl

pexKpaTHo pa3ynopH)J,OqeHHOM MOJIeKYJlN K0TeItlHa,HaXo~H~e~cH B l.l:aCTHOM 

nOJiOlKeHVlH 21m B npocrpaxcrseaaoã rpynne CtiMMerrpHItl A 21m. I'ec

MeTpVlH MOJIeKYJIbl K0<PeItlHa B3HTa 1-13 pacoru C3]. Hal.l:aJIbHutl tIJaKTop 

pacxonaaocra TaKOM Mo,n,eJIVl R=36,4%. YTOl.l:HeHl1e CTPYKTYpbl nOJIHO

M8Tp1-lQHNM MHK npoBo)],VlJIOCb B npVl6JI~eHtiVl lKecTKo~ MOJIeKYJIb! c no

MO~blO npOrpaMMbI SHELX -76 [6] no OKOHl.l:aTeJJHJC1'(J 3Hal.l:eHHR R. = 

1?,8% no acev "Ha6JIIO)],aeMblM" pe~eKcaM I1JIItl R=15,2% no 151 petf1

nexcy c J ~ 5,96 f)('j). 

1Y. Pa3ynopH)],0l.l:eHHe B KpHCTaJIJIax KotPeltlHa 

C nOMo~bIO npOrpaMMbI paCl.l:eTa MeTo.rr,OM AAD 3HeprHH pemeTKVl MOJIe

ltYJ11tpHblX Kp1-lCTaJIJIOB KOMIUlEKC [?] 6blJIVl BbIQVlCJIeHbI 3Hal.l:eHHH 3Hep

rHH ,IJ,nR pa3JIItltlHNX ynop~otle~HHX Mo)],eJIeH KpltlCTaJIJIa KO~HHa. Mc
nonh30nSJlVlCb napaMeTpu aTOM-aTOMHblX nOTeH~VlaJIOB B.M.nOJITeBa[b] 

~nn paCqeTOB reTepO~HKJIHQeCKHX coe.rr,ItlHeHltltl. 

lia pHc.2 nOK838Hbl )],Ba Bap~aHTa ynopH)],OtleHHotí C'1'PYKTYpb1 CJIOH 

(I 00). XapmcTepHOn oc06eHHOCTblO CTPYKTypbl HBJIHeTCH pacnonoxenae 

MonOl~n B~onb Hanp8BJIeHVlH [100]- ~enOl.l:KaMH,no.rr,06Ho ~enOtlKaM B 

MOHor~p8Te, no B CTpyR~ 6e3Bo)],Horo KpHCTaJIJIa OTCYTCTBYIOT 

3
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I 20-30 KKaJl/MOJlb B 38BHCHMOCTH OT oKpy~eHHH,CJle~OBaTeJlbHO, B K~

a ,IJ,oi1 uenoxxe ,1J,eTepMHH~poBaHo nOJlOJKeHHe MOJleKYJI"rOnOBa K XBOCTY". 
\
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CJlOA (100):

A~a B8p~aHTa ynopA~O~eHHo~ CTpYKTYpH
p~c.2 •
 

a _napaJlJleJlb~e ueno~K~ MOJleKYJI,
 

6- aHT~napaJlJleJlbHNe ueno~K~ MOJleKYJI. 

C-H •••O 80AOpo~HHe C8"3H. OCb uenOQKH neMH' B nnoCKOC'H n1,nep

cno~,CJle~OB8TeJlbHO,8C~MMeTp~~teMoneKyn~ K01e~H8
 

neHn.~KYJlApHOt\ K 
nJlOCKOCT~ ~ ABYKP8THO p83ynopflAO~eH~.
 

J1e~aT B 3epK8J1bHO~
 B lleno~Ke Ha 1800 BOKpyr HopM8J1~ K oc~ 
~ TIoBopOT OAHO~ MOJleKYJlbt 

npo~r~my 3Hepr~~ pemeTK~ - ~o
 
ueno~K~ np~BO~~T K 3Ha~~TeJlbHOMY
 

Do ,IJ,aHHHM [9] MOJleKYJI~ KO~~Ha HMeeT ,IJ,~nOJlhHH~ MOMeHT 3,7~, 

op~eHTauHR KOToporo nOKa3aHa Ha pHc.I. C Y4eTOM 3Toro 06CTOR

TeJlbCTBa CJlO~ Ha p~c.2 MorYT 6MTb npe~CTaBJleHM KaK cerHeTp3J1eK

Tp~t:IeCK~i1 ~ aHT~cerHeT03J1eKTpHt:IeCKHi1 THn ynopR,n,04eH~H ,IJ,HnOJleH 

(pHc.3). Cnoco6H HaJlo*eHHR ~ t:Iepe,1J,OBaH~H CJlOeB MorYT TaK~e Bapb~ 

aposarscs c Y4eTOM c9JMMeTpHH rpynnu A 2/m ,4TO n03BOJtReT nocrpc

~Tb pa3Jt"4Hble MOIl,eJlH rpexuepaor-o ynopanoveaaa. 
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P~c.3.	 Ynop~Ot:IeH"e MoneKynHpHb~ ,IJ,~noJtey. K0geHHa B cJtoe (100): 

a -ynopH,IJ,04eHHe cerHeT03J1eKTp~4ecKoro T~na) 

6 -·ynop~o4eH~e aHTHcerHeTo3neKTp~4ecKoro 'T'~na • 

PaCCMOTpHM uerupe OCHOBHblX Bap~8HTa. 

Cnoã c~MMeTp~" sm (pac , 3a) MOJlteT 6blTb CBR3aH co cJle.n.Y~lI\~M 

CJlOeM Tp8HCnRu"e~,JI"60 UeHTpOM "HUepcHH. 3HeprHH pellieTKH TaKoro 

!tpl-lCT8J1n8 B nepsov cnyuae -(17 + 0)KK8n/Monb, BO BTOpOM -(16+2) 

ImaJI/Monb. 2,n,ecb ~ nanee nepsoe cnar-aeuoe - 3Hepr~R B8H,IJ,epB8aJIb

ccncxcro B38"Mo,rr,el1cTB"R, BTopoe - KYJlOHOBCKaR COCT8BJlRKllI\aH asep

rl-lH pemeTK~. 

Cno~ cHMMeTpH" A 2/1n (p~c.36) MOJKeT 6NTb CBR38H co CJle~lI\~M 

anoeM TpaHCJlR~el1,JlH60 lleHTpOM ~HBepCHH,t:ITO COOTBeTcTByeT Tpex

MOpHOMY ynopfl.n.04eHH~ uenOt:IeK no 8HT"CerHeT03J1eKTpHt:IeCKOMy THny. 

5 
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1( 

3Hepr~fl pellieTK~ B 3TMX BapMaHTaX paBHa CooTBeTcTBeHHO -(18+1) 

IIKKan/Monb M _(I5~3)KKan/Monb. 
PaccMoTpeHHHe Bap~aHT~ ynopflAOqeH~fl OqeHb Mano oTn~qa~TCfl no li 

, l
3HeprM

M 
pellieTKH, a o6naCT~ c pa3HblM~ TMnaM~ ynop~OqeH~fl nerKO 'Il 

nepeXO~ET ~pyr B ~pyra np~ Han~q~~ He60nbllioro q~cna ~e~KTOB I'.~ 

ynaKOBK~. ~ . 
TennOTa ey6nMMa~MM KpMCTannOB KO~MHa,M3MepeHHafl MeTO~OM HMS

KOTeMnepaTypHor KBap~eBoro pesOH8Topa [10],cocT8BnfleT(25,I±O,5)
o 
KKan/Monb. Ae~M~MT p8Cl~eTHO~ BenMqMHN 20-25% B SH8qMTenbHo~ Mepe .. ,
CBflsaH c HeTOqHOCTflMM B MOneKynflpHo~ reoMeTpMM,B nepBYro oqepe~b,
 
B nono~eHMM H opMeHTa~MM MeTMnbHNX rpynn. 0pMeHTaUMfl MeTMnbH~ ,.
 

jrpynn B H8lliMX paCqeTaX He yTOqBflnaCb. B TO ~e BpeMH YKa3aHHbl~ 
~e~M~MT paeqeTHb~ SHaqeHM~ 3HeprMM pellieTKM eBHAeTenbcTByeT o
 

HaMnyqme~ nnOTHO~ ynaKOBKe MoneKyn B pasynop~OqeHHOM KpMCT8nne
 

no cpaBHeHMID c paeeMOTpeHH~~ ynopfl~OqeHHHMM CTpYKTypaMM. 

AHsn~s Me~oneKynflpHb~ KOHTaKTOB nOKasan,qTO np~ Bcex TMnax
 

ynopfl~OqeHMfl B CTpYKType MeT~nbHNe. rpynTIbl MoneKyn KO~MHa,np~H~

ne~~MX pasHb~ cnOflM,nnOTHO KOHTaKT~pyroT ~pyr c ~pyrOM. PaaMep
 

TSKHX o6naeTe~ sa~enneH~fl onpe~e~8eTCfl paCCTOflHHeM Me~ ~e~K

TaMH ynsKoBKH MnH rpaHM~aM~ 6noKOB B KpMCTanne.
 

TIpoBeAeHHoe paCCMOTpeH~e nOSBonReT CqHTaTb,qTO pasynopflAOqeH-


HNe Kp~CTannN KO~MHa noCTpOeHN MS nonflpHNX uenOqeK MoneKyn,paa

nHqHNM 06paSOM ynopfl~OqMBa~MXCH B SaBHCMMOCTM OT nOKanbHNX HeoA

HOpO~HOCTe~ ycnoB~~ B SOHe poeTa (TeMnepaTypa,rp~MeHT KOH~eHT-

pa~HM,rp~HeHTN 3neKTpHQeeKorO nonn M T.~.). 
Y. TennoBoe paClliMpeHMe B ~HTepBane TeMI1epaTYP 4,~295 K. 

TennOBoe paClliMpeHMe B MHTepBane 130 ~ 295 K 6Nno HSMepeHO Ha
 

MOHOKpHcTanne KoqeHHa no peHTreHoBcKO~ ~M~paK~H. ilapaMeTpN RQe~
KM npM T =(130 ± 3)K ~ MX OTHOcMTenbHHe ~aMeHeHHR OT 295 K 

5 1
Qt= 3,380(1) Ã Dt.,= 15x10- rpBA--. 

~ = 14 ,846( 5) A ri21. = 4,4xIO-
5 

c= 8,864 (3) A (/j3 =5, I xl0-5
 

B = 104, 77(3 )o ~t; = I, I xIO-ti
 
r' Os Id. -t:
V :=: 430,2(2) A • l-V = 24xIO . 

06paseu 06~YBancR DOTOKOM rasoo6pasHoro asoTa,TeMnepaTypa KOHT

ponHpoBanacb TepMonspo~ Me~b ~ Ko~cTaHTaH. 

I'nasaue KOMnOHeHTbI reaaopa TenJIOBOrO pacmapeaaa , pacvaraaaue 

~ YX8s8HHoro RHTepBan8, ~eMoHcTpHpYIDT 3H8~Te~DHyID 8Hn30TpOITRID 

TennOBoro paclliMpeHMH. 

TennoBoe paclliMpeHMe 6blJIO TaK~e MsyqeHO no peHTreHoBcKo~ ~MT

paKuMM Ha nonMKpHCTaJIJIMGeCKOM 06pasue B MHTepBane TeMnepaTYP 4,b 

~ 295 K. nnocKH~ 06paseu 8xI5 MM HaxO~HJICfl B renMeBOM KpVlocTaTe 

[n] ,ycT8HOBJIeHHOM H8 mI{bpoRToMeTpe ,UPOH-O, 5. V1SJIYGeHHe Cu KK 

MOHoxpoMaTHS~pOBaJIOeb HHKeneBb~ ~HJIbTpOM. TeMnepaTypa 06pasua 

HaMepHnach nnaTMHOBb~ TepMoMeTpoM conpOTHBJIeH~fl e TOGHOCTbIO :tO,Io. 

.nH~paKTOrpaMMbI aanacasu HS caaonaceu c TOGHOCTblO no yrJIaM 20± 

±0,01~ c llisrOM no TeMnepaType 0,5 ~ 3,~ K B MHTepBSJIe OT 4,5 ~o 

45 K H ~anee npH TeMnepsTypax 125, 175, 225, 273 H 295 K. 

Ha pHc.4a npe~eTaBneH YQSCTOK peHTreHOrpaMMhl ~nfl T=295 K. V1H~H

~HpoBsHHe peHTreHorpaMM nOJIMKpHCTaJIJIOB OCJIO~HHJIOCh nceB~oreKca

rOHaJIbHO~ CHMMeTpHe~ cnoeB (100) pellieTKM KO~HHs,npoHB~BllieHcfl B 

., 
1.1 Vt.4.ã 

l1IJ 

a

1 
2 3 ~ 5 I r 

I,IDd <5 

4 5 
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Hano~eH~~ rpynn n"Hv.~ Ha peHTreHOrpaMMaX. ~nR pasgeneH"fl n"H"~ 

c nOMO~blO npOrpaMMbJ "nOn"Kp~CTaJIJI" [r2] 6bJna paCC'tIHT8H8 TeOpeTH

qeCK8R peHTreHorpaMMa no CTpYKJYPHMM ~aHHb~ MOHOKp"CTanbHoro "C
CJIe,1loB8HES:I(pBC. 46). Do Het1 Bbl6paHbl onopsue .,U,OM"H~PYlO~"e B rpyn

nax n"H"" (022), (120), (12~) " (-211).ITo 3TKN n"H"RM onpe~enR

n"Cb napaeerpu flqe~K" npa paaaux TeMIlep8Typax c nocne,nylO~HM YTO

qHeHM€M npo~e~po~ MHK no 12 n"H"flM. Ha pH~.5 npe~cTaBneHbJ KPH

sue TeMnepaTypHoH 3aBl1Cl1MOCTl1 napaeerpoa 11 o6õeMa ôneMeHTapHo~ 

Pl1c.5. TeMnepaTypHan 3aB"C"MOCTba,~ l'
JI.5 

n~paMeTpOB H 06õeMa ôneMeHTapHOn ,1· 
"',1', 

Rqe~K" Kp"CTannOB KO~l1Ha. 

I"'~ .. 
~ 

o !O IIJ 

.. 

• -r.x 

Rqe~K" KO~l1Ha S "HTepSane 4,5 f 295 R. Cne~yeT OTMeTMTb 8HOMa

nHIO Tennosoro paCm"peH"R MeMcnoeBoro napaMeTpa I~I B HH3KOTeM

nepaTypHOn 06nacTH (34 7 40)± I R, r~e nOKanhHaR SenH~"Ha cx:,,= 
(I4iA4)xIO-5 rp~-1 3aMeTHO npesblIDaeT Cpe~HD~ ~nR HHTepBana 

4,5 ~ 45 K Sen"QHHY ~,= (5 ± 2)xIO-5 rp~-I. 

Y1. HH3KoTeanepaTYPH8R TennqeMKocTh 1 
~3MepeH"R H"3KOTeMTIepaTypHo~ TennoeMKOCT" npoBe~eHbl HS qe~pex )\

nOnMKp"CTannHt.leCK"X 06pa3~ax B HHTepsane TeMTIepsTYP 4,5 f 45 K. 
06pa3~ nonyqeHbl np" pa3HblX CKOpOCTRX oc~eHHR Ha KBap~eBYIO 

non,nOJKKY npa rexnepa'rype non.nO~K~,MeHflBlIleHCR B paSHbIX onarax 

OT 400C ~o rooOc. B 3aB"Cl1MOCT" OT pe~"Ma Bblpa~"BaH"R cpegH"~ 

pa3Mep Kp"CTannl1TOB MeHRnCR OT HeCKOnbK"X Ml1KpOH go 300 MKM. 

~3MepeHHR npoBog"nl1Cb B npenH3BoHHoN agl1a6aTv.QeCKOM KanOp"

MeTpe [13] HeCKOnbKHMl1: ,Cep"RMl1 na I<aJJyJ,OM oopaaue , c marov B ce

P"RX 0,5 f r,5 R. Cepaa OTJIv.tIan"Cb Hat.lanbHbIM" revneparypaea 11 

BpeMeHeM Bbme~Kl1 06pa3ua np" HatIanbHb~ TeMnepaTypax nepeg "3

MepeHl1RM" (OT r tIaca go 20 t.laCoB). 

Ha'p"c.6 nOKa3aHa TeMnepaTypHaR 3aBl1C"MOCTb MonRpHo~ Tenno

eMKOCT" Kp"CTannOB Ko!fleHHa B e,Il,"Hl1~aX R,r,n,e R- YH"BepCaJ1bHaR 

~TI'T"-',Gp.l~ 

.."..,. 
-::.1 r·4 

,;'
/ 

o 1() ;ao .:s o 4~~ T.I( 

PHc.6. MonRpHaR TennoeMKbcTb B HHTepBaJ1e TeMnepaTYP 4,5 ~ 45 K. 

ra30BaR nOCTORHH8R. Pe3ynbTaTbl,nonytIeHHble Ha pasHblX 06pa3~ax,
 

COBn~aKJT S npe.nenax norpemaoc'ra H3MepeHH~ Cp (T) :- 0,2% B HHTep


Bane TeMTIepaTYP 4,5 f 28 K. B HHTepsane 28 + 40 K Ha6nKJ,Il,aeTCR
 

3HatIHTenbHbln pa36poc TOtIeK (,n,o 3%) "3 pa3HblX cepHH npl1 TepMO


U"~nMpOBaH"" oõpaaua, a rasxe ~nR paamrx 06pa3~OB. Ilpa 3TOM
 

BpeMR YCT8HOBneHHR Tennosoro p8BHOSeC"R B 06pa3~ax B03pacTaeT
 

OT 15 MHHyT ~Q 60 - 70 Ml1HYT,t.lTO YKa3blBaeT,KaK npaBl1nO, Ha S03


Hl1KHOSeHMe MeTacTa6HnbHb~ COCTORHl1H B o6pa3~e. Ha6nlOAaeMNe aHO-.
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ManHH B 1'ennOeMKOCTH 3aB~CB1' 01' peanbHO~ ~e~K1'HOH MHKPOC1'PYK

TYPN 06pa3ll0B,Onpe~enReMO~ pe~HMOM BNp~~HBaHHR,H 1'epMH4eCKOH 

rrpe,IU:lC1'OpnR 06pa3Qa. TeMnepaTYPHaFl 06naC1'b 3THX aHOManHH nepe

spasaev 06naCTb aHOManbHOrO xcna 1'enJiOBOrO pacmapeaas H COBna

lI,aeT C 'TeMnepa1'ypHblM HH1'epEanOM,B KOTOpOM CneK1'panbHbIMH MeTO

,rr,aMH B pane MOneH:YJlHpHbIX Kp~C1'annOB H nOnHMepOB Ha6nlO.rr,anOCb B03

6y~eHHe peOpHeHTallHOHHb~ lI,B~eHHH MeTHJibHb~· rpynn [14,15]. 

C yqeTOM ClI,enaHHOro BNllie SaMeqaHHFl o cy~ecTBYIO~HX B KpHcTannax 

KO~HHa 06~ac1'Rx nnOTHO KOH1'aKTHpYIO~HX Me1'HnbHNX rpynn MO~O 

06'bRCHH1'b xoppennnao TennoeMKOC1'H B ,rr,aHHOM HH1'epBane TeMnepaTYP 

co cpelI,HHM pa3MepoM 06nac1'eH "3a~enneHHR". 

B no.nsay lI,aHHOf'O npennonoxeaaa cBH,rr,e1'enbcTByeT TalOKe 6blCTphIH 

pOCT Cf (T) ,YKa3blBa!o~Htí na 3HaqHTenbHble BKnalI,b1 HHSKOqaCTOTHhJX 

MOlI,. BeJi~qy!Ha Cr (T) = 6 R ,IJ,nFl KOq:e!1Ha ,IJ,OCTHraeTCFl npa rexnepa

Type 44 K, r orna KaK ,TiJiR 60JilJll1HHCTBa HCcnelI,OBaHHblX OpraHHqeCKHX 

KpHC1'annOB yposeus 6 R COOTEeTc1'Bye1' 80.;.100 K [16]. 

Bsnue 42 l{ orracasnue aHOManHH B nOBe,rr,eHHH 1'ennoeMKOC1'H saMeTHO 

YMeHbwalO1'CR,B qaCTHocTH,YCKOPRI01'CR npo~eccbl YC1'aHOBneHHR B 06pas

~e 1'ennOBoro paBHoBecHR. 

Y11. PacceRHHe HeH1'poHoB 

~nR npoBepKH npelI,nOnO~eHHR o CBRSH aHoM~nMH B 1'ennoeMKOC1'H 

H 1'ennOBOM paClliHpeHHH C peopHeH1'a~HOHHhIMH .rr.BH~eHHRMH Me1'HnbHMX 

rpynn 6bInH USMepeHbI cnexrpu pacceaaaa HeH1'pOHOB Ha nonHKpHC1'aJI

nax KO~HHa npH 1'eMnepa1'ypax 5" 80, 295 K, a 1'aK~e B 06naC1'H 

BblcoKo1'eMnepa1'ypHoro ~aSQBarO nepexolI,a npH 393, 428 H 443 K. 
I1onHKpHC1'annHqeCK11i:í. ocpaaeu 6bwnonyqeH oClUt,D,eHHeM (0,02 w/q) 

'Ra RBapneByID nOlI,nO~KY c 1'eMnepa1'ypoH 600C. Cpe.rr.HH~ paSMep 

KpHc1'annHToB 0,05 MM. 06paseQ MaCCOH 15 r nOMe~anCR B nnocKyIO 

anlOMHHHeaylO Kacce1'Y I60x180 MM lI,nR HSMepeHHH 01' 5 KlI,0 295 K 
HnH,B KacceTY 150xI50 MM lI,nH HH1'epBana 80 ~ 450 K.TeMTIepaTypa 

06pasQa KOH1'ponHpoBanacb nnaTHHOBblM 1'epMOMe1'pOM conpo1'HBneHHR. 

MSMepeHHH npOEelI,eHhI Ha cneK1'poMeTpe 06paTHoH reOMe1'pHH I~COr-M 

[17J Ha peaK1'ope HBP-2 B nH~ OMEM. ~nH MOHoxpoaa1'HsaUHH Hey.1'po

HOB Hcnonb30BanClI oxn~aeMNH ~H)J.KHM a301'OM 6epHnnHeBhIH ~Hnb1'p 

H pacnono~eHHbI~ sa HHM UHHKOBhIH MOHOKpHC1'annH4eCKH~ aH8nHSa1'Op. 

OlI,HOEpeMeHHO npOBOlI,HnHCb HSMepeHHH cneKTpOB HHFH (pHC.?) H lI,H

~paKQHH He~1'pOHOB (pHc.IO). 

~(cm""J PHC. ? . Bpeuanpone-nme cnexrpu 

HHPH Koq:eHHa. 

2-' J.5 
>.[A) 

CneK1'pbl HHPH HSMepHnHcb lI,nH ceMH yrnoB pacceHHHH 01' 300 .rr,o 

c marOM 200.I1onyqeHHHe cneK1'pbl HOpMHpoBaHhI1500 Ha CqeT MOHH1'O

pa,BhIqTeH ~H 01' KpHoc1'aTa c nyc1'oH Kacce1'O~ 11 npoae.rr,eHo CYMMH

pOBaHHe no BceM yrnaM pacceHHHH. Cne,JJ,ye1' O1'Me1'H1'b,q1'O cneK1'phI 

.rr.~e npH 5 K OqeHb cna60 C1'PYKTypHpOBaHhI H nOJiHOCTblO pa3MhI1'H 

npH 1'eMnepaTYpax B~e 80 K. Ha HH3K01'eMnepaTYpHhIX cneKTpax (5 K 

H 80 K) MO~O Bb~enHTb nonOChI c qaC1'OTOH 140,220,290,308 H 370 

CM-1,HO O1'HeceHHe qaCT01' nOKa HeBOSMOmMO 6e3 .rr.aHHNX On1'HqeCKO~ 

cneK1'pOCKonHH H paCq~1'a Kone6a1'enbHoro cneK1'pa KpHC1'annOB KO~

HHa. CneKTpbl HHPH lI,nH nH1'H TeMnepa1'YP nepeBe.rr,eHhI BO B3BemeHHhIe 

~HKQHH nnOTHOC1'H ~HOHHHX COCTOHHH~ no qoPMYne O~HO~HOHHoro 

pacceanaa [18]: 

J 16.) ~ J2b'iac ,....1: .r. Gu GJ J (I ) 

. jl(ij rlQJJ kl ~ 1-Uf(JAT) 
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r~e J (À)-MHTeHCHDHOCTb paCCeflHHb~ He~TpOHOB,~(~)-CneKTp na~aID

1l111X HetíTpoHoB, 'Ki H kr - BOJlHOBble B€KTOpbJ n~a101l1HX H pacceaxaux 

He~TpOHOB,X11 y- nepenaua HMnYJlbCa H 3H€prHH COOTB€TCTBeHHO. 

DJlOTHOCTt-t !f10HOHHbfX COCTOflHHl1 T3KJKe tlaCTl1'llHO CTpYKTypHpOBaHbJ 

TOJlbKO npl1 HH3Kl1X TeMnepaTypax (pHc.8). npH 5 K B H113KOtlaCTOT

HOti 06J1aCTt-t no 80 cM- I Bbl~eJlfleTCH "nnexo" B cnexrpe , nO-BH~l1MOMy, 

CBH3aHHO€ c rpaHt-t~€~ aKycTHqeCKO~ qaCTH Cn€KTpa 11 paSMHBaID1l1€eCH 

sunre 80 K. TIpl1 293 t{ 11 ssnue B nJIOTHOCTH COCTOflHH~ HeB03MOJKHO BbI

~eJIHTb KaKH€-JIH60 nOJIOCbl	 ROJI€6aHHH H y~asaTb rpaHH~ aKYCTHtleC

KOM 06J1aCTH CneKTpa. 

- r---,--- r , -------.-----,---.------rG"H)	 Pl1c.8. ~HKl1,HH nJJOTHOCTH rpoHOHHbIX 
r-1028K 

COCTOHHH~,nonytl€HHaH HS 3KCnepHMeHTaJlb

HHX CneKTpOB HHPH KO~l1Ha. 

...~ 

,"	 ~ 
SOO 

~lcn;'1 

ITepexpHTHe aKYCTl1t1eCKO~ H OnTHtleCKO~ 06JIaCTeA CneKTpOB YKa

3~BaeT Ha Cl1J1bHOe B3al1MO.rr,e~CTBHe BHelliHHX H BHYTpl1MOJIeKYJlHp}ffi~ 

MO.rr, B KpHCTaJlJIax KO~HHa npl1 TeMnepaTypax Bblllle 80 K. 

CHJIbHO€ pa3MNTHe cneKTpa npH 3THX TeMnepBTYPax MO~O 06õHCHl1Tb 

3HatlHTeJIbHHMH BapHaUMflMl1 B JIOKaJIbHOM, OKP~€HHH TpeX MeTHJIbHWX 

rpynn KoqeHHa,npOTOHbJ KOTOpbJX .rr,BIOT OCHOBHO~ BKJI~ B HHPH. 

nOBe.rr,eHl1e Heynpyroro pacceHHHH B 06JIaCTH ynpyroro nHKa ~JIS
 
0 0
yrJIOB pacceHHHH 50 H 90 nOKasaHO HB pHc.9. KBa3Hynpyroe YWH

peHHe B~Hoy~e npH TeMnepaTYpe 80 K H 3aMeTHO paCTeT C nOB~e-

HHeM ;eMnepaTYPbI. dTO CBH.rr,eTeJIbCTByeT O c~eCTBOBaHHH B KpHC-

LW 
V ~ ~ 43 ~ ~ ~ ., U U	 Pl1C.g. CneKTpE J{Ba3Hynpypopo pacceaaas 

HethpoHOB B l1HTepBaJJe revneparyp 5 .;- 428 K • 

0.,--,-. -r- • . I""W~ 511 sil S50 SJIl--; 

N-64fo1S 

TaJIJIax 6bICTpbJX CTOXaCTl1t1eCKl1X .IJ,B~eHl1l1 npOTOHOB. nOJlytl€HHe KOJll1

qeCTBeHHb~ .IJ,aHHb~ O BpeMeHHb~ H reOMeTpl1t1eCKl1X napaMeTpaX STOrO 

.rr,B~eHHfl Tpe6ye~ npOBe~eHHH MO.IJ,eJIbHb~ paCtleTOB. 

O)J,HOBpeM€HHO C HHFH perHCTpHpOBaJlaCb lJ,t1ttpaK~Hfl He"tíTpoHoB 'Ha 

yrJIaX paCCeflHl1H 300 H 70 0• DonytleHHbJ€ pe3YJlbTaTbl, nocJle ~eJleHl1H 

Ha cneKTp na)J,alO1l1HX Ha 06pa3€Q H€ATPOHOB t-t BHtlHTaHHH HeKOrepp€HT

Horo ~OHa, no Ka38HbJ Ha pHc.10. 

B~H3KoTeMnepaTYpHHX )J,H~paKTorpBMMax (pl1c.IOa) 3aMeTHbI TOJIbKO 

TeMnepaTypHbI€ c~BHrH JIl1HHtí,cOrJIaCYIO~HecH C paCtleTHbJMH no peHT

reHOBCKHM ~aHHNM. CJIe~eT OTM€THTb,tlTO 11 B peHTr€HOBCKOA,l1 B 

H€~TPOHHO~ .IJ,H~paK~HH HB KpHCTaJIJIaX KO~HH8 CJI860 npoRB~RIDTCR 

HOpMBJIbHbI€ H3MeH€HHH B ~pMe JIHHH~ npH nOHl1~€HHl1 TeMnepaTYpbl 

pOCT HHTeHCHBHOCTH npl1 YM€HbllieHHH no JlyrnH pl1HbJ Jll1Hl1l1. 3TO YKa3~Ba

eT Ha 60JIblliO~ BKJIB~ B TenJIOB~€ ~KTOpb! aTOMOB B p83ynopH.IJ,OtleH

HOM KpHCTaJIJIe CTBTHtleCKO~, a He ~l1HaMl1t1eCKOl1 KOMnOHeHTbI. 

B 06JIaCTH BbICOKOTeMnepaTypHoro ~30Boro nepeXOlJ,a.~l1~paK~HH 

He~TpOHOB perHCTpHpOBaJlBCb npH 393, 428 11 443 K npH H8rpeBe 

H OXJIaJK,1],eHHH 06pa3QB.PeSYJlbT8TbI H3MepeHHi1,06pa60TaHHbIe KaK B 

npe.rr.~.IJ,YIII€M cJlytlBe.' nOKa38Hhl na pHC. 106. Ha HetíTpoHorpaMMax, nOJlY

tI€HHhIX npa H8r:peBe no 393 H 428 K, B~Hhl pa3JllrlDIJI B 06JIaCTH 

Me~JIOCKOCTHbJX pacCTOHHHl1 3,1 ~ 3,4 ~. Pe~eKc (120) HCtle3aeT 

B BbIcoKoTeMnepaTypHoA ~a3e, a CHJlbHb!X pe~eKC,flBJlRIO~HAcR cYMMoA 
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Pac , Ia.	 CneKTpbl:\HçpaKL;l111 Het\TpoHoB aa nOJII1Kpl1CTaJIJIaX Koq:el1Ha: 

a-HJ.13I\OTeMnepa1'ypHHt\ 3KCnepl1MeHT, 

6- EblCOI\OTeMnepaTypHblY 3KcnepHMeHT; p,l1ttpaK~I1H npa 393 K 

nOKa3aHa npH OXJIa*p.eHI1H (H~HHH cneKTp), OCTaJIbHble 

npl1 HarpeBe o6pa3~a. 

OTp~eHl1A (100) H (-111), saMeTHO cymaeTcH. OXJI~eHHê o6p asua 

He npHBop,HT K BOCCTaHOBJIeHHID HCXOp,HOA p,H~paKTorpaMMU npH 393 l{, 

H Hcxop,HaH HeATpOHorpaMMa BOCCTaHaBJIHBaeTCH TOJIbKO npl1 293 K. 

Pe~eKc 3,03 ~ ~OHOBNH 11 OTBe~aeT p,H~paKUHH Ha p,e~aTeJIe KacceTH. 

Ha6JIIDp,aIDmH~CH B HeHTpoHHOA p'H~paK~11 ~asoB~~ nepexop, co SHa

4HTeJIbHbIM rHCTepe3J.1COM no TeMnepaTYpe Haxop,HTCR nO~TH Ha lOOoC 

HHMe TOllKH nJIaBJIeHHH KpHCTaJIJIOB KO~€HHa. Ha6JIIDp,aeMble B ~TA [I] 

H ~ p,H~paKUHH HSMeHeHHR MO~HO 06õHCHHTb nepexop,OM OT CT8THlleCKH 
pasynopHp,olleHHoro KpHCTaJIJIa K p,HHaMH~eCKOMY pasynOpHP.04eHHID, 

BOSMOmHO,B~SBaHHOMY peOpl1eHTa~eA MOJIeKYJI KaK ueJIoro. 

YIII. 3aKJIIDlleHHe 

1. B KpHCTaJIJIaX Ko~eHHa c~ecTByeT CTaTHlleCKoe pasynopHp,olleHHe 

H OCHOBHhIM CTpYKTypHbllV1 MOTHBOM HBJIRIDTCR nonapaae UenO~KH MOJIe

KYJI, ne o6paSYIDmHX BOIJ,OpO,r:J,H~ cBH3e~. 
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2. B Kpl1CT8JIJt8X ItOf'tBHHS cYmecTBYIDT MaKpOCKOnJ.1lleCKHe 06JIaCTH 

"aanenneaaa" nJtOTHO «OHTSKTHpYIDmHX MeTHJIbHblX rpynn cocenaax 

MOJteH:YJt· 

3. B O~JIaCTH TeMnepaTYP Bb~e 30 K Ha6JIID~aeTCfl aHOMaJtbHoe no

aon,eH"8 TonnOBoro p8CWI1peHHR H TenJIOeMKOCTI1,nO-EH;J,HMOMy,cBH3aH

HOO c Dos~~eHHeM peopHeHTaUHOHHb~ ~BI1~eHH~ MeTHJIbHb~ rpynn. 

4•	 .n"lllpalcUHe~ He"TpoHoB nOp,TBepJK,IJ,eHo c~eCTBOBaHHe BbICCKO

TOMnepoTypHoro ~asoBoro nepexop,a B KpHCTaJIJlaX Koq:el1Ha,B03Mo~HO, 

cnR38HHoro c nepexop,oM 01' CTaTHlleCKoro pa3ynopRp,04eHI1H K ,IJ,HHa

MI1\1eCI\OMY·
}; 

ABTOpH 6JIarOp,apHT C.M.EparI1Ha,B.H.EponKI1Ha H A.~.npOXBaTI1JIOBa 

3a nOMO~b B npOBep,eHI1I1 3KcnepHMeHTOB, H.M.KOHI1K 3a 113MepeHI1e Ten

JIOTN cy6JII1MaUMI1 Koq:eI1Ha, M.B.KoceBI1~,A.b.TenJII1UKOrO 11 O.A.EopRKa 

3a	 Macc-cneKTpOMeTpl1qeCKI1~ 11 xpOMaTOrpa~l1qeCKI1~ KOHTpOJIb npe

napaTOB. ABTOpW TaKMe 6JIarOp,apHbI B.n.raJIKI1Hy,C.M.TpeTbHKY 11 

B.M.~OMI1HY 3a nOJIeSHble 06C~p,eHl1R peSYJIbTaTOB. 
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XOMeHKo B.r. ~ AP . PI4-87-596 
CTpYKTypa H oco6eHHoCTH AHHQMHKH 
KpHcTannos Ko~eHHa 

npeAcTasneH~ po3ynbToT~ CTPYKTYPH~X ~ccn~AoBaH~~ Kp~cTannoB KO$C~Ha B ~H
Tepsane TeMhepoTyp 4,5 + 430 K MeTOAaM~ peHTreHOSCKO~ ~ He~TpOHHO~ A~$paK4HW. 
BnnoTb AO renHBD~X TQMnOpoTyp Ha6n~AaeTcA CTaT~CT~4eCKoe pa3ynopAAo4eH~e 

MoneKyn. OCHOOH~M CTpyKTypHWM MOTHDOM ADnR~TCA 'nonRpH~e 4en04K~ MoneKyn, 
He o6pa3Y~~Ho DOAoPOAH~X con3cH. Bn~RH~e pa3ynopAAo4eH~R Ha A~HaM~KY peweTK~ 

~ccneaOBaHo no cnoKTpaM Hcynpyroro HeKorepeHTHoro pacceAH~A He~TpoHoB ~ no 
TeMnepaTYPHo~ ~QDHCHMOCTH TennoeMKOCT~. Bblwe )0 K Ha6n~AaeTcR aHOManbHoe no
DeA6HHO TonnoDMKoCTH, CDR3aHHoe, nO-B~A~MOMY, c B036Y~AeH~eM peop~eHTa4~oH

H~X ADHmoHH~ M~THnbH~X rpynn. 3TO RBneH~e Ha6n~AaeTcR no KBa3~ynpyrOMY pac
ceAHH~ HOHTpOHOD. npH KOMHaTHo~ TeMnepaType 6~cTp~e peop~eHTa4~~ MeT~nbH~X 

rpynn npHDOAnT H nonHOMY Pd3M~T~~ oco6eHHocTe~ $oHoHHoro cneKTpa. nOA
TDOpmAOHO Cy~OCTDOOQH~e D~coKoTeMnepaTYPHoro $a30Boro nepxoAa, B03MO~HO, 

CDAOnHHOrO C nopOXOAOM OT CTaT~4eCKoro K A~HaM~4ecKoMY· pa3ynopAAo4eHH~ MO
nUKyn HO~OHHa. 

Pa~OTD D~nonHeHa B na6opaTop~~ He~TpoHHO~ $~3~~~ OHAH. 

npcnpH}fT Ü6'bellHHllHHoro HHCTHTyn R.u.~PHbIX I1CCJJlllloHlilmA. )ly6118 1987 

nepesoA O.C.B~HorpaAoBo~. 
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Structure investiqations of 
and neutron diffraction in the 

the cophe
4.5~-300 

ine crystals 
K temperature 

by means 
range 

of x-ray 
are reported. 

The molecules tend to arrange in polar chains with no hydrogen bonds, 
producinq a picture of global orientational discorder down to I iquid heI ium 
temperature. The influence of such discorder upon the lattice dynamics was 
then studied by rnearrs of IINS (inelastlc incoherent neutron sca t t e r l nq) 
and t~mperature dependence of speclfic· heat. The latter shows an anomaly 
above )0 K, probably due to activation of reorientational motions of methyl 
groups. Thls is further supported by the quasielastic neutron scattering. 
In room temperature, fast reorientat ion of the methyl groups causes a l l 
details of phonon spectra to be smeared out. Another evidence was found for 
the existence of the high temperature phase transitions probably from sta
tical to dynamical disorder of the copheine molecules. 

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