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KPHCTAJIJIHqECKAH CTPYKTYFA TIPHPO,IJ;HOrO CAXAHTA
" Ca3Mg [B03] Z[C03] .O,36HzO

KaJIbqaii-MarHneBbIii Kap6oHaTo6opaT caxaHT (H3. MarHe3naJlbllbIX CKap-
HOB) OIIHcaH B (I). B (2) Ha OCHOBe nopomKOBbIX )J;aHHblX npe)J;JlOmeH BapHaHT

CTPYKTypbt 3Toro MHHepaJla, OTBeqalOnwii !f>opMYJle

Ca.8MgI6(C03) 18(B03) z8Cl. (OH) 8' 4HzO

,RpHCTaJlJlHqeCKaH cTpyKTypa CHHTeTHqeCI\Oro caxaHTa C 6J1HaKHM COCTaBOM

Ca.sMgI6(B03) 3Z(C03) 16'xH20

pacIDH!f>poBaHa Ha OCHOBe JJ;H!f>paK:U;HolIHoro MaTepMaJla, nOJlyqeHlIOrO OT MO-
HOKpMCTaJlJla C).

HaMH HCCJle)J;OBaHbI JlI06ealIO npe)J;OCTaBJleHlIbIe C. B. MaJlHHKO MOHOKpH-
CTaJlJIbI npMpoJJ;Horo caxaMTa Ma MeCTopomJJ;eHHH COJIOIIrO (4). llapaMeTp KY-

6JI'IeCKoii JIqeiiKH YTOqHeH IIa aBTo)J;M!f>paKToMeTpe PI «CMHTeKC»: a=
=14,685 (3) A. 8KcnepMMelITaJIbHbIii MaTepMaJi- 831IeaaBHCMMbIX HeHYJleBbIX

PRC. 1. CaxaRT Ca3Mg [B03] 2[C03] .O,36HzO. llpoeKI\IHI .xy. Ra-
THOHHble IIOcTpoihm Ha ypOBHHX Z=I/. (A) R 1/2 (B)

(1;;;:'1,960/) OTpameHHH - aapemCTpMpOBalI (28: e) -MeTO)J;OMco CKOpOCThIO
CKaHHpOBaHHH 6-24° B MHHYTY Ha TOM me aBTO)J;H!f>paKToMeTpe (~MoK<t,

sin e .

max- = 0,96 A-I). llOqTH B TpMpaaa Mem,mee qHCJlOoTpameHo, noJIy-
A

qeHHbIX npn C'beMKe npHpoJJ;Horo KpMCTaJlJla caxanTa, no cpaBHeHlUo C CHHTe-
THqeCKHM (213 oTpameHMii) CBH3aHO e qpeaB~aiiHo MaJibIM paaMepOM HCCJle-
AyeMoro MOHOKpMCTaJlbHOrO 06J10MKa (r max=O, 1 MM). CHCTeMaTHqeCKHe nora-
camm pe!f>JleKCOB YKaabIBaJiH Ha aJlMa3HYIO' «peAOpOBCKYIO rpynny (<<p.r.),
Oh7=Fd3m, B OTJlMqHe OT a:u;eHTpHqHOiinoArpynlIbI F4132, YCTaHoBJleHHoii AJlJI
CIIHTeTnqeCKOrO caxanTa. OAHa.KO He nCKJllOqaJlaeb B03MomHOCTb OTCYTCTBRJI
OTpameHRii C RH)J;eKcaMM Okl(hkO, hOl), B KOTOpbIX k+l*4n(k+h*4n, h+l*
-i=4n) H KOTOphIe HapymalOT !f>.r. Fd3m, aa CqeT BbICOKOii IIceB)J;ocRMMeTpRR
npHCTaJlJlRqeCKOii CTPYKTypbI caxaRTa npR MaJlOM qUCJle aapenIcTpRpoBaHHbIx
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-
Ca 48 0,2489(6) ° {J 1,54(8)
Mg 16 0,125 0,125 0,125 0,2 (2)
B 32 0,351 (2) 0,351 (2) 0,351 (2) 1 (1)
C 1/2OT32 0,636 (3) 0,636 (3) 0,636 (3) 2 . (1)
01 1/2OT96 0,157 (2) 0,0415(2) 0,634 (4) 2,7 (9)
02 96 0,265(1) 0,118 (2) 0,127 (2) 1,7 (2)
03 3/~OT8 ° 0,5 ° 9 (2)

T a 6 JIll Q a 1

ROOPAHB8TI>l 6aalIcHLlX aTOMOBII lIaOTpOnB.&Ie TeMnepaTypBLle 4>aRTopLl

ATOM
I

RpaTHOCTb x/a y/b z/e B

Ta6JIII~a 2

MemaTOMB.&Ie paCCTOHBIIH, A

Ca-BOCbMHBepIIIHHHHK Mg-oKTaa;r(p

Ca-02
O2'

Oa'''
Ca-0t'(2)

Cpe~ee

(2) 2,55 (5)
(2) 2,50(5)
(2) 2,69 (5)

2,28(5) JlJIIICa-Ol" (2)

2,51

2,50 (3)

2,56

Mg-02 (6)
O2-02' (6)

O2'' (3)
0:/" (3)

Cpe~ee 0-0

2,05(1)
2,95 (5)
2,74(4)
2,93 (3)

2,89

02,-02'"
02V

O2''-02 V
021V

01-01'
O2 (2)

O2' (2)

O2'' (2)
O2V(2)

Cpef:{Hee

(2) 2,75(5)
(2) 2,94 (3)
(2) 2,36 (5)
(2) 2,96 (5) .

4,37(7) HJIH OIIV -01 V
3,61 (6) O2 (2)
3,13 (4) O2' (2)
2,66 (6) Oa" (2)
2,99(5) 02V(2)

3,01

B-TpeYI'OJIbHHK

1,39(2)
2,36 (3)4,14 (7)

4,14 (7)
2,66 (6)
3,13(4)
3,89(5)

3,16

C-TpeYI'OJIbHHR

1,23(4)
2,.13(5)

oTpamemlii:. nepeBo~ 1
paC'IeTId BbIllOJIHeHId C
H E-XTL (ICHHTeI,C».

TIpH YTO'lHeHHH CTpyKTypHOii MO~eJIH B paMKaX rOJIoa~p~ecKoii .p:r. Fd3m
aa HCXOAHldeB8HTId Koop~HHaTId aTOMOBCa,Mg, B, C; 0 H8' e), onpeAeJIeHHlde
npH HCCJIe~OBaHHR KpHCTaJIJIH'I8CKOH CTPYKTYPId xapKepHTa B nceBAOH'IeHKe
(cxo~Hoii C (WaXaHTOBOH» H'IeiiKoii) C napaMerpaMH, B ABa paaa MeHbillHMH
HCTHHHIdX (a'=a/2=14,73 A), H .p.r. Fd3m. !\OHe'lHIdM peaYJIbTaTOM 6ldJI
Rhltl= 10 %.

OCHOBIdBaHCb Ha Koop~HaTax aTOMOB H8 e), CTPYKTYPY YTO'IHHJIH B paM-

KRX a:qeHTpH'IHOH rpynnbI F4t32, YCTaHOBJIeHHOii~JIlI CHHTeTJJ1IeCKoro caxaHTa,
nOCKOJIbKY noracaHHH, nOJIY'IeHHlde lI.JIH MHHepaJIa, He npOTHBOpe'IHJIH :noii
rpynne. BbICOKHe aHa'IeHHH Bj ~JIH yrJIepo~a (Bc..:-58) H KHCJIOpO~a O~Horo
copTa (Bo,=6,5) CBH~eTeJIbCTB@BaJIH 0 HenpaBHJIbHOM 8a~aHlIH aTHX aTOMOB
B noaH:qHHX 16: d H 48 : g COOTBeTCTBeHHO.CMer:qeHHe :qeHTpa THmeCTH aTO-
)fa C C TO'IKH nepeCe'IeHHH oceH L3 H L2 B MeHee CHMMeTpH'IHOe nOJIOmeHHe
(32: e) Ha OCH TpeTherO nOpHAKa npH aTOMe Ot B n08H1J,HH 06r:qero THna
(96: k) CHHaHJIO HH~HBHAYaJIJ)Hlde TeMnepaTypHlde .paKTopLI ~o 2 H 2,7 COOT-

BerCTBeHHO AJIH C H 01. YKaaaHHlde noa~HR aTOMId C H Ot aamI'MaroT CTaTH-
CTH1JeCKH HanOJIOBHHY aH8.JIOrn'IHO TOMY, 'ITO HMeeT MeCTO B xapKepHTe (5).
Ha paCC'IHTaHBOM Ba OCHOBe aa~aHHldx aTOMOB Ca, Mg, B, C, 0 pacnpe,IJ;eJIe-
DH a.n:eRTpoHBOH .nJIOTHOCTH (PXYz) BIdHBJIeHld ~Ba nHKa, OTBe'Iaror:qHe BOCbMH-

B IFhkd 6e8 Y'IeTa nOrJIor:qeHHHH Bce nocJIe~yror:qHe
HCnOJIb80BaHHeM cne:qHaJIH8HpOBaBHldx CHCTeM XTL
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RpaTBLIM n03HD;KHM «p.r. F4132K :KPynBbI~ nYCTOTaM- KaMepaM ~BYX COpTOB
B CTpYKTyPBOH MOp;eJIH. Op;HaKo npII nOMem;eHKH B aTH n03HD;Im aTOMOB 0 II
nOCJIep;yIOm;eM yTO'IHeHHH MeTop;oM HaHMeHblliHX RBaAPaToB CT'aJIO o~eBHAHo,
'ITO JI;I'[mb B o.n;HOHHS HHX, a HMeHHO B' n03HD;HH 8: b, CTarnCTI'f'IeCRH pacno-
JIOmeHbI MOJleKYJIbI H20. YTo~HeHHe nOJ.ry~eHHoHMOp;eJIHCTpyKTYPbInpHBeJIO
K RIIJI/=7,5% B HSOTponHOM llpH6JIHmemnr. Ha OCHOBaHHK 8T'RX peaYJIbTaT'OB
npe.n;nOQTeHHe OTp;aHo aHaHTHOMOPcPHOHrpynne F4132. 3aRJlIO'IHTeJIbHhre KO-
opp;HHaTbI 6a311CHbIX aTOMOB H OTBe~aIO~He 11M MemaTOMHbIe paCCTOHHHH
npHBe.n;eHbI B Ta6JI. 1 H 2 COOTBeTCTB-eHHO.lIpH d.KCU=2,82 r/cMa B HQe~Re
caxaHTaco.n;epmHTcH Z=16 eAnHHD; CaaMg[BOa]z[COa] .O,36HzO (dBLI'I=
=2,8 r/cMa).

BocbMHBeplliHHHHKH BOKpyr aTOMOB Ca B CTpYKType caxaRTa, RaR H B .n;py-
rHX Ca- H Ca, Mg-6opaTax (6, 7), npe.n;CTaBJIHIOTC060H p;ecPopMHpOBaHHbIe TOM-

COHOBCRHeKy6bI. CTaTHCTH'IeCKOe (HanOJIOBHHY) 3anOJlHeHHe aTOMaMH 01 no-
8Hl\HH 06m;ero TIma p;eJIaeTB03MomHbIMH .n;Be KOOPAnHan;nH Ca (Ta6JI. 2) co
CpeAHHMHpaCCTOHHHHM1ICa-0=2,51 JIH60 2,56 A npH cpe.n;HHXO-0==3,01
JIn60 3,16 A.

.

ATOMbI Mg pacnOJIOmeHbI B nO'<fTH npaBHJlbHbIX ORTaa.n;pax

C 6 paccToHHHHMHMg-O=2,05 A (0-0=2,74-2,95 A). Pa<X<ToHHHHB-O K
C-O B TpeyroJIbHHKax BOa H COa paBHbI COOTBeTCTBeHHO1,3911 1,23 A.

B Ky6H~ecKOHCTpYKTypecaxaHTa npem.n;e Bcero BbI.n;eJlHeTCHKapKac
(KJI8TKa) 113 KOJlOHOKCa-BOCbMHBeplliHHHHKOB (CM. pHC. 1). B Kam.n;OH ROJIOH-
K8 Ca-nOJIH8.n;pbI 'CBHsaHLI 06m;HMK rpaHHMK; B Tpex BBaHMHO nepneH.n;HRYJIHp-
HbIX HanpaBJIeHHHX ROJIOHRH 06'Dep;UHHIOTCHB KapRac ~epea o6~e pe6pa
(pHC. 1). Kam.n;nm Mg-oKTa8.n;p, HMeIOm;HH 6 o6m;ux rpaHeH C 6Ca-BOCbMHBep-
IDHHHHKaMH,HrpaeT pOJlb YSJIa, CBHSbIBarom;eroTpH B3aUMHO nepneHWIRyJIHp-
HbIXKOJlOHKK.Co6paHHLIH TaKHM 06paSOM RapRac «YRpenJIHIOT» K30JIHpOBaH-
RbIe BOa- H COa-TpeyrOJlbHHKH. Kam.n;bIH TpeyrOJIbHHK BOa samaT Mem.n;y Tpe-
1411Ca-nOJIHaAPaMH H HMeeT C HHMU Bce 06m;He pe6pa. COa-Tpeyr9JIbHHIOI
CD;8nJIeHbIC Ca-nomra.n;paM1I TOJIbKO 'Iepe3 o6~e 'BeplliHHbI. B cTpyKType
MHoro MeCTa 3aHHMaIOT nYCTOTbI - RaMepbI .n;BYX THnOB, KOTopbIe ~epep;yIOTcH

B,D;OJIbKoop.n;HHaTHbIx oceH nop;o6Ho KOHaM Na KCI B KaMeHHoH COJIK. Emme
MeJIKHenyCT'OTLI nepBoro THna, npe.n;CTaBJIHIOm;He CoGOR apXHMep;OBbI Ky6ooR-
Taa.n;pbI, o6paaoBaHbI6 npHMoyrOJIbHbIMH (cJIema HawroMJIeHllIdMH) rpaHHMH
Ca-ToMcoHOBCRRX Ky6oB, 4 pacnOJlOmeHHbIMH no TeTpaa.n;py TpeyrOJIbHbIMH
rpaBHMH Mg-OKT'aa.n;poB H 4 TpeyrOJIbHKKaMH BOa, TaRme pacnOJlOmeHHLIMK no
TeTpaaAPY. lIycTOTt.I - KaMepbI .n;pyroro THna ropaa.n;o Rpynsee. B HX 06paao-
BaHn YQaCTBYIql1 Ca-nOJIH8.n;pbI H TaKme TeTpa8.n;pH'IeCKH pacnOJIOmeHHbIe
4 TpeyrOJIbSHKa BOa H 4 Tpe,yroJIbH1IKaCOa. MMeHHO B 8THX KaMepax Haxo.n;HT
MeCTO MOJleKYJlbI H20 B npHpO.n;HOM caxaHTe, HzO H HCI - B XapKepHTe(8),
B OTJIu:qHe OT CHHTeTH'IeCKOI'Q caxaHT'a, r.n;e MOJIeKYJIbI HzO saHHMaIOT 60JIee
M8JIKHeKaMepbI nepBOro THna. MOmHO OTMeT'HTb, ~TO Kamp;bIH COa-TpeyrOJIb-
HHKnpHHap;JIemHT O.n;HOBpeMeHHOP;BYMnycToTaM BTopOro TIma, OT.n;eJlHHO.n;HY
KaMepy OT COCeAHeH, B TO BpeMH RaK Kamp;bIH BOa-TpeyrOJlbHHR paS.n;eJIHeT Ka-
MepbI paSHOrO THna. BXOmp;eHHe B CTpyKTypy caxaHTa COa-rpynn CBHSaHO
C HCKameHHeM Ca-nOmra.n;pOB. B CJIyqae H.n;eaJIbHbIX Ca-TOMCOHOBCKHXKy60B
eOCe,D;HHenOJIHa.n;pbI CBH3bIBaIDTCH Me7f{AYC060H rpaHHMH, H TeM CaMhIM HeT
M8eT )];JIH aTOMa yrJIopop;a.

ECJIH HCXOP;HTbH3 cPOPMYJIhIcaxaHTa

Ca4sMgl6 [COa] 16[BOa] z6CL.(OH) 8' 4HzO,

TO OCTaIOTCH He JlOKaJlH30BaHHbIMH 4 aT'OMa CI H 8 rpynn (OH) -. B C) npep;-
JIOmeHO pa3Mem;eHHe aTOMOB CI B YSJIax rpaHeD;eHTpHpoBaHHoH H~eHRH ca-
xaHTa. B cJly~ae xapKepHTa H3 illOTJIaH.n;HH (8), aTOMhI XJIopa craTHCTH'IeCRK
COBMeCTHOC ~aCTn:n;aMH H20 pacnpep;eJIeHbI B KpynHbIX KaMepax, HO OTMe~a-
eTClI, QTO pOJIb aTOMa CI He HCHa. He HCKJIIOtJeHo, ~TO B CTpYXType caxaHTa
4 aTOMa CI BMeCTe c HzO (KaK H B xapKepHTe) CTaTHCTHtJ.8CKH 3aHHMalOT BOCb-
MHKpaTHbIen03HD;HH 8: b cP.r. F4132.
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BOJIee BepOllTBAIMnpe,ZJ;CTaBJIlIeTClISaMem;eBJIe ;n:pyroro TBDa. B (9) nps
BCCJIe,ZJ;OBaHBBRpSCTaJIJlB'IeCROH CTpyRTyplJ a-Mg2BOaF ROBCTaTBpyeTcH BSO-
:t.IOpiPBoe aaMem;eBlfe paBBOo6'beMBDIX If. paBBoaapll,ZJ;BDIxrpynn

(BOa) 8-_ (3F) s_. B (2) OTMe'laeTClI, '�TO B CaXaHTe aTOMIJ B '�aCTB'IBO aaMe-
m;eBDI TpOHRaMB npOTOBOB: BOa==HsOs=(OH) s. TaRDe aaMem;eHBe BMeeTMe-
CTO B amapBTax (10). B BameM CJIyqae B 32-RpaTHOH nOSBD;BB BMsSTca JIBmb
28 rpynn LBOsP- B OTcy'roTBYIOTnoaBD;BH,ZJ;JIH4 aTOMOB CI B 8 rpynn (OH)-.
B CBeTe BaJIOmeBHOro MomBO np~,ZJ;nOJIOmBTbBsoMopiPHoe saMem;eBBe 4 Be,ZJ;D-
cTaroID;Bx 60pORIfCJIOpO,ZJ;HLIXrpynn Ha Ramym;BecH JIBmBBMB 12 (4CI- II
80H-) O,ZJ;BOBaJISBTBbIXBOBOB: 4(BOs) s~=4CI-+80H-. ROCBSHHbIM ,ZJ;ORaaa-
TeJILCTBOM aaMem;SHBH BMeBBO :1TOrO TBna B caxaBTe MomBO C'I.BTaTb 60JIee
BBaRoe SBa'lSHBe Bj y aTOMOB 0 BORpyr B, HSmeJIB y aTOMOB 0 f!;Pyrorp copTa.

B aaRJIIO'IeHBe aBTopLI 6JIaro,ZJ;apllT C. B. MaJIBHRO sa npe,ZJ;OCTaBJIeBHLIS
RpBCTaJIJIIJ caxalfTa, E. IT. iReJIeslfHa If E. JI. BeJIOROHeBY-3a nOMOm;bB no-
JIY'leHBB aRcnepHMeBTaJIbBOrO MaTepBaJIa B npoBe,ZJ;eBBIf paC'IeToB.

MOCKOBCKHE: rocY;JJ;apcTBeHHLIH ymlBepcllTeT
HM. M. B. JIOMoHocoBa

IIocTynHJIO
13 I 1978.
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