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YTOqHEHHAH RPIICTAJIJIIIqECRAH CTPYRTYP A 
q,pQJIOBIITA Ca[B(OH),]2 

Kpncramm'IecRa.H CTPYRTY·pa if!ponoBHTa Ca[B (OH) d2, pacnm<PpoBaHHaH 
c yqacrneM .aBTOpoB B 1972 r. e), YTO'IHeHa c :qem>IO JIOKaJill3aqHH aTOMOB 
BOAOp<>Aa II conOOTaBJiemm peaynnraTOB no Jliiif!paKT<meTpli'IecKOMY Mare
pnaey, ITOJcy'leHHOMY npii o6LI'IHOll II HH3KOll re:unepazypax. 

3I«mepRMenrann:HLiii MaTepRan (napaMerpbi 3JielieHTapnoii Wieiim II na-
6op llHTeHCIIBHOCTeii) ITOJIY'IeH C OJlHOro II TO~ me KpiiC118JIJia II30MeTpli'IHOll 
1f>opMLI na aBTOMarll'IecKolll WJif!paKroMerpe Pi <<CnnreKc»; npn mraKnx TeM
neparypax c IICITOJTh30BaHHeM npii
craBRH LT-1. RpiicTann o6JlYBa
ercn noroKOli maoo6paanoro 
aJOTa, npeJlBapnrennno oxnam
]lennoro B rennoo6MeHHIIKe lliiiA
KnM a3oToM AO T=-140° C. 

IIapaMerpLI 11piiKJIIIHHoii H'leii
xn «!>ponOBliTa (a, b, c - anrcrpe- 3000 
MLI, a;,~. "f- rpaJlYCLI): npii T= 
=18°C a=7,774(2), b=5,680(1), 
c=8,136(2), cx.=113,15(1), ~= 
=101,67(2), "(=107,87(2), V= tOOO 
=292,2(1) N; npn T=-140°C 
~=7,745(2), b=5,667(1), c= 
=8,102(2), a;=113,24(2), ~= 
=101,54(2), "(=107,92(2), V= ~02 0,18 O,Z6 0,311 O,tiZ 

stnZe 
=289,1 (1} N; Z=2, doKcn= 

=2,14 rfcM\ ds"'"(T=18°C)= 
=2,259, ' dsLI .. (T=-140° C)= 
=2,284 r/cM3

, if!.r. C;=PI. 

Pnc. 1. rpaqnm 3aBllCllMOCTH OTRomemm cnr
HaJI/<!Jon oT sin2 6 Will T=18° (1) n -140° C (2) 
UO <JKCUeplUieHTaJibHLIM l(aHHLIM IJ)lll <!JpoJIO-

IIpR yro'!HeHIIR CTPYK'fYPLI BliTa 

Ca-6opara IIcnonnaoBaJIIICI> 
3160 (max{sin 8) /1..=0,77) II 2858 {max (sin 8) /1..=0,66 A-1

) neaaBIICJIMLIX 
neayneBLIX (/~1,96 o/) Ol'pameHllii, aaperncTpnpoBaHHbiX 28 : 8-MeTOJlOM 
c nepeMennoii cKopocnro cRaHIIpoBaHIIH (.Mo K,.-nany'leHRe, nJIOCKIIii rpa
$nronLiii liOHoxpmmrop) coOTBeTCTBeRHo npii T=18 II -140° C. IIepec'IeT 
I B IFMzl (6ea Y1Jera norno~eHIIn w=0,09) II Bee nocne.rzyro~e MaTeMarn
'letiWe Onepai{IIII BLIITOJIHeHLI Ha cne:qiiaJIII3IIpOBaHHOll BLilJliCJIIITeJibHOll CII
CTCMe Ann pacmii!flpoBRili CTPYKTYP XTL. 

CnnocraBnerme ROJIII'IecTB orpameHRii, aaperncrpnpoBaH.HLIX npii o6LI1J..:. 
RLIX ::I HII3KRX TeMITeparypaX (ra6n. 1) 1 ll03BOJIHeT OTMeTIITb IIX yBeJIII'IeHIIe 
c VOC'TOM (sin e)/').. ~JIH T=-140° C. CpaBHeHIIe cpeJlHHX BeJill'lnH OTHomeHIIH 
cnrna:x/<I>on (C/<1> = <FiKcn /o2 (FaKCn)>) RaK if!ynKI{nn or sin2 8 AJIH BLI6paH
Httx nHTepBanoB (piic. 1) Jle~IOHCTpnpyeT yey'lmeniie (yneJIII1JeHne) C/<D 
npn Rll3KHX Te~mepaTy.pax, oco6eHHO llpii 60JibilliiX BeJili'IRHaX 8 *. 

• 3ro cooTneTcrnyeT AaiDIUM, uoJiyriem.IM A. XpncTnancenolll AJIH opranii'Ieciwro co
e;:umeuna C1HuN20 2 (ycTHoe coo6~e11ne). 
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Pnc. 2. £llpo.JJonrrr Ca [B (OH) 4] 2. Tipoei\~IUI xz. CmwmHoii: JIIIHrrefi rroRa3amr CBJI3ll 

;:~ouop - H, mrpnxonoii - CBH3II H- a.K~enrop . 

H.oop~nnaTLI 6a:mciiLIX aTOMOB Ca, B II 0, B3HTLie II3 C), yrolJnenhl ye
To~O}l Illllil\ICIILillllX I\Ba~paTOB (lii.H.I\.) B ITOJIHOMaTpiilJHOl\f ll30TpO!IHOll 
npuonnmonnn ~o Rh•z=5,4% (T=18° C) II Rhhz=4,0% (T=-140° C) Il B aHII-
30Tponno:\t npnonnmemm- ~o Rh•z=4,2% (T=18° C) II Rhnl=3,6% (T~ 
=-1~0° C). Ha rrocTpoennLix nyJieBLIX pa3ROCTRLIX CIIHTe3ax a::Ieh"l'ponnorr 
IIJIOTHOCTU no <mcnepm.lenTaJihRoMy Matepnany, cnHTOMY npll T=18° C, qen;o 
BLUIBJICHLI JIIIliiL lJOTLipe lltaHooMyMa, otom~eCTBlleRRI>Ie c aToMa:Mn H, ne
~ocraromue me lJeTLipe H 3a~n:KcnpoBaHLI no AaEHliiM nnaKoTeMrrepazypnoro 
::mcrrepmrenTa. 

llo3n~Wn naii~ennLIX aTDlllOB H yTolJHHJIHCb 1\I.H.:K. B n3orponnoM npn6.TII
meunn B ~a 3Tarra: na nepBOM yTOlJHHJIH JIIIIDb H03RD;JIOHHI>Ie rrapa~wrpii 
npn cpnKcrrpoBanHI>IX 8;=2,0 N', na BTopoM- TOJihKO Bi. 

Ta6lln~~i 

'llnc.JJ.o oTpameHnii no JIHTepna.JJ.aM (sin B)/A., aaperrrcrprrponaiiHbiX nprr -140 n ts•c 
-

Ro;ni'IeCTBO OTpamemdi ROJIIl'IeCTBO OTpamellllil 
IhlTePBa:n,z liHTCpBaJibl -no (sin 8)/}, I no (sin 8) /1. 

I 18' c -f4o• c 18" c -f4o• c -
0-0,355 590 578 0,513-0,565 450 379 

0,0281-0,400 569 576 0,54()-0,587 452 367 
0,355-0,450 539 507 0,565-0,608 462 355 
0,400-0,4&1 521 480 0,587-0,627 426 330 
0,450-0,513 513 470 0,608-0,645 384 317 
0/184-0,540 492 432 0,627-0,663 176 256 

ll p n !II e 'I a H n e. 0T!focnTeJII>noe piennruenne ROmPrecTaa oTpamennii, aaperncTpnposaJIJill1 
B nocneannx aayx nnrepsa;rax npn RUaRnx Te~mepaTypax, CBH3ano c orpanwreHI!ll)!ll no )flali 
llflll pa6oTe c HB3ROre;~~neparypnoii npncraaKoA LT-1. 

3at>:UO'DITC:Ihllblll t}>ah!Op paCXO~l\lOCTII C YlJeTOM JIOK3JI1I30BaHRbll aro
MOB no~opo,na Rw=3,2% (T=-140° C) OTBelJaer Roop,nmmTaM 6aancnDIX aro
liWn ll l\teii\8T0l[Hbl)I paCCTOHHHJBI, llpDBe~eHHbll\I -B Ta6.rr. 2 II 3. 

ConocraB.rrenne Roop~nnar II ;uemaTOMHhlX paccToHnnii u IIII~nnu;J.ya.lvllbl:t 
TenrrcparypnLix t}>aRropoB IT03BO.rrHeT onreTHTh YlieHI>menne nemilJIIRDI cra!l
!{aprnhlx oTK:IOnennii ~;m HII3ROTe:unepaTypnoro ::mcnepiiMenra n pa3nnnY 
n BC.liilJIIIIe naorpounhlx rerr:I.OBhlX t}>aRropoB y aTm.IOB H, BhlHBnennux ll3 

ooLilJnoro (lreHLIDIIe Bj) II HII3Rorm.meparypnoro aKcnepmwnroB. Yro'lJ.IeBll~ 
noJnn;nonnLix napaMetpoB aTOMOB H no }l;aHHhlllt nn3KOTellmepatypnoro Jl\C

nepnMema npn6:man.rro R cranAapTHhllll paccToanun Aonop- H (ta6:t. 4). 
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ATOMM/ 

Ca 

a. 
B2 

u. 
Ih 
Ha u, 
lis 
Ha 
lh 
lis 
o. 
02 

Oa 

o, 
05 

Oa 

07 

Oa 

Ta6Jiun;a 2 

f!JJ'O.'IOIIII T Ca ( lJ ( Olf ) 4}2. 1\00ji~IIJ!II TLI 011311C.IIIJX IITOMOD II Illi,'l;IIDJJ~yaJib!IIJO II30Tp0IIIIIJO II niiii30TpOIIIIIJO TOMIIOpa TypiiiJe !.flaitTOpbi 

·'·fa I yfb I z/c Bj B" B22 B,, B" B, B, 

0,23051 ( 5) 0,01813(7) 0,18818(5) 0,36(0) 0,35( 1) 0,35( 1) 0,40(1) 0,15( 1) 0,11(1) 0,20( 1) 
79(6) 1781(8) 18910(6) 0,73(1) 0,72( 1) 0,69( 1) 0,81(1) 0,31(1) 0,22( 1) 0,39( 1) 

0,0287(3) 0,4a76( 4) 0,2353(3) 0,52(2) 0,57(5) 0,48(5) 10,56(5) ·0,23{4) 0,24(4) 0,28(4) 
78(3) 2(4) 49(3) 0,84(3) 0,83{6) 0,80(6)' 0,88(6) 0,35(5) 0,28( 5) 0,.13(5) 

0,4383(3) 0,3149( 4) 0,7119(3) 0,48(2) 0,49( 5) 0,42(5) 0,50(5) 0, 17( 4) 0,17(1) 0,21( 4) 
8(3) 51(4) 20(3) 0,76(3) 0,77(6) 0,76(6) 0,76(6) 0,34(5) 0,28(5) 0.35(5) 

0,020(4) 0,292(5) 0,688(4) 10,1(9) 
0, t !l I ( 4) 0,416(5) 0,078(4) 2,9(5) 
0,2:12(4) 0,485(5) 0,415( 4) 12(1) 
0,7fl3(4) 0,107(5) 0,.202(4) 3,5(6) 
0,183(4) 0,027(6) 0,581( 4) 3,0( 6) 
0,541(4) 0,277 (5) O,fl26( 4) 3,0(5) 
0,4!l8( It) 0,15(5) 0,520( 4) 13(1) 
0,600( It) 0,346( 4) 0,2!04( 4) 2,7 ( 5) 

0,44( 4) 0,0660(2) 0,7000(3) 0,30'16(2) 0,58(2) 0,70(4) 0,64( 4) 0,26(3) 0,29(3) 0,26(3) 
55(2) 60(3) 14(2) 0,99(2) 1,11(5) 0,67(4) 1,16( 5) 0,36( 4) 0,40( 4) 0,38( 4) 

O,Oit30(2) 0,2%8 ( 3) 0,0654(2) 0,54(2) 0,53( 4) 0,50(4) 0,51 ( 4) 0,17(3) 0,21(3) 0,19(3) 
30(2) 48(3) 54(2) 1,00(2) 1,03(5) 0,87 ( 4) 0,93(5·) 0,31 ( 4) 0,40(4) 0,32( 4) 

O,f!t33(2) O,il739(3) 0,;3859(2) 0,60(2) 0,61 ( 4) 0,70(4) 0,55( 4) 0,32(3) 0,13(3) 0,35(3) 
18(2) 11(3) 41(2) 1, 10(2) 1.,25(5) 1/,10( 5) 1,05(5) 0,71 ( 4) 0,27 ( 4) 0,70( 4) 

0, 1820(2) 0,7724(3) 0,8306(2) 0,56(2) 0,5>1(4) 0,49(4) 0,77(4) 0,22(3) 0,27(3) 0,3;)(3) 
1!1(2) 8(3) 15(2) 1,00(2) 0,75( 4) 0,94(4) 1,42(5) 0,30( 4) 0,40(1) 0,67(4) 

0,2384(3) 0,1414(3) 0,6825(2) 0,61 (2) 0,48(4) 0,59( 4) 0,67(4) 0,,13{3) 0,21(3) 0,28(3) 
!l2(2) 36(3) 8(2) 1,11(2) 0,79(4) 1,02(5) 1,37(5) 0,22(4) 0,43(4) 0,55( 4) 

0,.1213(2) 0,73S:~(3) 0,1606 (2) 0,51(2) 0,53( 4) 0,59(4) 0,47(4) 0,28(3) 0,14(3) 0,:11(3) 
5(2) '•9(lt) 12(2) 0,00(2) 0,96(5) 1,05( 5) 0,00( 4) 0,56( 4) 0,29(4) 0,57(4) 

0,-'167;i(2) 0,2288(3) 0,5267(2) 0,51(2) 0,59( 4) 0,55( 4~ 0,40( 4) 0,26(3) 0,18(3) 0,23(:1) 
2(2) 91(3) 74(2) 0,91(2) 1,09(5) 0,94(4 0,72(4) 0,46( 4) 0,34( 4) 0,38(4) 

0,.1858(2) 0,6236(3) 0,8092(2) 0,53(2) 0,52( 4) 0,38( 4) 0,62( 4) 0,10(3) ·0,17(3) 0,18(3) 
62(2) 27(3) 83(2) 0,02(2) 0,92( 5) 0,62( 4) 1,11(5) 0,32( 4) 0,33(1) 0,30( 4) 

l! fJ II ~It~ 'I all II e. D CIWI\t:ax Ylla3Bilbl CT3llltBPTilbiC OTHJIOI!CIIIIJI. B nepnofi II BTOpofi CTPOH3X npunenenbl pe3yJJbT3Tbl, IIOJJY'ICIIUbiO COOTBCTCTDC!liiO no· :mcuepnMCII· 
TY 111111 -I 't!l II 18" C·. AIIU30TPOlllll>!C TeMnepaT}'PilhlC !jlamopbl paCC'IIITBII'bi no ljlopM}'JJC T= eXp r -'/• (Bnh•a•• + Buk'b01 + B~sl•c•• + 2Bullka0 b• + 2Dphla•c• f 

~ t 2D, Jffl,•,:•)], 



Tao liHfla 3 
Cf)poJIOBBT Ca[B(OH) 4b ?tlemaroMIIJ>Ie paeCTOJIHHJI (s cxo6Kax yxaaaHii 

CT8HA8prm.le OTMOHeHDH) 

BI-OI 1,477(3) 

-O:z 
1,472(3) 
1.485(2) 

-Os 
1,486(3) 
1,473(3) 

-o. 
1,475(3) 
1,478(3) 
1,477(3) 

CpeWJee 1,478 
1,478 

o~-02 2,438(2) 
2,436(2) 

-032,442(2) 
2.,442(3) 

-o. 2.,430( 2) 
2.,429(2) 

02-032,374(2) 
2,374(2) 

-0.2.,362(2) 
2,358(2) 

Os-042,431(2) 
2,429(2) 

Cpei\He& 2,413 
2,411 

Jl-H ... A 

Ot-HJ ... Os 
O.rH2-·0a 
o,-H3 ... 0r 
o.-H •... Os 

ca~nonll'3;n.p 

~-Os 1,467(3) Ca-01 2.,451(2) 
1,468(3) 2.,462(2) 

-06 1,502(3) -02 2.,432( 1) 
1,499(3) 2.,437(2) 

-Or 1,472(2) -02 2,595(2) 
1,472(3) 2,613(2) 

-Os 1,489(3) -03 2,441(2) 
1,488(3) 2,443(2) 

-o. 2,544(1) 
2,.556(2) 

Cpe~Hee 1,482 -Os 2,453(2) 
1,481 2,459(2) 

-Or 2.,507{1) 
2,513( 1) 

-Oa 2,451(2) 
2,461(2) 

CpeWJoo 2,484 
2,493 

Os-~ 2,403(2) 01-02 2,960(2) 02-03 2,374(2) Os-Oa 3,543(2) 
2,406(2) 2,972(2) 2,374(2) 3,554(2) 

-Or 2.,415(2) -Os 3,388(2) -o. 2,362(2) o.-o6 3,005(2) 
2,416{2) 3,397(3) 2,358(2) 3,(115(2) 

-Os 2.,443{2) -o. 4.319(3) 02'-03 3,635(2) -08 3,247(2) 
2,439(2) 4,336(3) 3,636(2) 3,260(2) 

~-Or 2,408(2) -~ 3,189(2) -o. 2,2M(2) ~-Or 3,035(2) 
2,407(2) 3,205(2) 3,.250(2) 3,053(2) 

-Os 2,424(2) -Or 3,089{2) --Os 3,107{2) -08 3,379(2) 
2,421(2) 3,107(2) 3,124(2) 3,394(2) 
2,428(2) ~-02' 2,822(2) -Os-Or 3,024(2) Or-Oa 3,ID>(2) 

· Or-Oa 2.,426(2) 2,829{2) 3,035(2) 3,213(2) 

Cpe~oo 2,420 Cpe~ee 3,165 
2.,419 3,171 

Ta6JIHxta4 
Bo,t~opomn;re cBa:an B crpyxrype <flpoJIOBliTa Ca[B(OH).]2 

Jl-H I H ... A l.!t-A ¥=-1 ll:-H ... A 
ll:-H I H ... A I Jl-A 

YroaW.U . 0 

A A 

0,83 2,12 2,753 171,7° Os-Hs ... OJ 0,75 2.,04 2,774 .166,6 
0,89 1,88 2,716 165,8 06-Hs ... Os 0,78 2,06 2,836 169,4 
0,78 2,16 2,893 t57,3 Or-Hr ... O{ 0,66 2,08 2.,678 164.1 
(),81 1,96 2,763 173,7 Oa-Ha ... o. 0,80 1,97 2,747 165.5 

BLillonnennoe yTo'IHeH.lle KpHCTaJIJm1IecKoii: CTPYKTYPLI q,ponoBllta 
Ca[B(OH)dz llOA'fB8PAHJIO panee onncaHHLtii: CTPYKTYJ>HLiii MOTliB n ocuosaJI· 
noe aa aaannae 6anaaca BaJieHTHLIX ycnmrli npeWJOJiomerme, 'ITO nc.a: aiDIOJI· 
na.a: 11acn. CTPYh"TYPLI ncen:eJ{OBa.HHoro 6opaTa npeJ{CTaBneaa OH-rpynnalOI· 
llpnBeJ{eHHa.a: aa pnc. 2 npoe~.a: :cz CTPYKTYPLI J{eMoHcTpnpyeT cn.a:aL cJioeB 
Ca-B-O 11epea «PnRcnpoBaHHLie H...cB.a:an. 
~OCROBCHJ[i rocyAapCTBeHBllR ~epCHTeT 
mr. 1\f. B. JloHoHocoua 

JIHTEPATYPA 

II oeryiiJtl!O 
29 III 1976 
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