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BBEINEHHE

3H,0 (Ln=Yb(I), Er (1),

a); - 8H,0. Mo nanHEM Mo~

Kl H30CTDYKTYPHEX COEIMHE-

A30BAHHE H3IOCTPYKTYPHEIX CO-

(Ln= Eu, Tb, Ho, Yb) 1 Y(Ht-

MOPOIIKOBEIX DEHTTEHOTDAMM, a

IYIEHA YCTONUIHBOCTE KDHCTALTHYE-
€ MX HACKIIEHHEIMH PACTEODAMH.

Tuobapburyposas kucnora (H,tba) kax
dyukupoHaneHui N,N',0,0',5- tonopHsii
C PACXOAIIMMHCH LIEHTPAMH CBA3LIBAHH Y1)
obpasyer ¢ MOHAMM METAIUIOB KOODPIH

NOJIHMEDE] PasnHYHOTo cTpoeH#:A [ 1, 2] HBa-
10T BHUMAHHA HEHTpalbHEIE OIHOPO, KOMILIEK-
cul (HOK), comepxamme Tonsko 1 OIHOTO
COPTA M MOJIEKYIILl BOIEL, TAK KAK ET MPOTH-
BOMOHOB, KOTOPEIE YACTO 3aTI0IH HIHATEHO

NOME3HBIE KAHATE HIH MONOCTHE K[ CTaHuecKoi
pewerke. C yuerom paznmuu B KOOPIH-
Hauue HoHoB Htba™ 1 m ;0 (Tabn. §1) [3]

npr kpuctanmuzaund HOK wilbontoii cpens Mmom-
HO TOJYYHTh HECKOBK HEHHH, COepXalHX
pa3sHOE YMCIO KOORIH AHHLIX MOJIEKY] BOJHL.
Tak, Hamu momyue wl HOK tuoBapburypo-
Boit, GapbHTYpOB ) 1 1,3-muaTin-2-tHobap-

HMHQOPMALHA A 9TOH CTATEM HOCTVIIHA 110
004445?){ 20070090 nna ABTOPHIOBAHHBIX TIOMTE-

JaTh JIIOMHHECLUEHTHEIMH CBOHCTBAMM M CIYXHTH
MPEKYPCOpaMH 18 Mony4eHHs okcHeyIbghaTtos [8] 1
oKCHOOB [9], orpaHHYeHBl MATEID H3IOCTPYKTYPHLI-
MH coenuHeHHsAMH cocTasa Ln(Htba), - 3H,0 [9]. B
HacTosiweil paBoTe mNonyuyeHsl THAPATE COCTABa
Ln(Htba), - 3H,0, Ln(Htba), - 2H,0, Ln(Htba), - 8H,0
u Y(Htba), - nH,0 (n= 2, 8). Ouu uccnenosaHu Me-
TOJAMH MOPOLIKOBOI peHTreHorpaduu M TEpMHue-
ckoro aHanusa. Crpykrypsl Ln(Htba), - 3H,0 (Ln =
=%b (I), Er (II), Ho (III)) onpenencHkl METOMOM
PCA. Cnemyer ormeTuth, uTo mis kaxmoro HOK
OXapaKTEPH30BAHO TOILKO MO OSHOH KpHCTALIHYe-

ckoii crpykrype [10].

ém’mux koMiuiekcos P35, kotopeie moryt obna-
fis

SKCITEPUMEHTAJILHASA YACTL

B cuuTesax wcnonszosanu LuCl, 6H,0,
'I’bClg . 'ﬁHzD, ETZDSS HOZDSS YC13 EHID,
EU(CHSCDD:IBI * 4H20, Tbc]; " 6H20, GdCl; " 'ﬁHzD,
CEC13 - THzc}, LH(NDJ}BI ' EHID, Hltha, HCl 1 NaOH
(Bce mapku “x. 4.”) Ge3 DONOIHHTENEHOH OUMCTKH.
Oxcuam Er,O; u Ho,0, pacTeopsann B KOHLEHTPH-
posansoit HCI, sateM ocTropoxHO BEIMAPHBAIH 00~
CyXa 0 XTOPHIHEIX coNneil.

Cunres Ln(Htba), - 3H,0 (Lo = Yb (I), Er (II),
Ho (III)). Tuopate coneit nantanugos (0.11 Mmmons)
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Tabanuma 1. PesynkTaTel 3neMeHTHON aHATH3IA CHHTESHPORAHHEIX COETHHEHHHA

T'OJIOBHERB u ap.

CokpalueHHas
thopmyna

Bpyrro-dopsmyna

Cogep#aHie 3MeMEHTOR HaHIeHO,/BEIYHCIEHO, MMQ

Yb(Htba), - 3H,0
Er(Htba), - 3H,0
Ho{Htba), - 3H,0
La(Htba); - 2ZH,O
Ce(Htba); - 2H,0
Eu(Htba), - 2H,0
Yb{Htba); - 2H,0
Lu(Htba), - 2H,0
Y{Htba), - 2H,0
Eu(Htba), - 8H,0
Tb{Htba); - 8H,0
Ho(Htba), - 8H,0
Yb{Htba), - 8H,0
Y{Htba), - 8H,0

C yHsNgO,8;Yb
CaH sErNgOg5;
C2H sHoNgOoS,
CH3LaNgOgS,
C3H ;;CeN 05,
CiaH;3EuNgOgS,
CiaH 3NgOgS3Yb
CpH j3LuNgOgS,
CiH3NgOgS3Y
CiaHasEuNgO S,
C3Hy5Ng0 148,
CyHysHoNO S,
CiaHasNgO4S3Yb
CaHysNgO483Y

pacteopsutd B 10 M sooet w gobasmsmm 0.05 r
(0.35 mmons) Teepnoit Hitba, 3atem cmeces HeliTpa-
nusosanu | M pacteopom NaOH mo pH 4. O6pazo-
BaBIIHECH MEJKOKPHCTALIHUYECKHE OCAIKH, COCTOS-
urHe, no gaHHeiM PMOA, npeMyllecTBeHHO M3 COO
BETCTBYIOIIMX OKTATHAPATOB, pPAacTBOPSUIH T
HarpeBaHHH B GONblIOM H30RITKE DHCTHILTH
Ho# somsl (200—300 mn) 1 ocTasnanM Ucna
TEUEHHE HECKOILKHX HEE/lb NPH KOMHATH -
neparype Ao obpa3oBaHWs TIPHTOAHBIX
kpucTaios. Beixon coemnnennii [-111 y
Csl TI0 MEpPE HCMapeHHs BOAL W TIPH
100—150 mn cocrasnsn 20—30%. P THI 3Me-
MEHTHOIO aHanu3a coenuHeHui [-1 CTARJIE-

HEI B Tabm. 1.

OcHoBHEIM dakTopoM, BIgIONMM Ha COCTAB
CHHTE3MPOBAHHBLIX  M30CT BIX  [HIpaToOB
M(Htba), - 2H,0 u M(Ht ;O (M=Ln,Y),

K

SIBNISIETCH TEMIIEpaTypa. naBIIO, NPH B3aHMO-
neiicreun conmu P39 ¢ HaopaHHeM NaOH
pacrsopom H,tba (pH PH KOMHATHOM Temne-

(8 5 8]

Q!

: S
Puc. hiueckan topayna Monexyis 2-THobapoH-
TYPOEOD cnoTsl (Hqtha).

Ll g
fa

C H N
22.42/21.95 2.17/2.30 13.04/12.80 /14.65
22.29/22.15 2.12/2.32 13.20/12.91 01/14.78
22.48/22.23 2.20/2.33 13.35/12 15.12/14.84
23.53/23.85 1.90,/2.17 13.?3,-"1@ 15.43/15.92
24.01,/23.80 2.06/2.16 14. 16.11/15.89
22.94,/23.34 2.30/2.12 | .61 15.42/15.58
23.06/22.57 L.87/2.05 316 15.44/15.07
22.22/22 51 2.01/2.05 /13.12 14.63/15.02
25.84,/26.00 2.17/2.36 .56/15.16 17.67/17.35
20.15/19.87 3.30/3.47 11.69/11.58 13.56/13.26
19.97/19.68 11.32/11.47 13.10/13.13
19.32/19.52 11.16/11.38 12.74/13.03
19.66,/19.31 11.67/11.26 13.28/12.89
22.33/21.76 12.89/12.67 14.76/14.52
pa obpaszyioTcs  BecuBeTHEIE OKTAarMIpaThl

M( )3 - 8H,0, a npu 90°C — Gnenno-xenTuie 1u-
et M(Htba), - 2H,0. B obmem sune metonukn
OITYYEHHS TIPEICTARIEHEl HHKE.

Cunrez M(Htba), - 2ZH,0 (M = La, Ce, Eu, Yb,
Lu, Y). K 0.20 r (1.4 mmons) Hytba 8 5 mn soam mo-
Gasmanu 0.056 r (1.4 mmons) NaOH, satem cmecs
prigepxuBanu npu 90°C B Teuenue 5 MHH 10 NOMTHO-
ro pacTeopeHHsa THoGapOGuTyposoil kucnoTe. K ro-
pSuEMy KENTO-OPAHKEBOMY PAacTBODY NPH MEpeMe-
HBaHHK gobGaansiii | M BogHOTO pacTeopa, comep-
#amero 0.46 mmvons conn M(III). O6pasosasiumiics
BHauane Gensiil obbemubii ocanox (M(Htba), - 8H,0)
CTAHOBWICH GONee KOMIAKTHBIM M OKDALUHBAICH B
wentelid user. Ero ondunsrpoBsiBany, npoMuIBany
2 M aueToHa M CYLUMIH Ha BO3OYXE [0 NOCTOAHHOM
macchl. Brixon coenpunenwmii cocrasun 40—50%. Pe-
IYNBTATEL MX 3MIEMEHTHOTO aHAIH3a COMNAacylTcs C
MpeLIoKeHHBIM cocTasoM (Tabn. 1).

Cunres M(Htba), - 8H,0 (M = Eu, Th, Ho, Yb, Y).
MeTonHukn cHHTE3a 3THX H3OCTPYKTY PHBIX COEIHHE-
HHH OTAHYAIHCEH OT MpebLAyLieil TeM, YTO CHHTE3
MPOBOIHIIH TIPH KOMHATHOM TeMnepaTtype u aus 6o-
nee OwICTporo pacTBOpeHHs 2-THoGapGuTypoBOM
KHCIOTE  HCMONb30BATH  HeGonbwoid  w3bmTok
MNaOH (1.6 mmons). Brixon coenuHeHH cocTaBMn
50—60%. Mx coctas nogrBep#OcH TaHHBIMH XHMH-
4yeckoro aHanu3a (tabn. 1).

PCA. Hccneposansn senteie kpuctawist | (Ln=Yb)
pasmepom 0.3 % 0.3 % 0.2 mm, 11 (Ln = Er) pasmepom
0.35 = 0.35 = 0.3 mm u 111 (Ln = Ho) pasmepom 0.3 =
* 0.2 % 0.2 mm npu 296 K. HuTencueHoOCTH OoTpaske-

XKYPHAN HEOPTAHHYECKOW XMMHH  tom 65 M7 2020
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Tabanua 2. [MapameTpr! 3KCHEPHMEHTA H PETYILTATE YTOUHeHHA cTpykTyp [-111
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MapameTp IHageHHE

Kpuerann 1 I1

bpyTtro-dopmyna Ca4H3pN ;201556 Yb,y CaH3pEr N0 S, CyH & 1201556

M 1313.04 1301.48 82

Np.mp., Z Pin, 2 PYin, 2 t, 2

a, A 13.9302 (4) 13.9848 (6) 0.991? (9

b, A 9.9688 (3) 10,0106 (4) 10,0182 (7)

¢, A 15.4215(5) 15.4161 (6) 15.3907 (10)

B. rpan 109.4421 (7) 109.541 (1) 109.6202 (16)

VA 2019.43 (11) 2033.89 (14) 2032.1(2)

B, T/CM 2.159 2.125 2.119

1, Mm—! 5.002 4.4% 4.262

Beero orpaxenmit 29917 20957

20, rpan 61.938 m 53.004

HezasucuMeix oTpaskesuii N, (Ry,) 6426 (0.0638) @0410} 4205 (0.0989)

Yucno oTpaxkeHdit ¢ F > 40(F), N, 3006 07 2964

JwnanazoH HHIEKCOE A, &, [ —20< h <20, & =h<24, —17=h=<17,
—l4=k <14, O—ITEA:EI?. —12=k=12,
—2=1£22 —26=/<26 —19=/<19

Becosas cxema no £ w=1/[cXF})+ = 1/loXED+00162P2 +|  w=1/[c%(EY) +

+(0.0167P) + 5. +2.9638P] + (0.0205P)* + 8.8779P)
é P=max(F} +2F2)/3

Yucno yTouHAEMEIX NapaMETPOR 200 299 299

R (no N, pedonexcam) 0.0 0.0506 0.0732

R (no N, pednexcam) 0.0368 0.0394

wR(F?) (no N, pehnexcam) 41 0.0654 0.0903

WR(F?) (1o N, pechexcan) 00525 0.0618 0.0732

GOOF 1.068 1.011 1.033

KosdpHumeHT 3KCcTHHKLIMH ¢ He yrounsinea

(A/O)pax <0.001 <0.001 <0.001

AP o/ AP mins €/A° 1.580/-2.535 1.196/—2.980 1.598/—1.308

HHH HM3MEpPEeHHl H: ME%IETEJILHDM mudpakTo-
smetpe SMART AP D-nerexropom ( Bruker
{ @ DKCNEpHMEHTANBHLIE T10-
1c BEEIEHEI C OMOLIBIO MPO-
11] MeTomoM MyIETHCKAHHPOBA-
bl YCTAHORIEHA TNPAMBIMH

Ha C MOMOLILID KOMILIEKCA NPO-
[12]. H3 pa3sHOCTHRIX CHHTE30B
O MUIOTHOCTH OTIPEie/ieHEl TONOXKEHH
ga, KOTOpPBLIE 3aTeM ObUTH MIEANHIH-
OYHEHEI B CBA3aHHOM C OCHOBHEIMH aTo-
e. B tabn. 2 npuBeneHs napaMeTphsl 3KC-

AXS, MoK -uan
NPABKH HA MOTIOLIE
rpaMmel SA
Hus. Mopen
METOIAMHM

AY¥PHAI HEOPTAHMYECKOHW XMMHMH  tom 65

MNe 7

2020

MEPUMEHTOB M Pe3yNETATH YTOUHEHHH CTPYKTYP.
Crpyxryput I-111 nenonuposanm B KemGpumxckom
Ganke crpykTypHex ganHux (Ne 1971780—1971782;
deposit@ccdc.cam.ac.uk
http://www.ccdc.cam.ac.uk/data_request/cif).

[Mopowkoesle peHTrEHOTPAMMEI COEIHHEHHH OT-
CHHTEI TIPH KOMHAaTHO#H TeMmneparype Ha audpakTo-
metpe D8 Advance dmpmet Bruker ¢ ucnonssosannem
nuHeitHoro perexTtopa Vantec m Cuk-wmanyuenwmsa.
Insa nogreepxaenus ¢a3oBoil YMCTOTH MOPOLIKOB
komiekcos -1l ncnonssosanu napaMeTprl siueeK
H3 MOHOKPHCTANBHOTO SKCNEPHMEHTA, IS NOATOH-

HITH
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Puc. 1. DxcnepHMMeHTANEH
HOCTHHE PEHTTEHOIPaM
. EHEO; 6 — Ho(Ht 3"

PETHUECKHE H pas-
cramnos: a — Y(Htba); -

B — Yb(Htba); - 2H,0.

KH npodis yTouHe NapaMeTpoB HUYEeK — METO/
Jle Baiina npu ouru nporpammel TOPAS 4.2 [13].
YrTounenue GUNIEHO H OAN0 XOPOIIHE pas-
HOCTHRIE pe rpaMmel (prc. 2).

AHANIH3 COENWUHEHHH TIPOBOIHIH
T-Q600 (TA Instruments, USA) B To-
/muH) B uHTepsane 22—850°C npu

KTOB ONpPencaIsaiad © NNOMOLIIBRY COBME-

XKYPHAII HEOPTAHHYECKOH XHMHH  Tom 65

T'OJIOBHERB u ap.

LIEHHOTO © TepMuYeckuM aHamnsatopom MK-cnex-
TpomeTpa Nicolet380 (Thermo Scientific,

PE3YJILTATHI H OBCYXK]

O6pazosanue Tpex TPynm r
M{Hﬂ)ﬂ)s " SHID, M{chﬂ}jl i3 szﬂ
COTNIACYETCH C PE3YNbLTATAMH XH
YECKOIND aHamH3a. HEDCT[J}"
HOID XHMHYSCKOIND COCTaBa I

HHMEM COOTBETCTEYIOIIHX P
BEIMHCIEHHBIN KPHCTAILT

(tabn. 2—4). llns cpastex
NMEPHMEHTANLHEIE Pe
tuobapbutypatos P
CYLIECTBEHHO OTIIH

B nepsyio ou PH KOMHAaTHOI TeMnepary-
pe u3 mnuorn%:pa KPHCTA/LTH3YIOTCH Benbie
ofbeMHEIE M(Htba), - 8H,0. koTopuic B
TeueHHE I—% NpH KOMHATHOH TeMmmeparype
npespata M(Htba), - 3H,0. Ipu 90°C
M{Htba)gy 0, kak npasuno, nepexondaT B Gonee
KOMII EJIThle MEJTKOKPHCTA/UTHUECKHE OCal-
KH MWJ - 2H,0. Takue npespalleHHs cornacy-

MPHUECKHM TPaBHIIOM, COTNIACHO KOTOPO-
Mmygnnee BEICOKO# TEMIMEpPaType KPHCTALIH3Y-
I0TCH COEHHEHHS, CONEPXALIHE MEHBIIEE YHCIIO

exyn sogsl. Bce HamwmM NonuITEH NonyuHTh 3TH
TUIEKCHl B BHAE KPHCTALIOB, NMPHTOAHEIX IS
HokpucrankHoro PCA, okaszanuce Gesycnem s~

M. [Ipn koutakte kpucrannos M(Htba), - 2H,O ¢
MATOUYHEIM PacTBOpOM B TeueHue |—3 Mec npu kom-
HATHOMH TEMMeEpaType OHH YaCTHYHO NEPEXOIHIH B
Bonee TepMOIHHAMHYECKH YCTOHUMBLIE B BOIHOM
pacteope ruapatsl M(Htba), - 3H,0.

B nezapucuMOil uacTH AueeK MIOCTPYKTYPHEIX
kommiekcos Ln(Htba),; - 3H,0 (Ln = Yb, Er, Ho) co-
nepxartca asa wona Ln**, Tpu mona Htba— u Tpu mo-
NeKynsl BOOE B obmmx nosuuusx. KoopouHaumsa
uwonos Htba~ k wonam Ln** ocymectanaerca Tonsko
uepes atomel . Onun u3 vonos Ln** ceazan c me-
cTeio moHaMu Htba™ (aByma TepMHHANEHEIMH K de-
TEIPEMS MOCTHKOBLIMH ) H IBYMS MONEKYJIAMH BOJIHL,
OpPYTOi — C YeThIPEMSA MOCTHKOBEIMH HoHamMH Htba~
H 9eTIpbMs MonekynaMu ol (puc. 3). [omuanpw
Ln(1)0; u Ln(2)0; — xsagpaTHEIE aHTHIPH3IMEL,
CBAZAHHEIE OPYT C APYrOM MOCTHEOBHEIMH HOHAMH
Htba~ ¢ dwopmuposanneM GeCKOHEYHOro C/I0A B
IUVIOCKOCTH, NEPNEHIMKYISPHOM HANpABIeHHIO g + ¢
(puc. S1). C yuerom pa3Horo KoOOpIHHALHOHHOTO
OKPYXEHHS IBYX He3aBHCUMEIX HOHOB Ln*" u nanu-
UHsl B CTPYKTYPE Kak |[l;-MOCTHKOBOTO, TAK H KOHIIE-
poro nuraiga Htba~ crpoenne paccMaTpHBaeMbIX
KOMIUIEKCOB  Jyumle  nepegaercs  opmynoil
[Ln,y(H,0)¢(Htba-0,0"(Htba-0),], (puc. 3) s npo-
cto Ln,(H,0)¢(Htba)s. OHu H30CTpy KTYPHEI paHee oxa-
paAKTEPHIOBAHHEIM coemuHeHmsiM  Euy(Htba)(H,0),

ETCH COBNaae-

MNe T 2020
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Tadamua 3. Kpuerannorpadmueckue napametpst Ln(Htba), - 8H,0 (np. rp.PT)

MeTann a, A b A c, A o, B, v, rpan Q
Eu 7.794(1) 9.169(1) 18.4458(2) 97.25(1), 91.72(1), 112.18(1) 02
Tb 7.789(3) 9.152(4) 18.458(7) 97.14(2), 91.76(2), 112.15(3) %ﬂ(ﬁ}
Ho 7.769(1) 9.128(1) 18.434(2) 97.07(1), 91.78(1), 112.21(2) 9.9(3)
Yb 7.781(1) 9.152(1) 18.458(2) 97.14(13, 91.76(1), 112.15(2) 204.0(2)
Y 7.764(3) 9.120(4) 18.411(8) 97.08(2), 91.6%(2), 112.27 1193.1{9)

[8], Smy(Htba)s(H,0)s, Lny(Htba)s(H,0)g (Ln = Tb,
Gd, Nd) [9]. dnuus cesseit Ln—0 (tabn. 52) 8 co-
enmunennsx 1—I11 (2.263(3)—2.406(3) A) umetor T™a-
nuuHbie 3HaveHuA [10] 1 3akoHOMeEpHO yBENHYHBA-
worca oT coeaurenns | k [11. B crpykrype npencrasne-
HEI TPH HesaBHeHMBIX HoHa Htba~, onun xonuesoii (C)
1 nsa MocTHkoBeix (A u B). Ux cootsercrayomme
rEOMETPHYECKHE MapaMeTphl  YIOBJIETBOPHTENLHO
COMNACYIOTCH C IHTEPaTYPHEIMH gaHHeIMH [11—19] 1
NpakTHYeCKH coBnamaiorT ans coemuHenwnit 1-I11,
Hanpumep, LtnHH ceaseit C—0 1.250(8)—1.274(8) A,
C(4)—C(5) u C(5)—C(6) 1.382(10)—1.402(6) A, C-S
1.664(4)—1.697(7) A.

Ananu3a crpykrypsl nokasan Hanwume B [—-111 ope-
HamuatH BogoponHex ceaseil (BC) N—H-0O, N—H--5,
O—H--0 u O—H--5 (tabn. §3), B KOTOpPLIX y4aCTBY-
10T Bee HoHkl Htba™ u Bece monexynnt Bomsr. BC ob6pa-
3YIOT TPEXMEPHBIH KAPKAC, B KOTOPOM MOXHO B

BLIE
JIMTH CYMpPaMONEKYspHEIE MOTHBE R (8), S{‘

R} (28) m Rj (26) [20], xak u B apyrux uzocTpy
Huix THOGapGuTypatax Ln(111) [8, 9]. n—n-Baa

creus [21] mexay noxamu Htba~ (TaGn. 54) o-
N0BA-K-XBOCTY  OONOJIHHTENHO crab: HOT
CTPYKTYPY COEIHMHEHHIA.

B Hauane TepMHUeCcKOro pasnoxe X CHHTE-
3HPOBAHHEIX THOPATOB MMPOHCXOIH Has ae-
rHOpaTalMs, YTO MOOTBEpPHIa NETATAMH
HK -cnekrpockonuueckoro aHal razoobpasHbIx
npogykros. Ham ne ymanoc HHMLHpOBaThL
smeTogom PM@A kpuctaminy 3ul, obpa3yio-

LIMecsl MpPH OJTHOM
saHHBIX BewecTs. Coctas
HBIX NPOAYKTOB TEPMOJI
raaparaima Y(Ht

nepsasi HaAYMHAEe

HHH CHHTE3HPO-
AYTOMHBIX M KOHEY-
GoTe He uayuanu. de-

POTEKAET B IBE CTAIHH:
80°C, a sropas — npwu
~100°C (puc. 4a). POBORIAIOTCH IHIOTEPMH-
yeCcKHMH 3thiexTam u 85 1 129°C cooreercrBeH-

uo. [Noteps ma sewectsoM (Am,, ;) npu ~200°C
Gnn3ka K Te CkHM BeuMCneHHoW (Am,.) B

MPEAnoNoH onHo#l germaparaunu (Am,., =
= 20.9%, 21.7%. —8H,0). Ilpu r > 370°C
npoH T CAMTENBHOE painoxeHue obpasua,

KOT ETCTBYIOT [Ba 3K30TEPMHUYECKHX 3d-
thexTa soit JICK npu 422 u 598°C. Ilo peayns-
tatam HEEenexrpockonuueckoro ananusa rasood-
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Pa3HEBIX MPOIYKTOB, HWKE
3000pa3HLIM TIPOOYKTO
MPOAYKTOB TEPMOJIH3A
Hapy#eHst CO,, C

B enmHCTBEHHBIM ra-
S YieTcs Boga, a cpemM
gepeane 380—800°C ob6-

Kak cnemyer g wc. 46, mermgparauus
Ho(Htba), - 3 ) nauunaerca npu 180°C u
3AKAHYHBAETCA 0—280°C. DkcnepHMeHTAIb-
g BelecTs BIHIKA K BRIYHCIeHHOH
Kdlu yoanenua scex momexyn H,0

QEOKIACTCH IHIOTEpMHYECKHM 3didex-
4¥C. [pw ¢ > 320°C npoHCXODHT OKMCITH-
AnoxeHue obpasua, KOTOPOMY Ha KPHBOii
BETCTBYET 3K30TepMH4eCKHi addekT npu
ke 320°C enuHcTBeHHBEIM Tasoobpa3HbIM
NPOAYKTOM SBISETCH BOAA, 4 CPeIH TIPOAYKTOB Tep-
u3sa B uaTepsane 380—800°C obuapyxenm CS,,

3s Sﬂl H CO}.

Herupparauus Yb(Htba), - 2H,0 nauunaeTcs npu
230°C u npaktuuecku 3akandusaerca npu 300°C
(puc. 48). Eit cooTeeTcTBYET SHOOTEpMHYECKHI 3d-
tpext npu 237°C. Iloreps maccwm npu 250°C Gonse
TEOPETHHECKH BEIYHC/IEHHOMH B NPETIONOKEHHH MO~
HOii mermmparaumMu coeguHedus (Am,.. = 6.48%,
Amg,. = 5.64%, —2H,0). Habnwopaemoe paznuuue
CBHA33aHO, NO-BHIHMOMY, C FTHIPOCKONMHYHOCTLID Be-
mectea. [Ipu ¢ > 370°C npoHcxoaMT OKHCIEHHE Op-
rAHW4ECKOro NHraHaa, kotopoMy Ha kpueoi JICK
COOTBETCTBYET CHABHEIN 3K30TepMudeckuil stexT
npu 451°C. Tlpu ¢ < 370°C egMHCTBEHHBIM Ta3000-
pasHBIM MPOIYKTOM SBISIETCA BOJA, a CPEqH NPOAYK-

ToB Tepmonusa B wHTepsane 380—800°C obuapyxe-
uu CS,, NH,, SO, u CO,.

Tabmmpma 4. Kpucramnorpadmueckme — mapaMeTphl
Ln( cha}:, - EHZ{) {"p. rp. H]!]!]}
Meramn | a, A b, A c, A ¥, A
La 6.813(1) | 15.064(1) | 18.326(2) | 1880.9(2)
Ce 6.813(2) | 15.025(2) | 18.253(2) | 1868.9(3)
Eu 6.742(1) | 15.418(2) | 18.125(2) | 1883.9(3)
¥b 6.709(1) | 15.325(2) | 17.884(2) | 1838.8(3)
Lu 6.711(1) | 15.338(1) | 17.882(1) | 1840.7(1)
Y 6.721(1) | 15.378(1) | 17.982(1) | 1858.5(2)
MNe T 2020
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TT 1 JCK npx oxscnuTensHoi nerpana-
IHH Henwit: a — Y(Htba); - 8H,0; 6 — Ho{Htba); -
- 3H,0 Yhi(Htba); - 2H,0.

XE¥YPHAIT H

T'OJIOBHERB u ap.

Ynanen MONEKY] BOALI M3 COESIHHEHHS
Y(Htba), - yake npu 1 < 150°C nossonsieT ux orHe-
CTH K K H3auuoHHEM. B ornnume ot Hux, Mone-
KYJIhI o(Htba), - 3H,0 u Yb(Htba), - 2H,0,
CKO , ABJISIOTCH KOOPIMHHPOBAHHEIMH, TAK
Ka erMapaTalus HauMHaeTcH npH bonee BHICO-
KH epaTypax no cpasHeHuio ¢ Y( Htba), - 8H,0.

#ecTkHe” KMCIoTe MoHH L't He CKIOHHEI

HEMHOTOUHCIEHHEIX KOMILUIEKCOB C S-KOOPIHHHPO-
BAHHEIMH JTHMAHIAMH TONBKO W3 HEMOJSPHEIX pac-
teopuTencii [4]. [Nostomy npu paccMoTpeHHH BO3-
Mo#HO#H crpykTypu rugpatos Ln(Htba), - 2H,0 u
Ln(Htba), - 8H,0 moxHo npHHHMATE BO BHHMaHHE
TonbKo cBAazu Ln—QOyy,, 1 Ln—0,. [Tockonsky oberaHo
KY{Ln(III)) = 8, a nons Htba~ xe obpazyor 0,0'-ko-
opoMHUpoBaHHLe xenatsl [1, 2, 10], Yb(Htba), - 2H,0
H H30CTPYKTYPHEIE MYy FMIPATEl ABMSI0TCH KOOPIH-
HALMOHHEIMH MIOTMMEpPaMH. Y UMTHIBAs CPABHHTENE-
HO HH3KYIO TEMTIEPATYPY NOMHOH AerHapaTaluM, Xa-
PAKTEPHYIO L8 HEKOOPIMHHPOBAHHEIX MONEKYT BO-
Obl, MOXHO TAKXKE MNPeINOoNI0¥HTE NOIHMEpPHOE
crpoedne Y(Htba), - 8H,0 u usocTpyKTypHEIX eMy
koMmekcos. Torga ¢ yueroM paHee OTMeueHHOH
HanbombLIEH TEPMOIHHAMHYECKOH YCTOHYHBOCTH B
pacteope kpuctawios M(Htba), - 3H,0 szaumunie
npespaieHus nonumepHux ruapatos Ln(lll) B mx
HACHIUIEHHEIX BOJAHEIX PACTBOPAX MOXHO MpencTa-
BHTE CXEMOIi:

LK L
DBI:]BﬂTb CBSI3M C THTAHJIAMH UYE€pEe3 aTOM CepEl,
« D KOCBEHHO MOATBEPHIAET KPHCTAUTHIALMA MX

1-3 mec

[Ln(Htba)s], - 8nH,0 [La(H20)3(Htba)a] s

1-3mec
NN A:.j.c

[Ln(H;0),(Htba),],

EOPTAHHYECKOH XHMHH  tom 65 M7 2020
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SAKNITIOYEHHE

Kpucrannusanuell w3 BogHOro pactsopa B pas-
JMHYHEIX YCIOBHAX NONYYEHEl TPH THIA THAPATOB
tHobapbuTyparHmx kommiekcos P39 M(Htba), -
-nH,0 (n= 12, 3, 8), paanyuanoiuxca KpHCTaLTHYE-
CKHM CTPOEHHEM ¥ TEPMHUYeCKoil yCTOWYHBOCTEIO B
npoueccax gerupparaiun. OxuMcnuTensHOE paino-
WMEHHME KOOPIHHUPOBAHHEIX nuraHaos Htba™ naum-
Haetcs npH Gonee BEICOKOH TeMnepaTtype, 4eM CBO-
Gonnoii Hytba, koTopas muaBHTCH C pasnoXkeHHEM
yae npu ~250°C [22].

Kak yxe oTMeuanocs, rHAPATH PalTHUYHOIO CO-
CTaBa M CTPOEHMH TONYUYeHEl paHee Os HelTpanb-
HEIX OOHOPOOHEIX KOMILIEKCOB, oBpalopanusx Htha
1 HDetba c 5-, p- 1 d-metannamu (tabn. 51) [3]. Cywe-
CTBOBAHHE HECKONBKHX THAPATOB HAPSIY C BO3MOXK-
HOCTLI0 06pazoBaHus MONMMYHKIHOHATEHEIMH JTH-
raHIaMH CBA3IEBRIX H30Mepos denaeT DoraToil koop-
OHHALMOHHYID XHMMIO KOMIUIEKCOB METALIOB C
GapbuTypoBeIMH KucioTaMu [2]. Bupgenenne qurna-
paToB, TPHIHAPATOB W OKTaruaparos 2-Tuobapbury-
patos P33 sanserca npuMepoM MPOARIEHHA CTPYK-
TYPHOTO M FMAPATHOTrO pa3Hoobpa3us coemguHeHMil
3TOrO KiIacca.

OHHAHCHPOBAHHE PABOTHI

Heenenopanue BREMOMHEHD MPH GHHAHCOBOH MoLIepHx-
ke PAMDH B pamkax Hayuxoro npoexta Ne 19-52-80003.
PentreHorpadiueckHe JaHHEE MOMYYEHE & HCTIONB30

Tpa KOUUIEKTHEHOTO nonkzosaHua MM L KHIL CO P

HHEM 000DYI0RAHMA KpacHOAPCKOTO PErHOHAILHOTO LE
b 14

KOH®IHKT HHTEPECOB
ABTODEI 3aMRITAIOT, YTO ¥ HHX HET KOH

JOTIOMHHUTENBHBIE MAT

Tatanma S1. I'nopatel Gapb
METANNOE [3].

Tabanuma S2. OcHOBHEIE ITH it (A) M vy
(rpan) B coegurennax [-111.
Tabanuma S3. TeomeTpHu pPaMeETPREl BOOOPOI-

HEIX cBA3eit B crpykTypax [-1

Tabaua S4. ﬂapmar@x—muumeﬁcm}m Htba™

B kpucramnax [-111.
Puc. S1. i TIEPNEHAHKYISDHOTO Ha-
NMpaRmeHdo a + c. eCcKHil (hparMeHT CTDYETYDE

BRIIENEH IIHPOKOH THHHEH.
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