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CuHre3upoBaHbl KoMIUIeKchl Sc(Meacac); u Fe(Meacac); (Meacac = 3-meTwi-2,4-neHTaHOIUOHAT-aHU -
OH), METOJIOM PEHTTEHOCTPYKTYPHOTO aHaJIM3a BIIEpBbIC OINPENeIeHbl X KPUCTAJUIMIECKUE CTPYKTYPHI.
M3ydeHa neTydyecTsb U TepMUYecKasi CTaOMJIbHOCTD ITOJIyYEHHBIX coenuHeHUu . MeTtoaom nuddepeHimaisb-
HOI1 CKaHUpYIOIIeil KaJJopuMeTpUM OIpeieieHa TeMIlepaTtypa, SHTAIbIIUS U SHTPOIUS TIIaBJICHUST KOM-
IUIeKCOB. MeToIOoM TMOTOKa MoJiyueHa TeMIlepaTypHasi 3aBUCMMOCTb NaBJEHUSI HACBIIIEHHOTO Iapa
Sc(Meacac); B quanasone 414—472 K, u3 KoTopoil pacCUMTaHbl TEPMOIUHAMUYECKUE XapAKTEPUCTUKU

npolecca CyOIMMAaLMK IPY CpeHei TeMrepatype (A g, Hayz = 132.8 £ 1.8 KIIK/MOIIb, A y6,S443 = 226.1 +
*4.6 Ix/(K monb)) u mpu 298.15 K (Ayys,Hos 15 = 143.9 £ 2.6 KIIK/MOMb, Ayys,855.15 = 256.5 &
+ 6.4 Ixx/(K moib)). M3ydeHHbIE BellleCTBA MOTYT ObITh UCITOJIb30BAaHbI B KAUeCTBE MPEALIeCTBEHHUKOB B

Mporecce XUMUIECKOTO Ta30(ha3HOT0 OCaXKACHUsI, a HAOOP TTOTYYeHHBIX TEPMOIUHAMUYECKUX JaHHBIX —
IIJIST TIoA00pa ONMTUMATBLHBIX YCTIOBUM OCAKIESHMS.

Karouesuwie crosa: B-I[I/IKCTOHaT, peHTFCHOCprKTyprIﬁ aHaJIn3, 1aBJICHUEC HACBILLICHHOTIO IMapa, SHTAJIbITUA

M OHTPOIIUA Cy6JII/IMaLlI/II/I U IU1aBJICHUA
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BBEAEHWE

IIpoirecc xumMuIecKoro ra3opa3HOTO OCaXKICHUS
aKTUBHO TMIPUMEHSETCS B HayKe W WHAYCTPUH C IIe-
JIBIO TIOJIyYEHUsI BBICOKOKAUYECTBEHHBIX TIEHOUHBIX
MaTepuajIoB pa3HooOpa3Horo HazHaueHUs. [Iporecc
MMeeT MHOXKECTBO BUIOB, KOTOPBIE Pa3IMIalOTCs TH -
MOM XMMUYECKUX peaKlMil U yCIOBUSIMU TIPOTeKa-
HUs. OgHaKO TIPUHIINT OCAXKICHUS eIUH U OCHOBAaH
Ha JOCTaBKe COCIMHEHMs, COIepXKaIlero HeoOXoau-
MBbI€ 2JIEMEHTHI (TIpealecTBEHHUKA), B BUIE MAapOB K
MMOKPBIBAEMOMY OOBEKTY (ITOIJIOKKE), TAe IIPOUCXO-
JIUT ero MpeBpallleHue B 1ieJIeBOii Marepuall IyTeM
pa3IOXEeHUsI, OKUCICHUS WU APYTUX XUMUUYECKUX
peakiii. BapmaHT, B KOTOPOM B KauyecTBE MpeIie-
CTBEHHUKA BBICTYIAIOT COCTUHEHUSI METAJIJIOB C Op-
raHWYeCKMMU JIUTaHJaMu, TIOJy4YuJd Ha3BaHUE
MOCVD (xuMmdeckoe ocaxkaeHue 13 Ta30Boii a3kl
COENMHEHUI METAJJIOB C OPraHMYEeCKUMU JIMTaHIa-
mu). B knaccuueckoii pazHoBugHoctTd MOCVD He-
00XOIMMYIO KOHIIEHTPAIIIO TapOB METaJIICOepKa-
IIETO TIPeNIIeCTBEHHUKA, TT0AaBacMbIX B 30HY peak-
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M1, OIpeneisieT PeXUM MCIIapUTelIss B peakTope,
mapaMeTpbl KOTOPOI'O YCTaHABIMBAIOT UCXO/S U3 CO-
BOKYITHOCTU TEPMHUYSCKUX CBOIICTB COCHUHECHUS —
JIETY4ECTU M ITOBEIEHUS B KOHIEHCUPOBaHHOI (ase.
KonmyecTBEeHHBIM BBIpaXK€HUEM JIETY4YeCTHM KOM-
IJIEKCOB, MO3BOJISIIOIIMM OCYIIECTBISTh KOHTPOJIb
MPEUM3UOHHO, SIBJISIETCS TaBJIEHME UX HACHIIIICHHBIX
MapoB U TePMOJMHAMUYECKUE XapaKTEPUCTUKHU ITPO-
LIeCCOB MapooOpa3oBaHUsSI, a MpPU MCCIACIOBAHUU
KOHIEHCUPOBaHHOM a3kl 0cCO00e BHUMAaHUE YIEIsI-
€TCSl MpPEXIE BCEro TEPMUUYECKOM YCTOWYMBOCTU U
¢da30BEIM ITepexoIaM.

Cpenu TmpedllecCTBEHHUKOB, MCIIOJIb3YEeMbIX B
npoueccax MOCVD, B—I[I/IKCTOHaTHLIe KOMILJIEKCHI
METAJUIOB MPOYHO 3aHMMAIOT JUAUPYIOIINE IT03M1-
LIUM HE CTOJBbKO M3-3a OTHOCUTEIBbHOM MPOCTOTHI UX
CUHTE3a U CTaOMJIBHOCTH Ha BO3MIyXe, CKOJIBKO M3-3a
cTpykTypsl noHa siranaa ([R'C(0O)(R)C(O)CR?]Y),
B KOTOPOM CYIIIECTBYET HECKOJIBKO ITO3UIINIA, II03BO-
JISTIOIIUX TyTEM MHOXECTBEHHOTO BApbUPOBAHUS 3a-
Mectureneii (R!, R?, R') mosnyyars cOeIMHEHUS C HE-
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Puc. 1. Hymepauus atoMoB yriepona B 3-meTui-2,4-
MeHTaHIMOHAT-aHUOHE.

00XOIUMBIMUA TEPMUUYECKUMU CBOMCTBaMM. MOHO-
SITIEPHBIM COEIMHEHUSIM C ITPOCTEHIIINM [B-TUKETOHOM —
auerunaneronom (Hacac, R'=R?>=CH,;, R'=H) u
B-mMKeTOHAMU C Pa3IMYHBIMU KOHIIEBBIMU 3aMe-
crurensmu R' u R? (CH;-, CF;-, C4Hy-, CcHg-Tpyrn-
ITBI U Ap.), a TAaKKe BJAUSIHUIO 3TOTO TUIIa BApbUPOBa-
HUS Ha JIETYYECTh U YMAaKOBKY KOMILJIEKCOB TMOCBS-
IIIEHO MHOXECTBO pabdoT, HanpuMep [1—6]. Pa6ot 1o
u3yyeHu1o 3¢ exkTa BBeIeHUs aTKUIbHBIX TPy B Y-
nojioxkeHue auranga (R') Ha cTpyKTypHBIE U TepMU-
YECKHEe CBOIMCTBA TaKMX KOMIUIEKCOB, a TakXe Ha UX
TepMOIMHAMUYECKHE TTapaMeTphl oYeHb Maio [7—13].
Tem He MeHee Hajau4ue, HAINpUMeEpP, METUIIbHOI
CPYIIIBl IPU Y-YIJI€POAEe NPUBONUT K 3HAUUTEIIb-
HOMY YBEJIWYEHUIO 3HAUYEHUS DHTAIBNUU CYyOIU-
manuu [7, 13].

Hacrosiias pabota mocBsllieHa CUHTE3y, KpU-
CTAJIJIOXMMUYECKOMY aHAIU3Y ¥ UCCIIEAOBAHUIO TeP-
MUYECKHUX CBOMCTB KoMIuieKcoB ckaHausi(111) u ske-
ne3a(lll) ¢ 3-mermn-2,4-nenrangnoHom (H(Meacac),
puc. 1), BKIoyast U3ydyeHHe TEpMUUYECKOI yCTONUM-
BOCTH, U3MEPEHIE TaBJICHNS HACHIIIIEHHBIX ITApOB 1
orpenielieHne TePMOAMHAMNYIECKUX XapaKTepUCTUK
MIPOLIECCOB CyOJIMMALIUU U TJIaBJICHUS].

Bribop ckaHaus U Xejae3a B Ka4eCcTBE LIEHTPaIb-
HBIX aTOMOB OOYCJIOBJIEH HEOOXOTUMOCTBIO ITPOIOJI-
KEHUS HAIlIMX UCCAEIOBAHUM, ITOCBSIIEHHBIX BIIMSI-
HUIO KOHIIEBBIX 3aMECTUTENIEH B-TMKETOHATHBIX JIM-
TaHOOB B PSIAy Mpuc-KOMIUIEKCOB 3THUX METAJLIOB
[14—16]. C mpaKTUYeCKOM TOYKU 3pEHUS TTOJIydeH-
HBIC COCIMHEHMS PACIIMPST MaJIUTPy IMPEAIIeCTBEH-
HukoB MOCVD s monyyenust Sc- u Fe-conepxka-
IIMX TJICHOK, BOCTPEOOBAHHBIX B PA3IMUYHBIX 00J1a-
CcTsX. B 4acTHOCTHM, XOpOIIO M3BECTHO, 4YTO
MOKPBITUS, COAepXKalllue OKCUI CKAHIAWS, LIUPOKO
HUCIIONB3YIOTCSI B cdepe omntuku [17] m gaBiagroTcs
MEPCIIEKTUBHBIMU MaTepralaMy [JIsI MUKPO3IEK-
TpoHuKU [18, 19], a xXene3ocomepxKaliue MaTepruaIbl
MPOSIBJISIIOT OTJIMYHBIE (peppOMarHUTHBIC CBOMCTBA
[20] 1 MOTYT TIPUMEHSIThHCS B KAa4eCTBE KaTajJn3aTo-
pos [21].
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OKCITEPUMEHTAJIbBHAA YACTb

B pabote ncnoab3oBaiv AUCTUIMPOBAHHYIO BO-
ny, ataHon (OAO “KemepoBckas dapManeBTHYe-
ckag ¢dabpuka”, 95%), nzomnporaHoi (X. 4.), Tekca-
ruapat xjaopuaa ckaHausa(Ill) (OO0 “Hanxum”,
99%), rekcaruapar xjopuaa xenesa(Ill) (AO “Jlen-
PeaktuB”, 98%), 3-metun-2,4-nieHtaHanoH (Alfa
Aesar, 95%), runpokcun Hatpust (OOO “Toprosas
kommanuss AHT”, 98%) 06e3 OONOJHUTEILHOI
OYMCTKHU.

DIIeMeHTHBIN aHaimm3 Ha conepxanne C m H ripo-
Boaunu c¢ wucrnioab3oBanueM CHNS-ananuzaropa
Vario Micro Cube 1o ctaHOapTHOII METOOUKE, I1O-
TPEITHOCTU OIIpenceHUs COACPXaHUS BJIEMEHTOB
He npesbiianm 0.5%. Crnexkrpel IMP perucrpupo-
BaJiu Ha criektpoMerpe Bruker Avance 500 Plus (‘H,
500 MTI), xuMudeckne caBuru (8, ppm) GBI OT-
HECEHBI K CUTHaJaM pacTBopuTens (8y = 7.26 mis
CDCl;), cTaHODapTHOE OTKJIOHEHUE COCTaBUJIO
0.01 ppm.

Sc(Meacac); mojydaid aHaJOTUYHO APYruM [3-
nukeroHatam ckangusa(III) [14, 15]. I'ekcarumpat
xyopuna ckaHausa(I111) (ScCl, 6H,0) (1.36 T,
5.2 MMoJIb) pacTBOpsUTA B 50%-HOM BOTHO-3TaHOIb-
HOM pacTBOpE C ITOCITIEAYIOIINM T00aBIeHUEM 2.4 M
3-metun-2,4-nenranguoHa (HMeacac) (0.021 monb).
3aTeM MeaJIeHHO (HECKOJIBKO HHEI) I10 KaIUIsIM JO0-
o6asmsiin 1 M pactBop ruapokcuna Hatpust (NaOH)
1o noctikeHust pH 6. Benblit ocamok oThUIBTPOBBI-
BaJI U IIPOMBIBAJIM XOJIOOHBIM M30IIPOHaHOJIOM (i-
PrOH). KoMIutekc ouniiany TpoMHOM CyOnmmanmein
(483 K, 6.7 Ia). Boixon 1.40 1 (70%). T, = 486—488 K.
Cnekrp 'H SAIMP (CDCly), 6, m.a.: 2.072 (18H,
C.H3), 1.854 (9H, CsH,;).

C H
Haiinexo, %: 56.1; 7.1.
Hnst ScCgH,,04
BBIUMCIIEHO, %: 56.3; 7.1.

Fe(Meacac); mojydajiu aHaJOTMYHBIM 00pa3om
u3 rekcaruapara xsopuaa xenesa(l1l) (FeCl; - 6H,0)
(1.35 1, 5.0 mmonb) u 2.3 mn HMeacac (0.020 moiib).
O4uCcTKYy TIPOBOIMJIM TPOWHOMN cyOauManueil Ipu
463 K u 6.7 Ia. Bexom 0.80 T (40%). T, = 474—476 K.
Crniextp 'H AMP (CDCl;), 8, m.a.: 2.088 (18H,
C.H;), 1.808 (9H, CsH,).

C H
Haiineno, %: 55.0; 6.8.
Hns FeCgH,;,0¢
BBIYMCIIEHO, %: 54.7; 6.9.

MoOHOKpUCTAJJIBI, IIPUTONHBIC MJISI PEHTICHO-
crpykrypHoro aHanu3a (PCA), mojiydeHbI B IIpoLeC-
Ne 2
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Ta0muna 1. Kpucramtorpaguueckue nannsle g Sc(Meacac); u Fe(Meacac); mpu 293(2) K

[TapameTp Sc(Meacac), Fe(Meacac);
bpyrTo-dopmyna CgH»75¢O¢ CsHy7FeOgq
M, r/monb 384.35 395.24
CuHroHwus, TIp. Ip. MonoknunHas, C2/c MoHoxknuHHas, P2,/n
a, A 15.7953(7) 8.2860(2)
b, A 9.6085(4) 8.2010(2)
e, A 13.2458(5) 29.4940(6)
B, rpan 101.865(1) 97.528(1)
v, A3 1967.35(14) 1986.95(8)
Z 4 4
Passas T/CM’ 1298 1.321
W, MM~ ! 0.402 0.787
F(000) 816 836
Pasmeprl kpucramia, MM 0.42 x 0.30 < 0.28 0.40 x 0.40 x 0.18
Juara3oH c60opa TaHHBIX 110 6, Tpaj 2.496—26.383 2.662—26.471
JwnanasoH hkl —19<h<19,—-12<k< 12, —10<h<10,—-10<k <10,

—16</<16 —35<17<36

Yucno pedn. Uamep./HezaBuc. 8077/2012 14376/4084
Rin 0.0303 0.0280
IMonHoTa cObopa maHHBIX 10 O = 25.25°, % 99.8 99.6
Yucno pedaekcoB/orp./mapaMmeTpon 2012/0/120 4084/0/235
GOOF 10 P2 1.081 1.116
Ry 11> 20(D)] R1=0.0364, wR2 =0.1117 R1=0.0390, wR2 =0.0939
Ry, (0 BceM TaHHBIM) R1=0.0413, wR2 = 0.1156 R1=10.0432, wR2 =0.0954
OcTaTo4Has 3JeKTPOHHAas MJIOTHOCTh 0.209/-0.170 0.209/—0.353
(max/min), e/A3

ce cybauManuu B BakyyMHoii rieun. PCA koMmruiek-
COB BBITIOJIHEH 11O CTaHAAPTHOM METONUKEe Ha aBTO-
MaTUYECKOM  YETBhIPEXKPY>KHOM AU paKTOMETpe
Bruker-Nonius X8Apex, ocHaIlIlEeHHOM ABYXKOOPIM-
HaTHbIM CCD-aeTteKTopoM, Mpyu KOMHATHOU TeMIie-
patype (293 K) nj1s1 000MX COeTMHEHUI ¢ UCTOIb30-
BaHMeM MoubaeHoBoro nanyderus (A = 0.71073 A)
u rpaduToBOoro MoHoxpomaropa. MHTEHCUBHOCTHU
OTpPaXX€HUII M3MEPEHBbl METOIOM (P-CKAHUPOBAHUSI
y3kux (0.5°) dpeitmoB. TTomolieHUe YYTEHO TOJTY-
amnupudecku o nporpamme SADABS [22]. Ctpyk-
TYpbl paciin¢poBaHbl NMPSIMbIM METOJIOM U YTOUYHE-
HBI TTojiTHoMaTpuuyHbiIM MHK B aHu3orpormHoM mis
HEBOJIOPOJHBIX aTOMOB MPUOJNKEHUU 110 KOMIIJIEK-
cy nporpamm SHELXTL [23], neTaiu 3KCIiepuMeH-
TOB U YTOYHEHMUS TIPUBEACHBI B Ta0J1. 1. ATOMBI BOTO-
pojla YTOYHEHbl B TIPUOJMKEHUM XKECTKOTo Teja.
Kpucrannorpaduueckue nanuoie o Sc(Meacac); u
Fe(Meacac), nenmoHupoBaHbl B KeMOprmIKCcKOM O6aHKe
cTpykTypHBIX 1aHHBIX (CCDC 2201649 1 2201650 coor-
BeTCTBeHHO; https://www.ccdc.cam.ac.uk/structures/).
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OCHOBHBIE MEXAaTOMHEIE PacCTodAHMA 1M BaJICHTHLIC yI-
JIbI IIPEACTABJICHLI B Tabm. 2.

Pentrenodazonblit aHanu3 (PMA) BBIMOJTHEH Ha
nudpakromerpe Shimadzu XRD-7000 (CuK, -uzny-
yeHue, Ni-unbrp, muana3zoH 20 = 3°—40°, mar
0.03°, HakoruieHue 1 ¢, KOMHaTHasi TeMIleparypa).
OnHo®a3HOCTh MOJYYSHHBIX COSAUHEHUMN YCTAaHOB-
JiIeHa B pe3yjbTaTe WHAWLIMPOBAHUS ITOPOIIKOBBIX
pEHTreHorpaMM MO aHaJOTUM C pacYeTHBIMU IU-
¢dpakTorpaMMaMy KOMILJIEKCOB, M3YYEHHBIX METO-
JIOM PEHTTeHOCTPYKTYPHOTO aHaJIN3a.

KoMmmnekcHbIl TepMUYECKUiT aHaIU3, BKIIOYaB-
IIUI OMHOBpeMEHHO TepMorpaBumerpudeckuii (TT)
n  auddepeHINANbHBIA TEPMUYSCKUN  aHaIHU3
(ATA), npoBonunu Ha npudope TG 209 F1 dbupmsbl
Netzsch. DKcriepMMeHTHI BHITIOJHSJIM B atMocdepe
resust (30 Myi/MuH) B TUTIIIX U3 Al,O5, CKOPOCTh Ha-
rpeBa coctasiisuia 10 rpaa./MUH B AUaIia3oHe TeMIIe-
patyp 303—620 K.

Ne2 2023
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MAKAPEHKO wu np.

Ta6muua 2. OCHOBHBIE MEXAaTOMHbIe paccTosiHus (d, A) U BaJeHTHbIE YITIBL (®, 'pag) B CTPYKTypax Sc(Meacac); u

Fe(Meacac); npu 293(2) K

Sc(Meacac); Fe(Meacac),
Css3b d, A Css3b d, A
Sc(1)—0(1) 2.0664(12) x 2 Fe(1)—0O(11) 1.9774(17)
Fe(1)—0(12) 1.9796(15)
Sc(1)—0(2) 2.0841(13) x 2 Fe(1)—0(21) 1.9966(15)
Fe(1)—0(22) 1.9825(16)
Sc(1)—0(11) 2.0746(11) x 2 Fe(1)—0O(31) 1.9802(14)
Fe(1)—0(32) 1.9879(16)
d(Sc—0),, 2.075(7) d(Fe—0), 1.984(7)
Yron w, rpan Yron o, rpan
O(1)Sc(1)0(2) 79.69(5) x2 O(11)Fe(1)0(12) 85.28(7)
O(11)Sc(1)O(11)#1 78.81(6) O1)Fe(1)0O(22) 85.34(7)
#1—x,y,—z+1/2 O(31)Fe(1)0O(32) 84.52(6)
0(0ScO),, 79.4(4) 0(OFe0), 85.1(4)

TepmoagmHaMUKy (hpa30BBIX IIPEBpPAIICHU B KOH-
JIIEHCUPOBAaHHOU (haze ucciaenoBaiv Ha nuddepeH-
nuajbHOM cKaHupylomieM Kajopumerpe (I CK)
Netzsch DSC 204 F1 Phoenix. M3mepenunst oopa3nos
MPOBOJIWIN METOAOM TEIIOBOTO MTOTOKA MPU MOCTO-
AHHOM ckopocTu HarpeBa 9 K mun~!, Mmacca o6pas-
1oB 3—7 wmr, turiu Al,O; 3akpbiToro Tuna. CurHan
0a30BOIi IMHNUY, ITIOJIyY€HHON TP HarpeBe ABYX Iy-
CTBIX TUTJIEH, BBIYUTAIU U3 9KCIIEPUMEHTAJILHBIX pe-
3yabTaToB. OOpabOTKy 3KCHEepUMEHTAILHBIX TaH-
HBIX U ompeaeneHue TeMneparypsl 71, U 9HTaJb-
nuu AH nepexogoB OCyIIECTBISUIA B IIPOTPaMMHOM
nakete Netzsch Proteus Analysis. Temmnepartypy
IUIABJICHUS OIIPENe/IsuId KaK TOUYKY IIepecedyeHsI Ka-
caTeJIbHOM K HavYaJly TEIJIOBOI aHOMAJINX U COOTBET-
CTBylollIe Oa3oBoit nuHuUM. KanmuOpoBKYy maTuymka
TEIUIOBOTO IIOTOKA M TPaayHpPOBKY TeMIIepPaTypHOM
IIKaJbl OCYIIECTBISIIM IUIABJICHUEM CTaHOApPTHBIX
BellecTB (LIMKJIOTeKCaH, agaMaHTaH, Hg, 6eH30liHas
kuciora, KNO;, In, Sn, Zn). CtannapTHast Heonpe-
JIIEJICHHOCTh B M3MEPEHMSIX TeIloBoro sddexra,
MpeackazaHHass Ha OCHOBE KaJIMOPOBOYHBIX JKCIIe-
pUMEHTOB (MHAW, OJI0BO, LIMHK), cocTaBuia <1%
(cBumerenbcTBO O moBepke Ne  C-C/02-02-
2022/129404261).

JaBieHre HACHIIIEHHBIX ITAapOB Hal TBEPIbIM
Sc(Meacac); usMepsijii METOIOM MOTOKA B aTMOocde-
pe MHEPTHOTO ra3za-HocuTtess (aproHa). ITogpooHoe
ONUCaHUE PKCICPUMEHTAIbHOM YCTAHOBKU U METO-
UKW 9KCIIEpUMEHTa MOXHO HaiiTu B [24]. aBnenne
MapoB p; OBLIO PACCYUTAHO C UCTIOTBL30BAHUEM YpaB-
HEHUSI:

p; = mRT,/VM;; V = (ny +n)RT,/P,, (1)

rae m; u M; — Macca 1 MOJISIpHAsi Macca UCCiIeTyeMo-
ro BelleCTBa COOTBETCTBEHHO, R — yHUBepcajbHas
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ra3oBasl IOCTOSTHHAs, V — 00beM IIPOTEKAIOIIETo Ta-
3a Mpu TeMIeparype okpyxatoiieit cpenbl 7, u aTMO-
chepHOM naBneHUN P,, B KOTOPOM COIEPXKUTCS Ma, U
n; MOJIEl Ta3a-HOCUTENST M MCCIIETyeMOTO COeMMHe-
HUSI COOTBETCTBEHHO. IlorpeimHocTs B U3MEepEeHUU
JaBJeHUs mapa cocraBuia <4%.

PE3YJILTATbBI 1 OBCYXKIAEHHWE

Onucanne CTPYKTYpP KOMILIeKCOB. BriepBbie BbI-
MOJIHEHO MOHOKPHUCTaJIbHOE PEHTIeHOCTPYKTYPHOE
uccnenoBanue Fe(Meacac); u Sc(Meacac);. O6a Be-
IIeCTBa UMEIOT CTPYKTYPY C U30JIMPOBAaHHBIMH MOJIe-
KYJIIPHBIMA KOMILUIEKCHBIMM YacTuliamu (puc. 2 u 3).
INepBast KoopauHALIMOHHAS cepa KaTMOHaA MeTajlia
COCTOUT M3 IIECTH aTOMOB KHCJIOpoAa TpeX OMmeH-
TATHBIX J-AMKETOHATHBIX IUTaHI0B. [lapaMeTpsl KO-
OPIVMHAIIMOHHOTO OKPYKEHUSI METAJIOB B KOMILIEK-
cax TIpuBeAeHBI B Ta0J1. 2. HyMepaiins atToMoB yrite-
pona mpencraBieHa Ha puc. 1. Ilpu temneparype
293(2) K cpennue mmnbl cesizeit C-0, C,—Cg, Cg—
C, u C,—C; dparmenta Meacac B Sc(Meacac); u
Fe(Meacac); ©Onausku wu cocraBwiu 1.272(1) u
1.270(4), 1.510(4) u 1.505(7), 1.400(7) u 1.391(7),
1.526(9) u 1.527(2) A coorBercTBeHHO. OIHAKO 3a-
MeHa IIEHTPaJIbHOTO aTOMa CKaHIWs Ha XeJie30 Tpr-
BOJIUT K YKOPOYEHUIO KOOPAMHALIMOHHBIX CBSI3eil
M—O0 ¢ 2.075(7) no 1.984(7) A u yBennueHuio Ba-
JICHTHBIX yIJIOB ¢ 79.4(4)° mo 85.1(4)°. MeTtamionnk-
JIbl 000MX KOMIUIEKCOB HEIJIOCKME, YIJIbI Tepernba
Baouib auHuu O...0 cocrasisior 0.8°, 9.1°, 9.1° misa
Sc(Meacac); n 5.2°, 1.9°, 16.3° mna Fe(Meacac),.
OxkazaJjioch, UTO JJIMHBI CBSI3Ei B 000MX KOMITJIEKCax
0JIM3KM K COOTBETCTBYIOILIIMM JJIMHAM CBsI3eii B alle-
tunaueroHatax ckanausa(I1l) u xeneza(I11l): 1.25(1)
n 1.262(4) (C-0), L51(1) u 1.504(5) (C,—Cp),
Ne 2
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Puc. 3. Monexyna (a) u yctpoiicTso cios B yrmakoBke Fe(Meacac)s (6).

1.381(8) m 1.382(5) (Cg—C,) [25, 26]. Takum obpa-
30M, BBEJIEHUE METWIBHOU TPYIIIHI B Y-TIOJIOXEHUE
MpaKTUYeCKH He BIIUSAET Ha IJTUHEI CBSI3e1 KOMIUIEK-
coB. [lpu 3TOM BaJeHTHBIE YIJIbI Y OOOMX BEIIECTB
HECKOJIPKO MEHBIIIe, YeM Y alleTHIAlleTOHATOB CKaH-
musa(111) u xeneza(11l) (81.0(2)° m 87.43(9)°). Yma-
KOBKM [JIST O0OMX COCIMHEHMIT MOJEKYJsIpHbBe. B
YIIaKOBKE MOXHO BBIICIUTH MCKaXeHHBIE TeKcaro-
HaJIbHBIE CJIou B ceMmelicTBax muiockocteit (—1 1 1)
s Sc(Meacac); u (1 0 1) nng Fe(Meacac);, ycTpoii-
CTBO CJIOEB ITOKa3aHo Ha puc. 20 n 36. Kparuaitme
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pacCCTOSTHUST MeTaJUI—MeTaJUI BHYTPU CJIOS PaBHBI
7.708 A st Sc(Meacac); u 8.201 A nnsg Fe(Meacac);.

B crrektpax 'H AMP 060X KOMILIEKCOB HAOIIO-
JIalOTCS 1Ba XapaKTEePHBIX CUTHAJIa, OTHOCSIIIUXCS K
rpynmnam C, H; u CsH;, ¢ cooTHOIeHNeM Tutoaneit
nukoB 2 : 1, nisi Fe(Meacac), HaGomaeTcs yumpe-
HHUE MMUKOB BCJIEACTBUE ero nmapamarHerusma. Omau-
HaKOBOE IMOJIOXKEHUE MUKOB CBUAETEILCTBYET O TOM,
YTO LIEHTPAJTBHBIN aTOM MpaKTUIEeCKH He BIUSIET Ha
CTpOEHUEe MOJIEKY.

Tepmuueckoe ucciaenopanue. ComracHO TaHHBIM
P®A, o6pa3siibl coeqMHEHU SIBISIOTCS OTHO(Ma3HbI-
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Puc. 4. Kpussie TT u ITA m1s Sc(Meacac); u Fe(Meacac);.

MU, 3TO MO3BOJIWJIO U3YYUTh UX TEPMUUYECKUE CBOM-
CTBAa — CTAOUJIBHOCTH U JIETYYECTb.

Tepmuueckoe noBeaeHUE KOMIUIEKCOB B KOHJEH -
cupoBaHHOI (ase ucciaenoanu Mmetromamu TT/JATA
u JICK. Ilo manueim TI (puc. 4), o6a coenmHeHUS
00J1a71a10T CPAaBHUMOM JIETYUECTBIO: B YCIOBUSIX TEP-
MOTPaBUMETPUUYECKOro SKCIepUMeHTa mapooodpaso-
BaHME KOMILIEKCOB HaunHaeTcs npu 440 K u 3aBep-
maetcsa npu 490—500 K, mepexon B razoByio pasy
OIMUCBLIBAETCS OMHOCTYIEHYATBIM BUIOM KPUBOIA.
ITpu stom Sc(Meacac); AEMOHCTPUPYET XOPOIIYIO
TEPMUYECKYIO CTAOMIBHOCTD, TPAKTUUECKU KOJIUYEe-
CTBEHHO IIepexo/isI B ra30Bylo0 a3y (Macca HejleTyde-
TO ocTartka coctaBisieT <2%), Torna Kak Fe(Meacac),
pasJiaraeTcsl B Iipoliecce ucnapeHus (MmoTepsi Macchl
cocrabiseT <83%). Ha kpusbix ITA sHgoTepMuye-
CcKue MUKU, TeMIlepaTypbl Hadyajia KOTOPbIX COCTaB-
nsmioT 485 1 470 K, cBg3aHEI ¢ TIpolleccaMy TIaBJIe-
Hus Sc(Meacac); u Fe(Meacac); COOTBETCTBEHHO,
YTO COIJIaCyeTCsl C JaHHBIMU BU3yaJbHOTO HabII01e-
Hus Ha cTonuke Kodirepa (cM. 3KCIiepuMeHTaIbHYIO
YacTh) U pe3yiabTaTaMu TuddepeHINATLHON CKaHU -
pyloleit KaJJopuMeTpruu (CM. HUXKE).

ComracHo KaJIOpUMETPUIECKUM MCCIIETOBAHUSIM,
COCAVHEHUSI He TMpeTeprneBaloT SHIOTEPMHUYECKUX
¢a30BBIX IIEPEeXOO0B B AUAlla30HE TEMIIEpaTyp OT
KOMHATHOI mo 1wiaBjieHus. OmHaKo, B OTIAYME OT
aleTUIAlleTOHATOB 00CYXIaeMbIX METaJIJIOB, TLIaB-
JIEHHE€ KOTOPBIX SIBIISIETCS 0OpaTUMBIM (Da30BbIM IIe-
pexonom [14—16, 27, 28], miaBjieHUE UCCIELYEMBbIX
KOMIUIEKCOB C METUJIbHOM I'PYIIIIONA B Y-IIOJIOXKEHUN
JIMTaHJA IPUBOAUT K UX Pa3I0KEHUIO, MOCTEIIEHHO-
My B ciydyae Sc(Meacac); M 3HaUUTEIbHOMY B cllydyae
Fe(Meacac);. B ciyyae xene3Horo koMmIjiekca Kpu-

KYPHAJI HEOPTAHUYECKOW XUMUU
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Basg JICK ykaspIBaeT Ha HaYaJio €ro pPasyIOKECHUS HO
TJIaBJICHUSI, YTO COIJIACyeTCsI C BBIIICONMMCAHHBIMU
pesynabratamu TT-skcnepumenTa. Takas Tepmude-
cKasl HeCTaOMJIbHOCTD 3aTPYAHSET OTlpeieJIeHUE Tep-
MOJIMHAMMWYECKUX XapaKTepUCTUK Mpoliecca TIaB-
JIeHUsl, B CBSI3M ¢ yeM mipu padote ¢ Fe(Meacac); Obi-
JIU UCIIOJIb30BaHbl TUIJIM HETUIOTHOTO TpUJIEraHusl,
U MIOJIyYEHHbBIE TEPMOAMHAMUYECKUE XapaKTEePUCTU-
KM MOTYT CUMTAThCS JIMIIbL OolleHOUHbIMU. [TpoBene-
HO HECKOJIbKO 9KCMEPUMEHTOB C pa3HbIMU HaBecKa-
MU KOMILIEKCOB, 00pabOTKYy ITPOBOIMIN IO JaHHBIM
TOJILKO TIEpBOro HarpeBa. B pesynbTaTe MoTydeHBI
cienyrolue 3HaueHust temreparypsl (7;,) U TepMo-

JMHAMWUYCCKUX XapaKTCPUCTUK SHTAJTbIINN (An nH ? )

1 OQHTPOIINHN (AnnS;j ) TJIaBJICHMA C ITOIrpCIIHOCTAMU

st 95%-Horo noBepuTeNnbHOTO WMHTepBana: 1, =
=484.0 £ 0.8 K, AMH;““ = 43.7 + 1.4 x/Ix/Mo0b,
AmS})m =90.3 £ 2.9 JIx/(K monb) nisa Sc(Meacac)s;
T, =470.4+ 10K, A Hy =34.8 % 3.8 KJIx/mMonb,

AHHS;m =74.0 £ 7.4 Ix/(K monb) nis Fe(Meacac)s.

JlaBjieHne HachleHHBIX MapoB Sc(Meacac); usme-
pPEHO METOIOM TIIOTOKAa B MHTEpBaje TeMIlepaTyp
414—472 K, Bcero nmoay4deHo 15 Touek (puc. 5). Dkc-
TepUMeHTaJIbHbIC TaHHBIE 00pabOTaHBI C TIOMOIIIBIO
ypaBHeHus [29, 30]:

RiIn(p/p,) = a+b/T + Aye,Co IN(T/T,),  (2)

o]
[Ie a U b — MOATOHOYHBIE TTapaMeTpbl, A ,C, — pas-
HOCTb MOJISIPHBIX M300apHBIX TEIJIOEMKOCTEH ra3o-
Boit 1 TBepmoit das, p, = 1 I1a, T, = 298.15 K. Cran-

o
JapTHasi MOJISIpDHAsl SHTaJIbIUS (ACYMHT) U 3HTPO-

nus (ACYGHS;) cyonmuManuu Tipu Temrieparypax 1’

MOTYT OBITH MOJy4Ye€HBI U3 ypaBHeHUs (1) ciemyro-
1M 00pa3oM:

AgenH7 = —b+ Ay6,Co T, (3)

cyon cyou

Sy = Ay Hy /T +Rin| L. (4)
107 p,

A

cyosn

B orcyrcTBUE naHHBIX IO AcyﬁnC;> ypaBHeHue (2)
CBOpAUMBAETCS B KJIACCUUYECKOE AByXMapameTpude-
ckoe JIMHeitHoe ypaBHeHMe Kitaysmyca—KoarmeiipoHa,
W 3HAYEHUSI SHTPONMU M SHTAIBITNN CyOIMMAIINK OT-
HOCSITCSI K CpelHeit TeMIiepaType 39KCIepUMeHTaTbHO-

ro UHTEpBala: A H:43 = 132.8 £ 1.8 xlx/Monb,

Ccyo

AcyﬁnSf43 = 226.1 + 4.6 Ix/(K Moib) (orpeinrHoctu
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Puc. 5. 3aBUCMMOCTh IaBJIeHUSI HACHIIIIEHHOTO Tapa OT
TemnepaTyphl Ut Sc(Meacac)s (py = 1 [1a).

OpUBeIeHBI IS 95%-HOro TOBEPUTEILHOTO UHTEP-
Basa). 1o mpenoxeHHOIT HAMU METOIUKE, IeTallb-
HO ormvcaHHo B [ 16, 31, 32], mpoBeneHa olleHKa 3Ha-

YeHUs ACYGHC;,3 = 76.9 1x/(K Moib) ¢ ucnosab3osa-
HUEeM HeoOXonmMMbIX faHHEIX n3 [33]. C moMolIbio
MOJIy4eHHOTO 3HAYEeHUs pacCUYMTaHbl TePMOIVHA-
MUYECKIME XapaKTEPUCTUKM CYyOIMMAaLIMU IIPU 3TaJIOH-

Hoit Temrepatype 298.15 K: A, Hys s = 143.9 +

cyon

+ 2.6 x/Ix/Moib, ACYGHS;%_15 =256.5 £ 6.4 Ix/(K Moib)
(KOMOMHUPOBaHHbIE MOTPEITHOCTU ST 95%-HOro
JIOBEPUTEILHOTO MHTEPBAaJIa pACCUUTAHBI B COOTBET-
CTBHMU C METOIMKOI1, onrmcaHHoOI B [34]).

3AKJIIOYEHHME

CUHTEe3MpOBaHbI M OXapaKTePU30BaHbBI TBA KOM-
mnekca ckanmus(I11I) u xeneza(Ill) ¢ 3-metmn-2,4-
TMeHTaHAMOHOM. BriepBbie omnpeneeHbl KpUCTaaiu-
YecKue CTPYKTYphbl COENMHEHUI U UCCIeNOBaHbl UX
TepMHUdecKue cBolicTBa. CpaBHEHME C alleTUIIALIETO-
HaTaMM COOTBETCTBYIOIIUX METAJJIOB TTO3BOJIUIIO
MPOCJEANTh BIUSTHUE BBEICHUSI METUIBHOU TPYIIbI
npu C, Ha KPUCTAUIOXUMUIECKHE MTAPAMETPBI U T€P-
MHUYecKkue cBoiicTBa coegnHeHui. IlokaszaHo, 4To
MPUCYTCTBUE METWIbHOU TPYINIBl B Y-TIOJOXEHUU
JINTaHAa TIPaKTUYeCKW He OKa3bIBaeT BIMSHHS Ha
CTPYKTYpPHBIE TIapaMeTphbl MOJIEKYJI, JIUIITb HECKOJIb-
KO yMEHbIIIasl BaJeHTHbBIEC YIJIbl, HO TPUBOJIMT K IO~
HIDKEHUIO TEPMIUYECKOI CTaOMIILHOCTH U JIETYYECTH
coennHeHUi. MI3ydyeHHBIe COSOIMHEHUST PACIINPSIIOT
MaJUTPpy MPEalIeCTBEHHUKOB JJIsl pa3JIMYHbIX Bapu-
AHTOB XMMHMYECKUX Ta30(a3HBIX IIPOIIECCOB, a HAGOP
TePMOIMHAMUYECKHMX JaHHBIX, TTOJTYIYEHHBIX I10 TTPO-
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meccaMm I11aBJICHUA 1 CYGJ'II/IMaHI/H/I, MOXET OBITh UC-
ITOJIB30BaH JII KOHTPOJIA KOJIMYECTBA BEUICCTBA U
OoInTUMMU3alnn YCJIOBI/Iﬁ oCaXXIaC€HHA B IIponeccax
MOCVD.
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