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OpraHunyeckaa xMmmus

THE STRUCTURE OF TETRAPHENYLANTIMONY
DIBENZOYLMETHANATE.

THE FACTORS AFFECTING THE STRENGTH OF LIGAND BINDING
IN ANTIMONY (V) B-DIKETONATE COMPLEXES

V.V. Sharutin, South Ural State University, Chelyabinsk, Russian Federation, vvsharutin@rambler.ru
0O.K. Sharutina, South Ural State University, Chelyabinsk, Russian Federation, sharutinao@mail.ru

Tetraphenylantimony dibenzoylmethanate (1) was obtained by substitution reaction
from pentaphenylantimony and dibenzoylmethane (2) in toluene. The ligand is bidentate
in molecule 1, antimony atom has octahedral coordination (trans-angles CSbO and CSbC
165.7(1)°, 168.7(1)° and 159.4(2)°, distances Sb-O 2.256(3), 2.235(3) A, Sb-C
2.157(4)-2.170(4) A). Compound 2 is in the enol form in the crystal, the length of C=0
and O—C bonds are equal to 1.283 (2) and 1.303(2) A.

Keywords: tetraphenylantimony dibenzoylmethanate, dibenzoylmethane, molecular
structures, X-ray analysis.

Introduction

The B-diketones are bidentate chelating ligands, which form many complexes with transition met-
als. These complexes are well-studied and are of practical use. Chelate complexes with B-diketones are
known for some non-transition metals. Thus, the existence of uncompleted d-orbitals with the lowest
energy of the antimony atom determines its acceptor properties for electron pairs, provided by various
donor molecules or intramolecular donor centers. This type of metal — ligand binding appears in orga-
noantimony(V) B-diketonates where antimony atom is hexacoordinated. The synthesis of a sufficiently
large number of antimony B-diketonate complexes are described in the literature, for example [1-7], but
only a few of these complexes with acetylacetonate ligands are characterized structurally:
Ph,SbCL[OC(Me)CHC(Me)O] [8, 9], MeCL;Sb[OC(Me)CHC(Me)O] [8], Me,Br,Sb[OC(Me)CHC(Me)O] [8],
PhsSb[OC(Me)CXC(Me)O], where X = H [10], C1 [11], Et, All [12], Ph [13, 14], SBu [14].

Analysis of the geometric characteristics of the established structures has allowed us to identify
some dependences of the ligand binding strength, electron density distribution in the chelate cycle and
distortion of octahedral polyhedron of the central atom from the nature of the substituents at the antimo-
ny atom and y-substituents of acetylacetone [15].

In continuation of the study of the ligand chemical nature influence on the structure of tetrapheny-
lantimony B-diketonates we have determined the structure of tetraphenylantimony dibenzoylmethanate
(1) and the original dibenzoylmethane (2).

Experimental

Synthesis of tetraphenylantimony dibenzoylmethanate (1) was realized by the method known
from [7]. Yield 82 %, mp: 223-225°C.

IR spectrum (v, cm ~'): 3067, 3047, 1591, 1518, 1477, 1450, 1429, 1363, 1329, 1303, 1225, 1180
(cp.), 1085, 1021, 998, 935, 842, 771, 730, 718, 694, 656, 619, 520, 458, 450.

IR spectra were recorded on the Bruker Tensor 27 FT-IR spectrometer using KBr pellet, spectra
were measured in the range 4000—400 cm .

The X-ray diffraction analyses of crystals 1 and 2 were carried out on the D8 Quest Bruker dif-
fractometer (Mo K -radiation, A = 0.71073 A, graphite monochromator). Data were collected and edited,
unit cell parameters were refined, and an absorption correction was applied using the SMART and
SAINT-Plus programs [16]. All calculations on structure determination and refinement were performed
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using the SHELXL/PC programs [17]. The structures 1 and 2 were determined by a direct method and
refined by the least-squares method in the anisotropic approximation for non-hydrogen atoms. The main
crystallographic data and refinement results for structures 1 and 2 are listed in Table 1. Selected bond
lengths and bond angles are given in Table 2.

Table 1
Crystallographic data and the experimental and structure refinement parameters for compounds 1-2
Value
Parameter 1 )
Empirical formula C39H3,0,Sb C50,H;,
Formula weight 653,40 224,25
T,K 296(2) 296(2)
Crystal system Monoclinic Orthorhombic
Space group P2;/n Pbca
a, A 11.3741(3) 8.7609(3)
b, A 14.9349(4) 10.8556(3)
c, A 18.9137(6) 24.4698(8)
a, deg 90.00 90.00
B, deg 101.7630(10) 90.00
y, deg 90.00 90.00
v, A’ 3145.42(15) 2327.20(13)
Z 4 8
p(caled.), g/en’® 1.380 1.280
u, mm’' 0.910 0.084
F(000) 1328.0 944.0
Crystal size, mm) 0.33 x0.14 x0.11 1.37 x 0.6 x 0.39
0 Range of gztga collection, 29 -26.41° 31-26.41°
Range of refraction indices —-14<h<14,-18<k <18, -10<h<10,-13<k<13,
-23<1<23 -30<1<30
Measured reflections 42462 55097
Independent reflections 6450 2387
Ry R;n: = 0.0677 R, =0.0393
Refinement variables 379 155
GOOF 1.042 1.468
R factors for F* > 26(F) R, =0.0438, wR, = 0.0995 R, =0.0553, wR, = 0.1672
R factors for all reflections R, =0.0834, wR, =0.1190 R;=0.0663, wR, =0.1825
Res“éumailnfrlgzg‘j‘;/dg?“y 2.17/A-0.58 0.26/-0.32
Table 2
Selected bond lengthes and bond angles in the structures of compounds 1-2
Bond | d, A | Angle | o, deg Bond | d, A | Angle | o, deg
1 2
Sb(1)-C(1) 2.157(4) | C(1)Sb(1)C(21) |159.37(17)| C(1)-C(7) | 1.481(2) | C(1)C(7)C(8) | 122.57(13)
Sb(1)-C(11) | 2.157(5) | C(11)Sb(1)O(1) |165.68(14)| C(7)-C(8) | 1.409(2) | C(7)C(8)C(9) | 120.93(13)
Sb(1)-C(21) | 2.160(4) | C(31)Sb(1)O(2) |168.70(15)| C(8)-C(9) | 1.389(2) | C(8)C(9)C(10) | 124.07 (13)
Sb(1)-C(31) | 2.170(4) | O(1)Sb(1)O(2) | 79.10(11) | C(9)-C(10) | 1.480(2) | C(1)C(7)O(1) | 117.53(12)
Sb(1)-0(1) 2.256(3) | C(1)Sb(1)C(31) | 96.00(16) | O(1)-C(7) | 1.283(2) | C(8)C(7)O(1) | 119.89(13)
Sb(1)-0(2) 2.235(3) | C(1)Sb(1)C(11) | 97.14(17) | O(2)-C(9) | 1.303(2) | C(8)C(9)O(2) | 120.52(13)
O(1)-C(49) 1.277(5) |C(11)Sb(1)C(31)|104.49(18)| C(1)-C(2) | 1.384(2) | C(10)C(9)O(2) | 115.41(13)
0(2)-C(47) 1.287(5) |C(11)Sb(1)C(21)| 95.46(19) | C(1)-C(6) | 1.396(2)
C(48)-C(49) | 1.392(6) |C(1)Sb(1)C(31)| 96.57(17) | C(2)-C(3) | 1.380(2)
C(48)-C(47)| 1.395(6) | C(1)Sb(1)O(1) | 82.28(14) |C(10)-C(11)| 1.397(2)
C(49)-C(51) | 1.491(6) | C(1)Sb(1)O(2) | 80.58(14) | C(10)—C(15] 1.383(2)
C@4T)-C@41) | 2.4906) |C(47)C(48)C(49)| 126.9(4) gggg‘ 137203)
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The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the Cam-
bridge Crystallographic Data Centre (CCDC 998579, and 998580 for compounds 1 and 2, respectively;
deposit@ccdc.cam.ac.uk; http://www.ccdc.cam.ac.uk).

Results and Discussion

According to the X-ray diffraction data, in the complex 1 the antimony atom has a distorted octahe-
dral coordination with the chelate ring in the equatorial position (Fig. 1). The axial angle C(1)SbC(21) is
equal to 159.37(17)°, the diagonal angles at the equatorial plane C(11)SbO(1) and C(31)SbO(2) are
equal to 165.68(14)° and 168.70(15)°, respectively. Deviations of the atoms O(1), O(2), C(11), C(31)
and Sb from the equatorial plane are +0,036, 0,035, +0,030, —0,029 and +0,005 A, respectively. The
sum of angles in the equatorial plane is equal to 360°. Six-membered metallocycle [SbO,Cs] is distorted
so that the planes of the two half-cycles [O,Sb] and [O,C;] form an angle of 156.4°, i.e. there is an in-
flection on the O—O diagonal. The planes of the phenyl rings C(41)-C(46) and C(51)-C(56) form angles
of 27.8° and 7.8° with the plane [O,Cs], respectively.

The Sb—C bond lengths in the equatorial (2.157(4), 2.170(4) A) and axial (2.157(4), 2.160(4) A) po-
sitions are not very different from each other. The ligand demonstrates anizobidentate character of coor-
dination: the Sb—O(1) and Sb—O(2) distances are 2.256(3) and 2.235(3) A. The O(1)-C(49) and
0O(2)—C(47) bonds in the cycle do not differ much (1.277 (5) and 1.287 (5) A), the same is true about the
C(48)-C(49) and C(48)-C(47) (1.392(6) and 1.395(6) A).

Fig. 1. The structure of the compound 1

The valence angles at the antimony atom in the molecule of tetraphenylantimony y-
phenylacetylacetonate are close to those observed in the compound 1, however, the binding of ligand to
the central atom (the Sb—O distances are 2.215(1) and 2.228(1) A [14]) is stronger. Since the strength of
the donor-acceptor interaction is due to both the acceptor ability of the metal and donor properties of the
ligand, it can be assumed that the methyl groups with the positive inductive effect play the decisive role
in strengthening these properties of y-penylacetylacetonate ligand. The effect of the group nature at the
antimony atom and the chelate cycle on the ligand binding strength to the central atom can be seen in
the inorganic complexes Cl,;Sb[OC(Ph)CHC(Ph)O] [18] and Cl,Sb[OC(Me)CHC(Me)O] [18, 19]. In
tetrahloroantimony dibenzoylmethanate with symmetrical ligand coordination the Sb—O bond length
(2.011(4) A) is close to the sum of the covalent radii of antimony and oxygen atoms (2.07 A [20]) that
can be explained by an increase in acceptor properties of the antimony atom having four electron-
withdrawing substituents (CI atoms). Replacement of the phenyl groups, showing a weak negative in-
ductive effect, by methyl groups in the chelate cycle of tetrachloroantimony acetylacetonate leads to
greater consolidation of ligand binding (the Sb—O bonds are 1.928(11) and 1.991(14) A). Strengthening
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of the Sb—O bonds in inorganic complexes is accompanied by some lengthening of the C—O bonds in
the chelate cycle (1.298(5) and 1.318(19), 1.320(19) A, respectively).

The above analysis of the structural data demonstrates that the strength of the chelate cycle in tetra-
phenylantimony f-diketonate is significantly affected by the nature of the substituent not only in the y-
position, as stated previously [15].

B-Diketone 2 is in the enol form in the crystal (Fig. 2). The planes of the phenyl ring C(1)—C(6) and
fragment O(1)C(7)C(8)C(9)O(2) are coplanar, the C(10)—C(15) plane amounts to angle 14.4° with this
plane. The C(7)-O(1) bond length (1.283(2) A) is shorter than the C(9)-O(2) bond (1.303(2) A), while
the C(7)—C(8) bond length (1.409(2) A) is greater than the C(9)-C(8) bond (1.389(2) A). The distances
C(1)-C(7) and C(9)-C(10) (1.481(2), 1.480(2) A) are less than the corresponding distances of 1
(1.490(6), 1.491(6) A).The angle C(7)C(8)C(9) is equal to 120.93(13)° and corresponds to the valence
angle at the carbon atom in the sp’-state. In compound 1 the angle at the atom C(48) in the chelate ring
is 126.9(4)°.

Fig. 2. The structure of the compound 2

Intramolecular hydrogen bond has parameters: O (2)-H 0.82 A, O(1)--H 1.72 A, angle O(2)HO(1)
149°.

Conclusions

Thus, the nature of the substituent groups in the cycle determines the chelate ligand binding strength
in the antimony(V) B-diketonate, but has virtually no effect on both the distortion of the coordination
polyhedron antimony atom and the complex structure as a whole.

At binding of dibenzoylmethane in the complex there is redistribution of the electron density, which
causes the alignment of C—O and C—C bonds in the cycle. In addition, the formation of the chelate ring
is accompanied by distortion of the CCC bond angle compared with the theoretical value.
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CTPOEHUE OUBEH3OUJIIMETAHATA TETPA®EHWUIICYPbMBbI.
®AKTOPbI, BIIUAOLWKUE HA NMPOYHOCTb CBA3bIBAHUA
JIMTAHOA B B-AUMKETOHATHBIX KOMIMJIEKCAX CYPbMbI (V)

B.B. WapymuH, O.K. llapymuHa

JubenzonnmeranaT terpadeHHICYpbMbl (1) CHHTE3UPOBAH MO PEaKIHUU 3aMEIICHHS
n3 meHTaQeHWICYpbMBl U AuOeH3oMiIMeTaHa (2) B Toiyose. B momekyne 1 snmrana
OnjeHTaTeH, KOOPAWHALIUS aToMa CypbMbI oKTasapudeckas (TpaHc-yrisl CSbO u CSbC
165,7(1)°, 168,7(1)° u 159,4(2)°, paccrosmus Sb-O 2,256(3), 2,235(3) A, Sb-C
2,157(4)-2,170(4) A). B kpucranie coeuHeHHE 2 HAXOAUTCSA B €HOJIBHOMN (popMe, ITHHBI
cesseit C=0 u C—O pasuel 1,283(2) u 1,303(2) A.

Kuouesvie cnosa: oubenzounmemanam mempa@eHuicypomol, OUOEH30UIMEMAH,
MONEKYISIPHBIE CMPYKINYPbl, PEHMEEHOCMPYKIMYPHbIN QHAU3.
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YOK 547.831.6 + 543.51

NCCINEOQOBAHUE NPOU3BOAOHbLIX 8-AMUHOXUHOJIMHA
METOOOM XPOMATOMACC-CNEKTPOMETPUN

A.r. Kum, E.B. BepOdHukoea, T.B. MocyHoea

Meroaom XpoMAaToMAacC-CHeKTPOMeTPHH YCTAHOBJIEHO, 410
8-a/THIAMHHOXMHOIMH ¥ 8-THAJIMJIAMHUHOXHHOJINH MPH HATPEBAHUH MPETEPNEBAIOT
amMuHO-neperpynnuposky Kisiizena ¢ o0pazoBanueM 7-a/11nj1-8-aMUHOXMHOJIMHA U 7-
AJUINJI-8-aJUIMJIAMUHOXMHOJIMHA COOTBETCTBeHHO. B Macc-cnekTpax nmpousBoaHbIX 8-
AMHHOXMHOJIMHA MMEIOTCS IIMKU COOTBETCTBYIOIINE MOJIEKYJISPHOMY HOHY, XHHOJIUHY
U 8-aMHHOXHHOJIMHY.

Knroueswie cnosa: S-amunoxunonunn, S-annunamunoxunonun, 8-ouannun-
AMUHOXUHONUH,  8-QUEMUTAMUHOXUHONUH, — S-QIIULAUECMUNAMUHOXUHOAUH, 2-Memu-2,3-
oueudpo-1H-nuppono[3,2-h]xunonrun, xpomamomacc-cnekmpomempus, nepecpynnuposKa
Kusaiizena.

Beenenue

[IpousBogHbIe 8-aMUHOXMHOIMHA 00J1aJal0T MPOTHBOMAIIIPUHHON, aHTUMUKPOOHOH, INTOTOKCHYE-
ckoi akTuBHOCTRIO [1-3]. B nmrepaType uMeEIOTCS JaHHBIE O CHHTE3aX IPOU3BOJHBIX 8-
aMHHOXMHOJNMHA U uX crnekTpax SIMP. B 1o ke Bpems MpakTH4eCKH OTCYTCTBYIOT CBEAEHHs 00 HX
Mmacc-criektpax. B 6aze nqannsix NIST mmeercst aumis Macc-CieKTp 8-aMuHoXuHoIuHA (1).

Lenpto  ganHOM  paboThl  SBISIETCSA  MCCIIEOBAaHUE 8-ammIaMUHOXMHONMMHA — (2),
8-muamnamuHoxuHonuHa (3), 8-amermnamuHoxvuHonuHa (4), 8-ayunMianeTWiIaMUHOXWHONMUHA (5), U
2-metun-2,3-gurunpo-1H-nuppono[3,2-A]xunonuHa  (6) MeTomoM  XpoMaToMacc-CIeKTPOMETPHU
(XMCO).

Oo0cy:xxnenne pe3yJbTaToB

Panee [4] O6bu10 TIOKa3aHO, YTO §-aMHMHOXMHOMMH (1) pearupyer ¢ alUIMIOPOMUIOM B IPUCYTCTBUHU
IEJIOYH ¢ 00pa3oBaHUEM cMecH S-aimmiaMuHoxuHoIuHA (2) (M=184) u 8-nmuammnaMmuHoxuHoIuHA (3)
(M=224). B nactosmeii pabote 3ta cMech Obuta ucciegoBana metogoM XMC. Ha xpomarorpamme
uMeroTes 2 nuka ¢ m/z 184 u 2 nuka ¢ m/z 224. 310 00yCIIOBIECHO T€M, YTO IPU XpoMaTorpadupoBaHuU
(remnepatypa umkektopa 200 °C) coeauHeHus 2 W 3 MpeTEpreBalOT YaCTUYHO IEPErpYyIIUPOBKY
Kusaiizena ¢ oOpazoBanueM 7-aJmiii-8-aMUHOXWUHOJIMHA U 7-aJlTHII-8 -aIUTHIIAMUHOX MTHOJIMHA COOTBETCT-
BeHHO (cxema 1).

X X X
BrM +
= — =
N KOH N N
NH, HN N
A )/ AN
N N
—
7 N/ = N
NH, HN

Cxema 1. AnnunupoBaHue 8-aMUHOXMHONWHA
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Kum A.I"., BepdHukoea E.B., UccnedoeaHue npou3eo0HbIX 8-aMUHOXUHOJIUHA
MocyHoea T.B. MemodomM xpomMamomacc-crnekKmpomempuu

N3BecTHO, 4TO N-METHIAHWINH UMEET MEHBIIYIO TEMIIEPATYPy KHUIIEHUS, YEM 2-METWJIAHWIMH [5].
3TO MO3BONMIO HaM NPEANOIOKHUTh, YTO AJUTWA 2 U AUaIwI 3 OyAyT UMETh MEHBIIYIO TeMIIEpaTypy
KHUIIEHHUS, YeM COOTBETCTBYIOIINE MPOAYKTHI EPErPYIITUPOBKH, T. €. MEHbBIIIEE BpeMsl yIepKUBaHUSA Ha
Xpomarorpamme.

B macc-cnektpe asumnamuna 2 (puc. 1, Tabiuna) uMeercsl MUK MOJeKyJsipHoro uona (M=184) u
MUKW, COOTBETCTBYIOIINE 3JIMMUHUPOBAHNIO HEUTPAJHHBIX MOJEKYJ 3T€Ha, 3TaHa, MPOIeHa, aljieHa U
PaJMKaIoB METHIA, BUHMIA M alauia. MakcuManbHbIM sBisercs muk [M—CHs] ¢ m/z 169, cootsetct-
BYIOILIMI SIIMMHUHUPOBAHHUIO METUIBHOTO PajyKaja u 0Opa3oBaHUIO apOMATHUECKOT0 KaTHOHA IMHpa3u-
HoxuHONMMHUA A. IIuk ¢ m/z 156 COOTBETCTBYET 3MMMHUHUPOBAHHIO MOJICKYJIBI STHIIEHA C 00pa3oBaHHEM
KaTHOH-paJiuKajia JUruApouMuaasols,4,3-ij]xunonunns B, KoTopelil B CBOIO ouepesb MpH ATUMUHHPO-
BaHUM aToMa BOIOpoJa o0pa3yeT KaTHOH MMHUAA30XUHONMHUS B1l, a mpu 3IMMHUHUPOBAHUN MOJICKYJIBI
BOAOPOJA — KaTHOH-paAuKal UMHAa30XHHOMMHUA B2. IlpH snMMUHUpPOBaHMM BHHUJIBHOTO PaguKania
oOpa3yercsi KaTHOH AUruapouMuaasolS,4,3-ij/xunonuaus B3. [Tuku ¢ m/z 142, 143 u 144 cooTBeTCT-
BYIOT OJJMMUHHPOBAaHHWIO TPOIEHA, aUTHI-pajuKalia W auleHa ©  o0pa3oBaHMEM KaTHOH-
panukanall,2]azetuno[4,3,2-ij|xuHonunus, katuona 1H-[1,2]azetnno[4,3,2-ij|XUHOIUHUS U KaTHOH-
panukana 8-aMHHOXHHOJIMHA COOTBETCTBEHHO (cxema 2).

I, %
149
600000
129
500000
400000 ]
184

300000 +

1 156
200000 -

102

| 116
100000 - 75 89 e

FSR TN l

0 T T I' T T |||I I El}h T T ||“ | Iy If II]I T J‘ ‘J T I.'.III T 1‘ [i T ‘ll“l T T T ! ! T l‘l LI 3 l‘ T 8|7| 1l‘919| 1
mJ/z-=> 40 60 80 100 120 140 160 180 200
Puc. 1. Macc-cnekTp 8-annunamHoxXuHomnuMHa
[laHHble Macc-CNeKTPOB UCCNeAoBaHHbIX COeAMHEHUN
CoeanHeHne XapaKTepUCTHKU HOHOB: m/z (I, %)
2 184 [M]"™ (53), 183 [M-H]" (28), 181 (8), 170 (13), 169 [M—CH,]" (100), 168 (25), 167 (8),

(CLHEN,) | 157 (30), 156 [M—C,H,]™ (33), 155 (28), 154 (15), 144 [M-C;H,]™" (9), 143 [M—C3Hs]" (10),
142 [M—C;H ™ (13), 130 (18),129 [M—C;HsNT™ (90), 128 (25), 117 (8), 116 (15), 103 (8),
102 (19), 101 (11), 89 (11), 78 (10), 77 (9), 76 (8), 75 (8), 63 (9), 51 (9)

3 224 [M]" (10), 184 (14), 183 [M—C;Hs]' (100), 181 (13), 168 (15), 167 (8) 166 (9), 156 (9),
(CisHigNy) | 155 (10), 144 [CoHN,]™ (8), 129 [CoH,NT™ (21), 128 (11), 102 (10), 101 (6)

4 186 [M] ™ (23), 183 (11), 171 [M—CHs]" (22), 145 (11), 144 [CoHgN,]" (100), 129 [CoH,N] ™
(CLHN,0) | (5), 117 (18), 116 (12), 101 (5), 90 (6), 89 (9), 63 (5), 43 (7)

5 226 [M]” (< 5), 211 [M—CH;]' (< 5), 184 (15), 183 [M-C,H;0]" (100), 181 (10), 169 (25),

(CLiHN,0) | 168 (19), 167 (31), 166 (7), 156 (11), 155 (14), 154 (11), 153 (9), 144 [CoHgN,]™ (9), 142 (8),
130 (6), 129 [CoH,N]™ (34), 128 (12), 117 (5), 116 (6), 102 (11), 101 (8), 89 (5), 77 (6), 43
(12)

6 184 [M]" (14), 183 [M-H] (100), 181 (12), 168 [M—CH.]" (12), 166 (6), 156 [M—C,H,] "
(CLHRN,) | (7), 155 (8), 154 (15), 144 [M—C;H,]™ (7), 129 [M—C5HsNT™ (14), 128 (9), 102 (5), 91 (14)

IIvku ¢ MHTEHCUBHOCTHIO MeHEe 5 % HE YYUTHIBAIUCH.
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| AN -H, AN “H AN -H, AN
+ 2 | + | +.2 | +.
N N N
HN—/ N=( HN—(- N=/
B3 g1 H B H B2

m/z 157 m/z 155 m/z 156 m/z 154
w y/ - CoHg

+ +.2 ~
-N _N N
N N NH,
m/z 142 m/z 143 m/z 144

Cxema 2. OcHOBHbIe npouecchl (pparMeHTauum 8-annmnaMMHOXMHOMNNHA

B macc-criexktpe §-muamimiaMUHOXMHONIMHA (pUC. 2), B OTJIWYHME OT CIEKTpa 8-aMHHOXHWHOJWHA,
MaKCHUMAJIbHBIM SIBJISETCS MUK C 7/z 183, COOTBETCTBYIOUINI 3MUMHUHUPOBAHUIO aJUTHJIBHOTO PajuKaia
1 0o0pasoBanuio KatuoHa l-ammun[l,2]azeruno[4,3,2-ij]xunonunus (cxema 3), a muk [M-CH;]" ¢ m/z
209 coctasnsier menee 5 %.

I, %
] 183
d |
2000000 -
1500000 4
1000000 +
129
500000 168
102 T ) 224
1 6y g3 77 9 d» 117 |
0 J | ru,h ol wl | |
lIiI!IlIlFI;lIlT'\&II‘L\IIJ l]ilrl'llll'lll
mlz—-> 40 60 80 100 120 140 160 180 200 220

Puc. 2. Macc-cnekTp 8-anannunammHOXMHONMMHA
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| N - C3H5 \ | N - CH3 | N
+- + ) +
N,N N N
L )/ CH2 N\%
| =

m/z 183 m/z 224 m/z 224 m/z 209

Cxema 3. OcHOBHbI€e npouecchl (pparMeHTauum 8-gMannniaMmMHOXUHOSMHA

8-AnleTHIaMUHOXWHONHH (4) TIONy4YeH aleTHIMPOBAHNEM 8-aMHUHOXWHOJIMHA YKCYCHBIM aHTHIIPH-
noM. B Macc-criektpe anetmnamuHa 4 (puc. 3) MakCUMAallbHBIM SIBJsIETCS MUK ¢ m/z 144, cOOTBETCT-
BYIOIINN KaTHOH-PAIUKATY 8-aMUHOXHHOJMHA M 00pa3yIONIUiics TpH MMMUHUPOBAHUU KeTeHa. MMe-
IOTCS MHKH, COOTBETCTBYIOIIUE JJIMMUHUPOBAHHIO METUIBHOIO paaukana (m/z 171) u asupuanHOHA
(m/z 129) (cxema 4).

I, %
144
200000
150000 -
100000 H
1
186
50000 117 171
89
43 -
63 129
0 I 5!1 i 73 Ih 1(1)11 ﬂll | 155 llnl 195 209 224
1 I ¥ i i e D | [ ¥ % 7 8 J L R | I i 2 | I r 1 T i B i ) I LU B l | S D | I T
miz—=> 40 - 60 80 100 120 140 160 180 200 220

Puc. 3. Macc-cnekTp 8-aLeTunaMmmMHOXUMHONMHA

\—|+.

| - | P —_— | |
+~ ~
N HV\Y N N N
- HN HN—( NH,
{ y :
m/z 129 m/z 186 m/z 171 m/; 144
- C,H,0

Cxema 4. OcHOBHbIe npouecchl (pparMeHTauum 8-aLeTUIIaMUHOXMHOMIUHA
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8-AnnmnnaneTHIaMUHOXUHONMUH (5) TMONMy4eH B3aMMOJAEHCTBHEM 8-alleTMIIAMUHOXWHOJHMHA C all-
manopomuziom B JIMCO B mpucyteTBum menoud. B macc-cniektpe ero (puc. 4), B OTIUYUE OT UCXOIHO-
ro §-alleTWIAMHHOXUHOJIMHA 4, O0Jiee BHITOIHBIM SIBJISCTCS SNMMUHUPOBAHHUE ALlETUIILHOTO paguKala, a
COOTBETCTBYIOIIMI MUK SBJISIETCS MaKCUManbHBIM (m/z 183). B Macc-ciekTpe HaMu He OOHapy>KeH MUK
¢ m/z 186, COOTBETCTBYIOIINIA TMMUHUPOBAHUIO AJUTHIBLHOTO paaukana (cxema 5). Clienyer OTMETUTD,
YTO B OTJIMYME OT ajIiia 2, pU UcCIe0BaHUM ammiaMuHa S meronqoM XMC He MpOUCXOOUT mepe-
rpynnupoBku KisitzeHa.

L%

143
900000
800000 1
700000 4
600000 1
500000 |
400000¢
1 129
300000 ] 167
200000;
1 a3 i
100000 - N oa . 115 18f
BEELE b [ e
1 Wl oy lml i ‘]l !”I Il JJ] ! I 2%31 1
0III:IIIllllllltlllillil'llllflllliilll|ar||i|||||1
mJ/z—=> 40 60 80 100 120 140 160 180 200 220
Puc. 4. Macc-cnekTp 8-annunaueTunaMMHOXMHONUHA
_\+.
| AN | AN - CH, | AN
P e + .~ —_— +.~
N N N
N O N A O N
Oﬁ/ 1 Y CH, Y
X - COCHj
m/z 226 m/z 226 m/z 211
- CsH;NO l
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Cxema 5. OcHOBHbIe npouecchl (pparmeHTauum 8-annunaueTunammHOXMHONMHA
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2-Metuin-2,3-guruapo-1 H-nuppoio[3,2-h]xunonun (6) obpasyerca npu neiictBuu 15 % comsiHOiM
KACIOTHl Ha coeanHeHue S. [lo-BuanMomy, BHaudane NPOMCXOAMT THAPOIM3 € 0Opa3oBaHuEeM 8-
AUTHJIAMUHOXWHOIIMHA, KOTOPBI B KHCIIOW Cpele TMpeTepreBacT MeperpynnupoBky [odmana—
Mapuuyca [6] ¢ oOpazoBaHHEeM 7-a/UTHI-8-aMUHOXUHOJIUHA, U KOTOPBIA BHYTPUMOJIEKYJIAPHO IUKIU3Y-
eTcsa ¢ 00pa3oBaHHEM KOHEYHOTO MPOoAyKTa 6 (cxema 6). YKa3aHHas LeNb NPEBPAILICHUI SIBISCTCS MIPH-
MEpPOM JIOMHUHO-PEAKIIMK B OpTaHUIECKOM cuHTe3e [7].
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B macc-criekTpe (puc. 5) MUPPOJIOXHHONHHA 6 MaKCMMAJIbHBIM sBjserca muk [M—H]", uro oby-
CIJIOBJIEHO JIETKOCTBIO OTPBIBA IIUPPOJIEHOTO aTOMa BOJOPOIA.

. S
H -
a N

=

Cxema 6. O6pazoBaHue 2-meTun-2,3-auruapo-1H-nuppono[3,2-h]xuHonuHa
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Puc. 5. Macc-cnekTp 2-metun-2,3-gurugpo-1H-nuppono|[3,2-h]xuHonuHa

JKcnepUMeHTAIbHAS YaCTh

Macc-crieKTpbl AJIEKTPOHHOTO yapa CHATHI Ha xpomaroMacc-criekrpoMeTpe [ X/MC-2BM dupmbl
Hewlet Packard, rasoBeiii xpomatorpad HP-5890, cepus 1I, macc-cenektuBHbIN aerexktop MSD-5972
nipu 3Hepruu nonnzauuu 70 3B. 8-AMHHOXHWHOMUH ABISETCS MPOJIAKHBIM PEAKTHBOM U UCTIOJIH30BAJICS
0e3 MmepeKpuCTaIn3alliu.

8-ANIMIAMMHOXMHOIMH U 8-IMATMIAMUHOXUHOJIUH. AJUIMIIMPOBaHUE 8-aMHUHOXUHOJWHA ajl-
JTUIOPOMUAOM MPOBOIUTCS B M30MPOINMIIOBOM CIIUPTE B IPUCYTCTBUHU M30NPONMIATA HATPHS [IPU KHUILS-
YeHUHU ¢ 0OpaTHBIM XOJOIMIBHUKOM B TeueHue 4 4. CrupT OTTOHSIOT, a OCTaTOK 00pabaThIBalOT AH-
XJIOPMETAaHOM U uccaenyroT MmerogoM XMC.
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8-AunerniamuHoxunoaun. B 5 Mn ykcycuHoro amrmapuga pactBopsitor 1,44 T (10 MMoib)
8-aMMHOXHMHOJIMHA M HarpeBaloT Ha BOJSHOW OaHe B TeueHHE 2 4. 3aTeM M00aBJISIOT XOJOIHYIO BOAY,
BBIMABIIUI OCAIOK OTIETSIOT U IKCTParupyroT AuxjiopmeTaHoM. Beixon 65 %.

S-AniIaneTHIIaMHHOXHHOJIMH. ITonyyarot 1o METOY [4] B3aUMOJIEUCTBUEM
8-anerrunamMuHOXUHONMMHA ¢ aumiiopomuioM B JIMCO B IpUCYTCTBUY IIEIIOYH.

2-Metua-2,3-quruapo-1H-nuppono[3,2-h]xunoiaun. Ilomydaror mo wmerony [4] neicTBueM
15%-H0M COJISTHOI KUCIIOTHI Ha 8-aJlTIalle THIAMUHOXUHOJIUH.

3axinoueHue

Haiineno, 4ro §-auIMIaMHHOXWHOJWH M §-ITHAIUTWIIAMHHOXUHOJIWH NPH HCCIETOBAHUH METOJOM
XMC mperepIrieBarOT aMUHO-TIeperpynnupoBKy KisiizeHa ¢ oOpa3oBaHueM 7-ajuTiil-8-aMUHOXHHOJMHA
U 7-amnni-8-aJuInIaMHHOXHHOJIMHA COOTBETCTBEHHO. DparmMeHTanus §-alIMiIaMUHOXHWHOJIWHA MPOTe-
kaeT ¢ paspeiBamu cBs3eil C-N u C-C annmunbHOM rpynnsl. B Macc-criekTpax Bcex UCCIEAYEMBIX COEH-
HEHHI HIMEIOTCS TUKH, COOTBETCTBYIOIUE MOJIEKYIISIPHOMY HOHY, XMHOJIMHY U 8-aMUHOXUHOJIVHY.
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STUDY OF 8-AMINOQUINOLINE DERIVATIVES
BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY
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Chromatography-mass spectrometry method has revealed that under heating 8-
allylaminoquinoline and 8-diallylaminoquinoline undergo amino-Claisen rearrangement
to form 7-allyl-8-aminoquinoline and 7-allyl-8-allylaminoquinoline, respectively. The
mass spectra of 8-aminoquinoline derivatives have peaks corresponding to the molecular
ion, quinoline and 8-aminoquinoline.

Keywords: 8-aminoquinoline, 8-allylaminoquinoline, 8-diallylaminoquinoline, 8-
acetylaminoquinoline, 8-allylacetylaminoquinoline, 2-methyl-2,3-dihydro-1H-
pyrrolo[3,2-h]quinoline, GC-MS , Claisen rearrangement.
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YOK 544.012 + 547.723 + 535.361 + 66.095.26

BbIEOP YCNOBUM OANA USMEPEHUA PASMEPA MAKPOMONEKYN
METOAOM OUHAMUYECKOIO PACCEAHUA CBETA

A.A. XXepebuyoe, .M. Nanumos, O.B. 3azopynbko,
E.B. ®ponoea, B.I'. 3axapoes, I'.I". Muxatinoe

HccenenoBano u3MeHeHWe pa3Mepa pacTyUIMX MOJIEKYJ TOJHMMEPH3YIOLIerocs
¢ypdypniioBoro cmupra MeTOI0M JIHMHAMHYECKOr0 paccesiHusi cBeTa. PaccMoTpeHo
BJIMsSIHME KOHIEHTPAHMH MAaKpPOMOJIEKYJ, HX pa3Mepa M COCTaBa PacTBOPHUTENs Ha
nojy4yaemMbie pe3yabTaThbl. [IpeiioiKeHbl MyTH MOBBINIEHNS TOYHOCTH H3MEPEeHH.

Knouesvie cnosa: nonumepusayus, OuHamMuieckoe paccesnue ceema, pazmep 4acmuy,
MAKPOMOLEK)IbL.

Beenenue

MeTton nuHamuueckoro paccesiaus cseta (Dynamic Light Scattering, DLS) miis u3smepenus pa3me-
pa 4acTHuIl B CYCIICH3UM BHEJPEH B MPAKTHUKY HAYYHBIX HMCCIICOBAHUN CPaBHUTEIBHO HelaBHO. B Ha-
CTOAIIEE BPEMSI COOTBETCTBYIOIIEE O0OPYIOBAHHE MPOU3BOIAT KOMITAHWH, CIICIIUAM3UPYIONIUECS Ha
n3MepeHnn pasmepa dactuil: Malvern (BemuxoOpuranus), Horiba (SImonust), Microtrac (CILIA). B ot-
Judre OT MU(GPAKIMOHHBIX ONTHYECKMX METOJOB, PACCUUTAHHBIX HA MHUKPOHHBIM U CyOMHKPOHHBIH
nmuana3oH, DLS mo3Bossiet onpenensTh pazMepsl Harbolee Menkux JacTuil, ot 1 1o 6000 M, yTo mena-
eT ero oco00 MPHBIEKATENFHBIM JJIs1 KOJUIOMIHOW XMMHW M MCCIENOBaHUI HaHOMaTepuaioB. Meron
ocHOBaH Ha 3ddekre JJonmiepa, BOHUKAIOIIEM MPH OTPAKEHUU CBETAa OT JBIXKYIIUXCS 4YacTull. Ilpu
OCBCILCHUM CYCIICH3MM YaCTHI[ MOHOXPOMATHYECCKHM JIy4OM Jja3epa IMPOUCXOAUT, MOMHUMO IMPOYHX
MIPOIECCOB, OTPAKEHUE JTyda OT ITUX YACTHII WM B OoJiee 00IIeM CiTydae — OT HEOTHOPOTHOCTEH Cpebl
(TBEpIBIX YaCTHII, KaIlelb 3MYJIbCUU WM KPYITHBIX MOJICKYI). JIaHHbBIC 4aCTHUIIbI, HCIIBIThIBAasE OPOYHOB-
CKOE JIBUXKCHHE, JBIKYTCS XaOTHUECKH, KaK B HANpPaBJICHUU K MaJarolieMy JIydy, Tak U OT Hero. [Tpu
OTPaXKEHUH CBETa OT YACTHUIIBI, IBIKYIIEUCS K JIydy, OTPAXXECHHBIH JIyd MPUOOPETaeT CHHEE CMEIeHHE,
a IIpY OTPKEHUH OT YaCTHIIBI, IBIKYIIEHCS OT Jy4ya — KpacHOe. AHaIM3UpPYs CIEKTp JIyda ja3epa, OT-
PaKEHHOT0 OT CYCIICH3UHM, U CPaBHHMBAsl €r0 CO CICKTPOM Jyda, OTPAKEHHOI'O OT YHUCTOH *KHIKOCTH,
OKa3bIBACTCS BO3MOYKHBIM OIPEICIUTh CKOPOCTh JABMIKECHHUS YaCTHUI[ B CYCIICH3UU. B OOJIBIIMHCTBE MPH-
OOpOB IS aHAK3a CIIEKTPa UCTIONB3yeTCsl MUGPaKIIMOHHAS PellleTKa 1 JIMHEHKa (JOTOINOIOB, PETUCT-
pUpYyIOIas WHTCHCUBHOCTh CBETa, COOTBETCTBYIOIIEIO Pa3HBIM JJIMHAM BOJH. Jlanee, 3Has BS3KOCThb
JKUJKOCTH, OKa3bIBA€TCS BO3MOXKHBIM PACCUUTATh pa3Mep YacTHI] U JaKe KOJIMYCCTBCHHOE pacipese-
JICHWE YaCTHII TI0 Pa3Mepam.

Ha Tounocts m3mepennit DLS Brnusier MHOXKeCTBO (haKTOPOB: KOHIIEHTpAIIHS YaCTHIl, UX pa3Mep,
dhopma 1 K03OUIMEHT TPETOMIICHHUS, BI3KOCTh M KOI(D(MHUIIMEHT NPEIOMIICHHS JKUIKOCTH, BPEMS OT
Havajna u3MepeHuil. Bee aTo memaer MeTos TpeOOBaTENFHBIM K ONTUMHU3AIUNH TAPAMETPOB M CTAHAAPTH-
3alUd YCIOBUN M3MEPEHUH, MOCKOIBKY OTKIIOHEHHE JIF000T0 M3 apaMeTpOB OT ONTHMAJIbHOTO JHara-
30Ha IPUBOJUT K CHIILHO OTJIUYAIOIIUMCS PE3yJIbTaTaM.

B 90 % omy6nukoBaHHBIX pabOT W MPUMEPOB M3 PYKOBOJCTB MO JKCIUTyaTanuu [1-7] mMetomom
DLS uccrnenyrorcs CycrieH3NH TBEPbIX YaCTHII, a )KUIKOCTBIO CITY’)KUT BoAa. B maHHO# paboTe ycreni-
HO HCCIIEJIOBaHA CHCTEMa C Han0OJIee CIIOKHBIM COYCTaHHEM (PAKTOPOB, BIMSIONIUX HA HU3MEPIEMYIO
BEJIMUMHY: YaCTUIIAMH SIBJITIOTCS MaKPOMOJIEKYJIbI, KOTOPBIE MOT'YT UMETh Pa3IM4YHYI0 KOH(POPMAIIHIO,
(hopMy U pa3Mmep B pa3HBIX PaCTBOPUTEISX; KHUIKOCTHIO CIIYKaT HEBOJHBIE PACTBOPHI HA OCHOBE JUMeE-
THIQOpMaMHIa, STAaHOJA, AlleTOHA U JTUMETHIICYIh(POKCHIA.

JKCNepUMeHTAIbHASA YacTh
B kauecTBe aHanM3upyeMoro oObEKTa BHICTYNAIN MaKpOMOJEKYJIBI (0OJIUroMepsl), 0Opasyromuecs
npu nonukoHaeHcanuu Gpypdypunosoro crimpra (PC) B TpexkomnoneHTHOM pactBope ®C — TpuaTH-
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Xepebuyoe 4.A., Manumos .M., Bbi160p ycnoeuli Onst uaMepeHuUsi paamepa MaKpOMOJIeKYJ1
3azopynsko O.B. u dp. MemodomM OUHaMU4YeCKO20 paccesiHusl ceema

nerraukoins (TOI7) — OI1-10, rae OI1-10 — mommyTHnenrmuKonbHbIHA(10) 3¢up nzookTmindeHona. AHa-
JIM3 Pa3MEpOB YACTHLl MPOBOAMJICS C momolnsio nmpubopa Nanotrac Ultra 253 xommanum Microtrac.
Konnentparus @C B momuMepusyromiemcs: pactBope coctarisuia 30 mace. %, a TOI' u OII-10 umenu
konmentparuu ot 0 g0 70 mace. %. Ilporecc mommumepu3aIuu pacTBOPOB MPOTEKanl B TedeHue 5—20
CYTOK, 3aMeJISISICh C POCTOM BSI3KOCTH pacTBopa. Bs3KocTh pacTBopa ompenesnsiiack B IEPBYIO O4epelb
KOJIM4ecTBOM Hanbosee Bsizkoro komrnoHenta — OIl-10. B Tedenne nmonmumepusannu nmepuogMIECcKy OT-
oupamuch npoOsl Ha DLS, a Takxke n3Mepsiach BI3KOCTh M AIEKTPOIPOBOAHOCTH PACTBOPOB.

Hns mposenenust DLS B ckisiHKY ¢ 5 MJ1 pacTBOpUTENs A00aBISUIOCH 10 15 Kamesnb moJTuMepHu3yo-
LIErOCsl pacTBOPA, COAEPKAIET0 MaKpOMOJIEKYJbl. [l MOBBIIEHNSI HAASKHOCTH MTPOBOIMIACH CEPHS
n3 5-30 mocnenoBaTeNbHBIX U3MEPEHHI, TIOCJIE Yero pacTBop paszdapisuics B 1,5-2 pasa u uzMepeHue
nosTopsuiochk 5—30 pa3 mpu Gojiee HU3KOM KOHLIEHTpaUUH U Tak Aanee. [lepen kaxaol cepueil usmepe-
HUs knaBumei PrintScreen mepeBoauau B maMATh KOMIBIOTEPA UM COXPAHSUIM M300pakeHHE CIIEKTpa
OTPaXEHHOTO JIyya B BHUJE LITPUX-AHATPAMMBI, KKJIBIH ITPUX KOTOPOH COOTBETCTBYET OTHOCHUTENb-
HOM MHTCHCUBHOCTH CBETa, MaJaroInero Ha oaud u3 40 GoToauo 0B BocnpuHUMaroInel JuHeiku. [1o-
Clle U3MEPEHUHM NPHUKIAIHOEC NPOrpaMMHOE OOECICUYeHHE PACCUUTHIBAJIO CPEOHMH pasMep YacTHII,
CpeAHEMAacCOBBII pa3Mep YacTull, IUPUHY MUK PACHPEACICHHUS YaCTHLI, BEIUYHHBI, CBI3aHHbBIE C KOH-
HEHTpanreil YacTuIl U pa3HOCThIO KoddduimenToB npeixomiieHus cpeapl u yactull — Reflected Power,
Loading Index u Concentration Index. ComocraBnenne Bcex BEIHYHH IO3BOJSIET CIIENATh BHIBOJBI 00
ONITUMAJIbHBIX YCIOBHSIX U3MEPEHUI U CIOc00ax yBeTUUEHHUS X BOCIIPOM3BOJUMOCTH M TOYHOCTH.

1. Biusinue pacTBopuTess

B kauecTBe cpeapl 11l pacTBOPEHUS YacTUL (MAKPOMOJIEKYJI) TOJDKHA HCIIOIB30BAThHCS JKUIKOCTD C
MAaJIOH BSI3KOCTBIO U ¢ KO3(D(OUIIMEHTOM MPEIOMIICHHS, CUIILHO OTIMYAIOIIUMCS OT K03 duipenTa npe-
nomiieHus yactull. Hamu uist pas0aBiieHust BS3KHUX moiuMepu3ytommxcst pactsopoB @C — TOI™ — OIl-
10 mepen uzmeperuem DLS Obumn ncrions3oBansl auMermwidopmamun (IM®DA), staHom, alleTOH U IH-
metmicynbhokcua (AMCO). Bee atu xuakoctu cmemmBatores ¢ @C, TOI' u OII-10 B mo0BIX COOT-
HOIIICHUSIX U UMEIOT KO3(P(PHUIMEHTHI MPEIOMIICHUS coOoTBeTcTBeHHO 1,4269; 1,3611; 1,3588; 1,4795
[8]. OTH 3HaYEeHHUS CIeAyeT CPaBHUBATH ¢ KO PHULIUEHTOM npesoMieHus oauromepa ©C, KOTOpbIi He-
3HAYUTENILHO NpeBbIlIaeT KodhdunueHT npeiaomieHus ynctoro OC, pasueiii 1,4872. Bsazkocts IMODA,
atanona, arerona u JJMCO cootBerctBenno 0,80; 1,17; 0,33 u 2,473 mlla-c [8], HO GoJiee BRICOKAS BsI3-
KOCTh BIIUSIET JIUIIh HA CHIDKEHUE BEPXHETo MOpora OmnpeesseMoro pasmMepa KpymHbIx yactuil. Crumi-
KOM ke Onm3kue Ko3()(HUIIMEeHTH MPEIOMIICHHS YacTUI] M CPEbl NPUBOAST K CHU)KEHHUIO KOJIUYECTBA
OTpa)KeHHOM 3HEPTUHU U YYBCTBUTEIHHOCTH METOZA BO BCEM JMaIla30He pa3MepoB. JlefCTBUTENbHO, U3-
MEpEHHas MOIHOCTh oTpakeHHOTO Jiyua Reflected Power cocraBnser mns cycnensuii 8 IM®A, staHo-
ne, anetone u IMCO cootBerctBeHHO 186, 256, 263 u 145, TO eCTh OHA MOHOTOHHO YMEHBILIAETCS C
npubnmkeHrneM ko3 HUIeHTa mpeIoMICHHUs Cpeabl K KOApPHUIUEHTY MPEeIOMICHHUS YacTHII.

BwmecTe ¢ Tem, cienyeT OTMETUTb, YTO JIaXKe IPH CPABHUTEIHHO HU3KUX KOHIICHTpAIMIX o0pa3ia B
JIMCO mnony4aercsi XOpOLHNHA CIeKTp (IITpUX-IUarpaMma), a B 3TaHOJE HPH JTIOOBIX KOHLEHTPALUIX
CIIEKTP COOTBETCTBYET KaXKyIIEMyCsl HATMUHUIO YPE3MEPHO KPYMHBIX YaCTHUI.

Crerudruyeckne 0cOOCHHOCTH B3aMMOJICHCTBHS MOJIEKYJI PACTBOPUTENS M MOJMMEpa HaKJIa bIBa-
10T JOMOJHHUTENbHBIE OTpaHUYEHUS Ha MPUMEHUMOCTh pacTBopuTeneil. Tak, Ha HadaldbHBIX CTaIUAX,
KOTJla MOJIEKYJIbI OJIMroMepa cocToAT u3 5—10 3BeHbEB, BCE PACTBOPHUTENH MO3BOJISIIOT IIOIYYUTh TOMO-
TeHHBIH pacTBOp nonumepa. Ho Ha Gonee mo3anux cragusx 3Tanoin (96 06. %), a 3aTeM U aleToH OKa-
3BIBAIOTCS HE CTIOCOOHBIMH PACTBOPSITH BHICOKOAPOMATHUYECKUN MONIUMEp, KOTOPBII BhIMAgaeT Ha JHO B
BUJIE KalleJIb YePHO-KOPUYHEBOH BS3KOH >kuakocTH (B To Bpems kak TOI' u Oll-10 mepexonsT B pac-
TBOpUTENH). BereacTBie NMpoBEIEHHBIX HCIBITAHUNA PACTBOPUTENIEM Ul AalNbHEHIINX HCCIeI0BaHUM
obu1 BeIOpaH JIM®A. Jlusnektpudeckas nponuriaeMocts JJM®DA, sranona, anerona u JIMCO cooTset-
CTBEHHO paBHa 36,7; 24,3; 20,7; 48,9, numonsHeiil MomeHnT — 3,8; 1,7; 2,7; 3,9. U3 atoro ciemyet, 94T
IM®A (mapsny ¢ AMCO) sBisiercsi HanOosiee BBICOKOIOISIPHBIM PaCTBOPUTENIEM M3 HUCCIIEIOBAHHBIX,
YTO YJIy4IIaeT paCTBOPUMOCTH OOBITHHCTBA MTOJIUMEPOB.

2. BuMsiHMe KOHLIEHTPAIMM YaCTHI
Kowmmnanus Horiba, mpousBoasimas nmpu6opsr DLS, cooOrmiaer 0 HEMOHOTOHHO# 3aBUCUMOCTH U3Me-
psAeMOro pasMepa TBEPABIX YACTHII OT UX KOHIIEHTPAIIMHA B BOAHOU cycrieH3uH. [[ist mpoBepKH cripaBe-
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JUBOCTH JAHHOTO TOJIOKEHHS ISl PACTBOPOB IMOJIMMEPOB HaMH ObLIa IMOCTPOSHA KOHIICHTPAITMOHHAS
3aBUCUMOCTH U3MEPEHHOTO pa3Mepa MOJICKYJ Kpaxmaia B Boje (puc. 1).

Br16op ykazaHHOW MOJENBEHONM CHCTEMBI 00YCIIOBIIEH TEM, YTO MOJUMEp (Kpaxmall) B JAHHOM CITy-
yae BBOJIUTCS B paCTBOPUTEINb 0€3 MIOCTOPOHHUX MPUMECEH, TOTJa Kak B UccieayeMbix oopasiax ®C —
TOI' — OII-10 xonmeHTpanus noauMepa coctarisieTr 5—20 macc. %, a ocrampHOE coctaBisroT TOI,
OII-10 u octatku ®C. BBenenue B pacTBOPUTENb TAKUX 00Pa3LOB B BHICOKUX KOHLIEHTPALMAX MPUBO-
JUT K HEONPaBIaHHO OOJBIIOMY M3MEHEHHIO BS3KOCTH U KOd(D(HUIIMEHTa PETOMIICHHUS CPEMIbI, YTO UC-
Ka)kaeT Pe3yJIbTaThl U3MEPEHUH, B X0JI¢ KOTOPBIX MIPUHUMACTCS, YTO CBOMCTBA CPEIBI MAJIO OTINIAIOTCS
OT CBOMCTB YHUCTOTO pacTBOPHUTENA. B 007acTH 04eHb HU3KMX KOHIICHTPAILIMK B paCTBOPUTEIE 00pa3IioB
®C — TAI' — OII-10 u3MepeHne CTAaHOBUTCS CIUIIKOM HEHAJIEHKHBIM H3-32 CIA0OCTH aHATUTHYECKOTO
CHUTHAJIa, TIOCKOJIBKY pa3Mep MOJIEKYJI CHHTE3UPOBAHHBIX oauroMepoB @C OTHOCUTEIHHO MaJl, & UHTEH-
CHBHOCTBH OTPKEHHOT'O CBETA COTJIACHO TeOpHH MM MPOMOPIFOHATBHA pa3MEPy YacTUIl B 6 CTETICHH.

JUis IpUTOTOBIIEHUST paCTBOPOB OBLI MPUTOTOBJIICH MCXOAHBIN pacTBOp ¢ 2 Macc. % Kpaxmaia, Ko-
TOPBIN Janee pa30aBiIsIIcsS BOOM.
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KommenTpamnra oopasia, Kareirs/S M PacTBOPHTENT

Puc. 1. Kaxywumiica pasamep MorneKyn Kpaxmarna B 3aBUCMMOCTM OT ero KOHLieHTpauum B Boae
(nvHUA NnpoBeaeHa Yepes cpegHeapudMeTUYECKUE 3HAYEHUS)

KonuenTpanuonHnas 3aBUCHMOCTb Uil PacTBOPOB MojuMepa (puc. 1) OKa3pIBaeTCs MOJHOCTHIO
UJCHTUYHON M3BECTHOM ISl CYCIIeH3MH TBepAbIX yactuil, momydeHHEIX HORIBA. CornmacHo pekoMeH-
JAISIM 3TOW KOMIIAHWH, ISl U3MEpPEHHH cielyeT BhIOMpaTh KOHIIEHTPALUIO YacTUI B MHTEpBaJle, I/1e
u3MepsieMbIi pa3Mep ciabo 3aBUCUT OT KOHLEHTpauuH. B 3ToM mHTEpBaje Takxke HaOMOgaeTCs U Hau-
MEHBIINH pa30poc JTaHHBIX.

g pactBopoB nonumepa B JIM®PA, staHOoe U alleTOHE BBISABISETCS Pa3UYHbIN XapaKTep 3aBU-
CHUMOCTH M3MepsAeMOro pasmepa oT KoHueHTpaun (puc. 2, 3). Tak, ana JJM®PA (u ocobenHo g are-
TOHA) KaXYLIMHCS pa3Mep MaKpOMOJIEKYJ YMEHBIIAeTCsl C POCTOM KOHLIEHTpalWH, a AJ STaHoja —
yBenuuuBaetcs. Ha puc. 2 oTpakeHbl TociieioBaTeIbHbIe pa3baBieHust 00pasia, mociie KOTOPBIX Mpo-
BOAMIIOCH TOAps 1o 31 u3MepeHuto JMTenbHOCTHIO 1o 30 c.

Crenyer OTMETUTb, UTO Ul Oosee KPYyMHBIX MakpoMoiiekyn (6onee 30 HM), aHATUTHYECKUHA CHUT-
HaJl OT KOTOPBIX CHJIbHEE, pa30aBieHue ciadee BIUSIECT Ha U3MEPsAEMBbIi pasmep.

22 BecTHuk OYplY. Cepusa «Xumunsar»



Xepebuyoe 4.A., Manumos .M.,

3azopynsko O.B. u dp.

Bbi160p ycnoeuli Onst uaMepeHuUsi paamepa MaKpOMOJIeKYJ1

mMemodomM QUHaMU4YeCKO20 paccesiHusi ceema

35

30

N N
(e} W
1 1

JuameTp yacTuLbl, HM
s
|

0,5
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KommenTpamnra oopasia, Kareirs/S M PacTBOPHTENT

Puc. 3. Ka)Kyuwn?lcn pa3mMmep MaKpomMosneKkyn B 3aBMCUMOCTU OT UX KOHLUEeHTpauuu
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3. Hcnoan3oBaHue IITPUX-AUATPAMMBI

[Tpn Hauasne U3MEepeHUi Mporpamma, coOMparollas CUrHal OT JHHEHKH (HOTOAMOI0B, OTOOpaKkaeT
MHTEHCUBHOCTb MaJAIOIIEr0 Ha HUX CBETa B BHJE IUTPUX-AMArPAMMBbI, CBA3aHHON CO CHEKTPOM OTpa-
KEeHHOro Jy4a (puc. 4, 5). [IlporpaMma He yka3pIBaeT KaKMX-IMOO KOOPAMHAT WM €AWHUI] W3MEPEHUS
Ha 3TUX AMarpaMMax, OJHaKO C JIEBOH CTOPOHHI yka3aHo «KpymHble 4acTUIlb», a crpaBa — «Menkue
YacTHUILBD», YTO IEHCTBUTENIFHO KOPPETUPYET C MOTy4aeMbIMU AaHHBIMH. BHeE 3aBUCUMOCTH OT BeIU4U-
Hbl MHTEHCHBHOCTH, IPOTrpaMMa HOPMHUPYET CaMblii CHJIBHBI CHUTHAJ Ha MOJHYIO BBICOTY IUTPUX-
auarpammel (puc. 4).

KonnenTtparus Mosiekys1 CUIBHO U3MEHSET BUA IITpuX-auarpamm (puc. 4). O4eBHIHO, YTO MaKCH-
MyM 1pH pa3dasnennu B JIM®DA cMeraeTcs BiI€BO, YTO COOTBETCTBYET YBEJINUCHHUIO pa3Mepa YacTHLl, a
CHUTHAJI CTAHOBUTCSI Bce OoJiee CIa0bIM U IITyMHBIM.

N3menenue nonoKeHusl MaKkCUMyMa Ha IITPUX-AHarpaMMax XOpOIIO KOPPETUPYeT U ¢ YBEITHUCHH-
€M pa3Mepa MOJICKYJI, IPOTEKAIOLINM IpH MoJIMMepHu3aunu (puc. 5, 6).

Puc. 4. Bup witpux-gnarpamMmm B 3aBUCMMOCTM OT KOHLeHTpauumn obpasuos B [IMDA.
JleBasi KONOHKa: CBepXy BHU3 — KOHLlEHTpPauusa cooTBeTCTBEHHO 5, 1,25, 0,31 kanenb Ha 5 mn.
lMpaBas KonoHkKa: cBepXy BHU3 — KOHLIEHTPaUuUsA COOTBEeTCTBEHHO 6, 3, 1,5 kanenb Ha 5 mn

Puc. 5. Bupg wrpux-guarpamm B 3aBUCMMOCTM OT pa3mepa Makpomornekyn obpasuos B MDA
(koHUeHTpauus Be3ge 15 kanenb Ha 5 mn). CneBa Hanpago: 4, 6, 9, 13 aHen,
pa3mep MaKpoMOJIeKyn MOHOTOHHO Bo3pacTaeT CO BpeMeHeM
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Puc. 6. CmellleHMe NOMOXEHUA MaKCMMyMa Ha WITPUX-AMarpaMmmax ¢ yBenimieHMeM pa3mepa Mosekyn,
pacTywmmM npyv nonumepusaumm obpasuoB (koHUueHTpauus B AM®PA 5-15 kanenb Ha 5 mn)

PaccuntbiBacMBIi IOCTABIIEMO# ¢ MPHOOPOM MPOTrPaMMOil pa3Mep YACTHII XOPOIIO KOPPEIUPYET C
MOJIOKEHUEM MaKCUMyMa Ha IITpUX-Juarpammax (puc. 7). boiee Toro, Bo MHOruX ciydasix, KOraa mpo-
rpaMMa HEKOPPEKTHO MPOBOAMT pacyeT pa3Mepa, MpH HAIMIMHM COXPAHEHHOW IITPHUX-IUarpaMmbl OKa-
3BIBAETCSI BO3MOKHBIM OLIEHUTH IMOJIOKEHHE MaKCHMyMa (pHUC. 5) M U3 3MIHUPHUYECKOTO COOTHOIIEHHS
(puc. 7) paccunrtaTh pasmep yactul (puc. 8).
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Puc. 7. 3aBucumocTtb pa3mMmepa MorneKkyn oT NoJI0XXeHUA MakKCUMyMa Ha WTpux-guarpammax
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Puc. 8. PaccuutaHHbIN pasmMep MorneKkyn no nofoXxeHur MakCuMyMa Ha WTpux-guarpammax

4. Yder cpenHemMaccoBoro pasmepa yactun u Loading Index

B xadecTBe BayKHBIX BCIIOMOTATEIbHBIX BEIMYHH, [TO3BOJISIONIUX OLEHUTh HAJEKHOCTh PACCUUTAH-
HBIX pa3MepoB YaCTHII, CIeyeT PaCCMaTPUBaTh CPEAHEMACCOBBIN pa3Mep JacThll U BennunHy Loading
Index (puc. 9). B obnactu KOHIEHTpALMid, TPH KOTOPHIX CPEIHUH U CPEIHEMACCOBBIN pa3Mmep OIM3KH,
NOJy4eHbl Hanbosee HajexHble nanHble (BTopast 31 Touka Ha puc. 9). B 3T0i1 001acTi KOHUEHTpaMi
Loading Index umeer 3nauenus 0,001-0,030. B o0iacTv COMIIKOM BBICOKOH KOHIIEHTpAIlMK oOpasiia
(nepBas 31 touka) Loading Index mocturaet 9, a B 001acTH CIHUITKOM HU3KOUW KOHIIEHTPAIIUN CHIKACT-
cs 1o 0,00001. Ilpu caumKoM HU3KUX WM CIMIIKOM BBICOKMX 3HaueHHsX Loading Index pesynbraTh
MeHee TouHble. Tak ke, Kak ¥ B CiIydae ¢ pacTBopamu kpaxmana (puc. 1), B cpeaHelt 001acTi KOHIICH-
Tpaluii n3MepeHus: Hauboiee BOCTIPOU3BOIUMBI.
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Puc. 9. PaccuntaHHble 3Ha4YeHUsA pa3mepa MoneKyn (OKpy>KHOCTH), CpeAHEBECOBOro pa3Mmepa (KBagpaTtbl) M BeNIMYMHbI
Loading Index (kpecTtbl). KoHueHTpauusa B JM®A: 6 kanenb Ha 5 mn (nepBas 31 Touka), 3 kannu Ha 5 mn (BTOopas 31 Touy-
ka), 1,5 kannu Ha 5 mn (nocnegHue 34 To4kK)
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5. Koppesasinuu mexay Loading Index, Concentration Index n pasmepom 1acTuig

Benmunnsl Loading Index, Concentration Index u pasmep uyacTui TecHO B3aMMOCBsI3aHbl (pHc. 9,
10). Ilpu u3mepennn obpasia c ero TPEXKpaTHBIM pa3z0aBiieHHEM OOHApPYKUBAETCS, YTO TPU KOHIICH-
TPaLUU TIPUBOJIAT K 3aKOHOMEPHOMY TPYIIIMPOBAHUIO pa3Mepa MaKpoMOJIeKyl U BeinnunHbl Concentra-
tion Index B Tpu oGxactu (puc. 10). I[Ipu 3ToM pa3daBieHHe NPUBOIUT K YBEIUUYCHHIO U3MEPEHHOTO
pa3Mepa 1 yMeHbleHHt0 BeauunHbl Concentration Index.

]. T vm’ T T T 1
4

o 6‘ 8 10 12
035
&

‘w“.
0,01 - R b,

-2

0.1 1

Concentration Index

0,001

0.0001
JlmaneTp UACTII, HM

Puc. 10. CBaA3b n3MepeHHOro pasmepa Makpomonekyn u BennumHbl Concentration Index

Benmumnna Concentration Index 6osnee napopmarusHa, yem Loading Index, Tak xak paccUuThIBaeT-
cs ¢ yueroM Loading Index, Reflected Power u cBoiicTB cpensl, mostomy Mexny Loading Index u pas-
MEpOM MaKpOMOJIEKYJI KOppesslrs HaMHOro crnabee BbipakeHa (puc. 11) u MeHee mpuroaHa ass aHa-
7132 JI0CTOBEPHOCTH PE3yJIbTaToB.
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Puc. 11. CBA3b n3aMepeHHoOro pasmepa MakpomMonekyn v BenuyuHbl Loading Index
Tex e ob6pa3uoB, 4To U Ha puc. 10

BrIBOABI

ITomyyenne KOPPEKTHHIX JAHHBIX BO3MOXKHO TOJBKO IMOCJE MOCTPOCHHUS KOHIICHTPAIIMOHHOW 3aBH-
CUMOCTH U3MEPEHHOTO pa3Mepa OT KOHIIEHTPAIUX YacTHUIl (MJIH MOJIEKYJ oJuMepa) B cycrieH3ud. s
KaKI0W KOMOWHAIIUY YaCTHII U )KUJKOCTH CYIIECTBYET TOCTATOYHO MMUPOKUH THUANa30H KOHIIEHTPAIUH,
B KOTOPOM BOCITPOU3BOJIMMOCTE OTIPEICIICHHSI CPEAHETO pa3Mepa YaCTHUI] MaKCUMaIbHa.
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J1a 060CHOBAaHHOTO TMPHUHATHUS PE3yJAbTAaTOB pacueTa CpeIHEro pasMepa YacTHI[ NMPOrPaMMHBIM
obecrieyennem Microtrac Ultra cieayeT MCmonb30BaTh NaHHBIC MITPUX-AAATPAMMBI, CPETHEMACCOBBIN
pasMep uyacTul, IIMPUHY NHKa pacupeaenenus dyactul, Reflected Power u Concentration Index. Ano-
MaJIbHBIE BBIOPOCHI 3HAYEHUH 3TUX BEITMYMH MOTYT CIIY>KUTh YKa3aHHEM Ha HEJOCTOBEPHOCTh U3MEPEH-
HOI'O pa3Mepa YacTHLL.

[Ipy momyueHHH HEKOPPEKTHBIX PE3yJIbTaTOB pacyeTa CPEeIHEero pa3sMepa 4YacTHIl HPOrpaMMHBIM
obecnieyennem Microtrac Ultra nmpu HaqMuuy IWITPUX-TUArPaMMBl OKa3bIBAETCS BO3MOXKHBIM IIPOBECTU
OIICHOYHBIM pacdeT pasMepa YacTUI[ MO SMIUPUIECKOMY COOTHOIICHHIO IOJIOKEHUS MaKCUMyMa
ITPUX-AUATPAMMBI U pa3Mepa YacTHIl.

PesynpTaTel u3mMepenuii 6osiee KOPPEKTHHI B Cilyyae Oosee 3HAUYUTEIbHON pa3sHUIBI KO3 UIHEH-
TOB MPEIOMIICHHUS YaCTHUI] U KHUIKOCTH, B KOTOPOH OHU HaXOJAATCS.
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The size change of polymer molecules of furfuryl alcohol was investigated by
dynamic light scattering. The influence of the concentration, size of macromolecules
and solvent composition on the results was studied. Ways to improve the measure-
ment accuracy were suggested.
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YIOK 544.015.3

TEPMOOAWHAMUYECKUI AHANU3 CUCTEM «METAJ - KUCNTOPONO»

B.U. JleoHoeuu, E.A. Tpoghumoe, A.H. QunbOuH

Ha npumepe psima cucrem «metaimt — kuciaopon» (Cr—O, Mn—O, Fe-O u Ni—O) mon-
pOOHO omumcaHa METOAMKAa TEPMOJIMHAMHYECKOTO MOJAEIUPOBAHUS CHCTEM, BKJIIOYAIONIUX
paznudHbIe a3kl IEPEeMEHHOTO COCcTaBa (METAIINYECKUH TBEPABINA M KUIIKUH PacTBOp, CO-
€IMHEHUS C OTKIOHEHISMHU OT CTEXHOMETpuH). MeToauka onmpaeTcs Ha HCIOJIb30BaHUE
MOJIPEMIETOYHON MOJIENI ¥ TIOMMHOMHUANBHONH Mozaenu Peanmuxa — Kuctepa. IlpomemoHncT-
PHPOBAHBI IMOIXOABI K TEPMOAMHAMHUYECKOMY OIHMCAHHIO XHIKUX M TBEPABIX PacTBOPOB
KHCJIOPOZa B METaJUIe, a TakKe OKCHAOB PA3IMIHOTO COCTaBa U CTpyKTypHOro tuma (MeO,
Me;04 u Me,05). TlpeacraBiensl BeIpaKeHHs sl SHEpTHil [ m60ca paccMOTpeHHBIX (a3.
Onwupasce Ha ONMCAHHBIE METOAMKH, IIOCTPOCHBI (ha30BbIC TUArPAMMBI YETHIPEX CHCTEM, a
TaKKe TEeMIEPaTypHbIE 3aBUCUMOCTH KHCIOPOIAHOTO MOTEHIMANA VIS U3yYEHHBIX CHCTEM.
Pe3ynbTaThl pacyéra cONMOCTABICHBI C HKCIICPUMEHTAJIBHBIME JaHHBIMU. [IpencTaBieHHas
nH(opMaIys MOKeT OBITh HCITONb30BaHA VIS aHaM3a 0o0Jee CIOKHBIX CHCTEM, BKIIOUas
CHCTEMBI, UIMEIOIIHE 3HAUCHNE ISl METaJLUTyPIHH.

Knrouegule cnosa: ¢azosvle ouazpammel, mepmoouHamuieckoe Mooeiuposanue, Cuc-
membl «(Memaui—KuciopooOy, JHceie30, Xpom, Mapeamey, HUKeb.

BBeaenue

CmiaBbl U CTajdu CHELMATBHOTO HA3HAYEHUS, KaK MPaBUIIO, UMEIOT AOBOJBHO CIOXKHBIN cocTaB. K
YUCITY UX MOCTOSHHBIX KOMIIOHEHTOB OTHOCSITCSL XpOM, MapraHell, >KeJe30, HUKeNb U 1ap. B3aumonenct-
BHE JTHX 3JEMEHTOB C PACTBOPEHHBIM KHCIIOPOJIOM NPHUBOJUT K 00pa30BaHUIO OKCUAHBIX (a3. [Ipu
MIPOU3BOACTBE (PepPOCILIABOB, JUTaTyp, HU3KOJIETUPOBAHHBIX CTaJiel MPAKTHUECKOE 3HAYCHUE MMEIOT
YK€ TPEXKOMIIOHEHTHbBIE CHUCTEMBI «OCHOBA — JIETUPYIOIIMI KOMIIOHEHT — KUCIopoa». PacyeT u aHa-
JIU3 TaKUX CHCTEM BO3MOXEH, €CIIM M3BECTHBI TEPMOJMHAMUYECKUE CBOMCTBA OCHOBOIIOJIATAOIINX OU-
HapHBIX CUCTEM «METAJUT — KUCIOPOI».

MeToauka uccjIe10BaHUA

[Ipu TepMOAMHAMIYECKOM MOJAETHPOBaHUH (Ha30BBIX PABHOBECHH B METAIUIMYECKHUX CIUIaBaX, CO-
Jep KaluX KUCIOPO, UCIIONb3yeTcs (hopMan3M U MaTeMaTHYECKUH anmnapar NOAPEIETOYHOW MOJENH,
B KOTOPOH KOH(Hrypauus pacTBOpa ONpeNesseTCs] COBOKYIHOCTBIO ABYX WM 0Oojiee MOAPEIIETOK
[1-5].

Cucrembl «MeTallI — KUCIOPOI» XapaKTepu3yloTcs 00pa30BaHUEM KUAKUX M TBEPIBIX PacTBOPOB,
a TaKXKe OKCHJIOB PAa3JIMYHOTO cocTaBa W CTpykrypHoro tuma (MeO, Me;O, u Me,0;). Ha puc. 1-4
NpeACTaBICHbl AUarpaMMbl ()a30BOro paBHOBECHUS M TEMIIEpATypHbIE 3aBUCUMOCTH KHCIOPOAHOTO II0-
teHuuana cucteM Cr—O, Mn—O, Fe—O u Ni—O. IIpu pacuere o0nacteil yCTOHYMBOCTH pa3iInvHbIX (a3
OBUIM MCTIOJIH30BaHbl TEPMOXUMHYECKHE TTapaMeTPhl, MPUBEJeHHbIe B padoTax [6—13]. ConocraBneHue
PacyeTHBIX M 3KCIIEPUMEHTANBHBIX 3HAUCHUH MIPOBEICHO C UCIOIBb30BaHUEM AaHHBIX, IPEACTABICHHBIX
B paborax [14-25].

O0cy:k1eHue pe3ybTATOB

OcobeHHOCTH MOJICTMPOBaHUS (a3 pa3NUYHbIX TUIIOB 3aCIIyKUBAIOT OOCTOSATENHEHOTO 00CYKACHUSI.

JKuokue pacnnasuvl. XKunkast ¢pa3a B OKCHIHBIX CHCTEMaX XapaKTEPU3YeTCs MHTEPBAIOM HECMEIIH-
BAa€MOCTU MEKAY MCTAUIMYECKUM U OKCHIHBIM CILIaBaMH. HpI/IMeHI/ITeHBHO K MOHHBIM paciijiaBaM CO-
CTaB JKMAKOCTH, COAEp)Kalleldl KaTHOHBI METala M aHWOHBI KHUCIOPOAA, MOXET OBITh OIpEIelieH clie-

IYIOIIUM 00pa3oM: (Me;rv" ) » (O_z,Va_q) rae Me;r Vi o3HAUaeT COBOKYIHOCTb KaTHOHOB C 3apsiioM

q b
+Vi, Va — THINOTCTUYCCKYHO BAKAHCUIO C MHAYIIHUPOBAHHBIM 3apsaaoM —(. HOI{CTpO‘IHHC UHACKCBL p U ¢
OIpEacCIAIOT SHeKTpOHeﬁTpaHBHOCTB 1 3aBUCAT OT COCTaBa pacIiuiaBa CJICAYIOIIUM 06pa30M:
4=3v, (1)
l

Me Vi
1
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P=22+q-y, 4 )
B atux dopmynax y; 0003Ha4aeT KOHIIEHTPAIMIO KOMIIOHEHTa paciijlaBa B Mpezesiax CBOCH mojape-
MICTKH. CJ'IC,I[YIOH.IGG YpaBHCHUC MMOKA3bIBACT CBA3L ) 02 C MOJ'IHpHOﬁ I[OJ'IGf/i KHcjiopoaa

q9-YVo2

X ,=—"9 3)
7 p+a(l-y, 4)
3000 ‘ 3,5
g & [14] >Kupkoctb
2800 | ® [4]Cr,0,+X
G arcr+x 4.0 -
| % paers Cr,0,
26004 4 [14] Cr + Cr,0,
té 1 X [4cr0,+ X _ 4.5
= 4
2 2400 - L
g W+ K S
= 17 8 50
q.) -~
= 2200 -
a—Cr + >K2 55|
2000 -
4
] * 1
0_Cr+Cr O a-Cr+Cr0,  crorcro)
1800 A : : 6,0
0,3 04 0,5 0,6 -15 -10 -5 0
Xo log Py, (aTm)
a) 6)
Puc. 1. ®a3oBas gnarpamma (a) u TemnepaTypHas 3aBUCMMOCTb KUCIIOPOAHOro noteHumana (6)
CUCTEeMbl «XpOM—KUcropoa»
MonsipHas sHeprust [ m66ca OMHAPHOW CHCTEMBI «METaIIT — KUCTIOPOI» 33JacTCsl ypaBHEHHEM
_ o
Gm - gyMelﬂi y072 GMe;vi 072 +
+pRT ; Yt 10 )+ GRT 2 (Y 2) + 3y g I3y )]+ “
+Zl.: yMeiHi ')2072 yVafq LMe;v" :O_Z,Va_q ’
rae GL ‘v o2 — OHEPTHs I'nb6ca obpazoBanus (2 + v;) MoJieil KHIKOrO CIUIaBa; GL +v; — DHEprHs
el- H e

1
I'n66ca oOpa3oBaHus Vi MOJIb KUJIKOTO METaa; L;; — TeMIepaTypHO-3aBUCHMbIE KO3 (DUIIMEHTBI, 3Ha-
YeHHsI KOTOPBIX BBIpaKaloTCs nmonumHoMamu Pemxa — Kucrepa:
_ g0 1 2 2 _ n n
Ly=L,;+L,;(y-y)+L,;(y—y;) +.=2L,;(y;—y,)" . Q)
n

B npuBeneHHBIX ypaBHEHUSIX U Jaliee B MOJICTPOYHBIX WHAECKCAX 3aIsATas pa3ieiseT KOMIIOHEHTHI B

OJTHOM MOJPEIIETKE, a JBOCTOYNE O3HAYACT PA3IUYHBIC MTOAPCIICTKH.,
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2400 [15]
[16]
2200 — —
2000 — )K2+ra3
N 1 |
S 1800 ¢
> -
g 5
o) B—Mn304 o
g 1600 — - 8
(o) +ra3 —
|_ 4
1400 o-Mn,0,
] +ras
1200 —
a—MnSO n
+Mn_O
1000 : ‘ — 23
0,45 0,50 0,55 0,60 -12 -8 -4 0
X0 log Py, (atm)
a) 6)
Puc. 2. ®asoBas gnarpamma (a) u TemnepaTtypHass 3aBUCUMOCTb KMCITOPOAHOro noteHuuana (6)
CUCTeMbl «MapraHeL—Kucrnopoa»
T ‘ T T 5
o [21,22] -5 2 =1arm
2000 A [20] 10 10 p02
XK, +ra3
1P S 277 6
(23] )K1 + )K2 >K2
[e]
1800 [24]
| SFe+X, 7
1600 —
> y-Fe + )K2 - 8
i <
e S
S 1400 - y-Fe+Fe O S 4.
Q S
5 S
2
1200 10
1 o—Fe +Fe 150 %
-X
1000 — 11 -
| o—Fe -l Fes-so 4
800 ! : . | : 12
0,45 0,50 0,55 0,60 -30 -20 -10 0
X5 log Py, (atm)
a) 6)

Puc. 3. ®a3oBas Agnarpamma (a) u TemnepaTtypHasi 3aBUCMMOCTb KUCIOPOAHOro noteHuuana (6)
CUCTEMBI «Kene3o—Kucnopoa»
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3
2500
X,
2
10

x -

S v
> -3 -
© 10 I~
Q. o
2 3
S 2000 - . — =
2 K4+ NiO o \ -

10° NiO
y—Ni + NiO
1500 T [ ‘ ‘ ‘ T 8 T [ [ T ‘ ‘ T
0,0 0,1 0,2 0,3 04 0,5 -10 -8 -6 -4 -2 0
Xo log Py, (atm)
a) 6)

Puc. 4. Pa3oBas guarpamma (a) 1 TemnepaTypHasi 3aBUCMMOCTb KUCIOpoaHoro noteHuuana (6)
CUCTEMbI «HUKESNTb—KUCIIOPOA»

HapLII/IaJ'H:HBIQ MOJIAPHBIC SHCPIrUun I'u66ca (XI/IMI/I‘ICCKHC HOTCHLII/IaJ'IBI) MOT'YyT OBITh BBIYUCIICHEI 10

YPaBHEHUIO
GA:B = Gm + aGm + aGm - Zyi (aGm ] (6)
Yy Oy i W

Obnactu KHUIKUX pacIjiaBoB, IpeACTaBICHHbIE Ha puc. 1—4, paccunTaHbl UCXOIs U3 MPEIIOIONKe-
HYS O HATHYMH B CHCTEMAX C XPOMOM H HHKeJEM OJHOro copTa katmonoB — Cr™ mmu Ni™ cootBerct-
BeHHO. B sxuakux pactBopax Fe—O m Mn—O yCTOHYMBBIMU CUMTAIMCh JBA BHIA KAaTHOHOB — Me ™ n
Me®.

O.y.x. u 2.y.k. — meepovie pacmeopul eneoperusi. TBEpAbIA PacTBOP BHEAPEHHUS MOKHO IMpencTa-
BUTH oOmieir ¢opmynoit (Me),(O,Va).. B ciyudae r.k.-paser a=c=1, mia o.ark.-¢pazer a =1
u ¢ = 3. O6pa3oBaHue TAKOrO PacTBOpPa MOXHO TakXe MPEACTaBUTh CMEIICHWEM TMIIOTETUYECKUX CO-
enunennt Me, O, u Me,Va.. Monspnas sueprus ['nb0ca Takoro «TpexKOMIOHEHTHOT'0» pacTBopa (Ipu
VMe =1) MOXKeT OBbITh 33/1aHa YpAaBHECHUEM

Gm :yOGI(\)/[e:O +yVaG/(\)/[e:Va +CRT(yO lnyO +yVa 1nyVa)+

1 2.2 :
+Y0Vva [L?l/[e:O,Va +(Vo = W) Lseova + Vo = Vva) Lieoyal+ G,

MarauTHas CoCTaBIIsoIas 3Heprun I 'nooca 3agaercs hopMyJioi
G ™ =RTIn(B+1)f(1), (8)

rae T = 1/Tc; Tc u B — 3Hauenus remnepatypsl Kiopu n maraerona bopa cooTBEeTCTBEHHO.

Iput<1:
-1 3 9 15
f(=1- P +474[1—1j(r+ LA J

(7

~

9)

140p 494\ p 6 135 600
Iput>1:
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-5 -15 =25

J@ = ot

—+ A
10 315 1500

) (10)

_ 518 , 11692

e A=3555 + 3075

(%— 1). 3HaveHue p onpenessieTcs CTPYKTYPHBIM THUIIOM pacTBopa. s o.11.K. — pac-
TBOpOB p = 0,4 u p = 0,28 151 CTPYKTYpPHI I'.IL.K.
CocTaB TBEpAOTO pacTBOpa OMPEALNIAETCS MOJIBHBIMH JIOJIIMHU BEIIECTB B KaXK/10# MMOApeIIeTKe:
Yo=(alo)xo/(1 =x0) U yc+yva= 1. (11)
Momnooxcuow (MeQ). B cTpykType MOHOOKCHAOB IEPEMEHHOI'O COCTaBa KUCIOPO 00pa3yeT I.1.K.-
pEIIEeTKY, a HOHBI METalJIa 3aHUMAIOT OKTadIpUIecKre o3uIK. B o01ieM cirydae coctaB (pa3bl MOXKeET

o + —
ObITH onucaH Gpopmynon (Me**, Me 3,Va)1(O 2)1 . Ilpn onmcaHny HECTEXMOMETPHUYECKOTO OKCHJIA XKe-
ne3a (BIOCTHTA) ObLIa UCTIONL30BaHA MOJICTThb KOMOMHUPOBAHUS SHEPTHA, TIpeIIoKeHHast XuiuepTom [ 1,
5]:

— o 0 0
G’” - yMe+2 GMeJ’Z:O_2 _'-yMe+3 GMeH:O_2 _'-yV“GVa:O_2 + (12)
m30.
+RT(y, o0y, oty sy s+yy,Iny,)+G™,
TAc NMEPEMCHHDBIC yMe+2 158 yM +3 — A0JI1 MECT B METAIUTNYECKOMI MNOAPCIICTKE, 3aHATON JABYXBAJICHTHBI-
e

MU 1 TPEXBATICHTHBIMU HOHAMH. IIpu oTOM y, » + Y, 1o +yy, =1.
N30biTouHas sHeprus ['uboca G,Iff6 MOKET OBITh omnrcaHa moauHomMoM Pemnmuxa — Kuctepa (5):

o _ o o
Gm - yMe+2 yMe+3 [LMe+2,Me+3:O_2 + (yMe+2 - yMe+3 )LMe+2 ,Me+3:0_2 ] +
o 1
TV 2 Vva [LMe+2,Va:O_2 + (J’Me+2 ~WYa )LMe+2,Va:O_2 1+ (13)
o 1
TV e Vva [LM6+3,Va:O_2 + (yMe+3 — W )LMe+3,Va:O_2 1.

[ToTeHman Kuciaopoia HECTEXMOMETPUUECKOTO MOHOOKCH 1A PACCUUTHIBACTCA KaK pa3HUIIA MOJISIP-
HbIX 3Hepruit Me,O; u MeO [12]:

GOz - 2GM3203 N 4GM€O - 46Me+33072 h 46Me+22072 + 2GVa:O*2 ’ (14)
[Ipu ucnons30BaHuU ypaBHEHUS (6) M 3HAUCHUS G;a. 02" 0 dhopmyia npeodpazyeTcs CIeayHOIIUM
obpazom:
Vy Vi
+3.Va
Go, =4(G), 5~ G} »)+RTIn e
yMe+2

+2(2yMe+2 - 2)’M6+3 - J/Me+2 yMe+3 )L(/)l/[e+2,Me+3:O_2 + (15)

2 1
+4[(J/Me+2 = Vet )+ Y2 Y 13 (yMe+3 Vet T 2)]LMe+2 M 02"
B HpHBCHeHHOﬁ MOZACIU MOJIBHBIC JOJIU MOTYT 6I>ITI> paccuuTaHbl U3 Z[Oﬂeﬁ MCCT y; C UCIIOJIb30Ba-
HHEM (HOPMYIL:
_ yMe+2 + yMe+3 _ 1
= U Xo = .
1+yMe+2+yMe+3 1+yMe+2+yMe+3

MakcumanbHOE 3HAUCHHE Vo2 =2/3, Tak 4T0 MOJENb A1 (Pa3bl MOHOOKCHIA MOXKET TaKMM 00pa-

(16)

Xe

30M OIIHCaTh JHMAIa30H COCTABOB s Xo oT 0,5 mo 0,6.

Lnunenvuvie ghazvt (Me;0,). CTpyKTypa IINUHETH UIMEET HOHBI KUCIOPOJa B T.II.K. TIOAPELIETKE C
JBYXBAJICHTHBIMHU U TPEXBaJCHTHBIMU METAJUINYECKUMHI HOHAMH B OKTa3APUUECKUX M TETPAdAPUIECKUX
MO3UIMSIX. UHCIIO MECT B OKTa3ApUYECKON MOJpPENIeTKe paBHO YHUCIY MECT KHCIOpoa, TOr/Aa Kak TeT-
pasapuyeckasi MoJpelieTka UMeeT B JIBa pa3a 0oibllie MecT. B Takoi CTpyKType HINMWHETH MOTYT OBITh
3aHATHI TOJIBKO MTOJIOBUHA OKTA3APHUECKUX MECT M OJHA BOCbMas TETPadIpHUYECKUX MecT. B Hopmanb-
HOW HIMUHEIN TPEXBAJICHTHBIE HOHBI 3aHUMAIOT OKTa’jIpHuecKue MO3UIINH, a ABYXBaJIEHTHBIE — TeTpa-
3pUUECKUE.
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[Ipyn TepMomMHAMHYECKOM MOJEIUPOBAHWU CBOWCTB OKCHAOB HaWOOJIEE CIOXKHO OMHCHIBAETCS
maraetut (Fe;O,). B pabote [12] aTa ¢a3a onmcana kak ¢ H30BITKOM Kene3a, Tak U ¢ H30BITKOM KHCITO-
pona. [Ipu HU3KKX TemrepaTypax MarHeTUT — OOpaleHHas IHHEIb ¢ TETPadJPUICCKUMHE TTO3UIHUIMHY,
3anonHeHHbIMH Fe ™. TIpy 5TOM OKTasapHuecKye MeCTa 3aHATHl coBMecTHO MoHamu Fe™ u Fe™. Ilpu
TIOBBIIIICHAH TEMIIEPATyphl MAarHETUT TPaHCHOPMHUPYETCS B HOPMaJIbHYIO IIMTUHENb W TIepe]] TUIaBIeHH-
€M OH TIOYTH HEyNopsaoueH. TakuM o0pa3oM, CTPYKTYpa CTEXUOMETPHUECKOTO MarHeTUTa MOXKET OBITh
npezacTaBieHa ciaeayrommm oopasom: (Fe'?, Fe™), (Fe™, Fe™),(0?),.

MounsipHast sHeprus I n66ca cTexrnoMeTpuIecKol MIMUHETN B 3aBUCHMOCTH OT COCTaBa M TeMIepa-
TYpbI MOKET OBITh OITMCaHa ypaBHEHHEM

_ .t 0o 0o t o 0o
G’” - yFe+2 yFe+2 GFe*'z:FeJ’z:O'2 _'-yFe+2 yFe+3 GFeJ’z:FeH:O'2 +
t o o t o o
+ + +
yFe+3 yFe+2 GFeH:Fe*'z:O"2 yFe+2 yFe+3 GFeﬂ:Feﬁ:O'2
t t t t
+RT( Vper2 In Veer2 T Vpes3 In Vet )+
(o] (o] ) (o]
+2RT( Ver2 In Vper2 T Vpess In Vet ), (17)
TJI€ HAaJCTPOUHBIE MHJEKCHI t U O 03HAYAIOT TETPAIAPUUYECKYIO U OKTa3PUUECKYIO PELIETKH COOT-
BETCTBEHHO.
. t _ t _ 0o _ 0o _
BBeaem o0o3HaueHM: Vi3 =% Vo2 = 1-x, Vi3 = 1-0,5x, Vpe2 = 0,5x.
Torna ypaBHenue 1i1st SHepruu ['u66ca OyeT nMeTh BUIL:

G =x(1=0,50)G? 2 22 +0,5X°GY 5 3 o+

+3:O
+(1-x)(1-0, 5x)G;e+3:Fe+2: o2 T 0,5x(1-0, Sx)G;’eB:Feﬂ: o2 T
+RT[xInx+ (1—x)In(1—x)]+
+2RT[(1-0,5x)In(1-0,5x)+ 0,5xIn 0,5x]. (18)
Mexmy noHaMy pa3IMYHON BAJIEHTHOCTH MMEET MeCTo oOMeHHas peakuus. [Ipu paBHOBecuu yro-
pSAIOYCHNE OMUCHIBACTCS CACAYIOMNUM ypaBHeHHEM [12]:
t 0
O’ 5(GI?eJr2:Fe+2:O'2 + GI(~“)e+2:Fe+3:O’2 + GI?eH:Feﬁ:O_2 ) =RTn M
yFeJr2 ' yFeJr3

(19)

B ycnoBusix MOBBIIIEHHBIX TEMIEPaTyp U BBICOKAX 3HAYEHHWH MOTEHIIMANA KUCIOPOa JJIsi MarHe-
THTA XapaKTePHO OTKIOHEHHE OT CTEXMOMETPHH, 4TO MOKET OBITh YUTEHO f0o0aBieHreM H30biTka Fe™ B
OKTa3/IpHUYECKHE MO3ULMK COOTBETCTBYIOLIETO YMCIJIA BAKAHCHNA U TOAJEPKAHUS AIIEKTPOHEUTpab-
HoCTH. M3MeHenHas cTpykTypa Gyaer umets Bux (Fe, Fe™), (Fe™, Fe”,Va),(0O ),. Eciu 0603HauuTh
KOHIICHTPAIIUI0 BaKaHCUH Vy,, TaKyl0 CTPYKTYpYy MOXKHO ommcaTth Kak Fe; ;0,4 rae 6=2yy,. Ha puc. 3
pacueTr HEeCTEeXHOMETPHUYECKOI0 MarHeTUTa MPOBEICH M0 YpaBHEHUIO, TOIyUYeHHOMY 00pabOoTKOM dKC-
NEepUMEHTANBHBIX JaHHBIX [20]. Ipyrue mmnuHenbHbpIe CTPYKTYPBl CYUTAINCH CTEXUOMETPUYECKUMH.

Oxcuonvie gazvr (Me,0Os). OOmiee HazBanue — KopyHA. CTpyKTypa KOpYHIa MOJAEIHUPYETCS TPeMsI

+ + -
NOAPEIIETKAMHU (Me+2,Me 3)2 (Me 3,Va)1(0 2)3. G](l)/[eH'Va‘ o2 ONPEENAET BETHUIHHY G° uucToro mo-
JIyTopHOro okcuaa Me,Os.
O003Ha4YMB KOHIICHTPAIIMH KOMIIOHEHTOB )’ TEpPBO MOAPEIIETKH U »" — BTOPOM, ypaBHCHHUE LIS

sHepruu ['n06ca romoreHHoi (ha3pl OyIeT UMETh BU/I:
(0]

o ” ’ ” o
G”’ =y Me*? y Me*? GMeJ’z:Me+3 072 ty Me*3 y Me*3 GMe”:Me+3 072 +
+ !/ 14 ) + !/ ” () +
y Me™? Ya GMeJ’Z:Va:O_2 y Me® y V’ZGMe+3 Va0~
’ [ ’ ’ 14 ” 14 n

+2RT(yMe+2 11’1 yMe+2 + yMe+3 11’1 yMe+3 ) + RT(yMe+3 11’1 yMe+3 + yVa 11’1 yVa)' (20)

Ha puc. okcuanbie ¢a3bl Me,O; paccuuTanbl 0e3 ydeTa BO3MOXKHOCTH OTKJIOHCHHS OT CTEXHOMET-
pHUH.

3axinoueHue
Ha npumepe psina cuctem Cr—O, Mn—O, Fe-O u Ni—O onucana mMeToanka TepMOANHAMHYECKOTO
MOJICJINPOBAHUS CUCTEM, BKIIIOYAIOIINX Pa3INuHbIe (ha3bl MIEPEMEHHOTO COCTaBa (METaUTMUECKUi TBEP-
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JIBIA W KUJKUE PacTBOP, COCTUHEHUS C OTKIIOHEHHSMH OT CTEXHOMETPUH U Jp.). [Ipencrasnens! Boipa-
xeHus 1uis sHepruit ['mboca paccmotpennsix ¢a3z. [loctpoens! (hazoBbie TMarpaMMel, a TaKKe TeMIepa-
TypHBIE 3aBUCUMOCTH KHCJIOPOJHOTO MOTEHLIMANIA JIs1 U3yUCHHBIX cHcTeM. Pe3ynpraTsl pacuéra comoc-
TaBJICHBl C JIUTEPATypHBIMH SKCIEPUMEHTAIBHBIMU JaHHBIMU. lIpencraBnenHas umHpopManus MOXKET
OBbITH UCIIOIBb30BaHA /ISl aHATIHM3a OoJiee CIOKHBIX CHCTEM, BKJIIOYAsi CHCTEMBbI, IMEIOIIHE 3HAUCHUE JUIs
METaJUTypIUH.

Pabota ocymecTBiieHa npu ¢puHaHCcoBoil nogaep:xkke PODU, rpant Ne 13-08-00545.
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THERMODYNAMIC ANALYSIS OF THE METAL — OXYGEN SYSTEMS
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The method of thermodynamic modeling of systems involving phases of variable
composition (solid metal and liquid solution, compounds with deviations from stoichi-
ometry) is described. This method is demonstrated on the example of the metal - oxygen
systems (Cr—O, Mn—0, Fe—O and Ni—0). The technique relies on the use of the sublattice
model and the polynomial Redlich-Kister model. The approaches for thermodynamic de-
scription of liquid and solid oxygen solutions in a metal, as well as oxides of different
composition and structural type (MeO, Me;O4 and Me,05) are demonstrated. Expressions
for the Gibbs energies of phases are presented. The phase diagrams of four systems, based
on the described techniques, have been created, as well as the temperature dependences of
the oxygen potential for the studied systems. The results of calculations are compared to
experimental data. The provided information can be used in order to analyze the more
complex systems, including those important in industry.

Keywords: phase diagram, thermodynamic modeling, the metal-oxygen systems,
iron, chromium, manganese, nickel.
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TEPMOAWHAMUYECKUIA AHATTN3
CUCTEMbI «XPOM - HUKEIIb — KUCJTIOPO»

B.U. JleoHoeuu, E.A. Tpoghumoe, A.H. QunbOuH

[IpoBeneH TepMoanHaAMUIecKuid aHanm3 cucteMbl Cr—Ni—O, BKIIIOYAOIIeH pa3InIHbIC
(a3pl IepeMeHHOro cocTaBa (TBEPABIC M XKUAKUAE PACTBOPHI, OKCHIIHBIE COCUHEHUS C OT-
KJIOHEHUSIMH OT CTEXHOMETpHH). MeToIuKa OIMpaeTcs Ha UCIOIb30BAHUE MTOPEIIETOUHON
MOJIETIH U ToNWHOMHaIbHOW Mozaenn Penmxa—Kucrepa. IIponeMoHCTpHpOBaHB! TOAXOIBI
K TePMOANHAMUYECKOMY OITHCAHHIO KHUIKUX U TBEPBIX PACTBOPOB KHUCIOPOa B METaJlIe, a
TaK)Ke OKCHJIOB Pa3jIMIHOro cocTaBa U cTpykrypHoro tumna (MeO, Me;O, u Me,0s3). [pen-
CTaBJICHBI BBIpa)KEHHUs JUIsl SHepruii ['n60ca paccMoTpeHHbIX (a3. Onupasch Ha ONMCaHHbBIC
METOJMKH, MOCTpOoeHa (ha3oBasi AUArpaMma HCCIICAOBAHHON CHCTEMBI IJISI TEMIIepaTyphl
1873 K, a Taxke KOHLEHTPALMOHHBIE 3aBUCUMOCTH KHUCJIOPOJHOTO MOTEHIMAA AJIsl MeTaj-
JIMYECKOT'0 PacIulaBa JaHHON CUCTEMBI. Pe3ynbTaTsl pacuéra CONOCTaBICHBI C SKCIIEPHMEH-
TaJIbHBIMH JaHHBIMH.

Knrouegwle cnosa: ¢azosvie ouazpammpl, mepmoouHamuieckoe Mooeiuposanue, Cuc-
Mema «Xpom — HUKelb — KUCIOPOO».

Brenenmne

Cucrema «XPOM — HUKECJIb — KUCJIOPOI» MMECT IMPAKTUYCCKOC 3HAYCHHUC IPU IMPOU3BOJCTBE KapO-
MMPOYHBIX CILIABOB. B3aHMOI{€ﬁCTBH€ OCHOBHBIX KOMIIOHCHTOB TAKOTI'O CIlJIaBa (CI', Nl) C paCTBOPCHHBIM
KHCIIOpOAOM IMPUBOAUT K O6pa3OBaHI/IIO OKCHIHBIX (1)83 Pa3INIHOroO COCTaBa U CTPYKTYPHOI'O THUIIA
(MCO, Me3O4 u Mezo3).

MeToaunka uccjiel0BaHus

[Ipu TepMoaMHAMUYECKOM MOJECTUPOBAHUH (PA30BBIX PABHOBECHH B METAUTMUECKUX M OKCHIHBIX
CIUIaBax UCHONb3yeTcs (GopMali3M M MaTeMaTHYeCKUi ammapaT MOAPEIICTOYHOW MOJIENH, B KOTOPOH
KOH(HTYpaIus pacTBOpa ONpeAessIeTCs] COBOKYITHOCTBIO ABYX WK Ooliee mopenieTok [ 1-5].

Ha puc. 1-3 npencrasiensl nuarpaMmbl a30BOr0 paBHOBECHS IBYXKOMITOHEHTHBIX cucteM Cr—0,
Ni—O u Cr—Ni. s 1ByX OKCHIHBIX CHCTEM pe3yJIbTaThl pacuéTa rpa)uuecKu COMOCTABICHBI C JKCIIe-
PUMEHTAILHBIMH JaHHBIMU O PAaBHOBECHU JKUJKHX METAJUIOB C TBEPAbIMU OKcHaaMu. Puc. 4—6 mocssi-
HICHBI Pe3yJIbTaTaM MoJieNTpoBanus Ga3oBbix paBHOBecHid B cucteMe Cr—Ni—O. [Ipu pacuere obnacreit
YCTOMYMBOCTH PA3IMYHBIX (a3 ObLIM HCIOIB30BAHBI TEPMOXMMUYECKUE MApaMeTphl, IPUBEACHHBIC B
TabauIe Mo JaHHBIM [6—13].

Oo0cy:xxnenne pe3yJbTaToB

Oco0eHHOCTH TOAX0JI0B, UCIIOJIL30BAHHBIX ISl MOJCITUPOBaHus (a3 pasInuHBIX THIIOB, HEOOXO-
MO pPacCMOTPETh TOIpOOHEe.

JKuoxue pacnaaswi. Kunkas $aza B OKCHAHBIX CUCTEMaxX XapakTepH3YyeTCs MHTEPBAIOM HECMEIH-
BaeMocTU. [IpuMeHuTensHO K HOHHOMY paciuiaBy Cr—Ni—O cocTaB KUAKOCTH, COACPKAIICH KaTHOHBI
MeTajyla W aHWOHBl  KHCJIOpo/Aa, MOXeT OBbITh  OmpeseNieH  CIEAYIMHM  o0pa3oMm:

(Ni*z,Cr”) p(O_z,Va_q) g> TAC Va o3HayaeT rurnoTeTUYeCKy0 BAKAaHCUIO C MHIYLIUPOBAHHBIM 3apsoM (.

IloncTpounble MHAEKCHL p U g ONPENEISAIOT JIEKTPOHEUTPAIbHOCTh U 3aBUCAT OT COCTaBa paclulaBa
CIICAYIOIINM 00pa3oM:

4= TV m
1

P=2y 2 +q-y, 4 (2)
B atux gopmynax y; 0003HadaeT KOHIEHTPAIMIO KOMIIOHEHTA paciliaBa B Ipejieiax CBOeH mojpe-

merku. Cienyrolee ypaBHEHUE [10Ka3bIBAET CBA3b ) o2 © MOIIAIPHOIA Jloneii Kuemoposa

_ q-YVy2 ‘ 3
Yo p+a(l-v,) ©
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6)

Puc. 1. ®a3oBas guarpamMmma cUCTeMbl «XPOM — Kucrniopoa» (a), a Takke conocTaBrneHue pacyera
M 3KCNepUMeHTanbHbIX AaHHbIX Ans ABYyX(a3HOro paBHOBECUSI XPOM — okcua xpoma (6)

2800

2600

2400 -
"
g
> 2200
©
o
]
s
o 2000 - .
= X4+ NiO 4
10 \
5 .
1800 10 NiO
y—Ni + NiO
1600 : : ‘ ‘
0,0 0,1 0,2 0,3 0,4 0,5
XO
a)

Temnepatypa, K

2000
1900
1800 -
1700
¥—Ni v—Ni + NiO
A [13]
o [11,12]
1600 T
0,0001 0,001 0,01 0,1
%o

6)

Puc. 2. ®a3oBas guarpamma cucTeMbl KHUKeNb — KUCopoAa» (a), a Takke conocTaBreHne pacyeTa
1 3KCMepUMeHTanbHbIX AaHHbIX ABYyXx(a3HOro paBHoBecuUsi pacnnaB — okcua Hukens (6)
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MapameTpbl Mogenu Npu pacyeTe CUCTEMbI «XPOM — HUKeNb — kucnopoay» (dx/mMonb)

®daza ITapameTtp [Ipumeu.
Fas (O Gou®) = ~13137,5203 +25,3200332T —33,627603TInT — T=1000
a3 H
~0,001195927477 +1,35611111-10"°T% + 525809,556 / T <3300
Ggﬂg:o_z =2GAW) 41, SG?)(;”) —1047074+260,777T -3,97112T In T
G;(ifz):o_z =2G3™ + GOO(;%) —402345,6+176,606T —4,35796TIn T
GAX) = GO 194339,955-11,420225T +2,37615-107T7 T<2180
GAX) —=_16459,984 +335,616316T-50T InT T>2180
GO = G 116414,686 —9,397T —3,82318-102'T” T<1728
Kumxas | GN). = GU) _18290,88 +10537T —1,12754-10°'T T>1728
¢aza (OK)
Ly 22 = 60000 49,1T

Lpos ngiiya = 318 7.3318T + (16941 - 6,3696T)(y 3~y 12)

L3 2.y = 28000099, 3T —146000(y, >~ Yy,) ~65000(y >~ Yva)
L2 o 2yq = 176711-50,23T + 22915(y >~ Y ) +42080(y >~ Yva )
Ly 2,02 ya = ~340000+240000(y 13—y, o2 )* +240000(y, 2~ Yy

G2OK) — _8856,94 +157,48T —26,908T InT +0,00189435T>-
_1,47721-10°T® +139250/T

T<2180

GOM) — _34869,344 +344,18T —50T InT —2,88526:10°/T° T>2180

o(ouk) _ ~o(ruk)
G = G + 8715,084 -3,556T

Ts. - _
P | G =GR + 15Gg™ +195T

oLk (o) | Gom) _ GO 1,5G§;<2fa3> +195T

Leyova = —673435+27,86T

Lyi:o.va = ~400000+ 50T

Legniva =17170—11,8199T+(34418—11,8199T)(y . 3= ¥, .2)

80 = GRS + 0,563 + 65T

G = GRivy +0,5Gg ™) +65T

o pac. | GOV = GERE)+7284+0.163T
Bop - | GRS =-5179,159 +117,854T ~22,096T InT-0,0048407T" T<1728

T.ILK. (7) GO = _27840,655 +279,135T —43,1T InT+1,12754-10°/T° T>1728

Lerniva = 8030—12,8801T+(33080 ~16,0362T)(y ., 13 — ¥, .12)
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OKOH4YaHue Tabnuubl

° ., =-256835,2+340,043T — 56,36068T InT +
Ni™™:0 T>1000
+0,00254106T> —8,11809-107'T> +1270/T
° ., =-259131,4+337,305T = 55,75758T InT +
Ni™=:0 T>1800
+0,00220246T2 —7,80093-107 T3
NiO ?«*3: 02 = G;ﬁz: o2 T132919,5-64,8855T

°Cr+3: 02 = G°Ni+2: o2 —140288,1-519,3911T +57,1626TIn T
0 —

GVa:O_2 =0

L3 2,02 =601000—-26T
0o _ 0

GCrJ'z:CrH:O_2 - GCrH:Va:O_2 +665910

Ggrﬂ: 2 = Gng:Va: o2 —232227,2+241,3793T
0 _ o

GCrJrZ:NiJr21072 - GCrH:Va:072 +665910

03 GOCrJr3:Ni+2:072 - GOCrJr3 Va:0~2 +28048,1+54,4T

0 _ o

GCr+2:Va:072 - GCrJr3:V211072
Ocﬁ%v&o*z =—1166947,9 +701,5624T —115,5381TIn T —

~0,00620492T? +1,00698 -107"T> +239949 / T
GOCrB:CrB:O*2 - G()NiJrZ:Cr+3:072 +71546
G()Cr+3:NiJr2:072 - Gl(zli+2:CrJr3:072 +71546
NiCr,04 G; 2,003,020 = —1442728,78+1005,1T ~167,1508TIn T —
~8,93284-10°T2 +1052276 /T
GONi”;Ni*z;o*2 - G?\Ii*Z:Cr”;o*2

MonsipHas sHeprust [ m66ca OMHAPHOW CHCTEMBI «METaIIT — KUCIIOPO/I» 33JacTCsl ypaBHEHHEM
Gm = Z yMe[Jrv,- yo—z G/(\)/Ie;rvi :0—2 +
1
PRI Y e (Yo )+ GRT [V In( g2 )+ o Iy -0 )14
1

+Z. Yrteri Vo2 Yyaa LMe.*"f 072 Va?? 4)
i 1 1 >

rae G]T/[e — sneprust ['mb6ca obOpa3oBanus (2 + v;) Moyel XKUAKOTO CIIABA; Gl(\)4e*vf — JHeprus
i

Vi 2
0
I'n66ca oOpa3oBaHus Vi MOJIb )KUJIKOIO METAIA; L;; — TEeMIepaTypHO-3aBUCHMBbIE KOO()(HUIIMEHTBI, 3Ha-
YeHHs KOTOPBIX BBIpakaroTcs nonuHomamu Peqnuxa — Kucrepa:

1 2 2
L.; :L?Zj +Li:j(yi _yj)+Li:j(yi _yj) tTo.= ZL?:J'(J’Z' _J’j)n- (5)
n

B MNPUBCACHHBIX YPABHCHUAX U JAJICC B MOJACTPOUYHBIX HMHACKCAX 3aIiATas pasaAC/IsICT KOMIIOHCHTBI B
OﬂHOﬁ MOAPCIICTKE, a IBOCTOYNC O3HAYACT PA3JIMIHBIC TOAPCHICTKH.
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Puc. 3. ®azoBas guarpamma CUCTeMbl «XPOM-HUKESb» Puc. 4. 3aBUCMMOCTb KUCNOPOAHOro NoTeHuuana

cuctembl Cr—Ni-O ot coctaBa npu T=1373 K

[apuuansasie MosipHble 3Hepruu [ 160ca MOryT ObITh BBIYHCIICHBI 110 YPaBHEHHIO:

G_A..B:Gm+aGm+aG—m—Zyi(aij. (6)
0y 4 0yg i oy;

OO0macTy )KUIKUX PacIUIaBOB, PEJCTABIIEHHBIC HA pHC. 12, pacCUUTaHBI B IPEATIONIOKESHUH OTHO-
ro copra katnoHos Cr> u Ni'>. B XHIKHX pacTBOPaX XPOM—HUKEIb—KHCIOPO YCTOMHUMBBIME CUUTAIH
JiBa BaJIGHTHBIX cocTosuus KatnosoB Cr u Ni™. Ha puc. 2, 6 pe3ynabTaThl pacueTa PaBHOBECHS MEKIY
KUJKUM METaJUIOM M OKCHIOM TIPEJICTaBJICHBI B COIMOCTABIECHUHM C JKCIIEPUMEHTaIbHBIMU JTaHHBIMH
[11-13].

JAist MeTaTypruueckoi MpakTUKK HHTEPEC MPENICTABISET PACTBOPUMOCTD KHCIIOPOJIa B CIIOKHOIIE-
TUPOBaHHOM JKHUAKOM pactase. Takoit ananmu3 mns cucteMbl Ni—Cr—O mpejcTaBieH Ha puc. 5 B BHJC
rpauuecKux 3aBHCUMOCTEH PAaBHOBECHOTO MAPIHAILHOTO JABICHUS M COJEPKaHUS KHCIOpOoJa B pac-
aBe OT KOoHIeHTpanuu xpoma npu 1873 K. Pe3ynbpTaThl pacdeTa COMOCTaBICHBI ¢ SKCIICPUMEHTAIh-
HBIMH JJAHHBIMH Pa3IMYHBIX aBTOPOB, 3aMMCTBOBaHHBIMU U3 Pa0OTHI [7].

O.y.x. M 2.y.K. — mgepovle pacmeopuvl HedpeHusA. TBepIbIA PacTBOP BHEIPEHUS MOXKHO IPECTa-
BUTH obOmeit popmynoii (Me),(O,Va). . B cnyqae r.u.x. — pasel a = ¢ = 1, gast oa.k. — das3sl a = 1
u ¢ = 3. O6pa3oBaHie TAKOTO PAaCTBOPa MOXHO TaKXKe MPEJCTABUTh CMEIIEHHEM THIIOTETUYECKUX CO-
eaunenuit Cr,O,, Cr,V, Ni, O, uNi, V.. [Ins MonspHo# sHepruu 'n60ca Takoro «4eThIpeXKOMIIOHEHTHO-
ro» pacTBopa Oy/1eM UMETh:

G, = YerVoGero + VeryvaGerva + YniYoONio + YNivvaONiva + )
6.
+aRT (yee In yo, + yniInyng) + eRT (o In yo + yy, Inyy, ) + G,

rmue

G = yerrniolennio + Yalenniva) + YraveWerlcrrao + nilniza.o) ®)
[Mapametpsl L BeuucistoTes no gopmyie (5), a coctaB TBEpAOTO pacTBOpa OMPENENIIETCS MOJIb-
HBIMH JIOJISIMU BELIECTB B KaXKIOH MO/PEIICTKE.
Paccunrannbie TakuM 00pa3oM 001aCTH TEPMOJAUHAMUYECKON YCTOWYMBOCTH TBEPBIX PACTBOPOB B
OMHAPHBIX CUCTEMAaxX «MEeTaJll — KHCIOpO» MpeAcTaBieHsl Ha puc. 1, 6 u 2, 6. s cucremsr Cr—O pe-
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3yJIbTAaThbl PACUCTa PABHOBCCHA MCXKAY TBCPAbIM MCTAJIJIOM U OKCHAOM COIIOCTABJICHBI C 3KCIICPUMCH-

TaJIbHBIMU AaHHBIMU [10].
IIpencrarieHHBIE MOJIETH MO3BOJISIOT PACCUNUTATh M3MEHEHUE OKHCIUTEIHHOTO MOTCHIIHAA PaB-

HOBECHBIX (ha3 B 3aBUCHMOCTH OT COCTaBa U TeMIeparyphl. JlaHHbIE pacyeTa MapiyualbHOTO JaBICHUS
KHCJIOPOJia IPH PAaBHOBECHHU TBEPABIX PACTBOPOB ¢ OKCUAHBIMHU (azamu mpu Temiepatype 1373 K moka-

3aHBI Ha pHC. 3.
Monookcuo nuxens (NiO). B ¢cTpykType MOHOOKCHIOB IIEPEMEHHOI'O COCTaBa KHCIOpPOJ 00pa3yeT

T.ILK.-PElIeTKy, a HOHBI MeTaJlIa 3aHAUMAaIOT OKTadpuiecKue mo3uiuu. B obmem cirydae coctaB (assl
MOKeT ObITh omucan hopmystoi (Nit2 Ni'> ,Va)l(O'z)l .

AHanuTH4yecKoe npeAcTaBieHre pactBopumoct xpoma B NiO uzyuyeno B padorax [7, 9]. Ormeua-
o+
€TCsl, UTO BHEJPEHHE XpoMa B TOJPEUIETKY HHUKEIs COMPOBOXKIAETCS 3aMelleHreM noHa Ni ~ U yBelH-

YCHHUEM COACPKaHUA BaKaHCHUM 110 peaKkuuu:

2Cr+1,50, = 2Cr +30, + Vay;.

NiO NiCr,O, Cr,0,

//,’A B.B. AsepuH u gp. ,*
¢+ | nopaHHem [7] 7
/

/ 1 7

1|
1
I
I
I
|
I
1
I
!
|
I
1
I
1
I
t

-10 - — _
| A B.B. AsepwH 1 gp. no gaHHbIM [7] ) 1
O H. Sakao u K. Sano no gaHHbIM [7]
12 -+ L E— — 4 R e
6 5 4 3 -2 -1 0 6 5 4 3 2 -1 0
log X, log X,
a) 6)

Puc. 5. PacuyeT u akcnepuMeHTanbHble AaHHble AN KNCIIOPOAHOro noteHuuana (a) u KoHUeHTpauum kucnopoaa (6)
B Xugkom metansne npu 1873 K B 3aBUCMMOCTHM OT coaepkaHus B CrijlaBe Xxpoma

- 43~ 43 -2
Torzaa opMyiTa XpoM3aMeIIEHHOT0 OKCHa Hukens 6yaer umets Bua (Nit?,Ni* Cr™,Va), (072),.
[Ipu onrcanun HECTEXMOMETPHUUECKOIO OKCHIA HUKENS ObUla MCIIOIb30BaHA MOAEIb KOMOMHHPO-
BaHUS HEPIHi, NpeasiokeHHas XuuiepToM [1, 5]:

_ 0 o 0 0
Gm = yNi+z GNi+z:O-2 + yNi” GNiH:O_z + yCr” GCI‘H:O_Z + yVaGVa:O_z + (9)
0
+RT(yNi+z In yNi+2 + yNi+3 In yNi+3 + yCrH In ycr+3 + Vva In Yva ) + LCI'” Ni?.02"

B npusenenHoi Moaenu MaKCHMallbHOE 3HAYCHUE Y2 =2/3, Tak 4TO MOJENb /I (a3bl MOHOOK-

CHJIa MOXKET OIKMCATh JHAIa30H COCTABOB I Xo oT 0,5 10 0,6.
Jannble o pactBopuMocTH Xpoma B NiO, npeacTaBieHHbIC Ha PHC. 4 U 6, pacCUNUTAHBI 10 YPABHEHHIO

In(xc,,% Mom.)= —17,547+1,57-10°T° —1,0766 - 10 °T* +0,025484T. (10)
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Oxcuo xpoma (Cr,0;). O0miee Ha3zBaHue — KOpyHII. CTpyKTypa OKCHIa XpOMa MOJICIHPYETCS TPeMs
noapemerkamu  (Cr*?,Cr™), (Cr™,Va),(02);. Cocras Ge5.ym0? OMPenenser senuunty G° uuc-
TOTO TIOJYTOPHOTO OKCHJIA.

OG03HaUMB KOHIIEHTPAIIMM KOMIIOHEHTOB )’ MEPBOii MOAPEINETKU U V" — BTOPOM, YpaBHEHHE [Ist
sHepruu ['m66ca romoreHHoit aspl OyaeT UMeTh BHUL:

! " (o] ! " o
= + +
G, Y2 Yot GCr+2:Cr+3:O‘2 Y3 Vo3 GCr+3:Cr+3:O‘2
’ " (o] ! " (o]
+yCr+2 yVaGCrJrZ:Va:O_2 + yCrJr3 yVaGCr%:Va:O_2 +
+2RT(y!, o, Iny’ ., +y  5Iny’ +RT(y! sIny” s+ yp, Inyp ). 11
(yCr+2 Yort2 T Ve#3 yCr+3) (yCr+3 Yort3 T Wva Wa) (11)

OTMeTHM, 4TO PACTBOPHUMOCTh HHUKEIS B OKCHJC XPOMa, TAKKE KaK ¥ BEIMYMHA HECTCXUOMETPUH
Cr,03 npeHeOpekMMO MaJIbl.

T=1873K

0,2
0,8

0 0,2 0,4 0,6 0,8 1
XCr

Puc. 6. U3oTepMnyeckoe ceyeHUe CUCTEMbI KXPOM — HUKETb — KUCNopoa»
npu Temnepartype 1873 K

HInunenv (NiCryOy4). CTpyKTypa HINMHMHEIN UMEET MOHBI KUCIIOpOJa B I.ILK. MOAPCIIETKE ¢ JBYXBa-
JICHTHBIMU U TPEXBaJCHTHBIMU METAIUTMYECKUMHU HOHAMH B OKTa3IPHUYECKHUX M TETPAIIPUICCKUX MTO3HIIH-
sx. UMCTIO MECT B OKTadIpUYCCKOM MOJPEIIETKE PAaBHO YHCIY MECT KHCIIOpO/Ia, TOT/Aa KaK TeTpadapuye-
CKas IMOJIpeIleTka UMEET B JBa pasa 0oJjblie MecT. B Takoil CTpyKType IIIMHETH MOXET OBbITh 3aHSATO
TOJIBKO TTOJIOBHHA OKTa3PUIYECKUX MECT M OJTHA BOChbMas TETPAdPUIECKUX MeCT. B HOpMabpHO HITHHe-
T TPEXBAJICHTHBIEC HOHBI 3aHUMAIOT OKTadAPUIECKHUE MTO3UIINH, a IBYXBAIEHTHBIC — TETPAdAPHUUECKHE.

[pu mm3kux temneparypax NiCr,O4 — oOpalieHHas IIMUHETb C TETPAdIPUICCKUMH TIO3UIHSIMY,
anonHennsiMua Cr. TIpH 5TOM OKTa’apHuecKHe MecTa 3aHsAThl coBMecTHO Honamu Cr> m Ni™. Ilpu
TIOBBIIIICHUY TEMIIEpaTyphl OOpallleHHas IIMMUHETbh TPAHC(HOPMHUPYETCS B HOPMATBHYIO IIITHHEh. TakuM
00pa3zoM, CTpyKTypa CTEXHOMETPHUCCKON IIMMUHEITN MOXET OBITh MPEACTABJICHA CICIYIONTIM 00pa3oM:
(Cr” Ni"),(Cr Ni?),(0?),.

MornsipHast 3HEPTUs CTEXHOMETPUICCKOH IIIMMHHEIH B 3aBUCUMOCTH OT COCTaBa U TEMIEPaTyphl MO-
JKeT OBITh OMHCaHa YPaBHEHUEM

Gn =y Itxfi*z Yri2 O itz Y It\Ii*z YO oo
+thr+3yT?Ii+2 Gng:Ni+2 072 + yTt\Ii+2 y(olr+3 Ggrﬁ':NiJ’Z:O'2 +
+RT( ylt\ﬁﬂ In ylt\mz + ytcrﬂ In ytcrﬂ )+
+2RT(J’§H+2 In y;i+2 + ygr+3 In yzr+3 ), (12)

TAc HAACTPOUHBIC MHACKCHI t 1 0 03HAyarT TETPAAPUICCKYIO U OKTa3APUIYCCKYIO PCHICTKU COOTBETCT-
BCHHO.
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BBeneM 00603HauEHUS: yérﬂ =X, ylt\Ii+2 =1-x, ygrﬂ =1-0,5x, y;iﬂ = 0,5x. Torna
BBIpaKeHHE I dHeprun [ no0ca OyaeT UMETh BHI:
2
Gy =x(1- O’SX)GT?I#Z Ni2i02 TOSY O 3.0 F
+(1 — X)(l — 0, 5x)G8r+3:Ni+2:O_2 + 0, SX(I — 0, SX)G8r+3:Cr
+RT[xInx+(1—-x)In(1-x)]+
+2RT[(1-0,5x)In(1 - 0,5x) +0,5x n 0, 5x]. (13)
Mex 1y HOHaMH Pa3IMIHON BaJEHTHOCTH MMEET MECTO OOMeHHas peakius. [Ipu paBHOBecHu ciie-
JyIOIllce ypaBHCHUE OMUCHIBACT yropsimoueHue [7]:

o+
+3:O 2

t 0
Y3V
i3,52)=RTn —GUONTE (14)

(6] o
O’S(GNi+2:Ni+2:O'2 —26y ]
yNi+2 yCr+3

o
+3.072 + 2GCr+3 :Cr

it2.cr
Bech koMILIEKC paBHOBECHBIX (ha3 mpu Temrepatype 1873 K ciemyer U3 H30TepMHUECKOTO CEUCHMSI
auarpamMMbl cocTosiHus cucteMbl Cr—Ni—O, npecTaBIeHHOTO Ha pHc. 6.

3akiouenue

Ha npumepe cuctembr Cr—Ni—O onucaHa METOIMKAa TEPMOIMHAMHUYECKOTO MOACIHUPOBAHUS CHC-
TeM, BKJIIOYAIONIUX Pa3IU4YHble a3bl MEPEMEHHOI0 COCTaBa (METALUTHYeCKHe TBEPBIA U KUAKUHN pac-
TBOPBI, COCTMHEHHsI C OTKIOHEHHSIMH OT CTeXHOMeTpuu). [IpencTaBiieHbl BBIpaXKCHUS IS SHEPTHA
I'u66ca paccmoTpenHbIx ¢a3. [TocTpoeHsl (pa3oBbIe UArpaMMBbl, a TAKKE TEMIEpAaTypPHbIE 3aBUCUMOCTH
KHCIIOPOJHOTO TOTEHIMANA ISl M3YYeHHOW CUCTEMBI. Pe3ynbTaThl pacy€ra COMOCTaBIEHBI C JITEpa-
TYPHBIMH 3KCTIEpUMEHTAILHBIMU aHHBIMU. [IpencTaBnenHas nHGOpMAIsS MOXKET OBITh HCITONB30BaHA
JUIST aHajn3a 00J1ee CI0KHBIX CHCTEM.

Pa0ota ocymecrTniieHa npu ¢puHaHCcoBoi noaaep:xkke POPU, rpant Ne 13-08-00545.
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Thermodynamic analysis of the Cr — Ni - O system has been carried out. The system
includes various phases of variable composition (solid and liquid solutions, oxide com-
pounds with deviations from stoichiometry). The technique relies on the use of the sublat-
tice model and the polynomial Redlich — Kister model. The approaches for thermodynam-
ic description of liquid and solid oxygen solutions in a metal, as well as oxides of different
composition and structural type (MeO, Me;O4 and Me,0s) are demonstrated. Expressions
for the Gibbs energies of phases are presented. The phase diagram of the system, based on
the described techniques, has been created for 1873 K, as well as the temperature depen-
dences of the oxygen potential for the system. The results of calculations are compared to
experimental data.

Keywords: phase diagram, thermodynamic modeling, the chromium — nickel — oxy-
gen system.
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FEATURES OF THERMAL DECOMPOSITION OF A NEW PRECURSOR
FOR Mg-Zr MIXED OXIDE PREPARATION

L.V. Krivtsov, South Ural State University, Chelyabinsk, Russian Federation, zapasoul@gmail.com
D.D. Kasatkina, South Ural State University, Chelyabinsk, Russian Federation, daryushka90@mail.ru
V.V. Avdin, South Ural State University, Chelyabinsk, Russian Federation, v.avdin@mail.ru

A new peroxo-method for Mg—Zr mixed oxide preparation has been applied. It has
been established that this precursor after being heated up to 700 °C is in the form of poorly
crystalline Mg—Zr oxide. Thermal and X-ray diffractional analyses have shown that the
oxide phase is formed directly from amorphous peroxocomplex, avoiding formation of in-
termediate Mg(OH), phase. The peroxocomplex-mediated route allows achieving high
degree of molecular homogeneity in the mixed oxide and high distribution of the active
sites due to its low crystallinity. The prepared material is a potential catalyst for aldol
condensation reaction.

Keywords: ZrO,, MgO, MgO/ZrO,, mixed oxides, sol-gel, peroxocomplex, aldol con-
densation.

Introduction

Mixed zirconia-magnesia oxides are known for their unique properties and high activity as catalysts
for aldol condensation reaction [1]. The presence of acid and basic sites, acid-base pairs and their distri-
bution on the surface of the mixed oxides determine activity and selectivity of Mg—Zr catalysts in fur-
fural aldol condensation and acetone self-condensation [2, 3]. Modification of the preparation technique
is the tool for tuning material’s surface properties. The main focus of the researchers dealing with syn-
thesis of Mg—Zr mixed oxides was on the modification and control of their morphology and specific sur-
face area, applying alkoxide-based sol-gel procedure [4] or ultra-dilution method [5] to reach their goal,
or dispersing a catalyst precursor on the high surface area supports [3]. However, the other approach,
that could enhance molecular homogeneity of the catalyst and suppress its crystallization, thus improv-
ing the distribution of the active sites, has not been considered yet. Here we report the thermal decompo-
sition features of a new precursor for Mg—Zr mixed oxide synthesis based on zirconium peroxocomplex.

Experimental

Zirconium oxychloride (ZrOCl,) solution was supplied by MEL Chemicals, magnesium sulfate hep-
tahydrate (MgSO, 7H,0), hydrogen peroxide (H,O,) 30 wt% water solution and citric acid monohydrate
were purchased from Aldrich, sodium hydroxide (NaOH) was obtained from Prolabo.

The conventional precipitation technique described by Aramendia [6] was applied to synthesize
Mg-Zr gel. Initially 50 mL of the aqueous solutions of MgSO, (0.1 M) and ZrOCl, (0.1 M) were mixed
and precipitated by the addition of NaOH (2 M) until pH value was 10.7. Then the precipitate was iso-
lated by centrifugation at 3000 r.p.m. and washed 8 times with deionized water. After the washing step
2.1 g of citric acid monohydrate, dissolved in 10 mL of H,0O,, was added to the precipitate. The obtained
suspension was heated to 100 °C, while stirring. When the most part of the precipitate was dissolved the
suspension was centrifuged at 3000 r.p.m. and the liquid phase was collected. Water was evaporated
from the peroxocomplex and the solid phase was dried at 50 °C for 24 h.

XRD patterns were registered using Rigaku Ultima IV diffractometer with Cu Ka source of radia-
tion. X-ray thermodiffractional studies were carried out on the PAN analytical X Pert Pro Philips dif-
fractometer. The samples were dried at 400 °C prior to thermodiffractional experiment, then they were
heated at the heating rate of 5 K/min in air and the XRD patterns were collected from 500 °C to 1000 °C
with a step of 100 °C. Thermogravimetry (TG) and differential scanning calorimetry (DSC) data were
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obtained by means of Netzsch STA 449F1 thermal analyzer in air atmosphere at the heating rate of
5 K/min.

Results and Discussion

The formation of water-soluble peroxocomplex was confirmed by the qualitative reaction with po-
tassium iodide, which colored the solution into orange. Elemental analysis made by EDS technique
showed that the intentional equimolar composition of Mg—Zr oxide had been reached.

The thermal decomposition of the peroxocomplex goes in several stages (Fig. 1a). In the low-
temperature region one can observe the mass-loss accompanied by endothermic effect, which is likely to
correspond to dehydration of the complex. The second stage of the mass-loss in the range of 400—500 °C
is unambiguously the combustion of the organic part of the complex. The exothermic effects at 625—
750 °C and 900950 °C are assigned to the phase transitions in the mixed oxide system. In order to cor-
roborate the suppositions made on the basis of thermal analysis the XRD and thermodiffractional studies
have been carried out.
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Fig. 1. Thermoanalytical curves of the peroxocomplex precursor (a), DSC and DTG curves in the range
of 600-1000 °C (b)

The as-prepared complex is amorphous (Fig. 2a) and shows no presence of magnesium hydroxide
or oxide phases. The broad reflection at 9 2@ probably corresponds to the zirconium peroxocomplex,
similar observation was reported by Ichinose et. al [7] for peroxotitanate hydrate.

CIT
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Counts, a.u.
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a) b)

Fig. 2 XRD pattern of the amorphous complex (a) and thermodiffractional patterns of Zr-Mg mixed oxide (b)
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From Fig. 2b it is seen that the material up to 700 °C is the mixture of poorly crystalline phases of
MgO (ICDD PDF2 99-200-4113) and cubic magnesia-stabilized zirconia Mg,Zr, O, (ICDD PDF2 00-
080-0967 and 00-080-0964). Thus, the exothermic effect on the DSC curve (Fig. 1a) in the range of
400-600 °C could not be assigned to the phase transition in the mixed oxide, but only to the combustion
of the organic residue. The doubled exothermic effect at 625—750 °C (Fig. 1b) is attributed to the coales-
cence of the small crystallites of magnesia-stabilized zirconia and magnesia into larger crystallites, that
is obvious from the improved crystallinity (Fig. 2b). The last exothermic effect near 950 °C (Fig. 1b),
according to thermodiffractinal study, reflects the process of phase transition of magnesia-stabilized zir-
conia Mg,Zr, O, phase into tetragonal zirconia (ICDD PDF2 00-081-1544) accompanied by separa-
tion of periclase.

Conclusion

The process of thermal decomposition of the new precursor for Zr-Mg mixed oxide synthesis
shows that the formation of oxide phases goes directly from amorphous precursor. Up to 700 °C the
sample contains the mixture of poorly crystalline phases of cubic magnesia-stabilized zirconia and peric-
lase phases. The coalescence of the small crystallite near 700 °C accompanied by two exothermic effects
leads to the formation of highly crystalline material. The cubic magnesia-stabilized zirconia phase starts
decomposing at 900 °C, forming tetragonal ZrO, and cubic MgO. The hindered crystallization behavior
of the mixed oxide prepared via proposed technique could be the feature of high importance for its ap-
plication as a catalyst for aldol condensation reactions.

We are grateful for financial support of The Ministry of Education and Science of the Russian
Federation (grant No 16.2674.2014/K).
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OCOBEHHOCTU TEPMUYECKOI'O PA3JIOXXEHUA
HOBOI'O NPEKYPCOPA CMELUAHHbBIX OKCUOOB Mg-Zr

N.B. Kpueuoe, A.4. KacamkuHa, B.B. AeOuH

[IpumeHEH HOBBII NEPOKCO-METOA MOIYUYEHHs] CMEIIAaHHBIX OKCUAoB Mg—Zr. Ycra-
HOBIICHO, YTO HCCIICOBaHHBIN MpeKypcop npu HarpeBanuu ao 700 °C obOpasyer crmabo-
KPHUCTaJUIN30BaHHBIH okcna Mg—Zr. MeTogaMn TepMUYECKOT0 aHAIN3a U PEHTI€HOBCKOM
mudpaknny 1MokasaHo, 4To oKcuaHas (aza oOpasyeTcs HEMOCPEICTBEHHO N3 aMOpP(HBIX
MIEPOKCOKOMILIEKCOB 0e3 (hopmupoBanus mpomexxyrounor ¢azer Mg(OH),. Ilepoxco-
KOMIUIEKCHBIH IyTh MO3BOJISIET JOCTUYb BHICOKOM CTEMEHU MOJICKYJSIPHOM TOMOTEHHOCTH
B CMEIIaHHBIX OKCHJAaX M BBICOKOTO PACIPEEeNICHNs] aKTUBHBIX LIEHTPOB 32 CUET HU3KOU
KPUCTaJUTMYHOCTH MaTtepuana. [lomyueHHble 00pa3ibl SBISIOTCS MOTEHIMAIHHBIMH KaTa-
JIU3aTOPAMU TSI PEaKIMi abJ0JIbHOI KOHACHCAIUH.

Kniouesvie cnosa: ZrO, MgO, MgO/ZrO, cmewanuvie OKCUObl, 30/1b-2€b,
NePOKCOKOMNNEKC, ANbOOIbHAS KOHOCHCAYUSL.

Kpusuor Urops BragumupoBu4 — kanauaat xumudeckux Hayk, nmkenep HOLL «HanorexHomo-
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ANALYSIS OF PRODUCTS FORMED IN HYDROTHERMAL
PROCESSING OF YTTRIUM NITRATE AND YTTRIUM CHLORIDE

E.P. Yudina, South Ural State University, Chelyabinsk, Russian Federation, yudinae@inbox.ru
A.V. Frolova, South Ural State University, Chelyabinsk, Russian Federation, aleksandrai@bk.ru
L.V. Krivtsov, South Ural State University, Chelyabinsk, Russian Federation, zapasoul@gmail.com
V.V. Avdin, South Ural State University, Chelyabinsk, Russian Federation, v.avdin@mail.ru

The investigation of the effect of initial salt counter-ion on the result of hydrothermal
processing of yttrium salts is presented. Powder X-ray diffraction analysis and scanning
electron microscopy have been used to characterize the properties of the products. It has
been established that 3—6 um crystals of Y,(OH)s.14(NO3)yg6-H,O structure are formed
from yttrium nitrate and 200-500 nm crystals of Y,(OH),44Cl; 14°1.07H,0 structure are
formed from yttrium chloride.

Keywords: hydrolysis of yttrium salts, hydrothermal synthesis, layered materials,
X-ray diffraction analysis, scanning electron microscopy.

Introduction

The widespread use of yttrium compounds in the preparation of ceramics and catalysts for organic
synthesis promotes the study of these compounds, as well as the search for new methods of synthesis.
Yttrium hydroxide is often used as the basis for obtaining crystalline yttrium oxide, with the specified
structure [1]. Yttrium hydroxide is practically impossible to form in its pure form from yttrium salts by
hydrolysis due to the tendency for forming a layered structure [2]. Yttrium hydroxide nitrate or yttrium
hydroxide chloride and other compounds are formed depending on which precursor has been used.
In [3] yttrium hydroxide nitrate and yttrium oxyhydroxide nitrate have been synthesized by ultrasonic
hydrothermal and hydrothermal methods. The resulting precipitate may include other ions such as
carbonate ions in its structure [4].

Structures with various morphologies can be obtained by varying the conditions of hydrothermal
synthesis [1]. In particular, nanotubes of various sizes [5], spheres, rods of various sizes, connected with
each other at multifarious angles, as well as micro-ribbons which can fold to form tubes [6]. In [7]
nanotubes with undetermined composition were obtained using yttrium chloride as a precursor at pH 9.5
and a temperature of 200 °C.

In [1] it has been found by X-ray diffraction analysis (XRD) that, depending on the hydrothermal
synthesis conditions, several main types of compounds can be formed: Y,(OH)s14(NOs)os6-H,O,
hexagonal Y(OH); and monoclinic Y4,O(OH)y(NQO;), in addition, a small amount of monoclinic Y(OH);
in the form of flakes, together with Y,O(OH)y(NOs) or hexagonal YO(OH) can be produced at relatively
high temperatures and high pH values.

Review of the literature shows that the systematic analysis of regularities for hydrothermal
treatment of yttrium salts has not been found. Earlier we investigated the hydrolysis of yttrium nitrate by
the precipitation method [8]. In the present study the hydrothermal treatment of yttrium nitrate and
chloride has been investigated for the same concentrations of salts and the hydrolytic agent, X-ray
analysis and the study of the morphology by scanning electron microscopy have been carried out.

Experimental

For the synthesis of samples yttrium nitrate and yttrium chloride were used at 0.1 mol/L
concentration, the hydrolytic agent was the aqueous solution of sodium hydroxide with 0.1 mol/L
concentration. The synthesis was carried out at various pH values. The pH values of the sample
synthesis (5, 7, 8) were located below pH of the yttrium hydroxide point of zero charge (9.2-9.3). The
synthesis was carried out for 24 hours in a thermostat at 180 °C in an autoclave with self-regulating
pressure, with the capacity of 40 mL, 50 % full. The samples were washed five times with distilled
water (until counter-ions disappeared in the washings), then they were dried at 50 °C under vacuum to
constant mass.
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X-ray diffraction patterns were recorded on the diffractometer Rigaku Ultima IV. The SEM-image
was obtained with the use of the scanning electron microscope Jeol JSM-7001F.

Discussion

Fig. 1 shows typical diffraction patterns of the samples synthesized from solutions of chlorides and
nitrates. The analysis of diffraction patterns shows that the "chloride" sample is substantially a
crystalline phase with Y,(OH);46Cly14-1.07H,O  composition, while '"nitrate" sample is
Y2(OH)s.14(NO3)o56H,O. The most intense reflections in the range 10 degrees 20 speak about large
interplanar distance, typical for layered materials [2]. It is possible to suppose that the "chloride"
and "nitrate" samples have the planar structure.
Counts (a.u.) Counts (a.u.)
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a) b)

Fig. 1. XRD analysis of samples obtained from (a) yttrium chloride and (b) yttrium nitrate

Electron microscopy also shows significant differences in the morphology of the samples obtained
from different precursors. Fig. 2 shows the SEM-images of "chloride" and "nitrate" precipitation. It can be
seen that the crystals of the "chloride" sample are much smaller than of the "nitrate" one; and, moreover,
they contain an admixture of objects whose morphology is different. The size of yttrium hydroxide
nitrate crystal is 3—6 micrometers, and yttrium hydroxide chloride crystals are 200—500 nm in size.

lpm  JEOL 12/9/2014 — lpm  JEOL 12/9/2014
X 10,000 20.0kV SEI SEM WD 10mm  15:33:52 X 10,000 20.0kV SEI SEM WD 10mm  15:24:43

Fig. 2. SEM-images of samples obtained from (a) yttrium chloride and (b) yttrium nitrate

Conclusion

It has been found that the nature of the counter-ion of the original yttrium salt has a significant im-
pact on the structure, morphology and general composition of the hydrothermal hydrolysis products. The
formed objects are probably layered materials, which include counter-ions in the matrix structure, they
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are not removed by washing with water. Hydrothermal synthesis is a promising method for obtaining
nanoscale yttrium oxides.

We are grateful for financial support of the Ministry of Education and Science of the Russian Federation
(grant No 16.2674.2014/K).
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AHAIU3 NPOOYKTOB FTMOPOTEPMAIIbHON OEPABOTKU
HUTPATA U XNNOPUOA UTTPUA

E.l1. KOuHa, A.B. ®ponoea, N.B. Kpueuoe, B.B. AeOuH

B pabote npencraBiaeHO HCCIEIOBAHUE BIMSHUE MPUPOIBI MPOTHBOMOHA UCXOMHOM
COJIM Ha pe3yNbTaT TUAPOTEPMANBHOH 00paboTKU coneil utTpus. s u3ydeHus cBOWCTB
HOJIyYECHHBIX IPOAYKTOB HCIOJIB30BAIMCh CKAHUPYIOIIAs dJICKTPOHHAS MHKPOCKOMHS U
HOPOLIKOBBIA PEHTTCHOCTPYKTYPHBIN aHan3. Y CTaHOBJICHO, YTO U3 HUTpaTa UTTPUS 00-
PpasyroTcs KpUCTaILIbl pasMepoM 3—6 MKM ¢ cocTaBoM Y (OH)s 14(NO;3) g6 H20, a u3 xio-
puga uTTpus — kpuctamisl pazmepom 200-500 uM ¢ coctaBoM Y,(OH), 56Cly 14-1,07H,0.
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CBEJIEHUSA Ob U3JIAHUN

Cepust ocHoBana B 2009 roxy.

CeuperensctBo 0 peructpanun [11 Noe @C 77-57404 Beimano 24 mapta 2014 r. @enepanbHOi CIry)00it
0 HaJ30py B cdepe CBA3U, HHOOPMAITMOHHBIX TEXHOJIOTUH U MaCCOBBIX KOMMYHUKAITUH.

XKypnan BumodeH B PeeparuBuslii sxypHan u basel nanusix BUHUTH. CBenenus o xypHale exXero-
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