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THE PECULIARITIES OF TRI(O-TOLYL)ANTIMONY

AND TRI(M-TOLYL)-ANTIMONY REACTIONS

WITH 2-HYDROXYBENZALDOXIME. THE MOLECULAR STRUCTURES
OF TRI(O-TOLYL)ANTIMONY BIS(2-HYDROXYBENZALDOXIMATE)
AND BIS(u3-2-HYDROXYBENZALDOXIMATO-0O,0',N)-(u,-OXO0)-
BIS[DI(M-TOLYL)ANTIMONY]

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
E.V. Artem'eva, South Ural State University, Chelyabinsk, Russian Federation, katriona_dr@mail.ru
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Tri(o-tolyl)antimony  bis(2-hydroxybenzaldoximate) (1) and  bis(u;-2-
hydroxybenzaldoximato-O,0',N)-(u,-0x0)-bis[di(m-tolyl)antimony] (2) were obtained
by interaction of tri(o-tolyl)antimony and tri(m-tolyl)antimony with 2-
hydroxybenzaldoxime in the presence of an oxidizing agent (hydrogen peroxide or
tert-butyl hydroperoxide). According to the X-ray analysis data, antimony atoms are
bound to oxygen atoms of axial oximate ligands in the trigonal bipyramidal
coordination in two types of crystallographically independent molecules 1 a, b. In the
binuclear complex 2 antimony atoms are connected by two tridentate bridging
ligands and an the oxygen atom; they have the deformed octahedral coordination
with C,O;N surroundings.

Keywords: tri(o-tolyl)antimony, tri(m-tolyl)antimony, 2-hydroxybenzaldoxime, tert-
butylhydroperoxide,  hydrogen  peroxide,  tri(o-tolyl)-antimony  bis(2-hydroxy-
benzaldoximate), bis(us-2-hydroxybenzaldoximato-O,0',N)-(us-oxo)-bis[di(m-tolyl)-
antimony], molecular structures, X-ray analysis.

Introduction

Oximes are known as ampolydentate ligands in the chemistry of coordination compounds. A number of
articles are dedicated to exploration of synthesis and structures of organic antimony complexes with
oximeligands [1-11]. It has been found that the product of oxidative addition reaction between
triarilantimony and oximes is either Ar;SbX, and/or (Ar;SbX),0 (Ar = Ph, p-Tol, 0-Tol; X = ONCHR,
ONCRR') depending on oxime nature and reaction conditions [6—11]. According to X-ray data analysis,
ligand X is characterized by forming only one bond with the antimony atom through an oxygen atom, such
molecules have decreased distance between antimony atom and iminoxyl group nitrogen atom, but it doesn’t
significantly affect trigonal-bipyramidal coordination of the central atom. At the same time, furfuraloxime
ligands are bidentate bridging ligands in the molecule of bis(u,-furfuraloximato)-(u,-0x0)-
bis[triphenylantimony|. These ligands are coordinated by an oxygen atom to the first antimony atom and by a
nitrogen atom to the second antimony atom. This fact increases antimony coordination number to six [12].
However, the molecule of u,-oxo-bis[(furfuraloximato) tri(o-tolyl)antimony] is of the regular molecular
structure type which includes monodentate ligands [11]. These examples testifie that the structure of
bis[(furfuraloximato) #i(o-tolyl)antimony] oxides depends on aryl radical nature.

Systematic investigating oxidative addition reactions of triarilantimony with oximes and molecular
structures of the product is of some interest. The present paper studies the reactions of tri(o-tolyl)- and
tri(m-tolyl)antimony with 2-hydroxybenzaldoxime in the presence of hydrogen peroxide or tert-butyl
hydroperoxide and establishes molecular structures of reaction products.

Experimental
Synthesis of tri(o-tolyl)antimony bis(2-hydroxybenzaldoximate) (1). Tri(o-tolyl)antimony (150
mg, 0.38 mmol) was dissolved in hexane (10 mL). Then 2-hydroxybenzaldoxime (52 mg, 0.38 mmol)
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and fert-butylhydroperoxide (43 mg, 70 % aqueous, 0.38 mmol) were added. The solution was left at
temperature 20 °C to stand for 24 hours. The precipitate was washed with small portions of ether and
dried. The product was a colourless transparent crystalline substance 1; yield 241 mg (95 %), mp: 173 °C.
IR spectrum (v, cm ') 3421, 3053, 3006, 2972, 2925, 1617, 1595, 1562, 1488, 1445, 1381, 1333, 1310,
1266, 1238, 1194, 1152, 1112, 1031, 1000, 945, 905, 795, 748, 700, 662, 545, 475, 439, 422.

For C;5H36N,0,Sb anal. caled. (%): C C 62.69, H 5.37. Found (%): C 62.57, H 5.48.

Synthesis  of  bis(u;-2-hydroxybenzaldoximato-O,0',N)-(u,-0x0)-bis|di(m-tolyl)antimony]
solvate with toluene (2). Tri(m-tolyl)antimony (150 mg, 0.38 mmol) was dissolved in ether (10 mL).
Then salicylaldehyde oxime (52 mg, 0.38 mmol) and hydrogen peroxide (43 mg, 30 % aqueous, 0.38
mmol) were added. The solution was left at temperature of 20 °C to stand for 24 hours. The precipitate
was washed with small portions of ether and dried. The product yield was 121 mg (71 %). After toluene
recrystallization a colourless transparent crystalline substance 2 was obtained; mp: 240 °C.

IR spectrum (v, cm™'): 3049, 3026, 2918, 2361, 2342, 1597, 1555, 1476, 1440, 1320, 1273, 1252, 1200,
1122, 1100, 1044, 1027, 992, 952, 916, 815, 777, 759, 733, 704, 692, 663, 618, 598, 518, 511, 453, 426.
For C4H46N,O5Sb, anal. calced. (%): C 59.63, H 4.66. Found (%): 59.47, H 4.75.

IR spectra were recorded on the Bruker Tensor 27 FT-IR spectrometer (pellets with KBr).

X-ray diffraction of crystal I was carried out on the diffractometer Bruker AXS Smart Apex (Mo K-
radiation, A = 0.71073 A, graphite monochromator). Collection, data editing and refinement of the unit
cell parameters, and the accounting for absoprtion were conducted with the use of programs SMART and
SAINT-Plus [13]. All calculations for structure determination and refinement were carried out by the
program SHELXL/PC [14]. Structure I was determined by the direct method and refined by the least
squares method in the anisotropic approximation for non-hydrogen atoms. The main crystallographic
data and structure refinement are given in Table 1, the main bond lengths and angles are in Table 2.

Atomic coordinates and their isotopic equivalent temperature factors are given in Table 3.
Table 1
Crystallographic data, parameters of X-ray diffraction experiment, and refinement details for the structures
of substances 1-2

Parameter Compound
1 2
Crystal system Triclinic Triclinic
Space group P1 Pl
a, A 11.5082(4) 10.7997(3)
b, A 11.9666(3) 11.8171(4)
c, A 13.3321(4) 17.5720(5)
o,deg 97.028(1) 97.474(1)
B, deg 111.508(1) 98.084(1)
y, deg 107.117(1) 95.415(1)
v, A’ 1576.82(8) 2186.86(11)
Y4 2 2
Pealeds /M’ 1.406 1.496
u, mm”' 0.915 1.283
F(000) 680.0 990.0
Crystal shape (size, mm) 0.22x0.20%0.18 0.35x0.27x0.18
0 Data collection range, deg 2.94-26.07 3.24-26.16
Refraction index ranges -14<h<14, -13<h <13,
-14<k<14, -14 <k <14,
-16<1<16 21 <1<21
Measured reflections 35358 54142
Independent reflections 12530 8746
R 0.0456 0.0506
Refinement variables 767 521
GOOF 1.044 1.032
R factors for F*> 26(F?) R;=10.0368, wR, =0.0711 R; =0.0300, wR, = 0.0686
R factors for all reflections R; =0.0593, wR, = 0.0782 R; =0.0458, wR, =0.0753
Residua}l electron de3nsity 0.51/-0.31 0.82/-0.56
(min/max), e/A
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Table 2
Selected bond lengths and bond angles in the structures of substances 1-2
Bond | 4 A | Angle | o, rpan. Bond | d4A | Angle | , rpan.
1 2
Sb(1)-C(1) | 2.152(13) | O(1)Sb(1)O(2) 173.5(4) | Sb(1)-C(1) | 2.129(3) | O(1)Sb(1)O(2) [162.86(9)
Sb(1)-C(11) | 2.079(13) | C(D)Sb(1)C(21) 115.4(7) $b(1)-C(11) 2.123(3) | O(3)Sb(1H)C(1) | 167.61(11)
Sb(1)-C(21) 2.21(2) C(11)Sb(1)C(21) | 128.2(7) |Sb(1)-0O(1) 1.950(2) |C(1D)Sb(1)N(1) |165.27(11)
Sb(1)-0(1) 2.076(9) C(DHSb(HC(11) 116.1(5) [Sb(1)-0(2) 2.014(2) |C(HSb(1)C(11) [105.07(13)
Sb(1)-0(2) 2.086(10) | N(DO(1)Sb(1) 116.0(7) $b(1)-0O(3) 2.094(2) | O(DHSb(1HO(3) | 85.07(13)
O(1)-N(1) 1.419(15) | O(1)N(1)C(37) 115.6(11) | Sb(1)-N(1) 2.276(3) | O(2)Sb(1)O3) | 82.45(9)
0(2)-N(2) 1.320(15) | N(2)O(2)Sb(1) 121.5(8) | O(4)-N(1) 1.374(3) | O(D)Sb(H)C(1) | 94.67(11)
N(1)-C(37) 1.259(17) | O()N(2)C(47) 112.8(10) [N(1)-C(27) 1.277(4) | O(5)Sb(2)C(41) | 94.33(11)
N(2)-C(47) 1.287(14) | O(5)Sb(2)O(6) 172.1(4) |Sb(2)-C(31) | 2.128(3) | O(5)Sb(2)0O4) | 83.73(9)
Sb(2)-C(51) | 2.090(10) | C(5DSb(2)C(61) | 116.2(5) |Sb(2)-C(41) | 2.137(3) |C(31)Sb(2)C(41)| 103.04(12)
Sb(2)-C(61) | 2.139(10) | C(51)Sb(2)C(71) | 122.1(4) |Sb(2)-0O(1) 1.959(2) | O(1)Sb(2)C(41) | 93.38(11)
Sb(1)-C(71) 2.075(7) | C(61)Sb(2)C(71) | 121.8 (4) |Sb(1)-O(5) 2.023(2) | Sb(1)O(1)Sb(2) [119.25(10)
Sb(2)-0(5) 2.057(10) | N(@3)O(5)Sb(2) 121.7(8) |[Sb(1)-0(4) 2.098(2) | N(1)O(4)Sb(2) |113.85(16)
Sb(2)-0(6) 2.079(10) | O(5N(3)C(87) 111.3(11) | Sb(2)-N(2) 2.256(2) | N(2)O(3)Sb(1) [114.55(16)
O(5)-N(3) 1.430(14) | N#O(6)Sb(2) 113.4(7) | OB3)-N(2) 1.374(3) | O@N(C(27) | 115.5(3)
0O(6)-N4) 1.341(16) | O(6)N(4)C(97) 113.2(10) [N(2)-C(57) 1.282(4) | OBN()C(57) | 115.7(2)
N(3)-C(87) 1.283(14)
N(4)-C(97) 1.267(16)
Table 3

Atomic coordinates (x10%) and isotropic equivalent thermal factors (A?x10°) in the structures of substances 1-2

1 2
Atom x y z U(eq) | Atom x y z U(eq)
Sb(1) [3851.2(2) | 790.3(2) [2105.7(2) | 44.1(2) | Sb(1) | 82.30(18) [2619.31(18) [1933.21(12)| 30.04(7)
Sb(2) [6406.7(2) |-676.2(2) 2060.2(2) | 44.7(2) | Sb(2) |2500.48(17) |4195.98(17) |3156.62(11)] 28.25(7)
o) | 4755(8) | 1947(9) 3696(7) 55(3) 0(2) —1600(2) 3003(2) |1446.1(14) | 41.8(6)
O@3) | 1612(10) | 1898(9) |4273(10) 77(3) O@3) | —413.3(19) | 3518.4(19) [2932.6(13) | 36.2(5)
O(7) | 8246(11) | 3840(8) |-128(10) 84(3) N(2) 491(2) 4370(2) [3324.6(15) | 31.1(6)
C(61) | 6541(12) |-2141(9) |-1308(11) | 42(3) | CH4D) 2757(3) 3446(3) 14202.5(18) | 32.0(7)
N(1) | 3879(11) |2266(10) | 4094(10) 513) | C42) 2209(3) 2340(3) 4217(2) 38.7(8)
C(51) | 8102(11) | 303(11) |-2262(11) | 44(3) | CH43) 2366(4) 1839(3) 4894(2) 44.909)
C(1) | 2083(13) |-200(11) |2292(10) 503) | C(44) 3090(4) 2475(4) 5550(2) | 53.2(10)
C(6) | 899(14) |-345(12) | 1434(10) 55(4) | C(45) 3646(4) 3561(4) 5544(2) | 53.4(10)
C(5) | —289(13) |-952(11) | 1436(11) 74(4) | C(46) 3474(3) 4057(3) 4872(2) 43.8(8)
C4) | —-164(16) |-1423(14) | 2342(16) 84(5) | C47) 1731(5) 652(4) 4901(3) | 79.7(15)
C(3) | 902(12) |-1324(11) |3166(11) 63(4) o(5) 2783(2) 5831.0(19) [3711.7(14) | 39.5(5)
C(2) | 2140(13) |-695(10) | 3226(9) 47(3) | C(52) 2196(3) 6329(3) 14269.2(19) | 34.3(7)
C(7) | 3336(14) |-606(13) |4102(11) 75(5) | C(51) 921(3) 6035(3) H4318.2(19) | 35.3(7)
O(2) | 2972(11) | —196(9) 44109) 63(3) | C(56) 384(4) 6663(3) 4898(2) 43.0(8)
N(2) | 2412(12) |-1388(11) | 149(10) 543) | C(55) 1078(4) 7523(3) 5424(2) | 52.1(10)
C(47) | 1539(12) |-1813(10) | —876(11) 56(4) | C(54) 2336(4) 7789(3) 5385(2) 50.3(9)
C(41) | 827(14) |-3124(13) |-1390(13) | 65(4) | C(53) 2887(3) 7202(3) 4812(2) 43.5(8)
C(42) | 992(15) |-4054(12) | -923(12) 61(4) | C(57) 111(3) 5113(3) 3812.1(19) | 35.2(7)
C(43) | 303(15) |-5239(12) |-1368(18) | 94(5) O(4) | 1853.6(19) | 4964.7(19) [2187.4(13) | 36.9(5)
C44) | —660(20) |-5501(15) |-2510(20) | 114(8) | N() 701(2) 4466(2) [1793.6(15) | 31.5(6)
C(45) | —1005(17)|-4640(14) |-3161(16) | 85(4) | C(27) 134(3) 5068(3) |1332.5(19) | 35.8(7)
C(46) | —135(15) |-3438(12) |-2479(13) | 72(4) | C(21) | -1073(3) 4686(3) |842.7(19) 37.9(8)
O4) | 1879(13) |-3715(11) | 157(10) 114(4) | C(22) | -1478(3) 5366(3) 283(2) 47.709)
C(37) | 4435(14) |3156(12) |4936(12) 67(4) | C(23) | —2609(4) 5079(4) —206(2) | 61.9(12)
C(31) | 3651(13) | 3542(12) | 5476(12) 493) | C(24) | -3366(4) 4118(4) -129(3) | 69.2(13)
C(36) | 4242(19) |4549(14) |6332(17) 85(5) | C(25) | -3003(4) 3431(4) 419(2) 57.6(11)
C(35) | 3688(19) |4930(16) | 6929(16) 102(6) | C(26) | —1852(3) 3701(3) 913(2) 39.8(8)
C(34) | 2280(20) |4300(17) | 6520(16) 108(6) | C(31) 4344(3) 4356(3) [2855.5(18) | 31.3(7)
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Table 3 (end)

2
Atom X ¥y z U(eq) | Atom X ¥y z U(eq)
C(33) | 1664(15) | 3311(13) |5616(14) 85(5) | C(36) 5206(3) 3688(3) 3173(2) 45.1(9)
C(32) | 2399(14) | 2921(11) | 5134(9) 57(4) | C(395) 6437(3) 3815(4) 3021(2) 53.6(10)
C(11) | 3742(12) | 2195(11) |1344(11) 473) | C(34 6794(3) 4614(4) 2572(2) 47.909)
C(16) | 3003(13) | 2807(11) |1575(11) 60(4) | C(33) 5953(3) 5304(3) 2258(2) 40.0(8)
C(15) | 2781(13) | 3730(12) |1104(11) 71(4) | C(32) 4710(3) 5153(3) [2398.6(19) | 36.1(7)
C(14) | 3379(17) | 4023(15) | 374(16) 84(5) | C(37) 6368(4) 6191(4) 1778(3) 64.6(12)
C(13) | 4113(15) | 3428(13) | 156(14) 70(5) O(1) | 1775.6(19) | 2738.2(18) 2517.4(12) | 32.0(5)
C(12) | 4258(12) | 2483(10) | 628(11) 473) | C(1D -734(3) 1105(3) [2286.4(19) | 37.6(8)
C(17) | 5039(15) | 1867(14) | 263(13) 784) | C(12) 40(4) 288(3) 2498(2) 43.8(8)
C(52) | 8116(11) | 786(11) |-3077(10) 61(4) | C(13) —448(5) —705(3) 2747(2) 58.7(11)
C(53) | 9341(14) | 1460(10) |[-3128(12) 68(4) | C(14) | —1718(5) —849(4) 2785(3) 70.7(14)
C(54) [10606(14) | 1623(14) |-2260(14) 58(3) | C(15) | —2491(4) —48(4) 2577(3) 70.9(14)
C(57) | 6827(13) | 676(12) |-4135(9) 69(4) | C(16) | —2009(4) 943(4) 2325(3) 55.2(10)
O(5) | 7237(10) | 304(9) —425(8) 55(3) | C(17) 378(6) —1609(4) 2967(4) 97.0(19)
N(@3) | 7904(11) | 1590(9) |-101(11) 53(3) C(1) 633(3) 2063(3) |841.7(19) 36.8(7)
C(81) | 9506(13) | 3216(10) | 1508(11) 48(3) C(6) -259(4) 1619(3) 203(2) 50.8(9)
C(86) |10473(15) | 3597(13) |2605(13) 80(5) C(5) 118(5) 1262(4) -504(2) 66.1(12)
O(6) | 5482(10) | -1874(9) |-3635(9) 62(3) C(4) 1363(5) 1331(4) -571(2) 64.7(12)
N(4) | 6351(11) |-2127(10) |-3987(10) 51(3) C(3) 2268(4) 1766(4) 52(3) 57.6(11)
C(97) | 5788(13) |-3002(11) |-4853(10) 52(3) C(2) 1899(3) 2127(3) 762(2) 45.5(9)
C(91) | 6484(14) |-3404(11) |-5377(12) 61(4) C(7) 3650(5) 1849(6) -30(3) 101(2)
C(92) | 7986(12) |-2766(11) |-5056(12) 61(4) | C(1E) | 3505(14) —543(17) 1567(16) | 264(10)
O(8) | 8635(10) | —1753(8) |-4224(10) 65(3) |C(1C) 3866(12) 98(18) 2370(11) | 234(11)
C(93) | 8595(15) [-3200(15) |-5659(15) 82(5) | C(1T) 3955(7) —1606(6) 2941(7) 140(4)
C(94) | 7850(20) |-4226(14) |-6536(14) 96(6) |C(1Q) 4290(8) —542(8) 3510(9) 204(6)
C(95) | 6570(20) |-4829(16) [-6804(16) | 124(7) |C(1R) 4186(11) 356(8) 3255(16) | 351(15)
C(96) | 5810(20) (—4436(17) |-6312(16) 83(5) |C(1U) 3592(12) —1750(12) | 2144(9) 192(6)
C(62) | 5951(13) [-2409(12) | —529(11) 54(3)
C(67) | 5112(14) |-1761(12) | —280(13) 64(4)
C(63) | 6217(15) |-3338(12) | —50(12) 59(4)
C(64) | 6928(12) [-3981(12) | —305(14) 62(4)
C(65) | 7454(14) |-3711(11) | —1048(13) | 70(5)
C(66) | 7277(11) |-2803(11) | -1566(12) | 50(3)
C(77) | 3013(13) |—2405(11) | -3188(13) | 124(5)
C(55) [10556(12) | 1072(11) | —1428(11) | 73(5)
C(56) | 9348(15) | 420(14) |-1393(13) | 62(4)
C(72) | 3429(10) |-1117(11) |=3017(10) | 72(3)
C(76) | 4750(8) 954(6) -2560(6) | 53.3(19)
C(Q27) | 7141(14) | 1890(20) | 3138(12) | 175(12)
C(71) | 4690(9) | —-256(7) -2559(7) | 39.2(19)
C(22) | 6440(40) | 650(30) 2902(17) | 250(20)
C(21) | 5480(15) | 60(30) 2602(14) | 155(9)
C(75) | 3630(30) | 1400(18) |—-2961(15) | 152(10)
C(24) | 7340(20) | —-618(14) | 3251(16) | 122(7)
C(26) | 4712(12) |-1502(16) | 2378(7) 132(5)
C(84) |11010(20) | 5662(16) | 2587(19) | 100(5)
C(83) [10080(20) | 5289(15) 1580(18) 97(5)
C(82) | 9256(16) | 4052(14) 892(17) 87(5)
C(87) | 8716(14) | 1970(12) 939(10) 55(4)
C(25) | 6050(30) [-1560(30) | 2738(18) | 237(18)
C(85) |11133(18) | 4821(16) | 3025(16) | 100(6)
C(73) | 2216(18) | —900(20) |—-3385(19) | 160(11)
C(74) | 2630(30) | 280(30) | —3210(20) | 194(17)
C(23) | 8000(20) | 520(30) 3437(18) | 139(9)
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Results and Discussion

Previously it has been found that the interaction of triphenylantimony with 2-hydroxybezaldoxime,
having two functional groups containing mobile hydrogen atoms, in the presence of hydrogen peroxide
(1:2:1 mol, diethyl ether) proceeds with the participation of oxime group and the formation of
triphenylantimonybis(2-hydroxybenzaldoximate) (95 %) [7]. The antimony atom in the molecule of the
complex is bound to the ligand via an oxygen atom (Sb—O 2.0768(11) A), the intramolecular distances
Sb---N are equal to 2.882(14) A, the oximate ligand aromatic ring hydroxy groups are involved in the
formation of intramolecular O-H---N hydrogen bonds.

To study the possible ways of 2-hydroxybenzaldoxime coordination we investigated its interaction
with tri(o-tolyl) and tri(m-tolyl) antimony in the presence of an oxidizing agent. The structures of the
obtained products were determined by IR spectroscopy and X-ray diffraction analysis.

The reactions of tri(o-tolyl)antimony with 2-hydroxybenzaldoxime, going at room temperature in
diethyl ether in the presence of 30 % aqueous hydrogen peroxide solution or in heptane in the presence
of tert-butilhydroperoxide, resulted in the formation of tri(o-tolyl)antimony dioximates, as in the case of
triphenylantimony.

(0-CH3C6H4)3Sb +2 HON:CHC6H4OH-2 + H202 — (0-CH3C6H4)3Sb(ON:CHC6H4OH-2)2 +2 Hzo
1

(2-CH3C6H4)3Sb +2 HON:CHC6H4OH-2 + -BuOOH — 1 + ~-BuOH +H20

As it has been found out, the interaction of tri(m-tolyl)antimony with hydroxybenzaldoxime in the
presence of an oxidizing agent (hydrogen peroxide or tert-butilhydroperoxide), irrespective of the mole
ratio of the reactants (1:2:1 or 1:1:1), proceeds by another scheme — with the formation of a binuclear
organoantimony compound 2 with the bridging oxygen atom:

©\CH=N\ Ar
0 %

0
2 Ar3Sb + 2 HON=CHCgH4(OH-2) + 2 H,0, ——> \ / O/Sb —Ar 4 2 C¢HsCH; + 3 H,0
Ar——gp— \
\

/ / ¢
Ar O

“N=CH
Ar= C6H4CH3-m 2

In papers [9, 10] it is reported that the oxides with the general formula (Ar;SbX),0 were obtained
instead of the expected triaryl antimony dioximates Ar;SbX,. Thus, the reaction of triphenylantimony
with diacetylmonooxime in the presence of fert-butilhydroperoxide, irrespective of the mole ratio of the
reactants, led to the formation of u,-oxo0-bis(oximato)triarylantimony with the yield of 86 % [9]. The
mixture of products with different structures — (Ar;SbX),0 and Ar;SbX, — was prepared by the
oxidative addition reaction of triarylantimony with oximes (hydrogen peroxide was the oxidizing agent)
in 1:2 molar ratio, whereas sometimes L,-0X0-bis(oximatotriarylantimony) prevailed [10]. The
singularity of our results is in the fact that 2-hydroxybenzaldoxime reacts as a bifunctional compound
and both oxidation and dearylation of tri-m-tolylantimony take place.

In the IR-spectrum of the compound 1 there is an absorption band at 475 cm™ due to the Sb—C(Ar)
vibration of the Cs-symmetric SbC; fragment [15], in the IR spectrum of the compound 2 there is the
band at 453 cm™' due to the same vibrations. The band at 700 cm™" is related to the stretching Sb—O
vibration in the compound 1, the IR-spectrum of the compound 2 has the bands at 692 and 704 cm™
which are related to the same stretching vibrations. The characteristic bands assigned to C=N (1595 and
1596 cm™ for 1 and 2 compounds, respectively), are lower than the band of pure 2-
hydroxybenzaldoxime. The broad absorption band of OH-groups of pure oxime with the maximum at
3380 cm™' is absent in the spectrum of the compound 2 and it is shifted to higher frequencies (3421
cm") in the spectrum of the compound 1.
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According to the X-ray diffraction data, the crystal of the compound 1 includes two types of
crystallographically independent molecules (@ and b), in which the antimony atoms have trigonal-
bipyramidal coordination with the oximate ligand oxygen atoms in axial positions (Fig. 1). The sum of
CeqSb(1, 2)Cq bond angles is equal to 359.7(7)° (a) and 360.0(4)° (b), at that the value of the individual
angles has small difference with the theoretical 120°. The axial angles OSb(1, 2)O are equal to 173.5(4)°
and 172.1(4)°, respectively. The SbC; fragments are flat. The Sb(1, 2)-C., bond length intervals are
2.08(1)-2.15(1) A (a) and 2.08(1)-2.14(1) A (b). The Sb(1, 2)-O bond lengths are equal to 2.076(9),
2.086(10) A (a) and 2.057(10), 2.079(10) A (b). There are intramolecular contacts between Sb atom and
N atoms of oxime groups in a and b molecules, the intramolecular distances Sb(1, 2)---N are equal to
(2.98(1),2.99(1) A and 2.89(1), 3.06(1) A) which are considerably less than the sum of Van der Waals
radiuses of Sb and N atoms (3.8 A) [16]. Note that all basic geometric characteristics of the molecules 1
a and b are close to analogous parameters of the triphenylantimonybis(2-hydroxybenzaldoximate) [7].

Fig. 1. The structure of the compound 1 (molecule a)

In the crystal 2 there is the solvated toluene, the molecules of which are disordered. Binuclear
complex has the Sb—O-Sb bridge bond. Every ligand is a tridentate chelating-bridging one, it is
coordinated to one antimony atom by the oxygen atom of iminoxy group and to another atom of
antimony by the oxygen atom of hydroxyl group and nitrogen atom (Fig. 2). Sb(1,2) atoms have
octahedral C,O;N surrounding.

Trans angles of octahedron are skewed — CSb(1,2)O 167.6(1)°, 167.5(1)°; CSb(1,2)N 165.3(1)°,
168.3(1)°; OSb(1,2)0 162.86(9)°, 164.27(9)°. Sb(1,2)-C bond lengths change in the interval 2.123(3)—
2.137(3) A. There are three types of Sb(1,2)-O distances in the molecule: with the bridging atom of
oxygen 1.950(2), 1.959(2) A, with oxygen atoms of hydroxyl groups 2.014(2), 2.023(2) A, with oxygen
atoms of oxime groups 2.094(2), 2.098(2) A, which do not differ very much and are comparable with
the sum of covalent radiuses of antimony and oxygen atoms (2.07 A[16]). The coordination bond
Sb(1,2)-N (2.276(3), 2.256(2) A) is rather short and it indicates high binding stability.

The angle Sb(1)O(1)Sb(2) is equal to 119.3(1)° and this is the minimal value of the angle at
bridging atom of oxygen, which has been found in the structures of the general formula (Ar;SbX),0
[17]. For example, the analogous angle of the bis(u,-furfuraloximato)-(u,-0x0)-bis(triphenylantimony) is
equal to 125.5(3)° [12]. The rigid structure of bicyclo[2.2.1]heptane fragment causes the approaching of
antimony atoms up to the distance 3.373 A, which is considerably less than doubled Van der Waals
radius of an atom (4.4 A [16]).
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Fig. 2. The structure of the compound 2 (solvating toluene molecule are not shown)

Conclusions

Thus, it has been found that the direction of the oxidative addition reaction of 2-tritolylantimony
with 2-hydroxybenzaldoxime in the presence of oxidizing agent is determined by the position of the
methyl groups in phenyl radicals at antimony atom.

2-Hydroxybenzaldoxime exhibits structural diversity in tolyl derivatives of antimony due to
changes its denticity, acting as the terminal or bridging ligand.
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OCOBEHHOCTU B3AUMOOENCTBUSA TPU(OPTO-TOMNMN)

N TPU(META-TONWM)CYPbMbI C 2-MMAPOKCUBEH3ANbOOKCUMOM.
MOJNEKYNAPHbIE CTPYKTYPbl BUC(2-TMOPOKCU-
BEH3ANbOOKCUMATA) TPU(OPTO-TONWUI)CYPbMbI

N BUC(u;-2-TMAPOKCUBEH3ANbAOKCUMATO-0,0',N)-(11,-OKCO)-
BUC[ON(META-TONWN)CYPbMBbI]

B.B. WapymuH, O.K. llapymuHa, E.B. Apmembesa, M.C. Makepoga

B3anmopeiictBueM — TpH-opmo-TONWI- M TPH-MEMA-TOIWICYPbMBI € 2-
THIPOKCHOCH3AJIBIOKCHMOM B TIPHUCYTCTBHM OKHCIUTENS (MEPOKCHIAa BOAOpOJA WIH
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mpem-OyTHITAIPOTIEPOKCHIA) CUHTE3UPOBAHBI 0Ouc(2-THIPOKCHOCH3aIbIOKCHMAT) TPHU-
opmo-tomncypsMbl (1) u  6uc(p;-2-runpoxcudensansaokcumaTo-0,0',N)-([1,-0Kkco)-
ouclmu(mema-tommn)cypeMa)] (2). [To manaemv PCA, B 1ByX THIIaX KpucTaLIorpadguaecku
HE3aBUCHMBIX MOJEKyn (a, 0) coeamHeHWs | aToMbl CypbMBI HMEIOT TPHUTOHAJIBHO-
OunMpaMuAaNbHYI0 KOOPAWHAIMIO C aTOMaMH KHCJIOPOJa OKCHMAaTHBIX JIMTaHIOB B
AKCHAJIGHBIX ITOJIOKCHUSAX. B OMsiiepHOM KOMIUIEKCE 2 aTOMBI CYpbMBI CBSI3aHBI JIBYMs
TPUACHTATHO-MOCTHKOBBIMH JIMTAHIIAMH U aTOMOM KHCJIOPOAa U HUMEIOT HCKAKCHHYIO
OKTa’IpUUECKYI0 KOOpauHAIHNIO ¢ OKpykeHrneM C,O3;N.

Kniouegvie  cnosa:  mpu-o-moauacypoma, — mpu-m-moauicypbmd, — 2-euopoxcu-
OeH3anb00KCUM, MpemoymuicuOponepoxrcud, Nepokcud 6000pood, OKucieHue, ouc(2-
2UOPOKCUDEH3ATbOOKCUMAM)  MPU-0-MOTUTCYPbMYL,  OUC(U 3-2-2UOPOKCUOEH3ATLOOKCUMAMO-
O,0"'N)- (u-oxco)-ouc[ou(m-moaun)cypbmul], MOIEKYIAPHLIE CMPYKMYPbl, PEHMEEHO-
CMPYKMYPHBI AHATU3.
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MCCINEOOBAHUE ANNKUITNPOBAHUA 3,5-AUMMETUNTTMPA3OIJA
METOAOM XPOMATOMACC-CNEKTPOMETPUU

A.r. Kum, E.B. BepOHukoea

H3ydyeno B3aummoneilicrBue  3,5-TUMeTHINMPa30ia ¢ ATLJIMWIOPOMHUAOM,
MeTALIMJIXJIOPUIOM, 3TWIOPOMUIOM U 4-0yTeHWJIOPOMUIOM B IIEJOYHOMH cpeje.
MeTtonoM  Macc-cmeKTpoMeTpHH  MccjefaoBanbl  1-(2-MeTmia-2-mpomeHun)-3,5-
JUMETHINUPa3oa,  4-(2-merwia-2-nponenun)-3,5-tumeru-1H-nupaszon, 1,4-qu-(2-
MeTWI-2-NIPoNeHWI1)-3,5-TuMeTuaAnupa3on, 4-3tui-3,5-mumerui-1H-nupason, 1-(3-
OyTeHun)-3,5-nuMeTnanupason u 4-(3-oyrenuin)-3,5-numeruia-1H-nupaszoa.

Knioueswie cnosa: 3,5-oumemunnupason, arkuiuposanue, 3-oOpomnponet, 2-memui-
3-xnopnponen, uo03man, 4-6pomoOymeH, XxpomMamomacc-cneKmpoMempus.

BBenenne

CoenMHEHUs, WMEIOIIME B CTPYKTYype IHPa30bHBIA (parMeHT, BXOIAT B COCTaB MHOTHX
JIEKApCTBEHHBIX CPeACTB [1], yCHemHOo NPUMEHSIOTCS A5l CUHTE3a KOOPAUHAILMOHHBIX COeIUHEHUH [2],
MTO3TOMY BBI3BIBAIOT TMOBBIIICHHBIN HHTEpeC. MI3BeCTHO, YTO MUPPOI ANKUIUPYETCs aJUTHIOPOMUIIOM B
IIEJIOUHOM cpene ¢ oOpazoBanueM N- u C-npousBoasbix [3, 4]. B Monekyne 3,5-muMmerTuimnupasosna
MMEIOTCSL JIBE DJICKTPOHOJOHOPHBIC METWJIBHBIE TPYIIILI, IMO3TOMY TEOPETUYECKH AIKWIMPOBAHUE
BO3MOXKHO TaK JXK€, Kak W B THPpPOJe IO aroMaMm a3oTa M yriepoaa. [lo murepaTypHBIM HaHHBIM
ANKWIMPOBaHUE 3,5-TMMETHIINIMPa30jia HACT 1Mo atoMy aszota [S]. Llenbio Hacrosimel paboThl ABISICTCS
HCCIIEAOBAHNE ATKUIUPOBAHUS 3,5-TUMETIIIITAPA30JIa METOJJOM XPOMAaTOMACC-CIIEKTPOMETPHH.

Oo0cy:xxnenne pe3yJbTaToB

MetomoM XpoMaTroMacc-CIEKTPOMETPUH HaMH  yCTaHOBIEHO, uTo 3,5-mumerunnupazon (1)
pearupyer ¢ 3-OpomiponeHoM (aJUIMIAOPOMHI) B H3OMNPOIMIOBOM CIMPTE B MPHCYTCTBHH
M30MPOIIIaTa HATPHUsI WM THIPOKCHIA Kalus ¢ oOpa3oBaHHEM cMecHu l-ammmi-3,5-AuMeTHanupasona
(2a), 4-amwmn-3,5-numernn-1H-mupazona  (2b) wu  1,4-mmamnun-3,5-quMerwinupaszona  (2c).
Unentndukanuio coearHeHWH 2a—2¢ OCYIIECTBWJIM MYTEM CpPaBHEHHS C  MAacC-CIEKTpaMH
COOTBETCTBYIOIINX COeNWHEHM, nMetomuxcs B 6a3e manHbix NIST 08 [6]. [1o muTepaTypHBIM TaHHBIM
AUTHIMPOBAaHUE  3,5-TUMETWIINNpPa3oNia ATIOPOMHUIIOM B TeTparuapoypaHe B TPUCYTCTBUU
JTUU3O0TIPONIMIATHIIAMUHA [ 7] IPOTEKaeT 10 aToMy a3oTa.

AmnanmorudHo ¢ o0pa3oBaHHEM  TPeX  MPOM3BOAHBIX  MPOTEKACT  AJKWINPOBAHHE
3,5-auMeTHanupasona 2-MeTHII-3-XJIOPHIPONEeHOM (METAJUIMIXJIOPUA) B H3OMNPOIMIOBOM CHHpPTE B
MpHUCYTCTBUM wH3ompomnuiara Hatpus. Ilpu stom oOpasyercs cmech 1-(2-metuin-2-mpornenun)-3,5-
mumetunnupasona (3a), 4-(2-metwin-2-mponeHun)-3,5-gumertnn-1 H-nupaszona (3b) u 1,4-mu(-(2-metwmn-
2-miponieHun)-3,5-aumerumupasona (3c).

IIpn ankwunupoBanuu mnupazoia 1 MeHee aKTUBHBIM HOJ3TAaHOM B H3ONPOIMIOBOM CIHpPTE B
MPUCYTCTBUM H3OMpONMiIaTa HaTpusa oOpazyercs cMmech 1-3Twin-3,5-guMmerninupasona (4a) u 4-3Tui-
3,5-numetnn-1H-nupazona (4b), npu stom 1,4-mudTHin-3,5-auMeTHnnupasonl He oOHapykeH. B Oaze
nanHeix  NIST 08 wumeercs Macc-cnektp — 1-3Tun-3,5-gAuMeTWINHpaszoia, YTO  MO3BOJIWIO
WACHTHU(QHUIMPOBATH COEIMHEHNE 4a B HAILIEM UCCIIEIOBAHUH.

[Ipu B3ammoneiictBuu nupasona 1 ¢ 4-6pomOyreHom B mpucytctBuu KOH mnm msonponmiara
HaTpUsl B M3OMPOINMIOBOM CHHpTEe oOpasyercsi cmech 1-(3-Oyrenmn)-3,5-mumernnnupasona (5a) u
4-(3-0yrenun)-3,5-numerun-1 H-nupasona (5b),

Oo6pa3oBanue C-pou3BoAHBIX 2b—5b 00yciOBIEHO TeM, YTO ACMPOTOHUPOBAHUE COCAMHEHUS 1
MOJ JCWCTBHEM OCHOBAHUS OCYILECTBISICTCS € OOpa3oBaHHMEM aHHOHA A, KOTOpBIA PE30HAHCHO
cTaOuiu3upoBaH ¢ aHuoHoM B (cxema 1).
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Cxewma 1. AnkunupoBanue 3,5-aumeTunnupasona

Macc-criekTpbl N-IIPOU3BOAHBIX OTIMYAIOTCS OT Macc-crieKTpoB C-MPOU3BOIHBIX (CM. TaOIuUILy).

[OaHHble Macc-CneKTpoB nccneaqoBaHHbIX coegVHeHUN

CoennHeHHe XapaxkTepucTHKu HOHOB: m/z (I, %)

1 96 [M]" (100), 95 [M—H]" (74), 81 (13), 68 (6), 55 (5), 54 (16), 42 (9), 41(10), 39 (9)
(CsHgN>)

2a 136 [M]" (63), 135 [M-H]" (100), 121 [M=CH;]" (9), 109 [M—C,H;]" (35), 108 (15), 95 [M—
(CsH Ny C3Hs]' (15), 94 (9), 82 (5), 80 (5), 68 (7), 67 (5), 54 (5), 42 (11), 41 (13), 39 (16)

2b 136 [M]™ (38), 135 [M-H]" (32), 110 (7), 109 [M—C,H;]" (100), 95 [M—C;H;s]" (6), 94 (7), 82
(CsH Ny (9), 68 (6), 54 (6), 42 (12), 41 (6), 39 (10)

2¢ 176 [M]™ (94), 175 [M=H]" (100), 161 [M—CH;]" (33), 150 (7), 149 [M—-C,H;]" (64), 147 (6),

(CLHN,) | 146 (5), 135 [M—C3Hs]" (18), 134 (10), 133 (13), 132 (5), 121 (6), 120 (11), 119 (5), 109 (18),
108 (7), 107 (5), 106 (6), 95 (6), 94 (9), 93 (7), 92 (6), 91 (10), 80 (7), 79 (10), 77 (9), 68 (8),
67 (6), 65 (6), 53 (9), 42 (15), 41 (27), 39 (13)

3a 150 [M]" (83), 149 [M—H]' (100), 136 (5), 135 [M—CH;]" (53), 122 [M—C,H,]" (6), 110 (8),
(CoHN,) | 109 [M—C3Hs]™ (95), 108 (13), 96 (8), 95 [M—C.H,]" (46), 94 (11), 82 (8), 81 (5), 80 (5), 68
(12), 67 (7), 66 (6), 65 (6), 55 (11), 54 (7), 53 (10), 42 (27), 41 (23), 40 (8), 39 (35)

3b 150 [M]"" (24), 149 [M-H]" (6), 110 (7), 109 [M-C3Hs]" (100), 82 (6), 42 (7), 39 (6)
(CoH 4N))
e | 204 [MT(100), 203 (VAT (99), 190 (3), 189 (M CHL,T” (32), 164 (8), 163 MGy (60),

(CisHaNo) | 161 (7), 149 (15), 148 (11), 147 [M=C4H,]™ (20), 135 (5), 134 (5), 133 (10), 121 (5), 109 (18),
108 (7), 107 (5), 95 (8), 94 (5), 93 (5), 81 (5), 79 (5), 77 (5), 68 (5), 55 (16), 53 (7), 42 (9), 41

(6), 39 (7)

4a 124 [M]™ (27), 109 [M—CH;]" (23), 97 (7), 96 [M—C,H,]" (100), 95 (86), 81 (15), 79 (6), 68
(C;HN,) | (12), 65 (8), 55 (8), 54 (21), 53 (6), 52 (5), 42 (20), 41 (17), 39 (20)

4b 124 [M] " (84), 110 (6), 109 [M—CH;]" (100), 82 (6), 81 (58), 65 (7), 63 (5), 54 (6), 53 (28), 52
(C;H13Ny) (7,51 (6),39 (12)

5a 150 [M]™ (36), 149 [M—H]" (17), 136 (9), 135 [M—CH;]" (100), 134 (5), 109 [M—C;H;]' (28),
(CoHNy) | 108 (6), 96 (28), 95 [M—C,H;]" (44), 94 (5), 68 (5), 55 (8), 54 (6), 53 (5), 42 (7), 41 (6), 39 (9)

5b 150 [M]™ (56), 149 [M—H]" (37), 135 [M—CH;]" (13), 123 (5), 122 [M-C,H,]" (17), 110 (7),

(CoHN,) | 109 [M—C5Hs]™ (100), 108 (15), 96 (20), 95 [M—C,H,]" (20), 82 (8), 81 (5), 80 (7), 79 (7), 68
(11), 53 (7), 42 (15), 41 (14), 39 (11)

[Ivku ¢ MHTEHCUBHOCTBIO MEHEE 5 % HE YUUTHIBAIIUCH.

B macc-ciektpax Bcex C-mpousBogHbIX 2b—Sb MakcuManbHBIM sBiisseTcss muK ¢ m/z 109,
COOTBETCTBYIOLIUI apoOMaTHYeCKOMY KaTHOHY 3,6-nuMeTwi-1H-nupHuaa3uHus, KOTOPBIH MOXKET
o0pa3oBatbcd Mo cxeme 2. BTopbIM 110 HHTEHCUBHOCTH SIBJIAETCS K MOJIEKYJISIPHOTO HOHA.
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Cxema 2. O6pa3oBaHue kaTnoHa 3,6-gumeTun-1H-nuprvaasnHus

B macc-criextpe N-MeTauTHIbHOrO MPou3BoIHOro 3a muk [M—H]' siBnseTcss MakcUManbHbIM, 49TO
o0ycnoBineHo  oOpa3oBaHMEeM  ycTOW4YMBOro 2,5, 7-rpumerui-1H-nupazono[1,2-a]nupazonueBoro
katuoHa C (cxema 3). IIuk MOJEKyJISIpHOTO MOHA SIBJISIETCS] BTOPHIM IO MHTEHCUBHOCTH. VMeeTcs muk
[M—-CH;]", obycnosnennslii o6pasoBanueM 5,7-numerwsi-1H-mupasono[ 1,2-a]nupa3onneBoro kaTuoHa
D, muk ¢ m/z 109, koTOpbIid 00ycioBiIeH oOpa3oBaHueM 3,5-TUMETHII-1-MeTHIeH- 1 H-Tpa3onueBoro
KaTHOHA U NIHK ¢ m/z 95, 00yCIIOBICHHBIM OTHICTIIIEHUEM METAJUTMIIBHOTO (hparMeHTa.

AHajnornuHasi pparMeHTalus Haomroaaercs 1 N-auuinipasoiia 2a (CM. TabuIry).

_CaHy j _CsHs
a i G

\
. +
N N
\ i
m/z 95 m/z 150 m/z 109

on -
/Fg — I ] N
ST G T Y

m/z 135 m/z 150 m/z 149
D Cc

Cxema 3. OcHoBHble npouecchl pparmeHTaumm 1-(2-metunannun)- 3,5-aumeTnnnupasona

OO6pazoBanue katuoHa 3,5-nuMeTtni-1-mermineH-1H-upazomus ¢ m/z 109 ommcano B pabdore [8].
OHn oOpa3syercs npu GparMeHTauu 1-(2-xXm10paTii)-3,5-TMMETHIINPA30J1a U SBJISeTCA MaKCUMAaIbHBIM
MTHKOM.

IMuk [M—CH;]" B coefiiHeHNH 2a ABJIAETCS 3HAUMTENLHO MEHEE MHTEHCUBHBIM, YeM B COEMHEHUH
3a. OTo OOyCIIOBJICHO TEM, YTO METWIBHBIM paguKal B COCAWHEHWH 2a OTIIEIUBICTCS TOJIBKO W3
apOMAaTUYECKOTO MUPA30JILHOTO KOJIbIIA.
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B macc-cniektpe N-3THIIBHOTO MPOU3BOAHOIO 4a MaKCHMAJIbHBIM SIBJIICTCS MUK C m/z 96, KOTOPBIi
SBJISIETCS] KaTHOH-PaJAUKAIOM 3,5-TUMETHINUpa3oia U o0pa3yeTcs MpH BBHIOPOCE MOJEKYJbl ATHIICHA.
BTopbIiM 110 HHTEHCHBHOCTH SIBIIIETCS UK C m/z 95, 00yCIIOBIEHHBIN BEIOPOCOM 3THIIBHOTO pauKaia u
o0Opa3oBaHHeM KaTHOHA 3,5-AMMETHUIIITAPA30IIHSL.

B macc-criektpe N-OyTeHHIBHOTO MPOHM3BOJHOTO S5a MakCHMalbHBIM SIBIsieTCs MUK ¢ m/z 135,
KOTOPBI, HAa HAIl B3TJISI OOYCJIOBIIEH HE TOJBKO BEIOPOCOM METWIIBHOH TPYMIBI C MHUPa30IbHOTO
KOJIbIIa, HO U oOpa3oBanueM 5,7-mumeTwi-1H-upazono[1,2-a|nmupazonuesoro karnona (cxema 4). O0
5TOM CBHJETEILCTBYET TO, YTO B Macc-CIIEKTpe HCXoaHoro coeaunenus 1 mux [M-15]" saBnsercs
ManonHTeHCUBHBIM (13 %).

- C4H;
\ \
/+,N _N - /+,N
II\II N
K/\
m/z 109 m/'z 150 m/z 95
- H. - C.:H3
/i \N+ -~ W o T\
N’ CH3 N’N CH2 N’N
) s )
m/z 149 m/z 150 m/z 135

Cxema 4. OcHoBHble npouecchl hparmeHTauum 1-(6yreHun-3)- 3,5-aumeTvunnupasona

Crnenyetr 0TMETUTH, 4TO Bce C-almiIIbHBIE MTPOU3BOAHBIE 2b—Sb nMeroT HeMHOro Oosbiee BpeMs
yAEePKUBAHUS, YEM COOTBETCTBYIOITHE N-aJUTHIIbHBIE TIPOU3BOIHEIC 2a—5a.

Macc-crieKTpsl  AHAUTMIBHBIX COCIUHCHMH 2¢ W 3¢ HMMEIOT MOJOOHYH (parMEHTAIUI0 C
COOTBETCTBYIOIIUME N-aJUIMIFHBIMU COCMUHEHMSIME 22 W 3a W OIIM3KO COBMAJAIOT CO CIIEKTPOM
l-anun-3,5-qumetnin-4-GpopMuinupasona, KOTOpbIH onucal B pabdore [9].

JKCNepUMeHTAIbHAA YacTh

Macc-crieKTpbl 3JIEKTPOHHOTO ynapa CHATHL Ha Ta30BOM Xpomaromacc-crektpomerpe GCMS-
QP2010 Ultra ¢pupmer Shimadzu npu sHeprun nonuzanuu 70 3B.

IMonyyenune 3amemieHHbIX 3,5-TuMerwianupas’onoB 2a-2c¢, 3a-3c, 4a—4b, S5a—5b (o0man
MeTtoauka). 0,046 r (2 mmonps) Na pacTBOpSIOT B 4 MJI M30NPONMIOBOTO CIIMPTA, IPUIMBAIOT PAaCTBOP
0,096 r (1 mmonp) 3,5-mumermnmnupasona B 2 M u3onponmioBoro crupra, 0,13 mu (1,5 mmons)
6pomucroro ammmmwia win 0,15 mu (1,5 mmons) xmopuctoro metammwia wiud 0,12 ma (1,5 MMob)
nogucroro stwia wim 0,20 ma (1,5 mMmonb) Opomucroro Oyrenmna. CMech KUISTAT C OOpaTHBIM
XOJOAMIBHUKOM 4 Yaca, OXJaXIalT, OTQUIBTPOBBIBAIOT. DUIBTPAT MOCIE UCHAPEHUSI PACTBOPHUTEINS
skctparupytot CH,Cl,. ITocne otronku CH,Cl, momyuaroT MacinooOpa3Hble BEIIeCTBA.

3akioueHne

YCTaHOBJICHO, YTO AJUIMIMPOBAHHME 3,5-TUMETHIINUpPA30ja OPOMHUCTBHIM AJTMIOM M XJIOPHUCTHIM
METaJUTMJIOM TIPOTEKAaeT ¢ O0pa3oBaHHEM CMECH TpeX NPOu3BOMHBIX: N-, C- U AU-3aMEHICHHBIX
3,5-mumeTrnnupasona. AJKWIHpoBaHUE coequHeHus 1 womdTaHoM u 4-O0poMOYyTEeHOM MPOTEKaeT ¢
obpazoBanreM N- u C-3aMeNIeHHBIX 3,5-AUMETHIITHPA30IIOB.
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has been used to examine 1-(2-methyl-2-propenyl)-3,5-dimethylpyrazole, 4-(2-methyl-2-
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YOK 543.25

K TEOPUU KAPEOHATHOW MOIPELLHOCTH
NMPU pH-METPUYECKOM TUTPOBAHWUU CINIABbIX KUCJIOT

B.A. NlNonoesaHos

Pa3Bura Teopusi kap6oHaTHOIl morpemHoctu pH-meTpuyeckoro THTpOBaHUS.
CdopmynaupoBaHbl NMpaBuiIa ycTpaHeHUsl KapOoHaTHoil morpemHocTH. Iloka3aHo,
YTO JYYIIUM CIOCO00M HMBEJIMPOBAHUS MOTPEIIHOCTH SIBJIsIeTCS TATPOBAHUE, PU
KOTOPOM TOYKA 3KBHBAJIEHTHOCTH HA KPHBOI THTPOBAHMS OLlCHUBAETCH IO CIOCO0Y
MAaKCHMMAJbHOH KPYTH3HbI KaK TMpPH CTAaHIAPTH3AaLMM IIeJ0Yd, TaK W TpH
THTPOBAHMM AHAJIUTA.

Kniouegvie cnosa: nomenyuomempuueckoe mumposanue, KUCIOMHO-OCHOGHOE
Mmumpoganue, asmomMamuyeckoe Mumposanue, MOOeIUposanue pasHOGeCUll, Meopus
noepewtHocmeu Mumpumempuu.

B MoHorpadudeckoil aurepaType mo TEOpUH KPUBBIX TUTPOBaHUS [1—3] MOTpEeNTHOCTH KUCIOTHO-
OCHOBHOTO THUTPOBAaHHUA, KOTOpPAasi BOBHUKAET M3-3a TOTJIOICHUS YIJIEKHUCIIOTO ra3a MIeJIoublo He yes-
10T BHUMAaHUS. YIIOMUHAHHWE TaKOTO pofa MOTPELIHOCTH OTCYTCTBYET. llorpemHocts TUTpoBaHUs 00-
Cy’KAaeTcs B 00IIeM KOHTEKCTE KaK OTKJIOHeHHe KoHeuyHo! Touku TuTpoBanus (KTT) ot Touku sxBuBa-
nentHocTH. Teopus [1, 2] B OCHOBHOM OpHMEHTHPOBaHA HA 0OBSICHEHHE TUTPOBAHUS C I[BETHBIMU WH/IU-
KaTOpamH.

B aBroputetHOM M3nanuu [4, c. 444] yka3pIBarOT Ha NPAKTHYECKUE MPHEMBI aIKATUMETPUH, TO-
3BOJISIIOIINE HUBETUPOBaTh mocuencTsus 3arpssnenuss NaOH npumecsamu Na,CO;. Bo-niepBbix, «...npu
YCTaHOBJICHUH THUTPa MOXXHO HOCTYHATh JBOSKO: MOKHO OCTaHOBUThCS npu pH 3—4 (TuTpOoBaHue ¢ Me-
TUJIOPAH)KEM) U TOrJa TUTP OyAeT BhIpa)kaTh OOIIYIO IIEJIOYHOCTH (332 CUET €IKOro HaTpa M MPHUMECH
kapOoHaTa HATpHSs), WU JKE TUTPOBAaHUE 3aKOHUUTH 1pu pH 89 (TuTpoBanue ¢ GpeHonpTaNCHHOM), H
Torja TUTp OyAeT BBIpaXkaTh COJIEp)KaHHE €IKOro HAaTpa U MOJIOBUHY COJAEp)KaHUs KapOOHATa HATPUID.
Bo-BTOpBIX, «BO BCeX Clydasx HCIOJIb30BaHMs TUTPOBAHHOI'O PACTBOPA HAZO0 TUTPOBAHHE MPOBOIUTH C
TEM )K€ WHAMKATOPOM, C KaKHM yCTaHABIMBAIN TUTP pacTBOPa»

B nepBom BbICKa3bIBaHHH, MO-BHIUMOMY, COJIEpKaTCsl HETOYHOCTH nepeBoaa. Kak mokazano B [5],
«o011as mesovyHOCTh» (TUTP) PaBHA CyMME KOHLIEHTpAlMi SKBUBAJICHTOB €JKOT0 HAaTpa U KapOoHaTa B
TUTpaHTe, a Ipu TUTpoBaHuH A0 pH 8-9 TuTp paBeH oOumIel men0YHOCTH 32 BBIYeTOM 1/2 KOHLIEHTpa-
UK DKBUBAJICHTa KapOoHara. Bropas pekoMeHanus, HECMOTPSl Ha €€ KaKYIIYIOCs O4EeBUIHOCTD, TaK-
XKe HyX/IaeTcs B TEOPETHYECKOM 0OOCHOBaHHU.

OpHUM W3 MPEeHMYILIECTB NOTEHUIUOMETPUYECKOTO TUTPOBAHMS SBISETCS PACLIUPEHHE CIIOcOOO0B
ycTaHoBieHusa kKoHeyHou Touku TuTpoBanus (KTT) [6, 7]. IIpexxne Bcero, Ha3pIBarOT TUTPOBAHHE IO
MOTEHIMaNa, COOTBETCTBYIOIIETO TOYKE AKBUBAJIEHTHOCTH, KOTOPOE aHAJOTHYHO TUTPOBAHHUIO C WHIH-
KatopaMu (METOJ| CKauka), MeToj] Touku mepernda (merox TyO0Oca), a Takxke METOIBI C OTHICKAHHEM
MaKCUMaJIbHOM KPYTHU3HBI KPUBOM TUTpOBaHus mpu ee auddepenuuposanuu. Tak, mporpaMmHoe obec-
nedeHne aBromarndeckoro turparopa 905 Titrando ¢upmMbel MeTpoM COJEPKUT CIEAYIOUIHE METOJIbI
tutpoBanus: SET (tutpoBanue no ¢ukcupoBannoro nmoreHnuana), MET (oTbickaHHE TOYKH MakKcH-
MaJIbHOW KPYTU3HBI KPUBOH MpH 100aBIeHMH 00beMa TUTPAHTa ¢ MOCTOSIHHBIM iaroM), DET (oTbicka-
HUE TOYKH MaKCUMallbHOWH KPYTH3HBI IPU JA00ABICHUU 00beMa THTPAHTA C PETyIUPYyEeMbIM IEepeMeH-
HBIM T1arom). O4eBuIHO, YTO chopMynrpoBaHHoOe B [4] nmpaBuiio BeiOOpa pH-uHAnKaTopa Uit 00BIYHO-
IO TUTPOBAHUS HE MOXET CTPOTO BBIIOIHATHCS MPU BBIOOpE CIIOCO0a MOTECHIMOMETPUIECKOW MHINKA-
upu Touky SkBuBanentHocty (EP)'.

' B 0603uauennn Metpom, ipi 5ToM pasmuunii Mexay EP n KTT e nemaior.
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B 0030pe [8] TeopeTHyecKkH TIOKa3aHO, YTO TOTPEITHOCTh ANKATUMETPUIECKOTO THTPOBAHHS, 00Y-
cioBieHHas npucytcTeueM Na,COs B 1Ies109H, IPONOPIMOHATBHA COIEPKaHUI0 KapOoHaTa B TUTPAHTE;
HA30BEM 3Ty TOIPENIHOCTb, I KPATKOCTH, KapOOHATHOI IOrPelIHOCThI0 THTpoBaHus.” Bompoc o me-
peHoce KapOOHATHON MOTPEIIHOCTH TUTPA IIEJIOYN U KapOOHATHON NOTPEIIHOCTH TUTPOBAHUS KUCIOTHI
Ha pe3ybTaT OIpe/elieHs KUCIOTH B [§] He paccMaTpuBaioT. BMmecTe ¢ TeM, aHATUTHKA — IPAKTHKA, B
KOHEYHOM cYeTe, HHTEepeCyeT He KapOOHATHAsl MOTPEIIHOCTh KaK TaKOBas, a IMOrPEIIHOCTh pPe3ysbTaTa
aHaJn3a U PEKOMEHIALINH 10 €€ YCTPaHEHHUIO.

W3 nutepatypsl crneayeT, uto npobiemMa KapOOHATHOW MoTpemHocTy npu pH-meTpudyeckoM TUTpo-
BaHHMH HE JOCTATOYHO pa3padoTaHa TEOPETHUECKH. DTO U ONPEACINIIO 11eIh JaHHOH pabOoTHI.

TeopeTnyeckasi 4acThb

[Nokaxkem, 4TO MO CBOEH CYTH CIIOCOO OTHICKaHUS KOHILECHTPAIUU THUTPYEMOW KHCIIOTHI SIBIISIETCS
METOJIOM CPaBHEHHS €€ HEM3BECTHOW KOHIIEHTPAIMH C M3BECTHON KOHIIEHTpAIWeH KHUCIOTHI, BEIOpaH-
HOIl B KaUeCTBE CTAaHAAPTA, TOCKOJIbKY CTAHAAPTHYIO KUCIOTY UCIOIb30BAIH MIPU YCTAHOBIECHUU TUTPA
IeJI0Yd. Y paBHEHHE JJ11 00paOOTKH PEe3yIbTaTOB TUTPOBAHHUS KUCIOTHI — aHAIIMTA UMEET BUJI:

c = e,x , (1)

T/ ¢, — ICKOMasi KOHIIEHTPAIUs SKBUBAJIEHTa KUCIOTHI, V, — 00BbeM MPOObI, ¢ — KOHIIEHTPAIUS SKBH-
BaJICHTA TUTPaHTA, V,, — 00beM TUTPAHTA B TOUKE SKBUBAJICHTHOCTH.
[IpeaBapuTenbHO YCTAaHOBJICHHYIO MO CTaHJAPTHOMY PACTBOPY KOHLEHTPALMIO TUTpPAHTa BBIYHUC-
JSIOT IO hopMyTIe:
o =l @
Ve,T
T/I€ 7 — UICKOMBIN TUTp IIEN0oYH, V, 7 — 00beM THTPaHTa B TOUYKE SKBUBAICHTHOCTH, C;, — KOHIICHTPAIIHS
CTaHIaPTHOH KUCIOTHI, V; — 00beM alMKBOTHI CTAaHIAPTA.
[oxacrasmiss ypaBHenue (2) B (1) monydaroT BhIpaXEHUE KOHILICHTPAIIMH aHAIHWTA Yepe3 00bEeMbI

IIEJI04H, 3aTPauCHHON Ha TUTpoBaHue Mpoodsl (V,,) u cTanaapTHOM KUCHoTH (V, 7), COOTBETCTBEHHO:

V. Ve X Ve X
c, = CotV st _& ZC;t L (3)
Vx Ve,T Ve,T

Kak cnenyer u3 (3), 3TOT BapuaHT TUTPUMETPUH HE SABISIETCS aOCOIIOTHBIM METOJIOM aHanu3a. Ero
CJeIyeT paccMaTpUBaTh KaK METOJI CpaBHEHHUSA C 3TaioHOM [9]. YpaBHenue (3) uMeeT MpoCcToi BHI, €C-
mV,=V,.

[Ipumensas x ypaBHeHHIo (3) onepaTop MepeHoca CHCTEMaTHUYECKHUX MOTPEHTHOCTeH apryMeHTOB Ha
3aBUCHMYIO TIEpEMEHHYIO, TIOJy4YaeM BBIPAKEHHS IS TOTPEIIHOCTH pe3yIbTaTa aHaIu3a:

AC A Ae,T

=G —ex el 5 5. 4
‘ Cy Ve,x Ve,T ' ! ()

Ecnn nmonarate, 4T0 OCHOBHBIM MCTOYHUKOM IMOTPELTHOCTEN pe3ybTaTa aHauu3a SBISAETCS 3arpss-
HEHHE THTpaHTa KapOoHATOM, TOraa Oy U O, MMEIOT CMBICT OTHOCHTENIBHBIX KapOOHATHBIX MOTPEIIHO-
CTEH, BOZHUKAIOIMX KaK NMPH TUTPOBAHUM CTAaHAAPTA, TaK U NPU TUTPOBAHUMU pacTBopa aHanura. llpn
00paboTKe pe3ynbTaToB aHanu3a Or U O, OyayT KOMIEHCHUPOBATh IPYT IPYra, €CIM OHU OJAWHAKOBHI IO
3HAKY.

UtoOBl M3y4YHUTH 3aBUCUMOCTD A, OT YCIOBHH TUTPOBAHUS HYKHO Pa3[elbHO HCCIIEA0BATh 3aKOHO-
MepHOCTH il Oy U O,. Iy 3Toro OyzneM MCHoOib30BaTh anmapaT MaTeMaTHYECKOIO MOJIEIUPOBAHUS
paBHOBecuii [5, 10].

Ha puc. 1 nokasansl TeopeTHyecKkue KpUBbIE MOTPEITHOCTEN aNKaTUMETPUIECKOTO TUTPOBAHUS O/l
HOOCHOBHBIX KHCJIOT B 3aBUCHMOCTSIX OT M CTEIICHHU 3arps3HEHHOCTH TUTPAHTa KapOOHATOM M MPHUPOIBI
KHCIOTHI. 31eck Moaenupyetcs Tutposanue 0,025 1 pactBopoB kucioT pactBopom NaOH ¢ obmieii mie-
nmouHocThio 0,1 H ¥ mepeMeHHBIM COJIep)KaHueM MTPUMECH KapOoHaTa.

2 IIanee TTOKaXEM, 4TO OTO ONPCACICHUC CICAYCT NIOHUMATH B INMPOKOM 3HAYCHUN TCPMHHA.
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K meopuu kap6oHamHol nozpewHocmu
npu pH-mempuyeckoM mumpoeaHuu caabbix Kucsom
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Puc. 1. KpuBble norpelHocTe Npyu TMTPOBaHMMU CUNbHOW KMCNOThI (a) M cnabbix kucnot ¢ pK, = 4 (6), 5 (B), 6 (r), 7 (a),
8 (e) wenoubto, cogepxawen 4 (1), 2 (2), 1 (3), 0,5 (2) n 0,0 monb % 1/2Na.CO; (MecTa TouYek Npu & = g/2 NokasaHbl NYHK-

TUpom)
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KpuBble morpenHocteii paccyuTaHbl M0 YpaBHEHHUIO:
52 q(1=ky) =Ky = A(1/CHA + 1/CNaOH)

1—61(1_kb)+A/CNa0H
T7Ie ¢ — CTENeHb 3arpsA3HEeHUs TUTpaHTa KapOOHATOM; k, — CTETIeHb NMMPOTOHUPOBaHUS KapOoHaTta; kj —
CTereHb MPOTOHHPOBAHHS AHMOHA CIaGON KUCIOTBI; Cyp M Cygon — KOHIIGHTPAIMS aHATHTA M 06Ias
IIEJIOYHOCTh TUTPAHTA B IKBUBAJICHTAX, COOTBETCTBEHHO; A — IOKa3aTelh MPOTOH-TUAPOKCUIBHOTO Oa-
manca [10].
OOmas mEeJIOYHOCTh TUTPaHTa paBHa cymme KoHueHnTpauuii NaOH u 1/2Na,COj;. CreneHb 3arpsis-
HEHUS 33/1aCTCSI BRIPOKCHUEM:

®)

c
_ "}4Na,CO;
q =
CNaOH

CreneHn POTOHUPOBaHHS KapOOHATa W aHWOHA THTPYEMOM KHCIOTHI BIOJIb KPHBBIX THTPOBAHHS BbI-
YHUCIISAIOT 10 ypaBHEHUM (6) U (7), COOTBETCTBEHHO:
1 K 10 42K K07 1 K107 4201072

2 1+K 10" ok ko 2 kK, + K, 107 1072

K 107" 107PH

kbl = 1y ~ooH —pH ° (7)
1+K,;10" K, +107P
rae K, — KOHCTaHThl CTYNEHYaTOM AMCCOLMAIMK COOTBETCTBYIOIIMX KuCIOT. [lokaszaTenb mpoOTOH-
THIPOKCHIIBHOTO OanaHca, Kak GyHKIuo pH, BEIMUCISIOT 0 hopmye
1071 — g
A=——""77"2. ®)
107"

[Ipu 3amucu (5) yauTsIBaIn pa3BelleHHE pacTBOpa aHaJIWTa TUTpaHToM. Eciiu pa3BeeHnEeM MOXKHO
npeHeOpeyb, TO BeIpaKEHHsT A/Cna,on U3 ypaBHEHUs (5) ucye3aroT. Ecnu mpu MOAETHMpPOBaHUM HCTIONb-
3YIOT KOHLEHTPAlMOHHBIE KOHCTAHTHI peakiuid, To pH uMeeT cMbICT NOKa3aTelsi paBHOBECHOW KOHIICH-
Tpaluy HOHOB BOJIOPO/IA.

Bripaxkenue (5) siBisieTcst 0THON M3 QOPM 3alluCcH ypaBHEHUS! KpUBOi TUTpoBaHusl. [lonorue y4acr-
K{ KPHUBBIX OTPEIIHOCTEH Ha pUC. | COOTBETCTBYIOT CKauyKaM Ha KPUBBIX TUTPOBAHMSA, a KPYThI€ yyacT-
KH — 3T0 00sactu 6ydepHoro aeiictus. CoriacHo Teopuu [ 1, 2], Touku nmepernda KPUBBIX COBIAIAIOT C
TOYKaMH 3KBHBaJIeHTHOCTH. ClielyeT 0)KHUJaTh JBE TOYKH Teperuda Ha KPUBBIX TUTPOBAHWHU CHIIHHOM
kucnotel: EP(1) u EP(2), cm. puc 1, a. Torma kak mpu TUTPOBAHUM CIIA0BIX KUCIOT 3aMETHA TOJIBKO OfI-
Ha ocobas Touka B obmactu pH > 8. Xots kapOonaTHas norpemwHocTs B EP(1) Gim3ka Kk HyI110, CHIIBHBIE
KHCJIOTHI MpeInoYTuTeNIbHee TUTpoBaTh 10 pH 8 (TUTpoBaHme mo QeHon(TalienHy), MOCKOIbKY HpH
3TOM CKa4KH TUTPOBAHUS CYLIECTBEHHO OOJbIIE U, KaK CIEACTBUE, MCHBLIE CIydaiHasi COCTAaBIIAIOMIAs
MOTPEIIHOCTH pe3yibTaTa.

[Nomoxenus TOYEK SKBUBAICHTHOCTH 3aKOHOMEPHO M3MEHSIIOTCS ¢ M3MeHeHueM ¢. [Ipuuem kapOoHaT-
HBIE MOTPEITHOCTH HA MOJIOTHX YYacTKaX MOXKHO CUHTATh MPOMOPLUHOHATBHBIMU ¢ (3TO OBUIO OTMEYEHO B
[8]). Hamm pacuertsl, kpoMe TOro, MOKa3bIBAIOT, YTO MECTa TOYEK, B KOTOPBIX HOTPEIIHOCTH COCTABIISIOT
BEJTMYMHY ¢/2 , TPAaKTHYECKH COBMAAAIOT C TOYKaMH Nepernoda (okasaHo MyHKTHpOM). IlyHKTHpHBIE THHUH
paccyMTaHbl MPU YUCICHHOM pellieHHH ypaBHEeHUs (5) oTHocuTensHO pH mpu (MKCHPOBaHHBIX 3HAYCHUSIX
q/2. O1croma MOXKHO cZiefiaTh BBIBOA O TOM, YTO €CJIM TUTPOBAHHUE 3aKaHUYMBAIOT B TOUKE Nepernda Kpuoit
TUTPOBAHMUS, TO MOTPELIHOCTH THTPOBaHUS, OOYCIOBIEHHBIC 3arpA3HEHUEM LIEN0YH KapOOHATOM Majio 3a-
BHUCAT OT NPUPO/BI KUCIOTHI U JUISl BCEX KUCIIOT COCTABIIAIOT OJHY U TY XK€ BEIUUMHY O = q/2 .

W3 oTMeueHHOH 3aKOHOMEPHOCTH U YpaBHEHHUs (4) MOKHO c(hOpPMYJIHPOBATH, 110 aHAJIOTHH C TIpa-
BuwioM Illapmo [4], mnpaBmio ycTpaHeHHs KapOOHATHOM MOTPEITHOCTH pe3yiabTaToB pH-
noTeHuuoMeTpuieckoro ananusza: «lIpu pH-merpuyeckoM TUTPOBaHWH HAAO TUTPOBAHUE MPOBOIHUTH
TEM e METOJOM, KaKUM yCTaHaBIMBAJIH TUTP pacTBopa. [IpuuemM mpeanouTHTEIbHBIMU SIBISIOTCS Me-
TOJIBI MakcuManbHOU KpyTu3Hb. pH B KTT, KOTOpOIi sIBIIsieTCS TOUKa Teperinda, UMeeT BTOPOCTEIeH-
Hoe 3HauyeHue. [[pIMeHHUTeNbHO K THTPOBAHUIO HA TUTpaTOpax MeTpoM 3TO MPaBUIIO OTAAET MPEAIoy-

(6)

b

3 Uit cuibHOIM KUCIOTHI kjy; = 0.
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tenne merogam DET u MET. [Ipu ucnons3oBanuu meroga SET cnenyeT oxxugaTb MEHEE yIOBIETBOPHU-
TENLHYIO B3aUMHYIO0 KOMIIEHCALUIO O U O.

W3 ananmza ypaBHeHus (5) BUAMM, YTO JaTh CTPOrO€ MaTEMaTHUECKOE ONpeIelieHre KapOOHATHOM
MOTPENIHOCTH He Tak mpocTo. [lycTh menous He cofep Ut kapOoHaTa, nHave ¢ = 0, 0JTHAKO, KaK BUIUM
u3 (5), 8(g = 0) # 0. [lorpemHOCTH THTpOBaHUS O(0) MOKHO CUUTATH MTOTPEITHOCTHIO METO/IAa OTHICKAHMUS
KTT, 1. e. 6(0) = J,,. llorpemmoctr Meroaa J,, MOKa3aHbl HA PUC. | HIKHUMU KPUBBIMH IOl HOMEPOM 5.

MOoHO omnpeIenuTh KapOOHATHYIO MOTPEIIHOCT B Y3KOM 3HAYCHUHU TePMHHA (O.) KaK OTKJIOHEHHE
CTENEHH OTTUTPOBAHHOCTH KUCIIOTHI 3arps3HEHHON KapOOHATOM ILEJIOYBIO OT CTEIEHH OTTUTPOBAHHO-
CTH KUCIIOTHI YUCTOH 1enousto. [IpuueM moppaszymeBaeTcsi, YTO TUTPOBAHKUE M B TOM U B JIPYTOM CITy-
Yae OCyIECTBISIFOT JI0 OAHOTO U Toro e pH. MHave, kapOoHATHASI TOTPEITHOCTD B Y3KOM CMBICIIE — 3TO
KapOOHATHAsI TOTPEITHOCTh B IIUPOKOM CMBICIIE 32 BEIUETOM MOTPENTHOCTH METO/IA:

S, =0 —0,. 9)

Torma ¢ ucnons3zoBanueM oOmiero noaxona [10] momyyum ypaBHeHHe Uis KapOOHATHON HOTpem-
HOCTH B «4HCTOM BHJIE» :

_gq(-k) KalKa2+%Ka1107pH (10)
o l-q(l-k) ~ K, K, +K, 107 4107200

K sTOMy ypaBHEHHIO MOKHO MPHITH, B3SB PA3HOCTh IBYX ypaBHEHHH (5), 3aMMCaHHBIX JUISL COOT-
BETCTBYIOIIMX TPaHUYHBIX ycioBui. YpaBHenue (10) omuchiBaeT poiib KapOoHata B (OPMHPOBAHHU
o01mel morpemHocTy TuTpoBanus. M3 ananusa ypaBuenuit (5) u (10) ciemyer, uro xapOoHaTHas Mmo-
TPEUTHOCTh B Y3KOM CMBICIIE HE 3aBUCHUT OT MPUPOIBI KUCIOTHI, a TAKXKE OT KOHIICHTPAIlMi aHAUTa U
TUTPAHTa U OTNPEACIIETCS. TOJIBKO CTENEHBIO 3arpsi3HEHHOCTH THTPaHTa KapOoHaToM U pH TuTpyemoro
pactBopa. 13 ypasaenus (9) ciemyet, 9To KapOOHATHBIE ITOTPEITHOCTH B IMIMPOKOM U Y3KOM CMBICTIC HE
OTJIIMYAIOTCS IPYT OT apyra mpH d, = 0. A 3T0, MO ONpEJIEIICHHI0, BO3MOXKHO TOJIBKO B TOYKE DKBHBA-
JIeHTHOCTH, T. €. korna KTT = EP.

W3 ckazaHHOTO BHINIE CIIEAYET, YTO JAHHOE HAMU OIpeleieHne KapOOHATHON MOTPEIIHOCTH B y3-
KOM CMBICIIE UMEET CKOpee TeopeTHIecKoe 3HaueHne. B nanpHeimem, roBopst 0 KapOOHATHOM MOrperl-
HOCTH, MBI Oy/IeM Mo/ipa3yMeBaTh MOTPEITHOCTh TUTPOBAHMSL, KOTOPAsi ONKCHIBACTCS ypaBHEHUEM (5).

KonmmuectBenHnoe onmcanue KapOOHATHON MOTPEIIHOCTH MO3BOJISIET PAaCcCUUTaTh MOTPEIIHOCTH Pe3yiib-
TaTa aHajK3a ¢ MOMOIIbI0 ypaBHeHus (4). st 3Toro B (4) HYKHO MOJICTABUTE JIBA YpaBHEHUS (5), ¢ COOT-
BETCTBYIOIIMMH OrpaHuueHusiMU. Ha puc. 2 1 puc. 3 npuBeaeHbI pe3yabTaThl TAKMX BRIYUCICHUH TS IBYX
ciry4yaeB. B rmepBoM citydae THTp IIEN0YN YCTaHABIHMBAIOT IO CHIIBHOM KucioTe. Bo BTopom ciydae ycraHo-
BOYHBIM BEIIIECTBOM SIBIISIETCS cllabasi KUCIIoTa, Takas Kak TuapodTanat kamus ¢ pK,; = 5.4.

0.10 A, % 020 A, % \
\\
0.10
0.00 r | e ——
1
2 2
[ 0.00 .
3
4 /
-0.10 / 4
-0.10
5
5
-0.20 ! -0.20
7 8 9 10 pH 11 7 8 9 10 pH 11
Puc. 2. MorpewHocTn onpeaeneHnsi KNCNOT C pa3Hbi- Puc. 3. NorpewHocTn onpeneneHns KUCNOT C pa3Hbi-

mu pK,: 4(1); 5(2); 6(3); 7(4) n 8(5) npu cteneHu 3arpasHeH- Mu pK,: 4(1); 5(2); 6(3); 7(4) n 8(5) npu cTteneHun 3arpA3HeH-
HOCTM LWenoun q=2% W cTaHAapTU3aLMKM Leno4Yn Mo HOCTU wWenoun q=2% W cTaHAapTM3auuu LenoyYn no
CUNbHOM Kucnorte KHPh

¢ JIJ1s IpoCTOTHI pa3BeieHNEeM IIpeHebperaem.
2014, Tom 6, Ne 2 25




AHanunTnyeckasa Xxmmus

Kpussie Ha puc. 2 u 3 MozenupyroT cuTyanuio, koraa ais oreickanug KTT ucnons3yroT meron mo-
TEHIIHOMETPUYECKOTO TUTPOBAHU 110 3aAaHHoro pH umm TUTpyIOT ¢ uHAUKaTOpoM. Bee KpuBBIe BIU-
ChIBalOTCsl B OKHO morpemnoctedt £0,2 %. Xyxe obcrout neno mis kuciot ¢ pK, = 8. Takue ciadbie
KHCJOTHI Kak opTobopHas (pK, = 9,2) BEIXOIAT 3a TPaHUIBI HAIIMX «OKOH». OOpaTUM BHHUMaHHE Ha TO,
YTO C TOYKH 3pPEHUS] KapOOHATHBIX MOTPEIIHOCTEH MPEeAIOYTHTENbHA CTAaHAAPTH3AaLUS 110 CHIIBHON KH-
ciote. B 3TOM ciydae MOXKHO 3aKaHYMBaTh TUTPOBAHHE C MUHUMAJIBHON MOTPEIIHOCTBIO B OoJiee Mu-
poxoMm untepsaine pH.

Kak oTmeuanoce BeilIe, kKapOOHATHAsI MOTPEIIHOCTh CYILIECTBEHHBIM 00Pa3oM 3aBHCUT OT METOJa
OTBICKaHHUSI TOUYKH 3KBHBaJEHTHOCTH. COBpEMEHHBIE TUTPATOPHI OCHAIIECHBI aITOPUTMAaMH, MO3BOJISIO-
MU 3ddexktuBHO pacnoznaBatk EP mo Touke mepernba u makcumymy Ha auddepeHIHanbHON KpH-
BOM TUTpoBaHUs. [lepBUYHBIM MPU3HAKOM IpH 3TOM sBJsieTcst He pH, a Makcumym nuddepeHunanbHon
KPHBOH, KOTOPBIH KOJIMYECTBEHHO ONHUCHIBAIOT HHACKCOM KPYTH3HBI:

n=20, (1
dp
TJie p — CTeTleHb OTTUTPOBAHHOCTH, TIPHUEM p = 1+3.

Ha puc. 4 u puc. 5 nokazansl 3aBUCUMOCTH MHAEKCOB KPYTHU3HBI BAOJb KPHUBBIX TUTpoBaHusA. C
YMEHBIICHUEM CHJIbI KUCIOT MaKCUMYyMbI Au((epeHInatbHbIX KPUBBIX CMEIIAIOTCS K OOJBIINM 3Haue-
HusSM pH, a B mIKasie morpenHocTei (MK B MIKaje OTTUTPOBAHHOCTH) OCTAlOTCS Ha OJHOM ypoBHe. B
HameM npumepe — 31o O = 1 %. IIpu o0cy)JeHnn pe3yIbTaTOB MOJICIIUPOBAaHUS HA puUcC. 1 MBI OTMeYa-
JIM 3Ty 3aKOHOMEPHOCTB JIJIsl TOYEK Meperuoa.

o e ek
2.0 /\ 20 b /M\
1.5 / /\\ 15 L
AVAVER '

3 10 Z T\
0.5 Z://ﬁ://\‘l 0s /A/\A‘X\

[}
"]

0.0
7 8 9 10 pH 0.0 05 1.0 15 8%
Puc. 4. NHpeKc KpyTU3HbI KPUBbLIX TUTPOBAHUA KU- Puc. 5. MonoxeHne MaKCMMYMOB KPYTU3HbI KPUBbIX
cnot ¢ pK,: 5(1); 6(2); 7(3); 8(4) n 9(5) kak dyHkumsa pH TUTPOBaHUA B LUKarne KapGoHaTHOM MOrpewHoCcTU (napa-
npu cTeneHun 3arpsi3HEHHOCTU Wenoum q =2 % MeTpbl BbIYUCTIUTENBHOIO 3KCNepMMeHTa Kak Ha puc. 4)

B toukax mepern®a MHTErpanbHBIX KPHUBBIX, KAK U B MakCUMyMax AU (epeHINaNbHbIX KPHUBBIX,
KapOOHAaTHas MOTPELTHOCTh COCTABIIAET OJHY U Ty ke BelnnyuHy. [Ipu 3ToM OHa He 3aBHCUT OT IPUPOBI
TUTPYEMOHN KUCIIOTHI U ee KOHIeHTpauu: O = ¢/2. [Ipu nmoacTaHOBKe 3TOro pe3yibraTa B ypaBHeHue (4)
UMeeM:

Aa=8x—8T=(%] —(%) =0. (12)
x T

3arpsi3HeHHs 1IeI0Yl KapOOHATOM He JOJDKHO MPUBOJIUTH K CHCTEMAaTHYECKOM MOTPEeIIHOCTH pe-
3yJbTaTa aHallu3a, €CIM U [IPU TUTPOBAHUM 00pasiia, U MPU CTaHIAAPTH3AINH IEI0YH UCTIONB3YIOT THUT-
pOBaHME 10 TOYEK Iepernda Wik A0 TOYEK ¢ MAKCUMAaJIbHON KPYTH3HOH Ha KPUBBIX THTPOBAHMS. DTOT
BBIBOJI TEOPHUHU MPOBEPHUM 3KCIIEPUMEHTAIBHO Ha MIPUMEPE TUTPOBAHUS OPTOOOPHON KHCIOTHI, [UI KO-
TOpPOM, Kak MBI BUAETH U3 pHC. 2 W 3, TUTPOBaHHE IO 3afaHHOTO pH He MOXeT ObITh BBIIIOJHEHO C
YIOBJIETBOPUTEIBHON TOYHOCTBIO.
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IKCNepUMeHTAIbHAA YacTh

TurpoBanue npoBoaat MerogoM DET mpu KoMHaTHOH TeMmnepaType Ha MOTEHIIMOMETPUYECKOM TUTpa-
tope 905 Titrando ¢ komOuHMpoBaHHBIM pH-35mekTpooM iEcotrode Plus, KoTopslii penBapUTEILHO KaJIHO-
PYIOT 10 TpeM OydepHbIM pacTBOpaM (upmMbl MeTpoM. TUTPaHT TO3UPYIOT U3 CMEHHOM OIOPETKH BMECTH-
MocTei0 10 Mi. B kauectse TuTpanTa npuMenstor pactBop NaOH ¢ HoMuHanbsHON KoHIeHTpanuen 0,1 M,
HPUTOTOBIICHHBIN U3 anMKBOTHI 50 % pacTBopa. JlONOIHUTENBHO B TUTPAHT BHOCWIIM HAaBECKY O€3BOIHOTO
Na,COj; ¢ TakuM pacdeToM, 4To0bl CTEIICHb 3arpsi3HEHHOCTH THTPaHTa KapOOHATOM ObLia Ha ypoBHE 2 %.
enous crangaptusytot mo 0,1 M consHOI KHCnOTe, MPUroTOBIeHHOH u3 ¢ukcanana. TouHbld pacTBOp
OpTOOOPHOI KUCIIOTHI ¢ KoHLIeHTpatei 0,05 M npUroToBISIIOT U3 HaBeCKH BhIcymeHHoro npu 60 °C peak-
THUBA MapKH «4.7.a». AIMKBOTY 10 MJT KHCITOTBI pa30aBIBIIOT B CTaKaHe Uil TUTPOBaHUS 10 60 MiI IUCTHII-
JUpOBaHHON BoAoi. [l 3amutel TuTpanta ot CO, UCTIONB30BaIIH MPEA0XPaHUTENBHYIO JIOBYIIKY C aCKapH-
TOM. /[J11 IPUTOTOBIEHHS PACTBOPOB UCTIONB3YIOT HE cozepxantyio CO, Boy aHATUTHYECKOTO KauecTBa CO
CTENEHBIO OUMCTKH 2, TIOJTyYEHHYIO Ha ycTaHOBKe YIIBA-5.

Pe3yabTaThl M X 00cy:KaeHHE

OKcrepuMeHTaNbHbIE JaHHbIE ObUIM MOJIYYEHBI B XOJ€ CTYJCHYECKOro npakTukyMma. Llensto akcre-
PUMEHTA SBJSUIOCH YCTAHOBJICHHUE MTOKa3aTeIel NpaBUIbHOCTH ONpeAeIeHUs] OOPHOM KHUCIOTHI METOAOM
JMHAMHYECKOT0 TUTPOBAHMUS, KOTJa THUTPAHT CONEPKHUT 3aMETHbIE KojmdecTBa kapOoHara. CoriacHo
JaHHBIM [7], ClyJaiiHash COCTABJIAIONIAs ITOTPEIIHOCTH ONPEICIICHUS JaXke TaKOW a0l KUCIOTHI, KakK
H;BO;, metonom DET ne npessimaer 0,5 %. Ilosromy npumecs 2 % kapboHaTa B TUTPaHTE AOJDKHA
MPUBOJUTh K 3HAYMMOW CHUCTEMAaTH4EeCKON IOTPEIIHOCTH ONpEeAENCHHs KHUCIOThI, €CIM OIMMCAHHBINA
ypaBHeHueM (12) a¢dexT B3auMHON KOMIIEHCALNH O, U Oy OTCYTCTBYET.

DKCIIEpUMEHT MPOBOAMIIM B YCIOBUSAX YACTUYHOW BHYTPHIA00PaTOPHON MPEIIM3HOHHOCTH, TPH KO-
TOPBIX PE3YNbTaThl aHAIM3a MOMYYaal MO OJHON U TOH K€ METOIMKE Ha WACHTHYHBIX IMpodax MmpH Ba-
pHALMU TaKUX MMapaMeTPOB, KaK BPeMsI BBIIIOIHEHHS U aHATUTUKU. [lomyueHsl 4 cepum ONBITOB, BBIOJ-
HEHHBIX Pa3HBIMHU CTYJCHTAMH B T€UCHHE Mecsla (cM. Tabnuily). JJOMONMHUTENBHO B KaXKIOW CEpUU yC-
TaHABJIMBAJIN TUTP LIEIOYH IO TPEM TUTPOBAHUSAM.

Pe3ynbTathl onpegeneHus koHueHTpauum 0,0500 Monb/n ctaHpgapTHoro pacteopa H;BO;

Cepus 1 Ne 0Hpe§ i 3 Cpennee Hucnepcus
1 0,05026 0,05020 0,05029 0,05025 2,210
2 0,05052 0,05042 0,04999 0,05031 8,010
3 0,05062 0,04988 0,05036 0,05028 1,410
4 0,05028 0,05001 0,05017 0,05015 1,8-10°

Tpumeuarue. x = 0,05025; s, = 0,49 %; 55 = 0,42 % ; © = 0,00025; 1 = 3,7 < £(0,05:3) = 4,2.

[okazarenu TOYHOCTH, IPABHUIILHOCTH U MPEIU3NOHHOCTH METOAMKH MONYYaly npu o0opaboTke pe-
3yJILTATOB MO CTaHJAaPTHOMY JITOPHUTMY, onrcaHHOMY B [11]. Pa3Opoc pe3ynbTaToB 10 Beel COBOKYTI-
HOCTH JJaHHBIX B TaOMI. 1 XapakTepu3yloT NpeaBapUTelIbHbIE CTATUCTUKY, TpUBeAcHHBIE B Tpade «Cpea-
Hee» U rpade «ucnepcus». Pasnuuus aucnepcuii B cepusax OKa3aducCh HE3HAYMMBIMH 110 KPHUTEPHIO
Koxpena. [loaTomy HaiiieHHbIE CTaTUCTHKH MCIIOJIB30BAIM JUISI OLEHKHU TOKa3aTessl TIOBTOPSIEMOCTH B
BUZIE CTaHAAPTHOTO OTKJIOHEHHS MOBTOPSEMOCTH S,, OLEHKH CTaHAAPTHOTO OTKJIOHEHHUS! BOCIPOU3BO-
OUMOCTH Sg W MOKa3aTessl NPAaBUIBHOCTH KaK MaTeMaTH4eCKOro OXHUIAHHUA CHCTEMAaTHUYECKOW MOrpem-
HOCTH METOJMKH aHain3a — ®. 3HaueHHs 3THUX MoKa3aTenell IpuBeIeHb! B IPUMEYAaHUH K TaOnuIe.

OTmeTHM, 4TO MpH CTaHIAPTU3ALMH [IEJTOYH OLIEHEHHBIN 110 BCEM OINbBITaM IMOKa3aTeslb KUCIOTHO-
ctu B KTT naxonuncs B unteppane pH, = 7,84 + 0,04 pu P=95% un=12, a pH B KTT nnsa H;BO,
nokanu3oBaH B npenenax pH, = 10,50 + 0,03.

CornacHo Teopud, paBeHCTBO (12) crpaBeIMBO, TOIBKO €CIM TUTPOBAHUE CHIBHOW KHCIOTHI 3a-
kanuuBaioT B EP(2), cMm. puc. 1, a. IIpu atom anroputm DET opuentupyetcs ne Ha pH,, a Ha ciennaisb-
ueid kputepuit ERC, ocHoBanHBIH Ha mpouenypax IuddepeHunpoBanus. ¥Y30cTh ananasona pH, koc-
BEHHO yKa3biBaeT Ha s¢exruBHOCTs MeToaa DET.

KauecTBo MoOTydeHHBIX pe3yJbTaTOB HE B MOCIEIHIOK Ouepe/lb 0OYCIOBICHO CTAOMIBHOCTBIO TUTPA
IIEeJI04H, KOTOPBIi B T€UEHHE MECSIIa OCTaBaJICS IPAKTUYECKH HEM3MEHHBIM C TIOrpettHocThio 10,3 %.
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l'umoTe3s! 06 OTCYTCTBUH CHCTEMATHUECKO MOTPEIIHOCTH HalllIa MOATBEPKIACHNE TIPU €€ ITPOoBep-
K€ 10 JBYXCTOpOHHeMY KpuTeputo CThiofieHTa ¢ 5%-HBIM ypOBHEM 3HAUYMMOCTU U TPEMs CTEIEeHAMHU
cBoboasl. (Ilpu BeIUMCIEHNH t-CTATHCTUKU OTHOCHTENIBHYIO HOTPEIIHOCTH aTTECTOBAHHOIO 3HAYCHHUS
koHueHTpauu H;BO; npunsiun pasHo#t £0,2 %.) Takum 00pa3zom, TpaHHUIIbI, B KOTOPBIX HEYCTpaHEHHAS
CHCTEMaTH4ecKas MOTPEeLIHOCTh HaxoauTest ¢ P =95 % MOXHO 0XapaKTepu30BaTh OTHOCHUTEIBHOH MO-
rpemrHOCThIO * 0,5%. Torga xak Hama menousb comepxut 2 % 1/2Na,CO;. [loaToMy MOXXKHO CUWTATh,
YTO ONMHMCaHHBIN ypaBHeHUeM (12) addeKkT B3auMHONH KOMIEHCAIIMH O, M Or HAXOJUT IKCIEPUMEHTAIIb-
HOE TIOATBEPKACHHUE.

BriBoabI

1. IpemioxkeHo ypaBHEHHE IJIs1 MOACIMPOBAHUS BIHMSIHUS MPUMECH KapOoHaTa B LIENOYH HA IO-
TPEIIHOCTH AJKATUMETPUIECKOTO TUTPOBAHUS CIa0BIX KHCIIOT.

2. W3 ananu3za Mojieneil cienaH BBIBOJL O TOM, YTO €CJIM THUTPOBAHUE 3aKAaHYMBAIOT B TOUKE IEpe-
ru0a KpUBOM TUTPOBAaHUS (WM B MakCUMyMe Tu(QepeHInanIbHON KPUBOK), TO NOTPEIIHOCTh TUTPOBA-
HUsI, OOYCIIOBIICHHAs 3arpsI3HEHUEM IIETIO0YM KapOOHATOM, Majio 3aBHCHUT OT NPUPOABI KUCIOTHI U €€
KOHIICHTPAIMX, U Il BCEX KHCIIOT COCTABJISIFOT OJIHY M Ty K€ BEIMUYHHY, PABHYIO ITOJIOBHHE CTEIICHU
3arps3HEHHOCTH IIEI0YU KapOoHaToM: O = ¢g/2 .

3. Hanbl onpezneneHus: KapOOHATHON MOTPEIIHOCTH AJKATUMETPUH B MIMPOKOM (O) U y3KoM ()
3HaYCHUH TEPMHHA U MIOKa3aHO, YTO & = J, + O, TAe O, — MOTPEIIHOCTh METOa HAXOXKICHUI TOUKU K-
BUBAJICHTHOCTH.

4. TloxazaHo, 4TO TIpH 00PabOTKE Pe3yIbTATOB ANKATUMETPUH TTOTPEITHOCTh YCTAHOBIICHHS TUTPA
HIeJIOYH Oy M TOTPEIIHOCTh TUTPOBAHUS KUCIOTHI O, 00ECIIEYMBAIOT B3aMMHYIO KOMIICHCAIIUIO PYT
npyra. [Ipuuem 3¢ pekTHBHOCTh KOMIIEHCAITNH KapOOHATHBIX IMTOTPEITHOCTEH 3aBUCHT OT criocoda ycra-
HOBJICHUSI TOUYKH YKBUBAJICHTHOCTH.

5. ChopMynupoBaHO TpaBWiO Ui HUBEIUPOBaHUS KapOOHATHBIX morpemHocteit  pH-
METPHUYECKOT'O TUTPOBAHUSI, COTJIACHO KOTOPOMY THTPOBAHHE HAJIO MPOBOJIUTH TEM K€ METOJOM, KAKHM
yCTaHABIUBAIU TUTP Iuenouu. llpuuemM mpeamouTUTENbHBIMU SBJISIOTCSA METOJBI MaKCUMAaJIbHOM KpY-
tu3Hbl, Takue kak DET u MET ¢upmer Metpom nim meton Touku neperuda Ty00ca.

6. BBIBOABI TEOpHM HAIUIM MOATBEPXKACHUE MPU UCCIEAOBAHUU CTaHAAPTHBIM anroputMoM PMIT
61-2003 moka3zaTens MpaBUIBHOCTH ONPEAETICHUS OPTOOOPHOI KHCIOTHI.
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TO THE THEORY OF CARBONATE ERROR
AT PH-METRIC TITRATION WEAK ACIDS

V.I. Golovanov, South Ural State University, Chelyabinsk, Russian Federation, vlagolo@yandex.ru

A theory of carbonate error of pH-metric titration has been developed. The rule of the
carbonate error elimination has been formulated. It has been shown that the best way of
error elimination is titration, at which the equivalence point is estimated by means of the
maximum slope method both for alkali standardization and for the analyte titration.

Keywords: potentiometric titration, acid-base titration, automatic titration, equili-
bria modeling, theory of chemical analysis errors.
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OPTIMIZATION OF KINETIC DETERMINATION OF IODATE
BY METHYL ORANGE OXIDATION IN THE PRESENCE
OF HYDRAZINE

E.L. Danilina, South Ural State University, Chelyabinsk, Russian Federation, deicu@mail.ru
L.T. Agliullina, Chelyabinsk State University, Chelyabinsk, Russian Federation

Instead of the fixed time method the difference in induction periods of decolori-
zation of a blank solution and a sample solution has been suggested as analytical sig-
nal for iodate ion determination by Landolt reaction of methyl orange with potas-
sium bromate in the presence of hydrazine. Optimal conditions are: 0.024 M H,SOy,,
2:10°M methyl orange, (5-6)-10° M KBrOs, 1.10”° N,H,. Calibration curve is linear
in (0.06-2.4) pg/mL range, reproducibility error is less than 2.7%, relative error of
determination is less than 3.3 %, for aqueous solution analysis.

Keywords: kinetic analysis, photometric analysis, iodate, Landolt reaction, induction
period, methyl orange, bromate, hydrazine.

Introduction

The important role of iodine in human nutrition is stressed by the World Health Organization, as
estimated 2 billion people, including 285 million school-age children, are iodine deficient [1]. lodine
exists in a variety of forms reflecting either the environment in which it is found. For example, the total
iodine content of seawater (approximately 50-60 pg/L) is believed to be composed of iodate (30—
60 ug/L of I) and iodine—iodide (0-20 pg/L) with perhaps a few ug/L of organically bound iodine [2].
The bioavailability of organic iodine, especially associated with macromolecules, is low, whereas I” and
I0;™ have high bioavailability [3]. For example, determination of iodate in salt samples is of considera-
ble importance as the amount of iodate in the salt samples may vary with environmental conditions, the
nature of transport, packing conditions, and cooking methods. The same is true about iodate content in
aqueous solutions [4].

There are various analytical methods for determination of iodate in natural waters and iodized salt
samples. Chromatographic systems coupled with various detectors became the basic tool in many ana-
lytical laboratories. Routine analysis of iodine compounds can be carried out by means of gas chromato-
graphy and high performance liquid chromatography. Analysis of inorganic iodine species in waters is
mainly carried out with the use of ion chromatography or chromatography-mass spectrometry [5—8].
Most of the techniques are complex and involve sophisticated instruments and complex procedures.

Spectrophotometric analysis continues to be one of the most widely used analytical techniques avail-
able. Thus, in seawater the iodine species of interest are first converted to iodate. Then the iodate is reacted
with acid and excess iodide to give iodonium ions, [I;], which are detected spectrophotometrically at 350
nm [2]. Some researchers reported that the spectrophotometric methods for the determination of 10;™ are
based on its reaction with the excess I to liberate I, which forms triiodide; its absorbance is measured at
349 nm [9]. lodine species like iodide, iodine, iodate, and periodate can be determined by a sensitive spec-
trophotometric method that involves the oxidation of hydroxylamine to nitrite with iodate under acidic
condition. The formed nitrite is determined based on the diazo coupling reaction. The method obeys Beer's
law in the concentration range 1—15 pg of iodate in an overall aqueous volume of 10 mL at 545 nm and the
color is stable for 3h [10]. Some authors recommend using separation methods, such as liquid-phase mi-
croextraction [11]. A sensitive spectrophotometric method for determination of multiple iodine species,
such as iodide, iodine, iodate and periodate has been described, involving oxidation of iodide to ICl, in the
presence of iodate and chloride in an acidic medium. The formed ICl, bleaches the dye methylred. The
decrease in the intensity of the colour of the dye is measured at 520 nm. Beer's law is obeyed in the con-
centration range 0-3.5 pg of iodide in an overall volume of 10 mL [12].

It is possible to enhance the selectivity of spectrophotometric determination, using kinetic methods,
in which the analytical signals are differentiated by the difference between the rates of reactions. Using
the same reaction with iodide in acidic media it is possible to determine periodate-bromate and iodate-
bromate mixtures simultaneously, by the H-point standard addition method [13]. Kinetic spectrophoto-
metric methods, which are based on the reaction found by Sandell and Kolthoff, set the foundation for
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the development of different methods for the determination of iodine in environmental samples (mostly
water). Kinetic determination of iodate is based upon its catalytic influence upon the reaction between
ammonium cerium sulphate and arsenious acid; as iodide and iodine catalyze the same process, it is
possible to determine iodate after extraction of iodide-iodine into chloroform as an ion pair with the te-
traphenylarsonium cation [14]. It has been shown that during determination of iodate with starch-iodide
the intermediate triiodide ion is produced in consecutive reactions, with the products absorbing at 291,
354 and 585 nm; in the reaction time of 180 s the widest linear range (0.05-1.0 ug/mL) and the lowest
detection limit is found at 354 nm. The authors have suggested simultaneous kinetic determination of
iodate and periodate, based on consecutive reactions [15, 16].

Using organic dyes, it is possible to increase the sensitivity of kinetic photometric determination
and carry out the measurement in the visual light. For example, a sensitive kinetic-spectrophotometric
method has been developed for rapid determination of trace quantities of iodate. The method is based on
the accelerating effect of iodate on the reaction of bromate and hydrochloric acid, with the product of the
reaction decolorizing methyl orange. It goes very fast in acidic medium, but the presence of hydrazine
conveniently slows it. The reaction is monitored by measuring the decrease of absorbance at 525 nm.
Fixed time method (at 150 s) has been used, the concentration range for iodate is (0.03—1.2) pg/mL
[17]. The method for the simultaneous determination of iodate and periodate is based on their reaction
with pyrogallol red in sulfuric acid medium. The decrease in absorbance of pyrogallol red is measured at
470 nm, the kinetic data is processed by principle component artificial neural network. The constructed
model is able to predict the concentration in the range of 0.1-15.0 and 0.1-17.0 pg/mL for iodate and
periodate, respectively [18]. In another method the reaction between iodate, excess iodide, and acid has
been used, and the iodine liberated is allowed to react with variamine blue dye in the presence of sodium
acetate to yield a violet-colored species. The absorbance values are recorded at 550 nm in the intervals
of 30 s till 30 min. The fixed time of 5 min has been chosen for measurement (time of equilibration is 20
min). The calibration curve is linear in the concentration range of 2—30 pg of iodate in a final equilibra-
tion volume of 10 mL [19].

The chemical system, described in [17], has attracted our attention. The fixed time method is sim-
ple, of course, and does not require any special calculations, but the time of measurement in a system
that has not reached equilibrium should be very carefully kept, as well as the determination conditions.
An example of this is the necessity to equilibrate all the reactant solutions at 30+0.1 °C before beginning
of the reaction [17]. The chemical process itself is identifiable as one of Landolt reactions, and there are
various possibilities of getting information from them, such as induction period measurement, tangent
method, and various differential curves [20].

The present paper studies the possibilities of iodate kinetic determination using the induction pe-
riod of Landolt reaction of methyl orange with potassium bromate in the presence of hydrazine and op-
timization of conditions for analysis of iodate in aqueous acidic medium.

Experimental

A standard solution of iodate ion 1000 pg/mL was prepared by dissolving 0.3100 g of analytical-
grade reagent potassium iodate KIOs in distilled water and diluting to the mark in a 250-mL volumetric
flask. Working solutions were prepared daily by precise diluting in distilled water.

A stock solution of hydrazine 0.020 M was prepared by dissolving 0.5248 g of analytical grade
reagent N,H,;-2H,0 in distilled water and diluting to the mark in a 250-mL volumetric flask. Working
solutions were prepared daily by precise diluting in distilled water.

A stock solution of potassium bromate 0.100 M was prepared by dissolving 1.670 g of analytical
grade reagent KBrOj; in distilled water and diluting to the mark in a 100-mL volumetric flask. Working
solutions were prepared daily by precise diluting in distilled water.

A solution of sodium chloride 2.0 M was prepared by dissolving 11.686 g of analytical grade rea-
gent NaCl in distilled water and diluting to the mark in a 100-mL volumetric flask.

A solution of methyl orange 3.05-10* M was prepared by dissolving 0.010 g of C;4H;4,N;SO;Na in
distilled water and diluting to the mark in a 100-mL volumetric flask.

Sulfuric acid solutions 2.0 M and 0.22 M were prepared by appropriate dilution of the concentrated
acid H,SO,.

The procedure of iodate determination was as following: a suitable aliquot of a working solution, in
the range 2-240 pg of iodate, was transferred into a 100-mL volumetric flask containing 25 mL of
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3.90-10”° M hydrazine solution, 11 mL of 0.22 M sulfuric acid solution and 28 mL of 2 M NaCl solu-
tion. Then 8 mL of 2.44-10° M methyl orange solution was added, and the solution was diluted to ap-
proximately 80-85 mL with distilled water, 10 mL of 5.11-10* M KBrOs solution was added, and the
solution was diluted to the mark with distilled water. (The parameters belong to the optimized proce-
dure, during the investigation itself concentrations were changed in a wide range, though the order of
addition was maintained.) A portion of the solution was transferred into a 1 cm glass cell, the absor-
bance change in time was measured in reference to distilled water at wavelength 490 nm, with the use of
photocolorimeter KFK-2MP, each 20 seconds beginning with diluting to the mark. Then the induction
period was calculated, it was assumed to be the point of intersection of two linear parts of a kinetic
curve, calculated with the use of the least-squares procedure. The blank solution, containing all the rea-
gents except iodate ion, was submitted to the same procedure.

Results and Discussion
In acidic media in the presence of potassium bromate methyl orange is decolorized by reason of its
oxidation. The oxidizing agents are the products of the reaction of bromate ion with the added excess of
chloride ions, that is, Cl, and Br:
2BrO;” + 10CI" + 12H" — Br, + 5Cl, + 6 H,0.
The produced chlorine and bromine react with methyl orange and decolorize it:

— HO@N(CHs)z + x—@—sosH +N,+ X

(X=Cl; Br)

The more acidic the medium, the faster the decolorizing goes, it becomes more difficult to monitor
the rate of colour change, which is the basis of kinetic determination. Though if some amount of hydra-
zine N,H, is added to the solution, the reaction slows down. The inhibiting influence of hydrazine is ex-
plained by its reaction with Cl, and Br,, hence, it is a Landolt reactant:

2X, + NoHy 2 Ny + 4H™ + 4X.

The Landolt process can be described as follows:

(1) slow reaction: A + B — P,

(2) fast reaction: P + L — Y.

As the second reaction is much faster, than the first one, its product (P) can be detected only when
the “Landolt reactant” (L) is completely consumed as the result of the second reaction. The colour
change in the system is observed only after a certain induction period, which provides a possibility to
determine the catalyst concentration by the duration of the induction period, and after it ends, the reac-
tion (decolorization, in this case) becomes noticeable.

Thus, the method, based on the Landolt effect, is considered a variation of the fixed concentration
method. Usually it is used to determine the concentration of the Landolt reactant itself, and our data also
indicate that hydrazine concentration significantly slows down the decolorization (Fig. 1). The greater is
the amount of N,H, in a solution, the greater is the induction period of this Landolt reaction. At a very
small concentration no induction period is observed. However, in the presence of iodate, even in micro-
quantities, the reaction rate increases. The reason is that iodate ion reacts with hydrazine:

4105 + 5NHy + 4H 25N, + 12H,0 + 2 L.
It is interesting to note that the change in iodate concentration has a different impact upon the usual
ways of representation of the reaction rate, such as the slope ratio of the linear part of a kinetic curve
(tangent) and its induction period. Experimental investigations has shown that the kinetic curve slope

angle changes but little, whereas the dissimilarity of the induction periods is obvious and can be ex-
pressed in proportion to concentration, as shown on Fig. 2.
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Fig. 1. Absorbance-time plots for the Landolt reaction
of methyl orange with bromate in the presence of hydra-
zine C(MO) = 3.0510° M; C(H.SO,) = 0.2 M; C(KBrO;) =
2.410* M; C(105) = 0.6 pg/mL; C(NaCl) = 0.56 M;
A =490 nm; /=1 cm; C(N:H,): 1 - 4.6810° M; 2 - 2.6510° M;
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Fig. 2. Absorbance-time plots for the Landolt reaction of
methyl orange with bromate in the presence of hydrazine
and iodate C(MO) = 3.05.10"° M; C(H,SO,) = 0.2 M; C(NzH,) =
1.5610° M; C(KBrO;) = 2.410* M; C(NaCl) = 0.56 M;
A =490 nm; /| =1 cm; C(l05): 1 — 0; 2 — 0.03 pg/mL;

3-3.2810°M; 4-4.5210°M; 5—7.49-10° M 3-0.6 pg/mL; 4 — 1.2 pg/mL

As in the presence of hydrazine at zero concentration of iodate an induction period (of greater dura-
tion) also exists on the kinetic curve, during investigation of optimal conditions for the reaction the dif-
ference between the induction periods of the reaction in the blank solution and iodate-containing solu-
tions (Ati,g) has been chosen as the analytical signal — if the reaction accelerates, the induction period
decreases and the difference increases. The absolute value of absorbance does not play any role.

With increasing concentration of KBrO; the induction period decreases: thus, at 1.92-10° M it is
equal to 810 s, while at 2.50-10* M it equals 50 s at the same iodate concentration 0.6 pg/mL; in the
absense of iodate the induction period also decreases from 939 s to 55 s. The greatest difference corres-
ponds to KBrO; concentration 5.76:10° M

(Fig. 3). At greater concentrations the val- A4t(’)§_
ues of the analytical signal fluctuate to a
. . . 350 1
little degree near the zero line, which can
perhaps be explained by nonoptimal condi- 3001
tions. 2501
This is observed at quite high acidity 2001
chosen in [17], where the determination is 150 1
carried out by the fixed time method. Op- 100 -
timizing the conditions of the Landolt 50 -
reaction in order to use the induction pe- 0 : . . 10N
riod as the analytical signal, we have come 50 - 5 10 15 v\‘;o 25

to the conclusion that the sulfuric acid
concentration should be decreased: the
greater its concentration, the smaller is the
induction period, therefore, the possibility
to change its duration as the consequence
of iodate ion presence also diminishes.

At the chosen KBrO; concentration the study has been conducted into the influence of H,SO, con-
centration upon the difference of the induction periods of the blank solution and the iodate-containing
solution. The negative values of the difference in the ascending branch of the curve indicate that at too
low concentrations of sulfuric acid the influence of iodate ion upon the reaction rate is more apparent
than the acidity influence. The data are plotted on Fig. 4. The graph shows that the optimal concentration
of sulfuric acid is equal to 0.024 M in the solution prepared for photometric measurement.

Under lower acidity other optimal concentrations of reagents change also, specifically, the concen-
tration of hydrazine, which serves as an inhibitor to the reaction, and the induction period is the function
of hydrazine concentration at that (Fig. 1). After conducting the experiment at chosen conditions accord-
ing to the procedure described above, the plot on Fig. 5 has been obtained.

Two peaks of reaction acceleration can be observed on this curve (at the values of hydrazine con-
centration 3.90-10 ® M and 8.74-10 ® M, both are lower than the optimal value in more acidic medium
[17]). The Landolt reaction of methyl orange with potassium bromate is sequential: hydrazine consumes

C(KBrOs), M10°

Fig. 3. Effect of potassium bromate concentration on the differ-
ence of induction periods. C(MO) = 3.05-10° M; C(H,SO,) = 0.2 M;
C(NaCl) = 0.56 M; C(N,H,) = 1.56-10° M; C(I0s) = 0.6 pg/mL;
A=490nm;/=1cm
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Fig. 4. Effect of sulfuric acid concentration on the differ- Fig. 5. Effect of hydrazine concentration on the difference
ence of induction periods. C(MO) = 3.05-10° M; C(N;Hs) = of induction periods. C(MO) = 3.0510° M; C(H,SO,) =
1.56-10° M; C(NaCl) = 0.56 M; C(KBrO;) = 5.76:10° M; 0.024 M; C(NaCl) = 0.56 M; C(KBrO;) = 5.76-10° M;
C(10™) = 0.6 pg/mL; A = 490 nm; /=1 cm C(10™) = 0.6 pg/mL; A = 490 nm; /=1 cm

the product of the indicator reaction, iodate uses up hydrazine — as this takes place, the duration of the
induction period is determined by the rates of both processes separately. Apparently, as the conditions
change, either the rate of one process prevails, or the rate of the other. We have chosen the second peak
for further experiments: though it is narrower, the analytical signal is almost twice as high.

Paradoxically, the influence of the dye (methyl orange) concentration manifests itself, the graphs
are plotted on Fig. 6. Comparing the induction periods of decolorizing for the iodate-containing solution
and the blank solution, it can been seen that up to a certain limit (approximately 3-10° M of the dye) the
pattern is as usual, that is, iodate accelerates the reaction. However, after this the induction periods cease
to differ, specifically in the concentration area 3.05-10° M, chosen for the fixed time method. In our
experiments methyl orange concentration 2-10° M has been adopted. Certainly, decreasing concentra-
tion of the dye affects the absolute value of absorbance: it decreases (from 1.0 to 0.8), though it still
stays within the optimal interval, in which the error of absorbance measurement is minimal. The analyti-
cal signal is not affected at all: both the horizontal part of the kinetic curve and the descending branch
contain enough points for finding the induction period as the point of intersection.

At the chosen optimal conditions the calibration graph has been plotted, it is shown on Fig. 7. The
linearity interval is twice as wide compared to the fixed time method [17], up to 2.4 pug/mL of iodate ion
in solution. At higher iodate concentration the induction period of the Landolt reaction decreases to val-
ues less than 50 s, in consequence there are too few points on the horizontal linear part of the kinetic
curve, and the calculation of the intersection point with the use of the least-squares method is made too
difficult. The calibration graph for iodate determination, treated by the least-squares method, corres-
ponds to the linear regression equation Y = (7.5+7.8) + (68.7+5.7) X, with correlation coefficient 0.997.

t, s At
250 150 4
200 - 1
100 +
150 4
2
100 50 -
50
0 T T 1
° 0 1l0 2|0 3]0 0 ! 2 3
. C(103), pg/mL
CMO! M10

Fig. 6. Effect of methyl orange concentration on the induc- Fig. 7. Effect of iodate ion concentration in the photometric
tion period of blank and iodate-containing solutions. system on the difference of induction periods. C(MO) =
C(N;H.) = 9.6-10° M; C (H,SO,) = 0.024 M; C(NaCl) = 0.56 M; 1.9510° M; C(N;H.) = 9.6-10° M; C(KBrO;) = 5.76-10° M;
C(KBrOs) = 5.76-10° M; C(I0;) = 0.6 pg/mL; A = 490 nm; C(NaCl) = 0.56 M; C(H,SO,) = 0.024 M; A = 490 nm; /=1 cm
I=1cm C(I05): 1-0; 2-0.6 pg/mL

34 BectHuk KOYpIlY. Cepusa «Xumusa»



Hanununa E.N., Aenuynnunxa J1.T. Onmumu3ayusi KuHemu4eckoao onpedesieHUs1 uodama
nymem oKucsieHUsi MemuJsiopaHka e npucymcmeuu 2udpa3uHa

In order to evaluate the metrological characteristics of iodate ion determination by the suggested
method we placed the known amounts of the standard solution of iodate into 100-mL volumetric flasks
(in 6 replicate aliquots), added the necessary reagents according to the experimental procedure above,
measured the absorbance change in time in 20-second intervals, calculated the induction periods as the
point of intersection of linear parts of the kinetic curve got with the use of the least-squares method. The
blank solution, containing all the reagents except iodate ion, was submitted to the same procedure. After
calculation of the difference of induction periods we found the iodate ion concentration in the analyzed
solution using the linear regression equation above.

Evaluation of metrological characteristics has been carried out on the basis of conventional statistic-
al criteria. The results are shown in Table 1.

Table 1
Evaluation of iodate determination errors (P = 0.95, tp; = 2.57)
At, s | XypgmL | X | S | AC | aCc/i0)100% | 8%
present in sample: C(I0;) = 0.6 ug/mL
47.9; 46.7; 48.7, 0.59; 0.57; 0.60; o o
46.9; 47.4; 46.0 0.57; 0.58; 0.56 0.58 0.0148 1 0.0156 2.7% —3:3%
present in sample: C(I0;) = 1.2 ug/mL
90.5; 90.0; 91.3; 1.21; 1.20; 1.22; 0 o
90.7: 92.1: 91.1 121 1.23: 1.22 1.215 | 0.0105 | 0.011 0.91% +1.3%

According to Table 1, the reproducibility of the results of iodate determination is expressed by the
relative error 2.7 % for the lowest concentration, while the relative error of accuracy proves to be —
3.3 %. Increasing iodate concentration, we get both metrological characteristics appropriately smaller,
namely 0.91 % and +1.3 %, respectively. The metrological parameters are consistent with determination
of iodate ion by fixed time method (for 10 replicate samples with concentration 0.5 pg/mL
RSD = 1.15%, & = 1.60 %, and for 1.0 pg/mL RSD = 0.92 %, & = 1.20 % [17]), and, in fact, with any
other optimized photometrical method.

Conclusion

1. Application for iodate ion determination of the induction period of Landolt reaction of methyl
orange with potassium bromate as the analytical signal, independent of the absorbance absolute value,
has made it possible to stabilize the results compared to the fixed time method, described earlier; among
other factors, it is no longer necessary to equilibrate the whole set of reactant solutions in a thermostat at
30+0.1 °C before beginning of the reaction.

2. The optimal conditions of determination are: the concentration of methyl orange is 2-10° M, po-
tassium bromate is (5—6)-1075 M, hydrazine is 1-10° M, sulfuric acid is 0.024 M; all of them are smaller
than those used earlier.

3. The metrological characteristics of iodate ion determination are as follows: calibration curve is
linear in (0.06-2.4) pg/mL range, twice as much as in fixed time method, reproducibility error is less
than 2.7%, relative error of determination is less than 3.3 %.
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oNnTUMN3ALUNA KWHETUYHECKOIO ONMPEAENIEHUA MOOATA
NMYTEM OKUCIIEHUA METUNOPAHXA
B NPUCYTCTBUU TMOPA3UHA
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Bwmecro MeToma (pUKCHPOBaHHOTO BpEMEHH OBLIO MPEIJIOKEHO HCIIONB30BATh pas3-
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BNUAHUE CTPYKTYPbI COMNOJIUMEPA
BYTUIIMETAKPUINATA U METAKPUITOBOU KUCINOThbI
HA EF'O TEPMMWYECKOE NOBEOEHUE

O.U. Kponayeea, N.[. DwuHa, B.U. Bamanoe

H3y4yeHo Tepmuyeckoe nosenenne cononumepos BMA u MAK cxogHoro cocra-
Ba M Pa3JIMYHOI CTPYKTYPHI — CTATUCTHYECKOTO U 0J10YHOTO cTpoeHusi. C NoMoLIbI0
Metoa0B TI' u JICK noka3aHo, 4To 0JIOK-CONOJIUMEP MeHee YCTOWYUB K JIeiiCTBHIO
BBICOKHX TeMIlepaTyp, 4eM cTaTHucTH4YeckHii. PaccuuTaHbl aKTMBALMOHHBIE Mapa-
MeTpbl A5 craguil Tepmudeckoro pasnoxenuss IIBMA u IIMAK u ux conojmme-
poB. Ilokazan romouTHYeCKUH MeXaHU3M TepMuyeckoil necrpyxkuuu 1is [IBMA u
cmemianubli — 151 IIMAK u comosmmepoB. i conosiuMepa 0JIOYHOTO CTPOEHUS
NMOKA32aHO HHUIMHPOBAaHME AECTPYKIHUH B MECTaX COeJUHEHHs 0JI0KOB IO CIIMBAIO-
1eMYy areHTy.

Kniouegvie cnosa: 6Gymunmemaxpuniam, Memakpuniogas KUciomd, CONOIUMEDDL,
mepmospagumMempudeckull aHaus, oug@epeHyuanvHas CKAHUpyIoOwas Kaiopumempus,
Mmacc-cnekmpomempus.

[MomubyTunmerakpmnat (IIBMA) u ero comoiuMepsl HaXOAAT IMIMPOKOE IPUMEHEHHE B KJIICEBBIX
COCTaBax, JAKOKPACOUHBIX MOKPBITUSIX, MaTepuaiax Ajsl PecTaBpalOHHBIX paboT W T. I. Omaronmaps
CBOEH MPO3PAaYHOCTH, XOPOIINM IIIEHKOOOPA3yIOIINM CBOHCTBAM, BBICOKOH aare3uu K pa3anyHbIM IOA-
JIOJKKaM, MOBBIIICHHON OHO- U atMocdepocToiikoctu [1]. ComonumMeps! 0J10YHOIO CTPOSHUS UCIIOJIB3Y-
10T JUIS YJIyYLICHUS! COBMECTUMOCTH IOJIMMEPHBIX KOMIIOHEHTOB B pacTBopax M cMmecsax. Mudopmanus
00 0COOEHHOCTSX TEPMHUUYECKOTO TIOBEICHHSI COTTOJMMEPOB BasKHA [Tl IPOTHO3UPOBAHMS CPOKaA CITY>KOBI
MaTepraoB Ha UX OCHOBE.

Panee mpoBogmnch uccienoBanus repmudeckoit nectpykuuu IIMAK u ee coneit [2], a Takxke co-
nonumepoB MAK c Bunmnanerarom [3]. M3BectHO, uTo Tepmuueckas nectpykiws IIMAK mporekaer B
JIBE CTaJMH: HA TIEPBOM 3Tare MPOMCXOAMT OTILEIUICHHE MOJIEKYJ BOJBI OT COCETHUX KapOOKCHIIBHBIX
rpymi ¢ 00pa3oBaHUEeM aHTHIPUIHBIX 3BEHbEB, 3aTeM Ipu Temmeparypax 350450 °C npoucxonut 60-
nee riyOokoe pasznokeHue nonumepa. CBeleHHS O COCTAaBE MPOIYKTOB TEPMHUECKOTO Pa3IOKEHUS
I[IMAK Ha BTOpO# cTaguu Ipoliecca HEOJAHO3HAUHBI: BBHICKA3BIBAIOTCS MPEATNONOKEHU 00 OJHOBpe-
MEHHOM MPOTEKAHUHU JCTIOIMMEPHU3AIUN U AeCTPpyKIuu [2], mub0 yTBepKAaeTcs 0 1eKapOOKCUIHPOBa-
HUM U HE3HAUYUTEIHHOM BBIJCICHUM MOHOMEpA, a TaKKe 00pa30BaHUU apOMATHYECKHX CTPYKTYp HpHU
temneparypax 420440 °C [3].

B nannoit paboTe nmpencTaBieHsl U 00CYKIAIOTCS pe3ybTaThl TEPMOTPaBUMETPUYECKOTO, TEPMU-
YECKOT0 U Macc-CIEKTPOMETPUYECKOro aHann3a cononuMepoB BMA m MAK paznudHOl CTpyKTypsl
CXOJHOTO MOHOMEPHOTO COCTaBa.

JKcnepUMeHTAIbHAA YacTh

B kadecTBe OOBEKTOB HMCCIECAOBAHHS HCIIOJIB30BAJIM CTATUCTHYCCKUH M OJOYHBIA COMOIMMEPHI
BMA u MAK co cxonsbsM coaepxanneM 3BeHbeB MAK. Cratuctuuecknii cononuMep noxyqand pajgu-
KaJIbHOW COTONMMEpH3aIiel MPH UCXOTHOM COOTHOIIEHHH MOHOMepoB 3:1 [4]. biouHslil comonumep
NOJyYaad IMyTeM COoequHEHUs 3apaHee cuHTe3upoBaHHBIX IIBMA n IIMAK c O6nu3kumu MoiekyIsip-
HeIMH Maccamu (MM) ¢ moMoIpio TodywIeHANM3onuanara B nupuanHe. [lomydeHHbie cOmoIMMepsl
BBICAKIANIM B T€KCAaH, MHOTOKPATHO MPOMBIBAJIM TOpsSYei BOJON M PACTBOPUTENSAMU AJIS YAAJIECHUs TO-
MoronuMepoB. CocTaB COMONMMEPOB ONPEEISUIA METOJIOM TUTPOBaHUS KapOOKCHIIBHBIX IPYII pac-
TBOPOM I1e704Hd. J{J1s1 oKa3aTebCTBa GJIOUHOTO CTPOSHHSI BTOPOTO COIMOJIMMEpPA U PacdeTa ero CocTaBa
UCIIOJIB30BAIIM MeTO/ MU depeHInanbHON CKaHupyIolIel kajgopuMeTpun Ha mpudope Mettler Toledo
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DSC 822° ¢ ucnons3oBanueM mnporpammuoro odecredenus STAR 1o meroauke [4]. CreneHs moauauc-
MEPCHOCTH HCCIIEAYEMbIX O0pa3loB ONpeNessiIdi METOAaMHU T'ellb-IIPOHUKAIOMIEH XpoMmarorpaduu u
BHUCKO3UMeTpuu. MosnekyssipHo-mMaccoBbie xapakTepuctuku [IBMA, [IMAK u ux comonumepoB mnpea-
CTaBJICHBI B Ta0I. 1.

Kak cnenyer u3 tabn. 1, Giok-comonnmep XapakTepU3yeTcsi CBOMCTBAMU O0OMX TOMOIIOJIMMEPOB;
cootHourenue 010koB [IBMA u I[IMAK B comonumepe, onpeeieHHOe U3 COOTHOLIEHUS IIIoMIaiei Ha
kpuBoit ICK, cocraBuio 2:1. Takum oOpa3oM, oba comoirMepa MMEIOT CXOIHBII MOHOMEPHBIH COCTaB.

TepMorpaBUMETpUYECKHI aHANIN3 HCCIELYyEMBIX COMOJMMEPOB M TOMOIIOJIMMEPOB HPOBOAMIM Ha
npubope NETZSCH F; 0Oe3 mpenBapuTenbHOTO mporpeBa oOpasloB B MHTEpBane Temmeparyp 20—
600 °C co cxopocThio Harpesa 10 rpaj/muH B atmMmocdepe BO3ayXa B TNIATHHOBBIX THIJISX.

Ta6bnuua 1
XapakTepucTuKM UccriefyeMbIX NoNMMepoB
Conepxanue Cpenne- Crenenp Temmnepartypa Temneparyp-
IMomumep MAK, % BA3KOCTHAs I10JIU- CTEKJIOBAHMS, HBIM HHTEpBaJ
MM JIUCTIEPCHOCTH °C paznoxenus, °C

INIEMA 0 60 700 1,2 19* 220-370
IMMAK 100 58 500 1,1 - 180-500
CraTtuctudeckuit
COTIONIMED 30,6 - 1,28* - 200-520
bioynslii comno-
JMep 33,3 178 000 - 20 170-600

IIpumedanue. * — nanubie U3 [4].

Macc-crieKTpbl Ta3000pa3HbIX MPOJAYKTOB TEPMUYECKOTO PA3JIOKEHUS IOJMMEPOB CHUMAIM Ha
npubope GCMS-QP2010 Ultra npu sHEprun HOHU3UPYIOMKX MIeKTpoHOB 70 3B u Temmneparype noH-
Horo ucrodnuka 200 °C. IIporpeB aMmynbl-UCIApUTENS CUCTEMBI IPSIMOTO BBOJA OCYILIECTBIIAIHN B IIPO-
rpamMmmupoBanHoM pexkuMme oT 35 °C go 350 °C npu pa3snudHbIX CKOPOCTSX HarpeBa ¢ IMOCIEXyIOIIUM
TEPMOCTAaTHPOBAHHUEM.

Pe3yabTaThl M MX 00Cy:KIeHHE

ITonyyennsie KpuBBIe TepMorpaBuMerpudeckoro ananusa u JJCK mpexcrasinens: Ha puc. 1, 2 U B
tab6n. 2. Ecnu Ha xpuBoii [IBMA nmeercss ouH 3HA0TEPMUUYECKUH MUK, COOTBETCTBYIOIINN HHTEPBATY
220-290 °C, IIMAK — nBa nuka (180-210 u 220-260 °C), TO y CTaTUCTUYECKOTO COMOIUMEPa UMEETCS
mmpokuii MK B obmact 200-290 °C, a muis 6y10K-comnonuMepa XapakTepHBI 1Ba SHIAOTSPMHUUECKUX TTH-
Ka, COOTBeTCTBYIOMMX o0ouM nonmumepam: 170-240 °C (3Bernst MAK) u 280-310 °C (3BeHbst BMA).

T, % CK, MB1/Mr CK, MB1/Mr
’ A 0 ThL% a .
100 100 4
450
15
80 80 1 T 140
60 10 601 430
20
401 "
40 5
410
20 JCK
20 O i O
0 -
0 -10
10 200 30 400 00 600 100 200 300 400 500 600
T, °C T, °C
a) 6)

Puc. 1. Kpubie TI' u AICK gnsa NBMA (a) n NMMAK (6)
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TT, % CK, MB1/Mr CK, MB1/Mr
° A T, % A )
120
100 100 +
IES
15
80 80 1 T J40
60 ]
60 10 30
20
401 1
40 5
10
201 JICK
20 0 Jo
O -
0 T T T T T T nl 10
100 200 300 400 500 600 100 200 300 400 500 600
T, °C T, °C
a) 6)

Puc. 2. Kpueblie TI (a) n [ICK (6) ansa ctatuctuyeckoro (MyHKTMPHasA NUHKUA) 1 Grok-cononvmepa (CnioLwHas fMHUs)

Tabnuua 2
Tepmuyeckme xapakTepucTuKku (Co)nonmmepoB
(Coyomamep | OBmacts T, °C Oﬁi’é o E;;‘;pz“ol“écc; T °C | Ty °C | Ts°C
IIBMA 220-360 98,9 95,8 250 260 280
120-200 4,2 21,6 230 345 410
200-270 14,3
[IMAK 290440 66,7
440-500 11,8
100-210 2,1 18,5 275 320 385
CraTHCTHYECKHUI 210-270 6,5
CONOJUMEDP 270440 81,7
440-520 8,6
100-250 18,6 42,8 195 265 330
Bbrok-cononumep 250440 62,0
440-600 17,7

[Ipumeuanue. * — Ty, Tag, Tso — TEMIepaTypsl 10, 20 u 50%-Ho# OTEpH MaCCHI.

Kak cnenmyer u3 maHHbIX Tabi. 2, Ha HAYaIbHBIX CTaUSIX NpH Temiiepatypax jao 200 °C, oueBuIHO,
NPOUCXOANT YJICTyYHMBAHHWE OCTATOUHBIX KOJIMYECTB MOHOMEPOB, Aajiee NMpu OoJsiee BHICOKHX TeMIIepa-
Typax Ha4MHAETCS OTIICIUICHHE BOJBI C 00pa3oBaHWEM aHTUAPUAHBIX 3BEHbEB. B Oosbliel creneHu
3TOT MPOIECC BRIPAXKEH I OJIOYHOTO comoimMepa — motepu mMacchl 18,6 % npotus 8,6 % y cratuctu-
yeckoro. B o6nactu remnepatyp Boitie 300 °C HaUMHAIOTCS] TEPMOOKUCITUTEIBHBIC TPOIECCHI, HA KOTO-
pBle MIPUXOAATCS OCHOBHBIE OTepH Macchl 00pa3uoB (1o 60-80 %). decTpyKIus CTaATUCTUIECKOTO CO-
MoJIuMepa MICT B HECKOJIbKO cTaaul, aHamornuno [IMAK, Ho Macca o0Opasiia cHKaeTcsi 0ojiee pesKo,
ananornyHo [IBMA. bnok-conoinmep xapakTeprsyeTcst MeHee IJIaBHBIM MTOHMKEHHEM MacChl B HCCe-
JyeMOM HMHTEpBaJIe TEMIIEPATYpP, IPHUUEM MIPOLECCHl aHTHAPUAN3ALMHI U MOCIEAYIOLIEr0 TEPMUIECKOTO
pasiokeHHs LeNy HaYMHAIOTCS Npu Oonee HU3KUX TemmepaTypax (mpumepHo Ha 40 °C), yem y cTatu-
CTHYECKOTO COMoJuMepa. DTO CBUAETEIHCTBYET O €r0 MEHBIIEeH TePMOCTONKOCTH MO CPAaBHEHHUIO CO
CTaTUCTUYECCKUM COIOJIHMEPOM.

Bosmoxno, ymmpenue sngorepmuueckoro nuka Ha JICK-KpuBOH CTaTUCTHYECKOTO CONOIHMMEpA
(puc. 2) cBs3aHO ¢ 00pa3oBaHUEM MEKMOJIEKYJIAPHBIX aHTUAPUAHBIX CBsi3el [3, 5], KoTopsie crocoOCT-
BYIOT MOBBIIICHUIO TEPMHUYECKOW CTOHKOCTH CTATUCTHYECKOTO IMOJMMEpPa IO CpaBHEHHIO C OJIOK-
COIIOJIIMEPOM.

[ oeHKM MexaHu3Ma MPOUCXOASIINX IPU TEPMHUYECKON AeCTpyKIMHU npoueccoB TI-kpuBsie 00-
pabotanu, UCXOAsl U3 MPEIION0KEHHUS O TIOAYUHEHUH MPOIECCOB TEPMUIECKOHN ECTPYKIUH TIEPBOMY

KUHETHYECKOMY TMOPSAKY IO HCXOMHOMY TOJNHUMepy, B KoopauHarax Inln—-In——=f ( A),
m;
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rzae B — ckopocts Harpesa [6]. Ha moiay4eHHBIX 3aBHCMMOCTSAX YCTaHOBJICHBI CTAJWH MpoLEecca U pac-
cuuTanbl 3QQPEKTUBHBIC YHEPTUM AKTUBALMK M NPEAIKCIOHEHIHAIbHBIE MHOXKUTEIH 4 B YpaBHCHUHU
Appenuyca s Kaxaoi u3 Hux (tabm. 3).

Kak cnenyer u3 manHbIx Tabi. 3, MakCcUMallbHAsi SHEPTHUSI aKTUBAIMH XapaKTepPHU3yeT TOMOJIUTHYE-
CKHH THI pa3pbiBa cBsi3ed B Mornekynaax IIBMA u xopomio corimacyercst ¢ TUTEPATypHBIMH JTaHHBIMU
[7], mnsa [IMAK 1 cononuMepoB MOXKHO MPEATIONIOKHUTE TeTEPOIMTUIECKUN XapaKkTep pa3pbiBa CBs3EH.
VBenuuenue 3¢GEKTUBHON SHEPTUN aKTHBALMKM BBHICOKOTEMIIEPATYpPHBIX CTaluil pa3ioKeHHs COMOJH-
MEpOB 03HaYaeT 3aTPYJHEHHOCTh OTBOJIA JETYUYUX MPOAYKTOB Pa3IOKEHUs B pe3yIbTaTe HaUMHAIOLIEH-
cs kapOoHu3anuu noiuMepa. CHIDKEHHE SHEPTUU aKTHUBAIlMK Ha BTOPOH craauu aectpykiuu [IBMA,
BO3MOXHO, CBSI3aHO C IOSIBIICHUEM PaAMKaIoOB nepokcuaHoro tuna ROO-, o6pazoBaHue KOTOPBIX Tpe-
OyeT HeOOBIINX YHEPTETHYECKHX 3aTpar.

JIOCTaTOUHO BBICOKHE 3HaueHHs KOdD(HIMEHTa NapHOI THHEHHOH Koppeaauuu R’ momydeHHbIX
3aBHCHMOCTEH B TEMIEPATYpPHBIX MHTEPBANaX, COOTBETCTBYIOIINX IOCIIEIOBATEIBHBIM KHHETHYECKHM
CTausIM, CBUAETENBCTBYIOT O MPAaBOMEPHOCTH IPEATNIOIOKEHHS O IEPBOM KHHETHYECKOM MOPSAKE TPO-
LIECCOB TEPMUYECKOH JECTPYKIMU UCCIIEyEMBIX I10JIUMEPOB.

Tabnuua 3
AKTUBaUMOHHbIE NapameTpbl CTaaui TePMUYECKON AeCTPYKUMN ANs MccrieayeMbiX Nonmmepos

TeMnepziTypHLIe HUHTEPBaJIbI E. xJIx/Momb A R?
[Monumep craauil nectpykuuu, °C

1 2 3 1 2 3 1 2 3 1 2 3
TIIBMA | 220-310 | 320-360 — 121,5| 16,4 —- ]6,5-10°| 2,9 — 0,9156 10,9395 -
TIMAK 80—200 | 200270 | 280-340 8,4 32,8 - 0,03 15,0 — 0,88 10,9213 -
Crar.
CIII 130-220 | 230420 — 12,5 39,4 - 0,03 | 24,5 — 0,9047 10,9659 —
brnox
CII 100220 | 230-280| 280-330| 204 9,8 | 43,6 1,2 0,1 | 140,3 | 0,97391(0,7673| 0,88

s moATBep KIEHUST MEXaHU3Ma PEaKIuii, MPOTEKAIINX Ha HaYaIbHbIX ctaausax (o 350 °C) tep-
MUYECKOW JECTPYKIMH HCCICAYEMBIX IIOJUMEPOB, OBUIM CHATBI MAacC-CIIEKTPhI IPSIMOr0 BBOAA
(Tabmn. 4). CTpykTypy 00pa3yroIIuxcs MPOAYKTOB ONPEACIISIN C UCIOIb30BaHUEM OUOIMOTEKH JaHHBIX
NIST/EPA/NIH Mass Spectral Library (EI) (NIST 08).

Js [IBMA roMonuTHYeCKAi MEXaHU3M Pa3lIOKeHHUs (JemoMMepr3aliysi) OATBeP)KIaeTCs, TaK Kak
MacC-CIIeKTp U XapakTep (parMeHTaly MPOAYKTOB PA3JIOKCHHUS IMOJUMEPa IOJHOCTBIO COOTBETCTBYIOT
OytunMerakpmiaty. B Macc-criekTpe mpoayKToB HadallkHOTo dTamna paznoxkenns [IMAK nomuMo curHanos,
COOTBETCTBYIOIIMX (hparMeHTAllMd MOHOMEPA, MMPUCYTCTBYET WHTEHCHBHAS T0J0Cca M/Z 57, BO3HUKAIOIIAst
MIPY pacrazie METUI3aMEILICHHBIX TOMOJIOTOB aHTHAPH/IOB, JIAKTOHOB B PE3yJIbTaTe BHIOPOCA U3 MOJICKYJLIP-
Horo noHa MoJjekyisl CO [8], a Taxoke HOH ¢ m/z 43, XapaKTepHbIH I HEKOTOPBIX KapOOHMILHBIX COCIH-
HeHuH. Hanmdme 3Tix MOHOB MOATBEPIKIAeT CMeIIaHHbIi Mexann3M nectpykiuu st [IMAK (memomume-
pu3ays ¥ aHTUAPUAU3AINS ¢ TIOCIEAYIONINM Pa3phIBOM CBSI3CH aHTHIAPHAN30BAHHBIX 3B€HBEB) [3]. Ocko-
JIOYHBIA MOH ¢ Maccoi 44, COOTBETCTBYIOIIUH OTIIEIICHUIO Mostekyiibl CO,, 00HapykeH He ObLI, YTO CTa-
BUT TI0/] COMHEHHE TIPOTEKaHUE Tpoliecca TEPMHIECKOTO IeKapOOKCHITNPOBAHUS B IIOJIUMEPE.

Hanwmuue B Macc-CIieKTpe CTaTUCTHYECKOTO COIMOIIMMEpa MOHOB ¢ M/z 86 u 87, XapaKTepHBIX s
METaKPUJIOBOH KHCJIOTHI U OyTHJIMETaKpHUIaTa COOTBETCTBEHHO, a TAKKE JAPYTUX XapaKTePUCTHUCCKUX
TuHUHA (CM. Tabm. 4) CBUAETENBCTBYET O TOMOJIIMTHIECKOM MEXaHU3Me pa3phiBa CBs3el (AermonnMepnsa-
1uu) npu ckopoctu HarpeBa 80 rpan/muH. OmHAKO, TaHHBINA Pe3ylbTaT HE COTIIACYETCS C paccUUTaH-
HbIMH 3HAYCHHSIMH 3(P(GEKTUBHBIX SHEPrUi aKTHBAIMU. Y CTAHOBJICHO, YTO NMPH CHUKCHHH CKOPOCTH
HarpeBa M CyMMapHOM YBEIWYCHUU BPEMECHHM TEPMHUYECKOM 0OpabOTKU MOJUMEpa MOSBISICTCA KOHKY-
PUPYIOIIHIA MPOIECC OTIIEIUICHUsI OyTaHOIa, YTO, CKOPEE BCEro, U SBISETCS MPUYMHONW CTAOMIH3AIUH
CTaTUCTUYECKOTO COMoJIMMepa M OOJbIIeH ero TepMocToiikocTd o cpaBHeHuio ¢ [IBMA. Tlpu monu-
JKEHUHM CKOpPOCTH pocTa Temiepatypsl ¢ 80 10 5 rpaa/MuH IUIOIIAAL NMMKAa OyTaHOJIA YBEIMUUBACTCS,
T. €. TIPU HU3KHUX CKOPOCTSX HArpeBa Mpeo0IaaloNIMMUA CTAHOBSITCS MPOIECCHl BHYTPH- H MEKMOJIEKY-
TApHOH aHTHApuAn3anuu. OYeBUIHO, MEXaHU3M OTIIETUICHUS OyTaHOlla aHAJOTHYEH MPOILECCy aHTH/I-
puanzanuy, nporekaromemy B [IMAK [3]. B mons3y aToro mpenrnosiokeHus: Takke TOBOPUT U CHHKeE-
HUE MHTEHCHBHOCTH NMHKAa M/zZ 86 (MOJEKYISPHBIN MOH METAKPHIOBOW KHCIIOTHI) B Macc-CIIEKTpax M,
KaK CII/ICTBUE, MIOBHIIIIEHUE OTHOCUTEILHOTO CONIepKaHus OyTHIMeTaKpuiaTa B IPOAYKTaX pacraja.
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Tabnuua 4
XapaktepucTuieckue nonocbl B Macc-cnekTpax ra3oo6pasHbiX NPOAYKTOB pa3noXeHus
HHZI;ZI{%::;H- CKOpOCTh Harpesa
Obpaszen m/z (I, %) p aMITyJIbI-UCTIAPUTETIS,
HpOIIyKTI)I rpaz[ /MI/IH
PA3JI0KCHUSA
87 [M—C4H,]" (90); 69 [M,—C4H;OH]™ (100); 56
[IBMA . BMA 10; 80
[CsHg]™ 560); 41 [G3Hs]" (7 1)+; 39 [C3H3]" (20) ;
86 [M,]™" (97); 69 [M>—OH]" (17); 57 [M,—COH]" (55); _
TIMAK 43 [COCH;]" (89); 41[C5Hs]" (100); 39 [C3H5]" (58) MAK 10; 80
87 [M—C,H,]" (98); 86 [M,]™ (18); 69 [M,—C,H,OH] " u
[M,—OH]J" (100); 56 [C4Hg]™" (75); 41 [C3Hs]™ (91); 39| BMA + MAK 5
[CsHs]" (28)
87 [M—C,H,]" (91); 86 [M,]™" (42); 69 [M,—C,H,OH] " u
[M,—OH]" (100); 56 [C4Hg]™" (65); 41 [C5Hs]" (100); 39| BMA + MAK 10
[CsH3]" (39)
87 [M,—C,H;]" (62); 86 [M,]™" (48); 69 [M,—C,H,OH]" n
+ . o+ . + i
Cratierin. %Izﬁc])y(]“gg%), 56 [C4Hs]™ (39); 41 [C5Hs]" (100); 39| BMA + MAK 20
o~ 3113
CO‘:;;“;QP 87 [M~C4H;]  (60); 86 [M,]" (40); 69 [M—C,H,OH] " u
[M,—OH]" (72); 56 [C4Hs]™" (38); 41 [C5Hs]" (100); 39| BMA + MAK 40
[CsH3]" (47)
87 [M,—C,H;]" (57); 86 [M,]"" (40); 69 [M,—C,H,OH]" n
[M,—OH]" (73); 56 [C4Hs]™ (37); 41 [C5Hs]™ (100); 39| BMA + MAK 80
[CsHs]" (50)
56 [M3-H,0]"™" (100); 55 [C4H,]" (21); 44 [C3Hs]™ (11);
43 [C3H,]" (40); 42 [C3He]™ (23); 41 [C3Hs]™ (66); 39|  Byramon 5; 10; 20
[CHs]" (1‘9 _
. 174 [My]" (26); 148 [My#2H-COJ™ (100); 122| T/111p une
JIOK- [C7H N (63); 106 [C/HNT™ (19); 94 [CeHNT™ (11); | yperanosoro 10: 80
COTOIMMED | 77 [CéHS] (13) IIPOU3BOIHOTO

[Ipumeuanue. M| — OytuiMeTakpunat, M, — MeTakpuiioBas Kucnota, M3 — OyTaHon, My — TOMynIeHIUH301IHaHaT.

HavaneHe1if 5Tan TepMUYECKOTO Pa3IoKEHUs COMOIUMepa OIIOYHOTO CTPOSHUS HE COMPOBOKIACTCS
BBIZICJICHHEM MPOJIYKTOB MOHOMEPHOTO TUIA. Hammdane B IpOoAYyKTaxX €ro pa3IoKEeHHs a30TCOAEPIKAIINX
apOMaTHUUYECKUX CTPYKTYp CBHUACTEIBCTBYET O TOM, 4YTO JCCTPYKIMS HA4YMHAETCS ¢ objactei
coemuHeHust OnokoB uepe3 TonmywieHauusonuanat (T/IM), koTopblii mNpuMeHsIICS B KadecTBe
CIIMBAFOIIETO arenTa. [lody4eHHbIi Macc-CIIeKTp OTIUYAeTCs OT MpeIcTaBiIeHHoro B oubmmoteke NIST
crnektpa T BciiencTBUue TOro, YTO CLIMBAIOLIMNA areHT B MOJIMMEPE HAXOIUTCS B BUJE YPETAHOBOIO
MIPOU3BOAHOTO U €T0 (pparMeHTarms IpoTeKaeT cuenudpuuHo ¢ 00pa3oBaHUEM HOHOB, HE XapaKTEPHBIX
JUIS ICXOAHOTO coeauHeHus (m/z 142, 122, 106 u 94).

Bo3MoxHO, nanbHEWIee pas3liokeHHe OJIOK-COMOIMMEpa IMPOTEKaeT B HECKOIBKO CTaJud Kak
cymmupoBanue rmnpoueccoB jaectpykuud [IBMA wu IIMAK, d4ro mnpuBOAMT K pacIIMpEeHHIO
TEMIIEPaTypHOT0 UHTEpBaJla BCErO Mpoliecca Pa3aoKEHuUs, B OTINYUE OT CTATUCTUYECKOrO COMOJIUMEpa.

Takum o00pa3oM, pacCUMTaHHbIC AaKTHBAIIMOHHBIC TapaMEeTphl TEPMOJIM3a HCCIIEIOBaHHBIX
MOJIMMEPOB  COTJIACYIOTCS C YCTAHOBJICHHBIM MEXaHM3MOM IpOIecca: HauOONbIINEG 3HAYCHUS
MapaMeTpoOB COOTBETCTBYIOT T'OMOJMTHUYECKOMY MeXaHu3My genoiuMmepuzauuu I[IBMA, MeHbliue
3Ha4yeHusi — rereponutuueckomy mMexanumsmy (IIMAK u cononmumepsr).
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Thermal behaviour of BMA and MAA copolymers with the similar
composition of different structure — random and block — have been studied.
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By TG and DSC experiments it has been shown that the thermal stability of the
block copolymer is less than that of the random one. The activation parameters
for every stage of thermal destruction of PBMA, PMAA and their copolymers
have been calculated. It has been shown that the thermal degradation of PBMA is
the result of homolysis, while for PMAA and copolymers we suppose the mixed
mechanism of that process. It has been shown that destruction of the block
copolymer begins on the sites of the block combination with the crosslinking
agent.

Keywords: copolymers, butylmethacrylate, methacrylic acid, copolymers,
thermogravimetry, DSC-experiments, mass-spectrometry.
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YOK 541.123

®A30BbIE AMATPAMMbI MHOIOKOMIMOHEHTHbBIX CUCTEM,
BKNMIOYAKOLWKUX METAJITIMMECKUE PACIJABbDI

E.A. Tpogpumos

MeTton aHaJM3a BBLICOKOTEMIEPATYPHBIX CHCTEM C NMOMOIILI0 IHATPAMM CO-
CTOSIHUSI 0c000r0 THIA — MOBEPXHOCTell PacTBOPMMOCTH KOMIIOHEHTOB B MeTaJlie
(ITPKM) npoaHalu3MpPOBaH B KOHTEKCTE COBPEMEHHOI'0 YPOBHS Pa3BUTHSI METO0B
U NPUEMOB 0TOOpakeHHs1 (Pa30BbIX PABHOBECHI MOCPEACTBOM ANATPAMM COCTOSTHMSI.
Yaeneno BHMMaHHe BOIPOCaM NpUMeHeHHsl npaBuia ¢as I'mb60ca nna onmcanus
PAaBHOBeCHUIi, peaJIM3YIOIIUXCHA B CHCTEMAX «MeTAJUIMYECKUH PaciiiaB — CONPSIKEH-
HbIe CJ102KHbIe da3bDy, npeacTaBjieHa Mertoguka pacuéra [IPKM.

Kniouegvie cnosa: ouazpammul cocmoanus, mepmoouHamMuieckue paciémol, Npasuio
@asz, memannuueckuti pacnias.

BBenenue

Bo03M0OXXHOCTH OCYLIECTBICHHSI BBICOKOTEMIIEPATYPHBIX METAJUIYyPrUYECKUX MPOLECCOB ONpeaes-
I0TCS UX TEPMOJMHAMUYECKUMHU OCOOCHHOCTSMH, B YaCTHOCTH, ()a30BBIMH PAaBHOBECHUSMH, PEaTH3YIO-
IIUMHUCS MC)K}Z[y KOMITIOHCHTAMHU MeTaHHprquCKOﬁ CUCTCMBI. (DaSOBBIe paBHOBeCI/IH B MeTamepmqe-
CKUX Mpolieccax MOoAYMHEeHbl npaBwity (a3 [m66ca u MoryT ObITh onMcaHbl (pa3oBBIMU JTUArPAMMAaMH.
[Tony4yeHHsle B X0[le aHAU3a AUATPAMM COCTOSHHSI METAJLTYPTrUYECKUX CUCTEM JaHHBIE IOMOTAalOT BbI-
6paTI) OIITUMAJILHBIC TeMnepaTypHHe n KOHHGHTpaHI/IOHHI)Ie pe)KI/IMBI TCXHOJIOTNYCCKUX HpOHeCCOB.

[Ipu 3TOM I TEXHOJIOTOB OCOOBIA MHTEPEC MPEICTARISICT KOJIMUSCTBCHHAs HH(POPMALIKS O COCTa-
Bax HJIKOTO MeTayljla, HaXOSIIETOCS B PABHOBECUH C (ha3aMy WHOW MPUPOABI (OKCHIIHBIMU, CYITb(UI-
HBIMH, TIOTCHUIHBIMHU, HHTEPMETAUIMYECKAMU U T. 11.). [lyOnukyemble quarpaMMbl 7—x 4acTo MO3BO-
JIAIOT, B nqueM cnyqae, Ha KAYCCTBCHHOM ypOBHe J€JIaTh BBIBOAbBI O TOM, KaK MCHAIOTCSA COCTAaBbI MEC-
Tayumdeckor (pas3pl Mpu H3MEHEHUH KaueCTBEHHOTO cocTaBa (pa3, ¢ KOTOPBIMY OHU HaXOMASTCA B PaBHO-
Becuu. B Takux ciydasx 6ojee mpoyKTHBHO HUCIIONB30BaTh APYTHE COCOOBI TpaduiecKoro mpecTas-
JICHUA )Z[I/IarpaMM COCTOsAHUNS.

Metoauka uccijie0BaHus

B Hacrosmee BpeMs IIMPOKO NPUMEHSIOTCS [1Ba THIA AUAarpaMM COCTOSIHMS. JTO p—I—x-nua-
rpamMmbl (Wn T—x, eci Ha TUarpaMMe MpeiCTaBIeHbl TOIbKO KOHIEHCHPOBAaHHbIE (Da3bl) U TuarpaMMbl
MapuyagbHbIX JaBIeHUA. TepMOAMHAMUYECKHE OCHOBBI MX MOCTPOECHHS NMPUHIMIINAIBHO HE pa3inda-
FOTCS, IOCKOJIBKY B OCHOBE TIOCTPOCHUSI TUarpaMM COCTOSTHHSA JOOBIX THUIIOB JIGKHUT MPUHLMIT TEPMOIH-
HaMHU4ECKOTI'0 PaBHOBECHS.

ABtopamu [1] oTmedaercs, 4TO crocoO TPEACTABICHHS TETEPOTCHHBIX PABHOBECHH C MOMOIIBIO
UarpaMM MapLUuaabHbIX AaBICHUH B OTIMYUE OT p—1—x-IuarpaMMm MeHee WH(POPMATHBEH, MOCKOIbKY
HE TO3BOJISIET MPEJCTABIISITh PaBHOBECHs Oe3 ydacTusi razoo0pasnoii dasel. [Ipu aTom, oHaKo, Takue
JUarpamMMbl IMEIOT IIPEUMYIIECTBO IIPU PACCMOTPEHUH PABHOBECHH B CHCTEMaXx, JUUISl KOTOPBIX YIIPaB-
JsieMoe JaBJieHHE Ta3000pa3HbIX BEIIECTB UIPACT B XOJI€ OCYIIECTBICHHS MIPOLECCa PEIIAIOILYIO POJIb.

Takum 00pa3oM, AMarpamMMbl IMapLHUaIbHBIX AABJICHUH MOTYT CIIy>KHThb NMPUMEpoM (Hamboiyiee u3-
BECTHBIM, HO HE €JUHCTBEHHBIM) 0CO00I pPa3HOBUAHOCTH JHATPAMM COCTOSHHIA, KOTOpasi, HECMOTPsI Ha
OIIpeeNIEHHYIO OTPAaHMYEHHOCTh 00IaCTH BO3MOKHOT'O IPUMEHEHUS, MOJKET C OOJIBIIMM YCIIEXOM IpH-
MEHSATBCS 71 aHAJIKM3a LIEJIOro KIIacca CUCTEM.

Nmetomuecs B IuTepaType JaHHBIE O B3aUMOJCHCTBUM KOMIIOHEHTOB METAJTMUECKOTO pacIljiaBa C
00pa3oBaHUEM pPa3IHYHBIX COCTUHECHUH, HEPACTBOPUMBIX B MeTallle, KaK MPaBHIIO, OTHOCATCS K TPO-
HeccaM 00pa30BaHUs! MHANBHUIYAIBHBIX BELIECTB.

OpnHako Mpu MPOTEKaHUH pPeaNbHBIX MPOLIECCOB B3aUMOJEHCTBHS TaKOTO poja 3a4acTyio oOpasy-
I0TCS COeTMHEHMS TPEX U OoJiee ANEMEHTOB, a TaKKe HEMETAUIMYECKHE PacIlIaBbl IEPEMEHHOTO COCTa-
Ba. B Takux ciydasix KOpPpEeKTHBIA TEPMOAMHAMHYECKHN aHaIU3 TpeOyeT KOMIUIEKCHOTO IMOAXOAa, KO-
TOpBIN OBl YUUTHIBAJI HANWYKE BCeX (a3, BOSMOKHBIX B JAHHBIX YCIOBHSX, @ TAK)KE BO3MOXHOCTD IPO-
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TEKaHWs Pa3NIMYHBIX KOHKYPUPYIOIINX XUMHUECKUX PEaKIUid MEXITy KOMIIOHEHTaMU pa3IMYHbIX (a3
(mpuMepoM Moaxojla TAKOTO poJia, PEaIM30BAaHHOIO OTEYECTBEHHBIMU aBTOPAMH, SIBIISIETCS METOJI TIOJ-
HOT'0 TEPMOAMHAMHYECKOI0 aHaNn3a, onucaHHblil B padorax I'.K. Mouceesa ¢ coasropamu [2, 3]).

Oco6enHo MHOT000Opa3eH Pa3oBbIi COCTAB MPOTYKTOB B3AMMO/ICHCTBHUS TEXHOJIOTHIECKHUX 100aBOK
K CIUIaBaM CJIOKHOTO cocTaBa. [IoMMMO KauecTBEHHOI'O COCTaBa CIUIaBOB, Ha COCTaB MPOIYKTOB B3aH-
MOJACUCTBUS ONpEIEINSIONIee BIUAHUE OKA3bIBAIOT KOHLEHTPALMHU KaXKJIOTO U3 KOMIIOHEHTOB CIUIABA.
KonmuecTBeHHast TepMoarHaMuieckast HHGOOPMAIUS O BIUSHAW Pa3IUYHBIX ()aKTOPOB HA COCTaB MpoO-
JIYKTOB B3aUMOJICHCTBHUSI KOMIIOHEHTOB METAJJIMUECKUX PACIIABOB JJIS IIMPOKUX WHTEPBAJIOB M3MEHe-
HUSI XapaKTePUCTUK 3THX ()aKTOPOB 3a4acTyi0 OTCYTCTBYET. MexXIy TeM, Takas WHPOpPMAIUs MOXKET
TIPEJICTABIATE OOJBINION HUHTEPEC, HATPUMEP, ISl ONpeAeSieHIs PAlMOHAILHOTO COCTaBa KOMILUIEKCHBIX
pacKuCIUTENEH CTalu.

B xozae pemenus 3agaun TudepeHIIMPOBAHHOTO PACCMOTPEHUSI TPOIECCOB B3aMMOJICHCTBUS KH-
clopofia C KOMIIOHEHTaMH CIIO)KHOW 1O cOCTaBy cranmu Ha kKadeape dmsmueckoirt xumuu HOxHO-
Ypanbckoro rocynapcTBeHHOTO yHHBepcuTeTa [4, 5] pa3paboTaH METOJ MCCIeIOBaHUs CHCTEM C yda-
CTHEM >KUJIKHX METaJIOB C IMOMOIIBIO TIOCTPOSHHS M aHAIIM3a OCOOBIX JIUarpaMM COCTOSIHHUSI, yCTaHAaB-
JMBAIOIIMX CBSI3b MEXK]y COCTABAMH METaJlIa U PABHOBECHBIX HEMETAIITUIECKUX (a3.

[IpuMeHUTENBHO K CHUCTEMAaM, CYLIECTBYIOIIUM IIPU pealn3alii MPOLIECCOB PACKUCICHUS CTaj,
COBOKYITHOCTh ITOCTPOCHHBIX JUIS Pa3IMYHBIX TEMIEpPaTyp KPUBBIX PACKHCIHTENHLHOW CIIOCOOHOCTH,
MOKA3bIBAIOIIMX Ipe/ieTbHbIe KOHIIEHTPAIMH KUCIOPOAa U 3JIeMEHTa-PaCKUCIUTENS B XKHUIKOM Kelese,
o0pa3yeT B IPOCTPAHCTBE MOBEPXHOCTh, HA KOTOPOW 3aJaHbl COCTABBI METaJlJIa, HAXOSIIEroCsl B paB-
HOBECHH C Pa3lIUYHBIMU OKCUIHBIMH (pa3amw, T. €. MeTasuia, HACHIIEHHOTO0 KUCIOPOJIOM U KOMITOHEH-
TOM-pacKHUCIUTENIeM. JTa TOBEPXHOCTH MOIy4nsIa Ha3BaHHE — MOBEPXHOCTh PACTBOPUMOCTH KHUCIOPOIa
(mnm, B 001meM cirydae — KoMroHeHToB) B metaie (IIPKM).

[Tox 3Toll MOBEPXHOCTBHIO B CTOPOHE KEIE3HOrO yria HaXOAUTCS TOMOTEHHBIN >KUIKUM MeTas,
Mexay [IPKM u conpsbkeHHBIMH OKCHIAMH HaXOJUTCs 00JIaCTh, B KOTOPOH B PAaBHOBECHU C YKHIKUM
METaJIJIOM, COCTaB Kotoporo 3anaH Ha [IPKM, Haxomsrcs ciiokHble (HampuMep, OKCHIHBIC) (a3bl, CO-
CTaB KOTOPBIX 33/1aH Ha JUarpaMMe COCTOSIHHUSI COOTBETCTBYIOIIUX HEMETAINTNYECKUX CUCTEM.

[Mpumepom auarpaMm Takoro TMma Moxer ciyxkuTh npoeknust [IPKM cucremsr Fe—Si—O Ha moc-
KOCTh COCTaBOB 3TOM CHUCTEMBI, IIpeIcTaBleHHas Ha puc. 1 [4].

[O], % =
0,15} n
I
k|1mak 1
0,10
= b
o
0% o%
b o
0,05 i
| a
G, IOz 11 Ilnax 2
(@ ¢’
0 o
/!
| | | T
3 2 -1 0 Ig [Si]

Puc. 1. MPKM cuctembl Fe-Si-O cornacHo [4]

B Touke o Ha 3TOi [UarpaMme 3a7aH COCTaB MeTaJlIa, HAXOAAIIErocs B PaBHOBECUH C KPUCTOOAH-
TOM M IBYMs KUAKUMH IUTakamu. Ha IMHUM ao 3aaHbl COCTaBbl METa/lIa, PABHOBECHOTO C TBEPBIM
KpEMHE3EMOM M JKHIKUAM nutakoM 1. Ha nuHUM on 3amaHbl cCOCTaBbl METaIa, PABHOBECHOTO C KHIKUM
noakoM 1 u xuakuM nuiakoM 2. Ha nuHumM ob 3agaHbl cOCTaBbl METasia, PABHOBECHOTO C JKUJIKUM
HIIaKoM 2 U KpeMHe3eMoM. B oGnacTu | 3amanbl cocTaBel MeTasuia, pABHOBECHOTO € )KUAKUM LIJTAKOM 1,
B oOmactu Il — ¢ TBepabsIM KpemHe3emMoM, B obaactu 11l — ¢ xunkum nutakom 2. IHTepecHO NpOCIeanTh
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3a CTPYKTYpPOH M30TEPMBI PACKUCIUTENbHOM criocoOHocTH Kpemuus. [Ipu 1600 °C na nunum kb 3aganbl
COCTaBbI METAJIJIa, PABHOBECHOT'O C HJIKUM IUIAKOM 1, Ha TUHUU bC — COCTaBbl METaJlIa, PABHOBECHOT'O
¢ tBepabM KpemHesemoM. [Ipu 1700 °C na yuacTke kb’ 3aaHBI COCTaBbI METaJlIa, PABHOBECHOTO C
JKUJIKUM [IUTaKOM 1, Ha y4acTke b’c’ — ¢ )KHIKUM IIJIAKOM 2 ¥ Ha ydacTke ¢ f’ — ¢ TBepAbIM KPUCTOOATH-
toM. U3 puc. 1 BugHo, uro npu 1600 °C xKuakue OKCUIHBIC BKIIOYEHHUS] MOTYT HaXOJUTHCS B PABHOBE-
CHH C METAJIJIOM IPY He3HAUYMTENbHBIX KOHIeHTpausax kpemuus (1o 0,01 %) [4].

Dukcupys TeMIepaTypy Wik KOHIIEHTPAUHU HEKOTOPBIX KOMIIOHEHTOB METANTHUYECKOT0 pacIjiana,
MO’KHO npeacTaBiATh Ha iockocTu [IPKM Gornee cnoxHbIX (YETBIPEX- , MATHUIIEMEHTHBIX U T. JI.) CHC-
TEM.

M3oTepMbl pacKuCIeHHs JKeJe3HBIX PACIIaBOB M paHee B HEKOTOPBIX CIydasx HM300pakalluch Ha
rpadukax, OTpaXarolIUX BELIECTBA, KOTOPble 00pa3yloTCsl B CUCTEME B XOJI€ PAaCKUCIICHHA (B YaCTHO-
ctH, B padore [6]).

OnHako UMEHHO B paboTax, ocymecTBiI€HHBIX B KOYpIl'Y, ucnonb3oBaHne nuarpaMM COCTOSHHUSI
TAKOTO THIA BIEPBbIC HAIIO MOJHOICHHOE TEOPETHUEeCKOe 0OOCHOBaHME. BriepBbie, MCTIONB3Ys JaH-
HBIH MTOJIXOJ, MPOBeAEHBI 0000IIEHIE U CUCTEMaTH3alMs JTUTEPATyPHBIX JaHHBIX B BUIE AUATPaMM CO-
CTOSIHMS, CBS3BIBAIOIINX COCTAB >KUIKOI'O METaJlIa C COCTABOM PAaBHOBECHBIX HEMETAIIMYECKHX (a3,
YTO TIO3BOJIMJIO C €IUHBIX TEPMOJIUHAMUYECKUX MO3UIUH PaCcCMOTPETh MHOT0OOpa3ue MpoIeccoB B3au-
MOJIEHCTBUSI KOMIIOHEHTOB B CIIOJKHBIX METALTYPrHUYECKUX CUCTeMax (MeTajul — IIaK — ra3 — TBEpAbIC
¢a3e1), 000CHOBaHHO BHIOPATH COCTABBI JIUTATYP AJISI KOMIUIEKCHOT'O PACKUCICHUS U MOAN(UIIUPOBAHUS
HEMETAJUTMYECKUX BKIIIOUEHHH B Pa3IUYHBIX METAIITMUECKUX CIIIaBax.

K nacrosmemy Bpemenu nuarpammsl [IPKM mocTpoeHsl MpakTUYECKH JUISL BCEX CHUCTEM, KOTOpbIE
MOTYT NPEICTAaBIATh HHTEPEC AJIS aHAIN3a Pa3IMYHbIX IPOLIECCOB IIPOU3BOACTRA cTanu [4, 5].

MoskHO MOKa3aTh, KaK B X0J1€ 3KBUBAJIEHTHBIX Mpeobpazoanuii [IPKM nerko moryT ObITh mpuBe-
JICHBI K TPaJUIIMOHHOMY BHIY T—X IUarpaMM MHOTOKOMIIOHEHTHBIX CHCTEM B TOH MX 00JacTH, KOTOpast
rpaduuecKy JeMOHCTPUPYET PAaBHOBECHS JKUIKOTO METaJlIa C CONPSKEHHBIMU ¢ HUM (hazamu. Pe3yin-
TaThl UCTIONB30BAaHMS PA3IUYHBIX METOAMK YUCIEHHOro pacuéra xoopaunHat IIPKM Oe3 tpyaa moryt
OBITH TIPENCTABIICHHl B BUJE TPAJUIMOHHBIX T—X auarpaMM MHOTOKOMITOHEHTHBIX cucTeM. OJHaKo
MpeICTaBICHHBIE TAKUM 00pa30oM pe3yJbTaThl CYLIECTBEHHO TEPSIOT B HATJLSIAHOCTH, M MX MCIIOJIB30Ba-
HHE JUIs aHAIN3a TEXHOJIOTUYECKUX MPOLECCOB 3aTPyIHEHO.

Kitouenoit ocodennocthio [IPKM kak Buia quarpamMM COCTOSIHUS SIBJISIETCS CIICIU(UIECKOE IT0JIE,
Ha KOTOPOE TMPOCIHUPYETCSI MHOTOMEPHBIH PHUCYHOK MHOTOKOMITOHEHTHOW jauarpammbl. K momoOHOro
pona ocoObIM Pa3sHOBUAHOCTSIM AMArpaMM COCTOSHHS OTHOCSITCS M YIOMHHABIIMECS BBIIIE JHArPaMMBI
MapuuaIbHBIX JAaBJICHUN (PU MOCTPOESHUH KOTOPHIX JUarpamma MpoenrpyeTcs Ha 1MoJie COCTaBOB ra3o-
00pa3HOW COCTaBJISIIOIIEH CUCTEMBI), a TAKKE OOIIEN3BECTHBIC TIOBEPXHOCTH COJIMyCca U JHUKBHIyca. B
paccMaTpuBacMOM Cilydae JUlsl yIoOCTBa BOCHIPHATHUSI M UCIOJIB30BAHUS PE3YIbTATOB PAOOTHl UCIIONb-
3yeTcsl He O4eHb MIMPOKO pachpocTpaHéHHas popma rpaduueckoro npeacraBieHus Ga3oBoi quarpam-
MBI — MPOEKLHUs JAUarpaMMbl COCTOSIHUA (€€ YacTH, BKIIOYAIOIIed METaUNIMYeCKUi pacIiiaB U COMps-
XKEHHBIE C HUM (ha3bl) Ha IUNIOCKOCTh COCTABOB METALIMYECKOI'0 pacillaBa KakK YacTH CJIIOKHOHW MHOTO-
(a3HOH CUCTEMBI.

Oco0oro BHUMaHUS 3aCITy’)KHBAeT BOMPOC O BHIMOJHEHUH MpaBmia (a3 ['mbOca mpu mocTpoeHUn
[TPKM.

[IpaBuio ompenenser cooTHOmEHHE MEXAY uncioM das (D), HezaBrucUMBIX KOMIIOHEHTOB (K, unc-
JIO BXOJSIIMX B CHCTEMY MHAMBUAYAJIbHBIX BEIICCTB 332 BHIYETOM YMCIIA XUMHUYECKUX ypaBHEHUH, CBSI-
3BIBAIOIIUX 3TH BEIIECTBa), BHEMIHHUX nepeMeHHbIX (I1) u unciiom creneHei cBOOOIBI MM BapUAHTHO-
ctu (C) TepMOAMHAMHYECKOH CHUCTEMBI, HaXOASIICHCS B PABHOBECHH, U MOXKET OBITH 3allMCAHO ClIe-
JYIOIIMM 00pa3oM:

C=K+II-o. (H

Ecnu B cucteme CyIiecTBYIOT B NEpeMEHHBIE (TeMIiepaTypa U JIaBJIeHHe), OJIMHAKOBBIE [T BCEX
(a3, npaBuiIo OyIeT BBITJISIACTD CIEAYIOIINM 00pa3oM:

C=K+2-0. 2)
B cnyuae, korna gaBieHue B cucTeMe (UKCHPOBaHO, paBmiio (a3 ['mbOca 3anuiercs Kak:
C=K+1-0o. 3)

Tarxoke npaBuiio a3 MoxkeT ObITh (PAKTUUECKH CBEACHO K ypaBHEHHIO (3) B ciyyae, Korjaa MpHHU-
MaeTcsl AOMYyIICHNE, YTO CUCTEMY CJIaraloT TOJIbKO KOHICHCUPOBAaHHbIE (a3bl.
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Haxonen, nogo6Hoe (3) BeIpaskeHHE TONIYyYaeTCs, KOTJa CyIIeCTBOBaHUE Ta30BoW (a3bl HE TOJIBKO
HE MCKIJIIOYaeTCs, HO W MpeAronaraeTcst Kak oos3aTensHoe. 1lpyu 3ToM nmpuHUMaeTcs, 4TO COCTaB ras3o-
BOM (ha3bl OJHO3HAYHO 33AaETCSI COCTABOM KOHAECHCHPOBAaHHBIX (a3. s mapuuaibHOrO JaBICHUS Ka-
JIOr0 KOMIIOHEHTA B COCTaBE I'a3a MOYKHO HamucaTh ypaBHEHHE €ro HCIapeHHUsl Win oOpa3oBaHUs W3
KOMITOHEHTOB KOHJ/ICHCHPOBaHHBIX (a3 M, TaKMM 00pa3oM, YUCII0 He3aBUCHMBIX komroHeHToB (K) e
yBenuuuBaercs. Ecnu Hanmuuue ra3oBoil ¢assl, yIOBIETBOPSIOLICH 3TOMY YCIOBHIO, 00s3aTeIbHO, YUC-
710 ¢a3, KOTOpbIEe MOTYT MCYE3aTh HIIH MOSIBISTHCA B CUCTEME B 3aBUCHUMOCTH OT YCJIOBHIi:

O =D-1.
Bripaxxenue (2) MokeT ObITh 3aITMCaHO KaK
C=K+2-(® +1),
1 MBI TIOJIy4aeM I10100HOE BhIPKEHUIO (3) BBIpAKCHHE:
C=K+1-d, 4
rae @’ — yucno KOHIEHCHPOBaHHBIX (a3 B CUCTEME.

Ecnu B cucteme (ukcupoBaHbl TeMIiepaTypa U JaBieHHE (Wi Bce (as3bl KOHICHCHPOBAHbI, MU
HaJIM4YUe Ta30BoH (pas3bl 00sI3aTENIBLHO), KOJIMUSCTBO CTEIIEHEH CBOOOIBI CBS3aHO ¢ KojludecTBaMu (a3 u
KOMITOHEHTOB TaKUM 00pa3oMm:

C=K-0o. (5)

3avacTyro B X0J/i¢ aHaJM3a MHOTOKOMITIOHEHTHBIX CHCTEM BBIOOpP HE3aBUCHMBIX KOMIIOHEHTOB U OII-
pEACIIEHAE X YUCIa HE SBISAETCS CTPOro OJHO3HAYHOW MPOLEAYPOU, XOTSI M HE BIIOJHE ITPOU3BOJIEH. B
CHCTEMax C y4yacTHEM METaJUIMYeCKOro pacIuiaBa, B paMKax KOTOPOro B aTOMapHOil opme MpHCYTCT-
BYIOT aTOMBI BCEX MMEIOIINXCS B HATWYHUHU SJIEMEHTOB, B KAUECTBE HE3aBUCUMBIX KOMIIOHEHTOB yJ00HO
UCIIOJIb30BaTh 31€MEHTBI-KOMIIOHEHTHl METAJUINYECKOT0 PacIliaBa.

JleHiCTBUTENBHO, B COOTBETCTBUH C ONPENEIICHUEM, YHCIO HE3aBUCHMBIX KOMIIOHEHTOB PaBHO YHC-
JIy WHAWBUAYAJIBHBIX BEIECTB, CIAralolINX CUCTEMY, 32 BHIYETOM YHCIIa XUMHUUECKUX YpaBHEHUH, CBSI-
3BIBAIOIIUX 3TH BelecTBa. EciaM B cocTaBe METaUNIMYEeCKOro paciiaBa MPUCYTCTBYIOT BCE 3JIEMEHTHI,
KOTOpBIE UMEIOTCS B HAJUYUHU B CHCTEME, TO UIS JIFOOOTO CIOKHOTO COeNMHEHHS BHE METANINYECKOTO
paciuiaBa MOXKET OBITh 3alMCaHO YPaBHEHHE XMMHUYECKON peakunu 00pa3oBaHMS 3TOTO COCAWHEHUS U3
KOMIIOHEHTOB MeTajuia. UM, cienoBaTenbHO, BCe CIIOKHBIE COSAMHEHUS, CKOJBKO OBl X B CHCTEME HU
OBLJI0, MBI MOXKEM alPHOPU UCKIIFOUUTH U3 YHCIIa HE3aBUCUMBIX KOMIIOHEHTOB.

Bce npoctrie BemiecTBa, HAXOASIIMECS BHE METAJUIMYECKOrO paciliaBa Mbl TAKKE MOXKEM HCKITIO-
YUTh U3 YHCJIa HE3aBUCUMBIX KOMIIOHEHTOB, IIOCKOJIBKY JUISI KQXKI0TO M3 HUX MBI MOXKEM 3alucarh Io-
JNOOHOE YpaBHCHHIO XMMHUYECKOH peakinu ypaBHEHHE Ipoliecca Iepexoja aTOMOB MEXIY MPOCTHIM
BEIIECTBOM M METAJUIMYECKUM paciiiaBoM (ypaBHEHHE PAaCTBOPEHHs MHIUBHIYalbHOTO MPOCTOTO Be-
IIECTBA B METaIIE).

Heo06x0auMo OroBopuTh, 4TO TPHPABHUBAHUE YKCIIA HE3aBUCHMbBIX KOMITOHEHTOB K YWCIY JICMEH-
TOB, aTOMBI KOTOPBIX MIPUCYTCTBYIOT B CUCTEME, CIIPABEIIUBO JAJIEKO HE JJIS KaKI0W cucTeMbl. Ecin Mbl
paccMaTpuBaeM CHCTEMY, B KoTopoil mpucyTcTBytoT CaO, CO, n CaCOs, u peanusyercsa paBHOBECHE

CaO + CO, = CaCQO;,
TO B YCJIOBHSIX MPAKTHYECKOTO OTCYTCTBHUS B OTOM CHUCTEME peardpyrolInx MEXIy cOOOH MPOCTHIX Be-
IIECTB, METAJUTMYECKOr0 pacIjiaBa CIOKHOTO COCTaBa MM ra30BOM CMECH, KOMIIOHEHTHI KOTOPOU pea-
TUpOBajH Obl MEXAY cOOOM, B 3TOW CHCTEME HACUUTHIBAETCS /1Ba HE3aBUCHMBIX KOMIIOHEHTA (XOTS Be-
IIECTBA, CJIAralollle CUCTEMY, COCTOSIT U3 aTOMOB TPEX Pa3HBIX 3JIEMEHTOB).

Hannvne meramimyeckoro paciiaBa, BKIIOYAIOIIETO B ce0s BCE 3JIEMEHTHI CUCTEMBI, PaJUKaIbHO
YIpOLIAeT pacuéT YKciaa He3aBUCUMBIX KOMIIOHEHTOB.

Jia cucteMbl, METaJUIMYECKHUH pacIuiaB KOTOpoi BkmouaeT Tpu snementa (K = 3) u mosBieHu-
eM/ICYe3HOBEHHEM Ta30Boi ()a3bl B KOTOPOH MOXHO INpeHeOpeus, Ha auarpamme [TPKM BO3MOXHBI
TpU BapuaHTa:

1) Touka (C = 0) paBHOBeCHSsI METAJUTMUECKOTO PACILIABA C TPEMs CIIOKHBIMU KOHACHCHPOBAHHBIMHU
tdazamu (© = 1 + 3 =4). Ypasuenue (3) unu (4) B 3TOM ciydae BBITOTHICTCS, IIPH 3TOM UMeEsl CIIETyTO-
muii Bum: 0=3+1-4;

2) muuust (C = 1) cocylecTBOBaHHUA METAJUIMUYECKOT0 PACIUIABA C ABYMS CONPsDKEHHBIMU ¢ HUM (a-
3amu (@ =1 + 2 = 3). Ypasuenus (3) wnu (4) umerot cnexyrouuii Bua: 1 =3+ 1-3;

3) o6nacth (C = 2) cocylIeCTBOBaHUS METAIIMUESCKOT0 paciuiaBa ¢ e 0JHOH KOHICHCUPOBAHHON
thazoit (O =1+ 1 =2). Ypasuenus (3) wim (4) umeroT cnenyromuid Bua: 2 =3 + 1 - 2.
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[Ipumepsl COOTBETCTBYIOMIMX ATHM BapuaHTaMm 3nemeHToB [IPKM MOXHO BHIETh Ha Iuarpamme
cucrembl Cu—Ni-O (puc. 2 [7]).

[O],
% I :

3 | Pacruas (Cu,0, NiO)

c
2
1300°C
1
0 i é 3' 4 [Ni], %

Puc. 2. MPKM cuctembl Cu—-Ni-O cornacHo [7]

[lepBomy ciryyaro — HOHBapUaHTHOMY PaBHOBECHIO — COOTBETCTBYET TOUKa b, KOTOpas JEMOHCTPHU-
pYyeT cocTaB MeTajla, HAXOISIIErocs B PaBHOBECUH C TPEMS JPYTUMH KOHJICHCHPOBAHHBIMHU (hazaMu —
TBEPABIMU OKCHIAMU MEJIU U HUKENIS U OKCUIHBIM paciuiaBoM. HoHBapHaHTHOE paBHOBECHE MeTalIa C
JIBYMSI CTEXHOMETPUIECKUMU (pa3aMy U paciijiaBoM IIePEeMEHHOTO coCTaBa Jjisl TPEXKOMITOHEHTHOM CHUC-
TEMBbI MOXKET OBITH OMUCAHO CIEAYIOMIEH CUCTEMOH ypaBHEHUH:

nlg gy 1, Ig Ay~ Ig AR, x,) = Ig Koy
n,lg g + 11, Ig Ay~ Ig g, x,,) = Ig Koy
Ar, x,) = S Coryx,0)5

a(R"”2 X, T f(C(R"”2 sz));

C(R'»u X T C(R,,n2 x, =100 %.

n, lga[R,] +m, lgam =1gk,;

mlga,,+mylga, =1gk,;

Aipn = f(C[R‘]);
g = S (Crpm);
Ay = f(C[x])§

Ciryt Cipn + Gy =100 %.

Pe3ynpraToM 4YMCIEHHOTO pelieHusi Takoi cucTembl u3 11 ypaBHeHMI sBIsieTCsl Habop U3 TPEX
KOHLEHTpPAIUii KOMIIOHEHTOB MeTaudeckoro pacimiasa (Cig)), TPEX aKTUBHOCTEH KOMIIOHEHTOB 3TOT0

pacruiaBa (apg)), ABYX KOHIEHTpAllMi KOMIIOHEHTOB HEMETAIJIMYECKOrO pacIuliaBa (C( & x ) H ABYX
' Xom

aKTMBHOCTEH 5THX KOMIIOHEHTOB (4 ®, X,,,l))’ a TaK)Ke TeMIeparypsl (TEMIIEpATypa BXOIHUT B CHCTEMY B
BUJIE TEMIEPATYPHBIX 3aBUCUMOCTEN JUIA JECATHYHBIX JIOrapU(PMOB KOHCTAHT PaBHOBECHS MPOTEKAIO-
KX B cHCTeMe peakimii — 1g K , a Takxke st g, x,) = f(C(R,nl X,.q)) 1 Gy = f(Cipy))-

MoHOBapHaHTHOE PaBHOBECHE pealu3yeTcs Ha rpaHuiax ab, bec u bd. Ha 3TUX JTUHUSIX NMPEICTaB-
JICHBI COCTaBbl MCTaJlJIa, HAXOAAIIECTOCA B PaBHOBECCUM C IBYMSA KOHACHCUPOBAHHBIMU OKCHJIHBIMU (1)3-
3amu — Cu,O u pacmiaBom, NiO u pacmaBom 1 CuyO 1 NiO COOTBETCTBEHHO.
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KoopnuHatel THHHI MOHOBAPHAHTHOTO PaBHOBECHS METallIa C IByMsl CTEXHOMETpHUYECKIUMH (haza-
MU ISl TPEXKOMITOHEHTHOM CHCTEMBI (PaBHOBECHE TAKOTO THIA JEMOHCTPUPYET IUHHS bd) paccUUThI-
BalOTCA B MPOIIECCE YHCIEHHOTO PEIICHUS CUCTEM YPaBHEHHUH CIIETYIOIIEro BUAA:

mlga,, +mlga,, =1gk;
mlga ., +mlga,, =1gkK,;
Ay = S (Ciy);

iy = (G

ayy = f(Cy)s

Ciry + G+ Gy =100 %.

Haxonen, 6uBapuanTtHbie paBHoBecus B ciucreMe Cu—Ni—O peanmusytotcs B obmactsix I, I u 111 gua-
TPaMMBI.

Ecnu tpebyercs paccuntaTh KOOPAMHATHI IMHUKA H30TEPMUUYECKOIO PaBHOBECHSI METaJlIa, HAXOMs-
HIErocsl B pABHOBECHH CO CTEXHOMETpHUecKor TBEPAO (azoit (n3orepmer B obiactsx I u III), aTo MOxK-
HO CJIENIaTh B XOJI€ HAXOXKICHHS KOPHEH CIENYIOIEN CUCTEMBI ypaBHEHHMN:

mlgag, +mlga,, =1gk,;

Apy = S (Crpy)s

dx) = f(C[X]);

— 0
Ciry + Cirn + Gy =100 %.
Ecnmu paccmaTtpuBaeTcsi cuctema, METaUTMYECKHA PacIuiaB KOTOPOW BKJIFOYAET YETHIPE DIIEMEHTa

(K =4), B cucteme nosBIsSCTCS TOTOJIHUTEIBHOS H3MEPEHHE, U I03TOMY KOPPEKTHOE rpaduveckoe OT-
paKeHHEe KapTHHBI Pealn3yroIuxcs (a3oBbIX PABHOBECHUH Ha MJIOCKOCTH TPeOyeT (QUKCHUPOBAHUS TEM-
nepatypsl (M B 3TOM CiIydae Juarpamma CBeIETCS K CBOEMY H30TePMHUUECKOMY CEUCHHIO, CM. HallpuMep

puc. 3, 3aMMCTBOBaHHBIN U3 pa0bOTHI [8]) MO0 PUKCUPOBAHMS KOHIICHTPALIMH OHOI'O U3 KOMIIOHCHTOB
(ceueHue MOCTOSHHONW KOHIIEHTPALIMU OJTHOTO U3 KOMIIOHEHTOB).

[Pb], %
6 F—1.2 .
[ Pacriras okenaos (Cu,0, SnO,, PbO))

P 1.4

—0]=1,6% 11
2r SnO,

a b

1T Cu,O

O 1 LI 1 L L

-33 -32 =31 -3.0 2.9 1g[Sn]

Puc. 3. Pazpe3 NMPKM cuctembl Cu-Sn—Pb-O npu 1200 °C [8]

B nepBom ciryuae npaBwiio (a3 npuHUMaeT BHJ ypaBHeHus (5). Bo BTopoMm, HEOOXOIUMO YUUTHI-
BaTh, 4T0 4ncyio komnoHeHToB (K) B ¢opmyne npasuna ¢a3 GpakTudecku IeMOHCTPUPYET YUCIO BHYT-
PEHHHX IIEPEMEHHBIX B CUCTEME, T. €. YHCJIO KOMIOHEHTOB, KOHIIEHTPALHsI KOTOPBIX B CUCTEME MEHSIET-
csi. U, ¢pukcupys KOHIIGHTPAIMIO OJHOTO M3 KOMIIOHEHTOB B CHCTEME, Mbl IPUXOJIUM K CIIEAYIOIIEMY

BUJIy YpaBHEHHS TpaBuiia Qas:
C=K-1)+1-0a. (6)
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[Ipu sTOM U1 KOPPEKTHOrO ClefOBaHUs MpaBWily (a3 B TAKOM BHIE HEOOXOOUMO (DPUKCHUPOBATH
KOHIIEHTPALIMIO KOMIIOHEHTA B cHCTeMe B LiesioM. OAHAKO C TOYKU 3pEHUS TPYJHOCTEH MpOoLeayphl pac-
yéra, a TakkKe MOTpeOHOCTEe! JalbHEHIIEro UCIONb30BaHUS AUarpamMM y/oOHO (GUKCHUPOBATH KOHIICH-
TPALMIO0 KOMIIOHEHTA JIMIIh B METAJUTHYECKOM paciiiaBe. Takol MMoJIXo/1 SKBUBaJCHTEH (PUKCHPOBAHHIO
KOHIIGHTPALlMM B CUCTEME B IIEJIOM, €CJIM KOMIIOHEHT, O KOTOPOM HIET pedb, IPUCYTCTBYET TOJIBKO B
METaJUIN4ecKor (aze, T. €. €CIIM B COCTaB CONPSDKEHHBIX C paciyiaBoM (a3 3TOT KOMIOHEHT (XUMHYe-
CKHI{ 3JIEMEHT) HE BXOJIUT.

OT0 ycnoBUE NOJKHO BBINONHATHCS, MO KpaiHed Mepe, B TOM 00JacTH KOHLEHTpauui ucciesye-
MO cuCTEMBI, s KOTOpoi cTpouTcs nanHast [IPKM.

B kadecTBe npuOIMKEHNsT B HEKOTOPBIX CIydasX MOXKET OBITh JOMYCTHM IOJIXOJI, B COOTBETCTBUH
C KOTOPBIM KOJIMYECTBA CONPSDKEHHBIX C METAJUTMUYECKUM PacIulaBoM (a3 O€CKOHEYHO Maibl B CpaBHE-
HUHM C KOJMYECTBOM paciuiaBa (MomoOHasi CUTyauusi peaqu3yeTcs, HallpuMep, B cilyyae 00pa3oBaHMS
HEOOJBIINX KOJMYECTB HEMETAUTMYECKUX BKJIIOUCHHH B METAIUIMYECKOM paciniaBe). B aTom ciydae
KOHIICHTPAIH KOMIIOHEHTA B CHCTEME U B METAJUIMYECKOM paciuiaBe OyIyT MPaKTHYECKH PaBHEI.

[Ipu ucnonp30BaHNU TaKOTO MPUOIMKEHUS] HEOOXO0IMMO IOMHHTB O TPaHULAX €ro ONPAaBIAHHOTO U
JOMYCTUMOTO ITPUMEHEHUSI.

Kak oOcTout aeio ¢ codmoeHneM mpapuia a3 B CUCTEME, COCTOAMICH U3 4 JIEMEHTOB, IEMOHCT-

pupyercs B TabauLe.
Pac4yéT BapMaHTHOCTU CeYeHUN YeTbIPEXKOMMNOHEHTHOW CUCTEMBbI

Bun cedenus u npasuio ¢as
35 Nzorepmuyeckoe | CedeHHe MOCTOSHHON KOHIIEHTPAITUU
JIEMEHTBI THarpamMm
CevYeHue, OJTHOTO M3 KOMITOHEHTOB,
C=K-® C=K-1D)+1-®
Touka HOHBAPUAHTHOI'O PABHOBECHS 0=4-(1+3) 0=4-1H+1-(1+3)
JIuHus MOHOBapUAaHTHOTO PABHOBECHS 1=4-(1+2) I1=4-1D)+1-(1+2)
O6mnacTs (mosie) OMBapUAHTHOTO
PaBHOBECHSI 2=4-(1+1) 2=@4-1)+1-(1+1)

B obmiem ciyuae, ecny nIpuHATD, YTO JaBJICHHUE ra3a HE BIMACT HA PEATU3YIOIIUECS B CUCTEME PaB-
HOBECHS, M €CJIM KOJIMYECTBO 3JIEMEHTOB, COCTABIIAIOIINX CHCTEMY, Oonblue TpEX, OTOOpakeHHe aua-
rpaMMBl Ha TUIOCKOCTH TpeOyeT (UKCHpPOBaHUs KOHIICHTpAIMK YMCIIa KOMIIOHEHTOB, PAaBHOTO N JUIS
cucteMsl U3 (n+3) 31eMeHTOB WK (PUKCUPOBAHUS KOHIIEHTpAHid (n—1) KOMIIOHEHTOB M TEMIIEPATYyPHI.

Oocy:xnenue pe3yJbTaTOB

Hcropuio momnsITOK MpUMEHEHHs OMMCAHHOTO MOAXO0Ja K aHaJH3y CUCTEM Ha OCHOBE PAa3INYHBIX
IBETHBIX METAJIOB MOXXHO MPOCIIEANTh, HAUYMHAS ¢ ceperHbl XX BeKa.

JumarpamMmbl, KOTOpble MOXKHO Ha3BaTh MOBEPXHOCTAMHU PACTBOPUMOCTH KOMIIOHEHTOB B METaJlle,
OBUIM B pa3HOE BpPEeMs MIOCTPOEHBI [T CHCTEM Ha OCHOBE CBHHIIA, ATIOMUHUS, KOOAbTa U HUKeNs [9].
CkaxxeM, quarpaMMel, CoepKallue OCHOBHBIC 3JIeMEHTHI, xapaktepHble uist [IPKM mis cucrem Ha oc-
HoBe cBuHIA (cuctembl Pb—Ag—7Zn, Pb—Cu—Sn u Pb—Cu-S), npusenéunsie B [10], numenyrorcs aBropa-
MU «CBHUHIIOBBIN YTOJI TUArpaMMBbl COCTOSIHUS CUCTEMBI. .. ».

ITomoOHbBIE qUarpaMMEI IJII CHCTEM Ha OCHOBE alFOMUHUS, COJIEPIKAIINecs, HallpuMep, B CITPaBOY-
Huke [11], Ha3bIBAIOTCSI COCTABUTEISIMU «TIOBEPXHOCTH JIMKBUYCA CUCTEMBI...», a B CIpaBoyHUKE [12]
TaKHe Ke JuarpaMMbl HOCSAT Ha3BaHHE «IIPOEKIIHSI TOBEPXHOCTEH TMKBUYCA CUCTEMBI. . ).

JluarpamMMbl JaHHOTO THIIA JJIs JBYX CHCTEM Ha OCHOBE K0OasbTa, HOCTpOSHHBIE B pabdore [13], Ha-
3BaHBI IPOCTO: «AHarpaMMa PacKUCIEHHs KOOabTa (A TFOMIHUEM WITH KPEMHHIEM ).

B pamkax mpoBeaéuubix B FOYpI'Y pabor ObLIM M3ydeHBI CHCTEMBI Ha OCHOBE PACILIaBOB MEIIH,
KoOanbTa, HUKEIs, ATIOMUHHS, CBUHIIA, BUCMYTa U 0JIoBa. MccliemoBaHbl XUMHUYECKUE COCTABHI, (hopma
Y pa3Mepbl BKIFOUEHUH, 00pa3yonInXcs B METAIUTMUECKUX PACIUIaBaX M3YYCHHBIX CHCTEM IPH Pa3iInd-
HBIX ycnoBusx. OmpeneneHpl COCTaBbl MeTalla, HaXOIAIETOCs PSAIOM C HalIGHHBIMHA BKITFOUESHUSMHU.
[TomyuenHbie pe3yabTaThl COMOCTABIEHBI C Pe3yIbTaTaMU TEePMOJMHAMHYECKOT0 MoaenupoBanus. [lo-
cpenctBoM noctpoeHHbIX [IPKM npoananmsupoBaH psji pa3HOOOPa3HBIX TEXHOJIOTHYECKHUX MPOIECCOB,
CBSI3aHHBIX C HAXOXKIIEHUEM CJIOXHBIX METAUITMYECKUX PACIIABOB B PABHOBECHH C HEMETALTUICCKUMU
(dazamu.

2014, Tom 6, Ne 2 51



dusnyeckana xmmusa

3akioueHue

MerTo/ aHamM3a BEICOKOTEMITEPATYPHBIX CUCTEM C IMOMOIIBIO AUArpaMM COCTOSTHHUS 0COOOTO THTIA —
MTOBEPXHOCTEN pacTBOpuMOCTH KoMroHeHToB B Metaivie (IIPKM) mpoananu3upoBaH B KOHTEKCTE CO-
BPEMEHHOI'O YPOBHS Pa3BUTHS METOJIOB M NMPUEMOB OTOOpaxkeHHs (Da30BBIX PAaBHOBECHI MOCPEICTBOM
muarpamm coctosiaus. [lokazana cesa3p [IPKM c dazoBeiMu muarpammamu Apyrux 0oliee pacmpocTpa-
HEHHBIX TUTIOB. Y IEJICHO BHUMaHHUE BOIIPOcaM IpuMeHeHus mpaswia (a3 ['ub0ca nmns onrcaHus paBHO-
BECHH, pealM3yIONINXCAd B CUCTEMaxX «METANIMYECKUN PacIliaB — CONPsDKEHHBIC CIOKHBIC (as3b», a
TaKkKe METOANKE pacuéra KoopauHaT 3eMeHToB [IPKM.

Paboma ocywecmenena npu gurancosoti noodepacke PODU, epanmor No 13-03-00534 u 13-08-
545.
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PHASE DIAGRAMS OF MULTICOMPONENT SYSTEMS,
INCLUDING METAL MELTS

E.A. Trofimov, Zlatoust branch of the South Ural State University, Zlatoust, Russian Federation,
tea7510@gmail.com

The method for high-temperature system analysis by phase diagrams of a special
type — the surfaces of component solubility in a metal melt — has been analyzed in the
context of the modern development level of methods and techniques of phase equilibrium
representation with the use of state diagrams. Special attention is paid to the Gibbs phase
rule application to describe equilibrium states in the systems “metal melt — conjugate
complex phase”. Also a calculation method for the surfaces of component solubility in a
metal melt is presented here.

Keywords: phase diagram, thermodynamic calculations, phase rule, metal melt.
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UCCINEOQOOBAHUE TMOPOKCUAOA 1-AINTUNXUHOJTMHUA
METOOOM XPOMATOMACC-CNEKTPOMETPUU

A.r. Kum, E.A. BepwiuHuHa

HaiineHo, 4To B yCJ0BHSIX XPOMATOMACC-CIIEKTPOMETPUYECKOT0 HCCIeI0BAHUS
ruapokcu] N-aJUTHJIXUHOJIUHHS MOJBEPraercs TepMUYECKHM NMpeBpallleHusIM ¢ 00-
pa3oBaHueM XWHOJMHA, 1-aJIWI-2-TUAPOKCH-1,2-TUrHAPOXHMHOIMHA, 1-aJuTWiI-
4-rugpokcu-1,4-TMrMIPOXUHOIMHA, 1-aMInia-2-XMHOJIOHA, 1-ajaaua-4-XMHOJI0HA,
1-anaun-1,2-AuruapoxuHoauna, 1-amnwi-1,4-1MruApoXuHoIuHa U nuppo.iofl,2-a]
XHHOJIHHA.

Knouesvie cnosa: 2udpokcud N-ainuixunonunus, nces0oocHosanue, 1-annuni-
XUHONIOHYL, 1-annunoueuopoXuHoIUHbl, XPOMAMOMACC-CREKMPOMEMPUs.

Beenenue

N3BecTHO, uTO comu N-METHIUPUINHHIS PEarupyIOT CO MIEN0YbI0 ¢ 00pa30BaHUEM YETBEPTHUHOTO
TUAPOKCHJIA, HaXOJAIIErocs B pacTBOPE B PABHOBECHHM C HE3HAYUTEIBHBIMH KOJIMYECTBAMH WIHIA U
OeranHoB. ['mapokcun N-MeTUINUPUANHNS B HUYTOXKHONW KOHLEHTPAaUU 00pas3yeT MCeBAOOCHOBAHHE,
NPOJIYKT KOBaJEHTHOTO NPHUCOEIWHEHUsI THAPOKCHI-noHa K aromy C-2 [1, 2]. Lenbto Hamielt paboThl
ABIIIETCS HCCIE0BaHNE TMIpOoKcHaa N-aJNIMIIXUHOIMHNS METOJOM XpOMaTOMAaCC-CIIEKTPOMETPHH.

OO0cy:kaeHue pe3ybTATOB
Ucxonmuwii  ruapokcuy l-ammunxuHonuuaus (1) ObT monydeH B3auMojieiicTBueM Opomunia
l-anmunxuHonnHKA ¢ BoaHEIM pactBopoM KOH. I'mapoxcua 1 BeIIagaeT U3 peaklIMOHHOTO pacTBOpa B
BUJI€ Macjia, KOTOPOE IIOCTENIEHHO 3aTBEP/IEBacT.
OH
|

H
O Qo= O, - Q)
N7 N7 N OoH N
K/ 1 V/ 2 V/ 3 V/

B ycnoBusix xpomaromacc-cnekrpomerpuaeckoro (XMC) uccnenoBanus (TemMreparypa HHXEKTOpa
200 °C) ycraHoBieHO, yTo ruapokcua 1 mpereprieBaeT pa3iuyHble MPEBPALCHUS, O YEM CBUACTENLCT-
BYIOT JIaHHBIC XpPOMATOTrPaMMbI M MacC-CIIEKTPOB (CM. TaOJIHILy).

Kak u cienoBano oxuaath, Cpefid MPOJYKTOB pachazia UMEeTCss XUHOJIWH, KOTOPBI 00pa3yercs
NP IeKBaTepHU3aLMU THAPOKcHAa 1 ¢ BbIACICHHUEM AJTHIIOBOTO CIHUPTA.

[To anamoruu ¢ TUAPOKCHAOM N-METHITUPUANHMS, THAPOKcHU 1 H0mKeH 00pa3oBaTh OCTaWHbBI A,
B, C u wnun D, HO oHM He OOHapyKEHBI, TaK KaK SBISIOTCS TOJIIPHBIMU COSJIWHEHUSMHU U 00JIaaroT

X

HU3KOH JIETy4eCThIO.
- -H0 N N h o
+ JOH ——= * + i + i -
N7 NP N7 N7 NT
~
Z A F B 7 C = D ~
Metomom XMC oOHapyXeHbI Ba cOeUHEHUs ¢ m/z 187, coOTBeTCTBYIONINE |-ayuTHii-2-THAPOKCH-
1,2-nmuruapoxunonuny (2) u 1-ammumin-4-rugpokcu-1,4-auruapoxuHoiuny (3), KoTopblie, BEpOSTHO, 00-

pasyroTcs pH HyKJIeo(IbHON aTake THAPOKCHUI-UOHA T10 MOJIOKEHUAM 2 U 4 XMHOJIMHOBOTO Kosbla. B
Macc-creKkTpax (puc. 1) MMeloTcs XapakTepHble [JIs TceBaoocHoBanui 2 u 3 muku [M—OH]" ¢ m/z 170.
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Kum A.I"., BepwuHuHa E.A. UccnedoeaHue 2udpokcuda 1-annunxuHONUHUs
memodomM xpomamomacc-crieKmpoMempuu

, 44 170
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Puc. 1. Macc-cnekTpbl 1-annun-2-rugpokcu-1,2-auruapoxmHonuHa (a)
n 1-annun-4-rugpokcu-1,4-aurnapoxmHonuHy (6)

JloxazaTenbscTBOM 00pa3oBaHUs MCEBAOOCHOBaHUI 2 u 3 sBisgercs To, uto MetogoM XMC (puc. 2)
BBISIBJICHBI TPOAYKTHl MX OKUCIEHUS ¢ m/z 185, KoTopble sBistoTCS 1-ammwi-2-xuHonoHoM (4) u
1-ammun-4-xunononom (5). Uaentudukamnus uzomepa 4 OCYIIECTBICHA IMyTEM CpPaBHEHHUS C Macc-
CHEeKTpPOM |-ayini-2-XMHOJIOHA, TOJYYEHHOTO paHee OKHCIeHHeM Opomuna 1-aJmiiIXHHOIMHUS
K;3[Fe(CN)g] B menounoit cpene [3], CIeKTpbl KOTOPBIX MOJHOCTHIO COBMaAal0T. ClaemnyeT OTMETUTD, YTO
BpeMs YIEepKMBaHUs MPOM3BOAHOTO 2-xuHoMoHa 4 (8,31 muH) Oojblie, 4eM Yy NPOU3BOAHOTO
4-xunonona S5 (8,17 mun) B macc-cnekTpe coennHeHHs 4 MaKCHMalbHBIM SBISIETCS MUK MOHA [M—
CH;]", Tunuysoro ans Beex N-aJTHIbHBIX IIPOM3BOIHBIX XMHOJIOHOB.
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6)

Puc. 2. Macc-cnekTpbl 1-annun-2-xuHonoHa (a) n 1-annun-4-xuHonoxa (6)
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Hatinens! aBa coenuueHus ¢ m/z 171, KOTOpbIe COOTBETCTBYIOT 1-aiutui-1,2-quruapoxXuHonuny (6)
u l-ammun-1,4-quruapoxunonuny (7) (Bpems yaepxuBanus 6,48 u 6,37 mun). Coenunenus 6 u 7 xa-
PaKTEpPHU3YIOTCSl HAIMYMEM B MAacC-CIIEKTPax MHTEHCUBHBIX MHUKOB C 7/z 170, 4TO CBSI3aHO ¢ 3JIMMHHU-
POBaHHEM aToMa BOAOPOJa U 00pa3oBaHUEM YCTOHYMBOTO KaTHOHA 1-ammunxuHoiauHus. [lo ananoruu ¢
coequHeHMsiMA 4 ®W 5, MBI cumraeMm, 4Yro Oonblee BpeMs yAepkuBaHus y 1-ammmn-1,2-

TUTHIPOXUHONNHA (M30Mep 6).
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6)

Puc. 3. Macc-cnekTpbl 1-annun-1,2-guruapoxmuHonuHa (a)
n 1-annun-1,4-gUrnapoxXmHoONNHOB (6)

Hanwuue 1-ammmn-2- n 4-xuHONOHOB (4, 5) ¥ AUTHIPOIPOU3BOAHBIX 6, 7 MOXKHO OOBSICHUTH pe-
3yJABTATOM OKHCIUTEIHLHO-BOCCTAHOBUTEIHHOTO MHCIPOIIOPIIMOHUPOBAHUSI COOTBETCTBYIONIUX TICEBIO-
ocHOBaHwuit 2 1 3.

H OH 0 H H
X X N
2 H > + H 5 ‘ — ‘ + ‘
N~ SoH NS0 N~ ~H N N N
= . o L N

B npoaykrax Tepmuyeckoil gectpykuuu rugpokcuna 1 o0HapyxeHo coeaunenue ¢ m/z 167, koto-

poe, Ha HaIl B3TJIsi, sABiseTcss muppoo| 1,2-a]xuronmuHoM (8), 9TO BO3MOXKHO MPH BHYTPUMOJIEKYJIISP-
HOM muKIM3anuy winaa A win 6erantna D mo ciemyromeit cxeme:
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Kum A.I"., BepwuHuHa E.A. UccnedoeaHue 2udpokcuda 1-annunxuHONUHUs
memodomM xpomamomacc-crieKmpoMempuu

H,

A X A -H, X
<> —> —_—
+_~ + -
N N N N
- CH lV‘CH —
D K% 2 \ 2 g

[laHHble Macc-CNeKTPOB UCCNeAoBaHHbIX COeANHEHUN

96 @fB @3 }

—> —> —>

+ - +_ +

N N N - N
A V/ - l

P —

CoennHeHHe Xapaxkrepuctuku HoHOB: m/z (1, %)
5 187 [M]™ (8), 170 [M—OH]" (35), 158 (6), 130 (10), 117 (4), 91 (4), 69 (16), 44 (35), 40
(100)
3 187 [M]™ (31), 170 [M—OH]" (8), 159 (28), 132 (39), 117 (21), 91 (22), 69 (16), 44
(35), 40 (100)
4 185 [M]™ (61), 170 [M—CH;]" (100), 145 [M—40]" (11), 128 (23), 118 (11), 89 (13), 69
(11), 44 (23),40 (73)
5 185 [M]™ (41), 170 [M—CH;]" (100), 145 [M—40]" (8), 128 (23), 117 (9), 89 (10), 77
(13),51(8),40 (12)
6 170 [M—1]" (100), 155 [M—CH3]" (6), 129 (25), 103 (8), 77 (11), 41 (18)
7 170 [M—1]" (100), 155 [M—CH3]" (6), 130 (23), 103 (8), 77 (11), 41 (16)
8 167 [M]" (100), 140 (16), 139 (17), 83 (15), 70 (7), 40 (10)
3axinoueHue

Haiineno, uro B3auMojeicTBue 6pomMuaa 1-aTMIXUHOIUHNAS ¢ BOJHBIM PACTBOPOM IIIEJIOYH TIPO-
TeKaeT ¢ o0pa3oBaHWEM THIPOKCHAA |-aJUTMIXWHONHMHUSA, KOTOPBIA B YCIOBHSIX XPOMaTOMAacC-
CHEKTPOMETPHUIECKOTO JETEKTHPOBAHUS ITOBEPraeTCsl TEPMUYECKUM TPEeBpaIleHusIM ¢ 00pa3oBaHUEM
XUHONWHA, |-a/nii-2-THIPOKCHU-1,2-TUTUAPOXUHONHHA, |-auTiii-4-ruapoKcu-1,4-TuruapoXuHOINHA,
1-amnmmn-2-XuHOJIOHA, 1-annmi-4-XuHOJIOHA, l-amnun-1,2-nUuruApoXuHONNHA, 1-ammn-1,4-
JUTAAPOXHUHOMMHA U Tuppono[ 1,2-a]xuHonuHa.

JKcnepUMeHTAIbHAS YaCTh

Macc-cneKTpbsl IPOAYKTOB TEPMUYECKOTO MPEBPALICHHUS THAPOKCHAA N-aITHIXUHOIUHUS CHUMAIIN
Ha npubope GCMS-QP2010 Ultra ¢upmbl «Shimadzu» npu sHEprud HOHU3HPYIOUIMX 3JIEKTPOHOB
70 5B u Temnepatype nonHoro ucrouauka 200 °C.

I'mapoxcun 1-anaunxunomnnus (1). K pacteopy 0,050 r (0,8 mmons) KOH B Bome mo0aBisiroT
0,102 r (0,4 mmonp) OpoMuza 1-amIHUIXWHOJIMHUS, HOIYYEHHOTO IO MeToay [3], ¥ mepeMeIinBaioT B
teuerne 1 4. Uepes 24 4 oTGuIbTPOBLIBAIOT BBHINABIIMN 0CAJ0K M CymIaT Ha Bo3ayxe. Beixox 0,060 T
(80 %), T. 1. 58—60 °C.
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CHROMATOGRAPHY MASS SPECTROMETRY STUDY
OF 1-ALLYLQUINOLINIUM HYDROXIDE

D.G. Kim, South Ural State University, Chelyabinsk, Russian Federation, kim dg48@mail.ru.
E.A. Vershinina, South Ural State University, Chelyabinsk, Russian Federation, enka84@mail.ru.

It has been found that N-allylquinolinium hydroxide at chromatography mass spec-
trometry conditions undergoes thermal destruction with formation of quinoline,
1--allyl-2-hydroxy-1,2-dihydroquinoline, 1-allyl-4-hydroxy-1,4-dihydroquinoline, 1-allyl-
2-quinolone, 1-allyl-4-quinolone, 1-allyl-1,2-dihydroquinoline, 1-allyl-1,4-dihydroquinoline
and pirrolo[1,2-a]quinoline.

Keywords: [-allylquinolinium hydroxide, 1-allylquinolones, I-allyldihydroquinolines,
pseudobase, chromatography mass spectrometry.
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