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Synthesis and biological activity of nitrogen-containing derivatives of estafiatin

The reactions of guaianolide of estafiatin with various amines were investigated. It was shown that the
aminolysis reactions of y-lactone ring of estafiatin or reactions of Michael-type conjugate addition or tandem
conversions of Michael and Knoevenagel-type were carried out depending on the nature of amines. The regu-
larity of proceeding of estafiatin reactions with secondary aliphatic and aliphatic-aromatic amines was detect-
ed. It lies in the fact that the reactions proceed exclusively by Michael reaction and they are completely regio-
and stereoselective. It was revealed that synthetic nitrogen-containing derivatives of estafiatin had antibacte-
rial and antioxidant activity.

Key words: guaianolide, estafiatin, aminolysis, aliphatic amines, Michael reaction, tandem reaction, antibac-
terial and antioxidant activity.

Estafiatin (1), a guaiane sesquiterpene y-lactone (guaianolide), induces interest for study of nucleophilic
addition reactions of amines and synthesis of new potentially biologically active nitrogen-containing deriva-
tives [1-3].

In this article the reactions of estafiatin (1) with various aliphatic and aliphatic-aromatic amines were
investigated. Interaction of estafiatin (1) with primary amines as monoethanolamine, methylamine in ethanol
medium at temperature 25-30 °C leads to the formation of products of the aminolysis reaction of y-lactone
ring — hydroxy amides (2) (65 % yield) and (4) (53 % yield), respectively and of products of the Michael-
type conjugated addition — adducts (3) (20 % yield) and (5) (30 % yield), respectively. The reaction of
estafiatin (1) with benzylamine leads only to Michael adduct (6) with 96 % quantitative yield. "H-NMR spec-
trum data of obtained compounds are shown in Table 1.

13 N
“\\\\ O\\\\\
NHC,H,OH

0 “

o
T

CONHCH;

1) a3

NHCH,Ph
() %) NHCH © Y

Joining of primary aliphatic amines by Michael-type occurs stereoselectively and leads to the formation
of stereoisomers with a-oriented C-13 carbon atom.
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Table 1
"H-NMR spectrum data
Protons Compounds
M 2 (€)] 4) (O] 6
Me-4 1,53 singlet 1,56 singlet 1,50 singlet 1,53 singlet 1,56 singlet 1,53 singlet
3,28 broad 3,28 broad 3,75 broad 2,84 broad 2,90 broad 2,84 broad
singlet singlet singlet singlet singlet singlet
4,01 quintet . . . . 3,03 broad
H-6 (10,5:9) 4,0 triplet (10) | 3,95 triplet (10) | 3,34 triplet (10) | 3,18 triplet (10) triplet (9)
H-13a > ’42(2‘;‘;““ > ’40(;‘;‘;““ 2,67 multiplet | 5,41 doublet (3) | 2,50 doublet (3) | 2,53 multiplet
H-13b 6’12(2 (;l)lblet 6,1 doublet (2,5)| 2,67 multiplet | 6,21 doublet (3) | 2,50 multiplet | 2,53 multiplet
4,78 broad 4,78 broad 4,75 broad 4,53 broad 4,56 broad 4,50 broad
H-14a . . . . . .
singlet singlet singlet singlet singlet singlet
4,78 broad 4,90 broad 4,82 broad 4,45 broad 4,64 broad 4,56 broad
H-14b . . . . .
singlet singlet doublet singlet singlet singlet
CONH(CH,),0 | HN(CH,),H CONH
22 22 CH;; HNCH;; NCH,Ph
H; 2,14 broad | 3,50 broad sin- . :
Other B triplet (1H) Jet (1H), 2,10 2,52 broad 2,70 broad sin- -3,43 singlet
protons P ’ & o singlet (1H), glet (1H), 1,90 | (1H), 7,09 broad
(7,3) 2,17 broad | - broad singlet |y o310 | ginglet 3H) | singlet (SH)
singlet (4H) (4H) ’ (3H)g & &

By analogy with primary amines we expected the competing attack by benzylamine to occur with the
assistance of more reactive carbonyl group of estafiatin (1). However only a product of conjugate addition
was obtained. It’s the adduct (6) with 96 % quantitative yield. In this case, the Michael reaction completely
occurs regio- and stereoselectively, giving the product (6) with a-oriented C-13-atom.

Considering that secondary aliphatic amines are the most basic and more reactive nucleophilic reagents
than the primary we expected the regioselective addition to the carbonyl group of estafiatin to occur with the
formation of products of aminolysis. However, the reactions of estafiatin (1) with diethanolamine,
diethanolamine, diethylamine, piperidine and morpholine in ethanol medium at temperature 25-30 °C occur
with the assistance of activated double bond C;;—C,; (Michael reaction) and lead to aminoadducts (7-11)
(85-95 % high yields) with a-oriented C-13-atom (‘H-NMR spectrum data are shown in Table 2).

(7) RR'=-CH,
(8) =CyH;s
(9) =(CH,),O(CHy)y

(10) RR=(CHy)s"
(11) =-C,H,0H

Probably in reactions of estafiatin (1) with primary aliphatic-aromatic and secondary aliphatic amines,
the regiospecific nucleophilic addition by Michael-type is also controlled by the nature of the amines, name-
ly of hard and soft basic properties. So this regularity can be explained by the theory of HSAB. Obviously,
these amines are boundary bases such as aniline, pyridine, etc. So, under these conditions, these amines like
soft bases interact with soft electrophilic C13-carbon atom (1). They form only conjugate addition products.

The biological activity of the synthesized nitrogen-containing derivatives of estafiatin (1) was studied.
It was found that morpholinamine (9) and benzylamine of estafiatin (6) had antibacterial activity against 16
strains of gram-positive bacteria (Staphylococcus aureus, St.epidermidis et al.), gram-negative bacteria (Sal-
monella spp., Klebsiella spp. et al.) and gram positive nonspore-forming anaerobic bacteria (Propioni-
bakterium spp., Eubacterium spp.) and coccus (Reptococeus spp.) and also had fungicidal action against fun-
gal strains of the genus Candida albicans and Mucor.

Furthermore, it was found that amino adducts (6), (9) and (10) had antioxidant activity. The relationship
between their structure and biological activity was identified (Table 3).

Cepust «Xumusi». Ne 2(74)/2014 5
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Table 2
"H-NMR spectrum data
Protons Compounds
0 @) @®) ©) (10) (1)
Me-4 1,53 singlet 1,56 singlet 1,56 singlet 1,59 singlet 1,56 singlet 1,20 doublet
3,28 broad 2,09 broad 3,31 broad 2,89 broad 2,87 broad
H-3 ) : . . . -
singlet singlet singlet singlet singlet
4,01 quintet . 4,0 broad . . .
H-6 (10,5:9) 3,12 triplet (10) triplet (10) 3,12 triplet (10) | 3,12 triplet (10) | 3,18 triplet (10)
5,42 doublet | 2,37 doublet of . . 2,50 broad 3,87 broad
H-13a (3.5) doublets (8:9) | 43 multiplet | 2,01 multiplet | 7100 0 5 singlet
6,12 doublet | 2,65 doublet of . . 2,65 broad 3,87 broad
H-13b (3.5) doublets (8:9) | 43 multiplet | 2,01 multiplet | 7100 0 5 singlet
4,78 broad 4,87 broad 4,53 doublet 4,65 doublet
H-14a singlet 4,53 doublet (3) singlet 4,39 doublet (2,5) 2.5) 2.5)
4,78 broad 4,87 broad 4,53 doublet 4,65 doublet
H-14b singlet 4,53 doublet (3) singlet 4,39 doublet (2,5) (2.5) 2.5)
N(CH,CHj)s;
N(CH:); (CHACH: I N(CHo),0(CH); | N(CH)s; | N(CH.CH,0H).;
Other . 2,18 multiplet . .
protons — 1,89 singlet (4H), 0,93 tri- 3,37 broad triplet 2,7? broad sin- —3,511 broad
(6H), plet (6H, 9) (8H, 4) glet (10H) singlet (4H)
Table 3

Antioxidant activity of estafiatin (1) and its derivatives
(parameters of initiated chemiluminescence of lipids in the presence of synthesized compounds)

N/N Code and the number H T tga H, arbitrary units
of compounds
1 T-1(1) 2,11+0,08 arbitrary units 2,94+0,14 min 3,2+0,19 7,6+0,61
2 T-M (9) 5,5+0,5 arbitrary units 1,57+£0,07 min 7,0+0,28 32,5+2,15
3 T-P (10) 5,75%0,6 arbitrary units 1,8+0,09 min 4,5+0,29 16,25+1,5
4 T-BA (6) 5,41+0,4 arbitrary units 1,740,11 min 5,6+0,22 17,5+1,4
5 Tonol 2,17+0,13 arbitrary units 7,64+0,15 min 2,69+0,13 6,34+0,51
6 Control 2,6+0,1 arbitrary units 2,0+0,09 min 3,5+0,29 7,1+£0,55

For example, benzylamine (6), morpholine (9) and piperidine (10) lose the antioxidant activity of the
estafiatin (1). The value of the latent period is decreased by 1.6 times or greater at transition from estafiatin
(1) to its three derivatives (6), (9) and (10). It is explained by the absence of mobile hydrogen atoms of
exomethylene group of y-lactone ring (1) inhibiting free radical oxidation (FRO). Adequate change of pa-
rameters of initiated chemiluminescence of lipids was found for all mentioned derivatives of estafiatin. De-
rivative of morpholine (9) has an obvious pro-oxidant effect.

Thus, synthesized biologically active nitrogen-containing derivatives of guaianolide of estafiatin (1) are
interesting for investigating their pharmacological activity and creating effective new drugs.
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AcrapuaTHHHIH A30TKYPAM/IbI TYBIHABLIAPbIHBIH CHHTE3I
7KOHe OMOJIOTHAJIBIK OeJICeHaTiri

I'BasHONMMA ScTadMaTHHHIH op TYpIl aMHHAEPMEH peakIsUIapbl 3epTTenii. AMHHAEpIIH TaOuraThHA
GaiiinaHbICThl ScTa)MATUHHIH Y-TaKTOHAB! LUKIIIHIH aMUHOJIN3 PeaKMAChl, HemMece Muxasub Tumi OoifbIHIIa
KOCapJaHFaH KOCBbUIY peakuusiapbl, HemMece Muxasip sxoHe KHeBeHarenb Tunrepi OoibIHINA TaHAEMAI
peakiMsUIapbl KYpeTiHi kepceTinmi. DcraduaTHHHIH CKIHIIUIK aMHHASPMEH >KSHE Mailiibl apoMaTThl
aMHUH/ICPMEH peakiysuiapbl Muxasnib T OOMbIHIIA KYPETiHI MeH OyJl peakUMsuIapIblH PEruo- XKoHe
CTEPEOCETIeKTHBTI eKCeHI JoNelieH . DcTadhUaTHHHIH CHHTE3JEIIN ajbIHFaH a30TKYPaMAbl TYBIHABLIAPEL
AQHTHOKCHAAHTTHI XKOHE MHUKPOOKA Kapchl OSJICEHALTIK KOPCETETiHI aHBIKTAJ/IBL.

H.Mepxarymnsl, [1.Boiitnuek, C.b.A6eyoBa, A.T.Omaposa, A.H.Mckannepos

CuHTe3 M 0MO0JIOTrHYecKas aKTHBHOCTH
a30TCo/ep:KallUX MPOU3BOJHBIX 3cTapuaTnHa

N3y4eHbl peakuuu rBasHONNA dcTadUaTHHA C PA3IMYHBIMU aMHHaMH. [I0oka3aHo, 4YTO, B 3aBHCHMOCTH OT
HPHUPOJIbI AMHHOB OCYLIECTBISIOTCS JTMO0 PeaklMi aMHHOJIN3a Y-IaKTOHHOTO IMKIIa 3ctaduaruHa, 1ubo pe-
aKLUH COPSKEHHOTO MPHCOSIUHEHHMS 110 THUITy MuxasJis, 1nbo TaHIEeMHbIE IIPEeBpalleHust N0 THILy Muxasis
u KneBenares. BrlsiBiieHa 3aKOHOMEPHOCTD IIPOTEKAHNUS peakIyii s)cTahUaTHHA C BTOPUIHBIMH anugarude-
CKMMH M XHPHOAPOMATHIECKAMH aMHHAMH, 3aKTIOYAIOIIAsICSl B TOM, YTO OHU PeaIu3yI0TCs NCKIIOUUTEIHHO
10 peakuu Muxasis U SBISIOTCS MOJTHOCTBIO PETHO- U CTEPEOCETIEKTHBHBIMU. Y CTAHOBIICHO, YTO PSJ CUH-
TE3MPOBAHHBIX a30TCOJEPIKAIINX IPOM3BOAHBIX dcTadmMaTHHA 00JIagaeT aHTHOKCUIAHTHON M IPOTUBOMHMK-
POOHOIT aKTUBHOCTEIO.
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Synthesis of novel polymers on the basis of polycondensation of diamines
with esters of tetracarboxylic acid

Polymerization of heterocyclic monomers is known to lead to the formation of polymers possessing complex
of predictable practically useful properties, in particular, thermoplastic and heat-resistant ones. As object of
research we used heterocyclic polyamide synthesized by polycondensation of ethyl ester of
ethylenetetracarboxylic acid with polyfunctional diamine. For our research the method of low-temperature
polycondensation which began to be applied recently was the most suitable method for obtaining polyamides.
The advantage of this method is reducing the duration of the polycondensation and the possibility of obtain-
ing products of high molar mass. Low-temperature polycondensation process is also used for obtaining unsta-
ble at the melting point polyamides with aromatic nuclei.

Key words: heterocyclic monomers, polycondensation, polyamides, thiazoles, tetracarboxylic acids,
polyfunctional diamine.

Despite the impressive progress made in the synthesis of polymers with specific properties a search of
new ways of polycondensation, establishing principles of macromolecular design, development of new ad-
vanced polymer materials, and in-depth study of their properties is still remained of current interest. Advanc-
es in the technology of aromatic polycondensation polymers were reflected in industrial (or semi industrial)
manufacture of plastics, fibers and films on their basis, which are widely used in various fields of human ac-
tivities [1-3].

Each stage of the addition reaction does not depend on previous ones and does not affect the probability
of subsequent similar acts of addition. The reactivity of the functional groups is actually independent of the
number of units in the polymer homologue. Multifunctional products can only participate in the
polycondensation reaction leading to the obtaining of high molar mass polymers. So we mean only those
functional groups that under chosen conditions may interact with each other. Presence of two or more func-
tional groups in the starting compound is the necessary condition for the polycondensation reaction.

Linear polymer is known to be formed of bifunctional compounds polycondensation in the absence of
by-side reaction. If the starting monomers contain three or more functional groups capable of reacting with
each other the number of functional groups in the macromolecule increases with each act of addition, so
branched polymer can be formed. Cross-linked polymers are formed at further interaction of branched mac-
romolecules.

Another necessary requiment for the polycondensation reaction is the absence of competing processes
leading to decreasing the number of functional groups.

Depending on the stability of the newly forming in polymer functional groups relative to in reaction
products of low molar mass and polycondensation conditions the process may be an equilibrium (reversible)
and non-equilibrium (irreversible). In those cases where the newly created functional groups can interact
with the low-molar-mass reaction product polycondensation is reversible and the equilibrium constant for
each act of addition is defined by reaction conditions, and activation energy of the reverse process.

When proceeding polycondensation practically there is no monomer in the reaction medium already at
the initial stages, and macromolecular growth occurs as a result of interaction of dimers, trimers, and then
oligomers and high molar mass compounds. It was experimentally found that the reactivity of the terminal
functional group does not decrease with increasing length of the macromolecules. Thus for the whole process
the growth rate constant remains unchanged as well as the activation energy of each stage.

Step-growth polymerization is widely used both in industrial and laboratory synthesis of polymers as
well as addition polymerization. Polycondensations were carried out in solid phase, in melt, in solution, in
emulsion, on interface, in matrices.
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For obtaining high-molar-mass polymers it is necessary to keep equimolar ratio of the reactants, to pre-
vent side reactions of functional groups, polymer thermodestruction, but in the case of equilibrium processes
low-molar-mass products must be fully removed from the reaction zone.

As initial compounds for the synthesis of the starting diamines containing a thiazole moiety, we used 2-
amino-4-phenylthiazole (I) and 2-amino-4-methylthiazole (II) synthesized according to Hantzsch reaction
scheme which are further successfully condensed with a benzaldehyde in the presence of hydrochloric acid
according to the known scheme [4, 5]. Substituents at 4-position do not affect the reaction route and conden-
sation takes place onto the 5-position.

O, O,

These compounds were obtained by Hantzsch synthesis which is interaction of a-(ketone halides) of al-
dehydes with thioamides. 2-Amino-4-phenylthiazole was synthesized by interaction of acetophenone with
thiourea in the iodine presence.

C_CH3

wn
z

| I, / )\
+ C —_—
H2N/ \NHz -H,0

2-Amino-4-methylthiazole was obtained from chloroacetone and thiourea. For this reaction
chloroacetone was previously synthesized by chlorination of acetone according [6].

H,C—C—CH; + Cl, —» H3C—|C—CH2C1

-HCl
0 0
H,C 0 NH,
T L
-HCl )\
H,C
¢ S NH, -H,0 NH,

The presence of sulfur in aromatic cycle is equivalent to —CH:CH- group that is well illustrated by the
close similarity of physical and chemical properties between benzene and thiophenes, or thiazoles and pyri-
dines. The amino group of 2-aminothiazole in the para-position relative to the position 5.

0
7\— P Hcl
¢ CHC  —» C6HSCH<—t)\NH
NH2 H 2

I a) R=CH,;
b) R=Ph
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Couple of decades ago tetracarboxylic acids did not find practical application, although a significant
number of them have been isolated from the products of oxidation of organic compounds or at identification
of diene systems according to Diels—Alder reaction. However, the situation was changed dramatically when
it was found that the tetracarboxylic acids and their functional derivatives may be used as starting com-
pounds for the synthesis of thermostable polymers (polyimides), plasticizers, and antioxidants, as hardeners
of epoxy resins, etc.

There are the many methods for the synthesis of carboxylic acids but for the preparation of compounds
of our interest the following ones such as oxidation of organic compounds, cycloaddition reactions, conden-
sation of dicarboxylic acids and their derivatives and syntheses with malonic ester can be used.

Ethyl ester of ethylenetetracarboxylic acid (II) obtained by heating bromomalonic ester with anhydrous
sodium carbonate was chosen as one of the monomers for the polycondensation.

0 0 0
OCHs Na,c0, 150- 1600c  ©2HsO OCHs
Br - —
OC,H; C,Hs0 OC,Hs
J 0 O
1l

Interest for aromatic dicarboxylic acids chlorides as monomers for the synthesis of condensation poly-
mers is due to the high reactivity in the energy interaction at low temperatures with compounds having active
hydrogen atoms (alcohols and amines) in the presence of a proton acceptor. The usual way of carrying out
this process called interfacial condensation is based on Shotten—Bauman classic acylation reaction of amines
and alcohols and Hinsberg’s separation of amines. The reaction occurs at the interface of the solution of
dicarboxylic acid chloride in organic solvent and an aqueous solution of a diamine or diol.

The polycondensation of compounds Iz and 16 with the compound II was carried out by high-
temperature polycondensation in DMSO according to the scheme:

R R 0O O
N N
/ \ / \ C2H50 OC2H5 DMSO,t
+ JR— —_—
H,N S S NH,
b C,H;0 - OC,H;
Ia) R=CH3 1I
b) R=Ph
R R C,H;0_ _O
e 08 e L%
DM
SO, t H_J \ H ] _ J
S S
Ph O )\ n
o)
11l a) R=CH; OCH;
b) R=Ph

The IR spectra of the obtained compounds have bands typical for NH- group: (v, cm™) 3445 for Illa;
3438 for I116. This indicates the presence of substituent at aminogroup.

Solubility of Illa, b polyamides was checked in dimethylformamide, dimethylsulfoxide, tetrahydro-
furan, concentrated sulfuric acid. These polymers are insoluble in common organic solvents. All polyamides
are readily soluble in aprotic polar solvents.

Intrinsic viscosity of Illa, b polyamides is determined by means of Ubbelohde viscometer at 25 °C us-
ing a solution of the polymer in DMFA. The intrinsic viscosity is determined by the formula (1):
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[n]zélogi, (1)
C n,
where C is concentration of solution 0.5 g/100 ml; n/n, is relative viscosity.
Low intrinsic viscosity values polyamides Illa, b are due to the fact that they are obtained by high tem-
perature polycondensation. In addition, it may be connected with the low reactivity of ethyl ester of
ethylenetetracarboxylic acid, and possible partial decomposition of this compound when exposed to heating.

Experimental part

IR spectra of compounds synthesized were recorded on a spectrometer «Nicolet Avatar-360» using KBr
tablets (measurement error is 0.2 cm ).

Reactions routes and compounds individuality were monitored by TLC on standard plates «Silufol UV-
254 in the system of benzene:ethanol = 6:1. Plates were detected with a UV lamp.

Synthesis of di(2-amino-4-methylthiazyl-5)phenylmethane. A mixture of 0.1 mol of 2-amino-4-methyl-
thiazole and 10 ml of concentrated hydrochloric acid was heated up to 100 °C and poured dropwise 0.05 mol
of benzaldehyde. The temperature was then raised to 150 °C and mixture was boiled for 4 h. After cooling
the reaction mixture was dissolved in water and basified with ammonia solution until slightly alkaline reac-
tion. The precipitate was filtered under a water pump vacuum, dried and reprecipitated from DMF with wa-
ter. Product yield was 55 %. M, is 180 °C. IR spectrum, v, cm ': 3276 and 3446 (NH,).

Synthesis of di(2-amino-4-phenylthiazyl-5)phenylmethane. A mixture of 0.1 mol of 2-amino-4-
methylthiazole and 10 ml of concentrated hydrochloric acid was heated up to 100 °C and poured dropwise
0.05 mol of benzaldehyde. The temperature was then raised to 150 °C and mixture was boiled for 4 h. After
cooling the reaction mixture was dissolved in water and basified with ammonia solution until slightly alka-
line reaction. The precipitate was filtered under a water pump vacuum, dried and reprecipitated from DMF
with water. Product yield was 75 %, M, is 221 °C. IR spectrum, v, cm’': 3240 and 3434 (NH,).

Investigation of solubility of ethyl ester of ethylenetetracarboxylic acid in ethanol. Yield of dried air
colorless product which melts at 52.5-53.5 °C is 95-110 g (47-55 % of theoretical value). Distilling off the
alcohol from the mother liquor, distilling residue in vacuum and recrystallization of solidified distillate can
increase the product yield to 110—-115 g (55-57 % of theoretical value).

Table
Solubility of ethyl ester of ethylenetetracarboxylic acid in 100 ml of 95 % ethyl alcohol
20g at 0 °C 160¢g at 30 °C
25¢g at 11 °C 19.0 g at 31 °C
1.0g at 16 °C 28.0¢g at33 °C
80¢g at23 °C 350¢g at 34 °C
97¢g at 26 °C 61.0g at 36,5 °C

Synthesis of polyamides Illa, b. 1 mmol of the diamine and 1 mmol of ethyl ester of ethylene-
tetracarboxylic acid were dissolved in dry DMSO and heated with rapid stirring for 10 hours. Then after
cooling mixture was poured into 30 ml of distilled water, the precipitated polymer was filtered and dried.
Yields of polyamides Illa, b are 64 and 68 %, respectively. IR spectrum, v, cm': 3445 (NH) for IVa;
3438 (NH) for IIIb.
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JLK.Conkeesa, E.K.Taiimu6ekoBa, A.K.Illu6aesa, JI.M.Cyrpanuna,
A.B.Omamesa, A.A.XXopraposa, A.K.Cankeesa

JnamMuHIepAiH TeTpakapOOH KbIIIKbLIIAPbIHBIH 3(upepiMeH
MOJTMKOH/ICHCAIMA PeaKIHACHI Heri3iH/e )KaHa nojauMepJiep CHHTe3i

[eTepounKIIbl MOHOMEpJIEP NPAKTUKAJBIK, COHBIH IIIiHIE JKbUIyFa TO3IMAI JKOHE JKbUIy IIACTHKAJIBIK
naiansl OoKaMabl KacHeTTepi Oap, KOMIUIEKCTI ITOJMMEpIIepAiH Ty3ilyiHe okeneTiHi Oenrim. 3eprrey
HBICAHBIMBI3 PETiHJE ATHICHTETPaKapOOH KbIIKBUIBIHBIH ATHI 3GHPiHIH MONTU(YHKIHOHAIIB JHAMHUHMEH
TIOJIMKOHACHCAIMSICBIMEH CHHTE3/IeN aJIBIHFaH TeTepOLUKIIBI TOJTHAMU KOIIaHbUIbL Bi3nin 3eprreynepre
TOJIMAMUATEP/Il aly YIIIH aca BIHFAHJIBI SNiC PETiHAE TOMEHT] TeMIepaTypaiblK MONUKOHJICHCAIUsS dfici
TaHzambl. by oficTiH epexuieniri — MOJMKOHICHCALMS Y3aKThIFBIHBIH a3al0bl )KOHE JKOFapFbl MOJICKY-
JaJbIK MaccaMeH 3arTap any MyMkinairinae. COHbIMEH Katap TOMEHTT TeMIIepaTypablK MOJIMKOHACHCAINS
nporeci 0anKy TemIiepaTypachl Ke3iHAE TYpPaKThl eMeC apOMAaTHKAJBIK SIPONapbIMEH MOJHAMUATEPIl almy
YLLIIH HaiananibL.

JLK.Canbkeena, E.K.Taiimu6ekoBa, A.K.Illu6aesa, JI.M.Cyrpanuna,
A.B.OmameBa, A.A.XKopraposa, A.K.CanbkeeBa

CuHTe3 HOBBIX NTOJIMMEPOB HA OCHOBE PEAKIUM MOJTUKOH/ICHCALUN
AUAMHMHOB € 3(pMpamMM TeTPaKapOOHOBOI KMCJIOTHI

HM3BecTHO, 4TO TeTepOLMKINYECKUE MOHOMEPHI NMIPUBOAAT K 00PA30BAHHUIO MOIUMEPOB C KOMIUIEKCOM IpO-
THO3UPYEMBIX IIPAKTUYECKU IOJE3HBIX CBOWMCTB, B YaCTHOCTH, TEPMOCTOMKHMX M TEPMOIIACTHYHBIX.
B kauecTBe 00beKTa MCCIENOBAHMS HAMH HCIIOIb30BaH T'€TEPOIMKINISCKHI ITOIHAaMHI, CHHTE3UPOBAHHBII
TIOJIMKOHICHCAIIMEeH STHIIOBOTO 3(Upa STHICHTETPaKapOOHOBOH KUCIOTHI C MOIM(YHKINOHATIBHBIM JTHAMH-
HOM. Hamnboiee moaxoasmuM MeTOJ0M MOTyYeHUS TOJMAaMHIOB B XO/€ HAIINX MCCIICIOBAaHUI OKa3ajcs Me-
TOJ, HU3KOTEMIIEPATYPHOI MOJIMKOHAEHCAMH, KOTOPBIA Hadan MPUMEHAThCS CPaBHUTENLHO HenaBHO. Ilpe-
HMYIIECTBOM TOTO METOJA ABJIAETCS YMEHBIICHUE JUTUTENLHOCTH MOIUKOHAECHCAIIMN 1 BO3MOXKHOCTD TOITY-
YeHUsI TIPOAYKTOB C BBICOKOW MOJIEKYJIApHOW Macco. Ilpouecc HM3KOTeMIEpaTypHOW MOJIMKOHAEHCALUH
TaKKe HUCIOJNB3YIOT JUISL TOJTyYeHUS] HECTAaOMIBHBIX TIPU TEMIEpaType IUIaBICHHA IOJHAMHIOB
C apOMaTUYECKUMHU SAPaAMHU.
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Molecular masses and characteristics of polyethileneglycolmaleate,
polypropyleneglycolmaleate, polyethileneglycolphthalate,
polypropyleneglycolphthalate

The molecular masses and characteristics of such unsaturated polyester resins as polyethyleneglycolmaleate,
polypropyleneglycolmaleate, polyethyleneglycolphthalate and polypropyleneglycolphthalate were studied.
It was determined the weight average molecular weight and number average molecular weight of unsaturated
polyester resins, and it was carried out the comparative analysis of the obtained data.

Key words: unsaturated polyester resin, number-average molecular weight, weight-average molecular weight.

Introduction

Molecular mass and polydispersity degree belong to the main characteristics of high-molecular com-
pound, because of physical and chemical properties of polymers directly depend on the sizes of the mole-
cules arranged by certain type [1]. Various methods are used for the experimental determination of the mo-
lecular weight of the polymers; some of them determine number-average meanings (osmometry, the method
of terminal groups) and others — weight-average (light-scattering method) [2]. Therefore, the molecular
weight meaning of the polymer determined by means of one or other method is the average value.

It was interesting to study average molecular mass of unsaturated polyester resins. Over the past few
decades, unsaturated polyester resins are widely recognized as highly reliable products with chemical and
temperature resistance combined and excellent mechanical properties [3]. The simplicity of the synthesis
allows to suggest that scope of use of such polymer system will be expanded rapidly.

The following unsaturated polyester resins as (polyethyleneglicol) maleate, phthalate, (polypropelene-
glycol) maleate, phthalate were chosen as the objects of the investigation.

Experimental part

Unsaturated polyester resins were produced by the polycondensation of glycols (ethylene glycol,
propyleneglicol) with anhydrides of unsaturated dicarboxylic acids (toxilic anhydride, phthalic anhydride) at
the temperature of 413—433 K [4]. The monitoring of the reaction course was performed by acid number de-

termining.
The course of reactions is represented on the schemes (a, b):
I
N
a) n E O+ mHO—R—OH —*® HOR—OOC—CH=CH—COOH —>
C
|
@)
— NVV"+O—R—OOC—CH=CH—CO+JWV‘+mH20
n
I
N
b) n 0+ mHO—R —OH — HOR—00C COOH—>
C
|
(0]
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—_— \'V‘N—%R—OOC CO+AMI* +mH,0

n

Indexes of acid and hydroxyl numbers of the samples were determined by the titrimetry [5]. Acid num-
ber ( A.N.) was estimated according to the formula:
(V,=V,)x f x0,00561x 1000

AN.= , M
a

where 0,00561 — titer of 0,1 solution of KOH, g/ml.
Hydroxyl number ( H.N.) was calculated according to the formula:
(V,=V,)x fx0,028x1000

H.N.= , 2
a

where 0,028 — titer of 0,5 solution of KOH, g/ml.
Yield mass calculation for the certain acid number 4, , was determined according to the formula:

_ 4,
AA.N4 - A'N'XMHZO ’ (3)

My 1000

where 4, — yield mass for AN.=0
The number of unreacted carboxyl groups v ., Was estimated according to the formula:
AN.xA,,

Number-average molecular weight was calculated according to the formula:

— A
M — A.N.
"omyx(K, 1)’

where K,, — constant of polycondensation, that was determined according to the formula:

Vecoon =

"+ Vcoon
K, = T
Number-average molecular mass of polymers was determined by the light-scattering method [6, 7] in
the nephelometer HACH 2100AN. Measurement was carried out according to the laboratory standards [8].
Molecular mass was determined according to the formula:
HC_ 1 25C
R, M, RT
where H — optical constant, that is equal to
32T (@jz
3 Nailde)’
where C — is the polymer concentration in the solution, g/100 ml; R, — is hyper intensity of light scat-

tered at an angle 90°; A, is the wave length of applied light; N, is Avogadro number; dn/dc — refractive

index increment, that was measured in refractometer IRF-23.
Determinations of the main objects of the study are represented in this work with the list of numerical
characteristics of results reproducibility.

Degree of polydispersity D,, was estimated according to the formula:
D M = Tw N

n

where M, — average molecular mass; M, — number-average molecular mass.
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Results and discussion

The most important peculiarities of unsaturated polyester resins are their molecular mass meanings and
molecular mass ratio, these properties determine practical usefulness of polymers [1].

The average meanings of molecular weight and molecular mass of unsaturated polyester resins were de-
termined in this study; and it was carried out the comparative analysis of the data [2]. Some characteristics of
unsaturated polyester resins are represented in Table 1.

Table 1
Indexes of acid and hydroxyl numbers of unsaturated polyester resins
Index
UPR AN., Veoous | H.N., Vo s M
, Ay K Water, "’
mg KOH/g | mole |mgKOH/g| mole A 8 e 8 Y g g/mole
p-EGPH 15,07 0,08 29,07 0,23 371,37 373,18 1,11 23,37 2001,58
p-EGM 21,39 0,26 26,12 0,57 659,43 663,98 1,18 33,30 1881,25
p-PGPH 14,51 0,08 28,51 0,24 399,39 401,25 1,11 23,47 2112,57
p-PGM 20,19 0,25 26,19 0,58 726,07 730,81 1,17 30,83 1996,40

As it follows from the obtained data, the indexes of acid numbers of derived products reveal substantial
decreasing of carboxyl groups at the reaction process (acid numbers are within limits of 15,05-20,20 mg

KOH/g). Yield masses of unsaturated polyester resins for the certain acid number (A, , ) is larger than yield
mass of unsaturated polyester resins when 4.N.=0 (4,) to the amount of released water, consequently,

reactivity ratio are K,, >1. The number of unreacted carboxyl groups decreases, and the number of exces-

sive carboxyl groups increases. A.N. — acid numbers of the samples containing phthalic anhydride are
slightly below, apparently, it is caused by the maximal interaction reaction rate of the phthalic acid anhydride
with OH-group of alcohol, and this rate is preferable.

Number-average molecular weight determined according to by acid number (Table 1) is slightly higher
for propylene polymers than for residues of the ethylene glycol; that is definitely due to a high-mobility of
the hydroxyl groups.

In a continuation of the study, the weight-average molecular weight of polymers was determined by the
using of light-scattering method. This method technically isn’t difficult and it doesn’t require preliminary
plotting of calibration curve with using of polymer fractions with known molecular mass, therefore, that is
absolute method [8]. Turbidness of polymers solutions was determined by the turbidity method at A=546 nm.
Obtained data were processed by mathematical statistics method, according to the equation (7) and (8); and

H
then R—C -f (C ) plots were depicted (Fig. 1, 2).

()
HC/R,<10*

3,9500

3,9200 f

3,8900

3,8600 -f

3,8300
3,8000 +———p e (7 /M3
0,0000 0,1000 0,2000 0,3000

Figure 1. Dependence HC/R,, on C for dilute solutions of p-PGPH in chloroform
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HC/R,x10*
4,1540 T

41530
41520

41510

4,1500 |
41490 4 ; i Cr/cm3
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Figure 2. Dependence of HC /R, from C for dilute solutions of p-PGM in chloroform

Curves at the Figures 1, 2 are typical for dilute solutions of polymer. Data was determined by the extrapo-

. HC . . .
lation of —— correlation from C to zero-concentration C =0 of the polymer, according to the formula:

0i
wey 1
Rei >0 M ‘

Therefore, intercept on the Y-axis cut by envelope curve gives us the meanings that were estimated ac-
cording to a formula (10), and this formula helps to determine mass-averaged molecular masses of polymers
represented in the Table 2.

All experimentally obtained values were checked by metrological testing.

Table 2
Molecular characteristics of unsaturated polyester resins
HC 1 4 _
Object Hx10"® — =—=x10 M
J ( Rei jcﬁo M "

p-EGPH 13,6380 3,9300 2544,53
p-EGM 6,7879 4,2400 2358,49
p-PGPH 5,0214 3,8250 2614,38
p-PGM 7,8168 4,1502 2408,48

The molecular weights and peculiarities of unsaturated polyester resins (UPR) determined by light scat-
tering method and by terminal group analysis are represented at the Table 3.

Table 3
Molecular masses of UPR determined by light scattering and by terminal group analysis
Object M,, g/mole M., g/mole D,, Yield, %
p-EGPH 2001,58 2544,53 1,27 98,9
p-EGM 1881,25 2358,49 1,25 98,6
p-PGPH 211257 2614,38 1,24 98,2
p-PGM 1996,40 2408,48 1,21 98,1

Comparison of the results represented in Table 3 reveal that M, > M, , and this correlates well with the
literature data. High D,, value indicates a high index of polymers polydispersity, and it will be reasonable to
expect on polycondensation reactions.
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Conclusions

Therefore, it was revealed that polymers with minor molecular masses and high degree of
polydispersity were obtained in the polycondensation reaction of dicarboxylic acid anhydrites with glycols.
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A.K.Copcenbexona, E.A.2Kopraposa, M.JXK.bypkees, E.M.Tax6aeB, A.T.Kaxmyparosa

HOJ'IH3THJ’ICHFJ’II/IKOJ’ILM3J’[CI/IH2T, MOJIMIMPONMUAJICHIVINKOJIbMAJICHHAT,
HOJII/I:)TI/IJICHFJII/IKOJIb(l)TaJIaT KOHE HOJII/IHPOHI/IJIeHFJII/IKOJIB(l)TaHaTTbIH
CUTIATTAMACHI KOHE€ MOJICKYJAJIBIK MacCaJiapbl

[ToMMATUIICHIIIMKOIbMAICHHAT, HOJIMIPONMICHIIINKOJIbMAJICHHAT, MOJIN3THICHIIIMKONb(TAIAT KOHE MOJHU-
HPONMWICHIIUKOIb(TANAT KaHBIKIAFaH NOJMI(UD IIaWbIPIAPbIHBIH MOJICKYJIANBIK CHIATTaMallapbl KOHE
Maccanapbsl 3eprrenni. KanplkmaraH mnmonus¢up MIalbIpaapbIHBIH Maccachl JKOHE CajMarbl OoMbIHIIA
MOJIEKYJIaJIbIK OPTAIIa MOHI aHBIKTAJIBII, ATBIHFAH MAITIMETTEPre CaJIBICTBIPMAJIBI TaJIAAY JKYPri3iii.

A.K.CapcenbexoBa, E.A.JKopraposa, M.JXK.bypkees, E.M.Tax6aeB, A.T.Kaxxmyparosa

MOJIeKy.TIﬂpHI)le MaCChl U XaPAKTCPUCTHUKHA NMOJUITHICHIVINKOJIbMAJIENHATA,
MOJIMIPONNJICHIVIMKOJIbMAJIENHATA, HOJ]I/I3TI/IJ1€HFJII/IKOJIL(I)T3J13T3
Hu HOJ]HHPOHI/IJICHI‘JII/IKO.]Ib(bTa.]'laTa

HccnenoBaHbl MOJIEKYISPHBIE MACChl M XapaKTEPUCTUKH CICAYIOIIMX HEHACBIIIEHHBIX TOMHUIPHUPHBIX CMOJ:
MOV TUIICHTTIMKOJIbMAJICHHATA, TOJIUIIPOIICHITINKOJIbMaIeHHATa, O3 THICHTIIINKOIb(TaaTa, MOJIHIpo-
nmIeHrIMKoab(Tanara. OnpeneneHs! cpeHHe 3HAUCHUSI MOJIEKYJISIPHBIX 110 BECy M Macce HEHACHIIEHHBIX
oI (GUPHBIX CMOJ, U TIPOBEJCH CPABHUTEIBHBIN aHATIN3 TTOyYEHHBIX JaHHBIX.
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Investigation tetranuclear complexes of iron (II) by Mossbauer spectroscopy

A series of Fe (II) complexes, {[(tpma)Fe(n-CN)]4} Xy (X = ClO,4, BF,, and PFg; tpma = tris(2-pyridyl-
methyl)amine) were prepared by reacting the {Fe(tpma)}>" building block with (Bu,N)CN. All three com-
plexes exhibit gradual temperature-driven spin crossover (SCO) associated with the high-spin (HS) <> low-
spin (LS) transition at two out of four metal centers. The evolution of HS and LS Fe (II) ions with tempera-
ture was followed by a combination of Méssbauer spectroscopy.

Key words: spin-crossover, Fe (II) complexes, Mossbauer spectroscopy.

Introduction

Spin crossover (SCO) is a magnetic property of molecular and extended solids that can be observed for
some compounds of d *-d ’ transition metal ions. These ions can adopt electron configurations with different
numbers of unpaired electrons; hence their compounds can undergo SCO between a low spin (LS) and a high
spin (HS) state under external stimuli such as a change in temperature or pressure or photoexcitation.
Cooperativity may lead to bistability in SCO materials, which is especially appealing for applications in in-
formation storage. The quest for materials useful for such applications explains the extensive research carried
out on SCO complexes over the last half a century. These research efforts have been dominated by studies of
Fe (II) complexes, which account for ~90 % of known SCO compounds [1].

It was only in the early 1960s, about three decades after Cambi’s discovery of the first spin state
interconversion in iron (III) complexes, that the SCO phenomenon was reported to occur also in iron (I)
compounds. The first SCO compounds of iron (II) described in the literature are [Fe(phen),X,] (phen = 1,10-
phenanthroline; X = NCS, NCSe), frequently called the «classical» iron (II) SCO complexes. Extensive re-
search activities began thereafter in this area, particularly favored by the discovery of the Mossbauer effect
(recoilless nuclear resonance absorption) by Rudolf L.Mdssbauer at nearly the same time. This nuclear reso-
nance effect formed the basis for the development of a new spectroscopic technique, Mdssbauer spectrosco-
py, for the detection of hyperfine interactions, which turned out to be extremely powerful for the characteri-
zation of iron-containing substances [2, 3].

SCO occurs mainly for six-coordinate iron (II) compounds involving the change of electron configura-
tion tzgéeg0 (lAlg, LS) & tzg“eg2 (Sng, HS). Many review articles describing the preparation, structure, chemi-
cal, and physical properties of SCO systems of iron (II) have appeared in the literature. Most iron (II) SCO
systems possess an [FeNg] coordination center [4, 5].

The synthesis of the SCO heteroleptic tetranuclear complexes {[LFe(CN),],[Fe(L")],} X, (L # L") listed
above required the separate preparation of the [FeL(CN),] and [FeL']*" building blocks. Ligand redistribution
side-reactions may occur during the synthesis and limit the yield of the desired tetranuclear complex. This
synthetic disadvantage is eliminated in the synthesis of homoleptic complexes (L = L'), which can be per-
formed directly by reacting {FeL}*" (or {FeL,}*") fragments with CN" ligands. The cyanide ion represents an
excellent bridging ligand for the assembly of polynuclear transition metal complexes. When coordinated
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through the carbon end, the CN™ behaves as a strong-field ligand that usually results in LS configuration of a
metal ion. The CN™ coordinated through the nitrogen end behaves as an intermediate strength ligand, and
Fe (Il) ions with such CN ligands might show SCO, provided that appropriate co-ligands are employed,
such as N-imine donors. Unfortunately, as mentioned above, such a reaction using [Fe(bpy),]*" led to a com-
plex that did not exhibit SCO. We reasoned that the use of tpma as sole capping ligand could lead to a
homoleptically capped SCO complex [6].

Synthesis

All reactions were performed in an inert N, atmosphere using standard Schlenk techniques. All reagents
were purchased from Aldrich and used as received. Tris(2-pyridylmethyl)amine (tpma) was prepared accord-
ing to the published procedure [7]. Anhydrous commercial solvents were additionally purified by passing
through a double-stage drying/purification system (Glass Contour Inc.).

Warning! Metal perchlorate salts used in this study are potentially explosive and should only be used
on a small scale. Appropriate protective measures should always be taken when handling these compounds.
Tetrabutylammonium cyanide, (Bu,N)CN, is poisonous and should be handled with extreme precautions.

{[Fe(tpma)(p-CN)]4}(C104)4 (12).
Elem. analysis: calcd. (found) for Fe,Cl1;015N,0C-6H76 (1a-2H,0), %: C, 47.48 (47.44); H, 3.98 (4.13);
N, 14.57 (14.28). IR, v(C=N), cm: 2081, 2072.

{[Fe(tpma)(u-CN)]4}(BF,)4 (1b).
Elem. analysis: calcd. (found) for Fe,F160sN5,C76B4Hg, (1b-5H,0), %: C, 47.39 (47.45); H, 4.29 (4.13);
N, 14.54 (14.50). IR, v(C=N), cm': 2081, 2072.

{[Fe(tpma)(u-CN)]4}(PFe)4 (1c).
Elem. analysis: calcd. (found) for Fe4PF24NoossCr73H7305 (1¢:0.65CH;CN), %: C, 44.31 (44.11);
H, 3.56 (3.74); N, 13.80 (14.01). IR, v(C=N), cm': 2080, 2073.

Massbauer spectroscopy. °'Fe Mossbauer spectra (WissEl, CF-506) were collected on a constant ac-
celeration instrument at 80 K, 90 K and 180 K. Samples were prepared by placing crystalline solids in
Mossbauer cups closed with Teflon lids. The samples were cooled fast by immersion into liquid N,. They
were placed in the cryostat at 77 K and then warmed up from 77 K to 80 K or 90 K at a rate of ~1 K/min.
After obtaining Mdssbauer spectra at 80 or 90 K, the samples were warmed up to 180 K at a rate of
~3 K/min. We have examined two different batches of 1a and 1b and obtained similar spectra at 80 K, 90 K
and 180 K. Spectral simulations were generated using WMOSS (WEB Research, Edina, MN). Isomer shifts
are reported relative to Fe metal foil at room temperature.

Results and discussion

Synthesis. The use of only one capping ligand, namely tpma, allowed the assembly of the Fe (II)
tetranuclear complex, {[Fe(tpma)(u-CN)]4}X,, by addition of the bridging CN™ ligands to the pre-formed
[Fe(tpma)]** building block. IR spectra of 1a-1¢ revealed two C=N stretches at 2170 and 2180 cm™', which
are typical of bridging CN™ ligands in the Fe(I[)-C=N-Fe(II) unit [6;155]. The complexes have been synthe-
sized in methanol and recrystallized from CH;CN/Et,0. The compounds are air-sensitive in solution, but sta-
ble when exposed to air for several hours in solid form. Upon exposure to air, they readily exchange any in-
terstitial solvent for water, as shown by the elemental analysis. Thermogravimetric analysis performed under
Ar atmosphere revealed that complexes 1a—1c¢ gradually loose interstitial solvent upon heating to ~150 °C
(Fig. 1). Complexes 1b and 1¢ decompose above 300 °C, while complex 1a decomposes abruptly at ~180 °C,
which is explained by the explosive nature of dry perchlorate salts.

Massbauer spectroscopy. We have collected *’Fe Mdssbauer spectra, for 1a—1c at 90 K and 180 K,
and also at room temperature for 1a and 1b. Analysis of the spectra provides insight into which of the four
Fe (IT) ions present in the molecular tetranuclear complexes undergo SCO.

The 90 K Méssbauer spectrum of 1a (Fig. 2b, A) shows three quadrupole doublets. Two of these dou-
blets have parameters characteristic of LS Fe (II), namely isomer shift/quadrupole splitting
0/AEG=0.23/0.72 mm s and 0.49/0.48 mm s, respectively, and represent ~50 % and ~35 % of the Fe ions
present in the sample, respectively (Table 1). The third doublet has Mdssbauer parameters characteristic of
HS Fe (II) (6/AEQ=1.06/2.50 mm/s) and represents ~15 % of the Fe ions in the sample. The spectrum ob-
tained for 1a at 180 K (Fig. 2b, B) shows an increase in the amount of HS Fe (II) in the sample and a de-
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crease in the amount of the LS Fe (II) that has higher isomer shift (i.e. 8 = 0.45 mm s at 180 K). The LS
Fe (II) ions with lower isomer shift (i.e., 8 = 0.22 mm s at 180 K) continue to represent 50 % of Fe in the
sample (which corresponds to two Fe ions/cluster) at 180 K. We associate the low-isomer shift, LS Fe (II)
ions with the Fe sites that coordinate two bridging CN™ ligands through the C atoms. As mentioned above,
the CN creates a strong ligand field when coordinated through the C end; consequently, these two Fe ions
are unlikely to undergo SCO, which is indeed what our Mossbauer studies showed. The LS Fe (II) ions that
have higher isomer shift coordinate two CN™ through the N-end and consequently experience a weaker lig-
and field and undergo SCO. These conclusions about the relationship between the C/N coordination of the Fe
sites, their low/high isomer shift, and their in/ability to undergo SCO is in agreement with the results we
have obtained in the study of CN™ bridged trigonal bipyramid, pentanuclear clusters [8, 9].

A behavior similar to that observed for 1a, specifically the manifestation of a gradual and incomplete
SCO at the {N¢}-coordinated Fe sites, was also observed for 1b and 1¢ (Table and Fig. 1b and 2b).

The xT values at 90 K and 180 K for 1a are 2.5 and 3.9 emu K mol ', respectively. Assuming a y7 value
of 3.5 emu K mol ' for HS Fe (II), we calculate that there would be about 0.7 HS Fe (II) per cluster at 90 K,
which is slightly larger than the value of 0.6 HS Fe (II) per cluster determined by Mdossbauer spectroscopy.
The amount of HS Fe (II) estimated from the y7 value at 180 K corresponds to ~1.1 HS Fe (II) ion per clus-
ter, while the Mossbauer data indicate ~0.9 HS Fe (II) per cluster at that temperature. Thus, in both cases the
amount of the HS Fe (II) increases at higher temperature, but the increase derived from magnetic susceptibil-
ity is slightly larger than that established from Mdssbauer spectroscopy. A reason for the difference between
the estimate for the number of HS Fe (II) ions based on magnetic susceptibility and that based on Mossbauer
spectroscopy may be differences in the exact solvent content of the samples and/or in the different thermal
histories of the samples examined by magnetic susceptibility and Mdssbauer spectroscopy.

The complexes {[(L)Fe(CN),],[Fe(L)],} X4 1a—1c are the first homoleptically-capped square clusters to
exhibit temperature-driven SCO. In contrast, the Fe (I) ions in the previously reported, homoleptic complex
{[(bpy)-Fe(CN),],[Fe(bpy).].} (PFs), existed in the LS state up to room temperature. Judged, by magnetic
susceptibility, the counter anion X~ in 1a—1c¢ has a relatively small influence on the character of the SCO in
these compounds, which is gradual and occurs between 80 K and room temperature, although the relative
amounts of the HS and LS fractions observed at specific temperature are slightly different for various X.
The loose packing of tetranuclear cations in the crystal structure leads to weak intermolecular interactions,
which are only slightly impacted by the change in the nature of X . Hence, the SCO occurs gradually due to
the low cooperativity. In contrast, the related heteroleptic complex {[(bpy).Fe(CN),],[Fe(tpma)],}(PF)s un-
dergoes a cooperative, two-step SCO. Thus, one could expect that the modification of crystal packing might
have a more pronounced impact on intermolecular interactions an thus on the character of the SCO. In this
vein, we note the existence of an analogous complex, {[(bpy).Fe(CN),],[Fe(tpma)],}(BF,)s, the magnetic
properties of which have not been reported. It would be interesting to investigate the magnetic behavior of
this compound [10].

In principle, one should expect the LS<>HS interconversion at two of the four Fe (II) ions — those with
the FeNg coordination environment — in the {[(L)Fe(CN),]o[Fe(L")],}Xs complexes. Even in
{[(bpy).Fe(CN),],[Fe(tpma)],} (PFs)s, however, the SCO is rather gradual and not complete at 300 K. More
gradual, and also incomplete, transitions were observed in {[(phen),Fe(CN),],[Fe(tpma)],}(PFs), [11] and
{[(bpy).Fe(CN),],[Fe(bpym),],} (PF¢)* [12]. All these observations suggest that crystal packing of the
tetranuclear complexes is rather loose and not conducive of the cooperative SCO behavior that would lead to
a more abrupt spin transition.

The loose nature of crystal packing in 1a, 1b and 1c¢ could also be conjectured from significant disorder
of the X~ counter anions and interstitial solvent molecules: while the disorder in the latter two structures
(with X~ = BF, and PFs, respectively) resulted in rather high R-factors (8-10 %), the disorder in 1a
(X" =ClOy) was so severe that we could not attain a well-converged refinement (R ~ 20 %).
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Figure 1. Thermogravimetric curves for 1a—1¢ measured under continuous flow of Ar gas
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Figure 2. (b) Mdssbauer spectra of 1a, recorded at 90 K (A) and 180 K (B)
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Investigation tetranuclear complexes ...

Table
Maoéssbauer parameters for the Fe ions in samples of {[Fe(tpma)(p-CN)],}X, (1a-1c¢)

) AE 0 vus (FeNg only)”
Compound T &) (mm/s) (mm(/)s) Fe type & Mossbauer curve yT
1.06(2) 2.50(1) BC-Fe(IDN,N, 15(1)
90 0.49(1) 0.48(1) HC-Fe(I)N;N, 36(1) 0.29(2) 0.36(3)
0.23(1) 0.72(1) HC-Fe(IDN,C, 51(1)
Ia 0.98(2) 2.36(1) BC-Fe(IDN,N, 222)
X=ClO,~ 180 0.45(1) 0.47(1) HC-Fe(I)N,N, 28(2) 0.44(4) 0.56(5)
4 0.22(1) 0.72(1) HC-Fe(IDN,C, 51(1)
0.90 2.15 BC-Fe(IDN,N, 28
300 0.31 0.45 HC-Fe(IDN,N, 22 0.56 0.75(7)
0.20 0.72 HC-Fe(IDN,C, 50
1.07(3) 2.47(7) BC-Fe(IDN,N, 8(1)
90 0.47(1) 0.44(1) HC-Fe(I)N,N, 43(2) 0.16(3) 0.39(3)
0.23(1) 0.71(2) HC-Fe(IDN,C, 51(1)
b 0.98(1) 2.35(1) BC-Fe(IDN,N, 23(1)
X=BF,” 180 0.46(1) 0.43(1) HC-Fe(IDN,N, 252) 0.48(3) 0.59(5)
0.22(1) 0.71(1) HC-Fe(IDN,C, 51(1)
0.83 2.15 BC-Fe(IDN,N, 35
300 0.30 0.43 HC-Fe(IDN,N, 15 0.70 0.83(7)
0.22 0.71 HC-Fe(IDN,C, 50
1.103) 2.34(6) BC-Fe(IDN,N, 20(1)
90 0.48(1) 0.47(1) HC-Fe(I)N,N, 29(1) 0.41(2) 0.43(4)
1c 0.23(1) 0.75(1) HC-Fe(IDN,C, 51(1)
X=PF, 1.01(6) 2.24(11) BC-Fe(IDN,N, 26(2)
180 0.44(1) 0.46(1) HC-Fe(IDN,N, 26(2) 0.50(4) 0.62(6)
0.21(1) 0.73(3) HC-Fe(IDN,C, 51(1)

[Fe"]

and LS fractions, [Fe"™] and [Fe"S], were taken only over the sites with the FeN; coordination, assuming that y7(Fe'’) =~ 3.5 emu
K mol™ and y7(Fe"$) ~ 0 emu K mol™".

Note. “The fraction of HS Fe(Il) centers was calculated as vy, = , where the relative concentrations of the HS

Conclusions

The {[(tpma)Fe(u-CN)]4} X, (X = ClO,, BF4, PFs) complexes are the first example of homoleptic
tetranuclear CN — bridged Fe (II) complexes that exhibit SCO. The temperature-driven LS<>HS
interconversion is very gradual, which is associated with loose packing of the {[(tpma)Fe(u-CN)]4}*" cations
in the crystal structure and consequently low cooperativity of the spin transition. Increasing the ability of the
capping ligands to foster intermolecular interactions (e.g., m-m interactions, hydrogen bonding) should pro-
mote stronger elastic interactions between the SCO molecules and thus make the spin transition more coop-
erative/abrupt.
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Mécchayrp ciekTpockonus diciMmeH
TopTsaApo.ibl TeMip (II) kommiekcTepin 3eprrey

Tewmipxzir (IT) MoHOsAPONEI ipeKypcops! [Fe(tpma)]** (tpma = Tprc-(2-MUpHANIMETHIT)aMHH) TeTpabyTHIAM-
monu#i muanugiMer (BuyN)CN aopekerrecy Hotmxkecinge {[(tpma)Fe(u-CN)],}Xy, Oyn xepae X = ClO,,
BF, xone PFq, xomruekcTep KaTtapbl CHHTE3IeNIl. TemmepaTypaHbl TOMEHICTKEH Ke3le OapiblK YII
KOMIUTEKCTI KOCBUIBIC OIpKAIBIITH TeMIlepaTypa-HHAYIUPJICHIeH CIIMH-KPOCCOBepre YIIbIpainsl. CrmH-
KpoccoBep aybicybl MéccOayap CEKTPOCKOIHUS 9IiCIMEH 3ePTTEI/II.

H.b.Kacenoga, P.I11.Epkacos, I".)K.Bbaiicanosa

HccienoBanne rerpasiiepHbiX KOMILIEKCOB keJie3a (1)
MeToa0M MécchHayIpoBCKoii CIEKTPOCKOUM

CunresupoBana cepusi kommiekcoB {[(tpma)Fe(u-CN)]4}X,, rne X = ClO4, BF, u PFs npu B3aumo-
JIEMCTBHM MOHOSAEPHOrO mpekypcopa xenesa (II), [Fe(tpma)]2+ (tpma = Tpuc-(2- NUPUAUIMETHII)aMUH) C
nuanugoM terpadyrmnammonus (BuyN)CN. IIpu noHmkeHnu TemMepaTypsl Bce TpH KOMIUIEKCA IEMOHCTPH-
PYIOT IIaBHBII TeMIEpaTypHO-HHIYITUPOBAHHBIA MEePEeX0]] U3 BHICOKOCIIMHOBOTO B HU3KOCIIMHOBOE COCTOSI-
HHUE, TaK Ha3bIBaeMBIil CIIMH-KpoccoBep. Ilepexon ObuT m3ydeH komOMHanuelr MéccOayopoBCcKoH CHEKTpo-
CKOIHHU.
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MeToauKka NpUroToBJIeHNs 00pa3LoOB-u3aydareaei 1 onpeaenenus meau (1)
METOJA0M CIIEKTPOCKONUHU AUPPY3HOr0 OTPAKEHUS

M3ydeHa BO3MOKHOCTh pa3pabOTKH CHOCOOOB MPUTOTOBIEHMSI 00pa3IOB CpPaBHEHHs IS ONpEeTIeHHs Me-
1u (II) merogom crniekrpockoruu auddy3Horo orpaxeHus. [IpeanoxkeHa MeToJUKa IPUTOTOBICHUS 00pas3-
HoB-u3ny4areneil. [IpoBeneHo uccaen0BaHUE TTIOBEPXHOCTH 00pa3Iia-u3IyyaTelis Ha HATMYUe MEIKHUX aedex-
TOB ¥ OJHOPOZHOCTH. [T0Ka3aHO BIMSHUE NMPOJOIDKUTEIBHOCTH XPAHEHHS HAa BOCIIPOU3BOIMMOCTb aHAIUTH-
YECKHMX ONPEAEJICHUH MOJTy4eHHBIX 00pa3loB. YCTaHOBJICHO, YTO MOJIyYCHHbIE 00pa3libl CPABHEHHUS M03BO-
JAI0T IPOBOIUTH U3MEPEHHMS KaK 0 CHEKTPaM HOIJIOIIEHHS, TaK U 110 creKTpaM I dy3HOro OTpaXKeHHs.

Kniouesvie cnosa: mens (1), 0O6pasipl cpaBHEHHs, METOJUKA IIPUTOTOBIICHHUS 00pa3LOB-H3IIydaTeneii, criek-
TpocKonust UG PY3HOTO OTPASKSHUS.

Beeoenue

BosMoxkHOCTH TpuMeHEeHus! siBieHHs TUQPQPY3HOTO OTpaKEHHsI HMCCIEAOBAaHBI MHOTUMH YYEHBIMHU
B Pa3IMYHBIX cepax HAYKH U MPOHM3BOACTBA (OT KPOIOIIEH CIIOCOOHOCTH Kpacok M 3(h(HEeKTHBHOCTH MaTo-
BBIX CTEKOJI JI0 Ka4eCTBEHHOTO U KOJUYECTBEHHOI'O OIPEENICHUsS MOHOB META/UIOB B IPOMBILIUIEHHOCTH U
00BEKTaX OKPY>KaIoIEeH cpebl).

Haubonee obmast Teopust 6b1a paspaborana Kybenkoit 1 Mynkowm [1] u mpeacraBieHa B BUe ypaBHe-
uust F(R)=(1 —R)*2R=PB/S, rne R — otHocutensHoe anbdy3HOE OTpaKEHHE, KOTOPOE H3MEepSCTCs
otHocuTenbHO ctannapta MgO u BaSO,; p — ko3 dunuenT nornomeHus; S — K03 HUIHMEHT paccesiHUs.

CormnacHo 3To# Teopuu NpUHIKT AU((Y3HOTO OTPaKEHHUS CBETA 3aKIII0YaeTCs B CICIYIOLIEM: CBET OT-
pakaeTcd OT UCXOJINEro MCTOYHHUKA, IIPU 3TOM MAJAIOUIMN JIyd OTpPa)kaeTcs I0JI HECKOJbKUMM YIIIaMH,
a He 0] OJJHUM, KaK B CIy4ae ¢ 3epKaJbHbIM OTPaKEHUEM, U UCIIOJIb3YETCS AJIS PErMCTPalliK CIIEKTPOB Te-
TEPOTEHHBIX CHCTEM, MOPOLIKOB MM TBEPABIX BELIECTB, HMEIOIIMX HEPOBHYIO MOBepXHOCTh. HuddysHoe
OTpa)XeHUE OT 00pa3iia U3IyueHHs cCOOMpaeTcs oA MKUPOKUM YTIIOM H NepeaaeTcs Ha aeTekTop (puc. 1).

) ’\\“/h‘; andoysHoe oTparkeHMe

\\f‘&e} 7

obpasey,
Pucynoxk 1. Ipuanun quddy3HOro OTpaXkeHus cBeTa

Crektp muddy3HOTO OTPaKEHUS OIMPENENSICTCS MOTIIONEHUEM U PACCEHBAIOIICH CIIOCOOHOCTHIO 00-
pasma.

Ha auddysHoe oTpaxkeHre cBeTa BIMUIET MHOTO (haKTOPOB.

Benuunna mokasatens NpedoMIICHUS BIUSET HA BKJIAJ 3€PKATBHOTO OTPAKEHHS. YBEIUYEHHE 3TOTO
BKJIaJIa B CIEKTP MPUBOANUT K UCKAKEHUIO (HOPMBI M1 MHTEHCHBHOCTH II0JIOC, CIICIOBATEIIBHO, HE TIPOCIICIKH-
BAaETCS YETKOM JJMHEWHOW 3aBUCUMOCTH UHTEHCUBHOCTH B AaHAJIMTUYECKON MOJIOCE OT KOHIIEHTpAllUU aHaIH-
3UpPYyEMOr0 BEIIECTBA.

Pa3mep uwacTui ABASETCS OJHUM W3 OCHOBHBIX (DaKTOPOB, BIMSIIOIINX HA OPMY M MHTCHCUBHOCTh H3-
MEpEHHBIX CHEKTPOoB. COOTHOIICHUE MEXIY JJIMHON BOJHBI MAMAIOIIETO HM3IYYCHHS W pa3MEpoOM 3epHa
BIIUSICT Ha JIOJNIO 3EPKALHON COCTAaBJISIONICH OTpaKEHUS, ONpE/eNsaeT BeIWYnHY Kod(dduimenTta pacces-
HUs S ¥ TIyOWHY NMPOHUKHOBCHHS W3IydeHHUS BHYTPh oOpasna. [lodToMy s MONy4eHHs KauyeCTBEHHBIX
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cnekTpoB Au(p(y3HOTO OTpasKeHHs HCCIEIyeMOe BEIECTBO CIEAyeT OJHOPOAHO M3MeNb4aTh 0 pa3Mmepa
3epHa MeHee yeM S50 MKM ¥ pa30aBIIATh B IOAXOASIICH HEMorIomamei marpuie [2].

HapnexHOCTh aHAIMTHYECKOTO OIpesiesieHns 00yCIOBINBaeTCS HAIMIreM o0pas3lioB ¢ HAJEeKHO ycTa-
HOBJICHHBIM COZICPKaHUEM ONPE/ISIIIEMOro KOMIIOHeHTa. B o01iem citydae Takue o0pasiibl Ha3bIBAIOTCS 00-
pasmamu cpaBHeHus (OC). Cpenu OC cnexyer 0co00 BBIIETUTH KIIACC, HA3bIBAEMBIN CTaHIAPTHBEIMU 00pas3-
namu (CO). ['maBHOE TpeboBaHWE BBICOKOH TOYHOCTH aHAN3a M BOCIIPOU3BOAUMOCTH PE3YIhTAaTOB — 3TO
OJIMHAKOBBIC YCIIOBHUS TPAAYHUPOBKH M TOCIEIYIOMIETO aHAM3a o0pasna. DTO 03HAaYaeT, B YaCTHOCTH, YTO
KaK TpaJyrpoBKa, TaK U COOCTBEHHO aHAJW3 JIOJLKHBI BBITIOTHATHCS HA OJHOM U TOM K€ MPUOOpE, MPHU OJ1-
HUX U TeX e 3HAYCHUSX HHCTPYMEHTAIBHBIX MapaMeTPOB, 2 BPEMEHHOW HHTEPBA MEXy IPaayHpOBKON U
aHaJM30M JIOJDKEH OBITh Kak MOXHO Kopoude. Kpome TOro, eciivi Ha BENUYMHBI aHATUTHYECKUX CUTHAIIOB
BJIMSIOT TOCTOPOHHUE KOMITOHEHTHI o0pasla (ero marpuua) uin ero ¢usuyeckoe cocrosuue, To OC, uc-
MOJIb3yeMBIE JIJIsl TPAlyUPOBKH, JIOJDKHBI ObITh KaK MOXKHO OJIM)KE K aHATM3UPYEeMOMY 00pasIily ¢ TOYKH 3pe-
Hus 3TuX napametrpoB. [loatomy OC — a B ocobenHoctrn CO — 0YeHb 9acTO HMHTHPYIOT THITHYHBIC 00b-
eKTHI aHaH3a (CymecTByoT, HanpuMep, CO MoYB, MUIIEBHIX MPOYKTOB, IPUPOIHBIX BOJ, PYTHBIX KOHIICH-
TparoB u T.1.) [3].

Cremyer ydecTh, uTo ypaBHeHHEe KyOenku-MyHKa CIIpaBeIMBO IS OJHOPOAHBIX 00pasmoB. UToObI
00ecTeYnTs BOCTIPOM3BOJIUMOCTh M3MEPSEMbIX CIEKTPOB, aHAIM3UPYEMOE BELIECTBO HeoOxoaumo Ooiee
OJTHOPOJTHO MEPEMEIITUBATH C BEIIECTBOM HEIIOTIIONIAFOIICH MATPHUIIHL.

[IpucyrcTBre Biaru B oOpasiie MPUBOAMT K MOSBICHUIO B CIIEKTpaxX XapakTepHbIX mosoc. Kpome Toro,
CKOHJICHCUPOBAHHAS BJIara MOXKET 3aIOJIHATH MOPBI, TEM CaMbIM H3MEHssl KO3(D(MUIMEHT paccessHusl ¥ HH-
TEHCHBHOCTBH U3MEPSIEMOr0 CIEKTpa.

Yacto mpH TpPUTOTOBJICHUH OOPa3IOB JJISl CIIEKTPOCKONUH JUPQY3HOrO OTpaxkeHHs HaOIromaeTcs
B3aMMO/ICHCTBUE OMpEACISIEMOT0 BElIeCTBA C MaTepralioM pa3daButens. B ciydae dusndeckoit ancopOrmm,
KaK IMpaBWJIO, HAOIIOMAIOT YIIUPSHHUE TIOJOC U CMEIICHHE WX B JUTMHHOBOJIHOBYIO CTOpOHY. JYKenmatembHo,
YTOOBI MaTepHall, UCIIOJIb3yEeMbI B Ka4eCTBE pa30aBUTEIs, ObLT XUMUYECKA HHEPTEH 0 OTHOIICHHIO K UC-
cnemyemomy BeriecTBy [2]. [ToaToMy Ha CETOMHSIIHANA T€Hb TPYIHOCTH B H3MEPEHHH METOJIOM TBepaodas-
HOM CIIEKTPOCKOITUU CBSI3aHA C W3TOTOBJICHUEM BOCIIPOM3BOAMMBIX MHEPTHBIX 00pa3IoB ¢ paBHOMEPHOU
IJIOCKOH TIOBEPXHOCTHIO M OJIMHAKOBOW IJIOTHOCTHIO YIIAKOBKH, HE M3MEHSIONIUXCS TIPH JUTUTEIHHOM Xpa-
Henuu. [Ipe/uiaraemMple METOJIMKH TPUTOTOBICHHUS 0Opa3IOB Ha OCHOBE COPOMPOBAHHS W B CICIIHATBHBIX
sYeKax JJIsl TBEPIBIX 0Opa3loB XapaKTEpU3YIOTCS OYEHb XJIOMOTHBIM U MPOAOJDKUTEIBHBIM MPOIECCOM
3aIlOJIHEHUS U TTOJIMPOBAHUS O€3BOTHOTO MTOPOIIKa 00pasIia.

Jlis UCKITIOYeHHsT BIMSHUSI TICPEUMCIICHHBIX BBINIE (AKTOPOB Ha CIEKTPhI JAUPPY3HOTO OTpaKEHUS
MIePCIEKTUBHO MPUMEHEHNE SKCTPAKIMK pPAacIIaBaMM JISTKOIUIAaBKUX opranmdeckux BemiecTB (JIOB) [4].
Okcrpakius JIOB mo3BoiseT MOIyYUTh BHICOKYHO CTEIICHb M3BIICYCHUS M KOHIICHTPUPOBAHUS B MPOIIECCE
aHanm3a. [lomyuyeHHBIE TBEpABIE SKCTPAKTHI OTIMYAIOTCS TOMOTECHHOCTHIO, IMOBBINICHHONW YCTOWYUBOCTHIO,
WHEPTHOCTBIO, TIPAKTHUECKH HE PAaCTBOPUMBI B BOjie. [lyTeM OTIHMBKH B CHEMAIbHBIC KOJbIA MOTYT OBITh
MOJTYYEHbI 00PAa3IIbI-U3ITydaTeIH C TIaJIKON MOBEPXHOCTHIO.

Panee [5—7] Obun TpeOCTaBICHBI PE3yJIbTATHI MO Pa3padOTKe MeTo/Ia MOTy4YeHHsT 00pa3IoB CpaBHE-
Hus s onpeneienus meau (1) meromom TBepaodasHoii cniekTpockonuu. B manHoi pabote oOcyxaaercs
METOJIMKA TIPUTOTOBIICHHS 00pa3ioB cpaBHeHus Juist onpenenenns meau (II) ciekrpockonueit nuddysHoro
OTPa)KCHUS Ha OCHOBE TEX )K€ JIETKOIUIABKMX KCTPAreHTOB.

3Kcnepwweﬂmaﬂbﬂaﬂ uacntov

PearenTnl, annmapatrypa u TeXHuka 3xcrnepumenTa. CtangapTtaeiii pactBop meau (II) roroBmmm pac-
TBOpeHueM HaBecku okcuna menu (II) kBamudukanmu (4.4.a.) B asotHoit kucnote (1:1). [lanemutHHOBaAS KH-
CJIOTa OYMILEHA MepeKpUCTAIUIN3alMel U3 3TaHona. Paboune pacTBOpBI TOTOBWIN pa30aBiIeHUEM CTaHAAPTHO-
ro pacteopa meau (II) nermoHn30BaHHON BOIOM, KOTOPYIO Mmoirydann Ha «Jlemormzatope-301 AKBUIOHY.

Kontpons cremenn skerpaknuu Menu (II) mpoBoawmny mo BomHO#M ¢aze Ha aTOMHO-aOCOPOIMOHHOM
cnekrpomerpe «KBAHT-Z.9TA» c 3JeKTpOTEpMHUYECKMM aroMmu3aTopoM. Mcmomnb3oBamu rpaduToBbie
Tpyoku («SGL Carbony, I'epmanus), 1aMiy ¢ moJibIM KaTtoaoM Ha mean (A = 324,8/327,3) («Koprek», Poc-
cusi). B kadecTBe 3alMTHOTO raza WCMOIB30BAJICS apTOH BHICOKOW YHCTOTHI. ['padutoBas KroBeTa mpeaBapu-
TEJNBHO MOJBEprajach MHOTOKPaTHOMY OOXKHUTY.

OKCTpaKLUHUIO IPOBOAMIN B TEPMOCTATUPYEMOM dKCTpakroHHOM cocyne («Tepmoctat-Ul TXK-0-03»).
B cocyn nmomemanu Bogasiid pactBop meau (II) ¢ onpenenennsiM 3HaueHreM pH. pH BomHOTO pactBopa ms3-
Mepsiin moHomepoMm «Ikcrept-001». Ilocie ycTaHOBIEHHS COOTBETCTBYIOIIEH TeMIEpaTypsl B COCY.
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NpUOABISUIA PACCYMTAHHOE KOJIMYECTBO OPraHMYECKOro dKCTpareHTa. [1o JOCTHKEHHH paBHOBECHSI CMECh
CIIMBAJIM B CTAaKaH. 3acTHIBIIMH SKCTPAKT OTACISUIM JAEKAaHTAIMeid, B BOAHOM (haze Imocie IKCTPAKIUH
OTIpeIeIsIN paBHOBecHOE 3HaueHne pH. OIBITH MPOBOAMIN TPH COOTHOIICHUH 00BEMOB OPraHMYECKOH U
BogHOU (a3 1:4 u temmeparype (80+1) °C. KoHueHTparuio Menu B pacTBOpax H3MEpsUId (POTOMETPOM
«KDK-3». Cnextpsl quddysnonHoro orpaxkenus caumanu Ha npubope «Cary 100 Scan UV — Visible
Spectrophotometer.

KonmuecTBo MeTamia B opraHM4YecKoi (haze HaXOIUIU 110 Pa3HOCTU MEXKTy UCXOJHOM KOHIIEHTpaluen
memu (II) u koHLEHTpalmel B BOJHOM (ase, Takke HEMOCPEICTBEHHBIM U3MEPEHUEM MOTJIOMICHHST TBEPABIX
HKCTPAKTOB METOJIOM CIIEKTPOCKOIHHU TU(PHY3HOTO OTPAKCHHS.

Peszynomamor u obcyscoenue

Ha ocHoBe pe3ynbTaToB cuctemMaTHueckux uccienoBanuii sxctpakuun Mean (II) pacmmaBamu JIOB u
UX cMeceil HaMH M3y4eHa BO3MOXKHOCTB Pa3pabOTKM CHOCOOOB HMPHUTOTOBIEHHS OOPa3LOB CPaBHEHMS IS
onpexnenenus meau (II) merogom cekrpockonuu U (Hy3HOTO OTPAKESHUSL.

Jus momydeHus: 00pa3LoB-u3IydaTeNeil 3KCTPaKT IUIaBUIIM B CIICHHAIBHBIX KOJBIAX C AUAMETPOM, CO-
OTBETCTBYIOIIUM JIHWAMETPY OAHOAIOWMOBOTO mopTa mpucTaBku and¢ysHoro orpaxenuss DRA-CA-30I.
JlanHas mpucTaBKa ¢ quaMeTpoM cdepsl 70 MM U3HYTPH MOKpPBITA CIICKTPAJIOHOM M HCIIOJIB3YeTCs IS U3-
MepeHHsl TBepIBbIX 00pa3oB. MakcuManbHasl TOJIKMHA 00pa3ia He AoJDKHA MpeBbimath 45 MmMm. Ha pucynke
2 mpencTaBieHbl GoTorpaduu MoxydeHHBIX 00pa3LoB-U3TydaTeNel: NTaJIbMUTHHOBOW KUCIOTHI (@) U Maib-
mutara menu (II) (6). YcraHoBneHO, YTO ONTUMAIIBHBIN TUAMETP COCTABISET 25 MM, MPH 3TOM TOJIIMHA
TabNeTKH Bapbupyercs B npenenax 10—20 mm.

25 Mm 15 MM 25 Mm o 15™m
a o

Pucynox 2. O6pa3upl-u3irydareny maltbMUTHHOBON KHCIOTHI (@) 1 nanpMutata menu (1) (6)

Jannbie 00pa3ipl ManbMUTATHl MEAU C MAaTOBOH IJIAAKOH MOBEPXHOCTBIO, COAepKalme 1 Mr mMeranna,
noBopauuBaiu Ha 90°, MPOBepsis MOBEPXHOCTh HA HAIMYHE MEIKHX JC(PEKTOB M OJHOPOTHOCTH MOBEPXHO-
ctu. Pesynpratel npencrasiensl B Tabmure 1.

Taonuma 1
HccnenoBanue 0THOPOAHOCTH MOBEPXHOCTH 00pa3uoB naabmurata meau (11)

Vron nosopota 3H§/}IQHHH ¢yaxmrm Kybenxu-
obpasa YHKA IIPU JJTMHE BOJIHBI
460 aM 710 aM
0° 0,152 0,476
90° 0,155 0,479
180° 0,156 0,476
270° 0,149 0,473

MuHMManbHBIC Pa3NIuiys B MOTy4YEeHHBIX 3HaueHuAX QyHkuun KyOenku-MyHKa Moka3pIBaloT, 4TO 00-
pasipbl YIOBICTBOPSIOT TPEOOBAHUSAM, MIPEIBABISIEMBIM K IIOBEPXHOCTH 1 TOMOTEHHOCTH 00pa3LOB CIEKTPO-
ckonuu UG Gy3HOTO OTPAKEHHS.

Jns TpOBEpKH BIMSHHSA TNPOMOIDKUTEIBHOCTH XPAHEHHS HA BOCIPOM3BOAMMOCTH aHAIUTHYECKUX
ompeneNIeHN TOTydYeHHbIe 00pa3LbI-U3JIydaTeNll U3MEPSUIM Yepe3 pa3Hble MPOMEKYTKH BPEMEHHU: B JCHBb
MPUTOTOBJICHUS 00pa3Ia-u3inydarens, yepes 1, 6 u 12 mecsmes (Tadu. 2).
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HccaenoBanue BJINSHUSA CPOKOB XpaHeHHus najabmMuTaToB Meau (I1)
HA BOCIIPOM3BOIUMOCTDL 3Ha4YeHul pynkunu Kybdenku-MyHnka

. 3nauenus ¢pynkipn Kyoenku-
Cpok, yepe3 KOTOpbIi HCCIeI0BaIn M
oOpaszen-uznyuarens nanpMutat meau (11) YHKa IPY JUTHHC BOITHDI
460 um 710 am
B nenp npuroToBieHus 0,150 0,471
Uepes 1 mecan 0,155 0,477
Uepes 6 mecsiieB 0,152 0,476
Uepes 12mecsiieB 0,151 0,475

Tabnuma 2

W3 tabnuibl BUAHO, YTO 3HAUCHHS (PYHKIMHA OTPOKEHHS M3MEHSIOTCS MeHbIne yeM Ha 0,1 eauHuUIy,
CJIEIOBATEIBbHO, MOTYUYEeHHBIE 00pa3Ibl CPaBHEHUSI XapaKTePU3YIOTCs CTAOUIBHOCTBIO M HHEPTHOCTHIO.

Jns onpenenerus nonoB Meau (II) B pasmudaHBIX 00BEKTaX OKPYXKAIOMIEH Cpeapl METOJIOM CIIEKTPO-
ckormmu U dy3HOTO OTpakeHHs Obla MPOBEJCHA TPATyUPOBKA C HCIOJIH30BAHHUEM TBEPIBIX 0Opa3IoB-
u3nydareneil. Pe3ynabpraTel H3ydeHus! 3aBUCUMOCTH (DYHKLUHM OTPAXKEHUsSI OT KOHIEHTPALMHA B TBEPAOM 3KC-
TpaKTe IpeAcTaBlIeHbI B TabIHIeE 3.

Tabanuma 3

3aBucuMocTh QYHKIIUU OTPa:KeHUsI OT KoHIeHTpauuu nonoB meau (II) B TBepaom 3kcrpakre

Ccy, MT

0,25

0,5

1,0

2,0

5,0

7,0

10,0

F(R)

0,093

0,288

0,476

0,664

1,125

1,590

2311

W3 Tabnuipl BUTHO, YTO HAOIIOAASTCSI XOPOLIask KOPPENALHs MEKLy 3HaueHUusMU QyHkiun Kyo6enku-
MyHKa ¢ KOIMYECTBOM MeTajlla B COCTaBE SKCTPAKTOB. [10 MOIyueHHBIM JTaHHBIM ITOCTPOCH IPalyHpOBOY-
HbIH Tpaduk (puc. 3).

F(R)

0 T T T T T

0 2 4 6 8 10
[Cul,Mr/5 MTlayr

Pucynok 3. I'panyupoBounslii rpaduk onpenenenuns meau (I1) cnexrpockornueid 1udpy3HOro oTpakeHus

[IpuBenenHslld BbILIE TPagyHpPOBOUHBIA TpaduK JHHEEH B wuHTepBase conepxanuii mean (1)
0,25-10 MI/5 Moy (7,810 + 3,1-107 Moms/m).
IIpoBenena cratucTudeckas o0pabOTKa MOMYyYEHHBIX pe3ynbTaToB onpeaeneHus menu (1) Hemocpen-
CTBEHHO B TBEPABIX 00pa3nax (Tad:m. 4).
Mertponorudeckue XapakTepUCTUKN CTaTUCTUIECKONH 00pabOTKH pe3ysIbTaToB IMO3BOJISIOT CHIENaTh BbI-
BOJI O BBICOKOI TOYHOCTH PE3yJIbTAaTOB ONpPEIeNICHUS MEIN METOIOM TBEp10(a3HOH CIIEKTPOCKOIINH.
CpaBuenue pesynbTaToB onpeneneHus menu (II) B TBepablx SKCTpakTax MeToAaMu TBeplaodaszHoi
CHEeKTPO(OTOMETPUH U CIIEKTPOCKONUH TP PY3HOTO OTpaKEHUS TIOKA3al0, YTO:
— U CHEKTPBl OTPAXKEHUS, U CIIEKTPhI MOIJIOIIEHUS XapaKTEPU3YIOTCS HAJIMYUEM JBYX MaKCUMyMOB, U
MakcUMyMBI ipuxoAsaTcs Ha 321 uM, 703 HM B TBeprodasnoit cnekrpodoromerpun u 455 am, 703 HM
B ClIy4yae CIEKTPOCKONHH AU(PPY3HOTO OTPAKEHHUS;
— MHTEpBaN onpeaensieMblx coaepxkanuii nonos meau (II) merogom cnekrpockonuu and@dy3HOro or-
paskeHHst OoJiee IUPOK, U METO] TO3BOJISIET ONPENENITh O0ee HU3KHE COJAep KaHMsI AIIEMEHTA.
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Tabnuma 4

MeTposiornyeckne XapaKTepUCTHKH U3MepPeHHUsl TBepAbIX 00pa3uoB naabsmuraToB meau (I1)
MeT010M TBepaoda3Hoii cnekrpockonuu (n =10, p = 0,95)

Konnenrpanus meau (11) — 4

B TBEp/BIX 00pasnax S Xt—
MaJbMHUTATOB, M Jn

0,25 0,009 0,250+0,006

0,50 0,006 0,490+0,004

1,00 0,022 1,010+0,016

2,00 0,034 2,010+0,024

5,00 0,032 5,000+0,022

10,00 0,030 10,000+0,020

Takum 00pa3oM, Ha OCHOBE MPOBEICHHBIX HCCIICAOBAHUN YCTAHOBJICHO, YTO MOJYYEHHBIE 00pa3Lbl-
W3Ty4aTesid OTBEYAIOT BCEM TPeOOBaHMAM, MPEABABIIEMBIM K CTaHAAPTHBIM oOpa3laM (FOMOTreHHOe pac-
[pefesieHre MeTajla, IagKoCTh, MAaTOBOCTh MOBEPXHOCTH, OJMHAKOBAs IUIOTHAs YIAKOBKA, HE U3MEHSIO-
IAsiCsl TIPH JUTUTETIBHOM XPaHEHHH, TOXKIECTBEHHOCTh MAaTPHIIBI), © MOTYT OBITh MCIOJIb30BAHBI B KAUECTBE
TBEPIBIX CTAHAAPTHBIX 00pa3LoB A onpenenenus nonos meau (I1) kak MeTomom criekTpockonuu TUQdys-
HOTO OTPaXXEHUs, TaK U TBEpAO(Da3HON CIEKTPOOTOMETPHUH.
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A Sl Srogaposa, C.C.[locmaramberoBa, A.K.Tamenos

¢ dy3usiibIK IAFBLIBICY CIEKTPOCcKONus apKblIbl MbIC (I1)-Hi aHbIKTAY YIIiH
cdyJelieHy YJrijIepiHiH kacajy dicremeci

Jubdy3usibik mareuibicy criekTpockonusi apksuibl Mbic (I1)-Hi aHBIKTay YIIIH CaNBICTBIPY YIITiIepiH xacay
Tocingepi 3eprrenmi. Coyneneny yirinepin »xacay oaici ycwiHbuigbl. CoyneneHy yiarinepiHin OeTi ycak
KEMIIUTIK TeH OIPTEeKTUIIKKe 3epTTey >KYMBICTAphl XKYPri3iami. AJBIHFAH YITUIEPIiH CaKTay Y3aKTHIFBIHBIH
AQHAJIMTHKAIBIK AHBIKTAYJIAp/blH KalTalaHyblHa ocepi KepCeTiNmi. AJIBIHFAaH CaJIbICTBIPY YJTiIepIiH
KOMETiMEeH OJIIIey/i JKYThUIYy CIEKTpJIepiMEH FaHa eMeC, COHbIMEH Karap IU(OY3HIIBIK IIAFbUIBICY
CIIEKTPJICPIMEH Jie XKYPri3yre 00IaThIH/IBIFBI AHBIKTAJIIBL.
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A.Ya.Yagofarova, S.S.Dosmagambetova, A.K.Tashenov

Preparation method of samples for copper (II) determination
with diffuse reflectance spectroscopy

The new method of reference samples preparation of copper (II) with diffuse reflectance spectroscopy was
studied. A method of reference samples preparation was shown. The study of reference sample surface for the
presence of defects and uniformity was done. The effect of storage time on the reproducibility of results ref-
erence samples was studied. It was found that we can measure using this reference samples both in absorption
and in diffuse reflection.
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Evaluation of heat-accumulating properties
of organic acids and their composites with REE

In this paper the melting heat of palmitic and stearic acids was defined by the electrochemical method. It was
shown that the melting process is accompanied by heat emission. During all time of thermal cycling the be-
havior of curve is preserved. It is found that for a mixture of palmitic acid and REE melting process is ac-
companied by changes in the structure of the complex and ion pairs. It was revealed that the heat of fusion of
the composite of palmitic acid and cesium chloride is higher than of the organic acid through the formation of
crystallization centers with a high melting point. Consequently, the mixture of organic acids containing ce-
sium ions may be recommended as a heat accumulating material.

Key words: heat storage properties, organic acids, palmitic acid, stearin acid, REE, cesium chloride, melting
heat, crystallization.

The heat-storage materials (HAM) based on phase transformations [1-10] are widely used currently in
various fields of science and technology, in everyday life. They are used in the instrumentation for removing
of heat at high heat loads to protect electronic devices from overheating, to stabilize the room temperature. In
the heat power engineering they serve for the rational use of thermal energy and for accumulation of solar
heat to smooth daily and seasonal peaks in energy consumption, lowering energy costs, in the heat accumula-
tors for storing and transporting medicines and foods, for supporting the temperature in the cab of cars and
railway locomotives etc.

Due to the lack of systematic studies of the influence of different factors on the liquid phase and the ki-
netics of solidification, the literature data contain a lot of contradiction that hinder the further development of
the theory of crystallization of supercooled state and obtaining reliable experimental means of influence on
the structure and properties of HAM. For the use as a storage tank there are following requirements to HAM:
a phase transition should have a pronounced effect of the latent heat (ability to accumulate large amounts of
heat in melting), slight supercooling during crystallization; possess good reproducibility phases transmission
properties over a large number of thermal cycles, the phase transition should occur near real melting temper-
ature, and they must be affordable and accessible; there should comply with health and environmental safety;
there packing in a container and the container material must provide the best conditions for the transfer of
heat.

The aim of the work is to determine the specific heat of fusion of organic acids and composites with
REE. Therefore highly relevant is the assessment of latent heat of fusion of organic substances and modifica-
tion of REE.

Experimental part

The determination of the specific heat of fusion was carried out by method [11]. The samples were
heated by convection. Temperature control was carried out with a thermometer, which was immersed in the
sample with visual and thermal analysis thermocouple (chromel-alumel) at measuring the thermal-EMF. Re-
sponse function is the value of thermo-EMF.

Materials and Reagents. Palmitic and stearic acid used as the main objects, cesium chloride used as
REE. Reagents were used of next classification (pure for analysis, reagent grade). Thermo-EMF was record-
ed using a voltmeter brand EV2265-1. Ratio of amount organic acid to amount REE is 1000:1.

Discussion of results

The results of thermo-EMF measurements for samples of organic acids and their mixtures with REE are
depicted in Figures 1-3.
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Figure 1. Change of thermo-EMF of chromel-alumel thermocouple in the melting process of palmitic acid
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Figure 2. Change the thermo-EMF of chromel-alumel thermocouple in the melting process
of palmitic acid with the addition of CsClI (the ratio of HL:CsCl is 1000:1)

s.st{’ w
3 2
25
2 4
15 -
14

05 4

5000 2500 4000 4500 S000 S5 6000 6500 T

1,5

Figure 3. Change the thermo-EMF of chromel-alumel thermocouple
in the melting process of stearic acid (second thermal cycle)
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Kinetic curves of the heating and cooling of palmitic acid and mixtures with REE allow to judge the ex-
istence of several sections of the equilibrium and non-equilibrium explosive crystallization in which there is
increased potential difference. So for the palmitic acid this process proceeds in interval 0.5-3.5 mV, which
corresponds to 25-95 °C. As known, the difference in potential between metals with different thermal con-
ductivity is due to the speed of electrons under the action of heat and the presence of traps in the metal con-
nected with defects in the crystal lattice. The difference in the electrochemical potential of electrochemical
circuit is due to various reaction ability of solution compounds or chemical reaction. Consequently, the cause
of the current in the circuit might be the temperature and chemical potential.

In work [12] the process of melting mixtures of palmitic and stearic acids in a wide range of composi-
tions was studied. It is shown that a mixture comprising 0.75 mole palmitic acid and 0.25 mole stearic acid is
eutectic melt at 325 K, the melting enthalpy is 49.58 kJ/mole. This value is the maximum from two eutectics;
this fact suggests the presence of a sufficiently high heat storage capacity, because of formation of chemical
bonds between mixture components. l.e. melting heat is directly related to the strength of chemical bonds
between the associates in the case of single-component system, between different substances in the case of a
multicomponent system. Therefore, data of the thermo-EMF was calculated value of the specific heat of
melting (crystallization) of palmitic and stearic acids (Table). It’s shown that crystallization process is exo-
thermic, and results according to literature data [13].

Table
Results of calculation of specific melting heat of palmitic, stearic acids and palmitic acid with CsCl

. Segment of the ) The rate of heat
Acid curve T=A{x) 1,8 T, C A, J/kg K Process output, J/(kg's)
A 1045 80.00 Cooling the melt
Palmitic acid 2 3?2 57.73 214132 | Crystallization of substance 5.66
D 2050 52.37 Cooling of solid state
A 4736 83.59 Cooling the melt
L B 5126 .
Stearic acid C 5516 54.73 252932 | Crystallization of substance 6.11
D 5906 47.82 Cooling of solid state
A 942 80.27 Cooling the melt
Palmitic acid B 1532 .
with CsCl C 2123 58.95 295233 | Crystallization of substance 3.93
D 2713 4435 Cooling of solid state

As seen from Table, the value of the specific melting heat of mixture is above that of pure substance
(solvent). Therefore, for enhancing the strength of chemical bonds between the components of fusion must
be substances having donor-acceptor properties, as such alkali metal salts with a high value of crystal radius,
namely, rubidium and cesium, which are the most powerful electron acceptors and can form a stable ion pair
in the absence of polar solvent [14].

In this case, the melting process of mixture is accompanied by the formation of separate nucleation hav-
ing higher internal energy and having a higher melting point. From the literature it is known that alkali met-
als have a higher melting temperature, which is decreased during transition from cation with low radius to
cation with high radius in the case of inorganic salts. Therefore, supplementation with a higher melting point
of either direct synthesis in the melt blend is method of increasing of heat-accumulating ability of materi-
als [15].

Conclusion

Thus, as a result of studies, the melting point of palmitic and stearic acids and their mixtures with ce-
sium chloride were determined. The specific melting heat of mixture (palmitic acid:REE) was calculated, it
is shown that melting process of mixture proceeds in several stages, and the system has the type «fusion-
solution». The melting heat of mixture with cesium chloride is higher than with palmitic acid, hence the ad-
dition of cesium chloride enhances heat storage properties of the organic substance.
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[II.K.OmepxanoBa, B./[. AnekcanipoB

OpranukajbIK KbIIIKbLIAAP KoHE oapAbIH C/KD MeH KOMIO3UTTEPiHiH
JKBLIY IOFbIPJIAHIBIPFBIII KACHETTEPiHiH 0aFaiaHybl

Makanazia naJbMHUTHHII JKOHE CTEAPHHI KbIIKbUIIAPBIHEIH OalKy JKbUTYJaphl 3JIEKTPOXUMUSIIBIK SAICIICH
aHbIKTaNABlL. Banky nporeci bty GeniHyMeH >XYpeTiHi aikblHAanFaH. TepMOLMKIIAHIBIPYIbIH OapIIbIK
yaKbIThl OOMBIHIIIA KHCBIK JKOJIbI cakTaFal 6onareiH. [TansMutun Keiukeiibl MeH CYKD Kocnach! yiiH 6ajiky
TIporeci KOMIUIEKC KYPBUIBICHIHBIH JOHE HOHIbI OyJIapbIHBIH e3repyiMeH KypeTiHi Oaiikanran. JXoraps
Oanky TemIeparypacsl 6ap KpUCTalIaHy OPTaIbIKTapBIHBIH KAIBIITACY apKachIH/la OPTaHUKAIBIK KBIIIKbIIFa
KaparaHjga LEe3HH XJIOpHUII KOCBUIFaH MAJIbMUTHH KBIIIKBUIEI KOMIO3UTIHIH OalKy >KBUIYBI XKOFaphl eKeHi
Genrinenren. Jlemek, KypaMbIHAA Ie3Uil HOHAAPHI 0ap OPTraHUKAIBIK KBIITKBUIBIHBIH KOCIACHIH KBUTYIIOFBIP-
JaHIBIPYLIBI MaTePUa PETiH/E YChIHYFa 00Iabl.

[II.K.AmepxanoBa, B.J]. AnexkcanipoB

OueHka TEMIOAKKYMYJIHPYOUIUX CBOHCTB OPraHN4YeCKUX KUCJIOT
M UX KOMIO3uTOB ¢ P3D

B crarbe 35eKkTpoXuMHYECKUM METOJOM OIPEIENICHbI TEILIOTH! IIABJICHUS TaJbMUTHHOBON U CTCapUHOBOM
kucnot. ITokazaHo, 4To IpoLece MIABICHUS CONPOBOXKAACTCS BbIACICHUEM TEIUIOTHL. B TeueHue Bcero Bpe-
MEHH TEPMOLUKINPOBAHUA X0/ KPUBOM COXpaHsAeTcsa. Y CTaHOBJICHO, YTO [Vl CMECU IaJbMUTHHOBOHN KUCIIO-
Tl ¥ P3D mponecce miaBiaeHus CONpoOBOKAACTCA U3MEHEHUEM CTPYKTYpPhl KOMILIEKCA U MOHHBIX nap. Bers-
JIEHO, YTO TETJIOTA IUIABJIEHHUs KOMIIO3HTA MaIbMUTHHOBON KUCIOTHI C XJIOPHIOM II€3Usl BBIIIE, YEM IS Op-
TaHUYECKON KUCIIOTHI, 32 c4eT (POPMHUPOBAHUS LIEHTPOB KPUCTATUIM3AIMN C BBICOKOH TeMIepaTypoi IiaBie-
Hus. CrieoBaTeNnpHO, CMECh OPTraHMYECKON KHCIOTHI, COAEPIKAIasi HOHBI 1IE3HsI, MOKET ObITh PEKOMEH/I0Ba-
Ha B Ka4eCTBE TEMI0AKKYMYJIHPYIOIETO MaTepuaa.
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Study of polymetallic Zhezkazgan deposit ore’s flotation
using phosphorus collectors

Sorption of collectors — dibuthyldithiophosphate of ammonium and sodium on samples of polymetallic ores
was investigated. Values adsorption equilibrium was determined. The sorption curve of selective collector
(dibuthyldithiophosphate sodium) was obtained. Also in the paper the comparative analysis of the flotation
properties of dibuthyldithiophosphate ammonium and sodium respect to polymetallic ore of deposit
«Nurkazgany is given. A high selectivity of dibuthyldithiophosphate solution was established that enabled the
development of flotation circuit.

Key words: flotation, collectors, dibuthyldithiophosphate ammonium and sodium, polymetallic ore, metals,
sorption, sorption capacity, selectivity.

It is known that problem of deep processing of mining products is currently acquired special urgency.
It is included in the list of priority directions of science of the Republic of Kazakhstan. Nowadays analysis of
the literature showed that researches of flotation ability of different collectors for ores in development selec-
tive flotation mode. Amine collectors were used for flotation extraction of scheelite from other calcareous
minerals [1].

It is shown that dodecyltrimethylammonium acetate showed relatively high flotation properties towards
scheelite. According to IR-spectrophotometry and adsorption tests revealed that for the salts of alkyl amines
characterized by physical adsorption on the surface of minerals. In particularly dodecylacetate is secured
firmly on the surface of scheelite than calcite [2, 3]. Also the kinetics of the adsorption of two surface com-
pounds was investigated.

The relative amount of copper xanthate and dixantogen depends on the presence of copper atoms on the
surface, therefore, the mobility of atoms in the interface region, which is different for each of the minerals.
The amount obtained dixantogen increases for the slow diffusion of copper. Three selective flotations of
minerals can be improved on the basis of differences in adsorption amyl xanthate (selective changes in the
mineral hydrophobicity) under optimal conditions [4].

In the case of sulfide ore the flotation occurs at the exchange mechanism, followed by chemisorption of
collectors. Various collectors compared to selective flotation of copper-zinc ore. Isopropylethylthionocarbo-
nate (Z-200), buthylxanthogenate, dibuthylammonium, ammonium dithiophosphate and mercaptobenzo-
thiazole (MBT) were used as collectors. The latter collector has the effective selectivity at the flotation of
chalcopyrite and marmatite [5].

Thereby the study of flotation properties of phosphorus collectors is relevant, because enrichment of
disseminated ores is quite challenging, requiring an integrated approach with both technological and physi-
cal-chemical point of view. Purpose of research is study of the flotation properties of phosphorus-containing
collectors with respect to polymetallic ore.

Experimental part

Flotation of polymetallic ore samples was carried out by the procedure described in work [6].
The calculation of basic indicators flotation was carried out using the formula [6].
Yield of product (concentrate) E (%) is calculated to:
E="1%.100%. (1)
m
The degree of extraction (%) is calculated to:

x=%-100%, )

m

where C;, C,, — mineral amount in the concentrate and ore, mas. fraction.
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Degree of concentration (enrichment) K is calculated to:
Ck
K= 3)
The atomic-absorbing analysis was made on the AA240 brand device.
Adsorption of phosphorus-containing collectors respect to polymetallic ore was carried out by the tech-
nique described in work [7].
Adsorption equilibrium constants were calculated by the formula:

v,
Cc, =C,L, 4
2=y, “4)
where C;, Cy, is the concentration of the ligand and metal; V;, V;, — its volume.
Adsorption value is calculated from the obtained values from equation:
C,-C, )V
r M , 5)

m m
where Cy, C, — initial and equilibrium concentration of solution, mole:L™"; 7 is the volume of solution in
which the adsorption process, ml; m — amount of adsorbent, g.

Materials and reagents. As the main object was used polymetallic ore of Zhezkazgan deposit.
Dibuthyldithiophosphate sodium and ammonium were used as the collectors. Diisoocthyldithiophosphate
ammonium is used as the foaming agent. Calx was used for environment control.

Results and Discussion

Analysis of sorbent properties of collectors with respect to polymetallic ore particles was carried out.
The studies were conducted on samples of Zhezkazgan deposit ore using the collectors based on derivatives
dithiophosphoric acids. According to the results of atomic-absorption analysis the investigated ore is chalco-
pyrite. Consequently, the main ions in the crystal lattice of the composition are iron and copper ions.

It is known that the destruction of the solid state when disconnection occurs between the molecules, at-
oms and ions, unsaturated bonds appear on the surface. In this case, these are due Cu—S, Fe—S, so the interac-
tion energy between the solid surface and the molecules gatherers determined by the strength and nature of
the bond formed in the adjacent layer. Copper sulfide ores to mineralogical composition can be attributed to
the low and average power dense [8].

Le. key issue is to choose the most selective collector with energy of the same order. As previously
mentioned fixing of the collector takes place closest to the surface layer which is monomolecular. This data
confirms the lower equilibrium concentration in the collector solution (Tables 1 and 2).

Tablel
The results of potentiometric determination of adsorption equilibrium
at the interface «copper — dibuthyldithiophosphate sodium» (T=298 K)
Ne solution Cy-10°, mole- LT C, 10°, mole-L! x/m-10* Ig C, lg (x/m)
1 2.00 1.00 5.00 -5 -3.30
2 2.00 1.00 3.00 —4.92 -3.52
3 1.00 1.00 1.00 —4.00 —4.92
Table2
The results of potentiometric determination of adsorption equilibrium
at the interface «copper ore — dibuthyldithiophosphate ammonium» (T =298 K)
Ne solution Cy 10°, mole-LT C, 10°, mole-L! x/m-10* Ig C, lg (x/m)
1 1.00 0.80 1.00 -5.097 —4
2 1.00 1.00 0 -5 —
3 1.00 1.00 —-1.00 —4.921 —

As can be seen from the data in Table 2, low levels of sorption values for ammonium dibuthyl-
dithiophosphate indicate physical adsorption based on the Van-der-Waals interactions. In the case of sodium
dibuthyldithiophosphate the formation of strong covalent bonds with ions of copper or iron was observed.
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This process is possible only in case of an exchange or hydroxyl groups, or sulfate and thiosulfate ions
formed during the oxidation of the surface ore oxygen. In this connection, sorption isotherm has been built.

Analysis of the adsorption is showed that an increase in the equilibrium concentration of the collector
the amount adsorbed on the surface of polymetallic ore is reduced. Therefore, the main process is the poten-
tial which determines the adsorption of copper ions or their complexes with the inner collector electrode
electric double layer [8].

These compounds are crucial in securing an air bubble on the surface of the ore and the formation of
water layer in the flotation. This water shell has a charge by the presence of a minor amount of counter ions,
which, in this case, the ions are sodium or ammonium. E.Fervey and Ya.Overbek showed that presence of a
double layer leads to repulsion between the particles and thereby to stabilize the system [9].

x/m
0,0006 -
0,0005 4 *
0,0004 A
0,0003 A
0,0002 4
0,0001 4

0 - *

-0,0001 . , : ; . ; ; " 1gC
505 -5  -495 -49 -485 -48 -475 -47  -465

Figure 1. The adsorption isotherm of sodium molecules of dibuthyldithiophosphate
at the interface «copper ore — solution»

In this regard, collectors on reducing the adsorption capacity can be arranged in the following line:
(C4Ny0O),PS;Na>>(CyNyO),PS,NH, likewise changes and hydration energy of the cations in the aqueous so-
lution for a similar ions. Based on the fore going dibuthyldithiophosphate sodium was selected as the base
agent and the ammonium dibuthyldithiophosphate can used as auxiliary flotation reagents.

Figure 2 shows a diagram of the laboratory tests for individual collectors with diisoocthyldithio-
phosphate ammonium as a foaming agent.

Initial ore

(C4H;OxP5:Ex, 30 git

grinding foamer, 15 g#,
caly, 3000 agft
l L (C-H-01PS-Kt. 20 gh
flotation of copper = foamer, 15 g#,
calx, 3000 g#t
=5 mi =
T R
. : 7
Cu concentrate collective flotation o
l =3 min l
Cu concentrate tailings

Figure 2. Schematic diagram of laboratory flotation in open loop
for individual phosphorus collectors: Kt — Na', NH,"

Table 3 shows the results obtained according to the scheme of collective flotation separation of copper
concentrate for reservoir phosphorus.
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Table3
Results of experiments using circuit phosphorus-hydril collectors on pulp of current processing
Product Yield Extraction, % The degree of enrichment, %
g | % Cu | Fe Cu | Fe
Dibuthyldithiophosphateammonium50g/t,
diisobuthyldithiophosphateammoniuml15 g/t
concentrate 0.23 2.31 54.08 58.02 7.08 7.59
tailings 9.77 97.69 45.92 41.98 49.72 45.45
intotal 10 100 100 56.80 53.04
Dibuthyldithiophosphateammonium50g/t,
diisobuthyldithiophosphateammoniuml15 g/t
concentrate 0.20 2.04 47.12 41.76 23.07 20.43
tailings 9.78 97.96 52.88 58.24 53.99 59.45
intotal 10 100 100 77.06 79.88

According to the results of circuit flotation experiments revealed that sodium dibuthyldithiophosphate
exhibits high flotation ability with respect to polymetallic ore. The degree of extraction of ore and copper
and iron concentrate shows it. Application dibuthyldithiophosphate sodium improves the recovery of metal
in the concentrate as compared to ammonium dibuthyldithiophosphate.

This fact is due to the different wettability, surface hydrophobicity, and consequently, on the other
hand, ammonium ions constituting the outer shell of the electric double layer on the particle surface when
attaching the air bubble, inhibit its degradation, which leads to reduction in the strength of Van-der-Waals
bonds between the bubble and particle.

Conclusion

Thus, the behaviors of flotoreagents at the interface «solid—solution» were identified as a result of re-
searches of flotation capacity of phosphorus collectors. It is shown, that sodium dibuthyldithiophosphate is
characterized by high extraction degree of copper in concentrate, as this is due to the strength of the adsorp-
tion complex and hydrophobic complex «bubble-particle». The physical adsorption occurs in the case of
ammonium dibuthydithiophosphate, which degrades the ore flotation. Thereby the development of selective
flotation reagent regime of polymetallic Zhezkazgan deposit ore by using dibuthyldithiophosphate sodium as
collector was carried out.
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III.K.Omepxanona, J[.M.lllayeHoBa

®ochopKypamMabl KOJIJIEKTOPJIAP KOJAAHBLIFaH JKe3Ka3raH KeH OPHBIHAAFBI
MOJIUMETAJIbI KeHAePiHiH GaoTanusJIaHybIH 3epPTTey

MBpIc KeHzepi YAriiepinaeri HaTpui xoHe aMMOHUH TUOYTHIIUTHO(DOCHAT KOIIIEKTOPIIAPBIHBIH COPOLHSCH
3epTTenreH. AICcopOLMsIIBIK Tere-TeHIIriHiH MoHaepi anbikTaitFad. Harpuit mubyruinauruodocdatst 60bIn
AHBIKTAJIFAH CEJIEKTHBTI KOJJICKTOPBIHBIH COPOLMS KUCBHIFBI ajbiHFaH OonareiH. KeHHiH O6eTki KabaTbl MeH
KOJUIEKTOP apachlHIarbl OPEKETiHIH cuIlaTTamachl aHbiKTanrad. ConbIMeH Katap «HypkasraH» KeH OpHBbIHA
KaTBICTBI ~HaTpHMil JkoHe aMMOHMI JuOyTHIIUTHOMOCDATTAPBIHBIH  (GIIOTALMSIBIK  KACHETTEPiHIH
CaJIBICTBIPMAIBl TaJJAybl XKYpriziaren OomaTeiH. DoTarus cxemMachlH HaibIHAayFa ceOer OosraH HaTpuit
TOyTIITITHO(OCHATTHIH KOFAPhI CENCKTHBTLIIr allKbIHAAIFaH.

III.K.AmepxanoBa, J[.M.lllayenoBa

HccaenoBanne ¢p1oTHpyeMoCTH NOJUMETAIHYECKOM Pyabl Ke3Kka3ranckoro
MeCTOPOKACHUS ¢ UCIO0JIb30BaHueM (pochopcoaepralMx KOJIIEKTOPOB

N3yyena copOuust KOJUIEKTOPOB MUOyTHAAMTHOGOC(hATa aMMOHHS M HaTpus Ha oOpasuax MoJMMeTal-
JMYECKOM pyxAbl. Bblin onpezneneHsl BeIMYMHBI aJCOPOLMOHHOTO paBHOBecHs. IloiydeHa kpuBas copOLnH
CEJIEKTUBHOTO KOJUIEKTOPA, KOTOPBIM CIyxXwi1l quOytuiautuodocdar Hatpus. BbiiBieH xapakrep B3auMo-
JEUCTBUSI KOJUIEKTOPA C OBEPXHOCTHIO py/bl. Taroke B CTaTbe OBLI IPOBENICH CPaBHUTEIBHBIN aHAIN3 (Io-
TallMOHHBIX CBOHCTB JuOyTHIIUTHOGOC(ATa aMMOHHS M AHOyTHiauTHO(OCchaTa HATPHUS IO OTHOLICHHIO
K HOJIMMETAJUIMIEeCKON pyzne MectopoxaeHus «Hypkasram». YcTaHOBIeHa BBICOKas CEIEKTHBHOCTH ANOY-
THIIUTHO(GOCHAT HATPHS, YTO TIO3BOJIMIIO TIPOBECTH Pa3paboTKy cxeMsbl (aoTarmu.
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Features of sorption of lead (II) and cadmium (II) on carbon sorbent of wood nature

The carbon material of the wood nature modified with phosphoric acid with the subsequent carbonization at a
temperature of 600 °C was used as a sorbent. Protodyakonov's equations describing influence of all factors
the generalized equations (pH, duration of contact of a sorbent with solution, initial concentration of metals’
ions, temperature) on the sorption capacity of sorbent were obtained as a result of studying cadmium (II) and
lead (IT) ions’ sorption. The analysis of these results allows concluding that sorption of lead (II) and cadmium
(II) ions on sorbents occur rather actively. Also the calculation of basic thermodynamic and kinetic parame-
ters of the sorption process was carried out.

Key words: sorption, sorbent, heavy metals, sorption capacity of a sorbent, sewage treatment.

Nowadays special attention focuses to the introduction of waste-free technology, especially sewage
treatment. Protection of water resources from depletion and pollution and their rational using for the needs of
the national economics, is one of the most important problems requiring urgent solutions. The probability of
entering into the wastewater is high at using of lead in various industries (metallurgy, metal working, electri-
cal, petrochemical, etc.). Consequently, the water pools are contaminated with the ions of lead, cadmium and
other toxic metals exceeding the maximum permissible concentrations (MPC). It is known that limiting indi-
cator of health hazard of lead is sanitary and toxicological. It suffices to note that lead and its derivatives are
classified by International Agency for Research on Cancer (IARC) as 2B Group substance (potential human
carcinogens) [1].

For ensuring environmental safety, i.e. to reduce and prevent the water basins’ pollution the wastewater
should be cleaned. The solution of this problem can be cleaning up using different sorbents [2]. Analysis of
the literature on library databases http://elibrary.ru, http://scopus.com_showed that nowadays the use of water
treatment with natural sorbents based on wood materials is especially relevant.

The purposes of this research are investigation of sorption of lead (II) and cadmium (II) ions on carbon
wood sorbent, and establishment of optimum conditions in a mode of static adsorption on the solid-liquid
interface.

Experimental part

The carbon sorbent of the wood origin (dry cones of a pine ordinary (lat. Pinussylvéstris)) was used as a
sorbent [3—5]. The sorbent was activated with 10 M solution of orthophosphoric acid with the subsequent
carbonization at a temperature of 600 °C; duration of processing is 1 hour, then the sorbent was washed out
with distilled water and dried at 102—105 °C up to the constant weight.

The sorption in relation to metal ions was carried out under static conditions according to the 4-factorial
3-level matrix [5], on the basis of the experiment the method of planning experiment was taken [6].

Initial concentration of model solutions of lead (II) and cadmium (IT) were 25, 50, 100 mg/l; pH was varied
in the range of 4-8, temperature interval varied from 298 K to 318 K, sorption duration were 30, 45, 60 min.

Discussion of results

As a result of investigation of sorption of cadmium (II) and lead (II) ions generalized Protodyakonov’
equations [6] were obtained. They describe the influence of all factors (pH, duration of contact of sorbent
with solution, initial concentration of metals’ ions, temperature) on the sorption value:

— for Pb*" ions:

(0.26pH?~3.03pH+ 63.64)-(0.96C,,, —0.67)-(~0.04T +69.95)(~0.057 + 58.00)

a= — ; (D
a

— for Cd*"ions:
(0.82InpH +53.73)-( 0.014C,,” —0.10C,,, +56.81)-(~0.0015T" —0.92T +194.57)-(0.96t—0.77)

init init

a= - @

—3
a
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These equations allow predicting the sorption capacity of a studied sorbent in relation to metals at a var-
iation of the above said factors.

As aresult of calculations it was established that in case of lead (II) ions sorption minimum value of pu-
rification degree is 93.14 % under conditions of pH = 4, initial concentration of the sorbent 25 mg/l, contact
time is 60 min. and temperature 298 K; whereas the maximum of purification degree (99.11 %) from lead
(IT) ions is observed in sorption process under following conditions: pH =8, T=298 K, C;,;= 100 mg/l,
T =60 min.

The analysis of experimental data obtained on sorption of cadmium (II) ions on active coals on the basis
of modified coniferous wood have shown, that the maximum purification degree (90.86 %) is reached when
sorption cleaning carrying out at pH = 8, initial concentration 100 mg/l, contact time 60 min and temperature
298 K.

Sorption capacity of the sorbent in relation to lead (II) and cadmium (II) ions was studied in dependence
on pH in static conditions. Dependence of sorption capacity of lead (II) and cadmium (II) ions on solution
pH is given in figure.

a, mgg? a, mgg?
100,00 - 91,20 4
99,00 - ——208 20,80 - ——208
98,00 - 90,40 -
97,00 - 218 90,00 - ——308
96,00 - 89,60 - 318
95,00 : . . 89,20 . : .
3 5 7 9 H
oH 3 5 7 9p
a b

Figure. Sorption capacity of sorbent in relation to lead (II) (a) and cadmium (II) (b) ions
in dependence on pH; initial concentration of metal is 100 mg/1

As seen from figure, the sorption curve of metal ions passes through a minimum, with decreasing acidi-
ty in the range of pH = 4+9, reaches a minimum at a value of pH equal to 6 and, then, increases. The most
optimum pH of medium is 8. Lead is sorbed in the form of PbOH" ion at pH > 8. Such ions have a smaller
charge and bigger radiuses, and smaller hydration degree. So they enter easily into electrostatic interactions
and an ionic exchange in comparison with Pb>" ion.

In case of cadmium (II) ions the sorption capacity of sorbent increases with rising medium acidity.
A relatively small degree of sorption in more acidic mediums (pH <5) is caused, presumably, by the fact that
sorbent in this medium is in the protonated state; sorption proceeds as a result of coordinating interaction
with the P = O groups.

However, these groups also absorb protons, due to the formation of hydrogen bonds —P=0 ---- H+, it
leads to replacement of lead ions. In this interval of acidity of water solutions the cadmium ions are in a form
of aqua complexes ([Cd(H,0),]*"). Thus, results show that slightly alkaline medium (pH 8) is the most fa-
vorable for occuring the sorption process. Accordingly, all further investigations were carried out at the op-
timum value of pH (pH = 8).

Isotherms of sorption were recalculated in isotherms of the Lengmyur’s equation in a rectilinear form,
and sorption constants (K) at temperature of 298, 303 and 318 K were calculated. On the basis of sorption
constants the enthalpy change (AH), isobaric-isothermal potential (AG) and entropy changes (AS) were cal-

culated:
RTT, ln( K }
Kk
AH=— "4 Q)
T,-T,
AG, =-RT InK,; (4)
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)
Results of calculations are given in Table 1.

Table 1

The basic characteristics of sorption of lead (II) and cadmium (II) ions
on the sorbent obtained on the basis of coniferous wood

Determined Tempera- | Sorption of ions
characteristic ture, K Pb** Ccd**
298 1.083 | 1.191
Constants of sorption 308 1.091 1.192
318 1.101 | 1.194
298 0.19 0.43
—AG, kJ/mole 308 0.22 0.44
318 0.25 0.47
—AH, kJ/mole — 0.63 0.09
298 1.46 0.67
—AS, J-mole/K 308 1.33 0.60
318 1.19 0.52

The analysis of the results obtained allows concluding that sorption processes of lead (II) and cadmi-
um (II) ions on sorbents occur rather actively. The negative values of enthalpy and isobaric-isothermal po-
tential indicate on spontaneous nature of sorption process. The results have shown, that the formation of
strong adsorptive complexes had occurred, thus capacity of sorbents in relation to heavy toxic metals is suf-
ficiently high, therefore, allows to extract large amount of metals from water in wide range of tempera-
tures [7].

Further the calculation of distribution coefficient D at pH at which maximum sorption was made (Ta-
ble 2):

Csarp : I/sol
D=—"—-, ©)
mSG"p : res
where C,,, is amount of metal ions in sorbent phase (mg/l); ¥, , is volume of water phase (ml), m_,, is mass
of sorbent (g), C,,, is amount of not sorbed metal ions after sorption.
Table 2
Change of Distribution Coefficients D (initial concentration of metals ions is 100 mg-L™")
T.K Pb”’ Cd”
298 5584.82 496.85
308 2890.63 480.45
318 1925.53 494.36

The greatest values of distribution coefficient (>500) are attained for Pb>" ions. The distribution coeffi-
cients show that the sorbent can be used for concentration of lead (II) from solutions in static and dynamic
conditions.

The time of establishment of sorption balance is necessary for the characteristic and the description of
equilibrium processes, and the value of entropy of activation is needed for the formation of activated com-
plex, for mechanisms of sorption of lead (II) and cadmium (II) ions on sorbent.

As a result of investigation the rate constants of sorption, S* and E, of lead (II) and cadmium (II)
ions on the modified sorbent at temperatures of 298, 308 and 318 K were calculated:

k=1m& (7)
T

i

where C, is initial concentration of metal, mg/l, C, is concentration of metal ions at time t; T — time, s.
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The values of sorption energy (E,.) were calculated according to Arrhenius's graphes in coordinates of
«In K — 1/T», modification of formation entropy of sorption complexes (S*) were calculated by Eyring equa-
tion:

#
In PZ, =10,36+1nT+AI§ : (8)

where PZ, is preexponential factor in Arrhenius equation; AS® is the modification of formation entropy of

sorption complexes; R — gas constant; 7 — temperature, K.
Results of calculations of constants of sorption kinetics, £, and S* of lead (IT) and cadmium (II) ions

using modified sorbent are given in Table 3.

Table 3
Thermodynamic characteristics of kinetics of sorption of lead (IT) and cadmium (IT) ions
. . Sorption of ions

Determined characteristic Temperature, K o oG
Rate constants K-107, s™ 298 0.66 3.53
at temperatures, K 308 0.86 4.33
’ 318 1.07 4.33

E,., kJ/mole in the range 0f 298 K to 318 K 18.65 8.20
298 74.24 95.20

—AS?, I/mole-K 308 74.51 95.48
318 74.77 95.74

Practically all studied sorption curves have reasonably steep initial portion of isotherms of sorption ki-
netics. Apparently from the results of experiments, the sorption is sufficiently fast and ends in 30 min. This
allows concluding that all sorbate adsorbed on the sorbent.

Conclusion

Thus, the results indicate on high efficiency of using the sorbent formed on the basis of coniferous
wood with the subsequent modification for sewage treatment from heavy toxic metals, such as lead and cad-
mium, with purification degree to 99 %.
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[II.K.Omepxanosa, P.K.)Kacnan, A.C.Yomu

Aram Heri3inaeri kemiprekTi copbenTreri KopracoiH (II)
MeH kaaMuii (II)-re KaTbICTHI COPOIUSHBIH epeKIIeTIKTepi

CopbOent petiage oprodochop KeIIKpUIbIMEH Moaudunupienrer, 600°C Ttemmeparypaga Ke3eKTi
KapOOHM3aIMsFa YINBIPaFraH arall Heri3iHjeri keMmiprekti copOeHT Kommaweuinsl. Kopracem (II) men
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kaamuii (1) HoHgapbIHA KAaTBICTHI COPOLMSIHBL 3ePTTEY HOTHKECIHE COPOSHTTIH COPOLMSIIBIK CHIHBIMIBLIbI-
FhIHAa acep eTeTiH Oapunblk (axropnapasl (pH, copOeHTTIH epiTiHAiMeH OallaHbIC Y3aKTHIFBI, METall
MOHIApPBIHBIH 0acTanKbl KOHLICHTPALHAIAPbI, TEMIEpaTypa) KAMTUTHIH [IpOTObIKOHOBTBIH JKaJIbI TEHICY1
QIBIHIBL. 3epTTey HOTIDKENepl KapacTBIPBUIBINT OTHIPFaH COPOCHTTIH KOPFACHIH MEH KaJIMHH HOHIAaphIHA
KaTBICTBl  copOumsicel  Oencenni ekeHiH kepcerTi. CoOHBIMEH Karap copOIMs IPOLECIHIH Herisri
TEPMOANHAMUKAIIBIK JKOHE KHHETUKAJIBIK KOPCETKIMITEPiHIH ecenTey HOTIKeIepi Oepii.

III.K.AmepxanoBa, P.K.)Kacnan, A.C.Yamu

Ocooennoctu copounu ceunua (I) u kagmus (I)
HA YIJIePOAHOM cOpOeHTe IPeBeCHOM MPUPOIbI

B kagecTBe copOeHTa ObLT UCIONB30BaH YIIEPOAHBIH COPOCHT APEeBECHON MPUPOABL, KOTOPBIA ObUT MOaUdU-
mupoBaH oprodocdopHOlt KHMCIOTOI ¢ mocienyromeidl kapOoHmzammed mnpu  Temmeparype 600 °C.
B pesynbrare nzydenus copounu noHos kagmust (II) u ceunma (II) 6su1u momydeHsr 0600IIEHHBIE YpaBHEHUS
IIporonpskoHoBa, oMUCHBaIONME BIMsHUE BeeX (akTopoB (pH, MporomKHUTeIEHOCTE KOHTAKTa copOeHTa ¢
pacTBOpOM, MCXOJHAsI KOHIEHTpALUsI HOHOB METAJIOB, TEMIIEpaTypa) Ha COPOLMOHHYIO0 EMKOCTh copOeHTa.
AHanm3 MOJIy4eHHBIX Pe3yIbTaTOB IO3BOJIWI CAEIIATh BEIBOJ O TOM, YTO COPOI¥S HOHOB CBHHIIA M KaJMHs Ha
paccMaTpuBaeMbIX COPOCHTAaX MAET JOCTATOYHO AaKTHBHO. Takke ObUI NPOBEAEH pacuyeT OCHOBHBIX
TEPMOANHAMUYECKHX H KHHETHYECKHX N1apaMeTPOB Ipolecca copoLuu.
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PacTBOpHMOCTB B cHCTeMe XJIOPH] MapraHua — kapéamujg —
XJIOPOBOAOPOAHAS KHCJI0Ta — BoAa npu 25 °C

Metoznom pactBopumocTtH npH 25 °C U3yueHbl TeTepPOreHHbIE PAaBHOBECHS B YETHIPEXKOMIIOHEHTHOH cHCTe-
Me: XJIOPHJ MapraHua — kapoaMus — XJIOpOBOJAOPOHAs KHCnoTa — Boja. HaliieHbl 3aKOHOMEPHOCTH B3aHM-
HOTO BIIMSHMSI KOMIIOHEHTOB APYT Ha ApYyra, KOHIIEHTPALMOHHBIE TPAHUIIBI 00pa30BaHUs COCANHEHHH, CyIIie-
CTBOBAaHHME KOTOPBIX OBIIO paHee YCTAHOBJIEHO NMPH U3YUYEHHH PACTBOPUMOCTH COCTABIISIOIINX TPEXKOMIIO-
HEHTHBIX CUCTEM, a TAKXKe JIByX HOBBIX KOOPIUHAIIMOHHBIX COCAMHEHUH, COAEPKAIUX B CBOEM COCTABE OJ-
HOBPEMEHHO XJIOPU MapraHia, KapoaMu/] U XJIOPOBOJAOPOHYIO KHCIIOTY.

Kniouesvie cnosa: meron PacTBOPUMOCTH, quBIpéXKOMHOHeHTHaSI cucrema, Kap6aMI/I,II, XJIOPOBOAOPOAHAA
KHCJIOTAa, aMUJIKHCIIOTa, KOOPANHAIMOHHBIC COCAMHEHUA MapraHia.

B npomomkenne mccnegoBaHUS MPOIECCOB M MPOAYKTOB B3aWMOJICHCTBHUS B YETHIPEXKOMIIOHEHTHBIX
CHUCTEMax COJIb OMOMeTalllla — aMUJ] — KUCJIOTa — Bojaa [1, 2] M3ydeHa pacTBOPHUMOCTh B CUCTEME XJIOPHI
Maprasiia — kapoaMuJI — XJIOPOBOIOPOTHASL KUCIIOTA — BOJIA.

MeTton n3ydeHus paCTBOPUMOCTH B CUCTEME 3aKIIFOYAIICS B HACBHIIEHUH YBTOHMYECKUX PACTBOPOB CHC-
TEM XJIOpHWJ] Maprafia — kapdaMuy — Boja ¥ KapObaMua — XJIOpOBOIOPOIHAS KHCIOTa — BOJIa BO3PACTAIOMIH-
MU KOJMYECTBAMH 4eTBEPTOro KoMroHeHTa. [IpoObl TBEPAON U KUIKOH (ha3 aHATH3UPOBAIH XUMUICCKIUMU
aHaIM3aMH{ Ha COAEp)KaHMe XJIOpHIa MapraHia (KOMIDIEKCOHOMETPHYECKOe TUTPOBaHHUE TpMiIoHOM b), kap-
Oamua (10 KOJIMYESCTBY a30Ta MeToa0M Kbenbaais), XJI0poBOAOPOAHON KUCIOTh! (TuTpoBanue 0,1 H. pac-
TBOPOM THAPOKCHJIA HATPHsI), TBepAast (haza KOHTPOIUPOBAIACH TAKIKE KPUCTALIOONTHYSCKAM H PEHTICHO-
(hazoBbIM MeTO/IaMU aHanm3a [3-5].

Pesynbratrer Mo pacTBOPUMOCTH B CHCTEME IIPHUBEEHBI B Tabmuie (Mac. %) u rpaduaeckn n300pakeHbl
Ha PUCYHKE B BHJIE IICHTPAILHOM MPOEKIIUU POCTPAHCTBEHHOUN N30TEPMBI.

®durypaTuBHbIC TOUYKH HA TIPOCKIIUU IUATPAMMBbI BEIPAXKAIOT COCTaB O0€3BOTHON YaCTH CUCTEMBI (COJICBOM
coctaB). [ns yuéra comeprkaHusl BOIBI B CHCTEME PaCCYMTaHBl 3HAYSHHS BOJHOTO YHCTIa, KOTOPOE PaBHO KO-
JIUYECTBY MOJIEH BO/IBI, HEOOXOMIMOTO ISl PACTBOPEHHS | MOJISt CYMMBI COJIEH, HAXOSIINXCS B PACTBOPE.

BeTBb 30TEpMBI, BKIIIOYAIONIAs TOUYKH 1—5, OTBeUaeT KPUCTAUIN3AIMN SBTOHUYECKOTO COCTaBa CUCTe-
MBI XJ0opua Mapranua — kapbamug — Boga CO(NH,), + MnCl, -4CO(NH,),. C pocToM KOHIEHTpaLuu

XJIOPOBOJIOPOTHOM KHCIOTHI B 3BTOHIMYECKOM pacTBope oT 0 10 6,80 % mpouCcXoauT KpHCTAIIH3AIMS ITHX
COEIMHEHHH U3 PacTBOPOB conepkammx kapbamua ot 63,19 no 59,01 % u xmopun mapranma ot 15,94 no
19,18 %. I1pu sTOM HaONFOAETCS TOHMKEHHE 3HaUYCHU BOAHOTO yrcia ot 0,98 1o 0,63, 4To yka3siBaeT Ha
BCaJIMBArOIIee JICHCTBHE XJIOPOBOJIOPOIHON KUCIOTHI HA PACTBOPUMOCTh 3BTOHUYECKOI cMech. B pesynbpra-
T€ MPOTEKAOIIEr0 B3aUMOJIEHCTBHS B TOUKE 5 HaOIOJaeTCS KPUCTAIUIN3ANNS HOBOTO XUMHYECKOTO COE/TH-
Henus — MnCl, - 2CO(NH,), - HCI.
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Pucynok. llenTpanbHas npoeknus H30TEPMbI PACTBOPUMOCTH B CUCTEME
XJIOpHJ MapraHia — Kkapoamu1 — XJIOpOBOJIOPOAHAs! KHciioTa — Boja mpu 25 °C

BeTBb m30TepMel (ToukH S5, 23—27) COOTBETCTBYET BBIICICHNIO B TBEPAYIO (pa3zy oOpa3oBaBiIerocs HO-
BOTO COCTUHEHUS, COMEPKALIET0 OJHOBPEMEHHO TPY MCXOAHBIX KOMIIOHEHTA. YBEJIMYCHHE KOHLEHTPALUU
XJIOPOBOJIOPOIHOM KUCIOTHI OT 6,80 mo 13,25 % mpuBOIUT K CHIKEHHUIO KOHIICHTPALWU XJIOpHIa MapraHIa
ot 19,18 mo 13,08 %, KoHIIEHTpaIus KapObamMuaa HaXOUTCs B TIpenenax KoHmenTpanuii 57,49 mo 60,72 %.
3HavueHHE BOAHOIO YKCIA B ATUX pacTBopax noHmkaercsa ot 0,63 1o 0,49, uyTo ykas3biBaeT Ha BCaTUBAIOIICE
JeiCTBUE XJIOPOBOIOPOJHOM KHCIOTH Ha PACTBOPUMOCTH TPOHHOTO COCTUHEHUSL.

[IpnbaBneHrie B BBTOHUYECKHUI pacTBOP CHCTEMBI KapOaMH]l — XJIOPOBOJOPOIHAS KHCIOTa — BOJIA XJIO-
puna mapranua a0 13,08 % (Touku u3orepmbl 18—23) MpUBOAWUT K YBEIWYECHHUIO B PAacTBOpPE COJCPKAHUS
Kapbamuza U XJIOpoBOIOPOJHON KucioThl oT 58,40 mo 60,72 % u ot 11,56 mo 13,25 % cooTBETCTBEHHO.
B tBepayro ¢asy mpu 3toMm Bbiaensercs 3BToHHYeckas cmecbk CO(NH,), + 2CO(NH,), - HCI, B Touke co-

craBa 23 HabmonaeTcst oOpa3oBaHUEe HOBOIO TpoiHoro coenunenus — MnCl, -2CO(NH, ), - HC1. Boagnoe

YHUCIIO B OTUX pacTBopax ymeHslmaercs ot 1,29 mo 0,49, 1.e. oOpa3oBaHre HOBOTO COCTUHECHUS TTPOUCXOIUT
3a CYeT BCAIMBAIOIIETO JASUCTBUS XJIOPHIa MapraHIia Ha SBTOHIHYECKYIO CMECh.

BetBb m30TEpPMBI, COOTBETCTBYIOMIAs TOYKaM 5—11, oTBeUaeT KpHCTALTU3AIUU U3 HACBIIICHHBIX pac-
TBOPOB ABOMHOro coenunenus MnCl, -4CO(NH,), .

PocT KoHIEHTpanmu XJIOPOBOIOPOAHON KHCIOTH OT 6,80 mo 12,88 % mpuBOAWT K yMEHBIIEHHUIO CO-
nepxanus Kapbamuaa B pactBope ot 59,01 mo 44,78 %, mpu 3TOM KOHIIEHTpaNXs XJIOPH]Ia MapraHIia MOBbI-
maercs ot 19,18 mo 28,36 %. 3HaueHKne BOJHOr0O YHCIIa U3MEHISTCS BecbMa He3HauuTeabHo ot 0,63 mo 0,68
(Touku 5-7), 3areM oHO moHIKaeTcs 110 0,59.

BeTBb M30TEpMBI, COOTBETCTBYIOIIAS ToukaMm 23, 28—34, oTBedaeT BBIACICHHUIO M3 HACHIIICHHBIX pac-
TBOpOoB coeauHenus 2CO(NH,), -HCIl. Ypennuenue KoHLIEHTpauuu xjgopuia mapranna ot 13,08 no

15,90 % npUBOIUT K CHWXKEHUIO KOHIEHTparmu kapbamuna ot 60,72 no 45,98 % u yBeNWYCHHUIO KOHIICH-
Tpaluu XJIOPOBOAOPOAHOM KUCTOTHI OT 13,25 1o 26,36 %. YMeHblIeHre Opy 3TOM 3HAYCHHS BOJIHOTO YUCIIA
ot 0,49 no 0,40 yka3piBaeT Ha HEOOJIBIIOE BCATUBAIONISE BIMSHUE XJIOPOBOIOPOIHOW KUCIOTHI HA PacTBO-
PUMOCTH TAaHHOTO COCTMHCHUS.

BeTBb U30TEpMBI pACTBOPUMOCTH, COOTBETCTBYIOIIAS TOUKaM 17—11, oTBeuaeT KpucTaain3alui U3 Ha-
CBIILEHHBIX PACTBOPOB CMECH JBOMHBIX coenunenuii MnCl, -4CO(NH, ), + MnCl, -2CO(NH,), .

Poct koHneHTpanmu xiaopoBogopoaHo kuciaotel ot 0 1o 12,88 % NpuBOANUT K YMEHBLIEHUIO BOJHOIO
gucia ot 3,31 mo 0,59, 9ro yka3pIBaeT Ha CHJILHOE BCAJTMBAIOIICE BIMSHIC €€ HAa PAaCTBOPUMOCTE DBTOHHYE-
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CKOHl cMecH, TIPUBOJAIICH K KPHUCTAUTM3allMd B TOYKE cocTaBa 11 HOBOTO TPOHWHOTO COSAMHCHUS —
MnCl, -CO(NH,), -HCI1. IIpu sToM B pacTBOpe yBeIMUYMBAcTCs coiepxkaHue kapOamumga ot 30,5 1o

44,78 % wu xnopuma maprasma ot 26,61 no 28,36 %.
BeTBp m30TEpMBI, COOTBETCTBYIOMAs ToukaM 35—40, 34, oTBeUaeT KpUCTAIUIM3ANNKA U3 HACHITICHHBIX
pacTBOpoB cMecH AByX amuakucior: 2CO(NH, ), -HC1+2CO(NH,), - HCI.

Poct xonnentpauuu xnopuga mapranna ot 0 1o 15,90 % npuBOIUT K CHW)KEHHUIO CoJiepKaHus KapOa-
Muza B pactBope oT 46,98 no 45,98 % (uepe3 mosrsienue 48,72 % B Touke 38) ¥ YBETHMUEHUIO KUCIOTHI OT
22,91 10 26,36 %.

ITonnxenue 3nauenus: BogHoro yucna ot 1,18 mo 0,40 ykas3plBaeT Ha CUJILHOE BCAJIMBAIOIICE BIUSHUE
XJIOpUJa MapraHiia Ha pacTBOPUMOCTb aMUIKUCIIOT, MPUBOJAIICE K KPUCTANIM3AMU B TOUKE cocTaBa 34
HOBOT0 TpoiHoro coeguaenus — MnCl, - CO(NH,), - HCI.

BeTBb m30TepMel, comepikamias Touku 11, 34, 48—52, orBedaeT kpucTauM3auyu 00pa3oBaBIIerocst HO-
Boro coeauHenuss MnCl, - CO(NH,), - HC1. Konuentpanus kapdamua HaChILIEHHBIX pacTBOpax 3TOH BeT-

BH M30TEPMBI U3MEHsieTCsl B mHTepBasiax oT 43,07 mo 45,98 %, xnopuaa mapranma — ot 28,36 mo 15,9 %
MIPU POCTE KOHILIEHTPALIUU XJIOPOBOAOPOIHOM KUCIOTH OoT 12,88 10 26,36 %. C pocTOM KOHUEHTPALUU KH-
CJIOTHI HAOIIOJACTCS MOHMKEHNE 3HAYCHHSI BOJHOTO YHCIIA, YTO CBHUACTEIBCTBYET O €€ BCAIMBAIOIIEM JCH-
CTBUHY HA PAaCTBOPUMOCTH HOBOTO TPOHHOTO COCTUHEHHUSI.

BetBb u30TEpMBI, COOTBETCTBYIOIIAas ToukaM 34, 4147, oTBeuaeT KpUCTAIM3AlMU U3 HACBIIICHHBIX
pactBopos CO(NH,), -HCI.

Ha sTom y4acTke M30Te€pMBbI TP KOHIEHTPALMSIX KUCIOTHI B Ipeaenax oT 26,36 no 33,62 % nabnrona-
eTcsl pocT 3HaueHus BomHoro uncia ot 0,40 mo 1,19. D710 yka3pIBacT Ha BRICATMBAIONICE BIHMSIHIE XJIOPOBO-
JIOPOJTHOM KHCTIOTHI HA PACTBOPUMOCTD JJAHHOW aMUJIKHCIIOTHI, IIPH 3TOM COJIepKaHUe KapOaMuia yMEHbIIa-
ercst oT 45,98 no 21,79 %, a coaepkanue xjopuja Mapraiia yseiauuusaetcs oT 15,90 no 18,38 % u 3aTem
ymenbIaercs 1o 14,54 %.

BeTBb H30TEpMBI PACTBOPUMOCTH, COOTBETCTBYIOIIAs ToukaMm 11, 53—59, oTBedaeT KpuCTAIIH3ANH U3
HAaCBILIEHHBIX PACTBOPOB IBOMHOTIO COSIMHEHUSI XJIOpUIa Maprasia ¢ kapoamuaom — MnCl, -2CO(NH,), .

Kpucrannuszanus 3Toro coennHeHUs: COMPOBOXKAACTCS yMEHbIIEHHEM KOJIMYeCTBa KapOaMuaa B XKHI-
Ko# daze ot 44,78 no 22,53 % u yBennueHHEM KOHIIEHTPAIIMH XJIOpHIa MapraHiia B pacteope ot 28,36 1o
34,03 %, rpu yBeNWYCHUN COJIEPIKAHHS XIOPOBOIOPOIHON KHCIOTH OT 12,88 mo 23,49 %.

Bonnoe uncno B pacTBopax maHHOM BeTBH M30TepMBbl Bo3pactaeT ot 0,59 no 0,86, uro ykas3siBaeT Ha
BBbICAJIMBAIOLIEE ACHCTBHE XJIOpHIa MapraHia Ha paCTBOPUMOCTb JAHHOTO COSANHEHHUS.

Ha BeTBHM M30TEpMBI paCTBOPUMOCTH, COOTBETCTBYIONICH ToukaMm 60—68, 59, HaOII0MaeTCsl KPUCTAIITH-
3aIUs U3 HACBIIICHHBIX PACTBOPOB CMECH, COCTOSINEN U3 ruapara ucxonnou comu MnCl, -4H,O wu coenn-

HEHH XJIOpHa Mapratua ¢ kapébamugom MnCl, -2CO(NH,), .

PocT xoHLIEHTpanuu XJI0OpOBOJOPOJHONW KHCIOTHI B pacTBope oT 0 10 23,49 % mpuBOAWT K yBenHue-
HUIO CONIEp)KaHUs B pacTBope kapbamuaa ot 12,79 mo 22,53 % W NOHMKCHHIO COJCPIKAaHUS XJIOPUAA Map-
ranmna ot 48,79 no 34,03 %.

BonHoe 4mncio Ha 3TOM ydacTKe M30TepMBbI IOHMIKaercs oT 3,55 mo 0,86, 9ro yka3wpIBaeT Ha BCAJIH-
Barolee JISHCTBHE KUCIOTHI Ha 00pa3yroIuecs: COSIMHEHMS, OTHAKO 3TO HE MPUBOJIUT K 00pPa30BaHUIO HO-
BOTO COEMHEHUSI.

BeTBb M30TEpMBI, COOTBETCTBYIOIIASA TOUKaM 59, 69—76, oTBeUaeT KpHUCTAIUIM3ANNKA U3 HACHIICHHBIX
pacTBOpOB ruapaTa ucxoaHoi comu MnCl, -4H,0 . C pocToM KOHILIEHTpaLMU XJIOPOBOJOPOIHOM KUCIIOTHI B
pactBope oT 23,49 no 35,52 % mpoucxonuT CHWKECHHE cofepxkanus kapbamuaa ot 22,53 no 1,49 % u xio-
puna mapranua ot 34,03 mo 22,99 %, npoxozs yepe3 makcuMyM B Touke 69 (34,56 %). BogHoe uncio yse-
mrauBaetcs oT 0,86 1o 1,88, 9TO CBUAETENHCTBYET O BHICAIMBAIOIIEM BIMSHUHN XJIOPOBOJOPOIHON KUCIOTHI
Ha pacTBOPUMOCTH COJIH.

Takum obOpaszom, obpaszoBaHne HOBOro TpoiHoro coeaunenus MnCl, -2CO(NH,), -HCl ormedeHo B
CUCTEME TIPH COJCPKAHWU MCXOJHBIX KOMIIOHCHTOB B HEW, B TOYKaxX, 0003HAYCHHBIX HOMepamu 5, 23-27,
coemunenus MnCl, - CO(NH, ), - HCl — B Toukax 11, 34, 48-52.

KucnoTHO-0CHOBHOE B3aMMOJIEMCTBHE B M3YYEHHOH YETHIPEXKOMIIOHEHTHON CHCTEME, MPUBOJSIICE
K 00pa30BaHMIO TPOMHBIX COCTUHEHUI, BOZMOXKHO B PE3YJIbTATe MPOTEKAHMS CIEAYIONINX PEaKIINi:
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a) COeIMHEHUE COJIM MeTallla ¢ aMUAKUCIOTOH. [IpoucxouT rpyu npudaBIeHUU COJTM METaJlia K 3BTO-
HUYECKOMY PacTBOPY CUCTEMBI KapOaMUJl — XJIOPOBOIOPOJIHASI KACIIOTa — BOJIA, IPH STOM 00pa3yeTcsl HOBOe
KOOPJIMHAIIMOHHOE COE/IMHECHNE:

2CO(NH,), - HC1+MnCl, = MnCl, - 2CO(NH,)), - HCI
CO(NH,), - HCI+ MnCl, = MnCl, - CO(NH,), - HCI

0) coenrHeHne OMHAPHOTO COEAMHEHHS C KUCIOTOH. [Ipoucxoaut npu npubaBIeHUN KUCIOTHI K 3BTO-
HUYECKOMY PAaCTBOPY CHUCTEMbI KapOaMu] — XJIOPH]] MapraHiia — BoJia, IPU 3TOM 00pa3yroTcst HOBbIE KOOp-
JVMHAITUOHHBIC COCTMHEHHUSI, a TAKXKE BBIIEISCTCS KapOaMuI;:

MnCl, -2CO(NH, ), + HCl = MnCl, - CO(NH,), - HC1+ CO(NH,),
MnCl, -4CO(NH, ), + HCl=MnCl, -2CO(NH,)), - HC1+ 2CO(NH,),

B) HOBOE KOOPAMHAIIMOHHOE COCIMHEHHE 00pa3yeTcs M MpU B3aUMOACHCTBUU aMUIKUCIOT C JBOWHBI-

MU COSIMHECHUSIMH XJIOPHU/Ia MapraHiia ¢ KapoaMHUIoM:
2CO(NH,), - HCl1+MnCl, -4CO(NH,), = MnCl, - 2CO(NH,), - HC1 + 40(NH,),
CO(NH,), - HCI+ MnCl, - 2CO(NH, ), = MnCl, - CO(NH,), - HC1+ 20(NH,),

Takum 00pa3oM, M3yUeHHE PACTBOPHMOCTH B UYETHIPEXKOMIIOHEHTHON CHCTEME XJIOPHJ[ MapraHia —
KapOaMu — XJIOPOBOAOPOIHAS KHCIIOTa — Boja Tpu TeMirepaType 25 °C Mo3BOJMIO YCTaHOBUTH 00pa3oBa-
HUE W KOHIICHTPAIIMOHHBIE TMpPENeNbl KPUCTAUIM3AIlMA JIBYX HOBBIX TpPOHHBIX  COCIUHCHHIA
MnCl, -2CO(NH,), - HCI, MnCl, -CO(NH,), -HC] u u3BecTHBIX paHee COCIUHEHHI KapOamMuIa ¢ Heop-
ranngeckumu comsmu:  MnCl, -4CO(NH,),, MnCl, -2CO(NH,), u amuaxucinor: 2CO(NH,), -HCI,

CO(NH,), - HCI [6, 7].
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25 °C ke3inaeri Mmaprasen XJiopuai — KapoéaMua — XJIOPCYTeK KbIIIKbLIbI —
Cy KyleciHiH epirimTiri

Epirimrik oxicimen 25 °C ke3iHaeri TopT KypayblThl )XYHeIeTri TeTeporeHaiK Tere-TeHAIKTep 3epTTelreH:
Maprasel XJopuai — KapoamuJ — XJIOPCyTeK KbIIIKbUIBI — cy. KypaypluirapapiH 0ip-0ipiHe e3apa acepiHig
3aHIBUIBIKTAPbl, KOCBUIBICTAP TY3UIYiHIH KOHIEHTPALMIBIK IIEKapachl, YIIKYPaybIIITaH TYPaThIH )KYHEHIH
epIrillTIriH 3epTTereH Ke3/1e alIbIHFaH KOChUIBICTAP/bIH 00JIaThIHBI aHBIKTAJIIbl, COHBIMEH KaTap Oip Mesringe
KYpaMbIHJIa MapraHel| XJIOpU/i, KapOaMuJl )KoHE XJIOPCYTEK KBILIKbIIbI OOJIAThIH €Ki JKaHa KOOPIHMHALUSIIBIK
KOCBIJIBIC aJIbIH]IBL.
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R.Sh.Yerkassov, R.M.Nesmeyanova, A.Kolpek, G.Zh.Baisalova,
G.G.Abdullina, R.S.Orazbaeva

Solubility in system manganese chloride — carbamide —
hydrochloric acid — water at 25 °C

By solubility method at 25 °C are studied heterogeneous balance in four-component system: manganese chlo-
ride — carbamide — hydrochloric acid — water. Regularities of mutual influence of components at each oth-
er are found, concentration borders of formation of the connections, which existence was earlier established
when studying solubility of making three-component systems, and also two new coordination connections
containing in the structure at the same time chloride of manganese, a carbamide and hydrochloric acid.
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Module teaching technology in studying chemistry

Module teaching technology gives us opportunity to assert theoretical material by block-modules. The oppor-
tunity of applying of the modeling teaching technology on the chemistry lessons of the 10™ class is considered.
According to this technology the modules of the topic «Periodic table» are worked out. The methodical treat-
ment is given. By applying this technology the quality of the lesson and interest of the students are increased.

Key words: modular education, system education, block-modules, quality knowledge, psychological-
pedagogical direction, radioactivity.

State Program of education development for 2005-2010 years in Republic of Kazakhstan states:
«The aim of the secondary education is to educate personality, who uses his knowledge and professional
skills to freely analyze variable situations, who enforces his knowledge to life» [1].

Education system is essential basis of development of any country. Nowadays it’s vital to develop our ed-
ucation system according to our national model, at the same time not being behind international level. There-
fore, the main goal of today’s school is to educate qualified and self-searching students. Changeable society
problems force us to renew the individual’s education. We need to train self-dependent person of wide learning
with a high level of ability of thinking, using his knowledge in experiments on its own initiative [2].

One of the best methods to achieve these results is module education. Module teaching is a student-
centered, which can optimize the learning process and ensure its integrity to reach the goals of learning, de-
velopment of cognitive and personal sphere of students. This technology is based on self-searching of stu-
dents while working with educational, non-fiction and reference books. Modular technology allows you to
combine a rigid control of the cognitive activity of students and big opportunities of self-studying.

The content of module teaching consists of:

— Setting a goal of training;

— Concretize a common formed goal;

— Checking the level of students in advance;

— Study in total;

— Checking results.

According to the content, the structure is made of blocks. Each block contains:

1) Prodrome — teacher explains the aim and structure.

2) Speaking part — dividing class into groups containing 2—6 pupils, where they work in teamwork, lis-
ten, record, cooperate with each other, and explore the issues.

3) Result part — checking part of knowledge which is gained in the second part.

In order to completely understand the topic:

— Repeat studying material;

— Asking every student;

— Solving problems are essential [3].

The annual chemistry program for 10™ grades contains 10 hours of «Periodic law and periodic tabley.
We made 1 module to this topic. The block contains 10 lessons, where 4 lessons are prodromes, 4 lessons are
speaking parts and 2 lessons are checking parts.

Here I introduce to you 6™ lesson on topic «Radioactivity» according to the module teaching:

1. Chemistry in Action.

2. We begin by comparing nuclear reactions with ordinary chemical reactions.

We learn to balance nuclear reactions in terms of elementary particles like electrons, protons, neutrons,
and alpha particles.

3. Next, we examine nuclear fission and fusion, the atomic bomb, nuclear reactors, the hydrogen bomb.

4. Uses of isotopes, radiocarbon dating.

5. The lesson concludes with a discussion of the biological effects of radiation.
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Table 1
Module of «Periodic Law»
Part Lesson Content Duration
Prodrome 1™ lesson Modern atomic theory
Electrons in atoms. Pauli's exclusion. 35 min
Hund's rule. Klechkovsky's principles.
Homework 5 min
2" lesson Quantum numbers. 40 min
Periodic laws and elements
Homework 5 min
Speaking part 3 Jesson Electron configuration 30 min
Result 5 min
Homework 5 min
4™ Jesson Isotopes. Periodic table 40 min
Result 3 min
Homework 2 min
Resulting part 5™ lesson Test 30 min
Solving exercises 15 min
Prodrome 6" lesson Radioactivity 40 min
Homework 5 min
7™ lesson Electronegativity 10 min
Valency, oxidation number 10 min
Periodic change of main group elements 20 min
Homework 5 min
Speaking part 8™ lesson Uses of radioactivity
Solving exercises 40 min
Homework 5 min
9™ Jesson Periodic table 30 min
Solving problems 15 min
Resulting part 10" lesson Exam 45 min

Chemistry in Action

If you eat processed food, you have probably eaten ingredients exposed to radioactive rays. Food is ex-
posed to high levels of radiation to kill insects and harmful bacteria. It is then packaged in airtight containers,
in which it can be stored for months without deterioration. The radiation sources for most food preservation
are cobalt-60 and cesium-137, both of which are emitters, although X rays and electron beams can also be

used to irradiate food [4].

Table 2

Comparison of chemical reactions and nuclear reactions

Chemical reactions

Nuclear reactions

Atoms are rearranged by the breaking and forming of
chemical bonds

Elements (or isotopes) are converted from one to another

Only electrons in atomic or molecular orbitals are in-
volved in the breaking and forming of bonds

Protons, neutrons, electrons, and other elementary parti-
cles may be involved

The amount of energy released is small

The amount of energy released is tremendous

Rates are influenced by temperature, pressure, concentra-
tion, and catalysts

Rates are not affected by temperature, pressure, and cata-
lysts

The spontaneous emission of radioactive rays by an unstable atomic nucleus is called radioactivity.

Most radioactive elements have the following properties:

— The ratio between the numbers of neutrons and protons in a nucleus is greater than 1.5.

— The atomic number is bigger than 83 (excludes for example '*;C).

A radioactive substance decays by making three types of emissions. These emissions are named as
alpha, beta and gamma, and represented by symbols o, § and y.
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The symbols for elementary particles are as follows:
— alpha particle — jo (or jHe);

— beta particle — _B (or electron particle);

— gamma particle — )y ;

— neutron — n;

—proton — | p (or {H).

The balancing of nuclear reactions:
bA+ B — 5C+ 5D
atc=e+tg
b+d=f+h
Problems which can be solved during a lesson:
Write the equations of radioactive decay for the following examples:

a) Alpha emission by 181 Pt (Answer: BLPt— 76X + 42He)

b) Beta emission by *°;;Na (Answer: *°\Na — *,X + °_,)

¢) Electron capture by 3T AT (Answer: T AT+ e —° 717X)
Nuclear fission

When heavier nuclei bombarded by slow neutrons, the nuclei of lighter elements are formed. This pro-
cess is called nuclear fission. It produces huge amount of energy and more neutrons than the number of neu-
trons used to bombard. The produced neutrons may also strike other element (isotopes) and causes new fis-
sions as it shown in the Figure. The new nuclear fission reactions also produce neutrons with huge amounts
of energy, and so on. This continuous process is said to be the atomic bomb, and is the basic principle of nu-
clear reactors.

W Nsutron
w&% o v
% % %D’Qﬂuﬂ: I +1,83 % 10" i / mal
‘B‘c#.a afgl-:l {B’o}& & .
au 2y newtrons

[mstabla nuclaus)

Figure. Disintegration of an **°5,U nucleus into *’Kr and '*'Ba as a result of neutron bombardment

A peaceful but conversional application of nuclear fission is the generation of electricity using heat
from a controlled chain reaction in a nuclear reactor.

Nuclear fusion

The combination of two or more lighter nuclei to form a heavier is called nuclear firsion. The amount of
energy released in fusion reactions is greater than the amount of energy released in fission reactions. Howev-
er, a huge amount of activation energy is needed to initiate nuclear fusion reactions.

Nuclear fusion reactions occur naturally in the sun for about five billion years. These reactions are the
only source of energy sustaining life on our planet.

Nuclear fusion is the basis of hydrogen bomb. The igniter of hydrogen bomb is an atomic bomb. The
power of a hydrogen bomb is about 1000 times greater than that of an atomic bomb [5].

Biological effect of radiation

Radiation is known to be a danger, but this is not totally correct.

Many sources of radiation already exist in our world. In fact, electrical devices such as TV, cellphones,
photocopy machines, x-ray machines are common examples.

It has been found that the effects of radiation on some vital tissues (bone marrow, spleen, blood and re-
production cells) are seen more quickly than on other tissues. Because these tissues grow faster than others,
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any type of damage in the cells can be easily and quickly transferred into new cells. All cells can be affected
by this chain reaction. This can result in tumors, which explains the carcinogenic effect of radiation.

The most important danger is the changes in the DNA structure of a cell. Any change in the structure of
DNA causes a change in the structure of chromosomes, which can cause the loss of information stored there.
By the formation of a new genetic structure, a new genotype (not similar to the parents) of offspring appears.
This change is called «mutation».

Homework is given for students as follows:

Supplementary questions:

1. When a proton of a radioactive nucleus is transmuted into a neutron, which particles are produced?
2. Find the particles which are represented by X in the following nuclear reaction equations.

a) ‘g Po -7 Po+X
b) U %% Ra+2X
) 9P — Si+X
d) ;Be+a—'"% C+X
3. Find the values of 4 and Z in the following nuclear reaction equations.
a) 5o Th— 4 Th+ o+ 2B
b) SMg— Na +8
) "N+n—>{C+p
d) /Bi+o— %At +2n

4. If an atom radiates la and 2~ emissions, what will be the change in the atomic mass number and in
the atomic number of the atom?

5. When the element X emits two « particles successively, the isotope 218 ,Po forms. Find the number of
neutrons of X.

6. If the radioactive nucleus of ***y;Pa emits 2a and 1P particles successively, what will be the number
of neutrons of the new nucleus produced?

7. What changes are caused by radioactive rays on the human organism?

8. What are the radioactive isotopes and their fields of usage in medicine?

9. Which creature is the most durable in the face of radioactivity?

Now I’d like to write some uses of radioactivity that you will pass on 8" lesson of the module:

Some uses of radioactivity

Smoke detectors. Smoke alarms contain a weak source made of Americium-241.

Thickness control. In paper mills, the thickness of the paper can be controlled by measuring how much
beta radiation passes through the paper to a Geiger counter.

Sterilizing. Gamma rays can be used to kill bacteria, mould and insects in food even after it has been
packaged.

Radioactive dating. The age of ancient organic material can be found by measuring the amount of car-
bon-14 that remains. Animals and plants have a known proportion of carbon-14 in their tissues.

Radioactive tracers. Radioisotopes can be used for medical purposes, such as checking for a blocked
kidney.

Cancer treatment. Because gamma rays can kill living cells, they are used to kill cancer cells without
having to resort to difficult surgery. This is called radiotherapy and works because, unlike healthy cells, can-
cer cells cannot repair themselves when damaged by gamma rays.

In the petroleum industry. A small amount of radioisotope is placed into oil pipes in order to observe
the circulation of oil.

Radiography. A picture can be obtained on film or sensitive plaque with the help of radioactive emis-
sions. This is known in medicine a roentgen film.

The module plan and the lesson above are worked out for 10 grade students and have increased their
academic performance.
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I'.T.Kekibacona, E.K.Myxamanues, K.T.Paxumbexora

XUMHUSIHBI OKBITY12 MOAYJIbAiK TEXHOJOTUSIHBI KOJJaHY

MonynbaiKk OKBITY TEXHOJOTHSCHl TECOPHSIIBIK MaTepHamapAbl OJOK-MOIYIBICPMEH OCKITYre MYMKIHIIK
Oepeni. Maxkamaza MOIYNBIIK OKBITY TEXHOJOTHSACHIH OHBIHIIBI CBIHBIITApAA KOJIAHY MYMKIHIT1
kepcetinred. Ockl TexHONOTHs OoWbIHIIA «[lepHOATHIK 3aH» TaKbIPHIOBIHA Oip MOIYNH TAIaHFaH XOHE
cabaKThIH OIICTEMEINIK YCHIHBICTAphl OepinreH. TeXHONOTHSHBI KOJNIaHy OapbICHIHIA Ca0aKTHIH camachl
apTajbl KSHE /I TAKBIPBIIKA KbI3bIFYIIBUIBIK TYabl.

I".T.Kokubacosa, E.K.Myxamaaues, K.T.PaxumbexoBa

IIpumeHeHne MOAYIbHOM TEXHOJOTHH NPH 00yYeHUN XUMUH

TexHOJ0TUsI MOZYIBHOTO OOYUEHHUS XapaKTEPU3YETCsl OTEPEKAIONINM H3YUSeHHEM TEOPETHUECKOTO MaTepHa-
J1a — YKPEIUICHHBIMU OJIOKaMH-MOAYIAMH. B cTaTthe paccMOTpeHa BO3MOXKHOCTh MPUMEHEHHS] TEXHOIOTHU
MOJYJIBHOTO 00y4eHHs Ha ypoKax B JecsiToM Kiacce. [1o maHHO# TexHoioruu pa3paboTaH OJUH MOJIYIb O
teme «[lepropmueckuii 3aKoH» U HMpUBEAEHa METOANYCCKas pa3paboTKa 3aHATUs. [IpuMeHeHHe TeXHOIOTHH
M03BOJIMJIO TIOBBICUTH KAUECTBO U3YUCHHUS TEMBI, a TAK)KE MHTEPEC K U3y4aeMOMY MaTepHay.
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XuMmus cadaKTapbIHAa OKYIIbLIAPABIH OLTIM TAHBIMABLIBIFBIH APTTHIPY
MAaKCATBIHIA KOHTEKCTIJIIK ecenTepai KOJIaHy

XUMHSAHBI OKBITYJbIH THIMAUIITIH apTTBIPY JKOJAAPBIHBIH Oipi — MaKcaTThl TYPAE OKYLIbUIAPIbI €cell
IIBIFAapyFa KbI3BIKTBIPY. O YINIH OKYyLIbUIapFa YCHIHBUIATBIH €CENTEPAiH Ma3MYHBIH/IA KbI3BIKTBI JKOHE
TaHBIMABI MoiMerTep Gosty kepek. CoJl Ke3/ie OKBITY MarblHaJbl GOJBII, OKYLIBUIAPAbl KYJIIIBIHIBIPATHIH
ceben KanpinTacansl. OHOal MakKcaTKa JKeTy YIIIH KOHTEKCTLTIK ecenTtep Koymanyra Oonansl. KoHTEKCTiK
ecenTepAiH Ma3MyHbl KocinTi OarmaprianraH. Makanajga KOHTEKCTUTIK eCenTepliH JKIKTeyiH, oyapra
KOMBUIATBIH TaJIANTapAbl KOHE KYpPY aJrOpPUTMICPIiH KapacThIPAbIK. MeKTen XUMHUS KypChIHBIH op TYpIi
TaKBIPBHIITApBIHA COHKEC KOHTEKCTUIK €CeNTepiH JKoHe MIBIFapy TOCUIAEPIH YCHIHBII OTHIPMBI3. 3epTTeyiiep
OoiibIHIIA MYH/Iall ecelTep YChIHBUIFAHa OKYyFa CEeJICOK OKYIIBUIAP/BIH 031 JKaH[aHa TYCIII, ecell LIbFapyFa
BIHTAJIaHA Kipicesi.

Kinm co30ep: XUMHSHBI OKBITY, TAHBIMABIK MAIIIMETTEp, bIHTA, KOHTEKCTIIIK ecemnTep.

MekTen KaObIpFachIHAAFbl OKYIIBUIAP/IBIH XUMHUSFA JIETCH KbI3BIFYIIBUILIFBIH apTTHIPY Tek KazakcraH-
Ja FaHa emec, 0acka Ja KONTEereH MEMIICKETTEpAC OpBbIH ajlaThlH MaceneiaepaiH Oipi OOJbIN TaObLIaIbI.
OpuHe, MYHJall npoOneManap/sl ISy IiH KenTereH Tociuiaepi 6ap. EH anapiMen, myHnmait macenenepi
0i31H TYPMBICTBIK ©MipiMi30€H THIFBI3 OalJIaHBICTRIPY KKET JIET OMIaiMBbI3.

Kemnreren 3eprreynep HOTHXKeCi OOHMBIHINA Ka3ipri Ke3Aeri OKYIIbUIAp XUMHS calarblHIa KATTBIFY-
Japabl ©Te JKAKChl opi MYKHAT OpPBIHIAFaHBIMEH, OJapIbl KYHACTIKTI eMipaeri TYPMBICTBIK JKaFaaiiapMeH
OaiimaHpicThIpa anMaiabl. byn Xxumus moHi OOHBIHIIA KOJIAHBUIATHIH OKYJBIKTapAa KeOiHe Kypaeni
JKATTBIFyJIap MEH ChI30a HycKajgap 0oJiybl ceOeOIHEH caraT CaHbl a3ailblll, TOKIPHOETIK koHE Jadoparo-
PHSUTBIK JKYMBICTapABIH KhICKAPTHUTYbIHA OaiinaHpIcThl. Kazipri XMMus KypcTapbl OKYIIbLIAp YIIIH KbI3BIKTHI
Oomysl kepek. O yIIiH TanchIpMaJarbl KeTepiireH Macenenep Oenrini Oip agaMra KaTBICTBI OOTYBI KaXKeT.
Conyia FaHa OKyIIbIIap ca0aKKa KbI3BIFYIIBUIBIK TAHBITHIN? CYpaKKa *ayan i3neyre yMToutaael. OchiHIal
MaKcaTTapabl JKy3ere achlpy VIIiH, Oi3MiH OWBIMBI3IIA, KOHTCKCTUIIK JKATTHIFYIapIbl KOJIAHBICKA CHTI3Y
KakeT. KOHTEKCTITIK JKaTTRIFyJIap 63 aJIbIHA OKYIIBIIAP IBIH TOKIPUOEITiK OaFBITHIH apTTHIPAITIBI.

Koumexcminix ecenmep pereHiMiza — TypMbIcTa OOJBIN >KaTKaH HAaKTBHl OMIpPJIK JKaFgaiimap
CUMaTTaNaTbiH yaxaeMmelnik ecenteynep [1]. Byn ecenreynep TemeHae KepceTinreH maprrap OoHbIHIIA
OpBIH/IATIA/IBL:

— aHaNM3;

— OOJIBIT JKaTKaH KOHITTIH MaFbIHACHI JKOHE TYCIHAIpMeci HeMece OCHI JKardaima KaHaal ic-mrapanap
KOJIIaHy KePEKTITiH eIy,
— ayarr KOPBITBIHABICH OKY TIpo0IeMachIMEH cabaKTacysl Kaxker [2].
KoHTekcTiTK ecenTeyepre MbIHAIAP JKaTaIb:
1. [Monmik — TWOHIK JKaFmad, OHBI ISy YIIiH XUMUSHBIH Op TYpJi OemiMaepiHae KOJTaHbLIaATHIH
JKOFaphbl ACHTeiAeri 01J1iM Kaxer.
2. [ToHapanblk — 0acka IMOH calachblHAH KOJJIAHBIC TAalKaH »OHE KOJJIAHBIC TammaraH IoHJIIK
cananapjaH.
3. Toxipubenik — ToxipuOemiK sKarmaiiapApl LIeNly YIIiH op TYpJi canaia >KoHe KYHAETIKTI
ToXiprOene KOJJaHbUTATHIH O1TiM JeHreli KaxeT [3].
Konmexcminix ecenmepdin necizei epexutenikmepi:
— QJIBIHATHIH HOTHUKCHIH MaHBI3IBUIBIFEI (TaHBIMIBIK, KOCiOU, OPTaK MOJICHH, QJIEYMETTIK) OKYIIBIHBIH
TaHBIMIBIK OEJICEHIUIITIH KaMTaMachl3 €TEl;
— €CeIl IapTTaphl CIOXKET peTiHAe OepiireH, ecenm MOTIHIHIE KOPCETIIMEreH XarJaii MEH MOCceJcHi
LIenTy YIIiH )KaH-KaKThl OLTIMiH KOJIaHy KaXeT;
— aKmapar IeH ecen OepiareHzepi op TYpii Typle OOlysl MYMKiH (CypeT, KecTe, cXema, Auarpamma,
rpaduk xxoHe T.0.);
— KOJITAHBIC TallKaH CaJIaHBIH alllbIK YKOHE aIllbIK eMec kopceTinmeyi [3; 108].
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Konrekcrinik ecenrep kamail Kypbuiaabl? OcbIHIAN ecenTephiH KYpbUIybl CTaHAAPTTHI €MEC >KOHE
epeKIe OH-KaOineTiH, YCTa3AslH (DaHTa3WICHIH KaXKET CTETiHIH aWKBIH KOepceTeli. «AJNTOPUTMACHTCH)
MIBIFAPMAITBUIBIK 13CHICTIH HYCKACHIH Ja KopceTyre 0OoJapl.

Konmexcminix ecenmep0i Kypacmuoipy aneopummoepi.:

— TaKBIPBINITHl TaHJAY, HEHI MIENy KEePEeKTITiH JKOHE OCHl TAaKBIPBINTAFhl TAHBIMIBI JKaKTaPBIH OKYIIIBI

Oleni;

— OKYIIBLIapFa OCHI TAKBIPHITITAFGI )KaHA OUTIMITI alKBIHIAY;

—’kaHa OLTIMAEPAIH TYIFAIBIK MaHBI3AbUIBIFBIH OCKITY, O JEreHIMi3 — OKYIIBIHBIH OCHI cabakTa

aNFaH OUTIMIHIH KePEKTUIITIH )KOHEe MaHBI3IbUILIFBIH OLTY;

— OKBITYIIIBIFA TYJIFAIBIK MaHBI3/IbI MOCEICNIEPIiH OpTaK CYpaKTapAblH TYybIHA jKayanTapblH KUCHIHFA

Kl TYXbIPhIMIAY;
— MOCEJICHIH MaHBI3IbLIBIFBIH OMIPJICH aJIbIHFAH JKaFaiiap/apl oiarn, KYpacTeIpy apKbUIbI OKYIIBLIAP-
JIBIH ©31H/TIK TaJ/Iay JKacayblHa XKarJai TyFhI3Y;

— JKaFIai/Ipl TaNJay YIIiH alfapblHa MaKcaT KOIo;

— ImapTTap KypacThIpy — KOHTEKCTLIIK €CeNTiH OCpIITeHIH CUITATTaY;

— KYpBUIFaH KOHTEKCTUTIK ecenTiH OoJpKaManbl THIMIUITT MEH carachklH Oaraiay: OHBIH cabak

TaKbIPHIOBbIHA OAIAHBICTHI TAKBIPHINITHI AlTYbIH KAMTaMachl3 €TyiH KaJarasnay.

Konmexcminix ecenmepee Koubliamoli maianmap:

OKyHIBUTapABIH TYCiHY1 YIIIH KOHTEKCTUIIK ecenTep Keeciaei TaranTapra colkec 00Iybl KaXeT:

1. OMiprik ToKipUOEACH aJIbIHFaH OUTIMIEPiH Kypay KEepeK, COHNa FaHa OJI OKYIIBI VIIiH IIBIHAWBI
0oranpl.

2. YKayaOw1 Tek Oip qyphIC XKayanTaH FaHa KypajaMail KeNTereH HyCKa MEH jKayanTapAaH TYPYbl KaKeT.
OchIHmai ecenTepi Menie OThIpa, OKYIIBIHBIH KaTelecyi MyMKiH emec. O gereHiMi3 — 1mKi Kexepriiepin
JKOIOFa, €CEMNTI IIbIFapa alMaiMbIH, KaTeNiK j>KacaliMbIH JeTeH KOPKBIHBIIITHIH TyyblHA KEAEpri jKacarl,
€CEeNTiH KYPAENIri op TypJii OOIFaHbIMEH, OKYIIBUIAP/BIH IIEIIE aJaThIHBIH KOPCETEI.

3. O3reme, Faxaiibln, Keiae Ma3MyHbl OOHBIHIIA epekine 0oy Kepek. OChIHIal epeKIIeniKTep KaHa
OLTiM HTepyTe YIKEH CeITITiH THT1311, KbI3bIFYIIBUIBIFRIH apTTHIPAIbL.

4. TIpoGnemanap actapiibl TYpAE KepceTitin, cabaKkThiH UAesICchiHa colikec keneni. OChIHIal ecentepai
nIenie OTeIpa, OKYIIbUIap Npo0IeMabIK JKaFJailaH MIBIFBI, OKYIIBl 631 YIIiH TYJIFaIbIK TAHBIMIBIK OlTiMiH
TOJIBIKTBIPAIBL.

OchI )XYMBICTa ©31Mi3 MEKTEITIH op TYPJ XUMHS KypChl TaKbIPHIITapbIHAH KYPACTHIPFaH €CemTepi
YCHIHAMBI3.

Ecen No 1

Yunnuaig conTycTirinaeri Atamaka mejJalacklHAa YUK CEIUTPAchl KOl MeJepAe cakTainFad. Yumm
cenuTpackl bipiami ayHuexKy3UTiK corbicka (1914—1918) xputmapra aeitin Herisri Tayap eHimi 6onran. Ex
anram Eypomara nHatpuit cemutpachkl 1825 >Kpuibl skiOepinreHiMeH, Oyl TayapXIbl CaThII alymIbLIap
tabbuiMazbl. Coll Ke3[e acKepre Kapy-KapakTap MEH OK-Iopiiep KakeT OoJFaHbIHAa KapamacTaH, TayapAbl
TEHi3re JaKTBIPBII TACTA bl

Cypakmap:

1. Here ok-nmopinepai ’acay YLIIH HATpHii HUTPAThIH KoJgaHOaran?

2. Yunu cenuTpachbliHaH KaJluil HUTPATHIH anyra OoNaTbiHAAl KaHAal YChIHBICTapBIHBI3 Oap?

a) OcwIraH coiikec peakIus TCHACYIH XKa3.
0) Peakmus HoTmKeciHAe KaHIal €Ki TYPIIi 3aT ajJbIHAIbI?

3. Kocankpl MaimMeTTepre CylieHe OTBIPBIN, UMM CEIMTPACHIHBIH Oacka KaHIall cananapia KOoJJaHbIC
Ta0aTHIHBI KAMITBI AUTHIT OCPiHi3.

Kayanmapuwi:

1. Yunm cenutpachl — HATPUM HUTPAThl — TUTPOCKONTHI Ty3. ON ayafaH bUIFAIIBI CIHIPY apKbLIBI
cynbl Kyiire ne 6omnagsl. Con cebenTeH OK-A19pi KypamMblHa UMM CEJIMTPACHl €HCE, OJ1 KOJAaHyFa ’KapaMChI3
0omanmpl.

2. Kanuii HUTpaTBIHBIH epyl Temneparypara OainaHbIcThl Oonanasl. KaliHaraH cyga OHBIH epy KaOineTi
eTe JKOFaphl 0osica, TOMEH TeMrepaTypala — eTe ToMeH. [leMek, ochiFaH OalIaHBICTBl KAIUH CEIUTPAchI-
HBIH CWHTE31 HeTi3 Oomanel. Kamnit HUTpaThIH airy VIMiH KYJIi KalWHATHIN, OJaH CIATI amansl. by Ty3 ummm
CEIMTPACHIHIAFEl HATPHH KaJTWWIIH OpPHBIH Oacy VIIiH KoJdjaHbBIaAbl. HoTwkeciHme YH Topi3lec YHTAK
naiina Oonanael Aa, amMacy peakuusChl Kypeai.
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2NaNO; + K,CO3 = Na,CO; + 2KNO;

Peaxius HOTHKECIHAE epITIMITIT TOMEH coja TyHOara Tycemi.

3. Yunm cenmutpachkl Kypambiaaa 16,47 % a3oT KykipTi 0ap CINTUMIK THIHAUTKBII OOJBIT TaOBLIaIbI.
OHBI KBIMKBUIABIK JKEP KBIPTHICHIHIA KOJJAHFAaH XOH Oonaapl. UWiM CemUTpachlH CpIiTIHII peTiHIe
KOHBEPCHOH/IBI dIiCTICH KM CeUTPackl OHIIpiciHae Koaanaabl. HaTpuii HUTPAThIH XUMHSUTBIK TaFaMJIBIK,
IIBIHBI, METAIIT OJTIPYIITi, METALTYPTHSITBIK JKoHE T.0 canaiapaa KongaHans! [4].

Ecen Ne 2

1650 >kpUIBI HEMIC aNXUMHUTI XEHHUHT bpaHj ak TOMbIpaK KOCHACHIH JKOHE MOYEBHUHAHBI KBI3IBIPY
apKbUIBl «XOJOJHBIA OroHb» anraH. OHBIH ekiHm arayel «docdop». An mBen ramsiMbl Llleene mmukizat
peTiHme KaHyapiap CYHWEKTEpiH KOJJIaHBIN, OHBIH allbIHy JKOJJAphIH JKy3ere acwipabl. ®Docdop
MoauduKanusIapbIHbIH 0ipi — ak docdop. O TYTIH HIBIFAPYIILI PETIHAC ©31HIH KOJIAHBICHIH TanKaH. EH
ayFaml arpUTIIBIHAAPABIH Mnpre Kapcbl BipiHmi TyHHEKY3UTIK COFBICTA TYTIH HIBIFAPYIIBI PETiHIE KeHiHEH
KoJmaHeicka ue Oosiran. Docdopsl 0ap Kapy-KapakKTapAbl HE KOJMEH JIAKTBIPBIN, HE aBUAITMOHIBIK
OomMObanapMeH apTHILICPISUIBIK CHAPSATApAL (hochopMeH 3apsiaTaliIb.

Cypakmapuol:

1. Henikten Bpana anbiaFaH 3aTThl «XOJIOHBIA OTOHBY JISN aTaFraHbIH TYCIHAIPiHI3.

2. ®ocdop anyna KaHIal MAKI3aTTap KOJIAHBUIAAEI? Peakiiis TeHACYiH XKa3bIHaap.

3. HenmikTen ak ochopapl TYTiH MIBIFAPYILbI 3aT PETIHAC KOJTaHAIbI?

Kayanmapuoi:

1. KapaHFbi1a skachll TYCTi OOJIBIN )KaHY 9CEpiHEH ayaja TOTHIFY-TOTBIKCHI3/IaHy MPOLEC] XKYPe/Ii.

2. ®ocdop any yIIiH Kellecl IUKi3aTTap KaKeT: KoMip, ToIbIpak, Gpochopiisl pyaa:

Ca;(PO,), + 5C + 3Si0, = 3CaSiO; + 2P + 5CO (1000 °C)

3. AK docdop xaHFaH Ke3zie aK KO TYTiH maiiia Oonanabl, cededi Gpocdop aHruapuaiHig OenmexTepi

ayaJiarbl BUIFAIIBI CIHIpE OTHIPHII, MeTadochop KHIIIKBUILIHBIH )KYKa TaMIIIbUIapbIHA alHANIA/Ib.

Ecen No 3

Pecmu momimeTTep Ooitpinmia, Hamoneon ackasan iciriner Mept 0oiasl. 140 KbUT 6TKEH COH FaBIMIAp
OHBIH KaTepyi icikTeH emec, X 3JEMEHTIHIH YJbl KOCBUIBICTAPBIHAH YJIaHFaH JIETCH IICHIiMIe Kei.
OKCHepTTEepAiH aiTybl OoiibIHINIA, HanmoIeOHHBIH acThIK TaFaMaphiHa Y3aK yaKbIT apalibIFbIHIA KypaMbIHJA
X,0; Gap yasI a3maraH MeJIIIEPMEH CaJIbIT OTBIPFaH.

Tanceipma: X >MeMEeHTIH aHBIKTAFBI3, €Tep OHBIH OKCHITET1 MaccallbIK yieci 75,7 % Gonca.

JKayabvi: X 31MEMEHTIHIH CallLICTRIPMANBl aTOMIBIK Maccackl 74,8 % TeH OoNFaHIBIKTaH, Ol As
aneMeHTi Oonbin TabbiIaabl. KemnrereH racwipiiap OOWBI KYIIoia KOCHUIBICKIHA (hapMarieBTEP, TOKCHKOJIOT-
Tap, COT capalllblIaphl Ha3ap ayaapyda. YJaHy ceOentepiHiy Oipi MBIIIbIKTaH €KEHIH KPUMUHAIUCTED I
tankad. Erep ymanran agaMHBIH ackazaHblHaH ¢apdop Topizaec TyHipmiikrep TaOblica, O MBIIIBIKTaH
Oonap men oiiaiMbI3. ByJl KOCBUIBIC KBUIMBICTBIKKA ©T€ JKaKbIH OoybIn kenemi. On cymeH koHe Oacka
EPITKIMTEPMEH peaklusFra TYCKEHAC eIMKaHmaid wic meH Tyc Oepmeiimi. OHBIH epiTimTIri eTe TOMEH
OonraHbIMEH, Kepi ocepiep Oepemi. AIaMHBIH MBIIBIKICH yiaaHyblHa 60 MI ©HIM [103aChl JKETKUTIKTI.
VYnanfaH agaMHBIH CUMIITOMAAPH! 00a aypybIHBIH OenriiepiMeH yKcac Keiemi.

Ecen No 4

Keme Ocen ciHyici ekeyi TOTTI TOKAII AalbIHIaMaK O0JiFaH. «Ac a3ipiey» KiTaObIHaH TOKAIIKa KEpeK
3aTTaplIblH KypaMbIHIA «HayOa#Ibl yHTareD» fereHai TycinOemi. Coyl Ke3le aHajapblHaH Cyparl, OHBIH
KypambiH Oinmi. HayGaitmer yaTarel XX racklpga ovman taOburraH. bateic Eypoma Men Awmepukana
acmas3blK OHJIIPiCTe KOJJAHBIC TAITKaH.

Hayo0aiiis! YHTaFBIHBIH KYPaMBbI:

—ac cogachIHbIH 1 6emiri;

— JIMMOH KBIIIKBIIBIHEIH 1 Oeriri;

— YH, KpaxMaJ, KaHT YHTarbl.

Cypakmapuol:

1. Kannait XuMHAJIBIK ic-opeKeT Kypeni?

2. Cona MEH JIMMOH KBIIIKBLIBI Cy/1a J)KaKChl epui. KaMbipra Kocriac OYpBIH OHBI piTin any Kepek me?

3. HayOGaiimiel YHTaFeIH Oacka 3aTIIeH aTMacTeIpyFa 0onaasl Ma? boca, kanmaii 3atmen?
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Kayanmapuoi:

1. KeMipKBIIIKBIT Ta3bl KOMIPIIK TY3€ OTBHIPHIN, KaMBIPABI OIpTEKTI KOTEpimm, OFaH YIS
KOTepiTyiHe ocep eTe/Il.

2. ’Kok, oHBI yHFa KypFrakTail KOcajpbl.

3. CeHpipinreH (TameHHas) CoIaMeH aIMacThIpyFa O00mambl.

Ecen Ne 5

Kenemi 500000 M GomaTeiH Keire KypambiHa canMarsl 1600 T Kykipt oxcui 6ap 100 M aFbiH CybI
jlacraca, OH/a TIPUIUIIK €TeTiH OambIKTap Tipi Kadybl MyMKiH 0e? A OaibIKTap YIIiH KYKIPT KBIITKBUTEIHBIH
138 MI/n KOHUEHTpaUUsCHl TIPIIUTIKTIH XOHBUTYBIHA YIKEH Kayinm Tyrbi3aipl. Omaii Oojca, xenjae maiiga
0onran H,SO,-ThIH KOHIICHTPAIUSICBIH €CENTCHIEP.

Hlewyi:
Fbepineeni Hlewyi:
Vo= 500000 M’ H,0 + SO, = H,S0,
V=100 M’ 1) m(SO,) =1600-10°t;  Mr(SO5) = 80 r/moub;
3
m(SOy) = 1600 kv (S05) = - = L0010 H616% voms.
Mr 80 r/mMoJ1b
2) 1 moms (SO;) _ 1 moms (H,SO,);
20-10° monb X MOJIB;
x=20-10° Moub (H,SOy).
3) Mr(H,SO,) = 98 r/moib;
m = 98 r/momb-20-10° Mob = 1960-10° r = 1960-10° mr;
m
c=—;
Vo
Vo = 500000 M’ = 500-10° 1;
6
= M = 3,92 mr/m.
500-10° x

HKayabwor: ¢(HSO,) = 3,92 mr/n < 138 mr/n, srHu Kejjieri OanpIKTapFa THTI3ETiH 9cepi TOMEH.
Ecen No 6

Kexrac (Mamaxut) xumMusiislK hopmynacel — Cuy,CO3(OH),. Peceiime 1635 xbuter Opan KeKTac KeH
OpBIHAAPHI alllbUTFaHHAH KEeWiH OHBI KOIl KojmaHa Oactansl. JKacaHIbl «KOKTAC» KpHUCTaIAapbIiH opOip kac
XMMUK YHiHge ne ana amaapl. On yUiiH MbIC Cynb(aTbHBIH KeTuUAip epiTiHOICIH HaTpuid KapOOHATHI
epitiHgicine xaiman Kysael. CuSO, epitinmpicin maieiaaay ymia 200 mur 200 v totustitera CuSO,-5H,0
anpliHca, ekiHmi epitigmire ae 200 mn cyra 63 T kpuctangslk coma Na,CO;-10H,O ansiHamer. Peakiiuis
TEHJCYI:

2CUSO4 + 2N32CO3 + HQO = CUQCO3(OH)2l + COzT + 2NaZSO4
Kex Tycti TyHOa Tycemi. OHBI epiTiHAI acTBIHAA OipHEIIe TOYJIiK ycTaraHma OipTiHAen KoK TyHOamaH
«KOKTACTBIHY» KaChll KpUCTaJAapsl maiina 6onanel. Peakuuns eHiMiHIH IIBIFBIMBI 60 %. ANBIHFaH jKacaHIbI
KOKTac (MaJaXUTTiH) MaccachlH aHbIKTaHaap [S].
JKayabuvl: ambIHFaH KOKTACTHIH Maccachl 14,6 .
Kaparanger OONBICTBIK JapbIHIAB Oanamapra apHailbl MaMaHAAHIBIPBUTFAH «JlapbiH» MekTen-
WHTEPHATHIHBIH 8—9 CHIHBIT OKYIIBUIAPBIHAH MBIHAIAH cayalHaMa JKYPTi3ifiii;
1. Men ywin xonmecminix ecenmep:
A) KpI3BIFyITBUTBIKTEI TYFBI3aIbI
B) Kypaeni, ofinanaTsIH ecer
C) MarbiHaib!

2. Konmexcminix ecenmep maganu:
A) YHaman et
B) Ynaiinet
C) Bopi 6ip
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3. Mazan koumekcminix ecenmep yratiovl, cebeoi:
A) TypMmbictieH OaliIaHBICTHI IEPEKTEPl YIIiH
B) Tapuxu mariayMaTTapsl YIria
C) Onpaii ecentep xorapbl OaJuIMEH OaFaaHATHIHABIKTaH
4. Mazan koumekcminix ecenmep Mynoem YHamauowl, cebeoi:
A) Ofinanyra yakpIT KQKET €T/l
B) Kypaeni, MeH KuHanam
C) MarbIHaCHI ©T€ TEPEH JKOHE KypIeli
5. Men konmexcminix ecenmi wvlzapam, cebeoi:
A) Ecernrtin OepisireHinae Tapuxrta O0osirad Gaktiiep 00aFaHIBIKTaH, KbI3bIFaM
B) Ecen Ouonorus, MeaunyHa canachbiMeH OalIaHbICTEI OOJIFaH IBIKTaH, MaFaH KbI3BIKTHI
C) 3epTxaHaMeH Oait1aHBICTBI OOJIFAHIBIKTAH
6. baxwviiay peminoe meniy mayoayvim
A) Tect
B) TakranblH angpiHAa COMICy
C) KoHTeKkcTiNK ecenTep
7. Cabakma ma2an YHAUMbIHbGL:
A) KoHTeKCTiIK ecenTepii WhiFapy
B) MyraniMHIH TYCIHAIPTreHiH THIHIAY

C) OKyneIK OOWMBIHIIIA JKaHA TAKBIPBIITHI ©3 OCETIMMEH Wrepy >KOHE TaKbIPHI COHBIHIAFHI

TarcelpMalapbl OpbIHIAY
8. Meniy kanaywvim:
A) MyfaniMHIH ToXipuOenep oTKizyi
B) Toxipubenepui e3iM kepceTceM
C) KonTekcrinik ecentepi Kypay
9. Masan yuaiiost:

A) MaraH >KaHAJBIKTAPIbIH AallbUTy TapUXbl MCH FaJBIMAAPABIH ©OMIpiHCH allbIHFaH KbhI3BIKTHI

¢axrinepai Oinren
B) XuMusuteIk peaknus TCHASYISPiH KypFaH
C) MareMaTHKaIIbIK €CENTEYIIEP Il KYPri3reH
10. Mazan ynaiiowi:
A) KoHTeKCTUTIK ecenTepi TOIIEH IIbIFapy
B) KonTekcTinik ecenTepi xKeKe MbIFapy
C) MyranimmeH 0ipre IbIFapy

JKyprizinaren cayannaMmanbiH HoTkenepi (1-3 rpadukrepai kapa):
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KopslTa kenreHme, OKyIIbUTAPABIH KOHTEKCTLTIK €CeNTepre KhI3bIFYIIbUIBIFBIH OaliKar, KOHTEKCTLUIIK
ecenTepaiH cabak OapbICHIHAA IIBIHAWBI OMIPIIK KaFAaiaapsl KapacThIPIT KaHa KOWMal, OKYIIBIHBIH
©3iHIH ToXipubeci MeH OuTiMiHE CYHEHim, coJ TpoOjemMara TOJBIFBIMEH €HYiHe MYMKIHAIK Oeperi.
OKyIIBIHBIH alJIbIHA KOMFaH TanchlpMa MpOOJIEMANBIK KaFaald TYFBI3FaHIBIKTaH, OKYIIbI OHBI CHIKaHJa
KYMOHCI3 IIENIyre THIPBICAABl. 3epTTeysiep OOHBIHIIIA MyHIAH ecenTep YCHIHBUIFAHAAa OKyFa CEJICOK
OKYIIIBUTAPBIH 631 )KaHAaHa TYCIII, €Cel MbIFapyFa bIHTajJaHa Kipicei.
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I'.T.Kokubacosa, C.P.IlIu6aesa, M.C.2Kynycosa, K.C.XKymarymnosa

KoHTekcTHBIE 32/1a41 KAaK CPeICTBO MOTUBAIIUH
YueOHO-II03HABATEJIbHOI 1eITeJIbHOCTH YYalUXCS HA YPOKAX XUMHHU

OnauM n3 myTed moBbInIeHus () (HEKTUBHOCTH O0YUCHUSI XUMHH SIBIISICTCS LieJIeHaNpaBiIeHHoe GopmMupoBa-
HUE Yy y4JaluXcs UHTepeca K PELICHUIO 3a1a4. J{1s 9Toro npeanaraeMble y4aluMcs 3a1a4u JOJKHBI IIPEkKIEe
BCETO BKJIIOYATh HMHTEPECHYIO, IO3HaBaTeslbHyI0 HH(popmarmio. [Ipm sTOoM 0OydeHHEe CTaHOBUTCS IIO-
HACTOSIIEMY 3HaYHMBIM, YTO CIIOCOOCTBYET ()OPMUPOBAHMIO MOTHBALUH. DTOTO MOXKHO TOOUTHCS, HCIIOIb-
3y KOHTEKCTHBIE 3af1aun. Takue 3aJadu HOCAT MPaKTUKO-OPUEHTHPOBAHHbIN XapakTep. B cTaThe mpuBeneHbI
KJIaccuuKaiys, TpeOOBaHUs U aTOPUTM CO3JaHUsI KOHTEKCTHBIX 3a/a4. Ha ocHOBaHMM 3TOTO MPEAIOKEHbI
pa3paboTaHHbIE KOHTEKCTHBIE 3a/1aUH C PEIIEHHAMH JUI Pa3HBIX TEM IMIKOJIBHOTO Kypca Xumuu. Mccienosa-
HHS TIOKa3aJiM, UYTO Jake caMble cllabble ¥ PaBHOMYIIHBIE K yu&0e YUeHUKH OKUBIISIIOTCS, BKIIIOUAIOTCS B 00-
CyXJICHHE U PELICHUE TaKHUX 3a/a4.

G.T.Kokibasova, S.R.Shibaeva, M.S.Zhunisova, K.S.Zhumagulova

The use of contextual tasks on chemistry classes to motivate students’ learning

One of the methods for improving efficiency in teaching chemistry is to form purposefully an interest of stu-
dents in doing sums. For this purpose the sums offered to students have to include interesting and cognitive
information. At the same time an education starts to matter and it contributes to the forming of motivation.
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This can be done by the use of context sums. These sums are of a practice-oriented character. This work pre-
sents the context sums with the answers elaborated for different topics included in school course of chemistry.
The research has shown that even the weakest and indifferent students become more active and involved in
discussion and doing those sums.
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Chloration of coals of different oxygenation degree in an electrolytic system

Process of electrochemical chlorination of coals and humic acids of Shubarkol and Oykaragay fields is inves-
tigated. Results of researches of products of electrochemical chlorination of coals are given. Optimum condi-
tions of chlorination of coals are revealed. Dependence of extent of chlorination of coal on density of current,
time, temperature and ratio T: J is shown. It is established that values of total and chemically connected chlo-
rine differ in coals of Shubarkol and Oykaragay fields, exactly, dependence of amount of the attached chlo-
rine on petrographic composition of coals is observed. The content of chlorine is more in the products re-
ceived at chlorination of Oykaragay oxidized coals.

Key words: coal, humic acid, chlorated coal, fulvic acids, polycondensation.

Huge resorts of brown and coals of a different stage of a metamorphism are concentrated on the territo-
ry of Kazakhstan which are widely used, generally for receiving the coke that applied in metallurgical indus-
try and to the power purposes. Nevertheless, processes of receiving of motor and boiler liquid fuel, power
and technological gases [1, 2] from coals are developed now.

Coal as the high-carbonaceous raw materials containing to 70 % of carbon, represents one of alternative
sources of receiving hydrocarbonic raw materials which can compete with oil. Effective resource-saving and
ecologically safe technologies of chemical processing of coals are developed, the structure and reactionary
ability of coal are investigated, the assessment of power chemical potential of various coals is carried out,
search of new scopes of chemical products from coals is carried out.

Research of process of chlorination of coals is perspective in the meaning of increasing their chemical
activity. Introducing of reactive atom of chlorine in the organic mass of coal increases solubility it in organic
solvents to 60—80 %. At the same time there is an decalcification and coal [3, 4] desulphuration.

Therefore the purpose of our researches was studying processes of electrochemical chlorination
Shubarkol and Oykaragay’s coals’ field, optimum conditions of chlorination of coals are revealed. The re-
ceived derivatives of coals are of interest as the available complex founders of binding, bactericides, as ini-
tial connections in synthesis of polymers [5, 6].

Nowadays one of the most intensively developing branches of organic chemistry is development of
technologically feasible methods of synthesizing substances with given properties. An inexhaustible and ac-
cessible source of obtaining them is brown coals and coals oxidized within the formation utilizing of which
is an important problem in the region. Considering this researches in the field of synthesizing functional de-
rivatives of coals and humic acids is extremely important, which is explained by their synthetic potential and
wide practical application range [1, 2].

One of the most effective and accessible ways of modification is the method of electrochemical
chloration of coals, which allows us to combine processes of obtaining chlorine and coal chloration in one
electrochemical system. Studying chloration of organic mass of coals (OMC) is a prospective way of in-
creasing its chemical activity. Injecting chlorine allows us to widen the range of chemical conversions of
coals. Obtained chloroderivatives can act as initial compounds in synthesis of dyes, bactericides, film-
forming substances, plant growth stimulators, polyfunctional cations and polyampholites [3, 4].

Humic acids which are found in oxidized coals have a complex of valuable properties: catalytic and
biological activity, ability to absorb metal ions and etc. their production is economically profitable and eco-
logically safe. However application of humic acids is limited due to low performance characteristics (chemi-
cal, hydrolytic and oxidational instability, peptization and others), which makes it necessary to chemically
modify them.

Experimental part

Humic coals with different oxidation degree of Shubarkol and Oykaragay coal fields was used as initial
material for electrochemical chloration. 20 % water solution of sodium chloride was used as catolyte and
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anolyte. Following conditions for chloration process have been selected: S:L (Solid:Liquid ratio = 1:25, tem-
perature of reaction mixture 60 °C, current density on the anode — 0.2 A/cm?, duration — 4 hours.

Chloration has been conducted in an electrolyser with cation-exchanging diaphragm, graphite rod was
used as anode and steel plate as cathode.

Chlorine content has been determined according to Scheniger method, by means of combustion of the
substance in oxygen atmosphere. Chlorine was absorbed by H,0, solution and titrated by 0.1 N solution of
mercury (II) nitrate in the presence of diphenylcarbazone until solution color turned from yellow to light
purple. Amount of chemically bonded chlorine was calculated according to the results of analysis of samples
of chlorated coal before and after desorption.

Results and discussion

Studying the process of electrochemical chloration of different coal types has shown that in this process
chloration products are different by structure and by dissolving in anolyte and water solutions with different
pH values. Characteristics of chlorated coals insoluble in anolyte are presented in Table 1.

Table 1
Chloration of coals with different oxidation levels
0,
Ne Mother coal substances el cl, A)Chem.bon q W,, % Aad“f , % chlogic;gOH’
1 | Shubarkol oxidized 0,15 - 13,10 8,3 43
2 | Shubarkol chlor. coals (oxidized) 23,2 18,5 4,30 6,9 4.5
3 | Shubarkol run-of-mine 0,07 - 10,2 8,0 3,4
4 | CCSh (run-of-mine)* 19,3 18,2 6,16 4,6 4,6
5 | Oykaragaysky run-of-mine — — 7,80 12,5 1,2
6 | CCO (run-of-mine)* 30,6 29,2 4,35 7,2 3,6
7 | Oykaragaysky (oxidized) - — 14,31 13,4 3,09
8 | CCO (oxidized) 22,4 22,6 5,65 6,03 3,4

Note. *CCSh — chlorated coal Shubarkol deposit; CCO — chlorated coal Oykaragaysky deposit.

According to presented results it is obvious that amount of bonded chlorine depends on the nature of
coal matter. During electrochemical chloration of ordinary coals increasing number of oxidized groups is
observed due to electrochemical oxidation of OMC. Values of total amount and chemically bonded amount
of chorine in chlorated products are close. It was supposed that chlorine formed in anode environment is ful-
ly chemically bonded and not absorbed on coal surface. Amount of bonded chlorine in ordinary coals is
higher than in oxidized coals. Obtained results are explained by structural features of ordinary coals. Aro-
matic packing of coal contains a lot of unsubstituted places in the nucleus compared to oxidized coals. Under
conditions of electrochemical synthesis electrophilic substitution of chlorine in aromatic nucleus takes place.

In oxidized coals number of acidic groups stays unchanged. Probably, under given conditions of elec-
trochemical synthesis reactions of oxidizing destruction of coal mass, which form new acidic groups and re-
actions of decarboxylation of coal matter take place in parallel. In this case, number of acidic groups should
stay unchanged.

Values of total and chemically bonded chlorine differ in coals from Shubarkol and Oykaragay coal
fields, i.e. dependence of amount of bonded chlorine from petrographic composition of coals is observed.
Chlorine content is higher in products obtained during chloration of Oykaragay oxidized coals.

Results of study show that oxidized coals having complex structure, which is determined by variety of
functional groups and chemical bonds between OMC fragments, during electrochemical chloration form
chlorated products with different molecular weight (table 2). Mechanisms of formation of these products are
different.

Humic acids, which are basic components of organic mass of humic coals are composed of fulvic acids,
himatomelanic, humic acids and gummites (residual coal). Each of these components has complex chemical
structure with different types of bonds between its fragments. Under conditions of electrochemical chloration
hydrolytic decomposition of esters and unsaturated bonds with formation of new oxygen-containing groups
and chloration of decomposition products takes place. Chlorated substances have differentiated solubility in
water solutions with pH 2-3.
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Table 2
Products of electrochemical chloration of oxidized coal

Ne Chlorated substances Ways of extracting from reaction mixture Chlorlnoe Efﬁcolency,
content, % %
1 |Chlorated coal From anolyte by filtration 23 2
2 |Chlorated fulvic acids (1) Anolyte methylethylketone (MEK) extraction 14-17 8,2
3 |Chlorated polyaromatic acids Anolyte ether or ethyl acetate extraction 5 2,5
4 |Low molecular chlorated humic acids |From scouring water at pH 2—3 by jumping 5-7 7,5
5 |Chlorated fulvic acids (2) Scouring water MEK extraction after jumping 14-17 4,8

During the process of electrolysis and following flushing with cold distilled water most of the mass of
chlorated coal (up to 28 % of initial amount) passes to the solution. Fulvic and polyaromatic acids are ex-
tracted from anolyte and low molecular chlorated humic acids and chlorated fulvic acids, which were ab-
sorbed on the surface of chlorated coals, are extracted from flushing water. According to table data, degree
of extraction of soluble chlorated substances is around 78 % from total dissolved matter.

Solubility of chlorated ordinary coals under these conditions is much lower — 6 %, which is explained
by chemical structure and composition of humic acids in initial brown coal.

A study of electrochemical chloration of coals under varying different process parameters has been
conducted. In order to determine optimal conditions of coal chloration effect of these factors on chlorine
bonding degree has been studied (figure 1 q, b, ¢, d).

Effect of anode current density on coal chloration process. Current density (D, A/cm?) was altered from
0.05 A/em’ till 0.25 A/cm’, with increasing it in every following test series by 0.05 A/cm’. Test results are
presented in figure la.

This dependence shows that current density has an effect on chloration degree only at initial stage of the
process. Amount of bonded chlorine increases from 20 % at D =0.05 A/cm’ current density till 29 % at
D =0.15 A/em”. Then at D = 0.2 A/cm” amount of bonded chlorine increases slightly and makes 30 %. Be-
cause of this optimal current density for further tests was selected as D = 0.2 A/cm’.

Process duration effect. Coal chloration process has been conducted with duration from 1 to 5 hours.
Dependence of coal chloration degree on process duration is shown on figure 1(b).

Following tendency was recorded with the studied duration interval: chloration degree which increases
suddenly in the beginning after first two hours of synthesis decreases till 25 %. Decreasing amount of chlo-
rine bonded to OMC with increasing duration is explained by destructive processes. According to results of
the research optimal duration of the process is 3—4 hours.

Effect of temperature. Synthesis for chloration of coals have been conducted under 20—80 °C tempera-
ture interval with 20 °C increment. Obtained data is presented in figure 1¢. Coal chloration degree increases
from 15.5 to 32 % with increasing temperature from 20 to 60 °C. Further temperature increase leads to de-
creasing amount of bonded chlorine. According to test data optimal temperature of the process is 60 °C.

Effect of coal:electrolyte ratio. Changing of coal chloration degree depending on weight ratio of
coal:electrolyte has been determined at S:L ratio of 1:35; 1:25; 1:16; 1:13; 1:10. On figure 1d dependence of
chloration degree on this parameter is presented. The best value of chloration degree 30 % has been obtained
at S:L ratio = 1:25.

Therefore, it was determined that as a result of electrochemical chloration a mixture of chlorated prod-
ucts with different molecular weight, chlorine content in the structure and solubility in organic and water so-
lutions is formed. Ways of extracting chlorated coals from reaction mixture have been studied. Optimal con-
ditions of coal chloration process have been determined: temperature 60 °C, duration 3 hours, current density
0.15—0.20 A/em’, S: L ratio=1:25.

On IK — a spectrometer with Fourier transformation (fig. 2), changes in structure of the oxidized coal
are visible. At chlorination of coal there are profound changes, as in aromatic system, and aliphatic frag-
ments of coal. The chlorine which entered into an aromatic kernel, reduces degree of its associativity, there
are new carboxyl, phenolic groups (cm™ area 1700—1730), chlorine in aliphatic part leads to emergence of
hydroxyl, radio and other oxygen-containing groups (area of 1200-1300 cm™).
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Figure 1. Dependence of coal chloration degree on current density (a),
duration (b), temperature (c¢) and S:L ratio (d)
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Figure 2. Comparison of IR spectrums with Fourier transformation of the oxidized coal and its derivatives
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The research of electrochemical chlorination of the oxidized and ordinary coals of Shubarkol and
Oykaragay fields is conducted. Ability of coals to reactions of electrochemical chlorination is shown and
optimum conditions of process of chlorination are defined: temperature 60°C, duration is 3 hours, density of
current 0,15-0,20 A/cmz, T:J ratio = 1:25. Synthesized new chlorinated coals have the increased solubility in
organic solvents, are of interest as initial monomers in synthesis of polycondensation polymers, possess bac-
tericidal properties.
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K.b.Paxumbepnunona, O.T.Ke3nikbaera, I'.A.Mycraduna, A.J][.MexTues

Op TYPJIi Adpexkee TOTHIKKAH KoMipJiepai
3JIEKTPOXMMHUSLIBIK KyHe/ie XJIopiaay

ly6apken »xoHe Oiikaparaii TOTBIKKAH KOMIPJEPiHIH 3IEKTPOXHMUSIIBIK XJIOpJay MpoLeci 3epTTeimi.
Kemipiep/i 371eKTpOXUMHUSIIBIK, XJIOpJiay OHIMICPiH 3epTTey HoTWKenepi kentipinren. Kemipai ximopnayasig
OHTaMiIbl Karmailmapel aHbIKTangbl. KeMipiaiH Xioprnay AOpekeciHiH TOK THIFBI3JBIFbIHAH, YaKbITTaH,
Temneparypagan koHe T:JK KartpmHacemHan Toyenuimiri kepcerinren. Illybapken xone Olikaparait
KOMipJIepIHAET KaJIIbl )KHEe XUMISUIBIK OaiJIaHBICKaH XJIOPABIH MeJIIepiIepi ap TYpii, Oy KOCBUIFaH XJIop
MeIIepi KeMip[iH mHeTporpadHKaiblK KypaMblHa OalmaHBICTHI eKeHiH Oummipeni. XIOpAblH Memepi
OfikaparaiJIbIH TOTBIKKAH KOMipJIepiH XJIOpJiay HOTIKECIH/ETI OHIMIepae Kobipek.

K.b.Paxumbepnunosa, A.T.Ke3gukbaesa, I'.A.Mycraduna, A.J[.MexTues

XJiopupoBaHue yriei pa3Hoil cTeneHd OKUCJIEHHOCTH
B 2JIEKTPOXMMHYECKOI cucreme

HccnenoBan mporiecc 371eKTPOXUMHYECKOTO XJIOPUPOBAaHUS PAJOBBIX U OKHCIEHHBIX yrnei Illy6apkonbcko-
ro u Oiikaparaiickoro mectopoxieHuil. [IpuBeneHs! pe3ynbTaThl UCCIEAOBAHUN IPOJYKTOB DJIEKTPOXUMHU-
YECKOI'0 XJIOPUPOBaHMsA yriei. BeIABIIeHBI oNTUMaNbHbIE YCIOBUS XjIopupoBaHus yriei. Ilokazana 3aBucu-
MOCTb CTEIICHH XJIOPUPOBAHUA YIJIsl OT IJIOTHOCTU TOKA, BpEMEHH, TeMueparypsl U cooTHomeHus T: K. Ve-
TaHOBJIEHO, YTO 3HAYEHHs CyMMapHOTO M XMMHUYECKU CBSI3aHHOTO XJopa oTindarorcs B yriwix Illybapkois-
ckoro u Olikaparalickoro MeCTOPOXJICHHUMH, T.€. HAOOaeTCs 3aBUCUMOCTh KOJIMUECTBA MIPUCOETUHEHHOTO
XJIopa oT merporpaduueckoro cocrara yriaeid. Coaepikanue xiopa 60nblle B MPOAYKTaX, MONYyYEHHBIX MPU
XJIOPUPOBAHUY OMKaparaiCKuxX OKUCIEHHBIX YIIIEH.
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XUMUYECKAA TEXHOJIOTNA U 3KONOIuns
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Pa3paﬁoTKa IMPUHIIUIIOB YIIPABJCHUSA )Ie(l)OpMalII/IOHHbIMI/I CBOMCTBaAMH
KEePpaMHUICCKUX MACC C MOMOUIIBI0 MOBEPXHOCTHO-AKTUBHBIX BELIECCTB

B crarpe u3ydyeHo BIMSHHE MOBEPXHOCTHO-aKTHBHBIX BemiecTB (IIAB) Ha cTpykTypooOpa3zoBaHue B IJIMHU-
CTHIX cycneH3usix Kockynpslkckoro mecropoxaeHus. YcraHosieHo, uto ITAB, Moqupuunupys moBepXHOCTh
TJIMHUCTBIX YaCTHII, H3MCHSIOT CTPYKTYPHO-MEXaHNUECKHE CBOMCTBA U TUIIBI TIIMHHUCTHIX ITACT. DKCIIEPUMEH-
TaJbHBIE JAHHBIE TAalOT BO3MOXKHOCTH YIPABIATH 3MACTUYHO-IUIACTUYHBIMH CBOWCTBAMH TJIMHHCTBHIX ITAcT
KoCKyIBIKCKOTO MECTOPOXKICHUSL.

Kniouesvie cnosa: xepammudeckas Macca, CTPYKTYPHO-MEXaHUUECKHE CBOMCTBA, CTPYKTYpPHO-MEXaHHUYECKHUHA
THII, TJINHUCTAsH CYCIIEH3Us, TTIMHUCTAs 11acTa, MOBEPXHOCTHO-aKTHBHBIE BELIECTBA.

Beeoenue

B xepamuueckoM mpoU3BOJICTBE AJISI PETYIMPOBAHMUS MPOIECCOB CTPYKTYPOOOPa30BaHUS U PEOIOTHYE-
CKUX CBOMCTB TJWHHCTHIX IACT HCIOJB3YIOTCS Pa3KIKAIONINEG XUMHUYECKHE 00aBKH, IO3BOJISIOIINE
I[EJICHAIIPABIICHHO W3MEHSATh 3JICKTPOIIOBEPXHOCTHBIC U PEOJIOTMYECKUE CBOWCTBA TIIMHUCTBHIX CYCIICH3HM.
B Hacrosiiee BpeMsi CyIIECTBYIOIIUI aCCOPTUMEHT IDIACTH(QHIMPYIOMNX T00AaBOK HE yJIOBIETBOPSET MMO-
TpeOHOCTH UHAYCTPUHU. AHATN3 JINTEPATYPHBIX JAHHBIX [1—6] CBUICTENBCTBYET O TOM, UYTO B CIOXKHBIX MHO-
TOKOMITOHCHTHBIX MHHEPAIILHBIX CYCIICH3USIX KAOJIMHOB, TJIMH, B KEPAMUYECKUX IUTHKEPaX Pa3KMWKUTEITH Ha
OCHOBE WHJIUBUIyaJbHBIX KOMIOHEHTOB HEJIOCTATOYHO (P PeKTHBHBL. J[iIsi Takux cycrieH3uit 6onee 3¢hdek-
THBHBI MTOBEPXHOCTHO-akTHBHBEIC BemecTBa (IIAB), obmagarormue MomuUIMPYIOMIMM ACHCTBHEM Ha ITO-
BEPXHOCTHU pa3Jieia «TBEepA0e Teno — pacTBopy. OHAKO MMpobiieMa B3auMOJICHCTBHS TaKUX J00ABOK C TIIH-
HUCTBHIMU YaCTUIIAMU SBIISCTCS] MAJIOM3YyYCHHHOH. B CBsI3U ¢ 3TUM pa3pa00oTKa HOBBIX MPHUHIIUAIIOB yIIpaBJie-
HUs neGopMarmOHHBIMA CBOMCTBAMH TJIMHUCTHIX CYCITCH3HH ¢ rmomMotbio [TAB sBisieTcs akTyanbHOH 3a1a-
yeii. [lonaydeHHbIe pe3yIbTaThl MOTYT CIIY)KUTh HAYYHON OCHOBOW JJIsi COBEPILICHCTBOBAHUS mpoiiecca (op-
MOBKHM KepaMudeckux macc. [IpocTrora M JOCTYIMHOCTh METOJIOB MCCIICAOBaHUS, HECIOKHAS KOHCTPYKIIHS
HCTIOJIb3YEMBIX MPUOOPOB MPEAONPEACIISIFOT BO3ZMOXKHOCTD BBINOJIIHEHHST UCCIIEOBAHUH TI0 TIOA0OpY ONTH-
MaJBHOTO COCTaBa IMacT B 3aBOJICKUX YCIOBHUSX.

3KcnepwweﬂmaﬂbHaﬂ uacmo

B xauecTBe 00beKTa MCCIIEIOBAHNS MCIOIb30BaHA TOHKOJUCIEPCHAS U JIETKOANCTIEpIHpyeMasi KaoJH-
auToBas riuHa (KI') Kockympikckoro Mecropoxaenns (AnMatuackas obnacts, Kazaxcran). Munepan nme-
€T TepPaKOTOBBIN LIBET, KOTOPHIH Mociie 00KHUra CTaHOBUTCS OoJiee MHTCHCUBHBIM. B kauecTBe Monmdunu-
PYIOIIHMX 100aBOK MCIOJNB30BaHbl MOBEPXHOCTHO-aKTHBHBIEC BEIIECTBA: B Ka4eCTBE KATHOHHOIO — OpOMH[
nernmupuauaus (LI1B) mpomssoactBa ¢upmer Mepk Kl'aA 64271 (lapmmranr, ['epManus); aHHOHHO-
ro — poneumncynsgar Hatpus (JICNa) npousBoactsa ¢pupmel ENASPOL (Uexust); HEHOHHBIN — OKCH-
stunupoBanHbii ankuinpenon (OI1-10) npousBoactea pupmel BACD (I'epmanus).

Jns ompeneneHust INIaCTUYHO-3IaCTHYHBIX CBOMCTB 00pa3LoB IIMH NMPUMEHEHBI KOHMYECKUH T1acTo-
MeTp u npudop Beiinepa-Pebunmepa [7].
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UK-cnexTpockonuueckoe uccienoBanue npooauiock Ha MK-cnexktpomerpe «@ypbe OCM-1201».
CrexTpsl TBEpABIX 00pasnoB (B (opmare OTpaKEHHWs) MOJYyUCHBI ¢ HMCIIONb30BaHUEM mpermapaTtoB 200 mr
KBr u 1 Mr npo0Osr Ha npuctaBke auddysnoro orpakenus UK-cnekrpomerpa «Pypre ®CM-1201» B criek-
TpaneHOM nuanasone 4000-500 cv .

DnekTpohopeTHIECKYIO TOJBIKHOCTh U 3apsi)] TIIUHHUCTBIX YaCTHIl M3MEPSUI Ha BHJIOU3MEHEHHOM
npubope PabuHoBrya 1 DoguMaH METOIOM MOABIDKHOM TpaHuIlkl [§]. Bee ucciiemoBanus IpOBOIMINCH ITPH
KOMHATHOH TeMIieparype.

Peszynomamut u ux obcyscoenue

MexaHn9ecKre CBOMCTBA KOATYJISIIMOHHONW CTPYKTYPHI KAOJUHUTA M TUKCOTPOIHS OOBICHSIIOTCS TEM,
YTO YACTHIIBI TJIMHBI IT0 YIaCTKaM KOHTAaKTa BCET/a Pa3ie/IeHbl OCTaTOYHBIMU TOHKHMH IPOCIOHKaMH BOJI-
HOW Cpe[Ibl, Yepe3 KOTOPhIC JCUCTBYIOT BaHACPBAATBCOBBI CHIIBI MEXMOJICKYISPHOTO MPUTSHKEHUS, B 00JIb-
el Wi MEHBIIEH CTereHn ociabiaeHHbIe pacCcTosSHUEM [3, 4]. DTH CHIIBI OMPEICISIIOT MPOYHOCTh TAKUX
KOAryJIAIHOHHBIX CTPYKTYP, CHIBHO MOHIKEHHYIO 10 CPAaBHCHUIO C TIPOYHOCTHIO, TOCTUTaeMON HETIOCpe-
CTBEHHBIM CLCIJICHUEM YaCTHI] IO y4aCcTKaM KOHTaKTOB. OCTaTOUHBIC MPOCIONKN BOJHOM Cpelbl B KOHTAaK-
Tax YaCTHUII [JIMHBI, UTPAIOIIUE POJIb CMa30UHBIX CIOEB, OMPEICTSIOT TAK:KE U OTHOCUTEIBbHYIO MOABUKHOCTh
OTHETHHBIX 3JIEMEHTOB CTPYKTYPHI, T.€. €€ IUIACTHYHOCTh U TOJI3YYEeCTh JaKe MPH CaMBIX MaJIbIX HAIpsoKe-
HUSIX cBura [5].

CTpyKTypa KpHCTaNIMYSCKON PEIIETKH — JUCTIEPCHOCTh, (DOpMa YacTHII, YUCIIO U XapaKTep HapyIle-
HUS KPUCTAJUTMUECKON PEIMIETKH — OMpPEIEIIeT XapakTep 00pa30BaHMUSA KOATYISIHOHHBIX CTPYKTYpP IHC-
MEPCHBIX CHUCTEM. BMecTe ¢ TeM 0COOCHHOCTH KPHCTAIMYECKOr0 CTPOCHHUS (OPMHUPYIOT THUIl KOHTAKTOB
MEX/Ty CBSI3BIBAFOIIUMUCS YACTUIIAMU U PACTIPE/ICIICHUE 3TUX KOHTAKTOB B 00EME CHCTEMBI.

KoHTakTel MEXIy yriaMu M peOpaMy 4YacTHI] IIPH HArpy>KCHHWH Pa3BHBAIOT OBICTPHIC 3JIaCTUYCCKHE
nedopmanyy. KOHTaKTBI MEXITY TUIOCKOCTSAMHU U TPaHAMH KPHUCTAIOB, BOZHHUKAIONTHE Yepe3 Oosiee TOICThIC
TUIpaTHBIC 000JIOYKH, MEHEE TIPOYHBI, OHU OTPEACISAIOT Pa3BUTHE MEJICHHBIX 3JaCTUYCCKUX JiehOpMaITuii.
Pa3phiBbI EpBUYHBIX KOHTAKTOB U 00pPa30BaHKUE HOBBIX, BTOPUYHBIX, POUCXOISIINE TIPU HATPY>KEHUU CHC-
TEMbI BBIIIIE YCIOBHO-CTATHYECKOIO Ipeieiia TeKYYSCTH, COCTABISIOT IIACTUYECKYIO e OpMaIIHIO.

JlaHHBIC MO MCCICAOBAHMIO IIACTHYHO-3JIACTUYHBIX CBOMCTB BOIHO-TJIMHUCTOH macThl (65 %) mokasa-
JIY, YTO OHA OTHOCUTCS K HyJIeBOoMY THITY (puc. 1, Touka A).

Ton 100% v'r100%

IV THn

v = v 0 TMN | T™n
P LAY LT AN VA, 1005 100% v, —
Crsiens %: 1 — 10752 —107%3—107;
0 — V obnactu CTpyKTYPHO-MEXaHUYECKUX THIIOB 4—10%5—107;

0 — V obnactu CTpyKTYPHO-MEXaHUYECKUX THIIOB

Pucynoxk 1. TpoitHast quarpaMmMa OTHOCHTEIBHBIX Pucynok 2. TpoitHast quarpaMmMa OTHOCHTEIBHBIX
nedopManyii BOJXHOTIIMHUCTON TAaCTHI nedopmanwmii cucrembr KI'-JIJICNa
KockynbpIKcKOro KaoJauHUTa

Ipu yeennuennn konuentpamun JIJICNa B unteppane 10 ~ 107 % Bo3pacTaer 10ms MIacTHYECKOI
nedopmanyu (puc. 2) ¥ yMEHBIIAIOTCA JOJIU OBICTPOH M MeIUIEHHOH snactudeckoit aedpopmanunii [8—-10],
OJHAKO W3MeHeHHe KoHLeHTpauuu IIAB He mpHBOIUT K M3MEHEHHUIO CTPYKTYPHO-MEXaHUYECKUX THIIOB
cucreM KI'-ZI/ICNa (Cypena = 10 ~ 107" %). Tonwko B cinyuae, koraa konnentpamus JJICNa oueHs mana
(Criona = 107° %), cucTeMa MepexoauT KO BTOPOMY CTPYKTYPHO-MEXaHHYeCKOMY THITy (pHC. 2). 3HAUMTeNh-
HOE Pa3BHTHE MEMJICHHBIX 3JacTHUECKUX Aedopmanuii NpUBOAUT K yMEHBIICHHIO PACKIMHHUBAIOLIECTO JaB-
nenust [9], mpenoTBpamaeT B TEXHOJIOTHUECKHX IPOIECCaX BO3MOXKHOCTH PAa3pyIICHHS KOAryJSIIMOHHON
CTPYKTYpBI, CIIOCOOCTBYs1 00pa3oBaHHi0 Haubojiee 0e3ne(hEeKTHBIX KepaMUUECKUX M3ACIHH. DTO yaydliaer
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KaueCcTBO KEPaMHUECKMX MacC M YIPOILAeT MPOILecC CYUIKM M 3aKalKu u3lenuil. Beicokoe coaepkaHue
[TAB mpuBOAWT K M3NHUINHEH TIACTUYHOCTH, YTO CKA3bIBaeTCS HA CKIOHHOCTH K CBHJICOOPA30BAHHIO MPH
MIPOM3BOCTBE KEPAMUYECKUX H3ICIIHIA.

Ha pucynke 3 nokaszano Bnustaue LI1b Ha cocTosiHMe TpoiiHOI AMarpaMMbl pa3BUTHS OBICTPOH 311acTH-
YECKOH, MEIUICHHON 3JIaCTHYECKON | TiacTudeckon nedopmaruit B cycriensuu KI'. U3 pucyHka BUIHO, 9TO
XapakTep CTpyKTypooOpazoBanus cycneHsmii KI' m3amensercs npu BBegeHun karnonHoro ITAB. Ilpu koH-
uentpammu Cys= 10" % cucTeMa OTHOCHTCS K ISTOMY THITY, YTO IOKAa3bIBACT MPEOO/IafaioNiee Pa3BUTHE
mnactruueckor aedopmaruu. [pn konuenTpamuax Ciyp = 10%% u Cuns= 107 % cucrema MEPEXOAUT K HYy-
JIEBOMY CTPYKTYypHO-MEXaHHYEeCKOMY THIy. Takue KepamuuecKre MacChl CKIIOHHBI K XPYIKOMY paspylle-
HHIO TIPH M3TOTOBIICHUM KEPAMHUECKMX W31eiuii B npomssojcTse. IIpu konnentpammu Cyps= 107% cuc-
TeMa OTHOCHUTCS KO BTOPOMY THITy U B IPOM3BOJICTBE 00pa3yeT kepammuueckue uzaenus 0e3 pedexros. [Ipu
oueHp Manbix KoHnentparusax LB (Cyps= 10 %) cicTeMa CHOBA TIEPEXOMHUT B MATHIHA THIl. CTPYKTypHO-
Mexanndeckuil ananu3 cycnensuit KI' ¢ qob6askoii LI B mmpokoM WHTEpBajie KOHIICHTPAIMHA TTO3BOJISET
3aKIII04nTh, uTo conepxkanue LIIb ¢ xonuenrpanuein Cys= 10 % siBisieTcs ONTHMAJIBHBIM JUIS H3TOTOB-
JIeHUs KepaMuuyeckux macc [9, 10].

yT100% pT200%

IVn

%l

0mun

100% y. 4 ¥ 100% 100% ys LA 0 n ' 100%
Cun, %o: 1 —107"52—10% 3 — 107 Comio, %o: I — 1075 2—102%3— 1073
4—10%5—107 4—10%5—107
0 — V obnacTu CTpyKTYPHO-MEXaHUYECKUX THIIOB 0 — V obnacTu CTpyKTYPHO-MEXaHUYECKUX THIIOB
Pucynoxk 3. TpoliHast quarpaMmMa OTHOCHTEIBHBIX Pucynok 4. TpoliHas quarpaMmMa OTHOCHTEIBHBIX
nedopmanmii cucremsr KI'-LI1b nedopmanmii cucremsr KI-OTI1-10

U3 pucyHKa 4 BHIHO, UTO TIPHM HH3KOH KOHIIEHTpAllMH HemoHoreHHoro ITAB B mpemenmax ot 107 1o
10° % cycnen3usi KI' mepexoaut u3 3-ro tumna B 5-U Tum, 3aTeM B 0-i TUO U TOJBKO MPHU KOHIICHTPALIUU
10 % — B sxenaemslit 2-it Tun. JlanbHelimee cHmkeHne KoHueHTpamuu OI1-10 mepeBoaut cucremy B 4-
tun. Mcxoas uz satoro, ontuMansHoil konueHnTpamueit OIl-10 nns noayyeHus KepaMHUEeCKUX Macc ¢ 3aJaH-
HBIMH MEXaHHYECKHMH cBoiicTBaMu sBisercss 107 %. [Tony4yeHHble mpU STUX KOHUEHTPALMSIX MACTHI Kao-
JIMHATOBOW TJIMHBI OTBEYAIOT BCEM TPEOOBAHUSAM TEXHOJIOTHH MOMYyUYCHUS KEPAMUIECKUX Macc.

a0 -
30
20
10

1gC

0 1 B= 20'7“
1 — 1IIb; 2 — OI1-10; 3 — JJCNa

PucyHnok 5. 3aBHCUMOCTB 3JIEKTPOKHHETUYECKOTO ITOTEHIHAA YaCTHUI]
KAOJIMHUTOBOM ruHbI KOCKYIBIKCKOrO MECTOPOKAECHUSI OT KOHLeHTpaluu [TAB
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KaonuHuTOBas INIMHA UMEET CIOKHYH XUMHUYECKYIO CTPYKTYpY, KOTOpas B OCHOBHOM COCTOHT U3 OT-
PHUIIATENTHFHO 3apsHKEHHBIX YaCTHUI] C TETPadApUUYECKUMH U OoKTadaprdeckuMu OH-rpynmaMu, CKIOHHBIMH K
BOJOPOAHBIM CBsI3M [3]. B3auMoelicTBre YacTHIT KAOJIMHUTOBOH TJIMHBI ¢ MoJiekynamu [IAB MoxHO 005-
SICHUTH TI0 U3MEHEHUIO 3HAKA 3apsi/ia TIIMHUCTHIX YaCTHIl B 3aBUCUMOCTH OT KoHIeHTparmu [1AB (puc. 5).

TlomydyeHHbIe TaHHBIE PUCYHKA S5 CBUAETENBLCTBYIOT O TOM, YTO yBelaudeHue KoHueHtpauuu IIb mpu-
BOJIMT K YBETHUCHHIO 3apsiia 10 HyJIEBOTO 3HAYCHMS M NPU KOHIEHTpauusxX Bbime 5-107*% moBepXHOCTH
TIIMHUCTBIX YacTHI Tepe3apsbkaetcs (kpusast 1). [Ipu yBenuuenun xonuentpauuu OI1-10 3apsa moBepxHO-
CTH TJIMHUCTBIX YacTUIl He M3MeHseTcs (kpuBas 2). YBenwmuenue kouueHtparuu JIJICNa He3HAUMTETBHO
YBEITUYHMBACT OTPHUIIATCIBLHBIN 3aps/l TIMHUCTHIX dacTHll (kpuBas 3). Ha pucynke 6 mpuBemeHa cxeMa B3amu-
MOJICUCTBUS KAOJMHUTOBBIX YacTHll ¢ MojiekyiaamMu [TAB paznuuHoi mpupoibl.

a) 6

OAOCNa ) on-10 B) uns

O Sy~ O-CH, -CH-(-CH, -CH-)H
1l 1 | Conl

OB, (CH )y O30 Na OH o 161133
OH P C;H,; OH OH on® o= N Br
1 I ) P 1 I
KAOITHHHT KAOITHHHT KAOJIHHHT
A

a — JJJICNa-KT'; 6 — OII-10 — KT'; 6 — IIIb — KT’
PucyHnok 6. Bo3aMokHbIe cXeMbl B3aUMOJICHCTBUS KAOJMHUTOBBIX YaCTHI] ¢ MosieKyidamu [IAB

Mpr1 npennonaraem, yto B3aumoseictsue Monekya JJICNa u OII-10 ¢ yacTuiiaMu KaoJdUHUTA MIPOUC-
XOJUT 32 CYET KOOTIEPATUBHBIX BOAOPOIHBIX CBA3EH, a MPOTUBOMNONOXKHO 3apsbkeHHbie [ITh u KI' B3anmo-
JEHCTBYIOT 3a CUET AJICKTPOCTATHUCCKUX CHJI MPUTSHKEHUS. [ MOATBEPKASHUS TaHHOTO TIPEIITOIONKEHUS
npoBenieHo MK-CIeKTpOCKOMYeCcKoe UCCIIE0OBAaHUE IMTOTYYCHHBIX 00Pa3IloB.
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Pucynox 7. IHdpakpacHbIN CIIEKTp KaOIWHUTOBOH ITIMHBI KOCKYIBIKCKOTO MECTOPOXKIACHHS

Ha pucynke 7 npencrasner UK-criekTp KaonMHATOBO# rHHBL B o6macti 551-459 cM ™' Habmoaotes
JOBOJIHO CHJIBHBIE MYJIBTHUILIETHI, OTHOCSIINECS K BAICHTHBIM U Ae()OpMallMOHHBIM KOJIECOaHUSIM TETpada-
poB kpemHekuciopoauoro kapkaca (O—Si—O u Si—O-Si), a Takke JOBOJBHO CHIIbHAS MOJIOCa MYJIBTHILIETA
B obmactu 877-647 cm ', oTHOCsIIAsCA K Konebanmam (Si—O—Si) xonen 3 SiO, (0-kBapir). XapakTepHbie
CHIIbHBIE KoTeOaHus HabomaoTcs B o6mactu yacToT 1113-1003 cM ', KOTOpble COOTBETCTBYIOT acCHMMET-
PUYHBIM BaJIeHTHBIM KoJieOanusaM cBsi3u Si—OH monexynsl kaonuuuta. [lomoca mornomenus npu 981 u
991 cM ™' xapaxTepusyercs Konebanmsimu cesisu Al-OH, Taroke kome6anmst csizeit Si-O—Al COOTBETCTBYIOT
nosnoce noromenus 518,9 cM ', BaxKHBIME COCTaBIISIONIMME CIOHCTBIX CHIIMKATOB SBIISIOTCS KPHCTAJLIH-
3allMOHHAS BOJA W THAPOKCHIbHBIE TPyNIbl. Tak, BaleHTHBIE KOJIEOaHUS MEKMOJEKYIISIPHBIX U BHYTPHUMO-
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JICKYJISIPHBIX BOJIOPOJHBIX CBSI3¢i HAONMIOArOTCS B BHJIE LIMPOKOW TOJOCHI moriomeHus mpu 3398, 3541,
3435 cm ', a muk mpu 3618 cM ' oTHOCHTCS K Ae(OPMALIMOHHBIM KOTEOaHHSIM aacOpPOHPOBAHHBIX MOJIEKYIT
BOJIbI B MEKCIIOEBOM MPOCTPAHCTBE CIOUCTOM CTPYKTYphl KT

Momudunupyromee aeiictsue [IAB Ha CTpyKTypHO-MEXaHMYECKHE CBOMCTBa KOHLIEHTPHPOBAHHBIX
CYCIIEH3UI KAOJMHUTOBOM TIHMHBI KOCKYIBIKCKOrO MECTOPOXKACHHUS MOXKET OBITh CBA3aHO C MX ajcopOuueit
Ha TIOBEPXHOCTU TIUHHUCTHIX YacTull. O0 ajncopOImy MOJEKYJ NoJeHiCcyibdaTa HATPUS Ha MOBEPXHOCTH
KAOJIMHUTOBBIX YACTHUI] CBHCTENLCTBYET HANMUKE IOJIOC MOrJIomeHns mpu 3097 cM ', COOTBETCTBYIOIINX
BaTeHTHBIM Konebanusam C—H-rpymm, u npu 2808 cM ', OTHOCAIMXCSA K CHMMETPHYHEIM Konebarmsam CH;-
rpym. ITonoca TOTTIOIEHNs, XapaKTepHasi ISl BaleHTHOH S—O cBs3u, HaGmonaercst pu 694 cM' mepe-
MEHHOM BuJE (puc. 8).
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Pucynok 8. ndpakpacusiii ciektp KI' 8 mpucytersun JJICNa (Crpona= 1107 %)

Ha UK-cmektpe KI' B mpucyrctuu LIIIb (puc. 9) HabGmromgaeTcss MOsBIEHHE HOBOTO IHKA IPH
2981 cM ', 4TO OTBEUAaET CUMMETPHUHBIM BaJeHTHBIM Konebanusam —CH;. HaGmonarommecs mpu 709 cm ' u
B o6mactu 1083-1002 cM ' NMHKH COOTBETCTBYIOT KONEGAHMAM MOJIEKYJIbI IMHPHIMHUSA. 3aMETHO CHIIBHOE
CrIIaKMBAaHUE TTHKOB B o0macty 527-458 cm ™' 1 1083—-1002 cM ', BIUIOTH [0 CYIIECTBEHHOTO YMEHBIICHHS
WX OTHOCHTENBHOW IUIOIAAN. JTO YKa3blBae€T Ha HAIWYHE SIEKTPOCTATHYECKUX U THAPOPOOHBIX B3aUMO-
JEHUCTBUH, a TaKKE BOJOPOAHBIX CBSI3CH.
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Pucynok 9. Undpakpacusiii cnextp cucremst KI' B mpucyrersuu LB (Ciypp = 1-107 %)
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Ha pucynke 10 mpencrasien UK-criextp KI' B mpucyrctBum OII-10. Tak, cnabas moioca moriaomeHus
npu 2897 cM ' 06YCIOBICHA KOTCOAHUAME CBSI3¢ii METHIIBHOM IPYIIbL, a UK mpu 2854,8 cM ' mpuHaTe-
’KHT BaJCHTHBIM KOJNEGAHHMSAM METHICHOBOH rpymmbl. ITomoca moriomenns mpu 3397 cM ' COOTBETCTBYET
cneruduueckuM konebanusm ceszeir N—H u C—N. [omocs! mornomenus 1649 oem ' m 1632 em! MIpUHAJIE-
JKaT KoJeOaHUsIM apOMaTHIECKOTO KOJIbIIA M KapOOHWIbHOU Tpymmiel. CpaBHUTENbHBIN aHann3 UK-criekTpoB
kaonuHUTOBOW TMHBI M KI'—OII-10 mokaspIiBaeT, 4T0 XapaKTepHbIC KAOJUHUTY MYJIBTHILIETHI B 00JIaCTH
547-459 cM' cMemens! B TpuILIeT B 06macTi 521, 474, 455 v . BTopble My/IbTHILIEThI, XapaKTepHbIE VIS
o-KBapIa, Haxosmecs B oomactu 1113-1003 CM_I, CMEIIIEHBI TAKXKE B BUJIC MYJIbTHILIETa B 001acTh 1083—
993 cM . DTH NHKH CYIIECTBEHHO yMEHBIICHbI, YTO CBHIETEILCTBYET O BOSHHKHOBEHHMH BOJOPOJHBIX CBSI-
3eil MEeXIy MOJIEKyJaMH, COCTABISIONINMHU JaHHYIO CHCTEMY. YBEIHMYEHHE WHTEHCHBHOCTH IOJIOC TIOTIIO-
LICHUSI 1 OTHOCUTENIBHOH IUIOIAAN MUKOB mpu 3583 em ' 1 3540 e CBUICTEIBCTBYET 00 YCHIICHUH BOJIO-
POJIHBIX CBsieil Mexay Monekynamu. LInpokuii muk mpu 3617 cM ™' MpUHAIIEKHT KOTeOAHHSIM CBOGOIHOM
OH-rpymnmsl, T.€. ancopOupOBaHHON KaOTHMHUTOM BOIBI.
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Pucynok 10. Mudpakpacusiii crekrp cuctemst KI' B npucyrersun OI-10 (Cop.jo= 1107 %)

Takum 00pa3oM, YCTaHOBIJICHO, YTO ¢ IOMOINBI0 [TAB pa3mu4HOil MPUPOIbI, BBOAMMBIX B KAOJHHHUTO-
BYIO CYCIICH3MIO, MPEACTABISICTCSI BOZMOXKHBIM YNPABISATh UX CTPYKTYPHO-MEXaHUYECKUMU CBOMCTBAMH U
CTPYKTYPHO-MEXaHUYECKHM THIIOM. JTO CBA3aHO ¢ MoaupuuupyrommM aericteueM ITAB B MecTax KOHTaK-
Ta YacTuIl aucnepcHoit ¢asel. [IABBI MOTYT 3aMeIsITh pa3BUTHE IEHTPOB KPHCTAIUTH3AIUH, 00pa30BbIBas
Ha WX TOBEPXHOCTHU aJICOPOIMOHHbBIE cnou. M30upaTenbHas ancopOnus, pa3indHas Ha pa3HBIX TPaHIX pas-
BHBAOIIETOCS KPHUCTAUIA, PE3KO M3MEHSET ero (opMy, 4acTo CIIOCOOCTBYS Pa3BHTHIO MOBEPXHOCTH, T.C.
MIPEBPAIICHUIO CHMMETPHUIHBIX (POPM B aHU30METPUIHBIC (WUTJIBI, TOHKHE TUIACTUHKH). ITO B CBOIO OUYEpPEIb
MOXET OJarompuATCTBOBAThH 00PA30BAHUIO TOHKOJUCIIEPCHBIX CTPYKTYP cpacTaHus (IpopacTaHus), YIyd-
1ast Ka4eCTBO KEPaMUUECKUX U3ICTUH.
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[I.E.Xaiinay6aesa, C.X.Mcboynaros, JI.M-K.ApteikoBa, K.b.MycaGekos

BerTik akTMBTIK 3aTTap K6MeriMeH KepaMHKaJIbIK MAaCCAHbIH
AedopManMAIBIK KAaCHeTTepiH 0acKapy NPMHIUNTEPIH KeTLIaipy

KOCKYIBIK KeH OpHBIHBIH Ca3[bl CYCIICH3MSCHIHBIH KYPbUIBIM Ty3yiHe OeTTik akTHBTiK 3arrapiasiH (BA3)
acepi 3eprrenredH. BA3 casmel MuHepanibiH OeiuekTepiHiH OeTiH MoauduKauusUIaHAbIpa OTBIPHII, ca3
HACTaChIHbIH KYPBUIBIM/IBIK-MEXaHUKAIBIK KACHETTepi MEH THIIIH ©3repTeTiHi aHbIKTa bl AJIbIHFaH
Hotkenep KOCKY/IbIK KeH OpHBI Ca3bIHBIH NAaCTAChIHBIH IIACTHKAJIBIK-2JIACTHKAJIBIK KACHETTEpiH GacKapyFra
MYMKIHIIK Oepi.

Sh.E.Zhailaubaeva, S.Kh.Isbulatov, D.M-K.Artykova, K.B.Mussabekov

Development of management principles by deformation properties
of the ceramic mass surfactants

Influence of surfactant on the structure formation in the clay suspensions of Koskudyk field was investigated.
It was established that the surfactant modifying the surface of clay particles alters the structural-mechanical
properties and the structural-mechanical types of clay pastes. The experimental data allow to manage elastic-
plastic properties of Koskudyk field clay pastes.
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