ISSN 2220-637X

BicHUK
XapKIBCBKOTO
HailioHaABHOTO
YHIBEPCUTETY

imMmeH1 B. H. Kapasina

CEPIA «XIMIA»
Bur. 27 (50)

Kharkov University Bulletin. 2016.
Chemical series. Issue 27 (50).

3acHoBaHuit 1935 poKy 9K
“Tpynu iHCTUTYTY XeMii mpu XapKiBCbKOMY Aep>KaBHOMY YHiBepCcHUTETi”

XapkiB 2016



BiCHWK MiCTUTb CTaTTi, NPUCBAYEHI Pi3HMM acneKkTaM TeOPEeTUYHOI XiMil,
XiMiYHOrO aHanily, opraHiyHoi XiMii, cnekTpockonii, (i3nKo-XiMii po34yMHIB Ta
NoBEpPXHEBUX ABULL, enekTpoxiMil, XiMiYHOro MaTepiano3HaBCTBa.

[Ans HaykoBUiB i ¢axiBuiB. BuaaHHS € paxoBMM B ranysi XiMiyHMX HayK.
(Haka3 MOH Ykpaiim N2 1328 Big 21 rpyaHs 2015 p.)

3ameeporxkeHo 0o Opyky piueHHsIM BueHoi padu XapKiecbko20 HAUIOHATLHO20
yHigepcumemy imeHi B. H. KapasiHa (npomoxon Ne 15 ei0 28 nucmonada
2016 p.)

PepakuiiHa Koneria:

M. B. Ba3uneBckuii A.X.H., npod., UeHTp doTtoxmmmm PAH, Mocksa, Poccus

I. M. B'toHUK A.X.H., npod., XHY imMeHi B. H. KapasiHa, YkpaiHa

A. O. JopolueHko A.X.H., npod., XHY iMeHi B. H. KapasiHa, YkpaiHa

B. B. IBaHOB A.X.H., npod., XHY imeHi B. H. KapasiHa, YkpaiHa

O. M. KanyriH K.X.H., npod., XHY imMeHi B. H. Kapa3iHa, YkpaiHa

O. I. Kopobos A.X.H., npod., XHY imeHi B. H. KapasiHa, YkpaiHa
(BigrioBigasibHM pEAGKTOP)

B. I. NapiH A.X.H., npod., XHY imeHi B. H. KapasiHa, YkpaiHa

B. I. Nlebiab A.X.H., npod., XHY imeHi B. H. KapasiHa, YkpaiHa

B. A. YebaHoB A.X.H., npod., HTK «IHCTUTYT MOHOKpUCTanie», YkpaiHa

M. O. Muegnos-lleTpocsH A.X.H., npod., XHY imMeHi B. H. KapasiHa, YKkpaiHa

A. 0. Ha3apeHko PhD, Prof., Buffalo State College, USA

B. A. Opnos A.X.H., npod., XHY imMeHi B. H. KapasiHa, YkpaiHa

O. B. Npexao PhD, Prof., University of Rochester, USA

A. b. 3axapos (BigrioBigasibHmi cekpeTap)

0. B. XoniH A.X.H., npod., XHY imMeHi B. H. KapasiHa, YkpaiHa

B. O. YepaHoBCbkui A.¢d.-M.H., npod., XHY imMeHi B. H. KapasiHa, YkpaiHa

C. A. WWanoeanos A.X.H., C.H.C., XHY iMeHi B. H. KapaziHa, YkpaiHa

O. I. OpueHko A.X.H., npod., XHY imMeHi B. H. KapasiHa, YkpaiHa

Anpeca penakuinHoi konerii: YkpaiHa, 61022, Xapkis, maraaH CBoboaw, 4,

XHY imeHi B. H. KapasiHa, ximMiuHui cakynbTteT; Ten.: +38 057 707 51 29.
E-mail: chembull@inbox.ru a.korobov@karazin.ua
http://chembull.univer.kharkov.ua

CTaTTi NpoNWAM BHYTPILIHE Ta 30BHILLHE peLeH3yBaHHS.

Ceidoymso npo oeprxxasHy peecmpauiro KB Ne 21563-11463P gio 27.07.2015.



BicHuk XapkiBChKOTO HaIliOHALHOTO YHIBEpCUTETY, cepis "Ximis", Bur. 27 (50), 2016

16

25

31

39

49

56

60

72

79

84

87
91
95
98

100

COAEPXXAHME

Composition of the sodium dodecylsulfate — 1-pentanol mixed micelles as determined using
acid-base indicators. A.Yu. Kharchenko

Definite chirality measures from electron torsion: application to helical molecules.
A.V. Luzanov, M.M. Kukuiev

Molecular dynamics simulation study of cetylpyridinum chloride and cetyltrimethylammonium
bromide micelles. V.S. Farafonov, A.V. Lebed

O BO3MOXHOCTU M HAAEXHOCTU KOHAYKTOMETPUYECKOro onpefeneHus npefaenbHbIX MOHHbIX
NMpOBOAMMOCTEA WM KOHCTAHT KOMIMJIEKCOObpa3oBaHUs B pactBopax 1-1 anekTponutoB B
HEBOAHbIX pPaCTBOPUTENSIX C Y4yacTUEM HeUTpanbHbiX NuraHaoB. E.B. [o/10BHM3HMHA,
O.H. Kanyrun

Qa3oBble paBHoBecuss B cucteme ZrO,-Dy,O; npu  TemnepaTypax 1100, 1500°C.
O.A. Koprnerko, E.P. AHgpnesckas, )K./[]. borareipeBa, C.®. Kopnyes

DneKkTpoHHas abCcopbUMOHHAs CMEKTPOCKONMS  6eH3MMMAA30MbHbIX  aHANOroB  XasIkoHa.
B.H. Kornsp, B.4. Opros, A.O. fJopowieHko

CvHTE3 auunMeTtaHcynbdammaoB no peakunn KnsaizeHa. E.[. LWBey, M.A. Kosocos,
A.B. lTogBopornss, B.[. Opsios

MoMCK HOBbIX JIOMMHOMOPOB C 3afaHHbIMU  (U3NKO-XUMUYECKMMM U XMMUYECKUMM
cBovictBaMu XII. AF3aMelleHHble MonvakpunamMmaa U cornonuMmepbl A-retTapunsaMelleHHbIX
akpunamuga, reTapunakpunaToB, akpunamumaa M akpunoBon kucnotel. A.f1. Lkymar,
B.B. CemeH4yeHKO

DnekTpoTepMuyeckas aToMHO-abcopbLMOHHas CNEKTPOMETPUS B NPSIMOM OrnpeaeneHun ofiosa
B pacconax, X/iopuae Hatpus M noBapeHHon conun. O.M. FOpweHko, A.H. bawxsnaHos,
J1.B. baxknarnosa, T.B. YepHoxyk

ATOMHO-abcopbUMOHHOE M AaTOMHO-3MWCCMOHHOE C  WMHAYKTMBHO-CBSI3aHHOM  Nia3MoMu
onpegeneHve mean B HedTenpoaykTax. O./A. FOpyerko, H. I1. Tutosa, Cabnp KopsaHn
Casnx Cabup, T.B. Yeproxyx

PacTBopnMOCTb nepxnopaTta UeTUNTPUMETUIAMMOHUS B METaHose, aueToHe U UX CMecsx C
Bogov npu 298.15 K. C.T. lora, FO.B. McaeHko

K cTtoneTtuto co aHa poxxaeHus npodeccopa bopuca Mapkosuya KpacoBmuUKOro.

K 85-netuto co aHa poxaeHus npodeccopa Opus Skoenesuya Grankosa.

K 80-netnio co gHs poxxaeHus Bnagnmmpa Mounceesunya KollkuHa.

PeueHsunsa Ha khury “Introduction to Applied Colloid and Surface Chemistry”. H.0. MyegioB-
MerpocarH

NHdopmaumns 06 asTopax



Bicauk XapkiBcbKOTO HaIliOHAIBHOTO YHiBepcHTeTy, cepis "Ximig", sur. 27 (50), 2016

16

25

31

39

49

56

60

72

79

84

87
91
95
98

100

CONTENTS

Composition of the sodium dodecylsulfate — 1-pentanol mixed micelles as determined using
acid-base indicators. A.Yu. Kharchenko

Definite chirality measures from electron torsion: application to helical molecules.
A.V. Luzanov, M.M. Kukuiev

Molecular dynamics simulation study of cetylpyridinum chloride and cetyltrimethylammonium
bromide micelles. V.S. Farafonov, A.V. Lebed

Possibility and reliability of conductometric determination of limiting ionic conductivities and
complexation constants in solutions of 1-1 electrolytes in non-aqueous solvents with neutral
ligands. K.V. Goloviznina, O.N. Kalugin

Phase equilibria in the ZrO,—Dy,0; system at 1100 to 1500 °C. O.A. Korniienko,
E.R. Andrievskaya, J.D. Bogatyryova, S.F. Korychev

Electronic absorption spectroscopy of the benzimidazolic analogs of chalcone. V.N. Kotlyar,
V.D. Orlov, A.O. Doroshenko

Synthesis of acylmethanesulfonamides by Claisen reaction. M.A. Kolosov, E.H. Shvets,
A.V. Podvorotnyaya, V.D. Orlov

The search of new luminophores with predetermined physicochemical and chemical
properties. XII. N-Sudstituted polyacrylamide and copolymers N-getarylsudstituted acrylamide,
getarylacrylate, acrylamide and acrylic acid. A.P. Shkumat, V.V. Semenchenko
Electrothermal atomic absorption spectrometry in direct determination of tin in brines, sodium
chloride and table salt samples. O.I. Yurchenko, A.N. Baklanov, L.V. Baklanova,
T.V. Chernozhuk

Atomic absorption and atomic emission with inductively coupled plasma determination of
copper in petroleum products. O.1. Yurchenko, N.P. Titova, Sabir Karwan Salih Sabir,
T.V. Chernozhuk

Solubility of cetyltrimethylammonium perchlorate in methanol, acetone, and their mixtures
with water at 298.15 K. S8.7. Goga, Yu.V. Isaenko

On the centenary of birth of B. M. Krasovitsky.

On the 85 anniversary of birth of professor Yu. Ya. Fialkov.

On the 80 anniversary of birth of V. M. Koshkin.

Review of the book “Introduction to Applied Colloid and Surface Chemistry”. N.O. Mchedlov-
Petrosyan

Information about authors



BicHuk XapkiBChKOTO HaIliOHALHOTO YHIBEpCUTETY, cepis "Ximis", Bur. 27 (50), 2016

doi.org/10.26565/2220-637X-2017-27

VK 544.77.022.532 + 547.265 + 544.362 : 54-432

COMPOSITION OF THE SODIUM DODECYLSULFATE — 1-PENTANOL MIXED
MICELLES AS DETERMINED USING ACID-BASE INDICATORS

A.Yu. Kharchenko

The composition of mixed surfactant—alcohol micelles is governed by the parameters of alcohol partition
between the aqueous and micellar phases. In this paper, the indicator method of determination of
1-pentanol molar fraction in the mixed sodium n-dodecylsulfate — 1-pentanol micelles and the partition con-
stant of the alcohol is reported. This method relies on the determination of the apparent ionization constants,

K:pp, of acid-base indicators. The electrical surface potential ¥ is equal to —-58 mV and —39 mV for entire
and mixed micelles, respectively, as evaluated using pK:"p values of the indicator

N,N*-di-n-octadecylrhodamine. In terms of the slope of the dependence of pK ™ vs. log[Na] ] for the in-
dicator neutral red, the degree of counter-ion binding in entire surfactant micelles, f, equals 0.71  0.02,
whereas the corresponding value at 0.20 M 1-pentanol is substantially lower, g’ =0.52 £ 0.03. The /S, B,

and V¥ values allow estimating the molar fraction of 1-pentanol in the mixed micelles using the Ohshima—
Healy—White equation. Finally, the partition constant of the 1-pentanol between the aqueous phase and mi-
celles is determined as K = 10.3 M and 15.4 M™" in terms of the spherical and cylindrical model of mixed
micelles, respectively. These values are accorded with the corresponding data obtained by other methods.

Keywords: acid-base indicators, sodium n-dodecylsulfate micelles, 1-pentanol, electrical surface poten-
tial, degree of counter-ion binding, alcohol molar fraction, partition constant.

Introduction

The mixed sodium n-dodecylsulfate (SDS) — alcohol micelles were an object of numerous studies
for a long time. In particular, the properties of SDS—1-pentanol micelles have been examined since
1-pentanol is a typical co-surfactant used for preparation of the microemulsion systems [1-3]. Namely
it is important to know the aggregation number of SDS in mixed micelles, the molar fraction of alco-
hol, the micelles size [4,5], and the cmc values [6]. Also, the distribution of 1-pentanol as well as other
aliphatic alcohols between aqueous and micellar phase has been studied by different methods, particu-
larly via the vapor pressure of the alcohols in aqueous solutions as determined using the gas chroma-
tographic technique [7-9], by determination of alcohols solubility using measurements of the density
or turbidity [10], by estimation of the self-diffusion coefficients [11], and by the calorimetric data [12].
Recently, we have proposed a method of calculation of the partition constant [13,14]. This method is
based on the experimental values of the electrical surface potential ¥ of micelles and the degree of
counter-ion binding by micelle surface, £ . The method was tested using the system of cetyltrimethyl-
ammonium bromide—1-butanol [13] and SDS—1-butanol [14]. The aim of present study is to apply the
same approach to the determination of the composition of mixed SDS—1-pentanol micelles. In addi-
tion, a brief review of the literature data on the SDS—1-pentanol mixed micelles is presented.

The experimental values of ¥ and £ are obtained by the indicator method. This method consists

in the inclusion of small acid-base indicator molecules in individual surfactant micelles and mixed
micelles by solubilization and the determination of acid strength of indicator in micellar microenvi-
ronment. In the case of colloidal solution, the acid strength may be expressed as the apparent ioniza-

tion constant, K™ . The dependences pK ™ values on different parameters of micellar solution allow
determining the electrical surface potential and the degree of counter-ion binding.

The characterization of the mixed SDS—1-pentanol micelles: State of art

For a start, let us consider the properties of entire SDS micelles in water. The value of the degree of
counter-ions binding, £, is 0.63-0.79 [6,15,16], the aggregation number is 60—69 [15-19], the critical
micelle concentration value, cme, is 8x10° M [15,18-20]. The solubilities of 1-pentanol and
1-butanol in water at 25 °C are 0.30 and 1.05 M, respectively [21]. 1-Pentanol is more hydrophobic

© Kharchenko A. Yu., 2016 buka nana@ukr.net
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alcohol than 1-butanol and is solubilized in both palisade layer and hydrocarbon core of ionic micelles,
especially near the solubility limit [22]. Nevertheless, according to the 'H NMR studies of solutions
containing mixed SDS—1-pentanol micelles, the alcohol molecules are solubilized close to the head
groups of the micelle [23]. The cmc value of SDS monotonously decreases on addition of 1-pentanol.
The cmc values of SDS in the presence of CsH;;OH are gathered in Table 1. For instance, cmc =
1.6x 107 at 0.20 M 1-pentanol [24]. The size (radius) of mixed SDS—1-pentanol micelles at 0.02 M
SDS and 0.20 M 1-pentanol is 1.7 nm [4,5,25] as determined using the fluorescence quenching tech-
nique. For individual SDS micelles radius is 1.8 nm [4,5,25]. Forland et al. [22] measured the minor
and major radius of mixed micelles as 1.46 nm and 55.4, respectively, by small-angle neutron scatter-
ing (SANS) method (c(SDS) = 0.04 mol kg ', ¢(1-pentanol) = 0.16 mol kg ', I = 0.40 mol kg ). It
follows that SDS—1-pentanol micelles are ellipsoids or rods. Moreover, the major to minor ratio is
constant (~10) from 0.06 to 0.13 mol kg ™' and begins to grow at 0.16 mol kg ', i.e. around the solubil-
ity limit of 1-pentanol in water. The § value of the mixed micelles, designated as f3', decreases as

compared with the £ value in pure SDS, down to 0.53 at 0.139 M 1-pentanol [6] or 0.47 at 0.1 M 1-
pentanol [26]. In 0.02-0.03 M SDS solutions and 1-pentanol concentration ¢(ROH) =0.20 M, the
aggregation number of SDS molecules and the number of 1-pentanol molecules in the SDS—1-
pentanol micelles are upon average 30 and 63, respectively [4,5,25]. The surface concentration of the
surfactant head groups equals 0.810 per nm? (0.02 M SDS; 0.1895 M 1-pentanol), according to Varela
et al.[5]. Hence, the surface area per head group in mixed micelles, g, is 1.235 nm”. For pure SDS
micelles, the surface area per head group was found to be equal to 0.591 nm? [4] or 0.628 nm” [27].

Experimental section

Materials. SDS was used as received from Vekton (Russia). The stock solution of the dye neutral
red was prepared from the commercial solid sample without further purification.
N,N'-di-n-octadecylrhodamine was put to our disposal by Dr. V. I. Alekseeva (Research Institute of
Organic Intermediates and Dyes, Moscow, Russia). Hydrochloric, acetic, and phosphoric acids, borax,
sodium carbonate and bicarbonate, and sodium chloride used for preparation of working solutions
were of analytical grade. The NaOH aqueous solution was prepared by diluting the saturated stock
solution with CO,-free water and kept protected from the atmosphere. The pH values of the solutions
were adjusted using HCl for pH < 4, or buffer solutions: acetate (pH 3.7 —5.4), phosphate
(pH 5.8-8.0), borate (pH 8.0-10.0), and carbonate (sodium carbonate and bicarbonate,
pH 8.8 —10.0). The pH values around 11 — 12 were adjusted by diluted sodium hydroxide. The total
ionic strength of the bulk (aqueous) phase was maintained by appropriate NaCl additions. 1-Pentanol
was purified by the standard procedure via rectification.

Methods. The dyes N,N'-di-n-octadecylrhodamine and neutral red were dissolved directly in SDS
solutions, which were filtrated and then diluted before spectroscopic studies. The initial SDS concen-
tration was 0.20 or 0.40 M. In all spectroscopic experiments, the concentrations of SDS and 1-
pentanol were 0.02 and 0.20 M, respectively; the dye concentrations were of about 1 x 10> M. Absorp-
tion spectra were measured at 25°C with Hitachi U-2000 spectrophotometer against pure water as
solvent blank. The pH determinations were performed by using R 37-01 potentiometer and pH-121
pH-meter (Russia) with an ESL-43-07 glass electrode (Gomel, Belarus) in a cell with liquid junction
(3.0 M KCI). An Ag|AgCl electrode was used as a reference electrode. The cell was calibrated with
standard buffer solutions: pH 9.18, 6.86, 4.01, and 1.68 at 25°C.

The apparent ionization constant of an indicator was calculated as [25,30,31]:

H.B* A, — A
pK™ =pH, +logu = pH, +log—2——. (1)

[H,B"'], A- A,

The acid-base couple HiBZ/Hi_lBZ*1 is expected to be located within the micellar microenvi-
ronment whereas the pH,, value is the pH value of continuous (aqueous) phase. The suffix ¢

(total) denotes that the concentration is expressed in moles per dm’ of the whole solution. The
ratio of the equilibrium concentrations, [H;B*]/[H;..B“'];, was determined by using the spec-



Table 1. The micellization parameters and structure of mixed SDS—1-pentanol micelles reported in the literature.

111 ' Nl—butanol cme, )
Ref. Conditions Methods S Nager 7, nm a, nm
(xrom) mM
4] ¢ (SDS)=0.0336 M, c(ROH) = 0.1846 M ; ;fjiyscsetﬁi - 33.3; | 62.3 (0.65); 1.73; B 1.129;
¢ (SDS)=0.0332 M, ¢(ROH) = 0.227 M. quenching 26.9 | 63.1(0.70) 1.67 1.303
[25] ¢ (SDS)=0.02 M, ¢(ROH) =0.2 M; fluorescence o 27; 52 (0.66); 1.63; o o
¢ (SDS)=0.05 M, ¢(ROH) = 0.22 M, /= 0.1 M. quenching 49 | 66(0.57) 1.89
¢(SDS)=0 + 0.1 M . 0.55
[16] the SDS/1-pentanol mole ratio of 1 conductivity (0.72 — pure SDS) - B B
¢ (SDS)=0.02 M fluorescence o ) 73 (0.70); ) o 1.235;
[>] ¢(ROH) = 0.1895 M; 0.2714 M. quenching 35301169 (0.77) 1.76;1.86 1.429
¢ (SDS)=0.2 M 37.1
[28] N(ROH) = 1.92 % v/v (0.178 M) SANS - 62.1 (0.37) B B B
¢(SDS) = 0.04 mol kg ' 1.46 (minor),
(2211 (ROH) = 0.16 mol ke, 7= 0.40 mol ke'' SANS — — — 55.4 (major) |
(6] ¢ (SDS)=0.03-0.1 M stentiomet 0.69 ; B B B 6.5
¢(ROH) =0.046 M ; 0.139 M (1.5 % v/v). P Y 0.53 2.1
[24] ¢(ROH)=0.20 M calculated — — — — 1.6 —
membrane
¢(SDS) = 0.02 M (8) ; 0.47
[26] «(ROH) = 0.1 M potential (0.68 — pure SDS) 3.0
measurement
positron
c(SDS)=0.2 M annihilation
(291 ¢(ROH) = 0.2 M, lifetime - 40 1.46

spectroscopy
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trophotometric method. The pH,, values were maintained by buffer solutions and determined using a
glass electrode in the aforementioned cell with liquid junction. It should be noted, that the complete
binding of dyes to micelles is ensured by the hydrophobicity of indicator molecules and by the positive
charge of their protonated forms [14]. It is important for the calculation of electrical surface potential
and the degree of counter-ion binding. The protolytic equilibria of these dyes are represented in
Scheme 1-2.

N CH N CH
[ 3 _Ht [ 3
H4;C | H4C |
I +_ = 3N =
N N NH5 N N NH,

/ | /
H4C H HsC

Scheme 1. The protolytic equilibrium of neutral red.

H37C1gHN O NHCgH37 H37C4gHN o] NHC;gHs7
y _H S8®
O COOH O coo

Scheme 2. The ionization of N,N’-di-n-octadecylrhodamine.

Determination of the ¥ value. The ¥ value for mixed 1-pentanol-containing micelles was de-
termined by the indicator method using N, N'-di-n-octadecylrhodamine as the most suitable probe, as
noted earlier [13,32,33]. Using this indicator is reasonable because it contains two n-octadecyl tails,
which fixed the carboxyl group of indicator in the surface layer of micelles regardless of its charge
character. Consequently, in this case one can compared the obtained values of W for different systems
due to the absence of error at the expense of various locations of indicators in different micelle types.

To calculate the pK ;™ s the linear combinations of absorbances at different wavelengths were used as
described earlier [32]. The absorption spectra and the dependence of the linear combination of absorb-
ances vs. pH at 0.02 M SDS and 0.20 M 1-pentanol are represented in Figure 1. The pK:*" values of

N,N-di-n-octadecylrthodamine in pure SDS micelles and mixed SDS—I-pentanol-1 micelles are
5.2140.09 [32] and 4.89+0.03, respectively.

0.1-
0.0
0.1
% -0.2.-
-0.3:

-0.4 4

510 530 530 540 550 2 4 6 8 10 12

A, nm pH
Figure 1. The absorption spectra of N,N'-di-n-octadecylrhodamine at 0.02 M SDS and 0.20 M
1-pentanol; I,,;=0.05 M; pH=2.2 (1), 4.21 (2), 4.52 (3), 4.80 (4), 5.27 (5), 6.48 (6), 7.4 (7); HB"
species: Amax = 529 nm, pH = 2.2 (1); B* species: Ama = 526 nm, pH = 7.4 (7). (left)
The dependences of the linear combination of absorbances (1.00 cm optical path cell) vs. pH for
N,N'-di-n-octadecylrhodamine at 0.02 M SDS and I;,; = 0.05 M (NaCl); AA = A (535 nm) + A (540
nm) + A (545 nm) — A (510 nm) — A (515 nm) — A (520 nm); 0.20 M 1-pentanol. (right)
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The pK.™ value of the acid-base couple, which is completely bound to micelles, may be repre-
sented by the Hartley — Mukerjee — Funasaki — Fromherz (HMFF) equation [30]:

PK = pK! + log 2 — — 0 —pgi T )
Vym 2.30RT 2.30RT

Here R is the gas constant, 7 is the absolute temperature, and F is the Faraday constant. The K ; pa-

rameter is the so-called intrinsic ionization constant [19,30,34]. The value of pK ; =4.23 [30,32] was

used in the calculations via Eq. (2). The ¥ value of —58.0 mV was found earlier for individual SDS
micelles at 0.01 M SDS and total ionic strength /i,y = 0.053 M [32]. As regards SDS—1-pentanol sys-
tem, we have found surface electrical potential as —39.0 mV at /i, = 0.060 M by method described
above. Hartland et al. [25] have reported that the surface potential equals —52+5 mV for mixed
1-pentanol-containing SDS micelles (¢(SDS)=0.02 M, c(1-pentanol) =0.20 M, /=10.003 M) and
=30+£5 mV (¢(SDS) = 0.05 M, ¢(1-pentanol) = 0.22 M, /= 0.103 M).

For mixed micelles system the ionic strength is calculated according to Eq. (3) keeping in mind the
dissociation of counter-ions:

Itotal = Isalt +cme + (1 - ﬂ) : (CSDS - CmC) (3)
Here I, is the ionic strength of salt background (buffer + NaCl) (= 0.05 M), cmc — the critical micelle
concentration, the § value is the degree of counter-ion binding (~0.50, see Table 1), csps — the analyti-
cal concentration of SDS (= 0.02 M). The cmc values are obtained using the dependence for the indi-
vidual SDS systems, Eq. (4) [35]:
log cme =-3.50-0.67-logc(Na"). 4)
Here, c(Na") stands for the analytical the concentration of the sodium ions in the buffer solution with-
out the contribution of the counter-ions of micelles. Then, for mixed micelles the obtained cmc value
should be multiplied by 0.25, because 1-pentanol addition decreases the cmc value approximately
fourfold (see Table 1).
Degree of the counter-ion binding, f=1-a, as determined using the indicator method. It is well
known that in the anionic micellar solutions, when the ionic strength increases, the shielding (screening) of the

interfacial charge causes the decrease of pK:*" value of cationic indicators. As indicator, we have chosen

neutral red since this one was found rather suitable for the investigation of mixed micelles. In particular, the
degree of counter-ion binding, f, for individual SDS micelles obtained by neutral red is similar to £ value
determined by electrometric measurements, so it is reasonable to investigation unknown systems [14].

The pK: ™ values are represented in Table 2. The ionic strength varied from 0.03 to 0.50 M for in-
dividual SDS micelles and from 0.02 to 0.35 M for mixed ones. In case the ionic strength exceeds
0.35 M, the 1-pentanol-containing micellar system becomes inhomogeneous. To determine the pK ;™"

values of the indicator neutral red in individual SDS micelles, the carbonate — hydrocarbonate buffer
was utilized for adjusting the pH. In the case of SDS—1-pentanol micelles, we normally used phos-
phate buffer. The absorption spectra of neutral red in individual SDS micelles system and mixed
SDS—1-pentanol micelles system are exemplified in Figure 2 at ionic strength 0.35 M.

Table 2. The pK™ values of the dye neutral red in SDS micellar
solutions without and with 1-pentanol.

0.02 M SDS 0.02 M SDS + 0.20 M 1-pentanol

Isalt, M I:Na;] pK:pp Isalt, M I:Na;] pK:pp
0.03 0.038 9.35+0.03 0.02 0.028 8.04 £0.04
0.05 0.054 9.21+0.01 0.05 0.055 7.89 +0.03
0.15 0.15 8.91 £0.05 0.1 0.11 7.74 £0.02
0.35 0.36 8.63 +£0.02 0.2 0.21 7.60 £0.01
0.50 0.50 8.53+0.03 0.35 0.36 7.46 +0.02
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Figure 2. Left: the absorption spectra of neutral red at 0.02 M SDS; I, = 0.35M; pH= 6.5 (1),
7.35 (2), 8.51 (3), 8.63 (4), 8.76 (5), 8.96 (6), 9.26 (7), 12.0 (8); HB" species: Ama = 542 nm,
pH = 6.5 (1); B species: Apax =456 nm, pH = 12.0 (8).
Right: the absorption spectra of neutral red at 0.02 M SDS and 0.20 M 1-pentanol; I = 0.35 M;
pH=4.0 (1), 6.80 (2), 7.17 (3), 7.48 (4), 7.52 (5), 7.55 (6), 8.02 (7), 12.0 (8); HB" species:
Amax = 540.5 nm, pH = 4.0 (1); B species: Ay = 454.5 nm, pH = 12.0 (8).

The derivative 0 (pK:™)/0 log[Na_ ] is considered to be equal to the degree of counter-ion bind-
ing, B, by the SDS micellar surface [13,30]. Here [Na| ] is the equilibrium concentration of the so-

dium ions in the bulk (aqueous) phase and includes the counter-ions resulting from the dissociation of
the micelles. To calculate the j value, the iterative method was used. At first, the dependence pK,™
vs. I was obtained. The slope of this line is the rough value of . Then, cmc values were found using
Eq. (4) for corresponding Na" concentrations. The [Na|, ] values were calculated by an equation simi-

lar to Eq. (3), but Iy, was replaced by ¢(Na"). Next, the linear dependence of pK:* vs. log[Na! ]
was used to refine the S values. The iteration was repeated twice. The final dependences of pK,™

values vs. log[Na] ] are shown in Figure 3.

950— app
_ pK =(8.3120.02)-
1 e ~(0.713+0.022) log [Na ]
9.254 " & n=5,r=0.9996
9.004
. I
55_“’ 8791 Pk **=(7.24+0.02)- Y
] : . =
-(0.5160.030) log [Na_] i
8.50 1 n=5, r=0.9987 £,
8.00] ‘z..
7.75] LT
7.50.] B T
16 -14 -12 -1.0 -08 -06 -04 -0.2
log [Na_]

Figure 3. The dependence of the pK ;"™ value of neutral red in entire SDS solutions (dashed line) and

in mixed solutions SDS + 1-pentanol (dotted line) on the logarithm of the Na" equilibrium concentra-
tion in the bulk (continuous) phase.
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The f value is equal to 0.713 =+ 0.022 for the entire SDS micelles, whereas £’ = 0.516 + 0.030 for
the mixed SDS—1-pentanol micelles. Our data are in a good agreement with the # and £’ values ob-
tained by different methods (Table 1). However, it should be kept in mind that using hexametoxy red
as indicator results in somewhat higher £ and lower S’ values. In this case, f = 0.84 + 0.02 for the

entire SDS micelles and 0.43 + 0.08 for the mixed SDS—1-pentanol micelles [36]. The questions about
indicator choice will be discussed some later.

Results and discussion

The micellar surface charge density and the alcohol fraction in the micellar interface. The calcu-
lation of the micellar surface charge density for the pure and mixed SDS micelles, ¢, and q;, respec-
tively, was processed by the formulae obtained by Ohshima, Healy, and White for spherical and cylin-

drical colloidal particles with radius  [37] as it was represented in our previous paper [13]. The » =2 nm
value [22,25,38] for both individual and mixed micelles has been used in the calculations since the radii

of mixed and individual SDS micelles are close [25]. The ¢, and q; values were computed using the

experimental ¥ values obtained by means of N,N-di-n-octadecylrhodamine. For the spherical shape,
the ¢, and q; values are 0.352 and 0.231 charges per nm” for SDS and SDS—1-pentanol micelles, respec-

tively, whereas for the cylindrical shape g, = 0.288 and q; = 0.189 charges per nm’. Then, as we have

determined earlier [14], the area of the anionic head group s_=0.815 and 0.996 nm* per charge for
spherical and ellipsoidal (cylindrical) model, respectively, using the above g, values for the pure SDS
micelles. It should be underline that here s_ is the area of the micellar surface per the head group of the
surfactant. In this case, s_is equal to the a values, reported in the literature and compiled in Table 1. The
calculations of s_ have been made for the £ value obtained by neutral red.

After that, one can calculate the fractions of the 1-pentanol following two methods. According to

first one, xrop 1S the function of q; and molecular areas, s_ and sgon:
gs_+p'-1

4. —qSgon + B =1

If the value sgoy = 0.21 nm? [39] was used, the xroyn values of 0.857 and 0.880 were obtained for the

spherical and cylindrical models for the mixed SDS—1-pentanol micelles, respectively. In this case we

assume that the alcohol molecules are directed with the OH group towards the water phase. The sec-
ond method can be used if the location of alcohol molecules is undefined. Following to this method,

I:1_IB’ 4

N,
q L (6a) and 5" =5 +—%.5p 0 (6b)
S- SDS

)

Xron =

Here, s’ is the area of the micellar surface per head group of the surfactant in mixed micelles. If
B'=0.516, then from Eq. (6a) results s’ =2.10 or 2.56 nm’ per charge for spherical and cylindrical
model, respectively. Using the values of s_ and Nroy =180 (xron =0.857) or 210 (xron =0.880), the

s' values are 2.08 nm” and 2.47 nm? for the spherical and cylindrical model, respectively, as obtained
using Eq. (6b). This corresponds to 67 1-pentanol molecules per one —O—-SO;~ group. Using the ob-

tained above s’ wvalues and s. = 0.30 nm® [40], the ratio N is found to be 9

ron / Nsps
(xron = 0.900) for spherical or 11 (xgron = 0.917) for cylindrical model. The schematic representation
of the fragment of micellar surface in the case of individual and mixed micelles is shown in Figure 4.

It should be noted that our value of the molar fractions of the 1-pentanol is higher than some values
reported in the literature. For instance, the molar fraction of 1-pentanol in the micelle was found by
Hartland et al. [25] as 0.66 (c(SDS)=0.02 M; ¢(1-pentanol) = 0.20 M, so [ROH, |, = 0.035 M) or 0.57
(c(SDS)=0.05 M; c(1-pentanol)=0.22 M, [=0.103 M) or ~0.7 (c(SDS)=0.02 M;
c(1-pentanol) = 0.20 M) by Johnson et al. [24]. Probably, the higher xroy value means that mixed mi-
celles are the “micelles of 1-pentanol stabilized SDS monomers”.

11
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1-pentanol

Figure 4. The schematic representation of the fragment of micellar surface in the case of individual
SDS micelles (left) and SDS—1-pentanol mixed micelles (right). These schemes represent the calcula-
tions described in this paper.

The equilibrium constant of 1-pentanol partitioning. In terms of the ratio of molar interfacial
fractions of 1-pentanol and SDS monomer, the equilibrium concentration of 1-pentanol in micelles (m)

and aqueous phase (w) [ROHm]t = 0.117 M, [ROHw]t = 0.083 M for spherical model, and
[ROHm]t =0.143 M, [ROHW]t = 0.057 M for cylindrical model. The obtained values of the molar

interface fraction and the equilibrium concentrations of 1-pentanol have allowed to estimate the equi-
librium constant of alcohol partitioning between the continuous and micellar (SDS + 1-pentanol)
phases following the method of Gettins et al. [13,15,41]:

[ROH m ]z _ _ *ron 7
[ROHW ]t ’ ([ROHm ]t + cSDS - CmC) - [ROHW ]t

The obtained xroy values result in the K values 10.3 M ' in terms of the spherical model and
15.4 M on the assumption of cylindrical model. The partition of 1-pentanol may be represented as
the distribution coefficient, K., the concentration distribution coefficient, K,, as well as the fraction of
the alcohols in the micellar pseudophase, p:

[ROH,, ] Xgon . .
XRoH.. = ; K =-—"—=>570(sphericalmodel) or 860 (cylindrical model)
e 55.6 mol/l (H,0) " Xpom,,.
L= M =140 (sphericalmodel) or 250 (cylindrical model)
[ROH, |
[ROH, ]
==—" =(.59 (spherical model) or 0.72 (cylindrical model
P=- (ROH) (sp ) (cy )

Here, the [ROHm] value is the concentration expressed in moles per 1 dm® of the pseudophase.

It should be noted that, when the § values of hexametoxy red indicator was used for calculation,
one can obtain the following results. The area of the anionic head groups, s_, is 0.454 and 0.556 nm’
per charge for spherical and ellipsoidal (cylindrical) model, respectively, as obtained using the above
g, values for the pure SDS micelles. Hence, the xroy values of 0.905 and 0.921 were obtained for the
spherical and cylindrical models for the mixed SDS-1-pentanol micelles, respectively. Following the

spherical model, [ROHm]t =0.186 M, [ROHW]I = 0.014 M, the K value equals 67 M"'. However,

according to cylindrical model [ROHm]t =(0.228 M. This value doesn’t have physical meaning due to

exceeding general 1-pentanol concentration. In this case, it can be assumed the K value is so great that
all additive 1-pentanol is found in micelles pseudophase. However, the values of the area of anionic
head group s_ are less than in literature data [4,27], so the K values obtained by hexametoxy red are
questionable.

12
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Concluding remarks

In this study we have obtained the equilibrium constant of 1-pentanol partitioning between the con-
tinuous and micellar (SDS + 1-pentanol) phases following the method of Gettins. It equals 10.3 M in
terms of the spherical model and 15.4 M™' on the assumption of cylindrical model. The respective
distribution coefficients, K., are 570 and 860, the concentration distribution coefficients, K,, are 140
and 250. The fraction of the alcohol in the micellar pseudophase, p, is 0.59 (spherical model) or 0.72
(cylindrical model). For instance, let us consider some data about mixed micelles composition ob-
tained by more direct methods. The fraction (p) of the alcohol in the micellar pseudophase was deter-
mined from the measured self-diffusion coefficients as 0.35-0.40 by Ferland et al. [22]
(c(SDS)=0.04 mol kg', =04 mol kg', c(1-pentanol)=0.16 mol kg'). It follows that

[ROHm]t ~0.06 M at c¢(1-pentanol) =0.16 mol kg '. Nevertheless, the p value obtained by Stilbs by

multicomponent self-diffusion studies [42] is 0.75 for the sample with weight fractions of alcohol,
D,0, and SDS, equal 0.027, 0.907, and 0.066. Hayase and Hayano determined the wvalue
K, =722 (¢(SDS) = 0.04 M) [7], whereas Muto et al. [9] determined the K, of 1-pentanol in lithium
dodecylsulphate system, the K, = 212 (that corresponds to K=3.8 M'; ¢(SDS) = 0.02-0.1 M,
c(1-pentanol) in excess of its water solubility). According to Heiland et al. [10] the K, = 190 at zero
ionic strength, =197 at 0.0249 M NaCl and =220 at 0.2069 M NacCl (c(SDS) = 0-0.05 M). The K, is
87 £ 4 (c(1-pentanol) = 0.03 M, ¢(SDS) =0.07 — 0.46 M) obtained by Lisi et al. [12]. The K, = 304
value has been obtained by Rao and Ruckenstein [43] using the optimal micelle size approach at
xrou = 0.55. Thereby, the various methods of estimation of the distribution of 1-pentanol between SDS
micelles and continuous phase have resulted in K values from 3.5 M to 13.0 M™' [7-12,43]. It should
be noted that higher K values were obtained at low 1-pentanol concentration. Our partition constants
are rather high when determined via indicator method wusing neutral red and
N,N'-di-n-octadecylrhodamine as indicators, but they are close to values of the distribution reported in
the literature. It should be noticed that indicator method for SDS—1-pentanol system have given rea-
sonable K values only in the case of neutral red but not hexamethoxy red, that may be related to spe-
cial feature of dye solubilization. So, given method requires the careful selection of indicators as a rule
by an experiment.
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Hocmynuna 0o peoakyii 29 eepecus 2016 p.

A.1O. XapuyeHko. OnpegeneHne coctaBa CMeELLaHHbIX MULENN H-AodeunncynbdaTt HaTpus — 1-NneHTaHon ¢ no-
MOLLIbHO KMCMOTHO-OCHOBHbIX MHANKATOPOB.

CocTaB CMeLLaHHbIX MULENN onpefensieTcs napameTpamu pacrnpefeneHus cnupta Mexay BoAHOW U muuen-
nsipHon chasamu. B paboTe cooblyaeTcs 06 MHAUKATOPHOM MeTofe OnpefeneHnUsl MOSIbHOM Aonu 1-neHTaHona B
CMellaHHbIX MuLennax H-gofeuunncynbgat HaTpusi — 1-MeHTaHoN U KOHCTaHTbl pacnpefeneHus cnupra. JToT

MeTO[ OCHOBaH Ha onpeneneHnn KaxyLunxca KOHCTaHT WMOHWU3auuu, K:pp, KMCINOTHO-OCHOBHbLIX MHOWKATOPOB.

OneKTpuYeckuii NoBepXHOCTHbIN noTeHuman Y paseH —58 MB 1 —39 MB ons uHaueBuayanbHbIX U CMELLIaHHbIX
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MULENS, COOTBETCTBEHHO, 4YTO OblI0 OLUEHEHO C WUCNOMb30BaHMEM  3HAYeHWUNn pK:pp MHOuKaTopa
N,N'-gun-H-oktageunnpogamuHa. Ucxoas ns yrnoeoro koapdpuumneHta NnMHENHOW 3aBUCUMOCTU 3HAYEHUN pK;‘pp

ANA MHOMKaTopa HEeMTPanbHOro KpacHoro oT log [Na:,], cTeneHb CBA3bIBAHUSA NPOTMBOMOHOB MHAMBUAYAlbHbI-
mMu muuennamu, [, coctasnsieT 0.71 = 0.02, Toraa Kak cooTBeTCTByloLlee 3HayeHne B npucytcteum 0.20 M

1-neHTaHona 3Ha4YnMTeNbHO HUXE: ,b" =0.52 + 0.03. 3Havenns S, ﬁ’ n ¥ no3BonsioT oUEeHUTb MOMbHYIO 40N

1-neHTaHona B CMeLlaHHbIX MULennax, ncnonb3ysi ypasHeHne Owwnmbl — Xunm — Baiita. B utore yctaHoBneHo,
YTO KOHCTaHTa pacnpeferneHus 1-neHTaHona Mexay BogHOW M muuennsapHon dasamu, K, pasHa 10.3 M u
154 M_1, ncxoas U3 cpepruyeckon U LMNMHAPUYECKON MOAENM CMEeLUaHHbIX MULENIT, COOTBETCTBEHHO. DTU 3Ha-
YeHUs1 COrnacyTcsl CO 3HaYEHUSAMU, NOMNYyYEHHBIMU OPYIMMU METOAAMM.

Knio4yeBble crnoBa: KNCIOTHO-OCHOBHbLIE MHOWKaTOpPbI, MuUUennbl H-,qop,eumncyan)aTa HaTpuA, 1-neHTaHon,
ANEeKTPUYECKUA NMOBEPXHOCTHBIM MOTeHUMarn, CTeneHb CBA3bIBaHUSA NPOTUBOMOHOB, MOfbHas AONSA CMpTa, KOH-
CTaHTa pacnpeneneHusa.

A.}O. XapueHko. Br3HauyeHHs ckragy 3MillaHux Mmilen H-gogeunncynbdaT HaTpito — 1-neHTaHon 3a 4Oonomo-
rot0 KUCIOTHO-OCHOBHUX iHOUKaTOPIB.

Cknag 3miwaHux Milen BU3Ha4YaeTbCA napaMeTpamu po3noAiny CnvpTy MixX BOAHOK Ta MilenspHoto dasamu.
B po6oTi noBigoMnsaeTbCa Npo iHAMKATOPHUI METO BU3HAYEHHA MOJIbHOT YacTku 1-NeHTaHony B 3MillaHux Mmile-
nax H-gopeumncynbdart HaTpito — 1-meHTaHon i KOHCTaHTK poanoainy. Llev meTon 6a3yeTbCA Ha BU3HAYEHHI

YABHUX KOHCTaHT ioHi3aLil, ijp, KMCMOTHO-OCHOBHUWX iHAMKaTOpiB. ENekTpnyHuin noBepxHEBUI NoTeHuian 4opis-
Hioe —58 MB i =39 MB ans iHguBigyanbHWX i 3MillaHux miuen, BignoBigHo, Wwo Oyno OuiHEHO 3 BUKOPUCTaHHAM
3HayeHb pKaapp iHamkatopa N,N’-gu-H-okTageuunpogamiHy. Buxoasaum 3 kKyToBoro koediuieHTy MiHIMHOI 3anex-
: app H ~ H + f ’ . f
HOCTi 3HaueHb pK ™" Ans iHaukaTopa HerlTpanbHOro YepBOHOTO Bif log [Na ], cTyniHb 38'A3yBaHHSA NPOTUIOHIB
iHAvBidyanbHUMK Milenamu, S, popisHioe 0.71 + 0.02, BignosigHe 3HayeHHs B npucyTHocTi 0.20 M 1-neHTaHony

3HAYHO HWXKYe i CTaHOBUTb ﬁ' = 0.52 = 0.03. 3HaveHHa [, ,3' i ¥ [o3BonsAlTb OLHUTU MOJBbHY 4acTKy

1-neHTaHony B 3MillaHMX Milenax, BUKOPUCTOBYIOUMN piBHAHHA Owivn—Xini—Bavita. B pesynbTaTi BCTaHOBNEHO,
LLIO KOHCTaHTa pPo3noainy CNMpTy Mk BOAHOI Ta MiuenspHoto dasamu, K, gopisHioe 10.3 M'i15.4 M_1, BMxoas-
4n 3 cchepuyHoi Ta LMMiHAPUYHOT MoAeni 3aMilaHnx Miuen, BignoBiaHo. Lli 3HaYeHHs y3romKytoTbCs 3i 3HAYEHHSI-
MU, LLO OTPUMAaHI iHLIMMN MeTogaMu.

KnroyoBi cnoBa: KMCNOTHO-OCHOBHI iHAMKaTOpW, Milenu H-goaeunncynbdaTy HaTpito, 1-neHTaHormn, enekTpuy-

HWIA NOBEPXHEBUI NOTEHLiarn, CTyMiHb 3B’A3yBaHHSA NMPOTMIOHIB, MOMNbHA YacTka CNMPTY, KOHCTaHTa po3noginy.
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DEFINITE CHIRALITY MEASURES FROM ELECTRON TORSION:
APPLICATION TO HELICAL MOLECULES

A.V. Luzanov™ and M.M. Kukuiev”

The previously given pseudoscalar chirality index based on the electron path torsion [Struct. Chem. 3, 175
(1992)] is modified, and the corresponding positive definite chirality measure is proposed. The approach is
applied to helicenes and DNA double-stranded minihelices. In addition, the electronic chirality measure is
divided into atomic contributions. It allows to provide an appropriate pictorial presentation of molecular
chirality. Several model examples of discrete helix structures are given. They offer an understanding of non-
trivial differences in describing molecular chirality by aid of the pseudoscalar torsion invariants and by aid of
the positive orbital torsions proposed in the present paper.

Keywords: molecular chirality, chirality operator, LCAO representation, helicenes, DNA minihelices.

Introduction

Certainly, chirality is a remarkable paradigm which embraces various sides of science and nature.
In chemistry, molecular chirality was discovered by Pasteur (at age 25!). Mathematical models of the
molecular chirality were proposed first by Guye after more than forty years (for detail see [1]). The
problem of chirality quantification is also the old one, and for molecular structures it was discussed
and carefully investigated in many works, starting from the Kitaigorodskii book [2]. Further develop-
ment was discussed and overviewed in [1,3-6]).

It must be stressed that no fully acceptable solution to this problem can be achieved if we assume
that both geometrical and physicochemical aspects should be taken into account. Really, from the
mathematical viewpoints, the chirality measure is required to be a nonnegative function of molecular
geometrical parameters. The measure must be vanishing if and only if the molecular structure is
achiral [3,5,6]. At the same time, physical and physicochemical chiral systems are usually described
by extensive (additive) pseudoscalar quantities, such as the angle of optical rotation or helical twisting
power (in cholesteric liquid crystal mixtures). It is important that all these pseudoscalar characteristics
are of electronic nature. However, they can be zero-valued even in some definitely chiral systems too.
That is why pseudoscalars are not able to provide consistent chirality measurement, as it was clearly
shown by Weinberg and Mislow [6]. On the other hand, we showed in [7] that the nonnegative (sim-
ply, positive) definite chirality measures cannot consistently furnish the additivity (more exactly, addi-
tive separability). The latter property guarantees vanishing of chirality measures for racemic mixtures.
It seems that researchers usually remain unaware of this unsolvable dilemma. In this situation we must
make a choice of the "lesser evil", that is we prefer to use more correct semi-positive chirality meas-
ures.

Indeed, specific examples (some of them are given in Ref. [8]; see also critique in Ref. [9]) tell us
that the additive pseudoscalar chirality index from our first works [10,11] can be unsuitable for quanti-
fying molecular chirality in sufficiently large systems. On this account we elaborated recently a spe-
cial procedure transforming molecular pseudoscalars into positive definite quantities [12]. Unfortu-
nately, this approach is rather laborious for very large systems because it includes many numerical
integrations.

In this paper we propose a modified approach which is much simpler. Unlike most of the existing
positive measures, this new index quantifies the electronic chirality rather than the geometrical or
shape chirality. We implemented the appropriate procedure within the Mathematica 5.2 environment
and made some illustrations for two representative classes of helical structures (helicenes and mini-
helices of DNA). In Appendix we consider in more detail the additivity problem of chirality measures,
and provide the additional illustration on modeled helices.

* SSI "Institute of Single Crystals", NAS of Ukraine, 60 Science Ave., 61078 Kharkiv, Ukraine
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Definite orbital torsions

First we recall the previously given technique of quantifying molecular chirality by the electron
path torsion [7,8]. In the cited works the well-known differential-geometric notion of curve torsion is
used as a starting point. The respective linear Hermitian operator of the torsion (‘chirality operator’),

A

K , is constructed to be

K ={(pArp-prp)-p+h.c.}/4, (1)
where P is the one-electron momentum operator, h.c is the Hermitian conjugation, and dots above
symbols denote the time derivatives of corresponding order. Each such derivative is computed by a

standard commutation of P (then of f) etc.) with one-electron Hamiltonian, 4, of the system in ques-

tion. In practice, the needed matrices (instead of operators) are rather easily constructed, especially
within typical semiempirical schemes of quantum chemistry.

Having at our disposal the K matrix we can directly calculate the overall chirality measure x, as
follows:

K, =TrK. 2)

This is the basic pseudoscalar chirality index in our approach. In order to pass to definite measures we

divide the index into orbital contributions. For this we introduce a full set of eigenvectors of 4, in other

words, an appropriate MO set {‘ @ />} in a conventional LCAO representation. With each ‘(o j> having

orbital energy &, the orbital chirality index is defined to be

s =Te |6 )0 [=(0 K16} 0
Then Eq. (2) is obviously tantamount to a spectral sum of the form
K, = Z K, @)
J

where the sum is over all MOs existing within the model used.
Now restrict ourselves by a class of low-symmetry molecular systems (no orbital degeneracy). In
this case all MOs belong to one-dimensional irreducible representations, so all orbital projectors

P,=|o; o,
are totally symmetric. Next, take into account that (1) is a pseudoscalar operator. Then if the system

achiral, K changes its sign under improper symmetry operations, but P, does not. Thus, in agree-

ment with (3) all orbital chiralities &, disappear, and &, = 0, as it must be for achiral molecules. In

chiral molecules only proper rotations are possible, and K s invariant under these operations. So
generally, indices &; #0 but among them some «;are positive and some negative. Now it is clear

that it is possible that in sum (4) these values are almost mutually compensated, and it may cause an
incorrect measurement of the electron chirality. To avoid these situations we replace x; in (4) by their

absolute values. Thus the new definition of the electronic chirality measure is
k=K. (5)
J

For understanding differences between this positive chirality measure and pseudoscalar index y pre-

viously given in Ref. [10], it is worth examining chirality in simple discrete helices as done in Appen-
dix.
The overall chirality index (5) can be partitioned into atomic contributions {x ,} as follows

K, =Y |k | P, (6)

J

where PJ.A is the Lowdin-type population of MO ‘(/) /> on atom A. Eqgs. (5) and (6) are basic in the

proposed definite chirality scheme for the low symmetry structures. Notice that the Lowdin popula-
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tions are normally based on the squared LCAO coefficients. We prefer using more localized represen-
tation which is generated by the normalized quartic (fourth power) LCAO coefficients. For modeling
the electronic structure of the studied systems we used the extended Hiickel method with parameters
of Hoffmann [13].

In the case of high symmetry systems the above scheme is somewhat reformulated. Now, instead of

individual ‘go j>, we must take a whole subset of MOs related to degenerate (in general) energy level

8./2

‘¢j> - {‘ ¢j,a>}1£a£v[j] >
where v[/] is a multiplicity of &;. Then

v[Jj]
Pj = ‘¢j,a ><¢j,a

J

[—.

and
R vlJj]
K =TrK P =2, <‘/’j,a

A

K

(o, Rl

With these replacements, Egs. (5) and (6) remain unchanged, as well as the above considered selection
rules do.

To conclude this section we present the results of computations on Egs. (5) and (6) for the D,
symmetry conformation of cyclohexane. This twist-boat structure is a paradigmatic example in con-

formation analysis and molecular chirality [14,15]. In Refs. [8,12] we even used x[C,H,,] as a suit-

able unit for chirality measurements. We display in Fig. 1 the plane projection of the system (so some
CH and CC bonds are superimposed); here and elsewhere the green discs ( carbon atoms) and black
discs (hydrogen atoms) have the diameter proportional to the corresponding atomic chirality index.
From Fig. (1) we see that H atoms (50% of all atoms) contribute to a small extend (in fact almost 7
%). In most of the systems we studied here, such a contribution is even lesser, and we will suppress
the hydrogen atoms in all subsequent chirality diagrams. It is worth mentioning that the chirality index
is distributed unevenly over the carbon skeleton of cyclohexane: more preferable are two C atoms
lying on the long C, rotation axis (see Fig. 1). Other examples (see below) support this rather general

rule. In what follows we will use the mentioned cyclohexane units: x[C,H,]= 19.872 atomic units.

[
D <> 4
7 \ ] N\

Figure 1. The chirality distribution over the cyclohexane molecule.

Helicenes

Helicenes belong to a very interesting class of axial chirality molecules.They have been investi-
gated extensively in chemistry more than one hundred years [16]. The chirality quantification for heli-
cenes was also studied [7,17,18]. Here we report the results of computing & -index and chirality dis-
tribution {x ,} for the same systems (Table 2). We observe from the table that in the even members of

[n]helicenes (the last row in Table 1) the chirality is somewhat more localized than in the odd ones. In
the even members the chiral (C,) axis passes through a C-C bond whereas in the odd members it
passes perpendicular to a C-C bond. Thus, the rule postulated in the above section evidently works in
helicenes as well.

One more questionable point we would like to discuss concerns a size (or n) dependence of x for
helicenes. For convenience, we give in Fig. 2 relevant plots of k& and molar rotation [M] (taken from
[19]) against n.
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Table 1. Chirality index x and chirality distribution {x,} in [n]helicenes Table 1. Chirality index

k and chirality distribution {x ,} in [n]helicenes

n K {KA} n K {KA} n K {KA}
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/N < /N N
SN SN , > N AW
s 32 SN /S 741 L |9 68 Y *‘”\
- - VAR U AR ANA N
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2 1d
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Figure 2. Size dependence of chirality (the left panel) and molar rotation [M] taken from Ref. [19]
(the right panel) for n[helicenes]. [M] is scaled by factor 10000.

It is clear that like [M], the new x -index approximately behaves monotonically with increasing n. The
similar behavior was described previously in Ref. [19]. However, somewhat another dependences
were reported in Refs. [17,18] (occurrence of minimum near »=8 in Ref. [17] and minimum and
maximum near =10 in Ref. [18]). We cannot grasp these peculiarities by the usual geometric reason-
ing. As there are no other reported results for the same systems, this issue, raised in [7], remains un-
clear.

DNA minihelices

DNA minihelices are an inevitable simplification of native DNA if we are trying to understand the
most important molecule of life [20] by quantum chemistry methods. Small self-complementary mini-
helixes were studied in various theoretical aspects almost more than forty years [21]. At present, more
sophisticated models of DNA examined at the DFT level can be provided [22,23], and here we will
use the optimized geometry structures obtained in these works.

It is worth noting that within DNA problem the molecular chirality measures were first considered
only quite recently in an extensive study of Pietropaolo and Parrinello [24]. Their work is based on the
pseudoscalar chirality index introduced in [25,26] (this index is just criticized by Weinberg and Mis-
low [6]). Below we describe our results for DNA minihelices analyzed by the positive definite chiral-
ity measure.

We use the conventional notations, and following Refs. [22,23] we consider double-stranded
d(A);d(T); and d(G) ;d(C); minihelices. The representative results are given in Tables 2 and 3. When
computing individual single-stranded fragments (strands in the tables) we take the corresponding fro-
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zen part of the whole duplex structure (using the same molecular geometry as in the whole system of
interest). The excess, Ax , is defined as the difference between the actual x value for the whole sys-
tem (‘united’ in Table 1) and that from the sum of x for the frozen subsystems (strands 1 and 2 in our
case). Turning to Table 2 we see that the B-form of the individual trinucleotide strands is certainly
more chiral than the respective A-form. Furthermore, d(G);d(C); is more chiral than d(A);d(T); but
only in the B-form, whereas the respective A-forms have practically the same chirality.

Notice that our index is fairly sensitive to small variations of structural molecular parameters. Nev-
ertheless, the chirality difference between A- and B-form of the individual strands remains the same
even for rather strong perturbations of the atomic coordinates. In a sense, thermal vibrations can be
treated as such a perturbation. To be more specific , we give below the results of a simple simulation
of structurally perturbed DNA minihelices. We introduced slight random distortions of the molecular
geometry by adding a random displacement vector to every atomic coordinate (maximal variation was
fixed to be 0.05 A ). Then usual computations were performed for several such perturbed systems (a
number of trials was 5), and the usual averages (denoted by &|pert]) were obtained. In particular, we

found that in strand d(A) ; &pert] is equal to 3.11 and 3.80 for the perturbed A- and B-forms, respec-

tively. In other words, in this case we have no principal differences, in comparing with the data of
Table 2. The analogous are results for other individual strands. Qualitatively the situation in the double
minihelices is also not in sharp contrast to that of the unperturbed systems. In the case of double mini-

helices Ia and Ila we obtained the x{pert] values 5.65 and 5.60, respectively, which are not signifi-

cant different. Systems Ib and IIb are a little more different: the x[pert] values are 7.38 and 7.28,

respectively. This is a smaller difference than in Table 2, but still sufficiently marked. Surely, the
above consideration is only preliminary, and more refined techniques should be elaborated to judge
about significant or not significant chirality differences in various types of problems.

We also see that Ax is rather small (few percents), especially in A- d(A) ; d(T);. Hence, inter-
strand nonadditivity effects, which are mainly due to long-distance interactions, can be negligible in
our chirality analysis.

Table 2. Chirality index x and excess Ax for A- and B-forms of d(A);d(T); and d(G) ;d(C);

minihelices.
minihelix K [strand 1] & [strand 2] & [United] Ak
la  A-d(A);d(T); 3.22 2.90 5.69 -0.18
Ib B-d(A);d(T); 3.81 3.80 7.43 -0.43
Ila  A-d(G);d(C); 2.94 3.14 5.69 -0.39
IIb B-d(G);d(C); 3.92 3.65 7.26 -0.31

Table 3. Summary chirality indices (in %) x[C], x[N], «[O], x[P], and x[H] related to the cor-
responding atoms of individual frozen strands in A- and B-forms of the duplexes
Strand «[C] «[N] «[O] «[P] «[H]
A-d(A); 38 27 28 2
B-d(A); 50 18 24
A-d(T); 45 11 35
B- d(T); 54 8 32
A-d(G); 38 23 31
B-d(G); 50 16 26
A-d(C); 42 11 37
B- d(C); 54 6 31

N W N W BN
[©XNEN IV, I o) NV, o) le) Je)

Now we will try to understand one interesting point concerning the extent to which the chirality in
DNA strands owes to the dissymmetric sugar-phosphate backbone, and what is the role of the nitrous
bases. To this end we denote by SP the sugar phosphate backbone (consisting of 5-carbon deoxyribose

sugars and phosphate groups) , and define x[SP] as the sum of x, over all SP atoms. As a result,
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we find that only slightly more than 50% of the total K value is reproduced by such ‘base-free’ sugar-
phosphate backbone subsystem. For instance, in B-d(A); we obtain &[SP]/x =0.53. This behavior of

K is not in the same line with the results of work [24]. In the latter the sugar-phosphate fragments
(more exactly, only very short segments of polynucleotide strings) are considered when quantifying
DNA chirality by the pseudoscalar index. The rest of the DNA molecule was ignored in [24]. How-
ever, the molecular chirality is a too complicated property for simple interpretation in terms of only
local regions and related notions. That is why the examination of the whole system, not its small parts
only, is desirable from the very beginning. The data of Table 3 where we display the summary contri-
butions from all types of atoms (C, N, O, P, and H), are also in agreement with this viewpoint. In this
table we see that for the minihelices the next-most important (after carbon atoms) are oxygen atoms.
Even the phosphorus atoms give relatively small contribution to the overall chirality. The additional
insight is provided by atomic distributions {x,} . We will exhibit only two relevant examples of the

strands taken from B- d(A);d(T); (see Fig. 3).

B- d(A); B-d(T);

Figure 3. The atomic {x,} distribution for the frozen B- d(A) ; and B- d(T) 5 structures. The nitrogen
atoms are highlighted in blue, oxygen atoms in red, and four-coordinate phosphorus atoms in magenta.

Conclusion

In the present paper we proposed the new chirality quantification scheme based on modifying pre-
vious works [7,10]. Essentially, we were able to preserve the differential-geometry background of the
whole approach and produce here the positive definite chirality measure. With help of this it is simple
to examine the electronic chirality in large systems such as DNA-like structures. Furthermore, the
atomic decomposition of the overall chirality measure is defined, and a visual chirality portrait of
molecule can be easily made. At least, It is also interesing to understand the chirality in simple
discret-type model helices as done in Appendix.

In most of the examples considered here we observed a sufficiently delocalized picture of the dis-
tributed chirality. Specifically, a significant contribution of the nitrous bases in the DNA minihelices is
obtained. This feature is not so unusual if we recall the approximate analysis of local atomic contribu-
tions to the optical rotation given recently in Refs. [27,28]. In the cited works it was shown that even
“the chemical groups far from stereogenic centers can dominate the chiroptical effects” [27]. Indeed,
there is a general effect of inducing optical activity in achiral molecules or achiral fragments which
interact with dissymmetric molecular subunits. This effect was interpreted long ago for the polynu-
cleotides in which the circular dichroism in the nitrous bases arises mainly from 77" - transitions [29].
It is desirable to continue the presented studies, and involve in future more sophisticated techniques.

However, the main inference from the above results about a global chiral structure of helical networks
seems reasonable and, we believe, will be stable with respect to the more extended techniques.
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Appendix
Here we additionally discuss the peculiarities of the proposed chirality measure. First, we repeat the

argumentation from Ref. [7] about the incompatibility of positivity and additivity requirements for
chirality measure. The proof is almost trivial. Let the given chirality index y be an additive measure.

Then for two isolated species A and B we have y(A+ B)= y(A)+ y(B). Now take B as a mirror

image of A, and signify the latter by A”. From the above additivity requirement we have
2(A+ A" = y(A)+ y(A"). But the united system A+ A" comprising of the isolated 4 and A" is

generally considered as achiral (‘racemate’) what means y(A4+ A")=0. Thus, y(A4)=—y(A") for
the additive y, and this property satisfies by all existing pseudoscalar index. At the same time, the

opposite identity x(A4)=x(A")is valid for any positive chirality measure & . Notice that pseudoscalar

index from Ref. [25] remains in use (see, e. g., review [30]), despite the strong critique Weinberg and
Mislow have given in Ref. [6].

This contradiction can be demonstrated for the model helix-like structures which we studied previ-
ously in Ref. [10] within the pseudoscalar approach. Now we present the extended study which can
clarify the above analysis. Namely we will use a finite set of atoms lying in a discrere circular helix of
the form:

X; =Cosf;, y; =smi ,z; =at;,

where ¢ =27zj/ m, and j=0,...,(m—1)v. Here a is a helix pitch parameter; m is a number of

atoms in each turn, and v is a number of turns. For the specific calculations given in Table 4 we used
m=6 and v =35 to produce a basic helix (structure I in the table). The next system II is the same |
with an opposite twist (more exactly, opposite handedness). The identical helices with the same hand-
edness are linked in [LI] and in [LII] two helices with opposite handedness are asymmetrically united.
At last, in the racemic structure I+1I, helices I and II are not linked. Notice that there exists a fine dis-
tinction between handedness and chirality (“All handed objects are chiral, but not all chiral objects are
handed” [31]).

We computed the above described systems within the topological model [10] which employs a
Hiickel-type Hamiltonian / for Eq. (1). In Table 4 we can see all the expected differences in behavior
of two kinds of the considered chirality measures. In particular, in the linked structure [I,II] the local
chiralities are almost compensated, and both indices predict a slightly chiral structure. At the same
time, for racemic mixture I+II, only the positive measure K detects an occurrence of local chiral struc-

tures, but pseudoscalar measure ¥ and most physical and physicochemical observations do not. It is

worth turning attention to equal values of | | and k for the first three systems in Table 4. This fact is
owing to a specific simplicity of discrete helices and their orbital properties. Of course, generally,
| ¥ # K, and significant differences between these measures occur too frequently.

The above results can be generalized to an arbitrary system A+ B+...+C of non-interacting
subunits. If these subunits are randomly situated in a real space (“in general position”), then
k[A+B+...+Cl=«x[A]+«[B]+...+ x[C].
Strictly speaking, this is not the additivity law, because the individual subunits can have different
handednesses, and the above expression does not reflect this possibility. If cluster 4+ B +...+C is
achiral in toto (that is the cluster is not in general position), then automatically Kk =0.
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Table 4. The pseudoscalar chirality measure y and positive measure x for various model helices.

All quantities are given in units of K -value for one helix turn (6 atoms).

I I [L1] [LII] I+11
"\/\,\/\
X -7.667 7.667 -16.637 0.318 0.
K 7.667 7.667 16.637 0.319 15.333
References

1. M. Petitjean, Entropy 5, 271 (2003).

2. A. L. Kitaigorodskii, Organic Chemical Cristallography (Consultans Bureau Ets. Inc., New
York, 1961).

3. D. Avnir and H. Zabrodsky, P. G. Mezey, in Encyclopedia of Computational Chemistry, ed-
ited by P. v. R. Schleyer (Wiley, Chichester, 1998), vol. 4, p. 2890.

4, K. Mislow, Top. Stereochem. 22, 1 (1999).

5. G. Gilat, J. Math. Chem. 15: 197(1994).

6. N. Weinberg and K. Mislow, Can. J. Chem. 78, 41(2000); G. Millar, N. Weinberg, and
K. Mislow, Mol. Phys. 103, 2769 (2005).

7. A. V. Luzanov and D. Nerukh, J. Math. Chem. 41, 417 (2007).

8. A V. Luzanov, Int. J. Quantum Chem. 111, 2196 (2011).

9. R. Natarajan and S. C. Basak, Current Computer-Aided Drug Design 5, 13 (2009).

10. A. V. Luzanov and E. N. Babich, Struct. Chem. 3, 175 (1992); A. V. Luzanov and
E. N. Babich, Theochem. 333, 279 (1995).

11. A.V.Luzanov, V. V. Ivanov, and R. M. Minyaev, J. Struct. Chem. 39, 261 (1998).

12.  A. V. Luzanov, Funct. Mater. 22 , 355 (2015).

13. R. Hoffmann, J. Chem. Phys. 39, 1397 (1963); http:/www.quantumwise.com/
documents/manuals/ATK-2014/ReferenceManual/index.html/chap.atomicdata.html#sect3.ato
micdata.huckel.hoffmann.

14. V. L. Sokolov, Introduction to theoretical stereochemistry (Gordon and Breach, New York,
1991).

15. D.J. Nelson and C. N. Brammer, J. Chem. Ed. 88, 292 (2011).

16. M. Gingras, Chem. Soc. Rev. 42, 968 (2013).

17.  S. Grimme, Chem. Phys. Lett. 297, 15 (1998).

18. 0. Katzenelson, J. Edelstein, and D. Avnir, Tetrahedron Asymmetry 11, 2695 (2000)].

19. H. Laarhoven and J. C. Prinsen, Top. Curr. Chem. 125, 63 (1984).

20. M. D. Frank-Kamenetski, Unraveling DNA. The most important molecule of life (Addison-
Wesley, New York, 1997).

21.  A. Pullman, C. Zakrewska, and D. Perahia, Int. J. Quantum Chem. 16, 395 (1979); D. Perahia
and A. Pullman, Theor. Chim. Acta 50, 351 (1979).

22. T. A. Zubatiuk, O. V. Shishkin, L. Gorb, D. M. Hovorun, and J. Leszczynski, Phys. Chem.
Chem. Phys. 15, 18155 (2013).

23. T. A.Zubatiuk, M. A. Kukuiev, A. S. Korolyova, L. Gorb, A. Nyporko, D. Hovorun, and
J. Leszczynski, J. Phys. Chem. B 119 ,12741 (2015).

24.  A. Pietropaolo and M. Parrinello, Chirality 23, 534 (2011).

25. M. A. Osipov, B. T. Pickup, and D. A. Dunmur, Mol. Phys. 84,1193(1995).

26. M. Solymosi, R. J. Low, M. Grayson, and M. P. Neal, J. Chem. Phys. 116, 9875 (2002).

27.  R. K. Kondru, P. Wipf, and D. N. Beratan, Science 282, 2247 (1998); R. K. Kondru, P. Wipf,
D. N. Beratan, G. K. Friestad, and A. B. Smith, Org. Lett. 2, 1509 (2000).

28.  P. Mukhopadhyay, P. Wipf, and D. N. Beratan, Acc. Chem. Res. 42, 809 (2009).

29.  W. C. Johnson, I. Tinoco, Biopolymers 7, 727(1969).

30.  A.Pietropaolo, in: Ideas in Chemistry and Molecular Sciences: Where Chemistry Meets Life,
ed. B. Pignataro.(Wiley-VCH , Weinheim, 2010), p. 293-311.

31.  R.B.King, Ann N Y Acad Sci. 988, 158 (2003).

23



Definite chirality measures from electron torsion: Application to helical molecules

Tlocmynuna 0o pedaxyii 1 eepecns 2016 p.

A.B. IlysaHoB, M.A. KykyeB. [ledbuHUTHaA Mepa XMparnbHOCTU U3 SMIEKTPOHHOMO KPYYeHUs:: MPUMEHEHWe K Cnn-
panbHbIM MOreKynam.

MoamnduumnpoBaH NpefnoXeHHbIN paHee NCeBOOCKANSPHbIA UHAEKC XMPanbHOCTU, OCHOBAHHLIN Ha KPyYeHWUM
3MNEKTPOHHbIX TPAEKTOPUIA, U NMPeaJSIoKeHa NONOXUTENBHO onpeaesieHHas Mepa XuparnbHoCTW. Moaxoa npuMeHeH
K renvueHam 1 ABoiHbIM MUHUcNMpanam OHK. B gononHeHve, anekTpoHHbIN MHAEKC pasbuBaeTcs Ha aToMHble
BKMadbl, YTO MO3BOMSET AaTb HarnsgHoe rpaduyeckoe NpencTaBreHne MOneKynsipHoi xupanbHocTu. Mpea-
CTaBEHO HEeCKONbKO MOAENbHBLIX MPUMEPOB AMCKPETHbIX CMpanbHbIX CTPYKTYp. OHM OaloT MOHUMaHUe HeTpu-
BWanbHOrO Pasfuyns B OMUCaAHWKM MOSIEKYNSPHON XMPanbHOCTM C MOMOLLbIO MCEeBAOCKaNsAPHOro MHBapuaHTa
KPYYEHMS U C MOMOLLIbIO MONOXKMUTENbHBIX OPOUTANbHBIX KPYYEHWUI, NPEATOXKEHHBIX B JAHHOW CTaTbe.

KniouyeBble cnoBa: mMonekynsipHas xmpanbHOCTb, onepaTtop xupanbHocTu, npeacrtasnexve JNIKAO, renvueHsi,
MuHucnvpanu OHK.

A.B. JlyzaHoB, M.A. KykyeB. JediHiTHa Mipa XipanbHOCTi 3 €MeKTPOHHOIO CKPYTY: 3aCTOCYBaHHSA 4O ChnipanbHUX
MOIeKyn.

MogudikoBaHo paHille BBeAeHWU NCeBAOCKANAPHUIA iHAEKC XipanbHOCTI, Wo 6yB 3aCHOBaHUI Ha CKPYTi enekT-
POHHWMX TPAEKTOPIN, Ta 3anponoHOBaHO NO3UTUBHO BU3HAYeHY Mipy XipanbHocTi. igxig 3actocoBaHo Ao reniue-
HiB Ta noasinHuMx MiHicnipanen OHK. JooaTkoBO eneKTPpOHHUIW iHOEKC PO3KnafaeTbCA Ha aTOMHI BHECKW, Lo
[03BONSE HAOYHe rpadivyHe nNpeacTaBneHHs MONEKYNsapHOI XipanbHOCTi. PO3rnaHyTO Aekinbka MogenbHUX npu-
Knagis AMCKPEeTHUX cnipanbHUX CTPYKTYp. BoHM gonyckaloTb TRnyMaveHHs HeTpuBianbHOI pPi3HULI B ONUCYBaHHI
MOJEKYNSPHOI XipanbHOCTi 3a AONOMOroK NCEBOOCKANSPHOro iHBapiaHTa CKpyTy Ta 3a JOMOMOIo MO3UTUBHUX
opb6iTanbHMX CKPYTIB, L0 3anponoHOBaHi B AaHil poboTi.

KnrouoBi cnoBa: monekynsapHa xipanbHicTb, onepaTop xipanbHocTi, npeactasneHHs JIKAO, reniueHu, MmiHic-
nupani AHK.
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MOLECULAR DYNAMICS SIMULATION STUDY OF CETYLPYRIDINUM CHLORIDE
AND CETYLTRIMETHYLAMMONIUM BROMIDE MICELLES

V.S. Farafonov, A.V. Lebed

Properties of cetylpyridinum chloride and cetyltrimethylammonium bromide micelles were investigated by
means of molecular dynamics simulation. The depth of water penetration into hydrocarbon micelle cores
was inspected. The distribution and binding of counter-ions around micelles were examined. The all-atom
potential models for surfactants studied were developed.

Keywords: cetylpyridinum chloride, cetyltrimethylammonium bromide, all-atom model, radius of gyration,
hydration, degree of counter-ion binding, molecular dynamics simulation.

Introduction

Alkylpyridinium surface active substances are extensively used in medicine as a component of
drugs and hygienic agents. Usually they act as antiseptics, but in recent studies they were shown to
enhance drug transport through skin [1] and to be able to deliver drugs to the central nervous system
[2]. On the other hand, they are commonly employed as cationic surfactants in the experimental work
in the field of colloid chemistry. These applications require deeper understanding of the properties of
the systems containing alkylpyridinium salts. In this study we employ the method of molecular dy-
namics (MD), which would give an insight into the properties of these systems on the molecular level.

However, there are only few publications reporting MD studies of alkylpyridinium salts [3-5], in
contrast to alkyl sulfate or alkylammonium surfactants. Moreover, among these publication there is
only a single work devoted to a micellar solution [5]. To fill this gap we choose to employ the mo-
lecular dynamics method to investigate the properties of micelle of cetylpyridinium chloride (CPC) as
the most important and widely used representative of this class of surfactants. Also we compare our
findings with the properties of micelle of cetyltrimethylammonium bromide (CTAB) as an example of
alkylammonium surfactants with the same length of hydrophobic tail.

Because the number of tested potential models of CPC or CTAB available in the literature ap-
peared to be limited, we develop, as a preliminary step, a new consistent set of potential models for the
surfactants. These models could be used in future simulations of systems containing CPC or CTAB.

Potential models

The correctness of the results of MD simulations is mainly determined by the accuracy of the em-
ployed potential models. The models are generally divided in two groups, the all-atom models where
each atom of the substance molecule is explicitly represented, and the united-atom models where
hydrogen atoms are merged with neighbor weight atoms. The latter models allow saving a large
amount of computational time and, at the same time, can well reproduce experimental properties pro-
vided proper parameterization is made.

We start with the analysis of the models available in literature. In [3,4] all-atom models were used,
and in [5] a united-atom model was employed. This united-atom model was tested in order to repro-
duce the micelle properties; it was shown to perform well and be compatible with other models built
within the framework of the GROMOS force field. A drawback of united-atom models is, however,
that converting CH,, groups to a single interaction sites completely removes the electrostatic contribu-
tion of the surfactant hydrocarbon chain to the interactions with other molecules. This could become a
problem when interaction between surfactant and other molecule is of interest (e.g. in studies of ad-
sorption or solubilization of a substance on a micelle). In such cases omitting large fraction of surfac-
tant—substance electrostatic interaction could violate interactions balance and distort the results of the
simulation. This argument limits applicability of the united-atom models.

On the other hand, all-atom models in the abovementioned studies have not been tested in micellar
configurations. Moreover, they either used uncommon force field (CLAY FF) [3], or were developed
with significant deviations from the parameterization methodology of used force field (namely, in the
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atomic charges derivation stage) [4]. These drawbacks hinder compatibility with other potential mod-
els of other molecules. For these two reasons we did not use these all-atom models in our present
study.

The number of MD simulation studies of cetyltrimethylammonium halogenides micellar solutions
is also short [6—8], and in most of them united-atom models are used.

Therefore we have chosen to develop and test novel all-atom models for CPC and CTAB, which
would reproduce micelle properties and, at the same time, would be versatile enough to be suitable for
simulations together with other molecules. We chose OPLS-AA as the one of the most widely used
and validated force fields [9]. At the same time, it was shown that original OPLS-AA parameters
poorly reproduce properties of long hydrocarbons at room temperature. It is because the molecules
become artificially ordered, which results in overestimated density and melting point. Naturally, this
defect also distorts the properties of micelles consisting of the surfactants with long hydrocarbon tails.
In an attempt to fix this defect some parameters were reconsidered in literature [10,11]. We employed
the modification by Murzyn et al. [11], which provides updated C—C—-C—C and H-C—C-H dihedral
angle parameters. This improvement brings calculated properties of long alkanes close to the experi-
mental values.

The next step is the derivation of atomic point charges. In accordance with the OPLS-AA fragment
approach, the whole cetylpyridinium ion was divided into two fragments carrying integer charges: the
neutral tetradecane, and the positively charged ethylpyridinium cation. Atomic charges of the tetradec-
ane fragment were set equal to the force field charges of alkane C and H atoms. This is physically
correct because of a fast fading of the —/ effect of the pyridinium ring. However, OPLS-AA does not
include atomic charges of either ethylpyridinium ion or protonated pyridine; therefore it became nec-
essary to compute these charges. We employed the algorithm, which was recommended by OPLS-AA
parameterization methodology. The first step was to perform the quantum chemical computation of the
distribution of electrostatic potential around the ethylpyridinium ion on the RHF level of theory using
the 6-31G(d) basis set. Then this distribution was fitted by point charges centered on each atom of the
ion using CHELPG algorithm. Importantly, these steps should be repeated for several molecule orien-
tations in order to obtain reliable values. We employed the RED server, which was specifically devel-
oped for this task to automate the process [12]. Finally, both fragments were merged and the charge on
the C atom second from the N atom was slightly adjusted to make the charge of the whole
cetylpyridinium ion equal to +1.

The final atomic charges as well as assigned atom types from OPLS-AA force field are represented
on Fig. 1, positively charged atoms are colored red, negatively charged ones are colored blue. For
other atoms the standard force field parameters are used.

In contrast, the potential model of cetyltrimethylammonium cation did not require additional
parameterization because all the parameters including atomic charges were found in the force field.
The model is also shown on Fig. 1.

#524 #525
H H H
01719 0.1590 |
#905  #911
#140  #911 #521 #525 H— © — H
H H c — ¢C 007  0.06
0.06  0.0896 0.0587  -0.1376 |
| | / \
#136  #908  #520 #523  #526 #o28
CH;— N —CH,
-0.0229 0.0215 -0.0298 0.0769  0.1511 |
| | \ / #136  #140
H H - H— C — H
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Figure 1. Atomic charges and types used in potential models of cetylpyridinium and cetyltrimethyl-
ammonium cations. Only parts with non-standard parameters are shown.
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For chloride and bromide the standard OPLS-AA parameters were employed. The water model
chosen was SPC.

Simulation methodology

All simulations were carried using GROMACS 5 [13] software package. The following parameters
were used: standard conditions, maintained using Berendsen couplings with the thermostat time con-
stant of 1 ps and the barostat time constant of 1.5 ps, the time step of 2 fs, the 3D periodic boundary
conditions, PME electrostatics, the cut-off length for van der Waals interactions of 1 nm. All bonds
were constrained with the LINCS algorithm.

A 20 ns simulation was performed for CPC and CTAB. The initial structure for all cases was a
nearly square bilayer consisting of 80 monomers together with their counter-ions. Starting with a pre-
assembled compact structure is a common approach [5-8] that simultaneously allows testing the qual-
ity of the model, and requires much less computational time in comparison with the starting configura-
tion with monomers uniformly distributed in solution. The bilayer was solvated in a cubic cell of water
with the size 9.7 nm that contained about 30000 water molecules (Fig. 2A). The monomer count of 80
falls in the range of experimental aggregation numbers of both studied surfactants [14,15] therefore it
is correct to study micelles of this size. Further, using equal monomer count for both micelles allows
to investigate the net effect of head groups and counter-ions on the micelle properties. The obtained
micelles are shown on Fig. 2BC.
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Figure 2. A: Initial configuration for CPC micellization. Cl” ions are shown as green orbs; B: Final
CPC micelle; C: Final CTAB micelle. Head groups are colored blue.

Results and discussion

First, size of obtained micelles was compared. The common measure of the size of the micelles,
proteins as well as other macromolecules and supramolecular aggregates is the radius of gyration R,.
Because the surfactants studied have head groups of different sizes we also calculated R, taking into
account only cetyl radical atoms (i.e. only the micelle hydrocarbon core). The results are shown on
Fig. 3. It could be seen that the size of the CPC micelle is larger than that of the CTAB one; the differ-
ence is caused by the head groups, while the hydrocarbon cores of all micelles have the same size. The
size reached the equilibrium value and fluctuates around it, except of the short-time deformation that
occurred at 11-14 ns. The average values of R, are 1.95 nm for the CPC micelle, and 1.88 nm for the
CTAB one. For both hydrocarbon cores R, equals 1.72 nm. We can estimate geometrical radii using

the ratio between geometrical and gyration radii of homogeneous sphere: R, /R=~/3/5 . This gives

approximate R values of 2.52 nm for CPC, 2.43 nm for CTAB, and 2.22 nm for hydrocarbon cores.
Direct comparison with experiment is hindered because of polymorphism and aggregation number
variability of micelles of these surfactants.

Next we examined the depth of water penetration into micelles. To estimate it we plotted radial dis-
tribution functions (RDF’s) g(») for distances between water atoms and micelle center of mass (COM).
For comparison RDF’s micelle COM—N were plotted. Hereafter only last 10 ns of trajectories were
used for computations. The plots are shown on Fig. 4A. It could be seen that RDF’s are similar for
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both surfactants that indicates smallness of impact of the head group on these properties in the studied
case. Nitrogen atoms of the head groups of both surfactants are usually located at 1.7-2.8 nm from the
micelle COM with the maximal probability at 2.2 nm. The density of water decreases by 2 times at
roughly the same distance (2.1 nm) as compared to the bulk solution. This indicates that the layers of
head groups and adjacent methylene groups of both micelles are strongly hydrated. Micelles become
almost dry at 1.3 nm (g(») is 1% of the bulk value) and completely dry at 1 nm. This observation
agrees well with the results of experimental measurements.
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Figure 3. Radii of gyration R, of whole CPC and CTAB micelles (A) and of their hydrocarbon cores
(B). Red curves are for CPC, blue curves are for CTAB.

Further the distribution of counter-ions around micelles was inspected. We evaluated the radial dis-
tribution functions for distances between nitrogen atoms of surfactants and counter-ions, the results are
shown on Fig. 4B. The distributions have the same general character, and consists of a well-defined
high peak at 0.47 nm followed by a lower and smoother peak (CPC) or a short plateau (CTAB).
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Figure 4. Radial distribution functions micelle COM-N and micelle COM-water (A),
N-Cl'and N-Br™ (B). Red curves are for CPC, blue curves are for CTAB.

Finally, the degree of counter-ion binding S was calculated. Unfortunately, there is no strict crite-
rion defining the position of the border between the ions considered as bound and those considered as
free. Moreover, this position seemingly depends on the experimental technique employed because
several f values are usually reported for the same surfactant. Therefore we estimated a range of possi-
ble p values by taking two limiting positions of the border. We took the end of the first peak on the
RDF as the lower bound (0.58 nm for CPC and 0.7 nm for CTAB) and, somewhat arbitrary, 0.9 nm as
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the upper bound. The fraction of the counter-ions located closer to the head groups than the lower
(upper) bound was taken as the lower (upper) estimation of f, correspondingly. The ranges obtained
are presented in Table 1 together with results of experimental measurements [16—19].

Table 1. Calculated and experimental values of degree of counter-ion binding of CPC and CTAB.

Surfactant MD Experiment
CPC 37-65% 45-67%
CTAB 59-69% 74-84%

It could be seen that the CPC model represents counter-ion binding well, while the CTAB model
underestimates it by 5-15%, that is 6—19% of the average experimental value.

Conclusions

MD simulation of micelles of common cationic surfactants cetylpyridinum chloride and cetyl-
trimethylammonium bromide with equal aggregation numbers was performed. The properties were
found to be very similar despite of difference of the head groups. Both micelles have dry hydrocarbon
cores with radius 1.0-1.3 nm, which agrees with available indirect experimental data. The developed
surfactant models represent the experimental values of degree of counter-ion binding with good accu-
racy, which proves that the ion—surfactant and ion—water interactions balance is maintained. The mod-
els could be used in all-atom simulations studying the behavior of substances dissolved in micellar
solutions or interactions of biomolecules with surfactant micelles within the framework of the OPLS-
AA force field.
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B.C. ®apadoHoB, A.B. Jlebeab. V3yyeHne muuenn LeTUNNUPUAMHUA Xropuaa U LeTUNTPUMETUITaMMOHUN
6pomMMaa MeTo4oM MOMNEKYNAPHO-AMHAMUYECKOro MOAENNPOBaHNS.

Onpe,qeneHbl cBOMCTBa MuULEeNn NOBEPXHOCTHO-aKTUBHbIX BELLECTB LlGTI/IJ'II'II/IpI/I,D,I/IHVIVI xnopuga v uetuntpume-
TUNAaMMOHUI 6p0MVI,CI,a C NOMOLWbK MONEKYINAPHO-AUHaAMMN4eCKOro moaenmpoBaHua. OueHeHa I'J'Iy6VIHa NPOHUK-
HOBEHMS BOAbl B YrNeBOAOPOAHble gapa Muuenn. PaccmoTpeHbl pacnpegeneHne U cBssbiBaHWe NPOTUBOMOHOB
BOKpPYr muuenn. Pa3p360TaHbl noJiHoaTOMHblE Moaenn Ond N3y4eHHbIX BeLeCTB.

KnioueBble croBa: LeTUNNUPUANHUIA Xopua, LeTUNnTpUMeTUnamMmMoHuii 6poMua, nonHoaToMHasa Moaens, pa-
ANYC MHEpLUMK, TapaTaLums, cTeneHb CBA3bIBAHUSA, MONEKYAPHO-ANHAMUYECKOoe ModenupoBaHme.

B.C. ®apadoHos, O.B. Jlebigb. BuBUYeHHS MiLen LeTunnipuaunHin xnopvay ta LeTUnTpuMmeTunamoHin 6pomiay
METOAO0M MOMEKYNAPHO-ANHAMIYHOrO MOAENIOBaHHS.

BusHadeHi BNacTMBOCTI MiLen NOBepXHEBO-aKTUBHUX PEYOBUH LEeTUNNIpUAMHIA Xnopuay Ta ueTuntpumeTtuna-
MOHili 6pomiay 3a JOMOMOroH MONEeKynsipHO-AMHaMiYHOro mogerntoBaHHs. OuiHeHa rmubrHa NPOHUKHEHHS BOAW Y
BYrneBOAHeBI siapa miuen. Po3rnsHyTi po3nogin Ta 3B’si3yBaHHSA NPOTUIAOHIB HaBKkomo Miuen. Po3pobneHi noBHo-
aTOMHI MoAeni Anst BABYEHUX PEYOBUH.

KnroyoBi cnoBa: uetunnipyauHin xnopug, LeTunTpumeTunamMoHin 6pomig, noBHOATOMHa Mogenb, pagiyc iHe-
puii, rigpaTtauis, CTyniHb 3B’A3yBaHHSA, MONEKYNAPHO-ANHaMiYHe MOOENOBaHHS.
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O BO3MOXXHOCTU U HAAEXXHOCTU KOHAYKTOMETPUYECKOI'O OINMPEAEJIEHUA
NPEAEJIbHbIX MOHHbIX MPOBOAVUMOCTEA U KOHCTAHT
KOMITJIEKCOOBPA30OBAHUA B PACTBOPAX 1-1 3JIEKTPOJIUTOB B HEBOIHbIX
PACTBOPUTEJISIX C YYACTUEM HEMTPANIbHbIX IMFTAHOOB

E.B. lonosu3sHuHa, 0.H. Kanyrun

MpeonoxeH mMeToa onpeneneHus npefenbHbIX NOHHBIX NMPOBOAUMOCTEN U KOHCTaHT KOMMrekcoobpaso-
BaHUsi B pacTtBopax 1-1 aneKTponvMTOB B HEBOAHbLIX PACTBOPUTENSX C y4acTUEM HEWTparbHbIX NUraHaoB.
MeTon ocHOBaH Ha NpoBedEeHUM ABYX KOHOYKTOMETPUYECKUX IKCMepuMMeHTOB, 6e3 n ¢ pobaeneHvem nu-
raHga, ¢ nocnegywouien obpaboTkon NONyYeHHbIX KOHOAYKTOMETPUYEeCKkUXx AaHHbIX. MeToa ycnewHo anpo-
6upoBaH Ha npumepe cuctemsl LiClOs-kpuntana-[2.2.1] B aueTonnTpune npu 25 °C. BbinonHeHo mogenu-
poBaHWe BMMSAHMS CITy4alHOro LWymMa B NePBUYHbIX 3KCMEPMMEHTANbHbBIX AaHHbIX Ha MOrPELLUHOCTb onpeae-
NeHUs1 NapamMeTpoB MoAeNnn. YCTaHOBMNEHO, YTO MPW YPOBHE CryYalHbIX MOrPELIHOCTEN B MEPBUYHbBIX KOH-
OYKTOMETpUYEeckux aaHHbix Huxe 0.5%, npegenbHas monsipHasi MpoBOAMMOCTb MPOCTOrO KaTuoHa MOXET
BbiTb HalileHa C TOUHOCTbIO A0 0.1 CM-CM?/MOfb, @ KOHCTaHTa KOMMIEKCO0BPa30BaHNs — C TOYHOCTbIO [0
0.03 nor. en.

Knio4yeBble cnoBa: 3MeKkTponpoBOAHOCTb, NpedenibHasi MOHHAs NPOBOAMMOCTb, KOHCTaHTa KOMMIIEKCOo-
O6paSOBaHMﬂ, KaTUOH NNTUA, KpuntaHdbl, aLeTOHUTPUI.

BBepgeHune

B HacToANICC BpEMA JINTUI-UOHHEIE AKKYMYJIATOPBL U APYTUC XUMHWYECKNUEC NCTOYHUKH TOKaA M-
POKO MCIONB3YIOTCS JUIS XPaHSHUsI AIEKTPUIECKONH HEPTUU. DIICKTPOIIPOBOJAHOCTD AJIEKTPOIUTHOTO
pacTBopa SBISIETCS BaKHEHIIEH 3KCILTyaTAllMOHHOW XapaKTEPUCTHKOH JIFOO0T0 AIIEKTPOXUMHYECKOTO
ycrpotictBa [1,2]. B pacTBopax 3JIEKTPOIMTOB TPAHCIIOPT MOHOB OMpenemseTcss AByMs (pakTopamu:
HMOHHOM accouuaieil (Iucconuaiueii) 3IeKTPoInTa 1, Kak CJIEJICTBHE, KOHIIGHTpALUeH HOCUTEICH
TOKa, a TAK)Ke MOJIBIKHOCTHIO HOHOB B pacTBope. B cBOrO ouepens, Iucconuanus 3eKTPOInTa ompe-
JIeNIAeTCsl TIABHBIM 00pa3oM AMAJIEKTPUYECKONH MPOHUIIAEMOCTBHIO PACTBOPUTENS, a MOIBHKHOCTH
HOHOB — €I'0 BA3KOCTHBIO. I[JISI JOCTHXCHHUA ONITUMAJIBHOTO COOTHOIICHUSA MEKAY COOTBETCTBYIOIIUMU
XapaKTePUCTUKAMU PACTBOPUTENS HA MPAKTUKE KaK MPABHUJIO UCIONB3YKT OMHAPHBIE CMECH MOJICKY-
JSIPHBIX JKUAKOCTEH, OJTHA U3 KOTOPHIX 00JIaaeT BRICOKOW UAIIEKTPHUECKON MPOHUIIAEMOCTEIO, JIPY-
rasi — HU3KOH BS3KOCTHIO. Bojbiioe pasHooOpa3ue CMEIIaHHBIX PAacTBOPUTEINICH, UCIOJIb3YEMBIX B
MPAKTHYECKOM 3ICKTPOXUMHUH, ONPEACISICT aKTYaTbHOCTh HAJICKHOTO OTPEACICHIS U IPOTHO3UPOBa-
HUSl KOHCTAaHT MOHHOHM acCONMalii W TPEeNIbHBIX HOHHBIX MPOBOAMMOCTEH MOHOB ISl JTUTHEBBIX
COJIeil B HEBOJIHBIX CpeJlax.

OcoOplIif HHTEpeC K MOHHOM MPOBOAMMOCTH KaTHOHA JIUTHUSA WM €ro YHCIY MEepeHoca B pacTBOpe
MPOJAMKTOBAH €Il M TEM, YTO B CIy4ac JUTUH-MOHHBIX aKKyMYJISITOPOB MMEHHO JIOJS TOKA, MEPEHO-
cuMasl KaTHOHAMU JIUTHUS, BO MHOTOM oIpeaelisieT ux 3¢ dekTuBHOCTS [1,2]. OnpenencHue dncen me-
PEHOCA U, KaK pe3yJibTarT, HOHHOMH IMPOBOJUMOCTHU MOKHO OCYIIECTBUTH IIPH IMOMOIIM psJia IPAMBIX U
HenpsMbIX MeTolIoB [3]. Cpenn KiacCHYeCKUX MPSMBIX METOJIOB CJIEAYET BBIACTUTHh MeToa [ uTTopda
U MeTOJ JABMWXKyluelcs rpanuubl [4]. IlepBolii OCHOBaH Ha ONpPENEICHUM W3MEHEHUS] KOHLIEHTpaIuu
JJIEKTPOSIUTA BOJIM3H KaTOJla M aHOZA TOCTe AIIEKTPOJIN3a, BTOPOH — Ha HAOIIOEHIH CMEIIeHHs Tpa-
HUIIBI MEXKIY JABYMS PacTBOPaMU 3JICKTPOJIMTOB, KOTOPBIE MMEIOT OJUH OOLIUI MOH, TOJ IEHCTBHEM
aNeKTpudeckoro moss. K coxaneHuro, NCIoIb30BaHNe JaHHBIX METOJO0B OIPaHUYCHHO M3-33a UX TPY-
JIOEMKOCTH, HEOOXOJANMOCTH HAJMYXS CIEeNHaIbHOTO 000pyIoBaHUs H, Oojiee TOTO, HEBO3MOXHO B
CiIydya€ CMCUIaHHBIX paCTBOpHTeHeﬁ. HerﬂMI)Ie METOJbI BKJIIOYAIOT MCIIOJIB30BaHUEC IIpaBUJIa Bans-
neHa-ITucapxeBckoro [5,6] ¥ HEKOTOPBIX JOMOJHUTEIBHBIX AOMYIICHUH O PABEHCTBE HOHHBIX MPOBO-
JUMOCTEH psima OONMBIIMX OpraHUYecKuX HOHOB [7]. TeM He MeHee, B TUTEpaType BCTpeUaeTCsl MHe-
HUe, 4To MpaBuio BanmbaeHa-ITucapKeBCKOTo «IaeT JI0KHOE MPEACTABICHUE O TOM, YTO IOC]IE YMHO-
JKEHHUSI IIPOBOJIUMOCTH Ha BSI3KOCTh MOKHO HE pacCMaTpUBATh BIIMSHUE BA3KOCTH KaK TakoBoi» [8]. B
TO K€ BpeMsl, JIOMyIIEHUS O PAaBHOCTH MOHHBIX ITPOBOJAUMOCTEN HEKOTOPBIX OOJBIINX OPraHUIEeCKUX
HWOHOB SBJISIOTCS KpaiHe MPUONIMKEHHBIMU U HE UMEIOT (PU3UYECKOTO MOATBEpKACHUS [S]. D10 BemeT

© T'onosuznuna E. B., Kanyrun O.H., 2016 onkalugin@gmail.com
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K HEOOXOIMMOCTH pa3pabOTKH MPOCTOro HAaASKHOIO METOJa AJISl ONpENeNICHUs] HOHHBIX IPOBOANMO-
cTelt (uncen nmepenoca) st 1-1 37eKTPOTUTOB B HEBOIHBIX PACTBOPUTENSAX, B TOM YHUCIIE CMEIIIAHHBIX.

Hpyroii npobieMoii, BO3HUKaIOLIeH Mpu pa3paboTKe W ONTUMH3ALUH JTUTHH-HOHHBIX aKKyMYJISATO-
POB, SIBJISIETCS] HETIONHASI TUCCOLIMALMS 3JICKTPOJINTA B PACTBOPUTENAX C HEJOCTATOYHO BHICOKUM 3Ha-
YEHUEM JUIJIEKTPUUYECKON MpoHUIaeMocTH [2]. s MOBBIMIEHUS PaCTBOPUMOCTH U 3JIEKTPOIPOBOA-
HOCTH TIEPCIIEKTHBHBIM CYHTAETCS METOJ BBEAEHHUS B PAcTBOP A00ABOK MaKPOLMKINYECKUX HEH-
TPaJbHBIX JIMTaHAOB — KpayH-3(¢HUpoB U KpunTtauaos [9]. bnaronaps Hanmnunio cepudeckoil MoJoCTH,
CIIOCOOHOH BKJIIOYATh KaTHOHBI COOTBETCTBYIOIIEIO pa3Mepa M IPAKTHUECKH IOJHOCTHIO 3KPaHUPO-
BaTh UX OT B3aMMOJEUCTBHUS C PACTBOPUTEIEM M IIPOTHUBOMOHOM, aHHBIE COEIUHEHHS CIIOCOOCTBYIOT
MIOBBIIIEHHON PAacTBOPUMOCTH 3JIEKTPOJIUTOB U YMEHBIIEHHIO UX camoaccoruanuu. C 3Toil Touku
3pEHHMSI aKTYaIbHBIM SIBIISIETCS] HAZCKHOE ONpEAeTICHNE KOHCTaHT KOMIUIEKCOOOpa30BaHUsI KaTHOHOB
LIEJIOYHBIX METAJJIOB, B IIEPBYIO OuYepeAb KaTHOHA JIMTHS, C MAKPOLMKINYECKUMH Jurannamu. Cie-
OyeT TP 3TOM 3aMETUTh, YTO Ul UCCIIENOBAaHUS TaKOTO poJa PaBHOBECHH KOMIUIEKCOOOpa30BaHUS
HCTIOJIb30BaHKUE CHEKTPO(OTOMETpHUN KpaiHe 3aTpyAHEHO, a IPUMEHEHHUE TOTEHIIMOMETPUH SIBIISIETCS
JOCTaTOYHO OIPaHUYCHHBIM.

Henbto Hacrosmiel paboThl OblIa pa3paboTKa METOJa HaIEKHOTO OINpeJesIeHHs] KOHCTAHT KOM-
IIEKCO0Opa30BaHusl M MPEAEIbHBIX HOHHBIX MPOBOIUMOCTEN B TPOHHBIX cucteMax 1-1 anexTponut —
HEHTpaNbHBIN JTUraH] — HEBOAHBIA PAacTBOPUTENb UCKIIOUUTEIBHO MO KOHAYKTOMETPUYECKUM IaH-
HBIM C UCTIOJH30BAHUEM XEMOMETPHUYECKOT0 MOoIXoa. B KauecTBe SKCIEPUMEHTAIBHBIX TAaHHBIX ObI-
J¥ BBIOpaHbI PE3yJIbTaThl KOHAYKTOMETPHUUECKOTO HCCICAOBAHMS MEPXJIopaTa JUTHS B alleTOHUTPHIIE
B MPUCYTCTBUM MaKpOLUKINYECKOro Juranaa - kpunraaga [2.2.1] [10,11]. Ctpykrypa auranga npu-

BeJieHa Ha pUCYyHKe 1.
(A
N © N

Co o/
/

Pucynok 1. Ctpykrypa kpunrasama [2.2.1]

O60cHOBaHME METOANKMN KOHAYKTOMETPUYECKOro onpeaesieHnss KOHCTaHTbl
KOMnneKc006pa3osa|-|m| n npenenbuoﬁ MOHHO npoBoAMMOCTH

Kak HU3BCECTHO, MOJIApHAA 3JICKTPOIMPOBOJHOCTL 3JICKTPOJMTHOTO PACTBOpA OMPEACIACTCA paBHO-
BCCHBIMH KOHICHTpAIHUAMHA BCEX COPTOB MOHOB U X MOJIAPHBIMU MOHHBIMU ITPOBOAUMOCTSAMU

; (1)

1
A :chi}\’i |Zi
i

rae ¢, ¢ - 06]]_[35{ (CTCXI/IOMG’I‘pI/I‘IGCKaH) KOHIOCHTPpANUs 3JICKTPOJIUTAa U PaBHOBCCHAA KOHUCHTpAl U

HOHOB I-TO copra € 3apsaaoM z;, COOTBCTCTBCHHO, 7\7' - MOJISIpHas 3JICKTPOIIPOBOJHOCTDH I-TO copTa

HOHOB.
MosipHY 0 POBOJAUMOCTh HOHOB MOYHO BBIPA3HUTh YEPE3 IIPEAEIBbHY0 MOJIIPHYIO TPOBOJUMOCTD

MAo,; ¥ KOHIIEHTPAIIMOHHO-3aBUCHMYIO JaCTh Al(c)
7\‘1' = }\‘O,l' + A)\;l (C) . (2)

C yuerom BeIpakerwi (1) u (2) I MOJSIPHOHM DIIEKTPOIPOBOAHOCTH pacTBopa 1-1 amekTpomnmra
MOKHO 3a1ucarTthb

At rer ) He G e re (o e (), @
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I7Ie KOHLEHTPAallMOHHO-3aBUCUMasl YacTh CTAHOBUTCS OJMHAKOBOW IS KAaTHOHA M aHMOHA B CIydae
PaBEHCTBA UX PABHOBECHBIX KOHICHTPALUN C, =C_ =Cy:

A== {cx (o +ho +200(es)) = (g + 20 (). (4)

PaBencTtBo PaBHOBECHBIX KOHHGHTpaIH/Iﬁ KaTUOHOB U aHUMOHOB IJII CUMMETPHUYHBIX 3JICKTPOJIMTOB
(B ToM uncie 1-1 3MeKTPONUTOB) MPUHIIUITHAIBHO HE MO3BOJISIET ONPECIIAThH MPEeAeIbHBIC MOJISIPHEIE
MIPOBOIMMOCTH OTIENIbHBIX HOHOB U3 KOHAYKTOMETPHIECKOTO IKCTIEPUMEHTA.

PaccmoTpum manee cuTyanmro, Korna B pactBop 1-1 anmektponura qo0aBiIeH HEHTPATBHBIN JIUTaAH,
00pa3yroIIni KOMITJICKCHI C KATHOHOM B COOTBETCTBHH C PABHOBECHEM

Kt L2 KIL", K. 1)
B pEe3yJbTaTC PCAKIIUN (I) HU3MCHSCTCA KOHLCHTpPALUA KAaTUOHOB W IOABJIAIOTCA HOBAasA 4aCTU-

naKtL" |, mpoBogMMOCTh KOTOPO#t OTAMYAOTCSA OT TAKOBOM ISl IPOCTOr0 KatoHa. COOTBETCTBEHHO,
WCCIIEZIOBaHNE DIEKTPOIPOBOJHOCTH TPOHHON CHCTEMBI SJIEKTPOJIUT - JIUTAH]] - HEBOJHBIH PacTBOPH-
TENh TP Pa3HBIX KOHIEHTPAIMIX KaK dJICKTPOIUTA, TaK U JUTAHJA, OTKPHIBACT IYTh IJII OJHOBpE-
MEHHOTO ONpeJeNIeHUs] KaK KOHCTaHThI KOMILJIEKCooOpa3zoBaHus paBHOBecHs (1), Tak ¥ mpenenbHBIX

o + + o
npoBoauMocteit mpocroro (Kt' ) u xommnexcHoro (KtL" ) xatuonos. Ilpu HEoOxommumocTH, Takoi

moaxoa IO3BOJIACT JIETKO YYECTh W BO3MOXKHOCTH MOHHOHM acCOITMauy HCXOJHOTO DJICKTPOJIUTa B
COOTBCTCTBUU C pPABHOBCCUCM

Kt"+An" = KtAn, K, (IT)
B HacTosmieii pabote Ha mpumepe peakiuu
Li" +crypt-[2.2.112 Li-crypt-[2.2.1]", K[
B allETOHUTPUJIC JOKa3aHa BO3MOXKHOCTh HAJICXKHOTO OIPECIICHHS MPEIeIbHOW HOHHOM MPOBOIUMO-
CTH KaTHOHA JIUTUS M KOHCTAHTHI KOMIUIEKCOOOPa30BaHUS C YIETOM a) KOI(PDHUITNEHTOB aKTHBHOCTH
3apsDKEHHBIX YacTHIl B pacTBOpe U 0) MEKMOHHON acCOIMAIMU MEXIY KAaTHOHOM M aHHOHOM HCXOJI-

HOI COJIM C UCIIONB30BAHUEM COOTBETCTBYIOIIUX KOHIYKTOMETPUYECKUX AaHHbIX [10- 11].
B ocHOBe npeIoKeHHOTO METOIa JISKUT METOT MUHUMHU3AINHA CYMMBI KBaJpaTOB OTKIOHCHUN

n 2
0=% (A;"P — Alheor (A)) — min (5)
k=1

9KCIIEPUMEHTANBHBIX 3HAYEHHUH 3JIEKTPOIPOBOTHOCTH Apr cuctembl 1-1 3JeKTpoNuT — NMUTaHg —

PACTBOPUTEIIb OT TEOPECTUUCCKU PACCUUTAHHBIX

n

theor 1

A (A)=7Z|Zi|ci7\‘i ([,A) (6)
¢ =l

I Ka)K,Z[Oﬁ k-Toit BKCHQPHMeHTaHLHOﬁ TOYKH 1o 3aaHHOMY Ha60py nmapaMeTpoB

A= {X?...Xg.”kg,R} TEOPETHUECKON MOJENIM 3aBUCUMOCTH 3JICKTPONPOBOJTHOCTH OT KOHIICHTPAIIUU

CONU U JIura”ja. 31ech z;, ¢;, A, k? - 3apsiI, MOJIApHAs KOHIICHTPAIHS, MOJISIpHAS MTPOBOJIUMOCTD H
MIpeJieNbHAsT MOJISIpHAS. TIPOBOJIUMOCTE i-TO COPTa MOHA U3 OOIMIel COBOKYIMHOCTH § 3apsSKEHHBIX Yac-
tull, / - HOHHAs cujla pacTBopa, R — mapaMeTp HauOOJBILErO COMMKEHHUS.

Cpenu CymecTBYIOIINX TEOPETUIECKUX YPAaBHEHNH /ISl OMMMCAHMS KOHIIEHTPAIIOHHOM 3aBHCHMOCTH
AIIEKTPOTPOBOTHOCTH CIIOKHBIX JJIEKTPOJIHMTOB MpEANodTeHne ObLIIO OTHAHO ypaBHeHHIO JIu-YuToHa
[12, 13], mo3BosIOLIEMY JOCTATOYHO KOPPEKTHO YUYECTh J1BA BaKHEHILIUX SIBICHUS B 3JEKTPOIUTHBIX
pacTBopax - HOHHYIO acCOIMAIINIO ¢ 00pa30BaHNEM HOBBIX, B TOM YHUCIIE U 3apsHKEHHBIX, YACTHUI] B pac-
TBOPE U KOPOTKOIEHCTBYIOIINE HOH-MOJIEKYIISIPHBIE B3aNMOICHCTBHS - HOHHYIO COJTbBATAIIHIO.

C yuerom paBHoBecuii (I, II) Habop MCKOMBIX TTapaMETPOB BKIIIOUAET B CeOsl MPEIEIbHBIC MOJISP-
HBbIE TIPOBOJUMOCTH KaTHOHA MeTaJula, aHWOHA, KOMIUIEKCHOTO KaTHOHA, KOHCTAHTHI acCOIMAIUU H
KOMITIIEKCOOOpa30BaHUs, a TakKKe MapaMeTp HauOOJBIIEro COMMKEHHs] HOHOB. B To ke Bpems, mpe-
JeNTbHast MOJISIpHAs! TPOBOJMMOCTE aHHOHA MOXET OBITh BhIpaskeHa coriacHo (7)

o (An')z A (KtAn) -2, (Kt+) 7
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N 3aMCHCHA B Ha60pe HCKOMBIX ITapaMETpPOB Hpe,[[eJIBHOI?'I MOHﬂpHOﬁ MMPOBOAUMOCTBIO JJICKTPOJIUTAL
Az{AO(KtAn), Mo (KL ), 2o (KE), 1gK i, gk, R ®)

O4eBHIHO, YTO OJHOBPEMEHHOE OTpeieNieHHe IIeCTH MCKOMBIX MapaMeTpOB C HCIOIb30BaHHEM
METOZ0B MHOTOMEPHON HEJTMHEHHOW ONTHMM3AIINH SBIIIETCS BEChMa MPOOIeMaTHIHBIM. Pemyrmpo-
BaHUC Ha60pa HNCKOMBIX MapaME€TPOB CTAHOBUTCSA BO3MOKHBIM IIPU HAJIWYUHN AJOIMOJTHUTECIBHOTO 3KC-
MIEPUMEHTa TI0 ONPEAEIICHHIO MOJSAPHOW SIEKTPOIPOBOJHOCTH CHCTEMBI AJIEKTPOIUT-PACTBOPUTEIH
6e3 muranga. [lapameTpsl, TOTy4YeHHBIE C €0 TIOMOIIBI0, 4 UMEHHO MpeeTbHast MOJISIPHAs TIPOBOIHU-
MOCTb CaMOTO 3IEKTPOIHTA A (KtAn) , KOHCTaHTa MOHHOH accormanuu K 4 U napameTp HauOoJb-

mero cOMMKEeHUsT HOHOB R, MOTYT OBITh HCIIONIB30BaHBI ISl 0OPa0OTKH KOHITYKTOMETPUYECKUX JIaH-
HBIX TPOWHOH CUCTEMBI. B 3TOM cirydae, HabOp MCKOMBIX TIapaMeTPOB MPUOOpPETAET BU

A:{ ho (KELT), 2 (K27), ngL} ©)

Takum 00pa3om, mpeyTaraeMblii METOJI BKITIOYAET YEThIpPe MOCie0BaTeNbHble cTaanu. [lepBas —
MPOBEACHUE KOHIYKTOMETPHUECKOTO 3KCIEPUMEHTA JJii OMHAPHOW CHUCTeMBI 1-1 3JIeKTpOSUT — pac-
TBOpUTENb. BTOpas — 00paboTka KOHAYKTOMETPUYECKUX JTAHHBIX, MOJTYYCHHBIX HA TEPBOM CTaauw,
ISl OJTydeHHs TIPEAENbHOM MOJISIPHOH MPOBOAMMOCTH 3IEKTPOINTa A, KOHCTAHTHI HOHHOM acco-
nuanuy exrponuta K 4 (B coorBeTcTBUM ¢ paBHOBecueM (11)) u mapamerpa Hanbombliero commxe-
HUS HOHOB R . TpeThsi — NpoBelleHHE KOHIYKTOMETPUIECKOTO IKCIIEPUMEHTA JIJIsl TPOWHOW CHCTEMBI
1-1 2MEKTPONUT — JIUTAH/ — PACTBOPUTEIH C Pa3HBIM HA0OPOM KOHIEHTPAIUI KaK 3JIEKTPOJINTA, TaK U
nurasaa. YerBepras - o0pab0OTKa KOHIYKTOMETPUYECKHX JAHHBIX, MOJYYCHHBIX HA MPEIbIIYyIICH
CTaJiiH, C LEJIbIO MOJYYEHU IIPEACIIBHON MOJISIPHOM TPOBOJAMMOCTH KaTHOHA MeTajia Lo (Kt+) , KOM-

INICKCHOT'O KaThuOHa )\,0 (KtL+)I/I KOHCTAHTBI KOMHJ'ICKCOO6p3,30BaHI/I$I KL COTJIaCHO paBHOBECUIO L

Pe3ynbTaTbl M 06Cy)kaeHue

Anpobanus NpeasioxKeHHOW METOIUKH BbImoyiHeHa Ha npuMepe cuctembl LiClO4 - xpunrana-
[2.2.1] B aneronuTpuie npu 25°C myTeM 00pabOTKH COOTBETCTBYIOIINX KOHIYKTOMETPUYECKUX J1aH-
HeIx [10, 11].

B HacTosmelt paboTe MUHMMU3AIMIO CyMMbI KBaAPaToOB OTKIOHEHUH () MPOBOAMIIN C HCIIOIb30BaA-
HUEeM Merona aedopmupyemoro MHororpanHuka [14] mo mporpamme CROWN, kortopas sBusercs
MoauHUITIPOBaHHON HaMu Bepcuei mporpaMmbl LWEXT (aBTopsr Kamyrun u Ilmatyxun). Maremartu-
YECKHUEe OCHOBBI IPUMEHEHUS TIoceAHel onucansl B [15-17].

B tabmuue 1 npuBeneHsl pe3yabTaThl 00paOOTKH KOHIYKTOMETPUYECKUX NAHHBIX AJIs1 OMHApHOU
CUCTEMBI, B TaOJIHUIIEC 2 — JIJIs1 TPOMHOIA.

Ta6muua 1. Pe3ynpraTtel 00pabOTKH KOHAYKTOMETpUYECKHX AaHHBIX it cucteMbl LiClO4 - amerto-
HATPWI Tpu Temmeparype 25 °C, moydeHHBIE ¢ HCII0Ih30BaHUEM pa3padOTaHHOTO METOa IO dKCITe-
puMenTanbHBIM JaHHeM [10]. Bemuuwmasr Ay (LiClO,), © (aucrmepcust ammpoKCHMAIlMH) TaHBI B

2
CMm-cM/MOab, R — HM.

173.30+0.03 1.263+0.003 0.71£0.02 0.02

Tabauna 2. Pe3ynpraTel 00pabOTKH KOHAYKTOMETPHUYECKHX AaHHBIX Aisi cuctembl LiClO, - xpur-
taHa-[2.2.1] B aneronuTpuie npu temneparype 25 °C, moiydeHHbIE C UCIOIB30BaHUEM pa3padoTaH-

HOTO METOJa IO SKCIEepUMEHTaIbHBIM AaHHBIM [11]. BeauuuHb ko(Lﬁ), ko(LiLJr), G [aHbl B

CM-CM>/MOJTB.

o (Li*) o (LiL*) [2.9) ©

69.5+0.7 61.0+0.7 3.4,+0.14 0.2
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[MTony4yeHHOe 3HAUEHHE TPEACTBHOW MOJSPHON MPOBOJAUMOCTH KATHOHA JIUTHS B AllCTOHUTPHIIEC
npu 25 °C I0CTATOYHO XOPOIIO COTTIACYETCS C JINTePaTyPHBIM 3HaueHHeM (69.3 CM:cM>/MOITB), MOY-
YEHHBIM U3 HE3aBHCHMOTO DKCIIEPUMEHTA Mo uyuciam nepeHoca [18]. Creayer 3aMeTHTh, YTO MOJY-
YEHHOE HAMH 3HAUCHHE KOHCTAHTHI KOMILJIEKCOOpa3oBaHus He coriacyrores ¢ [11], ybK oKkcrepuMeH-
TaJbHBIE JaHHBIE MBI moaBeprim obpadotke (lgK; =6.12). IlomoGHOTO poma OTIMYMS CBSI3aHBI C

TeM, 9To aBTOpHI [11] ucmons30Bamy M1t 00pabOTKH CBOMX JAaHHBIX YPaBHEHHE DIICKTPOIPOBOIHOCTH
®dyocca-Xcua A1l CHMMETPUYHBIX 3JIEKTPOIUTOB, KOTOPOE B MPUHITUIIE HE TPUCTIOCOOICHO IS OIH-
CaHWMsI AJIEKTPOIPOBOTHOCTH CIIOKHO aCCOLMUPOBAaHHBIX 3eKTposmToB. Kak cnencreue, B padote [11]
WCTIOJIH30BAHBI JIOTIOJHHUTENBHBIE YIIPOIIEHUS, KOTOPble W NPWBEJH, M0 HAIIeMy MHEHHIO, aBTOPOB
[11] x ommboYHOMY 3HAYEHUIO KOHCTAHTHI KOMILJIEKCOOOPa30BaHUSL.

MopaenupoBaHMue BIMSAAHUS CJTy4alHbIX NOrpPEeLIHOCTEN B 9KCePUMEHTasIbHbIX
AaHHbIX HAa NOrpeLHOCTb onpeaesieHnsi UICKOMbIX NapaMeTpoB

Jlns mpoBepkH TIPeIOKEHHOTO METO/a HaMU OBLI MPOBEICH MOJEITHHBIA AKCIIEPUMEHT, IICIBIO
KOTOPOTro ObUI aHAIW3 BJMSHHS CIyY4alHOrO IIyMa B MCXOAHBIX KOHIYKTOMETPUYECKHX TaHHBIX Ha
MOTPEIIHOCTH ONTUMHU3UPYEMBIX BEIMYUH.

B kadecTBe HauaNbHBIX MPUOIMKEHUH HCIIONB30BAM TOJTy4YeHHbIE B TaOnuuax | u 2 3HaYeHHs

NPENeIbHBIX MOJIIPDHBIX IPOBOAMMOCTEH M KOHCTaHT paBHoBecuii K; u K,, a HMEHHO
o (Li+) = 69.5 Cm-eM’/monb, Ay (LiClO4) = 173.30 Cm-cM’/Mons, lO(LiLJr) = 61.0 Cm-cM”/MoTB,

IlgK, =1.263, 1gK; =3.40, R =0.71 um.

Hcxons n3 HayapbHOTO 3HaUCHHS Ha0Opa MCKOMBIX mapameTpoB A (yp. (8)), ObuiM paccyuTaHbl TEO-
peTHYeCcKHe 3HAYCHUS MOJIIPHOM MPOBOJAUMOCTH TPOWHON CHCTEMBI B KOHIICHTPAIIMIOHHOM HHTEpPBAJC
LiClO, 5.0-10* - 5.0-10” mons/n n xpunTanma-[2.2.1] 5.0:10* - 5.0-10” mons/n (Bcero 25 Touek). K
MOJYYCHHBIM 3HAYCHHUSAM ObUT T0OABJICH CIIyYalHBIM IIIyM, PACIPEACICHHBIN 10 HOPMAJILHOMY 3aKOHY C
ypoBHem 0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8 u 1.0% oT BeTMYUHBI MOJISIPHOH 3JEKTPOIPOBOTHOCTH.

3areM Oblia MpOW3BEICHA MUHUMH3AIUSA CYMMBI KBaJpaTOB OTKJIOHEHHWH 10 TPeM Iapamerpam -

IPEIENLHOM MOJIPHON NPOBOIMMOCTH KaTHOHA METAJIa A (Li+) , KOMILTEKCHOTO KaTHOHA 1 (LiL+)

U KOHCTaHTe KoMILIekcooOpaszoBaHus Ky .

Jnst Kakaoro ypoBHsSI ImymMa HaOOp HMCXOAHBIX KOHAYKTOMETPUYECKUX IaHHBIX Te€HEPHPOBAIN
TPUKIBL. YCpPEJHEHHbIE 3HAYEHUs PE3yJIbTaTOB MOJEIMPOBAHUS Ul KaXJOIO YPOBHS CIIy4alHOIO
HIymMa npeicTaBieHbl B Tadauie 3.

Ta6auua 3. MoaenupoBaHue BIUSHUS ClIydaiHOTO IIyMa c¢ ypoBHeM norpermHocta 0.01 — 1% nHa
pe3yabTaThl 00pPaOOTKH KOHAYKTOMETPHUUECKMX AaHHBIX PACTBOPOB MEpXJopara JIUTHS C KPHUIITaH-

noM-[2.2.1] B aneroruTpmiie mpu temrepatype 25 °C. Bennuuasl KO(LiJr) » Ao (LiL+) ,1gK; ,c nansl

B CM*cM*/MOJIb.

VpoBeHb 1ryMa o (Li+) Ao (Lﬂj’) IgKy °
0% 69.5 61.0 3.40

0.01% 69.55+0.03 61.05+0.04 3.402+0.004 0.02
0.1% 69.6+0.4 61.1+0.4 3.40+0.03 0.2
0.2% 69.,+£1.0 61.,+1.0 3.38+0.07 0.4
0.3% 69.6+0.8 61.0+£0.8 3.41+0.09 0.5
0.4% 69.s+1.3 61.5+1.3 3.42+40.13 0.7
0.5% 69.6+1.2 61.,£1.2 3.3,£0.14 0.7
0.6% 7042 61£2 3.3,40.17 1.0
0.8% 70+3 62+3 3.6+0.3 1.3
1% 70+4 61+3 3.140.3 1.7

Kak mMo03xHO BUACTHL U3 MOJYUYCHHBIX NJAHHBIX, IIPU YPOBHEC cnyqaﬁﬂoro ryMa B Auara3oHe 0.01 —
0.5% 3HaueHUs MNPpEACIbHBIX MOJISIPHBIX HpOBO,I[I/IMOCTefl OTACIIBHOI'O COPpTa HOHOB U KOHCTAHTBI KOM-
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IUIEKCOOOpa30BaHUsl OYCHb ONM3KM K WCATbHBIM — MOTPENIHOCTh OMPENCICHUs] HE TMPEBBINIACT
0.1 Cm-cM*/MOTb B Cllydae MpeaeibHBIX MOJISPHBIX mpoBoxuMocteil u 0.03 1or. ex. B ciydae jora-
pudMa KOHCTaHTHI KOMILIEKCOOOpa30oBaHus. YBEIMUECHUE YPOBHS CIydaifHOTO IiyMa BILIOTH 10 1%
MPUBOJUT K YOBJICTBOPUTEIBHOMY BOCITPOM3BEICHHIO KAK MPEIEIbHBIX MOISPHBIX MPOBOJIUMOCTEH,
TaK ¥ KOHCTAHT KOMITJIEKCOOOPa30BaHUSI.

Conocrapnenue MCIEPCHI aNIIPOKCUMALUKM M IIOTPELIHOCTH B ONPENEICHU BEIMYUH A (Li+) u

ngLB p€aJIbHOM U MOACIBHOM 3KCHCPUMEHTAX IMO3BOJIACT CACIATh BBIBOA, YTO B MCIIOJIBb30BaHHBIX

HaMU JINTEPATypHBIX KOHAYKTOMETpPHUECKHWX JaHHBIX [11], ciy4aiiHas TOTPEemIHOCTh He
npessimaet 0.5%.

NTormn

BrnepBble mpeioskeH METOA OJXHOBPEMEHHOTO ONpEAEICHUSI KOHCTAHT KOMIUIEKCOOOpa3oBaHus U
IIPeIeIbHBIX MOJIIPHBIX IPOBOJUMOCTEN MOHOB B PacTBOpax 1-1 3JeKTPOJIMTOB B HEBOAHBIX PACTBO-
PUTENAX C YHaCTUEM HEHTPANbHBIX JINTAHJOB MCKIIOYUTEIHHO MO KOHAYKTOMETPHYECKUM JaHHBIM.
Meton 0cHOBaH Ha MPOBEJECHUU JIBYX KOHAYKTOMETPHUYECKUX IKCIIEPUMEHTOB — JJIsi OMHAPHOH CHC-
TEMBI 3JIEKTPOJIUT-PACTBOPUTENL U TPOWHON CHCTEMBI AIIEKTPOIUT-IUTaHA-pacTBOpUTENb. [1o pe3ynb-
TaTaM MEPBOI0 SKCIEPUMEHTA MOTI'YT OBITh ONpeNesIeHbl NpeaesibHAsT MOJISIPHAsl IPOBOAUMOCTD 3JIEK-
TPOJINTA, KOHCTAHTa MOHHON aCCOIMAlMK JIEKTPOJINTA U MapaMeTp HauOOJIbIIEro cONMKEHUSI HOHOB,
KOTOpbIE HCIIONB3YIOTCS Ul 00pabOTKM aHHBIX BTOPOIO SKCIEPUMEHTa C LENBI0 MOJY4YeHHUs Ipe-
JeTIbHON MOJIAPHOI NMPOBOJMMOCTH KAaTHOHA METayla, KOMILJIEKCHOTO KaTHOHA M KOHCTAHTBI KOM-
miekcooOpa3oBanus. Anpobaius Merona Ha cucreme LiClOy - kpunrana-[2.2.1] - alleTOHUTPHUI MPU
25°C nokasana XOpOIlIyl0 COrJIACOBAHHOCTh PE3YJIBTATOB C IMTEPATYPHBIMU AAaHHBIMHU IO MpEENbHOMN
MOJISIPHOH IIPOBOAMMOCTH KaTHOHA JIUTUS B allETOHUTPHUIIE.

st mpoBepKH HAJEKHOCTH METoJia ObUT MPOBEACH MOJENBHBIA SKCIEPUMEHT C YPOBHEM ITyMa
0.01 — 1%, KoTOpHBIH MOKa3an, YTO ypOBEHb IIyMa BIUIOTH 10 0.5% MNPUBOIUT K MajbIM HOTPELIHO-
CTSIM B OIIpEIeNICHNH UCKOMBIX BeIMYHMH. [Ipy MOBBIIIEHUH YPOBHS LIyMa BIUIOTH 10 1% pe3ynbTaTbl
SBJISIFOTCS. YZIOBJIETBOPUTEIbHBIMU.
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Hocmynuna 0o pedakyii' 9 srcoemus 2016 p.

K.B. lNonosgisHiHa, O.M. KanyriH. [po MOXNMBICTb Ta HaQiIAHICTb KOHAYKTOMETPUYHOIO BU3HAYEHHST TPaHUYHKX
iOHHWMX NPOBIAHOCTEN Ta KOHCTaHT KOMMIEKCOYTBOPEHHA B po3vMHax 1-1 enekTponiTiB Yy HEBOAHUX PO3YMHHUKAX
3a yyacTio HenTpanbHUX firaHais.

3anponoHoOBaHO METOA BU3HAYEHHSI TPaHUYHNX iOHHUX NPOBIQHOCTEN Ta KOHCTAHT KOMMMEKCOYTBOPEHHS B PO3-
YmHax 1-1 eneKkTponiTiB y HEBOAHMX PO3YMHHMUKAX 3@ y4acTio HeWTparnbHUX mniraHgis. Metop 6a3yeTbcs Ha npoBe-
OEeHHi ABOX KOHAYKTOMETPUYHMX eKCNepMMEHTIB, 06e3 Ta 3 gogaBaHHAM firaHay, 3 noaanbLliol obpobkoto oTpu-
MaHWX KOHOYKTOMEeTpuYHUX AaHux. MeTtoa OyB ycnilwHo anpoboaHwii Ha npwuknagi cuctemu LiClO4-kpunTaHa-
[2.2.1] B aueToHiTpuni npu 25 °C. BukoHaHO MoAentoBaHHA BNVMBY BMNAAKOBOIO LWYMY B NEPBUHHUX eKcrnepumMe-
HTanbHUX JaHUX HA MOXMOKY BU3HAYEHHsI NapameTpiB Mogeni. BctaHoBNEHO, Lo SKWO piBEHb BUNAAKOBUX MOXM-
6GOK B NEPBMHHMUX KOHOYKTOMETPUYHMX AaHuX Hux4e 3a 0.5%, rpaHnyHa monsipHa MpoBiAHICTb NPOCTOro KaTtioHa
Moxe OyTu 3HampgeHa 3 TouHicTio o 0.1 Cm-cm? / Morib, a KOHCTaHTa KOMMIIEKCOYTBOPEHHS - 3 TOYHICTIO OO0
0.03 nor. oga.

Knto4yoBi cnoBa: eneKkTponpoBifHICTb, rPaHNYHa iOHHa NPOBIAHICTb, KOHCTaHTa KOMMIEKCOYTBOPEHHS, KaTioH
NiTito, KpUNTaHAW, aueToHITPUI.

K.V. Goloviznina, O.N. Kalugin. Possibility and reliability of conductometric determination of limiting ionic con-
ductivities and complexation constants in solutions of 1-1 electrolytes in non-aqueous solvents with neutral
ligands.

A method of determination of limiting ionic conductivities and complexation constants in solutions of 1-1 electro-
lytes in non-aqueous solvents with neutral ligands was proposed. The method is based on carrying out two con-
ductometric experiments, with and without adding a ligand, followed by received conductometric data processing.
The method was successfully tested on a sample of the system of LiClIO4-crypt-[2.2.1] in acetonitrile at 25 °C. The
modeling of the influence of random noise in the primary experimental data on an error in determination of the
parameters of the model was carried out. It was found that when the level of random errors in the primary conduc-
tometric data is below 0.5%, the limiting molar conductivity of a simple cation can be determined with an accuracy
of 0.1 S-cm?/mol and the complexation constant - with an accuracy of 0.03 log. units.

Keywords: conductivity, limiting ionic conductivity, complexation constant, lithium cation, cryptands,
acetonitrile.

Kharkov University Bulletin. Chemical Series. Issue 27 (50), 2016

38



BicHuk XapkiBChKOTO HaIliOHALHOTO YHIBEpCUTETY, cepis "Ximis", Bur. 27 (50), 2016

doi.org/10.26565/2220-637X-2017-27

YK 541.123.3

®A30BbIE PABHOBECHUSA B CUCTEME ZrO,—Dy,0;
MPU TEMNEPATYPAX 1100, 1500 °C

0.A. KopnueHnko', E.P. Anapuesckas ', )K.[1. BoraTtbipeBa*, C.®. Kopnues”

McecnepoBaHbl hasoBble paBHoBecusi B ABOMHOW cucteme ZrO,—Dy,03 npu Ttemnepatypax 1100,
1500 °C BO BCeEM MHTepBane koHueHTpauuin. Obpa3subl pa3nMyHbIX COCTABOB OblNM NPUroTOBMEHbI U3 pac-
TBOPOB a30THOKUCIIbIX COMEN BbiNapuBaHuWeM, CyLUKOW u TepmoobpaboTtkon npu Temnepatypax 1100 u
1500 °C. C nomoLlpblo peHTreHoha3oBoro aHanm3a 1 neTporpacum ycTaHOBMEHO, YTO B cucTteme obpasy-
10TCSl TBEpPAbIE PACTBOPbI HA OCHOBE Pa3NUYHbIX KPUCTANNMYECKNX MOAMMUKALIMIA NCXOAHBIX KOMIMOHEHTOB.
OnpepeneHbl rpaHuLbl PacTBOPUMOCTU U KOHLIEHTPALUMOHHbIE 3aBUCUMOCTM NapaMeTpoB 3/1EMEHTapHbIX
svyeek obpasytonxcs das.

KniouyeBble cnosa: (*)aSOBbIe paBHOBECUA; OAnarpamMmma COCTOAHUA; TBepAble pacCTBOPbl;, NapamMeTpbl
ANNIeMEeHTapHbIX AYeeK; (byHKLI,VIOHaJ'IbHaﬂ KepaMuka.

BBepneHue

Martepuaibl Ha OCHOBE JUOKCHAA MUPKOHUS CTaOMIM3UPOBAHHOTO OKcHaaMu P30 mMeroT mmpo-
KU{ CIIEKTp NMPUMEHEHHSA: KOHCTPYKIIMOHHAs KepaMHUKa, KHCIOPOJIHBIE JAaTYHKH, JIEKTPOKepaMHKa,
TETJIO3aLIUTHBIE TIOKPBITHS U T.J. JMOKCHA LUPKOHUS 00JalaeT YHUKaJbHBIM COYeTaHHueM (usnde-
CKMX M MEXaHHYECKUX CBOMCTB, YTO IMO3BOJISICT YCHEIIHO UCIONb30BaTh €To Ul MPOU3BOICTBA U3/e-
TN KOHCTPYKIIMOHHOTO U (DyHKIIMOHAIBHOTO Ha3HayeHwus [1-7].

®da30BbIe paBHOBeCHUs B JIBOIHOM cucteMe ZrO,—Dy,0O3 nccienoBansl B MHTEpBaie TEMIIEPATYp OT
1150 mo 2700 °C [8-13]. JIUKBUAYC CUCTEMBI XapaKTEPU3YyETCs HATMUUEM OJTHOM ABTEKTUYECKON TOY-

ku (L = F-ZrO,+ H-Dy,05) ¢ koopaunatamu 2270 °C, 21 mon. % Zr0,-79 mon. % Dy,0; [9]. B pa-
6ote [8] ycraHoBieHO, uTO B cucteMe ZrO,—Dy,0; o0pa3yrorcst TBepAble pacTBOPbI HA OCHOBE MOHO-
KIMHHBIX (M-ZrO,, B-Dy,0;) u xyoudeckux (F-ZrO,, C-Dy,03) MomuduKamumii HCXOIHBIX KOMITO-
HEHTOB, a TakXke yropsgoueHHble ¢asbl THma M;0,; s 1 M;0q;, KOTOpblEe KPUCTAITM3YIOTCS B TeKca-
TOHANILHOHN CTpyKType, B mHTEepBaiie Temmeparyp 1150-2000 °C. [IpoTsskeHHOCTH 00JaCTH TOMOTCH-
HOCTH TBEpAbIX pacTBOopoB M-ZrO, B uHtepBaie Ttemmeparyp 1150-2000 °C He wusmensercs
(0-2 Mon1.% Dy,03). TBepasie pacTBopbl THIA Qiooputa F-ZrO, cyniecTByIOT B KOHIICHTPAIUOHHOM
uHTepBane 9-45, 9-55, 8-55 u 4-57 mon. % Dy,0O; npu temmneparypax 1150, 1450, 1765 u ~ 2000 °C,
cooTBeTcTBeHHO. Hinke temmnepartypsl 1765 °C B yka3aHHOU cucTeMe 00pa3yloTCsl YHOPSAOYCHHBIE
(ha3bl rekcaroHaJibHOM CTPYKTYphI THIa M;O1; 5 (55 Mon. % Dy,03) u M504, (70-95 mon. % Dy,05).
TBepable pacTBOpHI Ha OCHOBEe KyOmuyeckoil Monudukauuun C-Dy,0; oOHapykeHBI B 00JacTH cocTa-
BoB 95-100 mon. % Dy,0O;3 mpu 1150, 1450 °C u 70-100 mon. % Dy,0;, 85-95 mon. % Dy,0; mpu
1765 u ~ 2000 °C, coorBercTBeHHO. B 00mactu 6oraroii Dy,0;, npu Temneparype ~ 2000°C, oOHa-
PYKEHBI TBepble pacTBOPhI Ha ocHOBe B-Dy,0; u C-Dy,0;. Hannune nByxdasnoii oomactu (B + C)
He ycraHoBjieHo [8]. B mccrnenoBanusx, mpencraBieHHBIX B [9, 10] Hanmuue ymopsaodeHHBIX (a3
trria M;Oy, 5 1 M;O,; HEe moaTBepkaeHo. B paborax [12, 13] dazoBbie cooTHOmEeHNs B cucteMe ZrO,-
Dy,0; uccaenosansl nmpu temmeparype 1400 °C, ogHako maHHBIE O TMPOTSHKEHHOCTH (PA30BBIX TOJIEH
npoTtuBopeunBbl. CormacHo gaHHbIM [12] B obmactu temnepatyp 1400-700 °C ycTaHOBIEHO HalW4He
cnenyromux ¢az: M-ZrO, B untepBane kornentpanuii ot 0 1o 7 mon. % DyO,s, M+ F - o 7 1o 10
Moit. % DyO; 5, F-ZrO, - ot 10 mo 75 mon. % DyO; s, F + C - ot 75 10 80 mon. % DyO; s u C-Dy,0s; -
ot 80 mo 100 moi. % DyO, s. OgHako 3TH pe3yIabTaThl HE COINIACYIOTCA C JaHHBIMU IIPUBEICHHBIMU B
[13], cornmacuo xotopeiM nipu 1400 °C: ogHodaznas obnacts (M-ZrO,) cymiecTByeT B HHTEpBaje KOH-
neHtpanuii 0-2.5 mon. % DyO; s, nByxdaznas oomnacts (M + F) - 2.5-15 mon. % DyO, 5, obmacts ro-
MOT'CHHOCTH TBEpJbIX pacTBopoB Tuma ¢uooputa (F-ZrO,) — 15-35 mon. % DyO, s, rereporennas
o0xactk (F + C) — 35-90 mon. % DyO, 5 u oqHodaznas 061acts (C-Dy,03) - 90-100 mon. % DyO, s.

: Hucmumym npobnem mamepuanogedenus um. Y. H. @panyesuua HAH Yxpaunul, Kueg
" Hayuonansnwii mexnuueckuii ynusepcumem Ykpaunvl "Kuesckuii nonumexnuueckusi uncmumym"
¥ dusuro-mexnonoeuueckuii uncmumym memannos u cnaasos HAH Yipaunvi, Kues
© Kopuuenko O. A., Augpuesckas E. P., borateipesa XK. /1., Kopuues C. @., 2016
kornienkooksana@ukr.net
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®azoBble paBHOBecHs B cucteme Zr0,—Dy,O5 mpu temnepatypax 1100, 1500 °C

W3 ananu3za nuTepaTypHBIX JAHHBIX CIEOyeT, 4To (a3oBble paBHOBecHs B cucreme ZrO,—Dy,0; He
JOCTaTOYHO M3YYCHBI U TPEOYIOT JOTONIHUTEIBHBIX HCCIICIOBAHHH.

B Hactosmieit paboTe U3y4eHO B3aMMOACHCTBHE OKCHIOB LIMPKOHUS M TUCTIPO3US IIPU TEMIIEpaTy-
pax 1100, 1500 °C.

JKcnepuMeHTasibHas 4acTb

B kauecTBe MCXOAHBIX BEIIECTB HCIOIH30BATN a30THOKUCTYIO couib Iupkonust ZrO(NOs), 2H,0
Mapku Y, a3otHyro kucnoty Mapku YJIA u Dy,0; ¢ comepkaHneM OCHOBHOTO KOMIIOHEHTa HE MEHee
99.99%. O06pa3ipl TOTOBUIIM ¢ KOHIEHTPALMOHHBIM aroM 1—5 Mon. % u3 pacTBOPOB HUTPATOB BbI-
MapUBaHUEM C MOCIEAYIONINM Pa3JIOKEHUEM HUTPATOB HA OKCUABI TyTeM npokanuBaHus mpu 1200 °C
B Teduenne 2 4. [lopomku mpeccoBaan B TAOJIETKH THAMETPOM 5 M BBICOTOM 4 MM ToJ mpaBiieHreM 10
MITa. Jlns uccnenosanus (ha3oBbix paBHOBecuil B cucteme ZrO,—Dy,O; npu 1500 °C TepMoobpadoT-
Ky 00pasLoB MPOBOJIWIM B ABE cTanuu: B neun ¢ HarpeBaressimu H23UST (dexpans) npu 1100 °C
(2162 1) u B eun ¢ HarpeBaTeISIMH U3 qucwmnmaa MomubaeHa (MoSi,) mpu 1500 °C (152 49) Ha BO3-
nyxe. B oonmactu Huzkux remneparyp (1100 °C) dazoBbie paBHOBeCHsI, BKIFOYAIONIHE MPOIECCHI pac-
naja ¥ ynopsao4YeHus], yCTaHABIMBAIOTCS KpaifHe MEAJICHHO M3-3a MaJol cKopocTu Anu¢(y3HOHHBIX
MIPOLIECCOB B KaTHOHHOW MOIpPELIETKE, YTO 0OyCIaBIMBAET HEOOXOIAUMOCTb MPOIOIKUTEIBHOTO 00-
xkwura [15]. s m3ydenns B3ammonerictBust B cucreme ZrO,—Dy,O; mpu 1100 °C TepmMoodpaboTKy
o0pasnos npooawin B nieuun ¢ HarpearessiMu H23UST (dexpans) Ha nporsukenun 12604 yacos, Ha
Bo3ayxe. CKOpPOCTh HoAbeMa TeMIeparypsl coctaBisuia 3.5 rpag/mMuH. OOXKHUr ObII HENPEPHIBHBIM.
Uepes onpeneieHHbIE IPOMEXYTKH BPEMEHHU IPOBEPSUIN MOJHOTY CHHTE3a. 3aTeM 00paslibl EpeTH-
paim, TIpeccoBaly U MOJBEpraiu mnocienyromeid tepmooopadotke. Ilocne obxura B TeueHue 152 4
(1500 °C) u 12604 41 (1100 °C) usmenenus (pa3oBoro cocraBa B cucrtemMe He Habmogamu. CKOpoCTh
oxnaxaeaus 100 °C/MMH npu BBIKIIOUYEHHM II€YM IO3BOJISJIA MPENOTBPATHTH (Ha30BBIC MEPEXOIbI.
@Da30BbIil cocTaB 00pa3lOB UCCIEAOBAIN METOJAaMU PEHTTEHOBCKOTO U MHUKPOCTPYKTYPHOTO aHau-
30B.

PentrenogazoBeiii ananmus (P®A) 00pas3loB BHIMONHSIN METOJOM IOPOIIKA HA YCTAaHOBKE
JAPOH-1,5 npu xomHuatnoii Temmnepatype (CuK,-uznydenue). CKOpOCTh CKaHUPOBAHUS COCTaBIIsIA
1-4 rpan/mun B auanasoHe yriaoB 20 = 15-80°. [ng onpenenenus ga3oBoro cocraBa MCIOIb30BaTU
0a3y maHHBIX MeXIyHApOAHOTO KOMUTETa MOPOIIKOBEIX ctaHaapToB (JSPDS International Center for
Diffraction Data 1999). IlapaMeTpsI 371eMEHTapHBIX SY€eK TBEPABIX PACTBOPOB PACCUHUTHIBATIN METO-
JIOM HaWMEHBIIUX KBaJpaToB ¢ ucrnonb3oBanueM nporpamMmbel LATTIC. CootHomenue Zr/Dy B 00-
pasiax KOHTPOJIMPOBAJIH C IIOMOIIBIO0 PeHTreH-(IyopecieHTHOro aHanu3aropa Primini Rigaku.

OO0BeM 371eMeHTapHOH STYEHKU TBEPAbIX PACTBOPOB ONPEACISUIN C MCIIOIb30BAHUEM JIaHHBIX Iapa-
METPOB BJIEMEHTAPHOMU SUEHKH MMOTYYSHHBIX ¢ IOMOIIBIO PEHTIeHO()a30BOr0 aHaM3a:

KyOuueckasi CHHrOHHS: Ve = a (D)
MOHOKIMHHASA CUHTOHUSI: Va= a'b-csin 2

Omnpenenenue NPOLEHTHOTO cofep:kaHusi Kyoudeckor ¢asel ZrO, B reTeporeHHol 001acTH mpo-
BOJIMUIH C TTOMOIIBIO popMytsl [14]:

[ % ZrO; jys)].= (I (@ + 1'",))-100 (3)
roe 'y — uHTerpampHasi ”HTEHCUBHOCTD IIMKa Kyondeckoit dhasel (hkl (111));
“w — UHTETpaibHas HHTEHCUBHOCTH MMMKA MOHOKIUHHON ¢a3sl (hkl (11-1)).

I'paHuIsl pacTBOPUMOCTH YTOUYHSUIM METOAOM IOJISIPU3AIIMOHHON MUKPOCKOIIMH B CIIydae Majoro
coJiep>kaHusl BTOpoil ¢a3el, He oOHapyxkuBaeMoll MetonoM PDA. Ilerporpaduueckue ucciae10BaHusL
MIPOBEIEHBI B MIPOXOMAIIEM MOJSIPU30BAHHOM CBETe Ha 0003CKEeHHBIX oOpasmax. Kpucrammoonruue-
CKHE XapaKTepHUCTHUKH (a3 ompeaessuii Ha MosIpu3amoHHOM Mukpockone MH-8 ¢ momombio BBI-
COKOIPETOMJISOITINX UMMEPCHOHHBIX JKUIKOCTEH.

Pe3ynbTaTbl MCCNefOBaHUMA

B pesynprare TpPOBEACHHBIX HCCIEIOBAHWN H3Yy4eHbl (pa30BBIE pPABHOBECHS B CHCTEMeE
Zr0,—Dy,0; Bo BceM MHTepBalle KOHIEHTpaIui mpu temireparypax 1100, 1500 °C (puc. 1). Ucxon-
HBIN XUMWYECKUN U $a30BbIi cocTaB 00oxokeHHBIX Tipu 1500 m 1100 °C o0pasioB, mapaMeTpsl dire-
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MEHTapHBIX sUeeK (a3, HaXOISIIMXCS B PAaBHOBECHH INPH 3aJaHHBIX TeMIIEpaTypax, NMPHUBEICHHI B
Tabiumnax 1 u 2, COOTBETCTBEHHO.

B cucreme ZrO,—Dy,0; oOHapy>keHBl 00JIACTH TBEPIBIX PACTBOPOB Ha OCHOBE TETParoHaIbHON
momudpukanuu T-ZrO,, kyomueckux momucukanuit F-ZrO, u C-Dy,0;, KoTOpBIEe pa3aeneHsl ABYyX-
tdhazasivu mossimu (T + F) u (C + F), cooTBeTCTBEHHO.

s onpesienieHus MOJI0XKEeHHs TpaHull (a30BbIX TOJICH HapsIAy C TaHHBIMU O (pa30BOM cocTaBe 00-
Pa3LoB HCIOIB30BaIM KOHLEHTPALMOHHBIE 3aBHCUMOCTH NapaMeTpoOB dJIEMEHTApHOH sueiku oOpa-
syrommxcs (a3 nmpu Temneparypax 1100 u 1500 °C (puc. 2).

B obnactu ¢ BeicoknM coxepxanueM ZrO, oOpa3yroTcsi TBepAbIe pacTBOPHI HA OCHOBE TETParo-
HanbHOH Momudukauuu ZrO,, OJHAKO MpH 3aJaHHBIX YCIOBHAX TeTparoHaIbHas MOJU(HKALUSL
T-ZrO, He 3akanMBaeTCs, BMECTO Hee HaOMIOAaNM OOpa30BaHWE MOHOKJIMHHOH MOIU(HUKaLUU
M-Zr0O,. PactBopumocts Dy,0; B T-ZrO, neBenuka u cocrasisieT ~ 0,5 mon. %. Hudpakrorpammer
00pa3uoB, xapakrepusyromue (a3zoBble 00IacTH TBEPAbIX pacTBOpoB B cucteme ZrO,—Dy,0; npu
1100 °C nmpencraBieHbl Ha puc. 3.

B cootBeTcTBUU ¢ JaHHBIMU PDA 110 M3MEHEHUIO KOHIIEHTPAIIMOHHOW 3aBUCHUMOCTH MapamMeTPOB
JJIEMEHTAPHBIX SY€EK TBEPIBIX PACTBOPOB HA OCHOBE (ha3bl TUMNA (IIIOOPUTA ONPEACICHBI TPAHUIIBI
nByxdasnoit oonactu (T + F), kotopas npoctupaetca ot 0.5 o 10 mon. % Dy,0; B uccnenyemom
uHTepBaje TeMmnepatyp (tadmn. 1 u 2). O06pasusl, conepxaniie 99.5 mon. % Zr0,-0.5 moin. % Dy,05 n
90 moi. % ZrO,-10 mon. % Dy,0; onpenensitor rpanunsl apyxdasznoit oonactu (F + T). Ha mudpax-
torpamme AByxdasnoro oopasua (F + T), coxepxkamiero 99.5 moin. % ZrO, — 0.5 moin. % Dy,03, yeTko
BUJIHBI TUHUY, XapakTepHbie as F- ¢as3er ZrO,. UatencuBHOCTh AU F-ZrO, mocrenenHo Bo3pac-
TaeT C YMEHBIIICHNEM COJIepKaHusl OKcHa IupkoHus. [ oOpasima, comepxariero 97 mon. % ZrO,-3
MoJ. % Dy,03; HHTCHCUBHOCTD TMHUHN ABYX (a3 oTIUUaeTCs HE 3HAUYUTEIBHO, YTO CBUICTENBLCTBYET O
NPaKTHYECKU OANHAKOBOM COOTHOIICHHH (a3 B JAHHOM COCTAaBe.

C nomomipio hopmytsl (3) YCTaHOBJICHO, UYTO KOJUIECTBO KyOnduecko (ha3pl B yKa3aHHOM COCTaBe
cocrapisier 44 u 46 % npu Temneparypax 1100 u 1500 °C, cooTBeTcTBeHHO. JlaHHBIC 00 U3MEHEHHUH
KonmuecTBa Kyondeckoit F-gassl ZrO, B reteporennoit oonactu (F + T), B uccneoBaHHOM HHTEpBalie
TEMIIepaTyp, MpeACTaBICHbI B Ta0.3.

C MOHMKEHUEM TEMIIepaTyphl MPOTHKEHHOCTH 00J1aCTH TOMOTEHHOCTH TBEPBIX PACTBOPOB HA OC-
HoBe F-ZrO, 3ameTHO cyxaetcs. [ paHULBI TBEPAOro pacTBOpa Co CTPYKTYpOH THma (IroopuTa omnpe-
JIEJISAIOT COCTaBkbl, conepkarme 90-52 mon. % ZrO, (1500 °C) u 90-65 momn. % ZrO, (1100 °C).

T7C r

1500'(“2(] C0oQ0COoO0OOPOO oQoO0O0 -

1400 | -

B0 F F+C c [

1200 - =

1100 -Go00j0 00O P 0000 VOO QOO0 O

1000 T T T T T T T T
0 20 40 60 80 100
ZrO, mon. % Dy,0,

Pucynok 1. ®azossie paBHOBecHs B cucteme Zr0,-Dy,0; B untepBaie temmepatyp 1100 - 1500 °C

(o - onHOazHBIE, @ - ABYX(a3HBIE 0OPA3IIHI).
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PucyHnok 2. KoHIleHTpaIlMOHHBIC 3aBUCHMOCTH ITapaMETPOB 3JIEMEHTAPHBIX SiUEEK TBEPHBIX PacTBO-
poB Ha ocHOBe F-ZrO, B cucreme ZrO,-Dy,0; nocine ooxura obpasmos mpu 1100 u 1500 °C.

PactBopumocts Dy,03 B F-ZrO, coctaBmser 9 mon. % npu 1500 °C n 12 mon. % npu 1100 °C
(puc. 2, Tabmn. 1, 2).

[NapameTpsl IeMeHTapHBIX STYEEK TBEPIBIX PacTBOPOB Bo3pacTatoT oT a = 0.5160 um mi1st obpasua,
conepaxatero 85 moi. % ZrO,-15 moin. % Dy,0; 10 a = 0.5246 HM 115 OpeaenbHOro cocTaBa TBEPAO-
ro pactBopa (1500 °C) m or a=0.5162 H™M mis obpasma, coxmepxkamero 85 mon. % ZrO,-
15 mom. % Dy,05; mo a =0.5225 um mis nByxdaszaoro oopasma (F + C), comepxamero 65 moi. %
Zr0,-35 mon. % Dy,05 (1100 °C).

B ob6nactu ¢ BeIcOkHM copepkanueM Dy,0O; o0pasyroTcs TBepble pacTBOPHI HA OCHOBE KyOmude-
ckoil Mmoaupukanuu C- tuna okcunoB P33. [Ipu cHIKeHHH TeMmnepaTypbl 00JacTh TOMOTCHHOCTH
TBepAbIX pacTBOpoB C-Dy,0; miaBHO cyxaercs. I'panunpsl obnactu romorennoctu C-Dy,0; cocTas-
w0t 69-100 (1500 °C) u 85-100 momn. % Dy,05 (1100 °C). ITapameTpsl 31eMEHTapHBIX SYEEK TBEP-
IIBIX PaCTBOPOB YMEHbIATC oT a = 1.0655 am misg uncroro Dy,0; 1o a = 1.0576 HM mis npeaeinnb-
HOT'0 COCTaBa TBEPJOro pacTBopa conepxkaiero 31 mom. % Zr0O,-69 moin. % Dy,03 npu 1500 °C u no
a=1.0602 am mns rereporenHoro coctaBa (F + C) comepxkamero 20 mon. % Zr0,-80 mon. % Dy,0;
mpu 1100 °C (puc. 2, Tabmn. 1, 2). CornacHo nanaeiM POA B oOpaste, comepxamiem 35 mon. % Dy,0;
npu temneparype 1100 °C obnapyxena onHa daza F-ZrO,, Torna kak nmonspu3anuoHHas MUKPOCKO-
MU yKa3bIBaeT Ha MPHCYTCTBHE BTOPOM M30TpomHOoU ¢a3bl - C-Dy,0; B BUIe mMpo3pauHbIX OecHBET-
HBIX KPUCTAJIOB B MAJIOM KOJIMYECTBE, HIDKE MOpora YyBCTBUTEIBHOCTH PDA. B TO %€ Bpems oOpa-
3en, coaepskautuii 30 moin. % Dy,O; mo naHHBIM 000MX METOAOB XapaKTePU3yeTCsl HAJTMYHUEM TOJBKO
OJTHOW TPO3PAYHON C JKEIATOBATHIM OTTCHKOM H30TPOIHOM (a3bl - F-ZrO,. Ha 3ToM 0CHOBaHUM MOXK-
HO NPEANOJIOKUTh, YTO OpenenbHas pactBopumocts ZrO, B C-Dy,0O; npu 1100 °C cocrapusier 34
Moi. %. B cOOTBeTCTBHM ¢ M3MEHEHHEM KOHIICHTPAMOHHON 3aBUCHMOCTH HapaMeTpoB dIIEMEHTap-
HBIX S9E€EeK TBEPABIX pacTBOpoB Ha ocHOBe F-ZrO, B cucteme Zr0O,-Dy,0; mocie obxura oOpasion
mpu 1500 °C, a Taxxe manHeiM PDA u merporpaduu ycTaHOBIEHO, 4TO pacTBopuMocTh ZrO, B
C-Dy,05 mpu 1500 °C coctaBusier 47 moi. % (puc. 2).

BbiBOAbI

Taxum 00pa3om, n3ydeHsl pa3oBbie paBHOBecHs B cucteMe ZrO,—Dy,0; Bo BceM HHTepBasie KOH-
neHTpanuii mpu temrieparypax 1500, 1100 °C. B cucteme oOHapyXeHBI TBepble paCTBOPHI HA OCHOBE
Pa3NINYHBIX KPUCTAJUIMYECKUX MOIU(PHUKALUN MCXOAHBIX KOMIIOHEHTOB. OIpeleneHbl IPaHUIbl 00-
nacteil TBepAbIX PacTBOPOB Ha ocHoBe TeTparoHanbHoit (T) u kyouueckoit (F) momudukanuit ZrO,, a
taroke Kyondeckoit (C) moaudukanuu Dy,0;. YcTaHOBIIEHO, YTO ¢ MOHMKEHUEM TEMIIEPaTyphl Ipo-
TSDKEHHOCTh 00J1acTell TOMOreHHOCTH cyxaercs. IlodydyeHHble naHHBIE MOTYT OBITH HCIIOJNB30BaHbI
Il BBIOOpA ONTHMAIIBHBIX COCTaBOB M Pa3paOOTKH HOBBIX (PYHKIHUOHAIBHBIX MATEPHAIOB C YIIy4-
LIEHHBIMH CBONCTBaMH.
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Pucynoxk 3. /Iudpaxrorpammsr 06pa3mnos cuctemsl ZrO,—Dy,0; mocne o6xura odpasios mpu 1100 °C:

a) 100 mom. % ZrO,, (T*); 6) 99 moin. % ZrO,-1 moin. % Dy,0s, (T* + F);

2 O, rpan.

B) 96 Moi1. % ZrO,-4 moi. % Dy,0;, (T* + F); 1) 90 moin. % ZrO,-10 moin. % Dy,0s, (T* + F);
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Pucynok 3. (mponomxkenue) Judpakrorpammsl o6pasnos cuctembl ZrO,—Dy,0; mocne o6xwura obpasnos npu 1100 °C:

1) 85 moi. % ZrO,-15 mon. % Dy,0s, (F); ) 40 mon. % ZrO,-60 moin. % Dy,0; (C + F);

€) 15 moi. % ZrO,-85 mon. % Dy,0; (C); k) 100 moin. % Dy,0;, (C).
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Tadmauua 1. da3oBkIi cocTaB M apaMeTphl AJIEMEHTAPHBIX sueek (a3 mociie 0oxura o0pasoB cuc-
tembl Zr0,-Dy,05 ipu 1500 °C, 152 9 (o naraeiM POA u nerporpadun).

XuMuyeckuit ®Da3oBhIit ITapameTpbl 371€eMEHTAPHBIX
cocta, MOI. % COCTaB, staeek ¢az, M (£ 0.0002)
710, DyZO3 <F> <C> <M>
a a a b c b
0 100 <C> — 1.0649 | — — — —
5 95 <C> — 1.0633 | — — — —
10 90 <C> — 1.0617 | — — — —
15 85 <C> — 1.0599 | — — — —
20 80 <C> — 1.0606 | — — — —
25 75 <C> — 1.0583 | — — — —
30 70 <C> — 1.0558 | — — — —
31 69 <C> — 1.0576 | — — — —
32 68 <C>+ <F> 0.5288 |1.0572 | — — — —
33 67 <C>+ <F> 0.5288 |1.0573 | — — — —
34 66 <C>+ <F> 0.5272 |1.0563 | — — — —
35 65 <C>+ <F> 0.5277 |1.0565 | — — — —
36 64 <C>+<F> 0.5265 |1.0581 — — — —
37 63 <C>+ <F> 0.5284 |1.0568 | — — — —
40 60 <C>+ <F> 0.5263 |1.0573 | — — — —
45 55 <C>+ <F> 0.5255 |1.0537 | — — — —
46 54 <C>+<F> 0.5253 — — — — -
47 53 <C>+<F> 0.5255 | — — — — —
48 52 <C>+<F> 0.5255 | — — — — —
49 51 <C>+ <F> 0.5255 | — — — — —
50 50 <C>+ <F> 0.5255 | — — — — —
51 49 <C>+<F> 0.5253 | — — — — —
52 48 <F>+<C>cn. |0.5249 | — — — — —
53 47 <F> 0.5246 | — — — — —
54 46 <F> 0.5249 | — — — — —
55 45 <F> 0.5242 | — — — — —
60 40 <F> 0.5239 | — — — — —
65 35 <F> 0.5219 | — — — — —
70 30 <F> 0.5203 | — — — — —
75 25 <F> 0.5193 | — — — — —
80 20 <F> 0.5170 | — — —
85 15 <F> 0.5160 | — — — — —
90 10 <F>+ <T>*cn. | 0.515 — — — — —
91 9 <F>+<T>*cn. |0.5137 | — [0.4969 |0.5271 |0.5229 |98.97
92 8 <F> + <T>* 0.5137 | — ]0.5817 [0.5268 |0.5238 [97.89
93 7 <F>+ <T>* 0.5135 | — ]0.5163 [0.5392 |10.5138 99.27
94 6 <F> + <T>* 0.5132 | — ]0.5311 [0.5117 10.5448 [96.07
95 5 <F>| +<T>* ]0.5137 | — [0.5398 |0.5120 [0.5259 |97.95
96 4 <F>| +<T>* [0.5132 | — 0.5561 [0.4905 |0.5452 ]100.53
97 3 <F>| +<T>*1 ]0.5129 | — [0.5551 |0.4933 [0.5446 |100.54
98 2 <F>| +<T>* 05132 | — 0.5485 |0.5018 |0.5465 [101.19
99 1 <F>cn. + <T>* — — 10.5171 [0.5079 10.5460 |98.89
99.5 0.5 <>*+<F>HesH.cL| — — 10.5398 [0.5098 |0.5458 |95.58
100 0 <T>* — — ]0.5315 [0.5240 |0.5230 [97.45
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Hoschenus k mabauye 1.

*) Ipu 3amansaex yemoswsax (T; = 1100 °C, 2162 4, T, = 1500 °C, 152 4, Ha Bo3ayxe) TerparonansHas (T) mo-
mudukanus ZrO, HE 3aKaIMBaeTCsI, BMECTO Hee HaOmomand oO0pa3oBaHHe MOHOKIMHHON (M) MomubuKaimm
Zr0,. OO6o3nHauenusi ¢a3: <I> — TBepible pacTBOPHl Ha OCHOBE TeTparoHanbHON Momudukanuu ZrO,,
<F> — TBepuble pacTBOpbl Ha OCHOBE KyOnmueckod MomuduKkanuu co CTpykTypoi Ttuma dirooputa ZrO,,
<C> — TBepbIe pacTBOPHI HA OCHOBE KyOmueckoi moaudpukanuu Dy,0s. [Ipyrue o603HadeHus: ocH. — (a3a,
COCTaBJISIIONIAsl OCHOBY, CJI. — cJeabl (as3bl; T - copepkanue (a3bl yBEJINUYNBACTCS, | - yMEHBIIAETCH.

Taoauua 2. ©a30BbIii cOCTAaB M IapaMeTpPhbl AIEMEHTapHBIX sS4eeK (a3 mociae o0xura oopasoB cuc-
Tembl Zr0,-Dy,0; ipu 1100 °C, 12604 u (o ganasiM POA u netporpadun)

XuMuuecKkui ®azoBhIit [TapameTpbl 21€MEHTAPHBIX
coctas, Moi. % COCTaB, sueek ¢a3, aM (£ 0.0002)
710, Dy,03 <F> <C> <M>
a a a b c /]
1 2 3 4 5 6 7 8 9
0 100 <C> — 1.0665 | — — — —
5 95 <C> — 1.0643 | — — — —
10 90 <C> — 1.0638 | — — — —
15 85 <C> — 1.0614 | — — — —
20 80 <C>+ <F>ca. 0.5299 [1.0602 | — — — —
25 75 <C>+ <F>1 0.5298 |1.0597 | — — — —
30 70 <C>+<F>1 0.5292 |1.0589 | — — — —
35 65 <C>+ <F>1 0.5299 |1.0602 | — — — —
40 60 <C>+ <F>1 0.5255 |1.0577 | — — — —
45 55 <C>{ + <F> 0.5251 [1.0579 | — — — —
50 50 <C>{ +<F> 0.5248 |1.0491 | — — — —
55 45 <C> + <F> ocH. 0.5244 | — — — — —
60 40 |<F>ocH.+<C>cm | 0.5240 | — — — — —
65 35 <F>ocH. +<C>cn. | 0.5225 — — — — —
70 30 <F> 0.5208 | — — — — —
75 25 <F> 0.5188 | — — — — —
80 20 <F> 0.5173 | — — — — —
85 15 <F> 0.5162 | — — — — —
90 10 | <F>ocH. + <T>*cn. | 0.5157 | — ]0.5139 |0.5274 [0.5235 |98.59
91 9 <F>+ <T>*1 0.5150 | — |0.5151 ]0.5235 |0.5236 |98.25
92 8 <F>+ <T>*1 0.5147 | — ]0.5122 ]0.5029 |0.5459 |98.17
93 7 <F>+ <T>*1 0.5148 | — ]10.5143 |0.5269 |0.5230 |98.96
94 6 <F>+ <T>*1 0.5148 | — ]10.5084 10.5209 10.5216 |90.43
95 5 <F>| +<T>*1 0.5147 | — ]0.5086 [0.5348 10.5473 |91.00
96 4 <F>| +<T>*1 0.5148 | — ]0.5122 ]0.5299 |0.5778 |91.88
97 3 <F>| +<T>*1 0.5149 | — 10.5245 |0.5165 |0.5472 |194.77
98 2 <F>| + <T>* 0.5147 | — ]0.5178 10.5199 |0.5475 |93.23
99 1 <F>cn. + <T>* — — 10.5126 |0.5262 |0.5477 |91.99
99.5 0.5 | <F>cn.+ <T>*ocH. — —  10.5244 10.5154 10.5467 [94.91
100 0 <T>* — — 10.5172 ]0.5177 10.5291 |95.57

Tosicnenus k mabnuye 2.

*) Ipu 3amanseix yeaoBusx (T = 1100 °C, 12604 4, Ha Bo3ayxe) terparonanbHas (T) momudukanus ZrO, He
3aKaJMBaeTCsi, BMECTO Hee Habitonanu obpasoBaHue MOHOKIMHHON (M) moaudukaumu ZrO,. O6o3HaueHus
¢a3: <T> — TBepable pacTBOPHI HA OCHOBE TeTparoHabHOI Mogudukanmu ZrO,, <F> — TBepapie pacTBOpHI Ha
OCHOBE KyOHuecKoii MoanHKaim co CTpyKTypoil tumna ¢uoopura ZrO,, <C> — TBepable pacTBOPEI HA OCHO-
Be Kyoudeckoi Mmoaudukaunu Dy,O;. [pyrue obo3HaueHus: OCH. — (a3a, COCTABISIONIas OCHOBY, CJI. — ClIe-
161 Gaspl; T - copeprkaHue Gas3bl yBEIMUMBACTCS, | - YMEHBIIACTCS.
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Ta6auua 3. V3meHenne o0beMa dieMeHTapHBIX sueek (a3 u coxepxkanust F-ZrO, B reTeporeHHoim
obxactu (T + F) cucremsl ZrO,-Dy,0; npu temneparypax1100 u 1500 °C

. 1100 °C 1500 °C
XUMHUYECKHUI
cocTas, O0beM drIeMeHTapHBIX KonuuectBo O0BbeM drIeMeHTapHBIX KonuuectBo
VO % ssyeek ¢das3, HM F-ZrO, B syeek ¢da3, HM F-ZrO, B
<F> <M>* cocTase, % <F> <M>* cocraBe, %
99.5 — 0.1472 7 — 0.1495 3
99 — 0.1476 15 — 0.1417 10
98 0.1364 0.1472 28 0.1352 0.1476 37
97 0.1365 0.1477 44 0.1350 0.1466 46
96 0.1364 0.1567 52 0.1352 0.1462 59
95 0.1363 0.1488 66 0.1356 0.1439 69
94 0.1364 0.1381 69 0.1315 0.1472 76
93 0.1364 0.1400 76 0.1354 0.1412 83
92 0.1364 0.1392 84 0.1356 0.1589 90
91 0.1366 0.1397 85 0.1356 0.1353 92
90 0.1371 0.1402 87 0.1359 — 93

Toscnenus k mabauye 3.
*) Ilpm 3amannpix yenoBmsx (T, = 1100 °C, 2162 a; T, = 1500 °C, 152 4, Ha Bozayxe u T = 1100 °C, 12604 4, Ha
Bo3ayxe) terparoHanbHas (T) momudukanms ZrO, He 3aKaTUBacTCs, BMECTO Hee HaOmoaamu oopa3oBaHHue MO-
HOKIMHHON (M) Momudukanuu ZrO,.
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O.A. KopHieHko, O.P. AmnppieBcbka, >X.[. BoratupboBa, C.®. KopiueB. PasoBi piBHOBarM B CUCTEMI
ZrO,—Dy,03 npu Temnepatypax 1100, 1500 °C.

HocnipxeHo dasosi piBHOBarn B noAgiviHin cuctemi ZrO,—Dy,03 npu Temnepartypax 1100 ta 1500 °C B ycbomy
iHTepBani koHUeHTpaui. 3pasku pidHMX CKNadiB OTPMMaHi 3 PO3YMHIB a30THOKUCIINX COMENn BMNaptoBaHHAM, CyLu-
Kot i Tepmoobpobkoto npu Temnepatypi 1100 Ta 1500 °C. 3a gonomorok peHTreHoda3oBoro aHanisy Ta neTpo-
rpadii BCTAHOBMNEHO, O B CUCTEMi YTBOPKOKOTLCSA TBEPAI PO3UYMHM HA OCHOBI Pi3HUX KpUCTamniyHnX moaudpikawin
BUXiAHNX KOMMOHEHTIB. BU3Ha4YeHO rpaHunLi po34YMHHOCTI Ta KOHLEHTPaLiiHI 3aneXHOCTi napaMeTpiB enemMeHTap-
HUX KOMIpOK pas, Lo YTBOPKOKTLCS B CUCTEMI.

KnroyoBi cnoBa: ¢a3oBi piBHOBaru; giarpama CTaHy; TBepAi pO34vHU; napamMeTpy eneMeHTapHUX KOMIpOK;
dyHKUiOHanbHa Kepamika.

O.A. Korniienko, E.R. Andrievskaya, J.D. Bogatyryova, S.F. Korychev. Phase equilibria in the ZrO,—Dy,03 sys-
tem at 1100 to 1500 °C.

Phase equilibria in the binary ZrO,—Dy,03 system at 1100 and 1500 °C were studied by X-ray diffraction and
petrography in the overall concentration range. The samples of different compositions have been prepared from
nitrate acid solutions by evaporation, drying, and calcinations at 1100 and 1500 °C. The solid solutions based on
various polymorphous forms of constituent phases. The boundaries of mutual solubility and concentration de-
pendences the lattice parameters for all phases have been determined.

Keywords: phase equilibria; phase diagram; solid solutions; lattice parameters of the unit cells; functional ma-
terials.
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ANEKTPOHHASA ABCOPBLIMOHHASA CMEKTPOCKONUA
BEH3UMWUAA3O0J1bHbIX AHAJIOIOB XAJIKOHA

B.H. Kotnsap, B.AA. Opnos., A.O. [lopoLueHKO

B pamkax npubnumxenns ESSA npoBedeH TeopeTUYecKui aHanm3 SMeKTPOHHbIX CMEKTPOB MOrmMoLeHns
6eH3MMnaa3onbHbIX aHanoros xankoHa. MNokasaHo, YTo BNusHWe 6eH3MMMAasonbLHOro hparmeHTa Ha crek-
TPbl NOrMOLLEHNS COOTBETCTBYIOLLMX aHaNoroB XankoHa 3akmo4yaeTcsi B YCUMEHUN [OHOPHO-aKLEenTOPHOro
B3aVMOZENCTBMSA B X MOMeKynax npu nepexoge B Bo30YXAeHHOe COCTOSHUE 3a CHET BBEAEHHOro retepo-
umkna.

KnioueBble cnoBa: 06eH3MMMAA30MbHbIE aHanorM XankoHa, 3MEeKTPOHHble CNEeKTPbl MOMMOLWEeHNS,
meTog ESSA.

[IponsBoaHbIE XaJKOHA KaK TPYIIA OPTaHHYECKUX COEAWHEHUH NPUPOIHOTO MPOUCXOXKICHHUS
MIPUBJICKAIOT BHUMAHUE HCCIEAOBATENEH MOCTaTOYHO NaBHO [1,2], cM. Takke OJUH U3 OCHOBOIIOJIA-
rarommx 0030poB, OMyOIMKOBaHHBIX O JaHHOHN Temaruke [3]. Bricokas peakinnoHHAsi CIIOCOOHOCTh
XaJIKOHOB TIO3BOJISIET CMHTE3WPOBATh Ha MX OCHOBE Pa3HOOOpa3HbIE TeTePOLUKINYECKHE TPOHU3BO/I-
HeIe [4,5], Onomornveckas akTUBHOCTD — HCIIONB30BaTh B KAYECTBE MOTEHIMAIBHBIX JIEKAPCTBEHHBIX
CpencTB [6-9], onTuyeckue XapaKTePUCTUKH U (POTOXUMHUYECKAsi aKTUBHOCTb JICNAIOT MIPEACTaBUTEIICH
3TOrO KJacca MEPCICKTHBHBIMH (DIyOPECICHTHBIME 30HIaMU U (OTOMEPEKIIOUATENISIMU ISl Pa3HO-
00pa3HBIX HAYIHBIX M TEXHOJIOTHUSCKHUX TIpriToskeHmid [10-12].

C cepenunbl 60-x romoB XX Beka XalKOHBI BBICTYMAIOT MOMYJISPHBIM O0BEKTOM (H3HUYECKOH Op-
rannyeckoi xumud [13]. OQHUM U3 TPaTUIIMOHHBIX HAIMIPABICHUN MX HCCICIOBAHUS SBIISICTCS JJICK-
TpOHHAas a0COPOIIMOHHAS CIIEKTPOCKOMHS YIBTPAPHOIETOBOTO U BUANMOTO JUANIa30HOB.

B (9] A

C TOYKHM 3peHUs AIEKTPOHHOHN CHEKTPOCKOIHNH MOJIEKYJa XaJKOHAa MOXET pacCMaTpPUBAThCS Kak
KpOCC-COTpsDKEHHAsT TOTMXPOMOQOpHAs CHCTEMa, B KOTOPOH OOBIYHO BBINEISIOT TaK Ha3bIBa€MBbIC
IIUHHAMOWIBHBIA (A) u OeH3anbaeruaHbii/aneTodGenonosslit (B) xpomodopusie dparmentst [13] ¢
AIIEKTPOHHBIMH TIEPEXOJAMH TIT* THIIA, a TAKKE KapOOHUIBHBIA XpoMO]Op ¢ XapaKTePHBIM IS HETO
nm* mepexoaoM HU3KOH MHTeHCHBHOCTH. [locmeannii B AKCIIEpUMEHTABHBIX CHEKTPaxX MPOSBISAETCS
TOJIBKO IJId HE3aMCIICHHBIX XaJIKOHOB, B ClIy4ac K€ BBCACHUA B MOJICKYJY CHUIIBHBIX 3JICKTPOHOIO-
HOPHBIX TPYIIIHPOBOK OH OKA3bIBACTCS MEPEKPBITHIM 00JI€€ WHTCHCUBHBIMH MOJOCAMU 3JICKTPOHHBIX
Mepexo/10B, CHOPMUPOBAHHBIX C BEICOKOH IOl y4acThsl BBEJJCHHOTO 3aMECTHTEISL.

CorracHO OOIIETIPUHATHIM TIpeCTaBICHIIM, pa3BUTHIM B 70-80 romax XX Beka Ha OCHOBE JIOC-
TYIHBIX B TO BpPEMS KBAaHTOBO-XMMHYECKUX PACUYCTOB B T-3JICKTPOHHOM MPHUOIMIKCHUM B PaMKax
(dhopManm3Ma mepexoaHoi Marpuilsl mwrotHocTH [14], xpoMmodopHsie GpparmMeHTsl A u B sBisrorces
HE3aBUCUMBIMU JIpYT OT ApPYyra HE CMOTPA Ha HAJIWYHE Yy HUX OOIIEro CTpyKTypHOTO 3JIEMEHTa - Kap-
OOHWJIBHOM TPYIIIBL: BBEICHUE 3aMECTUTENICH B OJIMH U3 XpOMO(OPHBIX (hparMEeHTOB HUKAK HE CKa3bl-
BaeTCs Ha DIIEKTPOHHBIX MEPEX0/1ax, 38 KOTOPBIE OTBEYAET JAPYToil (pparMeHT.

Brurrouenme B MOJIEKyy XaaKkoHa OCH3MMHIA30JIbHOTO (hparMeHTa MPUBOANT K 3aMETHOMY JITHH-
HOBOJJHOBOMY CMEILIEHHUIO B AJICKTPOHHBIX CIIEKTpPaX MOTJIONICHHUS MOIYYCHHBIX TaKUM 00pa3oM Ipo-
n3BOAHBIX. [l 00BsICHEHUS ATOTO (hakTa HaMH OBLJIO MPOBEACHO KBAHTOBO-XUMHUYECKOE MOJIEIHPO-
BaHUE CTPOCHUS M CIIEKTPOB 00CYKIAEMBIX COCTMHEHHIA.

3ameHa OCH30JIBHOTO KOJIbIla BO ()parMeHTe B Ha OeH3MMUIA30JbHBIA OMIIMKI MOXET OKa3bIBaTh
BIMSHUE HE 3JICKTPOHHBIC CIICKTPBI MOTJIONICHHUS, HAPUMEDP, 32 CUST BO3MOXKHOTO (hOPMHUPOBAHHS
BHYTPUMOJIEKYJIIPHOH BOJOPOJHON CBSI3W C y4YaCTHEM JIOCTATOYHO MOJBIKHOTO aroMa BOAOPOIa
a30TCOJIEPIKAICTO TeTEPOIMKIIA U aToMa KUCIOpoJa KapOOHMIFHON TPYIIIBI, BRICTYMAIOIIEH B pac-
CMaTPUBAEMOM CJTy4ae B Ka4eCTBE MPOTOHOAKIIETITOPA.

© Kotasp B.H., Opnos B.Jl., Jopomenko A.O., 2016 andreydoroshenko@ukr.net
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Ji1a BBISICHEHHSI TAaHHOW BO3MOXKHOCTH HaMU OBLT ITPOBEJIEH pacdeT B paMKax MeTona (hyHKIIMOHA-
na snekTponHol riotHoctd (DFT, rubpunasiit dynkuuonan b3lyp [15], opourtansHblit 6a3uc cc-pvdz
[16]) ¢ ucnomp3oBaHueM mporpamMmmHoro makera Gaussian-09 [17]. Oka3anock, 4TO paccUUTaHHBIC
TaKUM 00pa3oM T€OMETPUYECKHE ITapaMeTphl MOTEHIIMAIHLHO BO3MOKHON BHYTPUMOJEKYISIPHOH BO-
JOPOJTHOW CBSI3M B MOJIEKYJIE HE3aMEIIeHHOTO OEH3MMHAA30JhHOTO aHajora XaJKOHAa HE OTBEYalOT
OOIICIPUHATHIM KpUTEepusiM ee (opmupoBanus [18]: paccrosuue mexxy aromamu H u N coctaBuiio
2,495 A, a yron O-H-N okazaincs paBHbIM 85°. Tem He MeHee, HAMU OBUT JOMOJHUTEIHLHO POBEACH
aHaM3 BO3MOXKHOCTH €€ CYIIECTBOBAaHMS B paMKax moaxona beimepa «atomMoB B Monekyie» (AIM
[19,20]). Ha pucynke 1 mokasansl pe3ysibTaThl IpuMeHeHus: Teopun AIM K Molekyse OeH3uMuia-
30JIbHOTO XallkoHa. OTCYTCTBHE PACCUMUTAHHOTO IMyTU CBS3BIBAHUS MEXIY OCH3MMHIIA30JIBHBIM aTo-
MOM BOJIOpPOJIa M aTOMOM KHCJIOpOoaa KapOoHWIbHOU Tpymmsl (bond path [21]) siBasieTcst HOMONHE-
TEJIBHBIM CBUIETEIBCTBOM OTCYTCTBHUS BHYTPUMOJEKYJISIPHONH BOJOPOAHON cBs3u. Hamumume «myTtu
CBSI3BIBAHUS» MEXKILy aTOMaMH BOAOPOJa B OPTO-TIOJIOKEHUU OCH30JIPHOTO KOJIbIA U Y B-yTIepOTHOTO
aToMa JIBOMHOMW CBSI3M MPOTIEHOHOBOTO ()parMeHTa MOJEKYJbI OCH3MMHIA30JIbHOTO aHAIOTa XaJTKOHA
HE cJeqyeT paccMaTpHBaTh Kak «Iu-Bomopoanyto» (di-hydrogen) cBs3b. DTO 00CTOATENBCTBO, Kak
yKa3bpIBaeT caM aBTop nojaxonga AIM [22], oTpaxaeT JUIllb HEKOE HEKOBAJCHTHOE B3aUMOJCHCTBUE
MEXIy HHUMH, MPOSBIioNieecs B (OPMUPOBAHUH IOTIOTHUTENBHBIX CHJ MPUTSHKEHHS B MOJIEKYJe
(bopmupoBaHKE YKOPOUCHHOTO BHYTPUMOJICKYJISIPHOIO KOHTAKTa C PAcCTOSHHMEM MEXAy sapamu H
1.99 A, uTo 3amMeTHO MeHbIIe yaBOeHHOTro d(dexTuBHOr0 Ban-nep-BaanscoBoro paauyca aToma Bo-
nopona, 2.4 A [23]).

< (®
. * ¢
.
L- o . b .L ......... .;
@ ® e ¢ \q
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. ° » % b b
(-] [ -] ® o
P ° ® © = e
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Pucynox 1. CtpoeHue MousieKyinbl O€H3MMHUAA30JIBHOTO aHanora xankoHa (b3lyp/cc-pvdz), ananus
pacrnpeneneHns 3JIeKTPOHHOHN ITIOTHOCTH U XapaKTepa CBSI3BIBAHUS MEXIY aTOMaMi B paMKaxX TEOPUH
AIM belinepa (moka3aHel paccuuTaHHble bond path, a Taxke KPUTHYECKHE TOYKH XUMHYECKHX
cBsa3eit 3,-1).

J1st BBISICHEHUS! TIPUPOJIBI BIMSIHUS OCH3UMHUIA30IHOTO ()parMeHTa Ha 3JICKTPOHHBIC CIICKTPHI
00CYKJJaeMBIX aHAJIOTOB XaJIKOHA HAMH OBLIHM MPOBEJCHBI KBAHTOBO-XUMHUYECKHUE PACUCTHl B paMKax
meronga TD-DFT ¢ mpumeHeHneM moaxoAa K aHAIN3Y MPUPOILI AIICKTPOHHBIX BO30YxkaeHnid ESSA
[24], ocHOBaHHOTO Ha OoJee paHHUX MpencTaBieHusX [14] (pacdueTHas mporeaypa HHKOPIIOPUPOBAHA
B nporpammMHbiid makeT NWChem [25] O.A. Xukonowm). [Tonxon ESSA mpennonaraer pacuer crenu-
ANBHBIX KBAHTOBO-XHUMUYECKIX WHICKCOB — YHCEI JIOKAIHU3AINHN JIIEKTPOHHOTO BO30YKACHUS U YHCEI
nepeHoca 3apsiza [14], To3BOoJSIOMmMKX aHAIM3UPOBATh YYaCTHE OT/IENBHBIX aTOMOB U 00JIee CIIOKHBIX
CTPYKTYPHBIX ()parMeHTOB MOJICKYJIbI B (JOPMHUPOBAHHUHU JICKTPOHHBIX MIEPEXOI0B, & TAKKE OTCIICIKH-
BaTh HANpaBJICHUs NepepacIpeielieHns MIEKTPOHHOW TUIOTHOCTH B MOJICKYJIE MPH MEPEeXoJe B COOT-
BETCTBYIOIIHE BO30YKIEHHBIE COCTOSHUSI.

AHanu3 HECKOJIbKHUX JTMHHOBOJHOBBIX MEPEX0J0B B NEKTPOHHBIX CIEKTpaxX MOTJIOMEHHUS XalKo-
Ha ¥ ero OCH3MMHJIa30JILHOTO aHajora B pamkax nojaxoaa ESSA npencrasnen B Tabnure 1.

Kak BUAHO W3 MpWBEICHHBIX TaHHBIX |, COBpEMEHHBIH METOJ aHaju3a MPUPOABI IIEKTPOHHBIX
B0o30yxkneHnit ESSA [24] maeT ka4ecTBEHHO TaKue K€ PE3yNIbTAThl, KaK U €r0 M-3JIEKTPOHHBIA Tpe.-
mecTBeHHUK [13,14]: B MOJeKyax XaaKoHA U €ro OCH3UMUIa30JIbHOTO aHAaJIora JCHCTBUTENBHO MO-
T'YT OBITH BBHIICJICHBI KBa3W-HE3aBHUCUMBIE XpOMO(OpPHEBIE (parMeHThl, O0YePeTHO BHOCSIINE OTpe-
JEISTIONNi BKIax B OpMHUpPOBAHHE OT/IENBHBIX AIEKTPOHHBIX MIEPEXO0/IOB B CIIEKTPax MOTIIOmeHHs. B
JUTMHHOBOJHOBOM 00JIacTH CIEKTPOB OOOMX paccMaTPUBAEMBIX COEIMHEHHH HE OBIIM OOHApyXKEeHbI
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3JIEKTPOHHBIE TEPEXOABI «OOLIEMONICKYJIISIPHOW) MPHUPOJIBI, B KOTOPBIX 3JEKTPOHHOE BO30YXXKICHUE
paBHOMEPHO (OPMUPOBAIOCH OBl BCEMHU aTOMaMH, BXOISIIMMHU B COCTaB HX MOJICKYJI.

Ta6.1mua 1. SHCKTPOHHBIC NEPEeXOabl B CIICKTPAX MNOTJIOUICHUA XaJIKOHA U €T0 66H3I/IMI/IZ[a3OJ'IBHOFO

aHajora.
DIIEKTPOHHBIN MEepexo/] Jlokanu3anus JIEKTPOHHOT'O BO30YKICHUS IMepepacpe/ieeH e MeKTpoH-
Oneprud, Penn/ HOW TUIOTHOCTH TIPH TIEPEXOJIE B
Tun WHTEHCHUB- OceH3U- C=0 CH=CH dennn BO36YIKIEHHOE COCTOSHHE
HOCTh MU 230 y
1 2 3 4 5 6 7
Xankon, ESSA
25970 em™
SO'SI,
e 385 Hm 14.8 60.1 17.5 7.6
f=0
S5 31630 cm™
1(;1:*2’ 316 am 17.8 18.8 28.4 35.1
f=0.725
34050 cm™
SO'S3a
e 294 um 59.1 16.5 14.0 10.4
f=0.022
g 34940 cu™!
;n;’ 286 HM 6.1 12.3 15.5 66.1
f=0.016
35860 cm™! gy 25
S;;IS;’ 279 M 47.5 19.9 17.5 15.2 @ \ 0
f=0.048 17
o
XaikoH, m-35ekTponHoe npuoaxerne [TITI1
36200 e
S()-Sl 276 aMm 10 1_7 3_7 &
f=0.955
36940 e
S-S, 271 am 1 2 10 88
f=0.004 o
37700 em” O O
S()'Sg, 266 HM ﬂ 10 2 1 AN
f=0.955
180
7
42500 cm™! 14
So-S4 235 uM 57 24 13 7 AN
=0.219
! 31ewo
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[Iponomxkenune Tadnuue 1.

1] 2 | 3 | 4 | 5 | 6 | 7

Ben3uMuia3oapHbIM aHaaor xajakoHa, ESSA

o | 238500w! Q\ 1z A0
N 372 um 16.9 60.3 16.1 6.8
nn —
f=0
0\14

o
N

S-S 27870 e
iy 359 um 56.6 17.2 14.4 11.8
f=0.155 &

S-S 28410 cm™!
i 352 1M 41.8 17.3 17.7 17.3
£=0.682
S.S 31910 e
g 313 um 27.2 21.8 22.5 28.4
f=0.152 T
16
33570 et N 25 26
Sgis’ 298 um 8.3 14.6 143 62.8 I ¢ \(
f=0.016 N
o

B rtabnuue xupHbIM MIpHQTOM BBIZEICHBI YHCIIA JIOKATH3AMKY Ha CTPYKTYPHO BBLACIAEMBIX (hparMeHTax st
CllydaeB, KOT/la JIOKaIU3aLus IPEBbIIAET T.H. «CPEIHEMONEKYISIPHOE) 3HadeHue. [ XalkoHa TakxkKe MpUBe-
JICHBI PE3yJIbTaThl pacyera B T-3JIeKTpoHHOM npubmmkenun [apusepa-Ilappa-ITormmua (ITIIIT) [13]

Tem He MeHee, pacueThl B pamkax Oomnee coBpeMeHHoro meroxa TD-DFT mokaszamu HeckoibKo
HMHOW pe3ynbTaT M0 CPAaBHEHHIO CO CIIENaHHBIMU paHee B T-3JIEKTPOHHOM MPUONIMKEHUN: TIPOSIBIICHUE
s peKTa Kpocc-CONpsHKEHMSI B MOJIEKYJIE XJIKOHA B HEAMIUPUIECKUX pacyeTax OTIHYaeTCs OT paHee
chopMyITUPOBAaHHBIX TPEACTABIICHUH, a IMEHHO, TIOKa3bIBAIOT CYIIECTBEHHO OONBIINN BKIJIAJ] MOJIe-
KYJSIpHOTO (pparMeHTa, IMPUCOSTMHEHHOTO K MOCTUKOBOW KapOOHWIIBHOM TPYIIE, U 10 MpeICcTaBlie-
HusaM 70/80-x TOJ0B, HE BXOAMBIIETO B COCTAB XPOMO(OPHOro parMeHTa, KOTOPBIA (POPMHUPYET CO-
OTBETCTBYIOIINN SJCKTPOHHBIN mepexon. KapOoHWibHas rpymnmna, BBICTYNaBIIAs IO pe3yJbTaTaM
T-3JEKTPOHHBIX PACUYeTOB, MPAKTUIECKH TIOJTHBIM MTPEepPHIBATEIEM COIPSDKEHUS B MOJIEKYJIe, Ha CaMOM
JieJie TAKOBBIM HeE SIBIIETCS, U IPUHUMAET JIOCTaTOYHO BAa)XKHOE y4acTHE B IepepaclpeieIeHUn dJeK-
TPOHHOM MJIOTHOCTH B KPOCC-CONPSDKEHHOM MOJIEKYJIe IIPH €€ Mepexoie B BO30YKIEHHOE COCTOSHUE.

Takum 00pa3oM, CTAHOBUTCS MOHSATHBIM 3((EeKT 3aMeHbI OEH30JIEHOTO KOJbI[a TPU KapOOHMIIEHOM
TpyNIe XaJlKoHa Ha OSH3MMUIA30JIbHBIN OUINKII: ITOCIEAHUN TPUHUMAET OoJiee CYIIeCTBEHHOE yda-
CTHE B MepepactpeIeIeHUH NEKTPOHHOH MIIOTHOCTH B MOJIEKYJIE, & YCHIIEHHE BHYTPUMOJIEKYIISPHO-
r0 JJOHOPHO-aKIIETITOPHOTO B3aMMOJEHCTBUS, B COOTBETCTBUH C KJIIACCUYECKUMU IMOJIOKEHUSMH TEO-
pUU TBETHOCTH [26], TOMKHO MPUBOIUTH K 3aMETHOMY OaTOXpPOMHOMY CMEIIEHHIO B CHEKTpax Io-
[JIOIIEHUSI.

[Nocnenuuii >pPeKT N1eMOHCTPUPYIOT AaHHBIE, IPUBEJCHHBIC B TabiHLe 2, B KOTOPOH MpeacTaBie-
HBI pe3yNbTaThl pacdyera AEKTPOHHBIX CIIEKTPOB C MpHMeHeHHeM moaxona ESSA mumernnamuHO-
MIPOM3BOIHBIX XaJIKOHA U €ro O0eH3MMHUAA30JHHOrO aHajora (MpeICTaBieH JUIIb Hanbojee NIMHHO-
BOJIHOBBIH IIepexol, HanuboJiee BaXKHbIM ¢ TOUKU 3peHUs] POPMUPOBAHUS OKPACKH).

B o0oux cimydasix J0Kamu3aius 3JIeKTPOHHOTO BO30YXKICHHUS HA YaCTH MOJIEKYJIbl, HE BXOJSIICH B
ee IMMHHAMOWIBHBEI XpOMOGMOpPHBI (parMeHT A OKa3bIBACTCS MEHBIIE «CPEITHE-MOJICKYIIIPHOM.
Tem He MeHee, ompeeNeHHOE YBEIMUYEHHE MepepactpeesieHusl IEKTPOHHOM IUIOTHOCTH 3a CYeT
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BBCJICHUST OCH3UMHUIA30IbHOTO OMIIMKIIA B MOJICKYJTY JUMETHIAMHHO-3aMEIEHHOTO OCH3MMHUAa30J1b-
HOTO XaJIKOHA MO0 CPAaBHEHHUIO C €r0 YHUCTO-apOMATUYCCKHUM aHAJOrOM MPUBOAMT K OATOXPOMHOMY
CMEIIECHUIO JUIMHHOBOJIHOBOM MOJIOCHI B CIIEKTPE MOTJIOIIECHUS, COPMUPOBAHHOHN AIIEKTPOHHBIM IIe-
PEXO0JIOM C TPEUMYIIECTBCHHON JIOKAMM3aueil Ha IMHHAMOMIBHOM XpOMO(OpPHOM (hparMeHTe, MpH-
mepHo Ha 1500 ™' (25 HM), KOTOPOE COMPOBOKAACTCS TAKIKE 3aMETHBIM THIIEPXPOMHBIM dP(BEKTOM.

Tabdauua 2. J[TUHHOBOJHOBBIE  JJIEKTPOHHBIE  TEPEXOIbl B  CIHEKTpaxX  MOIJIOMICHUS
N,N-muMeTnIaMiIHO-3aMeTIeHHbBIX TPOU3BOIHBIX XaJIKOHA M €r0 OSH3MMHIa30JIbHOTO aHAJIOTa

DIIEKTPOHHBIN Mepexo/] Jlokanu3anus JIEKTPOHHOT'O BO30YKICHUS
DHep dennn/ [Iepepacnpenenenue 371€KTPOH-
HEprusi, .
OeH3u- N(CHs),- HOH IIJIOTHOCTHU IPHU IIEPEXOJIE B
Tun HHTEHCHB- C=0 CH=CH (CHy), p P
MH/1a30- (hennn BO30Y>K/IEHHOE COCTOSIHHE
HOCTb 1

XaunkoH, 4’-N,N-mumermnamuno, ESSA

26110 cm™
SO'SI,
e 383 uMm 14.5 17.9 20.0 47.7
f=0.786
ben3umMma3oapHbIH aHangor xajakoHa, 4’-N,N-gumermnamuno, ESSA
24540 cm™!
SO'Sls
e 408 uM 19.0 18.3 18.3 44.4
f=10.963

TakuM 00pa3oM, BIUsSHUE OCH3MMUIA30JIBHOTO (pparMeHTa Ha CIEKTPhI MOTJIOMICHUS! COOTBETCT-
BYIOIIIMX T'€TEPOLMKINYECKAX aHAJIOTOB XaJIKOHA 3aKI0YAETCsA B YCUIEHHH JOHOPHO-AKIENTOPHOTO
B3aUMOJICHCTBHSI B X MOJIEKYJIaX [IPU Iepexo/ie B BO30YKIEHHOE COCTOSTHHE.
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B.H. Kotnsip, B.[1. Opnoe, A.O. JopolueHko. EnektpoHHa abcopbuiiHa cnekTpockonist 6eH3iMiaasonsHUx aHa-
1OriB XarkKoHy.

B pamkax HabnwmkeHHss ESSA npoBefeHuUii TEOPETUYHUIA aHani3 eNeKTPOHHMX CMeKTPIB MNOrNUHaHHA 6eHsimiga-
30J1bHMX aHanoriB xankoHy. MNokasaHo, o BNnvMB 6eH3imMigazonbHOro hparMeHTy Ha CNeKTpU Bi4NOBIOHUX aHano-
riB XankoHy oOyMOBMEeHU A NOCUMEHHSIM AOHOPHO-aKLENTOPHOI B3aeMogii B ix Moniekynax npu nepexogi 4o 36y-
[PKEHOro CTaHy 3a paxyHOK BBEOEHOro reTepoLmKy.

Knto4oBi cnoBa: 6eH3iMiga3onbHi aHanorn xankoHy, enekTpoHi CNeKTpu nornMHaHHg, metog ESSA.

V.N. Kotlyar, V.D. Orlov, A.O. Doroshenko. Electronic absorption spectroscopy of the benzimidazolic analogs of
chalcone.

The electronic absorption spectra of the benzimidazolic analogs of chalcone were analyzed theoretically in the
framework of ESSA approach. The benzimidazole moiety was shown to influence the spectral characteristics of
the investigated compounds via the intensification of intramolecular donor-acceptor interactions at their electronic
excitation.

Keywords: benzimidazolic analogs of chalcone, electronic absorption spectra, ESSA approach.
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CUHTE3 ALWWJIMETAHCYJIbOAMUAOB NO PEAKLIUW KNISIU3EHA

E.l'. WBeu, M.A. Konocos, A.B. NoasopoTtHsa, B.AA. Opsnos

PaspaboTtaH MeTog nony4yeHust ueHHbix 6ungunr-énokos — N,N-gnsamelleHHbIx B-keTocynbgamuaos —
Ha npumepe koHaeHcaumn N,N-gusamelleHHbIX MeTaHcynbgamMuaos ¢ aTunbeH3oaToM, MeTUNLMHHAMOAa-
TOM K 3Tunauetatom no KnamseHy. [NokasaHo, YTO Npy UCMOMb30BaHUM B UCCIeQyeMON peakumm aTunaue-
TaTa obpasoBaHue aLeToyKCYCHOro acpmpa naeT nvilb B HE3HAYUTENbHOW CTEMNEHM.

KnioueBble cnoBa: —keTocynbdamuabl, koHaeHcaumsa Knsansena, 1-(MeTnncynsoHNN)MMNePULANH.

B-Ketocynbpdamuabl Tina 1 sSBISIOTCS LEHHBIMUA OWMJIIUHT-0JIOKAMH, KOTOPBIE MOTYT OBITH B Iep-
CIIEKTUBE HCIOJIb30BaHbl B PEaKUK BUIKMHEIN, CHHTE3€e TUTHAPONUPUANHOB 110 ['aHuy u apyrux
MPEBPALICHHUSAX, B KOTOPBIX TPAAUIIUOHHO HCIIONB3YIOTCS -IHKapOOHWIBHBIE coeTuHeHus [1-5].

7 0
S _R'
IIoN"
(0]
RV

R R' = ankun

1

OTMeTHM, YTO MPH UCIIOIB30BaHUH B YIIOMSIHYTHIX PEAKIUAX COeTUHEHH 1 B reTepOnUKINIeCKHA
(parMeHT BBOIUTCS CyIh()aMHUIHBIN 3aMECTHTENb, dapMakohOpHBIE CBOWCTBA KOTOPOTO JaBHO M3-
BECTHBI [6—7].

Panee [8] g cuHTE3a COENMHEHMI ATOTO THIIA MBI UCIOJIB30BAIN TOCIEIOBATEILHOE JINTUPOBA-
Hue N,N-1m3aMenieHHoro MetancynbhaMuaa, MeHCcTBHe ann(aTHIecKOTO aNbIernaa U 3aTeM OKHC-
JICHHE MOJTydeHHOTo B-cynbdocnupTa (momo0Ho [9]).

Hawm npexacraBisiics BecbMa MEPCHEKTHBHBIM CIIOCO0 MONyYeHHs coequHeHui Tumna 1 myTeM KoH-
nercaruu Kistitzena N,N-qu3aMeneHHBIX METaHCYIb(aMUI0B U CIOKHBIX (HUPOB, UTO MTO3BOJIHIIO
ObI M30eKaTh peakIuii TUTHPOBAHUS PU HU3KHUX Temneparypax [10] u ucrmoas30BaHus MPOU3BOIHBIX
aleToHCYIbPOKUCIOTHI [11].

[TockonpKy MOAXOMBI K CHHTE3Y AAHHBIX COSAVMHEHWH BEChMa MAJio M3y4YeHbI, HCCIIEIOBAaHUE BO3-
MO>KHOCTH UX TostyueHus no KisiizeHy siBisieTcsa akTyalnbHOU 3a1auei.

B Ka4yecTBe MOJENBHON peaxkuun ObLI1O BEIOpaHO B3aUMOJICHICTBHE
1-(meTuncynbhOHWI)IUNIEpUINHA 2a W JITHIOEH30aTa, KOTOPBIA HPUHIUIHAILHO HE MOXET IaTh
MIPOJYKTOB CaMOKOH/ICHCAINH, M0 CTaHAAPTHBHIM METOAMKAM ITOydeHUs [-IHKapOOHMUIBHBIX COEIH-
Henuit o Kustitzeny [12, 13] (cxema 1).

0 0 o) 0
o \‘S” NaH I
J\ + MeT N Ph N
Ph OEt THF-C(H,;, A 0
2a la
Cxema 1

B xo1e oTpaboTKK yCIOBHI PEaKIUK MbI BAPHHPOBATHM BpeMsl KUIISTICHUS U COOTHOIICHUE pearcH-
TOB (Tabmmia 1).

Boews M36srTOoK NaH M36srT0x PhCOOEt BAIXO
OnsIT p OTHOCHUTEIBHO OTHOCHUTENLHO A o
KHUIISTYEHUS, Y. npoaykra, %
cynbdamuia, SKB. cynbdammuia, SKB.
1 3 1.2 1.5 38
2 13 1.5 1.5 48
30 16 1.7 1.5 79

1) cM. 3KCTIEPUMEHTAIBHYIO YacTh.

[Tocne oTpabOTKM METOIMKHU CHHTE3a COEAUHEHUS 1a MBI MPUMEHUIH €€ [T TIOTYUYeHHs COeIhHe-
Hu#t 16,B (cxema 2), UCTIONB3YsI CI0KHBIE dUPHI HHOW MPUPOABL. Bpems kursueHus B cirydae Maio-
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AKTHBHOTO METWILHMHHAMOATa yBeNU4MIX 110 21 yaca, a mpH HCIIOIb30BaHUM O0Jiee PeaKLMOHHOCIIO-
COOHOTO 3THJIAIETaTa — YMEHBUIIIN 10 14 yacoB (CM. SKCIIEPUMEHTABHYIO YacTh).

CTOUT OTMETHTH, YTO UCTOJIB30BAaHHUE dTHJIALIETaTa B KauecTBe KapOOHUIBHOTO KOMIIOHEHTa Peak-
LM IPUBOJUT K OXXHUIAeMOW NPUMECH aleToyKcycHoro >¢gupa Ha ypoBHe 10-15 % (BeposiTHO, U3-3a
CpaBHUMBIX 3HaueHUU pK, aTHiarerata u cynbdamuma), OMTHAKO MPOAYKT peaknuu 1B MOXHO 3P dek-
THUBHO NEPEKPUCTAIIIN30BATh U3 ATAHOJA.

0 0
0 Y NaH it ﬁ
JI\ + Me” SN R ﬁ\N
R OR' THF-CH,,, A (0}
2a
10,8

16: R = PhCH=CH, R' = Me (61 %)
18: R=Me, R' = Et (48 %)

Cxema 2

B kauecTBe npumepa Ha puc. | npusenen 'H SIMP-criextp coenuHeHus 26, B KOTOPOM HaBmoaa-
10TCS XyOJeThI IPOTOHOB IMTMHHAMOMIBHOTO (hparMerTa mpu 7.72 M. 1. u 7.00 M. 1., COOTBETCTBEHHO,
MYJBTUIUIETHl TIPOTOHOB apoOMaTH4ecKoro Koibla B obnactsx 7.68-7.71 m.n. m 7.42-7.46 M. 1.,
CHHIJICT IPOTOHOB METHJICHOBOU Ipymmbl pH 4.50 M. 1. © MyJIBTHUIUIETH IPOTOHOB MUPUMHUANHOBOTO
IIAKJIA B 00J1aCTH CHIIBHBIX monei (3.14-3.18 m.a. u 1.44-1.53 m.11.).

)

—

ol

S5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0
1
Pucynok 1. 'H JAMP-cnextp coeaunenus 16.

6.00

1.96
399

oy
N

I[lpu BBegenuum B peaknuioo  N,N-auMeTHIMETaHCYIb(pOHAMUAA BMECTO 1-(MeTmicynbdo-
HUI)TANICPUIMHA B aHATOTUYHBIX YCIOBUSIX OKa3alloCh, UYTO MPOIECC HAET 0OJiee aKTUBHO, U TOCIE
00pabOTKH PEaKITMOHHONW CMECH, KpOMeE TIeJIeBOTO fB-KeTocynbdamuaa 1r u UCXOTHBIX COSTMHCHHM, B
Hel ObUTIO OOHAPYKEHO HEKOTOPOE KOJIMYECTBO alleTOYKCYCHOro ddupa. Pa3nenurs ykazaHHYIO CMECh
MEPErOHKON He yaloch U3-3a OJIM3KHUX TEMITEPATyp KUIICHUS e¢ KOMIIOHEHTOB. B TO e Bpemsi, CHU-
JKCHUE TeMIepaTyphbl peakiliy JI0 KOMHATHOW MO3BOJIHIIO BBIJICITUTH IEJIEBOE BEIIECTBO 1T ¢ BBIXOJ0M
58 % (cxema 3, CM. IKCIL. 9acTh).

O
)(L + g NaH g
—_—
“in “NMe
Me OEt Me 3 NMe, THF-CH,,, A Me g :

2% 1r

Cxema 3
IKcnepuMeHTasibHas 4acTb

Crextpsl SIMP 'H Gbumn m3mepensl Ha mpubope Bruker Avance 400 (400 MI'm) B pacTBopax
AMCO-d¢.  Temmepatrypsl  mimaBieHuss — ompexensiii  Ha  ctomuke  Kodmepa.  TI'®
(HIIIT «YkpoprcuHTe3») abCOMOTU3NPOBAIM [IEPETOHKON HaJl PACIIABICHHBIM KaJHEM HEMOCPE/ICT-
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CuHTe3 anumMeTancynb(paMuIoB 1Mo peakun Kisiizena

BEHHO riepen ucnoip3opanneM. Otunanetart (HIIIT « YkpoprcuHTes») neperoHsuim u BeICYIINBaIN HaJ
npokaneHHbIM K;COs. be3 1omomHUTeNsHOW OUYHMCTKY UCTIOIB30BAI KOMMEPYECKH JTOCTYIHBIE pac-
TBOPHUTEIN U PEAKTUBBI: XJOPUCTBIH METHIICH, Cylb(ar HaTpus, TUAPUA HATpus (cycmeH3us 60% B
MUHEPaJIHLHOM Maciie), METaHOJ, STAaHOJ, UKIOTeKCaH, YKCYCHYIO KHCIIOTY, CEpHYIO KUCIIOTY (BCE —
HIIIT «YkpoprcuaTe3») W MeTWIIMHHaMoAaT (XuUMHUYeCcKuil 3aBojl MMeHH BoiitkoBa). DTminbeH3zoat
JeNany mo odmiei meronuke (Hamp., [12]). MerancynshamMupl ObUTH MMOTYYEHBI TIO JUTEPATypHOIH
Metoauke [14] ucxons nz merancynbdoxnopuaa (Sigma-Aldich), munepuanna (HIIO «buoxumpeak-
THBY») ¥ THAPOXJIOpUIA JUMETHIIAaMUHA (AHTApCKUH 3aBOJ XUMpeakTUBOB). CoenmHeHne 1B N3BECTHO
[8]. Bce cunTE3BI IPOBOAMIH B aTMOC]EpE aproHa.

B-Kerocyasdamuasl (1a,6). K cycnensun NaH (60 % B macine, 1.7 1, 42.8 mmoub) B 30 M1 cMecu
TI'®-nuknorekcan (1:1 00.) mpu mepeMeNIMBaHUN TPHUIUBAIOT PacTBOp |-(MeTHICYIH(OHMI)ITH-
niepuanHa 2a (4.1 T, 25.1 MMOJIB) B COOTBETCTBYIOMIETO CiIoXxHOTO 3upa (37.7 mmons) B 5 M TI'D,
IOCIIE Yer0 CMECh KUIATAT (it coenuHeHust 1a — 16 yacos, uist coenunaeHus 16 — 21 vac, i coenu-
HeHus 1B — 14 yacoB). [locne oxnaxaeHus: peakilMOHHYI0 CMeCh (PUIBTPYIOT, OCaIOK HATPUEBOW COITH
npoxykTa peakiuu mpoMerBatoT TI'® (3 x 10 M), mocite gero ero pactBopstot B 100 Mir BoABI, K cMe-
cH 100aBISAIOT YKCYCHYH0 KuciaoTy 10 pH 7. Boanyro a3y o0pabaThIBalOT, Kak yKa3aHO HUXKE.

1-(1-IMunepuananacyabgouni)-2-penmmTanans (1a). [locne HelTpanuzanuu BOAHYIO (a3y
akcrparupyioT CH,Cl, (3 x 40 M), akctpakt cymar Hag Na,SO,, ocymutens QuibTpyioT. Ilocne
yHapuBaHUS PacTBOPUTENS MPU MOHM)KEHHOM JABJIEHUH MOJTYYalOT MPOAYKT peakuuu la, KOTOpbIi
ounmiaoT mnepekpucraumsanuedi u3 EtOH. Bwixom 5.31 1 (79 %), OecClBETHBIE KPUCTAJLIHI,
T. 1. 92-95 °C. Cnekrp SIMP 'H, 5, M. 1. (J, Tm): 8.01 (2H, n, Ar, J = 7.2); 7.66 (1H, T, Ar);

7.53 (2H, 1, Ar); 4.83 (2H, ¢, SCH,); 3.12-3.20 (4H, m, N(CH,),); 1.42-1.55 (6H, M, (CH,);).

4-(1-lnnepuauHuicyiabponui)-1-pennaodyr-1-en-3-on (16). B BoxHOI (a3ze BbImagaeT ocajok,
KOTOPBIA (DPMIBTPYIOT, TIPOMBIBAIOT BOJIOW, BHICYIIMBAIOT HAa BO3IyXeE, IMOCIE YEro MepeKpUCTaIn3o0-
BeIBatoT 13 MeOH. Boixon 4.50 r (61 %), GecriBeTHble kKpucTaimmbl, T. mi. 87-90 °C. Crextp SIMP 'H,
o, M. 1. (J, I'm): 7.72 (1H, n, CH=CH, J = 12.0); 7.68-7.71 (2H, m, ArH); 7.42-4.46 (3H, M, ArH);
7.00 (1H, mn, CH=CH, J= 164); 450 (2H, c, SCH); 3.14-3.18 (4H, M, N(CH,));
1.44-1.53 (6H, M, (CH,);).

1-(1-MMunepuaunuincyabponna)ameron (1B). K cycnmemsun NaH (60 % B macme, 1.7 1,
42.8 mmonb) B 30 ma cmecu TI'd—uukiorekcan (1:1 06.) mpu nepeMelMBaHUH NPUIKMBAIOT PacTBOP
1-(metuncynshonmn)munepuauaa 2a (4.1 , 25.1 mmomns) B 5 Ma TI'® u mepeMemmBaroT OJuH Yac.
ITocne aToro mo karsaMm B TeueHue 40 MUHYT H00aBiIAtoT dTInanerar (2.4 T, 27.7 MMOJIB), ITOCIIE YeTo
PEaKIMOHHYIO CMECh KUIATAT B TeueHue 14 gacos. [locie oxmaxaeHHs cMech QUIBTPYIOT, 0CaIOK
npombiBatoT TI'® (3 x 10 mi), mocne dero pactBopsitoT B 100 M1 BOJIBI, CMECh HEUTPaIU3yIOT A00aB-
JIeHUEM YKCycHOH kucioThl. llemeBoe BemectBo skcrparupyioT CH,Cl, (3 % 40 M), SKCTpakT cymiar
Hajx Na,SO,, ocymmrens GuibTpyroT. [locine ynmapuBaHusi pacTBOpUTENSt IPU MOHMKEHHOM JIaBJICHUT
nony4dator npoaykt 1B. [lepexpucrammuzanus u3 stanona. Beixog 2.48 T (48 %), OGecuBeTHbIe KpH-
CTayuIel, T. T 57-59 °C (mut. 57-59 °C [8]).

Hoayuenue N,N-mumeTuia-2-okco-1-nponancyiasponamuaa (Ir). K cycnensun NaH (60 % B
Mmacie, 2.52 1, 63.0 mmoinb) B 30 mut emecu TI'®@—nmknorekcas (1:1 00.) mpu nepeMenivBanuu 100aB-
nstoT pactBop N,N-gumerniamerancynbhonamuaa 26 (3.1 , 25.2 mmois) B 15 M TT'®, cmech nepe-
MEIITUBAIOT OJIWH Yac MpH KOMHATHO# Temmeparype. Jlanee mo kamiaM B Teuerue 30 MUHYT m00aBIIs-
o1 stunarerat (4.44 r, 50.4 mmonp). CMmech nepeMemnBaoT 17 gacoB. 3aTeM pPeakiMOHHYIO CMECh
¢ubTpyIoT, ocanok npomeiBaloT TI'® (3 x 10 M), mocne yero pactBopsitoT B 100 M Boabl U HEl-
TPaMU3yIOT KOHI[. CepHOU Kucinotoit. Boansrit cnoii axctparupyror CH,Cl, (3 % 40 Mi1), 3KCTpakT cy-
mat Hax Na,SO,, ocymmuTens GuiabTpyioT. [locne ynapuBaHusi pacTBOpHUTENS MIPH MOHWKEHHOM JIaB-
JeHuu noiyvarT npoaykT 1r. Beixox 2.45 r (59 %), OecuerHble KpucTammbl, T. . 4042 °C.
Crextp AMP 'H, 8, m. 1. (/, T'm): 4.25 (2H, ¢, SCH,); 2.75 (6H, ¢, N(CH3),); 2.26 (3H, ¢, CH3).
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M.O. Konocos, O.I'. Weeub, A.B. MigsopoTHa, B.[l. Opnoe. CuHTe3 aunnmeTtaHcynbdamigiB 3a peakuieto
Knansena.

Po3pob6neHo meToa oTpMMaHHS LiHHMX GingiHr-6nokis — N,N-gu3amilleHnx f—keTocynbdamigoB — Ha npuknagi
koHAaeHcauii N,N-gn3amilieHnx metaHcynbdamigis 3 eTundeHzoaTomM, METUNLMHHAMOATOM Ta eTunaueTaToM 3a
KnanseHom. MNMokasaHo, Wo npu BUKOPUCTaHHI y AOCHiAXYyBaHiN peakuii eTunauetaTy yTBOPEHHS aLeTooLTOBOro
edipy BigbyBaeTbCs NULLE B HE3HAYHIN Mipi.

KniouoBi cnoBa: 3—keTocynbamign, koHaeHcauis KnanseHa, 1—(meTuncynbgoHin)ninepuanH.

M.A. Kolosov, E.H. Shvets, A.V. Podvorotnyaya, V.D. Orlov. Synthesis of acylmethanesulfonamides by Claisen
reaction.

A method of valuable building-blocks — N,N-disubstituted p—ketosulfonamides — synthesis was developed on
the example of condensation of N,N-disubstituted methanesulfonamides with ethyl benzoate, methyl cinnamate
and ethyl acetate by Claisen. It was shown, that when ethylacetate is used in investigated reaction the formation
of ethyl acetoacetate occurs only in small amounts.

Keywords: B-ketosulfonamides, Claisen condensation, 1-(methylsulfonyl)piperidine.
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MOUCK HOBbIX IIOMUHO®OPOB C 3AAAHHbIMU
®U3NKO-XMMUYECKUMU U XMUMUYECKUMUN CBOMCTBAMMU
XII. N-3AMELLEHHbIE NOJIMAKPUTAMUOA U COMNMOJINMEPDI

N-TETAPUN3AMELLEHHbIX AKPUWIAMUAA, TETAPUJIAKPUJIATOB,
AKPUNTAMUIA U AKPU/TOBOW KMCIOTbI

A.M. WkymaT, B.B. CeMeHYeHKO

Pa3p360TaHbl HOBble noaxoAbl Ana co3gaHna Npon3BOAHbIX I'IOJ'IVIaKpVIJ'IOBOI7I KMCINOTbl 1 Nonnakpunamun-
aa. CVIHTe3VIpOBaHbI n nccnenoBaHbl cononunmepbl akpunnamuga, akpuroBom KUCNOTbl,
N-reTapunsamMeLleHHbIX akpunaMmmaoB 1 retapunakpmnaTos, obragarLmx NMOMUHECLIEHTHBIMM CBONCTBA-
MU. V|3y‘~IEHbI nx NK-cnekTpbl, 9NeKTPOHHbIE CNEKTPbI NOMOLEHNS 1 NIIOMUHECLIEHLINN.

KntoyeBble cnoBa: cuHTes, akpunamug, nonvakpunamug (MAA), akpunosas kucnota, nonnakpunosas
kucnota (MAK), O-retapunakpunatbl, N-retapunakpunamugpsl, cononumepsl, nommHodopsbl, NK-cnekTpobl,
3MNEKTPOHHbIE CNEKTPbI NOMOLLEHNS 1 (hyopecLEeHLNN.

Hacrosum coobmieHreM Mbl pojoinkaeM [1—4] myOirMKanuoo pe3ynbTaToB UCCISI0BAaHUS BOIO-
PACTBOPUMBIX JIOMUHECITUPYIOIIUX TOTUMEPOB MPOU3BOAHBIX moymakpunamuaa (ITAA) u nomuakpu-
noBo#t kuciotsl (ITAK), KoTopble MOTYT UCTIONB30BATHCSA B KadecTBe pabouell JOOABKU K ITPOMBIIII-
neHHsIM oOpasmam [1AA, yactuaro runponuzoBanHoro [TAA nmm [TAK ¢ menpio BeIcOKOA(h(heKTHB-
HOTO W HAJEKHOTO KOHTPOJSA COAepKaHus ocTarouHoro I[TAA B pabouux cMecsiX, CTOYHBIX
BOAAX H T.J.

BonopacTtBopuMble OMMMEPHI U COTIOIMMEPHI HAXOAAT IMIUPOKOE MPUMEHEHHE B Pa3HBIX cdepax
NeATETHHOCTU UeioBeka [5—16]. BaxkaeHmuMu SBISIOTCS COMOJIMMEPHI HA OCHOBE aKPUIIOBOW KHCIIO-
Tl (AK) 1 akpunamuga (AA).

Panee [1-4] Hamu OBUTH UCCIIEOBAHBI YCIOBHS OCATUTEIHFHON MOJMMEPHU3ANi AA | COTOINMe-
pH3auu ero ¢ MOHOMepaMH-TIOMUHO(OpamMu. BbIIO ycTaHOBIIEHO, YTO ONTUMAIBHBIM SBISIETCS HMC-
TI0JI30BaHHUE MOMAPHBIX AIPOTOHHBIX PACTBOPHTEICH C TeMIepaTypoii kumenns ne Menee 70 — 80 °C
(mns 3 dhexTrBHOTO 00pa30BaHMsI PaIMKaIOB U3 MPUMEHIEMBIX B CHHTE3€ MHHUIIHATOPOB — MEPEKUCH
OcH30mIa WM 0MCa300yTHPOHUTPHIIA). BOTBITMHCTBO CHHTE30B MPOBOAMIOCH HAMH B Cpele THOKCa-
Ha w Stunanerara npu 70 — 80 °C, yro npuBommio K oGpasosanmio ITAA u ero MomudHUKaToB C
XOPOIIUM BBIXOJIOM.

Crenyer OTMETHTD, YTO B Ka4eCTBE WHUIIMATOPOB mojuMmepm3arun AA nmu AK, MoryT mpume-
HATHCS WHUIIMATOPHI PA3JIMYHBIX KJIACCOB — HAmpHUMep, HepcybdaThl U MepOopaThl MICTOYHBIX Me-
TAJUIOB ¥ aMMoOHUs, nepokcua Oensowmna (I1B), muauTpun azo-Ouc-uzomacnsHoi kucinotsl (JJAK),
YO- u y-uznyuenue. [Ipu ncnonap3oBaHuy B CHHTE3€ HEMPEICNBHBIX COEAMHEHUN ¢ (hIyopecupyto-
IIMMHA apOMAaTHYECKIMH FUTH TeTePOLUKINIECKUMHU (pparMeHTaMu KpyT WHHUIIMATOPOB PE3KO COKpa-
IIaeTCsl — MPUTOAHBI TOJBKO T€, KOTOPHIE XOPOIIO PACTBOPSIOTCSA B OPraHHYECKOW Cpelle, a MMEHHO
MepPeKrch OCH30MIA M JUHHUTPHI a30-OMCH30MACITHOW KUCIOTHl. OHU UMEIOT BBICOKYIO I(PPEKTHB-
HOCTh mHHIIMHpoBaHus (1 I1b ona cocrasmser 0.87, a must JJAK — 0.82). OgHako, IpeAIOYTHTEThb-
HBIM sIBIIsieTCs uctioyib3oBanue JJAK, MoCKONbKY OH JIErKO OYHIIAETCS ITyTeM IePEKPUCTALTH3AINN 13
METaHOA.

OnHO U3 HWCCeI0OBaHHBIX HANPABIICHUHA CO3aHUs HENpeAeTbHBIX COeINHEHHH ¢ (Iyopecupyro-
[IMMU aPOMATHUECKUMHU UM FETEPOLUKINIYCCKUMU (PparMeHTaMu — UCTIOIb30BAaHUE aMUHO- U THIIPO-
KCHJICOJICPKAIIUX JIIOMHUHO(GOPOB C TOCICIYIONIMM HX al[MJIMPOBAHUEM XJIOPAHTHIPUIOM aKPUIOBOMH
KHCIIOTHI VT MaJeMHOBBIM aHTHIPHIOM. BTOpoli BapmaHT ObLT BEIOpaH HaMH KakK MPEANIOYTUTEINb-
HEI. TakuM oOpa3oM, Upe3BBIUAHHO BaKHOH CTAHOBWIIACH ITOJTOTOBKAa MOHOMEPOB, COIEpKAIIHX
HeoOXoaMMbIe PparMeHThl OyayIux MakpomoJekyi. Kak diayopecuupytoiue pparMeHThbl HCIIOJIB30-
Bamuch  1,5-gudennn-3-(4-amuHodennn)-2-nmupazonus,  S-(4-amuHodennn)-2-(2-tuennn)-1,3,4-
okcomnazol, N-enmn-4-amuHoHadTATUMUA,  4-MOPOOHIIMIHADTANTHAPA3UA, THApazun  4-
aMHHOHa(TANICBOH KHUCIOTHI, 3,6-AMaMUHOAKpUAnH, 1-denun-3-apun-5-(2-¢hypui)-2-nmupa3onuHbl
(rme 3-apun — QeHun-, 4-anetwnamMuHOpeHWNI-, 4-Opombpennn-, 4-OudeHun-, 3-nmupuaHi-),
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4,4'-6uc[(1-dpenmn-5-(2-¢pypun)-2-nupazonus-3-wi | audernn u 1,3-mudennn-5-(2'-pernnarenn)-2-
nupazonuH, 4-(1,5-nudennn-2-nmupazonun-3-mi)-(3-auiui-2-Tu JpOKCUOCH3WINICH JaHITuH,  2-(2-
¢bypun)-5-(2-madtun)-1,3-oxcazon u 2-(2-dypuin)-5-(4-meroxcudenun)-1,3-oxcazon, Tpunadaasu,
aKpUIWHOBBIN JKENTHIH, MUPeH, pruOodIaBuH, r’UIPOKCH3aMEIIEHHbIE KyMapiHa U JIp.

OnHO U3 BO3MOYKHBIX HalpaBJIeHUH CHHTE3a HOBBIX comoirMepoB Ha ocHoBe AA u AK — monudu-
Kalsi CTPYKTYPbl MATEPUHCKHUX MOJIEKYJI IyTEM HCIOJIb30BaHuUs MaTpulbl Monekyn [TAA u ITAK s
MIPUBHUBKU B WX OOKOBBIE TpyHmbl ()parMeHTOB, MO3BOJIAIONINX MOMYYNUTh HOBBIC ()YHKI[MOHAIBHEIE
BO3MOKHOCTH TIOJTUMEPOB W comomMepoB. OmHAaKo, TaKoH MyTh MOAU(UKAIHH CTPYKTYpsl [IAA
JIOCTATOYHO HEJIETKUI C TOUKH 3pEHHs MPAKTUYECKOTO MPUMEHEHHsI, 0COOCHHO B ciyyae HEoOXOou-
MOCTH BBEJICHUS CIIOKHBIX ()parMEeHTOB.

B maHHOM COOOIIEHNH MILTFOCTPUPYETCS BO3MOXKHOCTH TTOIYYEHHUSI COTIOJIMMEPOB METOAOM IpH-
BUBKHU (uIyopecuupyromux GpparMeHToB Ha MarepuHckue Makpomonekyisl [TAK. [Ipsmoe monyyenne
N-rerapuizaMenieHHbIX aKpUIaMHI0B allMIMPOBAHUEM COOTBETCTBYIOIIMX AMHUHOB 3aTpyIHUTEIBHO,
MOCKOJIBKY Xiopanruapua AK rerko monmMepusyercss BO BpeMs peakiiuu arpmupoBanus. Ciemosaino
paspaboraTe MeTOa NMPUBWUBKHU Ha 3apaHee cuHTe3upoBaHHYIO0 [TAK. ITAK momydann pagukaipbHON
noauMepu3anuil akpuinoBoi kuciaotel. Mannmatops! JAK u [1b — Haunmyumme nmis paavkanbHOU 1o-
muMmepuzanuu AA c¢ nenpro nomydeHust [IAA co cpaBHUTENFHO HU3KOW MOJEKYISPHON Maccoil (Me-
TOAOM OCAJAUTEIHLHON moauMepu3arun) [ 1—4], ObUt HaMu BEIOpAHEI TaKxke i1 monuMepu3anun AK —
HavaJbHOM CTaJnM HACTOsAIIero ucciaenoBaHus. C 1eNbio MPUBUBKU (PIyopecuupyoumx GpparMeHToB
MBI pemniii Ha pactBop ITAK B anpoToHHOM pacTBOpUTENE BO3AEHCTBOBATh PACTBOPOM XJIOPHUCTOTO
THOHUJIA, TipeBpaiias aeiictBueM nocieaHero [TAK B cononumep AK u xnopanruapuna AK, a 3arem
alMJIMPOBaHUEM NIPUBUTH AMHUHO- U OKCU3aMEIICHHBIC JIIOMUHODOPBHI.

Bruta mpoBezieHa cepust 3KCIIEPUMEHTOB AJIS OTIPEAETIeHNUS ONTUMAIBHBIX PACTBOPUTENEH A Tpo-
BeJleHHs peaknuid. B pe3ynprate Hambolee MOIXOISAIIMM PACTBOPUTENEM W3 CEPUU HCIBITYEMBIX
(6enH3011, KCHIIONBI, THJIANIETAT, HUTPOMETaH, JUOKCAH W JIp.) OKa3aJcsd JUOKCAH, 00CCIICUMBAIOIITII
HanOoJiee yIOBICTBOPUTENbHYIO pacTBOpuUMOCTh [TAK. OuumieHHbI JUOKCAH Mepe]] UCIOIb30BaHU-
€M TIPOBEPSUTM Ha HaNIW4HMe MEPOKCHIHBIX COeOUHEHUH mpoOoi ¢ 1%-ubM pactBopoM KI u 1%-b1M
pacTBOpoM Kpaxmaja (OTCYTCTBHE CHHEH OKPAacKH YKa3blBaeT Ha MPHUTOJHOCTH PACTBOPUTENS IS
UCIIOJIL30BAHUS B CHHTE3aX 0e3 JOTIONHUTEIHHON OYUCTKH).

Takum 06pa3oM B pe3yibTaTe MPOBEACHHON CEpUH MPEABAPUTENBHBIX ONBITOB ONTUMAIBHIMHU yC-
JIOBHSIMU OKa3aJIMiCh: PAaCTBOPHUTENh — JUOKCaH, IpeBpalieHne kapookcmibHbIX Tpymi [TAK B xitopan-
runpuanyto — pacteop SOCI, B quokcane. Bmecte ¢ TeM ciieyeT OTMETHTh HEJJOCTATOK 3TOT0 METOIA
— MOJTyYeHHbIe B pacTBope comonumepsl AK n e€ xiopanruapuna ob6aanaroT MEHbIIEH PacTBOPUMO-
CThIO B TUOKcaHe, Hexenn [1AK, mosToMy npuBHBKa YaCTHYHO MPOXOIUT B CUCTEME PacTBOP—TEIb U,
CJIEI0BATEIHHO, B MECTaX 0oJiee MOCTYITHBIX, HAXOMAIINXCS Ha MMOBEPXHOCTH IMOJIMMEPHOTO KITyOKa.

IMpespamiennss AK u AA, B npenpIaylIuX 1 HACTOSIIEM COOOIICHUH, TAKUM 00pa3oM, MPOBOIM-
JIUCh B COOTBETCTBHH ¢ 001Ieii cxemoii (cMm. Cxema 1).

B Hacrosmiem cooOmmennn paccmatpuBaioTes comoianmepsl AK, AA, N- rerapmizaMenIeHHBIX aK-
pHIIaMUJIOB, aHAJOTHYHBIX N-reTapuiI3aMelleHHBIX MajeaMHI0B M HEKOTOphIX comonnMepoB AK,
AA, O-retapui3aMelIeHHBIX aKpUIATOB (MCHONB3Ys B Ka4eCTBE MCXOJHBIX JIIOMHUHOPOPOB prdoda-
BuH (P®), tpunadnasun (TD), akpuauaoBskIii xenthiid (AXK), 7-ruapoxcu-4-mermnkymaprunaa (I'MK)
1 aMHHO3aMeNIeHHbIe psaa 1,3,5-Tpuapuin-2-nupazoiauHa), CTpYKTYpHBIC (OPMYIIBI M YCIIOBHEIE 000-
3HAYEHMs KOTOPBIX MPECTaBICHBI Ha pUCYHKax 1 u 2.

g moirydeHust BOIOpacTBOPUMBIX coronuMepoB AA, AK u crienmanbHO (GyHKIIMOHU3UPOBAHHBIX
momuHO(DOpOB (N-TeTapunmaneamunoB u O-reTapuiManearoB), TaKUM 00pa3oM, OBUIO MPOBEICHO
ampuiipoBanue  xjiopanruapuaom IIAK tpunadnaBruHa, akpuAMHOBOTO JKENTOT0, pHOOQIIaBHHA,
7-ruapoKcHu-4-MEeTUIKYMapuHa U aMHHO3aMEUICHHBIX psaa 1,3,5-Tpuapui-2-nupa3oiuHa, Kak Mpu-
Mep, — JTIOMHHO(GOPOB, CONEPKAIINX THAPOKCIIIFHBIE M aMUHOTPYIIIBI, BO-TIEPBHIX, M Majo- WJIHM He-
pPacTBOPUMBIX B BOJIE COeIMHEHHH, BO-BTOPHIX. Cienyer ykas3arh, 4TO NMPH HAIUYUHM HECKOJBKUX pe-
aKIMOHHBIX IIEHTPOB (B ciydae puboduaBrHa — TPEX, aKPUANHOBBIX KPACHTENIEH — JABYX) BO3MOXHO
TpHC- WIH OMC-allMIMPOBaHUE, OTHAKO B TANBHEHIIIEM 3TO THO0 HE CKa)XEeTCs Ha CIIEKTPAJIbHBIX Xapak-
TEPUCTHKAX BOJOPACTBOPHMOIO TojuMepa (TPOM3BOAHBIC prOOQIIaBHHA) WM TPHUBEIET K HE3HAUH-
TENbHOMY YIIMPEHHIO CIIEKTPAIbHOTO quana3oHa (piayopecieHInu (aKpHUINHOBbIE KPACUTENH).
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Pucynox 1. Comnomumepsr AK, AA wu N-rerapunakpuinamugoB win O-reTapuiakpuiaToB
(cTpykTypHBIE POPMYIIBI M X YCIOBHBIE 0003HaueHus) Ha ocHoBe PD, TD u AXK.

N-rerapuizaMenieHHbie MaeaMu bl 1 O-reTapiiizaMenieHHBIC aKpPIIAThI [TOJTyYaid IyTeM CILIaB-
JICHUSI COOTBETCTBYIONINX aMUHOB MM (DEHOJIOB (B 3HAUYUTEIHLHOM HM30BITKE PACIIIABICHHOTO MAaJleH-
0
HOBOTO aHTHUIpPHIA TIpH TemriepaType paciuiaa He Hixke 150 “C) (cm. Cxemsr 2 — 3)
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Cxema 2. Obmias cxema noiydeHus: N-rerapuiManeamMuioB 1 O-retapuiManeaToB M, B 4YaCTHOCTH,
npuMep B3aUMOACHCTBUS C 7-THIPOKCH-4-METHIKYMapuHOM M puOodiaaBuHOM (IIOKa3aHO TOJBKO
alMJIMPOBaHUE [0 TMIPOKCUMETHIBHOH IpyIIe, Kak Hanbosee BEpOsSITHOMY MECTY alluIMPOBAHMS)
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Pucynok 5. IK-cniektp cononumepa N-[3,6-1uaMuHO-2,7-1UMETUI-3-aKpUAMHNAT |MajeaMHu1a, akpu-
J0BOH KUCIOTH 1 akpunamuaa — AK-AA-(AXK)AM

[Toydenusie Takum oOpasom conoaumepsl AK, AA u cnenuanbHO (PYHKIMOHH3UPOBAHHBIX JIHO-
MUHO(OPOB MPECTABISAIOT cO00H TBepAble (pryopecuupyromiie o0pasiipl, JETKO pacTBOPUMBIE B BO-
ne. BcerenacTBue BO3MOXKHOTO 3arps3HEHHS COMONMMEPOB HMCXOTHBIMHU JTIOMHHO(GOpAMH KOHTPOIH
YUCTOTBHl KOHEYHBIX NMPOAYKTOB MpoBoAmin MerogoMm TCX — comomumepbl OocTaBalMCh HA JIMHUHU
CTapTa, a BO3MOXKHBIE (pIyopecuupyromue 3arps3HeHns dMoupoBaINCh. OUHCTKa KOHEYHBIX MPOAYK-
TOB MPOBOAMIIACH ITyTEM MTEPEOCAKICHIS HX U3 BOJHBIX PACTBOPOB alleTOHOM MIJIH METAHOJIOM.

[IpoBeneHHbIle HAaMH HCCIENOBaHUs (JIEKTPOHHBIE CIEKTPHI TOTJIOMICHUS U (IIyOpecIeHIHH,
HK-criekTphl) MOATBEPKIAIOT 00pa30BaHUE BHIIIC YKa3aHHBIX CTPYKTYP.

[MoaTBepxaeHreM 0Opa3oBaHMsI TOTYYSHHBIX comonuMepoB sBisieTcss MK-cniekTpbl (MHTEHCHBHEIE
ik B o6mnacta 1600+1750 e cootBercTBYyeT -CONH,, -COOH, CONH-Ar, —-COOAr — rpynmam, B
o6macti ~2500+3600 cM' HMHTEHCHBHBIE CTPYKTYPHUPOBAHHBIE TOJOCHI MOTIOIIEHHS 00YCIOBIEHBI
BaJICHTHBIMH KOJICOaHUSIMU CBOOOIHBIX THIPOKCUIBHBIX, KAPOOKCHUIIBHBIX U aMUHOTPYIIIT B MHOXKECT-
BOM 00pa30BaBIIMXCS BOJOPOJHBIX CBsA3eH pasnudHbIx THIIOB — Mexkny —COOH nu —CONH,, -CONH-
Ar, —COOAr, -NH,, -N= reTeponukioB u, 0€3yCI0OBHO, MKy CAMIUMH KapOOKCHUIHHBIMU TPYTIIIAMH.
OpnHako HE0OXOAUMO YUECTh TAKKE U TO, YTO MAKPOMOJIEKYJIBI HAXOJIATCS B BUJC CIOKHBIX HEYIOPS-
JIOYSHHBIX KIIYOKOB M YTO BCE yKa3aHHBIE TPYTITHI MAaKPOMOIEKYJI HaXOIATCS B MAJIO MPEICKa3yeMbIX
B3aUMHBIX MOJIOKEHUSX (HE BCerja JOCTYIHBIX K 00pa3oBaHUIO BOJOPOIHOHN CBs3M). Kak BUIHO 13
npumepa npencraBieHHbix MK crnekrpoB (Puc. 3-5; Haubonee MHpOpMAaTUBHBIC 00JacTU CIEKTPOB
oTMedeHbl oBanamu) N-[3,6-nuaMuHO-2,7-TUMETHII-3-aKpUIUHIII |MaieaMuia, comonumepa N-[3,6-
TUAMUHO-2,7-TAMETHII-3-aKpUAWHAT |[MaJleaMHIa M aKpriiaMua u comommMepa N-[3,6-aquamuHo-2,7-
TUMETUI-3-aKpUIUHII |MajieaMH/la, aKpUIOBOM KHCIOTHI M aKpwjiaMHAa pPa3ludus CyIIECTBEHHbIE
KaK B yKa3aHHBIX OOJIACTSAX CIIEKTpa, TaK U B OOJACTH «OTIEYAaTKOB MANBLEB», H, B TO K€ BPeMs, B
KKIOM M3 HUX WMEIOTCS XapaKTepHbIE MOJOCH MOTJIONMEHHS, COOTBETCTBYIOIINE UX XUMHUYECKOMY
CTPOCHMIO M MEXMOJIEKYJIAPHOMY M BHYTPHUMOJEKYJSIPHOMY (MEXIy TpyHIaMH pa3HBIX 3JIeMEHTap-
HBIX 3BE€HBbEB OJTHOW MakpoMojeKysipHoil nenu) B3aumoneiictsuro —COOH ¢ —NH,, -NH-Het u —N=
rerepounkioB. Tak cpaBHeHne MK-cnexTpoB (110 MONI0KEeHHI0, HHTEHCUBHOCTH, U (hOpMe I10JIOC) MO-
HoMepa N-[3,6-mmamunHo-2,7-mumeTin-3-akpunuani Maneamuna (Puc. 3) m comommmepa N-[3,6-
JUaMUHO-2,7-IUMeTIII-3-aKkpuAuHWI |ManeamMuaa 1 akpuiamuaa — AA-(AXK)MA (Puc. 4) nosBonsier
OTMETHUTH CYIIECTBEHHBIN BKJIAJ MOTJIOMICHUST aMUIHBIX Tpymi (1654 CM'I) st AA-(AXK)MA, Mex-
MOJICKYJIIpHOC ¥ BHYTpUMOJIeKyJsipHoe B3ammoxeiicteue —NH, m —COOH- rpymm mrst N-[3,6-
JUAMHHO-2,7-THUMeTII-3-akprarHII Maneamuaa (o6macts 3600-1800 cm™), a cpaBHEHHE THX CIIeK-
TPOB CO CIEKTpOM conoiumepa N-[3,6-muaMuHO-2,7-IUMETHI-3-aKpUAMHNAT |MajeaMHua, aKpuiIoBoi
kucioThl ¥ akpuiaamuaa — AK-AM-(AXK)AM (Puc. 5) mo3BoIseT BBISIBUTH CYIIECTBEHHBIN BKJIAJ T10-
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rIoleHue B pa3nuuHble H-koMruiekcsl kapOokcunbHbIX rpynn ¢ —NH,, -NH-Het u —N= rereporux-
noB u ¢ apyrumu —COOH (cyMMapHbIii MHOTOIIOIOCHSIH KOHTYp oT 3500 10 2400 cm™) u nedopma-
IIMOHHBIX KoleOaHuii MeTHieHoBbIX Tpymm (1400 cM™'), 4TO COOTBETCTBYET PaslIMUMIO B CTPOCHHH
B3ATBIX VIS IPUMEPA COSAMHEHUH. AHAIOTMYHbIe B3aUMOJACHCTBYS, a, CI€J0BATENIbHO, U MPOSBICHUS
B UK cnekrpax HaOmronaroTCa Opu U3MEHEHUH XUMHUYECKOTO CTPOCHMS U Ul APYTHMX MOHOMEPOB U
COTIOJINMEPOB.

PaccMoTpeHne 3JeKTPOHHBIX CHEKTPOB MOTJIOIIEHUS M CIEKTPOB (PIyopecueHINH BOIHBIX pac-
TBOPOB HCXOJIHBIX JIIOMHHO(POPOB (TOJBKO TEX, KOTOPHIE PAaCTBOPHUMEI B Boje — pruOOQIIaBHH, TpH-
nadyaBUH W aKpUAMHOBBIM KENTHI) U comonuMepoB Ha ux ocHoBe (Tabxn. 1) mokasbiBaeT, 4To B
OOJBIIMHCTBE CIIy4acB MOJIOKEHNE MaKCHMYMOB IOJIOC TOTJIOMICHUS U (IIyOpecHeHIUH Malo H3Me-
HSeTCS NIPU IEepexoie OT UCXOTHOIO JIIOMHHO(Opa K comonuMepy. s coeauHeHu, conepKalimx
CTPYKTypHBIC (pparMeHTsI psaaa 1,3,5-Tpuapmimupa3oinuHoB (2-MHpa30InHBl HE PACTBOPHUMEI B BOJIE)
MOYKHO paccMaTpuBaTh TOJBKO JAaHHBIE JUIS CONMOJIMMEPOB U BIMSHHME 3aMECTUTENICH Ha IMOJIOKEHHE
Amax- U1 HUX HaOMromaroTcs OOLIEH3BECTHHIC SIBICHHUS —KOPOTKOBOJIHOBOE CMELICHHE MOJOC NPH
BBeeHUH noHOpHOTO 3amectutens (CH;O—) u IITMHHOBOJIHOBOE CMEIICHHE TTPY BBEACHUH aKIICIITOP-
HeIx 3amecturenei (F—, Cl—, Br-).

Ta6auua 1. CnekTpajibHble XapaKTEPUCTUKU UCXOIHBIX COSAUHEHUM U CONOIUMEPOB

N n/n Ha3zBanne MCX0HBIX JIIOMUHO(GOPOB MakcumyM MoJI0ChI MakcumMyM MOJI0ChI
U yCIOBHBIE 0003HAYECHHUSI CONIOIMMEPOB TOTJIOIIECHUS Aoy, HM | (pIyopecueHIMU Apyy, HM
1 Pubodnasun (PD) 358; 444 525
la AK-(PD)AA 355; 446 530
16 AK-AA-(PD)AA 373; 445 532
2 Tpunadnasun (TD) 447 508
2a AK-(TD)AA 460 527
20 AK-AA-(TD)AA 455 525
3 AxpunuHOBEIHN xenThiid (AX) 436 511
3a AK-(AX)AA 455 512
36 AK-AA-(AXK)AA 455 511
4a AK-(TTup)AA 380 495
46 AK-AA-(ITup)AA 366 455
48 AK-AA-(ITmp)AA: R, = CH;0 360 396
4r AK-AA-(TTup)AA: R, =F 365 498
4n AK-AA-(ITup)AA: R, =Cl 377 500
4e AK-AA-(ITmp)AA: R, =Cl 383 505
4x AK-AA-(ITup)AA: R, =Br 380 505
5 AA-Oypllup 368 495
6 7-I'uppokcu-4-metunkymaput (I'MK) 320 450
7 AK-(TTMK)MA 322 453

JKcnepuMeHTasibHas YacTb

UK-CreKTph! TIOIMMEpOB M3Mepsnuch B auanasone 4000-400 cv™', 32 ckaHupoBaHMs ¢ paspele-
mueM 4 cM' Ha cmektpomerpe ALPHA mpomssozxcTa Bruker, m3meputensubiii Moxyns ALPHA-P
(mns m3mepennit Hapymenuoro Ilomaoro Baytpennero Orpakenus), Kpucrami-anmas.

DJEeKTPOHHBIE CIEKTPHI MOTIIOMEHUST U3MEPSIIH JUIsl BOJHHUX DPACTBOPOB Ha CIIEKTPOGOTOMETpE
«Hitachi-3210», cnexTpsl (yopecueHunn — Ha crektpodotomerpe ,,Hitachi 850”. (anmunHa BOJHBI
BO30Y>XKICHHUS BBIOMPATIMCH B MAKCUMYME I10JIOCHI ITOTJIOICHNS N3y4aeMOro COCANHEHHMS).

CHHTE3 NOAMAKPUIOBON KUCIIOTHI
OurcTka aKpUIOBOW KHCIOTHI. PeakTHBHAS aKpHIIOBas KUCIOTA CONEPIKUT CTaOMIN3aTOp, OJUTO-
MepHI U MPOIYKTHl OKUCICHHSA - TIOITOMY TpeOyeTcs e€ O4YMCcTKa HEMOCPEICTBEHHO Tepen KaXIbIM
ucnojbp3oBaHreM. OYUCTKY aKpHJIOBON KHCIOTHI OT CTaOMIM3aTOpa, OJMIOMEPOB M MPOAYKTOB OKHC-
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JICHHS TIPOBOIMIIN MTEPETOHKON NP aTMOC(HEPHOM JaBICHUH B MPUCYTCTBUHA HHTHOUTOPA — TUAPOXH-
HOHa (BO n30eXaHKe TOINMEpPHU3aIIH).

Honyyenune [MAK (BBIOOp pacTBOpUTENs Ul MOJUMEpH3aunu). B aBe KpyriogoHHBIE KOJIOBI BMe-
ctuMocThio 100 M1, OCHaIIEHHBIE O0OPaTHBIMU XOJOIMIBPHUKAMH, TIOMEIAIH 110 5 MJT aKpUIIOBOH KH-
cioThl. B xon6s1 qo6asuiu mo 30 mit, B IIepBYIO — 3THJIAIETaTa , @ BO BTOpYyIo — OeH3omna. Kool Ha-
rpeBany 10 KuIeHus (riuuepuHoBas Gans — 80 °C). K xumsammM pactBopam g00aBIsud 10 50 mr
nepekucu Oceu3omna (I[16). HaGmomanu Beimanenue ocaaka uepe3 1—1,5 uwaca. Tlocne oxmakaeHus
PEaKIMOHHBIX CMecell MONyYeHHYI0 MOJMAKPHUIIOBYIO KHCIIOTY (QHIBTpOBAIIM Ha BOpOHKe broxHepa,
MIPOMBIBAJIIN PACTBOPHUTEIIEM U CYIIHIIH.

Benzon obecneunBaer OoJiee BBICOKHI BBIXOJ MONUMEPHOTrO mpoaykTa (4.7 T mpotuB 4.5 T B ciy-
Yae 3TWJIAIleTaTa), CIeI0BaTeIbHO, OH SBIIACTCS OOJee MPEANOYTUTENBHBIM IS TIPOBEACHUS ITOJIMe-
pu3anuu.

Honyyenue mosmmakpuiamuaa. B kpyriogonHoit konbe BMecTuMOCThI0 200 M1, OCHAIEHHOH 00-
paTHBIM XOJIOAMIBHUKOM, PAacTBOPSUIH 5 T akpriamua B 80 M1 stmnanerata. KonOy moMemmany B Harpe-
Ty1o (t = 80 °C) rimieprHOBYIO GaHIO M MOC/E MOIHOTO PACTBOPEHMS aKPHIAMIIA, T00ABISUIH 250 Mr
JTUHUTpHIIa azon3zomMaciisiHoi kucioTsl (LAK). Yepes 1,5 yaca HaGmronanu BelaieHHE OOMIBHOTO OCaKa.
[Nocne oxnaxaeHuss peakMOHHOM cMeCH MOJIy9YeHHBIH MONMakpuiaMui GUIGTPOBAIM HA BOPOHKE Brox-
Hepa, TPOMBIBAITN PACTBOPUTENIEM U CYIIHIH. BBIXOJ TOTOBOTO MPOIYKTa — KOIIMYECTBEHHBIH.

Monubukanus CTpOCHUs TOTHAKPUIAMIJIA U ITOJIMAKPUIOBOW KHCIOTBI

Cunte3 M _ouncTtka N-reTapuiMajgeaMHIoB M rerapuiaMajiearoB. O0mas MeTOIMKa CHHTE3a
N-rerapmizaMenieHHbIX aMHI0B M 3CTEPOB MAIIGHHOBOW KHUCIOTHI. B peakimoHHbIe COCY Bl TIOMEIIa-
au o 0,5 r ucxomusix HoN- u HO-coaepxanux aroMUHO(OPOB U 10 1 T MaJCMHOBOTO aHTHIPHJIA.
Cocynpl HaNOJHSIIA WHEPTHBIM Ta30M, 3aKPBUIM XJIOPKAIBLIHUEBHIMH TPYOKaMH W TOMEIANH IS
CIUIABICHHUS B TIIMLEPHHOBYIO 6aHIo ¢ Temmeparypa t = 150 °C. ITo okoHYaHHIO CIUTaBICHHS (3aTBEp-
JICBaHKE TUIaBa), PCAKIMOHHYI0 CMECh 00padaThiBaJIM BOJIOM, OCAIKU OT(HHILTPOBLIBAIIY, B JAIbHEH-
[IeM OYHUIIANIY IePEKPUCTAITN3AIIMEH U3 STUIIAIETaTa U UCIIOIb30BAIH ISl TOJIMMEPH3AIINY.

CHUHTE3 COMOIUMEPOB aKPUIIOBOW KUCIIOTHI, aKPWJIAMUJIA M aKpuiIaTa pudodiaBuHa
(onTUMM3AIKS YCIIOBUM PEAKIIMN)

Cuntes comonmmepa AK, AA u akpunara pubodrasuHa. B KpyriiomoHHOW KOIOEe BMECTHMOCTEHIO
100 mJ1, ocHaIeHHON 0OPAaTHBIM XOJIOIMIBHUKOM, PACTBOPSUTH 2,74 T TTOJTMAKPHIIOBOM KUCIOTHI B 50 M1
IrokcaHa. PacTBop HarpeBaii 10 TIOJIHOM roMoreHu3anuy, 1ooasism 1,5 mun tnonmnxiopuna (SOCI,)
U pEakUHMOHHYIO CMECh HarpeBalld OKOJIO Yaca — A0 MPEKpalleHHs BbIACICHHS Ta3000pa3HbIX IPOAYKTOB
peaktmu. K cmecn no6asistmn 40 Mr prbodaaBruHa U IPOI0IHKAK HarpeBanue 1.5 vaca, manee moOaB-
ns 5 Mit KoHIL pactBopa NH; u HarpeBanu 30 munyT. [locne oxmakaeHus: peakIMOHHON CMecH TOJTy-
YEHHBIN COMOIMMED BBIAEIAIN M OUMILANN TiepeocakaeHueM. Beixo mpoaykra 2.56 .

Cunte3 comommMepa AK u akpunara pubodnasuna. B kpyrimomonHoit konde BMectumocthio 100
MJI, OCHAIIIEHHON OOpaTHBIM XOJOAMIFHUKOM, IIPU HATPEeBAaHUH PACTBOPSAIN 1 T MOTHAKPHIOBON KH-
ciotel B 50 mu nmuokcana. K pactBopy I[TAK no6asnsum 0,5 mut tnonmnxnopuna (SOCl,) B 10 M au-
OKCaHa, HarpeBaJId OKOJIO Yaca, no6asmsuin 40 Mr puboduiaBrHa U HarpeBaHue Mpooinkanu 1.5 Jaca.
[Tocne oxnakneHUst peakIHOHHYI0 CMeCh 00pabaThIBaI BOAOH, MOTyUYE€HHBIH COTIOIMMED BBIIEISIIH,
nepeocaxkaany u cymuian. Berxox mpoaykra 0.75 1.

Cuntes cononnmepa AK, AA u akpunata pubodaaBuHa. B kxpyriogoHHoO# KonGe BMECTUMOCTBIO
100 M1, ocHaIeHHO# 0OpaTHBIM XOJOIWIBHUKOM, PACTBOPSUIM TIPU HATrpeBaHUU | T TOJMAKPHUIOBOM
KuCIOTH B 50 M1 quokcaHa, 700aBisiiu pacTBop 0,5 M ThoHWIXIopuaa B 10 M 1rOKcaHa W Harpe-
BaJIM OKOJIO yaca, 3aTeM nobasisuin 30 Mr puboduiaBuHa u HarpeBanu eme 1.5 yaca. Jlajgee npuiuBa-
nu 5 mi koHL. pactBopa NHj, narpeBanu 30 MunyT. [locne oxnaxxneHus peakUuOHHOW CMecH MOJy-
YEHHBIN COMOJIMMED BBIACIISIIN, ITepeocaxaan u cymuin. Beixoa npoaykra 1.0 r.

CuHTe3 comojimMepa AaKPWJIOBOW  KHCJIOTBI, akpuwiamuaa u  N-[3,6-muamuno-3-
akpuauani|akpuiaamuga. CHHTE3 MPOBOIMIN AaHAIOTUYHO MPEIBIIYIIEMY, OJHAKO TpumadIaBuH
npeaBapuTensHo pacTBopsid B JIM®DA (25 mr tpumadmaBuaa B 10 M JIM®DA), HarpeBanue mpo-
nomkanu 1.5 gaca, npunuBanu 5 M NH; u narpeBanu emé€ 30 munyT. [locne oxmaxaeHns peakiiuoH-
HOW CMECH TOJTyYeHHBIH COMOIMMEp BBIIEIISUIN, IIEPEOCaKAat, Cynnd. Berxox nponykra 1.12 r.
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CuHTe3 conmomMepa akpWJI0BOH KHCJIOTHI, akpuiaamuaa u N-[3,6-nmamuno-2,7-auMeTna-3-
aKpPUAMHMI|aKPUJIAMUAA TIPOBOIMWINA aHAJOTHYHO MPEIBIAYIIEMY CHHTE3y C ydacTheM Tpumadia-
BrHA. Brixog npoxykra 80 %.

O0mass MeToAWMKA CHHTe3a COMOJMMepa aKpwiIoBoil kucaorel W N-[4-(1,5-nmapui-2-
nupa3oauHui-3)denna]maneamuaoB. CHHTE3 TPOBOIMIA aHAIOTHIHO MPEABITYIIIHM — C YIaCTHEM
TpunadaBuHa U aKpUIXHOBOTO JKEITOTO, OJHAKO MpHOaBIsLIM pacTBOp 50 Mr 3amMenieHHOro 2-
MUpa3oiIMHa B 5 MJI JUMOKCcaHa W HarpeBanu 1.5 yaca, npunuBanu 5 mi NH; u HarpeBanu 30 MUHYT.
[locne oxnmakAeHUS PEaKLMOHHOW CMECH COIOJIMMEPHI BBIACISUIN, IEPEOCakKAany (ALETOHOM HIIU
METaHOJIOM), CyIuid. [loay4yeHs! neneBble IPOAYKTHI ¢ KOJINYECTBEHHBIMU BBIXOIaMU:

e COMNOJMMEp CO CTPYKTYPHBIM (pparmeHToM 1-(erni-3-(4-amunodeHmn)-5-(4-propodeHrn)-2-mpasovHa;

e comomMMep CO  CTPYKTYpHBIM  (parmeHToM  1-(enm-3-(4-amuHoheHMIT)-5-(4-MeTOKCU(EHT)-2-
HMPa30JIHHA;

®  COMOIMMEp CO CTPYKTYPHBIM (pparMeHToM 1-(4-x510podenrnn)-3-(4-amuHOpeHm)-5-(peHnT-2-Mpa3oIiHa;

®  COMOJHMEp CO CTPYKTYPHBIM (pparmMeHToM 1-henni-3-(4-amuHodenr)-5-(4-xmopodheHun)-2-upa3oinHa;

®  OIOJMMED CO CTPYKTYpHBIM (hparmeHToM 1-(enmn-3-(4-amunodennn)-5-(4-6pomodheHu)-2-nupa3oiHa;

Cunre3 conouMepa akpuwiamuaa u 1-¢penmnin-3-(4-N-nponuoHmwiamuHogeHun)-5-(2- pypui)-2-
nupasoymna. B kpyriiononHoi konde BMectumMocThio 100 M1, OcHaIIEHHOH 0OpaTHBIM XOJIOIMIBHUKOM,
pactBopstmi 500 Mr akpunmamuza B 25 mi stunanerara. CMech HarpeBaiM 10 MOJHOM romoreHnzaimu. K
pactBopy mobaBmsmu S50 wmr  1-dennn-3-(4-N-nponroHmaMUHOPEHIN)-5-(2-Pyprn)-2-upa3ouHa 1
PEaKIMOHHYIO0 CMECh HAarpeBalii JI0 MOJHOTO pacTBOpEeHUs MoHOMepa, nanee nodasmsum JAK (50 mr) u
HarpeBay euie 1.5 yaca. [locne oxnaskneHns: peakMOHHON cMecH TOMYYeHHBIN COmoauMep (QpUIbTpoBa-
71 Ha BOpoHKe broxHepa, MpoMbIBai pacTBOPHUTEIIEM U CYLIHIN. BBIX0 KOTMYECTBECHHBIH.

CuHTE3 CONMOJUMEPOB aKPWIAMHIA U MajieaTa 7-ruApoKcH-4-MeTHIKYMapHuHa. B KpyTiIomoHHOM
kosoe BMecTuMOCThi0 100 M1, OcHaIeHHONH 0OpaTHBIM XOJOAWIBHUKOM, PACTBOPSUTH 2 T aKpuJiaMuza B
30 mi sTunaneraTa. PacTBop HarpeBanu 10 MOJHOTO pacTBOPEHHUS aKpriIaMua, 1ooasmsm 50 Mr maseara
3aMEIICHHOT0 KyMaprHa W HarpeBajil IO TOMOTSHHM3AINN PEaKIIMOHHON cpenbl. Jlamee nobapmsum 50 mr
MHMIIMAaTOpa U HarpeBau emle 1.5 yaca. [locne oxmaxkneHus peakMOHHON CMeCH TOJTyYeHHBIH COMOHU-
Mep (UIBTPOBAIIN Ha BOpOHKE BroXHepa, MpOMBIBaIy pacTBOpUTENEM U cymin. Beixox 2.19 1.

CuHTe3 COMOJIMMEPOB aKPUJIAMHUAA U MajeaToB pudoduaBuHa. B xpyrionoHHo# xomnde BMme-
ctuMocThio 100 M1, OcHAIEeHHOW OOpaTHBIM XOJOMMIBHUKOM, pactBopsuin 500 Mr akpuiamuaa B
25 mi stunanerata. CMech HarpeBaiu 10 MOJTHOTO PACTBOPEHHUS akpuiammnaa, n1ooasmsum 30 Mr ma-
Jieata, HarpeBaju J0 TOJTHOTO pacTBopenwus, nodasmsuim JJAK n HarpeBamu emie 1.5 gaca. Ilocne ox-
JaKACHUS PEeaKMOHHON CMeCH IOJIyYeHHbIM comonuMmep (GuibTpoBaau Ha BOpOHKEe BroxHepa, mpo-
MBIBAJIM PAaCTBOPHUTEIIEM, OUMIIATN U cymin. Bexon 1.9 1.

BbiBOAbI

1. HccrmemoBaHbl ycinoBHs 00pa3oBaHMs COMOJIMMEPOB MMPOU3BOAHBIX AKPHIJIOBOW KHCIOTHI
(N-rerapunakpunamugoB 1 O-TeTapUIaKpuIaToOB), 00JaAal0UMHU (IIyOpPECHEHTHBIMU CBOHCTBAMHU.
OnTrMalbHBIMHU YCIOBHSIMH B CHHTE3€ COMOJIMMEPOB aKpwiamuzaa, N-rerapuiaMaicaMuioB, TeTapil-
MaJIeaToB SIBJISIETCS OCAIUTENbHAS COMOJIMMEPHU3AIs B Cpelle allpOTOHHBIX pacTBOpUTENel (IHOKCaH,
JTHJIALIETaT), BBI3bIBaEMas HMHUIMATOPaMU paUKaJbHON momuMmepu3anuu (mepekuch OeH3omna,
JAK). Cunres dayopectupyronux npousBonsseix [1AK, a taxxke comomumepor [TAK u [TAA merne-
cooOpa3Hee NPOBOIUTH IPUBUBKOW aMHUHO- U THAPOKCUICOICPXKALIMX JIIOMHHO(POPOB, HCIIONIB3YS
roroByio ITAK. CuHTe3 mpoTekaeT B HETOMOT'€HHBIX YCIOBUSX, a, CIEIOBATEIbHO, 03 yIopsIoueHus
MOJIO’KEHUS MPUBUBKU Ha cTPYKTYypHbIX 3BeHbeB —CH,—~CH(COOH)—.

2. Momydgen psag conomumepo [TAA u ITAK, conepskanux ¢GIyopecleHTHBIE CTPYKTypHEIE (par-
MEHTHl (MCIIONIb3Ysl AKPUAMHOBBIA KENThIH, pubodiaBuH, TpunadnaBuH, 3amemeHHsle 1,3,5-
TpudeHun-2-nupazonuta, 1-denun-3-(4-/N-nponrnonunamMmuao/penun)-5-(2-gpypun)-2-nupa3oind 1
7-runpokcu-4-metunkymaput). CHHTE3UpPOBaHbIE COMOIUMEPHI JIETKO PAaCTBOPSIOTCS B BOAE M BOI-
HBIC PAcTBOPHI 00aNalOT JIIOMHHECIICHTHBIMU cBo¥icTBamMu. CoBMecTHBIM aHamn3 HWK-cmekTpos,
CIEKTPOB MOIJIOIIEHUS M JIIOMUHECIIEHLIMH HCXOIHBIX COEAMHEHUN M COMOJIMMEPOB NOATBEP)KIAET
HaJIMYME B COMOJMMEPAX CTPYKTYPHBIX (parMEeHTOB (aMUAHBIX IPYMIl, KAPOOKCUIIBHBIX TPYMII, reTa-
PUII3aMEIEHHBIX aKPUJIAMHJIOB, TeTapHI3aMeICHHbIX aKpPUJIATOB, MaJI€aMUI0B U MaJIeaToB), a TAKXKeE,
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TuBoctamu. Xll. N-3amilweHi noniakpunamiga i kononumepn N-retTapvnsamilleHnX akpunamiga, retapunakpuna-
TiB, akpunamiga ta akpunoBoi KUCMOTW.

Po3pobneHi HOBI nigxoan AnNst CTBOPEHHS MOXIOHWX MONiaKpUNOBOI KUCNOTKU i noniakpunamigy. CuHTE30BaHi i
JocnigxeHi kononiMepn akpunamigy, akpunosoi kucnotun, N-retapunaamilieHnx akpunamigis i retakpunaris, LLO
MatoTb MIOMIHECLIEHTHI BNacTuBOCTI. BuBueHi I4-cnekTpu, enekTpoHHi CNeKTpy NOrMUHaHHS i NIoMiHecLeHLi.

KnrouoBi cnoBa: cuHTes, akpunamig, noniakpunamig (MAA), akpunosa kucrnota, noniakpunosa kucnota (MAK),
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chemical properties. XIl. N-Sudstituted polyacrylamide and copolymers N-getarylsudstituted acrylamide, getary-
lacrylate, acrylamide and acrylic acid.

New approaches to create derivatives of polyacrylic acid and polyacrylamide were elaborated. Copolymers of
acrylamide, acrylic acid, N-getarylsubstituted acrylamide and getarylacrylate having fluorescent properties were
synthesized and investigated. The IR, UV-Vis absorption and luminescence spectra were studied.
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ANEKTPOTEPMUYECKAA ATOMHO-ABCOPBLIMOHHASA CINEKTPOMETPUA B
NPAMOM ONPEAEJIEHNN OJZIOBA B PACCOJIAX, XJIOPUAE HATPUS U
NMOBAPEHHOU COJIN

O.M. IOpueHko, A.H. BaknaHoB, J1.B. BaknaHoBa, T.B. YepHOoXXyk

PaspaboTaHa MmeToavka NPSIMOro 3f1eKTPOTEPMUYECKOrO aTOMHO-abCcopOUMOHHOro onpeaeneHus onoea ¢
npenenomM obHapyxeHusi B pacconax 0,4 MKr/n; B moBapeHHon conu un xnopuvae Hatpusa - 0,008 mr/kr. Ons
yCTpaHeHWs1 OeNpPeCcCHpPYHOLLErO BUSIHAS XITOPUAOB UCMOMb30Banu XMMUYECKUA MoaudukaTop maTtpuubl
(XM). UsyueHo pencteue cnegyowmx XM: HATPATOB aMMOHUS M Nannagusi, ackopOoMHOBOW, JIMMOHHON,
BVMHHOM 1 LLABENEBOW KUCIOT, (PPYKTO3bl, 8-OKCUXMHOMMHA 1 AU3TUNAMTUOKapbaMmMHaTa HaTpusi. YcTaHoB-
NeHo, YTO MO METPONOrM4YEeCcKMM XapaktepucTukam nyqwmm XM npu onpegeneHny onosa B AaHHbIX O0bekK-
Tax ABNAETCA CMeCb acKOPOUHOBOWM KUCNOTLI C HUTPaTaMnM aMMOHUS U nannagus.

KnioueBble cnoBa: aToMHO-aGcopbLUMOHHas CrekTPOMETPHsI, OrloBo, Npeaen oGHapyXeHWUsl, pacconbl,
XIIOpUZ, HAaTpUsl, NOBapeHHas CoMb, XUMUYECKME MOAUDVKATOPbI.

BBegeHue

ConepxaHue 0J0Ba KaK BBICOKOTOKCHYHOIO 3JIEMEHTa, 00JIaJaromero KaHueporeHHbIM J1eHCTBHU-
€M, perjJaMeHTHPYETCsl TOJIBKO B MUThEBOM BOJE U MHUIIEBBIX npoaykrax [1]. Mmeromuecs B HacTOs-
mee BpeMs JaHHBIE 10 COJIEPXAHWIO 0JIOBAa B MOBAapEHHOM COJIM M paccoiiax MPOTHBOPEYMBEHI, €ro
(hoHOBOE cozepkaHue B 3TUX 00BEKTAX MECTOPOXKACHUH YKpanHbl HEU3BECTHO [2].

IIpsiMoe ompemeneHne OJI0BA METOAOM JJIEKTPOTEPMHUYSCKON aTOMHO-aOCOPOITMOHHON CIIEKTPO-
meTpun (OT AAC) 3aTpyAHEHO HM3-3a JENpPeCcCUpPYIOIero BIUsSHUS xnopuaos [3]. Ilpumenenue cre-
IUanbHON TpaduToBOil meun, rpadUTOBBIX (UIBTPOB, BBIIEICHHUS OJ0Ba 3KCTPaKUMEH, copOuued u
COOCaX/ICHHEM YCIIOXKHACT U YIUIMHsET aHanu3 [2,4]. Jlng yMeHbIIeHUs] MaTpUYHBIX [IOMEX NpHMe-
HA10T XM [3]. IIpu 3ToM ncnons3yioT XM, crocoOCTBYIOIIKE YIAIEHUIO XJIopa B BHJIE JIETKO JIETY-
gux NH4Cl umu HCL. Taxke npumenstor XM, npuBoasie K 00pa3oBaHUIO MPOYHBIX TEPMOYCTOM-
YUBBIX KOMIUIEKCHBIX CO€AMHEHMH onoBa. Kpome Toro, mpuOeraroT K CO34aHUI0 BOCCTaHOBUTEIBHOM
aTMocdepsl Teud ¢ 00pa30BaHUEM TBEPABIX PACTBOPOB OJIOBA, YTO CIIOCOOCTBYET TepMOCTaOMIIN3a-
MM COeTUHEeHMH oJioBa [5-7].

Ilems paboOTH — U3YYHUTH ACHCTBHE PA3IMIHBIX XM MpH aHAJIM3E PACTBOPOB XJIOpHIA HATPHS, I10-
BapeHHOH conu 1 paccoioB. Onpenenuts HanOosee 3pdekTuBHBIH XM.

JKcnepuMeHTasibHas 4acTb

WzmepeHust mpoBOAMIM Ha aTOMHO-abcopOLMOHHOM crekTpoMeTpe AAS-3 ¢ anekTporepmuye-
cknm atomusatopoM EA-3 u neiitepreBbiM koppekTopoM dora (pupma "Karl Zeis Mena"). Mctounu-
KOM H3JIYUYCHUS CIY>KUJIHM JIAMITHI ¢ TOJIBIM KaTomoM "Narva' mpousBojacTtsa ['epmanus. [IpuMeHsr
rpadUTOBBIE KIOBETHI C MUPPOJUIMTHYECKUM MOKPBITHEM M MUKPOIHIIETKH MPOU3BOACTBA | epMaHumy,
rpadUTOBBIC KIOBETHI M3 MONUKPUCTALIMYECKOro rpadura u miarpopMbl K HUIM MPOU3BOACTBA YK-
pauna. [IpuMensuin Takxe rpaduTOBBIE KIOBETHI, IIOKPHIThIE KapOuaaMu TaHTana U Boiabdpama. [o-
KpBITHE HAaHOCWJIM 110 M3BECTHBIM MeToauKaM [8, 9]. B kauecTBe 3alIMTHOrO ra3a MPUMEHSIIM aproH U
renuid copT "Bolciinil". Vcronb3oBanu Ba UCXOAHBIX CTaHAAPTHBIX pacTBopa ojioBa. CTaHIapTHBIN
pactBop ozoBa (IV) I'CO 5231-90 (MCO) npousBoacTBa OU3NKO-XUMHYECKOTO WHCTUTYTAa MM. bo-
rarckoro (r. Oxecca) u pactBop oinosa (II), momyueHHbIH pacTBOpEeHHEM ITPH KOMHATHOM TemIeparype
METaJUIMYECKOro oJioBa 4.jA.a. B pazbamieHHOH (1:3) azoTrHol kucnore. V3 moiydeHHOro pactBopa
IIyTeM pa30aBleHUs TOTOBHJIM PAcTBOPHI CPAaBHEHMS pa30aBIEHHMEM OCHOBHOI'O CTaHIAPTHOTO pac-
TBOpa 0.5 M a3oTHOM kucaoToM. OnpeneneHue 010Ba MPOBOANIN N0 aHATUTUUECKON THHUU 224.6 HM
IIPH CTIEKTPAIILHOW MIMpWHE Ieian MoHoxpoMmaTopa 0.2 aM. O0beM mpoOsr 20 MKII, TeMIiepaTypa Cyli-
ku 110 °C, Bpemst cymxku 30 c., Temneparypy atomm3anuu u3MeHsuin ot 2600 mo 2800 °C, ckopocTs
noabema temmeparypst oT 1200 mo 2500 °C/c, mmurenbHOCTh cTaauu atoMusanuu 4-8 c¢. [pu nuponu-
3¢ MPOOBI UCTIONB30BAIN OIHO M ABYXCTaIUMHBIM PEXUM C BApbUPOBAHHEM CKOPOCTHU IIOTOKA MHEPT-
HOTO Ta3a yepe3 BHYTPEHHIOI MoJIocTh eyt oT 50 (pexuM "raz-muaumyMm") 1o 140 mi/MuH npu pas-
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JUYHBIX TEMIEpaTypax, CKOPOCTAX MOABEMa TEMIEPATYPhl U BBLACPKKHU IIPH 3aJaHHOM TeMIleparype.
Mzyueno neiictBue ciueayromux XM: HUTPATOB aMMOHHUS W TaJUIAIUs, aCKOPOWHOBOM, TUMOHHOM,
BUHHOM M IIABENIEBOW KHUCIIOT, (QPYKTO3bl, 8-OKCUXMHOJMHA M OUITHIAMTHOKapOaMHHATa HATpPHUS
[5-7]. UccnenoBanus MpOBOAMIM HAa pacTBOpax XJIOPHJA HAaTpHA X.d. A CIEKTPAIBHOTO aHalln3a,
MOBapeHHOHN COJNH U pacconax. [[puMeHsTH peakTHBBI KBUTH(UKAIIMY HE HUKE X.U., IPUTOTOBJICHHbBIE
Ha OMIUCTWIIIMPOBAaHHOH Boje. PeakTuBbI, IpuMeHseMble B KauecTBe XM IOMONHUTENBHO OYHILIATN
NepeKpucTaIM3anme. Msyuenne mpounecca ynaieHnus XJjopa Ha CTaJIuu MHPOIU3a MPOBOIUIN C UC-
MOJIb30BaHHEM THTPHUMETPUH M Ia30BOH XpoMaTorpadpuu Mo METoANKe onucanHou B padore [10]. dus
U3yueHHs BIUsIHUSA XM Ha BeIM4YMHY aHanuTudeckoro curHana (AC) ooBa HCMOIB30BaIH BETHYUHY
aToMHoro rorsomenus (A4) [7].
A= (A'Axon)/A07

rae Ao- Benmnuuna AC onosa B 5 % pactBope xnopuaa Hatpusi 0e3 BBeneHus XM; 4 - BenuunHa AC
ooBa B 5 % pacTBOpe XJIOpHIa HaTPHS C BBEICHHBIM XM.

[Ipu n3yueHnn AeHCTBUS KOMIUIEKCHBIX XM COOTHOIIEHHE M KOJMYECTBO X KOMIIOHEHTOB Opaju
B KOJINUECTBE HEOOXOAMMOM JIsl TOJTHOTO CBSI3BIBAHUSI M YAAJICHUS XJIOPUA-UOHA, OCcTaiubHble XM - B
KOJINYECTBE HEOOXOJUMOM [UIsl IOy 4E€HHUsI MaKCUMaIbHO-BO3MOXHOT0 AC.

Pe3ynbTaTbl U UX 06Cy)xaeHne

[Ipu ananmze xJIOpUACOAEPKAIINX PACTBOPOB 3aMeHa XJIOPHIHOW MATpPHUIIEI HA HUTPATHYIO SBIIS-
eTCsl OTHAM M3 BAXHEHIINX ATAroB TepMocTabunuzanuu aHanuTa [7-9]. Tak, mpu onmpenencHUn ojioBa
6e3 XM B cpene 0.5 Mosb/1 a30THOH KHCIOTHI MOTEPU HAOIIOAAIOTCS MPU TEMIIepaType MUpOJIH3a
ceere 1200 °C, B cpene 0.5 monb/n xmopoBogopoaHoi KucioThl - cBbime 800 °C, u B 5 % pactBope
xyopuna Hatpus - cebitie 400 °C. [Ipu nmoakucaeHUU ke pacTBopa xyopuaa Hatpus 10 0.5 MoJb/J1 1Mo
HCI makcumanbHO BO3MOXKHAs TeMIiepaTypa nupoiusa cHikaercs 1o 300 °C (puc.1).

0,45

A 4]

1300 1500

T,030n. °C

300 500 700 900 1100

Pucynox 1. BrausHue Temmeparypbl NHUpOJIM3a Ha BEIUYMHY aHAJIUTHUUYECKOTO CHTHaJlIa OJIOBA.
Csn = 0.08 MKr/Mit:

1 - maTpuna 5 % pacTBOp XJIOpHIA HATPUS TOAKUCICHHBIN CONSTHON KucaoTol a0 0.5 Monb/m;

2 - pacTBOp XJIOPOBOAOPOIHON KUCIOTHI 0.5 MOJB/II;

3 - pacTBOp a30THO# KUCIOTHI 0.5 MOJIB/IT

ITpu UCroNb30BaHUU OJHOKOMITOHEHTHBIX XM MaTpHIlbl MAKCUMAaIbHO BO3MOXKHAS TeMIeparypa
MUpoJIM3a HaOJI0aach MPH KCIIOJIL30BAaHMM HUTpaTa Majuiajus, a MakcuManbHas BenuuuHa AC -
MIPH KCIONB30BaHUM 5 % pacTBOpa acKOpOMHOBOHM KHUCIIOTHI (Ta0ui.l), 4TO XOpOIIO COTJIACYeTCs C
JAHHBIMH pabOT TO H3YYCHHIO BIMSHUS pas3iuuHbix XM MpH aHanu3e BOJ Ha COJEpXKaHUE
onosa [3,7].
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Taoauua 1. BiusHue pa3nuuHblXx MOAMGHUKATOPOB MAaTPHUIBI Ha MPHUPAILCHUE aHAIUTUYECKOTO CHr-
HaJIa ¥ BEIMYMHY MaKCUMAaJIbHO-JOMyCTUMOM TeMIepaTyphl MUPOJIM3a IPU ONPEAETICHUH 0JI0BA

Moaudukarop MaTpu- T oun, °C A Moaudukarop MaTpu- T oon °C A
ObI ObI
* —
400 Hurtpat ammonus, 1030 16
ok 850 1.3 bpykTO3a
ok 780 1.1
Hurtpat ammonus, 1000 16
i 420 - TIII0KO3a
Hurpar namiagus 1200 2.0 Hutpat ammonus,
1000 1.1
Hurpar amMoHus 1000 0.8 8-OKCUXHMHOJINH
Hurpar nayutagus § 1200 2.0 Hurtpat ammonus,
Bunnasg x-ta 550 0.6 JTUITUIAUTUOKAP- 750 0.5
OxkcanaT aMMOHUS 1100 1.0 OaMMHAT HaTpUs
AcKopOUH.K-Ta 860 1.6 Hwurpar namnanus,
1200 22
AcKopOMH.K-Ta § 860 1.6 aCKOpOUH. K-Ta
AckopOuH.K-Ta T 790 1.4 Hutpar ammonus,
JlumoHHas K-Ta 580 1.1 HUTpPAT MaJUTAIAS 1400 2.6
®Ppykro3a 750 1.4 aCKOpOMH. K-Ta
I'moko3a 680 1.1 Hutpat ammonus,
8-OKCUXHMHOJIMH 800 1.0 HUTPAT NAJUIAAUA, 1200 2.1
JuaTHIuTHOKAD- 720 0.4 dbpykTo3a
OaMuHaT HaTpUs ' Hutpar ammonus,
Hutpatr ammonwus, 1350 24 HHATpAT MaJ1ajns, 750 13
ACKOpPOMH.K-Ta JUDTHIAUTHOKAP-
Hurpar ammonus, 1100 13 OaMMHAT HAaTpHs
JUMOHHAS K-Ta ’ Hurpar nannanus, 520 0.8
Hutpar ammonus, 1100 07 a30THasI K-Ta '
BHHHAas K-Ta ’ A30THas K-Ta 500 0.7

B tabnuie npencrapiieHbl yCpeIHEHHBIE Pe3y IbTaThl ECTH ONBITOB. AHAIM3Y HoABepraiy pactsop ososa 0,08
MKI/MI B 5 % pacTtBope xjopupa Hartpus. * - OmnpezneneHue NpoBogwin 0e3 MoaudukaTopa MaTpHILBL
** - OmpenerneHue MPOBOJUIN B KIOBETE, MOAM(DUIIMPOBAHHON KapOumom Bombdpama m - *** - TanTanma.
i - OnpeneneHre poBOAWIH B KioBeTe ¢ miatdopmoii JIeBoBa. T - Onpenenerne MPOBOAUIN B YCIOBHUSX, HC-
KIFOYAIOIIUX HETOCPEACTBEHHBII KOHTAKT 0JIOBA U ACKOPOMHOBOM KUCIIOTEL.

BnusiHne HuTpaTa aMMOHMS Ha MaKCHMAaJIbHO BO3MOXKHYIO BENIWYHMHY TEMIIEpaTyphl MUPOJIU3a
00BSICHSICTCSA TIPAKTHYECKH TOJNHBIM yAaleHneM xJjopua-uona npu temmeparype 500 °C [10]. Moau-
¢unupyromiee AeHCTBHE HUTpaTa Majiagusi MOXKHO OOBSICHUTH OOpa3oBaHMEM TBEPABIX PAaCTBOPOB
0JI0OBa B METAJNIMYECKOM Majulaguu. Tak, Npu MPOBEAECHUH Ipolecca B YCIOBUSAX HEBO3MOXKHOCTH
nepexosa naulafivs B METAJUIMYECKOE COCTOSHUE, T.€. B MPUCYTCTBHE OOJIBIINX KOJIMYECTB KUCIIOT-
okuciuTenei (2 Mob/a u 6osiee) [6], BenMunHA YBEIUUCHUS aHAIMTHYECKOTO CUTHAJIA U MaKCHUMallb-
HO - BO3MOJKHas TeMIepaTypa IUpOJIN3a MPU UCIOIb30BaHUM HUTpATa MaJUIagus U a30THOW KUCIOTHI
(2 Momb/1M), TaKKMe Ke KaK U B IPUCYTCTBUE OJHON a30THOHM KUCIOTHI (Tabu. 1). Kpome Toro, mammaauii
00JIafaeT BBICOKOH KaTaTUTUYECKON aKTHBHOCTBIO U CIIOCOOCTBYET BOCCTAHOBJICHHIO OKCHZA OJIOBA
rpadutom arommsaropa [7]. YacTHUKH METaJUIMYECKOro Majilafns ONPENeNaioT METOAOM CKaHUPYIO-
el 3eKTpOHHOM MUKpockonuu [11].

W3BectHO [6, 10], yTO MpH UCTIONB30BAHNN OJHUX OpraHU4eckux XM MOJHOTO yAajJeHus XJIOpHI-
HMOHA OCTUYb HE YAAETCS BCIEJICTBHE HEXBAaTKU BOAOPOAA, COAEPIKAIIErocs B YIIEPOAHOM OCTaTKe
JUTSL TIOJTHOTO CBs3bIBaHUS XJjopua-uoHa B seryunit HCl. OmHako, mpu cropanun opranndeckux XM
o0pazyercsi 00JBIIOE KOJMYECTBO YIIIEPOJa M BOAOPOJIA, YTO CIIOCOOCTBYET YBEIMYEHHIO BOCCTAHO-
BUTENBFHON aTMOC(epsl Ieun U 0oJiee MOTHON aTOMHU3AlMU coequHeHu onoBa [7]. [Ipu ucnons3oBa-
HUM opranudeckux XM makcumanbHoe yBennueHne AC HaOmomaeTcs Uil aCKOPOMHOBOW KHCIIOTHI.
[Ipu npoBeneHuu mpoliecca B YCIOBUAX HCKITIOYAIOUINX BO3MOXKHOCTh KOHTaKTa acCKOpOMHOBOM Ku-
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CJIOTBHI C PaCTBOPOM 0J10Ba B 5 % pacTBope xJiopuaa HaTpus HaOmogaercs: ysennuenne AC u Makcu-
MaJIbHO BO3MOXKHOW TemIieparypsl mupoiu3a (Tabm.1). YMeHbIICHHI0O KOHIIEHTpPAIMH KUCIOpoJia B
MeYd CIOCOOCTBYET U MOTU(HKALS MOBEPXHOCTH KapOUIaMu TYromjaBKUX METaUIOB, B YACTHOCTH
TaHTasna ¥ Bonb(ppama [8, 9]. Bennunna yBenmnuenns AC U MaKCHMabHO-BO3MOXKHASI TEMITEpaTypa
MUPOJIM3a BO3pACTAIU Y MIPOBEJICHUHN TpoLiecca B eyax MOIUPHUIIMPOBAHHBIX KapOounamu. [lpuyem
MaKCHMaJbHbIe BEJIMYMHBI TIOIY4EHBI AJIs e MOAX(UIMPOBaHHON KapOouaoM Bosibppama (Tadm. 1).

Ucnonw3oBanue miardopmsl JIbBoBa B npucytcTBrur XM BiusHus Ha BenuunHy AC He okasalo
(Tabmn.1). 3aMeHa aproHa Ha reJIii IPUBOAUT K HE3HAUYHUTEIBHOMY yBEJIMYCHHIO BeauunHbl AC, 4TO,
BJIMSIHUE, OYEBHIIHO, MOXKHO OOBSICHUTH NMPHUCYTCTBHEM CIEIOBBIX KOJMYECTB KUCIIOpOJAa B aproHe
naxe copra "Beiciuuil" [7]. BBeneHue AOMONMHUTENBHON CTaquU MUPOJIA3A C BBIACPKKON MPU MaKCU-
MaJbHOI TemrmepaType IpH MHHHMAaIbHON CKOPOCTH MOTOKa MHepTHOro rasa('ra3-mMuHHUMYyM'") crio-
coOcTBoBana yBeianyeHuto BennurHbl AC. BeposiTHO, 3TO cIocoOCTBOBAIO YBETHMUEHHIO BOCCTAHOBU-
TEeTBLHOW aTMoc(hepsl IMeun U BoccTaHOBIeHUIO0 kuciopona 10 CO. BBemenue ke opranmdecknx XM
3T0T 3G (HEKT UCKITIOYAJICS, B CBS3H C TeM, 4TO XM MaTpPHUIIbI CIIOCOOCTBYIOT YAAJCHHUIO KUCIOPOa U3
neud [7].

Hcronp3oBanue KOMILIEKCOOOPA3YIOMNX OpTraHUIeCKUX XM 8-OKCUXWHOJIMHA W IUITHUIIIATHO-
kapOaMHHATa HATPUS TIPH ONPE/ICICHUH 0JIOBA B cpelie 5 % Xiopuaa HaTpus He AaeT yBenndeHuss AC
0oJbLIero, YeM MPHU UCIOJIb30BaHUN aCKOPOWHOBOW KHCJIOTHI, a IPH ONPEAEICHUH 0J0Ba B PEalbHBIX
00BbeKTax, B YaCTHOCTH, B [IOBAPEHHOM COJIM, HAOII0AAI0Ch CHIDKEeHHE BennauHbl AC, 4TO, O4EBHIHO,
MOYXHO OOBSCHUTH NMPHCYTCTBHEM OJIOBA B POpMax He 00pa3yIOMIUX KOMIUIEKCHI ¢ 8-OKCHXHHOIMHOM
(tabn. 2). Ilpu npenBapuTen-HOM MEPEBOAE COSAWHEHHUN OJI0Ba B peajibHBIX 00bekTax B 0j10BO (IV)
KUISTYEHUEM C a30THOW KHCIIOTOW B NMPHCYTCTBUM IepoKcuia Boxopona BenudunHa AC Bo3pacTaia
(tabm. 2).

Tabauna 2. OnpenerncHre 0J0Ba B pacTBOPax IMOBAPEHHOHN COJIH, XJIOPHIEC HATPHUS U paccoiax

(n=6,P=0.95)
Tpo6a «BBeneno» onosa (IV),| «Haitneno» onosa, S,
MKT/T MKT/JT

IToBapennas coyb 0 2.47 0.06
I'ennyeckoro cone3aBona 2.00 4.49 0.05
[ToBapeHHas conb 0 0.46 0.14
I'eanueckoro conezaBoaa * 2.00 2.29 0.06
IToBapennas coyb 0 2.40 0.07
['eHndeckoro cosne3aBojga** 2.00 4.43 0.06

Xopun HaTpus, 0 — —
X.4. JUISl CIEKTPaJIbHOTO aHAJIN3a 2.00 1.94 0.05

Xnopup HaTpus, 0 - -
X.4. IS CIIEKTPAJIbHOTO aHanu3a™ 2.00 1.02 0.11

Xopun HaTpus, 0 — —
X.4. JJIS1 CIIEKTPaIbHOTO aHamm3a™* 2.00 2.06 0.05
Paccon I'epoiickoro conezaBoaa 0 4.56 0.05

IIpeacraBneHsl ycpeIHEHHBIE PE3yJIbTaThl LIECTH ONBITOB. AHaIM3y HoaBepranu 5% pacTBOPHI C
IMPUMCHCHUEM B Ka4YC€CTBC MOI[I/I(i)I/IKaTOpa MaTrpuibl CMECH HUTpaTa aMMOHMS, HAUTpaTa najuiaavsa u
acKOPOMHOBOM KHCIOTHL. *Vcronb3oBaiM B KadecTBE MOAM(UKATOpPa MAaTPHULBl 8—OKCHUXUHOJIMHA
(0.001 mMomB/1 BOTHO—ITAHOIBHEIH) (3:2), IPUTOTOBIEHHBIH coriacHo [11]. **Mcnomp30Banu B kade-
ctBe Momudukaropa marpuipl 8—okcuxuHoauH (0.001 Monb/1 BOgHO—3TaHOJNBHBINA pacTBOp) (3:2),
MPUTOTOBIICHHBIN COrNIacHO [7]. AHamu3UpyeMbld PACTBOP HPEABAPUTENIBHO KUIATUIN C a30THOM
KHCJIOTOM B IPUCYTCTBUU IIEPOKCUAA BOJOPOAA.

ITpu BBenenuu osnosa(ll) B pacTBOp XJopuaa HATpUA KOJIMYECTBEHHOE €r0 OMpEeesIeHHe MpU UC-
N0Jb30BaHNM B KadecTBe XM 8-OKCHXHMHOJMHA BO3MOXKHO TOJBKO mocie okucieHus omnosa(ll) mo
omnoBa(IV) (tabim. 2).Ymensimenue BenmudnHabl AC 0Jl0Ba B NMPHUCYTCTBHE AMITHIANTHOKapOaMUHATA
HaTpus (Tabn.1) oOBsicHsAETCS BO3TOHKOW MoHOCyIbduma omoa mpu 800 °C, obpasyromierocs mpu
TEPMHUYECKOM Pa3JIOKEHUH TUATHIAUTHOKapOaMHuHaTa ojoBa [3]. BrlmensnoxkeHHOe MOATBEp)KOAET
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MHEHHE aBTOPOB padoThl [7] 0 HEOOXOAMMOCTH yueTa (paKkTopa KOMILIEKCO00pa3oBaHus Mexxay XM u
onoBoM. bonee 3pdekTHBHBIM SBISIETCS MCIOIB30BAHUE CMECEH OPraHMYeCKUX U HEOPraHHMYECKHX
XM [5, 6]. Kak cnemyeT u3 pe3ynbTaToB OMBITOB, MPUBEACHHBIX B Ta0m.2, Hanbonee 3heKTUBHOM
IIpY aHAJIM3€ XJIOPHJA HATPHs, TOBAPEHHON COJM M PAaccoJIOB SBJISAETCA CMECh HUTPATOB aMMOHUS U
najyiaans U aCKOpOMHOBOHM KHCIOTHL. W3 mpuMeHseMbIX opraHudeckux XM ackopOWHOBasl KHCIIOTa
JlaeT MaKCUMaJIbHOE KOJIMYECTBO aKTHBHOro yriepoaa [10]. XumusMm aelcTBUS BBILIEU3I0KEHHOTO
XM MOXHO MpencTaBUThH clexyromuMm obdpazoMm. Hurpar ammonus cmocobctByer ymaienuto Cl° B
Buzie NH,Cl, ackopOrHOBasi KHCIIOTa JJaeT MIPH Pa3IoKEHUN OOJIBIIOE KOJMYECTBO aKTHBHBIX yTIIEpO-
na u Bopopona, kotopele yaamsior octaTtk Cl° B Buge HCI u CCly, BoccTaHaBIMBAIOT COCTUHEHUS
0JIOBa 10 OKCHJIA, a 3aTeM OJjarojapsi KaTaJUTUYECKOW aKTHBHOCTH MajUIaAMs A0 METallia, KOTOPBIA
o0Opa3yeT TBep/Ible paCTBOPHI C 00Pa30BaBIIMMCS MeTaTHYeCKuM nayiaauem [10,11].

Ipu Bo3pacTaHuy Temrepatypsl atomusamuu 10 2700 °C Benuunza AC 010Ba BO3PACTACT HPH HC-
TIOJT30BaHUY TIpeIokeHHOTo XM (puc. 2).
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Pucynok 2. BrusiHue TemmepaTypbl aTOMHU3allMd Ha BEIWYHHY aHATUTHYCCKOTO CHUTHANA OJIOBA.
Csn = 0.08 Mkr/mit; MaTpuna - 5 % pacTBop XJI0puia HATPHS:

1— 6e3 MoauduKaTOpa MaTPHUIBL; 2— MOIU(PHUKATOP MATPHIBI - ackopOuHOBast kuciora (2 r/100mm);
3— momuduKaTOp MATPHUII — CMECh acKOpOMHOBOW KHCIOTHI (2 1/100Ma) M HUTpara aMMOHHS
(5 /100Mmn); 4 —MOaM(pUKATOP MATPHIIEI — CMECh aCKOPOMHOBOM KHUCIOTHI (2 T/100M1), HUTpPaTa am-
Monwus (5 1/100Mn) n HUTpaTa namtaaus (20 mxn 0.2% pactBopa)

ITpumep.

Memoouxa onpedenenus o106a 8 pacmeopax Xi0puoda HAmpus, NOBAPEHHOU COU U PACCONAX Me-
moodom OT AAC. Haecky maccoi 5 T (B3BemeHHoU ¢ morpemrHocTthio 0.0002 T) Xmopuma HATpus,
MOBAPEHHOW COJIM WM JKBHBAJCHTHOE KOJMYECTBO PAccoyia pacTBOPSUIM B OMOMCTHILIMPOBAaHHOM
BOJIE, TaM K€ PacTBOPSUTH 5 T HUTpaTa aMMOHUS U 2 T aCKOPOWHOBOW KHUCJIOTHI, Pa30aBIIsuIH MOJTydeH-
HbIH pacTtBop 10 100 M. 20 MKJI OJYY4EHHOTO pacTBOpa JO3UPOBAIH B BJIEKTPOTEPMHUUECKUNA aTOMU-
3aTop, Tyaa xe gozupoBaiu 2 Mxa 0.2% pacTBopa HUTpara mamiaaus. OnpeaeneHrne NPOBOAWIN 110
mporpamme: BeIcymuBaHue mpu temmneparype 110 °C, ckopoctu mogbema temmepatypsl 10 °C/c u
BBIZIEpIKKe TIpH MaHHOU Temiiepatype 40 ¢; mupomus I - 300 °C, 30 °C/c, 15 ¢; mupomus 11 - 1400 °C,
200 °C/c, 20 ¢, atomuzanus - 2700 °C, 2500 r °C/c, 7 c.

[lepBas cramus muponm3a HampaBiIeHa HCKIIOYUTEIHHO Ha yAalieHHe XJIOPHI-MOHA, BTOopas — Ha
yAaJeHne OCTATbHBIX KOMIIOHEHTOB MaTPHIIbI, MEIIAIOIINX aHAIN3Y.

76



O.U. YOpuenko, A.H. baknanos, JI.B. baknanosa, T.B. UepHoxyk

BbiBOADI

Pa3paborana mMeToJiKa ONpEeNieHHs OJI0Ba B pacTBOpax MOBAPEHHOM CONH, XJIOPHIA HATPUS U
paccoinax. [IpaBUIIBHOCTH METOIUKH TMPOBEACHO METOIOM '"BBEICHO-HAWICHO" HA MOBAPECHHOU COJIH,
xJiopuje HaTpus U paccoiax. OueHeH npenena oOHapyxkeHus B paccoyiax 0.4 MKr/i, 4yTo B mepecuere
Ha TIOBapeHHYO coJIb (Xyopun HaTpwsi) cocTaBisier 0.008 mr/kr.
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O.l. FOpueHko, O.M. baknaHos, J1.B. baknaHoBa, T.B. YepHoxyk. EnekrpoTtepmivyHa atomHa-abcopbuiiHa crnek-
TpoMeTpis B NpsiMOMY BU3HayeHHi CTaHyMy B po3conax, XJlopuai HaTpito Ta KyXOHHI coni.

Po3pobneHa meToamMka NpPsIMOro enekTpoTepMiYHOro aToMHo-abcopbuiHoro Bu3HayeHHs CtaHyMy B po3cornax
3 Mexelo BuaBneHHs B posconax 0,4 MKr/n; B KyxOHHi coni Ta HaTpin xnopwai — 0.008 mr/kr. nsg ycyHeHHs ae-
MPEeCyYoro BMMMBY XNopuaiB BUKOPUCTOBYBanu XiMiyHUA mogudikatop ocHoBu (XM). BusdyeHo gito Takmx XM:
aMOHiIl Ta nanagin HiTpaTy, ackopbiHOBOI, LMTPATHOI, BUHHOI Ta LLABMNEBOI KACMOT, OPYKTO3U, 8-OKCMXIHOMIHY Ta
HaTpii pieTungutiokapbamiHaTy. BcTaHOBMNEHO, WO 3@ METPOSOriyHMMU XapakTepuctMkammu kpawmm XM npum
BM3Ha4eHHi CTaHymy B flaHNX 06’eKTax € CyMill ackopOiHOBOI KUCNOTM 3 aMOHIi Ta nanagiv HitpaTamu.

Knio4oBi cnoBa: enekrporepmiyHa aTomMmHo-abcopOuiiHa cnekTpomeTpisi, CTaHyMm, Mexa BU3HAYeHHs, po3Cco-
W, HaTpin XxNopua, KyxoHHa Cinb, XiMiYHi MoaundikaTopu.

O.l. Yurchenko, A.N. Baklanov, L.V. Baklanova, T.V. Chernozhuk. Electrothermal atomic absorption spectrome-
try in direct determination of tin in brines, sodium chloride and table salt samples.

The procedure of direct electrothermal atomic absorption determination of tin with detection limit of 0.4 pg/dm3
in brines and 0.008 ug/dm3 in table salt and sodium chloride samples was developed. The matrix chemical modi-
ficator (CM) was applied for elimination of depressive effects of chlorides. The following CMs were tested: ammo-
nium and palladium nitrates, ascorbic, lemon, wine and oxalic acids, fructose, 8-hydroxyquinoline and sodium
diethyldithiocarbaminate. The mixture of ascorbic acid with ammonium and palladium nitrates was found the best
CM with the highest metrological characteristics.

Keywords: electrothermal atomic absorption spectrometry, tin, limit of detection, brines, sodium chloride, table
salt, chemical modificators.
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ATOMHO-ABCOPBLIMOHHOE N ATOMHO-9MUCCUOHHOE C NHAYKTUBHO-
CBA3AHHOMU NMNJZIASMOW ONMPEAEJIEHVE MEAQWU B HE®TENPOAYKTAX

O.M. HOpueHko, H.I. TutoBa, Cabup Kopsanu Canmnx Caébup, T.B. YepHOXKyK

MpoBepeHa ynbTpassykoBas npobonoarotoeka npoaykros. Metogamm atoMHO-abCOPOLIMOHHOM U aTOM-
HO-3MUCCUOHHOW C MHOYKTUBHO-CBSI3aHHOW NNa3MOW CMEKTPOCKOMWEW OMNpefeneHo coaepxaHve meaun B
npobax HedpTenpoaykToB (THK “Motop 20w-50", Jlykonn “Moto 2T”, Okko “Exol 20w-50 economic”, Okko
“Exol diesel city 15w-40"), ncnonb3aysi aueTunaLeToHaT Meau B Ka4yecTBe cTaHAapTHoro obpasua cocrasa.
[aHHble cuctemaTnaupoBaHbl U cBefeHbl B Tabnuubl. OueHeHo NpaBUbHOCTL Pe3ynbTaToB ONpeaenHuil
MeToOOM “BBefeHO-HanaeHo”. ConocTaBneHbl pe3ynbTaTthl onpeaenHis Mean AByMS HE3aBUCUMbIMU Me-
Toaamu. OueHeH npenen oGHapyXeHWUs Meau, KOTOPbIN HbKe, YEM NPUBELEH B NUTepaType.

KnioueBble crnoBa: aTOMHO-abCcOpOLMOHHAS CNEKTPOMETPUS, aTOMHO-3MUCCUOHHAsS CMNEKTPOCKONUSI C
MHOYKTMBHO-CBA3aHHOM Nna3mMon, obpaboTtka ynbTpassykoM, meap, TputoH X-100, npobonoarotoBka, Hed-
TEeNnpoayKThl.

BBepneHue

OmnpeeneHre METAIJIOB B TOILIMBAX M CMa30YHBIX MaTepraliaX MO3BOJSET KOHTPOIUPOBATh Kaye-
CTBO COBPEMEHHBIX HE(TEIPOAYKTOB, TEXHUIECKOE COCTOSHHE MEXaHW3MOB — TOIUIMBHOMW ammapary-
PBl, LWIMHAPO-TIOPLUIHEBOH TPYIIBI B OPLUIHEBBIX JBUTaTeNsAX, JOMATOK B Ta30BBIX TypOWMHAX U T.II.,
MpeoTBpalas aBapuifHBIN U3HOC MEXaHH3Ma M BEIOPOC TOKCHYHBIX AIIEMEHTOB B OKPY’KAIOIIYIO Cpe-
ny. HambGonpmee pacmpocTpaHeHwe mpu aHamu3e HeDTH M HEPTENPOAYKTOB MOTYyYMIH aTOMHO-
abcopOIIMOHHAs 1 aTOMHO-3MUCCHOHHAS CIIEKTPOMETPHSI ¢ MHAYKTUBHO-CBA3aHHOM mia3moii [1].

AKTyanbHOCTh ONpEJeNICHUs] COJepKAHMsI MU B TOIUIMBAX M CMa30YHBIX MarepHaiaX o0ycCIOB-
JIeHa €€ 3HAYMTENbHBIM BIHMSHAEM Ha JKCIUTyaTallHOHHBIE CBOMCTBA 3THX MpoxykToB. Ilo comepika-
HUIO MEJIH, KOTOpast BXOAUT B COCTaB KOHCTPYKIIMOHHBIX MaTEpPHAIOB, MOKHO CYIHUTh O TPOTHBOMU3-
HOCHBIX CBOWCTBAaxX TOILIMB U Macell.

MuKpoaIeMeHTHI, coJiepxKalrecs: B He)TH, MOTYT OKa3bIBaTh 3HAYNTEIHHOE BIIHSHUE HA TEXHOJIO-
THYECKHE MPOLECCHI epepadoTKK He(pTH, BBI3bIBAsI OTPABICHNE KAaTaJIH3aTOPOB, KOPPO3UIO 000PYI0-
BaHui. [IpuMeHeHne Takux HepTENpOIYKTOB B Ka4eCTBE TOILTMBA MPUBOAMT K BEIOPOCY B aTtMochepy
COEMHEHHI METaJUIOB, 00JIa/TaloNUX TOKCHYECKUM JielicTBreM. Vcmonp3oBanne ux B KauecTBe cMa-
309HBIX Macell BBI3BIBAET KOPPO3UIO CUCTEMHBIX JIEMEHTOB aBurareneil. [losatomy, HeoOX0auM KOH-
TPOJIb cofiepKaHusl Meu B Hedrenponykrax. M, COOTBETCTBEHHO, TSl KOHTPOJISI COJCpIKaHMUs MEH B
9THX NPOIYKTaX, JODKHA HCIOIB30BaThCs Hanboee 3 QeKTUBHAS U palloHaIbHAasl TPOOOIOATOTOB-
Ka [2].

B Hacrosmiee BpeMs sl yCKOPEHUS MPOIEyp MepeBeACHUs] He()TENPOAYKTOB B aHATH3UPYEMbIE
npoObl (111 aTOMHO-a0COPOLIMOHHOW M aTOMHO-3’MHCCHOHHOW C HMHAYKTUBHO-CBS3aHHOW IIa3MOM
CIEKTPOCKONHMH) IHAPOKO U IPPEKTUBHO HCHOIB3YIOT YIBTPa3BYKOBYH (Y3) W MHUKPOBOIHOBYIO
(MB) obpabotky mpo6 [3].

st obecnieueHus MPENE3NOHHOCTH U TOYHOCTH Pe3yJIbTaTOB aHaji3a HEOOXOAMMBI CTaHIapPTHBIC
0o0pa3Ipl cocTaBa, KOTOPHIE YIOBIETBOPSIOT COBpEMEHHBIM TpeOoBaHUsAM [4] (IpOCIeXHUBaEMOCTh H
penpe3eHTaTUBHOCTH ).

Mertonpsl or6opa mpoO, MPOOOIOATOTOBKH, MCIOIL30BAHUS TTOBEPXHOCTHO-AKTUBHBIX BEIIECTB B
Ka4eCTBE HOBBIX Cpell, 1 METOABI aHalIn3a He(hTENPOYKTOB MIPHUBEACHBI B paboTax [5-15].

Lenp paboThl — COMTOCTABICHHE PE3YIETATOB AaTOMHO-a0COPOIIMOHHOTO ¥ AaTOMHO-3MHUCCHOHHOTO C
WHIYKTHBHO CBSI3aHHOW TIIa3MOH OINpenesieHusI Melu B He(hTepOyKTaX C UCIIOIb30BAHUEM alleTHII-
alieToHaTa MeIM B KauecTBE CTaHAAPTHOro o0pasua cocTasa.

IKcnepuMeHTasibHas 4acTb

[Tpu mpoGONOArOTOBKE W MPHUTOTOBICHWW TPaAyHPOBOYHBIX PACTBOPOB HCIIONB30BAaJIH BOIHBIC
pactBopsl Tputon X-100 (c maccoBoii noneit 4%). IlokazaHo, 4T0 Mpu NMPOOOIOATOTOBKE, MPUMEHSIS
Tputon X-100, 06pazyroTcst OMHOPOIHEIE, CTA0OMIBHBIC YMYJIBCHH, CTAOMIIM3UPOBAaHHEIE Y 3.
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AHanmm3upyeMble 0OOBEKTHI: aBTOMOOHMIIbHBIE Macia pa3inuyHbix npousBoauteneit — THK “Motop
20w-50" (Poccus), Jlykoin “Moto 2T” (Poccust), Oxkko “Exol 20w-50 economic” (Poccust), Oxko
“Exol diesel city 15w-40" (I'epmanust), BAMII diesel (Poccus), BAMII mineral (Poccust), 6ensun A-
76, A-80, A-95 (Poccus) (mpoObl 0oToOpaHbl Ha XapbKOBCKHX aBTO3alpaBKax).

Ompenenenne Mend B HEPTEMPOAYKTaX MPOBOJWIN HA aTOMHO-aOCOPOIIMOHHOM CIIEKTPOMETPE
C-115-M1 (Ykpauna) (A = 213.9 um, [ = 5 MA, @BV 1.3 kB, mupuna mienu 0.1 HM, cTeXuoMeTpuye-
CKOE MJIams alleTUJICH-BO3AYyX) U aTOMHO-3MHUCCHOHHOM CHEKTPOMETpPE C HHIyKTHBHO-CBA3aHHOM
mia3moit TRACE SKAN Advantage — akcuanpHoe HaOmoaenne mia3Mel (CLHA) (A = 324.75 am).

VYibrpa3BykoBas o0paboTka. [{ist co3manus CTaOUIBHBIX SMYJIBLCUI HEPTEPOYKTOB HCIOIb30Ba-
nu ynbTpa3BykoBoi aucneprarop Y3H-A. K o6pasiy maccoit 0.2 r macna uinu 1 T Macia, B3BEILLIeH-
HOTO ¢ morpemHocThio He Oonee 0.0002 r, modapmsum 0.5 M xorn. HNO; u mepemeniBaiy Ha mar-
HHATHOHM MeIIajKe 0 OJHOPOJTHOTO cocTosHuUsA, BHOocwIn 0.5 mir BomHOTO pactBopa Tputon X-100 (c
MaccoBoi foseit 4 %), u mpoJoirKany nepememBanue. [locie 3Toro 1o6aBisd 7 MI1 BOJIBI U TIepe-
MermmBaiy 5 MuH. [lony4eHHbI pacTBOp MEpEHOCHIIN B MEPHYIO KOJI0y BMecTUMOCThIO 10 M 1 j10-
BOAWIN O METKH TUCTHIUTMPOBaHHOW Bomoil. llomyueHHyio cmech oOpabaThiBany yIbTPa3BYKOM B
TedeHue 5 MUH. B kKadecTBe XOJIOCTOTO pacTBOpa HCIONH30BAIHM BOAHBIN pacTBop Tpuron X-100 c
nobasnenreM 0.5 ma konu. HNO;. IIpuroroBnenHbie sMybciu IpoO HEPTENPOAYKTOB U TPagyHpo-
BOYHEIE PacTBOPHI 00pabaTeiBau Y 3. OMynbcuu, noaydeHable ¢ Tputon X-100, cTaOuIbHEI Ha TIpo-
TSDKEHUU S CYTOK.

['pamynpoBouHBIE PaCTBOPHI TOTOBIJIM ITyTeM pa30aBiIeHUs] HCXOJHOTO BOJHOTO PAacTBOPa alleTHII-
arieToHaTa MeIu ¢ KOHIeHTpanue menu 1 /1. B mMepHbIe KOMOBI BMeCTUMOCTHIO 10 MIT MUTIETKOM
nieperocwiu 0.1; 0.3; 0.5; 0.7; 1.0 M1 aneTmnaneronata Meau ¢ konmentparueit 0.01 r/m, 0.2 mir pac-
tBOpa Tputon X-100, MOBOIMIN TUCTHLUIMPOBAHHOW BOAOW 0 METKU U TIIATEIHHO MEPEMEIIHBAIIH.
[Nomydennsie pactBopsl coaepxkart 0.1; 0.3; 0.5; 0.7; 1.0 mr/n1 menu [16].

CranmapTHBIe 00pa3Ibl COCTAaBOB PACTBOPOB MOHOB METAIIOB, M3TOTOBJICHHBIC B T. Omecca mpH-
MEHSTH 715l TPaAyHPOBKH PAaCTBOPOB HENb3sl, IOTOMY YTO Mellb B He(DTEMPOAyKTaX HAXOTUTCS B BUJE
METAJIJIOPTaHUYECKUX KOMIUIEKCOB. V3BECTHO, UTO OpraHM4ecKUi pajuKal CYLIECTBEHHO BJIHAET Ha
AHAIIMTUYECKUN CUTHAN B TUTAMEHHOW aTOMHO-a0COpPOLIMOHHO criekTpoMeTpud [4].

AneTHiianeToHaT MeM CHHTE3UPOBAJICS Ha Kadeape XxuMuieckuii MmeTposiorud. OuucTky o0Opasiia
MIPOBOAMIIM IYTEM €r0 ABYKpaTHOH nepexpucraminzauuu. Meronamu UK n YO cnextpockonuu nmoj-
TBEPXKJCHO XEJaTHOE CTPOCHHWE alleTHUJIaleTOHaTa Meau. TepMOorpaBHMETPHYECKUM METOAOM YCTa-
HOBJIGHBI WHTEPBAJbl TEPMUYECKONH CTaOMIBHOCTH KOMIUIeKca. COCTaB IMONYYEHHOTO COEeIWHEHUS
IIPOBEPEH AIIEMEHTHHIM aHAJIM30M Ha YIJIEPOJ U BOAOPOA Ui JAECATH HE3aBUCHMMO IOJATOTOBICHHBIX
obpasuos. CoxepkaHue Meau B o0Opaslie ONpeAessUTd TUTpUMeTpHYecuM meTonoM. Kpuomerpuue-
CKHMM METOJIOM yCTaHOBIIEHO, YTO COJEepKaHHe OCHOBHOTO KOMITOHEHTa B o0pasme He MeHee 99.99%.
Ha ocHoBe anermmarnieToHata MeIu CO3[JaHO CTaHAApPTHhIE 00pas3mbl coctaBa 10-m mpeanpusTuit
YkpauHsL.

Pe3ynbTaTbl M UX 06Cy)KAEHUE

AHanmu3 npo0 He(TEnpOAYKTOB MPOBOIWIM METOJAMU aTOMHO-a0COPOIIMOHHOM CIIEKTPOCKOITUU
(AAC) 1 aTOMHO-3MHCCHOHHOH CHEKTPOCKONHMU C MHAYKTUBHO cBs3aHHOW mmia3moit (ADC-UCII)
(tabn. 1). [okazano, 4TO MakCUManbHOE W3BJICYCHHUE MEIU M3 00pa3LoB HEPTEIPOAYKTOB JOCTHIACT-
Cs TIPH MCTIOJIB30BaHNHU BOAHOTO pacTtBopa TputoH X-100 (w = 4%) ¢ mocnenytomeit Y3 06paboTkoit
[2]. [IpuMeHeHNe OpraHMYECKHUX PacTBOpPHUTENEH AJIs M3BJIEUEHUS TSDKEIBIX METaIOB U3 HeTenpo-
IOYKTOB TOKCUYHO U SKOHOMUYECKH HEBBITOHO.

IIpu OTCYTCTBHM CTaHIAPTHBIX 00pa3IoB cocTaBa (B YKpanHe) HEPTEPOAYKTOB, UCIIONB3YS alle-
tunarneTonatr meau (II) B xkadecTBe cTaHZapTHOTO OOpasiia coCcTaBa, MPUONIDKACT MO0 XMUMHYECCKOMY
COCTaBY aHaJTM3UpyeMble 00pa3Lbl K TPaLyHpOBOUYHBIM PACTBOPAM, YTO 3HAUUTEIHHO CHHXKAET CUCTe-
MaTHYECKYI0 MOIPEIIHOCTh aTOMHO-a0COpPOLIMOHHOTO W aTOMHO-3MHCCHOHHOIO C HWHIYKTHBHO-
CBSI3aHHOM TUIa3MOW ompesieeHUusT MeAW B HeTenpoaykTax (10 CpaBHEHHIO C HEOPraHWYeCKUMU
CTaHAApPTHBIMU O0pa3LamMH).

IIpoBepKy NpaBUIBHOCTH PE3yJIbTATOB aHAIM3a MIPOBEICHO METOIOM “BBEICHO-HaiineHo . Pe3yb-
TaThbl IPEJCTABJICHBI B Ta0JI. 2.

[IpoBeneHO comocTaBiIeHHUE Pe3yIbTaTOB OINpeNeTIeHNUs MeH, MOMyUYeHHBIX ABYMS HE3aBUCHUMBIMHU
MeTosiamu (Tabi. 4).
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Taémuua 1. AToMHO-20CcOpOIMOHHOE U ATOMHO-3MHCCHOHHOE C WHAYKTUBHO-CBS3aHHOM I1a3MO
omnpeieJcHHe MeIM B HeTenpoayKTax, Mr/kr, (n = 5; P =(.95).

AAC ADC-UCII

HasBanue npo0b! C+ LoyS g C+ LS S

P r \/; r
Jlykoiin “Motto 2T” 6.06 + 0.08 0.01 6.07 =0.08 0.01
THK “Motor 20w-50" GW-50 4.48 +0.06 0.01 4.46 +0.06 0.01
Oxkxko “Exol diesel city 15w-40” 6.86 £ 0.09 0.01 6.85+£0.09 0.01
Okko “Exol 20w-40 Economic” 7.38 £0.09 0.01 7.41 +£0.08 0.01
BAMII “Diesel Turbo” 7.80+0.10 0.01 7.82+0.10 0.01
BAMP “Standart M-8B” 7.75+£0.10 0.01 7.76 £0.10 0.01

Taodauna 2. [Iposepka nmpasuiabHOocTH AAC omnpeneneHus Meau B Hedrenpoaykrax (n =15, P =0.95)

Haiineno, mr/kr

HazBanue npoOst Confg/};i}me, Blifﬁifo’ T+ L, ;"8 S,
n

Jlyxo#in “Motto 2T” 6.06 6.00 12.00 £ 0.15 0.01
THK “Motor 20w-50” GW-50 4.48 5.00 9.50+0.11 0.01
Oxko “Exol diesel city 15w-40” 6.86 6.00 12.80 £ 0.15 0.01
Oxko “Exol 20w-40 Economic” 7.38 7.00 14.30 £ 0.17 0.01
BAMII “Diesel Turbo” 7.80 7.00 14.75+0.18 0.01
BAMP “Standart M-8§B” 7.75 7.00 14.70 + 0.18 0.01

Tabauna 3. Tlposepka npaBunsHocTrn ADC-UCII onpenenenns memu

B HepTenpoaykrax (n =5, P =0.95).

Haiineno, mr/kr

Ha3spanue mpo0st COH:E?;T“’ B]:Silso’ C+ lpy S S,
n

Jlykoiin “Motto 2T” 6.07 6.00 12.05+£0.14 0.01
THK “Motor 20w-50 GW-50 4.46 5.00 9.40+0.11 0.01
Oxko “Exol diesel city 15w-40” 6.85 6.00 12.80 £0.15 0.01
Okko “Exol 20w-40 Economic” 7.44 7.00 14.45+0.17 0.01
BAMII “Diesel Turbo” 7.82 7.00 14.80 £0.18 0.01
BAMP “Standart M-8B” 7.76 7.00 14.75+£0.18 0.01

Taéanua 4. Conocrasnenue pe3ynstatoB AAC u ADC-UCII onpenenenus coep:kaHusl MEIU B
OMYJbCHUSIX, CTAOMIM3UPOBAaHHBIX V3.

Hazpanue npoOb1 F t12
Jlykoiin “Motto 2T” 3.14 0.78
THK “Motor 20w-50" GW-50 1.33 0.19
Oxko “Exol diesel city 15w-40” 3.77 1.55
Oxkko “Exol 20w-40 Economic” 1.71 0.39
BAMII “Diesel Turbo” 1.91 0.21
BAMP “Standart M-8B” 4.57 0.12

ockombky F < F i ¢ < /!

F™ 9544 =6.39
ttab10_95; 8= 2.36

, MOXHO CA€JIaThb BBIBOO, YTO PACXOXICHUC CPECAHUX, IMOJTYYCHHBIX

JIByMsI HE3aBUCHMBIMH METOJJaMH, HE3HAYNMO M ONPAB/IAHO CITyYaifHBIM pa30pocoM.

OueHeHo mpenen oOHapyKeHus Mo paspadoranHol Metoauke. [ 20-u X010CTHIX TIPOO ompesie-
T aHanMTHYeckuil curHan (4). [locie 3Toro paccumThIBaIM CTaHAAPTHBIE OTKJIOHEHUS (IIyKTya-
1 hona (Sp). 3aTeM paccuuThIBANIM Tpees o0Hapy)eHus, Kak Cpi, = 3S¢/S, rne S — koadduiueHt
YyBCTBHTENBHOCTH (U3 TpagyupoBouHoro rpaduka S = dA4/dC).

81




ATOMHO—a6COp6HI/IOHHOC N aTOMHO-ODMHCCHOHHOC C HHHYKTHBHO-CBHBaHHOﬁ IUIa3MOH ...

Chin = 0.003 mr/n, a cornmacHo [17] Cupy = 0.004 mr/i (o maaEBIM ISO Cyiy = 0.005Mm1/11). MBI IO-
JIYYUIIA CTATUCTHYECKU 3HAYMMBIC PE3yJIbTaThI.

BbiBOAbI

[Toka3aHo, 4TO MPEIM3UOHHOCTh U TOYHOCTh aTOMHO-a0COPOIIMOHHOTO M aTOMHO-3MHUCCHOHHOTO C
VHAYKTUBHO-CBSI3aHHOH TIa3MOU OmpesesicHUs Meu B He(DTENPOAYKTaX MOBBIIIAIOTCS MPH UCIOIb-
30BaHUM BOIHBIX pacTBopoB Tputon X-100 (w = 4%) nis oOpa3oBaHus SMYJIBCHH, a alleTHIIalleTOHA-
Ta MEJIM B KaueCTBE CTaHJApTHOTrO 00pasia cocTaBa B BHJIE PACTBOPOB, KOTOPBIC COJIEPKAT TAKOE JKE
KOJIMYECTBO MIOBEPXHOCTHO-aKTUBHOTO BEleCTBa. MaKCHUMaIbHBINH aHATUTUYCCKHUI CUTHAI MEIU MPU
ee ompenesicHHH B He(DTEMPOIYKTaX JAOCTUTAETCS MPH UCMOIL30BAHWU BOJHBIX PacTBOPOB TpUTOH
X-100 u Y3 o06paboTku; aHAJTOTHIHOW 00pabOTKe MOABEPTAIOTCS TPAyHPOBOTHBIC PACTBOPHL. B mre-
pHOI[I/I‘-IGCKOﬁ JIUTEPATYypC B paHECC NPUBCACHHBIX MECTOJUKAX IMPUMEHAIN OPTraHUYCCKUC pAaCTBOPUTEC-
JIM WK X CMECH. DTH METOJAUKUA TOKCUYHBI H SKOHOMHYECKH HEBBITO/THBI.
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O.1.KOpyeHko, H.M.TutoBa, Cabip Kopeani Canix Cabip, T.B.YepHoxyk. ATOoMHO-abcopbuiiHe Ta aTOMHO-
eMicinHe 3 iIHAYKTMBHO 3B’A3aHOI0 Nia3moto BU3HayYeHHs Kynpymy B HadhTonpoaykTax.

MpoBegeHa ynbTpas3BykoBa MpoboniarotoBka npoaykTiB. Metogamu aToMHO-abcopOuiiHOi Ta aToOMHO-
€MICIiHOT 3 iIHOYKTUBHO-3B'13aHO0 Na3Mot0 CreKTPOCKonieto BU3HadYeHo BMicT Kynpyma B npobax HadpTonpoayk-
TiB (THK “Motop 20w-50”, Jlykonn “Moto 2T”, Okko “Exol 20w-50 economic”, Okko “Exol diesel city 15w-40”),
BMKOPUCTOBYIOUM aLeTMnaLeToHaT Kynpymy sik CTaH4apTHOro 3paska cknagy. [laHi cucteMaTnsoBaHo Ta 3BeAEHO
0o Tabnuupb. OuiHEHO NpaBUILHICTL pe3ynbTaTiB BU3HA4YeHb METOAOM “BBeAEHO-3HanaeHO”. CniBCcTaBneHo pe-
3ynbTatu Bu3HayeHHs Kynpymy gBoma HesanexHumu metogamu. OuiHeHO Mexy BusiBneHHs Kynpyma, wo €
HWXKYOL0, HiXX NiTepaTypHi AaHi

KniouoBi cnoBa: atomHo-abcopbuiiHa cnekTpomeTpisi, aTOMHO-eMiciiHa cnekTpockoniss 3 iHAYKTUBHO-
3B’A3aHOI0 Nnasmoto, obpobka ynbTpassykom, Kynpym, TputoH X-100, npobonigrotoeka, HahTONPOAYKTU.

O.l. Yurchenko, N.P. Titova, Sabir Karwan Salih Sabir, T.V. Chernozhuk. Atomic absorption and atomic emis-
sion with inductively coupled plasma determination of copper in petroleum products.

Sample preparation of oil products was carried out by ultrasonic treatment. The content of copper in the petrol
samples (TNK "Motor 20-w-50," Lukoil "Moto 2 T" Okko «Exol 20w-50 economic», Okko «Exol diesel city 15w-40")
was determined by atomic absorption and atomic emission with inductively coupled plasma spectroscopy using
copper acetylacetonate as a standard sample. The data were systematized and tabulated. Comparison of the results
obtained by the two independent methods was conducted by Fisher's and Student's criterions. It was shown that the
results are of uniform precision, the difference is insignificant and could be justified by random dispersion. The detec-
tion limit of copper by atomic absorption spectrometry was lower than it was reported before.

Keywords: atomic absorption spectrometry, atomic emission spectroscopy with inductively coupled plasma,
sonication, copper, triton X-100, sample preparation, oil products.
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PACTBOPUMOCTbD MNEPXJIOPATA LUETUWJITPUMETWIAMMOHMSA B METAHOIJIE,
ALUETOHE N NX CMECSX C BOAOMU NMPU 298.15 K

C.T. lora, F0.B. UcaeHko™

MeToooM M30TEPMMYECKOrO HACLILLEHUSI C TPaBUMETPUYECKMM KOHTPONEM KOHLEHTPaLUM HaCbILEHHbIX
pacTBOPOB onpeferieHa pacTBOPUMOCTb nepxropaTa LeTUNTPMMETUIaMMOHNS B MeTaHore, aleToOHe U 1X
cmecsx ¢ Bogon npu 298.15 K.

KnroueBble cnoBa: pPacTBOPUMOCTb, YEeTBEPTUYHbIE aMMOHMEBbIE NepxnopaTbl, METAHOJ, aleTOH.

JanHoe KpaTkoe COOOLICHUE SIBISIETCS COCTABHOM YacThIO HCCIEIOBAHHS TEPMOJMHAMHUKH pac-
TBOPEHUS U COJbBATALMU MEPXIOPATOB MOBEPXHOCTHO-AaKTUBHBIX KATUOHOB B HEBOJHBIX U CMEILAH-
HBIX pacTBOpUTENSX [1-4] W MOCBSIIEHO OMPENEIEHUIO0 PACTBOPUMOCTH MepXJIopara HeTHITPHMETH-
nammonus (LITAIT) B cuctemax meraHoi—Boja U arleToH—Boza mpu 298.15 K.

PactBopuMOCTb B BOJIE M HEBOJHBIX Cpelax SIBISETCS BaXKHEHIINM TEPMOIUHAMUYECKUM CBOMCT-
BOM 3JIEKTPOJIUTOB [5,6]. B ciydae anekTponnuToB, coaepkammx Au(uibHbIe HOHBI, TaKHe, HalpAMep,
KaK IIUPOKO U3BECTHBIE KATHOHBI HETUATPUMETHIAMMOHUSA U N-LETHWIMHPUIUHIS, MULIEII0O00pa3o-
BaHHE B PacTBOpax 3aTPyIHIET OLEHKY MOJEKYJSPHOH pacTBopuMocTH. PaHee ObUIO MOKa3aHO, YTO
HCTIONIb30BaHME B KAYECTBE MPOTHBOMOHA TUAPO(POOHOTO Mepxiopara Mmo3BosIeT UCKIIOYUTh 00pa3o-
BaHUE MUIIEIUT KaK B BOJIE, TAK U B CMECAX BOJBI C MOJISIPHBIMHI OPTaHUYECKUMHU PAaCTBOPHUTEIAMH [4].
[TockonpKy pacTBOPUMOCTD M CONbBATALlUA MIEPXJIOpATa LETWITPUMETUIAMMOHMYS, B OTJIMYNE OT Tep-
xJiopata N-IEeTWIMPHINHUSA, He OblIa 0 CUX TIOP HCCIIEeI0OBaHa B CHCTEMaX BOJa—METaHOI M BOJa—
arleToH, MBI PEIIMIA B AAHHON paboTe BOCHOIHHUTH ITOT MPOOEN M MOMOJIHHUTH COOTBETCTBYIOIIHHA
MacCHB JIAHHBIX.

IIpenapar LU TAII nonxyuyanu, kak onucaHo paHee [2]. PacTBopuMOCTb onpeAesnsiu METOI0OM H30-
TEPMHUYECKOr0 HACBILIEHUS C TPABUMETPUUECKUM KOHTPOJIEM KOHIICHTpAllMii HACBHIIEHHBIX PACTBOPOB
[1]. Hannbie mo pactBopumoctu LITAII B MeTaHome, aleToHe U UX cMecsx ¢ Bojou mpu 298.15 K
npencrarieHbl B Tabmuie 1. 3aBucumoctu pactBopumoctu LITAIT u LTI oT cocTtaBa cMemIaHHBIX
pacTtBopuTeneit (puc. 1) HOCAT CXOIHBIN XapaKTep.

Tab6mmua 1. 3nauenus pactsopumoctd s ans LITAII B cucremax MeTaHOI—BoJla M alleTOH—BOJA MpH
298.15 K

MOJIbHas —1 MOJIbHas —1
J0JIsI ME€TaHOJIa §, MOJIb'KT JIOJIS alleTOHA §; MOIIB"KT
0 (3.27+0.09)-107° 0 (3.27+0.09)-107
0.157 (2.2+0.2)-10°* 0.100 (1.77+0.03)-10°°
0.307 (1.399+0.019)-10°° 0.200 (1.82+0.05)-107
0.519 (8.11£0.04)-10°° 0.300 (5.56+0.09)-107>
0.795 (2.336+0.004)-107> 0.500 (1.790+0.007)-10™"
1 (3.38+0.02)-10°* 0.650 (2.42£0.07)-10""
0.700 (2.61440.019)-10™"
0.800 (2.676+0.006)- 10"
0.900 (2.395+0.016)-10""
1 (1.80+0.03)-107"

I'maBapiM otnuunem pactBopuMocTd LITAIT u LI B BoAHO-METaHOMBHBIX U BOJHO-alETOHOBBIX
CMECSX OT aHAJIOTMYHBIX JAaHHBIX B CMECSX BOZABI C IPOMAHONOM-2 [2, 4] sSIBISIETCSI OTCYTCTBUE MakK-
CUMyMa PacTBOPUMOCTH B 00JIACTH MOJBHOM JOJM OpTraHUIECKOTO KOMITOHEHTa, paBHou (.5. JIums B

*
Konneooe Hayuonanvnozo gpapmayesmuueckozo ynusepcumema
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cllydyae CHCTEM 3JIEKTPOJIUT — BOJIa — alleTOH UMEETCs Cl1ab0 BBIPaKEHHbIM MakcUMyM rpu BOImu3u 0.8
(puc. 1).

0 0.5 1

MOJIBHAA J0J1s OPraHHYeCcKOro pacTBOpHTEA

Pucynox 1. 3aBucumocth lgs oT cocraBa pactBoputenss. 1 — ITAIl (Boga—meraHON),
2 — LIIIT (Boma—metanon), 3 — IITAII (Boga—anieron), 4 — LII1I1 (Boma—aneTon); 298.15 K.

Takum 00pa3zoM, reTepocobpBartalus, KOTOpoil ObT OOBSICHEH 3KCTPEMYM PAacTBOPHUMOCTH B CHC-
temax LT (LITAIT) — Boga — mpomanoi-2, MeHee BhIpakeHa B CIlydae METaHOJIa U arleToHa. Bepo-
ATHO, COJIbBATAIMA MOHA MEpXJIopaTa ocaabiseTcsi B TUX CUCTEMax Mo Mepe MPHOIMKEHUS K YHCTO-
My OPTraHHYECKOMY PacTBOPHUTEINIO HE CTOINb CHIIBHO, KaK B CIy4ae ImpomnaHona-2. AHaJIOTUYHBIN Xa-
pakTep UMeeT 3aBHCHUMOCTh pacTBopuMocTH LIIIII oT cocTtaBa BOgHO-yKCYCHOKHCITBIX cMmecer [1]. B
3TOM ClIy4ae B pacTBOpaxX ¢ HU3KUM COJepKaHHEM BOJbI HEOOXOIMMO CUHUTAThCS C YCUICHHEM HOH-
HOH accounanmu. Kak cienyer u3 KOHIyKTOMETPHYECKHX JaHHBIX, MULIEIUIO00pa30BaHus B CUCTEMAX,
W3YYEHHBIX B HACTOsIIIEH padoTe, He HaOIroMaeTcs.

CyMMupyst pe3ylbTaThl MPOBEICHHBIX HCCICIOBAaHUN M paHee OMyOJMKOBAaHHBIX NaHHBIX [1-4],
MOJKHO PacloIOKHUTh PACTBOPUTENH B PsIi O BO3pacTaHUIO PACTBOPUMOCTH B HUX M3YHEHHBIX Iep-
XJIOPATOB: BOJa < MPOMAHOJ-2 < YKCYCHasi KHCIIOTa < 3TaHOJ < METAHOII < alleTOH.

ABTOpBI BeIpakatoT OnaromapHocTh npodeccopy H.O. Muennopy-IlerpocsiHy 3a MOCTaHOBKY 3a-
Jlavu.
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C.T. lNora, F0.B. IcaeHko. Po34nHHiCTb nepxnopaTta LeTUNTPUMETUNAMOHII0 Y METAHONMI, aLUeTOoHi Ta iX cymiluax
3 Bogoto npu 298.15 K.

MeToaoMm i30TEPMIYHOr0 HacCUYeHHS 3 rpaBiMETPUYHUM KOHTPONEM KOHLIEHTpaLii HaCM4YeHNX PO3YMHIB BU3HA-
YeHa PO3YMHHICTL MepxnopaTa LeTUNTPUMETUNaMOHIl0 Yy MeTaHoni, aueToHi Ta X CyMmiwax 3 BOAOK npwu
298.15 K.

Kno4oBi cnoBa: po34nHHICTb, YeTBEPTMHHI aMOHIEBI NepxnopaTn, MeTaHON, aLeToH.

S.T. Goga, Yu.V. Isaenko. Solubility of cetyltrimethylammonium perchlorate in methanol, acetone, and their
mixtures with water at 298.15 K.

The solubility of cetyltrimethylammonium perchlorate in methanol, acetone, and their mixtures with water was
obtained using the isothermic saturation, with gravimetric determination at 298.15.

Keywords: solubility, quaternary ammonium perchlorates, methanol, acetone.
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K CTOJIETUIO CO AHSA POXXAEHUA
NMPO®ECCOPA BOPUCA MAPKOBUYA KPACOBULIKOIO

B 3TOM rozmy MCHOJHMIIOCH CTO JIET CO AHSA POKACHUS BCEMHUPHO
W3BECTHOTO XUMHKa-OpTaHHKa, Mpodeccopa, MOKTOpa XUMHUYECKUX
HayK, 3aCITy>KEHHOTO JesTelsl HAyKH U TEXHUKU Y KPaUHbI, BBIITYCKHH-
Ka XUMHUYecKoro QaxynpTeTa Hamero yHuBepcutera 1938 roga bopu-
ca Mapkosuua KpacoBuukoro.

Ipodeccop Kpacosurikuii — aBTop u coaBTop cBbIie 600 myOmm-
Kanui, B ToM umcie cBoime 200 n3o0perenwnii; MoHorpadus «Opranu-
YeCKHe JIOMHUHO(OPED», HAMMKMCAHHAs COBMECTHO C MPOQEccopoM
b. M. bonotuneiM, ObUTa M3MaHA MBaXAHl B Hamieil crpane (1976 u
1984r.r.) u mnepem3manHas B @OPI' moxg nHasBammem «Organic
Luminescent Materials» (1988 1.), xaurn: «lIpemapaTuBHAs XUMUS
oprannueckux JroMuHopopos» (1997 r.). Bnocnencreun ObuTH OITy0-
JIMKOBaHBI TaK)Ke KHUTH «ATJac CIIEKTPOB OPTaHUYECKUX JTIOMUHO(DO-
poB» (Beimyck 1, 2001 r. u Bemyck 2, 2003 r.) u «MoHo- u Oudmiyo-
podops» (coBmectHO ¢ JI. M. Adanacuaau, 2002 t.).

Jo 1961 rona bopuc MapkoBu4 TpyAWiICs B HallleM YHUBEPCUTETE; INPOKUE HCCIEIOBAHUS B 00-
JIACTH CUHTE3a U CBOMCTB OPraHMYECKUX KpaCUTENEH 3aBepIIUIUCh 3auToi B 1960 rogy nokTOopcKon
muccepranmu «VcenenoBaHus B psity a30KpacuTesel, IPOU3BOAHBIX OMCINa30THPOBAHHBIX AMHHOBY.

Haumunas ¢ 1961 rona u 10 KOHIIA )XKM3HU, MECTOM OCHOBHOU pabOTHI y4ueHOTo ctail MHCTUTYT MO-
HOKPHCTAJIJIOB, TJI€ OH BO3TJIABMJI OTJIEN OPTaHUYECKOIO CHHTE3a, CO3/1all M Pa3BMJI HOBOE AJIS HaIllel
CTpaHbl HAy4YHOE HANpaBJICHWE — XMMUIO OPraHUYECKUX JIIOMUHO(MOPOB U JIIOMHUHECLEHTHBIX Mate-
pHaoB, co3[all Hay4yHYIO KONy OpraHuuecKux JtoMuHopopoB. Ho mo 1970 roma oH mponormkain
paboTaTh IO COBMECTUTENLCTBY MpodeccopoM Kadeapsl OpraHuuecKoi XMMUU yHUBepcutera. Cpean
y4eHUKOB podeccopa KpacoBuiikoro 4 nokropa u 35 KaHIUIATOB HAYK.

Ilepy bopuca MapkoBuya npuHaIIEKaT TaKKe CTaThU M 3aMETKU 00 yUCHBIX, C KOTOPBIMHU €My
JIOBEJIOCH padoTaTh, a TaKKe LUKI BOCIIOMHHAHHMNA 0 XapbKOBCKOM yHHBepcutere («Mowu yuurens u
cBepCcTHUKW») U MHCcTUTYTE MOHOKpHCTAIIIOB («Il0BecTh 0 CBETIsIUKaX»), a TAK)KE KHUTa 0 XapbKOBE
1919-1934 ronoB («Cromnunsrii XapskoB. ['opox Moeit IOHOCTHY) M IBE KHUTH aBTOOHOTpadIIeCKOTO
xapaktepa («B3pocioe 1eTcTBo» u «B rombl BOWHBI).

* * *

Bopuc Mapkosuu Kpacosurikuii poamics 4 (17) asrycra 1916 roga B r. Cymsl. Ilocie okoHUaHUs
B XapbKOBE CEMHJIETHEH LIKOJIBI, a 3aTeM — IIKOJbI (PaOpHUYHO-3aBOACKOTO YUEHHUECTBAa XapbKOBCKO-
ro 3JEKTPOMEXaHMYECKOTO 3aBojia OH B 1933 roay mocTynmusl Ha XUMHYECKHH (akyinbTeT XaphbKOB-
CKOr0 yHUBepcuTeTa. BeiOpaB B KauecTBe TUCHUIUINHBI CHICIMATN3ALUN OPraHUYECKYI0 XUMHUIO, CTY-
neHt bopuc KpacoBuiikuii cBsi3an ¢ 3T0i 001acThi0 HayKH BCIO CBOIO JAJbHEHIIYI0 MHOT'OJETHIONO
npoQecCHOHABHYIO AEATENBHOCTb.

ITocne oxonuanust yauBepcutera b. M. KpacoBuikuii moctynaer B acnupantypy MHCTUTYTa XU-
Mun. Hay4qHbIM pyKOBOZMTEIIEM €ro CTall 3aBelyromid Kadeapoil opraHMuecKod XUMHUH U OTAETIOM
oprannueckoi xumun Muctutyta npodeccop Esrennit CemenoBud XoTtuHckuil,. bonbioe BiusiHue
Ha (OpPMHUpPOBaHHE MOJIOAOI0 YUYEHOTO OKasal Takxke IUpekTop MHcTHTyTa XMMHUH XapbKOBCKOTO
YHHBEPCUTETA, BBIAAIOUIMICS YUeHBIH, ipodeccop Anapeit MBanoBny KumpuaHoB (BHocieacTBuu —
aKaJieMUK, BULle-nipe3uieHT Akanemun Hayk Ykpaunsr).

W3-3a HauaBmelics BoiiHbl bopuc MapkoBu4Y He yCHEBAET 3aILUTUTh JUCCEPTALHUIO. YK€ B HIOJE
1941 roma oH — y9acTHUK OOCBBIX ACHCTBHUI.

BoszBpatuBmnce B yHuBepcHuTeT B KoHIle 1945 roma, b. M. KpacoBunkuii HaunHaet padorarts ac-
CHCTEHTOM KadeIpbl OpraHndeckoil Xxumuu. 3amuTiB B 1946 rony auccepTaluio, CTAHOBHUTCS AOICH-
TOM Ka(eapbl U OJHOBPEMEHHO YUECHBIM CEKPETaPEM YHUBEPCUTETA, a B JAJIbHEHIIIEM — 3aMECTUTEJIEM
JIeKaHa XUMHYECKOTO (aKynpTera. YUTaeT Kypc OpraHu4ecKol XUMHU CTYJICHTaM-0HOJIOTaM U CIell-
KypChl — XUMHUKaM.

[Tocne 3amuUThl KAHAUAATCKOM AUCCEPTALMM MOJOAOM yUEHbIH pa3BUBACT COOCTBEHHYIO HAYUHYIO
TEMaTUKy, CHHTE3UPYET U HUCCIIEAYET KPacUTEIN Pa3sHbIX KIaccoB. DTH padOThI, BBICOKO OLICHEHHbBIE
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K croneruro co nus poxaenus npodeccopa bopuca Mapkosuua Kpacosunkoro

Beaymumu crenuaauctamu CCCP B o0nacTu opraHMYeCKONW XUMHHM, BBUIMIIMCH B JOKTOPCKYIO JHC-
cepraiuio «VccnenoBanus B psAAy a3oKpacuTeNel, MPOU3BOJHBIX OHMCIMA30THPOBAHHBIX aMUHOBY,
3anuieHHyo B 1960 rogy B XapbKOBCKOM YHUBEPCHUTETE.

Hayunyro paboty bopruc MapkoBud Bcerzia codeTall ¢ akTUBHOM U pa3HOOOpa3HOW OOIIECTBEHHOM
1 OPraHU3aTOPCKOM NEeSTENbHOCTHIO. B gacTHOCTH, OH OB 3aMECTHTENEM Ipeicenarens KOMUCCUU
[0 COICUCTBUIO CTPOUTENHCTBY HOBOTO 3/1aHUSI YHHBEPCHUTETA, CTPOUBIIETOCS Ha OCHOBE pa3pyIleH-
HOro BO Bpems BoMHBI Jloma [IpoekTos.

bopucom MapkoBuyeM 1 €ro MHOTOYHMCICHHBIMU YUYCHUKAMHU U COTPYAHUKAMH OBLIN IIUPOKO HC-
CJIEJIOBAaHbI JIOMHUHO(MOPHI Pa3NUYHBIX KJIACCOB: a30METHHBI U STHJIEHBI, OKCA30Jbl M OKCaJHa30JIbl,
XaJIKOHBI U TMPa30JIMHBL, TPOU3BOAHbIC (hTaseBol U HadTaneBol kucinor. bonpmoil Bkiag Baec bo-
puc MapkoBu4 B HCCIEIOBAaHHE COCTUHEHHUH C ABYyMs (uiyopoOpHBIMU IpynmupoBKamMu (6udiayo-
podopos). m mpemioxkena kimaccubukanus o6udiryopodopos, BIEPBEIE B MHPE CHHTEC3UPOBAHBI U
uccnenoBanbl 0uQIyopodopbl HOHHOTO CTPOSHHS.

B nayunom tBOpuectBe bopuca MapkoBuda ¢yHaaMeHTaNbHBIE HCCIECIOBAHHS BCETAa FapMOHNY-
HO COYCTAINCh C pa3paboTkaMu MPUKIIATHOTO Xapakrepa. Ha omHoM Tobko Pybexanckom I10O "Kpa-
CUTENB" OCBOCHO 0oJiee CTa HAUMEHOBAHUHN IPOIYKITUHU, HUCTIOIB3YIOMIEHCS MTPOMBIIINICHHBIMHU TIPE.I-
OPUATHSIMU Pa3THYHOTO MPOGUIIS.

Hayunsie nnen b. M. KpacoBuukoro Halum cBoe BOIJIOLIEHHE B TAKUX OTPACIIfX, KaK KBAaHTOBas
3JIEKTPOHHKA, CIMHTWJUIALMOHHAS TEXHHUKA, JJAKOKPACOYHAs M TEKCTHJIbHAS MPOMBIIIJIEHHOCTh, Ma-
LIMHOCTPOEHUE, NOIUrpadusi, MaJOTOHHAKHAST XUMUS, CEIBCKOE XO3HCTBO, MEAMLIUHCKAS JUATHO-
CTHKa U MHOTHE ApPYTHE.

IIpu MHCTHTYTE MOHOKPHUCTAILIOB OB CO3MaH BO3TIaBisieMblil mpodeccopom Kpacosumkum Co-
BET 110 OPraHWYeCcKUM JIFOMHUHOpOpaM MuHHcTepcTBa XuMuueckoil mpomeimieHHoctT CCCP, a 3aTem
— ceknus opranndeckux matepuanoB Hayunoro Cosera no momunecuenimn AH CCCP, takke pabo-
Taromias 1moJi ero pykoBoJicTBoM. B 3ToT nepuoa bopuc MapkoBU4Y CTaHOBUTCS OpraHHU3aTOPOM peEry-
JSIPHBIX Bcecoro3HbIx KOH(EpeHHiA 1o OpraHuuecKuM JIFOMUHO(GOpaM, MPOBOTUMBIX B XapbKOBe Ha
MPOTSKEHUH MHOTHX JIET.

3a cBOM HayyHbIC U MEJAarOrHUECKUe TOCTHXKEHHsI, OTPOMHBIN BKJIa] B XMMUYECKYIO HAYKYy H IPO-
MBIIIUIEHHOCTh OPTaHWYEeCKHX JIOMHHOGOPOB U Kpacutenei bopuc MapkoBHd HEOIHOKPATHO YAO-
CTauBaJICsl TOCYJApCTBEHHBIX Harpaa u npemuid. B 1982 rogy 3a paboty B 001acTH XUMHUYECKON TeX-
Honorun bopucy MapkoBuuy npucyxnaena npemusi Cosera MunuctpoB CCCP, B 1985 rogy emy
npucBoeHo 3Banue "[logeTHnrid xumMuk", a B 1989 romy — "3acimyKeHHBIN AeSITeNThb HAYKA U TEXHUKH
Yxkpaunsl". B 1990 rony Akagemus Hayk YKpauHbl npucyamia bopucy MapkoBudy npemMuio UMeHU
A.W. KunpuanoBa 3a uccnenoanusi oudayopodopos, a B 1992 roxy on yaocroen ['ocynapcTBeHHOR
npemun YkpauHsl. HaydHbeie paspabotku boprca MapkoBuda oTMEUeHBI IAThI0O Memansmu BJIHX
CCCP, B TOM uncie AByMs 30JI0THIMH.

Ymep bopuc MapkoBuu 14 mapta 2008 rona B XapbKoBe.

Bce, xro nuano 3Ham boprca MapkoBrda, OyayT BCIOMHHATH O HEM HE TOJIBKO Kak 0 Tpodeccro-
HaJie BeIcOYaiilel mpoOkl, HO M KaK O 3aMe4aTe’IbHOM YellOBEeKe, KOTOPBIH Ha JF000M MOCTY, B JIIOOOH
CJIO)KHOHM OOCTaHOBKE, BCETJ]a OCTABAJICS YECTHBIM, TTyOOKO MOPSJAOYHBIM, BCET/Ia TOTOBHIM MTOMOYb
TOOPBIM JI€JIOM M MyAPBIM COBETOM.

TakuM OH HaBcerJa OCTaHEeTCs B MAMSITH €0 OJIN3KUX, APY3el 1 MHOTOYHCIICHHBIX YUYCHUKOB.
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K croneruto co nus poxxaenus npodeccopa boprca Mapkosnua Kpacosuukoro

«41 He BeTepaH, 51 COBPEMEHHUK!»
*
(o bopuce Mapxkosuue KpacoBuiikom)

Hayunsie 3aciyru npodeccopa b. M. Kpacosumkoro B 061acTi OpraHn4ecKod XUMHUHU U, OCOOCH-
HO, B CHHTE3€ W pa3HOOOpa3HOM NPUMEHEHHH JTIOMHHOPOPOB OECCIIOPHEBI U OOIIEH3BECTHEI; HEaBHO
W3JIaHHAs BHYIIMTENbHAs OMOIMorpadus ero TpyIoB, coaepikaiias 0ojiee MIECTUCOT MyOauKaiuil (B
TOM YHCJIE COPOK IATh 0030pOB M MOHOTpaduii U CBHINIE IBYXCOT M300pETEHMH), TOBOPUT caMa 3a
cebs. S ke Xody, Mpexkae BCEero, CKa3aTh HECKOIBKO CIIOB O APYTOW CTOPOHE JIMYHOCTH ITOTO TOWC-
THUHE HEOOBIYHOTO YEIOBEKA.

* % %

C Bopucom MapkoBryeM yIuia B MPONDIOE IIeNasi 310Xa XapbKOBCKON Xxumuu. EMy cyxneHo ObuIo
OKa3aThCs HE TOJFKO aKTUBHO PabOTAIOMIMM yUEHBIM, HO M CBOETO POJia CBAZYIOIIMM 3BEHOM MEXKIY XHU-
MHKaMH JOBOCHHOM MOPBI M HBIHELIHEH Moofiexkbio. U Tem Gonee BaskHBIM OBLIO TO, uTo boprc Mapko-
BUY €MI¢ MHOTO JIET Ha3aj B3SUICS 32 COCTABJICHHE BOCIIOMHUHAHHI O XapbhKOBE JBaALATHIX-TPUALATHIX
TOZIOB, O CBOEM JIETCTBE, O Tof[aX y4eObl 1 padoThl B XapbKOBCKOM YHHBEpCHTETE (TIpepBaHHBIX Bemmkoi
OtedecTBeHHOI BOWHOM, YIaCTHUKOM KOTOPOi oH OblT), 06 MHCcTHTyTE MOHOKpHCTa/IIOB. B 3THX TIsITH
KHHUTax (coOpaHHBIX Telepb B OXHOM MepervieTe), IpHHaIeKaumx nepy npogeccopa Kpacoswuiikoro,
Triepe]T YATaTeNieM OTKPHIBAIOTCS SPKHE KAPTUHBI )KU3HHU HaIllel CTPaHbI — OT OBICTPOTEYHOTO U MPOTHUBO-
peunBoro HOITa no ropbaveBcKoii mepecTpOHKH 1 BCEro TOTO, YTO 33 HEH IT0CIIEI0BAIO.

s mens Bopuc MapkoBud okazaiicst «0eclieHHON HaXoKoi». Beab OH MpeKpacHO MOMHUII MHO-
TUX HAIlUX YHUBEPCUTETCKUX XUMHUKOB, C KOTOPBIMH S OBUI 3HAKOM JIMIIb IO CIIETKA MOKEITEBITUM
CTpaHUIIaM MX KHHUT W )KypHaJIbHBIX CTaTei. A MEHS BCEr/la WHTEPECOBAIM HE TOJHKO HAYYHEIE pe-
3yJNbTaThl YYEHBIX, HO U UX JUYHOCTH. [loaTOMy nonrue Gecenbl 06 UCTOPUM HAIIETO YHUBEPCUTETA U
XUMHUYECKOTO (DaKyIbpTeTa — KaK OYHbIE, TaK U Telie)OHHbIE — CTAllK JIJIsl MEHSI HOPMOU U Tpajunueit
obmenus ¢ boprucom MapkoBudeM.

A eMy 6bUTO 0 4€M pacckazaTh — Beb BCErJa YTO-TO OCTAETCS «3a KaJpoM» MEMyapoB, Iaxe eclu
OHU M3JI0KEHBI Ha COTHAX cTpaHull. OueHb UHTEPECHBIMHU U MOYYHUTEIBLHBIME OBUIM paccKasbl O 3Ha-
MEHUTOM pekTope yHuBepcuteta . H. bBynankune, o crapeix xumukax-opranukax K. A. Kpacyckom,
10.-T". B. Kopmiyne, H. A. Bansmiko u E. C. XotuHckom, 00 ux 6osee Mosoasix koiierax 0. O. Ia-
oene u A. U. Kunpuanose, o ¢pusuko-xumukax I'. E. Myxune, A. @. BacunseBoit-Cunnosoii, C. C.
Vpazosckom, U. H. ®panuesuue, H. A. 3maiinoBe 1 0 MHOTUX, MHOTHX IPYTHX. A €lle s C YIOBOJIb-
CTBHEM Y3HaJ, UTO CTApHHHBIM IpyroM boprca MapkoBrda OblT BEICTYNABIIAK O(QHUIIHATHHBIM OIIITO-
HEHTOM Ha 3aIuTe MOel MOKTOpckod muccepranuu npodeccop MXTU bopuc MBanosuu CtenaHoB
(YBBI, HBIHE TOKOWHBIH).

[Tamsate y boprca MapkoBuda Obliia peHOMEHATEHOHN, OH 9acTO BCIIOMHHAJ OYEHBb BaXKHBIC JETa-
T, TIO3BOJISIIONINE COOECETHUKY YBHJECTh HMPOMUCXOAsIIee Kak Obl CBOMMH Iia3aMU. B HECKONBKHX
CJIOBax OH MOT B KOHIICHTPUPOBAHHOH (hopMe mepeaaTs CyTh TOTO MM HHOTO YEIOBEKa.

Jaxxe B mocieHIe TOABI, HECMOTPSI Ha CBOM COJHIHBINA BO3PACT (IO ACBIHOCTOY», a 3aTEM U «3a
ZIEBSHOCTOY), Tpoeccop KpacoBuiknii HUKOT/Ia HE OTKa3bIBAICS BBICTYMUTH IMEpell YHUBEPCHUTET-
CKOW MOJIOAEXbIO, B TOM YHCJIE Tepes yYaCTHUKaMH CTyJeHdYeckoro HayuyHoro obmecta (CHO).
[Toe3HOCTh TaKMM BCTPEY HEBO3MOXKHO OBLIO MEPEOICHUTh: Belb CTyAeHT bopuc Kpacosurkwuii cto-
st y uctokos 1epBoro B Coerckom Coroze CHO, a eme mo 3Toro mHANMHPOBAI mosBiaeHNe «Hayd-
HOTO OIOJIETEeHs», MOCHIyXuBIIero npearedeit « TpynoB MHCTUTYTa XUMUU B XUMHUYECKOTO (PaKyiIb-
TeTa», HAYaBIIMX MyOInKoBaThcs B 1935 romy.

[Ipu 3TOM 4YyBCTBO IOMOpa HHWKOT/AA He Tokunano bopruca MapkoBuua. MHe 3amOMHUIIACH MTHO-
BEHHAs peaklysg Ha HaBESTHHOE BOCIIOMHUHAHHMIMHU O BCTpeYax C BBHLAAIOIIUMUCS XUMUKaMHU MTpUYHCIIe-
HUE €r0 K KOropTe BeTepaHoB: «A He gemepan, 51 cospemennux!». A Ha TpaAULIMOHHBIN IPU BCTpeUax
u TeneoHHBIX KOHTaKkTax Bompoc «Kak Brr moxkuBaere, bopuc MapkoBn4?» HEM3MEHHO CIEIOBAT
OTBET «NO-CHAPOMY». ..

Kak-to pa3 bopuc MapkoBud npeiokui MHE Kak-HHOYIb BABOEM C HUM IIOCETHTH OBIBIIIEE 3/a-
HUE XMMHYECKOTO KOpITyca Ha YHHBEPCHUTETCKOM yIUIEe U Ha MECTe MoKa3aTh ObLJIOE PaCIOJIOKEHHE

* o«

Ilepeneuamano ¢ Hebonvwiumu usmenenuamu u3 kuueu «b. M. Kpacosuyxuu. Bocnomunanusy Xapvkog: Do-
auo, 2008, sviwedweil uz newamu ysice nocie cMepmu Y4eH020 U GKIIOYAIOWel Ceput) 60CHOMUHAHUL O HeM.
Bocnpouszeooumcs ¢ paspewenus uzoamenvcmea Donuo.
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K croneruro co nus poxaenus npodeccopa bopuca Mapkosuua Kpacosunkoro

kadenp, aboparopuil ¥ KaOMHETOB. MBI IUIAHUPOBAIM COBEPIIUTH ATY SKCKYPCHIO B TOIXOMISIIUI
MOMEHT, B YaCTHOCTH, B TeIUIO€ BpeMd roja. 51 He 0COOEHHO TOPOMMICS — BO-TIEPBBIX, MHOTO TEKY-
IIUX JEJ, 2 BO-BTOPBIX — YTO MOXKET TIOMENIaTh TAKOMY TIOXOJTy B HefasiekoM OyayiieM? Beab crapbrit
Kopiryc xuMm¢aka Bpojie Obl He COOMPAIOTCS CHOCHTb.

Beuepowm uetbipHaanaToro Mapra 2008 rojia g y3Ha1, 4TO 3TOMY HallleMy MPOEKTY yKE HUKOTa He
CYXII€HO COBITBCS ...

* * *

Teneps Bo3bMy Ha ceOs CMEJIOCTh TOTBITATHCS XOTs OBl YaCTHYHO pasraaats penomen Kpacosuil-
koro. OH cyMmeln JOCTHYh OYCHb W OYEHb MHOTOTO BO BceX cdepax cBoel aesrensHocTH. KoHEeuHO,
MO>KHO TOBOPHUTH O HEHCCAKAEMOM 3HEPIUH, CUJILHON BOJIE, pa3HOCTOPOHHOCTH MHTEPECOB U BBICOKOM
o0mieii kynpType. Ho s OBl BeIZENMI TIaBHYIO, HA MO B3MIIA, 4epTy boprica Mapkosuua: ero xyc x
HenpepvlgHoMy mpyody. B MOIOZOCTH U B CTApOCTH, TIPH JFOOBIX MOIUTHYECKAX PEKUMaX, B XOPOIITYIO
Y TUIOXYIO TIOTOJy, HEB3UpAas Ha HEJJOMOTaHUs M OOJIC3HU, IOMAITHUE XJIOTIOTHI, OOJIC3HH OJIM3KUX U
CBSI3aHHBIE C 3TUM IEPESIKUBAHUS, HEMPUATHOCTH Ha paboTe M MpOoYHe OTBIEKarome (haKTopbl, TPy
OBUT ero eCTeCTBEHHBIM COCTOsSHHMEM. bopruc MapKoBHY yHOPHO TPYIHJIICS, HEYKIOHHO PacCIIUpSs
CBOM HAayYHBII KPYro30p W OCBaMBasl BCE€ HOBBIE 00JIACTH; TaK, CBOEH «KOPOHHOW» TeMOM — JTIOMHHO-
(opaMu — OH BIEPBBIE 3aHSIICS yiKe Mocie 3auThl B 1960 rogy TOKTOPCKOM AuCCepTanuy.

MeTou4HOCTh U COOPaHHOCTH — BOT YTO OBIJIO TaKXe OYeHb XapaKTepHbIM sl boprca MapkoBu-
ya. UTOOBI MOHATH 3TO, TOCTATOYHO OBLIO, BOWIS B €ro KaOWHET, OPOCUTh OJMH B3I/ Ha pabouce
MecTo. Hudero nuimHero, manku U COCIUHEHHBIE CKPENKaMU JIMCThI OyMmar Jie)KaT Ha CTOJIe B aKKy-
paTHBIX cTomKax. B HeOomnbimoMm mkady — KHUTH, AUCCEPTAUN Y4eHHKOB. CIIOCOOHOCTh AOCTHUTATh
KpYIIHBIX PEe3yNbTaTOB, NHTEHCUBHO TPYISACh U 3aHUMAs [IPU 3TOM OFPAaHUYEHHOE MPOCTPAHCTBO, CO3-
JlaBajia BIIeYaTIICHHE MPSMO-TaKH STTOHCKOTO CTHIISI pabOTHI.

KoneuHo xe, Bce 3TO OTpaxkalio SICHOCTh, YIOPSIOUYEHHOCTh MBICITH XO3siMHA KaOWHEeTa, YMEHUe
JIOBOAWTH HayaToe 10 KOHIA. Jlake B MPEKIOHHOM BO3pacTe, HECMOTps Ha Ooublire MpoOIeMsbl co
3penneM, boprc MapkoBuy mucan JOCTaTouyHO pa3bOpUMBO, a B caMmble MOCIEIHUE TOJbl HAadal OC-
BauBaTh KomrbioTep (!).

Jla, IMEHHO Tak >KUBS U paboTasi, MOKHO yCIIETh CIIeNIaTh MHOTO; BUJUMO, B 3TOM U 3aKJTFOYAETCs
MyIpOCTh. M MOATOMY MPHIILIIO YBOXKCHHE W TIPU3HAHUE, TIPUIILIN MHOTOYHMCICHHBIC Harpaabl U 1O-
yeTHBIC 3BaHUd. [IpaBUIIbLHO cKa3aHO: BCEe MPUXOIUT B CBOE BpeMs K TOMY, KTO ymeeT knaatb. Ho, ko-
HEYHO, HE «OKJaTh Y MOps MOroJbl», a KAaTh TpyAsack. Haxe B nepuoa ¢ 1997 no 2002 ronsl BBIILIN
13 nedatu 4eTslpe HoBble KHUTH b. M. KpacoBuukoro ¢ coTpyaHUKaMu, INOCBSIIEHHBIE CUHTE3Y U
MPUMEHEHHUIO OPTaHUYECKUX JIFOMHHOGOPOB (001MM 00beMoM 950 cTpaHuiy).

[ocnennsiss  monorpadust («MoHo- wu  Oudiayopodopsl), HamUCaHHAas COBMECTHO C
JI. M. Adanacuamu, sBriack (PakTHYCCKH ITOABEACHHEM HTOTOB PabOTHI mKOJIR KpacoBuikoro 3a
necsatku net. O mMacimtabe pabot, pe3yabTaThl KOTOPHIX 000OIIEHBI B 3TOM TPY/IE, TOBOPHUT XOTS OB
TOT (aKT, YTO B OJHUX TOJBKO COBMECTHBIX MCCIICIOBAHUIX, POBEICHHBIX C JIPYTUMH OpraHU3aIus-
MU, Y9aCTBOBAIM 24 akaJeMHUYecKUX WHCTUTYTa, 28 otpacieBbix HUW u HIIO, 21 Beiciiee yueOHOE
3aBeJIeHUE U 14 MPOMBIIIJIEHHBIX TPEATPUITHH.

Ho He Oblna 3a0bITa 1 MeUTa FOHOCTH — CTaTh )KYPHAIMCTOM H JTUTEpaTOpoM. I BOT mapasienbHo ¢
XUMHYECKUMU TPpyAaMu ObLTH W3JaHbl U IEePen3AaHbl KHUTH BOCIIOMHHAHUHN O CBOEH JKU3HHU, O CBOUX
KoJuIerax M O poaHoM XapbkoBe. Kak TyT He BCIIOMHUTH BEIUKHH TpuUMep (HHU3UKO-XUMHKa BHitb-
renpbMa OCTBaNbIa, KOTOPEIM Ha CKIIOHE JIET, MOCJe OSCUNCICHHBIX HAYYHBIX ITyOMUKAIIHA, YCIICN e1Ie
Hamucarh CBOIO aBToOuorpaduo u kuury o ['€re ... Jla, ycreTh peann3oBaTh CBOU 3aMBICIBI U TUTAHBI
— 3T0 OOIBIIIOE CUACTHE.

* * %

Te, ko 3nan boprca MapkoBuya, Oy IyT BCIIOMHHATh O HEM — U KaX/IbIif KaK-TO TO-CBOEMY. A IS
MeHSI OH Bcer/ia OyIeT MyIpbIM TPYKEHHKOM, KOTOPBI BCE ycried.

H. O. Muemnos-Ilerpocsu

Kharkov University Bulletin. Chemical Series. Issue 27 (50), 2016
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K 85-JIETUIO CO AHA POXXAEHUSA MPO®ECCOPA
HOPUA AKOBJIEBUYA ®UAJIKOBA

| |

B sTom romy mcmonHMIIOCH 85 meT co maHs poxkaeHus Jlaypeara I'ocymapctsennoit mpemun CCCP
(1987), 3acmyxeHHOTO JIeATeNd HayKd U TeXHUKH YKpauHbl (1998), mokTopa XUMHUYECKHX HayK, Mpo-
¢eccopa 0. 5. duankoBa — KPymHOTO YYEHOTO B 001aCTH (PU3NIECKOH XUMHUH PaCTBOPOB.

HOpwuit SkoBneBuu ®@uankoB poawics 1 wronst B 1931 roxy. Ero oTmom ObLT M3BECTHBIN XMMUK,
gnen-koppecoaneHT AH YCCP mpodeccop 5. A. @uankos (1895-1958). B 1954 roxy 1O. 5. okoH-
ynn KueBckuit rocyJapCcTBeHHBIN YHUBEpPCHUTET, B 1957 romy cran kannumatom, a B 1965 roxy — nok-
TOpOM XUMHYecKuX Hayk. Haumnas ¢ 1954 roma, }O. f. paboraer B KueBckoM MOTMTEXHHUYECKOM
uHCcTUTYTE. B mrepuon ¢ 1975 mo 1998 romer 3aBemyeT kadenpoit Gu3NIecKoil XMMIH, a 3aTeM JI0 CBO-
eit konumnsl 20 aBrycra 2002 roga TpyauTcs mpodeccopoM Toi ke Kadempol.

OcHOBHOH 007acTBI0 HayYHBIX MHTEpecoB npodeccopa PuankoBa Obuia u3uUecKass XUMUs He-
BOJIHBIX PacTBOPOB M (PU3NKO-XMMUYECKUH aHAaIH3 XUAKHX CHCTeM. VIM ¢ MHOTOYNCIICHHBIMU YUYEeHU-
KaMH OBUIH MPOBEJEHBI OOIIMPHBIE YKCIIEPUMEHTAIbHBIC UCCIeN0BaHus, ObUIO OMyOIMKOBaHO OoJee
TpeX COTeH Hay4HBIX paboT. M3 mkonb duankoBa BEIIIIO 54 KaHAUIATA U 4 JOKTOpa HayK.

[Ipodeccop PrankoB — aBTOP U COABTOP OMWHHAANATH MOHOTpaduii, B TOM duClie «J[BOWHBIC JKUI-
KHE CHUCTEMBD», «DH3ndecKast XUMUsI HEBOJHBIX PaCTBOPOBY, «OCHOBBI (PU3MKO-XHUMHUUECKOTO aHAIH3ay,
«ONEKTPOBBIACICHUE METAJUIOB U3 HEBOJHBIX PACTBOPOBY», «PacTBOpUTENh KaK CPEACTBO YIPABICHUS
XUMHUUYECKUM Iporieccom», «DU3NKO-XUMUYECKUM aHAIIN3 KUAKUX CUCTEM U PACTBOPOBY.

HOpuit SAxoBieBud OBUT HE TONBKO N300pETATENHLHBIM U OPUTHHAIBHBIM HCCIIEIOBATENIEM PACTBOPOB,
HO W aBTOPOM HAYYHO-XYIIOKECTBEHHBIX KHHT (u3-Bo "JleTckas nutepatypa’, M-Ba: "/leBaThlil 3HaK",
"SAnpo-eictpen!", "B knetke N...", "CBeT HeBUAUMOTO" U JIp., BCETO CBHIIIE IECATKA HA3BAaHUN).

Monorpaduu u kHurH npodeccopa dOuankoBa OBLIN MEPEBEIACHBI HAa S3BIKU: aHTITUHCKAN, HEMETI-
KHii, ()paHIly3CKUH, UCTIAHCKUH, STIOHCKUI, KUTaHCKWUH, BBeTHAMCKUH, TapH, TOIbCKUH, BEHTEPCKUH,
0OJrapcKuii, a TaK)Ke JIUTOBCKUH, TATHIICKHNA, 3CTOHCKHUH U ApyTHue si3biku ObiBmero CCCP.

Bce, xto 3nan lOpus SIkoBieBu4a, XOPOIIO MOMHST €r0 COAEp KaTeIbHbIC HAyYHBIC MOKIAABI U
OCTPOYMHBIE BBICTYILJICHUS B AUCKYCCHSIX.

C xuMuKamMu Harmrero yauBepcuteTa FOpust SIkoBineBrYa cBSA3bIBaIA MPOTHAS APYKOa, BOCXOMSIIAS
emé k BpemeHaMm Hukomast ApkagpeBuda M3maiinoBa v MPOIOJDKUBIIASACS B MOCICTYIONTHE ACCITHIIC-
tus. B 2007-2010 rogax, B npeaaeepuun 80-netus FO. 5., nBa npodeccopa Harero dakynbrera, E. .
Wpanora u H. O. Muemnos-IlerpocsH, a Takxe KOJUIETH U3 IPYTHX YYeOHBIX M HAYYHBIX 3aBeICHUIN
MTOATOTOBYIIA CBOM BOCIIOMHUHAHUA. 10 psiay MpUYMH OHM HE OBLIN OITyOJMKOBAaHBI, 1 HEKOTOPHIC U3
HUX MPUBOISATCS HIDKE.
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K 85-neruto co qus poxaenus npodeccopa IOpus SxosneBnda Guankosa

FOPUIA SIKOBJIEBUY ®UAJIKOB

«/lopocue xonnecu, HolHUe, KO20A 51 NUULY DMO, HAOEIHCO HA MOU npue3d 8 XapbKos MeHbvle, Yem
K020a 661 mo Hu 6wi10». Takue cIoBa MPULUIN 1O 3MeKTpoHHOH moute 20 urons 2002 roma ot mpo-
(heccopa 10.51. duankoBa B agpec OprKOMHUTETA IO MPOBEACHUIO VM3MaillloBCKUX uTeHU. IT0 OBLIO
nociieIHee MUCbMO, MOTy4eHHOe MHO0 OT FOpus SIkoBneBuya.

Kaxercs, Cenexe npUNHUCHIBAIOTCS CI0OBA O TOM, YTO BCE JIFOJU PA3AEIIAIOTCS Ha JIBE IPYIIIbI: HA
TeX, KOTOpble YMHUPAIOT IIPH JKMU3HU, U TE€X, KOTOPBIE XKUBYT mociie cMepth. 0puit AxosneBny Ouar-
KOB IPUHAIIEKNUT, OECCIIOPHO, KO BTOpoi Tpymnme. U 31ech Aemo He TOJNIBKO B €T0 MHOTOYHCIIEHHBIX
KHHTaX M CTaThiX, YTCHUE KOTOPBIX JENIACT MOHATHBIMA MHOTHE CEKPEThI (PU3UKO-XUMUH PACTBOPOB.
Besikuii, KoMy MOCUaCTIMBUIOCH OOIIATHCS C 3TUM 3aMeuaTelIbHbIM YEIIOBEKOM, YK€ He CMOXKET 3a-
OBLITH €r0 HUKOT/IA.

[Mocneanue necsATh J€T MBI TOBOJIBHO YAaCTO OOMEHUBAINCH MMCbMaMU, KaK AJICKTPOHHBIMH, TaK U
00bruHBIMU, OyMakHBIMU. [locmanus Opus SxoBneBnya ObLIM TOTYAC MICKPOMETHBIMHE, U MTPAKTHYE-
CKHM BCer/ia — KaKUMH-TO OCBEXKAIOIIUMH, 000PAIONIUMHE, BecenbMU. [IpruemM oOpa3sHOCTH MbITLIe-
HUS eMy ObUTO He 3aHUMaTh. Hampumep: «... Tak Kak MUKpaThl M UX Mama O0JIaaloT yJIUBUTEIBHO
MTOITBIMU XapakTepaMu » (TIpeAoCTepeKeHNE B CBA3H C MOMMHU TNIAHAMH HAa4aTh UCCIIE0BATh HOHHEIE
paBHOBeCHs MHUKPATOB B PACTBOPAaX), WIH: «... IOAXOXKY K JaTe, KOTOPYIO AaKe M KPYTJIOH Ha3BaTh
TPYIIHO — CKOpee, MIIOCKO» (310 — 0 70-11eTun).

Hy a Bnepssie co ctunem HOpus SIkoBneBudYa s BIJIOTHYIO NMO3HAKOMMIICS oceHbto 1992 rona, Ko-
I/1a MOJTyYrI OT HEero, Kak OT OHUIIHATHLHOTO ONIIOHEHTa, OT3hIB HA CBOKO IUCCEPTAIUIO, COIEepKAIIUI
B YHCJIEC MIPOYETO, U TAKKE CIIOBA: «3aMeuy TaKXke, 9TO 00heM padOTHI IPUMEPHO B 2,5 pa3a MpeBhIIa-
€T MPUHATHIN BEPXHUM Mpeiei, K TOMY ke paboTa HareyaTtaHa uepe3 1,5 uarepBana. Bnpodem, 310 He
yopek, a Opro3kaHHE OINIOHEHTa, MYCKyJaTypa KOTOPOTO OKa3ajach HEIOCTATOYHO PA3BUTOM IS
TOT0, 9TOOBI TOJHUMATH JIFOOOBHO O(OPMIICHHBIM COMCKaTeIeM TOM». A He3aJ0iro A0 3TOro, COoria-
1asch OMMOHUPOBaTh, Opuit SIkoBiIeBHY cpa3y MpeayNnpean MEHs, YTO OT3bIB IPHUIIET, HO Tpue-
xaTh B 1IBaHOBO Ha 3aIIMTy MOEH JUccepTallii HE CMOJKET 110 COCTOSIHUIO 37I0POBbs. YBBI, sl HE Jlora-
JBIBAJICSI TOTJA, YTO €MY IPEICTOsUIA ONepalus 0 NOBOLY TSXKENOro HeAyra, KOTOpPbI 4epes3 AecsTh
C HEOOJIBIIINM JIET BCE-TaKH CBEJ €0 B MOTHITY.

Kaxercs, Beap coBCceM HENABHO, XKapKuM BOCKpecHbIM nHeM 1 uronst 2001 roga, Mbl Bce MO3IpaB-
nsmu FOpus SxosneBuda ¢ 70-nmetueM B crapom kopmyce KIIW, B 3maHuu, KOTOpoe MOMHHIIO €IIE
Tumodeena, [ImoTHHKOBA W APYTHX OCHOBOTIOJOKHHWKOB HAIEH IITKOJIBI HEBOIHBIX PAaCTBOPOB. A
HECKOJBKMMHU MeCALaMH IM03/Hee — MOocHeAHui npuesn npodeccopa OuankoBa B XapbKoB U 3aTeM,
cHoBa B KueBe — 100-netre xadenpsr pusndeckoit xumun KIIM. Oxazanoch, 3T0 ObUIH TTOCIETHE
BCTPEYH...

bananbHas, BEpOSITHO, MBICTh — HO HEM30€XKHO MPUXOASIIAs B TOJIOBY: CMEPTh JIFOOOTO YeJIoBeKa,
IMOMHMO TIOTPSICEHUS. U TOPSI ISl POJHBIX U OJMU3KHUX, IOMUMO MEPESKUBAHUA M MEYATU JIJIsl KOJLJICT,
IIOMUMO OTOPYEHMS U TOCAAbl AJI T€X, KTO 3HAJ MOKOMNHOr0 MOHACIBIIIKE WIH «U3aJeKay, 3TO €lle U
BaYKHBIN ITOBOJ, 0YEPEIHON pa3 3a1yMaThCsl O CMBICIIE HAIEH )KM3HU U O LIEHE BPEMEHH.

U BOT TyT-TO M HayMHACIIb Y€TKO OCO3HABATh, YTO BCs ku3Hb IOpus SkoBneBuua — 3TO HeMpe-
PBIBHBIN HamlpsDKEHHBIN TpyA. IMeHHO codyeTaHue OOJBIIOTO IPUPOTHOTO NAPOBAHUS, UCKITFOUNUTENb-
HOH OCTPOTHI yMa, C OJHOW CTOPOHBI U 3aBUJHON LIEJCYCTPEMIEHHOCTH, HEYyTOMUMOTI'O TpyJa — € Apy-
rOd TO3BOJIMIIO AOCTHYh OY€Hb MHOTOTO. «Majno OBITh CHIBHBIM INIAXMaTHCTOM» — CKazaj 3uroept
Tappam — «HyHo emie xopoio urpare». Mano OBITh SpYyJHUpPOBAaHHBIM, BCE OHUMAIOIIMM H IIpa-
BWJIBHO OLICHUBAIOIINM CIELHAINCTOM — HY>KHO €IlI€ U IOJy4aTh HOBBIE TaHHBIEC, BHIABUTaTh HOBBIE
THIIOTE3bI, CTPOUTh HOBBIC TEOPHH, CUUTATh, IEPEIPOBEPSITh, IyOIUKOBATh, IIEPeOCMbICTBaTh. 1 B
9THX OonpmMx maxmatax PuankoB ObLT MOUCTHHE rpoccMeiicTepoM. [ToToMy Bo Beex mccieoBaHH-
SIX, TIPOBOJUBIIINXCS TIOJ €TO0 PYKOBOJACTBOM, YETKO MPOCIEKUBAETC (M OCOOCHHO ceildac, B peTpo-
CIIEKTHUBE) HEYKIOHHOE CTPEMJICHHE Pa3IBUHYTh T'PAHUIBI H3BECTHOTO B (PH3MUYECKONH XHMMHUHU PACTBO-
POB, TEM WJIM MHBIM ITyTeM MPUOIU3UTHCS K PEIICHUIO €Il He PEHICHHBIX MPOOJIEM — U TMOMYTHO 00b-
SICHATH JIPYTUM, OCOOCHHO MOJIOICKH, KaK BCE 3TO BakHO. Ha 3TO CTOMT MOTpaTUTh 3HAYUTEIBHYIO
4acTh KU3HH!

He cnyuaitno y FOpus SIkoBneBrua ObIJI0 MHOTO XOPOLINX Apy3el; MHE OCOOEHHO MPUSITHO, YTO C
onHuM u3 HUX — ['eopruem [meGoBuyem Jlsmronieii, JaBHO, YBBI, TOKOWHBIM — MHE TOXE JIOBEIIOCH
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obmatbcs. M1 KOHE4YHO, ApY3bs, 3HAKOMBIE,
KOJIJIETH, YYEHUKU TMOATBEpAAT, uTo IOpuit
SxoBneBHY OBLIT HE TONBKO 3PYIUTOM U HH-
TEJJIEKTYaJloM, HO M 00J1ala)l UCKITFOUNTENb-
HBIMH TyLIEBHBIMU Ka4E€CTBAMHU.

Ho ymen ObITh M HENMPEKIOHHBIM, KOTAA
JIeI0 VIO O HECEpbe3HOM OTHOIIEHUH K
HayKe, Jak€ B Hallle BPEMs, BPEMs CHIDKEH-
HBIX TpeOOBaHUU U JIOKHOH HOOpOTHI. «M3
3THUX OBOIIEH Jake XOpOLIMH IoBap He
CMOXXET CBapUTh CYI» — TaK CKazal OH 00
OJHOW HeymaBIIeCs TucCepTaliy, MOSICHSA
CBOM 0TKa3 AaTh MOJOKUTEIBHBIA OT3BIB.

[Tpu sTOM mpuHIMNHANEHOCTE PHATKOBA
HE OrpaHMYUBajIach TPEOOBATENBHBIM OTHO-
[IIEHHeM K OJHHM JIMIIb COUCKATEeNSIM yde-
HBIX cTeneHel. [IoMHIo, B MOCIEeIHIO HalTy
BCTpedy B XapbKOBE OH PacCKa3bIBal O CBO-
€M CpaBHHUTEIHHO HEJAaBHEM XECTKOM pa3-
roeope (za gaxe, Mo CyTH Aeia, 0 KOH(IHK-
Te) ¢ npodeccopom Hepycamumckoro yHu-
Bepcurera U. Mapkycom. B xome »sTtoi
BCTpeuH, cocrosBiieiica B Mockse, IOpuit
SxoBneBny peOpoM IMOCTaBHJ BONPOC: IO-
YyeMy B MHOTOUYHCJICHHBIX O030PHBIX CTaThsIX
¥ KHMTax MapKyca o HOHHOHM COJIbBaTaIlMH HEeT CChUIOK Ha Kiaccuueckue padotsl H.A. M3maiinosa,
K.II. Mumenko u I'.A. KpectoBa? Korna e Mapkyc cocnajncs Ha HE3HaHHE PYCCKOTO S3blKa, TO
Opwuit SlkoBneBnd Bo3pasmir: «3To He mpuuuHa!». W 3aTteM, IATh WITH IIeCTh pa3 moOsBaB B Uzpamuire,
¢ MapkycoM BcTpeyaThCsl TaK U HE CTall... XOPOIIUH YPOK AJs TeX HaIluX Jake KPYMHBIX YYEHBIX,
KOTOpBIE€ CETOJHS HCHBITHIBAIOT MEpe]l «TPAaHTOHOCHBIMKY» HHOCTpPaHLIAMU TakoW e TpemeT, Kak
pansbie — nepen komuccuei LK KIICC.

Kanrn 10.51. ®unankoBa OyIyT ocTaBaThCs HACTONBLHBIMHU IS MHOTHX W MHOTHX TIOKOJICHHUH XU-
MHUKOB-pacTBopIiukoB. 1 He Tonbko B Xapbpkose u Kuese, B Mockse, Cankt-IlerepOypre unu MBano-
Be. «It is sad news to hear of the death of Professor Yuri Fialkov» — Hanucan MHe W3BECTHBIM HEMEII-
KU XUMHK XpHUCTHaH Paiixapar, U TyT ’ke BCIIOMHIUI pu 3ToM o kHmre "Rastvoritel' kak sredstvo
upravlenija chimiceskim processom", kotopyto FOpuii SkoBieBud momapui eMy Mpu JIMYHON BCTpeUe
B MapOypre.

Ectp mronu, KOTOphIEe XUBYT MoOcie cMepTH... Juckyccusi B 1a00paTopuu AOXOAUT A0 MOMEHTA,
KOTJa pyKa HENPOU3BOJBHO TSHETCS K KHIDKHOM IOJIKE, M Pa3gaeTcsl CaKkpaMeHTalbHOE «A 4To 00
3TOM cKa3zaHo y ®uankosa?»

H.O. Muennos-Ilerpocsa
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S maxxe He IOMHIO, KaK MTPOU30IILIO MOE MepBoe 3HAKOMCTBO ¢ Opuem SkoBieBrnueM OuaaKoBBIM.
MHe Ka3aJloch, 4TO 5 3HaJIa €ro BCErja, U BCeraa Obula YBEpeHHOCTh, 4TO B KueBe ecTh Hall Haaek-
Heli qpyr — 10.51. ®uankos.

[Tocne HeoxxumaHHOW cMepTH 3aB. Kadenapoil dusmueckoit xumun XI'Y, dieHa-KOPPECHOHIEHTa
AH YCCP, npodeccopa H.A. M3maiinoBa KoyuieKTHB Kadeapsl CIUTOTHIICS BOKPYT AOIEHTa AJIEKCaH-
npoBa. Hac gaxxe cranu Ha3piBaTh M3MaiinoBckuM MOJKOM (¢ Jierkoi pykn Murenko). Komanaupom
ero cuutaica B.B. Anekcanapos, a s1 — komuccapoM. FO.f. ®uankoB 0xoTHO cornamancs ObTh odu-
[MAITBHBIM OIMTOHEHTOM WIIM BEAYIIEH OpraHM3alel TUCCepTAIMOHHBIX padoT, MOATOTOBICHHBIX K
3amuTe M3maitnmoBckuM mosikoM. OH Bcerja MHTEPECOBAICS HAyYHBIMH HCCIENOBAHUSMH, TIPOBOJIHU-
MBIMHU Ha Kadeape ¢puznueckoit xumun XI'Y. MHTepec 3TOT BBIpa)xalcsi B HEPaBHOIYITHOM OTHOLIE-
HUU K MpoOJieMe XUMHH HEBOJTHBIX pacTBOpoB. Kputudeckue 3amedanus 0.4, ®duankosa Obutn riny-
OokuMu, HO A0OpoXKenarenbHBIMH. Yacto MokHO ObuTo BHmeTh HO.Sl. duamkoBa, OecemyrommM ¢
JOKJIaTYMKOM C pPy4YKod U Oymaroil. A 1oKiIaquuKk oOHapy>KUBasl HOBbIE TIEPCIICKTHUBEI B CBOMX HCCIIE-
JIOBAaHUSX.

IOpwmii SIkoBneBHY Bcerma cooOIman O MPEACTOANTUX KOHPEPECHIMSIX, Tak Kak dTa WH(OpMAaIusI
4acTo OTCYTCTBOBAJA.

YBaxutensHo FOpwuit SIkoBieBnd otHOcwiIca U K nipod. A.M. IllkoauHy, KOTOpBIN 3aBenoBaj Ka-
(dhenpoit Heopranmueckoit xumun B XI'Y. @uankosa u [llkonnHa cBsA3bIBaI 00N HHTEPEC K METOTHU-
K€ M3MEPEHHs 3JIEKTPOIIPOBOIHOCTH PACTBOPOB KaK METO/IAa UCCIIEOBAHUS COCTOSHHS DJIEKTPOJINTA B
pacTBope.

C oxoto#i u HeocnmabeBatommmM uHTEpecoM 0.5, @duankoB nmpuHUMaN ydacThe BO BCEX HAyYHBIX
MEpOTIPUATHSAX, IPOBOANMBIX XUMHUECKUM (akyinbTeToM XI'Y — Oyme-To M3maiinoBckue mmm beke-
TOBCKHE YTECHHUS, UJIM KOH(PEPEHIUS 10 3IEKTPONPOBOAHOCTH. Ero JOKIaab! CayIIaauch ¢ Hemepea-
BaeMbIM WHTepecoM. TOHKHU (HMANKOBCKHI IOMOp Bcerna OblT BocTpeOOBaH ayAaMTOpHel, KoTopas
YyTKO pearnpoBaja Ha BCe IIyTKH U TOHKHE HaMEKH.

Bor emie npumep nonumanus duankosiM o0cTositenscTB. Ha xumpake XI'Y kpome kadenp Oia-
TOMOJIYYHO CYIIECTBYET Hay4YHO-HCCIIEI0BATENbCKUI HHCTUTYT. TakuX MHCTUTYTOB XMMHUHU HET B CO-
cTaBe XuM(paKoB APYTUX YHUBEpCUTETOB. HayuHast TeMaTHKa Halllero HHCTHTYTa XUMHH, B 3aBUCHMO-
CTH OT TpeOOoBaHUH, OO ObLIa TOW e, YTO M HaydHas TemaThka kadeap ¢dakynbrera, Ju00 ObLIa
caMmocTosTeIbHOM. Hannune nHCTUTYTA XUMUU 1715 (pakysbTeTa odeHb ynooHo. HecMoTps Ha 3Haum-
TEBHO MEHBIIYIO OIUIATy B MHCTUTYTE XHMHUH, B COCTaB HAYYHBIX COTPYJHUKOB MHCTUTYTa Harpas-
JISUTA TIEPCTIEKTUBHBIX BBITYCKHUKOB (hakynbreTa. WHCTUTYT XUMHUHM ObLT BCETaa Ky3HHUIEH KaapoB
s (hakynpTeTa U APYTHX BY30B I'. XapbKoBa U APYI'HX TOpoIOB YKpawHBL 1 He MOTY OOBSCHHTH
oyeMy, HO peciryOIMKaHCKOe MUHHACTEPCTBO BCETIa ObIIO CKJIOHHO 3aKPHITh HAIll HHCTUTYT XUMHU U
ITOCHUTAJIO Pa3NUYHOTO poa KOMUCCHH. YacTo TaKkyro ouepenIHyr0 KOMACCHIO BO3TIaBisut mpod. FO. 5.
OuankoB. [loHMMass HECOMHEHHYIO TONB3Y I (haKkynbTeTa OT MHCTUTYTa XUMHHM, OH J1aBajl pa3ind-
HBIE COBETHl MHCTHUTYTCKOMY HadajbcTBY (B sune aupekropa mpod. J.H. I'punana), kak u3bdexaTth
Ka3aJI0Ch ObI HEM30EIKHOTO 3aKPHITHS HHCTHTYTA.

S He Mory He BCcmoMHHUTH 1 npucytiee H0. 5. ®duankoBy 4yBCTBO yBaXEHHS K UEIOBEUCCKON JIMY-
HoctH. [lomHio ocennr 1971r— B sToM roay lO.Sl. ®uankoB mpoBoaun koHpepeHnuo «Duzuko-
XUMHYECKUH aHANHU3 JBOWHBIX XKUAKUX CHCTeM» B I. Bopommmmosrpane (HeiHe T. Jlyranck). S mpues-
JKaJla Ha 3Ty KOH(EpEeHINI0 HOYHBIM Toe3oM. lIpeacraBpre Moe MpHUATHOE M3yMIIEHHE, KOTJa Hac
BcTpetun caMm 10.51. @uankos. Y Mbl moImumy yepe3 BeCch TOPOJ C BOK3aJIa IO TOCTUHUIIBI MEIMKOM (Ka-
KHE-TO TPYAHOCTH C TpaHcropToM Bo3HUKIN). 0.5, ®uankoB npocneana 3a TeM, Kak MOCENEH Kaxk-
IIBI XapbKOBYAHWH, XOTS TaMm Oblla W MPUHUMAIOIIAs CTOpOHA (COTPYMHUKH BOpOmmiIoBrpaackoro
MEIMHCTUTYTA).

Baumarensno 10.5. ®uankoB OTHOCHIICS K KaXXIOMY UY€JIOBEKY — OE30THOCHUTENIFHO TOTO, KaKyIO
JOJDKHOCTB TOT YeJIOBEK 3aHMMaJl UM KaKoe 3BaHWE OH HOCHIL.

I.X.H., mpodeccop, E.D. BaHoBa
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K 80-JIETUIO CO AHA POXXAEHUA
BNAAVMMUPA MOUCEEBUYA KOLUKMHA

A evibpan cam ceoro uepy,
A svibpan cam cebe napmmepos,
Cam evibupan, kmo eépae, Kmo opye,
U yoic ne mecmo paseoopam,
Ymo, mooicem, Kmo-mo 8uH08am,
UYmo arcusHb CroAHCUIACH Obl UHAYE ...
Mne uepm ne 6pam u 602 He bpam —
Ceoti nyms 51 cam cebe HA3HAUUL
B. M. Kouikun

B sTom roay ucnonnuiiock 80 siet co JHsA poxkaeHus Biagumupa
MouceeBnua Komkuna (20.11.1936, XapskoB — 17.01.2011 Xaps-
KOB), BBIITYCKHHKA (PU3UYECKOTO (haKyJIbTETa HAIETO YHUBEPCHTE-
ta (1959), moxropa ¢usmko-maremaTrdeckux Hayk (1972), mpo-
¢deccopa (1981), Jlaypeata T'ocymapcTBeHHOH NpeMuu YKpauHBI
(2001), 3acmy»eHHOTO JesTeNs HayKH U TeXHUKH YKpauHsl (2009).
C saBaps 1982 roga no xoHua xu3Hu Baagumup MouceeBuy 3aBe-
nmoBan kadenport pmsmdeckoit xumum HTY «XIIW». Jlo aToro padoran Bo Beecotoznom MucTuTyTE
MoOHOKpHcTaLIoB (1966—1981), Bo BeecorosHoMm nHCTHTYTE OCHOBHON XuMuH (1960-1966), Ha 3aBoze
«TenmoaBroMat» (1959-1960). SIBnsercs aBTOPOM U COABTOPOM OTKPBITUSL «CBOHCTBO XUMHYECKOH
WHEPTHOCTH TIPUMECEH B MOJIYIIPOBOIHUKAX CO CTEXHOMETPUUYSCKUMH BakaHcusaMm» (Ne 245 mo ['o-
cynapcrBeHHoMy peectpy CCCP), xHur u crateit (kak B 00sacTy (DU3HMKH, TaK U B T'yMaHHUTApHOM
cdepe), COOPHUKOB CTHXOB, BOCIIOMUHAHHUHM 00 y4HTENsIX, APY3bsiX W Koyuierax. [lox ero pykoBo-
JICTBOM 3aImuiieHo 14 kangunarckux auccepranuii. 21 HostOpst 2011 roga B mamsth o B. M. oTkpsiTa
MeMopHalibHasl 10cka Ha 3/1anuu xumudeckoro kopmyca HTY «XTTH».

o xonna xu3Hu B. M. coxpaHsit TecHyro CBs3b ¢ Alma Mater. Ynuran nekuuu, meapo OT3bIBAJICT
Ha MPOCKOBI O PEIICH3UPOBAHUY H OIIIIOHUPOBAHUH, YIaCTBOBAI B pabOTE COBETOB U CEMUHApPOB. AB-
TOPCKHUM 3K3eMIUISIp CBOoeM KHUTH, u3faHHOW B I[IIBeiniapuu, oH mopyuui mnepenath IMOCie CBOEH
cmeptu B [THD.

Brnagumupa MouceeBnya oTiauuana HeoObIYaliHAs I[IUpOTa WHTEpecoB. Ha cBoeM caiite
http://koshkin.org.ua/ on pa3uenun ux Ha «McciaenoBanus B pusuke» u «lccaenoBanus BHE (QU3HKUY.
K meproii rpyrrmne oTHECEHbI UCCIIEI0OBaHUs B 007acTh (PU3UKKM TBEPAOIO TeJia U MOJIYyHPOBOIHUKOR:
MHOTOKOMITOHEHTHBIC MOJYIIPOBOJHUKH, TMOIYIPOBOJHUKH CO CTEXHOMETPUUYECKUMHU BaKAHCHUSIMU,
paluaMOHHO-CTOWKIE KPUCTAJUIMIECKHE BEIIECTBA, PABHOBECHBIE «MEpIAIOIINEe Taphbl», HHTEPKas-
ust. Bropas rpynma BKIIIOYaeT B ceOs 3TOJIOTHYECCKUN MEXaHH3M €CTECTBEHHOTO OTOOpa, paboTHI O
MIPOUCXOXKIECHUU PEIUTHI U TPUPOJIC TEPPOPHU3Ma, CTATUCTHUCCKUE HCCIICOBAHUS TICUXOJIOTHH, JIH-
TepaTypbl 1 TBOpUecTBa. JIOTHKY M OCHOBHBIC Pe3yJIbTaThl CBOMX HccienoBaHmii B. M. kpaTtko u eMKo
W3JIOKHII B CBOEH Hay4dHOU aBTOOMOTpadhiH, pa3MEIICHHON Ha caiTe.

B oGOnactu oOpa3oBaHMs Takas HIMPOTAa MHTEPECOB PEATM30BAJIaCh B MHTETPAIbHOM IOJIXOAE K
MpernoJaBaHuI0 ecTecTBo3HaHus. OH BOIIIONIECH B KHUTE «BBeeHNEe B €CTECTBO3HAHUE)» (COBMECTHO C
WU. B. Cunensauk u A. I'. llIkop6aToBoBbiM). C 6011bI0 CO3HABAsI BCE HETATUBHBIC TEHACHIIMU B 00pa-
30BaHMU, OH TEM HE MEHE MOYTH O IMOCIECTHEr0 YUTANT HAa aHTIUICKOM SI3BIKE JBa CIEIKypca — IO
(hM3UKO-XUMHUYECKOMY MAaTEPHAJIOBEIICHUIO U 110 KOJIMYSCTBCHHBIM METO/IaM B TYMaHUTAPHBIX HAyKax
— IJISL TeX HEMHOTHX CTYICHTOB, KTO MPOSBIIAII K ATOMY HHTepec. UnTall, Jae eciii MPUXOAHUIIO BCEro
3-4 ciymarens.

B. M. W1 MOCTOSIHHBIM HAaNpPsKEHHBIM WHTEIUIEKTYAIbHBIM TpyAoM. CaM OH TOBOPHII, YTO yHAC-
JICIOBAJ 3TOT CTHJIb KU3HH OT pojautesiell. YenoBek HeoObIuaiiHO 1IeNICYCTPEMIICHHBIHN, OH YCIIeN, YK
0oJ1est, TOBECTH 10 KOHIIA BaXKHYIO U HETO KHUTY «UyBCTBa M CHMBOJIBI), HAITMCAHHYIO B CAMOOBIT-
HOM HecTaHJapTHOM >kaHpe. [lourm 3akoHuYWJI KHUTY 00 ocHoBareie Kadeapbl mpodeccope
A. H. lllykapeBe (koTopyro 3aBepinmia ero coasrop A. S. Jynedan). W naxe c npucymumu emy my-
YKECTBOM M FOMOPOM Hammcai « IMUWIorT (HO elle He SuTadus U JaKe He SITHUKPH3)».
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U eme B. M. xun nocTOSHHBIM SIPKAM HACBHILICHHBIM OOIIEHHEM C Ipy3bsiMH M Koyuieramu. OH,
6e3ycI0BHO, OBIT MacTEpOM OOIIEHHUS, IIEAPHIM Ha TIOMOINb M MOAAEPXKKY, HAa IOHUMaHKe, Ha TBOP-
yeckue uaeu. B uucne ero apyseit 6sutn b. M. Kpacosuukwii u 0. f. ®uankos, matepuaisl 0 KOTO-
PBIX pa3MelleHbl B 9TOM ke HoMepe. B. M. Hamucan 0 HUX HHTEpECHbIE BOCTIOMHHAHMS , KOTOPBIE
MO>KHO HAaWTH Ha YIIOMSHYTOM CaiiTe.

S mo3nakomuics ¢ Ipodeccopom Kormkuneim BecHoi 1988 roma, korma moit yuurteias Burtanuit
BanentrnnoBuu Cnié30B HampaBuil MEHS K HEMY 32 OT3bIBOM Ha MO0 KaHJUAATCKYIO AuccepTanuio. He
3HAI0, TO JIM AWCCEPTALlUs eMy OYeHb MMOHPABUIIACH, TO JIX MBI «COBIIAIM» IO TEMIIEPAMEHTY U MUPO-
BOCHPHUATHIO, HO TOYTH CPa3y MBI CTAJM APY3bIMH — HECMOTPS Ha pa3lIidne BO3pacTa U «CTaTryca», u
nepenuy Ha «Bomoas» u «llets» (xotsa u coxpanuu «Beiy).

B Bonone nopakanu WHTENIEKTyaabHBINA OJECK M IHUPOTa, KaK WHTEPECOB, Tak W 3pyaunuu. Ho
0COOEHHO BIIEYATIISIA TEIIOTa U JOOPOKENIATeIbHOCTh o0mmeHus. [lo3mHee s 0BT IPOCTO MOTPIICEH
€ro CTOMYECKHM COTPOTHUBICHHEM OOJIC3HHW — BIUIOTH JO CaMOro KoHIa. M s nymaro, OH MPOKUI
IyCTh HECHPAaBEUIMBO KOPOTKYI0, HO CUACTIUBYIO JKWU3Hb. M3 MHOTUX HAIMCAaHHBIX UM MPEKPACHBIX
CTHXOB s 0COOEHHO JTF00JII0 BOT 3TO:

Taxnem ceesrcumu Oyakamu.
Connye eosa moabko 8Cmaio.
Llazu monomouxamu eyaKumu
Buicmyxkusarom xeapmarnul.

U 3naro cuacmauso u moumo,

I'na0scw 6 3epranvHble 1ydHCU:

Tonvko umo, 3mou HOYbIO

Komy-mo 6v11 ewge nycen.

Bomnozs Obl1 cuacTiiuB, TOTOMY YTO OBLIT HYKEH.

I1.0. Muennos-Ilerpocsa

Moit npyr Bonozs Ob1T mUpoKo 00pa3oBaHHBIM UeltoBeKoM: GU3HKa, UCTOPUS HAYKH, TICHXOJIOTHS ...
C HuM ObLIO HUHTECPCCHO 06HIaTBC$I, YUTaTh €TI0 MHTCIJUICKTYAJIBbHBIC CTUXU U TIPO3Y ...

10.B. I'annens

«4 cnenan Bce, yto Mor. U s HUKOTO He crenan HecuacTHbIMY. Hy)XKHO BUAETH M ciblliaTh, kak B. M.
MPENOJHOCHUT 3Ty (pa3y B OJHOM U3 MHTEPBBIO (€CTh Ha youtube). 910 u 0 HeM. MHOrUX ofapuBas,
OH CJIEIWJI U 33 Te€M, YTOOBI HUKOI'O HE CAelaTh HecuacTHeIM. OH HE MPOCTO MOMOTall, HOJAEPKUBAJ,
COBETOBAJI, PELIEH3UPOBAJ, ONIOHUPOBAJ, ... OH Jenan 3To LIeAPO U C BEIPaXKEHHBIM YIOBOJIBCTBUEM.
3apa3uTenbpHOE KU3HEM00Hne 1 0coObIi fap O0IIeHHs — ero HeoTbemiieMble uepThl. B. M. HeoObIvaii-
HO TOHKO YYBCTBOBAJ JIOAEH M JOTOLIHO pa30upalicst BO BCeM, 4eM 3aHuMaics. Ero Hacnenue He uc-
yepnbiBaeTcs nedaTHeiM CioBoM. OH 3apOHWIT WM MPUYMHOXHIT KPYTIUIBI TOOPOTHl ¥ KU3HETIOOUS
BO MHOTHX M3 T€X, KOMY [TOCYACTINBUIOCH C HUM OOIIAThCS.

A.N. Kopobor
Bnagumup MouceeBud ObUT (PH3UKOM, YIAYHO BIHCABIIMMCS U B HAIy (DU3UKO-XUMHUUECKYIO Ce-

MBbIO, 9TO, KOHEYHO, TOBOPHUT O IMHUPOTE €ro HaydHoro Kpyro3opa. [Tourn 30 et 3aBenoBas kadeapoit
¢uznueckoit xumun XI1M, 0XO0THO aBaj OT3BIBBH M PELEH3WH Ha pabOTHI HAIIMX yYEHBIX, HAIPHUMED,

" Kowwun B.M. Bopuc Maprosuyu Kpacosuykuii . B knuee «Bocnomunanus o npogeccope B.M.Kpacosuyrkom»,
Xapvkos, Donuo, 2007.

Kowxun B.M. [lamsamu opyea (npogeccop FO. A @uanxos), Becmuux Xapbko8cko2o HAYUuoOHAIbHO20 YHUGEPCU-
mema, Xumust, 2002, eéwin.9 (32), ¢.376-378.
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K 80-netuto co nua poxxaenus Bnagumupa MouceeBuua Komkuna

ObUT O()MIIMATIBHBIM ONIIOHEHTOM 110 TOKTOpcKo# muccepraunu M. H. BrloHHMKa, aKTHBHO y4acTBO-
BaJI B MEXIIyHapOJHOW KOH(pepeHInH, mocssmennoi 100-netuto co qust poxxaenus H.A. M3wmaiinosa,
poxoAuBILIEeH y Hac B yHuBepcurete mox srugoi MIOITAK. A onHOBpeMeHHO MHOTIO JIET APYKHUII C
IOpuem fxoBneBnyem DPUANKOBBIM, 3aBEAYIOMUM Kadenpod ¢undeckoi xumuu B Apyrom [lomu-
TEXHUIECKOM WHCTUTYTe — KueBckoM. Takoi (HhHM3HKO-XUMHUYIECKAN «TPEYTroJbHUK» — IBE Kadeaps B
MOJTUTEXHUYECKUX WHCTUTYTaX U OJHA — B HAIIEM YHUBEPCHUTETE — TAPMOHUYHO CYIECTBOBAJ MHOTO
net. Mue obuienue ¢ B. M. gocranoch «Imo HaciIeACTBY»: ¢ MOMMH MPEIIeCTBeHHUKaMH, podecco-
pamu B. B. AnexcannposeiM u B. W. JleGenem ero cBsi3pIBaa MHOTOJIETHSS ApYy>kOa.

®u3uky Komkuny 06110, BEpOSITHO, CyABOOM MIpelHAaYepTaHO CTaTh U XMMHUKOM TOKE: €Ille B IOHO-
CTH OH CiyIlal nomyJsipabie ek npodeccopa C. C. Ypa3oBcKoro, 3aBeOBaBIIETO B TO BpeMs
kadenpoit pusnueckoit xumuu XI1U. U cnycrs aecarku net B. M. — coaBTop BOCHOMHUHAHHH 00 3TOM
CcaMOOBITHOM yUeHOM-XUMHKe. Boobire, mpodeccop Komkua 6epekHO OTHOCHICS K HCTOPHH Kade-
pel. [loMHIO OpraHM30BaHHbIM UM CeMHUHAp, HOCBSIIEHHBIH mamsaTu npogeccopa A. E. Jlynkoro, MHO-
roJieTHero 3aBefdyromero 3toi kadenpoit mocie C. C. Ypazoeckoro. Ho ocobenno BaxxkHbiM B. M.
CUMTAaJl CBOE HAYYHO-UCTOPUUECKOE UCCIIEIOBAHUE JIESTEIBHOCTH CaMOOBITHOI'O IEPBOTO 3aBEAyOIIIE-
ro kagenpoii, npodeccopa A. H. Illlykapesa, onHoro u3 npenred KHOEpPHETHKH.

Bnamumup MouceeBnu Komkun — rimyOokuid nccienoBarTenb, MO3T, OCTPOYMHBIH, HCKPOMETHBIN
YeJIOBEK — MPOXKUI XOPOILIYIO XKHU3Hb.

H.O. Muennos-IletpocsH

C Bnagumupom MownceeBnueM KomKkuHBIM s To3HAKOMUICS B 1996 Toay BO BpeMs OATOTOBKH
UM OT3BIBA Ha MOIO JOKTOPCKYIO JAHMCCEPTAINIO, ONIIOHEHTOM KOTOpOoi OH Obul. Bragumup Mowucee-
BUY HEOXXUJAHHO TIONYYHI «TOPSIIYIO» IyTEBKY B CaHATOPHU, CPOYHO HYXXHO ObLIO ye3xkarb. OH
TIPUTIIACHII MEHsI K cebe momoii B [IaTxaTky, s mpuexasr K Hemy ¢ Auccepranueil u aBropedeparom. B
teyeHre 20 MuHyT Bragumup MonceeBUY MPOCMOTpEN JUCCEPTALINIO, 3aJa]l MHE JIBa WM TPH BOIPO-
ca 1o pabore, cHaOuI MeHsI COOCTBEHHBIMH CTHXaMHU M IPUMEPHO Yepe3 25 MUHYT OT3BIB OBLI TOTOB.
MeHns ynuBUia HE TOJTBKO CKOPOCTh, C KOTOPOI OH OBLT HalMCaH, HO M Ka4eCTBO MHTEPIpPETAIIH OC-
HOBHBIX HAay4YHBIX pEe3yJbTaTOB pabOTHI U BHICKA3aHHBIX KPUTHUYECKHX 3aMeuyaHuid. Bmagumup Mou-
ceeBHY OB TeHHATBHBIM Y4eHbIM. C HUM OBLIO JIETKO M IPOCTO OOIIATHCA.

N.H. Beronauk

3armoMHIICS OJWH U3 MOCJICIHUX €ro MPUX00B Ha kKadenpy. B xabunere cobpayuch kadenpasl.
OH Bcex oruranen U nmpousHec: «Hamerocs, 1 HUKOMY He HaBpeaui...». OH Bcera TPEIeTHO OTHOCHII-
Cs K KaXJIOMy COTPYIHHKY Kadeapsl, OT mpodeccopa 10 1adopaHTa, BCAYSCKH MOAYSPKHUBAI JTOCTO-
WHCTBA W BKJaJ Kaxaoro. M Ta temnas, moutu cemeliHas 00OCTaHOBKa, KoTopas Oblia Ha Kadeape Ha
MPOTSHKEHUH €T0 25-JIeTHEr0 PyKOBOJICTBA BCIIOMHUHAETCS cefivac ¢ TeIIOTOH U OnarogapHocThio. Ero

HET, HO OH B HAIIIUX CEepIIlax.

I0.U. JomxeHko
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PELEH3UA
Ha kHHTY Introduction to Applied Colloid and Surface Chemistry

(aBTopsl: Georgios M. Kontogeorgis, Seren Kiil) John Wiley & Sons, Ltd, 2016, 367 p.

Cpenu MHOXKECTBAa KHHUT U KOJUIEKTUBHBIX MOHOTpa(uii, HOCBAIIEHHBIX Pa3JInYHbIM acleKkTaM (u-
3UKO-XMMHHU JTUCHEPCHBIX CHUCTEM M MOBEPXHOCTHBIX SABJICHWH, 3TOT M3AAHHBIM HENAaBHO TPy ABYX
npenofasareneii TeXHUYECKOro yHUBepcuTeTa B JlaHMM THpeacTaBiisieT 0coOblii MHTEpec. DTO He
TOJIBKO Y4eOHMK, HO M CBOCOOpA3HBIH BBI30B, HANPABICHHBIN NPOTUB HAMETUBIIEHCS B HEKOTOPBIX
cTpaHax (Hanpumep, B CIIIA) TeHAeHIIMM K yMEHBIIECHHUIO OJIM KOJUIOWAHOM XMMHHU B IPOrpaMMax
YHUBEPCUTETCKUX KypPCOB.

Hammm criermanucram xopomo m3BectHbl yueOHukn C. C. Botorkoro, JI. A. ®@punpuxcbepra,
10. I'. ®ponosa, a Takxe E. JI. lllykuna, A. B. IleproBa u E. A. AmenuHo#, BEIACpKaBITHE ABA U
Oosee u3maHus, pAa APYTUX KHUT, MOSBUBIIKXCS MO371Hee. B HacTosmiee Bpems mepes BCIKUM, KTO
CTaBUT ceOe LeNpI0 HamucaTh Y4eOHHK, KypC JISKIUN WK yueOHOe ocoOHe Mo KOJUIOMAHOW XUMHH,
BO3HHMKAeET Helslerkas 3agada. HeoOxoauMo, ¢ ofHOW CTOPOHBI, O3HAKOMUTh YYAIIUXCSl C 00s3aTelb-
HBIMHU pa3ziellaMy 3TOW HayKH, a C JPyrod — OTpa3uTh TO HOBOE, YTO IMOSIBUJIOCH B JJAHHOW OO0JIACTH,
BKJIIOYAsl COBPEMEHHbBIE IKCIEPHUMEHTAIbHBIE METOJbl HCCIENOBaHUS HAHOAMCIEPCHBIX CHUCTEM H
MIOBEPXHOCTHBIX sBJICHUHA. TeM HMHTepecHee MpOCIeAnTh, KaK pelIaeTcs 3Ta 3ajada aBTOpaMH pac-
CMaTpUBaeMOM KHUTH.

Matepuan yuyeOHHUKa MPEACTaBJIeH B BHJIE IIECTHAAATH IJIaB, Hale4aTaH B JIB€ KOJOHKH U CHaO-
XKEH OONbLIMM KOJIMYECTBOM DPHUCYHKOB M TaOJHIl C YMCICHHBIMH JaHHBIMHU. [lo Xomy M3moxeHus
IIPUBOIUTCA MHOXKECTBO IIPUMEPOB IIPAKTUYECKOTO MCIIOIb30BAHUS JOCTHKCHUN KOIJIOMAHON HAyKU
B COBPEMEHHOM MHpe. B KOHIIe I1aB U pa3/ieioB BHYTPH 3THX IJIaB yHalIUMCS MPEAIaraioT BOIPOCH
[0 COOTBETCTBYIOIICH TeMe — MpaB/a, 3a4acTyio B GopMe BHIOOpa MPaBUIBLHOTO OTBETA U3 HECKOJb-
KHX 3apaHee NpeasiokeHHbIX. Ho 3To KoMIeHcupyeTcs: HaauyueM 3aJaHuil B (opMe IMONCKa PELICHUs
CTIEITHAIBHO C(HOPMYITUPOBAHHBIX MPOOIIEM.

Uznoxenue Kypca HauMHAeTCs] MOAPOOHBIM PACCMOTPEHUEM MEKMOJCKYISAPHBIX M HOBEPXHOCT-
HBIX CHJI, JAIOTCSl ypaBHEHUS Ul SHEPIHMU Pa3HOOOPA3HBIX MEKYACTHUHBIX B3aUMOAEHUCTBHHA C HC-
[I0JIb30BAaHUEM KOHCTAaHTHI l'amakepa; 37ech MOXXHO YCMOTPETh BIIMSHHE H3BECTHON MOHOrpaduu
Uzpasmamsuny. C npyroit ctopoHsl, ruapodpodHbie 3¢ dexTs U THAPOPOOHBIC B3aUMOICHCTBHUS, 0CO-
OEHHO MPUMEHUTEIBHO K TUAPOGHOOHBIM TUCTIEPCHBIM CUCTEMaM, OCBEIEHBl B KHUTE JOBOJLHO KOH-
CIIEKTUBHO.

CBoeoOpasue yueOHMKa NMPOSIBIISIETCS M B CIEMYIONISH TTIaBe, MEIMKOM MOCBALIICHHONW MOBEPXHO-
CTHOMY HaTsbKeHuIo. Mcnonp3yetcsa napamerp ['unbaedpanna u Teopus XaHceHa, moapoOHo pa3Oupa-
eTcs Teopust Bad Occa, HO OBOJBHO CKATO PacCMaTpPUBAIOTCS 31ECh U Jajiee BOIPOCHI, OCBSIIECHHBIE
MOHOCJIOSIM Ha IpaHHLaxX paslesia BOAa—BO3AyX M BOAa—Macyio. B caMoM KoHIle yuyeOHHMKa aBTOPBI
BHOBb BO3BpAILAIOTCSA K TEOPHSM MOBEPXHOCTHOTO HATSDKEHHS, MOCBALIAs pa3zdopy 3TOH MpoOiIeMbl
CHECLUANBHYIO TPUALATHCTPAHNYHYIO TJIaBYy.

@DyHnaMeHTaIbHbIE YPaBHEHUS, OIMCHIBAIOIINE AUCIEPCHBIE CUCTEMbI U IOBEPXHOCTHBIE SBJICHHUS,
CBEZICHBI B OT/IETBHYIO IJIaBy M BHa4YaJle Jal0TCA B TOTOBOM BHJIE, @ BEIBOJIBI BEIHECEHBI B MIPHIIOKEHHUE
K r1aBe. OTMETHM, YTO B MOCIEAYIOIIUX IJIaBaX HEKOTOpPbIe YpaBHEHHs NatoTca 0e3 UX BBIBOJA — Ha-
pUMeEDp, MPHU U3T0KEHUU TEOPUH ABOUHOTO AnnekTpudyeckoro cios u J1JIDO.

Cpa3y nocie 3HaKOMCTBa C OCHOBHBIMU ypaBHEHHUSIMH YYalllUuMCs TpeyiaraeTcs rjiaBa, OCBAIICH-
Hasl TOBEPXHOCTHO-aKTUBHBIM BEIIECTBAM, MULEIIO00pa30oBaHuIo u MorommeMy neiictuto [1AB. Ilo-
CKOJIbKY IBOMHOM 3JEKTPHUYECKHN CJION paccMaTpUBaeTCsl B yUeOHUKE ropaszo MO3XKe, TO U BOIPOCHI
CTpOoeHUs MHIIEeIT HOHHBIX [IAB m3maratorcs 0e3 ydeTa JIeKTpOCTaTHIeCKUX B3aUMOCHCTBIH. MUK-
PO3MYJIBCUU pacCMaTPHUBAIOTCS JIHMIIb BCKOJB3b, TPUYEM HE 3/1€Ch, @ B OJAHON M3 MOCIEAHUX IJIaB.
Mexay TeM, yUuThIBasi IPUKIAAHYIO HAlpaBIEHHOCTb y4eOHHKA, YMECTHO OBbLIO OBl OTPa3HUTh upe3-
BBIUAIHO IIMPOKOE HBIHELIHEE NPUMEHEHHE ITUX OOBEKTOB KaK PEaKTOPOB VIS IOTy4EHHs HaHOYa-
CTHII.

B cnepyromux riaBax paccCMOTpEHBI CMauMBaHHUE M alre3us, a Takke aacopOuus. Ymop nenaercs
Ha (U3UUECKUE OCHOBBI 3THX SBJICHUI Ha MOJICKYJSIPHOM YPOBHE, a TAK)KE HA NPaKTHYECKOE IpUMeE-
HEHHE COOTBETCTBYIOIINX 3HAHUN. Y 1adHo u3ioxeHa aacopomms [IAB u momnMepoB u3 pacTBopoB. B
KOHIIE KHUTH MOKHO HaWTH JOTOJIHEHHE B BHJE OTIENIBHOTO pa3zesna, MOCBSIIEHHOT0 MHOTOKOMIIO-
HEHTHOW afncopOLMK, HO HU B 3TOH IJIaBe, HU B XOJE IEPBOHAYAIBLHOIO PACCMOTPEHUS aacopOLuu
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H.O. Muennos-Ilerpocsin

aBTOPBI HE CTPEMSATCS NPEACTABUTh MHOTOYUCICHHBIE H30TEPMBI aJCOPOLIMH, UMEIOLINECS B JIUTEpa-
Type, OThaBas MpeIrnodTeHne Hanbosee ynoTpeOuTeIbHBIM U3 HUX U KOHIEHTPHUPYSCh Ha TEPMOIIH-
HaMHYECKOI OCHOBE SIBJICHMUS.

[IBe cnenyromye Ii1aBbl MOCBALICHBI METOAAM XapaKTepU3aliy JUCIEPCHBIX CUCTEM HA OCHOBAaHHUU
UX KUHETUYECKUX M PEOJIOTMYECKUX CBOWMCTB, a TAKXKe IPH MOMOIIY IPUMEHEHHs ONTHYECKUX METO-
J0B. B wacTHOCTH, BHUMaHWE y4alluxcs oOpariaeTcss Ha METOABI YIbTpaleHTpHu(yTrupoBaHus, J1eK-
TPOHHOW M aTOMHO-CHJIOBOH MHUKPOCKOIHH, JMHAMUYECKOT'O PACCESHUS CBETA U IpyTHe.

[anee pa30uparoTcsi BOIPOCHl YCTOMYMBOCTH M KOATYJISALUU. ABTOPHI NPHICPKHUBAIOTCS CIEIYIO-
e METOMOJIOTHHU: BBe/IS MOJIEKYJISIPHOE MPUTSHKEHNE U 3JIEKTPOCTaTHIECKOE OTTAJIKUBAaHUE KaK JIBE
COCTaBIISIIOIINE MEKYaCTUUHBIX B3aUMOACHUCTBHI, pacCMaTPUBAIOT HX B OTIEIBHOCTH OoJiee moapoo-
HO, NpeBapUTENbHO aB ONpeeieHNe Mopora (KPUTHIECKOW KOHLEHTPAKHK) KOaryJsiiuy U Mpoje-
MOHCTPHPOBAB TPaIUIMOHHBIE BUbI IOTCHIMAIBHBIX KPUBBIX Ha nuarpamme 'amakepa. ViMeHHO TyT
u3JaraeTcs Teopus ABOMHOTO 3NeKTpuueckoro cios. IlomuMo pacdera 371€KTpOKHHETHUECKOTO IO-
TeHnuana no CMOIyXOBCKOMY M XIOKKEJIO, NaeTcs M moaxoi ['eHpw, 4to, Oe3yCIOBHO, IMOJIE3HO.
VonHBbIl 00MEH, 3a UCKIIOUYEHUEM YIOMUHAHUS JIMOTPOIHBIX PAIOB, IPAKTUYECKH HE paccMaTpHUBa-
eTcs, 3aTo mpuMepsl npumenenus teopuu JJIDPO naHel o4eHb MIUPOKO (BO3MOXKHO, AaKe C MU3OBIT-
KOM), B TOM YHCJIC M B BU/IE€ TIPOOJIEM, MTpeJlaraeMbIX yyaluMcs A pemeHns. JJoXxoqunBo n3noxeHa
KMHETHKa KOaryJisilMu, a TakKe OaHbl MOJIE3HbIC MPEICTABICHUS O CTPYKTYpE BO3HMKAIOUIMX IPH
KOAaryJisIlIiy arperaTtos, B TOM 4Kcie GpaKTalbHOTO XapaKTepa.

OdeHb MONE3HBIMU MPEACTABIIAIOTCSA TAK)KE TJIABbI, IIOCBALICHHbBIE IMYJIbCHAM U TIEHaM, UX CTPYK-
Type, YCTOWYMBOCTH (paccMaTpuBaeMoi ¢ mcronb3oBanueM teopun JIDPO) u crabunmszanuu mou-
Mepamu u [TAB.

[MpuknagHas HaNpaBlIeHHOCTh YYEOHHWKA YIaYHO COYETAETCS C MIMPOKAM LUTHPOBAaHHEM COBpE-
MEHHBIX (YHIaMEHTaJIbHBIX MyONuKaui. 310, a TaKKe HaJU4YHe MOAPOOHOr0 MPEIMETHOIO yKa3aTe-
751 ¥ MHO>KeCTBa TaOJIMYHBIX JAHHBIX IT03BOJISAET M0JIaraTh, YTO KHUTA OyAeT IIEHHBIM UCTOYHUKOM HE
TOJIBKO JUI CTYAEHTOB, HO U JUISI C(OPMHUPOBABIINXCS CHEIMATINCTOB B JAPYTUX OOJNACTIX XUMHUH U
TEXHOJIOTHH, Y KOTOPBIX BO3HHKJIA HEOOXOAUMOCTh B OCBEKEHHH U BOCIOJHEHUH CBOMX «KOJUIOWA-
HBIX» 3HaHUM.

H.O. Muennos-IletpocsH

Hocmynuna 0o pedaxyii 27 eepecust 2016 p.
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ties. XII. N-Sudstituted polyacrylamide and copolymers N-getarylsudstituted acrylamide,
getarylacrylate, acrylamide and acrylic acid

A.P. Shkumat*, V.V. Semenchenko*

* V.N. Karazin Kharkiv National University, School of Chemistry, Department of Materials Chem-
istry, 4 Svobody sqr., 61022 Kharkiv, Ukraine
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Electrothermal atomic absorption spectrometry in direct determination of tin in brines, so-
dium chloride and table salt samples

O.1. Yurchenko*, A.N. Baklanov*, L.V. Baklanova*, T.V. Chernozhukf

* V.N. Karazin Kharkiv National University, School of Chemistry, Department of Chemical Me-
trology, 4 Svobody sqr., 61022 Kharkiv, Ukraine

1 V.N. Karazin Kharkiv National University, School of Chemistry, Department of Inorganic Chem-
istry, 4 Svobody sqr., 61022 Kharkiv, Ukraine

Atomic absorption and atomic emission with inductively coupled plasma determination of
copper in petroleum products

O.1. Yurchenko*, N.P. Titova*, Sabir Karwan Salih Sabir*, T.V. Chernozhuk+

* V.N. Karazin Kharkiv National University, School of Chemistry, Department of Chemical Me-
trology, 4 Svobody sqr., 61022 Kharkiv, Ukraine

1 V.N. Karazin Kharkiv National University, School of Chemistry, Department of Inorganic Chem-
istry, 4 Svobody sqr., 61022 Kharkiv, Ukraine

Solubility of cetyltrimethylammonium perchlorate in methanol, acetone, and their mixtures
with water at 298.15 K

S.T. Goga*, Yu.V. Isaenko¥

* V.N. Karazin Kharkiv National University, School of Chemistry, Department of Physical Chem-
istry, 4 Svobody sqr., 61022 Kharkiv, Ukraine

1 College of National pharmaceutical university, 18 Nevsky str., 61140 Kharkiv, Ukraine

Indopmanist npo aBTOpiB

Bu3zHaveHnHs ckJaay 3MilIaHUX MilleJ H-T0denUJICYJb(aT HATPiIO — 1-MeHTAHOJ 32 J0MOMO-
rol0 KMCJI0THO-OCHOBHUX iHAUKATOPIB

A.1O. XapueHko*

* XapkiBchkuii HarioHansHUN yHiBepcuTeT iMeHi B.H. Kapasina, ximiuauii dakymereT, kKadenpa
(hizuuHoi ximii, maligan CBoOosu, 4, Xapkis, 61022, Vkpaina

HediniTHa Mipa XipajbHOCTI 3 €JIEKTPOHHOI0 CKPYTY: 3aCTOCYBAHHA 0 CHipaJbLHUX MOJIEKYJI
A.B. Jly3anos*, M.A. Kykyep*
* «(HTK «lacTuTyT MOHOKTHCTaNiB» HAH Vkpainu, np. Hayku, 60, Xapkis 61001, Ykpaina

BuBuenHsi Minmes HeTHJIMipUAMHIN XJOpUIYy Ta HEeTHWITPUMETHWJIAMOHiH Opominy MeTtomom
MOJIEKYJISIPHO-THHAMIYHOTO MO/IETIOBAHHS

B.C. ®apadonos*, O.B. JIebigp*

* XapkiBchkuil HauioHanbHUE yHiBepcuteT iMeni B.H. Kapasina, ximiunuii dakynsrer, kadenpa
(hizuuHoi ximii, maligan CBoOou, 4, Xapkis, 61022, Vkpain

IIpo MoxkIMBicTH Ta HAAIHICTE KOHAYKTOMETPHYHOI0 BU3HAYEHHS TPAHNYHHUX iOHHUX MPO-
BiJHOCTell Ta KOHCTAHT KOMILJIEKCOYTBOPEeHHSI B po3unHax 1-1 ejieKTpoJiTIiB y HEBOAHUX PO3-
YMHHUKAX 32 YY4aCTI0 HEHTPaJIbHUX Jiraniis

K.B. I'onosizuina*, O.M. Kanyrig*

* XapkiBchkuil HarioHansHUN yHiBepcuTeT iMeHi B.H. Kapasina, ximiunu#i dakymereT, kKadenpa
HeoprauiyHoi ximii, Maiinan CBoOoau, 4, Xapkis, 61022, Ykpaina

®a3oBi piBHoBaru B cucremi ZrQ,—Dy,0; npu Temneparypax 1100, 1500 °C

O.A. Kopsierko*, O.P. Aunpiesceka*t, XK./I. boratuprosaf, C.®. Kopiuer*

* [actuTyr  mpobnmem  MarepianosHaBcTBa iM. .M. ®pammesmua HAH  VYkpaiHn,
By KpxkmxanoBceekoro 3, Kuis, 03680, Ykpaina

1 HamionaneHuii TexHiYHUH yHiBepcuTeT YKpaiHu «KHiBChKHMH MOMITEXHIYHMH iHCTUTYT iMeEHi
Irops CikopchKOTro», XiMiKO-TEXHOJIOTIYHHN (aKyIbTeT, Kadeapa 3araabHOi Ta HEOPraHIYHOI XiMmii,
np. [lepemoru, 37, Kuis, 03056, Ykpaina
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} ®i3uKo-TeXHONOTIYHMHA iHCTUTYT MeTamiB Ta ciuiaBiB HAH VYkpainu, Oyn. Beprnaacekoro, 34/1,
Kwuis, 03142, Ykpaina

Enexrponna adcopOuiiiHa ciekTpockonist 0eH3iMiTa30JIbHIX AaHAJIOTIB XaJKOHY

B.H. Kotmap*, B.l. Opnost, A.O. Jlopomierkot

* XapkiBchkull HalioHanbHUE yHiBepcuteT imMeni B.H. Kapazina, ximiunuii ¢akynsrer, Kadenpa
XIMIYHOTO MaTepiaio3HaBCcTBa, Maiinan CBoboau, 4, Xapkis, 61022, Ykpaina

1 XapkiBcbkuii HarioHaABHUN yHiBepcuTeT iMeHi B.H. Kapasina, ximiuauii daxynerer, kadeapa
oprasiuHoi ximii, Maiinan CBo6ou, 4, Xapkis, 61022, Ykpaina

Cunre3 anuaMerancyabgaminis 3a peakuiero Kasiiizena

M.O. Konocor*, O.I'. llIgerns*, A.B. IlinBopotas*, B.Jl. Opios*

* XapkiBchkull HauioHanbHUM yHiBepcuteT imeni B.H. Kapasina, ximiunuii ¢akynsTer, Kadenpa
oprasiuHoi ximii, Maiizan CBoOoawm, 4, Xapkis, 61022, Ykpaina

Iomyk HoBuX JoMiHodopiB i3 3axanumu ¢izuko-xiMiyHuMH i XiMiYHIMH BJIACTHBOCTSIMH.
XII. N-3amimeni mogiakpuaamina i xomojsumepu N-retapuizaMilleHUX akpujiamiga, rerapu-
JIAKPHJIATIB, AKPHJIAMiJla Ta AKPHJIOBOI KHCJIOTH

A.IT. Illkymatr*, B.B. CeMenueHko*

* XapkiBchkull HauioHanbHUM yHiBepcuteT imeni B.H. Kapasina, ximiunuii ¢akynsTer, Kadenpa
XiMIYHOTO MaTepiano3HaBcTBa, Maiinan CBoboan, 4, Xapkis, 61022, Ykpaina

EnextpoTepmiuna aToMHa-adcopOuiiina cnekTpoMeTpisi B npsiMoMy Bu3HadyeHHI CTaHyMy B
po3cosax, XJOpHAi HATPiK0 Ta KyXOHHIH coui

O.1. IOpuenko*, O.M. baximanos*, JI.B. bakmanosa*, T.B. UepHoxykt

* XapkiBchkull HalioHanbHUE yHiBepcuteT imeni B.H. Kapasina, ximiunuii ¢akynsrer, Kadenpa
ximMiuHO1 MeTpororii, maligan CBoOou, 4, Xapkis, 61022, Vkpaina

1 XapkiBcbkuii HalioHanpHUH yHiBepcuteT iMeHi B.H. Kapasina, ximiuanii dakynsrer, kKadenpa
HeopraHiyHoi ximii, maiinan CBoooau, 4, Xapkis, 61022, Ykpaina

ATOMHO-a0copOuiiiHe Ta aTOMHO-eMiciiiHe 3 iHAYKTHBHO 3B’A3aHOI0 IJIA3MOI0 BM3HAYEHHSA
Kynpymy B HadTonmpoaykrax

O.1.1Opuenko*, H.IT.TutoBa*, Cabip Kopsani Canix Cabip*, T.B.YepHoxyKT

* XapkiBchkull HauioHanbHUH yHiBepcuteT imeHi B.H. Kapasina, ximiunuii ¢akyneTer, Kadenpa
xiMigHOI MeTpoJrorii, Maiiman Ceobonan, 4, Xapkis, 61022, Ykpaina

1 XapkiBcbkuii HalioHanpHUE yHiBepcuteT iMeHi B.H. Kapasina, ximiuauii dakynbrer, kadeapa
HeopraHiyHoi ximii, Mmaizan CBobou, 4, Xapkis, 61022, Vkpaina

Po3unHHicTh mepxyiopaTa HeTHITPUMETHIAMOHIIO Y METaHOJIi, alleTOHI Ta iX cymimax 3 Bo-
nor npu 298.15 K

C.T. I'ora*, KO.B. Icaenkot

* XapkiBChkHi HarioHanpHUH yHiBepcuTeT iMeHi B.H. Kapasina, ximiuauii dakynsreT, Kadenpa
¢isnunoi ximii, maiizan CBobou, 4, Xapkis, 61022, Ykpaina

1 Komemx HamioHanmpHOro (hapmaneBTHUHOTO yHiBepcHTETy, Byid. Onekcanapa Hescekoro, 18,
Xapkis, 61140, Ykpaina

HNHudopmanus npo aBTopoB

Omnpenesienne cocTaBa CMEIIAHHBIX MULEJUT H-I0AeHUJICYIb(AT HATPHUA — 1-IeHTaHOJ C MO-
MOIIbIO KHCJIOTHO-OCHOBHBIX HHAUKATOPOB

A.10. Xapyenko*

* XapbKOBCKHMH HaIlMOHaNbHBIM yHUBepcuTeT mMmeHH B.H. Kapasuna, xumuueckuii Qaxynbrer,
kadeapa dhuzudeckoit xumun, wi. CBobobl, 4, Xapbkos, 61022, Ykpanna
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JepuHUTHAA Mepa XMPAJIBHOCTH M3 3JIeKTPOHHOI0 KPy4eHHUsl: MPUMeHeHHe K CIMPAJIbHBIM
MOJIEKYJIaM

A.B. Jlyzanos*, M.A. KykyeB*

* «(HTK «uctutyT MoHOKpHcTammoB» HAH Ykpaunsr, np. Hayku, 60, Xapekos 61001, Ykpauna

H3yuyenue mMunesJ HeTHWIIMPHIAMHUNA XJOpHIa U HeTHJITPUMMETHJIAMMOHUN OpomMuaa mero-
J0OM MOJIEKYJISPHO-TUHAMHYECKOT0 MOAeTHPOBAHUA

B.C. ®apadonos*, A.B. Jlebeap™

* XapbKOBCKHI HalMOHANBHBIN yHUBepcuteT MMeHu B.H. Kapasuna, xumudeckuit ¢axyibrer,
kageapa ¢puznueckoit xumu, wi. CBodozsl, 4, Xapekos, 61022, Ykpanna

O BO3MOKHOCTH M HA/ICKHOCTH KOHAYKTOMETPHYECKOT0 ONpeeIeHUs NpeAeTbHbIX HOHHBIX
NMPOBOAUMOCTEH M KOHCTAHT KOMILJIEKCO00pa3oBaHMA B pacTBopax 1-1 31eKTpoOJMTOB B HeBO/I-
HBIX PACTBOPHUTEJISIX € YIACTHEM HeHTPATbHBIX JUTAHAOB

E.B. T'onouzumnaa*, O.H. Kanyrua*

* XapbKOBCKMI HalMOHATBHBIN yHUBepcuteT MMeHu B.H. Kapasuna, xumudeckuit ¢axyibrer,
kageapa HeopraHudeckoi xumuu, mi. CBodosl, 4, XapbkoB, 61022, Ykpauna

®a3oBble paBHOBecus B cucteme ZrQ,-Dy,0; npu temnepatypax 1100, 1500 °C

O.A. Kopuuenko*, E.P. Aunpuesckas*,t, )K.Jl. borareipeBa], C.®. Kopuuen™*

* Mactutyr mpobnmeM  marepuanoBeneHuss uM. WM. ®pannesnya HAH  Ykpawunsl,
yi. Kpxuxanosckas 3, Kues, 03680, Ykpauna

1 HannoHanpHBIA TEXHUYECKUI yHUBEPCUTET Y KpauHbl « KHeBCKUN MONIUTEXHUYECKH YHUBEPCH-
teT nMeHH Urops CHKOPCKOroy», XUMHUKO-TEXHOJIOTHYECKUH (aKyIbTeT, Kageapa oOIeil u Heopranu-
yeckui xumuw, mp. [lobdensr 37, Kue, 03056, Ykpanna

1 OU3UKO-TEXHOJOTMYESCKUIT MHCTUTYT MeTa/uloB U ciiaBoB HAH VYkpaunsl, Oyn. Beprazckoro,
34/1, Kues, 03142, YkpauHa

DJIEKTPOHHAs1 20cOPOLMOHHAS CIIEKTPOCKONUS 0€H3MMHUAA30/1bHBIX AHAJIOT0B XAJIKOHA

B.H. Korasap*, B.J1. Opnost, A.O. loporieHkot

* XapbKOBCKMH HaIMOHANBHEIN yHUBepcuteT uMeHH B.H. Kapasuna, xummudeckuil QaxymbTer,
Kadeapa XHMHIECKOTo MaTepuanoBeneHus, 1. Cobomasl, 4, XappkoB, 61022, Ykpanna

1 XappkoBCKHI HalMOHaNbHBIN yHHBepcuteT nMeHu B.H. Kapasuna, xumudeckuil QaxymnbTer,
kageapa opranuueckoid xumud, mwi. Co6oasl, 4, Xapskos, 61022, YkpanHa

CunTte3 anujaMeTancyab(paMuaoB nmo peaknun Kasiizena

E.T'. llIgenr*, M.A. Kosnocor*, A.B. ITogsoporuss*, B.Jl. Opios*

* XapbKOBCKMH HaIMOHANBHBIN yHUBepcuteT uMeHH B.H. Kapasuna, xummudeckuil QaxymbTer,
Kadeapa opranudeckoi xumun, wi. Ceodonsl, 4, XapbpkoB, 61022, YkpanHa

IHouck HOBBIX JIIOMHHOGOPOB € 321aHHBIMH (PU3HKO-XUMUYECKUMH U XUMUYECKHMH CBOMCT-
Bamu. XII. N-3aMenieHHble NOJHAKPUIAMHAAA U CONOJIUMEPBI N-reTApUI3aMellleHHbIX aKpuJia-
MHJa, FeTAPUJIAKPUIATOB, AKPUJIAMHUAA U AKPHIIOBOI KHCJIOThI

ATl IlIkymat*, B.B. Cemenuenko*

* XapbKOBCKMH HaIMOHANBHBIN yHUBepcuteT uMeHH B.H. Kapasuna, xummudeckuil Qaxymbrer,
Kadeapa XUMHIECKOTo MaTepuanoBenenus, 1. CBobomasl, 4, XappkoB, 61022, Ykpanna

DJIeKTPOTepMHUYECKAasA aTOMHO-a0COpPOLMOHHASL CIIEKTPOMeTPUS B NPSIMOM oIpeeSeHHH
0JI0Ba B paccoJiax, XJIOpUie HATPUsl U MOBAPEHHOM coJIu

O.U. KOpuenko*, A.H. baknanos*, JI.B. baknanosa*, T.B. UepHOXKYKT

* XapbKOBCKMH HaIMOHANBHBIN yHuUBepcuteT uMeHH B.H. Kapasuna, xumudeckuil Qaxymbrer,
Kadeapa XuMuaeckoi Mmerposorud, wi. CBodomsl, 4, XappkoB, 61022, Ykpanna

1 XappkoBCKHI HalMOHaNbHBIN yHHBepcuteT nMeHu B.H. Kapasuna, xumudeckuil daxymbTer,
kageapa HeopraHudeckoi xumuu, mi. CBodonsl, 4, XapbkoB, 61022, Ykpauna
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ATOMHO0-20COPOLIMOHHOE U ATOMHO-3MHUCCHOHHOE ¢ MHAYKTHUBHO-CBSI3AHHOI MJa3Moii onpe-
JejeHHe MeIH B HeTenpoayKTax

O.1. Opuenko*, H.IT1. Turoa*, Cabup Kopsanu Canux Cabup*, T.B. YepHOoKYyKT

* XapbKOBCKUI HallMOHANBHBI yHuUBepcuteT uMeHn B.H. Kapasuna, xumuueckuii (akymbrer,
Kadeapa XuMHIecKoil MeTpostorud, 1. CBodoxsl, 4, XaprkoB, 61022, Ykpanna

1 XapbKoBCKMI1 HalMOHaNBHBIA yHuBepcuteT uMeHn B.H. Kapasuna, xumudeckuil ¢axymnbrer,
kaeapa HeopraHuueckoi xummuu, 1mi. CBodosl, 4, XapbkoB, 61022, Ykpauna

PacTBopuMocTh NepxJopara HeTHJITPHMMETUIAMMOHUS B MeTaHOJe, alleTOHEe U UX cMecsX ¢
Bonoii mpu 298.15 K

C.T. I'ora*, KO.B. Ucaenkof

* XapbKOBCKMU HAaNMOHATRHBIM yHHBepcuTeT mMmeHn B.H. Kapaswna, xumudeckuii (axynbrer,
kadenpa puszndeckoit xumuy, . Ceodoasl, 4, XapbkoB, 61022, Ykpanna

1 Kommemx HammonanpHOTO (hapManeBTHYECKOTO YHHBEpPCHUTETa, Y. Anekcanapa Hesckoro, 18,
Xapbkos, 61140, Ykpauna
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ETUYHI HOPMM MYBJIIKALII HAYKOBHUX PE3YJIbTATIB TA iX IMOPYIIEHHS.
Penakuiiina xomerisi poOUTh BCE MOXKIIUBE ANl JOTPUMAHHS €TUYHUX HOPM, HPUHHATHUX MiIXHApOA-
HUM HAayKOBUM TOBApUCTBOM, 1 ISl 3al00IraHHs OyAb-sSKMX MOPYLICHb IUX HOpM. Taka mojiTuka €
BaYXJIMBOIO YMOBOIO TUTITHOI y9acTi KypHaIly B PO3BHUTKY IUTICHOT CHCTEMH 3HaHb B Tairy3i Ximii Ta
CYMDKHUX Tany3sX. JisUIbHICT penakiiiiHOl KoJerii 3HauHOK MipO0 CIIMPAEThCS Ha PEKOMEHJAIIT
Kowmitery 3 etnku HaykoBux myOumikariid (Committee of Publication Ethics), a Takok Ha miHHUN 10-
CBil MDKHAPOJHMX >KypHaJliB Ta BUAABHUUTB. [logaHHs cTaTTi Ha po3Tisiy 03HAaYae, M0 BOHA MICTHTh
OTpHMaHi aBTOpPaMH HOBI HETPHBIAIbHI HAYKOBI PE3yJIbTATH, SKiI paHimie He Oynu omyoiikoBani. Ko-
JKHY CTaTTIO PELEH3YIOTh IIOHAHMEHIIIe J1Ba eKCIIEPTH, SIKi MAOTh YC1 MOXKIIMBOCTI BUTBHO BUCIIOBHTH
MOTHBOBaHI KPUTHYHI 3ayBa)KCHHS LIOZ0 PIBHS Ta SICHOCTI MPEACTAaBICHHS MaTepiany, Horo BiINOBi-
JTHOCTI Mpo@iTto )KypHATYy, HOBU3HHU Ta JOCTOBIPHOCTI pe3ynbTaTiB. PekoMeHnpallii pereH3eHTiB € oc-
HOBOIO IS IPUHHATTS OCTATOYHOI'O PIllIEHHS IIOAO0 MyOuiKaiii cTaTTi. SIKII0 CTaTTIO MPUHHATO, BOHA
PO3MINTY€ETHCS Y BIAKPUTOMY AOCTYII; aBTOPCHKi TpaBa 30epiraroThCsA 3a aBTOpaMH. 3a HAsSBHOCTI
Oyap-sikux KOH(QIIKTIB iHTepeciB ((iHAHCOBHX, aKaAeMiYHHUX, NEPCOHATBHUX Ta 1HIIMX), YYACHUKH
TPOLECY PCLCH3YBAHHS MAIOTh CITOBICTHUTH PEMAKITIHHY KOJETiio mpo Iie. Bei mutanHs, mMoB’s3aHi 3
MOXIMBAM IUIariaToM abo QanbCHIKalli€ro pesy/lbTaTiB PeTeIbHO OOroBOPIOIOTHCS PEJAKUIHHOO
KOJICTI€I0, PIBHO SIK CIIOPH L1010 aBTOPCTBA Ta JOLUIBHICTE PO3APOOICHHS PE3y/IbTATIB HA HEBEIMYKI
CTaTTi. HOBeneHl wiariat uu ¢anbcudikais pesyabTaTiB € miacTaBaMy Uil 0€3yMOBHOTO BiIXHUJIEHHS
CTaTTi.

STATEMENT ON THE PUBLICATION ETHICS AND MALPRACTICE. The Editorial
Board has been doing its best to keep the ethical standards adopted by the world scientific community
and to prevent the publication malpractice of any kind. This policy is considered to be an imperative
condition for the fruitful contribution of the journal in the development of the modern network of
knowledge in chemistry and boundary fields. The activity of the Editorial Board in this respect is
based, in particular, on the recommendations of the Committee of Publication Ethics and valuable
practice of world-leading journals and publishers. The submission of a manuscript implies that it con-
tains new significant scientific results obtained by authors that where never published before. Each
paper is peer reviewed by at least two independent experts who are completely free to express their
motivated critical comments on the level of the research, its novelty, reliability, readability and rele-
vance to the journal scope. These comments are the background for the final decision about the paper.
Once the manuscript is accepted, it becomes the open-access paper, and the copyright remains with
authors. All participants of the review process are strongly asked to disclose conflicts of interest of any
kind (financial, academic, personal, etc.). Any indication of plagiarism or fraudulent research receives
extremely serious attention from the side of the Editorial Board, as well as authorship disputes and
groundless subdivision of the results into several small papers. Confirmed plagiarism or fraudulent
research entail the categorical rejection of the manuscript.

9TUYECKUE HOPMBbI INYBJIUKAIIUU HAYYHBIX PE3YJIIBTATOB U UX HAPY-
HIEHWS. Penakimonnasi KOJUIETHS IEJIAeT BCE BO3MOXKHOE JIJISI COONTIOICHUS STHIECKUX HOPM, TIPHU-
HATBIX MEXIYHAPOJIHBIM HAYYHBIM COOOIIECTBOM, W JJISl IPESJOTBPAIICHUS JTFOOBIX HAPYIICHUH 3THX
HOopM. Takas TOJMTHKA ABJISCTCS HEOOXOAMMBIM YCIOBHEM IIOAOTBOPHOTO yUaCTHsI )KypHalla B pas-
BUTHH TICJIOCTHON CHUCTEMbI 3HAHWH B 00JIACTH XUMHUM U CMEXHBIX 00JIacTAX. JTa JesATeTbHOCTh pe-
JIAKITUOHHOM KOJUICTMH OIHPACTCS, B YAaCTHOCTH, Ha peKOMeHIanuu KoMmureTa 1Mo 3THKE HAyYHBIX
myomukammii (Committee of Publication Ethics), a Takyke Ha 1IEHHBIH ONBIT aBTOPUTETHBIX MEXIyHa-
POIHBIX )KYPHAJIOB U U3AaTenbCcTB. [IpencTaBienre cTaTb Ha pACCMOTPEHUE TIOIPa3yMEBaeT, YTO OHA
COACPIKUT MOJIYUYCHHBIC aBTOPpaMU HOBBIC HETPUBUAJIBHBIC HAYUYHBIC PE3YJIbTAThl, KOTOPBIC PAHCC HU-
IJie He MyOIMKOBATNCH. KaXIyro cTaThiO PEIICH3UPYIOT MHHUMYM JIBa 9KCIIEPTa, KOTOPhIE UMEIOT BCE
BO3MO>KHOCTH CBO6OZ[HO BbICKa3aTb MOTUBHUPOBAHHBIC KPUTUYCCKUE 3aMCYaHUsd OTHOCUTCIILHO YpPOB-
HS ¥ SICHOCTH W3JIOKCHUSI MPEICTABICHHOTO MaTepualia, ero COOTBETCTBHS MPOGUIIIO KypHAIa, HO-
BU3HBI U JJOCTOBEPHOCTHU PE3yJITATOB. PEKOMEHAINY PEIICH3CHTOB SIBIISIOTCS OCHOBAHUEM JUIS TIPH-
HATHS OKOHYATEJIBHOTO PElICHUs 0 MyOnuKanuu ctaTbi. CTaThs, B CIydae MPUHATHS K OMyOJIHKOBa-
HUIO, pa3MeNIacTCs B OTKPBITOM JIOCTYIIC; aBTOPCKUE MIPaBa COXPAHSIOTCS 3a aBTopaMu. [lpy Hanmnyuu
KaKUX-THO0O0 KOH(IMKTOB WHTEPECOB ((PUHAHCOBHIX, aKaIEMUICCKUX, JTHYHBIX U T.J.) YIACTHHKH IIPO-
recca pereH3upPOBaHusl TOHKHBI COOOIUTL 00 3TOM peakouierud. JIioOble CropHbIe BOMPOCHI, CBS-
3aHHBIC C BO3MOXXHBIM INIaruaToOM HJIN @aHLCHq)I/IKaHI/ICI\/’I PE3yIbTAaTOB, BHUMATCILHO pacCMaTpuBa-
IOTCSI PEIAKIIMOHHON KOJUIerHed, paBHO KakK CIOpbl 00 aBTOPCTBE M IENECOO00Pa3HOCTh IPOOICHUS
pe3yJbTaTOB Ha HEOONbBIIUE CTaThH. B Cilyyae MOATBEPKICHMS IuIaruara wid (GpaabCUPUKAIIT pe-
3yJIBTAaTOB CTAThsl OE€30TOBOPOYHO OTKIIOHSETCS.

105



Bicauk XapkiBcbKOTO HaIliOHAIBHOTO YHiBepcHTeTy, cepis "Ximig", sur. 27 (50), 2016

THOOPMAULIA JJIA ABTOPIB. XKypnan my6iikye cTaTTi pociiichKor0, aHTITIHCHKOI0 Ta YKpai-
HCBKOIO0 MoBamH. Jlo myOikamii mpuiMaroThCs: OTISIAN (32 TIOTOKEHHSM 3 PEKOJIETi€l0); OpUTiHa-
JBHI CTaTTi, 00cAr 6-10 )XypHaJIbHUX CTOPIHOK; KOPOTKi MOBiAOMIIEHHS, 0OCST 10 3 KypHaJIbHUX CTO-
piHok. KpiM 3BHUaifHOTO CITUCKY JiTEpaTypH, B CTATTi OOOB'SI3KOBO IMOBUHEH OyTH APYTUN CHHCOK, BCI
TIOCWJIAHHSI IKOTO NTaHi JJaTHHHIE0. [IpaBuia miaroToBKM MbOTO CITUCKY HaBeAcHI B po3aim «TpaHc-
JiTepanis» Ha caifTi xypHary. OOuIBa CIIMCKU MOBHHHI OyTH MOBHICTIO ieHTHYHI. [Ipu penien3yBan-
Hi CTaTell OAMH 3 KPUTEPIiB - HASABHICTH NOCUIIAHb Ha MyOJIiKalii ocTaHHiX pokiB. CTaTTa 000B'SI3KOBO
TTOBUHHA MICTUTH PE3I0OME POCIHCHKOI0, YKPAiHCHKOIO Ta aHTJIIHCHKOI0O MOBaMH. Y BCIX TPhOX HE00-
X1JIHO BKa3aTH Ha3BYy CTATTi, MPi3BHILA aBTOPIB 1 KIFOUOBI cioBa. OpieHTOBHUI 0o0csr pestome - 500
3HaKiB (0€3 ypaxyBaHHS 3aroJIOBKY 1 KIIFOYOBUX CIiB). Penakuis npuiimae enexrponuuiit (MS Word) i
JIBA PO3APYKOBAHHUX (VI XapKiB'sSH) TEKCTy pyKomucy. Anpecu BkazaHi B po3aini «KoHTakTm» Ha
caiTi xypHarmy. CynpoBiTHUH JTUCT O CTATTi, BUIIPABJICHOI BIAIOBIMHO 1O 3ayBa)KCHbL PEIICH3CHTA,
MOBHHEH MICTHTH BiAMOBIiAI Ha BCi 3ayBakeHHsI. [logaeThes eneKTpoHHNH 1 OIWH PO3IPYKOBaHUH (A7
XapKiB'SH) BapiaHT. Pykomucu, siki IpONIIIN pelieH3yBaHHs, MPUHHATI A0 myOumikamii i oopmieHi
BIIMTOBITHO IO TIPaBHJI JJIsI aBTOPIB, MpUHMaroThes v dopmati doc (He docX) eIeKTPOHHOIO TOIITOI0
(chembull@inbox.ru). Po3apykoBanuii BapianT He noTpiOeH. [lokinaaHima iHdopMallis po3MilieHa Ha
caifti )xypHany http://chembull.univer.kharkov.ua.

INFORMATION FOR AUTHORS. Papers in Ukrainian, Russian and English are published.
These may be invited papers; review papers (require preliminary agreement with Editors); regular
papers; brief communications. In preparing the manuscript it is mandatory to keep the statement on the
publication ethics and malpractice, which can be found on the web-site and in each issue. It is desir-
able that each paper includes abstracts in three languages: English, Russian and Ukrainian. Any style
of references is acceptable, but all references within the paper must be given in the same style. In addi-
tion, the second, transliterated, list of references is required if at least one original reference is given in
Cyrillic. See section "Transliteration" of the web-site for details. Please use papers of previous issues
as samples when prepare the manuscript. The MS Word format is used. Standard fonts (Times New
Roman, Arial, Symbol) are preferable. Figures and diagrams are required in vector formats. Figure
captions are given separately. All figures, tables and equations are numbered. Please use MS Equation
Editor or MathType to prepare mathematical equations and ISIS Draw to prepare chemical formulas
and equations. The decimal point (not coma) is accepted in the journal. Please avoid any kind of for-
matting when prepare the manuscript. Manuscripts may be submitted to the Editor-in-Chief via e-mai
chembull@inbox.ru.  For more  detailed information see the journal  web-site
http://chembull.univer.kharkov.ua.

HUHOOPMAILUSA JJI51 ABTOPOB. Xypran nyOnukyeT cTaTbi Ha pyCCKOM, aHTIIUICKOM U yK-
panHCKOM s3bIKax. K myOnukauy mpuHUMAaloTes: 00305 (10 COTJIACOBAHUIO C PEIKOJIICTHEH); OpH-
THHAJIBHBIE CTaTbU, 00beM 6-10 >KypHaJIBHBIX CTpaHUI], KpaTKUE COOOIIEHHs, 00beM 10 3 KypHalb-
HBIX cTpaHul. [IoMHMO OOBIYHOTO CHIIHMCKA JIUTEPATYpPHl, B CTaThe 00S3aTEIbHO NOJDKEH OBITH BTOPOM
CIIMCOK, BCE CCBUIKM KOTOPOTO AaHbl JaTHHULEH. [IpaBuna moaroToBKu 3TOro CHHCKa NPUBEICHBI B
pasnene «TpaHcnurepanus» Ha caire xypHaiga. O0a crucka JOKHBI ObITh TOJTHOCTHIO MICHTHYHBI.
[Ipu peneH3UpOBaHNY CTAaTEH OAWH M3 KPUTEPUEB - HATMYHNE CCHUIOK Ha IMyOJIMKalWH TOCIEAHUX JIeT.
Cratbsa 0053aTeNIbHO OJDKHA COAEP)KATh PE3IOME Ha PYCCKOM, YKPAaMHCKOM M aHTJIMHCKOM SI3bIKax.
Bo Bcex Tpex HeoOX0AMMO yKa3aTh Ha3BaHHE CTAaThH, ()aMIJIMU aBTOPOB U KItOUeBbIe cioBa. OpueH-
TUPOBOYHBIN 00BeM pestome - 500 3HakoB (0e3 yueTa 3ariaBusl ¥ KIIIOYEBBIX CIOB). Pepakuus npunu-
Maet a1ekTpoHHBIH (MS Word) u nBa pacnedataHHbIX (IUI1 XapbKOBYaH) TEKCTa pPyKOMHUCH. Anpeca
yKa3aHbl B pa3zneine «KoHTakTe» Ha caiite xypHana. COpOBOAUTENbHOE HCHMO K CTaThe, HCIIPaB-
JICHHOW B COOTBETCTBHH C 3aMEUYAHUSMH PELEH3CHTa, JOJDKHO COJIEPKATh OTBETHI HA BCE 3aMCUAHUSI.
[Nopgaercst 37eKTPOHHBIN U OJUH pacnedaTaHHBIN (U1 XapbKoBYaH) BapuaHT. [Ipomenmme penensu-
pOBaHHE U NPHUHATHIE K ITyONMKalMM PyKONUCH, O(OpMIIEHHBIC B COOTBETCTBHU C HpPaBWJIAMH JUIS
aBTOPOB, MpHHUMaIOTCs B popmate doc (He docx) mo 3nekTpoHHO# noure (chembull@inbox.ru). Pac-
neJaTaHHbId BapuaHT He TpeOyercs. bonee moxpobHas mHopMaysa pa3MelleHa Ha caiiTe )KypHaia
http://chembull.univer.kharkov.ua.
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