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Abstract. In this article, we studied five noncovalent structures for adsorption of 5 fluorouracil
drug (5 FL) on poly(amidoamine) GO generation dendrimer (PAMAMGO) carrier using M06-2X
and B3LYPfunctionals. We investigate the quantum molecular descriptors and the binding and
solvation energies in gas phase and aqueous solution. The energetic stability of non-bonded species
(PAMAMGO/5-FL1-5) was shown through evaluation of binding free energies. The solvation free
energies of PAMAMGO/5-FL1-5 are negative, indicating that the solvation process is spontaneous.
We considered quantum molecular descriptors such as electrophilicity power and global hardness
and found reduced toxicity of 5-FL drug near PAMAMGQO carrier as well as facilitated drug release.
The AIM (Atoms In Molecule) analysis for all PAMAMGO/5-FLI1-5 structures demonstrated that
the pseudo-hydrogen and hydrogen bonds are essential in the functionalization of PAMAMGO with
5-FL drug. We found thatthe structure in which 5-FL drug interacts with CO functional groups of
PAMAMGO is the most stable configuration.
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Hanoctpykrypsl aenapumepos IIAMAM

B CHCTeMe I0CTAaBKH JIEKAPCTB JJs S-dropypauuia

®. Xarurus®, A. Mopcaan®?,

M.P. bozoprmexp?, C.A. Beiipamabaan®
“Mewixeockutl punuan

Upan, Mewixeo

*Hccnedosamenvckuil yenmp

NPUKIAOHOU OUONIO2UU PA3BUMUSL HCUBOTMHBIX
Meuwxeockuii punuan, Ucramcxuii ynueepcumem Azao
Upan, Mewxeo

Annomayus. B 53TOH cTarbe MBI W3YyYMIM IATh HEKOBAJICHTHBIX CTPYKTYp JUISL ancopounn
JICKapCTBEHHOTO cpenctBa S-propypammia (5 FL) Ha HOocHuTene NCHIAPUMEPOB IMOKOJCHHS IOJU
(amunoamuna) GO (PAMAMGO) c ucrionbszoBanneM ¢pyHnkuonanos M06-2X u B3LY P. Meruccienyem
KBaHTOBBIC MOJICKYJISIPHBIC JIECKPUIITOPBI U DHEPIUM CBS3bIBAHUS U COJbBATAI[MU B Ta30BOW (ase
1 BOJHOM pacTBOpe. DHepreTnyeckasi CTadMmIbHOCTh HecBsi3aHHbIX dacTull (PAMAMGO / 5-FL1-5)
OblIa NOKa3aHa MyTeM OLEHKH CBOOOIHBIX 3Hepruil cBsizu. PAMAMGO / 5-FL1-5 orpunarenbHbl,
YTO YKa3blBaeT Ha CAaMONPOM3BOJBHBIN Ipolecc coibBaTallid. MBI PacCMOTpPENIN KBaHTOBBIC
MOJICKYJISIPHBIC JIECKPHUIITOPBI, TAKUE KaK MOIIHOCThH 3JEKTPOPHUIBLHOCTH M 0O0INasi )KECTKOCTb, U
O0OHapYXMJIM CHHXKEHHYIO TOKCHYHOCTbH mpenapara 5-FL BOuim3n nocutens PAMAMGO, a Takxke
obserdenue BbICBOOOXKAEHUS JekapcTBa. AHanu3 AIM (aTombl B MoOJeKyne) AJIsL BCEX CTPYKTYP
PAMAMGO / 5-FLI-5 mpomeMOHCTpHpOBaII, YTO TICEBIOBOIOPOAHBIC M BOJAOPOIHBIC CBS3U Ba)KHBI
st pyukuuonanuzauun PAMAMGO nekapctBeHHbIM cpenctBoM S5-FL. Mbl oOHapykuiu, 4to
CTPYKTypa, B KoTopoi mpemapar 5-FL B3ammopmeiicTByeT ¢ (yHKIMOHAJIBHBIMH Tpynmamu CO

PAMAMGO, siBnisieTcst HanboJiee CTaOUIIbHON KOHPHUTYpaIUCi.

Kuniouesvle cnosa: noau (aMug0aMuH) JCHAPUMEpP, S-GTOpypainia, HaHOMEIHUI[MHA, BOIOPOIHAS
cBs13b, DFT.

Iuruposanue: Xarurus, ®. Hanoctpykrypsl genapumepos [IAMAM B cucteme JOCTAaBKH JIEKApCTB IS S-Topypannia /
®. Xarurus, A. Mopcanu, M.P. Bozoprmexp, C.A. Beiipamabanu / Kypn. Cub. denep. yn-ta. Xumus, 2020. 13(3). C. 309-323.
DOI: 10.17516/1998-2836-0184

1. Introduction

An attempt to alleviate the side effects of anticancer medications, a bulk of experimental and
theoretical research has recently concentrated on carbon-based carriers such as dendrimers [1], drug-
polymer conjugates [2], liposomes [3], C60 [4, 5], carbon nanotubes [6-8] and polymeric micelles [9].
One of the method of drug delivery is the use of micro and nano sized particles [10]. Utilization of
dendrimers as a host for different molecules, such as drugs, and investigation of the role of hydrogen

bonding in these drug delivery systems were started in 1995 [11, 12]. With ahighly symmetric structure,
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dendrimers have well-defined nanostructure [13]. In fact, dendrimers describe a family of synthetic
polymers that are highly branched three-dimensional structures in nature. The word dendrimer comes
from the Greek word “Dendron” meaning tree; it gives a clear description of their unique structure that
represents a tree-like branch [14].

Generally, a dendrimer consists of three parts; (a) a basic core that contains two or more reactive
groups; (b) interior layers made up of recurring branching units that are covalently bonded to the
core; and (c) terminal functional groups that are located on the outer surface [14]. The peripheral
surface group is able to define the nature of dendrimer and forges bonds with branched units related
to each generation. Depending on the core, 3 or 4-branched units are added to dendrimer core
to create the first generation and then the two other branched units are added to each monomer
of former generation to produce the second generation. Therefore, dendrimer diameters increase
linearlyalong with an exponential growth of terminal functional groups by the addition of shells or
generation [15].

Given that their physico-chemical properties are markedly different from classic polymers, they
are often perceived as a distinct class of molecules. This disparity has its origin in three key properties:
monodispersity, multivalency, and globular shape [16]. Based on the shape of dendrimer, it is possible
to determine the specific binding of functional groups on the surface and the interior structure of
dendrimer. Dendrimers are mainly found in two shapes: i) spherical shape, ii) ellipsoid shape [15].
The spherical structure together with empty spaces and a high-density functional group (like amine
and carboxyle group) on the surface of dendrimer facilitatethe solubility of hydrophobic drug, control
the release of drug and foster the suitability of dendrimer for desired theranostic purpose [17]. The
solubility of dendrimer is determined by a number of factors such as surface functional groups,
repeated units, dendrimer generation, and even the core [18].

These molecules have broad applications such asdrug delivery where dendrimer nanoparticles
are infused with therapeutics and target specific tissues or gene delivery which is similar to drug
delivery [19]. When dendrimers are used as the nanocarriers, lower dosages of anticancer drugs are
needed, which in turn would alleviate the side effects of the medicine [20-22]. Dendrimers serve as
carriers for various anticancer drugs such as 5-fluorouracil [23], cisplatin [24, 25], doxorubicin [26-28],
famotidine [29], methotrexate [30], nifedipine [31], paclitaxel [32, 33], 10-hydroxycamptothecin [34],
7-butyl-10-aminocamptothecin [35], etoposide [36], artemisinin [37], flutamide [38], melphalan [39],
gemcitabine [40], capecitabine [41] and 6-mercaptopurine [42]. Dendrimers havealso been used against
human immunodeficiency viruses(HIV) [43-45], Alzheimer’s disease [46, 47], prion diseases [48, 49],
inflammation [50-52] and bacteria [53-55]. Quantum computing provides a powerful instrument
for the analysis of drug delivery and other systems [56-63]. Fluorouracil (5-FU) that is found under
the brandAdrucil, is an anticancer drugused for esophageal, colon, stomach [64] breast, pancreatic,
and cervical cancers [64]. Moreover, as a cream it is utilized for basal cell carcinoma, actinic keratosis
and skin warts [65]. In this paper, quantum chemical calculations were applied to investigate the host-

guest interactions of PAMAMGO generation dendrimer with 5-fluorouracil drug.

2. Computational method

First, we used GAUSSIAN 09 package [66, 67] for the optimization of all structures in solution
and gas phases at B3LYP/6-31G(d,p) and M06-2X/6-31G(d,p). Polarized continuum model (PCM)
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[68, 69] was employed the implicit solvent effects. Herein, we used the standard convergence criteria
for the optimization of molecular structures. We optimized all degrees of freedom for all species. In
addition, frequency calculations were performed to apply thermal corrections.

For assessing chemical reactivity and stability, the quantum molecular descriptors were used.
Global hardness (1) exhibits the resistance of one particle against the modification in its electronic
structures:

n= 1 . A). (1)

In which 4 = —E;yy0 and I = —Eyoy0 are the electron affinity and the ionization potential,

respectively. Evaluating electrophilicity index index (w) is performed by the following formula [70]:

1+ A)?
w=——":

8n 2

Using the QTAIMs (Quantum Theory of Atoms in Molecules) calculations, the hydrogen
bondswere studied. For performing QTAIM, we used the AIMII software [71]. QTAIM dependson
topological parameterssuch aselectron density p (r) [72]. We concentrate on different values of electron
density such as V,, (potential energy density), H,, (total energy density), G, (kinetic energy density),
and V?p (Laplacian of electron density) at a critical point (BCP) to recognize the nature of the bond in

various species.

3. Results and exchanges

Figure 1 shows the optimized structures of Poly(amidoamine) GO generation dendrimer
(PAMAMGO) and 5-fluorouracil (5-FL). We studied the interaction of 5-FLincluding CO and NH
functional groups with PAMAMGO nanoparticles in 5 different ways (PAMAMGO0/5-FL1-5). The
optimized configurations of PAMAMGO0/5-FL1-5 are shown in Fig. 2 (at M06-2X / 6-31G** in aqueous
solution).

Binding (interaction) free energies (AGy;uqaimg) Were calculated using the following equation:

AGhinging= GPAMAMGO/5-FL1-5 — (GPAMAMGO0+GS5-FL). (3)
u .
‘\ "
ca &V
) o iy
& -
_ Y 23
L]
b PAMAMGO
w

Fig. 1. Optimized structures of 5-FL and PAMAMGO
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Ghinging values at M06-2X and B3LYP levels in gas phase and aqueous solution are shown in
Table 1. Contrary toB3LYP, M06-2X functional considers dispersion corrections [73]. The values of
Ginding In aqueous solution (-41. 3 kJ mol™ and -49. 0 kJ mol™ on average at B3LYP and M06-2X) are
more positive than those of gas phase (-57. 4 kJ mol"! and -51. 3 kJ mol™! on average at B3LYP and
MO06-2X). These values are negative in both phases, therefore the adsorption of 5-FL on PAMAMGO is
spontaneous and the dispersion corrections in aqueous solution emerge as attractive forces. Comparing
these values with the values obtained from other sources that examined the interaction of PAMAM
nanocarrier with other molecules, shows that the values of G;y4ine are in the same range [74-77]. The
values of the binding free energies indicate that the 5-FL drug is loading well on the PAMAMGO
carrier because Gy;uqine 15 anindicator of drug loading [78, 79].

It is observed that Gy;,4,, depends on the orientation of 5-FL relative to PAMAMGO. As shown
by both B3LYP and M06-2X levels and both phases, among 5 structures, PAMAMGO0/5-FL1 is the
most stable ones where the NH functional group of 5-FL interacts with the CO functional groups
of PAMAMGO (Fig. 2). According to our research, PAMAMGO/5-FL4 and PAMAMGO/5-FL3

Table 1. Binding (AGpinaing) and solvation (AG,,,,) free energies in kJ mol™ for optimized geometries

Species AGI?i?tLinﬁg AGI?i?ll&);flg AG%ﬁS?ﬁg Acﬁggﬁ(g AGEO%,YP AG;\;I)?VGZx
gas H,O gas H,0
PAMAMGO/5-FL1 -82.53 -44.91 -77.68 -71.57 -120.70 -124.08
PAMAMGO/5-FL2 -12.83 -9.05 -23.32 -17.95 -154.54 -124.82
PAMAMGO/5-FL3 -71.25 -83.93 -25.14 -24.25 -122.73 -129.29
PAMAMGO/5-FL4 -51.88 -32.40 -59.74 -61.46 -138.83 -131.91
PAMAMGO/5-FL5 -68.38 -36.01 -70.84 -69.62 -125.94 -128.97
g »
e A o e - 31/?
e iy, ¥°

®
L
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Fig. 2. Optimized structures of PAMAMGO/5-FL1-5
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configurations in terms of stability and in the aqueous solution are located in the second and third
positions, respectively.

Using the following equation, the solvation free energies (AG,,;,) have been assessed (Table 1):
AGSU]V = Gag - Ggus- (4)

In which G,; and Gg,, demonstrate the free energies in the aqueous solution and gas phase,
respectively. The large negative values of solvation free energies of PAMAMGO/5-FL1-5 demonstrate
that the solvation process is spontaneousand it signifies the solubility of PAMAMGO/5-FLI-5
configuration in solution phase.

Table 2 depicts the quantum molecular descriptors includingglobal hardness (1), electrophilicity
power (o) and £, (energy gap between LUMO and HOMO) for 5-FL, PAMAMGO and PAMAMGO0/5-
FL1-5 in aqueous solution and gas phase at M06-2X and B3LYP levels.

As shown in the Table 2, E, and n values of 5-FL and PAMAMGO are almostthe same. They
were decreased in PAMAMGO/5-FL1-5 structures. In other words, there may be aninsignificant charge
transfer between the carrier and the drug. This may be perfect for a drug delivery system, because 5-FL
drug can be easily released from the exterior surface of the PAMAMGO carrier. E, and n values of
PAMAMGO/5-FL1 is more than other structures, showing that it is more stable than other structures.
Toxicity prediction using ® showed thatthe toxicity of 5-FL drug is decreased near the PAMAMGO
carrier. The o values of PAMAMGO0/5-FLI1-5 are higher than those of 5-FL, indicating that 5-FL is the

electron acceptor in these configurations.

Table 2. Quantum molecular descriptors (eV) for optimized geometries

Species Enomo | ELumo | Eg n o Species Enowmo | ELumo | Eg n o
B3LYP-H20 MO06-2X-H20

PAMAMGO -5.44 | -4.48 |16.04|3.02]0.97 PAMAMGO -7.09 1.79 |8.884.440.79

>-FL -6.61 | -1.23 |5.3812.69|2.86 >-FL -8.07 | -0.12 | 7.95[3.98 | 2.11

PAMAMGO/5-FL1 | -5.40 | -0.99 | 4.41 | 2.20 | 2.31 | PAMAMGO/5-FL1| -7.0.9 | 0.05 | 7.14 |3.57 | 1.74
PAMAMGO/5-FL2 | -5.40 | -1.37 |4.04|2.02 | 2.84 | PAMAMGO0/5-FL2 | -7.04 | -0.28 | 6.76 | 3.38 | 1.99
PAMAMGO0/5-FL3| -5.33 | -1.33 [4.00|2.00|2.77 | PAMAMGO/5-FL3 | -7.11 | -0.43 |6.68 [3.34|2.13
PAMAMGO/5-FL4 | -5.55 | -1.32 |4.23 | 2.11 | 2.79 | PAMAMGO0/5-FL4| -7.32 | -0.21 | 7.11 | 3.56 | 1.99
PAMAMGO/5-FLS | -5.45 | -1.26 | 4.19 | 2.10 | 2.68 | PAMAMGO/5-FLS | -7.11 | 0.02 | 7.13 | 3.57 | 1.76

B3LYP-GAS MO06-2X-GAS
PAMAMGO -5.04 | 075 |5.79(2.90]0.79 PAMAMGO -691 | 145 |836|4.18(0.89
5-FL -6.79 | -1.39 [5.40|2.70 | 3.10 5-FL -8.25 | -0.26 | 7.99 [ 4.00 | 2.26

PAMAMGO/5-FL1 | -5.31 | -0.40 [4.73 |2.37 | 1.62 | PAMAMGO0/5-FL1 | -6.89 | 0.23 | 7.13 [3.56 | 1.56
PAMAMGO/5-FL2 | -4.86 | -1.78 |3.08 | 1.54 | 3.58 | PAMAMGO/5-FL2 | -6.77 | -0.65 | 6.12 |3.06|2.25
PAMAMGO/5-FL3 | -5.37 | -1.01 |4.36|2.18 | 2.33 | PAMAMGO0/5-FL3| -6.98 | -0.93 |6.05|3.02|2.59
PAMAMGO/5-FL4 | -5.14 | -1.37 | 3.78 | 1.89 | 2.81 | PAMAMGO/5-FL4 | -6.71 | -0.64 | 6.07 |3.04|2.22
PAMAMGO/5-FL5 | -5.09 | -1.16 |3.93|1.97 | 2.48 | PAMAMGO0/5-FL5| -6.73 | -0.24 | 6.49 |3.24 | 1.87
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PAMAMGU/5-FL4 PAMAMGU/5-FLS

Fig. 3. Molecular graph of PAMAMGQO0/ 5-FL1-5. Small green spheres and lines related to the bond critical points
(BCP) and the bond paths, respectively

For exploring the intermolecular hydrogen bonds in detail, we used the charge density properties.
In addition, we utilized QTAIM analysis to study the interactions. The strength and characteristic of
an interactioncan be determined by p(r) and V?p(r), respectively [80]. In other words, it is possible to
show the interactions by the signs of V?p and H,. If, (V?p > 0, H, > 0), (V?>p >0, H, < 0) and (V?>p <0,
H), <0), weak, medium and strong interactions are expected, respectively.

In addition, —G,/V};, demonstrates the characteristics of an interaction. Moreover -G,/ V', > 1 and
0. 5 <—=G,/V,< 1 explain noncovalent and partially covalent characters, respectively. Figure 4 shows
the molecular graphs of PAMAMGO/5-FL1-5 in aqueous solution at M06-2X/6-31G(d,p). In these
Figures, the atoms included in the interaction of the drug with the carrier are marked. Table 3 shows
the values of V2p (1), p(r), —G,/V;, and H,, G, and V,, for these interactions at M06-2X level in aqueous

solution. The following equation was used toassess the hydrogen bond energies (Ey3).

1
EHB =2_Vb (5)

We observed three major types of hydrogen bonds (O-H, N-H, F-H) in PAMAMGO0/5-FLI-5
structures. First, the most stable structure (PAMAMGO/5-FL1) was evaluated for this purpose, where
the NH functional group of 5-FL approaches CO functional groups of PAMAMGO. The H10...057
(Enp= -33 kJ mol!) interactions with, and 0. 5 < —G,/V;, < 1 lead tomedium hydrogen bonds and the
(H95...N35) with —G/V,= 0.9824 may be close to strong hydrogen bonds. Furthermore, the N5...H74,
F1...H15, HI11...020, O3...H71, N4...H67, O3...H67 and O2...H66 interactions (Epyp(average)=
=-10.57 kJ mol!) with V2p >0, H, > 0 and —G,/V;, > 1 result in weak hydrogen bonds.

We found that PAMAMGO/5FL4-5 structures have similar stability. In these configurations CO
functional group of 5-FL interacts with NH functional groups of PAMAMGO0. PAMAMGO/5FL4
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Table 3. Topological parameters in a.u. and the hydrogen bond energy (Ey5) in kJ mol! for PAMAMGO/5-FL1-5
at M06-2X in aqueous solution

Atoms p() VAT G, v, H, -GV, Eusp
PAMAMGO0/5-FL1
N5 -H74 0.0108 0.0342 0.0077 -0.0068 0.0009 1.1258 -8.9666
F1 -HI5 0.0076 0.0346 0.0074 -0.0062 0.0012 1.1917 -8.1888
HI1-020 0.0205 0.0716 0.0177 -0.0174 0.0002 1.0140 -22.8302
O3 —-H71 0.0100 0.0333 0.0076 -0.0070 0.0007 1.0981 -9.1200
N4 — H67 0.0077 0.0307 0.0063 -0.0049 0.0014 1.2888 -6.3711
H10 — O57 0.0324 0.0969 0.0247 -0.0251 -0.0004 0.9824 -32.9193
03 —H67 0.0084 0.0284 0.0064 -0.0058 0.0007 1.1176 -7.5502
02 — H66 0.0116 0.0385 0.0090 -0.0084 0.0006 1.0746 -10.9705
PAMAMGO0/5-FL2
02 -H76 0.0085 0.0299 0.0066 -0.0057 0.0009 1.1516 -7.5331
02 - HI16 0.0156 0.0527 0.0130 -0.0128 0.0002 1.0133 -16.8302
F1—-H70 0.0071 0.0330 0.0068 -0.0054 0.0014 1.2682 -7.0518
02 - H70 0.0083 0.0306 0.0066 -0.0055 0.0011 1.1926 -7.2433
F1 —H65 0.0096 0.0391 0.0089 -0.0081 0.0008 1.1045 -10.6085
PAMAMGO/5-FL3
02 -H70 0.0066 0.0248 0.0053 -0.0043 0.0009 1.2206 -5.6420
F1 —-H70 0.0077 0.0355 0.0074 -0.0058 0.0015 1.2603 -7.6538
F1—-HI6 0.0097 0.0394 0.0091 -0.0084 0.0007 1.0879 -10.9849
F1 -H76 0.0078 0.0354 0.0075 -0.0061 0.0014 1.2283 -7.9738
02 —H75 0.0080 0.0309 0.0065 -0.0053 0.0012 1.2276 -6.9666
02 — H65 0.0122 0.0390 0.0094 -0.0090 0.0004 1.0393 -11.8531
02 —H64 0.0197 0.0610 0.0156 -0.0160 -0.0004 0.9758 -21.0006
PAMAMGO/5-FL4
N5 —H69 0.0149 0.0561 0.0122 -0.0104 0.0018 1.1765 -13.6066
HI12 —NI13 0.0200 0.0508 0.0134 -0.0141 -0.0007 0.9497 -18.5010
F1 -HI9 0.0094 0.0389 0.0089 -0.0081 0.0008 1.1024 -10.5915
F1 —H84 0.0119 0.0466 0.0110 -0.0103 0.0007 1.0649 -13.5161
F1 —HS85 0.0088 0.0358 0.0079 -0.0068 0.0011 1.1552 -8.9639
02 — HS85 0.0069 0.0229 0.0050 -0.0043 0.0007 1.1731 -5.5843
02 -H92 0.0096 0.0327 0.0073 -0.0065 0.0008 1.1283 -8.5233
02 - H34 0.0152 0.0548 0.0131 -0.0124 0.0006 1.0498 -16.3239
N5 —-H76 0.0115 0.0379 0.0083 -0.0071 0.0012 1.1674 -9.2970
F1 -H73 0.0048 0.0216 0.0043 -0.0032 0.0011 1.3544 -4.1377
PAMAMGO0/5-FL5
03 - HI9 0.0161 0.0558 0.0137 -0.0134 0.0003 1.0203 -17.5725
O3 - H84 0.0127 0.0403 0.0098 -0.0095 0.0003 1.0308 -12.4446
03 — HS85 0.0090 0.0327 0.0070 -0.0059 0.0011 1.1909 -1.7574
F1 —-H30 0.0107 0.0432 0.0101 -0.0094 0.0007 1.0734 -12.3580
H10 — 042 0.0320 0.1123 0.0266 -0.0251 0.0015 1.0584 -32.9823
02 -H79 0.0094 0.0372 0.0080 -0.0067 0.0013 1.1901 -8.8433
02 -H78 0.0077 0.0285 0.0061 -0.0052 0.0010 1.1891 -6.7816
02 — H49 0.0127 0.0435 0.0104 -0.0099 0.0005 1.0497 -12.9639
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has 1 medium hydrogen bond with Eyg= -18.5 kJ mol! and —G/Vy= 0.9497, the attributes of which
are similar to strong hydrogen bonds. Other structures (N5...H69, F1...H19, F1...H84, F1...H8S,
02...H92, 02...H85, 02...H34, N5...H76, and F1...H73) are arranged as weak hydrogen bonds.
PAMAMGO/5FLS has two interactions whose characteristics are close to the medium hydrogen bonds
(H10...042, H19...03) and the other six interactions are weak.

The third most stable configuration is PAMAMGO0/5-FL3. The O2...H64 (Eyp= -21 kJ mol™)
interaction with, 0. 5 < —Gb/Vb < 1 is medium hydrogen bonds and six other including O2...H70,
F1...H70, F1...Hl16, F1...H76, O2...H75, O2...H65 are weak. PAM AMGO0/5-FL2 has the most unstable

structure with Eyg(average)= -9. 28 kJ mol™.

Conclusions

This work explored five structures of noncovalent adsorption of 5-fluorouracil (5-FL) drug on
poly(amidoamine) GO generation dendrimer (PAMAMGO) at B3LYP and M06-2X density functional
levels in gas and aqueous solution phase (PAMAMGO0/5-FLI1-5). By interaction of two CO functional
groups of PAMAMGO with NH functional group of 5-FL simultaneously, it leads to the most stable
structure (PAMAMGO/5-FL1).

Given the values of solvation and binding free energies, the functionalization of PAMAMGO
with 5-fluorouracil drug would be suitable in energies. The average value of AGy;,qi,g calculated at
MO06-2X functional is more negative than those of B3LYP in solution phase. Unlike B3LYP, dispersion
corrections are considered by M06-2X functional. Considering AG,,;,, of PAMAMGO0/5-FL1-5, it is
observed that the solvation process is spontaneous. The HOMO-LUMO energy gap indicated that the
global hardness and the toxicity of 5-FL in PAMAMGO0/5-FL1-5 decreased. Furthermore, considering
the AIM studies, 5-FL can be non-covalently functionalized on PAMAMGO/5-FL through hydrogen
and pseudo-hydrogen bonds. The outcomes demonstrated that the most stable structures leads to
stronger and more hydrogen bonds (PAMAMGO0/5-FL1).
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B ucnonp30BaHHbBIX YCIOBUSIX peaKlMu 00pa3yoluecs NpoIyKThl MEHEE BOBJICUCHBI B JlajIbHEH e

OKHMCIIMTCIbHBIC IPECBPALLICHU .

Kuwouesvie crosa: 1-nadron, l-agamaHTaHON, aJNKWIMPOBAHHE, TPUPTOPYKCYCHAs KHUCIIOTA,

dbocdopras kucioTa.

IutupoBanue: Kounppacenko, A.A. Cunre3 4-(l-amamantun)-l-maprona u 4-(l-agamanTui)-l-meToxkcnHadrannHa
/ A.A. Kongpacenko, U.B. Ilerepcon, A.W. Pyb6aitno / XKypu. Cub. denep. yu-ta. Xumus, 2020. 13(3). C. 324-320.
DOI: 10.17516/1998-2836-0185

Introduction

Electrophilic alkylation of aromatic compounds remains the area of study for more than a century.
This type of reactions in the presence of acid catalysts currently seems well established [1, 3]. Naphthols
in reactionsof such type often pose as problematic nucleophiles which readily dimerize or transform
into quinone type compounds after concurrent oxidation [2].

Combined aromatic core and adamantane moiety often pose as structural elements in promising
antivirus compounds or functional materials [4-6]. Earlier we have reported the method of preparation
of 2-(adamant-1-yl)-1-hydroxynaphthalene in reaction of I-naphthol and I-adamantanol in the
mixture of chloroform and trifluoroacetic acid [7]. The reaction of 1-naphthol and 1-adamantanol
in trifluoroacetic acid yield 3,7-di-(adamant-1-yl)-1-hydroxynaphthalene [7, 8]. The same pattern of
substitution was found in the reaction of 1-methoxynaphthalene which in the said conditions yield
3,7-di-(adamant-1-yl)-1-methoxynaphthalene as a product [8].

There are surprisingly less examples of introducing adamantyl or fert-butyl group at the
C(@4) position of 1-naphthol. In the one successful attempt 4-fert-butyl-1-hydroxynaphthalene was
synthesizedwith the aid of Lewis acid catalysts [9]. Authors noted that isolation of the product demanded

operating under inert atmosphere due to rapid decomposition of product.
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Georghiou et al. have investigated fert-butylation of 1-naphthol in the presence of various Bronsted
and Lewis acids. They found that the only products in the reactions employing Hirashima and Miyata’s
conditions were 3-fert-butyl-1-napthol, 7-tert-butyl-1-napthol and 3,7-di-tert-butyl-1-napthol [9, 10].
In other attempts 2-fert-butyl-1,4-naphthoquinone and 2-fert-butyl-1-naphthol were isolated from
reaction mixtures [10, 11]. In all cases there were no traces of 4-fert-butylated products.

In the following experiments we have employed a mixture of phosphoric and glacial acetic acids
for the introduction of 1-adamantyl into some 1-naphthol homologues. Earlier this mixture proved to

be efficient catalyst for alkylationin comparatively mild conditions [12, 13].

Results and discussion

In our study we have found that the reaction of 1-naphthol and 1-adamantanol in the mixture
of phosphoric and glacial acetic acid yield 2-(1-adamantyl)-1-naphthol (Ia) and 4-(1-adamantyl)-1-
naphthol (Ib). The ratio of the products was found to be 1:1 by 'H NMR of raw material. This ratio did
not change if the reaction made with the excess of either 1-naphthol or 1-adamantanol.

The reaction of the I-methoxynaphthalene with 1-adamantanol in this conditions yield
4-(1-adamantyl)-1-methoxynaphthalene (IIa). The general synthesis scheme is presented on Fig. 1.

The molecular structures of the compounds Ia, Ib, Ila was confirmed with the aid of the
NMR spectroscopic methods. Previously, we have studied peculiarities of NMR spectra of
hydroxynaphthalenes with mono- and di- adamantyl substituents [14].

The '*C NMR spectra of the compounds substituted at fourth position include characteristic peaks
at the 107.78 ppm (Ib) and 103.07 ppm (Ila). 2D NMR correlations on HMBC spectra were used to
assign quaternary carbon atoms at the C(4) positions and quaternary bridgehead atom of 1-adamantyl
group (138.90 and 37.93 ppm in structure Ib, 138.13 and 37.85 ppm in structure Ila).

It is also notable that acquired compound Ib is less stable than Ia on silica gel. On the other side
ITa did not decompose on the chromatographic column.

Our results show that adamantyl fragment could be introduced at the either C(2) or C(4) if the
mixture of phosphoric and glacial acetic acids used as reaction medium. The products of reaction are
in accord with relative preference of activated positions in naphthalene rings towards electrophilic
substitution. The reaction with methoxynaphthalene leads to 4-substituted compound as the only
product. Such selectivity could be connected with the combined steric effect of nearest peri-hydrogen

and methoxyl group. This effect inhibit formation of the 2-adamantyl-1-methoxynaphthol.

OR OR
R,
1-AdOH
H;PO, / CH;COOH
Ry
I: R=H I,: R=H, R;=Ad, R,=H.
Il: R=H IM,: R=H, R =H, R,=Ad.
11I: R=CHj Il R=CHj, R,=H, R,=Ad.

Fig. 1. Synthesis of adamantylated products I,, II,, and 111,
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Similar results were described by Brady et al. for the 2-naphthol who found that 1-fert-butyl-2-

napthol was inaccessible in the Friedel-Crafts conditions [17].

Experimental section

A general experimental procedure is as follows: substituted naphthalene (1.0 mmol) and
adamantan-1-ol (1.0 mmol, 0.152 g) were dissolved in a mixture of acetic acid (3 ml, 80%) and H;PO,
(7.5 ml, 85%) and stood at 30-35 °C in a closed vessel. After 24 hours reaction mixture was diluted
with cold water. Solid precipitate was filtered, washed with water, and dried. The crude product was
purified by column chromatography (3:1 n-hexane/acetone). The course of reaction and the purity of
final products was controlled by TLC.

The 'H, BC and 2D HSQC, HMBC NMR spectra were recorded on the Bruker Avance III
spectrometer (600 MHz 'H, 150 MHz '3C). Chemical shifts are given in the parts per million and J
coupling constants are in Hertz units.

2-(1-Adamantyl)-1-naphthol (Ia) and 4-(1-adamantyl)-1-naphthol (Ib).

Acquired 0.950g of raw products (86%).Raw reaction products (200 mg) were purified by column
chromatography.Yield Ia 0.084g (42%). TLC Rf=0.4 (3:1 n-hexane/acetone), M.P. 207-208 °C (lit.
209.2-209.6 °C [3]).

"H NMR (CDCl;): 1.85 (m, 6H); 2.17 (m, 3H); 2.26 (m, 6H); 5.09 (br.s., 1H); 7.44 (m, 1H); 7.45
(m, 2H); 7.79 (m, 1H, J=8.5); 8.03 (m, 1H, J=8.5). *C NMR (CDCl;): 29.1 (Ad-CH(3,5,7)); 36.7 (Ad-
CH1(4,6,10)); 37.0 (Ad-C(1)); 41.3 (Ad-CH»(2,8,9)); 119.9 (Ar-C(3)); 120.2; 125.0; 125.2; 125.4; 129.5;
132.9 (Ar-C(2)); 149.1 (Ar-C(1)).

Yield Ib 0.058g (29%). TLC Rf=0.5 (3:1 n-hexane/acetone), M.P. 202-203 °C.

'H NMR (CDCl;): 1.89 (m, 6H); 2.20(m, 3H); 2.31 (m, 6H); 5.55 (br.s., 1H); 6.78 (d,
1H, J=8.1); 7.28 (d, 1H, J=8.1); 7.47 (d, 1H); 7.50 (d, 1H); 8.30 (d, 1H, J=8.3); 8.66 (d, 1H,
J=8.5). 3C NMR (CDCl;): 29.4 (Ad-CH(3,5,7)); 37.2 (Ad-CH,(2,8,9)); 37.9 (Ad-C(1)); 42.9 (Ad-
CH,(4,6,10)); 107.8 (Ar-C(2)); 120.8; 122.9; 123.2; 125.7; 126.5; 132.5; 138.9 (Ar-C(4)); 149.9
(Ar-C(1)).

Found, %: C, 86.29; H, 7.95. C,0H,,0. Calculated, %: C, 86.33; H, 7.91.

4-(1-adamantyl)-1-methoxynaphthalene (Il1a).

Yield 0.176g (55%). TLC Rf=0.9 (3:1 n-hexane/acetone), M.P. 183-184 °C.

"H NMR (CDCls): 1.90 (m, 6H); 2.21 (m, 3H); 2.32 (m, 6H); 4.00 (s, 3H); 6.78 (d, 1H, J=8.3); 7.37
(d, 1H, J=8.3); 7.46 (ddd, 1H, J=8.3, 1.6); 7.50 (ddd, 1H, J=8.2, 6.7, 1.2); 8.39 (dd, 1H, J=8.5, 1.6); 8.65
(dd, 1H, J=8.7). 3C NMR (CDCls): 29.4 (Ad-CH(3,5,7)); 37.2 (Ad-CH,(4,6,10)); 37.9 (Ad-C(1)); 42.9
(Ad-CH,(2,8,9)); 55.4 (OCHj;); 103.1 (Ar-C(2)); 123.1; 123.9; 124.8; 126.3; 126.9; 132.2; 138.1 (Ar-C(4));
153.9 (Ar-C(1)).

Found, %: C, 86.20; H, 8.31. C,;H»,0. Calculated, %: C, 86.26; H, 8.27.

Conclusion

It is known that alkylated electron rich aromatic compounds have oxidation potentials lower than
starting material [10]. Also, this property is further amplified with the steric strain induced by bulky
substituent [11]. The ability to easily oxidize becomes the obstacle for synthesis and isolation of the

desired products.
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Proposed adamantylation of 1-napthol in the mixture of phosphoric and glacial acetic acids leads
to the formation of the desired 2- and 4-substituted products. Under the used reaction conditions
products are less involved into the further oxidative transformations. This is in contrast to the results

of reactions employing conventional catalysts [4,5].

Acknowledgements

This work was conducted within the framework of the budget project (AAAA-A17-117021310221-7)
for Institute of Chemistry and Chemical Technology SB RAS using the equipment of Krasnoyarsk
Regional Research Equipment Centre of SB RAS.

References

1. Smith M.B. Organic Chemistry. 4th ed. CRC Press, 2016. 1083 p.

2. Naredla R.R., Klumpp D.A. Contemporary Carbocation Chemistry: Applications in Organic
Synthesis Chem. Rev. 2013. Vol. 113(9), P. 6905-6948.

3. Side Reactions in Organic Synthesis II. Under ed. Zaragoza Dorwald F. Weinheim, Germany:
Wiley, 2014. 1-295 p.

4. Plewe M.B. et al. Discovery of Adamantane Carboxamides as Ebola Virus Cell Entry and
Glycoprotein Inhibitors ACS Med. Chem. Lett. 2020. Vol. 11(6), P. 1160-1167.

5. Tominaga M., Katagiri K., Azumaya I. Pseudopolymorph and Charge-Transfer Co-Crystal of
Disubstituted Adamantane containing Dimethoxyphenol Moieties. Cryst. Growth Des. 2009. Vol. 9(8),
P. 3692-3696.

6. Tominaga M., Masu H., Azumaya 1. Hydrogen-Bonding Networks of Adamantane-Based
Bisphenol Molecules: Toward the Preparation of Molecular Crystals with Channels. Cryst. Growth
Des. 2011. Vol. 11(2), P. 542-546.

7. Sokolenko V.A., Svirskaya N.M., Pavlenko N.I. Adamantylation of 1-and 2-naphthols with
l-adamantanol in trifluoroacetic acid. Russ. J. Org. Chem. 2007. Vol. 43(5), P. 782-783.

8. Stepakov A.V., Molchanov A.P., Kostikov R.R. Alkylation of aromatic compounds with
adamantan-1-olRuss. J. Org. Chem. 2007. Vol. 43(4), P. 538-543.

9. Hirashima T., Miyata T., Yuki Gosei Kagaku Kyokaishi 1976. Vol. 34(6), P. 434-434 [in japan].

10. Georghiou P. E., Ashram M. Regioselectivity in the Friedel-Crafts tert-Butylation of
1-Naphthol. J. Org. Chem. 1995. Vol. 60(9), P. 2909-2911.

11. Hirashima T., Miyata T. Yuki Gosei Kagaku Kyokaishi 1976. Vol. 34(6), P. 433-433 [in
japan].

12. Patent 2881219 US. Thompson R.B. Alkylation of arylols. Publ. Date 07.04.1959.

13. Peterson LV., Svirskaya N.M., Kondrasenko A.A., Rubaylo A.I. 1-Adamantanol Alkylation of
1,8- and 1,3- Dihydroxynaphthalenes. Journal of Siberian Federal University. Chemistry 2016. Vol. 9,
P. 134-139.

14. Peterson LV., Svirskaya N.M., Kondrasenko A.A., Rubaylo AL 'H and *C NMR
spectral assignments of novel adamantyl and di-adamantyl derivatives of 1,2-; 1,8-; 2,3-; 2,6- and
2,7-dihydroxynaphthalenes. Magn. Reson. Chem, 2016. Vol. 54, P. 912-915.

15. Brady P.A., Carnduff J., Leppard D.G. The Friedel-Crafts ¢-butylation of 2-naphthol.
Tetrahedron Lett. 1972. Vol. 13, P. 4183-4186.

— 328 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 324-329

16. Fieser, L.F. The potentials of some unstable oxidation-reduction systems. J. Am. Chem.
S0c.1930. Vol. 52, P. 5204-5241.

17. Brady P.A., Carnduff J. Autoxidation of strained 1-alkyl-2-naphthols: steric acceleration in a
radical chain reaction. J.S.C. Chem. Commun.1974. Vol. 20, P. 816-817.



Journal of Siberian Federal University. Chemistry 2020 13(3): 330-339

DOI: 10.17516/1998-2836-0186
YK 544-431+544-021

Mercarbide Catalyst
for Alcohol Ethoxylation

Ella O. Butenko** and Alexey E. Kapustin®
“Priazovskiy State Technical Universty
Mariupol, Ukraine

PHavighurst Center, Miami University
Oxford, Ohio, USA

Received 23.12.2019, received in revised form 20.04.2020, accepted 16.08.2020

Abstract. Mercarbide catalyst was studied for the ethoxylation of methanol and 1-heptanol. Mercarbide
catalyst is very active for the narrow-range ethoxylation of 1-heptanol. The narrow distribution of
ethoxylation units in the ethoxylates is elucidated by the constrained reaction on the mercarbide
catalyst. In the proposed surface reaction scheme, the following points are presented. The relatively
basic reactants, ethylene oxide and alcohols or ethoxylates, are adsorbed on the relatively acidic sites
of the surface. There is a decrease of ethoxylation rate in each additional ethylene oxide insertion step,
due to a smaller number of the ethylene oxide molecules adsorbed near the growing point of alcohol
ethoxylates. The difference in ethylene oxide insertion rates with the numbers of oxyethylene units in

the ethoxylate products causes peaking of the distribution.
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Mepkap0uja Kak KaTajau3aTop

OKCHAJIKMJIUPOBAHUA CIIUPTOB

9.0. Byrenko?, A.E. KanmycTun®

“[Ipuazo8ckuti 20cy0apcmeenHblll MmexHU4ecKull yHugepcumem
Yxkpauna, Mapuynons

" Xaeuxypcm yenmp, Ynueepcumem Matiamu,

CIlIA, Ozatio, Oxcgopo

Annomayus. MepkapOuJ HCCIEIOBaJIM B KauecTBE KaTalu3aTopa PEeakUHU 3TOKCHIIMPOBAHUS
MeTaHosa M l-renranona. MepkapOua Kak KaTajau3aTop OYeHb AKTHBEH JUJIS y3KOTO JHuara3oHa
STOKCHJIMPOBaHUs l-renrtaHona. Y3Koe pacnpeaeacHue NpoiyKTOB STOKCHINPOBAHUS B 3TOKCHIIATaX
OOBSICHSICTCSl JIOKaJIbHOW peakuued Ha MepkapOupHoM Karamuzatope. [Ipemsoxena cxema
POTEKaHHsI MPOIeCCOB Ha moBepxHocTH. O0JaatolMe OCHOBHBIMU CBOMCTBAMHU PEAreHTh, OKCHU]L
STHUJICHA U CIIUPTBHI, @ TAK)KE U 3TOKCUIIATHI, a/ICOPOUPYIOTCS HA OTHOCUTEIBHO KHCIOTHBIX y4acTKax
MOBEPXHOCTH. [IpOUCXONNUT yMEHBIIEHHE CKOPOCTH STOKCHIIMPOBAHUS HA KAXKJIOW TOTIOTHUTEIBHON
CTa/IN1 BBEJCHUS STHIICHOKCH/IA N3-32 MEHBILIETO YHCIIa MOJICKYJI 3TUIICHOKCH A, aICOPOMPOBAHHBIX
BOJIM3M TOYKHM POCTA ITOKCHJIATOB CHHUpPTA. Pa3zmudme B CKOPOCTAX STUICHOKCHAOB C Pa3THYHBIM
KOJINYECTBOM OKCHITHJICHOBBIX 3BEHBEB B IPOAYKTaX ATOKCHJIMPOBAHUS SBISETCS NPUUUHON

IMUKOBOI'O pACIIpCACIICHUA.

Kniouesvie crosa: mepkapOul, Karajinu3, OKCH]] TUIICHA.

Iutupoanne: byrenko, 9.0. Mepkap6ua kak KaTaau3aTop okcuankuianposanus cnuptos / D.0. Byrenko, A.E. Kamyctun //
Kypn. Cub. denep. yn-ra. Xumus, 2020. 13(3). C. 330-339. DOI: 10.17516/1998-2836-0186

1. Introduction
The ethoxylation of aliphatic alcohol has been utilized for the commercial production of non-ionic
surfactants [1]. Similar types of ethoxylation for other organic compounds having active hydrogens
have been also applied in the production of various wetting and emulsifying agents [2]. Ethoxylation of
aliphatic alcohol, long-chain alkyl group, #: mole ratio of EO/ROH:

N

ROH +CH,CH,0 —— ROCH,CH,0H —£> RO(CH,CH,),0H .

In the ethoxylation of aliphatic alcohols, homogeneous basic catalysts, such as NaOH, KOH or
NaOCHj3;, are generally used to facilitate ethylene oxide (hereafter abbreviated as EO) insertion to
the alcohols at relatively low temperature and pressure [3-4]. In this homogeneous type of alcohol
ethoxylation, distributions of oxyethylene units (—-CH,—CH,—O-) in the ethoxylated product mixture
are much broader than the statistical Poisson-type distribution [4-5] which can be calculated by Eq.
(I). The main cause of the broad distributions in the homogeneous ethoxylation has been explained

as the formation of intramolecular complexes between alkali metal ions and the terminal oxygens of
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alcohol ethoxylate during the ethoxylation reactions. This phenomenon effect contributes in stabilizing
ethoxylated oligomers and enhancing the ethoxylation rate of the oligomers to broaden the product

distribution:
n

[RO-(CH,CH,0-),H] = [ROH], e'“'%.

where R is the alkyl group, n is the number of oxyethylene groups, u is the average mole ratio of EO/
ROH and [ROH]j is the initial ROH concentration.

Regarding the oxyethylene unit distributions in the aliphatic alcohol ethoxylation, the statistical
Poisson-type distribution is still far from satisfactory since the Poisson-type distribution always
accompanies a considerable amount of free alcohol and less valuable alcohol ethoxylates which are
either too short or too long [6-8]. Recently, much attention has been focused on this field to reach the
narrower oxyethylene distribution than the Poisson-type distribution using various solid ethoxylation
catalysts. The narrow-range alcohol ethoxylates are supposed to be environmentally benign and
suitable for production of high quality final products [9-12].

This problem can be solved by using the mercarbide as an ethoxylation catalyst. Mercarbide,
[CHg4O,](OH),, is a mercury derivative of ethane in which all of the ethane hydrogen atoms are
substituted by mercury atoms [13]. Mercarbide exhibits basic and anion exchange properties. The
scientific interest in mercarbide arises from its unique properties and amazing stability. Thus
mercarbide does not undergo changes in the presence of acids and bases and is stable towards
oxidizing and reducing agents. Even long heating in HNO;/HCI does not result in visible changes in
its structure.

In this paper, we report about the catalytic properties of mercarbide in methanol and heptanol
ethoxylation and we propose a surface ethoxylation scheme that is plausible for the explanations of the
narrow oxyethylene unit distribution of the products and the dependence of catalytic activity on the
mercarbide interlayered compositions.

For these purposes, we use well-defined mercarbide materials and ideal surface models for the

interpretation of catalytic properties.

2. Experimental

Methanol and heptanol were of reagent grade and were purchased from Fluka. Ethylene oxide of
99,5% were supplied from Aldrich and used as received.

The synthesis of mercarbide was carried out by the precipitation method using mercury oxide and
alcohol [13]. A typical synthesis was the following. 300 ml of ethanol, 150 g of yellow mercury oxide
and 30 g of potassium hydroxide were put into 500 ml glass reactor. A reactor was painted in black for
the removal of influence of sun light on the reaction undergoing (in the unscreened part the formation
of metallic mercury was observed). The reaction mixture was heated at 363 K for 36 h vigorously
stirring, filtred, and then washed with distillated water, alkali solution and nitric acid. The obtained
materials was washed with distillated water and then was drying in vacuo at 298 K.

The strength and concentration of basic sites were determined by indicator method [14]. Acid-
base indicators change their colors according to the strength of the surface sites and pKgy values of the
indicators. The strength of the surface sites are expressed by an acidity function H,. The H, function

is defined by the following equation:
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Hy = pKgy + 1g [B)/[BH],

where [BH] and [B] are, respectively, the concentration of the indicator BH and its conjugated base,
and pKpy is the logarithm of the dissociation constant of BH.

The reaction of the indicator BH with the basic site B is the following:

BH+B =—= B + BH'.

The amount of basic sites of different strength can be measured by titration with benzoic acid. A
sample is suspended in a nonpolar solvent and an indicator is adsorbed on the sumple in its conjugated
base form. The benzoic acid titer is a measure of the amount of basic sites haning a basic strength
corresponding to the pKgy value of the indicator used.

The indicator method can express the strength of basic sites in a definite scale of Hj, but this has
disadvantages too. Although the color change is assumed to be the result of an acid-base reaction, an
indicator may change its color by reaction different from an acid-base reaction. In addition, it requires a
long time for benzoic acid to reach an adsorption equilibrium when titration is carried out in a solution.
In some case the surface of solid may dissolved into a titration solution. If this happens, the number of
basic sites should be overestimated. There for, special care should be taken with the indicator method.

Mercarbide at the OH-form has the yellow color, so it is very difficult to determine the basicity by
the direct method, therefor the method of titration in the presence of white comparison standard was
used [15]. Benzene was used as a solvent, calcined barium oxide was used as a comparison standard.
The followed indicators were used — bromothymol blue (pKa = 7,2), dinitroaniline (pKa = 15,0),
4-chloro-2-nitroailine (pKa = 17,2), 4-chloroaniline (pKa = 26,5). Mercarbide (1 g) was placed at the
glass filled with benzene and 0,01 M benzoic acid solution was used for titration; the concentration of
indicators was 0,1 g/1.

Ethoxylation was performed in a 20 ¢cm? batchtype glass cover stainless steel stirred pressure
reactor. The reactor was equipped with a magnetic stirrer and electric heating system. A typical
reaction procedure is illustrated as follows. Powdered mercarbide catalyst, alcohol and ethylene oxide
were charged to the reactor. The reactor was heated to set temperature within required time. After
then the reactor was immerged in cold water to cool the liquid product below 20 “C. The reactor was
disassembled and remaining alcohol and products were collected for analysis.

Liquid product was separated by filtration of crude product and was analyzed using a gas
chromatography method. Chrom-5 chromatograph with a flame ionization detector on capillary column
have been used. The mixed ethoxylated standard sample with definite concentration of ethoxylates was

used for quantitative analysis of oxyethylene unit distribution.

3. Results and discussion

The composition of mercarbide is given in Table 1. Finding data show the good accordance of
composition to the mercarbide formula [CHg4O,](OH),.

Mercarbide in hydroxide form is a solid base which represents polymeric matrix, carring positive
charge, localized on Hg atoms, and negative hydroxyl ions.

While titration of solid bases it is necessary to consider, if the basic sites located in inside
cavities of solid body can be reached by molecules of acid. The titration by Hammett showed, that in

presence of bromthymol blue (pK, = 7,2), the concentration of basic sites is E = 1,5 meq/g, as well as in
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Table 1. Element composition of mercarbide

Hg C H
Calculated, % 93,22 1,85 0,30
Analysis, % 93,05-93,10 1,80-1,83 0,33-0,34

Table 2. The concentration of mercarbide basic sites according to ionic exchange with alcoholates

Alcoholate

CH}O_

C2H50_

C3H70_

C7H150_

CoHps07

E, meq/g

1,35

1,38

1,22

0,95

0,11

2,4-dinitroanilin presence (pK,= 15,0). The results, received by the titration in presence of 4-clorine-
2-nitroaniline (pK, = 17,2) gave following values of basic sites concentration: E = 0,8 meq/g). The sites
with Hy = 26,5 intensity is not exists; indicator — 4-clorineanilin).

During the titration of hydroximercarbide by the solutions of sulphuric and hydrochloric acids,
the similar value of exchange capacity was calculated (E = 1,35 — 1,37 meq/g). The same result was
reached during the study of ionic exchange with chlorides. It is necessary to notice, that in case of
complete replacement of the hydroxide ions to the iodine anions, the theoretical value of capacity for
tetramercurmethane is E = 2,2 meq/g. The results of basic sites determination through the alcoholates
of different achohols is shown in Table 2.

The results, shown in Table 2, describe the prohibition of basic sites in mercarbide by
hydrocarbon radicals. So, one can calculated that for the prohibition of each site the increase of
hydrocarbon radical in 3 -CH,- groups required. Fig. 1 represents ethylene oxide consumption rates
for mercarbide catalyst.

The results of experiments at different initial concentration of catalyst are shown at Fig. 2.

1,8
C, mol/I
1,6
e \
1,2

1 \

0,8 -

0,6

‘\ °

0,4 \F -
0,2 —
t, min
0 T T T 1
0 20 40 60 80

Fig. 1. Ethylene oxide consumption rates of mercarbide catalyst (t = 100 °C; Ccy = 0,1 mol/I; Ceop: 1 — 1,6 mol/l,
2 —0,98 mol/l, 3 — 0,52 mol/l)
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Fig. 2. Heptanol ethoxylation in the presence of mercarbide (t = 110 °C, Co0 = 1,0 mol/l, C¢p: 1 — 0,5 mol/l, 2 —
1,0 mol/l, 3 — 2 mol/1)

0 In (Co/C) .
0,8 /
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0,6 / _®
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0,4 / / 2 o

0,1 -
0 e T T T T T 1

Fig. 3. Heptanol ethoxylation in the presence of mercarbide at different temperatures (Cy = 3 mol/l; Ceo9 = 1,0
mol/l, t: 1 — 100 °C, 2 — 110 °C, 3 — 115 °C)

The “concentration of catalysts” is the concentration of active sites in the reaction solution. It can

be calculated as
CC’dt = Em/V,

where E is the mercarbide capacity, meq/g; m — the mass of mercarbide, g; V — the volume of reaction
mixture.

The kinetic experiments show that the reaction is first order with respect to ethylene oxide,
mercarbide and alcohol (Fig. 3).

(Reaction was studied in excess of the alcohol, but it is known [2-5] that the ethoxylation reaction

is first order to alcohol). The kinetic equation is the followed:

dC
- ? - kceo Calc Ccat:
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where C,, is the concentration of ethylene oxide, mol/l; C,. — the concentration of alcohol, mol/I.
This equation is corresponded with the followed mechanism of interaction of ethylene oxide with
alcohol in the presence of solid base. This equilibrium is defined by the concentration of the alcohol

and its acidity. Alcohol ethoxylation reaction mechanism:

i—OH + HOR' —= E—OR' + H,0
| I
—C—C— + ROH == — & V~—
/ \/

----H----OR
§OR C (|3 — RCHCHOH+RO§
z=—OR + —C—C— '-CH,-CH,- —=
z \/ :

O----H---- OR

The interaction of the alcohol reactant with ethylene oxide proceeds through a threemolecular
transition state. In the first stage the ethylene oxide ring is activated by formation of hydrogen bonding.
The activated C---O bond is opened by nucleofilic attack of the surface alkoxide OR’. Similarly a two-

step mechanism can be envisaged. Alternative two-step mechanism of ethoxylation:

OR + —C—C— === RO-CH,-CH,-

IIIIII| "
IIIIIlJ“IH

RO-CH,-CH-O—= + ROH —» RO-CH,-CH,-OH + RO—

Because of the equilibrium is defined by the concentration of alcohol and its acidity, and all
alcohols, except methanol, are less acidic than water, so reaction according to the followed scheme can

occur. Threemolecular mechanism of ethoxylation:

—> R-CH2-CH2-OH + HO

||||||] n

o
T

+

|
|
@)

|

From experiments at various temperatures it was established, that the reaction proceeds in the
kinetic area and the activation parameters of reaction (Table 3) were determined.
The high reaction rate of methanol ethoxylation is explained by the high acidity of this

alcohol.

Table 3. Kinetic parameters of alcohol ethoxylation reaction in the presence of mercarbide as catalyst

Alcohol k -10* 1/mol?-s (100 °C) E, kJ/mol
Heptanol 1,71 77+3
Methanol 77 64 + 4
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The process of alcohol ethoxylation in the presence of mercarbide at high concentration of ethylene

oxide can be represented by the followed scheme of consecutive-parallel reactions:

GHO  CH,0
ROH CZ%O» RO(C,H,0)H CZTHI‘Q RO(CHO)H  ~K> . 5> RO(C;H,0),H.
In general, the polyethoxylation reaction rate duscribed by the followed equation:

dCe, ,
dt =k Ceo Calc Ccat z P,

where p is the density of reaction mixture increasing with the increase of ethoxylation degree.
The coefficient Z takes into account the mole part of each ethoxylated product in the reaction

mixture.
Z =n, + bin; + by(Xn;-ny-ny),

where b; and b, are the distribution coefficients, b; = ky/ky; by, = ky/k.

Studies of the composition of products obtained in ethoxylation show that the rate constants of
these reactions starting from the third step are similar.

Thus the composition of products of ethoxylation process relies on two parameters — the
correlations of the concentrations of alcohols (including ethoxylated products) to the concentration
of ethylene oxide and on the correlation of rate constant on every stage of polyaddition. For
example for basic homogeneous catalyst the distribution coefficients of alcohol ethoxylation are
by =2-3; b, = 3-4.

The use of basic heterogeneous catalysts allows to diminish the distributing coefficients due to
the porous structure of catalyst. A diffusion for the molecules of greater molecular weight is decline
of in the pores. The reaction rate goes down for products and is increased for the initial sudstences.
Distribution of reaction products on the molecular weight becomes narrow. Chromatographic analysis
of reaction products allowed to define the distribution coefficients (Table 4).

From the data (Table 4) it is visible, that for metanol the distribution coefficients are similar to the
same for homogeneous basic catalysis. Distribution coefficients for heptanol considerably smaller, their
values approach the coefficients for the acid catalysis (b;=b,=1). A cause of this is space difficulties,
arising up in case of penetration of alcohol molecules into the pores of catalyst.

Mercarbide has a layered structure. The polymeric trimercurated oxonic ion [OHg;CCHO]",
forms two structures, one has a pillared structure, the other has polymeric planes [13]. The reliable
structure is the polymer, in which present both trimercurated and monomercurated oxonic ions, with a
formula [CHg,O(OH,)] (OH),. The basic sites of Bronsted type are in the interlayered space.

Indirect confirmation of our supposition is very low rate of ethoxylation of alcohols with bulky

hydrocarbon radicals. For example, for 2-butylheptanol the rate of reaction is about the non-catalytic

Table 4. Distribution coefficients for different alcohol

b] b2
Methanol 2,3+0,2 4,3+0,5
1-Heptanol 1,3+0,7 2,1+0,3
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reaction, because of impossibility of penetration of alcohol molecules to the active sites in the inner
space of catalyst.

In addition, the blocking of neighbouring active sites is by the growing polyethoxylated links in
the heterogeneous catalyst take place. Blocking of active sites by polyethoxylated radicals (“B” — basic

active site):

“OCH;4 R-0(B) O(CHZCHZO)(CHZCHZO)
RO(CH,CH,0)(B)/ ~ B ~_~_~_B)

Blocking of active sites by the long radicals also explains that fact, that reaction rate of methanol

ethoxylation is higher then for heptanol. In this case the blocking of active sites is absent.

We assume, that length of one group -CH,CH,0- is approximately equal to the length of three
CH,- groups. The results of change of ion-exchange capacities depends on the lengths of alcohol
radical are reported in Table 2. Thus, it is possible to estimate the distance between the active sites in
mercarbide. It averages equal about three -CH,- groups. The closed results were obtained and for other

heterogeneous catalysts [12, 16].

4. Conclusions

Mercarbide catalyst was studied for the ethoxylation of methanol and heptanol. Mercarbide
catalyst is very active for the narrow-range ethoxylation of heptanol, but nof for methanol. The narrow
distribution of oxyethylene units in the heptyloxylates is elucidated by the constrained reaction in
the inner space of mercarbide catalysts. The large activity difference of mercarbide for methanol
ethoxylation may be correlated with the numbers of active sites at the closed distanse. The small
activity difference of mercarbide for heptanol ethoxylation may be correlated with the blocking of
active sites by the long ethoxylated radicals.

Mercarbide is an excellent basic heterogeneous catalyst for the processes of organic and
petrochemical synthesis. However, the word «mercury» scares the engineers and production workers.
They consider, that because of a mercury is a toxic element, and is avoided as usage in chemical
processes from the point of view of green sustainable chemistry. Actually, the absence of protons in
mercarbide does impossible the formation of methylmercury. This does the mercarbid quite inoffensive

catalyst for the green chemistry processes.
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Abstract. The electronic state and character of exchange interactions of nickel and chromium atoms in
solid solutions of BisNb;_;xM3,05.5 (M-Cr,Ni) was researched by methods of magnetic susceptibility
and NEXAFS-spectroscopy. NEXAFS spectra of nickel and chromium oxides were obtained.
According to X-ray spectroscopy in solid solutions, chromium atoms are mainly in the charge state of
Cr(III), and nickel atoms in the high-spin state of Ni(Il) in octahedral coordination. In solid solutions,
paramagnetic chromium and nickel atoms are present in the form of monomers and clusters with a

common antiferromagnetic type of exchange.
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Annomayusa. Metonamu MarHuTHOM BocnipuuMunBocTd 1 NEXAFS-cnekrpockonuu uccienoBaHo
3JIEKTPOHHOE COCTOSIHHE U XapaKTep OOMEHHBIX B3aUMOCHCTBUIT aTOMOB HUKEJIS M XpOMa B COCTaBE
TBepABIX pacTBOPOB BisNbs 3,M3,015_5 (M-Cr,Ni). [Toryuersr NEXAFS-criekTpbl OKCHIOB HUKETS U
xpoMa. 1o JaHHBIM PEHTTEHOBCKOM CIIEKTPOCKOIHH, B TBEP/BIX PACTBOPAX aTOMBI XpOMa HAXOISITCS
npeuMyImiecTBeHHO B 3apsgoBoMm coctosHmu Cr(II), a arompl HUKeNIs — B BBICOKOCIIMHOBOM
cocrossuuu Ni(Il) B okTasapuyeckoii koopauHauu. B TBepAbIX pacTBOpax napaMarHuTHbIE aTOMBI
XpoMa M HUKEJIS IPHUCYTCTBYIOT B ()OPME MOHOMEPOB M KJIACTEPOB C OOIHUM aHTH(EPPOMATHATHBIM

THUIIOM OOMeHa.

Kniouegvie cnosa: obmennble B3aumoneicTBus, NEXAFS-crnexkTpockonus, MeToa MarHUTHOTO

paz0aBieHUS.

Huruposanue: Bacunbera, N1.D. NEXAFS-cnekTpsl 1 MarHuTHasi BOCIPUUMYUBOCTh HHOOATa BUCMYTa, JOMHPOBAHHOTO
HukeneM u xpomoM / M1.3. Bacunbesa, C.B. Hekunenos, b.A. Maxkees, A.I. Kpacuos, H.A. XKyx // XKypn. Cub. penep. yu-ta.
Xumus, 2020. 13(3). C. 340-348. DOI: 10.17516/1998-2836-0187

Introduction

The Aurivillius phases are a large family of bismuth-containing layered perovskite-like
compounds whose composition is described by the general formula (Bi,0,)(A;.1B,O3,11), Where
Bi,0, are bismuth oxygen layers and A, ;B,O;,: are perovskite-like fragments consisting of
bounded tops of octahedrons BOg with placement of large cations A in cuboctahedral voids between
them [1-7]. The value of the coefficient n in this formula corresponds to the number of octahedrons
BOg by the thickness of a perovskite-like fragment and can vary from 1 to 5 and more. Along
with usual layered compounds there are also so-called mixed or hybrid layered compounds (Bi,O;)
(An1B1uOsp41)- - -(B102) (A 1BinOsme1), in the structure of which the perovskite-like fragments of
different thickness alternate. Bismuth niobate BisNb;O,;s belongs to the mixed layered compounds,

whose structure is characterized by an ordered alternation of fragments one and two niobium thick —
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oxygen octahedron, so that its structure can be described as (Bi,0,)(NbO,)(Bi,0,)(BiNb,O,), when
n=1 u m=3 [4, 7-11].

Continuing interest for several decades in layered compounds like BisNb;Oysis due to the
prospects of their practical use as catalysts, elements of devices of non-volatile ferroelectric memory
(FRAM), ion conductors and multiferroics. The wide range of possible applications of Aurivillius
phases is determined by low dielectric permeability, high Curie temperatures and low degradation
rates of materials based on them [7-10].

Previous studies of solid solutions of bismuth niobates with a layered perovskite-like structure have
led to the assumption that heterovalent substitution of niobium by less valence atoms is accompanied by
partial oxidation of paramagnetic atoms, while in concentrated solutions, stabilization of the structure
occurs through the formation of aggregates from paramagnetic atoms [12, 13]. Information on the
charge state of paramagnetic atoms was obtained earlier from EPR studies and analysis of magnetic
behavior of solid solutions. The presented work shows the results of investigation of the electronic
state and exchange interactions between paramagnetic atoms in solid solutions based on BisNb;O,5 by

magnetic dilution and NEXAFS-spectroscopy.

Objects and methods of research

Synthesis of samples of solid solutions of bismuth niobate was carried out by a standard ceramic
method from bismuth oxides (I1I), niobium (V), nickel (II) and chromium (III) by step-by-step firing
at temperatures of 650, 850 and 1050 °C. The phase composition of the studied preparations was
controlled by X-ray analysis (DRON-4-13, Cug,-radiation); parameters of solid solutions elementary
cell were calculated using CSD package [14]. The magnetic susceptibility of solid solutions was
measured by Faraday method in the temperature range 77 — 400 K at 16 fixed values of temperature
and magnetic field strength 7240, 6330, 5230 and 3640 E. The accuracy of relative measurements
was 2%. Samples of solid solutions were studied by X-ray absorption spectroscopy (NEXAFS — Near
Edge X-ray Ab-sorption Fine Structure) using synchrotron radiation from the BESSY II storage device
(Berlin, Germany). NEXAFS spectra were obtained using Total electron yield (TEY) [15].

Results and discussion

The chromium (nickel)-containing solid solutions BisNb;_3,M;3,05.5 (M-Ni, Cr) have been studied
with 0.005 <x < 0.06. The single-phase nature of the samples was proved by the methods of scanning
electron microscopy and X-ray analyses (Figs. 1, 2). Solid solutions of BisNb;_3xNi3;Oys.5 (x < 0.02)
can be crystallized in tetragonal syngony (sp. gr. P4/mmm), unit cell parameters with x=0.005 are:
a=0.5471, ¢=2.0960 nm (BisNb;Oys_sp. gr. P4/mmm, a=0.547, ¢=2.097 nm [4]); as nickel content
increases, monoclinic distortion of the unit cell emerges at 0.02<x<0.06. Monoclinic distortion of
the tetragonal cell of the solid solutions BisNb;O;s was established in previous works [16, 17] and is
associated with formation of atomic defects in the structure. The X-ray patterns of the solid solutions
were interpreted based on the space group P 2/m [16, 17]. The unit cell unit cell parameters with x=0.06
are: a=0.5482 nm, ¢=2.1020 nm, »=0.5458 nm, the o angle changes from 90° to 90.70°. Solid solutions
of BisNb;3,Cr30;5.5 (x<0.02) can be crystallized in tetragonal syngony (sp. gr. P4/mmm), unit cell
parameters with x=0.005 are: a=0.5469, ¢=2.0960 nm. The unit cell unit cell parameters with x=0.06
are: @=0.5473 nm, ¢=2.099 nm, 5=0.5463 nm, the a angle changes from 90° to 90.44°.
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Fig. 1. X-Ray pattern for BisNb; 3,M;,0;5_5 (M-Cr (a) and Ni (b)) at x=0 (1), 0.01 (2), 0.02 (3), 0.04 (4)
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Fig. 2. Microphotographs of the surface of the samples BisNb, gsM(1,0;5.5 (M-Cr (a) u Ni (b)) in the mode of
secondary and elastically reflected electrons

To determine the charge state of chromium and nickel atoms, samples of solid solutions were
examined using NEXAFS-spectroscopy using a BESSY-II synchrotron source. All NEXAFS spectra
were recorded in total electron yield (TEY) mode. Figure 3a shows the absorption spectra of nickel
atoms in BisNb;3,Ni3Oy5.5 and nickel oxide(II). As can be seen, the spectrum of nickel in bismuth
niobate is similar in intensity and energy position of the main peaks with corresponding details of
Ni2ps); spectra NiO. Comparison of the theoretical spectrum given in paper I. Preda et al. [18], with the
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experimental allows to conclude that the NEXAFS spectrum of nickel in BisNbs;_3,Ni3Os.5 has the
same line form with the spectrum of high-spin Ni(II) atoms in octahedral environment. It is important
to note that nickel atoms are characterized by the crystal field of octahedral symmetry, which means
that the position of niobium(V) is replaced. The shift of Ni2p;,-spectra for BisNb; 3,NizO;5_5 to the
region of larger photon energy values may be due to a smaller value of the crystal field parameter, as
indicated in [18].

NEXAFS Cr2p spectra are shown in Fig. 3b. The spectra of oxides Cr,O; and CrO,, CrO; [19]
are given for comparison. As can be seen from the figure, the main details of the Cr2p spectrum
for BisNb;_3,Cr3Oy5.5 coincide with the Cr,Os5 spectrum both in terms of the energy position of the
main bands (A — D) and their relative intensity. Moreover, in Cr,0O; oxide (corundum structure)
chromium atoms have octahedral environment, while in CrO, and CrO; chromium has tetrahedral
environment.

Meanwhile, in the Cr2p spectrum for BisNb;.3,Cr3O;5.5 there is an additional influx of E
(580.5 eV), which is absent in Cr,O spectra, but its energy position correlates well with the position
of the corresponding intensive peak in CrO; spectrum. This suggests that chromium atoms may be
in crystalline fields of different symmetry and charge states (III) and (VI). The largest fraction of
chromium atoms in solid solutions is in the octahedral state Cr(III), i.e. at positions Nb(V).

In order to study the nature of metabolic interactions and the electronic state of nickel and chromium
atoms, magnetic susceptibility of samples of diluted solid solutions was studied. Paramagnetic components
of magnetic susceptibility and values of effective magnetic moments of nickel and chromium atoms at
different temperatures and for different concentrations of solid solutions were calculated based on
measurements of magnetic susceptibility of solid solutions. Diamagnetic corrections in the calculation of
the paramagnetic component of the magnetic susceptibility have been introduced taking into account the
susceptibility of the BisNb;O;s bismuth niobate matrix measured in the same temperature range.

It is established that the dependence of the inverse value of the paramagnetic component of the
magnetic susceptibility calculated for one mole of paramagnetic atoms on the temperature for all solid

solutions is subject to the Curie-Weiss law in the investigated temperature range. Constant Weiss

1 a 1 b
| /\ NiZp,, _
|
= / 2
« A ~ o ol
> / SO [\ | BisNb3.3,Cr3x015.5
& / : &= r N/ N\ Cr,0,
[ et | BVANVEPAN
| WwM \ BigNb3_3,Ni3yOj5.5 /‘P/ \\\/\\ o Cr0,
/ N\ \
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Photon energy, eV Photon energy, eV

Fig. 3. a) NEXAFS Ni2p-spectra NiO and BisNb;_3Ni3Ojs.5 (x=0.04); b) Cr2p-spectra BisNb;_3,Cr3,O15.5
(x=0.04) and CrO; [28], CrO, [29], Cr,04
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for both series of solid solutions takes negative values that is a sign of antiferromagnetic exchange
interactions.

Paramagnetic isotherms of the magnetic susceptibility of nickel [}?%(Ni)] atoms in
BisNb; 3,Ni3O5.5 solid solutions are typical for antiferromagnetics (Fig. 4a). The value of the effective
magnetic moment of nickel atoms calculated as a result of extrapolation of concentration dependencies
of [?*%(Ni)] on infinite dilution of solid solutions increases with temperature from p.(Ni) = 4.43 uB
(90 K) to 4.82 uB (320 K) and exceeds the purely spin magnetic moment values of nickel (II) atoms
(2.87 uB), Ni(IlI);,; (3.87 uB) or Ni(III),; (1.87 uB). Such a behavior of the magnetic moment of nickel
in solid solutions can only indicate that in infinitely diluted solid solutions are formed exchange-
bound units with antiferro-and ferromagnetic types of exchange from nonovalent atoms Ni(IIl),-3, and
Ni(II). A similar situation was observed earlier for nickel-containing solid solutions of barium-bismuth
niobate Bi,BaNb, Ni,O;s5-5 [20]; the effective magnetic moment of nickel atoms in them is much larger
and varies from 5.15 uB (90 K) to 5.46 uB (293 K). Such high values of the magnetic moment of nickel
were explained by the formation of dimers with ferromagnetic type of exchange due to local distortions
of the polyhedral environment, which then collapse into a tetramer with a common antiferromagnetic
type of exchange. It is noteworthy that such strong cluster formation is observed for barium-containing
niobates, once again confirming the thesis about the influence of barium on the degree of clusterization
of paramagnetic atoms in the structure of barium-bismuth niobate [13]. In solid solutions based on
BisNb;Oy5 everything is limited to the formation of dimers with ferromagnetic type of exchange, the
proportion of which decreases with increasing concentration of solid solutions, yielding to dimers from
Ni(II) atoms with antiferromagnetic type of exchange (Fig. 4b).

Thus, nickel atoms in solid solutions are mainly in the form of monomers and aggregates from Ni(II)
atoms in the high spin state. In highly diluted solid solutions, nickel atoms are partially oxidized to the
Ni(IIT) state and aggregated into clusters of heterovalent nickel atoms with a common ferromagnetic
type of exchange. With increasing concentrations of solid solutions, dimers are aggregated in
clusters with a common antiferromagnetic type of exchange, or inferior to the number of dimers with
antiferromagnetic type of exchange, the appearance of which is favorable to the peculiarities of the

crystal structure of solid solutions.
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Fig. 4. a) Paramagnetic component isotherms of the magnetic susceptibility of nickel in the solid solutions
of BisNb;3,NisOjs5-5; b) Temperature dependencies of the effective magnetic moment of nickel atoms in
Bi5Nb3_3XNi3XOI5-5 at XZO.OOS, 001, 0.04 and 0.06
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Fig. 5. a) Paramagnetic component isotherms of the magnetic susceptibility of chromium in the solid solutions
of BisNbs 3,Cr3,O15-5; b) Temperature dependencies of the effective magnetic moment of chromium atoms in
BisNbs_3,Cr3,O;5-5 solid solutions at x=0.01, 0.03 and 0.06

The isotherms of the paramagnetic component of the magnetic susceptibility of chromium in
solid solutions [y”*“(Cr)] are shown in Fig. 5a and have a form typical for diluted antiferromagnetics.

The value of the effective magnetic moment of chromium atoms calculated as a result of extrapolation
of concentration dependencies of [ y”*"“(Cr)] on infinite dilution of solid solutions increases with temperature
from pep(Cr) = 3.75 uB (90 K) to 4.00 uB (320 K) and slightly exceeds the purely spin value of the magnetic
moment of chromium(III) atoms (3.87 uB). The dependence of magnetic moment on temperature indicates
the presence in an infinitely diluted solid solution of clusters, dimers, of chromium atoms with antiferro —
and ferromagnetic type of exchange. With increasing concentration, the proportion of antiferromagnetically
bound clusters increases, which can be judged by the temperature dependence of the magnetic moment of
chromium atoms in the entire concentration range (Fig. 5b).

The appearance of indirect antiferromagnetic type of exchange between chromium atoms is
beyond doubt. First, the angle of connection between chromium atoms, which are metabolically
bound, located in oxygen octahedrons of perovskite-like layers, is 180 degrees, which favours
dxya

d . The appearance of ferromagnetically bonded dimers from chromium atoms in an infinitely

the overlapping of atomic orbits of chromium and oxygen through exchange channels dxy’ p,

d_|p,

pv4
diluted solution is possible due to geometric distortions in the polyhedral environment of chromium

atoms caused by oxygen vacancies due to heterogeneous substitution of niobium atoms with less

valence — chromium atoms, then ferromagnetic exchange channels are activated, for example,

dy|p, Lp.]d..

Conclusion

Nickel and chromium-containing solid solutions of bismuth niobate in a narrow concentration
range (x<0.06) were obtained by the solid phase method. According to the magnetic susceptibility
study it was found that the infinitely diluted solid solutions are mainly high spin atoms of Ni(II)
and Cr(III) and their aggregates with antiferromagnetic type of exchange, the proportion of which
increases with increasing concentration of paramagnetic atoms. According to NEXAFS-spectroscopy
data, nickel and chromium atoms in solid solutions occupy octahedral positions and have the charge
state of Cr(I1I) and Ni(II).
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Abstract. Silica based adsorbent sequentially modified with polyhexamethylene guanidine and
7-iodine-8-hydroxyquinoline-5-sulfonic acid (Ferron) was proposed for adsorption-photometric and
test-determination of Fe(III) in natural water. During adsorption of Fe(Ill) from solutions with pH
2.0-3.5 adsorbent became green colored. Formation of green-colored surface complex of Fe(III) with
Ferron with the maximum in diffuse reflectance spectrum at 600 nm was used for developing the
procedure of its adsorption-photometric determination. Detection limit calculated by 3s-criterion was
0.03 pg/0.1 g of adsorbent (3 pg/L if the adsorption was carried out from 10 mL of solution); the
analytical range was 10 — 220 pg/L. Test-method was proposed for quick visual determination of
Fe(III) in natural water in the variant of test-scale. Developed procedures were tested for determination

of iron in natural river water of Krasnoyarskii kray and mineral water “Zagorie”.
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Copouuonno-goromerpuueckoe u tect-onpenenenune Fe(Ill)
B IPUPOAHBIX BOAAX € HCIOJIb30BAHHEM KpPeMHe3ema,
MOCJIOMHO MOAM(PUIMPOBAHHOIO

NOJIMTreKCAMETHJIEHTYAaHUAUHOM U ¢eppoHOM

C.JIL. Innyx-lllaxpuna, O.B. byiixo, B.H. JloceB
Hayuno-uccneoosamenvckuii unsceneprwiti yenmp « Kpucmanny
Cubupckozo ghedepanvroco yHueepcumema

Poccuiickaa ®@eodepayus, Kpacnosapck

Annomayus. CopOSHT Ha OCHOBE KpeMHe3eMa, IOCIIe0BATENIbHO MOAM(DUIIMPOBAHHBINA TOJUIEK-
CAMETHJICHTYaHUIMHOM H 7-HOJ-8-OKCUXHHOIHH-5-CyTb()OKUCIOTON ((PeppOoH), MPEIIIOKEH s
copburoHHO-(poToMeTprueckoro u tecr-onpeaenacuus Fe(IIl) B mpupomgusix Bomax. B mpomecce
copomuu Fe(I11) u3 pactBopos ¢ pH 2.0-3.5 mponcxonuT okpamrBanue copoeHTa B 3eJ1eHbli nset. O0-
pa3oBaHue OKpalIeHHOro nopepxHoctHoro komruiekca Fe(1ll) ¢ peppoHoM ¢ MakCHMyMOM B CIIEKTpe
nuddysHoro orpaxenus npu 600 HM IOJI0KEHO B OCHOBY pa3padOTKH METOJUKHU €ro COpOIIHOHHO-
(doromerpuueckoro omnpezeneHus. [Ipenen oOHapyKeHUsI, pACCYUTAHHBIN 110 3S-KPUTEPHUIO, COCTAB-
nstet 0.03 Mxr/0.1 r copbenta (3 MK/, ipu copOruu u3 10 Mt pacTBOpa), AHAMA30H OMPEACTIIEMBIX
cozaeprkanuii cocrasisier 10 — 220 mxr/1. [IpensioxkeHa TecT-MeTOMKa AJIsl BU3YaIbHOI'O IKCIIPECCHO-
ro onpexenenus Fe(I1l) B npupoaHbIX Borax B BapuaHTe IIBETOBBIX IIKaJI. Pa3zpaboTaHHbBIE METOAUKHI
OIpoOOBaHBI IPH OIPEACICHUH XKejle3a B IPUPOHBIX BojiaX pek KpacHospcKoro kpasi U B MUHEPaib-

HOM Bozie «3aropbey.

Kurouesvie cnosa: copOIMOHHO-(POTOMETPUYECKOE OIpeneseHne, TecT-cucteMsbl, xene3o(lIl),

MOAM(UIUPOBAHHBIE KPEMHE3EMbI, (PEPPOH.

Hurtnposanue: Aunyx-Ulanpuna C.JI. Copbunonno-dporomerpuueckoe u Tect-onpeneneuue Fe(Ill) B mpupomHbix
BOJIaX C UCIIOJIB30BAaHHEM KpEeMHE3eMa, MOCIOIHO MOAH(UIIPOBAHHOIO ITOJIUICKCAMETHIICHIYaHHINHOM U (heppoHOM /
CJL. Aunyx-lUlanpuna, O.B. Byiiko, B.H.JloceB // XKypu. Cu6. ¢enep. yn-ta. Xumwms, 2020. 13(3). C. 349-362.
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BBenenne

Xene3o oTHOCHTCSI K OMOAKTHBHBIM METaJlJIaM U UTPAeT BAXXHYIO POJIb B )KU3HU PACTCHUH, KH-
BOTHBIX M yenoBeka. IIIupoko pacmpocTpaHeHO B OKpy Kaloliel cpele B CTENEHAX OKHUCICHUS +2
n 13, mpu4eM B IPUPOAHBIX Ha3eMHBIX Bofax coxepkanue Fe(IIl) sHaunTenbHO mpeBbIIIaeT coaep-
xanue Fe(Il) [1]. [lpucyrcTBue MOHOB jkene3a B MPUPOJHBIX M OBITOBBIX BOAX OOYCJIOBJICHO Kak
MIPUPOIHBIM, TAK ¥ AaHTPOIOTCHHBIM IPOMCXO0XKICHUEM, B PE3yJIbTaTe MCIIOIb30BAHMS B CEIILCKOM
U IOMAIITHEM X031 CTBE, TPOMBIIIJICHHOCTH, CTPOUTEIBCTBE, MEAHIIIHE.

[oBeIIEHHOE COzlEpKAHME JKelle3a B T THEBON BOJIE HE TOJIBKO yXY/IIIAET €€ OpraHoJIeITHYe-
CKHe TTapaMeTpBl, HO U MOXET HETaTHBHO CKa3bIBaThCS HA COCTOSIHHE 310pOBbs [2]. B HacTosmee

Bpems B Poccun [T/IK xenesa cocrapnsier 0.1 u 0.3 Mr/im miist ppiO0X03sHCTBEHHBIX U KYJIBTYPHO-
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OBITOBBIX BOJI COOTBETCTBEHHO, a corlacHO BecemupHoii opranusaiiuu 3apaooxpaneHus (BO3)
U eBPONCHCKIM HOpMATHBAM JIJI MUTheBO# Boxbl — 0.3 u 0.2 mr/i 3, 4].

VYike TpaauIMOHHBIMU IS OPEACTICHHS JKee3a CTadld aTOMHO-CIEKTPOCKOIMHMYECKHe 1 Macc-
CIEKTPOMETPHYECKHE METOMBI [5], KOTOpBhIE OTIMYAOTCS HU3KUMU MpeeIaMu 00HApYKESHUS U XO-
potiieii BOCIpOM3BOIUMOCTBIO PE3YJIBTATOB, HO TPEOYIOT KBANH(DUIIMPOBAHHOTO IIEpCOHAA, IOPOro-
CTOSIIIIETO 000PYAOBAHUS, X 3aTPYAHUTEIHHO UCIIOIH30BATh B TIOJIEBHIX YCIOBUAX, a TAKIKE JUIST HUX
MOYKET [TOHAIOOUTHCS CrieIHaIbHas MPOOOIOAr0TOBKAa 00pas3IoB.

B cBsI3M ¢ TOCTOSHHO BO3PACTAIONINM HHTEPECOM OOMECTBAa K JKOJIOTHYSCKOW OOCTAaHOB-
K€ aKTyaJbHa pa3paboTKa MPOCTBIX HKCIPECCHBIX HEJOPOrUX METOAMK C JOCTATOYHO HU3KHUMH
npenenamu obHapyxkeHus Fe(Ill), mocTymHBIX W mIs JIOACH, HE MMEIOIIHUX CIEIHAAIBHOTO 00-
pazoBaHUs B 00JaCTH aHAJIMTHYECKOW XUMHUHU. K TakuM MeToJamM MOXXHO OTHECTH COpPOLIMOHHO-
CHEKTPOCKONUYeCKre [6-9] u BU3yallbHBIC METONBI C HCIIOJIb30BAHHEM XEMOCEHCOPOB HIIH TECT-
cuctem [10-16].

Couerannue COpPOLMOHHOTO KOHIEHTPHPOBAHUSA C MOCICIYIONINM IIBETOMETPUYCCKUM FLIH
MOJIEKYJISIPHO-CIIEKTPOCKOITMUECKUM OIPEIeSICHUEM HETOCPEICTBEHHO B (da3e copOeHTa Mo3BOJISET
MONTy4aTh MpeneTsl 00HApYKEHUS Kele3a, COMOCTABUMBIC ¢ aTOMHO-CIIEKTPOCKOITHYSCKUMH METO-
Jnamu. B kauecTBe COpOCHTOB B TAKUX CIIy4asiX TPUMEHSIOT MOAU(UIIMPOBAHHBIE TOJTUMETAKPUIIAT-
Hble MaTpuUkI [7], neHononuypetansl [9, 15], oprannyeckue matpuusl (8, 10, 14] u Heopranuueckue
OKCHJBI [6].

Tecr-onpenencHue He TPEOYET CIEITUATBHOTO 000PYIOBAHUS, KOHIICHTPAIUS MUKPOKOMITOHCH-
Ta ONpeAeNAeTCs BU3yaJbHO CPAaBHEHHEM MHTEHCHUBHOCTH OKPACKH MM JIFOMUHECICHIINH C 3apaHee
pa3pabOTaHHOH TECT-IIKAIOH, IPH STOM MOTYT HCIIOIB30BaThCs KaK TBEPAbIC HOCHTEIH, TaK U KU/
KHE XEMOCEHCOPBHI.

B nmanHO# paboTe B KadecTBe COpOCHTA NI KOHIEHTpHpOBaHUS U onpeneneHus xemesa(lll)
UCIIOJIb30BAH KPEMHE3eM, IOCJICA0BATeIbHO MOAM(DUIIMPOBAHHBINA IMOJUTI€KCAMETHIICHTyaH!/ U~
HOM ¥ 7-HOJI-8-OKCUXHHOIHH-5-Cyb(oKuciaoToi (peppoH). B kadecTBe peareHTa mpeayioxkeH dep-
POH, TOCKOJIBKY M3BECTHO, UTO OH 00pa3yeT MHTCHCHBHO OKPAIICHHBII B 3€JEHBINH I[BET KOMILIECKC
¢ xxee3oMm(I1T) [17-19].

MarepuaJjibl U METOANKA

Peaxmuebt

Ucxonnerit pactBop 100 mkr/mn Fe(Ill) roroBunm paz6asnenmem I'CO (7835-2000 MCO
0294:2002 (1 r/mm?)) 8 0.1 M HCL.

PactBop monurekcamermienryanunua ruapoxiopuna (IICMI') HWecTHTyTa 3KONIOTO-
TexHoJoruueckux npodiem (MockBa, Poccuiickas Denepanus) ¢ koHeHTpanueit 7.5% mnonydninn
pacTBOpeHHEM TIperapara B JCHOHH30BaHHOW Boze. PactBop deppona (7-iion-8-oKCHXUHOIUH-S-
CyJb(hOKUCIIOTHI HaTpHeBas coiib) hupmbl Sigma-Aldrich ¢ konenTpanueii 0.1% roroBuIu pacTBo-
peHMEM Ipenapara B JEMOHU30BAHHON BOJIE, PACTBOPHI peareHTa ¢ MEHbIIeH KOHLIEHTpAuel — pac-
TBOPEHHEM HCXOAHOTO B ICHOHU30BaHHOH BOJIE.

Cunoxpom C-120 (pasmep wactuit 0.1-0.2 MM, yaenbHas HoBepxHOCTh ~ 120 M2/, cpeauuii qua-
MeTp mop ~ 45 um) pupmel «JIromurOGOp» (CTaBporosb, Poccust) HCHOIb30BaH B KAYSCTBE MATPHIIBI

JJIA TIOJTYYCHU S COp6eHTOB.
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B pa6ote ucnonszosanu HCI, HNO; «oc.4.», TOMOJHUTEIbHO OYHUIIICHHbIC IEPETOHKON Ha yCTa-
noske distillacid™ BSB-939-IR (Berghof). PacTBOpbI KUCIIOT ¢ MEHBIIUMHU KOHIIEHTPALUSIMU TOTO-
BWJIM Pa30aBJICHUEM UCXO/IHBIX PACTBOPOB ICHOHM30BAHHOI BOJIOH.

JleMOHM30BaHHYIO BOIY C YAEIbHBIM CONPOTUBJIeHHEM 18.3 MQcem™!' mosnyyanu Ha ycTaHOBKe
E-pure D4642-33 (Barnstead International).

Obopyoosanue

CnexTpsl oronieHus pactsopos deppona n komrmiekca Fe(Ill) ¢ pepponom perucrpuposann
Ha cnekTpodoromerpe Lambda 35 (Perkin-Elmer, CIIIA). Cnexktpsl auddy3Horo orpaxkenus Ha 1mo-
BEPXHOCTH copOeHTa peructpupoBaiu B auama3zone 380 — 720 uM Ha cnekTpodoTomerpe «Ilynb-
cap» (HITO «XumaBTromarukay, Poccust). Criektpsl Auddy3HOro orpakeHus CTpOHIIN B KOOPIUHATAX
F(R) — A, toe A — nnvuHa BONHEL HM, a F(R) — pyrkius ['ypesuda-Kyoenku-MyHKa.

Konnenrpanuto Fe(Ill) B pacTBopax 10 U mociie COpOIUU ONPEaesIi aTOMHO-3MUCCHOHHBIM
C MHAYKTHBHO CBSI3aHHOM 1u1a3mMoit Mmetonom Ha criekrpomeTpe iCAP 6500 (Thermo scientific, CIITA)
0 TpajlyupoBOYHbIM rpadukam. [TocTpoeHune rpayMpoBOUHBIX TpaKOB U BCE pacyeThl POBO/IH-
JI¥ € TIOMOIIBIO ITPOrPaMMHOT0 odecredeHus npuodopa.

pH pactBOpoB 110 1 nocie copOIuu KOHTpoanpoBain nonomepom Seven Multi (Mettler-Toledo,
[IBetimapus).

[Mepucranpruueckuit Hacoc MasterFlex L/S (Thermo Scientific, CIIIA) ncriosnib30BaH aJis mpo-

KaqMBaHUs PACTBOPOB IIPH MOIYUYESHUN COPOCHTA.

Tlocnoiinoe mooughuyuposanue Kpemuesema

NONUSEKCAMUMENEHEYAHUOUHOM U (PEePPOHOM

JUtst akTUBHPOBAHUS TIOBEPXHOCTH KpeMHe3eM Maccol 5 r obpabdareiBaiu pacrsopom NaOH
npu pH 8-9 B Teuenue 2 4. 3aTeM NPOMBIBAIH IeMOHU30BaHHOM Bojoi 10 pH 7. Jlanee k copOeHTy
C TIOMOMIBIO MepHCTANBTHYEeCKOT0 Hacoca pobdasisumm 100 ma pactsopa I[II'MI (7.5%) co ckopo-
CTBIO NIOTOKA pacTBopa 2 mMii/MuH. [Tonyuenusiii copoent SiOQ,-III'MI" npombIBaiy IeHOHU30BaH-
HOM BOJIOHN 70 UCYE3HOBEHUSI MOJOKUTENBHOMN peakuuu npomMbiBHON Boabl Ha III'MI. [IpucyrcrBue
[II'MTI" B npOMBIBHO# BOJIE OIpeNeIsiii BU3yaJlbHO 10 CHHEMY OKpalllMBaHHUIO ¢ OpOM()EHOJIOBBIM
CHUHUM.

K nonyuennomy cop6enty mobasnsiau 100 mu pactBopa deppona ¢ KoHuentpauuei 2.5-10°—
2.2:10 M, nepemeinnsainu B redenue 30 mun. [Tocie pacTBOp JeKaHTHPOBAJIHM, 10y YE€HHbIA COPOEHT
SiO,-III'MI-¢heppoH pOMBIBaIN BOAOW M CYLIMJIM HAa BO3IYyXE B TE€UEHHE CYTOK. DTOT COPOEHT
HE TepsieT CBOMX COPOIIMOHHBIX CBOICTB B TEUEHNE MECSIIA.

KonTposns 3a pacnpeaencaueM GeppoHa OCYIIECTBIISLIH 110 aHAIU3y BOAHOHN (a3bl crieKTpodo-

TOMCTPUYCCKUM METOAOM I10 XapaKTCpPICTH‘IeCKOﬁ 0JIoCe pearcHra npu 430 HM.

Copbyuontoe KoHyenmpupogarue u copoyuoHHo-gomomempuieckoe

onpeoenenue Fe(Ill) ¢ ucnonvzoeanuem SiO,-I11'MIT-peppon

Copo6unto Fe(Ill) n3y4ann B craTHdeckoM peknme. J[s 3Toro B rpajgynpoBaHHbIE TPOOHPKH
¢ nputeproil mpoOkoi BHOcHIM 1 Mu pactBopa, cogepxkamiero 0.05-25 mxr/ma Fe(I1l), mobasisiiu

HNO; niu NaOH st co3ganmst HeoOX0AuMOTo 3HaueHUs pH, AHCTHITHPOBaHHYIO BOIY 10 00beMa
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10 mut. Baocunu 0,1 t copbenra SiO,-I1T'MTI-deppon, mpoOupku 3aKpbIBaliv MPOOKaAMHU U IIEpEMEIIU-
Basy B TeueHue 1-30 mMuH.

CopOeHT OTAEISIN OT pacTBOPA JEKaHTALIMEH, MOMeNall BO PTOPOIJIACTOBYIO KIOBETY, HU3Me-
psnu ko3 dunuent auddysnoro orpakenus. Korrpoins 3a pacupenenenuem Fe(I11) ocymectBisuim

ATOMHO-3MUCCUOHHBIM C HHAYKTUBHO CBSI3aHHOU MJ1a3MOM METOAOM.

Ombop u npobonoo2comosKa peaibHvlx 06pa3yos

u copbyuonHo-tomunecyenmuoe onpedenerue Fe(Ill)

B kauecTBe peasibHbIX 00BEKTOB HMCIOJIb30BaIM 00pa3ibl BoAbl pek bazanxa, Kaua, Yynbeim
1 MUHEpaJIbHOH BOJBI «3aropre». Peanyto Boxny (200 mi) ordupanu ¢ riayounst 0.5 M, unsrpoBain
yepes LesuToo3Hy Memopany (Millipore, 0.45 MKM), OAKHCISUTH a30THOHM KuciaoTod a0 pH 1
u xunstand B tedenue 30 muH. [locnme oxnmaxkaeHus orbupanu anuksoty (10 M), mepeHOCHIN
B CTEKJISIHHY10 IPOOUPKY € MPUTEPTOH KpbiiKoii, noBoawiu pH no 3,0 nodasnenuem HCI, BHOCHIH
0.1 r copbenTa SiO,-III'MI-dpeppon u nepememnBanu 10 mun. PacTBop 1ekaHTHPOBAIH, COPOCHT
NEePEHOCUIIN BO ()TOPOIIIACTOBYIO KIOBETY U M3MepsIu K03 duuneHT 1uddpy3Horo orpakeHus npu
600 HM™.

Pacuemuwr

Crenenb usBneuenus (R, %) Fe(111) copoentom SiO,-III'MI-heppoHn paccunTsiBaiu mo hopmy-

JIC
R=%2"C%100%, o)
Co

rne Cy— ucxonnas kouueHtpanus Fe(I11), mmons/i; C — konuentpauus Fe(I111), Mmonb/i.
CopOunoHHYyI0 eMKOCTh (¢, MMOIIB/T) copbenTa SiO,-III'MI" no orHomenuto k (heppony pac-

CUYUTBIBAJIU 10O YPAaBHCHUIO

Co—C)XV
q =02 @

m
rae V' — o0beM HcclieyeMoro pacTBopa, Ji;, m — Macca COpOeHTa, T.
[penen oouapyxenus Fe(Ill) c ucnonbzoBannem copoenta SiO,-I1I'MI-¢deppoH paccuntbiBaiu

10 35-KPUTEPHUIO.

Pe3yabTaThl M 00CyKAEHUE

3axpennenue gpeppona na nosepxnocmu SiO-11I'MIT"

HenocpencTenHOe 3aKperuieHne peppoHa Ha MOBEPXHOCTH KpeMHe3eMa HeBO3MOXKHO M3-32 B3a-
MMHOTI'0 OTTaJIKUBAHUSI OTPULIATENILHO 3apsKEHHBIX CYJIb(OrpyIin peareHra u AenpoTOHUPOBAHHBIX
CIJTAHOJIBHEIX TpymI KpemHe3ema. [IpenBapurenbHas o0paboTka KpeMHE3eMa BOIHBIM PacTBOPOM
TII'MI, B cocTaBe KOTOPOro UMEIOTCS MOJ0KUTENIBHO 3aps>KEHHbIE I'YaHUJUHOBBIE I'PYIIIbI, TPUIAET
MTOBEPXHOCTH TTOJIOKUATEIBHBIN 3apsiI. 3aKpEIUICHHE CAMOT0 PeareHTa OCYIIECTBISICTCS 3a CYCT DIICK-
TPOCTATHUYECKOTO B3aUMOJICHCTBUS MEXTY MOJOKUTEIBHO 3apsKEHHBIMU I'yaHHIMHOBBIMHU TpyIIIa-
Mmu SiO,-III'MI" 1 oTpunaTenbHO 3apsHKEHHOM Cynb(orpymnmnoi ¢peppona (puc. 1).

Bpems ycTaHOBICHHS COPOIIMOHHOIO PaBHOBECHS MPH U3BJICYeHUU (PeppoHa copobeHToM SiO,-

III'MT ne npesbimaet 10 MuH.
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Puc. 1. Cxema copbenta SiO,-III'MTI-¢peppon
Fig. 1. Scheme of the adsorbent SiO,-PHMG-Ferron

Deppon dddextuHO (97-99%) 3akpemnsercs Ha nmoBepxHocThu SiO,-III'MIT B nuamazone pH
2.0-7.0.

Copb6runonnas eMkocTh SiO,-III'MI o ¢heppony cocrariser 100 mxmouib/r. B npomecce copo-
LMY peareHTa COPOCHT OKPALIMBACTCS B KEITHIH LBET (Aya =430 HM), 4TO IPH BEICOKHUX IIOBEPXHOCT-
HBIX KOHIIEHTPALMSX peareHTa 3aTpyIHseT CHEKTPOPOTOMETPUYECKOE U BU3YaJIbHOE ONpE/IeICHUE
Hu3kux konuentpanuii Fe(I11). [Toatomy B pabore ucronszosanu copoent SiO,-III'MTI-deppon ¢ mo-

BEPXHOCTHOH KOHIIEHTpanuen peareHTa 2.9 u 5.8 mxmoins Ha 0.1 T copOenTa.

Copbyuonnoe kKonyenmpuposanue

u copoyuonno-pomomempuueckoe onpedenerue Fe(lll) na SiO,-ITI'MTI -¢heppon

B nponecce copounnu Fe(I11) Ha moBepxHocTH copOeHTa 00pa3yeTcs KOMIIJIEKCHOE COeIMHEHNE,
OKparieHHoe B 3eneHbli uet. CnexTp nuddysnoro orpaxenus Fe(I1l) na mosepxnoctu SiO,-ITI'MI-
(dheppoH npeacTaBiseT CoO0H MUPOKYIO MOJIOCY ¢ MakcuMyMamu rpu 450 u 600 HM COOTBETCTBECHHO
(puc. 2). Kommekc Fe(IIl) ¢ dpepporom B pactBope nipu pH 2.0-5.0 mmeeT aHaIOTHYHBIE CIIEKTPO-
CKOITMYECKHE XapaKTEPUCTHKHU (PHC. 2), YTO CBUACTEIBCTBYET O COXPaHEHHH XPOMO(GOPHBIX CBOICTB
(eppona Ha oBepxHOCTH SiO,-ITT'MT.

KonnuectBennoe ussieueHue (95-99%) Fe(Ill) copdentom SiO,-III'MI-eppon mocturaercs
B nuana3zone pH 2.0-5.0 u He 3aBUCUT OT OBEPXHOCTHOM KOHLIEHTPALMK peareHTra. MakcumMalibHast
HHTEHCHUBHOCTh OKPAacKu moBepxHOCcTHOro komiutekca Fe(111) nadmomaercs npu pH 2.0-3.5 (puc. 3).
AmnanornyHsii y3kuii nuanas3ol pH (1.6-2.9) od6pa3oBanus okpamiearoro komruiekca Fe(I1) ¢ peppo-
HOM HaOJIFOIAJICS MPHU €ro IKCTPaKIuK XJ1opodopmom [19].

Bpewmst pazBuTHs MaKCHMaIbHOW HHTEHCUBHOCTH OKpacky Ha moBepxHocTH SiO,-III'MTI-deppon
COBIIAJIa€T C BPEMEHEM YCTaHOBJICHUS COPOIIMOHHOT0 paBHOBecHs npu u3Bnedennn Fe(I1l) u coctas-

nstet 10 muH (puc. 4).
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Puc. 2. Cnexrpsl norsomenus (/) komrutekca Fe(IIl) ¢ ¢pepporom B pactBope u auddysHoro orpaxeHus (2)
Ha moBepXxHOCTH SiO,-III'MI (0.1 t SiO,-III'MI-deppon, Cr.=1.1 mxr/ma, V=10 mu, pH 2.5, t=10 mun)

Fig. 2. UV-Vis () and diffuse reflectance (2) spectra of Fe(I1I) complex with ferron in solution and on the surface
of Si0,-PHMG (0.1 g of SiO,-PHMG-Ferron, Cg.=1.1 pg/mL, V=10 mL, pH 2.5, t=10 min)
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Puc. 3. 3aBucumocTh cteneHu usBicucHus (/) u uaTeHcuBHOCTH Ookpacku (2) Fe(Ill) na mosepxHoctu SiO,-
[I'MI-¢deppon ot pH (0.1 r SiO,-IITMTI-deppon, Cr.=0.4 mxr/mi, V=10 mu, =10 Mmun)

Fig. 3. Dependence of extraction degree (/) and color intensity (2) of Fe(III) on the surface of SiO,-PHMG-Ferron
vs. pH (0.1 g of SiO,-PHMG-Ferron, Cr.=0.4 pg/mL, V=10 mL, /=10 min)
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Puc. 4. 3aBucumocTs cTeneHnu usBneueHus (/) u uaTeHcuBHOCTH OKkpacku (2) Fe(Ill) na mosepxHoctu SiO,-
IIT'MTI-¢peppon ot Bpemenu kontakta a3 (0.1 r SiO,-III'MTI-beppon, Cr=0.4 mr/n, V=10 ma, pH 2.5)

Fig. 4. Dependence of extraction degree (/) and color intensity (2) of Fe(III) on the surface of SiO,-PHMG-Ferron
vs. phase contact time (0.1 g of SiO,-PHMG-Ferron, Cp.=0.4 pg/mL, V=10 mL, pH 2.5)
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Puc. 5. 3aBuCHMOCTS HHTEHCHBHOCTH OKpacku noBepxHocTHOro komiiekca Fe(I1l) ot xkonnenTpanun peppona

Ha noBepxHOcTH copbeHTa (0.1 T SiO,-III'MI-deppon, Cr=1.0 mxr/mui, V=10 mu, pH 2.5, = 10 mun, 4 = 600 HM)

Fig. 5. Dependence of the surface complex of Fe(II) color intensity vs. Ferron concentration on the surface of
adsorbent (0.1 g of SiO,-PHMG-Ferron, Cr.=1.0 pg/mL, V=10 mL, pH 2.5, =10 min, 2 = 600 nm)

CopOeHT uMeeT XOopolre KHHETHYECKHE XapaKkTepucTHKU. Tak, pu yBeJIu4eHuH o0bema pac-
TBOpAa, U3 KoToporo nposoamin copouuro Fe(Ill), ¢ 10 mo 20 M BpeMs yCTaHOBICHUS COPOIIHOHHOTO
paBHoBecus He npebiinaeT 10 mun. [Ipu ucnonb3zoBanuu 10 mit pactBopa u 0.1 T copdbenTa ko3 du-
nueHT KoHIeHTpupoBanus paBeH 100. [Ipu yBennuennn odvema pactBopa 10 20 M ko3pumueHT
KOHIIEHTpupoBaHus paseH 200.

W3 xpuBoil HacelmeHns (puc. 5) ompeneieHa CTEXHOMETPHs IOBEPXHOCTHOI'O KOMILIEKCA
Fe(Ill):peppon, paBuas 1:3. Kommuekcer Fe(Ill) ¢ pepporoM ananmorumuHoro cocraBa odpasyroTcs
B pacTBopax [20], 4TO MOATBEPKIAET COXpPAHEHHE KOMIIIEKCOOOpa3yIomuX CBOWCTB (eppoHa MpH

ero 3akperieHuu Ha nosepxHoctu SiO,-I1TI'MI.

Cenexmuenocmo onpeodenenust Fe(Ill) ¢ npupooroii 60de

¢ ucnoavzosanuem SiOr-ITI'MT -geppor

Jlist ycTaHOBJICHHUSI CEJNIEKTUBHOCTH OIPEACICHUs CO3llaBajil OMHAPHBIE CHUCTEMBI, COJAEpIKa-
mue Fe(Ill) Ha ¢one Bo3pacTaromiell KOHIEHTpALMK COMYTCTBYIomero siementa. CopOIHoHHO-
¢doromerpuueckomy onpenenennto Fe(Il1) ¢ konuentpanueit 0.4 mr/n (0,1 v SiO,-ITI'MI-deppon, pH
2.5) e memaroT B kpatHbIX kommaectBax Na(l), K(I), Ca(Il) (1000), Mg(II), Sr(IT) (500), Cr(III) (20),
AI(IIT) (10), Ni(II), Cd(11), Zn(II) (5), Cu(Il), Mn(II) (2.5) u conesoii ¢on 10 2 /1 no Na,SO4, NaCl,
Na,CO;.

Copoyuonno-gpomomempuueckoe onpedenerue Fe(Ill)

¢ ucnoavzosanuem SiOr-I1I'MT-peppon

O6paszoBanne okpameHHbx komiuiekco Fe(Il1) na mosepxuoctu SiO,-III'MI-¢eppona u yse-
JIMYeHNe HHTEHCUBHOCTH OKpacku 1pu 600 HM ¢ yBelIMYeHHEM KOHIICHTPAIMK MeTaJljla Ha TOBEPXHO-
cTU copOeHTa (puc. 6) MOIOKEHO B OCHOBY pa3paOOTKU METOAMKH COPOITMOHHO-(POTOMETPHUIECKOTO
onpexnenenus Fe(I11).

[penen oonapyxenus Fe(Ill), paccuntanHbIi 10 3s-KPUTEPUIO, TP HCIOIB30BAHUU COPOCHTA
SiO,-III'MI-deppoH ¢ MOBEPXHOCTHOMN KOHIICHTpanuei pearenta 2.9 MkMoutb/T coctasisiet 0.03 Mkr

Ha 0.1 r copbenTa, yTo mpu copbunm u3 10 M pactBopa coorsercTByeT 3 MKr/n Fe(I1l). YBennuenue
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Puc. 6. 3aBHCHUMOCTh MHTCHCHUBHOCTH OKpacku copOenta or koHueHtpamuu Fe(IIl) ma mosepxnoctu SiO,-
MI'MTI-deppon (0.1 r SiO,-IIT'MI-deppon, V=10 ma, pH 2.5, Cg. Mxr/0,1 r copbenta: 0 (1), 1 (2),2 (3), 6 (4), 11
(5); n=3)

Fig. 6. Dependence of color intensity of the adsorbent vs. Fe(IIl) concentration on the surface of SiO,-PHMG-
Ferron (0.1 g of SiO,-PHMG-Ferron, V=10 mL, pH 2.5, Cg. ng/0,1 g of adsorbent: 0 (1), 1 (2), 2 (3), 6 (4), 11 (5);
n=3)

Tabmuma 1. MeTposorndeckue XapakTEpPUCTUKH cOpOIuoHHO-poToMeTprueckoro omnpeneneHus Fe(I1l)
¢ ucnons3oBanueM copoenta SiO,-III'MI-deppon (0.1 T copdenta, V=10 mu, pH 2.5, n=3, P=0.95)

Table 1. Analytical performance of adsorption-photometric determination of Fe(IIl) using SiO,-PHMG-Ferron
adsorbent (0.1 g of adsorbent, V=10 mu, pH 2.5, n=3, P=0.95)

Konnenrpanus Ananason IIpenen obHapyxeHwus, 5
OTIpeeIAeMBbIX YpaBHeHHe R S,
¢beppona, mxmone/0.1 T . Mkr/0.1 T
conepxanuii, Mkr/0.1 r

0.1-11 0.03 Ao,
29 10-110* 3 AF(R)=0.19-Cr. 099  0.05

0.1-22 0.04 _ ]
5.8 10-220* o AF(R)=0.19-Cg. 099  0.05

*IIpuBeieHbl 3HAYCHHsI B MKI/JI I ycsioBuH copounu u3 10 mut pactBopa Ha 0.1 r copbenra.

TTOBEPXHOCTHOH KOHIIEHTPAIMK peareHTa A0 5.8 MKMOJIB/T IPUBOJAUT K YBEIMUCHHIO Ipejiesia oOHa-
pyxenus 10 0.04 mxr Ha 0.1 T copbenra (tad. 1).

B Tabn. 2 conocrasiensr mpenensl ooHapyxkernus Fe(I11l), momyuernsie mo pazpaboTaHHOi MeTO-
JIKE, C OIyOJMKOBAaHHBIMU B JIUTEPATYpE.

Kak BuIHO M3 maHHBIX TaON. 2, NMpeUIoKeHHAs METOAMKAa COPOIMOHHO-(OTOMETPUYECKOTO
onpenenenust Fe(I1l) xapakrepusyercs npenenom oOHapyKEHUsT HUXKE UIIM COMIOCTABUMBIM C ITpejie-

JJaMun 06Hapy)KeHI/I$I HU3BECTHBIX COp6LlI/IOHHO—CHCKTpOCKOHI/I‘IeCKI/IX METOJMK.

Tecm-onpeodenenue Fe(Ill) ¢ ucnonvzosanuem SiO,-11I'MI -¢geppon

Wzmenenue nseta copoenta SiO,-I1I'MI-¢deppoH ¢ xentoro (=430 M) Ha 3enenblit (A=600 HM)
[IPU KOHTAKTEe C pacTBopamu, conepxarumu xene30(1Il), u yBennueHne HHTEHCHBHOCTU €r0 OKpa-
CKH C BO3PAaCTaHHEM KOHIICHTPAILMH METajljla Ha MOBEPXHOCTH COPOCHTA MCIIOJIB30BAHO MPHU pa3pa-

6otke MeToauku Tect-onpenencaus Fe(Ill) B mpupomgHOit 1 MUHEPAIBHOW BOIE.
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Ta6nuua 2. CpaBHuTeNbHBIC qaHHbIC 110 onpeneicHuto Fe(11l) B Boae

Table 2. Comparative data of Fe(III) determination in water

IIpenen
Meton CopOeHT pex Ccpuika
00OHapyKEHU ST, MKT/JI
COpOIMOHHO-IIBETOMETPUIECKU I NMCP* 15 [10]
COpOLMOHHO-()OTOMETPUYECKUI AKPUJIOBBIN TOIHMED,
MOIU(PHUIIIPOBAHHBIA KOWEBOU 2000 [11]
KHCIIOTOH
cOpOIMOHHO-()OTOMETPUUYECKHI AKPHJIOBBIH TTOJTUMED 73 [12]
C TEePIUPHUINHOBBIMY (parMeHTaMH '
ITAAC c mpenBapuTeIbHBIM CHITHKATellb, MOIU(UITUPOBAHHBIH 11 21]
COPOIIMOHHBIM KOHIIEHTPUPOBAHUEM  8-THIPOKCUXMHOTIHOM ’
COpOIMOHHO-1IBETOMETPUUECKU I MEHOIIOINY PETaH, 300
HUMIIPETHUPOBAHHBIN raioBoi 500 [9]
U CyIb(OCATHINIOBON KHCIOTaAMU
(dhoTomeTpruUYeCKUit cmona Dowex 2X4,
C IPEABAPUTEIBHBIM COPOIIMOHHBIM ~ MOIUGBHUIIUPOBAHHAS (epPOHOM 10 [22]
KOHLICHTPHPOBAaHHEM
COpPOIMOHHO-()OTOMETPHUCCKU T SiO,-IIT'MI-heppon 30 JlaHHast
’ pabota

“OunsrpoBantbHas Oymara, MogupuIEpoBanHas N-1onupoBanHsM MoOs.

[ockonbky copoeHt SiO,-III'MI-deppon uMeeT COOCTBEHHYIO OKPACKy, TO Ha BU3yaJIbHO MU-
HUMaJIbHO ompezensieMyto koHnentpanuio Fe(Ill) okaspiBaeT BIMSHHME KOHLEHTpAIUs pearcHTa
Ha TOBEepXHOCTH copOenTa. Ha puc. 7 nmpusencHa gororpadus coOpOCHTOB, COACPKAIINX HA TIOBEPX-
Hoctr 0.5 MkT Fe(I1l) u pa3Hbie koHIEHTpauu GeppoHa.

YMeHbllIeHHe KOHLIEHTpaluuu (heppoHa Ha MOBEPXHOCTU COPOEHTA YBEJIMUHMBAET KOHTPACT-
HOCTh BU3yasbHOro onpexnenenus Fe(Ill) u, xkak ciencTsue, CHUKEHNE BU3yalbHO MHHUMAIIBHO
ompeaesieMoi KoHeHTpauu. [Ipu pa3padoTke TeCT-IIKaIbl HCTOAb30BaH copoeHT Si0,-IIT'MTI-
(heppoH C MOBEPXHOCTHOW KOHIIEHTpanuei peareata 2.9 MmxMoins/0.1 r copbeHTa, BU3yalbHO MU-
HUMallbHO ompenensiemast koHueHtpauus Fe(Ill) cocrasnsier 50 Mxr/n npu cop6uuu u3z 10 mu

BOJBL.

Cra. MKT/O.1 T

0 05 0 05 0 0.5
Ciepposs MKMONBO.1 1
58 58 29 29 14 1.4

oo "0 ™0

Puc. 7. Biusinue xoHueHntpauuu ¢peppona Ha noBepxHoctu SiO,-III'MI-¢peppon Ha Bu3yalibHOE ONpEAeICHUE
0.5 mkr Fe(I1I)

Fig. 7. The effect of Ferron concentration on the surface of SiO,-PHMG-Ferron on the visual determination of
0.5 pg of Fe (I1I)
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Cr, MKF0.1 I
0 05 1 2 6 1 22

Puc. 8. ®ortorpadus nBeToBoii mkansl 1iist rect-onpenencaus Fe(11l) B pacTBopax ¢ ucmoib30BaHUEM COpOCHTA
u SiO,-IIT'MI-¢peppon

Fig. 8. Photo of the color scale for the test-determination of Fe(III) in solutions using adsorbent SiO,-PHMG-
Ferron

W3meHeHne o0bemMa pacTBOpa, U3 KOTOPOTO OCyIlecTBisieTcss konueHTpupoBanue Fe(Ill), ¢ 5
70 20 MJT He BIIUSIET Ha OKPAacKy copOeHTa M BU3yallbHOE ONpe/eeHHe jKele3a. YBeInueHne oobema
pacTBOpa 10 30 ma IMPUBOAUT K CHUIKCHUIO MHTCHCUBHOCTU OKPACKH IMOBECPXHOCTHBIX KOMIIJIEKCOB
KeJe3a M K 3aHWIKCHHBIM 3HAYCHHSIM BH3YaJIbHO ONpeessieMbIX KOHICHTPALH.

Jlnst co3nanus ueroBoi mkaisl 0.1 T copdenta SiO,-III'MI-dpeppon oOpadarsiBatoT pacTBo-
pamu, copepkamumu sxene3o(11l), oovemom 10 mur u kormenTparueit 0—2.2 mr/a (pH 2.5, t=10 mun),
COpOEHT OTIEINSIOT OT PAacTBOpa JIeKaHTAlMEH U NEPEHOCAT B sSTYeHKH (hTOPOILUIACTOBOM IMJIACTHHBI

B TIOPSAJIKE BO3pACTAHUs KOHIEHTPAIMK MeTaJljla Ha TOBEPXHOCTH (pHC. 8).

Onpeoenenue Fe(Ill) 6 npupoonoii 6ode copbyuonHo-pomomempuieckum

u mecm-memooom ¢ ucnonvzosanuem SiO,-I1I'MT-geppon

PaspaboranHble copOIMOHHO-(pOTOMETpHUYECKAs M TECT-METOJUKH HCIOJIB30BAHBI TIPH OIIpe-
nenenun Fe(Ill) B mpuponueix Bogax pek Enuceit m Kaya m B OyTHIMpOBaHHON MHHEPaJbHON
Boze (rabis. 3). [IpaBUIABHOCTH MOJTYUYSHHBIX PE3YJIBTATOB IMOATBEPIKJCHA HE3aBHCHMBIM aTOMHO-

smuccruoHHbIM ¢ MUCIT MmeTomoM.

Tabmuua 3. Pe3ynbrarel copOunonHO-(hoTOMeTprudeckoro u tect-onpeneneaus Fe(Ill) B mpupomHbix Bomax
¢ ucnonbzoBanueM SiO,-ITI'MI-deppon (0,1 T SiO,-III'MI-deppon, V=10 mu, pH 2.5, n=5, P=0.95)

Table 3. Results of adsorption-photometric and test-determination of Fe(I1I) in natural water using SiO,-PHMG-
Ferron (0.1 g of SiO,-PHMG-Ferron, /=10 mL, pH 2.5, n=5, P=0.95)

Haiigeno, Mkr/n

Obpasen COpPOIIMOHHO-(OTOMETPUYCCKU I TecT-MeTON ADC-UCTT
METOJ
p. bazauxa 15.1+0.2 - 15.2+0.1
p- Kaua 106+4 100425 108+2
p. Uyaeim 94+3 100+25 95+1
MHUHepasbHas BoJa «3aropbe» 18+2%* 20+£5% 19+1*

*TIpuBeICHBI 3HAYCHUS B MI/J1.
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3akjroueHune

B pabore omucan mpocToil crnocob MmonyveHusi cCOpOeHTa Ha OCHOBE KpeMHEe3eMa, MOAU(HIIU-
POBAaHHOIO MOJUI'€KCAMCTHIICHIYaHHIUHOM U (peppoHoM. CopOIHOHHO-(OTOMETPHYSCKOE U TECT-
omnpexnenenne Fe(Ill) ¢ ncronp3oBanmnem copdenta SiO,-I1I'MI-deppoH 1o3BoIIsSET IPOBOAUTE OIIpe-
JICIICHHE HermocpeacTBeHHO B (hase copOenta. Ilo mocturaemomy mpezaeiny oOHapykeHus (3 MKI/)
paspaboTaHHasi COPOIIMOHHO-(POTOMETPHUYECKAsT METOIUKA TPEBOCXOAUT UM COMOCTABMMA C U3BECT-
HBIMU paHee MeToArKaMu. BusyanbHo MUHUMAaIBHO onpenensiemas kornenTpanus Fe(IIl) mo pazpabo-
TAHHOW TECT-METOMKE B BAPHAHTE IIBETOBBIX MIKAI cocTaBisieT 50 MKT/1 ipu copOruu u3 10 Mit BOJBI.

MeTonuka MOJKET UCTIONB30BaThes A onpeaenceHus Fe(Ill) B mpupoaHbIX 1 MUHEpaIbHBIX BOJAX.
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BKCTpaKHHH HUTPATOB PE€AKO3€MEJ/IbHBIX METAJJI0B

cMecsiIMU OMHAPHBIX M HEHTPAJIbHBIX IKCTPATeHTOB

C.H. Kansaxun, M.A. MyaaragieeBa, A.A. Ky3pbmuna
Hncmumym xumuu u XuMuueckou mexHonio2uu

QUL «Kpacnospckutl nayunsiii yenmp CO PAH»
Poccuiickas ®edepayus, Kpacuosapck

Annomayus. VccnenoBaHa 3KCTPaKLUs HHUTPATOB pPeAKo3eMellbHbIX MerauioB (P3M) cmecsmu,
COCTOSAIIMMH M3 OWHAPHBIX 3KCTPAreHTOB: 2-3THUJITEKCHII-MOHO-2-3THIITeKCHI 3¢up dochoHat
TPU-H-OKTHIIAaMUHa, Au-(2-3Twirekcuin)pochar TPH-H-OKTHIAMUHA M HEUTPAIBHOTO AKCTparcHa
(COMBBATHPYIOIINIT peareHT) — HUTPAT TPUOKTHIAMHHA. YCTAHOBJICHO, YTO H3BJICYCHHE HUTPATOB
P3M npoucxoauT B COOTBETCTBUHU € 3aKOHOMEPHOCTSIMH OMHAPHOI 3KCTPAaKLUUHU. DKCTPAKIIMOHHBIC

CHCTEMBI XapaKTEPHU3YIOTCS BHICOKOH CEJIEKTUBHOCTHIO M0 OTHOIIEHUIO K P3M.

Krniouegvie cnosa: P3M, OuHapHas sKCTpakius, Tpu-H-oktuinamut, J[201' @K, EHEHPA.

LurupoBanne: Kanskun, C.H. DKcTpakuus HUTPATOB PEAKO3EMEIBbHBIX METAIIOB CMECSIMH OMHAPHBIX W HEHTPalbHBIX
skctparentoB / C.H. Kanskun, M.A. Mynaraneesa, A.A. Kyzemuna / XKypn. Cub. ¢penep. yu-ta. Xumus, 2020. 13(3). C. 363-
371. DOI: 10.17516/1998-2836-0189

BBenenne

BrHapHBIE S5KCTPAreHThI — 3TO PACTBOPHI B OPraHMUECKUX pa30aBUTEIAX CONEH, HOIYYCHHBIX U3
OpPraHUYeCKHUX BBICOKOMOJIEKYJISIPHBIX KUCIOT U ocHOBaHui [1-3]. CooTBETCTBEHHO, OMHAPHBIE IKC-
TpareHThl MOTYT OBITH IPUTOTOBJIEHBI HA OCHOBE CTEXMOMETPUUYECKHX CMECEeH M3BECTHBIX KaTHOHO-
Y aHHOHOOOMEHHBIX DKCTPAreHTOB. B MpeablIyluX UCCIeJOBAHUSX HAMH yCTAHOBJIEHO [4-6], uTo
HanboJiee BBICOKYIO M30MPATEIBHOCT MPH SKCTPAKIIMH COJICH JIAaHTAaHOH/IOB TIPOSIBIISIIOT OMHApHBIC
9KCTPAreHThl, IPUTOTOBJICHHBIE Ha OCHOBE (oChOpcoepKalUX KUCIOT, TAKUX KaK 2-3THUIITEKCHII-
MOHO-2-3THiTeKcHI 3dup dhochonoBoit kucnorel (EHEHPA, HA) u nu-(2-3tunrexcimn)dochopHas
kucnota (DEHPA, HA). B xadecTBe opraHnuecKOro OCHOBaHHS y1I00HEe BCEro UCIOIb30BATh TPHOK-
tunamuH (TOA, NRj).

OnMH M3 CYIECTBEHHBIX HEOCTATKOB YKa3aHHBIX OMHAPHBIX DKCTPAreHTOB — OrpaHUYCH-
Hasi paCTBOPUMOCTH MPOAYKTOB 3kcTpakuuu P3M B oprannueckoil daze. Hamu ycranosieHo,
410 3 PEKTUBHOMN CONBBATHPYIOIICH 100aBKO# [S], HCKIOUaOIIE 0Opa3oBaHUe TPEThEH (assl,
Il OMHAPHBIX AKCTpareHToB ciyKUT HUTpatT 104 (NR;HNQO;). OnHako yKa3aHHOE COCIUHEHUE
SBJISIETCS MPOJYKTOM JKCTPAKIUU [0 MEXaHU3MYy OMHApHOH IKCTPAKIUH, a TAK)KE MOKET DKC-
TparupoBaTh HUTPATHl JIAHTAHOWJIOB B BHJE HEHTPAJIbHBIX KOMIIJIIEKCOB IO COJIbBATAIHOHHOMY
MexaHu3My [7]. [loaToMy OCHOBHas mesb UCCIAEAOBAHUN, MPEACTABICHHBIX B CTAaThe, — HU3yUe-
HHE 0COOEHHOCTEH 3KcTpakuuu HUTparoB P3M B cucremax: OmHapHbIld skcTparenT EHEHPA/
TOA nnroc conpBatupyuiast nodaska — Hutpat 7OA; ounapHbiil skcTparent DEHPA/TOA nntoc
NR;HNO;.
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Ju-(2-3tnnrexcin) Gocdopuas kucinota (toproseie HazBanus 291 @K, DEHPA, P 204, TOPS
99). 2-3TUIITeKCHII-MOHO-2-3THITeKCHIT 3hup GocdoHOBOM KUCIOTHI (TOproBeie Ha3zBauusi EHEHPA,
PC-88A, P-507, Ionquest 801) [8, 9].

Jyist npuroToBIieHs] OMHAPHBIX KCTPareHToB TouHble HaBecku DEHPA wnin EHEHPA v NR;H-
Cl (B3sITBIE B CTEXMOMETPHYECKOM COOTHOIICHUH) PACTBOPSIIN B opraHndeckom pazodasurese (80 %
oJHOro 00bema). Opranudeckyio a3y OIHOKPATHO MPOMBIBAIM PACTBOPOM aMMHUaKa (OTHOIICHUE
06beMoB ¢as3 1:0,9) c koHneHTpamue, paBHoi konuentpaunn DEHPA win EHEHPA. 3atem opranu-
4YecKyto (a3y JO0BOIUIIH A0 MOJTHOTO HEOOX0JUMOro 00beMa. 3aTeM IKCTPAreHT CEMUKpaTHO 0Opada-
THIBaJIM paBHBIMH o0bemamu pactBopa NH; 0.001 M no pH Boxno# daser >7 u 1o orcyrctBust CI B
peskcTpakTax. Jlajgee TpexkpaTHO mpombIBanu Bonoil. Tounsie conepxkanusi DEHPA wiu EHEHPA
1 NR;HCI B MICXOIHBIX peareHTax ONpeessiiin MeTOIaMH AJIKAIMMETPUIECKOT0 U apreHTOMeTpHYe-
CKOTO TUTPOBAHHUS.

JI1st IpUroTOBIIEHUST OMHAPHBIX SKCTPAreHTOB ¢ 1o0aBkoi NR;HNO; cMemnBaIN paccUuTaH-
HbIe 00bEMBI PACTBOPA C U3BECTHOM KOoHUEHTpaue NR;HNO; u pacTBOpa OMHAPHOTO KCTPAarcHTa
(NR;HA).

PactBopst Nd (I1I) roToBuiin pacTBOpEHHEM COOTBETCTBYOIIEr0 okcuaa P33 (99,9 %) B koHI1IeH-
TPUPOBAHHOW a30THOW KMCIIOTE, BEIMIAPUBAIIN M Pa30aBIIsIN JUCTUIUIMPOBAHHON BOJIOM.

Counb NR;HCI nosrydainu B Bujie 0€10r0 TBEPAOro BelecTBa U3 el TaHOBOIO pacTBopa NR; U BO-
nHoro pactBopa HCI [10]. PactBopsl NR;HNO;nonmydanu 3-kpaTtHoii 00paboTkoii pactBopoB NR;HCI
B OpraHMYecKoM pa3daBuTese, BOAHbIMU pacTBopamMu 4 M NaNO;.

CriekTpooTOMETpHUECKUE N3MEPEHUS TIPOBOIMIIHN C UCTIONB30BaHHEM BOJIOKOHHO-OIITHYECKO-
ro cnekrpomerpa AvaSpec-ULS2048L. KoHueHTpaluu 2JIeMEHTOB B BOAHBIX (pa3ax aHAJIM3UPOBAIU
Macc-CIEeKTPOMETPHEN ¢ MHIyKTHBHO-CBSI3aHHOHU I1a3Moi ¢ nomouisto /CP-MS Agilent 75004. pH

PacTBOPOB OMPEACAIN oTeHIIoMeTpraecku pH-meTpom «Oxcnepm-001».

Pesyabrarsl un 00cyxaeHue

BunapHast SKCTpakIysi HUTPAaToB JaHTaHOUJOB (Ln(NOj3);) MOXKET OBITH ONMMCaHa CIEAYIOUINM
ypaBHeHueM (1) ocHOBHOH reTeporeHHol peakuuu (0e3 ydera CreruprUeCKuX B3aUMOACUCTBUN B

OpFaHI/I‘IeCKOI\/’I (1)336, B YaCTHOCTH, ITPOLIECCOB COHBBaTaL[I/II/I)Z
Lnj(t;) +3 NO3-(6) + 3NRxH(4_x)A(0) ‘_—>LnA3((,) + 3NRXH(4_X) NO3 (o) (1)

rae R NH A — OMHApHBIH 9KCTpareHT (conb, 00pa3oBaHHAs aMUHOM R NH ;_,) 1 OpraHuuecKoil Kuc-
10T0oii HA); CUMBOIIBI (4) U (5 0003HAUAIOT IIPUHALJIEKHOCTh KOMIIOHEHTOB K OPraHMYECKOU U BOJHOM
(dazam cooTBeTcTBeHHO. [lepexoy KaTMOHA W aHUOHA SKCTPArupPyeMol HEOPraHUYECKON COJIH SIBJISI-
€TCS COIPSKCHHBIM U 00PaTHMBIM, COOTBETCTBEHHO, PEIKCTPAKITUS MOXKET OBITH IIPOBEAICHA BOJOM.
OTMeueHHass 0COOCHHOCTh OMHAPHOW 3KCTPAKIMU O0CCIICYMBACT BO3MOXKHOCTH CO3[JaHUsI HOBBIX,
SKOHOMHUYECKH 3((EKTHBHBIX TeXHOJOTHWH pasneneHuss P3M. Hampumep, B TPOTHBOTOYHBIX JKC-
TPaKIMOHHBIX KacKaJax Ha y4acTKaX dKCTPAKIUHU U PEIKCTPAKIIMU BO3MOXKHO HA MOPSIOK yMEHb-
ITUTH PACXOJl MUHEPATFHBIX OCHOBAHHH U KUCIIOT.

dopma U30TEPM DKCTPAKLUU HUTPATOB JAHTAHOUJOB JIETKOM M CPEJHEW I'PyIIl Ha IpUMe-

pe Nd(NO3); (puc. 1) n3 HeWTpanbHBIX BOAHBIX pacTBOpoB pactBopamu EHEHPA/TOA (NR;HA) B
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Puc. 1. U3otepmsl akcTpakumu Nd(NO;); OMHapHBIME d9KcTpareHTaMu Ha ocHoBe EHEHPA n TOA, copepkauiumMu
pa3HYHYI0 KOHLUEHTPALHIO HUTpara TpH-H-okTmiamuHa. C(NR;HA) 0,2 mons/m, pH 4,3. PasbaBurens —
Toyos. TOUKM — KCIiepMMeHTalbHbIe JaHHbIE, KpUBblE — MoAebHble naHHbIe: 1 — C(NaNO;)y 0,01 Moins/m;
2 — C(NR;HNO3)() 0 monb/i; 3 — C(NR;HNO;3)(o) 0,055 mons/it; 4 — C(NR;HNO3) o) 0,105 mons/n

Fig. 1. Isotherms of Nd(NO;); extraction with binary extractants based on EHEHPA and TOA containing different
concentrations of tri-n-octylamine nitrate. C(NR;HA) 0,2 mol/l, pH 4,3. Diluent is toluene. Points represent
experimental data, while curves correspond to model data. 1 — C(NaNO3) 0,01 mol/l; 2 — C(NR;HNO5),) 0 mol/l;
3 - C(NR3HN03)(O) 0,055 mol/l, 4 — C(NRjHNO3)(0) 0,105 mol/l

OpPraHMYecKOM pa30aBUTEIEe KaueCTBEHHO COOTBETCTBYET MPOLECCY M3JICUEHUs HEOPraHMYECKOH
COJIM MO MeXaHM3My OMHapHOH skcTpakuuu (ypaBHeHHe 1). M30TepMBl AKCTpaKIUU JTHHEHHBI
(puc. 1, xpuBas 2) Ha Ha4aTbHOM ydYacTKe (B 00yracTu OONBIIOTO M30BITKA YKCTPAreHTa, IPH OT-
CYTCTBHH BbICAJIMBAIOIIMX 100ABOK B BOJHOM M opraHn4eckoii (ase). Beenenue B BOAHYO UK Op-
raHUYecKyro (pa3y NCXOJHBIX MIJIM KOHEYHBIX IIPOJYKTOB PEaKIMH (BHICATHBAIOIINX J00ABOK) CMe-
raeT XuMH4Ieckoe paBHoBecue. st skeTpakuuoHHoM cucteMbl Nd(NO;); — NR3;HA HabnronaroTes:
3HAYHUTENBHOE MOBBIIIEHNE Dy, IpU BBEICHUU OJHOMMEHHOTro aHnoHa (NOj;,, HaTpueBasl COJb) B
BOJHYI0 a3y (puc. 1, kpusas 1); ymenbienue Dy, ipu BBeaenun NR;HNO; B oprannyeckyto dasy
(puc. 1, xpussie 3, 4).

[Tpu OGunapHoit skcTpakiuu cosneit pH BoaHO# (a3bl 3MeHseTcst Malio (B OTIIMYUE OT KaTHOHO-
obmenHoit). st ucxogHoro BogHoro pactsopa 0,01 mons/n Nd(NO;); nagansHoe 3HaueHue pH 5,2,
JUUIS1 PABHOBECHBIX PACTBOPOB, COOTBETCTBYIOMIUX n3oTepmam (puc. 1), B nuamnaszone 4,2-4,3. st Ou-
HapHbIX 9KkcTparenToB EHEHPA /TOA v DEHPA /TOA Dyyinvo ,); MAJIO 3aBUCAT OT pH B nnana3oHnax
4,6 — 6,2 u 4,0 — 6,2 coorBeTcTBeHHO. B 00nactu Gomnbiiux 3uadeHuit pH ymenbineHue Dy, m0-
BUAMMOMY, 00yCIIOBJICHO 00pa3oBaHUEM B BOJHOH (haze THIPOKCOKOMIUIEKCOB (Hanpumep, Nd(OH)
(NO3),). B obnacTi MeHBIINX 3HaYeHN ! pH IpOUCXOIUT KOHKY pUPYIOIIast SKCTPAKIINS MUHEPaTbHOM

KHUCIIOTHI (110 MEXaHU3MY OMHAPHOW SKCTPAKIIUU KUCIOT) (YpaBHEeHHS 2, 3):

Hj,+ NOjs ) + 2NRsHA ) =>NR;H(HA>) ) + NR;HNOs,,), @)
2H,)+ 2NOs 4+ 2NR3HA ) > (HA) 30y + 2NR;HNO3 1, 3)
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O6unacts pH Haubosee pe3koro uzmMeHneHus Dy, COOTBETCTBYET pKa KaTHOHOOOMEHHBIX IKC-
TpareHToB. OOpa3zyromuiicss B xoae peaknuu (2) mpoaykt (NR;H(HA;)) Takke MOXKET SIBISATHCS
OuHapHbIM dKcTpareHToM 1iisi Nd(NOjs);, a (HA), — kaTnoHOOOMEHBIM 3KCcTpareHToM. [losTomy
B CHJIBHO KHCJIOW 00JIACTH SKCTPAKIUs COJICH JJaHTAaHOMAO0B OMHAPHBIMH SKCTPAareHTaMH He OT-
JINYaeTCs OT OOBIYHON KaTHOHOOOMEHHOW AKCcTpakiuu. ONHAKO BO3MOXHO yMEHbIIeHue Dy, 3a
cueT 3¢ dextoB conpBatanuu (HA), consmu amuHOB. [Ipn HU3KUX 3HaYeHHAX Dj, HEOOXOIUMO
y4eCThb MapajielbHY0 3KCTPAKIMI0 HEOPraHUYECKUX COJICH 10 COJIbBATAIIMOHHOMY MEXaHH3MYy

(ypaBHeHuE 4).
L}’lj;;) + 3N03-(3) + nNR3HNO3 (0) (_—>[LI’!(N03)3]'(NR3HN03),,(O) . (4)

[Tpu BBICOKMX KOHLEHTpanusx Ln B opraHudeckoi ¢aze xodpduuueHT pacupenenenus (Dy,)
YMEHbIIAETCS — M30TepMa BBIXOAUT Ha IJIATO B 00J1aCTh HACKIMCHUS SKcTpareHTa. OleHKa mpeiesib-
HOH KOHIEHTPALMH METAJlIa B OPraHi4eckoii (ase (***Cy,,) IPOBEICHA HA OCHOBE IMHEIHBIX 3aBHU-

CI/IMOCTGI‘/’I, TUIIUYHBIX JIs1 06HaCTI/I HAChILICHUS U30TCPM:
-1 -1 -1
— 1. max
¢ Ln(y) — k€ L”(e)+ C Ln(o) ®)

CooTHoleHue 001el KOHIIEHTPaluK dKCTparenTa u Ln(,) HAXOTUTCA B IPOMEXKYTKE OT 2,8 o
3,0, 4TO yJOBJIETBOPUTENBLHO COIIACYETCs CO CTEXMOMETPUYECKUM Kodpduunentom 3 npu NR3HA,)
qutst ypasaeHust (1). [To-Bugumomy, HeOOIIbIIOE MTPEBBIICHHE COJepKaHus Ln B opranuueckoil gasze
HaJ CTEXHOMETPUYECKUM OOYCIIOBIICHO JJONOJIHUTEIBHON (ITapaiiebHOM) SKCTpaKIuel Ln 1o coib-
BaTHOMY MeXaHH3MYy (ypaBHEHUE 4).

Jns sxcTpakuuoHHBIX cucteM Nd(NO;); — NR;HNO; — EHEHPA/TOA (DEHPA/TOA) oneHka
THIA KOMILIEKCOB Nd, 00pa3yrouiuxcsi B opraHiuueckoil (ase, npoBeseHa Ha OCHOBE HCCIICAOBAHMSI
cnekTpoB nornomenus Nd** B obnactu 550-620 HM, COOTBETCTBYIOIIEN «UIIEPYYBCTBUTEILHOMY
(K KOOPAMHALMOHHOMY OKPY)KEHHIO METAIlIa) JIEKTPOHHOMY nepexony *lon — 24Grp.sn. [lpu KoH-
neHTpanuu Nd B opraHudeckolt (aze, COOTBETCTBYIOIIECH JIMHEHHBIM yyacTKaM H30TepM, (hopMa To-
noc nornomenus N> s cucrem Nd(NOj3); — NR;HA — NR;HNO; Ka4eCTBEHHO TIOBTOPSET CHEKTPBI
nornomeHust Nd(HA); (puc. 2a, 6, ciekTpsl 3, 4).

Helitpansubie kKoMruiekcsl Nt ¢ pasnnuubiMu aHHOHHBIMEA (HOCcHOPCOTEPKAIIUMHE JTHTaHIaMH
(DEHPA, EHEHPA w nip.) XapakTepH3yIOTCS OKTadAPUICCKON KOOpAMHAIINEH U HICHTUIHBIMH CIICK-
TpamH MoroneHus. B skerpakinonHo# (ase, cogeprkalieil HUTpat TpuokTHiamuHa (6e3 EHEHPA),
HUTpaTHbIE KOMIUIEKCHl HeonnuMa (/Nd(NO;);/-(NR;HNO3),)) ©MEIoT Ipyroi BUJ CIEeKTpa MOTJole-
HuA (puc. 20), cuextp 1) [7]. DTOT CHEeKTp OYSHB MOXO0XK HA CHEKTP HEHTPATBHOTO KOMIIJICKCA HH-
TpaTta Heopuma ¢ TpudyTuidocdharom — [Nd(NO;);/<TBD, (puc. 26), cuextp 2). Takum obpazom,
JUISL MCCIIENOBAHHBIX CMENIAHHBIX OMHAPHBIX SKCTPArE€HTOB HE MPOMCXOAUT KoopmuHaius Nd®' ¢
HUTpaT-HOHOM. OOHapyKeHHblE dP(EKTHl 3HAYUTENBHOTO MOBBILIEHHS PACTBOPUMOCTH LnA 3y (110
0,5 mosw/m) B ipucyTcTBUU (NR3;HNQO3), I0-BUAUMOMY, CBSI3aHBI C COJIbBATAIIMOHHBIMU B3aUMOJICH-
CTBHSIMH 1 BHEIIHEC(EPHOI KOOpIUHALINEH.

Jl1s paccMaTpuBaeMBbIX SKCTPAKIIMOHHBIX CHCTEM XapaKTepeH S-00pa3HbId BHI U30TEPM MEX-
¢aznoro pacnpenenenust P3M. [TosTomy crangapTHble TpaduecKue METObI ISl ONTUCAHUS M pac-
4YeTa IKCTPAKIIUU OJJHOBPEMEHHO HECKOJIBKHUX 2JIEMEHTOB (puc. 3) HEYJOOHHI (B OTIWYHE OT CUCTEM C

JTUHEHHBIMH U30T€PMaMN).
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Puc. 2. Crekrpsl normowmeHust coenunennit Nd**: A) 1 — C(Nd(NO;)s)s 0,04 mons/i; 2 — C(Nd(NO3)3) )
0,02 monw/n + C(NaNO;) ) 6 mons/n; 3 — C(HDEHP/TOA) 0,2 mons/n, C(NR;HNO3),) 0,1 mons/n; 4 — C(HDEHP)
0,2 Monb/11; B) 1 — C(NR;HNO3) ) 0,5 Monb/it; 2 — 50 % TED,); 3 — C(EHEHPA/TOA),,) 0,2 mons/n, C(NR;HNO;)
@ 0,1 monb/n; 4 — C(EHEHPA) ;) 1 Monb/n. Paz6aButens — Toayosn

Fig. 2. Absorption spectra of extracted Nd complex: A) 1 -C(Nd(NOj3);) 0,04 mol/1; 2—C(Nd(NO3)3) ) 0,02 mol/ln +
+ C(NaNO;)4) 6 mol/l; 3 — C(HDEHP/TO4) 0,2 mol/l, C(NR;HNO3), 0,1 mol/l; 4 — C(HDEHP)) 0,2 mol/l;
B) 1 - C(NR}HNO})(O) 0,5 mol/l, 2-50 % TBP(O); 3 - C(EHEHPA/TOA)(O) 0,2 mol/l, C(NR}HNOj)(O) 0,1 mol/l,
4 — C(EHEHPA),) 1 mol/l. Diluent is toluene
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Puc. 3. H3oTepma COBMECTHOrO HM3BJICYEHMS NATH HUTpaToB P3M OMHapHBIM 3KCTPareHTOM Ha OCHOBE
EHEHPA, TOA, NR;HNO;. C(EHEHPA/ TOA) () 0,2 mons/n, C(NR;HNO3)) 0,105 mons/n, pazdaBurens —
tonyou, pH 5,0, O:B =1. McxoaHble KOHIICHTPAIMH MSTH METAJJIOB B BOJHOM (ha3e paBHbI

Fig. 3. Isotherm of the joint extraction of five rare-earth nitrates with binary extractant based on EHEHPA, TOA,
NR;HNO;. pH=5. O:B =1. Diluent is toluene. The initial concentrations of five metals in the aqueous phase are
equal

I[J'IFI KOJINYCCTBECHHOTO OIIMCAaHUA ITpoLecca 6PIHapHOI71 OKCTpAaKIMU MOXKET OBITH INpUMCEHCH
YUCJICHHBIM METOJ C PECHICHHUEM CHUCTEMBI HEJIMHEHHBIX ypaBHeHHﬁ, NpeaACTaABIAOIUX pPaBHO-
BeCHs C yHaCTHCM PA3JIUYHBIX KOMIIOHCHTOB B FeTepOFGHHOﬁ CHUCTEMEC. HPI/I 9TOM HCO6XOI[I/I-
MO YYUTBIBATh JONOJHUTCIBbHBIC 3HAYUMBIC B3aMMOJICHICTBUS B OpFaHH‘ICCKOﬁ (1)8.36, HEC BKIJIIO-

yeHHbIe B ypaBHeHHE (1). COOTBETCTBEHHO, BaXXHO BHIOPATh KOMIIOHEHTHI OpraHudecKkoi (assl,
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KOTOpPBIE MPEUMYIIECTBEHHO CYIIECTBYIOT B CUCTEME B IIUPOKOM JHAINa30HE COCTABOB U KOH-
LHEeHTpalui, MUHUMH3UPOBAaB HA00p 3HAYMMBIX PABHOBECHBIX ITPOIECCOB (M KOHCTAHT MX Xapak-
TEPU3YIOIIUX).

Ha ocHOBaHWM MaTeMaTHYEeCKOTO MOJICIHPOBAHUS HA0Opa SKCICPUMEHTATBHBIX H30TePM (IS
HUTPATOB CPeHUX U Jierkux P3M) ycTaHOBIIEHO, YTO KOPPEKTHOE OMUCAHUE SKCTPAKIIMOHHBIX CH-
cteM Ln(NO3); _NR;HA — NR;HNO; BO3MOXHO IIPH YUETE TOTMOTHATEIBHBIX B3aUMOJICHCTBHIA: COJb-
BaTauuu LnA;z,) HUTpaToM aMuHa U camoaccoruuanuu NR;HNO;. C yueToM IpoLeccoB ColbBaTaluH

YpaBHCHHUE 6HHapHOI>'I OKCTPAKIIUX MOXXHO 3amricaThb B BUAEC
Ln3;;) + 3N03-(3) + 3NR3HA(0) (_—>LI1A3(NR3HN03)S(0) + (3-}’1S)NR3HNO3(O), (6)

A€ ns —4YMCJIO COJIbBaTalluu. 21.]'[5[ KOJIMYECTBCHHOI'O OMMUCAHUA OKCTPAKIIUMOHHBIX CUCTEM IIPEAJIONKE-

HO ypaBHEHNE KOHIIEHTPALMOHHOI KOHCTAHTBI OMHAPHOM KCTpakiunu (Kp,,):

Kpex=([L1% - [NO3 ) *y* [NR3HA o) *) - [LnA3(NRsHNO3) 5]
[NR;HNO;,)]"9, (7

TJIe ¥+ — CpeHenoHHbIN K03 duiment akTuBHOCTH L1n(NO3); B BonHOH (ase (k03¢ PUIIEHTH aKTHB-
HOCTH KOMIIOHEHTOB OpraHH4ecKoi (pa3bl BKIFOUEHBI B KOHIEHTPAIIMOHHY0 KOHCTAaHTY). Hcromnb3ys
KOHCTaHTY nqumepu3anuu (K ;,), BOSMOXKHO MOJTYYHTh ypaBHEHHUE, CBSI3bIBAIOLIEE PABHOBECHYIO U 00-

IyI0 KOHIEHTPAIMH HUTPaTa aMMHA B OpraHuueckoii dase:
[NR;HNOs(,)] = 0.25K gin((1+8- K giny -C(NRsHNO3,)))"-1). (®)

Jnsa yrouHeHus 3HAUEHUH Kpexrn, Ky, ¥ 1S 17 HAOOpa SKCHEPUMEHTAJIBHBIX H30TEPM KC-
TPaKIMH HUTPATOB Pa3IM4HBIX P3M MUHUMH3MPOBAIN CYMMY KBaJpaToOB Pa3HUIIBI H3MEPEHHBIX U
pacyYeTHHIX 3HAYeHMH Kod(QpUuueHToB pacnpenenenus (X(“*Dy, — <D;,)?). Ilpn DOoNyIIeHHH, YTO
B psany P3M nerkoii u cpegHeit rpymnm nocTosHHb K;,=87,3 u ns=1. IlpuMep MOAETBHBIX H30TEPM
npusesieH Ha puc. 1, Koy, — B Ta0M. 1.

HeOonpine paznuuusi SKCIEPUMEHTAIBHBIX U PACUETHBIX 3HaYeHUH Dj, HAOIONAIOTCS B 00-
JacTH HACBIMIEHUS M30TepM. [10-BUIMMOMY, 3TO CBS3aHO C JOMOJHUTEIBHBIMA MEXaHU3MaMH JKC-
Tpakuuu (ypaBHeHue 4). Tem He MeHee, [0 HAIIEMy MHEHHIO, ITOJyYEHHOE ONMHMCAaHNUEe U30TEePM IS
AKCTPaKIHOHHBIX cucteM Ln(NO;); — NR;HA — NR;HNO; 03BOJISET MOICTUPOBAThH TIOBEACHUE Ln

JJIA TTOCJIEAYIOMIUX paCY€TOB MPOTUBOTOYHBIX OKCTPAKIIMOHHBIX KaCKaJa0B.

Tabmuua 1. Koapduumentsr paszneneHus (f,/ng) 1 KOHICHTPAUOHHBIC KOHCTAHTHI OMHApHOW IKCTPAKIIHH
(LgKpexrn) HETpaATOB B psiny P3M. Pa3baBurens — Tomyon

Table 1. Separation factors (f;,s) and concentration constants of binary extraction (LgKj..z,) of nitrates in the
series of rare-earth metals. Diluent is toluene

La Ce Pr Nd Sm Eu Gd Tb Dy

EHEHPA/ B 0052 [044 (092 [100 (3,55 [456 524 (985 |147
TOANRHNO;  |LgKpeun |-0,62 (3,08 [438 [451 [671 [715 [739 [849 |98
DEHPA/ Brona 0,078 {039 (083 [100 [679 698 [7.03 |[871 [134
TOANRHNO;  [LgKpewn |-0.53 [227 [310 [391 [724 [729 [730 [767 |[8.42
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Takum o00pa3om, IJsi IKCTpPakUUOHHBIX cucteM Ln(NO;3); — EHEHPA/TOA — NR;HNO; u
Ln(NO;); — DEHPA/TOA — NR;HNO;, tae Ln — La...Dy, pa3paboTaHO MOAETBHOE ONMHUCAHHE, I10-
3BOJISAIONICE B IIMPOKOM JIHANa30HE COCTABOB M KOHIICHTPAIMH KOMIIOHCHTOB PAaCCYMTHIBATH KO-
(unueHTH pacupenencHus u pasgencaus P3M. IlonydeHHOE KOMWYECTBEHHOE OMHCAHUE YCIOBUU
JKCTPaKIUHU-PEIKCTPAKIIHU P3M B cMecsX sIBIIsICTCS 0a3UCOM ISl pacdeTa MPOTUBOTOYHBIX IKCTPaK-

UOHHBIX KAaCKaJ0B UX pa3aCJICHUA U OYUCTKHU C IPUMCHCHUCM 6I/IHapHBIX OKCTPArcHTOB.

BoiBoabl

HccrenoBana skcTpakius HUTpaToB P3M cMecsiMu SKCTpareHToB — OMHAPHBIX (Ha OCHOBE (hoc-
(hopcomepKauxX KACIOT U TPETHYHOTO aMUHA) M HEHTPAJIBHEIX (HA OCHOBE HUTpaTa aMHHOB). [1oka-
3aHO, YTO B MOJAOOHBIX CMEIIAHHBIX 3KCTPAreHTaX HUTPAT aMHHA BBICTYIIACT HE TOJBKO KaK COJIbBa-
THPYIOIAs, HO M KaK BBICAIMBAIOMIast 100aBKa. YCTaHOBIICHO, YTO JONOTHUTEIBHBIC B3AUMOICHCTBUS
B OPraHUYECKON (ha3e HE3HAYNTEIIPHO CHUIKAIOT CEJICKTUBHOCTH u3BiedeHust P3M. Ilpu sTom 3a cuet
s dekTa compBaTali 3HAYUTEIHHO MMOBBIIIACTCS PACTBOPHMOCTH METAJUIOB B OpraHUYecKoi (dase,
YTO SIBJISICTCS YCJIOBUEM IIPUMEHHUMOCTH SKCTPAreHTOB Ik IPOMBIIILICHHOTO pasaencuus P3M. Dd-
(hexT BRICATMBAHUS TOHMKAET KO (OUIIMEHTHI pacIpeIeICHU ST METAIIJIOB, YTO II03BOJISICT IIPOBOUTH
HX PE3KCTPAKIIUIO BOAOU U, B CBOIO OYEPE/lb, IO3BOJIUT 3HAYUTEIILHO COKPATUTh PacXo] MUHEpasb-

HBIX KHCJIOT 1 OCHOBAaHHHU B OKCTPAKIIUOHHBLIX ITPOTUBOTOYHBIX KaCKaJAax IpU pa3ACJICHUN P3M.
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Abstract. The reaction of reduction solution of Ag (I) by Fe (II) citrate complex was studied herein.
This allows you to receive silver nanoparticles with high stability with a concentration above 60 g/l.
It was determined that the nanoparticles size depends on the injection rate, mixing rate, reagent
concentration, pH and some post-synthetic operations on the average size of nanoparticles. It was shown
that decreasing the concentration of Ag (I) and increasing the concentration of stabilizer also bringing
pH to 7 lead to small and uniform particles. Optimal conditions were found that made it possible to
reduce particle size and reduce the concentration of reagents by 33 % in the results. According to XPS,
TEM, DLS and FTIR datas, nanoparticles of metallic silver with a size of 6.5+1.8 nm were obtained,
which stabilized by the product of partial decay of the citrate ion.
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Biusinue peakuMOHHBIX YCJIOBUM
Ha pa3Mep HAHOYACTHIL cepedpa

B KOHIIEHTPUPOBaHHBbIX 305X Carey Lea

C.A. Bopoonen?, M.H. JInxankmuii?,

A.C. Pomanuenko?, T.JO. UBanenko®,

I.A. Mamaposa®, M.H. BoJouyaes®", }0.JI. Muxaun?
“Uncmumym Xumuu u XUMu4eckou mexHonio2uu
QUL «Kpacnosapckuil nayunsiii yenmp CO PAH»
Poccuiickas ®edepayus, Kpacnosapck

®Cubupcruil hedepanvubviii ynueepcumem
Poccuiickas ®edepayus, Kpacnosapck

‘Uncmumym ¢guzuxu um. Kupenckoeo, KHL] CO PAH
Poccuiickas ®edepayus, Kpacuosapck

*Cubupcxuii 20cy0apCcmeenHblll YHUSepCumenm HayKu
u mexnonocuu um. M.®. Pewemnesa

Poccuiickaa ®eodepayus, Kpacnosapck

Annomayus. B naHHOI paboTe ObLT M3ydeH mpolecc BoccTaHOBieHUsi pactBopoB Ag (1)
nuTpatHeIMH KoMiutekcamu Fe (II), KoTopblit mo3BosIsSeT MoayyaTh HAHOYACTHIIBI cepedpa ¢ BEICOKOH
CTaOMIIBHOCTBIO M KOHIEHTpanued Oosiee 60 1/1. B Xxome paboThl OBIIO YCTAHOBICHO BIIHMSIHUE
CKOPOCTH BBEICHUSI, CKOPOCTH TIEPEMEIINBaHNS, KOHIIEHTPAIUN peareHToB, pH cpesl 1 HEKOTOPBIX
IIOCTCUHTETUYECKUX Ollepalluii Ha cpeaHui pa3mep HaHoudacTull. IlokazaHo, 4TO CHUXKEHUE
koHueHTpauuu Ag (I) u noBbIlIeHNe KOHIEHTPALMN CTa0MIn3aTopa, AoBeneHnne pH peakmoHHOH
cpeabl 10 7 TMO3BOJISIOT MOJy4aTh Hauboliee MeJIKKe M OJHOPOJHbIE YacTHLbl. B pe3ynbrate Obuin
HaliIeHbl ONITHMAJIbHBIC YCIIOBHSI, KOTOPBIE )l BO3MOXKHOCTHh YMEHBIIUTH Pa3Mep YacTHIl U BMECTE
C TeM CHHU3UTh KOHIEHTpaluio peaktuBoB Ha 33 %. [lo manueiM PODC, T1OM, DLS u UK Obutn
MIOJTYYCHBl HAaHOYACTHIIBI METAJIIIMYECKOro cepedpa ¢ pazmepoM 6.5+1.8 HM, cTaOMIN3NPOBAaHHBIC

IMPOAYKTOM YaCTHUYHOI'O paciiajia HUTpaT-noHa.

Kniouesvle cnosa: HaHO4YaCTHIIbI cepe6pa, KOHICHTPHUPOBAHHBIC 30JIU, BJIUAHUC PCAKIIMOHHBIX

YCIIOBHH, IUTPAT-NOH.

Iutuposanue: Bopoose, C.A. BiausiHue peakIIMOHHBIX YCIOBHI Ha pa3Mep HAHOYACTHI] cepedpa B KOHIICHTPUPOBAHHBIX
soisx Carey Lea / C.A. Bopo6bes, M.H. Jluxaukwuii, A.C. Pomanuenxo, T.}O. UBanenko, /I.A. Mamaposa, M.H. Bonouaces,
10.J1. Muxnusu // Xypu. Cub. denep. yu-ta. Xumus, 2020. 13(3). C. 372-384. DOI: 10.17516/1998-2836-0190
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BBenenne

Hanowactunsl (HY) cepebpa MoryT OBITH MCIIOIB30BAHBI JIJIsl POMU3BO/ICTBA I€TEPOrCHHBIX
KaTalln3aTopoB, aHTUMHUKPOOHBIX MaTEPHUAJIOB, ONITUYECKUX CHCTEM, JIEKTPOHHBIX M CEHCOPHBIX
yCTpOHCTB, POTOHHOW TEXHUKH, KOMIO3UTHBIX MaTEPHAJIOB U CTPYKTYp, 2D- u 3D-nevatu, SERS
u 1.74. [1, 2]. CymectByeT Macca crioco0oB nonydenuss HU cepedpa, ogHako Hanbosee pacupocTpa-
HEH T.H. MOKPBI XMMHYECKHI CHHTE3, TAC PAaCTBOPHI coslel cepedpa B MPUCYTCTBUH CTAOMIN3ATO-
POB 00pabaTHIBAIOT PACTBOPAMH XMMHUYCCKUX BoccTaHOBUTEINeH [3]. JlaHHBIH METO OTHOCHTEIIHHO
MIPOCT M TO3BOJISIET KOHTPOJIIMPOBATH pa3mep, popmy u coctaB yacTuil [3]. OnHaKo BBUIY CKIIOH-
HOCTH YaCTHI[ K arperaiuy U yKpyInHEHUIO CHHTE3 He00X0IUMO MPOBOAUTH B pa30aBICHHBIX pac-
TBOpax. B pe3yipraTe 4ero BEIX0O HAHOYACTHII, Kak mpaBiio, coctaBiseT 0.05—1.0 r/i, uto Tpedyer
JIOTIOTHUTEIBHBIX MPOLEAYP AJISI KOHIEHTPUPOBAHUS, BBIICTICHUSA M OYNCTKN HAHOYACTHII, a TAKIKE
yTHUIN3aunuu oTpaboTaHHBIX pacTBOpoB [4, 5]. IIpoTokon cMHTE3a MOXKET TpeOOBaTh MCIIOIb30Ba-
HUS TOPOTHX M TOKCHYHBIX peareHToB [6-8]. Kpome Toro, nis cTabMiIn3aniy HAHOYACTHUI] YaCcTO
B OOJIBIINX KOHIIEHTPAIUSX HCIIOJIB3YIOT OBEPXHOCTHO-aKTHBHBIE BEIIECTBA C BHICOKOH MOJICKY-
JISIPHOM Maccoii, KOTOpble HEOOPATUMO OJIOKHPYIOT TOBEPXHOCTH YaCTHI], YTO MOXKET OBITh HEIPHU-
EeMJICMBIM TSI MHOTHX o0OnacTeit ux npumerenus [9, 10].

HckmiodeHneM ABIISIETCS MPOCTOH METOJ CHHTE3a THIpo3osel cepebpa C KOHIEHTpaluen
1o 60 r/n, npemyioxennsli yuensim Carey Lea (Kapu JIn) 130 net Hazan, rae HUTpar cepedpa Boc-
CTaHaBJIMBAIOT PACTBOPOM IUTpaTHOro kKomiuiekca skenesa (I1) [11]. O6pasyromniuecs B THAPO30JE
HAHOYACTHUIIBI cepedpa pasMepoM 6-15 HM JEMOHCTPUPYIOT BBICOKYIO KOJUIOMIHYIO CTaOMIBHOCTH
Y MOT'YT OBITh MHOTOKPATHO JTUCIIEPTUPOBAHBI [TOCIIE KOATYJISLNN 3JCKTPOIUTOM. B THIIMUHOM TIpO-
nenype Carey Lea monsipaoe otnomenne AgNO; : FeSOy : Na;Cit cocraBusie 1.0 : 1.8 : 3.2. Takum
obpasom, meTonuka cuate3a Kapu JIu Morna Obl ObITH MCHONB30BaHA ISl IPOCTOrO M HEJOPOroro
MIPOMBIIIVIEHHOTO IIPOM3BO/ICTBA HAHOYACTHIl cepedpa ¢ 3aJaHHBIMU XapakTepucTukamu. OnHakKo,
HECMOTPS Ha MPOJOJIKUTEIBHYIO UCTOPUIO M YHUKAJIBHOCTB, 3TA CUCTEMa OCTAJIaCh MPAKTUYECKU
Hen3yueHHOW. OTCyTCTBYIOT HCUEPIIBIBAIOIINE JAHHBIE O BIUSHUN YCIOBUH PEaKIIMK Ha pa3Mep Ha-
HOYACTHI] U UX cTabmiabHOCTh. KpoMe Toro, Mmetonuka cuaTe3a Kapu Jlu HensmeHHa ¢ MOMEHTa ee
pa3paboTKH, MPaKTHUYECKN HE N3y4aJIOCh BIMSIHUE YCIOBUH PEAKIIMH U TIOCTPEaKIIMOHHBIX MAHHUITY-
JSIUAN Ha pa3Mep 4acTHll.

Ha nanHbIil MOMEHT CYILIECTBYET Psi/i UCCIIEIOBAaHUM 110 KHHETUKE arperaiuu [12—14], ctpykrype,
XMMHMYECKOH aKTUBHOCTHU 3alUTHOW oOonouku [12, 14, 15] u npakTH4ecKoMy NMPUMEHEHHIO HaHOYa-
ctuu Kopu JIu ay1s mpon3BoacTBa 3IIeKTpo- U TeronpoBoasux nact [16—19]. Onnako Ham u3BeCTHA
TOJIbKO OntHa padoTta [20], rae u3ydJaau BIMSHHE HEKOTOPBIX YCIOBHI PEaKI[MU HA pa3Mep U CTaOUIb-
HOCTb YacTHL. ABTOPBI CHHTE3MPOBAIM I'OMOTE€HHbIE HAHOYACTHUIIBI C pazMepoM 20 HM IPU CKOPOCTH
nepemeruBanus 1410 06/mMun u mossipuom otHomeHHE AgNO; : FeSO, : Na;Cit = 1.0 : 1.8 : 4.8, uto0
Jake OobIle, 4eM B kitaccndeckoit perentype Kapu JIun. Kpome Toro, kak nokasasn 1uTeparypHbIi 00-
30D ¥ HalIM MPeBapUTEIbHbIC SKCIEPUMEHTBI, CHHTE3 HaHouacTHIl MeTogoM Kapu JIu mioxo Bocmpo-
M3BOANM. HYacTo aBTOPHI 100aBIISIOT PEareHThl BPYYHYIO C PA3HBIMU CKOPOCTSIMH, B pa3IMYHBIC YaCTH
PEaKIIMOHHON SYSHKH U TIOJ pa3HBIMHU YIJIaMH, HCIOIb3yeMble MAaTHUTHBIE MEIIAJIKH HE KaJINOPOBAHBI,
a TeMIiepaTypa CHHTE3a paBHa TEMIIEpaType OKPYIKarollel Cpe/ibl 1 He KOHTPOIUPYETCs.

3amaga 1aHHOW pabOTHI COCTOsJIa B CO3JJAHUU YCTAHOBKH ISl CHHTE3a HAHOYACTHUI[ METOIOM

Kopu JIu B KOHTpOIMPYEMBIX U BOCIIPON3BOIMMBIX YCIOBHSX, B U3YUSHNUHN BIUSHUS Pa3IUIHbIX (ak-
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TOPOB Ha pa3Mep U CTaOUIILHOCTh HAHOYACTHUIL cepedpa, HAXOXKACHUH ONTUMAJIbHBIX YCIOBHH CHHTE-

3a 4aCTUIll 1 UX UCCICAOBAHUHN (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IMI/I METOAAMHM.

SKCHepl/lMEHTaJILHaﬂ HyacTb

Bce ucnonb30BaHHbIE PEAKTHBbI ObLIM aHAJUTHYECKON YUCTOTHI U JIOTIOJHUTEIBHON OYUCTKE
HE MOo/IBEepraiuch. PacTBOPHI peareHTOB TOTOBUIIM HEIIOCPEICTBEHHO TIepe]] IPOBEICHUEM IKCIICPH-
MEHTOB C MPUMEHEHHEM JIEMOHU3UPOBAHHOM BOBI (AIEKTPOMPOBOAHOCTH MeHee ~ 15 MKCMm).

CuHTe3 HaHOYACTHUII cepedpa nmpoBoauiu 1o MonudunmposanHoi meroguke Kopu Jlu [11] mpu
KOHTPOJHUPYEMOIl TeMIepaType, CKOPOCTH BIIPHICKA U CKOPOCTH MEPEMEIINBAHUS B CIIEIHAIBHO
COOpaHHOM M OTKaJIMOpPOBAaHHOM ycTpoiicTBe (puc. 1). YcTpolcTBO comeprkasio OJI0K BBOja pac-
tBopa AgNO;, mpuBoauMbIit B AeiicTBue Nema 23HS5628, 1 peakIMOHHYIO STYEHKY C TIepeMelIn-
BaHMeM maroBsIM jBurateneM Nema 17HS2408. Ommnbka oObema Bnpeicka AgNO; cocTaBisiita
0.5-0.9%, cxopoctu Brpbicka AgNO; 0.6-0.8% u ckopoctu nepememnpanus 0.1-0.3%. O6a 6soka
PEaKIMOHHOM yCTaHOBKH OBIJIM TEPMOCTATHPOBAHBI C HCIIOJIb30BaHNeM Kpuorepmocrtarta FT-211-25
(25.0+£ 0.2 °C).

B peakumonnyto siueiiky 3arpyxanu Bogable pactBopsl NasCit (0.6-1.8 M; 5 M), FeSO, (0.6-
0.9 M; 5 m) u NH; - H,O (12 M; 0.0 — 0.25 M) 1 TepMOCTaTHPOBAJIM MIPU TEMIIEpaType dKCIepU-
meHTa 25 °C u ckopoctu nepemernriBanus 100 — 1000 06/MuH B TeUeHUE 5 MIH, ajiee TPOU3BOIMIN
umxekiuto pactsopa AgNO; (0.05 — 0.6 M; 5 mun) co ckopocThio 1.0-25.0 mi/c, mmociie 4ero peaxkiim-
OHHYIO CMECh ITPOIOJKAJIN TIePEeMEIINBATh elle B TeueHne 5 MuH. Ilociie cMemmBaHus peareHToB

HaOJII01aI0Ch 0CAXIEHHE YEPHO-KOPUIHEBOI0 0CAKA arPErHPOBAHHBIX HAHOYACTHIL cepedpa:
FeSO, + NasCit + AgNO; — FeCit + Na,SO, + NaNO; + Ag]. (1)

JI7s OYMCTKY MONYYEHHBIN 0caloK cOOMpaty U neHTpudyruposaiu B TedcHue 10 MUH ¢ ycKo-
penuem 1 — 600 g, ocasok OTAEISIIM U PACTBOPSIIN B 5 MJI BOJBI, ITOCIE Yero JJ00aBIsIIn pacTBOp

NaNO; (0.2 — 1.0 M; 5 mur) auist ocakJIeHUs! 9aCTHUL, CHOBA EHTPU(YTUPOBAIH U OCaZOK PaCTBOPS-

Puc. 1. BHemHu# BHJA yCTAaHOBKM A CHHTE3a HAHOYACTHI[ cepebpa NpH KOHTPOIUPYEMBIX YCIOBHUSX,
coJieprKaIuii: 103UPYIOMHUH OJI0K — 1, TepMOCTaTHPOBAHHBIE NHKEKIIMOHHBIN — 2 ¥ PeaKIIMOHHBINA OJI0KK — 3,
MAarHUTHYIO MEIIANKY — 4 ¥ PEaKUOHHYIO STYCeUKY — 5

Fig. 1. Facility for the synthesis of silver nanoparticles under controlled conditions and a reaction cell with
prepared silver sol consisted of dosing unit — 1; thermostatically injection and reaction blocks — 2, 3; magnetic
stirrer — 4; reaction cell — 5
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nu B Boje. [lonmyueHHbII TakuM 00pa30M OYHINEHHBINA THAPO30Jb cepedpa ObLT MOABEPTHYT AaJIb-
HeHIeMy N3y4eHHIO.

Penrtrenosckue Gotosnekrporusie criekTpsl (POIC) Obutn 3anucansl Ha criekrpomerpe SPECS
(SPECS, T'epmanusi), obopynoBanHoMm anaimzaropom PHOIBOS150 MCD-9 ¢ ucnosnb3oBaHueM ist
BO30Yy K IeHHsT MOHOXpoMaTuueckoro usnyueHus Al K, (1486.6 3B). /lapieHue B aHAIMTUYCCKON Ka-
Mmepe Gbu10 10 MBap. HccenenoBanus METOIOM JUHAMHYECKOro paccesHus ceera (DLS) mpoBoauiu
C IOMOIIIBIO criekTpoMeTpa Zetasizer Nano ZS (Malvern, BenukoOpuranus) moj yriiom paccestust 173°
B TIOJIMKapOOHaTHON stueiike npu temreparype 25 °C. Ilo nanueiM DLS Ob1mu orpeneneHs! cpeaHne
THAPOJUHAMMYECKUE pa3Mephl YaCTHII (Jajiee CPeAHUN pa3Mep YacTHUIl), KOTOPhIE UCTIONb30BAIH IS
HaXOXKJICHUS BIUSTHUS PEaKI[MOHHBIX yCJIOBUI Ha MCCIenyeMylo cucteMy. Mukpodororpadun HaHO-
yacTull ObUIM MOJIyYEHbI Ha DJIEKTPOHHOM IpocBednBatomieM Mukpockorne HT7700 (Hitachi, SInoxus)
¢ yckopsitormnm HanpspkeHuem 110 kB. MK-®ypbe criekTpsl OBLTH 3alicaHbl s MOPOIIKOB HaHOYA-

cruil cepedpa B Tadierkax KBr ¢ nomomnsio @ypee-criekrpomerpa Vector 22 (Bruker, ['epmanns).

Pe3yabrarhl 1 uX 00cy:xKaeHHE

Kak npasuno, nonyuyennsle HanodacTuubl Kapu Jlu [11-19] nasa ounctku ocaxaatot 1.0 M pac-
tBOopoM NaNO;, neHTpudyrupyroT, Ha10Ca0UHbII paCTBOP CAUBAIOT, @ 0CAJOK MEMTU3UPYIOT B Je-
HMOHN30BaHHOW BOJZE, POLEAYPY HOBTOPSIOT 10 3 pa3. Hamu ObLI0 N3yUeHO BIMSHNE KOHIEHTPALIUT
koarysisinta NaNO; (0.2 — 1.0 M) u yckopenus uentpudyruposanus (1 — 600 g) Ha pazmep BbljieleH-
HBIX HAHOYACTHUII.

Ha puc. 2a BUIHO, 4TO MPH yBEIHYEHUU KOHUEHTPALMH KOATyISHTA CPEAHUM pa3Mep 4acTHIL
MIOCTEINIEHHO CHMKaeTcs. Bunumo, npu Huskoi koHneHTpannn NaNO; TpOHCXOIUT cHavata ocaxie-
HUe HanboJiee KPYITHBIX U MEHee CTA0UIIBHBIX YaCTHULI, OJHAKO C POCTOM KOHIIEHTPALMU KOATryJIsTHTa
OCaXXIaI0TCs Bce OoJiee MEJIKME U CTaOMIIbHBIE YaCTHIIBI.

Ha puc. 26 npeacraBieHa 3aBUCHMOCTh pa3Mepa 4acTHUI[ OT YCKOPEHHs IeHTPpU(YTrupOBaHUSI.

HpI/I YCKOpCHUU 1 g NPOUCXOAUT HEIOJHOC OTACIICHUEC JJICKTPOJINTA, YTO, BEPOATHEC BCCTO, HIPHUBO-
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Puc. 2. Biusinue konuentpanuu NaNOs (a) u (0) yckopeHus LeHTpUGYyTrHpOBaHUS Ha CPEJHUIN pa3Mep YacTHIL
MOCJIE OYUCTKH

Fig. 2. Effect of the concentration of NaNOs (a) and on centrifugation acceleration (6) on average particle size
after nanoparticle purification
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JIUT K DJIEKTPOJIUTHYECKOM ariioMepanuu yacTuil. Takum o0pa3om, pocT yCKOpeHHs LeHTpUpyrupo-
BaHus 10 200 g BeneT K 0XKHMAaeMOMY CHHKEHHIO pa3Mepa 4acTHI], OJHAKO ITPH OOJIBIINX 3HAYECHUSX
YCKOpEeHHsI HabJII0/1aeM yBEJIIMYCHUE pa3Mepa YacTHIL, CBSI3aHHOE CO CpalMBaHHEM YaCTHIL ITPH ICH-
Tpu(yTHpOBaHUH. YCTaHOBJICHHBIC ONITUMAIIBHBIC YCIOBHS 0O4MCTKH (KoHIeHTpanust NaNO; = 1.0 M;
yckopenue neHTpudyrupoBanus = 200 g), MUHAMAJIBHO BIUSIOIIAE HA CUCTEMY, ObLIN HUCIIOIH30Ba-
HBI JUIS BCEX JIAJIbHEHIINX OINBITOB.

Ha puc. 3 mpuBeneHbl 3aBUCUMOCTH BJIMSIHHSI CKOPOCTU MHXKEKIMU pactBopa AgNO; (1.0 —
25.0 Mi1/c) B CKOPOCTH TiepeMelmBaHus peakunorHoi cpeasr (100 — 1000 06/MuH) Ha cpenHUA pas-
Mep dacTull. Bugno (puc. 3a), 4T0 yBearueHHe CKOPOCTH nHKeKIuH pactBopa AgNO; ¢ 1 1o 5 mi/c
BBI3BIBAET PE3KOE CHIDKEHHE CPEJTHET0 pa3Mepa YaCTHIL, ITOCIIE YeTro 3aBUCUMOCTbD BBIXOJUT Ha IIATO.
VYBenrueHne CKOpOCTH NIepeMEIMBaHNS PEAKIIMOHHOW cpelibl (puc. 30) TPUBOJUT K 3aKOHOMEPHOMY
CHIDKEHHIO CPEAHEro pa3Mepa JyacTHIl. BhICOKHe CKOPOCTH MepeMENINBaHMs PACTBOPOB U NHKEKITHH
peareHTOB MO3BOJISIIOT CO3/1aTh O0JIee OTHOPOIHBIC YCIOBHUS 110 BCEMY PEaKLIMOHHOMY 00BbEMY U, KaK
CJIC/ICTBUE, TOJIYYUTh OOJiee MEJIKHE M OJHOPOJIHBIC YacTUIBl. Takum oOpa3oM, jpajee JJIsi CHHTe-
3a HAHOYACTHUIL cepedpa Mbl UCIOJIb30BAIN MaKCUMaIbHble ckopocTr uixekuu AgNO; (25.0 mit/c)
¥ CKOPOCTH NIepeMeIInBaHus peakiuoHHon cpenst (1000 06/MuH).

KoHueHnTpanuu crabriin3aropa u BOCCTAHOBUTEISI UMEIOT KIIFOUEBbIE 3HAUSHHSI 111 CHHTE3a Ha-
HOUaCTUL MeTasuIoB. B kimaccuueckoil penentype Kapu Jlu monsproe otHomenune AgNO; : FeSOy :
Na;Cit paBno 1.0 : 1.8 : 3.2. Hamu 0110 M3y4€HO BIHMSHHUE KOHLIIEHTPALMI IUTpaTa HATPHS M HUTpATa
cepebpa (puc. 4). Kak Bunno Ha puc. 4a, npu Bocctanosiennu 0.6 M pactBopoB AgNO; ¢ pocTom
KOHLIEHTPAIMK CTa0HJIM3aTopa BILUIOTH 10 1.5 M IpOHCXOIUT 3aKOHOMEPHOE CHIKEHHE CPEJHEro
pasmepa gactui. CoracHo puc. 46 CHIKEHNE KOHIIGHTpauuu HUTparta cepedpa 10 0.4 M B mpucyt-
ctBun 1.2 M pacTBOpOB LUTpaTa HATPHS MPUBOAUT K MOCTENEHHOMY CHIKCHHIO pa3Mepa YacTHIl,
T10CJIe Yero BBIXOIUT Ha TuI1aTo. TakuM 00pas3om, [UIsl CHHTE3a HanboJiee MEIKNX YacTHIl MUHIMAJIb-
Hoe HeoOxomumoe otHomenne AgNO; : Na;Cit coctaiser 0kojo 2.5, uto Ha 20% HiKe, ueM ObLIO0

npeanoxeno Kopu Jlu.
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Puc. 3. Bnustuue ckopoctu nHxekuun pactsopa AgNO; (a) u (0) CKOPOCTH IepeMelInBaHus pPeaKHOHHOM
Cpezibl Ha CPeAHUI pa3Mep YacTHUIL

Fig. 3. The influence of the injection rate of AgNO; (a) and the mixing rate (6) of the reaction medium on the
average particle size
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Fig. 4. Effect of the concentration of NaNO; (a) and AgNO; (6) on the average particle size
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Puc. 5. Bnustnue monsipHoro otnomenust NH;-H,O : Ag npu konuentpaunu ctabunusaropa 1 -09M,2-12M
u 3 — 1.5 (a) u (6) konnentpanuu FeSO, Ha cpenHuil pa3Mep 4acTHIL

Fig. 5. Effect of molar ratio of NH;-H,O : Ag with stabilizer concentrations of 1 —0.9 M, 2 - 1.2 M, 3 - 1.5 M (a)
and the concentration of FeSO, (6) on the average paricle size

Bbuto ycraHOBieHO BiIMsSHUE N00aBOK aMMHaka Ha pa3Mep 00pasyloIuXcs B XOAE CHHTE3a
yactull. Kak BuaHO Ha puc. Sa, cpenHUN pa3Mep YacTHI] P MOBBIIICHUH MOJSPHOIO OTHOIICHUS
NH;'H,O : Ag cHmkaetcs, NpOXOAUT 4epe3 MUHUMYM IIpU 3HaueHuu okoso 0.6, mocie 4ero cHo-
Ba Bo3pactaeT. [Ipy 9TOM 3aBUCHUMOCTH IPUOOpeTaeT 00jiee BRIPAKEHHBINH XapaKTep MPU CHIKEHUH
KOHIeHTpanuu ctabunuzaropa ¢ 1.5 no 0.9 M. Buaumo, MoireKkyTsl aMMHUaKa B JaHHON CHCTEME MPo-
SBIISIOT CTA0MIM3Upyoni 3¢ dexT [21-24], yacTUUHO 3amMeniasi UTPaT HATPHS, 4TO HAPSIAY CO CHHU-
»eHneM pH criocodcTByeT oOpa3oBanuio 6osee Menkux dactul [25]. OgHAKO MpH MOBBIIICHUH KOH-
LEHTpallMi aMMHUAKa BbIIIE KPUTUYECKOI0 3HAYCHUS PACTBOPSIIOTCS YxkKe cHOPMUPOBAHHBIE MEJIKUE
1 HanboJiee XMMHYECKH aKTHBHBIE YaCTHUIIBI cepedpa.

Ha puc. 56 npencTtaBieHa 3aBUCHMOCTh CPEIHET0 pa3Mepa YacTHIl OT KOHLEHTPAIlMH BOCCTa-
Hosutenss FeSO4. Buano, uto KoHIEHTpauus BoccTaHoBUuTeNd B Auanaszone 0.6 — 0.9 M npakrtuue-
CKHM HE BJIMSET Ha CPeIHUN pa3Mep YacTHIl. DTO MO3BONISET CHU3UTH MOJIsipHOE oTHOIIeHne AgNO; :

FeSO, noutu B aBa pasa, ¢ 1.8 1o 1.0, no cpaBHeHuI0 ¢ Kiaccuueckoil metogukon Kopu Jlu.
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B pesysbraTe npoBeAeHHBIX 3KCIEPUMEHTOB ObLIM HalJICHbl ONTHMAJbHbBIE YCIOBUSI CHHTE3a
¥ BBIJICTICHIS YaCTHII, KOTOPBIC MTO3BOJIUIN CHU3UTH MoJisipHOe oTHommeHne AgNO; : FeSO, : NasCit
c1.0:1.8:32101.0:1.0:2.5 1 mony4uTh MPU 3TOM OOJIEEC TOHKHE  MCHEE 3arPSI3HCHHbBIC YaCTHIIBI,
4yeM B kitaccuueckoi Metoauke Kopu Jln. A WMeHHO, B ONTHMaJIbHOM PEKHUME B CMECh PacTBOPOB
Naj;Cit (1.5 M; 5 mu1) u FeSOy4 (0.6 M; 5 mu1) ipu nepemernuBaduu Ha ckopoctu 1000 06/MuH BBOAMIIH
pactBop AgNO; (0.6 M; 5 M) co ckopocTbio 25.0 mur/c. OUHCTKY MOTyYEHHBIX YaCTHI] TPOBOANIIN
npu yckopenuu ueHtpudyrupoanus 200 g u konueHTpauuu koaryisiara NaNO; 1.0 M.

[To maHHBIM TPOCBEYNBAIOIIECH AIIEKTPOHHON MUKPOCKOINH (pHUC. 6ad) B ONTUMAJIBHBIX YCIOBHX
OBbUIN TIOJIYYEHBI YaCTHUIBl CO CPEHUM paszmepoM 6.5+1.8 um u dopmoii, 6mu3koil K chepuueckoi.
Amnanu3 nzo0paxkeHns MUKponudpakunn 3nekrponos SAED (puc. 66) nokaszan Hanin4Iue pegIieKcos,
TUMHAYHBIX U151 (a3l YUCTOr0 METAJLINYECKOro cepebpa [4, 5, 9, 15].

Amnanu3s noepxHoctH yactuy Merogamu POOC u O3C npencrasiieH Ha puc. 7. CorjlacHo AaH-
HBIM 0030pHBIX CIIEKTPOB (pHUC. 6a), oOpa3zen copepxut okono 1.2% Na u 0.0% Fe. Jluaua Ag 3d
XOPOLLO ONUCHIBAETCS OJTHOM MOJIOCOW € 3HEpruel cBs3u npu 368.3 5B, xapakTepHol a1 MeTaJlIu-
yeckoro cepedpa [15]. Oxe-cnexktpbl Ag MSN45N45 ¢ kuneTndeckoi sHeprueit mpu 357.7 9B taxxke
HOATBEPIKJAKOT, YTO OCHOBHOE COCTOsIHUE HaHoyacTul — AgP [26, 27]. Takum 06pa3om, Mbl He OOHa-
PY)KHJIM Ha TIOBEPXHOCTH 00pa3LoB HUKakux cienoB Ag' u Fe3' coenunennii, KoTopsle IpUCYTCTBY-
10T, IO YTBEPKACHUSAM HEKOTOPBIX uccienosarenent [14, 28, 29]. Cnektp C 1s conepKUT KOMIOHEH-
oI, ctiennduunbie Juist BOIT (284.5 aB), anudaruueckoro yriepoaa (285.0 3B), Bkitouast HEKOTOPbBIi
ciy4aiinelii yraepon, cnupra C-OH (286.5 3B), xkapoonoBo#i rpynmnsl COO™ (288.6 3B), u crnabsrii
urupokuit muk npu 290.7 3B 00yciioBiieH ciyTHUKOM U3 rpadutoBoro yriepoaa [15, 30]. Crout ot-
METHUTb, YTO SHEPTHsl cBsA3M KapOokcuiabHON rpynmbsl COO™ (288.6 5B) BhIle, yeM /17151 TAKOBOH B CO-
ennnennn NasCit (288.6 5B), uTo MOKeT yKa3bIBaTh Ha MIEPEHOC IEKTPOHHOI IIJIOTHOCTH Ha METall-
JIMYECKUH OCTOB HAHOYACTHUIIBI [26].

Taxke 3 cnektpa C 1s BuaHO, 4TO oTHOMIEeHHE konudecTBa rpyni COO: C-OH s monydeHHo-
ro oOpasma pasHo 1.6, BMecto 3.0, kak nonaraercs ans coequaerus Na;Cit. CiekTpsr O 1s compepikar
nojsocel C=0 (531.1 3B) B kap6okcunpHol rpymme, C-O° (532.0 3B) — B ciupToBOil 1 KapOOKCHUIBHOMN

rpynmnax u s MOJeKyyspHoi Boabl (533.4 5B u Gomnee) [15, 26, 31]. B uenom cnektpsr O 1s noa-
PR e—
il B

» - 0
e 8 S0 0 5 10 15

’ Pasmep yacTuy (Hm); ‘
T A e el N
= ‘, o : 8" J
L . - N
- " * .

.

. - e 3°
g ‘% X .108nnt.*
Lal | 9 R PTEE L SR T

Puc. 6. MukpodoTorpadus [I9M ¢ ructorpaMMoil pacipeaeieH s Mo pa3Mepy 4acTHIl (a) ¥ 3JIeKTPOHOrpaMMa
HaHOYACTHUI cepedpa, NONYUYEHHBIX B ONTHMAJIbHBIX YCIOBUIX (0)

Fig. 6. TEM images with the histogram of the size distribution of the particles (a) and electronograms of silver
nanoparticles (0)
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TBEPKIAIOT BHIBOABI O CHUIKEHUHU KOJIMUECTBA KapOOKCUIBHBIX Ipyni B 1.5 — 2.0 pa3a 1o cpaBHEHHIO
C FCXOIHBIM ITUTPAT-HOHOM.

Jlo cux nop ObUIO MPHUHATO CYUTATh, YTO MOBEpXHOCTh yacTul Kopu Jlu crabuimsmpoBaHa
[UTpaT-HOHAMH, OJTHAKO MBI [TOKa3alld 31eCh U paHee [15], 4To Ha caMoM Jiele B KadecTBe CTabniTn3a-
TOpa BBICTyIAeT HEKOTOPBII MPOAYKT UX YACTUYHOTO OKHCICHHS. TeM He MeHee BOIIPOC 0 MapuIpyTe
OKUCJICHUS IUTPAT-HOHOB U €T0 BIMSHUU HA CTAOUIBHOCTE cucTeMbl Kapu JIu octaeTrcs OTKpBITHIM
U TpeOyeT ajibHEeHIIero n3yYeHusl.

Crextper UK ®@ypbe (puc. 8) HCXOMHOTO IUTPAT HATPHUS CONEPIKAT IMOJIOCH CHMMETPHUYHOTO
u acummeTpudHoro koiebanus COO™ (1592 u 1399 cm), nedpopmanuonnoro konedanus COO™ (892
u 838 cm!), acummerpuunoro kosiebanus C-OH (1300 u 1078 cm™') u pactsxenus C-O (1196, 1158
u 1137 em™!) [32, 33]. B cekTpax moay4eHHbIX HAHOYACTHIL IOJIOCHI CAMMETPHYIHOTO U ACUMMETPHY-
Horo pactsokenus COO- capuraroTes B 001acth 1623 u 1350 cm™!, 4TO MOKHO OOBACHUTH CBA3bIBA-
HUEM KapOOKCHIJIBHBIX TPYIII C MOBEPXHOCTHIO yacTull [33-35]. Hapsiny ¢ oTum nosiBieHue ciiaboii
IUPOKOM Mmostockl mpu 1518 cM™! MoXkKeT oTBeuarh NOSBIEHHIO 110 KpaliHe Mepe elle OJHOro THIa
CBS3BIBAHUS KAPOOKCUIIBHBIX TPYIIH C MOBEPXHOCTHIO YacTuIl [33-35]. OTHOCUTENBHBIH BKJIaa MOJIO0C
B nuamnaszoHe 1298 — 1031 ¢!, B ocHOBHOM oTBevaromux konebanusMm C-O, cTaHOBHTCA 6ojee BbI-

PaX€HHBIM, YTO MOXHO CBA3aTh C YMCHBIICHUCM KOJIUYCCTBA Kap6OKCI/IJ'[bHBIX rpyni.

3akjrouenne

C HCIoap30BaHuEM crienuaJIbHO CO6paHHOI>'I YCTAaHOBKH 1JIs1 CHHTE3a B BOCIIPOU3BOAUMBIX YCJIO-

BUSIX OBLIO M3YyYEHO BIUSHUC PEAKIIMOHHBIX YCIIOBUN HA CPEIHUI pa3Mep YacTHIl cepedpa, 00pasyro-
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Fig. 7. XPS spectrum of the Na;Cit - 5.5H,0 (curve 1) and (curve 2) silver nanoparticles under optimal conditions
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Puc. 8. UK-®Dypse-crexktpsl Na;Cit - 5.5H,0 (kpuB. 1) u (kpuB. 2) CHHTE3UPOBaHHBIX B ONTUMAJIBHBIX YCIOBUAX

HaHOUYACTHII cepebpa

Fig. 8. FTIR spectrum of Na;Cit - 5.5H,0 (curve 1) and (curve 2) silver nanoparticles under optimal conditions

HIMXCS IPH BOCCTAHOBIICHUH HUTpaTa cepedpa uTparHbiM Komiuiekcom xedesa (I1). beuio nokasaHo,
YTO JUIsl CHHTE3UPOBAaHHBIX YacTul Koarymsinus 1.0 M pactBopom NaNO; u nentpudyrupoBaHue npu
yckoperuu 200 g mpuBOAAT K MMHMMAJIBHOM arperanuy Ipu WX BbIAETCHUH. lcrnonap3oBaHue Mak-
CHMaIIbHBIX CKOPOCTEH mepeMentnBaHus peakimoHHoi cpexbl (1000 o6/MHUH) ¥ MH)KEKIIUUA PacTBO-
pa AgNO; (25 mu1/c) O3BOJISIET MOAYYUTh HANOOJIee OMHOPOMHBIC YCIIOBUS JIsi CHHTE3a HAHOYACTHUI]
cepeOpa. YCTaHOBJICHO, UTO JUISl TIOJyYeHUsT HanOosiee MEIKUX YacTUI] MUHUMAaJIbHasi KOHIIEHTPaIHs
cTabuiau3aropa MoeT ObITh CHHXKeHa A0 1.5 M npotus 1.8 M, npeasioxkeHHbIX B KJIACCUYECKOH METO-
nuke Kapu JIn. Taxoke 661710 00HAPYKEHO, YTO KOHIIEHTPALMS BOCCTAHOBUTENSI HE3HAUUTEIIHHO BIIUSET
Ha CUCTeMY U MOeT ObITh cHHKeHa 10 0.6 M npotus 1.08 M B ucxomHoit penentype Kapu Jlu. Haii-
JICHHBIE 3AKOHOMEPHOCTH ¥ pa3paboTaHHAs Ha MX OCHOBE ONTHMAJIbHASI METOIMKA MO3BOJIMIIN CHU3UTh
pa3mep YacTHIL, OOIIY 0 KOHIIGHTPALHUIO peareHToB Ha 33% ¥ MOBBICUTH YUCTOTY MPOIYKTA.

Mertonom [I9M 6bu10 NOKA3aHO, YTO B ONTHMAJBHBIX YCIOBHSIX OBLIN MOJyYEHBI YUCTHIE Me-
TaJJTMYECKUE YaCTHUIBI CO CPeAHUM pazmepom 6.5+1.8 um. Metomom POIC ObLI10 yCTAHOBIICHO, YTO
MMOBEPXHOCTh YACTHII JOCTATOYHO YHCTa U He copepkut coequuenuit Ag (1) u Fe (11, I11).

Kpowme Toro, Op1I0 MOKa3aHO, YTO MOBEPXHOCTh YACTHUI[ CTAOMIM3HPOBAHA HE IUTPAT-HOHAMH,
KaK CYMTAJIOCh paHee, a IPOyKTOM ero yacTHYHOro okucienus. Merogom MK-®ypoe-criekTpockornnu
OBLIIO MOATBEPIKACHO, YTO LUTPAT-UOH B 00paslie HAXOMUTCS B YACTMYHO OKHMCIICHHOM BHJIE M CYIIle-

CTBYCT, I10 KpaﬁHeﬁ MEpe, IBa BU/la CBA3bIBAHUSA Kap60KCI/IJ'ILHBIX TpynIl ¢ HOBEPXHOCTbIO HAHOYACTHULI.
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D eHnIBUHIWINAeHOBbIe RePt-koMILIekchl
¢ AU eHn1PocPUHOBLIMU JIUTAHAAMH NPH ATOME IJIATHHBI:
cunrte3, UK, AMP-cnekTpockonnyeckue

H IJICKTPOXUMHUYECCKUE CBOMCTBA

O.C. Yynun, B.B. Bepnexun, I.B. Bypmakuna,
J.B. 3umonun, A.A. Konapacenko, A.W. Pybaiisio
Hucmumym xumuu u XuMu4eckoll mexHoio2uu
@UIL] «Kpacnospckutl nayunsii yenmp CO PAH»
Poccuiickas ®edepayus, Kpacuosapck

Annomayus. CaHTE31pOBaHbI HOBBIE I-(peHmnBrHUINAeHOBBIE KoMILIeKchl Cp(CO),RePt(pu-C=CHPh)
(PPh,H)(L) [L = PPh; (1), P(OPr'); (2)]. Metonamu UK, SIMP-CHEKTPOCKONMH U DIEKTPOXUMHUH
W3y4YeHbl MX (U3UKO-XMMHUYECKHe CBOWCTBAa. Ha OCHOBaHMM IMOJYYECHHBIX NAHHBIX MPEIJIOKCHO

CTPOCHHEC KOMIIJICKCOB, YCTAHOBJICHA CXE€Ma UX peHOKc-npeBpameHMﬁ.

Kniouesvie cnoga: 3MEeKTPOXUMHS, PEIOKC-CBOICTBA, OMAAEPHBIC KOMIUICKCHI, (DeHUIBHHUIMICH,

peHuit, maTuHa, kKapOooHum, mupeHmnpochuH.

Huruposanue: Yynun, O.C. enunBununuaeHosbie RePt-kommuiekesl ¢ nupennnpocHuHOBBIMU JIUTAaHIAMH [PH aTOME
nnatubl: cuHTe3, UK, SIMP-cnekrpockonmueckune u snexktpoxumuueckue coiictBa / O.C. Uynun, B.B. Bepnexuw,
I'.B. bBypmakuna, /I.B. 3umonun, A.A. Konapacenko, A. 1. Py6aiino // XKypu. Cub. dpenep. yu-ra. Xumus, 2020. 13(3). C. 385-
394. DOLI: 10.17516/1998-2836-0191

BBenenue

BHuMmanue uccrnenoBaTeneil K reTepoMeTaNIMUYEeCKUM KOMIUIEKCAM M KilacTepaM MepeXxOIHbIX
METaJJIOB ¢ MOCTHKOBBIMH HEHACHIIIIEHHBIMHU YTJIEBOJOPOIHBIMH JIUTAHAAMU O0YCIIOBJICHO BO3MOX-
HOCTAMH UX NIPUMEHEHHUS B PA3IUYHBIX 00NacTAX COBpeMeHHON Xxumuu [1-6]. Hanmuue paznmuaHbIxX
aTOMOB METAJIJIOB B OJIHOW MOJIEKYJIE JIJIaeT reTepOMETAININYECKNEe COeAMHEHUS Ooee d3PeKTHB-
HBIMU M MHTEPECHBIMHU KaTaJanu3aTopaMu, 4eM KOMILJIEKCHI Ha OCHOBE ofHOoro metaina [2, 3]. Kpome
TOro, O1aroaapst CTPOro ONpeAeICHHOMY COOTHOIIEHHIO aTOMOB METAJJIOB B F€TEPOMETAINTNIECKAX
COCMHEHHUAX OHH MOTYT BBICTYyNaTh B Ka4eCTBE NMPEKYPCOPOB MOJUMETAJUIMYECKHX MaTepHajoB
C TOYHBIM pacipezeseHneM MeTauioB [4]. Hanbonee n3BecTHbIE METObI CHHTE3a TAKUX COCAMHEHHUH
OCHOBaHbI Ha B3aMMOJICHCTBUU HENPEACIbHBIX yTIEBOJOPOIOB (aJIKEHBI, alIKMHBI) C yiKe cHOPMHUPO-
BAaHHBIMU T'€TEPOMETAIIIMUYECKUMH CUCTeMaMu [5, 6], a TakyKke Ha IIOCIeI0BATEIIEHOM YBEIHMUCHUH
HYKJICAPHOCTH MX METAJJI00CTOBA B Pe3yJIbTaTe MPUCOSINHEHN KOOPANHAIIMOHHO-HEHACHIIIIEHHBIX
MeTatodparmerToB 1o cBs3siM M=C u C=C x MoHOsAepHBIM KoMIutekcaM [7]. CymecTByeT HHTe-
pec B pacIIMpPeHUH BO3MOXKHOCTEH MOJOOHBIX KOMILIEKCOB TPUCOCAHHSITH JOOJHUTEIbHBIE aTOMbI
METaJIJIOB, T.€. 00pa30BBIBATh COCIMHEHNS 0OMbIIeH HyKiIeapHOCTH. OTHUM U3 TaKUX CrIoco0O0B sB-
JISIeTCS BBE/ICHUE B KOMIUICKCHI JINTAHI0B, Harpumep nuperunpochuHoBbIX [8], KOTOpbIE CIOCOOHBI

JAOMOJIHUTCIIBHO KOOPAMHUPOBATH ATOMBI JPYTUX METAJIJIOB.
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Panee [9] HamMu ObUI IPEUIOKEH METOA IOJYuYeHHs] OUSIACPHBIX [-(DEHUIBUHUINICHOBBIX
kommiekcop tuma Cp(CO),MnPt(u-C=CHPh)(PPh,H)(L) [L = PPh;, P(OPrl);], comepxammx
B KOOPJMHALMOHHON cdepe aroma ruatunbl nupenundpochunosii PPhyH nurann. B Hacrosieit
paboTe 3TOT MOAXOJ PACHPOCTPAHEH Ha KOMIUIEKCHl ¢ RePt MeTainoocToBOM, CHHTE3HMpOBaHBI
cootBeTcTByromue Komruiekesl Cp(CO),RePt(u-C=CHPh)(PPh,H)(L) [L = PPh; (1), P(OPr'); (2)],

M3y4YeHBI UX (PU3HKO-XuMHUUecKre cBorcTBa MeTogamu VK, SIMP-ciekTpoCKONUH U AIIEKTPOXUMHUH.

JKcHepuMeHTAIbHAS YaCcTh

Bce omepanuu mo cuHTE3y M BBIACJICHHIO KOMILJIEKCOB IPOBOAMIM B arMocdepe aproHa.
B pabote ncnonb3oBanu pacTBOpUTENH (OEH30JI, AMATHIIOBBIN A(PUp, METPONECHHBIH dhHp, XIOpH-
CTBHIM METHJICH), IPEABAPUTEIBHO OYUIICHHBIE OT MPHMECEH, CIe0B BOABI M KHUCIOPOAA MEPEroH-
KOM B WHEPTHOH aTMocdepe HaJ COOTBETCTBYIOIIMMH OCYIIMTEISIMHU. VICXOIHBIE COEIMHEHHS
Cp(CO),RePt(u-C=CHPh)(CO)(L) (L = PPhs, P(OPr'); cunresuposanu o metogukam [10, 11].

Wzmepenne crnekrpoB UK mposonunan nHa UK @ypse-cnekrpomerpe Shimadzu IRTracer-100
(SImonwms). Peructpanus cnektpos AMP 'H, 3C u 3'P Bemonusnu na ®ypre-cnekrpomerpe IMP
AVANCEIII 600 (Bruker, I'epmanust). XuMHUECKHE CABUTH B CIIEKTpPaX ONpPEIENICHBI OTHOCUTEIb-
HO OCTATOYHBIX IPOTOHOB JICHTEPUPOBAHHBIX PACTBOPUTENICH M NMPUBEACHBI B MUJUIMOHHBIX JTOJIAX
(M.11.). KoHCTaHTBI CIMH-CIIMHOBBIX B3aUMOACHCTBHI yKa3aHbl B reprax (I'm).

Kommekcor Cp(CO),RePt(u-C=CHPh)(PPh,H)(L) [L = PPh; (1), P(OPr'); (2)] cunresuposanu
10 CJIeAyIOMIe 00IIei MeTOINKE:

K pactBopy 0.100 mmonb Cp(CO),RePt(u-C=CHPh)(L)(CO) B 2 Mu OcH301a npubaBisiu
crexuomerpudeckoe kommdectBo 18 Mkm (0.104 mmomns) Ph,PH. [MomydenHsIil pacTBOp mepe-
MEIIMBATIN 5 MUH M CKOHIICHTPUPOBAJIH B BakyyMe. OCTaTOK pacTBOPSIIN B MUHHUMAJIbHOM KO-
audecTBe cMmecu (OeHson/rekcan = 1/2) m HaHOCHMIM Ha XpoMmaTtorpaduueckyro KooKy Al,O;
(d=2cm, L =12cm).

Kommteke Cp(CO),RePt(u-C=CHPh)(PPh,H)(PPh3) (1)

InpokyIo CBETIIO-KENTYIO 30HY dJoupoBasin Oenzosnom. [locie yaaneHus pacTBOPUTES MIPH
TIOHMKEHHOM JaBiieHuH noxydero 100 mr (95%) MeakokprcTauIMuecKoro Komiuiekca 1.

Haiineno: C, 52.24; H, 3.62%. Berancneno (C4sHz,0,P,PtRe, 1053.02): C, 51.33; H, 3.54%.

HK-cnektp (CH,Cl,, vCO em™): 1930, 1858.

Nzomep 1a

'H SIMP (CD,Cl,, 25 °C) §, J T'u: 4,86 (¢, CsHs); 5,74 (nnn', Jup = 346, 3Jup = 4,8, 2Jup = 9,7,
Ph,PH); 6,96-7,65 (Ph,PH, PhsP, =C*HPh); 7,79 (nnn, *Jpu= 23,6, *Jpy= 14,2 3 Jpiy= 17,8, =C?H);

SIP{'H} SIMP (CD,Cly, 25 °C) 8, J I'u: 37,91 (uz, Jep= 25,0, Jpp= 4494, PPh;); 6,49 (ux, Jpp= 25,0,
Jpp= 2428, HPPh,).

Wzomep 10

'H SIMP (CD,Cl,, 25 °C) 8, J T'u: 5,01 (¢, CsHs); 6,37 (ann, Jup = 363, 3Jyp = 10,3, 2Jyp, = 14,7,
Ph,PH); 6,96-7,65 (Ph,PH, Ph;P, =CHPh); 7,82 (nan, *Jpp= 26,1, *Jpy= 15,3, Jpy= 15,6, =C>H);

SIP{'H} SIMP (CD,Cl,, 25 °C) 8, J I'u: &: 27,80 (na, Jpp= 22,9, Jpp= 2514, PPhs); 12,13 (nn, Jpp=
22,9, Jpp= 4386, HPPhy).

Kommeke Cp(CO),RePt(u-C=CHPh)(PPh,H)[P(OPr');] (2) ¢ BeIxomom 92 %

U mnn— ny6ner ny6aet ay6iaeTos.
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Iupokyto 30HY SIPKO-XKEJITOTO LIBETA AIIIOUPOBAIH cMechio rekcan/0enzoinom (1/4). Tlocie yna-
JICHU S PaCTBOPHUTEIEH IIPH MOHMKEHHOM JaByieHnH noryderno 90 mr (90%) xomrurekca 2 B BUJIE Mell-
KHX KPUCTAJJIOB OPAHKEBOTO I[BETA.

Hatineno: C, 44.30; H, 4.52%. Beraucneno (C;sH4305P,PtRe, 998.97): C, 43.28; H, 4.34%.

HK-cnektp (CH,Cl,, v(CO) em™): 1931, 1855.

'H SIMP (CD,Cly, 25 °C) 8, J T'w: 1,22 (1, 3Jun = 6,27, -CH;); 4,82 (M, -CH); 4,99 (c, CsHs); 6,84
(nm, Jup =352, 3Jyp = 6,27, 2Jup = 14,1, PhoPH); 7,10-7,70 (Ph,PH, =C?H Ph); 8,47 (nn, *Jpu=*Jpy = 16,2,
=C°H);

SIP{'H} SIMP (CD,Cl,, 25 °C) 8, J T'u: 131,00 (g, Jpp= 2.7, Jpp= 7005 P(OPr)3); 4,06 (nn, Jpp=
25,0, Jpep= 2186, HPPh,);

BC{H} AMP (CD,Cl,, 25 °C) 8, J I'ui; 23,6 (1, 3Jcp = 4,6, -CH3); 69,8 (1, 3Jep = 24,1, -CH); 85,3
(c, CsHs); 123,6 — 129,6 (Ph,PH, =C?HPh); 137,3 (nnn, *Jep=>Jpp= 3.,3,2Jcp = 119,7, =C*’HPh); 143 .4
(nn, *Jpp = 10,4, 4Jpp =15,6, C,., =C*HPh); 228,1 (nun, 2Jcp = 6,5, 2Jcp = 64,4, Jop = 827, p-C'=).

DJIeKTPOXMMHUYECKHE U3MEPEHHSI TPOBOJMIIN C MCIIOJIb30BAHUEM CBEKEIPUTOTOBJIEHHBIX pac-
TBOPOB COCAMHCHHI B OYHUIIEHHOM alleTOHUTpHUIIE, ¢ Aobasienuem 0.1 M Et,NBF, B kauectBe ¢o-
HOBOT'O JIEKTPOJINTA, B aTMOC(epe aproHa IIpu KOMHATHOH Temneparype. IlonssporpaMMbl U IUKJIH-
yeckue BonpTamneporpammsl (ILIBA) peructpuposanu Ha noternuocrare [IPC-Pro M (OOO HT®
«Bomnsray, Cankr-IletepOypr, Poccus). B kauecTBe pabounx 3JIEKTPOIOB> UCIOIB30BAIU PTYTHBIN
KarleJIbHBIN AJIEKTPOJL C IPUHYAUTEIBHBIM OTPbIBOM Karelnb (m = 3.6 mr/c, t = 0.23 ¢) u cranuonap-
HBIH: IaTHHOBEIH (d = 1 MM) W cTekIIoyriepoaHbii (d = 5 MM) 3JIeKTpo, B TE(PIOHOBBIX KOPITycax
(d =10 mm). DnexkTpooM cpaBHEHU Ci1yKui moiyaeMeHT Ag/0.1 M AgNO; 8 MeCN, coeTuHeHHBII
C STYEWKOH AIEKTPOIINTUIECKUM MOCTOM, 3aII0JIHCHHBIM (DOHOBBIM DJIEKTPOJINTOM, Yepe3 KaruuIsp
Jlyrruna, BCIIOMOTaTelIbHbIM — IJIATMHOBAsI CIIMPaJib, [IOMEIIEHHAsI B CTEKJISIHHYIO TPYOKy C mOpH-
cThIM (pubTpoM. UHCIIO 37IEKTPOHOB, YYACTBYIOIINX B Ka)KJJOH PEJOKC-CTAIUH, ONPEIEIISIN CpaBHe-
HUEM BBICOT BOJIH UCCIEAYEMbIX COCTUHEHHUI C BEICOTOM OHOZJIEKTPOHHON BOJIHBI XOPOIIO H3YYEH-
Horo komiekca Cp(CO),Re=C=CHPh [12]. DnexTponu3 npu koHTpoaupyemom norerunaine (IKIT)
npoBonuiu Ha noteHnuoctare IPC-Pro M (pabounii 35eKTpoj — MIaTHHOBAS MJIACTHHA TUIOIABI0
4 cm?, snexrpon cpaBhenus — Ag/0.1 M AgNO; B MeCN, BcriomoraresbHblii — Pt) Ipy HHTEHCHBHOM
06apOoTHpPOBaHNU aproHoM. J{Jisi XMMHUYECKOro OKHUCICHHUS UCIOob30Banu (Geppouenus 6opdropua
[Fc][BF,] (Fe = [(CsHs)Fe]") [13].

Pe3yabTaThl H 00CyXKAEHUE

[MopodHo MnPt-coenunenusm [9], kommiekcsl Cp(CO),RePt(u-C=CHPh)(L), [L = PPh; (3),
P(OPr'); (4)] He crIOCOBHBI K TPAMOMY B3auMOJEiCTBHIO ¢ qudernndocdunom. [TosTomy Gbita mpeio-
JKeHa IBYXCTaIUITHAs cCXeMa MOJTyYeHU st OUsIEPHBIX [L-BUHIIHACHOBBIX KoMILiekcoB Cp(CO),RePt(j1-
C=CHPh)(PPh,H)(L) [L = PPh; (1), P(OPr'); (2)], BKIIt09aromas:

1) kapGonunuposanue coenunernii Cp(CO),RePt(u-C=CHPh)(L), [L = PPh; (3), P(OPr'); (4)]
¢ momourbio Coy(CO)s, ¢ o6pazoBanuem kommuiekcoB Cp(CO),RePt(p-C=CHPh)(CO)(L) [L = PPh; (5)
[2], POPr); (6)];

2

Vicrionb30BaHUE PA3IMYHBIX PAOOYMX INEKTPOJOB MO3BONISCT UCCIEJOBATH MPOLECCHl OKUCICHHUS U BOCCTAHOBICHUS
coeMHeHui B 0oJiee mupoKoi o0aacTu noTeHuuanos. Tak, paboyast 00J1aCTh U3MEPEHUS MOTCHI[UAJIOB B aLlETOHUTPUIIE
(ornocurensHo Ag/0.1 M AgNO; 8 MeCN) na p.k.3. HaxonuTes B peaenax ot 0,30 o -3,20 B, na Pt u CY anexkrpomax —
ot 2,00 10 -2,20 B u ot 2,00 10 -2,60 B cooTBeTCTBEHHO.
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Puc. 1. Cxema cunresa Cp(CO),RePt(u-C=CHPh)(PPh,H)(L) [L = PPh; (1), P(OPr); (2)]
Fig. 1. Scheme of Cp(CO),RePt(u-C=CHPh)(PPh,H)(L) [L = PPh; (1), P(OPr'); (2)] synthesis

2) 3aMernieHne KapOOHIIIBHOTO JIUTaHAa IIPU aTOME ILUIATUHBI B ITOYYCHHBIX HA TICPBOI CTaIHH
KoMmIutekcax 5 u 6 Ha nudenundochun Ph,PH (puc. 1).

HauOonpmue Borxoas:, 90 — 95%, mpoMeXyTOYHBIX U HEJIEBBIX MPOJYKTOB JOCTHTAIOTCS MPH
MPOBEACHUH peakluii B O€H30JIe TPU KOMHATHOH TeMmnepatype. [ Beiaenenus kommiekcos 1, 2, 5
7 6 UCTIONH30BATH METO]] KOJIOHOYHOH XpOMaTOT padHH.

Kommutexcs! 1 u 2 uzydens! metogamu SIMP- nu UK-cnexkrpockonuu. X cTpoeHne mpeaiokeHo
Ha ocHoBaHuH criekTpoB IMP 'H u 3'P, coneprkalunx XxapakTepuCTUYHbIE CUTHAIbI (DEHUIIBUHUIIMIE-
HoBOro U aupenmnpochuHoBoro suranos (tTadu. 1). B cnexrpe [IMP komIuiekca 2 cUrHas bl IpOTOHA
puaIIHIeHA [L-C=C(Ph)H n nudenundocduna Ph,PH naxonsarcs npu 8.47 u 6.84 m.x. (Jpyy = 352 I,
3Jpn = 6.27 T, 2 Jpyy = 14.1 T'n). Onnaxo ans 1 HaGnromaroTces 1Ba HaGOPa CUTHAIOB IPOTOHA (DEHMUII-
BuHMIKAeHa (7.83 u 7.78 m.1.) u npoTona auranaa PhoP-H[S 5.74 m.u. (Jpy = 346 T, 3Jpy = 4.68 T'in)
1 6.37 m.a. (Jpy = 364 T, 3Jpy; = 9.9 I')], CBUAETENBCTBYIOIIUX O TOM, YTO STOT KOMILJIEKC B PACTBO-
pax CyIleCTBYeT B BUJE ABYX M30MepoB. Ha ocHOBaHuu maHHbIX crnekTpos SIMP 3'P ycranoieHo,
YTO M30MEPhI KOMIUIEKca 1 OTIHMYAIOTCS Pa3audYHBIM pacroiokeHneM (HocHOPHBIX JIMTAHIOB MPU
atome Pt orHOCHTEeNnBEHO PparmenTa [Cp(CO),Re] 1 BHHHIIHICHOBOTO JINTAHIA U HAXOMISITCS B COOT-
noumenuu 1:1.8. B cnekrpax AMP 3'P curnansr saep aroma ¢pocdopa qudenundpocGuHOBOro Iurania
pu 6.49 m.a. (komrureke 1a) u 4.75 mM.a. (KOMILIEKC 2) comepiKaT KOHCTAHTHI CITUH-CITUHOBOTO B3au-
MonieHcTBUS Jpp 2428 1 2195 T'11 COOTBETCTBEHHO, YTO CBUJIETEIBCTBYET O IIUC-TIOJOKEHUH JTUTaHa
Ph,PH otnocutensHo aroma Re [14, 15]. OnHako B n30MepHOM KoMILIeKce 10 3HaUCHMS KOHCTAHT Jpp,
pasubie 2514 'y st PPh; nmuranaa npu 27.80 m.a. u 4386 'y st Ph,PH nipm 12.13 m.a., ykasbiBaoT
Ha TpaHc-pacronoxernne iauranna PhyPH. 3HaueHus KOHCTAHT Jpip CHTHAIIOB, OTBEUAONIUX TPaHC-
pacnonoxkeHnnbsM auranaam PPh; (1a), mpu 37.91 m.a. u P(OPrl); (2) mpm 130.62 m.x. cocTaBmsior 4494
u 7058 'y cooTBeTCTBEHHO (Tabm. 1).

HK-criekTpbl koMIiekcoB 1 1 2 B o0sacTu BasieHTHBIX Kojiebaruu CO-rpyIin coaepkaT ABe mo-
JIOCHL: BBICOKOYAcTOTHYIO Tipu 1930 em! (1), 1931 cm! (2), coorercTBytONIyI0 TepMuHanbHoi CO-
TPYIIIE TIPU aTOME PEHUSI, U HU3KOUacTOTHYIO ripr 1858 em™! (1), 1855 em™! (2), oTHOCAIIYIOCS KO BTOPOIA

KapOOHWJIBHOM I'pyIIIe IIPH aTOME PEHUs, KOTOpasi y4acTBYET B IOJIYMOCTHKOBOM B3aMMOICHCTBUU
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Ta6nuna 1. Jaunsie cnekrpos AMP 'H, 3P u 13C (5, m.n., [J, ['u], CD,Cl,) kommexkcos 1 1 2
Table 1. NMR 'H, 3'P and *C (8, ppm, [J, Hz], CD,Cl,) spectroscopic data of 1 and 2

SIMP (d, m.1.; J, T'mr)
lH 13C 31P
Ne
B p-C'=C2HPh PPh; /
=CH CsHs PPh,H = = CHs | (OPY), PPh,H
7,79 nnn 5,74 nnn 3791 nn 6.49
o | =236 486 ¢ |/ip=346 2322 1 1384 11 gs.6c|Im=250 |7 :’121; 0
4 o= 14,2 ’ 3up = 4,8 2Jep = 65,0 |2Jcp=103,4 T Jpep = 4494 J"” pyoos
3 o= 17,8 2 Jupe = 9,7 PPh, PP
7,82 nnn 6,37 nan 27,80 11
4 Jop = 26,1 Jup =363 136,8 11 Jw=229 | 1213
PH ™ s HP — s PP s _
10 s fy=153 SO0els =105 [P9¢ |-ty (39 p=251 j“’ 2123’3 6
3 Jom= 15,6 2 Jup = 14,7 PPh, PP
6,84 nan 228,1 nu 131,00 o
’ ’ 137,3 nan ’ 4,06 1
2 ‘?}47;2} —162 | 490¢ {;P ==365227 ZCP - 21154 e =331 853 ¢ jpp ::27’305 Jer= 250
PH” JPH > , HP > CP_ 2 g = 119,7 PP~/ Jop= 2186
Jup = 14,1 | Jep = 827 P(OPr);

C COCEIHUM aTOMOM IUIATHHBI 33 CUET MepeKphiBaHus © opOutaneii CO-rpymnmbl ¢ 3amONHEHHBIMU
d-opOutansimu ruiatusel. [Ipu 3TOM, B OTIIMUKe OT M3yudeHHBIX paHee MnPt komriuiekcos [9], B RePt-
KOMILIEKcax BBeseHne AupeHna(pochruHOBOro Iuranga B KOOpANHAIMOHHYIO cepy aToMa IIaTHHBI
MPaKTUUECKU HE BIUSET HA M3MEHeHue creneHu B3aumoaeicteusi Pt—CO,,,. Tak, Benununna Av(CO),
XapaKTepHU3ylomas CTENeHb I0JyMOCTHKOBOI'O B3aMMOJCHCTBUS M OIPEACISIONIASACS PAa3HOCTHIO
YacTOT BAJICHTHBIX KOJe0aHUil TepMHHAJIbHOW W moiyMocTukoBoi CO-rpynm [16], mpakTuiecku
He Mensiercs pu nepexone ot komiiekcoB Cp(CO),RePt(u-C=CHPh)(PPh;), (3) (AV(CO) = 75 cmt)
u Cp(CO),RePt(u-C=CHPh)[P(OPr');](PPhs) (Av(CO) =76 cm™) k 1 n 2 (Av(CO) = 72 u 76 cm™") cooTser-
CTBEHHO, Tor7a Kak paHee it MnPt-kommiekcos BBeneHrne Au(peHnI(GpOCHUHOBBIX JTUTaH/I0B ITPUBO-
1m0 K casury v(CO),, B HU3KOYaCTOTHY0 00nacTh Ha 10 1 14 cM™' OTHOCHTENEHO 3HAYEHUI HCXOMHBIX
KOMIIJIEKCOB 1, COOTBETCTBEHHO, K YCHJICHHIO TTOJIyMOCTHKOBOTO B3anMoyeicTsus [9] (Tadu. 2).
Penokc-cBoiicTBa HOBBIX KOMITJIEKCOB 1 U 2 Mccae10BaHbI METOAaMH ITUKINYECKON BOJIbTAMIIe-

pometpun Ha Pt u CY snexTponax, nmoasporpaduu Ha p.K.3. U 3JIEKTPOIU3a IIPH KOHTPOIHPYEMOM

Tabauua 2. Janusie UK-cnekrpo komiuiekcoB Cp(CO),RePt(u-C=CHPh)(L)(L)
Table 2. IR data for the Cp(CO),RePt(u-C=CHPh)(L)(L)

Kommiexe v(CO), em™! (B p-pe CH,Cly) Av(CO)
Cp(CO),RePt(u-C=CHPh)(PPh,H)(PPh3) (1) 1930, 1858 72
Cp(CO),RePt(n-C=CHPh)(PPh;), (3) 1933, 1858 75
Cp(CO),RePt(u-C=CHPh)(CO)(PPhs) (5) 2030, 1941, 1876 63
Cp(CO),RePt(u-C=CHPh)(PPh,H)[P(OPr');] (2) 1931, 1855 76
Cp(CO),RePt(n-C=CHPh)[P(OPr');], (4) 1943, 1873 70
Cp(CO),RePt(u-C=CHPh)(CO)[P(OPr)3] (6) 2030, 1940, 1878 62
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MOTEHI[MAJIE B AllETOHUTPHIIE. DIEKTPOXUMUUYECKHE XapaKTEePUCTUKH 1 1 2, a Takke paHee U3ydeH-
HeIX OusiiepHbiX 3, 4 [11] u monosinepHoro Cp(CO),Re=C=CHPh (7) [12] dheHMIBHHNINIECHOBBIX
KOMILIEKCOB MpuBeAeHbI B Ta0u1. 3, [[BA coenunenwuii 2 u 7 Ha Pt ajekTponae — Ha puc. 2.
Kommnuekcsl 1 u 2 okucinsitorest Ha Pt u CY snekTpogax v BOCCTaHABIMUBAIOTCS HA P.K.3. B JIBE
HeoOpaTuMmblie cTaguu (Tadm. 3). CpaBHeHHE 3HAYCHUH MOTECHIIMAJIOB MEPBbIX CTAAUN OKHUCICHUS

¥ BOCCTAHOBJIEHUS KOMILIEKCOB 1, 2 ¢ 3, 4 OoKa3bIBaET, UTO 3aMEHA OJHOr0 U3 nurangos PPh; uin

Tabnuna 3. DIEKTPOXMMHUYECKHE XapaKTEPUCTHKU (EHUIBHHHIUACHOBBIX KomiuiekcoB peHust (MeCN,
0.1 M Et4NBF,, 2 MM, Ag/ 0.1 M AgNO; 8 MeCN)

Table 3. Electrochemical characteristics of the phenylvinylidene rhenium complexes (MeCN, 0.1 M Et;NBF,,
2 MM, Ag/ 0.1 M AgNO; in MeCN)

Ei2,B (n)
CoennHeHne OxwucrieHne BoccranoBienne
Pt cy Px.a.

Cp(CO),RePt(u-C=CHPh)(PPh,H)(PPhs) (1) _8 '3029((11)) _((;), .30;((11)) 228730((<11) )
Cp(CO),RePt(u-C=CHPh)(PPh,H)[P(OPr),] (2) 00313((11)) '(;)_fg ((11)) _'32_(')%18(81))

-0.07(1) 0.00(1) -2.60(1)
Cp(CO),RePt(p-C=CHPh)(PPh;), (3) 0.26(<1)  0.29(<1) -2.80(1)

0.33(<1)  0.36(<1) -3.00(1)

-0.12(1)  -0.07(1)
Cp(CO),RePt(p-C=CHPh)[P(OP1);], (4) 0.26(<1)  0.35(<1) -2.87(1)

0.33(<1)

0.33(1) 0.36(1) -2.21(1)

Cp(CO),Re=C=CHPh (7) -2.82(1)

HpnMeanue: N — YUCJIO DJICKTPOHOB, YUaCTBYIOIINUX B BHGKTpOXP[MH‘IeCKOP'I cTaguun (3HaK «<» 03Ha4aeT, YTO BBICOTA BOJIHBL
HUCCIIEAYEMOI'0 COCANHECHU I MEHBIIIE, YEM BBICOTA OI[HOSJ'IeKTpOHHOI\/’I BOIIHBI).

(a)
5 uA /

15 10 05 00 -05 -10 -15 -20 -25 EB

Puc. 2. I[BAkommiekcos: (a) — Cp(CO),RePt(u-C=CHPh)(PPh,H)[P(OPr);] (2), (6) — Cp(CO),Re=C=CHPh (7)
(Pt, MeCN, 0.1 M Et,NBF,, Ag/0. M AgNO; 8 MeCN, C =2 MM, V = 25 MB/c)

Fig. 2. Cyclic voltammograms of complexes (a) — Cp(CO),RePt(u-C=CHPh)(PPh,H)[P(OPr');] (2), (6) —
Cp(CO),Re=C=CHPh (7) (Pt, MeCN, 0.1 M Et;NBF,, Ag/0.1 M AgNO;in MeCN, C =2 mM, scan rate 25 mV ¢’')
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P(OPr); & 3 u 4 na PPh,H npuBOANT K HE3HAUNTENHLHOMY CMEIIEHUIO BennunH B, koMmmmekcos 1
¥ 2 B KaTOIHYIO 00JIacTh, a B CIy4ac BOCCTAHOBJICHUS 2 U 4 HA P.K.7. OHHU MIPAKTUYCCKH COBITAIAOT.
OnHaKo cienyeT OTMETHTD, 4TO 3aMeHa nuranga PPh; 8 1 na P(OPr); Takke NpUBOAMT K cMelle-
HUIO 3HAUYCHUH PEIOKC-TIOTCHIINAIOB 2 B KATOAHYIO 00sacTh (Tadm. 3), HECMOTpPs Ha TO, YTO B 3TOM
cllyuae, COrIACHO 3JIEKTPOHOMOHOPHOM croco6HocTH auranaos PPhy u P(OPr');, momxna HaGmro-
JAThCS O0paTHAs 3aBUCUMOCTE. AHAJIOTHYHOE BIHSHUE MPUPOIEI (hochopcopepKaliX JINTAHI0B
Ha peaoKc-moTeHnHnansl RePt KOMIIeKCOB BBISBICHO paHee I POACTBEHHBIX MapraHIEBBIX CO-
enuHenui [17].

3HaueHUe IOTEHIMAJIOB BTOPBIX CTaAUil OKuCieHUs OusiaepHbix RePt kommexcoB 1 u 2
(tabm. 3, puc. la, mux A,) 6mmu3ko K E;;, 0OIMHOIIEKTPOHHOIO OKHUCICHUS MOHOSICPHOTO KOMILIEKCA
Cp(CO),Re=C=CHPh (7) (taba. 3, puc. 16, nuk b;), 4TO CBUACTEIBCTBYET O €r0 00OPa30BAHKH ITOCIIC
OJTHOYJIEKTPOHHOT'0 HEOOPaTHMOTO OKUCIICHUST KOMIUIEKCOB 1 u 2. J1sa moka3aTeiabCTBa ATOTO MPeJ-
nonoxkeHus nposeaeH JKII npeaenbHOro Toka nepBoil BOJTHBI OKUCIEHUS KOMIITIEKCoB 1 1 2, a Takxke
WX XHMHYECKOE OKHCICHHE ¢ ucronb3oBanueM [Fc][BF,], ¢ mocnexyromeit nneHTHGUKAIHEH TTPO-
JyKTOB OKHCIICHUSI KOMIUIEKCOB MeTonaMu anekTpoxumun u UK-cnekrpockonuu. B UK-cnexTpax
PacTBOpPOB, OTOOPAHHBIX U3 JICKTPOXUMHUYECKOI stueitku kak nmocie JKII, Tak u mociie XuMHIeCKOTro
OKHUCJICHHUS KOMIIJIEKCOB, B 00J1aCTH BaJCHTHBIX KojeOaHui CO-rpyIin HaOJIOAAr0TCs ABE TOIOCHI
¢ yactoramu (1994 u 1920 cm™'), cooTBETCTBYIOIMMHU KOJIEGAHUAM KapOOHMIBHBIX I'PYIII KOMILIEK-
ca 7. CrieoBarenbHO, HEOOpATUMOE OJJHODIEKTPOHHOE OKHcIeHne ousiaepHbix RePt kommiiekcos 1
u 2 Ha Pt u CVY anekTponax mpuBOAMT K OTHICIUICHUIO Pt-comeprxkarmiero gparmenTa u o0pa3oBaHUIO

MOHOSAACPHOTO BUHUJIUJCHOBOI'O KOMIIJICKCA PECHU A 7

Cp(CO),RePt(p-C=CHPh)(PPh,H)(L) =< »

—€ . [Cp(CO),RePt(p-C=CHPh)(PPh,H)(L)]"* —

— Cp(CO),Re=C=CHPh + [Pt(PPh,H)(L)]"sn
Cp(CO),Re=C=CHPh —<» [Cp(CO),Re=C=CHPhJ".

Takum 00pa3oM, Ha MPUMEPE MOJYUYCHHS HOBBIX |-(DEHUIBUHUIUICHOBBIX KOMILICKCOB THIIA
Cp(CO),RePt(u-C=CHPh)(PPh,H)(L) [L = PPh; (1), P(OPr'); (2)], conepxamux gudennndochuno-
BbIE JIUTAHJIbI IPU aTOME TUIATHHBI, TIOKa3aHa BO3MOXKHOCTh MCIOJIB30BAHUS paHee MPEIIJI0KEHHOTO
cunreruyeckoro nounxoxaa [9]. Hosele coenunenust nzyuyensl Mmerogamu UK u AMP cniektpockonuu
1 DJIEKTpOXUMUH. Ha OCHOBaHHMH CTIEKTPOCKOMMYECKUX TAHHBIX MPEIJIOKEHO CTPOSHHE KOMITJIEKCOB
1 u 2. [lonyyeHHbIE IEKTPOXUMHUYECKHUE JAHHBIE XOPOLIO COIVIACYIOTCS C Pe3yJibTaTaMK U3YyUYEHU s
komruiekcoB Metogamu K- u IMP-cnektpockomnuu, a Takke ¢ JaHHBIMH HCCIEIOBAHHS PEIOKC-

CBOMCTB POJCTBEHHBIX MapraHLEBbIX COeAUHEHUM [17].

Baaronapuoctu / Acknowledgements

PaGoTa BbINONIHEHA B paMKax I'OCYAapCTBEHHOrO 3ajaHusi MHCTUTYyTa XMMUU U XMMHYECKOM
texnosorun CO PAH (mpoext AAAA-A17-117021310221-7) ¢ ucrions3zoBanuem odopynoanus Kpac-
HOSIPCKOT'O PETrHOHANIBHOTO IIEHTpa KoJIeKTuBHOTO nonbk3oBanuss OUI KHI[ CO PAH.

This work was conducted within the framework of the budget project AAAA-A17-117021310221-7
for Institute of Chemistry and Chemical Technology SB RAS using the equipment of Krasnoyarsk
Regional Research Equipment Centre of SB RAS.

— 392 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 385-394

Crnucok autepatypsl / References

1. Sanchez-Cabrera G., Zuno-Cruz F.J., Rosales-Hoz M.J. Reactivity of alkyne-substituted
transition metal clusters: an overview. J. Clust. Sci. 2014. Vol. 25(1), P. 51-82.

2. Buchwalter P, Ros¢ J., Braunstein P. Multimetallic catalysis based on heterometallic
complexes and clusters. Chem. Rev. 2015. Vol. 115, P. 28-126.

3. Boéhmer M., Kampert F., Tan T.T.Y., Guisado-Barrios G., Peris E., Hahn F.E. IrIII/Aul and
RhIII/Aul heterobimetallic complexes as catalysts for the coupling of nitrobenzene and benzylic
alcohol. Organometallics 2018. Vol. 37, P. 4092-4099.

4. Chor BY., Koh W.X., Gangully R., Li Y., Chen L., Raja R., Leong W.K. Cobalt-Platinum
heterometallic clusters containing N-heterocyclic carbene ligands. J. Organomet. Chem. 2017. Vol.
849-850, P. 48-53.

5. Mohamed A.S.,JourdainI., Knorr M., Boullanger S., Brieger L., Strohmann C. Heterodinuclear
diphosphane-bridged Iron—Platinum diyne complexes as metalloligands for the assembly of polymetallic
systems (Fe, Pt, Co). J. Clust. Sci. 2019. Vol. 30, P. 1211-1225.

6. Knorr M., Jourdain I. Activation of alkynes by diphosphine- and p-phosphido-spanned
heterobimetallic complexes. Coord. Chem. Rev. 2017. Vol. 350, P. 217-247.

7. Antonova A.B. Use of the Mn=C=C system in organometallic and organic synthesis. Coord.
Chem. Rev. 2007. Vol. 251(12), P. 1521-1560.

8. Alonso E., Forniés J., Fortufio C., Martin A., Orpen A.G. Reactivity of a secondary phosphine
Platinum(IT) complex with [Pt(norbornene);] and PPh;. Synthesis of new single phosphido-bridged
derivatives of Platinum(I) and phosphido-bridged Platinum(II) hydrides. Organometallics 2001. Vol.
20, P. 850-859.

9. Chudin O.S., Verpekin VV., Kondrasenko A.A., Pavlenko N.I., Rubaylo A.l. Syntheses
and physical-chemical properties of phenylvinylidene complexes with MnPt core, containing
diphenylphosphine ligand at the Platinum atom. J. Sib. Fed. Univ. Chem. 2018. Vol. 11(3), P. 390—400.

10. Verpekin V.V, Vasiliev A.D., Kondrasenko A.A., Burmakina G.V., Chudin O.S., Pavlenko
N.I,, Zimonin D.V., Rubaylo A.l. Chemistry of vinylidene complexes. XXIV. A new p-vinylidene
complex containing RePt core, and platinum-bound carbonyl ligand. Spectroscopic, structural and
electrochemical study. J. Mol. Struct. 2018. Vol. 1163, P. 308-315.

11. ChudinO.S., Verpekin V.V, Kondrasenko A.A., Burmakina G.V., Piryazev D.A., Vasiliev A.D.,
Pavlenko N.I., Zimonin D.V., Rubaylo A.l. Chemistry of vinylidene complexes. XXV. Synthesis and
reactions of binuclear p-vinylidene RePt complexes containing phosphite ligands. Spectroscopic,
structural and electrochemical study. Inorganica Chim. Acta. Elsevier S.A. 2020. Vol. 505, P. 119463.

12. Burmakina G.V., Verpekin V.V., Chudin O.S., Zimonin D.V., Pavlenko N.I., Antonova A.B.,
Rubaylo A.I. Electrochemical study of new binuclear heterometallic vinylidene complexes with the
Re-Pt bond. J. Sib. Fed. Univ. Chem. 2013. Vol. 1(6), P. 51-59.

13. Connelly N.G., Geiger W.E. Chemical redox agents for organometallic chemistry. Chem. Rev.
1996. Vol. 96(2), P. 877-910.

14. Antonova A.B., Chudin O.S., Pavlenko N.I., Sokolenko W.A., Rubaylo A.IL., Vasiliev A.D.,
Verpekin V.V,, Semeikin O.V. Chemistry of vinylidene complexes 19.* New heterometallic p-vinylidene
complexes with Re-M (M = Pd, Pt) bonds. Molecular structure of (n>-CsHs)(CO)RePt(u-C=CHPh)(u-
CO)(Ph,PCH,PPhy). Russ. Chem. Bull. 2009. Vol. 58(5), P. 955-963.

— 393 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 385-394

15. Antonova A.B., Verpekin V.V,, Chudin O.S., Vasiliev A.D., Pavlenko N.I., Sokolenko W.A.,
Rubaylo A.IL, Semeikin O.V. Chemistry of vinylidene complexes. XXI. Synthesis, spectroscopic and
structural study of the RePt and MnPt p—vinylidene complexes. Inorganica Chim. Acta. Elsevier B.V.
2013. Vol. 394, P. 328-336.

16. Johansson A.A., Antonova A.B., Pavlenko N.I., Rubaylo A.IL. Infrared study of transforma-
tion of a terminal carbonyl ligand into a bridging one in the MnPt and MnPd p-vinylidene complexes.
J. Mol. Structure. 1997. Vol. 408/409, P. 329-332.

17. Burmakina G.V., Verpekin V.V., Zimonin D.V., Chudin O.S., Rubaylo A.l. Effect of ligands
coordinated at Platinum atom on redox properties of binuclear Manganese-Platinum phenylvinylidene
complexes. J. Sib. Fed. Univ. Chem. 2018. Vol. 11(4), P. 543-551.



Journal of Siberian Federal University. Chemistry 2020 13(3): 395-407

DOI: 10.17516/1998-2836-0192
YK 691.54

Influence of Chemical Additives on the Properties
of Composite Materials Based
on Fine-Dispersed High-Calcium Fly Ash

Olga M. Sharonova*?, Valerii M. Kirilets?,

Leonid A. Solovyov® and Alexander G. Anshits*P
Institute of Chemistry and Chemical Technology SB RAS
FRC “Krasnoyarsk Science Center SB RAS”
Krasnoyarsk, Russian Federation

bSiberian Federal University

Krasnoyarsk, Russian Federation

Received 10.07.2020, received in revised form 21.08.2020, accepted 11.09.2020

Abstract. Composite materials (CM) were obtained on the basis of fine- dispersed high-calcium fly
ash (HCFA), selected from the 4th field of electrostatic precipitators of Krasnoyarsk TPP-2, with the
addition of Melflux 5581F superplasticizer at the water: binder ratio W/B = 0.25. The influence of the
concentration of superplasticizer in the range 0.06-0.6 wt. % on the strength properties of composite
materials was studied. The effect of the addition of sodium sulfate as an accelerator of hydration
hardening and additives-retarders of sodium phosphate, sodium tetraborate and citric acid, were
studied. The optimal concentration of superplasticizer was established (0.3 wt. %). It was determined
that sodium sulfate helps to improve the strength of CM, and the addition of sodium tetraborate and

citric acid can effectively regulate the setting time.
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BansiHue XuMH4YeCKHX 100aBOK HA CBONCTBA
KOMIIO3UTHBIX MATEPHAJIOB HA OCHOBE TOHKOAMCIIEPCHOM

BbICOKOKAJIbIMEBOM JIeTY4el 30JIbI

O.M. lllaponosa?, B.M. Kupnien?,

JLLA. ConoBbeB?, A.I. Anmun®?

Uncmumym xumuu u xumuueckou mexrnonoeuu CO PAH
QUL «Kpacnospckutl nayunsii yenmp CO PAH»
Poccuiickas ®edepayus, Kpacnosapck

®Cubupckuil hedepanvubiii ynueepcumem

Poccuiickas ®edepayus, Kpacnosapck

Annomayusi. KommosutHbie wMatepuanel (KM) moxydanun Ha OCHOBE TOHKOIUCIIEPCHOM
BBICOKOKaJIbIIHEBOM JeTyuek 305161 (BKJI3), 0T00panHoii ¢ 4-ro nosis anekTpoduiasTpos KpacHospekoit
TOL-2, ¢ mobaBkoii cynepruractudukaropa Melflux 5581F npu oTHOomeHuun Boma : cBs3yromiee
B/C = 0.25. U3yueHo BIUsHHE KOHICHTpanuu cynepriactudukaropa B uarepsaie 0.06-0.6 mac. %
Ha HPOYHOCTHBIE CBOWCTBA KOMIIO3UTHBIX MAaTE€pHajioB, a Tak)Ke BIMSHHE a00aBKH cyibdaTa
HATpUs B KAYECTBE YCKOPUTEJIS TUJPaTAllMOHHOIO TBEpAEHHS U 100aBoK-3ameinTenei — pocdara
HaTpusi, Terpabopara HaTpUs M JMMOHHOM KHCIOTBHL. YCTAQHOBJEHA ONTHMAJIbHAS KOHIEHTPALHS
cynepruiactuduraropa (0.3 mac. %). OnpeneneHo, 4To cysib(par HATPHUS CIOCOOCTBYET YJIyUIICHUIO
npounoctu KM, a nobaBku Terpabopara HaTpus W JIUMOHHOH KHCIIOTHI MO3BOJISIIOT 3({eKTHBHO

peryjinpoBaTb BPpEMA CXBaTbIBAHUA.

Kniouesvie cnosa: KOMIO3UTHBIN MaTt€puall, BBICOKOKaJbHWEBAA JIETydass 30Jla, TUJAparanusd,

cynepriacTu(hUKaTOp, YCKOPUTENb TBEPACHUS, 3aMEIJINTEINb TBEPACHUS.

Huruposanue: lllaponosa, O.M. BiusiHue XMMHYECKHX 100aBOK Ha CBOHCTBA KOMIIO3UTHBIX MAaTEpPHUAJOB Ha OCHOBE
TOHKOJIMCIEPCHOI BBICOKOKANbIUEeBOl neTyueil 3o0mbl / O.M. lllaponosa, B.M. Kupuunen, JI.A. ConoBbeB, A.I. AHmuig
// Kypu. Cub. denep. yn-ta. Xumus, 2020. 13(3). C. 395-407. DOI: 10.17516/1998-2836-0192

BBenenne

OyHKIMOHATBHBIE I00ABKH SIBJISTIOTCSI HEOOXOIMMBIMU KOMIIOHEHTAMHU B COBPEMEHHBIX TEXHOJIO-
TUSIX MUHEPAIIBHBIX BSUKYIINX MAaTepHaJIoB, 06 TOHOB M KOMITO3UTHBIX MaTepraios (KM), usrorasinsa-
€MBIX Ha OCHOBE MOPTIIaH/IIEMEHTA, JUIS YIIPaBJICHUS UX PEOJIOTMUECKUMHU, TPOYHOCTHBIMU U APYTUMU
coiictBamu. CoryacHo cTaHaapTy [1], mo ocHoBHOMY 3(dekTy IeHCTBHS 100aBKH KJIACCUPULIUPYIOT
Ha MIacTHHULUPYIOIINE, BOAOPEAYIHPYIOMINE, CTAOMIU3UPYIOIINE, PEryIHpYIONIie MOIBIKHOCTS,
KMHETHKY TBEpACHHS (YCKOPHTEINHN, 3aMEUINTEIH), TOBBIIIAOIINE IPOYHOCTH, MOPO30CTOHKOCTB, KOP-
PO3HOHHYIO CTOMKOCTb, PACIIUPSIONINE, a TAKXKe J00aBKH, IPUIAIOLINE ClIeIHaIbHbIC CBOHCTBA.

BaxxHO#l Bexoil B pa3BUTHH TEXHOJOIMH OCTOHOB CIYXUT pa3paboTKa BOAOPENYLHUPYIOIINX
J00aBOK, IPUBOIALINX K 3(D(HEKTUBHOMY TUCIIEPIUPOBAHHIO TOHKOAMCIEPCHBIX LIEMEHTUPYIOMINX

KOMIIOHCHTOB B X(HHKOﬁ (1)2136 0e3 YBCIIMYCHU S KOJINYCCTBA HO6aBJI$ICMOI>'I BOJIbI. C NPUMCEHCHHUEM TPEC-
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ThEro MOKOJICHUS TAKUX T00aBOK — MOJUKAapOOKCHIIaTHBIX cynepiuiactudukaropos (Polycarboxylate
Ether Superplasticizers — PCE) — cTano BO3MOXXHBIM H3rOTaBIMBATh BEHICOKOTEXHOJIOTMUHBIE OCTOHBI,
TaKHe KaK BHICOKOIIPOYHbIE 0€TOHBI (ITpouHOCTh Ha cxxkatue 50-100 MIla), cBepxBbIcOKOIpOUHBIE Oe-
torbl (UHPC) ¢ mpodnocThio Ha cxxatue >150 MIla unu camoymnorHstommuiics 6eton (SCC) [2, 3].
Mexanusm neiictBus PCE ocHoBan Ha ToM, uTo kapOokcuibhbie rpyiisl (-COOH) ocHoBHO# nenu
ToJMepa 00ecIieunBaloT aICOPOIMIO Ha TOBEPXHOCTH 3€PEH LIEMEHTa, @ OOKOBBIE LIETIOUKH CO3Ja0T
CTepHUUECKHE IOMEXH, IPEIOTBPAIas CIUNaHuEe TOHKOAUCIIEPCHBIX YacTHIl [3]. AacopOIinoHHbIe Xa-
PaKTEPUCTHKHU CYTIEPIIIacTH(HUKATOPOB OTIMYAIOTCS JIsI Pa3HBIX KOMIOHEHTOB MHHEPAJIOTHIECKOT0
cocTaBa IIeMeHTOB. bosee cuibHOe Biustaue Ha agcopoiuio PCE umerot amomunat CazAl,Og 1 amro-
Modepput CasAl,Fe, 0y mo cpaBHeHUIO ¢ cumukataMu Kanbius Caz;SiOs u Ca,SiOy [4].
BonopactBopuMble HEOPraHUYECKHE COJIU ILEIOYHBIX U IEII0OYHO3EMEIbHBIX METAJIJIOB IIPUMe-
HSIIOT JJIsl yCKOPEHUS TBEPACHUS LIEMEHTA U yBEJIIMYEHUsI paHHEeH NPOYHOCTH [5, 6]. DT0, HanpuMep,
CaCl,, CaNQO;, Na,COs, Na,SiOs [7]. U3 opraHn4YecKuX BEIIECTB K 100aBKaM-yCKOPUTEISAM OTHO-
catea popmuar kaiasuust Ca(HCOO),, masenesas kucinora C,H,04. DddexT BozaeiicTBus CBsI3aH,

B IIEPBYI0 OY€pe/Ib, C AKTHBAIMEH peaKk[uu ruapaTanny TpexkanbiueBoro cuinkara 3Ca0-SiO;:
3Ca0-SiO,+zH,0®Ca,Si(OH), nH,0+(3-x)Ca(OH),.

MexaHN3M aKTHBALMN MOXET ObITh 00yCIIOBIIEH: 1) H3MEHEHHEM COCTaBa IOPOBBIX PACTBOPOB,
MPUBOJISLIETO K YBEJIUUYECHUIO PACTBOPUMOCTH KOMIIOHEHTOB BSIKYILEr0 MaTepuaa; 2) XMMUYeCKHM
B3aMMOJICHCTBUEM C MCXOIHBIMU KOMIIOHEHTaMH BSDKYILETO MaTepHalia M ¢ MPOAYKTaMM T'Hjipara-
uu. JlobaBku ¢ kpucTaorpadpuuecKuMu XapakKTepUCTUKAMU, OJIN3KMUMH MTPOAYKTAM THpaTAIUH,
CJIy’aT IEHTPaMU KPUCTANIN3allMi HOBOOOpa3oBaHHbBIX (a3 [7].

B psiae cinydaeB HEOOXOIMMO MPUMEHSATD JT00aBKH, 3aMeUISIOIINE CXBAThIBAHHE U TBEPICHHE.
OTuMu cBoMcTBaMHU 00J1a/1al0T MHOTHE OPraHWYECKHE BEIIeCTBa, HAPUMEp THAPOKCHKAPOOHOBHIC
KMCJIOTHI (BUHHAS, JINMOHHAS) M UX COJIH, IUTHOCYJIb()OHAT KaJbLUsl U HEOPraHUYECKHE BEIECTBA —
rurnc, ¢ocdarsl (pochar Na), 6oparsl (Oypa) [6-8]. MexaHu3M HX ICHCTBHS TPOSBIACTCS Yepe3
pasHble THUIIbl B3aMMOJICUCTBUS YaCTHUI[ BSOKYIET0 MaTepuasia ¢ BOJOH — aJIcopOIus, OcaxJIeHHe,
KOMIIJIEKCcoO0Opa3oBaHue 1 Hykieanus. Hanpumep, neiicTeuie 100aBOK, 3aMeUISIOINX CXBAThIBAHMUE,
TaKMX Kak caxaposa, uutpar Ca, D/ITA, oObsACHAIOT ajcopOuueil UX Ha MPOAYKTaX T'MApaTaluu,
ocobernno Ha Ca(OH), u rugpocunmkarax kaieius (C-S-H) . 3amennurenu 6onee 3pGpeKTUBHBI 115
LEMEHTOB C HU3KUM COJIep)KaHUEeM aJFOMUHATOB, TaK KaK ajJlOMHHaTHas (as3a [eMeHTa MorionaeT
60JIbIIIOE KOJTMYECTBO 3aMEUIUTENsA. B CBA3M C 3THM UCIOIB3YIOT AOOABKH TMIICA JUISl CBSI3BIBAHUS
AJIOMHMHATA KaJIbIHs B OTTPUHTHUT, YTO COXPaHsET YPPEKTUBHOCTH J0OABOK 3aMelIIUTeNeH rupara-
LMW U TBEPACHUS IPpyTrux das.

Jlery4ue 305161 OT IPOMBILICHHOTO C)KUTAHMSI YIIIEH, IPUMEHEHNE KOTOPBIX B Ka4eCTBE 3aMe-
CTHUTEJIS IEMEHTA B KOMITIO3UTHBIX O€TOHAX CTaHOBUTCS Bce Ooiiee MacTaOHbIM [9, 10], 3HAaUnTENBHO
OTJIIMYAIOTCS 110 (ha30BO-MHHEPAJIOTMUECKOMY COCTAaBY OT LIEMEHTA, a CJIeJ0BaTeIbHO, ICUCTBUE XU-
MHYECKHX J100aBOK TaKKe MOXKET CYIIECTBEHHO OTIIMYAThCA.

Ienbro paboOThI OBLIO YCTAHOBUTH BIMSHHE KOHIICHTPAIUU MOJUKAPOOKCHIIATHOTO CyIepILia-
cTudukaropa, a TakKe BIUsSHUE 100aBOK aKTUBATOPOB M 3aMeUIUTEICH I'UAPATAllHOHHOTO TBEp/e-
HUS Ha CBOMCTBA KOMIIO3UTHBIX MAaTEPUAJIOB HA OCHOBE TOHKO/IMCIIEPCHON BBICOKOKAJIBIIUEBOH JIETY-
yeit 301161 (BKII3).
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O0BbEeKTBI H METOABI

B kauecTBe MCXOJHOTO Marepuaja /Ui KOMIIO3UTHBIX 0Opa3loB HCIIOJIB30BAjach TOHKOIU-
criepcHasi BhICOKOKasbIeBas Jetydas 3oia (BKJI3) oT mpoMBINIIEHHOTO MBIIEBUIHOTO CKUTAHUS
HU3K03016HOTO (11%) Oyporo yris mapku b2 Kancko-Aunnckoro 6acceitna nmpu Temneparype 1400-
1500 °C B xotmoarperarax tumna bK3-420 ¢ xunkum mnakoyaaneHueMm Ha Kpacnosipckoit TOLI-2.
[Tpob6a BKJI3 orobpana ¢ 4-ro nonst anexTpodmiisTpos (OP) Ha ycraHOBKe ¢ 3(h(HEeKTHBHOCTHIO yIaB-
nuBaHus >98%. Metoas!l uccnenoanust BKJI3, B wacTHOCTH pacnpesneneHne Mo pa3Mepam 4acTHIL,
MaKpORIIEMCHTHBIN COCTaB ¥ MOP(OJIOTHUs IeTaIbHO onucansl panee [11, 12]. Jlist cpaBHEHHSI TPHBO-
nsitest xapakrepuctuku nementa [111 42.5 H Kpachosipckoro nemeHTHOr0 3aBojia. B kadectse noda-
BOK IIPUMEHSLUTHA OTUKapOOKCHITaTHEIH cynepruiactudukarop Melflux 5581F u peakTuBsr — cynbdar
Hatpust Na,SOy, bocdar natpus 12-tu Bogusiii Na;PO4 12H,0, rerpadopar natpus Na,B,O-, tuMoH-
Has kucinora CgHgOs.

Kommno3utHble 00pasiibl BEICOKOH npoyHOCcTH npurotosiieHsl u3 100% asroir BKJI3 npu otHo-
meHuu Boja : cszytomee B/C = 0.25 ¢ nobaskoii 0.06, 0.12, 0.3 u 0.6 mac. % cynepmiactudukaropa
Melflux 5581F B Buje oTBepxaeHHbIX KyOukoB 20x20x20 Mmm. OOpa3siibl XpaHUIM BO BIaXKHOW aTMOC-
tdepe B Teuerne 1-120 cyT. McnpITaHus MPOYHOCTH 0OPA3IIOB BEITIOTHEHBI C TIOMOIIIBIO HACTOIBHON
JIByXKOJIOHHOW HcHbITaTenbHON MamuHb! Instron momens 3360 (Instron, CIIIA), co ckopocThiO ABH-
JKEHUs TpaBepca 5 MM/MuH. Bpems cxBarbiBanus onpenemnsuiocs B coorBercTBun ¢ I'OCT 310.3-76
Ha j1aboparopHoM rpubope Buka.

KonmyecTBeHHBIN (pa30BbIi aHATM3 BBHIIOJIHEH C MPHUMEHEHHEM IOJHONPO(QHIBHOTO METoJa
PutBenpaa 1 MUHUMU3AIUU TPOU3BOIHON PA3HOCTH, A€Talu aHalu3a mpuBeAcHbl B [12]. Pentreno-
IpaMMBbl CHUMAJIM B T€OMETPUH Ha OTpaxkeHHue ¢ ucronbzoBanreM Co Ka m3nydenns Ha nudpakro-
metpe PANalytical X'Pert PRO ¢ merektopom PIXcel u rpaduroBsiM MoHOXpomMaTopoMm. CKaHUPO-
BaHHE PEHTTCHOTPAMM IIPOBOAIIIH B Tuamna3oHe yriaoB nudpaknun 260 = 7-100°. BecoBoii mpomeHT
KPUCTAJUTMUECKOM 1 aMOP(HON KOMIIOHEHTBI OIPE/IEIISiIIN METOJIOM BHEIIIHETO CTaH [apTa (UCIoIb30-
Basu KopyHn). Koaddunments nmornomenns o06pa3noB pacCUUTHIBAIN UCXOS U3 OOIIETro 3JIeMeHT-
HOT'0 COCTaBa 10 JaHHBIM XUMHUYECKOT0 aHaIH3a.

Cunxponnbiii Tepmuueckuit ananu3 (CTA) ruapatupoBaHHbIX 00pasnoB KM mocne cymkn
B TeueHue 2 4 npu 60 °C BoinoiHeH Ha npubope Jupiter STA 449C («Netzschy, I'epmanust) ¢ mace-
crieKTpasibHBIM aHaiu3aropoM Aeolos QMS403C («Netzschy», 'epmanus) B Pt-Rh-Turisix ¢ kpbImkoi
¢ ucnons3oBanueM HaBecku 20.0+0.1 mr. Peructpanuio n3menenns maccel (T, ITT), Ternosoro mo-
toka (JICK) u cocraBa razoo0pa3HbIX IPOAYKTOB (10 MOJEKYIsIpHBIM HoHaMm Ar’, O,", CO,", CO,
H,0" u SO,") npoBonuiu B pexxume JUHEHHOr0 MoJbeMa TemIeparypbl co ckopocteio 10 °C/mun
B auamnazone temneparyp 40-1000 °C ¢ nomaueii rasosoit cmecn 20% O,+80% Ar (oOmiuii moTok —
50 cm® HT[I/mun). Kosdpuuuent uyscreurensnoctu cencopa JCK-TT onpenensinu u3 TEMI0eMKOCTH

CTaHJIApTHOTO carndupoBoOro qUcKa, OTHOCHTENbHAs omuOka onpenenenns AH He npesbimana 4%.

Pe3yabTaThl H 00CyXKACHUE

Ucxonnas BKJI3 nmeet pa3mepbl dgp— 10 MKM 1 SIBIISIETCS CYLIIECTBEHHO 00JIee IUCIEPCHBIM Ma-
tepuasoMm o cpaBHenuto ¢ I111 42.5H (puc. 1). B xumnueckom cocrase BKJI3 (tadu. 1) mpeodnanaet
Ca0 (39.6 mac. %), mpu 3TOM COACPIKHUTCSI TocTaTouHO MHOTO Si0; (24.6 Mac. %) u Fe,05 (14.3 mac. %).

OcHoBHBIe oTHYHUs 0T cocTtaBa I11] 42.5H — menpmee conepkanue CaO u OoJee BRICOKOE COepKa-
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Hue Al,Os, Fe,0O; u MgO. B dazoBom cocraBe mpuUCyTCTBYIOT KpucTandeckue Ca-coaeprxainue
¢aspl CarFe,Al,Os — 17, CazAl,04 — 10, CaSO, — 7, CaCO; — 5, CaO — 4 mac. % u creknodasa —
42 mac. % (ta0ma. 2). Habmrogaetcst psa ommnunii ¢asosoro cocrtaBa BKJI3 ot 111 42.5H — otcyT-
ctBue ¢a3 cunukaroB kaneus CazSiOs u Ca,SiOy4, xotopsie B [11] coctaBusrot 73.7 mac. %, mpeo0-
nanatromuM komrnonenTom BKIJI3 sBisieTcs amopdnas daza (42 mac. %), conepkaHie KIMHKEPHBIX
(a3 — Tpexkanpuueslii amoMuHaT 3Ca0°AlLO; (9.9 mac. %) u amomodepput kanbuus Ca,Fe Al Os
(16.9 mac. %) — HeCKOJIBKO BbINIE U, HAKOHEI, B cocTaBe BKJI3 comepxuTcst 3HAaUNTENBHOE KOJHUYe-
cTBO (a3 HecBsi3aHHBIX okcuioB Ca0, MgO, SiO,, a Takxke CaCO; u CaSOy, (Tadm. 2).

Ha noBenenne BKJI3 B mporecce rujparanuy BiIuseT akKTHBHOCTh KaK KpUcTajuinueckux das,
00JaTafoIIuX CaMOCTOATENBHBIME BsOKymuME cBoricTBamu (Caz;Al,Og, CasAlLFe, O, CaO, CaSOy),
TaK M CTEeKJa, COAEeP KaHNe KOTOPOro MOXKeT cocTaBiATh oT 20 1o 87% [13, 14]. UccnenoBanue cre-
KJIOKPUCTAJTHYECKUX MUKpochep B BEICOKOKAIBIIUEBOM JeTyuek 3o01e [15] mokasao, 94To comepxa-
Hue CaO B HUX MOXeT MeHAThes oT 0 10 60 Mac. % W pH €ro YMEHbBIIEHUH CHUKACTCS PeaKIIMOHHAs

CIIOCOOHOCTH MI/IKpOC(I)ep K paCTBOPCHHIO B BOJAC U KHUCIIOTAaX. C YBCIMYCHUCM COACPIKAHUSA KAaJIbI A
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Puc. 1. Pacipenenenue no pazmepam yactun ucxonnoit BKJI3 u noptnanauementa [111] 42.5H

Fig. 1. Particle size distribution of the initial HCFA and Portland cement PC 42.5N

Tabmuna 1. Xumuueckuii cocraB (mac. %) HCXOQHOH BbICOKOKanblMeBoi seryueil 3ombl (BKJI3) wu
nopriaanauemenTta [111 42.5H (I111)

Table 1. The chemical composition (wt. %) of the initial high calcium fly ash (HCFA) and Portland cement PC
42.5N

KomnoneHTBI
Ob6pasen - -
CaO SiO, | AlLO; | Fe,O;3 | MgO SO; Na,O | K,0 TiO, | mmm. >
BKJI3 39.60 | 24.60 7.30 14.29 8.24 2.29 0.71 0.20 0.25 1.96 99.5
11 63.9 20.41 4.87 4.18 - 2.46 - - - - 95.91
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Ta6nuna 2. da3oBslii coctas (Mac. %) ucxomuoit BKJI3 u noptnanainementa I111 42.5H (ITL1)
Table 2. The phase composition (wt. %) of the initial HCFA and Portland cement PC 42.5N

da3zbl
ON @)
< m o
Obpa3zen - 9% al @ T |3
2% Slaol | €S| 8|8 5| %2
S| 2| o lo|lBd |82l S|a|a|2E 2|3 |5s
< < = o0 I = © = S s | O E = ] > 8
@) @) O = 3 O @) @) O O |\ 8| O O | <&
BKJI3 99 [ 169 | 42 | 57 | 53 | 49 | 65 | 2.1 - - 24 - - 42.1
111 58 | 13.2 - - 05| 24 - - 645 | 9.2 - 39 | 0.5 -

B QJIFOMOCUJIMKATHBIX U CHJIMKATHBIX CTEKJIAX Y HUX MOSIBISIOTCS CAMOCTOSATENIbHBIE BSIKYIIAE CBOM-
CTBa, KOTOPBIC 3aBUCAT OT BEMUYUHBI OCHOBHOCTH R = Ca(Q/SiO, [16]. B cucteme Ca0-Al,0;-Si0O,
npu R<0.5 cTekna mposBIASIOT TOJBKO MYIIIOJAHUYECKUE CBOWCTBA; CAMOCTOSITENIbHBIE BSIKYIIHE
CBOMCTBa yayumatorces st crekod ¢ R ot 0.5 1o 1.3 u nydiimne BsXKylMe CBOMCTBA UMEIOT CTEKJIa
¢ R>1.3.

B paborax [11, 12] onucan GecrieMeHTHBIH KOMITO3UTHBIN MaTepualn (KM), mony4deHHbIH Ha oc-
HoBe ToHkoaucnepcHoil BKJI3 4 nons D@ Kpacuosipckoit TOL[-2. B pabote [12] mpuBeneH cocras
crekia 3toi BKJI3, u3 kotoporo cienyer, 4To BeauynHa R [1st HEro cocraBisieT B CPEAHEM OKO-
no 0.8, crieoBaTenbHO, TAKHE CTEKJIa MOTYT MPOSIBIATH BSDKYIIYIO aKTUBHOCTb. J[ns ymydrneHus
MJIACTUYHOCTU 00pa3IoB Ha OCHOBe TOHKonmucnepcHoit BKJI3 mcrmonb30BaH momnkapOOKCHIATHBIN
cynepruiactudurarop Melflux 5581F npu konnentparnuu 0,12%, 94TO MO3BOJIUIO CHU3UTH OTHOIIIE-
HUe «Bona/meMeHTHpyIomui Matepruam» (B/Il) no 0.25. [Ipounocts Ha cxaTtue oOpasmoB KM Bo3-
pacrana ot 17 no 72 MIla npu cpokax orBepxkaeHus ot 1 1o 120 cyT. I3 3TUX AaHHBIX CIEAYeT, 4TO
torKomuctiepcHass BKJI3 MokeT MpIMEHATHCS B KAUEeCTBE CAaMOCTOSITEIIBHOTO BSDKYIIETO MaTepHalia
1 00eCIeYnBaTh BHICOKYIO IPOYHOCTD 33 CUET MUAPATAIMU KaK THIPABIHYCCKH aKTUBHBIX KPUCTAII-
nudeckux (a3, Tak U aKTUBHOTO CTEKJIA. JIOMOTHUTEIBHOE PETYINPOBAHUE CBOHCTB BOSMOXKHO C TIO-
MOII[BI0 BAPbUPOBAHUS KOHIICHTPAIIUU CyTepIIacTH(GHUKATOPa, a TAKXKE 100aBOK YCKOPUTEICH U 3a-

MeZ[HI/ITeHeﬁ nponecca TBEpACHU .

Busanue xonyenmpayuu cynepniacmugpuxamopa

Ha puc. 2 npuBeseHbl 3aBUCHMOCTH IPOYHOCTH HA CKATHUE OT KOHI[EHTPALMH CyTiepiacTuuKa-
topa Melflux 5581F npu pa3ubix cpokax TBepaeHuUs. st 00pa3ioB, MPUTOTOBICHHBIX U3 TOHKOIH-
cnepcuHoii BKJI3 ipu B/C = 0.4 6e3 mo6aBku cynepriiacTuGUKaTOpa, BEIUIHHA IPOYHOCTH COCTABIISACT
11, 22 u 30 MIla npu cpokax TBepaeHus 3, 28 u 80 cyT cooTBeTCTBEHHO. J{111 00pa3IoB, MPUTOTOB-
JICHHBIX ¢ 100aBKoH cynepmuiactudukaropa B uatepsaie ot 0.06 xo 0.6 mac. % mnpu B/C = 0.25, kpu-
BBIE ITPOXOASAT Uepe3 MakcuMyM. B wactHocTH, npu no6aske 0.06% BexndnHA IPOYHOCTH BO3pOCia
1o 24, 34 u 58 MIla nmpu cpokax TBepaeHus 3, 28 u 80 cyT COOTBETCTBEHHO. MaKCHMaJIbHOE 3HAUCHHE
MIPOYHOCTH HAOIIOAI0Ch IIPH YBEITMYEHUH KOHILICHTpaluy cyneprutactudukaropa 1o 0.3%, koropoe
BO3pocio a0 ~ 45, 60 u 78 Mlla npu cpokax TBepaeHus 3, 28 u 80 cyT coorBeTcTBeHHO. [Ipoiias ue-

pe3 MakcuMyM, JalibHelIee NOBbIIIeHne KOHIIEHTpauu cynepruiactudukaropa a0 0.6% npuBoguT
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K YMEHBIICHUIO MPOYHOCTH KOMIIO3UTHBIX 00pa3ioB (puc. 2). B nutepaType aHaIOTUYHbBIE PE3yiib-
TaThl OOBACHIIOTCS HEOAHOPOJHOCTBIO PACIPEAEICHUS KUAKOCTH U TBEPAOH (a3bl BCIECACTBHE JIO-
KaJIBHOTO PacCIOEHUs B IIEMEHTUPYIOIUX PACTBOPAX BBICOKOM TEKydeCTH, KOTOpas BO3ZHUKACT MPU
00aBJICHUY BEICOKHX KOHIICHTpAIUH cymnepruiactudukaropa [3].

3aBUCHMOCTH IPOYHOCTH Ha C)KaTHE OT BPEMEHM TBepiaeHus B TeueHue 140 cyT m3o0paskeHbl
Ha puc. 3, caMylo HU3KYI0 BenuuuHy npouynoctd (11-30 MIla) umeror o6pasusr Ha ocHoBe BKII3
npu B/C = 0.4 (puc. 3, kpuBas 1). [Ipu aTom npouHocTs 00pa3iioB, noiayyeHHbIX Ha ocHoBe 100%-ro
noptinanauementa [11] 42.5H, B cpaBHUMBIX yCIIOBUSIX B ~2 pa3a Bbllle U cocTaBiser 24—66 MIla
(puc. 3, kpusas 2). [Ipu no6aske cyneprutactudukaropa Melflux 5581F ¢ konuenTpanueii 0.12 mac. %
01710 yMeHbIeHO oTHomeHue B/C 1o 0.25, 910 mo3BonuiIo qoctudb mpodnoct 24—68 MIla B atu ke
CpOKH TBepAeHUs (pucC. 3, KpuBas 3), KOTOpasi COMOCTABUMA C MPOYHOCTHIO 00pa3ioB Ha ocHoBe [11]
42.5H 6e3 nobaBku cynepruiactudpukaropa (puc. 3, kpusas 2). [Ipu yBenndeHHH KOHIICHT PALHH CY-
nepriactudukaropa m10 0.3 mac. % npounocts odpasuoB KM Ha ocHoBe ToHKOAMCTEepcHO BKJII3
Bo3pocia 10 ~ 45—84 MIla, 4T0 3HAYUTEIBHO MPEBHIIIACT TPOYHOCTH 00Pa3IIOB HA OCHOBE IIEMEHTA
(puc. 3, xpusas 4).

Melflux 5581F — 310 monukapOOKCUTIATHBIN CyTepIuTacTH(GUKATOP, COCTOSIINHI U3 OOKOBBIX IIe-
MOYEK METOKCHUIIONUITUIICHIIMKONISA, IPUKPEIUVICHHBIX K OCHOBHOW ILIEMHU MOJMMETAaKpPUIIOBOM KHC-
notHl [17]. Mexanusm nucneprupoBanus ¢ momomnsio Melflux 5581F cumTaeTcst CBA3aHHBIM C JICK-
TPOCTATHYECKUMH CHUJIAMU OTTAJIKUBAHUS, CO3/1aBa€MbIMU KapOOKCHIIBHBIMU (YHKIIMOHAJIBHBIMHU
rpynnamu (-COO”) 0CHOBHOH Len¥ Ha IMOBEPXHOCTHU 3€PEH LEMEHTA, U C d3(PPEKTOM CTEPHUECKOTO
3aTpyAHEHUS, CO3aBaeMbIM I'HAPO(GOOHBIMU OOKOBBIMH LETISIMH METOKCUIIONIMATUICHTTHKOIIs [18].
D¢ dexTHBHOE ANCIEPTHPOBAHUE TOHKOAMCIIEPCHOIO BSIKYINETO Marepuaja crnocoOcTByeT Ooree

OBICTPOMY U TIOJIHOMY B3aHMOZICHCTBHIO KOMIIOHEHTOB IIPU PACTBOPEHHH M 00pa30BaHUU HOBBIX (a3.

100

80

60

40

IIpounocTts Ha cxkatue. MIIa

20

0,0 0.1 02 03 04 05 06
Konnentpanus cynepriactudgukatopa., Mac.%o

Puc. 2. 3aBUCHUMOCTh MPOYHOCTH HA CXKATHE OT KOHIICHTparuu cynepriactudukaropa Melflux 5581F mis
KOMIIO3UTHBIX 00pa3ioB Ha 0cHOBE ToHKoaucnepcHoit BKJI3 mpu B/C = 0.25

Fig. 2. The dependence of compressive strength on the concentration of Melflux 5581F superplasticizer for
composite samples based on fine-dispersed HCFA at W/B = 0.25
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IIpounocts Ha cxkatue, MIla
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Bpemst TBepIeHUS, CYTKH

Puc. 3. 3aBHCHMOCTb HPOYHOCTH Ha C)KaTHE OT BPEMEHH TBEPJCHHS MJisi 00pasloB, NMPUIOTOBICHHBIX IPH
B/C = 0.4 na ocroBe TonkonucnepcHoit BKJI3 (1) u Ha ocHoBe moptinanauementa [111 42.5 H (2); mpu B/C = 0.25
Ha ocHOBe ToHKoucnepcHoit BKJI3 ¢ no6askoii cynepmnactuduxaropa 0.12 % (3) u 0.3 % (4)

Fig. 3. The dependence of compressive strength on hardening time for samples prepared at W/B = 0.4 based on
fine-dispersed HCFA (1) and based on Portland cement PC 42.5 N (2); at W/B = 0.25 based on fine-dispersed
HCFA with the addition of superplasticizer 0.12 % (3) and 0.3 % (4)

dazosie mpespamienns B KM Ha ocHoBe 100%-ro BKJI3 neranpHO ommcansl panee B pabo-
tax [11, 12], © yCTaHOBJIEHO, YTO HAa TPETHU CYTKH IMOJIHOCTHIO MPOpPEArupoBaiu aTroMO(epput
kaneiua Ca,Fe,Al,Os n cymbdar xampuus CaSO,. Ilpum 3TOM akTHBHO 00pa3yroTCs STTPUHTUT
3Ca0+Al1,033CaS0432H,0, xapbonar xansius CaCO;, moptnanaut Ca(OH),. Ha 28-e cyTku TBep-
JICHHST HAOJII0MaeTCs 3HAYUTEIbHOS YMeHbIeHne konnuecTBa CaCO; 1 00pa3oBaHue THAPATOB Kap-
6oamromunaToB Kanbus CasAly(OH)3(CO;5)05 © 4H,0 n CasAl,(OH) 1,CO; - SH,0 ¢ oueHb HU3KOM
KPUCTAJUIMIHOCTHIO, & TAK)KE 3HAYUTENIbHO Bo3pacTaeT konuecTBo Ca(OH), n ymeHbIaeTcs conep-
JKaHUEe aMOpQHOI ¢a3bl (Tadn. 3). [maBHEIME HOBOOOpPa30BaHHBIMU (Da3aMU SBISIOTCS ITTPHHTUT
3Ca0-Al,05-3CaS0432H,0 u ruapatsl xkapboamomuHaToB Kanbiust CasAly(OH);3(CO;5)5-4H,0
u CayAly(OH);,CO;-5H,0 ¢ HU3KOH KPUCTAINTMIHOCTHIO, 8 TAKKE CKPBITOKPHUCTAITNICCKIE THIPO-
CHJIMKATBI KaJIbIIMsI, TOHKAsI CMECh KOTOPBIX CO3/1a€T BHICOKYO IIPOUYHOCTH KOMIIO3UTHOI'O Marepuaa

B IIponecce ru ApaTalfuOHHOIO TBEPACHU .

Bauanue cynopama nampus

OnHoit U3 100aBOK-aKTHBATOPOB THApATAIIMHU sBJseTCs Cyabdar Harpus Na,SO,. Hampumep,
NIpUMEHEHHNE B KauecTBe akTuBaropa 3-4% Na,SO,4 criocoOCTBYeT yBEINYECHNIO aKTUBHOCTH AJTIOMO-
CHJTMKATHOT'O CTEKJIa JeTyuel 307161 M KaJbIUHATIOMOCHINKATHOTO CTEKJIa JOMEHHOTO IIIJIaKa B CMe-
cu ¢ CaO B cootHomenuu JI3 : CaO = 80 : 20 u JI3 : [llnak : CaO = 60 : 27 : 13, a Takxe B cMecH
JI3 ¢ II1T (30 : 70) [19] u JI3 : IILL = 80 : 20 [20]. C moOaBneHuem Na,SO4 MpOTEKACT €ro peakilus
¢ Ca(OH),, B pe3ynbraTe KOTOpOi Bo3pacTaeT pH pacTBOpa, 4TO yBEIMYHBACT PACTBOPEHHUE 30JBHO-
ro ¥ LIUIAKOBOTO CTEKOJI U CKOPOCTH MYIIOJAaHMYECKUX peakluii ¢ 00pa30BaHUEM I'MIPOCUIMKATOB

U TUIPOATIOMOCHIIMKATOB Kasiblusi. Kpome Toro, Bo3pacraer koiamuyectBo ruapara CaSO,exH,0,
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Ta6numa 3. ®a3oBsiii coctas (Mac. %) ucxoanoit BKJI3 1 komno3utHbIX 006pasios Ha ee ocHoBe ¢ 0.12 % Melflux
5581F npu B/C = 0.25 6e3 no6aBku u ¢ qobaskoii 5 % Na,SO,4 nociie 28 cyT TBepacHUs

Table 3. The phase composition (wt. %) of the initial HCFA and composite samples based on it with 0.12 %
Melflux 5581F at W/B = 0.25 without additives and with the addition of 5 % Na,SO, after 28 days of hardening

da3za Hcxonnas BKJI3 22[31(%@ s ‘Vf ?\I(;Z; 0.)
Kpucmannuueckue paszor
Ca,Fe,Al,Os 16.9 - -
Ca;AL04 9.9 8.1 8.7
CaSO, 6.5 - -
MgO 5.7 4.0 4.7
a-Si0; (kBapir) 5.3 57 5.6
CaCO; 4.9 2.1 2.8
CaO 4.2 2.3 24
deppomnunens 24 2.7 2.9
Ca(OH), 2.1 9.6 5.9
CHASONOH) 2680 - 124 134
Ca,Si0, (mapHUT) - 34 33
z 57.9 50.3 49.7
Crnabookpucmannuzoeanuvie u amop@pHas gaszol

CayAly(OH)5(C0O5)g 5°4H,0 - 14.1 3.6
CayAly(OH),CO55H,0 - 53 -
AmopdHas dasa 42.1 30.3 46.7
z 42.1 49.7 50.3
[Tpounocts Ha cxarue, MIla - 45 49

HPUBOJISILIETO K 00pa30BaHUIO JIOMOJHUTEIBHOTO STTPUHIUTA. B COBOKYITHOCTH 3TH NPOLIECCHI CIIO-
co0CTBOBAJHM YBETUYCHHIO TpouHOCTH |19, 20].

B Tabn. 3 npusenensl gaHHble 10 $azoBoMy coctaBy u npouHoctd KM Ha oCHOBE TOHKOH-
cniepcaoit BKJI3, nonyuennsix npu B/C = 0.25, konnentpanuu cynepractupukaropa 0.12 mac. %
0e3 no6aBku 1 ¢ 106aBKkoii 5 Mac. % Na,SO,4. VI3 3THX JaHHBIX CIEAYET, YTO COJIEPKAHNUE ITTPUHTUTA
yBEeTUYIIIOCh OT 12.4 1o 13.4 mac. %. bonee 3HaunTENBPHBIC M3MEHEHUS HAOMIOMAOTCS B TIPEeBpaIIie-
HUHU THAPATOB KapOOaIFOMHHATOB — Hcye3ia (asa monokapboamomuaara CasAly(OH);;,CO5°5H,0
u ymeHpmmiack ot 14.1 go 3.6 mac. % daza momykapboamtomunata CasAly(OH);3(CO;)05°4H,0,
a TAK)Ke — B yBEJIMYCHUHU KoymuecTBa amopduoi daser ot 30.3 go 46.7 mac. %. [Ipu 3tom mpou-
HOCTH OTBEPIKJICHHBIX 00Pa3I[0B HECKOIBKO yBemmamiach (0T 45 no 49 MIla). HauGomee BeposTHRIM
pe3yJIbTaTOM 3THUX MPEBpALICHUH sBJsieTCss 00pa3oBaHue aMOpGHBIX (a3 MOHOCYIb(OaTIOMUHATA
3Ca0+Al,03°CaS04°12H,0 u a3 AFm obmero cocrapa [Ca,(AlFe) (OH)q] XxH,0, rue B kauecTBe
X moryT 6b1Th annonsl OH-, SO,> u CO5%, conepkKaliux MEHbIIEE KOIMYECTBO BOABI [0 CPABHEHHUIO
C OTTPUHTUTOM [5].

W3 nanHbIX cuHXpOHHOTO TepMudeckoro anaiuza (CTA) Takxke cieayert, 4To npu J00aBICHUH

5% Na,SO, na kpusbsix TT, ITI, ICK HaOmromaroTcss BHIUMbBIC H3MEHCHHUS, BKIIFOUAs YMEHBIIICHHE
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TI, mac.% Honnprii Tox, 10" A
ATI, %/mun
100 470% r30
r L :;:22:2 1.05% 03
95 - 1.28% -1.08%
1.65% 3.51% F0,2 |
----- < BK . 31% s
90 ) 0,1
-0,0 [-20
85 -
--0,1
80 Lo0.2[ 15
75 1 --0,3
10
F-0,4
70 +
r-0,5| 5
65 06
60  RaRaae 0,750

T T T T T T T T T T
100 150 200 250 300 350 400 450 500 550 600 650 700 750
Temnepatypa, °C

Puc. 4. lauubie CTA (TI/ATT u macc-ciektpsl H,O u CO,) asist 00pasiioB, MPUTOTOBJICHHBIX HAa OCHOBE
toukoaucnepcuoit BKJI3 mpu B/C = 0.25 ¢ no6askoii cynepriaactuduraropa 0.12 mac. % (1) 1 A0NM0THUTEIbHON
nobaskoii 5 % Na,SOy4 (2) npu BpeMeHu TBepAcHUs 28 CyT

Fig. 4. STA data (TG / DTG and mass spectra of H,O and CO,) for samples prepared on the basis of fine-dispersed
HCFA at W/B = 0.25 with the addition of superplasticizer 0.12 wt. % (1) and additional addition of 5 % Na,SO,
(2) at the time of hardening 28 days

IOTEPh MACCHl BO BceX 0003HAYEHHBIX HHTEpBasax Temneparyp (puc. 4) B 1.1-1.2 pasza, KoTopsle 03-
HAyaroT pa3jiuyus B COCTaBe TMAPATHBIX (a3. B wacTHOoCTH, CYe3HOBEHUE TOUeK reperuda npu 195
u 362 °C B obpasue ¢ Na,SO, cBsSI3aHO C yMEHBIICHHEM COIEP)KaHUS THAPATOB KapOOAIIOMUHATOB.
CHmxenue maccel B 1.5 pasa HaOmopanocs B untepBane jneruaparanuu Ca(OH), (410-520 °C), urto
cornacyetcs ¢ JaHHbIMH PDA (tabm. 3) u o3Hagaer aktuBupylomee jeiicreue Na,SO4 Ha CTENeHb

npespatenust Ca(OH), no cpaBHeHHI0 ¢ 6€3100aBOYHBIM 00pa3LOM.

Brusnue dobasox-3ameonumenei

CaMBIM Ty4IIUM HEOPTaHWMYECKHM 3aMEJJIUTENIeM JUIs IEMECHTAa SBISeTCsA TpudocdaTr Ha-
Tpus NasPO, [8]. On ancopbupyeTcss Ha MOBEPXHOCTH YACTHI[ LIEMEHTAa U MEPBBIX MPOAYKTOB
rujparanuu, oopasys 3amuTHBIN cioil Gpocdara kanpuus. Oxnako B cinydae BKJI3 nobaska 1%
Na;POy4, HanmpoTHUB, YCKOPSET CXBAaThIBAHHUE, YTO MPHUBOJAUT K OBICTPOHN MOTepe MIACTUYHOCTH
LIEMEHTUPYIOIIEH KOMIO3uLuU. YMeHbuieHue KoHueHtpanuu NasPO, no 0.2 mac. % He palo
oxunaemoro sddexra. ITo-BuauMoMy, BbICOKAsl MIOTHOCTh OTPULATEIBHOIO 3apsjia aHHOHA
PO, obGecneunBaer ero 6oJiee BHICOKYO aKTUBHOCTH 110 CPABHEHHUIO C KAPOOKCUIIBHBIMU (YHK-
nuoHanbHbiMU rpynnamu (-COO) cynepriacTupukaropa npu B3aUMOJEHCTBUM C MOBEPXHO-
CTBIO 30JBHBIX MUKpOCheEp.

W3BecTHBIME 100aBKaMH-3aMEIJIUTEIISIMU BJISIOTCS TaKKe TeTpabopat HaTpus Na,B4O; u nu-
MoHHas kuciota CsHgO4 [6, 7]. Jaxe mpu OTM3KOM XHMHUYECKOM COCTaBE M OTHOCHTEIIFHO HEOO0ITh-
MHUX OTINYMAX B (a3oBoM coctase Juisi BKJI3 pa3HbIX HCTOYHUKOB HAOJIOAIKNCh PaUKAIbHbIC

OTIIMYUS B COCTABE MOPOBBIX PACTBOPOB, 0COOEHHO B coziepkanuu nonos SO4>, Ca* u Na' u B co-
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OTHOILIEHUH 00pa3yromuxcst ruaparubix a3 — srrpuHrura 6Ca0-Al,Os3- (SO4);-32H,0, MoHOCYIb-
tdoamromunara kaneius 4Ca0-Al,0;-SO,4 12H,0, crpatmuaruta 2Ca0- Al,O5- Si0,-8H,0 [14, 21].
BuauMmo, kak pe3ysibTar BIHSHUS 3THX (aKTOPOB ISl BHICOKOKAJIBI[UEBBIX 30J1 C 15 TEII03JIeKTpo-
crannuii CIIIA, O1M3KHX 110 XUMHUECKOMY cocTaBy (copepkanne CaO BappupyeTcs ot 26 110 28%),
MOKa3aHo, YTO MPOYHOCTh Ha 28-€ CyT oTuyanach Ha mopsiaok (ot 3 go 30 MIla) u HabmrogaI0Ch
MIPOTHBOPEUNBOE BIUAHHUE T0OABKH TeTpabopaTa HaTpuUs, NPEAHAZHAUYCHHOHN ISl PEryJINPOBAHUS
TBepaeHus [22].

HcnpiTaHusT KOMITO3UTHBIX OOpa3loB Ha ocHoBe ToHKomucrepcHoit BKJI3 ¢ mobaekoit 1%
Na,B,0; yBennuuBaer BpeMs cXBaTbIBaHMs B 6 pa3, IPU STOM IPOYHOCTH Ha Cxarue oOpas3ioB
Ha 106-e cyTkm ymeHbinaeTcs Ha 12% mo cpaBHeHHIO ¢ 0e3100aBOYHBIM 00pa3noM. OYeHb CHIIb-
HOe 3amenisitoniee neicTue Habmoganoch npu nodaske 1% CgHgO; (BpeMsi cxBaThiBaHUS OOJbIIE
B 90 pa3), mpu 3TOM MPOYHOCTH 00pa3oB HA 86-¢ CyTKH Oblia HHXKE Ha 16% oTHOCHTEIHHO 00pa3ia
cpaBHeHHsI. DPPEKTHBHOE pEryInpoBaHUe BPEMEHH CXBaThIBaHUs1 Ob1J10 1pu KoHIeHTpauun CsHgO,
B nnTepsaiue 0.1-0.3 mac. %, B KoTopoM oOecrieunBaeTcsl yBeIHMUCHIE BPEMEHH CXBaThIBaHUS B 2.5-

20 pa3 nmpu CHUKEHUHU MIPOYHOCTH 00pa3noB MeHee 10%.

3akJouenune

Jli1s KOMIIO3UTHOTO MaTepuaja Ha OCHOBE ToHKoaucnepcHoil BKJI3 ucciieqoBano BiausiHue KOH-
nentpauuu cynepriactudukaropa Melflux SS81F Ha BennyuHYy NPOYHOCTH HA C)KATHE B MHTEPBAJe
ot1 0.06 10 0.6 mac. %. YCTaHOBIEHO, UTO JIyYIIMMH IPOYHOCTHBIMH XapakTepuctukamu 45—-84 MIla
IPY Pa3IMYHBIX BPEMEHAX TBEPJCHUS 001a1aeT KOMIIO3UTHBIN MaTepuall, NOJTyUYeHHbIH ¢ 100aBKOi
0.3 mac. % cynepmactudukaropa Melflux 5581F npu Huzkom cootHomenun B/C = 0,25, uto cymie-
CTBEHHO MPEBBIIIACT 3HAUYCHHsI IPOUHOCTH Ha cxarue 24—66 Mlla miis oOpa3ioB Ha OCHOBE MOPT-
nananementa [11] 42.5H.

N3yueHo BausHUE 10OABOK aKTUBATOPOB M 3aMeJIMTEIICH. YCTaHOBIICHO, 4TO IIpH n1o0aBke 5%
Na,SO,4 Bo3pacraeT akTuBHOCTH npeBpamerust Ca(OH),, 3HaYNTETFHO N3MEHSIETCSI COCTaB ClIab00-
KPHCTaJUTM30BAaHHBIX U aMOP(QHBIX MPOAYKTOB, YTO HECKOJBKO YBEIUYHMBAET IPOYHOCTH KOMIIO3H-
ToB. M3y4ueHo gelictBue nodaBok-3amemmureneit Na;POy, Na,B,O; u C¢HgO-, cpenu koTopsix Na;PO,
He umeet 3 dexra UIsi KOMIIO3UTHOTO Marepuasa Ha ocHoBe ToHkoxucnepcHoi BKJI3 ¢ nobaBkoii
cynepriactupukaropa Melflux 5581F. Ycranosneno, uro Hanbonee 3(pPeKTUBHOE PETYINPOBAHUE
3ameiieHus okasbiBaeT CoHgO; (TnMoHHas KHcnoTa) B nHTEpBaje koHnenTpanui 0.1-0.3 mac. % npu

CHIDKEHMH IIPOYHOCTH 00pa3oB npumepHo Ha 10%.

Baarogapuoctu / Acknowledgements and Funding

ABTOpEHI BeIpaxaroT 6maronapaocts cotpyanuky UXXT CO PAH B.B. IOmameBy 3a BbInosHe-
HUE CHHXPOHHOI'0 TEPMUYECKOT0 aHaJIM3a 00pa3lioB KOMIIO3UTHOTO Marepraia. PaboTa BeImonHEHa
B paMKaX TOCyJapCTBEHHOT0 3aanus MHcTuTyTa XMun U xuMuueckoit rexnoaoruu CO PAH (mpo-
ekT AAAA-A17-117021310222-4) ¢ ucrionb30BaHHEM 000pyHoBaHUs KpacHOSPCKOTO peruoHaILHOTO
[EeHTpa KOJIeKTUBHOTO nojs3oBanus OUIL] KHIL CO PAH.

We are grateful to staff members of the Institute of Chemistry and Chemical Technology of the
Siberian Branch of the Russian Academy of Sciences (Krasnoyarsk) V.V. Yumashev for performing the

simultaneous thermal analysis analysis.

— 405 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 395-407

The study was performed at the Institute of Chemistry and Chemical Technology, Siberian Branch,
Russian Academy of Sciences within the framework of a state contract (AAAA-A17-117021310222-4)
using the equipment of the Krasnoyarsk regional center of collective use of FRC KSC SB RAS.

Cnucok auteparypsl / References

1. MexrocynapcrBennsiii ctangapt ['OCT 242112008 Jlo6aBku 117151 GETOHOB M CTPOHUTEIb-
HBIX pacTBOpoB. OOmIHe TexHuueckue yciaoBus. Mocksa: Crangapruadopm, 2010. 16 c. [Interstate
standard GOST 24211-2008. Admixtures for concretes and mortars. General specifications. Moscow:
Standartinform, 2010. 16 p. (In Russ.)]

2. Lange A., Plank J. Contribution of non-adsorbing polymers to cement dispersion. Cement and
Concrete Research 2016. Vol. 79, P. 131-136.

3. LiZ. Advanced concrete technology. New Jersey: Wiley & Sons, 2011. 506 p.

4. Yoshioka K., Tazawa E., Kawai K., Enohata T. Adsorption characteristics of superplasticizers
on cement component minerals. Cement and Concrete Research 2002. Vol. 32, P. 1507-1513.

5. Taylor H.EEW. Cement Chemistry, 2nd Edition. London: Tomas Telford, 1997. 476 p.

6. LeeT., Lee J, Kim Y. Effects of admixtures and accelerators on the development of concrete
strength for horizontal form removal upon curing at 10 °C. Construction and Building Materials 2020.
Vol. 237, article 117652.

7. Bbyrtt FO.M., CprueB M.M., Tumares B.B. XuMuueckas TEXHOJIOTHS BSDKYIIUX MaTEPHAJIOB.
Mocksa: Bricias mkomna, 1980. 472 c. [Butt Yu.M., Sychev M.M., Timashev V.V. Chemical technology
of binders. Moscow: Higher school, 1980.472 c. (In Russ.)]

8. Zhang Y., Yang J., Cao X. Effects of several retarders on setting time and strength of building
gypsum. Construction and Building Materials 2020. Vol. 240, article 117927.

9. Azimi-Pour M., Eskandari-Naddaf H., Pakzad A. Linear and non-linear SVM prediction
for fresh properties and compressive strength of high volume fly ash self-compacting concrete.
Construction and Building Materials 2020. Vol. 230, article 117021.

10. YuJ., LuC., Leung Ch. K.Y., Li G. Mechanical properties of green structural concrete with
ultrahigh-volume fly ash. Construction and Building Materials 2017. Vol. 147, P. 510-518.

11. Sharonova O.M., Yumashev V.V., Solovyov L.A., Anshits A.G. The fine high-calcium fly
ash as the basis of composite cementing material. Magazine of Civil Engineering 2019. Vol. 91(7),
P. 60-72.

12. Sharonova O.M., Kirilets V.M., Yumashev V.V., Solovyov L.A., Anshits A.G. Phase
composition of high strength binding materials based on fine microspherical high-calcium fly ash,
Construction and Building Materials 2019. Vol. 216, P. 525-530.

13. Akumoukuna I.B., Porosenko E.C., ®omenko E.B. Onpenenenne conpoTHUBICHUA
pa3laBIMBaHUIO M KHCIOTOCTOWKOCTH y3KMX (pakiuuil MUKpocdep NeTyduX 307 KaK OCHO-
BBl KOMIIO3UTHBIX Marepuanos. JKypu. Cub. ¢pedep. yn-ma. Xumus 2020. 13(2). C. 189-200.
[Akimochkina G.V., Rogovenko E.S., Fomenko E.V. Crush and acid resistance of microsphere
narrow fractions fromfly ash as the basis of composite materials, J. Sib. Fed. Univ. Chem., 2020,
13(2), P. 189-200 (In Russ.)].

14. Tishmark J.K., Olek J., Diamond S., Sahu S. Characterization of pore solutions expressed
from high-calcium fly-ash-water pastes. Fuel 2001. Vol. 80, P. 815-819.

— 406 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 395-407

15. Zhao Y., Zhang J., Tian C., Li H., Shao X., Zheng C. Mineralogy and chemical composition
of high-calcium fly ashes and density fractions from a coal-fired power plant in China. Energy and
Fuels 2010. 24(2). P. 834-843.

16. Sharonova O. M., Solovyov L.A., Oreshkina N.A., Yumashev V.V., Anshits A.G. Composition
of high-calcium fly ash middlings selectively sampled from ash collection facility and prospect of their
utilization as component of cementing materials. Fuel Processing and Technology 2010. Vol. 91(6),
P. 573-581.

17. Fediuk R.S, Timokhin R.A., Mochalov AV., Otsokov K.A, Lashina IL.V. Performance
properties of high-density impermeable cementitious paste, Journal of Materials in Civil Engineering
2019. Vol. 31(4), 04019013.

18. Ferrari L., Kaufmann J., Winnefeld F., Plank J. Multi-method approach to study influence of
superplasticizers on cement suspensions, Cement and Concrete Research 2011, Vol. 41, P. 1058—1066.

19. Jueshia Q., Caijun S., Zhi W. Activation of blended cements containing fly ash. Cement and
Concrete Research 2001. Vol. 31, P. 1121-1127.

20. Donatello S., Fernandez-Jimenez A., Palomo A. Very high volume fly ash cements. Early age
hydration study using Na,SO, as an activator. Journal of the American Ceramic Society 2013. Vol. 96,
P. 900-906.

21. Huang X., WangF., HuS., LuY.,, RaoM., MuY. Tishmark J.K., OlekJ., Diamond S.
Brownmillerite hydration in the presence of gypsum: The effect of Al/Fe ratio and sulfate ions. Journal
of the American Ceramic Society 2018. Vol. 102, P. 5545-5554.

22. Roskos C., Cross D., Berry M., Stephens J. Identification and verification of self-cementing
fly ash binder for “Green” concrete, Proc. 2011 World of Coal Ash (WOCA) conference, 9-12 May,
2011. Denver, USA.



Journal of Siberian Federal University. Chemistry 2020 13(3): 408-417

DOI: 10.17516/1998-2836-0193

VK 691.175

Polyolefin Composition Materials Filled
with Qil Asphaltenes
and their Functionalized Derivatives

Alsu M. Minzagirova**?,

Alfina R. Gilmanova®P, Yulia Y. Borisova?,
Dmitry N. Borisov®, Mansur F. Galikhanov®,
Marat A. Ziganshin® and Mahmut R. Yakubov!
“FRC Kazan Scientific Center RAS

Kazan, Russian Federation

PKazan National Research Technological University
Kazan, Russian Federation

‘Kazan Federal University

Kazan, Russian Federation

44Arbuzov Institute of Organic and Physical Chemistry
FRC Kazan Scientific Center RAS

Kazan, Russian Federation

Received 09.05.2020, received in revised form 17.08.2020, accepted 05.09.2020

Abstract. In this work, composite materials based on LLDPE and asphaltenes, their functionalized
derivatives, and anindustrial residue of solvent deasphalting of tar were investigated. Physicomechanical,
thermal and electret properties of composite materials were studied. The behavior of the compositions
during melting and crystallization was studied by DSC, and crystallinity degree was calculated. The

dispersion of oil fillers in a polymer matrix was investigated using SEM.

Keywords: LLDPE, filler, composition, heavy oil residues, asphaltenes, sulfonation, properties.

Citation: Minzagirova A.M., Gilmanova A.R., Borisova Yu.Y., Borisov D.N., Galikhanov M.F., Ziganshin M.A., Yakubov M.R.
Polyolefin composition materials filled with oil asphaltenes and their functionalized derivatives, J. Sib. Fed. Univ. Chem.,
2020, 13(3), 408-417. DOLI: 10.17516/1998-2836-0193

© Siberian Federal University. All rights reserved
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
*  Corresponding author E-mail address: alsu.minzagirova@mail.ru

— 408 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 408-417

[MoanosiepHOBBIE KOMIIO3ULMOHHbIE MATEPHAJIbI,
HAIOJIHEHHbIE HePTAHBIMU ac(pajIbTeHAMHU

H UX (l)YHKIII’IOHaJII/I?.I/IpOBaHHLIMl/I IPOU3BOAHBIMUA

A.M. Munsaruposa®?®, A.P. F'mibmManoBa®9,

FO.1O. Bopucoga?, /I.H. bopucos?,

M.®. IN'asmmxanos®, M.A. 3uranmun®, M.P. SIky6oB"
“DedepanbHblll UCCIE008AMENbCKUL YEHMDP
«Kazanckuii nayunviii yenmp PAH»

Poccuiickas ®@eoepayus, Kazanw

*Kazanckutl HayuoHAIbHbLI UCCIe008ameNbCKUll
MEexXHON02UYeCKUll YHUGepCumem

Poccuiickas ®edepayus, Kazanw

‘Kazanckuii ghedepanvhwiii yHusepcumem

Poccuiickas ®edepayus, Kazanw

Uncmumym opeanuyeckou u usuueckou Xumuu

um. A.E. Apbyzosa OUL] Kazanckuil nayunviii yeump PAH
Poccuiickasa ®@edepayus, Kazanw

Annomayus. B nanHo#l paboTe McciIeqOBaHBI KOMIO3HIIMOHHBIE MaTtepuaisl Ha ocHoBe JIITHIT u
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Introduction

Heavy oils and industrial oil residues in increased quantities contain asphaltenes — polycondensed
high molecular weight heteroatomic compounds that complicate oil production and refining processes.
At the same time, due to their structural features, they can be used to obtain a large amount of valuable
materials. Nowadays, it is known that ion exchangers, sorbents, catalysts and various carbon materials
can be obtained based on asphaltenes [1-6]. Asphaltenes are also actively used for filling polymers and

obtaining various composites [7-9]. However, asphaltenes have a threshold concentration, the excess

— 409 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 408-417

of which leads to the formation of small agglomerates that are sources of stress in composite materials
[8, 9]. To improve the filling of polymeric materials, the compatibility of asphaltenes with the polymer
matrix must be ensured.

Earlier, through the example of HDPE compositions with oil fillers it was shown that the combined
use of asphaltenes and resins, as well as in the composition of industrial oil residues of solvent
deasphalting (RSDA) of tar, is optimal for high dispersion in a polymer matrix [10]. Another way to
improve the dispersion of the filler in the polymer matrix can be the modification of asphaltenes — the
introduction of functional groups into their structure.

A simple method of asphaltenes functionalization is the effect of strong acids (sulfuric, nitric,
etc.). Thus, the interaction of sulfuric acid with asphaltenes leads to the formation of not only sulfonic
acid, but also hydroxyl and carboxyl groups [3, 8].

The work objective was to study the complex of properties of LLDPE compositions with oil fillers.
The fillers were asphaltenes isolated from the tar, their functionalized derivatives and industrial residue
of solvent deasphalting (RSDA) of tar. First, the physical and mechanical properties of polyethylene
compositions, and the dispersion of fillers in the polymer matrix (by SEM) were estimated. Then the
DSC method was used to study their behavior during melting and crystallization, as well as the change

in the crystallinity degree. The effect of fillers on the electret properties of LLDPE was evaluated.

Experimental

Materials

As a polymer matrix in the composite material LLDPE of the 5118QM grade (PJSC
“Nizhnekamskneftekhim”) and oil fillers: RSDA, asphaltenes, sulfonated asphaltenes were used.
RSDA is the industrial residue of propane-butane deasphalting of tar from PJSC ANK BashNeft
Refinery Complex (Bashneft-Novoil).

Asphaltenes were extracted from the tar produced by PJISC TATNEFT (JSC TANECO) by
precipitation using 20-fold excess of hexane, followed by filtration and extraction by hexane from
coprecipitated resins and oils in a Soxhlet apparatus.

Sulfonation of asphaltenes (S-asphaltenes) was carried out as follows. A portion of asphaltenes
(1 g) was dissolved in 100 ml of benzene until complete dissolution and formation of a homogeneous
solution. Then a 20-fold excess of sulfuric acid, concentrated by weight, was poured and sulfonation
was carried out at a temperature of 80 °C for 4 hours. Afterwards, an excess of water was added and
the product was filtered off and dried.

Methods and equipment

Elemental composition was determined using a CHNS-O Euro EA3028-HT-OM analyzer
(EuroVector).

Infrared (IR) spectra of the compounds were recorded in the range 0of 4000-400 cm™ on a Vector-22
[R-Fourier spectrometer (Bruker) with the optical resolution of 4 cm™. Samples were prepared in tablets
with KBr (Acros Organics 206391000). To study the structural and group composition of samples,
spectral coefficients were calculated: Al=D45¢/Digoo (aliphaticity), Ar=Djg00/D70+1350 (aromaticity),
Cn=Dy40¢/D740+860 (degree of condensation), Ox = Dy79¢/Digoo (degree of oxidation), SI = Djg30/Digoo

(degree of sulfonation), Hd = D34,5/D100 (hydroxylity).
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The preparation of the composition was carried out in the melt at the laboratory station Plastograph
EC (Brabender, Germany) with adjustable electric heating at a temperature of 180 °C and a rotor speed
of 50—150 rpm for 300 seconds. Fillers were introduced into the polymer matrix in an amount of 2.5; 5;
7.5%wt. Samples in the form of plates were made on a GT-7014-H10C thermo-hydraulic press (Gotech,
Taiwan): the composition was heated to 180+5 °C, then pressure was applied, and after exposure under
pressure (3 min), the samples were cooled without relieving pressure.

Tensile strength (TS), Elongation at break (g), and Yield strength (o) of the compositions were
determined according to ISO 527-2:2012 on an Inspect mini tensile machine. The melt flow rate (MFR)
of polyethylene and its compositions was determined on an IIRT-5M plastometer at 190 °C and the
load of 2.16 kgs.

The scanning electron microscope Hitachi Tabletop Microscope TM-1000 with a solid-state
backscattered electron detector at an accelerating voltage of 15 kV was used.

The DSC experiments were performed using the DSC204 F1 Phoenix differential scanning
calorimeter (Netzsch, Germany) in an argon atmosphere (flow rate 150 mL min!) with the heating/
cooling rate of 10 K min™!. DSC was calibrated according to the manufacturer’s recommendations by
measuring six standard compounds (Hg, In, Sn, Bi, Zn, and CsCl). The 40 pL aluminum crucibles
sealed with a pierced lid having a hole of 0.5 mm hole were used. Before the experiment, aluminum
crucibles were annealed at 473 K for 30 min. For experiments, 14-20 mg samples of polymer were used.
The degree of crystallinity Xy was calculated by division of the melting enthalpy of PE specimen,
AH,,, by the melting enthalpy of PE with 100% crystallinity. It is suggested that the melting enthalpy
of 100% crystalline PE is 293 J/g [10].

The plates (2 mm) were electrified in a corona discharge field using an electrode consisting of
196 pointed needles equally spaced in an area of 49 cm? in the form of a square. The distance between
the plate and the electrode was 20 mm, the voltage supplied to the corona electrode was 30 kV, and
the polarization time was 30 sec. Before electretization, the plates were preheated in a furnace to 90-
100 °C.

The surface potential V, the effective surface charge density o, and the electric field strength E
of the samples were measured by the method of periodic shielding of the receiving electrode using an

IPEP-1 electrostatic field meter located at a distance of 2 cm from the surface of the electret.

Results and discussion

Characterization of oil fillers. Asphaltenes in their pure state are not readily available industrial
products, but they are concentrated in the residual heavy products of oil refining, such as tar. The study
of the structure of asphaltenes, isolated from tar and their functionalized derivatives, according to
elemental analysis (Table 1) and IR spectroscopy (Table 2) showed that the following structural group
changes occur: a decrease in aliphaticity (Al), an increase in aromaticity (Ar), condensation degree
(Cn), oxidation degree (Ox), sulfonation degree (SI) and hydroxylity (Hd). That is, in S-asphaltenes,
the content of -OH and C=0, S=0 groups increases and the structure becomes more condensed in
comparison with initial asphaltenes.

On an industrial scale, a source with a high content of asphaltenes is RSDA — a residual product
of solvent deasphalting of tar after separation of deasphalted oil (DAO) [11, 12]. RSDA, in addition

to asphaltenes (13.7%wt.), also contains resins (40.7%wt.), saturated and aromatic hydrocarbons
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Table 1. Elemental composition of oil fillers

Sample Content, wt.%
C H N S H/C
RSDA 83.78 9.62 0.25 5.17 1.38
asphaltenes 85.07 7.80 2.04 247 1.10
S-asphaltenes 61.06 4.60 0.80 9.72 0.90

Table 2. Structural-group composition of oil fillers according to FTIR data

Sample Al Ar Cn Ox S1 Hd
RSDA 3.35 0.37 0.95 0.32 0.63 0.96
asphaltenes 2.0 0.6 1.0 0.3 0.6 0.33
S-asphaltenes 1.05 0.86 1.3 0.48 1.03 0.88

(45.6%wt.) [10]. Elemental analysis data and structural characteristics of RSDA are presented in
Tables 1 and 2.

Physicomechanical properties and SEM observations. The introduction of oil fillers into the
LLDPE matrix in all cases leads to an increase in the tensile strength TS of materials (Table 3). The
best result is demonstrated by polyethylene compositions with RSDA. Figure 1 shows the dispersion
of filler particles in the LLDPE matrix and inhomogeneities of some particles are visible for samples
filled with asphaltenes (1c¢) and S-asphaltenes (1d). According to SEM studies, the LLDPE composition
with RSDA has the best dispersion in the polymer matrix.

The good dispersion of the samples with RSDA and the increase in the strength of the material can
be explained by the plasticizing effect of resins, which are part of the filler and contribute to the better
distribution of asphaltenes in the polymer matrix [10].

An increase in the elongation at break € (Table 3) occurs for almost all polyethylene compositions,
except for samples with S-asphaltenes. With the introduction of 7,5%wt. S-asphaltenes in LLDPE
material becomes more brittle with lower elongation at break, while the yield strength ¢ is increased.
Although for all other compositions the ¢ value is somewhat underestimated in comparison with the
initial LLDPE.

MFR characterizes the viscosity of melts, and the indicator is used to select the technology for
polymer processing. The introduction of RSDA into LLDPE leads to a slight increase in MFR, and,
consequently, to a decrease in the melt viscosity. This can be explained by the presence of resinous
substances in the filler, which reduce the internal friction of molecules and increase the plasticity of
the material.

The introduction of asphaltenes into LLDPE leads first to a decrease in the viscosity of the
polymer melt (2.5%wt. of a filler), and then to an increase (5 and 7.5%wt. of a filler). The introduction of
S-asphaltenes leads to a significant increase in the viscosity of the polymer melt at all degrees of filling.
This increase is presumably associated with the formation of rigid particles in the transitional layer of

the melt with a reduced mobility, as a result of which the movement (flow) of molecules is impeded.
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C d

Fig. 1. SEM images of cross-sectional of LDPE (a) and composition with 7.5%wt. of fillers (RSDA (b), asphaltenes
(c) and S-asphaltenes (d))

Table 3. Physicomechanical properties of LLDPE and compositions with oil fillers

Sample TS, MPa g, % o, MPa MFR, g/10 min
LLDPE 10.2 582.4 7.6 1.89
LLDPE + RSDA
2.5%wt. 18.9 719.8 7.3 1.96
5%wt. 17.4 697.2 6.9 2.1
7.5%wt. 18.3 768.1 6.7 2.2
LLDPE + asphaltenes
2.5%wt. 15.5 582.7 73 1.91
5%wt. 17.1 637.6 7.2 1.73
7.5%wt. 17.1 687.1 6.9 1.7
LLDPE + S-asphaltenes
2.5%wt.2 14.4 5374 7.5 0.51
5%wt. 14.3 559.6 7.5 1.21
7.5%wt. 13.7 497.5 7.9 1.7

Thermal properties. To study the melting behavior of LLDPE and all of its compositions, DSC
thermograms were recorded, and results obtained at the maximum filling (7.5%wt.) are presented in
Fig. 2. Peak melting temperatures T,, and total heat of melting AH,, obtained from the DSC curves
for all samples are shown in Table 4. As seen, all curves are similar, and melting temperature for all
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Fig. 2. DSC thermograms of LLDPE (PE) and its composites with 7.5%wt. of oil filler (PE1.3 — RSDA,
PE2.3 — asphaltenes, PE3.3 — S-asphaltenes) obtained during heating (a) and cooling (b)

Table 4. Results from DSC measurements, T,, melting peak temperature, T, crystallization peak temperature,
AH,, total heat of melting, AH, total heat released during crystallization, X,y degree of crystallinity

Sample T, °C AH,,, J/g Tc, °C AHcryst, J/g Kerysts Y0
LLDPE 127.9 121.2 105.4 83.9 41.36
LLDPE +RSDA
2.5%wt. 1274 115.0 105.6 78.58 39.25
5%wt. 127.1 116.5 105.8 80.57 39.76
7.5%wt. 127.3 109.5 105.8 78.34 37.37
LLDPE + asphaltenes
2.5%wt. 126.1 116.8 107.1 77.27 39.86
5%wt. 127.5 120.2 105.8 84.48 41.02
7.5%wt. 130.4 114.9 103.5 78.03 39.21
LLDPE + S-asphaltenes
2.5%wt. 128.0 102.5 105.4 77.65 34.98
5%wt. 127.8 107.8 104.2 75.94 36.79
7.5%wt. 127.2 108.7 104.8 80.55 37.10

samples is approximately the same — 127.5 °C, except for the sample filled with 7.5%wt. of asphaltenes
(PE2.3 in Fig. 2), where the largest increase in Ty, to 130.4 °C is observed. The lowest values of AH,,
and crystallinity degree X,y are observed for LLDPE samples filled with 2.5%wt. of S-asphaltenes
(Table 4).

Crystallization of the samples was also recorded upon cooling from the melt. The results are
shown in Figure 2 and Table 4. Fig. 2 shows that the crystallization peak temperature is slightly shifted
to lower values with the addition of 7.5%wt. of asphaltenes (PE 2.3). This means that asphaltenes
have little nucleating effect on LLDPE crystallization. In general, for all filled polyethylenes, there is
a decrease in total heat released during crystallization AH,, due to the lower crystallinity X,y of the
compositions compared to the initial LLDPE.

Electret properties. Polymeric materials have a number of properties important for electronics.
They have a low specific weight, are easily processed and are chemically inert. Most polymers are

insulators, so they are widely used as dielectrics and insulating materials. There is a possibility to
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create an electret state for dielectric polymers — to obtain an electret. Electrets can generate constant,
relatively high electric fields for a long time without any additional power supplies and high-voltage
converters [13].

It is important to study the electrical properties of polyethylene compositions with petroleum-
derived dispersed fillers. It is known from the literature [14] that, due to the ability to absorb visible
light, asphaltenes can be used as dyes to create dye sensitized solar cells (DSSC), where asphaltenes are
a light absorber and photoreceptor sensitizing the conductor. Also, it should be noted that asphaltene
fractions are a strong electron donor and acceptor. The paramagnetic phase of asphaltenes can be used
as available semiconductors for nanoelectronics [15].

The compositions were electreted using the corona discharge method. It was found that the
introduction of fillers such as RSDA, asphaltenes, and S-asphaltenes mainly leads to an increase in the
electret properties, expressed on the graph by the surface potential index V (Fig. 3). Changes in the
indicators of the effective surface charge density o.rand the electric field strength E occur similarly to
the change in the surface potential. It was found that compositions filled with sulfonated asphaltenes
are characterized by the ability to accumulate and maintain a charge, especially at a filling degree of
7.5%wt. (Fig. 3).

1.4
12
1
3 0,8
)
=
0,6
0.4 °
\-
0,2 =
—— 4
o —u
0 e o —e
0 < 10 15 20 25 30 39 40 45
T, days
——PE ——PE+2.5%wtRSDA —o—PE+5%wt.RSDA
——PL | 7.5%wtRSDA —e—PL | 2.5%wt.asphaltenes PL! 5%wt.asphaltenes
——PE+7.5%wt.asphaltenes —8—PE+2.5%wt.S-asphaltenes —8—PE+5%wt.S-asphaltenes

—8—DE+7.5%wt.S-asphaltencs

Fig. 3. The dependence of the surface potential on the storage time

An increase in electret properties upon the introduction of fillers into a polyethylene matrix is
associated with the appearance of new structural elements capable of acting as traps for injected charge
carriers [16]. It is believed that charge traps can be chemically active impurities, specific surface
defects, adsorbed molecules, differences in the order of arrangement of molecules on the surface and

in the volume. The phase boundary is characterized by a denser packing of polymer chains, retardation
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of molecular mobility, and the presence of energetically deeper traps for charge carriers in comparison

with the polymer matrix outside the boundary layer [17].

Conclusion

The study of LLDPE compositions with oil fillers showed that the industrial product RSDA,
containing asphaltenes and resins, is optimal for polymer filling. With the use of sulfuric acid
functionalized asphaltenes, a significant increase in the electret properties of LLDPE is noted. These

features are favorable for creating new highly stable electret materials based on them.
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JKCTPAKUMS FAJIOTeHUA0B CKAaHAUs cMecaMH TpudyTuiadocdara

U MOJICKYJISIPHOIO 012

B.U. Ky3bmun, A.A. Ky3bmuna,

C.H. Kanaxun, M.A. MyaarajeeBa

HUnemumym xumuu u xumuuecxoti mexronocuu CO PAH
QU] «Kpacnoapckui nayunvid yenmp CO PAH»
Kpacnospck, Poccuiickasa ®edepayus

Annomayus. V3ydeHa OKCTpakUMs XJIOPHUJIOB, OpOMHUJOB M HMOJUAOB CKaHAMS W3 BOJHBIX
pactBopoB cMmecsmu Tpudytuindocdara (TED) u monexynspHoro ionma. M3BnedeHne raroreHu10B
CKaHIus ¢ ucnonb3oBanuem Th® mpu mobOaBieHWH ¥oma yBenuumBacTcst Oosiee uem B 100 pas.
Koadpumumentsr pacnpenenenns coneir pactyt B pany ScCls <ScBr; <Scl;. CocraB KOMIIIEKCOB
OIIpEJIeIIsIN 110 JaHHBIM M30TE€PM JKCTPAKIIMH M JIEKTPOIPOBOJHOCTH OpraHuueckoil ¢aspl. Jliis
XJIOPUAHBIX U OPOMHIHBIX CHCTEM 00pa3yroTcs coenuHeHus ¢ oTHomenneM ScXsil, =1:1 wnm 1:2,
B 3aBHCHUMOCTH OT KOHLEHTpAIUM iona, Jjsi WOAMIHBIX — YCTaHOBJIEHO 00Opa3oBaHHE COJIbBATa
¢ orHowmenueM Sclz:l, =1:4. M3Biekaemble COEIUHEHUS] TUCCOLUUPYIOT HA UOHBI B OPraHMYECKOM
¢aze. Korna 8 Th® n06aBiastoT o, SKCTPAKIKsI BCEX TaJIONCHUI0B METAJIIOB TAK)KE YBEIUIHUBACTCS

C IPEUMYHIECCTBEHHBIM POCTOM M3BJICHCHU S HU3KO3APAJHbIX KATUOHOB HICJIOYHBIX METAJJIOB.

Kurouesvie cnoea: 3KCTpakuusi, CKaHAWN, XJIOpUABI, OpoMuabl, Hoxuasl, TpuOytuiadocdar, o,

HOHHAas Auccouuanus.

Lutuposanue: Ky3pmun, B.M. DkcTpakuus rajJoreHuI0B CKaHIUSA CMECIMH TPHOyTHI(QOchaTa U MOJIEKYIIpHOro Hoxa /
B.1. Ky3emun, A.A. Ky3smuna, C.H. Kansknn, M.A. Mynaraneesa // XKypn. Cu6. denep. yu-ta. Xumus, 2020. 13(3). C. 418-
429. DOI: 10.17516/1998-2836-0194

BBenenue

docdopoprannuecKkiue HEUTPaIbHBIE SKCTPAT€HTHI IIHUPOKO UCIIOJIB3YIOT B IIPOU3BOICTBEHHOM
NPAKTHKE JIJIsl SKCTPAKIIMOHHOTO M3BJICUYEHUS U pa3ziesieHus MetanioB. Hanbosee M3BECTHBIM M3 HUX
sieasiercst TpuOyTundocdar (TEP). [{nanazon u3BiedeHUs] METANIOB U3 PACTBOPOB 3TUM SKCTPAreH-
TOM OYEHb LIUPOK, 1, B YACTHOCTH, JJIsI XJIOPUAHBIX CPEJl BETMUUHBI KOI(D(DUIIMEHTOB pacrpeesieH s
MeTajIoB pasiauyarorcs 10 107 pas [1]. BmecTe ¢ Tem, 3HAUUTENBLHOE GOJIBIIMHCTBO XJIOPUIOB H3-
Biekaercsi Th®D ¢ HeBbICOKMMU BelmMunHAMK KOA(GGHULHeHTOB pacnpeeneHust. C HebIo MOBIIICHUS
9KCTPAKIIMOHHOW CHOCOOHOCTH (POCHOpOpraHMYEcCKUX peareHTOB pa3padOTaHbBl W HCIIOJIB3YIOTCS
dbochonaTer U GochHUHOKCHUIBI PA3TUIHOIO CTPOCHUs. 3amerneHue rpynmn-OR Ha yriaeBogOpOXHbBIN
paaukan -R obecrieunBaeT MOBBIIIEHHE OCHOBHOCTH 3KCTPAreHTa W €ro 3KCTPAKIMOHHOI criocod-
HOCTH. POCT M3BJICUEHHS METAJIIOB IIPH 3TOM BEChbMa 3HAYHMTEJICH, YTO MO3BOJISIET, HAIPUMED, IKC-
TparnpoBaTh GOCHUHOKCHIAMH CKaHINH U3 CEPHOKHCIBIX PacTBOPOB [2]. JI71s1 XJ10pH1a CKaHAMS TIPH
nepexone oT Th® k nuuzooktunmetuiadochonary (JMOMD) u GpochuHOKCH Y pa3HOPATUKATIBHO-

My (@OP) u3BnedeHne yBeTUINBACTCS, COOTBETCTBEHHO, B 10 1 100 pas [3].
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Panee HaMu OBIJIO YCTAHOBJICHO, YTO U3BJICUCHUE XJIOPH/Ia CKAHTUSI MOYKHO CYIIIECTBEHHO ITOBbI-
CHUTH TIPU HCIIOIB30BAaHUH HETMOCPEICTBEHHO TpUOyTHiIdochara mpu J0OABICHUH B OPraHUYCCKYIO
(hasy mosekyaspHoro Hoxa [4, 5]. IToBbliieHHe U3BJICUCHHS XJIOPHUIOB B 3TOM ClIydae JOCTHTaCTCs
3a CYST B3aMMOJACUCTBHUS HO/1a C XJIOPHI-HOHOM IKCTPATHPyeMOTro COSAMHECHHS ¢ 00pa30BaHUEM B Op-
raHuuecKkoil (ha3e KOMIIJIEKCHBIX COCMHEHUH, COACPIKAIINX B CBOEM COCTaBe rUAPOPOOHbBIC aHHOHBI
Cll, m Cl(I,),". O6pa3oBaHme pa3IMYHBIX IMOJHUTAJIOTCHIIOB U HHTEPIIOIATAIIOTEHUIOB XOPOIIO U3-
BECTHO U uccieaoBaHo. [locieanuii 0630p M0 3TOMY KJIacCy COCIUHCHUI MpeACTaBIicH B padore [6].
Bricokas n30uparensHOCTh U3BICUeHUS ckaHaus cMecsiMu Th® ¢ fiogom co3maeT mepCrneKTUBE ee
MPAKTUYICCKOI'O UCIIOJIb30BAHMA AJIsI BBIACICHUA CKaHANA U3 XJIOPHUAHBIX TEXHOJIOTUYCCKUX paCTBO-
POB CIIO)KHOTO COCTaBa W OTJACJICHHS €T0 OT psifia IMPpUMeceii, B YaCTHOCTH, PEAKO3EMEIbHBIX METa-
JI0B. PeakcTpakiius XJIopria CKaHIusl B 3TOM CUCTEMe JI0CTUraeTcs 00paboTkoil opraHndeckoi dasbl
BOJ10i1. 101 B TAHHBIX YCIIOBHAX OCTACTCS B OPraHMUecKoil (Base.

OueBUIHO, YTO TP PEILICHUH POOJIEMbl TIOBBILICHUST KOI((DUIIMEHTOB paclpeesIeHUsI XJIO0pH-
JIOB CKaHVs OMHUM FUTH IPYTHUM ITyTeM SKCTPAKIIHOHHBIC CUCTEMBI Oy TyT CYIIECTBEHHO OTITHYAThCS
10 XUMU3MY, TapaMeTpaM U3BJICUCHUA CKAaHAWA, & COOTBETCTBEHHO, U CBOMM TE€XHOJIOTHMYCCKHUM BO3-
MOYKHOCTSIM.

B Hacrosield paboTe paccMOTpPEHa U CONOCTAaBJICHA SKCTPAKIUS APYTHX T'aJIOTCHUJIOB CKaH-
nmus cmecamu Th® u #ona. CrietoBaio 0XUAATh, 9TO MPH MEPEXO/e OT XIJIOPHIHBIX K OpOMIIHBIM
U HOIMIHBIM PAcTBOpAM M3BJICUEHHE CKaHIMs OYy/IeT CYIECTBEHHO BO3pacTaTh. B nepcnekTuse 3To
MOYKHO UCIIOJIB30BATh IS pa3paOd0TKHU HOBOTO IPOIIecca M3BICUCHUS CKAaHIUS 3 PACTBOPOB O€3 BBI-
caJuBaTelIs B BHJIE HOAMAA IPH PETYIMPOBKE COOTHOIICHHUSI HOIUI-UOH/HO/ 33 CYET OKUCIUTEIBHO-

BOCCTAaHOBUTCIIBHBIX peaKL[PIﬁ.

MarepuaJibl H METOMKA IKCIIEPHMEHTA

B pabote ucnonb3oBanu Tpudytridocdar, rentaH, Hoj, MUHEPAJIbHbIE KUCIOTHI U X COJIM KBa-
mupukanuu “x4.” u “g.1.a”. TpuOytmidocdar u rentad NpeJBapuTeIbHO BEICPKHBATIH 2-3 9 ¢ MO-
JICKYJISIpPHBIM OpomoM (0kosto 0,1 MOJIB/JT) U OTMBIBAIN PACTBOPOM THIPOKCHIA HATPHSL.

Bpomun v fonux cKaHAMs OTyYalId PACTBOPEHHUEM OKCHJIA CKAHIUSI B U30BITKE COOTBETCTBYIO-
IIMX KUCIIOT C MOCIEIYyIONeH OTTOHKOM BOJIbI U JIETYUUX KHCJIOT /10 00pa3oBaHUsi KPUCTAIIOTHAPA-
ToB. [lepen ncnonbp3oBaHUEM HOIMCTOBOMOPOIHON KHUCIOTHI €€ MPEIBAPUTEIBHO OUUIIATH OT MPH-
Mecell MOJISKYJISIPHOTO Hoja — IPOJYKTa OKUCICHHS KHCJIOTHI KHCIOPOIOM BO3JyXa, NMPOAYBKOM
CEpOBOIIOPO/IA C IMOCIEAYIOIIUM OTICICHUEM BBIICITUBIICHCS cephbl PUIBTpauend. JIist HCKITFoueHUs
BJIMSIHUS HAa SKCTPAKIMIO XJIOpHIa 1 OpOMHJIa CKaHAMs pUMeceil HOnI-uoHa B BOJHBIE PACTBOPEI
nmobaBisity HeOombmoe koxmdaectBo HIO; (o 0,002 moue/m).

Hcxonnyto oprannueckyto a3y roToBHIIM paCTBOPEHUEM HABECOK MOJIEKYJISIPHOTO Hoja B pac-
TBOpe TpubOyTHiIdocdaTa B rentane. st mpeaoTBpamieHUsT BO3SMOXKHBIX (POTOXHMHIECKUX PEAKIIUN
MPUTOTOBJICHHBIN DKCTPAreHT XPaHUIIU B TEMHOTE. DKCTPAKIMIO IPOBOAMIH IIpU Temrieparype 25 °C
B TeueHUe 5 MuH. [IpeBapuTeNbHO TOKa3aHO, YTO PABHOBECHE B CHCTEME JIOCTHTAeTCs 3a 2-3 MUH
KOHTaKTa (as.

KoHIeHTpanuro CKkaHIus B pAaCTBOPaX B OCHOBHOM OMPEICIISLIH CIIEKTPO(YOTOMETPHICCKHM Me-
TOJIOM MJIM KOMILIEKCOHOMETPHYECKUM THUTPOBAHUEM C MCIoJib30BaHWeM anuzapuna C. B npucyr-

CTBHUM JIPYTHX METAJUIOB PacTBOPHI aHAIM3UpOBaIH Macc-criekTpomerpudeckuM (ICP-MS Agilent
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7500A) metomom. CozpepxaHue XJIOPUI-MOHA YCTAaHABIMUBAIN apTeHTOMETPUUECKUM TUTPOBAHUEM
BOJIHBIX PACTBOPOB C XPOMATOM KaJlHsl B KauecTBe WHAMKATopa. [Ipu ompeseneHnu KOHIEHTPAIUU
COJICH B OpraHuyecKoii (hase ux MpeaBapuTeIbHO pedkcTparupopaiu n3osiTkoM 0,05 MOJIB/IT pacTBO-
pa THOCyIb(aTa HATPHSI C MOCIE Y FOIUM aHATH30M BOJIHBIX PACTBOPOB.

VIenbHYy0 3IEKTPONPOBOAHOCTH OPraHMYECKUAX PACTBOPOB M3MEPSIIH C HCIIOIb30BaHHEM T1a00-

PaTOPHOTO aHAJIU3aTOpa KUAKOCTH « AHUOH 4100».

Pe3yabTaThl U HX 00CysKIeHHE

W3Bneyenue xjopuna ckanaus cmecsimu Th® u MonekyaspHOro ioma, Kak ObLJIO YCTaHOBJICHO
HaMM paHee [5], COPOBOKIAETCS 3HAYUTEIbHOM AIIEKTPOJUTHUECKON THCCOMALMEN SKCTparupye-
Moro coenuueHus. [Ipomecc mporekaet mo Mmexdasuoi peakiuu (1) uau Oosiee CIOKHOMY IPOIECCY
c o0pa3oBaHWEM IHUCOJIEBATHBIX KOMIUIEKCOB Homa ¢ xyopua-uonoM — [Cl(Iy),]", a Takyke MOHHBIX
tpoitaukos- {(Cl12)~[(Sc ,+1Cl,)"(Cll,) ]} nnn

{[(Se 1 CLY (CI) 1(SepCl)
SC3+(B) + 3C1_(B) + mL(O) + L'IZ(O)H [SCLm+1C12] +(o) + [CHz]_(D); (1)

37eCh M Jajiee TMOACTPOYHBIC HHICKCH () H (o) 0003HAYAIOT MPHHAJIEKHOCT KOMIIOHEHTA K BOJHOM
¥ OPTaHUYECKOU (pa3aM cOOTBETCTBEHHO; L — Mosnekyna TH®.

Jucconumanus 3KCTparupyeMoro COeAMHEHNs Ha MOHBI B OPraHWYECKOM pPAcTBOpPHUTENE C He-
60JIBIION TMANeKTprYecKoi mpoHuaeMoctsio (6,8 pu 25 °C murst 100% Th®) daxT HEe coBceM 00bIY-
HBIW 1 00YCIIOBIICH, OYEBUIHO, 00pa30BaHUEM B OPraHU4ecKol (ha3ze HeyCTOMYHMBBIX COJIbBATOpA3/IC-
JICHHBIX Tap KPYTHBIX HOHOB.

HecMoTpsi Ha 3HauMTENbHOE MOBbIIIEHHE KOA(D(UIMEHTOB pacnpeneseHus XJIopuaa CKaHanus
nipu nobasnenuu Kk Th® ioxa, riryGoKoro n3BiedeHHs! METAJIa MOKHO JTIOCTHYb TOJBKO B IPUCYT-
CTBHUH BbICAJIMBATEJICH — XJIOPUAOB CJ1a00 SKCTPAruPyEeMbIX BEIECTB, KOTOPbIE 00ECIIEUHBAIOT C/IBUT
9KCTPAKIIMOHHOI0 paBHOBecHs (1) BpaBo 3a cUeT pocTa aKTHBHOCTH XJIOPHA-MOHA B BOJHOH (ase.
Juist OpOMUAHBIX ¥ HOIMHBIX COJIEH CKaHUsI MOYKHO OJKUJATh IOBBIIICHHS N3BJICUCHUS 13-3a OoJiee
BBICOKOH YCTOHYHMBOCTH M THAPOPOOHOCTH KOMILJIEKCOB ioz1a ¢ OpoMua- U HonuI-nOHAMHU 110 CpaB-
HEHHIO C XJIOPUI-aHHOHOM.

Ot0 meiicTBUTENBHO MMeeT MecTo. Ha puc. | mpuBeneHbl H30TEPMBI SKCTPAKIMH BCEX TPEX ra-
JIOreHUJ0B ckauaus. M3Biedenune aiist 3TUX cojiel mpoBoauiin 0e3 nodaBieHus BeicaiguBaress. Jis
CPaBHEHHMsSI Ha 9TOM )K€ PHCYHKE OTPa)KCHbI M30TE€PMBI SKCTPAKINH rajoreHunoB ckauans ThD 6e3
n00aBoK Hofa. M3 mosy4eHHBIX JaHHBIX BHJIHO, 4TO U3BJeUYeHHUE cosell TpudyTuidocdarom cyie-
CTBEHHO BO3PACTaeT B IMPUCYTCTBUH B OpPraHMYECKOH (aze iona u 3ToT 3(h(eKT 3HAUNTEIHHO yBe-
anauBaercs npu nepexone ot ScCly k ScBr; u ente 6onee k Sclj. Tak, eciin 1pu U3BJICYEHUH XJIOPHU-
Jla CKaHJUs BeIMYMHA ero Kod(duuenTta pacupeneneHus cocraniser okono 0,05, To s 6pomuaa
CKaH/MsI OHa Bo3pacTaert 1o 1, uist Hopuaa — 6osnee 10. O6uuit poct KO3 PUIIMEHTOB pacipeaeIeHns
raJoreHu10B, 00yCIOBICHHBIN H00aBIIeHueM Hofa, mpesbimaeT 100.

[losryuenHas nu3orepMa aJist HOIMAA CKAaHAUS UMEET XapaKTEPHbIA U3JI0M, CBUIETEIbCTBY FOLLIUI
0 3HAYNTEJIbHBIX U3MEHEHUIX COCTaBa PABHOBECHOH CHCTEMBL. DTOT Iepernd 3aBUCUMOCTH IPUOIIH-
3UTEIHHO COOTBETCTBYET 00pa30BaHUIO KOMIIJIEKCOB ¢ oTHOIIeHueM Sclz:l, = 1:4. [Ins ananmoruaHon

CHUCTCMBI C XJIOpUAaMU B 00J1aCTH X BBICOKUX KOHHGHTpaHI/Iﬁ B BOI[HOﬁ (1)2136 9TO OTHOLICHUE ITpU-

— 421 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 418-429

0.06 -
1) "Scly-TE®-1,"
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C(SCX3)(B) 5 MOJIB/IT
Puc. 1. M30TepMbl 3KCTPAKIIHK TaIOreHUA0B cKauaus cMechio 80 %(06.) Th® B renrane u 0,15 momnw/n iona:
1 — Sclj; 2 — ScBrs; 3 — ScCly

Fig. 1. Isotherms of the extraction of scandium halides with a mixture of 80 % (vol.) TBP in heptane and 0.15 mol /1
iodine: 1 — Scls; 2 — ScBrs; 3 — ScCl,

Omrmxkaercs K 1:2 ¥ aJlekBaTHO OMHCHIBAETCS 00pa30BaHUEM JIETKO THUCCOLMUHUPYEMBIX HOHHBIX Tap
[ScCLL,I*[CI(I,),]” no peakiuu (1) [5]. B aToM ciiydae XJIOpUA-MOHBI, BXOJIIME BO BHYTPEHHIOIO
KOOpAMHAIMOHHYIO chepy KOMILIEKCa CKaHIUsI, HE 00pa3yloT accoluaroB ¢ Homom. Jlns foxmma
CKaH/MsI OYEBUIHO, YTO BCE TPH TraJOrCHUIHBIX aHUOHA COJIM MOTYT OBITh COJIBBATHPOBAHBI HOIOM
¢ obpazoBanueM komrekcoB Sc(XI,);Ly,. IIpucoennHenye ueTBepTOd MOJIEKYIIbI HO/la, YETKO NPOsIB-
JISIIOIIEECs Ha M30TepMe ISl HouIaa CKaHAMsI, MOXKET ObITh OOBSICHEHO 00pa30BaHUEM JIUCCOLIMHUPY-
OLIeH HA MOHBI COJIbBATO-pasjeneHuon mapbl Tuna [Sclyi(13)2]"(13) o peakiuu (2) u conbBaTanueit

aHuoHa I3 eme ogHOM Monekyoii Hona (3):

ScLin(I3)3 + L > [ScLin(I3)2] (I3)
[ScLin(I3)2]"(13) «<>[ScLin(I3)2] "+ I3 )

I+ 1 < [I(1p)] 3)

OO6pazoBaHue OUCOJIBBATOB MOAA C TallOTeHUI-aHMOHAMHU XOPOIIO U3BECTHO U OMHMCAHO paHee
[7]. B 3KCTpaKIIMOHHBIX CHCTEMaX 00a THITa KOMIIJICKCOB OOHAPYKESHBI TIPH UCCIICIOBAHUU IKCTPAK-
Uy Opomu10B uTUs U Hatpus cMecsimu Th® c¢ ionom [8]. Tak, ObIIO YCTAaHOBIIEHO, YTO H30TEpPMaA
IKCTpakuuu Opommaa mutus cMmecbio Th® ¢ #omom, Kak U Iis Hoauaa cKaHAWs, UMEET YSTKO BEI-
paXXeHHBIH neperud, KOTOPhIH OTHO3HAYHO CBUJIETENLCTBYET 00 00pa30BaHUM AUCOIbBATA HO1a TUTIA
LiL,Br(I>),. B To e Bpems B yCIOBUAX HEJOCTaTKa Hoja B 9TOH cucTeMe Npeo0iaaloT MOHOCOIIb-
Batel — LiL,Br(l,), uTo 6bLI0 yCTaHOBIEHO MO JAHHBIM H3MEPEHUI HIEKTPONPOBOJHOCTH PACTBOPOB
opomuaa mutus B TE® npu 1o6aBieHnH B OPraHUYEeCcKyIo a3y MOJIEKYISPHOTO Hoza.

[Ipu 3KCTpakIuy W3 XJIOPUIHO-HOJUIHBIX CPENl CUCTEMa YCIOXKHSIETCS U JJIs1 Hee MOXKHO Ha-

6J'IIOZ[aTL 06p2130BaHI/Ie CMCHIAHHBIX TaJIOTCHHUJIHBIX KOMIIJICKCOB. I/I30TepMa HU3BJICUCHUA CKaHIUA
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Puc. 2. U3oTepmbl skcTpakuun ckannus cmecbio 80 %(00.) Th® B renrane u 0,15 mons/n #oma: 1 — Scl; —
0.05 monb/n; ScCls ~var; 2 — ScCl; ~var. CootrHomeHne 00beMoB Ba3 V):V,=1:1

Fig. 2. Isotherms of scandium extraction with a mixture of 80 % (vol.) TBP in heptane and 0.15 mol / l iodine: 1 —
ScI3 — 0.05 mol / L; ScCl13 ~ var; 2 — ScCl13 ~ var. The ratio of volumes of phases V (0): V (in) = 1: 1

U3 pacTBOpa XJIOPHJIA CKaH/AMs B IPUCYTCTBUH HeOObIION n00aBku Hoxnaa ckannus (0.05 mouib/i)
MpUBE/IeHA Ha puC. 2 (3aBUCUMOCTH 1). [IJ1s cpaBHEHUS TaM XKe TaHa U30TepMa IKCTPAKIIUN THUCTOTO
XJIOpU/IA CKaHAMs (3aBUCUMOCTH 2). VI3 NpuBeAEHHBIX TaHHBIX BUHO, YTO JJIsI XJIOPHIHON CHCTEMBbI
(3aBucHMOCTH 2) Tpu HackIlieHnn ckanaueM Th®D, cogepxatrero 0.15 Monb/i ioga, comepraHue Me-
Tajula B opraHudeckoi ¢aze He npepbimaeT 0.075 Mo/, OTBEYAIOIEro 00pa30BaHHUIO MPOAYKTA
(ScLp+1Cl)* Cl(1,),". MobaBku B BomHbii pactBop 0.05 Moiib/i Hopuia CKaHAUS CYIIECTBEHHO H3-
MEHSIIOT XapaKTep M30TepMbl M3BJICUCHUs CKaHusl. Ha HayabHOM ydacTKe M30TEPMbI IPU MaJbIX
KOHIICHTPALUSIX XJIOPHa W3BJICYCHUE METaJlla B OPraHMYECKYI0 (a3y OMpeneisieTCs B OCHOBHOM
U3BJICYCHUEM €r0 MOJIMTHOM COJIM U OTBeuaeT 00pa30BaHUIO B OpPraHU4ecKoi (ase coeinHeH s C OT-
nvomrenueM Scls:[,=1:4, t.e. [ScLy+1(13)2]"[I(1,),]. Jlanee mpu MOBBINICHUH KOHIEHTPAIMU XJIOPUIA
B pacTBOpE CyMMapHOe COJIep)KaHUe CKaH/MsI B KCTPAKTax OTBEYAeT CyMMapHOMY HE3aBHCUMOMY
m3BiedeHuo Homuna ckanaus (0.05 mone/m) u ero xiopuna. OqHAKO C MOBBIIICHHEM COJICPKAHUS
CKaHIUs B BOAHOH (hase 6osee 0.8 M0/ HAOMIOAACTCS PE3KUI M HEAaIJUTUBHBIN POCT M3BJICUCHUS
MeTajla B opranndeckyio ¢asy ¢ poctmxenueM otHomeHust ScXs:l, =1:1. 1o MoxkeT ObITh 00bsIC-
HEHO 00pa30BaHUEM CMEIIAHHBIX XJIOPHIHO-HOMUIHBIX KOMIUTEKCOB cKauaus Tuma [ScLy,Cly ] (15),
KOTJla KpyITHBIC HOMUIHBIC aHHOHBI BRITECHSIOTCS HEOOIBITUMHU XJIOPHI-aHUOHAMH U3 BHYTPCHHEH
KOOPAMHALMOHHON chepbl CKaHUsi BO BHELIHIOW ¢ 00pa30BaHUEM YCTOWYHMBBIX aHUOHHBIX MOHO-
coJibBaToB I5.

3HauMTeNbHAS AIEKTPOTUTHYECKAS JUCCOLUAIIMH PACTBOPOB I'aJIOTEHHIOB PA3JINYHBIX METall-
70B B TpuOyTHII(hOChaTe B MPUCYTCTBUHU HOAa TO3BOJSACT HCIIONB30BATh JAHHBIC H3MEPEHUHN JIICK-
TPOIPOBOAHOCTH IKCTPAKTOB JIJIsl OLIEHKH COCTOSIHUS IIPOJIYKTOB AKCTPAKIIMU COJICH B 3aBUCUMOCTH

OT UIBMCHCHHU A COCTaBa OpFaHH‘IGCKOﬁ (1)2131;1. 2TOoT METO/J TAK>KE HUCIIOJIB30BAaJIU B HaCTOHH.[Gﬁ pa60Te.
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100

ScCh:L=1:1
I

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
C(1,), monb/n

Puc. 3. 3aBucUMOCTb YACIBHOH 3JEKTPONPOBOAHOCTH PACTBOPOB rajoreHuoB ckanaus B 80 % ThD B
rentaHe OT KOHIEHTpanuu MonekynspHoro ioma: C(ScCly)e = 0,038 monn/n; C(ScBrs)o = 0,098 monb/m;
C(Scl3) ) = 0,075 monb/n

Fig. 3. Dependence of the electrical conductivity of solutions of scandium halides in 80 % TBP in heptane on the
concentration of molecular iodine: C(ScCls),) = 0.038 mol / I; C(ScBr3),) = 0.098 mol / I; C (Scls),) = 0.075 mol/1

Ha puc. 3 nu300pakeHbl 3aBUCUMOCTH U3MEHEHHU S YACIbHON JIEKTPOIPOBOIHOCTH PACTBOPOB
Pa3IUYHBIX TAJIOreHUA0B ckaHausg B Thb® oT KOHLIEHTpauuu Hoja NpU NOCTOSHHBIX 3HAYEHUSX
oO1iell KOHLEHTpalK ckauaus. Vi3MeHeHe KOHIIGHTPAIMH 0/1a B paCTBOPE JJOCTUTAJIOCh 100aB-
JEHWEM K PacTBOPY TajioreHUAa CKaHaus B TpuOyTHiochare Apyroro pacTBopa aHAJIOTMYHOTO
cocTaBa 1o coaepxkanuto ckanaug u Thd, HO comepkalero MoieKyJIsipHbli Hoa. PacTBop raso-
TE€HUJIOB CKaHAUs TOTOBUJIU PACTBOPEHHEM COOTBETCTBYIOIIHUX KPUCTAIIOruapaTtoB B 80%-HOM
pactBope Th® B rentane. Bce 3aBucuMocTH Ha puc. 2 UMEIOT TUIIMYHBIA BH: B OTCYTCTBHE Hona
PacTBOPHI MMPAKTHYECKH HEIJIEKTPOIPOBOIHEL, HO IIPH 100ABICHUH H0/1a C MOBBIIICHUEM €T0 KOH-
LHEHTPALHNU 3JIEKTPOIIPOBOIHOCTH 3HAUUTENIbHO Bo3pacTaet. st xJiopuaa u OpoMuia CKaHaus pu
JOCTHKEHUH SKBUMOJISIpHOTO oTHOmeHns ScX;:l, HabmomaeTcst cymecTBeHHOE CHUKEHNE pocTa
YICIBHOM 3JEKTPONPOBOJHOCTH C BBIXOAOM Ha IIATO. ITO MOXKHO O0BSICHUTH 00pa3oBaHUEM HOH-
HBIX T1ap MOHOCOJIBBATOB H0fja C TaJIOTEHUAAMH CKaHHS, JIETKO AUCCOLHMMPYIONUX 0 peaKkuu
(4), nnu ¢ yuetoMm 00pa30BaHMsI HOHHBIX TPOMHHMKOB, OOHAPYKEHHBIX HAMH paHee [5], Hanpumep,

o cxeme (5).
[ScLinXo] X(Lo) [ScLinXo]" + X(Lo). )

3[SeLnXa] X(L) {(XIo) [(Se mX2) (XL) 1} +H{[(Se mX2) (XL I(SewX2)} . (5)

XapakTep aHaJOTUYHON 3aBUCUMOCTH JUJIsl HOAHuAa CKaHaus (puc. 2) CBUAETEIBCTBYET O OoJee
CJIOHOM TPOTEKaHHHU Mporecca. Ee Haua bHbBIM y4acTOK BIUIOTH JI0 0Opa30BaHUsI MOHOCOJIbBATA
1710}11/1/:[a CKaHaus C fIO):[OM MPAKTUYCCKH COBIAJACT C aHAJIOTUYHBIMU 3aBUCUMOCTIAMU IJIs1 XJIOPpU-

Ja 1 6pOMI/I,I[a CKaHAus, 4YTO CBUACTCIBLCTBYCT O onu3ocTu SHCKTPOHOHBH)I(HOCTeﬁ COOTBETCTBYIO-
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IIUX MOHOB T'aJIOTEHU/IOB U MPAKTUYECKH OJUHAKOBOHM CTENEHU IUCCOIMAIMM HOHHBIX Tap. OgHaKko
MIPU JaJbHEWUIIEM POCTE KOHLEHTPAIMH HOoJa IJIEKTPOIPOBOJHOCTE B 3TOH CHCTEME MPOAOJDKACT
pacTu BIUIOTH JI0 00pa3oBaHus JuconbBara. OYeBH/IHO, YTO ITO CBS3aHO C YCTAHOBJIGHHOW Ooiiee
3HAUUTENILHON coJibBaTalued HOJOM 3TOM KOMILIEKCHOM COJIM € y4acTueM HOJUJI-MOHOB BHYTPEH-
Heil KoopIuHaIMOHHOM cdepbl komiiekca — [ScLy,l,]". BmecTe ¢ Tem, MaioBeposTHO, 4TO HEPEXOJ
ot [ScLylb]" k [ScLy,I(13)]" mpuBeneT k qucconuanuyd HOHHOM mapsl ¢ 00pa30BaAHUEM JIBYX3aPSIIHOTO
karuona [ScL,I]*" B pactBope TB® ¢ HU3KON IUIIEKPUUECKON TPOHUIAEMOCTBIO. CKOpee BCero,
JMaTBHEUITUH 3HAYUTEIBHBIH POCT 3JIEKTPOIPOBOIHOCTH CBSI3aH CO CHIDKEHUEM YCTOHYUBOCTH HOH-
HBIX TPOWHHKOB 32 CYET POCTA PAa3MEPOB COIBBATUPOBAHHBIX KATHOHHBIX KOMIIJIEKCOB M UX HOHHOM
JIUcconuanueii ¢ o0pa3oBaHNEM HOHOB MEHBIIICH MOJICKYIISPHON MacCHI.

JlaHHBIE 110 U3MEHEHHIO IJIEKTPOMPOBOAHOCTH PACTBOPOB OT COCTaBa (puc. 3) MOKHO TpeacTa-
BHUTH B JPYTOM BHJIE, OTPAKAIOIIEM B OTPEICIICHHON CTENCHN N3MCHEHHE SYKBHBAJICHTHOHN 3JICKTPO-
MPOBOIHOCTH PacTBOPOB (), moJiarasi, 4To 10 KOHIICHTPAI[MH HO/1a MEHBIIICH S9KBUMOJISIPHOTO OTHO-
[ICHHS K TaJIOTEHUY CKaHJIHs BECh MO/ KOJTUYSCTBCHHO PacXOIyeTCsi Ha 00pa3oBaHUE HOHHBIX ITap.
Hns otux yenosuit (mpu C(1)< C(ScX3)) MOXKHO 3amucarh, YTO KOHIEHTPAILMS HOHHOTO COSTUHEHUS
(C.) B pacrBope paBHa C. = C(I;). CoOTBETCTBEHHO, BeJINYNHA SKBUBAJICHTHON 3JIEKTPOITPOBOAHOCTH

OpPraHMYECKHX PaCTBOPOB
ho~a/C(1,).

Ha puc. 4 npusenens! 3aBucumoctr BennunH &/C(l,) oT koHneHTpanuu iona B pactsope. Ilpu

pacuere &/C(1,) ucnonssosanu pasmepHocts C(I,) B eIMHMIAX MOIB/CM®, [l MONy4YeHHs 3HaYe-

~
1

Sclz- 0, 075 momb/n

ScBry- 0, 098

2e/C{l2), o 'emmons!
w
.

N
L

ScCls- 0, 038 monb/n

0 T T
0 0.05 0.1 0.15 0.2

C(l5), Mmonb/n

Puc. 4. 3aBucumocts otHOomeHus &/C(l,) pactBopoB rajzorenunos ckanaus B 80%-HoMm TpuOyTHidocpare
B TENTIAHE OT KOHLEHTPAlMM MOJEKyIspHoro ioma B opranuyeckoil ¢ase: C(ScCly)o = 0,038 mouns/m;
C(ScBr3) ) = 0,098 monb/i; C(Scl3) ) = 0,075 Mmonb/n

Fig. 4. Dependence of the & / C (1) ratio of solutions of scandium halides in 80 % tributyl phosphate in heptpan on
the concentration of molecular iodine in the organic phase: C (ScCls)) = 0.038 mol / I; C (ScBr3),) = 0.098 mol/ I;
C (Scl3)@) = 0.075 mol /1
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uuii &/C(1,) B CTaHIAPTHBIX €IMHUNAX U3MEPEHUS A, _ oM -cM?MOnb™!. Y3 3TUX JaHHBIX BUIHO, 9TO
B 00JIaCTH MaJIbIX KOHIICHTPAIWi H01a SKBUBAJIICHTHBIC 3JICKTPOIPOBOAHOCTH PACTBOPOB ISl BCEX
TPEX TaJIOT€HHUIOB OIM3KH M COCTABJIAIOT BEIMINHY OKOJIO 5 oM 'cm?Monb™!. DTa BenmuruHa 3aMeTHO
MEHBIIIe SKHBAJICHTHOW AJIEKTPOIPOBOTHOCTH BOJHBIX PACTBOPOB T'aJIOTEHUOB MICIOYHBIX METaJ-
708, paBHbIi 110-120 om'em?monb™! ns pactBopos ¢ comepxanueM coneii 0.05-0.1 mons/1. OgHaKO
IPU UX COTIOCTABICHUH CJIEIYeT y4ecTh Ooyiee BBICOKYIO BI3KOCTH pacTBOpoB Th® mo cpaBHEHUIO
¢ BoJIoi (6osee 3 pas), uTo, coraacHo mpaBuiy BaibaeHa, MpoMoOpIHOHAIBHO CHUXKAET MOJIBHYKHOCTH
noHOB. Kpome Toro, mpu 00pa30oBaHUH HOHHBIX TPOHHUKOB KOHIICHTPAIIMIO HOHOB JIJISI UCCIICAYEMON
CHCTEMBI CJIEAYEeT CUMTaTh MeHbIell B 3 pa3a. Eciin ydecTs eie u Ooblire pa3Mepsl COJIbBATHPO-
BaHHBIX HOHHBIX TPOWHHUKOB B OPraHMIECKOH (ha3e TakkKe CYyIIeCTBEHHO CHHIKAIOMINX TOABIKHOCTh
MOHOB, TO MOYKHO 3aKJIIOYHTh, YTO MOJYYCHHBIC BEJIMUYMHBI SKBUBAJICHTHOW 3JIEKTPOIIPOBOIHOCTH
TaJIOTCHHUJIOB CKAaHUS B UCCIEIYEMOI CHCTEME COTIACYIOTCS C H3BECTHBIMU JaHHBIMU IO 3JICKTPO-
MPOBOTHOCTH PACTBOPOB CHIIBHBIX 3JEKTPOTHTOB.

TaxuMm 00pa3oM, B IETOM MPOIECCH TeTepoda3zHOro B3aUMOACHCTBHS OpOMUIa U UOAHIa CKaH-
Jsi ¢ oaoM u TpuOyTuidocharom OIM3KH K B3aUMOJIEHCTBUIO C XJIOPUIOM cKauaus. Jis npakru-
YEeCKUX IIeNieli Oolblliee 3HAUCHUE UMEET HOAMIHAS CHCTEMa, YeM OpOMHUIHAs, TOCKOIBKY HOIUI-
MOH MOYXHO T€HEpUPOBATh B CUCTEME IIPU YaCTMYHOM KOHTPOJMPYEMOM BOCCTaHOBIEHUH Hoxaa. [Ipu
HE00XOIMMOCTH HOIUI-HOH MOXKET OBITh IEPEBEICH 00OPaTHO B AIIEMEHTHOE COCTOSTHUE OKHCICHHEM
Y M3BJICUCHHEM B OPraHUYeCKYo a3y npu J00aBJICHUU B BOJHBIA PACTBOP OKUCIUTEIS.

OnHuM u3 HanboJee BaXKHBIX MMOKa3aTele SKCTPAKIIMOHHOTO IpoIiecca, Hapsiay ¢ 3KCTPaKITU-
OHHOW CHOCOOHOCTBIO, SIBJISIETCSI €r0 CEJIEKTUBHOCTh — BO3MOYKHOCTh M30MPATENLHOIO OTICICHHUS
MeTallia OT APYTHX 3IeMeHTOB. Kak OblI0 ckas3aHo, B uccienyeMoii cucteme ¢ Th® moBeimieHne n3-
BJICYCHHU S CKaHJMS JIOCTUIaJIOCh B3aMMOJICHCTBUEM JONOIHUTEIBHOTO KOMIIOHEHTa OPraHMYeCcKOM
(ha3spl, oa, C aHMOHHOH YacThIO0 SKCTPArHPyeMOro COSNUHEHUS (TaJOTeHUI-MOHAMH). DTO TPHHIIH-
MUAJIBHO OTJINYAETCSl OT IMOBBIIIEHHS IKCTPAKIIMOHHON criocoOHOCTH (hocdopopraHnyeckoro Hew-
TPAJTBHOTO 3KCTPAreHTa 3a CYeT M3MEHECHHSI OCHOBHOCTH €ro (yHKIMOHATBHOH rpymisl (P=0) my-
TeM 3aMenbl rpynin-OR Ha yrieBogopoaHbie pajaukanbl-R. [ljist OHeHKH U3MEHEHUS CEJIEKTHBHOCTH
skcTpakuuu TH® pa3TmdHBIX TaJIOTEHU0B IIPOBEICHA COMOCTABUTEIIbHAS SKCTPAKITUS Pa3IMYHBIX
METaJIJIOB U3 pa30aBIEHHBIX XJIOPHIHO-HOAMIHBIX pacTBOpoB cMecsiMu THh®D u iiona pa3inyHoil KoH-
neHTpanun. COOTBETCTBYIOIINE TaHHBIC TPUBEICHBI B Ta0M. 1.

CormocraBieHne BEIUYMH KOI(PPHUIIMEHTOB paclpeesieHus] MEeTallioB Ipu J100aBiIeHUH Hoxaa
K TpuOyTuiadochary nokassiBaeT, YTO UX POCT IO OTHOIICHUIO K CHcTeMe 0e3 Hoaa B OOIBITNHCTBE
CJIy4aeB COCTaBISIET OKOJIO 2 TOPsAKOB (kosioHKa 6 Tadi. 1). B To e Bpems oOpaiaer Ha ceOst BHU-
MaHUE HECKOIBKO OOJbIIee YBEIUUYCHIE U3BICUCHUS OTHO3APSITHBIX MICIOYHBIX METAIIOB OT dTOU
BEJIUYHHBI U OTHOCHTEJIBHO MEHBIIHH 3()(EKT IyIs1 METaJIOB, 00pa3yIOIIMX JOCTATOYHO MPOYHBIC
KOMIUICKCHBIC COCIMHEHUS C TaIOTCHUI-HOHAMH — KaaMui(2+), muHK(2+), naauii(3+), xene3zo(3+),
xpom(3+), Banaauii (VO).

s comocTaBiieHUs MO0 NaHHBIM padoTHl [1] mpu mepexone ot Th® x 6onee ocHOBHBIM (hoc-
(uHOKCH 1AM, HapsIy CO CKaHAueM, HaOI0JaeTCsl IPEUMYIIECTBEHHBIH POCT U3BJICYCHHUS XJIOPHJIOB
MHOT03apsTHBIX KATHOHOB METAJIJIOB, TAKUX KaK TOPHI U MIUPKOHUH, IO CPABHEHHUIO C OTHO- U IBYX-
3apsiIHBIME KaTHOHAMM METaJUIOB. B 3THX cucTeMax poCT M3BJICUCHHs rajoreH0B IEJIOUYHbIX Me-

TAJUIOB MPAKTHYECKH OTCYTCTBYET 110 CPABHEHHIO ¢ TPpUOyTHIIhOChaTOM.
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Tabnuua 1. Bnusiaue iiona Ha K03 PUIIMEHTHI pacripeaeieHus rajoreHn 108 Metamios (IgDy™) npu skcTpakunu
U3 pa3baBieHHBIX pacTBOPOB B cucteMax « ThD-I,- MI,- MCl,» (80 % Th® B renrtane, C(M™) = 0,002 moJib/1
10 KaXXJOMY METaJlly Ipu paBHbIX 00uux koHueHTpanusix I u Cl B pactsope (110 0.08 mosb/i)

Table 1. Influence of iodine on the distribution coefficients of metal halides (IgDy"") during extraction from dilute
solutions in the systems “TBP- I,- MI,- MCl,” (80 % TBP in heptane, C(M") = 0.002 mol/l for each metal at
equal total concentrations of I and CI" in solution (0.08 mol/I each)

1 2 3 4 5 6
C(L,), MomB/1 0 0,1 0,12 0,15 Lg(Dis/Dey)
Sc** -1,69 0,20 0,30 0,36 2.05
Li* 2,00 1,0 0,99 0,84 2.84
Na* -1,80 0,56 0,59 0,61 2.41
Mg2* -0,85 0,17 0,20 0,34 1.19
Al -1,92 -0,76 0,78 0,42 15
K* -1,84 -0,08 0,02 0,11 1.95
Ca® 2,00 -0,26 0,13 0,25 2.25
VO 2,70 -1,40 -1,64 -1,30 14
cr* 2,45 -0,95 -0,84 -0,84 1.61
Mn?* 2,73 -0,26 -0,18 -0,11 2.62
Fe’* -1,89 -0,73 -0,61 -0,48 1.41
lgDy™ Co?* 342 0,74 -0,68 -0,61 2.81
Ni2* 2,53 -0,87 -0,81 -0,75 1.78
Zn?* -0,74 -0,09 -0,08 0,48 1.22
Ga’* 341 -1,59 1,53 1,29 2.12
Rb* 3,15 -1,01 -0,81 0,74 2.41
Sr2* 2,90 -0,95 -0,88 -0,76 2.14
Y3+ 3,76 -1,90 -1,79 -1,67 2.09
cd -075 0,35 -0,29 -0,24 0.51
In®* -0,07 0,99 1,06 1,10 1.17
Cs* 3,11 -1,02 -0,96 -0,88 2.23
Ba®* 2,08 0,33 -0,34
T'Ln¥* 3,67 -1,65 -1,54 1,42 2.25

* Z[J'Iﬂ JIJAHTAHOU OB IIPUBEACHO CPEAHEES 3HAYCHUC KOSq)d)I/[LII/IeHTOB pacnpencienus; pa3jinuns B BEJIMYUHAX HE IIPEBBIIIAOT
0,1 CAVHUL OT IPUBEAECHHOTO CPEAHETO 3HAYCHU .

BoiBoabl

YcTaHOBICHO, YTO J00aBiIcHUE K TpUOyTUIGOCchaTy MOJCKYIAPHOro Hojaa MPUBOIHUT K PO-
CTY W3BJICYCHUS T'aJIOTCHUJIOB CKaHIUs M3 BOAHBIX pacTBOpoB Oonee yeM B 100 pas. DpdexTus-
HOCTB u3ByedeHUst Bo3pactaeT B psiay ScCl; < ScBr; < Scls. [lpu aTom Bennunza ko3 duineHToB
pacmpejesieHus: HOJAUAa CKaH/MSI B OTCYTCTBUE BhICAIMBATENsI COCTABIsIET mopsaka 10, 4To mo-
3BOJISIET U3BICKATh METAII U3 Pa30aBICHHBIX PacTBOPOB. I10 JaHHBIM HACBHIICHHS OPraHHUYECKOM
(a3bl rajoreHuIaMu CKaHUs, HOJAUIHASI COJIb 00pa3yeT MPOAYKTHI ¢ OOJiee BHICOKMM COJIbBAT-
HBIM YHCJIOM IO WOy, YeM XyopuaHas. Tak, eciau IJs XJaopuaa odpasyercs AUCOIbBAT Hoaa THIIA

[ScL,.Cl,]"Cl(1y)", To mus #onuaa — TETPACOIBBAT. ITO MO3BOJISAET MPEAMOIOKUTH O COIbBATAIIUU
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HOJM1-MOHOB BHYTPEHHEH KOOPIMHALIMOHHOM cdepbl KOMILIeKca iHoauaa ckauaus ¢ 00pa3oBaHUEM
npoaykTa [ScLiy(13),] TI(12)2]

Ilo naHHBIM U3MEPEHUS MIEKTPOIPOBOJHOCTU PACTBOPOB, BCE TPU MAJIOTEHU/Ia B OPraHUYeCKON
(haze qucconMMpyIOT Ha MOHBI C 00pa3oBaHMEM IpU HegocTaTke Hona MoHoconbBaToB X(I,). Benu-
YHHaA YKBHUBAJICHTHOMU BJICKTPOIPOBOAHOCTHU OPraHUYECKUX paCTBOPOB CBUACTCILCTBYCT O BBICOKOM
CTENEHH NIEKTPOIUTHUECKON AUCCOLUALIMH TPOJYKTOB KCTPAKIIHH.

HpOBCI[eHO CPaBHCHUC U3MCHCHHS U3BJICUCHUSA TaJIOTCHUIAHBIX KOMIIJIEKCOB PAa3JIMYHBIX ME-
TAJUIOB IIPH Tiepexose oT TpuOyTuidocdara K ero cMecsiM ¢ MOJIEKYJISIPHBIM H0/IOM U K (hocprHOK-
cujgamu. Ilo pesynbraram caeilaHoO NPEABAPUTEIBHOE 3aKIIOYEHHUE, YTO [l CUCTEM C MOIOM B3a-
HMMOJIEIICTBHE €ro ¢ raJor€HU-HOHOM 3KCTPAarupyeMoil CONM MPUBOIUT K OTHOCUTEIBHOMY POCTY
N3BJICYHCHU A HU3KO3apAAHBIX KATUOHOB METAJIJIOB. B IIPOTUBOIIOJIOKHOCTH OTOMY IJId (bOC(i)I/IHOKCI/I-
JIO0B ¢ Oosiee 0cHOBHOII rpymmoit P=0 HaOnronaeTcss OTHOCUTENBHBIM POCT U3BICUEHNS MHOT'03apPsII-

HBIX KaTHOHOB, TakuX kak Th*" u Zr*",
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Bausinue pa3JnM4yHbIX CIOc000B
MEXaHMYeCKOl aKTHBAIUM HA BbIXOJ

IKCTPAKTUBHBIX BCIIIECTB U3 KOPbI COCHbI

E.B. Bennpukosa?, B.A. Houun®, ML.IO. beaanr?,

AM. Cxkpunuukos™®, A.B. Jlepnanckuii®, O.I1. Tapau®°
Uncmumym xumuu u xumuyeckou mexronoeuu CO PAH
QUL «Kpacnospckuil nayunsiii yenmp CO PAH»
Poccuiickas @edepayus, Kpacuosapck

®Cubupcruil hedepanvubiii ynueepcumem

Poccuiickas @edepayus, Kpacnosapck

Annomayus. VccnenoBaHO BIMSHUE aKTHBAllUM KOPBI COCHBI B3PBIBHBIM aBTOTHIPOIU3OM U
MexaHHuYeCcKoi 00paboTKoil B 6apabaHHON MeIbHHIIE Ha BBIXO/I U CBOMCTBA CMOJIUCTHIX M IEKTHHOBBIX
BEIIECTB U -cuTocTepuH. M3yueHbl pU3NKO-XMMHYECKHE CBOMCTBA KOPBI COCHBI ITOCTIE €€ aKTHBAIIUT
paziauuHbiMH criocobamu. [Toka3aHo, 4TO akTHUBAalMsi KOPbI COCHBI B3PBIBHBIM aBTOTMJPOJIM30M
MIPUBOJIUT K HAaMOOJIBIIEMY YBEJINUEHHUIO BBIXOJA HKCTPAKTUBHBIX BemiecTB. OrpeaeneHsl ycaoBus,
obecrieunBaole HauOOJBbIINI BBIXOJ LEJIEBBIX NMPOAYKTOB M3 aKTHBHPOBAHHOW KOPBI COCHBI:
JUTSL CMOJIMCTBIX BEIIECTB M 3-cuTocTeprHa — npuMeHeHue 0.5 H pacTBOpa MIEN0uH; ISl IEKTHHOBBIX

BEIIECTB — HUCIOJh30BAHUE COJISTHON KHUCIIOTHI.

Kniouesvie cnoea: xopa COCHBI, B3PBIBHOI aBTOIMApON3, OapabaHHAash MeEJbHHUIA, CMOJIUCTHIE

BCIICCTBA, ﬁ-CI/ITOCTepI/IH, IICKTHUHOBBIC BECIICCTBA.

Huruposanue: Benpukosa, E.B. Biausuue pa3iauuHbIX COCOOOB MEXaHMYECKOW aKTHBALMU HA BBIXOA JKCTPAKTHBHBIX
BemiecTB U3 Kopbl cocHel / E.B. Benpukosa, B.A. Monun, M.1O. benam, A.M. Ckpunuukos, A.B. Jlesnanckuii, O.I1. Tapan /
Kypu. Cub. denep. yn-ta. Xumus, 2020. 13(3). C. 430-446. DOI: 10.17516/1998-2836-0196

BBenenne

Pernonsr Cubupu, B yactHocTH KpacHospckuil kpaif, ABISIOTCS JUIEpaMU B JECHOW oTpac-
nu Poccun. KpacHosipckuil kpait TuaupyeT mo o0beMy JeCHBIX yroawii B Poccuu, cocTaBIsIIOIIIX
14,5 %, wnm 158,7 mmu ra, B ToM uucie 114,9 MiIH ra sKcrulyaTallMOHHBIX U 3aIUTHBIX JiecoB [1, 2].
Bonpryro niomans B KpacHosipckoM kpae 3aHMMalOT XBOHHBIE Jieca. OOLIHii 3ammac ApeBECHHBI CO-
crasisier 11,5 mapa kybomeTpos, B ToM 4ucie 9,5 Mipa KyOOMETpOB 110 XBOHHBIM HAaCKICHUSIM [2].
Haubonee nienHa B X035{{CTBEHHOM OTHOIIEHHH COCHA, KOTOPast O 00bEMY JIECO3aroTOBOK HAXOINT-
Csl Ha MEPBOM MecTe M cocTaBigeT okoyo 70 % 3aroraBimuBaeMoro apeecHoro cwipbs [1, 3]. Tak, B
2017 1. 00BeM Jreco3aroToBOK ObLT paBeH 23,1 MiH KyOoMeTpos, B 2018 1. — oko0 25 MITH KyOome-
TPOB, 3TO MaKCUMAaJIbHBINA 00BeM 1Mo Poccun.

[Tpobnema yTunIM3anMyu KOPOAPEBECHBIX OTX010B B Poccum OoTHOCHTCS K 4HcIy HauOoiee ak-
TyaJIbHBIX, TaK KaK IPH CYLIECTBYIOIMX METOJaX MepepadoTKH B HACTOSIILEE BPEMs TEPSETCs T10U-

TH TOJIOBUHA OHOMACCHI ACpeBa, 4YTO I'OBOPUT O HU3KOM YPOBHC TEXHOJOTHYCCKUX MNPOLECCOB JC-
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peBoo6paboTku. M3 npumepHo 60 MIH M? €KEroaHo 00pasyIommMXcs OTXOAO0B MOYTH TPH YETBEPTH
MPUXOIUTCS HA JIOJIO JICCOMMIICHUS. AHAIN3 TTOKa3aTelell Oaranca UCTIONh30BaHUS CHIPhS Ha TIPE]-
npustusx KpacHospckoro kpasi HOKas3bIBaeT, YTO MPU HU3KOM 0ObEMHOM BBIXOJIE THJIOMATEPHAIIOB
(45-47 %) 1, COOTBETCTBEHHO, IIPU OOIBIINX 00beMax 0TX0HO0B (47-49 %) mociiefHIe UCTIONB3YIOTCS
HepannoHaIbHO [3]. B pesymnsrare Ha npeanpustuax JIIIK Hakonmuaock orpoMHOE KOTHYECTBO KOPO-
JIPEBECHBIX OTXOJIOB.

Bce 910 00yclIoBIMBaET BEICOKYIO aKTYaJIbHOCTB JIJIsl KpacHOsSpcKoro Kpast Co3/jaHu st HOBBIX METO-
JI0B 0€30TXOMHOM TepepaboTKU KOPHI COCHBI, KOTOPAst II0 CBOEMY COCTaBY SIBIISIETCS 00JIee [IEHHBIM XU-
MHYECKHM ChIPbEM, YeM JIpeBeCcHHa, OJiarojapst HAIMYNI0 BOCTPEOOBAHHBIX SKCTPAKTUBHBIX BELIECTB.

Henp HacTOsmIEH pabOTHI — pa3paboTKa HOBBIX METOHOB AKCTPAKIIHOHHOTO (DpaKIHOHMPOBA-
HUSI COCHOBOW KOpBI Ha IIEHHbIC AKCTPAKTHBHBIC BEIIECTBA (CMOJHUCTHIC M NEKTUHOBBIC BEIECTBA,
[-cHTOCTEpHH) C WCIONIB30BAHUEM JKOJOTHMYECKH OC30IMaCHBIX PACTBOPUTEICH M aKTUBUPYIOIIUX

BO3/ICHCTBUI B3PBIBHOI'O aBTOTHAPOIN3a M MEXaHOAKTUBAIIMY B OapaOaHHOI METbHUIIE.

BKCHepl/IMeHTaJI])HaSI qacThb

Tloocomoeka u akmueayusl Kopvl COCHbl

B kauecTBe MCXOAHOTO MaTepHajia HCHOIb30BATH M3MEIbYCHHYIO BO3AYIIHO-CYXyIO KOpPY CO-
cHbI. M3MenbueHre OCyLECTBIISIIIM Ha pOTOPHOM HOXKeBOU MenbHuLEe Mapku PM-120 ¢ quamerpom
cuta 3 mMMm. Jlanee nmpou3Boauan (pakIMOHUPOBaHKE HA BUOporpoxote mapku ['P-30 u Bbiaensin
(hpakuro Kopsl pazmMepoM | — 3 M.

MexaHOXMMHUYECKY0 aKTHBAIMIO KOPbI COCHBI IIPOBOIMIIN 00paboTKoil B GapabaHHOIl MeJIbHU-
1€ ¥ METOJIOM B3pPBIBHOTO aBTOruaponm3a (BAT).

AkTHuBanus Ha jaboparopHoil Oapabannoi MmenpHune tuna MJI-1 (Ipynna npeanpusiTuii
“IIpomctpoitmant”, r. Kaiyra) mpoxoania mpu KOMHATHOW TeMIIepaType CIeIyIOIIIM 00pa3oM: Ha-
BECKY KOPbI COCHBI Maccoii 50 r 3aceinainu B Gpaphopossiii 6apadan o0bemMoM 10 J1 ¢ HAPYIKHBIM K-
meTpom 280 MM; 3aTeM B OapadaH 3arpyxann GpaphopoBble MIAPbI CO CMELMIEHHBIM IIEHTPOM TSKECTH
B Kosin4yectBe 24 mtyk obuieid Maccoit 1500 r; miotHO 3akpbiBaiu Gapadan (hapdopoBoil KpbIIIKOi
C NMPOKJIAJAKOH 1 TIOMEIIaIN Ha 0OpEe3MHEHHBIE BAJIBIBI MEIbHUIIBL. bapabanHas MenbHNLIA cHAaOXKeHa
YaCTOTHBIM IIpeoOpa3oBaTeNeM s MIaBHON PEryJIupOBKH YaCTOTHI BPAIICHUS 3JCKTPOABUTATENSA
MIPUBO/IA BAJIBLIOB, YTO ITO3BOJISIET TOYHO YCTAHOBUTH TpeOyeMyIo 4acTOTy BpalleHus Obapadana. Ya-
CTOTY BpAIlEHUs yCTAHABIMBAIM Ha MAKCUMYM — 72 00-MuH"'. TIpOJ0IKUTENBHOCTh aKTUBALIUH CO-
crapisiia 1 4.

AkTHBHpYIOLIast 00paboTka KOphl cocHbl MeTosioM BAI™ npoxojuiia B peakrope oobemom 0,8 i1
Ha YCTaHOBKE IEPHOJUYECKOT0 JICHCTBUS, OIMCAHHOHN B paboTe [4], MpH CIeTyIOMNX yCIOBHIX: TEM-
nepatypa npouecca 120 °C; Bpems Beiepkku 30 c; gaBiaenue BoasiHoro napa 1 MIla (s moanep-
JKaHWSI JaBJICHHUS HA 33JaHHOM yPOBHE IPH HEOOXOJUMOCTH B PEAKTOP IOJIaBAJIH JONOIHUTEIHEHOE
KOJIMYECTBO BOAsiHOrO mapa). Ceipbe Maccoit 50 r 3arpyskaiu B peakTop (11apoBoii KpaH aist copoca
JIaBJICHUS 3aKPBIT), IpeIBAPUTENBHO HArpeThlid Ha 60-70 % oT BRIOpaHHOM TeMIlepaTypsbl Ipolecca.
3aTeM 3aKpBIBAJIM PEAKTOP KPBIMIKON M MOAAaBaIN BOASHON Map U3 maporeneparopa. JlapneHne KoH-
TPOJHMPOBAIIN C ITOMOIILI0 MaHOMeTpa. [locie ompeneleHHOro BpeMEHN BBIJCP)KKH JIaBICHUE pe3-
KO cOpachIBajM 10 aTMOC(HEPHOro MyTEeM OTKPBITHS LIAPOBOI'0 KpaHa PeaKTopa, PacloI0KEHHOTO

B HIMKHEH ero yactu. [Ipu 3TOM aBTOrMIpoJIM30BaHHbBIA MaTepuai “BbICTPEIMBAJICS U3 PEAKTOpPa B
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CHEeMAJIbHBIN TPUEMHUK. ABTOTHPOIN30BAHHBIA MaTepHaJ CYIIMJIA 10 BO3AYIIHO-CYXOTO COCTO-

STHHSI TPU KOMHATHOW TeMIiepaType.

Dxemparyuonnas obpabomra o6pa3y08 KOpsl COCHH

B kauecTBe HCXOAHOTO CHIPHS 715 BBIACICHUS SKCTPAKTUBHBIX BEIIECTB UCIIONB30BAIHN TPH 00-
pasua: 1) m3menpuennyto (ppaknus pasmepom 1-3 MM) Bo3aymIHO-cyxyto kopy cocHbl (MCX); 2) 00-
pa3sell KOpsI MoCIe MEXaHHYECKOi 00paboTku B ObapabanHoil MeapHUIE B TedeHue 1 1 (MXA); 3) 00-
pasell, akTHBHPOBAHHBIM METOJIOM B3PBIBHOTO aBTOrUApon3a rmpu naieHnu 1 MIla (BAT).

Jlns1 BBIACIICHUS B-CUTOCTEpUHA HaBECKy 0o0pasiia KOpbl Maccoi 10 13 r akcTparupoBain rek-
caHoM B amnmapare Cokcaeta npu 65-70 °C B teuenue 4-16 4. PacTBOpUTENb OTIOHSAIN HA POTOP-
HOM Hcraputene. CMOIUCTBIE BEIIECTBA, OCTABIINECS MOCIIE OTTOHKH I'eKcaHa, pacTBopsid B 100 M
0,5-1 u cnuprosoro pacrsopa NaOH npu HarpeBanun Ha BofsiHON OaHe 10 65-70 °C B Teuenue | 4 B
KPYyTJI0A0HHOH Kosbe. [loyueHHbIe pacTBOPBI pa30aBIIsiik BOAOH B 4 pa3a, B-CHTOCTEPUH TPUKIbI
9KCTPArupOBaAJIN TUITHIOBEIM 3()HPOM B JIEINTEIBHON BOPOHKE. D(UPHYI0 QpaKuio 00beTNHAIN U
CYLIWIIN HaJl cyJibhaToM HATpus. DPUp OTTOHSIIN HA POTOPHOM HCIApHUTEIIE.

JLy1st oy deHust eKTHHOB TBEPJIbI OCTATOK IIOCIIE yIaJIeHUs 13 00pa3IoB KOPbI COCHBI CMOJIN-
CTBIX BellecTB 00pabaTbiBaiu 3TuiIoBbIM criproM ipu 80 °C B annapate Cokcinera. OcTaTok KOpI
MIPOMBIBAJIN BOJOH M cymmiin. Jlanee BBICYIICHHBIH OCTATOK KOPBI JEJWIIM IIONOJIaM, OJHY YacTh
obpabdateiBau 50-100 M 1%-ro pactBopa cossiHoi, BTOpyio — 50-100 M1 1%-ro pactBopa oprodoc-
¢dopHoii kucoTel B Tedenue | vaca npu temneparype 80 °C B kpyriononHoi kosbe. [lonyduennsle
pacTBopbl (GUIBTPOBAIK Ha BopoHKe broxHepa. TBepablii 0CTATOK CYIIMJIM Ha BO3JyXe, 3aTE€M HC-
cireioBalin (pU3NKO-XMMHUYECKUMHU MeToaMu. K mosry4eHHBIM pacTBOpaM J00aBisiin okoso 50 mi
U30IPOIUIIOBOTO CITUPTA JI0 OCAXKCHHUSI IEKTUHOB. [IeKTHHBI coOMpanu GpuiabTpoBaHUEM Ha BOPOHKE
Broxuepa. Ocatok JBaXk bl TPOMBIBAJIN HEOOIBIINM KOJIMUYECTBOM M30IPOINHIIOBOTO CIIUPTA, CYIIH-

JIKM Ha BO3AYXE 10 MMOCTOAHHOI'O BECA.

Duzuko-xumuueckue Uccied08anus UCXoOHOU u aKmueupoeaHHozZ Kopbl

DJIeKTPOHHO-MUKPOCKOITNYECKHE HCCIICTOBAHNS IPOBOAMIIN HA JIEKTPOHHBIX PACTPOBBIX MU-
kpockonax TM-1000 u TM-3000 (HITACHI, SAnonus). Perucrpanus MK-cnexkTpoB BhIIOTHEHA Ha
HK-Dypoe-criekrpomerpe IR Tracer-100 (Shimadzu, Snonus) B o6nactu 4000 — 400 cm!. O6pas-
I[bl TOTOBHJIM B BHJIE TAOJIETOK B MaTpUIle OPOMHCTOrO Kajus IPU OJUHAKOBBIX YCIOBHsIX (2 MI' Ha
1000 mr 6pommaa xanus). [lonydeHnHas criektpanbHas nHGopManus OblTa 00paboTaHa ¢ TOMOIIBIO
naketa nporpamm LabSolutions IR.

Pentrenoda3zoBblii anamn3 00pa3oB KOpsl MpoBowiIH Ha qudpakromerpe JJPOH-3 ¢ ucnons3o-
BanueM CuKa-moHOXpomaruzupoBanHoro uznyuenus (A = 0,154 um), nanpsokenue 30 kB, Tok 25 MA.
Iar ckanupoBanus 0,02 rpaa; uHTEpBaJbI 110 1 ¢ Ha TOYKY AaHHBIX. I3MepeHue NpoBOAUIIN B UH-
tepsasie yrioB bparra 20 ot 5,00 no 70,00 rpaa. Uuaexc kpuctamauanoct (MK) nenmtonossl, BXo-

JSIIEH B COCTAB KOPBI COCHBI, PACCUNTHIBAIIN MPUOIMKEHHBIM CIOCOOO0M 110 (hopmyIie

UK = (Ipo2 — Tam )/ Tooz, Q)

rae lop, — MHTEHCUBHOCTH nuKa mpu 20 = 22,3-22.5 ©; 14 — MHTEHCHUBHOCTh B TOYKE Ieperuoda mpu
20 = 17,9-18,5°.
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DUBUKO-XUMUYECKUL AHATIU3 IKCMPAKMUBHbBIX 6eyecme

Crpoenne B-cuTocTepruHa M NEKTHHOBBIX BEIECTB ompeaeisuii mMeronoM MK-cnekrpockonun
na UK-®ypre-cnekrpomerpe Shimadzu IR Tracer-100 B o6mactu 4000 — 400 cm™'. O6pasis! roToBH-
J B BHJIE TaOJIETOK B MaTpHIle OPOMHUCTOTO KaJMsl IPH OJMHAKOBBIX YCIOBUSAX JUISl KX I0H MapTUH
(2,5 u 3 mr na 1000 Mr OpomMuaa Kayus JUIsl CMOJUCTBIX BEHIECTB U IIEKTHHOBBIX BEIIECTB COOTBET-
cTBeHHO). [lomyuennas cuekrpanbHas nHpopManus Oblsia 00paboTaHa ¢ MOMOIIBIO TAKETa IPOTrpaMM
LabSolutions IR.

3amuck cekTpoB IMP npoBonunu Ha ciekTpomeTpe Avance 11 600 (Bruker, ['epmanust) Kpac-
HOSIPCKOTO TIeHTpa KoJeKkTuBHOro nonb3oBanus OUI KHI[ CO PAH. Bce cnekTpbl 3amuchiBain
npu 24.5 °C B 5 MM ammynax. Criektpsl 'H pacTBopoB B-cutocTeprHoB B X10podopme-J1 ObL1u moy-
YEeHBI Iy TeM HaKOTJICHUS BOCBMH MOCJIEOBATEIbHBIX CKAHMPOBAHUH C PeJIaKCallMOHHOI 3aepyKKOH
5 cek. Cnextpst HSQC Obutn 3anmmcansl ¢ NPUMEHEHHEM METOJUKH PEAaKTHPOBAHHOTO KOPPEISIH-
OHHOT'O 3KCIICPUMEHTa M3 OMOJIMOTCKH CTaHAAPTHBIX UMITYJIbCHBIX mociemoBareasHocTel (hsqeed,
Bruker). KoppensiunoHHBIE CIEKTPHI ITOTYYSHBI HAKOIIJICHHEM 32 TIOCIIeI0BATEIBHBIX CKAHUPOBAHUH
u 128 skcniepumenTtam. CriekTpsl 'H pacTBOPOB IEKTUHOB B TSKEJIOM BOJIE 3aIIMCHIBANA C TIPUMEHE-
HUEM METOJMKH HACHIIIEHHUS CUTHAJIAa PACTBOPHUTES CEJIEKTUBHBIM UMITYJILCOM B TEUEHHUE § ceK. XH-
MUYECKHE CIIBUTH JJaHBl B MIJIJIMOHHBIX 10NX. B KauecTBe BHYTPEHHEr0 CTaHAapTa HCIOIb30BalN

MUKW OCTATOYHBIX IPOTOHOB pacTBopuTenei (7.28 m.x. — xaopodopm-/, 4.75 m.a. — D,0).

Pe3yabTaThl H 00CyXKAEHUE
Bnusnue pasuvix cnoco6os akmusayuu

HA qbu3m<0-xuMuqea<ue ceoticmea KOpbl COCHbL

W3BecTHO, UTO pe3yibTaTOM B3pBIBHOrO aBToruaponusa (BAI') npeBecHOro ChIpbs SBIAIOTCA
MEXaHWYeCKasi JECTPYKIINS 00padaThIBaeMbIX YaCTHUI] H TEPMOXUMHUYCCKHE ITPEBPAIICHUS OpraHu-
YECKOM MaccChl MOJI IeWCTBUEM TOBBIIICHHOW TeMIIEpaTypbl U AaBICHUS B CpeJie BOASHOTO mapa [5].
MexaHOXUMUYECKasl aKTUBAIMSA B MEIBHHUIAX Pa3HOTO THIIA MPUBOJUT HE TOJIBKO K M3MEIBUCHUIO
yacTull 00padaThIBAEMOro JUTHOLEIIIIONO3HOTO MaTepuala, HO U K Pa3pylIeHUIO CTPYKTYPbI TOJIH-
MEpOB B €ro cocTaBe (aMop(HOT0 JUTHWHA, IEILTION03EI U 1p). B pesynbprare 3TOro MOBHIIIACTCS
peakIHOHHAs CIIOCOOHOCTH KOPbI [6-9].

[TockonbKy B TUTEpaType OTCYTCTBYIOT JaHHBIC O BO3ACHCTBUU B3PBIBHOTO aBTOTHIPONIH3A H
MeXaHOaKTHUBAIMU B 0apaOaHHOW MEJbHHIIE Ha CTPYKTYPY NEKTHHOBBIX BEIIECTB U [3-CUTOCTEpUHA,
ABTOPHI paOOTHI BRIOPAIH YCIIOBUS MTPOBEIACHHS 3THX MPOLECCOB C IENBIO0 TOCTIKEHUS Pa3pyIICHUS
YacTHIl KOPbI COCHBI IPU HaMMEHEe BO3MOKHOM XHMHYECKOM IPEOOpPa30BaHUU €€ OPraHuYeCKHUX
COCTABIISIIOIIHX.

O pa3pylleHHH YaCTHII KOPbI COCHBI B PE3YJIbTATe BHIOPAHHBIX CIOCOOOB aKTHBAIIMH CBUICTEIb-
CTBYET IOSBJICHHE B COCTABE IMOJy4aeMbIX TPOAYKTOB Ppakiiu Mmeree 1,0 mm — B cpearem 40 mac. %.

IIpencraBienHsie Ha puc. | M300pakeHUs MOKA3BIBAIOT, UTO aKTUBAIMSI KOPBI COCHBI METOOM
BAT mpuBOIUT K M3MEHEHUSIM €€ TEKCTYpHl. B pesynpraTe Takoro BO3ACHCTBHS Ha IMOBEPXHOCTH
KOPBI COCHBI TOSIBIIAIOTCS KPYIHBIE MOpsl pazmepoM oT 20,5 mo 60,7 MKM 1O CpaBHEHHUIO C HCXOJ-
HO Kopoi. Takke Ha MOBEPXHOCTH aKTHBHPOBAHHOTO 00pa3iia HaOIIONAeTCs HAJTUIHe SAUHUIHBIX
MEJIKUX 1op pazmepom 7,5 — 12,8 Mxm (puc. la, 0). Y o0pa3sia mocjie akTHBAIMU KOPbI B OapabaHHON

MEJIBHUIIE He NACHTU(PHUIIMNPOBAHO U3MEHEHHUH ee OPUCTON CTPYKTYPHI (pHc. la, 6).
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HL D50 x500 200 um HL D59 x500 200um TM3000 HL D56 x600 100 um

Puc. 1. Muxpodororpadmn HCXOTHONH KOPBI COCHBI (d), 0OOpas3loOB MOCHEe €€ AaKTHBAIUM B3PBIBHBEIM
aBTOTHJIPONIN30M (0) 1 B 6apabaHHOI MenbHHIE (6). YCIOBHS B3PBIBHOTO aBTOrHposn3a: remmeparypa 120 °C,
Bpems 30 c; naBinenue BoastHoro nmapa 1,0 MIla. [IporomkuTensHOCT akTHBAUY B OapabaHHOI MenbHHLE | 1.
VYBemuuenne (a, 6) — 500 pas, (g) — 600 pa3

Fig. 1. Microimages of initial pine bark (a), samples after her activation by explosive auto hydrolysis (6) and in
ball mill (6). The conditions of explosive auto hydrolysis: temperature 120 °C, time 30 s, water vapour pressure
1,0 MPa. Time of activation in ball mill 1 h. Magnification (a, 6) — 500 times, (¢) — 600 times
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Puc. 2. UK-crekTpsl McXoHO# KOpbl cocHBI (1), 00pa31oB nocie ee akTuBanuy B bapabaHHoii MesbHULE (2) 1
HOCJIe B3PBIBHOTO aBTOruaApoiu3a (3). YcinoBus B3peIBHOrO aBTOruponnsa: temneparypa 120 °C, spems 30 c;
nasiieHue BojsiHoro napa 1,0 MIla. ITpogomkuTensHOCTh akTHBaLKMK B OapabaHHON MenbHuULEe 1 4

Fig. 2. IR-spectrum of initial pine bark (), samples after her activation in ball mill (2) and after explosive auto
hydrolysis (3). The conditions of explosive auto hydrolysis: temperature 120 °C, time 30 s, water vapour pressure
1,0 MPa. Time of activation in ball mill 1 h

Ha puc. 2 npusenenst MK-criekTpsl ncX0qHOH KOpEI M 00pa3nos nocie ee aktupaunu BAT u
B OapabanHOl MenbHUIE. COMOCTaBIEHHE IIOMYUYCHHBIX PE3Y/IbTaTOB MOKA3bIBAET, YTO AKTHUBAIMS
KOPBI COCHBI Pa3HBIMH CII0OCO0AMH HE CMEIIAET XapaKTePUCTUIECKHE TI0JIOCHI MOTJIOMIEHUS (I1.11.), HO
BIIMSIET HA U3MEHEHHE UX HHTEHCUBHOCTH (pHC. 2, KpuBbie 1 — 3).

[Mocne akTHBanMK KOPbI COCHBI B OapabanHOM MenbHHIE B TeueHue | 4 B MK-criexTpe 3apuk-
CHPOBAHO 3aMETHOE yBEJIMYEHME MHTEHCHBHOCTH TONBKO ILIL ¢ MakcuMmymoMm npu 3414 cm' (sa-

neHTHble konebanust OH-rpynn paznuuHoro xapakrtepa). IHTEHCHBHOCTH TOIJIONICHUS B 00JIACTH
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1160 — 1000 cm™! conocTaBuMa ¢ MOTJIONIEHHEM B JAHHOW 00IAaCTH IS HCXOMHOW KOpBl. OTMEYEHO
HE3HAYMTEILHOE YMEHBIIEHNE HHTEHCUBHOCTH ILIL npu 2922 u 2853 cm! (koneGanus anudaruye-
ckux -CHjz n -CH,-rpymnm), 1738 cm™! (koneGanus C=O-rpynn pasxoi npupomsr), 1614 u 1514 cum!
(koseOaHMs apoMaTHYecKoro Koibla, cBsizu C-O B kapOokcunar-noHe, cBsizn C=C B ankeHax u Jp.
[10, 11]) mo cpaBHEHHIO C KOPOIi 10 aKTUBAIUH (puUC. 2, KpUBKIE 1, 2).

B UK-cnexTpe 00pasma mocie akTHBAIMHI KOPBI COCHBI B3PBIBHBIM aBTOTHIPOJIM30M OTMEUEHO
yBEIMYEHNE MHTEHCUBHOCTH ILII. ¢ MAKCUMYMOM mipu 3414 cm™! o cpaBHEHHUIO ¢ HCXOMHOU KOPOI
1 00pa3ioM, MOTyUYEeHHBIM aKkTHBaIuell B OapabanHoil MenpHuIE. JlanHas 11.11. 00yclloBJIeHA Ba-
JeHTHBIMU KoJebanusimMu OH—rpynmn paznuyHoro xapakrepa. DTH IPYIIIbl BXOAST, B YaCTHOCTH,
B cOoCcTaB ()EHOJBHBIX COCAMHEHUH, IIEPBUYHBIX, BTOPUYHBIX U TpeTHYHbIX cnupTos [10, 11]. O
MOBBIIIEHUH COACP/KAHUSA CIUPTOB CBUIETENHCTBYET yBEINUCHNE HHTEHCUBHOCTH I1.II. B 00J1aCTH
1000 — 1160 cm™! B cpaBHeHuu ¢ apyrumu obpasuamu (puc. 2, kpussle 1 — 3). Habnonaemoe yBe-
JUYeHUEe MHTEHCUBHOCTH OTMEUYECHHBIX I1.II. MOXKET ObITh 00YCIOBJICEHO TEPMOXUMHYECKUMHU Hpe-
BpaLICHUSIMH KETOHOB, aJIb/ICTU/I0B, KAPOOHOBBIX KUCIOT M X (YHKIIMOHAJIBHBIX TPOU3BOIHBIX,
BXOJAIINX B COCTaB KOPBI COCHBI. Hanmune B peakIMOHHON cpele BOASHOTO Mapa, OYeBHAHO,
croco0cTBYeT 00pa30BaHUIO CIUPTOB pa3Hol npupoxasl [S]. [lormomenne B ykazaHHOH 00iacTu
TaK)Xe MOXKeT ObITh BbI3BaHO KosieOanusimu C-O-C-cBsizell B HUKIMYECKUX U alu(paTHYecKux
npocteix 3dupax [10, 11]. Veenuuenue uHTeHcHBHOCTH ILI. 1pu 1514 cm! (BanenTtusie C-C-
cBs3u) B MK-cnexkTpe nmpoaykTa nocie BAI yka3piBaeT Ha yBeIHWUYEHHE KOJIHWYECTBA HEKOHJICH-
CHUPOBAHHBIX aPOMATHYECKUX COCAMHEHUH B €r0 cOCTaBe. YBEIMUYEHHE HHTCHCUBHOCTH IL.II. IIPH
1614 cm! MOKeT OBITH OOYCIOBIEHO 0OPAa30BAHUEM, B YaCTHOCTH, KapOokcunar-uonos [10, 11]
(puc. 2, xpussie 1, 3).

CpaBHEHHE CIIEKTPaJIbHBIX KAPTHH 00pa30B KOPbI COCHBI, aKTUBUPOBAHHBIX Pa3HBIMH CIIOCO-
06aMH, TIOKa3bIBAET, YTO B3PHIBHOW aBTOTHMAPOIIN3 MPUBOIUT K OoJiee CyIIECTBEHHOMY M3MEHEHHIO

XHUMHKO-TPYTIIIOBOTO COCTaBa KOPHI (puC. 2, KpUBKIE 2 U 3).

BﬂuﬂHuepasvzuqulx cnoco6os akmueayuu

Ha KpucmaijludHocntb Yejjlios103bl KOPpbl COCHbL

AKTHBAIMIO IEJUTIOI03bI U COACPIKAIICH LEJIII0JI03y OMOMACChl MTPOBOAST HE TOJBKO s
HU3MEIBYCHUSI CHIPHSI, HO U C IEJIBIO IIEPEBECTH XUMUYCCKH HHEPTHYO KPUCTAIINYECKY O TEIITIO-
703y B Oo0Jiee peakIMOHHOCIIOCOOHOE amopduoe coctosinue [9, 12, 15, 16]. M3MeHenue nHaCKCa
KPUCTAJNIMIHOCTH MPU aKTHBAIINU KOPBI COCHBI, ONPEIeIsIeMOe U3 MMOTYYCHHBIX METOJIOM PEHT-
rero(a3oBOro aHajgusza AHPPAKTOrpaMM, XapaKTePU3yeT CTEICHb Pa3pyIlICHHUs KPHCTaJJIHYe-
CKOH IICJLTFOJIO3BI M MTO3BOJISIET OIEHUTH (P PEKTUBHOCTH BHIOPAHHBIX CIIOCOOOB aKTHBUPYOMIEH
00paboTKH.

AxTHBanms KOpbl cOCHBI MeTonoM BAI u B OapabGaHHOI MEIBHHIIEC MPUBOIUT K YBEIUUCHHUIO
HK. OueBuaHO, Ipy BHIOPAHHBIX YCIOBHIX aKTHBUPYIOUIMX 00pa0OTOK MPOUCXOAMT pa3pyllieHUE
TOJIBKO aMOpP(HOM COCTaBIIOMIECH EITI0N03bL. [IprdeM Haubombas ee JeCTPyKIHs JOCTHTACTCS
B TIpoliecce M3MebueHHsl B OapaOaHHON MeNbHHUIIE, UYTO MOATBEPKAAaeT cpaBHeHHe 3HaueHuit MK
(tabm. 1).

JudpakTorpamMmsl, M0 KOTOPHIM OBLIH OMpPEIC/ICHBI COOTBETCTBYOIIHE 3HaueHust K, npuse-

JIeHbl Ha puc. 3.
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Tabnuua 1. Unnexc kpuctamaununoctu (MK) kopsl COCHBI 10 U IOCIE aKTHBALUT

Table 1. The crystallinity index (IC) of pine bark before and after activation

Obpasen Yca0Bus aKTHBALUH UK
NCcxX bes akTuBanuu 0,35
BAT B3speiBHO# aBTOrHApOaN3, Temmneparypa 120 °C, Bpems 30 ¢, naBnenne 1,0 MIla | 0,37
MXA BapabanHas MenbHUIA, TPOAOIKUTEIHHOCTH 00paboTku 1 1 0,41

Tpumedanne. UCX — ucxonnas xopa cocHbel, BAI' — oOpasel mocie B3pbIBHOTO aBTOruapoiun3a, MXA — oOpasern mnocie
00paboTku B 6apabaHHOIT MENbHUIIE.

Hurencusnocs
2
Hirencnsnocts
H
—
'
—
Hirrenensnocts,
%
3

Puc. 3. [ludpakrorpaMmbl HCXOHOI KOPBI COCHBI (@), 00pas3110B I0CIIE €€ aKTHBALIMH B3PbIBHBIM aBTOI'HIPOIH30M
(6) m B GapabaHHOI MenbHUIE (8). YCIOBHUS B3PBIBHOTO aBTOrHaponu3a: temmeparypa 120 °C, Bpems 30 c;
nasieHue BojsiHoro napa 1,0 MITa. IIpogo/kuTeIbHOCT aKTHBALIMH B OapabaHHOW MenbHUIE | 4

Fig. 3. The diffractograms of initial pine bark (@), samples after her activation by explosive auto hydrolysis (6) and
in ball mill (6). The conditions of explosive auto hydrolysis: temperature 120 °C, time 30 s, water vapour pressure
1,0 MPa. Time of activation in ball mill 1 h

MOHO MPEANOJIOKUTD, YTO K YBEIUUCHUIO Taji1o obsactu 21.5° st 00pasiia mocie ak THBAUK
B 0apabaHHOU MEJBbHHUIIEC TIPUBOIUT BHICBOOOKICHHE IPYTUX aMOP(HBIX COCTABISIONIMX KOPBI (Ha-

IpHUMep, TUTHUHA) B pe3yJIbTaTe pa3pyLIeHHs TKaHEeH KOpbI COCHBI (puc. 386).

Brusnue memo0dos mexanuueckoi akmueayuu Kopvl COCHbl
HA 8bIXOOBL U qbu3m<0-xuMuqec1<ue IKCMpAaKmueHsblX eeulecme

Cmonucmoie seuecmea

[TpoBeneHo M3y4YeHHE BIUSHUS BPEMEHH 3KCTPAKLUU T'eKCAHOM B MHTepBase 4-16 4 Ha BBIXO[
9KCTPAKTHBHBIX CMOJIUCTBIX BELIECTB U3 UCXOHOI kKopbl ICX 1 00pa3ioB nociie akTUBaluK B3PbIB-
HBIM aBTOruaponn3oM (BAT') u mexannyeckoit 00paboTkoit B 6apabanHoit menpHUIE (MXA). [Tomy-
YEHHBIE Pe3yJIbTaThl IPUBEACHBI Ha pUC. 4. YCIIOBUS aKTUBAIL[MU COOTBETCTBYIOT JIaHHBIM Ta0I. 1.

Kak crenyer U3 1OJMyYeHHBIX JaHHBIX, IPUMEHEHHE BEIOPAHHBIX CIIOCOOOB aKTHBALUHU IPHBO-
JIUT K YBEJIMUCHHIO BBIXOJIA CMOJIUCTHIX BEILECTB, a MAKCUMAaJbHBIH 3 dexT qocTuraercs B ciayyae
AKTUBALUU KOPBI COCHBI B3PBIBHBIM aBTOI'HIPOJIU30M. B 3aBUCHMOCTH OT MPOIOIKUTEIBHOCTH HPO-
Hecca SKCTPAKIMK BbIXOJ DKCTPAKTUBHBIX BELIECTB yBeluuuBaercs B 2—3 pasza. HaOmiopaercs nu-
HEWHBIN POCT BBIXOJI0B CMOJIMCTBIX BEIECTB U3 00pa3LOB OT BPEMEHH SKCTPArHPOBAHHUS C IEPEXOJOM
Ha 1utato nociie 8-9 u. [losiBlieHHeE MIaTO CBUAETENBCTBYET O IMMUTHPOBAHHOW SKCTPAKIMK BHY TPH-

,IlPI(I)(i)yBI/IOHHBIMI/I InponeccaMu BbIBEACHUA CMOJIUCTBIX BCIIECCTB U3 o0beMa JacTUul KOPhbI. 3ameTHOE
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Fig. 4. Dependence of extractive resinous substances yield versus time extraction in hexane

YBEJIMUEHHE BBIXOJ]a CMOJIMCTHIX BEIIECTB B cliyuae oOpasiia BAI BbI3BaHO yMEHBIIIEHUEM pa3Mepa
€ro YacCTHUILl U Pa3BUTUEM IOPUCTOM TEKCTYPBI B PE3yJIbTaTe aKTUBAIIMU. B CBS3M € 9TUM yBeIMYUBa-

eTCs TIOIIA/Ib TIOBEPXHOCTH KOHTAKTa 00pasiia ¢ paCTBOPHUTEIIEM.

[-cumocmepun

-cHTOCTepUH SBISCTCS ICHHBIM OHOJOTMYECKH aKTHBHBIM BEUICCTBOM, TaK KaK WCIIOJNb-
3yercsi B (apMaleBTUYCCKOM, MHUINEBOW U KOCMETHYCCKOW MPOMBIILICHHOCTA. B manHO# padore
[-CHTOCTEpHH BBIICISITH OMBIJICHHEM 3KCTPAKTUBHBIX CMOJIUCTHIX BEIIECTB, TOTYUYSHHBIX H3 HCXOI-
HOW KOpBI U 00pasioB nocie ee aktuBaruu — BAI' u MXA, cniuproBeimu pactBopamu NaOH. Ha
BBIXO/] B-CHTOCTEPHHA BIHUACT KaK MPOJOKHTEIEHOCTh IKCTPAKITUN IEKCAaHOM, TaK H KOHIICHTPAITUs
CIIUPTONIECIOYHOTO pacTBOpa (Tadiu. 2).

HaunbGonpmwmii BBIX0A B-CHTOCTEpHHA HAOIIONACTCS IIPU UCIIOIB30BAHNU 00pasiia KOpbl, aKTHBHU-
POBAHHOU B3PBIBHBIM aBTOTHAPOIU30M, C MMOCIENYIONIEH SKCTPAKIIMEH B TeKCaHe B TeUeHUE § 4 U IPU
HCII0JIb30BaHUM oMbuIsitolero pactsopa NaOH ¢ konuentpanueit 0,5 H.

Meronamu UK-cniekrpockornuu u 'H IMP 6ol n3ydeHbl CBONCTBA B-CHTOCTEPHHOB, BBIIEIICH-
HBIX U3 UCXOAHON KOPbI M MPOJYKTOB €€ aKTHUBALMK IIPU CAEAYIOLIUX YCIOBUIX: SKCTPAKIHUs FeKca-
HOM 16 4, omblneHue 0,5 H MIEJIOYHBIM PACTBOPOM.

Ha puc. 5 nmpuenensr UK-ciekTphl -cHTOCTEpHHA, BBIICICHHOTO U3 UCXOJHOU KOPBI COCHBI
(kpuBas 1) u nponykrtoB ee akruBaunu BAT (kpusas 3) u B 6apabanHoi MmenbHuLe (KpuBas 2). Cpas-
HeHune MK-crekTpoB MoKa3kIBaeT, 4TO [3-CHTOCTEPUH U3 Pa3HBIX 00pa3IoB XapaKTepU3yeTCs Mo100-
HOHM CHEKTpajbHOW KapTUHOH. OTIMYNTENBHON OCOOCHHOCTBHIO ATOTO BEIECTBA, BBIACICHHOIO U3
npoaykToB aktTuBanuu BAI' u B OapaGaHHOW MENBHHUIIE, SBISCTCS MOBBIIICHHOE conepkanus OH-
CPYIII, HA YTO YKa3bIBACT YBEIMYCHUE NHTEHCHBHOCTU MHUPOKOH A dy3HOH MOIOCH MOTIOMICHHUS

(1) mpu 3425 cm!. HabnromaeMblii XapakTep 9TOMH ILIL 00YCIIOBJIEH 00pa3oBaHUEM BHYTPHMOJIE-
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Tabnuua 2. Beixox B-curocrepruna u3 ucxonHoit xkopsl (MCX) n 06pasuos mocie ee aKTUBALMK B3PbIBHBIM
aBroruaponu3oM (BAT') u 06paboTku B 6apadbannoii menbHuIe (MXA)

Table 2. Yield of B-sitosterin from initial pine bark (MICX) and samples after her activation by explosive auto
hydrolysis (BAI') and treatment in ball mill (MXA)

O6paser Bpems skcTpakiuu KOHIIeHTpAaIHsl CIIHPTOBOIO BbIxox
B I'CKCaHC, 4 pacTBOpa €AKOro HaTpus, H B-CI/ITOCTepI/IHa, %*

HNCX 4 0,5 0,009
NCX 4 1,0 0,008
UCX 8 0,5 0,034
HUCX 8 1,0 0,011
UCxX 16 0,5 0,025
HUCX 16 1,0 0,018
BAT 4 0,5 0,023
BAT 4 1,0 0,006
BATI" 8 0,5 0,078
BATI' 8 1,0 0,038
BATI" 16 0,5 0,018
BAT 16 1,0 0,036
MXA 4 0,5 0,013
MXA 4 1,0 0,012
MXA 8 0,5 0,036
MXA 8 1,0 0,021
MXA 16 0,5 0,019
MXA 16 1,0 0,004

IIpumedanue. *- 0T Macchl HaBeCKH 00pasia.

KYJISIPHBIX BOJOPOIHEIX cBsizeit [10], 4To B OONBIICH CTEEHH BBIPAKEHO IS [3-CHTOCTEPHHA IO-
clie aKTHBAIlMK KOpbl B OapabaHHOIl MesnbHUIE. B criekTpax Pf-cutocteprHa U3 pa3iMyuHbIX HCXO[-
HBIX 00pa3IoB HICHTUPHUIIMPOBAHEI LI Tipu 2955, 2917 u 2850 em, 00yCTIOBIICHHBIC BaJICHTHBIMU
ACMMMETPHYHBIMU M cUMMeTpHuHbIMU Kostebanusimu cBsizu C—H B CHj3- u CH,-rpynmnax. ITosockr
norjoweHus npu 1471 u 1378 em™! 1 B oGmactu 820-700 cm’! XapaKTepu3yT ae(opMalnOHHBIC U
BHeIUIocKocTHBIC KojieOanus cBsi3u C—H B CH3- u CHy-rpynmax [10, 11]. B cocraBe B-cutoctepuna
npeobnanatoT CH,-rpymnmnbl, 4To MOATBEPXKAAET BHICOKAS HHTEHCUBHOCTS ILIL 11pH 2917 1 2850 eml,
[B-cuTOCTEpUH, BBIICTICHHBINA U3 IPOAYKTOB aKTUBAIIMHM KOPBI COCHBI Pa3HBIMH CIIOCO0aMHU, XapaKTe-
pHU3yeTCsl MEHbIIEH HHTEHCHUBHOCTHIO ILIT. alTU(QAaTUIECKUX TPYIII 110 CPABHEHHIO C 3THM BEILIECTBOM
U3 UCXOHOM KOopbl. HanMeHbIIast ”HTEHCUBHOCTH BBIIICTIEPEUUCICHHBIX MT0JIOC HAOII01aeTCs B CTIEK-
Tpe B-cuTOoCTEepHHA, TOTYUYSHHOTO U3 KOPHI I10CJIe e aKTUBAaNU B OapabaHHOI MenbHUIE (puc. 5).
OTINYUTENbHOH OCOOCHHOCTBIO [-CHTOCTEpHHA, IOJNyYCHHOrO M3 00pasLoB MHOCIEe aKTHBa-
MU KOPBI COCHBI, ABJISETCS yBEIUYEHHE MHTEHCHBHOCTH MOJIOCK MOrinomeHus npu 1557 cm! 3a
cuet konebannit C—C- nu C=C-cBs3eil HUKIOB B CTPYKType 3TOro coequHeHus [17] mo cpaBHEHHIO
¢ B-cutocTepuHOM U3 UCXOAHOM KOpHI (puc. 5). Takxke B MK-criekTpax f-CHTOCTEPHHOB, MMOIYYCH-
HBIX U3 MPOJIYKTOB aKTUBAIMK KOPbI COCHBI, OTMEYAeTCsl MOsIBJICHHE CJIA0bIX IL.II. B oOnactu 1440 —

1400 cM™!, uTO CBUIETENBCTBYET O HANMYKMH B UX cTpyKType rpymnn —CH,CO- [11].
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Puc. 5. MK-cuekTpbl B-CHTOCTEpHHA, BBIJCICHHOIO W3 MCXOJHOW KOpbI COCHBI (/) M 00pasuoB mocie ee
aKTHBAIM¥ B3PBIBHBIM aBTOTHIPOIU30M (2) u B OapabanHO! MenbHUIIE (3). YCI0BUS B3PBIBHOT'O aBTOTHAPOIIA3A:
temneparypa 120 °C, Bpems 30 c; maBieHue BonsHoro mnapa 1,0 MIla. [Ipogo/KUTEIbHOCTh aKTUBALUU B
OapabanHOIi MenpHUIE | 9

Fig. 5. IR-spectrum of B-sitosterin from initial pine bark (), samples after her activation by explosive auto
hydrolysis (2) and in ball mill (3). The conditions of explosive auto hydrolysis: temperature 120 °C, time 30 s,
water vapour pressure 1,0 MPa. Time of activation in ball mill 1 h

B 'H SAIMP-cuektpax B-cuTocTeprHOB (pUC. 6) OCHOBHAS 4aCTh IIPOTOHOB PE3OHUPYET B MH-
tepsaie 0,70—1,25 m.a. B aToii obnactu HaOIOgACTCS MIECTh CUTHAJIOB, COOTBETCTBYIOIIUX Me-
tiibHBIM TpoToHaMm (H-18, H-19, H-21, H-26, H-27, H-29) [18]. B o6macTtu 3.56-3.76 M.1. mpucyT-
CTBYET CHUTHAJl IPOTOHA, CBSI3aHHOI'0 ¢ aTOMOM yTriepoaa C-3, HeCyluM r'uIpOKCUIBHYIO TPYIITY.
Curnan npoToHa JBOHHON cBsizu mpu C6O, XapakTEpHOTO IS CTEPOJIOB, HAXOAUTCS B O0NACTH
~5.38 m.1. [19].

IlexTHHOBBIE BelIECTBA

[lekTHHOBBIE BEIIECTBA APEBECHHBI H3BICKAIOT pa30aBICHHBIMH PACTBOPAMHU KUCIIOT (COJISTHOM,
oprodochoproii u ap.) [20]. [1ist BEISABICHUS BIMSHUS IPUPO/IbI KHCIOTHI HA BBIXO M COCTAB MEKTH-
HOBBIX BEIIECTB COCHBI 00pa3Ibl TIOCIC M3BJICUCHHS CMOIHICTHIX BEIIECTB B PE3YIIbTaTe IKCTPAKIIUN
B T€KCaHe B TEUYEHHUE Pa3JIMYHOI0 BPEMEHH JCJMIIM TorosiaM U obpadaTsiBanu 1%-Mu pacTBOpamu
COIISTHOM 1 OpTO(OCHOPHOI KHCIOTH COOTBETCTBEHHO. [laHHBIC O BBIXO/IC IEKTHHOBBIX BEIIECTB U3
HCcX0HOT0 00pasma Kopsl cocHbl ICX 1 akTUBHPOBAaHHBIX 00pa3iioB BAI 1 MXA B 3aBUCHMOCTH OT
MIPOJOIKUTEIIFHOCTH MIPEIBAPUTEIHHOTO 00CCCMOIMBAHS T'eKCAHOM IIPUBEICHBI B Ta0I. 3.

CornacHO MOMYyYEHHBIM JaHHBIM, aKTHBAIMs 00pa3I[0B KOPHI COCHBI NMPUBEIa K 3HAUUTEIbHO-
MY TIOBBIIICHUIO CTEIICHW M3BIICUCHUS MECKTHHOBHIX BEUICCTB — IMPUMEPHO B 1,5 pasa mis oOpasma,
AKTHBUPOBAHHOTO B3PBIBHBIM aBTOTHUIPOIN30M, U B 3 pa3a B ciiyyae oOpaslia, MEXaHHYECKH aKTH-
BHPOBAHHOTO Ha OapabaHHOW MenbHUIIE. JJaHHBIN (aKT, OYEBHIHO, CBS3aH C YBEIHUYCHUEM JTOCTYII-
HOCTH NMEKTHHOBBIX BEIIECTB B PE3YyIbTaTEe MEXaHNYECKOTO Pa3pyLICHHs TKaHEH KOPBI COCHBI IPH €e

aKTHUBalluH.
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Puc. 6. 'H SIMP-criekTpbl B-CUTOCTEPUHA, BBIIEIEHHOT0 M3 HCXOJHON KOPBI COCHBI (1) M IPOYKTOB €€ aKTUBAI[MH
(2, 3): 2 — akTuBanus B 6apabaHHOW MEJIBHUIIE B TeUCHUE | U; 3 — aKTHBAIUA B3PBIBHBIM aBTOT'HAPOIU30M MPH
caenyromux ycnoBusx: 120 °C, Bpems 30 ¢, naBienue BoasiHoro napa 1,0 Mna

Fig. 6. '"H NMR spectrum of B-sitosterin from initial pine bark (1) and products her activation (2, 3): 2 — activation
in ball mill during 1 h; 3 — activation by explosive auto hydrolysis at following conditions: 120 °C, time 30 s, water
vapour pressure 1,0 MPa

Jlist Bcex Tpex o0pa3oB 00€CCMOJICHHOM KOPBI BBIXO/BI EKTHHOBBIX BEIIECTB OKAa3aJIHCh He-
CKOJIBKO BBIIIE TIPU MX BBIJCICHUN COJISIHOM KHCJIOTOH, YTO MOXKET OBbITh BbI3BAHO 00JIE€ BBICOKOM
MOJIBHOM KOHIIEHTPALMeH COITHON KNUCIOTHI (Oaronapst MEHbIIEH MOJIEKYISIpHON Macce) B 1%-HbIX
pactBopax. Jpyroi mpuanHON MOXKET ObITh B3aMMOJICHCTBHE OPraHUUECKUX COSUHEHNN B COCTaBe
KOPBI C XJIOPHJI HOHAMH, KOTOPBIE SBJISIOTCS O0jiee peaKIMOHHOCIIOCOOHBIMY MO CPaBHEHUIO C AUTH-
npokcudocdar HoHaMu.

Ha puc. 7 npusenensl K-criekTpbl IEKTHHOB, BBIJEICHHBIX W3 WCXOAHOW KOPBI COCHBI (KpH-
Bas 1) u mponykToB ee aktuBanuu BAI (xpuBas 2), u B 6apabannoil mensHHIE (KpuBas 3). [lekTHHO-
BbIE BEIIECTBA OBUIN BBI/ICIICHBI C TOMOIIBIO 1%-HBIX paCTBOPOB COJISTHOIM KHUCIIOTHI M3 00pa31ioB KOPbI
nocse obeccMouBaHus B TedeHue 16 yac.

CpaBuenne UK-cnekTpoB IEKTUHOB U3 UCXOJHOM KOPBI M MPOAYyKTa ee akTuBanuu BAI BbIsBU-
JIO CXOJICTBO CIEKTPAJIbHOM KapTHHBL. B HX crieKTpax He HaOJI0AaeTCs CABUra XapaKTEPUCTUYECKUX
nonoc nornonieHus (I.1). MHTeHcuBHOCTS ILIL. Tipu 3404 cm! (00ycinoBienHoi konebanusmu OH-
IPYII B COSAUHEHUSX PA3HOU MTPUPOJBI), 4 TaKkxKe ILIL nipu 2923 n 2852 cm! (koneGanus csasu C—H
B CH; u CH, rpymmax), 1704 cm! (konebanust C=0 rpymn kapOOHOBBIX KHCIOT, aJbIETHIOB U Ip.),
1614 cm! (komeGanuss apOMaTHIECKOTO KOJbIa, cBsisn C=C B aJKeHaX U [MUKIMYECKHX OJe(pUuHax),

npu 1517 em! (BasnenTHbie C—C-CBSI3U HEKOHIEHCHPOBAHHBIX APOMATHYECKIX COEIAUHEHUIT) 3aMETHO
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Tabauua 3. BeIxo/i IEKTHHOBBIX BEILIECTB B Pe3yJibTaTe 00padOTKM OcTaTKa KOpbl 1%-MU pacTBOpaMH KHUCIIOT

Table 3. Yield of pectine substances after treatment of bark residual by 1 % acid solutions

O6pasew Kucmnora Bpe}z’[:eiic;lzzﬂﬂﬂ BBIX;): HEI:CKTTBI/’H:ZBHX
(02 HCI 4 1.69
UCX HCI 8 2.01
HNCX HCI 16 2,46
HUCX H;PO, 4 151
15(09,¢ H;PO, g 177
HCX H;PO, 16 1,81
BAT HCI 4 2.07
BAT HCI 8 448
BAT HCl 16 4,58
BAT H;PO, 4 151
BAT H;PO, 3 3.45
BAT H3PO, 16 372
MXA HCI 4 2.53
MXA HCI 8 426
MXA HCl 16 6,71
MXA H;PO, 4 2.20
MXA H;PO, g 3.63
MXA H;PO, 16 5.89

2 28 588528 833 23§ 33
3 3% B I8 BEE SRR BB
| P 1

o ]
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£
83
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7
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Wavenumber cm-1

Puc. 7. UK-criekTpbl IEKTHHOB, BbIICICHHBIX U3 HCXOAHOU KOpBI COCHBI (1) M IpOayKTOB ee akTuBauuu (2, 3): 2 —
aKTUBAIIMS B3PBIBHBIM aBTOI'MAPOIN30M IpH cienyomux ycyuoBusax: 120 °C, Bpems 30 ¢, naBieHre BOJSHOTO
napa 1,0 MIla; 3 — aktuBanus B 6apabaHHON MEIbHUIIC B TCUeHHE 1 U

Fig. 7. IR spectrum of pectin from initial pine bark (1) and products her activation (2, 3): 2 —activation by explosive
auto hydrolysis at following conditions: 120 °C, time 30 s, water vapour pressure 1,0 MPa; 3 — activation in ball
mill during 1 h
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BhIme B MK-crekTpe mexkTuHa U3 MPOAYKTa aKTUBAIMK KOPBI COCHBI B3PBIBHBIM aBTOTHAPOIH30M.
OToT 00pa3zel] NeKTHHA HE TOJIBKO COIEPXKUT OOJIbIIE NEPBUYHBIX U TPETHYHBIX CIIUPTOB, B €T0 CO-
CTaBe MOABISIOTCS ¥ BTOPUYHBIC CIUPTHI, O YEM CBUJCTENbCTBYET YBEINUCHHE HHTEHCUBHOCTH ILII.
B o6nactu 1000-1170 cm! ¢ nossaenuem 1. npu 1110 em™! (puc. 7, xpusbie 1 u 2).

AKTHBaLMs KOPbI COCHbI B OapabaHHOW MeNIbHUIIe MPUBOAMT K CYLIECTBEHHOMY HM3MEHEHHUIO
CIEKTPaJIbHOW KapTHUHBI 00pa3la, MOJly4eHHOTO U3 HEro Mo METOJMKE BBIJCICHHS IEKTHHOBBIX Be-
mecTB. OTMEYEHO 3HAUYNTENBHOE YMEHBIICHNE MHTEHCUBHOCTH IL.IL TipH 3404 cm™!, uTo cormacyercs ¢
yMEHBIIEHUEM MHTEHCUBHOCTH MOIIIOIeHUs B 001actu 1000-1170 cM™! 110 cpaBHEHUIO ¢ APYTHMH 00-
pasuamu nekTuHa (puc. 7, kpusblie 3 u 2). JlaHHBIN (aKkT CBUIETENLCTBYET O HE3HAYUTEILHOM COJIEP-
JKAHUH CIIUPTOB U H(PUPOB B MONyYEHHOM BelecTse. [losiBienune monock! npu 3274 cm™! B couetanuu
C MHTEHCUBHBIMY TOJI0CaMU TIpH 1626 1 791 ¢cM™' O3BONISET MPEATIONOKUTE HATMYHUE B COCTABE JaH-
Horo BemecTBa rpyni NH,. BeimeniepeurciieHHbIE I1.II. OTBEYAIOT BAJICHTHBIM M JIe(OpMaIlHOHHBIM
xosnebanusam N-H-cBsasu. MurencuBHas m.i. npu 1324 cm™!' xapakTepHa st BAJIEHTHBIX KoJeGaHuit
cs3u C-N [10, 11] (puc. 7, kpuas 3).

B oTnuume oT MEKTUHOB M3 MCXOJHOW KOPBI M MPOAYKTa ee akTuBanuu BAI mekTuH u3 KOpsl
1ocje u3MenbyeHus: B 0apabaHHON MENbHUIIE HE COAEPXKUT B CBOEM COCTaBE apOMATHYECKUX CO-
€IMHEHNH, TOCKOJIBKY B €T0 CIIEKTPE HE MACHTU(GUIMPOBAHBI MOJIOCH rornomenus 1614 u 1516 e,
Takske OTIINYUTEIILHON OCOOCHHOCTBIO SBJISETCS M HU3KOE cozpepkanue coeauHeHuit ¢ C=0- cBs-
3b10 (KapOOHOBBIX KHUCIIOT, aJIbJETHU/IOB, KETOHOB U AP.), HA YTO YKa3bIBA€T CYIIECTBEHHO MEHbIIAs
MHTEHCUBHOCTH ILIL mipu 1704 cm!(puc. 7, xpusas 3). Cpasuenue MK-crekTpoB Mmokasano Helese-
C000pa3HOCTh NIPUMEHEHHUS aKTHBALMU KOPbI COCHBI B O0apabaHHOW MEJIbHHUIE JUISl MTOCIE/Y FOLIET0
BBIJICJICHUS TIEKTHHA 32 CYET 3HAUMTEIBHOTO Pa3pyIICHHUs] CTPYKTYPBI 3TOTO IMOJMMEpa Ha CTaguu
MEXaHUYECKOT'0 U3MEITBUCHHUS.

Ha puc. 8 npusenensl AMP-crieKTpbl IEKTUHOBBIX BELIECTB, BbIACIEHHBIX C IOMOLIBIO 1%-HbIX
pacTBOPOB CONISTHONH U OpTO(OCHOpPHON KUCIOT M3 o0pasia Kopbl, akTuBupoBaHHOH BAI, mocie
obeccMoMBaHue B TedeHHE 16 1.

Hcxonst u3 o01ero Buaa CleKTpoB, MOKHO CIIENIaTh BBIBOJ O HAJIMYUH PAa3IMYHBIX (YHKIIHO-
HaJIBHBIX Tpyni: MeTHIBHEIX (1.0-1.4 m.1.); aneTrinbHBIX (~2.0 M.J1.); METOKCHITBHBIX (3.6—3.9 M.1.)
u kapOokcmibHbIX (5.0-5.2 M.71.). Habnromaroress Tak:ke MUKHA IPOTOHOB, MPUHAICKAIINX aTOMaM
yIIepo/ia MAPAHO3HBIX ITHKJIOB 3BEHBEB TaIaKTyPOHOBOM KUCIOTHI B obmactsax 4.8-5.1 m.a. (H-1),
3.6-4.2 m.a. (H-2 u H-3), 4.1-4.5 m.n. (H-4), 4.4-5.2 m.1. (H-5) u pamuonupanoss! mpu 5.0-5.2 (H-
1) u 3.2-3.4 (H-4) [21, 22]. CnenyeT otMeTuTh, 4To B 'H SIMP-criekTpax TakKe HMEIOTCS CUTHAIIBI,
OTHOCSIIIHECS K aTOMaM BOIOPOJa APYTHX MOJIHCAXaPUIHBIX OCTATKOB, BXOASIINX B COCTAB MAaKpoO-
MOJIEKYJI IEKTHHOBBIX BemiecTB. OHAKO M3-3a 3HAUYUTENBHON IMIMPUHBI U HAJOXKCHHS 4acTH CUTHa-
JIOB IPOU3BECTH KAKUX-THMO00 MH(YOPMATHBHBIX OTHECEHUIT O€3 puBIieueHHs ApyTrux Metoauk IMP-

CIICKTPOCKOIIMK HE NPEACTABJISICTCA BO3MOXKHBIM.

3akJoueHue

HpOBe)IeHI)I HUCCICA0BaHUA (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IX CBOMCTB MMPOAYKTOB aKTHBAaIlUM KOPbI COCHBI
MCETOAOM B3PBLIBHOT'O aBTOTUAPOJIN3a U MEXAaHUYCCKOI'0 U3MCJIbYCHUS B 6apa6aHHOI>'I MCEJIBHHUIIC. Ilo-
JIYYCHHBIC JaHHBIC ITIOKa3aJIh, 4YTO 3TU BOSI[CI‘/‘ICTBI/ISI MPUBOAAT K 3aME€THOMY YMCHBIICHUIO CPEAHETO

pasMepa YacTHIl KOPBI M Pa3pyIICHHIO CTPYKTYPBI IOJTMMEPOB, BXOIAIINX B €€ COCTAB.
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Puc. 8. 'H IMP-crieKTpbl IEKTUHOB, BBIIEIEHHBIX U3 KOPbI COCHBI, AKTHBHUPOBAHHOMN B3PBIBHBIM aBTOIHPOJIH30M
npu 120 °C, Bpems 30 c, gaBiaenue BogsHoro napa 1,0 MIla: 1 — ¢ ucnonbzoBanueM 1 % pacTBopa consiHOM
KHCJIOTBI; 2 — C HCIOJb30BaHUEM 1%-HOTO0 pacTBOpa opToPochOpHOH KUCIOTHI

Fig. 8. '"H NMR spectrum of pectins from pine bark activated by explosive auto hydrolysis at 120 °C, time 30 s,
water vapour pressure 1,0 MPa: 1 — with the use of 1 % hydrochloric acid solution; 2 — with the use of 1 %
orthophosphoric acid solution

W3y4eHo BIUsSHUE 3THX CHOCOOOB aKTHBAIMK KOPBI COCHBI Ha BBIXOJBI H (PU3MKO-XMMHUYECKHUE
CBOMCTBA IKCTPAKTHUBHBIX BELIECTB (CMOJIUCTHIX ¥ MEKTHHOBBIX BEIIECTB, B-cutocrepruHa). [lonyKTh
sKcTpakiuy uzydensl Merogamu UK- u 'H SIMP-cnexkrpockonuu. Tokasano, 4To akTHBALMS KOPBI
COCHBI MO3BOJISCT CYIIECTBEHHO YBEIWYUTh BBIXOJbI BCEX IETIEBBIX MPOAYKTOB. CpaBHEHHUE TpHUMeE-
HEHHBIX CII0COOOB aKTHBAIMH 1TOKa3aJ0 00nbIIyio 3(h()eKTHBHOCTH B3PBIBHOIO aBTOruaAponusa. Ilo
pe3ynbTaTaM IPOBEACHHBIX HCCISIOBAHUM OMpPEIeNEHbI JIYUIINe YCIOBHS IS BBIICICHUS IENIEBBIX
9KCTPAKTHBHBIX BemecTB. JlJIsi CMOJIMCTHIX BEIIECTB M 3-CHTOCTEpHUHA — aKTUBAIUS B3PHIBHBIM aB-
TOTUJIPOTIU30M, KOHIIEHTparus 1menodn 0.5 H. [ NeKTHHOBBIX BEUIECTB — aKTUBAIMS B3PBIBHBIM

aBTOTUAPOJIN30M, UCITOJIb30OBAHUC COJISTHOI KHCIIOTBI.
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Abstract. It was found that when betulin is sulfated with chlorosulfonic acid in pyridine medium,
3,28-disulfate of betulin is formed in a stable salt form. Under optimal synthesis conditions:
temperature 70 °C, duration 2 hours, molar ratio betulin / chlorosulfonic acid 4.0, betulin is completely
converted into betulin 3.28-disulfate. The structure and composition of betulin 3,28-disulfate were
confirmed by elemental analysis, IR, Raman and 13C NMR spectroscopy. Betulin 3,28-disulfate was
isolated both in the form of an unstable H + -form and in a stable forms of sodium and pyridinium
salts. Sodium salt of 3,28-disulfate is a needle-like crystals collected in cobweb-like aggregates. The
sodium salt of 3,28-disulfate has mycellar properties, the critical concentration of mycellar formation
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CyabdaTrupoBanue 0eTyJMHA XJI0PCYIbPOHOBONH KUCIOTOMI

B IMPUITUHE

H.IO. BacuabeBa, A.C. Kazauenko,

I0.H. Maasp, b.H. Ky3nenos

Huemumym xumuu u xumuuecxoti mexronocuu CO PAH
QU] «Kpacnoapckuii nayunviu yeump CO PAH»
Poccuiickasa ®eodepayus, Kpacnosapck

Cubupckuii ¢pedepanvHulii yHugepcumem

Poccuiickasa ®eodepayus, Kpacnosapck

Annomayus. YCTaHOBIEHO, YTO NPH CyJIb()AaTUPOBAaHUHM OETYJIHMHA XJIOPCYIb(OHOBONH KHUCIOTOH
B cpene mupuauHa oOpasyercs 3,28-mucynbdar OeTynmHa B cTabuibHON coneoir hopme. [lpu
ONTUMAJBHBIX YCIOBUSX cHHTe3a: Temmeparypa 70 °C, mpomOIKUTEIBHOCTH 2 Y, MOJIBHOE
COOTHOLICHHE OeTyNIHH/XJIopCcyab(poHOBass KucioTa 1:4 OETyJIMH IOJHOCTHIO HpPEBpPALIACTCS
B 3,28-nucynbdar Oerynuna. CrpoeHue u coctaB 3,28-nucynbdara OeTynnHa MOITBEPIKIACHBI
JaHHBIMH sneMeHTHoro ananuza, MK-, KP- u SMP 13C-cnexrpockonuu. 3,28-/lucyibdar
OeTyJMHa BbIJIEJICH KaKk B BUJE ManocTadbuiabHOH H+-dopmel, Tak u B cTrabuibHOil hopme B BUE
HATPUECBOW W TUPUAWHUEBON coneii. Hatpuemas conp 3,28-mucynbdara mpenctaBisieT coOOU
UroJbuaThie KPHUCTAJIbI, COOpaHHbIE B arperarbl nayTHHOOOpasHoi ¢opmbl. Harpuesas cousb
3,28-nucynbdara 001asaeT MULEIIIIPHBIMUA CBOHCTBAMHU, 3HAYCHUE KPUTHUECKOH KOHLEHTPALNH

Mulesioo0pa3oBanus coctasisieT 0,23 MMOJIB/II.

Kuiouesvie  cnosa: OerynuH, cynbdaTupoBaHHe, XJIOPCYJIb(OHOBAS  KUCIOTA, MHPUAMH,
3,28-mucynsdar Oerynuna, unenruduranus UK-, KP- u 3C SIMP-cnekrpockomnueii, pactposas

UIEKTPOHHASI MUKPOCKOINHU S, TOHKOCIOHHAs XpoMaTorpadus, MULEII1000pa3oBaHue.

IutnpoBanue: Bacmnsea, H.IO. CynbdarupoBanue OeTynuHa XJIOpPCYIb()OHOBOH KHCIOTOH B HUpUAHHE /
H.IO. Bacunbesa, A.C. Kazauenxo, F0.H. Mansp, b.H. Ky3nenos / Xypn. Cuo. dpexnep. yu-ta. Xumus, 2020. 13(3). C. 447-
459. DOI: 10.17516/1998-2836-0197

BBenenne

TpuUTEpIICHOBBIC COCAMHEHHUS SIBISIOTCS Ba)KHEWIIMM KJIACCOM OMOJIOTMYECKH aKTHBHBIX Be-
IIECTB, MOTEHLUAIBHBIX (hapMalleBTUYECKHX aKTUBHBIX CYyOCTaHLMH, JIEKAPCTBEHHBIX MPENapaToB
u duronpenapatoB [1-7]. Ocoboe MecTo B psLy TPUTECPICHOMIOB 3aHUMAIOT MEHTALMKINYESCKUE
TPHUTEPIICHOUIbI JIYIIAHOBOT'O psiia — IPOM3BOAHbBIC OeTyluHa U OETYJMHOBOW KHUCJIOTHL. beTynuH
(lup-20(29)-en-3f3,28-dio) MOkeT OBITH JIETKO MOTYYCH U3 O0Jiee YeM ABYXCOT BUIOB PACTCHUH, XOTS
caMbIM OOraThIM HCTOYHHKOM OeTysIMHa cuuTaroT cemeiicTBo Betulaceae, ocobenno Betula alba,
Betula pubescens, Betula platyphylla n Betula pendula [2-4]. Conepxanue OeTyanHa BO BHEILIHEH
4aCTH KOPbI Oepe3bl BapbupyeT B nipeneiax 10—35% B 3aBUCUMOCTH OT BH1a Oepe3bl, MECTa U yCIOBUI

ee Mpou3pacTaHus, Bo3pacra jepeBa u Apyrux dakropos [5]. KaHajckuM ydeHBIM TakKe yIanoch
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Hnoy4uTh 56% OerynuHa B dKCTpakTe xentod Oepectsl [4]. B akcnepumenTax in vitro u in vivo
OeTyJIMH, ero COMyTCTBYIOIINE aHAJIOTH, OCTYJIMHOBAsI KUCIOTA U APYTHE MPON3BOIHBIEC OETyInHA
JEMOHCTPUPYIOT MPOTHUBOBOCHAIUTENbHbIE, TPOTUBOCYJOPOKHBIE, AHTHOAKTepHUaIbHBIE, TPOTHBO-
BHPYCHBIE, IPOTHBOOIYX0JIEBbIE, BEICOKYIO aHTH-BUY-akTHBHOCTD, OPraHONPOTEKTOPHBIE U APYTHE
BU/IbI OMOJIOTMYECKON aKTUBHOCTH [2-10].

JlocTynHOCTh M OMOJIOTMYEeCcKasi aKTUBHOCTh OETYJIMHA CTaBSIT €r0 B Psi/i IIEHHBIX MPUPOJHBIX
UCTOYHHUKOB JUJISl UCIIOJIb30BAHMSI KAaK B HATUBHOM COCTOSIHUM, TaK M B BHJIE PA3JINYHBIX MPOJYKTOB
Tpanchopmannu. OnHAKO €ero HU3Kask paCTBOPUMOCTD B BOJIC OTPAaHWUYUBACT MPUMEHEHHUE IpernapaTa
B MEJIMIIMHE, KOCMETHKE U APYTUX odnacTsX. J{Jist u3ydeHus pacTBOPUMOCTH B BOJIE TPUTEPIICHOM I0B
JIyTIAaHOBOTO PsI/Ia MCIIOJIB3YIOT PA3JINYHBIE METO/BL: COJIe00pa3oBaHue, IPUMEHEHHE CIICIIHAIBHBIX
JIEKApCTBEHHBIX (HOPM, MO3BOJISIOMINX 00ECIEYUTh BEKTOPHYIO JIOCTABKY TPYIHOPACTBOPHUMBIX CO-
€IMHEHNH, HAaHO- ¥ OMOTEXHOJIOT MUECKHE TPHEMBI YTy UILICHHsI pACTBOPUMOCTH [3, 6, 8, 10]. Yiyumie-
HUE PACTBOPUMOCTH TPUTEPIICHOMIOB, KaK U JIIOOBIX T'UAPO(OOHBIX JIEKAPCTBEHHBIX BEIIECTB, MOKET
OBITH JOCTUTHYTO ITyTE€M HX XMMHUYECKOI Moaudukanuu. PacTBOpuMOCTh 1 OMOZOCTYITHOCT TPH-
TEPIICHOMIOB MOTYT OBITh YJIyUlICHbI, HAIIPUMED, KOMILIEKCOOOPa30BaHUEM C Y-IIUKIIOAEKCTPUHOM,
TIINIUPPU3MHOBON KUCIOTOW W APYTUMHU COSIMHEHUSIMH, CIIOCOOHBIMH 00Opa30BbIBaTh KOMILIEKCHI
BKJIFOUEHHUS 32 CUET ruaApodoOHoro cBsi3biBanus 3, 6, 8, 10-12]. Hanbonee npocroit u adpdexrnBHbIi
CIOC00 yIIy4IIeHHs BOZOPACTBOPUMOCTH OETYJIMHA U HEKOTOPBIX €ro MPOM3BOAHBIX — ATO XMMHYE-
ckast MoJr(uKanus B COOTBETCTBYOIINE CyIb(arbl. CepHOKUCIOTHBIE 3pupbI OeTyn1nHA, OETYIHHO-
BOM KHCIIOTBHI NPOSIBIISIOT OMOJIOTHYECKYI0 aKTUBHOCTD, U X PAacCMaTpPUBAIOT KaK MEPCIEKTUBHBIC
MHTUONUTOPBI 7151 CEIEKTUBHOTO MOMABICHHUS KJIACCHYECKOTo IMyTH KOMIUIEMEHTa Ha MaKCUMalIbHO
panHeMm yposze [12, 13].

[IpensioxeHHbIe paHee METO/IbI CYIb(AaTHPOBAHUS TPUTEPIICHOMIOB OCHOBAHbI HA HCIIOJIb30Ba-
HUU CEPHOHN KHCIIOTHI M KOMIUIEKCOB, IOJIYYEHHBIX PH B3aMMOJCHCTBUU CEPHOTO aHTUPUJA C IH-
PUAMHOM KK quMeTuiaCyIbhokcumom [13, 14]. Tak, cunres 3,28-nucynbdara Oerynuna u 3-cynbda-
Ta OETYJIMHOBOI KHCIIOTHI TPOBOJSAT CYIb(paTnpoBaHUEM OeTyIMHA 1 OETYJIMHOBOW KUCIIOTHI CEPHOM
KHCJIOTOH B MUPHANHE B IPUCYTCTBUHU YKCYCHOT0 aHruapuaa [13].

[TpoBenenne cynbhaTupoBaHus TPUTEPIEHON OB XJIOPCYIb(HOHOBOH MIIH CyJIb()aMUHOBON KHC-
JIOTOW B cpeJie TaKUX CJIadbIX OCHOBAHUH, KaK JUMETHI(HOPMAMU/] WITH IMOKCAH, MOXKET HE TOJIBKO
COIIPOBOXAATHCSI M30MepH3anneil ncxogHoro 6erynuna [9], HO cynabpaTHpPOBAHHBIA TPUTEPHECHO-
U] IEPBOHAYANIBHO 00pa3yeTcst B MajiocTtabmibHoi H-popme [15]. M3BecTHO, uTo KoMmILieke SO; —
MUPUIIMH SBISIETCss Oojiee MSTKUM CyJab(aTHPYIONIUM pPEeareHTOM II0 CPaBHEHHUIO C KOMILICKCOM
SO; — 1,4-nuoxcaH, aTaKyeT UCKJIIOYUTEIBHO CIIUPTOBBIC TPYTIIIBI M HE 3aTParuBaeT JBOMHYIO CBSI3b,
a xomruieke SO; — 1,4-1MO0KcaH MOXKET B3aMMOJICHCTBOBATH CO CIUPTOBBIMU I'PYIIIIAMHU U aTaKOBaTh
JBOWHYIO0 cBsi3b [16]. Ilpumenenue npu cyibparnupoBaHuu OeTyJauHA MUpHIKMHA BMeCTO 1,4-1HOK-
cana u N,N-aumertmindopmamuia HCKII0OYaeT 00pa3oBaHue Cyab(aTHPOBAHHOIO OETYIMHA B MaJlo-
crabunbHoit H-popme [15], cynbdarupoBanublii 6eTynuH 00pasyercs: B CTaOUIIbHOI COeBoii popme.

C 1enplo CHHTE3a C BBICOKOH CEJIEKTUBHOCTBIO 3,28-mucynbdarta OeTyInHa B CTaOMIBHOM co-
JIeBO# (hopMe HCCienoBaH Mpomecc CyabhaTUHpPOBaHUs OCTYIMHA XJIOPCYIb()OHOBOM KUCIOTOMN B ITH-
puaune. Crpoenne 3,28-nucynbdara 6erynnna nzydeno merogamu UK-, KP-, IMP-cnekrpockonun,
3IEKTPOHHON MUKPOCKOIHH. CIIOCOOHOCTH HATPHEBOH con 3,28-nucynbdara OeTyIMHA K MUICILIO-

06paBOBaHI/IIO onpeaecjacHa KOHAYKTOMETPUICCKUM METOAOM.
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JKenepMMeHTAJIbHAA YacTh

BerynuH, ncnonb3yemslit 11 cysib(haTHPOBAHUS, TOIYYaJIN TI0 OPUTHHAIBHON METOAMKE, TIPH-
BeJICHHO# B padoTe [17].

Cynvhamuposanue bemynuna Xa10pcyibghonosoll kKuciomoi 6 nupuoutre. B Tpexropiyio kosudy
BMecTUMOCTBIO 100 MJI, CHAOKEHHYI0O MEXaHUYECKOW MENIAJIKOW, TEPMOMETPOM W KaleIbHOU BO-
poHkoii, momemanu 40 My 00€3BOKEHHOTO MUPHJIMHA M IIPUKAIBIBATIN K HEMY IIPH IIepEeMeIlInBa-
Huu u temmneparype 0-5 °C 2-5 mia (0,03—0,075 moinp) xsopcynbhoHOBO# KUCIOTHL. [loydeHHBIN
KOMIIJIEKC MHPHUINHA ¥ TPUOKCH/IA CEPhl HArpeBajy 10 TeMiepaTypsl 65 °C Ha TIMIEepUHOBOM OaHe
u npuceinain k vemy 4,42 r (0,01 moib) 6erynuna. Jlanee Temnepatypy peakIiMOHHOW CMECH IO
HuManu 10 70 °C u BelAEp)KUBAIH IPU 3TOM TEMIEPATYPE B TeUCHHE 2 4. 3aTEM PEaKI[HOHHYIO CMECh
oxnaxganu qo 10—15 °C, pazbasnsnu 30 mu1 Boasl ¥ HelTpaauzoBbiBain 10%-HBIM BOJHBIM pac-
TBOPOM TuJpoKcua Hatpus 10 pH ~ 9. PacTBop ymapuBann gocyxa 1moj BaKyyMOM BOJOCTPYHHO-
ro Hacoca. K TBepaomy octarky qo06aBiisiiu 70 Mi1 00€3BOKEHHOTO ATAHOJIA U KUMSITUIIM B TCUCHUE
30 muH. ['opsiayro cMech OT(UIBTPOBBIBAIIN, MATOYHBIN PACTBOP YHapUBAIH JOCYXa I0Jl BAKyyMOM
BOJIOCTPYHHOI0 Hacoca. BbIxoa TBEpIOro ocTaTka, B COCTaB KOTOPOTO BXOJMIM CMECh MOHO- U JHC-
ynbdara Oerynuna win 3,28-gucynbdar Oerynuna, 5,5—-6,1 r. [Ipu npoBeneHnN PU3HKO-XIMIYIESCKIX
MCCIIeJOBAHUI UCTIOJIb30BAJIH TIEPEKPHUCTAININ30BAHHBII U3 TaHoma 3,28-nucynbdar 0eryinHa.

Brergenenue nupuanHueBoit comu 3,28-nucynpdaTta OeTyIuHA U3 pEaKITHOHHONW MacChl IIPOBOIH-
JIM cpasy M0 OKOHYAHUU Mpolecca CyabparupoBaHus. PeakiMoHHY0 Maccy ynapuBaiu J0cyXa 1oj
BaKyyMOM BOsloCTpyiiHOTr0 Hacoca. K TBepromy octaTtky n06aBiistiin 70 M1 00€3BOKEHHOT'O ATAHOJIA
u kunstiid B tederne 30 MuH. [opsuyio cMech OTQUIBTPOBBIBAIM, MATOYHBIA PACTBOP yIIapUBAJIH
Jocyxa moji BaKyyMoM. TBepaplii OCTATOK MPEICTaBIIsII COO0H MUPUANHUEBYIO COMb 3,28-1ucynbda-
ta 6etynuHa. Beixon 7,0- 7,1 T (92,1 — 93,4%).

H*-®opmy 3,28-nucynbdara OeTynrHa MOTyYalid U3 HATPUEBOM conu aucyibdara OeTynnHa
Ha karnonute KY-2-8 nogobHo MeToauke, onucanHod B padore [18]. IIpeaBapureasHO HOHOOOMEH-
Hyto cmonry KV-2-8, BeipabaTbiBacMyto B IpOMBIIUICHHOCTH B Na+-dopme, nepeBoauinu B H-popmy.
M5 aToro uepes cioit cmonbl KY-2-8 8 Nat+-dopme, momeleHHOH B BUC TOMOTEHHOM CMECH C JTUC-
TUJUIMPOBAHHON BOJOM B BEPTUKAJIbHYIO CTEKJISIHHYIO KOJIOHKY quaMeTpoMm 15-20 MM, BMECTUMO-
cThio 50 MiI, cHaO)KEHHYIO BHU3Y KpPaHOM, IIporryckainu BoaHbli 2M pactBop HCI 10 paBHBIX KOHIICH-
Tpanuii MOCTYNAIONIETO U BEITEKAIOLIETO U3 KOJIOHKH PACTBOPA COJISTHON KUCIIOTHI. 3aTeM MPOMBIBAIIN
CMOJIY JUCTUJIIMPOBAHHON BOIOM 10 HEUTPAJIbHON PEAKLIMU IIPOMBIBHBIX BOJ, I10 METUJIOBOMY Kpac-
HOMY. 3aTeM Yepe3 CJIOH MOATOTOBJICHHOTO KaTHOHUTA MPOIycKain pactBop ~ 1,0 r nmepekpucrain-
JIM30BAaHHOU M3 3TaHOJIa HATPUEBOU conu 3,28-nucynbdara Oeryauaa B 50 M IUCTHITHPOBAHHON
BoJbI. [locie mpoxokIeHHsI Yepe3 KOJIOHKY PacTBOpa HATPUEBOH coiu TuCyibdaTta OeTyIHMHA CMOITTY
B KOJIOHKE POMBIBAJIN TUCTHILTMPOBaHHOW BostoH (3 pa3za no 20 mi). CoOupainu mpoMbIBHBIE )KHIKO-
CTH U JIOCYyXa yIIapuBaJId PacTBOP 110 BAKYYMOM BOJOCTPYHHOI0 Hacoca py TeMIepaType OTTOHKH
He 0ojee 40 °C. Beixox 0,8 1.

PacTBOpHTENM NUPHUINH, TAHOJ OBIIM OYUIIEHBI M 00€3BOXKEHBI U3BECTHBIMU MeToAaMH [19].

KoHTpoJ1b cocTaBa peakIMOHHOM MacChl IPOBOJMIIM METOJIOM TOHKOCIOHHON XpoMaTorpadpuu
(TXC) na muactukax curydorna mapku «Silufol» UV-254 no obmenpunsToit metomuke [19]; B xaue-
CTBE METOK HCITOJb30BaJi OCTYJIMH M ajI00CTYIIHH; IIOCHT: Xjopodopm-aneTon (1:15). [Iposeie-

HHUC XpOMATOI'paMMbl ITPOBOANJIN B IIJIOTHO 3aKpLITOﬁ KaMmepe, HaCBIH.IGHHOﬁ napamMu I\/'IO,Zla.
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UK-cniexTpbl Oetynuna u 3,28-nucynbdara OetynuHa cuumanu Ha Oypoe-UK-cniekrpomerpe
¢Gupmet Bruker B o6nactu mun Bosa 400-4000 e, OGpasisl 3anpeccoBbiBanu B Marpuily KBr (3
mr oopasma / 300 mr KBr).

Cuextpol IMP 13C cusitel Ha ciektpomerpe Bruker Avance 111 600 MI'1( B peiiTepomeranone
C NIPUBSI3KOH K JEUTEpUEBOMY PE30HAHCY PACTBOPHUTEIIS.

DJIeMEHTHBIN aHAN3 CYIb(AaTHPOBAHHBIX 00PA31I0B OCYIIECTBIISIN HA JIEMEHTHOM aHAJIN3aTO-
pe Flash EA-1112 (Thermo Quest Italia).

DJeKTpOHHBIE MUKPO(OTOrpaduH IOTyYSHBI HAa pACTPOBOM dJIEKTPOHHOM MUK pockorne TM-1000
HITACHI (SInonust) ¢ yckopsitomnm Hanpsbkeruem 15 kV u ¢ yBenuuenuem ot 100 go 10000 kpat
¢ pazpeuienreM 30 HM.

KP-criextpsr 00pasios 6bu1u cHsIThI Ha NXR FT-Raman monyie miist UK-®ypre-ciekTpomeTpa
Nicolet 6700 ¢ oxmakgaeMbIM XUIKHM a30ToM (Ge THOIOM B KauecTBe JETEKTOpa. B xadecTBe wc-
TOYHHKA CBETa JJIsI BO30YKICHHUST paMaHOBCKOro paccesinus npumeHsiin Cw-Nd: YAG-na3ep ¢ Bo3-
Oyxparomeii aunueit 1,064 um. KP-criektpbl ObLiu 3anucansl B auanasone 200-3500 cm™! ¢ ucnosns-
30BaHUEM PabGOYEro CHEKTPANBHOTO paspemenus § cM. BBIX0oaHas MOIIHOCTE Ja3epa COCTAaBIIsIA
100 mW. Kaxxnprit oOpa3zerr ObLIT IBaX Il MPOAHAIU3UPOBAH MPH OAMHAKOBEIX YCIOBHUSAX, U OBLIO
HakoruieHo 400 pa3BepTok. YCpelHEeHHbIH ceKTp ObUl COPMHUPOBAH KaK OKOHYATEIbHBIH CHEKTP
COOTBETCTBYIOIIET0 00pasla, M BHIIIOJIHEHAa BEKTOPHAsi HOPMUPOBKA CIIEKTpa. MIHTerpupoBaHue mu-
KOB OCYIIECTBHIIN C MIOMOIIBIO OMEPAIMOHHOTO CIIEKTPOCKOMUYECKOT0 MPOrPAMMHOTO 00ECTICUCHU S
OPUS Ver. 6.0 (Bruker Optik GmbH, Ottnunren ['epmanus). AHaau3 AaHHBIX ObUI IPOBEJIEH C I10-
morbto OriginPro 7.0 (OriginLab Corporation, Maccauycerc CIIIA) nporpammHoro odecrieyeHus
OPUS Ver. 6.0 (Bruker Optik GmbH, Ormimunren ['epmanus).

HccnenoBanue yJelbHOM 3JI€KTPOIIPOBOIHOCTH BOJHBIX pacTBOpoB 3,28-nucynbdara OeTyu-
Ha npoBoaunu npu remneparype 20 °C. Ilytem u3mepeHus yaenbHON MEKTPOIPOBOJHOCTH PACTBO-
POB Pa3IMYHON KOHLEHTPALMH (IMana3oH KOHIEHTpauuii coctaisa 1,35-10°-1,35-10 Monb/m) 6611
MOCTPOEH I'paMK 3aBUCHMOCTH YAETBHOW AIIEKTPOIPOBOIHOCTH OT OTPULATEIBHOTO JECATUIHOTO
norapudma KoHIeHTpauu. J[J1s n3MepeHus yesbHOM AJIEKTPOIPOBOAHOCTH UCIIOJIb30BATH KOHIYK-
tomeTp «Kongykromerp METTLER TOLEDOW.

Pe3yabTaThl U 00CYKIeHHE

OyHKIMOHAJIBHBIE TPYIIbI B OETYyJIHWHE, KOTOPbIE MOT'YT MOABEPIaThes Cylb(aTupoOBaHUIO, —
MIEPBUYHAST U BTOPUYHAS THIPOKCUIBHBIC TPYIIBI, a TAKXKE IBOIHAS CBSI3b B H3OMPOICHUIBFHON
rpynie y msTH4JIeHHoro nukia. [Ipu Beibope cynbhaTHpyONUX peareHTOB areHTa ¢ Lejlbio coxXpa-
HEHUs BOMHON CBSI3U cieayeT n30erarh UCIOIb30BAHMS TEX PEarcHTOB, IPUMEHEHHE KOTOPBIX MO-
JKET TIPUBECTH K HEXKEJATeNIbHbIM PEaKLUsIM O JBOHHOM CBsi3u. TakuM peareHTOM SIBJISICTCS KOM-
IeKe cepHblit anruapua — nupuaut (SOs-. CsHsN) [16].

B kauecTBe MCTOYHHKA CEPHOTO AHTUJIPHAA IPU MOIYUEHUU €r0 KOMIUIEKCOB C OCHOBaHUSMHU
MOJKET HCIOIB30BATHCS XJIOpCyb(oHOBast KuciaoTa. [Ipu B3amMomeHCTBUN XIOPCYITb(POHOBOH KHC-
JIOTHI ¢ mUpuAMHOM npu Temmneparype 0—5 °C obpasyercst komrieke SO;, — MUPUIUH U TUPUAUHUN

xJaopufn [16]:
CISO3H + 2C5H5N — SO3’C5H5N + C5H5N'HC1
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3t1oT cnocob nmomydenus kommiaekca SO;-CsHsN BecbMa mpoct, peakius NpoTeKaeT HOYTH KO-
JMYECTBEHHO.

B pabore uccienoBaHo BIMsHUE YCIOBUI Mpolecca cysb(aTupoBaHus OeTyIMHA XJI0PCYyibdho-
HOBOM KHCJOTOH B MHUPHAMHE HA CEJICKTUBHOCTH 0Opa3oBaHus 3,28-gucynbdara OeTylnnHA B BHJIE
ctabuipHOUW HaTpueBoil comu. C yd4eToM Ci1aboi pacTBOPHUMOCTH CYJb()aTHPYIONMIETO KOMILIEKCA
B IUPHIMHE ITPY KOMHATHOW TeMIIepaType 1 ero HeBBICOKOH PEaKIIMOHHON CITIOCOOHOCTH IPH TeMIIe-
parype menee 55 °C [16] cynbdaTupoBanus 6eryinHa npoBoauiiu npu remmneparype 70 °C B TeueHne
2 4. UccnenoBanue mporecca cynb(paTupoBaHUK OSTYIMHA OCYIIECTBISUIN IPH PA3TUYHBIX MOJIBHBIX
COOTHOILCHUSIX pEareHTOB OETYJIUH : XJIOPCYJIb(OHOBASI KUCIOTA. YCIIOBUS U PE3yJIbTaThl CYIb(aTH-
poBaHus O6eTylnHa MTpeACTaBICHBI B Ta0MI. 1.

Peakuusi cynbharupoBanus 0Ty IMHA XJI0PCYIb(OHOBOM KUCIOTOW B MMPUAMHE BKIIIOYAET CTa-
JIuu 00pa3oBaHUs MUPUANHUEBOH conm 3,28-nucynbdara 6eTynuHa ¢ ee nocienayoomel Tpaachop-
Malueil B HaTPUEBYIO Coiib 3,28-nucynbdara oeryauna (puc. 1).

W3 pe3ynbTaToB MCCIIEIOBAHUS COCTABA IPOJYKTOB PEAKIIMH METOIOM TOHKOCIOHHOW XpoMa-
tTorpaduu U copep)KaHusl Cepbl BHITEKAET, YTO MCIIOJIb30BAHUE CTEXHOMETPUYECKOr0 KOJIHYECTBA
CyIb(aTHpPYIOIEro areHTa NPUBOIUT K 00pa30BaHUIO CyIb(aTHPOBAHHOTO MPOAYKTA 0€3 MPUMECH
oeTynuHa, comepxainero 40% mac. MmoHocysbdara u 60% mac. gucynbdara oerynuaa. C pocToMm
KOJIMYECTBA CyNb(aTHPYIONIET0 areHTa KOJIMYECTBO AMCYyIb(ara OeTylnHa B COCTaBe CyIb(aTu-
pPOBaHHOIO MpoaykKTa Bo3pactaet. [Ipu n1ByXKkpaTHOM u OoJiee M30BITKE CyJIb(haTHPYIOLIEro areHTa
3,28-gucynbdar O6erynnna odpasyercs ¢ cenekTuBHOCTEI0 100% 1 BeIxomoM 93-95%. O6pa3zyromuii-
cs 3,28-nucysnbdar 6erynuHa ObUI BbIJIENEH B BUJE HATPUEBOH M MUPHIMHUEBOI COJei, KOTOPbIE
SBIISIOTCS THAPOIUTHYECKH YCTOWYMBBIMH. DTH COJIM MOXHO IOJBEPraTh IEpEeKpUCTAIIN3ALNN
M3 9TAHOJIA, @ UX BOJHBIC PaCTBOPBI UMEIOT UM TEIbHBII CPOK XpaHeHus. Harpueas coinb qucyibda-
Ta OeTynnHa Oblia nepeseneHa B H-¢popmy Metonom nonHoro ooMeHa Ha katuonute KV-2-8. O6na-
pyxeno, uro H*-hopma 3,28-nucynbdarta GeTynnHa B BOJHOM PACTBOPE ABISIETCS THAPOIUTHUCCKH
HECTOMKNM coennHeHHueM. [Ipn HenmpomoKUTETbHOM HarpeBaHUM €€ BOAHOTO pacTBOpa IpU TEM-
nepatype cBoie 45 °C ocaxaaeTcs TBepAbIi MPOIYKT, KOTOPBII pacTBOPAETCS B ATHIIOBOM CIUPTE.

MeTo/10M TOHKOCIIOHHOM XpoMaTorpauy yCTaHOBJIEHO, YTO HE PACTBOPUMBIN B BOJIE TBEP/IBIH MPO-

Tabnuua 1. BausiHue ycnoBuii cyibdaTupoBaHus OeTynnHa XJIOPCYIb(POHOBOH KUCIOTOW B MHUPUAMHE Ha
coziepKaHue cephbl U BbIXoJ MOHOCYIb(aTaberynnna (MCB) u nucynbdara6erynuna(JICB)Bcyabdarupoannom
npoxykre (CIT*)

Table 1. Influence of conditions of betulin sulfation with chlorosulfonic acid in pyridine on sulfur content and
yield of betulin monosulfate (MSB) and betulin disulfate (DSB) in sulfated product (SP *)

CootHolIeHME Brrxon, % (mac.)
Conepxanue CeneKTUBHOCTD 110
Ne onbiTa oetynun:CISO;H, ce o JICB, %
MOJIb:MOJIb ppL, 70 70 MCB ACB
1 1:2 8,13 60,0 36,7 55,0
2 1:3 9,21 84,0 14,3 77,8
3 1:4,0 10,06 100 0,0 94,6
4 1:5,0 9,68 100 0,0 92,9

*CII — cynb(aTHpOBaHHBII IPOAYKT — CMECh MOHO- M AUCYNIb(haTa OeTyInHa.

— 452 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 447-459

CH,

CH,0S0,H-NC;Hj

CHa

CH,0S03H-NC,Hs
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Puc. 1. Cxema cuHTe32 MUPUIMHUECBON U HATPUEBOH couieit 3,28-nucynbharta GeTynnHa

Fig. 1. Scheme of synthesis of pyridinium and sodium salts of betulin 3,28-disulfate

JYKT COCTOUT U3 OeTyiuHa u aiuioderynuna. Takum obpazom, H -dopma 3,28-nucynbdara OetynnHa
[PY HArPEBaHUU TOJBEPraeTcs TUAPOIN3y ¢ 00pa3oBaHHeM OETyJIMHA, CEPHOI KUCIOTHI U ajiode-
TyJIMHA — IPOAYKTa H30MEPU3AIUH OSTYIMHA B KUCIIOHN cpefe.

CocraB 3,28-nmucynbdara Oetynuna B HaTpueBoit (C3;0HysOgNa,S,) u  mupuanHueBoit
(C40HgoOgN,S,) coneBbIxX (hopMax MOATBEPIKICH TaHHBIMU 3JICMEHTHOTO aHanu3a. Haiinerno (s Ha-
TpueBoit conm), %: C 56,10; H 7,78; S 9,87. Beiunucneno (unst Hatpuesoit conn), %: C 55,72; H 7,43;
S 9,91. Haiineno (mis mupunuaueBoit comn), %: C 63,88; H 7,32; N 3,92; S 8,19. Beraucieno (mis
nupuanHueBoi conn), %: C 63,16; H 7,89; N 3,68; S 8,42.

Crpoenue 3,28-nucynbpara OeTynuHa B HATPUEBOM, MUPUIMHUCBOH coneBbIX (opmax U H'-
¢dopme montBepxkaeHo nanHeiMu MK-crnekrpockonuu (puc. 2). B UK-criektpe HarpueBoii conu
3,28-nucynbdara OeTyanHa NPUCYTCTBYIOT HHTCHCHBHAS 110JI0CAa ACHMMETPHYHBIX BaJICHTHBIX KO-
NeGaHUM ,,(0O=S=0) npu 1246 cm™! u monoca nornomEeHns BaleHTHEIX Kojebanuii ,(C—0-S) [20-21]
B obOnactu 833-840 cm!. Tonoca aCHMMETPUYHBIX BANEHTHBIX KOJNEOAHUH ,s(O=S=0) s nupuu-
HHMEBOM COJM pacroyiokeHa B obmactu 1251 cM’!, momoca mormomenus, cCOOTBETCTBYIONIAs BAJIEHT-
HbIM KoseOanusM ,(C—O-S) — B oOnactu 828-818 em!. st H -popmbl qucynbdara Gerynuna nonoca
HOMIOIEHHS ,5(O=S=0) HaxoAuTCA B 00NaCTH MEHBIIUX YacToT mpu 1180 em™! [20, 21], nomoca no-
riomeHus ,(C—O—S) TpyAHO UACHTUPHUIUPYETCH.

BBezenue cynbhaTHOii rpyHIIbl B CTPYKTYPY O€TyJIMHA TaKKe MOATBEepKIaeTcs Haituunem B KP-
CIIEKTpe HATPUEBOM conu 3,28-nucyabdara GeTynnHa noyoc noraomenus B oonactax 1076, 1260 cm™!
(puc. 3). [Monoca nornomerus npu 1076 cM™' TOMUHHPYET B CIEKTPE ¥ COOTBETCTBYET CUMMETPHY-

HBIM BaJICHTHBIM KOJIEOAHUSM ,,5(0=S=0). JIpyras monoca mornomierus npu 1260 cm! oTHOCHTCS
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Puc. 2. UK-cmektpsi: 1 — Oerynun; 2 — HarpueBass conb 3,28-mucynbdara OGerymuna; 3 — H'-dopma
3,28-nucyibdara 6etyauHa; 4 — nupuanauesas popma 3,28-nucynnpara 6eTyaIuHA

Fig. 2. FTIR spectra: 1 — betulin; 2 — sodium salt of betulin 3,28-disulfate; 3 — H" -form of 3,28-disulfate of
betulin disulfate; 4 — pyridinium form of 3,28-disulfate of betulin disulfate
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Puc. 3. KP-cniektpsr: 1 — 6eTymuH; 2 — HaTpueBas coib 3,28-nucynbdara 6eTynnHa

Fig. 3. Raman spectra: 1 — betulin; 2 — sodium salt of betulin 3,28-disulfate

K aCHMMETPHYHBIM BaJICHTHBIM KOJEOAHUAM 4,5(0O=S=0) [20-22]. JlomOJIHUTETBHBIM MOATBEPKIC-
HUEM Halnu4us cynb(aTHOH rpynmsl B oOpasie siBiseTcs orcyTcTBue B KP-cniekTpe nucymnbdara Oe-
TyJMHA 10 cpaBHeHHIO ¢ KP-criekTpoM GeTylMHa MONOChl CPEAHENH MHTEHCUBHOCTH IpH 782 cm™,

oTHocsniencs Kk konebanusm cesizu O-H B CH,OH rpynme [23]. B KP-cnekTpax kak OeTynuHa, Tak
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U HAaTPHUEBOW coJM JucysbdaTa OeTyIMHA IPUCYTCTBYIOT MOJOCHI MOMJIOMICHHUS, XapaKTepHbIE IS
JIYIIAHOBOTO CeJieTa MEeHTAMKINYeCKOT0 TpUTEpIIeHon1a B oomactax 1642-1644, 1440-1448, 1190-
1196, 701-704, 538-542 , 413-415 cm! [23].

CocTaB M CTpOCHHE HATpUEBOIl coim 3,28-nucyinbdara OeTylIMHA MOATBEPXKACHBI TAK)KE Me-
tonoM SIMP 3C-crniekTpockonuu. B COOTBETCTBUM C JIUTEPATYPHBIMH JaHHBIME [15] XuMHYECKnit
CIIBUT BTOPUYHOrO aToMma yriepona C; CBSI3aHHOTO C T'MJIPOKCHJIBHON TPYIIIION, HAOIIOMASTCs MIPH
78-79 m.n. rpynnoii, y nepsuunoro Cpg — mpu 59-60 m.ga. Ananus SIMP *C-crnekTpoB MCX0mHO-
ro O6erynnHa M HaTpUeBOi conu 3,28-nucynbdara OeTyaMHA MOKa3al, 4TO Y UCXOJHOTro OeTyanHa
XUMUYECKU caBur atoma yriepona Cs; naOmromaercs npu 78,25 m.a. u atoma yriiepoaa Cpg mpu
58,96 m.11. B cunTesupoBanHoM 3,28-n1ucyibdare OeTyIHMHAa XUMHUYECKHE CABUTH yTiaeponoB C; u Coyg
10 CPABHEHHUIO C OCTYJIMHOM IMOJIHOCTHEO CMEIIICHBI B 00J1aCTh CJ1a00r0 M0JIsl, COOTBETCTBEHHO K 88,25
n 67,33 M.1. OTO 0Ka3bIBAET MOJHOE 3aMEICHUE I'MAPOKIIIBHBIX TPy OeTylnHa Ha cysbdaTHbIC
TPYIIIBL.

MeToaoM pacTpoBoOii 5eKTpoHHOI Mukpockonuu (POM) nzydena mopdonorns o0pas3unoB Ha-
TpHEeBOii conn nucynbdara 6erynnHa u 6eTysauHa (puc. 4 u S). BeTyaMH COCTOUT U3 YACTHIL UTOJIbYa-
TOM (hopMBI, paszMep KOTopbixX Bapbupyerces ot 0,3 1o 1 MxMm. Hekoropsie yacTuiisl coOpaHsl B arpe-
rathl 1uHoN 20—40 MKM.

Kak crnenyer u3 puc. 4, odbpasen HaTpueBoii conu 3,28-nucyinbdara OerynmHa umeeT Mopdo-
JIOTHIO, OTIMYHYIO OT Mopdosorun odpasia OerynuHa. OH COCTOUT W3 UIOJBYATHIX KPUCTAJLIOB,
COOpaHHBIX B arperarbl NMayTHHOOOpa3HOH (OPMBI, MUHHUMAJIBHBIA pa3Mep KOTOPBIX COCTABISET
200 MKM.

Bonublii pacTBOp HaTpUEBOH conn aucynbdara OETyIMHA NP HU3KUX KOHLIEHTPALUAX IMpe.-
CTaBJIsieT cOOOM MPO3pauHbIil pacTBOP, NMPH OOJiee BBICOKMX KOHIEHTPALMAX HAOII0aeTCs Oraliec-
LEHIHs. JTO CBA3aHO CO CIIOCOOHOCTBHIO HATPHEBOW CONM JucysbdaTa OETyIMHA K MULENI000pa-
3oBaHut0. JupunbHoe crpoenue 3,28-aucynbdar: Hanuuue rugpoduiIbHON CyabpaTHOW TPYIIIbI
u THAPOPOOHOH (01€0PMITHHON) MEHTAIHKINICCKOH YIIIEBOJOPOIHON YacTH, O0YyCIaBIMBAET €ro
CIOCOOHOCTD K MUIIEIUIO00PA30BAHMIO M IIPOSIBIICHHIIO TOBEPXHOCTHO-aKTHBHBIX CBOICTB. M3BecTHO,
YTO TPUTEPIICHOBBIE CATIOHMHBI [24], TPOM3BOAHBIE 0JIC€AHOIOBON KHCIIOTHI, KK U IPyTHe MPUPOJTHBIC

OpPraHMYECKHE BEIIECTBA, HE TOJBKO MPOSIBIISAIOT JOCTATOYHO IMHUPOKHUH CIIEKTP (hapMaKOIOTHYSCKON

TM-1000_7456 2012.04.24 L D27 x500 200um TM-1000_7457 2012.0424 L D27 x1.0k 100um

Puc. 4. MukpodoTorpadun o6pasia Harpuesoii conu 3,28 nucyanbara 6eTyanHA
Fig. 4. Micrographs of a sample of sodium salt 3.28 betulin disulfate
— 455 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 447-459

0 T T T T T 1
0 1 2 3 4 5 6

-lgC, mons/n

Puc. 5. 3aBUCHMOCTB yAETBHOH IEKTPONPOBOAHOCTH 3,28-nucynbhara 6etynuna ot 1gC, Mo/

Fig. 5. Dependence of the specific electrical conductivity of 3,28-betulin disulfate on IgC, mol/l

AKTHBHOCTH, BXOJSIT B COCTaB PsiJia JIEKAPCTBEHHBIX CPEICTB M OMOJOrMYECKH aKTHBHBIX J100aBOK,
HO ¥, 00Jiaziasi IOBEPXHOCTHO-aKTUBHBIMU CBOWCTBAMH, UCIIOJB3YIOTCS B (apMaluu U JIe4eOHOM
KOCMETOJIOTHH B KaueCTBE BCIIOMOTATEIBHBIX BEHICCTB (COMOOMIN3aTOpOoB) [25-28]. OTnnyuTeNns-
HOM 0COOCHHOCTBIO KOJUTOUIHBIX [TAB sBiisiercst criocoOHOCTH 00pa30BBIBATh TEPMOIMHAMUYECKH
ycToiunBble (JINO(UIBHBIE) FeTEPOreHHBIE JUCIIEPCHBIC CHCTEMbI — MULIEIUISIPHBIE KOJJIOUIBI TIOCIIe
MPEBBIIICHUS] HEKOTOPOH XapaKTepHOMW I Kakaoro gaHHOTO ITAB KoHIeHTpamuu, Ha3bIBaeMOH
KPUTHYECKOW KOHIEHTpanuel muteinioodpasoBanus (KKM) [25, 26]. Metons! onpenencans KKM
OCHOBaHbI Ha PE3KOM M3MEHEHUHU (PU3NKO-XMMHUYECKHX CBOMCTB pacTBopoB [TAB (moBepxHOCTHOrO
HaTSDKEHHS, MyTHOCTH, Y/ICJIBHON 3JIEKTPOIIPOBOAHOCTH (7)), ITOKA3aTEIs MPEIOMIICHUS, OCMOTHYE-
CKOTO JaBJICHUS) MPHU MEPEXO0JIE OT MOJIEKYJISIPHOTO PacTBOpa K MUIEILUIsIpHOMY [25-28]. JIist onieHKH
MIPUHAIICKHOCTH 3,28-1ucynbdara OeTyIMHA K KOJIJIOMIHBIM ITOBEPXHOCTHO-aKTHBHBIM BEIIECTBAM
(ITAB) HaMu OblIa onpezesieHa KpUTHYeCKas KOHLIEHTpaIUs MuIe/uiooopazoBanus. Jlis onpenene-
Husg KKM ucrions3oBaH KOHAYKTOMETPHYECKNH MeTOA. VI3BeCTHO, UTO IIPH KOHLIEHTPALMH, COOTBET-
crByrouieid KKM, Ha rpaduke 3JeKTpOInpoBOIHOCTh — KOHLEHT AL HAaOI01aeTCs H3JI0M, 00YCIIOB-
JICHHBIH 00pa3oBaHHEM CHEPUUECKUX HOHHBIX MUIEIUL. [IpUYrMHON CHUXKEHUS 37EKPONPOBOTHOCTH
MOXET OBbITh HE TOJBKO MEHbIIasl NOABMIKHOCTh MHLEILI, HO U 3aKPEIJICHHE YacTH MPOTHBOWOHOB
TOKA Ha 3apsHKCHHOM NMOBEPXHOCTH 00pa3yrommxcs arioMeparoB [25, 26]. Ha puc. 5 nmpencraBieHs
pe3yJbTaThl U3MEPEHHUSI HIEKTPOIPOBOJHOCTH BOJHBIX pacTBOPOB 3,28-1ucyibdara OeTyaInHa pas-
JUYHON KOHIICHTPAIHH.

3aBUCUMOCTb, XapakTepHas st [IAB, HaOnroqaeTcss ¥ pu W3MEPEHUH AJIEKTPOIPOBOAHOCTH
nucynsgara 6erynuHa. JJo KKM (B mamHOM citydae 0,23 MMOIIB/1T) 3JIEKTPOIPOBOAHOCTE PACTBO-
poB aucyibdara OeTyauHa HapacTaeT ¢ KoHIeHTpauueil. [locie Toukn m3noma HapacTaHUE JJIEK-
TPOIPOBOAHOCTH C KOHLEHTpaLuel 3amenisiercs. [1o n3nomy KpuBOH, ITPEICTaBICHHONW Ha puc. 5,
suayenre KKM cocrasuiio 0,23 mmoub/i. s cpaBaerus: KKM TpUTEpIICHOBBIX CAIIOHHHOB PaBHO
0,65 mMoutb/i [24].
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3akJaueHue

[TpeanoxeHo UCTIONB30BaTh CyIb(paTHpOBaHUE OCTYIMHA XJIOPCYIb()OHOBON KUCIOTOH B cpele
NUPUIMHA JUIs ToayueHus ctabunbHol (opmbl 3,28-nucynbdara OeTylinHa B BUJIE THPUIAHUEBOM
1 HATPUEBOM COJEH.

[onuas sTepudukamnus 6eryauHa a0 3,28-aucyiabsdara gocturaercs npu temmeparype 70 °C
B TEUCHHE 2 4 IPU MCIOJIB30BAHUH JBYXKPAaTHOrO M Oosee M30bITKA Cynb(aTHPYyIOMEro areHra.
Crpoenne u coctaB 3,28-aucyibdara OSTyIMHA MOATBEPKACHO JaHHBIMHU AJIEMEHTHOI'O aHAJM3a,
TOHKOCIOWHOU xpomartorpaduu, UK-, KP- u IMP *C-criektpockomnuu.

[To nauubiM POM, HatpueBas conb 3,28-aucyiabdara OeTyaIuHA MPEACTABIACT cO00i Urosbpya-
ThIe KPUCTAILIBI, COOpaHHBIE B arperaTsl May THHOOOpa3Hoi GpopMmel pazmepom 200 MkM u Goree.

YcranosineHo, uto H™- dopma 3,28-qucynbdara 6eTyninHa B BOIHOM PacTBOPE SIBJSETCS HEY-
CTOHYMBOH U THAPOIU3YETCS 10 OETYJINHA, KOTOPBIN B KHCIION cpejie YaCTUIHO H30MEpU3yeTcs ¢ 00-
pa3oBaHueM ajI00EeTyJ M HA.

Harpuesast conb 3,28-qucynbgara od1asaeT MULEIIIPHBIMU CBOMCTBAMHU, 3HAYCHNE KPUTHYE-
CKOM KOHIICHTPAIMK MUIIEJII000pa3oBanust coctasiset 0,23 Mmmois/i1. CiocoOHOCTh 3,28-nucynbda-
Ta OeTyJInHA K MUIEIUI000pa30BaHHIO 00yCIaBINBAET BO3MOKHOCTD €0 MCIOIb30BAHUS HE TOIBKO
B Ka4eCTBE CAMOCTOSITEJILHOTO JICKAPCTBEHHOT'O CPEJICTBA, HO U KaK CcTadMiIn3aropa JIeKapCTBEHHBIX
(hopM 1 cosro0mIIN3aTopa, MOBBIIIAIONIETO PACTBOPUMOCTH TPYAHO PACTBOPUMBIX OHOIOTHYECKH aK-

THUBHBIX BCUICCTB.
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