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Abstract—Changes in coordination environment of titanium atoms in the composition of the titanium
oxychloride groups chemisorbed on the surface of porous silica after the vapor-phase hydrolysis are considered.
It is shown that after the substitution of chlorine atoms by the OH groups, additional coordination bonds
between the titanium-containing group and neighboring hydroxo groups are formed, that leads to an increase to
6 in the coordination number of titanium in the composition of the surface polyhedra.
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For the synthesis of titanium oxide structures on the
surface of silica using consecutive cyclic reactions of
titanium tetrachloride and water with hydroxyl groups
of the silica source was described in quite a number of
publications [1-13]. However, a detailed analysis of
the relevant publications shows that they mostly deal
with the aspects of chemical transformations taking
place at the interaction of matrix with low-molecular
reagents. However, in view of the tetrahedral structure
of the TiCl; molecule and octahedral environments
characteristic of titanium atoms in oxides [14], it is
important to understand the processes that take place at
the phase transition on the surface during the formation
of titanium oxide structures in the cyclic synthesis. We
have considered previously the influence of
temperature of thermal preparation of the silica matrix
and of the chemisorption of TiCly on the coordination
state of titanium in the composition of titanium
oxychloride groups [15].

In this paper we consider a change in coordination
environment of titanium atoms in the chemisorbed
titanium oxychloride structures in the course of vapor
phase hydrolysis.

The results of chemical analytical studies of the
products obtained are shown in Table 1. A comparison
of the presented results with the chemical composition
of the initial titanium oxychloride groups [16] allows
us to conclude that the number of titanium-containing

groups on the surface of porous silica after the hyd-
rolysis does not change, regardless of the temperature
of hydrolysis 7y. At the same time, using IR
spectroscopy it has been previously shown [7] that in
the course of the vapor-phase hydrolysis the anchor
links in some of the titanium oxychloride groups
monofunctionally (n = 1) connected with the matrix
surface can be broken, whereas the bonds (=Si-0),—
TiCly_, of polyfunctionally connected groups (n = 2-3)
are hydrolytically stable [7, 17].

Thus, the competition of two processes is possible
at the vapor-phase hydrolysis: the substitution of
chlorine atoms in the titanium oxychloride groups by
OH groups, and hydrolytic rupture of single Si—O-Ti
bonds. Depending on the ratio of the rates of these
reaction, they can lead to different results.

If the substitution proceeds first (this is more likely,
because the chlorine atoms are located above the
surface of the carrier [18] and are readily accessible,
have a high electronegativity and chemical activity),
two successive processes will occur:

(£Si-0-),TiCl,.,, + H,0 — (=Si-0-),Ti(OH),, + HCL, (1)
1<n<3;

=Si-O-Ti(OH); + H,0 —=Si-OH + Ti(OH)|. (2

The formed titanium hydroxide can again interact

with closely spaced silanols located on the matrix
surface, with the regeneration of Si—~O-Ti bonds.
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STRUCTURE OF THE PRODUCTS OF TiCl, CHEMISORPTION 1177
Table 1. Chemical composition of titanium-containing structures after vapor-phase hydrolysis
Tes = Tn, To, °C

°C 200 300 400 500 600 700 800

200 1.09 239" | 1.03 234 1.02 236 091 1.99 0.73 1.63 049 1.20 0.35 0.93
0.32 0.24 0.15 0.10 0.08 0.08 0.08

300 090 1.86 0.85 1.70 0.80 1.55 0.58 1.12 042 0.95 0.30 0.74
0.18 0.09 0.04 0.04 0.05 0.04

400 0.76 _1.37 0.69 1.19 049 0.88 0.37 0.72 0.29 0.66
0.00 0.00 0.00 0.00 0.00

500 0.63 1.06 0.50 0.88 0.37 0.74 0.28 0.65
0.00 0.00 0.00 0.00

600 0.49 0.88 0.38  0.71 0.28 0.67
0.00 0.00 0.00

700 0.38 0.89 0.28 0.69
0.00 0.00

800 0.28 0.64
0.00

* Content, mmol/g, [Ti] [Clz] = [Cly] + [Clsp)/[Clgp] (SP means solid phase).

Otherwise, if hydrolysis of Si-O-Ti bond proceeds
more actively, then reaction (3) [17, 19] should
proceed leading to the release into the gas phase of
volatile titanium hydroxychloride, which in the flow
system will be partially removed from the reaction
zone, reducing the amount of titanium-containing
structures on the matrix surface. The possibility of
such a process is found by quantum-chemical
calculations of isolated clusters [20], but the
probability of its occurrence (AE = 36 kJ mol ™' per a
chemical bond), as compared with the reaction of Cl-
substitution group (AE = —34 kJ mol™' ), is extremely
small.

(=Si-O)TiCl; + H,0 —=Si-OH + Ti(OH)Cl;}.  (3)

After hydrolysis of titanium oxychloride groups in
any conditions (regardless of the temperature con-
ditions of their synthesis in the range of 200-800°C),
no titanium was registered in the composition of the
trapped low molecular reaction products, and these
products removed from the reaction zone contain only
the chlorine atoms, which indicates that under these
conditions the reaction proceeds along the first
mechanism [reactions (1) and (2)].

However, at carrying out hydrolysis at Ty below
300°C the complete replacement of chlorine atoms by
hydroxo groups has not been achieved even in a

prolonged (up to 10 h) process (Table 1). (Similar
results were observed previously at the vapor-phase
hydrolysis of titanium oxychloride groups, deposited at
180°C on glasses [21] and at 150°C on silica [22].)
The increase in the concentration of water vapor in the
reaction medium from 20 to 250 g m > has not changed
the degree of chlorine substitution in solid-phase
products of the synthesis. At higher 7Ty chlorine was
not found in the solid products of the reaction.

Inasmuch as the titanium oxychloride structures are
capable to form additional coordination bonds with
closely spaced hydroxy groups not reacted with TiCly
thus increasing the titanium coordination number
(CNpy) in the titanium-containing surface polyhedron
[15], we can assume that the observed effect of the
process temperature on the degree of substitution of Cl
groups is defined by the non-uniformity of the latter
caused by the participation of some of the chlorine
atoms in the coordination bonds.

To determine the coordination state of titanium in
the formed titanium-hydroxyl structures, we obtained
electron diffuse reflectance spectra (DRS) of the
samples synthesized under the conditions of equal
temperatures of thermal treatment of initial matrix,
chemisorption and hydrolysis, To = Tcs = Ty = 200,
400, 600, and 800°C. Chemical composition of the

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80 No. 6 2010



1178 SOSNOV et al.
Table 2. Chemical composition of the groups on the surface of silica gel ShSKG after the chemisorption of TiCl, and
subsequent hydrolysis
Silica gel ShASKG Titanium oxychloride groups Titanium hydroxide groups
To=Tcs= T, tent 1/
°C content of [OHJini, | ~ don-oms content of [Ti], [CI[Ti] contents [OH ]residuar’s content, mmol/gy
mmol/g, [23] nm® mmol/g mmol/g [Ti]  [Cllotapmsel | OH]Tib
200 3.57 1.28 1.08 2.17 1.58 1.08 0.32 2.07
400 2.51 1.49 0.79 1.70 0.69 0.79 0.00 1.37
600 1.67 1.81 0.49 1.65 0.51 0.49 0.00 0.88
800 0.86 2.49 0.28 2.29 0.38 0.28 0.00 0.64

 Calculated value.  Calculated value without accounting for the reduction in the number of OH groups due to the condensation with the

formation of Ti—O-Ti bonds.

samples is given in Table 2. The DRS spectra were
registered before and after the vapor-phase hydrolysis

(Fig. 1).

Changes in the chemical environment of titanium
atoms (substitution of CI groups by OH groups after
hydrolysis) lead to the shift of DRS absorption band to
longer wavelengths, while the maximum value of the
reflectivity of the samples remains practically un-
changed. Comparison of the changes in the DRS
spectra with changes in the chemical composition of

titanium-containing surface structures shows that two
opposite factors affect the position of the fundamental
absorption band:

(1) The replacement of the chlorine atoms belong-
ing to titanium oxychloride group by OH groups. It is
known that in the molecular structures in the series of
Tily, TiBr4, and TiCly a decrease in the ligand mass
shifts the maximum of absorption band to shorter
wavelengths: Vi = 19 600 cmi™' (510 nm), 27750—
29500 cm™' (339-360 nm), and 34840-35600 cm

Rp, % (a) Rp, % (b)
100 - 100
80 80
60 |- 1 60
40 | 2 40
20 1 20
0 1 ] 1 1 0 ] 1 ] 1
300 350 400 450 500 300 350 400 450 500
Rp, % (©) Rp, % (d)
100~ 100~
80 80
60 60
40 40
20 20f
0 ] ] ] ] 0 ] 1 ] 1
300 350 400 450 500 300 350 400 450 500
A, nm A, nm

Fig. 1. DRS spectra of (/) titanium oxychloride and (2) titanium hydroxide structures on the surface of silica ShSKG. Synthesis at
temperature, °C: (a) 200, (b) 400, (c) 600, and (d) 800.
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(281287 nm), respectively [24—-26]. A replacement of
one of the Cl atoms by CH; group that is close in mass
to hydroxy group, is also accompanied by a shift of the
maximum absorption band to a value of 43 000 cm™*
(233 nm) [24].

In this case we consider the spectra of single
molecules with a broad absorption band in the optical
spectrum, that is characterized by the position of its
maximum. In the charge-transfer spectra characteristic
of solid phase materials, at the formation of cluster
structure of the size more than 10° atoms [27] a quasi-
continuous spectrum of energy band is observed,
which can only be characterized by the edge of the
absorption band (Fig. 2). The observed difference at
the determination of positions of the maxima of
molecular and cluster systems is just a result of the
different characterization of the spectral bands.

(2) Increase in CNy; above 4, that is typical first of
all for monofunctionally bound titanium oxychloride
groups without formed additional coordination bonds
with closely spaced hydroxy groups of the initial
matrix [15], to 6. Similar processes in molecular
systems lead to a shift of the absorption band
maximum to longer wavelengths: for TiCl, the
position of the maximum is 3484035600 cm' (281—
287 nm), and for [TiCl]* it is 25 000 cm ™' (400 nm)
[25]. At the same time with the increase in CNry; the
energy of the Ti—Cl bond is reduced (and the bond
length, respectively, increases), because a repulsion
between the ligands is also manifested [25].

The increase in CNy; may be caused by several
processes:

— The physical sorption of water molecules (or
molecular oxygen) on the titanium-hydroxy groups
with the formation of structures (4);

— The migration of the protons of the hydroxy
groups of the original matrix [28] and the formation of
coordination bonds with the grafted groups, similar to
that established for the titanium oxychloride structures
[15] [scheme (5)]. This process can be stipulated by
the presence of excess water vapor, capable of
rehydroxylation of strained siloxane bridges on the
surface of the matrix [29], although according to [30—
32] the rehydroxylation is slow;

— The formation of coordination bonds with
hydroxy groups of closely spaced titanium hydroxide
fragments [scheme (6)];

1179

1, %

-1
v, cm

Fig. 2. Schematic pattern of the optical spectrum of the
(1) molecular system and (2) solid-phase material.

— In the case of reaction (2) leading to the forma-
tion of Ti(OH), on the surface of the carrier, titanium
hydroxide can agglomerate and lose water turning into
a microcrystallites of TiO,, where titanium has CNr; =
6 [33].

H,0- - ---Ti-----OH, (4)

_-Ti-. )

H H H
i o ol o~
/O\‘ iz---—};/o‘i iz ————— /d& - (6)
H

N\ N \

I S
Si Si Si Si Si Si
/NN /N /N /N /N
It should be noted, however, that among the above
considered processes leading to an increase in CNr,
the first one is not typical for the processes carried out
at high Ty, taking into account that the removal of the
physically sorbed water from the TiO, surface occurs

at 75-120°C, and the coordinationally bound water, at
140-240°C [33].

Assuming that like observed earlier [15] for tita-
nium oxychloride groups, on the surface of the matrix

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80 No. 6 2010
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Table 3. Results of mathematical resolution of the bands in the DRS spectra

Characteristics of the bands in the DRS spectra
To=Tes= after chemisorption after hydrolysis
Ty, °C 1st band 2nd band 1st band 2nd band
A1, M E, eV 1, % A, NM E,, eV L, % AM,nm | E eV | 11, % A, NmM E), eV L, %
200 344 3.61 9 387 3.20 91 368 3.37 36 397 3.12 64
400 346 3.58 18 405 3.06 82 369 3.36 39 399 3.10 61
600 362 3.43 34 402 3.08 66 364 3.41 24 402 3.09 76
800 369 3.36 27 403 3.08 73 366 3.39 39 408 3.04 61

also may be present titanium-containing structures
with different coordination environments we resolved
the spectra obtained into components described by the
Fermi—Dirac distribution according to the procedure in
[34]. The results of mathematical processing of the
spectra are shown in Table 3. Comparing the results of
mathematical processing of DRS spectra of titanium
oxychloride and titanium hydroxide structures, we
should note the following.

After the chemisorption of TiCly on the ShSKG
silica gel surface 2 type of the titanium oxychloride
structures are formed differing by coordination
environments of the central atom: with CN; = 4 and 6.
Upon increase in temperature 7Tcs an increase is
observed in the intensity of the band corresponding to
the tetrahedral coordination of titanium (A ~345 nm)
and a gradual shift of its position to 370 nm. This
phenomenon may be caused by gradual tuning of
surface silicon oxide tetrahedra that leads both to an
increase in symmetry of the titanium oxychloride
groups, and increase of CNy; over 4.

Replacing the chlorine atom by the lighter OH
group should lead to a shift of the band in the DRS
spectrum to shorter wavelengths, but this effect is not
observed. Apparently, a change in the spectra is a
result of other effects: in addition to the change of the
ligand an increase in CNy; occurs due to the formation
of additional coordination bonds by the schemes (4)—(6).

The surface of dispersed silica by the local structure
is close to the faces (111) and (110) of B-cristobalite
[35] with periodic arrangement of hydroxy groups.
Despite the fact that the average distance between the
attached groups with increase in 7, (the increase in
degree of dehydroxylation of the matrix surface)
increases from 1.3 nm at 200°C to 2.5 nm at 800°C

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80

(Table 2), the actual distance between the groups
should remain virtually unchanged, since the process
of dehydroxylation is not uniform, and is of the local
nature [36, 37]. Indeed, upon the decrease in the size
of a spot of the matrix with hydroxy groups, the more
chemisorbed titanium oxychloride structures are tends
to be arranged at its border, and in the absence of
nearby OH groups they remain with CNp = 4.
(However, the increase of 7¢s can significantly
increase the conformational mobility of the chemi-
sorbed groups and the surface [SiOy4] tetrahedra, which
leads to some leveling of the bond lengths in titanium
oxychloride groups and allows the CNrp; to raise
through coordination bonding with the neighboring
titanium-containing structures.)

After hydrolysis, from the DRS spectra disappear
the bands characteristic of tetrahedrally coordinated
titanium (A = 340-350 nm [38]) and only the structures
remain with the octahedral coordination of the titanium
of different symmetry. Thus, a unification occurs of
titanium oxide structures: ~35-40% have anatase-like
structure (where few Ti—O bonds are longer than the
others), and 60-65% of structures with more aligned
bonds, with the coordination of titanium atoms close to
the state of Ti atoms in rutile. This is also evidenced by
the characteristic energy spectra of charge transfer,
close to the band gap of these titanium oxides (Table 3).

This result may indicate that, regardless of whether
a TiCly molecule chemisorbed on the surface of silica
succeeded or failed to form additional bonds with
neighboring hydroxy groups, after the vapor-phase
hydrolysis these bonds are formed (not necessarily
with silanols: to improve coordination the hydroxy
groups may be involved bound to neighboring titanium
atoms).
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EXPERIMENTAL

Titanium oxychloride groups synthesized on the
surface of silica gel of wide-porous brand ShSKG in
the temperature range of the preliminary heat treatment
of the matrix (7o) and the chemisorption (7¢s) 200—
800°C [39], the spatial structure of which is discussed
in [15], were subjected to vapor-phase hydrolysis in a
flow system under conditions of continuous removal of
low molecular weight reaction products [40] at
temperatures (7y) same as at chemisorption of TiCly.

Gaseous low molecular weight reaction products
were trapped at the outlet of the reactor and, together
with the obtained solid-phase products were analyzed
on the content of titanium [1, 41] and chlorine [42]. To
compare the chemical composition of the surface
groups formed under different thermal conditions, the
contents of elements were assigned to 1 g of anhydrous
silica (go) [1, 43]. The electronic spectra of diffuse
reflection (DRS) were registered in the wavelength
range 300 — 1000 nm in the spectrophotometric unit
equipped with air-tight optical cell [38], which allows
the study without any contact with the atmosphere. As
an optical standard was used Aerosil A-300 calcined at
600°C.

ACKNOWLEDGMENTS

This work was carried out with partial financial
support of Russian Foundation for Basic Research
(grants nos. 08-03-00803 and 09-03-12225).

REFERENCES

1. Kol’tsov, S.I., and Aleskovskii, V.B., Zh. Fiz. Khim.,
1968, vol. 42, no. 5, p.1210.

2. Tolmachev, V.A., Mal’ko, N.V., and Matsoyan, E.F.,
Khimiya i fizika tverdogo tela (Physics and Chemistry
of Solid State), Leningrad: Leningrad. Gos. Univ., 1983.
Deposited ONIITEKhIM, g. Cherkassy, no. 1175khp-
D83, p. 151.

3. Pakhlov, E.M., Voronin, E.F., and Chuiko, A.A., Dokl.
Akad. Nauk SSSR, Ser.: Fiz. Khimiya, 1991, vol. 318,
no. 1, p.148.

4. Asakura, K., Inukai, J., and Iwasawa, Y., J Phys.
Chem., 1992, vol. 96, no. 2, p. 829.

5. Lakomaa, E-L., Haukka, S., and Suntola, T., Appl. Surf.
Sci., 1992, vols. 60-61, p. 742.

6. Ritala, M., Leskela, M., Nykanen, T., et al., Thin Solid
Films, 1993, vol. 225, nos. 1-2, p. 288.

7. Osipenkova, O.V., Malkov, A.A., and Malygin, A.A.,
Zh. Obshch. Khim., 1994, vol. 64, no. 4, p. 549.

8

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80 No

1181

. Voronin, E.F., Pakhlov, E.M., and Chuiko, A.A.,
Colloids and Surf., A, 1995, vol. 101, nos. 2-3, p. 123.
Malkov, A.A., Sosnov, E.A., Osipenkova, O.V., and
Malygin, A.A., Appl. Surf. Sci., 1997, vol. 108, no. 1,
p- 133.

Klaas, J., Schulz-Ekloff, G., and Jaeger, N.I., J. Phys.
Chem., B, 1997, vol. 101, no. 8, p. 1305.

Aarik, J., Aidla, A., Mandar, H., Uustare, T., Appl. Surf.
Sci., 2001, vol. 172, nos. 1-2, p. 148.

Ninness, B.J., Bousfield, D.W., and Tripp, C.P.,
Colloids and Surfaces, A, 2003, vol. 214, nos. 1-3,
p. 195.

Gu, W. and Tripp, C.P., Langmuir, 2005, vol. 21, no. 1,
p.211.

Goroshchenko, Ya.G., Khimiya titana (Chemistry of
Titanium), Kiev: Naukova Dumka, 1972, ch. 2.

Sosnov, E.A., Malkov, A.A., and Malygin, A.A., Zh.
Prikl. Khim., 2007, vol. 80, no. 12, p. 1978.

Sosnov, E.A., Malkov, A.A., and Malygin, A.A., Zh.
Prikl. Khim., 1988, vol. 61, no. 1, p. 29.

Kytokivi, A. and Haukka, S., J. Phys. Chem., B, 1997,
vol. 101, no. 49, p. 10365.

Haukka, S., Lakomaa E-L., Jylha, O., et. al., Langmuir,
1993, vol. 9, no. 9, p. 3497.

Puurunen, R.L., CVD, 2005, vol. 11, no. 2, p. 79.
Dubrovenskii, S.D., Kulakov, N.V., and Malygin, A.A.,
Zh. Prikl. Khim., 2006, vol. 79, no. 2, p. 175.

Mishin, A.V., Tolmachev, V.A., Pshenitsyn, V.I., and
Kholdarov, N.X., Fizika i Khimiya Stekla, 1985, vol. 11,
no. 6, p. 731.

Sammelselg, V., Rosental, A., Tarre, A., et al., Appl.
Surf. Sci., 1998, vol. 134, nos. 1-4, p. 78.

Kol’tsov, S.I., Volkova, A.N., and Aleskovskii, V.B.,
Zh. Fiz. Khim., 1970, vol. 44, no. 9, p. 2246.

Dijkgraaf, C. and Rousseau, J.P.G., Spectrochim. Acta,
A, 1969, vol. 25, no. 8, p. 1455.

Muller, A., Diemann, E., and Jorgensen, C.K., Struct. &
Bond, 1973, vol. 14, p. 23.

Lever, A.B.P., Inorganic Electronic Spectroscopy, 2nd
ed., Amsterdam: Elsevier, 1984.

Kulagin, N.A. and Sviridov, D.T., Vvedenie v fiziku
aktivirovannykh kristallov (Introduction to the Chem-
istry of Activated Crystals), Khar’kov: Vyshcha Shkola,
1990.

Lobanov, V.V., Gorlov, Yu.l., and Chuiko, A.A.,
Khimiya poverkhnosti kremnezema (Chemistry of Silica
Surface), vol. 1, ch. 1: Sintez kremnezema i svoistva ego
poverkhnosti (Synthesis of Silica and Its Derivatives),
Chuiko, A.A., Ed., Kiev: IKhP NAN Ukrainy, 2001,
p. 148.

Strelko, V.V., Adsorbtsiya i Adsorbenty, 1974, no. 2,
p. 65.

. 6 2010



1182

30.

31.

32.

33.

34.

35.

36.

De Boer, J.H., Hermans, M.E.A., and Vleskens, J.M.,
Proc. Koninkl. Nederl. Akad. Wet., B, 1957, vol. 60,
no. 1, p. 45.

Muttik, G.G., Poluchenie, struktura i svoistva sorbentov
(Synthesis, Structure, and Properties of Sorbents),
Leningrad: Goskhimizdat, 1959, p. 193.

Pak, V.N., Zh. Prikl. Spektr., 1975, vol. 22, no. 4,
p. 725.

Pletnev, R.N., Ivakin, A.A., Kleshchev, D.G., et al.,
Gidratirovannye oxyde y elementov IV i V grupp
(Hydrated Oxides of IV and V Groups Elements),
Moscow: Nauka, 1986.

Sosnov, E.A., Malkov, A.A., Malygin, A.A., Zh. Fiz.
Khim., 2009, vol. 83, no. 4, p. 746.

Bukov, V.I., Koval’kov, V.I., Dubrovenskii, S.D., et al.,
Aktuallnye problemy khimii tverdykh veshchestv (Actual
Problems in the Solid State Chemistry), St. Petersburg:
S.-Peterburg. Tekh. Inst., 1992, p. 141.

Rozenbaum, V.N. and Ogenko, V.M., Khim. Fizika,
1983, no. 7, p. 973.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80

37.

38.

39.

40.

41.

42.

43.

SOSNOV et al.

Modifitsirovannye kremnezemy v sorbtsii, katalize i
khromatografii (Modified Silica in Sorption, Catalysis
and Chromatography), Lisichkin, G.V., Ed., Moscow:
Khimiya, 1986.

Pak, V.N. and Ventov, N.G., Zh. Fiz. Khim., 1975,
vol. 49, no. 10, p. 2535.

Sosnov, E.A., Malkov, A.A., and Malygin, A.A., Zh.
Prikl. Khim., 2000, vol. 73, no. 7, p. 1074.

Aleskovskii, V.B., Stekhiometriya i sintez tverdykh
soedinenii (Stoichiometry and Synthesis of Solid
Compounds), Leningrad: Nauka, 1976.

Bulatov, M.I. and Kalinkin, I.P., Prakticheskoe
rukovodstvo po fotometricheskim metodam analiza
(Manual on Photometric Methods of Analysis),
Leningrad: Khimiya, 1986.

Frumina, N.S., Lisenko, N.F., and Chernova, M.A.,
Khlor (Chlorine), Moscow: Nauka, 1983.

Sosnov, E.A., Malkov, A.A., and Malygin, A.A., Zh.
Prikl. Khim., 2005, vol. 78, no. 3, p. 373.

No. 6 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


