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Reactions of methylaluminoxane and trimethylaluminum
with zirconium and titanium tetracyclopentadienyl derivatives
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Gas volumometry, gas chromatography, mass spectrometry, and ESR were used to study
reactions of methylaluminoxane (MAO) and Me3Al with Cp4Zr, Cp4Ti, and 2,2,6,6�tetra�
methylpiperidine�1�oxyl (TEMPO). It was shown that the reaction is accompanied by evolu�
tion of methane, whose amount exceeds the initial concentration of the starting metallocene or
free radical by a few hundred times, but in all the cases is no more than 15% of the starting
amount of the Me—Al fragments in the organoaluminum compound. Metal�centered radicals
were detected by ESR in the systems with Zr and Ti metallocene derivatives. Mechanism of the
observed reactions is discussed.
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Earlier, we have found1,2 that soluble and heterogenized
catalytic systems based on Cp4Zr and methylaluminoxane
(MAO) display high catalytic activity in the processes of
polymerization and copolymerization of ethylene. The ca�
talytic systems under consideration are also of interest as
the model objects in the study of the mechanism of metal�
locene�catalyzed polymerization of olefins.

According to the X�ray crystallographic data,3 a Cp4Zr
molecule includes three π�bound and one σ�bound cyclo�
pentadienyl groups. The analogous titanium compound,
Cp4Ti, contains two π�bound and two σ�bound cyclopen�
tadienyl groups. Apparently, these differences are respon�
sible for the fact that the tris(π�cyclopentadienyl) frag�
ment in the Cp4Zr molecule remains preserved during its
reactions with organoaluminum compounds (OAC) (for
example, with triethylaluminum), in contrast to the tita�
nium analog, but rather forms a complex of the composi�
tion Cp3ZrH...AlEt3.4 This example gives the basis to sug�
gest that the [Cp3Zr–] structural unit can be preserved in
both the reactions of Cp4Zr with MAO and polymeriza�
tion of ethylene involving this system.

The present study is a continuation of the works,5—10

in which it has been shown that the reaction of transition
metal derivatives with trimethylaluminum (TMA) and
MAO is accompanied by evolution of methane, whose
amount, normalized to the concentration of the transition
metal compound, allows to suggest a catalytic process of
the OAC decomposition.

The purpose of the present studies is to investigate
reactions of MAO and TMA with zirconium and titanium
tetracyclopentadienyl derivatives, as well as with the

2,2,6,6�tetramethylpiperidine�1�oxyl (TEMPO) model
compound using gas volumometry and to obtain informa�
tion on the mechanism of the process under consideration.
Such information, together with other studies on the reac�
tions of metallocenes with different OAC under the model
conditions (i.e. in the absence of a monomer) and during
polymerization process, will be helpful in establishing the
structure and clarifying mechanism of the action of active
centers in metallocene catalytic systems during polymeri�
zation processes of olefins and possible approaches to their
deactivation.

Experimental

The Cp4Zr and Cp4Ti samples were synthesized according
to the known procedures,1,11 MAO and TMA (Aldrich) were
used as toluene solutions with the concentrations of 1.54 and
2 mol L–1, respectively, without additional purification. Tetralin
(Fluka) and toluene (pure for analysis grade) were dried over
molecular sieves 5 Å, distilled, and stored over sodium wire.
Experiments on the study of the rate of the gas evolution were
carried out on a glass vacuum installation with capacities cali�
brated in volume, which was equipped with a mercury mano�
meter, thermostat, magnetic stirrer, and a device for the sequen�
tial addition of reactants. All the experiments were performed at
60 °C. In the typical experiment, a solution of metallocene or
TEMPO in tetralin (10 mL) was placed into a glass reactor and
incubated, then a solution of OAC in toluene (5 mL), which was
preliminary degassed in vacuo, was added to the mixture with
stirring. Evolution of gaseous products was observed for 6 h (in
all the experiments, the reaction reached a plateau on the expiry
of this time). The gaseous products were analyzed by gas
chromatography on a LKhM�80 instrument equipped with
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a catharometer and a column of 3 m in length and 2 mm
in diameter filled with Polysorb�1 with the particle sizes of
200—250 μm; the temperature mode: the isotherm at 100 °C for
5 min, then heating to 250 °C at the rate of 8 °C min–1. Compo�
sition of the liquid phase was determined by a combination of gas
chromatography and mass spectrometry (GC�MS) on a Per�
kin—Elmer Clarus 500 instrument (USA). ESR spectra were
recorded on a EPR�2 spectrometer.

Results and Discussion

Studies of the reaction of MAO with Cp4Zr and Cp4Ti.
It was found that the reactions of MAO with Cp4Zr and
Cp4Ti lead to the formation of solid gelatinous products
and evolution of methane. Amount of the evolved gas
in the Cp4Zr—MAO system varied within the range of
3.5 to 319 mol of CH4 (mol of zirconocene)–1 depending
on the concentration of metallocene (Table 1). This fact
indicates that evolution of methane is a chain process with
respect to zirconocene, and zirconocene is its initiator.
Kinetics of the evolution of methane is given in Figure 1.
The total amount of evolved methane is directly propor�
tional to the molar ratio Al/Zr in the system (Fig. 2, see
Table 1). To sum up, when the concentration of MAO is
constant and equal to 0.77 mol L–1, the amount of meth�
ane formed during equal periods of time is inversely pro�
portional to the concentration of zirconocene, i.e. [CH4]
∼ [Zr]–1. Gas chromatography showed the presence of
ethane and hydrogen in trace amounts among the reaction
products. The ESR recorded a signal with the g�factor
1.998 corresponding to the reduction product of the start�
ing zirconocene.12

Studies of the Cp4Ti—MAO system (Table 2) showed
that an increase in the molar ratio Al/Ti leads to the de�
crease in the amount of the methane formed. Traces of
ethane and hydrogen were also found in the reaction prod�
ucts. The ESR spectrum of the product consists of three
components (the g�factors 1.978, 1.985, and 1.989) due to
the reduction products of the starting titanium compound.
In both cases, no hyperfine structure of the ESR lines was
observed at low temperatures and high dilution of the so�
lution, that indicates the fact that OAC is not a part of the
ZrIII and TiIII complex compositions.

Table 1. Evolution of methane in the Cp4Zr—MAO system
at 60 °C in the tetralin—toluene (2 : 1) solvent mixture,
[MAO] = 0.77 mol L–1, the reaction time was 6 h

[Cp4Zr] [CH4] [CH4]/[Zr] [CH4]/[МАО]
/mol L–1 /mmol

1.69•10–2 0.59±0.01 3.5 0.077
1.14•10–2 0.66±0.01 5.7 0.085
1.6•10–3 0.64±0.01 40.3 0.083
5.9•10–4 0.70±0.01 119.0 0.091
2.5•10–4 0.80±0.01 319.0 0.104

Fig. 1. Kinetics of methane evolution in the Cp4Zr—MAO sys�
tem at 60 °C in the tetralin—toluene (2 : 1) solvent mixture;
[MAO] = 0.77 mol L–1, [Cp4Zr] = 5.6•10–3 (1), 4.3•10–3 (2),
7.8•10–4 (3), 3.1•10–4 mol L–1 (4).

0.55

0.50

0.45

0.40

0.35

0.30

0.25

[CH4]/mmol

10 20 30 t/min

1
2
3

4

Fig. 2. Amount of methane formed in the Cp4Zr—MAO sys�
tem versus the Al/Zr molar ratio. Experiments were carried
out at 60 °C in the tetralin—toluene (2 : 1) solvent mixture,
[MAO] = 0.77 mol L–1, the reaction time was 6 h.

0.85

0.80

0.75

0.70

0.65

0.60

[CH4]/mmol

500 1000 1500 2000 2500 3000 3500 Al/Zr

Table 2. Evolution of methane in the Cp4Ti—MAO system at
60 °C in the tetralin—toluene (2 : 1) solvent mixture, [MAO] =
= 0.77 mol L–1, the reaction time was 6 h

[Cp4Ti] [CH4] [CH4]/[Ti] [CH4]/[МАО]
/mol L–1 /mmol

6.2•10–3 0.86±0.01 13.9 0.112
3.1•10–3 0.67±0.01 21.7 0.087
1.54•10–3 0.70±0.01 45.5 0.091
7.7•10–4 0.60±0.01 77.4 0.077
1.5•10–4 0.57±0.01 373.0 0.075

Replacement of MAO with TMA does not affect the
character of dependence of the [CH4]/[Zr] molar ratio
from the concentration of metallocene (Table 3). This
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effect is different for zirconium and titanium compounds.
In the case of zirconium compound, replacement of MAO
in the Cp4Zr—OAC system with TMA leads to a decrease
in the yield of the gases formed (cf. Tables 1 and 3), while
in the case of titanium compound, the amount of the
evolved gases remains unchanged.

Note that in all the cases under consideration, the total
molar amount of methane calculated per one mole of the
Me—Al fragments in OAC does not exceed 14% (after the
reaction progress was monitored for 6 h and the process of
gas evolution reached a plateau).

GC�MS method showed the presence of tetralin mono�
methylated products. Their amount somewhat increases
with the increase in the concentration of metallocene
(Table 4). In the case of Cp4Zr, the amount of the methyl�
ated product considerably exceeds the concentration of
metallocene (by 8—59 times depending on the concentra�
tion of metallocene).

All these observations give a basis to suggest that, like
in the decomposition of MMen (see Ref. 13), where MMen
are Ti, Cr, W, Re, and other metal polymethyl deriva�
tives, the reactions of Cp4M (M = Zr, Ti) with MAO and
with TMA proceed by radical mechanism. To confirm this
assumption, we studied the reaction of MAO with the
stable free radical, TEMPO.

The amount of methane formed in the MAO—TEMPO
system reduced to the amount of TEMPO is linearly de�
pendent on the concentration of TEMPO (Table 5). The
amount of the evolved methane varies within the range of
1.5 to 89 mol of CH4 (mol of TEMPO)–1. When Cp4Zr
was added to the system, the amount of the liberated meth�
ane increased.

The results of our experiments and the found effects
indicate a free�radical mechanism of the methane forma�
tion in the reactions of MAO with metallocene compounds
and TEMPO. The mechanism of this process can be shown
by a simplified Scheme 1 suggested earlier14 based on the
data on the gas evolution in the Cp2ZrCl2—Me3Al and
Cp2TiCl2—Me3Al systems.

Scheme 1

MP are the molecular products, I is the chain initiation, II is the

chain propagation, III is the chain termination.

Table 3. Evolution of methane in the Cp4Zr—TMA system
at 60 °C in the tetralin—toluene (2 : 1) solvent mixture,
[TMA] = 0.77 mol L–1, the reaction time was 6 h

[Cp4Zr] [CH4] [CH4]/[Zr] [CH4]/[TMA]
/mol L–1 /mmol

5.6•10–3 0.43±0.01 7.6 0.055
4.3•10–3 0.50±0.01 12.5 0.069
1.7•10–3 0.64±0.01 37.9 0.083
7.8•10–4 0.50±0.01 63.5 0.064
3.1•10–4 0.44±0.01 140.0 0.057

Table 4. Alkylation of tetralin upon the action
of the Cp4Zr—MAO system

[Zr] Σ Me—C10H9 ΣMe—C10H9/[Zr]

mol L–1

5.9•10–4 3.5•10–2 58.6
4.9•10–3 3.9•10–2 7.9

Table 5. Evolution of methane in the TEMPO—MAO system
at 60 °C in the tetralin—toluene (2 : 1) solvent mixture,
[MAO] = 0.77 mol L–1, the reaction time was 6 h

[TEMPO] [CH4] [CH4]/[TEMPO] [CH4]/[MAO]
/mol L–1 /mmol

3.9•10–2 0.62±0.01 1.6 0.081
2.9•10–2 1.07±0.01 3.6 0.140
1.8•10–2 0.93±0.01 4.8 0.103
5.3•10–3 0.83±0.01 15.7 0.107
8.0•10–4 0.71±0.01 88.5 0.092
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The mechanism shown for the reaction of MAO and
TMA with metallocene compounds and TEMPO includes
an initiation step (I), chain propagation step (II), and
chain termination step (III). Initiation can take place by
homolytic cleavage of the metal—carbon bond after trans�
alkylation of the transition metal compounds with OAC,
i.e., methyl radicals and products of reduction of transi�
tion metals (which will be discussed below) can serve as
radicals (R·) initiating the polycondensation process.

The chain propagation steps (see Scheme 1) can lead
to both isolation of the major gaseous reaction product
(CH4) and formation of new carbon� or aluminum�cen�
tered radicals, as well as to polycondensation of OAC.

The chain termination is accompanied by formation
of different molecular products (see Scheme 1). The found
reaction of methyl radicals with solvents (toluene—tetra�
lin) can also lead to the termination of the chain due to the
inclination of benzyl radicals formed from toluene to
dimerization.

Formation of methane in the systems including transi�
tion metal metallocene derivatives and OAC can be also
due to the processes similar to the reaction for the forma�
tion of the Tebbe reagent15 (Scheme 2).

Scheme 2

However, it should be noted that such mechanism does
not explain formation of nonstoichiometric amounts of
methane, which exceed amount of metallocene taken for
the reaction by several hundred times.

In all the systems under consideration, formation of
a gelatinous product is accompanied by evolution of gas�
eous methane, whose amount can reach 370 mol of
CH4 (mol of initiator)–1, but in all the cases it does not
exceed 10—14% of the amount of the Me—Al fragments
in the initial OAC. We assume that this process bears
a character of the chain polycondensation with respect to
OAC under consideration. In the case of metallocene sys�
tems, reduction of a transition metal is observed. The ESR
studies indicate that a reduced transition metal contains
an unpaired electron and can also react with the Me groups
of MAO or TMA (Scheme 3) and, thus, play the role of
radical initiating the polycondensation process (marked
as R• in Scheme 1).

Scheme 3

Decomposition of Cp3ZrH or Cp3TiH can lead to the
formation of hydrogen, whose evolution was observed in
all the cases.

Compounds Cp4Zr and Cp4Ti, in contrast to the free�
radical initiator TEMPO, play a dual role in the polycon�
densation process of OAC. On the one hand, they initiate
polycondensation giving metal�centered radicals,
which are formed due to the cleavage of the metal—carbon
σ�bond. On the other hand, they inhibit polyconden�
sation by recombination of two free radicals in the
coordination sphere of a transition metal atom. Apparently,
the inhibition effect of radical processes is more pro�
nounced in the case of Cp4Zr due to the larger radius of
the coordination sphere of Zr atom.16 This assumption
also explains the fact that the amount of evolved methane
in the case when polycondensation is initiated by the zir�
conium derivative is antibate to its concentration.

This suggestion finds its confirmation in the works17—20

devoted to the reactions of catalytic inhibition of radical
polymerization processes of methyl methacrylate and sty�
rene with transition metal complexes (Co, Ti, etc.).

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 08�03�00089a)
and the Federal Agency on Science and Innovations (State
Contract No. 02.740.11.0646, March 29, 2010).

References

1. P. E. Matkovskii, V. D. Makhaev, S. M. Aldoshin, L. N.
Russiyan, G. P. Startseva, Yu. I. Zlobinskii, I. V. Sedov,
Vysokomolekulyar. Soedin., Ser. B, 2007, 49, 723 [Polym. Sci.,
Ser. B (Engl. Transl.), 2007, 49, 85].

2. P. E. Matkovskii, V. D. Makhaev, S. M. Aldoshin, L. N.
Russiyan, G. P. Startseva, Yu. I. Zlobinskii, L. N. Raspopov,
I. V. Sedov, Vysokomolekulyar. Soedin., Ser. A, 2007, 49, 771
[Polym. Sci., Ser. A (Engl. Transl.), 2007, 49, 496].

3. R. D. Rogers, R. W. Bynum, J. L. Atwood, J. Am. Chem.
Soc., 1978, 16, 5238.

4. H. Sinn, W. Kaminsky, H.�J. Vollmer, R. Voldt, Angew.
Chem., Int. Ed. Engl., 1980, 19, 390.

5. W. Kaminsky, R. Steiger, Polyhedron, 1988, 7, 2375.
6. N. S. Enikolopyan, F. S. D´yachkovskii, Z. M. Dzhabieva,

P. E. Matkovskii, Kinet. Katal., 1980, 21, 282 [Kinet. Catal.
(Engl. Transl.), 1980, 21, No. 1].

7. L. I. Chernaya, P. E. Matkovskii, F. S. D´yachkovskii, V. A.
Golubev, Zh. Obshch. Khim., 1978, 48, 1780 [J. Gen. Chem.
USSR (Engl. Transl.), 1978, 48, No. 8].

8. P. E. Matkovskii, L. I. Chernaya, N. S. Enikolopyan, Izv.
Akad. Nauk SSSR, Ser. Khim., 1983, 1494 [Bull. Acad. Sci.
USSR, Div. Chem. Sci. (Engl. Transl.), 1983, 32, 1355].

9. N. E. Khrushch, F. S. D´yachkovskii, V. P. Mar´in, N. M.
Bravaya, Kinet. Katal., 1997, 38, 382 [Kinet. Catal.
(Engl. Transl.), 1997, 38, No. 3].

10. A. D. Margolin, E. A. Fushman, S. S. Lalayan, Vysokomole�
kulyar. Soedin., Ser. B, 1998, 40, 2093 [Polym. Sci., Ser. B
(Engl. Transl.), 1998, 40, No. 12].

11. J. L. Calderon, F. A. Cotton, J. Takats, J. Am. Chem. Soc.,
1971, 93, 3587.



Sedov et al.1884 Russ.Chem.Bull., Int.Ed., Vol. 60, No. 9, September, 2011

12. D. Cam, F. Sartori, A. Maldotti, Macromol. Chem. Phys.,
1994, 195, 2817.

13. P. E. Matkovskii, Kinet. Katal., 1997, 38, 186 [Kinet. Catal.
(Engl. Transl.), 1997, 38, No. 2].

14. V. E. Heins, H. Hinck, W. Kaminsky, G. Oppermann,
P. Raulinat, H. Sinn, Makromol. Chem., 1970, 134, 1.

15. F. Tebbe, G. Parshall, G. Reddy, J. Am. Chem. Soc., 1978,
100, 3611.

16. M. Hurtgen, C. Detrembleur, C. Jerome, A. Debuigne,
Polym. Rev., 2011, 51, 188.

17. B. R. Smirnov, Abstract of the Dr. Sci. Thesis (Chem.),
Institute of Chem. Physics of RAS, Moscow, 1986, 48 pp.
(in Russian).

18. A. G. Oganova, B. R. Smirnov, N. T. Ioffe, N. S. Enikolo�
pyan, Dokl. Akad. Nauk SSSR, 1983, 268, 917 [Dokl. Chem.
(Engl. Transl.), 1983].

Received December 15, 2009;
in revised form June 10, 2011

19. S. V. Kolesov, R. Kh. Yumagulova, E. M. Prokudina, Yu. I.
Puzin, S. I. Kuznetsov, I. A. Ionova, Vysokomolekulyar. So�
edin., Ser. B, 2003, 45, 324 [Polym. Sci., Ser. B (Engl. Transl.),
2003, 45, No. 2].

20. P. E. Matkovskii, Radikal´nye stadii v reaktsiyakh kom�
pleksnykh metalloorganicheskikh i metallotsenovykh kataliza�
torakh i ikh rol´ v polimerizatsii [Radical Steps in Reactions of
Complex Organometallic and Metallocene Catalysts and their
Role in Polymerization], RIO IPKhF RAN, Chernogolovka,
2003, 152 pp. (in Russian).


	Reactions of methylaluminoxane and trimethylaluminumwith zirconium and titanium tetracyclopentadienyl derivatives
	Abstract
	Experimental
	Results and Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /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 202
  /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 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


