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Abstract—Temperature dependences of the rate constants of the esterification reactions of the main carboxylic
acids contained in oxidized cyclohexane (adipic, caproic, and formic) by cyclohexanol in a nonpolar medium

were determined by solving the inverse kinetic proble
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Esters of carboxylic acids and secondary alcohols are
among the main by-products in oxidation of saturated
hydrocarbons and their oxygen derivatives [1-4]. It was
assumed in the early stages of development of the theory
of liquid-phase oxidation of organic compounds by
molecular oxygen that the main source of formation of
these products is the reaction of esterification of carboxylic
acids by alcohols [1, 5]. Later, the significance of the
acid pathway to esters was questioned [6—8] and it was
shown that reactions of alcoholysis of carboxylic acid
anhydrides by alcohols serve as the main channel in which
the esters are formed [4, 9-12]. In [12], the kinetics of
stages of the reaction of alcoholysis of valeric anhydride
by cyclohexanol in the presence of formic acid was
studied, and this enabled estimation of the formation rate
of cyclohexyl esters via the pathway involving carboxylic
acid anhydrides. To evaluate the role of the esterification
reaction in the process of ester formation, it is necessary
to obtain additional data on the kinetics of interaction of
cyclohexanol with carboxylic acids under the conditions
close to those of oxidation.

The aim of the present study was to analyze the kinetics
of interaction between cyclohexanol and the main types
of mono- and dicarboxylic acids contained in oxidized
cyclohexane and to estimate the relative contributions of
the above-mentioned main channels to ester formation in
industrial oxidation of cyclohexane to cyclohexanol and
cyclohexanone.
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EXPERIMENTAL

Methods for purification of formic acid, cyclohexanol,
and o-dichlorobenzene were described in [12]. Caproic
acid of pure grade was dried over anhydrous MgSO,
and distilled in a vacuum in a flow of argon. Adipic acid
of chemically pure grade was used without additional
purification.

The esterification of carboxylic acids with cyclohexanol
in an o-dichlorobenzene solution was performed by
the ampule method. Samples of oxidized cyclohexane
(150-155°C, 0.04% cobalt naphthenate, pressure 0.8 MPa)
were obtained from the caprolactam oxidation shop of Azot
Open Joint-Stock Company, Kemerovo.

Products of the esterification reactions, esters, were
determined by gas-liquid chromatography (GLC). Prior
to determination by GLC, reaction mixtures containing
monocyclohexyl adipate were treated with diazomethane.
The reaction products were analyzed on a 2000x3 mm
column packed with 5% XE-60 silicone on N-AW
0.20-0.25 mm Chromaton. Hexadecane served as internal
standard. Water in samples of oxidized cyclohexane was
determined by the Fischer method [13]. Methods for
determination of other products in oxidized cyclohexane
were described in [11].

We calculated the sought-for parameters of kinetic

equations by using software implementing the least-squares
method in the Delphi 5.5 environment. The system of
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differential equations was solved in each step by the Euler
or Runge-Kutta method. The calculation was performed
over the entire body of data for the object under study. This
made it possible to improve the accuracy of determination
of the activation energy and pre-exponential factor [14].

In accordance with the task formulated, we chose
caproic, adipic, and formic acids as objects of study for
examining the esterification reaction. The first two acids
are the most important representatives of mono- and
dicarboxylic acids of oxidized cyclohexane [1], and the
last of these imparts specific properties to the esterification
process in oxidation of cyclohexane [11, 12].

In the absence of acid catalysts, the esterification of
caproic and formic acid by cyclohexanol occurs by the
reversible reaction

k
Rl(”’,—OH +C H,,OH <_——k+—> Rl(”j—océHlﬁ H,0,
0 0
(D
R'“H, CsHy,

and the accumulation kinetics of the corresponding ester
is described by the differential equation

d[R'COOR]

T k;,[R'COOH][ROH]

— k;_[R'COOR][H,0] , @)

where [ROH], [H,0], [RICOOH], and [RICOOR] are the
running concentrations of cyclohexanol, water, and the
corresponding carboxylic acid and ester; &, and k;_ are the
rate constants of reaction (1) at ith temperature.

On passing to experiments at jth temperature, values
of the corresponding rate constants can be expressed by
the reaction

B E|l 1
Ink.=Ink .+—| ——— 3
J L R|T. T

Experiments on interaction of formic acid (0.14 M) with
cyclohexanol (1.77 M) were carried out in the temperature
range 150-180°C in a solution of o-dichlorobenzene. The
values obtained for the cyclohexyl formate concentrations
are presented in the figure. The rate constants of the stages
of reaction (1), activation energies, and pre-exponential
factor were calculated by solving the inverse kinetic
reaction with the use of Egs. (2) and (3) (Table 1). The

fact that the experimental points obtained by varying the
initial concentrations of formic acid or cyclohexanol can
also be described by equations of the type (2), with the
same values of the constants, confirms the validity of the
chosen kinetic scheme. Even the strongest of unsaturated
aliphatic monocarboxylic acids, formic acid, has nearly no
effect of the rate of the esterification reaction.

In a similar way, we obtained the rate constants of the
stages, activation energies, and pre-exponential factors
for the reaction of esterification of caproic acid (0.14 M)
by cyclohexanol (1.77 M), carried out in the temperature
range 160—190°C (see figure, Table 1).

In the reaction of adipic acid with cyclohexanol,
dicyclohexyl adipate is formed in two successive reversible
stages:

HO— C(CHz)ﬁ OH

+ROH; k.

= HO—C CH OR
0k ( 2)4ﬁ

+ROH; Ky

=———> RO— c CH OR. )
—H 0; k» ( 2)‘%

In this case, the kinetics of accumulation of mono- and
dicyclohexyl adipate at ith temperature can be described
by a system of differential equations

d[HOOC(CH, ),COOR
[ ( - 2)4 I_ . [HOOC(CH,),COOH]
t

x[ROH] - k_,[HOOC(CH, ) ,COOR][H,0]
— k,,[HOOC(CH,),COOR][ROH] + k_,

x [ROOC(CH,),COOR][H,0] (5)

d[ROOC(CH,),COOR]
dr
x[ROH] - k_,[ROOC(CH,),COOR][H,0],  (6)

= k,,[HOOC(CH,),COOR]

where [HOOC(CH,),COOH], [HOOC(CH,),COOR],
and [ROOC(CH,),COOR] are the running concentrations
of adipic acid and mono- and dicyclohexyl adipates,
respectively.

The reaction of esterification of adipic acid (0.075 M)
by cyclohexanol (1.86 M) was studied in the temperature
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Table 1. Results of calculation of rate constants, activation energy, and pre-exponential factor for esterification of formic, ca-

proic, and adipic acids by cyclohexanol

k x 105, s-1, M~1, at indicated temperature, °C
Constant E, kJ mol ™ A
150 160 170 180
Formic acid
ky 3.8 7.2 13.2 23.8 97.46 +0.27 17.54 £ 0.07
k 1.7 3.6 7.4 14.9 116.5+0.1 22.14+0.03
Sum of squared deviations 1.3x10"
Caproic acid
ky 0.27 0.39 0.54 0.75 56.16 +0.43 2.80+0.11
k 3.03 3.43 3.88 4.35 20.07 +0.48 —4.83£0.13
Sum of squared deviations 1.1x10"
Adipic acid
ki 0.73 1.07 1.55 222 61.68+0.16 5.32+0.04
ko 7.36 11.2 16.6 243 66.3 +0.01 8.91+0.004
ki 0.28 0.4 0.56 0.76 54.64+0.24 | 2.42+0.06
koo 4.47 5.64 7.04 8.7 36.93+0.004 | 0.25=+0.001
Sum of squared deviations 6.16x 107
range 160-190°C. The experimental data were used x[HOOC(CH, ),COOR][ROH] +k _,
to calculate by Egs. (3), (5), and (6) the.corresponding x[ROOC(CH,) ,COOR][H, 0] +k ,,
rate constants of the stages, pre-exponential factors, and «[ROOC(CH, ), COOR][H,0] @)

activation energies of this reaction (Table 1). The resulting
calculated curves of ester accumulation rather well describe
the experimental values of the concentrations of mono- and
dicyclohexyl adipates (see figure).

It can be seen from the data in Table 1 that the formation
rate constant of cyclohexyl formate substantially exceeds
that of other esters. These results are in good agreement
with the data of [15], according to which the reactivity of
formic acid in the reaction with cyclohexanol is 30 times
that of other aliphatic carboxylic acids.

The kinetic dependences obtained and the data on the
composition of products in industrial samples of oxidized
cyclohexane (Table 2) enabled us to calculate the formation
rates of cyclohexyl formate and cyclohexyl caproate in the
esterification reaction by Eq. (7) and those of mono- and
dicyclohexyl adipates, by Egs. (8) and (9), respectively:

W

est

k,[R'COOH][ROH] - k_[R'COOR][H,0],  (7)

W, =k, [HOOC(CH,) ,COOH][ROH] -  _,

[

W, = k,,[HOOC(CH,),COOR][ROH]

est

— k_,[ROOH(CH,),COOR][H,0]. )

According to Table 1, the rate constants of the forward
and reverse reactions at 150°C are as follows (s—! M-1):
k,=3.8 X105 and k_ = 1.7 x 10-5 for formic acid; k, =
1.85 x 106 and k_= 2.65 x10-5 for caproic acid; and k,, =
4.87 %1076,k ;=476 x 105 and k,, =2.03 x10-6, k_, =
3.51 x 10-5 for adipic acid. The calculated formation rates
of cyclohexyl formate, caproate, and adipate in samples of
oxidized cyclohexane are listed in Table 3.

As already noted, an alternative to the esterification
reaction pathway to cyclohexyl esters is the alcoholysis
of anhydrides by cyclohexanol. To evaluate the relative
importance of these two channels, it is necessary to
calculate the rate of the alcoholysis reactions. The difficulty
is in that oxidized cyclohexane contains more than ten
products of acid nature [1, 11]. Naturally, mixed and
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170, (3, 3') 180, and (4, 4') 190; (I-4) cyclohexyl adipate and

(1-4") dicyclohexyl adipate.
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symmetric anhydrides will be formed in considerably
greater amounts and there is no way of determining their
individual composition by the existing methods. It is
possible, however, to use the circumstance that, according
to the results of [10, 11], the ratios between the yields of
carboxylic acids and their cyclohexyl esters are close for
all mono- and dicarboxylic acids (except formic acid). If
we assume that mixed anhydrides containing acyls of all
carboxylic acids found in oxidized cyclohexane (except
formic acid) must have reactivities close to those of the
corresponding anhydrides containing the acyl of valeric
acid, then the rate of the alcoholysis reaction can be
estimated using temperature dependences reported in [12]
for the rate constants of the stages of the reaction between
valeric anhydride and cyclohexanol in the presence of
formic acid.

The analytically determined sum of carboxylic
acid anhydrides (X[R,C(O)OC(O)R;]) in oxidized
cyclohexane includes anhydrides with different reactivities,
with formic acid {Z[HC(O)OC(O)R']} and without it
{Z[R'C(O)OC(O)R']}:

Y [R'C(0)OC(0)R’ ] = T [HC(0)OC(O)R]
+ Y [R'C(0)OC(O)R]. (10)

The ratio between these groups of anhydrides is
determined by the equation for the equilibrium constant
[12]:

« _ ZIHC(0)OC(O)R IS [RCOOH],
¥ [R'C(O)OC(O)R[HCOOH] an

where K is the equilibrium constant (K = k,/k_; = 26.94)
[12]; [HCOOH], concentration of formic acid; and
Y[R'COOH]I, total content of carboxylic groups without
formic acid.

It is possible to derive from Eq. (11), using Eq. (10), an
expression for calculating the total concentration of mixed
anhydrides including the formic acid residue:

[HC(O)OC(O)R'] = 1+ > [R'COOH] /([HCOOH]) (12)

The formation rate of cyclohexyl formate is determined
by the equation

W, = kY.[HC(O)OC(O)R'[[ROH], (13)
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Table 2. Effect of the degree of hydrocarbon conversion on the content of some products in samples of cyclohexane oxidized

at 150°C
) 3 - . Sum of carboxyl-containing | Anhydrides
Conv;rsmn, Cyclohexanol, M ¢ x 10°, M, of indicated acid substances ¢ x 10° ¢ % 10° Water
(V]
formic caproic adipic M

1.9 0.153 0.12 2.49 6.34 31.17 3.62 0.026

3.2 0.245 0.14 6.14 16.36 65.23 6.55 0.047

4.8 0.302 0.20 7.93 17.56 70.32 7.81 0.041

where k is the rate constant of alcoholysis of a mixed
anhydride, including the acyl of formic acid, into cyclohexyl
formate, and [ROH] is the cyclohexanol concentration.

According to the results of [12], the temperature
dependence of the formation rate constant of cyclohexyl
formate by the reaction of alcoholysis of a mixed anhydride,
including the acyl of formic acid, by cyclohexanol has the
form

89.30 +0.02 kJ mol !
RT ' (14)

Ink =(24.27+0.07 —

Hence we find the formation rate constant of cyclohexyl
formate, k=32.2 x 10-2 s~ M1 at 150°C. The calculated
formation rates of cyclohexyl formate in samples of
oxidized cyclohexane are listed in Table 4.

In contrast to that of cyclohexyl formate, the formation
rate W of cyclohexyl caproate is equal to the sum of
alcoholysis rates of formic-caproic anhydride, W', and
of other mixed anhydrides including the acyl of caproic
acid, W":

W =W '+W " = k THC(O)OC(O)C,H,, ][ROH]
+0.5k "X [RC(0)OC(O)C4H,, J[ROH],  (15)

where k' is the rate constant of alcoholysis of formic-
caproic anhydride into cyclohexyl caproate; k", rate
constant of alcoholysis of a mixed anhydride, including
the acyls of caproic and another carboxylic acid, into
cyclohexyl caproate; [HC(O)OC(O)CsH;, ], concentration
of formic-caproic anhydride; X[R'C(O)OC(O)CsH;, ], total
concentration of other mixed anhydrides including the acyl
of caproic acid; and 0.5, coefficient that accounts for the
fact that, in alcoholysis of a mixed anhydride of caproic
and another carboxylic acid, the formation of cyclohexyl
ester of the latter acid is equiprobable.

The equation necessary for calculating the concentrations
of formic-caproic anhydride can be derived from

expression (12) on the assumption that the concentration
of mixed anhydrides of a carboxylic acid is proportional
to the concentration of its carboxylic groups:

[HC(O)OC(0)CsH, ]

- Y[R'C(0)OC(O)R’]
1+ > [R'COOH]’ /(K[HCOOH][CsH,,COOH]) " (16)

and Z[R'C(O)OC(O)CsH,,] can be calculated by the
equation
Y[R'C(O)OC(0)CsHy ]
_ Y[R'C(0)OC(0)R’] - X[HC(O)OC(O)R']
- ¥ [R'COOH],
x[CsH;COOH ]. (17)

According to [12], the temperature dependence of the
rate constant of cyclohexyl caproate formation by the
reaction of alcoholysis of a mixed anhydride, including the
acyl of formic acid, by cyclohexanol has the form

67.44 £ 0.06 kJ mol~!

Ink'=(14.04 £ 0.18) - o7 s

Table 3. Effect of the degree of cyclohexane conversion on
the calculated rates of formation of cyclohexyl esters of car-
boxylic acids by the reaction of esterification in samples of
cyclohexane oxidized at 150°C

Wee x 10°, Ms™!
Conver-
sion, % | cyclohexyl | cyclohexyl |monocyclo-|dicyclohex-
formate caproate  |hexyl adipate| yl adipate
1.9 0.631 0.007 2.23 0.246
3.2 1.11 -0.577 6.56 0.86
4.8 2.01 0.278 11.68 1.77
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Table 4. Effect of the degree of conversion on the calculated rates of formation of cyclohexyl esters of carboxylic acids by the
reactions of alcoholysis of anhydrides by cyclohexanol in samples of cyclohexane oxidized at 150°C

Wx10°,Ms™
Conversion, % cyclohexyl cyclohexyl caproate monocyclohexyl adipate dicyclohexyl adipate
formate | & w w & w w % w
1.9 17.0 0.03 0.21 0.24 0.07 1.06 1.13 0.02 0.31 0.33
32 28.7 0.05 0.75 [ 0.80 0.14 3.95 4.09 0.05 1.31 1.36
4.8 54.9 0.12 1.29 1.41 0.26 5.69 5.95 0.10 2.05 2.15

Table 5. Equilibrium concentrations c.q and the ratio of the observed concentrations ¢, to the equilibrium concentrations of
cyclohexyl formate, caproate, and adipate in samples of cyclohexane oxidized at 150°C

Cyclohexyl formate Cyclohexyl caproate | Monocyclohexyl adipate | Dicyclohexyl adipate
Conversion, % - - " -
Ceq X 107, | Cobs/Ceq 100, [ceq x 107, Covs/Ceq 100, | Ceq X 107, | Cobs/Ceq 100, | ceq X 107, | Cops/Ceq 100,
M % M % M % M %
1.9 1.58 9.5 1.03 98.1 3.82 47.6 2.16 16.2
3.2 1.63 14.7 2.24 120.5 8.72 62.0 4.93 22.5
4.8 3.29 12.5 4.09 93.2 13.2 47.9 7.47 19.7

Hence we find the rate constant of cyclohexyl caproate
formation, £' = 5.89 x 10-3 s-1 M-I at 150°C.

The temperature dependence of the rate constant
of cyclohexyl caproate formation by the reaction of
alcoholysis of a mixed anhydride, containing the acyl of
another carboxylic acid, by cyclohexanol has the form
[12]
68.65+0.22 kI mol

Ink"=(14.94+0.62)
RT

(19)

Hence we find the rate constant of cyclohexyl caproate
formation, £" =1.02 x 102 s~1 M~1 at 150°C.

Using the values obtained for the rate constants and
taking into account the assumptions of their applicability
to other mixed anhydrides of oxidized cyclohexane, we
calculated /7' and W" by Egs. (16) and (17) and then, using
Eq. (16), also W for cyclohexyl caproate and mono- and
dicyclohexyl adipates. The results of the calculation are
listed in Table 4.

The data in Table 4 indicate that the rate at which
cyclohexyl formate is formed by the reactions of
alcoholysis of mixed anhydrides substantially exceeds

that at which cyclohexyl caproate and mono-and
dicyclohexyl adipates are produced at all degrees of
cyclohexane conversion. The main contribution to the
formation of these three esters is made by alcoholysis
of mixed anhydrides that do not contain the acyl of
formic acid (Table 4). Comparison of the formation rates
of cyclohexyl esters of these acids by the reactions of
esterification and alcoholysis of anhydrides (Tables 3 and
4) shows that formation rate of all the cyclohexyl esters
in the industrial process of cyclohexane oxidation by the
esterification reactions is negligible as compared with the
alcoholysis rate of mixed anhydrides. For example, for
cyclohexyl formate, this rate is more than 25 thousand
times lower than the rate of its formation by the reaction
of alcoholysis of mixed anhydrides including a formic
acid residue. For mono- and dicyclohexyl adipates,
the importance of the esterification reaction somewhat
exceeds that for the formate, but in this case too, its
contribution does not exceed 0.2%. It can also be seen
from the data in Tables 3 and 4 that, for these esters, the
ratio between the rates of esterification and alcoholysis
of the anhydrides by cyclohexanol is almost independent
of the degree of cyclohexane conversion. For cyclohexyl
caproate, this ratio varies. This possibly occurs because
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the esterification reaction is close to equilibrium in this
case and, as a result, the calculation accuracy of the
rate becomes poorer. In particular, this is indicated by
the negative value of the formation rate of cyclohexyl
caproate (occurrence of hydrolysis) at a cyclohexane
conversion of 3.2% (Table 3).

In contrast to the reaction with an anhydride, the reaction
of esterification of an alcohol by an acid is reversible and,
under certain conditions, can make lower the content of
cyclohexyl esters formed by the reaction of alcoholysis of
carboxylic acid anhydrides by alcohols.

Using the running concentrations of cyclohexanol,
water, and the corresponding carboxylic acids in oxidized
cyclohexane (Table 2), we calculated by the formula

_ k,[ROH][R'COOH]

[RICOOR], =
k_[H,0]

(20)

the equilibrium concentrations of cyclohexyl formate,
caproate, and adipate under the industrial conditions of
cyclohexane oxidation (Table 5).

It can be seen from Table 5 that the concentrations of
cyclohexyl caproate in the samples studied are indeed
close to the equilibrium concentrations. At the same
time, the concentrations observed for cyclohexyl formate
and dicyclohexyl adipate are substantially lower than
their equilibrium values (on average, 12.2 and 19.5%,
respectively).

Nevertheless, the results we obtained demonstrate that,
similarly to the esterification reaction, hydrolysis of esters
presumably cannot noticeably affect the ester formation
in liquid-phase oxidation processes, because its rate is
substantially lower than that of the reaction of alcoholysis
of anhydrides by alcohols. Therefore, a significant
decrease in the yield of esters and secondary alcohols can
be achieved by using catalysts making less important the
oxidative destruction pathway leading to carboxylic acid
anhydrides [3, 16, 17].

CONCLUSIONS

(1) Formic, caproic, and adipic acids do not affect
the effective rate constants of stages of the reactions of
esterification of these carboxylic acids by cyclohexanol in
a solution of o-dichlorobenzene. The reactivity of formic
acid in the esterification reaction markedly exceeds that
of caproic and adipic acids.

(2) The contribution of the reaction of esterification
of mono- and dicarboxylic acids by cyclohexanol to
the formation of cyclohexyl esters in the oxidation
of cyclohexane is less than 0.2% relative to that
from the main channel of their accumulation:
alcoholysis of mixed carboxylic acid anhydrides by
cyclohexanol.

ACKNOWLEDGMENTS

The authors are grateful to O.V. Borodina, head of the
quality control department Tokem Production Association
Limited-Liability Company (Kemerovo) for assistance
in determination of water in oxidized cyclohexane
samples.

REFERENCES

1. Berezin, 1.V., Denisov, E.T., and Emanuel, N.M.,
Okislenie tsiklogeksana (Oxidation of Cyclohexane),
Moscow: Mosk. Gos. Univ., 1962.

2. Denisov, E.T., Mitskevich, N.I., and Agabekov,
V.E., Mekhanizm zhidkofaznogo okisleniya kislorod-
soderzhashchikh soedinenii (Mechanism of Liquid-Phase
Oxidation of Oxygen-containing Compounds), Minsk:
Nauka i tekhnika, 1975.

3. Perkel, A.L., Voronina, S.G., and Freidin, B.G., Usp.
Khim., 1994, vol. 63, no. 9, pp. 793-796.

4. Perkel, A.L., Buneeva, E.I., and Voronina, S.G., Oxid.
Commun., 2000, vol. 23, no. 1, pp. 12-28.

5 Berezin, I.V. and Ragimova, A.N., Zh. Fiz. Khim., 1961,
vol. 35, no. 4, pp. 842-847.

6. Berezin, 1.V., Ragimova, A.N., and Emanuel, N.M., Izv.
Akad. Nauk SSSR, Ser. Khim. Nauk, 1959, no. 10,
pp. 1734-1739.

7. Freidin, B.G., Zh. Prikl. Khim., 1963, vol. 36, no. 5,
pp. 1101-1106.

8. Manakov, M.P. and Farkhf, F.Kh., Izv. Vyssh. Uchebn.
Zaved., Khim. Khim. Tekhnol., 1970, vol. 13, no. 5,
pp. 705-708.

9. Freidin, B.G. and Perkel, A.L., Zh. Prikl. Khim., 1980,
vol. 53, no. 4, pp. 861-866.

10. Perkel, A.L., Freidin, B.G., Neginskaya, R.V., etal., Zh.
Prikl. Khim., 1985, vol. 58, no. 7, pp. 1572—-1577.

11. Kotel’nikova, T.S., Voronina, S.G., and Perkel, A.L., Zh.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No.2 2009



294

12.

13.

14.

KOTEL’NIKOVA et al.

Prikl. Khim., 2006, vol. 79, no. 3, pp. 424-428.
Kotel’nikova, T.S., Revkov, O.A., Voronina, S.G., and
Perkel, A.L., Zh. Prikl. Khim., 2008, vol. 44.

Klimova, V.A., Osnovnye mikrometody analiza
organicheskikh soedinenii (Basic Microscopic Methods
for Analysis of Organic Compounds), Moscow: Khimiya,
1975.

Kotel’nikova, T.S., Revkov, O.A., Voronina, S.G., and

15.

16.

17.

Perkel, A.L., Vestn. Kuz. Gos. Tekhn. Univ., 2006, no. 5,
pp. 105-107.

Faiclough, R.A. and Hinshelwood, C.N., J. Chem. Soc.,
1939, vol. 593, pp. 539-600.

Freidin, B.G. and Perkel, A.L., Zh. Prikl. Khim., 1981,
vol. 54, no. 12, pp. 2733-2739.

Freidin, B.G., Perkel, A.L., and Borodina, O.V., Zh. Priki.
Khim., 1985, vol. 58, no. 12, pp. 2689-2693.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 2 2009




<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


