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Most metals are complexed with 

 

β

 

-diketones to give
volatile chelates. Therefore, metal 

 

β

 

-diketonates find use
in metal-organic chemical vapor deposition (MOCVD) of
oxide films and coatings [1]. The interest in volatile alka-
line earth metal 

 

β

 

-diketonates was enhanced in the late
1980s–early 1990s when methods for deposition of oxide
films of high-temperature superconductors, ferroelectrics,
and manganites with colossal magnetoresistance were
vigorously developed [2].

The studies [3-5] devoted to the preparation of vol-
atile alkaline earth metal 

 

β

 

-diketonates focused atten-
tion on barium compounds as barium has the greatest
radius and the least pronounced complexation ability
among this group of elements [6]. As a rule, if it is pos-
sible to prepare a volatile barium 

 

β

 

-diketonate whose
composition does not change during storage and evap-
oration, then similar strontium and calcium compounds
also have these properties.

The specific character of volatile barium 

 

β

 

-diketo-
nates is due to specific features of barium complex-
ation, in particular, predominantly ionic bonding, large
radius and, as a consequence, large and variable coordi-
nation numbers (C.N.) up to 12, and relatively low sta-
bility of coordination compounds, especially those with
ligands of medium denticity such as 

 

β

 

-diketonate
anions [3, 6]. The formation of a crystal structure com-
posed of isolated Ba

 

(

 

Dik

 

)

 

2

 

 molecules (HDik is 

 

β

 

-dike-
tone) in which the ligands Dik

 

–

 

 would be bidentate is
impossible. Two single-charged Dik

 

–

 

 ligands can nei-
ther shield the central barium ion from intermolecular
contacts nor saturate its coordination sphere without
performing bridging function.

Among known non-fluorinated barium 

 

β

 

-diketo-
nates, dipivaloylmethanate Ba

 

(í

 

hd

 

)

 

2

 

 (HThd is 2,2,6,6-

tetramethylheptane-3,5-dione or dipivaloylmethane)
containing branched 

 

tert

 

-butyl substituents is most vol-
atile and thermodynamically stable [3, 7]. Barium
dipivaloylmethanate is the tetramer [Ba

 

4

 

(í

 

hd

 

)

 

8

 

] [8, 9]
whose structure comprises ligands with different den-
ticity (2 to 4) and barium ions with C.N.s of 6 and 7.
These C.N.s are insufficient to saturate the large barium
ion, therefore, [Ba

 

4

 

(í

 

hd

 

)

 

8

 

] is very sensitive to the action
of water and atmospheric CO

 

2

 

 and is unstable during
vaporization due to oligomerization in the melt [10,
11]. This complicates its use in the MOCVD technique.

Modification of properties of coordinatively unsat-
urated alkaline earth metal 

 

β

 

-diketonates is often
accomplished using the mixed-ligand complexation
technique [3, 4], which is also based on the specific
nature of these elements as complexing agents and on
their ability to incorporate, in the coordination sphere,
together with the anionic 

 

β

 

-diketonate ligands, also
neutral mono- or polydentate donor ligands (

 

Q

 

) to give
mononuclear complexes [M

 

(

 

Dik

 

)

 

2

 

Q

 

n

 

]. More than a
dozen mixed-ligand complexes [Ba

 

(

 

Thd

 

)

 

2

 

Q

 

n

 

] are
known [3] but the complex [Ba

 

(í

 

hd

 

)

 

2

 

(

 

Phen

 

)

 

2

 

] (Phen is

 

Ó

 

-phenanthroline) is one of most promising compounds
as regards the use for MOCVD. This compound as well
as its calcium and strontium analogues have been stud-
ied in detail [11–15] and have been successfully used to
obtain alkaline earth metal-containing oxide films [16].

The known methods for the synthesis of
[

 

å(í

 

hd

 

)

 

2

 

(

 

Phen

 

)

 

2

 

] (M = Ba, Sr, Ca) comprise two key
steps [3, 4]. The first step is preparation of the dihydrate
M

 

(í

 

hd

 

)

 

2

 

(

 

H

 

2

 

O

 

)

 

2

 

 from a water–ethanol solution, while
the essence of the second step is replacement of water
molecules by Phen molecules and it is this step that
faces with difficulties caused by the specific complex-
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ing properties of alkaline earth metal ions and the
nature of the M

 

(

 

Dik

 

)

 

2

 

–

 

Q ions in mixed-ligand com-
plexes [M

 

(

 

Dik

 

)

 

2

 

Q

 

n

 

]. The strength of this bond and,
hence, the ease of water replacement by a neutral donor
ligand Q depends on the Lewis acidity and basicity of
M

 

(

 

Dik

 

)

 

2

 

 and Q, respectively. Among 

 

β

 

-diketonates of
various metals, alkaline earth metal complexes
(M

 

(

 

Thd

 

)

 

2

 

) have the lowest Lewis acidity, which
decreases on going from calcium to barium. Hence,
during the synthesis of mixed-ligand complexes
[

 

å(

 

Thd

 

)

 

2

 

(

 

Phen

 

)

 

2

 

] (M = Ba, Sr, Ca) from
M

 

(

 

Thd

 

)

 

2

 

(

 

H

 

2

 

O

 

)

 

2

 

, it is necessary to remove water from
the reaction area, this requirement being most vital for
the synthesis of barium compounds.

The synthesis of [M

 

(í

 

hd

 

)

 

2

 

(

 

Phen

 

)

 

2

 

] was first carried
out in five steps: (1) preparation of the sodium salt of
dipivaloylmethane; (2) preparation of M

 

(

 

Thd

 

)

 

2

 

(

 

H

 

2

 

O

 

)

 

2

 

;

 

(3) preparation of 

 

[

 

M

 

(í

 

hd

 

)

 

2

 

]

 

x

 

 by dehydration and subli-
mation of M

 

(í

 

hd

 

)

 

2

 

(

 

H

 

2

 

O

 

)

 

2

 

;

 

 (4) preparation of Phen by
dehydration and sublimation of Phen ·

 

 

 

H

 

2

 

O

 

;

 

 (5) reaction
of stoichiometric amounts of [M(íhd)2]x and Phen in a
benzene–acetonitrile mixture [11, 12].

For the synthesis of [Ba(íhd)2(Phen)2], it is neces-
sary to use anhydrous Phen, because the presence of
even a slight amount of water in the reaction mixture
results in the formation of a mixed-ligand complex
[Ba(íhd)2(Phen)(H2O)] [12]. However, in the case of
calcium and strontium complexes, anhydrous mixed-
ligand complexes [M(íhd)2(Phen)2] are formed even
when hydrated Phen · H2O is used [13]. This change in
the composition of complexes depending on the condi-
tions of synthesis of mixed-ligand complexes is consis-
tent with the fact that the stability constants of
[M(Phen)]2+ increase in the series Ba–Sr–Ca [17].

More recently it was shown [14] that
[M(íhd)2(Phen)2] can be prepared by the reaction of
[M(íhd)2(H2O)2] and anhydrous Phen in benzene with
subsequent distilling off water as the benzene–water
azeotropic mixture. This method is faster as it does not
include the rather labor-consuming dehydration and
sublimation steps but the risk of obtaining partially
hydrolyzed product or a M(íhd)2(Phen)(H2O) impurity
is higher in this case. Note that this synthetic approach
has been also used previously in coordination chemis-
try. In particular, it is used in the synthesis of various
metal carboxylates, fatty acid derivatives by reactions
of appropriate carboxylic acetates and acids followed
by distilling off azeotrope with acetic acid [18].

All the above suggests that [M(íhd)2(Phen)2] can be
synthesized by a simple one-step procedure the key
point of which is the removal of water from the reaction
area. This is conveniently attained by distilling off the
azeotropic mixture of water with an organic solvent.
The possibility of this synthesis is indicated also by the
fact that barium hydroxide reacts with HThd to give
dipivaloylmethanate even in the presence of water [19].
Here we describe the synthesis of [Ba(íhd)2(Phen)2] by

the proposed method and discuss its use for the prepa-
ration of analogous calcium and strontium derivatives.

EXPERIMENTAL

The following reagents and solvents were used:
Ba(OH)2 · 8H2O (high-purity grade) was recrystallized
from water; Sr(NO3)2 · 4H2O, Ca(NO3)2 · 4H2O, and
NaOH (reagent grade); HThd (>99%), o-phenanthro-
line monohydrate (ChemPur); and m-xylene, toluene,
and benzene (Aldrich) were used as received.

Analysis for C, H, and N was carried out by
microanalysis technique on a C,H,N analyzer at the
Center for Drug Chemistry of the All-Russia Research
Chemico-Pharmaceutical Institute. The barium content
in the products was determined by the gravimetric
method, the strontium and calcium contents were found
by complexometric titration.

The frustrated total internal reflection IR spectra of
the solid samples were recorded on a SpectrumOne
spectrophotometer (Perkin-Elmer) in the region of 650-
4000 cm–1. The 1H and 13C NMR spectra were mea-
sured on an Avance-400 Bruker instrument (400 MHz)
at 25°C in CDCl3/TMS.

Powder X-ray diffraction analysis of the complexes
was carried out on a STADI/IP diffractometer (CuKα
radiation). The theoretical X-ray diffraction pattern was
simulated and the reflections were indexed using the
STOE WinXPOW 1.04 program package.

Calcium and strontium hydroxides were synthe-
sized by the reactions of aqueous solutions of the
appropriate metal nitrate and sodium hydroxide by pre-
viously described procedures [19].

Synthesis of [Ba(íhd)2(Phen)2]. A mixture of sto-
ichiometric amounts of Ç‡(éç)2 · 8H2O (4.85 mmol),
HThd (9.70 mmol), and Phen · H2O (9.70 mmol) in the
specified solvent were heated in a round-bottom flask
with a reflux condenser until the components com-
pletely dissolved and then the solvent–water azeotrope
mixture was distilled off. After cooling the reaction
mixture, a solid precipitated, which was recrystallized
from the same solvent. The syntheses were carried out
in three solvents: m-xylene (15 ml), toluene (25 ml),
and benzene (50 ml). The yields were 98, 92, and 90%,
respectively. The products obtained in different sol-
vents were identical regarding elemental composition,
powder X-ray diffraction data, and IR and NMR spec-
troscopy data

For Sr found/anal. calcd, %

Sr(OH)2 · H2O 62.4/62.6

Sr(OH)2 · 8H2O 32.5/32.8

Ca found/anal. calcd, %

Ca(OH)2 54.1/54.1

Ca(OH)2 · H2O 44.8/43.5
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IR (ν, cm–1): 1595 ν(C–O); 1515 ν(C=C); 2880,
2910, 2930, 2970 ν(C–H); 740, 870, 3060, 3090
(Phen).

NMR 1H (CDCl3/TMS; δ, ppm): 9.25 (4 H), 8.22
(4 H), 7.77 (4 H), 7.59 (4 H), 5.42 (2 H), 0.94 (36 H).

13C NMR (CDCl3/TMS; δ, ppm): 197.63 (CO),
150.50, 146.12, 135.05, 128.56, 126.40, 123.02 (Phen),
89.05 (CH), 40.57 (CMe3), 28.52 (Me).

The strontium and calcium complexes were synthe-
sized by a similar procedure using Sr(OH)2 · 8H2O,
12.30 (6.15 mmol), HThd (12.30 mmol), Phen · H2O
(12.30 mmol), and toluene (40 ml). Yield 92%.

IR (ν, cm–1): 1586 ν(C–O); 1510 ν(C=C); 2861,
2900, 2920, 2960 ν(C–H); 750, 870, 3060, 3090
(Phen).

NMR 1H (CDCl3/TMS; δ, ppm): 9.28 (4 H), 8.25 (4
H), 7.79 (4 H), 7.64 (4 H), 5.41 (2 H), 0.98 (36 H).

NMR 13C (CDCl3/TMS; δ, ppm): 196.15 (CO),
150.60, 146.07, 136.09, 128.56, 126.37, 123.05 (Phen),
89.04 (CH), 40.57 (CMe3), 28.63 (Me).

One more synthesis was carried out using strontium
hydroxide monohydrate: Sr(OH)2 · H2O (3.74 mmol),
HThd (7.48 mmol), Phen · H2O (7.48 mmol), and m-
xylene (25 ml). Yield 90%.

IR (ν, cm–1): 3340 ν(éç); 2865, 2957, 2974 ν(C–
H); 1543 νas(COO); 1421 νs(COO); 731. 839, 1560,
1630, 3050 (Phen).

On heating of a mixture of Ca(OH)2 (4.2 mmol),
HThd (8.4 mmol), and Phen · H2O (8.4 mmol) in m-
xylene (50 ml) followed with distilling off the azeo-
trope, no reaction took place. The insoluble precipitate
was the initial Ca(OH)2.

The reaction of Ca(OH)2 · H2O (11.5 mmol) mixed
with H2O (1 ml, 55.5 mmol), HThd (23.0 mmol), and
Phen · H2O (23.0 mmol) in m-xylene (100 ml) carried
out by a similar procedure did not result in complete
dissolution of the reactants. After distilling off the azeo-

For C46H54N4O4Ba (M = 863)

anal. calcd, %: C, 63.9; H, 6.3; N, 6.5; Ba, 15.9.

Found, %: C, 63.7; H, 6.5; N, 6.4; Ba, 15.8.

For C46H54N4O4Sr (M = 813)

anal. calcd, %: C, 67.8; H, 6.6; N, 6.9; Sr, 10.7.

Found, %: C, 67.8; H, 7.0; N, 6.8; Sr, 10.6.

For C6.9H9.8N0.6O2.3Sr[Sr(Thd)0.3(OH)1.7(Phen)0.3], (M = 225)

anal. calcd, %: C, 36.8; H, 4.4; N, 3.7; Sr, 38.7.

Found, %: C, 37.6; H, 4.3; N, 3.2; Sr, 36.8.

For C7.1H10N0.6O2.7Sr[Sr(Piv)0.7(OH)1.3(Phen)0.3], (M = 234)

anal. calcd, %: C, 36.4; H, 4.3; N, 3.6; Sr, 37.2.

trope, a white precipitate was separated from the hot
reaction mixture. Yield 10%.

IR (ν, cm–1): 3742 ν(éç); 2868, 2905, 2937, 2963
ν(C–H); 1572 νas(COO); 1408 νs(COO); 731, 847,
1560, 1630, 3050 (Phen).

NMR 1H (CDCl3/TMS; δ, ppm): 9.23 (2 H), 8.28
(2 H), 7.83 (2 H), 7.67 (2 H), 1.67 (1.8 H), 1.20 (0.4 H).

NMR 13C (CDCl3/TMS; δ, ppm): 194.86, 188.84,
185.91 (COO); 150.37, 136.03, 128.65, 126.53, 123.11
(Phen); 39.53 (CMe3); 27.95 (Me).

The white finely crystalline product isolated from
the filtrate was recrystallized from benzene. Yield 65%.

IR (ν, cm–1): 2857, 2910, 2951 ν(C–H); 1552
νas(COO); 1415 νs(COO); 732, 845, 3052 (Phen).

NMR 1H (CDCl3/TMS; δ, ppm): 9.23 (4 H), 8.25
(4 H), 7.78 (4 H), 7.64 (2 H), 1.07 (18 H).

NMR 13C (CDCl3/TMS; δ, ppm): 188.90 (COO);
150.37, 145.93, 136.38, 128.69, 126.51, 123.25 (Phen);
39.20 (CMe3); 27.99 (Me).

RESULTS AND DISCUSSION

The method of synthesis [Ba(íhd)2(Phen)2] is based
on the reaction

(1)

It is expedient to use high-boiling solvents with high
contents of water in the azeotropic mixture similarly to
the approach used for the synthesis of carboxylates [18,
21]. Analysis of the published data showed [22] that
m-xylene, toluene, and benzene can be used as such sol-
vents. The azeoptope boiling points and compositions
are given below: 

Reaction (1) was successfully carried out in m-
xylene: the target product [Ba(íhd)2(Phen)2] was
obtained in a high yield; the product composition was

Solvent [H2O], wt %
Bp(azeo-
trope), °C

Bp(solvent), 
°C

Benzene 9 69.25 80.2

Toluene 20 85 110.6

m-Xylene 40 94.5 139.1

For C13.8H12.6N2O2.7Ca[Ca(OH)1.8(Piv)0.2(Phen)(H2O)0.5], 
(M = 289)

anal. calcd, %: C, 57.2; H, 4.6; N, 9.4; Ca, 13.8.

Found, %: C, 57.0; H, 4.7; N, 8.3; Ca, 11.3.

For C34H34N4O4Ca[Ca(Piv)2(Phen)2], (M = 602)

anal. calcd, %: C, 67.8; H, 5.6; N, 9.3; Ca, 6.5.

Found, %: C, 67.2; H, 6.3; N, 9.3; Ca, 6.8.

Ba(OH)2 8H2O⋅ 2HThd 2Phen H2O⋅+ +

Ba(Thd)2 Phen( )2[ ] 10H2O.+
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confirmed by elemental analysis, powder X-ray diffrac-
tion analysis, and IR and NMR spectroscopy. On heat-
ing the reaction mixture, Ba(OH)2 · 8H2O completely
dissolved at ~70°ë, which is indicative of reaction (1).
This suggests that this reaction could occur in solvent
with lower boiling points, toluene and benzene. Indeed,
the complex [Ba(íhd)2(Phen)2] was obtained by reac-
tion (1) also in these solvents in high yields and with
high degrees of purity.

It was of particular interest to verify the possibility
of one-step synthesis of [Sr(íhd)2(Phen)2] and
[ëa(íhd)2(Phen)2], because it is known that, unlike bar-
ium hydroxide, reactions of strontium and calcium
hydroxides with HThd do not give the corresponding
hydrated dipivaloyl methanates [4]. Apparently, this is
due to the change in the basicity of alkaline earth metal
hydroxides on going from barium to calcium [6].

Strontium hydroxide exists in two hydrate forms, as
octa- and monohydrate, and their use in reaction (1)
produced different results. The reaction of HThd,
Phen · ç2é, and Sr(OH)2 · 8H2O in toluene resulted in
quantitative formation of [Sr(íhd)2(Phen)2]. As in the
synthesis of [Ba(íhd)2(Phen)2], the reaction was
accompanied by complete dissolution of strontium
hydroxide. Upon replacement of the octahydrate by
monohydrate, the dissolution was incomplete but the
reaction partly proceeded. This is indicated by data of
elemental analysis of the precipitate isolated from the
reaction mixture, which can be represented by two
formulas: [Sr(íhd)0.3(OH)1.7(Phen)0.3] (Ä) and
[Sr(êiv)0.7(OH)1.3(Phen)0.3] (Ç). However, the results of
IR spectroscopic analysis corresponds to a larger extent
to formula (B), because the spectrum did not exhibit
ν(C–O) or ν(C=C) bands of the dipivaloylmethanate
ligands. The IR spectrum of the product in the 1600–
1300 cm–1 region coincides almost entirely with the
spectrum of strontium pivalate [23]; therefore, the
bands at 1543 and 1421 cm–1 were assigned to asym-
metric and symmetric (respectively) stretching vibra-
tions of the pivalate (carboxyl) group. The 1ç and
13C NMR could not be used for identification of this
product, because it was almost insoluble in organic sol-
vents, in particular, in dimethyl sulfoxide. Thus, the
reaction with strontium monohydrate proceeds as alka-
line hydrolysis of dipivaloylmethane to give a hydroxy
pivalate complex instead of [Sr(Thd)2(Phen)2].

The destruction of dipivaloylmethane giving pivalic
acid anions was detected in the synthesis involving cal-
cium hydroxide (anhydrous or as monohydrate). With
anhydrous ë‡(éç)2, reaction (1) does not proceed;
when the monohydrate is used and water is added, a
greater part of the hydroxide precipitate (~80%) is dis-
solved, the insoluble part being the hydroxy complex
[Ca(OH)1.8(Piv)0.2(Phen)(H2O)0.5]. The product isolated
from the solution is a mixed-ligand complex of calcium
pivalate with o-phenanthroline [Ca(Piv)2(Phen)2]. The
IR and NMR spectra exhibit no bands or signals typical

of the β-diketonate ligand but contain bands and signals
for the carboxyl (pivalate) group.

Thus, in this work we propose a simple one-step
method for the synthesis of volatile alkaline earth metal
complexes [å(íhd)2(Phen)2]. The method is based on
the reaction of alkaline earth metal hydroxides with
dipivaloylmethane and o-phenanthroline accompanied
by distillation of water–organic solvent azeotrope mix-
ture from the reaction area. The product composition
depends on the hydration degree and basicity of the
alkaline earth metal hydroxide. An important condition
for the reaction to occur is obtaining a homogeneous
reaction mixture and removal of water from it. The
composition of the products is determined by the nature
of the alkaline earth metal, and water can also be
removed by other methods (e.g., using drying agents).

The proposed synthesis of [å(íhd)2(Phen)2] (M =
Ba, Sr) differs from the previously reported methods by
simplicity and high product yield and can be recom-
mended for producing large amounts of volatile precur-
sors for gas phase deposition of thin films.

REFERENCES

1. Tiitta, M. and Niinisto, L., Chem. Vap. Dep., 1997,
vol. 3, no 1, p. 167.

2. Kaul’, A.R., Zh. Vses. Khim. O-va im. D.I. Mendeleeva,
1989, vol. 34, no. 4, p. 492.

3. Otway, D.J. and Rees, Jr.W.S., Coord. Chem. Rev., 2000,
vol. 210, p. 279.

4. Kuz’mina, N.P. and Martynenko, L.I., Zh. Neorg. Khim.,
2002, vol. 47, no. 4, p. 555 [Russ. J. Inorg. Chem. (Engl.
Transl.), vol. 47, no. 4, p. 487].

5. Condorelli, G.G., Malandrino, G., and Fragala, I.L.,
Coord. Chem. Rev., 2007, vol. 251, p. 1931.

6. Tret’yakov, Yu.D., Martynenko, L.I., Grigor’ev, A.N.,
and Tsivadze, A.Yu., Neorganicheskaya khimiya (Inor-
ganic Chemistry), Moscow: Mosk. Gos. Univ., 2007,
vol. 1.

7. Schwarberg, J.E., Sievers, R.E., and Moshier, R.W.,
Anal. Chem., 1970, vol. 42, no. 14, p. 1829.

8. Drake, S.R., Hursthouse, M.B., Malik, K.M.A., and
Otway, D.J., Dalton Trans., 1993, p. 2883.

9. Glez, A., Drozdov, A.A., and Troyanov, S.I., Koord.
Khim., 1994, vol. 20, no. 12, p. 922.

10. Kuz’mina, N.P., Zaitseva, I.G., Chechernikova, M.V.,
et al., Zh. Neorg. Khim., 1991, vol. 36, no. 11, p. 2739.

11. Giricheva, N.I., Isakova, N.A., Kuz’mina, N.P., et al., Zh.
Neorg. Khim., 1996, vol. 41, no. 9, p. 1523 [Russ. J.
Inorg. Chem. (Engl. Transl.), vol. 41, no. 9, p. 1457].

12. Sato, R., Takahashi, K., Yoshino, M., et al., Jpn. J. Appl.
Phys., 1993, vol. 32, no. 4, p. 1590.

13. Kuzmina, N., Ivanov, V., Troyanov, S., et al., Chem. Vap.
Deposition, 1995, no. 1, p. 72.

14. Soboleva, I.E., Troyanov, S.I., Kuz’mina, N.P., et al.,
Koord. Khim., 1995, vol. 21, no. 9, p. 688.

15. Kuz’mina, N.P., Soboleva, I.E., Martynenko, L.I., et al.,
Zh. Neorg. Khim., 1999, vol. 44, no. 2, p. 285.



RUSSIAN JOURNAL OF COORDINATION CHEMISTRY      Vol. 35      No. 11      2009

SYNTHESIS OF MIXED-LIGAND ALKALI EARTH ELEMENT 797

16. Samoylenkov, S.V., Gorbenko, O.Yu., Graboy, I.E.,
et al., J. Mater. Chem., Chem. Vap. Deposition, 1996,
vol. 6, no. 4, p. 193.

17. Capone, S., Roberties, A., Stefano, C., and Scarcella, R.,
J. Inorg. Nucl. Chem., 1958, vol. 19, no. 2, p. 201.

18. Koch, T. and Wickham, P., J. Org. Chem., 1979, vol. 44,
no. 1, p. 157.

19. Turnipseed, S.B., Barkley, R.M., and Sievers, R.E.,
Inorg. Chem., 1991, vol. 30, no. 4, p. 623.

20. Handbuch der Praeparativen Anorganischen Chemie,
Brauer, G., Ed., Stuttgart: Enke, 1981, vol. 3.

21. Malkerova, I.P., Altsybeev, A.E., Alikhanyan, A.S., et al.,
Zh. Neorg. Khim., 2006, vol. 51, no. 11, p. 1143.

22. Chemist’s Companion, vol. 3. Leningrad: Gos. nauchno-
tekhn. izd-vo khim. lit-ry, 1953. 

23. Kor’eva, A.N., Dunaeva, K.M., and Kuz’mina, N.P., Zh.
Neorg. Khim., 1993, vol. 36, no. 4, p. 734. 



<<
  /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
  /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

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


