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Abstract
Metal acetylacetonates are coordination compounds consisting of the acetylacetonate anion (CH3COCHCOCH3, indicated
as acac) and metal ions. Typically, both oxygen atoms of the anion bind with the metal and form a six-membered chelate
ring. The simplest complexes have the formulas M(acac)3 and M(acac)2. Many complexes are soluble in organic solvents,
and such solutions are used for the synthesis of catalysts. The processes of formation of solvates of acetylacetonates of
various metals have not been studied properly. It should be noted that the determination of the composition and properties
of solvates is important for understanding the peculiarities of the extraction processes of metal acetylacetonates.
Manganese(III) acetylacetonate Mn(acac)3, for example, is also widely used. The recrystallisation of the complex is most
commonly conducted from solutions in chloroform, and in this case, the corresponding solvates may be formed, which can
affect the structure and properties of Mn(acac)3. There are no data on the synthesis conditions and the composition of the
solvates of manganese(III) acetylacetonate with chloroform. Therefore, the purpose of this work is to study the possibilities
of its formation and to establish the composition of such solvates.
The formation of the solvate in solution was established using Fourier IR spectroscopy by the shift of the absorption band
of the C-H chloroform bond. The composition of the Mn(acac)3· 2CHCl3 solvate was determined using gravimetric analysis.
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1. Introduction
Manganese(III) acetylacetonate – [Mn(C5H7O2)3]
– is used as the source material for the synthesis
of electrolytes [1] and catalysts [2–8]. Regardless
of the synthesis method, Mn(acac)3 is most
frequently recrystallised from solutions in
chloroform. In this case, the corresponding
solvates may be formed, which can affect
the structure and properties of Mn(acac) 3 .
The processes of formation of solvates of
acetylacetonates of various metals have not
been studied properly. There are some data on
the formation of solvates of acetylacetonates
of trivalent chromium, iron, and scandium with
chloroform [9, 10]. However, there are no such
data for Mn(acac)3. The purpose of this work
was to study the possibilities of formation of
solvates of manganese(III) acetylacetonates
with chloroform using gravimetry and Fourier
IR spectroscopy.
2. Experimental
2.1. Synthesis
To evaluate the possibility of the formation of
solvates, we used chloroform as a solvent since
it dissolves manganese(III) acetylacetonate well.
A saturated solution of Mn(acac)3 in chloroform
was prepared at room temperature. The solution
was filtered and left in air until a crystal haze
formed. After that, the crystals were separated by
decantation. Oversaturation was created through
evaporation of chloroform, which allowed
regulating the rate of formation and growth of
nuclei of new phases, including possible solvates.
The crystallisation took from one to several days.
Upon cooling, big shiny black crystals of the
Mn(acac)3 solvate with chloroform were isolated
at first and then decomposed after drying (for
more than 24 hours) in air, which manifested
in surface clouding and the transformation of
crystals into powder.
2.2. Gravimetric determination
of the composition of a Mn(acac)3 solvate
with chloroform
The composition of the Mn(acac)3·nCHCl3
solvate obtained through the recrystallisation of
Mn(acac)3from chloroform was determined using
gravimetry. To do that, we poured the saturated
solution of manganese(III) acetylacetonate in
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chloroform into a weighed 50-ml flask and left it
in air. Once the free solvent evaporated and signs
of decomposition (loss of shine, colour changed
from black to dirty green) of the first few crystals
appeared, we recorded the weight of the flask and
calculated the weight of the solvate. Two weeks
later, when the decomposition of the solvate was
almost complete (the weight stopped changing),
we heated the flask with the substance up to
100 °C for 10 minutes using a heat gun in order
to remove the last traces of solvent. After that,
the weight was recorded again. The flasks were
weighed on scales with an accuracy of 0.01 g. Over
the whole period of the experiment the substance
in the open flask was kept in a dark and dry place
with almost fixed temperature (23±1 °C).
The weight of the flask with the substance at
the beginning of decomposition, in other words,
the weight of the flask with the solvate, was
M = 34.17±0.01 g. At the end of decomposition,
after being heated with a heat gun the weight of the
flask with crystals (manganese(III) acetylacetonate
without chloroform) was m = 31.45±0.01 g. The
weight of the empty flask is mF = 27.48±0.01 g.
If we express the composition of the solvate by
the formula Mn(acac)3· nCHCl3, then, using the
obtained data, we can calculate the number n of
chloroform molecules in the solvate as follows:

( M - m) * M ( Mn (acac ) )
=
(m - m ) * M (CHCl )
(34.17 - 31.45) * 352.265 = 2.022,
=
(31.45 - 27.48) * 119.378

n=

3

F

3

Ê DM + Dm Dm + DmF ˆ
Dn = Á
+
*n =
m - mF ˜¯
Ë M -m
0.01 + 0.01 ˆ
Ê 0.01 + 0.01
* 2.022 ± 0.03,
=Á
+
Ë 34.17 - 31.45 31.45 - 27.48 ˜¯

that is, n = 2.02±0.03, while the composition of
the solvate, therefore, can be expressed by the
formula Mn(acac)3· 2CHCl3, in other words, trivalent manganese acetylacetonate forms solvates
with chloroform with the ratio of 1:2 as well as
the corresponding derivatives of iron(III), chromium(III), and scandium (III).
2.3. Fourier IR spectroscopy
To establish the possibility of the formation
of solvates, we analysed the IR spectra of
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solutions using Perkin Elmer Frontier FT-IR. The
transmission spectrum of the Mn(acac)3 solution
in chloroform was recorded in a potassium
bromide cuvette. The device was calibrated using
a cuvette with pure chloroform.
A bright band was observed at ~3000 cm–1 in
the IR transmission spectrum of the Mn(acac)3
solution in chloroform relative to chloroform
(Fig. 1). It corresponds to the vibrations of the
C-H bond in CHCl3 [11]. Its intensity should
not be considered significant, since it should be
subtracted from the background when recording
the spectrum. Mn(acac)3 does not have such
intense absorption bands in this region [12–14].
The considered band is also shifted in relation to
the spectrum of pure chloroform. The observed
band is associated with the interaction of
chloroform molecules with Mn(acac)3 molecules,
in other words, it indicates the formation of
Mn(acac)3 solvates with CHCl3.
3. Conclusions
As a result of our work, through the use
of Fourier IR spectroscopy, it was found that
manganese(III) acetylacetonate forms a solvate
with chloroform in solution, and it was also
found through the use of gravimetry that the
composition of the crystal solvate is expressed
by the formula Mn(acac)3· 2CHCl3. The obtained
results are the first steps in the study of the
solvation of manganese(III) acetylacetonate. For a
more extended picture and a better understanding
of the influence of the processes occurring in the
solution on the structure of the complex, its
solvates should be studied with a number of other
solvents, and not only their composition, but also
the structure should be established.
The latter task is very difficult, but it is highly
interesting as part of the studied issue.
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Fig. 1. IR transmission spectra of pure chloroform
(relative to air) and a solution of Mn(acac)3 in chloroform (relative to chloroform). The intensities of the
spectra are normalised
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