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Abstract—Solid complexes of Co(II), Mn(Il), and Ni(II) with 2-propyl-4,5-imidazoledicarboxylic acid have
been prepared and studied by means of mass spectrometry evolved gas analysis (EGA—MS). The applied
hyphenated thermoanalytical approach has allowed description of the thermally induced decomposition steps
and has supported the suggested mechanism. The results of this work in combination with the earlier reported
data have suggested that two main thermally induced decomposition pathways are common of the imidazole-

substituted complexes.
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Metal complexes containing imidazoledicarboxy-
late ligands have been widely investigated in view of
their diverse structure and topology [1-3] allowing for
versatile promising applications in the fields of gas
storage, catalysis, optoelectronics, sensors, magnetism,
luminescence, and porous materials [4—14].

The available reports generally discuss the
complexes synthesis and characterization by means of
elemental analysis, IR spectroscopy, and (sometimes)
NMR spectroscopy. Thermal analysis has been
recently applied for elucidation of the thermally
induced decomposition mechanism [4, 7-9, 11, 13] in
addition to well developed X-ray diffraction
approaches [5, 6, 10, 12]. However, thermogravimetry
alone is not always sufficient to derive the detailed
reaction mechanism; in view of this, the hyphenated
thermal analysis and FTIR or MS spectroscopy
techniques have been applied to describe the
decomposition steps and to elucidate the complexes
decomposition mechanism (cf. reviews [15-19] and
references therein).

The TGA-MS studies of the imidazole-substituted
complexes conducted in our group have revealed the

! The text was submitted by the authors in English.

systematic similarity of the complexes decomposition
pathways. Experimental evidences [20-27] generally
showed low-temperature decomposition steps assigned
to the loss of water and of the counter ions, while the
subsequent decomposition followed one of the two
pathways, depending on the ligand structure. In the
case of N,N'-bis(2-hydroxybenzylidene)-1,1-diamino-
butane [20], 2-aminomethylbenzimidazole [21], or
imidazole-4,5-dicarboxylic acid [22, 23], the ligand is
eliminated and/or chemically transformed, as con-
firmed by the mass loss data and analysis of the
evolved gas products. On the contrary, with bis(1-
methylimidazol-2-yl)ketone [24-26] or dopamine [27]
as ligand, the 1 : 2 or 1 : 4 complex remained stable till
the final decomposition stage, the latter yielding the
metal oxide.

In this study, solid complexes of Co(II), Mn(Il),
and Ni(Il) with 2-propyl-4,5-imidazoledicarboxylic
acid (H,PIDC) were prepared and characterized, and
their decomposition was studied via simultaneous
TGA and MS of the evolved gases (the hyphenated
TGA-EGA-MS technique).

Elemental analysis of the prepared complexes
(Table 1) confirmed the suggested composition of the
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Table 1. Elemental analysis data of the prepared complexes
Found, % Calculated, %
Complex

C H N metal C H N metal
Co(H,PIDC),(H,0), 39.0 44 11.6 12.3 39.3 4.5 11.4 12.1
Ni(H,PIDC),(H,0), 39.2 43 11.3 12.1 39.3 4.5 11.4 12.1
Mn(H,PIDC),(H,0), 34.2 4.9 09.9 11.1 344 5.0 10.0 11.3

Table 2. Temperature range of the main stages of thermal decomposition of the complexes and the corresponding mass loss

Complex First stage: 100—190°C | Second stage: 230-300°C Third stage: 300-450°C
found, % | calculated, % | found, % | calculated, % | found, % calculated, %
Co(H,PIDC),(H,0), 13.3 13.1 45.0 45.8 25.7 26.0
Ni(H,PIDC),(H,0), 13.0 13.1 46.9 45.8 24.0 26.0
Mn(H,PIDC),(H,0), 13.6 13.2 46.0 46.3 26.3 26.2

products, since the experimentally determined elements
content coincided with the calculated values.

FTIR spectra of the products contained the
following common absorption bands: 2975 (m), 1720
(s), 1540 (s), 1390 (s), 1280 (s), 1100 (m), 860 (m),
775 (m), 695 (w), 660 (m), and 510 (m) cm . The
spectral features were in accordance with the earlier
reported by Yang et al. for similar complexes [28].

Figure 1 displays TGA curves of the studied
complexes decomposition recorded upon heating in
air. For all the compounds, thermal decomposition
process consisted of three main steps.

The corresponding mass loss (Table 2) and the
complexes composition (Table 1) suggested that the
first decomposition step consisted in elimination of the
hydrate water molecules and the side chain of one of
the ligands. The suggested mechanism coincided with
the molecular structure of similar complexes (cf.
Figs. 2b, 3b, and 4c in [30]): the side chain in the
external position should be eliminated easier than the
other one. Additional confirmation of the suggested
mechanism validity was obtained via mass
spectrometry analysis of the evolved gases. In
particular, elimination of water was marked by the
signals at m/z = 17 and 18, whereas elimination of the
side chain fragment was assigned to the signal at m/z =
28 (Fig. 2). The features of the complexes thermal
decomposition remained practically the same when the
analysis was conducted under inert atmosphere (N,).

The second decomposition step was clarified in the
experiment under inert atmosphere. The presence of
the signals at m/z = 28, 29, and 46 (Fig. 2) and the
corresponding mass loss (Table 2) evidenced about
rupture of the ligand ring as depicted in Fig. 3,
followed by the structure rearrangement. The final
decomposition step led to deep burning-out of the
organic part of the complex yielding the metal oxide as
the high-temperature residue.

In summary, the obtained results clearly revealed
that the studied metal complexes with 2-propyl-4,5-
imidazoledicarboxylic acid belonged to the first group
according to the classification mentioned in the
introduction; that is, their thermal decomposition
presumed formation of the well-detected intermediate
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Fig 1. TGA curves of (/) Co(HL,PIDC),(H;0),, (2) Ni(H,PIDC),

(H,0),, and (3) Mn(H,PIDC),(H,0), recorded under air
flow of 100 mL/min at heating rate of 5 deg/min.
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Fig. 2. Mass spectroscopy analysis of the evolved gaseous products during the complexes decomposition: (a) first TGA step and
(b) second + third TGA step. The m/z profiles were the same for all the analyzed complexes.

containing a five- or six-membered ring further
decomposing into the corresponding metal oxide.

EXPERIMENTAL

2-Propyl-4,5-imidazoledicarboxylic acid as well as
cobalt, nickel and manganese chlorides (Aldrich or
Merck, A.R. grade) were used as received. The
conditions of each synthesis to precipitate the
complexes of general formula M(H,PIDC),(H,0),,
where M=Co(Il), Ni(Il) or Mn(Il), reported in [28]
were strictly followed. Elemental analysis was
performed using a VarioEl III CHN Analyzer

CH;

Fig. 3. Scheme of the general decomposition mechanism:
(1) bonds rupture at the first decomposition step and
(2) bonds rupture at the second decomposition step.

instrument. FTIR spectra (KBr pellets) were recorded
using a 1760X (Perkin-Elmer) instrument. The metals
concentration was determined using an ICP-OES
instrument (Varian ICP/VISTA MPX) equipped with
an ultrasonic nebulizer (U 5000 AT+, Cetac
Technologies Inc.). The analysis of the metal content
was performed in six replicates; the results were
averaged, and the signal detected for the blank
specimen under the same conditions was subtracted.
To account for the nebulizer efficiency, internal
reference (100 pg/L of yttrium, A = 371.030 nm) was
used.

TGA curves were recorded using a TGA7 (Perkin-
Elmer) instrument. The analysis was run under the
conditions used in the earlier studies [29, 30]:
specimen mass 7-8 mg, platinum crucible, temperature
range of 20-850°C, heating at 5 deg/min (allowing for
the best stages resolution at a reasonable experiment
duration), 100% nitrogen or a 4 : 1 v/v mixture of
nitrogen and oxygen at a flow rate of 100 mL/min.

The hyphenated TGA-MS experiment was per-
formed taking advantage of a STD 2960 synchronous
DTA-TGA instrument (TA Instruments) using sealed
crucibles with a pinhole at the top. The gaseous species
were analyzed using a ThermoStar GDS 200 (Balzers
Instrument) quadrupole mass spectrometer equipped
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with Chaneltron detector (EI, 70 eV) connected via a
heated 100% methyl deactivated fused silica capillary
tubing. The TGA curves recorded using the two
instruments gave reproducible results.
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