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Abstract: Three magnesium coordination compounds were obtained to explore the influence of
carboxylate anions on the pattern of the formed hydrogen bonds. For their synthesis, various salts of
magnesium carboxylic acid (formate, acetate, and propionate) were utilized. As an N-donor ligand,
hexamethylenetetramine was employed. The supramolecular structures of the obtained compounds
were determined and evaluated in Hirshfeld analysis. The length of the carbon chain of the used
carboxylate anions has been proven to have a considerable impact on the self-organization of the
supramolecular system by altering the three-dimensional net of the created hydrogen bonds. IR
spectroscopy was used to characterize the obtained compounds, revealing significant differences
between distinct systems. The thermal analysis of the investigated compounds also shows noticeable
differences, demonstrating better stability of the systems containing formate anions.

Keywords: magnesium; formate; acetate; propionate; hexamethylenetetramine; crystal structure;
thermal analysis; infrared spectroscopy; hydrogen bonds

1. Introduction

The design of the distinctive metal–organic materials attracts growing interest [1–3]. How-
ever, synthesizing a solid-state structure with desired properties is a challenging task that
demands understanding the influence of many factors, such as characteristics of the used cation,
ligands, and solvent(s); and the formation of intermolecular interactions in such a selected
environment [4–6]. Currently, the most prevalent strategies that are used in crystal engineering
engage hydrogen/halogen-bonding and coordination bonding [7–10]. Achievements in this
field contribute to developing many new materials and compounds that might be used, among
others, in electronics and the medical and pharmaceutical industries [11–13]. Yet, developing
and constructing coordination systems with the requisite topologies and features is still difficult.
This requires deep knowledge of the impact of the factors mentioned above on the hierarchy
of interactions occurring in the emerging coordination system. One of the cations for which
coordination compounds are of interest and for which there is a need for their synthesis is
the magnesium cation. The coordination chemistry of this cation is of particular importance
due to the unique role of Mg2+ in many biological processes [14–17]. At the molecular level,
magnesium cations participate in homeostasis, are essential in electrolyte pathophysiology, and
activate many enzyme systems such as alkaline phosphatase, peptidases, and enzymes trans-
ferring phosphate [18,19]. In addition, enzymes that contribute to vitamin D metabolism are
magnesium-dependent [20–22]. Since divalent magnesium is classified as a hard acid, it tends
to bind with ligands that contain a hard oxygen atom, such as water molecules or carboxylate,
phosphate, and hydroxylate ions. It may be coordinated directly to a macromolecular binding
site or indirectly through water molecules. The first type of binding concerns proteins, while
binding through coordinating water molecules dominates the interactions with nucleic acids.
Even though the coordination chemistry of magnesium is widely explored, the factors that
make such systems (including “outer-sphere” coordination mode or “inner-sphere” mode) the
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most energetically beneficial are still not fully understood [23–25]. Hence, the investigation of
magnesium coordination chemistry, especially related to N-donor ligand systems, may help to
learn the binding mechanism of this metal to many bioactive molecules (including proteins and
nucleic acids) and have vital importance due to the need for biologically active or biologically
important magnesium compounds for clinical applications.

In order to broaden the knowledge on crystal engineering of coordination compounds
containing an important ion, which is a magnesium cation, a series of its coordination
compounds, of general formula [Mg(H2O)6]A2·2 hmta·4H2O (A–carboxylate anion), was
obtained. Hexamethylenetetramine (hmta) was selected as an N-donor ligand. Carboxylic
anions, differing in chain length in each compound, were selected as counterions. Hmta
serves as a model ligand for many bioactive molecules (including amino acids, proteins, and
nucleotides) due to possessing unshielded nitrogen atoms [26–28]. This ligand also forms
many coordination links. It can be present in both the outer and/or inner coordination
sphere, where it acts as a bridging and/or terminal ligand [28,29]. Hmta was also a
potent agent used for treating urinary tract infections [30]. For all the above reasons, some
coordination aspects of the presented magnesium complex compounds can be extended
to other bioactive molecules. Additionally, hmta is a vital agent used in the production of
powdery or in synthesizing phenolic resins and their molding compounds [31,32]. Usage
of modified, hmta-containing compounds as hardening components in these processes
can increase the beneficial properties of the mentioned resins. In general, the salts of
carboxylic acids are well soluble in water and the carboxylic anions with short carbon
chains form associations with water molecules through hydrogen bonds. Using different
anions of carboxylic acids (formates, acetates, and propionates) will allow concluding
the influence of the length of the carbon chains occurring in these anions on the type of
created intermolecular interactions and the geometry of the formed coordination entity.
The presented study may be essential not only in obtaining the new materials for potential
medical uses, but may also provide further conceptual benefits, and help to understand the
relationship between the structure and compound properties (for instance, thermolysis).

2. Materials and Methods
2.1. Materials and Synthesis

All the reagents (hexamethylenetetramine, magnesium carbonate, formic, acetic, and
propionic acids) were analytically pure and obtained from POCh S.A (Gliwice, Poland). The
samples of magnesium carbonate (0.002 mmol) were suspended in a possibly small amount of
water (about 5 cm3) and then mixed with the formic, acetic, and propionic acid (0.002 mmol),
respectively. The mixtures were stirred on a magnetic stirrer for about 15 min, and next,
they were filtrated to remove unreacted excess magnesium carbonate. The residues on the
filters were washed three times with 5 cm3 of cold water (the magnesium ions were not
detected in the last portion of filtrates). To each solution of combined filtrates (only filtrates
relating to the particular magnesium carbonate sample were combined), the 3 cm3 of a
water solution containing 0.1402 g (0.001 mmol) of hmta was added. The obtained solutions
were stirred on the magnetic stirrer for 15 min and were placed in a refrigerator at 5 ◦C.
All syntheses were repeated with 1:1 and 1:2 Mg:hmta ratios (0.002 mmol and 0.004 mmol
of hmta, respectively). After 3 weeks, the colorless crystals started to grow. The crystals
were isolated from the solutions shortly after they were grown. Therefore, a few fractions
of crystals were collected from each synthesis solution. The IR spectrum was conducted for
each fraction, and the fractions were combined if their spectra were the same. For syntheses
performed with 2:1 and 1:1 ratios, the last few fractions were pure magnesium carboxylate salts.
Independently of the substrate ratio, the same product was formed for each used magnesium
carboxylate. The reaction yields (in relation to hmta), respectively for the syntheses performed
with 2:1, 1:1, and 1:2 ratios were: compound 1 (magnesium formate and hmta) 98%, 95%,
and 94%; compound 2 (magnesium acetate and hmta) 98%, 94%, and 90%; compound 3
(magnesium propionate and hmta) 97%, 92%, and 89%. Elemental analysis for the obtained
compounds 1–3 (calculated/found) [%] (1): C:29.27%/29.21; H:8.01%/7.99%; Mg:4.23%/4.31%;
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N:19.50%/19.53%; O:38.99%/39.04; (2): C:31.85%/32,05%; H:8.38%/8.50%; Mg:4.03%/3.89%;
N:18.59%/18.71%; O:37.15%/37.01; (3): C:34.28%/34.35; H:8.56%/8.60%; Mg:3.86%/3.77%;
N:17.77%/17.89%; O:35.52%/35.60%.

2.2. Crystal Structure Determination

X-ray diffraction data of 1–3 were collected at temperature 291.0(3) K, on a KM-4-
CCD automatic diffractometer equipped with CCD detector and fine-focus sealed X-ray
tubes generated monochromatic MoKα and CuKα radiations. Lorentz, polarization, and
numerical absorption [33] corrections were applied. The structures were solved with the
SHELXT [34] using intrinsic phasing and refined with the SHELXL [35] using least squares
minimization. All the non-hydrogen atoms were refined anisotropically. All the hydrogen
atoms were found from the Fourier difference map and refined using the “riding” model.
The structure of 2 could not be fully refined due to the disorder of the outer coordination
sphere species, which were impossible to localize on the Fourier difference map, despite
splitting molecules into parts. The application of the solvent mask function only worsened
the refinement. Details concerning crystal data and refinement of 1 and 3 are given in
Table 1.

Table 1. Crystal data and structure refinement details for 1 and 3.

Compound 1 3

Empirical formula C14H46MgN8O14 C18H54MgN8O14
Formula weight 574.90 631.00

Crystal system, space group Triclinic, P-1 Triclinic, P-1
Temperature (K) 291.0 (3) 291.0 (3)

Radiation MoKα (λ = 0.71073 Å) CuKα (λ = 1.54178)
a (Å) 9.2503 (3) 8.3713 (4)
b (Å) 9.2802 (4) 9.1600 (7)
c (Å) 9.3256 (4) 12.0634 (6)
α (◦) 76.621 (4) 94.210 (6)
β (◦) 60.933 (4) 100.128 (3)
γ (◦) 79.673 (3) 114.963 (2)

Volume (Å3) 678.63 (5) 814.18 (8)
Z, Calculated density (g/cm3) 1, 1.407 1, 1.287
Absorption coefficient (mm−1) 0.142 1.094

Min. and max. transmission 0.946 and 0.968 0.811 and 0.819
F(000) 310 342

Crystal size (mm) 0.381 × 0.299 × 0.267 0.187 × 0.183 × 0.180
2θ range for data collection (◦) 4.526 to 50.04 3.77 to 67.64

Index ranges −10 ≤ h ≤ 10, −11 ≤ k ≤ 10, −11 ≤ l≤ 10 −10 ≤ h ≤ 9, −10 ≤ k ≤ 10, −14 ≤ l ≤ 14
Reflections collected 6794 9286

Independent reflections 2386 [Rint = 0.0202, Rsigma = 0.0190] 2800 [Rint = 0.0287, Rsigma = 0.0275]
Data/restraints/parameters 2386/0/169 2800/0/189

Goodness-of-fit on F2 1.084 1.059
Final R indexes [I > 2σ (I)] R1 = 0.0329, wR2 = 0.1012 R1 = 0.0372, wR2 = 0.0979
Final R indexes [all data] R1 = 0.0379, wR2 = 0.1033 R1 = 0.0377, wR2 = 0.0984

Largest diff. peak and hole (e•Å−3) 0.47 and −0.19 0.32 and −0.26

2.3. Other Measurements

The thermal analyses were carried out in a TG/DTA-SETSYS-16/18 thermoanalyzer.
The samples were heated in corundum crucibles up to 1000 ◦C at a heating rate of
10 ◦C min−1 in the air atmosphere. Elemental analyses were carried out using a Vario
EL III CHNOS elemental analyzer (C, H, N, O). Magnesium content was determined by
complexometric titration with the 0.01 mol/dm3 water EDTA solution as a complexing
agent [36]. IR spectra of the investigated compound were recorded as KBr disc on a Nicolet
Magna 560 spectrophotometer over the range 4000−400 cm−1.
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3. Results and Discussion
3.1. Structural Analysis

The syntheses of magnesium carboxylates (formate, acetate, and propionate) with
hmta led to obtaining three coordination compounds of the same formula [Mg(H2O)6]A2·2
hmta·4H2O (A–carboxylate anion). They were formed regardless of the substrate sto-
ichiometry applied in the synthesis reactions. These are discrete compounds with the
hexaaquamagnesium coordination entities (Figure 1). In all cases, the central atoms are
located on the inversion centers (special positions h, c, and e of the P21 space group, re-
spectively for 1–3). The coordination polyhedra are almost perfect octahedrons (Table 2).
The carboxylate anions are located in the outer coordination sphere together with hmta
and water molecules. The Mg:hmta ratio is 1:2. In the case of 2, the outer coordination
sphere species, except hmta, could not be refined due to unsolvable disorder (Figure S1)
(see supplementary materials). In consequence, compound 2 was not included in the
following structural analysis concerning intermolecular interactions. The composition of 2
was established based on elemental and thermal analyses.
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Figure 1. Molecular structures of 1 and 3, plotted with a 50% probability of displacement ellipsoids
of nonhydrogen atoms and as spheres of arbitrary radii for hydrogen atoms. The equivalent atoms
(without labels) were generated according to transformation: (1) −x + 1, −y + 1, −z + 1; (3) −x + 1,
−y + 1, −z + 2.

Table 2. Selected structural data for 1 and 3 (Å, ◦).

Compound 1 Compound 3

Mg1—O1 2.0350 (9) Mg1—O1 2.0732 (9)
Mg1—O2 2.0695 (10) Mg1—O2 2.0587 (9)
Mg1—O3 2.0349 (9) Mg1—O3 2.0716 (9)

O1—Mg1—O2 87.01 (4) O1—Mg1—O2 90.59 (4)
O1—Mg1—O2 i 92.99 (4) O1—Mg1—O2 ii 89.41 (4)
O1—Mg1—O3 91.06 (4) O1—Mg1—O3 90.02 (4)
O1—Mg1—O3i 88.94 (4) O1—Mg1—O3 ii 89.98 (4)
O2—Mg1—O3 87.93 (4) O2—Mg1—O3 90.42 (4)

O2—Mg1—O3 i 92.07 (4) O2—Mg1—O3 ii 89.58 (4)
Symmetry transformations used to generate equivalent atoms: (i) −x + 1, −y + 1, −z + 1; (ii) −x + 1, −y + 1, −z + 2.

Despite the same general formula, the supramolecular structures of the studied sys-
tems show significant differences. The following hydrogen bonds stabilize their three-
dimensional crystal nets: O—H•••O, O—H•••N, and C—H•••O (Table 3). They com-
prise carboxylate anions, water, and hmta molecules (Figure 2), creating several different
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graph set patterns [37,38]. Considering the unitary graph set level, only D motifs are
observed. Chain and ring patterns appear in the binary graph set. In the case of 1, N2C2

2(8),
N2C4

4(16), N2R4
4(12), and N2R4

4(16) patterns are found. The C2
2(8) pattern is composed

of O1—H1O•••O11 and O2—H2O•••O12 hydrogen bonds, and in this case, the water
molecules (acting as hydrogen bond donors) coordinating magnesium ions (each molecule
to a different ion) are linked to oxygen atoms of the formate ion (hydrogen bond accep-
tors). This C2

2(8) pattern shares the graph paths with the N2R4
4(16) ring pattern. One

of the N2R4
4(16) ring patterns contains coordinated water and hmta molecules linked by

O1—H1P•••N1 and O2—H2P•••N4 intermolecular hydrogen bonds. The next two (of a
total four) different N2R4

4(16) ring patterns also contain hmta molecules. The four existing
N2C4

4(16) patterns can be expressed as abba, cddc, ceec, and deed (where a, b, c, d, and e
denote the O1—H1O•••O11, O2—H2O•••O12, O1—H1P•••N1, O2—H2P•••N4, and
O3—H3P•••N3 hydrogen bonds, respectively). The solely N2R4

4(12) ring is created by
O99—H99O•••O11 and O99—H99P•••O12 hydrogen bonds, and it exists between the for-
mate ions and water molecules located in the outer coordination sphere. Unitary graph set
level of 3 is created by C2

2(8)C2
2(8)C2

2(8)R2
2(8)C4

4(16)C4
4(16)C4

4(16)R4
4(16)R4

4(16)R4
4(16)

motifs. C2
2(8), C4

4(16), and R4
4(16) patterns are formed by O—H•••N hydrogen bonds

between magnesium coordinated water molecules and hmta molecules. C2
2(8) patterns can

be expressed as ab, ac, and bc, whilst C4
4(16) as abba, acca, and bccb (where a, b, and c refer

to O1—H10•••N1, O2—H20•••N4, and O3—H30•••N2 hydrogen bonds, respectively).
The same hydrogen bonds create R4

4(16) patterns and the particular rings can be written as
abab, acac, and bcbc. The propionic ions, unlike in 1, are engaged only in the solely R2

2(8)
pattern created by hydrogen bonds appearing between these ions and magnesium water
coordinated molecules (O1—H1P•••O11 and O2—H2P•••O12).
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carboxylate anions (c,f). Two-dimensional fingerprint maps of the mentioned species, together with
the contact contributions, are located below the respective surfaces. The Hirshfeld surfaces were
plotted over dnorm.
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Table 3. Hydrogen bonds in 1 and 3 (Å, ◦).

D-H•••A d(D-H) d(H•••A) d(D•••A) <(DHA)

Compound 1

O1—H1O•••O11 0.89 1.80 2.6885(15) 173.5
O1—H1P•••N1 i 0.76 2.07 2.8226(15) 166.7

O2—H2O•••O12 ii 0.85 1.93 2.7683(16) 169.9
O2—H2P•••N4 iii 0.80 2.07 2.8467(15) 164.1

O3—H3O•••O98 iv 0.86 1.80 2.6634(14) 173.0
O3—H3P•••N3 v 0.88 1.94 2.8182(16) 170.8
O98—H98O•••N2 0.91 1.90 2.8010(16) 174.8

O98—H98P•••O99 vi 0.92 1.80 2.7251(18) 177.8
O99—H99O•••O11 vii 0.85 1.97 2.7560(18) 154.3
O99—H99P•••O12 viii 0.90 1.86 2.729(2) 161.4

Compound 3

O1—H1O•••N1 0.86 2.00 2.8386(17) 163.6
O1—H1P•••O11 ix 0.93 1.75 2.6716(15) 171.6
O2—H2O•••N4 x 0.81 2.06 2.8496(18) 163.2
O2—H2P•••O12 0.90 1.81 2.7053(16) 173.0

O3—H3O•••N2 xi 0.85 1.98 2.8271(17) 177.4
O3—H3P•••O99 xii 0.88 1.89 2.7618(16) 170.0

O98—H98O•••N3 xiii 0.91 2.09 2.9609(19) 160.0
O98—H98P•••O12 0.98 1.78 2.751(2) 170.1

O99—H99O•••O11 xiv 0.85 1.91 2.756(2) 173.8
O99—H99P•••O98 xii 0.93 1.88 2.800(2) 170.0

Symmetry transformations used to generate equivalent atoms: (i) −x + 1, −y + 1, −z + 1; (ii) +x, +y − 1, +z; (iii) +x
+ 1, +y, +z; (iv) +x, +y + 1, +z; (v) −x + 1, −y + 1, −z; (vi) +x, +y − 1, +z; (vii) +x − 1, +y, +z; (viii) −x + 1, −y + 2,
−z; (ix) −x + 1, −y + 1, −z + 2; (x) −x + 1, −y + 2, −z + 2; (xi) x−1, y−1, z; (xii) −x, −y + 1, −z + 1; (xiii) x − 1,
y − 1, z − 1; (xiv) −x + 1, −y + 1, −z + 1.

The resulting systems’ Hirshfeld surfaces and 2D fingerprints are comparable, yet
changes in supramolecular structure may be detected. Such differences demonstrate
the influence of the carbon chain length of the present carboxylic acid anions on their
participation in the formation of intermolecular interactions. The Hirshfeld surface of
the formate anions contains a much greater proportion of the red area (Figure 2), which
corresponds to the strong —H•••O interactions. In the case of propionate anions, due to
their longer carbon chain, —H•••H contacts account for a more significant contribution
to intermolecular interactions. Thus, water molecules of the outer coordination sphere
are more actively engaged in creating hydrogen bonds with formate anions. It is reflected
in hydrogen bond patterns engaging uncoordinated water molecules and carboxylate
anions. In these patterns, the ratio of formate anions to water molecules is 1 to 1, while for
propionate anions, it is 1 to 2.

3.2. FT-IR Analysis

The IR spectra of the studied compounds show many similarities (Figures S2–S4).
The most noticeable is the strongest band corresponding to the stretching vibration of CN
bonds (υ CN) of hmta molecules (Table 4). In the spectra of the coordination compounds,
it is slightly shifted towards higher frequencies. Another strong band, corresponding to
the NCN bending vibration of hmta (δ NCN), is also shifted toward higher frequencies;
however, this shift is stronger (by about 15 cm−1). These shifts are due to the involvement
of the nitrogen atoms of the hmta ligand in forming O-H•••N hydrogen bonds that
engage water molecules directly coordinated to the magnesium cation. The mentioned
band of υ CN and the band assigned to rocking vibrations of CH2 (ρ CH2), which serve
together to recognize a binding mode of hmta, are not split; thus, confirming uncoordinated
hmta [39]. The spectra of all the compounds also contain strong bands corresponding to the
asymmetric and symmetric stretching vibrations of the COO groups of carboxylate anions.
The difference between their wavenumbers, known as a separation parameter ∆υ, is used to
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establish the COO coordination behavior [40,41]. For the studied compounds, ∆υ is 246, 160,
and 141 cm−1. These values are in agreement with those for known compounds containing
uncoordinated formate, acetate, and propionate anions [41–43]. The significantly greater
value of ∆υ for formate, regardless of the same binding mode, results from its different
structure. The OCO angle is larger for formate than for acetate and propionate due to a
substituent bonded to the COO group (hydrogen versus aliphatic group). It was proven
that the larger the OCO angle, the greater ∆υ is [41]; thus, ∆υ is generally greater for
formate than for acetate and propionate. The most significant differences between the
spectra of the studied compounds are noted for 1. Its spectrum contains several weak bands
occurring at the wavenumbers in the range of 2700–2800 cm−1. These bands correspond
to the stretching vibrations of the CH2 groups of hmta molecules, and, in the given range,
they are not present in the spectra of 2 and 3 (Table 4). Moreover, in the spectrum of 1, one
cannot see a separate band corresponding to the bending vibrations of water molecules. The
respective band is seen in the spectra of the other compounds (2 and 3) at around 1680 cm−1

(Table 4). In the case of all the spectra, the typical broad band associated with the stretching
vibrations of the O-H group of water molecules is centered at around 3420–3450 cm−1.

Table 4. Vibrational frequencies (cm−1) and their assignments for the studied compounds.

1 2 3 hmta
[44]

Mg(HCOO)2
[45]

Mg(CH3COO)2
[46]

NaCH3CH2COO
[43] Assignment

3427 br 3444 br 3422 br υ OH (H2O)
2975 w 2974 w 2977 w 2966 2973 υas CH2, υas CH3
2937 w 2938 w 2941 w 2955 2907 2930 2937 υs CH2, υ CH, υs CH3

2891 w 2888 w 2874 υs CH2
2796 w υs CH2(NCH2N)
2742 w υs CH2(NCH2N)
2719 w υs CH2(NCH2N)
2477 w 2477 w 2477 w υs CH2(NCH2N)

1683 m 1679 m δ OH (H2O)
1596 s 1568 s 1558 s 1615 1554 1563 υas COO
1466 m 1464 s 1465 s 1458 1450 1461 σ CH2, δas CH3

1408 s 1417 s 1430 1428 υs COO
1383 s 1380 m 1379 m 1370 1392 1376 ω CH2, δ-α CH, δs CH3
1350 s 1365 υs COO

1343 w 1351 δs CH3
1299 s 1301 ω CH2

1241 s 1240 s 1240 s 1234 ρ CH2
1078 w 1077 ρ-α CH3

1009 s 1010 s 1010 s 1007 υ CN
924 m 877 w 949 881 υ CC

814 m 814 w 817 w 825 υ CN
765 m 752 br 758 br 761 671 646 σ COO
688 s 687 s 690 s 673 δ NCN
508 m 507 m 509 m 512 ω NCN

Vibrations symbols: w—weak, m—medium, s—strong, br—broadened, υ—stretching, δ—bending, τ—twisting,
ω—wagging, σ—scissoring, ρ—rocking, α—in-plane, γ—out-of-plane, s—symmetric, as—asymmetric.

3.3. Thermal Analysis

The thermal decomposition of the studied compounds is a gradual process (Figures S5–S7).
In the case of all the compounds, the first state is associated with the endothermic removal
of water molecules. In 1 and 3, this is a one-step process; in 2 at the beginning, only water
molecules of the outer coordination sphere are lost. The mass loss indicates four water molecules,
which next to elemental analysis, is an additional confirmation of the water content in 2 (Table 5).
The six remaining water molecules (belonging to the inner coordination sphere) are removed
during the second stage. At this point, the mass spectra show ion current signals m/z = 17
and m/z = 18, which correspond to the OH+ and H2O+ species. The second stage of thermal
decomposition is the removal of hmta molecules. At the beginning, the hmta is lost during its
sublimation, as indicated by an endothermic process registered on DTA curves (Figures S5–S7),
as well as the most characteristic fragmentation ions of hmta; i.e., C2H4N+ (m/z = 42) is detected
in the mass spectra. As the decomposition continues, the non-sublimated hmta molecules are
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combusted, and the mass spectrum shows ion current signals corresponding to C+, N+, OH+,
H2O+, CO+, NO+, and CO2

+ species. For 2 and 3, the carboxylate anions decompose before the
hmta degradation is completed (third stage). The mass spectra show the same ion current signal
as stated above (excluding m/z = 42). In all cases, the process finishes with the formation of
magnesium oxide as the final product.

Table 5. Thermal analysis data: temperature ranges, DTA extrema (exo—exothermic, endo—
endothermic), mass losses (experimental/calculated), and mz/signals; for the studied compounds.

1 2 3 m/z

I stage
120–202 ◦C, 135 ◦C endo

31.6%/31.3%
−10 H2O

43–132 ◦C, 90 ◦C endo
11.8%/11.9%

−4 H2O

45–133 ◦C, 90 ◦C endo
26.8%/28.5%
−10 H2O

17, 18

II stage
202–313 ◦C, 250 ◦C endo

48.4%/48.7%
−2 hmta

132–278 ◦C, 215 ◦C endo
59.1%/−

133–260 ◦C, 225 ◦C endo
38.6%/− 12, 14, 17, 18, 30, 42, 44

III stage
313–423 ◦C, 380 ◦C exo

12.9%/12.9%
−2 HCOO−, +0.5 O2

278–450 ◦C, 315 ◦C exo,
355 ◦C exo
22.2%/−

260–455 ◦C, 305 ◦C endo,
365 ◦C exo
28.1%/−

12, 14 *, 17, 18, 30 *, 44

II and III stages
totally: 81.3%/81.4%
−6 H2O, −2 hmta,

−2 CH3COO−, +0.5 O2

II and III stages
totally: 66.7%/65.0%

−2 hmta, −2 C2H5COO−,
+0.5O2

Final product 7.1 %/7.1%
MgO

6.9%/6.7%
MgO

6.5%/6.5%
MgO -

* m/z signals present only in the thermal decomposition of 2 and 3.

4. Conclusions

The studied compounds were formed regardless of the applied substrate stoichiom-
etry during the synthesis. The location of the hmta molecules in the outer coordination
sphere and the presence of Mg(H2O)6

2+ ions are beneficial for the optimal pharmaceutical
activity of both species. Due to the uncoordinated nature of the carboxylate ions, which
contrasts with the majority of magnesium carboxylate complexes, the studied compounds
are structurally uncommon [47]. The carbon chain length of the carboxylate anions is a
key factor in supramolecular assembling. In the studied systems, the propioniate anions
engage twice as many water molecules of the outer coordination sphere to form hydrogen
bonds as do formate anions. Thus, a slight change in the carbon chain length significantly
affects the type of created supramolecular interactions. This, in turn, considerably affects
the thermal stability of the investigated compounds. The compound containing formate
anions occurred to be notably more thermally stable.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cryst12101434/s1, Figure S1: Unit cell of 2 showing the un-
solvable disorder in the outer coordination sphere title; Figures S2–S4: IR spectra of 1–3; Figures S5–S7:
TG and DTA curves of 1–3.
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M.B. and P.S.; writing—original draft preparation, T.S., A.T.-K. and M.Ś.; writing—review and editing,
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