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Six new A2MBr4 structures [A = dibenzyldimethylammonium cation, M = Mn(II), Co(II) or Zn(II)]
were crystallized with or without solvent molecules from acetonitrile, methanol and/or aqueous so-
lutions. The isomorphous compounds [(Bz2Me2N)2][MnBr4]·CH3CN·H2O (1) and [(Bz2Me2N)2]-
[ZnBr4]·CH3CN·H2O (4) crystallize in the triclinic space group P1̄ from acetonitrile solutions.
The solvent molecules participate in the hydrogen bonding network inside the crystal structure.
[(Bz2Me2N)2][CoBr4]·0.5CH3CN (2) crystallizes from an acetonitrile solution in the monoclinic
space group P21/c. The solvent molecules fill the voids of the crystal structure. Compound 2 is
isostructural with the previously reported compounds [(Bz2Me2N)2][MCl4]·0.5CH3CN with M =
Mn(II), Co(II), Ni(II), Cu(II) or Zn(II). [(Bz2Me2N)2][CoBr4] (3) and [(Bz2Me2N)2][ZnBr4] (5a)
crystallize from a methanol solution in the monoclinic space group P21/c without solvents. A poly-
morph of compound 5a, [(Bz2Me2N)2][ZnBr4] (5b), was crystallized from aqueous solution in the
monoclinic space group P21/c. The packing of the components of the two polymorphs differs clearly.
One cation of 5a appears in the W-conformation whereas the other cation of 5a and both cations of
5b appear in twisted conformations. In addition to the ionic interactions between the ion pairs, the
packing of the compounds is stabilized by hydrogen bonds and weak intermolecular π–π interactions
in all cases. The compounds melt around 200 ◦C and decompose mainly in two steps just above the
melting point. Slow evaporation of solvents is observed both in the TG and DSC diagrams of the
solvates (1, 2 and 4) below 100 ◦C.
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Introduction

The general interest in [A]2[MX4] structures with
A = organic cation, M = transition metal ion and X =
halide (Cl, Br or I) lies in their wide structural vari-
ability [1 – 5], several phase transitions [2, 6 – 9], mod-
ulated phases [10 – 15], thermochromic behavior [16 –
18] and magnetic properties in the solid state [19 – 24].
The renewed notice has focused on complex magnetic
systems, such as spin ladders and alternating exchange
chains [23, 25, 26].

By varying the cations or the transition metal and the
halogen (X = Cl, Br, or I) in the MX4

2− anion, differ-
ent kinds of packing motifs are obtained. The first-row
transition metals have an ability to form a large range
of complexes with mainly tetrahedral and square pla-
nar stereochemistry [27 – 32]. For M = Mn(II), Fe(II),
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Co(II), Ni(II), Zn(II) the tetrahedral geometry is com-
mon [3, 33 – 39]. Instead, when M is copper(II), addi-
tional flexibility is brought into the system, because the
Cu ion undergoes a Jahn-Teller distortion of its tetrahe-
dral coordination geometry [27]. Thus, the tetrahedral
CuX4

2− ion flattens toward D2d symmetry. The geom-
etry of the MX4

2− anions in the solid state is influ-
enced by many other factors, such as the electrostatic
repulsion between the halide ions, the packing forces
as well as hydrogen bonding between the cations and
anions [40]. The hydrogen bonding removes charge
from the halogen atoms and thus reduces the electro-
static repulsions between these atoms, which allows
the movement of anions toward the square planar ge-
ometry [16, 41, 42].

The tetrabromocuprate(II) anion is expected to have
a larger dihedral angle (the measure of the distor-
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Table 1. Crystallographic data for compounds 1 – 5 at 173(2) K.

Compound 1 2 3 4 5a 5b
Formula (C16H20N)2MnBr4 (C16H20N)2CoBr4 (C16H20N)2CoBr4 (C16H20N)2ZnBr4 (C16H20N)2ZnBr4 (C16H20N)2ZnBr4

·CH3CN·H2O ·0.5CH3CN ·CH3CN·H2O
Mr [g mol−1] 886.31 851.76 831.23 896.74 837.67 837.67
Crystal system triclinic monoclinic monoclinic triclinic monoclinic monoclinic
Space group P1̄ P21/c P21/c P1̄ P21/c P21/c
a [Å] 9.169(2) 14.368(3) 17.057(3) 9.121(2) 17.049(3) 13.768(3)
b [Å] 13.201(3) 16.401(3) 9.171(2) 13.218(3) 9.171(2) 12.974(3)
c [Å] 15.639(3) 15.966(3) 23.227(5) 15.591(3) 23.219(5) 19.510(4)
α [◦] 83.93(3) 90 90 83.74(3) 90 90
β [◦] 88.39(3) 108.70(3) 109.75(3) 88.03(3) 109.70(3) 103.28(3)
γ [◦] 77.68(3) 90 90 77.46(3) 90 90
V [Å3] 1838.8(6) 3564(2) 3420(2) 1824(1) 3418(2) 3392(2)
Z 2 4 4 2 4 4
ρcalcd [g cm−3] 1.60 1.59 1.62 1.63 1.63 1.64
µ [mm−1] 4.74 4.99 5.20 5.09 5.42 5.46
F(000) 886 1696 1652 896 1664 1664
Crystal size [mm] 0.30×0.20×0.10 0.10×0.10×0.10 0.25×0.20×0.20 0.20×0.10×0.04 0.40×0.20×0.20 0.15×0.10×0.02
θ range [◦] 2.48 – 28.14 2.83 – 28.12 1.27 –25.36 2.63 – 25.24 1.27 – 28.10 2.58 – 25.34
Reflections collected 14411 15168 10047 11706 13780 11956
Independent reflections 8862 8299 6200 6536 8151 6210
Data/Restraints/Params 8862 / 3 / 400 8299 / 0 / 380 6200 / 0 / 357 6536 / 3 / 399 8151 / 0 / 357 6210 / 0 / 356
GooF 1.072 1.090 1.224 1.051 1.078 1.057
R(int) 0.0466 0.0661 0.0515 0.0644 0.0544 0.0639
Final R indices, R1/wR2 0.0585 / 0.1006 0.0582 / 0.0861 0.0641 / 0.1455 0.0541 / 0.0961 0.0447 / 0.0761 0.0443 / 0.0758

[I ≥ 2σ(I)]
R indices, R1/wR2 0.1005 / 0.1183 0.1167 / 0.1032 0.0963 / 0.1717 0.0915 / 0.1106 0.0767 / 0.0880 0.0731 / 0.0846

(all data)
Largest diff.peak / 0.933 / −0.989 0.496 / −0.498 1.034 / −0.909 0.866 / −0.751 0.967 / −0.895 0.479 / −0.525

hole [e Å−3]

tion from square planar) than the tetrachlorocuprate(II)
anion because of the distortion towards a tetrahedral
geometry will lessen ligand-ligand repulsions for the
larger Br atoms [42, 43].

Our interest has been to examine the effect of the
metal atom on the packing of [A]2[MX4] complexes
by using the same cation (A = dibenzyldimethylam-
monium cation) and varying the first-row transition
metal cation (M = Mn, Fe, Co, Ni, Cu or Zn) and
the halide ion (X = Br or Cl). In this paper, we
present the crystal structures and thermal behavior of
six [(Bz2Me2N)2][MBr4] (M = Mn, Co or Zn) com-
plexes and compare these properties with those previ-
ously reported for [(Bz2Me2N)2][MCl4] (M = Mn, Co,
Ni, Cu or Zn) analogs [44, 45].

Results and Discussion

X-Ray structure analyses

Crystallographic data and selected bond lengths and
angles of the new structures are presented in Tables 1
and 2. Compounds 1, 2 and 4 crystallize as solvates,

Fig. 1. The crystal structure and labelling scheme of com-
pound 4 as an example of the isomorphous compounds 1
and 4 containing one acetonitrile and one water molecule in
the asymmetric unit.
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Table 2. Selected bond lengths (Å) and angles (◦) of compounds 1 – 5, M = Mn (1), Co (2 – 3) or Zn (4 – 5).

Compound 1 2 3 4 5a 5b
N(1)–C(11) 1.540(6) 1.523(6) 1.543(10) 1.529(7) 1.531(5) 1.536(6)
N(1)–C(21) 1.542(6) 1.540(7) 1.521(10) 1.520(8) 1.525(5) 1.516(6)
N(1)–C(31) 1.494(6) 1.496(7) 1.486(10) 1.499(7) 1.498(5) 1.502(6)
N(1)–C(41) 1.490(6) 1.496(7) 1.491(10) 1.504(7) 1.496(5) 1.510(6)
N(2)–C(51) 1.541(6) 1.534(6) 1.534(10) 1.534(7) 1.526(5) 1.523(6)
N(2)–C(61) 1.535(6) 1.529(7) 1.515(9) 1.522(8) 1.527(5) 1.531(6)
N(2)–C(71) 1.501(6) 1.485(6) 1.498(9) 1.507(8) 1.495(5) 1.504(6)
N(2)–C(81) 1.498(6) 1.501(7) 1.495(10) 1.494(8) 1.493(5) 1.503(6)
M–Br(1) 2.499(2) 2.418(1) 2.414(2) 2.411(2) 2.428(1) 2.418(1)
M–Br(2) 2.502(2) 2.387(1) 2.423(2) 2.420(2) 2.413(2) 2.434(1)
M–Br(3) 2.502(2) 2.409(2) 2.412(2) 2.408(2) 2.396(1) 2.403(1)
M–Br(4) 2.509(2) 2.434(1) 2.399(2) 2.411(2) 2.415(1) 2.410(1)
Average of M–X 2.503 2.412 2.412 2.413 2.413 2.416
C(11)–N(1)–C(21) 106.6(3) 106.0(4) 105.7(6) 105.8(5) 109.9(3) 109.8(4)
C(11)–N(1)–C(31) 110.3(4) 110.9(4) 109.7(6) 110.7(5) 106.7(3) 110.9(4)
C(11)–N(1)–C(41) 110.0(4) 110.1(4) 110.2(6) 109.8(5) 109.7(3) 106.0(4)
C(21)–N(1)–C(31) 110.2(4) 109.2(4) 111.1(6) 109.7(5) 110.8(3) 111.0(4)
C(21)–N(1)–C(41) 110.3(4) 110.9(4) 110.6(7) 111.5(5) 110.9(3) 110.4(4)
C(31)–N(1)–C(41) 109.5(4) 109.8(4) 109.5(7) 109.2(5) 108.7(3) 108.6(4)
C(51)–N(2)–C(61) 105.5(3) 104.9(4) 109.9(6) 106.1(4) 105.7(3) 109.6(4)
C(51)–N(2)–C(71) 110.0(4) 111.3(4) 109.3(6) 109.8(5) 110.9(3) 110.9(4)
C(51)–N(2)–C(81) 109.6(4) 110.1(4) 106.6(6) 110.8(5) 109.9(3) 110.5(4)
C(61)–N(2)–C(71) 110.9(4) 109.6(5) 112.0(6) 110.0(5) 110.4(3) 106.5(4)
C(61)–N(2)–C(81) 110.6(4) 112.1(5) 110.0(6) 110.8(5) 110.5(3) 110.6(4)
C(71)–N(2)–C(81) 110.2(4) 108.8(4) 108.7(6) 109.3(5) 109.3(3) 108.7(4)
Br(1)–M–Br(2) 107.72(5) 108.20(4) 110.46(6) 109.61(5) 110.12(3) 102.76(3)
Br(1)–M–Br(3) 108.44(5) 109.03(4) 109.60(6) 108.15(5) 110.13(3) 113.16(3)
Br(1)–M–Br(4) 109.23(5) 109.70(4) 108.28(5) 110.40(5) 107.09(3) 108.56(3)
Br(2)–M–Br(3) 110.51(5) 114.92(4) 107.23(5) 109.70(5) 108.82(3) 107.00(3)
Br(2)–M–Br(4) 111.25(4) 108.95(4) 110.19(6) 110.54(4) 109.56(3) 113.80(4)
Br(3)–M–Br(4) 109.62(5) 105.96(4) 111.08(5) 108.39(5) 111.11(3) 111.36(4)
Average of two largest Br–M–Br 110.88 112.31 110.77 110.47 110.62 113.48
Solvents:
N(1A)–C(1A)–C(2A) 178(2) 175(3) 177(2)
H(1AA)–O(1A)–H(1AB) 108(2)

whereas compounds 3, 5a and 5b crystallize without
solvents.

Compounds 1 and 4 are isomorphous and they crys-
tallize in the triclinic space group P1̄. The molecular
structure of 1 is presented in Fig. 1. The asymmetric
unit consists of one MnBr4

2− dianion, two Bz2Me2N+

cations, one acetonitrile and one water molecule. Both
cations are in the W-conformation.

The crystal structures of 1 and 4 are stabilized by
C–H· · ·Br− (C–H· · ·Br− < 3.0 Å), O–H· · ·N and O–
H· · ·Br− hydrogen bonds. The hydrogen bonding and
the packing of 1 and 4 are presented in Fig. 2. Each
anion forms five C–H· · ·Br− bonds with four nearest
cations and one acetonitrile molecule. The anion forms
one O–H· · ·Br− bond with a water molecule, which
is further bonded to an acetonitrile molecule by an
O–H· · ·N hydrogen bond. Thus the solvent molecules

are participating in the hydrogen bonding network,
and are not just filling the voids inside the crystal
structure.

Between the cations, weak π–π interactions, both
face to face and edge to face interactions, help to sta-
bilize the packing of the components. The geometry of
the MX4

2− anions is close to tetrahedral.
Compound 2 crystallizes in the monoclinic space

group P21/n with Z = 4. The molecular structure is
presented in Fig. 3. The asymmetric unit consists of
one dianion, two Bz2Me2N+ cations and one half of an
acetonitrile molecule. Both cations are in the W-con-
formation. The acetonitrile molecule fills the voids of
the crystal structure. Hydrogen bonds (especially weak
C–H· · ·Br− hydrogen bonds) between the acetonitrile
molecule and the tetrahalometallate salt are not dis-
cernible.
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Fig. 2. a) The hydrogen bonding around the ZnBr42− anion
of 4. The C–H· · ·Br− bond lengths are 2.86(1) – 2.98(4) Å,
shown as dashed lines. O–H· · ·N and O–H· · · Br− bond
lengths are 1.82(11) and 2.34(8) Å, respectively. b) The pack-
ing of isostructural compounds 1 (M = Mn) and 4 (M =
Zn) viewed along the crystallographic a axis. The hydrogen
bonds (C–H· · ·Br− < 3.0 Å) are shown as dashed lines.

The packing of 2 is presented in Fig. 4. The ion pairs
form C–H· · ·Br− hydrogen bonds and weak edge to
face π–π interactions of the phenyl groups. Each anion

Fig. 3. The crystal structure of compound 2. The hydrogen
bonds (Br−· · ·H–C < 3.0 Å) are shown as dashed lines.

Fig. 4. The packing of compound 2 viewed along the crystal-
lographic a axis. The hydrogen bonds (C–H· · ·Br− < 3.0 Å)
are shown as dashed lines.

forms ten C–H· · ·Br− hydrogen bonds (C–H· · ·Br− <
3.0 Å) with six nearest cations. The C–H· · ·Br− bond
lengths vary between 2.80(1) and 2.99(1) Å. One type
of crystallographically independent cations forms long
chains via weak edge to face π–π interactions. Fur-
thermore, face to face π–π interactions are observed
between certain cations of different chains.

Compound 2 is isostructural with the correspond-
ing tetrabromo- and tetrachlorocuprate(II), and the
tetrachloromanganate(II), -cobaltate(II) and -nickel-
ate(II) compounds [44, 45]. The geometry of the
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Fig. 5. Crystal structure of 5a (isomorphous with com-
pound 3).

CoBr4
2−dianion is close to tetrahedral (the average of

the ‘trans’ Br–Co–Br angle is 112.31(4)◦) as it is the
case with the MnCl42−, CoCl42− and NiCl42− anions.

Compounds 3 and 5a are isomorphous and crys-
tallize from methanol in the monoclinic space group
P21/c with Z = 4. The asymmetric unit contains
one MBr4

2− anion and two Bz2Me2N+ cations. The
asymmetric unit of 5a is presented in Fig. 5 as
an example. One of the two crystallographically in-
dependent cations appears in the W-conformation,
whereas the other one has a twisted conformation.
The CoBr4

2− and ZnBr4
2− anions are almost perfectly

tetrahedral with bond angles 107.23(5)– 111.08(5) ◦
and 107.09(3)– 111.11(3) ◦, respectively.

The packing of the components is presented in
Fig. 6b. One anion forms seven C–H· · ·Br− hydrogen
bonds (C–H· · ·Br− < 3.0 Å) with four nearest cations
(Fig. 6a). Furthermore, the packing is affected by weak
intermolecular edge to face π–π interactions of the
phenyl groups.

Compound 5b crystallizes in the monoclinic space
group P21/c having one dianion and two cations in
the asymmetric unit. The two crystallographically in-
dependent cations appear in twisted conformations.
The anion is tetrahedrally coordinated, but the bond
angles (102.76(3)– 113.80(4) ◦) deviate more strongly
from the ideal tetrahedral value than the bond an-
gles of the [MBr4]2− anions in compounds 1 – 5a
(Fig. 7).

Fig. 6. a) The hydrogen bonding around the anions in 3
and 5a. b) The packing of the components of compound
5a (isostructural with 3) viewed along the crystallographic b
axis. The hydrogen bonds (C–H· · ·Br− < 3.0 Å) are shown
as dashed lines.

The packing is stabilized by C–H· · ·Br− hydrogen
bonds (C–H· · ·Br− < 3.0 Å). The anion forms eight
C–H· · ·Br− bonds to five nearest cations; bond lengths
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Fig. 7. The numbering scheme of compound 5b. The dashed
lines indicate the hydrogen bonds between the cations and
the anion (C–H· · ·Br− < 3.0 Å).

Fig. 8. The packing of the components of compound 5b.

vary between 2.75(3) and 2.98(5) Å. Intermolecular
edge to face and face to face π–π interactions can also
be observed (Fig. 8).

Crystals 5a and 5b are two polymorphic forms con-
taining no solvents. The former crystallizes from ace-
tonitrile and the latter from methanol solution. The
space group is the same for both 5a and 5b, but
the packing is clearly different as shown in Fig. 9,
viewed along the b axis. One type of the crystallo-
graphically independent cations of 5a appears in the

Fig. 9. The packing diagrams of the polymorphs 5a and 5b,
viewed along the symmetry axes.

W-conformation, while the other type in 5a and in both
crystallographically independent cations of 5b have a
twisted conformation. In addition, the anion of 5a is
nearly tetrahedrally coordinated, whereas the coordi-
nation in the anion of 5b deviates more strongly from
the tetrahedral standard. The anion of 5a interacts via
seven C–H· · ·Br− bonds with four cations, whereas the
anion of 5b and the five surrounding cations interact
via eight C–H· · ·Br− hydrogen bonds.

Thermal properties

Thermal decomposition paths and phase transitions
for compounds 1 – 5 were determined by TG and DSC
methods. The TG curves are presented in Fig. 10. Melt-
ing points (including the enthalpy changes) determined
with DSC and decomposition ranges from TG mea-
surements are compiled to Table 3.

All compounds melt around 200 ◦C showing a sharp
melting peak in the DSC curve. No events other than
the evaporation of the solvent molecules and the melt-
ing are observed in the DSC curves of 1 – 5 between
−50 ◦C and the observed decomposition temperature.

In case of compounds 1 and 4, which include
cocrystallized acetonitrile and water, the loss of ace-



S. Busi et al. · Bis(dibenzyldimethylammonium) Tetrabromometallates(II) 41

Table 3. Melting points (DSC onsets), enthalpy changes and
decomposition ranges (the initial point of the decomposition)
for compounds 1 – 5.

Compound Tm and Enthalpy Decomposition range
change (◦C, (Jg−1 )) (◦C)

1 185.6 (45.6) 200 – 560
2 196.0 (33.4) 205 – 590
3 203.7 (48.5) 205 – 550
4 205.4 (68.6) 225 – 600

5a 206.7 (57.4) 225 – 600
5b 206.4 (60.7) 210 – 490

Fig. 10. The TG curves for compounds 1 – 5.

tonitrile and water is observed over a rather wide tem-
perature range of 60 – 90 ◦C (DSC curve). The related
mass losses (∆w−%exp) of about 6 % were observed
in the TG curves, which correspond adequately to the
calculated mass loss for both solvents (∆wcalc = 6.6 –
6.7 %).

In case of compound 2 the loss of acetonitrile is not
obvious in the TG curve as the evaporation of solvent
occurs over a wider temperature range with an overall
mass loss of only about 2 % (∆wcalc = 2.4 %). Corre-
spondingly, a very modest rise of the baseline can be
observed in the DSC curve.

Compounds 1 – 5 decompose mainly in two steps.
The decomposition starts typically at 200 – 225 ◦C. In
a first cleavage, the complexes decompose to metal(II)
bromide and elemental carbon the latter of which is a
result of a carbonization of the cation part. In the sec-
ond stage a mixture of metal(II) bromide and metal(II)
oxide are formed as final residues due to the air atmo-
sphere, which was present in all TG experiments.

Conclusions

Bis[dibenzyldimethylammonium] tetrabromometal-
lates or their solvates (with metals Mn, Co and

Zn) crystallize with or without solvent molecules
from acetonitrile, methanol and/or aqueous solu-
tions. Not all compounds are isostructural unlike
the previously reported corresponding tetrachloro-
metallates [45].

In [(Bz2Me2N)2][MnBr4]·CH3CN·H2O (1) and
[(Bz2Me2N)2][ZnBr4]·CH3CN·H2O (4), acetonitrile
and water molecules participate in a hydrogen bond-
ing network. Both cations in the asymmetric unit
are in the W-conformation like in Bz2Me2NBr [46].
The previously reported analogous tetrachlorometal-
late solvates [45] are isostructural with compound 2.
The solvent molecules fill the voids of the crystal
structures and do not affect the packing. Isomorphous
(Bz2Me2N)2CoBr4 (3) and (Bz2Me2N)2ZnBr4 (5a)
crystallize in the monoclinic space group P21/c. The
asymmetric unit consists of one crystallocraphically
independent cation in a W-conformation, one indepen-
dent cation in a twisted conformation and one dianion.
Thus, the conformation of the other cation twists when
the crystals of 3 and 5a are formed. The second poly-
morph (5b) of compound 5 was obtained from aque-
ous solution and crystallizes in the same space group.
However, the packing in the two polymorphs is differ-
ent, as both cations in the asymmetric unit of 5b appear
in the twisted conformation.

In all crystals, the packing is stabilized by C–
H· · ·Br− hydrogen bonds and weak intermolecular π–
π interactions. In compounds 1 and 4, the solvent
molecules participate in the hydrogen bonding net-
work by O–H· · ·N, O–H· · ·Br− and C–H· · ·Br− inter-
actions.

The coordination geometry of the MX4
2− ions is

tetrahedral in all cases (1 – 5) as the Br–H–Br angles
are close to 109.5 ◦C. A tetrahedral coordination sphere
was also observed for previously reported MCl4

2− an-
ions (M = Mn, Co, Ni or Zn) [45]. Thus, chang-
ing the halide from chloride to bromide does not af-
fect the configuration of the MX4

2− anions. A flatten-
ing of the MX4

2− anions toward D2h symmetry was
observed for compounds with M = Cu and X = Br
or Cl [44].

The average of the M(II)–Br distance is 2.503 Å for
Mn, 2.412 Å for Co and 2.413 – 2.416 Å for Zn, as a
consequence of the larger ionic radius of Mn compared
Co, Ni and Zn [47].

The melting points of the title complexes
(185.6 ◦C – 206.7 ◦C) are very similar to those of the
tetrachlorometallate solvate compounds (177.4 ◦C –
201.6 ◦C) reported earlier [45]. All compounds start
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to decompose shortly above the melting point and
decompose mainly in two steps. In the first step the
metal(II) halide and elemental carbon are formed,
followed by the burning of elemental carbon, and part
of the metal(II) halide ([MBr4]2− complexes) or all
the metal(II)halide ([MCl4]2− complexes) is converted
into the corresponding metal(II)oxide.

Experimental Section
Syntheses

General procedure

Compounds 1 – 5 were crystallized from acetonitrile (1,
2 and 4), methanol (3, 5a) or water (5b) solutions contain-
ing stoichiometric amounts (2 : 1) of the (Bz2Me2N)Br salt
and MBr2. Crystals were obtained by slow evaporation af-
ter a few days. (Bz2Me2N)Br was prepared as described
earlier [46]. MBr2 salts were used as received from manu-
facturers.

[Bz2Me2N]2[MnBr4]·CH3CN·H2O (1)

Reagents: (Bz2Me2N)Br and MnBr2·4H2O in acetoni-
trile. Light yellow single crystals. Calcd. C 46.08, H 5.12,
N 4.74; found C 45.70, H 4.76, N 4.47.

[Bz2Me2N]2[CoBr4]·0.5CH3CN (2)

Reagents: (Bz2Me2N)Br and anhydrous CoBr2 in ace-
tonitrile. Light blue single crystals. Calcd. C 46.53, H 4.91,
N 4.11; found C 45.49, H 5.00, N 4.17.

[Bz2Me2N]2[CoBr4] (3)

Reagents: (Bz2Me2N)Br and anhydrous CoBr2 in ace-
tonitrile solution. Blue single crystals. Calcd. C 46.24,
H 4.85, N 3.37; found C 46.08, H 4.84, N 3.17.

[Bz2Me2N]2ZnBr4·CH3CN·H2O (4)

Reagents: (Bz2Me2N)Br and anhydrous ZnBr2 in acetoni-
trile. White single crystals. Calcd. C 45.54, H 5.06, N 4.69;
found C 45.17, H 4.96, N 4.35.

[Bz2Me2N]2[ZnBr4] (5a)

Reagents: (Bz2Me2N)Br and anhydrous ZnBr2 in
methanol. White single crystals. Calcd. C 45.88, H 4.81,
N 3.34; found C 45.16, H 4.65, N 3.09.

[Bz2Me2N]2[ZnBr4] (5b)

Reagents: (Bz2Me2N)Br and anhydrous ZnBr2 in water.
White single crystals. Calcd. C 45.88, H 4.81, N 3.34, found
C 45.46, H 4.68, N 3.10.

Structure analyses

The X-ray single crystal structures for compounds 1 –
5 were determined with a Kappa APEX II diffractometer
at −100 ◦C using graphite monochromaticed MoKα (λ =
0.71069 Å) radiation. The data were processed with Denzo-
SMN v0.95.373 and the absorption correction was performed
using Denzo [48]. All the structures were solved with Direct
Methods (SIR97 [49]) and refined on F2 by full-matrix least-
squares techniques (SHELXL-97 [50]) using anisotropic dis-
placement parameters. All hydrogen atoms (except the wa-
ter hydrogens) were calculated to ideal positions as riding
atoms by using isotropic displacement parameters. The wa-
ter hydrogens were searched from the Fourier difference map
and refined isotropically and later as riding atoms. Figs. 1 – 8
were drawn with the Diamond program [51] and Fig. 9 with
the Mercury program [52].

CCDC 616208 – 616213 contains the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data request/cif.

Thermal properties

Melting points of compounds 1 – 5 were determined on
a Perkin Elmer PYRIS 1 DSC instrument. DSC measure-
ments were carried out using 50 µL sealed aluminum sam-
ple pans with pinholes. The temperature calibration was car-
ried out using three standard materials (n-decane, In, Zn) and
the energy calibration by indium standard. The samples were
heated under nitrogen atmosphere (flow rate of 50 mL
min−1) with the rate of 10 ◦C min−1 from −50 ◦C up to the
predetermined (DSC, TG/DTA) decomposition temperature
and then cooled to −50 ◦C with the rate of 10 ◦C min−1.
The heating-cooling cycle was repeated twice. The sample
weights used in the measurements were about 3 – 6 mg.

The thermal decomposition pathways were followed with
a Perkin Elmer TGA7 thermogravimetric analyzer. The mea-
surements were carried out in platinum pans in air (flow
rate 50 mL min−1) with a heating rate of 10 ◦C min−1 in the
temperature range 25 – 800 ◦C. The temperature calibration
of the TGA equipment was carried out using the Curie-point
technique (Alumel, Ni, Perkalloy, Fe). The weight balance
was calibrated by measuring the standard weight of 50 mg
at r. t. The sample weights used in the measurements were
1 – 8 mg.
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