
1. Introduction 
The use of macrocyclic complexes of transitional metallic 
cations instead of free metal ions to build coordination 
polymers offers the advantage of improved control of the 
extending direction of networks, which in turn simplifies 
the design and prediction of the network structures 
[1-5]. Moreover, the azamacrocyclic metal complexes, 
an important subject for contemporary coordination 
chemistry [6], have the ability to hold the network together 
through hydrogen bonds between the amino groups 
of the complex cation and various oxygen functions 
present in the structure of different counter-anions. It is 

important, in this aspect, to remember the paper of Clark 
and co-workers in connection with co-crystallization 
of bicyclic polyamine complexes as synthons with 
carboxylic acids [7a], the acid-base system being one 
of the most important branch of mixed ligands for design 
and construction of coordination polymers [7b].

Suh and co-workers reported neutral diamondoid 
networks obtained from azamacrocyclic [Ni(cyclam)]2+ 
cation and tetraanions as TCM4- (tetra[4-
(carboxylatephenyl)oxamethyl]methane) [2], or 
methanetetrabenzoate [3]. These flexible and dynamic 
networks accommodate guest molecules through 
hydrogen-bonding interactions with carboxylate group of 
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Reaction of Na4TCM (1) (H4TCM = tetra[4-(carboxyphenyl)oxamethyl]methane) with [Cu(CHA)](ClO4)2 (2)(CHA = 1,3,6,8,11,14-hexaaz
atricyclo[12.2.1.1.8,11] octadecane) in a DMF-water mixture yields [Cu(CHA)]2[TCM] (3). Structural analysis of [Cu(CHA)]2[TCM]•11H2O 
(3•11H2O) by single crystal X-ray diffraction reveals strong copper-oxygen bonds between two complex cations and the tetraanion 
leading to a 3D coordination network (zwitterionic structure), consolidated through additional NH···O=C hydrogen bonding within the 
cation/anion association. The resulting coordination geometry around a copper atom is a distorted square pyramidal with an oxygen atom 
of the anionic ligand in the apical position. A 3D supramolecular network is developed in the crystal based only on NH···OC hydrogen 
bonds between the macrocyclic metallic tecton and the carboxylate groups of neighboring 3D coordinated (zwitterionic) moieties. The 
pseudotetrahedral TCM4- tetraanionic ligand induces a diamondoid architecture formed of large distorted adamantanoid cages.
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the anion or secondary amine groups of the macrocyclic 
ligand. The structure of the macrocyclic complex cation 
plays a crucial role in determining the network of 
polymers. Incorporation of two pyridyl-containing arms in 
the structure of the parent cyclam ligand led to a network 
based on double catenated rhombic grids for the TCM4--
containing polymer [4]. Xia and coworkers prepared, by 
co-crystallization, supramolecular coordination polymers 
(SCPs) based on various macrocyclic metallic (Ni2+, 
Cu2+) tectons and the anion of the 1,3,5-triazine-2,4,6-
triamine hexaacetic acid (H6TTHA) [8]. The structure 
of [Cu(PCHA)][H4TTHA]•1.5H2O, prepared from 
[Cu(PCHA)] (ClO4)2 (PCHA = 4-methyl-1,3,6,8,11,14-
hexaazatricyclo [12.2.1. 18,11] octadecane) and H6TTHA, 
was established by single-crystal X-ray diffraction. 
When [Cu(HTO)]Cl2 (HTO = 1,3,6,9,11,14-hexa aza 
tricyclo[12.2.1.16,9]octadecane) or Cu(CHA) (ClO4)2 
(CHA = 1,3,6,8,11,14-hexaazatricyclo [12.2.1.18,11] 
octadecane) were used as source for the macrocyclic 
complex cation instead of [Cu(PCHA)](ClO4)2, no single 
crystals suitable for the X-ray diffraction were obtained.

Finally we have to underline that Cu(II) coordination 
polymers with diamondoid architecture are quite rare. 
Beside the neutral diamondoid networks obtained from 
azamacrocyclic compounds [2,3], to the best of our 
knowledge such an architecture was also prepared 
using an angular dipyridyl ligand, i.e., 2,5-bis(4-pyridyl)-
1,3,4-oxadiazole [9]. Coordination polymers with mixed-
ligand tectons show very interesting physico-chemical 
properties such as magnetism, optics, adsoption, 
conductivity, catalysis, separation [9, and references 
citated therein].

Hydrogen bonds are viewed as the strongest and 
most directional of the intermolecular interactions 
and play the major role in building of supramolecular 
structures which are of great importance in material 
science, nanochemistry and biomimetic chemistry [10]. 
Supramolecular structures of coordination polymers 
containing azacrown ethers and based exclusively on 
hydrogen bonding interactions have been rarely reported 
and the recognition pattern between the carboxylic acid 
group and the macrocycle remains less-well explored. An 
example is represented by the supramolecular structure 
of [M(cyclam)(H2O)2](fumarate)•4H2O (M = Zn2+, Ni2+) 
[11]. In the crystal of these compounds two-dimensional 
layers are built through Owater-H•••Ocarboxylate hydrogen 
bonds between fumarate anions and water molecules, 
including those which are part of the complex [M(cyclam)
(H2O)2]2+ cations. Consequently, the [M(cyclam)]2+ units 
are placed between such layers and the resulting 
three-dimensional network is consolidated by further 
N-H•••Owater and C-H•••Ocarboxylate hydrogen bonds. Another 
example is provided by the SCPs reported by Xia and 

coworkers [8]. Their crystal structures revealed that the 
connection between the macrocyclic metallic tectons 
and hexaacetic acid ligand was built predominantly via 
NH∙∙∙O hydrogen bonds.

We report here a new complex, 
[Cu(CHA)]2[TCM]•11H2O(3•11H2O), containing the 
tetraanion of tetra[4-(carboxy phenyl) oxamethyl]
methane. It was characterized with the goal of gaining 
insight into the hydrogen bonding interactions which 
results in a supramolecular coordination polymer based 
on metallic tectons and polycarboxylate moieties.

2. Experimental procedure

2.1. General
All chemicals were reagent grade obtained from 
commercial sources and used without further purification. 
Distilled water was employed for all procedures. H4TCM 
[12] and [Cu(CHA)](ClO4)2 (2) [13] were prepared 
according to the methods previously reported. A 
THERMO FINNIGAN EA 1112 HT O/H-N/C, instrument 
was used for elemental analyses.Thermogravimetric 
analyses (TGA) were performed in air (100 mL min-1) on 
a TA STD Q 600 instrument from 25-750ºC at 5ºC min-1. 
The FT-IR spectra were measured from KBr pellets on 
a JASCO 610 spectrometer. Caution: Perchlorate salts 
of metal complexes with organic ligands are potentially 
explosive. They should be handled with care and 
prepared only in small quantities.

2.2. Preparation    of   Na4[TCM]   •   (1)   and  
       [Cu(CHA)]2[TCM]•11H2O (3•11H2O)
2.2.1. Preparation of Na4[TCM]•(1)
A mixture of NaOH (0.58 g, 14.5 mmol), H4TCM 
(2.17 g, 3.52 mmol) and water (90 mL) was stirred at 
room temperature for 2 h. The mixture was filtered, the 
solvent was evaporated from the clear solution under 
vacuum to give the title compound as a white solid; 
yield: 2.15 g, 87% based on H4TCM. Analysis: Calc. 
for C33H24Na4O12: C, 56.26; H, 3.43. Found: C, 56.20, 
H, 3.33. FTIR (KBr, cm-1 ): 3068(w), 2945(w), 2887(w), 
1601(vs), 1547(vs) [νas(COO)], 1410 (vs) [νs(COO)], 
1250(vs), 1174 (w), 1142(vw), 1097(vw), 1045(vw), 
1013 (vw), 954(w), 781(m), 694(vw), 517(vw).

2.2.2. Preparation of [Cu(CHA)]2[TCM]•11H2O (3•11H2O) 
[Cu(CHA)](ClO4)2 (0.124 g, 0.24 mmol) was dissolved 
in DMF (5 mL) and the solution was allowed to diffuse 
into a solution of Na4TCM (0.085 g, 0.12 mmol) in 
DMF/H2O (10 mL, 3:7 v/v), at room temperature, for 
8 days. Pale purple crystals precipitated, were filtered 
off, washed with DMF, then with diethyl ether and dried 
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in air; yield: 0.05 g, 23 % based on [Cu(CHA)](ClO4)2. 
Analysis: Calc. for C57H98N12Cu2O23: C, 47.33; H, 
6.83; N, 11.62. Found: C, 47.60; H, 6.50; N. 11.53. 
FTIR (KBr, cm-1): 3500(br), 3137(w), 3080(w), 2924(w), 
2873(w), 1600(vs), 1552(vs)[νas(COO)], 1377(vs)
[νs(COO)] 1236(s), 1125(m), 1065(w), 1030(vw), 
1010(w), 980(w), 730(m), 633(vw), 520(vw). 

2.3. Crystal     structure    determination    and  
       refinement 
A single crystal of 3•11H2O was used to collect the 
diffraction data at 150 K on a SuperNova diffractometer 
equipped with a SuperNova (Cu) X ray source (l = 
1.54184 Å). The structure was solved with the SHELXS 
[13a] structure solution program using direct methods 
and refined with the SHELXL [14b,14c] refinement 
package via the least squares method. All the non-
hydrogen atoms were refined anisotropically. The 
C and N-bound hydrogen atoms were positioned 
geometrically and refined using a riding model. Four of 
the water molecules were found to be disordered over 
two positions and were refined using free variables. 
The isotropic temperature factor of the hydrogen atoms 
of the non-disordered water molecules were set at 

1.2 times the parent oxygen atom. The O−H distances 
in these water molecules were restrained at 0.85 Å and 
H···H distances were restrained at 1.34 Å. For both 
restrained values deviations of 0.04 Å were considered. 
The drawings were created using the Diamond program 
[15]. Detailed crystallographic data and structure 
refinement parameters are summarized in Table 1.

3. Results and discussion

3.1. Structure   of   [Cu(CHA)]2[TCM] • 11H2O  
       (3•11H2O)
The reaction of Na4[TCM] (1) and [Cu(CHA)](ClO4)2 (2) in 
a DMF-water mixture results in [Cu(CHA)]2[TCM]•11H2O 
(3·11H2O) (Scheme 1). Compound 3 is insoluble in 
water and common organic solvents and the crystal 
retains transparency even after exposure to air.

Pale purple crystals of 3•11H2O grew from the 
mother DMF/H2O solution, at room temperature, after 
8 days, and were isolated and investigated by single-
crystal X-ray diffraction. In the final structure model 
of 3•11H2O four of the water molecules were found 
to be disordered over two positions and were refined 

Table 1. Crystal data and structure refinement for compound 3•11H2O.

Empirical formula C57H98Cu2N12O23 Dcalc/g cm-3 1.433

Formula weight 1446.56 Absorption coefficient/mm-1 1.511

Crystal size/mm 0.23 x 0.37 x 0.43 F(000) 6064

Crystal system Monoclinic 2θ range for data collections/º 4.9 to 74.7

Space group C2/c Reflection collected 22770

a/Å 54.538(5) Independent reflections, Rint 12936 [R(int) = 0.050]

b/Å 9.0514(2) Completeness to θ =  74.7º 94.4

c/Å 35.112(3) Refinement method Full-matrix least-squares on F2

α/º 90.00 Data/restraints/parameters 12936 / 21 / 929

β/º 129.686(13) Goodness-of-fit on F2 1.02

γ/º 90.00 Final R indices [I > 2σ(I)] R1 = 0.0472, wR2 = 0.1077

Volume/Å3 13339(3) R indices (all data) R1 = 0.0747, wR2 =  0.1223

Z 8 Largest diff. peak and hole/e •Å -3 0.68 and ‒0.50

Scheme 1. Preparation of compound 3·11H2O.
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using free variables. The asymmetric unit of the title 
compound contains a TCM4- anion and two independent 
macrocyclic complex cations, [Cu(CHA)]2+, connected in 
a monodentate manner to two of the four carboxylate 
groups of the tetraanion unit through Cu-O bonds 
(Fig. 1). Selected interatomic bond lengths and angles 
are given in Table 2.

In the complex cation [Cu(CHA)]2+ the metal is 
coordinated by four out of six nitrogen atoms of the 
ligand, namely two secondary and two tertiary amines 
of the macrocycle. The Cu-N bond distances are 
in the range 2.000(3)-2.033(4) Å (Table 1), values 
close to the corresponding ones in related systems, 
[Cu(CHA)]2 [Mo(CN)8] •H2O [1.992(5)-2.035(5) Å] 
[16] and Cu(PCHA)][H4TTHA]•1.5H2O[2.007(4)-
2.024(5) Å] [8], or other copper(II) complexes 
containing azamacrocyclic ligands such as [Cu(3,10-
Me2HACTD)]3[BTC]2•9PhOH•6H2O [1.994(10)-
2.050(8) Å], [Cu(3,10-Me2HACTD)]3 [BTC]2•18H2O 
[2.004(6)-2.022(6) Å] [17], or [Cu(3,10-
[OOC(CH2)3]2HACTD) (H2O)2]•6H2O [2.015(1)-
2.025(2) Å] (3,10-[OOC(CH2)3]2 HACT =3,10-bis(2-
butyrate)-1,3,5,8,10,12- hexa azacyclotetradecane) [18]. 

The copper-oxygen bond distances [Cu(1)-O(2) 
2.304(3) Å; Cu(2)-O(5) 2.300(2) Å] are shorter than 
those previously reported for related systems, i.e., 
[Cu(PCHA))][H4TTHA]•1.5H2O [2.371(3) Å] [8], 
[Cu(3,10-Me2HACTD)]3 [BTC]2•9PhOH•6H2O [2.410(8)-
2.415(9) Å] or [Cu(3,10-Me2HACTD)]3 [BTC]2•18 H2O 
[2.574(7) Å] (3,10-Me2HACTD = 3,10-dimethyl-1,3,5,8, 
10,12-hexaaza-cyclotetradecane; H3BTC = 

1,3,5-benzenetricarboxylic acid) [16]. The resulting 
overall coordination geometry around copper atom is 
distorted square pyramidal with the oxygen atom of the 
TCM4- anion in the apical position.

The 3D coordinated (zwitterionic) structural unit built 
from a TCM4- anion and two macrocyclic complex cations, 
[Cu(CHA)]2+, is consolidated through additional NH∙∙∙O=C 
hydrogen bonding [H(3)∙∙∙O(3) 1.99 Å, N(3)∙∙∙O(3) 
2.869(3) Å, N(3)-H(3)∙∙∙O(3) 157.3(2)º for the cation 
containing Cu(1), and H(9)∙∙∙O(6) 2.04 Å, N(9)∙∙∙O(6) 
2.921(4) Å, N(9)-H(9)∙∙∙O(6) 159.0(2)º for the cation 
containing Cu(2), respectively] established between the 
second oxygen of the carboxylate group connected to the 
metal and the hydrogen atom of a secondary amine of the 
macrocycle (see Fig. 2 for Cu(1) atom). The metal atom is 
slightly displaced from the best plane through the nitrogen 
atoms coordinated to copper [Cu(1) by 0.15 Å; Cu(2) by 
0.12 Å] towards the apical oxygen atom. The vector of the 
Cu-O bond is not orthogonal to the N4 basal plane [angle 
between the normal to the best N4 basal plane and the 
line defined by the Cu and apical oxygen atom is 2.83º for 
Cu(1) and 3.92º for Cu(2), respectively]. This distortion 
of the square pyramidal coordination core [CuN4O] 
is also reflected by the bond angles at the metal atom 
(Table 1). In the crystal of 3•11H2O a 3D supramolecular 
network is built through hydrogen bondings. Each of 
the free carboxylate groups in a [Cu(CHA)]2[TCM]·unit 
is connected to a further macrocyclic metallic tecton 
[Cu(CHA)]2+ of different neighbouring [Cu(CHA)]2[TCM] 
moieties only through NH∙∙∙OC hydrogen bonding 
[H(4Ac)∙∙∙O(9) 1.88 Å, N(4c)∙∙∙O(9) 2.783(3) Å, N(4c)-

Figure 1. ORTEP representation at 20% probability and atom numbering scheme for 3•11H2O (hydrogen atoms and water molecules are not shown).

 

17



Hydrogen bonding-based 3D supramolecular 
architecture of [Cu(CHA)2][TCM]•11H2O

H(4Ac)∙∙∙O(9) 164.3(2)º for the cation containing 
Cu(1c), and H(10d)∙∙∙O(12) 1.95 Å, N(10d)∙∙∙O(12) 
2.859(4) Å, N(10d)-H(10d)∙∙∙O(12) 166.7(2)º for the cation 
containing Cu(2d), respectively] (see Figs. 2 and 3).

The second oxygen atom of an equivalent 
carboxylate group, i.e., O(8a) and O(11b) atoms of 
TCM4- anions connected through NH∙∙∙OC hydrogen 
bonding to the macrocyclic metallic tecton [Cu(CHA)]2+, 
are close to the metal atoms [non-bonding distances: 
Cu(1)∙∙∙O(8a) 3.490(2) Å; Cu(2)∙∙∙O(11b) 3.046(3) Å] 
in trans to the apical oxygen atom in the CuN4O core, 
but out of the normal range (Fig. 3). A similar type of 
interaction between a carboxylate group and the 
related [Cu(PCHA)]2+ tectone was recently reported 
for the complex [Cu(PCHA)] [H4TTHA]•1.5H2O (PCHA 
= 4-methyl-1,3,6,8, 11,14-hexaazatricyclo[12.2.1.18,11] 
octadecane; H6TTHA = 1,3,5-triazine-2,4,6-triamine 
hexa acetic acid) [8].

The big pseudotetrahedral TCM4- tetraanionic ligand 
is expected to produce a diamondoid network when it is 
associated with a tecton exhibiting two free coordination 
sites in trans positions. It is a worthwhile comparison 
of the 3D network in the title compound with that of 
the related complex, [Ni(cyclam)]2 TCM]·2DMF•10H2O, 
[2] the unique species containing the same tetraanion. 
In both cases large rings built from six macrocyclic 
complex cations and six TCM4- units are formed, but 
their conformation is different (Fig. 4).

For the nickel complex these rings exhibit a 
well defined chair conformation and a neutral 8-fold 
interpenetrating diamondoid network is formed of large 
adamantanoid cages (Fig. 5) in solid state.

In contrast, due to the strongly twisted conformation 
of the large rings the diamondoid network in the case 
of the copper complex is built from highly distorted 
adamantantoid cages (Fig. 6). In Fig. 7 is shown a 

Table 2.  Selected bond distances (Å) and angles (°) for compound 3•11H2O.

Cu(1)–O(2) 2.304(3) Cu(2)–O(5) 2.300(2) O(2)–Cu(1)–O(8a) 172.87(8) O(5)–Cu(2)–O(11b) 167.12(7)

Cu(1)–N(1) 2.031(3) Cu(2)–N(7) 2.032(3) O(2)–Cu(1)–N(1) 100.10(13) O(5)–Cu(2)–N(7) 99.62(9)

Cu(1)–N(3) 2.009(3) Cu(2)–N(9) 2.008(3) O(2)–Cu(1)–N(3) 91.39(11) O(5)–Cu(2)–N(9) 90.65(11)

Cu(1)–N(4) 2.000(3) Cu(2)–N(10) 2.007(3) O(2)–Cu(1)–N(4) 93.70(11) O(5)–Cu(2)–N(10) 91.95(9)

Cu(1)–N(6) 2.025(3) Cu(2)–N(12) 2.033(4) O(2)–Cu(1)–N(6) 92.39(11) O(5)–Cu(2)–N(12) 91.33(11)

Cu(1)···O(8a)a 3.490(2) Cu(2)···O(11b)a 3.046(3) O(8a)–Cu(1)–N(1) 86.97(10) O(11b)–Cu(2)–N(7) 92.90(8)

C(9)-O(2) 1.262(4) C(17)-O(5)a 1.261(4) O(8a)–Cu(1)–N(3) 87.12(9) O(11b)–Cu(2)–N(9) 85.36(10)

C(9)-O(3) 1.268(3 C(17)-O(5) 1.264(5) O(8a)–Cu(1)–N(4) 79.25(10) O(11b)–Cu(2)–N(10) 75.60(8)

C(25)–O(8) 1.257(5) C(33)–O(11) 1.253(4) O(8a)–Cu(1)–N(6) 88.88(9) O(11b)–Cu(2)–N(12) 92.35(10)

C(25)–O(9) 1.257(4) C(33)–O(12) 1.278(4) N(1)–Cu(1)–N(3) 94.53(12) N(7)–Cu(2)–N(9) 94.32(13)

N(3)–Cu(1)–N(4) 86.18(12) N(9)–Cu(2)–N(10) 86.25(13)

N(4)–Cu(1)–N(6) 91.60(13) N(10)–Cu(2)–N(12) 92.04(13)

N(6)–Cu(1)–N(1) 86.75(12) N(12)–Cu(2)–N(7) 86.97(13)

N(1)–Cu(1)–N(4) 166.15(14) N(7)–Cu(2)–N(10) 168.41(10)

N(3)–Cu(1)–N(6) 175.73(14) N(9)–Cu(2)–N(12) 177.43(10)

a Symmetry equivalent atoms (0.5+x, 1.5–y, 0.5+z) and (x, –y, 0.5+z) are given by “a” and “b”, respectively

Figure 2.  View of  the  interactions,  including  hydrogen  bonding,  between  a  complex cation [Cu(CHA)]2+ and carboxylate groups of TCM4-  
          tetraanions in the crystal of 3•11H2O. Symmetry equivalent atoms (0.5+x, 1.5–y, 0.5+z) are given by “a”.

 

18



M. Vlassa et al.

Figure 3. View of the interactions through hydrogen bondings between a TCM4- tetraanion and four different complex cations [Cu(CHA)]2+ in the 
crystal of 3•11H2O. Symmetry equivalent atoms (0.5+x, 1.5–y, 0.5+z), (x, –y, 0.5+z), (–0.5+x, 1.5–y, –0.5+z) and (x, –y, –0.5+z) are 
given by “a”, “b”, “c” and “d”, respectively.

        
Figure 4. View of the ring built from six macrocyclic complex cations and six TCM4- units: chair conformation in [Ni(cyclam)]2[TCM]•2DMF•10H2O  
        (left) [2], and twisted conformation in [Cu(CHA)]2[TCM]•11H2O (3•11H2O) (right).
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Figure 5. View of the adamantantoid cage in the crystal of [Ni(cyclam)]2[TCM]•2DMF•10H2O [2].

Figure 6. View of the highly distorted adamantantoid cage in the crystal of 3•11H2O.
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Figure 7. View along b axis of an adamantoid cage fragment from the 3D network in the crystal of [Ni(cyclam)]2[TCM]•2DMF•10H2O (left) [2] 
                            and [Cu(CHA)]2[TCM]•11H2O (3•11H2O) (right).
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comparatively view along b axis of an adamantoid cage 
fragment from the 3D crystal network of the nickel cyclam 
complexe [2] and of the copper complexe 3•11H2O.

The self-assembly of the (zwitterionic) [Cu (CHA)]2 

[TCM]·units through hydrogen bonding generates a 
3D architecture with 1D channels of different shape 
(Fig. 8) in which water molecules are accommodated 
(some of them could not be exactly located due to their 
high thermal disorder). These water molecules are 
also involved in hydrogen bonding, i.e., Namine-H•••Owater, 
C-H•••Owater and Ocarboxylate

•••H-Owater.
Finally, we mention that we have studied the 

role of guest water molecules in constructing the 
supramolecular structure of 3•11H2O framework. With 
this end in view we achieved dehydrated and rehydrated 
experiments of the crystal [2,9b] and XRPD data of 

these materials showed that this framework is rigid. We 
underline the fact that desolvated solid was exposed 
both to the vapor and to the liquid mixture of DMF-water.

3.2. Spectroscopic    and    thermogravimetric  
       characterization
The IR spectrum of 3 (see experimental) is consistent 
with a monodentate coordination of the carboxylate 
group to copper, as is also proved by structure 
determination using X-ray diffraction, i.e., the difference 
Δν between asymmetric and symmetric vibrations of the 
COO unit in 3 (175 cm-1) is higher than that observed for 
the ionic Na4[TCM]×(1)[137 cm-1)[19].

The thermogravimetric analysis (Fig. 9) of this 
coordination polymer was carried out in order to 
determine the number of free guest water molecules 

Figure 8. View of the 3D network in the crystal of: (a) along a axis, (b) along b axis, and (c) along c axis (the water molecules are not shown; the  
         broken lines represent hydrogen bonds).
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and the polymer’s thermal stability. The compound 
3•11H2O shows a first weight loss corresponding to 11 
water molecules per formula unit. Differential scanning 
calorimetry (DSC) indicate that the complex looses 
the guest solvent molecules over a temperature range 
(48.75-85.83°C) centered at about 66°C, the host 
being stable up to about 200°C. On further heating, five 
consecutive weight losses were observed in the range 
206-382°C corresponding to the loss of organic ligands. 
Finally the CuO residue (observed 11.70%, calculated 
11.51%) remained above 382°C. 

4. Conclusions
The results indicate that the replacement of cyclam [2,3] 
or substituted cyclam [4] by CHA as the macrocycle 
component affects the network topology of the resulting 
coordination polymer, i.e., [Cu(CHA)]2[TCM]•11H2O 
(3•11H2O), so this work provides a possible strategy to 
construct such networks using an azamacrocycle as 
base and an polycarboxilic acid . Its supramolecular 3D 
architecture is completely different from the networks 
previously reported for related systems [2-4,8,9] 
being based only on hydrogen bondings between 

the (zwitterionic) [Cu(CHA)]2[TCM] units. This results 
in a diamondoid network built from highly distorted 
adamantantoid cages.

Supplementary material
CCDC reference number 924713 for 
[Cu(CHA)]2[TCM]•11H2O (3•11H2O) contain the 
supplementary crystallographic data for this paper. 
These data can be obtained free of charge via www.
ccdc.cam.ac.uk/conts/retrieving.html [or from the 
Cambridge Crystallographic Data center (CCDC), 12 
Union Road, Cambridge CB21EZ, UK; Fax:+44(0)1223-
336.033; E-mail: deposit@ccdc.cam.ac.uk]. 
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Figure 9. TGA and DSC plots for [Cu(CHA)2][TCM]•11H2O (3•11H2O).
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