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Abstract: �Herein,� the� first� example� of� a� co-crystal� system� formed� by� an� imidazolium� nitrate,� a� carbene� precursor,� and� copper� (II)� nitrate,�
{[Cu(NO3)2(H2O)2]L1(NO3)2}� (1)� (L1� =� 1,1’–dibenzyl–3,3’–butyl–diimidazolium–2,2’–diylidene)� is� reported.� These� two� building�
blocks�are�connected�in�the�solid�state�through�hydrogen�bonds�to�generate�a�three–dimensional�supramolecular�network.
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1. Introduction
Recently carbene chemistry has become an active 
field of research towards applications in catalysis 
[1-5], NLO [6-10] and liquid crystals [11-15]. For liquid 
crystal applications, the imidazole rings in particular, 
provide an effective way to introduce large alkyl 
chains within the ligand and effectively tune the final 
properties of such compounds [16-18]. The use of 
metal ions in these supramolecular constructions may 
result in interesting responses to external physical or 
chemical changes in the system [19]. Encouraged by 
previous results in this field we target the solid state 
synthesis of mixed compounds formed from carbene 
based ligands and metal salts. This is carried out 
to understand the coordination topology of these 
compounds aiming in the future to effectively establish 
a relationship between the coordination motif and the 
chemical physical properties of these systems. 

Herein, we report the structural characterization of 
the first mixed salt, which was formed via self–assembly 

in the solid state of two independent building blocks 
bearing nitrate anions.

2. Experimental Procedures
The carbene precursor 1,1′–dibenzyl–3,3′–butyl–
diimidazolium–2,2′–diylidene (L1) nitrate was synthesized 
after a modification on previously reported procedures 
[20]. Plate-shaped crystals were obtained after diffusing 
ethyl ether into a solution containing the salt. These 
crystals however afforded enough crystallographic data 
to resolve the structure until an R = 0.128 [21]. 

L1 nitrate (50 mg, 0.26 mmol) were reacted with 
Cu(NO3)2

.6H2O (167 mg, 0.26 mmol) in ethanol in 
the microwave at 500 W for 2 minutes. Blue coloured 
needle-shaped crystals were formed at the bottom of 
the reaction vessel. A single crystal was mounted on a 
glass capillary and structurally characterized by single-
crystal X-ray diffraction [22-26].
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The same reactions were performed using different 
time periods and solvents (methanol, DCM, THF). 
Compound 1 resulted in all cases. Refluxing both salts 
in methanol during different time periods or diffusion 
reactions with a mixture of solvents allowed the same 
results. 

3. Results and Discussion
Compound {[Cu(NO3)2(H2O)2]L1(NO3)2} (1) crystallizes 
in the monoclinic system, space group C2/c. The 
crystal motif consists of two main supramolecular 
blocks, (i) an octahedral copper(II) cation coordinated 
by two nitrate counter ions and two water molecules, 
and (ii) a carbene nitrate salt.

The copper(II) cations are located on a 
crystallographic spatial position (1/4, 3/4, 1/2), and 
are four-coordinated by two oxygen atoms of each 
of the two nitrate anions, and two-coordinated by the 
two water molecules. The oxygen atoms of the nitrate 
anions are in the same plane as the copper ion and 
coordinate in a bidentate mode to the metal cation with 
distances of Cu–O2, 2.324(6) Å and Cu–O4, 2.125(6) 
Å. The second anion is generated by an inversion 
center symmetry operation. The oxygen atoms of the 
water molecules are coordinate to the Cu(II) cation,  
with shorter bonds, Cu–O1, 1.939(4) Å. Octahedral 
Cu(II) complexes with the nitrate anions located on 
the equatorial plane are uncommon. Regarding the 
copper(II) cation motif, a compound with the same 
symmetry has been reported, although the apical 
positions of the Cu(II) complex are occupied by oxygen 
atoms from triphenylphosphine oxide molecules and 
not from water molecules [27].   

Along the b direction within the crystal, the 
[Cu(NO3)2(H2O)2] molecules are linked via hydrogen 
bonds with two nitrate anions from the carbene salt 
forming an eight-membered ring. The hydrogen 

bond motif is similar to a previous example reported 
in the literature [28], and is formed by the oxygen 
atoms of the water molecules in the apical position 
of the [Cu(NO3)2(H2O)2] compound and the two nitrate 
anions which are non-coordinating toward the metal 
cation. But while in this previous article the hydrogen 
bonds are formed through water, methanol and nitrate 
anions acting in a monodentate mode, in our case 
the one–dimensional motif is formed only through 
the interaction between the water molecules and 
the nitrate anions that link the water molecules in a 
bidentate mode (O1···O6, 2.699(6) Å and O1···O5, 
2.746(8) Å), forming a motif.

The organic cations are stacked in a fashion 
similar to two-dimensional layers, viewing along 
the b direction in the crystal, in such a way as to 
accommodate the infinite {[Cu(NO3)2]···H2O···(NO3)2}
n motif in the so–formed cavities.

The carbene molecule itself is in an extended 
undulate conformation with all methylene groups from 
the butane spacer in an almost perfect anti (staggered) 
conformation and the benzyl groups pointing to the 
opposite direction.

The imidazole ring of the bisimidazolium cation L1 
is located at more than 3.49 Å from the Cu(II) cation 
(C1···Cu), but is connected with the [Cu(NO3)2(H2O)2] 
motif through hydrogen bonds via the nitrate anions 
and the acidic hydrogen atom H1 (C1–H1···O4, 2.37 

Figure 1. Thermal ellipsoid representation of {[Cu(NO3)2(H2O)2]
L1(NO3)2} at the 50% probability level. Cu(II) cation 
shows distorted octahedral coordination geometry with  
two nitrate anions in the equatorial plane and two water 
molecules in the apical positions.

Figure 2. Infinite anionic one-dimensional hydrogen-bond assem-
bly of [Cu(NO3)2(H2O)2] and nitrate anions  formed along 
the b axis (ellipsoids represented at the 50% probability 
level).
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Å). The hydrogen atoms of the imidazole ring H2 and 
H3 form hydrogen bonds with the NO3 anions in the 
opposite side of the imidazole ring (C2–H2···O5, 2.42 
Å and C3–H3···O3, 2.36 Å).

Within the organic cation, one hydrogen atom 
of the methylene group that bridges the imidazole 
and the benzene rings is weakly interacting with the 
aromatic system of one imidazole ring of a second 
bisimidazolium cation L1 (C4–H4B···π, 2.98 Å). 
The plane containing the imidazole ring is at 115° 
from the plane formed by the benzene group. The 
hydrogen atoms from the benzene ring are involved 
in weak hydrogen bonds with the NO3 anions, (C6–
H6···O5, 2.70, C7–H7···O2, 2.76, C8–H8···O6, 2.83, 
C10–H10···O3, 2.61 and C10–H10···O7, 2.80 Å 
respectively) thus generating a final three–dimensional 
motif in the solid state.

The highest electronic density that remains 
unassigned is about 1.24 eÅ3 and is located at 1.16 
Å of the oxygen atom O4 from the nitrate anion that 
coordinates the Cu(II) cation.

This {[Cu(NO3)2(H2O)2]L1(NO3)2} (1) mixed system 
is remarkably stable and can be recrystallized several 
times from different solvents and mixtures of solvents 
(e.g., ethanol, methanol, THF, chloroform and water). 
TG/SDTA analysis affords loss of water molecules at 
207º C, which confirms a strong coordination of these 
molecules toward the Cu(II) cation. The stability of the 
system depends on the coordinated solvent, and after 
the loss of water, the crystal is irreversibly destroyed. 
Although, ES mass spectra exhibit high intensity at 

434.3 m/z the peak corresponding to [L1(NO3)]+, 
several fragments containing the bisimidazolium 
cation L1 with Cu(II) can also be clearly distinguished 
(e.g., 621.1 m/z, {[L1][Cu](NO3)3]+}; 281.2 m/z, {[L1]
[Cu](NO3)2]2+}.

4. Conclusions
Compound 1 represents the first co-crystal system 
bearing carbene salts and copper nitrate salts 
in the solid state. The synthesis and structural 
characterization of this new co-crystal system 
{[Cu(NO3)2(H2O)2]L1(NO3)2} (1) will encourage study 
in the solid state towards the synthesis of new mixed 
salts, combining organic and inorganic systems. The 
inclusion of a metal salt within a second system with 
some particular chemical and physical properties 
may enhance those properties and contribute to the 
development of new materials. The use of such a 
strategy would be an interesting alternative to get into 
the mechanism of phase transitions of some liquid 
crystals system and also in the formation of co-crystal 
systems in the solid state.   

Acknowledgements
The author thanks Professor K. M. Fromm for most 
generous support and the Swiss National Science 
Foundation (SNF) for the financial support.

Figure 3. The {[Cu(NO3)2]···O1···O–NO2-}n motifs (spacefill representation, left) are located in channels along the b axis, whereas the motif formed 
by the stacking of the carbene cations generate a two dimensional layer-like motif (capped sticks representation, left). The overall su-
pramolecular arrangement may be represented as anionic channels (right side in red) where the cations are closely stacked (right side 
in green). Hydrogen bonds exist between the nitrate anions and hydrogen atoms of the carbene di-cations to form a three-dimensional 
motif in the solid state.
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