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Reversible Recrystallization Process of Copper and
Silver Thioacetamide-Halide Coordination Polymers
and their Basic Building Blocks

J. Troyano,” J. Perles,” P. Amo-Ochoa,” J. I. Martinez,° F. Zamora,”* and S.
Delgado®*

Three-dimensional [CuX(TAA)], (X=Br (1), I (2)) and bi-dimensional [AgX(TAA)], (X=Cl
(3), Br (4)) coordination polymers have been isolated by direct synthesis between copper(I)
and silver(I) halides and thioacetamide (TAA). These are multifunctional materials showing
electrical conductivity (values at room temperature ranging from 7x10° to 2x10 S-cm™) and
luminescent in the blue region. Unusual solubility of 1-4 in different solvents and
recrystallization process observed for 1 and 2 in acetonitrile and for 3 and 4 in pyridine has
been measured. We show preliminary results of the processability of 2 on glass for the
production of organized thin films. These results are very attractive for the processability of

coordination polymers in materials science and nanoscience.

Introduction

The study of coordination polymers (CPs) has gained major
attention in recent years as an interface between synthetic
chemistry and crystal engineering providing a solid foundation
to help in the understanding of how molecules can be organized
and how functions can be achieved.'””®* They give an intriguing
way to assemble modular building units into designed networks
whose structures and functions may be controlled by the
geometry and functionality of the molecular components.” '° In
addition, they show interesting properties
10,12 optics,!?

and molecular sensing.'® > A wide range of

including

magnetism,''  catalysis, non-linear electrical

conductivity'*!”
one-, two- and three-dimensional architectures of CPs have
been reported but the development of new structures is still of
high interest due to the fact that they still can generate a variety
of novel architectures with multifunctional properties. In terms
of materials science the use of CPs is rather limited due to their
processability.'® 2°22 Unlike molecular species, most CPs are
insoluble once synthesised and so recrystallisation is not a
choice. Typically, if the CPs can be dissolved, it is usually
through the use of strongly coordinating solvents, which are
then likely to become part of the recrystallized species, which
therefore becomes a different material to the original one.?®

On the other hand, the use of organosulfur ligands in
combination with metal ions is especially eye-catching for
developing networks
electrical conductivity with potential applications in molecular

new metal-organosulfur showing

electronics.?* * They have been explored as attractive building

blocks for the design of multifunctional materials with

This journal is © The Royal Society of Chemistry 2013

electronic  properties including electrical, optical and
magnetic.”! In particular, the incorporation of thiolate-S as
bridging ligands of transition metal sites in CPs seems to
produce a synergic electronic effect since the orbital energies
are better matched for S and there will be greater delocalization
of spin density towards the bridging atom.*

In this context, although heterocyclic thioamides constitute an
important class of sulfur-containing organic compounds that
have been largely studied for their interesting chemical,
biochemical, structural and spectroscopic properties,® the
aliphatic thioamides, such as the thioacetamide (TAA), have
been scarcely developed. Thioamides are very versatile ligands
in their coordination modes due to the presence of nitrogen and
sulfur donor sites. They have the ability to behave as bidentate
chelate or bridging ligands, or as monodentate “soft” ligands
via S-coordination or “hard” ligands through N-site. Thus, in
complexes of TAA with “soft” ions as copper(]) or silver(I) this
ligand is competitive with “soft” anions such as the heavier
halide ions. Additionally, the hydrogen bond interactions of
amide groups play an essential role in proteins and
polyamides,** ** however, they have received little attention in
the field of supramolecular chemistry.*® Surprisingly a recent
revision in the CSD shows just three hits refereed to CPs with
aliphatic thioamides (Cd",*” Ni",*® and Cu'*").

As we have previously established that CPs based on Cu(I) with
organosulfur ligands are highly desirable to obtain materials
with multifunctional properties,” ** *' herein we focus in the
potential of the TAA to produce new copper and silver CPs.
Interestingly the four CPs characterized with Cu(I) and Ag(I)
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show an unusual reversible recrystallization process. Their
structural characterization and luminescent and electrical
properties have been determined showing that these are
multifunctional materials.

Results and discussion

Synthesis and Structure

The direct reactions between the corresponding metal halide
salts of Cu(I) or Ag(l) and thioacetamide lead to crystalline
materials of the corresponding CPs in high yield. Specifically
the Cu(I) polymers, [CuX(TAA)], (X=Br (1), I (2)), are isolated
with bromine and iodine in acetonitrile, however, when the
analogous reaction is carried out with CuCl the formation of a
known molecular complex, [CuCI(TAA)]s, is observed.*? The
structure of [CuCI(TAA)]; had been previously reported (Fig.
1).*® It consists of hexagonal Cu;S; rings with Cl atoms acting
as terminal ligands. These rings are located in layers parallel to
the (110) plane and stacked along the [001] direction at a
distance of 3.557 A.

%
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Figure 1. CusLsCl; units present in the previously reported structure [CuCl(TAA)]3
(left); hexagonal packing of the columns of stacked rings along the (001)
direction (right).

Compounds 1 and 2, with formula [CuX(TAA)], (X = Br, I),
display a 3D structure featuring with the same six-member
cycles of alternating Cu and S atoms. However, the halogen
ligands here act as bridges between theses rings, giving rise to a
polymeric structure. In this structural type, the copper atoms are
coordinated in a tetrahedral environment surrounded by two
sulfur atoms and two halogen atoms. The increase in
coordination number, compared to the planar trigonal
environment found in [CuCIl(TAA)]; allows the 3D connection
of the rings. Like the situation found in the chlorine derivative,
the organic ligands act as bridges between metal centres in such
a disposition that they form hexagonal Cu;S; rings parallel to
the (110) plane, in which Cu and S atoms alternate. However,
in 1 and 2, these rings are joined along the [001] direction by
Cu-X bonds in a non-planar honeycomb disposition, giving rise
to the 3D structure. S-S interactions between sulfur atoms
within the same ring are found in the structures of 1 and 2 (S-S
distances around 3.65 A). Considering the copper atoms and
both types of ligands as nodes, the resulting 3-nodal 2,2.4-
connected underlying net presents a new topology with point
symbol (12)(6.12°)(6).

2| J. Name., 2012, 00, 1-3

Figure 2. Ring found in the structures of 1 and 2 (top left), which is connected
through bridging halogen ligands to six adjacent rings forming a non-planar
honeycomb disposition (top right). Bottom: underlying net found in the
structures of 1 and 2; copper nodes are depicted in red, halogen nodes in green
and thioacetamide nodes in yellow.

The analogous reactions carried out between TAA and AgX
(X= Cl, Br) in a mixture of acetonitrile-water (4:1) allows to
isolate the corresponding CPs [AgX(TAA)], (X= Cl (3), Br
(4)). Compounds 3 and 4 display a 2D polymeric structure with
layers parallel to the (011) plane. They contain silver atoms
coordinated in a tetrahedral environment to two sulfur atoms
from the organic ligands, and two halogen atoms. As happened
in the copper derivatives, both halogens and sulfur atoms act as
bridges. Each type of bridging atoms join the metal atoms in
perpendicular directions within the (011) plane: in these
compounds the disposition of the sulfur and metal atoms does
not allow the formation of rings, and as both bridging ligands
join the metal centres in coplanar directions, the formation of a
3D structure is not possible. [AgX(TAA)], layers are joined by
N-H---Cl interactions (distance N-C1=3.405 A).

A A

o

Figure 3. Side view of the double layer of compounds 3 and 4 (top). Bottom:
underlying net in the structure of 3 and 4, silver nodes are depicted in grey,
halide nodes in green and thioacetamide nodes in vyellow; left: view
perpendicular to the layer and right: side view of the layer.

This journal is © The Royal Society of Chemistry 2012
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Table 1. Selected distances and angles for compounds 1-4.

1 2 3 4

Distances (A)

2.511(1)
2.514(1)
2.549(2)
2.549(2)
2.588(1)
2.591(1)
2.268(2)
2.273(2)
2.273(2)
2.274(2)
2.276(2)
2.277(2)
4.169(2)
4.175(2)
4.175(2)
4.658(2)
4.660(2)
4.660(2)

2.702(1)
2.702(1)

2.672(1)
2.672(1)

2.759(2)
2.770(2)

2.276(1)
2.292(1)

2471(2)
2.536(2)

2.487(1)
2.547(1)

4202(2)
4.937(2)

3.802(2)
4.720(2)

3.991(2)
4752(2)

Angles (°)

106.67(7)
106.70(8)
106.72(7)
97.63(3)
97.69(3)
97.63(3)
113.09(7)
107.60(8)
117.65(7)
113.79(6)
110.03(1)
110.60(1)
114.69(8)
116.71(8)
106.72(7)
107.36(7)
114.52(7)
116.95(7)

106.20(5) 125.38(3) 126.32(3)

97.902(18) 88.14(5) 89.21(2)

110.86(5)
110.80(5)
115.55(5)
115.51(5)

104.10(3)
104.103)11
421(3)
114.21(3)

104.5(2)
105.3(2)
112.02)
113.02)

The topological study performed upon this structure
considering the metal atoms and the ligands as nodes gives rise
to a 2,4-connected binodal net with point symbol (8*.12%)(8),,
which also constitutes a new topology. A summary of selected
bond distances and angles are collected in Table 1. Metal-metal
distances are also shown in this table, although in all of the
compounds they were found to be above the value required for
M-M bonds. Metal centres joined by halogen atoms are closer

to each other than centres joined by S atoms.

Physical Properties

ELECTRICAL CONDUCTIVITY

The structural features of CPs 1-4 showing Cu(I) or Ag()
transition metal centres bridged by halides and sulphur atoms
suggest that these materials may show electrical conductivity.’
In particular three-dimensional CPs showing electrical
conductivity are very limited.*’

Thus, two probe direct current (DC) electrical conductivity
measurements at 300 K were performed in several single
crystals of compounds 1-4. The conductivity values were
obtained applying voltages from +10 V to —10 V. The average
DC conductivity values for 1-4 at 300 K of 3x10°, 2x107,

This journal is © The Royal Society of Chemistry 2012
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7x10° and 2x107 S-em’, respectively,

semiconductor behaviour in all cases.

suggesting a

Figure 4. Representation of the different pathways connecting metal ions in
compounds [CuX(TAA)], (a) and [AgX(TAA)], (b).

The 3D-CPs 1 and 2 show two different pathways connecting
metal centres in their networks (Figure 4): i) Cu-X-Cu zig-zag
chains along the ¢ axis; and ii) Cu-X-Cu-S-Cu- pathway. The
former are connecting the trinuclear Cu3(TAA); entities. The
shortest Cu-Cu distances through halide bridging ligands are
ca. 4.17 and 4.20 A (Table 1), for 1 and 2 respectively, while
the shortest Cu-Cu distance bridged by S-atoms of the TAA,
are ca. 4.66 and 4.94 A for 1 and 2, respectively. The
conductivity values of 1 and 2, of 3x10° and 2x10?, do not
agree with the expected behavior based on the halide-metal
orbitals coupling.®® This fact suggests that the conductivity
could probably be more favored by the Cu-X-Cu-S-Cu-
pathway.

In compounds 3 and 4 the bidimensional structure is defined by
two different zig-zag chains: i) Ag-X-Ag, and ii) Ag-S-Ag. The
shortest Ag-Ag distances found for the halides bridging silver
centres are ca. 3.80 and 4.00 A, for 3 and 4 respectively, while
in the chains mediated by TAA the shortest Ag-Ag distances
are ca. 4.72 and 4.75 A, respectively. In this case the better
value of conductivity of 3 vs 4 can be easily explained since in
both chains shorter metal-to-metal distances are found. Again
the expected behavior based on the halide-metal orbitals
coupling seems to be non-determinant in the electrical
properties.

In order to rationalize these results, theoretical calculations
have been carried out (further details in ESI). First, we have
checked the transferability between the experimentally detected
polymer geometries and the theoretical implementation. For
that purpose we have performed, starting from the experimental
configurations, full cell and structural DFT-based
optimizations, where all the atoms were free to move and all the
lattice parameters were free to relax. The results of the
relaxation processes for all the polymer-bulks revealed no
significant variations (~2%) with respect the starting geometries
neither in the cell parameters (unit cell volume) nor in the
structural arrangement, which enforces the accuracy of the
theoretical framework used. The electronic structure
calculations yield minimum values of the transport gaps at the
I" point of 0.57, 1.36, 2.15 and 2.07 eV for the [CuBr(TAA)],,
[Cul(TAA)]., [AgCI(TAA)], and [AgBr(TAA)],, respectively.
Additionally, theory predicts (see density of electronic states in
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Figure S19) the three-dimensional [CuBr(TAA)], and

[Cul(TAA)], polymers as p-type semiconductors (with the
Fermi level close to the valence band), and the bi-dimensional

[AgCI(TAA)], and [AgBr(TAA)], polymers as n-type
semiconductors (with the Fermi level close to the conduction
band).

The theoretical results obtained for the transport gaps and
of the different
polymers can be rationalized in relation to the DC measured
conductivities as follows: 7) for the case of the [CuBr(TAA)],,
the high value of its conductivity is directly related to its

semiconducting characters coordination

narrow transport gap (0.57 eV), independently of having a p-
type semiconducting character, since the temperature and the
applied voltage easily promote carriers towards the conduction
band yielding a high conductivity of 3x10® S'cm™; ii) the case
of the [Cul(TAA)], is essentially different, since its p-type
semiconducting character and wider value of the transport gap
(1.36 eV) difficult the promotion of carriers towards the
conduction band, yielding a low value of the conductance
(2x10° Sem™); and, finally, iii) for the case of the 2D-CPs
[AgCI(TAA)], and [AgBr(TAA)],, in spite of showing the
widest values of the transport gaps (2.15 and 2.07 eV,
respectively), their n-type semiconducting character, with the
Fermi level pinning up the conduction band, allows, by effect
of the temperature and the moderately high value of the applied
external voltage, to provide available-for-the-conduction
carriers towards conduction band, yielding higher values of the
conductivity with respect to the previous case (7x10° and
2x107 Sem™, respectively).

LUMINESCENT PROPERTIES

Much research interest has recently focused on the luminescent
properties of coordination polymers due to their potential
applications as light emitting diodes.****® Particularly
interesting among these are the derivatives of metal ions with
d'" electronic configuration.*”*® Apart from metal-metal
separations, the arrangement of the metal centres and the
electronic structure of the molecule in the excited state are
important to the photoluminescence behaviour of these
polynuclear d' metal complexes. In this context, Cu(I)
complexes are particularly appropriate since they may show
rich structural variety combined to brightly luminescent, even
at room temperature, and emissive behaviour that can be
modulated with structure and environment. On the contrary, the
Ag(I) compounds are not usually emissive at room temperature
or exhibit weak photoluminescence at around 480 nm.*

The solid-state luminescent properties of molecular compound
[CuCI(TAA)]; and [CuX(TAA)], X= Br (1) , I (2) ),
[AgX(TAA)], (X= Cl (3), Br (4)) were investigated in the solid
state. Thus, at room temperature, excitation of solid samples at
A= 359 nm produces weak emission with two well defined
peaks and maximum values centred at 416 and 469 nm that are
assigned to the TAA ligand because they do not change from
those observed for the free ligand (ESI, Figures S5 and S6). In
general, possible assignments for the excited states that are
responsible for emission phenomena of d'° complexes are

4| J. Name., 2012, 00, 1-3

ligand-centred n— «* transitions (LC), ligand-to-ligand
(LLCT), ligand-to-metal (LMCT), or metal-to-ligand (MLCT)
charge-transfer transitions or metal-centred d'’— d%' (MCC)
transitions.*” The similar emission spectra observed between
the thioacetamide ligand and all complexes suggests that these
transitions could be assigned to ligand-centred n— =*
transitions and/or intraligands transitions since altering the
metal did not affect the emission energy. In addition, weaker
emission bands are observed for all complexes and may
indicate the contribution of the halides in the emissive excited
states, in the form of a MLCT or a halide to metal charge
transfer (XMCT).>* Contribution due to metal-centred d'°—d’s’
(MCC) transitions are not possible because it is supported just
by short metal-metal distances, and in compounds 1-4 these

distances are longer than twice the van der Waals radius.”!

Solution Studies and Processability

Coordination polymers have a high molecular weight based on
the repetition of the basic sequence M-L, therefore they tend to
have low or none solubility in most common solvents.** Certain
cases of simple CPs have shown some solubility through
breakup of the polymer and dissolution of their components.*
Additionally, we have recently found that some CPs based on
MMX chains can show significant solubility. Thus platinum
MMX chains are soluble in dichloromethane giving rise their
two constituents building blocks MM and MMI, entities in a
reversible way.?*>

Based on these findings and in the structures found for 1-4, in
which M-X chains are present, we have studied their solubility
in several solvents. The solubility of compounds 1-4 was
calculated in several organic solvents by '"H NMR spectroscopy
(Experimental Section for details).’””> We have observed that 1
and 2 are readily soluble in acetonitrile and methanol, while 3
and 4 are slightly soluble in both acetonitrile and methanol
(Table 2).

The solubility has also been followed by UV-vis spectra. Thus,
solutions of 1 and 2 in acetronitrile lead to a spectra in which an
overlapping of the bands corresponding to the CuX and TAA
species are clearly identified by comparison with the registered
spectra of the free CuX and TAA under the same conditions
(ESI, Figures S11-S13). Notice that the bands recorded in solid
state for 1 and 2 at 230, 260, 271 and 286 nm are not observed
in solution (ESI, Figure S10). Additional UV-vis studies carried
out at variable temperature (20 °C to -40 °C) and concentration
dependence (10 to 10 mol/L) do not allow to detect species
of aggregation, oligomers. (ESI, Figures S16 and S17).

Table 2. Solubility of 1-4 in different solvents at 20°C (mmolL™"/ gL™").

Solvents 1 2 3 4
acetonitrile 7.60/1.66 35.57/9.45 0.13/0.03 1.61/0.42
methanol 0.14/0.03 1.22/0.32 - -

We have also studied the reversibility of the process trying to
form the initial coordination polymers from these solutions
(recrystallization of 1 and 2). Thus, solubilisation of crystals of
1 and 2 leads to a solution containing the two constituent

This journal is © The Royal Society of Chemistry 2012
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building blocks of the CPs, namely CuX and TAA (Scheme 1).
These solutions reverse to the starting materials, 1 and 2,
allowing their recrystallization (characterized by CNHS
analysis, IR spectra and X-ray powder diffraction), upon
concentration, by controlled solvent elimination, or cooling of
the corresponding acetonitrile solutions.

Similar studies were carried out with 3 and 4. In these cases the
poor solubility of these materials in methanol and acetonitrile
force us to use a more coordinate solvent (Table 2). Thus,
pyridine solutions of 3 and 4 reverse to the initial crystalline
CPs upon concentration or cooling (characterized by CNHS
analysis, IR spectra and X-ray powder diffraction), confirming
the reversibility of this process.

In principle, two key factors affecting the solubility of a CP are
the bond strength of the coordinate bonds present in the CP
structure, and the solubility of the building blocks, or subunits,
generated in the solubilisation process or disassembles of the
initial CP network. As shown in Table 2, the solubility values
of 1-4 agree with both factors. Thus, 2 and 4 are more soluble
than the corresponding analogues 1 and 3, since the size of the
halide favored both M-X bond strength and halide solvation.
But even more important, the reversibility from the solution to
the initial crystal formation is conditioned by the balance
between the thermodynamic stability of the solvated building
blocks and the formation of the CP in solid-state.

CrystEngComm

ARTICLE

solvent
[MX(TAA)],, ——= MX + TAA
Scheme 1

Finally, in order to show the processability of these CPs we
have selected the material with higher solubility. Thus, 100 uL
of an acetonitrile solution of 2 (9 g/L) was drop-casted on a 1x1
cm? glass at 30 °C allowing solvent evaporation (ca. 4-5 min.).
Optical inspection of the glass shows millimetric areas with
apparent homogeneous covering.

The analysis of several area of this substrate by AFM analysis
shows formation of over micron lengths thin film structures.
Figure 5 shows a topographic AFM of a typical film displaying
well-defined borders with heights ca. 1 pm and very smooth
(roughness ca. 10-20 nm). X-ray powder diffraction of the film
shows the peaks corresponding to those observed for 2 (Figure
S18). This preliminary result show the potential to be organized
using for instance soft-lithography.

This journal is © The Royal Society of Chemistry 2012
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Figure 5. Topographic AFM image of the thin film formed by drop-casting in
acetonitrile solution of compound 2 on a glass substrate. Height profiles along
the blue and green lines (on the right).

Experimental

Materials and Methods. All the reagents were purchased from
Sigma-Aldrich and used as received. The molecular compound
[CuCI(TAA)]; was prepared by a published method.** FTIR
spectra (KBr pellets) were recorded on a Perkin-Elmer 1650
spectrophotometer. C, H, N, S elemental analyses were
performed by the Microanalysis Service of the Universidad
Autonoma de Madrid on a Perkin-Elmer 240 B microanalyser.
Electronic absorption spectra were recorded on an Agilent 8452
diode array spectrophotometer over a range of A=190—-1100 nm
in 0.1, 0.2, and 1 cm quartz cuvettes thermostated by a Unisoku
cryostat. Powder X-ray diffraction experiments were carried out
on a Diffractometer PANalyticalX'Pert PRO theta/2theta
primary monochromator and detector with fast X'Celerator. The
samples have been analysed with scanning theta/2theta.

Direct current (DC) electrical conductivity measurements were
performed on different single crystals of compounds 1-4, with
carbon paint at 300 K and two contacts. The contacts were
made with wolframium wires (25 um diameter). The samples
were measured at 300 K applying an electrical current with
voltages form +10 to -10 V.

Luminescence excitation and emission spectra of the solid
compounds were performed at 25 °C on a 48000s (T-Optics)
spectrofluorometer from SLM-Aminco. A front face sample
holder was used for data collection and oriented at 60° to
minimize light scattering from the excitation beam on the
cooled R-928 photomultiplier tube. Appropriate filters were
used to eliminate Rayleigh and Raman scatters from the
emission. Excitation and emission spectra were corrected for
the wavelength dependence of the 450 W xenon arc excitation
but not for the wavelength dependence of the detection system.
Spectroscopic properties were measured by reflection (front
face mode) on finely ground samples and placed in quartz cells
of 1 mm path length. No attempt was made to remove adsorbed
or dissolved molecular oxygen from the materials. Reference
samples that do not contain any fluorescent dopant were used to
check the background and optical properties of the samples.
Atomic Force Microscopy (AFM) images were acquired in
dynamic mode using a Nanotec Electronica system operating at
room temperature in ambient air conditions. For AFM
measurements, Olympus cantilevers were used with a nominal

J. Name., 2012, 00, 1-3 | 5
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force constant of 0.75 N/m. The images were processed using
WSxM.

X-ray Data Collection and Crystal Structure
Determination. Data collection for compounds 1-4 was carried
out on a Bruker Kappa Apex II diffractometer, using graphite-
monochromated Mo-Ka radiation (A=0.71073 A) and operating
at 50 kV and 30 mA. The cell parameters were determined and
refined by a least-squares fit of all reflections. A semi-empirical
absorption correction (SADABS) was applied for all cases. The
structures were solved by direct methods and refined by full-
matrix least-square procedures on F? (SHELXL-97°%). All
hydrogen atoms were included in their calculated positions and
refined riding on the respective carbon atoms. Although in all
of the structures the NH, group has a large degree of freedom,
two alternative positions were found for N3 in the structure of
compound 1 with a ratio of 61% and 39% occupancy. They
were refined with a disorder model to a final good agreement.
Further crystallographic details for the structures reported here
may be obtained from the Cambridge Crystallographic Data
Center, on quoting the depository numbers CCDC 990218-
990221 (compounds 1-4, respectively) Crystal and refinement
data for 1-4 are collected in Table S1.

Measurements of the solubility of coordination polymers were
based on the concentration of TAA in saturated solutions of the
corresponding compounds as '"H NMR
spectroscopy. To quantify the concentration of TAA in the

determined by

saturated solution of coordination polymer, a known amount of
1,3,5-tribromobenzene was added to the saturated solutions as a
standard. The concentration of TAA was then calculated by
comparing the integral intensity of the corresponding NMR
peaks of the methyl group of the TAA with the integral
intensity of the peak of 1,3,5-tribromobenzene (in
[D4]methanol, 7.77 ppm, s, 3 H and [D3]acetonitrile, 7.79 s, 3
H ppm).

Theoretical calculations have been carried out using Density
Functional Theory (DFT)-based calculations (ESI for details).
Synthesis of [CuX(TAA)], [X= Br, (1), I (2)]. Thioacetamide
(TAA) (0.120 g, 1.59 mmol) was added to a solution of CuX
(X= Br, I) (1.49 mmol) in acetonitrile (10 mL) and the mixture
was stirred at room temperature for 30 min. Then the solvent
was removed under vacuum and the resulting pale yellow solid
was washed with ethanol, acetonitrile and diethylether and
dried under vacuum (0.256 g, 77 % yield for 1, and 0.141 g, 36
% yield for 2 based on Cu). The purity of the samples was
checked by X-ray powder diffraction. Single crystals of 1 and 2
suitable for X-ray diffraction studies were obtained after one
day, by slow evaporation at room temperature of an acetonitrile
solution of both polymers.

1: Anal. Calcd. (%) for C,HsBrCuNS: C, 10.99; H, 2,31; N,
6.41; S, 14.67. Found (%): C, 10.61; H, 2.39; N, 6.27; S, 14.59.
IR selected data (KBr, cm'): 3477(s), 3286(s), 3139(s),
1636(s), 1478(m), 1408(m), 1367(m), 1297(s), 1028(w), 968(s),
697(s).

2: Anal. Calcd. (%) for C,HsICuNS: C, 9.04; H, 1.90; N, 5.27;
S, 12.07. Found (%): C, 8.78; H, 2.00; N, 5.27; S, 12.03. IR

6 | J. Name., 2012, 00, 1-3

selected data (KBr, cm™"): 3333(s), 3273(s), 3169(s), 1627(s),
1475(m), 1403(m), 1370(m), 1303(m), 1025(w), 965(s), 696(s).
Synthesis of [AgX(TAA)], [X= Cl, (3), Br (4)]. A solution of
AgNO; (0.162 g, 0.95 mmol) in acetonitrile (5 mL) was
dropwise added, in darkness, to a mixture of KX (X= Cl, Br;
1.11 mmol) and TAA (0.089 g, 1.18 mmol) in 10 mL of
acetonitrile:water (4:1). The suspension was stirred for 30 min
at room temperature, and the grey solid was filtered, washed
with water, acetonitrile and diethylether and dried under
vacuum (0.120 g, 58 % yield for 3, and 0.122 g, 49 % yield for
4, based on Ag). The purity of the samples was checked by X-
ray powder diffraction. Diffusion of diethylether into a pyridine
solution of 3 and 4 compounds affords colourless crystals
suitable for X-ray analysis.

3: Anal. Calcd. (%) for C,HsCIAgNS: C, 11.00; H, 2.31; N,
6.41; S, 14.68. Found (%): C, 10.45; H, 2.33; N, 6.39; S, 14.67.
IR selected data (KBr, cm'): 3298(s), 3124(s), 1653(s),
1495(s), 1410(m), 1359(s), 1301(m), 1030(w), 970(s), 697(s).
4: Anal. Calcd. (%) for C,HsBrAgNS: C, 9.14; H, 1.92; N,
5.33; S, 12.20. Found (%): C, 8.73; H, 1.96; N, 5.32; S, 11.67.
IR selected data (KBr, cm'): 3295(s), 3158(s), 1647(s),
1491(s), 1406(m), 1359(s), 1297(m), 1022(w), 968(s), 698(s).

Conclusions

In this work we have shown that the use of TAA as a bridging

ligand can produce simple but interesting coordination
polymers with multifunctional properties. The synthetized
materials have increased the relative short list of 2D- and 3D-
CPs showing electrical conductivity.

The use of coordination polymers in materials science is limited
by their limited processability. Typically processability requires
solubility of a polymer, and for CPs solubilisation lead to a
decomposition of the initial material. There are a very limited
number of samples of soluble CPs.”® Very, recently we have
demonstrated M-X bonds can help to the solubilisation process
and in a reversibility way. This possibility has allowed the
processability of these CPs for the production by wet-
lithography of electrical conductive sub-micron structures and
even an OFET device.”**

Interestingly, we have found that 1-4 show relatively high
solubility in several low or no coordinating organic solvents
and the ability to reverse from solution to the initial crystalline
materials. These compounds represent the first samples of bi-
CPs

The processability

and  three-dimensional showing a  reversible

recrystallization process. showed by
compound 2 strongly support the idea that these materials could

be useful to produce new devices.
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