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Reversible transformation between Cu(l)-thiophenolate
coordination polymers displaying luminescence and electrical

properties

Javier Troyano,? Oscar Castillo,® Pilar Amo-Ochoa,?¢ J. Ignacio Martinez,® Félix Zamora,*%¢ and Salomé Delgado* <

One-dimensional [Cusls(TP)3(MeCN).], (1) coordination polymer (CP) has been prepared by direct reaction between Cul and thiophenol ligand (TP).

Reversible conversion reaction between 1 and the homoleptic 1D-CP [Cu(TP)]» (2) is observed in acetonitrile upon controlling the Cul

ratio.

Interestingly, CPs 1 and 2 are multifunctional materials showing both luminescence and electrical properties. Photoluminescence measurements

reveal that 1 and 2 are emissive in the blue and the red region, respectively. Additionally, both materials show electrical conductivity at room temperature

(1.2 x 108 for1and 3.7 x 10* S cm™ for 2) indicating a semiconductor behaviour. DFT calculations have been used to rationalise these observations.

Introduction

In recent years, Cu(l) coordination polymers have received
much attention in the material science, due to not only their
fascinating architectures and intriguing topologies, but also for
their interesting electronic properties.’® Due to their high
efficiency and low cost, copper(l) complexes have been
extensively studied for their potential application in
electroluminescent devices.>!

Copper(l) halide aggregates represent a versatile family in
coordination chemistry because of their enormous structural
diversity.!2 These aggregates could exist as discrete compounds
or as CuX-based clusters forming coordination polymers. In
general, the crystal engineering of copper halides is a challenge,
due to the lack of understanding of the crystallisation process,
where the aggregates transform from the solution phase to the
crystal phase undergoing constitutional or conformational
changes.!3 This way, variations in the crystallisation conditions,
such as solvent, temperature, concentration, might be
responsible for variations in the composition and structure of
the CuX-based complexes.**° Typically, copper(l) halide based
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coordination polymers are constructed from neutral ligands
such as anilines, pyridyl type ligands, thioethers and phosphines
that connect the CuX aggregates.? 20-24 Although the chemistry
of copper(l) thiolate compounds has been explored, since the
pioneering works of Coucouvanis and Harvey isolating
[Cua(SCsHs)s]* cluster?® or mixed-valence copper-mercaptide
species?® respectively, neutral Cu(l) thiolate coordination
polymers [Cu(SR)], have been less investigated.?” Nevertheless,
the use of anionic thiolates with flexible coordination ability can
also provide CPs based on Cu(l)-halides. It was found that the
bridging ligand (connecting the copper halide aggregates) gave
rise to more complicated architectures than did monodentate
or bidentate chelating ligands. Thiolates may act both as
terminal or bridging ligands with flexible coordination ability,
and its reaction with copper(l) halides may produce compounds
with new and intriguing structures. Furthermore, the
interaction of “soft” sulfur atoms with “soft” Cu(l) ions may lead
to enhance electronic communication between the ligand and
metal centres, since the orbital energies are better matched.?®
22 |n fact, it has been observed that the incorporation of
organosulfur bridging ligands between adjacent transition
metals is highly desirable to produce electrical conductive
materials3%3* and previous studies by our group showed that
CPs constructed from phenylthiolate ligands and copper(l) may
exhibit thermochromic luminescence and semiconductor
what makes these compounds with high
potential as multifunctional materials.

In this work we have investigated the self-assembly of Cul with
thiophenol (TP), which has allowed us to isolate a novel 1D
coordination polymer [Cugl3(TP)3(MeCN),], (1). This compound
was shown to undergo a reversible conversion into previously
reported [Cu(TP)], (2).32 Here we describe the synthesis,
structure, thermal stability, photoluminescent and electrical

behaviour,3>36



properties of both 1D Cu(l)-thiophenolate CPs, showing that can
be used as multifunctional materials.

Results and discussion
Synthesis and Reversible Transformation Studies

The synthetic route to Cu(l)-thiophenolate coordination
polymers 1 and 2 is given in Scheme 1. The reaction between
Cul and thiophenol was investigated under solvothermal
conditions. Thus, a mixture of Cul and TP (4:1 molar ratio) in
acetonitrile was heated at 160 °C for 72 h. Then, the mixture
was filtered off to separate the unreacted Cul and the resulting
yellow solution was allowed to stand in a refrigerator. After one
week, few single crystals of 1 were formed. In order to produce
bulk sample for further measurements, we attempted to obtain
1 by anti-solvent precipitation with distilled water. The resulting
vellow precipitate was characterized through XRPD.
Unexpectedly, the obtained pattern did not match that of
compound 1. Instead, XRPD pattern corresponded to previously
reported polymer 2.32 Such observations led us to study the
conditions in which the formation of these two compounds take
place. Initially, we evaluated the possibility to produce
compound 1 by reacting 2 and Cul. To this end, 2 powder was
exposed to acetonitrile Cul solutions, ranging from 0 to 4
equivalents, at room temperature for 24 h, and the products
were characterized by XRPD (Figure 1a). A comparison of the
resulting patterns revealed that 2 undergo a conversion into 1
when at least two equivalents of Cul are used. However, the
formation of 1 as a pure phase only occurs at four equivalents
of Cul. By following this method, bulk synthesis of 1 as pure
polycrystalline solid was achieved (see experimental section).
Next, we investigated the reversibility of this transformation by
exposing 1 to acetonitrile Cul solutions by following the same
procedure described for 2. Figure 1b shows the XRPD patterns
of the products obtained indicating that compound remains
invariable when Cul is in solution. However, when 1 was
suspended in acetonitrile the formation of 2 was observed.
These results point out the existing equilibrium between 1 and
2 in acetonitrile when Cul is added (Figure 1c). Thus, the
formation of 1 can be achieved by increasing the concentration
of Cul in acetonitrile suspensions of 2, but when the ratio of Cul
decreases, 1 reverts to compound 2.

Besides the fact that coordination polymers are often described
as “insoluble”,3” 38 it has been shown that these compounds
may undergo solvent-mediated transformations.3®#> These
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Scheme 1 Synthetic routes of compounds 1 and 2.
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Fig. 1. XRPD patterns of the products obtained after exposing 2 (a) and 1 (b)
to Cul solutions (0 to 4 equivalents) in MeCN for 24 h at room temperature,
indicating the equilibrium between 1 and 2 species in Cul solutions in
acetonitrile (c).

polymer, followed by the formation of a new phase from the
solution. Otherwise, the solubility of coordination polymers
depends strongly on the physical properties of the solvent and
on its ability to bind metal cations constituting the backbone of
the coordination polymer. In the case of Cu(l) based CPs,
acetonitrile can stabilize the copper(l) species in solution due to
its coordination ability. We have reported that Cu(l)-
halide/thioacetamide CPs have the capability of reversibly
disassembling in their building units and reassembling in
acetonitrile.*® Furthermore, we have also studied the
transformations in acetonitrile of Cu(l)-halide mixed ligand
compounds based on thioacetamide and N,N’-ditopic ligands,
such as 4,4'-bipyridine and pyrazine,?® showing that can lose
one type of ligand (S- or N-donor ligand) and form new species
with different ligand composition. In our case, acetonitrile
seems to play a key role in the assembly-disassembly process,
allowing the solubilization of the building blocks. Then the
interconversion between compounds 1 and 2 depends on the
ratio between thiophenolate ligand and Cul, where the
formation of 1is only favoured when an excess of Cul is present.

Thermal Analysis



Thermal gravimetric analysis (TGA) was performed on polymer
1 by heating the compound up to 700 °C in N; atmosphere
(Figure S1). The obtained pattern shows the removal of the
acetonitrile molecules between 60 and 103 °C with a mass loss
of 6.7 % (calculated 7.0 %). The loss of acetonitrile was
confirmed by heating 1 at 140 °C under N, atmosphere. The FT-
IR spectrum of the resulting powder showed the disappearance
of the bands at 2305 and 2272 cm'}, and the band at 2920 cm?,
due to nitrile and methyl groups, respectively (Figure S2).
Further mass loss of 31.4 % is observed between 247 and 348
°C. This step can be assigned to the decomposition of
thiophenolate ligand by cleavage of the carbon-sulfur bond,
that has been previously observed for 2 and other polymeric
copper(l) arylthiolates.3 3> 47 Calculations indicate that the
decomposition product is a mixture of Cul and Cu,S (calculated
30.9 %).

Crystal Structures

The crystal structure of compound 1 shows some similarities
with the previously reported compound 2 such as the 1D nature
of the resulting coordination network and the presence of fused
Cu,Sy rings (Figures 2 and 3). However, the crystal structure of
compound 1 is far more complex than the quite regular one of
compound 2. In compound 2, it is based on CusS; non planar
rings that are fused together to generate a 1D nanotubular
structure with a square section of 3.51 A edges. Each copper(l)
metal centre is coordinated to three sulphur atoms from the
thiophenolate ligands to provide a planar triangular
coordination geometry and each thiophenolate ligand bridges
three copper(l) atoms through its sulphur atom (Figure 3).

As previously stated, the crystal structure of compound 1
although showing the same 1D nature is more complex as the
presence of bridging ioidide anions and acetonitrile terminal
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Fig. 3. View (a) along and (b) running along the c-axis of the 1D [Cu(TP)], (2) chains
and (c) their crystal packing.

ligands generates a greater variety of the coordination
surroundings for the copper(l) metal centres. In fact,
crystallography independent six metal centres, three iodides,
three thiophenolate and two acetonitrile ligands are
distinguishable. Three of the copper(l) centres present a more
or less regular CulS; (Cul) or CuNS; (Cu2 and Cu5) triangular
coordination geometry, whereas remaining three ones adopts a
tetrahedral CulsS (Cu3 and Cu6) or Cul,S; (Cu4) ones (Figure S3).
The thiophenolate ligands maximize its coordination
capabilities by bridging three (S1 and S2) and even four (S3)
adjacent metal centres. The tetracoordination of a thiolate
group is less common than the tricoordination but there are
some examples in the literature.*®>! The combination of both
coordination modes generate a skeleton of fused non planar
CueSe rings that are reinforced by the presence of bridging
iodides. lodide anions 12 and 13 bridge three and two copper(l)
metal centres in pyramidal and angular fashion, respectively. It
helps generating a pseudo tubular structure in which the
aromatic ring of the thiophenolate ligand and the methyl group
of the acetonitrile ligands are decorating the outer surface of
these tubes. The inner part of this tubular like structure is
occupied by tetracoordinated iodide 11 which bridges four
copper in a geometry that clearly lies in between the
tetrahedral and square planar geometries. Finally, the
acetonitrile ligand acts as terminal ligand completing the
triangular coordination sphere of Cu2 and Cu5. All the copper(l)
coordination bond distances are within their usual values for
each type of donor atom. On the other hand, the presence of
such a highly connected 1D complex entity imposes the
presence of some short Cu--Cu distances (2.884 and 2.932 A)
that are not present in compound 2. The 1D complex entities,
that run along the crystallographic c axis, are surrounded by
four other ones to provide the final 3D crystalline structure
(Figure 1c). There is no evidence of the presence of any relevant



supramolecular interaction apart from weak van der Waals
forces.

Luminescent properties. In the last decades, Cu(l) complexes
with thiolate ligands have been investigated for their optical
properties.5?>> Among them, polynuclear complexes with
phosphines as ancillary ligands represent one of the most
studied family of compounds.>®° The study of these systems by
DFT theoretical calculations has allowed assigning the
luminescence to transitions from triplet excited states which
are mixed (d = s) and LMCT (ligand to metal charge transfer).>®
61, 62 However, the optical properties of polymeric copper(l)
thiolate compounds remain still little developed. We have
recently reported the synthesis, structural characterization by
X-ray diffraction analysis and study of their optical properties of
the homoleptic copper(l) arylthiolates [Cu(p-SCsHs-R)] (R=
COOH, COOMe).#

Figure 4 displays the photoemission spectra of 1 and 2 upon
excitation at 359 nm recorded at room temperature. Compound
1 shows blue emission with two peaks and maximum values
centred at 417 and 469 nm and weak shoulders at 453, 484 and
495 nm. In addition, a very weak low energy emission band at
622 nm was also observed. Compound 2 presents intense red
luminescence, with a strong peak at 645 nm. In that case, blue
emission maxima at 417 and 470 nm with very low intensity
were detected. Otherwise, free ligand thiophenol displays blue
photoluminescent emission with maxima at 418 and 469 nm
(Figure S4). The emission spectra of compounds 1 and 2 in the
blue region are similar to the corresponding free ligand
thiophenol, therefore this high energy emission can be ascribed
as originating from intraligand (IL) m—mt* transitions. Otherwise,
taking into account previous studies on Cu(l) thiolates,*” 6% 62
the low energy emission can be assigned to ligand—metal charge
transfer (LMCT). In order to try to establish a relationship
between structure and optical properties, the structure of 2 is
similar to the previously reported polymeric homoleptic
copper(l) arylthiolates [Cu(p-SCsH4-R)] (R= COOH, COOMe)*’
and these compounds also shown a low energy band in red
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Fig. 4. Normalized emission spectra of 1 (blue) and 2 (red) in the solid state at room
temperature. Ag = 359 nm.

region most probably arises from an 3LMCT (modified by a
contribution from Cu---Cu interactions). 663 Although 1 shows
a different structure to that of 2, the similarity in the observed
low energy bands for both compounds seems to indicate that is
not very affected by the structure, being the presence of
thiophenol ring the key factor that have influence. This
observation is in line with the assignment of an emissive origin
derived mainly from states of a LMCT (RS- Cu) transition.
Electrical Conductivity and DFT Calculations. Electrical
conductivity of compounds 1 and 2 has been measured at 25 °C,
using direct current (DC) and two-contact method on pressed
pellets of polycrystalline solids. Bulk electrical conductivity
values of 1.2:10% S cm™ and 3.7-:10* S cm™ respectively, were
estimated from their corresponding current—voltage plot (ESI,
Figures S5 and S6). These values indicate a moderate and good
electrical conductivity, respectively for 1 and 2, compared to
that shown by other Cu(l) thiolate based electrically conductive
coordination  polymers®3>3664  gnd  could suggest a
semiconductor behaviour which will be supported by the
theoretical calculations (see theoretical calculations below).
Compound 1 is a one-dimensional coordination polymer with
four different environments for its copper atoms (Figure S3).
The intricate structure of 1 is makes difficult to rationalize its
possible mechanism of conduction. As stated in its structural
description, 1 presents of two types of chains throughout its
structure, one based on S-Cu-S bonds and another on I-Cu-I
bonds. These two chains could be the predominant pathways of
electron mobility, counteracting their effectiveness (Figure 5a).
The Cu-S (2.223-2.354 A) and Cu-1(2.6927-3.129 A) distances as
well as the angles (Tables S1 and S2), could allow a sufficiently
effective overlap between the copper dz? orbital and p orbitals
of the sulfur and iodine atoms to produce moderate electrical
conductivity (1.2-10°® S-cm™). The one-dimensional structure of
compound 2 is much simpler (Figure 3). It is composed of a
single flat trigonal environment for copper, which is bonded to
three sulfur atoms, forming CusSs rings, connected in turn by
sulfurs. Although Cu-S distances (2.270-2.303 A) and angles are
similar to those found in compound 1 (Table S3 and S4), the
smaller distance between the copper atom and the plane
formed by the three sulfur atoms implies a greater planarity
(0.031 A) and, therefore, a more effective orbitals
overlapping.3®

In order to rationalize from a theoretical point of view the
electronic conductivity results obtained for the compounds 1
and 2, we have carried out First-principles Density-functional-
theory (DFT)-based calculations. In the theoretical simulations,
we have used the atomic coordinates found in the X-ray
structures of 1 and 2, in order to evaluate the real geometry of
the materials in the crystal phase in which the electrical
measurements were carried out. In both compounds, the final
residual forces acting on each atom in all the calculations were
below 0.1 eV/A, which is low enough to guarantee perfectly
converged and realistic results for such complex systems from a
theoretical point of view. This noticeably good geometrical
transferability between the experimental configurations and
our theoretical implementation has already provided successful
results for other similar polymer crystals.3> The electronic



structure calculations yield minimum values of the transport
gaps at I points of 1.98 and 1.67 eV for 1 and 2, respectively
(Figure 5b). Therefore, theory predicts all the compounds as
classical wide band-gap semiconductors. Compound 1 shows a
canonical n-type semiconducting character, with the Fermi level
almost pinning into the conduction band; whilst compound 2
does not show a clear n or p-type semiconducting character,
with the Fermi level located in the midgap region. Computed
transport-gaps of 1.98 and 1.67 eV for 1 and 2, respectively, are
in excellent agreement with the measured electrical
conductivity values of 1.2 x 10® and 3.7 x 10% S cm™. It is
important to remark the fact that in both compounds 1 and 2
the conduction bands are electronically degenerated, showing
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Fig. 5. a) Representation of the Cu-l and Cu-S substructures in 1 and Cu-S
substructure in 2. b) Computed total density of electronic states (in eV-?) for
compounds 1 (top panel) and 2 (bottom panel) as a function of the energy,
referred to the Fermi level. Each energy level has been broadened by a
Lorentzian profile with a line-width of 0.01 eV. Transport gap (g;) and
geometries of each compound are also shown in each subpanel.

a degeneracy of 2 and 4, respectively. This high electronic
degeneracy arises from their corresponding rotational
symmetries. This fact has its reflection in the noticeable
intensity of the DOS profile for the conduction bands of both
compounds (w.r.t. the valence bands), and in the conductivity
performance, since the conduction band can easily
accommodate promoting carriers coming from the valence
band by an external potential or an increasing temperature. This
behaviour translates in the fact that a relatively wide transport
gap such as 1.67 eV, in compound 2, yields a conductivity value
of 3.7 x 10* S cm™. Figure S7 shows the valence and conduction
band orbital electron isodensities (with values of 10 e"A"3) for
the compounds 1 and 2. In this figure it is possible to appreciate
that for compound 1 the valence electron isodensity is mostly
located along the metal skeleton, whilst the conduction
electron isodensity is mostly located on the organic ligands.
Nevertheless, for the compound 2, both valence and
conduction bands show contributions from both the metallic
scaffold and the organic ligands. This is translated in a slightly
higher metal-ligand hybridization, which vyields a lower
transport gap and a higher conductivity for 2. Additionally, in
the Figure S7 we can also appreciate the emerging orbital
symmetry, which leads to the electronic degeneracy of the
conduction band aforementioned.

Experimental section
Materials and Methods

All the reagents were purchased from Sigma-Aldrich and used
as received. FTIR spectra (KBr pellets) were recorded on a
Perkin-ElImer 1650 spectrophotometer. C, H, N, S elemental
analyses were performed by the Microanalysis Service of the
Universidad Auténoma de Madrid on a Perkin-Elmer 240 B
microanalyser. Powder X-ray diffraction experiments were
PANalyticalX'Pert PRO
theta/2theta primary monochromator and detector with fast

carried out on a Diffractometer

X'Celerator. The samples have been analysed with scanning
theta/2theta. (DC) electrical conductivity
measurements were performed on pressed pellets of
polycrystalline solids of compounds 1 and 2, with carbon paint

Direct current

at 300 K and two contacts. The contacts were made with
wolfram wires (25 um diameter). The samples were measured
at 300 K applying an electrical current with voltages from +10 to
-10 V. Luminescence excitation and emission spectra of the solid
compounds were performed at 25 °C using a 48000 s (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 scattering 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 that were placed in
quartz cells of 1 mm path length.



X-ray data collection and crystal structure determination. The
X-ray diffraction data collections and structure determinations
were done on a Bruker Kappa Apex Il diffractometer using
graphite-monochromated Mo-Ka radiation (A=0.71073 A). 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. All the structures were
solved by direct methods using the SIR92 program® and refined
by full-matrix least-squares on F? including all reflections
(SHELXL97).6¢ All calculations were performed using the WINGX
crystallographic software package.®’” All non-hydrogen atoms
were refined anisotropically. The hydrogen atoms were
included in their calculated positions and refined riding on the
respective parent atoms. Relevant data acquisition and
refinement parameters are gathered in Table 1. The main bond
lengths and angles for 1 and 2 are shown in Tables S1-S4 (CCDC
1566448 for 1).

Table 1. Crystallographic data for compound 1.

1
Empirical formula C22H21Cusl3N2S3
Formula weight 1171.53
T(K) 200(2)
Crystal system Monoclinic
Space group P 2i/c
a(A) 20.6948(9)
b (A) 19.1425(7)
c(A) 7.5103(2)
a () -
£(°) 92.828(2)
7(°) -
Vv (A?) 2971.58(19)
Z 4
GOF? 1.014
Rint 0.0794
Final R indices
[1>206(1)]
R1° 0.0446
wR2¢ 0.0864
All data
R1P 0.0956
wR2°¢ 0.0864
Largest peak/hole (e"A3)  1.267/-0.997

'S = [SwW(Fo? — F2)? / (Nobs — Nparam)]¥2 1 R1 = 3| |Fo|=|Fc| | / 3|Fol; I wR2 =
[Zw(Fo? - F)? / SwFo?]¥2; w = 1/[c%(Fo?) + (aP)? + b] where P = (max(Fo?,0) + 2 F?)/3
with a = 0.0420 (1) and b = 5.3536 (1).

Theoretical methodology. All the Density Functional Theory
(DFT)-based calculations have been carried out by the accurate
and efficient plane-wave code QUANTUM ESPRESSO.%8 Within
this atomistic simulation package the Kohn-Sham equations are
solved using a periodic super-cell geometry. The exchange-
correlation (XC) effects have been accounted through the
Generalized Gradient Approximation (GGA) within the Perdew-
Burke-Ernzerhof (PBE) parameterization.®® To model the ion-
electron interaction in the H, C, O, S and Cu atoms we have used
RabeRappeKaxirasloannopoulos (RRKYJ) ultra-soft
pseudopotentials.’® 7! The Brillouin zone (BZ) has been sampled
by means of a [6x6x1] Monkhorst-Pack grid’? (where the
Cartesian XY plane corresponds here to the laminar plane) for 1

and 2. The one-electron wave-functions have been expanded in
a basis of plane-waves with energy cut-offs of 400 and 500 eV
for the kinetic energy and for the electronic density,
respectively, which have been adjusted to achieve enough
accuracy to guarantee a full convergence in energy and density.
Synthesis of [Cugl3(TP)3(MeCN).], (1). A solution of Cul (0.320
g, 1.65 mmol) in 12 mL of acetonitrile was added to a
suspension of [Cu(TP)], (2) (0.070 g, 0.40 mmol) in 2 mL of the
same solvent. The resultant mixture was stirred for one night at
room temperature. Then, the grey precipitate formed was
filtered and washed with a solution of Cul (0.175 g, 0.90 mmol)
in 8 mL of acetonitrile (4 x 2 mL) and diethyl ether (2 x 2 mL) and
then dried in air (0.063 g, 80 % yield based on Cu). Anal. calcd
(%) for C22H,1CuglsN,S3: C, 22.55; H, 1.81; N, 2.39; S, 8.21. Found
(%):C, 22.58; H, 1.92; N, 2.31; S, 8.15. IR (KBr, cm-1): 3043 (m),
2920 (m), 2305 (w), 2272 (w), 1576 (s), 1475 (s), 1435 (s),
1080(m), 1022 (m), 742 (s), 688 (s). The purity of the product
was checked by X-ray powder diffraction (Figure S8). Single
crystals of 1 suitable for X-ray diffraction were synthesized by
heating a mixture of Cul (0.582 g, 3.00 mmol) and thiophenol
(0.085 g, 0.75 mmol) in 5 mL of acetonitrile at 160 °C for 72 h.
The resulting yellow solution was filtered off to separate the
unreacted Cul and was allowed to stand in a refrigerator for one
week.

Synthesis of [Cu(TP)], (2). A mixture of Cu(BF4),'xH,0 (0.383 g,
1.50 mmol) and thiophenol (0.341 g, 3.00 mmol) in 12 mL of
ethanol was placed in a 70 mL Teflon-lined vessel, sealed and
sited into a microwave oven equipped with a rotor. The
multimode microwave has a twin magnetron (2 x 800 W,
2.45GHz) with a maximum delivered power of 1000 W. The
temperature was increased from room temperature to 120 °C
in 10 min (microwave power was set at 350 W) and kept for 1 h.
Then, the vessel was slowly cooled down to room temperature.
A yellow solid was obtained, washed with ethanol and diethyl
ether, and then dried in a vacuum at 60 °Cfor 4 h (0.161 g, 62 %
yield based on Cu). Anal. calcd (%) for C¢HsCuS: C, 41.72; H, 2.92;
S, 18.57. Found (%): C, 41.45; H, 2.99; S, 18.38. IR (KBr, cm™):
3062 (w), 1577 (s), 1473 (s), 1437 (m), 1080 (m), 1024 (m), 729
(s), 685 (s). The purity of the product was checked by X-ray
powder diffraction (Figure S9). Our attempts to obtain single
crystals of 2 were unsuccessful.

Conclusions

In this work, we show that the direct self-assembly of Cul with
thiophenol produces two different 1D coordination polymers
with interesting multifunctional properties, ie.
semiconductivity and luminescence. Interestingly, we have
found that the ratio of Cul in acetonitrile is the key factor
determining the reversible conversion between 1 and 2 under
ambient conditions.

These 1D-CPs display high and low energy luminescence
emission in the solid state, which can be assigned to LMCT
transition involving the thiophenolate ligand. Moreover, their
electrical characterization reveals a semiconductor behaviour at
room temperature. Theoretical calculations have been used to
rationalize these findings.
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