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Reaction of copper(II) thiocyanate with pyrimidine leads to the formation of the new ligand-rich 1:2
(1:2 = ratio metal salt to ligand) copper(II) compound [Cu(NCS)2(pyrimidine)2]n (1). Its crystal
structure was determined by X-ray single crystal investigations. It consists of linear polymeric chains, in
which the Cu2+ cations are m-1,3 bridged by the thiocyanato anions. The pyrimidine ligands are
terminal N-bonded to the Cu2+ cations, which are overall octahedrally coordinated by two pyrimidine
ligands and two N-bonded as well as two S-bonded thiocyanato anions. Magnetic measurements were
preformed yielding weak net ferromagnetic interactions between adjacent Cu2+ centers mediated by the
long Cu–S distances and/or interchain effects. On heating compound 1 to approx. 160 ◦C, two thirds of
the ligands are discharged, leading to a new intermediate compound, which was identified as the
ligand-deficient 2:1 copper(I) compound [(CuNCS)2(pyrimidine)]n by X-ray powder diffraction.
Consequently, copper(II) was reduced in situ to copper(I) on heating, forming polythiocyanogen as
byproduct. Elemental analysis and infrared spectroscopic investigations confirm this reaction pathway.
Further investigations on other ligand-rich copper(II) thiocyanato compounds clearly show that this
in situ thermal solid state reduction works in general.

Introduction

Investigations on coordination polymers and metal–organic
frameworks have achieved enormous interest during the past few
decades, and have gradually become one of the most active fields in
inorganic and material chemistry.1 In most cases, these compounds
were prepared in solution. This may lead to problems, because
in several cases, mixtures of different phases are obtained that
have to be separated by hand. Moreover, in some cases, ther-
modynamically metastable compounds can easily be overlooked.
Thus, alternative routes for the discovery and synthesis of pure
coordination polymers are required.

Recently, we proved that thermal decomposition reactions of
suitable ligand-rich precursor compounds based on copper(I),
silver(I), zinc(II) and cadmium(II) halides and N-donor ligands
can be widely used as a convenient preparative tool for the facile
synthesis of new pure ligand-deficient coordination compounds.2

In further investigations we have shown that ligand-deficient
compounds based on paramagnetic transition metals can also
be prepared by this method.3,4 In these reactions more condensed

Institut für Anorganische Chemie, Universität zu Kiel, Max-Eyth-Straße
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† Electronic supplementary information (ESI) available: Selected bond
lengths and angles for 1; experimental and calculated XRPD patterns
of compounds 1, 2 and 3; IR spectroscopic data of compounds 1, 2, 3 and
all intermediates obtained in the first heating step; TG curve of compound
2; experimental XRPD pattern of the intermediate obtained in the first
heating step of compound 2 in comparison with the calculated XRPD
patterns of CuNCS and [(CuNCS)2(pyrazine)]n. CCDC reference number
733158. For ESI and crystallographic data in CIF or other electronic
format see DOI: 10.1039/b909838k

coordination networks are formed, which leads frequently to com-
pounds with cooperative magnetic phenomena.3,4 In this project
we synthesized a new ligand-rich 1:2 copper(II) thiocyanato com-
pound with pyrimidine as ligand as a precursor for the preparation
of new ligand-deficient compounds by thermal decomposition.
Surprisingly, thermal decomposition leads to the formation of
a ligand-deficient 2:1 copper(I) compound, which was formed
by in situ thermal reduction of the copper(II) precursor. In the
following we report these investigations.

Experimental

General

CuCl2, KNCS, pyrimidine, 4,4¢-bipyridine and pyrazine were
obtained from Alfa Aesar. Cu(NCS)2 was prepared by the reaction
of equimolar amounts of KNCS and CuSO4 in water. The black
precipitate was filtered off immediately and washed with water.
The residue was dried over concentrated H2SO4. The purity of all
compounds was checked by X-ray powder diffraction (see Fig. S1
to S3 in the ESI†) and elemental analysis.

Synthesis of catena[bis(l2-thiocyanato-N ,S)-bis(pyrimidine-N)-
copper(II)] (1)

A mixture of CuCl2 (268.9 mg, 2 mmol), KNCS (388.8 mg,
4.0 mmol) and pyrimidine (320.4 mg, 4.0 mmol) was stirred in
5 mL water at RT. After 3 days the dark green crystalline powder
obtained was filtered off and washed with water, ethanol and
diethyl ether and dried in air. Yield: 601.2 mg (88.4%). Calculated
for C10H8CuN6S2 (339.9): C 35.34, H 2.37, N 24.73, S 18.87; found:
C 35.05, H 2.31, N 24.45, S 18.61. IR (KBr): nmax = 3426 (b),
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3067 (w), 2937 (w), 2099 (vs), 1630 (w), 1565 (s), 1558 (m), 1469
(m), 1405 (s), 1223 (w), 1178 (w), 1083 (w), 1015 (w), 819 (w), 707
(m), 640 (m), 481 (w) cm-1 (see Fig. S4 in the ESI†).

Single crystals suitable for X-ray structure determination were
prepared by the reaction of CuCl2 (33.6 mg, 0.25 mmol), KNCS
(48.6 mg, 0.5 mmol) and pyrimidine (80.1 mg, 1 mmol) in 3 mL
methanol at RT in a closed snap cap vial. After 1 week green
block-shaped single crystals were obtained.

Synthesis of poly[bis(l2-thiocyanato-N ,S)-(l2-pyrazine-N ,N ¢)-
copper(II)] (2)

A mixture of CuCl2 (67.2 mg, 0.5 mmol), KNCS (97.2 mg, 1 mmol)
and pyrazine (40.0 mg, 0.5 mmol) was stirred in 4 mL water at
RT. After 3 days the moss green crystalline powder obtained was
filtered off and washed with water, ethanol and diethyl ether and
dried in air. Yield: 112.1 mg (86.3%). Calculated for C6H4CuN4S2

(259.8): C 27.74, H 1.55, N 21.57, S 24.68; found: C 27.51, H 1.44,
N 21.38, S 24.58. IR (KBr): nmax = 3441 (b), 3111 (w), 3090 (w),
3040 (w), 2122 (vs), 1636 (w), 1488 (w), 1414 (m), 1158 (m), 1122
(m), 1062 (m), 978 (w), 935 (w), 826 (w), 798 (m), 486 (m), 439
(w) cm-1 (see Fig. S5 in the ESI†).

Synthesis of poly[bis(l2-thiocyanato-N ,S)-(l2-4,4¢-bipyridine-
N ,N ¢)-copper(II)] (3)

A mixture of Cu(NCS)2 (89.9 mg, 0.5 mmol) and 4,4¢-bipyridine
(320.4 mg, 4.0 mmol) was stirred in a mixture of 2 mL water
and 2 mL ethanol at RT. After 3 days the light green crystalline
powder obtained was filtered off and washed with water, ethanol
and diethyl ether and dried in air. Yield: 141.1 mg (84.0%).
Calculated for C12H8CuN4S2 (335.9): C 42.91, H 2.40, N 16.68,
S 19.09; found: C 42.48, H 2.24, N 16.21, S 18.88. IR (KBr):
nmax = 3431 (b), 3073 (w), 2918 (w), 2107 (vs), 1609 (m), 1534 (w),
1491 (w), 1413 (w), 1319 (w), 1229 (m), 1072 (w), 1015 (w), 809
(m), 727 (w), 643 (w), 582 (w), 505 (w), 471 (w) cm-1 (see Fig. S6 in
the ESI†).

Elemental analysis of the residues obtained in the thermal
decomposition.

(A) Isolated after the first heating step (see Thermoanalytic
Investigations) for [Cu(NCS)2(pyrimidine)2]n (1). Calculated for
[{Cu(NCS)2}2(pyrimidine)]n: C 21.86, H 0.92, N 19.12, S 29.18;
found C 21.86, H 1.03, N 18.92, S 28.58. (B) Isolated after the
first heating step for [Cu(NCS)2(pyrazine)]n (2). Calculated for
[(CuNCS)2(pyrazine)]n + (NCS)2: C 21.86, H 0.92, N 19.12, S
29.18; found C 19.90, H 0.62, N 17.85, S 31.15. (C) Isolated
after the first heating step for [Cu(NCS)2(4,4¢-bipyridine)]n (3).
Calculated for [(Cu(NCS)2(4,4¢-bipyridine)]n + (NCS)2: C 32.61,
H 1.56, N 16.30, S 24.88; found C 32.74, H 1.66, N 16.22,
S 24.75.

Single-crystal structure analysis

The investigation was performed with an imaging plate diffraction
system (IPDS-1) with Mo-Ka-radiation from STOE & CIE. The
structure solution was performed by direct methods using
SHELXS-97,5 and structure refinements were performed against
F 2 using SHELXL-97.6 The crystal was pseudo merohedral

Table 1 Selected crystal data and details on the structure determination
from single crystal data for 1

Compound [Cu(NCS)2(pyrimidine)2]n

formula C10H8CuN6S2

MW/g mol-1 339.88
crystal system triclinic
space group P-1
a/Å 9.3335(7)
b/Å 9.3730(7)
c/Å 17.1942(13)
a/deg 97.879(9)
b/deg 97.745(9)
g /deg 115.761(8)
V/Å3 1309.69(17)
T/K 170
Z 4
Dcalc/g cm-3 1.724
m/mm-1 1.980
min/max transmission 0.798/0.849
qmax/deg 26.02
measured reflections 10205
unique reflections 4967
reflections [F o > 4s(F o)] 4258
parameter 348
Rint 0.0354
R1

a [F o > 4s(F o)] 0.0310
wR2

b [all data] 0.0781
GOF 0.984
Drmax, Drmin/e Å-3 0.484, -0.589

a R1 = ∑‖F o| - |F c‖/
∑

|F o|. b wR2 = [
∑

[w(F o
2 - F c

2)2]/
∑

[w(F o
2)2]]

1
2 .

twinned around a 2-fold rotation axis and therefore a twin re-
finement was performed using the TWIN option in SHELXL-976

[twin matrix: (0 -1 0) (-1 0 0) (0 0 -1); BASF: 0.243(2)]. An
empirical absorption correction was applied using Platon.7 All
non-hydrogen atoms were refined with anisotropic displacement
parameters. The hydrogen atoms were positioned with idealized
geometry and were refined with fixed isotropic displacement
parameters [U eq(H) = -1.2U eq(C)] using a riding model with
dC–H = 0.95 Å. Details of the structure determination are given
in Table 1.

X-ray powder diffraction (XRPD)

XRPD experiments were performed using a Stoe Transmission
Powder Diffraction System (STADI P) with Cu-Ka-radiation
(l = 154.0598 pm) that is equipped with a linear position-
sensitive detector (Delta 2 Theta = 6.5–7◦ simultaneous; scan
range overall = 2–130◦) from STOE & CIE.

Differential thermal analysis, thermogravimetry, and mass
spectroscopy (DTA-TG-MS)

The DTA-TG measurements were performed in a nitrogen at-
mosphere (purity: 5.0) in Al2O3 crucibles using a STA-409CD
instrument from Netzsch. The DTA-TG-MS measurements were
performed with the same instrument, which is connected to a
quadrupole mass spectrometer from Balzers via Skimmer coupling
from Netzsch. The MS measurements were performed in analogue
and trend scan modes in Al2O3 crucibles in a dynamic helium
atmosphere (purity: 5.0) using heating rates of 4 ◦C/min. All
measurements were performed with a flow rate of 75 mL/min and

This journal is © The Royal Society of Chemistry 2009 Dalton Trans., 2009, 10192–10198 | 10193
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were corrected for buoyancy and current effects. The instrument
was calibrated using standard reference materials.

Elemental analysis

CHNS analyses were performed using an EURO EA elemental
analyzer, fabricated by EURO VECTOR Instruments and Soft-
ware.

Spectroscopy

Fourier transform IR spectra were recorded on a Genesis series
FTIR spectrometer, by ATI Mattson, in KBr pellets.

Magnetic measurement

The magnetic measurement was performed using a Physical
Property Measuring System (PPMS) from Quantum Design,
which is equipped with a 9 T magnet. The data were corrected
for core diamagnetism.8

Results and discussion

Crystal structure

The ligand-rich 1:2 compound [Cu(NCS)2(pyrimidine)2]n (1) crys-
tallizes in the centrosymmetric triclinic space group P-1 with four
formula units in the unit cell (Table 1). The asymmetric unit
consists of two metal cations located on centers of inversion as well
as one metal cation, four thiocyanato anions and four pyrimidine
ligands in the general position. In the crystal structure the metal
cations are coordinated by two pyrimidine ligands, two S and two
N atoms of four thiocyanato anions within a slightly distorted
octahedral geometry (Fig. 1).

Fig. 1 Crystal structure of [Cu(NCS)2(pyrimidine)2]n (1) with a view of
the coordination sphere of the Cu2+ cations with labeling and displacement
ellipsoids drawn at the 50% probability level. Symmetry codes: A = -x +
1, -y + 2, -z + 1; B = -x - 1, -y, -z.

The Cu2+ cations are each m-1,3 bridged by four thiocyanato
anions, resulting in the formation of linear polymeric Cu-(NCS)2-
Cu chains, in which the pyrimidine ligands are terminal N-
bonded to the Cu2+ cations (Fig. 2: top). This chains consist of
two alternating types of Cu2+ coordination polyhedra, linked by
the thiocyanato anions: one with pyrimidine ligands forming a
dihedral angle of 88.2(5)◦ at Cu1 and the other due to symmetry

Fig. 2 Extended crystal structure of [Cu(NCS)2(pyrimidine)2]n (1) with a
view of the intramolecular chains (top) and its intermolecular layers with
a view along the c-axis (bottom).

with coplanar pyrimidine ligands at Cu2 and Cu3. Overall this
topology is not unusual for monodentate pyridyl derivatives.9

However, in contrast to other ligand-rich 1:2 thiocyanato com-
pounds based on the bidentate pyrimidine as ligand a topology is
found, in which the thiocyanato anions are terminal N-bonded
and the metal centers are bridged by the pyrimidine ligands
into layers.4,10 The shortest centroid–centroid distance of two
adjacent terminal bonded parallel pyrimidine ligands amounts to
3.774(1) Å, which indicates p–p-interactions. If these interactions
were taken into account, the structure of 1 can be described as a
3D network containing layers, which are stacked perpendicular to
the crystallographic c-axis (Fig. 2: bottom).

The Cu–NCS distances range between 1.930(3) and 1.957(3) Å
and the Cu–SCN distances range between 2.808(1) and 3.115(1) Å.
The octahedral coordination around the Cu2+ cations is slightly
distorted with angles of 88.98(13) to 93.19(9)◦ as well as 174.86(12)
to 180◦. The almost linear thiocyanato anions form with the
Cu2+ cations Cu–S–CN angles of about 95.2(1) to 98.2(1)◦ and
Cu–N–CS angles of about 168.1(3) to 173.2(3)◦ (see Table S1 in
the ESI†). The metal–metal separation through the thiocyanato
anions amounts to 5.679(1) and 5.777(1) Å, whereas the shortest
interchain as well as the shortest interlayer separation of two
adjacent metal cations amounts to 8.386(8) and 8.376(9) Å.

Magnetic investigations

In compound 1 the copper(II) cations are m-1,3 bridged by
the thiocyanato anions, which can lead to magnetic exchange

10194 | Dalton Trans., 2009, 10192–10198 This journal is © The Royal Society of Chemistry 2009
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interactions. Several similar copper(II) compounds were investi-
gated for their magnetic properties, which were described as weak
antiferromagnetic interactions.11

To investigate the magnetic properties in compound 1, the
temperature dependence of the magnetic susceptibility was inves-
tigated by applying a magnetic field of H = 1 T in the temperature
range 300–2 K. The magnetic data were fitted according to the
Curie–Weiss law cM = C/(T - q) in the temperature range 150–
2 K with q = 1.00 K and C = 0.3732 K cm3 mol-1. In the
high temperature range a fitting was not performed, because the
susceptibility signal was too low. The effective magnetic moment
meff of 1.73 mB is in exact agreement with the spin-only value of
1.73 mB for a high spin Cu2+ ion (S = 1

2
, g = 2.0). The overall

paramagnetic Curie–Weiss behavior (Fig. 3: top) yielding a small
positive Weiss constant, indicating net ferromagnetic interactions
between the Cu2+ centers on cooling, attributed to the long Cu–S
distances and/or interchain effects. This is also obvious by the
increase of the cMT values upon cooling to a maximum value of
40.65 K cm3 mol-1 at 15.5 K (Fig. 3: bottom) due to increasing
ferromagnetic correlations between adjacent spin carriers. Upon
cooling to 2 K, cMT decreases quickly due to rapidly increasing
antiferromagnetic interactions.

Fig. 3 Results of the magnetic measurement by plots of paramagnetic
susceptibility (top) and cMT (bottom) as a function of temperature for
[Cu(NCS)2(pyrimidine)2]n (1).

Investigations on the thermal decomposition reaction

On heating, the ligand-rich 1:2 compound [Cu(NCS)2-
(pyrimidine)2]n (1) in a thermobalance up to 400 ◦C, two mass
steps are observed in the TG curve that are accompanied with
endothermic events in the DTA curve. The DTG curve shows that
these events are well separated (Fig. 4). From the MS trend scan
curve, it is proven that only the ligand pyrimidine (m/z = 80) is
lost during these mass steps. The experimental mass loss of 35.2%
in the first step is in perfect agreement with that calculated for the
release of three-quarter of the ligands (Dmtheo(- 3

4
·pyrimidine) =

35.3%) and the experimental mass loss of 11.4% in the second
step corresponds very good to the loss of the rest of the ligands
(Dmtheo(- 1

4
·pyrimidine) = 11.8%).

Fig. 4 DTG, TG, DTA and MS trend scan curves for the ligand-rich 1:2
compound [Cu(NCS)2(pyrimidine)2]n (1). Heating rate = 4 ◦C/min; m/z =
80 (pyrimidine); given are the mass changes (%) and the peak temperatures
TP (◦C).

Based on the experimental mass losses, it can be assumed
that in the first heating step a ligand-deficient 2:1 compound of
composition [{Cu(NCS)2}2(pyrimidine)]n is formed. On further
heating, the remaining ligands are lost leading to the formation of
Cu(NCS)2, which decomposes on further heating.

In order to verify the nature of the first intermediate formed,
additional TG measurements with heating rates of 4 C◦/min
were performed and stopped after the first TG step. The residue
obtained was investigated by elemental analysis, X-ray powder
diffraction and magnetic measurements. Elemental analysis (see
Experimental section) is in good agreement with that calculated
for the copper(II) compound [{Cu(NCS)2}2(pyrimidine)]n and
the XRPD pattern suggests a phase pure compound (Fig. 5A).
Surprisingly, magnetic measurements show that a diamagnetic
copper(I) compound was formed. Based on this result we identified
the intermediate as the ligand-deficient 2:1 copper(I) compound
[(CuNCS)2(pyrimidine)]n reported recently (compare A with B in
Fig. 5).12

This journal is © The Royal Society of Chemistry 2009 Dalton Trans., 2009, 10192–10198 | 10195
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Fig. 5 Experimental XRPD pattern of the residue obtained in the first
heating step in the thermal decomposition reaction of the ligand-rich
1:2 compound [Cu(NCS)2(pyrimidine)2]n (1) (A) and calculated XRPD
pattern of the ligand-deficient 2:1 compound [(CuNCS)2(pyrimidine)]n (B)
from single crystal data.

To verify the decomposition process of compound 1 in more de-
tail, additional temperature-dependent X-ray powder diffraction
experiments were carried out. These measurements confirm the in
situ thermal reduction of compound 1 into a copper(I) species and
do not show any additional ligand-deficient intermediates (Fig. 6).

The elemental analysis of the intermediate formed in the first
heating step is in disagreement with that calculated for the cop-
per(I) species [(CuNCS)2(pyrimidine)]n as proved by XRPD, but
well suited to the copper(II) species [{Cu(NCS)2}2(pyrimidine)]n

(see Experimental section). Therefore, we assume that copper(II)
thiocyanate decomposes by an in situ reduction to copper(I)
thiocyanate and amorphous thiocyanogen, a reaction which was
reported recently:13,14

2 Cu(NCS)2 → 2 CuNCS + (NCS)2

Thiocyanogen (NCS)2 is thermally unstable and polymerises
spontaneously to give an orange/brick-red solid product of poly-
thiocyanogen (NCS)x.15 To confirm this assumption additional
infrared spectroscopic investigations were carried out, which
show a very sharp band at 2124 cm-1 and a very broad band
around 1199 cm-1 (see Fig. S7 in the ESI†). The first band
agrees with the C–N stretching vibration of the thiocyanato
anion, which occurs in m-1,3 bridging thiocyanato compounds
well above 2100 cm-1,16 whereas the second one accords to ring
vibrations of polythiocyanogen.13,15 Experiments to remove the
byproduct polythiocyanogen by dissolving with various solvents
were unsuccessful.

A general behavior?—thermal decomposition of other copper(II)
thiocyanato compounds

To prove if other ligand deficient copper(I) thiocyanato coordina-
tion compounds can be prepared by in situ reduction of copper(II)
precursor compounds, we investigated other potential ligand rich
copper(II) coordination compounds for their thermal properties.
A search in the Cambridge Crystal Structure Database yields two
potential ligand-rich copper(II) thiocyanato compounds based on
4,4¢-bipyridine17 and pyrazine18 as ligands, for which also cor-
responding ligand-deficient copper(I) compounds were reported
recently.19,20 Thus, we investigated both ligand-rich copper(II)
compounds for their thermal properties:

On heating the ligand-rich 1:1 copper(II) compound
[Cu(NCS)2(pyrazine)]n

18 (2), two mass steps are observed in the
TG curve, of which each step corresponds to the removal of
half of the pyrazine ligands (see Fig. S10 in the ESI†). XRPD
investigations of the residue obtained in the first heating step
show clearly that the ligand-deficient 2:1 copper(I) compound
[(CuNCS)2(pyrazine)]n

19 was formed (see Fig. S11 in the ESI†).
IR spectroscopic investigations (see Fig. S8 in the ESI†) and
elemental analysis (see Experimental section) supports this finding
with polythiocyanogen as byproduct. It must be noted that
the two mass steps are not well resolved and therefore, the

Fig. 6 Temperature-dependent XRPD pattern of the ligand-rich 1:2 compound [Cu(NCS)2(pyrimidine)2]n (1) (C), which decomposes into the
ligand-deficient 2:1 compound [(CuNCS)2(pyrimidine)]n (B) and copper(I) thiocyanate (A).

10196 | Dalton Trans., 2009, 10192–10198 This journal is © The Royal Society of Chemistry 2009
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intermediate is contaminated with small amounts of copper(I)
thiocyanate.

For the ligand-rich 1:1 copper(II) compound [Cu(NCS)2(4,4¢-
bipyridine)]n

17 (3), also two mass steps are observed in the TG
curve (Fig. 7: top). The experimental X-ray powder pattern of
the residue formed in the first step is in good agreement with
that calculated for the ligand-deficient 2:1 copper(I) compound
[(CuNCS)2(4,4¢-bipyridine)]n

20 from single crystal data (Fig. 7:
bottom). IR spectroscopic investigations (see Fig. S9 in the
ESI†) and elemental analysis (see Experimental section) sup-
port this finding. Surprisingly, the XRPD investigations show
clearly that the ligand deficient 2:1 copper(I) compound is
contaminated with small amounts of the ligand-rich 1:1 cop-
per(I) compound [CuNCS(4,4¢-bipyridine)]n,21 in which the ratio
between copper and the ligands is identical to that in the
precursor. This indicates that the reduction takes place before
the ligands are emitted, which means that copper(I) coordination
polymers might also be prepared without loss of the organic
ligands.

Fig. 7 TG curve of the ligand-rich 1:1 compound
[Cu(NCS)2(4,4¢-bipyridine)]n

17 (3) (top) and experimental XRPD
pattern of the intermediate obtained in the first heating step of compound
3 as well as the calculated XRPD pattern for the ligand-deficient
2:1 compound [(CuNCS)2(4,4¢-bipyridine)]n from single crystal data
(bottom).

Conclusion

In this contribution we reported on the preparation and char-
acterization of the new ligand-rich 1:2 copper(II) compound
[Cu(NCS)2(pyrimidine)2]n. In its crystal structure the Cu2+ cations
are coordinated by two N-bonded pyrimidine ligands and two
S-bonded as well as two N-bonded thiocyanato anions in an
octahedral geometry. The Cu2+ cations are each m-1,3 bridged
by four thiocyanato anions, resulting in the formation of linear
polymeric Cu–(NCS)2–Cu chains, in which the pyrimidine ligands
are terminal N-bonded to the Cu2+ cations. We also proved that on
heating in this compound an in situ thermal reduction takes place,
in which the Cu2+ cations are reduced by a part of the thiocyanato
anions, which are oxidized to amorphous polythiocyanogen as a
byproduct.

Furthermore we showed that this in situ thermal solid state
reduction works in general: ligand-rich copper(II) thiocyanato
compounds based on 4,4¢-bipyridine and pyrazine as ligands
also transform into the corresponding ligand-deficient copper(I)
thiocyanato compounds. Even if this is an unexpected redox
reaction in the solid state, this method cannot so far be used as a
synthetic tool for the synthesis of new ligand-deficient copper(I)
thiocyanato compounds, because polythiocyanogen is formed as
a byproduct. This would be different, if the polythiocyanogen
could be removed. However, the formation of (NCS)2 and (NCS)x

proceeds via SCN∑ radicals.15 Thus, suitable scavengers need to
be found which could transform the radicals into a compound,
which could then be separated from the copper(I) coordination
compound. Such experiments will be the subject of further
investigation.
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