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Abstract: Copper(i) thiolates [CuSCnH2n�1] (n� 4, 6, 8, 10, 12, 16, 18) have been
prepared, and their liquid crystal behavior has been studied. Contrary to previous
reports the compounds possess a lamellar structure in the solid state, which has been
characterized by X-ray diffraction analysis of polycrystalline samples. Melting leads
to a columnar mesophase which is stable within a range of 50 ± 60 8C for most of the
derivatives, and has been characterized for [CuSC10H21]: the X-ray diffraction pattern
is consistent with a hexagonal columnar mesophase (a� 2.15 nm) composed of
[Cu4(m2-SC10H21)4] aggregates, and suggests that additional S ´´´ Cu interactions
between the disklike tetramers induce a fairly ordered intracolumnar arrangement
of these aggregates.
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Introduction

Metal thiolates in general, and copper(i) thiolates (CuSR)n in
particular, are of fundamental interest.[1] Copper arenethio-
lates have recently found application in organic synthesis.[2]

They offer a great diversity of structures.[3] They are also
important in connection with the active sites in metallopro-
teins, such as the blue copper proteins, which involve Cu ± S
binding.[4] Moreover, copper thiolate complexes can some-
times behave as semiconductors,[5] and can be used as
precursors for the synthesis of solid-state chalcogenide
materials through thermolysis.[6]

Copper thiolates CuSR are still incompletely characterized
structurally, largely due to their insolubility and poor crystal
habit, which are presumed to be the result of polymeric
structures.[1] One approach to the problem has been to
increase the steric bulk of the substituent R, which leads to
soluble complexes but is also a major factor in determining
the structure of the complex.[7] In some cases it has been
shown that the steric pressure between large substituents R
can be alleviated by simple structural modifications involving
a change in metal coordination from trigonal-planar towards
digonal.[8]

This behavior in the solid state is somewhat analogous to
that observed for silver alkylthiolates when they are heated
and melted. We reported previously that, when the steric
pressure of the substituents R increases as a consequence of
the appearance of gauche conformations upon melting, the
silver thiolates change from their bilayer m3-bridged structure
in the solid state or in the lamellar mesophase to a cyclic m2-
bridged structure in the columnar mesophase.[9]

In recent years metallomesogens (metal-containing com-
pounds displaying liquid crystalline behavior) have under-
gone systematic research and development.[10] Copper(ii)
complexes are paramagnetic and have been studied exten-
sively. The most commonly reported copper(ii) mesogens are
complexes with b-diketonate ligands, with carboxylate li-
gands, or with Schiff-base imines.[11] As far as we know, there
is only one very recent report on copper(i) mesogens,[12]

although examples of mesogens with other d10 complexes
are known: silver(i) with stilbazoles,[13] alkylamines,[14] and
thiolates;[9] gold(i) with isonitriles;[15] zinc(ii) and cadmium(ii)
with porphyrins;[16] zinc(ii) with dithiobenzoates;[17] cadmiu-
m(ii) with alkanoates;[18] and mercury(ii) with aryls.[19]

Preliminary tests on long-chain copper(i) n-alkylthiolates
showed that they had layered structures in the solid state, and
melted to give mesophases. We therefore undertook the
systematic study presented here.

Results and Discussion

Several methods of preparing copper(i) thiolates have been
reviewed recently.[3] A fairly general method is the deproto-
nation of thiols in the presence of a suitable copper source
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(either CuI or CuII) and a base. We have synthesized the
copper(i) thiolates reported in this work starting from Cu2O
without any base (method A), or from CuCl with triethyl-
amine as a base (method B). The second procedure is faster
and does not require reflux. However, although all the
copper(i) thiolates, whether prepared from copper(i) chloride
or from copper(i) oxide, gave satisfactory C, H analyses and
powder diffraction patterns, after two months of storage (in
air, but shielded from light) only the samples prepared from
copper(i) oxide again gave satisfactory elemental analyses,
remained white, and exactly reproduced the powder diffrac-
tion patterns. Those prepared from CuCl had become sticky,
had developed colors ranging from greenish to black, and
gave elemental analyses low in C. This suggested partial
oxidation of the copper and eventual formation of CuO, which
could be confirmed by comparison of the powder diffracto-
grams of these samples with that of the original CuO. The
difference in stability towards oxidation of the samples
obtained by different preparative methods must correspond
to small structural differences or catalytic impurities which
could not be detected by the characterization methods used.
Therefore, we recommend the preparative method A, starting
from Cu2O. The studies reported in this paper were made on
compounds prepared by this method.

Dance et al., when studying the layered structure of silver
thiolates, did not observe a layer-type diffraction pattern for
any CuSR compound,[20] but our X-ray diffraction analysis of
polycrystalline samples of the copper(i) thiolates prepared as
described in the Experimental Section revealed very clearly a
layered structure in the solid state, similar to that found for
silver thiolates. In view of the remarkable influence of the
conditions of synthesis on the properties of these polymeric
thiolates (as discussed above for CuI and for AgI in our
previous paper),[9, 21] we assume that the samples used by
Dance et al. were prepared by a different synthetic procedure
(not reported in ref. [20]) and were either structurally differ-
ent, or partially decomposed.

A representative example of the X-ray diffraction patterns
of our polycrystalline samples of copper(i) thiolates is shown
in Figure 1. All the compounds produce a series of intense

Figure 1. Diffraction pattern of polycrystalline [CuSC10H21].

reflections, which are successive orders of diffraction from a
layer structure, and can be indexed as (0 k0) reflections with
k� 7. For each compound, there is excellent agreement
between the interlayer spacing measured from the diffraction

patterns and that calculated with molecular models assuming
a bilayer structure analogous to that of the silver thiolates.
The latter consists of a central slab of Ag and S atoms
disposed in a quasi-hexagonal network with each silver
tricoordinated by three thiolates and each thiolate m3-bridging
three silver atoms.[20] The chains of the thiolates are distrib-
uted randomly on both sides of this slab, roughly perpendic-
ular to it. Observed interlayer spacings, and those calculated
assuming this structure, are collected in Table 1.

Since the solid-state structures of copper(i) and silver
thiolates seem very alike, a similar mesogenic behavior could
be expected for both types of compound. Nevertheless, we
have found some differences. For n� 4 ± 10, melting of the
AgSCnH2n�1 compounds leads initially in each case to a
metastable lamellar (or SA) mesophase; above this SA phase
an isotropic phase is formed, and further heating gives rise to a
columnar mesophase. For n� 12, melting of the AgSCnH2n�1

compounds produces the columnar mesophase in each case;
presumably the other phases could be formed as transient
intermediates, but they have not been detected. In the copper
thiolates melting leads directly to the columnar mesophase for
every chain length and no intermediate phases were observed.
With short aliphatic chains (4� n� 10) the mesophase
observed has a texture with large extinction domains (pseu-
do-isotropic), and baÃtonnets on cooling from the isotropic
liquid (Figure 2). With longer chains (n� 12) a typical fan-
shaped focal-conic texture is observed (Figure 3). Both
textures are very similar to those found for silver thiolates
in their columnar mesophase.

Figure 2. Texture of the columnar phase of [CuSC8H17], on cooling from
the isotropic liquid to 150 8C.

Table 1. Observed and calculated layer thickness for [CuSCnH2n�1].

n Tobs
[a] [�] Tcalcd

[a] [�]

4 15.92 15.91
6 20.72 20.89
8 25.74 25.86

10 30.19 30.83
12 36.05 35.81
16 46.04 45.76
18 49.99 50.73

[a] Tobs is the layer thickness measured by X-ray diffraction, and Tcalcd is the
calculated one assuming a fully extended conformation of the alkyl chains.
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Figure 3. Texture of the columnar phase of [CuSC18H37], on cooling from
the isotropic liquid to 145 8C.

Thermal parameters (Table 2) were determined by differ-
ential scanning calorimetry (DSC), and the thermal behavior
was compared with that of the corresponding AgSR com-
pounds (Figure 4). The melting points decrease with increas-
ing length of the alkyl chain to reach a roughly constant value
beyond n� 8. The clearing points are in the range 195 ± 210 8C

Figure 4. Comparison of the thermal properties of [AgSCnH2n�1] com-
pounds reported in ref. [11] and [CuSCnH2n�1] compounds. The left-hand
bar of each pair represents the behavior of the copper thiolates and the
right-hand bar those of the silver thiolates. C, crystalline; L, lamellar; Iso,
uncharacterized isotropic phase; Col, columnar.

for all the derivatives except that with n� 18, which undergoes
the transition to the isotropic liquid at approximately 150 8C.
Thus the range of mesogenic behavior is 50 ± 608C for com-
pounds with 6� n� 16, and somewhat smaller for the deriv-
atives with shorter or longer chains (10 ± 15 8C for n� 4, 18).

An X-ray analysis of the columnar mesophase of the
CuSC10H21 derivative was carried out at 170 8C and showed
four low-angle rings and two diffuse halos in the correspond-
ing diffraction pattern (Figure 5). The d spacing of the first

Figure 5. Diffraction pattern of [CuSC10H21] in the mesophase (at 170 8C).

four diffraction rings scales as 1:(1�3)1/2:1�2 :(1�7)1/2, which is
consistent with a hexagonal lattice (a� 2.15 nm). The first
broad halo (0.46 nm) is indicative of the melting of the chains,
and the outer diffuse halo reveals that the columns consist of
stacks of disks separated by 0.34 nm. From these data, the
composition of the disks can be calculated: they are formed by
cyclic [Cu4(m2-SC10H21)4] units (Figure 6). This result is not

Figure 6. Schematic representation of the structure of copper thiolates in
the solid and columnar phases. The tetranuclear aggregates can be
assimilated into disks 0.34 nm thick. One disk is viewed in the direction
of the columnar axis. For a more detailed description of the solid phase, see
ref. [20].

Table 2. Optical, thermal, and thermodynamic data for [CuSCnH2n�1].

n Transition[a] Temperature[b] [8C] DH[b] [KJ molÿ1]

4 C ± M 172.6 9.0
M ± I 188.5 0.6

6 C ± Col 148.0 19.4
Col ± I 210.8 3.3

8 C ± Col 136.4 25.6
Col ± I 192.7 3.2

10 C ± Col 140.8 29.2
Col ± I 203.7 2.7

12 C ± Col 143.5 36.8
Col ± I 205.6 2.8

16 C ± Col 143.2 42.7
Col ± I 194.8 1.9

18 C ± C' 56.1 10.0
C ± Col 140.6 42.0
Col ± I 151.5 0.9

[a] C, C': crystal; Col: columnar; I: isotropic liquid. [b] Data referred to
the second DSC cycle. Temperature data as peak onset.
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unexpected since tetrameric copper(i) thiolate aggregates are
common, not only with intramolecularly coordinating ligands
and auxiliary donor ligands,[22] but also without donor ligands
of any type.[23]

The presence of the outer diffuse halo is a consequence of a
roughly equal distance between disks along the column axis
and is observed in copper(i) thiolates but not in silver thiolates.
Moreover, in copper(i) thiolates the lamellar or isotropic
phases are destabilized compared with the columnar phase,
even for the derivative with the shortest aliphatic chain. These
observations can be explained by the similarity of the
structure of the copper(i) thiolate aggregates inside the
column to that found in [Cu8(SCMe2Et)4(S2CSCMe2Et)4].[8]

In our case the sulfur atoms of the [Cu4(m2-SC10H21)4] rings
would be bonded by their lone electron pairs to another Cu
atom of another [Cu4(m2-SC10H21)4] ring above or below the
one with which they are mainly involved. Thus, assuming that
the disks are stacked in an alternating fashion along
the column as reported for [AuX(CNR)] complexes,[15f] weak
S ´´ ´ Cu interactions could be established between the Cu
atoms of one tetranuclear aggregate and the S atoms of the
neighboring aggregates. Counting this additional interaction,
the sulfur atoms would be m3-bridging, connecting two Cu
atoms of the central ring between them and also one Cu atom
of the ring above or below; the Cu atoms would be
tricoordinated. The existence of these additional weak
interactions may account nicely for the increased stability of
the columnar phase in copper(i) thiolates and the ordered
intracolumnar character that this mesophase displays.

Conclusion

The preparative method severely influences the stability of
copper(i) n-alkylthiolates towards oxidation. Contrary to
previous reports, they possess a lamellar structure in the solid
state. Upon heating they melt to a columnar mesophase based
on the stacking of cyclic [Cu4(m2-SCnH2n+1)4] aggregates.

Experimental Section

All the thiols used were of commercial grade (Aldrich) and were not
purified further. Their catalogue purities were all greater than 97 % except
for HSC16H33 (92 %). No commercial source of HSC14H29 was found.
Combustion analyses were performed with a Perkin-Elmer 2400 micro-
analyzer. Microscopic studies were carried out in a Leitz microscope
equipped with a hot stage and polarizers, at a heating rate of approximately
10 Kminÿ1. For DSC a Perkin-Elmer DSC7 instrument was calibrated with
water and indium; the scanning rate was 10 K minÿ1, the samples were
sealed in aluminum capsules in air, and the holder atmosphere was dry
nitrogen.

X-ray diffraction experiments on the mesophase were performed with a
Guinier camera with CuKa radiation and a cylindrical film, diameter
114.6 nm. The samples were held in Lindemann glass tubes situated in the
gap of a magnet with a field strength of 0.3 ± 1.7 T. X-ray diffraction
experiments on polycrystalline samples were carried out on a Phil-
lips PW 1710 diffractometer fitted with a PW 1820 goniometer.

Representative synthetic procedures :

Method A : To a solution (or a suspension for n� 16, 18) of the
corresponding n-alkylthiol (2.8 mmol) in ethanol (15 mL) was added
Cu2O (0.7 mmol) under N2. The resulting suspension was refluxed until the

color changed from reddish to white. The resulting fine powder was
centrifuged, washed with ethanol (4� 10 mL; for n� 4 ± 12) or dichloro-
methane (4� 10 mL) (for n� 16, 18), and vacuum-dried. All CuSCnH2n�1

compounds were prepared according to this procedure, but with different
reflux times: 48 h for n� 4, 6; 96 h for n� 8; five days for n� 10; eight days
for n� 12; three weeks for n� 16; four weeks for n� 18. CuSC4H9: calcd. C
31.46, H 5.94; found C 31.62, H 6.05. CuSC6H13: calcd. C 39.87, H 7.25;
found C 39.74, H 7.18. CuSC8H17: calcd. C 46.01, H 8.21; found C 46.02, H
8.17. CuSC10H21: calcd. C 50.70, H 8.94; found C 50.46, H 8.96. CuSC12H25:
calcd. 54.40, H 9.51; found C 54.03, H 9.38. CuSC16H33: calcd. C 59.86, H
10.36; found C 59.98, H 10.26. CuSC18H37: calcd. C 61.93, H 10.68; found C
62.22, H 10.77.

Method B : To a solution (or a suspension for n� 16, 18) of the
corresponding n-alkylthiol (3.9 mmol) and triethylamine (3.5 mmol) in
ethanol (15 mL) was added copper(i) chloride (3.5 mmol) in small portions.
The reaction was complete, giving a very fine white precipitate, in 2 h for
n� 4, 6, 8; 6 h for n� 10, 12; 8 h for n� 16; 10 h for n� 18. The white solid
was centrifuged, washed with ethanol (4� 10 mL; for n� 4 ± 12) or
dichloromethane (4� 10 mL) (for n� 16, 18), and vacuum-dried.
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