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One-dimensional solid materials are one of the most attractive
subjects in materials science because of their suitability for processing
in practical applications and the relatively facile access to theoretical
models.1 For example, carbon-based materials such as carbon nano-
tubes and organic conducting polymers have had a great impact on
materials science.2 One-dimensional materials can be formed via
electrical interactions between the molecular building blocks.3 For
example, it has been reported that the self-assembly of transition-metal
complexes via metal-metal interactions can generate unprecedented
one-dimensional materials,4 as in the formation of one-dimensional
molecular chains via assembly of [Pt(CN)4]2-.4b These building blocks,
which have square-planar geometry, showed weak but clear metal-metal
interactions along the z axis (arbitrary notation). The origin of these
peculiar interactions has been suggested to be a molecular orbital
symmetry interaction.5 Furthermore, the interesting optical and electri-
cal properties of these one-dimensional materials, such as reflection
of polarized light parallel to the chain, generating a metallic luster,
have been intensively studied.4,6 Currently, the assembled platinum
compounds have been applied as new vapochromic sensor materials.7

Although assembly via molecular orbital symmetry interactions and
the resultant properties have triggered academic curiosities in physics
and materials science, the number of well-defined systems is still quite
limited.8 Usually, the known building blocks have a negative or positive
charge, which is an obstacle in assembly because of electrostatic
repulsion between the assembled building blocks.8,9 In addition, the
range of applicable ligands is quite limited.8 In this work, we report a
new series of molecular wires based on the assembly of neutral
Rh(CO)2Cl(amine) building blocks (Chart 1) via Rh(I)-Rh(I) interac-
tions along with control of the interchain distances. It is noteworthy
that the structures of the building blocks with variable amine ligands
determine the formation of self-assembly as well as the optical
properties.

The building block Rh(CO)2Cl(n-butylamine) (R1) was prepared
via reaction of [Rh(CO)2Cl]2 with n-butylamine in methylene chloride
at room temperature as a representative among the selected building
blocks. The following observations clearly indicated the assembly of
building blocks through Rh(I)-Rh(I) interactions (see below). First,
the solution of R1 showed a concentration-dependent dramatic color
change (Figure 1e), similar to those reported in the literature.10 A 1.0
mM solution of R1 in methylene chloride was yellow with maximum
absorption peaks at 264 and 338 nm (Figure 1a,e). As the concentration
was increased above 20 mM, the solution darkened, and a new broad
absorption peak appeared at 500-700 nm. When the solvent was
evaporated completely, there was a dramatic change in color, as shown
in Figure 1a-c. Eventually, green-colored solids were obtained (Figure
1c), and the color change was reversible (Figure 1d).

Second, the solid of R1 exhibited a metallic luster, a unique
observation for chains assembled via metal-metal interactions.4 As
shown in Figure 1f, under bright light, the resultant materials reflected

the light to show a golden metallic luster. In contrast, when the intensity
of the light was reduced, the solid materials showed the original green-
blue color (Figure 1c).

Third, the assembled structures were further investigated using X-ray
powder diffraction (XRPD). The XRPD pattern of the assembled R1

Chart 1. Rhodium Building Blocks R1-R10 Used in This Study

Figure 1. Photographs of (a) a 1.0 mM methylene chloride solution of R1,
(b) the solution under vacuum evaporation, (c) after the removal of solvent,
and (d) after redissolution of R1 in methylene chloride. (e) Concentration-
dependent UV-vis absorption spectra of R1. (f) Photograph showing the golden
luster of the assembled R1 materials under light from a 100 W halogen (HOYA-
SCHOTT) lamp. (g) XRPD pattern of assembled R1.
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structures showed very sharp and regular peaks corresponding to the
interchain distance and clearly supports the facile assembly of R1
[Figure 1g; see the Supporting Information (SI) for details].

Fourth, the self-assembled materials were directly investigated by
scanning electron microscopy (SEM). The solution of R1 (50 mM)
was prepared in methylene chloride. The self-assembled materials were
obtained on bare glass via simple drop-casting of the solution. As
expected, the SEM images showed the assembled one-dimensional
wires with a thickness of ∼4 µm and lengths of a several millimeters
(Figure 2a,b). Also, the single-crystalline rods could be grown by slow
diffusion of n-hexane into a methylene chloride solution of R1 (Figure
2c).

With a synthetic procedure similar to that for R1, building blocks
R2 and R3 were prepared from {Rh[P(OPh)3]2Cl}2 and [Rh(COD)Cl]2,
respectively. In addition, the selected seven building blocks (R4-R10)
were prepared to investigate the amine-group dependence of the self-
assembly behavior and optical properties (see Chart 1 and the SI).
Interestingly, building blocks R2, R3, and R4 (tert-butylamine) showed
no assembly behavior, possibly because of steric effects due to the
ligands. In sharp contrast with R6 (pyridine), which showed no
crystallinity in the XRPD analysis, building block R5 (aniline) showed
excellent self-assembly behavior, as evidenced by the concentration-
dependent color change and XRPD analysis, indicating that the
electronic effect of the ligands is also critical for achieving the
assembled structure.

Building blocks R7 (methylamine), R8 (octylamine), R9 (dodecy-
lamine), and R10 (octadecylamine) showed good assembly behavior.
Figure 3a shows the crystal structure of the assembled R7, in which
the Rh-Rh distances were 3.41 and 3.39 Å at room temperature. It is
noteworthy that the Pt-Pt distances in the packed [Pt(CN)4]2- are in
the range of 3.09 and 3.75 Å.4

On the basis of the packing structure of the assembled R7 (interchain
distance 8.10 Å), we expected that the interchain distances would
gradually increase with the alkyl chain length of the amine ligands
(Figure 3a). According to XRPD pattern analysis, the interchain
distances in assembled R1, R8, R9, and R10 were 11.97, 15.88, 20.16,
and 26.27 Å, respectively (see Figure S4 in the SI).

Dilute (1.0 mM) solutions of R7-R10 showed the yellow color
with nearly the same maximum UV-vis absorption peaks at 264 ( 2
and 338 ( 1 nm. In contrast, the solids of R7-R10 displayed colors
ranging from green to violet, with a gradual shift in the maximum
UV-vis reflectance peaks from 650 to 600 nm (Figure 3b). It has
been well-documented that the band gap of molecular wires increases
as the metal-metal bond length increases.11 Thus, it can be speculated

that the van der Waals interaction between the alkyl groups induces
the elongation of the metal-metal bonds, resulting in the blue shift of
the band gap. As far as we are aware, this is the first observation of a
systematic change of the optical properties of molecular wires by direct
introduction of designed ligands.

In conclusion, this study has introduced new and rare examples of
chemically controllable, neutral molecular wires that can be applied
to the fabrication of molecular devices.
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Figure 2. SEM images of the self-assembled architecture of R1 at (a) low
and (b) high magnification. (c) Photograph of single-crystalline materials
with golden luster that were grown by slow diffusion of n-hexane into a
methylene chloride solution of R1.

Figure 3. (a) Single-crystal X-ray structure of the assembled R7 and
cartoons showing alkyl amine ligand-dependent interchain distances. (b)
Photographs showing the colors of the assembled R7, R1, and R8-R10
and the corresponding reflectance spectra.
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