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Self-assembly of organic and inorganic molecules into one-
dimensional (1D) micrometer- and nanometer-scale architec-
tures has become a useful approach for the fabrication of
materials with extraordinary properties and applications.[1–12]

Noncovalent intermolecular interactions are widely regarded
as an efficient approach to construct molecular assemblies
with well-defined structures in the micro- and nanoscopic size
regime and involve hydrogen-bonding, p–p stacking, electro-
static, and van der Waals interactions. The size and structure
of nanoscale aggregates can be significantly varied through
manipulation of intermolecular interactions by the judicious
choice of the solvent and/or functionalization of the precursor
molecules.[3–7] On the contrary, the use of weak metal···metal
interactions in the construction of 1D nanostructures remains
sparse.[13] Herein, we report luminescent 1D inorganic micro-
and nanowires from [Pt(CNtBu)2(CN)2] that are aggregated
and directed by PtII···PtII interactions. The precursor [Pt-
(CNtBu)2(CN)2] was synthesized in high yield by stirring
K2PtCl4 and excess tert-butyl isocyanide in water at room
temperature.[14] This partially dealkylated complex is stable

towards air and moisture at room temperature. Slow diffusion
of diethyl ether vapor into a solution of [Pt(CNtBu)2(CN)2] in
acetonitrile resulted in the formation of light green, long
rodlike crystals, which exhibit strong green emission under
UV light (Figure 1).

The molecular structure of [Pt(CNtBu)2(CN)2] was deter-
mined by X-ray crystallography (Figure 2). The two CN and
CNtBu ligands respectively adopt cis geometry (Figure 2a).
In the crystal packing diagram, [Pt(CNtBu)2(CN)2] units stack
in pairs along the a axis with a C(8)-Pt(1)-Pt(2)-C(4) torsion
angle of 125.208 (Figure 2b), and this pattern extends
continuously with adjacent pairs to form infinite linear
stacks of square-planar PtII molecules along the a axis with
PtII···PtII distances of 3.354(1) =. This pattern is similar to
those observed in other extended linear-chain platinum(II)
complexes.[15] Figure 2c displays a view of a [Pt]n chain
aligned as a 1D coordination wire. The [Pt]n chains are packed
along the a axis to result in the formation of rod-type crystals
(Figure 2d). Nonclassical hydrogen bonding for the intermo-
lecular C�H···N�C interactions are observed (H···N 2.66–
2.74 =; angle C�H···N 144.9–154.28 ; see Supporting Informa-
tion), through which bundles of [Pt]n chains are held together
in the crystal structure of [Pt(CNtBu)2(CN)2] (see Supporting
Information). These structural features encouraged us to
explore the possibility of employing [Pt(CNtBu)2(CN)2] as a
building block for the construction of 1D micrometer- and
nanometer-sized wires and fibers based on PtII···PtII inter-
actions.

First, an evaporation approach was employed for the
aggregation of [Pt(CNtBu)2(CN)2] molecules into lumines-
cent wires. Following evaporation of a solution of [Pt-
(CNtBu)2(CN)2] in acetonitrile (10�4

m) in air on a silicon
substrate, an emission microscope image was recorded that
revealed the formation of wires assembled with high length/
diameter aspect ratios (Figure 3a). The diameter of the PtII

wires generated is approximately 25 mm, and their lengths can
be more than 1000 mm. To obtain luminescent wires with
smaller diameters, an approach of injection reprecipitation
was employed. Luminescent wires of micrometer and nano-
meter diameters were prepared by controlling the volume of
the solution of the complex in acetonitrile injected into water.
Figure 3 b and c show the topographic features of luminescent
wires observed by optical microscopy and scanning electron

Figure 1. Photographic image of [Pt(CNtBu)2(CN)2] crystals excited
with UV light (lex=365 nm).
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microscopy (SEM), respec-
tively. The diameter of the
wires formed was sensitive to
the volume of the solution:
200 mL of [Pt(CNtBu)2(CN)2]
in acetonitrile afforded lumi-
nescent wires with diameters of
around 500 nm, whereas 50 mL
of the solution gave wires with
diameter of approximately
70 nm.

Upon excitation at 365 nm
with a UV lamp, [Pt-
(CNtBu)2(CN)2] nanowires
exhibited an intense emission
at lmax= 560 nm at 298 K (see
Supporting Information). How-
ever, when the wires were dis-
solved in acetonitrile a color-
less solution was obtained. Fig-
ure 4a shows the emission spec-
tra of a solution of [Pt-
(CNtBu)2(CN)2] in acetonitrile
recorded at different temper-
atures (from 298 to 77 K). At
298 K the solution was non-
emissive, but an emission with
lmax= 542 nm developed at a
temperature of 220 K. Upon
lowering the temperature,
aggregation of [Pt-

(CNtBu)2(CN)2] in acetonitrile at 220 K was
observed, and the emission at l= 542 nm is
attributed to the 3[5ds*,6ps] electronic excited
state of [Pt(CNtBu)2(CN)2] aggregates.[16–18] As
the temperature of the solution of [Pt-
(CNtBu)2(CN)2] was further decreased to
77 K, the emission at l= 542 nm was resolved
into two bands at 584 and 530 nm with lifetimes
(t) of 2.5 and 3.5 ms, respectively. Variation of
the excitation wavelength resulted in a change
in the relative intensity of the two emission
bands at 530 and 584 nm (see Supporting
Information). These results suggest that the
emissions at l= 530 and 584 nm originate from
different [Pt(CNtBu)2(CN)2]n species. Previous
work revealed that the emission properties of
[Pt(CN)4]

2� in solution are affected by the
concentration of the complex and can be
attributed to the 1[5ds*,6ps] and 3[5ds*,6ps]
excited states of {[Pt(CN)4]

2�}n for different
values of n.[19] The emission spectra of [Pt-
(CNtBu)2(CN)2] nanowires showed a temper-
ature dependence (Figure 4b) similar to that
recorded in acetonitrile solution. The solid-
state emission at 562 nm at 298 K resolved into
two peak maxima at 545 and 597 nm upon
decreasing the temperature to 77 K. We also
found that the emission spectrum of [Pt-

Figure 2. Crystal structure of [Pt(CNtBu)2(CN)2]. a) ORTEP drawing with thermal ellipsoids shown at the
30% probability level. b) View along the a axis showing the relative orientation of two adjacent
[Pt(CNtBu)2(CN)2] molecules (H atoms labels omitted for clarity). c) Side view of molecular wire showing
metal–metal interactions (Pt pink, N blue, C gray). d) Crystal packing diagram of [Pt]n chains.

Figure 3. Emission microscopy images (a,b; upon excitation at 365 nm) and scanning
electron micrographs (c,d; under different magnification) of luminescent [Pt-
(CNtBu)2(CN)2] wires formed a) on a silicon substrate by slowly evaporating a solution
of [Pt(CNtBu)2(CN)2] in acetonitrile (10�4m); by injecting 200 mL (b) and 50 mL (c,d) of
a solution of [Pt(CNtBu)2(CN)2] in acetonitrile (9.6I10�3m) into 10 mL of water
followed by transferring the mixture onto a silicon substrate. In parts (c,d), a platinum
layer was sputtered onto the surface to increase the conductivity.
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(CNtBu)2(CN)2] nanowires at 77 K depends on the excitation
wavelength (see Supporting Information).

The relationships between the excitation and emission
spectra were examined. For a glassy solution of [Pt-
(CNtBu)2(CN)2] in benzonitrile (5.66 I 10�5

m) at 77 K, the
emission spectra recorded at different excitation wavelengths
showed a gradual shift in emission maximum (see Supporting
Information). Upon excitation of the glassy solution at
475 nm, an emission peak at 547 nm and a shoulder at
610 nm were observed. Upon shifting the excitation wave-
length to higher energy, the corresponding emission max-
imum was also blue-shifted. A series of excitation spectra
were recorded while monitoring different emission wave-
lengths: an intense band was found with a spectral profile
resembling the [nds*!(n+1)ps] transition of dinuclear d8 or
d10 metal systems,[16,20] and the excitation peak maximum
shifted from 480 nm to 464, 452, 433, and 428 nm upon
changing the emission wavelength from 570 nm to 547, 534,
520, and 502 nm, respectively. We tentatively assign the
different photophysical properties to the [5ds*!6ps] elec-
tronic excited states of [Pt(CNtBu)2(CN)2]n aggregates.

Exposure of [Pt(CNtBu)2(CN)2] nanowires to the vapor of
volatile organic compounds (VOCs) resulted in changes in the

emission properties (Figure 5). A shift of the emission
maximum from 562 to 533 nm was observed with a concom-
itant increase in emission intensity. Such solvatochromism
was reversible, and the emission spectrum was restored to its

original profile after the sample was placed in air for 15 days
or under vacuum for 10 h. Subtle environmental changes can
perturb the weak PtII···PtII interactions and subsequently
affect the 3[5ds*,6ps] emissive properties.[16–18] Previous stud-
ies have demonstrated that the 3[5ds*,6ps] excited states of
dinuclear and linear-chain PtII compounds are sensitive to
temperature and atmospheric factors.[15a, 17,21,22] Here, we
examined the vapochromic behavior of the crystals obtained
by diffusing diethyl ether vapor into a solution of [Pt-
(CNtBu)2(CN)2] in acetonitrile. These bright yellow crystals
of [Pt(CNtBu)2(CN)2] in the dry state showed an intense
emission with lmax= 534 nm (t= 0.85 ms; quantum yield F=

0.33) at 298 K, however, at 77 K two emission peaks with
maxima at l= 510 (t= 0.47 ms) and 569 nm (t= 1.65 ms) were
observed. Exposure of the crystals to acetonitrile vapor only
resulted in a change in the emission intensity with no shift of
the emission maximum (see Supporting Information). We
propose that the micro- and nanostructures of [Pt-
(CNtBu)2(CN)2] species exhibit large surface areas, which
would enhance the contact between [Pt(CNtBu)2(CN)2]
molecules and the organic solvent molecules.

To examine the effect of acetonitrile vapor upon the
crystal structure and packing of [Pt(CNtBu)2(CN)2], X-ray
diffraction data were collected under different conditions.
Crystals were grown by diffusion of diethyl ether into a
solution of [Pt(CNtBu)2(CN)2] in acetonitrile at room tem-
perature. Crystal 1 was isolated from the solution mixture
(acetonitrile and diethyl ether) and kept in air at room
temperature for 15 days, and the X-ray crystal data were

Figure 4. Emission spectra of a) a solution of [Pt(CNtBu)2(CN)2] in
acetonitrile (5.0I10�4m) and b) [Pt(CNtBu)2(CN)2] nanowires at differ-
ent temperatures. The nanowires were formed by injecting 200 mL of a
solution of [Pt(CNtBu)2(CN)2] in acetonitrile (9.6I10�3m) into 10 mL
of water followed by transferring the mixture onto a silicon substrate.

Figure 5. Room-temperature emission spectra of [Pt(CNtBu)2(CN)2]
nanowires recorded after exposure of the sample to acetonitrile vapor
at different time intervals. The wires were formed by injecting 200 mL
of a solution of [Pt(CNtBu)2(CN)2] in acetonitrile (9.6I10�3m) into
10 mL of water followed by transferring the mixture onto a silicon
substrate. Insets: Emission microscopy images of luminescent wires
before (a) and after (b) exposure to acetonitrile vapor.
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collected at 298 K. Crystal 2 was isolated from the solution
and encapsulated in epoxy resin, and the X-ray data were
immediately recorded at 298 K. For crystal 2, although we
could not precisely locate the coordinates of some carbon and
nitrogen atoms at 298 K, the coordinates of the Pt atom and
coordinated carbon atoms could be accurately determined.
On the basis of the two sets of X-ray crystal data, the
intermolecular PtII···PtII distances in the two structures were
found to be similar (3.354(1) = for crystal 1; 3.3525(2) = for
crystal 2) but there are slight variations in the bond angles
(atBuNC-Pt-CNtBu= 88.188 for crystal 1 and 92.118 for
crystal 2 ; aNC-Pt-CN= 88.308 (1) and 98.528 (2); atBuNC-
Pt-CN= 91.44, 92.098 (1) and 83.46, 85.918 (2)) around the PtII

center (see Supporting Information). This observation is
consistent with the finding that exposure of dry crystals of
[Pt(CNtBu)2(CN)2] to acetonitrile vapor affects the emission
intensity, but the variation in the emission maximum is small
(see Supporting Information).

In conclusion, we have demonstrated that [Pt-
(CNtBu)2(CN)2] molecules can form micrometer- and nano-
meter-scale luminescent wires. Weak PtII···PtII interactions are
useful cohesive force for the construction of 1D functional
nanomaterials. Recent work has revealed that 1D nanorods
can be obtained from cyclometalated platinum(II) complex-
es.[13b] More importantly, PtII···PtII interactions not only induce
the formation of 1D nanostructures but are also responsible
for the intense green 3[5ds*,6ps] emission of the self-
assembled [Pt(CNtBu)2(CN)2] wires.
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