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A novel one-dimensional (1D) heterometallic chain, {[Rh2(dfpma)2-
(MeCN)4]2[Ag(MeCN)4]}[PF6]5 (1), is afforded from the in situ
reaction of [ClRh(cod)]2 with [Ag(MeCN)4][PF6] and dfpma (dfpma
) bis(difluorophosphine)methylamine). Dichroic crystals, which are
obtained from MeCN/Et2O solutions, crystallize in the monoclinic
space group C2/m with a ) 13.570(5) Å, b ) 20.895(9) Å, c )
13.810(6) Å, â ) 104.904(7)°, V ) 3784(3) Å3, Z ) 4. X-ray
diffraction studies reveal an asymmetric unit comprising two RhI

2

dimers and a square planar AgI cation; this subunit propagates to
form a 1D heterometallic chain. Compound 1 displays novel
spectroscopic properties in the solid state, including temperature-
dependent luminescence.

One-dimensional (1D) extended systems have captured the
imaginations of chemists interested in the ground-up design
of “molecular wires”.1-3 The construction of such materials
from discrete molecular fragments provides the opportunity
to tune optical, electrical, and magnetic properties of the
extended array. Methods for the preparation of 1D metal
systems include the covalent linkage of dimers,4 the con-
struction of chains possessing direct metal-metal inter-
actions,5-7 or the noncovalent assembly of homometallic and
heterometallic complexes of d8, d10, and s2 metal centers.8-12

We now report the combination of these disparate synthetic
approaches to produce a [RhI

2‚‚‚AgI‚‚‚RhI
2]n

5+ 1D chain,
formed from the encapsulation of a d10 [Ag(MeCN)4]+ cation

by two valence-symmetric RhI
2 dications, [Rh2(dfpma)2-

(MeCN)4]2+ (dfpma) MeN(PF2)2).
Crystalline{[RhI

2(dfpma)2(MeCN)4]2[AgI(MeCN)4]}(PF6)5

(1) may be isolated in low yields from the reaction of
RhII

2(dfpma)3Cl4 with two equiv of AgPF6 in MeCN/THF
solution. Conversely, higher yields of1 are afforded from
the reaction of AgPF6 with [ClRh(cod)]2 in MeCN, followed
by filtration and treatment with dfpma to give a dark red
solution. Slow addition of ether by vapor diffusion at room
temperature yields1 as large red-green iridescent crystals.
The dirhodium subunit of the 1D chain, [RhI

2(dfpma)2-
(MeCN)4][PF6]2 (2), may be independently prepared by
utilizing TlPF6 in place of the silver salt.

The heterometallic chain emerges prominently in the solid-
state structure of1 (Figure 1).13 The 1D chain, which is
surrounded by the PF6

- anions, propagates perpendicularly
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Figure 1. (a) Monomer and (b) chain structures of1. The PF6- anions
have been removed for clarity.
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to the crystallographicb axis, bisecting the unique angleâ
of the unit cell. A Rh(1)-Rh(2) distance of 3.0498(10) Å
within the dimer subunit (Figure 1a) indicates the absence
of a formal metal-metal bond between two RhI centers, but
it is short enough to suggest some degree of dz2σ* stabiliza-
tion by the energetically proximate pzσ orbitals.14-16 An angle
of 10.2° between the two canted RhI coordination planes is
significantly smaller than that observed in open-boat struc-
tures of RhI2-pyrazolate complexes.17 The observation of a
valence symmetric RhI

2 core is a departure from our previous
studies of Group 9 dfpma coordination chemistry. Whereas
valence desymmetrized M2II,0 (M ) Rh, Ir) cores prevail
when three dfpma ligands coordinate the bimetallic center,18-24

two dfpma ligands are apparently unable to drive the internal
disproportionation of the RhI2 core. Accordingly, the asym-
metry observed in the PNP backbone of M2

0,II(dfpma)3
complexes21 is not observed in1, which displays symmetric
Rh-P (davg ) 2.1586(11) Å) and P-N (davg ) 1.657(3) Å)
bond distances. An average Rh-N bond distance of 2.058(3)
Å is consistent with the Rh-N distances measured for other
RhI-acetonitrile complexes containingπ-acid ligands.25 As
shown in Figure 1b, two of these [RhI

2(dfpma)2(MeCN)4]
subunits are sandwiched between [Ag(MeCN)4]+ centers.
These adjacent dirhodium subunits are eclipsed (required by
symmetry) and rotated by 180°. The Rh(2)‚‚‚Rh(2)′ contact
between dimers is 3.902(2) Å with the metal-metal axes
offset by 0.211 Å.

The structure of1 is further distinguished by the coor-
dination geometry about the AgI cation. Though transition
metal-silver complex adducts are well established,26-28 in
1 the [Ag(MeCN)4]+ cation fragment assumes a square-
planar geometry as opposed to the tetrahedral geometry that
is normally observed for AgI coordinated by four acetonitrile
ligands.29-31 The AgN4 moiety is rigorously planar, as

required by crystallographic symmetry, though distinctly
different Ag-N bond lengths of 2.290(6) and 2.409(6) Å
are observed. The [Ag(MeCN)4]+ cation is displaced by
0.772 Å above the Rh(1)-Rh(2) vector, and the Ag(1) metal
center is located 3.4074(11) Å from Rh(1). Rh(2)-Rh(1)-
Ag(1) and Rh(1)-Ag(1)-N(5) bond angles of 166.92(4)°
and 84.10(12)°, respectively, are a result of canted AgN4

planes. This canting directs the occupied dz2 orbital of silver
toward the empty pz orbitals of the offset rhodium dimers.

Though emission from d8-d10 mixed-metal complexes is
well established,32,33in the case of1, alignment of the metal-
based orbitals along the 1D chain gives rise to curious optical
properties. Large hexagonal crystals of1 are dichroic when
viewed with polarized light. The crystal face normal to the
metal chain axis is brilliant green, whereas crystal faces
viewed from other angles are pale yellow. A strong band at
522 nm and a shoulder at 460 nm dominate the absorption
spectrum of1.34 Solids of1 at room temperature exhibit weak
luminescence bands at 641 and 815 nm. Upon cooling, the
intensity of these bands increases significantly (see Figure
2). At 15 K, the 641-nm emission decays with a lifetime of
60 ps, whereas the 815-nm emission displays biexponential
kinetics (τ0 ) 130 ps,τ1 ) 540 ps). In contrast, a single,
intense 547-nm absorption band is observed in the solid-
state absorption spectrum of individual rhodium dimer
subunits,2; a corresponding emission band is centered at
λmax ) 665 nm (τ ) 140 ps). As evidenced by wavelength-
dependent lifetimes, each emission band of1 appears to be
derived from a different excited state. This contention is
further supported by the excitation spectra of1 (see Sup-
porting Information), which reveal distinctly different ab-
sorption manifolds for each emission band. The spectral
properties of the high-energy emission band correspond to
an intense band withλmax ) 575 nm in the excitation
spectrum. The chracteristics of the transition are in accord
with the molecular dz2σ* f pzσ excited state of binuclear d8

complexes.35 The similarity of the energy maximum and
width between the 641-nm and 665-nm emission bands of1
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Figure 2. Solid-state absorption and emission spectra of1. Emission
spectra were acquired at (a) 15, (b) 77, (c) 150, and (d) 298 K withλex )
546 nm.
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and 2, respectively, suggests an excited-state parentage
that is derived from the RhI2 unit. The blue-shifted emission
of 1 relative to 2 is ascribed to the proximity of the
[Ag(MeCN)4]+ cation. The filled pz orbital of the AgI may
destabilize the empty pzσ orbital of the RhI dimer, shifting
the dz2σ* f pzσ transition to higher energy. Conversely, the
815-nm emission band of1 corresponds to an intense 701-
nm band in the excitation spectrum. A vestige of the
transition is observed as a low-energy shoulder in the
absorption spectrum of Figure 2.

The [RhI
2‚‚‚AgI‚‚‚RhI

2]n
5+ extended chain dissociates in

solution, as illustrated by identical solution-phase NMR
spectra for1 and2. 1H NMR spectra of the two compounds
in CD3CN display two resonances, assigned to the methyl
group of the bridging dfpma ligands (3.07 ppm) and
uncoordinated MeCN (1.96 ppm), which exchanges with the
CD3CN solvent.31P NMR spectra show an apparent triplet
resonance at 138 ppm for the phosphines of the dfpma
ligands and a low-frequency resonance for the PF6

- anions.

A pair of doublets is observed in the19F NMR for the dfpma
ligands; a single19F resonance is also observed for the PF6

-

anions.
In conclusion, symmetric RhI

2 complexes are obtained
when two dfpma ligands bridge the binuclear core. These
dimers form adducts with AgI to give a [RhI2‚‚‚AgI‚‚‚RhI

2]5+

structural unit that repeats to form a linear chain of metal
atoms. The perturbation of the d10 Ag(I) cation on the
electronic properties of the 1D chain is evident upon
comparison of the solid-state absorption and emission
properties of1 and2. Further studies of the structural and
electronic features of this 1D chain incorporating other square
planar d10 metals should prove intriguing.

Acknowledgment. The National Science Foundation
(Grant CHE-9817851) funded this research.

Supporting Information Available: Detailed synthesis for the
preparation of1 and 2 and absorption, emission, and excita-
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