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Unprecedented Solution-Stable Silver(I) Ethynediyl Clusters

Hua-Bin Wu, Zhi-Jun Huang, and Quan-Ming Wang*[a]

In contrast to silver alkynyl compounds containing substi-
tuted ethynyl ligands (RC�C�),[1] silver�ethynediyl (�C�C�,
acetylide dianion) coordination receives much less atten-
tion[2] because of the explosive nature of Ag2C2 and its insol-
ubility, which present serious difficulties in synthesis and
characterization. It was found that Ag2C2 could be depoly-
merized in a concentrated aqueous solution containing one
or more soluble silver(I) salts.[3] This depolymerization
mechanism is not clearly understood, but it is conceivable
that argentophilicity provides the driving force to transform
polymeric Ag2C2 to labile C2@Agn species with cage struc-
tures each encapsulating a C2

2� anion. Many interesting
compounds containing Ag2C2 as a component have been re-
ported, and most of them have polymeric structures with the
component C2@Agn cages sharing common vertices or
linked by bridging anions.[4] Furthermore, crown ethers have
been employed as blocking groups to install protective cor-
dons around the C2@Agn moiety to obtain discrete mole-
cules.[5] Unfortunately, their characterization has been limit-
ed in the solid state because all known complexes containing
Ag2C2 as a constituent decompose quickly when they are
dissolved.

Solution-stable examples of gold(I) complexes comprising
C2

2� units are known in which the C2
2� anion links a pair of

gold atoms by s-bonding to form a linear molecule [(m-C�
C)bis{(phosphine)gold(I)}].[6] There are only two known
ethynediyl copper(I) complexes, and in these complexes the
C2

2� anion coordinates four rectangularly arranged copper
atoms in [Cu4ACHTUNGTRENNUNG(m-dppm)4(m4-h

1,h2-C�C)] ACHTUNGTRENNUNG(BF4)2 and a butter-
fly-shaped tetranuclear copper(I) core in [Cu4(m-
Ph2Ppypz)4(m4-h

1,h2-C�C)] ACHTUNGTRENNUNG(ClO4)2.
[7] However, to the best of

our knowledge there is as yet no information on the solution

behavior of any silver ethynediyl complex in the literature.
Our attempts to prepare a phosphine-protected silver(I)
ethynediyl analog by using similar methods for copper and
gold were met with no success, probably because the inter-
action between a phosphine and a silver ion is not strong
enough to prevent the attack of ethynediyl, which leads to
the formation of the insoluble Ag2C2 precipitate. Based on
our previous work on the diimine-stabilized silver clusters,[8]

we envision that diimines such as 2,2’-bipyridine (bpy) may
provide effective protection owing to their chelating nature.
Our efforts to isolate molecular ethynediyl silver(I) com-
plexes by using diimine ligands have been successful. This
work reports the synthesis, structure, and photophysical
properties of the first solution-stable complexes containing
Ag2C2 as a component, namely, [Ag7(C2) ACHTUNGTRENNUNG(CF3CO2)5-ACHTUNGTRENNUNG(bpy)5]·MeCN·0.5MeOH (1·MeCN·0.5MeOH) and [Ag7(C2)-ACHTUNGTRENNUNG(CF3CO2)5ACHTUNGTRENNUNG(phen)5]·2CH2Cl2 (2·2CH2Cl2; phen=phenanthro-
line).

Complex 1 was obtained in high yield by adding trime-
thylsilylacetylene (Me3SiC�CH, the precursor of C2

2�) into a
methanol solution of [Ag ACHTUNGTRENNUNG(bpy)CF3CO2] that was generated
by mixing equivalent amounts of silver trifluoroacetate and
bpy. A clear solution was obtained without precipitation of
Ag2C2. The bpy ligands provides the protection for the silver
ions, and the release of C2

2� from Me3SiC�CH also inhibits
the formation of Ag2C2. Using Ag2C2 directly in the prepara-
tion did not result in any reaction because a high silver(I)
concentration is necessary to promote the solution of Ag2C2

as documented in the literature.[3]

The composition of 1 was confirmed by the analytical
data. Although the C2

2� dianion is IR silent, a C�C band at
1766 cm�1 is found in its Raman spectrum in the solid state.
The much lower ñACHTUNGTRENNUNG(C�C) frequency is consistent with the
longer C�C bond length associated with p bonding with the
silver atoms. A similar C�C band at 1788 cm�1 was reported
in [Cu4ACHTUNGTRENNUNG(m-dppm)4(m4-h

1,h2-C�C)] ACHTUNGTRENNUNG(BF4)2.
[9] The existence of

acetonitrile in 1 was also confirmed by a Raman signal at
2248 cm�1.

The crystal structure of 1 has been determined and the
molecular structure is shown in Figure 1.[10] Compound 1 is a
caged molecule comprising seven silver atoms, one C2

2�, five
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bpy, and five CF3CO2. The shape of the cage is not regular,
but it could be roughly described as a square antiprism with
a missing corner. The polyhedron could also be described as
an edge-sharing Ag1�Ag2�Ag3�Ag4 square and a bent
Ag1�Ag4�Ag5�Ag6�Ag7 pentagon, which form an enve-
lope structure enclosing the C2

2� fragment. The structural
core is illustrated in Figure 1 b;
four silver atoms Ag1�Ag2�
Ag3�Ag4 construct a square
and the other three Ag5�Ag6�
Ag7 build a triangle. The C2

2�

anion is completely encapsulat-
ed in the silver cage with C1�
C2 bond length of 1.261(8) �
being significantly longer than
the C�C triple bond lengths
found in acetylene (1.205 �),[11]

CaC2 (1.191 �),[12] and the ter-
nary alkali metal silver acety-
lides CsAgC2 and KAgC2

[1.217(7) and 1.223(6) �, re-
spectively].[13] The Ag�C dis-

tances lie in the range 2.089(6)–2.561(6) �. The Ag···Ag dis-
tances in the cluster range from 2.7894(4) to 3.3039(8) �,
which are comparable to the interatomic contact of 2.89 �
in silver metal and shorter than twice the van der Waals
radii of silver.[14]

Complex 1 is air stable and soluble in common organic
solvents such as MeOH and MeCN to give a clear solution.
ESIMS did not give satisfactory results owing to the frag-
mentation that occurred under ESI conditions. However,
complex 1 can be recrystallized from the solution, and the
product of recrystallization was confirmed to have the same
composition as 1. This observation strongly suggests that 1 is
stable in methanol solution, because all previously reported
complexes containing Ag2C2 components decompose readily
to deposit Ag2C2 precipitates once dissolved. Because Ag2C2

is extremely insoluble, the decomposition is irreversible,
that is, once the Ag2C2 deposits it will not go back to form 1
again. Because 1 can be recrystallized from solutions, it has
to be intact when dissolved.

To test the generality of the synthetic protocol, phen was
used in place of bpy and a molecular silver ethynediyl com-
plex 2 was isolated, which has a similar C2@Ag7 core struc-
ture (see the Supporting Information). Complex 2 is also
soluble without decomposition. This observation indicates
that diimines are a good supporting group owing to the che-
lating effect.

Note that Me3SiC�C� remained intact in the preparation
of [Me3SiC�CAgPMe3]1,[15] in which [CpAgPMe3] was
used as the precursor and the Cp� was replaced by the
Me3SiC�C� ligand.

The reaction process of the preparation of 1 goes very
fast, and this process could be monitored by watching the lu-
minescence color of the frozen glasses. Immediately after
adding Me3SiC�CH to the [Ag ACHTUNGTRENNUNG(bpy)CF3CO2] solution
(green emissive at 77 K), the resulting solution was quickly
cooled to 77 K and the frozen glass displayed a bright
yellow emission.

Complexes 1 and 2 are not emissive at room temperature.
At 77 K, the frozen glasses of 1 and 2 (MeCN/MeOH, 1:1)
are luminescent, and their emission spectra along with those
of bpy and phen are illustrated in Figure 2. It is known that

Figure 1. a) The molecular structure of 1. Hydrogen atoms and Ag···Ag
contacts have been omitted for clarity. b) Top view and c) side view of
the C2@Ag7 core in 1. Selected bond lengths [�]: C1�C2 1.261(8), C1�
Ag1 2.209(6), C1�Ag2 2.132(6), C1�Ag3 2.445(6), C1�Ag4 2.561(6), C1�
Ag7 2.440(6), C2�Ag3 2.413(6), C2�Ag4 2.539(6), C2�Ag5 2.089(6), C2�
Ag6 2.303(6), C2�Ag7 2.309(6), Ag1···Ag2 2.7894(7), Ag1···Ag4
2.9174(6), Ag2···Ag3 3.0664(7), Ag3···Ag4 2.9190(7), Ag1···Ag7 3.3039(8),
Ag4···Ag5 3.1939(7), Ag5···Ag6 2.8935(7), Ag6···Ag7 2.9189(8).

Figure 2. a) Normalized emission spectra of frozen glasses. b) Photograph of the luminescence taken at 77 K.
From left to right: frozen glasses of bpy, [AgACHTUNGTRENNUNG(bpy)CF3CO2], and 1 irradiated with 365 nm UV light.
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the blue emission of bpy originates from a triplet intra ACHTUNGTRENNUNGli ACHTUNGTRENNUNGgand
p–p* excited state. The unstructured yellow emission of 1 is
not energetically possible from p–p* excited states of bpy or
C2

2�. The d–p*ACHTUNGTRENNUNG(C2
2�) emissive state should be also ruled out

because the p* of C2
2� has a very high energy.[16] We tenta-

tively assign this emission at 532 nm to arise from the
MMLCT d–p*ACHTUNGTRENNUNG(bpy) transition. Although a low-lying MLCT
electronic level is not permitted,[17] MMLCT may lie at a
low energy level because the AgI–AgI interactions in the
cluster raise the HOMO energy level of d orbitals. The
emissive states derived from the [(C�C)2�!Ag7] LMCT
may be also involved.

In summary, diimines have been proved to be good stabi-
lizing ligands that prevent C2@Ag7 clusters from decomposi-
tion in solution. Complexes 1 and 2 represent a new type of
luminescent complex containing C2@Agn clusters, which join
the large family of luminescent coinage metal acetylides.

Experimental Section

General methods : All manipulations were carried out in the air, and
compounds 1 and 2 are air stable.

Synthesis of 1·CH3CN·0.5 CH3OH : 2,2’-bpy (0.071 g, 0.455 mmol) was
added into a solution of AgCF3CO2 (0.100 g, 0.454 mmol) in MeCN/
MeOH (2 mL; v/v=1:1), the resulting solution was stirred for 5 min at
room temperature to give a light-yellow solution. Then (trimethylsilyl)-
acetylene (0.023 g, 0.232 mmol) was added slowly into this solution,
which was stirred for another 5 min. After adding Et2O (0.5 mL) the so-
lution was set aside at 4 8C. After 12 h, crystals of 1·CH3CN·0.5CH3OH
were obtained (yield: 0.065 g, 59.9 %). 1H NMR (400 MHz, CD3OD,
25 8C): d= 8.64 (d, 2H), 8.14 (d, 2H), 7.89 (t, 2 H), 7.30 ppm (t, 2 H); IR
(KBr): ñ=1688 cm�1 (s; C=O); Raman (powder, ): ñ=1766 cm�1ACHTUNGTRENNUNG(s; C�
C); elemental analysis calcd (%) for [Ag7ACHTUNGTRENNUNG(bpy)5C2 ACHTUNGTRENNUNG(CF3CO2)5·CH3CN]: C
35.04; H 1.90; N 6.59; found: C 34.97; H 1.89; N 6.45.

Synthesis of 2·2 CH2Cl2 : 1,10-Phen (0.080, 0.405 mmol) was added into a
solution of AgCF3CO2 (0.095, 0.432 mmol) in CH2Cl2/MeOH (2 mL, v/
v= 1:1), and the resulting solution was stirred for about 5 min at room
temperature to give a light-yellow solution. Then (trimethylsilyl)acetyle-
ne (0.031 g, 0.316 mmol) was added slowly into the solution, which was
stirred for a further 1 h. Slow evaporation of the solution afforded color-
less crystals (yield: 0.047 g, 31.3 %). 1H NMR (400 MHz, CD3OD, 25 8C):
d=9.11 (dd, 2H), 8.62 (d, 2H), 8.05 (s, 2 H), 7.86 ppm (dd, 2H); IR
(KBr): ñ=1594 cm�1 (s, C=O); Raman (powder): ñ=1779 cm�1 (s, C�C);
elemental analysis calcd (%) for [Ag7 ACHTUNGTRENNUNG(phen)5C2 ACHTUNGTRENNUNG(CF3CO2)5· ACHTUNGTRENNUNG(CH2Cl2)2]: C
36.80; H 1.84; N 5.80; found: C 36.30; H 1.89; N 5.75.
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