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’ INTRODUCTION

The construction of coordination polymers is of great interest
due to their intriguing topologies and potential applications as
functional materials by using single metal1 and polynuclear metal
centers2 as building blocks. In the past decades, a number of silver
chalcogenide nanoclusters have been synthesized and structu-
rally characterized.3 Interestingly, silver(I)-ethynide complexes
have also been intensively investigated to prepare giant silver
clusters4 and luminescent materials5 and serve as novel poly-
nuclear building units to assemble organometallic networks.6

Recently, it was proposed that silver-ethynide complexes could
be modified by the incorporation of coordination groups, such as
pyridyl or pyrimidyl rings to become bifunctional building blocks
to rationally assemble two-demensional (2D) and three-demen-
sional (3D) coordination networks through Ag�N coordination
bonds and argentophilic and silver-ethynide interactions.7,8 In
these kinds of networks, each N atom in the pyridyl or pyrimidyl
groups usually prefers to coordinate to one silver ion in the silver-
ethynide complex unit in a simple way7,8 or binds to a single silver
ion if the steric hindrance of the ligands attached to the silver-
ethynide complexes is large.7 Compared to pyridyl and pyrimidyl
groups, organic ligands containing carboxylate groups are extensively

used to construct supramolecules and coordination polymers.2

Furthermore, carboxylate groups of organic ligands usually
exhibit relatively weak capability to coordinate to silver(I) ions9

and diverse binding modes, which may interact with one, two, or

Scheme 1. Binding Modes in Silver(I) Carboxylate
Complexes
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ABSTRACT: Three phenylethynes bearing methyl carboxylate
(HL1), monocarboxylate (H2L2), and dicarboxylate (H2L3)
groups were utilized as ligands to synthesize a new class of
organometallic silver(I)-ethynide complexes as bifunctional
building units to assemble silver(I)-organic networks. X-ray
crystallographic studies revealed that in [Ag2(L1)2 3AgNO3]∞
(1) (L1= 4-C2C6H4CO2CH3), one ethynide group interacts
with three silver ions to form a complex unit. These units
aggregate by sharing silver ions with the other three units
to afford a silver column, which are further linked through
argentophilic interaction to generate a two-demensional (2D)
silver(I) network. In [Ag2(L2) 3 3AgNO3 3H2O]∞ (2) (L2 = 4-CO2C6H4C2), the ethynide group coordinates to four silver ions to
form a building unit (Ag4C2C6H4CO2), which interacts through silver(I)-carboxylate coordination bonds to generate a wave-like
2D network and is subsequently connected by nitrate anions as bridging ligands to afford a three-demensional (3D) network. In
[Ag3(L3) 3AgNO3]∞ (3) (L3 = 3,5-(CO2)2C6H3C2), the building unit (Ag4C2C6H3(CO2)2) aggregates to form a dimer
[Ag8(L3)2] through argentophilic interaction. The dimeric units interact through silver(I)-carboxylate coordination bonds to
directly generate a 3D network. The obtained results showed that as a building unit, silver(I)-ethynide complexes bearing
carboxylate groups exhibit diverse binding modes, and an increase in the number of carboxylate groups in the silver(I)-ethynide
complex unit leads to higher level architectures. In the solid state, all of the complexes (1, 2, and 3) are photoluminescent at room
temperature.
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even five silver(I) ions (Scheme 1).10 Therefore, one could
imagine that phenylethynide ligands bearing carboxylate groups
could make a silver(I) phenylethynide complex unit interact with
more silver(I) ions or silver-ethynide complex units and thus lead
to diverse and high-level organometallic architectures. In thiswork,
three phenylethynes bearing one or two carboxylic groups, as well
as one methyl carboxylate for comparison purposes (Scheme 2),
are utilized as ligands to construct a new class of silver-organic
networks and to investigate the relationship between the structure
of the network and the number of carboxylate groups attached to
the phenylethynide ligands.

’EXPERIMENTAL SECTION

Materials.Methyl 4-ethynylbenzoate (HL1), 4-ethynylbenzoic acid
(H2L2), and 5-ethynyl-1,3-benzenedicarboxylic acid (H2L3) were

prepared according to literature methods.11 AgNO3 was purchased
from commercial sources and used without further purification.

Scheme 2. Ligands Used to Construct Silver-Organic
Networks

Table 1. Crystal Data and Collection Parameters for Complexes 1, 2, and 3

cmpd ref 1 2 3

empirical formula C20H14Ag3NO7 C18H12Ag10N6O24 C10H3Ag4NO7

formula weight 703.93 1775.04 680.61

temperature (K) 273(2) 298(2) 298(2)

crystal system monoclinic monoclinic monoclinic

space group P21/c P21/c C2/c

a (Å) 6.6447(10) 20.917(4) 16.9809(13)

b (Å) 44.942(7) 9.0810(15) 10.0515(8)

c (Å) 6.9234(10) 17.963(3) 15.0429(12)

α (deg) 90.00 90.00 90.00

β (deg) 109.998(3) 92.633(3) 109.966(1)

γ (deg) 90.00 90.00 90.00

volume (Å3) 1942.8(5) 3408.4(10) 2413.3(3)

Z 4 4 8

density (calculated) (g 3 cm
�3) 2.407 3.459 3.747

F(000) 1798 3296 2512

crystal size 0.20 � 0.10 � 0.10 mm 0.20 � 0.10 � 0.05 mm 0.12 � 0.10 � 0.10 mm

μ (mm�1) 3.040 3.459 6.432

reflections collected 13509 25080 7857

unique reflections [R(int)] 4781[R(int) = 0.0761] 8350[R(int) = 0.1086] 2957[R(int) = 0.1053]

absorption correction semiempirical from equivalents semiempirical from equivalents semiempirical from equivalents

max and min transmission 0.745 and 0.708 0.7607 and 0.5210 0.5402 and 0.4711

data/restraints/parameters 4781/0/282 8350/0/523 2957/0/199

final R1[F > 4σ(F)] 0.0598 0.0641 0.0556

wR2(all data) 0.1130 0.1522 0.1479

GOF 1.051 1.108 1.103

Figure 1. Coordination modes of the methyl 4-carboxylatophenylethy-
nide ligand in 1 (50% thermal ellipsoids). All of the hydrogen atoms are
omitted for clarity. Symmetry code: A is 2� x,�y, 2� z; B is 1 + x, y, z.
Selected bond lengths (Å) and angles (deg): C1�C2 1.205(9),
C1�Ag1 2.182(7), C1�Ag2 2.194(7), C1�Ag3 2.318(6), C2�Ag3
2.544(6), C11�C12 1.205(8), C11�Ag1 2.268(7), C11�Ag2A 2.160(7),
C11�Ag3B 2.301(6), O7�Ag1 2.587(5), Ag1�Ag2 2.9143(9), Ag1�
Ag3 3.2681(10), Ag1�Ag2A 2.9774(8), Ag2A-Ag3B 3.0558(8), C1�
C2�C3 171.8(7), and C11�C12�C13 174.4(8).
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Caution! Silver ethynide complexes are potentially explosive and should
be handled in small amounts with extreme care.
{Ag2(L1)2 3AgNO3}∞ (1). To a 4 mL vial containing solid methyl

4-ethynylbenzoate (HL1) (0.0025 g, 0.016 mmol) were added a few
drops of distilled water and excess solid silver nitrate (0.0040 g, 0.024
mmol). This mixture was stirred for 20 min to generate a white
precipitate. After washing twice with distilled water to remove the excess
AgNO3 and nitric acid released from the reaction, a white solid was
obtained. This solid was dissolved in a concentrated solution of silver
nitrate (0.2 mL of distilled water, 0.21 g of AgNO3, 1.24 mmol) to
generate a clear solution. Diffusion of water to this solution at 333 K over
1�2 days afforded 1 as colorless flakes in about 85% yield. Elemental
analysis calcd (%) for C20H14Ag3NO7: C, 34.13; H, 2.00; N, 1.99.
Found: C, 33.89; H, 2.02; N, 1.85. IR (cm�1): 2000 (vw, ν(CtC)),
1725 (s, ν(COO�)), 1279 (s, ν(NO3

�)).
{Ag2(L2) 3 3AgNO3 3H2O}∞ (2). To a 4 mL vial containing solid

4-ethynylbenzoic acid (H2L2)(0.0008 g, 0.0055 mmol) were added a
few drops of distilled water and excess solid silver nitrate (0.0025 g, 0.015
mmol). This mixture was stirred for 20 min to generate a pale-pink
precipitate. After washing twice with distilled water to remove the excess
AgNO3 and nitric acid released from the reaction, an off-white solid was
obtained. This solid was dissolved in a concentrated solution of silver
nitrate (0.2 mL of distilled water, 0.20 g of AgNO3, 1.18 mmol) to
generate a clear solution. Diffusion of water to this solution at 333 K over
2�3 days afforded 2 as colorless needles in about 70% yield. Elemental
analysis calcd (%) for C18H12Ag10N6O24: C, 12.18; H, 0.68; N, 4.73.
Found: C, 12.01; H, 0.71; N, 4.58. IR (cm�1): 1991 (vw, ν(CtC)),
1762 (s, ν(COO�)), 1508, 1380, 1284 (s, ν(NO3

�)).
{Ag3(L3) 3AgNO3}∞ (3). To a 4 mL vial containing solid 5-ethy-

nyl-1,3-benzenedicarboxylic acid (H2L3) (0.0007 g, 0.0037 mmol) were
added a fewdrops of distilledwater and excess solid silver nitrate (0.0025 g,
0.015 mmol). This mixture was stirred for 20 min to generate a pale-yellow

Figure 2. (a) 1D silver column in 1, showing silver rings formed by six silver ions. (b) 2D network in 1, showing linkage of the silver columns through
argentophilic interaction (Ag2�Ag2C 3.1727(11) Å).

Figure 3. (a) 2D silver network and locations of nitrate anions in 1, viewed along the b direction. (b) 2D silver network viewed along the a direction.

Figure 4. Coordination modes of the 4-carboxylatophenylethynide
ligand in 2 (50% thermal ellipsoids). All hydrogen atoms are omitted
for clarity. Symmetry code: A is 1� x, 1� y, 2� z. B is 1� x, 2� y, 2� z.
C is x, 1 + y, z. D is 2 � x, 1 � y, 2 � z. Selected bond lengths (Å) and
angles (deg): C1�C2 1.213(12), C1�Ag1 2.148(8), C1�Ag2
2.154(8), C1�Ag3 2.331(9), C1�Ag4 2.348(9), C2�Ag3 2.620(9),
C9�O1 1.262(9), C9�O2 1.266(9), C10�C11 1.185(12), C18�O3
1.263(9), C18�O4 1.267(9), C10D-Ag5 2.331(8), C10D-Ag8 2.186(8),
C10D-Ag9 2.184(8), C10D-Ag10 2.331(8), Ag1�Ag2 2.8233(11),
Ag1�Ag3 3.0318(12), Ag1�Ag4 3.0069(13), Ag2�Ag3 3.0392(12),
Ag2�Ag4 3.1009(13), Ag5�Ag8 3.0067(12), Ag5�Ag9 3.1827(13),
Ag8�Ag9 2.7367(11), Ag8�Ag10 3.1834(11), Ag9�Ag10 2.8959(11),
O1�Ag1B 2.287(5), O1�Ag9A 2.426(5), O2�Ag2A 2.191(5), O2�
Ag8A 2.543(5), O3�Ag1 2.338(6), O3�Ag9C 2.277(5), O4�Ag8
2.207(5), C1�C2�C3 176.2(9), C10�C11�C12 175.9(9), O1�C9�
O2 122.1(7), and O3�C18�O4 121.6(8).
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precipitate. After washing twice with distilled water to remove the excess
AgNO3 and nitric acid released from the reaction, a pale-yellow solid was
obtained. This solid was dissolved in a concentrated solution of silver
nitrate (0.2 mL of distilled water, 0.18 g of AgNO3, 1.06 mmol) to
generate a clear solution. Diffusion of water to this solution at 333 over
2�3 days afforded 3 as brown blocks in about 61% yield. Elemental
analysis calcd (%) for C10H3Ag4NO7: C, 17.74; H, 0.45; N, 2.07. Found:
C, 17.51; H, 0.52; N, 1.91. IR (cm�1): 1977 (vw, ν(CtC)), 1596
(s, ν(COO�)), 1533, 1356, 1282 (s, ν(NO3

�)).
Physical Measurements. Elemental analysis was performed with

a Perkin-Elmer elemental analyzer. FT-IR and emission spectra were
measured on a Bruker VERTEX 70 and FP-6500 spectrometers,
respectively.
X-ray Structure Determinations. Suitable single crystals were

selected and mounted onto the end of a thin glass fiber. X-ray intensity
data were measured on a Bruker SMART APEX CCD-based diffract-
ometer with graphite-monochromated Mo�Kα radiation (λ = 0.71073
Å) at 273 or 298 K. The structure was solved by direct methods and
refined by full-matrix least-squares using the SHELXTL crystallographic
software package.12 Anisotropic displacement parameters were applied
to all nonhydrogen atoms. In all cases, hydrogen atoms were placed in
calculated positions and allowed to ride on their parent atoms. Crystal
data for the compounds 1, 2, and 3 are listed in Table 1.

’RESULTS AND DISCUSSION

Synthesis. Three ligandsHL1,H2L2, andH3L3 were synthe-
sized conveniently according to a method reported by Lau and
his co-workers three decades ago.11 A reaction of methyl
4-iodobenzoate with trimethylsilylethylene under standard con-
ditions for Sonogashira reactions afforded methyl 4-trimethylsi-
lylbenzoate, which was treated subsequently using anhydrous
potassium carbonate in anhydrous methanol at room tempera-
ture to generate HL1. De-esterification of HL1 with sodium
hydroxide, followed by a treatment with hydrochloric acid, gave
H2L2. In a similar way,H2L3 can be also prepared. Three ligands
(HL1, H2L2, and H2L3) directly react with silver nitrate to
generate organometallic polymers as intermediate products,7

which can be dissolved in a concentrated solution of silver nitrate
to afford clear solutions. Complexes 1, 2, and 3 were obtained as
crystals by slow diffusion of water into these solutions at 333 K in
moderate yields, which are stable at room temperature in the
solid state, but slowly decompose while exposed to light. The
weak absorptions of ethynide groups located at 2000, 1991, and
1977 cm�1, respectively, in infrared spectra of 1, 2, and 3, and the
peaks related to carboxylate and nitrate groups also appear at
their corresponding positions, indicative of the formation of
silver(I)-ethynide complexes.
Structure of {Ag2(L1)2 3AgNO3}∞ (1). In order to investigate

the effect of the number of carboxylate groups on the structures
of silver(I)-ethynide complexes and assembled network, 1 was
synthesized and structurally characterized. In 1, there are two
kinds of binding modes for L1, where one ethynide group
(C2�C3) coordinates to three silver ions with a μ3-η

2, η1, η1

bonding mode to form a complex unit (CAg3), but another
(C11�C12) interacts with three silver ions with a μ3-η

1, η1, η1

mode (Figure 1). The triple bond lengths of C2�C3 and
C11�C12 are similar (1.205 Å), and the C�Ag and Ag 3 3 3Ag
distances are in the range of 2.160(7)�2.544(6) and 2.9143-
(9)�3.2681(10) Å, respectively, close to the values in the
literature.6 The values for C1�C2�C3 (171.8(7)�) and
C11�C12�C13 (174.4(8)�) indicate the deviation from perfect
linearity. Both silver-ethynide units (CAg3) exhibit a distorted
tetrahedral geometry, where three silver ions are arranged in an
asymmetrical triangle pattern.7a Unexpectedly, in the solid state,
each silver-ethynide unit is connected with three neighboring
units by sharing silver ions to afford a silver column, which is
constructed by aggregation of six-membered silver rings with a
chairlike geometry through argentophilic interaction (Figure 2a).
These silver columns are further linked through unsupported
Ag 3 3 3Ag interaction to generate a two-dimensional silver net-
work (Figure 2b, Figure 3a) (Ag2�Ag2C 3.1727(11) Å), where
large silver rings constructed by eight silver ions are observed,
whose structure is similar to that of cyclo-S8 to some extent
(Figure 2b). In the solid state, the nitrate groups are located in

Figure 5. (a) 2D coordination network viewed along the c direction in 2; (b) 2D wave-like layer along the b direction in 2.
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the large cavities formed by eight-membered silver rings and
phenyl rings perpendicular to the silver rings, and each anion
interacts with two silver ions by using one oxygen atom (O7) in a
bridging mode with 2.470(5) and 2.587(5) Å of Ag�O distances
(Figure 3). It is well documented that R�CtCAgn (R = alkyl or
aryl) complex units usually interact to generate silver(I) columns,
chains, and aggregates,6 but 2D silver(I) networks were not
observed in the past. However, in silver(I)-phenyldiethynides or
pyridyldiethynides, two 2D silver layers were found in the
literature: one was observed in a silver 1,2-phenylenediethynide
complex,13 and another was reported by us in silver 2,5-
pyridyldiethynide.14 Because methyl 4-carboxylphenylethylene
is similar to other arylethylene ligands to some extent, what

controls the structure of the assembled network is not clear, but
possibly the weakly steric hindrance of nitrate anions is an
important factor in this process.14 All the ligands are arranged
almost parallel and located on both sides of this layer as shown in
Figure 3b. There are two kinds of interplanar distances between
these phenyl rings, 3.409 and 3.436 Å, respectively, and the
centroid�centroid distances are in the range of 3.881�4.055 Å,
indicating that no strong offset π�π stacking exists. In the solid
state, no significant interaction is observed between these 2D
networks (see Figure S1 in the Supporting Information).
Structure of {Ag2(L2) 33AgNO3 3H2O}∞ (2). Crystallographic

studies revealed that in 2 there are also two coordination modes
for L2, and each ligand interacts with four butterfly shaped

Figure 6. (a) 2Dwave-like layers in 2 are linked by two kinds of AgNO3 units, which aremarked by turquoise and blue colors, respectively (50% thermal
ellipsoids). Symmetry code: A is x, 0.5� y,�0.5 + z. B is x, 1.5� y,�0.5 + z. C is 2� x, 0.5 + y, 1.5� z; Selected bond lengths (Å): Ag6�O1W2.480(6),
Ag6�O7A 2.529(7), Ag6�O11 2.572(7), Ag6�O13 2.576(8), Ag6�O14 2.448(7), Ag7�O2W 2.510(8), Ag7�O8B 2.427(8), Ag7�O17 2.538(7),
Ag7�O18 2.579(8), and Ag7�O20C 2.428(8). (b) 3D coordination network viewed along the b direction. All of the hydrogen atoms are omitted for
clarity.
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Ag4 units, which are depicted in Figure 4. One mode is that one
ethynide group (C2�C3) of one ligand coordinates to four
silver ions with a μ4-η

2, η1, η1, η1 bonding mode, and each
oxygen atom (O1, O2) of the carboxylate group interacts with
two silver ions in a bridging mode (mode d in Scheme 1)
(O1�Ag1B 2.287(5), O1�Ag9A 2.426(5), O2�Ag2A 2.191(5),

O2�Ag8A 2.543(5) Å, O1�C9�O2 122.1(7)�). However, the
ethynide group of another ligand exhibits a μ4-η

1, η1, η1, η1

bonding mode, and the carboxylate group interacts with silver ions
in a different way, where one oxygen atom (O3) interacts with two
silver ions (O3�Ag1 2.338(6), O3�Ag9C 2.277(5) Å, O3�
C18�O4 121.6(8)�) belonging to two different R�CtCAg4

Figure 7. (a) Coordination mode for the 3,5-dicarboxylatophenylethynide ligand in 3 (50% thermal ellipsoids). (b) Ag8 unit generated from two
Ag4-ethynide units through argentophilic interaction. All the hydrogen atoms are omitted for clarity. Symmetry code: A is 0.5� x, 0.5� y, 1 � z. B is
x,�1 + y, z. C is 1� x,�1 + y, 1.5� z. D is 1� x, y, 1.5� z. E is x, 1� y, 0.5 + z. F is 1� x, 1� y, 1� z. Selected bond lengths (Å) and angles (deg):
C1�C2 1.193(10), C1�Ag1A 2.465(8), C1�Ag2A 2.223(8), C1�Ag3A 2.341(8), C1�Ag4A 2.240(8), C7�O1 1.273(9), C7�O2 1.238(9),
C10�O3 1.257(9), C10�O4 1.243(10), O1�Ag2B 2.204(5), O1�Ag4C 2.339(5), O2�Ag3C 2.380(6), O3�Ag1D 2.579(6), O3�Ag4D 2.425(6),
O3�Ag3E 2.483(6), O4�Ag1 2.513(8), O4�Ag2 2.476(6), Ag1�Ag2 3.2753(10), Ag1�Ag4 2.9958(9), Ag2�Ag3 2.9991(10), Ag2�Ag4
2.8899(10), Ag3�Ag4 3.1102(8), Ag4�Ag4F 2.9600(12), C1�C2�C3 174.0(8), O1�C7�O2 123.4(7), and O3�C10�O4 125.7(7).

Figure 8. (a) 3D network viewed along the b direction in 3. (b) 3D network viewed along the c direction in 3. (c) Silver column in 3 generated from the
linkage of Ag8 cluster units by the bridging carboxylato groups.
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units, but another oxygen atom (O4) coordinates to one silver ion
(O4�Ag8 2.207(5) Å). The two triple bond distances are
1.213(12) (C1�C2) and 1.185(12) (C10�C11) Å, respectively,
which are typical values found in silver-ethynide complexes.6 Both
C�Ag and Ag 3 3 3Ag distances (in the ranges of 2.148(8)�2.620-
(9) and 2.7367(11)�3.1834(11) Å, respectively) are also normal,
indicating the existence of silver-ethynide and argentophilic
interactions.6,15 Compared to that observed in 1, the angles of
C1�C2�C3 (176.2(9)�) and C10�C11�C12 (175.9(9)�) are
just slightly bent. As shown in Figure 5, the O2C�C6H4�
CtCAg4 complex units are linked to each other to generate a
wave-like two-dimensional network through O�Ag coordination
bonds.
In 2, all the nitrate anions are located between the layers, which

not only connect the layers through O�Ag coordination bonds
but also bind to single silver ions (Ag6, Ag7), as shown in
Figure 6a. Both silver ions (Ag6, Ag7) are coordinated by five
oxygen atoms, four of which are from three nitrate anions, and
one from a water molecule. In such way, a three-dimensional
network is constructed (Figure 6b).
Structure of {Ag3(L3) 3AgNO3}∞ (3). From the structural

analysis of 1 and 2, it has been shown that the coordination ability
of the carboxylate group could lead to the aggregation of
Ph�CtCAg4 units to generate coordination networks. In 3,
one ethynide group ofH2L3 interacts with four silver ions, which
are arranged in a butterfly shape in a μ4-η

1, η1, η1, η1 bonding

mode, which was also observed in 2. Two carboxylate groups
interact with four Ph�CtCAg4 units in different binding
modes, as depicted in Figure 7a. Two oxygen atoms of one
carboxylate group (O1 and O2) coordinate to three silver atoms
belonging to two ethynide-Ag4 units in mode c (Scheme 1)
(O1�Ag2B 2.204(5), O1�Ag4C 2.339(5), and O2�Ag3C
2.380(6)Å; O1�C7�O2 123.4(7)�), and another carboxylate
group interacts with five silver ions in mode e (Scheme 1)
(O3�Ag1D 2.579(6), O3�Ag4D 2.425(6), O3�Ag3E 2.483(6),
O4�Ag1 2.513(8), and O4�Ag2 2.476(6) Å; O3�C10�O4
125.7(7)�). The triple bond distance (C1�C2) is 1.193(10) Å,
and the value for C1�C2�C3 is 174.0(8)�, close to that
observed in 1 and 2; however, in 3, two Ph�CtCAg4
units aggregate through argentophilic interaction (Ag4�Ag4F
2.9600(12) Å) to form a dimeric unit containing eight silver ions,
which is shown in Figure 7b. The Ag 3 3 3Ag distances are in the
range of 2.8899(10)�3.2753(10) Å, indicating the existence of
argentophilic interaction.15

As shown in Figure 8a,b, the dimeric [(O2C)2-Ph�
CtC]2Ag8 units are linked through silver(I)-carboxylate inter-
actions (Ag�O coordination bonds) to generate a three-dimen-
sional network in the solid state. It is also clearly shown that the
Ag8 units are bridged by carboxylate groups to form silver
columns in Figure 8a,b,c, which are often found in silver(I)-
ethynide complexes.6

It has been demonstrated that the anion-π interactions with
aromatic rings is an important factor in controlling the structures
of complexes in the solid state.16 In 3, it is observed that the
nitrate anions coordinated to silver ions are almost arranged
parallel with phenyl rings to form a infinite linear chain, which is
depicted in Figure 9a,b. The shortest distances between nitrates
and phenyl rings are 3.215 (N1�C3) and 3.279 (O6A-C6) Å,
and the distances between oxygen atoms in nitrate groups
and the ring centroids are 3.364 (O7 3 3 3 centroid) and 3.571
(O6A 3 3 3 centroid) Å, respectively, comparable with that of the
values for the anion-pyrimidine ring17 and chloride-pyridine
ring18 reported in the literature, indicating the existence of a
weak anion-π interaction.
Photoluminescence Properties. Compared to copper(I)-

ethynide complexes, the photoluminescence properties of silver-
(I)-ethynide complexes are relatively less investigated, and their
emissions mainly originate from intraligand nf π* and πf π*
transitions.5,7b

In the solid state, all of the complexes in this work are emissive
at room temperature, as shown in Figure 10. Their broad
emission bands for complexes 1, 2, and 3 are located in the

Figure 9. (a) Nitrate-π interaction in 3. (b) Linear π�π stacking viewed along the c direction. Symmetry code: A is x, �y, 0.5 + z. All the hydrogen
atoms are omitted for clarity.

Figure 10. Solid state emission spectra of 1 (λem 567 nm), 2
(λem 527 nm), and 3 (λem 574 nm) at room temperature.
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range of 470�700 nm with several peaks and exhibit somewhat
similar characteristics regardless of the carboxylate groups at-
tached to the phenylethynide ligands. The solid sample of 1
displays a broad band with three peaks at 523, 567, and 614 nm,
and themaximum is at 567 nm on excitation at 370 nm. There are
two peaks located at 528 and 564 nm and two shoulders around
∼500 and ∼620 nm for 2, and 3 exhibits one maximum peak at
574 nm and two shoulders at ∼500 and ∼620 nm. Their
relatively long lifetimes, 0.12, 0.20, and 0.76 ms for 1, 2, and 3,
respectively, indicate phosphoresence characteristics. For assign-
ment purposes, the emission spectra of the ligands, HL1, H2L2,
and H2L3 were also measured (Figure S2 in the Supporting
Information). Obviously, these bands are somewhat similar to
that observed for complexes 1, 2, and 3 in the solid state, which
also spread in the range of 470�720 nm. These results indicate
that the emissions mainly originate from ligand-centered excited
states and are not possibly related to metal centers.5a,19 There-
fore, it is reasonable to attribute these emissions as intraligand
transitions, perturbed by silver(I)-ligand interactions based on
the comparisons.

’CONCLUSIONS

By utilizing mono- and dicarboxylphenylethynyes as ligands, a
series of new silver(I)-ethynide complexes have been synthesized
and structurally characterized. These kinds of complexes bearing
carboxylate groups could serve as new building units to assemble
novel silver(I)-organic networks, which exhibit diverse coordina-
tionmodes and are capable of interacting withmore silver(I) ions
or silver(I)-ethynide complex units compared to silver(I) pyridyl
or pyrimidylethynide complexes and thus lead to high-level
organometallic networks through silver(I)-carboxylate coordina-
tion bonds. The obtained results demonstrate that the structure
of the assembled network constructed from silver(I)-ethynide
complexes is highly dependent upon the number of carbo-
xylate groups attached to the phenylethynide ligands. In the
solid state, all the complexes synthesized in this work are emissive
at room temperature, which mainly originate from intraligand
n f π* and π f π* transitions.

’ASSOCIATED CONTENT

bS Supporting Information. X-ray crystallographic data for
1, 2, and 3 in CIF format, packing diagram for 1, and excitation
and emission spectra forHL1,H2L2, andH2L3. This material is
available free of charge via the Internet at http://pubs.acs.org.
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