
Synthesis and helical polymeric structure of a luminescent

pendant-armed macrocyclic silver(I) complex with Ag–Ag

interactions

Laura Valencia,*a Rufina Bastida,*a Alejandro Macı́as,a Manuel Vicentea and
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An interesting 1D helical chain complex has been obtained with

silver(I) nitrate and a tetrapyridyl pendant-armed macrocyclic

ligand (L) in acetonitrile. The X-ray crystal structure of the

complex, which has the formula ([Ag3L(NO3)](NO3)2 .

8H2O)N, presents silver–silver interactions in an infinite spiral

chain structure that is unprecedented in such pyridyl macrocyc-

lic complexes. The structure forms a large cavity or channel

that contains the silver(I) ions and presents face-to-face p,p-
stacking between the pyridyl rings. The complex shows fluore-

scence in the solid state and acetonitrile solution at room

temperature.

Over the last three decades there has been extensive research
into the coordination chemistry of macrocyclic ligands. Such
species have shown considerable potential in such areas as
catalysis, modelling of metalloenzyme activity, molecular re-
cognition etc.1 In recent years pendant-armed macrocyclic
ligands and their metal complexes have attracted a great deal
of interest owing to the fact that the incorporation of functio-
nalised pendant arms provides additional coordinating func-
tions, enhances complex stability or promotes the formation of
supramolecular structures with different properties and appli-
cations.2 Several examples of macrocyclic ligands bearing
pyridyl pendant groups have been described in the literature.3

We recently investigated the coordination capability of a new
pyridyl pendant-armed macrocyclic ligand (L, Scheme 1).4 As
reported previously, the flexibility of these pendant groups
makes this a more versatile molecule, which allows coordina-
tion of the encapsulated metal or promotes the formation of

polymeric complexes, depending on the steric requirements of
the metal ion employed and the coordinative behaviour of the
counterions. Although diverse metal ions have been used for
the design of polymeric structures, Ag(I) complexes are well
known due to the fact that this ion presents a variety of
coordination environments, including linear, T-shaped, tetra-
hedral and octahedral.5

On the other hand, a great deal of attention has been paid to
d10 metal compounds due to their photophysical and photo-
chemical properties.6 However, luminescent properties of Ag(I)
complexes have been less widely studied—in contrast to Cu(I)
and Au(I) complexes—and examples that emit fluorescence at
room temperature are rare.7

We report here the synthesis and characterisation of a 1D
macrocyclic Ag(I) complex with silver–silver interactions that
exhibits fluorescence in the solid and solution states at room
temperature.
The ligand (L) was prepared from the hexaaza macrocycle

precursor8 by alkylation with picolyl chloride using a pre-
viously reported method.3 The reaction between AgNO3 and
L in a 2 : 1 molar ratio in acetonitrile gave the complex
([Ag3L(NO3)](NO3)2 � 8H2O)N. The crystal structure, which is
shown in Fig. 1 together with the atomic numbering scheme
adopted and selected bond distances and angles, can be
described as a 1D shallow helical polymer. A crystallographi-
cally imposed symmetry is present in the unit cell and three
different silver(I) ions are found in the asymmetric unit. Two of
these, Ag(2) and Ag(3), are endomacrocyclically coordinated
with a similar {AgN4} core, with each metal bonded by one
pyridinic nitrogen of the macrocyclic backbone, two tertiary
amine nitrogen atoms and one pyridine pendant group. The
geometry cannot be described as a regular polyhedron; Ag(2) is
in the plane formed by N(4)–N(6)–N(10) (rms 0.0110) and N(5)
is 1.9781(0.0033) Å away from this plane. In the same way,
N(2) is 1.9646 Å away from the Ag(3)–N(1)–N(3)–N(8) plane
(rms 0.0086). The distance between the metal centres
[Ag(2)� � �Ag(3), 2.9749 (5) Å] is slightly longer than in metallic
silver (2.888 Å) but significantly less than twice the van der
Waals radius for silver (3.44 Å), thus indicating a certain
degree of intermetallic interaction.9

The remaining two pyridyl pendant groups are almost
normal to the cavity of the ligand and are directed towards
opposite sides, with the N atoms coordinated to two different
Ag(1) atoms. This arrangement gives rise to a helical polymeric
chain. The Ag(1) atom is linked by two nitrogen atoms of the
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pyridyl pendant groups from two different ligand molecules, as
well as to the oxygen atom of the nitrate counterion [Ag(1)–
O(2N), 2.611 Å].10 This gives rise, as previously observed in a
number of polymeric silver(I) complexes,11 to a distorted
T-shaped coordination [N(9)–Ag(1)–N(7#), 169.13(10)1, N–Ag
–O(2N), 97.57(9)1 for N(7#) and 92.86(9)1 for N(9);
SAg ¼ 359.561]; the distortion is believed to be caused by the
proximity of another nitrate oxygen atom [Ag(1)� � �O(1N),
3.009 Å] that is involved in a long weak interaction.12

The polymeric complex displays interesting structural fea-
tures. Analysis of the short inter- and intramolecular interac-
tions reveals that all aromatic units are packed in such a way
that two columnar pyridyl stacks form along the c-axis and
show some p,p-interactions (Fig. 2). Thus, the majority of the
pyridine rings form dihedral angles of around 101 with dis-
tances between centroids of aromatic groups around 3.8 Å,
which can be considered as face-to-face p,p-interactions.13 In
the other cases the dihedral angles are ca. 371. The silver atoms
are located within the large cavity or channel formed by the
macrocyclic ligands and are coordinated to the nitrogen donor
atoms, which are directed toward this cavity.

The chains are packed together in a grid surrounded by
anions and solvent molecules. There is no evidence for inter-
actions between adjacent polymeric chains to form a type of
high-dimensional polymeric structure.

The IR spectrum of the complex (KBr disc) shows, as in the
free ligand, split bands associated with n(CQN) and n(CQC)
vibrations from the pyridine rings. These bands are shifted to
higher wavenumbers on complexation and this is due to the
interaction between the silver(I) ions and the pyridinic nitrogen
atoms.14 Several bands are present in the region associated
with nitrate vibrations and these clearly indicate a species
containing coordinated nitrate groups, although an intense
absorption band at 1380 cm�1 also indicates the presence of
free ionic nitrate.15 The FAB mass spectrum shows the char-
acteristic fragmentation pattern resulting from stepwise loss of

counterions and metal atoms from the neutral parent ion,
which is consistent with the polymeric nature of the complex
([Ag3L(NO3)](NO3)2 � 8H2O)N. Raman spectroscopy studies
show an active band at 85 cm�1, which can be assigned to
the Ag–Ag vibration.16 The molar conductance was measured
in acetonitrile at 25 1C and lies in the range reported for 3 : 1
electrolytes, suggesting that the nitrate anions are not coordi-
nated to the silver(I) ions in solution.17

The 1H NMR spectrum of the silver complex was recorded
in CD3CN at 298 and 258 K. The room temperature spectrum
is quite complicated and two groups of unresolved broad
multiplets can be observed: one multiplet between 2.5 and 4.0
ppm belonging to the aliphatic protons of the molecule and the
other multiplet, between 6.8 and 8.0 ppm, belonging to the
aromatic protons. The 258 K spectrum, although quite com-
plicated and difficult to assign completely, shows that the
ligand has lost its four-fold symmetry. Indeed, one signal is
observed for each of the protons of the molecule, as reported
previously for the complex [Ag2L](ClO4)2 � 2CH3CN.4

The absorption spectrum of the complex at room tempera-
ture shows a broad band centered at 450 and at 435 nm in the
solid state and in acetonitrile solution, respectively. Emission
measurements at room temperature show that the complex
exhibits fluorescence at 565 nm in the solid sate and at 532 nm
in acetonitrile solution upon excitation at 430 nm. These results
could be indicative of disaggregation of the polymer in solu-
tion, as described previously.18 The absorption band is not
observed in the spectrum of the free ligand and the fluorescence
behaviour of the complex can be attributed to Ag–N coordina-
tion and the presence of Ag� � �Ag interactions.19

In summary, we have described the synthesis and character-
isation of a novel one-dimensional Ag(I) helical polymer com-
plex with a pyridyl pendant-armed macrocyclic ligand. The
structure presents Ag� � �Ag interactions and face-to-face p,p-
stacking interactions between the pyridyl groups. The absorp-
tion and emission studies reveal that the complex shows
luminescence in the solid and solution states at room tempera-
ture, and this is believed to be due to the existence of
intermetallic interactions.

Fig. 1 Partial view of the crystal structure of ([Ag3L(NO3)](NO3)2 �
8H2O)N. Hydrogen atoms, water molecules and ionic nitrate counter-
ions have been omitted for clarity. Selected bond lengths (Å) and angles
(1): N(1)–Ag(3) 2.218(2), N(2)–Ag(3) 2.540(3), N(3)–Ag(3) 2.498(2),
N(4)–Ag(2) 2.199(2), N(5)–Ag(2) 2.531(3), N(6)–Ag(2) 2.494(2), N(7)–
Ag(1)#1 2.169(3), N(8)–Ag(3) 2.228(3), N(9)–Ag(1) 2.171(3), N(10)–
Ag(2) 2.204(3), Ag(1)–N(7)#2 2.169(3), Ag(2)–Ag(3) 2.9749(5),
N(7)#2–Ag(1)–N(9) 169.13(10), N(4)–Ag(2)–N(10) 156.56(9), N(4)–
Ag(2)–N(6) 128.86(9), N(10)–Ag(2)–N(6) 74.52(9), N(4)–Ag(2)–N(5)
74.55(9), N(10)–Ag(2)–N(5) 116.60(9), N(6)–Ag(2)–N(5) 73.70(8), N(4)–
Ag(2)–Ag(3) 85.95(7), N(10)–Ag(2)–Ag(3) 100.47(7), N(6)–Ag(2)–
Ag(3) 82.83(6), N(5)–Ag(2)–Ag(3) 127.56(6), N(1)–Ag(3)–N(8)
158.35(9), N(1)–Ag(3)–N(3) 128.33(9), N(8)–Ag(3)–N(3) 73.27(9),
N(1)–Ag(3)–N(2) 74.28(9), N(8)–Ag(3)–N(2) 116.57(9), N(3)–Ag(3)–
N(2) 73.25(8), N(1)–Ag(3)–Ag(2) 85.92(7), N(8)–Ag(3)–Ag(2)
100.14(7), N(3)–Ag(3)–Ag(2) 81.95(6), N(2)–Ag(3)–Ag(2) 126.00(6).

Fig. 2 The columnar pyridyl stacks along the c-axis maintained by
p,p-interactions present in ([Ag3L(NO3)](NO3)2 � 8H2O)N. The dis-
tance between centroids of pyridine rings and the dihedral angle
are shown.
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Experimental

The silver(I) complex was obtained by direct reaction between
AgNO3 (0.5 mmol) in acetonitrile (10 mL) and L (0.25 mmol)
in refluxing acetonitrile (30 mL). The reaction mixture was
heated under reflux for 2 h and concentrated using a rotary
evaporator to give a total volume of ca. 5–6 mL. The resulting
white crystalline product was filtered off, dried and recrystal-
lised from water (yield: 67%). The microanalytical data reveal
the presence of a trinuclear Ag(I) complex [Ag3L(NO3)](NO3)2 �
8H2O. Anal. Calc. for C42H62N13O17Ag3: C, 37.5; H, 4.7, N,
13.5. Found: C, 37.6, H, 4.9; N, 13.4%. IR (KBr, cm�1): 1437,
1462, 1571, 1582, 1600 [n(CQC) and n(CQN)py], 1304, 1380,
1500 [n(NO3

�)]. MS (FAB, m/z): 797 [AgL]1, 986 [Ag2L
(NO3)]

1, 1185 [Ag4L(NO3)]
1, 1137 [Ag3L(NO3)2]

1, 1307
[Ag4L(NO3)3]

1. LM/O�1 cm2 mol�1(in CH3CN): 347 (3 : 1).

X-Ray crystallography

Data collection for ([Ag3L(NO3)](NO3)2 � 8H2O)N was per-
formed at 293 K on a BRUKER Smart-CCD-1000 diffract-
ometer (Mo-Ka, l ¼ 0.710 73 Å). Reflections were corrected
for Lorentz and polarisation effects and for absorption by an
empirical method.20 The structure was solved by direct meth-
ods and refined with the full-matrix least-squares technique
(SHELXL-97)21 to give a final R1 value of 0.0315 for 677
parameters and 12638 unique reflections with I Z 2s(I) and
wR2 of 0.0980 for all 47797 reflections. Molecular graphics:
ORTEP-3.22

X-Ray crystal data for ([Ag3L(NO3)](NO3)2 � 8H2O)N:
C42H62N13O17Ag3 (M ¼ 1344.66), monoclinic, P21/c, a ¼
14.991(3), b ¼ 17.852(4), c ¼ 19.543(4) Å, b ¼ 100.154(3)1,
V ¼ 5148.3(17) Å3, Z ¼ 4, T ¼ 239 K, rcalcd. ¼ 1.735 g cm�3,
F(000) ¼ 2728, m ¼ 1.213 mm�1. CCDC reference number
241779. See http://www.rsc.org/suppdata/nj/b4/b416342g/ for
crystallographic data in .cif or other electronic format.
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