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Dinuclear Ag(I) Complex with Cyanuric Acid Ligand:

Synthesis, Crystal Structure and Luminescent Properties
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The dinuclear Ag(I) complex Ag2(CA)4·H2O (CA = cyanuric acid),
has been synthesized hydrothermally. The crystal structure is of mono-
clinic, space group C2/c with a = 9.627(5), b = 12.500 (5), c = 19.161(5)
Å, (C3H2N3O3Ag2)4·H2O. Mr = 764.08, V = 2232.1(1) Å3, Dc = 2.274 g/
cm3, F(000) =1496, µ = 1.856 cm-1 and Z = 4, the final R = 0.0252, WR
= 0.0611 and S =1.015 for 2165 observed reflections with I > 2σ(I),
The cyanuric acid ligand came from the in situ hydrolysis of melamine
and cyanuric chloride under the hydrothermal conditions. The X-ray
crystal structure analysis indicates that the complex is a 3D coordinated
framework, which is constructed by the combination of coordination
bonds, hydrogen bonds, π-π stacking interaction and Ag···Ag interactions.
Fluorescent analyses of the dinuclear Ag(I) complex show intense photo-
luminescence at 440 nm in the solid state, which means the complex
may be potential candidate for photoactive material.
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INTRODUCTION

The cyanuric acid (CA) C3H3N3O3, is a sturdy, robust small molecule and possesses
six functional groups. It is widely used in organic supramolecular chemistry1,2 and
industrial areas3. As a mildly acidic compound, its pKa values are 6.85, 10.91 and
> 12 for the generation of the mono-(CA–), di-(CA2-) and trianionic (CA3-) forms,
respectively4. The CA– anion is easily achieved and the CA2- can be made by careful
control of the reaction equilibrium, but the CA3- form is much more difficult to be
achieved. Despite the monoanionic form is easier to be achieved than the di- and
trianionic forms, there has so far been a few reports5,6 about its use as an anionic
ligand in coordination complexes with transition metals.

In construction of coordination polymers, the coordinatively flexible metal ions,
such as silver(I), whose complexes always aggregate with a metal-metal interaction
that is shorter than the van der Waals distance (3.40 Å for Ag), are frequently used
because of their high affinities to N and O donors. Interesting polynuclear silver(I)
complexes with different frameworks and topologies have been synthesized so far7-9;
some of these complexes show good conductivity and luminescent properties10,11.
During the course of investigations of the properties of triazine derivatives in solutions,
we have isolated a novel silver(I) compound with monodentate CA possessing three



dimensional supramolecular structure constructed by the combination of coordination
bonds, hydrogen bonds, π-π stacking interactions and Ag···Ag interactions. Here,
we report the synthesis, crystal structure and luminescent properties of the dinuclear
Ag(I) complex with cyanuric acid i.e., Ag2(CA)4·H2O.

EXPERIMENTAL

All analytical grade reagents were purchased commercially and used without
further purification. Elemental analyses were carried out on an EA1112 CHNS
elemental analyzer. Fluorescence spectrum was measured on a RF-540 fluorescence
spectrometer.

Synthesis of Ag2(CA)4·H2O: A mixture of melamine (2.5 mmol), cyanuric
chloride (2.5 mmol) and silver nitrate (8.75 mmol) was placed into a 30 mL Teflon-
lined autoclave containing water (20 mL) as solvent. The autoclave was heated at a
heating rate of 1 °C/min to 220 °C and kept at this temperature for 3 h, then cooled
at a cooling rate of 1 °C/min to room temperature. The products with about 45 %
yield based on cyanuric chloride were isolated after washing with 25 % ammonia
solution. Elemental analysis (%): calcd. (%) for (C3H2N3O3Ag2)4·H2O: C 19.30, H
1.34, N 22.5; found. (%): C 19.33, H 1.30, N 22.47.

Structure determination: A colourless single crystal with dimensions of
0.47 mm × 0.22 mm × 0.05 mm was mounted on a glass fiber and the data were
collected on a Bruker SMART-APEX CCD diffractometer (graphite monochromatized
Mo Kα radiation, λ = 0.71073 Å) using an ω and ϕ scan mode. For the present
dinuclear Ag(I) complex, a total of 6807 reflections were collected at 298(2) K in
the range of 2.20° ≤ θ ≤ 27.54°, of which 2556 were unique with Rint = 0.0178 and
2165 were observed with I > 2σ(I). Lorentz-polarization corrections and empirical
absorption were applied to the data. The crystal structure of the dinuclear Ag(I)
complex was solved by direct method using SIR9712 program and refined anisotro-
pically for all non-hydrogen atoms by full-matrix least squares on all F2 data using
SHELXL9713, H atoms bonded to N atoms were added according to theoretical
models, assigned isotropic displacement parameters and allowed to ride on their
respective parent atoms, the Uiso(H) = 1.2 Ueq(N). The positions of the H atoms of
the water molecule were obtained from Fourier map and refined using a riding
model; the Uiso(H) =1.2 Ueq(O). Final R indices [I > 2σ(I)] R1 = 0.0252 and wR2

= 0.0611, w = 1/[σ2(Fo
2) + (0.1286P)2 + 14.3307P], where P = (Fo

2 + 2Fc
2)/3). The

highest and lowest residual peaks in the final difference Fourier map are 0.546 and
-0.557 e/Å3, respectively, (∆/σ)max = 0.000. The single suite WINGX was used as an
integrated system for all the crystallographic programs14.

RESULTS AND DISCUSSION

Description of the crystal structure: The asymmetry unit of the dinuclear
Ag(I) complex is shown in Fig. 1. In each asymmetry unit there are two Ag(I) ions,
two cyanuric acid ligands and one water molecule. The Ag atoms are located in the
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inversion center positions and other atoms are in the general positions. Each Ag(I)
center (Ag1, Ag2) coordinates to one N atom (N1and N4) from two different
cyanuric acid ligands in monodentate mode. The Ag-N bond lengths are both 2.082(2)
Å (Table-1), which is similar to those observed previously10. The two cyanuric acid
moieties are parallel to each other indicated by the N-Ag-N angle (Table-1). The
Ag-Ag distance is 3.038 Å and it is shorter than the sum of van Der Waals radii of
two Ag ions (3.40 Å), which indicates a weak Ag···Ag interactions between them.

 Fig. 1. Asymmetry unit of the title complex with 50 % thermal ellipsoid probability

TABLE-1 
SELECTED BOND LENGTHS (Å) AND BOND ANGLES (°) 

Bond Dist. Bond Dist. 
Ag(1)-N(1) 2.083(2) Ag(1)-Ag(1A) 3.038(1) 
Ag(2)-N(4) 2.082(2) – – 

Angle (º) Angle (°) 
N(1)-Ag(1)-Ag(2) 90.20(6) N(4)-Ag(2)-Ag(1) 90.23(6) 

 
Fig. 2 gives the interlayer hydrogen bonds of the dinuclear Ag(I) complex.

Crystal analysis reveals that the structure is staggered. Because of such a staggered
structure and the water molecules, extensive hydrogen bonds are formed. Besides
the intralayer N-H···O hydrogen bonds, there are interlayer hydrogen bonds between
H2O and the O from the cyanuric acid ligands above and below the H2O molecule
(Table-2). Thus, a supramolecular ladder with eight-membered rings is made up. If
the oxygen atoms of H2O molecules are omitted, the ladder just makes up stable
six-membered rings with chair conformation. The existence of this conformation
makes the structure stable15. Additionally, the distance between the centroids of the
intermolecular cyanuric acid rings (3.334 Å) is much shorter than the maximum
contact for the π-π stacking interaction (3.8 Å for centroid-centroid distance), indi-
cating there are obvious π-π stacking interactions (Fig. 3).
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Fig. 2. Interlayer hydrogen bonds

TABLE-2 
HYDROGEN BOND LENGTHS (Å) AND BOND ANGLES (°) 

D–H⋅⋅⋅A d(D–H) d(H⋅⋅⋅A) d(D⋅⋅⋅A) ∠ DHA 
O1W–H2W⋅⋅⋅O5i 0.83 2.43 2.981(3) 124.3 
O1W–H2W⋅⋅⋅O5ii 0.83 2.21 2.986(3) 154.3 
O1W–H1W⋅⋅⋅O2iii 0.83 2.47 2.985(3) 120.5 
O1W–H1W⋅⋅⋅O2iv 0.83 2.19 2.987(3) 158.9 
N6–H6⋅⋅⋅O6v 0.86 1.94 2.798(3) 172.2 
N5–H5⋅⋅⋅O4iv 0.86 1.94 2.793(3) 173.7 
N3–H3⋅⋅⋅O3iv 0.86 1.93 2.790(3) 174.3 
N2–H2⋅⋅⋅O1vi 0.86 1.95 2.801(3) 171.8 
Symmetry codes: (i) –x + 1/2, -y + 3/2, -z; (ii) x-1/2, y-1/2, z; (iii) x-1/2, -y + 3/2, z-1/2; (iv) -
x + 1, y, -z + 1/2; (v) -x, -y + 2, -z; (vi) -x + 1/2, -y + 3/2, -z + 1. 

Fig. 3. Intermolecular π-π stacking interactions
In the present complex, the cyanuric acids are generated in situ hydrolysis of

melamine and cyanuric chloride under hydrothermal condition. They are linked
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into 2D sheets perpendicular to b axis by CA-Ag coordination bonds and strong
intralayer N-H···O hydrogen bonds. These sheets are further linked to form infinite
3D coordination framework by Ag···Ag interactions, intermolecular offset π-π stack-
ing interactions and relatively weak O4-H4···O hydrogen bonds. The average dis-
tance between neighboring sheets is 3.125 Å.

Fluorescence property: Silver(I) complexes are better known to emit photolumi-
nescence at low temperature16. In present case at room temperature, the synthesized
complex in the solid state shows virtually intense photoluminescence with emission
max at 440 nm, compared with the free ligand with a broad emission band, upon
excitation at 370 nm. Fig. 4 shows the emission spectrum of the present complex
and the free ligand in the solid state at room temperature. Because the free ligand
shows weak luminescence, the strong luminescence of compound 1 may contribute
to the ligand-to-metal charge-transfer (LMCT) and metal centered (MC) d → s
transitions17. The slight red shift may be related to the deprotonation of the free
ligand as well as the coordination to the Ag atom18. The results here suggest that the
present complex may be a good candidate for solvent-resistant blue fluorescent
material because it is insoluble in the common solvents such as ethanol, chloro-
form, acetone, acetonitrile, benzene and water.

Fig. 4. Photo-induced emission spectrum of the title complex and ligand in the solid state
at room temperature

Conclusion

In summary, the dinuclear Ag(I) complex has been successfully synthesized and
the crystal structure was determined by single crystal X-ray diffraction. Photolumi-
nescence spectrum shows the title complex is a good blue fluorescent material.
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