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A metastable 3D supramolecular compound [Ag(NH3)2]-
[Ag3(pzdca)2(NH3)4] (H2pzdca = pyrazine-2,3-dicarboxylic
acid) (1) has been synthesized and characterized crystallo-
graphically. This study offers important information to in-depth
understanding of the self-assembly process involving AgI under
ammoniacal conditions and conforms that [Ag(NH3)2]+-con-
taining compounds are the intermediates during synthesis of
some AgI coordination polymers.

Over the past decade, a renaissance has been devoted to the
controlled synthesis of metallo-supramolecular species, such as
finite coordination rings and cages and infinite coordination
polymers, not only because of their intriguing structural
diversity but also because of their potential as new functional
materials.1 Although thousands of functional coordination
compounds have been successfully self-assembled, few details
of the self-assembly process are well understood. As is well
known, the reactions of AgI with multicarboxylates in aqueous
solution often result in the formation of insoluble silver salts,
presumably due to the fast coordination of the carboxylates to
AgI cations to form polymers.2 Hence, properly lowering the
reaction speed, such as using ammoniacal conditions,3 may
result in the formation of crystalline products. Although AgI

under ammoniacal conditions can form {[Ag(NH3)2]+}n (n = 1
or 2)4 which may slowly release the AgI cations along with
escape of NH3, they are stable and no transformations were
found in them. So obtaining simultaneously intermediate and
final compounds involving AgI under ammoniacal conditions is
unprecedented. Recently, we have pursued a series of inves-
tigations into the self-assembly of AgI cation with different
angular and linear bipodal N-donor ligands and multicarbox-
ylates under ammoniacal conditions.5 In an attempt to introduce
versatile pyrazine-2,3-dicarboxylic acid6 into above system, we
simultaneously obtained the metastable compound [Ag(NH3)2]-
[Ag3(pzdca)2(NH3)4] (1) and the final stable compound
[Ag2(pzdca)(H2O)]n (2) which is proved by X-ray diffraction
to be the same as what has been reported by Chen et al.7

Compound 1 was obtained as needle-like colorless crystals
by the reaction of Ag2O and H2pzdca in H2O/CH3OH/NH3

media under ultrasonic treatment.8 Crystals of 1 immersed in the
mother liquor can transform to the documented block-like
yellow crystals 2 in one day. The crystallographic analysis9,10

reveals that 1 is a discrete complex composed of anion and
cation the parts: [Ag3(pzdca)2(NH3)4]¹ (A) and [Ag(NH3)2]+

(B). Each asymmetric unit contains three crystallographically
independent AgI cations, of which Ag1 and Ag2 belong to
part A and Ag3 belongs to part B, one pzdca anion and three
coordinated NH3 molecules. The coordination geometries of the
AgI cations are completely different. Ag1 is coordinated with a
T-shaped geometry by two NH3 molecules and one O atom from

pzdca. Ag2 and Ag3 locate on the inversion centers with
half occupancy. Ag2 is coordinated with a rare square-planar
geometry11 by two N atoms and two O atoms from two
symmetry-related pzdca anions. Ag3 involving an independent
cation part B is linearly coordinated by two NH3 molecules. The
structure of 1 is not polymeric but a discrete one without
consideration of supramolecular interactions (Figure 1). Both
AgN and AgO bond lengths (Table S1)10 are comparable with
those in related compounds.12

It is worthy to note that there are weak Ag£N and Ag£O
interactions [Ag3£N1 = 3.049(4) and Ag1£O3 = 3.149(4)¡],
both of which fall in the secondary bonding range (the sum of
van der Waals radii of Ag and N(O) are 3.27 and 3.24¡).13

Between neighboring anion part A, as shown in Figure 2, the
p£³ interaction [Cg1£Cg1x = 3.329(3)¡; Cg1 is the centroid
of the N1/C1/C2/N2/C3/C4 ring] and weak Ag£Ag inter-
actions are coexistent. The abundant NH£O hydrogen bonds
between NH3 and carboxylate groups (av. N3£O = 3.15¡,
¾N3H£O = 159°; N4£O = 3.10¡, ¾N4H£O = 164°;
N5£O = 2.95¡, ¾N5H£O = 173°) combine the Ag£Ag and
³£³ interactions to stabilize the three-dimensional supramo-
lecular framework of 1 (Figure S1)10 (Symmetry codes: (i) x,
¹y + 1/2, z + 1/2; (iv) x, y, z + 1; (x) ¹x, ¹y + 1, ¹z + 1; (ix)
¹x, ¹y + 1, ¹z).

Keeping the needle-like colorless crystals 1 stay in the
mother liquor for another day can convert them to block-like

Figure 1. The structure of (I), showing the atom-numbering
scheme and the coordination environment around the Ag(I)
center. Displacement ellipsoids are drawn at 50% probability
level. Hydrogen atoms are shown as small spheres of arbitrary
radii (Symmetry codes: (iii) ¹x + 1, ¹y + 1, ¹z + 1; (v)
¹x + 1, ¹y + 1, ¹z).
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yellow crystals 2 (Scheme 1). This process is a spontaneous
irreversible process and driven by the disassociation of
[Ag(NH3)2]+ along with new AgNpzdca bond formation. In 1,
the NH3 molecules occupy the coordination sites of AgI and
prevent AgI from binding to pzdca anions. The weak Ag£N
interactions indicate that when AgI cation in [Ag(NH3)2]+ entity
becomes free, it prefers to coordinate with Npzdca and then forms
2 which is a possible transformation route from 1 to 2.

In summary, this study offers important information to
in-depth understanding of the self-assembly process involving
AgI cations under ammoniacal conditions and conforms that
[Ag(NH3)2]+-containing compounds are the intermediates dur-
ing synthesis of some AgI coordination polymers.
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Figure 2. A ball-stick perspective view of supramolecular
interactions including Ag£Ag, Ag£N, and ³£³ interactions in
1. Hydrogen atoms have been omitted for clarity (Symmetry
codes: (xi) ¹1 + x, y, z; (xii) ¹1 + x, y, ¹1 + z; (xiii) ¹2 + x, y,
¹1 + z).

Scheme 1. Schematic illustration of the transformation from 1
to 2 (Symmetry codes: (iii) ¹x, 1 ¹ y, 1 ¹ z for 1; (i) ¹x,
y + 0.5, 1.5 ¹ z; (ii) ¹x, 1 ¹ y, 1 ¹ z; (iii) x ¹ 1, y, z ¹ 1; (iv) x,
0.5 ¹ y, z ¹ 0.5; (v) 1 ¹ x, 1 ¹ y, 2 ¹ z, for 2).
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