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The coexistence of unusual ®4- and usual ®2-bonding
modes of 2-aminopyrazine (NH2pyz) is observed for
the first time in a novel 3D AgI coordination polymer
[Ag4(NHpyz)2(NH2pyz)3(PF6)2]n (1). The structure of 1
possesses 1D {[Ag4(®4-NHpyz)2]2+}n cylinders which are
further extended by ®2-NH2pyz into a 3D framework.

The synthesis and design of transition metal coordination
polymers by exploiting the knowledge of crystal engineering
have drawn enormous interest in recent years due to their
intriguing coordination architectures and potential applications
in various fields, including catalysis, photophysics, photo-
chemistry, fluorescence, magnetism, and biological proper-
ties.1,2 Compared to pyrazine or alkyl-substituted pyrazine,3 2-
aminopyrazine (NH2pyz) not only demonstrates the ability to
coordinate to metal centers through usual linear ®2-bonding
modes with Npyrazinyl, but also introduces the possibility that
coordination and hydrogen bonding might act cooperatively to
stabilize the resulting structure through the amino group of
NH2pyz. Although sporadic reports about MnII, CuI, and CuII

complexes with NH2pyz have appeared in the literature,4 only
two silver(I) complexes containing NH2pyz have been docu-
mented until now.5 In our current study, as an ongoing research
interest in a previous silver/2-aminopyrimidine system,6 we
successfully obtained a novel photoluminescent AgI coordina-
tion polymer [Ag4(NHpyz)2(NH2pyz)3(PF6)2]n (1), which con-
sists of infinite 1D {[Ag4(®4-NHpyz)2]2+}n cylinders incorpo-
rating diverse Ag£Ag interactions and shows unusual ®4-
NHpyz and usual ®2-NH2pyz ligands simultaneously.

[Ag4(NHpyz)2(NH2pyz)3(PF6)2]n (1) was obtained as yellow
crystals by the reaction of Ag2O, NH2pyz, and NH4PF6 in
H2O/CH3OH/NH3 media under ultrasonic treatment. The
compositions of 1 were further deduced from X-ray single
crystal diffraction, elemental analyses, and IR spectrum. Its IR
spectrum exhibits the N­H stretching band at ca. 3360 cm¹1

which proves the existence of aromatic amino groups.7 Two
infrared bands at 558 and 832 cm¹1 clearly show the existence
of PF6¹.8 Phase purity of 1 is sustained by its powder X-ray
diffraction pattern, which is consistent with that simulated
on the basis of the single-crystal X-ray diffraction data
(Figure S2).

X-ray single-crystal diffraction analysis reveals that 1
crystallizes in an orthorhombic Pbcn space group with an
asymmetric unit that contains three crystallographically unique
AgI ions, one NHpyz, one and half NH2pyz, and one PF6¹.
Crystallographic data are listed in Table 1. As shown in
Figure 1, Ag1 adopts a tetrahedral coordination geometry in
which bond angles around Ag1 opened up to 132.7(2)° from
the ideal tetrahedral angle while the remaining angles are in the
range from 92.1(3) to 118.7(3)°. In the AgN4 tetrahedron, Ag1
is bonded by three Npyrazinyl atoms and one unusual ®2-Nimino

atom. Analysis of the local symmetry of the Ag2 and Ag3
showed that they reside on a twofold axis (site occupancy
factor (SOF) = 0.5). They adopt slightly distorted T-shaped
coordination geometries completed by three N atoms, in detail,
Ag2 is coordinated by three usual Npyrazinyl atoms, but Ag3 is
bonded by one Npyrazinyl atom and two unusual ®2-Nimine atoms.
The Ag­Nimino and Ag­Npyrazinyl distances range from 2.238(7)
to 2.303(7)¡ and 2.166(7) to 2.374(12)¡, respectively. It is
noteworthy that the configuration of Nimine atom (N3) is
entirely different from that of the other two Namino atoms (N6
and N7) where the ®2-Nimino atom holds a tetrahedral geometry
[¾C3­N3­Ag3iii = 117.2(6), C3­N3­H3B = 112.2, Ag1vi­
N3­H3B = 118.5(6)°] and affords a pair of lone electrons
and one negative charge to two AgI ions respectively. Although
some reports about AgI coordinated with deprotonated aromatic
amino-containing ligands have been presented in the literature,9

Table 1. Crystal Data of Complex 1

1

Formula Ag4C20H22F12N15P2
Mr 709.55
Crystal system Orthorhombic
Space group Pbcn
a/¡ 21.1071(16)
b/¡ 10.5494(6)
c/¡ 14.9173(9)
¡/° 90
¢/° 90
£/° 90
Z 4
V/¡3 3321.6(4)
Dcalcd/g cm¹3 2.388
®/mm¹1 2.531
F(000) 2292
Unique reflns 3188
Obsd reflns [I > 2·(I)] 1698
Parameters 246
GOF 0.843
R indices [I > 2·(I)]a),b) R1 = 0.0473, wR2 = 0.1000
R indices (all data) R1 = 0.1001, wR2 = 0.1092
¦µ (e ¡¹3) 1.290 and ¹0.745

a) R1 = ∑««Fo« ¹ «Fc««/∑«Fo«. b) wR2 = ∑w(Fo
2 ¹ Fc

2)2/
∑w(Fo

2)2]0.5.

Short Articles

Published on the web January 29, 2010; doi:10.1246/bcsj.20090251

Bull. Chem. Soc. Jpn. Vol. 83, No. 2, 173–175 (2010) 173

http://dx.doi.org/10.1246/bcsj.20090251


silver(I) complex with deprotonated NH2pyz ligand has not
been documented to date. Therefore, complex 1 is the first
example containing unusual ®4-NHpyz and usual ®2-NH2pyz
ligands simultaneously.

The crystal packing behavior of 1 is also particularly
intriguing. As displayed in Figure 2a, two Ag1, one Ag2,
and one Ag3 form a diamond-shaped cross-section through
diverse Ag£Ag interactions with the distances spanning from
2.9387(13) to 3.1605(8)¡ which are shorter than twice the
van der Waals radii of silver (3.44¡),10 and indicate ligand-
supported Ag£Ag interactions.11 The ®4-NHpyz ligands
further link the Ag4 cross-sections to build 1D {[Ag4(®4-
NHpyz)2]2+}n cylinders in which strong ³£³ interaction exists
in the adjacent pyrazinyl rings [Cg1£Cg1iii = 3.334(5)¡, Cg1
is the centroid of the N1/C1/C2/N2/C3/C4 ring]. The

cylinders are extended into a 3D framework by ®2-NH2pyz
ligands (Figure 2b). Interestingly, remarkable anion£³ inter-
actions involving the pyrazinyl ring and PF6¹ anion are
observed.12 Both F3 and F6 atoms of the PF6¹ anion are
engaged in anion£³ interactions. [P1­F3£Cg2ii = 3.256(11)
¡, P1­F6£Cg2vi = 3.510(12)¡; Cg2 is the centroid of the N4/
C5/C6/N5/C7/C8 ring]. These noncovalent interactions
cooperatively contribute to the stability of the resulting 3D
framework. (symmetry codes: (ii) 1.5 ¹ x, 0.5 + y, z; (iii)
1 ¹ x, 2 ¹ y, ¹z; (vi) x, 2 ¹ y, ¹0.5 + z).

The photoluminescent properties of 1 as well as free ligand
were examined in the solid state at room temperature. The free
NH2pyz ligand is photoluminescent with a main emission band
at 394 nm (Figure S4). As shown in Figure 3, when excited at
330 nm, 1 has an emission band centered at 530 nm. This
emission band may be attributed to an intraligand (IL)
phosphorescence of the NH2pyz ligand which is induced by
silver. The manifestation of this IL triplet emission of the silver
complex at room temperature is suggestive of the presence of a
strong heavy-atom effect of silver.13 In addition, the optical
absorption spectrum of 1 was also measured by the diffuse
reflectance experiment showing absorption edge at ca. 500 nm
(Figure S3).

In summary, we represented the first example of coexistence
of unusual ®4- and usual ®2-bonding modes of 2-amino-
pyrazine in a 3D cylinder-based AgI coordination polymer
featuring diverse Ag£Ag interactions. Additionally, absorption
and emission properties of 1 were also measured.

Experimental

Structure Determination. Crystal structure of 1 was
determined using a BRUKER APEX SMART CCD area detector
diffractometer with monochromated MoK¡ radiation (­ =
0.71073¡). The diffraction data were treated using SMART
and SAINT, and absorption correction was performed using
SADABS.14a The structure was solved by using direct methods
with SHELXTL.14b All non-hydrogen atoms were refined aniso-
tropically, and the hydrogen atoms were generated geometrically.

Figure 1. Part of the molecular structure and atom labeling
of 1, showing the coordination environments of the silver
centers and Ag£Ag interactions (dashed lines). PF6¹ is
omitted for clarity (symmetry codes: (i) x, 2 ¹ y, 0.5 + z;
(ii) 1.5 ¹ x, 0.5 + y, z; (iii) 1 ¹ x, 2 ¹ y, ¹z; (iv) x, 1 + y,
z; (v) 1 ¹ x, y, 0.5 ¹ z; (vi) x, 2 ¹ y, ¹0.5 + z).

Figure 2. (a) 1D infinite {[Ag4(®4-NHpyz)2]2+}n cylinder
constructed by ®4-NHpyz ligands with different Ag£Ag
distances. (b) A 3D framework constructed by 1D infinite
cylinder subunits and ®2-NH2pyz ligands.

Figure 3. Solid-state emission spectrum for 1 at room
temperature.
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Pertinent and selected metric parameters for 1 are presented in
Table S1 (see Supporting Information). Crystallographic data have
been deposited with Cambridge Crystallographic Data Centre:
Deposition numbers CCDC-743534 for complex 1. Copies of the
data can be obtained free of charge via http://www.ccdc.cam.ac.uk/
conts/retrieving.html (or from the Cambridge Crystallographic
Data Centre, 12, Union Road, Cambridge, CB2 1EZ, U.K.; Fax:
+44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).

Synthesis. Reaction of Ag2O (116mg, 0.5mmol), 2-amino-
pyrazine (94mg, 1mmol), and NH4PF6 (163mg, 1mmol) in H2O/
CH3OH/NH3 media under ultrasonic treatment gave a clear
solution. The resultant solution was allowed slowly to evaporate
in darkness at room temperature for several weeks to give yellow
block crystals of 1. The crystals were washed with deionized water
and dried in air. Yield: ca. 62% based on Ag. Elemental analysis:
Anal. Calcd for Ag4C20H22F12N15P2: C, 20.12; H, 1.86; N,
17.60%. Found: C, 20.18; H, 1.79; N, 17.67%. Selected IR peaks
(cm¹1): 3372 (s), 3356 (s), 1625 (m), 1530 (m), 1430 (m), 1384
(w), 1259 (w), 1210 (w), 832 (s, PF6¹), 558 (s, PF6¹).
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Fund of China for Fostering Talents in Basic Science
(No. J0630429).

Supporting Information

Figures S1­S4 are IR, XRD, diffuse reflectance spectra of 1, and
emission and excitation spectra of NH2pyz respectively. Selected
bond lengths and angles for 1 were placed into Table S1. This
material is available free of charge on the web at http://www.csj.jp/
journals/bcsj/.
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