
A new two-dimensional hybrid zinc phosphate with elec-
tro-neutral open-framework has been hydrothermally synthe-
sized by using imidazole as a structure-directing agent, whose
structure is characterized with 3-, 4-, 5-, and 12-ring layers and
coordination bonds between imidazole groups and zinc atoms,
resulting in primary building units of ZnO2N2 and ZnO3N.

Open-framework phosphates have attracted much attention
in materials science, due to the richness in their structural
topologies and potential applications in catalysis, separation
etc.1 Interestingly, the members of open-framework zinc phos-
phate family exhibit systematically various Zn/P ratios of
frameworks, such as 2:1, 3:2, 4:3, 6:5, 7:6, 1:1, 3:4, 2:3, 1:2
etc.2–7 These zinc phosphates are obtained by using cationic
structure-directing agents (SDA).  Although the definite roles of
SDAs are still unknown in detail, physical and chemical param-
eters of SDAs, such as the charge density, acidity, coordination
selectivity and so forth, might be the key factors for synthesiz-
ing new open-framework materials.5,8 Recently nitrogen-con-
taining coagulated ligands are found to be versatile SDAs serv-
ing as scaffolds for the formation of open-framework molybde-
num oxides.9 Generally, the topologies of these oxides’ frame-
works are characterized with 4- and 6-ring layers, i.e., the elec-
tro-neutral ligands occupying the space between layers do not
directly affect the topologies of the rings in 2-D polyhedral lay-
ers. Interestingly, a recent 1-D open-framework zinc phos-
phate10 characterized with ligation of imidazole to Zn atom
embodies the affinity between the self-assembly models of
oxides and phosphates, according to the viewpoint of modifying
microstructure, based on the viewpoint of fundamental coordi-
nation chemistry.9

Herein, we report a novel 2-D open-framework zinc phos-
phate (denoted as ZnP-1).  This is the first open-framework zinc
phosphate built up from ZnO2N2, ZnO3N, ZnO4, PO4(H) tetra-
hedral units.  Furthermore, ZnP-1 is featured by the fact that the
electro-neutral ligands, imidazoles, show a stereo-directing
effect on the formation of 12-rings within layers, besides their
buttress role playing in the space of neighboring layers.  As is
different from the case of the zinc phosphates with 12-ring lay-
ers directed by cationic guests.11, 12

Compound ZnP-1 was synthesized by sealing a mixture of
ZnO, H3PO4 (85 wt%), imidazole, H2C2O4 and water with the
mole ratio of 1.0:1.2:1.8:0.5:82 into a 23-mL Teflon-lined auto-
clave and crystallized at 436 K for 3 days.  The resulting single
crystals were collected by filtration, washed with distilled water
and dried in air at ambient temperature.  ICP and CHN elemen-
tal analysis gave the Zn, P, C, H, and N contents (wt%) of 37.1
(calcd 34.6), 12.4 (calcd 11.8), 14.4 (calcd 14.4), 1.55 (calcd

1.73), and 10.9 (calcd 11.2) respectively.  The IR spectrum of
ZnP-1 ( KBr pellet, cm–1) exhibits absorption bands at 1549
(m), 1505 (m), and 1325 (m) cm–1 due to ring vibration of imi-
dazole group.13 The absence of band with strong intensity (at
about 2300–2700 cm–1) of protonized secondary amine group
(>NH2

+)14 and the following X-ray single crystal structure
analysis indicate the organic groups in ZnP-1 are imidazole,
instead of imidazolium.

Of the four Zn atoms in the asymmetric unit (shown in
Figure 1), Zn(3) and Zn(4) are coordinated with one and two
imidazole groups respectively, resulting in ZnO2N2 and ZnO3N
primary building units.15 N–Zn bond lengths range from
1.973(4) to 2.004(3) Å.  These values are in consistent with
those (1.987 and 2.062 Å) of open-framework zinc phosphates
reported previously.10,16 Zn–O bond lengths are in the range of
1.900(3)–2.019(3) Å. O(N)–Zn–O(N) bond angles vary from
96.41(12)° to 115.19(13)°, which indicate that Zn(1,2,4) atoms
are located in distorted tetrahedral coordination environment.
Nine independent O atoms corresponding to P–O bonds lengths
of 1.520–1.532 Å, serve as µ2 atoms bridging Zn and P atoms.
O(3) and O(8) related to slightly longer P–O bond lengths of
1.574(3) and 1.566(3) Å , as µ3 bridges, connect two Zn and
one P atom. Bond valence sum value based on P(3)–O(11) bond
length (1.594(3) Å) suggests that P(3) is terminated by –OH
group in agreement with the proton position found in the differ-
ence Fourier maps.17 Figure 1 and 2 show Zn(1)-, Zn(3)-,
Zn(4)-, P(1)-, and P(2)-centered building units form three 4-
rings identical with the topology of 4 = 1 motif found in
(CN3H6)Zn4(H2O)(PO4)6⋅H2O.18 However, the µ3-O(3), O(8)
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and three terminal imidazole groups in these 4 = 1 motifs lead
to a new extended linkage.  Figure 2 shows adjacent 4 = 1
motifs are bridged by Zn(2)-centered tetrahedra, generating
infinite chains along [010].  Neighboring chains within ab
planes are linked through P(3)-centered units, resulting in a 2-D
net with bifurcated 12-rings.  Nearly in each center of 12-rings
is located one imidazole group that coordinates to Zn(3) atoms.
Along [001] direction, two adjacent nets (illustrated in Figure
2) combine into a complete bi-layer structure through O(3),
O(8) and O(12), which gives rise to 3- and distorted 5-rings.
Figure 3 shows the projection of the bilayer structure along
[010] direction. 

P(3)–O(11)–H and O(7), N(2)–H and O(2) form hydrogen
bonds within the same layer. Hydrogen bonds between neigh-
boring layers are generated by N(4)–H and O(5),   N(6)–H and
O(6).19
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