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An open-framework bimetallic phosphate was isolated and
structurally determined; the linkages of MO4 and PO4 groups
form four-membered rings as the secondary building unit, which
share their corners forming a chain structure; connecting these
chains results 8-, 12-, and 16-MR channels.

The synthesis and application of open structures are an ac-
tive area of solid-state chemistry because of their specific prop-
erties such as catalytic, ion exchange, and intercalation. After the
discovery of microporous aluminophosphates, metal phosphates
have attracted substantial attention for the pursuit of new archi-
tectures and compositions.1 Since the first zeolitic zincophos-
phate was reported,2 a great deal of effort has exerted on the ex-
ploration of novel structures within this system.3 Some eye-
catching results are a series of compounds with 12-MR and
18-MR channels and very low densities in N(CH3)4[ZnH3-
(PO4)2].

4 The most exciting compound is Zn3(PO4)2(PO3OH)-
(H2DACH)2.H2O with 24-ring channels.5 Another goal is dop-
ing transition metal into the known phases. Transition-metal
atom has bestowed the porous materials with redox catalytic
properties.6 Also, some new topologies were isolated by doping
transition metals into the Al–P–O system.7 Iron(II) exhibits var-
ious coordinations and iron doping will give rise to interesting
magnetic properties and enhanced catalytic performance. This
has stimulated substantial effort to isolate iron-containing
open-structures. Iron-doped compounds of alumino- and gallo-
phosphates have been isolated.8 A number of open-framework
iron phosphates have also been synthesized recently.9 Whilst
doped aluminophosphates were much characterized, transition
metal-containing zincophosphates were few.10 Our recent
researches engaged in new open-framework phosphates by
introducing transition metals into the Zn–P–O–amine system.
With a view to bimetallic phosphate, an iron zincophosphate,
[C4N2H12][Fe0:3Zn1:7(PO4)(H1:5PO4)2] (1), was synthesized.
Compound 1 is structural analogue to [C4N2H12]0:5[Zn(HPO4)-
(H2PO4)], which was recently reportrd by Rao’s group.3 Here
we report its synthesis and structure.

Compound 1 was synthesized from a mixture of 2.64mmol
of ZnC2O4

.2H2O, 2.73mmol of FeC2O4
.2H2O, 16.84mmol of

H3PO4, 6.01mmol of piperazine, and 833mmol of H2O. The
final solution with pH value of 3 was hydrothermally heated at
170 �C for 3 days. The reaction produced prism crystals. The
agreement between simulated X-ray patterns based on the sin-
gle-crystal structure and the practical data indicates the phase
purity. The zinc and iron contents were measured by energy-dis-
persive X-ray analysis, revealing an average Fe to Zn value of
15:85 from three samples that is in agreement with the chemical
analysis. Thermogravimetric analysis (TGA) was performed at a
heating rate of 10 �C/min in a N2 flow. The TGA result shows

two-step mass losses from room temperature to 800 �C. Between
270 and 400 �C the hydroxy groups and piperazine molecules are
emitted with the total loss of 10.1% in agreement with the calcu-
lated value of 9.7%. This compound is thermally unstable. As in-
dicated by powder X-ray diffraction, the sample transforms into
amorphous after calcined at 400 �C for 2 h.

Structural refinement reveals that compound 1 crystallizes
in monoclinic space group C2=c.11 Its structure is composed of
an anionic network with the stoichimetry [Fe0:3Zn1:7(PO4)-
(H1:5PO4)2]

2� that contains channels occupied by the diproton-
ated piperazine. The asymmetric unit of 1 contains twelve
non-hydrogen atoms, of which nine atoms belong to the frame-
work and three to the guest. The metal site is randomly occupied
by Fe and Zn atoms with the ratio of 0.15Fe:0.85Zn. The metal
atoms are tetrahedrally coordinated by oxygen atoms. The bond
lengths of M(1)–O are in the range of 1.9105(16) and
1.9651(15) �A with the bond angles of 103.73(7)�–113.57(8)�,
which are typical for Zn or Fe in the tetrahedral coordination.
The metal atoms are connected to the P atoms via oxygen atoms
without M–O–M and P–O–P linkages. Both of the two P atoms
are tetrahedrally coordinated with the bond lengths of

A

B

M

P2
P1

Figure 1. Structures of 1 viewed along [110] (A) and [101] (B)
directions.
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1.4874(17)–1.5688(19) �A and the bond angles of 104.64(10)�–
112.51(14)�. Assuming the valences of Fe, Zn, P, and O of
þ2, þ2, þ5, and �2, respectively, the framework of
[Fe0:3Zn1:7(PO4)3] creates a negative charge of �5. Besides
the diprotonated piperazine molecule, three protons are needed
for charge balance in agreement with the hydrogen positions as-
sociated with the terminal P–O groups observed in the difference
Fourier maps. According to the refinement, P(2)–O(3) and P(2)–
O(6) are P–OH groups with the elongated bond lengths.

The extended structure of 1 is constructed by alternative
MO4 and PO4 tetrahedral, which are linked through their verti-
ces forming a three-dimensional architecture containing inter-
secting apertures. The linkage of MO4 and PO4 results in four-
membered rings that serve as the secondary building units.
The corner-shared connectivity of the four-membered rings
forms infinite chains running in two different directions. The
linkages of these chains form a complex channel system. Along
[010] direction, 8-membered ring channels can be observed. The
connection of MO4 and PO4 groups gives rise to 12-membered
ring channels along [110] direction (Figure 1a). Another highly
distorted 12-membered ring channel, which looks like six-mem-
bered ring, runs along [101] direction (Figure 1b). The linkages
of the four-membered ring chains results in fascinating 16-mem-
bered clover-like channels along [001] directions (Figure 2),
which are similar to the 20-membered ring in the well-known
gallophosphate cloverite.12

The diprotonated piperazine molecules locate in the channel
spaces to compensate the negative framework charge. Each NH2

groups form well-directed hydrogen bonds to oxygen atoms of
the framework [dH(1B). . .O(1) ¼ 1:80ð1Þ �A, dH(1A). . .O(4) ¼ 1:93 �A].
Two P(2)O(6)H hydrogenphophates share a hydrogen atoms in
2.456 �A [O(6)–H(6)–O(6), dH(5)-O(5) ¼ 1:23 �A]. The hydrogen
atom of P(2)–O(3)H bonds to the neighbored P(2)O4 group
[dH(3). . .O(6) ¼ 2:0ð1Þ �A].

In summery, an iron zincophosphate was isolated using pi-
perazine as template. Its structure utilize corner-shared four-
membered ring as secondary building blocks. The connection
of MO4 and PO4 groups generates 8-MR, 12-MR, and 16-MR
channels with inclusive piperazine molecules. This compound
shows that large pore structure could be isolated from the doped
zincophosphates under suitable conditions.
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Figure 2. A structural view of 1 along [001] axis.
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