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Ammonium zinc phosphate, (NH4)Zn(HPO4)(H2PO4), is built

up from in®nite 4-ring chains of vertex-sharing ZnO4 and (H/

H2)PO4 tetrahedra [dav(ZnÐO) = 1.943 (2) AÊ and dav(PÐO)

= 1.534 (2) AÊ ] crosslinked by ammonium cations. The intra-

chain OÐH� � �O hydrogen bond appears to be essentially

symmetric [d(O� � �O) = 2.442 (3) AÊ ].

Comment

The title compound complements the known ammonium zinc

phosphates (NH4)Zn(HPO4)(H2PO4)�H2O (Boudjada et al.,

1980), (NH4)Zn2(PO4)(HPO4) (Bircsak & Harrison, 1998),

(NH4)ZnPO4±ABW (Bu et al., 1997) and (NH4)ZnPO4±HEX

(Xu et al., 1998). The ®rst two phases are layered with respect

to the connectivity of the tetrahedral ZnO4/PO4 building units

whereas the latter two are three-dimensional and resemble

related aluminosilicate zeolites (Harrison, 2000).

In the title compound (Fig. 1), ZnO4 and PO4 tetrahedral

building blocks [dav(ZnÐO) = 1.943 (2) AÊ and dav(PÐO) =

1.534 (2) AÊ ] assemble into in®nite chains which propagate

along [001] (Fig. 2). The chains are built up from polyhedral 4-

rings with the zinc centres serving to fuse the 4-rings into

chains, which results in the 1:2 Zn:P ratio. Similar zincopho-

sphate 4-ring chains have been seen in RbZn(HPO4)(H2-

PO4)�H2O (Harrison et al., 1997) and N2C6H14�Zn-

(HPO4)2�H2O (Chavez et al., 1999). In (NH4)Zn(HPO4)-

(H2PO4), four O atoms serve as ZnÐOÐP links (�av = 128.5�)
and four are terminal to P. Assuming the presence of ammo-

nium cations rather than unprecendented neutral ammonia,
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Figure 1
Fragment of (NH4)Zn(HPO4)(H2PO4) shown with 50% probability
displacement ellipsoids. The symmetry codes are as in Table 1. The N1Ð
H4� � �O8 hydrogen bond is indicated by a dashed line.



three H atoms are required for charge balancing. The struc-

tures of similar phases (Harrison et al., 1997; Bircsak &

Harrison, 1998) indicate that they are almost certainly asso-

ciated with terminal PÐO bonds. In (NH4)Zn(HPO4)-

(H2PO4), two of these are well de®ned and the P1ÐO6 and

P2ÐO7 bonds show their expected PÐO bond lengths

(Lightfoot & Masson, 1996). Both P1ÐO6ÐH6 and P2Ð

O7ÐH7 partake in inter-chain hydrogen bonds (Table 2). The

O6ÐH6� � �O3 interaction links adjacent chains along [010],

and the O7ÐH7� � �O2 bond performs a similar function along

[100]. The location of the third H atom is considerably less

certain. The largest difference map feature corresponded to a

region roughly half way betweeen O8 and O5i [symmetry

code: (i) 1 ÿ x, 1 ÿ y, ÿz]. Inclusion of a riding H atom at this

point marginally lowered the crystallographic residuals. If the

H atom is really located here, this intra-chain hydrogen bond

(Fig. 3) is essentially symmetric (Fillaux et al., 1999), although

there are no symmetry constraints. However, further investi-

gation, perhaps using neutron diffraction (Wilson, 2001)

would be necessary to con®rm this site.

The ammonium cation appears to participate in two strong

well de®ned hydrogen bonds (via atoms H3 and H4) and two

weaker bifurcated linkages involving H1 and H2. These NÐ

H� � �O bonds serve to link the anionic [Zn(HPO4(H2PO4]ÿ

chains into a three-dimensional array.

Experimental

The title compound was prepared hydrothermally from a mixture of

H3PO4, ZnO, NH4OH and TiO2. It appears that titania must be

present for (NH4)Zn(HPO4)(H2PO4) to form, although its role is

unknown.

Crystal data

(NH4)Zn(HPO4)(H2PO4)
Mr = 276.38
Monoclinic, P21/n
a = 7.6801 (19) AÊ

b = 13.235 (3) AÊ

c = 8.0780 (16) AÊ

� = 107.690 (16)�

V = 782.3 (3) AÊ 3

Z = 4

Dx = 2.347 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 5.4±12.8�

� = 3.56 mmÿ1

T = 298 (2) K
Lump, colourless
0.40 � 0.35 � 0.35 mm

Data collection

Bruker P4 diffractometer
�±2� scans
Absorption correction:  scan

(XEMP; Bruker, 1997)
Tmin = 0.395, Tmax = 0.530

2957 measured re¯ections
2280 independent re¯ections
1911 re¯ections with I > 2�(I)

Rint = 0.023
�max = 30.0�

h = ÿ1! 10
k = ÿ1! 18
l = ÿ11! 11
3 standard re¯ections

every 97 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.031
wR(F 2) = 0.075
S = 1.07
2280 re¯ections
110 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0353P)2

+ 0.6283P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.51 e AÊ ÿ3

��min = ÿ0.53 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0051 (9)

Table 1
Selected geometric parameters (AÊ , �).

Zn1ÐO4 1.9298 (19)
Zn1ÐO1 1.9307 (19)
Zn1ÐO2 1.9484 (19)
Zn1ÐO3 1.9620 (18)
P1ÐO4 1.514 (2)
P1ÐO5 1.5240 (19)

P1ÐO2i 1.535 (2)
P1ÐO6 1.5720 (19)
P2ÐO1ii 1.510 (2)
P2ÐO3 1.5251 (18)
P2ÐO8 1.529 (2)
P2ÐO7 1.564 (2)

O4ÐZn1ÐO1 119.18 (9)
O4ÐZn1ÐO2 109.19 (9)
O1ÐZn1ÐO2 103.70 (9)
O4ÐZn1ÐO3 105.57 (8)
O1ÐZn1ÐO3 108.96 (8)
O2ÐZn1ÐO3 110.14 (8)
O4ÐP1ÐO5 114.18 (11)
O4ÐP1ÐO2i 110.62 (11)
O5ÐP1ÐO2i 110.56 (11)
O4ÐP1ÐO6 106.05 (12)
O5ÐP1ÐO6 108.60 (11)

O2iÐP1ÐO6 106.43 (12)
O1iiÐP2ÐO3 113.04 (12)
O1iiÐP2ÐO8 112.73 (13)
O3ÐP2ÐO8 108.00 (11)
O1iiÐP2ÐO7 104.37 (11)
O3ÐP2ÐO7 108.22 (11)
O8ÐP2ÐO7 110.37 (13)
P2iiÐO1ÐZn1 133.91 (13)
P1iÐO2ÐZn1 122.89 (11)
P2ÐO3ÐZn1 124.07 (11)
P1ÐO4ÐZn1 132.90 (12)

Symmetry codes: (i) 1ÿ x; 1ÿ y; 1 ÿ z; (ii) 1ÿ x; 1ÿ y;ÿz.
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Figure 2
Packing diagram for (NH4)Zn(HPO4)(H2PO4) viewed down [001] (50%
displacement ellipsoids; ammonium H atoms have been omitted for
clarity; atom colours are as in Fig. 1).
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Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O5i 0.90 2.44 2.971 (3) 118
N1ÐH1� � �O1 0.90 2.51 3.192 (3) 133
N1ÐH2� � �O4ii 0.90 2.18 3.014 (3) 154
N1ÐH2� � �O6iii 0.90 2.56 2.978 (3) 109
N1ÐH3� � �O7iv 0.90 2.01 2.907 (3) 176
N1ÐH4� � �O8 0.90 2.02 2.901 (3) 167
O6ÐH6� � �O3v 0.95 1.74 2.603 (3) 150
O7ÐH7� � �O2vi 0.95 1.73 2.603 (3) 151
O8ÐH8� � �O5vii 1.15 1.30 2.442 (3) 175

Symmetry codes: (i) 3
2ÿ x; yÿ 1

2;
1
2ÿ z; (ii) 1

2ÿ x; yÿ 1
2;

1
2ÿ z; (iii) 1ÿ x; 1ÿ y; 1ÿ z; (iv)

1
2ÿ x; yÿ 1

2;ÿ1
2ÿ z; (v) 1

2� x; 3
2ÿ y; 1

2� z; (vi) ÿx; 1 ÿ y;ÿz; (vii) 1ÿ x; 1ÿ y;ÿz.

Data collection: XSCANS (Bruker, 1997); cell re®nement:

XSCANS; data reduction: XSCANS; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 (Farrugia, 1997); software used to prepare material for

publication: SHELXL97.
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Figure 3
Side-on view of a zincophosphate tetrahedral chain in
(NH4)Zn(HPO4)(H2PO4) showing the proposed O8ÐH8� � �O5 intra-
chain hydrogen bond as a dashed line [50% displacement ellipsoids;
symmetry code: (i) 1 ÿ x, 1 ÿ y, ÿz].
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