
inorganic papers

i158 Fu et al. � (NH4)(H3O)Ti2(PO4)3 doi:10.1107/S1600536805021392 Acta Cryst. (2005). E61, i158–i159

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

Langbeinite-type mixed-valence
(NH4)(H3O)TiIIITiIV(PO4)3

Yun-Long Fu,a Zhi-Wei Xu,a

Jia-Lin Rena and Seik Weng Ngb*

aSchool of Chemistry and Materials Science,

Shanxi Normal University, Linfen 041004,

People’s Republic of China, and bDepartment of

Chemistry, University of Malaya, 50603 Kuala

Lumpur, Malaysia

Correspondence e-mail: seikweng@um.edu.my

Key indicators

Single-crystal X-ray study

T = 295 K

Mean �(P–O) = 0.002 Å
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The anionic component of the langbeinite-type title

compound, ammonium oxonium dititanium(III,IV) tris-

(phosphate), is an infinite three-dimensional [Ti2(PO4)3]2�

network based on PO4 tetrahedra corner-linked to TiO6

octahedra; the charge-balancing ammonium and oxonium

cations occupy the cavities in the network and interact by way

of N—H� � �O and O—H� � �O hydrogen bonds. The two

independent Ti atoms, the ammonium N atom and the

oxonium O atom lie on special positions of site symmetry 3.

Comment

The non-stoichiometric potassium titanophosphate

K2�xTi2(PO4)3 (x = 0 to 1
2), which belongs to the langbeinite

structure type, features mixed valences of titanium (TiIII and

TiIV); other univalent cations can replace the potassium

cations (Leclaire et al., 1989). This paper describes our

attempts to synthesize the ammonium analog using a hydro-

thermal method, and it follows the report on the nasicon-

related ammonium titanophosphate, (NH4)TiIV
2 (PO4)3, which

is trigonal (Horiuchi & Ono, 1986). The synthesis yielded

instead the title compound, ammonium oxonium dititanium

tris(phosphate), (I), which is yet another member of the

langbeinite class. The Ti atoms have mixed 3+/4+ valencies,

this feature being confirmed by an XPS measurement. There is

no suggestion that any preferential ordering occurs over the

two distinct titanium sites.

In the crystal structure of (NH4)(H3O)Ti2(PO4)3 (Fig. 1),

the anionic [Ti2(PO4)3]2� network is made up of phosphate
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Figure 1
Fragment of (I), showing 70% displacement ellipsoids (H atoms drawn as
spheres of arbitrary radius). [Symmetry codes: (i) y, z, x; (ii) z, x, y; (iii)
�x, y � 1

2,
1
2 � z; (iv) y � 1

2,
1
2 � z, �x; (v) 1

2 � z, �x, y � 1
2; (vi) 1

2 + x, 1
2 � y,

1 � z; (vii) 1
2 � y, 1 � z, 1

2 + x; (viii) 1 � z, 1
2 + x, 1

2 � y.]



tetrahedra that are corner-linked to TiO6 octahedra (Table 1).

The ammonium and oxonium cations occupy cavities in the

framework and interact with it by way of N—H� � �O and O—

H� � �O hydrogen bonds (Table 2).

Experimental

Titanium powder (99%, 0.48 g, 0.01 mmol), phosphoric acid (85%,

10.0 ml, 0.15 mmol), excess ammonium hydrogen fluoride (99.0%,

1.7 g) and water (5 ml) were sealed in a Teflon-lined stainless steel

Parr bomb. The bomb was heated at 473 K for a week. Upon cooling,

crystals of (I) were collected and washed with water. IR: 3450

(broad), 3277 (s), 3026 (s), 2833 (s), 1651 (m), 1424, 990, 933 cm�1; the

broad band is assigned to the O—H vibration mode of the oxonium

cation.

Crystal data

(NH4)(H3O)Ti2(PO4)3

Mr = 417.78
Cubic, P213
a = 9.9384 (4) Å
V = 981.63 (4) Å3

Z = 4
Dx = 2.827 Mg m�3

Mo K� radiation

Cell parameters from 8307
reflections

� = 3.4–28.1�

� = 2.20 mm�1

T = 295 (2) K
Block, black
0.19 � 0.19 � 0.12 mm

Data collection

Bruker APEX area-detector
diffractometer

’ and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.666, Tmax = 0.778

10934 measured reflections

816 independent reflections
815 reflections with I > 2�(I)
Rint = 0.026
�max = 28.4�

h = �13! 13
k = �13! 13
l = �13! 13

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.022
wR(F 2) = 0.065
S = 1.07
816 reflections
68 parameters
All H-atom parameters refined

w = 1/[�2(Fo
2) + (0.0438P)2

+ 1.2965P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.48 e Å�3

��min = �0.45 e Å�3

Absolute structure: Flack (1983),
339 Friedel pairs

Flack parameter: 0.02 (4)

Table 1
Selected geometric parameters (Å, �).

Ti1—O1 2.025 (2)
Ti1—O3i 2.020 (2)

Ti2—O2 1.961 (2)
Ti2—O4ii 1.922 (2)

O4ii—Ti2—O4iii 89.5 (1)
P1—O1—Ti1 151.3 (1)
P1—O2—Ti2 134.5 (1)

P1—O3—Ti1iv 151.6 (1)
P1—O4—Ti2v 174.7 (2)

Symmetry codes: (i) �x; y� 1
2;�zþ 1

2; (ii) xþ 1
2;�yþ 1

2;�zþ 1; (iii)
�yþ 1

2;�zþ 1; xþ 1
2; (iv) �x; yþ 1

2;�zþ 1
2; (v) x� 1

2;�yþ 1
2;�z þ 1.

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O5—H3� � �O2 0.86 (1) 2.30 (5) 2.966 (4) 135 (6)
N1—H1� � �O3 0.86 (1) 2.03 (1) 2.864 (3) 165 (4)
N1—H2� � �O4vi 0.85 (1) 2.35 (1) 3.039 (4) 138 (1)
N1—H2� � �O4iv 0.85 (1) 2.35 (1) 3.039 (4) 138 (1)
N1—H2� � �O4vii 0.85 (1) 2.35 (1) 3.039 (4) 138 (1)

Symmetry codes: (iv) �x; yþ 1
2;�zþ 1

2; (vi) y; z; x; (vii) z� 1
2;�x þ 1

2;�y.

The two independent H atoms (one on a general position and the

other on a threefold rotation axis) attached to atom N1 were located

in a difference map, and were refined with a distance restraint of N—

H = 0.85 (1) Å. Their displacement parameters were also refined. The

oxonium cation was initially refined as another ammonium cation;

however, only the H atom on the general position could be refined

whereas that on the threefold symmetry axis had an unacceptably

large displacement parameter. It was decided that the resulting four-

atom species was not a neutral ammonia molecule but a planar H3O+

oxonium cation having somewhat large atomic displacement

parameters. The O atom of the cation is probably disordered above

and below the plane consisting of the H atoms, but this could not be

verified from the present data. The cation was refined with an O—H

distance restraint of 0.85 (1) Å.

Data collection: SMART (Bruker, 2002); cell refinement: SAINT

(Bruker, 2002); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine

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

ORTEPII (Johnson, 1976); software used to prepare material for

publication: SHELXL97.

We thank the Natural Scientific Foundation Committee of

Shanxi Province (No. 20041031) and the University of Malaya

for generously supporting this study.

References

Bruker (2002). SAINT and SMART. Bruker AXS Inc., Madison, Wisconsin,
USA.

Flack, H. D. (1983). Acta Cryst. A39, 876–881.
Horiuchi, S. & Ono, A. (1986). J. Solid State Chem. 62, 335–341.
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge National

Laboratory, Tennessee, USA.
Leclaire, A., Benmoussa, A., Borel, M. M., Grandin, A. & Raveau, B. (1989). J.

Solid State Chem. 78, 227–231.
Sheldrick, G. M. (1996). SADABS. University of Göttingen, Germany.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of

Göttingen, Germany.

inorganic papers

Acta Cryst. (2005). E61, i158–i159 Fu et al. � (NH4)(H3O)Ti2(PO4)3 i159


	mk1

