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A new europium(III) silicophosphate, whose formula may be

considered to be Eu2Si(PO4)2(P2O7), has been found to

consist of phosphosilicate chains with SiÐOÐPÐOÐPÐOÐ

Si backbones extending in the a direction. The P2O7 group and

the Si atom both lie on crystallographic twofold axes.

Tetrahedral silicon is further bound to two monophosphate

groups. This is a silicophosphate of previously unseen type.

Comment

The structural literature contains reports of only three silico-

phosphate materials with +3 charged cations. These contain

two distinctly different silicophosphate moieties.

RuSiP3O11 (Fukuoka et al., 1996) may be seen to exist with

Si2O7 groups sharing each of its six terminal O atoms with a

different P2O7 group. Each P2O7 group is seen to share a single

O atom per PO4 tetrahedron with an Si2O7 group, creating a

three-dimensional network of linked tetrahedra which

encapsulate Ru3+ cations. MoSiP3O11 (Leclaire & Raveau,

1987) shows the same motif, with Mo3+ encapsulated within

the three-dimensional network of silicophosphates.

Mo3SiP5O19 (Wang et al., 1988) exists with isolated

(PO3O)3SiOSi(OPO3)3 and (PO3O)3POP(OPO3)3 units

stacked in columns parallel to the hexagonal c axis. V3SiP5O19

(Leclaire et al., 1986) appears to be isostructural with the

molybedenum-containing compound of similar formula.

Mo4Si2P6O25 (Leclaire et al., 1988) shows a similar motif but

with (PO3O)3SiOSi(OPO3)3 groups only.

Eu2Si(PO4)2(P2O7) crystallizes with silicophosphate chains

with SiÐOÐPÐOÐPÐO backbones extending in the a

direction (Fig. 1). Tetrahedral silicon is further bound to two

monophosphate groups, whereas the P atoms of the polymeric

chain are further bonded to two terminal O atoms, O21 and

O23 (Fig. 1). Thus, it is a silicophosphate of a previously

unseen type.

Atoms O21, O22 and O23 display a 0.46/0.54 disorder with

positions O210, O220 and O230, and are related to them by a

23.3� rotation about the P2ÐO24 bond. Atoms O22 and O220

lie on a twofold axis.

Eu atoms are localized between PO3 groups and the two

terminal O atoms of a P atom of the polymeric chain. Eu is

within bonding distance of each of the disordered positions,

O21, O210, O23 and O230. Eu3+ is six coordinate [average EuÐ

O 2.317 (6) AÊ ], with a seventh EuÐO distance of 2.544 (5) AÊ .

With the inclusion of the seventh distance, the geometry at

europium appears to be that of a pentagonal bipyramid. Using

bond-valence calculations to ascertain the validity of the
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seventh distance (Brown, 1981) leads to a valence bond total

of 3.065 using the six EuÐO distances of less than 2.451 (5) AÊ ,

but a signi®cantly larger total of 3.352 AÊ if the seventh

distance is included. Both geometry and valence-bond calcu-

lations argue that this longer distance is meaningful.

Silicon displays tetrahedral geometry, with an average SiÐ

O distance of 1.604 (6) AÊ . Phosphorus tetrahedra have

average PÐO distances of 1.511 (11) AÊ .

Experimental

Crystal data

Eu2Si(PO4)2(P2O7)
Mr = 695.90
Orthorhombic, P21212
a = 7.056 (1) AÊ

b = 16.376 (3) AÊ

c = 5.585 (1) AÊ

V = 645.34 (19) AÊ 3

Z = 2
Dx = 3.581 Mg mÿ3

Mo K� radiation
Cell parameters from 24

re¯ections
� = 5.6±16.9�

� = 10.30 mmÿ1

T = 293 (2) K
Needle, colorless
0.15 � 0.12 � 0.10 mm

Data collection

Syntex P4 four-circle diffractometer
�/2� scans
Absorption correction:  scan

(XEMP; Siemens, 1990)
Tmin = 0.181, Tmax = 0.357

1578 measured re¯ections
1422 independent re¯ections
1388 re¯ections with I > 2�(I)

Rint = 0.031
�max = 30.0�

h = ÿ1! 9
k = ÿ1! 23
l = ÿ1! 7
3 standard re¯ections

every 97 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.025
wR(F 2) = 0.064
S = 1.07
1422 re¯ections
111 parameters

w = 1/[�2(Fo
2) + (0.0334P)2

+ 1.2737P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.012
��max = 0.01 e AÊ ÿ3

��min = ÿ0.02 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0030 (4)
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Figure 1
View of dieuropium(III) silicodimonophosphatediphosphate projected on the ab plane. Displacement ellipsoids are shown at the 50% probability level.
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Table 1
Selected geometric parameters (AÊ , �).

Eu1ÐO21i 2.217 (18)
Eu1ÐO210 i 2.344 (13)
Eu1ÐO23ii 2.309 (15)
Eu1ÐO230 ii 2.240 (12)
Eu1ÐO14iii 2.267 (5)
Eu1ÐO12iv 2.349 (4)
Eu1ÐO11v 2.360 (4)
Eu1ÐO12 2.451 (5)
Eu1ÐO11 2.544 (5)
Si1ÐO24 1.593 (6)
Si1ÐO24vi 1.593 (6)
Si1ÐO13vi 1.615 (5)

Si1ÐO13 1.615 (5)
P1ÐO11 1.514 (5)
P1ÐO12 1.523 (5)
P1ÐO13 1.577 (5)
P1ÐO14 1.504 (5)
P2ÐO21 1.476 (18)
P2ÐO210 1.496 (15)
P2ÐO22 1.536 (5)
P2ÐO220 1.547 (5)
P2ÐO23 1.520 (14)
P2ÐO230 1.436 (12)
P2ÐO24 1.568 (5)

O21iÐEu1ÐO14iii 82.2 (5)
O230 iiÐEu1ÐO14iii 169.9 (4)
O21iÐEu1ÐO23ii 87.6 (5)
O14iiiÐEu1ÐO23ii 169.7 (4)
O21iÐEu1ÐO12iv 78.4 (5)
O230 iiÐEu1ÐO12iv 82.1 (4)
O14iiiÐEu1ÐO12iv 88.8 (2)
O23iiÐEu1ÐO12iv 88.0 (5)
O21iÐEu1ÐO11v 87.9 (5)
O230 iiÐEu1ÐO11v 96.4 (4)
O14iiiÐEu1ÐO11v 93.5 (2)
O23iiÐEu1ÐO11v 87.4 (5)
O12ivÐEu1ÐO11v 165.72 (15)
O14iiiÐEu1ÐO210 i 95.7 (4)
O12ivÐEu1ÐO210 i 83.9 (4)
O11vÐEu1ÐO210 i 81.9 (4)
O21iÐEu1ÐO12 156.9 (5)
O230 iiÐEu1ÐO12 83.2 (4)
O14iiiÐEu1ÐO12 98.71 (18)
O23iiÐEu1ÐO12 91.1 (4)
O12ivÐEu1ÐO12 124.68 (12)
O11vÐEu1ÐO12 68.94 (15)
O210 iÐEu1ÐO12 148.0 (4)
O21iÐEu1ÐO11 145.8 (5)
O230 iiÐEu1ÐO11 78.3 (4)
O14iiiÐEu1ÐO11 94.34 (18)
O23iiÐEu1ÐO11 93.4 (4)
O12ivÐEu1ÐO11 67.52 (15)
O11vÐEu1ÐO11 126.26 (12)

O210 iÐEu1ÐO11 149.4 (4)
O12ÐEu1ÐO11 57.32 (14)
O24ÐSi1ÐO24vi 103.6 (5)
O24ÐSi1ÐO13vi 112.5 (3)
O24viÐSi1ÐO13vi 111.4 (3)
O24ÐSi1ÐO13 111.4 (3)
O24viÐSi1ÐO13 112.5 (3)
O13viÐSi1ÐO13 105.6 (4)
O14ÐP1ÐO11 115.4 (3)
O14ÐP1ÐO12 114.6 (3)
O11ÐP1ÐO12 104.2 (3)
O14ÐP1ÐO13 107.8 (3)
O11ÐP1ÐO13 107.5 (3)
O12ÐP1ÐO13 106.8 (3)
O21ÐP2ÐO23 116.4 (8)
O21ÐP2ÐO22 108.9 (10)
O23ÐP2ÐO22 108.8 (11)
O21ÐP2ÐO24 110.7 (8)
O23ÐP2ÐO24 109.6 (8)
O22ÐP2ÐO24 101.5 (2)
O230ÐP2ÐO220 109.0 (9)
O210ÐP2ÐO220 109.7 (9)
O230ÐP2ÐO24 108.4 (6)
O230ÐP2ÐO210 118.1 (7)
O210ÐP2ÐO24 108.4 (6)
O220ÐP2ÐO24 102.2 (2)
P2viiÐO22ÐP2 158 (2)
P2ÐO220ÐP2vii 154.1 (16)

Symmetry codes: (i) 1
2ÿ x; 1

2� y; 2ÿ z; (ii) 1
2ÿ x; 1

2� y; 3ÿ z; (iii) x; y; zÿ 1; (iv)
1
2� x; 1

2ÿ y; 2ÿ z; (v) xÿ 1
2;

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

The orthorhombic cell displayed absences h00, h = 2n and 0k0, k =

2n, ®xing the space group as P21212. Disorder of three O atoms

became apparent as re®nement progressed. The P2O7 group exists

with a twofold axis passing through the bridging O atom, which was

seen to exist in two positions O22 and O220, both on the twofold axis.

While P2 and O24 were seen in ordered positions, alternate or

disordered positions were seen for terminal O atoms O21 (O210) and

O23 (O230). O21, O22, O23 and O24 form a tetrahedral array about

P2 as do O210, O220 O230 and O24. The disorder may be understood

in terms of an approximately 22� rotation about the P2ÐO24 (and

the P2aÐO24a bond related by the twofold axis) corresponding to

the bridging O atom being `up' or `down' and resulting in a 0.59 AÊ

displacement of each of the disordered atoms. O21 and O23 were

re®ned with an occupancy parameter equal to x (O22 occupancy =

0.5x) whereas O210 and O230 were re®ned with an occupancy para-

meter of 1 ÿ x [O220 occupancy = (1 ÿ x)/2]. The re®ned value of x is

0.46 (3). Anisotropic displacement parameters for pairs of close

atoms (O21/O210, O22/O220 and O23/O230) were constrained to

identical values for each pair. The identity of the Si atom was

con®rmed by observing that the occupancy parameter re®ned to the

correct value (0.5), con®rming the electron density of the position, by

comparing the SiÐO distances with those of the literature and by

observing the charge neutrality of the structure which requires a +4

cation in that position.

Data collection: XSCANS (Siemens, 1991); cell re®nement:

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

structure: SHELXS97 (Sheldrick, 1990); program(s) used to re®ne

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

(Siemens, 1990); software used to prepare material for publication:

SHELXL97.
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