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Table 3. Hydrogen-bond geometry (A and °)

O—H-0 00 O-H O—H--0
O(T—H(7)-0(3) 2776 (5) 199 (9) 136 (7)
O(T—H(71)--0(3%) 2-839 (5) 1-87 (7) 175 (6)
O(8)—H(8)0(3") 2-768 (6) 1-82 (6) 164 (5)
O(8)—H(81)--0(9) 2-836 (6) 2:20 (5) 122 (5)
0(9)—H(9)0(6™) 2796 (6) 1-99 (7) 139 (8)
0(9)—H(91)--0(3") 2-780 (6) 1-81 (5) 174 (5)

Symmetry code: (i) x + 0-5, 1-5—-y,z— 1; (i) x, y,z~ 1; (iii)) | + x,p,z~1;
ivi-x,1-y 1-z

molecules and is therefore formally penta-
coordinated. A similar type of hydrogen bonding
was earlier observed, e.g. in trisodium D-2-phospho-
glycerate hexahydrate (Lis, 1985).

Financial support was received from project
R.P.10.
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Laboratoire de Cristallographie, associé a I'Université J. Fourier, CNRS, 166X, 38042 Grenoble CEDEX,
France

(Received 19 June 1989; accepted T September 1989)

Abstract.  Mn,(NH,),(P¢0;5)(C,0,).6H,0, M, =
851966, triclinic, PI, a=9747(3), b=
9751(3), c=7689(3)A, a=9992(5), B=

105-88 (5), ¥ =100-08 (5)°, ¥=673-1A3 Z=1, D,
=210 Mgm™3,  A(Mo Ka)=07107A, pu=
1-465mm~"!, F(000) =432, T=294K, final R=
0-030 for 2577 reflections. The atomic arrangement is
built up by infinite ribbons of P¢O,s ring anions and
MnOg octahedra spreading parallel to the & axis.
These ribbons are themselves interconnected by the
oxalic groups located between two MnQyg octahedra
belonging to two different ribbons. The hydrogen-
bond scheme is described.

Introduction. Phosphates with two different phos-
phoric anions of different degrees of condensation

* To whom correspondence should be addressed.

0108-2701/90/060965-04$03.00

are becoming more and more familiar. A review of
this type of compound has recently been reported by
one of us (Averbuch-Pouchot, 1985). But up to now
the coexistence in an atomic arrangement of a con-
densed phosphoric anion with a non-phosphoric one
has not been reported. In this work we describe what
we believe is the first example of such a compound:
manganese ammonium cyclo-hexaphosphate oxalate
hexahydrate, Mn,(NH,)4(PsO,s)(C50,).6H,O. In
fact, in a good number of compounds (Boudjada,
1985), a condensed phosphoric anion coexists with a
Te(OH), group but due to the neutrality of the
telluric acid they cannot be considered as mixed-
anion salts but as adducts.

Experimental. Crystals of the title compound have
been prepared by slow diffusion of an aqueous solu-
tion of manganese oxalate into an aqueous solution

© 1990 International Union of Crystallography
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of ammonium cyclo-hexaphosphate. After some days
at room temperature, crystals of the title compound
appeared with various morphologies; short, stout
multifaceted prisms, sometimes elongated, calcite-
like or thick diamond-like plates. They are very
slightly water soluble and stable for months at room
temperature.

Crystal size: 0-16 x 0-16 x 0-11 mm. Density not
measured. Philips PW 1100 diffractometer, graphite
monochromator. 20 reflections (11-0 < @ < 13-5°) for
refining unit-cell dimensions. @ scan; scan width
1-20°; scan speed 0-02° s~!. Total background meas-
uring time 10s. 3187 reflections collected (3 < 0 <
30°); £h, £k, [; hpax = 13, kmax = 13, lpax = 10. Two
orientation and intensity control reflections (023 and
023) measured every four hours without any signifi-
cant variation. 2951 reflections obtained after
averaging Friedel pairs (R, = 0:013). Lorentz and
polarization corrections, no absorption correction.
Structure solved by direct methods with
MULTANT7 (Main, Hull, Lessinger, Germain,
Declercq & Woolfson, 1977). H atoms located by
difference Fourier syntheses. Anisotropic full-matrix
least-squares refinement (on F), isotropic for H
atoms. Unit weights. Final refinements with 2577
reflections corresponding to I > 4¢,. Final R=0-030
(WwR = 0-034), S = 0-896, max. 4/ = 0-06, max. peak
height in the final difference Fourier synthesis =
0-429 ¢ A3, Secondary extinction refined according
to Stout & Jensen (1968) to g=6-3 x 10~7. Scat-
tering factors for neutral atoms and f7, f”’ from
International Tables for X-ray Crystallography
(1974). Enraf-Nonius (1977) SDP used for all calcu-
lations. Computer used: MicroVAX II. For the com-
plete set of 2951 reflections, the R value is 0-035.
Discussion. Table 1 the final atomic
coordinates.*

The P¢O,s ring anion develops around the
inversion centre located at (3, 3, 3) and so is built by
only three independent PO, tetrahedra. As is com-
monly observed for P¢O,s anions with 1 internal
symmetry, the ring is significantly distorted. The
P—P—P angles vary between 93-14 and 116-13°.
This distortion is comparatively much less important
than that observed in some cyclo-hexaphosphates. In
Cs¢P¢0,5.6H,O for instance, the same angles spread
between 932 and 145-5° (Averbuch-Pouchot &
Durif, 1989). In spite of this distortion the local
arrangement observed for the PO, tetrahedra (P—O

reports

* Lists of structure factors, anisotropic thermal parameters,
H-atom coordinates and bonds and angles involving H atoms
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 52641 (25 pp.).
Copies may be obtained through The Technical Editor, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.

Mn,(NH,)4(Ps0,5)(C204).6H,O

Table 1. Final atomic coordinates and B.q with e.s.d.’s
in parentheses

B = (43).5,8,8.8,

X y z Beq (AZ)
Mn 0-84208 (5) 0-11847 (4) 0-70887 (6) 1-190 (7)
P(1) 0-17081 (7) 0-40931 (7) 037697 (9) 1:09 (1)
P(2) 063293 (8) —021426 () 06301 (1) 1-19 (1)
P(3) 037492 (8) —035663 (7 03171 (1) 120 (1)
O(E11) 0-0394 (2) 0-4170 (2) 0-2285 (3) 1-68 (4)
O(E12) 0-1536 (2) 0-3809 (2) 0-5538 (3) 1-83 (4)
OoLl2)  07575(2) 07064 (2) 07169 (3) 1-48 (4)
O(L13)  0:7060 (2) 0-4459 (2) 0-5685 (3) 1173 (4)
O(E21) 0-7029 (3) -0-0871 (2) 0-5761 (3) 2:05 (5)
O(E22) 0-5459 (2) —0-1985 (3) 0-7583 (3) 2-24 (5)
O(L23) 0-5419 (2) —0-3315 (2) 0-4408 (3) 1-52 (4)
O(E31) 0-3591 (3) —0-4438 (3) 0-1318 (3) 2:04 (5)
O(E32)  03339(2)  —02169 (2) 0-3301 (4) 228 (5)
o(1) 0-0348 (2) 0-0210 (2) 0-7936 (3) 1-69 (4)
0Q2) 01451 (2) 09156 (2) 00101 (3) 1-84 (4)
oWl 0907503 0-1655 (3) 0-4750 (3) 209 (5)
ow2) —0-0020 (3) 0-6739 (2) 0-1387 (3) 192 (4)
O(W3) 0-5653 (4) 0-9481 (3) 0-1881 (5) 5-34 (8)
N(1) 0-3020 (3) 0-2850 (3) 0-8798 (4) 2:36 (6)
N@2) 0-7216 (3) 0-2989 (4) 0-1666 (4) 271 (6)
c 09476 (3) 00192 (3) 0-0564 (4) 127 (5)

distances and P—O—P or O—P—O angles as well
as P—P distances) are in accordance with values
generally observed in condensed phosphoric anions.
The main geometrical features of this ring are
reported in Table 2.

The oxalic group, C,0,, is centrosymmetric and
located around the inversion centre at (0, 0, 0). All
its O atoms take part in the coordination of the Mn
atom. The coordination polyhedron of this Mn atom
is a distorted octahedron built up by two O atoms
shared with the phosphoric ring, two water mol-
ecules and two O atoms belonging to the oxalic
group. The main geometrical features of this coordi-
nation polyhedron are reported in Table 2.

As shown in Fig. 1, this atomic arrangement can
easily be described as a succession of ribbons parallel
to the b direction and built up by the phosphoric ring
anions and the managanese octahedra. These
ribbons are themselves interconnected through the
oxalic groups. Due to this connection of the ribbons
by the organic groups, an unusual situation occurs
around the inversion centre located at the origin of
the unit cell. Two manganese octahedra are related
by this inversion centre and a very short O—O
distance [O(1)—O(2) = 2-232 A] is observed between
the two polyhedra. This situation is depicted
schematically in Fig. 2.

Within a distance of 3-5A the two ammonium
groups N(1) and N(2) are surrounded by nine and
seven O atoms respectively. The N—O distances in -
these two polyhedra are reported in Table 2.

The three-dimensional network of hydrogen bonds
interconnecting the components of this atomic
arrangement is described in Table 2. As is usual in
compounds involving a condensed phosphoric anion,
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Table 2. Main interatomic distances (A) and Table 2 (cont.)

bond angles (°) in the atomic arrangement of ONI—H-O  ON)—H H~O ON)—O O(N}—N--O

Mny(NH)4(PsO015)(C204).6H,0  with  esd’s in oo™ qopny o 078(5) 2015 278G) 1684
parentheses O(W3)—H(1W3)-0(E22) 0-93(6) 192(6) 2:852(4) 178 (5)

O(W3)—H(Q2W3)O(£21) 096 (5) 2-10(6) 3-023 (4) 161 (5)

The P¢O,5 ring anion

P(1)O, tetrahedron

P(1) O(E1]) O(E12) O(L12) O(L13)
O(El) 1-487 (2) 2:557 (3) 2-469 (3) 2-526 (3)
O(E12) 1189 (1) 1481 (2) 2:538 (3) 2-460 (3)
O(L12) 106-3 (1) 111:0 (1) 1-598 (2) 2-499 (3)
O(L13) 1102 (1) 106-3 (1) 103-1 (1) 1-593 (2)
P(2)0, tetrahedron

P(2) O(L12) O(E21) O(E22) O(L23)
O(L12) 1-607 (2) 2:514 (3) 2-478 (4) 2:465 (3)
O(E21) 108-7 (1) 1-487 (2) 2:569 (4) 2-484 (3)
O(E22) 107-1 (1) 120-5 (1) 1-472 (3) 2:546 (3)
O(L23) 1002 (1) 106-8 (1) 1116 (1) 1-606 (2)
P(3)0, tetrahedron

P(3) O(L13) O(L23) O(E31) O(F£32)
O(L13) 1:600 (3) 2:454 (3) 2-555 (4) 2-492 (3)
0O(L23) 100-4 (1) 1:596 (2) 2474 (3) 2-502 (3)
O(E31) 112:0 (1) 107-0 (1) 1-481 (2) 2:552(3)
O(E32) 1079 (1) 108-8 (1) 1190 (1) 1:480 (2)
PQ2y—P(1)—P(3) 93-14 (3) P(1)—P(2) 2928 (1)
P(1)—P(2)—P(3) 103-61 (3) P(1)—P(3) 2:942 (1)
P(1)—P(3)—P(2) 116:13 (3) P(2—P(3) 2-891 (1)

P(1)—O(LI2}—P(2) 1320 (1)
P(2}—O(L23)—P(3) 1292 (1)
P(1)—O(L13)—P(3) 1343 (1)

The MnOg octahedron

Mn  O(I) O3 O() O@Q)  OWl) Om2)
O(E21) 2118(2) 3035(3) 3101 (3) 3136(3) 3230(3) 4346 (3)
O(E32) 9247 (9) 2085 (2) 4316(3) 3249 (3) 3181 (4) 3102 (3)
o(l) 90-62 (8) 17191 (9) 2:242 (2) 2-692 (3) 3-108 (3) 3-019 (3)
0Q2)  9269(9) 981(l) 7420(9) 2216(2) 4314(3) 2997 (3)
oWl  9812(9) 97-1(1) 8986 (9) 16094 (8) 2:158(3) 2918(3)  Fig. 1. Projection of the atomic arrangement of

Oo(W?2) 17528 (9) 91-81 (8) 84-88 (8) 8474 (8) 8331 (8) 2231 (2) (NH4)4Mn2(P(,O,8)(C204).6H20 along the ¢ axis.
The NH,O, polyhedra

N(1)»—O(E12) 2:923 (4) NQ)—O(El) 2:983 (4)

N()»—O(L12) 3297 (4) N(Q)—O(E12) 3-283 (4)

N(1)—O(E22) 3-104 (4) NQ@)y—O(L13) 3-230 (4) o) 0(2)

N(1)—0(L23) 3.285 (4) N(2—O(E22) 2-866 (4)

N(1)—O(£31) 2-861 (4) N(2y—O(E31) 2-898 (4)

N()—O(E31) 3426 (4) NQ)—O0(2) 2:974 (4)

N(1)y—O0(1) 3158 (3) NQ)—O(W1) 3-184 (4)

N(1Y—O(W2) 2989 (4)
N(1—O(W3) 2:846 ()

The C,0, group Fig. 2. Schematic representation of the situation around the

c—C 1-564 (4) o) —C—0() 1264 (3) inversion centre at (0, 0, 0). The two related MnOg octahedra
Cc—0(1) 1-259 (4) CcC—C—O(1) 116:0 (3) are represented by hexagons.
c—O() 1-242 (4) C—C—0Q) 1177 (3)

The hydrogen bonds ) )
O(N)—H-O O(N}—H H-+0 O(N)—O O(N)—N-O the bonding O atoms [O(L)] do not take part in such

N()—H(INI)}-~O(W3) 089 (5) 199 (5) 2846 (5) 160 (4) a network. The drawings were made with STRUPLO
N()—HQNI1)-O(E12)  080(6) 2:22(5) 2923 (4) 146 (5) (Fischer, 1985).
N(1)—H(3N1)-0(1) 090(6) 2:36(5) 3158 (3) 148 (6)

N(I)Y—H@NI1)-O(E31) 094 (4) 198 (4) 2861 (4) 154 (4)
N@)—H(IN2)--0(2) 080 (6) 2:20(6) 2974 (4) 163 (6)
N(Q2)—H(QN2)--O(E31)  081(6) 211 (6) 2898 (4) 163 (5) References
NQ)—H(3N2)--O(E22)  089(5) 199 (5) 2867 (4) 169 (4)

N(@)—H(4N2)--O(E11)  096(4) 2:35(6) 2983 (4) 123 (4) AVERBUCH-PouUCHOT, M. T. (1985). Z. Anorg. Allg. Chem. 529,
O(WIy—H(1W1)--O(E12) 089 (4) 186 (4) 2745 (3) 172 (4) 143-150. '
O(W1)—HEWI1)-0(1)  084(5) 192(5) 2:754(3) 174 (5) AVERBUCH-POUCHOT, M. T. & DURIF, A. (1989). C. R. Acad. Sci.

O(W2)—H(1 W2)--O(E11) 0-63(5) 2:09(5) 2:712(3) 168 (6) 308 11, 1699-1702.
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Crystal Chemistry of cyclo-Hexaphosphates. X. Structure of Dicalcium Dilithium
cyclo-Hexaphosphate Octahydrate
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Abstract. Ca,Li,P¢0,5.8H,0, M, = 711-984, triclinic,
P1, a=17767(2), b=10144(3), c=7225(Q A, «

= 10517 (4), B 10276 (4), y=28495(4)°; V=
5356 A2, =2207Mgm~3, A(Mo Ka) =
0-7107 A = 1 082 mm~ 1, F(000) = 360, room tem-

perature, ﬁnal R=0-023 for 2764 reflections. The
atomic arrangement can be described as successive
layers of planes made by LiOg octahedra sharing
corners with the PO, ring anions. These planes are
interconnected in a three-dimensional manner by the
CaO; polyhedra and the hydrogen bonds. The
calcium-sodium salt is isotypic.

Introduction. cyclo-Hexaphosphates of monovalent—
divalent cations belong to various structural types
and have very different degrees of hydration. During
a systematic investigation of this type of compound,
we previously reported the existence and described
the crystal structures of Mn,Li;P¢0,5.10H,0
(Averbuch-Pouchot, 1989) and Cd,Na,P¢0,3.14H,0
(Averbuch-Pouchot, 1990). In the present work we
describe the chemical preparation and crystal
structure of a new compound of this family,
CazLi2P6018.8H20. The calcium-sodium salt
Ca,Na,P;0,;.8H,0 is isotypic with the following
unit-cell dimensions: a=8:031 (4), b=10-296 (5),
c=7279(3) A, a=10569 (5), B=10327(5), v=
85:30 (5)°. Its preparation is similar to that described
for the title compound.

Experimental. Crystals of the title compound were
prepared by adding solid gypsum to an aqueous
solution of lithium cyclo-hexaphosphate. After some
days of evaporation at room temperature, crystals of
Ca2L12P6018 8H,0 appeared as elongated triclinic
prisms, sparingly soluble in water. The compound is
stable for months at room temperature.

0108-2701/90/060968-03%$03.00

Crystal size: 0-18 x 0-22 X 0-12 mm. Density not
measured. Phillips PW1100 diffractometer, graphite
monochromator. 15 reflections (13-0 < 8 < 17-0°) for
refining unit-cell dimensions. /26 scan, scan width:
1-20°, scan speed: 0-02° s~ '. Total background meas-
uring time: 10s. 3827 reflections collected (3 < 8 <
35 xh, 2k, I hpax = 12, kipayx = 16, 1o = 10. Two
orientation and intensity control reﬂectlons (1217 and
121) measured every three hours without any sig-
nificant variation. 3556 reflections obtained after
averaging Friedel pairs (R, =0-01). Lorentz and
polarization corrections, no absorption correction.
Structure solved by direct methods (MULTANTT;
Main, Hull, Lessinger, Germain, Declercq & Woolf-
son, 1977). H atoms located by difference Fourier
syntheses. Anisotropic full-matrix least-squares
refinement (on F), isotropic for H atoms. Unit
weights. Final refinements with 2764 reflections cor-
responding to F>30p Final R=0023 (wR=
0-028), S = 0-609, max. 4/c = 0-03, max. peak height
in the final difference Fourier synthesis =
0-552e A73. No secondary-extinction correction.
Scattering factors for neutral atoms and 7, f* from
International Tables for X-ray Crystallography
(1974). Enraf—Nonius (1977) SDP used for all calcu-
lations. Computer used: MicroVAX II.

Discussion. Table 1 reports the final atomic
coordinates.* The P¢O,; ring anion has 1 internal
symmetry and so is built by three independent P
atoms. As is commonly observed for six-membered

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 52642 (24 pp.).
Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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