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structure fall below these limits, although the
Br(2)--H—O(2’) separation [3-42 (1) A] is just above,
and probably corresponds to some attraction. The
short N(7)-O(3") distance [2-67 (2) A] is consistent
with the presence of the extra proton at N(7) in the
inosinium cation.

We wish to thank the Natural Sciences and
Engineering Research Council of Canada and the
CICYT (project #402-86) for financial support, and
M. Simard for assistance in collecting the X-ray
data.
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Structure of Ethylenediammonium Disodium cyclo-Tetraphosphate Dihydrate:
Na,|(CH>),(NH,),|P;0,,.2H,0
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Abstract. CzH]()N% * 2Na * .P4O ];~ .2H20, M,- =
42398, monoclinic, C2/c, a=7887(2), b=
14-869 (3), ¢=13-0703)A, B=9146(1)°, V=

1532 (1) A3, Z=4, D, = 1838, D,,= 1-896 Mg m >,
MAg Ka) =0-5608 A, 1 =0-305mm~"', F(000)=
856, T=298K, final R=0-042 for 2262 unique
reflexions. P,O,, rings twist around 2, axes to form a
channel with section (3 x 7 A) perpendicular to the ¢
axis. The two crystallographically independent
sodium cations Na(1) and Na(2) are located on the
channel axis. Na(1)Oq and Na(2)Og polyhedra link
together through the O(E12)—O(E21)—O(W) faces
in linear arrays parallel to the ¢ axis. The organic
groups and P,O,, rings both have twofold symmetry.
Hydrogen atoms of the NH; groups act on external
oxygen atoms of the P,0%; anions to build a three-
dimensional network. The potassium salt is isotypic
with the title compound.

0108-2701/89/121877-03%03.00

Introduction. In the continuation of our studies on
the cyclo-tetraphosphoric compounds  (Jouini,
Dabbabi & Durif, 1985; Jouini, Soua & Dabbabi,
1986) we are investigating the interaction between
amines and tetraphosphoric acid. The present work
deals with the crystal structure of disodium ethylene-
diammonium cyclo-tetraphosphate dihydrate:
2Na*.C,H(N2* P,O% .2H,0. The synthesis pro-
cess used is the same as that employed for the
preparation of inorganic phosphates (Jouini & Durif,
1983; Jouini & Dabbabi, 1985). The title compound
is the first salt obtained in the H,P,0,,-~ML0-
C,HgN, system. Its detailed preparation and main
crystallographic features have been described (Bdiri
& Jouini, 1989).

Experimental. Colourless and prismatic crystal 0-25
% 0-27 x 0-30 mm, density measured by flotation,

© 1989 International Union of Crystallography
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Table 1. Final atomic coordinates and B, for

Naz[(CHz)z(NH3)2]P4O12.2H20, With E‘.S.d. ’S in
parentheses
B, = 32.2,a.a,8;.

x y z B, (A)
P(1) 029499 (8)  0-10914(5) 034472 (5 11199 (8)
P(2) 033810 (8) 007788 (5)  0-12396 (5) 1233 (8)
Na(1) 05000 04508 (1) 02500 201 (3)
Na(2) 0-0000 0-0000 00000 264 (3)
O(L12) ~ 05358 (2) 0-0497 (1) 01341 (1) 139 3)
O(Ell)  0-6941 (3) 0-1957 (1) 00981 (2) 193 (3)
O(Z21) 06888 (2) 0-1361 (2) 02745 (1) 140 (3)
O(E12) 01494 (2) 00480 (1) 0-3589 (1) 193 (3)
O(E21)  02417(2)  —0:0083 (1) 0:1279 (2) 187 (3)
O(E22) 03097 (3) 0-1399 (2) 0-0358 (1) 220 (4)
o) 05376 (3) 03470 (2) 0-3926 (2) 307 (5
N 00590 (3) 03321 (2) 0-3908 (2) 1:80 (4)
C 00522 (3) 0-3265 (2) 02022 (2) 195 (4)
Philips PW1100 diffractometer, graphite-

monochromatized Ag Ka radiation, 25 reflexions
with 6 in the range 9 < 6 < 12° used for determining
lattice constants and orientation matrix, 2665 reflex-
ions measured (3< 6<30°), =*hkl, hpa = * 14,
Kmax =26, l,.x=23, w scan, scan width (1-2+
0-2tan#)°, scan speed 0-03°s~!, total background
measuring time 10s, intensities of three reference
reflexions (045, 045, 045) measured every 2 h: no
significant variation. Lorentz and polarization cor-
rections, no absorption correction. The systematic
absences (hk! absent if A+ k= 2n+ 1, h0! absent if /
=2n+ 1) allow the space group to be C2/c or Cc.
The choice of C2/c was confirmed by the E statistics
and the successful solution of the structure and
refinement. Structure solved by classical methods
(Patterson and successive Fourier syntheses). Hydro-
gen atoms from difference-Fourier map. Anisotropic
full-matrix least-squares refinement (on F), isotropic
for hydrogen atoms. Unit weights. Final refinement
cycles with 2262 reflexions corresponding to F > 3oy
Final R= 0042 (wR = 0-044). S=0-947. Max. 4/o
=0-00, max. peak height in the final difference
Fourier synthesis: 0-254 ¢ A 3. No extinction correc-
tion. Scattering factors for neutral atoms and f”, f*
from International Tables for X-ray Crystallography
(1974). Enraf-Nonius (1980) SDP employed for all
calculations. Computer used: PDP 11/34.

Discussion. Final atomic coordinates are in Table 1.*
Fig. 1 represents the projection of the atomic
arrangement along the b axis. Sodium polyhedra,
organic groups and detailed hydrogen bonds are
depicted in Fig. 2. Main interatomic distances, bond..

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and main interatomic distances and bond
angles involving H atoms have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 52075 (21 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.

Na,[(CH,),(NH3),]P;0,,.2H,0

angles in the P,O}; anion and hydrogen bonds are
reported in Table 2.

Distances and bond angles in the P,O,, ring are
not significantly different from what is commonly
observed in inorganic cyclo-tetraphosphates. The

Fig. 1. Projection along the b axis of the atomic arrangement of
Na,[(CH,),(NH;),]P;0,,.2H,0. Ethylenediammonium groups
are omitted.

Fig. 2. Projection along the b axis of the linear array of NaOs
polyhedra and ethylenediammonium groups, with hydrogen-
bond scheme, in Na,[(CH,),(NH,),]P,0,,.2H,0.
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Table 2. Main interatomic distances (A), bond angles
(°) and hydrogen-bond scheme (A.°) in
Na,[(CH,),(NHj3),]P,0,,.2H,0

P(1)O, tetrahedron

P(1) O(Ell) O(E12) O(L12) o(L21)
O(ELD) 1-490 (2) 2:575 (3) 2-555 (3) 2.472 (3)
O(E12) 1202 (1) 1-480 (2) 2482 (3) 2:549 (3)
O(L12) 110-4 (1) 106-4 (1) 1-619 (2) 2:515(3)
Oo(121) 105-3 (1) 110-7 (1) 102-4 (1) 1-617 (2)
P(2)O, tetrahedron
P(2) O(E21) O(E22) o(L21) O(L12)
O(E21) 1-492 (2) 2-:574 (3) 2-550 (2) 2-474 (3)
O(E22) 119-5 (1) 1-488 (2) 2-480 (3) 2:552 (3)
O(L21) 1109 (1) 106-6 (1) 1-603 (2) 2-515 (3)
O(L12) 105-4 (1) 110-5 (1) 102:7 (1) 1-617 2)
2 x P(1)—P(2) 2:9503 (9) P(1)—P(2)—P(1) 88-66 (3)
2 x P(2)—P(1) 2:9489 (9) P(2)—P(1)—P(2) 88-50 (3)
P(1)—O(L12)—P(2) 1314 (1)
P(2y—O(L21)—P(1) 132:8 (1)

Na(1)O polyhedron Na(2)Os polyhedron
2 x Na(1)—O(E12) 2:327 (2) 2 x Na(2y—O(E12) 2:326 (2)
2 x Na(1)—O(E21) 2589 (2) 2 x Na(2)—O(E21) 2506 (2)
2 x Na(1)—O(W) 2:432 (3) 2 x Na(2y—O(w) 2:694 (3)
NH;—(CH,),—NHj, group
N—C 1484 (4) c—C 1-513 (6) N—C—C 110-7 (3)
Hydrogen bonds

H—H N—O N—H--0

O—H H--O 0—0 O—H---0
N—H(IN)--O(R21) 092 (5) 194(4) 2860 (4) 178 (4)
N—H(2N)-O(El1) 0-81(5) 202(5) 2281 (3) 169 (4)
N—H(3N)-O(£22) 0-85(4) 198(4) 2797 (3) 159 (3)
O(W)y—H(1w)~O(Ell)  0-70(5)  2:25(5)  2:902 (4) 167 (5)
O(W)y—H(Q2w)-O(E22) 0-93 (5) 191 (5) 2-818 (4) 164 (5)

P4O,, groups are located around the twofold axes
They twist around the 2, axes, situated at x = 3; z = 4,3,
to form a channel with section (3 x 7 A) perpendicu-
lar to the ¢ axis.
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The two crystallographically independent sodium
atoms Na(1) and Na(2) both have sixfold coordi-
nation, formed by two water molecules and four
external oxygen atoms belonging to four ring anions
P,O};. The Na(1)0s and Na(2)O, distorted
octahedra link together through the
O(E12y—0O(E21)—O(W) faces to form an infinite
one-dimensional chain parallel to the ¢ axis, and are
located at the centre of the channel (Fig. 2).

The organic group, present as the dication
(CH,)»(NH,)3*, has twofold symmetry. The groups
alternate with P,O,, rings and NaO, polyhedra to
build, by hydrogen bonds, a three-dimensional net-
work. It should be noticed that only the external
oxygen atoms of the ring anions and sodium poly-
hedra are involved in hydrogen bonds; the oxygen
atoms O(E11) and O(E22) taking part in this scheme
act twice as acceptors. The potassium salt is isotypic
with the following non-refined unit-cell dimensions: a
=792,b=1489, c= 1311 A, B=92-03".

References

Bpiri, M. & Jouini, A. (1989). C.R. Acad. Sci. 308, 1353-1358.

Enraf-Nonius (1980). Structure Determination Package. Enraf—
Nonius, Delft, The Netherlands.

International Tables for X-ray Crystallography (1974). Vol. IV.
Birmingham: Kynoch Press. (Present distributor Kluwer
Academic Publishers, Dordrecht.)

Joumi, A. & DaBBaBi, M. (1985). C. R. Acad. Sci. 301, 1347-
1350.

Jouini, A., DaBBaBI, M. & DURIF, A. (1985). J. Solid State Chem.
60, 6-12.

Jouini, A. & DURIF, A. (1983). C. R. Acad. Sci. 297, 573-575.

Joum, A., Soua, M. & DaBBaBi, M. (1986). J. Solid State Chem.
69, 135-144.

Structure of [o-Bis(diisopropylphosphino)benzene]tetracarbonyltungsten(0)
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Abstract. [W(CO)4(C,sH;,P,)], M, = 606-30, mono-

clinic, P2,/c, a=17599(4), b=14672(2), c=
19-844 (3) A, B= 10225 (2)°, V = 4996 (2) A%, Z = 8,
D,=160(2), D,=161Mgm=>  A(Mo Ka)=

0 7107A u=4-87 mm‘l F(000)=1152, T=300K,
R=0- 034 for 6268 observed reflections. The struc-
ture of the title compound shows that the two phos-

* To whom correspondence should be addressed.

0108-2701/89/121879-03$03.00

phorus donors coordinate to the metal centre with
cis geometry. The average W—P distance is
2:510 (2) A. All the methyl groups pomt toward the
W(CO), moiety in order to minimize steric inter-
action.

Introduction. Unlike the bidentate behavior of bis-
(diphenylphosphino)ethane (dppe), the o-phenylene-
bisphosphines have the interesting feature of
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