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P--W--P ~ 176,03 (16) P--C1--C2 
P--W--19v 89,7 (15) C1--C2--C3 117,3 (12) 
P--W--P v 84,0 (15) C4--C3--C2 121,8 (16) 
W--P--FI 116,1 (3) C5--C4--C3 117,3 (14) 
W--P--F2 115,7 (2) C4--C5--C6 123,1 (14) 
W--P--C1 126,8 (3) C1--C6--C5 118,6 (15) 
F1--P--F2 95,6 (3) C6--C1--C2 121,8 (12) 
F1--P--C1 97,6 (5) 

[W{PF2(C6H5)}6].H20 

117,3 (9) 

Symmetriebezeichmmgen: (i) 1 - y, 1 + x - y, z; (ii) - x  + y, 1 - x, z; 
(iii) 1 -- y, 1 -- x, ½ -- z; (iv) --x + y, y, ½ -- z; (v) x, 1 + x -- y, ½ -- z. 

Zur Sammlung der Reflexintensit~ten wurde ein pliittchen- 
f'6rmiger Kristall mit Silikonfett in einer Glaskapillare ange- 
heftet. Einer m6glichen Zersetzung des Kristalls wurde dutch 
Nachstopfen weiterer kristalliner Substanz entgegengewirkt. 
Die l_25mmg des Phasenproblems erfolgte dutch Direkte Meth- 
oden in der anfgrund der Ausl6schungsbedin_ gtmg hhl mit l 
= 2n + 1 wahrscheinlichen Ranmgruppe P31c. Es konnten 
ein Wolfram- und ein Phosphoratom aus der E Map und die 
Fluor- und Kohlenstoffatome eines PF2Ph Liganden der an- 
schlieBenden Differenzfouriersynthese entnommen werden. Die 
Verfeinerung des Stmkttmnodells erfolgte mit anisotropen 
Tempemturkoeffizienten fiir alle Nichtwasserstoffatome. Die H- 
Lagen wurden mit idealisierter Geometrie fixiert und mit einem 
gemeinsam veffeinerten isotropen Temperaturfaktor versehen. 

In den kanalartigen Hohlr~'umen um die c-Achse bleibt auf 
einer Lage der Punkts~'mmetrie 2 eine maximale Restelektro- 
nendichte von 1,3 e A -3 fibrig. Einige unabb_~gige experi- 
mentelle Befunde deuten hier auf den Einbau yon Solvens- 
molekfilen bin. Neben der erwiilmten Triibung der Kristall- 
oberfl~iche w~thrend der Lagerung wurden unterschiedliche 
Debye-Scherrer-Aufnahmen des pulverf6rmigen Ausgangspro- 
dukts und der umkristalli~ierten Substanz beobachtet. Einen 
noch deutlicheren Hinweis lieferte eine rasterelektronenmikro- 
skopische Untersuchung, bei der die Einkristalle unter dem Ein- 
fluB von Vakuum und Elektronenstrahl f6rmlich zersprangen. 
In der anschlieBend durchgeffihrten R6ntgentluoreszenzznalyse 
konnte im Gegensatz zum Pulver Sauerstoff nachgewiesen wer- 
den. Hinweise auf den Einbau von Methylenchlorid wurden 
weder massenspektrometrisch noch mittelsRfntgenfluores- 
zenzanalyse erhalten. Aufgrund dieser Ergebnisse wurde 
die Restelektronendichte in den weiteren Verfeinertmgen als 
Sauerstofllage eines fehlgeordneten H20-Molekiils behandelt. 
Die geometrisehe Anordnung und die niedrige Elektronen- 
diehte fiihren zu einem Fehlordmmgsmodell, bei dem ein 
Sauerstoffatom auf die drei alternativen Lagen x, -x ,  ¼; 

1 verteilt ist. Beriicksichtigt man die x, 2x,¼; --2x, --x, 
7_~aligkeit der Ptmktlage des Sauerstoffs, so resultiert Fair 
den tmtersuchten Kristall insgesamt die Zusammensetzung 
W(PF2Ph)6.H20. 

Datensammlung: CAD-4 Software (Enraf-Nonius, 1989). 
Gitterverfeinerung: CAD-4 Software (Enraf-Nonius, 1989). 
Datenreduktion: MolEN (Fair, 1990). 1.25mmg der Stmkl~ 
mit Programm: SHELXS86 (Sheldrick, 1985). Verfeinerung 
der Struktur mit Programm" SHELX76 (Sheldrick, 1976). 
Zeichenprogramme: SCHAKAL88 (Keller, 1988); ORTEP (Dav- 
enport, Hall & Dreissig, 1990). Programme zur Berechnung der 
geometrisehen Daten und zur Erstellung der Tabellen: ORFFE4 
(Busing, Martin, Levy, Brown, Johnson & Thiessen, 1977); 
KRISTALL-ST (Tebbe, 1992). 

W'tr danken dem Fonds tier Chemischen Industrie und 
dem Bundesmini~r fiir Forsehung und Technologie fiir 
die F6rderung dieser Arbeit. 

Die Liste der Strukturfaktoren, anisotropen Versehiebungsfaktoren, H- 
Atom Koordinaten und vollsfftndigen geometrisehen Daten sind bei der 
IUCr (Aktenzeichen: SE1039) hinterlegt. Kopien sind erbAltieh dureh: 
The Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
In both title crystals, 2Na +.C6H80 2 -  and 2K +.C6H80 2 -  , 
the galactarate ion is centrosymmetrical  and has a ful ly 
extended molecular  conformation.  The Na ion is coordi- 
nated to six O atoms to form a distorted bipyramidal  oc- 
tahedron, with N a . . . O  distances in the range 2.260 (2)-  
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2.451 (2).~, while the K ion is surrounded by six O 
atoms in a largely distorted triangular antiprismatic ar- 
rangement, with K-. .O distances in the range 2.688 (4)- 
2.871 (5)A. A number of three-center hydrogen bonds 
have been found for both the Na and the K salt crystals. 

C o m m e n t  

Binding of carbohydrates to cations in the solid state and 
in aqueous solution is important because of its biologi- 
cal implications. The coordination of the divalent Ca, Ba 
and Mg cations with the galactarate ion in the solid state 
has been established (Sheldrick, Mackie & Akfigg, 1989; 
Sheldrick & Mackie, 1989), along with the coordination 
of the Ca and K cations with the glucarate ion (Taga & 
Osaki, 1976; Burden, Mackie & Sheldrick, 1985; Taga, 
Kuroda & Osaki, 1977). The present study concerns the 
structures of monovalent cation salts of the galactarate 
ion, (I). 

COOM 

I 
H C OH 

I 
HO C H 

I 
HO C H 

I 
H C OH 

I 
COON 

(I) M = Na, K 

In both the Na and the K salt crystals, the asymmetric 
unit consists of a cation and one half of a galactarate ion. 
As shown in Fig. 1, the galactarate ion has an extended 
trans-zigzag conformation and the carboxyl group has a 
periplanar conformation for the a-hydroxyl atom 0(2) 
about the C(1)--C(2) bond [the torsion angle O(11)-- 
C(1)--C(2)--O(2) is 5.1 (7) ° for the Na salt and 9.3 (8) ° 
for the K salt]. The molecular conformation is similar to 
that in both the acid form (Jeffrey & Wood, 1982) and the 
divalent cation salts (Sheldrick, Mackie & Akrigg, 1989; 
Sheldrick & Mackie, 1989), although the glucarate ion in 
the K salt has a different molecular conformation than that 
in the Ca salt (Taga, Kuroda & Osaki, 1977). 

Bond distances and angles have normal values for car- 
bohydrates (Table 2). The Na ion is coordinated to six O 
atoms to form a distorted bipyramidal octahedron, with 
Na. . .O distances in the range 2.260 (2)-2.451 (2) .~ (Fig. 
2a). The O(11) and 0(2) atoms in the coordination shell 
belong to the same molecule. On the other hand, the K 
ion is coordinated to six O atoms in a largely distorted tri- 
angular antiprismatic arrangement, with K. . .O distances 
in the range 2.688 (8)-2.871 (9) A; the six O atoms be- 
long to different molecules (Fig. 2b). In the crystal of 

the Na salt, the atom 0(3) is hydrogen-bonded to the 
atom O(12 ix) and the 0(2) hydroxyl group forms a three- 
center hydrogen bond (Jeffrey & Saenger, 1991) with 
the atoms O(12 vui) and 0(3) [O(12viii) .. .H(O2).. .0(3) 
is 121 (4) ° and the sum of the three angles about H(O2) 
is 360°]. In the crystal of the K salt, the 0(2) hydroxyl 
group makes a three-center hydrogen bond to O(121), 
with a minor intramolecular hydrogen bond to O(11) 
[O(12i) .. -H(O2)...O(11) is 92 (2) ° and the sum of the 
three angles about H(O2) is 355°]. Also, the 0(3) hy- 
droxy..l group makes a three-center hydrogen bond to 
O(11u), with a weak h),. drogen bond to O(12") in the same 
carboxyl group [O(11")...H(O3)-- .O(12 ii) is 65 (2) ° and 
the sum of the three angles about H(O3) is 358°]. 

- 0(11 (~ . K ( 1 )  

O(12)y  ) Na(i) ~ ~ 0 ( 1 1 )  

~ ( 1 )  L C(1) 

~ )  . " 

~ c ( ~ 3 ,  / c(3')/~..~. ~. 

~ 0(11') ( ~  0(11) 
(~ Na(l') K(I') 

(a) (b) 

Fig. 1. Perspective views of the title compounds showing the number- 
ing of the atoms. The asymmetric unit contains one half of the galac- 
tarate ion. The displacement ellipsoids are drawn at the 50% proba- 
bility level. 

12)/j/ 

o . . f / /  

~ )w 

O ( 2 ) i v ~ O ( 1 1 )  iii 

(a) (b) 

Fig. 2. Coordination of (a) the Na ion with six O atoms involving Na.. -O 
distances in the range 2.260-2.451 A, and of (b) the K ion involving 
six O atoms with K.. -O distances in the range 2.688-2.871 A. 
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E x p e r i m e n t a l  

Sodium Galac ta ra te  

Crystal data 
2Na +.C6H80 2- 

Mr = 254.10 
Monoclinic 
P21/c 
a = 7.827 (1) A 
b = 8.351 (1) ,~  
c = 8.951 ( 1 ) k  
/3 = 132.90 (1) ° 
V = 428.6 ~3 
Z = 2  
Dx = 1.969 Mg m -s  

Data collection 
RJgaku AFC-5RU diffrac- 

tometer 
0120 scans 
Absorption correction: 

n o n e  
842 measured reflections 
743 independent reflections 
637 observed reflections 

[F > 3ix(F)] 

Refinement 

Refinement on F 
R = 0.045 
wR -- 0.053 
S --- 0.63 
637 reflections 
90 parameters 
Only coordinates of H atoms 

refined, all from A p  map 
Calculated weights 

w = l/[tr2(F) + 0.023F2] 

P o t a s s i u m  Galac ta ra t e  

Crystal data 
2K +.Cd-IsO 2 -  
Mr = 286.32 
Monoclinic 
l'2i/c 
a = 5.004 (1) .~ 
b = 7.173 (1) ,~ 
c = 13.140 (2) ,/k 
/3 = 93.96 (1) ° 
V = 470.5 ,~3 
Z = 2  
D~ = 2.021 Mg m -3 

Data collection 
Rigaku AFC-5RU diffrac- 

tometer 

Cu K a  radiation 
A = 1.54178 A 
Cell parameters from 24 

reflections 
0 = 35-40  ° 
# = 2.412 m m  -1 
T = 297.0 K 
Prism 
0.26 x 0.23 x 0.15 nun 
Colourless 

Rim = 0.019 
0m~ = 65 ° 
h = - - 8 - + 7  
k =  0 - - ~ 9  
1 = 0 - - ,  10 
3 standard reflections 

monitored every 150 
reflections 

intensity variation: none 

(A/O-)max = 0.02 
Apm~x = 0.37 e A -3 
Apmi~ = - 0 . 3 0  e A -3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Cu Kc~ radiation 
A = 1.54178 A 
Cell parameters from 25 

reflections 
0 = 25- 38 ° 
# --- 9.41 mm -1 
T = 297.0 K 
Prism 
0.40 x 0.35 x 0.25 m m  
Colorless 

Rim = 0.033 
Om~ = 65 ° 

0/20 scans 
Absorption correction: 

spherical, # r  = 3.2 
968 measured reflections 
846 independent reflections 
730 observed reflections 

[F > 3tr(F)] 

Refinement 

Refinement on F 
R --- 0.063 
wR --- 0.078 
S -- 0.91 
730 reflections 
90 parameters 
Only coordinates of H atoms 

refined, all from A p  map 
Calculated weights 

w = ll[~r2(F) + 0.023F 2] 

h = 0 - - , 5  
k = O - ~ 8  
1 = - 1 4  --* 14 
3 standard reflections 

monitored every 150 
reflections 

intensity variation: none 

(A/tr)max = 0.24 

Apm~x = 0.73 e A -3 
Apmm = - 0 . 5 5  e A -3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

Beq = (4 /3)Ei~j~qai.aj. 
x y z B~q 

Na salt 
Na(1) 0.2553 (2) 0.5507 (2) 0.2414 (2) 1.78 (7) 
C(1) 0.0467 (6) 0.2031 (4) 0.1605 (5) 1.3 (2) 
C(2) 0.2832 (6) 0.1798 (4) 0.3761 (5) 1.3 (2) 
C(3) 0.3873 (5) 0.0189 (4) 0.3917 (5) 1.2 (2) 
O(11) 0.0179 (4) 0.3185 (3) 0.0562 (4) 2.1 (1) 
O(12) -0.1059 (4) 0.1003 (3) 0.1036 (3) 1.9 (1) 
0(2) 0.4410 (4) 0.3069 (2) 0.4382 (3) 1.5 (1) 
0(3) 0.4412 (4) 0.0233 (3) 0.2675 (3) 1.6 (1) 

K salt 
K(1) 0.0282 (3) 0.3070 (2) 0.1800 (1) 2.97 (4) 
C(1) 0.553 (1) 0.1476 (9) 0.3594 (5) 2.3 (2) 
C(2) 0.476 (1) 0.2389 (9) 0.4586 (5) 2.2 (2) 
C(3) 0.525 (1) 0.4494 (9) 0.4505 (4) 2.3 (2) 
O(11) 0.3758 (9) 0.0675 (7) 0.3040 (3) 3.2 (1) 
O(12) 0.7905 (9) 0.1633 (6) 0.3397 (3) 2.6 (1) 
0(2) 0.2138 (9) 0.1984 (7) 0.4858 (3) 2.7 (1) 
0(3) 0.355 (1) 0.5253 (7) 0.3706 (3) 3.0 (1) 

Table  2. Bond lengths (,~), bond angles (o) and hydrogen- 
bonding geometry (,ik, o) 

Na salt 
Na(1)--O(11) 2.402 (3) Na(1)--O(11 ~) 2.260 (2) 
Na(1)--O(12~) 2.382 (4) Na(1)--O(2). 2.424 (2) 
Na(1)--O(2 TM) 2.451 (2) Na(1)--O(3") 2.441 (4) 

C(1)--C(2) 1.525 (4) C(2)--O(2) 1.424 (5) 
C(1)--O(11) 1.251 (5) C(3)--O(3) 1.433 (7) 
C(1)--0(12) 1.263 (5) C(3)--C(3') 1.521 (4) 
C(2)--C(3) 1.528 (5) 

C(2)--C(1)--0(11) 119.3 (3) C(3)--C(2)--0(2) 110.7 (4) 
C(2)--C(1)--0(12) 115.1 (3) C(2)--C(3)--0(3) 109.1 (3) 
0(11)--C(1)--0(12) 125.6 (2) C(2)--C(3)--C(3 I) 112.5 (3) 
C(I)--C(2)--C(3) 109.9 (3) O(3)--C(3)--C(31) 107.2 (3) 
C(I)--C(2)--O(2) 112.5 (3) 

D - - H . . . A  H . . . A  D . . . A  D - - H . . . A  
O(2)--H(O2)...O(12 ~i~) 2.21 (7) 2.867 (4) 136 (6) 
O(2)--H(O2). • .O(3) 2.51 (7) 2.819 (4) 103 (4) 
O(3)--H(O3). • .O(12 ix) 1.81 (6) 2.660 (3) 166 (4) 
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K salt 
K(I)--O(I1.) 2.871 (5) K(1)--O(11 i~) 2.772 (5) 
K(I)--O(12 ~) 2.688 (4) K(1)--O(12 ii) 2.730 (4) 
K(1)--O(2 ~v) 2.775 (5) K(1)--O(3 v) 2.833 (4) 

C(1)--C(2) 1.532 (9) C(2)--C(3) 1.535 (9) 
C(1)--O(ll) 1.248 (7) C(3)--C(3') 1.525 (8) 
C(1) --O(12) 1.239 (7) 

C(2)--C(1)--0(11) 118.9 (5) C(3)--C(2)--O(2) 112.0 (5) 
C(2)--C(1)--O(12) 116.1 (5) C(2)--C(3)--O(3) 109.9 (5) 
O(11)--C(1)--O(12) 125.0 (6) C(2)--C(3)--C(3') 111.9 (5) 
C(1)--C(2)--C(3) 108.1 (5) O(3)--C(3)--C(3') 108.9 (5) 
C(1)--C(2)--O(2) 114.8 (5) 

D--H...A H...A D...A D--H...A 
O(2)--H(O2). • .O( 12 i) 1.87 (5) 2.770 (6) 160 (5) 
O(2)--H(O2)- - .O(11). 2.38 (5) 2.741 (6) 103 (4) 
O(3)--H(O3). • .O(11") 1.78 (6) 2.756 (6) 164 (5) 
O(3)--H(O3). • .O(12 ~i) 2.25 (5) 2.978 (6) 129 (4) 

Symmetry codes: (i) x - 1, y, z; (ii) 1 - x, ½ + y, ½ - z (iii) -x,  ½ + y, 
½ - z ; ( i v )  x, ½ - y , z -  ½;(v)-x,  ½ +y, ½ - z ; ( v i ) - x , l - y , - z ;  
(vii) I - x, I - y, I - z; (viii) 1 + x, ½ - y, ½ + z; (ix) -x,  -y ,  -z.  

Data were collected using MSC/AFC Diffractometer Control 
Software (Molecular Structure Corporation, 1988). The struc- 
tures were solved using MULTAN88 (Main, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1988). Structure refinement, 
geometric calculations and preparation o f  the figures were 
performed using KPPXRAY (Taga, Masuda, Higashi & Iizuka, 
1991) on a FACOM M1900 computer at the Data Process- 
ing Center, Kyoto University, Japan. EDCIF-J (Osaki & Taga, 
1993) was used to prepare the material for publication. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry and torsion angles have been deposited 
with the IUCr (Reference: AS1094). Copies may be obtained through 
The Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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Two 4-Nitropyridine N-Oxide Adducts: 
(CsH4N203)2.AgNO3 and 
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Abstract 
Two new addition compounds of the optically non- 
linear molecule 4-nitropyridine N-oxide (NPO) have been 
synthesized and characterized: bis(4-nitropyridine N- 
oxide)silver nitrate and bis(4-nitropyridine N-oxide)co- 
balt nitrate tetrahydrate. Their structural features are des- 
cribed and compared, in particular the arrangement of the 
NPO molecules, the type of linkage in the inorganic enti- 
ties (the cationic polyhedra and the nitrate anions) which 
make up the host matrice for the organic molecules and 
the hydrogen-bonding scheme contributing to the packing 
cohesion. Certain characteristics of both these centrosym- 
metric structures are also discussed with respect to some 
non-linear optical NPO derivatives. 
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Comment 
It has been shown in previous studies (Nicoud & Twieg, 
1987) that aromatic molecules, characterized by a strong 
charge transfer occurring between a donor and an ac- 
ceptor substituent and by a small ground-state dipole 
moment, can lead to non-linear optical materials if, of 
course, the non-centrosymmetry of the crystal structure 
is assured. Effectively, these molecular features give a 
high molecular first-order hyperpolarizability. Besides, a 
small dipole almost cancels the electrostatic interactions 
between molecules and consequently may prevent cen- 
trosymmetric arrangement of the molecules while facili- 
tating the growth of good quality crystals (chemical fea- 
sibility). 

4-Nitropyridine N-oxide (NPO) displays both the re- 
quired properties: an important electronic charge transfer 
from the N-oxide group to the nitro group and a quasi- 
cancelled total dipole moment. Nevertheless, its crystal 
structure is centrosymmetric. So, the aim of the molecular 
engineering of efficient non-linear optically related com- 
pounds is to find either supplementary substituents for the 
aromatic ring, or other entities which do not disturb the 
charge-transfer mechanism and remove the centrosym- 
metry from the NPO structure. The former possibility 
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