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The second P8024 ring anion 

P(5)O4 tetrahedron 
P(5) O(L56) O(L58) O(E51) O(E52) 
O(L56) 1.598 (4) 2.424 (4) 2.501 (5) 2.508 (5) 
O(L58) 98.6 (2) 1.600 (3) 2.441 (3) 2.517 (4) 
O(251) 108.9 (2) 104.9 (2) 1.476 (2) 2.582 (4) 
O(252) 109.5 (2) 110.0 (I) 122.3 (2) 1.472 (3) 

P(6)O4 tetrahedron 
P(6) O(L56) O(L67) O(E61) O(E62) 
O(L56) 1.589 (3) 2.454 (4) 2.551 (4) 2.436 (5) 
O(L67) 100.4 (1) 1.606 (2) 2.469 (4) 2.537 (3) 
O(E61) 112.9 (2) 106.6 (l) 1.471 (3) 2.573 (5) 
O(E62) 104.5 (2) I10.0 (2) 120.6 (2) 1.490 (3) 

P(7)O4 tetrahedron 
a(7) O(L67) O(L78) O(E7 I) O(272) 
O(L67) 1.590 (3) 2.454 (4) 2.455 (4) 2.536 (4) 
O(L78) 99.7 (2) 1.619 (3) 2.522 (4) 2.519 (4) 
O(E71) 106.3 (1) 109.0 (l) 1.477 (2) 2.564 (3) 
O(E72) I I 1.2 (l) 108.6 (I) 120.1 (2) 1.482 (3) 

P(8)Oa tetrahedron 
P(8) O(L58) O(L78) O(E8 I) O(E82) 
O(L58) 1.595 (2) 2.434 (3) 2.524 (3) 2.521 (3) 
O(L78) 99.5 (I) 1.595 (3) 2.524 (4) 2.492 (4) 
O(281) 110.2 (2) 110.2 (2) 1.482 (3) 2.541 (5) 
O(E82) 109.8 (1) 107.9 (2) 117.7 (1) 1.486 (3) 

P(5)--O(L56)--P(6) 136.5 (2) P(8)---P(5)---P(6) 106.75 (4) 
P(6)----O(L67)---P(7) t34.9 (1) P(5)--P(6)--P(7) 103.72 (4) 
P(7)---O(L78)--P(8) 126.3 (2) P(6)----P(7)--P(8) 114.55 (4) 
P(5)----O(L58)--P(8) 131.0 (I) P(5)---P(8)--P(7) 119.87 (3) 

P(5)----P(6) 2.960 (1) P(7)---P(8) 2.868 (1) 
P(6)----P(7) 2.952 (1) P(8)--P(5) 2.908 (I) 

The title compound was prepared in several stages. Firstly, the 
phosphoric acid H8PsO24  w a s  prepared from an aqueous solu- 
tion of sodium cyclo-octaphosphate (Schiilke, 1968a,b) using 
an ion-exchange resin (Amberlite IRN 77). The resulting acid 
was then neutralized by ammonium carbonate and the aqueous 
solution of (NHa)sP8Oz4 so obtained was added to an aqueous 
solution of telluric acid in stoichiometric ratio. Crystals of the 
title compound were obtained by slow evaporation of the result- 
ing solution at room temperature. 

During the data collection, a pseudo-body-centred distri- 
bution of the diffracted intensities was observed. This phe- 
nomenon is clearly explained by the results of the structure de- 
termination; in this atomic arrangement, the main components 
[ T e ( O H ) 6  groups and two independent P8024 rings] are centred 
on 4-(¼,¼,¼), (0,0,½) and (½,½,0). 

It was noticed that a pseudo-monoclinic unit cell (dimensions 
a = 21.72, b = 11.06, c - 15.16 A,/3 = 112.46 °) can be derived 
from the triclinic one used for the structure determination. How- 
ever, the angles o~ and 3' could not be refined to values acceptably 
close to 90 ° with such a setting and careful examination of the 
intensity repartition did not reveal a possible monoclinic sym- 
metry. 

The crystal structure was solved using direct methods (Main, 
Lessinger, Woolfson, Germain & Declercq, 1977). Table 1 gives 
the final atomic coordinates and B~ values for the non-H atoms 
of this arrangement. The corresponding data for the H atoms 
have been deposited. The figure was drawn using STRUPLO 
(Fischer, 1985). 

Lists o f  structure factors, anisotropic thermal parameters,  coordinates 
o f  the unique molecule ,  H-a tom coordinates and main interatomic bond 
distances and angles have been deposited with the British Library Doc-  
ument  Supply Centre as Supplementary  Publication No. SUP 55533 (57 
pp.). Copies may  be obtained through The  Technical  Editor, Interna- 
tional Union of  Crystal lography,  5 Abbey  Square, Chester  CH1 2HU,  
England. [CIF reference: PAl019]  
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Abstract 
A new crystal form of  sodium thiosulfate hydra te  
with the stoichiometry Na2S203.-~H20 is reported. 

Comment 
During  the synthesis of  sodium dithionite ( N a a S 2 0 4 )  

following the ' fo rmate  process '  (Oster tag et al., 
1979), a small a m o u n t  of  sodium thiosulfate was 
produced as a side product .  The latter  was removed 
from the sodium dithionite solid by washing with 
methanol  at ca 323 K. On cooling the resulting 
methanol  solution to room temperature ,  a white 
precipitate consisting of  various crystalline forms of  
sodium thiosulfate was formed. In addit ion to the 
previously reported pen tahydra te  and anhydrous  
a-Na2S203 forms, powder  d i f f rac tometry  showed an 
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unknown form to be present. These crystals were 
also observable owing to their clearly different habit. 
By slowly cooling the solution to 293 K, thin needles 
longer than 1 cm were obtained. As removal of the 
mother liquor caused loss of crystallinity, the crystals 
were transferred to 100% methanol and a selected 
crystal was enveloped in perfluoropolyether oil 
RS 3000 (Riedel-de Hahn). The crystal was drawn 
onto the tip of a glass fibre and immediately placed 
in a 143 K nitrogen cold stream whereupon the oil 
solidified, rendering the crystal immobile. 

The asymmetric unit contains three molecules of 
the thiosulfate anion and seven unique atomic 
positions for Na cations. Five of the Na atoms lie on 
'general positions', one lies on a centre of symmetry 
and hence has a site multiplicity factor of ~, and the 
seventh lies 0.569 (6) A from a crystallographic two- 
fold axis. The latter was successfully refined as a 
disordered Na atom with a site occupation factor of 
½. In addition, there are two molecules of water in the 
asymmetric unit. This crystal form thus has the 
stoichiometry NazS203.2H20. The large elongated 
ellipsoid for the anisotropic displacement parameters 
of the water O(11) suggested that it could be better 
modelled by two half-positions. These refined well, 
without the need for any restraints, to give an inter- 
atomic distance of 0 .669(7)A.  H atoms were 
included for both water molecules and were refined 
with O---H distance restraints and a common iso- 
tropic displacement parameter for each pair. Split- 
ting of the hydrogen positions between O(11) and 
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O(11') was not observable but was reflected by the 
considerably larger displacement parameter com- 
pared with that of the other water molecule. A 
hydrogen-bonding system is formed along the b axis 
by the bridging of successive S(6) atoms by the water 
molecule O(10) [H(10A)...S(6) 2.50 (2), H(10B)...S(6) 
2.42 (2)/~]. Water O(11)/O(11') also makes a hydro- 
gen bond to S(6) [H(llB)...S(6) 2.37 (6)A]  and a 
longer bond to S(2) [H(11A)...S(2) 2.90 (6) A]. 

Four crystal forms of anhydrous sodium thio- 
sulfate have been characterized crystallographically 
(von Benda, 1979) with the room-temperature-stable 
a-form having also been studied by neutron diffrac- 
tion (Teng, Fuess & Bats, 1984). Na2S203 can form 
hydrates with 12, 10, 6, 5, 4, 3, 2 and 0.5 molecules 
of H20 (Henke, 1982), and a monohydrate has also 
been reported (Edwards & Woolf, 1985). However, 
to our knowledge, only the pentahydrate has been 
characterized structurally both by X-ray (Aydin 
Uraz & Armagan, 1977) and neutron (Lisensky & 
Levy, 1978) diffraction. The phase determined here, 
with a stoichiometry of NaaS203.2H20, has not been 
reported in the literature. 

E x p e r i m e n t a l  

Crystal data 

Na2S203.2H20 Cu Kc~ radiation 
Mr = 170.11 )~ = 1.54178/~ 
Monoclinic Cell parameters from 24 
C2/c reflections 
a = 27.558 (5)/~ 0 = 4.5-17.8 ° 
b = 5.550 (2)/~ # = 10.626 mm -1 
c = 20.855 (3)/~ T = 143.0 (10) K 
/3 = 108.790 (10) ° Plate 
V = 3019.7 (13)/~3 0.50 x 0.13 x 0.05 mm 
Z = 24 Colourless 
Dx = 2.245 Mg m -3 

Data collection 
Syntex P2] diffractometer 
w-20 scans 
Absorption correction: 

refined from AF (DI- 
FABS; Walker & Smart, 
1983) 
Tmi~ = 0.218, /'max -- 
1.000 

4006 measured reflections 
2003 independent reflections 

Refinement 

Refinement on F 2 
Final R = 0.0262 

Fig. 1. Crystal packing projected along the b axis. Large circles 
represent S atoms (cross-hatched) or Na atoms [starred, except 
for the disordered Na(7) which is shown crossed]. O atoms are 
shown with smaller circles, those belonging to water molecules wR = 0.0699 
are filled [O(10)] or half-filled [O(11) and O(11')]. Non-H atoms S = 1.114 
are labelled according to the atomic coordinates given in Table 2001 reflections 
1. Hydrogen bonds are drawn with dashed lines. 238 parameters 

1791 observed reflections 
[1>2o'(/)] 

Ri~t = 0.0268 
0m~x = 56.67 ° 
h = -29 ~ 29 
k = - 6  ---~ 5 
l = -22 ---+ 22 
3 standard reflections 

monitored every 100 
reflections 

intensity variation: <2% 

Apmi~ = --0.293 e ,~-3 
Extinction correction: 

SHELXL92 (Sheldrick, 
1992) 

Extinction coefficient: 
0.00028 (2) 
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Calculated weights 
w = 1/[~r2(F2)+(O,O438P) 2 

+ 3 . 4 5 0 6 P ]  w h e r e  
P = (F2+2Fc2)/3 

(A/O')max = 0 .000  

Apm~ = 0.481 e A -s 

Atomic scattering factors 
from International Tables 
for Crystallography (1992, 
Vol C, Tables 4.2.6.8 and 
6.1.1.4) 

Data collection: Siemens P3V v4.11 software. Cell refine- 
ment: Siemens P3V v4.11 software. Data reduction: SHELXTL- 
Plus (Sheldrick, 1990). Program(s) used to solve struc- 
ture: SHELXTL-PIus. Program(s) used to refine structure: 
SHELXL92. Molecular graphics: SHELXTL-PIus. Software 
used to prepare material for publication: SHELXL92. 

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

Ueq = 1 ~i~jUija; aTai.a j. 

x y z Ueq 
Nal 0.0000 0.5000 0.0000 0.0135 (9) 
Na2 0.32160 (4) 0.5131 (2) 0.09582 (6) 0.0089 (6) 
Na3 0.17798 (4) 0.5214 (2) 0.00112 (6) 0.0101 (6) 
Na4 0.22587 (4) 0.4637 (2) 0.17752 (6) 0.0106 (6) 
Na5 0.02313 (4) -0.0277 (2) 0.13187 (6) 0.0116 (6) 
Na6 0.10950 (4) 0.0306 (2) 0.03791 (6) 0.0111 (6) 
Na7 0.47897 (9) --0.0849 (5) 0.24839 (12) 0.0171 (13) 
SI 0.43057 (3) 0.13967 (15) 0.10069 (3) 0.0080 (4) 
$2 0.42611 (3) -0.21709 (14) 0.09170 (4) 0.0107 (4) 
$3 0.23670 (3) 0.02494 (13) 0.08171 (3) 0.0053 (4) 
$4 0.22143 (3) -0.03692 (14) 0.16767 (4) 0.0096 (4) 
$5 0.10020 (3) 0.49282 (13) 0.11585 (4) 0.0058 (4) 
$6 0.12770 (3) 0.51435 (14) 0.21695 (4) 0.0142 (5) 
Ol 0.37844 (8) 0.2337 (4) 0.08301 (14) 0.0276 (12) 
02 0.45515 (7) 0.2409 (4) 0.05329 (9) 0.0097 (11) 
03 0.46191 (9) 0.2057 (4) 0.16985 (10) 0.0214 (14) 
04 0.19106 (7) -0.0507 (4) 0.02523 (10) 0.0103 (11) 
05 0.24484 (7) 0.2865 (4) 0.07667 (9) 0.0074 (11) 
06 0.28173 (7) -0.1107 (4) 0.07993 (10) 0.0109 (11) 
07 0.06323 (7) 0.2927 (4) 0.09648 (9) 0.0076 (11) 
08 0.07409 (7) 0.7198 (4) 0.08794 (10) 0.0092 (10) 
09 0.14262 (7) 0.4458 (4) 0.08902 (10) 0.0096 (10) 
O10 0.32138 (9) 0.5067 (4) 0.20806 (11) 0.0123 (13) 
Oll  0.4534 (3) 0.6422 (14) 0.2584 (4) 0.014 (3) 
Ol1' 0.4437 (3) 0.5309 (14) 0.2565 (4) 0.014 (3) 

Table 2. Geometric parameters (A, o) 
Nal--O2 i 2.331 (2) Na5----O2 vi 2.422 (2) 
Nal---O7 2.480 (2) Na5--4)3 vi 2.554 (3) 
Nal----O8 2.571 (2) Na6---4)8 v 2.381 (3) 
Nal--S5 3.0275 (9) Na6----O4 2.389 (2) 
Na2--4)l 2.280 (3) Na6--O2 iii 2.494 (2) 
Na2--O6 ii 2.332 (3) Na6--437 2.497 (2) 
Na2--O10 2.343 (3) Na6---O9 2.579 (3) 
Na2---O5 2.381 (2) Na7--O3 2.238 (4) 
Na2--O4 ill 2.444 (2) Na7--O11 ~v 2.372 (8) 
Na3----O6 i~ 2.355 (2) Na7--Oll  vii 2.441 (8) 
Na3---O9 2.374 (2) Na7---4)3 vlli 2.524 (4) 
Na3---4)5 2.389 (2) S1--O1 1.460 (2) 
Na3----O1 ~i 2.396 (3) S1---4)3 1.469 (2) 
Na3----O4 ii 2.430 (3) S1---O2 1.477 (2) 
Na4---O9 2.440 (2) S1--$2 1.9890 (14) 
Na4---O10 2.512 (3) $3---O6 1.462 (2) 
Na4---O5 2.525 (2) $3--4)5 1.478 (2) 
Na4---S4 ii 2.779 (2) $3--O4 1.480 (2) 
Na4--S4 2.786 (2) $3---$4 1.9987 (13) 
Na5---O11 ~iv 2.233 (8) S5----O9 1.473 (2) 
Na5---O7 2.335 (2) $5---O7 1.473 (2) 
Na5---O11 iv 2.365 (8) $5----O8 1.474 (2) 
Na5---O8 v 2.367 (3) $5---$6 2.0013 (11) 
Symmetry codes: ( i ) x -  ½, ½ +y,  z; (ii)x, 1 +y,  z; (iii) ½ - x ,  ½ - y , - z ;  
(iv) ½ - x ,  y - ½, ½ - z; (v) x, y -  1, z; (vi) x -  ½, y - ½, z; (vii) 1 - x ,  y -  1, 
½ - z; (viii) 1 - x, y, ½ - z. 
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The structure was solved by direct methods. Refinement was on 
F 2 for all reflections except those flagged for possible system- 
atic errors; the observed threshold I > 2tr(/) was used only for 
calculating R(obs.) etc. and is given here for comparison with 
refinements on F. 

Lists of  structure factors, anisotropic thermal parameters, H-atom coor- 
dinates, and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SLIP 
55580 (15 pp.). Copies may be obtained through The Technical Editor, 
International Union of  Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. [CIF reference: SE1007] 
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Abstract  

Reaction of  ~-himachalene with palladium(H) chloride 
gives bis(chloro)bridged cyclopalladated dimers with 
high regioselectivity. The allyl groups adopt a cis arrange- 
ment to one another resulting in a pseudo C2 axis in the 
complex. The palladium is coordinated along the a face 
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