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The Molecular and Crystal Structure of Bis(dimethyldithiophosphinato)niekel(II) 
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The structure of bis(dimethyldithiophosphinato)nickel(II), Ni[S2P(CH3)2]2, has been determined from 
three-dimensional X-ray data collected by counter methods. The probable space group is P21/e; cell 
dimensions are a=9.261(6), b=12.004(8), c=11.016(6)/~, /~=91"14(6) °. The observed density is 
1.676 g.cm-3, which agrees well with the density calculated for four molecules in the unit cell, 
1.677 g.cm-3. A three-dimensional least-squares refinement based on 1001 observed reflections led to 
a final R value based on F of 7.8% (weighted R= 6.3%). There are two kinds of molecules in the unit 
cell, each with its nickel atom at a center of symmetry; thus, the NiS4 groups are planar. The phos- 
phorus atoms, however, are somewhat out of these planes. Though the two sets of molecules are inde- 
pendent they are structurally very similar. Ni-S bonds range from 2.229(5) to 2-242(5) A, P-S bonds 
from 1.991(7) to 2.018(7)/~, and P-C bonds from 1.80(2) to 1.83(2)/~. 

Introduction 

In a recent study of the crystal structure of bis(diethyl- 
dithiophosphato)nickel(II), Ni[(CzHsO)zPSz]z, McCon- 
nell & Kastalsky (1967) remarked on the comparative 
rarity of four-membered rings like Ni-S-P-S. With 
their work and the work of Franzini (1963) and of Fer- 
nando (Fernando & Green, 1967; Ooi & Fernando, 
1967) this feature in known structures has become less 
rare. In the present case of Ni[S2P(CH3)2]2 it is again 
easy to postulate several possible structure models of 
quite different types. Our study was undertaken in part 
to determine whether the Ni-S-P-S four-membered 
ring was a feature of this structure also and to establish 
the molecular geometry for possible subsequent spec- 
troscopic analysis. 

Experimental 

The compound was prepared according to the proce- 
dure of Kuchen & Metten (1962). A tabular single 
crystal, grown from chloroform solution, was observed 
under the microscope to have 2/m symmetry. It was 
mounted along the twofold axis on the tip of a glass 
capillary with epoxy cement and shaped to an approx- 
imate cube (0.015 x 0.015 x 0.019 cm) with solvent- 
moistened fine emery paper. 

Photographic investigation of the crystal with a 
Buerger precession camera indicated Laue symmetry 
2/m with systematic absences occuring in the hOl re- 
flections for l = 2 n +  1 and in the 0k0 reflections for 
k = 2 n +  1. The probable space group is thus P21/c. It 
was also observed that reflections for which h, k, and l 
were neither all odd nor all even were relatively weak. 

* Present address: Specialty Chemicals Division, Allied 
Chemical Company, Morristown, New Jersey, U.S.A. 

t Present address: U.S. Naval Ordnance Test Station, 
China Lake, California, U.S.A. 

Unit-cell dimensions were determined from meas- 
urements of high order reflections along each recip- 
rocal axis with unfiltered Mo radiation on a General 
Electric XRD-5 diffraetometer equipped with a single 
crystal orienter. These dimensions are a=9.261+ 
0.006, b=12.004+_0-008, c=11-016+0.006~,  and 
fl=91.14 + 0.06°. The measurements were made at 
room temperature, about 22 °C, and the standard errors 
quoted were estimated from the observed deviations 
of individual values from their mean. Intensities were 
measured at room temperature on the manually oper- 
ated single-crystal orienter by use of Zr-filtered Mo 
radiation with pulse height discrimination, a scintilla- 
tion counter, and a 2 ° take-off angle. A total of 1457 
reflections were measured by the moving crystal- 
moving counter technique using a 2.66 ° scan of 20. Of 
this total, 456 reflections were considered unobserved 
in that no peak was observed on the recorder with the 
highest available sensitivity. Background was meas- 
ured by offsetting 9 and repeating the scan, though 
in retrospect this method appears less satisfactory than 
offsetting 0. All reflections were measured in pairs 
related by the twofold symmetry, averaged, and cor- 
rected in the usual manner for Lorentz and polariza- 
tion factors. Absorption corrections were not applied. 
From the linear absorption coefficient for the crystal, 
24.66 cm -1, maximum errors in the raw intensities re- 
sulting from neglect of absorption corrections were 
estimated to be 7%. 

Structure determination 

For four formula units in the cell, the calculated density 
is 1-677 g.cm-3; the observed density, measured by 
flotation in a bromoform-benzene mixture, is 1.676 + 
0.005 g.cm -3. Since the general position is fourfold, 
there is no immediate crystallographic requirement on 
the molecular symmetry. The fact that intensities for 
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reflections for which h, k, and l were neither all odd nor 
all even were in general relatively weak suggested that 
the Ni atoms might be arranged in a face-centered way. 
Ni atoms in two sets of twofold positions or in the 
general position with x~_¼,y~_O,z~¼ could produce 
the observed intensity effect. 

By the use of the special positions and refining scale 
factor, nickel atoms alone gave R = 72 %0. By the use of 
general positions, a refinement on F of scale factor and 
atomic positions gave R = 56%, whereas placing nickel 
atoms randomly in the unit cell gave R about 80%. 
(In all of the above cases, isotropic temperature factors 
were used and held fixed at 0.8.) From the above results, 
it was assumed that the nickel atoms should be placed 
in the general position. 

A three-dimensional Patterson map was calculated 
and the orientation of a planar NiS4P2 group was estab- 
lished from important peaks close to the origin. A 
least-squares refinement of positions, however, only 
reduced R to 46%. It finally became clear that despite 
the better initial R value with nickel atoms in the gene- 
ral position, this position was not correct. A construc- 
tion of a model, assuming a tetrahedral environment 
for phosphorus, also revealed that the packing was un- 
satisfactory. 

Further study of the Patterson map indicated that 
a second NiS4 group could be located in a plane approx- 
imately perpendicular to that of the original NiS4P2. 
Such an arrangement required the Ni atoms to be in 
special positions, and each molecule would then be re- 
quired to be centrosymmetric. After refining scale fac- 
tor, isotropic temperature factors, and atomic positions 
R dropped to 30%. The remaining phosphorus and 
methyl groups were then located on a difference map 
and the unweighted R, after isotropic refinement, 
dropped to 12.6%. Anisotropic refinement, with tem- 
perature factors of the form exp[--(flnh 2 +fl2zk 2 +fl33l 2 + 
fl12hk +fl13hl+f123kl)], reduced R to 10.1%. About seven- 
ty-five reflections whose observed and calculated struc- 
ture factors did not agree within 15% were then remeas- 
ured on the goniostat; several were found to be in error. 
With the corrected data, the unweighted R was 7.3%, 
while the weighted R was 8.1%. 

The weighting scheme I/w= IF*I/IFol for IFol >_ IF*l, 
 /w=l for IF**I<IFoI<IF*I, and ew=lFol/Ir**l for 
IFol <-IF**I, where IF*I and IF**I were taken as 75% 
and 25% of the maximum IFol respectively, was then 
introduced. The unweighted R increased to 7.9%, but 
the weighted R decreased to 6.3%. Correction of the 
scattering factor curves of Ni 2+, SO, and p0 for anom- 
alous dispersion (Cromer, 1965) followed by least- 
squares refinement until no parameter change was grea- 
ter than one-tenth of its standard error produced negli- 
gible changes and resulted in the final values of 7.8% 
for unweighted R and 6.3 % for weighted Rt.  A differ- 
ence Fourier synthesis calculated at this time gave 

t R=(X ]lFol-klFcll)lZ tFol; 
weighled R = 1/27 w(IFol - k IFcl)2/1/~ - wFo 2 . 

no indication of errors in atomic positions nor of hy- 
drogen atoms and the refinement was not continued 
further. All least-squares refinements were based on F. 
The standard deviation of an observation of unit weight 
was 0.61. Extinction corrections were not made, but 
the intensity fit for the most intense reflections was still 
fairly good. The scattering factor curves used were 
obtained from International Tables for X-ray Crystal- 
lography (1962) for sulfur, phosphorus, and carbon and 
from Thomas & Umeda (1957) for nickel. The full- 
matrix least-squares refinement was carried out on an 
IBM 360-65 computer using the Busing, Martin, & 
Levy program ORFLS (1962). The Patterson, Fourier 
and difference Fourier maps were calculated with a 
Fourier program supplied by S.Trotter, University of 
British Columbia, Vancouver, B.C. 

Final atomic positions, anisotropic temperature 
factors, and observed and calculated structure factors 
are listed in Tables 1,2, and 3. 

Table 1. Final positional parameters and their 
standard deviations* for Ni[S2P(CH3)2]2 

All parameters (except for Ni) are times 104. 

Molecule 1 
x y 

Ni 0 0 
S(1) 9303 (5) 9723 (4) 
S(2) 7919 (5) 917 (4) 
P 7549 (5) 611 (4) 
C(1) 7389 (25) 1860 (15) 
C(2) 5905 (17) 9805 (17) 

Molecule 2 
Ni { 0 
S(1) 2814 (5) 9595 (4) 
S(2) 4337 (5) 1791 (4) 
P 2519 (5) 1237 (4) 
C(1) 2357 (26) 1745 (15) 
C(2) 887 (19) 1701 (17) 

Z 

0 
1910 (4) 
9675 (4) 
1418 (4) 
2363 (20) 
1674 (16) 

½ 
4231 (5) 
4989 (5) 
4148 (5) 
2613 (19) 
4849 (16) 

* Standard deviations, as calculated by ORFLS, are given 
in parentheses. 

N, O 
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c@ 
Fig. 1. Molecular configuration of Ni[S2P(CH3)2]2. 
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Discussion 

The presence of square-planar coordination for Ni and 
four membered Ni-S-P-S rings was confirmed for the 
structure of Ni[S2P(CH3)2]2 (Fig. 1). In their common 
aspects, this structure agrees quite well with those of 
Ni[SzP(OCzHs)2]2  and N i [ S z P ( O C z H s ) z ] . 2 C s H s N .  The 
molecules in all of these cases are centrosymmetric so 
that the NiS4 groups are necessarily planar. However, 
there is no requirement that the phosphorus atoms 
lie in these planes, and in the present case it appears 
that they do not, at least for one of the two molecules. If 
one considers the planes determined by the nickel and 
sulfur atoms in Ni[S2P(CHz)2]2, for one of the mole- 
cules phosphorus is out of the plane by about 0.05 A 
and for the other molecule the phosphorus is out of the 
plane by 0.19 A. A more conservative test for non- 
planarity is based on the best planes calculated with 
the phosphorus atoms included. Then the maximum 
deviation from the best plane is 0.02 A for one mol- 
ecule, but for the other molecule this maximum devi- 
ation is 0.08 A. Since the estimated standard error in 
these distances is less than 0.02 A, it appears that in at 

Fig. 2. Stereoscopic i l lustration of the Ni[S2P(CH3)2]2 unit cell. 
The origin is in the lower right rear corner  of the cell, the z 
axis is vertical, the x axis is horizontal ,  and the y axis points 
towards the viewer. 

least one pair of molecules the NiS4P2 groups are not 
strictly planar. 

Bond lengths and angles were calculated with the 
ORFFE program of Busing, Martin, & Levy (1964) and 
are listed in Table 4. The Ni-S distances (2.239, 2-242, 
2.229 and 2.235 A) are very close to those found in 
Ni[S2P(C2H50)2]2 by McConnell & Kastalsky (2.230 + 
0.004 and 2.236 + 0.004 A). However, in the bispyri- 
dine adduct of Ni[SzP(OCzHs)2]2, the nickel is hexa- 
coordinated, and the Ni-S distances are lengthened to 
2.49 + 0.01 and 2.50 + 0.01 A (Ooi & Fernando, 1967). 
This is consistent with the hypothesis of Ooi & Fer- 
nando that the chelate rings may be weakened by mol- 
ecules that complete the coordination sphere of the 
metal ion. 

Although the two sets of molecules are independent, 
they are in fact very similar. The maximum deviation 
from their mean for all Ni-S bond distances is less 
than 0.007 A, which is about equal to the maximum 
standard error found in these values. For the S-P 
bond distances this maximum deviation is less than 
0.013 A, which is about twice the standard error, and 
for the P-C distances the maximum deviation is 
0.016 A, which is less than the largest standard error. 
All corresponding bond angles for the two molecules 
agree with their mean within twice their standard 
errors. 

A stereoscopic illustration of the unit cell and its 
contents, which was drawn using Jonhson's ORTEP 
(1965), is shown in Fig.2. 

Financial assistance provided by the National Science 
Foundation through grant GP-5934 and a NASA pre- 
doctoral fellowship (to P. E.J.) are gratefully acknow- 
ledged. Computations were carried out in the Com- 
puter Center of the University of Connecticut, which 
is supported in part by grant GP-1819 of the National 
Science Foundation. 

Table 2. Final thermal parameters and their standard deviations* for Ni[S2P(CH3)2]2 
All parameters  are times 104 . 

Molecule 1 

fill fl22 fl33 ill2 ill3 fl23 
Ni 75 (4) 55 (2) 63 (3) - 10 (3) 5 (3) 2 (3) 
S(1) 121 (6) 76 (5) 72 (4) 16 (5) 11 (4) 13 (4) 
S(2) 108 (7) 96 (5) 76 (4) 17 (5) 6 (5) 28 (4) 
P 93 (5) 62 (4) 69 (4) 13 (5) 12 (5) - 2  (4) 
C(I) 184 (32) 77 (16) 113 (22) 15 (2) 27 (3) 7 (20) 
C(2) 92 (21) 103 (21) 121 (19) 15 (29) 45 (18) -31 (20) 

Molecule 2 
Ni 75 (4) 44 (2) 71 (3) 4 (3) 11 (3) --2 (3) 
S(1) 96 (6) 43 (3) 149 (7) 7 (4) -10 (6) 7 (4) 
S(2) 113 (6) 57 (4) 115 (6) 11 (5) - 9 (6) - 9 (5) 
P 79 (6) 57 (4) 73 (5) 2 (4) 3 (6) - 3  (4) 
C(I) 188 (33) 91 (17) 81 (20) -20 (26) - 4  (24) 28 (20) 
C(2) 128 (26) 113 (20) 63 (17) 37 (23) 34 (20) - 13 (17) 

* Standard  deviations, as calculated by ORFLS, are given in parentheses.  

A C 25B - 2 
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Table 3. Observed and calculated structure factors 

The columns are k, l, IFol, and IFcl. 

6 3L 3 3  - 1 0  6 5  &l 6 6 0  6 1  - 2 9  2 8  2 - 7 4  72. b 1 0  12  11 - 3 9  3 9  

3? 33 --1 27 25 ~. --7 28 28 -- 34 40 b - 9  28 27 2 1 [b 22 2 --7 23 21:I 9 2 14 17 I -95 25 0 2 33 31. 

5 66 68 10 19 17 b 7 ~9 ~ 6.1 38 b - 1 0  12 17 - 3L 3 -lo0 2~ 23 10 22 19 18 15 - 28 20 
. .  ~o ~ ~ , -  o - ,  ~o ~, - . . • ~o . . ~ ~ ~ 

L 13 20 15 - 2  Z9 22 7 21 lb  32 38 7 - 35 33 _ ~ ~ ~ 29 31 11 15 19 - 2  22 21 1 3 ~0 38 

12 -~ 13 33 32 58 61 - 4.5 4.8 6 2q 31 ~ - 11 lO 12 22 19 [U 17 I 10 
: , 20 17 ~ ~ l l  • 77 2 Ib lb I 8 20 18 ~ -3 15 I '  ~ -7 28 2 9 "  2 6, 65 12 -2 2, 22 2 " ~ 15 I ,  11 -5 I~ 

6~ b5 5 11 10 -2 lO 12 -9 23 20 19 18 -9 23 21 4 -2 ~b ~ 13 I0 I I  ~ -4' 16 lq b 21 17 

2 11 16  l~  1 - 7  3T 3~ 7 -~  29 31 2 85 73 7 6 20 21 2 12 20 lb  b ~ ~3 - 53 55 2 20 
2 12 I~ lO | 7 ~3 ~3 7 ~ ~7 58 ~ - l  55 52 7 -B L6 15 3 0 72 b5 5 -2 bb b~ 0 0 58 63 30 2q - 10 

3 6 ~ ~¥ I - l l  37 35 7 b 29 31 2 ~ 5~ 53 13 15 32 35 6 31 33 0 b 13 12 ~ 3 32 ~1 ~2 

18 11 ~6 51 - 10 -~  ~8 ~6 - ~  l~ 19 - 60 73 7 ~ ~3 3b 8 20 18 32 31 1 l  12 

7T 66 - 83 78 I |  . 30 26 ~ 9 21 20 a -5 17 lb 5 - I  78 76 8 31 29 I 31 29 b 21 ZO ~ 21 20 

65 6b - .19 30 8 23 2~. 10 35 33 U - 6  32 34 - 29 32 8 ~7 5 2 16 I 6 - 9 16 18 
7 0  b 9  ~ 18 16  8 1 50  51 - 3b 3.5 b 5 1 ~  1..3 - I  52 ~6 I I  23 21 8 6 37 38 o 

lq 13 19 23 B 3 17 18 3 I~ 8 -8 33 32 6 -2 19 19 9 2 l~ I -~ 2b 27 7 - I  26 26 6 - I  13 12 
, 10 30 26 32 - ~  : 10 88 ~ 32 3 ,  33 ~ 73 ,0  : 8 21 22 ~ 10 87 8 6 9 - 2  IL  12 ~ 5 25 2~. 7 1 5~ 55 6 "-~ l b  15 
,, z:, sz zo 0 "~ 77 -~  zz so - az z~. :,.~ ~0 ~0 90z0  z~ za ~ z,, ~ aa z~ ~ ~ a9 aa 

13 I I  I0 3 I 117 110 8 b 18 18 3 2 39 ~I 9 I 13 11 7 - I  33 30 10 I 10 10 I -7 11 1 8 0 17 12 - I  28 27 

; - ~ - .  ,~" : - ~  .o, ~," ~, - ;  ~ ~o. 33 -~  , :  . ~ - ~  ~o . ~ ~ . ~ o  22 . ~ ~ . ~ o ,  22 ~ ~ o ~ -o' " ' al 9 -2 15 Ib - 13 I0 I0 - 37 36 8 lg 16 8 - 13 I I 11 
5 ~ 47 ~9 3 - 2  36 31 8 -8  20 20 3 -3  27 27 9 3 17 19 8 0 8 5 11 l 20 20 1 - 9  28 27 9 0 18 13 

6 39 31 37 35 B - 1 0  20 20 - ~  51 52 - 6  20 2 8 - 15 18 11 ~ 17 18 2~ 22 9 - 2~ 2~ 

• 18  1 7  - 5  3 7  3 8  9 8 10 ;.1 13 1 2  13  1 35  3 9  9 - 1 0  1 3  0 1 lO  - 62 6 0  I0 9 10 2 15 
; ~ - ~ 33-, ,~ - ~ -~ - -  ~ - ~  - ~ o  o ,~ . ~ ~ . ~,~ -o~ . ~ - ~  ~o ~o~o -~ ~ . ° o ~ ~ . .  

12 17 12 b 3; 39 q 13 l? 6 2~ 26 I0 I0 9 ~U 50 I~ I~ 13 29 30 XI L5 l~ -~ 39 ~I 
100 q3 3 6 37 39 9 - 3  , ,  ,~  3 - 6  26 29 10 2 33 35 9 - I  ;'2 22 15 0 13 11 22 - 3  13 1 5 1 .  0 13 0 - 6  3 ,  35 

3 37 37 - 7  lq. 1 ,  19 20 33 b 2~ 276 10 -23 3~ 36 9 26 25 ~ 37 ~.0 3 2b 2~ 

6 29 20 3 8 Ib Ib 9 ~ 3 l~ 15 10 ~ 15 15 I 18 18 2 -6 21 30 2 1 28 2T 

b 8 36 37 q 26 25 9 5 39 ~ l  3 - 9  15 12 10 7 16 1~ lO - 23 21 2 lO l  103 7 19 17 2 39 39 - 39 40 

~o - ,o  ~ ~o . ~ o  ~ , .  ~ ,~ . .  _, . . .  _~ .~ . o ~ ,o ~ ~ o o  , . . o ~o 62 - 8 "  30 26 
7 5 15 175 • 15 9 I0 -2 25 2~ ~ -1 ,3 3~ I I  -2 17 13 I I  15 12 I0 ~3 17 11 2~ 23 0 -8 28 26 3 -01 I ,  14 

61 8 ~ -21 26 2~ I0 -3, I~ I0" ~ '6  76 11 Ib 14 l l  -2  15 1~ l iO .'13 3033 - l ~  I~ - 3  - 6 7  65 I a 2a 2e 

b 8 10 ~ 5 13 10 11 1 42 45 ~ 5 61 62 12 - ~ l  39 15 0 13 5 - 113 112" 4 66 67 29 29 5 - 2  l b  14 

1 ~I0 , 0  ~ b 29 30 11 I I  1 1 ,  - ~  ~8 ~.7 ~2 3 9 H= ~ 55 18 13 12 37 3B b I ,  1 ,  
8 11 lZ - T  17 15 11 - 3  30 30 ~ 55 56 12 ~ 12 18 1 - 78 80 5 2 13 13 2 1 ~3 41 b - 1  13 12 

9 5 32 23 ~, 9 17 1~ 11 - 5  2 l  25 ~ q 12 ;.~ -02 16 1', ~ 45 ~,6 -11  15 lC b - 2~ 26 2 2b 26 H~ 11 
i o ~: : ~ . . ~ -~o . . ~ , ,  ~, , ,  ° o _,, . ~ :  o ~o ~o~ o . . : ,, ~ . 9 I I  I • - I I  LI _ 

? 1 10 ~ Z~ 2 IZ • 38 ~1 • 10 33 3~ 6 53 50 1 49 ~? l 16 l q  6 3~ 3~ 0 - 2  25 2# 
10 27 24 4.:-11 27 26 11 07. 15 17~ , ~ - 1 2  1~ 13 H- 3 O - b  29 29 2 -1  57 59 7 --1 1~ 12 2 6 34 3~ 15 15 
10 3 24 l b  • 11 15 13 12 11 ~ 12 25 2~ 

10 13 115 111 12 - 21 24 1 15 1 ~  - 2  18 1~ 0 l ~ 12 1~ It) 8 1 18 14 1 13 10 3 - 1  26 2 

11 26 25 8 ~  86 13 1.1 12 13 0 8 13 14 1 - 1  27 27 2 8 1010 36 36 ,, -Z  26 35 
11 - 0 - 8  ~ ~ 15 1~ 9 2~, 2210 27 2;# 8 11 0 0 20 2~ 
12 1 :  1 :  ~ 35 37 13 34 38 2 2 0 lO 12 15 28 27 1 18 1310 - 26 18 . 19 20 0 - b  16 15 
12 ~ - 5  ~7 50 13 - 5  15 ~ - ~  9 0 1~ 32 27 ~ - 3  2,?. 2 3 3  16 1511 0 11 8 5  8 - 1  19 18 0 3 
12 46 45 5 9.5 100 1~ --2 l~, 1~ 1 5 - l b  -12  23 ZI  -~, 13 1.1 3 1 105 10~;.1 - 1  10 ~9 55 - 2  30 32 3 --10 2 16 
12 ' 21 11 5 - b  30 30 ~ - :  17 15 0 - - 1 ~  15 10 ~ ~ 32 34 ~ - - I  41 ~,111 - 2  9 1 20 1 8 5  12 "  
12 6 38" 36 ~ b 9 10 H- 2 1~ 1,~ 81 72 20 28 27 2512 27 27 6 0 13 10 6 0 16 15 
IZ 8 30 27 - 7  28 .28 

. : .  ~ ~ - :  , ~ . o - ~  ,~ . o - ~ .  . -~ ,o . -~ ~ - ~ - o  ~ - - ~ . ~ o  ° o ~. . 
z.~ zs ~z" 3z 70 76 ~, z zoz zoz ~ - ~  zo zo ~ - z o  zz ~ ~ ,  e :, z8 zo z s~ zz zo 
~,, o . ~ ~ ~o ~ , 6 o - . ~ , ~ - ~  ~o . . ~ - ~  . ~ , ,~  ~ . . o  o _~ o, ~ _ ,  ~ . 

b L 38 33 0 - 8  51 46 6 ~ 50 58 1 113 118 - 13 15 b 18 1~" 0 - 8  1~ 11 
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Table 4. Interatomic bond distances, bond angles and their standard deviations for Ni[S2P(CH3)2]2 

Molecule 1 
Bonds Angles 

Ni--S(1) 2.239 (4) S(1)-Ni--S(2) (outside of ring) 92.3 (2) 
NimS(2) 2.242 (5) S(1)-Ni--S(2) (inside of ring) 87.7 (2) 
S(1)-P 2.014 (6) Ni --S(1)-P 85.1 (2) 
S(2)-P 1.994 (6) Ni --S(2)-P 85.5 (2) 
P---C(1) 1.832 (20) S(1)-P--S(2) 101.6 (3) 
P ---C(2) 1.824 (18) S(1 ) - P - - C ( 1  ) 110-5 (7) 

S(1)-P--C(2) 110"4 (6) 
S(2)-P--C(1) 114.4 (7) 
S(2) - P - - C ( 2 )  114" 1 (6) 
C(1)-P--C(2) 105.7 (9) 

Molecule 2 
Ni--S(1) 2.229 (5) S(1)-Ni--S(2) (outside of ring) 92.3 (2) 
Ni--S(2) 2.235 (5) S(1)-Ni--S(2) (inside of ring) 87.7 (2) 
S(1)-P 1-991 (7) Ni--S(1)-P 85.8 (2) 
S(2)-P 2.018 (7) Ni --S(2)-P 85"0 (2) 
P - -C(1  ) 1.803 (20) S(1)-P--S(2) 101 "0 (3) 
P- -C(2)  1"799 (17) S(1)-P--C(1) 113"0 (7) 

S(1)-P--C(2) 113"6 (7) 
S(2)-P--C(1) 111.8 (7) 
S(2)-P--C(2) 113"7 (7) 
C(1)-P--C(2) 104" 1 (9) 

* Standard errors, as calculated by ORFFE, are given in parentheses. 

References 

BUSING, W. R., MARTIN, K. D. & LEVY, H. A. 0962). 
Fortran Crystallographic Least-Squares Program, ORNL- 
TM-305, Oak Ridge National Laboratory, Oak Ridge. 
Tennessee, as modified by W. C. Hamilton, Brookhaven 
National Laboratory, Upton, New York. 

BUSING, W. R., MARTIN, K. D. & LEVY, H. A. (1964,) 
Fortran Crystallographic Function and Error Program. 
ORNL-TM-306, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 

CROMER, D T. (1965). Acta Cryst. 18, 17. 

FERNANDO, Q. & GREEN, C. D. (1967). J. Inorg. Nucl. 
Chem. 29, 647. 

FRANZINI, N. (1963). Z. Kristallogr. 118, 393. 
International Tables for X-ray Crystallography (1962). Vol. 

III. Birmingham: Kynoch Press. 
JOHNSON, C. K. (1965). Fortran Thermal-Ellipsoid Plot 

Program for Crystal Illustrations. ORNL-3794, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 

KUCHEN, W. • METTEN, J. (1962). German Patent, 1137732. 
MCCONNELL, J. F. t~ KASTALSKY, V. (1967). Acta Cryst. 22, 

853. 
OoI, S. t~ FERNANDO, Q. (1967). Inorg. Chem. 6, 1558. 
THOMAS, L. H. & UMEDA, K. (1957). J. Chem. Phys. 26, 239. 

Acta Cryst. (1969). B25, 1943 

D6termination et Etude de la Structure Cristalline de la Jouravskite 
Ca3 Mnw(SO4)(COa)(OH)6.12 H20 

PAR M. M. GRANGER 

Laboratoire de Cristallographie, C.N.R.S., Bellevue, Hauts de Seine, France 

ET J. PROTAS 
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(Ref.u le 22 novembre 1968) 

The crystal structure of jouravskite, Ca3Mn~v(SO4)(CO3)(OH)6.12H20, has been determined by three- 
dimensional methods, using minimum function, Fourier synthesis and least-squares refinement. The 
final reliability index R is 0.16 with 736 reflexions. The structure is made up of manganese octahedra 
bonded to eight-cornered calcium polyhedra. Between these polyhedra lie the SO4 and CO3 anions, 
each of which is surrounded by twelve H20 molecules, belonging to the Ca polyhedra. 

Introduction gan6se provenant  du gisement maroca in  de Tachgagalt  
et en ont effectu6 la description rnin6ralogique compl&e. 

Gaudefroy & Permingeat  (1965) ont d6couvert la Ce min6ral  se pr6sente g6n6ralement en grains de 
jouravskite dans des 6chantillons de minerai  de man-  quelques dixi6mes de mill im&re,  6troitement associ6 

A C 25B - 2* 


