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Crystal and Molecular Structure of Tetraphenylphosphonium Tetrakis- 
(dimethyldithiophosphinato)praseodymium( 1 1 1 )  

By Alan A. Pinkerton,“ lnstitut de Chimie Minerale et Analytique, Place du Chateau 3, 1005 Lausanne, Switzer- 
land 

Dieter Schwarzenbach, lnstitut de Cristallographie, Dorigny, 101 5 Lausanne, Switzerland 

The title compound crystallises from ethanol in space group Pca2,. with cell dimensions a = 19.857(15), b = 
11.422(5), c = 19.077(12) 8, and Z = 4. The structure was solved by conventional Patterson and Fourier tech- 
niques, and refined to R 0.073. The praseodymium is co-ordinated to eight sulphur atoms which have a distorted 
tetragonal antiprismatic arrangement. Pr-S bond lengths range from 2.888(7) to 3.056(7) (mean 2.976 A).  
The praseodymium atoms alone form an almost perfect hexagonal lattice. 

FEW compounds of the lanthanoids with sulphur donor recent preparation of the first dithiophosphinate com- 
ligands have been reported. A few dithiocarbamate plexes of the lanthanoids6S7 has prompted a full 
complexes have been characterised 1-5 but the only structural investigation of a typical example, which we 
structural information was given by Brown et aZ.3 who now report. 

TABLE 1 
Atom parameters, with standard deviations in parentheses 
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2 927(13) 
3 721(13) 
4 836 
4 590 
4 307 
4 270 
4 516 
4 799 
5 194 
5 689 

Group * 

-583(10) 

(1) 
(2) 
(3) 
(4) 

104y 
2 535(1) 
4 848(7) 
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7 001 
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e 
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4 349(5) 9 1.9 (5) 
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1 644 
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2 971 
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5 811 
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- 7(4) 
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1 845 
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4 124 
3 761 
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f4 
11 1.7(6) 
90.6(3) 

1 7 8 .O (6) 
59.8 (5) 

* The four groups are: (1) C(9)-(14), (2) C(15)-(20), (3) C(21)-(26), and (4) C(27)-(32). 

reported that the series of tetraethylammonium tetrakis- 
diethvldithiocarbamat olanthanoid (111) compounds Preparation.t-PrC1,*6HZ0 (0.50 g, 1.41 

EXPERIMENTAL 
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mmol) and 
which they had isolated was isostructural wcth the 
neptunium(II1) analogue. This compound has an un- 
usually asymmetric co-ordination polyhedron. Our 

t A large number of related anionic, neutral and cationic com- 
plexes have been prepared for all the lanthanoids (excluding Pm) 
and yttrium. Their syntheses and characterisation will be repor- 
ted (ref. 7). 
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Na[SzPMeZ] (0.75 g, 5.06 mmol) were heated under reflux in 
ethanol for 15 min. Ph,PBr (0.65 g, 1.55 mmol) was added 
and after 15 min further heating, solvent was removed in 
vacuo and the residue extracted with hot ethanol. The 
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1976 
product crystallised on cooling as soit, pale-green needles 
(0.74 g, 0.75 mmol, 59%) (Found: C, 38.70; H, 4.55; Pr, 
14.30; S, 27.5. C,,H,,P,PrS, requires C, 39.18; H, 4.52; 
Pr, 14.38; S, 26.15%). 

Crystal Data.-C,,H,,P,PrS,, Orthorhombic, M = 98 I .O, 
n = 19.857(15), b = 11.422(5), c = 19.077(12) A, D ,  = 
1.486, 2 = 4, D, = 1.511, F(000) = 1992. Mo-K, radi- 
ation, A = 0.7107 -81; p(Mo-K,) = 18.4 cm-l; space group 
Pca2, or Pcam by systematic absences, structure suhse- 
quently solved in the acentric space group. 

TABLE 2 
Bond lengths (A) and angles (O) ,  with standard deviations 

(a) Distances 
Pr-S ( 1  ) 
Pr-S (2) 
Pr-S (3) 
Pr-S (4) 
Pr-S (5) 
Pr-S (6) 
Pr-S (7) 
Pr-S (8) 
P(1)-S(]) 
P( 1)-S(2) 
P(I)-C( 1) 
P(1)-C(2) 

s ( 1 )-Pr-s ( 2) 
(b)  Angles 

S( 1)-Pr-S (3) 
S(  1 )-Pr-S (4) 
S ( 1 )-Pr-S (5) 
S ( 1)-R-S( 6) 
S(l)-Pr-S(7) 
S(  1)-Pr-S(8) 

S (2) -Pr-S (4) 
S (2)-Pr-S (5) 
S (2)-Pr-S (6) 

S(2)-Pr-S(8) 
S (3)-Pr-S (4) 
S (3)-Pr-S ( 5 )  
S(3)-Pr-S( 6) 
S(3)-Pr-S( 7) 

S (4)-Pr-S(5) 
S(4)-Pr-S(6) 
S (4)-Pr-S ( 7) 
S (4)-Pr-S (8)  
S(5)-Pr-S(6) 
S(5)-Pr-S(7) 
S (5)-Pr-S (8) 
S( 6)-Pr-S (7) 
S( 6)-Pr-S( 8) 
S (7)-Pr-S (8) 
Pr-S( 1)-P( 1) 
Pr-S (2)-P ( 1) 

S(2)--Pr-S(3) 

S(2)-R-S(7) 

s (3)-Pr-S (8) 

3.015( 7 )  
2.888(7) 
2.942( 7) 
2.982 (7) 
2.985(7) 
3.056(8) 
2.932 (7) 
3.010( 7) 
2.06(1) 
1.96(1) 
1.89(3) 
1.89(3) 

in parentheses 

69.0 (2) 
'i9.6( 2) 

139.2( 2) 
135.1 (2) 
69.3 (2) 
78.2 (2) 

125.5 (2) 
83.9(2) 
82.7(2) 

155.8(2) 
136.5(2) 
103.6( 2) 
79.3 (2) 
68.3(2) 

100.7 (2) 
76.9(2) 

151.9(2) 
140.4(2) 
77.1(2) 

1 2 3.5 (2) 

74.2(2) 
67.1(2) 
83.6(2) 
82.4( 2 )  
79.5( 2) 

137.2(2) 
67.5 (2) 

90.8(3) 

138.9( 2) 

55.4 (3) 

PI.-s (3)-P( 2) 
Pr-S (4) -P( 2) 
Pr-S(5)-P(3) 
Pr-S (6)-P (3) 

Pr-S (8)-P( 4) 
Pr-S(7)-P(4) 

s ( I )  -P( 1 )-s (2) 
SP)--P(1)--W) 
W)-P( 1)-c(2) 
S(2)-P(1)-C( 1) 
s (2)-P( 1)-C( 2) 
C( 1)-P( 1)-C(2) 
S (  3)-P( 2)-S( 4) 
s (3)-P(2)-C (3) 
s (3)-P(2)-C( 4) 
s (4)-P( 2)-c (3) 
s (4)-P( 2)-c (4) 
c (3 )  -P (2)-c (4) 

s (5)-P (3)-c (5) 

S( 6)-P( 3)-C(5) 

s (7)-P( 4)-s (8) 
s (7)-P (4)-c (7)  
s (7) -P( 4)-c (8) 
s (8) -P( 4)-C( 7) 
s ( 8)-P(4)-C(8) c (7) -P (4)-c (a) 

S (5)-P( 3)-S (6) 

S [ 5)-P( 3)-C (6) 

S (6)-P(3)-C (6) 
C(5)-P( 3)-C(6) 

1.99(1\ 
2.01(1\ 

2.02( 1) 
2.01(1) 

2.01(1) 
1.99 ( 1 ;I 

1.8 6 (2'1 
1.84( 3) 

1.86(3) 
1.83(3) 

1.82(3: 
1.84(3: 

89.0( 3)  

a9.5(:5) 
s7.7 (3) 

8 7.6 (3) 

90.6 (3) 
88.5( 3) 

1 12.9 (4) 
109.8 ( 1.0) 
1 1 1.4 (9) 

110.4(1.0) 
100.6( 1.3) 
112.7(4) 
108.3(1 .O) 
11 1.4( 1.0) 
1 09.6 ( 9) 

103.4( I .2) 
112.0(4) 
108.7(1 .O) 
11 1.4(9) 
109.6(1 .O) 
112.4(9) 
102.3(1.2) 
1 1 1.3 ( 5 )  
110.4(9) 

z 11.0( 1.0) 

111.1(1 .O) 

110.1(9) 
1 1o.q 9) 
110.5(9) 
103.4(1.2) 

The intensities of 3 938 unique reflections were measured 
with a Syntex P2, automated diffractometer by use of 
&lo-K, radiation and o scans. The dimensions of the crystal 
chosen were 0.30 x 0.08 x 0.08 mm. Scattering factors 
for the neutral atoms were taken from ref. 8. All computer 
programs used were taken from ref. 9. The stereoprojec- 
tion was drawn by the program ORTEP.1° No absorption 
correction was applied. 

Solution of the Structure.-The praseodymium atom was 
found from a three-dimensional Patterson map. Owing to 
the pronouncecl hexagonal pseudosymmetry of the arrange- 
iiient of the praseodymium atoms eight difference-Fourier 

* See Notice t o  Authors No. 7, in J.C.S. Daltoqz, 1975, Index 
isbuu.  (Items less than 10 pp. are supplied as full-size copies.) 

syntheses were required to find all the phosphorus and 
sulphur atoms unequivocally. Two cycles of full-matrix 
least squares were used to refine the positional parameters 
of the fourteen medium and heavy atoms. Two more 
difference-Fourier syntheses were required to  find the 
remaining non-hydrogen atoms. The phenyl groups were 
refined as ideal groups, assuming C-C 1.395 and C-C-C 
120". Final refinement by block-diagonal least squares 
was carried out in two parts : first non-carbon, then carbon 
atoms. The first cycles used individual isotropic temper- 
ature factors, and the final cycles individual anisotropic 
temperature factors for the non-carbon atoms. The last 
cycle gave the residual R 0.073. The function minimised 

was Czer(]F,I - IFcl)z where w = l/02, estimated standard 
deviations, Q, of the measured structure factors being 
derived from counting statistics and the variations in the 
standard reflections. Positional and thermal parameters 
for all non-hydrogen atoms are reported in Table 1.  Bond 
lengths and angles for the complex anion are reported in 
Table 2. Final observed and calculated structure factors 
are listed in Supplementary Publication KO. SUP 21777 
(7 pp., 1 microfiche).* 

DISCUSSION AND DESCRIPTION O F  THE STRUCTURE 

A stereoprojection of the complex anion is shown in the 
Figure. The praseodymium is surrounded by eight 
sulphur atoms in a distorted tetragonal antiprismatic 
arrangement. The arrangement contrasts strongly with 
the unusual co-ordination polyhedron found for the [Np- 
(S,CNEt,),]- ion (a plane pentagonal arrangement of 
sulphur atoms with one atom above and two below the 
plane). This may perhaps be due to an important cova- 
lent contribution to the bonding in the latter case, us. a 
predominantly electrostatic model for the praseodymium 
compound. The two most common regular polyhedra for 
eight-co-ordination are the dodecahedron and the square 

'X-Ray '72 ' program system, eds. J .  &I. Stewart, F. A. 
Kundell, and J .  C. Baldwin, Technical Report TR 192, Computing 
Science Center, University of Maryland, June 1972, modified by  
D. Schwarzenbach. 

* D. Cromer and J. Mann, Acta Cryst., 1968, AM, 321. 
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antiprism. If the ligands are identical and bidentate 
there are a total of nine possible isomers.ll By applying 
the condition that each ligand must span an identical poly- 
hedral edge, the number of possible isomers is reduced to 
four. Blight and Kepertl, have calculated the ligand- 
ligand repulsion energies for these as a function of b (de- 
fined in our case as the intraligand S-S distance divided by 
the P r S  bond length) and report that the D, square anti- 
prism is the form of lowest energy for 1.10 < b < 1.20. 
The lowest energy for b < 1.10 was found for the Da 
dodecahedron, and for b > 1.20 for the D, dodecahedron or 
the S, square antiprism. We calculate a value of 1.12 for b 
in the present antiprismatic structure which thus agrees well 
with the predictions of the ligand-ligand repulsion model. 
The mean P r S  distance (2.98 A) is a little longer than that 
found for Np-S (2.86 A) in the analogous diethyldithio- 
carbamatoneptunium complex. The increase in bond 
length may be explained by the increase in the ' bite ' of 
the ligand from 2.93 for the dithiocarbamate to 3.33 A for 
the dithiophosphinate. The ' bite ' here is also greater than 
is the case for transition-metal complexes; e.g., in [V(S,P- 
(OEt),),] the S-S distance is 3.21 A.13 This may be dis- 

lo c. K. Johnson, Report ORNL 3794, Oak Ridge National 
Laboratory, 1971. 

l1 J.  L. Hoard and J.  V. Silverton, Inovg. Chenz., 1963, 2, 236; 
E. L. Muetterties and C. 31. Wright, Quart. Rev., 1967, 21, 109; 
E. L. Muetterties, J .  Amev .  Ckem. SOC., 1969, 91, 1636. 

cussed in terms of the much stronger bonding interaction , 
in the case of vanadium, diminishing the S-P-S angle 
(108.1 us. 112.2'). 

An interesting crystallographic feature is the arrangement 
of the praseodymium atoms alone. As was shown very 
clearly by precession photographs, the complex ions are 
arranged in a pseudohexagonal lattice with ideal symmetry 
P63/.v~tm~. The ' hexagonal ' lattice parameters calculated 
from the pseudo-orthohexagonal cell are: a = 11.422, 
b = 11.465, c = 19.077 A, and y = 119.91'. The space 
group Pca2, in the given orientation is a subgroup of index 
12 of P~~/wwzc. This additional symmetry of the arrange- 
ment of the heavy atoms was the cause of much confusion 
in the preliminary stages of structure solution, requiring 
inany diff erence-Fourier syntheses before one single image 
could be chosen. 
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