
328 Na +.C24H3905-.C2H60 

(Fair, 1990). Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1985). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: ORTEPII 
Johnson (1976); QUANTA4.0 (Molecular Simulations Inc., 
1994). Software used to prepare material for publication: 
MolEN. 

The authors would like to thank Phillip Fanwick 
for his assistance with the refinement of the structure. 
Funding was provided by the Byrn/Zografi Program for 
the Study of the Effects of Water on Molecular Mobility 
of Crystalline and Amorphous Solids. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CRl178). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 

The crystal structure of the title compound, trans- 
[ { (C6Fs)3P}2PdCI2 ], was de te rmined  f rom single-crystal 
X-ray diffract ion data. O w i n g  to the steric require-  
ments  of  the bulky  phosphane  l igands,  the cen t rosym-  
metr ic  mo lecu le  shows  a cons iderable  angle dis tor t ion 
at the square-planar  coord ina ted  Pd a tom [ C 1 - - P d - - P  
95.23 (4)°]. P d - - C l  and P d - - P  dis tances  are 2.291 (1) 
and 2.305 (1) Lk, respectively.  The  m e t a l - p h o s p h o r u s  
dis tance is s ignif icantly shorter  than in trans-dichloro- 
bis ( t r iphenylphosphane)pa l lad ium(I I ) .  

Comment 
trans-[{(C6Fs)3P}2PdC12], (1), is a catalyst for the syn- 
thesis of hydrogen peroxide from the elements (Dyer & 
Moseley, 1981). In the course of a study of the catalytic 
behavior of the compound, we were interested in com- 
paring its structure with that of the corresponding tri- 
phenylphosphane derivative, trans-[{(C6Hs)3P}2PdC12], 
(2) [(2) (Ferguson, McCrindle, McAlees & Masood, 
1982); (2).0.5p-C6I-hC12 (Kitano, Kinoshita, Nakamura 
& Ashida, 1983)]. 

F F 

c 

F P ~ P d ~  P F 

F F 
(1) 

The crystals of (1) consist of discrete centrosymmet- 
ric molecules (Fig. 1) separated by van der Waals dis- 
tances. The packing is like that of the isotypic platinum 
compound trans-[{(C6Hs)3P}2PtC12] (Schaefer, Lyon, 
Labinger & Bercaw, 1992). The Pd--C1 distance lies in 
the middle of the range of values collected by Ferguson 
et al. (1982) for trans-dichlorobis(phosphane)palladium 
complexes [2.267-2.326A], whereas the Pd--P dis- 
tance is slightly shorter than the shortest value given 
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by those  authors  [2.310 (5) /k for the d ime thy l (neo -  
m e n t h y l ) p h o s p h a n e  der ivat ive]  and signif icant ly shorter  
than in (2) [2.337 (1) ,~,] and (2).0.5p-C6H4C12 [2.345 (1) 
and 2 .353(1) ,&] .  With  respect  to the P d - - P  bond  
strength,  this shows  that the lower  basici ty and there-  
fore weake r  a - d o n o r  abili ty o f  t r i s (perf luorophenyl) -  
phosphane  c o m p a r e d  wi th  t r ipheny lphosphane  is over-  
compensa t ed  by its bet ter  7r-acceptor propert ies .  The  
P---C, C---C and C - - F  bond  lengths  in the mo lecu l e  
agree with es tab l i shed  values.  

F3 ~::~,,m",, 
C4&~ :~F4 F14' t ~  _ ~  F13' F 2 C~)~~) cC~; F~ C17' ~C16' F12 C3 F15' &~FIO' I (:15' ' 

0 9  , 

. 

F8 011 .~2-~,_'~~': 15 :=6,~ L2 : ,  

F9 ~ F13 ~ u ~ l ~  

Fig. 1. Diagram of trans-[{(C6Fs)3P}2PdCI2] showing the atom- 
numbering scheme (displacement ellipsoids are at the 40% proba- 
bility level; symmetry code: (') - x ,  -y,  -zl .  Some C-atom labels 
are omitted for clarity. 

The  conformat iona l  a r r angemen t  o f  the l inear  PdC12 
f ragment  with respect  to the pen ta f luorophenyl  groups  
at the P a tom can be descr ibed  by the torsion angle  
C 1 - - P d - - P - - - C 7  [2.7 (1)°],  i.e. the ipso C a tom of  one  
pheny l  r ing is in an ec l ipsed  posi t ion with respect  to 
the CI atom. The  C I - - P d - - P  angle  in (1) [95.23(4) °] 
shows  a m u c h  greater  dev ia t ion  f rom 90 ° than the 
co r re spond ing  angle  in (2) [92 .0(1)°] .  Together  with 
the var iance  o f  the C - - P - - C  angles  [99.2 (2 ) -109 .4  (2) ° 
for (1); 104 .0 (1 ) -106 .3  (1) ° for (2)] this reflects the 
e n h a n c e d  in t ramolecular  c rowd ing  effects  in (1). Two 
of  the pen ta f luorophenyl  r ings are or ien ted  such that an 
ortho F a tom of  each ring is d i rected towards  the Pd 
a tom [ P d . . . F 5  3.13, P d . . . F 1 5  3.16,&]. As these  values 
co inc ide  with the sum of  the van der  Waals radii o f  Pd 
and F (3 .10-3 .20  ,&; Bondi ,  1964), a bond ing  interact ion 
can be exc luded .  

Experimental 
The compound was synthesized according to procedures given 
in the literature (Kemmitt, Nichols & Peacock, 1968). Thin 

orange plates were grown from acetone solution at room 
temperature. 

Crystal data 

[PdC12(C18FIsP)2] 
Mr = 1241.60 
Triclinic 
pT 
a = 9.502 (2) ~, 
b = 11.252 (2) 
c = 11.602 (2)/~, 
a = 102.98 (2) ° 

= 113.68 (2) ° 
~, = 106.92 (2) ° 
V = 1000.9 (3) ~3 
Z = I  
Dx = 2.060 Mg m -3 

Data collection 
Stoe Siemens AED-2 four- 

circle diffractometer 
w/O scans 
Absorption correction: 

scan (EMPIR; Stoe & 
Cie, 1988b) 
Tmi, = 0.594, Tmax = 
0.788 

4590 measured reflections 
4590 independent reflections 

Refinement 
Refinement on F 2 
R[F 2 > 2or(F2)] = 0.0516 
wR(F 2) = 0.0727 
S = 1.239 
4590 reflections 
322 parameters 
w = 1/o'2(F 2) 
(A/or)max = 0.37 

Mo Ka radiation 
A = 0.71069/~, 
Cell parameters from 33 

reflections 
0 = 9.8-11.8 ° 
# = 0.837 m m -  
T = 293 (2) K 
Transparent plate 
0.35 × 0.19 × 0.02 mm 
Orange 

3029 observed reflections 
[I > 2o'(/)1 

Om,~x = 27.49 ° 
h = - 1 2 - - ~  10 
k = - 1 4 - - ~  14 
1 = 0 ~  15 
1 standard reflection 

frequency: 60 min 
intensity decay: none 

Apmax = 0.464 e A -3 

Apmin = -0 .459  e ,~,-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

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

1 . . . .  * * " Ueq = ( /3)E, EjU,ja i aj a,.a i. 

x y z U~ 
Pd 0 0 0 0.03441 (13) 
P 0.23433 (1 I) 0.04717 (9) 0.20264 (9) 0.0347 (2) 
Cl -0.09738 (13) 0.13214 (11) 0.09805 (10) 0.0537 (3) 
F1 0.4759 (3) -0.1050 (2) 0.2264 (3) 0.0715 (7) 
F2 0.3942 (4) -0.3603 (3) 0.1969 (3) 0.0933 (9) 
F3 0.0913 (4) -0.5151 (3) 0.1595 (3) 0.1023 (10) 
F4 -0.1330 (4) -0.4088 (3) 0.1524 (3) 0.1006 (10) 
I-5 -0.0513 (3) -0.1502 (2) 0.1867 (2) 0.0633 (7) 
F6 0.2026 (3) -0.0020 (3) 0.4553 (2) 0.0642 (7) 
F7 0.2103 (3) 0.1732 (3) 0.6551 (3) 0.0926 (9) 
F8 0.2736 (4) 0.4303 (3) 0.6731 (3) 0.1007 (10) 
F9 0.3188 (3) 0.5063 (2) 0.4800 (3) 0.0805 (8) 
Fi0 0.3036 (3) 0.3291 (2) 0.2740 (2) 0.0561 (6) 
Fll 0.5688 (3) 0.1260 (2) 0.4497 (2) 0.0566 (6) 
F12 0.8830 (3) 0.2803 (3) 0.5105 (2) 0.0732 (8) 
FI3 0.9314 (3) 0.3803 (2) 0.3317 (2) 0.0719 (7) 
F14 0.6610 (3) 0.3189 (2) 0.0862 (3) 0.0728 (7) 
F15 0.3490 (3) 0.1735 (2) 0.0273 (2) 0.0644 (7) 
C! 0.2174 (5) -0.1151 (4) 0.2131 (3) 0.0385 (9) 
C2 0.3256 (5) -0.1744 (4) 0.2133 (4) 0.0489 (10) 
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C3 0.2843 (6) -0.3075 (5) 0.1963 (4) 0.0589 (12) 
C4 0.1314 (7) -0.3855 (4) 0.1778 (4) 0.0653 (13) 
C5 0.0189 (6) -0.3328 (4) 0.1741 (4) 0.0609 (12) 
C6 0.0619 (5) -0.2000 (4) 0.1928 (4) 0.0478 (10) 
C7 0.2502 (4) 0.1557 (4) 0.3547 (3) 0.0378 (9) 
C8 0.2274 (5) 0.1217 (4) 0.4554 (4) 0.0488 (10) 
C9 0.2326 (5) 0.2123 (5) 0.5605 (4) 0.0590 (12) 
C10 0.2644 (5) 0.3409 (5) 0.5680 (5) 0.0647 (13) 
C 11 0.2894 (5) 0.3802 (4) 0.4720 (5) 0.0547 (11 ) 
C12 0.2783 (4) 0.2872 (4) 0.3661 (4) 0.0451 (10) 
C13 0.4469 (4) 0.1384 (4) 0.2335 (4) 0.0368 (9) 
C14 0.5888 (5) 0.1722 (4) 0.3569 (4) 0.0428 (9) 
C15 0.7501 (5) 0.2492 (4) 0.3896 (4) 0.0482 (10) 
C16 0.7747 (5) 0.2993 (4) 0.2986 (5) 0.0505 (11) 
C17 0.6391 (5) 0.2696 (4) 0.1760 (4) 0.0484 (10) 
C18 0.4768 (5) 0.1912 (4) 0.1440 (4) 0.0437 (10) 

Table 2. Selected 
Pd---CI 
Pd---P 
P--C1 

CI--Pd---P 
CI--P--C13 
C 1 --P--C7 
C13--P---C7 
C 1--P--Pd 
C 13----P--Pd 
C7--P--Pd 

CI--Pd----P----C 1 
C1--Pd--P--C 13 
CI--Pd---P--C'7 

geometric parameters (,4, o) 
2.2907 (10) P--C7 1.827 (4) 
2.3051 (12) P--C13 !.819 (4) 
1.821 (4) 

95.23 (4) 
107.4 (2) 
109.4 (2) 
99.2 (2) 

C2--C1--P 
C6--C1--P 
C8--C7--P 
C 12----C~--P 

106.01 (12) c18---c13--P 
119.98 (12) c14---c13--P 
114.43 (11) 

123.42 (13) Pd--P----C1---C2 
-114.93 (14) Pd--P------C7--C8 

2.75 (14) Pd--P--C13---C14 

127.8 (3) 
115.9 (3) 
128.4 (3) 
115.7 (3) 
122.9 (3) 
120.6 (3) 

116.0 (37 
109.1 (3) 
177.4 (2) 

Scattering factors, dispersion corrections and absorption 
coefficients were taken from International Tables for Crystal- 
lography, (1992, Vol. C, Tables 6.1.1.4, 4.2.6.8 and 4.2.4.2). 

Data collection: DIF4 (Stoe & Cie, 1988a). Cell refine- 
ment: DIF4. Data reduction: EMPIR, REDU4 (Stoe & Cie, 
1988b,c). Program(s)  used to solve structure: SHELXS86 
(Sheldrick, 1985). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular  graphics: SHELXTL- 
Plus (Sheldrick, 1991). Software used to prepare material for 
publication: SHELXL93. 

Stoe & Cie (1988b). EMPIR. Empirical Absorption Correction 
Program. Version 1.03. Stoe & Cie, Darmstadt, Germany. 

Stoe & Cie (1988c). REDU4. Data Reduction Program. Version 6.2. 
Stoe & Cie, Darmstadt, Germany. 
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stannat, PPh4[SnCls], und Tetraphenyl- 
phosphonium Pentachlorostannat Monohy- 
drat, PPh4[SnCIs.H20] 

ULRICH MULLER, JURGEN SIEKMANN UND GERLINDE 

FRENZEN 

Fachbereich Biologie/Chemie, Universitiit Gh Kassel, 34109 
Kassel, Deutschland 

(Eingegangen am 4. Mai 1995; angenommen am 10. August 1995) 

Abstract 
Tetraphenylphosphonium pentachlorostannate contains 
trigonal-bipyramidal [SnC15]- ions. It is isotypic with 
PPh4[Sn(CH3)C14]; however, the published space group 
of the latter is corrected from P2 to P2/n. In the hydrate 
the [SnC15(H20)]- ions have a distorted octahedral 
configuration. The packing principle is the same for both 
compounds and corresponds to the known arrangement 
in tetraphenylphosphonium compounds with PPh2 ions 
stacked in columns in the c direction. 

Lists of structure factors, anisotropic displacement parameters and 
complete geometry have been deposited with the IUCr (Reference: 
JZ1069). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 

References 
Bondi, A. (1964). J. Phys. Chem. 68, 441-451. 
Dyer, P. N. & Moseley, F. (1981). Eur. Patent 38700 (Chem. Abstr. 

96, 106643j). 
Ferguson, G., McCrindle, R., McAlees, A. J. & Masood, P. (1982). 

Acta Cryst. B38, 2679-2681. 
Kemmitt, R. D. W., Nichols, D. I. & Peacock, R. D. (1968). J. Chem. 

Soc. A, pp. 2149-2152. 
Kitano, Y., Kinoshita, Y., Nakamura, R. & Ashida, T. (1983). Acta 

Cryst. C39, 1015-1017. 
Schaefer, W. P., Lyon, D. K., Labinger, J. A. & Bercaw, J. E. (1992). 

Acta Cryst. C48, 1582-1584. 
Sheldrick, G. M. (1985). SHELXS86. Program for the Solution of 

Crystal Structures. University of G/Sttingen, Germany. 
Sheldrick, G. M. (1991). SHELXTL-PIus. Release 4.1. Siemens 

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 
Stoe & Cie (1988a). DIF4. Diffractometer Control Program. Version 

6.2. Stoe & Cie, Darmstadt, Germany. 

01996 International Union of Crystallography 
Printed in Great Britain - all fights reserved 

Kommentar 
Bei Hauptgruppenelementen ist die trigonale Bipy- 
ramide das normale Koordinationspolyeder ftir die 
Koordinationszahl fiinf. Dies gilt auch ft ir  das 
SnC15--Ion in den wenigen bekannten Strukturen 
von Pentachlorostannaten (Freedman & Young, 1964; 
Ginzburg et al., 1977; Shamir, Lusti, Bino, Co- 
hen & Gibson, 1985). Auch das InC152--Ion im 
(PPh4)2 [InCI5].CH3CN hat trigonal-bipyramidale Struk- 
tur (Bubenheim, Frenzen & Miiller, 1995), w/ihrend das 
quadratisch-pyramidale InC152--Ion im (NEtn)2[InC15] 
eine der wenigen Ausnahmen ist (Brown, Einstein 
& Tuck, 1969). Ftir Tetraphenylphosphonium-Ionen 

PPh~ c 1 CI-.~ I / C I  

CI / S i ~ C I  

OH 2 

PPh4[SnCI5.H20] 
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