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1985) to a solution obtained by treating Co(en)3C13 with CH20 
and NH3 (Creaser et al., 1982). The data for the cell determina- 
tion revealed no evidence of twinning. The data were corrected 
for Lorentz and polarization effects. All non-H atoms were lo- 
cated through Patterson and Fourier techniques. Three H atoms 
were located by successive least-squares refinements associated 
with AFcalculations and the remaining two, H 11 and H 12, were 
introduced in idealized positions. An empirical correction for 
absorption effects was applied (ABSORB; Ugozzoli, 1987, fol- 
lowing Walker & Stuart, 1983) after the last isotropic refinement 
(Tmin = 0.8998, Tmax = 1.1708). Anisotropic thermal parameters 
were refined for all non-H atoms; H atoms were refined isotrop- 
ically and held in fixed positions during the last cycles of refine- 
ment. Refinements performed with independent data collected 
using two further different crystals gave comparable results. 

Complex (II) was prepared by treating (I) with concentrated 
HC1 and an excess of NaNO3; the resulting Co(sep)(NO3)3 was 
dissolved and then eluted on an anionic C1- resin giving a so- 
lution from which crystals separated after slow evaporation. An 
empirical absorption correction was performed using three stan- 
dard reflections. The data were corrected for Lorentz and polar- 
ization effects. Patterson interactions revealed the presence of 
two independent Co atoms; successive least-squares refinements 
and A F  calculations enabled the remaining non-H and H atoms 
to be located. An empirical absorption correction (Walker & Stu- 
art, 1983; Ugozzoli, 1987) was applied after the last isotropic 
refinement (Tmi, -- 0.8986, Tm~, --- 1.0654). Thermal parameters 
were refined anisotropically for non-H atoms and isotropically 
for H atoms; the H atoms were held fixed during the final least- 
squares cycles. 

SHELX86 (Sheldrick, 1986) and SHELX76 (Sheldrick, 1976) 
were used for structure solution and refinement and PARST 
(NardeUi, 1983) for geometric calculations. ORTEP (John- 
son, 1965) and PLUTO (Motherwell & Clegg, 1976) were 
used to produce the drawings. Extensive use was made of 
the Cambridge Structural Database (Allen, Kennard & Taylor, 
1983). Calculations were performed on ENCORE-GOULD- 
POWERNODE 6040 and ENCORE 91 computers of the Centro 
di Studio per la Strutturistica Diffrattometrica del CNR (Parma). 

Mikami, M., Konno, M. & Saito, Y. (1979). Acta Cryst. B35, 3096- 
3098. 

Motherwell, W. D. S. & Clegg, W. (1976). PLUTO. Program for plotting 
molecular and crystal structures. Univ. of Cambridge, England. 

Nardelli, M. (1983). Comput. Chem. 7, 95-98. 
North, A. C. T., Phillips, D. C. & Matthews, F. S. (1968). Acta Cryst. 

A2,4, 351-359. 
Paik Suh, M., Shin, W., Kim, D. & Kim, S. (1984). lnorg. Chem. 23, 

618-620. 
Rampi Scandola, M. A., Scandola, F. & Indelli, A. (1985). J. Chem. Soc. 

Faraday Trans. I, 81, 2967-2974. 
Sargeson, A. M. (1979). Chem. Ber. 15, 23. 
Sheldrick, G. M. (1976). SHELX76. Program for crystal structure deter- 

mination. Univ. of Cambridge, England. 
Sheldrick, G. M. (1986). SHELX86. Program for the solution of crystal 

structures. Univ. of Grttingen, Germany. 
Sheldrick, G. M. (1992). SHELXL92. Program for structure refinement. 

Univ. of Grttingen, Germany. 
Ugozzoli, F. (1987). Comput. Chem. 11, 109-120. 
Walker, N. & Stuart, D. (1983). Acta Cryst. A39, 158-166. 

Acta  Cryst. (1993). CA9, 1169-1 171 

Structure of Di-/~-chloro- 
bislbis(triphenylphosphine)palladium(ll)] 
Bis(tetrafluoroborate) Acetone Solvate 
Dihydrate 

S. GANGULY, E. M. GEORGIEV, J. T. MAGUE AND 
D. M. ROUNDHILL 

Department o f  Chemistry, Tulane University, 
New Orleans, Louisiana 70118, USA 

(Received 24 July 1992; accepted 10 November 1992) 

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. SUP 
55841 (40 pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. [CIF reference: ALl026] 

Abstract 
The s t ruc ture  consists  o f  a pa l l ad ium d imer  with 
br idging C1 a toms ,  two t e t r a f l uo robo ra t e  an ions  a n d  
two wa te r  molecules  and  one ace tone  molecule.  Each  
Pd a t o m  in the d imer  is s u r r o u n d e d  by two CI a n d  
two P a toms ,  fo rming  a slightly d i s to r ted  cis square-  
p l a n a r  conf igura t ion .  
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Comment 
Recent ly  we have  been using br idged  d imers  o f  Pd  H 
as ca ta lys ts  in h o m o g e n e o u s l y  ca ta lyzed  a lkene  
h y d r a t i o n  reac t ions  ( G a n g u l y  & Roundhi l l ,  1991). 
D u r i n g  the course  o f  this research  we became  inter-  
ested in cer ta in  s t ruc tura l  fea tures  o f  these br idged  
d imers  such as their  in termetal l ic  d is tances  and  their  
d ihedra l  angles  be tween the c o o r d i n a t i o n  planes  o f  
the Pd  centers.  Since there have  been relat ively few 
s t ruc tura l  s tudies o f  ch lo ro -b r idged  d imers  o f  Pd ~, 
we have  solved the s t ruc ture  o f  the title c o m p o u n d .  

© 1993 International Union of Crystallography 



1170 R E G U L A R  S T R U C T U R A L  P A P E R S  

The  ca t ion  has  a c rys ta l lograph ica l ly  imposed  (7.2 
symmet ry  wi th  the two C1 a toms ,  as w e l l  as t h e  
cent ra l  C and  t h e  O a toms  o f  the solvent  acetone,  
lying o n  the  twofo ld  axis. The  squa re -p l ana r  config- 
u r a t i o n  a r o u n d  the m e t a l  a t o m  i n  the d imer  is 
sl ightly d i s to r ted  w i t h  a n g l e  c i ( 1 ) - - P d - - P ( 2 )  o f  
175.7 (1) 0 and  angle  CI (2 ) - - -Pd- -P (1 )  o f  172.05(9)  °. 
The  CI(1)- -Pd-- -CI(2)  angle  o f  84.89.(9) ° is signifi- 
can t ly  acute.  The.  angles CI(1) - - -Pd--P(1)  and  
CI(2) - - -Pd--P(2)  at  89.40 ( 9 ) a n d  90.8 (1) ° are close 
to r ight  angles. The  m a x i m u m  dev ia t ion  f rom the 
weighted  leas t -squares  p lane  is 0.104 ( 2 ) A  for  the 
P( I )  a tom,  and  the m a x i m u m  devia t ing  angle  is 
94.86 (9) ° for  the  P ( 1 ) - - P d ~ P ( 2 )  angle. The  d ihedra l  
angle  be tween the two c o o r d i n a t i o n  planes  is only  
3.8 (2) ° , which  is close to the r epor t ed  va lue  o f  
1 .30(7)  ° f o u n d  i n  the complex  [Pd(/J,-Cl)(NO2)- 
(P"Pr3)]2 (Bruno ,  C a m p a g n a ,  C u s u m a n o ,  G i a n e t t o  & 
Ricevuto ,  1989). The  Pd- -C1  b o n d  dis tances o f  
2.386 (3) a n d  2.354 (3) /~  are s imilar  to those  f o u n d  
in o the r  d i ch lo ro -b r idged  Pd  d imers  (Nifant ' ev ,  K u k -  
hareva ,  An t ip in ,  S t ruchkov  & K l a b u n o v s k y ,  1983; 
Berry,  Beveridge,  Bushnel l  & Dixon ,  1985). The  
P d - - P  b o n d  lengths  o f  2.290 (2) and  2.256 ( 2 ) A  are 
also wi th in  the expected range  t ha t  is charac ter i s t ic  
for  te r t ia ry  p h o s p h i n e  c o o r d i n a t i o n  in squa re -p l ana r  
Pd n complexes.  

C ~. i : ~  Cir.4 Ci24 ~ C 1 t 3 '  

c i x K , : . ~ ( ~ 2 ~ c  l 2z  - c  t l s  ~ ) r~  p i ' _ c,k ~ ' c ~ s  ' 

• J _ f " "  

Fig. 1. Molecular structure and labeling scheme of the title complex. 
Thermal ellipsoids are drawn at the 30% probability level. 

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

Crystal data 

[Pd2C12 {P(C6H5)3 )4] (BF4)2 
Mr = 1600.58 
Monoclinic 
C2/c 
a -- 18.414 (2) ,/k 
b = 16.938 (2) 
c = 22.577 (2) ,~, 
/3 = 96.966 (7) ° 

M0 Ka radiation 
)~ = 0.71073 ,~ 
Cell parameters from 25 

reflections 
0 = 12-16.67 ° 
# = 0.7420 mm - l  
T= 291 K 
Prismatic 
0.53 x 0.43 × 0.43 mm 

V = 6990 (1) ,~3 
, Z = 4  

Dx .= 1.519 Mg m -3 

Yellow " 
Crystal source: slow evapo- 

ration of acetone solution 

Data collection 
CAD-4 diffractometer 
co-20 scans 
Absorption correction: 

empirical ( DIFABS; 
Walker & Stuart, 1983) 
Tmi~ = 0.734, Tm~x = 
1.287 

6349 measured reflections 
6143 independent reflections 
4576 observed reflections 

[I> 3o'(1)] 

Refinement 

Refinement on F 
Final R = 0.067 
wR -- 0.081 
S = 1.452 
4576 reflections 
388 parameters 
H-atom parameters not re- 

fined 
4F2/[0"2(I) + (0.04F2) 2] 

Rim = 0 . 0 2 8  

0max = 2 5 . 0 0  ° 

h = 0---~ 21 
k = 0 ---~ 20 
l = - 2 6  --* 26 
3 standard reflections 

frequency: 180 min 
intensity variation: 5.9% 
total loss for 63.7 h exper- 
iment 

(A/0.)m~x = 0.15 
Apmx = 1.226 e ,/~-s 
Apmi~ = -0.341 e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Data collection: CAD-4 Version 5.0 (Schagen, Staver, van 
Meurs & Williams, 1989). Cell refinement: CAD-4 Version 
5.0. Program(s) used to solve structure: MolEN (Enraf-Nonius, 
1990). Program(s) used to refine structure: MolEN; CRYSTALS 
(Watkin, Carruthers & Betteridge, 1985). Molecular graphics: 
ORTEPII (Johnson, 1976). Software used to prepare material 
for publication: MolEN. 

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

Beq = (4/3)[a2B(1,1) + b2B(2,2) + c2B(3,3)+ ab(cosT)B(1,2) + 
ac(cos/3)B(1,3) + bc(cos c0B(2,3)]. The B and F atoms were refined 
isotropically. 

x y z Beq 
Pd 0.01035 (4) 0.23763 (4) 0.17401 (3) 2.21 (1) 
CI1 0.000 0.3335 (2) 0.250 3.49 (7) 
C12 0.000 0.1446 (2) 0.250 4.87 (9) 
PI 0.0075 (1) 0.3372 (1) 0.1052 (1) 2.39 (4) 
P2 0.0198 (1) 0.1400 (1) 0.1074 (1) 2.51 (5) 
F1 0.261 0.193 0.336 22.2 
F2 0.274 0.278 0.258 19.2 
F3 0.161 0.222 0.267 19.2 
F4 0.255 0.145 0.240 19.2 
O1 0.500 0.1787 (9) 0.250 8.3 (4) 
02 0.3711 (7) . 0.2577 (9) 0.1816 (6) 11.2 (4) 
CI 0.500 0.109 (1) 0.250 5.5 (4) 
C2 0.436 0.063 (1) 0.268 7.2 (4) 
Clll -0.0681 (5) 0.4014 (5) 0.1183 (4) 2.6 (2) 
Cl12  -0.0679 (6) 0.4810 (6) 0.1031 (5) 4.3 (2) 
C113 -0.1269 (7) 0.5277 (7) 0.1115 (6) 5.5 (3) 
Cl14  --0.1861 (6) 0.4956 (7) 0.1343 (5) 4.7 (3) 
Cl15 -0.1881 (6) 0.4179 (8) 0.1481 (5) 4.4 (3) 
C116 --0.1282 (5) 0.3701 (6) 0.1398 (4) 3.4 (2) 
C121 0.0927 (5) 0.3941 (5) 0.1161 (4) 3.0 (2) 
C122 0.1409 (5) 0.3839 (6) 0.1665 (5) 3.6 (2) 
C123 0.2038 (6) 0.4283 (8) 0.1748 (5) 5.0 (3) 
C124 0.2198 (6) 0.4830 (7) 0.1332 (6) 5.3 (3) 
C125 0.1714 (6) 0.4921 (7) 0.0807 (6) 5.1 (3) 
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C126 0.1081 (6) 0.4484 (6) 0.0721 (5) 3.6 (2) 
C 1 3 1  -0.0079 (5) 0.3196 (5) 0.0255 (4) 2.6 (2) 
C132 -0.0772 (6) 0.3280 (6) -0.0058 (5) 3.7 (2) 
C133 -0.0883 (7) 0.3167 (7) -0.0662 (5) 4.6 (3) 
C 134 -0.0307 (7) 0.2969 (7) -0.0965 (4) 4.7 (3) 
C135 0.0381 (6) 0.2866 (7) -0.0671 (4) 4.1 (2) 
C136 0.0503 (6) 0.2995 (6) -0.0068 (5) 3.5 (2) 
C211 0.1028 (5) 0.1429 (5) 0.0723 (4) 2.8 (2) 
C212 0.1596 (6) 0.1902 (6) 0.0962 (5) 3.6 (2) 
C213 0.2254 (6) 0.1905 (7) 0.0720 (6) 4.7 (3) 
C214 0.2325 (6) 0.1432 (8) 0.0239 (6) 5.4 (3) 
C215 0.1790 (6) 0.0950 (8) 0.0012 (5) 5.0 (3) 
C216 0.1140 (6) 0.0931 (7) 0.0261 (4) 4.0 (2) 
C221 0.0252 (6) 0.0419 (5) 0.1405 (4) 3.1 (2) 
C222 0.0898 (7) 0.0212 (7) 0.1748 (5) 4.6 (3) 
C223 0.0974 (8) -0.0555 (8) 0.1983 (6) 6.1 (3) 
C224 0.0418 (9) -0.1086 (7) 0.1867 (6) 7.3 (4) 
C225 -0.0222 (9) -0.0869 (7) 0.1548 (6) 6.4 (4) 
C226 -0.0301 (7) -0.0117 (6) 0.1306 (5) 4.6 (3) 
C 2 3 1  -0.0621 (5) 0.1393 (5) 0.0546 (4) 2.5 (2) 
C232 -0.0666 (6) 0.1279 (6) -0.0065 (4) 3.6 (2) 
C233 -0.1328 (8) 0.1284 (8) -0.0401 (5) 5.4 (3) 
C234 -0.1954 (7) 0.1427 (9) -0.0167 (6) 5.9 (3) 
C235 -0.1918 (6) 0.1530 (8) 0.0444 (5) 4.9 (3) 
C236 -0.1259 (6) 0.1527 (7) 0.0801 (5) 4.2 (2) 
B 0.238 0.210 0.276 16.0 

Ganguly, S. & Roundhill, D. M. (1991). J. Chem. Soc. Chem. 
Commun. pp. 639--640. 

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 
Ridge National Laboratory, Tennessee, USA. 

Nifant'ev, E. E., Kukhareva, T. S., Antipin, M. Yu, Struchkov, 
Yu. T. & Klabunovsky, E. I. (1983). Tetrahedron, 39, 797-803. 

Schagen, J. D., Staver, L., van Meurs, F. & Williams, G. (1989). 
CAD-4 Version 5.0. Enraf-Nonius, Delft, The Netherlands. 

Walker, N. & Stuart, D. (1983). Acta Cryst. A39, 158-166. 
Watkin, D. J., Carruthers, J. R. & Betterridge, P. W. (1985). 

CRYSTALS User's Guide. Chemical Crystallography Labora- 
tory, Univ. of Oxford, England. 
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Structure of Pentaaqua(L-serine)- 
holmium(Ill) Trichloride 

Table 2. Geometric parameters (A, °) 
Pd--Cll 2.386 (3) Pd--Pl 2.290 (2) 
Pd--CI2 2.354 (3) Pd--P2 2.256 (2) 

CII--Pd--CI2 84.89 (9) CI2--Pd--PI 172.05 (9) 
CII--Pd--P1 89.40 (9) CI2--Pd--P2 90.8 (1) 
CII--Pd--P2 175.7 (1) P1--Pd--P2 94.86 (9) 

The tetrafinoroborate anion was refined as a rigid group (ideal 
tetrahedron with B--F distance of 1.415 ,~.) with isotropic ther- 
mal parameters, those of the F atoms being 20% larger than 
that of the B atom. Only three of the four F atoms of the BF4 
groups were obvious on the difference Fourier map, and their 
large temperature factors indicated some possible rotational dis- 
order of this highly symmetric group, which could not be re- 
solved. Hence the fourth F atom was introduced in an estimated 
position followed by group regularization (B--F = 1.415 A). 
The tetrafluoroborate anion was refined further as a rigid group 
(ideal tetrahedron) with isotropic thermal parameters by means 
of the CRYSTALS program (available with the MolEN system), 
with thermal parameters of the F atoms being 20% larger than 
those of the B atom. 
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for support of this research. 

Lists of structure factors, anisotropic thermal parameters, H-atom co- 
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British Library Document Supply Centre as Supplementary Publication 
No. SUP 55805 (45 pp.). Copies may be obtained through The Tech- 
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Abstract 

The crystal structure of  a holmium(III )  complex with 
L-serine {[Ho(C3H7NO3)(H20)5]C13} is reported. As 
for most  cases of  lanthanide  complexes with amino  
acids, the coordinat ion number  is eight. Each Ho ion 
is coordinated by two carboxylate O atoms, one 
hydroxyl  O a tom of  a serine molecule and five other 
O atoms from water molecules. The CI anions are 
not coordinated.  

Comment 

The structure of  the title compound  was investigated 
in order to continue the study on interaction and 
coordinat ion of  lanthanide  ions with amino  acids 
(Gtowiak, Dao, Legendziewicz & Huskowska,  1991, 
and references therein). The structure is that of  a 
l inear polymer,  in which the Ho ions are connected 
by serine carboxylate  groups. There is pseudo- 
symmetry  between the independent  structure units o f  
Ho(1) and Ho(2). On moving the cell origin to the 
point  ( - 0 . 2 5 ,  - 0 . 1 4 8 ,  0), the approximate  symme- 
try of  the P21/a space group could be demonstrated.  
Eight-coordinated polyhedra  of  Ho ions take the 
form of  distorted square ant ipr isms [Asn P values 
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