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The complex dicarbonylbis(diphenylethylphosphine)platinum, Pt(CO), [P- 

GHs),(GHs)I,, crystallizes in either of the enantiomorphous space groups 
P3121 (No. 152) and P3221 (No. 154) with cell dimensions a= 10.64(l), c=22.06(1)& 
U=2163 A3; p,=1.564 g/cm” for 2=3, pm= l-55(3) g/cm”. The intensities of 1177 
independent reflections have been determined by counter methods with Mo-Ka 
monochromatized radiation. The structure has been solved by the heavy atom 
method. The refinement, carried out by full-matrix least squares down to a final R 
factor of 0.042, has enabled the absolute configuration of the crystal sample (space 
group P3121) to be ascertained. The molecule is roughly tetrahedral, and has the metal 
atom lying on a two-fold axis of the cell. Bond parameters are : Pt-C= l-92(2) A, 
Pt-P=2.360(4) A, C-Pt-C=117(l)” .and P-Pt-P=97_9(2p_ The PtC2 and PtPi 
moieties make a dihedral angle of 86.0(3)O _ The overall C2 symmetry of the molecule 
is probably only a statistically averaged situation, a disorder in the Pt-CO interactions 
being apparent from the orientations of the thermal ellipsoids of the C and 0 atoms. 

SUMMARY 

INTFtODUCTION 

The determination sf the crystal and molecular structure of dicarbonylbis- 
(diphenylethylphosphine)platinum(O), Pt(CO),[P(C,H,),(C,H,)],, whose synthesis 
has been recently described’, is part of our program of investigation on mononuclear 
carbonyl and nitrosyl complexes of the Group VIII metals. We have already reported 
the structures of two polymorphs of Pt(CO)[P(C,H,)3],Z=3 ; the structure of the com- 
plex Ir(NO)[P(C6Hs)J3 has been reported elsewhere4. 

In the series of the carbonylphosphine derivatives of platinum(O) of the 
Pt(CO),(PR,)+, type, the present complex seems to represent the limit of stability; 
the complex Pt(CO), is a short-lived species’ and the stability of Pt(CO),PR,, which 
has never been described, might well be similar. In this connection, the metal-ligand 
interactions in the present compound appear to he of particular interest. 

In describing the structure of Pt(CO)[P(CSH&J32*3 we have stressed the fact 
that the Pt-P distances in carbonyl-complexes of Pt” and Pt” are something like 0.1 A 
longer than the corresponding interactions in non-carbonylated species. This fact 
was explained in terms of a lower Pt-P bond order, due to the stronger ability of the 
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carbonyl group as a n-acceptor_ The present investigation provides an opportunity of 
checking as to whether a further elongation in the Pt-P bond length is observed in 
passing from the mono- to the di-carbonylated species. 

EXPERIMENTAL SECTION 

Crystal data 

Pt(CO)z[P(C6Hs)2(C,H5)12, M=679.3, yellow, crystallizes in trigonal bi- 
pyramids. All the samples examined had small red inclusions, probably of cluster 
impurities_ The unit cell constants, as determined from precession photographs and 
refmed by the “w-lag” method6 on the Pailred diffractometer with MO-KU radiation 
(1=0.70930), are: a=b=lO&(l), c=22.06(1) A, U=2163 A3. The experimental 
specific gravity of the crystal of l.%(3) g/cm3, measured by flotation in iodomercurate 
solutions, agrees with the calculated vaiue of 1.564 .g/cm3 for Z=3. The systematic 
absences observed in precession photographs (001 reflections lacking for 1 # 3n) 
indicate the presence of a3, or 32 screw axis. The Laue group being 3~1, and the mirror 
planes of the diffraction pattern being perpendicular to the real cell axes a and b, 
either of the two enantiomorphous space groups P3r21 (D:, No. 152) and P3221 
(Dz, No. 154) is possible. 

Intensity measurement 

The sample used in the data collection was a bipyramid measuring 0.57 mm 
along the c axis and 0.27 x 0.25 mm in a plane perpendicular to it The crystal was 
mounted along the trigonal axis on a Pailred linear equi-inclination diffractometer; 
the radiation of an MO tube operated at 48 kV and 16 mA was monochromatized by 
reflection on a silicon crystal cut normally to (111) ; the radiation incident on the 
sample was the MO-KCY doublet, free from sub-harmonics. The counter was an NaI/Tl 
crystal coupled with a photomultiplier; the discriminator was assigned with a window 
so as to detect 95% of the incident radiation. The data were collected at room tempe- 
rature. 

Each reflection was measured by an w-scan, the counter being fixed at the 
appropriate 29 value with a receiving aperture of lS”_ The range of the o-scan was 
varied with the equi-inclination angle : Ao was 0.8” at p= 0” and 1.60 at the maximum 
p_ The times spent on peak and background measurements were kept roughly equal. 
A total of 2793 reflections were measured on 23 different reciprocal lattice levels from 
hk0 to hk22, in the 0.08-0_58 range of sir&/,?. The stability of the crystal sample was 
controlled, during the collection of the data, by measuring periodically a small 
number of standard reflections_ As no decay whatever took place, all the reciprocal 
lattice layers were assigned with a single scale factor. 

Corrections for systematic effects were applied to the 2051 net intensities having 
a relative counting statistical error, c+)/I, less than 0.25 [b(l), the esd. of the net 
intensity I, is equal to (Iwak-t2 - Ibackground )%, t being the ratio between the times spent 
on peak and background measurements]. The transmission factors (p= 52.4 cm- ‘) 
were evaluated by the Busing and Levy method’; the X-ray path inside the crystal 
was sampled in fJ3 (512) points and the resulting transmission factors were in the 
range 0.32-0.38. The bond .polarisation correction’, allowing for the partial polarisa- 
tion of the incident beam, was adopted. 
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After averaging the equivalent F,s, the final experimental set consisted of 1177 
independent observations*. 

Solution and refinement of the structure 
A three-dimensional Patterson map allowed the special positions a or b of 

either of the two enantiomorphous space groups to be assigned to the platinum 
atoms. These positions correspond to independent sets of binary axes perpendicular 
to the screw axis ; the choice of either set is arbitrary and corresponds to an origin 
shift of c/2. The assignment of such positions to the platinum atom implies a mole- 
cular symmetry Cz. A Fourier difference phased with the contribution of the heavy 
atom has disclosed the position of all the non-hydrogen atoms. A structure factor 
computation at this point gave an R factor of 0.17. 

The structure refinement was effected by full-matrix least squares, the function 
minimized being Crv(F,-IF,I)‘. The variance of F. was defined as (l/rv=2.4+4 x 10m2 
F,+6 x 10e4Fz). The coefficients of this polynomial were chosen by trial and error, 
so as to obtain an approximately constant mean value of wAF2 over the entire range 
of sir&/A and F,. The following parameters were relined : one positional and four 
thermal anisotropic parameters for the platinum atom, six positional and one overall 
thermal isotropic parameter for each of the two independent phenyl rings, which were 
treated as rigid groups (Dsh symmetry, C-C bond length of 1.392 A), and, tinally, nine 
positional and thermal anisotropic parameters for each of the five independent non- 
group atoms (one P, one 0 and three C atoms). This makes a total of 65 parameters, 
including one overall scale factor, to be refined. In the last few cycles the hydrogen 

atom contribution to F, was included. Each hydrqgen was placed at 1.08 A from the 
carbon atom to which it is bonded ; C-C-H angles of 120” were assumed for phenylic 
hydrogens, and for the atoms belonging to the C,H, group, a staggered configuration 
and tetrahedral angles were imposed. The hydrogen atoms were assigned isotropic 
temperature factors equal to those of the corresponding carbon atoms. The atomic 
scattering factors for least squares and structure factor computations were evaluated 
according to Cromer and Mann for Pt, P, 0 and Cg ; for hydrogen atoms the scattering 
factor given by Forsyth and WellslO was adopted. The real and imaginary part of 
the anomalous scattering of Pt and P (ref: 11) have been included in the computations. 

The refinement was performed on both the enantiomorphous space groups 
P3121 and P3,21 and was terminated when all shifts were less than one third of the 
corresponding es&s. 

The final reliability indices were : for space group P3,2 1 R = C 1 F,-IF, Il/cF, = 
0.042 and R,= (~:w(F,-IF,l)‘/~wF,‘)f =0_055 ; for space group P3,21 R=0_046 and 
R, = 0.059. 

On the basis of the Hamilton test 12, the hypothesis of the crystal belonging to 
space group P3221 can be rejected at a-confidence level higher than 99S”/& 

A final difference Fourier map revealed a peak of ca 0.4 electrons/A3 associated 
with the position of the heavy atom, and no significant features. 

The results of the refinement are summarized in Tables 1-3. Table 1 lists the 
computed and observed structure factor moduli in electrons ; Table 2 gives the posi- 

* In presence of anomalous scatterers, the final set contains a number of Friedel pairs. For many of them, 
significantly different amplitudes have been noticed (see Table 1). 
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TABLE 2 

PbSlTlONAL AND THERMAL PARAMETERS OF NONGROUP ATOMSa-= 

Atom x/o v/b z/c B II B 12 B 822 13 B 833 23 

Pt 0 2998( 1) 6667 250(2) 250(2) - 20(O) 184(l) - IO(O) 22(O) 

&I 

455(4) _ 4682(4) 5883(l) 201(7) 265(10) O(3) 229(7) 6(3) 21(l) 
- 1660(27) 1231(20) 6401(8) 424(47) 313(57) - 32(23) I54(25) ll(16) 36(4) 

cq2) 

- 2576(22) 120(17) 6248(S) 440(41) 219(50) - 126(25) 177(24) -22(H) 68(6) 
2220(16) 6426(17) 5897(7) 155(23) 154(39) 23(14) 222(25) 22(15) 30(4) 

C(3) 3501(20) 6120(28) 5920(10) 183(29) 368(68) 26(19) 490(54) 62(27) 38(6) 

“All values x 10“. ‘The pij are the coefficients of the form: h2-j7,,+k2-/322+12-~33+h-k-/?12+h-l-/?~3+ 
k-Z-fi,,.’ The numbers in parentheses here and in the succeeding Tables are the esd’s on last significant digits. 

TABLE 3 

POSITIONAL Ati THERMAL PARAMETERS OF GROUP ATOMS‘- 

Atom x/a 

C(4) - 894(11) 
C(5) -2350(13) 

C(6) . -3418(10) 

C(7) -3030(U) 

C(8) - 1574(13) 

C(9) - 507(10) 

C(lO) 421(13) 

C(W 694(11) 

C(12) 765(14) 

C(l3) 562(13) 

C(14) 289(11) 

C(15) 217(14) 

a x/a, yjb. zfc x 104. 

y/b 

5259(13) 
4188(10) 
4573(11) 
6032(13) 
7103(10) 
6718(11) 
4027(12) 

2891(11) 
2436(11) 

3117(12) 
4255(11) 
4709(11) 

z/c B(B) 

5823(6) 8.1(2) 
5791(6) &l(2) 
5740(6) 8.1(2) 

::::g 
8.1(2) 
8.1(2) 

5803(6) U(2) 
51 lO(4) 7.8(2) 

5024(4) 7.8(2) 

444w5) 7.8(2) 
3941(4) 7.8(2) 
4028(4) 7.8(2) 

4611(5) 7.8(2) 

tional and thermal parameters of non-group atoms and Table 3 the corresponding 
values for the phenylic carbon atoms, as derived from the refined group parameters. 

Computations 
All the computations were carried out on an IBM 7040 computer. For absorp- 

tion correction a local program was used, in which the directions of primary and dif- 
fracted beams are evaluated as recently described I3 _ Counter data reduction and statis- 
tical analysis for weighting schemes were also baaed upon Fortran programs written in 
our laboratory. In addition, local versions of entries No. 7528,7531,7532 and 7535 
in the “International World List of Crystallographic Programs” were used for Fourier 
analysis, structure factor and least-squares calculations; Johnson’s ORTEP for 
thermal ellipsoid plotting ; and a program by Domenicano and Vaciago for computa- 
tion of the molecular parameters. 

RESULTS AND DISCUSSION 

The structure consists of a packing of discrete monomeric’molecular _ units 
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a 

b 
Fig 2. (a), Inner coordination sphere of Pt(C0)2[P(C6H5)2CZHS]Z; (b), rhe h(CO), 
the C-Pt-C plane. In both drawings the 30% probability ellipsoids are shown. 

moiety projected on 

cule points its carbonyl groups toward the inside of the helix. 
The metal atom exhibits a distorted tetrahedral coordination (see Fig. 2); 

the symmetry of the PtC,P, group - which would be expected to be C1, - is actually 
Cz, the same as that of the whole molecule, the mirror being destroyed by the fact that 
the dihedron between the planes of PtC, and PtP, is 86_0(3)O_ The lower symmetry 
in the metal coordination sphere is probably due to non-bonding intra- and inter- 
molecular interactions. The most important intra-molecular interactions are given 
in TabIe 4, where inter-atomic distances and angles are listed together with their esd’s. 

The nearest terms of comparison with the present molecule are found in the 
structures of the two polymorphs Pt(CO)[P(C,H,),],2*3 and corresponding inter- 
actions in the mono-and dicarbonylated species are therefore compared in Table 5. 

As mentioned in the introduction, a substantial lengthening of the Pt-P bonds 
was observed in these two polymorphs with respect to the same interaction in non- 
carbonylated Pt” and Pt” complexes. On this basis, it was assumed that the variation 
in Pt-P bond Iength was due to a different extent of the metal-to-phosphorus (d,-d,) 
back-donation, which becomes Iower in the presence of a competing n-acceptor such 
as a CO group (this assumption implies that the effect of non-bonding repulsions on 
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TABLE 5 

IMPORTANT BOhm LENGTHS AND ANGLES FOR Pt(CO),L,_, COhSPLEXES 

Pt(CO),(PPh,Et)’ Pt(CO)(PPh,); 

Bond Iengrhs (4 
Pt-P ‘2.&O(4) 

Pt-c 
c-o 
Pt-0 
P-P 

P-C 

c-c 

Angles e) 
P-Pt-P 

P-Pt-C 

C-Pt-C 

Pt-c-o 

1.92(2) 
1.14(2) 
3.06(2) 
3.56(l) 

3.62(2) 
3.40(2) 

3.28(3) 

979(2) 

115.1(S) 
105.0(6) 

117(l) 
174(3) 

2.352(S) 
2.335(S) 
2.333 (8) 
1.86(3) 
l-12(4) 
2_98(3) 
3.92( 1) 
3.86(l) 
3.81(l) 
3.42(3) 
3.41(3) 
3.36(4) 

113.7(3) 
110.9(3) 
109.6(2) 

109(l) 
108(l) 
105(l) 

171(3) 

2.36(l) 

1.84(2) 
1.13(3) 
2.97(2) 
3.76( 1) 

3X(2) 

105.7(7) 

113(l) 

180 

a Present work. * Monoclinic, ref. 2. ’ Trigonal, ref. 3. 

the metal-lig&l distances is negligible, as is probably the case when the coordination 
number is low). As can be seen in Table 5, the metal-phosphorus distance in the pre- 
sent compound [2.360(4) A] is essentially the same as in the mono-carbonyl species ; 
on this basis, one might assume this figure as a limit value, probably corresponding 
to an essentially pure Pt-P G bond. 

The value of the P-Pt-P angle [97_9(2)OJ is comparatively low. It is probably 
determined by the overall molecular conformation and by the packing; we suggest 
that such a situation reflects the low P-P repulsion, which is a result of the low elec- 
tron population of the phosphorus d, orbitals. 

The metaI-carbonyl interaction is essentially linear, the angle Pt-C-O being 
174(3)O. The Pt-C distance of l-92(2) A f ound here is longer than the corresponding 
interactions in the two monocarbonyl polymorphs, for which an average of 1.85(l) A 
was observed. The strict similarity of the stereochemistry of the three species suggests 
that the only effect which can be responsible for the longer interaction in the present 
molecule is a lower amount of n-back-donation towards the carbon atoms, due to the 
presence of two competing carbonyl groups. This view is confirmed when the stretch- 
ing frequencies of the carbonyl groups are compared : for solutions in tetrahydrofuran 
of both polymorphs of Pt(CO)P(C,H,), a single band is observed at 1930 cm-‘, 
whereas a solution of Pt(C0)a[P(CsH&C2H& displays two bands at 1982 and at 
1940 cm- ’ (ref. 1). 
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TABLE 6 
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ROOT-MEAN-SQUARE ASlPLITUDES OF VIBRATlON (fk) 

Atom Mill Intermed Max Mean esd. 

Pt 0.230 0.265 0.331 0.001 
P 0.225 0.264 0.318 0.007 

C(l) 0.22 0.30 0.44 0.03 

c92) 

0.27 0.35 0.51 0.03 
0.24 0.29 0.33 0.02 

C(3) 0.25 0.29 0.47 0.02 

a Measured along the principal axes of the thermal ellipsoids. 

The principal axes of the thermal ellipsoids of C and 0 atoms-have signifi- 
cantly different magnitudes (see Table 6). Their orientations, shown in Fig. 2b, do not 
indicate the essentially bending motion which one would expect: the major axis of 
the thermal vibration of the C atom makes an angle of about 45O with the Pt-C and 
C-O bonds. This implies that the equivalence of the two carbonyl groups, imposed by 
the overall symmetry of the packing, is probably only a statistically averaged situa- 
tion. If this is the case, then one single molecule of Pt(CO),[P(C,H,),C,H,], 
would not possess, in the solid state, a rigorous Cz symmetry, since the two Pt-CO 
interactions are in effect different- 
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