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Crystals of trans-dichlorobistripropylphosphine-pu'-dichlorodiplatinum are triclinic: a=  10"91 + 0.02, 
b= 8.54+0.01, c= 7.75 + 0-02 /~, ct=93"8+0'2 °,/~= 80"8 + 0"2 °, ~=97"4+0"2 °. The space group is P]" 
and the unit cell contains one centrosymmetric molecule. 1804 independent values of IF(hkl)l were 
obtained from intensity measurements estimated visually from Weissenberg equi-inclination photo- 
graphs. The structure was refined by a least-squares method, and a final R value of 0"10 was obtained. 
The central bridge in the molecule is planar, and the bond lengths indicate a strong Pt-P bond [2.230(9)/~] 
with a weak trans Pt-C1 bond [2.425(8)/~]. The two Pt-C1 distances cis to the phosphine areapproxim- 
ately normal, that in the bridge being 2.315(8) and that to the terminal chlorine 2.279(9) A. The two 
weak Pt-C1 bonds in the bridge preclude the possibility of the transmission of strong bonding effects 
across the bridge. The or-carbon atoms attached to phosphorus are symmetrically arranged about the 
coordination plane, a conformation apparently dictated by steric repulsion. 

Although/~-ff-dichloro-bridged complexes have been 
known and studied for many years, little detailed 
structural information is available for them. They usu- 
ally have a trans-configuration, which can be explained 
most easily as the result of simple electrostatic effects. 
It is however possible that there is some property of 
/t-/z' bridges, other than the simple electrostatic repul- 
sion of charged ligands, that governs the stereochem- 
istry of dinuclear complexes, since stable cis com- 
plexes are known (Chatt & Hart,  1953, 1960, 1961) in 
a few cases, where, for example, the bridging groups 
contain sulphur atoms. We are therefore studying a 
series of dinuclear complexes of platinum(II), and in 
this paper we describe the structure of trans- 
[Pt2C14(PPr3)2]. 

Molecular structure and discussion 

The structure is illustrated in Fig. l, and the bond 
lengths and angles are shown in Table 1 and Fig.2. 
The molecule has the expected trans-planar configura- 
tion, and has the approximate symmetry 2/m (Cn2), the 
coordination plane being approximately a plane of sym- 
metry. 

Table 1. Bond lengths (A) and angles (°) 
with estimated standard deviations* 

Pt-Cl(1) 2.425 (8) 
Pt-CI(I') 2-315 (8) 
Pt-CI(2) 2.279 (9) 
Pt-P 2.230 (9) 
P-C(1) 1.81 (3) 
P-C(4) 1.82 (3) 
P-C(7) 1.78 (3) 
C(1)-C(2) 1.47 (7) 
C(2)-C(3) 1.43 (8) 
C(4)-C(5) 1.47 (5) 

Table 1. (cont.) 

C(5)-C(6) 1.61 (6) 
C(7)-C(8) 1.55 (5) 
C(8)-C(9) 1.51 (7) 

Pt(1)-Cl(1)-Pt(l') 96.4 (3) 
Cl(1)-Pt(1)-Cl(l') 83.6 (2) 
Cl(1)-Pt(1)-Cl(2) 91.5 (3) 
Cl(1) -Pt(1)-P(1) 173.4 (3) 
Cl(l')-Pt(1)-P(1) 96.5 (3) 
c1(2)-Pt(1)-P(1) 88.4 (4) 
Pt(1)-P(1)-C(1) 109.6 (13) 
Vt(1)-V(1)-C(4) 113.2 (12) 
Pt(1)-P(1)-C(7) 113.2 (11) 
C(1)-P-C(4) 105.7 (17) 
C(7)-P-C(4) 107-4 (15) 
C(7)-P-C(1) 107-3 (17) 
P(1)-C(1)-C(2) 115 (3) 
P(1)-C(4)-C(5) 113 (3) 
P(1)-C(7)-C(8) 120 (3) 
C(1)-C(2)-C(3) 115 (6) 
C(4)-C(5)-C(6) 112 (4) 
C(7)-C(8)-C(9) 112 (4) 

* The figures in parenthesis represent the e.s.d, of the last 
significant digit. 

If the normal atomic radii are taken to be Pt II, 1.32; 
P, 1.10; and C1, 0.99 A, the Pt-P bond [2.23(1)/~,] is 
seen to be much shorter than the sum of atomic radii. 
The Pt-C1 bond trans to it [2~43(1) A] is much longer 
than the radius sum, 2.31 A, and longer than in 
'normal '  Pt-C1 bonds [cfi 2.33(1) and 2.32(1) A in cis 
and trans-[PtC12(NH3)2] (Milburn & Truter, 1966), and 
2.308(1) A in K2PtC14 (Mais, Owston & Wood, 1969)]. 
Similar bond lengths are found in cis-[PtCl2(PMe3)2] 
(Messmer, Amma & Ibers, 1967) where P t - P =  
2.25(1) A and Pt-C1=2.37(1) A. 

The unusual shortness of the Pt-P bond could be 
attributed to strong re-bonding. The re-bonding theory 
of the trans-effect (Chatt, Duncanson & Venanzi, 
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1955) then predicts that, if Pt-CI normally has any 
double-bond character, this character will be reduced, 
and the Pt-CI bond trans to phosphorus will be corre- 
spondingly longer than usual. If the Pt-CI bond nor- 
mally has double-bond character, the Pt-C1 bond 
lengths in trans [PtClz(NH3)2], in which the CI atoms 
are trans to each other, should be longer than in the 
cis-isomer, where C1 is trans to N which cannot n-bond 
to platinum. The bonds in these two complexes are 
equal however, indicating that the Pt-C1 bond has 
little or no n-character. Some other explanation is 

P 

C1(2) 

C 

Fig. 1. The molecular  s t ructure of  trans-[Pt2Cl4(PPr3)2]. 

therefore needed for the unusual length of Pt-C1 bonds 
trans to phosphines. 

Venanzi (1968) has recently discussed evidence indi- 
cating that it is unnecessary to invoke n-bonding and 
that variations in the a-character of the bonds, in- 
volving a rehybridization of the metal atom, provide a 
better explanation. If this is so, the effective a-bonding 
radius of Pt II will vary, according to the ligands pre- 
sent; our results suggest that the radius would then lie 
between 1.4 A trans to phosphines and similar ligands, 
and 1-15 A ¢is towards these ligands, with the 'normal'  
value of 1.3 A when ligands of this type are absent. 
There is at present insufficient accurate structural in- 
formation to show whether bond lengths in platinum 
complexes vary consistently in this way. 

The coordination round the phosphorus atom is ap- 
proximately tetrahedral, the P t -P -C  angles being 
slightly larger than 109½ o, and the C-P-C  angles slight- 
ly smaller, as is usual in metal-phosphine complexes. 
The P-C(7) bond lies in the platinum coordination 
plane with P-C(1) and P-C(4) symmetrically above and 
below the plane. This orientation involves considerable 
steric strain since the CI-Pt-P angle is enlarged to 96.5 o 
and the C1(1')-C(7) contact distance is short (3-26 .h, 
see Fig. 2); it is evidently adopted because it minimizes 
steric interaction between CI(I') and the hydrogen 
atoms on C(7). Since both C(7) and C(8) lie in the co- 
ordination plane, the two hydrogen atoms on C(7) 
must lie symmetrically above and below it (see Fig. 3), 
and are close to CI(I'). Any displacement away from 
this position (e.g. by rotation about the Pt-P bond or 
about the P-C(7) bond) will bring one of the hydrogen 
atoms even closer to CI(I') and decrease the stability 
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• " .  ° , ,  , . , . . .  . . . . . . . .  , .  

t' 3. 83.6 o pt 88.4 ° 3.14 

C1(1'):2. . . . . . . .  3"39 . . . . . . . . .  ~ I [ - -P Cl(2') 
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Fig. 2. Bond lengths (A) and angles in the trans-[Pt2C14(PPr3)2] molecule. 
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of the complex. [The approximate H . . .  C1 distances, 
assuming C - H =  1.0 A and P - C - H =  109½ °, are 3.25 
in this structure, and would be reduced to 3.1 A by 
rotating 30 ° about the P-C(7) bond (Fig. 3)].. 

There i s  a similar conformation, and a similar bal- 
ance of steric forces, in [Ni0aEt3)2(C =-CPh)2] (Davies, 
Mais & Owston, 1967; Aroma, Carfagna & Spofford, 
1967, 1968), where there i s  also an unusually short 
metal-phosphorus bond, and both carbon atoms of 
one ethyl group in each phosphine ligand lie in the co- 
ordination plane. 

In the dichloro-bridge the bond lengths are similar 
to those in related mononuclear complexes, and the 
molecule apparently consists of two relatively strongly 
bound units of composition {PtC12(PPr3)}, bound only 
by two weak Pt-C1 bonds. There is no pathway for the 
transmission of strong directing effects across the 
bridge. 

The other two Pt-C1 bonds, which are trans to each 
other, have lengths within the normal range. The 
rather short terminal Pt-CI(2) bond may indicate that 
the phosphine group has a cis-strengthening effect, but 
the ease with which changes of 0.02-0.03 A are pro- 
duced in Pt-C1 bonds by electrostatic forces (Black, 
Mais & Owston, 1969) makes this interpretation rather 
uncertain. 

Experimental 

Crystal data 
Orange-yellow needles, (CgH21PPtC12)2, M =  852.8; 

triclinic a=10 .91+0.02 ,  b=8 .54+0.01 ,  c=7 -75+  
0.02 A~, ~=93.8 +_0.2 °, fl=80.8+0.2 °, 7 = 9 7 . 4 +  0.2 °, 

co) 
• " • Cl(b) 

H ~ C  "" . ' '" 
/71 P . / .  - 3oo - c,c~l 

CI' ~""'/Heo. "''""" "" """ "° " ~  

0(4) 
Fig.3. The coordination around the phosphorus atom. The 

symmetrical positions of the C(7) hydrogen atoms above 
and below the coordination plane are shown. The effect 
of rotating the coordination plane about the P-Pt bond [for 
example by 30 °, as shown, from position (a) to position 
(b)] is to decrease the hydrogen-chlorine separation and thus 
increase the steric strain. 

Table 2(a)  Atomic positional parameters and their standard deviations 

x/a y/b z/c 
Vt(1) 0"15023 (10)  -0"02320 ( 1 3 )  0"04476 (14) 
C1(1) 0.0549 (8) 0.0893 (12)  -0.1728 (11) 
C1(2) 0.3453 (8) 0.0423 (12)  -0.1054 (14) 
P(1) 0.2386 (9) --0.1199 (9) 0.2486 (11) 
C(1) 0.328 (4) -0.277 (4) 0.152 (5) 
C(2) 0.252 (7) -0.418 (7) 0.089 (9) 
C(3) 0.320 (10) -0.521 (8) -0.033 (10) 
C(4) 0.349 (3) 0.025 (4) 0.343 (5) 
C(5) 0-297 (4) 0.174 (4) 0.402 (5) 
C(6) 0.402 (8) 0.307 (6) 0.465 (6) 
C(7) 0.128 (3) --0.200 (4) 0.424 (4) 
C(8) 0.173 (6) -0.285 (6) 0.569 (6) 
C(9) 0.065 (4) -0.370 (6) 0.688 (7) 

Table 2 (b) Mean square atomic vibrations and standard deviations (A 2) 

U11 U22 U33 2 U12 2 Ua 3 2 0"23 
Pt(1) 0"0315 (6) 0"0544 (5) 0"0422 (5) 0'0128 (9) -0-0009 (10) -0"0027 (8) 
Cl(1) 0"032 (4) 0"101 (6) 0"053 (4) --0"006 (8) --0"009 (8) 0-059 (8) 
C1(2) 0"030 (4) 0"091 (6) 0"087 (6) 0"035 (8) -0-018 (10) 0"020 (10) 
P(1) 0"058 (6) 0"046 (4) 0"055 (4) 0-023 (7) -0"029 (9) --0-012 (6) 
C(1) 0.06 (2) 0.06 (2) 0.09 (2) 0.05 (3) -0-05 (4) --0.02 (3) 
C(2) 0.11 (5) O- 13 (4) O. 16 (5) 0.13 (8) - O. 12 (9) - 0.13 (8) 
C(3) 0.35 (13) 0.11 (5) 0.15 (6) 0.17 (13) -0.19 (2) 0.13 (3) 
C(4) 0.06 (2) 0.05 (2) 0-07 (2) 0.01 (3) -0.03 (4) -0-03 (3) 
C(5) 0.07 (3) 0.05 (2) 0.09 (3) -0.01 (3) --0.09 (5) -0.03 (3) 
C(6) 0.25 (8) 0.09 (3) 0.08 (3) -0.03 (3) -0.10 (8) -0.06 (5) 
C(7) 0.03 (2) 0.07 (2) 0.06 (2) 0.01 (3) -0.05 (3) 0.01 (3) 
C(8) 0.15 (5) 0.10 (3) 0.08 (3) 0.05 (6) -0.18 (7) 0.01 (4) 
C(9) 0.06 (3) 0.12 (4) 0.11 (4) 0.01 (5) -0.01 (5) 0-11 (6) 
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T a b l e  3 ( ~ ) .  Observed and calculated structure factors 
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V = 6 9 1 A 3 ;  Dra (by f l o t a t i o n ) = l . 9 6 + 0 . 1 0 g . c m  -3, 
Z =  1, De=2.050 g.cm-3; F(000)=404;  space group P1 
or PT, the structure refining satisfactorily in PT; Cu Ka 
radiation, single-crystal Weissenberg photographs;  
/z=120 cm -x. The crystals were soft and imperfect, 
which accounts for the low density measurement.  

Data  were collected from two crystals, each approx- 
imately 0-1 x 0.05 x 0-05 mm, mounted on glass fibres 
using shellac adhesive. 1804 independent values of 
IF(hkl)l were obtained from intensity measurements  
estimated visually from Weissenberg equi-inclination 
photographs of the layers Okl-5kl, 7kl, and hOl-h2l, by 
the multiple film technique, and were correlated by 
the method of Rollett & Sparks (1960). There were 460 
reflexions too weak to be observed. The crystal was 
damaged before the layer 6kl could be checked and all 
6kl reflexions have therefore been omitted. Corrections 
were made for the Lorentz and polarization factors, 
but not for absorpt ion or extinction. 

Structure determination 
Assuming the centrosymmetric space group P i ,  the 

positions of  the plat inum, phosphorus and chlorine 
atoms were found from a three-dimensional Patterson 
synthesis, and a trial structure containing only these 
atoms gave an R value of 0.17. A difference synthesis 
showed the positions of all the carbon atoms. After 
six cycles of  least-squares refinement of  positional and 
isotropic thermal  parameters,  the positional and aniso- 
tropic thermal parameters were refined for a further 
12 cycles, which reduced the R value to 0.10. The in- 
dependent  positional parameters were refined in a 
single matrix-block and the thermal parameters were 

refined using the block-diagonal approximat ion with 
a six-by-six block for each atom. The refinement was 
carried out using weights 

w =  1/[1 +(fo-b)Z/aal, 

with a = 3 0 ,  b = 3 0 .  The constant term in Cromer  & 
Waber 's  (1965) exponential  form factors for Pt was 
corrected for the real part  of  anomalous  dispersion. 
The s tandard deviations of bond lengths and angles 
were calculated by the method of Busing, Mart in  & 
Levy (1964). None of the calculated intensities for the 
460 unobserved reflexions was more than twice the 
m i n i m u m  observable intensity. 

The final atomic parameters are listed in Table 2, and 
observed and calculated structure factors in Table 3(a), 
with an analysis of  their agreement in Table 3(b). 

All calculations were carried out on the English 
Electric K D F 9  computer  at I.C.I. Wilton Works,  using 
programs written by R. H. B. Mais. We are indebted to 
Dr S. O'Brien for preparing the crystals. 
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The Crystal Structure of  Iodinin 

BY A.W. HANSON AND K. HUML* 
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(Received 3 October 1968) 

A crystal-structure analysis of iodinin, C12HsN204, has been carried out at -160°C and at room 
temperature. The crystals are monoclinic, space group P21/a, with (at -160°C) a=  15.634, b= 5.028, 
c=6.037 A, fl=91.00 °, Z=2.  The structure was determined entirely by symbolic-addition methods 
and refined by block-diagonal least-squares to a final R index of 0.060. The structure consists of endless 
ribbons of nearly coplanar molecules, extended in the directions (011 ). Adjacent molecules in a ribbon 
are linked by the intermolecular branches of bifurcated hydrogen bonds. The binding force is sufficient 
to cause a non-bonded oxygen-oxygen contact of 2.591 A. 

Introduction 

The X-ray crystal structure analysis of myxin (I) has 
revealed an unexpectedly short intermolecular distance, 
a phenomenon tentatively attributed to the formation 
of bifurcated hydrogen bonds (Hanson, 1968). The 
intermolecular branches of these bonds join adjacent 
molecules together as weak dimers (II) in which the 
innermost oxygen atoms, although not bonded to each 
other, are constrained to lie only 2.577/k apart. (The 
dimerization must be described as 'weak' in recogni- 
tion of the fact that it occurs for only one of the two 
independent pairs of molecules in the structure; for 
the other pair the reduction in energy offered by di- 
merization is presumably less than that realized by 
more efficient packing.) 

* National Research Council of Canada Postdoctorate Fel- 
low. Present address: UMCH CSAV, Petriny 1888, Praha 6, 
Czechoslovakia. 
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It was considered that the crystal structure of iodinin 
(III) might present a further example of intermolecular 
attraction by bifurcated hydrogen bonds. However, 
iodinin has the opportunity to form such bonds on both 
sides, and thus polymerization, rather than dimeriza- 
tion, is to be expected. The expectation is strengthened 
by the high density and sparing solubility of the ma- 
terial. The crystal structure analysis was undertaken 
in order to investigate this point and to provide data 
for the further study of the bifurcated hydrogen bond. 
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