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The reaction between Bi( NO3),-5H,O and 2 equivalents of K[Fe(CO),(q-C,H,)] affords the iron-bismuth 
complex [Bi( NO,){Fe(CO),(q-C,H,)},] 1 which was characterised by X-ray crystallography. Complex 1 
comprises a bismuth atom in a trigonal-pyramidal co-ordination geometry bonded to two Fe( CO)*(q- 
C,H,) fragments and the oxygen atom of a monodentate nitrate group. In addition there is a longer 
secondary intermolecular contact between the bismuth and a nitrate oxygen of an adjacent molecule 
which is approximately trans to the primary Bi-0 bond. The complexes [Bi( NO,) (ML,),] [ M L, = 
Fe (CO),( q - C,H,Me) 2. R u  (CO),(q - C,H,) 3. M o  (CO) Jq - C,H,) 6, M o  (CO),(q - C,H,Me) 7.  W( CO ,(q - 
C,H,) 8, W(CO),(q-C,H,Me) 9 or Cr(CO),(q-CSH5) 101 have also been prepared and characterised 
by spectroscopic and analytical methods. Data are also presented on the synthesis and 
characterisation of the ruthenium complexes [ Bi{Ru(CO),(q-C,H,)},1 4 and [ BiCI{Ru (CO),(q - 
C5H5)},] 5 and on the reactions between bismuth nitrate and 2 equivalents of K[Mn(CO),] or 
K[Co(CO),(PR,)] (R = Ph or OPh). 

We have previously described the preparation and character- 
isation of a range of bismuth(I1x) compounds of the general 
formula [BiX(ML,),] where X is chloride, bromide or iodide, 
and ML, represents a 17-electron organotransition-metal 
fragment. ' - 6  Complexes in which X is an alkyl or aryl function 
have also been r e p ~ r t e d . ~  We were interested in extending this 
range of compounds to other X groups in order to explore the 
structural consequences of this change and to obtain com- 
pounds which were more useful for further reactivity studies. 
Herein we describe the synthesis and spectroscopic character- 
isation of a series of organotransition-metal bismuth nitrate 
species, [Bi(NO,)(ML,),], together with the crystal structure 
of one example, which exhibits the same type of intermolecular 
interactions which are so prevalent in the structures of the 
halide analogues. 

Results and Discussion 
The reaction between a suspension of bismuth trinitrate penta- 
hydrate, Bi(N03),*5H20, hereafter, simply bismuth nitrate, 
in thf (tetrahydrofuran) with 2 equivalents of K[Fe(CO),- 
(q-C5H ,)I afforded a deep emerald-green solution from which 
dark green crystals of the complex [Bi(NO,)(Fe(CO),(q- 
C,H,)} ,] 1 were isolated after work-up. An infrared spectrum 
in thf solution [Fig. 1 (a), Table 11 and analytical data (Table 1) 
were consistent with the proposed and expected formula and 
this was confirmed by a single-crystal X-ray diffraction study. 
The results of the crystal structure analysis are shown in Figs. 2 
and 3 with selected bond lengths and angles in Table 2 and 
atomic positional parameters in Table 3. The bismuth centre is 
bonded to two Fe(CO),(q-C,H,) fragments with Bi-Fe bonds 
[both 2.634(2) A] comparable to, although slightly shorter 
than, those found in the related complexes [BiCl(Fe(CO),(q- 
C5H5)},],B [BiCl(Fe(C0),(17-C,H,Me)}2] ' and p(PPh3),]- 
[BiC12{Fe(C0)2(q-C5H5)}2] (see also ref. 10 for a listing of 
Bi-Fe bond lengths in general); the Fe-Bi-Fe angle [ 1 1 1.8( 1 )"I 
is also similar to the corresponding angles in these three 
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structures. In addition, the bismuth is bonded to a single nitrate 
ligand with a relatively short Bi-O distance, Bi-O( I), of 2.438(8) 
8, which is intermediate between those observed in bismuth 
alkoxides, typically about 2.05-2.10 A, and those associated 
with co-ordinate Bi-O bonds (such as thf) which range from 
about 2.6 to 3.0 A. l1  The Bi-O(3) distance of 3.088(9) 8, is only 
slightly outside this latter range which implies that a description 
of the binding of the nitrate ligand as monodentate or highly 
asymmetrically bidentate is largely a matter of preference but 
we note that the N-0 (Table 2) distances are more in accord 
with the former. Of more interest, however, is the presence of a 
secondary, intermolecular interaction [Bi-0(2') 2.932(8) A] 
between the bismuth centre and a nitrate oxygen atom of an 
adjacent, and symmetry-related, molecule as shown in Fig. 3. 
The length of this interaction is certainly within the range for co- 
ordinate Bi-0 bonds mentioned above, and the approximately 
trans disposition of the two oxygens [0( l)-Bi-0(2') 159.4(2)"] 
is also noteworthy. Exactly similar intermolecular interactions 
have been noted ' *2 *43  for the related halide complexes, 
[BiX(ML,),], and the factors affecting both bond distances and 
angles have been discussed in detail e l~ewhere .~ ,~ , '  ' 

Other bismuth nitrate structures of interest are [Bi(NO,)- 
{ SC(NH2)2) 51, + , l 2  [Bi(N03)3(SC(NH,),)31,'2 [%(H20)- 
(N03)0,(OH),]5+,'3 Cs,[Bi(NO,),(H,O)] l4 and Bi(N03),- 
(H20), itself,' in which the nitrate co-ordination varies from 
monodentate through asymmetrically bidentate to symmetri- 
cally bidentate, and the Bi-0 bond distances range from about 
2.35 to 2.95 A, the latter depending both on the denticity of the 
ligand and the co-ordination number and geometry around the 
bismuth centre. 

The complex [Bi(N03)(Fe(CO),(q-C5H4Me)),l 2 was 
prepared similarly as was the ruthenium analogue [Bi(NO,)- 
{Ru(CO),(q-C,H,)},] 3 [see Fig. l(b)] and, although we were 
not able to obtain satisfactory analytical data on these two 
complexes, the latter indicated that bismuth nitrate might be a 
useful starting material with which to synthesise additional 
bismuth-ruthenium compounds. We had previously found that 
reactions between BiC1, or BiBr, and 2 or 3 equivalents of 
K[Ru(CO),(q-C,H,)] failed to afford any isolable products 
containing both bismuth and ruthenium; rather, the only 
identifiable product, by infrared spectroscopy, was [Ru2(CO),- 
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Table I Spectroscopic and analytical data for the complexes 

Analysis (%) 

Compound v( COy/cm- C H 
2016s, 1979s, 1956m 26.60 (26.90) 
2012s, 1977s, 1952m 
2053m, 2033s, 1993s 
2018s, 1981m, 1937s 29.40 (28.80) 
2024s, 1993m, 1966s 24.15 (24.40) 
2015s, 1979m, 1924s 28.40 (28.85) 
2012s, 1977m, 1921s 28.35 (27.40) 
2010s, 1975m, 1917s 23.30 (23.80) 
2008s, 1973m, 1916s 21.30 (22.40) 
1999s, 1966s, 1900s 28.65 (28.50) 
2015m, 1983s, 1972s 47.80 (48.25) 
2105w, 2078m, 2066m, 2012s, 1948w 

a Measured in thf solution. Calculated values in parentheses. Calculated values include a molecule of thf. 

1.40 (1.60) 

I .55 ( I  .70) 
1.60 (1.45) 
1.95 (2.20) 
2.05 (1 30) 
1 S O  (1.80) 
1.55 (1.45) 
1.85 (1 S O )  
3.25 (2.90) 

N 
2.25 (2.25) 

1 S O  (1.70)' 
1.60 (1.75) 
1.25 (1.40)' 
1.25 (1.45) 
1.95 (2.10) 

2000 2000 2000 

2000 2000 2000 
Waven urn tmr/cm-' 

Fig. 1 Infrared spectra recorded in thf solution in CaF, cells for selected complexes: (a) 1, (6) 3, (c )  4, ( d )  5,  (e )  7, (f) 10 and ( g )  14 

Fig. 2 A view of the monomeric unit of complex I showing the atom 
numbering scheme adopted and with hydrogen atoms omitted 

(q-CsHs)2] which presumably resulted from an oxidation of 
the anionic ruthenium reactant. Treatment of bismuth nitrate 
with 3 equivalents of K[Ru(CO),(q-C,H,)], however, afforded 
the triruthenium-bismuth complex [Bi{Ru(CO),(q-C,H5)!,1 
4 in good yield. A comparison of the infrared spectrum [Fig. 

Fig. 3 
intermolecular Bi - - - 0 interactions along the crystallographic a axis 

A view of part of the crystal structure of complex 1 showing the 

l(c), Table 11 with that reported for the analogous iron 
complex '*' and analytical data were in complete accord with 
the proposed formula. Moreover, the reaction between 2 
equivalents of 4 and 1 equivalent of BiCI, [equation (I)] 

afforded the chloro complex [ BiCl{ Ru(CO)~(~-C ,H ,)> 2 ]  

5 characterised also by comparison of the infrared spec- 
trum [Fig. l(d), Table 13 with that of the iron analogue,'*8 
and by analytical data. We had previously observed similar 
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Table 2 

Bi-Fe( 1 ) 2.634(2) Bi-Fe(2) 2.634( 2) 
Bi-O( 1 ) 2.438(8) Bi-0(2’) 2.932( 8) 
N-O( 1 ) 1.284(11) N-0(2) I .230( 13) 
N-O( 3) 

Fe( 1 )-Bi-Fe( 2) 1 1 1.8( 1 ) Fe( 1 )-Bi-O( 1) 94.9(2) 
Fe(2)-Bi-O( 1 )  93.5(2) B i 4 (  1 )-N 1 13.9(6) 
0(1)-N-0(2) 118.2(10) 0(1)-N-0(3) 1 l8.8(10) 
0(2)-N-0(3) 123.0( 10) O( 1 )-Bi-0(2’) 159.4(2) 
Fe( 1 )-Bi-0(2’) 95.2(2) Fe( 2)-Bi-0( 2‘) 99.3(2) 

* Symmetry operation (’): 1 + x, y ,  z.  

Selected bond lengths (A) and angles (”) for complex 1 * 

1.23 1 (1 2) 

Table 3 Fractional atomic coordinates for compound 1 

X 

0.427 86(7) 
0.400 3(2) 
0.543 8(2) 

0.07 1 2( 12) 

0.104 l(13) 
0.040 2( 16) 
0.661 5( 18) 
0.287 O( 15) 
0.241 9(18) 
0.180(2) 
0.556 O( 19) 
0.385 4( 18) 
0.362(2) 
0.288(2) 
0.479( 3) 
0.606(2) 

-0.005 7(14) 

-0.184 9(12) 

0.486i3j 
5 )  0.288( 3) 
1) 0.759 6( 19) 
2) 0.789 8( 19) 
3) 0.836 l(17) 
4) 0.8249(18) 
5) 0.777(2) 

Y 
0.077 05(2) 
0.149 2(1) 
0.122 l(1) 
0.034 O(4) 
0.080 6(3) 
0.032 l(4) 

0.196 2(4) 
0.226 4(4) 
0.046 6(5) 
0.206 l(5) 
0.175(1) 
0.194 2(5) 
0.075 6(5) 
0.173( 1) 
0.152(1) 
0.172( 1) 
0.129( 1) 
0.084(1) 
0.098( 1) 
0.160 4(6) 
0.175 3(5) 
0.126 4(5) 
0.083 O(5) 
0.105( 1) 

- 0.006 4(3) 

z 
0.650 13(4) 
0.456 9(2) 
0.892 l(2) 
0.647 2(9) 
0.635 6(8) 
0.641 8(9) 
0.667 7( 10) 
0.492 l(14) 
0.635 1 (10) 
0.980 3( 10) 
0.814 7(14) 
0.478(2) 
0.569 9( 11) 
0.940 l(14) 
0.844(1) 
0.246( 1) 
0.289( 1) 
0.355( 1) 
0.354(1) 
0.286( 1) 
1.053 4( 12) 
0.928 8( 12) 
0.866 8( 1 1) 
0.951 3( 15) 
I .066(2) 

1 

redistribution reactions in the molybdenum and tungsten 
systems2 

The reaction between bismuth nitrate and 2 equivalents 
of K[Mo(CO),(q-C,H,)] afforded, after work-up, purple 
flaky crystals of [Bi(NO,){ Mo(CO),(~-C~H,)}~] 6 and the 
analogous compounds [Bi(NO,){ Mo(CO),(q-C5H4Me)),] 
7, ~ ~ ~ ( ~ ~ ~ ) { ~ ( ~ ~ ) ~ ( ~ - ~ s H , > > , 1  8, [Bi(NO3){W(CO)3(q- 
CSH4Me)),] 9 and [Bi(N0,){Cr(CO)3(q-C5Hs))2] 10 were 
prepared similarly. Infrared spectra of 7 and 10 are shown in 
Fig. l(e) and l(f) and data for all complexes are presented in 
Table 1. It did not prove possible to isolate X-ray-quality 
crystals for any of these complexes. 

In contrast, the reactions between bismuth nitrate and 2 
equivalents of the cobalt carbonylate anions K[Co(CO),- 
(PPh,)] or K[Co(CO),{P(OPh),}] did not afford dicobalt 
bismuth nitrate species; infrared spectra indicated that the com- 

4 

X = NO3 3 01 CI 5 

0 
I 

0’ ‘0 
N 

c 
0 0 

M = Mo6, W 8or Cr 10 

plexes formed were the tricobalt bismuth species [Bi{ Co(CO),- 
(PPh3))J 11 and [Bi{Co(CO),(P(OPh),)),] 12. The former 
complex has been previously described whilst the latter is 
similar in all respects to the antimony analogue.I6 A somewhat 
similar situation was observed in the reactions between BiCl, 
and 2 equivalents of K[Co(CO),(PPh,)] wherein the tricobalt 
complex 11 was formed as the initial product which then 
reacted with unreacted BiCl, over a period of time to give 
[B~C~{CO(CO),(PP~,))~] by analogy with equation ( l)., No 
reaction was observed between 11 and bismuth nitrate and so 
we suggest that the reaction between bismuth nitrate and 2 
equivalents of K[Co(CO),(PPh,)] proceeds to complex 11 and 
no further, although we note that the reaction between 
[Bi(Mo(CO),(q-C,H,)}.,] and bismuth nitrate does yield 6. 

Finally, we note that, in the reaction between bismuth nitrate 
and 2 equivalents of Na[Mn(CO),], mixtures of [Bi{ Mn- 
(CO),),] 13 and a purple compound which is probably 
[Bi(NO,){ Mn(CO),),] 14 were formed. An infrared spectrum 
of 14 is shown in Fig. l(g) and is very similar to that observed 
for the analogous chloro complex [BiCl{Mn(C0)s}2],4 but we 
were unable to obtain satisfactory analytical data and the 
compound showed a tendency to decompose in solution as was 
also found for the chloro  specie^.^ 

In conclusion, we have shown that a range of complexes of 
the general formula [Bi(NO,)(ML,),] can be synthesised. 
Moreover, preliminary reactivity studies show that these species 
are useful sources of the [Bi(ML,),]+ fragment, in contrast to 
the halogeno analogues, full details of which will be the subject 
of a future publication. 

Experimental 
General Considerations.-All experiments were performed 

under an atmosphere of dry, oxygen-free dinitrogen using 
standard Schlenk techniques. All solvents were dried and 
distilled over appropriate drying agents immediately prior to 
use. Infrared spectra were recorded in thf solution in CaF, 
cells on a Nicolet 20 SXB FTIR spectrophotometer and 
microanalytical data were obtained at the University of 
Newcastle. The complexes [Ru~(CO)~(~-C,H,),], [ M ,- 
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(C0)6(~-C5H4R)2] (M = Cr, Mo or W; R = H or Me)'8 
and [Fe,(CO)4(q-C,H,Me)z] l 9  were prepared by literature 
methods; bismuth trinitrate pentahydrate and the other metal 
carbonyl dimers were procured commercially. 

Solutions of the metal carbonylate anions were all prepared 
by sodium-potassium alloy (NaK) reduction of the correspond- 
ing neutral dimers in thf solution (with the exception of cobalt, 
see later), the excess of NaK being first removed by filtration. 
For the complexes of Cr, Mo, W and Mn, these reactions are 
easily monitored, due to the colour change which occurs on 
reduction, and filtration and use of the anions takes place on 
completion of the reaction. For the complexes of Fe and Ru, the 
colour changes are less obvious and the reductions were 
monitored by infrared spectroscopy; both reactions typically 
take between 2 and 4 h and it is important not to leave these 
reductions for longer than is necessary. 

Preparations.-[ Bi(N0,) { Fe(CO),( q -C , H ,)} 2] 1. A solu- 
tion of K[Fe(CO),(q-C,H,)] derived from a NaK reduction of 
[Fe,(CO),(q-C,H,),] (0.551 g, 1.556 mmol) in thf (20 cm3) was 
added to a suspension of Bi(N03),-5H,0 (0.755 g, 1.556 mmol) 
in thf (10 cm3) at room temperature. The resulting dark green 
solution was stirred for 3 h and then filtered through Celite. The 
volume of the dark green filtrate was reduced to 10 cm3 and 
hexane (30 cm3) was layered over this solution. Solvent 
diffusion over a period of days at - 30 "C afforded a dark green 
powder. Recrystallisation from CH,Cl, (10 cm3)-hexane (30 
cm3) mixtures by solvent diffusion at -30 "C afforded dark 
green X-ray-quality crystals of complex 1 (25%). Compound 2 
was prepared in an analogous manner from [Fe,(CO),(q- 
C,H,Me)J with similar recrystallised yields. 
[Bi(N0,)(Ru(CO),(q-C5H5)}z] 3. A solution ofK[Ru(CO),- 

(q-C5H5)] derived from a NaK reduction of [Ru,(CO),(q- 
C5H5)J (0.280 g, 0.630 mmol) in thf (20 cm3) was added to a 
suspension of Bi(NO,),-SH,O (0.310 g, 0.630 mmol) in thf (10 
cm3) at room temperature. The resulting dark purple solution 
was stirred for 3 h and then filtered through Celite. The volume 
of the dark purple filtrate was reduced to 10 cm3 and hexane 
(30 cm3) was layered over this solution. Solvent diffusion over a 
period of days at - 30 "C afforded complex 3 as a dark purple 
powder (20%). 

[Bi{Ru(C0),(q-C5H,)),1 4. A solution of K[Ru(CO),(q- 
C,H,)] derived from a NaK reduction of [Ru,(CO),(q- 
C,H,),] (0.589 g, 1.327 mmol) in thf (20 cm3) was added to a 
suspension of Bi(N03),-5H,0 (0.429 g, 0.884 mmol) in thf (10 
cm3) at room temperature. The solution immediately turned 
purple but changed to dark green on complete addition of the 
K[Ru(CO),(q-C ,H ,)I. The resulting green solution was stirred 
for 3 h and then filtered through Celite. The volume of the dark 
green filtrate was reduced to 10 cm3 and hexane (30 cm3) was 
layered over this solution. Solvent diffusion over a period of 
days at -30 "C afforded complex 4 as a dark green powder 
(40%). 

[B~CI(RU(CO),(~-C,H,)}~] 5. A solution of BiCl, (0.020 g, 
0.061 mmol) in thf (10 cm3) was added to a green solution of 
complex 4 (0.107 g, 0.122 mmol) in thf (10 cm3) resulting in 
a change in colour to red-purple. The solvent volume was 
reduced to 10 cm3 and hexane (30 cm3) added as an overlayer. 
Solvent diffusion at - 30 "C over a period of days afforded 
complex 5 as a dark green solid (50%). Although 5 is dark green 
as a solid, solutions in thf are red-purple. 
[B~(NO,){MO(CO),(~-C,H,)}~] 6 .  A solution of K[Mo- 

(C0)3(q-CsH5)] derived from a NaK reduction of [Mo,- 
(CO)6(q-C5H5)2] (0.413 g, 0.843 mmol) in thf (20 cm3) was 
added to a suspension of Bi(NO3),=5H,O (0.409 g, 0.843 mmol) 
in thf (10 cm3) at room temperature. The resulting dark purple 
solution was stirred for 1 h and then filtered through Celite. The 
volume of the dark purple filtrate was reduced to 10 an3 and 
hexane (30 cm3) was layered over this solution. Solvent 
diffusion over a period of days at - 30 "C afforded complex 6 
as dark purple flaky crystals (70%) although better-quality 

crystals were obtained upon recrystallisation by solvent 
diffusion from thf-Et20 mixtures. Compound 6 is also formed 
in the reaction between 2 equivalents of [Bi(Mo(CO),(q- 
C,H,)},]' and I equivalent of bismuth nitrate in thf [in 
contrast to the corresponding reaction involving the Co(CO),- 
(PR,) fragments, see text], and the complex [Bi{ Mo(CO),(q- 
C5H5)},] may be prepared (in addition to previously pub- 
lished routes') from bismuth nitrate and 3 equivalents of 
K[Mo(CO),(q-C,H,)] in thf. In many ways, this latter route to 
[Bi{Mo(CO),(q-C,H,)},] is preferable since the KNO, by- 
product is easier to remove than KCl. 

The complexes 7-10 (10 is green) were prepared in an 
analogous manner using the corresponding cyclopentadienyl- 
metal carbonyl dimers, although recrystallised yields of the 
tungsten and chromium complexes were only about 20-30%. 

[Bi(Co(CO),(P(OPh),)),] 12. A solution of K[Co(CO),- 
{P(OPh),)], prepared from [Co,(CO),] (0.540 g, 1.385 mmol) 
and P(OPh), (0.639 g, 2.060 mmol) according to ref. 16, in thf 
(20 cm3) was added to a suspension of Bi(N03),=5H,0 (0.500 g, 
1.030 mmol) in thf (10 cm3) resulting in a dark red-brown 
solution. The solution was stirred for 48 h and filtered through 
Celite affording a dark red-brown solution which was reduced 
in volume to about 10 cm3. Hexane (30 cm3) was added as an 
overlayer and solvent diffusion at - 30 "C over a period of days 
afforded dark red-brown crystals of complex 12 (40%). 

[Bi(NO,)( Mn(CO),),] 14. A solution of K[Mn(CO),] 
derived from a NaK reduction of [Mn,(CO),,] (0.540 g, 
1.380 mmol) in thf (20 cm3) was added to a suspension of 
Bi(NO,),*5H2O (0.670 g, 1.380 mmol) in thf (10 cm3) resulting 
in a red solution which became brown after stirring for 24 h. 
Filtration through Celite followed by crystallisation by solvent 
diffusion from thf-hexane mixtures afforded complex 14 as a 
purple powder (25%). 

X-Ray Crystallography.-Crystal data for compound 1.  
C ,H ,BiFezNO,, M = 624.9 1 ,  monoclinic, space group 
P2,/n, a = 6.9450(4), b = 24.555(2), c = 10.344(1) A, p = 
107.304(7)", U = 1684.3(3) A3, 2 = 4, D, = 2.464 g cm-,, 
F(000) = 1168, h = 0.71069 A, p(Mo-Ka) = 121.28 cm-', 
T = 298 K. 

Data collection and reduction. A dark green crystal of 
approximate dimensions 0.73 x 0.16 x 0.13 mm was mounted 
on a glass fibre and coated in acrylic resin to prevent 
decomposition in air. Data were collected using the 9-29 scan 
mode on a CAD4F automated diffractometer using graphite- 
monochromated X-radiation. Unit-cell parameters were 
determined by refinement of the setting angles (9 z 12") of 20 
reflections. The intensities of the reflections f 10 4 ,2  0 4 and 4 3 3 
were measured every 2 h and a decay in intensities of ca. 9% over 
45 h of data collection was noted and a linear correction 
applied. Lorentz, polarisation and absorption/extinction 
(DIFABS; ' O  maximum, minimum corrections 1.46, 0.65 
respectively) corrections were also applied; Rmerge was 0.1 1 
before and 0.034 after the absorption correction. A total of 33 1 1  
measured reflections (9 range 2-25", h 0-8, k &29, I - 12 to 12) 
yielded 2961 independent data of which 2271 reflections having 
I > 3.0o(I) were considered observed and used in structure 
determination. The statistics of the normalised structure factors 
and systematic absences uniquely indicated the centrosymmetric 
space group P2,/n. 

The structure was solved by direct methods (MITHRIL,') 
and subsequent electron-density difference syntheses. Refine- 
ment was by full-matrix least squares minimising the function 
Cw(lFJ - IFJ)' with the weighting scheme w = [02(F,)]-' used 
and judged satisfactory; o(FJ was estimated from counting 
statistics. All non-H atoms were allowed anisotropic thermal 
motion. The H atoms were included at calculated positions 
(C-H 1.0 A) and allowed to ride on their attached C atom. A 
common refined isotropic thermal parameter was used for all H 
atoms. Refinement using a total of 227 parameters converged at 
R(R') = 0.038 (0.052) with mean and maximum A / o  values of 
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0.027 and 0.098 respectively in the final cycle. A final electron- 
density difference synthesis showed no peaks of chemical sig- 
nificance (maximum Ap = + 1.7, minimum Ap = - 1.2 e A-3 
in the vicinity of the Bi atom). The estimated standard deviation 
(e.s.d.) of an observation of unit weight ( S )  was 2.6. Neutral 
atom scattering factors were taken from ref. 22 with corrections 
applied for anomalous scattering. All calculations were carried 
out on a Micro VAX 3600 computer using the Glasgow GX 
suite of programs.' 

Additional material available from the Cambridge Crystal- 
lographic Data Centre comprises H-atom coordinates, thermal 
parameters and remaining bond lengths and angles. 
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