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Summary

Massbauer spectra have been recorded at 77 K for cis- and trans-[Fe(n-CsHs)-
(CO):15, [Fex(n-CsH;),(CO);3L] (L = P(OCH3)3, P(OC,Hs);, P(O—i-C3H,)3,
P(OCsHs)s, P(C.Hs); and P(C3:H,)s, [{Fe(1-CsHs)(CO)}(CeHs), PRP(C¢Hs). ]

(R = CH,, C,H, and N(C,Hs)), [Fe,(n-CsHs)P(CsHs),(CO)¢1, [Fex(n-CsHs)-
P(CsHs),(CO)sP(C,Hs)al, [Fe,(n-CsHs)P(CcHs)2(CO).L.1 (L = P(OC-Hs); and
P(C.H;);), [{Fe,(n-CsH;)P(CHs),(CO). H(CeH;).PCH,P(C:Hs), 1, [Fe,(n-CsHs)-
P(CcHs)2(CO)sl, [Fez(n-CsHs)P(CsHs).(CO)LL] (L = P(OCH3); and P(C¢Hs);) and
[{Fe(n-CH;CsH,)(CO),}1.X]1B(CsHs)a (X = Cl, Br and I). Many of the compounds
contain non-equivalent iron environments, and in such cases the assignments of
the various lines in the spectra to the individual iron atoms are discussed in de-
tail. The results are interpreted in terms of probable structures for the derivatives
and the bonding properties of the ligands involved.

Introduction

Previous reports from these laboratories have described certain aspects of the
chemistry of some bridged derivatives of iron. The investigations included a
study of the reactivity of the bridging sulphido derivatives [ Fe(CO);SR}, (R =

-alkyl or aryl group) towards monodentate and bidentate group V donor ligands
[1—3], a study of the redox properties of [Fe(n-CsHs)(CO)SR], (R = alkyl or

* Present address: Department of Chemistry, University of Natal, Pietermaritzburg, Republic of South
Africa. :



aryl g.roup) [4] the synthes1s of some’ novnl substltuted denvatlves of [Fez(CO)gl
such as [Fez(CO)7(CzH50)2POP(OC2H5)2] and [Fez(CO)s{(C2HsO)2POP- ERCISIE
;(OCsz)z}z] [51, the reactions of: [Fe(n-CsHs)(CO)z]z with halogens and, tertlary
‘and. d1tertlary phosphmes [6—9] -and the synthesis and reactwlty of [Fez(n-CsH )-
: P(CGHS)Z(CO)s] .containing both a bndg'mg phosphino and a bndg'mg carbonyl
group [10]: ‘Extensive use was made of Massbauer spectroscopy in these mvestlga-
tions and the earher reports described its application; in particular, in the struc-
tural studies of the substituted. denvatlves of [Fe(CO)3SR]2 [1] and the bondlng
studies of [Fe(n- CsH;) (CO)SR]Z"+ (x=0,1 or 2)[4].
© This paper describez the Mossbauer spectra of a number of products obtamed
from the reactions of [Fe(n- CSHS)(CO)z]z and [Fe,(n- CSHS)P(CGHS)Z(CO)S] The
‘results have provided an insight into the bonding characteristics of the various
-ligands involved and have thrown light on a number of specific structural prob-
lems. Several workers have warned of the need for caution in using Mdssbauer
spectroscopy to infer molecular structure in organometallic compounds [11—13],
particularly those containing organic groups such as n-CsHs [12,13]. These reser-
-vations have been based on the apparent failure of the technique, in a few isolated
cases, to detect non-equlvalence of iron environments where it is known definitely
to exist. The results presented in this paper are relevant to this problem because
they help to define the extent to which the technique is sensitive to particular - -
environmental differences in several restricted series of compounds containing
non-equivalent iron atoms.

Results and discussion

[Fez(n CsH;).(CO)sL] (L = CO, P(OCHs )3, P(OC>Hs )3, P(O-i-C3H4)3, P(OC4Hs)s,
P(C,Hs)s, and P(C3H4)3)

“The Mdssbauer spectra of cis- and trans-[Fe(n-CsHs)(CO) 1> (Flg. 1) have been
measured and the parameters obtained (Table 1) are in good agreement with those
reported earlier [14]. As indicated, the data are essentially insensitive to the struc-
tural differences between the two isomers.

'On first inspection the spectra of [Fe,(n-CsH;),(CO);L] (L = P(OCH3)3,

- P(OC,Hs)s, P(O—i-C;H,);, and P(OCsHs)s) (Fig. 2) consist of only two peaks
and thereby reveal no apparent difference in the inidividual iron resonances. Sim-

Fig. 1. Structures of cis-[Fe(-CsH5)}(CO)213 (), and trans-[Fe(-CsH5)(CO)212 (b)iref. 11 and 31.
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{a)

{b)

Fig. 2. Proposed structures of [Fex(1-C5H35)2(CO)3L1 (L = P(OCH3)3, P(OC,Hs)3, P(O—-C3H )3,

P(OCgHs)3. P(CoHj3) 3 or P(C3H7)3): see ref. 32 for crystal structure determination of cis-[Fe(1-CsHs),-
(CO)3P(0CgHs)3].

ilar behaviour has been reported for the monosubstituted acetylenic diphosphine
derivative [Fe,(1-CsH;s).(CO);5(CcHs),PC=CP(C:Hs),1 [12]. In contrast, the spec-
tra of [Fe,(-C;H;),(CO);L] (L = P(C,.H;); and P(CsH,);) clearly reveal the ex-
pected non-equivalence in the iron environments. This is illustrated in Fig. 3
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Fig. 3. Mossbauer spectra at 77 K of trans-[Fe(7-C5H5)(C0)217 (a), [Fez(11-C5Hs)2(CO)3P(OCeHS) 31 (b),
and [Fe,(n-CsHs)3(CO)3P(C3H7)3] (o).
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where the spectrum of [Fez(n-CsHs)z(CO)3P(C3H7)3] is compared ‘with those of
Uam-[Fe(n-CsHs)(CO)2]2 ‘and. [Fez(n-CsHs)z(CO)aP(OCGH5)3] ‘In view of thls the
spectra of all the monosubstituted derivatives have been. treated as the result of
two slightly | non-coincident doublets “Two line combmatlons 1 3;2,4.0r1,4; 2,3
are possible but the latter can be eliminated because it gives rise to chemlcal iso- -
mer shift data which require the electron density change at both metal atoms on
replacement of a carbonyl group by the ligand L to be roughly equal. This situa-
tion is highly unlikely. Rather it is expected that the Mossbauer parameters for
the non-substituted iron atom (Fe,) in each derivative will be similar to those of
the parent dimer and in fact the 1,3 combination gives rise to. a centroid which
is essentially invariant throughout the series and is roughly equal to that for
[Fe(n-CsHs)(CO): 1.

As revealed by the data presented in Table 1 substxtutlon of a terminal car-
bonyl by a tertiary phosphite results in an ‘increase in the chemical isomer shift of
the iron involved (Feg) by ca. 0.08 mm s~', whereas for a tertiary phosphine an
even greater increase in chemical isomer shlft is observed (0.12 mm s™!). This in-
dicates a decrease in s-electron density at the iron nucleus on substitution. Pre-
vious work has shown that the stretching frequencies of the carbonyl groups in
these compounds decrease progressively along the series parent carbonyl > phos-
phite derivatives > phosphine derivatives, consistent with an increase in the
(o—r)-donor propertics of the substituting ligand along this series [6]. The in-
crease in the chemical isomer shift is thus attributed to an increase in the shield-
ing of the iron s-electron density, rather than to a reduction in the s-orbital popu-
lation. Tt is instructive to compare these trends with those reported for replace-
ment of a carbonyl group in [Fe(CO);] by a tertiary phosphine or phosphite [15]
As shown in Table 2 the substitution is invariably accompanied by a decrease in
the chemical isomer shift, and this can be accounted for in terms of the bonding
characteristics of the four remaining carbonyl groups. The latter are able to

TABLE 2
MOSSBAUER PARAMETERS FOR SOME PHOSPHINE AND PHOSPHITE DERIVATIVES OF [Fe(CO)sl

Compound Chemical Quadrupole Temperature Refs.

isomer splitting & x)

Yy detecmma
{Fe(CO)s] —0.09 +2.57 78 26, 21
{Fe(CO)3P(CeHs)31 ~0.12 +2.42 78 21, 24
[Fe(CO)3{P(CcHs)3 }21 —0.10 +2.76 78 27
[Fe(CO)4P{N(CH3); }31 . —0.14 2.22 ¢ 78 24
[Fe(CO)3{PIN(CH3)213 )21 —0.14 2.27¢ 78 24
[Fe2(CO)g(CgHs)2PCH2CH,P(CgHs)2l —0.10 +2.79 80 21, 20
[Fe(C0)3(CcH3)>2PCH,CHLP(CHs)a1 —0.17 —2.12 80 . 21,20
[Fe(CO)4P(OCH3)3] +2.27 4.2 - 28
[Fe(CO)3{P(OCH3)3 }y —0.22 2.28¢ ca. 295 28, 29
[Fe(CO)4P(OC2H5)3] —0.12- - - 2.31°¢ 78 30
[Fe(CO)3{P(OCsH3)3 }21 —0.20 2.60°¢. ca. 295 29

a Relative to metallic iron at 295 K. P @ is positive for S7Fe. € Sign not determmed but presumed to be
positive.
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delocalize the shielding electron density away from the iron such that the stronger
d'—donor effect of the phosphine, relative to carbon monoxide, is the dominant
fac'tot contributing to the change in chemical isomer shift. In the case of [Fe,-
(n-CsHs).(CO);L] any additional shielding electron density on the iron atoms is
less easily redistributed (n-cyclopentadienyl and bridging carbonyl groups are
poor w-acceptors) and as a result the chemical isomer shifts appear now to be
governed primarily by the relative m-acceptor abilities of the ligands L.

~ ‘These results show clearly that in carbonyl-containing systems the change in’
chemical isomer shift accompanying the substitution of one particular ligand
by another is strongly dependent on the bonding characteristics of the other
ligands present. An important consequence of this fact is that the concept of
partial chemical isomer shifts is rather limited in systems of this type; this prob-
lem has been discussed recently by Bancroft and Libbey in a study of carbonyl
complexes of iron(II) [16].

[{Fe(1-CsHs)(CO)}2(Ce¢Hs ) PRP(CsHs).] (R = CH,, C,H,, and N(C, Hs ))

The bis-substituted derivatives [{Fe(n-CsHs)(CO)}.(CcH;s),PRP(C:H;).] (R =
CH., C,H,, and N(C,H,)) give symmetrical two-line M&ssbauer spectra, with
parameters (Table 1) which are very similar to those assigned to the substituted
iron atoms in the monosubstituted compounds [Fe,(1-CsHs).(CO);L], thereby
adding weight to the interpretation of the spectra of the latter. The results are
therefore consistent with the symmetrical structure (Fig. 4) proposed earlier
[7]1 and confirmed recently by X-ray crystallography [17].

[Fe,(n-CsHs)P(CsHs),(CO)s L'L"] (L' =L"=CO; L' = CO, L" = P(C,Hs)3;

L' =L" = P(OC4Hs)s; L' = L" =P(C,H;s);; and L'L" = (CcH; ), PCH,P(CcHs ), )
The Modssbauer spectrum (Fig. 5a) of [Fe,(1n-CsH;)P(CsHs),(CO)4] consists
of a pair of quadrupole split doublets with overlapping right-hand limbs, indica-

tive of dissimilar iron environments. The four peaks in this spectrum can be
paired in one of two ways, 1, 3; 2,4 or 1, 4; 2, 3. However, the second combina-
tion is favoured as being more consistent with the proposed structure (Fig. 6)
[10]. On this basis the chemical isomer shift (§ = —0.09 mm sec™!, relative to
iron) and quadrupole splitting (A = 2.38 mm sec™') for the outer pair of lines
are typical [15] * of the trigonal bipyramidal environment suggested for Feg,

Fig. 4. Proposed structure of [{Fe(n-csﬁs)(cm}z (CeH35)2PRP(CgHs)a1 (R = CHy, CaHy or N(C3Hs)): this
structure has been confirmed for R = CH, ref. 17.

* * See also xefs, in Table 2.
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Fig. 5. M@ssbauer spectra at 77 K of [Fe,(n-CsH5)P(CgHs)2(CO)L'L 1 (L' =L = CO (a) L'L" =
(CgHs),PCH4LP(CgHs), (b)),

and the chemical isomer shift (6 = +0.09 mm sec™") for the inner pair of lines is
very similar to that observed for derivatives of the type [Fe(n-CsH;)(CO),L] [18]
in which the iron environment resembles that of Fe,.

Mono- and bis-substituted derivatives of [Fe,(n-CsH;)P(CsHs),.(CO)s] have
been synthesised but significantly they could not be obtained by direct substitu-
tion of a carbonyl group in the parent compound [10]. Instead their formation
was achieved by reaction of the bridging carbonyl derivative [Fe,(n-CsHs)-
P(CsHs).(CO)s1 (Fig. 7) with the appropriate ligand in solution under thermal
conditions [10]. One monosubstituted derivative, [ Fe,(1-CsH;)P(CgHs),(CO);s-

Fig. 6. Préposed structures of [F'ez(n-CSHS)P(CsHS)(CO)G] & =1" =Cco), [Fe2(n-CsHs)P(CgHg)2(CO) sP-
(C2H5s)31 &' =co:L" = P(CZHS)a) and [Fez(n-CSHS)P(CGHS)z(CO)4{P(006H5)3}2] and [Fez(n-CSHS)P-
(CGHS)z(CO)4{P(C2H5)3}2] (L' = L"= P(OCgHs); or P(C‘)Hs)3)-
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Fig. 7. Proposed structures of [Fe;(n-CsH3)P(CgHs)2(CO)s) (L = CO), [Fey(n-CsH5)P(CgH5)2(CO)4P-
(OCH3)3} (L = P(OCH3)3) and [Fe(n-C5H3)P(CgH3)2(CO4P(CgHs)3] (L = P(CgHs)3).

P(C,H;)s], two bis-substituted compounds [ Fe,(17-CsH;)P(CsH;).(CO),-
{P(OCcH;)s},1 and [Fe,(n-CsHs)P(CeHs), (CO)4{P(C.Hs);}- 1, and one bridged
derivative, [{Fe,(n-CsH;)P(CH;),(CO)s}(CcHs),PCH,P(C:Hs), ], have been stud-
ied by means of Mossbauer spectroscopy.

All four compounds afford spectra which can be satisfactorily computed as
four-peak fits. Although two line combinations, 1,3; 2,4 and 1,4; 2,3, are possible
the former can be immediately eliminated for [ Fe,(n-CsH)P(CeHs),(CO)s-
P(C,H;)3], because, irrespective of the line combination chosen for [Fe,(n-CsH;s)P-
(CeH5)2(CO)¢1, replacement of a carbonyl group in the latter by triethylphosphine
produces equal changes in the chemical isomer shifts of the two iron atoms. This
situation, similar to that described for [Fe,(n-CsH;).(CO);L], is highly unlikely.
Inspection of the chemical isomer shift and quadrupole splitting data for the
monosubstituted triethylphosphine derivative and its parent compound (Table 1)
reveals that one resonance remains unchanged with respect to both § and A on
substitution. This resonance has already been assigned to the iron bonded to the
cyclopentadienyl group and it therefore follows that substitution has occurred
at the cyclopentadienyl-free iron. Although the changes in the Mossbauer param-
eters for this iron are small the inerease in quadrupole splitting from 2.38 to
2.54 mm sec™! is significant. The small decrease in chemical isomer shift from
—0.09 to —0.10 mm sec™! is within the experimental error, implying that any
increase in the s-electron density at the iron due to the stronger o-donor proper-
ties of the triethylphosphine ligand is approximately compensated by an increase
in the shielding 3d-electron density.
~Again two line combinations are possible for [Fe,(1n-CsH;s)P(CgHs),(CO),-
{P(C,H,)s}.] but, on the basis that only one iron atom is expected to reveal any
real change in chemical isomer shift on replacement of a carbonyl! group in
[Fe,(11-CsH;s)P(CcH;),(CO);P(C,H;);] by triethylphosphine, combination 1,3;
2,4 can be eliminated. The line combination 1,4; 2,3 is also preferred for
[Fe,(11-CsH;s)P(CeHs),(CO) o {P(OC:Hs)s 1, ]. The alternative choice is unaccep-
table because the chemical isomer shift for the doublet 1,3 is unrealistically
low; also the changes which occur in the centroids of both doublets in going
from [Fe,(n-CsHs)P(CsHs)(CO)s] to [Fe,(n-CsHs)P(CeHs). (CO)s-
{P(OC¢H;)3}.] are unacceptably high for monosubstitution by a tertiary phos-
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phlte, bls-subst1tutlon ata smgle iron atom is ru.led out because both doublcts ,
shift. Substitution of a carbonyl group in the monosubstituted derivatives
[Fe,(n-CsHs)P(C4H;),(CO)sL] (L = P(OCHy); or P(C,H;),) by P(OC4Hs), or
'P(C.H;); respectively is thus seen to induce increases in the chemical i rsomer
shift at the cyclopentadienyl-bearing iron atom of 0.06 and 0.11 mm s~ ! respéc-
tively. The data therefore confirm the proposal made previously, on the basis
of infrared evidence [101], that this is the site of substitution. They also indicate
that the substitution is accompanied by a decrease in s-electron density at the
iron nucleus, attributable to an increase in the shielding 3d-electron density as
described earlier in the text for the monosubstituted derivatives of [Fe(n-CsHs)-
(CO).].- The near constancy of the parameters for the tricarbonyl-bearing iron
atom is consistent with this unit remaining unchanged.

For the ditertiary phosphine derivative [{Fe,(n-CsHs)P(CsH;),(CO)1}(CeHs),P-
CH,P(C¢H;),] the line combination 1,3; 2,4 is preferred (Fig. 5b). The alternative
1,4; 2,3 implies that in going from [Fe,(1-CsH;)P(CsHs).(CO)s] to [{Fe,-
(1-CsHs)P(CHs)2(CO)4s }(CoHs).PCH,P(CeHs), 1 almost identical changes occur
both in the chemical isomer shift and in the quadrupole splitting at each iron
atom. This is highly unlikely; on the basis of the results discussed above, substi-
tution of a carbonyl on the cyclopentadienyl-bearing iron by a tertiary phosphine
will lead to a much greater change in chemical isomer shift than substitution of a
carbonyl on the cyclopentadienyl-free iron. Further evidence in favour of the
1,3; 2,4 assignment is the similarity of the chemical isomer shift in [Fe(n-CsHs)-
(CO)P(C¢Hs):]1, (0.26 mm s~ relative to iron) [19] with that for the cyclopen-
tadienyl-containing iron. The changes in chemical isomer shift observed on re-
placement of two carbonyl groups in [Fe,(n-CsHs)P(CcH;),(CO)sl by (CeHs).-
PCH,P(C¢H;), are very similar to those produced by bis-substitution with trie-
thylphosphine i.e. a large increase for Fe, but a negligible change for Feg. How-
ever in contrast to [Fe,(1-CsH;)P(CsH;),(CO),{P(C,:H;);},] there is a decrease
in the quadrupole splitting for the cyclopentadienyl-free iron in going from
([ge}zl(‘l;-?sHs)P(CsHs)z(CO)s] to [{Fe;(n-CsH;)P(CeHs).(CO),s HCeH;),PCH,P-

6LLt5)2%~

Cullen et al. have suggested that the Mdssbauer quadrupole splittings might
be used to distinguish between cis- and trans- bis-substituted derivatives of a
trigonal bipyramidal iron(0) complex [20]. This conclusion was based on data
of the type shown in Table 2, which reveals that replacement of a second car-
bonyl group in an Fe(CO),;L moiety to give an apical—apical Fe(CO),L, species
(L = tertiary phosphine or phosphite) is invariably accompanied by an increase
in the quadrupole splitting, whereas the generation of a cis-Fe(CO);(L—L) spe-
cies (e.g. {Fe(CO)3;(CeH;).PCH,P(CH;),1) is accompanied by a substantial de-
crease in this parameter. In the present study (Table 1) there is an increase in the
quadrupole splitting for the cyclopentadienyl-free iron in going from [Fe,-
(7-CsH;5)P(CsHs)2(CO)s] to [Fex(n-CsHs)P(CeH;s),(CO)sP(CoHs)s1, [Fe,(n-CsHs)-
P(CsH5)2(CO)4{P(OCsHs)s1}-1 and[Fez("?’CsHS)P(CsHs)2(00)4{P(CZH5)3}2] con-
sistent with substitution of a carbonyl ligand trans to the bridging P(CsH;).
group as deduced previously from infrared measurements [10]. However, as
mentioned earlier, in going from [Fe,(n-CsH;)P(CsHs).(CO)s] to [{Fe,(n-CsHs)-
P(CsHs)2(CO)sHCsHs),PCH,P(C6Hs), ] there is a decrease in the quadrupole
splitting for the cyclopentadienyl-free iron, consistent with coordination of the
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ditertiary phosphine cis rather than trans to the P(C¢Hjs), group as expected on
stereochemical grounds. The differences in the infrared spectra of [Fe.(n-CsHs)-
P(CeHs).(CO)1{P(C.Hs)s}.1 and [{Fe,(1-CsHs)P(C:Hs),(CO),}(CsH;s),PCH,P-
(C¢Hs),] in the C—O stretching region have also been explained in terms of
trans and cis coordination [10]. For reasons discussed at length by Clark et al.
[21] it is doubtful whether the present Mossbauer data allow a more detailed
specification of the geometry of the iron atom in [{Fe,(n-CsH;)P(CcH;).(CO)4}-
(CeH;),PCH,P(C:Hj5),]. These authors have demonstrated, in the case of [Fe-
(CO)1(CsH;),PC,H,P(CxHs5), ], that even if the sign of the quadrupole coupling
constant and the magnitude of the asymmetry parameter are known (from
magnetic perturbation measurements) it is still not possible to distinguish be-
tween structures having C,, and C; symmetry.

[Fea(n-CsHs)P(CeHs )2(CO)aL] (L = CO, P(OCHs )3, and P(CoHs)3)

No ambiguity arises in the pairing of the peaks in the Mossbauer spectrum of
[Fe:(n-CsH)P(CeH;),(CO);] as two of them are coincident. The resulting chem-
ical isomer shift values are entirely consistent with the proposed structure (Fig. 7)
[10], the doublet with lower chemical isomer shift being assigned to the tricar-
bonyl-bearing iron atom (Feg) and the other doublet to the cyclopentadienyl-
containing iron atom (Fe,). It is appropriate to compare the chemical isomer
shifts for this compound with those for the closely related compounds [Fe(CO);-
P(CsHs).1. [19]1 and [Fe(n-CsH;)(CO).1,. The chemical isomer shift for Feg of
[Fe,(n-CsHs)P(CeHs),(CO)s] (0.05 mm s™!) is apprecialby greater than
that for [Fe(CO);P(CsHs);12 (—0.02 mm s™!), whereas the value for [Fe(n-CsHs)-
(CO).]1- (0.22 mm s7!) is only slightly larger than that for Fe, of [Fe,(n-CsHs)-
P(CcH;)-(CO)s] (0.19 mm s~ ). It is therefore apparent that replacement of a
bridging carbonyl bonded to an Fe(CO); unit, by a bridging phosphino group,
effects a larger increase in s-electron density at the iron nucleus than a similar
replacement involving an Fe(n-Cs;H;)(CO) moiety. As before this can be explained
in terms of the bonding properties of the ligands attached to the respective iron
atoms. Thus the shielding electron density which accumulates on the tricarbonyl-
bearing iron, as a result of the replacement of the bridging carbonyl by the brid-
ging phosphino ligand, is redistributed to a large extent into the n*-antibonding
orbitals of the terminal carbonyls and the nett result is a decrease in the chem-
ical isomer shift due to the better o-donor properties of the phosphino group
compared with the bridging carbonyl. The cyclopentadienyl-containing iron
however cannot respond to the same extent and, because of the greater accumula-
tion of shielding electron density, the effective increase in the s-electron density
at the iron nucleus is smaller.

Both [Fe,(n-CsHs)P(CeH;)2(CO),P(OCH;);] and [Fe,(n-CsH;s)P(CsHs)2(CO)LP-
(CeHs)s1, substituted derivatives of [Fe,(n-CsH;)P(CsH;).(CO)s], afford four-
peak Mdssbauer spectra and again two line-combinations are possible. For the
line combination 1,3; 2,4 the centroid of the low-velocity doublet (1,3) remains
virtually unchanged upon substitution, whereas the centroid of the high-velocity
doublet (2,4) varies in position. For the alternative line combination (1,4; 2,3)
the situation is reversed, with the high velocity doublet (1,4) remaining fixed and
the low-velocity doublet (2,3) shifting to more positive velocity. This time assign-
ment is only possible by comparison with data for other systems. We have shown
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prevmusly that carbonyl replacement in [Fe(CO)3SCGH5]2 by tnphenylphospume
to give [Fe(CO),P(CsHs)3SCeHs] is accompanied by a slight increase (0.04 mm s” b
in the chemical isomer shift while trimethyl phosphite’ substltutlon in [Fe(CO)5-
SCH;1. to give [Fe(CO)zl?(OCH3)3SCH3]2 effects a slight decrease (0.02 mms™) -
in this parameter [1]. Similar, though not necessarily identical, shifts are expect-
ed to accompany substitution of a terminal carbonyl group of the Fe(CO); moi-
ety in [Fe,(n-CsH; )P(C¢H;),(CO);s]. For the reasons discussed above, and as re--
vealed in fact by the results for the series of compounds of the type [Fe,(17-CsHs),-
(CO);L1, much larger changes in chemical isomer shift are expected to accompany
carbonyl substitution on an Fe(n-C;Hs){(CO) moiety; replacement of a terminal
carbonyl in [Fe(n-CsH;)(CO).], by trimethyl phosphite and triphenyl phosphme
produced increases in the chemical isomer shift of 0.08 and 0.12 mm s~* respec-
tively. These latter changes are much larger than those which occur in the cen-
troid of the high-velocity doublet (2,4) * on going from [Fe,(1-CsHs)P(CsHs),-
(CO)s] to [Fey(n-CsHs)P(CeHs),(CO)aP(OCH;3);3] and [Fe,(17-CsHs)P(CsHs)2(CO)a-
P(C.H;);] and as a consequence the line-combination 1,4; 2,3 is preferred for the
latter compounds. This in turn implies that substitution occurs at the cyclopen-
tadienyl-free iron, consistent with the infrared evidence [10].

[{Fe(n-CsH,CH;3 )(CO), }, X]B(CsH; )4 (X = Cl, Br, and I)

Halogenation of [Fe(n-C;H,;R)(CO).]. (R = H or CH;) affords as intermediates
in the formation of [Fe(n-CsH,R)(CO),X] (X = halogen), bridged halogeno spe-
cies of the type [{Fe(n-CsH;R)(CO),}.X1" [8]. The Mdssbauer spectra of [{Fe-
{n-CsH,CH;)(CO),},X1B(CsHs)s (X = Cl, Br and I) have been measured and found
to contain doublets with linewidths which are slightly broader than expected for
samples containing a unique iron environment. The line-broadening may imply
slight structural non-equivalence of the iron environments in these compounds
but a more likely explanation is that these compounds occur as more than one
conformer in the solid state, as has been suggested for [{Fe(n-CsH;)(CO), }.-
(SC,H;)]A (A = SbF, or B(CgHs).,) in solution [22] and [{Fe(7-CsH;)(CO).,}--
(SnCl.,)] in the solid state [23]. The chemical isomer shift is seen to be constant
throughout the series, which indicates that the s-electron density at the iron nu-
cleus is the same irrespective of the halogen present. This behaviour is common
in series of carbonyl complexes containing different halogens, and has been attri-
buted to the fact that increased o-donation on going from chlorine to iodine is
compensated by decreased w-back-donation of shielding d-electron density [24].
However, in the case of [{Fe(n-CsH;)(CO),}.X]PF, (X = Cl, Br and I) a decrease
in the chemical isomer shift from the bridging chloro to the bridging iodo deriva-
tive was observed [25] indicative of an increase in s-electron density at the iron
nucleus along this sertes. »

Experimental

The Mossbauer spectra were obtained on powdered samples cooled to 77 K in
a Texas Instrument Inc. Cryoflask, model CLF-3. Two spectrometers were used.

* For the 1,3; 2,4 combination doublet 2,4 would be assigned to the cyclopentadienyl-containing iron
on the basis that this iron will resonate at more positive velocity than the cyclopentadienyl-free iron.
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The first was a Nuclear Science and Engineering Corporation instrument, model
AM-1, coupled with a 400-channel R.I.D.L. analyser, model 34-12B, and the sec-
ond-t:omprised an MVTS3 transducer, an MD3 drive amplifier and an MFG3 wave-
form generator from Elscint Limited, Israel, all coupled with a Northern Scientific
Inc. NS630 multichannel analyser. The radioactive source was a nominal 25 mCi
of *"Co diffused into a rhodium matrix, as supplied by the Radiochemical Centre,
Amersham. The data were analysed by least-squares curve-fitting programs devel-
oped by Dr. T.C. Gibb. Various constraints were applied to the halfwidths and in-
tensities in the analysis of the more complex spectra, to prevent the computer
from giving unrealistic fits; further details are given in the footnotes to Table 1.

The compounds studied were synthesized by methods published previously
[6—8,10].
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