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Antimony-121 Mössbauer spectra for hypervalent pentacoordinate antimony compounds having
Sb-transition metal bond [Rf2SbMCp(CO) RfH = o-C6H4C(CF3)2OH , M = Fe, Ru, Cr, Mo,
W , Rf2SbFeCp(CO)PPh3, Rf2SbFeCp(dppe)] and closely related compounds Rf2SbTol (Tol = p-
CH3C6H4), Rf2SbX (X = Cl, Br) are described. The strong -donor power of the metal fragments is
demonstrated by the Mössbauer parameters. The -donor power decreases in the order FeCp(dppe)
> FeCp(CO)PPh3 > FeCp(CO)2 > RuCp(CO)2 > CrCp(CO)3 > MoCp(CO)3 > WCp(CO)3 Tol.
The essential trends in the molecular structure and the Berry pseudorotation are interpreted by
this order. In addition, the 2 values for 32 hypervalent antimony compounds are successfully
calculated using the additivity model for the 2 value. A unique electronic feature for Rf2SbX
is clarified through the calculation

Key words: 121Sb Mössbauer Spectra; Hypervalent Compound; Organometallic Ligand;
Berry Pseudorotation.

1. Introduction

The very low energy barrier for the Berry pseudoro-
tation of pentacoordinate compounds is well known
[1, 2]. For example the energy barrier for PF5 is
reported to be only (16 2) kJ mol 1 (ab initio
calculation) [3] and 12.7 - 16.4 kJ mol 1 (experi-
mental values) [4 - 6]. Recently we have shown that
the barrier can be risen by introducing a bidentate
ligand such as the so-called Martin ligand RfH =
o-C6H4C(CF3)2OH . The chirality of the phos-
phorane Rf2P*H is held even at room temperature
[7, 8]. The pseudorotational barrier depends, how-
ever, strongly on the monodentate ligand (L) in the
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equatorial position even in Rf2M*L (M = group 15
element). For example, the configuration of Rf2Sb*X
(X = halogen) is readily scrambled since the elec-
tronegative X has high apicophilicity and stabilizes
the intermediate of the pseudorotation [9]. In this re-
spect stiborane with organometallic fragment is quite
interesting because it has an electron-donating abil-
ity. A series of stiboranes, having the organometallic
fragment such as MCp(CO) (Cp = cyclopentadienyl
anion; M = Fe, Ru, = 2; M = Cr, Mo, W, = 3) in
the equatorial position, are synthesized and well spec-
ified [10 - 13]. Large values for the pseudorotational
barriers (126 - 139 kJ mol 1) are obtained by the iso-
merization reaction and discussed in connection with
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Structural Schemes.

equatophilities of the organometallic fragments. The
equatophilicity is thought to result essentially from
the electron-donating ability of the organometallic
fragment. This work is carried out to obtain direct evi-
dence for the electron-donation of the organometallic
fragment using 121Sb Mössbauer spectroscopy.

121Sb Mössbauer spectroscopy has been demon-
strated to be a powerful tool for such a purpose.
There are some advantages of 121Sb Mössbauer spec-
troscopy: (i) The isomer shift is very sensitive to
small changes in the s electron density since the
change in the nuclear radius during the Mössbauer
transition ( ∆ ) for 121Sb is the largest among
the Mössbauer nuclides, (ii) the sign of the electric
field gradient is easily determined from the absorption
shape since the Mössbauer transition is between g =
5/2 and e = 7/2, and thus the symmetry of the elec-
tron distribution is readily known. We have studied the
electronic states of the hypervalent organoantimony
compounds [14 - 17] and transition metal carbonyl
compounds with M-Sb bond(s) [18, 19].

In this paper the Mössbauer spectra for
Rf2SbMCp(CO) (M = Fe, Ru, Cr, Mo, W),
Rf2SbFeCp(CO)PPh3, Rf2SbFeCp(dppe), Rf2SbTol,
Rf2SbX (X = Cl, Br) are described. The numbers of
electrons donated from the equatorial ligand are de-
rived from the Mössbauer parameters and the results
are compared with the molecular structures and the

pseudorotational barriers. In addition, the 2 val-
ues for the hypervalent antimony compounds are dis-
cussed using the additivity model for the 2 -value.
Thus the electronic features of Rf2SbX are clarified.

2. Experimental

All the compounds used in this work were synthe-
sized by the published procedures [10 - 13].

Antimony-121 Mössbauer spectra were measured
with an Austin Science S-600 Mössbauer spectrom-
eter using a Ca121mSnO3 source (16 MBq). Both the
sample containing 15 mgSb cm 2 and the source were
kept at 20 K in a cryostat equipped with a closed-cycle
refrigerator. The Doppler velocity was measured with
an Austin Science LA-9 laser interferometer and cali-
brated by measuring the 57Fe Mössbauer spectrum of
an -iron foil at 20 K. The 121Sb Mössbauer spectra
were computer- fitted to quadrupole-split twelve-lines
using a transmission-integral method [20] on a per-
sonal computer. The values of the isomer shift ( ) are
given relative to InSb at 20 K.

Iron-57 Mössbauer spectra were obtained using a
Mössbauer driving system from Wissel GmbH, con-
sisting of MDU-120, DFG-1200 and MVT-1000. The
samples containing 6 mgFe cm 2 were kept at 80 K
and room temperature in a CF1104 continuous gas
flow cryostat from Oxford Instruments. The 57Co(Rh)
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Fig. 1. 121Sb Mössbauer spectra at 20 K for hypervalent
antimony compounds, Rf2SbX. (a) X = Cl, (b) X = Tol,
(c) X = CrCp(CO)3, (d) X = FeCp(CO)2, (e) X = Et4N.

source was kept at room temperature. The spectra
were computer-fitted to Lorentzian lines, and the val-
ues of the isomer shift ( Fe) are referred to -iron at
room temperature.

3. Results and Discussion

3.1. -donor Power of the Metal Fragments Deduced
from 121Sb Mössbauer Parameters

Some typical Mössbauer spectra are shown in
Fig. 1, and the Mössbauer parameters are summarized
in Table 1. Each compound other than Rf2SbX (X =
Cl, Br) has a large negative quadrupole coupling con-

Table 1. 121Sb Mössbauer parameters at 20 K, and ∆ s,
∆ p and ∆ eq for hypervalent antimony compounds hav-
ing an antimony-transition metal bond.

Compound
a

mms 1

2

mms 1 mms 1
exp

mms 1 ∆ s
b ∆ p

b ∆ eq
b

Rf2SbX, X =

Tol 4.16 –18.3 0.15 2.50
FeCp(CO)2 2.46 –21.3 0.34 2.37 0.12 0.23 0.35
FeCp(CO)PPh3 2.07 –23.6 0.37 2.64 0.15 0.41 0.56
FeCp(dppe) 1.18 –23.6 0.38 2.28 0.21 0.41 0.62
RuCp(CO)2 2.71 –21.2 0.33 2.27 0.10 0.22 0.33
CrCp(CO)3 2.35 –20 0.32 2.45 0.12 0.13 0.25
MoCp(CO)3 2.48 –19.8 0.44 2.19 0.12 0.12 0.23
WCp(CO)3 2.67 –19.7 0.49 2.31 0.10 0.11 0.21
(Et4N) –1.37 –24.9 0.84 2.52 0.38 0.51 0.89
Cl 4.35 +17.8 0.24 2.55
Br 4.16 +17.3 0.17 2.50

a Relative to InSb at 20 K, b Values are given relative to Rf2SbTol.

stant ( 2 ). The negative 2 indicates the positive
, the principal component of the electric field gra-

dient (EFG), since the sign of for 121Sb is negative,
and this means that the principal axis is the apical
bond direction of trigonal bipyramidal (tbp) structure,
i. e., along the O-Sb-O direction. This positive is
the common feature for the organoantimony(V) com-
pound adopting the tbp structure since the electrons in
the apical bonds are withdrawn to the ligands. Hence
the positive 2 values for Rf2SbCl and Rf2SbBr
were unexpected because the tbp structure with a Cl
atom in the equatorial plane is definitely shown for
Rf2SbCl by the X-ray determination [9]. The problem
was, however, solved by choosing the principal axes
in a different direction as is discussed later.

Both the isomer shift ( ) and 2 of the metal lig-
and complexes are intermediate of those for [Rf2Sb]
and Rf2SbTol (Tol = p-CH3C6H4), as shown in Fig-
ure 2. This means that the electronic states of Rf2SbX
are similar and vary continuously when the equatorial
ligand is changed from Tol to metal ligands and even
the lone pair. In this paper the lone pair is considered
as a kind of ligand. It is interesting that the classifica-
tion by the oxidation number is meaningless for these
compounds though the oxidation numbers are calcu-
lated to be +III for [Rf2Sb] and +V for Rf2SbTol
and the metal ligand compounds.

The increase in 2 for the metal ligand com-
pounds compared with that for Rf2SbTol indicates an
increase in p electron imbalance. This is interpreted
by -donation from the metal fragment to the and

orbital of Sb. -donation of a electron in the
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Fig. 2. Plot of 2 against for Rf2SbX. The meaning
of X is given in the figure.

apical Sb-O bond into the transition metal d orbital
may be an alternative interpretation. The Sb M -
donation, however, would be plausible because the
metal fragments, isolobal to Tol, are known to act
as good electron-donors. The X-ray determinations
for the metal ligand compounds [10 - 14] support the

-donation mechanism; The apical Sb-O lengths of
these compounds are longer, and the apical O-Sb-O
angles are smaller, than those of Rf2SbTol [21], indi-
cating that the metal fragments are electron-donating.
It is noteworthy that the -back donation of the metal
fragment into the axial antibonding MO of Sb, which
is found in the hypervalent phosphoranes with the
iron fragment [22], is not important because such -
back donation should cause a decrease in the 2

value. The values, showing the electron density at
the Sb nucleus, reflect the Sb 5s electron density di-
rectly and the Sb 5p density indirectly through the
shielding effect of the p electrons. These effects oper-
ate oppositely. Since decreases as 2 increases,
the change in reflects the direct change in s electron
density.

We can estimate the change in valence electron
populations of the Sb atom using the Mössbauer pa-
rameters for Rf2SbTol as a reference according to the
Parish’s method [23]. The Mössbauer parameters are
closely related to the electron configuration of the

Mössbauer atom by [23, 24]

p = 2 ( 2 )0 = +
1
2

( + ) (1)

= s + p (2)

where p is the p electron imbalance, ( 2 )0 is the
electric field gradient for p = 1, s are the pop-
ulations of 5s and 5p orbitals, respectively, and
and are proportionality constants. Expecting a neg-
ligible change in the apical bond character (namely
∆ = 0), we can estimate the change in p electron
populations in the equatorial plane by

∆ p = ∆ + ∆ = 2∆( 2 ) ( 2 )0 (3)

= 2[ 2 ( 2 )Rf2SbTol] ( 2 )0

where for ( 2 )0 the value 26 mm s1 is proposed by
Parish [23]. Once the ∆ p value is obtained, we can
evaluate the change in s electron population ∆ s by

∆ = Rf2SbTol = ∆ s + ∆ p (4)

where = –15.0 and = 0.80 mm s 1 [23]. The
estimated ∆ s and ∆ p and ∆ eq (= ∆ s + ∆ p)
values are also listed in Table 1 [25].

The -donor power of the metal fragments decrease
in the order FeCp(CO)2 > RuCp(CO)2 CrCp(CO)3
> MoCp(CO)3 > WCp(CO)3. Obviously the donor
power of group 8 metals is larger than that of group
6 metal. This agrees with the basicities of the metal
fragments viewed by the reactivity with alkyl halides
[26], but the differences within the same group are
small and the order of the donor power for the group
6 metals is contrary to the reported order. In contrast,
the ∆ eq values increase enormously on substituting
the carbonyl ligand in the iron fragment by phos-
phine ligands. The strong -donor power is directly
reflected in the FeCp(CO)PPh3 and FeCp(dppe) com-
plex, suggesting that the electron from the phosphine
ligand is transferred to the antimony atom. The 57Fe
Mössbauer parameters for these compounds (Table 2)
support this. The isomer shift ( Fe) increases in the
order FeCp(CO)2 < FeCp(CO)PPh3 < FeCp(dppe).
This suggests that the s electron density decreases
in that order, suggesting an increased -donation of
the metal fragments. The quadrupole splitting (∆ q)
changes only slightly in spite of the substitution of
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Fig. 3. Dependence of the molecular
geometry on the increase of the elec-
tron density in the equatorial plane
(∆ eq).

Table 2. 57Fe Mössbauer parameters for hypervalent anti-
mony compounds having an antimony-iron bond.

Compound Temp. Fe
mm s 1

∆ q

mm s 1

Rf2SbFeCp(CO)2 rt 0.06 1.78
80 K 0.14 1.80

Rf2SbFeCp(CO)PPh3 rt 0.18 1.85
80 K 0.23 1.86

Rf2SbFeCp(dppe) rt 0.29 1.81
80 K 0.36 1.79

electron-attracting carbonyl to the electron-donating
phosphine ligand.

A close examination of the change in the valence
electron populations implies that donation to the

Sb 5p orbital is dominant for most of the metal frag-
ments, and donation to the Sb 5s orbital (∆ s =
0.10 - 0.12) does not vary significantly among the
metal fragments, while the substitutions of the car-
bonyl ligand in the iron fragment to the phosphine lig-
ands cause much increase in ∆ s (∆ s = 0.12, 0.15,
0.21 for Rf2SbFeCp(CO)2, Rf2SbFeCp(CO)PPh3 and
Rf2SbFeCp(dppe), respectively).

3.2. Relation between Donor Power and
Molecular Structure

Some geometrical parameters established by X-ray
determinations are plotted against the ∆ eq values in
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Figure 3. Clearly the apical Sb-O and equatorial Sb-C
bond lengths are elongated and the apical O-Sb-O
and equatorial C-Sb-C bond angles are reduced ac-
cording to the increase of the electron densities in the
equatorial plane caused by the donation of the metal
fragments. This evidently indicates that the equatorial
accumulation of electrons results in a distortion of the
ideal tbp structure. The distortion is essentially due
to the electron-electron repulsion origining from the
Pauli principle, as is emphasized in the valence-shell
electron pair repulsion theory (VSEPR) [27].

In the plot of Fig. 3, the positions for FeCp(dppe)
and the group 6 metal fragments deviate from the
smooth line. The FeCp(dppe) fragment has a large
dppe ligand having four phenyl groups and the
MCp(CO)3 fragments have one extra CO ligand com-
pared with the iron fragment FeCp(CO)2. Thus the
deviation from the tbp structure would be enhanced
due to the bulkiness of those fragments. The facts
that the bond lengths for these fragments are de-
viated to the elongated direction and the deviation
is larger for heavier metal fragment support this
idea.

The equatophilicity is obviously ascribed to the
strong donation power of the metal fragments. The
Mössbauer spectra give the experimental support for
the high equatophilicity for the metal fragments. The
pseudorotational barrier for RfRfm*SbFeCp(CO)2
(128, 128 kJ mol 1) is much larger than that for
RfRfm*SbTol (118, 117 kJ mol 1), where Rfm de-
notes o-C6H4C(CF3)(CH3)O2 [28]. This is well ex-
plained by the increased equatophilicity for the iron
fragment resulting from the strong electron-donating
power. The large barriers for RfRfm*SbMoCp(CO)3
and RfRfm*SbMCp(CO)2 (M = Fe, Ru) [12, 13] are
also explained by the high equatophilicity. There is,
however, a discrepancy between the order of the en-
ergy barrier and the donor power implied from
the Mössbauer spectra. The barrier for pseudorota-
tion increases in the order RfRfm*SbMoCp(CO)3
(131, 133 kJ mol 1) > RfRfm*SbRuCp(CO)2 (128,
127 kJ mol 1) RfRfm*SbFeCp(CO)2 (127,
126 kJ mol 1) [29]. This disagrees with the donor
power deduced from the Mössbauer parameters. The
discrepancy may be ascribed to the steric effect as dis-
cussed already . The Mössbauer spectra are related to
the electronic state, while the molecular structure and
reactivity reflect both the electronic state and steric
effect. Hence some discrepancy between them would
be inevitable.

3.3. Additive Model for 2 of Organoantimony
Compounds

Additive models for EFG have been success-
fully used for the explanations of 119Sn Mössbauer
quadrupole splitting data for organotin com-
pounds [30]. Ruddick et al have applied the model
to 2 of 121Sb Mössbauer spectra to give a quanti-
tative explanation of the electronic states of organoat-
imony(V) compounds [31]. We will extend the model
to our hypervalent antimony compounds.

According to the so-called point-charge model, the
principal component of the EFG are written as [30, 31]

=
L

(3 sin2 cos2 1)[L] (5)

=
L

(3 sin2 sin2 1)[L] (6)

=
L

(3 cos2 1)[L] (7)

where [L] is the partial quadrupole coupling constant
of ligand L, and and are the angles in polar coordi-
nates. We will call [L] the partial quadrupole splitting
(pqs) parameter, adopting conventional naming, and
scale by multiplying with for the experimen-
tal use. Thus the experimentally obtained 2 and

are simply related by

2 = sign( ) =
L

(3 cos2 1)[L] (8)

Ruddick et al. have given the pqs parameters for
some typical ligands at the apical and equatorial po-
sition of tbp, denoted as [L]tba and [L]tbe, respec-
tively [29]. Since we cannot obtain the absolute pqs
values, they are referred to [Cl]tba. The values are sum-
marized in Table 3. Adopting their values, we have
calculated several pqs parameters. Although Ruddick
et al. have proposed the value of 0.9 mm s 1 for
[Cl]tbe, we have employed +0.9 mm s 1 for our cal-
culations since Bancroft and Platt have suggested a
positive value [30].

[Tol]tba, [Ar]tba, [I]tba, [Tol]tbe and [Ar]tbe have
been calculated from the 2 values for Tol3SbCl2,
Ar3SbCl2, Ph3SbI2, Tol4SbBr and Ar5Sb (Ar = p-
CF3-C6H4). The pqs parameters for the Martin ligand
RfH2 have been estimated on the assumptions: The
pqs parameters for the carbon atom of RfH2, [CM]tbe
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Table 3. 121Sb partial quadrupole splitting parameters ([L])
for various ligands in tbp geometry.

Liganda [L]b / mm s 1 Source Ref.

Apical:

[Ph]tba –7.2 Ph4SbCl [31]
[OH]tba –0.3 Ph4SbOH [31]
[Br]tba –0.2 Ph3SbBr2 [31]
[Cl]tba 0 reference [31]
[F]tba +0.3 Ph3SbF2 [31]
[Tol]tba –7.0 Tol4SbBr this work
[Ar]tba –3.7 Ar5Sb this work
[I]tba –0.9 Ph3SbI2 this work
[OM]tba –0.3 postulated this work
Equatorial:

[CH3]tbe –8.0 (CH3)3SbCl2 [31]
[Ph]tbe –6.9 Ph3SbCl2 [31]
[Tol]tbe –6.6 Tol3SbCl2 this work
[Ar]tbe –6.5 Ar3SbCl2 this work
[CM]tbe –6.6 R3SbCl2 this work
[Br]tbe +0.2 Rf2SbBr this work
[Cl]tbe +0.9c SbCl5 this work, [31]

a tba = trigonal bipyramidal apical, tbe = trigonal bipyramidal
equatorial. b Value tabulated is relative to Cl in equatorial plane,
see text. c See text.

Table 4. Comparison of observed 2 values with those
calculated using partial quadrupole splitting parameters.

Compound 2 / mm s 1 2
calcd / mm s 1 Ref.

Ph3SbCl2 –20.7 –20.7 [15]
Ph3SbBr2 –19.6 –19.9 [15]
Ph3SbI2 –17.0 –17.1 [15]
Tol3SbF2 –21.5 –21.0 [15]
Tol3SbCl2 –19.8 –19.8 [15]
Tol3SbBr2 –18.6 –19.0 [15]
Tol3SbI2 –15.5 –16.2 [15]
Ar3SbCl2 –19.6 –19.5 [15]
Ar3SbBr2 –17.7 –18.7 [15]
Ar3SbI2 –13.7 –15.9 [15]
Rf2SbTol –18.3 –18.6 [14]
RfSbTol2F –20.2 –19.8 [14]
RfSbTol2Cl –19.2 –19.2 [14]
RfSbTol2Br –18.4 –18.8 [14]
RfSbTol2I –16.6 –17.4 [15]
RfSbTol3 –5.7 –5.2 [15]
Rf2SbCl +17.8 +16.8 this work
Rf2SbBr +17.3 +17.3 this work
Ph4SbCl –6.2 –6.3 [15]
Ph4SbBr –7.5 –5.9 [15]
Ph4SbI –5.2 –4.5 [15]
Tol4SbBr –3.4 –4.0 unpublished
Tol4SbI –3.4 –4.0 unpublished
Tol5Sb –4.3 –8.2 unpublished
Ar5Sb –4.7 –4.7 unpublished

is estimated to be –6.6 mm s 1, which is an average
of [Ph]tbe, [Tol]tbe and [Ar]tbe. The pqs parameter for

the oxygen atom of RfH, [OM]tba is assumed to be
equal to that of [OH]tba, i. e. [OM]tba = –0.3 mm s 1.
Since the hydroxyl group of RfH2 is known to be-
have as an electron-withdrawing group, our assump-
tion would be appropriate. These values are also in-
cluded in Table 3.

Using the pqs parameters listed in Table 3, the 2

values for 24 pentacoordinate organoantimony(V)
compounds are calculated (Table 4). The disagree-
ments between observed and calculated values are
within 1.0 mm s 1 with the exception of Ar3SbI2,
Ph4SbBr and Tol5Sb. The result is completely satis-
factory. The [Ar]tbe value seems to be less reliable
since the agreements are somewhat poor for Ar com-
pounds. Notably the agreements for the Martin ligand
complexes Rf2SbTol, RfSbTolX (X = F, Cl, Br, I) and
RfSbTol3 are quite good in spite of the assumed val-
ues for [OM]tba and [CM]tbe. Thereby we can confirm
the validity of the pqs parameters listed in Table 3 and
the effectiveness of the additive model for the 2

values.

3.4. Interpretation of the Negative 2

Values of Rf2SbX

Rf2SbCl and Rf2SbBr exceptionally have positive
2 values in spite of the tbp structures. At first

an octahedra dimer structure was speculated, but this
turned out to be not the case by the X-ray determi-
nation [9]. We have noticed that the choice of the
principal axes gives a reasonable interpretation in the
course of the examination of 2 values using the
additive model. Three possibilities for the principal
axes of the EFG for the tbp structure are presented
in Figure 4. According to choice I, being the usual
choice for the tbp structure, for Rf2SbCl is calcu-
lated as

= (3 cos2 0 – 1)[OM]tba

+ (3 cos2 180 – 1)[OM]tba

+ 2 (3 cos2 90 – 1)[CM]tbe

+ (3 cos2 90 – 1)[Cl]tbe

= 4 [OM]tba – 2 [CM]tbe – [Cl]tbe

= 11.1 mm s 1,

and the calculated 2 value becomes –11.1
mm s 1. This is apparently inconsistent with the ob-
served value (+17.8 mm s 1) because the sign of 2

is opposite and the absolute value is somewhat small.
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Fig. 4. Possible candidates for the defi-
nition of the principal axes of the EFG.

For choice II, taking interchanged apical and equato-
rial axes, we obtain

= (3 cos2 30 – 1)[CM]tbe

+ (3 cos2 150 – 1)[CM]tbe

+ 2 (3 cos2 90 – 1)[OM]tba

+ (3 cos2 90 – 1)[Cl]tbe

= 5
2 [CM]tbe – 2 [OM]tba – [Cl]tbe

= –16.8 mm s 1,

The calculated 2 value (+16.8 mm s 1) agrees
well with the observed one. For choice III, is cal-
culated to be 5.7 mm s 1. Clearly this disagrees with
the observation. Hence we conclude that the princi-
pal axes for Rf2SbCl should be taken according to
choice II. This choice is reasonable if we think of the
electron distribution. The electrons of the Sb atom are
withdrawn to two axial O atoms and one equatorial Cl
atom, forming the electron deficient ClO2 plane, while
the electron-rich Sb—C bonds are inclined to the
axis. This configuration gives a nearly prolate charge
distribution, that is 0. In most of the pen-
tacoordinate hypervalent antimony compounds the p
electrons are withdrawn to two apical electronegative
atoms, and as a result the electrons are distributed
much more in the equatorial plane than in the api-
cal directions. In this case the charge distribution is
oblate and the sign of comes to positive. Thus
the electron distribution for Rf2SbX is distinctive as
a pentacoordinate hypervalent compound.

The and components of the EFG for
Rf2SbCl are calculated to be 3.7 and 13.1 mm s 1,
respectively, using (5 - 7). Thus the asymmetry pa-
rameter is calculated as

= = 0 56

Although the calculated value is slightly larger than
the observed one (0.24), the difference is acceptable

Table 5. Partial quadrupole splitting parameters for
organometallic and organic fragments at equatorial posi-
tion of the trigonal bipyramidal structure.

Ligand [L]tbe / mm s 1 Ligand [L]tbe / mm s 1

lone pair –12.9 FeCp(dppe) –11.6
FeCp(CO)PPh3 –11.6 FeCp(CO)2 –9.3
RuCp(CO)2 –9.2 CH3 –8.0
CrCp(CO)3 –8.0 MoCp(CO)3 –7.8
WCp(CO)3 –7.7 Ph –6.9
CM –6.6 Tol –6.6
Ar –6.5 Br +0.2
Cl +0.9

if we take into account that the calculation is based
on the ideal tbp structure.

We can also calculate the pqs parameters for the
metal fragments and the lone pair. The values are
listed in Table 5. The pqs parameters for the iron
fragments are large and donate much more electrons
than the organic ligands such as CH3, Ph and Tol.
Interestingly the pqs parameter for FeCp(dppe) and
FeCp(CO)PPh3 are close to that of the lone pair. The

-donor power of the group 6 fragments is smaller
but still donates more electrons to the equtorial plane
than Ph and Tol.

In conclusion, the 121Sb Mössbauer spectra indi-
cate the strong -donor power of the metal fragments
in the pentacoordinate hypervalent antimony com-
pounds having the antimony-group 6 and 8 transi-
tion metal bond. The -donor power decreases in the
order FeCp(dppe) > FeCp(CO)PPh3 > FeCp(CO)2
> RuCp(CO)2 > CrCp(CO)3 > MoCp(CO)3 >
WCp(CO)3. The essential trends in the electron distri-
bution and the Berry pseudorotation barrier are inter-
preted by the above order. Some steric effects for the
bulky fragments are also suggested for the molecular
structure and the barrier. In addition, the 2 val-
ues were successfully calculated for 25 hypervalent
compounds using the additive model for the EFG.
The different principal axis of EFG for Rf2SbCl
is demonstrated by the calculation of using the
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proposed pqs parameters and this implies its unique
electronic feature.
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