Correspondence

Halogen Electronegativity and Isomer
Shifts of Tin Compounds. Another
Example of the Importance of Charge Capacity

Sir:

There has been considerable recent interest in 98n
Moéssbauer spectroscopy as a probe of the electronic
environment of the tin nucleus and, hence, of the bond-
ing in tin compounds. One of the earliest correlations
found is that between the isomer shift (IS) and the elec-
tronegativity (x) of the substituents.!=® This effect
was first shown for the tetrahedral halides!—2 and then
extended to the octahedral hexahalostannate(IV) com-
plexes.*® For both series of compounds plots of isomer
shift s. the sum of the substituent electronegativities
are linear. The hexahalostannates provide the better
test of the phenomenon since, in addition to the four
species SnXg?~, there are several mixed species of the
general type SnX,Y,?~. Herber and Cheng* found a
good correlation between the isomer shift in these anions
and the summation of the Pauling electronegativities®
except for three species: SnBrip?~ SnCLI:?~, and
SnF¢?~. They attributed the deviation of the former
two species to possible distortions of these anions re-
sulting from the cis’ iodo ligands. Clausen and Good®
reinvestigated the series and obtained larger isomer

stead of Pauling values, Cheng and Herber® concurred
with this interpretation and extended the treatment to
the electronegativity of nitrogen.

It would be surprising if Mulliken values gave a sig-
nificantly better fit than Pauling values in view of the
generally good agreement between the two sets of
values.’01! TIn fact, there is no significantly better
agreement and the supposedly better correlation shown
by the “Mulliken values” used by Clausen and Good
is fortuitous.

Clausen and Good® and Herber and Cheng® made the
error of using ground-state ionization energies rather
than valence-state ionization energies. Briefly, the
former measures the energy of forming the triplet state,
3P, for F+ while the energy of interest for a fluorine
atom bonding another atom is that for a singlet state,
a suitably weighted mean of 'D and 1S.!? Because of
the higher spin-pairing energy of fluorine, electronega-
tivities by the two methods differ more for it than for
the larger halogens.!?

Clausen and Good further erred in stating that “‘Paul-
ing’s electronegativities also give a value for fluorine
which appears to be too high. . .caused by the failure. . .
to account fully for the anomalous destabilization
energy inherent in the formation of the fluoride ion.”” 1415
Pauling’s values were empirical values obtained di-
rectly from experimentally obtained bond energies

TABLE 1

COMPARATIVE VALUES OF GROUND-STATE®* AND VALENCE-STATE?
IONIZATION ENERGIES AND RESULTING ELECTRONEGATIVITIES

Values of Jaffé, ef al.?

-——Values of Clausen and Good®

—

Ionization

Ionization Electron Mulliken Pauling Electron Electron Mulliken
Element energy, eV affinity, eV electroneg, eV electroneg® energy, eV affinity, eV electroneg, eV electroneg®
F 17.418 3.448 10.43 3.30 17.418 3.48
20.86 3.50 12,18 3.90
Cl 12.96 3.613 8.29 2.58 12.974 3.69
. 15.03 3.73 9.38 2.95
Br 11.811 3.363 7.59 2.34 11.84 3.55
13.10 3.70 8.40 2.62
I 10.448 3.063 6.75 2.06 10.45 3.21
12,67 3.52 8.10 2.52
H 13.595 0.747
13.595 0.747 7.17 2.21

¢ Roman type. ? Boldface type. °© Reference 5.

0.338(xm — 0.615).

shifts for the iodo anions such that they were no longer
at variance with the remaining complexes. They also
claimed that the apparent discrepancy for SnFg?— dis-
appeared if Mulliken electronegativities® were used in-
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the ionic resonance energies that Pauling obtained for
fluorine compounds would be 25 kcal/mol less than if
this effect did not take place. Hence the computed
differences between the electronegativity of fluorine and
those of the remaining elements would also be /ess.
It is thus possible to argue that the “‘theoretical’”’ or
“ideal” electronegativity of fluorine should be higher
than Pauling’s empirical value but not lower. As a
matter of fact, the bond energy in gaseous SnF, corre-
sponds to an electronegativity difference of 1.4 units in
very good agreement with, and slightly larger than, the
difference of 1.2 units on Pauling’s scale.’* The ‘“fail-
ure’”’ of the Pauling equation has been discussed else-
where.”” It was concluded that although there are
some shortcomings the equation has a firm basis in
terms of current electronegativity theory.

The resolution of the apparent anomaly of fluorine
and the isomer shift of the hexafluorostannate(IV) ion
can be provided by a simple calculation. Standard
Mulliken-Jaffé electronegativity values'!-!%1® and com-
plete equalization of electronegativity!® are assumed
as a first approximation although the qualitative results
are indifferent to these assumptions. Calculations
employing incomplete equalization® yield similar re-
sults.

The results of this calculation are shown in Figure 1.
There is a good correlation (r = 0.99) between induced
charge and the isomer shift for both the tetrahedral
(IStqy = —3.688g, — 0.03) and the octahedral (ISqn =
—8.198g, + 0.49) species (where IS is the isomer shift in
mm/sec relative to gray tin and &8s« is the estimated
charge on tin). Hexafluorostannate(IV) falls on the
octahedral line and its collinearity is zot dependent upon
any of our assumptions but is implicit in the two-para-
meter Mulliken-Jaffé electronegativity values. The
better fit of the results of our calculations is a result of
the fact that the isomer shift is dependent upon the
s-electron density and the nucleus®! and thusisrelated to
the effective nuclear charge. Hence the parameter of
primary interest is not the inherent electronegativity of
the substituents but the ckarge which that electronega-
tivity can induce on the tin atom. In a system of fixed
electronegativities the induced charge is dependent only
on the electronegativity difference,” but a two-param-
eter scale'?!® takes into account the capacity for do-
nation or acceptance of charge as well as the inherent
tendency to donate or accept charge.?® Fluorine
differs from the remaining halogens in its reduced charge
capacity (‘‘polarizability”). The small fluorine atom
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cannot readily accept large amounts of charge. In this
sense the interpretation of Politzer! is appropriate, but
when the ionicity is low, the effect does not appear.??
Although the correlation between isomer shift and
calculated charge (or electronegativity) is good and
has been used to obtain group electronegativities,?:*
we should like to point out that calculated charges (or
electronegativities) are insufficient to account com-
pletely for isomer shifts. For example, as noted by
Herber and Parisi,?? the isomer shift for stannane,
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Figure 1.—Isomer shift as a function of estimated charge on the
tin atom in tetrahedral and octahedral species.

—0.83 mm/sec, does not fall on any of the correlation
plots offered thus far, including our own. Organotin
compounds offer similar problems. It would appear
that m-bonding capabilities of the ligands may well be
involved in the isomer shift. We are currently investi-
gating the problem of correlating the organotin com-
pounds.
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