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In a recent study of the Mossbauer effect with spin-free

1

and spin-paired iron complexes we have shown that the isomer

shift of the resonance curves follows the order:
Fe 2(ionic) > Fe+3(1onic.) S Fet2(cov) > Fe*3(cov)

These shifts are relative to the sanme material (stainless
steel) and they measure the increase in total s-electron density
at the Fe®’ nucleus 2?3 on going from Fe %(ionic) to Fe'3(cov)

(decreasing shift = increasing s-electron density).

For the lonic configurations which follow Hund's rule it
has been possible to give a quantitative interpretation of the

isomer shift 2 on‘the.basis of the wave function calculations

L ]

of Watson. The increase in s-electron density at the 1iron
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‘nucleus on going from 3dn to Bdn'l configurations arises as a
consequence of the decrease in shielding of the 3s electrons by

the remotion of the d electron 2 4,

In the spin~paired iron complexes the 34 eleétrons are
more or less delocalized according to the strengh of m=bonding
between the dﬂ orbitals of the metal and the appropriate orbitals
of the ligands. The spread of the charge cloud of the d-
electrons due to this covalent bonding will decrease the shield
ing of the s-electrons and it is thus possible to explain the

relatively small isomer shift observed with these complexes.

The 1somer shift observed with the isoelectronic ligands
CN”, CO, NO” in the complexes Fell(cN) (1), Fe(c0) (516 ang
FeII(CN)sNO(l’s) glve the following order for the s-electron

density at the Fe nucleus:
CN” <co <no*

The extent of back~donation of the d, electrons of the
metal to the m antibonding orbitals of the ligands follow also
the same order, as expected from the relative electronegativity
of those ligands /. The extensive deslocalization of the a_
electrons in the Pe-NO 7 bonds leads to a large inerease of

s~-electron density at the iron nucleus in the nitrosyl complex.

These ideas are also useful for the Interpretation of
Mgésbauer measurements of several iron-nitrbsyl complexes.
Table I gives the results of these measurements with the same

apparatus described in our previous work 1.
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Table I

Isomer Quadrupoles

Complex Temperature shift couplin

(em/sec) (em/sec;
FeT1(CN)_NO room -0.012#0.005  0.185+0.005
Fe'1(H,0) N0 room +0.140+0,010 0.170+0.010
Fe II[s CN(CH3)] NO room +0.,038+0.005 0.085+0.005
rell[s, cn(cn3)] NO 1ig. N,  +0.046#0,005  0.081+0.005
Fe II[s CN(C,H, ) ] room +0.,043+0,008 0.076+0.005

2] "

Extensive w~-bonding in the No™* complexes of the transition
metals have been assumed by Gray and Ballhausen 8. Confirming this
idea it has recently been found that the Fe-NO distance (1.63 ﬁ)
is shorter than the Fe-CN distance (1.92 4) in the reTT(cN)NO
complex 9, The isomer shift for this complex (-0.012 * 0.005
indicates the largest s~electron density observed with an octa-

hedral or substituted octahedral iron complex.

Fe(HZO)SNO is an interesting spin~free complex of not as
shown by magnetie and infra-red measurements 10. T bonding in this
complex 1s absent or very small 10’11. The delocalization of the
d - electrons of Fe and that of the unpaired electron of NO on the
w*-Zp orbital should in consequence be negligible. In agreement
both the isomer shift and the quadrupole interaction for this

complex are typical of Fe+2 ionic compound.

The magnetic moment of nitroso~bis (dimethyldithiocap-

bamato) iron (II) shows that the complex has one unpaired

12

electron . The M. 0. level scheme is (e)4(b2)2(bl)1 with a

* Fo(H20)5N_0 is conteined in the complex (15'980%)2 NO.13 320(10).
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2B1 ground state with electron in the (bl) antibonding orbitalli.

The hyperfine splitting structure of the electron spin
resonance spectra of this complex shows that the unpaired
electfon is delocalized in respect to the N nucleus 12, 13, 14.
The extent of delocalization is however smallerthan that observed
with Cr(cN)_N0{18), mhig aifrerence has beer atributed to the
fact that in Cr(CN)SNO the delocalization concerns a non-bonding
orbital of the transition metal whereas with the nitroso-

ecarbomato complex an antibonding orbital of iron is involved.

By these arguments the extent of delocalization of a
electrons and consequent increase in s-electron density at the
iron nucleus should be smaller in FeII[%ZCN(CH3)é]2NO than in
Fe(cN)5N0 which 1s in agreement with the isomer shift values for

these complexes.
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