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ABSTRACT

The M¥ssbauer spectra of 57Co-CoC12 reveal 57Fe-1n
the +2 charge state. Isomer shift and quadrupole
splitting are discussed. An interpretation is sug-
gested for the observation of ornly the ferrous ionic

state.
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¥We report in this paper precision measurements of the M8ss -
bauer spectra of 57bo doped anhydrous CoClz sources, between £
amd 500°K 1. The main purpose of the work was to get further
insight in the formation process of multirle charge states after
the electronic capture of 9/Co.s

CoCl, presents rhomboedral structure, of type C4Cl, {space
group QBG-BB). The C:::"2 ions stay in a nearly octahedral enviruag
ment of 6C1” anions, didtorted along its tr!iswnal (1,1,1) axe,
which coreesponds to the crystal ¢ axe., Cztions and anions ars
arranged in hexsgonal layers perpendiculizr to the ¢ axe, with
the Co™® 1ayers beeing @eparated by two lavers of C17 anlons.

KEXPERIMENT AL

The lM8ssbauer spectrometer was of constanit sceeleration
type. The moving 57Ee enriched ferrocyanide absorber was kept
at room temperature. The 5700-00012 source was prepared by
evaporation of a solution of COCl2 containiag 0.5 to I wel of
5700, followed by carefull drying under HC1 or RZ atmosphere at
180°C. Special precautions were taken ag-ir=t rehydraraticn of
the salt during the experiments. The ¥&::i:uer parameters were
obtained by a least square computer curvs fiiting, supposing
that in@ividual 1ines present theretical Iisrentzien 1ine shape.
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EXPERIMENTAL RESULTS
The MBssbauer spectra of 5/Co-Col, (figure) present two

peaks of inequal heights and same linewidths. The isomer shift
characterisés ferrous ions; the quadrupole splitting is unusual
ly low (typical values of € for Fe'l raﬁge from 2 to 3.5 mn/s)

and strongly temperature dependant (Table). These features are

however well in agreement with M8ssbauer measurements of absorb

ers of ferrous halides 2.

T -0 € ‘ B bh,/h,
95 1.27 1.02 0.41 1.06
295 l.14 0.92 0.38 1.11
375 1.05 0.81 0.37 1.19
470 1.00 0.69 0.45 ' 1.25

Table: M8ssbauer parameters of 5700 doped CoCl, source.
Temperature in °K, isomer shift: o’ against Ha,Fe(CHN)g,
10H,0, quadrupole splitting: £ and linewidth: [ all in
mm/ s . hl/ha is the ratio of the intensities of the two
lines. The error upon o, £y and | 1s 0,03 mn/s.

Us F_THE EXP
The isomer shift of the ferrous loans formed after electrg
nic capture of cohalt 57 inm 00012 is higher than in Ferrous
chloride. This is attributed to a stronger delocalization of
the 3d electrons, whieh might be induced by a pressure effect.
(The ionic radius of Fe'? is larger than that of co*?) or be

caused by an incomplete lattice rearrangement after the nuclear
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event. It has already been noticed that the isomer shifts of the
ions thus formed by 5700 BE. C. always imply a higher ionicityof
the bonding than in the corresponding iron compounds 3. The
temperature variation is due to the second order Doppler shift
(6 x 10™% m/s/°K).

The quadrupole splitting is well described using earlier
theoretical works by Ingalls and Gibb 4. 1In the case of
57Fe-CoC12, the crystal field perturbation hamiltonian acting
upon the 5D state is written:

vVv=y v

_ 4, 4,,4_3 4y, 00 (2,2 .2
cubte’ Cylx™+ y 427 -5 r7)+B; (327 -r7)

trigonal

The cublc term splits the °D state into an orbital doublet dy
and a triplet df, whose energy separation is about 7000 cm'l at
295°K 5. The three-fold degeneracy of the d€ lower state is
lifted by the trigonal field and the spin orbit interaction,
whose effects are described by the equivalent operator hamiltop
fan - AL S - %E (3 I:g- £2) acting upon the wave functions

The 15 x 15 perturbation matrix has been solved by several

authors 4. It may be concluded from the small value of £ and

from a comparison with isomorphous FeCl2 experiments thatl&t is
positive.
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Only ., contributes to the quadrupolar interactionksince
the crystal field presents axial symmetry. As the thermal
transition frequencies between the sublevels are much higher
that the quadrupole precession frequency («_4 1()9 s"l), the prin-
cipal component of the electric field gradient is an average

over the electronic states:

-€ /KT
T
% (95,0, ©
92z = ~E /KT
o
n
where (q,,) = % e<r2y¢« ¢n|3 @%-QZI¢n>md 4}1 is the eigenvec-

tor of the nth eigenstate with energy en. Neglecting the lat
tice contribution, the quadrupole splitting is then written in

terms of a dimensionless factor F which is a function of At and

Az

ec"'zzq 2 2 2 -3 2
6-‘--——2——- =;e Q(1-R) o Ty >f(At,oc Do ? T)

where Q 1s the quadrupole moment of the first excited nuclear

state, R the Sternheimer polarization factor (+ 0.32), oca = 2

2o
the covalency factor accounting for the reduction of the spin
orbit coupling constant A and ¢ r"3> from the free ion values

Ao (103 em™) and <r, P> (4.8 aw.).

Using Ingalls estimate for Q (0,29 barn) it is found that
E = 5.62 &2 F(At, «Z Aot T)oWe supposed that the A value is
the same as In FeCl,: 95 em™l (2) and found A, =160 em™t with
the help of the graphical results from reference 4.
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However, the value of @ is not yet definetely established.

¢ and the same values for the other

=1, %he values of At

Using @ = 0,18 barns
parameters, it is found that At = 285 cm

deduced from M8ssbauer spectra are thus rather imprecise.

Furthermore, as is indicated by the isomer shift value, the
spin orbit coupling constant should probably be somewhat higher
for 57Fe+2 in CoCl2 than in FeClz, and the value of ) proposed

1n several works for Fe+2

in FeCl, (2) seemsto be anomalously high
considering the covalency of the bonding. The main point is that
the small value of the quadrupole interaction energy and its
strong temperature dependance may well be explained by a strong
mixing of the different electronic states under influence of the
erystal field and spin orbit coupling and a small energy gap

between the lowest levels.

The slight inequality of the peak heights of the spectra of
Fe+2 formed in CoCl2 is attributed to an anisotropy of the Lamb

7, in accordance with the layer structure of

M8ssbaner factor
the compound. Relaxation effects and preferred orientation of
the microcrystals were ruled out respectively by considering that
both peaks have the same linewidth and that their intensity

ratio does not vary with the orientation of the source rélative
to the 3’ray axe. The increase of the spectra asymetry with
temperature is expected for the Gol&anskii-Karyagin effect, which

is invoked here.
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CHARGE STATES OF 57Fe AFTER ELECTRON CAPTURE IN 57Co

The interesting fact is that 57re is only found in the fer-
vous state in anhydrous 00012° The difference against the
hydrates of cobaltous chloride has already been discussed, and
the appearance of ferric ions in the hydrates has been attributed

to radiochemical reactions following the local autoradiolysis 80

Whereas only Fe+2 is observed in CoClZ, the presence of

6

¥z and Fe+3 has been detected in CoFZ . The appearance

Fe
of ferrlc lons in the CoF2 lattice may be related to the increase
of the lattice energy and of the Madelung constant on going from
CoCl2 to CoFZ. Similar correlation has already been found in the
complex fluorides KCoF3 and K3CoF6 (3). This qualitative rela~
tion could mean that the higher charge states of 57Fe may be
observed if the local variation of electrostatic energy associated
with the change of charge is high enough against the lonization
potential of the normal charge state of iron. This variation of
electrostatic energy is of course related to the Madelung constant
of the lattice. Calculations are under work to verify these hypo-

theses in several type of compounds.
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