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ABSTRACT

The EPR spectrum of MgO containing iron as an impurity (about

- > > » 3 3 >
.017) exihbited lines that have been assigned to Fe * in tetrahedral sites

of the lattice. These lines were observed after 24 hrs annealing' at 1100°C

and quenching to room temperature. The spin Hamiltonian parameters obtained

were g = 1.999 + .001 and a = (193 + 1) x 10 ‘cm '.

* Submitted for publication to Physics Letters.
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1 »The EPR spectﬁum of Fe in tetrahedral sites as a substitutional
1mpur1ty has been studied in a variety of II-IV hosts (1-5). The .Fe3+

spectrum in interstitial tetrahedral sites has been reported in AgCl (6).

In Mg this fon has been extensive1y‘§tu&ied by EPR in octahedral
symmetry (7-11) and, in one EPR work, the presence of Fe't in tetrahedral
sites has been postulated but no assignment of lines has been made or values of
g a reported (12): e

In this work we have stud1ed the EPR spectrum of Mg0, at 77%K,
containing small amouts of iron (about .01%)and found, besides the well known
lines assigned to Fe’t in the Mg0 octahedral sites, substitutional to Mg2+

lTines that can be assigned to Fe T in tetrahedral sites.

Samples supplied by Matéria]s Researéh containing, besides iron,
chromium and manganese impurities, as seen by EPR, were submitted to annealing
at 1100°C for 24 hours and quenched to room temperature. Examihation by EPR
in X Band revealed lines Whose angular variation in the (100) plane and, a
and g values obtained are coherent with the tetrahedral sites assignment.

Fig. 1 shows the observed spectrum, in second derivative, where one can see,
bé$fdés fﬁe regular.fine structure octahedral 1ine§, labelled 0C, two lines,
Jlabelled TE, which we assigned to tetrahedral Fe'T. The angu]ér variation
kF}ﬁ. Zj of these Tines can be followed quite easely up to 17° from_the cubic
axes.’: Beyond these points they are masked by the Mn®* spectrum. To these
lines we have assigned the‘fine structure transitions'i3/2+-ti/2. The other

. fine structure lines could not be observed and assigned due to the spectra

of the other impurities which appear superimposed to the region where the

angular variation could be informative.

The values a=(193£1)x10 "cm ' and g = 1.999:.001 for the parameters
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of the adopted spin Hamiltinian . e T

H = gBR.S + (a/6)(S}+ s; +S31-- (1/5) S (S-1)(35%435-1))
where retrieved by a least square fit of the data to the theoretically predicted
angular variation of these transitions (13). Using results of the well measured
octahedral iron (II1I), which is obtained simultaneously with the tetrahedral
spectrum, we could check on the quality on ours results. In this respect it is
to be noted that the low field side of the spectrum gives poor results for the
octahedral iron angu]ar variation whereas the high field branch gives good
agreement with the accepted vaTues of the parameters. So we picked, as the
best values for a and g of fhe tetrahedral sites, those obtained from the

‘high field branch. This condition is attributed to the fact that the formulas
for the fine structure angular variation used are derived by perturbation
methods (13) assuming a<<ggH, condition that, for the low field lines, does

not lead to consistent values for a and g.

The ratio of a-octahedral to a - tetrahedral, supposing a = aV?
(14) s 1.16, which, given a value for a = 212 x 10°" em ' at 90% as
measured by Griffiths and Orton (15) and confirmed by our measurements, leads
to a value of 183 x 10°" cm™ ' for the tetrahedral a, smaller than our value
by a littlé more than five per cent. Considering that the presence of the
Fe’* in the previously empty tetrahedral site pulls in the doubly negative
oxigen ions, one should indeed expect a larger value than that estimated from

purely geometrical considerations, as indeed is the case.

"' L
Our g-value, also, shows a deviation from what has been measured in

other experiments with tetrahedral sites, which provided positive g-shifts
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_while we obtain negative shifts, This could indicate a délocalization of the
Fe't electrons into the surrounding oxigens (16) with the consequent decrease
of spin orbit coupling and an increase of the relaxation time. The narrover

. tetrahedral lines assigned seem to confirm this.

More detailed measurements are présént]y under way and will be
reported in a later paper. We thank prof.‘A.P. Guimaraes for the computer

program for the least square fit. This work has been supported by the Conselho

Nacional de Pesquisas of Brazil.

P




203

MR
. “ | I
ocC
TE] |
TE
|
| |
I
niem
'\, k“ 31‘ ’ , “ 2
AV Rt A
» SR
| b DL R
t {}
| ﬁ : %gtlai
L ¥ L‘
IR
kil
Rl
— ! | | | ] {
2800 3000 3200 3400 3600 380Cc GAUSS

3+

Fig. 1 - Spectrum of Fe in MgO octahedral and tetrahedral sites.

Only the #3/2+%1/2 transitions are labelled. The central
of the épectrum consists of Nn2+ and Cr3+ lines, besides tii:

central lines of the iron spectrum.
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Fig. 2 - Angular variation of the tetrahedral lines in the (100) plane,
between the two cubic axes. The circles indicate the

experimental points used in the least sjuarce fFit.
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