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ABSTRACT

For Fe3.,Sn,0, at 300 K and x > 0.1, a paramagne-
tic quadrupole doublet pattern, in addition to the
usual two magnetic patterns, is observed in thg 57Fe
NGR spectra. This doublet is due to A site Fe T whose
concentration for 0.1 £ x £ 0.5 is guch that approxi-
mately equal amounts of FeZt and Fe + are on the B
site. The 200 kG field at the Sn** site at 300 K is
smaller than that in NiFe,0,. At 80 K_a paramagnetic
quadrupole doublet isngserved in the 11 Sn NGR spec~
trum and is due to Sn” .

INTRODUCTION

Most nuclear gamma ray resonance (NGR) studies of
doped Fe30; have been concerned with materials_for
which there is a decrease in the Fe“®  content. We
have, therefore, synthesized Sn-doped Fe30;, Fe3.,5n,0,
for which Fe*" increases with increasing x and obtained
their 3’Fe and 1193n NGR spectra at 300 K and 80 K.
Qu%itiggs of particular interests are: (1) effect of a
Fe“ 'Fe riiio > 1 on the conduction mechanism and the
role of $n™", (2),.confirmation of A site Fe“", here-
after noted as Fe“ (A), for x < 0.5, and (3) pertur-
bation by Sn of the electron localization at the Verwey
transition.

EXPERIMENTAL

Fey .Sn,0, with x = 0, .05, .1, .2, and .5 were syn-

thesized by firiné mixtures of spectroscopic grade
Fey03, Fe, and 11%n enriched Sn0, in evacuated and
sealed silica tubes at 1273 K. X-Ray diffraction
analysis with a Guinier focusing camera showed the
samples to be single phase and with lattice parameters
for x = 0, 0.05, 0.1, and 0.2 of 0.8395 nm, 0.8411 nm,
0.8241 nm, and 0.8453 nm, respectively, in good agree-
ment with earlier measurements.

Standard transmission NGR techniques and least-
squag%s curve fitting techniques were employed. 25
mCi ?/Co/Rh and 0.5 mCi Sn/CaSn0O3 sources were used
and were always at the same temperature as the
absorber. The lines were assumed to be lorentzian for
both nuclei and the -1/2 -+ -1/2 transition was used to
obtain the relative occupancies of the A and B sites
by Fe since the corresponding lines were the most
well resolved.

Table I
57Fe NGR Parameters of Fe Sn 0, at 300 K
3-x X 4
x . v - Rati
b4 Pattern Heff ISII ISI Ari;/la io
(kG) (m s™1)
I 493
0 0.40 1.80
TI 463
1 399
0.05 0.36 2.20
11 379
I 400
0.1 0.31 2,04
11 375
1 395
0.2 0.32 2.8
IT 366
1 389
0.5 0.33 3.2
IT 358
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Fig. 1. Fe NGR spectra of Fe, Sn 0,, x = (.05, and
3-x x 4

0.1, at 302 K. Pattern III for x = 0.1 is to be noted.
RESULTS

3Tge spectra at 300 K for x = 0.05 and 0,01 are
given in Fig, 1 and those for Sn at 300 K and 80 K
for x = Q0,1 are given in Fig, 2. 1In order to account
for the 57Fe spectra for x > 0,1, it is necessary to
introduce a quadrupole doublet (Pattern III) with an
isomer shift, &, of 0.83 mm s™— w.r.t. Fe and a quadru-
pole splitting, AE,, of 2.35 mm s™%. The NGR param-
eters of patterns % and IT (cf. Fig. 1) for all sam-
ples are given in Table I. The III/I area ratio is
0.12 for x = 0.1 and 0.37 for x = 0.2, An accurate fit
of pattern III for x = 0.5 has not been poss%?le. The
Verwey transition has been determined using ~'Fe NGR
and is above 100 K and rather sharp for x = 0.05. For
x > 0.05, the transition commences above 120 K and is
smeafig over a temperature interval of at least 40 K.
The Sn NGR parameters of the magnetic hyperfine pat-
tern at 300 K and 80 K for x < 0.5 are given in Table
II. The absorption line at 0 mm s™— is believed to be
due to a Sn0j impurity undetected in the X-ray diffrac-
tion analysis. For x > 0.05, a quadrupole doublet
(Pattern II of Fig. 2) appears in the 80 K spectra and
is to be associated with the low temperature phase of
Fe,0,. This pattern has a § of 3.0 mm sl w.r.t.
Cagn33 and a AEg of 2.06 mm s~ and is, therefore,
characteristic of $n?T. The I1/1 area ratio is 0.06
and 0.25 for x = 0.1 and 0.2, respectively.
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Fig. 2. Sn NGR spectrum of Fe2.95n0.104 at 302 K

and 77 K (below the Verwey transition). The paramag-
netic pattern II and its large isomer shift in the
77 K spectrun is to be noted.

Table II
llgSn NGR Parameters of Fe, Sn O, at 300 K and 80 K
3-x x4
i ti
X Heff Héff Isomer shift Area Ratio
at 300 K |at 80 K at 80 X II/1
(kG) &G) (mm s™)
0.05 195 243 +0.14 ——
0.1 197 229 +0,.17 0.06
0.2 184 232 +0,22 0.25
DISCUSSION

The significant findings of this study are: (1)
the large II/I5 apparently (A site)/(B site), area
ratios of the “‘Fe spectrum, (2) the presence of para-
magnetic Fe“" at 300 K, and (3) the existence of Sn
in the low-temperature phase. If all the A and B site
cations contributed to patterns I and LI, respectively,
the I1/I area ratio should degrease with increasing x
since Sn”  occupy the B site;“ this is not the case.
The increase in the II/I area ratio with x_is due to
the partial occupation of the A site by Fe””, with_the
fractional occupation increas%ng with increasing x
and to the fact that these Fe +(A) ions contribute to
neither pattern I nor II. The Fe2+(A) gives rise to
pattern III. If it is assumed that all Fe +(A) ions
contribute to pattern III, then good agreement is
obtained between the II/I_area ratio and the fraction
of A sites occupied by Fe for x = 0.1 and 0.2. The
cation distributions for these two cases are
(Fe2+ 2+ ) [Fe3+ 2+

887 12 9278 ggn 4] and
+ 2+

3+ 2+ 3
(Fe Fe .37) [Fe .97Fe .SBSn.Z]' For x = 0.5,

.63
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the cation distribution determined from the IL/I area
. 3+ 2+ o3t 2+
ratio is (Fe”' ,Fe .7) [Fe gfe ‘7Sn‘5]. The re-

markable feature of these _results is the apparent ad-
justment in the A site Fe + conce& ration to give
approximately equal amounts of Fe“' and Fe3* on the
octahedral gite., A similar phenomenon was observed in
Fe3 4Cr 0,.° The paramagnetic charact2£ of Fe +(A) is
due perhaps to clustering of B site Sn?' ions about
such A site ioms.

The magnetic 1198n pattern exhibits somewhat
larger linewidths and hyperfine fields at 80 K than at
300 K. The larger fields are due simply to the in-
crease in the magnetization but the larger linewidths
may be due to the lower symmetry of the low-temperature
phase, as expected. The quadrupole doublet due to Sn
is unexpected and suggests that the conduction elec-
trons are localized on the Sn sites below the Verwey
transition. Further support Yor this suggestion_is
found in the increase in the intensity of the Sn2+
pattern with ingseasing X.

While the “‘Fe area ratio results are suggestive
of pair-wise hoppin§ at 300 K, the localization of
electrons on the Sn*t sites at low temperatures is more
readily explicable in terms of band conduction.
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