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Abstract:

This proposal follows a measurement of the magnetic ordering in Ca2Fe2.6S203 and preliminary measurements on the slightly more Fe-
rich title compounds (Ca2Fe2.7S2-xSex03 x = 0.5, 1, 1.5) which reveal complex and different evolution of the magnetic structures on
the two mixed-valent iron sublattices through a series transitions below the onset of long-range magnetic order. The aim here is to make
use of the high resolution of DIB in the long d-spacing region to determine the changing magnetic models and related these to the
mixed-valence and the Fe deficiency in these compounds, and to compare the behaviour across the series.
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Fig. 1. NPD pattern of Ca,Fe,703S:5Seos (left) and CasFe, 703SSe (right) measured at 100 K (top) and 5 K (bottom) on the D1B
instrument at the ILL showing the observed (black), calculated (red) and difference (grey) curves.

Intensity (counts x 10%) Intensity (counts x 10%)
54.00 4580

48.78

oy = 41.02
X ;ggj X 3625
o 200 ® 200 3148
5 3312 5 s
© 27.90 © ;

g 268 8 21.99
5 b 17.46 £ 100 17.16
= 1224 i 1238

7.609
2.836

7.020
1.800

20 25 30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 60
20 (degrees), 2=2.52 A 20 (degrees), 2.=2.52 A

Fig. 2. Variable temperature NPD patterns of Ca,Fe> 703S1.5Seo s (left) and CasFe; 703SSe (right) measured on the D1B instrument
at the ILL.
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The series of compounds investigated in this experiment are a series of layered oxide chalcogenides with Fe
in two coordination environments and forming two sublattices. The Fe(2) sublattice is deficient in Fe, but the
25% vacancies only order in the pure sulfide. The selenide-containing materials have disordered vacancies on
the Fe(2) sublattice. The D1B experiment focused on the magnetic ordering as a function of composition. Full
temperature sweeps on the three title samples were performed and the data for the x= 0.5 and 1.0 samples

have been fully analysed as shown in Figure 1 and Figure 2. The x= 1.5 sample requires further analysis.
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Fig. 3. Top, the crystal structure of the members of the series. Bottom, the refined magnetic structure of Ca2Fe2.703SSe
showing the ordering on the Fe(1) sublattice (present below 250K) and the Fe(2) sublattice (present below 70 K).

The data gathered on the D1B instument were useful for the structural analysis of the magnetic structure to

accompany previous measurements on D2B of the structure [1].

The work carried out in this experiment is judged to be a success and will be published in an international

journal and will form a significant part of the D.Phil thesis of Alexis Gillette.

[1] B. C. Sheath, D.Phil. Thesis, University of Oxford 2023
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