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Appendix 1. Theintensity of a single-phase powder specimen in an X-ray diffractometer

The exact expression for the intensity of a single-phase powder specimen in an X-ray

diffractometer®’ is
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Here I = integrated intensity per unit length of diffraction line (joules sec'm™), Iy = intensity of

incident beam (joules sec'm™), A = cross-sectional area of incident beam (m?), A = wavelength of
incident beam (m), r = radius of diffractometer circle (m), po = 47 x 107 m kg C*, e = charge on
electron (C), m = mass of electron (kg), v = volume of unit cell (m’), F = structure factor, p =
multiplicity factor, § = Bragg angle, ¢*™ = temperature factor, and p = linear absorption coefficient

(m™), which enters as the absorption factor 1/2p. If we put
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the diffracted intensity is then given by
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where K is a constant if the XRD test condition is fixed, R, depends on the kind and

crystallographic orientation of the diffracting substance of the ith layer, and p is the absorption
coefficient of the diffraction substance.”
For the ith element of a multicomponent system composed of many elements Eq. 4 can be

written as
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where C, denotes the volume fraction of the ith element and um the absorption coefficient of the

multicomponent system.> Since absorption is an atomic process, the multicomponent system can
be regarded as slabs of each of pure elements as many as the number of the components, that is, a
multilayer system.** In analogy with the expression of Eq. 5, for the ith layer of a multilayer

system Eq. 4 can therefore be expressed as
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where C; denotes the volume fraction of the i th layer and g, the absorption coefficient of the total

multilayer system.

Appendix 2. Calculation of the absor ption coefficient of the FesO4/ Fe/ Si (100)

sample

For a multilayer system the absorption coefficient of the system can be expressed as

w=% LW ] (1)

where (ﬁ)i and W, denote the mass absorption coefficient and weight fraction of the ith layer

material, respectively and p; the density of the total system.”* We can write Eq. 2 for a multilayer

system consisting of Fe;O4 and Fe thin films and an Si substrate:

:uT = Z [ (%)F&OAWFe}Ozo +(%)FeWFe +(%)3Ws ]pT . (2)



Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is (c) The Royal Society of Chemistry 2007

In this system W .o, = W = 0and W4 = 1 because the Fe;O4 and Fe layers are much thinner

than the Si substrate, and there is little difference in the # Value between them. The absorption

0

coefficient of the sample t can therefore be approximated as

My = (%)s‘ Ps = Hg - (3)



