Citation for published version
Cole, Jacqueline M. and Clarke, Stuart J. and Wright, Adrian C. and Sinclair, Roger N. and Newp
Robert J. and Matrtin, Richard A. and Cuello, Gabrial J. and Fischer, Henry E. (2008) Structure

Of Rare-Earth Phosphate Glass Studied By Anomalous Dispersion Neutron Diffraction. ILL
Annual Report . pp. 38-39.

DOl
https://doi.org/10.1088/0953-8984/19/5/056002

Link to record in KAR
https://kar.kent.ac.uk/19153/

Document Version
UNSPECIFIED

KAR =

Kent Academic Repository



E Authors

J. M. Cole and S. J. Clarke (University of Cambridge, UK)

A. C. Wright and R. N. Sinclair (University of Reading, UK)
R. J. Newport (University of Kent, UK), C. E. Fisher and R. A. Martin (University of Bath, UK)
G. J. Cuello and H. E. Fischer (ILL)

Structure of rare-earth phosphate glass studied
by anomalous dispersion neutron diffraction

Rare-earth (R) phosphate glasses (R,0,),(P,0¢);_, where x=1/4 or 1/6 have
shown great promise in the laser and optoelectronics industry. This is because
the rare-earth ions possess the required energy levels for achieving successful
population inversion and the non-linear refractive index is large enough to
exhibit the desired optical effects without causing beam breakup and damage.
Mareover, the particularly high concentration of rare-earth ions present in these
materials results in a myriad of exotic physical properties at low temperatures:
negative thermal expansion, negative pressure dependence of bulk moduli and
unprecedented magnetic, magneto-optical and opto-acoustic phenomena [1].
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The structural nature of these glasses dictates their physical
properties, especially the closest R...R approach, since
too close a separation impairs their optical and magnetic
phenomena. Conventional X-ray [4-8] and neutron diffraction,
X-ray absorption spectroscopy, and solid-state NMR studies
have, in combination, been able to piece together a model
of the local structure of these glasses, out to an interatomic
distance, r, of about 4 A (see figure 1). However, the R...R
separation is not part of this defined local structure, and
beyond this ~4 A radial limit conventional characterisation
techniques are uninformative owing to (i) increasing num-
bers of overlapping pair-wise correlations in conventional
diffraction; (i) the progressively damped signal, and obscu-

ring multiple scattering effects in X-ray absorption spectros-
copy; (iii) the inherent short-range J-J coupling effects in
NMR, and heavily broadened signal due to the paramagnetic
nature of rare-earth ions.

One must therefore turn to non-conventional diffraction tech-
niques to determine the nearest R...R separation. Samarium
has a physical characteristic, unique to all rare earths, that
makes it ideal for use in such a non-conventional diffraction
experiment, which yields R-R correlations exclusively in
one part, and R--X and X--X correlations (X is any element
that is not R) in another part. This is the anomalous neutron
dispersion effect associated with the "*Sm isotope, which
is 14% naturally abundant in samarium. It is this physical
characteristic that we exploit here in performing an anomal-
ous dispersion neutron diffraction experiment on vitreous
Sm203 8 4P205 [2]

The anomalous dispersion technique is employed successful-
ly with X-rays at synchrotron radiation sources, which provide
the required incident intensity and sufficiently dynamic
energy spectrum that encompasses the required absorption
edge as well as an energy void of all resonant effects.
The equivalent neutron technique involves the variation in
the neutron scattering length with wavelength around an
absorption resonance, b= b+ b’ (\) +i B°(N), b(\) and b'(\)
being the wavelength-dependent real and imaginary parts of
the scattering length, usually arising from a single isotope of
the element in question; b° is the wavelength-independent
contribution to the scattering length from all of the isotopes
present. The relative change in the scattering length for
neutrons is very much larger than that in the atomic form
factor for x-rays. This, together with the greatly enhanced
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rare-earth environment; such corroboration is extremely use-
ful for the verification of this study given its complexity. The
mean Sm-0 bond length is 2.375(5) A. The ability to draw out
Sm--X + Sm--Sm correlations exclusively via the first-order
difference, AT'(7) affords excellent accuracy in the deter-
mination of these Sm=0 correlation parameters; in conven- M References

tional diffraction, Sm—0 and O—(P}-0 correlations overlap. [11 J. M. Cole et al, J. Phys.: Condens. Matter 11 (1999) 9165;
The anomalous difference correlation function, AT"(r, sug- ibid. 13 (2001) 6659

gests that most of the Sm3* ions are separated from each
other on average 4.8 A apart. By calculations based on the

3-0 correlation, we have shown that the AT'(4 and AT"(n) [3] A. C. Wright et al,, Nucl. Instr. Meth. A 571 (2007) 622

[2] J. M. Cole et al., J. Phys.: Condens. Matter 19 (2007) 056002
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