Nonresonant X-ray Raman Scattering from Cubic BN
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Introduction

Since its first synthesis in 1957 [1], cubic BN (c-BN)
has attracted both experimental and theoretical interest
[2,3]. Past experimental works include amost all
different spectroscopy methods, such as infrared and
ultraviolet [4], vacuum ultraviolet [5], optical Raman [6],
x-ray  absorption  spectroscopy [7,8], resonant
photoemission [9], and electron energy loss spectroscopy
[10]. Most recently, the plasmon-Compton profile has
been studied by using nonresonant inelastic x-ray
scattering (NRIXS) from the valence electrons and
guantitative density functional theory (DFT) calculations
[11].

Here, we report on the first measurement of NRIXS
from the core-shell electrons of both boron (B) and
nitrogen (N) in c-BN. NRIXS from core-shell electronsis
commonly called nonresonant x-ray Raman scattering
(XRS) [12], and it has been investigated by several groups
as a complementary probe to soft x-ray absorption fine
structure (XAFS) [12]. The present measurements were
part of the commissioning study of a new IXS analyzer
installed onto a six-circle diffractometer in the PNC-CAT
beamline 20-ID-C. As we report elsewhere [13], this
study also serves as the basis for a critical comparison of
two competing ab initio theoretical treatments of
transition matrix elements for core-shell photoelectron
processes.

XRS is a weak-scattering technique that can be treated
by the lowest-order Born approximation. The cross
section does not depend on the incoming and outgoing
states of the x-rays but only on the transferred momentum
and energy. In the vertical plane of horizontally polarized
and incident synchrotron radiation, the transition
probability is proportional to:
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where p(q) is the electron density in momentum space

[12]. For a powder sample in the dipole approximation,
one finds:
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The transition probability has the same matrix element as
that found in XAFS.

Methods, Materials, and Results

All measurements were carried out at sector 20-1D of
the PNC-CAT beamline at the APS. After passing a Si
(1,1,1) monochromator, the beam was focused by a
toroidal mirror to a size of 300 um (width) x 100 pm
(height) at the sample position. The IXS analyzer consists
of a 11.4-cm-diameter, spherically bent, Si (1,1,1) crystal
analyzer with 1-m radius of curvature, which is mounted
on the detector arm of a six-circle Huber diffractometer.
A Bragg backscattering geometry of 87.7° angle is
employed with an object-to-image demagnification ratio
of about 1.2. In this geometry, the (5,5,5) S reflection
occurs at the de facto elastic energy of 9892.7 eV. The
profile of the elastic peak fit well to a Gaussian and gave
an energy resolution of 1.6 eV [i.e.,, comparable to the
energy resolution of the incident beam from the Si (1,1,1)
monochromator].

A sample of micrometer-sized c-BN powder (Alfa
Aesar) was packed in a 3-mm-thick disk and mounted on
a Huber 1003a goniometer head working in the Laue
geometry (transmission mode). The scattering angle is
35°, which corresponds to a momentum transfer g of
3.02A™. The core electron orbital radii are estimated to be
a, = 0.11 A for B and 0.08 A for N. Since aqq is <1, the
dipole condition was met for both species. The detector is
an Amptek XR-100CR Si-PIN diode with a Be window,
combined with a 2-mm-diameter front pinhole. Data from
all scans are regrouped and binned. Every final data point
has an average measurement duration of 32 sin aroughly
0.5-eV step. The total counts in each binned point for the
top of first peaks are about 8200 for B and 2600 for N.
The total measurement time for each of the B and N XRS
edgesis4.5 h.

We present our experimental results in Fig. 1. The
absolute energy shifts for both edges are 195.0eV for B
and 403.6eV for N. Pre-edge data were used as
background estimation for an exponential decay of the
Compton tail. The errors were from counting statistics
and from the smooth background subtraction.
Measurement at a 20° scattering angle was also carried
out for B, and the results were unchanged in every detall,
which serves to verify that the measurements at 35°
where the scattering intensity is larger, are, in fact, in the
dipole limit.
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FIG. 1. Background-free nonresonant x-ray Raman
spectra for B (top) and N (bottom) from c-BN powder
sample. The B curve is displaced.

Discussion

The B and N XRS spectra display similar profiles and
match peak positions very well in the first 40-eV region
from the edge. This can be explained by the real-space
full multiple scattering picture. When photoelectrons
come out of both types of atoms, their scattering paths are
exactly the same because of the total interchangeability of
the crystalline positions for B and N. The only differences
are aresult of the phase shifts from backscattering. Given
the similar atomic numbers for B and N, the pseudo-
potentials for both sites should be quite similar. An
examination of the path contributions [13] reveals that the
first peak is due to the nearest neighbor (B-N) scattering,
which is equivalent to the sp® hybrization in the bond

picture. We defer further discussion of these results to a
longer manuscript in preparation [13].
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