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INTRODUCTION

Impurities in diamonds are of particular interest in materi-
als science, geology, and gemology. Not only do impurities
provide a record of growth conditions and environment, they
can also significantly alter many physical and chemical prop-
erties of diamond, and consequently affect their application
(Harris 1992; Anthony and Meng 1997). Comprehensive un-
derstanding of the incorporation and distribution of impurity
elements in diamond is, therefore, significant to many aspects
of diamond research, including synthesis and understanding of
physical and chemical properties, as well as to industrial and
technological applications of diamonds.

One of the most important applications of synthetic dia-
monds is as grits for grinding, polishing, and cutting. The study
of transition metal impurities in diamond grits has been lim-
ited by difficulties in sample preparation. In addition to their
extreme hardness, the small crystal size of diamond grits, typi-
cally in the range of several hundreds of micrometers, makes
thin section preparation difficult. Furthermore, the machining
of diamond usually involves high temperatures, which may
change the distribution and chemical form of metal impurities
(Chepurov et al. 2000). Iron, Ni, and Co, when used as cata-
lysts or solvents, either alone or in combination, are common
impurities in synthetic HPHT diamonds, and these elements
also have been found in some natural diamonds (Sellschop
1979). Previous studies, mostly using optical absorption and
electron paramagnetic resonance (EPR) spectroscopies, have
provided substantial understanding of optical and EPR active
Ni impurities (Collins 2000; Isoya et al. 1990). Synchrotron
X-ray techniques have been applied to study impurities in dia-
mond only very recently. Using synchrotron X-ray fluorescence
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ABSTRACT

Using synchrotron X-ray fluorescence (XRF) microanalysis, including XRF tomography, and X-
ray absorption near-edge structure (XANES) analyses, the distribution, and nature of incorporation
of Fe and Ni impurities in as-grown diamond crystals, synthesized under high-pressure and high-
temperature (HPHT) conditions, have been characterized. We find significantly different behavior
for Fe and Ni as impurities in diamond. Nickel is dispersed and sector-zoned, with concentrations in
{111} growth sectors at least 3 times those in {100} sectors, whereas Fe exists in the form of micro-
aggregates or clusters with no observable sector correlation. Fe K-edge XANES shows that Fe is
oxidized in diamond and has a valence of 2+. Comparison of XANES spectra from numerous stan-
dard compounds indicates that Fe is very likely bonded with oxygen as FeO.

microanalysis, Jia et al. (1999) and Hayakawa et al. (2000)
studied Co distribution on a thin section of a gem diamond
sample synthesized at HPHT using the temperature gradient
method.

In this work, we report our study of the distribution and
incorporation mechanism of Fe and Ni impurities in as-grown
HPHT diamond crystals using synchrotron X-ray fluorescence
(XRF) microanalysis and X-ray absorption near-edge structure
spectroscopy (XANES). Because the samples did not experi-
ence high temperatures due to cutting or polishing after syn-
thesis, the results of this study provide information about the
behavior of Fe and Ni impurities in diamond, unaltered by post-
growth sample processing.

EXPERIMENTAL METHODS

XRF and XANES data were collected at GSECARS, sector 13-ID-C of the
Advanced Photon Source, Argonne National Laboratory. The microprobe sta-
tion uses synchrotron X-ray radiation from an undulator source, a cryogenically
cooled Si (111) monochromator, and micro-focusing Kirkpatrick-Baez mirrors
coated with rhodium (Eng et al. 1998). This station is capable of both X-ray
fluorescence and absorption spectroscopies with a beam size down to 1 ¥ 1
micrometers, and monochromatic X-rays in the energy range from 4.5 to 25
keV with energy resolutions varying between 0.5 and 2 eV. A multi-element,
energy dispersive Ge detector was used to collect XRF spectra, and the inte-
grated intensities in the FeKa and NiKa fluorescence lines were recorded for
each of 14 detector elements and added together later. Detailed descriptions of
the beamline optics and the microprobe configuration are given by Eng et al.
(1998) and by Newville et al. (1999).

Synthetic crystals were selected from a standard diamond grit product of
the General Electric Company, which was synthesized under HPHT conditions
using Fe and Ni as catalysts. Generally, the P-T conditions for grit diamond
synthesis are in the range from 1200 to 2000 ∞C and 5 to 7 GPa (Wakatsuki
1984; Burns and Davies 1992). The crystals selected were about 700 mm in
diameter and have a cubo-octahedral morphology (Fig. 1A). Like other grit dia-
monds, they exhibit yellow coloration due to the substitutional N atoms in the
structure. Three individual crystals were used for the measurements of this study.
The relative sizes of {100} and {111} faces on crystals no. 1 and no. 3 are
similar to those shown in Figure 1A. On crystal no. 2, the {100} faces are slightly


