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We present a detailed FTIR and PL spectroscopic study (i.e.
at 298 and 77°K) of a large number of colorless (i.e. color D
to G) type la diamonds (i.e. >200), showing the presence
of the 787 nm peak (1.575 eV). We detected this center in
at least ca. 40% of more than 8000 analyzed diamonds.
All these diamonds are type la, as previously described by
Vohra et al., (1989). This peak is always associated with
Ni-related centers (e.g. 496.7 nm center (S3)), and hence
thought to be related to nickel-nitrogen defects (Dobrinets
et al., 2013 and reference therein).

Our preliminary results show that most of these diamonds
are type laAB showing no to strong blue fluorescence, while
a non-negligible proportion of nearly pure type laA dia-
monds (i.e. 5-10 %) show no to strong yellow fluorescence
(Fig. 1a, b). Moreover, at least ca. 90% of these diamonds
(i.e. type laA and l1aAB) show the characteristic infrared
absorption peak at 3107 cm™ (VN,H) (see Fig. 2), corre-
sponding to a well-known hydrogen center in natural type la
diamond (e.g. Fritsch and Scarratt, 1989; Goss et al., 2014).
Photoluminescence spectra in the visible and near-infrared
regions always show the 787 nm center associated with
nickel-nitrogen defects (see Fig. 3). The 694, 701, and 794
nm centers were described in untreated natural and syn-
thetic diamonds and are thought to be related to the pres-
ence of nickel (Chalain 2003; Dobrinets et al., 2013 and
reference therein). The 709 nm center may correspond to
the 711 nm Ni-related center observed by Yelisseyev and
Kanda (2007), which coupled with the presence of the
787 and 794 nm centers constitutes a reliable indicator of
untreated natural diamonds (Dobrinets et al., 2013).
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The presence of nickel in diamonds is thought to facilitate
the aggregation of nitrogen, which leads to the combina-
tion of single dispersed nitrogen atoms to more complex
aggregates such as A and B centers. The catalytic role of
nickel may be due to the higher mobility of nickel-nitro-
gen complexes compared to the “pure” nitrogen defects
(Dobrinets et al., 2013). Hence, most of the natural nick-
el-containing diamonds formed and stored at the Earth’s
mantle temperature during geological timescales (i.e. at T>
ca. 1000°C for 10°-10° years, e.g. Stachel and Harris, 2009)
should easily reach the formation of B center. Indeed, only
ca. 5-10% of our studied diamonds containing nickel are
nearly pure nitrogen-rich (i.e. > ca. 500 ppm of N) type
laA diamonds (i.e. with no or only a few ppm of B center,
and no platelets) with no detectable N3 defect. Neverthe-
less, these diamonds show a VN,H center, testifying of an
advanced nitrogen-hydrogen aggregation state (e.g. Goss
et al., 2014). This result may be consistent with recent stud-
ies suggesting that hydrogen can potentially modify the
nitrogen aggregation route (e.g. Wood 2021 and reference
therein). However, it is important to note that the formation
of the VN,H center and its influence on other aggregated
defects is still poorly constrained and requires more study.
As a consequence, our study aims at better understanding
the role of hydrogen and nickel in natural diamonds and
their influence on the aggregation process of nitrogen.
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Figure 1: Visible luminescence of the studied natural diamonds,
obtained under U.V excitation (365 nm). (a) Nearly pure type
laA diamonds having the 787 nm center show no to strong
yellow fluorescence, (b) Type 1aAB having the 787 nm center
mostly show blue fluorescence and more rarely a yellow
fluorescence, and (c) Type laAB with no 787 nm center detected
showing only blue fluorescence (i.e. representing ca. 60% of the
8000 analyzed diamonds, this fraction is not the purpose of this
study). Note that the blue fluorescence is described as a result
of N3 luminescence at 415 nm.
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Figure 2: Infrared spectra of hydrogen-bearing diamonds.
(a) and (b) are nearly pure type laA and type IaAB diamonds
respectively. The infrared spectra were collected with a

resolution of 4 cm™.
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