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In the present work, diamonds with yellow cores and a slightly colored or colorless rims have been studied. Three groups 
of crystals that differ in spectroscopic features have been identified. In the crystals of the first group, the heterogeneity 
in color is due to the variation in nitrogen concentration, which is present as the simplest low-temperature nitrogen 
С center. Absorption spectra of the first group display peaks at wavenumbers 1344 and 1332 cm–1 of С and С+ centers, 
respectively. The second group also exhibits higher nitrogen concentrations in the form of C centers in the colored zone. 
However, the concentration of nitrogen in the form of high temperature А-centers, and the total nitrogen content is higher 
at the periphery of crystals. The FTIR absorption spectra of this group display both 1344 and 1332 cm–1 peaks. Crystals 
of the third group do not contain C centers. The 1332 cm–1 and the A center bands are observed in the FTIR absorption 
spectra. In the photoluminescence spectra of the colored zone of the third group, the bands S1 and S2 have been found 
and the doublet lines 883 and 885 nm of the simplest Ni-containing centers. Previously unobserved systems with zero-
phonon lines at 799.5, 819.6, 869.5 and 930 nm lines have been registered in the photoluminescence spectra of the third 
group under 787 nm excitation. It is hereby proposed that this luminescence is due to Ni-containing centers. In the third 
group of crystals, Ni seems to stabilize C+ centers and hence the coloring of crystal zones is consistent with Ni impurity 
distribution. Crystals of each group have distinct sources: the first group is from Yubileinaya pipe, the second from the 
placers of North Yakutia with unknown primary sources and the third from the Uralian deposits. 
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and a vacancy (N3V, N4V) respectively. The concentra-
tions of А, В and С centers are estimated by Fourier 
Transform Infrared (FTIR) spectroscopy. Crystals having 
a yellow periphery with С centers are not rare (Kamiya 
and Lang 1965; Boyd et al. 1987; Yelisseyev et al. 2004; 
Gubanov et al. 2019; Lai et al. 2020). Such crystals may 
have a structurally discernible core and a mantle. The 
periphery sometimes does not clearly differ in struc-
ture from the core but has a yellow color and contains 
С centers (Hainschwang et al. 2006). Cuboid diamonds 
often have dominantly А and В centers in the center of 
the crystal and С centers in the periphery. Such crystals 
are formed by [100] pyramids with the normal growth 
mechanism. The cuboids typically show a low degree of 
nitrogen defect aggregation. Crystals with “inverse” zon-
ing have been discussed in a few works in recent years 
(Zedgenizov et al. 2016; Smit et al. 2018; Timmerman et 
al. 2018; Klepikov et al. 2019). In these crystals, the core 
is yellow, and their periphery is pale-yellow or colorless. 
Such “inverse” zoning is not consistent with the generally 
accepted notion of nitrogen defect transformation. With 

1. Introduction

Most diamond crystals are zoned, due to variations in 
growth conditions and environmental composition or os-
cillations in impurity contents. These heterogeneities are 
complicated by secondary processes upon natural anneal-
ing. The central zone of diamond crystals is subjected to 
annealing for the longest time, while the peripheral zone 
records the lowest temperature and duration of natural an-
nealing. This pattern is well-defined in the distribution of 
nitrogen crystal structure defects (Bulanova et al. 2002; 
Vasilev and Sofroneev 2007; Kohn et al. 2016). Total 
nitrogen concentration in a diamond may be over 3000 
ppm (Zaitsev 2001). Single substitutional nitrogen atom 
С is the simplest growth defect; it is the cause of yellow 
color (Collins 2001; Zaitsev 2001; King et al. 2005). 
Upon annealing, C centers are transformed into more 
complex А centers that are, in turn, transformed into B 
and N3 centers. As a result of such transformations, the 
color disappears. А centers consist of two nitrogen atoms; 
N3 and В centers consist of three and four nitrogen atoms 
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aim to better understand this “inverse” zoning phenom-
enon, cuboid diamonds with a yellow central zone from 
Russia have been studied in the present work using FTIR 
and photoluminescence (PL) spectroscopy.

2. Materials and methods

Crystals with a yellow central zone and a pale-yellow 
or colorless periphery were selected for the current 
study. These were crystals of cubic habit or fragments 
of cuboids from the Uralian placers (Klepikov et al. 
2019), from the Yubileinaya kimberlite pipe and from 
Istok placer in the Anabaro-Oleneksky interfluve, Russia 
(Zedgenizov et al. 2016). Plates of 0.4–0.7 mm thickness 
were cut out from the crystals through the center in the 
plane {100} and polished. 

Absorption spectra were recorded using a Vertex 70 
spectrometer with a Hyperion1000 microscope at a reso-
lution of 1 cm–1 and averaged from 32 scans in the range 
of 600 to 7000 cm–1. The aperture size was 100 × 100 
μm; in general case, true location does not exceed the 
third of the plate thickness with standard IR 15× objec-
tives. For thin light zones (as in plates Ubk-2, Ubz-15), 
the spot size was decreased down to 20 × 100 μm. Be-
cause of relatively thick plates we did not use a smaller 
aperture. In the range of 500 to 1100 nm, the spectra 
were recorded at room temperature at a resolution of 

8 cm–1 and averaged from 1000 scans. In the range of 
390 to 650 nm, absorbance spectra were recorded at 
room temperature on a Renishaw In Via spectrometer 
at a resolution better than 0.12 nm, averaged from 10 
scans in step mode, with a 12V, 100 W halogen lamp 
as a light source, a L50× objective. In this mode, the 
edge filter was removed from the spectrometer and the 
entrance slit width was set to 15 μm. In order to shift 
spectral range to low wavelength, a CC8 color filter was 
mounted in front of the slit. To compare color bright-
ness, the absorbance at 450 nm (a450) was measured in 
each spectrum with constant baseline subtraction at 650 
nm. The calculation of true value of absorbance at 450 
nm is complicated by scattering on inclusions (samples 
Ubk 1–7, Ubk 1–2, Ubk 2, HL-3, ISTD 28, ISTD 3) and 
reflectance from cracks (samples Ubk 1–2, U 601). Both 
scattering and reflection gave a rise in registered ab-
sorption spectra towards lower wavelength. Automatic 
baseline subtraction, normalizing and manual simple 
FTIR spectra decomposition were performed via “Spec-
trexamination” application, developed in ALROSA Co. 
by O. Kovalchuk. Nitrogen concentrations in the form 
of А (NA) centers were calculated from known propor-
tionality coefficients (Boyd et al. 1994). The absorption 
of B centers with main peaks at 1010, 1170 and 1332 
cm–1 was not revealed in the studied crystals. The main 
peak of C centers at 1135 cm–1 was not used for calcula-
tion of C centers concentration, because of a significant 

Fig. 1 Images of the studied diamond plates in transmitted light and in photoluminescence (405 nm excitation with 450 nm longpass edge filter). 
The length of the scale bar is 1 mm.
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background of other bands at this range. A absorption 
coefficient of the peak 1344 cm–1 was used as a measure 
of the concentration of C centers (Nc) (Lawson et al. 
1998). An absorption coefficient of 1 cm–1 of the peak 
1344 cm–1 has earlier been found to be consistent with 
a concentration of 41 ppm for spectral resolution 1 cm–1 

(Liggins 2010). The total nitrogen concentration, Ntot, 
was estimated as NA plus NС concentration; also the 
share of nitrogen in A centers NAS (%) was calculated 
as NА/Ntot. In the results, the concentration values were 
rounded to 5 ppm because of the crystals heteroge-
neity and errors in decomposition of the spectra. In 
this study, an absorption coefficient at 1332 cm–1 was 
measured after subtracting of A-defects band from the 
absorption spectra. The baseline for peak 1332 cm–1 was 
obtained by linear averaging of absorbance at the range 
1350–1430 cm–1. Absorption at 1332 cm–1 is typical of 
most impurity defects inducing IR absorption, but as 
an individual peak it is considered to be induced by 
positively charged С centers, i.e. Х-centers (Lawson 
and Kanda 1993). The absorption coefficient of the band 
3107 cm–1 (α3107) was measured, which is consistent with 
the defect V3NH (Goss et al. 2014). 

Photoluminescence spectra were recorded on a Reni-
shaw In Via spectrometer at 77 K upon laser excitation 
(λex) with wavelengths of 405, 450, 488 and 787 nm, a 
L50× objective, in the range of 410–1050 nm. When 
analyzing the PL spectra, the predominant lines were 
indicated. Generally if several systems overlap each 
other, it is often impossible to analyze them separately. 
For example, the narrow lines of the systems H3, 3H 
and S1 are ~503 nm. In case of the intensive system 
H3, other lines may not be distinguished. In the current 
study, heterogeneities in PL were visualized using a Leica 
M205 microscope at a λex 405 nm through an edge 450 
nm long-pass filter. 

3. Results

Three groups of crystals have been identified differ-
ing in the color and heterogeneity of PL (Fig. 1). The 
groups are categorized as: 1) crystals with homoge-
neous red PL; 2) crystals with faint red or red PL in the 
center and blue or green PL at the periphery; 3) crys-
tals with yellow PL in the center and blue or green 
PL at the periphery. In addition to the core/periphery 
heterogeneity, most of the crystals display a thin zon-
ing in the distribution of nitrogen and hydrogen defects 
and some PL systems. The averaged parameters for 
core/periphery zones are discussed per group below 
and are summarized in the Tab. 1. All the raw FTIR 
spectra are available in the Electronic supplementary 
material (ESM 1).

3.1. Group 1

In the spectra of the first group of crystals, absorbance in 
the visible range increases continuously from low wave-
lengths (Fig. 2a). The absorption spectra of the central and 
peripheral zones differ only in the amplitude. In absorp-
tion there is a line at 614 nm, which is also seen in PL 
spectra as a reabsorption (Fig. 2a, c). Nitrogen is present 
dominantly as С centers with main peak at 1135 cm–1. The 
precise position of this maximum is shifted up to 1140 
cm–1 in spectra with intense peak 1332 cm–1. The absor-
bance of the bands with maxima of 1344 cm–1 and 1332 
cm–1 are close (Fig. 2b). At the periphery of the crystals 
of this group, the values of Ntot, NС and а1332 are smaller 
than those in the core. The first group of crystals has 905 
nm and 986 nm bands (Н2) in PL spectra at a λex 787 
nm. These bands are also observed in absorption spectra. 
Upon excitation at 405 nm, the PL spectra are dominated 
by a wide structureless band with a maximum of about 
600 nm (BB600) and bands at 575 and 638 nm (NV and 
NV–) and a 689/698 nm pair, sometimes with a line at 685 
nm. Upon excitation at 450 nm, system H3 excited more 
effectively, and lines 689/698 nm dominate the spectra. 
In the FTIR spectra of this group, а3107 is either less than 
0.1 cm–1 or is not distinguished. The absorption spectra of 
several samples display structured absorption systems with 
local maxima at 1265 and 1300 cm–1 and many bands in 
the ranges of 1330–1750 and 2800–3300 cm–1 designated 
earlier respectively as F- and Y-centers (Clark and Davey 
1984; Hainschwang et al. 2012). The crystals with the 
F- and Y-centers have a set of sharp PL lines in the range 
800–900 at a λex 787 nm (Fig. 2c). The set is not excited 
by 405, 450 and 488 nm lasers. The lines position and in-
tensity continuously change during spectra acquisition. At 
room temperature, the lines intensity decreases, but their 
width increases. The identification of the origin of these 
lines will be the topic of further research.

3.2. Group 2

The crystals of the second group display zonal PL. The 
contour of the absorption spectra in the visible range is 
the same as that of the crystals of the first group (Fig. 3a). 
Nitrogen in the crystals of the second group is present 
predominantly as А centers, but the concentration of С 
centers in the core is higher than that in the periphery. The 
absorbance of the 1332 сm–1 band is higher than that of the 
1344 cm–1 band (Fig. 3b). In the spectra of the peripheral 
parts of the plates IST II-20 and IST 2–9 was recorded a 
band with the 4170 cm–1 maximum. This band is charac-
teristic of crystals with signs of plastic deformation. The 
central zone of the plates exhibits red PL; in some cases it is 
not visually identifiable because the intensity is small. The 
periphery of the crystals emits either blue or green PL. The 
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N3 and H3 systems, 575 and 638 nm bands are recorded in 
these zones (Fig. 3c). The N3 system is absent in the spectra 
of the crystal cores. A broad band with a maximum of 600 
nm, lines 575 and 638 nm is revealed. Two crystals have 
a 565 nm line and one crystal has 552, 685 and 689 nm 
lines. Upon 787 nm excitation, the PL spectra of all crystals 
display a Н2 system. The PL spectra of various crystals of 
this group differ from each other. They all exhibit a variety 
of weak peaks at 805, 816, 827, 830, 864, 870, 900, 905, 
930, and 945 nm. The origin of the bands is still unknown.

3.3. Group 3

Crystals of the third group display yellow PL in the center 
and either blue or green PL at the periphery. The color of 
crystals is canary-yellow. Crystals U 600 and U 601 are 
well-developed cuboids; crystals U610 and U126 are chips 
of cuboids. In rims of the latter are clearly seen linear blue 
zones. These imply a change in the growth mechanism 
from normal {100} to tangential {111}. In third group, 
nitrogen is present as А centers. The 1344 cm–1 band of 
С-defect is not recorded in the FTIR spectra; and neither 
are the bands of Y centers. In the peripheral part of the 
plate U-126, a weak peak of B’ was revealed. General 
appearance and characteristics of the absorption spectrum 
in the visible range differ from those of the crystals of the 
first and second groups. The absorption spectrum of the 
colored zone displays an increase in absorption from 600 
nm, a wide structureless band at 430–530 nm (Fig. 4a), 
and a system with peaks at 425 and 416 nm. These spectra 
are similar to those described earlier in some yellow dia-
monds (Reinitz et al. 1998; Hainschwang et al. 2005). In 
the absorption spectrum of the peripheral zone of sample 
U600, there is an N3 system with an absorption coefficient 
of 0.2 cm–1 at 415 nm, although such an absorption lacks 
in the center of the crystal. In FTIR spectra of the colored 
zones, there is the 1332 cm–1 peak on the background of 
the absorption of А centers (Fig. 4b).

The PL spectra of the colored zone at λex 405 nm exhibit 
a wide band with a maximum of 600 nm and 503.2 and 
510.5 nm peaks of S1 system (Fig. 4c). Upon excitation of 
450 nm, Н3 system and 518, 524 nm peaks of the S2 sys-
tem are recorded. Upon excitation of 488 nm, the spectrum 
is dominated by a wide structured system with a maximum 
of c. 700 nm (SB700). This band was earlier observed in PL 
spectra of canary-yellow stones (Collins and Mohammed 
1982). At λex of 787 nm, systems with a zero-phonon line 
(ZPL) at 799.5, 819.6, 869.5 and 930 nm are recorded. 
These systems have not been observed earlier (Dishler 
2012; Hainschwang et al. 2013). A system with ZPL 799.5 
nm has phonon replicas at 812, 825.5 and 839 nm (energy 
shift of 0.024 eV); a system with ZPL 819.6 nm has repli-
cas at 839 and 859 nm (shift of 0.035 eV); a system with 
a ZPL of 869.5 nm has replicas at 891, 913 and 936 nm 
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(shift of 0.033 eV); and a system with a ZPL of 930 nm 
has replicas at 952 and 975 nm (shift of 0.030 eV). They 
are very weak or absent in PL spectra of the colorless pe-
ripheral zone of the crystals. These systems have not been 
seen in the absorption spectra. The blue luminescence of 
N3 defects is recorded at λex 405 nm at PL spectra of the 
peripheral zones. The three zones can be distinguished from 
the distribution of spectral characteristics in the crystals 
U600 and U601 as: 1) a yellow core with intense PL with 
a maximum of c. 700 nm and with an absorption at 1332 
cm–1; 2) a colorless transition zone with a weak PL of H3; 
and 3) a peripheral zone with the well-defined boundary 
of blue luminescence of N3 system. The value of а3107 in 
the transition zone is the same as that in the core, but in 
the peripheral zone it is lower by one order of magnitude. 

4. Discussion

The crystals that have been studied fall into three groups, 
distinguished by the combination and distribution of 

spectroscopic characteristics (Tab. 1). The first attribute 
for the crystals classification was PL color and heteroge-
neity; the second was absorbance at 1332 and 1344 cm–1. 
In spectra of crystals of the first and second groups, both 
1332 and 1344 cm–1 lines were observed. In the spectra 
of crystals of the third group only the band 1332 cm–1 

was detected. Another sign of the third group is PL bands 
in the visible and NIR range. The main features of the 
groups are related to their nitrogen content.

4.1. N defects and color

In cuboids, C center is the main cause of yellow color-
ation. In Fig. 5a, a dependence of the absorbance at 450 
nm is shown on the C centers concentration. The linear 
character of the dependence confirms this observation. 
In the graph, the two sublinear groups of points are 
distinguished. The upper group refers to the core of the 
crystals; the lower one to the rims. In Fig. 5a, points for 
the Uralian diamonds lie on the ordinate axis because of 
the absence of C centers.
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into account, because it could be responsible for some of 
the results obtained. A few of the А centers in the crystals 
of the second group may have formed directly during the 
growth of the crystals, rather than by transformation of 
the С centers. 

The FTIR spectra of the crystals of the third group 
have a 1332 cm–1 band but no 1344 cm–1 band of С cen-
ters. The former band is typical of positively charged С+ 
centers (Lawson et al. 1998). It has been shown that as 
a result of electron irradiation (Lawson et al. 1998), as 
well as UV exposure (Khan et al. 2010), the amplitude of 
the 1344 cm–1 band decreases and that of the 1332 cm–1 
band increases. However, the absorption at the 1332 cm–1 
is present in the spectra induced by all impurity defects 
such as nitrogenous С, А, В, platelets B’ and boron 
atoms (Zaitsev 2001). The wavenumber 1332 cm–1 is 
consistent with maximum phonon energy in the center 
of the Brillouin zone. The presence of either impurities 
or internal defects, which locally decrease symmetry, 
induces absorption at this wavenumber (Birman 1974). 
Therefore, the 1332 cm–1 peak cannot be unambiguously 
interpreted as being consistent with the presence of the 
С+ centers. This was noted by Lawson and Kanda (1993), 

Figure 5b shows the trends from core to rim of the 
absorbance at 450 nm and 1332 cm–1. The comparison 
of Fig. 5a and b reveals the effect of both С centers and 
centers with the line 1332 cm–1 on the color intensity. In 
the crystal of the first group, the color zoning is due to С 
centers and Ntot. The color brightness is proportional to 
nitrogen concentration, with brighter colors and higher 
nitrogen concentrations present in the central parts of the 
crystals. This case is consistent with the well-established 
consequence of nitrogen centers transformation: it is just 
a function of heterogeneity in the nitrogen content.

In the crystals of the second group, the concentration 
of С centers in the core is higher than that at the periph-
ery. The concentration NA and the NAS at the periphery are 
higher. It is known that a few of the A centers in synthetic 
crystals may display a growth origin (Palyanov et al. 
1997; Babich et al. 2000). However, the synthetic crystals 
are formed by the pyramids [111], [100], [110], [113], 
[115], and their growth mechanism is tangential (Collins 
and Dahwich 2003). It is not clear whether nitrogen in 
the form of А centers can become a part of the structure 
upon the normal growth of {100} faces. The possibility 
of the growth origin of a few А centers should be taken 
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who demonstrated that the 1332 cm–1 band is typical of 
various point defects. This fact seems to be responsible 
for the ambiguous interpretation of a few experimental 
results (Lawson and Kanda 1993; Fisher and Lawson 
1998; Kiflawi et al. 1998), in which the 1332 cm–1 band 
amplitude has been accepted to be proportional to the Ni 
concentration. 

4.2. N defects and natural annealing

The experimental points of Ntot and NAS in the studied 
diamond are shown in Fig. 6. The isotherms therein were 
calculated for duration of annealing (mantle residence 
time) of 10 years, using the calibration data of Chrenko et 
al. (1977). The temperatures of the isotherms are shown 
for annealing time 10 Myr based on calibrations of Taylor 
et al. (1996) for cubic faces. The time of annealing here 
has no geological meaning, it just shows the range of 
diversity in experimental results. The values of Ntot and 
NAS for core and rim are shown in the plot. Arrows mark 
values for the rim points. Crystal Ubk-2 dos not contain 

A centers, its points are at the bottom of the graph. The 
normal sequence is the higher model temperature for a 
core and the lower for a rim. It was observed in the plates 
Ubk1-2 and ISTD-3. In the plate UBZ 15, the core–rim 
trend is subparallel to the isotherms. It is clearly seen that 
in the other crystals of the first and second groups the rim 
points refer to higher isotherm than those in the core. In 
the plates ISTD 20 and IST 2-9 both Ntot and NAS in the 
rim are higher than those in the core. Crystals of the third 
group are disposed on the line with NAS of 100 %.

The experimental studies dealing with the formation 
kinetics of А centers are somewhat contradictory. The 
first value for the activation energy of the formation 
of А centers (2.6eV) was estimated by Chrenko et al. 
(1977). These authors inferred second-order kinetics of 
the formation of А centers. In later studies (Belimenko et 
al. 1981; Evans and Qi 1982; Kanda et al. 1990; Kiflawi 
and Mainwood 1996; Taylor et al. 1996), the activation 
energy range was estimated to be 3.6–6.0 eV. Some 
discrepancies arise from fact that synthetic diamonds 
of cubo-octahedral or cubic habit show a facetted style 
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of growth (Taylor et al. 1996). These were compared to 
natural cuboid diamonds of the non-facetted growth. The 
activation energy of the С→А reaction, as estimated by 
various researchers for various growth pyramids, differs 
substantially (Taylor et al. 1996; Collins 2001; Kazuchits 
et al. 2019).

It seems that the kinetics of this reaction may vary, 
depending on factors such as the presence of nickel or 
other impurities (Fisher and Lawson 1998; Kiflawi et 
al. 1998; Nadolinny et al. 2000; Yelisseyev and Kanda 
2007), radiation (Collins 1980; Taylor et al. 1996; Kim 
et al. 2011; Mita et al. 2018) and plastic deformation 
(Nadolinny et al. 2020). The activation energy of ag-
gregation of C centers into A center in Ni-containing 
synthetic diamonds with NV centers may vary from 
0.5 to 1.5 eV depending on nitrogen concentration 
(Yelisseyev et al. 2011). In this research, three dif-
ferent mechanisms of the C centers aggregation were 
proposed. The combined effect of all mentioned factors 
makes it much more difficult to interpret the results 
obtained and to understand the processes. Thus, on the 
one hand, radiation stimulates the diffusion activity of 
impurity atoms (Collins 1980); on the other hand, the 
generated interstitials stabilize single nitrogen atoms 
(Collins and Dahwich 2003). Another complication is 
the irregularity of the distribution of nitrogen and d-
elements throughout different growth pyramids (Fisher 
and Lawson 1998; Babich and Feigelson 2009). Several 
of the above-mentioned factors have been neglected 
while interpreting the experimental results.

The PL systems S1 and S2 are known to be due to 
Ni-involving centers (Dishler 2012). The system SB700 
is also attributed to Ni-bearing centers (Titkov et al. 
2015). Systems with maxima of 799.5, 819.6, 869.5 and 
930 nm were revealed in the spectra of cuboids from 
the Urals placers (Klepikov et al. 2019). In most cases, 
the systems were registered together with the 883/885 
nm doublet of the low-temperature Ni involving center. 

It has been shown earlier (Yelisseyev and Kanda 2007) 
that Ni impurity stabilizes N+ defects, by compensating 
the charge and decreasing their diffusion mobility. It is 
hereby inferred that the “inverse” distribution of color in 
the crystals of the third group is the result of stabilization 
of single nitrogen atoms by Ni atoms. This is the simplest 
interpretation based on the fact of conversion between C 
and C+ centers, with changing intensities of lines 1344 
and 1332 cm–1 respectively (Lawson et al. 1998; Khan 
et al. 2010).

In the crystals U600 and U601, the volume distribution 
of N3V does not coincide with either color or Ni-related 
PL. These stones display an inverse relationship between 
the concentration of N3V centers and that of hydrogen-
bearing N3VH centers with absorption at 3107 cm–1. Simi-
lar distributions have been observed earlier (Vasilev et al. 
2019) and are interpreted to be due to the trapping of a 
hydrogen atom by N3V centers and their transformation to 

Fig. 5 A dependence of the absorbance at 450 nm on concentration of C centers (a) and on absorbance of the line 1332 cm–1 (b). Arrows mark the 
rim points. Grey lines refer to the diamonds with normal zoning. Black circles in (a) and bold arrows in (b) correspond to the Uralian diamonds.
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the form N3VH: N3V + H → N3VH. This form is inactive 
in luminescence but active in IR absorption.

Hence, the study of defect distributions within crystals 
enables a better understanding of the transformation pat-
terns of impurity and internal defects and reveals their 
genesis.

The results show an existence of some regional 
features in the evolution of diamond-forming systems. 
The yellow diamonds from conventional Yubileinaya 
kimberlitic pipe have the lowest model temperature or 
mantle residence time. These stones do not contain any 
of high-temperature centers B, B’ or N3 and show only 
limited variations in nitrogen content during the crystal 
growth. Majority of the diamonds from Istok placer in 
the Anabaro–Oleneksky interfluve shows inverse distri-
bution of nitrogen A and C centers. They contain only a 
few high-temperature N3 centers in peripheral parts. The 
diamonds from the Urals show a heterogeneity of another 
origin. They do not contain the simplest C centers, but 
instead rare Ni-related centers in the core, and the B, B’, 
N3 in the periphery. 

It remains unclear, what growth conditions and post-
growth treatment lead to the differentiation of diamonds 
in the content of Ni-related centers. Further efforts are 
required to find the cause of variation in Ni concentration 
upon the growth of cuboids and to reveal the nature of 
the observed PL systems.

5. Conclusions

Three types of the distribution of spectroscopic character-
istics have been identified in cubic diamonds with a yellow 
core. The results show regional features in the studied 
diamonds regarding the nature of their heterogeneity. 
1) The nitrogen concentrations in the C-center vary in 

the diamonds from the Yubileinaya pipe. This popu-
lation is characterized by red photoluminescence; it 
has higher C-center, total nitrogen concentrations and 
stronger color in the core than in the rim.

2) Complicated (“inverse”) distribution of nitrogen cen-
ters was observed in the diamonds from North Yakutia. 
The detection of the A-centers in the periphery, and 
low-temperature С-centers in the core are uncommon. 
This is inferred to be caused by growth origin of A 
centers, as shown previously in the case of synthetic 
crystals. 

3) The heterogeneous Ni impurity distribution was revea-
led in diamonds from the Urals. Nickel atoms appear 
to stabilize С+ defects, thereby affecting the color of 
individual zones. 
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