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Abstract: The changes that appeared in the crystal structure of a natural diamond under the influence
of a pulsed femtosecond laser (525 nm) were comprehensively investigated using Fourier-transform
infrared (FT-IR), electron paramagnetic resonance (EPR), and photoluminescence (PL) spectroscopy
methods. It is shown that changes in the crystal structure occur due to the laser-driven interrelated
process of the appearance and migration of interstitial carbon atoms and vacancies. On the one hand,
there are atomistic transformations related to a decrease in the concentrations of structural centers
that are not associated with vacancies or interstitial atoms—centers A (FT-IR spectroscopy) and P1
and W7 (EPR)—and an increase in the concentration of the H3, NV0, and NV− (PL) centers, which
are associated with vacancies. On the other hand, there are indications of cooperative effects—an
increase in the intensity of multi-atomic B2 (platelets, layers of interstitial carbon atoms (FT-IR)) and
N2 (fragments of the structure with broken C–C bonds (EPR)) centers.

Keywords: diamond; femtosecond laser; interstitial carbon atoms; vacancies; paramagnetic centers;
atomistic transformations; cooperative effects

1. Introduction

Diamond, a remarkable crystal with its ultrahigh hardness and broadband (UV–mid
IR) electromagnetic transparency, is a well-recognized optical material for scintillators in
photoluminescence detectors of high-energy particles [1,2], highly refractive optics [3],
single-photon sources [4], and for many other amazing applications. Its unprecedentedly
hard lattice robustly keeps high concentrations of different intrinsic (elementary interstitial-
vacancy Ci–V pairs, small and large platelets, voidities—defect clusters, dislocations) [5–10]
and extrinsic (chemical impurity) defects, considerably affecting its functional—optical,
optoelectronic, thermal, and mechanical—characteristics [11]. Irradiation of diamond by
high-energy particles—electrons, ions, or neutrons [12,13]—not only brings additional
intrinsic defects but could also modify present anchored impurity defects by joining locally
generated intrinsic ones [14–16]. Importantly, a multitude of intrinsic and extrinsic defects
appears optically active in optical (color centers), IR, or Raman spectroscopy, while an-
other part remains “hidden” and could only be envisioned, e.g., by electron paramagnetic
resonance (EPR) spectroscopy [17–20].

Recently, ultrashort-pulse (femtosecond) laser inscription in diamonds emerged as a
powerful key-enabling technology for precise and delicate fabrication of color centers in
predetermined positions in bulk diamonds for quantum technologies [21], spintronics [22],
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and invisible encoding [23]. Mostly, ultrapure IIa-type electronic-grade synthetic dia-
monds (nitrogen impurity content [N] ~ ppb) were tested by photoluminescence microspec-
troscopy [21,24,25], revealing the predominant formation of optically active “substitutional
nitrogen atom–vacancy” pairs (NV centers) via local laser photoinjection of intrinsic Ci–V
pairs [21]. This atomistic transformation was also envisioned via numerical simulations, uti-
lizing different theoretical approaches: density functional theory–molecular dynamics [26],
tight binding molecular dynamics [27], and the electron/lattice relaxation model [28]. In
diamond samples with higher—ppm-level—concentrations of nitrogen impurities in differ-
ent aggregation forms, a number of analytical methods—Fourier-transform infrared (FT-IR),
optical (UV–near-IR), and photoluminescence (PL) microspectroscopy—were utilized to en-
vision their atomistic transformations, driven by the photoinjected intrinsic defects [23,29].
Moreover, clustering and cooperative processes in the laser-generated microscale dense
clouds of intrinsic defects lead to different forms of damage to the diamond lattice, which
can be analyzed by the same methods [30–34]. The complementary optical and EPR spec-
tral analysis could shed an informative light on the optically active and optically blind
(”hidden”) defects resulting from femtosecond laser irradiation.

In this study, FT-IR and PL microspectroscopy methods were accompanied by macro-
scopic EPR spectral characterization of femtosecond laser-modified regions inside a IaA-
type diamond in comparison to its initial non-irradiated structure with a multitude of
atomic, diatomic, and cluster impurity centers. This approach made it possible to combine
the complementary views of the methods on point- and complex-defect dynamics driven
by laser exposure and to investigate for the first time both optically active and optically
blind laser-generated defects in diamond.

2. Materials and Methods

The diamond sample was a transparent, flat-faced, octahedral, natural crystal weigh-
ing 62 mg (Aykhal pipe, Yakutia, Russia).

Laser exposure of the diamond sample was carried out by a femtosecond laser TEMA
(Avesta Project, Moscow, Russia) in 17 separated layers with 96 µm in between in a series
of 525 nm, 0.2 ps, 80 MHz, 30 nJ pulses, focused by a 0.25-NA micro-objective (LOMO, St.
Petersburg, Russia) into the diamond at the depth of ≈380 µm above the bottom surface.
Each layer (2 × 2 mm) consisted of a series of lines with a period of 10 µm written at a
speed of 300 µm/s (number of pulses/exposure N ≈ 1.3 × 106 per point).

IR transmission spectra were obtained using an infrared Fourier-transform (FT-IR)
spectrometer, Optics IFS-125HR, with a Hyperion 2000 microscope (Bruker, Billerica,
MA, USA).

The photoluminescent (PL) analysis and visualization of the irradiated area were
supported by 3D-scanning confocal Raman/PL microspectroscopy (Confotec MR520, SOL
Instruments, Minsk, Belarus) with laser excitation at 532 nm and 405 nm.

Electron paramagnetic resonance (EPR) spectra were recorded by an EPR spectrometer,
Varian E-115 (Varian, Palo Alto, CA, USA), in X-band (≈9.4 GHz) with a modulation
amplitude of 0.1 mT, a modulation frequency of 100 kHz, and a microwave power of 5 mW.
The diamond crystal was oriented on the 4-order axes along the vector of the external
magnetic field (H0 ‖ L4n). The concentration of the paramagnetic centers was calculated
using an etalon sample.

3. Results and Discussion

As a result of the laser exposure, layers associated with changes in the crystal structure
were formed in the diamond under study. Visualization of these layers can be performed
using PL microphotography, which is shown in Figure 1.
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Figure 1. Photoluminescence microphotography (excitation λ = 532 nm) of the crystal section after 
laser exposure. The light areas (marked in red) are the altered layers in the crystal structure of the 
diamond, the dark areas (blue label) are the unmodified diamond regions. Interlayer distance is 96 
µm. 

3.1. FT-IR Measurements 
The absorption spectra of the diamond sample in the IR range obtained from the ar-

eas subjected to laser treatment and not affected by it are shown in Figure 2. 

 
Figure 2. IR absorption spectra of the studied diamond: (a) the general view of the spectrum before 
(black line) and after (red line) laser exposure; (b) enlarged part of the spectra with A center peak 
(1282 cm−1) and B1 center area (1175 cm−1); (c) enlarged part of the spectra with B2 peak (1363.5 cm−1) 
and fitting curves. 

The decomposition of the spectrum lines by components in the single-phonon region 
and the calculation of the concentrations of centers A and B1 (Figure 2b), as well as the 
fitting of the B2 peak (platelets, Figure 2c), were performed according to [10,35]. 

The most significant change visible in Figure 2 is a decrease in the intensity of the 
system of peaks related to the A center. This center represents one of the most common 
defects in the crystal structure of diamond—two nitrogen atoms replacing carbon in 
neighboring positions [11]; its main absorption line in the IR spectrum is 1282 cm−1. The 
decrease in the concentration of the A center for the areas exposed to laser light is more 
than 13% (from ≈300 ppm to ≈260 ppm). It should be noted that this decrease affects the 
entire system of absorption peaks related to the A center, including the band around 1215 
cm−1. The decrease in the intensity of this band, and not the center line B1 as it may seem 
at first glance, determines the ratio of the spectra (Figure 2b). The 1175 cm−1 line formed 
by the B1 center (four nitrogen atoms and a vacancy, N4V) is very low intensity (the cal-
culated concentration of B1 is less than 30 ppm, and it has not changed significantly after 
the irradiation). The examined diamond sample, therefore, can be attributed to type IaA. 

Figure 1. Photoluminescence microphotography (excitation λ = 532 nm) of the crystal section after
laser exposure. The light areas (marked in red) are the altered layers in the crystal structure of the
diamond, the dark areas (blue label) are the unmodified diamond regions. Interlayer distance is
96 µm.

3.1. FT-IR Measurements

The absorption spectra of the diamond sample in the IR range obtained from the areas
subjected to laser treatment and not affected by it are shown in Figure 2.
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Figure 2. IR absorption spectra of the studied diamond: (a) the general view of the spectrum
before (black line) and after (red line) laser exposure; (b) enlarged part of the spectra with A center
peak (1282 cm−1) and B1 center area (1175 cm−1); (c) enlarged part of the spectra with B2 peak
(1363.5 cm−1) and fitting curves.

The decomposition of the spectrum lines by components in the single-phonon region
and the calculation of the concentrations of centers A and B1 (Figure 2b), as well as the
fitting of the B2 peak (platelets, Figure 2c), were performed according to [10,35].

The most significant change visible in Figure 2 is a decrease in the intensity of the sys-
tem of peaks related to the A center. This center represents one of the most common defects
in the crystal structure of diamond—two nitrogen atoms replacing carbon in neighboring
positions [11]; its main absorption line in the IR spectrum is 1282 cm−1. The decrease in the
concentration of the A center for the areas exposed to laser light is more than 13% (from
≈300 ppm to ≈260 ppm). It should be noted that this decrease affects the entire system
of absorption peaks related to the A center, including the band around 1215 cm−1. The
decrease in the intensity of this band, and not the center line B1 as it may seem at first
glance, determines the ratio of the spectra (Figure 2b). The 1175 cm−1 line formed by the
B1 center (four nitrogen atoms and a vacancy, N4V) is very low intensity (the calculated
concentration of B1 is less than 30 ppm, and it has not changed significantly after the
irradiation). The examined diamond sample, therefore, can be attributed to type IaA.
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The second important aspect of the changes after laser treatment of the diamond
sample, recorded by the FT-IR method, is an increase in the intensity of the 1363.5 cm−1

line caused by the B2 center (Figure 2c). The B2 center (or platelets), according to modern
concepts [10], is formed by layers of interstitial atoms in the plane <001>. Nitrogen atoms
can take part in the formation of B2 centers, but the main part of the platelets consists of
interstitial carbon atoms. Due to the variability of the linear dimensions of the platelets,
as well as a complex and poorly studied dependence of the absorption intensity in the IR
range on their number and size, there is no generally accepted method for recalculating
absorption by the number of interstitial atoms in the platelets. In the studied sample,
the peak absorption index of B2 centers after the laser exposure increased from 1 cm−1

to 1.7 cm−1, while the position of the peak (1363.5 cm−1) and FWHM (12 cm−1) did not
change, and the peak area increased from 17 cm−2 to 30 cm−2. It can be seen (Figure 2c)
that the distribution in the peak region is not unimodal; we can assume the presence of
a second peak about 1370 cm−1, which can be interpreted as the presence of groups of
platelets of different sizes [9,10]. The diamond sample, according to FT-IR studies, also
contains N3VH centers (peak ≈ 3107 cm−1), but their number is small, and no changes in
their concentration have been recorded.

3.2. EPR Measurements

The EPR spectra of the studied diamond crystal are shown in Figure 3, among them
those taken before (line A) and after the laser exposure (lines B, C, D). Each of them is a
superposition of the spectra of three paramagnetic centers: P1, W7, and N2.
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tices of a six-membered “ring” in the crystal structure of diamond. These two nitrogen 
atoms are not equivalent, because the only paramagnetic electron is localized closer to one 

Figure 3. EPR spectra of the studied diamond before (A) and after (B, C, D) laser exposure. The
orientation of the crystal was different: spectra A and B were taken with the orientation H0 ‖ L41,
spectrum C with the orientation H0 ‖ L42, spectrum D in the position H0 ‖ L43. For clarity, the
spectra are shifted relative to each other along the x axis with an interval of 12 gauss. The lines of the
paramagnetic centers (P1, W7, N2) are indicated for spectrum A.

The P1 center is a single nitrogen atom replacing carbon in the diamond crystal lattice.
The unpaired electron of the nitrogen is localized on one of the four C–N bonds and interacts
with the nucleus 14N (I = 1); thus, the axis of symmetry of the hyperfine interaction with
14N is parallel to one of the four (111) bond directions [36]. The calculated concentration of
the P1 center for the sample was 0.22 ppm.

The W7 center is formed by two nitrogen atoms replacing carbon at the opposite
vertices of a six-membered “ring” in the crystal structure of diamond. These two nitrogen
atoms are not equivalent, because the only paramagnetic electron is localized closer to one
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of the atoms, which is explained by the loss of one electron after breaking the N–N covalent
bond during the transformation of A centers to W7 centers [37]. The content of the W7
centers for the investigated diamond was determined to be 0.81 ppm.

The N2 center causes the appearance of a wide, isotropic single line with a g-factor of
2.003 in the EPR spectrum of diamond; the center does not have an unambiguous structural
model. According to [37,38], its paramagnetism is due to broken C–C bonds in the central
parts of dislocations; later studies [39] showed that nitrogen is also a part of the center.
Finally, in the work [40], a model is put forward that assumes the decoration of deformation
dislocations with nitrogen atoms. The initial concentration of the N2 center in the crystal
under study was 0.09 ppm. This value was determined by subtracting the contributions of
the P1 and W7 centers to the intensity of the central line of the spectrum, which, in turn,
were calculated through the intensities of their side lines.

Spectra B, C, and D, shown in Figure 3, reflect the changes that occurred in the crystal
after the laser exposure. They were taken under the same conditions as spectrum A, with
the orientation of the crystal in three mutually perpendicular directions corresponding
to the axes of the 4th order. It should be noted that the intensities of the side lines of the
spectrum corresponding to the centers P1 and W7 were slightly reduced after the laser
modification. Their concentrations, calculated as the average for a series of measurements,
decreased from 0.22 to 0.16 ppm for the P1 center and from 0.81 to 0.72 ppm for the W7
center. It seems quite logical to assume that the contribution of these centers to the intensity
of the central line of the spectrum, summed up for the paramagnetic centers identified in
the crystal under study, has also decreased. Nevertheless, the intensity of this line, due
largely to the N2 center, has increased significantly—from 0.09 to 0.17 ppm. On the one
hand, this trend is clearly seen if we analyze the correlation between the intensities of
the central and side lines, and on the other hand, the percentage increase in intensity is
large enough to exclude its explanation by the influence of possible inaccuracies in the
spectrometer settings or sample orientation.

An unexpected result is the uneven distribution of the intensity of the N2 center along
different axes of the crystal after the laser irradiation, clearly visible in Figure 3. It should
be noted that the anisotropy of some paramagnetic centers (for example, W7), according to
structural positions interconnected by cubic symmetry operations, was reported earlier [37].
Such a local decrease in symmetry, that is, the presence of predominant orientations of the
paramagnetic center among theoretically equivalent structural positions, was explained by
the directional effect during plastic deformation of the crystal. Unlike the paramagnetic
center W7, we have not noticed such features for the N2 center before. Their appearance
in this experiment may also be explained by the direction of the incident laser light—the
orientation of the sample along the largest of the flat faces under the laser exposure.

We support the theory proposed in [40], according to which the N2 center is formed
when nitrogen decorates curvilinear deformation dislocations in diamond. The experi-
mentally established presence of preferential orientations of the N2 center relative to the
crystallographic axes is already an important fact for clarifying the underlying physical
model. Further investigation of this phenomenon can be carried out through experiments
on laser modification of diamond from various directions. In this case, the sample must
have flat or polished faces perpendicular to different crystallographic directions, as well as
a significant initial content of the N2 center.

3.3. PL Measurements

The photoluminescence spectra of the diamond sample acquired before and after the
laser exposure are shown in Figure 4.



Photonics 2023, 10, 979 6 of 10Photonics 2023, 10, x FOR PEER REVIEW 6 of 10 
 

 

 
Figure 4. PL spectra of the investigated diamond before and after laser exposure: (a) at excitation λ 
= 405 nm; (b) at excitation λ = 532 nm. 

After the laser modification of the diamond, the changes registered by the PL method 
were expressed as an increase in the intensity of the luminescence of H3, NV0, and NV- 
centers. In our previous studies, we investigated the effect of laser exposure time, demon-
strating its saturation in Ia and Ib diamonds [33,41]. 

The H3 center with a zero-phonon line (ZPL) at 503 nm and a phonon band (PB) of 
520 nm has a model containing two nitrogen atoms separated by a vacancy [11]. 

The NV0 (ZPL 575 nm, PB 600 nm) and NV- (ZPL 637 nm, PB 680 nm) centers are 
similar in many ways. Their ZPL accounts for no more than 5% of the total radiation, and 
the rest is associated with a wide side band. The model of the centers is a nitrogen atom 
and a vacancy in neighboring positions in the crystal lattice; the difference is only in the 
charge state of the complex [11]. 

3.4. Graphitization 
Among the changes that intentionally occurred in the diamond crystal under study 

after the laser exposure, minor undesirable local graphitization was also noted. A few ar-
eas of weakly manifested graphitization were found (Figure 5). Typically, they appeared 
at the intersection of the laser-modified crystal layers and initial cracks. In addition, simi-
lar changes were detected as a result of direct laser modification applied to the crystal 
surface. 

 
Figure 5. (a) Microscope optical image of the diamond with the local graphitized laser tracks (inset—
panoramic view) and (b) close-view Raman map of the tracks acquired at the Raman peak wave-
length 573 nm (excitation wavelength—532 nm). 
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After the laser modification of the diamond, the changes registered by the PL method
were expressed as an increase in the intensity of the luminescence of H3, NV0, and NV−

centers. In our previous studies, we investigated the effect of laser exposure time, demon-
strating its saturation in Ia and Ib diamonds [33,41].

The H3 center with a zero-phonon line (ZPL) at 503 nm and a phonon band (PB) of
520 nm has a model containing two nitrogen atoms separated by a vacancy [11].

The NV0 (ZPL 575 nm, PB 600 nm) and NV− (ZPL 637 nm, PB 680 nm) centers are
similar in many ways. Their ZPL accounts for no more than 5% of the total radiation, and
the rest is associated with a wide side band. The model of the centers is a nitrogen atom
and a vacancy in neighboring positions in the crystal lattice; the difference is only in the
charge state of the complex [11].

3.4. Graphitization

Among the changes that intentionally occurred in the diamond crystal under study
after the laser exposure, minor undesirable local graphitization was also noted. A few areas
of weakly manifested graphitization were found (Figure 5). Typically, they appeared at
the intersection of the laser-modified crystal layers and initial cracks. In addition, similar
changes were detected as a result of direct laser modification applied to the crystal surface.
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3.5. Laser-Induced Structural Transformations of Color Centers in the Diamond

According to the results of our spectroscopic study, the analyzed defects in the dia-
mond lattice can be divided into two groups depending on the change in their concen-
trations after the laser exposure. As indicated in the previous section, on the one hand,
the content of the centers A (N–N), P1 (N), and W7 (N–C–C–N) has become smaller. It is
noteworthy that all these centers are not associated with vacancies or interstitial atoms.
On the other hand, the concentrations of the B2 (platelets, layers of interstitial carbon), N2
(fragments of the structure with broken C–C bonds), and H3 (N–V–N) centers containing
vacancies, as well as the NV0 and NV− centers, have increased. These findings, in par-
ticular, about the conversion of substitutional N atoms into NV centers, are in agreement
with the previous experimental [21,24,25,29–31,34] and theoretical [26–28] studies of IIa di-
amonds, while the diminishing of A center abundance and the rise of H3 center abundance
in laser-modified natural diamonds were revealed in [23,32,33]. Meanwhile, laser-driven
variation of more complex N2, W7, and B2 centers was observed for the first time and
deserves its detailed discussion.

These changes—cooperative effects—are complex and interrelated. Even a simple
qualitative examination of changes in the crystal clearly indicates that a decrease in the
content of some structural centers and an increase in the concentration of others are the
consequences of one process—the formation (and displacement) of interstitial atoms and,
accordingly, vacancies. An important remark that needs to be made is the fact that the
probability of a nitrogen atom being displaced to the interstitial position is obviously pro-
portional to the total nitrogen content in the crystal, i.e., it is quite small. As a consequence,
the nitrogen centers arising in such a process should have a vanishingly low concentration,
which cannot be detected by the methods used.

At first glance, the total numbers of the centers of the first and second groups should
coincide, but some methodological limitations, e.g., the different volume of the crystal
involved in obtaining the spectra using FT-IR, EPR, and PL methods, complicate their
quantitative comparison. Moreover, a detailed examination of models describing the
centers and their laser-induced modifications in diamond shows that, for almost every
concentration-changing center, there are features or alternative schemes of migration
of vacancies and interstitial atoms that make quantitative comparison of the initial and
resulting content problematic. As an example, we can analyze possible variants of changes
in the W7 center registered by the EPR method. It is obvious that the center, whose model is
a chain of four atoms (N–C–C–N), has a significant number of variants of changes associated
with the transfer of one (or even several) carbon atoms from the composition of the center
or from its first coordination sphere to the interstitial position (with the possibility of
further migration). There are many potential variants of the resulting modification, which
preserve or cause loss to the paramagnetic properties of the center; however, their total
content should be taken into account and compared to the drop in the concentration of
the initial W7 center equal to 0.09 ppm (as noted in Section 3). Obviously, by means of the
research methods used, it is possible to register only those modifications of the W7 center
that will contribute to already existing or emerging centers from other sources. Exotic
variants of changes in this center, even if they appear, will be unregistered due to very low
concentrations. Thus, it can be assumed, for example, that the formation of the NV0 and
NV− centers from the W7 center is a result of laser exposure; however, their number will be
less than the actual decrease in the content of W7 centers. And even the last assumption is
ambiguous due to the too close location of nitrogen atoms, with a high degree of probability
inherited by any modification of the W7 center.

The exact opposite in terms of the number of possible modifications among the
structural disorders under consideration is the P1 center. Due to its simple structure (single
substitution of carbon by nitrogen in the lattice), there are practically no alternative options
for changing it in the formation of NV0 and NV− centers.

As already noted, changes in the crystal structure of diamond as a result of laser
exposure are in no way localized around nitrogen atoms. A significant number of vacan-
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cies and interstitial carbon atoms occur at significant (in terms of structural parameters)
distances from the positions occupied by nitrogen atoms. If we focus on the generation of
vacancies, i.e., an increase in the number of sites with broken bonds (C–C) in the crystal
structure of the sample, then the most indicative change detected by EPR is, of course, an
almost twofold increase in the concentration of the paramagnetic center N2. It should be
noted, however, that in the “classical” model of the N2 center, in order to preserve such
a configuration, a stabilizing effect of the conditions present in the cores of deformation
dislocations is assumed. In the case of the described laser action, it is obvious that bond
disturbances in the volume of the crystal lattice are produced randomly and, therefore,
may be unstable. From this point of view, it is of interest to estimate the time stability of
the changes obtained in the crystal, both under normal conditions and (later) at elevated
temperatures, to study possible recombination processes.

The detection of single interstitial carbon atoms (Ci) in the diamond structure is a non-
trivial task, requiring very sensitive equipment [19]. However, in our case, the appearance
of a significant number of Ci (at least some of them) through the laser generation of
Ci–V pairs is recorded as a sharp, almost twofold increase in the absorption of B2 centers
(platelets). Since increasing the size (or even the number) of platelets requires not only
“building material”, in the form of interstitial carbon atoms, but also the possibility of their
migration through the crystal, the result obtained allows us to confirm the assumptions
made in [19] about the mobility of Ci in the diamond lattice even at room temperature.
The B2 centers, as more energetically favorable positions for embedding interstitial carbon
than regions of the regular crystal structure, may turn out to be the main Ci concentrators
arising during pulsed femtosecond laser action on diamond.

A significant decrease in concentration as a result of the laser exposure, according
to the results of experiments, was observed for the A centers (N–N). According to [42],
a reduction in their content is interpreted as the capture of a vacancy and a subsequent
change in the configuration of the formed center: N–N−V→ H3 (N−V−N). Regarding
the intensity of the photoluminescence of the H3 centers measured in the experiment, it
should be noted that at significant concentrations of the A center (the initial content in
the studied sample is ≈300 ppm), the luminescence of H3 is extinguished due to resonant
energy transfer to the nearest A centers [43].

The appearance of insignificant graphitization sites confined to crystal cracks or to
its surface, on the one hand, confirms the very possibility of their induction under the
influence of a pulsed femtosecond laser in the visible range, reported in [44]. On the
other hand, such localization of graphitized areas and their absence in the crystal volume
undisturbed by cracks confirm the previously identified value of free oxygen as a catalyst
for graphitization processes [45].

4. Conclusions

Exposure of diamond to a pulsed femtosecond laser (525 nm, 0.2 ps, 80 MHz) modifies
impurity defects present in the crystal structure due to laser-induced formation of carbon
atom vacancies and interstitials. The concentration of defects that are not related to vacan-
cies or interstitials (A, paramagnetic P1, and W7) decreases, while the content of defects
that have such a connection (B2, paramagnetic N2, optically active (PL) H3, NV0, NV−), on
the contrary, increases. A rise in the absorption coefficient of the B2 defect indicates, firstly,
the mobility of interstitial carbon under experimental conditions and secondly, the role of
platelets as a reservoir of cooperative accumulation (embedding) of emerging interstitials.
On the other hand, the formation of carbon vacancies boosts the intensity of the paramag-
netic N2 center. Newly formed N2 centers, unlike platelets, may turn out to be unstable,
which requires further research on their natural decay and annealing kinetics.
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