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a b s t r a c t

Donor-acceptor pair recombination theory was used extensively to explain type IIb diamond phospho-
rescence mechanism, in which the acceptor was widely believed to be boron, and the donor remained an
issue of debate. In this work, 10 pieces of high-temperature-high-pressure synthetic diamonds were
studied by using DiamondView™, Fourier transform infrared spectroscopy, photoluminescence spec-
troscopy and electron paramagnetic resonance (EPR) spectroscopy. All the samples presented greenish
blue phosphorescence, with emission band centered at 470 nm with a ~500 nm shoulder, which can be
excited by ultraviolet light with wavelengths from 215 to 240 nm. A neutral isolated nitrogen signal
appeared in EPR when the sample was illuminated with a short wave ultraviolet light source. These
results helped us to suggest the isolated nitrogen is the most likely donor to generate phosphorescence
with boron.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Diamond is a material composing only covalently bonded car-
bon (C) atoms. With high hardness, high refractive index, high
thermal conductivity and other extraordinary physical and chem-
ical properties, diamond has always been a significant material in
several science and technology fields. Pure diamond is colorless,
but impurities trapped in diamond may change its color and other
physical properties. Typical impurities are nitrogen (N) and boron
(B). Some nitrogen-related defects absorb light in ultraviolet region,
then extend to the blue-purple region and make diamonds appear
yellowish in color [1]. Boron-related centers can produce blue color
in diamond by absorbing light ranged from near-infrared to red
region [2,3]. Diamond doped with boron is a p-type semiconductor
and classified as type IIb diamond [4e7]. This kind of natural
semiconductor diamonds were discovered in the 1950s [6]. Hall
effect and neutron activation experiments confirmed that boron is
the only reasonable impurity responsible for the conductivity
[8e10]. Using Fourier transform infrared (FTIR) spectroscopy, type
IIb diamond can be identified, and further, concentration of un-
compensated boron can be determined [11].

High-temperature-high-pressure (HPHT) method was utilized
to synthesize various types of diamonds successfully [12]. Existence
of nitrogen in atmosphere made nitrogen-related impurities nearly
unavoidable in HPHT synthetic diamonds. To obtain diamonds with
less yellow color, nitrogen getter such as alumina (Al) and zirco-
nium (Zr), or boron were added during the synthetic process to
restrain the nitrogen concentration [12,13]. Those boron-doped
HPHT synthetic diamonds are blue or colorless, and still can be
classified as type IIb using FTIR spectra.

Boron doping also allows diamonds to produce phosphores-
cence centered in 500 nm when excited by shortwave ultraviolet
light (UV-light). In preciously published literatures, many [14e17]
believed this phosphorescence could be explained by donor-
acceptor pair recombination (DAPR) theory, which can be
expressed by the following equation:

E
�
r
�

¼ Egap �
�
Eacceptor þ Edonor

�þ e2
.
εr ; Eq.1

where EðrÞ is phosphorescent photon energy, Egap is the width of
diamond bandgap, Eacceptor is the binding energy of acceptor (above
the valence band maximum), Edonoris the binding energy of donor

mailto:shenxt@cug.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbon.2020.05.061&domain=pdf
www.sciencedirect.com/science/journal/00086223
www.elsevier.com/locate/carbon
https://doi.org/10.1016/j.carbon.2020.05.061
https://doi.org/10.1016/j.carbon.2020.05.061
https://doi.org/10.1016/j.carbon.2020.05.061


T. Shao et al. / Carbon 167 (2020) 888e895 889
(below the conduction bandminimum), e is the electron charge, ε is
the electrostatic dielectric constant of diamond, and r is the dis-
tance between donor and acceptor.

At the beginning, DAPR theory was suggested to explain the
luminescence phenomenon caused by acceptor-to-donor excitation
in zinc sulfide (ZnS) and gallium phosphide (GaP) [18e20]. Since the
phosphorescence of type IIb diamond has similar band shape and
otheropticalproperties to those inZnSandGaP,DAPRtheorywasthen
applied to interpret phosphorescence phenomenon in type IIb di-
amonds in 1965 [14]. In this theory, donor and acceptor both partic-
ipate to generate the luminescence. To this day, boron isbelieved to be
the acceptor [10,21] and its binding energy was measured to be
0:37eV above the valence band maximum (VBM). But the nature of
donor impurity is still under debate. Based on many previous works,
most assumed that nitrogen is the most likely candidate of donor
[14e16,22e24], but there is no experimental evidence to support
these proposals. Meanwhile, Su, et al. (2018) suggested iron (Fe) im-
purity should be the donor [25], after X-ray photoelectron spectros-
copy (XPS) analysis and theoretical calculation.

Recent articles pointed out the uncompensated boron peak
height increased when the type IIb diamonds were exposed to UV-
light [26,27]. That is to say, when the type IIb diamond was lumi-
nated with UV-light source, the amount of acceptor increased, so it
is possible that the donors should also be released from acceptors’
combination. That enlightened us that using external UV excitation
on phosphorescent HPHT synthetic diamonds, we may capture
some evidence of the donor in an experiment.

Guided by this assumption, a series of experiments were carried
out on a batch of HPHT synthetic diamonds, using FTIR spectrom-
eter, photoluminescence (PL) spectrometer, electron paramagnetic
resonance (EPR) spectrometer and ultravioletevisibleenear
infrared spectrometer. Our results suggested that neutral isolated
nitrogen (Ns

0) is forming under UV excitation. By trapping electron
and recombining with acceptor (uncompensated boron), it may
take part in the phosphorescence process as the donor.

2. Materials and method

2.1. Materials

Images and basic information of ten colorless HPHT synthetic
diamonds are illustrated in Fig. 1 and Table 1. All the samples are
Fig. 1. Ten boron-doped high temperatur
standard round brilliant cut. To collect the fine FTIR absorption
spectra, a culet facet which is parallel to the table facet of diamond
was cut. Thus, the optical path length equals to the thickness of the
stone.

2.2. Experiments

2.2.1. Visual observation
In a 5500 K color temperature LED light box, Nikon D810 DSLR

camera was employed to photograph samples. Using a standard UV
lamp with typical 365 nm for longwave UV and typical 254 nm for
shortwave UV [28], samples’ luminescence was checked by naked
eyes firstly. Further, the luminescence images were captured by
DTC DiamondView™ with UV-light shorter than 230 nm [29].
Luminescence images were captured under different parameters,
including delay time, integration time, gain and aperture.

2.2.2. Spectra measurements
A Bruker v80þ Hyperion 3000micro infrared spectrometer was

used to collect FTIR spectra, in order to determine the diamond
types and to quantitatively describe the 2802 cm�1 peak. The ab-
sorption spectra were obtained under the transmission measure-
ment mode, where the spot diameter is 100 mm, the resolution is
4 cm�1, the scanning range is 6000e400 cm�1 and the number of
scans is set to 64.

A JASCO FP8500 photoluminescence (PL) spectrometer equip-
ped with a 150 W Xenon lamp ranged from 200 to 750 nm was
employed to measure three-dimensional luminescence spectra in
order to find the most suitable excitation wavelength. For gener-
ating three-dimensional spectra, excitation range was set as
200e250 nmwith 10 nm step, while emission was collected in the
range of 300e600 nm with 3 nm step. Additionally, a set of higher
resolution emission spectra were collected with excitation wave-
length of 230 nm and emission wavelength of 350e650 nm with
0.2 nm steps. Then, the lifetimes were fitted.

A JY HORIBA Lab RAM HR Raman spectrometer was used to
measure the Raman spectra. The light source is a 30-mW HeeCd
325 nm laser. The spectrum ranges are 100e4550 cm�1. Depend-
ing on the results, the measurement times, integration time and
power attenuation were flexible for each sample. Samples were
submerged in liquid nitrogen (LN) with part of the diamonds above
the LN surface till thermal equilibrium before measurement.
e high pressure synthetic diamonds.



Table 1
Basic information of boron-doped HPHT synthetic diamond.

Sample No. Cut Weight
/ct

Clarity Type Thickness
/mm

Colour Phosphorescence Colora

LWUV SWUV

1 Round
Brilliant

0.191 SI IIb 2.00 Colourless none (Inert) GB
2 0.192 IIb 1.98 GB
3 0.198 IIb 2.00 GB
4 0.199 IIa 2.00 GB
5 0.206 IIb 2.06 GB
6 0.205 IIb 2.04 GB
7 0.213 IIb 2.10 GB
8 0.222 IIb 2.10 GB
9 0.205 IIb 2.06 GB
10 0.227 IIb 2.00 GB/GY

a GB: Greenish Blue; GY: Greenish Yellow.

Fig. 2. FTIR spectra of diamonds without any detectable nitrogen- and hydrogen-
related defects. (a) Sample No.4 is a type IIa diamond without boron related band;
(b) Sample No.10 is a type IIb diamond that contains strongest 2802 cm�1 band among
all samples.
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A JASCO MSV5200 micro ultravioletevisibleenear infrared
(UVeViseNIR) spectrometer was operated to collect the
UVeViseNIR spectra. Under the transmission measurement mode,
the aperture was set to 100 mm, the measurement range was set
into 200e2500 nm with data interval 0.5 nm.

EPR spectra in room temperature were collected using a Bruker
EMX-10/12 electron paramagnetic resonance spectrometer at X
band located in Center of Material Analysis, Nanjing University.
Samples were measured with and without external UV-light (Hg
lamp) excitation. In order to compare both spectra, all the param-
eters were constant, including modulation amplitude 1 Gauss,
conversion time 163.84 ms.

3. Results

3.1. Mid-infrared spectra and uncompensated boron concentration

As Fig. 2 shows, except for lattice vibration near 2160, 2030 and
1974 cm�1 [30], FTIR spectra lack 1282, 1175 and 1130 cm�1

nitrogen-related defects [2,31,32] and 3107 cm�1 hydrogen-related
defects [33]. However, nine diamonds have absorption peak near
2931, 2802 and 2453 cm�1, which are all caused by uncompensated
boron in diamonds [10].

Fisher et al. (2009) had established an empirical formula to
determine the uncompensated boron concentration (hereinafter
referred to as [B0]) from integral area on 2802 cm�1 peak [11].
Following this method, [B0] of each sample was calculated and
listed in Table 2.

3.2. Luminescence images by DiamondViewTM

Fig. 3 depicted the photoluminescence images captured by
DiamondView™. All the samples exhibit greenish blue lumines-
cence. The images were taken under fluorescence mode with in-
tegral time of 1 s. We found some faint patterns or shadows inside
the table facets by careful observation. These patterns are rectan-
gles in shape, and some of them exhibit four arms stretching along
the diagonal. These features are typical for HPHT synthetic di-
amonds [12].

3.3. Xenon lamp photoluminescence spectra

A typical three-dimensional luminescence spectrum of these
samples is given in Fig. 4 (a). Shortwave UV-light ranged from 215
to 240 nm excites the luminescence band centered at 470 nm,
which extends from 370 to 600 nm.

As in Fig. 4 (b), an emission spectrum (EXl ¼ 230 nm) shows a
band centered at 470 nm and a shoulder near 500 nm. The 500 nm
shoulder implies the existence of 500 nm band mentioned in other



Table 2
Concentrations of uncompensated boron in our samples.

Sample No. 1 2 3 4 5 6 7 8 9 10

Peak area/cm¡2 15.99 14.06 10.21 bdla 2.66 19.53 8.078 33.44 33.35 46.28
B uncompensated/ppm 0.009 0.008 0.006 bdl 0.002 0.011 0.005 0.019 0.018 0.026

a bdl: below the detection limit

Fig. 3. (a) Luminescence image of sample No.5 which contains an obvious rectangle
shadow in the middle of the table; (b) Luminescence image of sample No.3 presents
two stretching arms.

Fig. 4. Photoluminescence spectra with a xenon lamp excitation. (a) Three-
dimensional photoluminescence spectrum of sample No.10. The spectrum has a
band centered in 470 nm best excited by 230 nm ultraviolet light. (b) Photo-
luminescence emission spectrum of sample No.5. The spectrum has a band centered in
470 nm with a shoulder near 500 nm.
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works [16,23]. The shape of the band is asymmetrical. Additionally,
we also determined the lifetime of this emission band. Generally,
lifetime (t) is the timespanwhen phosphorescence intensity decays
from 100% to 37% [34]. By fitting exponential function (y ¼ A�
e�x=t þ y0), the phosphorescence lifetime of 470 nm emission band
was determined. Results are shown in Table 3 and Fig. 5. Data
suggest that the lifetime of 470 nm phosphorescence is negatively
correlated to [B0].

3.4. Raman spectra

Typical 325 nm laser Raman spectra were shown as Fig. 6. Both
samples have the Raman intrinsic peak near 1332 cm�1 [30].

3.5. Ultravioletevisibleenear infrared spectra

In Fig. 7, both samples have the similar absorption edge near
5.5 eV, which indicated that they are type II diamonds. That also
support what we observed in Fig. 4(a), that the photoluminescence
can be emitted only when the excitation light’s wavelength is close
to ~230 nm.

3.6. Electron paramagnetic resonance spectra

Fig. 8 (a) shows the EPR spectra of sample No.4, before (red) and
during (black) the external UV-light excitation. Fig. 8 (b) shows the
similar ERP spectra of sample No.10, during (black) and after (red)
the external UV-light excitation. The different split is caused by
different direction with magnetic field.

Without UV-light irradiation, neither of samples exhibited any
detectable signal. However, when diamond was exposed to Hg
lamp for about 60 s, signals arose. When phosphorescence stops
completely, the signal disappeared. All the detectable signal shared
the same g-value. These results clearly pointed out that the UV-
light excitation produced paramagnetic electron.

4. Discussion

4.1. Identification of 470 nm band

In previous works [4,16,22,23], the 500 nm phosphorescence
band was reported and confirmed, but band centered in 470 nm
was also mentioned in some articles [24,25]. According to the
following reasons, we suggested 470 nm band in our samples is also
a DAP band and it comes from the same mechanism as the 500 nm
band.

Firstly, the typical shape and peak position in our spectra(Fig. 4)
() is accordance with the spectrum from prior study [25] and they
both obey the DAPR equation. Secondly, our measurements and
observation revealed that the [B0] correlated lifetime of 470 nm
band negatively. This correlation is similar to what Watanabe et al.



Table 3
[B0] and 470 nm band lifetime of all samples (order by [B0]).

Sample No. 4 5 7 3 2 1 6 9 8 10

[B0]/ppm bdl 0.002 0.005 0.006 0.008 0.009 0.010 0.018 0.019 0.026
Lifetime/s 18.1 14.1 16.3 18.9 14.7 9.3 11.5 8.9 5.2 8.9
S.E.a 0.83 0.55 0.84 1.02 0.56 0.27 0.32 0.28 0.12 0.20

a S.E.: Standard Error

Fig. 5. The relationship between 470 nm phosphorescence lifetimes and [B0]. Sample
No.4 without uncompensated boron has an 18-s lifetime; Sample No.8 with 0.019 ppm
[B0] has a 5-s lifetime.

Fig. 6. Raman spectrum of sample No.4 and No.10. (A colour version of this figure can
be viewed online.)

Fig. 7. UVeViseNIR spectra of No.4 and 10. (A colour version of this figure can be
viewed online.)
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(1997) [16] and Eaton-Maga~na et al. (2011) [23] found on 500 nm
band. Last but not the least, we observed a shoulder near 500 nm
along with 470 nm band in our spectrum (Fig. 4). There is an
important parameter r in Eq. 1, which is inversely proportional to
EðrÞ and donor-acceptor pairs may occur at different distances [24],
when pairs with a specific distance r are dominant in a sample, the
phosphorescence band would be centered in corresponding EðrÞ.
Thus, the presence of 470 nm and 500 nm shoulder can be
explained as the result of donor-acceptor-pair with different
distance distribution.

4.2. DAPR model for 470 nm band

Former models [14e16] pointed out that phosphorescence from
type IIb diamonds could be explained by DAPR theory, which had
been mentioned in the introduction part. The detailed excitation
process is described as following:

Before the excitation, donor and acceptor with proper distances
can be charge-compensated and become ionized, resulting in a
donor-acceptor pair. When excited by UV-light, electrons in valence
band get excited and captured by “ionized donors”, leaving holes
behind in the valence band. These remaining holes in the valence
band will be totally captured by “ionized acceptors” sooner or later.
The result of such process will be that ionized donors and acceptors
eventually become neutral (when the external excitation source
remains). Then neutral donors and acceptors got recombined,
releasing photons of the phosphorescence [16,19]. Considering the
negative correlation between impurities distance and impurities
concentration, a modified equation is given [16]:

EðrÞ ¼ Egap �
�
Eacceptor þ Edonor

�þ e2ð2pNbÞ
1
3

ε

; Eq.2

whereEðrÞ is the phosphorescent photon energy, Egap, Eacceptorand
Edonor are bandgap of diamond, binding energy of acceptor and
binding energy of donor respectively, e is the electron charge, Nb is
the higher value of the acceptor or donor concentration, and ε is the
static dielectric constant of diamond. For Egap ¼ 5:47 eV, Eacceptor ¼
0:37 eV , and the phosphorescent energy of 470 nm band EðrÞ ¼
2:64 eV , we can figure out that Edonorz2:54 eV .

To make this model reasonable, we need to find out which
impurity, with a binding energy of 2.54 eV, acts as the donor during
the phosphorescence process.



Fig. 8. EPR spectra of sample No.4 and 10. (a) In sample No.4, red spectrum was taken
before external Hg lamp excitation; the black one was taken while Hg lamp turn on.
The black signal indicates the magnetic field is parallel to [100] direction. (b) In sample
No.10, black spectrum was taken while the Hg lamp light turn on. Next, the red
spectrum was taken 30 min after the lamp turn off. The black signal indicates the
magnetic field is nearly parallel to [110] direction.
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4.2.1. Finding possible donor
As shown in Fig. 8 (a) and (b), the EPR spectra changed when the

UV-light irradiated the diamond being tested. In Fig. 8 (a), before
excitation, no paramagnetic signal was detected; when sample was
irradiated, a paramagnetic signal arose. The change implied that
some electrons became paramagnetic during UV-light irradiation
process. In Fig. 8 (b), when sample exposing to UV-light, the spectra
shows a paramagnetic signal, and after removing Hg lamp for
30min, the signal disappeared completely. The g-values in Fig. 8 (a)
and (b) are both 2.0025 and stay isotropy. These EPR signals are
consistent with neutral isolated nitrogen center. The split from
single to triplet is owing to hyperfine coupling with one nitrogen
nucleus 14N (I ¼ 1). For different angles between NeC bonds and
magnetic field [35], DH changed from 29.2 to 40.8 Gauss.

Isolated nitrogen in diamond can exist in serval charge states,
including neutral one (Ns

0), positive one (Ns
þ)[30, 36] and maybe
even negative one (Ns
�) [37e39]. Among them, only the Ns

0 has
unpaired electron that can be detected by EPR. Ns

0 may form from
Ns
þ trapping electron and/or Ns

� trapping hole. When the UV radi-
ation was applied, some charged nitrogen become Ns

0; and after
removing irradiation, these Ns

0 signals vanished completely. Yet we
cannot derive the origin (Ns

þ or Ns
�) where the unpaired electron

comes from decisively by EPR. There seem to be two possible
pathways to form N0, but we prefer that Ns

þ is the most likely
candidate. Reasons are as following.

Ns
�, which is the isolated nitrogen with negative charge, was

reported in this century [40]. By time-resolved terahertz spec-
troscopy and theoretical calculation, other researcher had studied
the properties of it [38] and reported that the Ns

� generates when
the excited electrons in the conduction band back-recombinedwith
Ns
0. It was also predicted that the Ns

� can combined with Ns
þ and

finally become Ns
0 within 10�8 s, thus it cannot be detected by

steady-state measurements [38]. Supposed that Ns
� contributed to

form Ns
0 in the UV excitation process, there should be EPR signal of

Ns
0 before UV-light turned on and such signal should stay the same

under excitation. Apparently, that is different from our experiment.
Ns
þ has absorption bands in 1332, 1046 and 950 cm�1 in FTIR

spectra [36]. After irradiation and annealing, strength of these
bands decreased, while the concentration of Ns

0 and neutral va-
cancy (V0) increased [36]. Additionally, it was reported that Ns

þ was
detected in boron-doped synthetic diamonds [36,41]. Both reports
mean Ns

þ is a product of charge-transfer and such property matches
with the role of ionized donor in DAPR theory well.

However, by transforming [16] or linear fitting [24] Eq. 1, Edonor
were inferred to be 2.54 (in our paper), 2.6e2.7 [16,23], 3.2e3.3
[15,24] and 3.7 [14] eV below the conduction band. Obviously, there
is a gap between the inferred Edonor and experimental Edonor on Ns

0

(1.7 eV below the conduction band [42]) more or less. To explain
this difference, lattice relaxation was taken into consideration
[15,16,23,43]. When the lattice coupling exist, the donor binding
energy would be overestimated. Follow this conclusion, our result
provided the relaxation energy is around 0.84 eV. The value is close
to 1 eV, which comes from an analogues study on nitrogen doped
synthetic diamonds [43]. Therefore, our observation of the exis-
tence of EPR Ns

0 signal under external UV-light excitation can be a
good support to confirm the previous research’s speculation of
isolated nitrogen as donor.

4.2.2. The DAPR model for phosphorescence of type IIb diamond
For acceptor, many experiments [8e10,21] had confirmed that

boron is acceptor. Watanabe et al. (1997) classified boron impurity
into two types in DAPR model [16]. One type is “ionized boron” -
which is paired with donor by charge compensation, while the
other one is “uncompensated boron” - which cannot be compen-
sated with donor. The compensated one contribute to the phos-
phorescence directly while the other one accelerates this process.

What we detect with FTIR is the uncompensated boron rather
than total boron. That explains why sample No.4 without
2802 cm�1 peak can also emit strong phosphorescence. And that
makes it easier to understand the phenomenon reported that when
exposed to UV-light in DiamondView™, the 2802 cm�1 peak of
type IIb HPHT synthetic diamond grew and then decayed after light
cut off [26,27]. Before exposed to UV-light, donor and acceptor
were combined to form a so-called “pair”; when exposed to UV-
light, the previously combined pair “separated” to form neutral
boron and neutral isolated nitrogen, the former caused the growth
of 2802 cm�1 absorption and the later matched the change on
nitrogen-related EPR signal.

According to the experiments and speculation, a plausible
model of phosphorescence was depicted as below:

Once type IIb diamonds were exposed to UV-light, electrons in
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valence band got excited, leaving holes behind. Ionized isolated
nitrogen captured these excited electrons, while ionized boron
captured the holes in valence band subsequently, resulting in
neutral isolated nitrogen and neutral boron. Then the neutral iso-
lated nitrogen and neutral boron recombined, generating phos-
phorescence. If there were any extra uncompensated boron, they
would create extra holes in valence band, and then these holes
would be captured by ionized boron. That means the total number
of holes exceeds the total number of electrons during the phos-
phorescence process. So, the recombination process would be
accelerated and phosphorescence lifetime would be decreased. The
mechanism on 470 nm phosphorescence is illustrated in Fig. 9.
4.3. Remaining questions

Although the experimental method applied in this study per-
formed well on detecting Ns

0 and providing a good support to DAPR
model explaining the phosphorescence in HPHT synthetic type IIb
diamonds, some questions are still open.

Math add-up problem remains a significant one. The inferred
activation energy of donor is numerically different from the
experimental value. Most researchers (including us) introduced a
relaxation energy to adjust the outcomes. So, a detailed theoretical
calculation on nitrogen-boron pair is required in the future.

There are other factors without being considered in this model,
such as temperature, different growth sectors and so on, whichmay
influence the lifetime and other properties on phosphorescence.
Although it is beyond the consideration of this study, but still
makes an problem in application of DAPR model in diamond.
Fig. 9. The concise mechanism model of 470 nm band in our samples (modified after
reference [16]). The solid dot represents electron and hollow dot represents hole. On
one hand, nitrogen and boron were charge compensated with each other and got
ionized. On the other hand, uncompensated boron can capture electron from valence
band by absorbing infrared. ①When UV-light irradiated diamond, Ns

þ can trap an
electron from valence band to become Ns

0 which has EPR signal. ②Then the hole left in
valence band would become filled with an electron from B� to make B0. ③Thirdly, Ns

0

and B0 would recombine with phosphorescence emission. ④Meanwhile, uncompen-
sated boron can provide extra holes in valence band which would accelerate the
recombination process between Ns

0 and B0. (A colour version of this figure can be
viewed online.)
5. Conclusions

All the boron-doped HPHT synthetic diamonds used in this work
can emit greenish blue phosphorescence centered around 470 nm
after being exposed to shortwave UV-light of 215e240 nm. Such
phosphorescence can be explained by DAPR theory, where the
acceptor is widely believed to be boron.

By EPR experiments, we propose that isolated nitrogen is
probably the donor in DAPR model of type IIb diamond. Thus, the
model, where the isolated nitrogen takes the role of donor and
boron acts as acceptor is suggested: generally, isolated nitrogen and
boron combine to be a pair; when these diamonds are irradiated by
UV-light, electrons and holes become trapped by isolated nitrogen
and boron respectively, then the pair “separates”; when the
recombination of separated isolated nitrogen and boron takes
place, phosphorescence releases.
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