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4.1.3 Paramagnetic centers

4.1.3.0 Introduction

Electron paramagnetic resonance (EPR) spectra are conveniently analyzed using a spin-Hamiltonian.
ln the concept of the spin-Hamiltonian, the energies of the levels comprising the ground state are expressed
in terms of a polynomial in the effective electron spin operators S and, when magnetic nuclei are present.
nuclear spin operators L A small number of constants in the spin-Hamiltonian lf can accurately describe
the observed transitions. A general form suitable to analyze and identify the spectra observed in diamond
is: tf :1fi.

In the spin-Hamiltonian required Ío analyze the spectroscopic data, the following terms may appear:

Zeeman effect 
/fr: p"B.g. s

/t describes the electronic Zeeman effect. nll paramagnetic centers have this interaction. Due to the small
value of the spin-orbit coupling constant in diamond and the strong crystal field in the solid which effectively
quenches orbital contributions to the magnetic moment, the g-values for nearly all centers are close to
the free-electron value g:2.0023. Identihcation of spectra on the basis of the g-tensor only, the common
situation for centers in silicon, is not possible in diamond. Other spin-Hamiltonian constants or characteristics
ofthe spectrum have to be used additionally.

Zerc-Íreld splitting
trz:S'D'S

,f, represents the zero-(magnetic)-field splitting. The interaction is only present for electron spin S>1.
The identification of centers produced by irradiation, notably the R-spectra, mainly rests on the symmetry
and components of the D-tensor.

Higher-order Zeeman effect
tr, : g, tts(B,S: + 4 Si + 8. S:)

:/(, represents the rather rare higher-order Zeeman effect which can be present in case 5>312, and has
the given form for centers of cubic symmetry. The interaction in diamond has been reported for one center
only, i.e. the acceptor-related spectrum NLl.

Normal-strain effect
o& : b (e*,s2, + e, sj + e,. s2.)

/a expresses the effect of normal strains of the diamond crystal on the spectrum in terms of the deformation
potential constant á and normal components of the strain tensor erx, e' and e-. This term was only
reported for the analysis of acceptor-related spectrum NLl.

Shear-strain effect
4 : @tfr t llle., (& s, + S, &) + e. (s, & + & s,) + e,. (& & + & s,)1

./, expresses, similar to the previous terÍn, the effect of distortion of the crystal on the energy levels.
The deformation potential constant is d, the components of the shear strain are e,y, ty" and e,,. This
term was only reported for spectrum NLl.

Nuclear Zeeman effect ' ffu: -gnttxB'I
.íu gives the Zeeman interaction energy for a nucleus with spin f. The nuclear Zeeman splitting is not
observable in hrst order in EPR. It can be measured by electron-nuclear double resonance (ENDOR) and
then lcads to unambiguous identification of an impurity through the nuclear magnetic moment Q:,). Only
a few studies by ENDOR have been performed for centers in diamond; examples include Pl [66C] and
P2 [73L3, 84W].

HyperÍine interaction
&:S'A'I

-fr describes the hyperhne interaction between the electron(s) in the paramagnetic defect and a nucleus
with spin /. The term has to be summed over all the nuclei with non-zero spin for which an interaction
is resolved. For spectra in diamond always the isotope r3C, with nuclear spin /:ll2,has to be considered.
Due to the low abundance l.loh of this isotope, the structural details in spectra related to this nuclear

l.andolt-Bórnstein
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interaction have a relatively low intensity. Nitrogen, with.l:1 of the 99.63Yo abundant isotope r4N, is

the most common impurity in diamond. The hyperfine splitting into three sets of components reveals the
presenc€ of one or several nitrogen atoms. The identification of spectra given in Table 1 is based on this
characteristic hyperfine structure. Actual observations have been made for carbon, nitrogen and a few
other magnetic impurity isotopes. The hyperfine interaction can give characteristic structure to the EPR
spectra, valuable for identification and further understanding of the atomic and electronic structure of
the centers.

Nuclear quadrupole interaction
tra:I'A'I

.l-rrcpre*nts the nuclear quadrupole effect. Only effective when /2 1, for example for laN, but not for
r3C. Being a purely nuclear interaction it is diffrcult to observe in EPR [65L]. ENDOR allows a moÍe
a@urate determination of the quadrupole tensor, for instance for spectrum Pl [ó6q.

Nuclear exchenge energY 
#c: J Ii. Ii

.rf, expresses the exchange interaction between nuclei and is effective when more than one impurity with
nuclear spin is present in the center, such as in nitrogen aggregates. A measuresrent exists for the P2
center [73L3].

For further information on EPR see section 3.3. The convention adopted for silicon has been followed
to label the spectra. Labels already in use in the literature were copied. Spectra which so far were not
labeled, have been given designations. The new labels are: A9, A10, All, El, Gl, KYl, L1, N5, N6,
N7, 02, and TI1.

4.1.3.1 Nitrogen-related centers

Properties of EPR spectra related to nitrogen in diamond are compiled in Table 1.

Table L EPR spectra ofnitrogen-related centers.

Spectrun Nf (Fig. 3)

Symmetry: monoclinic-I
Spin: S:ll2
g-tensor: (gr+gz*'g)13:2.N24
A-tensor: nucleus laN, spin /:1, abundance 99.637o, 1 site

lrr:130.0 MHz, ll [1, 1, 1]

At: 89.7 MHz,l. U, 1, 11, [695]
9o.2MHz,l- [1, 1, 1], [85L2]

A-tensor: nucleus r4N, 1 site
Ar:9.o MHz, ll U,1, 11, [695]
At:8.1MHz,l- U, 1, 1l
At:8.3 MHz, ll [1,1,0], [85L2]
At:7.9 MHz, I [1, 1, 0]

A-tensor: nucleus r3C, spin I:112, abundance 1.1%o, 3 sites
At:33'6MHz
At:25'8I[{Hz

A-tcnsor: nucleus 13C, 3 sites
At:22ji0ÍHz
At:20'7 MHz

A-tensor: nucleus 13C, 2 sites
ln:18'9 MHz
At:15'6MHz

Diamond: natural type Ia and Ib
Model: ionized nitrogen pair, negative (vacancy+nitrogen pair) complex, non-planar NtCCN"<om-

plex, see Fig. 3

Reference : 695, 72S, 78S, 82L1, 85L2

Landolt-Bórnstcin
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Spectrum N3
Symmetry: low
Spin: S:ll2
g-tensor: gr:2.0024, ll [1, l,ll

gz:2.0024s, I [1, 1, 1]

gs:2.0024s,aU,1,11
A-tensor: A1:5.1 MHz, axis 6o off U, 1, lJ

AL:l.5 MHz
Diamond: . natural type I
Model: (nitrogen * divacancy) complex

Reference: 725

Spectrum N4
Symmetry: trigonal
Spin: S:ll2
g-tensor: (gt * gz* g)13:2.0025
A-tensor: 

^ 
*; .ï';::ï 'ri,'(iabundance 

ee'63oÁ' t site

AL:66.7 MHz, A [1 ,l,ll
A-tensor: nucleus tnN, I site

An:89.7 MHz, ll tl, 1, 1l
AL:65.0 MHz,I U ,l, tl

Diamond: natural, brown, plastically deformed

Remark: anisotropic distribution of orientations

Model: substitutional nitrogen pair near dislocation

Reference: 75S, 78W

Spectrum OKI
Symmetry: monoclinic-I
Spin: S:ll2
g-tensor: g r:2.4031,

gz:2'0019,
gt:2'0025,

t 0 ,-0.7071,+0.70711
[+ 0.7096, + 0.4983, + 0.4983J

[-0.7046, + 0.5017, + 0.5017]

A-tensor: nucleus tnN, spin I:1, abundance 99.630/0

O-tensor: nucleus l4N

Ar:15.48 MHz,
Az:21.66 MHz,
Ag:15.19 MHz,

Qr: + 1.31 MHz,
Qz: -2.67 MHz,
Qs: + 1.36 MHz,

t 0 ,-0.7071,+0.7071I
l+ 0.4266, - 0.U09, - 0.6409J

[+0.9063, +0.2988, +0.2988J

[ 0 ,-0.7071,+0.7071]
[+ 0. 5892, - 0. 5713, - 0. 57131

[ + 0.8080, +0.4166, + 0.4166]

A-tensor: nucleus t tC, spin I: I12, abundance l.l%, 2 sites

A,*:23.7 MHz, ll [1,0, 0]

A-tensor: nucleus t tC, 2 sites

An:13.5 MHz
AL: 9-9 IN{Hz

Diamond: natural type Ib
Model: (nitrogen + vacancy) complex, (nitrogen * vacancy + oxygen) complex

Reference: 70K, 725,77M,78S, 888

Spectrum Pl (Figs. 1, 4 and 12)

Symmetry: trigonal (crystallographic pointgroup 3m)

Spin: S :l 12

Ref. p. 205J

Landolt-Bórnstein
Ncw Series III/22b

4.1 Diamond (C) Figs. p. 201

Ammerlaan 179



8u: +2.0024, ll [1, 1, 1]

gr: +2.A024, L [1, 1, 1]

nucleus r4N, spin I:1, abundance 99.637o, I site

A r:114.034 MHz. ll [1', 1,, 1]

AL: 81.325 MHz, I [1, 1, 1]

nucleus toN,, I site

Qu: -2.649 MHz, ll [1, 1', 1]

Q t: + 1.325 MHz,I [1, 1, 1l

nucleus ttN, spin I:112,, abundance >90o^, 1 site
Ar:163 MHz, ll [1, l, 1]

A L:l 17 MH z, L [1, 1, lJ

nucleus t tC, spin I : | 12, abundance l.loÁ, I site
An:340.8 MHz, ll U, 1, 1l

AL:141.8 MHz, I [1, 1, 1l

nucleus 13C, 3 sites

An:41.03 MHz, ll [1, 1.' 1]

AL:32.06 MHz, I U, 1, 1J

nucleus r3C, 3 sites

A n:23.3 MHz. ll tl., T, Tl

AL:26.8 MHz, I [1, T, Tl

nucleus ttC, 3 sites
A n:14.5 MHz., ll [1, T' T]

A L: ll.2 MHz, I [1 , T, T]

nucleus t3C. 6 sites
(Ar* Ar* A.)13:8.24 MHz
nucleus ttC, 3 sites
(Ar*Ar*Ar)13-4.15 MHz
nucleus I 3C., 6 (or 9) sites
(A,,* Ar* Ar)13-2.75 MHz

Diamond: synthetic and natural type Ib, type Ia [81B, 82F1]

Remarks: anisotropy in g-tensor not measurable
hyperfine tensor A(raN) and quadrupole tensor O(tnN) measured by ENDOR [66C]
lry temperature dependent: A*v:10.903 MHz at 4.2K, A,r:10.880 MHz at 300 K
hyperÍine tensor A(15N) measured in synthetic enriched 15N doped diamond [75K]

Model: neural substitutional nitrogen, (1,1,1) distorted, see Fig.4
Relerence: 5951, 65D, 65L,66C,7154, 74S, 75K,78L2,80A, 81A2, 818, 82Fl

g-tensor:

A-tensor:

O-tensor:

A-tensor:

A-tensor:

A-tensor:

A-tensor:

A-tensor:

A-tensor:

A-tensor:

A-tensor:

Spectrum P2

Symmetry:

Spin:
g-tensor:

A-tensor:

O-tensor:

"/-value:

(Figs. 2 and 5)

trigonal
S:l12
,gn:2.0025, ll U, 1, 1l

gL:2.0031,I [1, 1, 1]

nucleus toN, spin I: l, abundance 99.630/0, 3 sites

Ar:11.0 MHz, ll [1, 1, ll, [73L3]
AL:10.1 MHz, I [1, 1, 1l

Ar: 9.1 MHz,
Az:10.4 MHz,
At: 8.8 MHz,
nucleus 14N, 3 sites

Qu: -0.66 MHz, ll [1, 1, 1]

Q t: + 0.33 MHz,I U, 1, 1l

0.1 MHz

[ 0 , - 0. 707 ,, + 0.7071, [78S]

[ + 0. 363,+ 0.659, + 0.659J

[ - 0.93 2, + 0.256, + 0.256]

Figs. p. 201 4.1 Diamond (C) [Ref. p. 205
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A-tensor: nucleus r3C, spin 5:112, abundance 1.1%, 1 site
An--4M MHz, Il [1, 1,1]
At:174 MHz, l- U. 1. 1I

l-value: nucleus r3C, 3 sites
A,*:27.6 MHz, ll [1,0,0]

l-value: nucleus r3C, 3 sites
A,,:19.2 MHz, ll U,0,01

Diamond: natural type I
Remarks: known as the " 14 line" spectrum

A(tnN), O(tnN), and "/ measured by ENDOR [73L3, 84W]
model conhrmed by ODMR [808]

Model: three-nitrogen ( +vacancy) complex, see Fig. 5 (old model nitrogen-aluminum pair)

Reference: 5952. 7152, 73L3, 78S, 80B, 82W2, 84W

Spectrum W7 (Fig. 6)

Symmetry: monoclinic-I
Spin: S:ll2
g-tensor: (gr*gragt)13:2.0028
A-tensor: nucleus raN, spin 1:1, abundance 99.ó3%, I site

measured at temperature T:77 K
An:123.8 MHz, ll [1, 1,1]
At: 87.5 MHz,I [1, 1, 1]

A-tensor: nucleus r4N, 1 site, T:77 K
An:15.6 MHz, ll [ï, 1, 1]

At:13.2 MHal- [ï, 1, 1]

A-tensor: nucleus raN, spin 1:1, abundance 99.ó37o, 2 sites
measured at temperature T:450 "C, motionally averaged spectrum, (overall defect symmetry
trigonal)
A t:57 .7 MHz,
Az:50.2 MHz,
At:64.2 MHz,

Diamond: natural type I, plastically deformed

Remark: anisotropicdistributionoforientations
Model: (NrCN2) or (N,CcN2)-complex, close to dislocation, see Fig. 6

Reference: 73L2, 75S

Spectrum 1ry21 (Fig. 7)

Symmetry: orthorhombic-l
Spin: ,S-ll2
g-tensor: gr : 2.0090,

gz:2'0026,
gt:2'0044,

A-tensor: nucleus toN, spin I:1, abundance 99.637o, I site
Alt:ll7 MHz., ll [0, 1, t]
AL: 0 MHz, I [0, T, 1]

A-tensor: nucleus toN, 2 sites
A il:20.4 MHz, ll t + 0.474, +0.623, - 0.6231
A L:12.6 MHz, I [ + 0.474,, +0.623, -0.6231

O-tensor: nucleus toN, 2 sites

Q u: - 3.3 MHz, ll t + 0.474, +0.623, -0.6231
Q t: + 1.65 MHz, I [+ 0.474, +0.623, -0.6231

Diamond: natural type Ia

Model: three-nitrogen center, see Fig. 7
Reference: 78L4, 82Lz

u,0,01
[0, 1, lJ

[0, T, 1]

[1, 0, 0]

[0, l, 1]

[1, ï, 1]

181Ammerlaan



SpectrumW}4 (Fig. 8)

Symmetry: trigonal

Spin: S:ll2
g-tensor: gil : 2.0025, ll u, 1, lJ

gr: 2.0025,I [1 , t, ll
A-tensor: nucleus toN, spin I:1, abundance 99.630/o,2 sites

Ail:155 MHz, ll U, 1, lJ
AL: 81 MHz, L [1, 1, 1]

Diamond: natural type Ia

Model: di-nitrogen center, see Fig. 8

Reference: 81W, 83W

Spectrum W25 (Fig. 9)

Symmetry: monoclinic-I

Spin: ,S:1
g-tensor: (gt + gz* g)13:2.0025
D-tensor: Dil: +2732 MHz, ll [0, 1, lJ

D L: - 1366 MHz, I [0, l, 7l

Diamond: (green) natural type Ia, after irradiation and anneal to 600 oC

Model: (four-nitrogen * divacancy) center, see Fig. 9

Reference : 81L

Spectrum til26 (Fig. 10)

Symmetry: orthorhombic-I
Spin: S:1
g-tensor: (g, * gz* g)13:2.0025
D-tensor: Dy: +2634 MHz, ll [0, l,ll

DL: -1317 MHz, L [0, 1, 1]

Diamond: (green) natural type Ia, after irradiation and anneal to 600 oC

Model: (di-nitrogen*vacancy) center, see Fig. 10

Reference : 81 L

SpectrumW2T

Symmetry: monoclinic-I
Spin: S:1
g-tensor: (gt + gz * g)13 :2.0025

D-tensor: Dr: +1794 MHz, ll t+0.208, +0.692, +0.6921
DL: - 897 MHz, I [+0.208, +0.692, +0.6921

Diamond: (green) natural type Ia

Model : associated with nitrogen cluster

Reference: 80W

Spectrum W28

Symmetry: monoclinic-I
Spin: S:1
g-tensor: (gt * gz * g)13 :2.0025

D-tensor: Dt: + 1037 MHz, ll t+0.139, +0.700, +0.700J
Dz: - 659 M'}{z,I [+0.139, +0.700, +0.7001
Ds: - 378 MH z, L [ + 0. 139, + 0.700, + 0.700]

Diamond: (green) natural type Ia

Model: associated with nitrogen cluster

Reference: 80W

Figs. p. 201 4.1 Diamond (C) [Ref. p. 205
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Spectrum W30

Symmetry: trigonal
Spin: S:ll2
g-tensor: (gt * gz* g)13 -2.00
A-tensor: nucleus toN, spin I:1, abundance 99.630 , 2 sites

An:137 MHz, ll [1, 1, 1]

AL: 63 MHz, L [1, 1, 1]

Diamond: natural type Ia, after irradiation and anneal to 450 oC

Remark: symmetry tentative

Model: center with four or more nitrogen atoms

Reference: 81L, 88L2

4.1.3.2 Acceptor-related centers

Properties of EPR spectÍa related to acceptor centers in diamond are compiled in Table 2.

Table 2. EPR spéctra ofacceptor-related centers.

Spectrum A9
Symmetry: axial

Spin: S:ll2
g-tensor: gu=0.5, (at T:300 K), ll [1, l,2l

gt=3, (at T:300 K)
Diamond: synthetic, boron doped, p-type semiconducting

Remark: g-values strongly temperature-dependent

Model : acceptor-bound hole

Reference: 72B-

Spectrum A10

Symmetry: axial

Spin: ,S:ll2
g-tensor: g u =0.5, (at T - 300 K), ll [1, l, 2]

g t=2.5, (at T - 300 K)
Diamond: synthetic, boron doped, p-type semiconducting

Remark: g-values strongly temperature-dependent

Model: free hole

Reference: 728

Spectrum KYI
Symmetry: cubic

Spin: S:ll2
g-tensor: (Br * gz* g)13:2.003
Diamond: natural type IIb, p-type semiconducting

Model: acceptor impurity
Reference: 678

Spectrum NLI (Fig. I 1)

Syrnmetry: cubic

Spin: 5:312

Landolt-Bórnstein
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g-value: g-(-)1.10
gr-value: gz:(+)0.01
e-values: dlb-1.55
Diamond: natural type IIb, p-type semiconducting

Remark: observed at low temperatures (Tx2K) under external uniaxial stress

Model: hole bound to acceptor boron
Reference: 81A1,854

Spectrum W32

Symmetry: trigonal
Spin: S - l
g-tensor: (gt * gz*g)13:2.002
D-tensor: D n: + 136.4 MHz, ll [1, 1 ,, l]

D L: - 68.2 MHz, I [1, I , 1]

Diamond: natural type IIb, p-type semiconducting

Model: native center

Reference : 83L l, 87L1, 87L2

Spectrum W36

Symmetry: trigonal
Spin: S- I
g-tensor: (gt + gz*g)13-2.002
D-tensor: D n: + 103.4 MHz, ll [1, 1, lJ

D L: - 51.7 MHz, I [1, 1, 1]

A-tensor: nucleus 1tB (tentative), spin I:312, gn: -I.79
Ail:8.7 MHz, ll [1, 1, l]
Ar:6.0 MHz, L [1, 1, 1]

O-tensor: nucleus I 1B ltentative)
Q n: - 3.6 MHz
Q t: + 1.8 MHz

Diamond: natural type IIb, p-type semiconducting

Model: native boron-related center

Reference: 87Ll, 87L2

4.1.3.3 Transition metal impurities

Properties of EPR spectra related to transition metal impurities in diamond are compiled in Table 3.

Table 3. EPR spectra of transition metal impurities.

Spectrurn El
Symmetry: axial (tetragonal or trigonal)

Spin: S:ll2
g-tensor: .91:4.1l7

g L:4-43
A-tensor: nucleus tnCo, spin I :7 12, abundance 1 00%, I site

An:245 NÍHz
AL:260 MHz

Diamond: synthetic

Model: C02* impurity
Reference: 758

Landolt-Bórnstein
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Spectrum Gl
g-tensor: (gr*gz+g)13=3
Diamond: synthetic

Model: transition metal impurity, nickel or iron
Reference: 62H, 6751, 68P

Spectrum W8 (Fig. 12)

Symmetry; cubic

Spin: S: I 12

g-value: C:2.031
A-value: nucleus órNi, spin I:312, abundance 8ó%, I site

A:I8,2MHZ
A-tensor: nucleus r3C, spin I:112, abundance 1.17o

(At+ A2+ fu)13:7'6N'ÍHz
Diamond: synthetic (powder), natural type la,b powder [77L2]
Remark: hyperfine tensor A(órNi) measured in synthetic enriched órNi doped diamond [7153]
Model: nickel impurity, oxygen-related center, damage below surface

Reference: 66L, 68P, 70B. 7153,77L2

Spectrum lrYlO

Symmetry: trigonal
Spin: ,S:2
g-tensor: (g'*gr+S)13:2.001
D-tensor: Dn: + 102.8 MHz, ll 11, 1, 1l

Dt: - 5l.4MHz,l- U, 1, 1l

Diamond: natural brown type IIa
Remark: earlier value spin S: I incorrect

Model: interstitialneutralchromium(tentative)
Reference: 78L2, 87L1, 87L2

4.1.3.4 lrradiation defects

Properties of EPR spectra observed for irradiation-induced centers in diamond are compiled in Table 4.

Table 4. EPR spectra ofirradiation-induced centers.

Spectrum Al (Fig. 15)

Symmetry: monoclinic-I
Spin : S: 1

A-tensor: nucleus t'C, spin I : | 12, abundance l.loh, 2 sites

g-tensor: gr : 2.0021,
gz:2'0016,
gt:2.0026,,

D-tensor: Dr: - 74 MHz,
Dz: + 154 MHz,
Dt: - 80 MHz,

Ar:29.1 MHz,
Az:38.1 MHz,
Az:29.1 MHz,

A-tensor: nucleus t tC, 2 sites
Ar:20.4 MHz,
Az:26.4 MHz,
As:19.8 MHz,

[ 0, -0.7071, + 0.70711

[+ 0.4540, + 0.6300, + 0.6300]

[- 0.8910, + 0.3210. + 0.32101

[ 0 ,-0.7071,+0.70711
[+ 0. 1426, + 0.6999, + 0.6999J

[ -0.9898, +0.1009, +0.1009J

[ 0 ,+0.7071,+0.70711
[ + 0.7986, -0.4254,, +0.42541
[- 0.6018, - 0. 5647 , + 0.56471

[ 0 ,+0.7071,+0.70711
[+ 0.7071, - 0.5000, + 0.5000J

l-0.707 l, - 0.5000, + 0.5000J

Landolt-Bórnstein
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A-tensor: nucleus t'C, 2 sites
Ar:15.6 MHz,
Az:21.6 MHz,
As:14.4 MHz,

[ 0 ,+0.7071,+0.7071J
[ + 0.6561, - 0. 5337 , + 0. 53371

t - 0.7 547, -0.4639, + 0.4639I

A-tensor: nucleus r3C,4...6 sites
(Ar+ A2+Ar)13:ll.4M'Hz

Diamond: natural type IIa, after l...2MeV electron irradiation at low or at room temperature, anneals
out at 500 oC

Model: (impurity+interstitialcarbon)complex
Reference: 71K, 85L1, 88Ll

Spectrum A2
Symmetry: 100 K: monoclinic-I, 300 K: orthorhombic-I

Spin: S: 1

g-tensor: g t:2.0031,
g z:2'0015,
h:2.0031,ll t0, ï, 1l

D-tensor: 100 K: Dt: - 158 MHz, ll [+0.9981, -0.0432, -0.04321, 300 K: -l70MHz,llU,0,0]
Dz: + 328 MHz, ll t+ 0.0610, + 0.7058, + 0.7058], +352 M'Hz,
Dt: -170 l|lí'H.z, ll t 0 , -0.7071, +A.70711, -182 MHz,

[1, 0, 0J

[0, 1, 1]

[0, 1, lJ

[0, T, 1l

Diamond: natural type I and II, after electron or fast neutron irradiation at low or at room temperature,
anneals out at 200 oC

Remark: D-tensorternperaturedependent
Model: three-vacancy chain, (impurity+di-interstitial) complex; new model: (impurity+interstitial)

complex

Reference: 73K, 79L2,83F1, 84L3, 88Ll

Spectrum A3
Symmetry: triclinic
Spin: S:1
g-tensor: Cr:2.0027,ll [+0.88, -0.18, -0.43]

. cz:2.0020,1- [+0.88, -0.18, -0.43]
cs:2.0020, l- [+0.88, -0.18, -0.43]

D-tensor: D t: + 416 IUIÍIJz,

Dz: - 156 MHz,
Dt: -260 MH'z,

[ + 0.8520, +0.4245, + 0.3065]

[ + 0.0006, + 0. 5846, - 0.81 13]

t- 0. 5236, +0.69t4, + 0.49781

Diamond: natural type I and II, after electron or fast neutron irradiation at low or at room temperature,
anneals out at 200 oC

Model: (di-interstitial+impurity) complex; new model: (impurity+interstitial) complex

Reference: 73K, 83F1,84L3, 88Ll

Spectrum A7

Symmetry: isotropic
Spin: S:1 (tentative value)

g-tensor: (gt*gz+S)13:2.00
D-tensor: Dn: ]-ll2MHz

Dt: - 5ó MHz
Diamond: synthetic, boron doped, after electron irradiation

Remark: resonance may be due to cavity contamination

Reference: 77B,82F2
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Spectrum A8
Symmetry:

Spin:
g-tensor:

D-tensor:

Diamond:
Remark:

Reference:

Spectrum N6

Symmetry:

Spin:
g-tensor:

D-tensor:

g-tensor:

Diamond:
Remark:

Model:
Reference:

Spectrum N7

Spin:
g-tensor:

D-tensor:

Diamond:
Remark:

Model:
Reference:

Spectrum Ol
Symmetry:

Spin:
g-tensor:

D-tensor:

Diamond:

Model:

Reference:

4.1 Diamond (C)

isotropic

S: 1 (tentative value)

G' * gz*g)13:2.00
Dn: +62 MHz
DL: -31 MHz
synthetic, boron doped, after electron irradiation
resonance may be due to cavity contamination
77B,82F2

Figs. p. 201

monoclinic-I
S:512
measured at
gt:4.4924,
gz:4.6684,
gs:4.0192,
EID:0.27

Dr: - 108.2 MHz,
Dz: - 96.8 MHz,
Ds: + 205.0 MHz,

frequency 9.5 GHz
t 0 , -0.7071,
[+ 0.9537, +0.2126,
t - 0.3007, +0.6744,

+ 0.707 t|
+0.21261
+0.674/1

measured at frequency 35.5 GHz
gr:4.0129, ll t0 ,-A.7071,+0.70711
gz:4.0274, ll t+0.9537, +0.2126, +0.21261
gs:3.8607, ll t-0.3007, +A.674, +0.674/.1

natural, after 3.5 MeV electron irradiation at room temperature

original label A-system

possibly transition metal impurity (iron)

78N

S:512
measured at frequency 9.5 GHz
(g' + sz* s)13 -4.3
EID:0.33
natural, after 3.5 MeV electron irradiation at room temperature

original label B-system

possibly transition metal impurity (iron)

78N

(Figs. 13 and 15)

monoclinic-I
s:1
gr:2.0022, ll [0, ï, lJ
gz:2.0020, ll U' 0' 0l
gs:2.0014, ll [0' l,l]

[ 0 ,-0.707,+0.7071
[+ 1.000, - 0.005, - 0.005J

[ + 0.007, +0.707, +0.7071

Landolt-Bórnstein
Ncw Series III/22b

natural type I and IIa, after neutron or electron irradiation and annealing, anneals out at
1100'c
4-vacancy chain, (three-vacancy+substitutional oxygen) chain, (four-vacancy*interstitial oxy-
gen) chain

54G, 55G, 73Ll , 77Ll, 77L2, 84L2, 85L1, 8óL, 88L1

Ammerlaan t87
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Landolt-Bórnstein
New Series llIl22b

Spectrum 02
Symmetry: isotropic

Spin: S:ll2
g-tensor: (gt * gz*g)13:2.0028
Diamond: natural, after neutron irradiation
Reference : 54G, 55G ,, 67H-

Spectrum Rl (Fig. 15)

Symmetry: monoclinic-I

Spin: S- I
g-tensor: (gt + gz*g)13:2.00
D-tensor: D t: - 1401 MHz,,

Dz: +2802 MHz,
Dt: -1401 MHz,

D-tensor: D t: +27 5.8 MHz,
Dz: -123.2 MHz,
Dt: - 152.6 MHz,

[0, T, 1]

Í4,9,91
[9, 2, 2]

[+ 0.928, + 0.310, + 0.206]

Í-0.242, + 0.082, +0.9671
[ + 0.283, -0.947, + 0.151]

A-tensor: nucleus r3C, spin I:112, abundance 1.17o

Ar:123 MHz, ll [0,1. l]
A-tensor: nucleus 13C

Ar:44.4 MHz. ll t0, Ï. 1l

Az:39.9 MHz, ll Í4,9,91
Az:43.8 MHz, ll Í9,2,21

A-tensor: nucleus l3C

At:30.6 MHz, ll [0,1, 1]

A2--24.3 MHz, ll [4, 9, 9]
' Az:27.3MH2, ll [9,2,21

Diamond: natural typel and II, after 2 MeV electron or fast neutron irradiation, anneals out at
300...400 'c

Remark: original label b-system

Model: (impurity + interstitial carbon) complex

Reference: 62F, 77L1, 83L2, 85L1, 88Ll

Spectrum R2 (Fig. 15)

Symmetry: tetragonal
Spin: S: I
g-tensor: (gr*gz+k) 3:2.00
D-tensor: Dn: +2760 MHz, ll U,0,0l

Dt: - 1380 MHz, l- [1, 0, 0]

Diamond: natural type I and II, after electron or neutron irradiation at low and at room temperature,
anneals out at 400.'.500'C

Remarks: excited state r37 meV above diamagnetic ground state, original label c-system

Model: (impurity + interstitial carbon) complex

Reference: 62F. 63H. 77Ll,85Ll

Spectrum R3 (Fig. l5)
Symmetry: triclinic
Spin: S:1
g-tensor: cr:2.0019, ll [+0.758, +0.650, -0.051]

cz:2.0024, l- [+0.758' +0'650' -0'051]
k:2.0024, I [+0.758, +0.650, -0.051]

Diamond: natural type I and II, after fast neutron or electron irradiation at low or at room temperature,
anneals out at 500...600'C
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Landolt-Bórnstein
New Scries III/22b Ammeflaan

Figs. p. 201

Remark: original label d-system

Model: (impurity + interstitial carbon) complex

Reference: 62F , 78L3, 82F2, 85L1, 88Ll

Spectrum R4 (Figs. 13, 14 and 15)

Symmetry: monoclinic-I
Spin: ,S- 1

g-tensor: (gt + gz* g)13:2.00
small anisotropy detectable

D-tensor: D r: - 104 MHz,
Dz: + 310 MHz,
DE: -246 INíHz,

Diamond: natural typeIIa, after 2MeV electron irradiation, anneals in at 500..'í)0oC, anneals out at
800...900'c

Remarks: original label e-system
identical to spectrum W6

Model: (impurity*interstitial carbon) complex; preferred model: neutral divacancy

Reference: 73L1,77L1,84L1, 85L1, 86L, 88L1

Spectrum R5 (Figs. 13 and 15)

Symmetry: orthorhombic-I
Spin: S:1
g-tensor: (h + Cz+ g)13 :2.00

[0, ï, 1]

U, 1, 1l

[2, l, 1l

D-tensor: 77 K: D t 230 MHz, 293 K: - 305 MHz,
Dz: - 190 MHz, -265 MHz,
Dt: +420 MHz, + 570 MHz,

[1, 0, 0]

[0, 1, 1]

[0, T, 1]

[1, 0, 0J

[0, 1, 1]

[0, Ï, lJ

g-tensor: gr:2.0025,
gz:2.0019,
gt:2.0028,

[1, 0, 0]

[0, 1, lJ
[0, ï, 1]

U,0,0I
[0, 1, u
[0, I, 1]

Diamond : natural type IIa, after 2 MeV electron irradiation, anneals in at 850 oC, anneals out at 1 150 oC

Remark: D-valuestemperaturedependent

Model: 3-vacancy chain, (divacancy+substitutional oxygen) complex, (three-vacancy+interstitial oxy-
gen) complex

Reference: 73L1, 77L1, 85L1, 86L, 88L1

Spectrum R6 (Figs. 13 and 15)

Symmetry: orthorhombic-I
Spin: S:1
g-tensor: g r:2.0021,

gz:2.0014'
gs:2'0021,

D-tensor: D r: - 62.2 MHz,
Dz: + 119.7 M}{z,
Dt: - 57.5 MHz,

Diamond: natural type IIa, after 2 MeV electron irradiation, anneals in at 800 "C, anneals out at 1100 "C
Model: S-vacancychain,multi-oxygen-vacancycomplex
Reference: 73L1, 77L1, 85L1, 86L, 88L1

Spectrum R7 (Fig. 15)

Symmetry: orthorhombic-I
Spin: S:1
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D-tensor: D r: - 159 .6 MHz,
Dz: + 388.1 MHz,
Dt: -228.5 MHz,

Diamond: natural type IIa, after 2 MeV electron irradiation, anneals in at 950 "C, anneals out at 1450 oC

Remark: earlier spin value S:3/2 incorrect

Model: multi-oxygen-vacancycomplex(OrV,OrV3)
Reference: 73L1, 85L1, 8óL, 88L1

Spectrum R8 (Fie. 15)

Symmetry: orthorhombic-I

Spin: S:1 (or: 5:312)
g-tensor: (et*gz+k)13:2.00
D-tensor: D r: - 168 MHz,

Dz: + 336 MHz,
Dt: - 168 MHz,
(for S:3/2: Dtrrorrl: +168 MHz, DL{orrt: -84 MHz)

Diamond: natural type IIa, after 2 MeV electron irradiation, anneals in at 900 oC, anneals out at 1400'C

Model: multi-oxygen-vacancycomplex(O.V.),three-vacancychain
Reference: 73L1, 85L1, 86L

Spectrum R9

Symmetry: orthorhombic-I
Spin: S:1 (or: 5:312)
g-tensor: (Cr+Sz1-g)13:2.00

[1, 0, 0]

[0, 1, 1]

[0, T, 1]

[1, 0, 0]

[0, 1, 1]

[0, ï, 1l

u,0, ol

[0, 1, 1]

[0, ï, 1]

D-tensor: D r: -454 MHz,
Dz: + 908 MHz,
Dt: -454 MHz,
(for S:3/2: Dlrorrt: +454MH2, DIorrl: -227 MHz)

Diamond: natural type IIa, after 2 MeV electron irradiation, anneals in at 900 oC, anneals out at 1250 'C
Model: oxygen-vacancy complex (O.V, OtVr)

Reference: 73L1,86L

Spectrum R10 (Fig. 15)

Symmetry: orthorhombic-I
Spin: S:1 (or: 5:312)
g-tensor: (gt * gz*g)13-2,00
D-tensor: D r: - 35 MHz, ll [1, 0, 0]

Dz: + 70 MHz,
Ds: - 35 MHz,
(for S:3/2: Dlror': +35 MHz' DIorrl: -17'5M;1z)

Diamond: natural type IIa, after 2 MeV electron irradiation, anneals in at 900'C, anneals out at 1200o C

Model: oxygen-multi-vacancycomplex(O.Vs,OiVó)
Reference: 73L1, 85L1, 8óL

Spectrum Rll (Fig. 15)

Symmetry: orthorhombic-I
Spin: S:1 (or: 5:312)
g-tensor: (gt * gz * g)13 - 2.00

D-tensor: Dt: -27 MHz, ll U, 0, 0J

Dz: + 54 MHz,
Dt: -27 MHz,
(for S:312: Durorrt- +27 MHz, Dyorrt: -13.5 MHz)

[0, 1, lJ
[0, T, 1]

[0, 1, 1]

[0, T, lJ

Figs. p. 201 4.1 Diamond (C) [Ref. p. 205

Landolt-Bórnstein
New Series ll[l22b190 Ammerlaan
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Diamond : natural type IIa, after 2 MeV electron irradiation, anneals in at 950 oC, anneals out at 1 150 'C
Model: oxygen-multi-vacancycomplex(O"V6,OiV7)
Reference: 73L1, 85L1, 86L

Spectrum Rf2 (Fie. 15)

Symmetry: trigonal
Spin: S:1(or: S:312)
g-tensor: (gr*gr+93)/3:2.00
D-tensor: DI: +104MH2, ll U, I, U

Dt: - 52MHz,I [1, 1, 1]

(for S:3/2: Dlrrrrt: +52MHz, Dlrrrl: -26ixyf}lz\
Diamond: natural typella, after ZMeV electron irradiation, anneals in at 1200oC, still present after

anneal at 1650'C
Reference: 73L1,85L1

Spectrum Rf3 (Fie. 15)

Symmetry: triclinic
Spin: S:1
g-tensor: cr:2.0021, II [+0.ó9ó, +0.696, +0.174]

cz:2.0029, l- [+0.696, +0.696, +0.1741
gs :2.0029, l- [ +0.696, +0.696, +0.1741

D-tensor:

Diamond:
Model:
Reference :

D-tensor:

Diamond:
Model:
Reference :

Dr:+1365MH2, ll [+0.917, +0.301, +0.2611
Dz: - 515 MHz, ll t-0.039, -0.584, +0.81lJ
Dt: - 850 MHz, ll t+0.396, -A.754, -0.5241
natural type IIa, after 2 MeV electron irradiation at room temperature, anneals out at 400 'C
(impurity + interstitial carbon) complex

93L2,85L1, 88L1

Spectrum Rla (Fig. 15)

Symmetry: triclinic
Spin: s-1
g-tensor: gt:2.0018, ll t+ 0.264, + 0.961, - 0.0871

gz:2.0022, ll t- 0.857, + 0. 193, - 0.4781
gt:2.0025, ll t-A.443, +0.201, +-0.8741

D-tensor:

Diamond:
Model:
Reference :

Spectrum Rt5 (Fig. 15)

Symmetry: triclinic
Spin: S:1
g-tensor: gr:2.0018, ll t+0.52,

gz:2.0023,I [+ 0.52,
gt:2.0A23,I [+ 0.52,

Dt: + 165.9 MHz, ll t+0.916, +0.379, +0.1321
Dz: - 78.2 MHz, ll t+0.140, +0.007, -0.9901
Ds: - 87.7 MHz, ll t+0.376, -0.925, +0.046I

natural type IIa, after 2 MeV electron irradiation at room temperature, anneals out at 600 oC

(impurity + interstitial carbon) complex

94L2,85L1, 88L1

+ 0.39, +0.761
+ 0.39, +0.761
+ 0.39, + 0.761

D t: + 137 .3 MHz,
Dz: - 64.2 MHz,
Dt: - 73.1 MHz,
natural type [Ia, after
(impurity + interstitial
84L2,85L1, 88Ll

[+ 0.719, + 0.633, + 0.288]

[+ 0.695, -0.644, - 0.319]

[-0.016, +0.429, -0.903J
2 MeV electron irradiation at room temperature, anneals out at 500'C
carbon) complex

Landolt-Bórnstein
New Series llU22b Ammerlaan



Figs. p.201 4.1 Diamond (C) [Ref. p. 205

Landolt-Bórnstein
Ncw Series llll22b

Spectrum R16

Symmetry: low
Spin: S:ll2
g-tensor: (h+gz*g)13:2.00, lg'-gtl:0.0015
Diamond: natural typeIIa, after 2 MeV electron irradiation at room temperature, anneals in at 700oC,

anneals out at 900 "C
Remark: values of parameters still tentative

Reference: 84L2, 8óL, 88L1

Spectrun R17 (Fig. 15)

Symmetry: triclinic
Spin: S:1
g-tensor: gr:2.0020, ll [+0.437, +0.686, -0.582]

gz:2.0026,1- [+0.437, +0.686, -0.582]
cz:2.0026,1 [+0.437, +0.686, -0.582]

D-tensor: D r: +245.8 MHz,
Dz: - 95.0 MHz,
Dg: - 150.8 MHz,

[+ 0.932, +0.311, + 0.185J

Í+0.259, -0.930, + 0.2591

[+ 0.253, - 0. 193, - 0.9481

Diamond: natural typeIIa, after 2MeV electron irradiation at room temperature, anneals in at 700"C,
still present after anneal at 1650 "C

Reference: 84L2, 85L1, 88L1

Spectrum R18

Spin: S:ll2
g-tensor: Gr+gz+g)13:2.0029
Diamond: natural typeIIa, after 2MeV electron irradiation at room temperature, anneals in at 9(X)"C,

still present after anneal at 1650 oC

Reference: 86L

Spectrum Sl
Symmetry: trigonal
Spin: 5:112
g-tensor: (Ct*Cz+C)13:2.N23
A-tensor: nucleus 13C, spin I:112, abundance 1.1%,4 sites

At:13.3 MHz, ll U,1,1I
At: 9.3 MHz, l- U, 1' lI

Diamond: natural, after electron irradiation at low and at room temperature, anneals out at 800 oC

Remark: original label A-center, a-system

Model: positive or negative vacancy

Reference: 638, 7 sLl, 78L2, 86L

Spectrum 52
Symmetry: trigonal
Spin: S:ll2
g-tensor: (C'+Bz*g)13:2.0023
A-tensor: nucleus laN, spin /:1, abundance 99.637o, 1 site

An:70.7 MHz, ll [1, 1, U
At:4O.9 MHz, ,I [1' 1, 1]

Diamond: natural, after electron irradiation

Remark: original label A-center, a-system

Model : substitutional nitrogen + other defect

Reference: 638, 73L2, 75L1, 78L2
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Spectrum 53

Symmetry: isotropic
Spin: S:ll2
g-tensor: (gt + gz * g)13 :2.00238

Diamond: natural, after electron irradiation
Remark: original label C-center

Reference: 638, 78L2

Spectrum 54

Symmetry: isotropic
Spin: S:ll2
g-tensor: (gt * gz * g)13:2.00234
Diamond: natural, after electron irradiation
Remarks: two lines separated by = 0.1 mT

original label B-center

Reference: 638, 78L2

Spectrum W4

Symmetry: monoclinic-I
Spin: S: 1

g-tensor: (gt * gz * g)13:2.00
D-tensor: D r: - 74 MHz,

Dz: + 147 M't{z,
Ds: - 74 MHz,

[1, 0, 0J

[0, 1, lJ
[0, T, 1]

[1, 0, 0J

[0, 1, 1]

[0, Ï, 1l

[0, T, 1]

u, 1, 1l

Í2, l, ll
[0, T, 1]

u, 1, lJ
Í2, l, ll

Diamond: natural type IIb, semiconducting, after 2 MeV electron irradiation at room temp€rature
Reference: 78L2,79C

Spectrum W5
Symmetry: monoclinic-I
Spin: S:1
g-tensor: (gr*gz*.gt)13:2.N
D-tensor: D t: - 53 MHz,

Dz: + 105 MHz,
Dt: - 53 MHz,

Diamond: natural type IIb, semiconducting, after 2 MeV electron irradiation at room temperature
Reference: 78L2,79C

Spectrum 1ry6 (Fig. la)
Symmetry: monoclinic-I
Spin: S: 1

g-tensor: g r:2.0024,
gz:1.9996,
gs:2.0022,

D-tensor: D t: - ll2 MHz,
Dz: + 314 MHz,
Dt: -202 MHz,

Diamond: natural type IIa, after 2 MeV electron irradiation at low and at room temperature

Remark: identical to spectrum R4

Model: (impurity+interstitialcarbon)complex
Reference: 75L2, 77L1,78L3

Ref. p. 20sl

Landolt-Bórnstein
New Series lluz2b

4.1 Diamond (C) Figs. p. 201
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Spectrum Wll
Symmetry: triclinic

Spin: S-1(or: S-3 2)

g-tensor: (gt + gz * g)13: 2.00

D-tensor: D t:872 MHz, ll t+ 0.695, + 0.509, + 0.5091
(for S:312: Dt -436 MHz)

Diamond: natural type Ib, after neutron irradiation, anneals out at 200 "C

Reference: 78L2,87W

Spectrum Wl2
Symmetry: triclinic
Spin: S-1(or: S-312)
g-tensor: (gt + gz * g)13 :2.00
D-tensor: D t:960 MHz, ll t+ 0.606, + 0. 562, + 0. 5621

(for S:312: Dt-480 MHz)
Diamond: natural type Ib, after neutron irradiation, anneals out at 400 'C
Reference: 78L2,87W

Spectrum W13

Symmetry: monoclinic-I
Spin: S-1(or: S:312)
g-tensor: g r: 1.995,

g z:2.008,
gs:1.993,

D-tensor: D r: - 366 MHz,
Dz: +992 MHz,
Dt: - 626 MHz,

g-tensor: gt:1.993,
gz:2.007,
gt:1 .989,

D-tensor: D r: - 692 MHz,
Dz: + 1085 MHz,
Ds: - 393 MHz,

t 0 ,-0.707,+0.7071
[+0.738, +0.477, +0.4771
Í-0.674, + 0. 522, + 0. 5221

[ 0 ,-0.707,+0.707]
[+ 0.738, +0.477, +0.4771
Í- A.67 4, + 0. 522, + 0. 5221

(for S:312: Dt 183 MHz,, Dz- + 496MHz, Dt: -313 MHz)
Diamond: natural type [b, after neutron irradiation, anneals out at 400 'C
Reference: 78L2,87W

Spectrum Wl4
Symmetry: monoclinic-t
Spin: S-1(or: S:312)

t 0 ,-0.707,+0.7071
[+ 0.603, + 0. 564, + 0. 5641

t -0.798, +0.427, +0.4271

t 0 ,-0.707,+0.707J
[+ 0.603, + 0. 564, + 0. 5641

t - 0.798, + 0.427, + 0.4271
(for 5:312: Dr 346 MHz, Dz: + 543 MHz, Dt: -197 MHz)

Diamond: natural type Ib, after neutron irradiation, anneals out at 400 "C

Reference: 78L2,87W

Spectrum Wl5 (Fig. 16)

Symmetry: trigonal
Spin: ,S-1
g-tensor: gil :2.0028, ll [1, l, l]

g L:2.0028, f [1, 1, 1]

D-tensor: D il: + 1916 }v{}{.z, ll [1, 1, 1]

DL: - 958 MHz, I U,1,, ll

Figs. p. 201 4.1 Diamond (C) [Ref. p. 205

Landolt-Bórnstein
New Series ll[l22b194 Ammerlaan
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Landolt-Bórnstein
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4.1 Diamond (C) Figs. p. 201

A-tensor: nucleus raN, spin 1: l, abundance 99.63%, 1 site
Au: -2.2 MHz, llU, 1, 1l

At: -2.6 MHz,I U, 1, 1l

O,-tensor: nucleus taN, 1 site

Qu: -3'4 MHz, ll U, 1, 1l

Qt: +l'7 MHz, -l- U, t, 1l

A-tensor: nucleus 13C, spin I:112, abundance 1.17o, 3 sites
Au:205 MHz, ll l+0.627, -0.551, -0.5511
At:123 MHa I l+0.627. -0.551, -0.5511

Diamond: natural type Ib, after electron or neutron irradiation, anneals in at 700 'C, still present after
anneal at 1300'C

Model: nitrogen-vacancy pair, see Fig. 1ó

Reference: 77L3, 78L2, 87W, 88L2

Spectrum 1il16

Symmetry: monoclinic-I
Spin: S:1 (or: 5:312)

(for S:3/2: Dt: -402 Ní}Jz, Dr: +826 MHz, Ds: -425 MHz)
Diamond: natural type Ib, after electron or neutron irradiation, anneals in at 800 "C, still present after

anneal at 1400 "C
Reference: 78L2,87W

Spectrum W17

Symmetry: triclinic
Spin: S:1 (or: 5:312)

g-tensor: gr:2.0026,
gz:2.0029,
gt:2'0022,

D-tensor: D t: - 803 MHz,
Dz: + 1652 MHz,
Dt: - 849 MHz,

g-tensor: g t:2.0025,
8z:2'0033'
gt:2'0018,

D-tensor: Dt:- 717 MHz,
Dz: + 1568 MHz,
Ds: - 851 MHz,

g-tensor: g r:2.0027 ,,

g z :2 '003 3,

g t :2 '001 8,

D-tensor: D t: - 666 MHz,
Dz: + 1421 MHz,
Dt: - 753 MHz,

[ 0 ,-0.707,+0.7071
[+ 0.614, + 0.558, + 0.558]

[ - 0.789, +0.434, + 0.4341

[ + 0.289, - 0.819, -0.496]
[+ 0.620, + 0.555, - 0.555]

[ + 0.730,, - 0. 147, + 0.668]

[ 0 ,-0.707,+0.707]
[+ 0.614, + 0.558, + 0.558]

[- 0.789, +0.434,, +0.4341

[+0.289, -0.819, -0.4961
[+0.620, +0.555, -0.555]
[+ 0.730, - 0. 147, + 0.668]

(for .S:3/2: Dr: -359 MHz, Dr: +784MH2, Dt: -426MHz)
Diamond: natural type Ib, after electron or neutron irradiation, anneals in at 9fi) oC, still present after

anneal at 1400 "C

Reference: 78L2,87W

Spectrum ril18

Symmetry: monoclinic-I
Spin: S:1 (or: 5:312)

t 0 ,-0.707,,+0.7071
[+0.617,, + 0.556, + 0.556]

[-0.787, +0.436, + 0.436]

[ 0 ,-0.707,+0.7071
[+0.617, +0.556, +0.556]
[- 0.787, + 0.436, + 0.436]

(for S:312: Dt 333 MHz, Dz: +7ll MHz, Dt- - 377 MHz)
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Diamond: natural type Ib, after electron or neutron irradiation, anneals in at 900 'C, still present after
anneal at 1400 oC

Reference: 78L2,87W

Spectrum Wl9
Symmetry: monoclinic-I
Spin: S:1 (or: 5:312)
g-tensor: gt:2.0031,

gz:2.0028,
gt :2.0029,

D-tensor: D t: - 333 MHz,
Dz: +941 MHz,
Ds: - 608 MHz,

g-tensor : g t:2.402,
gz:2'005,
gt:l'997,

D-tensor: D t: - 596 Mflz,
Dz: +907 MHz,
Dz: -311 MHz,

D-tensor: D r: - ll75 MHz,
Dz: + 1857 MHz,
Ds: - 682 MHz,

[ 0 ,-0.707,+0.7071
[+0.347, +0.663, +0.663]
[-0.938, +0.245, +0.2451

[ 0 ,-0J07,+0.707]
[+0.347, +0.663, +0.663]
[ - 0.938, +0.245, +0.2451

(for S: 3/2 : D r : - 167 MH4 D 2 : 4 47 I MHz, D t : - 304 MHz)
Diamond: natural type Ib diamond, after electron or neutron irradiation, after anneal at 900 "C
Reference: 78L2

Spechum W20

Symmetry: monoclinic-I
Spin: S:ll2
g-tensor: gr:2.100, ll [ 0 , -0.707, +0.7071

sz:2.074, ll [+0.259, +0.683, +0.683]
8r:2.018, ll [-0.966, +0.183, +0.183]

Diamond: natural type Ib, after electron irradiation and anneal at 400 oC

Reference: 78L2

Spectrum W29

Symmetry: monoclinic-I
Spin: S:1 (or: 5:312)

t 0 ,-0.707,+0.707)
Í+ 0.623, - 0.553, -0.5531
[ + 0.783, +0.440, + 0.440]

(for S: 3/2 : D t : -298 MHz, D 
" 
: + 454 MHz, D3: - I 56 MHz)

Diamond: natural type I, after neutron or electron irradiation, anneals in above 500 oC, anneals out above
800'c

Reference: 83F2, 87W, 88L2

Spectrum W33

Symmetry: monoclinic-I
Spin: S:1(or: 5:312)
g-tensor: (gr*gr+g)13:2.003

t 0 ,-0.707,+0.7071
[+ 0.623, - 0.553, - 0.553]

[+ 0.783, +0.440, + 0.440]

[ 0 ,-0.707,+0.7071
[+0.515, -0.606, -0.606]
[ + 0.857, +0.364, + 0.3641

(for S:3/2: Dr: -588 MHz, Dr: +929 MHz, Dz: -341MHz)
Diamond: natural and synthetic type Ib, after neutron irradiation, anneals in at 700 oC, anneals out at

1100'c
Reference: 87W, 88L2
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Spectrum W34

Symmetry: monoclinic-I
Spin: S-1 (or: S:312)
g-tensor: (gt + gz *gs) : 2.002

D-tensor: D r: -240 MHz,
Dz: +766 MHz,
Ds: - 526 MHz,

[ 0 ,-0.707,+0.707]
[+ 0.751, -0.467 , -0.467]
[+0.660, +0.531, +0.531J

(for 5:312: Dt: -l20lltr.{Hz' D2-- +383 MHz, Ds: -263 MHz)
Diamond: natural and synthetic type Ib, after irradiation, anneals in at 800 oC, anneals out at 1100'C

Reference: 87W, 88L2

4.1.3.5 lon implantation defects

Properties of EPR spectra for ion implantation-induced centers in diamond are compiled in Table 5.

Table 5. EPR spectra related to ion implantation.

Spectrum A4
Symmetry: trigonal

Spin: S: 1

g-tensor: (gt + gz * g)13:2.0023
D-tensor: small

Diamond: natural type IIa, after nitrogen ion implantation

Reference: 748.2

Spectrum A5

Symmetry: monoclinic-I

Spin : S: 1

g-tensor: (gt * gz *gr) : 2.0423

D-tensor: D t: - 103 .7 MHz,
Dz: + 300.0 MHz,
Dt: - 196.3 MHz,

[ 0 ,-0.7071,+0.70711
[ + 0.6157, + 0. 5572, + 0. 55721

[-0.7880, +0.4353, +0.4353]

Diamond: natural type IIa, after carbon or nitrogen implantation

Model: hexavacancy ring

Reference: 78Ll

Spectrum A6

Symmetry: orthorhombic-I
Spin: S: 1

g-tensor: (g, * gz*g)13:2.0023
D-tensor: Dt: - 96MHz, ll [1, 0, 0]

Dz: + 192 MHz,
DE: - 96 MHz,

Diamond: natural type IIa, after carbon or nitrogen implantation

Model: multivacancy cluster

Reference: 78Ll

[0, 1, lJ

[0, ï, 1l
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Spectrum Al I
Symmetry: isotropic

Spin: S:ll2
g-tensor: (Ct + 9z+ g)13:2.0023
Diamond: natural, ion (8, C, N, Sb) implanted

Model: amorphous carbon, implantation damage

Reference: 7481, 75M, 78L1, 797

4.1.3.6 Miscellaneous centers

Properties of EPR spectra for miscellaneous centers in diamond are compiled in Table ó.

Table 6. EPR spectra of miscellaneous centers.

Spectrum Ll
Spin: ,S-ll2
g-tensor: gr:2.000

g z:2.000
gt:2.000

A-tensor: nucleus 2esi, spin I:112, abundance 4.7%
A r:196 MHz
Az:232 MHz
At:251 ifodHz

Diamond: natural type Ia

Model: native (silicon * impurity) center (tentative)

Reference: 77Nd

Spectrum N2

Symmetry: isotropic

Spin: S:l12
g-tensor: (gt + gz * g)13:2.003
Diamond: natural, plasticallydeformed

Model: dislocation-related center

Reference : 75S

Spectrum N5

Symmetry: axial

Spin: ^S:ll2
g-tensor: (gr * gz*g)13:2.0027
A-tensor: nucleus t tC, spin I : | 12, abundance I .lo/o, l'" 2 sites

A r:667 MHz
A L:336 MHz

Diamond: natural type I, crushed

Model: surface center

Reference: 6752

Spectrum TII
Symmetry: isotropic

Spin: ,S:ll2
g-tensor: (gt * gz * g)13:2.0027

Landolt-Bórnstein
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Diamond: pulverized

Model: surface damage

Reference: 61W, 678, 6752

Spectrum Wl
Symmetry: orthorhombic-I
Spin: S- I
g-tensor: g r:2.0029,

g z:2'0026,
gt:2'0029,

[1, 0, 0J

[0, 1, 1]

[0, T, 1]

D-tensor: D r: -217 MHz,
Dz: +374 MHz,
I)t: -157 MHz,

Diamond: natural type Ib

[1, 0, 0]

[0., 1, 1]

[0, T, 1]

Remark: possibly produced by geological irradiation

Model: native center

Reference : 71S l, 73Ll

Spectrum W2

Symmetry: orthorhombic-I
Spin: S-1
g-tensor: gr:2.0030,

8z:2'0027,
gt:2.0030,

[1, 0, 0]

[0, 1, 1]

[0, T, 1]

D-tensor: D r: -206 MHz,
Dz: +4ll MHz,
Ds: -206 MHz,

[1, 0, 0]

[0, 1, 1]

[0, T, 1]

Diamond: natural type Ib
Remark: possibly produced by geological irradiation
Model: native center

Reference : 71S l, 73Ll

Spectrum W3

Symmetry: orthorhombic-I
Spin: S-l
g-tensor : g r:2.0029,

8 z:2'0026,
gt:2'0029,

[1, 0, 0]

[0, 1, lJ

[0, l, lJ

D-tensor: D r: -230 tvÍHz,
Dz: +460 MHz,
DE: -230 MHz,,

Diamond: nattrral type Ib

u,0, 0J

[0, 1, 1]

[0, T, 1]

Remark: possibly produced by geological irradiation
Model: native center

Reference : 71S l, 73Ll

Spectrum W9

Symmetry: monoclinic-I
Spin: S- 1

g-tensor: (gt * gz * gt\13 -2.002
D-tensor: Dn: +132 MHz, ll [0, Ï, t]

DL: - 66 MHz, L [0, 1, 1]

Diamond: natural type IIa, brown

Ref. p. 2051
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Model: native center

Reference : 78L2, 87L1, 87L2

SpectrumW22
Symmetry: monoclinic-I
Spin: S:tlT
g-tensor: g r:2.1096,

gz:2'0817,
gt:2'0216,

[ 0 ,-0.707,+0.707]
[ + 0.940, + 0.242, +0.2421
[-0.342, +0.664, + 0.664]

t 0 ,-0.707,+0.7071
[ + 0.940, + 0.242, +0.2421
[ -0.342, +0.664, +A.6641

b

gen (tentative)

Diamond: natural type Ib
Model: related to oxygen (tentative)

Reference: 79Ll

Spectrum \ry23

Symmetry: monoclinic-I
Spin: S:ll2
g-tensor: gr:2.1121,

gz:2.0833,
gt:2.0197 ,

Diamond: natural type I
Model: related to oxy

Reference: 79Ll

Spectrum W31

Symmetry: trigonal
Spin: S:ll2
g-tensor: gil:2.0020, ll U, 1, 1I

gL:2.0025,I [1 , l, ll
A-tensor : nucleus t tS, spin I :3 12, abundance 0.7 5o/o, 1 site

Ar:1029 MHz, ll U, 1, 1l

Ar:1034 MHz, I [1 , l, ll
A-tensor: nucleus t tC, spin I:112, abundance l.lo/o, 4 sites

A n:70.6 Ifoí}{z, ll t + 0.485, + 0.618, + 0.618I
AL:45.1 MHz, I [+0.485, +0.618, +0.618]

A-tensor: nucleus t tC, 6 sites

An:14.9 MHz, ll U, 1, 1l

AL: 9.8 MHz, L U, 1, 1I

A-tensor: nucleus ttC, 12 sites
(A, * Ar.* A.)13 - 4.8 MHz

Diamond: natural type Ib, after heating to above 300 oC in dark

Model: (interstitial) S 
+

Reference: 82W1, 86V/

Spectrum W35

Symmetry: monoclinic-I
Spin: S- 1

g-tensor: (gt * gz * g)13 - 1.998

D-tensor: Dr: +202.7 MHz, ll [0, T, 1]

Dz: - 30.6 }l[H;z,I [0, ï, 1]

Dt: -172.1 MHz, I [0, T, 1]

Diamond: natural type IIa, brown
Model: native center

Reference : 87L1, 87L2
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Fig. 12a,b. Diamond. EPR spectrum W8
superimposed upon the Pl spectrum; (a)
synthetic diamond grown with natural
nickel catalyst, (b) diamond grown with
nickel enriched to 860/o in the magnetic
6 t Ni isotope with nuclear spin I : 312

[71S31.
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