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Multifrequency EPR, 1H ENDOR, and saturation recovery of paramagnetic defects
in diamond films grown by chemical vapor deposition
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Paramagnetic defects in free-standing polycrystalline chemical vapor deposition~CVD! diamond films have
been studied using multifrequency electron paramagnetic resonance~EPR! ~1–35 GHz!, electron-nuclear
double resonance~ENDOR!, saturation recovery, and infrared absorption. The results confirm the1H hyperfine
parameters for the recently identified H1 defect@Zhou et al., Phys. Rev. B54, 7881~1996!#. However, in the
CVD diamond samples studied here, H1 is always accompanied by another defect atg52.0028(1). Saturation
recovery measurements are consistent with two defects centered ong52.0028. At temperatures below 100 K
the spin-lattice relaxation rate of H1 is determined by the direct process and is a factor of 10–100 times more
rapid than the single substitutional nitrogen center, which is known to be incorporated into the bulk diamond.
1H matrix ENDOR measurements indicate that the H1 center is in an environment with hydrogen atoms
0.2–1.0 nm from the center. The near-neighbor hydrogen identified by multifrequency EPR was not detected
in the ENDOR experiments. The concentration of H1 correlates with the total integrated CH stretch infrared
absorption in the samples studied here. All the evidence is consistent with H1 being located at hydrogen
decorated grain boundaries~or in intergranular material! rather than in the bulk diamond. A third EPR reso-
nance atg52.0028(1) has been observed in some of the CVD diamond samples studied. The resonance is
distinguished by its temperature-dependent linewidth: above 50 K the line is exchange narrowed, but below 50
K it broadens rapidly with decreasing temperature.@S0163-1829~98!03404-3#
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I. INTRODUCTION

Hydrogen incorporation into diamond has been stud
for many years. In natural type Ia diamond a sharp infra
absorption line at 3107 cm21 has been attributed to a C-H
stretch.1 Recently, the creation of the 3107-cm21 center has
been reported in synthetic diamond grown at high tempe
ture and pressures~HTP! by high-temperature annealing2

This result indicates that hydrogen may be incorporated
HTP synthetic diamond, in a form not so far detected, a
migration of the hydrogen on annealing produces the de
with the local mode at 3107 cm21.

In recent years the incorporation of hydrogen into po
crystalline diamond films grown by chemical vapour depo
tion ~CVD! has attracted considerable attention. T
3107-cm21 absorption has not been reported in CVD d
mond films. However, infrared absorption studies have
vealed several different CH stretch vibrations in the reg
2750–3300 cm21 arising from carbon-hydrogen bonds
different environments.3,4 The CH stretch signatures of hy
drogen bonded tosp2-bonded carbon appear above 29
cm21, while those associated withsp3-bonded carbon ap
pear below 3000 cm21. Other absorptions are often prese
at frequencies@2820 and 2833 cm21 ~Refs. 3 and 4!# below
those normally observed for CH stretching vibrations
570163-1829/98/57~4!/2264~7!/$15.00
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amorphous hydrogenated carbon. These have tentati
been associated with nitrogen and oxygen defects,4 or hydro-
gen bonded directly on a diamond~111! surface.3 McNamara
et al.4 have suggested that at low concentrations~less than
0.2 at. %! the hydrogen content is consistent with the hyd
gen being located at grain boundaries and when the b
concentration is higher in amorphous hydrogenated carbo
between grains. High-quality CVD diamond films show litt
or no CH related absorption in the region 2750–3300 cm21.

A grain boundary, which separates identical crystallites
a two-dimensional extended defect that contains point
fects. In polycrystalline silicon the silicon dangling bond d
fect at a grain boundary has been identified, and passiva
of this defect with hydrogen has been studied.5 The forma-
tion and dissociation of a grain boundary point defect, p
sibly consisting of an isolated hydrogen atom at the bo
center site of a prestrained Si-Si bond, has been postulate
being responsible for changes in the electrical conductiv
of polycrystalline silicon.6 The unique properties of diamon
~optical transparency, thermal conductivity, radiation ha
ness, etc.! have encouraged interest in the fabrication
polycrystalline diamond electronic devices~e.g., uv-blind
photoconductive detectors7 and particle detectors8!. If these
applications are to succeed, a thorough understanding
2264 © 1998 The American Physical Society
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electrically active point defects at grain boundaries is
quired.

An electron paramagnetic resonance~EPR! defect cen-
tered ong52.0028(1) is commonly observed in polycrysta
line CVD diamond.9–14 Observations at theX band ~8–12
GHz! sometimes reveal partially resolved satellites separa
by 1.2560.15 mT at 9.6 GHz and centered ong52.0028.
Measurements on the position and intensity of the satel
made at approximately 35 GHz, taken together with
X-band data, suggested that they arise from forbid
nuclear-spin-flip transitions of a hydrogen atom wea
coupled to the unpaired electron spin.13

Studies of the satellite separation at microwave frequ
cies between 1 and 9.6 GHz showed that the satellites did
originate from forbidden spin-flip transitions with a hydr
gen atom with a vanishingly small hyperfine coupling to t
unpaired electron.14 As well as the commonly observedg
52.0028 center, the sample used for the multifrequency E
study~1–9.6 GHz! discussed above14 contained another EPR
center not previously reported withg52.0028(1), a
temperature-dependent linewidth, and a non-Curie-law t
perature dependence of the EPR intensity. This was not
tially understood. In the light of the data reported here a
recently by other workers,15,16 we now believe that the bi
radical model,14 which appeared to explain satisfactorily th
microwave frequency dependence of the satellite separa
and the spectral line shape in this range of microwave
quency~1–9.6 GHz!, is incorrect.

Zhou et al.15,16 analyzed the EPR absorption atg
52.0028 in several different CVD diamond films at micr
wave frequencies between 9.8 and 35 GHz and conclu
from simulations of the EPR line shape that the EPR abs
tion was due to a single well-defined defect consisting of
unpaired electron coupled to a hydrogen atom;0.2 nm
away. They proposed that this defect~labeled H1! was cre-
ated by a hydrogen atom entering a stretched C-C bond
grain boundary, allowing the carbons to relax back, o
bonding to the hydrogen and the other with an unpaired e
tron predominately localized in its dangling bond. The h
drogen hyperfine coupling parameters used in the pow
simulation of the line shape wereAi 5 27.5~2.5! MHz and
A' 5 25.5(2.5) MHz. At microwave frequencies above 9
GHz the intensity of the satellites is primarily controlled b
the square of the magnitude of the anisotropic componen
the hyperfine coupling@b5(Ai2A')/3511.0 MHz#. Simu-
lation of the narrow central line of the spectrum requiresA'

to be small, which necessitates a nonzero isotropic hyper
coupling @a5(Ai12A')/355.5 MHz#.

We present EPR data on a range of CVD diamo
samples. The low-frequency EPR measurements show th
the samples we have studied the line shape of the EPR
sorption atg52.0028 cannot be explained by H1 alone a
at least one other defect with a resonance atg52.0028 is
also present. It is very difficult to establish the presence
this other center from EPR data at microwave frequencie
9 GHz and above.

II. EXPERIMENT

A. Growth and characterization

The free-standing polycrystalline diamond films we
grown by microwave-plasma chemical vapor deposition
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der a variety of different synthesis conditions to obtain
range of samples. The diamond films were characterized
Raman and infrared absorption. The Raman measurem
were obtained at room temperature with a Renishaw Ra
scope incorporating a charge coupled device detection
tem and excitation at 633 nm. The infrared absorption m
surements were made with a Perkin-Elmer 1710 Fou
transform infrared spectrometer, at room temperature.

B. EPR and ENDOR spectrometer

Continuous-wave EPR measurements were made at
1.8, 2.3, 3.5, 5.8, 9.6, and 34–35.0 GHz. The spectrome
operating at frequencies between 1.2 and 5.8 GHz were
constructed and operated at the National Biomedical E
Center.17 They all utilized a loop-gap resonator as the micr
wave element.18 Measurements were made at temperatu
down to 100 K by inserting the loop-gap resonator into
Varian Q-band nitrogen flow dewar. The spectrometer op
ating at 9.6 GHz was constructed in the Clarendon Labo
tory and incorporated a standard reference arm microw
bridge. The magnetic field was generated using a Varian
in. electromagnet, with an EPS10/1 electromagnet po
supply and MS-10/GPIB magnetic field controller design
and constructed at the Technical University of Wroclaw.
Bruker TE104 cavity was used with an Oxford Instrumen
ESR900 cryostat at temperatures between 4 and 300
Double integration of the first-harmonic EPR signal a
comparison with a reference sample allowed bulk spin c
centrations to be determined. The reference used was a
thetic Ib diamond containing EPR active single substitutio
nitrogen,19 the concentration of which was determined
infrared absorption using the parameters determined
Woodset al.20

Two Q-band spectrometers were used. The EPR elec
nuclear double resonance~ENDOR! spectrometer~34.5–
35.5 GHz! was constructed in the Clarendon Laboratory a
has been described in detail elsewhere.21 1H ENDOR was
detected at temperatures between 4 and 100 K via do
phase-sensitive detection, initially at the field modulati
frequency~115 kHz! and then at the radio-frequency~rf!
frequency modulation frequency~87 Hz!. The cylindrical
ENDOR cavity operated in the TE011 mode with a single-
turn rf coil that ran the length of the cavity and was abou
mm wide. The rf coil was terminated with a 50-V load and
the maximum rf power used was 20 W. The secondQ-band
EPR spectrometer~33.8–34.2 GHz! was a standard Bruke
instrument, with a variable temperature~77–350 K! probe-
head assembly~ER5102 QT!. Data acquisition was con
trolled by a personal computer interfaced to the Bruk
ER200D console.

Measurements of spin-lattice relaxation times (T1) were
made at approximately 9.3 GHz using the saturation rec
ery spectrometer at the National Biomedical ESR Cente17

Low microwave observe power was used to minimize
distortion of T1 and the impact of spectral diffusion on th
saturation recovery data was tested with measurements
function of the length of the pump pulse.



a

as

e
ed
h

rp

30

n

e

fin
. A
en
he
i
th

en

e-
EPR

e is
the
in

at 5
o-

the
ne
cies
b-
ion

t a
s

z on
ese
en-
od
ve
eri-

on

ns
on

um.

2266 57D. F. TALBOT-PONSONBYet al.
III. RESULTS

A. Raman and infrared absorption measurements

All films exhibited the first-order diamond Raman peak
1332 cm21. The full width at half height varied from 2.3 to
6.0 cm21 in different samples. A weak broad structure w
observed in the range 1200–1600 cm21 in most samples,
which has been attributed to double- or triple-bond
carbon.22 The infrared absorption in the CH region show
for all samples studied that the CH stretch signatures of
drogen bonded tosp3-bonded carbon dominated the abso
tion ~ignoring fundamental diamond absorption!. The total
integrated CH stretch absorption in the region 2750–3
cm21 for each sample is given in Fig. 2.

B. EPR and infrared measurements

Figure 1~a! shows theX-band EPR spectra centered o
g52.0028(1) typical of most of the polycrystalline CVD
diamond samples we have studied~for ease of reference w
will refer to these samples as typeA) and are similar to many
spectra reported in the literature. We and other workers
that the resolution of the satellites is sample dependent
shown in Fig. 1~a!, the line shape is temperature independ
and in addition the EPR intensity follows the Curie law. T
degree of resolution of the satellites does not correlate w
either the total concentration of paramagnetic defects or
total integrated CH absorption strength. Figure 1~a! is similar

FIG. 1. X-band ~9.6-GHz! EPR spectra from CVD diamond
sample~a! typeA at 298 K~solid line!, 117 K ~dashed line!, and 5.2
K ~dotted line! and ~b! type B at 150 K ~solid line!, 60 K ~dashed
line!, and 5 K~dotted line!. Spectra are recorded under conditio
of low microwave power to avoid saturation and low modulati
amplitude to avoid distortion of the line shape.
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to theX-band EPR spectrum shown by Zhouet al.,15,16 but
the satellites are weaker relative to the central line.

Figure 1~b! showsX-band EPR spectra from the specim
studied in detail by Talbot-Ponsonbyet al.;14 for ease of ref-
erence we will refer to these samples as typeB. Unlike type-
A samples, the line shape of the EPR absorption from typB
samples shows a marked temperature dependence. The
absorption is dominated by a narrow line centered ong
52.0028(1) at high temperature, but as the temperatur
decreased this line broadens rapidly. At low temperatures
EPR spectrum is dominated by the spectrum observed
type-A samples.

Figure 2 shows the EPR spin concentration measured
K, less any contribution from the single substitutional nitr
gen defect,19 which is an impurity in some CVD diamond
samples, plotted against the total integrated absorption in
CH stretch region of the infrared spectrum for the ni
samples studied. The EPR concentration from the spe
centered ong52.0028 correlates with the total infrared a
sorption in the CH stretch region, but there is no correlat
with the single substitutional nitrogen concentration.

Unambiguous interpretation of EPR spectra taken a
single microwave frequency is often difficult. Figure 3 show
the results of measurements at 1.2, 3.4, 9.6, and 34.0 GH
a type-A sample. The calculated H1 EPR spectra at th
microwave frequencies are shown alongside the experim
tal data in Fig. 3. The 34.0-GHz data appear to be in go
agreement with the H1 model. However, as the microwa
frequency is reduced, the model fails to reproduce the exp
mental data.

C. 1H ENDOR

Observation of hydrogen spin-flip satellites centered
g52.0028 stimulated a1H ENDOR study of the hydrogen

FIG. 2. Integrated EPR spin concentration~excluding any con-
tribution from the single substitutional nitrogen center! plotted
against integrated absorption in the CH region of infrared spectr
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FIG. 3. EPR spectra obtained from a type-A sample~see the text for details! at microwave frequencies of~a! 1.2 GHz,~b! 3.4 GHz,~c!
9.6 GHz, and~d! 34 GHz. The sample temperature was 100 K and spectra were recorded under conditions of low microwave power
saturation and low modulation amplitude to avoid distortion of the lineshape. Alongside each experimental spectrum is the simulat
H1 EPR spectrum at the specified microwave frequency. Powder simulation used a Lorentzian line shape with full width at half h
0.30 mT. On the far right of each row is the fit derived from theH1 defect@half-width at half height~HWHH! 0.30 mT# plus an additional
Lorentzian resonance atg52.0028(1)~HWHH 0.22 mT!. The EPR linewidth and the relative intensity of the two components is fixed
all frequencies.
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atom~s! neighboring the unpaired electron. The ENDOR d
tection scheme detailed in Sec. II B produces first deriva
line shapes: Fig. 4 shows the integrated ENDOR spect
obtained from a type-A sample at 5 K. The ENDOR reso
nance is centered on the1H nuclear Zeeman frequency@cal-
culation of the nuclearg factor 5.59~1! from the nuclear
-
e
m

resonant frequency and the magnetic field confirms that
is a proton resonance# and is typical of1H matrix ENDOR
signals observed in disordered solids.23 The hyperfine param-
eters for the unique hydrogen neighbor of the H1 center
termined by analysis of the EPR line shape16 were used to
calculate the position of ENDOR resonances expected f
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2268 57D. F. TALBOT-PONSONBYet al.
this hydrogen atom. Despite a thorough investigation at
around the frequencies predicted by calculation, no END
signals attributable to the unique hydrogen neighbor of
were observed. The1H matrix ENDOR signal was detecte
at temperatures up to 100 K without any appreciable cha
in line shape. However, the signal-to-noise ratio diminish
appreciably with increasing temperature. At 5 K a 1H matrix
ENDOR signal could be detected with the magnetic field
to resonance atg52.0028 in all type-A and type-B samples
studied.

D. Saturation recovery measurements

Detection of continuous-wave ENDOR signals is dep
dent on achieving an appropriate balance of relaxation ra
The temperature dependence of the spin-lattice relaxa
rate was studied between 10 and 100 K using the techn
of saturation recovery. All of the methods of measuring
electron spin-lattice relaxation rates are complicated by
necessity of eliminating the effects of spectral diffusio
Spectral diffusion leads to a spreading of saturation over
inhomogeneously broadened line. Spectral diffusion cont
utes to the recovery from saturation by the observed s
packet in competition with intrinsic spin-lattice relaxatio
processes. The importance of spectral diffusion can be
sessed by observation of the recovery from saturation
function of saturating pulse length. Experiments on typeA
samples showed that the recovery was not well describe
a single exponential; a better fit could be obtained with
combination of two exponentials. The dependence of the
relaxation rates determined by fitting the data to two ex
nentials on the saturating pulse length is shown in Fig. 5~a!.
For short pulses spectral diffusion significantly affects
measured recovery rates. As the saturating pulse leng

FIG. 4. ENDOR spectrum obtained from a type-A sample. The
temperature is 4.5 K, microwave frequency 34.85 GHz, microw
power 2 mW, and rf power 20 W. The spectrum is recorded us
double lock-in detection at field modulation frequency~115 kHz!
and rf frequency modulation frequency~87 Hz! and integrated to
produce absorption signal.
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increased the spectral-diffusion channels are progressi
saturated. Figure 5~b! shows the variation of the relaxatio
rates of the two components of the recovery with tempe
ture ~400-ms saturating pulse!.

IV. DISCUSSION

The H1 center

The multifrequency EPR~9.8–35 GHz! data presented in
Fig. 1 of Zhouet al.15,16was satisfactorily reproduced by th
H1 defect~with a sample-dependent linewidth! without any

e
g

FIG. 5. ~a! Dependence of the relaxation rates for theg
52.0028 EPR resonance in a type-A CVD diamond sample at 20
K, obtained by fitting the saturation recovery response to a sum
two exponential functions, on the duration of the saturating mic
wave pulse.~b! Temperature dependence of the relaxation ra
determined as described in~a! with a saturating pulse length of 40
mS. Solid lines are a linear fit to the observed dependence.
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other components. The low-frequency EPR data presente
Fig. 3 are not reproduced by the H1 center alone. Howe
a convincing fit can be obtained at all frequencies using
H1 defect plus an additional isotropic resonance
g52.0028. The experimental data and fits are shown in F
3. The asymmetry in the experimental data shown in
Q-band data@Fig. 3~d!# probably indicates a small anisotrop
in the g matrix. The additional isotropic resonance atg
52.0028 has a Lorentzian line shape, a full width at h
height of 0.22~2! mT, and is present at the same relati
intensity at all microwave frequencies. The measuremen
low and high microwave frequencies showed no evidenc
g-strain broadening, which would originate from a spread
g values caused by random local strains.

EPR investigations indicate that the H1 defect is a co
monly observed defect. Studies of the EPR line shape
function of microwave frequency permit the identification
the neighboring hydrogen atom and its hyperfine coupl
parameters. Our data confirm the parametersb511.0(2.5)
MHz and a55.5(2.5) MHz, determined by Zhouet al.15,16

We can find no other model that is consistent with all t
experimental data. TheX-band andQ-band data presented i
Fig. 3 could be fitted using a model similar to H1, wi
smaller hyperfine parameters and no additional compon
however, these parameters do not reproduce the l
frequency data, which unambiguously indicate the prese
of an additional resonance atg52.0028. It appears that th
relative concentrations of H1 and the additional EPR cen
are sample dependent. We cannot rule out the possibility
this additional resonance is the H2 center identified by Zh
et al.15,16 We have not observed H2 in the absence of H1
any sample we have studied. Observation of satellites
longing to H2 is impossible when H1 is strong. The lack
information makes speculation on the origin of the additio
resonance unwarranted.

For all samples from which data are shown in Fig. 2,
H1 defect makes the dominant contribution to the total
paired electron concentration. The correlation between
concentration of H1 and the total CH infrared absorption
consistent with H1 being located on hydrogen decora
grain boundaries or in hydrogenated nondiamond materia
between the grain boundaries. We have shown that in
samples labeled typeA the absorption atg52.0028 origi-
nates from two defects. In surveying over 20 samples
have not found one that contains only H1.

The assumption that the H1 center is located in hydro
nated regions of the sample is supported by observation
1H ENDOR line at the free nuclear frequency. This lin
originates from hydrogen atoms surrounding the unpa
electron and weakly coupled to it via the electron-nucl
dipolar interaction. It is usually referred to as the1H matrix
ENDOR line.23 The dip in the center of the line arises fro
nuclear coherence effects and suggests the presence of
than one1H neighbor.24 Information about the distribution o
the unpaired electron and the local environment can be
tracted from the matrix ENDOR line shape.23 A simple but
useful model for the line shape assumes a uniform1H dis-
tribution and contains only two parameters: the lower lim
of the electron-proton separation~separation above which
only a dipolar interaction need be considered! and the width
of the nuclear spin packet.25 Following this approach, we
in
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find that the experimental matrix ENDOR line shape is b
reproduced with this simple model with a lower limit o
separation of the order of the next-nearest-neighbor sep
tion in diamond~0.25 nm!, if we assume that the nuclea
spin-packet half width at half height is 200 kHz, which is
accord with previous observations.26 We note that NMR
studies show that the majority of the hydrogen in diamo
films gives rise to a Gaussian NMR signal with a full wid
at half maximum of 50–70 kHz.27 However, it is well known
that NMR line shapes are not characteristic of the nucl
line shapes appropriate to matrix ENDOR. Matrix ENDO
detects only those nuclei near a paramagnetic species.
these nuclei the nuclear relaxation time will be less than
the bulk nuclei and hence the nuclear line will be broade

No 1H ENDOR lines were observed from the unique h
drogen neighbor~at 0.19 nm! of the H1 center identified by
analysis of the EPR line shape. This negative result sugg
that the matrix ENDOR response is much stronger than
of the near neighbor. This is not unreasonable since the
trix ENDOR response probably arises from many1H neigh-
bors that all add to the resonance around the nuclear Zee
frequency, whereas the ENDOR intensity from the sin
near neighbor is spread out over several megahertz by
anisotropic component of its hyperfine interaction. No te
perature dependence of the width of the1H matrix ENDOR
signal could be detected up to 100 K; this is consistent w
the hydrogen being rigidly bound.

In Sec. III D it was shown that spectral diffusion can si
nificantly alter the measured saturation recovery rates. T
processes that contribute to spectral diffusion are elec
spin-spin interactions that will occur on a time scale of t
phase memory decay (T2) and electron-nuclear spin-spin in
teractions that occur on a much slower time scale. For lo
saturating pulses, when the spectral diffusion channels
saturated, we found that the recovery was best fitted b
sum of two exponentials. For a given spin we would exp
a single exponential recovery; hence one possible expla
tion of the two component decay is that the resonance ag
52.0028 consists of two components with different sp
lattice relaxation rates. This is consistent with the multifr
quency EPR data, which indicated the presence of H1
another defect. At high microwave powers changes in
continuous-wave EPR line shape suggest that one defe
being preferentially saturated. This is consistent with the t
defects having different relaxation rates, as shown in F
5~b!. The linear dependence of both relaxation rates w
temperature indicates that the direct mechanism28 dominates
spin-lattice relaxation in this temperature region. In CV
diamond samples containing single substitutional nitrog
continuous wave power saturation studies show that the s
lattice relaxation rate for the nitrogen center is of order 1
100 times less than that for the H1 center.

The designation of a sample as typeB requires the pres-
ence of a previously unreported EPR signal atg
52.0028(1) that has a temperature-dependent EPR l
width. This is the third different EPR center with ag value of
2.0028~1! we have observed in CVD diamond. The depe
dence of the EPR linewidth on temperature indicates that
resonance is exchange narrowed at temperatures above
50 K. As the temperature is reduced below 50 K the lifetim
of magnetically distinguishable states increases and the
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2270 57D. F. TALBOT-PONSONBYet al.
linewidth broadens appreciably. The temperature dep
dence of the EPR signal was difficult to follow at low tem
perature because of overlapping resonances from the H1
fect and the other unidentified defect atg52.0028. The
center is easily detected in the rapid exchange limit beca
the resonance is very narrow. Several different excha
mechanisms~e.g., electron exchange, electron transfer, a
proton exchange! could be invoked to explain the observe
phenomena. The paucity of information prohibits furth
speculation.

V. CONCLUSION

The EPR measurements reported here support the
posal of Zhouet al.15,16 that the H1 center is a well-define
defect with a unique hydrogen neighbor about 0.19 nm aw
from the unpaired electron. However, the low-frequen
EPR measurements show conclusively in all the samples
have studied that H1 is always accompanied by another
fect at g52.0028(1). No model has yet been proposed fo
this second defect, and we cannot rule out the possibility
it is the H2 center previously reported.15,16 1H matrix EN-
DOR indicates that in addition to the near-neighbor hyd
n-
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nd
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r

ro-

ay
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we
de-
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at

o-

gen H1 is in an environment with other hydrogen atom
0.2–1.0 nm away. The spin-lattice relaxation rate of H1
much more rapid than that of the substitutional nitrogen c
ter that is known to be incorporated into the diamond latti
All the evidence is consistent with the H1 defect being l
cated at grain boundaries, not in the bulk diamond. A th
EPR resonance atg52.0028(1) has been observed. Th
resonance is distinguished from the others by a temperat
dependent EPR linewidth. Studies on this center are
progress.
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