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ABSTRACT

An EPR study of the decay kinetics of atomic

hydrogen centers in beryl is reported. The measufed spin
Hamiltonian parameters are: g = 2.0054 = 0.0003 and
A = {0.93010.002) . 10”7 erg. The iscthermal annealing was

measured for temperatures ranging from 60° to. 180°C.

INTRODUCTION

X-ray (Koryagin and Grechushnikov,1§66; Bershov, 1970)
and UV-irradiated (Blak et al., 1982) beryl shows the presence of
atomic hydrogen and methyl radicals, stable at room temperature.,
These centers are not observed if beryl is completely dehydrated

(Koryagin and Grechushnikov,1966), Both HO and CHy were assigned to
sltes in the channels and were assumed to arise from radiation-
induced decomposition of water and methane molecules.‘ It was
observed that H® is unstable above 2009C (Edgar and Vance,1977).

In this paper, isothermal decay of the EPR line of the atomic
hydrogen in beryl produced by UV irradiation, is reported;

The g and A parameters are also determined.

EXPERIMENTAL METHODS

Natural colorless beryl of near gem-quality
from the Claire Azadian collection from Minas Gerais, Brazil,
was studied. Sliégs of 2x2x(54v10)mm.were cut. The EPR
measurements were done using an X-band homodyne reflection-
type spéctrometer assembled with sgparaie units'from Varian

Assoclates and Micro-Now Instrument Co., Inc.., The temperatufe

was controlled with a model V-4540 Varian unit and measured

with a chromel-alumel thermocouple located at about lmm above
the sample. The hydrogen centers were -produced by uv~
irradiation of the samples at room temperature with a 400w Hg

lamp.

A series of measurements was carried out to




ocbtain the isothermal annealing of the H° centers in beryl.
The isothermal decay was produced inside the EPR spectrometer
with heated nitrogen gas flowing directly onto the sample.
The EPR signal from the high-field H° line was measured at
regular intervals of time with the temperature held constant
at T;. After the measurements at T, were finished, the
sample was annealed at 400°C fo; ~lh in order to assure
identical conditions before"each new UV-irradiation. The
second series of measurements wés done at a constant

temperature TZ' and so on.

~RESULTS AND ‘DISCUSSION

The EPR spectrum of UV irradiated beryl
(Fig.l) shows the well known doublet of atomic hydrogen
located at B, = (0.2947 2 0.0003)T and H2 = (0.3450 + 0.0003)T
measured at the microwave freguency of 9.0326 , 10%Hz. The

magnetic field was measured with a Varian NMR gaussmeter. The:

Insert Fig. 1

spectrum can be interpreted with the spin Hamiltonian:

where the_first‘term is the isotropic electronic Zeeman
interaction with the. applied magnetic field, the second is the

nuclear Zeeman interaction with the external field and the third is

.3

the isotropic hyperfine interaction between the unpaired

electron and the proton magnetic moment.

After diagonalizing this spin Hamiltonian in

the four-dimensional S = 1/2, I = 1/2 vector s?ace, the two

AMS = +1, AMI = 0 transition energies arise as follows:
hv=2 + l(gﬁ—gnﬂn)u1 + l[(gs+gnsn)zaf + A2]1/2, (2)
2 2 2 .
and
hv="% + i(gﬁ-gnﬁn)ﬂz * "};[(q6+9n3n)21{§ + a1z gy

A few straightforward calculations give the
following relations for the spectroscopic splitting g factor

and the hyperfine constant A {(Camacpo,1985):

: 2
hv-(gB-g B JH; »~gBg 8 B » /hv’
A= nPn’ 71, o, Y (4)

1~ {g8-g 8 JH; »/Zhv

and

(13a/hvYhv  + (1FA/2hv)g B Hy »

[(13a/2hv) + g 8 H) ,/hvlsil ,

where the constants have the usual meaning, the upper sign

Corfesponds to i1} and the lower cne to H,. Both calculations

should yield cecincident values for g and A. .
Applying this method to the above experimental

data we get g = 2.0054 +°0.0003 and A = (0.930 + 0.062).10‘17erg

after a few iteractions. The small g-shift Ag = 0.003

indicates that H® is almost free from interactions in the trap.

The electron spin density at the nucleus of the #° center in

beryl is slightly smaller than in the free hydrogen atom, since we

have éA/Afree=—l%. Assuming Adrian's calculations (Adrian,1960) of




the matrix effects on the EPR spectra of hydrogen atoms
stabilized in nonpolar matrices also valid for beryl, it must
. be concluded that the van der Waals attractive interaction

is stronger- than the repulsive Pauli exclusion forces. It is

well known that these interactions contribute to the hyperfine

constant with opposite sign.

Fig;'2 shows the isothermal decay kinetics of

the EﬁR signal for the Hc'center in beryl at 500, 800, 1000,
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120°, 140°, 160° and 180°C, respectively, in a semilogarithmic
scale. The inteﬂsity of the EPR signal has reduced by
one-half after about 15 min, at 120°C. ‘his fast decay is
followed by a slower one, The behavior of the slower part
of the'decay was analysed 1n¥terms cof the first and second

order processes {(Curie,1963).

In the first order process, the decrease of

the concentration n of H® centers is described by

dn. ' 6)

"where t is the heating time and o, the rate constant, 1s an

adjustable parameter. The o parameter is expected to cbey

Arrhenius' law. The solution of the above equation is

1 Tat | ' o

where nO is the initial concentration of H®,
In the second order process the decrease of the

concentration n is given by

d L . -
a% = — an® - “(8)

Here also, the & parameter is expected to obey‘Ar:henius'laﬁ.

The scolution of the above equation- gives:

nII = no/(l + noat). . igj;

Fig., 3 shows the relation between ¢ vs.1/T for first
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and second ofder progcesses in:semilogarithmic scale. The
behavicer for both proceéées does not oﬁey-the Arrhenius law,

Kayser and Hubbard, 1983, proposed.a model con-
sidering situations in which particles diffuse in a d-di-
mensional space with random distribution of stationary.traps.
The density of particles was assumed to follow the

éxp(—td/d+2

} law. The Hg thermal decgy éould not be satis-
factorily adjusted for d=1, 2 or 3.

The successive attempts to adjust the experimenta:l
data to a sole kinetic process led to the coﬁclusion that H?
thermal decay in natural beryl involveé at least twe or
more distinct processes. X .

A method of data processing, based on the szicen—
ter model, is presently being developed by agsuming - a system
of differential kinetic eqdations for all possibie reactions
which can occur in the decay prodess. . The results will be

published in the near future.

) This work has been supported by FAPESP, FINEP and
ClPq.
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FIGURE CAPTIONS

Electron paramagnetic resonance spectrum:of
colorless beryi showing the appearance-of the

o]

HY lines.

Isothermal decay of the electron paramagnetic
resonance signal of the H® center at 60°, 80°,

100°, 120°, 140°, 160° ana 180, respectively,

in a semilogarithmic scale.

Relation between the o« parameters of equations (6)

and (8) versus T~! in semilogarithmic scale.
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