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ABSTRACT

High-purity MgO crystals grown at ORNL have been irra-
diated in the LLL 14.8 MeV Rotating Target Neutron Source
(RTNS) to doses varying from 1.8 x 1015 to 5.7 x 10 1 7 n/cm2.
The optical absorption spectra of these crystals resembled
those irradiated in fission reactors and exhibited bands
principally at 4.95, 3.5, 2.2 and 1.3 eV. The band with the
largest absorption coefficient, that at 4.95 eV, is due to
anion vacancies. The bands at 3.5 and 1.3 eV, attended by
zero-phonon lines at 3.430 and 1.187 eV respectively, have
been attributed to different optical transitions of anion
divacancies. Our investigations indicate that the net
production rates of the point defects resulting from irra-
diations with 14.8 MeV neutrons are about twice those
resulting from fission neutrons in the Oak Ridge Reactor
(ORR). This ratio is in reasonable accord with theoretical
estimates based on damage energy calculations.

Research sponsored by the Energy Research and Development
Administration under contract with Union Carbide Corporation.



INTRODUCTION

Unlike the situation in metals and semiconductors, the study of

defects in insulators has benefited primarily by the powerful techniques

of optical and magnetic resonance spectroscopy. This is especially true

for magnesium oxide, where many of the basic point defects have been

identified using these techniques. It is therefore an ideal host to

study the characteristics of the radiation damage resulting from 14.8

MeV neutrons and comparing with those from fission neutrons. Quantita-

tive measurements of the various types of defects are readily accessible.

The optical and magneto-sensitive defects in this material are produced

by two mechansism: ionization and elastic collisions with energetic

particles. For comparisons of defects produced by neutrons of different

energies, only the latter are important.

EXPERIMENTAL PROCEDURES

The MgO crystals used in this study were grown from Kanto high purity
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material at ORNL using a carbon-arc fusion method. ' They were irradiated

either in the LLL IA.8 MeV RTNS at T ̂  300'K with doses varying from 1.8 x

1015 to 5.7 x 1017 n/cm2, or in the fission reactor ORR at T -x- 325 K with

neutron doses (>0.1 MeV) ranging from 3.6 x 10 1 5 to 1 x 1019 n/cmz. De-

fect concentrations produced by the two neutron sources were determined

by measuring intensities of optical absorption bands using a Cary 14R

recording spectrophotometer.

RESULTS AND DISCUSSION

The. optical absorption spectra of crystals irradiated with neutrons

from the RTNS closely resembled those irradiated in fission reactors. The

spectra at 5 and 295 K of a crystal irradiated with 14.8 MeV neutrons to

a dose of 5.7 x 1017n/cm2 are illustrated in Fig. 1. The principal bands

occur at 4.95, 3.5, 2.2, and 1.3 eV, corresponding to 250, 355, 574 and

975 nm respectively. The most intense band, that appearing at 4.95 eV, is

regarded as arising from isolated anion vacancies, since both the one-

electron and two-electron anion vacancies (F and F centers respectively)
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absorb at approximately this energy. ' ' The broad bands at 3.5 and

1.3 eV have been attributed in previous studies to optical transitions

within the same defect by virtue of their intensities being proportional
7 8

to one another during irradiation and annealing. ' At low tempera-

tures, they are attended by zero-phonon lines at 3.430 and 1.187 eV

respectively. Evidence based on symmetry, dependence of formation on
q

the energy of irradiating electrons, and statistical distributions of

isolated anion vacancies supports the argument that the defect in

question is an anion divacancy. Hence the intensity of the band at

3.5 eV provides a measure of the concentration of anion divacancies.

The defect responsible for the 2.2 eV band has not been identified but
g

is probably some forts of divacancy or trivacancy.

The concentration and absorption coefficient of the anion vacancy

band at 4.95 eV is plotted in Fig. 2 as a function of neutron dose.

The conversion of absorption coefficient to the corresponding concen-

tration is given by Smakula's formula11 Nf * 0.87 x 1017 n(n2 + 2)~ 2 W a

whsre N is the concentration of the defect in cm"3, f the oscillator

strength, n the index of refraction, and W and a are the half-width and

absorption coefficient of the 4.95 eV band respectively. For both the F

and F centers in MgO, N ̂  5 x 1015 a. The dose plotted for samples

irradiated in the ORR is for neutrons with energies > 0.1 MeV, a reason-

able cut-off point for radiation damage applications. In the past, it

has been customary to present neutron exposures in terms of those

neutrons with energies greater than 1.0 MeV (e.g. ref. 12). In fact,

there are large numbers of neutrons in a reactor like the ORR with lower

energies and these can contribute significantly to the damage observed.

The fast neutron spectrum in the ORR is similar to that in the HFIR;

assuming these spectra to be identical, the choice of 0.1 MeV as a cut-
14

off approximately doubles the stated doses over the older values.

Recent calculations show that less than one percent of the damage pro-

duced in AJt results from lower energy neutrons and the situation in MgO

is believed to be similar.



The two curves in Fig. 2 are essentially parallel. At a given low

dose, the anion-vacancy concentration for the 14.8 MeV irradiations was

about twice that for the ORR irradiations. At high doses, saturation

becomes significant and the ratio of the concentrations diminishes. For

the higher order defects, such as the anion divacancy and the defect

responsible for the 2.2 eV band, a similar behavior was noted. At a

given dose below 1 x 1017 n/cm2, irradiations in the RTNS result in

larger absorption coefficients for the 3.5 and 2.2 eV band than those

obtained in the ORR irradiations, providing support that higher energy

neutrons are more efficient in producing higher order defects than lower

energy neutrons.

It is interesting to compare the experimentally determined ratio of

damage rates between the two neutron sources with the theoretical ex-

pectations based on calculations of the damage energy. Although no

calculations are available for MgO, those on the nearby element A4

should be applicable. Using the spectrum of the similarly constituted

HFIR to represent that in the ORR, two different calculations '

both give the ratio 1.94 between the damage rate in a 14.8 MeV D-T neutron

spectrum and that in the fission device. The prediction is in good accord

with the experiment.

In summary, the experiments show that point defect damage produced

in MgO is very similar in character to that produced by fission reactor

neutrons and that it agrees quantitatively with the predictions of damage

energy calculations.



FIGURE CAPTIONS

Fig. 1. Optical absorption spectra at 5 and 295 K of an MgO crystal

irradiated with 14.8 MeV neutrons to a dose of 5.7 x 10 1 7

n-cm~2.

Fig. 2. Concentration of anion vacancies and absorption coefficient

of the 4.95 eV band resulting from neutron irradiations in

the RTNS and ORR as a function of dose.
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