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We report time-resolved measurements of optical absorption and emission in pure MgF, following excitation
by an energetic electron pulse. At low temperature a single asymmetric absorption band having its peak at 275
nm is formed with very high efficiency; approximately one absorber of unit oscillator strength is formed for
each electron-hole pair created in the crystal. The absorption band decays with time constants of 6.4 and 0.75
msec at 10 K. A single luminescence band with peak at 385 nm and decay time constants corresponding to
those for the absorption is found at low temperature. Thermal quenching of both the absorption and
luminescence sets in above 60 K. A second component of transient absorption with a spectrum more nearly
resembling the F band and with a decay time on the order of milliseconds appears at temperatures above
about 170 K. This component grows stronger and decays faster as temperature is raised, but there is no
corresponding component of luminescence. At 300 K approximately one absorber of unit oscillator strength is
produced per 110 eV deposited by ionizing radiation, and the absorption decays with principal time constants
of about 40 and 370 mpsec. The low-temperature transient absorption and luminescence is attributed to self-
trapped excitons. The high-temperature transient absorption is attributed to the formation of F centers and H
centers which are initially separated by at least several lattice spacings, but which are unstable against

nonradiative vacancy-interstitial recombination.

I. INTRODUCTION

In the last ten years, a number of studies of
radiation-induced point defects in MgF, have been
made, spurred both by the extensive use of MgF,
as an optical coating and ultraviolet window mater -
ial and by interest in basic defect-production
mechanisms in this rutile-structured halide cry-
stal. Following the early work of Duncanson and
Stevenson,' and Hills and McBride,? Blunt and Co-
henfirst identified an absorption band near 260 nm
in x-irradiated MgF, as being due to F centers.®
The band displays anisotropic linear polarization
properties consistent with the C,, point symmetry
of the fluorine vacancy, and the band shape is
somewhat asymmetric with a shoulder extending
into the vacuum ultraviolet. Sibley and Facey,
working with electron- and y-irradiated MgF,,
further substantiated this identification of the 260-
nm band and determined that the F centers are
produced by a photochemical mechanism rather
than strictly by momentum-transfer processes.*
This was especially significant in the context of
the Pooley -Hersh model® for photochemical defect
production since MgF, has no long-range focusing
directions.

When irradiation of MgF, is carried out at a
temperature near 150 K, the efficiency for forma-
tion of F centers is drastically reduced as com-
pared with irradiation at both lower and higher
temperatures. This was first noted by Sibley and
Facey, who also studied thermal annealing of F
centers produced at low temperature and concluded
that the reduced formation efficiency near 150 K
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is a result of annealing of close vacancy -interstit-
ial pairs.® A model was also suggested® to account
for reduced probability of correlated F -H recom-
bination at still higher temperatures than 150 K,
thus allowing production of stable well -separated
defects. Buckton and Pooley extended the study

of defect formation as a function of temperature
and proposed a similar model in which radiation
creates close pairs of F and H centers which are
stable at low temperature, recombine at inter-
mediate temperatures, and dissociate at high tem-
perature.” In further support of this, they also
observed that the F band which is produced by
irradiation at 5 K and measured at 5 K is slightly
broader than the F band produced by irradiation

at room temperature and subsequently measured
at 5 K. That is, in a measurement made with po-
larized light such that only one transition moment
of a normal F center was excited, they found the
width of the F band to be, on the average, 0.583
eV in the case of a crystal irradiated and measured
at 5 K, but 0.543 eV for the same crystal irradiat-
ed at 300 K and measured at 5 K. They measured
the energy required to form an F center at 5, 50,
250, and 300 K in MgF, to be about 4 X 10° eV per
F center. A value of 2% 10* eV per F center at
300 K was given in Ref. 4.

Luminescence of MgF, during x-ray® and elec-
tron® irradiation has been observed, as has the
photoluminescence of radiation-damaged MgF,.?
According to Bartram and Stoneham, none of the
observed photoluminescence can be identified as
F -center luminescence, and there are theoretical
grounds for expecting that excited F centers in
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MgF, decay only nonradiatively.'® Apparently,
most of the photoluminescence in pure radiation-
damaged MgF, arises from M centers (F -center
pairs).? The luminescence excited by ionizing ra-
diation includes a broad band centered near 390
nm in all crystals studied so far. Additional bands
at 590, 670, and 700 nm have been observed in
crystals containing manganese.®

Palma has measured the buildup of stable ab-
sorption at 180 nm during irradiation by a con-
tinuous beam of 1.5-MeV electrons.!' However,
there apparently has been no time-resolved spec-
troscopy on the scale of electronic-state lifetimes
in pulse-irradiated MgF,. Such time-resolved
studies in alkali halides'®!® and other alkaline-
earth fluorides'? have revealed strong transient
absorption bands due to self-trapped excitons and
have also proved useful in elucidating defect-pro-
duction mechanisims. We have, therefore, under-
taken time-resolved measurements of absorption
and luminescence in MgF, following excitation of
the crystal by 5-nsec pulses of 500-keV electrons.

II. EXi ERIMENT

The basic apparatus is similar to that used in
earlier time-resolved spectroscopic studies.!? %15
Electron pulses of 5-nsec duration and 500 -keV
mean electron energy were used to excite the cry-
stals. Transient optical absorption was measured
by reflecting an optical probe beam internally from
the irradiated surface of the sample at an angle
of about 11° thus increasing the optical path length
in the region of electron penetration. Spectra were
recorded point-by -point, with normalization to the
electron pulse dosage provided by monitoring lum-
inescence at a fixed wavelength. The response
of the monochromator -photomultiplier combination
used to record luminescence spectra was calibrated
against a standard lamp. The spectra presented in
this paper have been smoothed by three-point
averaging.

The MgF, used in this study was Harshaw ultra-
violet-grade single-crystal window material cut
to 0.5%x0.5% 0.1 in. with the irradiated face and
edge surfaces polished. Unpolarized light was
used in the time-resolved studies since all of the
available probe beam intensity was needed in the
190-250-nm range to obtain a good signal -to-rioise
ratio. No particular orientation of the crystal axes
was chosen. The data displayed in this paper were
obtained in a sample whose ¢ axis was oriented at
45° to the electron irradiated face and in the plane
of incidence of the probe light beam. For compari-
son, steady -state absorption was measured in a
spectrophotometer with unpolarized light incident
from approximately the same direction. As a re-

sult, our steady-state F -band spectra are super -
positions of the E||& and E L& spectra, which differ
in peak wavelength by 4 nm. It turns out that this
smearing of the band is much smaller than the
spectral characteristics which are of principal in-
terest in this study.

Spectral and kinetic data were measured at 300,
77, and 10 K with the sample mounted on the cold
finger of a simple liquid-helium cryostat. The
temperature 10 K, as used in this paper, refers
to the estimated temperature of the electron pene-
tration layer shortly after an excitation pulse when
liquid helium was in the cryostat. Electron-pulse
heating was negligible at 77 K and room tempera-
ture. The typical electron pulse energy density
incident on the surface of the sample in this work
was 2% 10 eV cm™2pulse”! as determined by sub-
stituting a silver -activated glass dosimeter for the
sample.

A variable-temperature cryostat was used for
measurements of the decay kinetics of absorption
and luminescence over the temperature range 10—
300 K. The sample was mounted on a cold finger
whose temperature was measured by a thermo-
couple. The accuracy of determining the sample
temperature is estimated to be +5 K, sufficient
for present purposes.

III. RESULTS

In Fig. 1, we show the transient optical absorp-
tion spectrum of MgF, at 7=10 K in the 192-1000-
nm range, as measured after delays of 0.1, 6, and
14 msec following irradiation by a pulse of ener-
getic electrons. Permanent absorption produced by
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FIG. 1. Optical absorption in pure MgF, at 10 K is
shown for delays of 0.1, 6, and 14 msec after irradiation
by a pulse of energetic electrons. The stable absorption,
i.e., that remaining after several minutes, is about 10%
times lower than the maximum transient absorption
shown here.
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the same electron pulse at this temperature is not
detectable in our experiment, being at least 10?
times lower than the peak transient absorption by
direct measurement. Comparison of transient and
stable darkening efficiencies indicates that the
stable absorption is in fact about 10* times lower

in optical density than the peak transient absorption
produced by the same pulse of radiation.

The F center in MgF, has been shown by com-
bined optical and EPR studies to have an oscil -
lator strength of one.'® If the transient band we
observe at 275 nm is assumed to be due to a center
which also has unity oscillator strength, then the
total deposited energy required for creation of
each center at 10 K is 28+ 10 eV. This is to be
compared with 4 X 10° €V per stable F center pro-
duced at 5 K, as measured by Buckton and Pooley.”
To draw another comparison, 28 eV is approxi-
mately the average ionizing energy required to create
one electron-hole pair in MgF, (applying the gen-
eral rule that the electron-hole pair creation en-
ergy is approximately three times the band gap'”).
Then our observations imply not only that nearly
all electron-hole pairs created in MgF, at low
temperature reach the metastable state associated
with the 275 nm absorption but also that the oscil -
lator strength of this transition is near unity.

The spectrum of luminescence excited by the
electron pulse is displayed in Fig. 2, as measured
at three delays after the excitation pulse. The
complete absence of the manganese impurity band
at 590 nm is in agreement with earlier observa-
tions on Harshaw MgF, by Sibley and Facey.* The
broad band we observe is quite similar to the x-
ray excited 390 -nm band they observed in MgF,

WAVELENGTH (nm)

250 300 350 400 500 600
T T T T T T
: i . <t MgFa A
= 0. msec I . T=10 K
& .
= . 4
= .
2 mMsec ——————— .., ‘e
w ° - .
ot D . . 4
2 . .
w . . .
o
a . . e
w .
ZF 10 msec —_" * P b
= . “sas .
oD . - '.. - .
|} o & . '-..-- 4 .
A T ; ] 1teeifa,
5 4 3 2
ENERGY (ev)
FIG. 2. Luminescence in pure MgF, at 10 K is shown

for delays of 0.1, 2, and 10 msec after irradiation by a
pulse of energetic electrons. The data, shown on an
arbitrary scale at constant-energy bandwidth, have been
corrected for the spectral response of the photomulti-
plier-monochromator combination.

LUMINESCENCE IN MgF,... 5005

from three different sources. The entire lumin-
escence band is seen to decay at the same rate,
except for a slight attenuation of the early lumin-
escence in the high-energy tail. This may be due
to absorption of the luminescence by the 275-nm
transient band.

The decays of the absorption at 285 nm and the
luminescence at 385 nm are plotted in Fig. 3. Ex-
cept for a small fast component (7 =0.75 msec),
both the absorption and luminescence are accur-
atelydescribed by a single exponential decay with
T7=6.4 msec. Further comparison of decay times
at 77 K in Fig. 4 and at a variety of other tempera-
tures to be discussed later demonstrates conclus-
ively that the principal absorption band in Fig. 1
and the luminescence band in Fig. 2 originate in
the same excited state.

Transient absorption spectra at 10, 77, and 300
K are shown by the data points in Fig. 5. For com-
parison, the solid lines show stable F -band spec-
tra measured on a spectrophotometer after the
same crystal used in the electron-pulse experi-
ments had been irradiated with 50-keV x rays.
Whereas the optical probe beam used in the time-
resolved spectroscopy made an angle in the cry-
stal of 11° with the irradiated face, the spectro-
photometer beam propagated straight through the
edge, i.e., at 0°to the irradiated face. However,
this small difference in angle of incidence cannot
produce spectral shifts even approaching the mag-
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FIG. 3. Decay of optical density at 285 nm and lum-
inescence at 385 nm following electron-pulse irradiation
is shown for MgF, at 10 K. The initial values are ar-
bitrary.
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FIG. 4. Decay of optical density at 285 nm and lumin-
escence at 385 nm following electron-pulse irradiation
is shown for MgF, at 77 K. The initial values are ar-
bitrary.

DENSITY

OPTICAL

220 240 260 280 300 320
WAVELENGTH (nm)

FIG. 5. Data points show transient absorption spectra
in MgF, following electron-pulse irradiation at 10, 77,
and 300 K. The solid lines are steady-state F -band
spectra measured at the same three temperatures after
prolonged x-irradiation of the same crystal. An arbitrary
scale of optical density is used in this figure. Peak
values of the transient optical density for a given elec-
tron-pulse energy density are discussed in the text.

nitude of the effects in Fig. 5, and is essentially
negligible for present purposes. Because of the
observation by Buckton and Pooley that low-tem-
perature irradiation can produce a slightly broader
F band than room-temperature irradiation,” the

F -band spectrum (solid line) labeled T'=10 K in
Fig. 5 was produced and measured at 10 K without
warming the crystal. Subsequently, the crystal
was warmed to room temperature, x-irradiated
again, and measured at 300 and 77 K to produce
the other two solid-line spectra shown in Fig. 5.
When account is taken of the fact that our measure-
ments are made with unpolarized light, these
steady -state F -band spectra are in satisfactory
agreement with the measurements of other workers.
It is readily apparent from the greater breadth

and substantially lower peak energy of the trans-
ient absorption band observed at low temperature
that it is not simply an F band. The transient
absorption at 300 K, on the other hand, does bear
closer spectral resemblance to the F band.

The data of Fig. 5 are displayed on an arbitrary
normalized optical -density scale. The optical-
density values to be assigned to the peaks of the
transient bands for the same electron pulse energy
density of 2 X 10'® eV/cm? are 0.5 at 10 and 77 K,
and 0.13 at 300 K. This means that the energy re-
quired to produce one transient absorbing center
observable after 0.02 msec (prior to significant
decay) at 300 K is about 110 eV, again taking an
oscillator strength of unity. This value is to be
compared with 28 eV required at 10 K.

The relative efficiency of producing transient
absorption at various temperatures between 10
and 300 K is shown in Fig. 6. The closed circles
represent the optical density at 285 nm produced
by an electron pulse having nominal energy density
2x10'® eV/cm?. The open circles represent the
corresponding optical density at 255 nm. The
actual electron pulse energy fluctuated by up to
about a factor of two from shot to shot, and the
usual practice of normalizing electron pulse ener -
gy by monitoring the sample luminescence was
not useful when temperature was being varied.
This is the main source of scatter in the data of
Fig. 6.

The major trends are that the production effi-
ciency remains roughly constant from 10 K up to
about 80 K, and then decreases gradually until a
temperature of about 160 K is reached. Just above
160 K there is an apparent discontinuity in the data
which will be discussed later in connection with
Figs. T and 8. Following the discontinuity, the
production efficiency of observable transient ab-
sorption starts from its lowest value near 210 K
and increases steadily as room temperature is ap-
proached. In this higher temperature range the
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FIG. 6. Optical density immediately following electron-
pulse irradiation is plotted for 285-nm (@) and 255-nm
(O) absorption as a function of temperature. Long-term
absorption (7> 10 msec) at the same wavelengths is
shown with triangular points.

absorption at 255 nm is consistently greater than
the absorption at 285 nm, whereas below 210 K the
absorption was roughly comparable at both wave-
lengths. Consideration of Figs. 5 and 6 together
is highly suggestive that the spectral shift evident
in the 300 K spectrum in Fig. 5 occurs at the ap-
parent discontinuity in the data of Fig. 6 between
the temperatures of 175 and 210 K.

The circular points in Fig. 6 were obtained by
fitting the time-dependent data at each temperature
to a sum of exponential functions and evaluating the
resulting sum at t=0. The sum included a constant
term when the data warranted it. The constant
term is nominally the stable absorption produced
by the electron pulse, though in practice it in-
cluded any transient absorption with a time con-
stant longer than 10 msec. The magnitude of the
constant term is shown as a function of tempera-
ture in Fig. 6 by triangles, where again solid points
are used for 285-nm data and open points for 255-
nm data.

The time constants obtained in fitting the absorp-
tion decay data are shown in Fig. 7 as a function
of temperature. The circular points refer to time
constants for 285-nm absorption, and the area of
each point is proportional to tke appropriate fac-
tor A; in the exponential fitting function:

AQ)= ; A,exp(:_’>, o

Ty

with the imposed normalization EiAi =1. The con-
stant term (7=~) is not represented in Fig. 7, but
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FIG. 7. Decay-time constants of 285-nm absorption
(circular points) and 255-nm absorption (crosses) are
plotted as functions of temperature. The area of each
circular point indicator is proportional to the fractional
contribution of the corresponding decay time component
to the total 285-nm absorption immediately after excita-
tion.

its magnitude is shown in Fig. 6 to be generally
quite small. The crosses in Fig. 7 represent time
constants for 255-nm absorption. No attempt to
represent the factors A, for 255-nm data is made.
At low temperature there is one major compon-
ent of absorption with a time constant 7=6.4 msec,
and a weaker component whose time constant is
about 0.75 msec. These components were evident
in Fig. 3, showing the decay of absorption at 10 K.
The two components merge near 7=60 K, so that
the absorption then decays by a single exponential
process as shown in Fig. 4. The decay time con-
stant decreases rapidly above 60 K, and becomes
faster than the detection apparatus could readily
follow at temperatures above 175 K. Also, near
175 K, we first observe a slowly decaying (10
msec) component of 255-nm absorption. At still
higher temperature, this component tends toward
shorter time constants in the range of 1 msec,
and at some temperatures two time constants dif-
fering by roughly an order of magnitude in addition
to a component with 7=« are required for the fit-
ting. Recall now that a clear trend of increasing
magnitude of absorption was evident in this tem-
perature range in Fig. 6. In addition, the discon-
tinuity mentioned in discussing Fig. 6 is seen to
correspond to the disappearance of (or experimen-
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tal inability to measure) the low-temperature com-
ponent because of thermal quenching and to a sim-
ultaneous increase of the high-temperature ab-
sorption. In fact, some of the triangular points in
Fig. 6, which were processed as components with
T=%, are probably finite-lifetime components
representing the onset of the higher -temperature
absorption.

Figure 8 shows the temperature dependence of
decay time constants for 385-nm luminescence.
The format of the presentation is basically the
same as in Fig. 7. That is, an exponential fitting
function analogous to Eq. (1) was used, and the
area of each point indicator is proportional to the
integrated light output A;7; in that component,
where the normalization condition is now on A;7;
rather than A;. It is evident on comparison of
Figs. 7 and 8 that the absorption and luminescence
share the same decay behavior at temperatures
below about 170 K, a consequence of the fact that
the absorption and luminescence transitions origi-
nate in the same electronic excited state. The
luminescence above 170 K is actually 10* times
weaker than the low-temperature luminescence in
terms of integrated intensity A1, although the
points appear large because of the normalization
condition. This weak high-temperature lumines-
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FIG. 8. Decay-time constants of 385-nm luminescence
are plotted as functions of temperature. The area of each
point indicator is proportional to the time-integrated in-
tensity of the corresponding decay time component, ex-
pressed as a fraction of the total light output.

cence probably arises from extrinsic effects and
is presumed to be unrelated to the intrinsic pro-
cesses under consideration. In any case, there
are no luminescence components with decay times
matching those of the absorption at temperatures
above 170 K.

Figures 6 -8 together may be interpreted in
terms of one principal electronic excited state
which is the initial state for both the low-tempera-
ture absorption band with peak at 275 nm and the
luminescence band with peak at 385 nm. The 0.75
msec component evidently arises from a less-
populated state which comes into thermal equili-
brium with the principal state near 60 K. At still
higher temperature there appears a component of
absorption whose decay does not correspond to the
decay of 385-nm luminescence, and whose spec-
trum at 300 K is found (Fig. 5) to be narrowed and
shifted relative to the low-temperature spectra.

IV. DISCUSSION

On the basis of the data presented above, it is
clear that the transient absorption and lumines-
cence at low temperature originate in an intrinsic
localized metastable state of the electron-hole
pair. It is reasonable to characterize this state
as an electron trapped at a self-trapped hole; that
is, as a self-trapped exciton (STE). The MgF,
data fit well the pattern of behavior exhibited by
the STE in fluorites and in alkali halides: the
Stokes shift of the recombination luminescence is
very large; the decay time is long, suggesting a
triplet state; the principal (lowest-energy) trans-
ient absorption band lies near but to the low-ener -
gy side of the F band; and the efficiency for pop-
ulating the transient state is high.

The actual ionic configuration which character -
izes this long-lived STE state in MgF, is a matter
of conjecture. For the STE in alkali halides, it
is known from polarization measurements and
from excited -state EPR'® that the configuration is
the same as for the self-trapped hole, that is, the
axis of the X, halide molecular ion in which the
hole is trapped remains along the close-packed
halide lattice row. By contrast, excited-state
EPR measurements'® have shown that in the more
loosely packed fluorite lattice the STE rotates its
F,; axis out of the normal self-trapped hole orien-
tation (100) and into an approximate {111) direc-
tion, a configuration equivalent to an unstable,
nearest-neighbor, vacancy -interstitial (F-H)
pair.'* This incipient F-H pair is the only STE
configuration seen thus far in CaF,, SrF,, and
BaF,, and it produces optical spectra which re-
semble strongly perturbed (~; e€V) replicas of
bands due to separated, stable F-H or F-V, pairs.
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Because of the nature of the rutile structure, one
might expect MgF, to behave more like the fluor -
ites than the alkali halides. There are several
plausible configurations for an incipient F-H pair,
and excited state EPR measurements will be nec-
essary to sort out the possibilities. Apparently
only one configuration dominates, since only one
strong exponential decay component is observed

at 10 K. For the present purposes, the designa-
tions STE and incipient F-H pair can be considered
equally descriptive of the state which originates
the low -temperature transient absorption and lum-
inescence.

Following the interpretation of earlier work on
low -temperature production and annealing of “per-
manent” F centers, it is reasonable to attribute
the appearance of the new absorption component
upon warming past 160 K and the improved agree-
ment of the transient and stable spectra in Fig. 5
at 300 K to the escape of the interstitial farther
from the vacancy. Apparently several vacancy-
interstitial pair separations may be attained under
these conditions, as evidenced by the multiple -ex-
ponential (or non-exponential) decay of absorption
near 300 K. Above 160 K, the luminescence no
longer corresponds to the absorption decay and
is in fact much weaker than at low temperature,
suggesting that the overlap of electron and hole
orbitals in well-separated pairs is simply too
small for effective radiative recombination. Nev-
ertheless, the H centers are not so far removed
at room temperature that nonradiative F -H recom-
bination cannot occur in a few hundred microsec-
onds in most cases.

Certain of the alkali halides show this same tem-
perature -dependent behavior. For example, in
KI under pulsed irradiation at low temperature
there are only the strong STE absorptions which
correlate with the recombination luminescence,
but around 90 K the F band begins to appear and the
STE absorption decreases correspondingly.?® One
might say that at low temperature, only F-H pairs
at zero separation are produced, but at higher
temperatures the interstitials are able to escape
and produce characteristic F and H centers.

The data of Fig. 6 would appear to indicate that
the efficiency for producing transient states of
any kind goes through a substantial minimum near
200 K. Such is probably not the case; instead,
transient absorption components due to STE’s with
lifetimes shorter than 100 nsec, which would es-
cape detection with the apparatus used for the
present work, can be expected to account for at
least most of the apparent loss of electron-hole
pairs. Thermal broadening also contributes slight-
ly to the apparent loss.

In view of the above, it is reasonable to suppose

that a STE or incipient F -H pair state is the pre-
cursor to a separated F-H pair. This is known to
be true for KCI and is probably true for at least
most other alkali halides. The general F-H pair
production process and the nature of the precursor
state in fluorites and in alkali halides is the sub-
ject of a forthcoming paper.?!

Ueda and co-workers have reported EPR ob -
servation of H centers in MgF, which was neutron-
irradiated near liquid helium temperature and
measured at 77 K. The H center is described as
an interstitial fluorine atom which forms an asym-
metric (F°*-F %) molecular ion with a lattice
fluoride ion.?? They did not observe H centers in
MgF, which was y-irradiated and measured at 77
K. However, Norman and Halliburton® have re-
cently made EPR measurements on H, centers
(impurity -associated H centers) formed by ionizing
radiation at 77 K, and on intrinsic H centers
formed in MgF, by ionizing radiation at 35 K. The
intrinsic H centers are unstable at temperatures
above about 60 K. These data indicate that the
stable H center exists in a split interstitial con-
figuration which is subject to strong impurity per-
turbations.

An intriguing question encountered not only in
the interpretation of the data in this paper, but
also in the understanding of earlier steady-state
work, relatestothe apparent absence of either an H
band or a V, band from the optical spectrum. A radi-
ation-produced F center must be compensatedby a
complementary H center, or interstitial fluoride ion
and V, center, or interstitial fluoride ion and some
other charge compensator. Yet no optical band
in the steady -state spectrum of a radiation-dam-
aged MgF, crystalhasbeen identified as H or V,,
and our transient spectra do not show a distinct
feature which can be identified as a hole transition.
It is useful to devise an extrapolation procedure
to indicate the spectral region where such transi-
tions might be expected to occur.

As has been previously noted for STE transitions
in alkali halides'? and alkaline-earth halides,**
the transient peaks identified with Rydberg states
of self-trapped excitons shift to higher energy with
decreasing lattice constant. The trend is roughly
the same as for F-band peak energies in these
materials, which for alkali halides has been gen-
eralized in the well-known empirical Mollwo-Ivey
formula.?® The simplest rationale for this for-
mula is the particle-in-a-box model for the F cen-
ter. On the other hand, the transient ultraviolet
absorption due to the principal STE hole transition
as well as the principal transitions of V, and H
centers shift very little with lattice constant,'? ¢
because of the localized nature of the X ; orbitals
involved.
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FIG. 9. Peak energies of principal transient absorp-
tion bands (@, O) as well as stable F @A), H(A), and
V,(0O) bands are plotted on logarithmic scales as functions
of crystal parameters defined in the text.

In Fig. 9, we have attempted to incorporate MgF,
along with the fluorite-structure crystals in a plot
correlating transition energies with lattice param-
eter. Because two different crystal structures
are represented, there is some ambiguity in
choosing the parameter to be plotted on the hori-
zontal axis. The scale at the bottom of the figure
is the average distance of nearest-neighbor ca-
tions around the fluoride ion site. In the fluorite
lattice each fluoride ion is surrounded by four
equivalent cations situated at the corners of a tet-
rahedron at a distance ()'/%a,. In MgF,, each
fluoride ion is surrounded by three nearly equidis-
tant Mg ions, two at a distance of 1.997 A and one
at a distance of 1.981 A.>® The average of these

distances, (R,.),,=1.992 A, is plotted in Fig. 9 as
the lower limit on the horizontal-bar representa-
tion of uncertainty for MgF,. The scale at the top
of Fig. 9 is (volume/atom)'/3, where volume/atom
is computed as the volume of a unit cell divided

by the number of ions in the unit cell. For the
fluorite-structure crystals, this quantity scales
with q, as does R,,, so that the abscissas of the
points for CaF,, SrF,, and BaF, are in the same
ratio onboth scales, For MgF,, (volume/atom)!/?
is the upper limit on the horizontal -bar uncertainty
representation. The point symbols, solid triangles
for the stable F-band peak and solid circles for
the peak of the lowest-energy transient band, are
placed at the centers of the uncertainty bars for
MgF, and at the appropriate (unique) values for
CaF,, SrF,, and BaF,. The points representing
the F-band peaks are seen to fall more or less

on a straight line, as do the points for the low-en-
ergy transient band.

The higher energy transient bands for CaF,,
SrF,, and BaF, are represented in Fig. 9 by open
circles, and the stable V, and H bands are repre-
sented by open squares and triangles, respectively.
The straight line drawn through the points for the
high-energy transient bands in the fluorites in-
tersects the point for the single transient band
peak observed in MgF,. This strongly suggests
that in MgF, the electron and hole transitions of
the self-trapped exciton (or closest F-H pair) in
effect coincide. A similar extrapolation of the
data for stable F, H, and V, bands indicates that
the H and V, bands in MgF, should occur at an
energy several tenths of a volt below the F band.
However, the limited physical basis for these ex-
trapolations®® clearly leaves matters uncertain re-
garding discrepancies of this scale. Thus, since
distinct hole transitions have not yet been ob-
served experimentally, it appears a reasonable
possibility that for stable as well as transient de-
fects the ultraviolet absorption which has been ob-
served comprises a superposition of hole and elec-
tron transitions.
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