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When undoped KI is x rayed at 130 °K and then irradiated with F light at 240 or 270 °K, the
M and R centers are formed. Subsequent irradiation at 78 °K with M light results in the for-
mation of an optical-absorption band at 1650 nm at the expense of the M band. Studies suggest
that it is associated with F% centers (formerly called M*), which are formed at 78 °K by (i)
V+Fy+ (Mg, light) = V™ + F} (where My, light represents light absorbed by the My bands) and
destroyedby x rays at 78 °K, by (ii) V™ +F%+ (x rays) —~ V+F, [where V" is an electron center
containing a halogen (V) center corel. F% centers may also be destroyed at 78 °K by F light, by
(iii) V™ +F% +F+hvp— V™ +Fy+a. Studies show that the F} center is not formed optically as a
result of Vg excitation, but only by direct ionization. The formation of F} centers by Mp-light
irradiation in x-rayed colored crystals seems to depend on the existence of V centers which act

as special electron traps.

I. INTRODUCTION

It is well known that F -band irradiation of alka-
li halides near room temperature results in the
formation of M, R, and N bands. The M, R, and
N bands are called F -aggregate centers and are
formed on the longer wavelength side of the F
band.! The various F -aggregate centers so far
mentioned are electrically neutral clusters of
anion vacancies and trapped electrons. If addition-
al electrons are trapped (by F -aggregate centers),
one would have F, F%, and Fy centers (where the
prime denotes an additional electron) having an

effective negative charge.? On the other hand, if
electrons are removed from F -aggregate centers,
one would have Fj; Fj and F; centers having
effective positive charge. With either positively or
negatively charged F -aggregate centers, one must
have complementary centers of opposite charge in
the crystal. Recently, a number of studies have
been reported on absorption bands associated with
ionized F -aggregate centers (F} and F;) in several
alkali halides.®™®

The present work deals specifically with the
observations of Fj centers in KI and with the mech-
anism of formation and destruction of F} centers.
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The mechanism of formation and destruction of
F} centers in KI has been previously reported. ®

II. EXPERIMENTAL PROCEDURE

The specimens of KI were cleaved from single
large crystals obtained from the Harshaw Chem-
ical Co. The optical-absorption measurements
were made using a Cary Model 14R spectrophotom-
eter in a previously described'® optical cell.

The x rays were generated from a General Elec-
tric x-ray machine, No. OX-140 tube with a tung-
sten anode, operated at 125-kV peak, 4.5 mA, and
120 cps.

Undoped KI was x irradiated at 130°K, where
the efficiency of coloration is maximum. !

In order to produce F -aggregate centers, the
colored crystals containing F and V centers were
optically irradiated in the F band with F light at
several higher temperatures (240 or 270 °K). The
F light was obtained by using a projection tungsten
lamp and an interference 666-nm filter from Optics
Technology, Inc. The so-called M, light 2 was
obtained by using a xenon-mercury high-pressure
lamp Hanovia 510-B type and an interference filter
(peak transmission at 405 nm, band pass 20 nm).
The F -aggregate light was obtained by using a
projection tungsten lamp and a Corning No. 7-56
glass filter.

III. RESULTS

A. Optical Formation F; Centers by M, Light
Irradiation at 78 °K

The crystal was first pretreated to contain most-
ly F; and some F; centers as shown in Curve 1 of
Fig. 1. The crystal was then bleached with F -
aggregate light at 78 °K (Curve 2, Fig. 1) to form
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FIG. 1. Formation of F-aggregate centers at 240 °K

in undoped KI by F light irradiation (Curve 1). Trans-
formation of F;— F% at 78°K by F’ light irradiation
(Curve 2). Transformation Fy— F% at 78 °K by M light
irradiation (Curve 3).
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FIG. 2. Formation of F-aggregate centers at 270 °K
in undoped KI by F light irradiation (Curve 1), Trans-
formation of Fy—F3} and F3—F} at 78 °K by My, light
irradiation (Curve 2). Conversion of F}—F, and F3}
—F3 at 78 °K by x irradiation (Curve 3).

F} centers, ® but no F} centers were formed. Using
the broad-banded infrared radiation to produce

F} centers (1125-nm band) serves the additional
purpose of bleaching any photoionizable centers
such as Fj and F} which might conceivably? be
formed as a result of electron trapping by the F -
aggregate centers. The same results were obtained
by using R, light rather than F -aggregate light.®
(The R, light was obtained by using a projection
tungsten lamp and an infrared interference 900-nm
filter with a band pass of 25 nm from Optics Tech-
nology, Inc.)

Curve 3 of Fig. 1 shows the results of the for-
mation of a new broad optical-absorption band at
1650 nm at the expense of the F, band by irradi-
ating the crystal with M light for one hour at 78
°K. Note that some F; centers were reconverted to
F; centers as a result of M light irradiation.

In a new set of experiments (using a fresh crys-
tal) the relative concentration of F -aggregate
centers formation (Curve 1 of Fig. 2) were pur-
posely made smaller than the concentration of the
previous set of experiments (Curve 1 of Fig. 2).

In this second set of experiments, the crystal con-
taining F -aggregate centers (Curve 1 of Fig. 2)
was subsequently irradiated for 45 min with M,
light at 78 °K instead of irradiating it with F -aggre-
gate light. The results are shown in Curve 2 of
Fig. 2. The new optical-absorption band at 1650 nm
was formed at the expense of the F, band. Note

that in this set of experiments, 50% of the F,
centers were ionized. Note also that F; centers
were ionized with this so-called M;, light. !2 From
these results it is reasonable to assume that there
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are R; bands associated with F; centers and may
correspond to the electronic transition from the
ground state of the F; centers to its excited states
in the conduction band as in the case of F, centers.!?

B. Destruction of F; Centers

At 78 °K there is no ionic mobility; thus if the
1650-nm band is truly due to an F; center, the
retrapping of an electron at the F; center should
result in the reformation of F, centers. By bleach-
ing the F centers with F light at 78 °K, we should
be able to recover the F, centers. Figure 3 shows
that when the crystal is irradiated with F light at
78 °K, the 1650-nm band disappears, and at the
same time the F, band arises. These results con-
stitute conclusive proof that the new center which
gives rise to the 1650-nm band must be an F; cen-
ter. The fact that the F; bands arise also is not
accomplished at the expense of the new 1650-nm
band. ® Note that the Curve 1 of Fig. 3 is the same
optical-absorption spectrum as that shown by Curve

3 of Fig. 1.
Curve 3 of Fig. 2 shows the x-ray-induced de-

struction of the F; centers at the expense of the
F, centers. At this irradiation temperature (78 °K)
no new F centers are produced. ! No changes
occurred in the F band (not shown here) as a re-
sult of the x irradiation at 78°K, nor did any
change occur in the @ band (see insert Curve 3 of
Fig. 2). From Fig. 2 it appears that the x rays
transfer the electron from some unknown electron
trap back to the F; center. At this temperature
(78 °K) the major effect of x radiation is the gen-
eration of recombination luminescence. It is
possible that the luminescence plays a role in the
electron transfer. This idea is substantiated by
the experiments described above, where the F}
center is destroyed with F light rather than with
X rays.

IV. DISCUSSION
A. Necessity for Electron Trap

The above data clearly demonstrate the identi-
ty, formation, and destruction of Fj centers. The
interconvertibility of F, and F} centers without
loss logically requires the presence of an electron
trap. The electron trap is a halogen (V) center
core. ? When the halogen (V) center core traps an
electron from an ionized F, center, it becomes an
excess electron center and is called here a ¥
center.

B. Mechanism of Formation and Destruction of F;

From the foregoing data and considerations, one
arrives at the mechanisms presented below. The
rate of optically ionizing F, centers by M light
irradiation at 78 °K seems to depend on (i) the
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FIG. 3. Same optical-absorption spectrum as that
shown in Curve 3 of Fig. 1 (Curve 1). Conversion of
F3—~Fyand F}— Fy at 78 °K by F light irradiation (Curve
2).

ability to optically eject an electron from the F,
center, and (ii) the ability of halogen (V) centers
to trap electrons, 1314

From the foregoing data and considerations,
which are supported by observation, one arrives
at the mechanisms presented below.

Case 1. The following are optical formation at
78 °K (using M, light):

Fy+My light-Fj+e, (1
Vie—2, (2)
F}+y. (3)

For Eq. (3) note Figs. 1 and 2.

Case 2. The following are optical destruction at
78 °K (using F light):

F +(F light)~a +e, (4)
FE+€"F2, (5)
Fz+a. (6)

For Eq. (6) note Curve 2 of Fig. 3.

Case 3. The following are x-ray destruction at
78 °K:

b+x rays—-"V+e, @)
Fite—~F,, (8)
Fy+V. (9)

For Eq. (9) note Curve 3 of Fig. 2.
V. CONCLUDING REMARKS

In this work, evidence was presented which
strongly leads to the conclusion that the 1650-nm
optical-absorption band in KI arises from transi-
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tions of F; centers.

F, centers become ionizable, and their optical-
absorption band is measurable when the electron
ejected from an F, center becomes permanently
trapped. The electron trap is a halogen (V) center
core which forms an excess electron center called

Do

here the i center.

F; centers were also ionized by the so-called
My, light.'? It is reasonable, therefore, to assume
that there are R, bands associated with F; centers
just as there are M bands associated with F,
centers. 12
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The stability criteria developed by Max Born are applied to investigate the mechanical
stability of body-centered-cubic (bce) and face-centered-cubic (fce) Morse-function crystal
lattices { i.e., lattices in which the atoms interact via the morse interatomic potential
energy function ¢ () =D[e~2®"~70) —2, " (=70} It is shown that the conditions for stabil-
ity can be expressed uniquely as a function of aa, where a is the lattice parameter of the
crystal. The fcc lattice is stable for all values of aa, while the bec lattice is stable only
for values of aa which are less than 4.8, The possibility of using Morse-function lattices to
represent cubic crystals with particular values of elastic moduli C; and C,, is investigated.
The Morse function can serve quite well for this type of representation for fcc crystals.

For bee crystals, however, the ratio Cy4/Cyy does not exceed about 1.36; thus the represen-

tation is inherently fairly poor.

INTRODUCTION

Max Born! investigated the conditions under
which a crystal lattice will be thermodynamically
stable. Necessary conditions for the thermodynam-
ic stability of a crystal lattice are that the crystal
be mechanically stable with respect to arbitrary
(small) homogeneous deformations. Born' derived
mathematical expressions for these stability re-
quirements (referred to as the Born stability cri-
teria) for cubic lattices of the Bravais type on the
assumption of central forces of a very general

type.

In the present paper, the stability of cubic crys-
tal lattices, in which the atoms interact via the two-
body Morse? interatomic potential function, is in-
vestigated in terms of the Born criteria. This
study was prompted by the fact that empirical two-
body interatomic potential functions such as the
Morse or the inverse power functions are often
used for representing interatomic interactions in
investigations of a wide variety of phenomena. For
example, these functions have been applied to stud-
ies® of elastic moduli of metals*’ ® and alloys, ®
lattice distortion at surfaces, '’ ® shock wave pro-



