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One of the most widely investigated impuri-
ty centers in alkali-halide crystals is the Fy
center, an F center with a foreign alkali ion
at a nearest-neighbor site.!~® What is not gen-
erally realized is that its formation in sodium-
doped KClI is often accompanied by the appear-
ance of yet another defect, the B center,® of
which comparatively little is known. The pur-
pose of this note is to report evidence which
indicates that the B center is an F center with
two neighboring Na* ions, the most probable
E—(;ﬂfiguration being one in which the F center
lies between the two ions. In view of these re-
sults, this center will be tentatively redesig-
nated as the Fpg center.

Figure 1 shows the changes in optical absorp-
tion which occur when a sodium-doped crystal
initially containing F centers is exposed to F
light near room temperature. The F centers
rapidly bleach while F4 and Fg centers appear.
These absorb at 585 and 636 nm, respective-
ly, and each has an additional transition near
the F peak.® Fp centers are produced more
slowly here than F4 centers, although each
forms considerably faster than M or M4 cen-
ters” (absorption bands at 800 and 820 nm).
Furthermore, Fp centers are produced at an
approximately constant initial rate.
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FIG. 1. Absorption spectra of a sodium-doped addi=
tively colored KC1 crystal measured at 77°K, initially
(solid curve) and after a total of 4 sec (dashed curve),
24 sec (dotted curve), and 4 min (dot-dashed curve)
of exposure to F light (539 nm) at room temperature
(2.1 mm thick, 0.9 mole% NaCl).
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Unlike the M or M, centers, Fp centers al-
so form at temperatures as low as -35°C, though
not in as large a concentration as at room tem-
perature. Figure 2 shows that the maximum
number of Fp centers produced at ~35°C increas-
es relative to the number of F4 centers in sam-
ples with increasing Na™ concentration. In these
measurements, samples were exposed to F
light to convert as many F centers as possible
to either F4 or Fp centers, both of which are
optically stable at this temperature.®

The Fp center may reasonably be expected
to contain some integral number of F centers.
Any number greater than one, however, leads
to certain difficulties. Since Fp centers are
produced in crystals that contain mostly F and
F 4 centers, the only aggregate centers that
can form are those which involve the union of
two F centers or the union of an F center with
an Fy center. Two F centers undoubtedly com-
bine as the usual M center, i.e., two nearest-
neighbor F centers along a (110) axis. The F
and F, centers might conceivably combine in
two distinct configurations. One is an M cen-
ter next to an Na* ion, i.e., an My center; the
other, two F centers on opposite sides of an
Na* ion.? The M and My centers have been
identified”»!° and have similar properties that
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FIG. 2. The ratio of concentrations, FB/FA, versus
the NaCl content in mole%. These centers were pro-
duced at —35°C in crystals initially containing F cen-
ters by exposure to F light (499 nm). FB/F 4 was de-
termined from absorption spectra measured at liquid-
helium temperatures assuming equal oscillator strengths
for their long-wavelength absorptions. The Na* con-
centration was subsequently determined through flame
emission on the samples which were actually used.
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are distinct from those of the Fg center. As
indicated above, they form later in the aggre-
gation process (Fig. 1) and cannot form at tem-
peratures as low as can the Fp center. The
third configuration can be ruled out as a pos-
sible model because its formation properties
would most probably be similar to those of the
M and My centers. Furthermore, assuming
this were the correct model, the reorientation
of M, centers ought to produce some Fp cen-
ters and vice versa. Conversions of this type
were not observed here, nor have they been
reported in former studies involving the My
center.”

The F 4 center forms when an F center is
trapped at an isolated Na‘t ion. Let us assume
that the Fg center involves a unique complex
of » Na* ions so that whenever an F center is
trapped at this complex, an Fp center is pro-
duced. The relative number of F4 and Fg cen-
ters which form in the optical conversion from
F centers (Fig. 2) should depend on the concen-
tration of isolated ions relative to that of com-
plexes. For total sodium concentrations of less
than about 1 mole%, we may further assume
that the concentration of isolated ions and of
complexes is proportional, respectively, to
[Na*] and [Na*]?. Then at equilibrium
+]n 1

[F,V/I[F,]=K[Na

B YA ’ (1)

where K is a constant. The approximately unit
slope!! for the data of Fig. 2 then evidently im-
plies that the Fp center contains two Na* ions.

A further indication of the correct Fg mod-
el may be obtained simply by comparing the
properties of the Fq - and Fp -center long-wave-
length absorptions. The F4 absorption at 585
nm is 0.18 eV below the F peak, has a transi-
tion moment along the (100) vacancy-impurity
axis, and becomes dichroic at low temperatures
as a result of F 4 -center reorientations in which
the vacancy assumes different positions rela-
tive to a neighboring, fixed, Na® ion.2® The
Fp absorption at 636 nm is 0.35 eV below the
F peak and has now been found to have a tran-
sition moment along a single (100) lattice di-
rection'?; but unlike the F4 center, it becomes
dichroic at low temperatures as a result of
an apparent bleaching of Fg centers rather than
reorientation.!®

The two most reasonable configurations for
the Fp center are shown in Fig. 3. They are
(1) an F center lying between two Nat ions,
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FIG. 3. Two possible configurations of the FB cen-
ter in KCl.

and (2) an F center next to two nearest-neigh-
bor Na' ions. A center with either configura-
tion could be expected to bleach at low temper-
atures because the movement of the vacancy
from the locations shown would in effect sub-
stantially modify the centers. An important
distinction between the two, however, is that
the nondegenerate (100) axis, along which the
transition moment of the 636-nm band must
lie, includes two Na*t ions for configuration
(1) and none for configuration (2). This clear-
ly favors (1) because the presence of the Nat
ions would be expected to result in a lower tran-
sition energy, as in the case for the F4 cen-
ter. Furthermore, because two ions are now
interacting equally with one F-like p orbital,
the Fp absorption would lie at a lower energy
than the F 4. These arguments certainly do
not rule out the possible existence of a center
with configuration (2); it is felt that a center
of this type would be difficult to detect because
its absorption would probably overlap those
of the F4 center.

The author is indebted to Dr. Clifford C. Klick,
Dr. Milton N. Kabler, and Dr. Herbert B. Ro-
senstock for their helpful comments.
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The polarizability of closed atomic shells near field inhomogeneities is discussed in
connection with several problems of physical interest. We find that magnetically “neu-
tral” S=0 atoms or closed shells are attracted and polarized by magnetic field gradi-
ents. The effect is demonstrated through sample calculations for noninteracting as well

as for interacting electrons.

The helium atom having total spin S=0 and
angular momentum L =0 is generally presumed
not to respond to externally applied magnetic
fields, the ground state being an eigenstate
of the interaction Hamiltonian belonging to ei-
genvalue precisely zero. The purpose of this
note is to point out that closed shells of arbi-
trary atoms and molecules, as well as noble
gases, have their energy lowered in a spatial-
ly inhomogeneous magnetic field as a consequence
of electronic spin paramagnetism. Inhomoge-
neous exchange splitting provides a qualitative-
ly similar but markedly stronger mechanism
that should be a source of attraction of noble
gases to the surface of ferromagnetic metals.
A different application of the mechanism under
consideration is to the Knight shift in supercon-
ductors.! The Meissner effect is a mechanism
causing inhomogeneity in the magnetic field,
in the superconducting state only, and the con-
sequent polarization of closed shells can result N

in polarizing nuclei via hyperfine coupling.

This mechanism is lacking in the normal state,
in which case the closed shells are magnetic-
ally inert, as described in the opening remarks.

The magnitude of the effect we describe should
be orders of magnitude smaller than the spin
paramagnetism of paramagnetic atoms, and
it should be independent of temperature instead
of obeying a Curie law. In these respects it
is similar to Van Vleck’s temperature-indepen-
dent orbital paramagnetism which, it has been
estimated,? might be responsible for a third
of the Knight shift in Sn. Inhomogeneous exchange
splitting may be many orders of magnitude larg-
er than Van Vleck’s mechanism.

The actual calculation of the response of closed
shells to inhomogeneous fields is straightfor-
ward. The field is decomposed into Fourier
components %(q) and the perturbation, for a
two-electron system, is separated into singlet
and triplet components, as follows:

)(elq'7'1+eZQ'1’2)

= iq-7r, g7y 1
Z}qh(q)[SlZe +SZze ] th@)[z (slz +822

+4(5,,-5, )€ 1T ()

The first part has eigenvalue zero in the singlet state. The second part has nonvanishing matrix
elements connecting the singlet to the M =0 component of each triplet excited state. As an example,
we have calculated the matrix element H’ between the singlet configuration (1s)? and the M=0 com-
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