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moved if impurities whose separation is smaller
thRD R cr1tlcRl VRlue cRDDot conti'lbute to the
Haman spectrum. A possible explanation for this
feature is that an exciton interacting equally
strongly with more than one impurity cannot be
bound and serve as necessary intermediate state.
Using the same parameters as above, i.e., 8,„,
= 40 A and o. '= 20 A, the critical separation
would be 8, -120 A; although this estimate is
crude, a more accurate determination requires
the study of the complex interaction of three neu-
tral entities.

In conclusion we.propose further Raman studies
of spin-flip transitions at lower magnetic fields
to check the detailed field dependence of the
multi-spin-fl1p peRks. It 1s evident from the
discussion following Eq. (1) that the higher-order
peaks 48= 3 4 ~ ~ ~ may become observable at
sufficiently low fields, and exhibit a strong field
dependence. Note, however, that oux predictions
require low temperatures such that k BT&gp. H.
Since the parameters in our theory are very sen-
sitive to the form of the wave functions, the mul-
tiple spin-flip experiments may provide a check
on futux e calculations on excitons bound to neu-
tral irn.purities.

%e are indebted to J. F. Scott for stimulating
oux' 1Dtel'est 1D this problemg Rnd to Ws Fs Brlnk-

man for valuable comments.
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%'e point out the possibility that the potentially important dielectric effect first consid-
ered by Gox'kov and Eliashberg for minute metallic particles may vrell occur in the re-
cently identified one-dimensional metals formed by the mixed-valency planar complex
compounds of Pt. Our idea is conditional on the validity of a recently proposed model
of interrupted metallic strands.

Following the original work of Kubo' on the
electronic properties of small metallic particles,
Gor'kov and Eliashberg' (GE) made in 1965 the
most remarkable theoretical prediction that the
electronic polarizability of a metallic particle
=--sufficiently minute that its electronic energy
levels are discrete should be enormously en-
hanced with respect to the classical polarizability
which one would have expected on the basis of
elementary electrostatics. The effect should
have been observable in electric fields and at ab-

solute temperatures such that the discrete elec-
tronic energy levels of the minute particle re-
main unmixed, i.e., under the physical condi-
tions for which the minute-metallic-particle sys-
tern could be regarded as a dielectric irisulator.
Besides the considerable intrinsic physical inter-
est of the effect, such an anomalous enhance-
ment of the electronic polarizability of a minute
metallic particle would have important technolog-
ical application, a fact fully realized by GE.2

UnfoI'tunately, however, several recent experi-
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mental investigations' of the effect have confirmed
that it does not arise. As subsequently discussed
by StrKssler, Rice, and Wyder' the explanation
of these negative findings is quite simple. Al-
though GE correctly recognized that the electron-
ic susceptibility of a macroscopic system of dis-
crete electronic energy levels would be exceed-
ingly large, its effect on the polarizability of a
minute metallic particle will not be observable
because of the canceling effect of the depolariza-
tion field of the particle's finite geometry.

It is the purpose of the present Letter to point
out the intriguing possibility that there may exist
a class of metallic systems for which the nega-
tive effect of a depolarization field will not arise,
and, hence, for which an anomalous, and poten-
tially useful, dielectric effect could be expected.
The particular metallic systems we have in mind
are the recently identified" quasi-one-dimen-
sional (1D) metals formed by the mixed-valency
planar complex compounds' (MVPC) of Pt. As
will be seen our idea is conditional on the valid-
ity of the so-called "interrupted-strand model"
that has been advanced" to interpret the observed
electronic properties of these compounds. The
interrupted-strand model simply views' the real
crystalline compound to consist of a system of
collinear metallic strands, each of which is in-
terrupted by a series of perfectly insulating lat-
tice defects. A small distribution of such defects
replaces the defect-free strand by a linear se-
quence of 1D "metallic boxes. " The similarity
with the minute-metallic-particle problem be-
comes evident when, on accepting the interrupted-
strand model, one realizes that the spacing of the
electronic energy levels of a typical 1D box will
be large for practically occuring concentrations
of residual lattice defects (e.g., 1 at. %%up) . If we
denote by lo the average length of a metallic box,
the pertinent spacing 4 of the energy levels will
be just"" 6 =Krrv „/l„where v F denotes the 1D
Fermi velocity of the ideal strand. With /0-300
0

A, corresponding to an uninterrupted chain se-
quence of -100 Pt atoms and a typical Pt-Pt dis-
tance a = 3 A, we have b, -O.OV eV (6/kB-800'K)
for v F -10' cm sec '. The 1D metallic box of the
interrupted-strand system may thus be regarded
as the analog of the minute metallic particle con-
sidered by GE. For the 1D box, however, the
difficulty associated with a depolarization field
should not arise.

We present below an explicit model calculation
which predicts the system of interrupted strands
to exhibit a giant dielectric constant e along the

&„,= eI (v~; l/a) (k = nm/l; n = 1, 2, ~ ~ ~ ), (2)

where v~ denotes the intrinsic periodic potential,
and a the lattice spacing, of the ideal strand.
The appearance of the ratio 1/a in the argument
of e, indicates the influence of the box boundaries
on e„,. If we denote by g„,(x) the eigenfunction
corresponding to e„,, it follows from linear-re-
sponse theory" that the static dielectric constant
c of the strand system in a direction parallel to
a strand axis is

4m' e2e=l+ ""
ZZI&n, llxln', l&I' "' "'~, (3)I ~n', l ~n, l

where n„denotes the number of strands per unit
area in a plane perpendicular to the strand axis,
L the macroscopic length of the system, f„, the
Fermi-Dirac occupation of the level e„„and

(n, l~x~n', l) = f g„,*(x)xg„.,(x)dx.

In view of the sum over the different box lengths
l and the dependence of e„, on l, (3) is a much
more complicated expression than a similar ex-
pression derived by GE for a minute metallic
sphere. In order to evaluate it we shall first as-
sume that the mean box length l, is sufficiently
large (say lp/a & 10) that we may always neglect

(4)

strand axis, given by

6 —
p (q lp),

where q, denotes the Fermi- Thomas screening
wave vector of the conduction electrons. Since
for metallic densities q, -a ', Eq (.1) shows that,
order-of-magnitude-wise, e will be given by the
square of the number of Pt atoms comprising the
mean metallic box. From the practical stand-
point, this suggests the important possibility of
synthesizing large controllable dielectric con-
stants by manipulation of the defect concentra-
tion of the metallic strands. Moreover, since
the characteristic relaxation time T~ of the po-
larization process involved in the present effect
can be expected to be very short, ' i.e., Ts-l, /
vF, it is not inconceivable that the MVPC com-
pounds of Pt could constitute a new class of high-
frequency high-dielectric- constant materials.

At absolute zero the available conduction elec-
trons of the interrupted strand system will be
distributed over the allowed stationary energy
levels &„, of the various boxes of the interrupted-
strand system in such a way that all levels &.e F

are occupied and all those & ~F are empty. In the
present calculation we wi11 assume that ~„, is
of the form"
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where we have written

(f ~ &
-f ', i)/(&, ', g -&„))= —8f„(/8 ~„,)

and introduced the limiting Fermi wave vector
kF and Fermi velocity vF=}t '(8e„/sk)„F. In going
from (6) to (6) we have introduced an additional
factor of 2 to account for a spin-~ degeneracy for
each energy level. Qur final approximation is to
assume that the number 5N of boxes that can be
found with a length between / and I + 6l is given
by the distribution law

5N = N~ exp(- ///0) 5///0 (/0 = I /N~),

where Nz denotes the numbel of lattice defects ln
a strand. Equation (7) is actually exact in the
limit of a dilute random distribution of defects. "
With Eq. (7) the sum in Eq. (6) over / may be re-
placed by an integral, which, because of the
presence of the 5 function in Eq. (6), may be
readily evaluated to give

e=1+ " ' Q / / exp(-nv/kF/, ).
2vn„e'/, " ( nm l'

~F F n=x E Fo

The sum over n may be evaluated exactly, : and
fol I OF&& 1 which 18 the limit of interest to us,
1't is 6AF/0/1l'. Thus we obtain

e —1 = 12(n„e'/0')/Ic F= &(q, /0)' (6)

which, since q, /, »1, is the result (1). We have
defined a formal Fermi- Thomas screening wave
vector as q, '=24n„e'//tvF. '-Equation (6) may be
compared with the result 4~g -x'q, ' found by GE
for the electronic susceptibility X of a minute
metallic sphere''of -radius x."

the dependence of c„,on the nature of the box
boundaries, i.e., we shall take e„,= e,(t ~; ~)
=—z~, in which case e„, depends on I only through
its dependence on k. Secondly, we shall assume
that the g„, have the form g„,= (2//)'" sin(kx),
so that the diagonal matrix elements in (4) are
just //2 for all n. Also, since the squares of the
nondiagonal matrix elements will be small by
comparison to the square of the diagonal matrix
element we shall, as a third approximation, omit
them from the sum in (3). The dielectric con-
stant thus becomes

4&n~e' E
' "

e =1+ " Q — Q 5(e„,—eF)
n=l

In the interrupted-strand model the system of
collinear metallic strands is considered to be-
have as a dielectric insulator in dc fields at ab-
solute zero."" The finite dc conductivities ob-
served for the MVPC compounds at T WO are
imagined"" to result from the thermally excited
tunneling of an electron from one metallic box to
eithex an adjacent ox distant one. The existence
of this finite dc conductivity will hinder the possi-
ble observation at normal temperatures of the
above predicted giant dielectric constant. Howev-
er, i.t should be readily observed at low tempera-
tures where the thermally activated dc conductiv-
ities will be negligible. Berenblyum et a/" have,
in fact, already reported a provisional giant di-
electric constant -10' for the MVSP compound
K,Pt(CN), Br, ,(H,O), , at microwave frequencies
(~7„-10') and liquid-helium temperatures. If
we attribute this observed dielectric constant to
that given by (6), we obtain the estimate" /, -100
A, on using the value v F = 10s cm sec-x deducede
from independent measurements" of the plasma
frequency.

Clearly, further experimental studies of the
low-temperature dielectric constant of the MVSP
compounds would be of great interest in the con-
text of the suggestions of this Letter.
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The quadrupole interaction of Cd ~ ions following the decay of In ~~ implanted by (&, 2@)

reactions into a cubic (fcc) Ag lattice has been measured with the time-differential per-
turbed angular correlation method. In addition to a smeared-out quadrupole interaction
with a centroid frequency of ~~= 2.5 MHz, about 10% of the implanted Cd "ions experi-
ence a unique quadrupole interaction with u~ =115, 130, or 140 MHz, depending on the
primary u beam. Annealing causes the quadrupole perturbation to vanish completely.

In a recent Letter, McDonald, Lesser, and
Fossan' reported measurements of the quadru-
pole interaction of the 247-keV state of Cd" im-
planted by recoil in Coulomb excitation into poly-
crystalline Cd metal. The results of these mea-
surements indicate that most of the recoiling
Cd"~ ions come to rest at the regular lattice
sites of the polycrystalline Cd catcher and that
the quadrupole interaction is the same as the lat-
tice quadrupole interaction in the hexagonal Cd
metal which has been observed by perturbed angu-
lar correlation methods. m No evidence was found
of the recoiling ions ending up interstitially or of
crystal damage such as nearby vacancies or in-
terstitials in the host lattice produced by the re-
coiling ion or the primary particle beam.

The present work describes the observation of
a nonvanishing static quadrupole interaction of
In -Cd ~' ions that were implanted into a cubic
(fcc) Ag lattice by the recoil experienced in an
(o. , 2n) reaction. Since the static quadrupole inter-
action of ions at regular lattice sites in a nondam™

aged cubic lattice would vanish, the experiments
clearly indicate the presence of interstitial occu-
pations by the Cd" ions or, more likely, of con-
siderable damage of the cubic Ag host lattice.

The experiments consisted of bombarding poly-
crystalline Ag foils at room temperature with 22-
MeV n particles from the Purdue tandem acceler-
ator and with 35- and 45-MeV e particles from
the Argonne cyclotron, thus producing, by an

(n, 2n) reaction, In'" nuclei in the Ag lattice with
recoil energies in the MeV range. The In ~ ions
slow down, mainly by electronic interactions.
Nuclear stopping becomes important at the end

of the slowing-down process and host atoms are
displaced from their lattice sites by nuclear col-
lisions. After the In"' ions come to rest some-
where in the cubic Ag lattice, they decay by elec-
tron capture with a half-life of 2.S days to the
419-keV excited state of Cd"'. The 172-keV y
radiation de-exciting this state populates a state
of 247-keV excitation energy which has a lifetime
of ~=123 nsec before it decays to the Cd"' ground
state. During this lifetime the 247-keV, I = —,

'
Cd' state is exposed to hyperfine fields which
can be accurately measured by observing the
time dependence of the perturbation of the angu-
lar correlation between the 172- and 247-keV y
rays of Cd"'. '

It is well known that the atomic shell of the
Cd'~~ ion recovers within a short time (& 10 "
sec) from the preceding electron capture in a me-
tallic environment. 3 Time-dependent electric
field gradients due to vacancy diffusion may pro-
duce small perturbation. Within the time range
of interest here (100 nsec), and since the relaxa-
tion times are of the order of several piec at
room temperature, these perturbations can be
neglected. Magnetic hyperfine interactions can
be excluded since both Cd and Ag are diamagnetic.
Consequently only the interaction of the electric
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