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critical value which depends on A, m, and ¢
=(2J+1)/(2J’ +1), no first-order transition takes
place, but the temperature dependence of the
conductivity shows the gradual transition illus-
trated in curve (b) of Fig. 1 [m=1, ¢ =2]; this be-
havior strikingly resembles the conductivity
curves’? for SmB, and Ti,0;. For G2G,, a
first-order phase transition takes place at T=T,
to a value of » which remains essentially con-
stant at all temperatures higher than T [see
curve (c)]. For G,.<G<A there is a first-order
transition from a state of small » to a state of
n~1 at a temperature T, while n decreases for
T>T, [curve (d)]; such behavior is found in
V,0,. For G>A, the state n=1 becomes stable
at T =0 and the system is metallic at all temper-
atures.

For kgT << A, our simple model yields for the
transition temperature

k. T =(a-G)[2m In(2m)
B ¢

—(2m-1)1n(2m -1) +1ng] ™. (14)

In this case n varies exponentially with 77!
for T<T, and extrapolates to [2m¢]*/2 for T~*
=0. At T., n jumps to a value very close to 1
and decreases smoothly to another limiting val-
ue which is an algebraic function only of 7 and
g as T~!~ 0. This behavior is quite similar to
those of V,0, and VO. If we take m =1 and ¢ =2
we obtain

A=0.365eV, G=0.336 eV for V,Oq;
A=0.248 eV, G =0.226 eV for VO.

Other substances, such as FegO, and VO, which
also exhibit first-order transitions, yield poorer
agreement with this simple two-level model; im-
proved agreement is found when a finite width of

the conduction band is considered.

For gradual transition cases, similar agree-
ment is found. In our simple model, with m =1,
J=%, andJ’=0, we obtain for SmB,

A=0.0044 evV; G=0.0018 eV,

while a critical value G, =0.0022 eV would be re-
quired for a first-order transition. Conductivity
data on Ti,O show too large an anomalous in-
crease, which our simple model cannot produce
without a first-order transition.

In conclusion we would like to point out that our
model for a semiconductor-metal transition is
basically different from a Mott transition® or an
excitonic-insulator transition.® It is based on a
change in the occupation numbers of electronic
states which remain themselves basically un-
changed in their character.
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DENSITY OF “AMORPHOUS” Ge
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The density of vapor-deposited “amorphous” Ge was determined from x-ray-diffrac-
tion absorption measurements and found to be the same as the density of crystalline Ge

within +5%.

Recently Herman and Van Dyke' estimated the
electronic density of states of amorphous Ge by
assuming a dilated Ge crystal having the same
density as “amorphous” Ge. The density value
used was that (3.9 g/cm?) determined by Clark?®

using film scraps shattered from the substrates
These scraps were weighed in air and in Dow-
Corning No. 704 silicone oil. It is possible that
the shattered scraps had many microcracks that
would not have been penetrated by the oil thus
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causing the density to be under estimated. A
less readily available density value is that of
Lytle® who used an x-ray-absorption fine-struc-
ture technique to determine the densities of
“amorphous” and crystalline Ge and obtained val-
ues that were within 2% of each other and of the
accepted value for the density of crystalline Ge.
The purpose of this Letter is to present experi-
mental information which indicates that the den-
sity of “amorphous” Ge is the same as that of
crystalline Ge within +5%, confirming Lytle’s re-
sult,

The density values were calculated from mea-
sured values of the x-ray linear absorption coef-
ficient obtained during a study of the structure of
vapor-quenched Ag-Ge alloy films.*> The de-
tails of the film preparation and measurements
are given in Refs. 4 and 5; so only a summary is
presented here. The scattered intensity of the
substrate material was measured, using Bragg-
Brentano diffraction geometry, as a function of
scattering angle (26 =5°-120°, Mo K, radiation).
The film was deposited, and the scattered inten-
sity of the film plus substrate was measured as
a function of scattering angle, The scattered in-
tensity of the film alone was derived by an itera-
tive procedure in which the substrate scattered
intensity was corrected for film absorption by
the factor exp(—2ut/sin6), where t is the film
thickness and p is the linear-absorption coeffi-
cient, for a series of values of uf, The correct-
ed substrate scattered intensities were subtract-
ed from the film-plus-substrate scattered inten-
sities. The “correct” value of ut was deter-
mined by the criteria that no negative values,
and only slightly positive values, of film scat-
tered intensities were allowed at high values of
20 (where the effective film thickness is mini-
mum), and low values of 260 (where the amor-
phous-substrate scattering persists below the an-
gular range where the film scattering is rapidly
falling off to small values). The thickness of the
film was measured using multiple-beam interfer-
ometry techniques. A value for u,,.,o Was thus
obtained. This value was divided by the appropri-
ate mass absorption coefficient u/p, where p is
the density, to obtain an experimental value for
the density (p;eag). Subsequent analysis of the
film scattered-intensity data confirmed the accu-
racy of the method.®

This procedure was carried out for Ge and five
alloy compositions of Ag-Ge vapor quenched at
rates from 160 to 430 A/min onto 5-mil-thick vit-
reous silica plates held at liquid-nitrogen tem-
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FIG. 1. Density as a function of composition for Ag-
Ge alloys. Smooth curve through data points is drawn
between accepted values for density of crystalline Ge
and Ag. Triangle denotes value for density of “amor-
phous” Ge determined by Clark, Ref. 2.

perature. The resulting values for the density
are plotted in Fig. 1 as a function of composition.
The smooth curve through the data points termin-
ates at the drystalline density values for Ag and
Ge (10.49 and 5.35 g/cm? respectively). The
density value determined by Clark® falls consid-
erably below the present data. A density value
for “amorphous” Ge within +5% of the crystal-
line density value is indicated by the data.

The diffracted-intensity data for the Ge film
were used to calculate the radial distribution
function, assuming the atomic density of crystal-
line Ge, and the resulting nearest neighbor dis-
tance and coordination number agree completely
with the respective values for crystalline Ge
(2.45 A, four nearest neighbors).

Taken together, these results indicate that the
structure of “amorphous” Ge deviates very little
from the structure of crystalline Ge, which sup-
ports the micropoly-crystalline hypothesis.*

The dilated-lattice model of Herman and Van
Dyke! and the “amorphon” model of Grigorovici®
are not consistent with the values determined for
the density, nearest-neighbor distance, and co-
ordination number.
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