cause layer x does not thin over the
rise and is not faulted.

Application of gravity tectonics to the
formation of the Outer Ridge gives the
most satisfactory explanation of its de-
velopment. The presence of horizon A
denies any deeper tectonic development,
and the internal structure of the ridge
precludes simple differential deposition
of sediment to form the ridge. On the
sea floor, large areas are covered by
unconsolidated and semiconsolidated
sediments. Slump features on the con-
tinental margins and the activity of
turbidity currents show that these ma-
terials are quite plastic and may become
highly mobilized under appropriate cir-
cumstances. These conditions should be
eminently suited to the development of
local and regional topography by gravi-
ty tectonics aided by changing patterns
of sedimentation through geologic time,
which would result in imbalance of ver-
tical stresses in different areas. With
gravity tectonics playing a large role
in the development of structural land
forms on the continents, it would be
unusual if similar processes were not
important on the sea floor.

JaAMEs E. ANDREWS
Institute of Marine Science,
University of Miami, Miami, Florida
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Superconductivity at 20 Degrees Kelvin

We have found a superconductor
with a transition temperature at 20°K.
The substance is a solid solution be-
tween NbsAl and Nb;Ge.

During the past decade no substan-
tial increase in superconducting tran-
sition temperature has been achieved.
For the last 13 years, ever since the
discovery of NbgSn in 1954 (1), the
limit of all superconducting transition
temperatures has remained in the vi-
cinity of 18°K. All attempts, through
the formation of mixed phases with
Nb;Sn or other compounds crystallizing
in the same 3-W structure, to raise the
transition temperatures over the values
of both of its end points have been

unsuccessful. The first attempt to do so
was made by Hardy and Hulm (2)
right after their discovery of the super-
conductivity of V,4Si at 17°K. Many
other efforts have been made since.
However, the number of negative re-
sults are so great we shall not list
them. An excellent compilation can be
found in Roberts’ article on supercon-
ducting compounds (3). ‘

The increase of superconducting
transition temperature to 20°K was
accomplished through the formation of
a solid solution between NbsAl and
Nb;Ge, crystallizing in the g-W struc-
ture.

In the B-W structure, NbySn and
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Fig. 1. Specific heat of Nb:Al.:Geo.. without magnetic field and with 10 kG.
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NbzAl (4), and recently Nby;Ge (J),
are the only known superconductors
with transition temperatures in the vi-
cinity of 18°K. In itself, Nb;Ge is a
rather ambiguous compound. Under
normal conditions of formation it crys-
tallizes in the nonstoichiometric ratio
of about 3.3 Nb to 1 Ge, thus being
very rich in niobium compared to the
ideal ratio of 3 to 1. The Nby ;Ge has
a superconducting . transition tempera-
ture from 6° to 7°K. When more stoi-
chiometric ratios are enforced by ex-
tremely rapid cooling methods, the tran-
sition temperature can be raised to
18°K. It has not yet been possible to
decide with certainty how close these
compounds now are to the 3 to 1
ratio. In the Nb-Al system there is
a temperature-dependent homogeneity
range (6) which makes the 3 to 1
ratio difficult to obtain.

We, therefore, decided to investigate
the Nb3Al-Nb,;Ge system. It is interest-
ing to note that recently reported simi-
lar efforts have failed to reach even
18°K (7). The maximum temperature
of 20°K reached at present for more
or less ordered crystals is near a com-
position of 4 NbzAl to 1 Nb;Ge. Al-
loys prepared by arc melting were
annealed over a period of days at tem-
peratures below 1000°C.

The superconducting transition was
measured magnetically by observing
superconducting shielding currents and
subsequently was measured calorically.
The latter method verified that the
superconductivity of our samples was a
bulk effect. The specific heat versus
temperature is given in Fig. 1 and
shows a transition into the superconduct-
ing state at 20.05°K. Superconduct-
ing shielding currents were observed
with a ballistic galvanometer on a
similarly prepared sample when im-
mersed in liquid hydrogen at 20.05°K.
The electronic specific heat, v, obtained
from the measured entropy in the su-
perconducting state and assuming the
validity of the third law of thermody-
namics, shows a large decrease of more
than a factor of 2 from the values
measured for NbgSn or V,Si (8). This
variation of T, with v, and consequently
with the density of states, is opposite
to the prediction given by microscopic
theories. This is not too surprising since
it has become quite evident during the
last few years (9) that any correlation
between y and T, is tenuous at least
and usually of the wrong sign. In fact,
when the measured transition tempera-
ture and y are used in the microscopic
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theory to define empirically some at-
tractive electron-electron interaction
(which is neither measured nor cal-
culated) it is found that variations in
density of states must then be almost
completely compensated by variations
in the interaction parameter for all
the high-temperature superconductors
(10).

We have at present no real ex-
planation for the high transition tem-
peratures apart from the hypothesis
that the stoichiometry of Nb,Al or per-
haps even of the intermediate composi-
tion has been improved considerably
over that of the normal NbzAl or
NbzGe. We do not think that the varia-
tion of the average number of valence
electrons per atom is decisive (/7).

The only conclusion, by analogy,
that can be drawn at present with cer-
tainty is that V,Al, should we ever
manage to crystallize it in the B-W
structure, would be a very high super-
conductor. Since there is no theory for
the high transition temperatures of a
superconductor, it is impossible to say
how much this value would be raised
above 18°K.

' B. T. MATTHIAS
Bell Telephone Laboratories, Murray
Hill, New Jersey, and University
of California, La Jolla
T. H. GEBALLE, L. D. LONGINOTTI
E. Corenzwit, G. W. HuLL
R. H. WILLENS, J. P. MaITa
Bell Telephone Laboratories,
Murray Hill, New Jersey

References and Note

1. B. T. Matthias, T. H. Geballe, S. Geller, E.
Corenzwit, Phys. Rev. 95, 1435 (1954).

2. G. F. Hardy and J. K. Hulm, ibid. 93,
1004 (1954).

3. B. W. Roberts, Intermetallic Compounds,
J. H. Westbrook, Ed. (Wiley, New York,
1957), p. 588.

4. E. Corenzwit, J. Phys. Chem. Solids 9, 93
(1959).

5. B. T. Matthias, T. H. Geballe, R. H. Willens,
E. Corenzwit, G. W. Hull, Jr., Phys. Rev.
139, A1501 (1965).

C. E. Lundin and A. S. Yamamoto, Trans.

AIME 236, 863 (1966).

. N. E. Alekseevskii, N. Y. Ageev, J. F,
Shamrai, Izv. Akad. Nauk SSR Neorgan.
Materialy 2, 2156 (1966).

8. F. J. Morin and J. P. Maita, Phys. Rev. 129,
1115 (1963).

B. T. Matthias, Proceedings of Eighth In-

ternational Conference on Low Temperature

Physics  (Butterworths, Washington, D.C.,
1963), p. 135.

10. T. H. Geballe, B. T. Matthias, J. P. Reme-
ika, A. M. Clogston, V. B. Compton, J. P.
Maita, H. J. Williams, Physics 2, 293 (1966).

11. B. T. Matthias, Progress in Low Tempera-
ture Physics, C. J, Gorter, Ed. (North-
Holland, Amsterdam, 1957), vol. 2, p. 138.

12. We wish to thank A. M. Clogston and G.
S. Indig for many helpful discussions. The
work of B.T.M. at La Jolla was sponsored
by the Air Force Office of Scientific Re-
search, Office of Aerospace Research, U.S.
Air Force, under grant AF-AFOSR-631-67.

April 1967

P

©

2

[

Hexokinase Isoenzymes in Human
Erythrocytes: Association of
Type II with Fetal Hemoglobin

Abstract. Hexokinase activity in hu-
man erythrocytes is associated with
three electrophoretically distinct bands.
Normal adult erythrocytes contain
hexokinases Types I and III. Type 1l
hexokinase is present in the erythro-
cytes of newborn infants and absent
from those of normal adults; it is, how-
ever, present in erythrocytes of adults
with hereditary persistence of fetal
hemoglobin. Type II hexokinase and
fetal hemoglobin appear to be as-
sociated.

Heparinized samples of venous blood
were spun at 600g for 10 minutes at
4°C, and the buffy coat and plasma
were removed. The red cells were
suspended in 0.9 percent saline contain-
ing glucose (0.01M1), and the suspension
was centrifuged at 2000g for 20
minutes. This process was repeated
three times. The washed red cells were
resuspended in an amount, equal to
their volume, of 0.01M phosphate buf-
fer, pH 7.0, containing 2-mercapto-
ethanol (5 mmole/liter), sodium eth-
ylenediaminetetraacetate (EDTA, 5
mmole/liter), glucose (0.01 mole/liter).
They were lysed by freezing and thaw-
ing three times in a bath of dry ice and
acetone. The hemolyzate was spun
at 20,000g for 20 minutes, the hemo-
globin content of the clear supernatant
was determined and adjusted to 15
2/100 ml by the addition of phosphate
buffer. Thirty-microliter samples were
applied to the gel.

Vertical starch-gel electrophoresis (1)
of hemolyzates was performed with a
0.02M sodium barbital gel buffer, pH
8.6, which contained Na,EDTA (1.0
mmole/liter) and 2-mercaptoethanol (5
mmole/liter), at 6 volt/cm for 19
hours at 4°C. The electrode buffer
was 0.06M sodium barbital, pH 8.6,
containing Na,EDTA (1.7 mmole/liter)
and 2-mercaptoethanol (5 mmole/liter).
Thin slices of the gel were stained for
hexokinase activity for 90 minutes at
37°C by immersion in 0.1M tristhy-
drozymethyl)aminomethane (tris), pH
7.4, containing nicotinamide-adenine di-
nucleotide phosphate (5 X 10—3mole/
liter), MgCl, (5 X 10—3 mole/liter), ade-
nosine triphosphate (5 X 10—3 mole/
liter), KCN (2 X 10—3 mole/liter), glu-
cose-6-phosphate dehydrogenase (0.4
international units/ml), phenazine me-
thosulphate (1.3 X 10—¢ mole/liter),
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