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ON THE RELATIONSHIP BETWEEN THE L IQUID
AND GASEQUS STATE IN METALS

Ya. Zel'dovich and L. Landau

General considerations about the nature of the transition
of the substance from the state of a metal into the state of a
dielectric 1lead to the conclusion that such a transition is
completed as the usual phase transition up to a: very tempera-
ture. In the case of mercury and other low=boiling metals, the
critical point of the transition from the liquid to the gaseous
state lies, probably, at a lower temperature. It follows to
expect the existence in the defined region of two separate
(at a different pressure and temperature) transitons from a
metallic to a nonmetallic state and from a liquid to a gas-
edus state, i.e., the existence of the liguid nonmetallic phase,
with an increase in the pressure of the transient into the
metal and with a lowering of the pressure, into the gas.

The metal sharply differs from thedieif0t5§€h respect to
its electron energy spectrum with absolute zero. The continuous
spectrum of states adjolins the basic state of the metal; owing
to this, as weak an electrical current as desired causesd 1n the
metal an electrical current dependent on the transition of the
system to levels as close in energy to the main level as de-
sired. Opposite to this, the electron energy spectrum of the
dielectric differs by the existence of the finite "slit", a
definite difference in the energles between the main state with

1

UNCLASSIFIED




UNCLASSIFIED

the minimal energy (in which the current is absent) and the ex-
cited states nearest to it, in which one of the electrons of

the dielectric becomes free and electrical conductivity appears.

Let us note that it 1is impossible to define the metal as
a body with a continuum of levels adjoining the basic level
without additional conditions: in actuality, any paramagnetic
substance, for example, ligqulid oxygen or gadolinium sulfate,
possesses a continuous spectrum of levels corresponding to the
different values of the magnetic moment; owing to this there
occurs a change in the moment in the weak magnetic field char-
acteristic for the paramaegnetic substance. However, the oxygen
or gadolinium sulfate are not a metal and do not conduct current.
The presence of a continuous spectrum is the condition necessary
but insufficient in order that the substance would be a metal;
for conductivity it is necessary that levels adjoining with the'
the main excitation possess the property of transfer of the

electrical charge.

The supposition that with a sufficiently powerful comprssion
any substance will turn into a metal was repeatedly expressed
and i1s probable (although it was never proven in general form).
An illustration is the conversion of phosphorus into a conducting
modification at high pressure - the black phosphorus of Bridge-

man.

At absolute zero the metal and dielectric are qualitatively
different; it 1s always possible to determine with what pre-
cilsely we are dealing with; a definite point of the transition

exists.1

—
At a temperature different from zero, principally in any dielec-
tric there occurs a certain excitation, some kind of, although

2
UNCLASSIFIED




NP s

UNCLASSIFIED

The dielectric is distinguished from the metal by an en-

ergy slit in the electron spectrum. But can the width of this
slit tend toward zero with an approach (from the side of the
dielectric) to the point of transition to the metal? In this
case we would have the transition without the latent heat, with-
out a jump in the volume and other properties. Peyerl's pointed
out that the continuous, in this sense, transition is impossi-
ble. Let us examine the exclted state of the dielectric in
which it conducts current. The electron abandons its place,
moves in the crystalline lattice, having revealed in another
place of the lattice a positive charge. At a great distance
of the electron from the positive charge, 1t clearly undergoes
Coulomb attraction, which strives to return the electron. In
the Coulomb field of attraction there are always discrete levels
with a negative energy corresponding to the binding of the elec-
tron; consequently, always the excited and conducting state of
the dielectric are separated by a slit of finite width from the
basic state in which the electrons are connected.

If at 0°K the conversion of the metal into a dielectric is
a phase transition of the first kind (i.e., with the latent heat
of the transiton and jump of the properties), then it is ob-
vious that the conversion will occur as a transition of the
first kind at a low temperature different from 0°K. The con-
tinuous transition is possible only at a high temperature when
the excitation and conductivity of the dielectric will become
considerable. The energy of excitation of the order of the

negligible, portlon of the electrons is 1ln an excited state,

so that there is an electrical conductivity different from zero,
and the system as a whole is in a state of the continuous spec-
trum. Therefore, it 1s possible to distinguish absolutely
strictly from the metal at absolute zero temperature.

3
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energy of ionization, i.e., of the order of several volts, in
the worst case, 1 volt. Thus the lines of the thermodynamic
equilibrium of the metallic and dielectric phase can be com-
pleted by the critical point only at a very high temperature -
of the order of one volt, i.e., of the order of 10 degrees and,
respectively, at enormous pressure. Here at the high tempera-
ture both phases are noncrystalline (the melting of the metal
absolutely does not deprive it of metallic properties). The
question appears about the relationship between the line of
the transition from the metallic state into the dielectric state
and the line of the transition liquid-gas in the case of metals/
It is absolutely clear that at low pressure the substance at low
density (in the 1limit - ideal gas) is a nonconductor and non-
metal. In the casemSFi%Eg energy spectrum of the gas is dis-
crete, and in the case of paramagnetic vapors of sodium we have
a continuum, which, however (as in the example of oxygen), has
no direct relation to the metallicity and conductivity.

Three cases are fundamentally possible.2 The transition
from the metallic into the dielectric state is always accompa-
nied by the transition from the liquld state into the gaseous;
there is one common curve and one critical point reacheable at
a very high temperature. This case, perhaps, takes place for the
nonvolatile metals. For metals with a low heat of evaporation
(for example, mercury), it follows to expect the critical point
of the liquid-gas (point M) at a temperature much lower than
the criticla point of the metal-dielectric transition (point MA).

We do not examine the crystalline phases which exist at low
temperatures. The appropriate transitions do not have rela-
tionships to our subject.

4
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Here the second and third cases appear (Fig. 1 and 2).

In the second case the heating of the liquid metal at high
pressure causes a jump in the density on the line T-MT; however,

the phase of the lower density is also the metal ("metallic gas").

The transition to the standard gas occurs on the line T-MA. This
case is very improbable. In the third case we expect in the
defined interval of pressures with an increase in temperature
conversions of the liquid metal into the liquid nonconducting
phase (on the line T-MA) and only after this, on the line T-Wr,
conversions of the nonconducting phase into gas. Losses of the
metallicity occurs by means of the phase transition of metal-

gas at a temperature and pressure much higher than that which

corresponds to the critical point liquid-gas.

In both last cases the appearance of the triple point T of
co-existence is characteristic: in the second case - two me-
tallic and one dielectric phase, and in the third - the metal
and two dielectric (liquid and gas) phases.

In the case of mercury the comparatively low heat of evap-
oration indicates the fact that the point ¥ 1s located closely,
at 1000-1500° K according to various estimates, whereas the
polnt M, probably, is not at all accessible at present to ex-
perimental investigation. From our considerations it follows
that in this case, apparently, the last case 1is exactly accom-
plished. The physical predictions are reduced thus: 1) to the
existence of a nonconducting liquid phase and 2) to the fact
that at a temperature and pressure higher than the critical
there should take place a phase transition with an intermit-
tent change in the electroconductivity of the volume and other

properties.
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Fig. 1. KBEY: 1) Pressure; 2) Fig. 2. KEY: 1) Pressure; 2)
Temperature. Temperature.
Moscow, Institute of Physical Submitted 15 June 1943 |

Problems of the Academy of
Seiences of the USSR,
Institute of Chemical Physics
of the Academy of Sciences of
the USSR

6
UNCLASSIFIED




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dlll‘Enlered)‘

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

FTD-ID(RS)T-0884-77
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

ON THE RELATIONSHIP BETWEEN
THE LIQUID AND GASEOUS STATE IN METALS Translation
6. PERFORMING OG. REPORT NUMBER

7. AUTHOR(s) B. CONTRACT OR GRANT NUMBER(s)

Ya. Zel'dovich and L. Landau
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

Foreign Technology Division SEE DRURTR AT SRR O

Air Force Systems Command

U, S, Alr Horece
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

1944
13. NUMBER OF PAGES
14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CLASS, (of this report)
UNCLASSIFIED
155 DECLASSIFICATION DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)
18. SUPPLEMENTARY NOTES
19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
20. ABSTRACT (Continue on reverse side If necessary and identify by block number)

I

DD , 55", 1473  EoiTioN OF 1 NOV 65 1S OBSOLETE

JAN 73

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

P ——




DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

RGANIZATION MICROFICHE ORGANIZATION
205 DMATC il E053 AF/INAKA
210 DMAAC 2 E017 AF/ RDXTR-W
3Lk DIA/RDS-3C 8 E404 AEDC

‘043 USAMIIA 1 E408 AFWL

'509 BALLISTIC RES LABS 1 E410 ADTC

'510 AIR MOBILITY R&D i E413 ESD

LAB/FIO FTD

'513 PICATINNY ARSENAL il cCN
‘535 AVIATION SYS COMD i ETID
557 USAIIC i NIA/PHS
591 FSTC 5 NICD
] 619 MIA REDSTONE 1
D008 NISC i
1300 USAICE (USAREUR) at
005 ERDA 1
7055 CIA/CRS/ADD/SD 1
NAVORDSTA (50L) 1
NAVWPNSCEN (Code 121) it
NASA/KSI i
AFIT/LD 0

FTD-1ID(RS)T-0884-77

MICROFICHE

[ Sy

ur = W




