DICK, WARNES,

9.0

80

70—

60—

50

40—

SHOCK VELOCITY (km/sec)

20—

| | | |
(o] 10 20 30 40 5.0

PARTICLE VELOCITY ( km /sec)

Fic. 2. Shock velocity versus particle velocity plot for solid
argon showing the experimental Hugoniot data éolid circles)
and the calculated Hugoniot curve (solid curve) from an exp-6
potential.

and in the 2024 aluminum standard, the pressure (P),
volume (V), and particle velocity are determined from
the impedance match method® and the Rankine-
Hugoniot relations

P=pUU, V=Vo(1—U,/U,), and Vo=1/ps,
(1)

where po is the initial density and U, and U, have been
defined previously. It was necessary to adjust the 2024
aluminum Hugoniot!! (measured at an initial tempera-
ture of 300°K) to the initial experimental temperature
of 75°K. The U,~U, relation of the standard at this
temperature is

U,=5.38741.335U,. (2)

A density of 2.820 g/cc at 75°K and a Gruneisen ratio
of 2.0 for the standard were also utilized in the analysis.
The errors given for the shock velocities are single
standard deviations determined from a least-squares fit
to the time-distance data. The least-squares fit is cor-
rected also for a slight amount of tilt of the plane of the
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pressure wave with respect to the plane of the aluminum
plate.

The U~U, data of Table I are depicted in Fig. 2.
The data can be interpreted as two straight line seg-
ments. A least-squares fit to the data in the interval
2.00<U,<5.79 km/sec results in the equation

U,= (1.044-0.11) 4 (1.7940.06) U, (3)
and in the interval 5.79<U,<8.50 km/sec,
U,=(2.144-0.30) + (1.38+£0.07) U,. (4)

The intersection occurs at U,=5.79 km/sec and U,=
2.65 km/sec, which corresponds to a pressure of 253
kbar.

The above interpretation, however, is not unique.
An equally good fit can be made for all shock velocities
by ——r— - e

U,= (0.87£0.12) + (2.08£0.11) U,— (0.0940.02) U 2.
()

It is noted that both interpretations result in an inter-
cept (U,=0) which agrees, within the errors, with the
bulk sound speed (1.05 km/sec) calculated from adia-
batic compressibility data.!?

The Hugoniot of argon has been calculated for the
exp-6, LJD (6-12), and the modified Morse potential.
In the computation®® the cell model of Lennard-Jones
and Devonshire was used and the pair potentials were
assumed to be additive. The computation was per-
formed utilizing a computer program developed by
Fickett.!s

The best fit to the experimental data occurred with
the exp-6 form of the interatomic potential,

®(r) =[kTo/ (a—6) 1{6 expLa(1—r/r0) 1— (r/ro)~*},
(6)

where « is the family parameter representing the steep-
ness of the repulsive part of the potential. The potential
minimum is at 7, with a potential well depth of 27%.
The relevant parameters were determined to be 7=
118°K, 7,=3.70 A, and a=14.5. These values are con-
sistant with previous shock data,? molecular-beam
data,® and various calculations.’®¥1® The calculated
Us-U, relation and the experimental data are illustrated
in Fig. 2. They agree up to U,=6 km/sec. The result-
ant Hugoniot is illustrated in Fig. 3 for comparison
with the earlier liquid® and gas® studies.

IV. CONCLUSIONS

The Hugoniot of solid argon has been determined
from 18 to 645 kbar, and the data have been fit with an
exp-6 interatomic potential with good agreement up to
300 kbar. For this pressure range the assumption of pair
additivity and the choice of the potential form is rea-
sonable. The departure of the calculated Hugoniot from
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the experimental data occurs at higher pressures and
temperatures. Apparently, the cell model needs to be
modified to account for phenomena such as populating
the conduction band, narrowing the band gap, ioniza-
tion, and liquefaction. Under these conditions the
potential form may also require modification.

The U,-U, data can be interpreted two different
ways. The two-line segment interpretation, Egs. (3)
and (4), implies a phase transformation at 253 kbar.
Since solid argon has a close-packed crystal structure,
a polymorphic phase change is not expected and the
transformation would likely be melting. In the pressure-
volume plane a melting curve? calculated by the Monte
Carlo method intersects the solid argon Hugoniot at
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F16. 3. Pressure versus volume plot for argon. —@—, experi-
mental solid argon Hugoniot (Ve=24.21 cc/mol); —-, high-
(V9=28.43 cc/mol) and low- (V,=43.46 cc/mol) density liquid
argon Hugoniot data from Ref. 2; - - -, high- (V=40.93 cc/mol)
density argon gas Hugoniot data from Ref. 3; «+-, solid argon
Hugoniot calculated from an exp-6 potential.
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about 250 kbar, agreeing well with the pressure associ-
ated with the discontinuous slope change in the U,~U,
relation. The temperature calculated from the exp-6
potential at the transition pressure is about 5900°K.

An alternate interpretation is that the data are repre-
sented by a single quadratic curve, Eq. (5). This
would indicate that no transition occurs over the in-
vestigated pressure range. Some support for this inter-
pretation arises from the slight curvature present in the
theoretical U,~U), relation.
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