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HUGONIOT EQUATIONS OF STATE OF Li%, Li6D, LinH, AND Li”D

by

S. P. Marsh

&&’j’7

‘BSTRACTp /
,

h experimental value of 1.08 cma/g for (CIE/aP)V was deter-
mined from the Hugoniot data on pressed Li6D of various poros ities
which agrees well with the thermodynamic value of (aE /aP)v. For
each of the isotopic combinations Li’%, LinH, LisD, and Li”D
crystal-density Hugoniots and equations of state were calculated from
Hugoniot data on pressed material having porosity of 57. or less and
from the thermodynamic values of ( aE /aP)v. No evidence of a poly-
morphic transition was observed.

Ultrasonic measurements of longitudinal and shear-wave
velocities in these materials pressed to near crystal density were
obtained, and the isotropic elastic moduli were calculated. In
addition, elastic constants were determined for crystals of Li’H,
Li7H, and Li7D.

P+—

INTRODUCTION

Hugoniot data for Li”H and LinD have been

reported by a number of investigators. In 1954,

Walshl studied pressed LinH to pressures of 160

kbar. He also reported data2 on single crystals

of Li” (D0080H00~o) shocked to pressures above 500

kbar. In 1954, Burton and Landeen3 obtained

two Hugoniot data points on pressed LinH at pres-

sures above 700 kbar using a spherically con-

vergent driver system. In 1965, Kusubov4

obtained data on pressed Li6H, Li6D, Li7H, and

Li7D at pressures up to 500 kbar, as well as

longitudinal and shear-wave velocities for each

material. In 1969, May5 and Guess6 reported

Hugoniot data below 200 kbar, obtained using

quartz-gage detectors on pressed LinH. Guess

also reported longitudinal and shear-wave veloc -

ities in this same material.

In this endeavor, we have determined the

Hugoniots of Li6D pressed to near crystal density

and at porosities of approximately 5, 8, 17, 28,

36, and 44%. The wide range of initial densities

enabled us to determine the average values of the

Griineisen gamma, I’ = V(aP/aE)V. These values

are compared with the Griineisen ratio determined

from thermodynamic measurements at standard

temperature and pressure. The Hugoniots of the

isotopic combinations, Li6H, Li’H and Li7H, and

Li’D for pressed samples with an initial 5% poros-

ity have also been determined. Further, we have

obtained Hugoniot data on a few crystals of Li7H

and Li7D, and have determined elastic constants

for crystals of Li”H, Li7H, and Li713.

MATERIAL

The crystals used in these experiments

were prepared by Pretzel and Thrasher of LASL
... -em ● *

.;* *=. ● 9
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chemical analysis and densities were obtained

from Y-12 at Oak Ridge. The Lis had a composi-

tion of 95.5 at. !/o Li6 and 4.5 at. YO Li7; the normal

Li’ was 7.5 at.~o Lis and 92.5 at. Yo Li7; and the .

Li7 was 100 at. ’70 Li7. The isotopic purity of the

hydrogen and deuterium was above 99 at. Yo. The

dens ities of the four pure isotopic combinations

were calculated from the lattice parameters
7

reported by Anderson et al. We used these

densities to compute the value of the crystal den-

sities of the particular isotopic composit &is,ils*

here. The Oak Ridge analysis provided an esti-

mate of the oxygen in our samples, and we calcu -

lated their ideal or crystal density by mixing

2 wt y. of the hydroxide or deuteroxide using the

dens ities that Vier8 reported and the density for

oxygen-free materials. These densities were

used to determine the porosity and are listed in

Table I at the end of this report.

ELASTIC CONSTANTS IN LITHIUM HYDRIDE

AND LITHIUM DEUTERIDE

Elastic -wave velocities were determined

ultrasonically using a pulse-echo methodg on

pressed isotropic samples at near crystal density

for all isot epic compositions. The longitudinal

and shear-wave velocities (VL and VS) were

measured, and the bulk sound velocity (Cb) was

calculated from the expression

cb2=v~a- 4/3 VS2.
Table II lists the results of sound-velocity

measurements on the various isotopic combina-

tions of lithium hydride at near crystal density and

at approximately 5% porosity. The bulk modulus

(B,), shear modulus (w), Young’s modulus (Y),

longitudinal modulus (B~), and Poisson’s ratio (u)

are also listed.

Using the same apparatus used for making

pulse -echo sound-velocity measurements in

pressed specimens, we determined the sound

velocities in Li”H, Li7H, and Li7D crystals.

Because of the difficulty in seeing the :~:i~t~$
.-.0

● ☛ ●

: of~h~ ~~ho signals, we used a different method of
● 9*9 ●

measurement in which we observed the arrival

times through several different thicknesses of

sample and obtained the velocity from the deriva- . .

tive of the resulting x-t data. Table 111shows the

results of these measurements for both the longi-

tudinal and shear-wave velocities in the [ 100]
●

direction and the longitudinal and two shear-wave

velocities in the [ 110] direction. The errors in

the longitudinal and shear-wave velocities are O.5

and 1.070, respectively. We obtained the elastic

constants using the following set of equations

which involve only the velocities in the [ 100]

direction and the bulk sound velocities (Cb )

deduced from sound-velocity measurements on

pressed isotropic samples.

Cll = pvL= [1001 ,

Cw = PVS=[lOOI,

3pcba-fYv,2[loo].
c= .

2

We compared the measured velocities in the

[ 110] direction with the calculated velocities in

that direction to check the derived elastic

const ants. The expressions used to calculate

these velocities were

(for particle

motion in the

[001] direction),

(for particle

motion in the

[liO] direction).

The measured and calculated velocities in this

direction differ by several percent, a greater

amount than would be anticipated from the error

in the elastic constants, which is 1, 2, and 20qo

in c1l, CM, and CE, respectively. The reason

for this discrepancy is not understood. Another

disturbing feature observed in this table is that

the Cll and Ca values for Li7D are lower than the

corresponding values for Li”H and Li7H. We

,

2
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feel that because the lattice spacing is sr&le< :
● 99 ●

for Li7D, the zero-point energy is also low”er and,

consequently, the elastic constants should .be

higher. We can give no reason for this apparent

reversal. The differences in the elastic constants

for Li’H and Li7H are not statistically significant.

The elastic moduli in Table 11show a dis -

tinct relationship to isotopic composition. The

bulk modulus, shear modulus, Young’s modulus,

and longitudinal modulus agree for Li6H and Li’H

and are 37’0smaller than the elastic moduli of the

deuterides, which are also in agreement. In this

case, the elastic moduli are consistent with the

zero-point energy assumption mentioned above.

SHOCK-WAVE EXPERIMENTS

We used Walsh and Christian’s shock-
10

impedance match technique with 2024 Al as a

standard, and the optical flash-gap method to

determine the Hugoniots, The shock velocities in

both the standard and lithium hydride samples

were measured with a sweeping-image camera.

Having the equation of state of the standard and

the shock velocities in both the standard and

lithium hydride samples permits determination of

the pressure and particle velocity. A linear

shock-particle velocity Hugoniot,

Us = 5.328 + 1.338 U, (in units of km/see),

and a constant value of

p-y = 5.57 g/cma

(where p and y are the density and Gr&eisen

parameter) specify the equation of state of the

standard required for the impedance -match

solution.

We determined the density and internal

energy of the shocked materials using the

Rankine-Hugoniot relations. Tables IV - XIII

show the experimental data and derived Hugoniot

parameters.

ANALYSIS AND INTERPRETATION

Performing shock-wave experiments on

materials of different porosities allows examina-

tion of different pressure-energy regions because

~h~ gre~t~r the initial volume, the great .:r the
● *- ●** ● *

pressure and internal energy at the same final

density. This can be seen in Fig. 1 where the

pressure -density shock-wave data for the Li6D

are plotted, The curve in this figure is a linear

fit of the US-UP data for the high-density samples,

presented in Fig. 2.

An average (8E/8P)v value can be deter-

mined for each experimental point of the low-

initial-density material by differencing its pres -

sure and energy with the pressure and energy

calculated at the same density from the fit of the

high-density data. These ( 8E /8P)V values for the

five most porous materials are shown in Fig. 3.

The (8E/i3P)V values calculated from porous-

material data having small energy and pressure

offsets from the high-density Hugoniot (which

includes all the low-pressure data) have large

errors; consequently, we show only (8E/8P)v

values for which AP was larger than 15 kbar.

The average (i3E/8P)ti value determined from

these experiments is 1.08 cm3/g, and within

experimental error it does not appear to be a.

function of density or pressure.

We calculated the Griineisen y’s at

standard conditions, along with the corresponding

(aE/aph values, using the expressions

~ _ Bcf
Cp ‘ Y = vo/(aE/amv.

We obtained the values of B (volume coefficient of

thermal expansion at 25°C) for all isotopic COn’I-

positions by interpolating the thermal-expansion

data of Anderson et al. 7 (Fig. 4) and used them

for our isotopic compositions. The resulting

Li7H value (31. O x 10-6/%) is somewhat lower

than that obtained by a number of other inves -

tigators,
11-14

but it agrees with the compilation

by Goldsmith et al. 15 for LinH at 25”C. The

6. 682-cal/mo1°K value of CP (specific heat at a

constant pressure) for LinH was obtained from the

JANAF Tables.
16

This value was used for all

isotopic compositions. The specific volume (VO)
●.* ●S9 Q-

● 9
● ?..
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and bulk sound velocities are those give~~ne~b~~e

I (for chemically pure compounds) and Table II. A

summary of these values and the resulting. values

of 7 and (8E/8P)v is given in Table XfV. The ex-

perimental (1. 08-cma/g) value of (~E/~P)v for

LisD agrees well with the thermodynamic value of

1.13 cma/g shown in this table.

The values of (~E/~P)v in Table XfV were

used to transform the Hugoniot data obtained on

the porous samples to pressures and energies
9

corresponding to samples at crystal density.

These transformations are made at constant

volume. The recentered Hugoniot data and a

linear least-squares fit of the U~-UP points are

shown in the US-UP plane and the P-p plane in

Figs. 5-12 along with the bulk sound velocities

with which the intercepts should agree if there are

no transitions. The least-squares fits summa -

rized in Table xv were determined only from

points having UP >0.9 km/see. We chose this

lower particle -velocity limit to avoid the extreme

sensitivity of the transformed US-UP points to

small errors in the original data at low pressure.

The bulk sound velocities and the Hugoniot inter-

cepts agree well.

From these Hugoniots and the thermody-

namic data in Table XIV, one can determine a
9

complete equation of state for each material.

Tables XVI-XfX list the thermodynamic para-

meters on the Hugoniot, the foot of the release

isentrope, and the isotherms at room tempera-

ture and at 0%. The zero-pressure parameters

used in calculating these loci are summarized at

the head of each table.

In Figs. 13-16 our Hugoniot results are

compared with the results of other investigators

studying similar isotopic compositions. We con-

verted isothermal compression data to Hugoniot

shock velocity-particle velocity points using the

equations of state shown in Tables XVI-XIX.

Stevens and Lilley!s results
17

generally show less

compressibility y than ours, and Kusub@S ●@sub+4
● 9:.

● 9

:
●

● ☛

:{: fi~’ and Li6D show considerably greater

compressibility. Burton and Landeen’s high-

-pressure data3 for LiaH are also more com-

pressible than our extrapolate ed Hugoniot.

TRANSITION IN LITHIUM HYDRIDE AND

LITHIUM DEUTERIDE

Several investigators have postulated a tran-

sition from the NaCl to the CSC1 structure in

lithium hydride, but no transformation has been

observed. Schumacher,
18

using two different

Born-Mayer potentials for lithium hydride, cal-

culates a transition at 3 to 4 kbar involving a
19volume change of about O.4T0. Voronov et al.

showed experimentally that there is a linear

relationship of compressibility to pressure up to

20 kbar which did not fit the simple Born model.

Using Schumacherts potential function, he pre-

dicted that the transition should occur at 140 kbar’

with a volume change of 1470. Other experiment-
ers20,21

have also examined lithium hydride and

have found no evidence for a transformation.

Stephens and Lilley
17

determined the isothermal

compressibility of Li’%, LiaD, Li7H, and Li7D up

to 40 kbar and found that their data fit the simple

Born-Mayer model, but observed no transition.

There is no evidence of a transition for any

of the isotopic combinations in the pressure

region (60 to 450 kbar) that we investigated.

The data for the low-porosity Li8D are particu-

larly important, and although the low-pressure

data have considerable scatter there is no evi-

dence of a kink indicative of a transition in the

US-UP curve. It is somewhat more difficult to

detect transitions in the more porous samples,

however. Although we see no evidence for a

transition in our data, it may possibly be present

but have too small a volume change to be observed

as a discontinuity in the shock-wave data.
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Pure Isotopes

Density
Material L!Z!@

Li% O. 6842

Li’D .7905

Li7H .7830

Li7D .8900

vii
● O* be
● *** : ●:00
● m ● be

: :*
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CRYSTAL DENSITIES 0FLi6H, Li’D, LinH, AND LinD

Corrected for Assumed
2 wt~OHydroxide or ,

Isotopic Purity for this Study Deuteroxide

Material

(Lie.. s6sLi70.o%)H

(Lie,, s,&i’Oo ~)D

(Li’O. omLi70.sa5)H

(Li’.o M5Li70.EWJD

TABLE II

SOUND VELOCITIES AND ELASTIC MODULI

Density Sound Velocities (km/see)

Material (g/cm’) VL Vs Cb
—.

Li’% O. 698 10.67 7.18 6.72

Li6D .799 10.10 6.80 6.35

Li’H .782 10.05 6.75 6.34

Li”D .894 9.56 6.43 6.02

Li’H .666 10.42 6.86

Li6D .764 9.72 6.53

Li’H .743 9. a4 6.61

LinD .840 9.36 6.31

Density Densit
~.

w -

0.689 0.696

.795 .802

.776 .783

.883 .890

OF Li6H, Lib, LinH, AND LinD

Elastic Moduli (kbar)

Bs Y BL~_—— (7

314 359 781 794 0.086

322 369 802 815 .085

314 356 776 789 .089

324 369 803 817 .087

TABLE 111

ELASTIC CONSTANTS OF Li”H, Li7H, AND Li7D

PO V,[IOOI v,[1OO] Cb c 11 Cu c la VL[11OI

~ (g/cm’) (km/see) (km/see) (krn/see) (kbar) (kbar) (kbar) (km/see)—— —

Li”H O.776 9.06 7.40 6.34 636 424 150 10.55

10.26*

Li7H .783 9.02 7.39 6.34 637 428 154 10.50

10.25*

Li7D .890 8.38 6.81 6.02 626 419 171

9. 58*

*
Calculated

6
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Vls[llol Vx[llol

~ along ~ along

[0011 hiol

(km/see) (km/see)

7.62 5.77

7. 40* 5. 60*

7.70 5.80

7. 39* 5. 56*

6.81* 5. 05*
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HUGONIOT DATA FOR Li’D (b = O. 798 g/c>) HUGONIOT DATA

0.

. (g/cm’)

0.792

.805

.798

.799

.798

.800

.798

.799

.799

.798

.798

.798

.797

.798

.798

.798

.797

.794

.797

u,
(kmlsec)

7.39

7.56

7.98

8.48

9.15

9.44

9.67

10.00

10.21

10.37

10.63

10.79

11.04

11.22

11.24

11.18

11.73

11.84

11.71

u,
(km/se. )

0.69

.91

1.31

1.71

2.43

2.66

2.60

3.12

3.28

3.47

3.79

3.79

4.06

4.21

4.38

L 40

4.61

4.70

4.71

P

(Mbar)

0.040

.055

.083

.116

.177

.201

.216

.249

.268

.287

.321

.327

.357

.377

.394

.393

.432

,442

.440

P

(glad
0.874

.915

.955

1.001

1.086

1.113

1.122

1.182

1.177

1.199

1.239

1.231

1.260

1.277

1.309

1.316

1.314

1.316

1.334

u,●ta
(km/see)

5.96

6.17

6.53

6.91

7.59

7.81

7.95

8.28

8.41

6.59

8.89

6,91

9.16

9.31

8.46

8.47

8,70

8.78

9.78

TABLE V

HUGONIOT DATA FOR Li% (& = O. ’764 g/cm3)

PO

(g/cm”)

0.767
.764
.764
.765
.761
.765
.766
.762
.764
.766
,760
.749
.767
.762
.764
.767
.764

.768

.764

.765

.766

.761

.762

.761

.759

.765

.768

.766

.757

.766

.761

.766

.766

.766

u,
(km/see)

6.14
6.00
6.52
6.53
7.19
7.25
7.23
7.24
7.10
7.04
7.65
7.58
7.75
7.75
7.70
8.64
8.73
8.86
6.63
9.48
9.54
9.74

10.17
10.30
10.31
10.31
10,59
11.11
11.57
11,57
11.78

11,50
12.04
12.23

u,

(km/see)

0.70
.72
.98

1.00
1.36
1.37
1.39
1.39
1.39
1.40
1.11
1.72
1.74
1.79
1.60
2.36
2.39
2.61
2.61
3.12
3.15
3.15
3.66
3.71
3.71
3.74
3.90
4.53
4.63
4.85
4.86
4.91
5.28
5.37

P

(Mbar)

0.033
.033
.049
.050

.074

.0’16

.077

.077

.076

.075

.100

.098

.104

.106

.106

.157

.160

.177
176

:226
.230
.233

.284

.290

.290

.295

.317

.365

.423

.430

.436

.433

.468

.503

0

(glcm”)

0.666
.668
.699
.903
.938
.943
.950
.943
.951
.955
.979
.969
.990
.991
.996

1.058
1.052
1.069
1.085
1.140
1.142
1.124
1.191
1.168
1.164
1.200
1.215
1.293
1.299
1.319
1.297
1.337
1.367
1.366

u, ,ta
(km/see)

5.94
5.95
6.18
6.20
6.54
6.55
6.57
6.56
6.56
6.56
6.86
6.66
6.90
6.93
6.94
7.49
7.51
7.71
7.71
6.91
6.22
6.23

6,71
8.75
6.75
8,79
6.95
9.54
9.82
9.86
9.68

9.90
10.26
10.36

v.

(g/cms)

0.736 ‘

.737

.733

.731

.739

.733

.737

.741

.735

.738

.739

.741

.736

.740

.739

.742

.740

.744

.?36

.736

u,
(km/see)

5.35

5.96

6.70

7.38

6.41

6.76

8.98

9.34

9.41

9.82

10.21

10.30

10.46

10.55

10.84

11.09

11.06

11.34

11.58

11.45

HUG ON1OT ilAT A

P.

(.glcm’)

0.666

.672

.660

.666

.670

.669

.677

.867

.664

.662

.875

.656

.666

.876

.676

.664

.637

.636

.673

.665

TABLE VI

FOR Li’D (Eo = O.738 g/Cm3)

u,
(km/see)

0.75

.98

1.39

1.80

2.52

2.76

2.90

3.23

3.41

3.58

3.88

3.81

4.15

4.18

4.33

4.48

4.50

4.73

4.82

4.83

P

(Mbar)

0,030

.043

.068

.097

.157

.177

.192

.224

.237

,259

.294

,298

,320

,326

.347

,369

.368

.399

.411

.407

P

(g/cm”)

0.657

.882

.925

.967

1.055

10071

1.066

1.133

1.149

1.162

1.195

1.194

1.223

1.226

1.230

1.245

1.247

1.276

1.265

1.274

u, IM

(km/see)

5.96

6.17

6.53

6.91

7.59

7.81

7.85

8.26

8.41

8.59

8.89

8.91

9.12

9.16

9.31

9.46

9.47

9.70

9.78

9.78

u,

TABLE VII

FOR Li’D (~, = 0.665 g/cm3)

u, P

(km/see) (km/see) (~tw)

3.66

4.57

5.49

6.36

7.71

8.07

8.34

6.64

6.96

9.23

9.86

9.90

9.95

10.23

10.51

10.59

10.34

10.75

11.06

11.09

.,. .9* ● *
..0 ● .*● 000:

●
● O.*● ::**:@ *,

● ●

‘ ● .:* :66 *O* Q90
● 0

k●
● 9 ● ** ●

0.81 0.020

1.05 .032

1,47 .053

1.69 .060

2.63 .136

2.67 .155

3.00 .170

3.37 .194

3.53 .210

3.72 .227

4.01 .267

4.05 .263

4.28 .284

4.30 .297

4.45 .316

4.65 .327

4.71 .310

4.96 . 34U

4.97 .370

4.98 .367

P

(g/cms)

0.858

.872

.902

.951

1.016

1.036

1.056

1.093

1.093

1.106

1.137

1.110

1.170

1.166

1.171

1.184

1.169

1.163

1.222

1.207

u,,,,
(kmlsec)

5.96

6.17

6.53

6.91

7.59

7.81

7.95

6.26

8.41

6.59

6.69

6.91

9.12

9.16

9.31

9.47

9.46

9.70

9.78

9.78

7
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!!!’!’
TABLE VIII

HUG ONIOT DATA FOR LisD (PO

P.

(filcm’ )

0.592

,571

. S72

.567

.s71

.574

.572

.570

.571

.575

.587

.583

.579

.570

. S78

.596

.588

.594

.594

.578

v,
(kI1l/8CC)

2.87

.?. 39

4.40

5034

6.61

7.29

7.49

1.63

6.29

8.59

9.09

9.2S

9.35

6.54

6.91

10.23

9.93

10.48

10.62

10.52

up
(krdsec)

0.65

1.12

1.56

2.00

2.77

3.01

3.17

3.54

3.69

3.88

4.19

4.21

4.47

4.52

4.65

4.76

4.63

5.06

5.14

5.16

P

(Mbar).

0.014

.022

.039

.061

.108

.126

.136

.156

.175

.191

.224

.227

.242

.257

.266

.292

.262

.315

.325

.315

● ✛
● 0 ●0: ●:a

.0. 5’/9 g/cm’)

P

(g/cm” )

0.640

.651

.665

.906

.962

.977

.991

1.039

1.029

1.046

1.069

1.072

1.109

1.063

!. 060

1.121

1.145

1.148

1.152

1.138

u,9M

(km/see)

5.96

6.17

6.53

6.91

7.59

7.81

7.95

6.26

8.41

6.56

6.69

6.91

9.12

9.16

9.31

9.47

9.46

9.70

9.78

9.76

TABLE IX

HUGONIOT DATA FOR Li’D (Fo = 0.514 g/cm3)

P.

(g/cms )

0.522

.526

.530

. S32

.514

.527

.519

.521

.539

.506

.499

.511

.502

.606

.506

.499

.510

.497

.500

8

us
(km/see)

Sol

4.08

4.88

6.35

6.76

7.12

7.54

7.96

8.35

9.04

6.70

9.06

9.36

9.72

10.05

9.86

10.27

10.51

10.33

u?
(km/see)

1.14

1.59

2.05

2.83

3.10

3.24

3.62

3.76

3.94

4.34

4.35

4.60

4.64

4.78

4.96

4.96

5.23

5.33

s. 35

P

(Mbar)

0.016

.034

.053

.096

.108

.122

.142

.157

.177

.196

.169

.213

.218

.235

.253

.245

.274

.279

.276

P

(glcms)

0.840

.861

.913

.961

.950

.968

.996

.966

1.021

.972

.999

1.035

.993

.996

1.003

1.009

1.038

1.010

1.035

usau
(km/see)

6.17

6.52

6.91

7.59

7.81

7.95

6.26

8.41

8.59

6.91

8.69

9.12

9.16

9.31

9.47

6.46

9.70

9.78

9.78

● -6*
9 ●:- ●

HUG ONIOT DATA

TABLE X

FOR LisD (Fo = 0.448 g/cm3)

P.

(g/cm?

0.456 ‘

.456

.450

.457

.462

.452

.448

.425

.456

.447

.441

.448

.451

.444

.446

.444

.450

.434

.442

T-h

(km/see)

2.60

3.45

4.34

5.60

6.25

6.59

7.05

‘1. 46

7.63

6.37

8.42

6.75

9.09

9.39

9.71

9.61

10.04

10.20

10.02

lb

(km/see)

1.16

1.64

2.12

2.93

3.19

3.35

3.73

3.93

4.09

4.46

4.46

4.73

4.75

4.92

5.09

5.11

5.36

5.49

5.49

P

(Mbar)

0.014

.026

.041

.078

.092

.100

.116

.125

.147

.167

.167

.165

.194

.205

.220

.218

.242

.243

.243

P

(g/cm=)

0.825

.869

.879

.924

.942

.920

.953

.697

.859

.956

.944

.074

.943

.933

.937

.946

.965

.640

.977

u,ate
(km/aec) - “

6.17

6.53

6.91 - ●

7.59

7.81

7.95

6.26

8.41

8.59

6.60

LI.91

9.12

8.16

9.31

S. 46

9.47

9.70

9.76

9.78

TABLE XI

HUGONIOT DATA FOR Li% (Go = 0.666 g/cm3)

P.

La-’)
0.669

.661

.664

.666

.671

.661

.661

.662

.660

.666

.611

.664

.664

.664

.664

.664

us

(kmlsec)

6.42

6.36

6.31

6.86

6.61

7.49

6.13

9.02

9.91

10.71
10.97

11.71

12.31

12.41

12.73

12.83

● ☛ ● 0. ● **
● ● a. ●

::::.
●

i%!iiiik--

u,
(kmlsec)

0.72

.73

.73

1.00

1.02

1.42

1.79

2.43

3.19

3.74

3.99

4.63

4.95

4.98

5.40

5.48

P

(tOar)

0.031

. IJ31

.031

.045

.046

.070

.096

.145

. 2(J9

.266

. 2S4

.360

.404

.411

.457

.471

P

(g/cm=)

0.153

.747

.7s1

.779

.769

.616

.647

.907

.974

1.023

1. 0s4

1.098

1.110

1.111

1.154

1.153

q,,,
(km/see)

5.94

5.95

5.95

6.18

6.20

6. S7

6.90

7.49

8.19

8.71

6.85

9.54

9.66

9.90

10.28’

10.36

,
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t P.

(glcms )

0.743

d-
,740

.742

.735

. 736*

. 739*

. 741*

.741

. 742*

. 736*

, 739*

. 732*

.741

. 141*

. 749*

.142

. 733*

. 739*

. 737*

. 735*

.742

. 140*

.737*

.741

. 740*

. 737*

. 740*

, 735*

. 735*

.743

. 740*

.741

.741

. 734*

.741

.741

. 738*

.741

.741

m!il!!P
90 ● O* ● *9 9-0 :Oc

● . ● O
. :.*.99

TABLE XII 0 ● -● : b
●:0 ●

HUGONIOT DATA FOR LinH AND LiyH

(FO = 0.739 g/cm3)

us Uv
(km/see) (km/see)

6.11

5.97

6.52

6.44

7.15

7.17

7.12

7.15

6.90

6.92

7.51

7.63

7.73

7.63

7.64

6.66

8.67

6.62

6.63

6.76

9.46

9.58

9.56

10.25

10.27

10.24

10.22

10.19

10.34

10.56

11.22

11.30

11.45

11.69

11.91

12.07

11.60

12.16

12.15

0.71

.73

.96

!. 01

1.37

1.39

1.40

1.40

1.41

1.41

1.73

1.73

1.76

1.60

1.80

2.39

2.42

2.45

2.64

2.64

3, 14

3.17

3. in

3.66

3.72

3.73

3.74

3.75

3.77

3.93

4.52

4.55

4.57

4.86

4.66

4.90

4.90

5.32

5.42

crystal data (ZO = o.777 g/cm?

O. 763* 7.59 0.96

. 776* 7.67 1.20

. 763* 7.50 1.30

. 777* 9.13 2.58

. 763* 10.54 3.61

. 763* 11.71 4.46

. 776* 12.04 4.62

*lA733

P

(Mbar)

0.032

.032

.046

.046

.072

.072

,074

.074

.072

. IJ72

.097

.097

.101

.104

.106

.154

.154

. 15B

.171

.170

.221

.225

.225

.26o

,283

.262

.263

.260

.287

. 31J7

.375

.381

.386

.414

.429

.436

.427

.480

.486

0.057

.071

. U75

.163

.29a

.411

.450

P

[g/cm’)
0.641

.642

.674

.672

.911

.904

.923

.922

.933

.925

.957

.946

.959

.962

.972

1.025

1.017

1.032

1.050

1.052

1.111

1.105

1.104

1.156

1.160

1.160

1.167

1.162

1.157

1.163

1.238

1.240

1.233

1.26u

1.251

1.247

1.262

1.318

1.336

0.696

.920

.924

1. IJ63

1.190

1.269

1.293

us.ti
(kmlsec)

5.91

5.95

6.16

6.2o

6.54

6.55

6.56

6.57

6.56

6.56

6.66

6.86

8.90

6.93

6.94

7.49

7.51

7.54

7.71

7.71

8.19

6.22

6.23

8.71

8.75

6.75

6.75

8.75

6.79

8.95

9.50

9.54

9.57

9.62

9.66

9.90

9.86

10.26

10.36

6.2o

6.42

6.50

7.71

6.71

9.57

9.86

P.

(glcd)

0.840

.639

.640

.639

. 641J

.639

.1144

.838

.640

.642

.641

.840

.841

.840

.640

● a
●

●

●
● 9

●

● 0

::
● e
● 0 TABLE XIII
90

HUGONIOT DATA FOR LinD AND Li7D

(& = 0.840 g/cm’)

u,
(kmlsec)

5.86

5.79

6,30

6.33

7.50

6.29

9.11

9.86

10.21

10.97

11.03

11.24

11.56

11.65

1!.65

u, P

(kmlsec) (Mbar)

0.70

.71

.96

.96

1.72

2.35

3.07

3.61

3.84

4.48

4.59

4.76

4.60

5.2U

5.29

crystal data (;O .0. 690 g/cm?

O. 690* 7.13 0.94

. 690* 10,01 3.54

. 690* 10.96 4.42

*M’D

●☛✎ ● mm ● O
●

,:* *e. .8
● m. ● *

.*● ::..:*. ●
● ●

● @* ● O
O.O .:O :00 oo~ihllllb.**.**:

.Oe
.*9
● ● ●**

●

● 9 .**

0.034

.035

.051

.052

.106

.16.3

.236

.2!36

.330

.414

.426

.451

.466

.517

.527

0.060

.315

.431

P

(glcm’)

0.953

.956

.992

.993

1. U91J

1.170

1.274

1.321

1.347

1.423

1.441

1.461

1.437

1.496

1.516

1.025

1.376

1.491

u, 9U
(kmlsec)

5.94

5.95

6.18

6.20

6.90

7.49

6.19

6.71

6.95

9.57

9.66

9.66

9.90

10.28

10.36

6.20

6.71

9.57

9
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THERMODYNAMIC GRUNEISEN ‘r AND (8E/~P)v FOR LisH, Lib, LiOH, AND Li’D

Po Vo P “ co Cp Cp (aE/ap)v

Mat (g/cm3) (cm’/g) (/?0 (cm/see) (cal/mol%) (erg/g%) -f (cm”/g) “

Li’% O. 689 1.451 84. 9x10-’ 6.72 x10S 6.682 3.953X107 0.970 1.496

,

“

Li% .795 1.258 95.1 6.35 6.682 3.461 1.108 1.135

LinH .776 1.289 93.0 6.34 6.682 3.518 1.063 1.213

Li’D .883 1.133 107.7 6.02 6.682 3.122 1.250 0.906

TABLE XV

SUMMARY OF CRYSTAL-DENSITY HUGONIOT

COEFFICIENTS OF THE EQUATION Us = Co+ SUP

FOR Li6H, Li’D, LinH, AND LinD FOR DATA

HAVING UP >0.9 km/see

po co

Material (g/cm’) (km/see) s

Li’% O. 696 6.740 1.189

LieD .802 6.464 1.130

Li’H .783 6.426 1.167

Li’D .890 6.138 1.151

.

#

10

.. ● 0. ● mm
● * ● ● *. ●

::.:. : ::-

: ●**.
● * ●*: 90* ●.: .:. ● ●‘:””4!mlb● *9

● . . 4
●..* : :

●
● ●*. ●:
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EQUATION OF STATE OF Li~

C62f~!clCNlsIN U3.CO*S.W*32.W..?..... 6.’3401.!29
Os/oPlv.l.q%cfl.Q3/o owls. .9’30
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