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Metallization of aluminum hydride AIH; at high multiple-shock pressures
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A study of electrophysical and thermodynamic properties of alane AlH; under multishock compression has
been carried out. The increase in specific electroconductivity of alane at shock compression up to pressure 100
GPa has been measured. High pressures and temperatures were obtained with an explosive device, which
accelerates the stainless impactor up to 3 km/s. A strong shock wave is generated on impact with a holder
containing alane. The impact shock is split into a shock wave reverberating in alane between two stiff metal
anvils. This compression loads the alane sample by a multishock manner up to pressure 80-90 GPa, heats alane
to the temperature of about 1500-2000 K, and lasts 1 us. The conductivity of shocked alane increases in the
range up to 60-75 GPa and is about 30 ({2 cm)~'. In this region the semiconductor regime is true for shocked
alane. The conductivity of alane achieves approximately 500 (£ cm)~! at 80-90 GPa. In this region, conduc-
tivity is interpreted in frames of the conception of the “dielectric catastrophe,” taking into consideration

significant differences between the electronic states of isolated molecule AIH; and condensed alane.
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I. INTRODUCTION

Aluminum hydride a-AlH; (alane) is a solid with very
large hydrogen content of 10.1 wt%. Aluminum hydride is a
promising additive to rocket fuels and high explosives, and
so need for knowledge of its properties under high pressures
and temperature appears. Aluminum hydride has been in-
tensely studied as one of the most promising materials for
hydrogen storage. The large hydrogen content of AlH; leads
to other interesting properties. It was noticed' that “light”
hydrides (such as CH,, SiH,, AIH;, or MgH,) might also be
high-T,. superconductors. Recently possible metallization of
alane at high pressure along the room-temperature isotherm
up to 100 GPa has been investigated theoretically’ and
experimentally.? The results obtained are sufficiently encour-
aging to prompt studies of a wider range of temperatures. In
this paper, the electrical conductivity of AlH; has been stud-
ied under multishock compression up to 100 GPa and tem-
perature up to 2000 K.

II. SAMPLES, SHOCK LOADING, AND MEASURING
CELL

The starting material was powder of a-AlH; with a grain
size of 30 wm and a purity of 99.8 wt % produced by a
reaction of LiAlH, with AICI; in ether solution at room
temperature.* This powder was earlier characterized by in-
elastic neutron scattering® and x-ray diffraction and
calorimetry.® The samples for the shock experiments were
thin disks (10 mm in diameter and 0.5 mm thick) made by
pressing the powder at room temperature.

After compacting the surfaces of the sample was flat that
provided better electrical contact with copper measuring
electrodes. The initial density of the disk samples was
1.23-1.41 g/cm?’. Disk sample 1 (see Fig. 1) was inserted
into the Teflon film 2.

The sample was located on the axis of the experiment.
The manganin shock pressure gauge 3 was located at 5 mm
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from the sample. Two additional Teflon film 4’s were on and
under the Teflon film 2 with the sample and the gauge. The
resulted “sandwich” 1-4 was pressed between two copper
plates.

The shock wave loading was realized by the impact of
steel plate-projectile (see Fig. 1) with diameter 90 mm. The
projectile was accelerated by the explosion products up to
the velocity W=2.6(1)-3.15(9) km/s, the planar region of
the projectile at impact was 60 mm and the variation in im-
pact time over the projectile was less than 0.1 us.” Refer-
ence 7 contains comprehensive data on the launch setup. The
stainless projectile generated a shock wave in the first copper
plate. Then the Teflon sandwich together with the sample and
the manganin gauge were subjected to the step increasing of
the shock pressure as a result of reverberations of the shock
waves between tungsten anvils and cooper plates. The shock
pressure was registered by the manganin gauge. The pressure
reached about 100 GPa in our experiments.

The initial electric resistance of the samples was greater
than 10° Q). The electric resistance of the AIH; sample under

stainless projectile

oW

copper plate 1

copper plate

FIG. 1. The scheme of the cell for electric measurements under
step shock wave loading. 1 is the alane sample, 2 is the Teflon film
with thickness 0.5 mm, 3 is the manganin gauge, 4 is the Teflon
films with thickness 1 mm, and 5 is the tungsten disks with thick-
ness 1.5 mm and diameter 24 mm.
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FIG. 2. (a) Measuring cell and (b) equivalent circuit of sample
conductivity gauge. (a) 1 is disk sample of thickness hy=0.5 mm
and effective sizes m=3-5 mm and n=6—8 mm, 2 is copper cur-
rent leads, Ry, is the shunting resistor; (b) R, is the sample resis-
tance, L, is the inductance of the sample, Ry, is the shunting resis-
tor, Ly, is the inductance of the shunt resistor, and U, is the copper
electrode voltage.

step shock effect was measured out simultaneously with the
registration of the pressure at shock compression. The mea-
suring cell is shown in [Fig. 2(a)] schematically. The mea-
suring electrodes were made from copper foil with the 3 mm
wide and the thickness of 0.02 mm. That is to say the thick-
ness of copper electrodes was much smaller the sample
thickness (0.5 mm). This thickness ratio suggests that three-
dimensional (3D) effect from the copper electrode, etc. is
small and can be neglected. The direct current /=~ 10 A was
passed along the sample and the shunt resistor Ry, =2.5 ()
before and during the shock loading of the sample. The
equivalent circuit of the measuring cell was submitted in Fig.
2(b). The voltage U,=U,(¢) depending on time ¢ was mea-
sured on the copper electrodes. The U, measurement was
done by oscilloscope Tektronix TDS-744A. The electric re-
sistance of the sample in the scheme Fig. 2(b) was calculated
according to®

U.=1.R L
x — L0 sh Rsh+Rx

R L Ry, +R
+< sh _ X )exp<_ sh x)l i (1)
Rsh + Rx Lx + Lsh Lsh + Lx
where the nil moment of the time =0 corresponds to the

moment of shock wave arrival at the sample. The transition
time 7 in this scheme is

L.+L
Tz3R"—Sh. (2)
x+Rsh

In this work the total inductance L,.+Lg, was equal about
107% H that under Ry, =2.5  gave the 7 order of magni-
tude 0.01 wus. So, at the write time about 0.1—-1 us limiting
form (1) was used, corresponding to an infinitely small term
in braces of Eq. (1). In this approach the sample resistance R,
was calculated by measured value U, as

UxR sh

Ry="—""7—. 3)
Ux + IORsh
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FIG. 3. (Color online) The experimental profiles (time depen-
dencies) of the AlH; sample electric conductivity S,(¢) and pressure
P(t) under multishock wave loading up to =70 GPa. 1 is an ex-
perimental profile P(¢) in the environment (the Teflon), 2 is a cal-
culated profile P(r) in a-AlH;3 sample, 3 is an experimental profile
S;(r) for a-AlH3, and 4 is an experimental profile S;(r) for Teflon.

In the arrangement shown in Fig. 1, we carried out two
series of experiments with different impactor velocity W. In
the first series, tungsten disk 5 was absent and the maximum
pressure of shock compression amounted to =70 GPa. The
second series of experiments was carried out with tungsten
disks, which led to an increase the pressure of shock com-
pression up to =100 GPa. The best typical experimental
profiles of pressure and conductivity S;=1/R, are shown in
Figs. 3 and 4 for the maximum pressures of each series.

The magnitude of the electrical conductivity of the Teflon
at the experimental conditions was estimated in the specific
shot. The measuring cell 1a (see Fig. 2) with the Teflon film
2 (see Fig. 1) without the sample was used. The experimental
profile S;(¢) for Teflon shown in Fig. 3. From this figure we
notice that the magnitude of the electrical conductivity of the
Teflon is negligible.

The specific conductivity o=o(z) was calculated as

120
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FIG. 4. (Color online) The experimental profiles (time depen-
dencies) of the AlH; sample electric conductivity S;(¢) and pressure
P(t) under multishock wave loading up to =100 GPa. 1 is an ex-
perimental profile P(r), 2 is a calculated profile P(r) in AIH;-III
sample, 3 is an experimental profile S,(r), and 4 is a calculated
profile S;().
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TABLE I. The parameters for equation of state [Eq. (5)] of a-AlH3, AIH;-1I1, and Al

v S Ay S3 Vo

Solid (cm®/mol) (GPa) (GPa) (kI/g) (ecm?/mol) Yos Y
a-AlH, 57.65 —41.64 858.12 -840.45 20.14 1.74 0.76
AlH;-11I 34.10 -146.58 3046.12 -1739.24 15.74 2.38 2.38
Al 25.73 -110.81 2293.62 -1106.77 10.0 1.94 1.94

V v %

o=C-2s., (4) x=—, x=-2, (10)
Vv v, 78

where V|, and V are the initial and current specific volumes,
C is a geometry-dependent parameter called the cell con-
stant. The parameter C was calculated as C=m/nh,, where
m, n, and h, were the geometries of the sample [see Fig.

2(a)].

III. THERMODYNAMIC PARAMETERS AND EQUATION
OF STATE OF ALANE

The numerical calculation of the shock wave interaction
and the release wave in the cell was carried out to obtain
details of the pressure-temperature dependence of the con-
ductivity of alane under step shock loading. The one-
dimensional flat flow corresponding to experiment (Fig. 1)
was simulated. The numerical calculation was carried out
using the modified “individual particle-in-cell” method” at a
flat unidimensional approach. The Mie-Gruneisen equations
of state for metals were used in the semiempirical form.'*!!

This equation of state for alane was constructed in the
semiempirical form!? as well,

“YE_
P-P= V(E E), (5)

where P is the pressure, E is the energy, and V is the volume;
P,=P(V) and E;=E(V) are correspondingly volume depen-
dencies of pressure and energy along an isotherm 7=T,
=const; y=y(V) is the volume dependence of the Gruneisen
factor.

The formulas for the lattice components of £, and P, were
taken from Ref. 10. The energy E, was determined by the
following expressions.

E == v(SH,+ Sx) + S5+ To[S(x, Tp) — S(x0, Tp) ], (6)

4 0
S=3R ——1nﬂ , (7)
3
1—x\2 2/3
®=@o< x) (@) : (8)
1-x X
1 3 1 1
Hx=9<_x—2/3 + 2x1/3 + _X4/3 _ _x7/3 + _XIO/S), (9)
10 2 7 70

where S|, S,, and v, are the fitting parameters, S is the en-
tropy, © is the characteristic temperature, Vo=V(P,T,), P,
=1 atm, T;,=298 K, R is a specific gas constant, and S5 is an
integration constant defined from initial conditions. The con-
stant S5 is defined so that the value E (x) in the minimum
point x=x,;, was zero E(x,)=0.

The pressure P, was determined with the help of the sec-
ond law of the thermodynamics P5=—%+TO% and volume
derivatives [Egs. (6) and (7)];

PS=SIFX+SZ’ (11)

F.= dH, _ 3<_ %x—sn + 2B 4 63— 43 4 %xm).

(12)

The expression for y=y(V), which is defined by means of
the first and second derivatives from Eq. (11) with the help
of Slater’s formula, was used in Ref. 10,

2 Vd*P/dV* 2 2V
y=-Z-= ==+ , (13)
3 2dPJdV 3 wuy-V

but for a-AlH; Eq. (13) was replaced on

2 2V (14)
= — 4+ ,
4 3 Yy — \%4
where vy, was calculated as
=Vol 1+ , 15
W o( Yo 2/3> (15)

with yy=BK,V,/ Cy=0.76 as the thermal Gruneisen param-
eter for a-AlH; from Ref. 6.

The fitting parameters S;, S,, and v, were determined with
help of the least-squares method from condition of the best
description of the experimental high-pressure isotherms® by
Eq. (11). The complete set of parameters for equation of state
for a-AlH; and high-pressure phase AlH;-III are listed in
Table I. The parameters of the Al equation of state are listed
in Table I. They are determined in Ref. 12 under experimen-
tal high-pressure isotherm.!® The corresponding plots of Eq.
(11) are shown in Fig. 5.

The calculation of shock pressure P, and shock energy E),
for monolithic material are carried as in Ref. 10 by using
known shock physics formulas with the equations of state
[Eq. (5)] with parameters from Table T,
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FIG. 5. (Color online) Pressure P-volume V relationship at an
isothermal and multishock compression of alane and aluminum.
The dotes are the experimental high pressure isotherms of a-AlHj3,
AlH;-11, and AIH;-IIT (Ref. 3), squares are the data for Al (Ref. 13).
The double arrows show the theoretical prediction of layered insu-
lator and semimetal region (Ref. 2). 1, 3, and 6 are the plots of Eq.
(11) for a-AlH;, AIH3-II1, and Al, respectively. 2 is the phase tra-
jectory of multishock compression of a-AlH; up to 73 GPa and 4 is
the phase trajectory of multi shock compression of AIH;-III in re-
gion 80-100 GPa. The numerals are temperatures in these states. 5
is the phase trajectory of multishock compression of Al in region
0-100 GPa in the same conditions.

P‘v - %/[Ev - E‘v(x()’ TO)]

F= 1= 2(Vo-V) (16)
1
E,=E|(x0,To) + E(Ph"‘ Po)(Vo-V). (17)

There is a wide range of initial densities, and some samples
have significant porosity. One would expect a much higher
temperature for a porous sample than a fully dense sample.
Also, the spread of initial densities would suggest than a
slightly different thermodynamic path for each sample.
Therefore the calculation of shock pressure P, and energy
E,, for porous materials with porosity m and initial specific
volume Vy,=mV, was carried out by the somewhat different
formulas of shock compression physics.
The pressure P, was calculated as

_P[1-F(v-V)]
" 1-F(Vy-V)

(18)

The energy E,, is calculated by formula (17) where P, is
substituted for P, and Vj, is replaced by V(.

The temperature T}, along porous Hugoniot is found as
the root of the equation

T
Eh,,—EX:f CydT, (19)
Ty

where Cy=Cy(T,) is the temperature dependence of isoch-
oric heat capacity. The temperature dependent Cy,=C/(T) of
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FIG. 6. The Cy(T) dependences of a-AlH;. 1 is the experiment
at atmospheric pressure (Ref. 6), 2 is the plot of Eq. (20), and 3 is
the estimation of Cy(7T) along the Hugoniot.

a-AlH; was taken from Ref. 6. The experimental data Cy(T)
(Ref. 6) (see curve 1 in Fig. 6) within the range of 300-2000
K were approximated (see curve 2 in Fig. 6) by an Einstein-
type function

2
v (b/T) 7 exp(b/T), (20)

= Texp(bIT) -

where a=95.24 J/(mol K) and b=1093 K.

It would appear reasonable that the heat capacity to vary
significantly with compression as well as temperature. This
effect is estimated under the assumption that b is the volume
function b=6(V), where (V) is the characteristic tempera-
ture of Eq. (8) with 6,=1093 K. In this approach the heat
capacity of alane along the Hugoniot shown in Fig. 6 by
curve 3. One can distinguish between these curves no more
than 8% at 1000-2500 K. In view of this estimation and
taking into account that alane is non-Debye solids,® we used
the simplest formula [Eq. (20)] with b=const=1093 K.

The calculations of the thermodynamic states under maxi-
mum pressure 73 GPa for a-AlH; and within the range of
80-100 GPa for AIH;-III are shown in Fig. 5. The calculated
pressure profiles P(z) for AIH; are shown in Figs. 3 and 4. In
Fig. 7 the calculation of the thermodynamic path shown in

1200

400

r T T T

0 30 60 90

P (GPa)

FIG. 7. T-P diagram of Al-H system. 1 is the equilibrium Al
+(1.5)H,=AlH; (Ref. 14), 2 is the calculated of multishock ther-
modynamic path, stars, and points (Ref. 14) are AIH; and Al
+(1.5)H,, respectively.
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T-P-coordinates as against the static decomposition curve.'*
The thermodynamic path is placed under the decomposition
curve. This suggests the lack of any decomposition alane
under the multiple-shock compression.

IV. RESULTS AND DISCUSSION
A. Results at low pressures

The comparison of conductivity profiles and correspond-
ing pressure profiles allows to draw the following conclu-
sions. The conductivity of shocked compressed alane up to
pressures 2025 GPa is the value around ~0.01 Q~'. Within
the range of pressures 30-75 GPa the conductivity greatly
increases and reaches 2—3 Q! (see Fig. 3). It is possible to
suppose that the sharp change of sample conductivity in the
range of =30 GPa is determined by the transition of insu-
lating low-pressure « phase to an insulating layered struc-
tured, theoretically predicted for this pressure range in (Ref.
2).

Let us notice that the sample conductivity within the
range of pressures 30-70 GPa has a reversible nature (see
Fig. 3). It grows with the shock pressure increasing (and
consequently the increasing of the shock temperature) and
decreases with the reduction of these parameters in unload-
ing. The calculations of the shock temperature 7}, in the
range of 30-70 GPa give rather high values T,
~1000-1300 K (see Fig. 5). So it may be that the alane
sample conductivity in the layered insulator range is caused
by the increase in current carrier concentration under grow-
ing temperature. The argument for such a semiconductor
mechanism is a possibility of the description of conductivity
profiles by typical exponential ratio for temperature depen-
dency of specific conductivity o as

ELV) (V)>. (21)

o=0 exp(— T

Really, according to Ref. 2 the minimum values of band
gap E, for different alane structures within the range up to
80 GPa are E,,=0.36-0.90 eV. Thereupon the value of
band gap might be equal E,,=0.6 eV. At the same time in
accordance with Ref. 2 it is supposed that the band gap de-
creases with pressure.

The decreasing factor of £, under pressure growth in Eq.
(21) may be taken into account in the ratio of the volume V
to volume V|y;, where V|, is the volume of transition insulator
into layered insulator at 34 GPa (Ref. 2) equal V;
=13.78 cm?/mol. In other words, we can expect that the
band gap E, in Eq. (21) depends on the volume as E,
=E,(V)=E,V/Vy,;. Equation (21) with these parameters, be-
ing a built-in gas dynamic code allows us to calculate the
resistance of a shock compressing sample. This calculation
executed under specially selected constant o, is shown by
line 2 in Fig. 8. Evidently it is possible to interpret the ex-
perimental conductivity profile 1 of alane in the field of
30-75 GPa in details. The meaning of constant oy has here-
with the value o,=148 (Q cm)~'.

We note that the nature of conductivities under multi-
shock compression AlH; has a close analogy with conduc-
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FIG. 8. (Color online) Simulation of conductivity of shocked
alane in the semiconductor regime. 1 is the experimental oscillo-
gram and 2 is the model profile of the sample conductivity available
by using Eq. (21) in layered insulator region.

tivity of shocked hydrogen from Ref. 15. To show this, we
present the data of conductivities in coordinates o—Vy,
where Vy is a partial volume of hydrogen. For shocked hy-
drogen Vy=Vy,/2N,, where Vi, is a molar volume of mo-
lecular hydrogen from Ref. 15, N, is the Avogadro number.

In the case of the room-temperature isotherm one com-
monly estimates the partial hydrogen volume Vi in the hy-
dride from subtraction of the atomic volume of pure alumi-
num measured at the same pressure (see Ref. 3). Let us use
this technique for alane phase paths (lines 2 and 4) and for
aluminum (line 6) (see Fig. 5). In this approach the partial
volume of the hydrogen in shocked compressed AIH; will be
equal Vig=Vaane— Va1)/3N, where V.. 1S an alane molar
volume and V,; is an aluminum molar volume.

The conductivity data in the coordinate o-Vy are shown
in Fig. 9. The value o for AlH; is close to o for H at Vy
=2.65-2.75 A3/atom.

Moreover as stated above the conductivity of the alane
has a semiconductor nature similar to the conductivity of
shocked hydrogen in (Ref. 15). Note that even pre-
exponential factor o is the same in both cases and equal to
148 (Q cm)™.

%180 155 ;141
—~ 3l * 90(10)
g ‘ * _808)
Q * |
*C} e
< 2 ..62-75
[ |
O
f=1
o 1 105
2 *
*
0 1 1 1 1 1
2.0 2.2 24 2.6 2.8

A3
V, (A’/atom)

FIG. 9. (Color online) Conductivity of alane and fluid hydrogen
as a function of partial hydrogen volume V. Stars are the data (Ref.
15), squares are the data of the present work. Volume error is the
uncertainty in the calculations (see text). Numerals are specified the
magnitudes of maximum shock pressures in GPa. The accuracy of
the pressure is indicated in the brackets.
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B. Results at high pressures

We shall notice that the area 80—-100 GPa in Fig. 5 corre-
sponding to Vy=2.6-2.4 A3/atom in Fig. 9 is the area of
several high-pressure phases. They are an semimetal area
according to Ref. 2, as well as a polymorphic transitions
a-AlH; < AlH;5-1T and AlH;-11+ AlH;-1I1 according to Ref.
3, and also probable melting or even decompositions of alane
in a shock wave. It is not clear from the experimental data
that these irreversible processes do not occur. The absence of
the phase diagram and thermodynamic properties of the
high-pressure phases AlH;-1I and AlH;-III do not allow re-
ally to calculate the shock compression parameters in this
area. Thus under such conditions, it would be unclear
whether the current equation of state analysis would be valid.
But we estimated the thermodynamic alane condition limits
in carried out experiments as follows.

The minimum values of the temperatures and densities
correspond to the calculations carried out the assumption that
no phase transitions in alane take place and the substance
follows the equation of state a-AlH;. In this case the volume
decreases along curve 2 and maximum temperatures reach
the values Tj,; = 1500 K (see Fig. 5). In the other limit case
it is supposed that in strong shock waves alane falls into the
area of phase AlH;-III, the equation of state which is pre-
sented in Table I. Here the volume decreases along curve 4
and maximum  temperatures reach  values T3
~1600-2200 K (see Fig. 5).

In accordance with these estimations the partial volumes
uncertainty Vy is marked off at pressures 80-90 GPa in Fig.
9. The points correspond to the compression of alane along
curve 2 in Fig. 5. Inaccuracy toward a small volume corre-
sponds to the compression of alane along curve 4 in Fig. 5.

Within the framework of these approach it is possible to
say that the quantitative analogy between conductivity of the
hydrogen and alane is seen and under higher pressures. So in
Fig. 5 at Vy=2.45-2.60 A3/atom the strong growth of alane
conductivity reaching the hydrogen conductivity values is
observed. At the same time it should be noted that in this
region the conductivity mechanism of alane and hydrogen is
different. In Ref. 15 the conductivity of hydrogen gains the
metallic nature but in the case of shocked alane, most likely
the semiconductor mechanism of conductivities remains. The
conductivity profile (see Fig. 4) in the high-pressure region is
the evidence of such suggestions, i.e., a conductivity under
maximum pressure values keeps track the profile of the pres-
sure, and signifies a temperature profile. The calculation of
sample conductivity profile at 100 GPa under Eq. (21) with a
suitable C parameter is shown in Fig. 4. The simulated pro-
file retraces the same experimental profile. This suggests the
conductivity increases with the increase in the temperature
that is typical for a semiconductor mechanism of conductiv-

1ty.

C. Dielectric catastrophe and insulator-metal transition

The experimental regularities of the alane conductivity
behavior at high pressures and temperatures of the shock
compression can be interpreted in frames of so called “di-
electric catastrophe” conception.'®* According to Herzfeld-
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Goldhammer criterion, the dielectric-conductor transition
takes place when permittivity of a matter € begins to rise
sharply and amounts to values exceeded unity significantly.
The dependence of the permittivity on the molecule density n
of a majority of dielectrics independently on their aggregate
state is described with a good accuracy by the Clausius-
Mossotti equation

, b=—an, (22)

where b <1 is the refractivity and « is the polarizability. The
Herzfeld criterion for the onset of a polarization divergence
cannot compete with more consistent theoretical methods of
calculation for locating transition between insulating and me-
tallic phases, but it 1is quite reasonable for first
estimations.’»?? In the case of AlHj it is necessary to take into
account that in accordance with the Pauling conception of
the electronegativity (electronegativities of Al and H are
equal to 1.61 and 2.20, correspondingly) in the molecule
AlH; outer electrons of the Al are transferred to the H atoms?
and the permittivity is determined by the polarizability of the
ions AI’* and H™;

aA1H3 = QA3+ + 3CYH—. (23)

Since the ionization potential of the ion AI** is high (/,3+
=120 eV), then its polarizability is small and can be ne-
glected in Eq. (23). In view of estimation of the ay- value it
is necessary to take into consideration the fact that the Bohr
radius of the outer electron of the ion H™ in the vacuum (r;
=3.1 A) exceeds significantly the distance between hydro-
gen atoms in the crystal, as well the size of the elementary
crystal cell. The exchange interaction between electrons of
the neighboring ions H™ results in significant decrease in the
region occupied by each electron and, as consequence, in
decrease in the ion polarizability. This was clearly demon-
strated in Ref. 21 where the dependence of the - on the
confining force, adjusted in the form of the parabolic poten-
tial, was determined. For an estimation of the ay- we use
semiempirical method, mainly similar to the method of the
estimation of the polarizability of oxides and fluorides, pro-
posed in Ref. 22. As a basis we take values of the permittiv-
ity of a number of metal hydrides calculated in Ref. 23 and
shown in Table II. Let us suggest that the Clausius-Mossotti
equation is valid for all these hydrides and a contribution of
positive ions in the polarizability can be neglected. Using Eq.
(22) and calculated values of € one can get an estimation of
ay-. Obtained values of ay- are also listed in Table II.
Results obtained by investigation of properties of the
magnesium hydride at high pressures®* can be considered as
additional argument in favor of the proposed estimation of
the polarizability. Both the experimental and theoretical
charge-density maps clearly demonstrated ionic character of
all MgH, polymorph modifications and gave possibility to
estimate radii of the ions Mg?* (0.69 A) and H™ (1.26 A).
Knowing of the ion radius allows one to estimate the ion
polarizability (e;=R?). This gives, for the polarizability of
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TABLE II. Permittivity €, density p at normal conditions, atomic hydrogen concentration n, refractivity b,
and polarizability of atomic hydrogen negative ion in condensed metal hydrides ay-

Material € p (gcm™) n (cm™) b ay- (a.u.)
LiH 428 0.82 6.2 10%2 0.50 12.4
NaH 3.03 1.40 3.5x10% 0.40 18.4
MgH, 3.90 1.45 3.3 % 102 0.49 11.9
AlH, 443 1.49 3.0X 1022 0.53 9.6

the ion H™ in the condensed magnesium hydride, the value
13.4 a.u., which is in a reasonable agreement with result of
our estimation (11.9 a.u.).

Thus, for rough estimation the polarizability of the alane
molecule in the crystal state one can take a value equal to 9.6
a.u. It exceeds the polarizability of the hydrogen atom in
vacuum approximately in two times. With such polarizability
the dielectric catastrophe has to begin at n=5.6
X 10%? cm™ or p=2.8 gcm™, what is in agreement with
our results and with experiments of Goncharenko et al.? Pro-
posed model can be used for estimations of the transition
density to the conductive state for other metal hydrides such
as MgH,, NaH, and LiH.

Let us discuss possible mechanism of the alane conduc-
tivity. At normal conditions valence electrons of aluminum
are trapped by hydrogen atoms forming negative ions H™.
The resulting electron energy band is fully occupied and con-
densed alane is a good insulator. The energy of the electron
transition from H™ to AI** is equal about 3.5 eV.>?3 It corre-
sponds to the band gap. By increasing the temperature a part
of the electrons turns to aluminum, neutral atoms of hydro-
gen appear in the system, and migration of electrons from H™
to H becomes possible. Such mechanism of the electron
transfer can explain the semiconductor character of the alane
conductivity observed in experiment. By increasing the den-
sity the permittivity also increases. This results in the de-
crease in electron binding energy in ion H™ and, conse-
quently, in the decrease in band gap. At high enough density
the band gap disappears and the conductivity gains the me-
tallic character. The density when the permittivity becomes
infinite can be obviously used as the upper estimate of the

transition density between insulating and metallic phases.

V. CONCLUSIONS

A study of electrophysical and thermodynamic properties
of alane AlH; under high multishock compression has been
carried out. The equations of state a-AlH; as well as for
high-pressure phase AIH;-II were constructed. The
pressure-temperature states of alane were calculated at mul-
tishock compression. The increase in conductivity of alane at
multishock compression up to pressure 80-90 GPa, tempera-
ture about 1500-2000 K and within 1 us has been mea-
sured. The conductivity of shocked alane increases in the
range to 60—75 GPa and is about 30 (£ cm)~'. In this region
the semiconductor regime is true for shocked alane. The con-
ductivity of alane achieves approximately 500 ({2 cm)~! at
80-90 GPa. The conditions at which the transition from di-
electric to conductive state are observed can be interpreted in
frames of the conception of the dielectric catastrophe taking
into consideration the significant difference between elec-
tronic states of isolated AIH; molecule and condensed alane.
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