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Abstract I1 has teen shown that insulating LiH and LiD transform gradually to a 
semiconducting state at about 30 GPa and room temperature. It was +so found that these 
compounds undergo a semiconductoi-to-semmeral transition at about 43 GPa The akserved 
phenomena can probably @explained by a first-order phase B1-to-B2 structure transition. 

1. Introduction 

Both lithium hydride and lithium deuteride occupy a special place among the binary ion 
crystals of AB type with the NaCl @ I )  crystal structure; this is explained as due to the 
Blling of the anion H- (D-) Is2 and cation Lit is2 electron shells [I]. This involves marked 
differences in the physical properties; among other features the elecmcal conductivity of 
these compounds is characteristically different from that of typical binary ion crystals. 

The electrical conductivity of LiH af ambient pressures and high temperatures has been 
studied in detail [ 2 4 .  It has been found that some disagreement between the experimental 
results of various workers can be explained by the c~ys ta l  composition and perhaps by the 
changeability of the hydrogen state as has been shown in [9]. 

High pressures while causing a crystal volume decrease also result in an increase in the 
overlapping of the considerably delocalized wavefunctions and total delocalization of the 
hydrogen anion electrons, i.e. this leads to LiH electron spectrum metallization. Theoretical 
calculations of this transition pressure have given a value of 2300-5500 GPa [10-12]. 
Subsequently, it was reported that the LiH undergoes a transition from an insulator state 
to a semimetal state as a result of the XI-& energy gap closure which is possible at 
pressures of the order of 250 GPa 113,141. The calculations in [ 10-191 have been performed 
assuming that low- and high-pressure phases have the same crystal structures (B1 type). 
Comparatively low pressures of about 50 GPa of the insulator-to-metal transition have been 
predicted in [16]. 

In his theoretical paper, Kulikov [14] suggests the possibility of a LiH transition induced 
by pressures of 5&1W GPa from a NaCl (BI)-type structure to the CsCl (B2)-type structure 
(characteristic for many binary ion crystals). A LiH energy-band-structure calculation with 
the hypothetical B2 structure has shown the possibility of existence of a nearly overlapping 
indirect gap X-R in the electron spectrum [14]. This means that the pressure-induced 
phase BI-to-BZ structure transition in LiH (if it really exists) must be accompanied by a 
considerable increase in conductivity. 

The aim of this paper is to study experimentally the electron properties of LM and 
LID under high static pressures at which it should be possible to observe the predicted 
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theoretically changes in the phase and electron structures. For this purpose, measurements 
of the resistance temperature dependences between 80 and 300 K and between 20 and 
50 GPa and the pressure dependence of thermal electromotive force (‘EMF) have been 
made. 
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2. Experimental procedure 

The LiH and LiD compounds possess the rocksalt crystal structure; the lattice parameters 
are 0.4084 nm and 0.4068 nm. respectively. Single crystals of LiH and LiD were grown 
from the melt by the Bridgman-Stockbarger method. The total amounts of uncontrolled 
impurities in the synthesized samples were less than 0.001 wt%. Specimens of about 0. I mm 
width were cleaved along the crystal [ 1001 axis. 

High pressures have been generated in the diamond anvil cell (DAC) with anvils of 
the ‘rounded cone-plane’ type made of synthetic carbonado-type diamonds [IS]. These 
diamonds are good conductors, permitting us to measure the resistance temperature and 
pressure dependences and the TEMT of the sample placed between the anvils in the DAC 
using the anvil as the electrical contacts to the sample. The DAC resistivity without the 
sample is several ohms in magnitude and increases slightly in the temperature range 4.2- 
400 K. Thus, if we study the kinetic properties of samples whose resistivity is greater than 
the resistivity of the DAC without a sample, the anvils will not significantly influence the 
dependences under study. 

Control measurements of the ‘EMF have been made on Cu and Si samples. They are in 
good agreement with the data obtained by other workers [17]. 

The estimation of pressure in our DAC is not easy since the pressure obtained depends 
on the elastic properties of the compressed layer and anvils as well as on the anvil geometly. 
The procedure for estimation of the pressure reached in a DAC of the ‘rounded cone-plane’ 
type has been described in previous work [ 181. The pressure values given below have been 
estimated with the help of the equation 

P = A F / x a 2  

where A is an empirical factor equal to 1.51, F is the force applied and a is the radius of 
spot contact defined by the relation 

a4 - 3 F r ( l  - f i 3 / 4 E 2  - (0 .14Fr/E~f i?’~)S  = 0. 

In (Z), r is the sphere radius, E is Young’s modulus, f i  is Poisson’s ratio, the subscript 1 
corresponds to the layer, the subscript 2 corresponds to the semispace and 6 is the elastic 
layer thickness. 

Although equation (2) was originally derived in the axially symmetric problem of 
elasticity theory, the case of a perfectly rigid-sphere contact with a two-layered base- 
a thin layer on an infinite elastic semispace [ 191, it was later shown to be applicable to 
pressure estimation in a DAC with ‘rounded cone-plane’-type anvils [18]. 

The elastic layer thickness value used in these calculations has been measured with an 
interference microscope. The radius of the coNc anvil curvature has been measured with 
a micrometer microscope. The different thicknesses of the LiH and LiD samples measured 
at the position of anvil contact after the pressure treatment are 0.8-1.5 pm. 
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3. Results and discussion 

On measurement of the LiH and LiD resistance pressure dependences it has been found 
that above 30 GPa for LiH and above 27 GPa for LiD the sample resistance decreases 
dramatically from the value of 100 MQ corresponding to the non-conducting state of the 
samples (this being determined by the shunt influence of the measuring devices) to the value 
1-100 kQ (figure 1). 
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Figure 1. The resistances of (a) LID and (b) LiH as functions of pressure. 

When the pressure decreases, the reverse transition from a conducting state to an 
insulating state takes place and the pressures of the direct and reverse transitions do not 
coincide. According to our estimation, LiH and LiD change to the insulating state below 
20 GPa. We should note that after decreasing the pressure to zero and subsequently loading 
the DAC the resistance pressure dependences of the samples under study can be reproduced 
with good accuracy, which shows the absence of decomposition induced by pressure. A 
similar pressure resistance hysteresis has been observed earlier in a study of NaCl [20] 
and other alkali-metal halides. In our opinion this is connected with the appearance of 
metastable states characteristic of phase transformations of the first kind. This conclusion 
also corroborates the observed metastable phase'defreezing' effect which is also analogous 
to that described in [21]. 

As has been stated above, according to the theoretical estimation a structural transition 
from phase B1 to phase B2 is possible in LiH at 5&100 GPa and must be accompanied 
by a dramatic conductivity increase [14]. The observed transition of LiH and LiD to a 
state with high conductivity is found at a pressure close to this theoretical estimation and is 
accompanied by a considerable pressure hysteresis, thus giving us grounds to suppose that 
there is a BI-to-B2'structural transition above 30 GPa in LiH and LiD. 

Figures 2 and 3 show the resistance temperature dependences of the compounds under 
study. Just after the transition to the high-conductivity state these dependences are described 
by the usual equation. 

R = Roexp(E,/kT) 13) 

characteristic of non-degenerate semiconductors with the activation energy for conductivity 
being constant in the whole of the temperature interval 8C-300 K (figures 2(a) and 3(a)). 
The activation energy under various pressures was obtained by a least-squares fit to equation 
(3). As shown in figure 4 the activation energy changes non-linearly with increasing 
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Figure 2. The dependences of resistance on lempera. 
ture for LiD at ( 0 )  39 GPa and (b)  45 GPa. 

Figure 3. The dependences of resisfance on tempera- 
lure for LiH at (a) 43 GPa and ( b )  47 GPa 
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Figure 4. The variation in conductivity activation energy wiih pressure for ( a )  LID 
LiH, 

and (b)  

pressure. At pressures above 44 GPa for LiH and above 41 GPa for LID the resistance 
temperature dependence changes and it becomes typical for degenerate semiconductors, 
semimetals or metals. A resistivity estimation from our experimental results (in this state 
at 3M) K) gives 7 Q m for LiH and 300 Q m for LID. 

Figure 5 shows the pressure dependences of the differential TEMFs of LiH and LID. It 
is well known [22] that in the case of.a degenerate semiconductor the TEMF depends on the 
chemical potential E; and temperature as given by the relationship 

S = - ( x Z k Z T / 3 e E ~ ) ( b  + 9) (4) 

where k is the B o l t ”  constant, e is the electron charge and b is a parameter determined 
by scattering due to acoustic phonons (b  = -0.5 [22]). 
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Fibre 5. The TEMFS of (a) LiD and (b) LM as functions of pressure. 

Using (4) it is possible to estimate the value of the chemical potentiai (Fermi energy) of 
the phase with a positive temperature coefficient of tesistance and, from it, the conductivity 
electron (or hole) concentration 

n = (2E~m)~/~/3rr~h’ (5) 

where h is the Planck constant and m is the effective miss (in our estimation,.ihe free- 
electron mass). In conformity, with (4) and (5). estimations give EF = 4.4 * 0.7 eV and 
n =(4 + I )  x IOa m-3 for LiH at pressure above 43 GPa, and EF = 2.3 f 0.2 eV and 
n = (1.6 0.2) x IOa m-3 for LiD above 41 GPa. 

If our supposition t&t, at pressures of the order of 30 GPa, LiH &d LID undergo a 
s&ctural transition of pfiase B1 to phase B2 holds true, the energy band d i a m  given in 
1141 may be u&d to interpret the results obdned (figure 6). 
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I Figure 6. Energy band diagram of LiH(D) with a CsCl 
smcturz in (a) the semiconducting state &d (b) the 
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X r R X r R semimetalstate. 

The dependence of h e  electrical conductivity on the activation mer& at 30-64 GPa 
for LiH and 2741 GPa for LiD is probably determined by the thermal excitation of 
electrons from the top of the valence band at point R to the conduction band at point 
X. The conductivity activation energies correspond to the indirect gap between these two 
points (the gap width is connected to the conductivity activation energy by the relationship 
E, = 2Ea). A decrease in the conductivity activation energy with pkssure increase between 
35 and 39 GPa for LiH ahd between 27 hnd 35 GPa for LiD is connected to the decrease 
in the energy gap X-R bith increasing pressure. 

The fact that there is a maximum in the resistivity and conductivity activation energy 
pressure dependences may be due to two possible mechanisms. First, this maximum may 
be due to nonipxaboiici+iy of the energy bands. While these energy ban& are filled with 
charge carriers, the effektive mass of the latter should increase [23]. Second, at small values 
of E the formition of excitons is possible when E, - Eb < 0, where & is the exciton bond 
energy [24]. 
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Above 44 GPa for LiH and above 41 GPa for LID the indirect gap X-R is equal to 
zero and the conductivity is determined by both the electrons at point X and the holes at 
point R of the Brillouin zone: this means that two-zone semimetals appear. The TEMF and 
resistivity (and its pressure and temperature dependences) are determined by the summed 
contribution of the two charge carrier groups. 

4. Conclusion 

The study of the electrical conductivity of LiH and LID at 8&3300 K and 20-50 GPa and 
the pressure dependences of the E M F  has shown that at pressures of the order of 30 GPa 
these compounds transform to a semiconducting state. Above 44 GPa for LiH and above 
41 GPa for LID these compounds undergo a semiconductor-to-semimetal transition. The 
conductivity at these pressures is probably determined by the types of canier. The data 
obtained are in agreement with the theoretical calculations made earlier. 
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