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vaklH:e bamb, which arc ~ till in sul ator" It i, implicit in ihe !lloeh theory that the ekctron can be 
n;pre~e ntcd by a wa\'c which kcJ'p~ it, form o\er m,lny interatomic di~ta n ce~, If one ha~' slow' 
ekctron~ \\ hich re~ide on an atom or iOI1 I'll!" period, Inl1g compared with a lattice vibration, the 
surroundings will then become polari~ed ;111(1 the' polaron ' i~ tran:-,p0rled through the 1;lttiee. 

In a ~eries of' pa per~ Mot t I ha~ ~ug!le~ted t hat, at ka!'> t a t a hsolute zero, the nUIl1 ber or carriers 
wi ll not increase continuously with intcratllllllC di~tance, but that excited electrons will be bound 
as ex!;itolls ulltil thae arc sulliciel1t of tlrelll t(l ,hield the l'kctrol1 from the hole . 

Ilobtein :! has treat ed the POl:lrol1 Illohility prllhklll :IIHI h:IS indica ted that tlll: re i~ a low­
tem perature regime wlrere the conductivity i, of a hand type, and a hi gh- temperature regime 
where the motion or ekctrom. i~ an acti\ :rll'd pfl)Cl:~~. 

T here arc other complicat in g ell'cct s wh ic h m:ly be pre~ent in a real so lid. At LIny given 
tempera ture and interat(lm ic di~t a l1L'e, a wlid has a c rys tal ~ tl'll cture cstablished by a complex 
balance of' force s. If this is a rel ati\ely Ilpl'n structure at one atmo~phere, at hi gher pressures it 
may undergo a lir~t-ol'lkr phase tran"itlon to a nHlI\'l'imely packed struct ure. This high-pressure 
pha~e mayor may not he conliu!;ting. I':x alllp lcs where this o!;curs will be di~cu~sed below. 

1:01' any insulator where the ga p hetween valence and conduction band is substantially 
larger than I eV, it is highly probable that any mea~urahle conductivity is the result or clcctrons 
furnished by impuritics or by the electrode" rather than rro m the valence hand or the c rystal. 
In measuring the change or resistance with pres~ u r!;, one may still be measuring the increase in 
number orcarriers with pressure due to the (kcreasc in g:IP betwcen conduction band and impuri­
ties levels, which may well parallel thc chan ge in optical cnergy ga p. At suflicicntly high pressures, 
however, the impurities may all becom~ ion i'ed. Further decrease in resistancc thcn is due to 
increased mobility due to conduction hand broadening. In the mobility-controlled region, the 
temperature cocflicient of resi stance i~ controlled by ~ca tterin g, and thc conductivity is mctallic in 
the sense lhat the tempcrature cociTic ient or resistance is positi vc, hut not, perhaps, in thc sensc 
illustrated in Fig. I. 

EXJlcrilllt'lItal and rcsulls 
In the following sections is illu~trakd the approach to tile metallic sta te for thrce types of 

sys tcms: (I) the e1cments selenium and iodine, (2) a ~erics of sub~ t ances having til e zi nc blende 
lattice, and (3) the thallous hali de~. 

Fig. 2 shows thc rractional chan ge in optical ah~()rption edge with pressure for IOdine and 
selenium .:! This should bc a rel atively dircclmeasur~ or the gap between conduction a nd vale nce 
band. The gap extrapolates to zero for selenium at 125- 130 kb, and for iodine at 240-245 kb. 
T he irregularity in the shift for seleniulll at aho ut 40 kba rs is rep roducible and corresponds to a 
change in compressibility obse rved by Bridgman : 1 

Fig. 3 shows relative resi stivit ies a~ a function of pre~sure for iodine and selcnium.:; There is 
a very large drop in resi~tivity with pressure for both elcmcnts. At 128 kbars seleniul1l has a 
discontinuous drop of abo ut thrcc orders or magnitude, beyond which there is a small but 
continuous change in resi s tivity with pressure. The discontinuous drop in resistance may be due 
to a first-order phasc change, or may be caused by an electronic rearrangement as suggested by 
Hyman. G For iodine there is a marked discontinuity in the slope of the resi stance- pressure curve 
at about 235 kb . Thc resisti vi ties in the high-pressure region arc of the order of 10 4 ohm cm. for 
both clements. One is strongly temptcd to identify the discontinuities with the disappearance of 
the gap and the onset or metalli c conduc ti vity. These may well be examples or this expected 
behaviour. I t would be most desirable to havc measu rements or resis tivity as a function of tem­
perature at high pressure, and X- ray measurements of the st ructure. Unfortunately, neither of 
these are yet available. 

It migh t be mentioned that the ratio or slopcs of the optical gap versus pressure curves 
(Se/ I~) is 1'50, while the ratio of the slopes or the log rcsistance versus pressure curves (Se/h) 
is 1·67. This would indicate that thc change in conductivity is indced dependent on the gap and 
is not primarily a mobility phenomenon. 

Figs. 4-6 show plots of relati ve resistivities versus pressure ror the elements silicon and 
germa nium,? the lII-V compounds GaA5, GaSb, InAs and InP, and the II- VI compounds 
ZnS, ZnSe, and ZnTe. B The elements have thc diamond lattice, while the compounds have the 
related zinc blende structure. These structu res are relatively open, and it is not surprising that 
in all cases a first-order phase changc is observed. In each case the transition is accompanied by 


