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THE APP 0, ~lr TO TIl E MET\ ,LIC STATE ,\" : .~ ~IJ PRESSURE* 
By I I. ( .) IH Ch":-'IF Il 

( De[1! . of Chelllis!"y alld Ch{'lIIical L Ii,!:III{'crillg. V llil'asi!y of Illillo iv, V rh(I//(/. III.) 

' I 11 ~ 1i1,·, ' r~ l i .;.11 ~' ''l sir.k r; lli ,) ns il1\" I\ -:d 111 111~ a pl'r".I~h to th~ mel.dl ie , 1.11l: in insulal o rs a llll 
scmi"l ll dll<': I,'rs al high rr~ss ll rc an: llllloll1<'d hndly. I 'I'CI' lI lH: l1lal r~sllits fo r Ihree Iypes o f sY~lcm~ 
arc di ,.;u"cd . 111 illd ine bCllh Ihe shifl Ill' thL "111,.:,.1 absnrptilln edge a nd the chang.: of e lecl ri cal rcsi, t:tllcc 
wilh r rc~,ure arc consistent with Ihe apr.:.lr'IIl<.:l: ,,1" a Il1cl.dl ic s talc by simple di sa rrca ra llce u f Ill.: ga p. 
Selcnium may have a first-order phase tl-'lnSIII,'" I'or Cll11POU llds having the zinc-blcndc struct ure. a n 
appa rently m etallic s tate appears di\CI)l1 li IlU lltiSly, aC<':O '11 n ni.:.\ by a firs t-orde r phase tra ll sitio n. For 
the thallous halides. with increasing p ress ure, 011<.: (1bta in , fir't a reg io n o f illcreasing carrier com;entra tion, 
then a region where mobility change, do mina te , and ,i ll ally there is a region of apparently metallic 
behaviour. 

Introduction 
The basic Bloch- Wilson description o r .. ol ids ca n be illustratcd concisely rrom the diagram 

shown in Fig. I. The allowed levels orall eil:clro n on a free a tom or ion are discrete and separated 
by relatively large energy intervals. The groul1l1 state :.lIld first excited state ror a valence electron 
on a rree atom are shown at the right. An array of such atoms with large interatomic di stance 
preserves this energy con fi gura tion, as the re is no inte ract ion, As the atoms are brought together 
until they interact, the levels are depresscd and srread ou t into a band oflevels whose spacing depends 
on the size or crysta l and eq uilibriulll interato mic d istance. This appearanee of bands is a result 
orlhe Pauli princi ple, which states that no two electrons can have all four quantum numbers the 
sa me. Allowing for spin, there can then be two electro ns in eaeh level. The situa tion in an actual 
crystal depends on two ractors, the number of l:;ectrons pe r atom, and the eq uilibrium interatomic 
distance. With one valence electron per atom . the situat ion is as shown in Fig. lA, with the valence 
band half filled . As illustrated in Fig. I B, with two valence electrons per a tom, the band is filled. 
If it is presumed that the gap between hands is large c() mpared with kT, case I A represents a 
metal, and case 1 B an insulator. I t should ~.: em pha~ i sed that this is not because the electrons 
are' bound' in case IB and' rree' in Fig. 1. \ . It is ra ther the Pauli principle which rorbids a net 
movement or electrons in case lB. 
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Fig. I. Eller!:.\' V.I' . ill!CrlllOlll i c cli.l'/allcC' 
(A) metal (Il) semi-conductor 
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As the interatomic distance is decre<l5cd (e .g., with increasing pressure), the gap between 
valence and conduction band decreases. Ultimately the bands overlap, and one o btains a metal, 
even though the valence band is filled. This is the situation in the alkaline earth metals. 

At interatomic di stances such that the energy gap is a rew kT, a measurable number or 
electrons can be excited across the gap. One then has an intrinsic semiconductor. 

For insulators and semiconductors the limitin g ractor is conductivity in carrier production, 
in this picture, and conductivity increases c:-.po nenti ally with increasing temperature. For metal. 
the limiting factor is mobility, i.e ., mean free pa th. The mean rree path decreases with increasing 
lattice vibrations, and for simple lattice scall<.:ri ng the co nductivity or metals varies as T 3,2. 

This is probably a reasonable first -orde r descripti on of many solids, but it can hardly be the 
complete story. There are crystals, such as many transit ion metal oxides, with partially filled 
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