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ENERGY CAP OF MOLECL'LAR HYDROCEN FROM ELECTRICAL COI\'DUCTIVITY MEASUREMENTS

w. J. NELLIS, A. C. MITCIIELL, D. J. ERSKINE, P. C. MCCANDLESS. and S. T. WEIR

Lawrcnce Liverriorc National l,aboratory, Univcrsity of Califomia, Livermore, Califomia 94550

Electrical conductivities wcrc rEasurrd for liquid D2 and H2 shock-comprcssed Io prcssurcs of lG20 CPa (10G200 kbar),
molar volumes of 9.0-?.2 cm3/mol, and calculated tcmperatur!s of 2900-4600 K. The semiconducting cncrgy gap derived
ftom the conductivities is in good agEemcnt with reccnt quasipanicle calculations and with oscillator frequcncics rncasured in
diarnond-anvil cells.

1. INTRODUCTTON

The density dependencc of the elecfonic cncrgy band-

gap of hydrogen is of great curent interest wilh rcspcct to

rhc insulator-rrial ransition. Since thc valcncc-conduction

bandgap of solid hydrogen is about 15 ev at zero pressure,

very high plessurcs are rcquir!d to close the gap and achicve

metallizadon. Measurernents of the frcquency dispersion of

rhe refracrive index n(o) of solid hydrogen in a diamond cell

yicld effective oscillator frequencies trr1, which correlate

closely with the cnergies of dir!ct valence-conduction band

o-ansitions.l 
-3 

Quasipaniclc ca.lculations of thc elccronic

bandgap of H2 place bandgap closue and the insulator-metal

rransition ar 150 and 3@ GPa, rcspcctivcly, for c-axis

aligncd and orientationa.lly disordercd H2 in thc hcp phase at

0 K.4 Intennolecular potentials derived ftam Raman vibron

dau,5 indicare rhar the fully dissociated nErallic traJlsirion

occurs ar about 300 CPa.6

The pulpose of this pap!r is to repofl measuements of

electrical conductivities of hydrogen at high pr!ssures.

Bccause shock compression is uscd, the associated high

lempemtures activate elecfron cariers and enable determin-

ation of the s!miconducting energy gap Eg. Also, the high

shock tempemorcs cause bea y constant-volume states in

D2. Thus, shock prcssur! is varied primarily lo vary

lemperatur! and carrier concentration. A major issue lo be

rcsolved is the substantial difference b!twe!n H2 cnergy

Saps calculated theoretically by LDAT-9 venls quasipanicle

methods4 using various crystal structures. At the volumes

of our experirnenrs the LDA and quasipanicle l0 .n"tgy gup.

are about 7 and 12 ev, respectively.

2, E)GERIMENT

Theoretical analysisll of EOS data of single-shocked

liquid H2 and D212-la show!d that the molecular fluid phase

is stable to abovc 20 GPa shock prcssurE and ihat shock

temperarures lange up to 46(n K (0.4 ev) at 20 GPa for D2.

Since the molar volume of D2 decrcascs thrcefold ar 20 GPa

shock pressure, Eg should dccrcasc from its initial value of

about 15 evl5 to the 12 cv range.lo Eg can be dcrived from

rneasur!d electrical conductivitics using thc cquation for a

liquid semiconductor:

o = oo exp G Ee / 2ksT). ( l)

Since the sbock tempemtues T are smallcompared to lhe

gap energy, the highest possible shock rempenrurcs are

r!4uired to induce measurable conducrivities. Mosl exper,

irnenls were p!rfomed, thcreforc, with liquid D2 specimens,

because the maximum availablc shock pressures and lemper-

aturcs are appreciably higher for D2 than for H2.ll,l4

Shock compression was achieved by accelcraling planar

Ta impactors with a two-srage light-gas gun16 to measured

velocities in rhe range 5.2-6.7 kny's and impacting them onlo

Al specimen holden.lT The cryogcnic holders14 were cool-

ed with liquid H2. Elecrical condufiivities were mqsured

using a two-probe me$od, similar lo that used for liquid 02

and N2 experimen$.18' l9

3. RESULTS

Thre! conducrivity poinrs were measurcd for shocked

D2 in the range 13-20 GPa and'l .8-1 .2 cm3/mol. Calculaled

shock temperatu.es are in the rangc 2900-4600 K.tl The

data were plotted as log(o) vs T-r and fir Eq. l. The vari-
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ation in rnolar volume is small. Thus, thes! comprcssions

are quasi-isochoric and the valiation in Eg with volume can

be neglected. An experiment was perfomed with liquid H2

ar 10.0 GPa, 9.0 cm3/mol, and 3000 K. The measured

condudivity agrccs with the exponcntial pressure depend-

ence of the conductivity prcdicted fiom the quasipanicle

bandgaps at H2 shock volume,l0 the calculated shock

rcmperaturcs of H2, I t and oo obrained from thc D2 data.

Our energy gap of D2 is l2 ev at 8 cm3/mol, in good

agreement with the quasipanicle calculations.l0 Our value of

Eg also agrees well with mcnsurcd optical oscillator fic-

quencies of about l2 ev at ? cm3 of solid Hz.l-3
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