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Summiary

The 1nterest In the properties of very dense hydrogen has been prompted

by its abundaice 1n Saturn and Jupitur, and 1ts importance in laser

fuston studies. Furthermore, 1L hes been proposed that the meta’lic

form of nydrogen maybe @ superconductor at celotively high tevmperatures
and/or exist in 3 metastable phase at ambient pressure. For ten yedrs

or more, laboratories have been developing the techniques to Study

fydrogen ve \he Feqabar regiun {1 Meqatar - Qog Clul, Thy € maof agareasches
to experimentally study dease nydroqer ndve dteen used, static peessoes,
Shockadve 3nd magnetic wompress ) un,  Static technigues have Crussed the
Megabar threshald 1o Uiff raterials but Rave not yet been convinCingly
saneusstul A0 very compresablie nydrogen. Tinnle and duuble Lhoch mive

techn 1ques Ndve mproved the preCissior of the pressure, volure, tasjerdture,

Fyuation of 9%

v {[0S), ot rolecular fpdrigen (leateriur! gf to near

1 Hhar. Mylziple sho hadve and rageetic technigues haye compressed
hydrajen ta several ~ejabary and censities in the range of rhe retaltlic
phase.  The »et resalt 1y tral wydrgqer becames (Onducting A* o { resaurk

petween 0 oard 4 reat e eere,
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amount uof hydrogen inte o metal in o static press remaing o formidable
challenge.  The success of such experiments will hopefully answer the
guustions ahout hydrogen's metallic va. condycting molecular phase,

superconductivity, ond metastabilit,.

Status of Theoretica! Calculations

A, Equations of State
The £0S ut molecular hydrogen has been very difficult Lo calculate
due o hydrogen's eatreme compressibility and hence large variation
in intervolecular spacing. Although it is possible to calculate
the forces between molecules. theae calculations ail tnvalve some
approximations whose ultimate justification ts based on comparison
with the experimental ddta.‘ In the past, calculations of pairs of
mglecules have been made and then summed oOver all pafrs in the
vicinity. Recently calculations have been made for- the system of
molecules in & crystal. Preliminary results of these calculations
have predicted closing of the Land gap which would yield a conducting
molecular phase distinct from a metallic phasc.zJ However, no
band overlapy was found in other :al:u\al\ons‘ which were in yery

good agreement with the experimenta) results of shockwave experiments.

The yeria.ions in the calculated EOS of metallic hydrogen have been
much s:aller than for the molecular phase. Furthermore, the techniques
have been sccurate when applied to the naturally ociurring alkalli
mctals.s Huwever, there 15 not yet any diffinative experimental

data toocoopare wilh "heory nor s it certain that the O rptel

will Le sol+d o0 asnured, rather than possibly a nuantum liquid,




o Metadlae Transt un Pressure
Tre mdeOilar to metailic Lransiticn pressurd  An be entimated feon,
creotatersatton of the tangent of the Gibhe tr2e ereeny ve,
sresture of the two phases. The intersection 1% extrecely wensitive
b )T ghanges i sangr phase ~aut Ing wide varvation in the

SIrLted transation jressure.  Deen the relatively small variation

the metailig £0S loid to trany.tion pressure variationt of a frw

vears

certies of Hetallie Hygrogre

cted high liebe tomperatyre ‘= 000 - 3000ri, leads tu the
» S89D111L, that metatlig Hydrogen would te 4 wuperconductnr near
rom-terpergture ang alsu that 1t ray B¢ 4 quantur liquid,  The
Tater posyibility 1o at odds w1t the juasibility of & oetastable
rerallie phase. OLher factord %aqGeAinn nome-metastability are the
n'gh stured cnerqy (more than an order of magnitude greater than
TNT and ¢ oraces Of magnttude qeeater than diamand va. qraghited,
simplicity of reversion to the eolecular form and dample enerqy to
dryve it.  The normal thermodynamic relationship of the melting
puint of the metallic phase being lower than the melting pnint of
the molecular prase (14K) may or may not apply since molecular and

retallic hydrugen are quantyum solids and/or liguids.

3. Status of Erperimental Approeches

Al

Static Presses
Cesera) laboratories throuqhout the world have undertaben of forte
*6 develoo static presses and static techniaues in order to . ompress

nydrogen into the metallic state. Quring the last 10 years, the
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estimated pressure nécessary has ranied Jrom 0.8 to 20 Mhars And
the maximym attained pressures have continually iniredsed at the
same time the calipration of the static pressure scale has been

pertodically reduced.

The larqgest press to be used for Winh Praossure research is in

Kussia,  The late L. F. Veraschanin constructed a 37 m high press
capable of eaerting o force of 50,000 tons. ‘owever, Lhat press

has nat yet been used for campressiog hydrogen. A smaller press
{10,300 tans) has been used Lo coriress o very thin layer of hydroqen
witn anvil, made ot carbonado (pelycrystaline diamond} {See Fig. 1.)
vereschagin, et al, rcporyed 4 sharp decrease in resistynce at an
unknown, but assumed high prtuur‘u.6 They also reported the resistance
remaired Jow whiie some of the force was removed, whiLh they vlaim
indicates possible partial metastability. lowover, Tuoff arques
that the maximym prassure that could hdve been excited in the
reported experimeats, was less than 1 Mbae and possibily much

luss.’ Claims of insulator tu metal Lransitions in thin films are
always difficult to verify. Pressumably the use of the large press
will ollow experiments with morq substantial volumes of Hydrogen

and permit more sophisticated diagnostics,

In Japan, Kewaii has develcped a hiyh pressurc appsratus known as a
split sphere {See Fiq. ?). His apparatus has the advantage of
being able to .ori with larger volume samples. Kawaii, et al. used
anyils wade of A1,0, and WC and qaskets nade of H"D in one case and
diamand pawder in angther, to comprésa hydrogen to high aenshy.a
Again a decrease in electrical resistance wmas ubserved at an . nkeown

but presumed high pressure.  They a150 inthcate cuntinued conductrvity



4 forue 3y Temuved byt do pot avsert that o v ndvice of setsvtobility,
Cifactunately, hydrogen becaming 4 tonductor s oal the enty passlble
reans of ybtatning o coMtuCtive path ta Thuse eajroetawnts,  Metallig
trausttions {a le}_‘ and nqu which were ysed as tasulatacs, have

teen reported 4t dgain unknown, dut presumably vimiiay pr-\-.uv'vmq‘m
*odtvey, tne reported transitiun in M‘,n’ 15 alen m quent son as it

Puy been found to remarn An dnsulatur Lo pressures af at least

4 Mbar, " A turtner diffically (s that oot only fave l'“n and

drarond bren claimed to becore conductors, bat the posvsibilaty of

seiical produily with fomer t1ansibion pressyres renasns,

5 Suoprdry, the two Clatms of ubvervid tnsglator to metal Cransitions
2% htgh pressure genersgted by <%at10 presset, are not yet completely
verifies 3s undmbiquous proof of the Losyible conduttive mulecytor
eairagen phase et stone the retsitie prase.  Tontinged «fforts, by
Lotn qroups as well as the vateresting wack teing done by A. L. Puoti
at Cornell and 1. Stain at the tniversity ut Marylang will hopefully
lvad to complete and detailed results yn the future. Poulf and
$PaOn are usning dlaTonds as Thedvr anyiYs and are methodically
vireasing the presiures attatnadie and verifiable at the same time
auyelopng sophisticated ¢1agnanstics to measure optical, eloctrical

104 strugturgl properties of denue rydeogen,

st anl Doutde Sracssmder 1 e

date, single and goyble  retlected’ shaclgaves have provided the
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in hydrogen and deuryer respectively. A retlected yhuckwave Lan
aChiewe dbout 90U Fbar tn drurtws.  The  ults uf Phese expes bty
have slightly naeruwd the engertainty in tne EQS of auleculer
hydrague at dens(tics approaching the expected density of metallic
hydmgun.‘z lluwever, the accompanying tee- peratures are approdaching
i ed and further ompression fato the metadiic state seems unlsbely
getar o lantzatian. furcher especiments sre being planned at LLL

In yrder to improve the accuracy of the ECL,

Muitihock and Majnetic Tampression

Twu ipproaches have been used in order to use the high enerqgy

denstty of High [xplosives (W.F.) to compress hydrogen tdentcupieaily.
tmglasion of hollow H L. cylinders cuh achieve pressures aprroaching
iU Mtar and can compress hydrogen to densiries ~xceeding 15 timee

the noimai sofid density provided whe wrerny can be transferred

<low enough. Grigor'yev et al., impladed 8 W.E, driven metal tube

an high density gaseous hydeogen (Sue Fig. 3) and reported 6 pressures
volume |»o|nt"”"" The volumes were measured directly from flash
radlagraphs and the pressures wire calcylated. The oriainal eepoct
3 a recent andlysis by Sringor’yev, et al. claim the results
indicdte hydrogen remains {n the molecular state up to at lmast
aboy* 3Hbars.]" The orinins) work states that a break in the
slope uf the pressure-volure data, is consistant with a first order

change te phase oy mght te the case for the insulater-metal transition.

Wb e, ¢t al., Pase uuo! o nagretic Field (Soe fig, A) to Lonvert

tae W b FRETQY TG (I Lne,S T R CRORN Lo prissyees qredtee than

o MLar and fuang that electeicl, condactivity gae obterved in the
f

e tar e
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Fig. 1. High pressure anvil technique used by Verrschaqin, ot al,
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Fig. 2. Mudified sphit sphere spporatys u od by Yawnii, ot sl
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