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Hl(.H QFtlSltlf HXORO&Itt KlStftRCH* «* 

Ft. S HdwiC 
Ldwretite Llv«rmon» laboratory. I 'mvCri i ly of f i t l i f o r n i j 

Liuemore, CJ I (forma 9*^0 

1, SuMlldfy 

The U'terest in the pr«i>erlie% (*f very dense hydi'u<|vi> has huiin prompted 

by i ts ibundji.cv in Sjttirn jnd JupHu**, dnd I t * important!" in la'.fr 

fubton Huilu-s. furlnernort*. U hdS been proposed that thp i w t d ' I U 

form of iiydrntjen maybe «' superconductor dt r e l j u v f l y h«(h tenniwr*lures 

iimt/or entbt in j metdstdttle. phdSv dt dnbienl presMjrt?. Tor ten /ears 

Or more, laboratories have been developing tho techniques to study 

ttydroijen tr> the Hfj jbdf rfiytun [1 Hr(|awr - i<ig c i ' J l . *Rv. <.' rtuier .ii^ruicheH 

to experimentally study deise nydroqcn idwt- wen jsed t '.tdtlt prc^u^, 

<>hock«dve jnd mjjijnetu t u , i ( n . " 1 i i - « , V j t u t<*thn''!uf. nan* crussi'd tt>r 

tV'tjdbdr' threshold Hi - . t i f f nvitertdU bat nave not yet been cativ inc itiffl / 

-jsU.CV'Mul »N * « . y t.unD>-t.'\..lMo hyd'O^e". \ l m i l t dlld duubli' '.hutlKiWt* 

techniques iidvt- improved the | i « i ' i i ' ^ of thr pressure, volunt'% trvKcdtui't*, 

FnuJtion of r.*..(ti- [FO^.. " t rn!eii«!dr r.,drM|cr> < (Vuter iur! ;i \i< m^r 

1 Mtiar Multiple i*u tmJ*e and iM'jnetK tfchmciui". have conpre'.sed 

hydrojon ta ">v*vrjl -v^dbArv d*d eef>sme\ m ;ht« ranqe of ,r>e r r t a l l i i 

;j'i.(Sf Tho "yt result i •• f J t 'i/£*'<Jie'' ti'tuncs lOnduttina V ,i t'*">*'Uri! 

t'l'twet'*' .' 4'.! 4 "i ' ;ai,<". i.i-f,'. '•••• ;><ji\it i l IT* »f I'rtHiin .i M'ji ' if (ciint 
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amount of hydrogen into a metal In it stat ic press remains a formidable 

challenge. The success of such exp*rHen's w i l l hopefully answer the 

HUt".tions dtiout hydrogen*', metal l ic *'.. conducting molecular phase, 

superconductivity, and metastabi lU/ . 

Status of Theoretical Calculations 

A. Equations of State 

Ihc COS ut molecular hydrogen has been very d i f f i c u l t to calculate 

due to hydrogen'*, txlrwne comp>esslbllity and hence large variation 

in inten-olecular spacing. Although i t is possible to calculate 

the forces between molecules, thee calculations a l l involve sww 

approximations whose ultimate j us t i f i ca t i on is bised on comparison 

with the experimental data. In the past, calculations of pairs of 

molecules nave been made and then sunned over a l l pairs in the 

v i c i n i t y . Recently calculations have been made for tht sy-tem of 

molecules in a crysta l . Preliminary results of these calculations 

fcavo predicted closing of ' ^ uand gap which would yield a conducting 

good agreement with the experimental results of Shockwave experiments. 

The v?ria.ioi.s in the calculated EOS of metall ic Hydrogen have been 

much smaller than for the molecular phase. Furthermore, the techniques 

h,ivfc beer, jccumte nh^n applied to the naturally occurring a H a l l i 

metals. 0 However, there is not yet any d i f f ina t ive experimental 

'tat* f- ' ' ' ; a r - ; wii.n 'H-ory nor is i t cr-rtrfin that thp C r r t «1 

* i H Li*- v j ' d J- <isvi'-ed, rather than possibly a q-jant'j* l iqu id. 

0iS 
-• - " ;uv^-iT IS UNLIMITED 



I:. - *•»• til) 1 *C ' M n u ! un PrfriWr-p 

'**; ••oleoilai to rcp'a'iln. t ransi t ion pressun ai> be i-.* mated trnr. 

• • i - iftU'r\..|.uon of the taflqtnt iif the G»bt»*- '•":<• i '"i-»i/ vs. 

i ^ iv i r * . ' uf the two phases. Trie interject ion is «itrpr«-l / ••eositm' 

.1'ijl' i.n.in'j»v " "i*.ner ph«Sp ••du* loq wide vdnat to" Mi ihi» 

, •-•luted t r j t i . i t iQf i / i ' s > w * . w e " V*' r,.l«»t lyi ' ly small variation 

• \*\f metallic LQs leid t« transit ion pressure v j i u t i m i ' , o* a '.-* 

i . vr'. !••*. of Metal h i ittQ'tui--

"••• u-i-etteJ miih [it-ti/* tcr iwaWrw ' - . fiOO - lOOOfl, lead*, to the 

,. s s i b l l ' t , that rwt*H»c Hydroie n would be a -,u|«rrnndui.ti>r near 

f 'jn-temperature and alsu that 1' nay be | <jmantur l i i ju id . The 

l l ' e r possib i l i ty l*. at QdtlS •«(* th* fO'iMli i l <!/ ••* a i t-t4',tahll> 

'<- ( a!l lC (Jhd-.O. Other factO'S S <«jije\ I i on non-r'H'tastatnl i ty are t»if» 

i'Qh stored cnerqy (more *.han *n order o* " j i j intodi 1 qreater than 
T ' i T and I or-icr; of r^qnitude qreater than diaroud vs. <ir j | iMti ' ) , 

s impl ic i ty of reversion to the no'ecular fori* and ample eneriy to 

dr>vo i t . The normal thcmody.*B ' ic relationship of the nvl t tnn 

point of the net*I He phase being lower than the nelt inn point of 

the molecular phase (UK) nay or my not apply since molecular and 

f e t a l 11c hydrogen 4re auintun solids and/or l iquids. 

3. Status of Experiment*! Approaches, 

A. Static Presses 

Ttweral laboratories throughout the world have unrfnruh'n ef forts 

'.0 develop stat ic presses «r<d stat ic techniaucs in order Mi . om.iros 

hydrogen into the metal l ic i t a te . Our»nq the last 10 /ears, the 
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c-.timatfrt pressure necessary has rar.ied rron 0.8 to 20 Mhars <wd 

me m x̂tfinini attained pressures have continually Increased at the 

same tine thv calibration of the static pressure scale has hepn 

periodically reduced. 

In̂ .- i<T'jest press to be u;ed for Hinit Pressure research Is In 

Russia. The latf l . F. v>r*schanf" constructed a 30 m hlqh press 

ijp.it-lp of exerting d force uf 50,000 tons, however, that prt»ss 

has not yel been ust*ti for bomprc^s*»<i hydrogen. A smaller press 

(10,300 tons) "as been us*ti to cortress a very thin layer of hydroqen 

witn anvil , made ot carbonado (pclycry*ta1Ine diamond) (See Fig. 1.) 

Veroschagin, et a l . reported t sharp decrease In resistance At an 

unknown, but assumed high pressure. They also reported the resistance 

rehired low while some of the force was renoved, wblLb they rlain 

indicates possible partial metastabilHy. Ho-cvtr, ".uoff argues 

that the maximum pressure that could have been end ted In the 

reported experiments, was less than 1 Mhar and possltofly much 

less. Tlaims of insulatar tu metal transitions in thin films are 

always diff icult to verify. Presumably the use of the large press 

will allow experiments With mora substantial volumes of Hydrogen 

and permit more sophisticated diagnostics. 

In J.ipan, Kawaii has developed a hiyh picssurc apparatus known as a 

split sphere (See r ig . ?). His apparatus has the advantage of 

being able to ..orv with larger volume samples. Kswall, et a l . used 

anvils Mde of A1 ?0 1 and MC and qaskets made of HO In one case und 

diamond powder In another, to compress hydrogen to hlqh density. 

Again d decrease in elertrical resistancr has observed at an unk-oiv" 

bu1 |'it.'SiiiiH'd liirjh (iff.sure. Ihey aiso Indicate ci-ntiriijed <nnductiv'ty 



«*•* ta<x<t i i rwioved byt dfl net dswrt that *s ev«li*m.i- ut nt't.*<.t<*Ml i t y . 

L i fo. tu tu t r t y , hydrogen beujpun<} 4 Conductor K nut thr unty i.nsslt*W> 

ream of vbUmmy a conductive p-ith ui KIUVP ««{*•)-tn*>iit<.. MeUt lu 

' . ramtt iQni in AI-,1), jnd HO utile* wer* used «•. insulators, h<ivf 

Seen reported dt d<]din unknown, but prenjmjMy vimi1.it1 pressuri's, " 

tvHi'vt>r t Km reported, t r iRvt t ion m A M 1 , f* * I M I HI sjut'Stioii .js i t 

'•jv been found to rcmi i i *n tntut j tor to pressures .if at least 

'; Hftdr. A turtnwr d i f f i cu l t y is t ' n t not wily fwvc HO .wd 

dij^ond been cldimed to betoirw ton Jut. ! » r \ , but the [imsiti i 1 i ty uf 

'H»:iiCi)l pfodtitts * t t t i ittwef ! ia»vtt tut i prrssjrt" . refl.iMts. 

;r, suiirdry, lhv two clains of observed insulator to metdl tr.m-.itions 

J*, high pressure tjenerdted by s u t ' i ; » f u i " ( . dre not yet completely 

ver i f ied as undir.birji.uuy .'roof o* t n < (iOsvit>l<- conductive muli'iulor 

f>tlc*tjt»i» pftast' let stone tnp i - « u i ! K pftaie fontin^ed f ' fo r t * , tiy 

cotn groups ds well as the mttrtV'. i iKi «ovk 6eii«j done fcy A. U PUB*! 

J*. Cornell diid [. Stain <tt the t'nlvfcrvUy u i Mjryldnd m i l hopefully 

ItMd to complete jnd deui l f td results in \t\* future, "culf and 

^,»»n are j \ i « i du^ORdv *\ their drwiH *nrt are netnodically 

i'.crt<4smg tfip presisirei 4UIMfU$?e and ver i f iab le dt the saw time 

SHvflo^in.j sopnutKAted dij.j«osti<-i to "Wdiure op t ica l , e lect r ica l 

i ' J strut. v*rdl properties o' der.',e rydrocjen, 

* «dtt*. •.inijl*' ant! .limfeie re* UH ie-i!' shEiUttdve*. fcjvt- jjrovided *h*» 
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in hydrogen and deurtun' teupeulvely. A • eHi-cled shuctwim' can 

achieve- #b«it 9U0 Kbi*r ss tynnm. The <, silt-, uf *»>*•'.«• i-^,v, hmjnU 

have s l ight ly n.Hiowctl tht- uncertainty in me COS of tuulccuUr 

hyilruqun at densities approaching th* txpetted density of metallic 

hydrogen. However, the acconpanylnq temperatures arc approaching 

I t-y and f*Ht*ttr • impression into the metal l ic state seems «n)»M'ly 

( i ' iur (o Umt/«l i f i«. far t f i f f 8#pertisflRts sre tieing planned fit LU 

in ordtr to improve ti.e accuracy of the IC. 

MiiHi'ttiocJ and Ma.jnetU r.impresstnfi 

Two itipruathes have beef used in order to JSB the high energy 

density (if High Cuplostves (H.F,} to compress hydrogen Hqntce;)! t a l l y . 

Implosion uf hollow H.E. cylinders can achieve pressures apr-roathing 

i(J Ntar arid can compress hydrogen to dunsi' ies ^ccOdino 15 Unit", 

ttu* mt.nai soifd density provided we *ne*-<iy can be transferred 

s!o« enough. SrtgQr'yev « a h , imploded a H.t. driven metal tube 

on hi.jh density gaseous hydiogen (Sue Tig, 3} anil reported 6 presvure-

volumi! p o t n f . * The volunes were measured direct ly from flash 

radiographs and trie pressures wtre o k u ' a t c d . The orlnlnal rupoi't 

and a recent analysis b;' Sringor'yev. et a l . claim the results 

indicate hydrogen ren ins in the molecylar stste yp to at least 

abou* 3 Hbars.1"* The original work states that a break in the 

••lope u ' the presiurc-volure data, i<> ccnslstant with a f i r s t order 

change »'< phase <is might LB the cuse for t»t* insulater-metal t ransi t ion. 

!H t , l r . , (-1 , | 1 . , r., wf. ,;<,<.' ,i ri«ijr.<.*.i(. * !»• ! ( ' 'Arc f !*?, A) l ( j i .cmyi ' f t 

tiv M.I, int-T'iY i't.o t / r . | . i * ,s i " j n/C'i'lOfi to iirc-'.sjros greater than 

•i l't,di ,ir.'l fii-m,! '."dr. f l t c t n r : , Cii,.1 i ' . t i v i * / "•"'• obserrtd in the 



ftq, K tiii\h ptts^tfe «n«*t Mtn^ique y « 3 fcy ^•r*>«.&a<l*fi, »-t a\, 

T 
My. 2. MtuJlfiyd sp l i t sphere <t|.[i<ir.»tgs u ?il Ity Kawriii, ft ,*). 



Wet.il cylinder 

Gasenui, hydrogen 

>'i. 3, ftulHtfwtt tmplfMnn dryirc u\fd hy fir t i jor 'ytv, et «1 • 

^•tj."*"' 

V. Stg&ltt* 1'Iti Hfift 

Fig. <t. i^mRtitit r.«iiprc^'iion devfap kist'd by Slawke. fit. a ' . 
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