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M Ao G Switerdad

Fies treric batd stms taee stadivn ol wetal -bvdragen <oy

e have Jerenistrated

the erigtence of darme wetad-hydrosen and hpdrogn Dvdrcaen interaction .. Thewe
interactione lead to the “ovationg of table hyds b ohoe el Factors governing His
intercction are inventineted for variaw, ditiorent ctracbwress Povcible g dires e,

for theoretical rewearch are indicated,

Yhen tie Joobs ot the cooarrnces of transition, vares earth and o tin

b hydde ndes
aq shown i Lig, 1o wotes cortain vequlaitien, The frest reguiarity is the
prepondirance of ditydeidea, qreater than 40 tollowed by <t tevhydr ides, The
cetond reqularity o that with thee eoception of Celt, HilH and Pdity Lhey ol Tie tu
the teft of Graup VI G0 There f

o been theee wajor approachies Lo urdorctandiog the

“tability of verjous hyceides.  dhe tirot approach? s qenerel ly Clased under

eoand sorvening arquaents of o proton inoo ectatlic Tattice, tanaren
wtrur ity Shatees and e Tates hydeide pronerties to e st metal poperticen wuch

et denaity of states gt the Termi enevgy, This approach swhile o

what wpprap tate
tor the dilute colubility hied U oand perbogge, cven Jew su tor these monohydriden, snere
a melal 1altice change dacy not occur (Gronp ¥ 8 and Y111 1) has Vittle to do with
aystetes in which cuch g <tructure change oo, Tn fat our results show that the
dewsity of states gl the P cneray changes by over o fuctor of four tor chreium
in geing from e body-centered cobic (hee) Tatlive of the melal to the s agong)

close packed (hep) Tottice appropriate Lo Cril.

The: second two approoches are based on the electronic eacrqgy band theary of
. solidy and arrive ol rather similar physical pictures,  Although our results generally
preceded those of the Borvard group we shall discuse theive meat pointing out the

R sigquificant differences belween their resulty ond ours.

The major conclusions of the Harvard group as presented inoa series of papers
are noyw discunsed in temns of Fig. 2 taken from Reference 400 The figure choas the
qroas changes in the dunsity of states oo hydeoyen o added to a melal lattice,  The

pure ruetal as shown schematically on the teft hay a high denstty of stales reglon
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arising from the d-staten of the traeitd Yo
contribution ariving froe the w-p atyten.  Jhewe R RT A TP Ply haesed!
reoden) with @ vurber oF elocteeen [ AT AR
for tivamiv Yo Upen the qddition nt ogll o aue s o vy DT e S I Y

hydrs o atate fures L Jthe tratcitien metald

char:e terely azaociated with the moton ard o wonlterine and dic ey i

stateg wvanciate the the trancdtion cotal, Tae fur e pheenr o B, beaes w5 oy

FO thie e e o tratiey

for “ilute solutions of hydeogen in cenrer 06,7

inereanes Lo appreaach U qtoichionetrte oo Lo o M the wbater wogn g st with

the hydrasnn inters

e toantd broad-noiato o b LIRS I TR PRI Y PR e the
LrenLitin retal it Thiy Land alae peilent SRV VSTENH Tt
and - wently s onf the L of aree rodijed, e gt nowt

the cutra edectron o atpilogtet Ty U o en i pertially i

end oartly in the hiahier cneray clate, (Tars by oy et Lhe feres

regine, ., Tiws L celor cantrilationg Lo e cotiipe encon, of i A RV
Lthode woriery are:
1) the for stion af gometal-hydeeen pading Tevel oy v ot o

the pure peral Land Stesctore wnion harge oo

A g bt e

uf the added proton

2} a stight increase ia binding of Che metal d-bonel due Lo the aedded

stirective potential and

3)  the addition Gf an eztra clectron 4o the petal clectron -

The fact thet a whole electron in added to Lhe fotal ea s dae Lu thedr

partitioniag of tha ious ctergy contribut oot . The catu-,ive cne

inothus wa

up largely of the large energy lowering aviocieted wilh the chenge dn the Joment

hand, counter bafonced by Uk incrvaned energy of an clectron eroued the Termi energy,

Although these caleulations were only perforued for the monohydride stucture
which is appropriate for only fGH and Pdi they are successful in eccountivg {or the

trends of Fig, 1 althouth quantitative predictions® wepre nat peisibile.

Our results are roviceed in tuo recent chuptera™ T with vore couplete references
given tharein.,  In genersl we have tried (o caleulate the hydride in the correct
struciurc and lo contrast thic structure with another which doce not form. The faut
that the majority of the hydridezs choose the Caf, dihydride structure involeing o
mete] atom lattice chaugr and da nat just invelve an incorporation of hydrogen inte
the host retal Yattice implies sowething unique shout Lhis structure gnd theretore
this should be the basic one considered to understand these hydrides,  The coleulations
show that this structure with two hydrogens in the unit cel) allows o hydrajen-hydrogen
interaction with the fanration of new states. As in the second nodel the energy of
these states and the number of electrons which can be accommodated therein contributes
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to the hydride cote-n

forcation,  Unlibe the =onnnys sty cocrsn b hered ey, whore e

elai-hpdre vt

Ty the relat i

P b stren iy en toe relal

characterizing oo wntibonding bydra e dn
involved,  Thia ic Lecause Lheon states dered clrongly on the hydro wn-boadragen
spas TRg a5 i the Biydeoncn o olecales Colenl o, eichs doonet e sde tiee statey

enrot et the phycicn correctly.

tn Fig. 3 we shea the positive (o) ty - P77) e the top of thele staten
veletive to thee Forr i enereg fp Tor e series of dibiydeide woteons o a function of
St ing or e

lently the aeneetrics:

hydre en

o v Foo RTD ke chepded ol 0,1 toal e
soenes haee a0 QU byt Ths Ti. %
B, Pdy Cr dingdeides arve wnstabile and of e tao 0 and T with o) [P

B, V6 foesn and Talis does ot Thus i atable dibydide sbeatures froowith o
hydre s cheybronen wpacing of lees than 2014 Aot novial comdition,. Sivilar

st that o nctabendiald oo broen

con i vations of the correct trikipdeide Tattioe o
tetrebindrg]l hydewnen dintonce af degs Lthen 208 A doea nut Tead Lo steblo tribydn ide

fave ot coleulated the ctrocture avnociated with the hesaanad

latlices,  Althmuh
teibedride phavr charecteriatic of the heavy rare eqrthy Gd - Lu U appears tit the

et trihydn bl Lot tice urald have oo rdntial hydrs pa-hydrogen spacieg uf lews than

saring 3y achi

703 kowhile in thee ebeerved ot Lure thie o

ctructures Lo he evoplatned ¥, 0

Thin leawen vedatively fea hyds

Hy, Uy, and Cel o The phiesics deading Lo the stability of G, I'dii but

o have Been tereied oot

e . Caleulatic

not BT diveus e da dedgil e Refires

on Vi, Uy and Cretloaed how e e three factors and phyeics e stuted ebove to he

operative.  For eyarple consider the boe Taltice eppropriate to the first i
of the above metal hydrides an shown in Fig. 4 the follwing aystesatic, are revealed,
AL woven etals exhibiit hody contered metal detticea. e Letrdhedral interstices
are shagn in the Ciguee,  1f one accupied o1l the tetrahedral fnterstioe. the

waild he ohtained,  Ir Cacl for this structure the capocition M1

conposition BY
is the lisiting composition. lhe reas o for thic 35 scen when ome tonsiders the
e Io The first and
weall. The

third nearest noighbor dictance, dy, is too seall for V, Cr, No, Ta. Thaeiur casily

Wedrosenshydrugen spacings which would be fo Wb a9 given in

second nearest neighbor distences, dy, and d_, respectively, are b

ercertly hoth the dibgdrids (2.14) and trilgdeide 1iait (2.3) and corjenitions
eaceeding 2-3 are indicated,  In tect the Jargest ratio of bpdrogen to metal, 3,75,

is athieyed in the Thy, structure.  Protactinium and uraniuwe are cJose Lo the 2,14 A
Yimit and structyres with atons having the dy spacings in the faces and dj sparings
between the faces are found in ol and aPaH,.  The fourth nearest neighbor distance,

w
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d.,, barely wakes it for ¥, fails for Cr and aucccad, for Nboand Ta. Thus componition.

utilizing this spacing are attefuable. Hodesor inteat of ate s i the planes

paraliel to x and y separated by &, transdations, we find o cobinating of d, und
b ar t frr V.1, NG H,

d,. This structure is obueryed in VH, HLii o

Strurt

Ta M, Ta My, cteo, have fowor poighbors ard wrcater orpareQons. Lhreedu fineldy

hor, Lul b tead furs g the deesagon ) nidied

(2.79 A) makes it Ly the fifth i»

LA TRNTA

14

arsenide structure.  The Tast tw

”
3

of noicgiubars 30 tial diste thie steblo wlry

Var

Chro iy, thoriwe, protactiniyv and wraniua g5 slated gbove choose

and tantuly eacoed the d, value: Ly =

T, nighivs

The rinfrun ehoepved distouce ; ikis ERE
xergy diffrae faivich i PO ) e i
basis of citrriical and ayrratey argurenta, 1t wan speoddated st AT

could displace theae atens frov the ideal ity giving tettor The:

. )
Ul -

Pdistanse of U0 A fur

H-: scing ot .23 Ao Thiu legves the oiui

protactiniur end uranfum for ot reiqhber, Prodivicary calondetion foe these

cebgdeneen Qe teracbion. Thiy

systens indicate e postitility of et

ray account far the unigue ot

Cand b s Ll

clure found for t

directly to the tiihydrides citnout gnointersending ditgdride proase as o wdly vecurs.

The main cohesive
bevause of the large (3.%7 A) thorium-thoriue seperation found on this shrunture,

energy in ThoMp has been attributeds s Lo thorin higdronen Soned,

Calculation fnr di- and Lol-hparide stracture, § et hpdr oo

o shoun Lhat hydr

alen below the retal vanifs Id which

interactions fead to the intreduction of ne

can be oceupied with Lhe adfed rlectrons.  The ponition of Chege odied o, AN T PIRUTLN

on the closest hydreaen-hydrogen dictonee,  fzatension of Lbes ideas to oluwer byde

systems appears valid althouah the correct structure should be convidered o get Lthe

details right, further caleulotions are in various stases to complete this picture,
Cri is completed, UHy has been slarted and BUH, Lbot are scon Lo bie stacted, Turther
work in the area of self-consistency aad total encrgy is needed Lo put the theory on
directions. Pousible

2 true guantitative basis. YWork is procecding along thee
further directions include the dilute limit and the incorparetion of bydrogen, heliae

and vacancies in netal lattices.
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E 1 Tetrahedral distances, d
constant{s) 2{c) giving metal ater size
served hydrogen spacings and ihe number,

, aporopriate to body centered lattices of latt
is

2(k) Rr(R) 4: (3 ¢ A
v 3.03 1.31 1.67 1.52
Cr 2.88 1.24 1.02 V.44
Nb 3.30 1.83 1.17 1.65
Ta 3.30 1.43 1.17 1.63
Th 4.1 1.78 1.45 Z.06
Pa 3.93/3.24 1.61 1.29 1.97
u 3.52 1.32 V.24 1.76

ice
A.. See Fig. &. Alse given the ob-
n. at that distance
¢1(A) a h M dopslhl n
1.5¢ 2.14 VH .22 2
2.72 2
1.7¢ 2.02 CrH 2.24 2
2 5
2.C2 2.34 NER 5 2
0 2
e 2.3% Tak 4 2
9 2
2.ul Z2.91 T"GNTS ' 2
2.13 2.585 Paky 33 1
6 z
) H
208 2.40 Lh, 2 i
- 4] 2
<Q 1
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Schematic picture of changn an density of states,
a(F), as hydrogen enters retal lattice.
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