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Dr L* s. r - r r>I: HX

*T>» term hycropea will be uaad aa a peaif al mim tor all hydropea l*olopi*.

• 4 •

The taatape* of hydro®*** ar* of preai iMereM ******* at thatr liaportaac i to pr induel*® 
Mto taCueacia® taph rgy aarlaar roacttaaa. Aa to to ba aapi eel*ig. the** effort* ar* de- 
p**d*M aa th* eoacaatrMtoa of to* tootap* aad oa to* coaeaatrattoa aad prgpertleg at 1bir 

■han wtto wtath to* hydro®** umtape* ar* aaaoctotoC Far ***M foptteaMaw* a to bar- 

aM* to to** aa high a eaacwlrattaa at hydro®** aa puaaltoi wtth a mil—* of for*«a par- 
del* dUtatto*. Al Mph t*v*per*t*rea town i to* atoaaa ar* completely toatoad. tt lotto** tool 
elemmaa af to* atomic aumber ar* to* teal obfocttoaubto. TMa Mmpllfled picture may Ito 
altered to aaaa* caaa* da* to apecial proper-tie* at to* aaaoctoted atoaaato, a.®.. *>O to* a 

tor®* crow* aacttoa far to* abooeptfaai at thermal aewtroaa. beryllium to a pood Metro* re­
flector becau** at to* hiph Maude deuatty of to* metal. aad LI* caa react with eewiro** to 
give H3 aad Me*.

la general, tor*, to* proparttea at a hydride which doterada* Ito auttabUUy wtth raopact 
to other available compoiierte for appttcaUo** al Mgh energy ar* to* apparel denity or ap- 
par *M dole volume at hydro®** to th* ..............ad aad to* total number at electro**. ar po*-
Mbly to* total number at particle* CL*., *l*cirone ptaa nuclei), par hydro®** atom to to* 
molecule. la Table I ar* pr**a*t*d each data for a awtoctod MM of confoouada. Sum:* U to 

dMdrahle to ha** beta to* atoodc volume aad to* total number at atoctraaa a* to* aa ponMbte, 
it atoo follow* tool their product ahould b* aa to* a* pnaibi*; coa**p**Miy, tM* product baa 

alto b**a recorded. It ahould be bora to mlad that atac* th* relatl** iaapartaac* at to* two 
factor* ha* ad b**a apactnod far tb* vartou* poaadbto appilcattoaa., aa* caaaot in----- rrtnrn i ii.rfy
ovatamt* to* iipnrtaar* at th* cnatpouada toy rnapartap Ub* atomic ewtaam to«l atoctro* pro­
duct. Th* tabulated value* do ladteat* that beryllium hydride wtU naprlr very favorably with 

to* b*M compouada to to* UM it Ka doaatty fall* la th* raap* 0.7 fa ©.» p oal. aad U Ita daaMty 
*h**id b* coaMderably faghar tt bacwaeoa vwry attractive lade ed. faou*«*r. if th* dmUy to 
toaad to be Q.P g/*U tt will aM be mor* favorable thaa KHj M to* teay wrier** *Mch tom 
elrtofar be** fauad to b* vary ipnt AcaaUy totartor to It paid hydro®** far cert* la eppHrattaaa. 
TIm* dtatfJi wovM tlMt lWflu| i* Mt Highly |jQ iMtarwft tar tafli applio-
ttaMi vtaM* tt* <ta>Mttjr af^pccMiclMMi 1,0

There ar* other eompouad* to to* 111 worthy at caredul cnaMrfarettoei. U owe tooh* at 
th* Agure* tar rmiipwtta at aorueal H iqptretar ■*. It to •*** that UM#, (Caa%)<MBtt4. 
BeCBtt4)r aad (CMJj4KBH4 ar* th* toaM Mabte compound* oa to* U1 tar which data ar* 

avaUabte. They ar* compound* with procstaiap pbyical proparttoa. UB«4 to a *ibie aolld 
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wfclcii m*U* *1 Ttt° with atow ifocnaepmrttirm. * ■*»« at US*, ha* a vapor preneor*

of • men at SS° and wMlin atoor* »0o. (CM-j^hbh* l* a Me bl*. hydrwtiifcHc, ■ternrrtetnlltar 
•olid winch dneo—poena ntowty yi eacwo at ISO and rnpufcy at SSO°. han —ml her

phy—cal proporttoa. latere—la* poemt—IHie* art*M devotap from a ©aa—erattaa at th* coca 
p—d i-lC*UH* for fcfofc tea-oral

li ta apparent fro— tfca data that BeM^ canard to* of aaaper tmportaac* onto** it haa a 
dm—tty ta oar ana of 0.34 *,enl. tfca eatae which ***** aa at name vole me total electron product 
aepdraloM to that for Be<BS4>2 and

L4*M aerial hydride* ar* al*o of i—ere— toneme** at th* **cell*— aowtraa reflecting power 
at hydrogen and todertom with reapnet to th—r nmanen. A fcfote d***Ky beryUtom hydride 
wowld to* particularly attractive, toot it moat compart* with beryUinm moral fofcrh to alao *a- 
c*Ue— du* primarily to Ila —gh atneair dee—fy. A beryllia— hydride with a di natty at O.TS 
</ ml wonhd to* oppr nai nmiety eap—1 to a* •*—*•>**■ volume of beryUiam metal with repp ret to 

anotron rwOectla* atotUty. Tfca traoapnrt cron* at cl tome ar* aana—nd to bn e—ml tor tonrytltam 
•nd hydrogen (actnaUy itodarlamj to making ttoto ootlmat*. Th* pc—ktUty at a aoenewhnt higher 
Or* atty for th* hydride meh* a th* material at l—ere— lor eppli rati nan at ttoa type. lent to* 
advantage* woetto tat* ton npectacatour *ale*n th* da natty tear* at tan— 1.0 g/m1. to appto retinue 
at tola typ* where to* compound would to* aapoaod to ciauaenee rndtattoa, I.*., la reader*, 
It la gw*—1 finable wh—her th* em—ponad would ha** enfftci*— —ability to to* at practical tan- 
fwtaw Since tHc mmrwmnrf will Ian Larwcly rtwaWW la nature it may not racwt from radla- 
ttoa damn** la to* aam* way that • mor* tonic enappomed Uh* Utoiam hydride do**.

n la worth potatta* oat, pnrfcepe. that beryUiwm hydride wtto a dmaotty at O.TS g ml 
pr **1 dan 40 par coat mor* hydro*#* on a vodnae* ham* tlma dona Uthtom hydride and IS par 

com -or* tea tonryUl*. toorofcydride or IMhtam toorohydrld*. tew-rnr. tatmtohyl a—«— 
horohydrtd* prorid** 13 par erect mor* hydro*** than toaryUtam hydrtd* m toie dnemtty. « ta 
•pmoalam to baryillwm hydrid* with a dee-tty at O.dS g-nel.

Th* pratotem at th* mroctar*, —ability, and dnaotty to to* oapnctnd tor torryttem hydrid* 
caa to* pr*dtet*d with —Mae* d**re* at confidence aa th* bn—• at tonor—al cocmtderwticnw and 
ii erf y **..i n cxMBns****t*rf* **rf toneyHIum wmS cCtonc gw,nftvtx*T t nn ntoBMMMMtoi 1* Hw (MMTtoBrfSc

nyaanna. The probtem of prnparta* th* material aad actually m—agri a* a dmMKy ha* bnoa nadrr 
Inr aart pi firm her aoan* ttaa* and th* pro*r*nn at thane taraatlpnttoe— ta reported ta detail nine ■ 
wfcnr*. I A me—ary at r*c*m foda aa th* d—tty ot a bnrylltnne hydrid* —berate la re­

ported ta th* ttaal neettoa at tea report.
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••Wiberg. Goo 11—r and Bouer6 reported —rller than -neg——um hydride ««—Id be prepared by 
direct ■ytluf, but their yield was «O par re— aad they did not del er nd— the structure 
of the prnduct.

if one »—udaes the hydrides at ale —eada la tike rwgta— at tike periodic table around 

beryllium. Ml to dtocwvered that tike altaii —etale tar— hydrides wtth lacreaslag heats at tar- 

—line la tike order of decroasiag ata—tic auakber. Further—ore, the cry eta I lattice ehrtaha la 

etae oa tike tar a—fine of the hydride tar the— ata—e—a. The —a— state—to a—y be —ado 

concertoag the al tea 11— earth hydi Idee,
Carly la tide i—e—lgetina it was lagirt'1 that this migM Into ctor that a very stable 

beryllium hydride ehr—Id he found aad further—ore, It ad.Wl be expected to form i—ertoltially 

without aa e^pn a st i»n of the metal lattice. Oa thte haota use cal ratal ee aa ata—akc ratalae for 

hydrogen la beryllium hydride of S.A ad corrispoadtag to a density of UTV g ml. Thte aa- 

ou—ption offers very eacttt—t poseitdlitlow.

The preparation at the hydrides at atac. coitaltaia, aad mercury were reported by Mehl col ng 
aad Wiberg3 aad again the stability *>• obnerved to tacreaoe with dec res er la atomic auakbsr.

The hydride a at aluminum, —ague—am aad brr yllium had already been prepared by 
Bchle—ager3'4 aad Wiberg5 la ether notation la the form at other—as at variable rnn—nalr1na 

Suboo—mealy. —eg—um hydride was prepared ta pood yield at thte laboratory* by direct 
syutta—te** fro— the —etel aad hydrogen gas, aad the crystal structure, dU—octattoa pressures, 

aad heat of tarn—I Ina wore deter mined. The boat cd tore—fins was found to he teas than tor 

calcium hydride; however, It eatahtted a dtifore— crystal structure. Unfortunately, the den—tty 

cd the hydride al magnetoan was ouch as to 1—Write aa eapnastaa of the magnesium lattice. 

Thte torongty suggests that the density at s beryllium hydride ta—I ream—ably be expected 

to have the high vatae originally proposed. The den—ty at —gee at urn hydride was Im—d to be 

1.41M g/aal which gives aa atomic volume tor hydrogen ta meg—uno hydride at »J ml as co— 

pared with a value at tjA ml calculated oa the ee—ntoflnn >hnt the —itsI lattice does not expand 

CMI f—si thy tiBB hfy<iFi<Sd*.
Aluminum hydride la pore form has bees reported by Wiberg7 but as Itaw marina aa Its 

doaetty to aval table.

2. Predicted Priy-rrtleS q| Hvdridta-

Baaed os Frapertleo al M—fhtau ing Mydrides
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PtaMilty of UM BeryUluro-Hydrogen Hood

TM proMom at Um atabtlity of Um rn*prwiM« la, at coara*. of forhoiMil tmportaac*. 
B taw already M«a d*a*oaatrat*dJ rathar eoarlactagiy that Um compownd ratal* at tonal ta 

coobMaattaa with •Uw; howwor, Ik la pirhap* wort* while to coaalitor other endear*. TM 
Be-H bond baa haw IdwtlfiM aad PMU rather wttraolvrty. ® Alao at caa ba ah caw la a 

qualitative ataaaar. haaad oa aantacwlar orMtal theory. that th* HeH^ molacwl* wtU b* atabi* 
with ragpact to th* beryllium aad hydroge* *to*aa. MalUMa aad other* bar* coatrHndatf to 
tM* proto im, add ch la tarthor coatoderwd la aoat* detail below.

U UM for—tin* of th* berylUncn by dr Id* molecule from tha tacdatad ■tnaaa la coatodared 
a* a poaatbii tatoraaedtet* atop la th* proc*** of potag from beryllium m*tal aad hydrogen pt* 
to noli* MryUtaaa byxbride. M la proper to lapdr* whether th* interacttoo of free beryllium 

aad hydrapea ataaat will load to a ataM* covdlguratioo o< th* raanBta* motacal*. AMhongh 
th* Madtag oaargy of th* at* at ataM* coafignrattoa caa M eoeapatod rather doaely by th* 
Mid ar* hr orMtal method, th* amtria *timi**a for th* **r*l*r determinant raptor* th* calcula­
tion of aoaa* Maty iatoracttaa Itoegiela, Whotbar Um roaaM would M of aatnciaat rain* to 
warrant wadrrtaktag aach aa «at*a*t** ta***rtgpf1iMi ia patatloaablt. Mwrttal***, a qoalitatu * 
anamination of th* aaaiacatar nrtatnl* which caa b* tornwd by th* aatoa at boryUtam aad 
hydrope* atoma wtU M h*ipfal la deciding whether a ataM* ccMflgoratto* caa ratal.

WUhoad ■■tenant a calciilattcM* Um **nl*r*i*r orbital method atoaw canard Meld* which 
aMClaar eoMlgarattoa la atom atnMe, la tM* caa* Um linear or th* ana Hamr model. Ptrwetaral 
iafui m*Tin* oa other mnler-nlee ***me to ladtoat*. how*w*r, that th* aao*t etaM* atomic orbital* 
will be o**d a* amch aa po**tM*. la brryUlnm only two orMtal* ia UM 1. ah*U ar* r*pdr*d, 
oaa S* aad oa* Ip, Mac* Uwr* ar* oaky towr ootar *h*U *l*ctron* la th* cotir* amlacal* aad • 
orMtal* ar* o*or* ataM* tha* p orMtal*. f l***r eoatMaaUoa* of boryUtaat a aad p orMtal* 
ta a 1:1 ratio wttb hydrogen la orMtal* caa only load to a liaoar narl—r coaAgpnMoa, *o w* 
Otahtt flttt MMMtf tCI MMMtof OHP

U w* aaglaet th* a*niorator orMtal ariatag treat Um brryUtum la orMtal which I* •*- 
aaatlally iadtattag*tahaM* from th* atoadc orMtal tt**if, th*r* r*WMia ata Monde orMtal* 
from aMeh anteealar orMtal* caa b* coaofrwcfd: So, Ip^. aad orMtal* oa brryllinm 
aad two la orMtal* oa th* hydregoa*. TM a*nl*rator orMtal* amat bar* oywuaatry proporUo* 
coaftMd wttb Um aarl—r arrang*m*ot, aaaarty, aatal *yaua*try, aad *yaua*trlc or aau- 
*yta—trie charnctar with roapoct to r*tl*crt<M ta Um plan* thrwogh tM coater of tM —nlwal* 
parpaadtealar to tt* aat*. U tM * acta i* faba* to cotacid* wttb Um motacnlar aai*, K wtU 
Im both UmU tlw orlottBl Ui tl* oafty F ortttaU wMcb will signtflcMt overlap vttB tha 

la dCMf'iaitjHlay 5?t omnp* pradsaly ts Um* cmmIf p ovisttai wttii *wo ■VMMVttui
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will to* *tth*r symmetric cm- antisymmetric, 
symmetric orbital caa ba obtained, 1* ♦ ir 

Una almilarly has <nm symmetric orbital, >*, and owe antisymmetric orbital, 2p

rrr>
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about th* molecular uU, and I* thus th* only p orbital which can combine with the hydrogen 
1* orbital*.

Mnce rnmM—tin— of atomic orbital* ar* possible only between those of like symmetry 
(symmetric or antisymmetric with reaped to reflection Ln th* xy plane), the molecular orbital* 

From th* two identical hydrogen 1* orbital* one 
and erne antisymmetric orbital, 1* - Is*. Beryl- 

The re- 
•uMaat molecular orbital* will then be Un—r combination* of th* above symmetric and of »b* 
aatlsy m metric orbital* obtained from th* solations of two quadratic secular determinant*. The 

relative stability of thss* lour orbitals can be determined by Slater’s rule which states that 
th* energies of th* orbital* ar* arranged la th* order of th* number of nodes between the 
boa dad nuclei. Th* nature of these molecular wav* function* along th* molecular axis can be 

shows <hagrammutlcally la order of their stability in Fig. 1.
The most stable orbital of course Is I with ao sod** between nuclei, and th* least stable 

la PF with three node*. A* there ar* only tour electros* to be placed la pair* la these orbital*, 
oaly 1 sad D will to* occupied. Both of these ar* of th* bonding type having ao node* betweea 
Sue 1st, ao we may reasonably expect th* BeH^ molecule to b* quit* stable wtth respect to it* 
Isolated atom*.

Thl*, of coarse, predict* nothing a* to the thermodynamic stability of the compound wtth 
r sapset to beryllium metal and molecular hydrogen.

A further tin light Into th* nature of beryllium hydride may to* had by an estimation of 
it* hast of tor am tins ex th* i—mpfina that th* compound exist* a* a* ioatc crystal.

Tb* lattice energy of a crystal La th* energy required to convert it to the gaseous too*, 
•tarttag wtth th* familiar Bora iiytlrj* tor th* energy of ionic crystals, Kapusttnsky24 ha* 

••vetoped a sartvwraal equation for th* energy of th* ionic lattice.

wtosr* V to ths ionic lattlc* energy per gram anol*, htl.l t* a collected term involving one-half 
th* product of the structure cototncieat e (o . 1.745 for a NaCl type lattlc*), Avogadro’s 
—her, sad th* eq—re of th* electron charge, I N to the number of ion* per molecule, e* 

aad *t ar* th* respective charge* oa th* postttv* sad negative ion*, Vj aad rt ar* th* cor- 
r sap na ding radii aad 0X5 to a salver—1 r rm ate at. The eq—ttoa to set up to give the correct

4. Btabtlity of a* Ionic tattle* tor Beryllium Hydride

■V
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1. SYMMETRIC BONDING

II. ANTISYMMETRIC BONDING

HI. SYMMETRIC ANTIBONDING

IV. ANTISYMMETRIC ANTIBONDING

Fl®. 1 Schematic Molecular Orbital Wave P—ictlo— tar BeH^
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P)(AHjJ Lattice energy.
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Heat of far mutton of puBeoaas 
hydride tea*.

Baat of formation of piwi 
naetal Um.

eorri fanurhag to Cqp. 1. «. and 4 
tn «to« toe host at rmrtlmi far •«. ft, and PssliaTe radius far U‘, a value of 1A4 A to

Li 
: s

Heat of fornattaa of cryotalliae 
hydride.
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inTQ —t-g Goldschmidt type tonic ratfU (MaCl type lattice, coordfaattoa number •) rtgariWeeo 

of tbe actual crystal structure of Oka compound.
Ure to made of tMa ■motion, along with certain avallaMe thermodynamic information, to 

calculate whether tbe protected e amp maid Bell can aatot an an tonic cryttaL Tbe lattice 

energy et hydrides may be rnaiiMtnif with certain other thermodynamic information to obtain 
re fane far tbe bite of faramftoa of these hydrides aecordta* to tbe following generaltoed

la tbe ■ piutinae, M rnpreamda any metal atom which to combtnerf with the proper mimber 

of hydrogen stoma to form • molecule of the corretptmrttag hydride. The heat of reaction, 
aMj, far *«. S to *a saprseadmt of the lattice energy, V, and tor an tonic crystal may be 

calculated from Kapa art nahy»s npir ■ ent ns.
la order to calculate toe lattice energy tor toe hydrides tt to airmenry to know toe tonic 

radti far toe various tone. Pauling*5 has provided web values tor toe tana which are to be 

const tier er*. However, Ma value tor the radfao of ■*, 1.0ft A, dona not give any raaenanhie 

value for the calculated tome lattice energy of toe alkali metal hydrides, to fact, tMa value 
to greater then toe known fatortonte dketance of 1.04 A far UH. Ametovs and Anderson, * 

to a table itotu« • "ootf eomtotott net of tonic ruAI~, give a value for hydride ton of MB A. 

KvldMliy PnutU<*e ruffam to net auttabte tor calcwtottag toe tatertaalc dUnaace tor MB. Mace 
the sum of Pnullar• radH check toe report meatsHy determined values tor a very large number 
of pridomimMty tonic crystals, tt seems rmenmiblr to see Pauling** radH for the mrtal lose 
and calculate a new value tor the H~ rndhm from r>giefturtry*e ngumttim using MB M toe

cfystadL
If mm wees the rnMetomdaBy fad nr mined value of U tor toe tome compound MB, as 

ST 
deter miasd by outtaMy rombtfang toe beats of tormattau

,•* : : r* r»• • • w-n • •a> e * * ? • t

■■■■■B
B

B
B

B
B

B
B

B
H

H
aH

H
B

M
M

H
H

M
M

H
H

IH
M

H
H

i

■
M

M
M

M
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TABLA Q

LATTICC ENERGY AMD HEAT4 OF FONEMATKX* FOR TME ALKALI METAL KYDMDOI

Compaund Obe*rv*d CalculidUMl Qbaerved yr cued

•Beta* far calrutotloa.

Th* chafer of tame rate ta, of eoura*, eye to ytalaa.

- 11 -

LIB
MaK

RbH

Lattice Ea*r<y, 
heal, moW

0 
1.01 
0A4 

OJM

114.4 •
101.4 

ITUS 
IH.4
144.3

114.4

1Y0.T

1*4.4
144.1

*«t.
Itcal mole

Differ *«*7 
per cent

-1U41* 
-1UT 
-14.1 

-11.0 

-10A

« 
-14.4

4.4 

- *J 
-14A

•1141
-11.70
■U.K
-U.0 (?)

-Ilf (?)

calculated lor th* rate* of «" by mraa* at th* «ym*m tor 0. By nmkU* ua* at UM* 

rate aad PataU*** Male radii tor th* alkali aitaal*. th* rata** at V tor th* aitaUt natal 
hydride* bar* bar* calculated. Theo* rater* have te contend a* tew ta th* abov* «y- 
Uoa* to gtv* the heat* of formation, AK^, aad ar* tabulated ta Tate* Il tor cocyarteoa with 
the value* arrived at ry *rii*aliBy. Than* cocnyaad* ar* accytad a* beta* yednminaully 
tote ta character, aad te b*r*— a— between th* ■yrimeWaily determined value* at V aad 
thoee calculated ta «ac*U«at. Th* corretpoetaU* haute at for am tian re*re*ent th* in—n dU- 
SeruacM bet* ten relatively buy eitairi, aad th* yectatoa ta much lea* a* ta to be yieltf.

Th* method used can be de­
fended umtaly oa th* bate at th* excellent agreement between th* calcatatod aad ah**r*td value* 
tor th* tattle* ta*r«y. It ahaald ta> ytat*d out, ho*».**, that th* calcatated vata* tor th* 
radl w of ■“, l.*» A, gtve* a 1A - ■ dUNaae* of 1.M A. If oa* aaa* th* otmerved tat winter 

dtataae* of 1.04 A, th* h*M at fnra—ftn* t* calculated to h* -10 hcat/atte.
ta a atteUar amaaer vahm* of th* tattle* ■*■*»>■ aad th* bate ta toraadtaa to** bwa 

calcutaty far CaK,. SrK^ aad BuM^. The caAcatated eaten* have bee* ta*ed «a Patau**«
rate uteac th* tT radba* ta MB A a* calculated trwa 1AM, aad «a Xacharta*aa**M rate 

(a**Mdliny Patatar* mte ~rtahw*r* to utet chary) atey a **ta* ta 1.41 A tor BT a* relrtefd 

**•*< Caw, a* ■ teaatard. Th* calcutatod eaarya* ta both ***** *r« to yad ■yttuta ate 
th* eyhrtMitel veto**; homer**, th* *<r**m*te to hereto btetar u*ta« Patau*** rate. Th* 
tea utoao Pa talar’* tea** ar* recorded la TaM* m aha* ate th* ~m Ireland
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LATTKTK KRUTOY AMD HKAT3 OF FORMATION FOR GROUP a hydrides

QbaatteS CMin ■ 4

•Paalu<a rMl.

AH • 44.10 kealaoir

ticro

- is -

~TOW"
per eeat

4.0

UY
Ml
0.«

-34
-43.1
-43.3
-40.3

M3.3

434.4 

3O4.T

Diftareae*. 
per cm

-T5.4 
■n.4
• 30.4
• M

- T 
-35 

-51 
-44

TOT.
55T.
543.
504.5

_________A*t, tol/Mot* 

C*B Mwf
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A* WN aoted tor Um alhaU hyOrltoa. th* ealcM>t*d ntaN for to* teat* of for mat to- 
•bow eowMeraMo Aertattoa aa la to be eapart ML la all nm, however. th* AH{ ta* a - ,— 

***** wbtcb mrm* a Mabl* tatoc eryataUta* fora tor the -—< - la -T~r+-j iTInr at
th* large error la th* AMf tor MgK^ the ■ M4.au a la perbap* lea* roarlarlM How.«.i, tb* 

*«**< oaed la the calcatattoa (1^5 • 0.45 ■ 2^0 A) la gatt* large roa^rto wtto 
the ob^rred valor, 1.55 A. Her* th* Affereae* la OJS A a* rnanp*rait with tbe dUferaoc* at 
9J1 A tor UK. If oo* oom a* latere tnmlc Aataac* of l.M A the calcatatoK —ta- tor AM 
la -TO bcal/mol*. Th. latartaate ttatam* tar MgF, aa calcaiMMI from PaaHag** awT', 

la .m iH.M agri.mm* wtth th* X-ray eatae. fat t* calcatatwf heat at formtka, —>**■* om 
<tf r*puat1arty»a eqpaHna, la -U0.T a* rnaaparad vlth the ~aetect** rate*" of -350.4 totyn^. 

Perhapa th* oaiy rnariattew to b* 4rawa tor MgH^ la tfoa th* 1—* < probably la Affer«a« from 
that exMMt«d la th* other caaaa.

Aa a matter of goaaral Uttaroat, aad to gtr* farther erMaac* for tb* attectfoea*** at th* 
method, th* heat* at taramfltm. AMr for a moabar at other pooatbl* byttrutoo bar* beoa ealeo- 
tatTO aad tabalotod to TaM* IF. Th* reaotf wooM latocat* ttoM the moot <M thaw —f-—t- 
TO art aalat aa taata cryotal*.

Th* B*«j prnM«m wtU aow be aaaatobwoC Th* tame* *a*rgy, U, tor HeKj haa baoa 
cOcwtaM otfag PaoMara eataao tor the ratooa at •**♦. 0J1 A. oat too rata* l.M A tor th* 

■ raKtoa. From ttoa awwrgy a vote* of ah, . .m hcaVmoto waa otaalaM aa totoowae

______ Utttte* Kaergira, teal/ami*

CalrtOatatr*

• *• •

»

□

I
*



CONFIDENTIAL. • • to* • : : s I *e ee*

td the

.l(M
♦ M
• IM
♦ ltd
• >M Composed reported to dStMMWpOM at -1M°C.

Sateto as LaH , aad ■ la solid swtottam.
Coaapcwed estate oaty as tamer with bydrogea brtdpe tawtaag.
•table ep to IMfc. Probably estate as the tamer.

TMa Biggest ■ Mat BeH, woaM act ba eapscted to astat aa aa taste crystal. Ma crystal 
atractara tor Beta, to harms; however, to calealatum tar the tattle» easrgy to adgastod tor aa 
asswmed entail ■ chloride atractara. Pasdtag petato oat that the tadarwtoadc tasteace to toaad 
to ba the aaaae la anott caeca whether the crystal estate wtM a aodtaaa ehtartoa atractara as 
with the Oaortto ar rwujo atractara. Is tor of this K to perhapa nlgrtHnaid that aa toe ww- 
of geometric eaaaMerattoas atoaa aa B* redtas af 1M * with a aodtaaa chloride lattice ssato 
rtaRtre a Be** radios «rf A (PaaltaTa redtas • OJ1 A) tor aaataal eeatoct >etwee tba 

toes, aad tbas saaM «tee rtoa to "tabto rapalataar aad woaM be aapectad to bare as effcct 
aa the tames eaargy. Alas It efcaa.d be raaMaed that etore the taste rsdtaa at Be** (dull AJ 
to so emeu to rr>mpa rises «tta the selected B* radtee (IjM AJ. aa errvr «d eady a tow per aeat 
la the ■' ratawe waaM hare a eery prwasaaced etaect as toe relratated lattice aaerpy. to as* 

case, the remUa ahasM act prepataca ewe's rtews aa toe estataaee cd Bea, as a 
eempaaad. tadaraaattaa to as* avsttaMe sfatah permbe a aware totalled 
atataltty cd the ■atacatc aa a eeardtaatom ceamsead.

CONFIDENTIAL

Be<a) • BjU)****^*);

TABLA IP

AB<. heal ante Properties

PKKDtCTKD HAATS CT FtNtMATKM FOB CBHTAIM HTDR1OSS 
ASStBOMG AM MMBC CmSTAL

• M taaal/awnto

to recast years there has bass a rapid ascawaatattaw ad detailed rf rar Torsi udhrwmttaw 

«a rteetroa drttetott roapimada target? etar . ......  toe wstti cd Staadte aad asaurtotea. -tf - gr

A Potymerlc Mrwctwre aad Predated ttaaadty tar Berytttasi B|ita Ito

r*
**

t 
•d

ta
*

PJ
<J

JJ
 i

a
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__
■b
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The space greep to each cm* to tto otttorteMc creep dJJ . ft.. «Uk berytlM yusliiiie.
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aaC Soar ■nl.cwl.e per watt e*U. Tto c*U Oanaaiala■■ tor A methyl beryllium
• SJN and e, • S.MA «tu a de—a, <rf 0.S, aad for the chfonde 

Cg • s_M with a Sia>Hj of UBU
Tto. carnal teeter ■■ at tto atractara aS (tone compmead. he ta the rather large bead 

toa*hs for Be • Cl aad Be > C aad tto tote toad angle Be - C - Be. For the Be - Cl 
<ecaac • Randle ftade the vatoe UH A, ahi ch ta ta to compared with Che vafo* 1 .M for a 
tkorsnii osncie bond obtained toy Panting*a rele aad radii,33 ar tto rate* 1.M A tar a haM-toad 

(nanr *ntf atoctrea patr per toad}. BtaaUarty, tto ehaervwd Be - C dlataar. la 1JM A va 1UM A 

tor a normal bead aad UM A for a half toad. AMtoagh ta tto caae ad tto rid arid. M appear* 
that ehtorta* may ccedrtoato addtoaaal ad.rfroaa ta the bond. tt la clear ttot to tto methyl 
r reap trad a dedlrt easy ad eSactrwM earn ea*« m aaty twn patre ar* --------,
bead, atoat each heryOtaM ae~a. Tto* to aaaatatoat adth th* ato** eaoapariaoaa baaed ea 
Pudtora rale. Tto toad dMaae* to dto* *tth ea etactraa pair par toad, ea tto actor toad.

Bealtodac tto toneatoee tomtoed to apptytoc rate, retattag toad leapt* to toad ertor. 
•eadto me able tn urlu t at tto aaaae eoactaetaa repardtad tto preaeac* nd a* etoctrea d»- 
ftetoaey to Cto methyl dmeaMe* treat a .aaldtiaitoa cd toed aapfoe atom. Tto aagfo. ta tto

■
amay ladtruteO. toe* eaatrlbated to tto atractaral atady ot dkharaac, a pretotoai <d Long m-r* 
tag, Ttot berylitam hydride to maid be ptorto to tUa category ana Brat . fog ■ mil by « 
Htcrina to 1M» aad to atreagty foapttod by tto atrvctaral amtyaw ad beryUinm chtortde, 
toryfttoai dtewthgrl, aad .iwtaaai trlaMthyt dtater by Itoadte.

Both baryVtaaa eea*matoa ar* tooatrectaral wtth M 
tto eryataltagraphic *Ma to which tto reancaratton .bow 
tetrahedral.

■■ ' ' . . ■ ' . ■ z . ■ ■ . .. ■ ■

- ^"“BeBe'H=3's*Be*'CU-
'<3^ '-d" '^Cl-X '-Cl-'
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PROJECTION ON XZ 

5.36 A

Ce • 5.26 A

PROJECTION ON yz

Qe* 9.86 A

PROJECTION ON Xy
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IF
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a#

B - B
■ - ■ (tlMF—A—fl

B - ■ (brWH
■ - B - ■ ftaradaal) 
B - B - B (bW

*
» e-e
:: *:
* • ••

aladlar faer-oteadterod^brldga tereatare eccwa 

etroctare era troet tte ear* < Beteetoter.
......... i„

< i r i *:

i r it
(nr,nrwTT-*“-***?' ■

fl - --..f—* rtaga are d gat nro atty Aflaroto to tte t*> nwwito to BtoMNBjt beryUtoat

Uk» aegge C - Be - c to M4*, to to—ter ttaa ttortoaitral, tetta tte tiarete*«*1* 
Cl - Be - Cl ta «dy bB° to toto tom itirtaBral. Tte a*ne* aagto (aee Fig. » Ba - C - Be 

to dt° to battered to aria* tbrote* to* dbrerrtag to ea* carte* terabedral ua total betweea 
two terytttear ateraa. crotoug toto tea tom ealted a Are* atom tote ar atotoal. Tte teryl- 
»»w, aitcMM tete to awe I opto * *• tettl a Mfl— overtop to tototola to acid wed. la tte 
tMMtotog orbttal aeteaartto to Fig. > it toll be acted toto tte aagte tateaaa tte terytUa— titotoU 
to rotter tore ctea tte atete to tea C - Ba - C bead, ate to probably eloee to tea eager* ad 
totatoaBral aagte 1 OB®. Tte teryBteai atoato are aaHIrlaatly ctoee, XBB A to (fa* tr eg rw*t» 

to eoggeat teat aaaaa aatoaal aiaatavtoot to ttatr erttoato coatrttataa to tte MrtUuy ot ttoa 
awtare alao, tel tf ao « aaaam tote* atanatery eOact Mac* to tee cMarM* tte Ba > Ba

tte siucM IflUHMNTe

Tte greater Be - Cl - Be tete aa«te to to ragtorte U cMorlae tetog. toto eae ea* 
o< aa gato to MMtotote tortroa. Neraally tarn to tea cMertoa Sy ertttala (wtec* ar* to earn- 
ye ream aaergy to tee teryUtaai tatratedral ortotata) woato te tereette at rtgto aagiae to aacfc 
otter, bat aaaaa coanproattoa to aaaaaeary to erdar teat tea terylitaat ttoratedral ortttala a*- 
yreack aaare aaarty tte yrtoarrte aagte to !«•*. Alttw* <Ba etearwet Be ~ Cl dtotaace to 
KBS A to rattar iaryer Ctaa 1J« A aattaatte treat FaeUaT ■ ***» •» • «•**»• etoctroa gato 
teed, tea eerroamtetaB tete te dIateM- teryHtaaa to B.BB A toagar ttaa a teM-tead, a* it to 
gotta mtetM* ttat FaadtaC* reetoed radlee far terytttaae to tee aaaU. tea orlgtoal teratedr*! 

radtaa au l.« A, a B.IT A 1 meg or ttaa tte reetate rate*.
IMtortaaatety, aU1 eater el data ea igdrtdte teaen te te etertroa doAetMA are aeattaSto eaty 

tor tte terra by dr* toe ate eerteta ternbydrideo, ate ttaa oaly trom electro* dUtractto* yatteroe 
wteat* leak aaaee to tte prortetna oktalaad troae X-ray aoaaaareaeeoaa. Tte rat ate retar •eeiya^'na 
at tte dtooraae atroctare by Bodbarg ate Stotoraakar, boeweer, toarra Httia doubt tbat » 

la ttet raatecato alao, *a baa bee* prepoeed 
a. *® Tte toQoviag A a or etna a tor tte dttoraaa

-

i.rro • d.ois a
UlBT a COM A
USM a 0.BS7 A

IMJ a t.B*
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Di borane

- 1* -

l.T* A 
1.1* A 
UM A 
1*0°

e **'
- e* 
: :

■ - a
B - H (terminal)
■ - H (bridge)
H - B - ■ (terminal)
H - B - H (bridge)
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We find here also the characteristic Long B - H bonds in the bridge relative to the normal 
terminal ones. The angles in the bridge resemble moot closely those la beryllium chloride, 
bat the interpretation la thia case dUfere greatly as a result of the electron deficiency in 
diborane. la order to use four orbitals formed by ep5 hybridisation rather than three as la 
the isolated BH^ molecule (sp2 hybrid), it becomes necessary to supply additional energy to 

the e'ectrosw bcrsnet of the greater relative stability at an a orbital to a p orbital. Less  
promotional energy will bo required, however, if the s orbital is used largely to form the 
normal external B - H bund, and the bridge half-bonds are made up primarily of p orbitals, 
since there are twice as many electrons la the former. Thia accounts for aa external H - B - ■ 
angle larger than tetrahedral and a bridge angle smaller than tetrahedral. Due to the spherics 1 
symmetry of the lowest hydrogen orbital (la), the hydrogen atoms exercise no influence cm the 
bridge bond angle, tn contrast to the two beryllium compounds discussed above, except indirectly 
through their bonding radius. la addition to the B - H bonds there appears to be a stgntflcaM 
amount of overlapping of the boros orbitals with each other if owe compares the B - B dfotaace 
with the normal value l.SO A.

The early electron diffraction investigation of diborane and aluminum and beryllium 
borohydri^ei by Bauer and Beach’® led them to propose structures for these molecules wMch 

weibe more consistent with the normal coordination and bond distances, tad la the facr of 
spectral evidence for bridge structures Bauer and Stlbign have reexamined the data os the 
basis of uasymmetrical bridge models sot considered La the worfc of Bauer and Beach and admit 
that such structures are not tncolnalstent with data.’7 The infrared spectra of several 
borohydrides have been analysed by Price’®, who interprets them in terms of bridge typo 

models. Using interatomic distances tor the heavy atoms from electron dUfractton studies by 
others and semi-empirical rules for estimating bond distances from force constants, he has 
proposed the following distances and angles:
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Aluminum BorohydridrB.

W

B*ryW*in BorotiydrlcW

34*

Sodium Borohydrid*D.

- 30 -

t.et a 
IJM A 
1.3* A 

a.w 
no®

1.T3 A 
1.1* A 
1 JI A 
1.43 A 
1«<*

U» A 

IJW A 
1J1 A 
l.T» A 
104°

Al - B
• - B (tormtoal) 
B - B (bride*) 
Al - B
B - B - H (bride*)
B - Al - M

Ma - B
B - B (terminal)
B - B (bride*) 
Mb - B

B - B - B (bride*)

B* - B
B - B (terminal)
B - B (bride*)

M - B - B (bride*)
H - Be - H

The tofornuittoa of particular i*«*r**t la the data on beryUiam borohydrid* where the 

dtotartad tetrahadral arraae»a**at at hydro®** *tmna BRpie1»< in beryUtae* bydrid* praoumnfaiy 
•art at* (*laetroa {Attraction data ar* unabl* to dttterantiat* betwaa tpnuM-mpmr* and **aat- 
Utrabodral eoaHgarattoM).

To arrir* at a roaaoaabi* atructw* tor brryiliam bydrid* M la Brat ■«*—tial to caaatdar 
lb* «l*ctro«»*eaUvlty dtfteraacae at tbaa* •irturtoa ta ardor to *ltmiaat* tb* eoaald*raflaa at 
tonic atractar**. From Paulin*** taMaM w* ttad tb* valu* l.b tor baryUtaan and 3.1 tor 

hydroc**. it i* claar than that tb* da*r** at lente cbaractar will b* r*i*Uv*ly toar, hardly 

craator tor aaaatpto tbaa iaC-BorC-M band*. Bra* tb* two baryUtom compound* dt*> 
cuaaod abor* aboald ba** <r«**ar d**r*e* at lair charactor to tbatr beryllium bond* than tb* 
bydrid**, yat tb* pacuMaritta* at tbatr otructur* caa only b* uad*r*tnnt to torm* at aa *a»**ttaiiy 

coralant modal.

**
**
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•«nc* thta repc 
and lipecomb.

was writton th* crystal Mmetur* of tetraborane has been reported by N ordman 
_______________ They glv* far Um smallest tmermolecular hydrogen distance *.«! A. which 
corresponds to a ran d*r Waal radiua of 1.99 A.

U the briitga bond structure la accepted as characteristic of etoctron deficient motocula* 

aad crystals, and it la assumed that ouch bond* *411 be formed whsrwvur tt 1* poaatbto, tt 
foltow* logically that beryllium hydride mil choose to torn a long cbela-libe polymer such 
aa had been observed la beryllium chloride aad disaethyi beryllium. That lb* - Ibam
■gum T T grng fa particularly stable for tbs pachlag at sack chela Mb* polymere seems reasonable 
when moloewla* aa dlflereat la onmpoaMton aa these two mug minds are found to entotot tt. 
It reasaUw tbea to doteramn* what bond VngUM aad angle* aad paefaag distances ml) be ea- 
poctod for th* hydride. For cats psrpesi th* dlboraa* structure wtU probably serve aa our 

bs st gutd*.
Mac* the Be - H bond* ar* nseteanriiy *gmv*tenl la th* above strutter*, they mU all 

entasis th* anane rnafalnattna of a and p orbital* aad mil prefer to be directed tetrahedrally. 
Par nn- ~finin'- wear lap between la hydrogen orbital* aad sp* beryllium ortotate. however, 

neighboring beryllium nt coin will ba brought tee close fa such other ao that repulsive force* 
are litoety to b as nuts Inonrt nor, tt may raaoonabty be aaeuased that th* be - Be distance will 
not be tea* than l.TP A, Pauling*a value** tor a single baud, and ussy be greater than l.M A 

corrseposdtag to a half •bond (th* abort* at metal- metal bond* observed la bridge structures ar* 
at tauat *a tong a* a bail-bond), it* actual value la relatively Umportsat fa estimating th* 
unit c*U veto ms la any can*. Aa aa approaisnatimi to the Be - tt bond length, th* observed 
B • B distance vtU be increased by ths dtHerenc* between Pauling** beryllium and boron radii*3 

to obtain 1.41 A, la efas* a gras ins st with Price's estimate o< 1.43 A. This vale* probably re- 
pr onsets a lower llnstt Mses tt has been noted above that oh served bond lengths in beryllium 
bridge heads are usually larger than those calculated from Pealing** radii. For an upper limit 
thia nmy be increased to l.tt A.

The greatest uncertainty la thia beryllium hydride structure Bea in ths pecklag distance 
botes an hydrogen atoms of a dp res* chats*. Observed van der Waal radii far hydrogen fall 
generally fa tbs rang* 1.0b - IJb A natch mu be used bar* for upper *"* lower limits. • 

Th* van der Waal radta* of chlorine la th* beryllium chloride structure fa about a* large aa la any 
other chlorin* cas*aul, but in view of tbs sssssal nature of th* bridge structure it is not 
safe to rseums that ther* mil bo a parallel tendency la th* hydride, especially atace fan* 

sridance already ha* bass acted tor electron deficiency In the ehtortde.
If the at iiumiM of beryllium hydride chain* i* similar to those la the chloride and 

dlasetbyl derivative*, limit a have been fired on a Mtfficleet number of parameter* to determine
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la tact, ua reactivity towards various res peris caw bo expected to parallel that of di borane, 
whoa a chemistry la mow well known, and p oust My tlaminun hydride artetch has already been 
prepared.
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The gueotios which la often raised regarding the various hydrides Is where one eh on IS 
place the dividing line between ionic and covalent types. U there la any basts in Pauling’s 
estimation of bond polarities trona his empirical electronegativity scale, 25 It will be realised 

that completely ionic or covalent types are only extremes and that the vast majority at hydrides 
lie tn between. The molecular orbital description of bonding, however, aids tn understanding 
the smooth transition from one extreme bond typo to the other, lor it is merely necessary to 
make the proper choice at coefficients is the linear combination of atomic orbitala. These 
coefficients are related, though not is a straight-forward manner, to Pauling’s electronegativity 
values which can be used to obtain rough estimates of bond potartties.

la the case of MgH2 the Mg - H bond would be expected to have only about !• per cent 
ionic character, a surprising result la view of the rutile structure assigned to it recently by 
Zachariases.40 The rutile lattice Is generally associated with the relatively Ionic fluorides 

and oxides. Nevertheless, the importance at covalent bonding in MgM^ can be seen from a 
closer analysis of the interatomic distances in this and the more ionic hydrides. U the Pauling 

ionic radii tor the metallic lone is subtracted from the interatomic distances in magnesium and 
alkali hydrides, an abnormally low value tor the hydride radius in is found as shown in
Table V.

the most probable range of ths uatt cell volume and density of the hydride. A simple calcula­
tion shews that the hydride uatt cell volume will probably tall in the range «1 - HO A.3 The 

corresponding density range la 0.0* - 0.00 g/ec.
By r ■coguttloa of beryllium hydride as an electron deficient compound, s greet deal of

I set gid Udo its chemistry is revealed as well. It is eat difficult now to under stand the stability 
of its etherate. With a deficiency of two electron pairs per beryllium atom tt can easily ae- 
cnmmndsto two ether molecules at the ends of a Be«2 chain polymer, and it has a rourisrperi 
la diboraae la the reaction

N
N

te
in
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tt.
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UH
MH
KM

UM A
U<H
UM
UM
3.©*
3.13

MOA 
U« 
UM 
UM 
UM 
UM

Lot mb now co netflor M*H} aa m electron deftctam covataua structure. ta Um rtolle 
structure I—f-r-T~ has oetahoab-al coorAmU*m or • beads. and hydrogen has tri gnus I planar 
coor dl anti cm or 3 bonds. This nM» on too average a dtatributtou of one-third electron 

pair to each Mad. TM Ma to the normal staple bond radii la 1.70 A, which corrected tor 
bond order by Paultagta rale leads to a value of l.M A, to fair agreement with toe abaerred 
lisle ace l.M A. It baa already boon seen that a similar application Paulino's rule to 

diborane predicts a B - ■ distance la toe bridge bead of IJI A compared to toe observed 

value at 1JO A.
One may object to such aa interpretation ta toe case at ■ngaeetam oa toe pro anile toot 

toe nnrjnrt crystal coordination number at magnesium to tour to more covalent compounds, 
correepondtag to too presence Of tetrahedral sp3 hybrid orbitals. But coordtastioa Mgher tons 

four to not altogether uncommon among elements of toe second row, even when bonded to 
el a meat a who a a electr imegnti vtty la not much more than one nett torpor; tor esample, 
A1(BH4)3, PClg, PBr3, AICIj (crystalline), Mglg. various silicides, and possibly AlMj. To 
account tor octahedral coordination fl* toast two combinations of orbitals are possible. By 
promoting one-third of aa a electros to a p orbital, mpedam can form tour bonds at right 
angles, two linear epx bonds and py and pg bonds at right angles wMch may alternate among 
toe remaining four bond directions. The other alternative to to promote two-thirds at aa S 
electron to a 3d orbital to form ata d*ap3 octahedral bonds. The extra strength of such bonds 

may be sufficient to compensate for toe considerable escitettonal energy required to nee a 3d 
orbital. The trigonal btpyramidal coordination in PClg and PBr* lends some ampport to the 
totter possibility, since dep3 hybridisation results ta exactly this type of coordtastioa. Also, 

toe similarity between FeClg and AJClj (dlmerieatlon to Pe/?!* molecules wflh tetrahedral 
coordtaetion or crystallisation to give octahedral coorchmtlon) supports the availability of d 

orbitala.
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A Daaatty tor BrryUfi MyAHAa BaaaA aa O»t>ol .l»r apart! aa at NitMit MyArtAaaT.

Maa a 
Mm 
IjitT

Compoad
—

NaM 

“•*1

T.O4A 
•4.004 

MJM 
Itt.M

X-ray 
Daaatty 
t.mi 
1.M 
1.41* 
4.14

(MU) 
M*4 
»«• 
•JM 

l«JI

M (a*-U 
■—XS- .71.

/
* I

TABLA VI 
optical pMOPCimn or mmc mtinuimm 

ttrfrsrtlrr 
taOaaa 
HMM) 

l.M«t 
l.Tlg 
l.M, l-M, I.M 
1.01. LM, 1.M

wNera A l« tw Araotty at M» eaaaaaNMl, M ta ifca aariaruUr a • ta tAa aaatar ratrartrrMy
aaA a ta Uta ratract*«« taOaa. la orAar «a aaafca aaa at tka fcaraarla aaa aaaat arrtaa at raa- 
acaaMa valaaa tar tba aaolar ratracttatty aaA tka ratracttar MMkaa.

Xaltabla Arfa tar tke afttcal aragtarttaa at aaaea Qraar I aaA Qraaqy ■ fcpArMtea ara aaaa» 
aaurtaatl ta TaMa VL

la arAar ta aatka aaa at ttea taraarta aaa aaaat arrtaa al raa-

»«
M

M
N

N
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cat 
•JO 
1.33
XUt 
Ml

r 
(IBM)

Faaltag 
<!•*»>

e.«M
a.3M 
».»• 
eta
3.M

Faattag tortrat ton rate#* trw*» tAaar*—*1 *«mmN—tea* aaA aaea* oagirinvMal 4*U. 
Fajaaa rata** ar* WH a» anaaiatal at aaotar ratoa—to* at ***** a— «t aotattn** 
aatragatataA ta ta— Ata—* •— u*o» rater* taw* tavaa ana* ta to* grip— cate—a*. 
AU — vatao* taa*a Aorta*t — ta* ana—to* A a— taA*y**Aoar* at mm*. Tto —al 
ratraen—T tor a a—ar— an* aa —— to to ton— to— tto rata* ato— to a—tog ttar 
Mgiaraa tor tto to—— torn aa tor aaaa—on at content tateyMMotaac*. Tto Atacrogaary 
aaa to aagnaNet to to aaara atgaafte— tor a aa— tto* tor tto go*** a— aatattaaa tor wtoet 
tto Aota an* AartaaA Tto in iigliUiiiAi •* »*• •*>•*« *• • er—al atU rary aa tor gatariatag 
gaarar at tto aattaa aaA tor gatorta—v at tto aato*. Tto gator—ag ***** atU to groat or 
tto aaaaUar tto aattaa ant atU tacroaa* rut tacra—g rtorgr at tto —a.

****** tor tto rtaracurwy at tto kyAmgaa tan tor* tor* miUH tor — gaaataw *y— 
**a tortaaa kg—a to to* atamr anttoC A rata* tar toryUtaaa Ay grit* aaa to —aiaat to 
a* atari—taa a* ataava ta F»g. <. to aataar ta ttonaaatrato tto grata—a vaUOty at and* 
a* —ra—ta*. aatoaa tor tto taat* ratrn—y at ataAa. ttanrtato. sag rMnirt a* taaa for tto 
—■■nt groan at—aa tor* alaa toa* eaten— ta a a—r —ar. Tto AM* ar* tote*— 
ta Ttato TTD a— giatt at to Fig. «.
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tub imruACTivmr or catmmb for <mkmif d tmturn

ta or tor to aatta—• a rata* tor tto avatar rafracCfotty at taa-yUtana ajgrito *t ta aorta vary 
ta aontaate tto taat* retracttatty at tto g—rtAa ta*. Vataaa tar tto ratra—y at tto tg— 
ta* to ottor Ora— S to****— «— to agnotaat Ay aator—g tto rrfraett—y at tto rrayactlra 
aattaaa fraaa tto ****** tar tto aaa— rateacctvtty ghro* ta T—to *1. Uta* at rotor* tar tto

41 43ratra—y at aa— torr tea* gragaoaaA By Fatatag .aaA Fwyaaa mA famt, ant ttoy ar* 
ragri Allot to gart to Ta*t* WB.
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R (CT) IN CHLORIDES
R (O«) IN OXIDES 
R(H ) IN HYDRIDES 
R <F") IN FLUORIDES
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Hydride. and Fluoride Ion* of Croup O
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Fig. 4 todcHufrxtlvtty of Um> CMorWb, OxJ<te,

CONFIDENTIAL
D L I.. H7.*

- M -

CONFIDENTIAL

• 0 « 4
I 

I 
1I

I 
i 

I

a3

5
9

<W

o 
?

IO
M

IC
 RE

FR
A

C
TI

VI
TY

.R
.C

M
3

A
 

a



- zt -

CONFIDENTIAL
• •• •••_•• -* • • • •* * • •• • e oe •<

REFRACTIVITY VALUES FUR CERTAIN M2NB

Rtci'iR(O') MF")

la

la BeO s 3-23 

la MpO: CM 
la CaO t • .03 
la BrO : 7.13 
la B*O : 4.31

la B»F j i t 

la M*F2 : 2.21 
la CaFj t IM 
la «rFa: 2.73 

la BaF. : 3.33

la BeCl* : 7 

la MgCl, l 3.38 
la CaCla : 7.4 
la fcrClj : X 25 

B*C1_: XM

CONFIDENTIAL

TABLE VU1

B may be even from the plot that th* potancibtlity tor Um hydride tea, aa tndteated by 
the atapea off Um curve*. appear* to be lea* Ibaa that off ootid* Um, greater than lor Um fluoride 
um, aad about equal to that lor the chloride loa. The data lor beryllium are eery limited, bat 
m— —. au* " — -v a — - ah .— — — At* ■ -<aB. ata.* — ■ w ab* 1—iar — ffe.«.MMT tlK CHEMMMI lBtT» »• M> XT iCRBK miCCMnimnly IB UK WBlfK <3* UK aCMMC rtiFlCllTUy IOF 0X1 de 

toe la going from barium to beryllium. If It la aaeumed that there io no madden change la 

th* character off Um bonding la going from mapaeatum hydride to beryllium hydride, the* th* 
e at rAp« >Lat^*d hy ride e inaafr Ise eis i to pie* a roaeoaaHe rale* for th* refractivity off 
Um hydrogen loa. The rale* 3.85 la obtained from the cure* for hydrogen. A value for the 
molar refractivity off BeH^ off 7.4 la calculated from the tome refracttvitlea.

U earn anaumea that th* refractive ladex for beryllium hydride la 2.0, la agreement with 
th* valuea tar varioua other hydride* recorded la Table VI, then th* denaity of beryllium 

hydride *• calculated from the Lorenta-Lorentx formula la 0.75 C'ml. It la very unlikely that 
th* refractive ladex could exceed 3.0 (very few compound*, telluride* and aulfoenlta, have higher 
refringences) which would give a figure for th* maximum denaity off 1.1 g/ml. Off comae, 
Uwe* valuea could have ao significance if the bonding la beryllium hydride I* radically dif­
ferent from that la magnesium hydride.

3. experimental Eattmate off the Denaity Br* ide Etherate

Recently the experimental determination off th* denaity for the product* from five different 
preparation* off beryllium hydride etherate ha a been completed. 1 Theae aamplea aaalysed 

between 50 and 50 per eent by weight beryllium hydride aa eatimated from beryllium and 
hydrogen analyee*. On* of thee* aamplea (55 per cent BeH^) waa found to contain 13 per cent 
diethyl other. Other aamplea prepared in a elm liar maimer, but tor which no denaity haa 
been determined, were found to contain from 14 to 20 per cent ether depending on the particular 
preparation and to a limited extent, whether it wax heated and pumped on intensively in an

# k -

__
__

__
__

__
__

__
_

»••••*•4
33

3®• J

...
...

• 3
33

I

t
I

I
B

B
B

W
B

B
B

B



CONFIDENTIAL

CoachMHo—

- 2* -

A cm be concluded from the foregoing IkwetUal ion el do ratio— that beryllium hydride 

CM bo expected to exist m a chain polymer with hydrogen bridging. It la moot likely to 
tore a density loos than 1.0 g ml whether Ito structure is polymeric or crystallise. It would 
not seem re—ibie to expert that the de—tty could possibly exceed 1.4 g, ml, sad thia high 
vateo is moat unlikely. Furthermore, the experimental evidence to date confirms the theoretical 
predictions quite closely.

Despite the apparent excellent agreement between theoretical prediction and the Bmlted
■ ■partmeirt-» remalts available, it must be borne tn mind that ia all of the calculations on 

structure and de—tty included la thia report tt has been necessary to resort to certain as- 
sumptio—. la each case the asoumpti—s are thought to be conservative sad reasonable la 

light of present knowledge. However, la each esse tt may be aeea that the resulting density 
estimates are quite sensitive to la ctor a which involve asmingMlo— with rather wide uncertainties. 
Co—equently, experimental confirmation of theory seems desirable.

It is unfortunate that the structure, and resulting density, cannot be calculated with suf­
ficient certainty to obviate the necessity for experimental confirmation. Indeed, it is only 
recently that eufflcieat structural information — electron-deficient compounds has accumulated 
to make tt possible to predict the structure with any degree of certainty. Aven now structural 
data on hydrides known to be electron deficient are available only for the boron hydrides and 
soma of the borohydrtds-s. The tact that the structure and properties of magnesium hydride 
ware not available at as earlier date made an early gue— at the density of beryllium hydride 
difficult, and the fact 'Jat it ts now known that magnesium hydride does not fit into the

attempt to remove ether. The samples contained appreciable a sweats, possibly — mam h — 
10 to » per cent. ttthtom and ale—asm. per—am toy — hydrides, and aamU aawmata of other 
--■r.ij • -d- The d—les were determined by flotation la bo—ew, ether, or thyipeatsae. 
Although the densities M determined are believed to be correct, tt is —t poastMe to exclude 

the possibility at error due to pas pockets, co—octton currents, aotvattoa a— surface tension 
effects. The dr—tties ranged la value from O.dS to 0.72 g — with a prectstoa of ••.01 g/ml. 
■ leanso of the hetairog—enae nature of the samples and the tack of romp! el e analytical data tt 
is not possible to inter the density of Bettj from the— values. However, since the ob—rvad 

density to le— tlma that of other and atnee all of the impurities have a density greater th— 
ether, except the other impurity liseif. tt aeema plausible thsi these vote— cm be considered 

as M with limit for the density of Bott,, and tt ts act unlikely that the true vatae la 

conaldarahiy lo— than the— values.
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predated etrwctare pattern tor electros-d«rf»cie«t iitgraii la a straightforward, wttaple amaner 

also potato to the atcaaoWy to resort to experimental confirmation.
The theoretical treatment prvdlcta a stable beryllium hydride taring a denntty meek laaa 

than the maximum density am let gated oa the toots at stnaplv analogy ***> the hydrides erf Um 
alkali aad alkalise earth alt at eat a. Mowerw, it toll to noted that the predicted values lor the 
dummy bracket the ail al a—at value tor the density, t.e.. stoat 0.70 */ml. tortch appears to 

to erf interest tor naciear appUeattoa. Thua, tod this theoretical treat Meat, boon available 
before experimental work was undertaken, tt ottU weald kava been sec aweary to ■ Items* the 

p rape ratios <rf the pare rniauptowd. Farther store, the remote poeetbUtty at aa aaprodtotohty 
high density tor beryllium hydride aaatoa aa expertmental Isweattgstlon aaaatotnry tocaaee of 
the grant potential weefataeea «rf the compound.
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