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Introduction
———— e

Brenuse of the detailed nmature of the monthly progress roports on this invoste
igation, and 4n sccordanco with the proccdurc approved by represcntatives of ¢he
Mavn] Rescarch laboratory on contracts of whish the present onc is o continuation,
this finnl roport is cssentinlly a pulide to the econtents of the monthly repoertc,
copies of vhich arc inoorporated hercine The subjeccet matter is crranped in nccord-
ance vdth the c¢ompounds studicd,

A fo- obbreviations arc occws*og&lxy ugzeds scdide, lithidr and alids Cor ithe
borehydrides of sodium, lithiwsm and anluwminum rospeetively. Po Re rofors to progrosc
reports; the Romon numernls following theso letters refor to the number of the
menthly rcport and the Araobie numerals to the .ge of the monthly reperte Ina
nuaber of instances the mest imnortont eof scveral Po Re refercnces tre underlincd,
{¥ote: Monthly Keports I to XI arc partds of Contracts No. N1735~9058 ohd ©=30520;
Yornthly Roports XIT tc XXIIX deal with tho work of the present contract),

Some phases of the investipgntion are still ircemplcote and arc being eontinued
wder n OgRele contract. '

Reports

Ae  ALUTITNUM BOROHYDRIDE

Lo Proparctions Pe Be XII, 23 XIII, 1; xx, 1-4; XXI1, 1-2,

Rencwred intercst in this cnnp-und nide desirable o further study
of preparative methods to csoeortidn whather awy moihods froe from the
conplications vhich might rttmd quantity production by the proccdurcs pre-
viocugly deceribed could be developed {Sec P, R. XXI, 1)e Through the uso
of the nouly discovercd lithiun aluninum hydrids, LiilH, (Sccticen D of this
rcport ), tuo new proccdurcs crc made avoilable.

() The ronctions
Liadx, *zn‘,_ns - 1;1(5H4)3 + LiBH,

This ronction (discusscd in Po Re XIX, 25 XIII, 1; XX, 1=4; and XXI, &°
is supcrior to the older methods in thet it cvelds the hozard of nixing
nlknli motel borohydrides with cluminum chloride (o proccdur: *hich must
Lo earricd out in the absence of air), as well zg the inconvenicnec

saused by sublimction of rluninum ehleoride, and in that it lenwes a
rogiduc casily and sufoly hondleds The bywproduct (LiBil,) mny b rcuscd
in thec preparaticen of diberane,

The renetien 18 not ns rapid o3 desirable; furth rmer. uld b
advntagoous to aveld the usc of dbormnce, For this reosen roc tl‘ﬁ

(b} is under investipation.
-l
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{b) Th: roanstion:
SLidli, + 38C1y OMT ja(mu)s 4 3Licl e auc13

Sueostops which e prod Lly dne e
: . Pe Po XXI, 1=2, 4n “hich v us~ of
chl:ni. st -'?rw""‘ Aluminun boroh grld Lrmodvr
cseribeds Tho o yi WL by this ren tien foove, hovewrr, o
tzsi‘*ctu._.. Iho :::"‘iculty scems to Lo in the frel chos
cf‘ lighium chlordids .t rinres with the rc:zov:‘.l foLalre Or

1 xri..u.—x

[¢]

the pruscnce

= nluminus

birohydride a5 wwell ac wdich the attaining of sntisfocse i.lds,
r‘rjb-:.bly beeruse of 4. reagrsibility of t.'m intornedinte stop:

uLi..:, nlbLa ’Jtﬂﬂl" JLiCl + .1(3}{:)30

For this ronson we or: i.‘.'::,.,l"*ti..,} o ..c.,ifi ticn L this riactien
which cinsists of the use of an ther solutien {;i‘ :.l‘:.xr'.w' hydride
ingtengd of 1ithiun iwadnus hvdri:‘ar.:. The alwdme hydrids mny be
proparcd from lithius slunifun hydride (Fo 7. XIII, 2) . dircetly fron
lithiua hydride {P. Re XXII, ‘.). Indicntiing or. that foed yiclds,

cefiey 100, iy b cxpuecid from the revetios:
Goliiy + 33Cly CTher L1(BHg)g ¢ Jilcly (P. R. XUII, 2)

L hat the bdurohydride my be succe ssi‘ull:, remaved fro the cther by
wn cxeess of alumdnw: chleride, Onc d difficulty still remins te be
cvereonc=={ron the cther scluticon of o luninue hydride the latter
Frodunlly rroeipititos o5 an othoratc.

Attompts Lo roplaes ether by cther solvents heve beon unsuccossful
(Pe %o Y217, %), (cte: aluninun hydride is prebably polynmeric; pre-
limdnory meamiconments of the cther tensim ~f its cther soluticns
indiente o prosidle formin AloHg dn this solvont).

TMhector the nethod on ploying lithiun slunimim hydride and diberane,
or that ompic i"r aluminws hydeids nnd bopen r“:ll.u“,, tre to b
proferred €0 the o1l o ome vk e Yring f.-z::‘.]i v Ll 4)( ﬂo‘“"‘riuos and

: rraat cendt Tuprihor stusy of the slumioar 1 hydride

v oche, o i

shUsneeriny survey of the varicus prococses,.

)_l fad

G yiride
Skl

alihous

net Virv

‘.cf:n;;xr;scz "ory clewly at roen tenperaturs nnd

! K o 60°C, the moeunt of hydroren

produc::l by Lo Sii S sn grent that the problem of
storage of “hemnterial fnou o us cne. Venting of tho hydrogin to
avold hnzardous ssures £-.5 not scem feasiblo b(.mL..n.- of thu spurtancsus
inflarrability o

2
4
el

0

borchydride in gluss verscls
est the compound, meons of
neet successful procodur:

Te saky peseible safe shipnent of the
to thc viricus laboratorivas do in: tn ¢

iy

cird o
stabllixing the samnles were soughts Tho
-3~
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disery-red, wos the prehoating of samples for scvuersl d4uys at abiut 40%C,
folloved by subseguent reneval of the cecunulated hydrogen wad the rosenling
of the cntaincr. although this preoeccdurce greatly deerensos the rate of
deccmpesiticn of aluminun berchydride in glass vagsols st reon tomporsiurcs
(25°C and possidly a3 high ac 359C), it is not offcetive nt 809C. {P. Re

Xi, 1; XNII, 2.) Tho offcet of the prchenting scoms €0 be duc to th forme
ntien of a doeen pcs‘ti ! prc-uct vhich cets as an inhibitcre Pe Re XII,
593 XIV, 1; XX, 4 A summ of mest of the swwerk is found in Po He XVII,
L=il,

be

de

cts of the uork on stabilizaticn arc found in the rolluwing

Grrdual dcercase in the
Pe Re XII, 63 XVII, 4

mte of doeocmpesiti-n of untreat~C sumpl.os,

ls Aecnwrmlation of hydr-gen probably net the siabilizing

PO Re III. C!] ‘V I e

A..C't(‘r,

2. Effzet of glass on stadility, Pcrﬂc-cu glass deos st
Inerunsc rate of <eecompositicn, P. R, 2111, 3; XVII, 3-

greatly

Je Hoturc of ninevolatile product of spont
Pe Re XVII, 2.

necus docompesition,

e Differcice between nuture of decasposition preeoss ot 26°C
at 60°C 4 P. R. XVII, 2,3,

)
o

Se Effust of mutals o rute of deecompesition,

attenpts te stevilize by coating the eo
XITI, 3; XV1I, 3,

ntadning vesscle Pe He

Stabilization by preheating.

le Effcet ¢f prchu ting not duc te esatings feornmed on contedner,
1'- 3. Xr., 1-, .KX, ‘ce Y

“e Iffcet of prohocting duo ts formaticn of o nonevelatile inhibitor,
Te

R .(JII. 5; XX. “k.
3¢ Prcheating is offcetive cven if metals are prosont, Po Re XVII,Ge
4e  Attenpts to find cther inhibitors, F. R. XVII, 5.

Se Experincntal nethods in investigating rates of

Fe R XVII, 6¢

Swzary of work on Stability and Stebilizetion, Fo Re XVII, 2=1l,

ole
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Keactiom of Aluminuwt Borehydride with Silicon Conpounds, Fe Re XIX, 3.

lklkvl Derivotives of -»1(9 1oy IQP F. Re XX1, 36

ALNUU . BYDRIDE

i.

Prepapation, Fo Re XIII, 23 XV, 2-3, XXIiI, 2.
Fur 1ts use in preparin: aluminum dorchydride, sce soetion A, I, (b)),

allryl derivatives of gluminu hydride, Fe Re XII, 2.

Prepurationt
{.. survey of most of aur ek on this prodlen: i3 Tound 4n Pe Re XVIII, 4=7

The only necthod for preparing ~s.-H.:, that has thus far proved successful
is the thermal decompesition of diboranc in a circulating systen, as
hes nlrendy boen deseribed by Steck ond Mathing, wund by Burg 2nd Schlesing:
Vordcus eatalysts have boon test:id; olthouph sone of thoa lovwer thu tompore
aturo at vhich ecnverslon of diborane to mixturcs of BsHg and 3gHyy ccours
none hns provad very offieclonte It appears that, in generzl, “‘105’(.
ccnditions “hich favor conversion of dibercne to hipner hydrides also
favor the decamposition of BgHy, vith the reosult thot the aquantity of
3g borancs (i.c., 8gHg and Bs‘in) remaing fairly constant for amy single
trentnont. It is for this - rcason that 4 circulatoery syston is offcetivo,
3iinco by its usze the 3g bormnos muy bo rumoved fram the diborone o bo
roguojscecd to the highor tcnpumtum. Thosu foets ¢ lsc indiente that
¢ high rate of flow thruugh tho eireuleting systerm should inprove the
o moeoas, nrd that tho omi'xu_" tonperature wilil dopend on tho floverntc,
In our axperinwonts pproxi_ﬂtcly 120°C provcd to give the best yiclds of
meturind rich in Bg highor tenpurtturos amight +woll be advm tapgocus
it hizsher clrcul..tion spocdse

i nost inpartunt cbhsorvotions on entalysts am thet hydrejenation

catnlysts (such as niekel on & porsus supr\ort) inercasc the pereontagc
of 3gHyy in the Bg fraction, and thot dehydregenation eotrlysts, such
25 ag-d chrente oxide (307 on aluninun oxide),ineronsc the ;*...roont..\c of
Sgige '

A few gxpurinents carriod out at diborane pressurcs of spproximctels
750 1bs,. havo given vorablo results, 4t rocnm tooperature docenpesitic
of diberano iz vory slow, tind tho nmajor doc*npositiw product is BiHjgpe
Experinonts at higher tomperatures nud wdth thic use of cntalysts have
buen startcd,

wSe
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It apronrs frea the forcpeing that minufacturc of Bgig by thormal
decompesition of diborane in o eirculatory systen is o fursibls, though
not yet on cfficiont proccs,. It is our understanding that the General
Eloctric Company is rying cut an cxtensive siudy of this proecss with
oquipnent ;crnit‘ixr thﬂ use =f lorper quantitics per run than wo ean
vwndle, In view of this situction, 1t scems nest c¢fficient for us Yo
conzentrate our ¢fforts o nn ottenpt to lesrn as much as possible
about the courso of the renetiom,. Ve have alrendy nscerteined thot,
vwhorang pure BgHg is inappreciably decompesod in 24 heurs nt 100°¢,
vory noticcable docompositicn occurs if diboronc is prescent (P. R. XX11,
3~i3 XXIII, 1-23. The fact that dibersno is simltanccusly used: up
naktes likoly the ecnclusion that BpHg and BgHg ronct vwith oach othor,
bul this cenclusicn ecnnot be considercd ostoblished until studics on
the offcet of Bolljg and of other hydrides have been camplctcd. Tho
valuc of theee studics towmrd achioving an understanding and o pessible
imprevenmt of tho procoss is obvicuse

Deteils of the uerln Just suwarized are feund in the fellowine
reportss

ne FPreliminary runs and doseripticn ef procodure in the eirculntery
system, Pe Ro XII, 3-5; XVIII, G.

b. Effcct of Cﬁtl"ycto, P. Re X111, 1-2; XIV, le2;5 XVI, 2; XVII, 1;
AVIII, 45 XIX, ) )

ce Iunflucncc of wvaricus fuctors on yicld, Pe. R. XVIII, 4-5.

de Experincntal detoils of sinple pass, eirculatiag nnd stotic
Syst\::xs, Pe Pe .‘(‘-’III. S5=Te

1 ce Summry (inecluding toblos of dnta), T'. R. AVIII, 4=5 and 8-12,

fo Effcet of BpHg on deecnpositicn of BgHg, Ps Re XXII, 2-5;
XXIII, 1-2,

{e Frossurc cxperinents, . R. XXI, &3 XXIII, 1.

Re ittempt to prepero BgHy from LiBHy, Pe Re XVIII, 7.

Il. Fropertics of BgHg, P. Re XIV, 3-5; XV, 2; XVI, 1-2,
Thc propertics invostipnted woro:
Ge Stability, Pe RaXIV, 3; XXII, 2-5, XXIII, 1-2.
be Slow rate of hydrolysis confirmmod, i. R, XIV, 3,
ce Solubility in a fowr cergenie solvents, P.o ke XIV, 33 XV, 2,
de Rctotirn with fsoprepyl rmine, ¥. R. XIV, 3,
CONFIDENTL L
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e. Keaction with lithium hydride, P. R, XIV, &,

fe Spontancous inflarmability. Although we have frequently exposed
Bsﬁg to alr without noting any vigorous reacticn (P. R. XiV, 3)
it may inflenc spontaneously, and even detonate undur curéain
conditions (P. R.XIV, 4; XV, 2; XVI, 1-2). The tendency toward
sponteneous inflemmation may be completely inhibited by the
uddition of vory smull smounts of iron carbonyl {tetraethyl
lend is less effiotive). P. R. XV, 2; XVI, 2.

D. LITHIUIL ALUINUY HYDRIDE, LiAli,

One of the most valueble rosults of this investigantion has been the
discovery of this now ceompound. In connection with the specific objectives
of this project, it has becen usoful in the development of new proccdurcs for
prepering aluninum hydride and borehydride (Section 4, I, (b) of this report)
vs wili as of dibornne, and hydrides of pgnllium, germenium, silicon, tin,
tivt. and several of the hydrides of elaments of Group © -A of tho periodic
oviten.In general tho usc of the compound for these purposcs leads te very
sirple preparntive methods, in contrast to the slder methods which were very
cunbersone, gave poor ylelds cof impuro products, or worc entirely unsuccesaful.
It is likewiee poszible, by the uso of lithium eluninun hydride, to prepare
alkyl dorivatives of nmnny of the hydrides just moentioned, thus widening
rreatly the ficld for tho present investipgation. It should be noted that in
seme casos lithium hydride ray boe used in place of lithiunm aluminum hydride,
but in alnost all cases the lattor reacts more rapidly and usually gives
bettor yields. Finally, at our suggestion, others in this laboratory have
investigutod the reaction of the compound townrd organic substances, and
hnve faind it to be & unique, exiremely usceful roagent.

The compound is readily prepared by the uction of an other suspencion
of lithium hydrido on eluminun chloride (in other solution). Lithium ohloride
is precipitated, while tho now compound remains dissclved in the ether,
which cun, however, be reudily removed by ovmporation in vacuo. The material
thus obtainoed i3 o w hite solid, which may be handled with safety in ordinary
eir. Althouph lithiun eluminum hydride reacts very rapidly and vigorously with
wrtor, oxposurc of the solid to moist air does not cause very reapid deterior-
ntion, probubly becuuse the solid svon becomes conted and protected by
aluminun hydroxide, The compound is perfectly stable at room temperatures; at
approxinntely 100° ¢ it loses hydrogan gslowly and turns from pure white to gray.

Efforts to prepare sodiunm aluminum hydride by analouguus methods, from
the lithiun conmpound by metethesis, or by the action of sodium hydride and
aluninum nlkoxides, have thus far been unsucecessful (P. R. XIV, 5; XXIII,2).

Details concorning lithium aluminum hydride are found in the following
monthly reports: .

I. Preparations P. R. XI, 13 XII, 13 XVIII, 1,

o7~
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II. Physioal Proportics, Crmperition, Stabilityr Fe R. XII, 1e2.

I1I. S(‘-lubilit}'! Te ite XII, le

IV. xoactiuvns vdths u"l"”bu, X . 1\ XXI. 2} o = s e )L'KI, 2;
beron chloride, Fo e AIIT, 2 (but soc olso Boetdin a, I, (b) of
thiz ripurt)s boron flucride, Fo e XII, 23 dibornie (soc soetion
Ao I, {b) of Lhis veport)y wmier, Pe il XI, 1: XII, 25 (Sec alsos
Sectin DoV below)

-y

« Usc 4in the- proparatioh of: .x.l('!1 )z {Suc suetin &, I, (b) of

this r- "‘CX’"., . hlﬂs; Fo fie XIIQ :., XIV, 03 A"vp 2"'33 J\.ll{(c 17)0, . B

.‘l‘.

XII, 3. afsi » l. “e \"\’III. 3 ?1{;' l! f. a\II’ “y XIIIz “3 I}C}lap
e e XIX, i Gols, Pe e XV, %3 Hydridez of silieoon onl of tin
ond thcix\f\lkyl derdvitives, be e XII, 1=2; XV, 2: XVI, 3«0y
n’III‘ 3"':; XIX, 3; Sbf!s, s de XV III 3; 2'142, e tie Du,u, rY

YSE OF LITUIV HYD.IDE Ii FMEFAING TYDRIDES OF OTVER ELREUTS, Fe o VI, 33
XXIii, 2.

FHYSTIC.LL PROFERTIES OF SGUE aLKYL SILICON AND ALKYL TIN BYTRIDES, e k. X¥I, 8.

‘LIST. OF CCLIPOUNDS FEFARED 0x STUDIED:

JQistes . licst.of the ecmprunds listed in this scetion howe 2lrusiy woen ruforred

te i* atner zectl ns of this report. Those td vhich this stotouent decs
nt @ “ly or for 1.‘\10‘1 additionnl references orce 1“c1ut‘c", ere indicatod by
an asterisk®).

AL(BH. )3 (S"c Seetion & cf this report)
“1(8}1.‘ {CH J3 B, .h XX;, 3e
“um«)% 2t Fe Eo XXI, 3.
&LI(BF )3‘! Pe e III. 23 \III. 3e
Alilzs Pl 1. XI1I, 3; XI1XI, 23 XV, 2=-3, XIX, 3.
PRk C-';)g 3 Ie e XIT, 3.
08! ;: Fo Ko .v'III, 3e
BC..I t il -o Il, 1
ac(d’ )? t I ite XII,.3,
.LZ 1. e X1i, 2 X111, 2 (DUU BS}JQ)
‘35}19. (boc soeti.n C.of this report) -
GQ')':G Ye.lle .'(V te
Gf“i!\. Po e XV, 20
Li.;.l i (Soo. sccti‘.n D of this xcport) )
LL;l‘i';(Ct{s H (o '!. t“’ 30
Lj‘.l(zﬂ ze-t.‘ Pe Re XXI, Ze
LA(RE);"s Pe i X, 2.
LiC'\‘{. Te e X‘I, Se
nw[hl" ‘ }‘0 e lI" s; XXIII 2.
FLi ;7 S‘Pu ...JQL 6.
3 ne
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1'e e X‘%’III’ e

e e X311, 2; X, &
o loyl derivoes 1o e XVI, 1, 3-5;
Po e }(".", e

derivsa

. ~ s .
"o aie RV‘, ‘ta

:i". ile X'-'I, 1, 3'5‘.’ X‘V‘I

.)n,'}?: e tle XL“:, 2
o) o
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.;( . i - -

i

Xv1iI,

i,

33 XIX, 23 XX, 5
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folliowing wory rak been under-

. AT .‘).
talreny ) Foormr e T ‘.",L.*u-". nl vhlnwe oy and o st “Iius propors
WL Tt g i prepars F<ry;lium Lytres
v \
. Loorena ration ol :\.r‘,“.go (")
-
P
{1} iiviu ol
- ;_' enicoride renet in the prosence of unhydrous
nANOLL. L cquition:
AL4K + ALCL, = Lisli, + JLiCl
Tho neparction of this cempound in small quantities using weuun line
methads has boon dogeribed in Progress Roport o, AE, Do le -largor win itics have

+
hoan pripared (25 to D rr«u“} in or*i“~ny Invorstery oquipment, working in o nile
trogcon atmasphere ¥ th thoe ususl proeccutivns for exclading molsture and wir

Ween the produect of the reaecticn was first dosoridbed in Report Noe XI it
wr net determingd vhethsr the compound vos aluminue hydride or the lithium alu-
minum hydrid e Tho produet of thn reaction has now deoen dofinitely identificd as

R X1, Y el - + - . o .

?inlh4u ’A7T:,' =f *he compound gave the fellowing ratic: Ly, 000 Aly oo
Hz 95 and the purity wms hotwocn 98 and 999,

Liill, 15 ~ white sclid wich interesting physical and chemieal prop.rilus,
ir scluble in diethyl other (29 £./100 g cther) and in isoprepylamine and ine
soludle in benzenc and chlorsforms The golublility of the compound in cther of=-
fers cvidenee that it 48 not a mixturc of LiH and AlHz sinco the formmer is insolu-

in ~thore Reomeval of other from LiAlH, at §5° in vaouo docs not cffoct any
ehrae in proportios sineo it rediassclves cempletely in other after sueh treatmoent,
It hns boon noted in this comncetion that the solid compound rodissolves complotoly
snly if cxircme proeantions are taken to oxcluds mednturce  If this is wot done
thoro is alwys an ether inscluble residuc, proarably alwainum hydroxides

It s fwund that an other mlution of LiAlH, may boe mixod in all propore
ticns with anhydrcus bonzone to fom a stadblo sclutions If tho sclution is ox=-
poscd to gl of the usunl humidity, there is o grodual rouotion vl th molsturc to
give off hydrogon and preeipitate uluminun hydroxido,
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The reaction of LiAlMH, with witer hes beon deseribed in s previous re-
tortse IL i5 vircrous and complete, without t,h..w addition of neerclerating arents
or acids, provided the mixture is not dlowed to overheats I {ho ronction is
not contrelled, bleck deceomposition “rodww e obinined

The thernul deconposition of Li.:‘;l?l4 preccuds aecording to the cgquation:
2LIALE, = 3H, + JLiM + 241
At 150%C hydropen is cvelved st o medornto retes ot 1759 t?'v rate of ovolution
is ropide 3By heuting ot 220% for four hours s, hydrogon wms ovtninud guantitu-
tively accerding to the shovwe cquuiien,

G
ol

A munbor of ro-:ctims of LiLli, indients thit 1t ds 3 wlusdle roagent in
the proparatien of cther metal hydropen eompounds. For oxample, it affords o
cenvenicnt motheod far tho prc,nr::t;im of silneg

LL".lZiG + gicl, —~ Li;‘.lCla + Si’,:',’

4
This reaction 15 ropld and prodbakly qguantitutive bui proccods satisfuce

in the presence of cthere The reoetion ng earricd cut was g
wae docenposition of the reagents cecurrcd; navertheloess, th
3 1

s 80 of the i

- h

theorotienle With move carcful additicn of reapents and contrel
of temperature, 17 goums likcely thet the yield u.ul,‘ nave boon oven b
reaction jusi deseribed was carricd oul cs o pml.uum ¥ to furthoer studis

particular interost 4

:ar::uon of :*ydror n eccmpounds which micht be

H‘i

*3

Onc of cur Tirst offorts in this dirceticn han " oen .. aseertain whelhs

the new eampound might affeord o new a'n'rcach to the preporntion of alumines bore-
hydride ginec, as previously reportsd, the nrosent methods have ecrinin disad-
vntngigse  The new eompound mdy sctunlly be transformed to tha berchydride by
the roucticns ‘

Lialii, + 3/2 BoHg — Al(2iiy)s + Lid

Constant removal of aluninun borchydride I‘row the recetion gene &oeun t. be neeroe

sury in order to drive the reaetion to eompletions Plons have boon nade to elre

culntc diborans cvar Linl: iy at €O to 1009C, ocnstnntls rousviar & uminun boruiy-
14

dride and condonsing the luttor relcetively lrox. ithe “uborone with o <8070 trag,
It may bo possible to pob o quantitetive reoetisn in this wny.

Othoer cxamples of tho renetions of the new cempound are the follewdnps
(o) 1t rcacts veth boren flucrids cthorato according te the cquatiing
SLiAli, + 16BFy  OFEOT . 3pimR, + B41(Br.)5 + 2Bl

The renction is far more rapld thun any of the hitherto knowm mothods for the
proparation of diboranc and its usc weuld bo advantagecus on this acecunts One
disadvantago of this rosction, az compared with interacticn of lithiu. hydride
W th boren fluoridc othorato is that the lithinm cppoars in the renction product
a5 lithiun borofluorido instond of lithium flucride. To cverceme this loss of
boron, tho roncticn of LL\IH‘with cther boron halides is to bo studicd,

COHFIDE? ?TL.L
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(b) T¢ rcnets with alunminmes nothyl cecording o the cguation:

Linl, + Al(CHS)s-' Lislis(CH 1) + A1H(CHx )

mnde te follew the cxeet coeurse of 4his reoctien but o
wns ugsed Lo eonvart all of the sluminum rothyl into what-
me  In twe cxperlmente J1H(CHy)p appenrud o b the only
reapsnts viere hoated tegether ot YOTC for one hour ina
t3le produet wes then rameved sad anaiyzeds  The ecombinge
Licn . ¢ methons and hydregen obintued by hydrolysis wee 1100 ce o/fo (theorctical
15 1150 ece/ms) and the duminum found wes 486470 (theoretlen 46,5M7)e  The rotcori-
ol wns a YDy liquid ot reem temperature with o vapor pressurc of o few milli-
¢ 26-30°C, This checks the c aracteristies found by the Dubint group for

cuapcundse  No furthor study of the propertics of the materdel has been
r

§ ¢ iments drtnrwi 1o whether Lhe cmprund A1H Cliy cun be proe
In thiz oy ond vhothor 1% is possibly prosent in the wonevo olneilc forticon
erade ronction product are cento glavcd.
(¢) In o preliminary cbsorwation, it has besm ncticed thnt the ndditicn
¢f nn oother ehleoride or boryilius chleride te an other o= i
Iution ol ’lnccuxc 11 attenpt to

procipiinte Yo she
-4

e 4 ~
I oot ohel Rupp il ]

. 4 4
wsnoriniy

..-‘ + 1".1013 - 3LICY1 + 4.1H

i 3 ;
2LL.1H, 4 RoClp = 20401 + Bu(idig)y

~
N
S
T
3
3
.
*1
I
144
b
[
i
3
o]
o4
[o]

rylliuwn hydrogon compounds

the preparation cf cithor Belip or LiBuii, hns net yeb boen act dovedse  The
arntion of LiAlH, suggosted *ho russibility «f producing o similar
h s renction ef lithiun hydride with o beryllium holides
C rivd using BUVh bﬁr311iu chlnriﬂv and burylllv: bremids
crydioxnne, and isoprepylaninc. Temperaturc conditions
ing ;,1r‘ of the solwvent bo temporaturcs os nhigh os
und of cther soluble motericl eon ﬁir ng hydrogen
ne

e

< i
ense s there govd ovidence of the formotion qf the

¢ investigniion is boing continuc d

(3) Proprrniicn of BeHe

4 cireulinting punp apparatus of the type deseribead by Steek (Stuck and
¥athing, 3ora 693, 1456 (1933)) wms built for the proparcticn of the pentnborancs
The flow TrFCe 8 o8 u,“nrikﬂ( bj Stock vas fellowed in the prelin iﬂ“‘v exporie
ranhs (:LJ’ ﬂ; 3 dn 4orr: DD ond In tho nter cxperdments the preeccdure wuis
ey moddfied Blightlye 17 t“i rr.ccss diberanc is circulatod through & hedte
ivA z ne thich iz kurs 250 to 300%Cs BgHa, Bgiiy snd Byplls are the princi-
pol wolatile products ranitd, and these boren Hvdridcs ore continudly ro-
nov.d from the gos stroen by use of oold traps (-50°C)e  In the proccduro do-
scribed in the literatur:, mereury vapor wos usod o5 & eatalyste This ren rpnt,
as wwll as other eatclylic agents, sush ag metal heliecs, glass holicos md
gazocus hydregen ehleride, sioro used 4n sonmc of our prosent cxperirmonts with
the objvetive of preferential 1y cccoleornting the reaotion:

SAyHg ~ 2BgHg + GHz
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wln oo 82640 | 1250440 {5047 | =  |8547 -3t tim 6t 120°] 4141] =2745 to =467

A fy

#The melting point of BgHg nccording to Stock is =46.6°C. Thic constont is a
rach more reliable eritorion of purity thm the voapor tensione
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on obtained lurpor than the 569 ro-

In the runs thus far mado, no yieclds have be
ported by Stock (Seo Table Ij. Giiir entnlysts, such us BFy and AlClz will be
i tostod.

The nixture o volatilce r'*v-w 3‘;}0“,(1(3'. obtainod in tho mns ws fractiona-
tod through a «45°0 ba*h, #5050 Lath, Lo u Jiquid nitropon bathe Tho hydrides
of low wolndillity, Yo v L while unchanged
givorano (and ..\"-m"-"n chlnr Las L Lot Famay peasced throned -80% bathe The 2
mixture of BgHg unu EgH1l wes L:ﬂ‘.'.m‘i in tho ~509C bathe The mmount of those ‘
pentoorencs ot ned in this w SUE mousurod and 1o listcd in Tublo I as : i
"eruds yicla". Purifieation of the mixture by enverting th. unstable Bgyy to s
I‘:—-~o s acccaplishoed by heating the hydridns ot 120°C. The conversion of Bgiyy )
£o 30. o is not quantitative, The ooditions fer obiuining the maximm conve=sion ¢
ere being shudicds

T U ."3"" 1wk tho o

: The rate of conversion of dideranc to loss volatlile hydrides sme monsurcd :
40 by freczing out the diborane wkth liguid ni‘.rogm at intervals during the run, N
: and nessuring tho amount of hydrojen formed, - In this wmy o rough rate avrve®souid | -

be obdnincde In runc 5 ‘nroxgh 12 tho honting porisd was continuesd only until the P
. hydrogon prossure os measurcd in this maincer was constont, ;

e

o T purity of the sumples wms determined by the melting points, For this
S urpesc o melting point apparatus, such as tlet dosoribed by Stock, ws uscd.
» b 1 »
The touporaturs wis measured wkth an ammonia wvapor tensien thermae: .atcr. ‘.

The diborune for theso experiments wes distilled twies through o «160°C
buth ard had ¢ voapor vension of 223 ume ot =112°C, Tho impurity wos probubly

cthonoe : v i
_‘ H
E : Tht cxprriments on an improved preparation of Bglg vd 11 continuc during .
S tho next mon h. Work w11l dse b\. startod on proparing oneugh naterial by the :
i prassont mutheds for o study of 1ts proportios, '
(4) Stability o2 oluninun borohydride |
A furincr study of the stability of aluminum borohydride at room fompera-
L is boing :nde vith th: followWng objectives: -
. . . ¢
i , , .
£, (=) To determine the offcoct of hydrogen pressurc on the rate of dcecompo-
P siliza. ’
g

{b) To try to stabilize the bcrohy"ridc by heating in tho container for
virioug porleds of time bofore stori g it room tomperaturce

L AR .

(c¢) Tc determine vl ctnor asho. ~ctors, such as the surfrce of the glass
contniner, influcnee the deeomprgicien,

These oxperiments arc still in progress and conclusions eannot be mado
ot the present time, but therc is considorable cvidones that aluminum borchydride .
ean be made more s%able at room tomporaturo th’m orcvicu., rosults hovo indientod. :

. CORPID MTL,
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(r) Effzot of hydrogen

ur oxperinents to date indiente that the prescncee of nydrogon gos ot
pressurcs up to four atnesphores may have seue influcnce on the devompesition of

fl uninun borchydride at rcem temperaturo, but there scems te bo ne dircet rola-

t{sn botwmuwon pressurc and the rate of decempositicns Other facters undcubtedly

“are offceting the results,

Figuro 1 shcws the three tests which arc boing run at the presont time,

Dry sxygen=frov hydrogen gas wes intruduced shove 2 srmple of ol uninum
orohydride to o pressure of 1) .« The subsequent decumpesition a4 rocm tome
spature f £2-20 0. i3 given by aurve (o), Tho data fur (b) wore cbtadned by

ccoping the vapor spacc abeve tho liquid sluminun berohydride very sminlle Thus

anplre It may be scon that curve (b) falls below {a) despite the faet that tho
yircgon pressuro in (b) is groater than that 4n (a) for nest of the test period.
£ o days, for example, in (b)), thoro was a prossurs of 2227 mn, while in (a)
the preussuro wes enly 1033 maes  In both eascs, hewever, the decumposition is de-
cidedly greater than (c)y dn vhich the hydrogen wes mossursd and rencved at two’
dny intervalgs Beforo my coneclusions could be dravn from theso resulbs, it
wnl? be ncecssary to ascortain vhat would bo the offeet of cxocss pressure pree
duged by the prescenec of an inort gus, such as niirogone A% presont this lino
of dnvestigation doos not soon pranadsing,

e

(b) Stabilization <f aluninun borohydridy

~ Thc obscrvntion has boon nndo (PeRe X, pe 3) that the rate of Jdustmpesiae
tion of dluninun borchydrido ot room tomperaturoc soons tc dooreasc W th time to
such on cxtont that docemposition dlmost ceaseses It tock 60 to 90 dnys, howover,
before tho forraticn of hydrogon beecnme very clowe It was hoped that this ap-
parent stabilizaticn could Yo accolorutod ot o higher tonporaturcs Storapge
tubes containing alwiinun berchydrido wore, therefero, hontod for a short tine
(4 to 8 dnys) at 40°C, the hydrsgon sms romcved and the further docomposition
at roc teaperature was cbservod,

In Fimrc 2 tho romilt s from goveral oxperinonts are comparods The fol-
lowing date arc plottod.

Curvo 1. -This curve roprosonts tho nermol doconposition of aluninun

borchydride in a glosa tubos It is included for comparison with thc stabi-
1izod matcrial,

Curve 2, Tho hydrogan was pumped off from tho ol uminum borohydride which
nad 3%z0od at reon temporaturo for 120 deyse The dooompesition in tho followe
ing 20 days wee very smlle, This rosult indientes thot the accurmlaticn of
hydrogen is oithor net tho faotor whioh oousos stobilization or that it is
not tho sole factore - - - 7 7 : . '

Curve 3. Aluwainua borohydrido wns hoatod at 40-45°C for 4 days in o
scalod tubd, . This tubo.was.opmod:to aimanametor.and tho hydrogon fornod
in tho_dodempcsition at 40%C. rondinod in ‘the systaie The ourve plotted is

o *on80:4n prossuro - d nt doocnposition at room tomperaturos
stabllised,
I"' .
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Curvo 4, Aluninun borohydrido was hented for 12 days at 40-4§°C. Tho
hydrogon wo.s raacved and tho gystonm wns oponed to 6 mancmetorsa Tho doeonposie-
tion ot room torpornturc moy be secn to bo snnll.

Carve 5o Tve c¢ce of aluninum berchydride vaper wes sealod off in o tube
proviaed vi th o brook=off tipe The tubc was placcd in an cven in such a man-
nor that enly tho lower holf of tho tubo me heateds Aftor henting it for
enc heur at 200° C; brown deoonposition prcductc were depositod unifernly ovor
tho hoated glass surfoces Tho tube we opened and the hydregen was removed.
Liquid -aluninun borchydridc was thon intreoduced into tho tube, and tho decome

pesition at room temperaturc s obsorveds The brown matorial did not appoar P

to be soluble to my oxtunt in tho alunime: berchydridoe The a1l amcunt of ot

dooaapogition of tho tor ot reen temporature offors gsonc ovidenco that tho : ?
W . f procoss is o surfnoc catalyzou ronction vhich noy be prowntud by coating tho DR T ‘
N ; . surface ¢f tho container, , ‘ ’ P8

aF ' ) - ‘ v :
i ] Curve 6o This oxperinont ms carried out in tho sone mamoer as (5) oxoopt -
that tho browr doposit wos further hoated in an oven at 600°C for 10 ninutcs,

AR | A black deposit was fomed which dld not adhore té the wmlls aftor the alumie

A . nun borchydride wms addod, It may bo socn thit tho dosmposition is alnost
idonticel with (1), This observution clearly shows that it was the conting

*f i ~obtainod in § rathor than tho offeot &f hont on the glass =hish inhibitcd the

. ronctione This point is to be tosted mrthor.

(c) Effcot cf incrensod gurfe.co

Although provicus cxpcr:L onts havo neot 1x~t.icatod thnt m.c.ition of pove ‘
dorod glass affoctuc tho dosompesition (PR, VII, pe 1l1) sonc furthor studios
have boon begun du arc net far: onough al ong to repert the romlts at this tine,

!

Noe. 1 through 25, Havel Rosoarch Lo.bomtory
. 2C=27, Chicf, Buroau of Aercnautics .
28=28, ND'R.:, Dre Jo mnm ) : S - L

20, k. . Bond, Jre SR ' e
31, C- diilard - o L e ‘ S
32, Ae Tinholt SR v ‘
33, Ua Gorstoin f 4 R ’ < (,()?\{ ‘

3%, Re As lod ' | 5
35, Univorsity of chicaéo i‘ilos .
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% " For the Period July 24 - August 29, 1945 i
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Contreot No. N173 s-10421
: BuAero TED NRL No. 3401

)CO ntract He. H173 s=-10421 is an extensicn of contract XNes. N173 s-8088 ana s-Du20
v . He I, Schlesinger in Collaboration with
1 A. C. Bond, Jr., C. Dillnrd, J. Farr, A. Fiph:&lt. nmd R. &, Lad

The YBTR undr‘*tm'@ during the r":".o"? coverod by this report hac been an cx-
{enslion or u eompletion of the oxparlmuity whish were dageribed in Pregross Roport
; © lNo. XII. S

(1) Lithiun Aluninum Hydride

A prellsinary report of tro rocetion of Iithium slwrinun hydride (LiAli,)
A . -
Y < “

: ‘ . witi Alborane has been elven ln Froowese fonort Noy, XIT.o At the time of tha
¥ repord dhc cgustion for dthe eeoetie war nod knovn, but 44 has now boon ustabe i _
sidhad Lo ne sy followins y

LiAll, + 2B.6, — Al (8i,): Liiifl,‘ v ‘ .

~ A

43

vhich we have

c.iow was sarried oub in the elrculeiing syshon &

. hear meidng Beilge  The apyp ng r‘.-,.xfi“d 'li, ‘.1‘1}' so thait o tube containing _
1ividu- .lxminuﬂ Eydride eculd b, s inte Lhe Lem by monns of a removadle
Lrup weranpoment, u..‘oo:'rmr: e :‘:il‘\)!.'h.a& owar t s 11~.hur alunimen hydride '
al ;r-:...mw:: of Betraer 2 «n? 3450 sm. and at a speod of thout 500 ec. per
minte. I vms nescgoary 1 dobroluce dibosmne at intorvales to keop the oressure
abavs N00 rm, The lltoium slusdown hydride wma kept st €5=782 €. Aluminum
bassiyirite me o continually ecrdonged frem Ui gas phare in o U-tubs seintained

5 o
2

Lo

<

e 2

1]
2

ot
f "

's‘l

-nt® o,

Goopeating ander Shess iy Rand, whet 1,2 g- 0S5 N -*xv"ix.u‘:. bc"o‘xydr‘ldo
vor prepared in twe o "v'" teurn tine. s

: * vicdd based on Lol wmave cgaeilen and :,!. ::nount ox 11 .uiun ql\m‘lnu...
syeridn need in b t.}'.j:t'."..:r-t'x.-. Thoy nnennd of diberano used uy zmd Lhe amount
o Lithlae beroydride fored wlae egndicned dhdy rcsult.

e {: “‘.!.or ey Wil e doae on ALl reqet ion unless: prodqctio of sluninun

borotiydeide in cnnfm:‘lﬂnrl o nolerge Soale, CThis experiment has domonstrated, ‘

hew v n r.'.w. and o Lot of prepaving the horohydride. Under the pro=- i

Tr oo prom\blj unm.fcii .iivc. S ' _

Dn.\iﬂ ble medifiestions ol the '\bwe prnmvd.lro wmld be the I‘ollowinrz i

1) The lithlum aluninum igedri (2) The diborene 5

- should Bir panzed thrumh, \ :

b (3) irhar pressures of diborane

ahould "«* n..p-a,.‘

, Thisenet, th.,x..
pive diborandivas asc\rﬁb Adn
voron chlord
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SLIAR, + 16BFs + Et20 ~ * SLABF, + 3A1(BRy )y + 28505 + 16Et20
| 3L4ALH, + 4.Bc13 ~ 3L4C1 + 341C13 + 2BpHg
Tho edventage of the latter rocction is thot .,llv of the boren goes into

' thé production of diboranss

Tho neaction ws cnrrﬁ.eu dut in tho voouwm 1ine by qonc.onsing boron shlcride
on on othor solution of 1ithiunm aluminun ‘hydridos A vigorous intoraction

*. oocurrod vhich throw the reagonts out of tho reasction tuboe Dospitc tho diffie

-oulty in roturning tho nonwvolatilo unroactod boron chlorido othorate to tho
rocoticn tubo in ordor tc got omplotc convorsion, the yicld wes 74%. -If tho
prococure for ruming tho roncticn i3 nmodifiod by sonc mothod, such as bubbling

- pasoous boron chloride through an other scluticn of lz*hiun c.l\min\m hydrido,

& quantitative ylold probably ean bo obtainod-

The stops in tho prcpt.ration for quc.utity production of diboranc would bo

" the following: -

(1) 4n + A1c13 - m.\m,. + 3uc1
(2) 4BC1y + m.um; = 3LiCL + mm:, + ZBzﬂe

Stops (1) a.nd (z) would bo earriod cut in tho sano r«u‘aation vcsccl sincc,
aftor tho procoss hod stcrtod, it wald only be nocessary to add lithium hydrido

Cand remove lithium shloride in order to nmaintain o oontinuocus: prccosa. Fhe

aluminun chloride weuld be'used and rogsnoratod continucusly. . The cnly bye

~product of tho proccss is lithiun chlorido. Thc lithiun ohlorido ccul" be

T rcconvortod 40 tho hydrido.

‘ *to the cou:.tion N

The roncticn of lithiun uluninun hyt‘.rido with nluninun ohlori o z\ceording

smm; + 4\.1c13 - ‘h’\l}lg + 31,5.01

is boing invcstigatod. 1. producb has’ ’boon obto.inod iu vhich tho alumimm '
~ hydrogen rotio 48 153, which' auggcsts ’ch:tt alminum hydrido’ is forncd. Tho -

hydrofen on nydrolysis is lov:, howovor,: and. it ‘scoms ‘probeble: that an othomto

‘of the hydride iz formed froan which tho othor ‘ean bo ramovod only with di_.fficulty.

httenpts to isolate tho hydrido .will bo’ continuods - Tho proparation cof

~ beryllium cluwninur hydrido (Bo(i\lﬂﬂ)z) fron 1ithiun alumimm hydridc is alzo

boi.n" studiod.

i
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: (2) Prcpamtton of B,:HQ ’ ' S

E!".‘?HC‘I E s boan nccwnulut“rl ro thnt o s'cud; '»i‘ f4o properties will

" be made -lux-ivxEH?.he coning month. - The nothed of preparation from diborane is
5111 being used,” .l'enydro::enati on and crackizz; cataiysts will be iried 4n an
ai'lor" to h'mrovo the ,,'inlﬁ wiich #4511 are enly 40507, o o

’3) s,:s'bi ity of alunin.m: turo\ydrido.

I Prorrosa o,;ox't ko. ‘(II two methoda ror rotan iing tha dacmr‘nsi‘ icx of
Bl inun bcrnhyﬁ"‘ dc wore describod. -One nethod war 4o howt shi compound ina
stora,: tade at 40% ¢, for four to vight days.  The h}ut‘d*‘“‘l vas poped off ..nd
subsoquemt decomposition was observasd. Samples treated In tals mannor
ccatinug to show an extremely small amount of decamposition, chout 0.2 to 043 ce.
of hydrogon per gram of alunimm borohydride in forty days. -The other methed of
stabilizing the hurohydrid» waz to coat tho tube with alwiinun ‘aoroh_;dridf: do=
composition products bafore introdusing e snmplo. }.ll:mu(,l 4he reselts in the
first twenty days indicatod little dooomposition, the canting z:lcml), prealed off
the walls of th. container and hydrogen formntlon inerewsod. - A I‘ar..y days the
dccmpoaitiyon wns sbout five timos as. woat as that obinined with the ot her
" method of stabilization: Furthar attampt ‘ "to ‘put’ coatirgs o the
- it i difricvlt to get unifern coatings ani thet the rate of mmompositior. of
E nlumimm norohw‘r' de vnri.os vdth the typo ai‘ oo ing.' » :

IRV
L

) . s::vo-al atability tests, "mve boen run i.. +he ‘
“of powdored pyrex glass. - The ‘rosults i.n all ‘oages wore about line Siné, This in-
dicatns thai, wiile glass may catalyze the doomposiblon of the borohydriuu.

tho amount of surl‘aoa does not ai‘feof‘ the ruto a!‘ttr u wrtain 11 itin,;, qu ntity
has been- raaohad. P :

(4). Proparntion of sn'uples ot nlu:ninum borohydridc ..nd nthium alxmimm h;,'dndo.

» SG:aples ot alum..mm borohydride” have beon praparc;d and srmt to Dr. Stogoman.
Samples of litmm aluminwn hydrido havo bce sont to the Iimml *{erua'cl'
laboratorys . . ¢ . ’

(%) Work ﬂronoso for thu conin;; moks. _

' (u) I-\xrther study or the reaetions of aluminm ohla:-i'lu and of boryllium
; ohlorido with lithium aluminum hydrido (LiAlly) with tho purposs of obtuinins
. the hydridoa o ‘l\nnizmm and 0] _borylliuxa.‘- A»mrther X udv» of 1 ha pronara

WnlAla BhOW unvt v

_pmw" se of -lfrt"'r’nt mqimih"}“:
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Progross Roport XIif - CONPIDENTIAL pago)(

(r) Investigation of theo poseibility of preparing hydrides of elements
¢thor than beryllium, boron, aluminum, and silicon by use of the new reagent,

(h) Further stability studies on aluminum borohydride to ascertain whother
ratorial so stabilizod in the lower pert of a glass tube will bo reactivuted
on contact with glass vnlls not in contact with the liquid; alse to ascortain
vhother the catulytic effoct of metas oan. bo overecome by heating the boro-
hydride at 400 C. in contact with tho metal or by cocting the latter at highor
temperctures. Although tho lattoer procedure wns only partially successful on
tloss becauge the contings ultimately pool, the lotter mey bo moro adhorunt
on motals. ’

‘Coplcs

1 through 25--Haval Research Laborntory

26=27~=Chic{, Bureau of Aeronniitics

28-29-=NDRC, Dr. J. Wiliiams , :
30=wA. C. Bond, Jr. . . .
31~=C, Dillard
32«=J. Forr
33==A. Finholt
34--R. A, Lad -
'35==H. I. Schlesingor
36==U, of Chiecago files
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on 1)
Contruct Noe 1738-10471 .
u&”ro 151 I L R(‘O 3401

1)00ntruct Yoy N175 5=10421 i2 an oxtension of contraect Mons U175 6e9056 and aedBR0

He Is Schlezingor in Collabomtion vith
Ae Co Hond, Jre, Cy Dillard, Jo Farr, Ae Finhelt, Re Ae lad, and Xe Wilgbuoh

s

(1) Alw.inun Jorohydrido

(n) Approximntoly 100r of the compourid has been "stabilizoed" by o bedoy
heat troatment at 40-45°C,  Its shipment to tho NeReLe 13 awiting dolivery of
metal cans ordered for tiide purposo,

(b) Continuzticn of Stabilization Tusts

xporiments deseribod in the August roport (Koo XIII) have boon contine
ucde To moke surc thet stabilization is not dus 20 lely to diposition of an inhi-
bitor only on those glans surfaccs hoatod In contuet with the ligquid phasc of
the compound, tubes partially filled with tho liquid wore heatod ot 40-45°C for
soveral doyse The tubes were then inverted; deeanpesition ot rocw temperaturs
thereaftcr proecoded Just os slewly as in tubos séhiich woare not invortode.

Prohaiting the Lorchydride in contact wdth iron viire, likewise enuscd
8 merked doercasc in the rato of subsoquent decorposition at room tomperaturo in
contcet with this metal,

A dcteiled sumrmiry of coxperdments on this type of stabilizotion will
be submiticd in the next report, Ly which time this phuse of the investigation
sheuld b campleted.

(2) Pentoterane, 3gHg

{a) Preparation. 3Scarch for suitable entulysts in the production of Bgig

from 1Uoranc Ty oot trectment has beon started.  For proliminary, qanlitutiwo
oveluntion of the effoetivoness cf ea ulysta, two oriteric hcvo boen found c¢s

pcc;allv uss lez (1) the "crude yoild", i,0., thc quontity of mctoriel :ct&inﬂd
in & «60°C bath, end (ii1) tho melting point of tho crudo producte (The molting
point of 3gHg is <46,6°C, that of BgHy) is «123%C,) A low molting peint of the
erudc product thus indicates a high degreo of contamination with Bgilyye Tho froes=
ing peint is & more, scnsitive énd far mors rapld mecns of estimoting tho degree of
contanination thon hydrolytic anal ysis or thon mensurcment of the vapor tension.
Ko mothed of avolding formation of BgHjiy: huu’ua‘yat been discovereds The problom
at this stago, thercfore, resolves itsclf. into twe objcetivesy (1) te doeronge
its formation tc = minimum and/or (i1).to find a satisfactory mothcd for convert-
ing Bg? 1 into BsHge Tho simplo heat troqtmcnt r—cuamundcu by Stock & Mothing,
-Bers €953, 1456 (1938) 13 vury 1norficicnt : :

[e— .
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In oxporinents using nmercury vapor as a entalyst in the heated tube
throupgh which tho diboranc is passed, 2o recommended by Stock, the erude product
usunlly hed © freozing point bolow ~60°C3 the yield of erude product varicd frem
607 to 65% of tho diboranc consumod ot 250°C (in most cascs frem 85=95% of the
diberanc s used up)s It is our prescnt opinien thet mercury vapor acts nerely
as a hent tronsfer ngont, and has no spocific eatolytie offcete The use of o dee-
hydm gruation entalyst (Crplz) ot 1509C gave o crude product having & nelting
po..nt ¢f «499C, thus indienting o ruch puror product but tho ¢rude yield wis only
32% oven th-ugh 905 of tho diborone was usod upe At higheor tenporaturcs, thoe yicld
i.» still poorere '

On the cther hond, the usc of o stondard hydrogenaticn entelyst at 2239
rcoultod in o crude ylold of 63.4%; the product had a nolting point beluw «80°C,
The higher the temperaturc, the highor the yield; (cegs, ot 150°C the yiold was
42% end at 185%C; 5915%)s Tho most favornblo tcmperature has as yob to be detore
nincdd It 15 to be noted that ot 150°C in the adaonee of entolyst no Bg fraction
(14ce; no Bgilg or Bo“ll) was obtaincdd The hydrogenstion eatnlyst thus ":)powrn
to have two cffcetsts it favers tho tronsfermctlon of diboranc into Be fraction,
althzuzh the present catnlyst was not highly cffective in this rospeot, and it
appears greftly to inercnse the percentege of BgHyje Both sonclusions rust, howe
cver, awnit norc proclisc oxperinents for verificntions For oxmiple, e have oS-
suncd, but not dofinitely preved, thot the contuninant of tho BgHo 18 5gHyz sathor
thm BgHjge 7The basis of this cssunptisn is ths the crude product has & 0% ton=
sion of betwacn 60 and 65 mme The OY tonsion of BgHyp 1s 388 mn, that of BgHg,
66 :zy, and thet of BgHil, 53 rm.

e —

C o e e

Theso results indioato in o proliminary woy thot the proportions of
Bglig axd of BgHyj in the crudo product arc determnined primarily by ronctieon volo-
oitics rathor than primorily by oquilibrium eonditicns, This conclusion Justifics
the further scarch for cutalysts to dircet the mnjor roaction into the desired
chonnclgse The oxperinents also suggest the possibility that the best proccdure f
fer preparing the eanpound noy dbe & tweestep procoss, in whieh the first stop
is the sccuring of o naxizun yicld of Bg fraction, irrcspoetive of its cemposi-
tion, and the soecnd stop convorsien of the BgHyj into BgHge To test this possi-
bilitv, aanples rieh 4n 55 731 will bo troatcd with dchydrogenation eatnlysts of
various tyucs,

T~ bave any clonr pleture cf the possibilitios along tho lines discusscd
« munber of <ther eatalysts of various types must be studied, o project now under

wmye A fow experinents dircetod teward producing BgHg from sc.eccs othor than
diborane hnve shown too littlc ‘»rﬁ'ii’vi %0 doscrvo inclusion .. tho report,

We cnll attontion to the fast that wo have on hond cbout 4 g of deig, B

saic of vhich oculd b6 shipped to the NiReLs for dotorminaticn of tharnmal data,
Wo v licve that such neosuronents should bo ::mdo nevw, and we awit instructi'ms
on vhicn the shimcm' should bc mdo.
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(3) Eropurtios of Bgly

(..) ftye Tho resulis oroe nocossnrily prodicdn o dn chornetur sines
e rr.bTo tz:'c must cilnmse Lo ebinin sulficient drcomposition Jor procios zoae
mrc;..‘..;t“. Pupthormwors, 68 &5 the enge with othor siudls r oo pounds, the dnto
nd to he osrretlio, supgesting s influmen of il affeets o £allcsd wp ars

[ olisa

llusSrativ:. ¢f the troead of resultoy

1o Vren gy dn the phs rhnes ab poon tenperanturo 3.1 co of hrdreon jor
proclm s rediend afbor 25 Ayt ' :
ii. L. the pregenes of Hquid SgHg ot roon tomporaturs 463 co of dordragon
Luod per orrar aftor 2? doyn,
1 the pae rhies ot €U0 3.% ce.of hyircpun L P G, Ut 4 A
Se

o

B it in 6 osindlor exrrinont mly 345 cc wore obtndnld i 27 d;.;
Aoe Tt prascnee of e 1iquid 2t GO0, Ga2 0e P Y 'll""r e obindned
por pmes b 18 s,
LI v omardrant o4 rous temn mburg, e doe s »;m,i oL panrs b
eeticd stne thors o ne furdher sresours dnerindgs for o laf.!‘i i of P
.“."':, af tu 'cvu‘“;l.. bod hytrogon, eomp.sition oy ;*-%.!ﬂ..l Yo sl din
It and thet further dots nrc nicdald befurs ernolusizn mr b dmavm,
Loek's reosults nm the roadas virclysise A% ordi-
aney y slews hydrolysis, enrricd uut fur amalyrtical purpesces
at 0¢ 76 for ewrplotion. In elknlinc sclutieons hydrelvsis

i iwre m.pic., a8 is truz alss of aecid scolutious,

b ’ 7 g ‘ ‘
(¢} It is nonevhnt oo lu‘ulc iIn wtor (sith dcconmpositicn); very scluble in
benzoir, heplane awl othere Benzene soluticns up 500 nolc fro ctio ohoy Raoult'e

dow azrrexiintely.

(1} It rcnets with i..ol,lo"vk.:.::.r\: o fema an olly jroduet hoving the compoe

siticn BglgednH ("-”7). The caspound 48 nero rexetive toward wmtar than Bz
itzele, & rosu 1 te be antieinate? sinco 8silg resots more rosidly dn alimline
seluticn thna ith rure votore E o

{2) =e.stlon with Alr. Conirary to the chasrwations of Stock and his co-
wioriers, as weil as o our owvm earlier expsriencos, 8glg secms to ignite spen-
tanecusiy in oir, but only undor vory special conditions. Tho following sots

of facts arc oiérd to *n_ustre.tc cos .di‘c ns under vhich spontancous inflammabi-
1lity di¢ not opoeur and those under whlch it wos observed:

nw

A ‘tube containing ebout 2g of BgHg was aceldentally brolon end its
sentonts s5pilled on the laboratory bo'mh; although the BgHg ovaporatod
1'.*.:-1,; rapidly no flamo was, obzervod, "ur.,homorc, no I‘.Lc.sh or [irmo
rms ohsorvad in oxporiment gLy vhich ‘oir vos admittod to & vosssl containe
ing frozen BgHg vhich was llgwo %o gwaporatc ond bocone nixed with
the air by very slow mmmg‘ roon: temperctures In thosc oxperiments

tho cmnoait‘lons or. ‘chc mixbura aftc eanplcto ovaperaticn of the Belg
casure froﬂ.. about 120 tc Lbsu*
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1?, ern the other hand, liguid Bgig vos tllaned to cvapersto rapldly
i- to o vessol contalining o r, flashing resultod in mest of the GXPOTINCRLY;
only tho oxporix snt in which the largect proporticn of air (517%) wos ueod,
gave no llame or flushe Likewiso when olr was ropldly cdamittod to BgHg
w.por, & flash rosultude Onc othor striking oxperimont should be recorded.
In a2 cf tho casos in which BgHg had been cvaporated inte air slowly onouph
to nvoid I‘lc.ahing, tho 851!9 ws rocendensad nnd the adr romoved from the ap-
paratuss “ho BgH, was .hion ovaporsted again but 1uto an ovaeouctod vossol to
vihich air wns 'xtor rapidly admittcds The BgHp Inflamcde This cbzorvation
indieatos thot spontanccus infl&nmbility iz depondont on the methed of na-
ing tlv dr 'ni the BgHe rother than o an fmpurity, o point vhich will ro-
cuive Lurthar discus io"xo

Scme mixturcs which serc proporcd by slew ovapnration of .}sti and vhich
hed a0t inflamcd were subsequently houteode Whon shoe proportion of dr was
only 127%, the mixturc could bo hoatod to 150°C and thorc maintained for 5
minuter without visible renetions Another mixturo eondaining 63% of air wus

a hastou at 4he - .te of 6°C por mirute until 4t inflamed ot 840C. Only 7% of
ths Bgig wns rocovercds In a third oxporiment another 35% mixture wmy ol-
lemd to oxpend into an ovacunted ronction tube maintnined at so°c, where
34 reacted with o flash,

In vicw of the controst botwoen those cbsm*. tions and onrlicr ¢nos by Stock
«nd oursclves, further cvidenco bearing on the question of an impurity as the
causo ¢f spontancous inflammability wes sought in cdditicr te that already eited.
A sanplec of Bglg wns shakon vith wmte® at intorvals during 15 minutos, & trecimont
which shoull have remov+d tracos of ! 5410, BoHil, ond othor highly inflemmable
hydrides of borons lMNeoverthcless the wished acmplo, after romovnl of tho wnter,
vochaved as did tno samples with vhiesh the cther tests wore nad.e Althoug. vho two
oxpcrimants cited In this conneotion moko Lt soom vory unlikely that spentancous
{uflamobility is duo to impuritios, tho lattor oxplonation is net yot entiroly”
oxcludcde Furthor studics arc in pregrosse

It should, peorhops, bo pointed out that oven though spontonecus inflormmnbili-
¥ was obsorved es descerited abevo, the rocetions did not appenr tu bo of violont
explosive charnotor; thoy arc botior dosoridbed os o flosh somotimos accompanied
by & foint sounds  Tho smount of BgHg dostroyoe whon a flagh osasurred was in
gonerol much grontor than is accountod for on tho assumi“ion that the rosotion
produc.s arc borie oxide and watere .

Attempts w=rs mndo to inhibit tho recctiun of BgHg vAth wire Bonzunc coms
rolativoly incffoctivo, but lood totracthiyl appoarod promisinge A mixtureo cone
tatluing 7% of this oompound in Bgllg was ropidly oponcd to tho atmosphoro without
netiouvable recetions Othor tosts gwc sinmllar indieatiens but further work is
1CQ0SBATY e

It is apparent that sq&‘ mc_:ms inﬂnnmbili of Bsﬂg is a conplox procoss,
Somc result s so far obtuine [ _ - OF -

in dctormining whothor mixturos wil '
tradlotory cvidence (oaga, the
flano)e Such ractora;'aa

.
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(£) BgHg roncts with lithium hydride in tho presonce of cther %o give an
sther scluohle s0lide As has freguontly oceurrcd in similar enses, we have net
been suceossful in remeving all of tho cthor from the producte Annlysis of the
solid cbiained gave the stomic ratios Li:BsH = 1.,90:5.0:11.7, in falir agrecment

th thu fermula LioBgHyys The ethor containing semple hylrclyzed slovly, and
was not spontancousiy in%laﬁ:nblc in aire Ne¢ Immediate further oxporimonts arc
plennod fer the compsund unless o tost should provo it uscful for the purpeac of
tho projocte If o sauple 48 desired by tho Ne Re Le, wo can rondily prepare onc.

43

(3) Lithiuwa aluminun Hydrido

Further work on this conpound was eonfined to offorts to cenvert it inte alu-
ninun hydridse Although an other soluticn, in which the ratio of alumimm to hy-
drogen 18 113 has been eobtained by the renction alrendy deseribed in Progross Ree
port Nos XIXI, pe 2, cfforts to romcvo the cthor complotely vdthout deconposition
of 'vhat appears to botho othoraty of tho hydride have boon unsuccessfule. Various.
presousscs wore attenptod; boenusc the dozired result was not achieved, thoy cro
norcly listed as o qutter of rocords Usc of olownted tenmperaturo and low pressuro;
troatmont with tortlary aminos and with pyridino; treatment vith aluminun chloride
or vranido in bonzono solutione Ancthor attemptod approach was through the oome
pound NaAlHg, but all offorts to proparc this substanco (ceg., HaH + 41Cl; undor
various cc::gitions)‘ woro unsuccessfule Tho matter is boing studiod furthor.

- It wos shown that lithium aluminun hydride, althongh mora runctivo than lithi-
un hydride in cortain hydrogenations, is no more satisfactory than lithium hydride
in attonpts to propare mothyl alumimun dihydride frem methyl alwainunm dichloride.

(4) Proposed Vork -

In adcition to the work already mentioned, mothods of proparing hithorto une

kncwn hydrides and alkyl motal hydridos of other olemonta are boing studiod,
This work also includes cxperinonts designod to dovelop more officiont methods
for praparing conpounds which might bo uscful for tho purposcs of the projoct,
but for vhich no efficicnt metheds of proparation nro new knowm. Conpounds of
titoniwn and silicon are included in the progranm, but compounds of some losg come
non clonon¥s ars slso bolng invostigeted. Only by having o ronge of compounds
(vhother they orc thonsolvoes foasible or not) and tosting them sen o logieal ap-
proach to a solutizn of the problsnm bo dovolopods
-1 through 25--Haval Ressarch laboratery

26e27-«Chiefl, Bureau of Azrouiuties : . ¢

28-29-«NDRC, Dre J, Williais Lo :

. Z0==feCe Bond, Jre
3l==Cy Dillard -

Btgr , -
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He I Schiesinger in Collaboration with
C. Dillard, J. Farr, A. Finholt, Re. 4. l2d, and K. Wilzbach

Frogress ‘during the month of October Mas been slower than in past
months due in part to & temporary man-power shortage, and in part to a chango
in the nature of tho work. During this period we lost the services of A. C.
Bond and D¢ Peppard, and found only one replacament, lire Ke Wilzkach, a very
able man who hek, however, to bocome familier with the necessary specinl teche
niquess This situation has now boon improved ainco we wers ablo to add Hre
Be Abroham; o mon thoroughly oxpcricneed in this typo of investigntion.

Even 8o, vory rapid progress cannot be-expoctcd since we are now scarching for
oatalysts, and arc doveloping new proparstivo proccdurcs in a fiold in which
thoro are no provious cxporimental date or prinoiplos to use as guidos.

l. Aluminum Borohydride

4 The 100 ge of aluminum borohydrido, roquosted by the Naval Rosoarch -
Laboretory, wore shipped aftor the matorial had boen Wetabilizod" by the mothods
degerided in Progross Reports XII (ppe 6 and 9), XIII {p. 3), cnd XIV (pe 1).
4n cxtro tube of the batoh from vhich tho shipmént was taken was obsorved by us
for 1) days, during whioh time & prossurc of only 45 mm of hydrogon had de-
volopod. : ; e o B

The complito report on thé sta'bility' tests of aluminum borohydride
is doferrcd cvaiting completion of the last fow oxperimente.

2, Preparction of BgHy

Tho tests of cutalysts wore continucd, but no matorials, more c¢ffcce
tiy. then thosc proviously rcported (Progress Report XIV, pe 2), have as yot
been founde  Further study has showm that the cffectivoncss of the eatalysts

ery rapldly deeronscs with usc, an cffoct vhich socms to be duo, in part at
least, to & conting of 30lid hydrides of boron or uf boron itsclfs Sincc ¢xe
prrimmnts oorried out in this leboratory beforo the war ka4 shown thet the
formution of such solids may bo deeremscd by the use of oxecss of hydrogen,
we havo designed and arc orooting new apparctus in whioh tho rcactions ean
be carricd out under:hydrogen pressure, and in which spaoc velooity, coxtent
of cotalyst sirfacc and other foetors may be morc readily altorod for the de-

g tallcd study vhich now scems neecsaurys Also wo have mado arrangimcnts to

scauro sovoral eatalysts cffoetive in hydroenrbon chmistry end shall
; ' ' - COSFIDER L

tcet theso,
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(a) Solﬁbuig. The compound diasolvos in hydrocarbons such as bonzeno,
oyclohexnne and nehoptanos Solutions up to 50 molo per ocnt have bYoen pro-
porod and oboy Raoult's law approximatoly, but no attempt was made to dotemine
linits of solubllitye The compound is also soluble in solvonts like carbui
totrechlorids; sush mixturos have vepor tonsions highor then oxpceted fron
Rocult?'s law, but sufficiontly lowor than tho sum of tho vapor tensions of tho
componcnts to show thet eolutions cro fomod, '

(v) Spontoncous Inflammabilitys By slow ovaporation of BgHy into oxygon gas,
sonc m;‘cfs_p%tanoous inflarmebility wore obtained, but the
rosults arc still crratic os dosoribed in Progross Roport XIV (pps 34 )e -
Whon the prossurc of BgHg is maintainod at 200 ma., whilo tho oxygon progsuro
if raisod, spentanoous inflammtion iz first obsorved at cn OXygon prossuro
of 40 rme although in somo oxporimonts a roaction did not oeccur until tho
oxygon prossuro had rison to 170 . ’

- In spontancously inflammable mixturos oontaining oxygon ct portinl mwossurcs
fren 40 €o 170 mm., the renction wes not violont; ¢ mixturo containing oxygen
ct o prcssurc of 340 rm. (Bgllg prossurc 205 mms) cxploded vith onough vieleneo
.to shattor tha aeontainer, howovere ‘ ' ‘

Tho roaction i th cir, as montionod in tho roport reforrod to, is

eompleox, senctinos tiving whito and somctimes browm products s tho naturo of
which has not boen investigtoed, ' .

- "B%icc it is possitlc that tho spontancous infloreebility may be duc

to inpuritios, furthor Irusticnntions of tho mntorial wore oarricd out but ail
fractions bohoved ~lllke. it 4s rocognizcd, howevor, thet ronoval of tracos
by Tracticnation 4s 41rlicultas Yo are courngaantly scarchiag for chomiecnl
tests to identify sonil amounts of Bgilyz, the mest likoly ifipurity, in BeHse
Towmnrd all but .onc reagent co for tistod, tha Swe subatanocs rocot sinilarly;
tho ono oxcoption is icnd nitrato whiech is roduced by inmpurc samples of B§F
but not by tho morc highly purificd ohosj tho tecst doos not soom %0 bn suxz“g»
-olently scnsitive for our wurposce .o :

Spuntenocus inflarmahility of BgHBy sanples is complotely inhibitcd .
by the ndditdon of amll anmounts of nickol or iron carbenyise  Frogont rosults
indicato that vory small traces <f tho lattor m\y prove offoctive. The offcot
is still undor investigntion, - S s

4. Allminun Hydrido.. In previeus ‘roports, wo hive dosoribed Sxporinents
dirootcd Tomird tao izolatien of dumirun hydride (Progross Roport. XIII, p. 2,
~ond X1V, pe 575 Altheugh the ronoticn of tho now: compound LiAlHy vd th aluni=
mn chlorido in other selu*ien: tivos b product: in ‘thich the ratio of AliK is
133 g ats wts,, o puro preduct ‘oould not bo obtednad, epparintly bocauso cone
" plote romowal of othor is attondod by conposition of tho hydrido. In ordor
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to make cortain that no subatonrons other than the hydride nd ethur woro
prosont dn the dmpurc produot, its ocofplots pyrolysis wos onrricd cut, Tho
volatile products werc cthane, hydrogen, cther and o small trace of a sudli-
ratc vhich prosumcdbly 48 cluminun cthylato. The s0lid residuc is a mixture
containing metallio dluminum, wd aluminum cempounds, presumably oxide ond
the cthylntcs The quantities of hydrogon, cthanc, and ethor, und the total
alwsimun in the residuc agreed, as closcly as is to be oxpocted in so complex
c situntion, with the assumption that an ctherate of alwnimu: hydride docom-
poscs &3 follovs on pyrolysis:

(1) 24l35.x B50 = 241 + 3H, + 2 x B0
{2) 3.lHz,x Etp0 = 241 + Al(OFE); + EtH + 3H, + (x-1) Ety0
(3) 241833Et,0 = 41,07 + 6B H

The detnils necd not bo given,
: -
Purther eonfimation that tho mateorial in the other solution is

cluninun hydrids s obtaincd by tronving th- solutien with trimcthylanine.

Remevnl  of the volatile matericls, ot 0° « 109C, left behind o erystalline

product, th: analysis of uiich corresponded to the formule /1H,*2WMeg. This

. formula, thc slight volatility cnd other propertios of this suostanec corre-

) “spond with thoso deseribsd by "Mberg (Bere 75, 2003 (1942)) for tho trimethy-
loninzte of aluninum hydrido. Sinco Wiborg hns shovm that the hydride moy bo
igoleted from this campound, no furthor work in that dircetion is now plo.zmod.

fe Premaration of Other %s of Hydrcgpon Compoundse This aspeet of the work,
to vnich considerablo 8 bocon devetod, roproscents o proliminary study
in vhiech tho imncdinte usofulness of the products obtained ws not a primary
anizctives Ite purpozo vas to obtein data upen which mcthods for preparatien
of canpounds of dircet intorost could bo Gesede Thus tho discovery of & new
nothod of proparing silanc s not in itsclf dirootly appliceble to the
prejoct, sinee silonc is probably too rondily inflammnbic for proctienl uso;
this di scovory has lcd, as show by cxporiments ocarriod out aftor the poriod
covercd by this roport, to mothods rioro convoniont than any hithorto knowm
for preparing the varlous partidly slkylatod silonose. To hope that tho dovolop-
ncnt of 2 ..i'mlh nothed for tho preparation of the very ungtable stanncne

) will sinilerly lcnd to nmcthods for obtaining moro stable alkyl deriva-
tivos of this conpounde Tho preclinmincry worik, horcin rcferred to, is out-

lired ag follows:
(s) Preparation of silane by the roaction, carried out in ether solutionsa
sicl, + x.u.m4 m1c14 ©sif, .
This roaction vas doscribed» in Progress Report XTI, Po 2.
(v) Prepamtion of LiGnF4 by'the ol

u.m + cacl"'- 3uc1

ovprm TLL 1

:30 -

O A it Ao e e




*

i
H
:
]
*
R
;é
e
g
¢
»
]

- beon unsucocssfule -

CONTTIEITILL Pago Rour

Irocovoss Revort IV

To carry this reastion out, a large excess of lithium hydride wvas
addsd to an ethor mlution of gallium chloride at <80°C. The mixture is al-
lowed to vorm to room temperature, and is filtered out of contaect with air.
Evaporation of ether from the filtrate causcd the deposition of white,
foathory crystals of an etherate of LiGaHs Remowal of ether from this
product was eccomplishod by ewncuation at room temperaturc for 20 hours.

The ratio of gallium to hydrogen in tho final product wos 114,085 the total
hydrogen obtained by hydrolysis corrcaponded to a purity of 94.2i%, If higher

“temperaturos (409C) are cmployed for removal of ethor, the product turns

slightly groy,

Attonmpts to proparc digallone by uso of an oxcens of pallium chloride
viore unsuoosasfuls A fow furthior cxporiments aro under way, but the mittor
11 not bo extonsively pursucd booouso of the small likelihood that gellium
canpounds c¢an be obtained in suffioiont quantitics to be praotical,

(o) Gommono (GoHy) This compound wae prepared by the reactions (in cthor)y
GeCly + LAMH, = Gell; + 1461 + Alcl,
o -and ‘ '
GoCly ¢ 4LiH ~ GoHy + LiC1
Tho gcﬁn:mium chloridc ws distilled into a flask containing the

Jrydrogon oompounds and cther at -180°Cs Tho recetion procceded smoothly as
the mixture warned to room temperaturs. The gormude, gopsrated from etinr

by freetional distillation through a =112°C bath, had propzriics identical
with thog- deseribed in the carlior iteraturc (sco Pancth, Ber, 68, 1135

- (1925), and Schenck .ad Imkor, ibid. pe 271; thc vapor tension rcportod by

the latter is 155 mme at =1129C Tound by us 160 mm.).  Tho yiclds worc low
by both mothods (20%), possibly beeouas of formation of polymoric GoHy: the
ncthods nre novertholess marked improvemonts over older oncs. ‘ h

(a) Stonnane (sn;{,) Stannie c.ialoridc :la‘ro_duc'cd to thé metel by lithium hydride
without formition of stannanc. With LiAlH, in cthor solution, undor the con-

- ditions doscribed for tho preparation of gormano, stunnie chloride roacts

vigorously. - The volatile product wes removed as rapidly as possiblo to dimine
ish the oxtent of its docomposition., Tho stannonc wms purificd by fractionne
tion through o =112°C bath, and had tho wapor tensions (182 ma ot 8007 amd .
1845 ma at =112°C) roportod by Punoth, Hakon, und Rabincwitch (Ber. 57, 1898,

(1924). The yiol.d a3 20‘,‘{.

As alrcedy dchoribed'by?qhoth‘,ot ‘ulv‘," stonnanc s o very unsteblo

substanco; it docomposcs complotoly in 12 hrea at room temporsturcs

trachloride 1s rcduced to the metal by

(¢) Titonium ‘dridc‘), ;
i 03 volatile hydride havo

lithium rido -and by

ocs Coly Je He ’ ‘l;,;
Chief, B\ﬂ'c‘ : 1e ‘ (R\s)
o "’R-"D! o E
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COFIDEIREILL

PROGRESS REPCRT NOe XVI
For the Peried Ootober 31 - November 30, 1845
on
Contract No. N173s-10421%)
Buforo TED NRL No, 3401

UCGntract %oe 173 8-10421 is an extension of contract Nos, K173 s-90586 and s-9820

H. X Schlesinger in Collaboration with
Be Abraham, C. Dillard, J. Farr, A, Finholt, Re Ae Lad and K. Wilzbach

Summary

(1) The major progress made during the period covered in this report has been on the
procedurcs for the preparation of hydrides of silicon and of tin, and of their par-
tially ekyloted dorivatives. The methods have now been develaped sufficiently to
allow the rapid preparation of eubstansas formerly difficult to prepares  In order
that our future work ray be carried formard in systematic fashion, the compounds

naw available snould be Tested Immedin€sly, Om the basis ol such tests, 1t mignt

Be possivie to determine What vypet of compounds nave the greatest lilelihood of

usofulness and, therefore, to what typos further effort shavld be devoted,

Tho specelific compounds wiileh should be tosted at prescnt arcy mono Othyl
silanc, updgSily, diothyl silano, (Cpilg)pSilip, mono mepropyl ziiznc, (n=Cgily)Sils,
di nepropyi silanc, ("!-Cg:l Jo8iH,, trinethvl stanntne, (CHz)zSnH and dimihy
stenanans, {CH.) aSalipe Uono ..wthyl stonnanc has also been nromrcd but is probedly
too unstadlo to bo uscfule Detnils of the preparation mothods and e bricf do serip-
tion of the propertics of these compounds is given in o letor portion of this roe
Sirie

1% would be dnsimblc to hnva thosc tests made at Chicago to save timo,
but sinece the University has no department of Chamical Engincoring, we do not have
the neecssary cguipment, I the Navy weuld approve, we could have detorminations
of the ciffcet of these compounds on sotane and ootano numbors of fuels mado in
Chlcago by soac organization such as the Phoenix Chenicnl Laboratorios, Inc,, which,
we undorstand, alrcady is doing some work for tho Army and the Favy. It is far from
certain, however, that such determinctions would give o roliabioc, relative moasure
of the offcotivenass of the compounds for the purposes intended.

Vic, thorefore, suggest that tho Navnl Roscarch Ip.‘borntury furnish us
with such informtisn in its poasouiou a8 to vhother-octane or cotano numbers
have been of wvalue for this purpose, and 11‘ not,?’whothor any tosts, other than ace
tuel uge in a jot motor, have as yot ‘boon' devised.{ -If tho materiels must bo tosted
in Viashington, wo should rocoive mfomtion ﬁmodintoly as tc vhat quantitios of
each compound will bo noudod 1n ordc -sot about their propara-
ti"ns. .

pontenoous inflasmn~
ig-this intorpretation -
undargou slow decompo-
time . aftor vhich

(2) Further offort:a ha
bility of Bgl 10
has boon found,
sition 'no‘émpu‘:’ii’é

W e S B Lty e < <




L

C BRI RO Y, 48 5 iy o on s S {OTEIRPATE IR NG o

*

Y

Froruss Ropert XVI o COrFIDE TLL . Page ¥

duc to the presonco of a slight trace of impurity (frh ?)s Since there ws o
possibility that such en impurity micht also be rcsponsiblu for tho obsorved spon-
tancous inflammability, wo tosted a sumple of BoH,y which had boon etored until the
initial hydrogon ovolution had censeds Its inflammablility wns similar to that of
fresh samples, To detormine whother the initial dodomposition is due to an ime
purity, samples of BcHg ond of BgHyp have bom sont to the Goneral Eleetric Come
penyts rogonrch laborntory for nensurfﬁont of tho infrn—rou spcctrum. (The Univer-
sity's cquipnment is not uv"ilnblc at prosont.)

The spontancous inflamnction of P gHg nny, howeover,. be complotely inhi-
bitcd 2% ordinary tomperaturs by iron carbonyl us ulr@ady montioned on ps 2 of
_Probrcss veport XV (October)s Wo havo now found that ns small o quantity as 0.,01%
of thc curbonyl completoly inhibits the inflammability at roam tempernturc,.and v
-1t iz possiblc that oven smzllor amounts would bo effectivee The ronson for thi b
lottor statoment 45 that o scmple of BgHg from whish tho oarbonyl bnd boon rmnovcd

o8 fully o8 possible by froctionntion still feilcd to flush in sirs’ At highor tome
poratures the iron corbonyl producos on induction period kut docs not provent in-
flammations Thus ot 60°C nddition of 0,027 of iron carbonyl csused an induetion

period of 14 minutos befere the mixiure flaﬁhod; with C,1% the induction poricd

ws chout 4 hours. At 100°9C 1% of iron cnrbdnyl prodircod on induction poriod of

40 minutese ' ‘ ‘ ‘

The BgHq dara mat soom to rcuct viieh 1r anibonyl cithar a4 room time
rcrature or ot 6868 in darkncss. If the mixturc is 111uminatcd the iron earbonyl
is dcoompossd ot & rnto'ﬂ%pe dént on the 1ntrnaity of the rodiat ion, but tho BgHg

- dz unehnngod,

() Progrvsa on the catalytic production of Brigxran » has boon slow, &g was

antleipatcds A rumbor of -eatalysts, as woll 28 tho cffccg of hydrogen, wre being o ’
studiod but this wrk is not sufficiently f Ar along to mtke nny additions to whnt

. ka3 beon roported in Progross Report XV 1ydror0r tion catalysts thus far are’

tne most cffoctive, tut studics on the off:i% o particle sizc, 1ongth of path, :
ctos, must be oomplcetod bcforo finul cﬂnclasican arc reachods. !

(4) Tho tests on siability of oluminmm bc-ohydridc ag orisinnlly eontumplaiau navo

beon cxapicted ~nd will be the subjoot of n speecial report. The sbzervations mado {
on the offuel of iron enrhonyl on BM. hove lod us to study its offsct on aluminum i
borohydride ovin though tho 1ikslikood of sucecsa is not gronte The finnl report 3
on this top*c is being vwithheld until the work vith iren oarbonyl iz complotoed,. ¢

b i e e < v mvein s
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Tho Proparation af Silane, Stannane and Alkyl Derivatives ef
Eagh by the In‘eraction of the Corrosponding Halogen Derivativos
with Lithium Alumigum Hydride, Lithium Berchydride sr Lithium Hydride,

The prepuratisn of Silane md of Stannane by the internction of lithium
alunminum hydridc with siliocon $otrachloride and with stannle chloride, restectivoly,
e boen deecribed in Pregress Reports XII (p. 2) and 2V (p. 4). Thiz reaction
has new been successfully extended te the proparation of par‘ially nlkylated dorivn-
tivos af these hydrides,

, S8inco the uso af lithium hydride in place of the aluminum gcompound
wul be mere cenvenlent, its roactions vith silicen teotraehlorido and vﬁth several
¢f the alkyl dorivetives of the Itter viero investipgatods In all zsnzos the lithium
hydride produecd the dosircd pmducts In the rcaction with silion tetrachlorido,
hWowever, the yicld vas unsatisfactory unle ss o large oxcoss of lithium hydride vas
usd. In the preparation of alkyl siiiecon hydridos, lithium hydrids proved as of=
feetive s the lithium aluminum hydrido so far as yicld is concerned, but the ro-
action of the fomer was oconsideradbly slowsr and r,quircd a highcr tomperaturc,
£ for as esn b judged from the datn awailadle, the advantnge of the lithium clu-
minum hydride resulls from its solubilizy in cthers, vhich X ade to homogencous ro-
action mixtures, whercas vhon lithium hydrido iz urcd tho renction is one betwsen
g solid and a liquid thus lecading te rotardaticn by formation of sontings on the
s11i¢ roactant, Attompte wore made to ncccleorate the roactien of lithiun hydride .
by the addi‘ien of welntively emall qantitics of fluminum chloride to convert a
emall part of ihe 1ithic hydride to the aluminohydride. The istter shasisl 2o re-
cenvertced to aluainun chlorido by the hnalide used in tho reaction, and & "catalyzed®
roaction should rcsult.  This expsotation wtis, however, mot realized, possibly be-
causc coxting offcots preventod acesss of alunminum chlaride to- the 1ithium hydride.

Lithium berohydridce is 2lso golubls in ¢there It is covident, however,
thﬂt the boron ch;orido forned by the intcraction.of tac borohytride with, for ox-
amplo, silicon chloride would immedintcly react with more of the borohydride %o
form diboranc. The reaotion wes bricfly studied with the oxpreted :osult i.c.,

“diboranee a5 well as silanc was obtaincd, thus cutting dowz on the yiold whi.ch o : ;l

might b¢ cxpiet~a for the lnttor.

fi.thyl dichlerozilane and cthyltrichloresilanc wore obiained from the
Dow Caning Corporation; the sorrcsponding n-propyl doriwvatives wicre propared from
the propyl Gripmnrd reagent and silicon tctrdchloride. Complete purification of
theso starting products wan not undertokon since all of tho sorrcspond ng hydrogon
compounds woro to bo preparcd. It is much simpler. to purify. the hydrogen than the
chloro compcundse It should be montioncd that silicon olkyl chlorides arc moamu-
fectured by both Dow and General Eleotric COmpany ‘Proparntion of trinlkyl silicon

rvdridco vz not attomptod sinco they mnv be moro oanily proparcd from silico-
chloroforz than by the prcsﬂnt mcthod. :
GGI
The alky) tin chloridca o prcpn od by,intonactiun of totranethyl tin

and tin tctraghleride.” In this ous‘ 1 chlors dorivatives wore not

purificd, sinco acpurntion of . th oaoh othor secmod likoly
. to Ve morc ctficicnt. . .
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In nost eases the repotione were carrind out in wvaouun syeten bosause
af the preator ropidity of this procodurc end its adwnuupes ir draliag itk small

- gquentitiocs af volatile matorialse. We hovo, however, caitfed out o 2 (% oinrd hume

bor ef experiments using the mero usual types of ledoratory gincsnire and ralb
the soparatisng in o froctienating celunn to know that thesd proeccdures moy
usced whenover desirnbloe,

For tho renetion betwaen lithium oluminum hydride and the 2lkyl halogen
derivatives of silicon or tin, cither dicthyl ethor er dioxone wms uscd as solvent.
Diothyl othor hos the advantage of disgelving iarger amounts of tho lithiun alumie
run halide; dioxnne is more roadily scparctod {rom tho rosction product, .For tho
reactions botwoon lithium hydride and the alkyl silicon chlsrides, ddoxans was used
as the modium in ordor ts make pessible higher rcuction temperatures,

It i3 not noocssary to give details for cach preparction sines all were
sarriod eut in sinilar fashian. Whon the reactions wore carricd out in the wvzouunm
gystm cnough material wie uscd 0 ylold 0.2 to 043 go of product. An oxcoss of
about 15207 of tho lithiwm aluminum hydride wos omploycd; in the cnsc of 1ithium
hydride, tho oxocss ws two to throofold tho thooroticnl amount but falrly pfood ro-
sylts could Lo obtninad Wi th slight oxecse only, Tho lithium aluminws halido wus
dissolved in tho solvent in the roaction vessel inte which the epproprinie silicon
compound =38 thon distillods (Whon the rocetion was carricd out in conventional
erparatus, the silicon compound wms added slewly from a dropping funnsl.,) In the
easc of the solid alkyl tin halides, the lettor wro placcd in side armm of the ro-
action vossgel, and wore molted to nilow 4thas to flow into the solution of the lithi-
um aluminua hydride. Whon lithium hydride vos uscd in ploee of the cluminum come
psund, the former was suspended in the solvent and tho procedure just cutlined fol-
loved thorediter, : ‘ -

With lithium aluninum hydrido the reactions proccsded smoothly and
rapidly at reom tamparaturocs and was completo in cbout 15 minutes. Whon lithium
hydridc ws uscd with cthyl silicon trichleride, rapld reaction onsuod ot 40-50°C;
ia *h- onsc of the dlcthyl deriwativo, the reaction was earricd ocut ot tho rzaflux
tomperaturc of diexanc (about 98-100°C),

iht ylelds of the monoalkyl silanos, obtained by uso of lithiunm aluni-
num hydride, wero botwoon 95-1005; tho yicids for tho dialkyl silanes wora lowor
beesuse the dinliyl chloro dorivntives used as starting matericl wero net purcs
with iithium hydrido an 8575 yleld of the monoothyl silanc and 72-747 vields of di-
cthyl silane wore obtaincds (The lower yicld of tho dicthyl deriwvativo is due to
the sauso mentioned abovo.) N coleulation of tho yiclds of tho tin compounds was
mado since the starting matorial wns in cach easo o mixturc of tho warious clkyl
tin chloridos of unknown composition, and tho ssvernl hydropgon dorivetives woro
scparetod fram each othar aftor proparation of the mixturos,

All >f those cempounds arc liquids nt ordinary tamperstures with freoz~
ing points which are probobly belew. «l12Y¢C. Thoy are elther insoludlo cr only vory
s1ipktly scludble in wnator, with vhich-thoy ronct very slewly, For oxampic, in tho
saso of tho tin compounds, solids are.doposited only after tho mixturs of +ho ecom-
pound 2nd wator had stocd for sovernl days. In benzone, all ere solublecs They oro
net spontancously inflammnblo in air, but ore roudily ignited and socm te burn moro
rapidly thar olthor dicthyl ethor or guseline,. Excopt for monomothyl stannane, the
cempounds scem siatle at ordinary temperaturos; menomethyl stannane scen producoes
o depesit of tin but how oxtensive its decompositien is has not yot boon fully do-

tomined, . N
CONFIDERTIAL
- 3»\ -

¥
pEST NALIBLE CoP




=B

ot TR

S —.

vy eI VS

R L L e

P RUN P

gy v ey

Progress noport XVI COVRINEITIAL Pape Révg

Obscrved mglecular weights of the compeunds in all enses apgrocd to
within cxperinmental errdr (in all casos loss than 1%, ard usually lesc than C.59
& th tho thosrotieasl. Vapor tensions of all of the coﬂpounds have been detormined
at various tcmperatures; fram thosc dats boliling points ond hosts of waporizatien
havo bren ealculatceds Thoso valuos arc roecorded in the l‘cllovving tablce 4t the
ribht arc given the oguetiens which raproducc sutis!‘actoril:, the vnpor tencions;
for morc preeisc sark the constante of the vquniicns snouu: be resciirmined, since
¥o have 55 yeot dealt with qantitlics.teo small te assums tho highest degrec of
purification,

Heat of '

ieiling Vapori- )

Point atien Equation for

o (Cal./molo) Vapor Tonsicn
S1Eti, -13.1 5261 log p = '.%i?. + 7,304
SLEL,H, 537 7409 lagp @ ’"_1.2_1.?. + 7,836
SiPrily . 24,2 6301 log p. -.f.'ig.ll + 74513
S1Pr,, 110 8500 log p = "2857 4 7,700

. . [y

Snitelly =049 6859 log p * ".1_;_8:”. + 7.504
SnlepH, 3649 €586 log ¥ = -};I':;_ig + 7,524
SnkagH 59,2 7236 log p = 23 4 7,641

T

cer (2) Cols Jo He Sanma, Army Liaizon Officer, Navy Dopt.
(10) Pirecta, ¥awvnl Hegsearsh Laboratory
(2) Chief Duren: of Aermautics
(2) vr. Jenothan ¥, Williams, O.S.‘R.D-
cc, Noo 17 Ko Wilzbaeh
18 C, R Dilxurd
19 e }nrr
20 A, Finholt »
21 Re As lad R I
22 Univorsity of Chiago Files R
23 Ja s brohen
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. on 1
Contract No. N173s-104211)
Buisro TED NRL o, 3401

I)Contmct $oe U173 241042) 48 an extonzion of contract Kose N173 5-9058 and 5-982C

He I, Schlesinger in Collaboration with
Be Abraham, Ce Dlllard, Je Farr, Ae. Finholt, Re A Ind and K. Wilebach

(1) Studies on tho conversion of ByHsto Bgiig have been continued along tho lines
roported previously. In goneral it has been found that changos in temporaturo,
preacure, fiow rate, time of contact with cntalyst vhich increased the toinl
arount of Bpolgconverted into Bglly and BgHyy also inoreasod the pereontape of BpHg
convirtcd into compounds other thon those containing § boron atoms por moleculc,
In othor words, the yicld of BgHg + BgHyjy in torms of BpHg used up remained folirly
constant, indicating that tho catslysts which proved effestive in altoring ByHg -
wore 5180 ¢ifoetive in decamposing the Bg campoundse A very rocent, as yot uncone
firmed exporiment has givon o more favorable rosult from this point of wvlew, but
hes given & very wmall conversion. It would be promaturc to give s more dotailed d
report on this prelimirary oxporiment at presont,

- figeauso of the oarlier unfavorablo rosultsz, wo are oxpanding our studios
3n scveral diroctions: (&) Studioes of tho convorsion of BpHg into BgHg in sol-
vents instoad of in the goe phase; (b) A atudy of thc-poasfbility of roducing
higher hydridos to Bgig , and (s) Studios on the conversion of ByHg at high
pressurasd. :

The last nomd of those has roquired proliminary testing of suitable
apparatus, flecmso of the inflarmability of dibortno and ospecinlly of semples of
this substance vhich have boen heated, tho starting products sro best introduccd

Lo the pressure systan in vacuos Tho op paratus must thorefaro be tipght botl.
toward ovicustion and townrd high prossuros. Tcats of various typos aro now unior
vy, o=

-(2) Wo erc preparing some of tho silicon=alkyl hydridos cnd tin alkyl hydridos
descridod in previous reports in guantitics large oncugh for tosting in an sotunl
motors Othor compounds of this type aro baoing studicd (c.g. bismuth and antimeny.
eikyl nydridos) but ths work is still in'ite initial stagos and will be reported
lt\tcro - .

(3) A roview of the work qnlthq atabiii.tyoi‘ ui\g,im borohydrido is appended,

PR IS

PO,




kS &
2o T AN S

e L e A

.

PRoppiie oporl kY1t CORNIDENTLLY, . Pugo 1N¢

Stability of lAlumimm fBorchydride

I, Naturo of tho Dceomposition

This rcport is a swmmary of tho studics made during the past ton months
an tho docomposition of aluminum borohydrids, heroinafter ecalloed alidc., The de=
composition products of el 1de nro hydrogon gas nd Non=veihtile compounds 61 alue
mimzz, beron and hydrogen eallcd "polymer®, The polymor enn be preparcd by hcate
ing the alide to 100-150°C, but the reaction is very sensitive to temperature
chanpose Morc rcoent studios have shown that polywur formed at high temporaturcs
iz not homogencous but consists of material which is soluble in alide, and en in-
soludl. rosidue vhich has the formula (ilBzHg). All of the components included
in the toma "polymer" roact with wmtor to give hydrogen. 1In addition to theso,
there is oftwn formed snothor substanco of motallioe sppoarance which doos not roact
v th wmters The avempge camposition of tho mixture of those threo ecomponents, obe
tainod by hounting o samplo of alide, corrcsponds closely to (AiBgHg)e (PeR.III,12;
PeRe VII, 10; P.R, vIII, 18).

At room temperature, only tho alide-soluble matorial is Jormod, but whon
the solvent is removed this slowly loses Lydrogen to give the insoluble substance,
and fram it upon prolorgcd standing, in the abscnee of alide, trscos of the nmetals
1ie zubstance arc aise producad. .

Alide iz th> only solvent known for any forma of the polymer (Pells IV, 2).

IXe &U° Studics

Sinec the docompesition of alido at rore tomperntures is slow (PeRe VI,7)
nceclerated tests at 60° wore undertoken. However, tho rosults obtainoed st this
temporature could not be used to prodict bohavior ot lower tcmporatures because

' tho courso nf the roction iz quitec differonts Thus aftor 20-30 days ot room tome
peraturc, the decomiposition sooms to appronch ¢-limit corrosponding to a loss of
botwcan 045 2nd 1,0% of the avallablo hydrogen; vhercas at 609, no rotardation of
the ratc s obsorved after 70 deyse (PeRe X, 3)¢. Also considorsble cmounis of
tha insoludble polymer are formed at 609, s woll as same of the substances of

metallic appearances Tho lnttor, homvr-r, have bcan obt nincd in amounts toc small
for roliﬁblv analysis,

Sonc of tho results obtained at 60° cro as follows:

1). Docomposition of alido wepor is only about ono=tenth as rapid as
that of the ltauid. (P.K. X, 3) ,

2)e 503 aolu*ions of alido in banzono, isopmtanc and cyclohoxane do-
composc at a.ppro:d.m:xtely the samo ratc as the purc canpound, In amylono
solutions of tho samo ooncontmt:lon, tho dccmposition is morc rapid.
(P.R' x’ 3) B .

$)e Ml atco]. and sbainlona stocl seam to be without offect in 360

hourss Coppor and its alloys produbod n doﬁ.nito ineroase in the rato of
. docompositions (P.P- I, 3) v :
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4)e Carcful stomming, of the glass, used to make sample tubes, did not
a.ticr the rate of docomposition, but uso of dichremate clonning solution
oxcrte ¢ hirnful offects  (PoRs VIII, 13) In quaric tubos, izc rote is
approxi-siely the gsamo ns in gless. - (PoHe X, 2) ‘

5)s Falrly Lrgo qunnt‘tir“ of aluminun shloride ecccelerated tho docom-
vaitiO"&, but the cffest 43 Loo small to weerunt for the fued that soms sam-
ples of alide docomposs more rapldly ¢imn eothors, Cnrefully purifica gamples
did net behove differently frem ordinary samples. (P.h. VTII, 10)

0)e Al..ticn of so’ublc polymer wid not affect the roate of docomposition
in 60 5‘mys. (PoRc X, 3)

I1t. Room Tamperature Studics

Jlervnticns en tho stability of «lide ab room “omperatures a=r as
follouwss

1)e 1} : decomposition ccours miively in the ligiid phaso. NHe docome
position yms perecptible in o sz.ple ¢f alide wvopor oven al<sr 120 days,
(Fimni Ropert, Contruot Rus, 1173 §-5058 tnd N17T® s~9820, pago 9.)

2)e Samplea of the borchydride, earcfully frecd from chlnorides, doocme
poscd scmevhat more slowly, nt room temperttures, than samples of cordinnry
purity. On tho othor hand, addition of sluninum chicride, the most probebic
Aampurity. preduccd no aignificant acceleration of the dO"C':\"’Sl’;.‘.CSh {Fak.
\';.L. 11[

3)e 4Addition of Pyrox glass wol did not nuffeet the decoipesition.
(PeRe VII, 11, 23) A large surface of carcfully reduced iron acecloratsod
Jhe Cirst” "ﬂrns 2L the deeonmposition but the rate ropidly tapers off.
{(Peite VII, 11, 13) Othor oxpcriments with iron surfaces cro dosceribed bee
1cw.

4)e Somples of 056 g of alide wore intreduccd above 045315 ond 1.6986
groms of 40-00 mosh pewdercd Pyrox plasse.  The development of hydrogon —ith
tino in theso samples is given in Figs 1o The srpic contalning the largor
snount of glass powdor produccd 1.6 timas os much hrdrogen in 8C days, Lat
this iz less than wuld bo oxpootod if tho effcot wore duc 4o surfaso alono,
since the larpger samplo contalng § timzs as much surfecue It fheuld Lo no-

ticcd alse that the amount of docempeosition in the prosunec of 0.5318 grams
of Pyrcx povdor is X sg than in sc.mplca containing no added surfroc, Cone
pare surve (2) of Fig, 2,

5)e Attompts to cont tho wnlle of the sample tubos with decanposition
products of alide in crder t6 countoract any surfacc offoets nre deseribed
in PeRe XII, 9 ond PeRe XIII, 3o Curve (5) of Fige. 3 chows tho docomposi-
tion of ‘an :Mde samplc in o tube vhich had boon coatod with docomposition
products at 200°, Althouz,h the docempositisn was rotarded initially, tho
conting gmd\mny peolod off and tho mto inorou.aod. ‘Howovor, tho rato
ws still ruch logs than in'uncoatod tubess It wis difficult to obtain uni-
form cootings by tho mathods trlcd, cnd- thc yoto of doomposition vas {ound
to vary with tha nu.ture oi":'tm couting.
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6), Tho prosence of hydropen pas ot prossures of ap proxdatoly one ate
moaphor, scmevhat nocolemtes the rate of dooenpoaition, co ir shom dn
Figuro 2. Curve 3 represents $he date of an exporduent dn vhich tho hydro-
¢ resuliing from the decompogition of o sumple of slido wns raicvoed from
N peaction veasel often cncuph to provent o hydrepen prosours of over 40
e In Hic cxperiments shoevm dn Curve 2 the hydrogon wag ailowed to remnin
In the vesscly it iz scon that doconmponitden ig more oxtonsive than in the
exporincnt of Curve 3o 3till lurger hydrogen pressurcs were brought about
in 4w wmys: (&) in amount of hydrogen sufficient to produce & pressurs
of 571 :zne ¢ intrcducod into tho vessel at the beglring of the oxperinment
shich it reproscnted by tho opon circlos in curve 1 ¢f Figure 23 (b) The
ceeunt of liquid alide uscd was mado so large and the free space in the ves-
scl g mode so small that tho hydrogen resulting from deconpositlen soon ate
taincd & rdlatively high prezsure (solid eirelos of curve 1)s In both coses
the rate of dceemposition is ceonsiderably grocter than in oxporiments in
vhich the hydrogm prossurc vas kopt low (eurves 2 amd 3). (Progress Aoport
X1I, 6)e \

The accclerating offoet of the hydircgun prossurc doos, howover, not cone
tinue indefiniteoly as showm by the foel $hat both airves 1 and 2 of riguro 2
ultinntely level offe This realt is prebadly duc to the stabilizing effcet
t¢ bo discussod in Colleving peragraphss

7)e All cf tho oxperiments ot room tomporature showed thet tho rote
of decomposition of nlido decrcases markcdly vith tiace This offcct is il-
lustratod strixingly in curves 1 ond 2 of Figuro 3: curve 1 reproesonts tho
rate of doceompesition of @& fresh asanple ef ol ddo; arrve 2 the xite of dseom~
pusition subsoquont to 120 days stonding at room tomperature ond after the
removel of the hydrogen that had aecunulzted during the first 120 dayse

That this "stabilizing" offect is not dic to the presence of hydrogen
is clcar not only from curve 2, which reprosmts tho rate of docomposition
aftor hydrogon rumoval, bet aloo by the risuils doseribed in 6)a Te invesa-
timto this point further, samples of alide wore hentod ot 40°C for varying
lengths of time, the hydrepon produced was thon ronmoved cnd the subsoaquent
rete of decomposition wne obsorved without ranoving tho alide from the tube
in vindell 1€ wmn hentode Tho rosults are shewm in Figure 3, Attontion is
callcd to the fuct that in the exporinonts rocorded in this fipgurc, hydrogen
pressurcs corrospond reughly to extants of docompositicn sineco ths quantitios
ef alide and the volunes of tho roastion systems woro approxinntcly the same
in all ocazos,

Curve 3 of Figuro 3 reproducss tho result s cbscrved vith a sumple heatod
ot 40°C for tvwo days, and shows ~ narked rotardntion of decampositions 7The
offeet is 5till morc promcuncoed in ~urve 4, Tho latter curve, howwver, shows
that hoating at 40°C for R cays (sc id odrclos) has no ndvantage over 4 days
hoating ot this taspersimrs ($) si 2o tho polnts for tho zors oxporiments
lic on tho sono curvs,

*  Progress Roport XII, € statos that the addition of hydrogm produced a
groster nccolaration than did tho ncoumulation of hydrogon in a smnll freo
spaco; ovon thoupgh the hydrogon prossuro in tho latter caso soon beeame
greater than in the formor, Roctleulation of tho data afbor moro preciso
calibration of the apparatus showod that thoro was mo ossontinal differeanco
in tho two cagos as shown in curve 1, Figuro 2.
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Curve 4 also bears on tho eause of tho stabilizing effcet of tho 40°C
heat treatments The ocrogses on thr airve represent the following experi-
mont: Alide was hentod for 8 dnys in n plass fubo at 407¢; the tube was
thon opcnod and all of the wvelatile materinl {inc)uding tho rosidusl alide)
vas renoved 8t MGV pregsurs nnd von "r":um-:‘rn EA A u"y 'xs possiblo,
and a {rosh sample of alidc, nnt ,‘:c“w'\h d,oans 'r::,a.‘.u.w. inte the tube
and 1ts ratc of decomposilion obsurvad  The fuar tred iy u«mplc underwont
as slow docomposition ws dld the prehusted orzg shows ~het some nonevolatile
inhibiter wos forncd dusing the henting of the fMeel camnle,

i‘c s te ascortnin vhether this i‘}“:'nl;h'f‘\:’ acds gacctly by eovering tho

rasd':x“to ‘r*tix:r_ rosult in an eltoerstion of the residuo, vith less of hydro-
ey ond this altersd rosfdic 13 no lenger offcetive as an inhibitor.

or oy v

w=1ls «f the veseal with n pmt(cv::u aonbtang ¢ wncther 10 neds throupgh some
i : otlor *:.,':\ of mochnanism Wore unsuce c’:s:’\. <% Braves i*wrs' ble to isolr>.tc,
bl from tic prohenoed nldde, any substancs which wnifurnly inhibited thr docrme
3 praitions  This fuwilure s undeubtedly des 46 4o cousess Unless t.v residuo
4 L 120¢ in the tuor aficr roamevel of the prohoctad wlide is kept in o hich vacu-
23 “* - wn fer o leng time or ig 1ts:1f heated in vacuum, it tenncicusly rotains
" some of Lhs alidoe o this resson it inflamss vicluntly in air, and comot
i R bo offeetively remived frem the vessols On the ethor hund, lonp runping and

s

It acems probable, however, that some form of tho materinl dosignated 1
' 5 polymer dg the dnhidblter, |

[

. 8)s That hozting 6lso stabilizes nlide umin eatalytic cffocts of
=i1d steol surfacess is shown by the fuet that o sample of alide hented for ia
. Co 4 X5 a3t 40°C in the presence of polished mild ~t cl wire cnd thon cbserved
f f for 100 dnays ot reom tonperature in the preosonas of the eurve, preoduccd only
i ; &7 rm of hydregen pressures It should be stoted, howoever, that nlido doos
not dceenjesc much moro rapidly ot stool than ot rlass surfaces. ' P

pURS—
L)

! ‘.

{ 9)e Tho effcet of iren carbonyl on the stability and inflammability of
i stable pcx\ta‘worune (BgHg), (Progress Heport XV, 2 end ?rnrm:s Report XVI, 2),
{ sur-ested that analogous studios he 2ado with alide, B8 pe e ilde and
8465 cce of iron earbonyl vapor (4.7 nol ¢} were mtrcdmcc‘. inte tie vsual
type of sinbility mensuring systems A palo yellow soiution was edbisinsd

which ied & vapor prassure of 362 rme at 26°Ce (V. pe pure alido = 55 mn,)

FERTIE SR

~—,
Y .

Yo bimodiale ronetion vas observeds Tho solution was carefully shioldod
': g from lij‘i‘vo
i ‘
_ I After standing two daye at room temperature, the sclution huad turncd
£ ;o 4 dnrk brown and the tetal pressure at 249¢ was 1655 mme (2,18 atme)e Thoe
‘» vipor pressure of puro nlide at this tompceraturo is 347 mm,, so at least

1503 mm, of the prossuro wvas dus to dccomposition productse . o

The solution vas coolod in liquid nitrogen until a limiting pressurc of

487 mme wae obtained, Tho vapor pressure of puro carbon monoxide is about

575 mne at «1969C., but should bo somewhat lower over the slido aolution. i

1¢ seoms, thorofors, thot alido reaots with iron carbonyl, even in the darl, :

liberating carbon monoxidee Upon distillatisn of the mixturc, & neglipihlo

anount of iron carbonyl ws rocovorod nnd (“darkebrown residuc ves lert in
" the vossol, Pl , . T I PRI
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aystem nsed in tho roem toaporas-

16)s  Euprrdmentale An oasmaaple of Lhe oy ¢

turc studing §§ ALoW in Fipe & The syston 3 nod Yo tho uoual type of
waovue Mne Shrouph AW eapililary stepesck, s. 0 The sturceoar havricdion ic
v fromonlide vupor by roising mercury lute thoe aupliliey U-bond.
T prensurs 'm:‘.;x.;‘tcr, L, ds made of 8 mma oede Prrox fubing rnd has

4 o .

3

=

aprpenimatoly one dlmosphore of ary adr dn Lhe salodeol! L
whe TR somple tubos aro nade of 10 mme cede, Pyrox tubange Uhn
shrough the sideearm, ¢, which 45 then senlad o ond the

troduced the :
hentod te 40 # 29Ce After the hosting, the tubs is oitnched to the

the syolon ot x, ond opened by droppiuy noglass enengod dven plunper
bro Lol T ir"‘x' scenls  The hydregen, produesd durdng the brating, is

off, and the stopecek i closed ond sealed with mercury. I! the come
i ;e hot ..o:l the breskeoff irnor senl 1s emitted and the 211de is

radiicnd
- I PN . 7T
T r(-:fn:‘..i Ay T

TTLLLUT e

T
dirvetly tarcurh sicopocek ae  The volume of thy entire sysiom is
¢c, wWhirn the mercury level in the maneneber corvospends to 0

room tampormture th Nndividuel grmple tubes wnre
oven, ralntained 2t + 1% After o piven time,
b liguid nitrogin, “'m tubos wire opened and the
erlor pumpa

Oc’

~

The nlide used dn thess cxperiments (with stnted oxeeptions) wvas o
Mlily fractioncted throuph «65°C nnd had o vapor tonsion of 119.5 mae o

The seunerature of the roo" varied congidorebly over the noriod of these
expe ri:m::;ts, {fron February through Octobt~r). Thus during the sprinp monihy
the roma bumperature ronge was 22 - 279 in the d:xy-n, o; while dunng the sum-

wer the dz\vtmr- tempurature range wus 27 = 35°C. At night the tomperatare

vng usually 5 - 7 degrees bolow the duytinme tamporature. Thuse fluctuations

S
wre undeudbtodly rzapansible for much of the drreopularity in the data
"In enrlior room 'zc:".p;mturc studios tho hydrepen yrussure wns measurcd
by coendensing tho alide with liquid-nitropgum ond "m....i’ the rosidusl prose
suros  Thils mothod rroduccd & btumpernture gradicnt ia Uw system which limiisd
tle pre cﬂ"ior o the metsurasentss (Propress Report ¥III, 13.) Furthermerc,
with oo secumlation of noneccndensible gas in the systom, it roguired ine
cr:.-nsi*-‘ longor times to condense all of the nlides ,

. lnter oxpordments, the talal proessurc ot reom tamporaturo wns measured
hydrorun pressure obtained by subtracting the vepor pregsurc of slide

wnd the

miven by log F ow 7.808 - 1565 | from the totals In the range fram 20° 4o
75%¢, the vapor tension chonpos 2 mme for overy 0,10 tor apara ture chongo
so the accuracy of this mothod wu” ilmited to about 1%e In cddition, the ace
oulatd cn of polymur lowored the vapor pressuro of the ulidf‘, which lowering
wnounts o nbeut 28 after 40 d».ys. '
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11)e Summory

(a) Alide =t 60°C deccomposos at a rate which, although not large
in p.reontape of decamposition, involves the gencration of .
cn;ugh h"aroch to invelve o hazard beenuse of the high pros-

garcs thut "ould result in a ecntainor in which the froo spaco

is relativcly smnlle This decomposition ccoura chiefly in
the liquid phnse and no methods of provention lmve boen dig-
covorods The products of the dedompesiticn are of geveral
types - compounds, some soluhle and others inxoluble in alide,
all of which roact with water to give hydrogen, and o material
of metallic appearance which is not soluble in alide and does
not recct with water at room tempersturo. The decomposition
is aoccclerated by copper and its alloys, but is not mnrkcdly
~affested by stecl surfaces,

(b) Alide at room tanporatures decomposes "ﬂry ﬁlcwlj,*ut only
in the liquid phese, piving risc to the alido~solable type
of product mentionod in (a). " Although the decompesition )
over & long period of time is smoll, che initial :Lta of do=
compousition is sufficicnt to producey darngorous hydrogon
pressures if the materisl is stored in o vessel hoving. it
tle frce spacts The initial rato of docomposition can, hom-
evor, bc markedly rcduced by heating the alidefor & days at

40°C, oftor which thc hydrogen is romoved and further decom= :

wpesition i@ aslows  Tho inhibitor, drobably thu sojubls mn-‘
terial moentioned in (n), is not volatilo; for this ronse
tho alide regeins its rcactivity if distilled from the vrsscl
in vhich ‘it was prcheated. The inhibitor in the aysmoe of
alidc er ot even slightly clovatoed tempernturcs {i.c. above
40°C) losns its inhibiting propurty, and could for this rca-
son not ‘be 1solatod. No othiny affuctivc inhibitors have beon
found,.

ccr  {2) Col, J. He Sams, Army Linison Orricor, Havy Dopt.
(10} piree to., Neval Research Lebsratory
(2) Chiof Buresu of Acromautics
(2) Offico of Séientific Rescarch and Davc‘cpmcnt
ecs Nee 17 By Abroham .
18 C. Rs Dillard
. 12 J. Farr
20 Ao Finholt -
21 Re Ay Led
22 ¥, Wilzboch -
23 Univorsity. of Ehlcqg
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" hydride is sucponded in a solution of othor contsining o srall amount of lithium

CCUFIDEITLLL

FI0GRESS KEPOUT 110, XVIII

(2]

For the perioed Jarmery 1 - January 31, 184
on
- Contract Hoeil1735=104211)

1) Contract ilo. :1735+10421 is o extension of Contract Nos. K1735+8058 and 50820

8y He I. Schlesinger in Collaboration with :
Be Abrshon, €, Dillard, J, Farr, 4. Finholt, R. A. lad, and &, Wilzbach

I, P‘-’.LP{‘&'..‘IO O LIV "r AL #YDRIDE

Detailed deseription of the proparation of the compound Li}.l}f has hithorte
not been reportod becauze of 4 difficulty which has just now boeoen o'. ercomos  When
the reagents, lithiws hydride, aluminum chloride and ethyl other aro mixod, o vory .
slipht resction starts but usually soon dics dowvm. Thereafter no noticeablc reactio: ‘
occurs for ¢ varinadlo period which my covor o fow minutes or soveral hourse The
najar reiction then sets in very sddenly ond so vigorcusly that it is difficult to T
controles ‘he di fficulty has finally boen overcome by the discovery that if lithium

aluninun hydride and tho cthor solution of sluminum chleride is thon addod, tho ro=-
cetlon socts in ot once end may be controllod by sontrelling the rate of cdditicon of
the cluminum chlorides, If lithium duminum hydrido ‘is not available from previcus
prepurations, it my.be prepared in small anounts in the vecuum system, or by earryir
out a small preparation in which the mixturc must be elosely dbservod during tho
induction period; and rapidly coolcd with an iec both as soon s thore is indication
(temperaturce rise) thet tho moin reaction is chout to start. A d\.tmiled deseription
follows,y

A thrce meeked, one liter, round bottom flask having & morcury scaled stirro
2 gless stopper ond o bulb condenser attzchod by ground glass joints was dricd
snd flushed thoroupghly with dry nitrogen. Into the flask was placed 1C0ce.s. of
& solution containing 7 to 15 grams of lithium aluminum hydride pr 100 grams
of dicthyl cther, 30 grams of lithium hydride (Litheloy Corpe--ground to 200
mezh) wme dropped into the solution and the mixturo was stirred for o short timce
Through « dropping funncl at the top of the condenscr a solntion of 100 grams
of cluminu chlorido (Merck anhydrous, Reagent gprude) in §00c.c. of dicthyl
cther s cdded slowly vith continuous stirring. Tho addition rate was controlle
g0 trat boiling obscrved in the recotion vesscl g constant, indieative of
¢ smooth rctetion., Stirring wns continuod o short time after the addition of
alunimm chloride was finished until tho reaction appearcd to ecase. The
procuets wero filtcrod through o sintored gloss disk undor & prossure of dry
nitrogen to remove tho lithium chloride and cxesss lithium hydridca Tho cther
wis distilloed from the filtrate at ctmosphoric prossure until a thick syrup
s formede The last of tho othor was ramovud in Vacuo hcating the solid
product ut 70°C,
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Othor mrans for spocding the reaetion wiere tricd vi thout succoss, such as
addition of mwll mownts of lodinc, aluminum, mureury and <ven hydrochloric
acide One virinilieon of th. oxperimanizl jrocedurc wirieh occensionzlly chused an
fmmedinte ronetlian wes thoe roapad addition of cther to o mixture of 50lid clwsinum

ehloride und lithium hydride, Only the methoed outlined above howevir, worked

every thine it e tried,

II. FCEJAYION OF TiHE HYDRIDES OF GROUP V

#doren compounds of arsenie, amtimony, ond “ismuth were investiptud to
seecrtain s huther the substitution of hydrogen for halogen by moans of lithiunm
slumines hysdride could bo nccomplishxd in Group V as it hod in Groups ITT owd IV,
although the hydridos of arscnie, entimony md bismuth md the sliyl hydrides of

arsenle arce knoun, the slityl hydrides of codimony and bismuth havo not yet beon
edes j , ‘

Arcinc ond stibine were mwepared from lithium aluminum hydride by a reaction
with the nnlopon dorivatives offhic olements in anhydrous ¢ther,: Tho ylelds of the
hydrides wwere low (20 to 507), duc to partial reduction of the halides teo the
rrtal or othrr non=volatile solids. Tthe ronetions for forming the hydrides were
prouubhiy os followst :

4isCly + SLU\1!{4 = 4isil; + JLIC1 + 3‘\1(:13
-‘:SbClS + sw.1:«14 = 4SbH; + SLiCl + s.hlcl:5 + 4!{2

Attenptcto propore bismuth hydride Trum bismuth chloride failed cithor becsusc
th. reduction went to tho metil or boecnuse tho instability of the hydrids provented
the isolation of measurcble quantitios, .

Prelininary efforts to make Le,Sbi accordins to the equaticn: 4Mo SHCL +
LiAll, = 41l0,Shi + LICl + AlCly hav’ not beon successfule Hore cmromi preparation
of the sterting cntimony compounds will bo mado howover befero oliminating the
possihiliy: of the formation of tho desirnd allylhydridos,

I1T. A5FYL SILAES

Yono=n~uiill silene, boiling point 56°C,, wes nade in 767 vield by recction
betweon budtl sTitcon trichloride end lithium hydride in refluxing diozanc, The
butyl trichloride wes proparced in 837 yleld from silicon tetrachloride and butyl

Comarncsimn bronido.

The mrepzrovion of dicthrl silanc was ecoarried out on o sonmiennere senlce,
O mole of dicthyldichloro silanc wen pradually added to 2425 moles of lithlwa
mdride in 250 mle of rofluxing diomant, .The rosction mixture wms filtcred sud
froetionally distilled; yield 58.5 gmsu of dicthyl silsnce. This ic 67 of tho
theorotical cmownt, : - o T T
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IV, ALLL STANNANES

Prolininary studios for tho lar"c senlo pr cpar..tion of dinmcthyl stomnano
havo boon mades The preparction of lerpe quontitlor of tin tcotromothyl, by the
rcaction of methyl repnosium with stamic ehloride, offcred no difffcultics, and
310 gass of this product havo been preparcds The ronction between 4in tetrancthyl

.and stannie chloride to producc dinmcthyl dichlorestanntne also proccedcd smoothly

on o lar[;c sexlos Roastion botwoon Oll mele quantitics of SniosCly cnd LiAlH,

in 100 nie of dry cicxonc yiclded 04043 moles of dimcthyl stammanc on fractionnl
distillatione Tho low yiold (43 pereent) is in part eecounted for by desmmpocition
of dincthyl stannone at the elewvated tenmporature requircd for distillaticne Attempts
to rcplace the LiAlHg with more rendlly awnileble LR were unsuscessful; there

wes no ronetion botwoen LiH snd Snifo,Cl, in refluxing dioxance Similarly, it was
inpcesible to prepers stommone fram H nnd stannic chloride in other, :

Vo 2INC CORPOUNDS

Exporinents dircetod towurd the preparation ¢f the hydride cnd borohydride Sy
of zi'xc cr of partially alkylated derdvatives of thote cempounds hove been indtintod [
by & study of tho rctetion of lithiwn aluminun hydride with zine alkyl.,. Althouph BT
cc:‘.;:mnds of thiez type scen o have beecn cbininad the experinents oirc 58 yet not P
sufficlontly advanecd for 2 definitc rcport,

VIs TEE FREP\R.LTIOE Bglg FROM DIBOR/JIE

Y

Hi®eo it In tho followinp, the tern "conversion®™ is uccé to represent the
fmctic.m of the diboranc <hich has undergone cnm.ce.l akangye  The yicld is enlemlnte.
frem the cquations

S e e b b g < e o

5ByFg = 2Bgily + (16~x)H, x = 9 or 11

The anount of B Hg vhich has actuzlly undcr enc chemdeal chrnge 45 used ag the

basis for tho yi d otleulations Thus, if 10000. of BoHe (SeTePe) had undorgone
50 conversion with a BO% yiocld, the cetunl tmourt of ssﬁg + BgHjy would bo (Oed) i
(0450) (0450)(100) = id cco (g"" ot 84T eFs) , L

Notc 21 Fimires nnd +adles reforred to in thia acction are found at the ond _
of the roport, -
. idon

A. Survey of Rosults Obtained and Conclusions Thus Far Drovm:

(1) Cotalysts hove beon found vhich .Lovrr the temporcture ot which dibortne
iz ecaverted into products oconteining Bg -1 and D The entnlysts so for used have, o
houwver, not hoon cffoctivc onmgh to L.m. ‘co 8] Rnfﬂotcry prcp“.ratory nothed, 4

(2) 1t hoe beon showm that cortain typeos of catalysts inercase ths rotio
qf Bghie to- Bgi); and cthers dooronso this ratic. Imcn,, tho former are dehydro-
cuntlon entn lysts such &g CrpOg on £#13033 cmonpg tho lattor src hydregonation en talys
such ap rickel on'a porous support.
(3) Ina single pass system it vas found that rs the trﬂ'\cmt‘u*o s ralsed
frem 1200C to 1909C tho yiold (as defincd) deerenscs, wherens the conversicon
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" increacese Tho ovorall yield {ie.0., tho product of yicld and eonversion) renning

fairly constant, If there is any signifieant chongo, the highor temperstures
srodues o slzhtly highor totel yiold but ot the sune tine produce merc’undesirable
by=products, v

(4) ot o fixod temporaturo (oefe, 1209¢) the yiold dcercasod rapidly oo tho
contoet timo wms incronscd from Ol1 nina to 5 nmine; whorcas, the eonvorsicn inercnscd :
tc o meximcs and romnined almost ocnstants (goo figure 1) The contact time e tho ;
evorage tine which = rioloculo apends in tho ocatalyst beod, and is given by tho
ratic of bed dopth to linoar volocity.

(6) 1Ineronce of prossuro, short of prossuro high encurh o rodntadn a liquid
phasc of ol (pressures up to 33 atmospheros) » Wd & dotrinantnl offcet on the yicld.
The high frocsurcs ineronsol tho oconwversion but deoronged the yiold alnost to zoroe -

Fras the nrceods g it follows that an offcoetive gropnrc.tivc nothed wiuld roquire
the usc ¢f rclativoly low tonperaturos (o.ge, 100=120%C)e At those tompe raturcs,
hovever, it hos net boen possibls, as yot, to cbtein offoctive cosversicne The
usc of & circulating systen s waluablc on this sceount beeause tho amount of
oconversicn onn bo inercasod by recyoling tho gnse Two lines of furthor resenrch
arc indicateds ‘

{1) Centinued gsearch for bottor catalysic,

(2) Study of the bohavicr of diborcne in tho liquid stato at vory high prossurc.

EXPIRDE ¥TaL PLRT

I. STATIC EXPERIMENTS:

Experinents in vhich Balg waz hontod in bulbs under voricus oonditions
raosulted in rothor poor ylelds of B Hge The rosults obitinod nt pressurcs of ;
150-280 rmme wore more satisiactory gmn thoso cbtained at pressurcs of 24-30 !
otnospherose The eatnlysts uscd were Hi(CO),, BClz, BrBrg and Cu powdor + BClge
Thoso experinments in which the beat rosults cre obtained ars listed in Tablo I
Exenination of the totlo vdll show thnt the offost of the eatnlyst wns vory slight
cxecopt in the enss of BBrz, in vhich caeo o roduction in yiold wms obscrvod.

Do

v

In view of tho rosults go for obtnined no furthor werk is conteomaplated in
static systems wnder scnditions cbtainsblo in gloss apparatuse L5 8oon o high
pressurc. vguiptiont boecnea awvailadle, wo plen to earry out oxporinonts at prossures ;
gcbova the critisccl prossurs of BoHae Tt hos bhoon found thet B Hy and »'51(854)3 3 oo
aro ncrs suscoptidble to dcoompositicn in th; liquid phasc then'in the waper, ond it
is hopel that BpHg vl 1l bohovo in o similnr fashion. ' ’

Ii. EXIERIENTS IK THE CIRCULATING SYSTEH

Experinents in tho elrculating systen have ylolded tho bost rosults so far,
By tix use of n dchydregenction entolyst, it has boin poasible ¢o shiain slnest
purc BgHg In o yicld of 507 but vith low conversion por pass. Tho drawbock te tho
methed is tho longth of tine roquircds Exporimerts in o singlo-poss syston,
vhich will bo discussod bolew, have shatm that oonditicns which results dn high
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riolds hove, vafortunntcly, been unsatisluetory from the point of view of the arcunt
s BB, oonvertole in othor words, high yiclds in *ho scuso used hore coconpany low
y:.m'grgi‘ o, and vieo vorste The rogults in tho eirculnting syston arc sinilors
hewover higk convorsian is obtainod by reoyoling: tho guss

Th- best rosults cbtaiisd in tho drerleting systom under onch sot c. conditions
aro listed in Tablc ITe Tho usc of entalysts nnkoes it posaible to spornte at low
remparatures oT o obtadn predusts of higher duritys. Tho bost coted yst found for
the rroduchacn o Bglp wnu & Johydrogonation catalyst (307 Crp0z on 41203) which
had boeon artificial?;: agrcd to tho polnt nt vhich it was no longor useful Yor hydio-
earbon nroparatims. It ves found lator, in the coursc of th» oxrorinonts with Lho
sin;leenaez systo 7ot plant spont catalysis aro nlse offcective for the
properation of Rpilge 4 frosii dohydrogenation eatulyst mve poor rozulis,

By thn use of n hydrogenntion satelyst (nickel on a vorcus support) it is
posriblu o prepare alnset pure BgHjje The produst obtained nelted ot «129°C, the
pelting peint recorded by Stock for this conpound, 1

Jhe eircuisaiing aysteon operated ot [reossurcs up to 500 ixme Voarictlons of
the oporating rrossure frim 120 4o 500 ane ¢id not chaupe the eomvercion nor the
yields The fuet thot vorying the prossurc in the singlespas, system from 200 s

te 2 "Anece also ¢id not ohange the corversic=yiold ratic inticates that prossurcs )
of ot lcaet 2 atmose could bo used in cho circulating syston, ' . i

IIle EXEERLFTEC I THE STHGLF-PASS SYSTEXN ‘ . ' ‘ ;

_ In the ciroulating syston, the compesitica of the gor chongis acntinucuslye

inge the wneintion in tho cemposition mipht affcet the vyc of resstic: taking
viger, cxperinonts in o singloeposs systen wore unlortshons It vz found thet the
dchydrogonnticn entalysts nmost offortive in tio sireulsting systen wore also coffcetiv
herce  The rosults obtaincd ai 120°C with wrying contect t'n-3 arc shors 1 Figure 1.
Tho eontiiot tinmo v warded by chanping cither the tlow rato or the bed dnensians.
It oo~ br. soon from the rosults thai both hish yicid and high scnvorsion

ard fnecopatiblos Indionticns from sthor oxpurimonts are that curves of sinmiier
shapo are obteincd ot higher tompor:tures., The uroiblen here is net one of rates it
is rathor thr spmelfiolty sf recetion productse. - L ontelyst that incrosses the rato
of pyrslysis will not nltor tho situntion unloss it also inoroaccs tho yield of Lsiige

.

The purity cf the matorinl obtainod in.tho singlo=paes syston vus lowor than
that in tho circuleting syatems This iz probobly duc -o tho foct that BgHyy - -
(mepe =129°C) 45 ofrriod through the =80° trap uscd to o~ndonsc R fractions in tho
oirculating syston, cnd converted to 85"-9 or hiphor hydridese In ono oxporiment
in the eirculating systom, it wmscbbsorved that tha mioria, vollocted was liqudd
at =80° afier the fifst 30 minutos, indienting o rolntivoly hiph porcontape of
85!;%1 in the product, vhoroas the matorial found ot the ond of tho six hours wms
s5011d, ' o T
4 gsorios of cxporinonts using ne tatalyats, or catalysts sush as etehed oluninum
rivots and bress turnings, wos run at vorions tomporaturos but at constent :
oontact timoe Thoso résults aro shown: in Figurs Il. Horc again ono ean soc that
high yiclds arc ccompaniod by low convorslon,s  With thesc catalysta, tho motorial
obtrinod at tanperaturos bolow 150°C- containoed o ‘lorge amount of BgH;a,
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Trosrass doport XVIII CONFIDENTIAL
Ve P"“P PATION OF BgHg FROM LITHIUM BOROKYDRIDE

In an offort to rroparc BgHg more CQirectly thun from diborans, we have berun
a study of the renction of beron halides on lithium borshydrides 4t loter femporature
this reactien yiclds diboranos it ws concoivablo that ot somovhet hizhor ones,
BgHo and B.-}«n nirht bo dircctly cbtalnods The cx')orirmrts ars ns yobt laconpleto
einco onl-- two tomperntures have boon ured. Above 150°C tho yiclds are low; ot

105°C the rosults have boon far mero promisinge Only boren bronide as the halide
hu3 28 vt boen studioed,

Caloulotions of the ylolds in thesc prolininary experinments had to be based on
the somovhet arbitrary assunption that one mole of BBra renots with throo of LiBHs e
In cne of the nost satisfuotory oxporinonmts 2427 ne molos of Bdre woro uscde On tho
assusptiin statod, this quantity of BBrg shculd havo reacted with 6681 ns nicles
of LiBH., 2 total of about 9 me nolos of borens Alter eomrlotion of the reaction
at 10o°6, 245 11y 36108 of boron ws obtainod ce Bols, on oqual maount ns Bg froction,
02 ne nclesas 84}{1 ’ Sono B gﬁ} wy obtoinod but not mensurcd sinco the total
quantity ms so mr The ,,} gnla siers hentod im o a socled tube for 16 hours
without uso of any aolvont. Gthor oxporiicnts scomod to give more fovornblc
results but the qunntitios wero tco mall for roliablo ncumrmont.

It is intended to oontinue thoso oxperimonts vh th other halides, and with thoe
uso of solvents if satisfrotory cnos can bo fuund, It 45 too onrly, hawover, to
ostinate the 1ikolihood of ‘su0coss, .
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Progresa Roport XVIII ‘ CONPIDETITLAL
i :
i TABLE I '
' STATIC EXPERIMENTS ’
' CATALYST TDE TEMP  FRESSURE  CONV. YIELD
mine  OC e & b4 '
i rorE 15 170 150 65 260 | ,
' wowe 60 170 150 85 15,
; ;

EBRg 240 120 280 1 1T

R A 4 e P

"| BClzy 4500 120 280 78 5le

| cusBCly 4500 120 280 77 21,

Ni(co), 60 170 150 85 15.
f ! NOWE 120 60 24=30 0 O i
< i atmos ‘ ; .
i i oz 2480 6 ~ 25 07 i I
b ' oo :
/ . ; NOXE 120 110 w 45 12, ; L
S | BCl; lek0 120 26 atmos 68 lee Poey
N : »;- - B —_—
é!

CONFIDRITIAL .




; pronrony bport XV COFILEN Lul,
{ FALHACED ¥4 i

j

; ! CIRCULATIVS SYSTEX . . ?
' ' (Flow rato = 602 cofain) :

! i

"A
P
L
gl
?
L?% i N
o
. i
IS :
er
.
i
T
¢ .
.
4
4
o
x
1 s
M -
: lg
it
i
o t
5 '!
. M
" »?
ot "
- ta

o P e TR R et 2 g+

CATALYST I TEYP  PRESSURE CONVe YIELD M.P. of crude
product
Hrse C mm. p:y =
1, Vapor 2. 250 126 87, 574 o
Class Holicos 3. 250 120 95, 66 -58
Glass + 1% HCL 1., 250 120 93 46,
Glass + iy 265 250 120 94. {Go
Staialess Stesi 2.2 250 103 95, - 55, 68
pohydrocyclization 1, 120 180 839 40, =54
tzeking 4, 140 150 Yy 19y
Dohydrogonation 6. 115 180 88y . 54y 47,8
sDohycrogenntion 8. 135 500 450  5O. -3
I@drogcmticm 845 195 150 80,  64. «12§

* BgHyy massod through this catalyst with no ‘offect othor than thermal
" orackinge

et st otrs & ¢
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; i
! :
5 T.3IE III
' SIWLE PASS SYSTEM | {
. v o meme  @eencan t etm = emwem - e . T vhems smmnnon b e . %
CLTALYST FLOW  TEiP. FRUSSURE  COWV.,  YIELD § ;
, RATE !
cc/min oC ‘ mhe % et H
g XONE 5.8 115 1525 247 a7, i ¢
. . ' H 5
; HYDROG . 4.0 120 1370 52 - Te ; g
: ; ] i
‘ 5}5 GL\SS FELICES 24 1T 320 10, 50e !
: ~ .
" ﬁ E]
R LONG PATH. = KOS 48 126 760 24 82, :
R 307 HICIROLE WIRE 2.4 161 760 al. 19, '
: . 303 151 , 300 33. . 270 ; 1
R | HG-VAPOR ARC (MeVe) 148 ? 300 G4, - 10, i ¢
W Fo TILTNGS 274 125 100 5. = 55 !
P ~ {induction hoat) :
4 " oIL S B3 180 18, 1“e )
g » ' "(’» '
i '
:{-
6}0&7
2
gy
‘o
0,0},
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PROGRESS REPCRT ¥O. XiX
For the Poriod February 1 - February 28, 1946

on
Contract lio,. N173s-104211)
Budero TED NAL Ho. 3401

l)Cont act o, #173 £-10421 is arn extension of contract Ebs. K173 3-5058 and s~0820

He I, Schlesinper in Collaboration with
B. Abranam, Ce Mllard, J. Farr, A. Finholt, Y. Gerstedn, R. A. Lad, and K. WWilzbach

idadiy wve

: 1
L I. Preparation of Beryllium Hydride and of Methyl Berylliun Hydride,
1)

4 Beryllium mothyl hydride wac prepared by the resction of beryllium
* methyl and dinethyl aluminum hydride according to the equation: ‘ ;
30(Clz)p + ALN(CHg)p — AL(Ciy)z + Beli(Cily) v ‘ ;
An excess of beryiliun methyl was used. Sinco the beryllium methyl hydride is non- ; ‘
L volatile, the exeoss beryllium alkyl together with the aluminum methyl wore removed ‘“”;
SRR by henting the mixture to 160°C in vacuos The beryllium methyl was proparod i
4 i according to Silman end Schultro, J. Chom. Soc., 1927, p.2663,: The dimothyl L
; alumimm hydride wos proparod from lithium aluminum hydride and wlumimmm methyl as
; dssoribed in Pregress Hoport No. XIX (p. 3). 4An analysis of tho new compound wms

A sdo by pydroiyzing it with wmater and acid for ihe Aveiladblo methane and hpdrogss
nlcla Crw Baly

1. H : : ’

Boot while the beryllium ws woighed as the oxide. Cale'd for BoCHgH: Ciiy and H, 64.0%; o
! Bo, 3{:10'3’0 Pounds cﬂs and H. 61-0} Bo, 3541, . . e
§ Beryllium mothyl hydride is a white non-volatile solid. It bogins te

decompose when heated to 170°C in vncuo. Tho moterial hydrolyzes rapidly in water
and bursts into flamcs whon it is thrown on wator in air, The matorial is net
spontaacously inflarmable in air nor doos it fume in air of ordinory hunidity.
Althouph it npriared oomplctely soluble in the aluminum methyl which wns o product
of the propsration, it did not rodissolve roadily in this solvent after it had once
beon rumoved. Solubility in othor clso appeared to o smzlle '

. Y O
o N e A & b Y g P 1

Tkt prepuration of beryllium hydride hes buoen attemptod.,  The two mothode
whieh nr¢ bolng pursucd at proesnt are indiented by the fellowing equations:

P Bo(Ciig), + Zalii(éﬁa;):g —~ 2A1(Ci{g); * Beti, ond R L
Bo(CHz)p + LiAlHg ®'Q°F Lial(Cly)pHy + BeHp§ ' i

Products hove bocn obtained which on hydrolysis gave 2800 io5 I000ce of gar
per rram.  This is considerably lowor than the theory for the hydride (4000 ce/gm)
but highor than that for tho mothyl hydride (1794 cc/ém}. .Tho nmount of gos expeecto
from the hypothetieal compound, Bo(&1H4)2, iz 2515 oc/gn. It is cvidont that tho
produclzs thus far cbisined are not homogonccus; improvemcdts in the uxporimental
proccdure have been planned in the hope thet more difinitdve results may »e

g oztnincd. _ é
i ./tf , * CONFINENTLAL i
: : v : [ — !
= - |
| | s
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irorrosr Report XIX COUFIDTL L
II. Preparation of Zinc Hydride

Z2ine hydride wms propared by roncetien betwoien zine methyl and cither
dinathyl aluminus hydride or lithiun alu“iﬂwa hydrides T& i 9 uhite, non=volile
solid, insolurle in ethir, It does nct scenm to remet with alr, and Lhe hydrolysis
is slow cxetpb in the prescnce of asid or basc. Mydrolysis yiclds G05ce of a5 per

prem of zolid,

Zinc Hydride from Dimcthyl Aluminum Hydride---Dimothy 1 alur*ﬁu" nyo*ii

L2 v

e prxasru6*53 heitiag trinuthfl slwrdnos with en oxeoss of lithium aluminun
nedrids at 707 C, ot denerided in Progress Report XI1I {p. a) Wien zine nmothyl
was oondsnscd on this compound thors wes Lomicdiste formaticn of a white salid.
Vvolatile :avnrial wus razoved from the golid by cvscuation at €0°C., {During
thiz oprrution the sine hydrade 'nﬂoti s dericencdesthe darkeniug could not be
corrclated with the proportion of the ronctonts or the conditions of recction,
Uceause of this appardnt decompesitieon cxact ylelds cmnanot be givens.

Zino Yydridc from Lithium Aluminum derido---A more satisfactory method of
proparang tine hydeide vas by action of zine mothyl on nn oxeuss of other
soluticn of *1thiu" slupminuws hydrides Tho proecipitetc, which formed 2% onec,
ver rumeved by filtration, vashed neverel times with diry ether, ond dried 4n
nm-“t'm" ‘“he product was whitc,

;v:lvris of Zinec Hydridc=~=innlysis vos accomplished bj mr,suring the
hydreprn Iibsrnt'd'by hydrolysis and determining the amount of zine in ¢he
rcouliing solution by precipiteticn with 8 hydroxy quinnline.

liydrogen Evolution . Par sont
per grom zine
o slouluted for 2wk, GGS c,c ' S?OG
Observed {two tr;axs) 664 cc 95,1

Thuse results give 2“0-9952.00 «3 the cmpiriesl formule for zinc hjuridc.

II. Preperatien of Zine Borohydiide

Zine borehydridc wme prepercd from zine hydridg ond cxeess diborone in
cthcere Upen o v*porﬂ*ion of tnc rasulting solution thers remained a white solid,
which turncd peoy Whon the 4ompercture tos raized to 509C in order to romovs ihe
lact ¢roccs or nihiure  The grey solid reacted vigersusly with water to yicld 1910ce
of gas por prim, in good apgrocment with the valuc of 1890ce pur gram caleulatcd for
Zn(B"a) « aliguots of tho hydrolysis solution worc catlyzcd for zino by precipita=
tion witn 8 hydroxyquinoline and for boren by distillation ag mothyl boratc ond
titrutiox in thn prescnee of mammitols

The follaswing rcsulta’worc obtained from twn prdparations af:thcvboro-
hydride, - ‘ i R b

S ‘ Sample I == Semple I
-ﬂ;ight Lo o 0'454 s. : 00545 G
Hydregen liberated per grwm - 11935 0. A 1908 ec. .
me 8. hydrogen Co L 38A . . 48.5
™. Oe boOren . R - 1% AR 10.8
Tie Ce zinc : 46 5.5
Observed formula o ImgerBa0afs8 - P05y .s1s.0z

Thezo rocults ehéek the fcrma‘n Zn(BH )o foirly well, but en attompt will
be made to preparc the compeund from tin ] chloriﬁo nnd‘;ithium boerohydride (in

cther) to got an 1rnoponaont Onnlysia. ) LT e S :
“ CONFIDERTIAL
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Fropruss Revort XIX COVFIDEITLL

IV, feentions of vilicor Compounds vi th Lorohydridus

In Progress Report VII, ppe 45, the reactions of ethyl silicate snd of
c¢ilicon tvtr"cqloridc with aluminum borohydride warc deoscribedes  Tuo rosults
indientud *hnt silicon borohydrides doos net cxist. Sinec thoe exporimontal basis
this conclurion wne meager and additionnl zilicon compounds hevwe beoomn convender
available, 2dditional experiments have besn earricd outs  Since they led 4o the
same conclusion a5 the former ones, the rosultr are briefiy rrpo"scd z3 follows to
comrlote the records

for
Sty

(=) Dicthrl silicon chloride rencts slowly ot 80° inm the prosenes of diozsne
to £ive diborane and o mixturc probably consisting ehiofly of dicthyl silicon
hadride.  With slumiraen borohydride st 259°C the y:tzszmz rcacts quantitntivcly
to yicld £%,81H,, B2ly ond AlCL,.

(b) Silico chleroform und dichlorosilane renct with nluminum borohydride ot
25°C to yi.ld silanc and diboranc. '

{e) uthyl Silioon Hydride docsz not renct with dlborans snd only slightly with
ciwsiines borohydrides Productr net identificd.

(4) SLonnnc. (s 193)70, at 607C rescted with dibverane producLQ'«iluu and a |
whit: solid too saull in amount for idnqtification. Viith aluminus borohydride
siloxwne producﬂd diboranc, silunc and -, sudlimeble white componnd, spontanc=
ously inflammable in slre Althourh it iz not likely that thx¢ cubstance will

be uucf'u]_ Te moy n‘*\\t‘:" 3t Duvkiher 10 &ima we

v i 4
R PETHATS .

Preporation of Larzor Quantitics uf Picthrl Silanc and of Dinmcthyl Stannanc.

- Since thu new methods (8ec Progress Reports XII, p. 2, XIII, pe %, XV PR3-

and XVI pps 3=5) of preparing thesc compounds were dovoloped on o very small
gonle, two preparations with somewhat larger quantitics were carricd out to
malic certein that no unuxpeoted difficultics would arise.

Of the diothyl silanc 500¢e wae preparcd from dicthyl silicon chloride
end lithium hydride without clteration of the proccdurcs proviously deseribed.
The 7ic1ds Wers approxhuatclv 70% of thc purificd compound. We now have about

In the preparction of dimcthyl stannane in iurger quantitics difficnlt y
cnoountercd in -mnwlnn thz ddnaznne urnad ng n solvent for the renotants
dincthyl tin chleride znd lithium aluninum hydride. A% ordincry prossurcs

taoval of the solvent roquired 2 tomporature of 140°C vhich resulted in econ -
,iuorablc deeomposition of the product, ot reduced presgsure (anprox. 20mm.)
and o temperature of 90-100°0C most of the solwont could be removed ond & 74%
vicld vas obteined (66gs of dimothyl stamnone from 130r. of dimcthyl tin
ehloride rnd 24, of lithium a’uminum hydride),

oo

e Tla . LARSHHIEO R 94

R

MRV
i

-

Thoen low tempoerature traps aro us.d in the distillation process, the usc
of dlozman: is disadvantagoous since it solidifies at 12°%C. For this reason
1ithium cluminwa- hydride wes properced in nebutyl other solutions Lithium hydrid

- vl

(10g) and 2g. of previously propared lithiuwm aluminum hydride were added to the




Prosrens epert XIX © COMFIDRTTLLL

S0LVeY wew wituadiwn cnioriac vins i gradunily introduceds The mixturc was
ecoled pericdieslly by dmmersing the renction vesscl in a wutir bath, a
precaution scldom necded when cthyl eothor s used boctuse tho low bolling
point of the latter almost cutonetieally provents undur timperaturo rise.
aft r all thr cluninum chloride had been ndded the soluticon wms allowsd to
. stond for noae hourse Thenm 655 of dincthyl tin oblorido was addsd in the -
usun 1 waye. The reaction product wus dictilled Lt 1&us. and roon temporaturs;
ths matorial colleetud et ~R0OC mme prastieslly frec frow the sthur after

dintill.,loﬂ threugh 0 columng26r, (6377 yield) of the purc subsianecs wms

. obtrninels ndoub‘ bly botter yiclds could be sccured by further study of the
. ritetion conditions.
&,
i e hows ey presort en hands

0z 464z, of dicthyl silanc

o 6. 0of dimothyl stannanc

: ~ 5oe o dipropyl silanc.

Ve Prepurniion of Bsilg

; Wo heve been preparing BgHg In sasll quantitics in oant cip“tion of & demm
¢ b of 3 aarple for Dr..Stcgeman. about 4g. of thc purc material are on hmd.

noteworthy progress has bcuﬁ‘w«dﬂ in improvcuent of the preparative

i 3 . ‘
1i Po. wiihiode gx a*d;‘ional catalysts-~boron phozghats snd a dehydrogonaticn~-solyuadie
i gation erialyst, furnished by Universal Oil Products Co. have boon tosted.  Thoey,

Ser e A

proved less cffcctive then catalysts provicusly usod, . Apperctus for the high
proacure tests is bedng made in our shop. ~ ‘ : ’

V1. %iort Propesed for the Immcdisto Futurc,

~3
.

i ; Ls o result of the confercnce ot the Hawml Recearch Laboratery on March
12, we arc armnindng in oore detail the procedure for proparing &luminum borchydride
from lithius alwninunm hydride (Fregross Report ¥oo XIII, p. 1) ond aro making
additionel studice on tae gtabllizntion of the former.  Likowloe wo arc mmking

' obscrvitions <n the relotive rate of detcrioretion of lithiwa borchydride and of

. o lithiun aluaiius h"urido by air of ordinary moisturc contont both in the casc of

: the dry salts andt of thedr cther solutions. .

R ces (27 Cels J. it. Sans, Army Liaix:n Officcr, Nnvv Dopt.
(10) Novel P(auwrch Lnbaratory
{2) Chief,Burcau of icrennuties
Co !‘.'Jo 15 3¢ Abraham
16 €. He Diliard
7 J. Farr
18 Re ae lad
19 K. Wilzboeh
20 M. Gorstein
2) University of Chleage Files
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FROCRESS PEPORT N0. XX
For the period Mareh 1 - ifarch 31, 1946‘

e Y2 4 o 4otk e A iy ©

on 1)
Contract Yo, M1735-1040)
Bihero TED IRL Ho. 3401

l)Contract Noe 1#173£-10421 is an extonsipn of contract Hos. K178 5-0058 and 58820

He I. Scnlesinger in Collaboration with ,
Be abrohan, Co Dilierd, Js Farr, A Fluholt, M. Cerstoln, E. &+ Lad, end . lidlzdueh

I, Prepurction of sluminum borohydride

e is & result of the conference 5t the Newel Resoorch laboratory on inreh 12,

& cdditional studics huve boen made on the prepurotion of cluminum borohydride f{rom
1ithium cluminus hydride and diboreno (P.R. Ho. XI1I, pe.l)s Tho rosults of the
«xperimmts which havo been performed are listed in Teble I. fGhoso oxpuriments were
intended to detormine in 't fow high spot teete, the wort imporiant factors in on
cfficient use of this proparation. Two runs (¥ose 1 & 2, Tablo I) were made in @
circultting’system; six others werc made in 8 singlo pohss system. The yield of

*  sluminunm borohydride vos found by isolating the compound in the wnouum lino by tie
usuzl {roctionation proceduro, _ - ‘

2

-,

-
attinnt A st ot T A

x

e o g et 4 Y

?‘ . - Run Yo. 4 illustrotes most cledrly the offoct of tomperiturd on the tiee
‘ yicld. Inerdfsing the tomporsturce from 75 4o ?09c,ju&th,oth0r~conditinnn buing
idontieal, inerctsed the yleld obtrined in 22 minutes from 2.9 to 19.7%, & furthor
‘inerczse in tomporature vme precluded simes liziium Sluminem hydride boning to

dcoonpose around 100°C, Even ot 20 ond 959C in this renction the cvolution of some

N

LA R VY

non-condunsiblo w.s wvident. Therc wis also & change in appearanes of th: rosiduc
which boeame enked and groy at 90°C vhile at 709C it stnyed whitc and powmdercd. Ghe
lithiua sluminum hydride uscd in 21l the runs hod been ground in = dry box. addition
of powdired glass vms ineffcetuzl in proventing cnling ot 90°C. Only in Run No. 3

in =hieh the mixturc vos agitated with o magnotic stirrer vos enking clinminated,

due et of pressure ts shovm in Runs 10, 7 cnd 8. With othorsd sc
identienl eonditlons, inorecsing the pressurc from one atmosphere to twe stmospherces
inercoscd the yicld by 1) percent, This appeoers o show thot Lhe resctien iz fester
&t the hizher progsurc zlithough the rate should alse bu chocked ot hipher wud lowcr
pressuris thoan those used in RBuns 7 & 8. Thile not conclud ve, the exporimonts
indiente tict n sumi-vorks study of the resction should inelude nr swaluation of the
proveurc effect, e S

S

t
3 § As nmight hove boon cxpocted, £he usc of & larpe oxcess of diboranc did
i ctd up the reactions  In Bun Hos 4, in0 19 minutc poriod at 90°C whire the flow
i tc s 6870 co/hre, & 42,2% yiold wwr obtained. . In Run Ho. 3, on the cther hand,
i flow rato ws only 2328 eofhusyond; 4n 20 minutes ot 90°C the yicld wee only
146550 Thus the'lewmsr flow rotost or-conditiens boing the sows, cut tho
¥iclé olmost in half, ‘ Lo ‘
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i

TABLE I

Run Amount oI‘ R'zto of t'lov. . Temp Time - Pressure  Yield of Al(EHy)s
i no. - LiALHg of BoHg - . :
- : ’ (colstelpor , |
: o O 1 ) BT SV
1. | 0.747g. 30,000 . 70% 5 hrg. 250-300 tm. 380 ec 86 .37 f
; (Circulating ' . . i
. . , sustem) ; _ 2
; 2. © 0.955c. ' 30,000 T 3 1/4hr[400-:soo mn; 505 cc 89,57 !
K : : (Circulating . .90% ;3 3/a ‘ ‘ ; , .'
I R - system) ; ‘
40 3. 0 2670, 2,328 . 90% ;20 min, 2 atm, 47 cc 21.65.
- : . #3z. povidored (single pass R : o '
i ; _ glass .7 system) . S o
. . (stirred) R N :
. a2t e mien oo B P
# ' 4, O'~‘1‘1E0 » ,870 TSOC ) 12 mm. 2 01"’10 ! 9,3 [ 2e ,:
p : . - {S.pes.) 0 900C 112 min. 2 otm. 63, ec 197
; . i . 90% 0 Tmin. 2aotmo. | 72, co 2R.E
i ' : ' i 14443 cc 45.15
s L. S. . 0.300C. ' 5,500 BRSO j 35 in. 2 eta. | 904 co. | B)Y
; ) {sepese) 95%% 25 nin. Z stm. 7 37, cc 217
o SRR \127. cc - T2R
_ o Ge* 044795, 3,300 9% ;37 mine . 1atme - 10.9ce 3.9
) § ) 435, wo*dcred (8.pss.) S s . ~
: v; : f'lasa ‘
PO ' Te  0.8lige 2,020 . 95% o 'Xinc 1 atme o 147 s 40K
3 +3g. pm'vdcrcd \a.p.s.) v 1 ' -
FR { ' glass : . R B
o ! ;"-»‘-.~—-:~ cmy e r et e AT T e e e e "ff' - ..‘..‘. s et lh S e i T VBT 0 SY S o ey an) e
: i 8. ;. 0570z, . 2,750 9% |87 mini 2 Gtme 172 co 51
PRV ; ;05;. poviercd (s.p.s.) : L ‘
B DV ‘ " gplass : . ‘ ! R
L e i i R G S P UL U S
T xh(! Boig uned in this experinont was found to be very poor *n qmlity, cont"ining .
hifh porcentago of ethune. s - '
. The oxpcrimnts do ahow thnt tho proaaas provably csn be devoloped into
. fersible industricl’ prepnrﬂtioa of ulminum ‘borohydrides They tlso show thot :
‘wnpo-a ture, pressure, and concentration of dibarene (or rats of [low) are important -
foctors in obtnining an efficient: proocsa Tha cholos botweon this method of {
mki.nr; ammnum”?;aroh,'drmo and the 1it borohydr.de-aluminum chleride roaction i
‘ nd may ruq\uro scxirvorks oxpara.nc:-.‘.s. :
: . ;
i e
| ]
!
) i’ i
i .f
i :
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II. Statility ol alide

It has been found {hat samples of alide which were aged by long ctanding or
by hesting at 40°C fer scveral daye wcre more sicble whon subscquently stored ot
room temporatures.  (PJR. XVII, 4-5, olso Fig. 3). It seomed probable thot some for:
of the naterial dosignatod os "polwar“ wes the inhibiting sgent.  Soversl further
cxperdments have now boen performod to support this hypothesis. In one instance (1)
& solid form of this "polymer" wvas isol: uUd, cnd vhen added to unstobilized nlide.
i1t inhibited docomposition. In o sceond cxperimont,(2) on alido colvtion contmining
Wpolymert wns pourcd into & fresh glass surfoce with little subsequent decomposition
Suth owporinents indiesto . th-¢ the stebilizing offoct is & proporty of the “pelymer

IS b
solution md is not duc to & chcnpe in the glass surfoee of the vessel in the proeos:
of forming thc "polymor™.,
1, A sompic of $polymer® wms proparcd bj heating aluminunm ooronydrldc for
goversl doyz at 80%C. “he soluble "polymer® wmc sepersted from insolubls
matericl by filtoring through o sintercd diske As much aluminum berohydride
ag nossivle s removed from the Ypolyndr® by distillation in voeue ot room
gemperaturcs  an atmosphere of nitregen s ndmitted to the white solid and it
sme found to weigh 0.0800 gras. To this solid wns added 04800 prow of
unstndilized alide, in which tho solid dissolvod complotoly. The mixture s
sceled off in o tube of spproxinntoly 15ce volumes  After standing ot rooh
teiperature for 11 months,the tubcs were openod, nndthe acewsulated hydropen
‘g nensurcd in the Tooplor pump systenms  Yhe sample to which the "polymer®
vas added showed no visidle evidenco of -docomposition and yielded 2.1 ce of
hydrogen, or 4+2 cc-of nyarobon por gran alide. . The aocond snmplu containcd

- o metallis procipitete. It ylolded 858 oo ‘“,‘ﬂ’vogon, ) uS.l ce ﬁjérfrc:’
por gran slido. : »

{wo ‘idontiecl samples of 0,56 grams of 'ﬁido wore heated a¥ 40 for four
doys in tho mnner described 1n P.R. XVII, 6. Onc semple tube {Sample 1) was
thon attoched to o zxn omoter syston and oponcd: The hydropen wns romoved 3s
deseribed in PuRe XVII, 6. The other tube (Sample 2) was attached to & now
storege tube in such o mmnmor that tho alide could be pourcd in vocuos Tho
¥rhe wms rinscd by distilling in a little alide and thoen 2llowed to
al The cricinﬁl_tubc w3 detachcd by scaling off ot o
constricted point, and the ncw tube wis attached to tho manonoter zysten,
The subscguent inercasc in hydrogen prussurc ia showm in Fig. 1, whorc the
cireles represont sample 1 and the X's represent ‘sample 2, The incresse in
precssurce for & conparable. sanmp lc of unstabilinod tlido is givan by curve 3.

(Sco P.R. X, 3)

2.

criginn
» drain for ono half hour,

111. Preparation of B.Hg

High prossurc ueuipient his now beon assembled to study the docompesition
of diborang at prezsurcs un to 1000 nﬁ mdu oir 8q. inch, Tho atudies will be dir-
coted tovmrds the preparation oo .qhg » it mey forn rapidly under stringent
conditions. The first experinots il 17bz; 2un in stainloss stool bonbs witheut
eninlysis and at room tonpersturs,.. ;s undor. vnrying conditions have boon

A2 Vu
planned,
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Scveral other scrics of expordiunts are now in propross to ssceriain the
nature of the thermml deconpositien of diborancs %hese includey

i, Studics of the ratesof formmtion of Bglg, BeHyp, ond hipgher hydrides
at warious temporntures md pressurosof didborance.

2+ Studios of the thormel docomposition of BgiHg at various tempors turcs.,
3. Proparntion of BgHjp in approeiable quentitics by o Wurtz roaction

betreon sodiun :\::nlgu and BpHeBr, ond subsoquont studicg of the therml
deeonposition of BgHjge

IV. Detorioration of Lithiunm aluminun Hydrido und Lithiun Boreﬁydrido in ¥oist alr.

Tho roates of deeonmposition of solid lithium cluminum hydride and 1ithiun
borehydride in eir of 807 humidity at 26°%, vero comparcd.  Samplos of 4£he' povdered

-

sul‘cs swzre placed on wateh pglasses, and, at intorvals, pertions were woighed out

nedrolyzed with wmter, Tho rcesults bclcw indients that tho detorioration of sold

lithiun beronydride is mch more rapid than that of solid lithiun aluminum hydride.

, Liilt, = - LBy,
tine cc Hp/gs Percent o ln. cs Hg/h. ~ Pereent
» Theorotical ' Theorctical
g - 2178 S92 G 3800 95 -
15 2070 . 88 o0 1348 - 33
120 1915 .81 : ' '
1080 756 32

On the othor hana, lithiua aluminun hydride scomod to hydrolyszo morc
rapidly than lithiun borohydride in othor containing sbout 4ge. solid per: 100g.
solution. There was notiecoblo cvolution of hydrogen from the solution of lithium
“luminum hydride, 2n? a precipitato farmed vwAthin' 16 minutes, The solution of
Yithiun borohydride wms still clear sftor an hour had clapsed.

The difforenecc inthe roates-of dotoricration of solids ami solutions may
be ascribed to formtion of - protective coating on solid 11thium aluniaun hydride,

Ve Projeration of Substituted Silanoe

Tie proparations of alkyl substituted silancs by reaction betweon the
chlorides and .ithwr lithiun hydrido or lithium aluminum hydrido wro continued,
e mow have availabvlos ‘-‘ v

m 14

Compound - 5Qf
Zthyl silanc 16 807,
3Acthy) silang 484 755
repyl silene - 33 L 708,
Dipropyl silane - 805
Dutyl silane - 73%

Phenyl silane

SR L feneza b 2
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investicgatcd further,

fI.

Proparction of Lead Hwdrides

Iuécuelusivé results were ob
2ethyl hylrido frem the chlcride cnd lithiun aluriﬁu hy_ridc.
centinucd. .
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~I. uhc Properation of Aluminun Borehydride,

The most sat 1afnctor} mothods for the yroparutiow of aluminun borohvdride
thus far dovoloped are (o) the action of alknli metal borohydrides on aluminua
chloride, and (b) the resetion of lithium aluminum hydride on diborane. 4s slready
reportod the former method involves gsome hnrard in mizing the renctants and ia
disposing of the residuesy the scemd is slower than desirable under conditions
hitherto usode. 7o overcome these difficulties wo are reinvestipating the poscibilit;
of carrying these reactions out in sultabvle solventse Eorlier attompts in this
diroction hed involved tho uso of hydroctrbons whieh resulted in no improvement, and
of dibutyl avrﬂn in vhich no renction Yook placo until the temperaturc.vwes raised
to 130°C, wder wileh condltions . complex product containing butanc and didorane
was ovinined, '

Diecthyl cther offors & numbor of thooretienl advantagos. Both lithium
borohyiride enl lithium aluminum hydride arn preparcd in tthor seoluticn ard soald
s be uged without previous remuval of the solvent if the reaction with aluminum .
chlorido which is clso soluble in other wero sarricd cut in tho somo solvent.
1n cur previous exporimunts wo novershcloss avoidod the use of diothyl ather boesnse
s did not then know of any mothod of regoncrating the aluminum borohvdrida from ite

cxtremcly stable odhorutee Rocently v have found that the borohydride may be
disphccd from the otherato by cddition of on oxecess of aluminum chlondcx

a-laa4)3 « Bty0 + 4lCly ~ Al(2Hy)3 + AICl; « Et,0 (1)

This precudurs, if it could be epplied to the prepuration of the borohydride, is
perticularly atiractive in the ctage of the lithium & uminum hydride reacticn beenusc
the othourato of oluminun chloride is ono of the storting m‘tcria"s for the lithium
compound. The displaccment of «luminum borohydride by aluminum chloride hoe given
yiclds 25 high cs 80857 and furthor improvemcnt scems likely.

A study hes boen storted of the dircet eonversise f lithium eluminum
hydride %o nlwainum borohydride nccording to the ronetion:

3 Lialug + 3BCL OWRRF A1(3E,)g + SLICL ¢ 2AlCly (2
3 43 3

Prcliminary rosults indiente thet in the prosoncc of &n oxcess of LiAlM o boron
chloridec rezets to form & non=volatilc product (prnaumb)y Al{Bs .4) . mzo\
vhich gives off diboranc on further treatmont twith boron cﬁlormc. Thus for,
hovever, only poor yiclds of nluminun borohydridc have been obtained on zddition
of «lunminum chloridn.. “

COm. FITERTL.L
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We have ghowm tint renction (3) precccds quantitatively., R

Y v v o L

Proqroen depory XXI

In order to delermine tho renson Cer the uncotisfoctory rocults,
probable intermedinte sieps arc being studied. Those sre the felloving:
B SHIST 2 Bgx. + 3LiC1 4 ZalCl
31;«&121 + 43613 - . d;ls o daan vail 3
I

LiAdi, + 284 OWT Limi + A1(3%)3
3LiBM, + AlCly CEACT qifmu, ), esLic)

netian fa) prve
of 85 4o 8% in the nbzence of cthor (Pe Re XX, ps 1-2) ant the absorptic. o
dibornne in the presciiee of cther i ulc»tr»' o quntitative ronetien., Unfore
¢iffieultics nre oncountored thon cenetd (5,, which mrocceds satis f‘\.cw.
in e dry stoto, ig carricd out in c*hc,r. Yiclds of the Sorohydride up t

il" in : _
o) 7-1‘4 :

have beou ob‘ai:cd but the resction iz slew and requires o considerable oxecss of : 2
aluninw: chloride to Idborate tin borohydride nccording to (1), ‘ )
: i
o study of the oxperdimentinl conditions for obtaining pocd yinlds by thosc : )
reccticns is boinp continucd. ! L
i §
11. Preporaiion of 3gig S
;L E
Scveral experiments have been run in high pressure cquipnmmt dn an offort oo
te prepore Beig from diborune ot prossures in the ncighborhood of 750 lbse mr f‘ -;-’
5q, inche Thu first oxperimts wore run ot room tempeorature without 13:: sddition ? .
of catalystse The only product obtained in porieds up to 120 hours hns boen -
ByHjp o the yivlds of this were only & mximum of 24 pﬁrcc..t. Theao experinents :
were carricd out with diborance co..t‘.ni*z. ted with asom. 555 of cthnne, an dnpurity i
vhieh lowers the prosswro ot which diborane liquidics. additional pruri:: W with :
purcr diverane ond under vorious econditicns of tempersturc ond presswre, 535 well )
28 sere dnvolving the usc of ectalysig,are plannod,
The study cf the decermpesiiion of B, o is underwmy but not onocugh deta
for o dofinitive report have cg yot bron co'xpfu..cd. :
III. Reaction of Lithiunm Aluminu: Hydrido with Lomonis end with inines. :
In cur seoreh for sclvents, cthor then hydroes rbons end others, for
lithiun :.lur.iw- hydride vie tustc,. awaonis mid amines which dissolve certain bore=
hydrides vl -howt doecompositione In oontrast thorcto those solvents liberateo hydrogen
from the alwdnun eonpounds  With primary and sccondary aninos 4 moles of hydregoen
are libernted por ole of lithiun aluninum hydride .,.cting on 4 molos of the nninc,
The ruactio::s wy probably be repreaontoed by the cquetions
¥ o0 -
D

Liali, + 4LeyNH » Lnl(m102)4 + f?!;

LialR, + 4 MopClUH, = LAl (iCitio, )’,, +amp

wonia reaets differently, in that 3 nolcs of aydrogen nre cvolved
only sbout 243 nolos of ’*IH (avornge of throo oxperimonts) were retsined in the
as

formtlicn of o product.’ is nosuiblc thet h;»rcac‘“ion =y be expluined
indiczted belowg R e )

2 LiklHg + 51:3‘3’_‘

ené
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Ive Proparoticn of 4llrl dluninun Borohydridos

Compounds contadning allyl proups in addition Lo borohydaride proups,
5 well s alkyl netal hydrides may prove to have cCesirablo properties. Thoir study
is inciudcd in the plens for the - futuro developricnt of the projocte In comncction
ith this o

with this cepect of the werk wo have rrepared di..c-t‘“'l aludnus borohydride (¢ 3)2_;1-
anu the menoncthyl Gerivetive frontho cczrrcspondi,.g methyl alwadnun uxlcncw and
Mthiw: Yorehydridce,

Dimcthyl aluidnun berohirdride, (CiHg)oalBi,, cnd menonethyl aluwminun bero-
aydrile,t 3,.‘.1“3‘:, JJiave boon prepared fron the corresponding methyl olunminun
ehloridun anl 1*+n¥w: bcrchvarim,.

(City)oalCl ¢ LiBH, =~ (CH3)palBH, + Licl

Cif321C1y + 2LiBH; — CHzR1(Biy )y + 27d0]

grpr et s ek Mbeptay i Jeren e by gaps wdes fepred b kst io

the sonwethyl eompound e proparcd foirly pure but ¢ wne not pessible
sopnrnte e "31«101.{ tho ui'.m.m'l aluainun bcrom'dri(.o fron seme velotile fopuritics

curt i. 1'( ehloride, - Thu eonpeunds were
cnnlyzes? for aludne, boron and th: coubinud 'nth‘,l i hydrogen groups proscnt,

I!olcculf.r weiphts vere olso deternined,

Cizg. 1 (Bl )o . (Ci3)3AlnYy
Obgorvesd Calz. : ‘ fbgerved Calc,
7244 71.6 Tiie2 71.8
Eperienl
Foriula (Cuz + H)B.-,Lll.oBl.g . (Ciy ¢ 22)5.3.-111'030'91

.'. study ¢f the physienl md chendenl prepertics has been deferred for the
u-c of & lack of the ncnc.s“ry personnol te continue the works

that e have lost two experdonecd mon (Ied and Sbrohon) vho hove
ositions clz:c'vhc"o, Gcrstciu hag left for Unshington to obtain
i dovy, and it is as yot uncertein how leng ho will rerxin

he returns to Chicages. The cdditional persons vho v4ll probdably
3 v oun w ronetd projeet will net bo available +i11 July 1, 1946,

res8 of he wrik on uhc prosent contraet will, on that ccecownt, bo retarded,

copies (:.) Col. Js He 825, irmy Lisison Officcr, Navy Dept.
{i0) YNaval Researeh Lobaratory
{2} cChiel', Burozu of acronautics

opy 15 €. Re Dillard
¥ Je Farr
17 £, Hlzdbach
18 4. Finholt
12 Y. Gorstein

20 Univors‘ity of c}ﬂ engo Filen
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amt we lost tho serviess of Jossrs. Abrchanand Lad, and
to Bu avmy to stiend to his dischurpe from thoe ilnvy, proyross
as hitherto, The new personnel Yo repluce these men will not
- * K .

g

I. ihe Proparation of Alumimes Zerohydride,

During the pordod covercd =y this report, vworik has continuod on the

preparation of alz.. imum borohydride in the solvent, dicthyl ether, In Progress
Report lo. XK ;‘z'r liminary: results were dhscusscd i‘or the intcraction of lithiun
2lunmimen hréride and boron chlioride: :

3 Liili, + 3 5Cly SWAT Al(2H, ), + SLICL + 2A01, (1)

Further worls on this reaction hac confirmed our hypotinusis (sce PiRs lo.X'") thot
the difficulty in o‘otummq aluminun boro\"-dridc 1ics in the inteormedicte steps

3Li33, + AlCl, O‘fllcf AL(DH,);  + 3Licl (2)

At present we arc attompting cither to olimincte this step complotely or to find
3 method of driving the recction more rapidiy to the complction,

Tucre 1s considerable cxperimental cvidenee to indiente thot ronction (2)
docs not proceud ripldly or ecompletuly in zn cthor solution, when fairly dilute
solutions {& ur 100 ge othur) of the rongents were mixod, only & =mall smount
of lithiun eilorlde “rccipit':...od ingtend ef the amount indicated by cquation (2).
In o morc couceniratad solution a proeipitate did form, but aluﬂimm vorohydrido
vas not rapidly relessed from tho rosultont mixturs on the addition of aluninum
chloride (sce Pule lioe 2011). wiith & largo oxecss of cluminum ehloride and over o
period of several doys, 755 of the aluadnum borohydridc could be rotoyareds  In
mothor oxperinent, aftor oxooss aluminum chloride had boon in eontast with the

reaction produst for § ts 4 hours, only 27¢) of the nluminum borchydride wms liboroted.

frontment of this same product with boron chlorido rosulted in the recovery of
$55: of the boron as diboranc thus nhov'ln.., tho prcsoncc of BH.} groups in tho nixture.

The c:’porimc'v.‘.:s mieh have bocn. c'ltod uhovr th:rb _oquation (2) may rcnrcscnt
o reverulble rosetion in other vhich onl'l‘v\vith‘difriculty iz drivon completely to
tho right. Further confirmation was found in the resetich-of climinum borohydride
and anhydrous lithium chloridc’ in other solution 'to ‘glvo a product from which the
alumirum borohydrido could’ ot Yo recoverod on: dition of “aluminum chloriuc.
A more complotc study of tho ‘roversibil, it,,' of ‘the: rnaotion‘is plnnnodo -

et b an
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) A oomthesic of alumimun borohydride has buen tried in which renetien (2)
iz not an dnteruediote stcpe Aluminmuem hidride wns used as o starting rosgent
instecd of livniuw alumime: aydride end L he cauation for the redetion ie as follovusy

- s BERCE ww s s .
4alig + Bicly TREYT Al(Ei )y + Balcly (3)

The clwaimes borehxydéride wme libernfed irom the ctherate with uluninun chloridc.
an overell »iclé of €75 has beea obtuined in the first cxncrmcn the yicld should
b' roicod meh hifher ..I‘e.. larger runc oro mde In which hmnling losccs arc mindmize
ad i cdudeh cdwminum chloride frec from hydrogen ehloride is uscde I tho cxparinom
pcrforr;cd, at lezst 16% of tho =iscing alunimum borohydride was cocoun 1ited for .2
dibormiic wiicubtidly formed b actisn of hydeopon chloride,

=8 hws boon decerdibrd in enrlior reperts (PJoRe XIII, pe 1) aluminum
RaCrive e e ;‘:‘:: pared in cthor solution by the recction of lithium alunminum
hydrige and clumimm chloride:

3 LiLlN, + L1CY — 3aldH, + 3ricl
‘r 5 3 )
IL mny also be more dircetls proparsd from lithium hydeides

S Liy o+ &.1C13 [d .11;53 + 3Licl

If ¢ 2 Lo 157 excees of aluninun chleride is used, the lithiws hedride roscts :
complctel;s 1o pive aluminuwn hydride, The reastion mist be cirriod cut in o &ovory
diluto sol ution however {2 go of Ali; per 100 go cthor) or the cthcrate of

slumime hydride (2.;1. «£%450) preciplicte b ohho Licle In sencontrations us
dilute 22 8 . of Al-vz per 100 groms of ~:»‘L‘.~.cr, thls oceurs very rapidlys. The
ccssity for usin dilut_c solution is drzabgel to The usce of aluminum hydride
a ren : . ,

b
T
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Tricthyl "dnc s 2lzo cor ‘ci&crcd 28 a solvent in ploce of diothyl cthore {
nly 507 of the aluninum borohydride presoent in an amine solution could Lo rocoversd ]
by roplaccnunt with ..lumi“ rm ehloride, end the usce of thiz solvent docs not appear
feceibles 4 side renction teok place giving o grey mota allic precipitote and
ceecompanicd by the ovolution of h;cdrcgo-a.

The rocetion of sodiws borshydrids a::d &luminum c‘wlor*dc in ether pave
1o detoectable amount of alundnun borohiydride. -

11, Preparation of Br:us

W - w——-

wlthough somec progross has boen medo in tho preparation of Belg from
diborane, snd its manufacture 4 ¢ syatom in vhiech diborcio is ropidly cireulatcd
threagh o heited zono scoms fo:xsiblv, the results sro ndt yot saticfactory.xa desire
ables It is our opinien that ultimnte progross will bo aecclerated by an investigoti
of tho poscible course of the rescticns The initicl ..tcps of this nrogran are
outlinad below. Rtnay bo mentioned ‘2-.::» 1 -edemifisnnt Suegrveilon hac boun mrdet
Purc 3gHg undergoes vory 1ittlo’ ox' no deoomposition in 24 * hours at 1009, and the
presenco of h}'dr030:1‘Ms 1ittle or no effect. But tho Ba}:g undergocs ﬁ.irn' rapid
decoupoaition in.-the presoncc of diboraxd.: It is as yo t uncortain, howover, vhethor

|
4
H
4
3
4
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set i duc to diberaue itsel? X or whotheor it L2 Juce to somo interamcdicnie
by therixl deconmpositien of ciuo:f:'::u. For thie reasen 0 shill attenpt

mdne tho "hcw of such intertodintisn, cog., dalf

of TgHge L addition she follevd g studics ¢

I‘d ‘}r"ll on tho doooiv

NGl

To gtudy the rate of decospesition of Atborane cnd the roges of fermatic
Zairp BeHy nnd highor hydrides ot 100°C, (At thiz temperaturc the deenne
0nifi3n prosceded ot o gonveniutt rate and Lhe products are relstivsly stadle).

Yo study the rotes of decoupesition of ¥y, 3Jglg, cte. ot 100°,
0 2

i-- the offects of tanmperature, prossure aand entolysis on the deeaon=

1

clininary results for (1) zad {2) are givon in this repert,

et

Sthzne and cther=Sfroc didornne wmo prepared from boren brom
1ithiws berehydrides  (vipor prosoury = 22§ :.*m nt «1129) Thc 3529 s parificd
c jonrs ot 10{)9’__‘, {Vaper press

-
%

from Dgifsy Ly honting it Tor soveral how re
acléing phe ® =47°C,) an attoapt to proparc ,} L‘ro.. BpHgir and sodi:m cnlgan
gove pocer rooults and o study of thu decanposiii " of 3410 thcmf ore hns unot boen
deen qude .

. started.

.

. L4

Firure 1 shous the results of huntlup didorang st 10090 for \':.rio"* longih

of tirc, In ‘!.‘u 50 Cuper :u‘"‘-'xt » 100cz,. of B Z- (8.9% millinoler of boron) swro
< off in 250ce flanks, ‘}“:\tﬂ(z at 1002 £97 troz Proctionnted throuph =050, w359
and =140% and liculd 'zitrvz,c... The Troections wers identificd by thedr vipor pressurs
n the fipere, the povemntaps dlstridutdion of total boron ameng the virdsus fractions
: wid nen ml:ti o materisl (Byghygs Otes) is plotted cgainst the ting of :‘a:at e

Tac enrly portien of the B 3 ZG curve approximntes o first ard'cr'rc" cticn
Sut later covintes eon 1piderablys This levoling off 4o poscidly duc to !‘o:'::.‘.tio;:
of ¢iboraze fron subscquont dccc:‘.po.,itimz of tnc ‘nir"hf:r ‘wérlues.,

Yo imaxamet An the eurve rap zoenting $otal Bg, i.c., Bs'ig + Bgiiyy ot
:ro\;xd theoe hours nay bo duc to the progsies of B giiyy viich decanposes on louger
Reoting 1o sive pure B.RH Zxperinents doscridbod bclo:': showr that B 5.59 reacis

':i.u: the waeiinuged o;bcrﬂﬁc hohee low ;iolds arc oovtoined.

The foot that the aurves for BE" 3 giig ~ud high’cr nydrides level off
with longer heoting tines, indiex tes thot sonw ..ox'L of cquilibrium fast be cztablishe
i betocn thicse subst .._.ccc, . ) k

lifmoles s Dboron) wos gquaniitetivoly

aad e .':.*.c"p.;ox'c or hydrogcu gcs <8 5150 wiehan ol aftcr 12 heurs ot 100°C,

di.‘oor::::c (c"ti nted to
ada :

congn i

1z hou"' ES - l

ke N S B3y Noman e
4 .

et 5:1*:;110 of purc Bgip (8494 tiaoles B )

o
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I " (] ..
Hovever whon mixturos of 20 ecce DgHy and 50 cc. splie wicye hedted ot 1007, approciab
docomposiition of Dglg ocewrred, The recrlis of tvo such oxperiments are rlven dn

—tho $ollpwing. £abBlle . cwginr s omiimn o ay Lo e R
. 1 - :
Samplo desting time Millinelos 2 3 jiiilimoles B Totzl millimoles .
¢ - H +
' I as 32'{!6 ;  @s 135:?9 ! 3 :
; 1 12 hours 4.2 4 I 9e3° i
; 2 24 M i 4,9 i 4.9 98 .
J . ! ]
Lo, H el . : .- . e
. . L | .o . . -
* Sample | Henoles B i Memoles 3 | fielioles B Total jleioles
i o roco"orod ;  rocovorsd i rocowrcd as . B.recovercd
as Jz... ag Bsﬁg X 343‘;10 !
.- - - . . , .
1 2.67 i 3e24 f Cel - 6oL
. i. - e e T e o
e . -.1. T B a— o -.4:——1... .,..—--—-.n\—-u..<v .vv: ..‘...';4 ’v - - i, - - ; --\" . N - oow - Ao-—-:
Sample ;s dnitial By < indtiz) 2 g ; ) ‘Io‘tal 3 { ;i Tokal I i
reecoveroed I rocovered 1 recoveroed l as higher hydrides
. . 4 . .
! N i :
i 1 5345 | 734673 ! 85.55 ; 32450 i
i 2 P 31.20 68,457 . #3.8% ! 50,%: :
e ot e e e . 4 e - h e e e ee ] - v ve s me e i s Gramer n s @ s ettt o]

. It is of interest to mote thnt the nonevolotile rosiducs from Tho duompe=
sition of purc Bylg were yellow cnd cliwoys colloctsd on the botton side of the flns
as it luy in the oven; whilo the acl*ds obteined from B3 -3,-:10 mixturcs werc

o
whitc ond conted the entiro surfoce of the cent sincrs. “Noodlés of Bm}?l, 2 o
obsirved in voth engos. ' .

Jue Taet that Bgiy roscts with divorane expleins why the ciren lcti::;;

system and onc=pass exporimints pave botter yiolds thon the stetie exporimeats. It
6155 shous : ir’c:-r,asc\. prussurss of dibarane had o dotrimentsl offeet on the picld
of BrH: ¢ XVIII, 5). Theso rosults cre clso in agrovnment "“h the foeot that
in th: Ing snd onc=ptgs systems, bettor yiclds of : 2gHe are odbtrincd for
cshort 5, althougi eonversion of diborane is low under thc.:c conditlom..

As hos beon alrcady sto z';d, the nost offoetive preporative method wouwld
regquire tho use of o circula ng system thich passcd the diborans rapidly through
@ heeted zono (at 100-1259C) with meens of eontinuously sepurating out ihc 35.._c,=

copies (2) Cols J. %, Sams, -y bfuiso Ofi‘icer'. Havy Dept.
' (10) 1avel Researcr”Leverciory ‘
(2) - C‘.‘cf Tureau of .‘,cmnaut..cs

Cepy 15 C. R, uxxlara . ;'~19 ﬁ.;Gerst&in '
1§ Jo Farr 20 University. of Chictzo files
17 A+ Finholt T ,
18 K. Vilzbach .
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For the period June 1 « June 30, 1946
on 1
Contract NouIl78oeloa21l)

1) Contract Yoo N1733-10421 1is an extonsion of Contract Nose H1735=5058 and 5=0820

He Ie Schlesinger in Collaﬁération with
Ce Dillard, Je Farr, A. Finholt, M. Gerstein and K. Wilzbach

I. REPARATION OF ALUM. Uil BOROHYDRIDE

Althouph the study of the roaction beiveon alwminum hydride and boron chleride
has beon continucd %o find the bost conditicns for this proccdure for preparing
alusinun borchydride, we arc net coavineed that tho ultimato selutiosn of the
problam nos as yei boen attoincds Dotailed desoription of the oxperimonts is
deforroed until additionnl data have buan soourcd.

II. PREPAZATION OF BgHo

The study of the behavier of diborninc at high prossures is boing continued,
The previsusly roperted cxperiments (Progross Roport Hoe XXI, pe 2) woro corricd
out with diboranc containing about Hi of othano. Diborano frev from this impurity
has been found Yo glve no botter results. For oxamplo, 2044 liters of the
parificd diborans at an initinl prossurc of 700 lbs/%q. inch, aftor starding for
rino deys .t room tomporaturc (eae 25%C), had producod only 4leScce of Bglijp and

l4edce. of a mixturc of BgHyp &n% Bolln, Tho rest, 2.31 1, or 947 of 4hu- diborane,wns

unchangeds  Experiments in which boren trichloride ond other catalysts orc to be
usod have boon storted; observnticoms of the pressurc changos indiestc that the
diborans undargocs moro rapid chango in the proscence of boren chloride than in the
abscnce of & entalyst, but the oxporiment wis still in progross ot the time of the
writing of this raoport, and neither the mature nor the oxtent ef the chango had as
yot buen scecrtninod,

Further work is elgo In progress on the roactien betweon diborane and BgHq
at 100°C (soc Progross Repert XXII, pet)e Mizturos of 55eceBo¥s and 2loce BeHg
reacted at 100¥C so os to deercass the cencentration of both substanecen, Aftor
45 hours tho melnr ratic of BpHg to BSHQ hed roachod 1l and further renction
sconzd very slow,

That this eomnosition does nct roprosont an oquilibrium ecnditicn, however,
iz mdo vvident by tho foot that mixturcs of BpHg and Bgig in the molal ratic
1:) undargo further change ns shovm in oxpsriment (1) in the following teblo,
Exporbacnt {a} seprosonts tha serlior stagos ¢f tho experimont described in the
proceding paragraph; in oxpériment (2) enly a emnll proportion =f dibor-nc wme
usdd, and in exporimomt  (3), in'additlon to disornno and Bslg, highor hydrides
such a5 Byl wore imtroducod into the roactin vesscle Ths welume of this vosscl
in coch case w3 250cs. It appoars ns if cn oxdoss of diboranc nccolorates the
decompozitien of Bgiy and vieo verse, but thoro arc as yot insuffiaiont data
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cp~snlally to dstorming tho offuvet of Bgiio is under way.

A fELPTS TO FREPARE SCDIWES ALUMIGUN HYDRIDE

ef this simpomad by mc?x hesis from lithiuwe slu “oum “ydri&c in

Pripireti-n o
sther silutien hns foiled beesuse no compounds of apprepricte solubility in other

“ho enprund thocrotienlly most favarchle, feul, NeAlClg, was found ta
: A cthore The roneti. n of sodiim hydride onowmelton nlunminum ovucxidc,
el ig anaiorous Lo the preparation of zediun berechydrids fram soulum bydr

an alkyl berate) gi~os A mixture = hnve net yot suceccdod in separating.
rrospuets for suceess by this roncticn arce net favomble, Hydregomntion of
uz 2l unminue alloys is thn only cthor procedurs w have in nind but we arc nct
rondy to proocond with 1,

Cole Jo He Soms, Army Lizison Officer

cipieg
expics to Dircetor, bnw.l Roscaren Leboratory
copice tz Chif, Burean of Acronautics

.l

fflwo of Roganrch and Inventicns

e Steponan, Univorsity of Pittsburch

Fo 2vicky, Aorsjet Enpglincering Corporatinm
fies ~f Lho Chiof of Ordnovee, Wor Dopartnent

.

in

19 K. #ilsdach

20 University of Chiexge Files

3




gl
173
c

of

cC

o

/a./O

/pwwma

ﬂ.%.. 1

.ﬂ.mﬁoyﬁm.v??u: u*. .
- BzH, - B Hy Muatuy es

al 100° ¢

2 50

7088 Raport XXIlZa
' CONFIDENTL.L -

. .
téh

T iro

KOTVY/X .lo.vl.ovl.llosr .
~ .,/Ikd'u w IA, K d‘/l.l!a,l’!nO/
. —. ,k!....ﬂ*..i.ix.lkilu.,r.f..l.....juutlnllﬂ.uwﬂﬂl-l?li -
\Q - . ) K .
,w____p___»_m.~Nm..”~“~.,__
c ¢ % 6 8 Ja 1 g % & 2o 2% Z9 g B 20 82 ¥ 5 ol un “Z 44 4¢ <8

Time un Hourg




# Fae
iy,

i

T
P

Sae

-

(%]

10

11

[
N

13

1}--i5

DISTRIPUTION LIST

Fnicf,
Guided lissilec Cormrittee

Joint ﬁnicfs of Stoff
Attn: afor Tarlor

Yew War Dept. Bldg.

Chief of HNaval Operations

I'avy Departmen
Attn: Op-li13

Chnief of ¥aval Operatlions
Kawy Department
Attn: Cp-3h
Chief of Yavsl Operations
Havy Depsrtment
Attn: Op-l16
gcommm Ging Of{icer
Baval fircraflt liodification Unit
Joansville, Pa.
Attn: Epecial *
Corranding Cifxncr, Pilotlcus Al ~cr°ft Unit
U. S. Yeoval Adr Station

iniave, California
Off;ccr-;n-Chqrgn

ilotless Alverslt Dctqchﬁﬁnt

_POiut Iugu, ¢/o U, 5. aval °tat*on

Port Kuencre, California

Chief of tha Dureau of Orcncnece
Attn: Re ¢
Chiel of
Littn: AQLS
Chiel of the Burcau of Ordinance
Attn: Re 24 .
Chiel o the Buresu of Ships
Lttn: Code L)iSA

the Burean of Ordnoncé

‘Chiefl of the Curesu of Aeronautics

Atto: TD-b
Criefl of the EBurcau of Shins’
Attn: Coude 330
Chief of the Bureou of Ships
Atia: Code 333
Chiof of Naval Rescarch
Lavy Department
“asnington, D. C,
Commanding Officer
Y. &¢ Enval Ordnance Test Station
Tnvo:crn, Celifcrnia
Of ficer=4in~Charge, Naval Crcanamnce Laboratory
Naval Gun pactor" . ’
l-«cn.ngb()ﬂ’ :-J, Do C.

liaval Ordnance Rerident ;echnical Lialsen Orticor
Technolegy

Roon 20-0-135,

ascachusetts Institute of
Cambridge 39,

Kas§ac§usctts‘ o :
.\{;, s
7N | — o )

e

Fuarcau of Aercnaubtics, itin: Pover Plant Divicion

Jeapons Dnginecring Levelonment Group
£

agsT AR

R e




cm

-nF

L L YL T

39 iccr-in—Charge .
Lurtau of Crdénance Dxperimental Unit
Hydranlics Duilding
tatlonal DPuresu of Ctancdards

weehington, D, C,

Lo D'recter, David Tayloer lodel Dasin
nzhinrteon; D, C.

Hting hero fechanice Dlvisglon

P ol Postoraduste School

waval Academy

oli-, I'aryland

manding Offlcer

u:al Lir aterdial Center

Philaleinshia, Pn.

o aseon Officer

v
PN
i
=
e
O
»

e
.
£s,

ros Inglneering Lavoratory.
suth, Nev Jercey A
M u;r'ctv e Lo Wevr zlectronics Leborstory
can D! c~o, California

PS-LC 3;"cct0 Natllsonal Alvisorr Committece for Zeronautics

1 00 ew Yamp*hivc LAvenue
wshington, I o
.w‘n- Dy, €L . lleirns
o Dirceser, Naval foscanch L'*oratjv"
Cieeancalic Doy Annex
Chesancake City, Marviand
Attn: Ur, I, 7. Campbell
£ fficer-In-Chorgc, “ﬂva1 Ordnance Development Unit.
Johns uonxiﬁv Hn;vr"f -Aﬁpiied Physics Ladoratery
8621 Georgia Avenue
nilver Soring, iarviang
51 Offic:r-*n-Chqrgc
‘orrils Dam Project
1032 Zost Crecn Strect
Pasa aenﬁ, Culifornia
ittn: Ir. Louvic Raop

52 Ilinc Safety Appliances Co,
rittebursh, venﬂs"lva“-a
isttn: C, B, Jackeson

83 OrdCit Project

UPL/U[\.JC ad
California Inctitute of Tecshnalory
/}a sadena, California
] I
5~-62 « Cormanding General

Air iaterial Command ' BESMVA/[ABL
. , 3

*rirnt Fisld

Dawton, Ohlo

Attn: Pilotlcs Aircraft Iranch
Col. J.\R., ¥elly '

63-67 Chief of Ordnance, ORDTU

Vashington, D. o,

Lttn: Colonel H, . Tofto" of Ordnance
Room u0566 Pentngon, Build;ng

T e

[EERN NN

Y
A R F TR R

2
&
¥

e 4

- Y

3

Cpr




tent

o

¥

s e,

aps

o T YRR NS YN R e

-

*

Serial
Lo,
6o

75-7¢

17

[wip)
Q

g2

)
M

Lev, Lagr. Branch
”rﬂh?fo”u Arcenal
li—u n‘d, iac

n~ General

Atvn. Col. L :. Cimon
Officrr-in-Chorge
fiesrarch & Development Sub-
Cal fornin ;w"tituic of 1«
‘a....CC'na, (,/’3.4. fornia
Chief of .avu; Operations
l’av" nepartden

n utn. 01 —0 » )

chtef of laval Operctions
davy Departmcnt

Attn: Op-817

" Chicf of Naval Onerations

avr Denartment

rttn: 0p-0LR3

Chtel of iuzwal Operat)-ne

Navy Demortment

Lttn: OW-COI

uOﬁruﬂ‘cnt ol the licrine ¢

ne den tc‘u, e 0. arine
Qﬁw-u£bon, e Co

n,tn G=7%, Divicion of Tla

Burean of Aeronzutics Gunerx

District

90 Churcl: Street
lew Yoarl, New Vori
Burcau of Aeronaulics Gene

District
Urisht Pield
Dartoan,; Chic
Burcau of Acv
Distriet

2L Von fluys Blég.

enwutics Ceone

Loe ingeles 1L, Californicz
Copmandcer, Navel Alr Test
Patuxent Hiver, lLarrland
Attn: Director of Teacgtc

Burcau ¢f Oranance
lizvy Doparbtient
"'sshinston 25, DL C,
rttn: A

Burccu of Ordnonce
Hovy Departront
VasWington 25, D. C.
Attn: Qe

Bureau of Orannnce
lavy Department
‘ashington 25, D, C.
Attn: Res

-,

?.3v£n~ Ground, %

3]
A e

ClficofRockets)
‘mol«a""

-
[o e
~

ne and ;olicies.
surcLen

>
ral Nem:

L
ral Neooreceontative-uentral
ral Reoresentcotives- octern

Center

&
~
o
=
[~
I
o
I~
ry
3

@
-
5}
g
%
&
zi
&
¥
o
0
ol
b4
&
4




e

CITitn
=0 o
-

fox
N

it
ey

«ashington 25, p, c.

Litn: 2le

Corrmandines Qfficep

Jovel Aviation Ordnance Tert Station
Chitwn !

ure
Avintion o
zford Ave i
Ph*ladelny iy P04,
Attn: Ceantain “elbern

Lerojet Dnzincering Corporation, Azusa, Calif., via
Burcau of Leronmutics nnprcrcntativc, 15 so, Ravmend gt.,
Pasndena, Calir,

ficcetion fotore, Inc., Lake ~enmark, N, J., vig hcrint
Inznector or daval iaterial, lavel Ordnence Depot, Laxe ;
Dentwarle, Dover, N, J. }
University of Southern Callifornia, Losg Anpeles, Califl,,
via Burcau »f Acronautics ﬁcprcscntativc, 15 co. Rayrond
“t., Pazadena, Calir, o

Continentsl Aviation & Enginccring Corp., Detrotl, Iich,,
vie Burcau of Aeronautice Representative, Room 1702

‘Industrial pank Building, Jetroit, Iichigan,

Wright fcronauticnl Corp,, Poterson, 1, Je, via Burcau of
heronautics chrcsentatlve. ripht heronecuticnl Corn.,
w20drlige, . J.

entinzthouse Electris Cs., Essington, Pa., Burcau of
Acronaitics Rtz ident chrcccntativo, "cetinshouse Eleetric
Corp., Essinpton, pa,

United Airerafs Corp., Rescoreh Departrent, prat &
Sitner Div., B, Hertfora, Conn., Attn. re P, v, Caldwell,
vit Burcau of Acrongutics chrosontatlvc, United Alrcraft
Corp., Pratt g Yhitney fAtrerare Div., L, fartford,l,conn,
General ilotors Corp,, Allison Division, Indinnapolis, Ind, -
Attn: p, fonzldg lizzen, via, Mrecau of Aeronautics Repre-
sentative, Allison Div., aic, Endianapolie, Ind,

Univcrsity of Viiginia FPhysics Department, Churlottesvillc,
Va., Attn: pp, J.. Boans, via, tavel Ordnancc‘Officcr,
Univcrsity of Virginia, Charlottcsvilla, Va,

Experinment Incorporateq, Richmond, Vircinia, Attn: Dr.

Je Tullen 11, via Naval Ordnance Officer,_PO Bex l-7
Richmond 2, Virginiag

Stanéard 011 Comnany, Esso Laboratories, Llizabeth, ..,
via liaval Orénance Officer, Esso Laborutortss, pox EHER
Elizebeth, W, I, ‘

Her Yorlk Uhiv:rslty,,Applicd Fathomotics Centor, New Yoric,
Y., via Inspector of Yeval Laterial, 3p Church Strect,

lew York,7, u.vy, '
. *% | _ ﬁm\\\%
; ooy 9 3 L %&S\




BEST AVAILABLE COPY

<o

P
149 I

<
LS9
EEN
o
b et
A
el b~
)
-
[ REA)
3 L
[} e
woey G
Uow
M hain)
et G -
3
~C3rd
oL
42 O wt
+ fat-,
L0
Pasg
[ &4
Co G 1o,
o ed
[ S+
ja I
-~
P -
3 fa 32
ot T30
[/REER
oo
L w3t
ERr s
st ad e
ReE &
He)
“~e f
LS I B
PAT & B
0
SR I
> 12

Cre 1 0D

(o]
(]

(o]

4
~ G
o0 .
[N et
—~
AL
Q =
G-
nhw.ﬂ.. o4
)
[ G
O mp
g,
(R S
RS
4 B 1
0
olam =
FE
L)
&
bt
(8]
art
3
|§‘
(S
4.
2 e [
P el &
i -
e R

Cangt™

L0

o~y

ne

f
w

i

4
1




|
m)‘"‘zu & fock ‘}/I

A ,THOR(SE: Bchlesinger, H.
ORIGINATING AGENCY: Office of Nival Research, Washington, D. C.

PUBLISHED B%: (Same) r’ 21/4, e ame)™
FADES RLUSTRATIONS
ay 48| Coniari | Do T s~ 1% | ™ ianiee disgre. graghs
ABSTRACT:
Preparation of lithium aluminum hydride and study of {ts properties and reactions ~.
are presented. Attempts were made to prepare beryllium hydrogen compoundu

and experiments conducted on preparation of pentab are di

were develpped on procedures for preparntlon of hydrides of silicon and tln and of
alkylated derfvatives, Iron carbonyl was used as catalyst in BgHg, but

reaction was negative. J mixture is illuminated, iron carbonyl is decomposed at

rate dependent on intensity of radiation.

DISTRISUTION: _Copies of this re,
DIVISION: Fuels and Lubricants (12) /:*
SECTION: Fluid Propellants (7) i

SUBJECT HEADINGS; nydrldea (mzs), Fuels, Liquid
(62670); Fuels, Testing (43730); Catalysta

(21650) %
ATl SHEET NO.: _C-~12-7-18 g 1)__/ 0

Alr Dotvmenty Division, intelligencs Deperiment AIR TECHNICAL INDEX Weight-Patterson Alr Force Bowe
Alr Mateciel Command COMmMBEAL Dayten, Ohlo -

,.HED

L et form 0. sn.10

Classification canceffed U N C LA »
Op=ehargEato

AD-B808 356
(TTTIRUETCLY —




I

a L8l " NEL LIBRARY- 703 767 9244:% 8/10

SENT BY:CODE 5227 . 6~ ‘7- 25 : ' E . . ’

Naval Rescarch Laboratory
‘Uechnical Library
Rescarch Reports Scction

DATE: April 30, 2002

FROM: Mary Templeman, Code 5227

TO: Code 6180 Dr. Murday

CC: Tina Smallwood, Code 1221.1 /ﬁ 0/7/J;L
SUB.I: Review of NRL Reports

Dear Sir/Madam:

1. Please revicw NRL Reporl 2964and 3208 for:

m/r’t:ssible Distribution Statement

O Possible Change in Classificalion

Thank you,

Mary Temple;an @,LT/@’V\'\

(202)767-342
maryy@library.nrl.navy.nil

The subject report can be:

(é; Changed 1o Distribution A (Unlimited)
D . .

Changed to Classification




[ SENT BY:CODE 5227 i 6-7-2:  8:12 NRL LIBRARY- 703 767 9244:£10/10

Page: 1 Document Name: untitied

- 1 OF 1

--1- AD NUMBER: B808356

-- 2 - FIELDS AND GROUPS: 21/9.1

-- 3 - ENTRY CLASSIFICATION: UNCLASSIFIED

-- 5 - CORPORATE AUTHOR: NAVAL RESEARCH LAB WASHINGTON DC
--6 - UNCLASSIFIED TITLE: BORON HYDRIDES

-- 8 - TITLE CLASSIFICATION: UNCLASSIFIED

-10 - PERSONAL AUTHORS: SCHLESINGER, H.

--11 - REPORT DATE: JUL 1946

--12 - PAGINATION: 85P MEDIA COST: $ 7.00 PRICE CODE: AA

-14 - REPORT NUMBER: P-2964

-18 - MONITOR ACRONYM: XD

-19 - MONITOR SERIES: XD

--20 - REPORT CLASSIFICATION: UNCLASSIFIED

-22 - LIMITATIONS (ALPHA): DISTRIBUTION AUTHORIZED TO DOD ONLY;
--  ADMINISTRATIVE/OPERATIONAL USE; 03 MAR 1999. OTHER REQUESTS SHALL
-- BE REFERRED THROUGH DEFENSE TECHNICAL INFORMATION CENTER, DTIC-BCS,
-- 8725 JOHN J KINGMAN RD., FT. BELVOIR, VA 22060-6218

--23 - DESCRIPTORS:  *LIQUID ROCKET PROPELLANTS, .

--24 - DESCRIPTOR CLASSIFICATION: UNCLASSIFIED

--25 - IDENTIFIERS: ATI-5168

--26 - IDENTIFIER CLASSIFICATION: UNCLASSIFIED

--29 - INITIAL INVENTORY: 1

--33 - LIMITATION CODES: 4

--35- SOURCE CODE: 251950

--36 - ITEM LOCATION: DTIC

—-40 - GEOPOLITICAL CODE: 1101

-41 - TYPE CODE: N

—-43 - |IAC DOCUMENT TYPE:

~49 - AUTHORITY FOR CHANGE: CLASSIFICATION CANCELLED, UNCLASSIFIED NRL
— LTR. DTD 28 MAY 47 (FILE COPY), BY DOROTHY S. FISCHER, OSA, DATE: 6

- SEP 55

-50 - CITATION CREATION DATE: 8 DEC 1997

| BLIC
PPROVED FOR PU
RAELEASE  pISTRIBUTION

UNLIMITED

Date: 6/5/02 Time: 8:34:29AM




