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'Introduction

Because of the detailed noture of the monthly progress reports on this investe
igation, and in accordance with the procedurc opproved by reprosentatives of tho
Naval Rescarch Inboratory on contracts of which the presont one is a continuation,
this final rcport is essentinlly o guidc to tho comtonts of tho monthly roports,
copics of which aro incorporated horcine The subjoct motter is arranged in accord=
ance with tho compounds studicd. e c

A fow obbrovintions arc occasionnally usods sodide, lithide amd alido for the
borohydridos of sodium, lithium and aluminum rcspeetively. Pe R. refers to progross
roports; the Roman numcrnls following these letters refer to tho numbor of the
monthly roport and the Arabic numersls to tho page of the monthly roporte In o
numbor of instances tho most important of sovernl P. Re rcforoncos nre undorlincd...
(Note: Monthly Reports I to XI arc ports of Contracts Noa. N1738<9058 afid s-0820:
Monthly Reports XII to XXIII deal with thc work of the prosent odntract),

Somo phascs of the invostigation arc still incomplote and ore boing eontinued
yndor an O4ReJs contract,. : :

Roport:

Ao ALUMINUM BOROHYDRIDE

IQ PGCarC‘.tion: P. R. XII’ 2; XIII, 1; XX' 1"'4; XXI: l-a.ﬁ

Ronowed intorcst in this compound mado desirable a further study
of preporative mothods to ascortnoin whether now mothods' fros from the
complientions which might attond quantity production by tho procodurcs proe-
viously deseribed could be developed (Sco P. Re XXI, 1)« Through the use
of the ncwly discovercd lithium aluminum hydrido, LiAlH, (Scotion D of this
report), tuwo new procedurcs arc made aveilablc. « ’ :

(8) Thc ronction:
LinlH, +2B,H, ~ 41(BH,); + LiBH,

This roaction (discusscd in Pe. Re XIX, 2; XIII, 13 XX, 1=4; and X1, 1
is suporior to the oldor methods in that it avoids the Bazard of mixing
alkall mctel borohydrides with oluminum chloride (2 procodurc vhich mst
be earricd out in the absence of air), as woll as the incenvenicnec '
causcd by sublimation of aluminum chloride, and in that it loaves o
rcsiduc casily and safoly handlods The byeproduct (LiBH,) moy bo roused
in the preparation of diboranc, -

The recaction is not as rapid as desirablo; furthormdrc‘it tiould be
advontagoous to aveid the use of dibortno. For this resson reaction
(b) is undor investigntion, s




~ II. Stobilization of Aluminum Borohydride

{b) The roactiong

SLiALE, + 8BCly ®BBOT a1(BHy)p + BLiCL + 20101 P

Tho intermodiatc stops whish arc probobly involve
‘aro disoussod in Pe Ry XXI, 1=2, in which tho uso of
chloride for removing aluminum borohydride from its
desaribods The yiclds by this rocetion havo, howev
sotisfaotorys Tho difficulty soems to bo in the foo
- of lithlun chloride intorferos with the ramoval of of -
borohydride as woll as with tho attaining of sotisfooter
probably beenusc of tho roversibility of tho intcrmo@i
SLiBH, + AlCly OYHOT 3Licl + A1(BH, )ge | :

For this rcason we arc invostigating o modifienti
which consists . of tho use of an cther sclution of
instond of lithium aluminum hydride, The aluminum hyd
preparcd from lithium aluminum hydride (P. Re XIII,"
lithium hydride (P, R. XXII, 2)s Indications crc the
Cegay 70%, may be oxpoeted from the ronction: T

SAlHg + 3BCly ©thor Al(BH,); + &ilCls (P. Re XXII, 2.

and that the borohydride my bo suocossfully romoved -frem the other by
en oxcess of aluminum chloride, Ono diffioulty‘stili mains to be
overeomo=-from tho cther solution of oluninum hydride attor
grodunlly procipitotos as .an othorato. S

Attompts to reploce othor by other solvants have' b d 14
(Ps Re XXIT, 2), (Noto: Aluninum hydride is probably po
liminary measuremonts of tho ¢thor tension of its oth
indicato o possiblo formuln Al,Hs in this solvont)e

Whothor tho method employing lithium eluninum hydrd
or that employing aluminum hydride and boron chloride
proforred to tho o}der meghod involving alknli motal
cluminmm chloride must await furthor study of tho alum, -
procodurc, and an onginocoring survey of tho various processos,

Although this compound docomposcs very slowly nt roou
not very rapidly at temporaturcs up to 60°C, the omount
produced by oven slight decomposition is so gront that th
stornge of tho material is a scrious onay Venting of ¢
~avold hozardous prossurcs doos not scom feasible boenuso

inflarmability of the borohydride, L

To make possible safo shipment of tho borohydridp5i‘ ‘iasgﬂvossols
to the vorious laboratorios dosiring to tost tho compoung, ndons of
stabilizing the samplos werc sought, Tho most suceassful P

i
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discovored, was the prohoating of somples for several days at about 40°C,
followed by subscquont removal of the &ceumulated hydrogen ‘and the rescaling
of the container. 4ilthough this proccdure groatly decroascs the rate of
decomposition of aluminum borohydride in glass vossels atﬁrcum tomporaturss
(25°C and possibly as high as 35°C),it is not offective at 600C, (P. R.

XV, 1; XVII, 2.) The cffeet of the prehoating scoms to be duc o the forme
ation of o docompositicn product which ects as an inhibitors, P. R. XII,
g:%; XV, 1; XX, 4« A summnry of most of the work is found in P, R. XVII,

~a i . e

Various aspects of the work on stabilization.are found 'in the following
nonthly roports:

&e Gradual decroasc in the rate of dosomposition of untreated samplcs,
Ps R. XII, 65 XVII, 4. ‘

le Accurmlation of hydrogen probably not the stabilizing fastor,
Po R. XII, 6; XVII, ‘lo

2. Effoct of glass on stability. Powdered glass doos not greatly
incroase rato of decomposition, P. R, XIIT, 335 XVII, 3.

3« Haturo of non-volatile product of spentancous decomposition,
- OXVII’ 2. -

————rk———

4e Diffcronec botween naturc of dacompesition procoss at 25°C and
Gt GOOC‘O P- R- XVII, 2,3. .

5. Effcot of metals on ratc of docomposition, P. R XVII, 2,3,

bs Attompts to stabilize by coating tho containing vosscle Pa Re
XIII, 3; XVII, 3. ' ‘

¢e Stabilization by prehcating,

" ls Effcet of preheating not duc te contings formod on conteinor,
P. Ro' KIV, 1; H, L - .

2e Effcet of prehonting duc to formation of o non=volatilo inhibitor,
Fe Ro XVII, 5; H, 4.

3¢ Prcheating is offcetive oven if motals ere prosent, P. Re XVII,Ge
4+ Aittompts to find othor inhibitors, P. R. XVII, 5.

Se¢ Exporincntal mothods in investigating rates of decomposition,
P. Rt XVII’ 6. ‘

de Surmry of work on Stability ond Stabilizatiom, Pe Re XVII, 2-1l,




I1I, Reagtion of Alumirum Borohydride vith Silicon Compounds, Pe Re XIX, 3,

IV, Alkyl Dorivatives of Al(BH,)z, Pe Re XXI, 3.

ALUMINUM HYDRIDE

I. Preparation’ P- RQ XIII’ 2; XV, 2""3, HII’ 2l
IIs For its use in preparing aluminum borohydride, seoe saqtidn_@, I, (b).

ITI» Alkyl derivatives of aluminum hydride, P. R. XII, 3.

gty

Is Proporations

;

(L survey of most of our work on this problem is found in P. R, XVIIT, 4=7"

The only mothod for preparing BgHg that has thus far proved successful

is the thormal decomposition of diborane in a cirenlating system, as
has already becn deseribed by Stock and Mathing, and by Burg and Schlosingc
Variocus catalysts have bLeon togted; although some of ‘thom lower the tempore
aturo at which conversion of diborane to mixturos of BgHg and B5H11 oceurs
nonc has proved vory officients It appears that, in gonoral, thoso
conditions vhich favor conversion of diboranc %o highor hydrides also
fovor the decomposition of BgHg, with the rosult that tho quantity of
Bs boranes (i.c., BgHg and B5H11) romains fairly eomstant for any single
troctmont. It is for this-recason thot a circulntory systom is offcctive,
€ingo by its usc tho By borancs mny be removaed from the diboroanc to be

- rosubjected te the higher temperaturo, Thess fucts also indicate that
& high rate of flow through the eireuleting systom should improve the
process, and that the optimum tempercture will depend on the floweratac,
In our experiments approximately 120°C proved to give the bost yiolds of
material rich in Bgig; highor temperatures might well be advm tagoous
with highor cireulction specds,

The most important obscrvations on catnlysts am thet hydrogenation
catelysts (such as nickel on o porous support) ineroasc tho porcontage
of BgHyj in the Bg fraction, and that dohydrogonation eatalysts, such
as aged chromic oxido (30% on aluminunm oxide ), ineroasc the peroontage of

BgHg e

A few experinonts carried out at diboranc pressures of approximately
750 1lbs. have given unfevorable rosultse At room temperature docompositio
of diborane is very slow, and the major doconposition product is BgHjge
Experinonts at highor temporntures and vith the use of ‘eatalysts have
baon started,




It appoars from the fo c£GINE that manufacture of' BgHg by thormnl
decomposition of diboronc in o circulatory systonm is a foénsible, though
not yet on officiont procecss. It is our undorstanding that the Goneral
Eloctrie Compony is carrying out an extonsive study of this procoss with
equipnent permitting the usc of larger quantities per rim than we can
handle. In view of this situntion, it scoms most efficient for us to
concentrate our efforts on an attempt Yo learn as mych-as possible
about the course of tho roaction. Ve have already ascertaincd that,
whoroas pure BgHg is inapprociably docomposod in 24 hours;at”IOOOC,
very noticeable deconpositicn oceurs if diborano iS‘prosont‘(P,'R. XXI1I1,
S~43 XXIII, 1-2). Thc fact that diborano is simultancously used up,.
mokes likoly the eonclusion that BoHg and BgHg rocct with each othor,
but this conclusion eannot be considered ostoblished until studics on
the offcot of BiHjp and of othor hydrides have boon camplctod. The
value of those studics townrd achieving an understanding and a possiblo
improvemont of tho procoss is obvicus, . L ‘ '

Dotails of the work just swmnrized are found in the following
roports: ‘ ,

2+ Preliminary runs and description of procadureiin‘tho circulatory
. systom, P. R. XTI, 3~5; XVIII, 6. -

b, Effceet of Cotloysts, P. R. LI1I1, 1-2; XIv, 1_2; XVI, 2; XVII, 1;
- XVIII, 4; XIX, 4. . T— & 3

os Influencc of various factors on yield, Pe R. XVIII, 4=5,

de Exporimentnl details of single pass, circulating and static
systoms, P. Re XVIII, 5-7.

Ce Swrary (including toblos of data}, Fe Re XVITI, 4=5 and 8«12,

fe Effcct of BoHg o deconposition of BgHg, P. RifXXII,‘z-S;
| XXIII, 1-2. SRR

ge Prossure oxporiments, F, R. XXI, 23 XXIII, 1.‘51
he ittempt to prepare BgHy from LiBH4, P. R. XV#I;Q]7.
II. Proportics of BgHy, P. R. LIV, 3-5; XV, 2; XVI, 1+2,
Tho propertios investignted woro:
te Stability, pP. R, XIv, 3; XXI11, 2=5, XXIIi, 1-2-“
be Slow ;ate ofrhydrolysis confirmed,VP. B. XIf,‘;j;
c; Solubility in & fow organic solvents, P« Ro xév;ag-xv, 24

H

dy Renction with isoprepyl amine, F. R, XIv, 3,




e. Reaction with 11WNE e, P. R. XIV, 5.

f. Spontaneous inflemmability. Although we have frequently exposed
BgHg to air without noting any vigorous reaction {P. R. XIV, 3)
it may inflame spontanecusly, and even' detonate under certain
conditions (P. R.XIV, 4; XV, 2; XVI, le2). The tendency toward
spontaneous inflammation may be completely inhi '
addition of very small emounts of iron carbonyl {te
lead is less effective). P. R. XV, 2; XVI, 24 -

D+ LITHIUM ALUMINUM HYDRIDE, LiAlH,

One of the most valumble results of this investigation has
discovery of this new compound. In connection with the specif:
of this project, it has been useful in the development of ne ‘ocedures for
preparing aluminum hydride and borohydride (Section 4, I, (b) of this report)
a5 well as of diborane, and hydrides of gallium, germanium, .silicon, tin,
zinc, end several of the hydrides of elements of Group A of the periodic
system. In general the use of the compound for these purposes leads to very
simple preparative methods, in contrast to the older methods which were very
cumbersome, gave poor yields of impure products, or were entirely unsuccessful.,
It is likewise possible, by the use of lithium aluminum hydride; to prepare
alkyl derivatives of many of the hydrides Jjust mentioned, thus-widening
groatly the field for the present investigation. It should be noted that in
some cages lithium hydride may be used in place of lithium aluminum hydride,
but in almost all cases the latter reacts more repidly and usually gives
better yields. Finally, at our suggestion, others in this laboratory have
investigated the reaction of the compound toward orgenic substances, and
have found it to be a unique, extremely useful reagent. o

een. the
bjectives

The compound is readily prepared by the action of an other . suspension

of lithium hydride on eluminum chloride {in ether solution). Lithium ochloride
is precipitated, while the new compound remains dissolved in the ether,

which can, however, be readily removed by evaporation in vacuos The material
thus obtained is a w hite solid, which may be handled with safety in ordinary
eir, Although lithium aluminum hydride reacts very rapidly and vigorously with
waler, exposure of the solid %o moist a2ir does not cause very rapid deterior-
ation, probably because the solid soon becomes coated and protegted by
aluminum hydroxide. The compound is perfectly stable at room. t A
approximately 100° C it loses hydrogen slowly end turns from p

-white to grey.

Efforts to prepare sodium aluminum hydride by analogous methods, from
the lithium compound by metethesis, or by the action of sodium-hydride and
aluminum alkoxides, have thus far been unsuccesaful (P. R« XIV,-bj XXI11,2).

Details concerning lithium aluminum hydride are found in the following
monthly reports: IR

I. Preparation: P, R. XI, 1; XII, 1; XVIII, 1.




. II, Physioal Propertics, Composition, Stabilitys i
III,y Solubilitys P. R. XII, 1.
. IVe Reactions with: z\mmcs. Pe Re XXI, 2} ammonia :

this roport); boron. fluor'ldo, Fo Re XIT, 23 df
&L' I, (b) of this I'BPOI"J)! Wﬁ.tcl‘, Py Re XI’ lt,
Secticn D=V bolow)

WV, TUsc in theproparation of: Al(BHy)z (Soc scct
thls rcoport); 4;1H3, Pe Re X1I, 2; XIV, 53 XV,
XII' 3, 46Hoy Fo Tie WIII, 3} BzHﬁ' Pe Re "XI
Fe He XIX, i GeHy, Ps Re XV, 43 Hydridos of-

. and thoir-elkyl doriwmtivos, Pe ite XIT; le2; X0
XVIII, 3=4; XIX, 33 SbHgz, Pe R, xvxn, 3; ZnHa: Py

"Ev USE OF LITHIUM HYDRIDE IN, PREPARING TYDRIDES.OF OFFER. ELEMBNIS,.Bs Re XVI, 3;

“Fo  PHYSTOAL PROPERTIES OF SGME ALKYL SILICON AND ALKYL TTN HYDRIDES, Be R XVI, s -

Ge -LISI.-OF COMPQUNDS PREPARED 0% STUDIED: _ |
(Wotos.. lost.of the compounds listod in this scotion hevo nly :'“”dy bccn roforred
to in othor ®sdoti ns of this roporte. Those t6 vhiech this' state : :

not apply or for which additional reforonsos are 1rc1nded i8
ax- ostorisk®),.. -

i ‘fhcwhod by

Al(BH4)3 (See Seotion A of this roport)
. (Bm;% )t Py R. XXI, 3.
Al(Bmg,% 3 5% Py Ry XXI, 34
A%(BF )z ® 5 Ry XII, 2; XIII, By .
A H 1t Py '1-.. XII, 33 X111, 23 XV! 2n3, XIX, 3.
1‘%)2 t Pe I XIL, 3 . S .
ASH;;I . Rp XVIII. 31
BoHn: P, Re XIX, 1
BG(-LL]-H&)E_ $ Do Rs XII: e
BoHg: Pe Re-XIL, 2; XITI, 2 (Soo le{g)
BgHgs (Sce sagticn C-of this :e‘port)
. GQ?‘HG. Po. e .X.V, g
GOH4! PQ RQ XV 2.
JdAlH s - (Scouscotivon D of this. Fopors)
LL&IH (C * Po Ro XII’ 3’
L:ti..l(NIl }“t Pe Re XXI, 24
mH% 3 Pa Roe HI, Za
LlGQH{J: Pp Re XV, 3
NG.A.lH4: Ps Ry XIV, §3 XXIII,. 24
 Phlg*s-Pe Do XX, 6o




Sbilz: Pe ie XVIII, 3,

SiHg: Pe Re XII, 25 XV, &

SiH,, alkyl dorivs.: Yo Re XVI, 1, 3=5; XVIII, 3; XIX, 3; XX, 5.
SnHzs Fa Re XV, 4e

SnH[s‘g D-lky]- derivses Pe Ile XVI, 1, 3"5; XVIII, 33 XIX, 3e
TiHz:* F, Re XV, 4.

ZnHg: Po R. XIX, 2

Zn(Bdy)gs Pe e XIX, 2,




PROGRESS BYPORT NOe XII \
For the period June 20 - July 23, 1945

CONTRACT ¥0, N173 s=-10421 L)
Bu Aero TED NRL WNo. 3401

1)This contract is an extensicn of Contract‘f '
Nose N17% £«9058 and N173 5-9820

He I+ Schlesinger in sollaberation with =
Ae Co Bond, Jre, Co Dillard, A. Finholt, .
Me Gerstein and R. A, Iad i

Summary

~‘boen underw
“propops
ds sueh
vistability

During the period covered by this report the following
taken: (1) Preparation of lithium aluminum hydride and a study
- tles and reaclicus, ‘23 Attempts to prepare beryllium hydrogen
as LiBeH,» (3 Mxperiments on the preparstion of BsHge (4)'F
studies on aiuwrnir.og Lorohydride, A

Lithium hyiride and ol uminum chloride rozet in the presence of- anhydrous
ethyl ethor sccording to the equation: R

4LiE + ALClg = LiAlH, + 3LiCl

Tho preparation of this compound in small gquantities using veouan line .
mothods has beon dcscribed in Progress Report No. XI, pe 1 largor quantitics have
boon propercd (25 to ® grams) in ordinary laboratory equipmont, working in.o nie
Yrogon atmosphore w th tho usual procsutions for oxoluding mpis: 5

When the product of the ronction was first doscribed in Reéport Noe XI, it
wos not determined whothor the compound was aluminum hydride or the lithium alue-
minum hydrides The produet of the roaction has now boen dofinitoly didentificd as
LiAlHge Anclysis of the compound gave tho following ratios 1Lii~005~411‘00, :

Hz,96 ond the purity s betwoen 98 and 99%. S

LiAlH, is e whitc salid with intorosbing physieal and chomien] proportios,

It is solublo in dicthyl other (29 £4/100 g. othor) and in isopropylamine ond in-
soluble in bonzenc ang chloroformy Tho "solubility of the sompound” 1Y othor of=
fors ovidence that it is not a mixture of LiH and Ang since tho formdr is insolu=
blo in othors Romoval of ethor from LiAlH, at 65° in wacuo doos. ot offoct any
change in propertics sinae it rodissolves domplotoly in othor after such tiontmont,_--
It has boon noted in this conncetion that the solid eompound rodissolves complotoly.
only if oxtremo procautions are taken to oxbludo moisturos If this is pot domo,
thoro is alwys an other insolublo rosiduc, prosimably duninum-hydroxidc. =

It wos found that an other so lution of' L1AlH, may bo wixod in all propore
“tions with anhydrous benzene to form a stable solutions If tho'solution is axw.
posoed to air of the usual humidity, thore is a grodual reaction . moisture to
givo off hydrogon and precipitate aluminum hydroxide, B '




Progress Report Nos XII | ... Page Two

The reaction of LiAlH, with water has been described: 8. previous re-
porte It is vigorous and complete, without the addition of lerating agents
or acids, provided the mixture is mnot dlowed to overheate - I @ reaction is

not controlled, block decomposition products are obtaineds W
The thermal decomposition of LiAlH, procecds. accordim ftoﬁﬁha‘eqpationt
2L1AIH, —~ 5H, + 2LiH + 241

At 160°C hydrogen is ovolved ot a moderﬁte ratcs A4t 175°dﬂﬁhﬁﬁtgte‘of evolution
is rapid. By heating at 220°C for four hours, hydrogon was: btained quoantito-
tively according to the above cquation. e :

A number of resctions of LiAlH, indicate that it isigfﬁ#lggblc.reagent iﬁ
the proparation of other metol hydrogen compounds. For exﬁ@?&é,wit affords a
convoniont method for the preparation of silanos T -

This roaction is rapid and probpbly quontitativo but: coods sotisfacw
torily only in"the prosonce of othors fThe reaction as oar Ut was so vigore
- ous thot some docomposition of the roagonts cceurred; novort g8, the yield
wans 86% of the thecoretienls With more ecareful addition of roagonts end control .
of temporature, it socoms likely thot the yield would hawe bisen even higher. The
roagtion just deseribed was earricd out os o preliminary tolfukthor studios on -
the preparation of hydrogen compounds which might be of partidular intorest %o
tho presont projoct. BRI

. Ono of our first offorts in this dircetion has boen to-sscortain whothor -
tho now compound might afford a new appronch to tho preparation  of aluminmum boro-

 hydride sincc, as previously reported, the present methods-h vg;uqrtain‘disad-

vantagose The noew compound may actually be transformed totho borohydride by

tho reaction: SRS U

LiflH, + 3/2 BgHg = AL(BHy)z + LiH

Constant removal of aluminum borohydride from the reaction.icho scems to bo nocos.

sary in order to drive tho reanetion to complotions Plans hawve boon mede to cire

oulato diboranc over LislH, at 60 to 100°C, constontly rom ol:uminum borochy-

drido and condensing thc lottor scleetively from the dibors with a -80°¢ trap.

It may bo possiblc to got & quontitative ronotion in this weys ‘

Othor cxamples of the reactions of the new compoundﬂgﬁajthé‘followingg
(o) It roécts vith boron fluoride othorate gecordiﬂéﬁtbfﬁhﬁ oguatlon;
SLiAlH, + 16BF;  OHLOT . 3ripp, + S41(BF4)g * 2ByHg

Tho ronetion is far moro rapid than ony of tho hitherto knmown mothods for the
proparation of diboranc and its use would be advantagecus on aocounts Ono-
disadvantoge .of this roaction, as compared with intéractiqg of ‘lithium hydride

W th boron fluoride otherntc is that the lithium appears in “rénction product.
a8 lithium borofluoride instend of lithium fluorido. To ove ome this loss of

. boron, tho reaction .of ‘LiAlH, with othor boron halides is 6 bo studied,




Progross Roport No, XII

(b) It rencts with aluminum mothyl according to,ﬁhb¥w

LiAlH, + Al(CHg)s =~ LiAJHz(CHz) + AlH(CHg)p

No cttempt was made to follow the oxaet course of thi

largo oxeoss of LidlH, was used to convert all of tho alumin . into What=- -
‘over compounds might form, In two oxporiments AlH(CHg )p appo bg tho only-
volotilo produsts The roagonts worc hoated togethor at 70°C if hour in o
senlod tubes Tho volatile product was thon removod and analyac o ¢ombing=
- tion of mothano and hydrogon cbiained by hydrolysis wos 1130-cee/aw heorotical
is 1160 occe/gs) and tho duminum found was 45.4% (thooretionl 4 The moteoris
8l wos o syrupy liquid at room tomporaturc with a vapor pres fow milli=
motors ot 25-30°C. This chocks the charnctoristies found by Pont group for
those compounds. No further study of the propertics of the materinl has beon
modce Furthor oxperimonts to dotermino whother the ¢ cmpound ean bo proe -

parod in this woy and whether it is possibly prescnt in.the ronm Jalﬁﬁlld‘portiqn';{”‘
of the crude reaction preduet aro contomplated. . ‘ LA .

(¢) Ina proliminary obsorvation, it has beon notise t.tho addition -
of an ethor solution of aluminum chloride or boryllium chlorids to-on other sow - -
lution of LiilH, produces o whitc flocculont procipitatos Wo shall- otbempt to: -
ascortoin whother this obsorvation is duo to the ronotions: e TR

SLiALH, + AlCly = SLiCL + 4A1H,
2L1AlHg + BoClp ~ 2LiCLl + Bo(AlHy),

() Preparotion of beryllium hydrogen compounds

in soveral solvonts, othor,dloxone, and isopropylaninec,
woro varied, from tho boiling point of the solvent to t
170°Cs Whilc a slight amownt of othor solublo moterial ‘contnt
seomod to bo formed, in ne coysc was thore good evidence of ‘the

dosired compoundse The investigation is being continued,

(3) Preparation of BgHg

‘ A clreulating pump apparatus of the type dosoribed by
Mnthing, Bore 69B, 1456 (1936)) was built for the preparation
Tho flow Procdss as deseribod by Stock wns followed in the pro
~monts (Runs 1 to 3 in Table I) ond in tho I tor oxperimonts th
only modifiod slightly., In this procoss diboranc is ciraulato
ing mno W ich is kopt ot 250 to 300°¢, BgHg, BSHll and Bjg
pol volatile products obtainod, and thoso boron hydridos aro
moved from the gns strean by usc of cold traps (=80°C)e In't
seribod in the litoraturo, mereury vapor wes used as d“catdlyé
88 woll os othor catalytic agonts, such as motsl holices, gla
gasoous hydrogon ohlorido, woro used in some of our presont e
- tho objootivo of preforential 1y accolorating tho roaction:

SBoHg
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TABLE I

Preparation of Bgig

- o i v

E | Sl i .. . i
oA - . L B
ﬁ g - i
B F O oo . gk

al o \ ' ®
« 1.8 [=289.|% e |33l 13
a 80 5 aBlE e BEw # g - £ P
Sl operati R L N R 8 HE 48
%l cendatione |HARELEALBwE LEl 28 | Sal Ga
g Conditions | g3 a4 g L o 8 el R ol
& e 1o (& ] Ela ™ & = T BRI
' B I S B & HEl 44
L] = B
=] T - "
(o]
oce |mme firsef % {°C | % 0
"1 |Hge vapor 150 112014 | - }e 19646 |8 hrs at 120°| 45

o}

2 |Glass helices | 150 {12014 |55 |~ [97.6 |8 hrs at 120°] 58 |)
3 lGlass helices j A
+ 147 HC1 150 f1204 | - |« ~ |8 hrs at 120°{ 3646) =

4 |Glass helices ‘ L
+ le4% HCL | 150 112011 |46 |- [9343 |8 hrs at 120°) 35 | w47

"

5 |6lass helices { 300 1120 [1.6 | 66 |=568]9445 |8 hrs at 1207} 3744 | =47.5 to

6 |Glass helioes NS (R _
+ 50% H, 300 1120 J1.5 |46 |- 193492 hrs at 120%| 4632 ] ~46.9 to

7 {Glass helices B B A
.+ 27.4% HCL | 300 | 120014547 |- | - [5 min at 220°] 37,0 «49.8 to

B ‘Stainless Steal]

helices 258 § 103 [143 [6544 679195 [I5 min at 120°;}59@1 1;47.0 to
9| " n 310 | 120 [1.6 [5546 |~ {86  froom temp.l‘ |
10 |¥ w " B34.5] 206 [Le5{ - - =  |room tempe
11 |Hg. vapor 320 | 123|142 {5043 | = {8446 | 2 hrs at 120°;~45.2fJ§47.7 to
l2f" n 52844 | 126 [1.2 [5646 | ~  [8646 [23 hrs ot 120° ?éa;e‘,Q47;1 £o
BN 52640 | 125 (440 56,7 | = {85,7 14 hus 1zq°j,4i;1‘7-4?,5 to-

*Tho melting point of BgHg &ccordiné to Stock is =46,69C, Thi ;96ﬁ§tﬁh$ is a
much more reliable eriterion of purlty thm the vapor temsiome = =~ ~ -
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in the runs thus far made, no yields have been obtained-largérﬁﬁhéh;ther§6% ro~
ported by Stock (See Table I}, Othor catalysts, such as BFgz and AlClg will be
tosteods o ,

The mixture of volatile boron hydrides obtained in the runs was fradtiona~
tod through a «45°C bath, & «~80°C bath, to o liquid nitrogdﬂhbﬁﬁh;ﬁiTha hydrides -
of low volatility, such as BjgHj4 were removed with tho=—&59¢baﬁhﬁwhilo unchanged
diboranc (and hydrogon chlorido in somc runs) passed through the -80° bathe The
mixturo of BgHg and BgHjj was trapped in tho =80°C boathe Tho anount of these
pontaborancs obtaincd in this monner wos moosurcd and is listed-in Tablo I as
"erudo yicld", Purification of tho mixturo by mnvorting the unsteble BgHyj to
Bgllg vos accomplished by honting the hydrides at 120°C. The 'convorsion of BgHil
o Bgig is not quantitativo, The canditions for obtaining the moximum convorsion
aro being studiods : IR .

Tho rato of conveorsion of diboranc to less wvolatilo hydridostas maoasured
by froezing out the diborane with liquid nitrogen at intorvals-during tho run,
ond measuring the amount of hydrogenm formede In this wy & rough ratc curve eould
be obtoinocds, In runs 5 through 12 tho hoating poriocd was continued only until tho -
hydrogen prossurc os measurod in this mmner was congtante - - '

The purity of tho somples was dotormincd by thd mqlting‘ﬁoints.',For this
purposc o mclting point apparatus, such as that doscribod'by\Sﬁocky‘vns usods =
Tho temperaturc was measurcd whth an cmmonio vapor tension thormometor., .

The diboranc for thoso cxperiments wos distilled tw@éalfh&oﬁgh a -160°G
bath md had o vapor tonsion of 223 mm, at =-112°C. Tho impurity wes probably - -
othano. ' e T

The cxperimonts on on improved preparation of B Hg‘wil;pbbntinuc during
tho noxt monthe Work will also be startod on preparing onough -material by the
profont mcthods for a study of its proportios. : S

(4) Stoability of aluminum borohydrido

_ A furthor study of tho stebility of dluminum hdrohydridb“nt room temperas
turc is boing mado W th the following objootives: ' . o

() To determine the offoct of hydrogen prossure or tho rate of docompos
sition, . : S SRR :

_ (b) To try to stabilizc tho borohydride by hoating‘in“th¢ ¢bntﬁiﬂer for
verious poriods of timo before storing at room tomperaturacs e -

(c) To detormine vhother othor factors, such as the surfaceo of tho glass
econtainer, influcnee the deecmposition, B

Thoso cxporiments are still in brogress and conclusions connot bo mado
ot tho prosant time, but thore is considorable cvidenco  that aluminum borohydride
ean bo mado morc stable at room temperature than previous rosultéfhaverindicated.

'L \
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(o) Effcct of hydrogon

Qur cxperiments to date indicatc that the presence of hydrogom gos at
pressurcs up to four oatmosphores ray have some influoneo onfthpxdeqomppsition of
o uninum borohydride at room tomperaturo, but there scoms tp1hg“noidiroct rolo-
tion botwoon prossure and tho rate of decomposition, Othor 'factors undoubtodly
aro affceting the result s, I :

Figuro 1 shows the throo tests which arc being fun‘qﬁﬁﬁbgiprosont timo.'

Dry oxygon-frco hydrogen gas wos introduced above a3sqm§@pf§f_q;uminum
borohydride to a pressure of 511 ... The subsoquent dcgomppsitiogfgt~room tem-
perature of 22-29°0. is givon by earve (a), The data for (b)ﬁy@;o*obtninod by
keeping the vapor spaco above the liquid sluminun borohydrido-vory smalle Thus
docompositicn of the material soon causcd a Jarge hydrogen prossurc above tho
samplos It may be soen that ocurve (b) falls bolow (a) despite-tha faot that the

‘hydrogon pressure in (b) is grootor thon that in (o) for most of the test period.

At 0 days, for exomplo, in (b), thoro was o prossure of 2227 mn, whilo in (a)
the prossuroc was only 1033 rm, In both cosos, however, the dodamposition is dow.
oidedly greater than (e)y in vhich the hydrogem was moasurodfqidyrgmoved'nt tvmw
day interwnls. Before my conclusions could bo drawn from theso.results, it
would be necessary to ascortain vhat would bo tho offoect of - 6xoess pressurc pro-
duccd by the presonce of an inert gns, such as nitrogen. AtQP?QSGﬁt this line
of inveostigoticn doos not soonm promisings = :

(b) Stabilization of aluminunm borochydride

; The obsorvotion has beon mado (P,R. Xy Do 3) thnt-thb”fdféibf docqmposi-'
tion of ol wminum borohydride at romm tomperature sooms to deoroase W th time to ‘
such m cxtent that docomposition almost consese Tt took 60 to: 90 days, howover,

bofore the formation of hydrogen becamo very slows It wogs hbpédhﬁhat this ap= . .

parent stabilizaticn eould bo accolerated ot o higher tamporature, - Stornge
tubes containing aluninun borohydride wore, thereforo, hegted for o short time
(4 to 8 doys) at 40°C, tho hydrogon wns removed and the furthor decomposition
ot roun temperaturc was observed,. o ‘

In Figure 2 the rosilts from sovoral oxporimonts are comparods. The fole
lowing date are plottod, - N

© Qurve l. This curve reprosents.tho nermal docompesition of tduninum
borchydride in & glass tubo, It is included for comparison with tho stabi=-
lizod matorial,. ‘ o :

Curve 2. The hydrogen wns pumped off from tho ol uminum borokiydride which
had stced 6% room temporaturc for 120 deyss Tho deoomposition in the followe
ing 20 days was vory small. This rosult indiontos that the ncoumulation of
hydrogen is oithor nct the faotor which couscs stabilizotion or that it is
not tho solc faotor, _ IR .

¥

soaled tubo, This tubo wes openod to o manomctor and tho Hydrogen formed - -
in the decomposition at 40°C romained in the systane Tho ousve plotted ig
tho inoronso in pressure due to subsoquerit decomposition at- room temporature.
Tho borohydride appears to haga e bilizod, e ‘ o

Curve 3. Aluninum borchydride was heatod ot 4094600'forﬁ4ﬁdays‘in 0
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Curve 4, Aluninum bopohydride was heated for 12 days at 40-45°Ce The
hydrogen was rauoved and the system was oponed to a mancmetere The docorposi-
tion at room temperaturc may be scoen to be smell,

Curvo 5y Tw ccy of alunminum borohydride vapor was socaled off in a tube
proviced vi th o break-off tip, The tube was placed in an oven in such a mane
ner that only the lower half of tho tubo was heatede Aftor heating it for
onc hour ot ZOOOC, brown dccomposition products were depositod uniformly over
the heoted glass surface, The tube wes oponced and the hydrogen wos removod.
Liquid ol uninum borohydride was thon introduced into the tubo, and the decome
position at room temperature wos obsorvede The brown material did not appear
to be soluble to any extent in the aluminmun borohydridce The small amount of
decomposition of the latter at room temperature offors some cvidonco that the
procoss is a surfaco catalyzod reaction vhich may be prevented by coating the
surface of the containcer,

Curvo 6+ This experinont wos carried out in tho same mamner as (5) cxcopt
that thc brown doposit wes further hoated in an ovan at 600°C for 10 nminutos,
A black decposit was fomed which did not adherc to the walls aftor the alumi-
num borohydride was addede It moy be sccn thnt the docomposition is almost
idontical with (1). This obscrvation clearly shows that it was the coating
obtained in 5 rather than the cffeet of heat on the glass vhich inhibited the
reoctione This point is to be tosted further,.

(¢) Effcet of incrocasecd surfoce

Although pravicus experiments have not indicated that addition of powe
dored glass affcctud the decompesition (PR, VII, pe 11) some furthor studics
have boen begun bub arc not far enough al ong to report the rosults at this timce

Noe 1 through 25, Navol Research laboratory

26=27, Chief, Bureau of Aeronautics
28-29, NDRC, Dr. Je Williams

30, Aa Te¢ Bond, dJre

31. C. Dilliard

32, Ae Iinholt

33, Ma Curstein

34, Ra Ae Lad

35, University of Chicago files
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n

The work undertaken during the period coversd by th1s repprt hﬂ“ been 8l ex-,
tension or a completion of the experiments whioh were deg crlbqg }
No. XIZI. . S

(1) Lithium Aluminum Hydrids

A preliminary report af the rosotion or lithium alumimuaJhydrlde (Lmal )
witii diborane has been given in Fropruss Hepord Noo XIT, At the . time- of tha%

report th: eguation for the resetion wAs nof known, but L{ h” ?now been estab—
lished *%u he +tha followiner:

LiAlH, + EBBHG = AL(Bi,)s + LiBH,

The roaction wew carrisd cut in 4hs eireulatb bing system:in Whlch we have.
been meidng B silge - The appe roius was modifled °1Lﬂhtly 86 that & tiube contalnlng
Lithium lumlnum hydride could be Pt inte the system hy mebas. of. 4 removable
Lrop avrangement. Diborene wern sirenloted over the 1it hium“alumlnum hydride
ab prosoures of bebtwsen 205 tnmt 550 Ame and sl s speed of about BGO- ac. per ‘
minube, It vas necessary to introduce diborane at 1ntervais 1o‘keep the oressure‘
above D00 mm.  Phe Lithdum niuﬂln v lwydride was Lart at- 65-?5‘ € Aluminum ‘

borohy'ride was continually condonced Mreom the phaqe i fthbﬂ mﬂintalned
! 7400 . .
ah WP 0, ' o

'

whhuT Led grams uf aiunlnum borohydrlde
This amount of material represented

o nnd the amount: of Lithius aluminum

ot nt diborane usad‘up and tnf amount

v

i this, result.”

Operating ander w'l.'.‘;!f;“-f.'i el o

wWoTrS nrﬂpared in two Lo Tour wours time
¥ltld based on Live noove equetic
Hfdwld? used in ke gzporimont, o o
ei 23Thivwe borohydride foracd wisa con’

£y
Vado

docfurcher wore will Lo dea on Bl reaction unlss nroductlon of alumlnum o

vorohydrido is contemplated on & Lurge scale. . This experlmen hag demonstrated e
ROWLVEr, A Row and fessibio noebhod of froparing the horohyd 1da., Under the prO*'“T
P eonditions Bhe reaction is provably quentitatiive, o s

\ ; medivientions of the above procedure would be the follow1ngt
Y Thn Liihlun a]unlunm trirlde shonld be Jinely powdered.* (2) The diborsne -

should Lo pansod - farceugh, rod over, bhe sollda,  (3) leher praSsures of dlborane'
fhauld Te nsed, . ‘ o

e gesstion o litelun alumig hpdrids with boron f \
K - A Ty et o v T, 3 '
gV dihodfane was deseribed ip ProgrESn &uport uo. KI¢-‘1
voron ohlorlds pives diborans alse
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3LiAlHy + 4BCLlz — 3LiCl + 341Clz + 2B,H,

The edvantage of the latter recction is that all of ﬁhejbbﬁonﬂgoas into
the production of diborene, S '

Tho cenction was ecarried out in the voouunm line by condensing boron chloride -
- on on cthor solution of lithium aluminum hydrides A4 vigorous ihbteraction

oocurrcd vhich throw the roagoents out of the reaction tubes, Dobpite the diffim
culty in returning the nonevolatilo unreacted boron chloride otherate to tho
rocotion tubo in order to got completo econvorsion, the yiold was 74%, If tho
procedure for rumning tho reacticn is modifiod by some mnothod, suech 'as bubbling
gnscous boron chloride through en ether solution of lithium aluminum hydride,

.

& guantitative yicld probably can bo obtained. o

The steps in the preperation for quﬂntity-Production‘oﬁhdiﬁpr@na would be
the following: R '

(1) 4LiH + AlClz ~ LiAlH, + 3LiCl
(2) 4BClz + 3LiAlH, ~ 3LiCl + SAlClz + 2BpHg

Steps (1) and (2) would be ecarricd out in the same réaction vessel since,
after tho procoss had startod, it wald only bo nocessary to gdd-lithium hydride
ond remove lithium chloride in order to maintain a continuous ‘progoss. The
aluminum chloride would bo uscd and regeneratod continuousiys Tho only by-
product of tho proccss is lithiun chlorides The lithiun ¢hloride could bo
recconvorted to the hydrido. o

The rencticn of lithium alunminum hydrido with alumimim chi@xidcwaceording
to the cquation : T .

A

BLiAlH + ALCL; ~ 4dlHz + 3LiCl

-is boing investigated. UL product has boon obtaincd in which tho sluminun
hydrogén rotio is 1:3, which suggosts that aluminum hydride is-formod, The
hydrogen cn hylrolysis is low, howsver, and it seoms probeblo-that an ctherate
of tho hydridec is formed from whioh the othor can be removod only” with difficulty.
Attonpts to isolate the hydride will be continuod, Tho Preparation of -
boryllium aluminun hydride (Be{alily )y) from lithium aluminum Hydridc.is also
boing studiod. _ R -




(5)
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(2) Praparstion of B.Hg

- eonftinue to show an sxtremely small amount of decompositi

| (4)

Samples of lithium aluminum hydride have been sent to tha Nm%a_ Reuearch

. tain whether Bgllg may be obtained in this way,

- reaction for the preparation of By s

Ercugh B _H, has boan aceumulstsd so that o qtudy of itg pr pertlos wall

" be made durinf he coming month. The method of prepar ok borane is
~still being used. Dohydrogenation nnd eracking cataly
-effort to improve tho yields, which still are only 40-5‘

3

Btability of aluminus borohydride,

In Progress Report Ho. XII two methods for retarding
eluninum hornhydr!dc were deseribed. One method was ¢
stora;e tube at 40° ¢, for four to wight days. ‘The hyi
subsequent decomposition was observed, Samples treated.

of hydrogen per gram of alumimmm berohydride in forty ! ddy
‘stabilizing the borohydride was to coat the tube with. alum: Jrohydrlde de—
eomposition products before introducing s sampls. Althou bhltﬁ in the
first twenty days indiceted little decomposition, the- Ry
tha walls of the containar and hydrogen formation ineress
decomposition wes sbout five times as great-as that obtai
‘method of stabilization. Further attempts to put coating
it is difficult to get uniform coatings and thet the rate
alumlnum borehydride varies with the type af coatlng.

Several stubility tests hove boen run in the prasewc'“
of powdered pyrex glass. The results in all cases wore &
dieates that, while glass may catalyze the de composition
the amount of surface does not affect the rate after 8 09
has been reamched.

Proparation of samples of aluminum borohydride dnd'liﬁﬁﬂH”

Samples of aluminum borehydride have been prepared nnd %6 Dr

ILaboratory.

Work proposed for_the coming weeks.

(4) Further etudy of the resctions of a luminum chlo
ohloride with lithium aluminum hydride (LiAlily) with the pur
the hydrides of aluminum and of beryllium. . A further gt
of lithium aluminum hydride to ascertain the nature of- thﬂ‘
bustible 1mpurity sometinss obitained.

(v) Reactlon\of lithium &luminum hydrlde with triJ

(c) Attempts to prepare alkyl derivatives of, & Lum:
of lLithium aluminum hydride. ‘

(d) Reaction of lithitm &lwninum hydride with bor

(e) Study of the effcot of various types of cata'

q(f)-Morg detailed study of the propértiaa of»BéH

—
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of preparing hydrides of elements
silicon by use of the mew reagent,

(g) Investigation of the M
other than beryllium, boron, alum

(h) Further stability studies on &luminum borohydride to ascertain whether.
material so stabilized in the lower part of & glags tube will be reactivated
on contaoct with glass walls not in comtact with the liquid; also to ascertain
whether the catalytic effoet of metals can be overcome by heating the boro-
hydride at 400 C. in contact with the metal or by conting the latter at higher
temporatures. Although the latter procedure was only portially successful on.
glass because the coatings ultimately peel, the latter moy be more adheront
on metnls. : ‘

Copies

1 through 25--Naval Research laboratory

26=27-=Chief, Bureau of Aeronsutics

28-29--NDRC, Dr. J. Williams 7
30«=A, C. Bond, Jr. ‘ '
3le=C. Dillard
32=<J. Farr
53==A. Finholt
54=«R. A. Lad
38=-H. I. Schlesinger -
36=~U, of Chiecago filss




PROGRESS REPORT N0« XIV
For the Perlad Aupust 30 - September 30, 1945
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Contract Woe 1738-10421
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l)Contract Moy N173 8-10421 is an extension of contract Nos. Nl?3”sf9058 and s=9820

He Is Schlesingor in Collaboration with
Ae Co Bond, Jrs, C. Dillard, Je Farr, As Finholt, R 4. Iad, snd X. Wilzbach

(1) Aluminum Borohydridoe

(s} Approximately 100g of the compound has beon "stabilized" by a S-day
heat troatment at 40-45°C., Its shipment to the NeReLe i ewaiting delivery of
- metal cans ordered for this purposo.

(b) Continuation of Stabilization Tests

Exporiments described in the August roport (Nos XIII) have beon contine
ucd, To make sure thot stabilization is not due 2 loly to doposition of an inhie "
bitor anly on thosc glass surfaces hoated in cantmot with the liguid phasc of
the compound, tubes partially £illcd with the liquid wore hoated ot 40-45°C for
sovaral days. The tubes worc thon inverted; decomposition at room tomporaturc
thorcaftor procceded just as slowly as in tubes vhich werc not invertod,

. Prohotting the borohydride in contoct with irom wire, likewisc ‘eausod
& marked deercasc in the rate of subscquont docomposition at room temporaturc in.
contect with this motal,

A‘detailcd summary of “oxperiments on this type of stabilizetion will

ba submitted in the next report, by which timo this phase of the invegtigotion
should be camplotod. :

(2) Pentaborane, 3gHg

(8) Preparation. Search for suitabls catalysts in the production of BgHg
from diboréne by hent treabtment has besn started. For preliminary, qualitative
evaluation of the effectiveness of catalysts, two criterig hove been found es=
pecially usaful:s (i} the “erude yoild", i.e., the quentity of material retained
in o -80°C bath, snd (ii) thc melting point of the crude produete {The molting
point of BpHg is -46.8°C, thot of BgHyy is -123°C,) A low molting point of the

. erude product thus indicatos a high degree of contomination with BgHyjs Tho frceze-
ing point is & morc scnsitive end for mors ropid monns of ostimating tho degroe of
contamination thon hydrolytic anal ysis or than measuremont of the vapor tonsion. |
Wo mothod of aveiding formotion of BgHyj hss as yot been disqoverods, -The problem
ot this stoage, thorcefore, resolves itsclf into two objectivoss (i) to doeoronse
its formation to o minimum and/ar (ii) to find o satisfactory mothed for convorte
ing BgHy; into BsHge The simple heat trontment rocommonded by 8tock & Mathing,
Bor. 69B, 1456 (1936) is very incfficiont. ‘ _
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In oxporiments using niercury vapor os a catalyst in the hoatoed tube
through whisch tho diboranc is pesscd, as recermended by Stock, the erude product
usually hed o froozing point bolow -60°C; tho yicld of erude product varied fron
60% to 65% of tho diboranc consumed at 250°C (in most cascs from 85=95% of tho
diboranc wes used up)e It is our prosont opinion that meroury vapor acts merely:
as a hoat troansfer agent, and has no spocific cotolytic offcete Tho usc of a do=-
hydrogotiation entolyst (Crp03) at 150°C gove o erudo product having & malting
point of =49°9C¢, thus indieating o much purer product but tho erude yiold was only
32% oven though 90% of tho diborone was used upe At higher tomporaturcs, tho yiold -
is still pooror, ) _ , ”

On the other hend, the uso of a standard hydro genation ectolyst at 223°¢
rogulted in o erude yicld of 63.4%; the product had o molting point bolow -~80°Ce
Tho higher the témperaturc, the highor the yiold; (cege, ot 150°C tho yiold wos
427 ena ot 185°C, 59.5%), Tho most favorable temperature has as yob ‘o be dotor=
nincde It is to be noted that at 150°C in thc abscnee of catalyst no Bg fraction
(iece, no BsHg or BgHyp) was obtaincds The hydrogenation cotolyst thus op pears
to have two offcots: it favors the tronsformation of diboranc into B. fraction,
although the present entalyst was not highly effcctive in this rospcet, and it
appoars grently to increase the pereentage of BgHype Both conclusions nust, how-
cver, awit nore precisc experimeonts for vorification, For oxomplo, we have as=
sumcd, but not definitely proved, that the contanminont of tho BgHg is BgHyj rather
thm BgHjpe Tho basis of this assumption is that tho erude product has o 0° tone
sion of between 60 and 65 mme The 0° tonsion of BgHyo is 388 mm, that of BgHg,

66 m, and thot of BgHyy, 53 rme - ‘ : '

Theso results indieateo in o prolinminary way thot the proportions of
BgHg arxd of BgHyy in the crude product arc detormined primarily by roaction wolo=
citios rothor than primorily by cquilibrium conditicns. This conclusion justifies
the furthor scarch for catalysts te direct the ma jor ronction into the dosired
chaxmelss The oxperinents also suggest the possibility that the-best proccduro
for preparing the opound noy boe a two=stop procoss, in which the first stop
is tho sceuring of o maxinum yiold of Bg fraction, irrcspeetive of its composi-
tion, cnd the soocnd step conversion of the BgHyj into BgHge. To tost this possi=-
bility, somplos rish in BgHy) will bo troated with dehydrogenation catalysts of
various typos. ‘ . , o _

T~ hove any clear picture of the possibilitics along the linos disoussod
a nmunber of cther eatalysts of various types must be studied, a projoet now undor
ways A fow exporiments dirccted. toward producing BgHg from sources other than
diborane have showm too little promisc to dosorvo inclusion in the report,

Wo cell attention to the foet that we have on hond about 4 g of BgHg,
saic of vhich could bo shippod to the NeR.L. for determinotion of thermal dato.
We belicve that such measurcmonts should be madc new, and wo pwait instructions
on vhen the shipment should be made, ‘




Prosress Nesort LIV . ‘Bage Throo

(3) Propertios of Bglg

i -

_ (¢) Stability. The results arc nocessarily proliminmery dn ch“rﬁot"r since
considorchlo timc must clanse o obtoin sufficicnt dfcompositloﬁ for prociso noo-
surcrientse Furtherncre, os is the cesc with other similer corpounds, the dmtﬂ
tond to bo orrotic, suggesting thoe influsnoe of well ¢ cffoctse - The‘ oTIOﬂLng
illustrative of the trond of resultsy

i. Fron Bglg in the gas phase ot room tcmpor&turo 3el cc Df hydro"oq por
grom vwere moduccd aftor 25 dayse

ile I the prescnee of liquid EgHg ot rocom tomporaturc‘4;3900‘of hydrOﬁon
word obtaincd pPr grom afbor 22 dsys. _

iii. In the gos rhhsc at 60°C 3,9 ce.of hydrogen pbr gran Worc goncrotod in

12 dnys, but in o sinilar exporimont only 3.5 ¢c wero obtoined im 27 doyse

ive Im the prescncc of the liquid ot 60°C, 642 ce of hydro oﬁ woro obtoinod
per gra in 15 days. _ | : -

In cac cxporiment ot roon tompornt the decomposition g poarod to.
hove censced sinee thers wms no furthor prossurc 1ﬂcr0"se for o poricd of four
dayssy oftor romovel of the aceurmlotced hydrogen, dOCDﬁpuultiDn appeared to sot in
. opoine It is cvidont that furnuc; data arc ncodo baofore cciiclugion con be dram.

{(b) We hove eonfimed Stock's rosults ra the robe of hydrolysise. At ordi-
nary tomperanturcs, it is very slow; hydrolysis, carricd out £for enalyticel purposes
ot 90YC, rcquired scvoral days for compleotion. In alkaline scluu104s hydrolysis
is mdro ropid, os is truc alse of aecld sclutions.

(¢) It is somownnt socluble in wator (W th lccmxp051t10n), vcry solublo in
borizone, heptane and cthere Bonzeonc solutions up 50% molc froction oboy Raoulb's
low aprrox;natgly. R :

(¢) It roﬂcts with isopropylamine to ferm an oily product°ﬁ&ving the compo-
sition BgHg*4NHy (C3H7)e The ocompound is morc reactive towerd wator “than ‘BgHg

itsclf, o rosult te he anticipated sinca BgHy roascts more ro nldly in: alkﬁlino
solution than with purc wotera

(¢) ™enction with Air. Contrary to the observations of 8t ock and his cos
workers, as well as So our own earlier experiences, BgHg seems o ignite spon-
taneously in nir, dbut only under very special conditions. Ths followmng geus

of faots are cited Yo illustrate conditions under which spontaneous 1nf1ammablw
llty did not occur and those under which it wes observed- :

A tube containing ebout 2g of Bgilg was aocldantally bro&en end its .
~ocntents spilled on the laboratory bench; although the BgHy ev&porated

frirly ropidly no flame was observed. Furthermere, no fldsh or flame
vms obsorved in oxporimoents in which air wis admitied to a vessel containm
ing frozon BgHg which was thon allowed to ¢vaporatc and begomno mixed with
the air by vbrW slow warming to room tomperaturc. In these cxperimmmts
the compositions of the mixtures after completo cvuporatlon~of the Bgig :
varied from 1 te 60% of cir, and thc total prcssure from about 120 ‘to about
460 mm, : S -
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If, on the other hand, liquig Bglig was allowed to ownporate rapidly _

into a vossol conteining of r, flashing rosultod in most of tho oxporimonts;
only thc experiment in which the largost proportion of aiw 51%)fWQs\used,'
gove no flame or flash, Likowiso whon air wos ropidly adm od %0 BgHy .

~ vapor, o flash resultede One othor striking experiment sh_‘idfbe_rocordod.
In one of the cases in which BgHg hod boon ovaporatod inﬁdia}rZSJOwly enough
to avoid fleshing, the B Hyg wes rocondensod and thc.air,reméyedffrom tho ap-
paratus; the BgHg wons thon ovaporctod again but into an ovaousted -vossel to
vwhich air wos later rapidly admittods The BgHg inflomods- This obsorvntion
indioatos that spontansous inflammobility is dopondont on:the mothod of mix-
ing tho'd r and the BgHg rathor than on an impurity, o ﬁgi@ﬁwmﬁich Wikl row-
ccive further discussion, : S

Some mixturcs which were preparod by slow evaporation’ of B.H. and which
hed not inflamed wore subsequently hentods Whon tho proportion of @ r was - -
only 12%, the mixturc could be heatod to 150°C and thoro mainteined for 5
minutos without visible ronction. Ancthor mixture contoining 63% of air wos

= hontod ot the rate of 6°C per minute until it inflamed ot 849C, . Only 7% of
tho BgHg wns rocovored. In a third_oxporimont_anothcr 63%?&%@#&?? wne al-
lowod to oxpand into an ovaecucted roaction tubo mointained at 50°¢C, whoro
it recoacted with a flash,. B IR

In viow of tho contrast betwoen thoso cbsorvations and - oarligr. onos by Stock
tnd oursclves, further ovidonoe boaring on the question of an impurity as the
causo of spontancous inflammability wos sought in cddition to that already citod.
A samplc of DgHg was shakon with water at intcrvals during 156 miritos, o troatment .
which should have romovod trocos of B4By10s BsH1l, cnd othor highly inflammable
hydrides of borons MNevertheloss the we.shed ‘sample, aftor romovil of the wator,
behevod as did the somples with which the other tosts wore mados - Although tho two
oxporiments cited in this connoction mako it scom very unlikoly that spontancous
inflommability is due to impuritics, tho lattor explanation iéjn§t yot ontiroly
oxeludode Furthor studies arc in Progross. ' L ‘

It should, perhops, be pointed out that oven though spontanocous inflommabilie
ty was observed os doseribed abeve, the ronetions did not apponr to be of violent
cxplosive charaeter; thoy arc botter deseribed as o flosh somotimos aocompanicd
by & foint scunde Tho omount of BgHg destroyed whon o flash oscurred was in
genoral much grecter than is accounted for on tho assumption that the reaction
products arc boric oxidc and wator, R

Attompts wero mnde to inhibit the rosction of BgHg w.th airs Bonzono scoms |
rolatively incffoctive, but lond totracthyl oppoared promisings -& mixturc conwe
toining 7% of this compound in Bgg was rapidly oponod %o tho_qtmqsphgro‘without
noticoable reoctions Other tosts gove simllar indications but furthér work is
NCCOSEATY, : . S e

It is apparont thot spontancous inflammnbility of Bglg is o éomplox proccss.
Some rosult s so far obtuificd indicato ThoL rete of mixing is an “important foetor
in detormining whcthor mixtures will flash but cvon on this point thore is conm
trodictory cvidenco (oeg., the fact that BgHg accidentally ‘spilicd did not ine
flame)s Such foctors as the effcet of concentration, total pregsuro and tempora- - -
turc as well as the possible influence of inhibitors nood st111 tb be studiodse
This work is being nctively pursuode . R 4
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(£) BgHg roacts with lithium hydride in tho presonce of ethar to. give an

other solublc solids As has froquently ocourrcd in similar ca s. Wo hove mot
boon succosaful in romoving all of tho other from the products yeis of tho
solid obtainod gave the atomic rotlos Li:B:H = 1.99:5,0:1l.7, foir sgreomont
with tho formula LigBgH;je The vthor containing sample hydrolygzed slowly, end

was not spontancous§y in}lammablc in oire No immediate further-oxporiments are
plomnod for the conpound unless & tost should prove it ugoful for:-the purpose of

the projeets If o sample is desirod by the Ne Re Ley we can rendily propare ones

(3) Lithiwa Aluminun Hydride

Further work on this compound was confined %o offorts to convert it into alu=-
minum hydridos Although on cthor solution, in which tho ratio of Yaltminum to hy-
drogen is 1:3 has been obtained by the roaction alroady deseribed. in Progross Row
port Nos XIII, pe 2, cfforts to romove the cther conplotoly . vithout. decomposition
- of 'what bppears to betho-otherato of tho hydride havo been unsuccessfules Various. -
processcs worc attomptod; because the desired result woas not achiovod; thoy are:
norely listed as o matter of rocord: Use of elevoted tomperature-and:low prossuro; -
trootmont with tortiory amines and with pyridine; treatmont with' aluminum ohloride
or bromide in benzonc solutione Another attompted approach was through the com-
pound NoAlHu, but all offorts to preparc this substanco (e.g.,,NﬁE &tAlG13_undbr
various conditions) woro unsuccessfule Tho matter is being studicd furthér,. '

It was shown thot lithium aluminum hydride, although moro réactive than 1ithie

um hydride in certain hydrogenntions,. is no more sotisfactory thon lithium hydrido . =
in attompts to preparc mothyl aluminun dihydride from mothyl aluminum dichloride.

(4) Proposed Work

In addition to the work already mentioned, methods of propﬁrgng‘hithorto‘unQ
known hydrides and alkyl motal hydrides of othor clemcnts are boing studiod,
This work also includos cxporimonts designod to dovelop more officicut mothods:
for proparing compounds which might bo usoful for tho purposcs . of thé projoct,
but for vhich no.cfficicnt mothods of proparation are now knowne " Compounds of-
titoniun and siliconm are ineluded in the program, but oompounds. of somo loss come
mon elomonts arc also being invostignteds Only by having a rangc of compounds
(vhothor they are thamsolves foasiblo or not) and tosting them conr'a logical ape-
pronch to o solution of the problem bo devolopeds ' R

1 through 25--Naval Research Laboratory
26-27-=Chief, Bureau of Aercnautics
28~29--NDRC, Dr, Jo Williams

30==A+Ce Bond, Jr,
3]=--Cy Dillard

32==J, Farr
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35~~HeIs Schlesinger
56==Us of Chicago files
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, Progress during the month of October has been slower:
‘months due in part to a temporary man-power shortage, and in pa
in the nature of the work. During this period we lost the we
Bond and D. Peppard, and found only one replacement, Mr. K, Wila

o'a change .
S 0f A, O
'dhﬂﬁg‘Very,

able man who hedv, however, to bocome familiar with the neceésss
-niquess This situetion has now been improved since we were abl
Be Abraham, a men thoroughly oxpericnced in this typo of Jdnwve
Even so, very rapid progross cannot be expected since we are no
catalysts, and arc doveloping new preparative proocdures in a f
thoro aro no provious cxporimentel data or prineiples o use-

l. Aluminum Borchydride

Tho 100 gu of aluminum borohydride, requested by tho Navel Resoarch .
Laboratory, woro shippod after the material had been "stabilized® by tho mothods
deseribed in Progross Roports XII (ppe 6 and 9), XIIT {pe« 3), ' .

- An oxtrd, tube of the bateh from which tho shipment wns taken.”
for 1l days, during which timo & prossure of only 45 mm of hydrog
- voloped. ' : o L

_ The complcte report on the stability tests of alumin
is doferred cwaiting completion of the last few oxperimonts.

2 Pféparatioﬁ of BéHg

- The tosts of catalysts Wore continiiod, but no matorial
tive then those proviously reported (Progress Report XIV, pe 2
‘been found. Purther study has showm that the cffoctivoncss o
very rapidly decroases with usc, an cffeet which scoms to bo ¢
loost, to a cocting of solid hydrides of boron or of boron itg

periments carricd out in this laboratory before the war had shown'that the
formation of such solids may be deeronsod by tho usc of cxooss: of hydrogen,
we have dosigned and arc erocting new apporatus in which the ¥ -

xtent

be .carriod cut under hydrogen pressurc, ond in whieh spocc vo
of eatalyst surface and éther faetors may be morc roadily alto
tailed study vhich now scoms neeessarys  Also we havo made arr
scourc several catolysts offcctiye arbon chamistry an
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5+ Properties of Belg

{a) Solubility. The compound didsolves in hydrocarbons. suc as benzens,
‘oyclohexane and n~heptane., bolutiqng up to 50 mole per cen ve begn pre= . .
pared and oboy Raoult's law approximately, but no attempt wa de.-to determine
limits of solubility. The compound is also soluble in solw dke: carbon
totreohloride; such mixturcs hove vopor tonsions higher tha ccted from
Racult's law, but sufficiontly lower than the sum of tho vapor teénsions of the - |
camponents to show that solutions are formed. IR : '

(b) Spontoncous Inflammabilitys By slow ovaporation of BgHg into oxygon gos,
somc dotd on LHo Iimits of spontancous inflammability wore obtginod, but the -
rosults aro still erratic ns described ‘in Progross Roport XIV (pps. 3+t )«

Wnen the prossurc of BgHg is maintainod at 200 mme, while % n prossure
'if raised, spontancous inflammation is first obsorved at an’. n.prossuroc

of 40 rm, although in some oxpecriments a roaction did not oceur. until tho
oxygon prassuro had rison to 170 rm. : o o

‘In spontancously inflormablo mixtures containing OXYgoO: ~partinl prossurcs
from 40 to 170 mma., the reacti-n wos not violont; a mixture 1ing oxygen
ot o pressure of 340 mme (Bglg prossurc 205 mms) cxploded. with "emoueh violones -
to shattor the containcr, howover, S A SO

The roaction wi th cir, as mentionod in the report rCIbhf’dﬁtb;‘is' _ :
complex, sonctimes giving white and somotimos brown products:’ tho nature of -
which has not boon investipnted. ' : . S

Since it is possiblc that the spontancous inflommabilis
to impurities, furthor fractionitions of the matorial wore .
froctions bohaved alike. It is rocognized, howover, thot rom
by frooticnation is difficult., Vo aro consoquently scarching for chomical
tosts to identify small cmounts of BgHyj, the most likoly im ty, in BgHga
- Toward all but onc recagent so far testod, the twe substancosronet similarly;
tho onc cxeeption is lcad nitratce which is roduccd by impuro: samplos of B
but not by the morc highly purificd oncs; tho test does not soem to bo suffi-
ciontly sonsitive for our purpose, ' AN E

A’ out but all
of tracas

inhibitod .
ragent rosults -
¢s . Tho cffoet

Spontonocus inflarmability of BgHg sanplos is comploto:
by tho nddition of smll amounts of nickol or iron carbonyl
indicato that vory small troces of the lattor may provo offée
is still undor investigption, R

4, AlUninum Hydride. In previous roports, we hovo dosoriﬁgqﬁ‘ipqﬁimcnts
dircctcdToward The isolation of duminum hydride (Progross Roport: XIII, pe 2,
end XIV, pe 5)s Although the roaction of the new conpound Hi with alunie
mar chlorido in other solution gives o product in which' tho tio 6f ALsH is

1:3 g ats wks., o puro product eould net bo obtained, dpparently bdeatso oome
plete ramownl of ethor is attended by deeamposition of the hydrido, "In order
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to mnke cortain that no substonces othor thon the hydride ang: othor were
prosont in the impurc product, its eomplcte :pyrolysis was earrigd out. The
volatile products wero ethane, hydrogon, cther and a small 4y of o subliw
mate which prosumably is aluminum cthylato. -The solid rosidug 13Tafmixtqrc
containing motallic dlumimm, and cluminum compounds, prosuwnab xide and
the cthylates The quantities of hydrogen, othone, and othor -the total
aluminum in the residuc agreod, as closoly as is to be oxpectod in so complox
o gltuction, with the assumption thot an ctherato of alumiﬁuﬁﬁ ydrido docom=
poscs a8 follows on -pyrolysis: ‘ v

(1) z.A.lHS .o E-‘tzo  ZA1 + 3H2 + 2 x E‘tzo i

(3) 2AIHz3EL,0 ~ Al,0, + 6Bt H

3

The dotails nccd not be given,

Purther confirmation that the material in tho cthor solution is
aluminum hydride wos obtoined by tronting tho solution with trimothylamino. -
Removal  of the volatile materials, at 0° - 10°C, loft behind a wcrystallinc -
product, thc analysis of which corresponded to tho formule AlH *2NMog s This
formmla, the slight volatility and other propertics of -this substonce corro-
spond vith thoso doscribed by "Hiborg (Bers 75, 2003 (1942)) for the trimothy-
laninate of aluminum hydride. Sinceo Wiberg has shovm thot thehydride may bo
isolated from this compound, no further work in that dirootipn s now plannod.

Se Preporation of Othor Types of Hydrogen Compoundss This as@dc%‘of‘thc work,
to which considorable tire has beon dovotcd, roprosonts a. proliminary study
in which the immedicte usefulness of the products obtained wns-not & primary
objoctive. - Its purpose wes to obtain data upon which mothods: for proparation

of conpounds of dircct intorest could bo bascd. Thus the discovery of o now
mothod of proparing silonc wes not in itself diroctly applicablo to the' _
projcct, since silane is probably too roadily inflammablo fo proactienl uscs
this discovery has lod, as shown by cxperinonts carried out aftor the poriod
coverod by this rcport, to methods more convenient than any hithorto known

for proparing tho various partidly alkylated silonos.  Wo hopo that tho developw
mont of & simplc mothod for tho proparation of the very unstable: stonnone o
(SnHé) will sinilerly lecd to mothods for obtaining moro stoblo alkyl deriva-
tives of this compounde Tho proliminery work, heroin roforréd to, is out-
linod as follows: - RN

(a) Preparation of silane by the reaction, carried out in ether golutions:
SiCly + LiAlH, ~ LiAlCl, + Si, o
This reaction was described in Progress Report XII; p;u2;m4 A

(b} Preparation of LiGaH, by the reaction

4LiH + GaCls-w 3LiCl + LiGaH$
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To carry this reaction out, a largs excess of 1i%
addsd to an ether mlution of gallium chloride at -80°C.. T
lowed to vam to room temperature, and is filtered out of e

Evaporation of ether from the filtrate caused the deposition
feathery orystals of an etherate of LiGaHge Removal of ethse
product was eccomplished by evacuation at room temperature” :
The ratio of gallium to hydrogen in the final product was I 3i the total
hydrogen obtoined by hydrolysis corresponded to a purity of (94.8%,. If higher -
temperatures (40°C) are employed for removal of ethor, the prodict turns
slightly grev. ‘ oLl

Attempts to preparc digallane by use of an excess of:gallium chloride
were unsuccessful. A few further cxperiments are under way, but the matter
- will not - be extensivoly pursued becouso of the small likelihood -that: gellium
campounds cen be obtained in sufficiont quantitios to bo prac Teals '

(¢) Gormano (GoH,) This compound was preparcd by tho roﬁ@ﬁiﬁ#ﬁV(in'other)z‘
GoCl, + LiAlH, — GoH, + LiCl + AlCl, |
and
GoCly ¢ 4LiH ~ GoHy + LiCl

Tho germanium chloride was distilled into a flask containing the
hydrogan compounds and ether at -180°C. The reaction proccoded- smoothly as
the mixturc warmed to room temperaturc. The gormane, scpar fqpmlothor
by froetional distillation through a -112°C bath, had prope: id
with thosc doseribed in the carlior litorature (seo Pancth,"
(1925), and Schenek ond Imker, ibid. p. 271; the vapor tomsio
the latter is 155 mme ot =1129C Tound by us 160 mme). The yiolds
by both methods (20%), possibly boeausc of formation of polymoric GoHy; tho
mcthods arc nevertheless marked improvemonts over older oness ' @ - _ '

{(d) Stonnanc (snﬁ4) Stannic chloride is reduccd to the motal'by lithium hydride -
 without formition of stannanc. With LiAlH, in ethor. soluti hdor the con=
ditions doseribcd for the proparation of gormane, stannic oh
vigorously. The volatile product woas ramovod as rapidly 4s.f
ish the oxtent of its decomposition. The stannone was purd by froctionas
tion through a ~112°C bath, and had tho vapor tonsions (182 t-=80°C and
1845 mm ot =112°C) rcported by Paneth, Heken, and Rebinowitch H_ef§‘5?4 1898,
(1924). The yicld was 20%. R

hs alrcedy deseribed by Ponoth ot al, stannane is’a5jbxy“uﬁ5taﬁlo ,
substanco; it decompeoscs complotcly in 12 hrs. at room tomporaturo,

4He motal by
ydride hava

(o) Titonium (Hydride).  Titonium totrachloride is roducod.
lithium hydridc snd by.LiAlH4. Attompts to propars a volat
been unsucecossful, _ -

ma @)

‘Qlcl 001U-Jq He Sams, NE‘-W DCpt. (1"2) - Ke Wilzbach (17) R : ¢
- Dirs., Naval Rese laboratory (3-12) - (. Dillard (18) - m singor (22)
Chicf, Bure of Acronsutics (13-14)  J, Farr (19) F o (23)
OQSURQDO ( Bl e ‘

» Finholt (20)
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due to the presence of a slight trace of impurity.(BsHll ?)._\SinQEchere‘was a
possibility that such an impurity might nlso be responsible for'the observed spon=
taneous inflemmability, we tested -a sample of BeHg which had bi tored until the
initial hydrogen evolution had ceased. Its inflammability was s ilar to that of -
fresh samples. To determine whether the initial -docomposition.-is.due tc an im=- _
purity, samples of BgHg and of BgHyj have beon sent to the Gener Electric Com
pany's research laboratory for measuremont of the infra=red-spec e (The Univerw
sity's cquipment is not awnilable at prosent,) ey i

The spontancous inflammation of Bely may, however,qu;gpmpleﬁoly inhiw -
bited at ordinary tomperaturs by iron carbonyl as already montionod on pe 2 of =
Progross Roport XV (October). We have now found that as small aguantity as 0.,01% ..
of the carbonyl completely inhibits the inflammebility at room i oraturo, and '
it is possiblc that ovon smeller amounts would be offoetivo. 'The redson for this
lotter statement is thet a sample of Bglg from which the corbonyl Had boen removod
as fully as possiblo by fractionntion still fnilcd to flash in ai¥s At highor tome
poratures the iron carbonyl produces an induetion poriod but doos-not provont ine
flommation. Thus ot 60°C addition of 0.02% of iron carbonyl cousod an induetion
poriod of 14 minutos bofore the mixture flashod; with 0,17 the induction period
s about 4 hours. A% 1009C 1% of iron carbonyl produced on indwction poriod of
40 minutes., : ’ et -

The BeHg deca amt scom to reaet with iron cawbonyl oithor o% room tome
perature or ot 6808 in darkness. If the mixturc is illuminntcd heiron’ carbonyl
is deoomposcd ot o rate dopendont on the intonsity of tho radiation; but tho BeHg
is unchongcd. ol :

(3) Progross on the catalytic production of Bolyfrom BoH hasﬁbbéhméibw, a5 wos
anticipatods A number of catalysts, as well o8 the offee of hydrégen, are being
studiod but this work is not sufficiontly far along to make any additions to what
hos boen roported in Progress Report XV. Dehydrogonation satolysts thus far aroc
the most cffeetive, but studies on the effoct of particlo sizo,-longth of path,
cte., must be completed bofore finel conclusions aro roachode: e

(4) Tho %tecsts on stability of aluminum borohydrido as originolly contomplated have

beon complcted ond will bo the subjoct of o speoial roports.’ Tho obsorvations made .
on the cffoet of iron carbonyl on Bglg have led us to study its offoot on olumimum -
borohydride oven though tho likelihdod of succcss is not groat, .The final report -

on this topic 1s being withhold until tho work with iren cﬂphbnylwlsfdgmplcted.'
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The Preparation of Silene, Stannane and Alkyerefivﬁﬁives,bf
Each by the Interaction of the Corresponding Haloge ivatives
with Lithium Aluminum Hydride, Lithium Borohydride.- thium Hydride,

SN _

_ The preparetion of Silane snd of Stannane by the‘in$6‘5Qﬁion of lithium
aluminum hydride with silicen %etrachloride and with stannio ch ide; regpeoctively,.
has been described in Progress Reports XIT (Pe 2) and XV (pe . 'This reaction
has now been successfully extended te the preparatien of partially alkylated deriva-
tives of these hydrides, ‘ : R o

Since the use of lithium hydride in Place of the alumimu compound
weuld be more convenient, its remctions W th silicon tetrachloride ard with several
of the alkyl derivatives of the Btter were investigated, In all dases the lithium
hydride produced the desired pwduct. In the reaction with silicoa tetrachloride,
howover, the yield was unsatisfactory unle ss a largo excess of lithivm hydride was
useds In the preparation of alkyl silicon hydrides, lithium hydride proved as ef=
fective as tho lithium aluminum hydride se far as Yicld is congerned, but the ro-
action of the former was considerably slower and required a higher temperature.,.

So far as can be judgod from the data availablo, tha advantagoe of the lithium alu--
minum hydride résults from its solubility in others, which ¥ ads-to homogenoous re-
aotion mixtures, whereas when lithium hydride is used the roaction is one botween

& solid and a liquid thus loading to retardation by formation‘ofWéqatings on the
selid roactant, Attempts werc mado to accolerate the raactipnyof“litﬁium.hydride

by the addition of rel ok ivoly small quantities of el wnimum chlorido to convert a
small part of tho lithium hydride to tho aluminohydride. The lattoe? 'should be re-
eonvortod to aluminum chlorido by the halide used in the reastion, and a "oatalyzed"
roaction should result. This oxpcetation vaes, however, not realized, possibly bow
causo coating offcets provented access of aluminum chloride to tho'lithium hydride,

- Lithium borohydride is alse soluble in cther. It is..ovident, howcver,
that the boron chloride formed by the interaction of the borohydride with, for ox-
smplo, silicon chloridc would immediately react with moro of the borohydride to
Form diborances The reaction was briefly studicd with the expcctbqfrqsult;‘i.o.,'

iiborance as woll as silanc was obtainod, thus cutting down.on“thQﬁyieid;wﬁichﬂ

1lght boe cxpoeted for the lattor,

Diothyl dichlorosilanc and cthyltrichlorosilanc were obtained from the
Yow Caning Corperation; the corrcsponding n-propyl dorivatives were propared from
‘ho propyl Grignard rcagent and silicon tetrachloride. Complote purifisation of
‘heso starting products was not undortakon since all of tho corrgspend ng hydrogon
ompounds wore to bo preparcd, It is much simpler to purify tho’ hydrogon than tho
hloro compounds. It should be mentionocd that siliocon alkyl chlorides are mam=
actured by both Dow and Goneral Elcctrie Company. Proparation of itrialkyl silicon
ydridos wos not attompted since they may be moro easily prepared from silico-

hloroform than by the prosent methd

. The alkyl tin chloridecs wer'o' propared by interaction o totramothyl tin
nd tin tetrachloride. In this case also the various chloro dori VoS- were not
urificd, since scparation of the hydrogon compounds from each other seemed likely
o be more efficicnt, B
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In most cascs the reactions were carried out in va
"af the greater rapidity of this procedure and its advanteges - in
guentitits of volatile materialss Wo have, howevor, carried. o
ber ef experimonts using the more usual typos of laboratory gl
the soparations in a fractienating column to know that these.p
~used whencvor dosirable. - o

systoem beeauso
daling with small.
foa sufficiont nume
ro-and moking
odures may bo

For tho roactien betwoen lithium aluminum hydride anm he alkyl “halogen
derivatives of silicon or %in, either diothyl ether or dioxmane sed*as solvent.
Diethyl ethor has the adventago of dissolving largor aemounts of tho" lithium alumi-
num halido; dioxanc is more readily soparatod from the reaction: duct. For tho

reactions botweon lithium hydride ond the alkyl silicon chlorides: dicione wes usod -

86 the modium in order to make pessible highor resotion tomporetures, = "

- It is not necessary to givo details for oach preparsation since all wore
~oarriod out in similar fashien. Whon the roactions were carriod out in tho wvoeuum
systan onough material was usod to yicld 0.2 to 0.3 g+ of produc -An oxcess of
about, 15-20% of the lithium aluminum hydrido was employed;‘inithﬁfcagq‘pf lithium -
hydride, the ecxcoss was twe to throofold the thooretieal emount but-fairly good row
sults could be obtained with slight oxcess only. Tho lithium sluminwm halido wos
dissolved in the solveont in the roaction vossol into whioh the ¢ opriate silicon .
compound ms thon distilleds, (Whon tho reaction was carriecd out in conventional .
-apparatus, the silicon compound was ndded slowly from a dropping funnel,.) ' TIn the
caso of the solid alkyl tin halides, tho lattor were placed in ‘side arm of the re-
action vesscl, and woro mclted te allow than to Plow into the solution of the Iithi-
um-aluminum hydridc. Whon lithium hydride was uscd in place of "thd aluminum come
pound, tho formor was suspended in the solvent and the procediro jugt outlined fol= -
Yowed thoroafter. ‘ e -

: With lithium oluminum hydrido thé remections prococdod ‘smeothly and
ropidly at room tomperaturcs and was complete in ebout 15 minutes<:-Whon lithium
hydride wes uscd with cthyl silicon trichloride, rapid roaction .ensued at 40-50°¢;
in tho case of the dicthyl derivativa, the roaction was carriod3QQtﬁat;the‘roflux
tomporaturc of dioxnne (about 98-1009¢). R :

Tho yiclds of the mononlkyl silancs, obtained by uﬁq;§f‘1i£hium.a1uﬁié .
mam hydride, woro betwoon 95-100%; the yiclds for the dinlkyl silangs woro lower
because the dinlkyl chloro dorivatives used as starting metorial. wore net pure,

‘With lithium hydride an 86% yield of the monoothyl silano and. 72«74%. yiclds of di=
othyl silenc worc abteined. (The lower yicld of the dicthyl deriwitive is due to
tho cause montioned abovo.) Ns caloulation of the yields of tho tin compounds was
mado sinec the starting matorial was in each case a mixture of the various alkyl
tin chlorides of unknown composition, and tho several hydrogen derivatives wore
soperotod from each othor aftor preparation of the mixturese o C

All of these compounds are liquids at ordinary temperstures with froog~
ing points which .are probably below «112°¢, Thoy arc eithor iusoluble. .or only very
slightly soluble in water, with which they resct very slewly, . For'eismple, in the
case of tho tin compounds, solids are doposited only after the. mixtiure of *+ho ocom=
pound nnd water had stood for soveral days. In benzone, all dre solublo. They aro
not spontancously inflammnble in air, but are readily ignited an ¢ burn more
rapidly than either diethyl ethor or gasoline. Excopt for monom stannane, the
compounds sccm stable at ordinary temperatures; manomethyl stannano ‘seon: produces
8 deposit of tin but how oxtensive its docomposition is has not ¢t been fUlly do=-

termined.
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Observed melocular weights of the compounds in all eases-agreed to
within experimental errr (in all cascs loss than 1%, and usvally loss than 0«5%)
W th the theorotieal. Vapor tensions of all of the compounds have boen determined
at vorious tomperatures; fram thosc databoiling points and heats of voporization
~havo beon caloulated, Theso valucs arc recorded in the follow ables At the
right arc given the cquatiens which reproduce satisfaetorily the

_‘,lpéﬁ‘tonsions; )
far more preeisc vwrk the constents of tho cquatione should be re; torminoed, since

wo hove s yot goalt with vantities teo smnll to assume thO'highﬁstudegroo of

purificatianm,

Heat eof
Beiling Vaperi- Lo
Peint ' zation Eguation for ..o 7
% (Cal./male) Vapor Tension '
SiEtH; ~13,1 5261 log p = 1190 4 i9iz0a
SiEt,H, ~ 53 47 7409 log p = *1gl?i+§fg§§5;
S1Pr,f, 110 8500 log p = ‘1357‘+}z;790,
Sl -0.9 5869 log p = “l%ﬁi];;‘a
- | - -1440
SnMeoHy 36490 6586 log ?‘ | |
EndexH 5942 728 log p = L 4 7iem
oc: (2) Col, J. H, Sams, Army Liaison Officer, Navy Dept.
(10) Directar, Naval Researah Laboratory
(2) Chief Bureas of Aermautics
(2) Dr. Jonathan W, Williams, Q¢S+R.D0
ece. Nos 17 K, Wilzbach
18 C+ R, Dillard S
19 J, Farr : ,  fL”If .
20 A, Finholt S

21 R+ A. Lad ' R
22 University of Chicago Files R
23 D. .ibrahon

i - .o
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Contract No. N173s-104211)
BuAero TED NRL Noe 3401

Lcontract No. N175 s-10421 is an oxtension of contract Noss N17%-5-9058 and s=9820 -

He I. Schlesinger in Collaboration with i;”T
Be Abraham, Cs Dillard, J. Farr, A. Finholt, Re A. lad and Ky Wilzbach

(1) Studies on the conversion of B,H.to B H, have been continued-along the lines
reported previously. In general it has been found that changes in temperaturs,
pressure, flow rate, time of contact with catalyst which increéased the total
amount of BpHsconverted into BgHg and BgHyj also inoreased the percentage of Bolg
esonverted into compounds other than those containing 5 boron atoms per molecule,
In other wrds, the yleld of BgHg + BgHjj in terms of BpHg used up remained fairly
constant, indicating that the catalysts which proved offective in-altering BoHg
“were also offective in doeomposing the B canpounds. A very reoent, as yet uncon-
firmed oxporiment has given a more favorable result from this point of view, but
hes given & very small conversion. It would be preamature to give a more detailed d
report on this proliminary experiment at prcsonte s e T

Bocause of the earlier unfavorable results, we are expanding our studies
in several dircotions: (a) Studies of the conversion of BoHg into BgHg in sol-
vents instoad of in the gas phase; (b) A study of the possibility of roducing
higher hydrides to Bglg , and (¢) Studios on the conversion of ‘BoHg &t high
pressurcs, ‘ : P

Tho last named of these has required preliminary testing of suiteble
apparatus. DBecarsc of the inflammability of diborane end ospecially. of semples of
this substance which havo been hoated, tho starting products are best introduced
into the prossurc systan in vacuos The ep paratus must thorefaro be tight both
toward ovacuation and toward high pressures. Tosts of various types are now under
WaY o : S

(2) Wo arc proparing some of the silicon~alkyl hydrides and tin alkyl hydridoes
desoribed in previous roports in quantitios lerge onough for tosting in an actual
motor, Othor compounds of this typo are being studied (¢egs bisimith and antimony
ellyl hydrides) but the work is still in its initial stagos and will be reported
lator. . R

(3) A raoview of the work on the stability of aluminum borohydride is apponded.,
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Stability of Aluminum Borohydride

| Noturo of tho Decomposition

This rcport is o summary of the studies made during. thadpast ton months
on tho docomposition of aluminum borohydrido, hercinafter called alidos The de-
composition produocts of slide are hydrogen gas &nd non—vulatlle comipounds of alu=
minum, boron and hydrogen salled "polymer". Tho polymoer con be’ proparcd by heat-
ing the alide to 100-150°C, but the roaction is very sensitive £6 'tempornture
chungos. More rceont studlas have shown that polymer formed st high temporaturos
is not homogenoous but consists of metorial which is soluble in.alide, and an in-
soluble residuc vhich has tho formula (4A1B Hg) All of the components included -
in the torm "polymer® reaet with wator to glva hydrogen., In addition to thoso,
there is often formod another substance of metallic sppoearanco which does not react
‘vith wator. Tho average composition of the mixture of those threo~bamponents, ob=
tainod by hoating a sample of alido, corrosponds closely to (AlBsﬁg). (PsReITI,;12;
PtRo VII, 103 PR, VIiIiz, 18)0 S

At room temperature, only tho allde-soluble materisl ismfgrmad, but whon
the solvont is removed this slowly loses hydrogen to give the inmsoluble substance,
.and from it upon prolonged standing, in tho anbsence of alidc, traces of. the ‘motol="
)lic substance are also produccd.

Alide is tho only solvent known for any form'of th0;p5lym6r;fP.R-'IV, 2)s

II. 60° Studios

\4

~ Since the docomposition of nlide at room tomperatures: 'Vﬁsldw (P-R. VI 7)
‘ncooloratod tests at 60° were undertaken. Howover, the rosulbs=obtained ot this
temporature could net be used to prediet bohavior at lower temperatures because

the course of the roaction is quitc differonts Thus after 20»30 doys at room tom=
perature, the decomposition seoms to opprosch a limit corresponding to o loss of
between 0¢5 ond 1.0% of the availablc hydrogen; vhereas at 60%, fio rotardation of
‘the rato was observed affer 70 doys. (P.Re X, 3). Also consido 1o amounts of

the insoluble polymor are formed at 600, as well as sane of the "ubstanoes of
metallic appcarances Thoe latter, however, hove been obtained, i eunts too small
for relisble aralysis, Jat :

Soro of the results obtained at 60° are as follows:

1). Docomposition of alide vapor is only about onc-tenth‘as rapld as
that of tho liguids (P.Re X, 3). ‘

2)e 50% solutions of alide in bonzone, isopaitane ah&H‘mclohexnne de-
compose o0t approximately the same rate as the puro campoun‘ -In mmylene

?;lutlons 3f tho same concentration, tho decamposition is. moro rapld.
’ slle X’

”1ff06t in 360
hourss Coppor and its slloys produccd o dcflnlte 1noreasa ih “tho rato of
decomposition. (PsR4 X, 3)

8)e Mild steocl and stainless steol seem to bo wlthdu”w
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follows:

.....

«P&é5:T5”°”

4)s Caroful steaming of the glass, used %o make sempls. tubes, did not
alter tho rato of docomposition, but use of dichromate cleaning solution

oxerts a harmful effocte (P,Re VIII, 13) In quartz tubes;, tho rato is

approximately the same as in glass, (PeRe X, 3)

B)e 'Foirly large quantitics of aluminum chloride acoelernted the decomw
position, but tho cffect is too smnll to account for the faot that some sam=
ples of alide docompose more rapidly than othors, Carefully purified samples
did not bohave difformtly from ordinary samplos. (P.R. VIII, 10)

6)s Addition of soluble polymer did not affeoct tho rdtéJof docomposition
in 60 dayse (PR X, 3) T

Room Tanporaturce Studics

Obscrvntions on tho stability of alide at room tomperatures are as

1)e Tho docomposition occurs emtircly in the liquid phases  No docom=
position was perocptible in o sample of alide wapor oven after 120 days.
(Final Roport, Contract Nos. N173 s=9058 end N173 5=9820, pago 9.)

2)e Somples of the borohydride, carcfully freed from chlorides, dosom~
posed somewhnt more slowly, at room tcomporaturcs, than samples. of ordinary
purity. On the other hand, addition of zluminum chloride, tho most probable
impurity, producod no significant acccleration of the dooompositions (PeR.
VII, 11} ' R

3)e Addition of Pyrox gloss w ol did not affoed tho ‘decomposition,
(PeRe VII, 11, 13) A large surfaco of corefully reduced -iron acocolorated
the first stagos of thc dccomposition but the rato rapidly tapors off.
(PyRe VII, 11, 13) Other oxpcriments with iron surfacos ard described be-
low, I :

4)s . Somples of 0.56 g of alide wore introduced abovo 05315 and 1,6986
groms of 40-60 mesh powdored Pyrox glass., The dovoleopment. of hydrogon with.
time in thosc scmples is given in Fig, 1, The sample containing the larger
omount of glass powder producod 1.6 timos as much hydrogen in 60 days, but

this is loss than wuld be expoctod if tho effoct wors duo to surfage alono,

sinco tho largor sample contains 3 timos as much surfaces - It should be no-
ticod also that the amount of docomposition in the prosence -of 045315 Eroms
of Pyrcx powder is ko ss than in sample s containing no added: surface, Come
pare curve (2) of Fig, 2, - e

5)e Attempts to cont tho walls of the somple  tubos with dccamposition
products of alido in order to counteract tny surfaco offeets dare.-doseribed
in PuRe XII, 9 and P.Re XIII, 3¢ Curve (5) of Fige 3 shows the decomposi=
tion of an dido sample in a tube vhich had boon coeated with decomposition
products at 200°, Although the docompesition was retarded initial ly, tho
coating gradunlly-pecled off and the rate inerensed. However, the rate
was still much loss than in uncostod tubes, It wsg difficult to obtain uni~
form contings by tho mothods tried, and the rato of deocomposition was found
%o vary with the naturo of the conting o
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6)s Tho presence of hydrogon gas at prossuros'of apprqximaﬁa;y one atw
mosphere scmeowhat accoclerates the rate of decomposition, &s is showm in

Figuro 2. Curve 3 roprosents the data of an experimont in which the hydro- =

gen resulting from the docomposition of o sample of alido was removed from -
the roaction vesscl ofton cnough to provont a hydrogon pressurc of ovaer 40
mme In the oxperiments shown in Curve 2 the hydrogen was allowcd to romain
in the vesscl; it is scon that deconposition is more oxtensiveo than in the
oxperiment of Curve 3. Still largor hydrogen prossuros. wére brought about
in twe wys: (a) An amount of hydrogon sufficiont to produce o prossure
of 571 mne wos introducod into tho veossel at the bogiming of the oxporiment.
vhich is recprosented by the open circles in curve 1 of Figure 2; (b) The
omount of liquid alide uscd was mado so large and the free-space in tho vese-
sol wos made so small that the hydrogen resulting frem decomposition scon ote
tainod a rclativoly high pressurce (solid circles of curve 1)s In both cnses
the rate of dccomposition is considerably groater thon in oxporiments in
vihich tho hydrogm prossurc wns kopt low (curves 2 and 3),  (Progross Roport
XII, 6)% . . S T

The aceclorating effoot.of the hYdrogan pProssure does, howover, not con=-
tinue indefinitely as shown by the fact that both airves-l-and 2 of Figure 2
ultimately level off, This roamlt is prebably duo to the-stabilizing offect

to bo discussed in followi ng paragraphs.

7}e All of tho oxperiments at room tomporature showed that tho rato
of decomposition of alide decroascs markedly vith times Th¥s offcot is il
“lustroted strikingly in ourvos 1 and 2 of Figurc 3: ourve 1 roprosonts tho
rate of docamposition of a fresh somple of al ide; airve .2 tHe rate of docanm
position subsequent to 120 days standing at room temperature and aftor the.
removel of the hydrogen that had cceounulated during the first 120 days.

That this "stobilizing" offeet is not duc to the proﬁénﬁo‘qf‘hydrogcn
is cloar not only from curve 25 which ropresents tho rate -oft decomposition
aftor hydrogen ramoval, but also by thc results dosoribodfighﬁ)lg To invos-
tignto this point further, semplos of alide were haatod at 40 for vorying
longths of timo, the hydregen produced wes then raemoved &n@;#heisubsdqnon%
reto of decomposition was observed without ranoving the alide from the tube
in which it was hoatod. The results are shown in Figuro 3, Attontion is
enl lod to the faet that in the exporimonts recorded in this figure, hydrogan
prossuros corrospond roughly to oxtants of docomposition singo the gquentitios

of alide and tho volumes of the roection systems wure‘appréximatdly the same -

in all coses.

Curve 3 of Figure 3 reproduces the rosults observed vwith o semple honted =

ot 40°C for tw days, and shows a merkod rotardation of decampositiom. The
offoct is s8till moro preonounced in curve 4, The lutter“curﬁﬁg_howovar, shows
that hoating at 40°C for 12 days (soclid cl.relos) has no adventage over 4 days
haating et this temperaturc () since tho points for the zoro oxporiments
lio on the same curvo, | L :

frogross Roport Xil, & stotos Thot Tha addition of hydrogmi . producod &
grootor accoloration than did tho accumulation  of hydrogen in & smnll freo
Spaco; ovan though the hydregen prossure in the lattor ct.s0- 80on -becams
groator than in the former, Recalculation of tho date after{moxqsprcoisa
calibration of the apparatus showod that there was no‘essentiqlfdiffqranco
in the two casos as shown in et Firure 2, ' T '
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Curve 4 also bears on the cause of the stabilizing effect of the 40°C
heat treatment, The crosses on the airve represent the following experi=-
ments Alide wag heated for 8 days in a glass tube at 40°C; the tube was
then opened and all of the volatile material (including the residual alide)
was removed at lOW pressure and room température as rapidly as possible,
and a fresh sample of alide, not preheated, was introduced into the tube
and its rate of decomposition obse¢rved, The fact that this sample underwent
as slow decomposition as did the prcheated oncs shows that some non-volatile
inhibitor was formed during the heating of the first sample.

Efforts to ascertain whether this inhibitor acts mostly by covering the
w2lls of tho vessel with a protective coating or whether it acts through some
other type of mcchoanism were unsuccessful. It proved impossible to isolate,
from the prcheated alide, any substance which uniformly inhibited the dccom=
position. This failurc is undoubtedly due to two causese Unless the residue
lef't in the tubo after removal of the proheated slide is kept in a high vacu-
um for o long timo or is itsclf heated in vacuum, it tonaciocusly rotains
some of tho alidos For this reason it inflames violently in air, and cannot
be cffectively removed from the vossocles On the other hand, long pumping and
moderate hoating result in an altorstion of the residuc, with loss of hydro=-
gon, and this altercd rosiduc is no longer cffective as an inhibitor.

It sccoms probable, however, that sanc form of tho matorial designatcd
as polymer is thc inhibitor,.

8)e That hoating also stabilizes alide against catalytic cffects of
mild stcel surfacos is shown by the faet that a sample of alide hoated for
4 days at 40°C in the presenco of polished mild stocl wire and thon observed
for 100 days at room teomperature in the presence of the curve, produccd only
47 mm of hydrogon pressurees It should be stated, however, that alide doos
not dccomposc much moro rapidly at stool than at glass surfaccs.

9)e The effect of iron carbonyl on the stability and inflammability of
stable pentaborane (BgHg), (Progress Report XV, 2 and Progress Report XVI, 2),
suggested that analogous studies be made with alides 0.56 g. of alide and
8465 cce of iron carbonyl vapor (4.7 mol %) were introduced into the usual
type of stability measuring systems A pale yellow solution was obtained
which hod a vapor pressure of 362 mme at 26°C. (V. pe pure alide = 376 mm.)
No immediate reaction was observed. The solution was carefully shielded
from light,

After standing two days at room temperature, the solution had turred
dark brown and the total pressure at 24°C was 1655 mm. (2.18 atme)s The
vapor pressure of pure alide at this temperature is 347 mm., so at least
1308 mme of the pressure was due to decomposition productse

The solution was cooled in liquid nitrogen until a limiting pressure of
487 mme was obtaineds The vapor pressure of pure carbon monoxide is about
575 mme &t =196°C,, but should be somewhat lower over the alide aolution.
It seems, thercfore, thot alide reacts with iron carbonyl, even in the dark,
liberating carbon monoxids. Upon distillation of the mixture, a negligible
ampunt of iron carbonyl was recovered and a darkebrown residue was left in
the vessel,

Sinco iron carbonyl decomposes so rapidly in alide, it cannot be omployed
os an inhibitor, SiEpce s A
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10)s Exporimental. An cxample of the system used in tho room tompora=
ture studios is showl in Fig. 4. The system is ottached to tho uswal type of
vacuum line through the capillary stopeock, a. The stopeoek lubrication is
protected from alido vapor by reising mercury into the eapillary U-bond.

The high pressurc manomoter, b, is made of 6 mm. oeds Pyrox tubing ond has
approximately onc atmosphere of dry air in the sealed=off arm instead of o
vacuums The sample tubos are made of 10 mme o.d., Pyrox tubings The alide
ws introduced through tho side-arm, ¢, which is then soalod off and tho

- somple heatod to 40 + 2°C. After the honting, tho tubo is.attoched. to tho
rest of tho systan at x, and oponod by dropping o gloss onctsod irom plunger
on the bronk-off inmer scal, The hydrogen, produccd during tho heating, is
pumped off, and the stopcock is closcd and scaled with mercurys. " If tho sam=
Plo is not to be hoated, the breakeoff immcr scal is omitts ~oand the olidc is

© introduccd dircotly through stopcock as The volumo of the ‘entirc systam is
approximatcly 7 cc. when the morcury level in the monometer'corrosponds to O
Te ProsSsurc, : ' s s

In oxporiments above room temperaturc, the individual -sample ‘tubcs were
hoatod in o thermostated oven, maintained ot 60 + 1°. After o given time, -
the alide wos condenscd with liguid nitrogen, the tubes wore:opcnod and the
hydrogen measured with a Tocpler pump ‘ R o '

Tho nlido used in theso oxperiments (with stated cxcdpfibns)fﬂ&s core=
fully fractionated through -65°¢ and hed a vapor tension of 1195 mm. at 0°¢,

The temperature of the room varied considerably over the period of these
experiments, (fram February through October)s Thus during the-spring months
the roon temperature range was 22 - 27° in the daytime; while duxing the sume
mor the daytime temperature range was 27 = 35°C. At night the temperature
ws usually 5 - 7 degrees below the daytime temporature, These fluctuations
- are undoubtedly responsible for much of the irregularity in the data,:

In earlier reom tempcraturo studies the hydro gen pressure was monsyred
by condensing tho alide with ligquid-nitrogem and roading the rosidual pros~
surce This moethod produced a tumperature gradiont in the system which limited’
the procision of the measuraments. (Progress Roport ¥III, 13.) PFurthermoro,
with tho acoumulation of non-condensiblo gas in the systom, it roguired ine .~
oroasingly longur times to condense all of the alide, R

in later oxperiments, the total prossurc at room tompersturo was measured
and the hydrogen prossure chtainod by subtracting the vapbrhp#pssuro of aolide,
givon by log P = 7,808 - 1565 | from tho total. In tho range from 20° to ;
35°C, the vopor tonsion - changos 2 mm. for cvery 0419 temporaturc chango
50 the acouracy of this mothod was limitod to about 1%« Inpoddition, the ace-
cumulation of polymer lowered thc vapor pressurc of the alida;TWhich‘lowering"
amounts to about 2% after 40 days., ‘ S -
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11}s Summary

(a) Alide ot 60°C decamposos at a rote which, alﬁhough not largoe
in pcreentage of decamposition, involves the: genoratlon of
cnough hydrogen to involve a hozard bocause of the high preos-
sures that would rosult in o contoiner in whlch the Troo’ spaco .
is relativoly small. This decomposition ocours chiofly in
tho liquid phaso and no mothods of provantloﬂ have beoon dig-
covcrods. The products of the decompositiorn are "of several
types = compounds, some soluble and others. “4rsoluble in alide,
all of which react with water to give hydrogen, ‘and & material
of metallic appearance which 1s not soluble- 4n. galide snd does
not remct with water at room temperature. The decompos;tlon '
is accelerated by copper and its alloys, but 13 not markedly
affected by steel surfaces. ‘

(b) 4lide at room tanperatures decomposes ver

in the liquid phase, glVlng rise to the s soluble type
of product mentioned in (a). Although the decomposition
over a long period of time is small, the imitial rote of de=-
composition is suffieicnt to produce dangerous’ hydrogen
pressures if the materiel is stored in a ‘vessel having lit-
tle free spaccs The initial rate of decomposltlon can, how- :
over, be markodly rcduced by heoting the alidé for 4 days at
40°¢, aftor whioh the hydrogen is ramovod and further docom=
position is slows. Theo inhibitor, probably £he ‘solublo mo~
teorial mentioned in (a), is not volatile;. for this roason
the alide regains its rcactivity if dlstllled from the vossol
in which it was prcheatod. The 1nhib1tor in-the absenoe of
alide or nt even slightly clovatod temporatuyros (i.o. sbovo
40°¢) loses its inhibiting property, and could for this rea-

b son not be isolatod. Ho other cffactive 1nhibitors have boon
found,

lowly but cnly

cer (2} Col Je. He Soms, Army Lisison Officer, Navy. Dept-
(10) Direcctor, Naval Rescarch Iaboratory
(2) Chicf Buresu of Acronautics : : o
(2) Officc of Scientific Roscarch and Development -
cc, Nos 17 By Abraham :
18 C, R, Dillard
19 Je. Farr
20 A. Finholt
21 Re As lad :
22 Ky Wilzbach ‘
25 University of Chicogo Files
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PROGRESS REPCRT MO, XVIII

For the period Jamary 1 - Janruary 31, 19&6‘f3‘iffj'
on
Contract Foel 1755—104211)

1) Contract Nu. N173s-10421 is an exten31on of Contract Nos.‘ 1;35-9058 and 5=9820 -

By He I. Schlesinger in Collaboration with- ‘
B. Abraham, C, Dillard, J, Farr, 4. Finholt, R. A. lad, and , “Wilzbach

I. PRUPARATION OF LITITUM ALUMIFUM HYDRIDE

Detailed description of the preparation of the compound LmAlH4”has hitherto

not been repoéorted becauss of a difficulty which has just now béén ovércome. When
the reagents, lithium hydride, aluminum chloride and ethyl . ether. are mixed, a very.
slight recction starts but usually soon dies down. Yhereafter no'neticeable reactio
occurs for a variable period which may covor a few minutes or several hourss The
mojar reaction then sets in very suddenly and so vigorously that' it is difficult %o
control. The difficulty has finally been ovcreome by the dlscovnry that if lithium
/ hydride is suspended in a solution of ethor containing a sm 1l amount of " 1lithium
aluminum -hydride and the ether solution of aluminum chleride is- then addod the re=-
action sets in at oncc and may bo controlled by contrelling the rate of addltlon of .
the eluminum chloride. If lithium diminum hydride is not availsble from previous
preparations, it may be prepared in small amounts in the vacubm ‘system, or by carryir
out o smnll preparation in which tho mixturc must be closely obsdrved during the
induction period, and rapidly cooled with an ico bath os soon asthere. is indication

(temporature risc) that tho main rosction is sbout to start, A detulled deseription-
followsy

A three nccked, one liter, round bottom flask having & mcrcury sealed stirrer
a glass stopper end o bulb condenser attochod by ground glass joints was dried -
ond flushod thoroughly with dry nitrogen. Into the flask was placed 100c.c. of
a selution containing 7 to 15 grams of lithium aluminum hydride per 100 groms
of dicthyl other. 30 grams of lithium hydride (Lithaloy Gorp.-¥ground to 200 :
mesh) wog dropped into the solution ond the mixture wos stirred faf o short timce
Through o dropping funnel at the top of the condenser a solutlon of 100 grems
of clumimum chlorido (Mcrck anhydrous, Reagent grade) in 500cs0s-of diothyl
cther vos cdded slowly with continuous stirring.. The additien’rato was controllo
so that boiling obscrved in the resction vessol wes constont . 1n@1¢at1vo of
& smooth rcoctien. Stirring wes continued o short time aftor- tho oddition of
2luminum chloride was finished until tho reaction appoarcd to gonso, The
products were filtored through o sintered glass disk under o preossurc of dry
nitrogen to rcmovo tho lithium chloride and cxecss lithium hyd“ﬂdc. The cther
was distilled from the filtrate at atmosphoric prossure until o thick syrup

wes formede 'The last of thc cther was romoved in Vacuo hoatlng thc solig
product at 70°C,
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Other means for specding the roaction were tricd v thoub suésoss, such as
oddition of small amounts of iodine, aluminum, mercury and cven Mydrochloric
acid. Onc variation of the experimental procedure which oceasionally coused an
immedictc reection was the ropid addition of cther to o mixburc of solid aluminum
chloride and lithium hydride. Only theo methed outlined above however, worked
every time it wos tricd,. - e ‘

II, PREPLRATION OF TiY HYDRIDES OF GROUP V

-

Halogon compounds of arscnic, antimony, and bismuth were investigoted to
ascortain whethor the substitution of hydrogen for halogon by mesns of lithium
aluminum hydride could be accomplishod in Group V as it had in Groups. III and IV.
#lthough the hydrides of arsenic, antimony cud bismuth md the.alkyl hydrides of
arscnic arc known, the allyl hydridos of antimony and bismuth- hove not yot beon
mede :

Arsine cnd stibine were preparcd from lithium aluminum hydride by a roaction
with the hologen derivatives ofthe cleoments in anhydrous c¢ther. - The yiclds of the
hydrides wcre low (20 to 50%), duc to partial rcduction of the halides to the
m:tal or other non=volatile solids. Yhe renetions for forming tho hydrides wera
» proboebly as followss ‘

4&3013 +‘5Li&lH4°* 4iisly + 3LiCL + SAICIS
4Sb015 + 51.:!.153,1}14--> 48bllz + 5Li?l + 5&1013 + 4H2

Attomptsto propere bismuth hydride from bismuth chloride foiled either beoauso
the reduction went to the motsl or because the instabllity of tho-hydride provented
the isolation of measurcble quantitics. R

Freliminary efforts to make lie,SbE accordin- to the équatiopg 4Me, SbCL +
LiAlHQ'» 4ife,8bI + LiCl + 41Clz have not been successful. MoreHggrequ-preparation
of the starting entimony compounds will be mede howsver before eliminating the

possibility of the formation of the desired alkylhydrides.

ITI. ALKYL S TLLIES

—

Mono=n~butyl silane, boiling point 55°C., wes made in 76% yield by rosction
betwoen bui;l & licon trichloride and lithium hydride in refluxing dioxane, The
butyl trichloride was prepared in 83% yicld from silicon tetrachloride and butyl
ma gnesium bromide, Co \ '

The proporation of diethyvl silane was carried out on o semismacro soaloe
One mole of dicthyldichloroe silane wes gradually added to 2425 moles of lithium
hydride 1a 250 ml. of refluxing diomane. The rosction mixbure was filbored and
fractionally distilled, yicld 58.5 gms. of dicthyl silanoc. This is 87% of the
thoorotical zmount. T
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Iv, ALEYL ST&FNANES

Prolﬁnlnﬂry studics for tho large sonle proparation of dxmothyl stonnano
have boon mdee The proparation of Ilarge quantitios of tin tctramethyl, by tho
roootion of mothyl mognosium with stounie chloride, offeored no di _Acqltlos, ond
810 gms, of this product have bacn proparcds The reaction bctwocn‘ in totramethyl
and stonmic chlorids to producc dimothyl dichlorostannanc also provecded smoothly
on & largo secaley Ronotion botwoen 0,1 mole gquantitics of SnMozc ond L1A1H
in 100 mle of dry dioxonce yiclded 04043 molcs of dimcthyl stonmanc on froctlonal :
distillotion, Tho low yicld (43 percont) is in part occountod for by docomposition
of dimothyl stonnanc ot the clevatod temperature required for distillotion. Attenmpbs
to replece the LialHy with moro readily awnlleble LIH wero unsuccogsful; thore
w6 no recetion botween IAH ond SnMDECI in refluxing dioxono. 8 ‘1&rly, it wos
impcasiblc to preoparo stonnonce from LiH and stannic chloride in athcr.‘

Ve ZING COMPOUNDS

Experiments dirceted townrd the preparation of tho hydride and borohydride
of zino or of partially olkylated derivativos of these compounds- howve beon initiatod
by o study of the rcoetion of lithium aluminum hydride with zine alkylsey Although
compounids of this typc sceom te have boon cbtoined the oxpcrinonts wreas yot not
sufficiontly advancod for a definite roport. '

VI, THE PREPAR.TION BgHg FRCH DIBORAE

Wotc 1: In the following, the teorm "conversion" is usod.to'?opr0§onﬁ the
fracticn of the diboranc shich has undergonc chomical changee The.yicld is caleulate
fron the cguation: el o

5321{6 ~ Z2Bgly + (15.3{)2{2 x =9 or 1l

The amount of BpHy which has oobually undergone chcmic"l chmngo is usod as the
pasis for the yicld enleulntions Thus, if 100ce, of Byl (S.loP-'thd‘undcrgono
50% conversion with a 5Q% yicld, the actual cmount of ﬁg + BgHyy would be (0e4)
(o.so) (0450)(100) = 10 cce (gos at SeTePa) L

Note 2: Figurcs nnd tedles roforred to in this scetion are found nt the ond
of the reporte S

A Survoy of Rosults Obtained and Conclusions Thus For Dr&wn'

(1) Cotalysts have boen found which lower the tomporcturo ot which diborone
is converted into products contoining Bshg and BSH11‘ The cetalysts so for uscd have
howover, not boon offoctive cnough teo lond to o satisfactory propurﬂtory nothod.

(2) It hos beon showm that cortﬁln types of cotolysts incrcasc the ratio
of Bglig to BgHyq and othors docroase this ratic. Among the formier arc dohydro=

gonotion entalysts such cs Cr 90z on 4lp033 cmong the lattor are hydrogcnﬁtlon cotalyk
such og nickel on o porous support.

(3) Ina singlc pass systom it was found that ns the tcmpcruturo WAS o 1sod
fronm 1209C to 190°C the yiold (as dnfanoa) deceronscs, whorons thc ccnvcr51on
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ineronses, The overall yicld (i,c., the product of yiold mnd‘dénygrsipn) ronoing
fairly constont. If thore is any signifieont change, the higher tomperaturcs
preduco a slishtly higher totel ylold but at the same time produce more undesirabde
by=products., BT

(4) At o Pixod tomporaturc (ce.ge, 120°C) the yield detroasod. rapidly as tho

contact time wns incrensed from 0.1 mine to 5 mine.; whereas, tho donvorsion incroascd

to a maximw and romnined almost constante {soc figure 1) ﬂTh§ d§hta§£_time is tho
avorage time which o moleculo spends in the eatalyst bed, and is .given by tho
retio: of bed dopth teo lincar velocity. -

(6) Incromso of pressurc, short of pressuro high enough to muintain o liquid _
phaso of Byig (prossures up to 33 atmosphores), had o dotrimontal effoet on the yicld.
The high pressurcs incrocscd tho conversion but doorensed the yield nlmost to zoro,

From the preecding it follows that an offective proparativc‘ﬁathod would require .

tho usc of relativoly low tomperctures (c.ge, 100-120°C). At those tomp raturcs,
howover, 1t has not beon pessible, as yet, to obtaln offoctive coiversion. The
uso of & ecireulating systom is valuable on this account boecauss tho cmount of
conversion can be increased by rocycling the gase Two lines of further rescarch
are indicated: : :

(1) Continued search for bottor catalysts.
(2) Study of the bchavier of diboranc in the liquid statc;&ﬁ-vqry high‘pfossuru

EXPURIMENTAL PART

I. STATIC EXPERIMENTS:

Experinonts in vhich Bpllg was heated in bulbs under vorious conditions
resultod in rather poor yiclds of BgHge The rosults obtaincd‘at'préssgres of
150+280 rwis wore more sotisfrotory than thoso cbtained at prossuros of 24-30
atmosphoroses Tho catalysts usod wore Wi(CC)4, BClz, BrBrg and Cu-powdor + BClge
Thoso experiments in which the best rosults cre obtoined ard listod in Tablo I.
Exenination of the table vill show that the offect of the entnlyst wes vory slight

oxcopt in tho enso of BBrz, in vhich easc o roduction in yvield wag obsorvada.

In viow of the results so for obtonined no further work is contonplatod in
stetic systens under conditions obtainable in gloss apparatuse. L8 sooh s high
prossuro: cquipnont bocomes availablo, wo plon to carry oub cxporiments at prossures
above tho eriticel prossurc of Bolige It has boen found that BgHg.and 41(BH,),
are nero suscoptible to docomposition in th: liquid phasse than in.tho vapor, and it
is hopod thot BpHg vi 1l behoave in o similar fashione R

II. EXIERIMENTS IN THE CIRCULATING SYSTEM

Exporinonts in tho circulating syston have yiclded tho best rosults so far.
By the uso of o dohydrogenation entalyst, it has boon possiblo to wbtoin almost
pura BgHg in o yicld of 507 but with low conversion por passe The drawback to the
method is tho length of tinme roquired. Experinments in o singlo=poss systom,
vhich will be discussod below, have shewm thet oonditions which-results in high
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ields heve, unfortunntoly, bcon unsatisfactory from tho peint of‘m’ow of tho amount
f B H. convertode In other words, high yiclds in tho scnsc uso oro-gocompony low
onvorsion, and vice vorsa. The rosults in the cireulating syston aro- 51n11ar,‘
owovor high conversion is obtoinod by rcooyeling the gase

The bost results obtainod in tho circulating systom under each sob of condition:
re listed in Tablc ITe The usc of catalysts mokes it possible $o operate at low
omporoturos oRd to cbtain products of higher puritye. Tho bost citalyst found for
ho producticn of BgHg was o dohydrogomntion catalyst (30% CrapOg ;1203) which
d been artificially aged Yo tho peint at vhich it was no longor:usoful for hydro-
rben proparationse It wos found Inter, in the courso of the exporimonts with the
ingloepass systom, that plant spent catalysts aro also offectlvc‘for tho _
roparation of Bglge 4 frosh dohydrogenction ontalyst gave poor rosults.‘

By tho usc of a hydrogonotion catolyst (nickel on a porous: suppoﬂt) it is
osgible to propero almost puro BgHjje The product obtained moltod ut u129°c,
olting point rccordod by Stock for this compound,

Tho eirculnting system operated at prossurcs up te 500 mme Voarintions of
he operating »ressurce from 120 to 500 rme dic not chango tho sonvorsion nor the
ielde The foet thot varying the prossure in the singlompass systom from 200 mi.
0 2 otnose alseo did not chonge the conversiom=yicld rotio 1nd10utos thot prossurcs
ot least 2 atmose could be used in tho eirculating systom. ‘ .

1T, EXPERI 178 IN THE SINGLE-Pi8S SYSTEM

In the circulating systom, the composition of the gas changes-continuously.
inee the verintion in tho composition might affeet the type of ro don taking
laoc, cxperinents in o sinplowposs syston wore undertokone. It was- ‘
chydrogennticn cotolysts most effcetive in the cireulsting systen woro also offoctiv
crce The rosults obtoined at 120°C with wrying contect timos aré shown on Figure 1.
ho contret timo wes vericd by changing cithor the flow rato or. the bod dinonsions.

t con bo soon from the results that both high yiold nnd high ccnvorslon

r¢ inoompatibles Indicntions from cther cxporiments aro that curvus of similar

hnpo aro obtained ot higher tomporaturcs. The problem horo is notone of rate; it

s rathor tho spocifiocity of rcaction products. & cotalyst thot inerensos the rate
f pyrolysis will not nltor the situstion unless it also 1ncrouses tho yiold of B5H9.-'

The purity of the material obtained in.the singlowpass system was lowor than
t in the ¢ir Inding systen. This is probobly duc to the fact that BgHiy
Neps ~129°C) is carriod through the =80° trap uscd to condonse Bg froctions.in the
irculating systom, and convortod to BgHg or highor hydridese. Tniohe. oxpcrlnont
n the eireculating systom, it wascbbscorvod thot the mtorinl collocted was liquid
t «80° aftor tho fifst 30 minutes, indicoting a rolativoly high pcroontago of

sH11 in the product, whoreas the moterial found at tho and of the slx ‘hours wms
olid,

4 sorios of cxperiments using no eo talysts, or catalvsts such as etchcd o luninun
iwts and brass turnings, wos run at various temporoturos but ot ccnst
ontact timcs Thosc rosulits are shown in Figurc II. Here again ong’ Tean 500 that
gh yilelds are aceompanicd by low convorsione  with thesc catalysts, ‘tho matorial
btainod ot tomporaturcs below 150°C contained a lerge amount of Bsﬂll.

Other flow oxporimonts are listoed in Teblc ITI.
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IVe PREPARATION OF BgHg FROM LI THIUl‘.l BOROHYDRIDE

In an offort o prcparc BgHg morc diroctly th&n from diboravc, wﬁ‘ h:.\vc begun
o study of thc roaction of boron halides on lithium berohydrides i
this reaction yiclds diborancs it was concelvalbile that atb somm:ht;t ‘:L'?hor oNnas,
BgHg and BgHjj might bo directly cbtainod. The expormon‘ps oro-as. yot incomplete
sinco only two tomperaturcs have boon uscde ALbove 150°C tho yiélds oro low; at
105°C the rosults have been far meore promisings Only boron bromiclm ag-the halido
has 2s yot boon studicd.

Colculations of the yiclds in these preliminary expcrimcnts ‘had to bo bascd on
the somowhot arbitrary assumption that one mole of BBrg reacts with 'bhroo of LiB
In ono of tho most. s’ltlsf&ctory oxporimonts 2427 m. nolos of BBry woro uscds On tho _
assunption stotoed, this quantity of BBrz should have roacted with 6481 mie moles
of LiBH,, & total of about 9 me moles of boron. Aftor completion of the roection
ot 105°C, 25 124 210lés of boron wns obtained as ByHp, an oguel amount &s By fraction,
Oe2 mae mclosas ByHigy Some B o VBB obtained but not mensurod sinev the total
quantity wes so amnlle The nf¥erinls wore hoated in a sealed tube for I8 hours
without usc of any sclvont. Other cxporimcnts scomod to give more: fu.vo:mblo
rosults but the guontitiecs were tco smnll for roliable mco.suronen‘b.

It is intendod Yo continue thesc oxperimonts wi th othor hal:.dos s-ond with the
usc of sclvents if satisfactory ones can be founde It is too em‘ly, howovor, to
ostinnto tho likolihood of succosse
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) TABLE I |  _'§ ! i
5 STATIC EXPERIMENTS - !
| GATALYST TTVE TEMP  PRESSURE  CONV. yrEip L
' mine % e oA
ove 15 170 150 65 25 |
E NONE 60 170 150 85 is;fff3 o
BER, 240 120 280 71 1.7
BCly 4500 120 280 78 - Ble
Cu+BClz 4500 120 280 w2l |
Wi(co), 60 170 150 85 5. |
| NowE 120 60 24w30 0 Oe . i - IR
} atmos : i ‘ ' g
i NONE 2460 60 " 25 'd;T {fr,
| woe 120 110 " 45 12, b /
Béia 1440 120 26 otros 68 14, ;
L . e
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rinLE IT

CIRCULATING SYSTEM

% BgHpy1 passed through this catalyst

(Flow rate * Séﬁigéjﬁih).
" CATALYST TIME TEMP PRESSURE COWV. YIELD | Mpof ]fs;‘rudve
‘ . - product
T Hrse G Tt ~ _ i
| Hg Vavor 2. 250 126 87, 57
Glass Helices 3, 250 120 95,  66a =58
Glass + 1% HOL 1. 250 120 93,  46.
Glass + H, 245 250 120 94, 46 |
Stainless Stesl 292 250 103 95  55s o ,-‘678_
Dehydrocyclization 1. 120 160 83, 404 ‘: i é6% :
Crgoking 4. 140 150 96 o 1%. -
pehydrogenation 6, 115 180 864 54 47,8
#Dehydrogenation, 6. 135 500 454 50, T4
Hydrogenation 645 195 150 80« 64y - w129

with no effeot other than thermal

. -oracking,
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T BIE III
\ SINGLE PASS SYSTEM
CATALYST FLOW TEMP. PRESSURE CONV, YIELD
RATE '
ce/min oC mme % %
L o 548 115 1325 247 a7,
HYDROG, 4.0 120 1370 524 - Te
GL.SS HELICES 24 171 320 10. 60,
LOKG PATH. = NONWE 4,8 126 760 2 82,
HOT WICHROUE WIRE 2,4 161 760 41, 19,
303 151 %00 33 27,
HG=VAPOR ARC (UsV,) 1.8 ? 300 64, 10,
Fe TILINGS 27 125 100 5o 554
(induction heat)
0IL 543 140 18, 14,
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FROGRESS REPORT NO. XIX e
For the Period February 1 - February 28, 1946

on
Contract No. H175s-10421%)
Bugerp TED NRI, No. 3401

1)Contract No, N173 s=10421 is an extension of contract Nos. N175l5?9058 and s=9820:

-

He e Sch1951nger in Collaboratlon with -~ ‘ ‘
Be Abrahem, C. Dillard, J. Farr, A. Finholt, M. Gersteln, Ry A. Lad and K. Wilzbacl

I. Preparation of Beryllium Hydride and of Methyl Berylliumeydride;”

Beryllium methyl hydride was prepared by ths reactlon of barylllum
methyl and dimethyl aluminum hydride according to the equatlons -

Be(CHg)p + AlH(CHz)o — AL(CHg)z + BeH(CHg) -

An excess of beryllium methyl was used. Since the beryllium methyl hydrlde is non=
volatile, the excess beryllium alkyl together with the aluminum methyl wers removed
by heating the mixture to 150°C in vacuo. The beryllium methyl. wis prepared
according to Gilman and Schultze, J. Chem. Soc., 1927, p.2663. The dimethyl
aluminum hydride was preparcd from lithium aluminum hydride end- alumlnum mothyl as -
deseribed in Progress Roport No. XII (ps 3). 4n analysis of the-new compound was
rade by hydrolyzing it with water and acid for the available met ane and hydrogen
while the boryllium was weighed as the oxide. Cale'd for BGGH3H' CH5 and H, 64.0%;
Be, 36.0%. Found: CH; and H, 61.0; Be, 36,1. s

Beryllium methyl hydride is a white non-volatile solid, "It begins %o
decompose when hoated to 1709C in vecuo. The meterial hydrolyzés rapidly in water
and bursts into flamos when i1t is thrown on water in air., The material is not
spontaneously inflammable in air ror doos it fume in air of ordinary humldlty.
Although it nppeared completely soluble in the aluminum methyl which was a product
of the preparation, it did not rodissoeolve roadlly in this solvon‘rafter it had once
beon removed. Solubility in ether also appoared to be smalle

‘ho preporstion of beryllium hydride hes boon attemptO‘“? The two methods
which aro bm.nb pursued ot present arc indicated by the follow1ng equatlons-

Be(CHy ), + RALH(CHg )ﬁ - 2A1(CHg )3 + BoHp and
13c=((:ﬁ3)2 + LiAlH, %5°F LiAl(CHg)oHp + BeHg J,

Products have been obtained which on hydrolysis gove 2500 to 3000cc of gas
per gram. This is considerably lower than the theory for the hydride (4000 co/gm) -
but highcr than that for the methyl hydride (1794 cc/gm). The amduny of gas expecto
from the hypothetical compound, Bo(AlHQ)z, is 2515 cc/@m. It is evident that the
products thus far obtained are not homogeneous; improvemodts in- the experlmental
procedurc have beon planned in tho hope that more dlfznltgyc rosults may bo
obtoined.

wlm
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11, Preparation of Zinc Hydride

Zinc hydride wes propared by resetion between zine methyl and cither -
dimothyl aluminum hydride or lithium aluminum hydride. It is a whlto, non—volile
solid, inscluble in cther, It does not scem to reset with airy and the hydrolysis
is slow exccpt in the proscnee of geid or basc. Hydrolysis ylolds 66500 of gas per

gram of solid,

Zine Hydride from Dimothyl Aluminum Hydride--—Dimctﬂyl*uluminum hydride

wos propared by neating trimcthyl aluminum with an e¢xecss pf 1ithium aluminum
hydride at 70°C, os deseribed in Progress Report XII (p. 3).  When zinc mcthyl
vos condensed on this compound thore was immedistc formation .of o white solid. -
Voletile matorial was removed from the solid by evaeuation at 50°C. (During
this operation the zine hydride somotimes doerkencd--the dorkeming could not be
corrclatod with the proportion of the reactents or the condltlons of roaction.
Beeause of this appurent decomposition exact yiclds cnnnot bo glven.

Zinc Hydridec from Lithium Aluminum derido--u& more:. satisfactory method of_
propering zine hydride was by action of zine mothyl on'an oxeess of cthor
solution of lithium aluminum hydride. The preocipitate, which formed at oncc,
wos rumoved bJ filtration, vashcd seversl times with dry ethur, and dried in
vacuo ot 50°C, The product was white. TR

Analysis of Zine Hydrldo-—-anulySLS wa s uccomplishod by measurlng the
hydrogon liberated by hydrolysis and determining tho amount of zinc in the
! rcsulting solution by precipitetion with 8 hydroxy qulnollne.‘f

Hydrogen Evolutlon ~ oo o Por eont
) poer grom ST zine
Celculated for Znd 665 ce : o o 9740
Obscrved (two trlaﬁs 664 co ‘ S 88,1

Ta&fse rosults give Ing goH s the cmpirienl formuls forﬁzing:hydridc.

. 2.00
III. Prcparation of Zine Borohydride
. et

Zinc borohydride was prepercd from zine hydride and oxcess diborune im -
cthere Upon cvuporation of the resulting solution there remained §.white solid,
which turncd groy when tho tompersture wos roised to 50°¢ in order to remove the
last trocous of uthere The greoy solid reaoted wvigorously with wutcr to yicld 1910cc
of gas per grum, in good agreecment with the valuc of 1890ce pur gram-ealoulatcd for =
'Zn(BH ) aliquots of the hydrolysis solution werc anslyzed for zinc by procipito- ‘
tion w1th 8 hydroxyquinoline and for boron by dlstlllatlon a8 muthyl bornto and
titretion in the presence of munnitol.

The follewing rosults were obtnined from two pr@parutioﬁsgofgthe'horo-
hydridc, . IR R _

Sample I ~ . . 7 8Sample II
Wolght 0.454 gZo o 04545 g
Hydregen liberated per grom 1935 cc. . - 1908 .cc.
m. 6. hydrogen ' 39.1 T 45,5
m, c. boron . 947 10,8
me @ zine 4.6 A 5.5
Observed formula 200,97%2,048,18 - %8 061,017, 02

but andttompt will

These results check the formula Zn(BH, )ﬁ foirly well,:
o hydride (in

be made to preparc the compound from zine chloride and lithium
ether) to got an indepondent analysis. i
' -2
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Iv. Hecations of Pilicon Compoundu \nth Borohydrldcs

In Progress Report VII, ppe 4-5, the reactions of Bthyl 31llcato and of -
gilicon totrachloride with aluminum borohydridc wore described. Tha rosults - .
indjicated that silicon borchydride does not cxist. Sinece tha'exporlmbntal basis for
this conclusion was meager and additional silicon compounds heve.bocoms conveniently
availablo, additional experiments have boon carricd out. Since they 1lecd to the
samo conclusion as the former oncs, tho results arc briofly rcportcd as follows to
complete the record:

{2) Dicthyl silicon chloride reacts slowly ot 50° in thg prosoncc of dioxono
to give diborane and o mixture probably consisting chlofly of dicthyl silicon .
hydridc. With aluminum borohydrldo at 25°C the EtZSiCI reacts quantltatlvcly
to yicld BtySiH,, Balg and AlCl, L

(b) 8Silico chloroform and dichlorosilane reanct with alumlnum borohydrldc at
269C to yicld silanc ond diboranc.

(¢) Ethyl SlllGOH Hydride does not react with diborane and only sllghtly with
aluminum borohydridc. Products not idcntificd.

(d) Ssiloxanc, (S 1ﬂ3)20, at 60°C reocted with diborone produ&umzollane oand o

whitc solid too small in omount for identification. With aluminum borohydride

siloxanc produced diboranc, silanc and o sublimable white gorpound, spontanc-

ously inflemmoble in airs Although it is not likely thut‘thls subvtanco will
- be uscful, we may study it further if time permits.

A Prcparation of Lorgor Quantitics of Dicthyl Silanc and of‘Dimdthyl Stonnans,

Since the new methods (@ec Progress Reports XII, p. 2, XIII, Pe 4, XV pp B
and XVI ppe 3=5) of preparing those compounds were devolopod on & very small
scle, two preparations with somewhat larger quantities were carrled out to
makc certain that no uncxpeceted diffieculties would. arlsc.‘ 

Of the diethyl silane 500ce was prepared from diethyl silicon chloride
and lithium hydride without sltecration of the proceduros’ proviously describod.
The yiclds werc approximately 70% of the purificed ccmpound. We‘now have about
700cc of the compound on hand. o

In the preparation of dimecthyl stannane in larger- quahtitlbs difficulty
wns encountercd in romoving the dioxane used as & solvent for the remctants,
dimethyl tin chloride and lithium aluminum hydride. A%t ordinory prossures.
romoval of the solvont required 2 tomperature of 140°C whlch resulted in econ -
sidereble decomposition of the producte. .4t roduccd prossure(approx. 20mm. )
and o temporaturc of 90-100°C most of the solvent could be 'romoved and a. 74%
yicld vims cbtained (66g. of dimothyl stonmanc from lSOg. of”‘lmqthVI tin
chloride and 24g, of lithium &lumlnum hydrldc) RS

Yihen low temporaturs traps aro uscvd in the dlstlllatloﬁ‘prdéoss, the uso
of dioxanc is disadvantagoous since it solidifics et 1290, For this rcason - .
lithium &luminum: hydride wes prepared in nebutyl ether solution, Lithium hydrid
(10g) and 2g, of previously prepared lithium oluminum hydrida were added to the

-
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solveit was wluwduw cnloriae was then gradually introduced.: Tho'mixturc'was
cooled periedicelly by immersing the resction vesscl in‘u‘wétorwbath, a
precaution scldom nceded when othyl cther is used becouse the. low boiling -
point of thu latter almost outomatieally provents undue temperaturc rise.
after all the aluminum chloride had bocn added the solution was allowed to
stond for scac hours. Then 66z of ‘dinethyl tin ehloride wgs added in the -
usucl woy. Tho ronction produet was distilled ot Lomm. and room tcmperature;
the material colleettd ot -80°C was practieslly frec from the cthor aftoer
distillation through & columng28g. (63% yield) of the pure substances wus
obtained. Undoubtably better yiclds could be sceured by further study of the
refetion conditions. o ,

We have at presont on hands

484g. of diethyl silanc ‘
66g. of dimothyl stannane
55« o1 dipropyl silanc,

V. Prcparntion of Bsiig

‘ We have bewn preparing B5H9 in small quantitics in_aﬁtibipﬁtion of o demm «
- of & semple for Dr. Stegeman. About 4g. of the purc material are on hand. i

. flo noteworthy progress has been made in improvement of the preparative
method. fwo additional eatalysts~-boren phosphate and a dehydrogenation--polymeri=
gation catalyst, furnished by Universal Oil Products Co. havo boon tosted. They
proved less offcctive then catalysts provicusly uscd. Apparatus for the high
pressurce tests is being made in our shop. ) .

ra

V1. Work Proposcd for the Immediatc Futurc, . ‘ Co D -

48 a result of the conferonce ot the Naval Rescarch Laboratory on March
12, wo are cxenining in more detail the proccdure for prop&ring“aluminum borohydridc
from lithiwa eluminun hydride (Progross Report No. XIII, p. 1) ond’are making '
additionel studics on tho stabilization of the former. Likowisc we arc naking
observations on the relative rate of deterioration of lithium borohydride and of
lithiun alwainum hydride by air of ordinary moisture contont both in the casc of
the dry salts and of their cther solutions, e

ecs (27 Col. J. . Soms, army Licison Officer, Navy Dept. = = -
' (10) Navol Rescurch Laboratory SR
(2) Chief,Burcau of acronautics
CCws NOs 15 Ba LAbrohom
16 C. R. Dillard
17 J. Forr
18 Re 4. Iad
- 19 K. Wilzbach
20 M, Georstein
2l University of Chicago Files

wle




PROGRESS REPORT NG, XX S
For the period March 1 - March 31, 1946

on 1)
Contract Wo. W173s-10421
Buiero TER MRL Fo. 3401

L)Contréct Ho, N173$-10421 is on extensibn of contract Nos" Nif3‘\ d. g-9820

He To Scn1631uger in Collaboration with
3¢ Abraham, C, Dillerd, J. Farr, 4. Pinholt, M, Gerstein, R. A, Lad, and K. dlle“Ch :

Lo Preparction of nluminum borohydrids ‘ ='7.§hf-

As 8o result of the conference at the Naval Research Inbo.‘tory on Karch 12,
vdditionatl studics have beon made on the preparation of ulumlnum.borohydr¢de from.
lithiuwn cluminum hydride and diborane {(P.R. Mo. XIII, p.l). The résults of the _
pxporimonts which huve been performed are listed in Table I. hese expevxmcnts were
intonded to determine in = fow high spot tests, thoe most: 1mport&nt Sfacters in an
sfficient use of this proparation. Two runs (Nogs 1 & 2, Table I)‘wcrn made in. &
sirculating system; six othors wore mado in & single puss syste he- yield of
vluminum borohydridec was found by isolating the compound in the L um 11no by the
isual froetionation proccdurc, -

- © Run Ho, 4 illustrates most elearly the offcct of tomporﬁturo on thé timc-
ricld, Inecra@sing the tempercture from 75 to 90° C, with other. cqnd“tlons bplng '
identiodl, increascd the yicld obtnined in 12 mlnutcs from 2 ¢9% t0.19.7%. A further
lnorcase in femperaturc wes procludod since lithium aluminum hydr da ‘begins to
locomposc cround 100°C. Even at 90 cnd 95°C in this renction tho cyolution of some -
won-condensible wes cvident, Therc was zlso & change in appearoncc-'of the rosiduc
rhich buoome enked and groy ot 909C while at 70°C it stayod white-and powdered. The
tithium cluminum hydride uscd in 21l the runs hod been ground in a-dry box. Asddition
of powdered gloss was ineffceetucl in preventing coking =t 90°0, Only in Run Nc. 3.
in vhioh the mixturc vs sgitoted vith o magnotie stirrer wos cmklng ol;mlnwtkd.‘

~The e¢ffeet of prossurc s shown in Runs No. 7 cnd 8.
tdentical conditions, ineoroasing $he pressurc from onc atmosphcrd
ineroascd the yicld by 11 porccnts This oppears to show that tF
vt the highor prossurce clithough the rate should =lso be checkéd
srossurcs than thosc used in Puns 7 & 8. TVhile not conclusi-vo, the
indieate that o somimworks study of the reaction should 1ncludc £i
pressurce cffoect, : o

W thwpﬁncrtasc )
¢.two atmosphores
rguct¢on i lDthr .

xpcrlmcnts
x_vwluutlon of tho

aAs might have been cxpcoted, the usc of & large cx008s, of dlborano did
;pccd up the reactions. In Run Ho. 4, in 2 19 minubc poriocd ot 909C wheke the flow
ote s 6870 ec/hr,, o 42 +2% yicld wes obtaincd. In Run No, 3, hé . other hand,
she flow rote yms only 2328 cc/he., ond, in 20 minutes ot 909G thc yield was only
21465, Thus the lower flow rote, with other conditions being tho ¢y cut tho
ricld nlmost in half, TR ”
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TABLE T

e r———— - it o s e . A e

Run . Amount of Rate of flow |  Temp Time @ Pressure..

‘noe. ¢ LiAlHg : of BoHg ; ! R
: "~ (cclgTPRi per :
hour) ;

o Lt b e vk et 3 e 1 e Ay e ,.j;._ e , _.._‘_‘ ___.4, .
30,000 © 70% 5 hrs, 250-300 fin, 380 cc 8643%.

i . (Circulating 3 S S o

’ system) P | i

DU ULE U SV AN

24 & 0,955g, | 30,000 0 70% 3 1/4hr.400-500 mm. 505 cc . 89.3%
. ! (Circulating . 90% 3 34@“; ‘ -t : o

system) é o

- [P

161d of .Al‘(BHé)g,-. ‘:

(]
-
-3
Nl
]
fep]
.

: 1,

Se 0.387gs 2,528 © 90% {20 min. 2 dtm, 7 47 co 21.65%

+5g. powdered (single pass : f 3 IR S

glass system)
(stirred)

B i T SO L

L T T U S oLt i H-._.‘..._.i,. b g s+ am e e
4, 0541, 6,870 PoTSTC s 12 mine 2 atme. ] 908 ce . 2.9%
(S upoSo) . QODC ; 12 min- 2 atm- v 63. Ccr T 19'7%

, 90°C 1 7min. 2atm. {772, co 22,57
! i

i

1

-

1843 cc . 45.1%

S5+ . 0.300g, 5,500 . 90°¢ 35 min. 2 atme. | 90, co. 51%

’ : (S-P.Sa) 9500 : 25 'mino“ 2 &tm.ﬂ)37o ce . 21%

o ‘ 12Ty e T2%

Bex | 0,479z, 3,300 - 9857¢ 37 min, 1 atms 7 10.%cc . F,9%.
#3g. powdered  (s.p.s.)- 5 ST S
" glass : '

4

i

i

: [

—— . T P -4
{

§

L]

Bt

| 60 min. 1} atm.”g;”f147 e 404,

T, 0.617g. | 2,820 . 95°%

#3g, powdered! (5+Dwsy)

I plass

1 H
e e s ey s e e+ e s e e e e e e -

8. : 0.570g. . 2,750 95°C | 57 min! 2 ntm, - 172 cc  51F |
#35e pevdercd. - (Sepes,) ; g e b
. Bloss ' ; : ¢ ' o

! + Ty

P - o e — o - Ll T - - s
v

et e vy e SR DRI LNOE: —_—

* The Bollg used in this experiment wes found to be vory poor'in;éuality;contﬂihing
a high percentage of ethane, : D .

The experiments do show that the process probably can be developed into -
fecsible industrial preparation of aluminum borohydride, Théy algo show that
emperature, pressure, and ocopncentration of diborans (op rate ofJflqz “are importont
actors in obtaining an efficient process. The choice between this method of
wlking aluminum borohydride ond the lithium borohydride-aluminum chloride reaction
111 have to be made on an engineering busis, ond mxy require semirworks experimonts.
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II. Stability of Alide

It heas been found that samples of alide which were aged”by long standing or
by hooting at 40°C fer scveral daye were morc stable when subseduently stored ot
room temperstures. (P.R. XVII, 4-5, also Fig. 3). It seemed probable thot some forn
.of the material designated os “polymcr“ was the 1nh1b1t1ng mgcnt Several farther
oxperiments have now been performod to support this thoth051s.
a §0l1id form of this "polymor" wos isolated, nnd when added Lo uus &BJllZLC 5 13de.,
it inhibitod docomposition. In n second oxperiment,(2) an alide soluhicr conkiining.
Ypolymer® was pourcd into o fresh gloss surfece with little subse nt‘deocmoo=1tlon
Both oxperiments indicnte. thet the stabilizing effect is o property of the Yvolymer
solution and is not due to & chonge in the gloss surface of the V
of forming the “polymer®.

1. A somple of “polymer“ vns preparcd by heeting aluminum Borehydride for
scveral doys at 80°C. ‘The solublc "polymer®™ wes sepereted from insoluble
matorial by filtering through o sintered disk. As much adiminum. borohydridso -
o5 possible wns removed from the “polymer® by distillation in'vocue ot foom
temperature, An atmosphere of nitrogon ves ndmittod to the ite solid and it
s found to weigh 0.0800 grams. To this solid was added: le 50@ gram of
unstobilized alide, in which the solid dissolved completoly hc mlxturﬂ s
sealed off in o tube of approximately lb6ee volume. = After-stonding ot room
toupornture for 11 months,the tuboes were opencd, andthe &ccumulatcd thydrogen
wos nonsurcd in thoe Tooplor purip system, The sample to which the Ypolymer®
-wos added showed no visible cvidonce of deeconmposition and yis dcd‘z‘l ce of
hydrogen, or 4.2 c¢¢ of hydrogen per grom alides The second‘samplo contsined
o netallic proeipltotcs. It yiclded 6455 ec of hydrogen, or, 13 l cd hydrogen
per graom alide.

H/:

2., Two idontical samples of 0.56 grons of ol ide woere heate“
doys in the manncr desoribed in P.R. XVII, 64 One sampla %
thon atioched to o nm oricter systom oné opencd. The hydrog
described in P.R. XVII, 64 The other tube (Sample 2) was o
storagme tube in such a mnmmer that tho nlide could bo pourad'
originnl tube s rlﬁScd by distilling in a little alide an
drain for onme half hourd Tho original tube was detached.b
constrictod point, and the now tube was attoched to the ma
The subscquent increase in hydrogen pressurc is shown in F1g
circles ropresont sample 1 and the X's represont sample 2‘

pressure for o cowparablc sample of unstabilized olide is g vqn by ourVe 3.
(Soe PR, x, 3) T

't 40 - for four

vins-remnovod as
ehod to o now
noyneuo. Tho
hoen' allowed to
?allng off ot a
tor systaome

Whoro tho

;II. rcparatlon of Bqﬁq

N”he docomposition
¢s will bo dir-
Catringont

s without

High prcssuro ooulplcnt has now beon assorbled to sthd_
gf diboranc at pressures up to 1000 pounds per sq. 1nch; Lhers u
geted tovmrds the proporation of BgHgs vhich ray form ra pidly ‘
gonditionss The first experimonts will be run in stalnlcss stca

potolysts and at room tempernture. TOSts under varying condltl‘
planacd. 3

one. instance (1)

¢ (Sample 1) was -

el in theo process: -
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o Sceveral othor scrics of cxperiments are now in progress
naturc of the thermel decomposition of diborane. Theso includay

1o Studies of the ratesof formation of BgHg, B4H10;”ﬂﬁd;,}éhqf_hydrides ;
at various temperaturss and prossuresof diboranc. e e ‘ '

2+ Studies of the thermel decomposition of BsHg at vaﬁ£bﬁ§f£ampcraturés._

3. Preparation of BgHyg in appreeinble quantitios‘byggfﬂhrtg reqction
betwoen sodium amalgen and BoligBr, and subsequent studios of the thermal
decomposition of BsH)qe : L

#

IV. Detorioration of Lithium Aluminum Hydride and Lithium Borohydride in Moist Air.

The rates of decomposition of solid lithium 2luninum hydride and 1lithium
borohydride in air of 80% humidity at 25°C, were comparcd. Samplos of the pondered

salts were placed on wotch glasses, and, at intorvals, pcrtiofis wWor Aweighod out

pnd hydrolyzed with water. The rcsults below indicotc thet tho ddﬁdfibration.of solic - ..
lithium borohydride is ruch more rapid than thot of salid lithiun aluminum hydride.

Min. cc Hp/gs Percent Min. ce Ho/ge -Poreent
Theorctical  Theorotical :
0 2175 92 0 3900 Clies N
15 2070 . 88 90 1345 R
120 1915 81 RRRIR
1080 7586 32

On the othor hand, lithiwn alumingm hydride scenmed. Yo hydrolyze more
ropidly than lithium borohydride in ether donteining about 4ge solid per 100g.
solution, There was noticeoable evolution of hydrogon from the solition of Ilithium
Aluminum hydride, nnd o precipitate farmed within 15 ninutes, The. 'solution of
tithium borohydride was still clear after an hour had clopsed, .0 S

The difference inthe rates of deterioration of solids am solutions moy
pe ascribed to formation of - protective coating on solid lithiuwm aluminum hydride.

f« Preperation of Substituted Silancs

o The preparations of alkyl subsbitutod silancs by roﬁdﬁiﬁﬁ?ﬁofwoOﬁ tho
shlorides and cithor lithium hydride or lithium sluminum hydride Werd. continued,
jo now hove availables : o

Praparcd -
Compound e Fron In
ithyl ‘silanc 16 LialH, dioxene
iothyl silanc 484 Lin dioxanc
ropyl silone 33 LiilHy dioxane
ipropyl silone 44 Lij1Hy other
utyl silane 27 LiK dioxane

henyl silane . 55 LiAlHy ethor
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A 0e

, ' In 2 prelininary experiment diethyl silane was

fronm the chloride, sodiun hydride, sm ol uminum ehlorids i
i No penelion oosurred in the sbscace of qluminunm chloridey
Vo investigated further, ) Co

Vie Preparation of Lead Hydrldes

- ' Ineenclusive results worce obtained in m attth”‘t
methyl hydride from the chleride nnd lithium aluninun hydride
will bc ccntinuod. _ B
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19 4, Finholt
20 M4 Gerstein
21 University of Chieago Filos




PROGPEDS REPORT NOo. XXT - R
For the period April 1 - April 31, 1946 . -

on 1
Centract No. N173s-10421 )
Buiero TED MEL No. 3401

l)Contract Hoa N1735—10421 is an extension of contract Nos. Nl?S S«QQ§BManf_57QBZQ"

He I. Schlesinger in Collaboretion with

B. Abrahem, C. Dillard, J. Farr, . Finholt, li. Cerstein, s 4 K+ ‘Wilzbach

I. The Preparation of Aluminum Borohydride.

The most satisfactory methods for the preparation of. alumlnum borohydrlde
“thus far developed are (&) the action of alkali metal borohydrm on aluminum
chloride, and (b) the reaction of Tithium aluminum hydride on diborene.  As already
reported the farmer method involves some hazard in mixing the reactanﬁs and in
disposing of the residuesj the second is slower than d651rable ‘“der condltlons -
hitherto used, To overcome these dlfflcultles we ars reinvestigatlng “the- p0531b111t1
of earrying these reactions out in suitable solvemts, Earlier: attempts in this o
direction had involved the use of hydrocarbong which resulted in'no- improvement , hnm
of dlbutvl ether, in which no reaction tock place until the temperature was raised -
to 130°%C, wunder which cenditions & complex product containing butane and dlborane
was obtoined, :

Biethyl ether offers a number of theoretlcal ﬁdv&ntages.‘ ‘Beth lithium
borohydride and -lithium aluminum hydride are preparecd in &ther- solutlon and could
thus be used without previous remewel of the solvent if the reachlon w1th aluminum;
chloride whick is clso soluble in cther werc carried out in the -same: solvont,

In our provious oxperiments we neverthcless avoidod the use of diethyl-ether bocause
we did not then know of sny meothod of regencrating the ulumlnumibhrohydrldo from its
oxtromely stable ckhorste. FRocontly we hove found that tho borohydridé may be
displaccd from the etherate by saddition of on oxcess of aluminumlbthride-'

AL(BHg )5 - Et,0 + AlCly — AL(BHy)z + AlCl; E’bzo (1)

This procodurc, if it could be cppliocd to-the proporation of tho borohydrldo, is
particulorliy ectiractive in the case of the lithium ol uminum hydrldo rendtion beecuse
the othorate of nluminum chloride is ono of the starting materials for the 1lithium

- compound. The displacoment of o lumimum borohydride by aluminum mmlor;dc hos given
yields zs high s 80-85% and further improveoment secms likoly.f"“;“

A study has been stoarted of the dircet conversion of 11th1um.alum1num :
hydride to aluminum borohydride according to the reactions

3 LiAlHy + 3BCly otaer A1(BH,),
Preliminary rosults indiente thet in the prescace of on excess. of Ll&l boron
chloride reacts to form o nonevolatile product (presumnbly.AI(BH4 g E%

vhich gives off diboranc on further treatment with boron chloride ',”hus f“r,

hovucveor, only poor yiclds of aluminum borohydride have bccn db‘*incd on ¢ addition
of & luminum chloridc. N -
-l

+ 3LicCl + ZAJ.Cls (2)
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In order to detormine tho reason for t he unsatisfacto:ﬁ’fésults, the
probable intermediate stops are being studied. These are the following:

SLiAl, + 4BCl; "B 2'Bzm, + 3LiC1 # 3alCl; - (3) -
Lialid, + 2BpHg CTRT LiBHy + A1(BHy)s ” (&)
BLiBH, +AlCly W al(BHy)z +5LiCl (e

We have shown thnt rosetion (3) proccods quantitatively. Roaction (4)~g1vc ylolds
of 85 to 895 in the absonce of cther (Pe Re XX, ps 1-2) and the obsorption of
diborane in the presence of ether indicotes a guantitative reactida, | Unforsecen
difficultics arc encountercd vhen roaction (5), which mrocecds. saxlsfactorlly in
in the dry statc, is earried out in cthor. Yields of the borohydride up to 75%
have been cobtained but the reaction is slow and requircs a considérablo oxcoss of
aluminum chloridec teo liberate the borohydride zccording to (1)‘” B

A study of the experimental conditions for obtaining goed ‘yiolds by theso
ronctions is boing continuocd.

II. Premraticn of BgHg

Scveornl experiments have boen run in nigh pressure cquipment in - an effort
to proparc Bgidg from diboranc at pressures in the neighborhood of 750 lbs. per.
§qe inch, The first cxperiments were run ot room temporaturc without the addition
of catalystss The onl§ product obtnined in periods up to 120 hours has boon
ByaHjg ond t he yiclds of this werc only o maximum of 2% percont. Thoso experiments
were carried out with diborone contamineotced with about &% of oth&no, an- Impurity
which lowers t he presswreo at which diboranc liquifics. ndultlonal oxporlmcnts with
purcr diboranc ond undor various conditions of tomporature ﬂnd prcssure, as well
as some invelving the usc of catalysis,nrc plannod. :

The study of thc decomposition of ByHyg is undorwny but not cnough data
for o definitive report have as yet been completed. \ ‘

III, .Roaction of'Lithiun Aluminum Hydride with Ammonina end with ﬁmiﬁos.

In our seorch for solvents, othor then hydrocnrbons and ethers, for
lithiun alumiwa hydridc we tested ammonic md amines which dissolve certain boro-
hydrides vithout decompositions In contrast theroto these solvents liberate hydrogor
from the nlunirunm compound., With primary and sceondary aminecs 4 roles of hydrogen
.arc libercted per mole of lithiun aluminum hydride neting on 4 ﬂolos of'tho arines
The reactions may probably be represcnted by the cquationss

Liald, + 4McgNH ~ Lidl(lMep)y -+ 4Hg S
LiilH, + 4 Moo,CHWH, ~ Linl{IHCHios), + 4H2

armonia reaets differently in that 3 moles of hydrogon &ro ¢volved ond
only about 2.3 molos of HHg (averago of throo oxperimonts) were retrined in the
formotion of o product, It is possiblc that thc roaction my bcnqxplalnod as’
indicatod belows S

2 LialHg + 5NHz — Lié:l (3Hg )oH + 6Hs
NH ‘
Lln.l (NHz)zH '
No furthor work is contonpl-tod,




IVe Precparation of slkyl Aluminum Boror

Compounds contoining alkyl groups in addition to borohydride groups,
as well as alkyl metal hydrides may prove to have desirablc properties. Their study
is includod in the plens for the futurc development of the projeccte. In conncotion
with this aspect of the work we hove prepared dimethyl aluminun borohydride (CT-I3)2‘;lBr'
and the mononethyl derivetive fromthe corresponding methyl aluminun chloridcs and
lithiun borohydride.

Dincthyl aluminun borohydride, (CHg)pialBHy, and mononethyl aluminum boro-
hydride 0731 (BH, )2,..avo been prepared from the corresponding methyl aluminunm
chlorides anc llthlur borohydridce.

(CHz )5hlCl + LiBHy — (CH3)palBH, + LiCl
CHzilCly + 2LiBH, — CH3al(BHg)p + 2LiCl
By-products such as diborarmcanc boron trimcthyl worc also formed in the preparation.
The ronomethyl ccmpound was prepared fairly purc but it was not possible
to separatc completely the dlnc.tnyl aluninuwa barohydride from some volatilo impuritics
containing chloride, =~ - The conpounds werc

analyzed for aluninun, boron and the corbincd °1etny1 and hydrogcn groups prcscnt,
Holceular weights were also determined,

CHzil(BHg)g (CHz)9A1BH,
Molccular Observed, Calce. Obscrved Cale.
Weight 724 71.6 7462 71.8
Enmperical
Formula (CHz + H)S.'T‘ll.OBl.g (CHz + H)5 zhly B 0.91

A study of thc physieal mad chemical propertics has been deferred far the
prosent because of o lack of the nccessary personnel te continue the viorke
It should be notcd that we have lost two axpcrlonccd nen (Lad and Abrohon) who have
acceptod permanent positions clsevihicre; Gerstein has left for Tashington to obtain
his discharge from the Navy, and it is as yot uncertain how long he vill ro: mnin
on the projcet ~fter he roturns te Chicagoe The ndditional persons vho vd 11 probably
join our group for the rencwed project will not bo availeble till July 1, 1946.
Progress of the wwerk on uhc prcesent contract will, on thet account, be rotﬂrdcd.

copies (2) Col. J« He Sams, Lroy Liasison Officer, Navy Depte
(10) T¥aval Research Iabaratory
(2) Chief, Bureau of acronautics

Jopy 157 Ce Re Dillard
16 J. Farr
17 K. Viilzbach
18 A+ Finholt
19 M. Gerstein
20 University of Chicago Filcs
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Owing Yo the fact that wo lost tho sorvices of Mossrs. Abrahame nd Iad, and
that Dr. Corstein had to bo avay to attend to his discharge from tho Navy, progross
1as not been as rapid as hitherto. The now personnel to replace these. fmen will not.
pe cvailoable until July 1. SO T

[+ Thc Preparation of Aluminum Borohydride,

During the poriod covercd by this roport, work has conﬁi@pqdqoq the
roparavion of aluminum borchydride in the solvent, dicthyl othery -In Progross
teport Mo XX preliminary results wore discussed for thc'intqractianofllithium
pluminum hydride and boron chloride: ‘ AT

5 LiAli, + 3 BCly Cther a1(BH, ). + BLiCl + 2A1C1, L ':.  | Sy
further work on this recetion has confirmed our hypothesis (sco P}R&Qﬂb,XIE) thot
he difficulty in obtaining sluminum borehydride lics in thclintogmpdiate~stop;

BLiBH, + AlCL; Sther AL(BE, ), + BLiCl el (2)

t present we &rc'attompting cithor to climinate this step comblctqu76r to find
mothod of driving the recction more rapidly to the completions -

There is considerable oxperimental cvidenco to indiente rthat voaction (2
008 not procoed rapidly or completoly in an cther solution., Wihen fairly dilute
olutions (2 14 per 100 g. cther) of the rocgents wore mixed, only o.émall amount
£ lithium cl:lorido procipitnted instecd of the amount’ indicated by cgquation (2).
n 2 moro concuntrcticd solution a procipitate did form, but aluminum boerohydride:
s not rapidly roloased from the resultant mixture on tho adaitionof aluminum
hlorido (scc Pui. Ho. XXI)s Uith o large cxcess of o luminum chlorido and over a
oriod of several days, 75% of the aluminum borohydride could be -recovercd. In .
Lothor experiment, after excess aluminum chloride had boen in-comtact with the
paetion nroduct for 3 to 4 hours, only 27% of tho aluminum borohydrido was liberated
rontment of this same product with boron chlorido rosulted in the rocovery of '
8% of tho boron as diboranc thus showing tho prescnce of BHy groups in the nixture.,

The cxperiments which have been cited show
reversible roaction in other whiech only with & ffiecu
10 rights Further confirmction wos found in the rocetion of oluminrum borohydride
id anhydrous lithium chloridc in othor solution to give o product from which. the
luminum borohydride eould not be rocoverod on addition of aluminum-chloride,
more complete study of thoe reversibility of tho roaetion is plannod, -

that oquutibnﬁ(zjgmay roprcéCnt
Ity is drivon completoly to

"
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f = 3 ‘ R Lo .
A synthosis of aluminua Torchydride has been tried in.vhich reaction (2)
is not an intcrmediate stops Aluminum hvedride vios used as o storting roagont ‘
instecd of lithiwm aluminum hydride znd thoe cquation for the ronetion is as followss -

4ilmg + 3BCly OHASY AL(BH, )z + 3alCl, , B (3)

The alumimm borohydridc was liberated from the othorate with aluminum chloridc. o
an ovorall yicld of 677 has been obtoined in the first oxperimonty ‘The yield should
bo ralsod rmich higher vhen larger runs arc mado in which nondlingi:losses arc minimizc
end in vhich aluminum chloride free from hydrogen ehloride is used,. "I the cxperimen
porformed, at leost 16% of the missing aluminum borohydridd wds & sounted for os-
diborane undoubtcdly formed by action of hydrogen chloridc. P

L, Be 1) aluminun
hydride may be prepared in cther solution by tho reoction of - lithium aluminum
hydrido and alumimm chlorido: S

is hes boon deseribed in ocarlior roports (PeR. XIII, P

3 Li..a'..le,I +.AlCls-* 3A1H3 + 3LicCl

It may also be more dircetly preparcd from lithiumfhyﬂyi:fﬂ_”

3 LiH + 41Clg ~ Ald; + 3Licl

If o 2 to 15 cxeess of aluminum chloride is uscd, the lithium hydvide reoochs
ecompletely to give aluminum hydride. Tho réaction must be eerriedtout in o vory
dilute solution howsver (2 g, of il per 100 ge other) or the ethorate of _
Aluminum hydride (2&133.Et20) precipitates out with the LiCl. In ooncentrations. as |
dilute as 8 go of Alifz per 100 groms of cthor, this oceurs vary rapidlye The
nocessity for using o dilute solution is one dravbgek to the ugeof aluminum hydride
ns a roagent, ' T

Triethyl aminc was also considercd os a solvent in plage of diothyl cthor.
Only 50% of tho aluminum berohydride present in on cmine solutisn could bo rocoverod
by roplacenent with cluminum chlorido, and the use of this solvont’ doos ot appoar
feasiblo, 4 side rometion took ploce giving a groy motallic proeipitoto.and
accompanicd by the evolution of hydrogen, o

The recetion of sodium borohydride ard cluminum shloride in cther gove
no dotectable amount of alumimum borohydride, e

fI- Preparation of BeHg

wlthough some progress hos been made in the preporation of BgHg from
liboronc, and its manufacturc in o systeom in vhich dibersao is 'rapidly circulatod
shrough o heated zone scoms foasible, the rosults arc not yot sabisfactory as desiy= |
bles It is our opinion that ultimato progross will bo acecleratod by an investigati
pf the possible coursc of the recotion. The initicl steps of this program arc
outlined belows Imay bo mertioned that onc significant obsorvation hos boen mude:
furo BgHg undergoes very little or-no decomposition in 24 hours-at 100°¢, and the
presonce of hydrogen hos little or no offeet. But the BgHg undergoes Tairly rdapid
locomposition in the prescmec of diboranc. It is as yet uncortain; However, whothoer
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the offcet is duc to diboranc itsclf, or 1hcbqor 1t is due to- somb intormedicto
roduced by thoriwl docomposition of diborong. For this ressom wo uhall attoenpt
to dctomﬂlno the coffect of such 1ntcrwcd1"tcu, Coffey Bailyp and 139 o the decom=
position of DgHge In addition the folloving studies are plannod. T

g5 - of formotion
bure the decom--
rolatively stable). -

1« To study the rate of decomposition of. diberone and thd‘fﬁ“
- of ByHy4, BgHg and higher aydrides ot 100, (&% this tompo
poui 1on proccoded ot a convenient rate and the products @re'

2. To gbudy the rates of decompesition of BQHIO; BSHQ’ Qﬁgg‘ﬁﬁ'lbbgﬂ

3+ To study the cffects of temporature, prossurc and chtﬁl sts on; tho dOG@1-
position of 32H6‘to B5H9-

Prelininary rosults for (1) and (2) arc leon in this report. L

Ethone ond cther-frec diborsne wms prepared from boren, bmidcfanﬁ
Lithiwa borohydride, (voper prossurc = 225 mm at -112°)  Tho BgHe was purifiod
From BpHyy by hoating it for soveral hours at 100°C. (Vapor preséurc =.66rm at 0%;
nelting pte = =479%.) 4én attempt to proparce ByH,q from BaHgBr-an “godivn ﬂualgan

Fave poor rosults and o study of the decompositicn of Bénlo thcroforo hag not been
startod, .

Figurce 1 shows the results of heating diboranc at lOOOC for verlous lengths
of' timcs In thoso experiments, 100ce, of B H, (8.94 nillimolos" of boron) were
sonled off: in 250ce flasks, heated at 1002 EO then fractionoted thr u{h ~650, -959"
ind ~140° and’ liquid nitrogen. The froctions were idontificd by tholr: wvopor pressurc
[n the fipgure, the perconta wge distribution of total boron among t »various fractions
id nenveolatile material (310314: ctcs) is plotted against tho lec ol hOutlI

-

The carly portion of the BZHG curve approximetes o flrstﬁordcr roaetion
mt lator deviatos considorably, This loveling off is possibly du' to forthion
f diboranc from subs cquent decomposition of the higher hyarlacs.‘"

The moximun in the curve representing total Bg, 1.0, BSI‘ t BrH1 at
round three hours may bo duc to the presenco of Belyg uhlch docctiposes on” longer
ocating to give purc B.: Bxperinents described below show thutvﬁﬁug reoets
iin the unchanged dlborano henee loy vzcld arc obtained., .

‘The feet that the ourves for B 2Hg s B5H9 and higher hydrldos ldvcl of £

ith longer heating bives, indiestos thgt some gord of oqulllbriun must bc ost_bllghc_
etiioon thosc gubuthiccq. : iy '

Purc B.Hg heated by itsclf (8,94 millinolos os ooron) S quentitativoly
ocoycrcd unchanged 2fter 24 hours ai 100°, & sanplc of purc DeHg: +94 nanoles B )
nd 3 atuosphore of hydrogen gos wms also unchanged afber 12 hours at '100%¢, . ‘
To the nonevolatile Jecomposition producets frow ulboranc”(Outl wted to
ontain 4,8 millinoles of boron) was added 8,94 nillinelos of Bas B cL nftcr

2 hours ot 100° the Bsﬂg vias quantitetively rocovercd, :
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However when mixtures of 20 cc. Bg
decomposition of Bglg occurred,

gay
4L

and 50 cd:'ﬁZHG were heated-at 100°, appreciab:
The rooults of two such experiments are given in

....:the...f..oll_-pwing. B =N = = D = R :
Sample deating time Millimoles B | Hillimoles B ‘ Toﬁal‘millimbleé e
| : & o2l ** %t R
1 12 hours’ 4,9 4 & SRR, P |
2 24 M 4,9 4,9 T 9e8 ;
Sample | Memoles B Memoles 3 Melioles B - Totel Memoles
recovered recovered recovered as -~ Brrecovercd
as BZHS as BSHQ BéHlo R ‘
1 2467 5424 L 0418 6409 |
-2 1,53 3426 ; 0.06 " 4,485 _
[ ..1._'. St e e s it i 1t & s e e i ee s 6o e e e rrmme o b e o e ek s .‘.‘_‘<._ e " ‘ e - ean—
Samplo 3 initial BoHg ¢ % initial Bgilg | 55 Total B 0 'TﬂﬁﬁTptﬁl“B ‘ : _f
recoverad i rocovered i recovured o5 higher hydrides -
v 1 53 57 j 73 6% ! 6545% C o BB ,
2 31427 86.5% 49,5% 50455 .
It is of interest to noto that the non=volatile fqgiduqsffrom_the doompo=

sition of pure Bolg were yellow ond always collected on the bottom side of the flas!
as it lay in tho ovon; while tho solids oBteinod from 3.9 “Belly mixturos weroc
whitc and coated the entire surfoce of the containers, NsedlUEﬂQfWBibﬂld‘wore

obscrved in both coscs.

Tho fact that Bgily rescts with diboranc explains why tho. ¢ireulating o
systom end onc-poss ozporiments pave bottor yiclds then the stetde oxperiments., It -
8lso shows vhy inercascd pressuros of diboranc had o - dotrimontel Ffact on the yicle
of BgHg y (Pele XVIII, 5). Thesc rosults aro also in agrooment: with tho feet that
in the circulating and onc-pass systoms, betber yields of BgHg ¢ obtainced for _
short &dntoct times, althoug: comversion of diboranc is low under-theso conditions,-

_ As hos beon alrendy stated, the most effcetive prcpaf@t%#0~ﬁbﬁhod‘wouid
roquire the usc of a cireculating system which passed the -diborane rapidly through
o heoted zone (at 100-12500) with meons of continuously separsting out the BgHge

Copies (2) Col. J. I, Sams, <y Lielson Qfficer, Navy Depbe
(10) Wavel Research Leoretory : o
' (2) Chief, Bureau of icronautics

Copy 15 C, R, Villara 19 ii, Cerstein

16 J. Forr, 20 University of Chicago files .
17 &« Finholt e
18 K. Wilzbach
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I. PREPARATION OF ALUMINUM BOROHYDRIDE

Although the study of the reaction between aluminum hydride. and boron chloride
has been continued to find the best conditions for this procedure for preparing -
aluminum borohydride, we are not convinced that the ultimate solufdion of the
problem has as yet been attained. Detailed description of the:axperiments is
deferred until additicnal data have been secured, U §

ITI. PHEPARATION OF B5H9

, The study of the behaivior of diborane at high pressures is bging continued.
The previously reported experiments (Progress Report No. XXI, p. 2) were carried -
out with diborane containing about 5% of othane. Diborahe free from this impurity
has been found to give no better results., For example, 2,44 liters of.the ‘ -
purified diborane at'an initial pressure of 700 lbs/sq., inch, after standing for-
nine days at room temperature (ca. 25°C), had produced only i,5¢ce, of B Hig and
lh.4cc, of a mixture of B, Ky and B H,. The rest, 2,31 1., or 94% of the diborane, wa:
unchanged. Experiments iﬁ wgich bo;og,trichloride and other catalysts are to be
used have been started; observations of the pressure changes, indieate. that the
diborane undergoes more rapid change in the presence of boron chloride ‘than in the
absence of a catalyst, but the experiment was still in progress the time of the .
writing of this report, and neithcr the nature nor the extent of ‘the change had as.
yet been ascertnined, : LR T '

Further work is also in progress on the reaction between diborane and B_H
at 100°¢ (sece grogress Report XATII, p.4). Mixtures of 55cc,32H61énd“2$gc. B ﬂ I
reacted at 100 C so as to decrease the concentration of both substarices: A?tgr
45 hours the molar ratio of B,Hg to BgH, had reached 1:1 and further reaction
seemed very slow, 7 LT '
That this composition does not represent an eguilibriun condition, however,

is made evident by the fact that mixtures of BoHg and BgH in the .anolal ratio:

d:l undergo further change as shown in experimont (1) ifi fhe following table.
Experiment (a) represents the carlier stages of the experiment deseribed in the
preceding paragraph; in experiment (2) only a small proportion of diborane was
usedy and in experiment (2), in addition to diborane and BgeH » higher hydrides
such as ByoH;, were intrcduced intc the reacticn vessel. ?hg volume of this vessel
in each case was 250cc, It zppears as if an excess of diborane Accelerates the
;ecomposition cf Bng and vice versa, but there arec as yet‘insuffiéient‘data




'or definitc conclusicnss.
thout offooct,

rogress Report Wo. XXITI

It docs scom, however, that tho higher hydrides are

Seample . Initicl Mol Hoating e CCe %
No. CCa CCe ratio Timo Bohg BgHg ‘ BgHg . .
Bplg  Zgig Belg Rceoverod | Recovered. Recqurod:i
| Bsig ‘
(a) 54 21 2058:1) 20 hrs. 2045 1444 6845% 1
(1) 20.8 20,7 1:1] 20 hrs. 6.8 1644 79417
(2) 2049 3946 | 0453:11 20 hrs. 4435 3144 T942%
(3) ‘ 20,9 20.7 | 1:1 i 20 hrse. 646 163 78 6% i

. 1
[ 4 -

L e — g

Furthor work, cspecially to dotormine tho offect of B4H10 is under way.

TII. ATTEMPTS TO PREPARE SODIUN ALUMINUM HYDRIDE -;; 

‘ Preparetion of this compound by metathesis from lithium alumimum hydride in
pther solution hos failed because no compounds of appropriote sol ty in ethor
pxiste. Tho compound thooretieally most favorable, i.c., NaALCYy found to

be docomposcd by others The rencticn of sodijum hydride on molten aluminum othoxide,
(which is nnalogous to tho preparaticn of sodium borohydride ' fr odium hydride
and an alkyl borate) gives a mixture we hove not yet succeeded in’ separating.

The prospects for succoss by this rcaction arc not favorablde ﬂydrogenatlon of -
odium aluminum alloys is tho only cthor proecedurs we have in mln ,but wo .are not

ot reauy to proceed with it.

ocoplos to Cols J. He Sams, Army Liaison Officor

copics to Dircetor, Havel Roscarch Leboratory

copies to Chiuf, Buroau of Acronautics

copics tc Offiec of Rescarch and Inventions

copy to Dre G. Stegenan, University of Pittsburgh

copy to Dre. F. Zwicky, Acorojot Enginecring Corporation
copios to Officc of the Chief of Ordnance, Wor Dopartment
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