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Int roeu ct ion

.9ci:,,of' h dctcilod naturoj of thn monthly pro;:rms;: roport;on z~ hit. invost-
ii~ation, and It, accordance w~ith tho proceduro approvcd by rcpre-cntativCs of thve
Nnvt.I Rc3o'arch laborctory on contractu of' wvth the prccent onc, is a tontinuation,
thi5 firr.l rý;port is casontiaily a Ijniidc to thQ corntcnts of' the monthly rcportc,
copicz ef v-kiich arc inoorporntted hcrcin. The -uhjcct m~attcr in ;rr-angaod in ccord-
Unce -,dth the. compounds sttudicd.

A fr- -bbrcviations irr occasio4;n,1,y xiscds :;odido, lithi,1, Pond ralidj for thc
borohydridct of' codiu~r., lithiumT and alanmrý-poctiv(;ly. P. R. r, fors to progro!z
ruýports; thc Porvn nwnrml followirin th-_-t letters rof-,r to the rnumbzr of' the
menthly rcpcort and the Arabic numerals to the I-xc of th(: monthly report. illa
numbor of insta~necs the Most 4-nrotant of scveral P. R. rreferences. ýrc undcrlinAd.
(Nao_:~ 41-athly Reports I to XI arcx.r ~rs of Contract:. Nn. 14173s-9058 ~n77 - =-6 ,0
M4orthly Reports XI! tc XXIII deal %¶:-th th,_ v.-ork of the prosoct. csrntrat).

Sorz pha~scs of the !n- ctigraticnn .ro s till1 inoo p,1c:tc and -A r,. be in{q c-ntinuod
ander %n. O,P1.I. contrnact.

Reýport:__________

AeA.UZ4PIPM7 SO!rOHYDR~IDE

1. Pr';part~iton: P, R. X1I, 2; XIII, 1; XX# 1-4; XXI, 1-2.

Renceied intcrcst in this co4pAund ~dedsira-ble a fuirthor study
of preparativc method. to asecrt..ir . hcthcr nc. nothods freefom thte
cnnplicsations %*.ie~h mirht ,.ttcz-ý qunntity production by thc proecdures: prc-
viourly dcreribed c-)uid be decve~lopced (Se.c P. H. XXI, 1). Through thu uso
of the nculy discovcerd lithium alurninuzz hydride, LilH4{. (Sc tiocr D of thin
report), ti:o ncw procedures arc made av-tiL-ble.

(tk) A-he rwaetiont

Ui Hi .20 2 H 6 - itl (BH 4 ).3 + LI BH4

?his rccacticn (diucu~ssd In P. R. XII, Z; XIII, 1; XXO 1-4, a-nd XXI, 1'
itsu~ncrior to thc oldcr methods izn t1j.t it cnvoidr, the =7ar of mixing
r.lkv.li rtlborohydridc.s v:ith nluaixum chloride (-. procedur. , hich -.ast
b- carri':d out in thce nbs4ence of air-), as ix,1l as th,., inccr.vCeieneci
,auscd by cublirr.tiorn of veluininum eh~lnridc, and in th:.t it lcfevez a
r-siduc ea-sily and wrafoly hrandlod. Thc by-product (LitW 4e) may I,- rcui;cd
in the preparamtion of dibora.nc.

The rceactirn is not ns ra.pid a~s dc~ir-.blfo; furthý rtnor., it _,~uld be
adntngociis to avoid thc usc of dibor._nc. For thin rcvaso r,-,cti-n

(b) Is unde.r invcati~atintn.
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(b) ,h'zr,- tin

SL.'11 39C1 3 c.r 1t) 5 + +~d*211

zr ~~:':itP. P.. :cI, 1-2, in -- 3

cl,.,;cilý;!. T : y l,'. b. this ronxtirn i. , hzý v-. r,-,, cn
tif-,~z n : 'iculty scctn tc ~zin th, :c' th. Tr1-:rzzr~nc1

cf hi~r in c~i r ", rc~ awith thr: rczxcvl 1 r -fr nlur'. lnw;I b',rrhytLridc n-cl a:i¶;h tho attnininr ýAzn rti:Sazctcry *'i' his,

rrzp'.rbly _f~ it:. :ur' hyrsibiltl (. ý. XInI )-icvyf

+~lh * 3C1 3  0tc ~(B 4 3 +31C(. XI,)

Fort histt~ broh.rt -ýsc bcK- :.r: ~ fll tic7.i -fr thc tr bnnl iChc o -_5 - l.t - "'t)- chloide Of -';_.z l 1!ill r 1n tlc_ l hyclr
C~~c~7c-ro; i~th hcr.- st.'luicr. o .!-iu ydi' '~l

IT

tho. lithix- c-.lioyin,- hvltir_ýc. Plu x~t 1ydid rn dlibrco ronc

lithu-.;'z hyd1rid> (P R. M :'urZth r ztu z C,', th .,'--u.h rOclz~ ---. b,; thrnu rcocs

th.-i t~,: "uo~rr~ rx~y ben su ry floly r ftrue,1 thenpcrtcr. by
oxtv.rvý:-.c-l>s. t"ý' ether sthe utic of hydr op t,, at

(P.du (Nte "*..n hy nidc is prcb.'bt that tht c; pro -~~c

ntl.r.ge :1'o h rto, c7.lodr7 lithru.1 rtroibl hydio andrg toc~ne

To:~. p~bcsrr~i~ctt h tooyrd in tIss d.~n1to he .. ruu8hbr-triu doiriy : -ý t-h 1 c 6rrorcd, ydri osfn

~izbiixi.~ th ?~v*i~lo ~cy acuht thu -c, wuccCul pmrocoser'

"y.3-
COID ar colyrt oo ,,nLLurL!ý,



-.rs the rhai of san~plas fcr s,.%%r-.1 '*.-s-t b ,u-
CECllowcd by zubscvx~nt rcnv-ýl cf the rcci~ulatc-u hydrc:or. ,.nd Uthc ri.- hagnr
cf, the oonttiincr. ýLlthc~uph thlb 'prncdurc Grcatly ru','

Itmfoh nun bcrohydridc in v1e ~eii.l r.- lm:
(2500C am' pvzsibly as hirh ar35rC),it is not .ffctiiv rt GO~C. (p. .
C.!, 1; XVII1, 2.) Tho -.ffoot of the prehcatina; 5ccmz tz ',V ;iu t-
%ti-n of a dzccmpesiti n proeduct rhich cects as an inhibitcro P. ... X11
F-9; Xr~r, 1; XX, 4. A tuwxrry ozf mnost of the -.erl- is I'e n- Tra 1 l. . -xVjI,

V~~cs~.~c- f the ..-::rk on stab ili~t~a .. nare fý7L=..1 in. tiv c :oh1;;inag
.nhyropnrm.s:

.*Gm',.&al dccreasc in t!*.ý rat:- , 4cCdocmpcsiti- a c~f wntrca * s~r,,np1. Z
P. R. XII, 6; XVII, 4..

1. i~eu~u~ioa ýf hy,'-.r-ijn pr-babl'; ný.t -h s:bizu£ctr
P. R. xII, ý;s XVII!, -1.

2. Vrt of rlass cn, atability. Po..dcrcd rlasz& grcatly
inerur.3L rato .Af "CCIeo7P0iti-'n, P. qL. Xliij, 3: ;i .3.

3. otrccf ný.n-v~Aantilc pr~duct of spfen-tanccus e~iia
P.R. XVII, 2.

-1 * Differecec bct'x7e:- na.tur:ý ef --̀cc -->e-it!ca %rceszt 25"C and
at 601C.& P. Rl. rVII, 2,3.

5. Effect of !ýftnsl rn ra-to- cf dccompesititn, P. Rc. XI,2,3.

b. 4£Uttcrints tc 3stabi)Azo by coatlinc, tho, ce-ntrnininr, v,,ssol. P. R.
XIII, 3; XVII, 3.

c. Stabilization by prchý:ti-nG.

1. ELc fprchca-tiix;, not duý; to, coating", fernod on ccnttiner,
I.-:% r. X! 1; aX,.

29 '-ffrcet of prohmo.ti,-C duo toý for-,.tj~n of a- noa-,vclatilc inhibitor,

F. Ro XVILI, 5;, LX, 4.

Se PrchcatinG is cffecti-v oven if mct-al3 a-r% preýsrmt, P. "i. XVII,5.

4 . ;.Attempt3 to find rthter in~hibitors, 1P. R. XVII, 5.

59 Expcriwintal rnotheas in invrestiratinr, rates nf noti,
F. H. XVIIl, 6.

d# Sw~i;:ry of vlmrk on Stbility and Stabilizration, P. R. XVII, 2-11.

-BEST AVAILABLE COPY



II
ioac-4c r,^ liz--nwr Borchv,-rid rat'i Silicon R. XDd, .

i.Alkyl Dý:rivmtivcrs ofJPH: F. R. Y-I, S.~

I. Prew'ritIon. ?'. R. XIII, 2; JXV, 2-3, XXII, 2.

F:, i' t:; use' In proparin:7 alum~inum~- borohytdride, 3cc z-ction A, I, (b).

I11. .y1dvrivatives of qlin-= hdioP . I,3

C. i3l51 i 9

(.survw of nor'. of' r or. this probloi- is f,ýunl in~ P. R. XV111, 4-7.

-hc7 only ncothlod for propnrin,ý Br, that has thus far proved succoss'u!
is tnr ther-na docompes3ition of diborano in a circ.zlnting, Ny~tC:. A's

vr-s tlrvný!y been d,-scribod by Stock --nd llthinC, -.nd by Burr, and Schiosing
%Vý%ricus eatr-.ysts havu been tcst-- d; altho'ugh so~io ci' t~hc: lcowr the tonpore
aturu tA t .hich ccnvorsic:- ' f 'Jibort-ne to mdxturcs of' D5H9 and -91,occurs
nanc r.ýs prov-,d very iff icioa't. It appears tha~t, in gcncral, thodc
cc:nditi-,nfs Aiich fnvor conversion. of dibornne to hiChor hx-drido: also

0 ~~favor the dcc,,=r.po1ticn of B5 ui~th the rA~ult tixt tho. rruraztity of'
~35 borrincs (i.Q., B5.49 and 135H11) rcrmins fairly eoenstrant for any sinr~lo
trc.ttmont. It is for thia rcaaon that a circu~at,,ry systom in 'jff~cciyQ.
since by its uczi: Iio 35 bor, nos m~y be ruuiovod f r~i tho diljcrarc tr be
roeubjQccd tt' thý. highor tcp.rnturo. Those fa-cts -. Iso indicntc thnt
a hirn ratet of f'low thr,.xg*i the ciroulati~ng system should inprove thc

pooomc, zýrd th~t t'io optimr. to: ra.turv Yill dopcnd or. tho flo-.'-r.%to.
our .4xpori.--nt.s z-pproxi;.ntely 1200C provcd to givc t-hc bcst yields of

--t,,ri-.l rich In B ;1-; higher tonporcnturos miCght -ýioll be advaitajgotus
-:V-`. hi-her circult5 on sm'cds.

..nýst Iiniicrtz~t cbsc:rvmtigtns on c-trnlyzt3 aw th:At hydrccn.:.ticon
c';y~ts(surh as nickcl orn a porous oupport) inearc~a the. 7ý-rcontar-.c

of55i' l i:ý t-. D5 fraction, nnd that dthydrogcnati-n cr-t: l;'st., stitch
a: g -1 chrý-.mi o;xido (30% on al -rui xd)incro.s *thc-.. roontn-, ~of

C- !vv axnerint-.nts o:-rriot: out at diborano procsuros of :p~i~tl.
750 lbs. linvo rivor. I'arvorxblo results. ikt. rocn tcnpr-rati-rc &'ccu-pcsiti.
ci' dibcrana is vory slow. nnd tho naJor doo.i~ipositic~n produ',ct Is 1;1-110.
Exporinonts nt hirhcr tuniparaturos riid with twe uzo t'f cfatalysts :-rllc
boon stirtcde

WSW
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CO':cI DENT IL1

It appm~rs frcn thjr, f,-rcroi-C that m-nufncturc rnf B5i. by thorn.,!
d~cmr~ossitln cof diborxnc in acircvThtý;ry sys~tc: is cil, huCh
not yet 7ýr. Qfficiont proccss, It is our unidcrntrin~lr.- tha-t thc Gcncr-%1
Eloctric Con-,-ny is en'rryiv cut an ctcnsi~vc std fthis prcc(;Zs ith
equipment -::7nittin:ý th,ý usc :f' Lnri-,r quantitics- per run thnn r~o ca~n

:-.711. n vov.ofthis sit,~.Ation, it seems m-zst efficient for us to-
cý,nintmtot our cufio&ts c-.. ýý ttcciot to loarn cns much as possible,
:,bout thv! cý.urzmo of the rc-notizo. 11 ha~ve alrcridy asccrtaincd ttcat,

~hrcspure B5 149 is inappreciably dce'nposod in 24 hcurs r.t lOO0Co
vory nAtiooablc documpositi,-i occurs if diborcrnc is present (P. R. LXI
3--;; U-III, 1-2). The fact thL't diborano is si-riltanocously usoed up,
7nkc- likely thc ccrnelusion tha~t B2 HC6 ran, B5119 rctcxt Nrith oich ot-hor,
but thocmrclusic-n onnot. be cennidcrcd cýstfnblishod until studios on
thc cffeýct of B 13,,11 and of othc'r hydridcs have been c'iiplctcel. Thu

v~lu, '' tcs~stuklics teý%nrd -.chiovinZ, ai, wn frct,ýn.r!Ln! rnn,ý aooi
irccn~~t ,f tj-, p'r-ecoss is obvio-us.

Dct;ýils c.1 the -.:cr.: just sic:-.cýrizc"I fcrc fewnd in tho '~o-~
rc,1orts:

~,Prulininary runs cm( t~scripticn or procedure in thc: circulntory
Gyztmo, P. R. XII, 3-5; XVIII, G.

b. Fffrect of' C-t1%ys.t:, P. p. "KIII, 1-2; xIV, 1-2; XVI, 2; XVII, 1;
V-'III, 4; lIX,

c. In~fluenc of vuricur fa~ctors on yield, P. R, XV1II, :-5.

d. Exporimcntal det-.ils ,,f single pasz, circolnti~w .nk n t-tic
systuns, P. R. -XIIII, 5-7.

o. Sut.L-rnry (inclu~~nc tnbloc ef f-ta)* T. F. XVIII, .;-5 onm 8-12.

f. Effect of g on. doic:.positic~n of B5H9., ?. R. XXII, 2-5;
xxizi, 1-2.

r. Fronsure e;xporl-tonts, ~.R. XXI, 2; XXIII, 1.

h. itte~'tto Prcpr~ro !351i fron LiBT44, P. R. XVIII, 7.

II Pz'orics of LH9 P. P.. XIv, ~,-s; V,2; XVI* 1-2.

Thc t'ropcrtics invostiC~atod voro:

a. str~hility, P. zR.,XIV1, 3: XXII, 2-5, XXIII, 1-2.

b, Slow rate of hydrolysis confirmod, 1 . R. XIV, 3.

a. Solu?)ility in rifcv crgcanic solvonts, F. it. XIV, 3; XV, 2.

d. ,Q-tt- with Isopropyl r~minc, i,. R. XIV, 3.

C0OT1FDN-T T.L
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CONFIDEMNTAL

e. Reaction with lithium hydride, P. R. XIV, b.

f. Spont-n'fous inflammability. Although we ha<+ frequently exposed
DSh 9 to air without noting any vigorous reacticn (P. R. XIV, 3)
it ray inflame spontaneously, and even detonte ýndr certain
conditions (P. R.XIV: 4; XV, 2; XVI, 1-2). The tendency toweiard
spontaneous inflammation may be completely inhibited by the
addition of very small s mounts of iron carbonyl (tetraethyl
lend is less effe'ctive). P. R. XV, 2; XVI, 2.

D, LIThIU! AL•IMNJL" HYDRIDE, LiAlH4

One of the most valuable results of thi:a investigation hfas boon the
discovery of this new compound. In connection with the specific objectives
of thin project, it has been useful in the development of norw procedures for
prep!%rin-+ aluinum hydride and borehydride (Section A, I, (b) of this report)
or ,enl s of diborane, and hydrides of g'llium, ger,-.anium, silicon, tin,

e'.nd rverni of the hydrides of elements of Group "A of the periodic
, Ir. gunerl the use of the compound for these purposes lnds to very

"r;._ pl, propnrative methods, in contrast to the olddr methods which wore very
cunbersome, gave poor yields of impure products, or wore entirely unsuccvrssful.
It is likewise posriblo, by the use of lithium nlu;-inum hydride, to prepare
alk:yl derivatives of many of' the hydrides just mentioned, thus widening
rrontly the field for the present investigation. It should be noted that in
sc,_-ne cases lithium hydride rmay be used in place of lithium aluminum hydride,
but in almost all (,ases the latter reacts nore rapidly and usiially gives
bettor yields. Finally, at our suggestion, others in this laboratory have
invoetigated the reaction of the compound toward organic substances, and
have fcund it to be a unique, extremely useful reagent.

The compound is readily prepared by the uction of an other suspension
of lithium hydride on aluminum chloride (in other solution). Lithium chloride
is precipitated, while the new compound remains dissolved in the other,
which can, however, be readily removed by evaporation in vacuo. The material
thus obtained is a w hito solid, which may be handled with safety in ordinary
air. Althourh lithium alurilnum hydride reacts very rapidly and vigorously with
water, exposure of the solid to moist air does not cause very rapid deterior-
ation, probahly because the solid soon becomes coated and protected by
aluminum hydroxide. The compound Is perfectly stable at room temperatures; at
approximately 100 C it loses hydrogan slowly and turns from pure white to Gray.

Efforts to prepdre sodlun aluminum hydride by analogCui methods, from
the lithium compound by metathesis, or by the action of sodium hydride and
!tluminum alkoxides, have thus far been unsuccessful (P. R. XIV, 5; XXIII,2).

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

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

.7-
CON•IDE21TIAL

BEST AVAILABLE COPY



C 0F I M:7" LI

II. ?bysioal1 r crk ,C -pniti".n, Stc-.boility: 1'. iý. xý'I, 1-2.

flIIv Scdubiitly: I I A.XII, 1.

IV* cci~ '.h anincz;, !. R. "U1, 2; r,,iý:~'Z . x,.x.2
br-.rzn ch1orido, i'. 4ýo XII-I, 2 (!.mt scc:~ ,I (b) "

4. 1. Mb of this rc-,ort); m~ters P. i. -XIv 1; X11, 2. (S(4- olI-oi
S': cti n D-V bcl~r.-)

-T Usc In th'cz pra-rrýtircn rf: 1.1(1B!LI) 3 (S'ýc ~t,,cti. - ", I, (b) o~f
this rý.-crt); lH13 ;, P0 :". XII, 2; XIV, 5; XV, 2-3; A1( P,), .

xII. 1;11II, 3; D?!l, L: l l7; XII
i-O~ XIX , l.o2 XV, 4i; 1iydlri'.cr- tul' cilic.-n nn,' 4fti

Sthcir"1c~yl d!(rivrftivvs, I- .XII, I-,; XVý, 4; X, 3-s;t
XV.III, 3-e,; XIX, 3; Sb!! 3 , 1'. R. X%,'Il, 3; ZnriM2, X.~.YiX, zo

'jS! (s;0 1:i2~~IDE fLi. OF.Zt TOD2DS ?0T2ELr2S i.2.XI,3
XX I , 2.0

F'. FYS'IC..L P~I7SOF S~i, 4%.LXYL SILICMI~ ;,ID .~.LKYL TV', MT217"MC, 1. it. X".`1, 5a

G. -LIST. OF CM?,YOUUDS 1:E~ii?-"D OR STI1DIED:

(I~rtc,.s ;.2ctd', thr' c :-pf-tuds listed in thisi ncelion lh'~ n1r-c;-y boen m-fcrruo!
tc in ý,thor vccti ns of this rcport. 7hose td -lhich this stt~.tdoces

:ýt -jp1y or for which~ cdditicnali reforoc ecs crer inclidoe, crc Lnincatýd by
an nstcrisk

4%1 0'HL)3 (Sec Sectio~n 4 cf this report)
(cl-)tP. . XXI, 3.

.L1I~ )(~k21 P. l. YXXI, 3.
;'16F'. ')0 . XII, 2; XIII, 3.

Alit IsPo 1. XII, 3; XIII, 2; XV, 2-3, XIX, 3.

Bc*" 1 XIX, 1
Bc (~1ia .i.XII,.3.
1-2C 16 lo 1. x~l, 2; XIII, 2 (Sao B&F)
Brit,): (S,)( socti-n C-of this =~pcrt)

GOilIA: Po iz. XV, 2.
I~u~.-(Sc~.scti.nD of this xoport)

Ll.11ý3 Ct P. "R. XXI, 2.
LLA~ ~ P (M? r . xxi, 2.

!v!1iý:P . XI!, 5; XXIII, 2.
I~!~- P 2.xx, 6o

BSCS AVAILA~BLE COPY



.Sii, 1.~.X"71, 2; 3-, .
Sill., , 'AkV I (.riVr.t *,:..X ,1 3-5; X%111, 3; XIX, 3: nX,

Sn!ý F~. X*V, 4

ZrY2 f..~.XIX, 2
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-I ''

r"a

' "- -rt

r4 (-r rIi

t~~~~hylrv I:hN: I'e or-. U rA 0 z~i

TWý-,, I th'. cr~e or thd fcto c' ir t dcs:ih~d In Z; " ep :tu 1o. dI. it Z

Li~fl/ I; " 'zhie in~i Prokiths Rcp,,rstin ophyic X nd ixorai pzop rtao.
1It-ý irr rclu) 25 in o Mity ghra:I (2n or/inc g. lther)ý',r wondnc in I~pc ~ andi-

V',uýr n bt-n:c' prodi coof racion -pas fouirsit Jf'4;,2,;oVbcud inRncrthNos' XI. i
fcr~ 'n.'c1t ZCO toytAnt ihtior ncht compound. o=sL almnud hyl} rd inor the orr lithinnol16u-
blU .in *Ntlrl.l Rornedmcof ofther from tion hat nc5" iun dv.finitrly idnot cfoo any

Ara"i~' in prp hi c nc it c~slc ceoillowiný rather a'o uc ratnI

thri.; isavy n te old it reidue~si, proa'nhly aluanu hyicdroid.1potiv

it it sr:ubo i~nd Jthat other (29 ./10 g cf LL'df maynd Inixediop- rn- cll l In.o-
tienubl int bcnzyrnýcnd horionf orm.~ Vi 3otablit souof. tho =-pualuien ia-- ,f-
for.^ to airon. thet ita huno amidity, tor' ii a grdua,'lF rn~otion f4th moristure tc-

gif~r isf hlydrs an pthr inolubtc aluminum hyroxv~ido.atdu hdc~i

BEST AVAILABLE COPY/



I -ronrs ?cort No. XII COYI c :* 11. 1ar 1

The roaction of' LiA15.4 "'t" wartcr has hco,,i doscribcdý in a 4esro-,
part. It is virocrous and cormpleto, vtithout the. addition of aco rti 7ca-ets
or acids, prGv~OW the inixtvro is not cilovmed t..- vvur!-xot. If thc oacin
nuot catrcii.d, black~ docoonositjon pro&Octa We abtaincd.

Tot roatcl deaonositior, of LiAIH4 In Ics accordingto h uaia

2LAIN41 - 3H2+ 2Mi -P 2A1

At 1500C hydroCm is 1vc1 t a. zcdcnrt. a rn * At 175 0 C th, 2 r.atv' of(lto
is rrapid. By heating at 22M' for f'our hown, hydrogo olotrain.d a tt-
tivcly according tv tho, 7.o*.oo: ,,qza:tion.

A urkabr of roactions of _,zH~ indicatl: tha.t it is avlbLroacvrt in
the r , ato of cthtor mcotal hyidrogen c~oqNands. 'Por '~aolit affordr
comnicnt nothod f or tho p~rcpor,,tion of si1,_n.:

4ii1 + Sicl 4 - LJ1i;1i1 + si!%,

This roactio in rnpid iwd p i&boly rjunntitut ivv but. proccuda satlsfac-
terily z in i thzý prosc.ncc of ýAhr Vhc rcacliH, !-.as carricd ou~t vrn w-e vi,
Otis th. ý 5 01' d"Cc2poni tion ,f' thr rceagefnts c ccurr('d; v'ho.05 tho, yilef

CC,' of to to rot~i.c.1 Witih acre carefurl .dto of' roage,,nta ,n:1 contro2l
of tc-~ractwy', F' semns liMcly that the yi ýld ciri .wc.bec.n owen hiC.Ihcr. -)Xo
reaction jjust describe:d wsc-.rri,.d out ,a3 % pr li;..;nary to furth;.r ntudb.c
Ihe 1rorto fyrogo,,n ccenpound za h a h bc of :'.rticulnr intoryst .t.
thaý -,rrt eet

Ona,: of cur first ceffo.rts in this dirctio~n r~a ~ ~-ran~ht
tho nctv sa~puund mirlht afftord , o.' aplvrc~ach to the prepnArionr of ;aluzndnu_; 1, rý-
hydrid, Mano., as pr icunly repartod, tho pmam~t mothods Lawe c rt'in dicd-
V~nr.c,._G. Vic nnov., ocnompund nny actually be rnord to thaý bcrchydlridoi by

tao rcticn:

U:,. 1 + -3/Z B211C - Al(B;!4 3 + ,i~i

Cons-tant reovl f alurainur:'. borrjhyo!rido from thc roactican zones l.be, nec '-:
sairy in rdor t(, dri~vc tho rcaction to cf-rqp1lotior.. Pl-ins Ony' boon :ndo to Oir-
culnte diburano t vAr LiLJQ at CO to 10MC aenatzntl- ra'ir' ~un,12u hr. ay
dricl'_ tknd condensing the; lzttcr saloctively frov, the ý',brranc vith a. -60"'C trm-.,
It roay be ponciblc t, gr.t a quantite-.ti-vr reeo-ii- in thin vn"y.

Othor oý2e f tho roacti,.ns of the now compocund. aru theý !'o llcv.'inr:

(a) It ro~cts vith boron fluoridoý othorato according to, thLe equatioýn:

3LiAlT14 + lflF'3 ?t~ 3LiBF4 + 3A 7 )3 + ^BZ1fC

Tho rortetiora is fatr rnnrc rapid thu.-i wny of thc hitherto Yanowzr. ncthývdc for thc
preparattion ef diboranoanod its uso viould be aftdv tagevur. on this acecouit. o
disadvntage cof this reaction, no comipared 'with .intoractic-n ci' lithiu-. hydride!
vi th b.orcn, fluoridc othorato is that t~he lithimm appoars in the, reacticon' prodfuct
a~s lithiun borofluorido instea~d of' lithium rluoride. To -vrcrcanc this ls
boron, tho roaction of L1Lt1H 4 with. other boron haiidcs is to be studied.
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(b) it r(z et SWi 'with l11.1 h I *otvr. nc L) rd ti.,t~'

LAT + .~11M,') - LLW(~)+ *~~~

VAS ttýjnrt Is C t Co c<lw tho cx.t curz.v .- f t~his rct,.ct -n but
-i~' ,'m Uof' 1"', C,, usc voc "ri. all f thc '%1unin-xm, .,7thy1 int,

wo. 1 l r-'uzc The. r c nt smf ~irt.1 t c-1 t o, ic r 't70-C foý.r eor , hr i -.
teb. Th xti. rdurt tlivn rcýn-.rxcd -,, .-:12.1yzc( . ch c ~inz.-

ti,:-. -trr* ,.n,,' hy-vroCn .,b,, .Ž' by hyIroruysi s -'.sr 113,C cc./r, (th,--orctic
ian t1; 1 t/-.) r, dum, irnu j - f:u nd -ms 4 5.4,,, ( te hrct .r6 c5~ V Te r~i-

va1 or'. ns'in'y liqllic, -.t rc-zn. .C;:,.rcratur' with a'~ i preýssurc ý-)f f1kv: nilli-
-r:tre~ 2 5-30 C Th is c!, cck.- thecch- a t Qr i.; t i. on n 6 by the oP , JI r c ur..p C) r

'A '~... c '-'c I;,-~ furtho-r stutdy ,,A' thf2 propoi'tics f thr nactorical hozboCn.

()in. -. prcim:iTho.ry cbz r-~i,,_. it has b,-"nO ticed tht thc o',dýUtior.
s: -lati.n .,f' 1'-r.ium' chl:6ricdr. .4r berylliur'. chl;>ridz tio an' other rs.-

3LL.1:j. 61G17 - 3LiCI+

2LL'.!~*!ý ToC12 -21AC1 + (''i)

-o rcpoýe.mtLD-o. cf either f~rZor2 Li - 42 h.s~ r.c~t yet beemn chiavodJ. Vic
-"' rj~r~in.o'LdH tgx tc .o th .e k~sihility 'of producin.-,

~r ~. 'o.z.~by tho rnestieni cf' lithiuon hy~dridcIr with abvryllium' halidlc.
bcntriQo srgbt eylu' chlr~ridc. n~nr b(cryll1'-,;-, brenr~i'j

d*etothc r, _-i ox:7e, sn.rd isorcpyLkninýo. 71enmjoraturc, C.-dtie m
a, Afrn-- the boiling~pon of' thc% solvent t,, to~n~peroaturcz as 'high as

i'i C i -n.zlirh,-t onc-Unt :1 .,thor soluble c tro ~snn hydregor.
ac~;A h'o..~,in no- ersse *rs therer Cge--d evidencc cf' theý fcre'atio;n. 4j the

drsryieo:: 'e 'The invcstigo:ticrr. is boin; ccn~tinu.ud.

4~ cirruis.tiT;6 pmnp apenratuc cf' the typo dcscribod by Sto:ck (Stck an
I.!'othin,-, 3or~r 697% 14,56 (1935ý)) -ins built for the ;:rommr.tioci of the pcnt",t~rboaic.

7> I' reo .s s deo.-rin--.,' by Stock m~s I'lo"din the prolininary oxpo-rf.-
......... 1 ('1_ 3i1: 1. I-1o. I) e nd in tho la tor ox-.riucn~ts thec Procoduare c

-nly~ this prcoss dibcrane, is circua~~ed throug~ha heat-
iz'' ?- n'j. ich.z vt2C to 300 0Co BS!!o, P!r,"H11 w-1 Bljlll,. arc thc princi-
;n. '1o.atilc !o'~ot'~ ~e, nd tho~so bcron hydrides nr'c continutdl1y ro-

fr<m tho reesL-oz by use of cold traps~ (-SOOC). In. tho proceduro do-
crh*in tho 1ioc mecr ecury vapor ms 1ur;od as a ento I~ynt. This reaGent,

a:; .m11 -s other catc.lyý,ic arents, such as motcV1 holioeo, rlnss holicor cr~d
gocou ydrcgr.m ch1cri(*4o, 'o-:era usod in oone of our prosen~t oxperirnontn with

the obotio'f prof cronti.-. ly accolorn-tinr the rcractiont
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}-S , +> 4x ,

''0 ~• ,.'i o• I 0 I 0 7, hrP• i.

* 1. •• '0v 1 .• L r0 L. ' p) 6,:

+ .U I:J i0 2 . 93 ,3 .;' t 2 ° .. 'i. �s1 10¢n. c5 14 -.Go Sh -frrV 12'ý 5

2120 1.,5 .70 - 9 7 G hr , t 120 0 70 -4'.5 ,o -+

+10 1. 4 G 93a at. 1;200 3 r. -hol

" h C- I " 310 120 19G CG -3 so 4 c' S t 10

4.0 120 1.5 46 - - , iroom alt 10 16" 0,t0

1 :..c! 300 0 1210 1.2 l . - 5 nin r At 1200 3.2 -. 7 to -07°.b

-1,26 0 3 125 "4.0 55.7• 9in at 120° 3jl -1 -7. to

310 120 1o0 55iG to t c om t(.Tmc,
[• ~~ ~ 1 rO" " " ,.,zc'. oom tc,::,,T.

muc... .orc rcliablc ,critori, o, p .rzi at 12 '3 -it7,7 tot-ni,

S12 " ". -.-•''• 12 ,- 1.2 55.6 OCý*G 2 1 hr z ,at 120 0 42 . - t.'7 1 to-.c O 0

S1 0 0 1 5 4,0 5G,7 - 5 .7 2- 3/ !-.- t 120° ' 1.I - --'7o° to -46

S*N~ :r,:it n•,Point of B!ýi9 accord in r to Stock J a -46,6 1c. This cons nt i a
rnach more , r,. b c r itorion of puri ty thin the v npor t en s ion . '
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In Vic runs thus far rnndo, no yi,ý Irs ~'ivc bcon obtainod lru thdin thc 556e, r,-
ported by Stlock (Soo Table I'~ v.-. ~~t~!,such a s BFr3 nnfd AlCl 3ý will. bc
tocto d.

'Thuixtur -e volatilc 6cr-' . ~obtainod in thor mrus w~as fractiona-
t,,i t61rotugh a -.4501, biath, n .~e~d t~o btlth. Tho hydridus
c f 1o voh'i.l:. I~ c f;C'I , CV --: i ith 1 tf ' b:.t hi c tinch an o d
dilborano (oan -- ss"r hor ~ r. o.c~d -80c',~ bath. 'Tho

Fixur S.9 Pl!.5l .s¶rrA in -- o .. MOCbtLo~Cuflt of thoso
CA 1 -' d in this nnnrl :',surod an, 1r, list:'I in Tablo I as

~ yid',. rificition of the, byxu~ com:rt-in6 th.. unstablo B51111 to
voaccc:nolis',Vd by h-cc.ting, thoe hydlrý)s !At l2C0C* Vhc conv.'rsion of B&111l

to 7,71 is not quintita.tivo. 'The conditions, 4'r obt!aininG thoý nximuim convc-sion
are bcinr studiced.

Turatu of convcrs ion of eibýýr:ns to Ic ss vol-itilc hydridc oz s moasured
by Irmcozinr. cut thc dibomrice vý.th l in-id n5-trogen at intervals durinG the run,

*'.~d lcai2 the ainiunt of' hydrogocr. fcrmud, in this v.,ry a rough rt ~v
b,- obta-ined. In run,- 5 through 12 tho hantirx j-riýed -vmn continued only until the
hydroga-, presýsurc ras rmnmurd In this nta'.ncr vtms constant.

T)I: purity of the min~plos ms dotcm~incd by tho ineiting Points, For thi s
puirps mcltirnr. point appar~atus, such as tknt doscrbdb~ok~n od
The(, t.o:c:ra-turo ~rr.s measurcd utth an aummonia vapor tcnrir;n thcrtioeot.,or -

Thze dibormn,, for thoso oxnoýrimcnts vr~ distilled tic th*-rc-.G~h -160 0OC
o.-h nQ.d had. a vapor tcnsion of i23 ,.-im. --t -112 0 C. The inpurity v.zs probab'ly
ct!4ano .

Thcu cxpri:-onts on an improved proparatior. of BrIT9 vill eontin~uc durinr,
the -cxt month. Work v,1ll clso beý stvartod on proM. rino onoughi rnttcriel hy tic
prisont muthcds for La study of its propcrtios.

(4) Strabi1it,: 'f"aluriinu~nborohydrido

A furten r stvioy of' tho stability of aluminum boroh-ydridc at room tompcra-
1.urý is boin!ý N.dc Ath the- follo-.Lng obic-ctivcs:

(p)To dctorinino the offect of hydrogen prossuro or. the ratn of dccompo-
Sit!<~

(b) To try to stabilizo th, bcrohy.Arido by hoating in tho conta~incr for
v-.ri.~us pu.ricdr of timn" b:'Coro stor-5 C '. room tem.perature.

(c) To detcrmino, vi 7tji-r f thv'.- f!actors, such as the surfacc of the- rgLis
cmnt:-inor, influcorcc thu cmp d .

Those; oxTorimcnt5 arm still in progrcoss and conclusions can~not bo ma-de
at the prccait timui, but tho.rc in considorablo cvi~dmcc thnt aluminum borchydride,
can bc ,:.adc nr 'vbuat room to-mporatura than provicus rosults hrve 'Andica.tocl.
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(a) EfP~ct '~hdeo

-reprinct todteidicntc that thce rrcs~cn: uf hydr.'gc gtns at

prc.--urr~s up tx.; fPur atn~.sphcros may havc 5r:ýCifuce n thc docpc-~sition :cf
cluninuri borchydrirdo at- reco tcnpcraturo, but there socris tc' b,, nc dircet rola-
tiren boteruon nrcnsurc tund the rate -,f doconpnsitivn. Othcr factcrs urndc-abtcdly
arc vnffcctiný, the.; results.

Firuro 1 shcws the three tosts vihioh arc bo.rG run ttepesn ie

Dry .)xyGcn-f rou hydrogen gas zc intr-dueed aboNc a spmplvo of al uA.einar
bcehdre~ t apres-sure of' rIJ .. The subsequent dce,=positicyn at ro , tcm-

7pcratvre, f 22~~".is given by cuirve (a), Tho datac for (b) vere cbtni ncd by
kctpirI the vapor rpnco aboeo the liquid a-luminun bcrohydridc vory small. -ahus
df.oe :.np-ssiticn 4f th: material soon caused a larGc hydrct-gcn pressurc above the
nanple It rmy be scon that curve (b) falls beýlcvz (a) despite theý fact that tho
hyd rogon prcssure in (b) is Groater than that in (a) fcr mnst of the test-- period.
At Z) t*.y3, fer cxam:plc, in (b), thore Yas a pro-su rc of 2227 am.i while in (a)

j the pro:;surc vno cnly 1033 rmio In both cvnscs, howzever, the doem positior is dc-
cidoýdly grantor tha~n (c)# in vhich the hydrora'. vr~c ioasuri.d and remove-;d at tVW

I dy intorrlals. IBef ro mr y conclusions could be dra. f ro:- theso re, ults, it
i~ilf ic necessary to acco.rtain -;hMt would be the effect of oexces prcssurc vr(,-
duocd by the presence (.f an maort Gas, such n3 i~~e.A prcs-c-n! thn li.-O
cf imvs tiat-'tin d~sr,,t soon pr:ý.iisin;#

4 (b) Stabilization of aluminumi borohydrldG

Thc obscrvation has boon nada (P.R. XO p. 3) that the zrate of s~oi
g tion vf oluminun borohydricle at romi tem~porature soons tc decrease A th timic to
j ~ such mi extant that decenposition alm~ost eacacs. It took 60 to 90 days, hco.vevr,

before the formation of hydroran became very vlow# It ms hoped that this np-*1 Iparent stabilization could bo nocoolortatod at a hiGher tumporaturo. Storage,
tuboes ce.nta.inini; aluaiinun bcrehydride mror, the1-refore, heated for a shr-rt timeo
(4 tu 8 !dya) at 40 0C, the hydroGen =as roncved and thc further doccrpozition
a t r roc: - toeeeraturo a c~ bservod.

In Fi,'a.rc 2 the rosult from ceveral cxporinonts are compared. Tho fol-
low ing daitz arc plotted.

Curvo 1. This c-urve roprosonts tho normal decomposition of altaninum
boroTFFr~a in % glass tubo. It is includod for com~parison with tho stabi-

f lizod matcrial.

Curve 2. The hydrojon iua& pumped off frcon the oluninumi borohydride w~hich
h~ad stood at room temperatureo for 120 days. The dooonpcsition in the follow-
ing, 20 days. =,. very s!mll. This rosult' i~ndicateos thant the accumulation of
hydrogen is oithor not t~jo fotr vdhioh.6ausos stabilization or that it is
not the sole factor,

Curve 3. Aluminus borohdrdo vaa ~hoatod at 40-.46 C for 4 days in a
secmlod rub This tube s.Opid to,,96'Mmanotov. and the hydrogen formed
in the.- dc,.ccapsition at40 ~io ntesyztoa e Th- curve plotted is
the incOmso in pe3surAe d 0o t a su quon dooepeositon at room temperature.
The orhdzd rppars to at"a sont~i od~
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Curve 4. Alumainum. borahydrido -as hontcd for 12 Ldays at 40-450C. Tha
hydrro-[on ws ronovcd and ti-e system wa.s oponed to a r=ic.oter. Tho deoomposi-j ~tion at rocam toRnporaturc ray bo soon te, bo sm119

Curve 5. T~v ac. o aliuminum borohydrido vapor mso soalod erf in a tube
prwTvjZi$Frth a broak-off tipe The tuba m~s placed in an oven in such a mn
nor tint only the lcwer half of the tube mns heated* Aftor hMating it for
o-ne hour at 200OCr, brown dccozzposition preducts ~were depositod uniformly over
tho hoatcd G1aiss surfae* The tube vrts opened and the hydro~cni vns renoved.
Liquid aluminun borohyd-ldo =as then introduced into the tue, and the dcecý4-
pesition at room tanpcrtituro viK observoed The brow.vtnatorial did not appoar
to be soluble to oiy exttnt in the aluminu~i borchydrido. Tho smllaount of
deoooposition of the latter tt room. tomperaturo offers sone evidence tha~t the
process is a surface catalyzed reaction vhich may be provcntod by coating the
surface er the container.

Curve 6. This oxporinont =a carried out in the stne marnier as (5) ecept
that the brovin deposit vvs f'urthcrhoatod in an oven at 6000C for 10 ninutce,
A black deposit vas foined which did not adhore to the vnlls after the alumi-
num borohycirido %as added. It nay be seen t1r~t the deooanposition is almost
identical with (1)o This obsorvc~tion clearly shows that it ms twhao oeting
obtained in 5 rather than the offoct ' f 'c--+'o the GIla-ca 4A-oh niteth
reaction. This point is to be tatd further.

(a) Effcot of increased. surface

ardAlthou~h proviLus experineonts have not indicated that addition of povi-
doo lass affoetvd the doconmpcsition, (PR, vii, p. 11) some further studies

have boon begun but- are not far enouGh 41 ng to report the ror~l". at this tinel

No. 1 through 25, Havdl Research Laborator-y
2C-27, Chief, Buronu of Aerounautics
28-2P, NDRC, Dr. Jo Williams,

30, A. C. Bend, Jr.
31, C. Dillard-

3,P.As, Lad Z
35, University, or Chicajofio
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Contriot No. N173 s-10421~

BuAero TED NRL No. 3401

-)Contract Noe. 14173 3-10421 is an oxtension or c=,tract VZoc. N173 s-9058 nro .02

k; ~H. I. Schlesinger in Collabo'ration.-. tih
A. C. Bo~nd, Jr., C. Dillare, J. Farr, A. Finllvlt, ýn~d !.A o

t Tsin 'c vjorý undr.rtakcen ditrinr ~iercrn.c covcreil by Vti rý.is pcrt htos b.oar, aý. ex-
týn.o -r , ccripl'ý,-ion o'the o-a+A.1'-, w vi e wrt, d o-,rihod in Progress !{oport

(1) Lit.ium Aluminumr y~ifl

IA. proIJmimnry rero:'t o, t"r, : ý!Aon n; 141~m titlnur hydrido (LiAIL )
i * -. - *A. 't thS. im'o

pcort c o taion'fz~l tl~ r-ký L~ red. knrv, b~z it hris now beon Qstab-

t

LiA1114 + 2R7,- . (!hiý ) LiB'A

vmt .*v~.ctn krrlor, i th.-I Armu1rtLn[g system in V~tich 'ive have
~Anr ~~ ~ r r~c~i1t'ird .ihtyso thlit fý tube cont.iinil g

1i': ,, 1xnium h-ydrtdre ccu!l1 b 'if : intc 141- ,,yOcm by miw,: or a rcmovnblc
tr4 '.prA, io-r~'~ ~~r *~' ov.¶ ýr thn lithiu.r on~l'tmllnhydride

all. of' hetv~t:(.' 2T3 ,r.. -;" r~m. irvA at a speed of ctbco.L 500 oc. por
~ it~s ~~r'.i~ i~tr,~:~cdibeno Rt intorvacl~c~ kowrp the pressure -

!%,, ~~rtin Tilt. colAnUti=I. xtuim lhyrldc -^. ket- thietn Cbt- c C Aluminum

Srati~n t - :;, bd .2 trxams a i ~iu-imm bcrohydride
vw%ý,f i~r-rnredi in two t C. rXour !v.;:i tir, In a amctnt o!' nteri-A! mro~esented

rv!i<' :4 yl'- bE'.sd on 1.ýs~V :qpwmttm lii 0L.. (Wount ve lithiiu:.- aumi~nunm
%I,- . J~ In U) r.:t.. 7!,,t vr d: ibertano used ur and Ith, emount 1-

* *::~~~~i~bt- r et ydridr, fo-s-,d tin(, VU.l"t'r'Ath, result.

f~ r~ . ' iLrtewr vc, r, wi 1A. 1,%.' t.r'*hon V.1.-, ~production of sluminum
~r~t~ut~ con..""Vte on~d~ Y,' !',rrj. Vat ehsxperimnent has domnonstrated, - -

~'~V.,n rtt Aii re:~;J~ibl- :.wtt:cs:i -or~ 1r-'.ýptrnr the I:orohyd ride. Under the pro-
- ~~~tA'It ~ rC1ttcfm' iý plo'nbly tqucA*,tit,.0Avc.

t),o.i?:lbl rncdifiietiiors.. if th( *- bcva proncdarc; vmuld be the foIlowinp:
Wl)Ps, lhiu lwin Cii1 p~wdered. (2) The cliborane

rh L , hr *%l:;nt thrmth,1 -,-t'' over, thfi, -col 1i (3) ~ii'rpressures of~ xibor'ane

7v ~ ~ Vý ae-t~~ t m.ralum i ivdm 4 wit~h boron C'uoridea atherato to

io ar or. chorbld-r,4 a' js'e& b cTh-rr ,ilno, 'L4 ~ u~unot ih u e
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on avntg of ltheiltte rctlion in thdrid al viofo the toronCOSitio

tho~.oio prodctco ofincenc

on a othr slutin o liti= aumium hdrioeo A~ vigoou cdinthrcion
vfic thrtouou pcragntosstofth

product roftu~ rocess isth iu no- ola lo urido.o boro chloride'tot tol bhe
rozatonoro tub thohyride. ogtcmlt ovrin h il z 49I h

Thsoos brm hotidotru nhc ouin of lithimn aluminumn hydridowt 1nnielr~ codn

tothe fcloingti

(1 Li~lP + AlC13 L4&1H5 + 3LiCX

iStp (1)n anitd. (2) w rouduc hs boorie out inted sam roatioh the cc simn ce,
afterotcn prootoncI- i s1,3, wh ith wcu l only thx a ~lnoc t itim hydrideirnd. T o
=Q roct ihyroyism ichlorid, howvordrt, mantait acons proboblo'rhctosa oth6rt

poutof the h prioceis iso lit hiumchlothe* othihern chlb roorde only d biheiiuly
At rconveted to isl~othe hyd rid e ilb otne.Th ,prto f.

Thbrreryn fllitni~ hydidm ((aluminum fyrom lithiz alumiinum. chloridcei alsori,

r'
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j~h *h !,L s bee nouu 4' -h: tt r. stuidy of it., propertios will

ýec ntadf. uIn :he coninr. malth. Thii nothod of' Proparation fronm diborano i
still bin u ýdaent ý a. . -aa O.d b in it'

ettort to Imp~rove t1-,': yield Jr. w! 1 c! rIJ11 are only 4O-5(0*,.

.3) Sttibility ot aluniin~w toirohydride.

In Propgrose Reoport hjo. X11 two methods for rot :Idinr. the d econmositAor, f.
alw-i~nwin bcrohydtr5Ac2 vere dosoribid'. *Onne m~ethod veat t-. bo.' ecih, it in a

C t trubri at 4100 C. eor, four to ui'rht dAys. The hydrconm Cmu~~dofed
>Y ~susen~mtdoc~SitiO' was obrvodf Samples troutod 3n Thiis nnnAwr:

ocatin.u' to shor ýn i .xtromoly small anow'.t zrC doce~rpositlun, about Co.." to 0.3 Co.
of hydrc-on per I rami of alumiyinzn borohydrl& in forty day:;. ý'ho oti-r ntidoxf
stibilizing thvi borohydride was to coat rho tube with alwiintz, borohydrid~i dr-
conmcosition procbzots before introducing, *'sample. Althourhte vulsi thei
firat twcenty d~ays indicatod little doocmipotitica, th;ý eOmtbiS ulov~ly pft1odL Off

doeernjowis of hontainorsandhydroron foxmnt'on inrk .A~ ty ~ vny

method of stabilirsAtion. Further att-6pt to put Qotnsýt ul h~ ti~t
it, is dirricult, to ret unirore otrlBai that t-4,10 -to. or Aoomnpoz i Or.: ofj
aluminum -borohy-drcido varies with the, type or 6ig

Soveral stability-tests have been run in th~ ~c of r fA~rit a Iuts

fpowdored pyre% glass. The 'rs;ujtS . l e~m~h tue sane.ý Thisin
dic~te tatwtl~' 5lass mayý Catalyzote deop~te ft orphydrido,

the amount; of surfa~e. doe's riot affect Lthel ruto a rt" a certuin lirniting quan~tity
hag been roaahed.

(4) Proparatiori or spamplez of aluinw~um boro~hydrido awl lithium rlunlntziwr hydrido.

Samples of a luminum borhdrdhaebo proparod %M S unito~ D'.ý Stoeman.j Samplesof lithium
Laoaory lit l*uminum, hyedrid hiave been: sent -to the lJev'n {el~ eo

(6) Work proposod forL the- coming weeks..

(I)FUrther: study of the reactions of aluminum ohlcariio And of barylliwnj ~~chloride with lithium alluminum hydrido (LAI.4U 4) Vihth upo. e baiii
of liha,;lm~ijnhdie to ascertain the natlure, or thie spontaneously %ais-

bustible impurIty sometlmea obtai~ned'.

-(b) LReac tion 'of lithiu a luminuhydlr 146wi th triethyleine.

(w ,A ptt~ s to-p p raorD4 1. ti08 s~luminum hydride by Lthe use0
of lithiwn Alumlnumhyri4ý &

(d) 1at~i drc~sm~polxri to iaseor-'

Stu oztio Po1ont

L.~ (f mowe
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Pwogroai Rop&4id IfZ COUMMIETL RICOI (C) Investigation of the poscibility of preparing hydrides of olenmonts
other than beryllium, boron, aluminum, and silicon by use of the new roaGiont.

(h) FParther stability studios on aluninum borohydride to ascertain whetherI material so stabilizod in tho lowor pnrt e? a glass tube will bo rcattivutcd
* on contact with g1ass v~tlls not in contact vith t1hc liquid; also to ascortaint Whether thG catfalytic effect of motta's. can. be ovorcomo by heating tho boro-

hydride at 400 C. in contact wvith the metal or by coating the latter at higher
tempera-turos. AlthouGh the latter procedure iwas only partially successful on
Elass because the coatings ult=mAtcly pool, the lUtter may be more adhoront

on motals.

1 through Z5--liaval Research Laboratory
k ~26-27--Chief, Bureau of Aeronauticsr

30--A. C. Bond, Jr.
31--C. Dillard
32--J. Farr
33--A. Finholt
34--R. A. Lad.
35--H. 1. Schlesinger
36--U. of Chicago files
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PR )ý:-S S REPM1W2 MYX
For thýv: PC-irlu AaIVin11t 301 - SCI.t'-Iv,- 30, lf'4k;

A Contract N.o. 173s-10421l
!3uAeoro TE, NAL Not' 3401

:!. le Schlen;,-:gcor in Collabortion *vdth
A. CO. T~ond, Jro, C. Dillard, Jo Parr, A. Finholts ko At LAd, rtnd K.0 Wilcbtioh

(1) Altuninuni !lrohydrido

(n) Approximntoly 100r: of the conpotind hns thcn "1stabilizod" by a -dn
heat arnm~trt 40-450 Co Its ship.ment to tho N.R.L. is nvzitinr, 4&livt ry of
motal cans ordorcd for this purpo:s,.

(b) Continia~tion of Stabihiz:%ticn Tusts

L~xporimcntO dr~cribod in tlv. Aiari.rt r,:pcort (iiu II nc ~ncui~
vocd. To -r~kc surt the-' stabilitatiOnl irn -ot dUr, S-Q'lul tO d.'POZji1:on of injht-
bitor only on thc'zc Clazns surfacou, hc-atc4z in cont.-tt with tho liquid phase of
thc' compound, tubes pnrtialhly filled vith Vv)~ liquid -acre -A~ n 40-450 C for
several dr:; Thce tubcs woro then invorted; dc-carposltion a't roo:,- tcmn-ra'zturo
thrrL-ftL~r proccod(,d jlist as slowly --s in tubcs -.*tih ~vzrc not inv,,rtcd.

Prohoz:.tinG thc 1Lorohydride in contact -.dth iror vdirc, lik-.wist cr'.unod
n:.r~ik,.d d~crcase in the nito of mibnoqun-nt dcconnosition at- room t-tipcratu.rc in

corittct Tvith thiý unct-al.

A dctailcd zumwr;ry of cxperimonts on this typ.ý of ctabilizt~tion rwill
be, zvlbittod In the z'.cxt rcport, bytr.hich tineo this ph!,xse of thc invcsticatior.
szhould bý. coan'ltcd.

(2) PontnC.,:ra-no, 35ý!q

(aI) Prepara~tion. Sea~rch for suita-ble catulysts in the productiorn or CH
fre-, dib-orano by hont troeatrent has booni started. For proli~ninary, qualitative

oluv~tof c thlý arrffctivonoss cf catalysts, two criteriQ hove boon found cs-
pcoially usýzi'lt (i) thc "crude yolld", i.e., the quantity of zatorial rc:tcinod
in -- -601C bath, and (ii) tho melting point of the crude product. (Thc moltinC
point of B5H9 is -46.60C, thatlof B61ill is -1230C.) A low m',lting point of thv
crudu product thus indicatoa a high drgree ,of contamination with B51111. Tho froot-
i-ir point is G more, st~nsitivc and far more rapid mn~ns of ostinatine the degree of
cont~ir.tion th!an hydrolyrtic anad.ysis or than mcasurcmont of the4 vapor tension.
IKo Lrithod or avoiding fornation of B4HUl hu-1'ras yot bcci discovered. Tho problem
at this stago, thorclforop rcaolvoa. itself into, two objcotivcot Mi to doeroaso
its form.-tion to a: miznimum and/or (i)nofn aifco~ othcd for cornvcrt..

ing 135 I nto B5H9 * Tho simplo hcat, troht.ent roacmondod by Stoock& Mathing,
C,1456 (1936) is toyinofficoiont

4 ~~ ~SAVAILALC
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ProCross Rc ort CO, Ko'~Y. g~p o I'<

In experimnits using norcury vnpor as a eatalyst in the heated tube
through -ahieh the diboranc is pnsed, as rce~eddby Stock, thc crude product
nusally hnd r. froozinG point boiow: -G00 C; thc yield of crude precduct varied from
G6r/: to 65% of tho dibornnu consu~med nt 2500 C (in most cases from 85-95%~ of the
diberano mrs used up)6 It is our present opinitn that mecrury va-por acts nocroly
as a heat transfer agent, and hýas no spocific catalytic effect, The use c~f an do-
hydrognintien ca-tclytt (CrZO03 ) at 1500C gavo a crude product having aý nelting
point cf -490C, thus indicating a much purer product but tho crudc yield Was only
32%. ovon th:-ugh 9C/.' of the diborane =a used up, At highcr temperatures, the yield
is still poorer.

On the other hand, the use of astandard hydrvgcnnticn c'.talyst nt 2230C
resulted in a crude yield of 63;4,r:; the pouthdaoligontbloe, ".800CO

* ~Tho higher the tcnpcraturc, the highor the yield; (eag., at 1500 C the yield mas
421, mid at l850 Cj 594 V,); The most fanvorablo temperature has nos yet to beý deter-
mincd& It is to be noted th.%t at 1500C in theý absence of cata~lyst no Bqfra.ction
(i~eoj no B5)Tq or 351111) mma obtaincda The hydrogenation ca^talyst thus -opoirs
to hawe tr~o eff~cts, it favors tho tmranfeimation or dibomane into B3 fracetion,
nlthz~ug-h t'he present catalyst ma not highly cffective in this rcspcct, andi it
appeoars Crcntly to increase the percent-.Ge of BSH11. Both cocncluziors nustp how~-
over, a-mit nore preciso experiments for verification. For ox:nplo, -vo have rs-
su::-icd, but not definitely proved, that the conta,.minant of the B5Hq Is *S5Hl-f -athe.r
thw. 1341e10. Tho basis of this as kn~tiem is thzt the crude product has a 00 tep-
sion of bc-tvieon 60 and 65 =* The 0 tension of 134111 is; 388 ='I, that of B!ýiq,
66 :1m, arfv t~hat of 1351111, 53 M,

These results indicate in a preliminary %-.ay that the proportions cef
R7Sand of 351111 in the crude product are dctorninod primarily by reac.tion velo-

cities rather than primrily by equilibrium conditions. This conclusion justifies
the furthcr se-arch for ca-talysts to direct the major reaction into tho desired
channels. The experiments also suggest the possibility that the best procedure
for preparing the canpound may be a tro-stcp process. in vihioh thc first step
is the eccurin; of a maxi-mum yield of B35 fraction, irrespeoctive of its camposi-

p ~tion, and the soccnd step conversion cf the Bell11 into 35119. To test this possi-
bility, s~nlcs rich in Bell1 wvill be troated vith dehydroGenation catalysts of
vnrious t~y-',cn

T - hrave any clear picture of the possibilities along the lines discussca
anunber or *.ticr catalysts of various typos must be studied, a. project now under

icy. A. fe%7 ox-j'eriricnts directed toward p-odlucinG B 5119 fron s L..ces othor than
diborane havem shown too little pmi'to deserve inclusion ~. the report.

VicJ call cattention to the feet thU'lat wc have on ha-nd about 4 (; of 13511,
scrc f Thich eou'cZ e s8ippcd to the N.-R.L.' for d1otorminatic-i of thc.rmal data.

Wie b -lic-.e that such measurements should be made nrri, and vr cnmit instruetions
on*.Ica the ship.-aent should be made.



i-re'rc-!'; o

4.111str:.tiv. cc the tr--,.-? j4 rectw1to~

i. rm ~5~in L thv- f r.'.u It roo.-, tcm. ,r,,Airo 391 cn I -; T
fr;vctx c d %Mr 25

': i* ,. .mn'n~~ f 11.quil F;611, x.t r- c:.- '.tv' 4. c c* f h, ;c

S'. i OC' "^ý a t CC/ýC 3.0 mix hy*4rozw; it r l 'm:. *

I . nrlrt'r cx th. liquilt.t onl 3 .5 cc obfAl- 1-- 27; 1i.-S.vIA
h'"' e - th..rt. -ýa ýI Purtlt(.a,m? vo, inml f,-r T 4 £

rr XA th "rcu vt~'h:~, d~ -I.i4 -*'< *

If I rit 900'C, rcquircd -I1sfrI ~kin, cutic:ns hy-rclvmis

()it is s ~~ clubilc In :.rtor (-;th 1ccr.oi~cn;very solublo I-,.

b c z n -, h c -ft -n c2 a n ' o t h e r . r zcr t r , S o lu t i c .: -C u p 5 0 o r : .C t i o 7.; Ob " 'y R .^ 'I u t ls

(o) :Irc..Uon --Iith Air. Contrary to the obnfrvations cIf Stock and1 his co-
"vor*.rur, 41-.Vjý 7 a o our'ommf earlier experiencos, B~~ SeOZ5 to irgnito secu-iJ nn'-uG1: in ftir., 'but only und or uery special condlti=r3. Tho followidný,sots

of ~c~~rccit~ t ~fustat~cc-iditio-s under which spor~t an6OUS inrkr~bi--
lity did not oiccur and thosce under YAAch It was obnervedi

A tube oontaining about 2S of Br5 '-I9 mms accie ntally 'oro!.:or. and its
nt~~sn~illsd on the laboratory bco01h; although thc B'H ovaporatod

1ýfArly rapidly no flam~o vas obs-orvod. Furthcrmoro, to flash or fLianl
-,-ac obsorvod in oxporir~tnc;'int 'vf*ich "r~emttdt . vessl contain-
Ing; ".oz=n Beo pich ime thOu allowed' to qvaporatc and booonto mixod vith

shc a ir by von,' slor =rini ,o roar tcmpo~raturo. In thoso oxpcri:=onts
tho cor~osi~tr' to-h* mixzura' ýttcr oczaplote ovaptatimc of, the >Tc
vnri ed from 1to GM~ o rc&the t~o1~ prczzuro from abvkt 120 to about

BETAVAILABLE Copy
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i o* .. h ot-her hand, liquid Brii, -xb cnllutTd to evapor-to raridly
-toa vce1-o containing, d r, f la:hinSL icsul tod in -most of thr. oxp-ori=177tS;

only tho oxporir.~t in wl-hich thc largezt proportici of air (51;j) 7nn usod,
gono £Ia or fla-she i~ko~isc vghz air vr- rapidly cadmittcd to B5H9

~.po, aflah roult~d.One othor strikinS oxpcrimcnt shoul.d bc rceordcd.
In 'z~o of thn cases in which Bý119 had been cvaporatod intc air ol*il nough
to avoid flashing, the B,!!9 Yrs rocondons..id rand the air ro~cvvd from thn ar-
pr--tu,.l 'ho B s -~o '. ovporý,tod "F~ain but i:,to wn evacuated vossol to

-which air Yns inter rapidly admittc;de The !35H!9 inflarno4. "his obsorvmation
i%-lioatos thr.t spctontaeous infla.mmrability is dcpondont co th Cehdo
ing thi di r n - the I3rHc rather t:.ran ý.. an inpurity, a point ihiwh will ro-
ro,;vc rurth;Or Oiscuzsion. 2

4' nc. nin'urcs which mirc pr--parod by vlow~ ov-aprration of B,:! and Wiieh
htar -,ot inf laned w:arc subrequently hea~ted. VWhon *.h, 1przortl on uf -I r vzs
only 121%, the~mixturc could bc heated to 150 0C and thore r~x~tin nd for 5
raznutoý rithout visil'.~ rcnot-ien. Mnothcr z~iixturo e';,nvAininC 631ý ;. air ?as

- oeatou it th'- -- to )f 61'C po:r mirut-. until it infla~mod at 8'10C. Only 7ý4 of
tho Býiig vns rocovered* In a third oxporimcnt i~nothor ;Z, iixtue. -vat, al-

1w, oexrand into an ovaountcd roactilon tube mnintiaýncd at 500C, whore
4t. ronct-d with a flash.

In vie'.4 of tho contrast betweecn these rbservations and ocntlior onos by Stock t
d nd ours-s.vos, "urthr-r evidence bcari~n. on th¶. quostion of an impurity as the

cause of spontaneous inflar~ability ms sought in additicon to that already cited,.
jA samplo of I3AHO v--s shaken tith vatc'* at intervals durin6 15 minutes, ca treatment

vAich 3houll have romov-ý traces of B!YHlo, B61lli, and other highly ir~lam~blo
krdridý.s of boron* Nevertheless the vrshed sample, after removnl of tho vx-tcr,,; I chnvod as did tite sanmplcs vith vjhi.;Iu thr. ether tests wore ~..Ad.9 AlthouG.. iuho two
oxpcrimonmts cited In thin connection rieko It soemn very urnlilo~ly that spontaneous11 i-flam-ability is due to imp'uritios, the latter explanation is nnt yot cntirol:-
oxcluded. Further studies are in pregresr.I ~ ~~It should, perhaps, be pointed out that evon though spontcanocus ifa-bl.

v ~s observed as described abeove the reactions did tot appear LO be of YiolentI xplosive charqcter; they are bettor described as a fla~sh sometimes accompanied 3
by a faint ýzunde Tho a~mont of 13~Hg dostroyou when a flash eoo,-,rrcd vnas in
general much vrca^tor thnn is accounted for on the asauml.j'ion that the reaction
produe.s are boric oxide and vater,

Attcnpts =_rc ma~de to inhibit the rcactiun, of B5%t 'with uir. Do~izuno coams
rolntivoly ineffective, but load tctraethyl appeared promising* A mixturo c-n-

jtziinrn 7% or this compound in B5119 mes rapidly opened to the atmosphora without
nc'tiovjablo retction. Other tests gave similar indications but fur'.hor woerk is

It is apparent that spotsrnoin a--_ la qbility of BrH9 is a cemploXc process.
Sone resultsa so far obtaIn~ =M U htýt 6(EW-Fitxing is. an important factor
in determining vihether ztirars,:wil. flashjt' b dat`ovO'nc this point there is con-
tradictory evidence (e.g.,%-the tc -~~a oia1rplo did not in-
flame). Such factors .as thacffoatto,& *total pressure and tempera-

This vro rk is being aot va yjsad W .>

tureas wll a thepossble .nf~ona*f~nbbitoe nod' sill o bestuded. BEST A VAILA~iECp



(f) B5Hj roacts with lithium' hydritho in tho prcvneccýT cthý.r to Civo an
nthý'r solublc As h~ns frequontly :'eeurred in similchr e. iscs, T., hn~vc not
b~cn suctossful in rcnovinC all cS tho ethcr f~rom thc pr, duct. PAnzlysirs of thcý
solid ~b~ndgavc the at~nic rn.tios Li:Bt.B 0 1.99:500:11.7, in fair arirecnernt
A~th th&; ft ulr- Li Th- other containine sanilpc kydrclyzed slovly, a~nd
van~ not spontcnouly inrc ._blc in air* No ixtdrt frhr e~oimt cro
p1lanod fo~r tho corip-vand unless ai tost ahould prove it useful fc-,r the purpose of
t-Jo pr~ .if a se~plo is dccirca by the '14 R. L., v can rondily prcparo one.c

(3) Lithima iluminunm Fydride

F~urthor work on this eonpound ~sconfined to offorts to convert it into alu-
ninu~. hydrido. Although ani other solution., in whAich thr, ratio of cuaw.inun to hy-
droCcni is 1W has bcicn obtained by the rocection alrcady doscribcd in Pro~ross !Ro-
port No. XIII, p. 2, efforts to romcvo the cthor cvozplotcly vithout docomiposition

P ~ ~ b'whct hppearcto bo-tho ethorritb of tho hy~'.idrn havo boon unsuccessful. Various.
preoosson vnro attcniptod; beeriuat tŽhc doirod rosult =c not riehiovod, they ara
norcly., listod aso arianttar of roeord: Use of olovrited tohpcraturo aind low prossure;
t. ttnont wA torhil-y amniros aind with pyridino; treritnont with riluninm= chloride

4 or bro-.ido in bonsono solution. Anot-her -ttcm~ptod approaich vas through the ccr.-

ponTh.A%1 budd t alonfr to propro Qa nubstrinc (o~g., Nai + AlCl3 undor

It~~l vt Of thtct lithium. rluninum hydride, ril-lhvh norol _reictivo than lith~i-I

un %vdid incotoi thc woroIationr is mnto ned, metiosofa properhan litheu yrto un
in~ attorid oa pprin lcy mote!hy drlui=desof othe flen Mthy alro binun stdiehordc

This vork niso includes cxpcririonts dosi~nod to develop more efficient notriods
f or praparinG coripournds v.,hich -dght be useful for the purposes of tho project,
but for vzich no cffic~cnt methods of propcarrtion are now knomo~ Ccipounds of
titanium arin silicon ara includod in the program, but compounds of snco lOs4 con~-

Mon olotont-s arc -.lso boinG invostiGritode only by having ai renge., of compounds
(whethcr they arcr th~msolves, forisiblo or not) aind tosting thom can. l.ogi-l rip-pronch to ai solvitien c tho problon be developed.

1 throuGh 25--Naval Rbsearchi lorater;y
26-27- -Chief, Bureau c~t ktrdi.. ut- c a
2B-29--NDRC, Dre J, Willi-Aiti

nO-~C o'nd, Jr.

32-'Je.Farr

33--ovinolt.

- - ciner

Zdw' ii;.ag il
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PROGRESS REPORT '170. XV.
For the Month of October

on

Contract i~o. 173s-1042-1)
BuAero TED NRL Vo. 3401

Contract lo.173 s-10421 is an extension of contract Nos. X173 s-9058 3 c-9820

I.1. I. Schlesinger in Collaboration with
C. Dillard, J. Farr, A. Finholt, R. A. lAd, and K. Wilzbaoh

Proegress during the month of October has been slower than in past
months d•o in part to a temporary nan-power shortage, and in part to a change
in the nature of the work. During this period we lost the services of A. C.
Bond and D. Peppard, and found only one replacement, l1r. K. Wil:bach, a very

Sable ,an who ha&, however, to boconm familiar with the necessary special tech-[.•• iniqueo. This ssitu=tion has now bear. iUmprovod since -.c were able to add Mr
B. Abraham, a man thoroughly oxpcricaced in this typo of investigation.
Even co, ver/ rnpid progress cannot b'ecxpoctcd since vc arc now scarching for( * •catalysts, and arc developing now proparativo proecduros in a field in which
there arc no previous cxperimcntal data or prinoiplos to use as guides.
1. Aluminum Borohydrido

The 100 go of aluminum borohydrido, requestcd by the Naval Rosearch
Laboratory, were shipped after the material had been "stabilized" by the methods

*: i~idescribed in Progress Riports XII (pp. 6 and 9), XIII (p. 3), and XIV (p. 1).
?An extra tube of the batch froa whioh tho ship•bnt vms takon =a observed by us
for 11 days, during which timo a pressure of only 45 mm of hydrogen had do-volopod.

The oomplzto rcport on the stability tests of aluminum borohydrido
is dofcrred awaiting completion of the last few oxperimc•.te.

____ 2, Prcparation of BSPH9

The tests of catalysts Rom continued, but no matorinls, more cffcc-
tiv, t.mn those previously reported (Progress Report XIV, p. 2), have as yet
bertn fot nd. Further study has shovm that the cffcctive.ncqs3 of the c.talysts
vcry$ rapidly decreases with use, an effect whioh seems to bc duo, in part at
least, to a coating of solid hydrides of boron or of boron itself. Since ox-
p,-:rimrnt carried out in this laboratory bcforo the tomr had shovin that the
fom.-tio- of such solids may be dcorecacd by the use of excess of hydrogen,
w.; hav;v designed and are erecting now apparatus in which the rcactions can
be carried ot undor.hydrogen pressure, and in whioh space velocity, extent
of catalyst surface and other factors may be more readily altered for the do-tailcd study Yhich now Seems necesaury. Also we have made arrang~mcnts to
scluro several catalysts effoctivc in hydrocarbon dhmistry and shall test these.

•BECO ': .3CO."'LY.L
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3. ProEpk:tO.!5§ BH

(a) Solijbility. The compound diG3olves in hydrocarbons such as benzene,
oycloWSFEiEne nwhoptano4, bolutiono up to 50 mole per cent havo boon pro-
pared and oboy Enoult's Law approximately,, but no attempt ~Was Mae0 to determine
limits of solubility, The ecompound is also solublo in solvents like carbeax
ttmotahloridba "Pu-h mixtuires havo ttpor tensions higher then oxpcectd from.

F Rnoult'S lAw, but sufficiontly lovor~ than the sun of tho vanpor tensions of the
components to show that solutions varo formed,

(b) Spontanecous Inflansmbility* By slovi evaporation of B51-19 into oxygen gVs,
scric data an the llJýimtb of sp tnoous inflar~bility vorc obtained, but the
results dre still cri'atio as dosoribed in Progress Report XIV (pp. 3-4)e
'When the pressure of BSH9 is m~intaintod at 200 sri, while the oxygen pressure
if raised, spontaneous inflammntion Is first observed at an oxygon pressure
of 40 rrio althourh in some experiments a reaction did not occur until tho

$Inc ipt-as cslyt~ in hat the spoxtuneos cnaning oxbliyge aty beria duosu
from 40toes 17 urother x-r-t ~.n atons nofth vioet;ial woreur conarinin out bt a

faTio ratinvthcr a etindi th'e'o por t eere -,i

fratinsbehaved it~ tis rocopiitcd.. hovic-veyr, that' removal of traoecby fracti~nation I-- diClt ear screigf owdl

the one exepvtion is 101-d nitra to which is reduced by impure samples of B F

oetysonsitive for our pujrposco
8pontoanocus inflwrabtaility of BSEg sanplos is copetely inhib~o

byth dditi-nn of 8Lnll anmlunts of nickel or i~ron oarbanyis.- krosojnt results

dir odt amd h isolation of dzmiudnwhydride ý(Progress Report, XjIII, p. 2,
r~dXV o. S) ý Uliecugh the- reaction- of the now '7compound LiLUF4 with alumi-nu ilorlie in ot-hcr sc? 1iion, give'sý a prducti i the ratio of Al:*- is

13Cat.b uts., n pure product 'coufld net be obtainked, parently because oem-
pooremovual of other i's atton~dcd bdouositioik of the hydride. In order

RE2STAV r,1
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to rnke, ort,-An tha~t no oubntr,:ieon oth-r thcnn th'; hycdridl raild cthfir itror
prrr~ont In i- ih ripur prodctot it. oorlpl. tj ITyrolyd~a wi~n wwviuid 0ut. 9h0
volatile products weorc cthaflc' hydroCý;n, cther and a sr.,ll treco of a subli-
r'Atc -..hich prosur.ably is cluminwi athylato. Thc solid rcsiduc is a :iixturc
con'tcaininG nctn1lio aluminum, and aluminum compounds, prcanun~bly oxide and
the, cthylr~tos The qmantitios of hydrogen, eth~nn, nnd ethor, wnd the totnl
aluminum in th)c rosiduc regrccd, as closely as is to be orpocted in so complox
a situention, vith thc assumption that en cthcractc of aetwninu hydrido docorn-
poscsas cf1ollous on pyrolysist

(1) 24,1%..x Et2 0. ZA +3 + 2 X Et 0

(2)3..!! 3 x E 2 0 21,1 + 11l(E0E 3 + Et'li + 3'q? + (X-.l) Et 2O

(3) 2alHi33Et 0-.10 + 6Et 11

The details noted not be given.

ILtc~ confir'..zti=r 'hat tho natcrial in the other solution is
a1uriinwri hydride ins obtnincd by trc,,vinr, th-ý solution with tr3.ncthylmerdno,
Rfenov-a of thc volatile rztc~rials, at 00 - 100C, loft behind a cryctallino
product, th.. analysis of' ýIiich crerr.epondod to the ro~mula ;1n.~ *21'! This
Alormitla, the sliGht volatility and ot-her procpirtios of this su stance corra-
spond .-Ith those doesribezd by 'libcrrg (Bcre 75, 2003 (1942)) for the trincthy-
lanin,,:tc of alwa.inu~a hydridoe Since IfiborgWtn showin thet thc hydridc ivty bo
isolated from this conpound, no further -,ork in that diroction. is now planned,

So PrQnaration o'f Other ay~ of Hydreren, Compounds. This aspect of thc work,
to whnIch considoraoljo tw~o has boon dovotod, ropreseonts a prolltminery study
in v.iich the imcdiato usefulncss of the products obtained ms not a prd~mry
ýT"jectivo* Itz purpcoe insa to obtain data upon which mcthods for preparation
of eoaipounda of direct interest could be b.P.4d. 'Thus the discovory of a now

proj.ect, since silano is probably too readily infla-zmablo for practical usc';

this discovory hr.s lod,, as shovn by cxporimcnts carried out af-ior the period
covered by thin r,:port, to ,-.othods moeo convenient thari any hitshorto known
for pr r:~the various partidily alkylatocd silannos. Tie hepc that the deveolp-
Mont of o sinpie Lbethod for the preparation of the very unstable stnnnano
(Sn!!14) rwill n in.ilrrly lcnd to methods for obotining moro stable alkyl deriva-
tivos of this compound. The prclininary mork, herein referred to, is out-
lined as follows:

(a) Preparation of silane by the reaction, carried out in ether solutionas

8iO14 + LiAlH4 -. LiAlC14 *SR

This reaction ,as'described~ii Progress Report XII, p. 2.9

(b) Preparation of LiGAH.4 'by, the9 rsaijtici.

4LiH + aCl MLCI LQ~H

COYI
36I
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To carry this rcrttticn out, a large excesc of lithium hydride m~s
added to an other wiution of gal.liura chloride at -800C. The mixture is al-
lowed to mara to room temperature, and is filtered out of' contact with air.

* Evporation of ether from the filtrate causodd the deposition of -eiitc,
feathery crystals of an ethorato of L1014 9 Removal of other from this
product vas accomplished by evacuation at room temperaturo for 20 hours.
Tho ratio of Gallium to hydrogen in tho final pro~et vins 11,408; the totalI hydrogon obtained by hydrolyzis corrosponded to a purity of 9402;`0 If highertemper-atures (400C) are employed for removal of ether, the product turns
slightly rgroy,

Attempts to prepare digallane by use of an oxcoro of rallium. chloride
wer unuoon~tlA fow furthor cxporimncnto are undor ,myl but tho v.toe

vill not bo extensively pursued boocouts of the small likelihood that goallium
compoundo can be obtiined in sufficient quantities to be practical,

(o) genseno (00114) This compound mas prroparod by tho remationa (in othtor)l

Oce~i 4 W1iI4  OO.;C1.4 c + Aid'3

and

I*GoC14 *414.1 Go14 + Lidl
The gonsanium chloride vaa distilled into a flask containing the

.h,,drormn -e'~npopundz and othcr at -180 0 C. The rcae.tion proecoodd smaoothly as
the mixtaro vmrmod to room tompcrcturci T c germute, za Art Con cit. zr
with the:- described in tho earlier litcraturo (ace Pancth, Ber. 58, 1135
(1925), and Schenck ..nd Imkor, ibid. p. 271;, the vapor tcnsion rc~oocd by
the lattcr is 155 mm. at -1l210 C=Taund by us 160 on.). Tho yiolds wore low
by both methods - 2~,possibly becmuft ,~ formation of polynoric 00112; h
methods :;ro neivorthelces merkcd impriovononta over older ones*

(d) St:vnnanc (Sn114) Stnnic chloride is reduced to the metal by lithium hydrido
-itheUt ±:o F~t on of stannane. With LIAIH4 iii other solution, under the con-
ditions described for the preparation of germane, stannie chloride reacts1;vigorously. -The volatilce przoduct ws removed as rapidly as possible to dimin-
ish the extent of its decomposition. The stannnomne s purified by fraotiona-~'-"~ £tion through a -112 0 C bath, and had tho vapor tonsions (182 =a at -S~C ""'

18.5 =n at -112 0 C) reported by Paxioth, Halcen, and Rabinowidtch (Bor. 57, 1898,
(1924). The yield was M2O44

As already described by Parioth ot al, stannane is a very unstable
substance; it decomposoe completely iz 12 hroc, at room temperature.

V(o) Titanium dido). Titanium -,totwachlorildcis, reduced to' the metal by
beenhnauoessu 11 Attwmt to-eae volatile hydride have

cat Colo, J. H. sanis, z Nawy rop-to- "14") 'ý, ihWi~ z'bii (17) ; Al. A , Lad , (21)
Diregad 18 H.Sohlosingcr (22)
Chicft Bu, 6f 46 rona u t io a l1k4){J:Fat (9) FMlos(ý1
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(1)' The major progress made during the period covered in this report has beon cn tl.
procedures for the preparation of hydrides of silicon and of tin, and of~ their par-
tially akylatod derivatives. The methods have now been dovel#npod sufficiently to
allow the rapid preparation of ".brtaneosiaformerly difficult to prepare. In order
that our future work may be carried formrd in aysternatic fashion,_the compounds
now av~fal e huld be tested immed1~iy 1 O the basis of such tests, It iE

bep~i~aszf t~iý sn 0- 1 'ttypesof com~pounds have the greatest lik:elihood ofI
usefulness and, therefore, to %hiat types further effort shoi2.d be devoted,

ho specc4fie compounds vhitih a'-ould be tocdte at prescnt arc: nron tiy
*silano, %;2.SiFi3 , diothyl sila~no, (C2 115 )2 Si112, mono r.-rop; ! (n-(, )S~2 3

di~ n-propyi silcnc, (n-C,3 H.l) 2SiH2 , trimcthyl stannane, (CI1 3 )3 SnH and dinf'hyl
1, snt'.nan (C ) Li.Jono mcthyl stann:ane has also been proac u spoal

too unstable io bo uasoful. Details of the preparation methods and a brief dsorip-

tier. of the proporties of thcao compounds is given I-% a lator portion ofl this ro-

it would be desirnblo to havo those tests mado at Chicano to save timeo,
the noreossary oquipncnt. If the Navy would approve, we could have detorrminiationa
of the ci'fcct oiP thcse compounds on cotano and octane numbe~rs of Noels made in
Clacago by nonc organization such as the Phoenix Chemical Laboratories, Inc., which,
'we understand, already is doting aorte wzork for the Army and the Navy. It is far from.
certain, however, that such determinations would give a'reliable, relative Measure

of tho offootivcnoss of the compounds for the purposon intended.

J, Tio, therefore, suggest that the Naval.Research laboratory furnish us
vih such informati,-gn in its possession ,as to vftothn'r octane or cetano num~bers
h~av-c bcvcn of value for this purpose, n if not, vihothor any tests, other than ac-
tual use in a jot motor, havo as yet boon devised. If the materials must be teoted
in 1iashington, we should receive infoirsrtiou ýiodiatol as to ximht quantities of
each compound will be neo~uzd In order that i.-my-at once: not about tho!Lr propara-
tipqns.

()Frther efforts. havey boon rade tc, asceizitn hother. the'sotnos nlma
biiyof Bella is due to a liya-uity o~ioc up~t hsitrrtto
hasben oud 'heoapown~ Luoodi 1~ voasal;,W undrgoes, slow deeompo-_

sitio oompnebyhdo ouiao3r tv..sot tinos,,af or v&.ich
hydrogen ovolutiona becI=~~ iir TiiIn4tl)yeneouin y be

rn7L
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duo to the presence of n slight trace of impurity (rt511 ?). Since thorc vns a
possibility that such an impurity migjht also be responsible for tho observed spon-
taneous inflammability, we tooted a sample of ;309 which had boon ttorcd until tho
initial hydrogen evolution had octised. Its infla.mbility ins similar to thnt of
fresh samples. To determine whother the initial decomposition is due to an in-

Spurity, saw.plos of B954 and of B5 II have boon sent to tho Goneral Blootric Com.-
apny's rosearch labortery for mcasuremont of tho infra-rud spectrum. (The Univor-

sity's equipmant is not a-.ilablo at present.)

Thc spontaneous inflarration of BflH may, hovtovor, be completely inhi-
bitcd alt ordinary tcmporturo by iron carbonyl as already mentioned on p. ; of
Progress Report xv (October). We havo now found that as small a quantity as 0.01.

i ef the w..rbonyl completely inhibits the inflammability at room temperaturc, and
I it is possible that oven smaller amounts would be effective. The reason for this

kltt-r ctatemcnt is that a s'mplo of B from which the carbonyl 1rd boon r.mevod
as fully Cn possible by fractiorion still feilcd to flesh in r.r, At highor tern-

S I | peraturca the iron carbonyl produces an induction period ut does not prevent in-
I flarmtion. Thus at 60 0 C addition of 0.02% of iron carbonyl caused an induction

period of 34 mLnutos bcforc the rnixkiro fla-hod; with 0.1. the induction period
.vs nbout 4 hours. At 10 0 0C 1% of iron carbonyl produced an induction period of
40 minutes.t

Thc B u d-ca xt seem to react wi-h iron cawbonyl cither alt room t,=-
pcraturc or ^.t 6 in drrkncss. If the mixture is illuminatcd, the iron carbonyl
is dcoompohd at a ratO-e -B-•n-nt on the intf.nsity of the radiation; but the B019

(3) Pro r;ss on the catalytic production o7 Br1•,from B . has boon slow, as zs
anticipatad. A number of catalysts, as well as the cffect of hydrogen, are being
studiod but this -mork is not suff!iicntly far alonr- to mako .ny additions to what
h=a boon reported In Progress Report XV. De'hydroroor•t-ion catalysts t~hus far arc
ýhc most effective, I-At studics on the pff.-t 6, particle size, length of path,
etc., must be completed before finil ccnalu_-ons arc reached.

(4) The tcsts on stability of aluminin borohydridG as originally contompiatc1- .hI.e
beon capi.:tod -.. d will bc the subject of a special report. The observations mado
on the. offe.:ct of iron ee nv-! mrB-".-. h-. z!n led us to study its off-cot on aluminum-
borohydridc cov.-. "hough the li 01±oo of suocces is not great. The final reportI on this topic is beinG withheld until the work with iron oarbony! io completed.

f

I
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The Proearation ef Silane, Stannano and Alkyl Derivatives qef
Each by the Interaction of the Corrosponding Halogen Derivatives
rith Lithium Alusd~um Hydride, Lithium Bcrohydrido or Li h.... I .A-4A-

The prepuation of Silano med of Stannane by the interaction or lithium
aluzirun hydride v-ithl silicon tetrtchiorido and with stannic chloride, resrectivoly,
1ae been described in Progress Reports XII (p, 2) and 1 (p. 4). This reaction
has new boen succmca'ully extended to tho preparation of partially alkylatod deriva-
tivos ývf these hydrides.

Since the use Af lithium hydride in place of the aluminum compound
wVuld be more cmnvcnient, its reactions vith silicon tetrachlorido and with several
cf the alkyl derivatives of the bter were investiCated. In all cacose tho lithium
hydridr produced the desired product. In the reaction with siliaon tetrachloride,
h')wvowr, tic yield Tas unsatisfactory un ass a large excess of lithium hydride vas
u&)d. In the preparation of alkyl silicon hydrides, lithium hydride proved as of-
fective as the lithium aluminum hydride so far as yield is concerned, but the re-
action of the fo-.r.mr was considerably slo.o~er and r-quircd at higher tempcraturc.
R far ts crin b,; judged from the data available, the advantarg of the lithium alu-
minum hydrido rcrulti from ite solubility in others, .hich I adr to homoGcncous re- 4
action mixturcs, Whereas v•cn lithium hydrido is used the rcnetion is one betwo-en
a solid and a liquid thus lead'ng to retardation by formation of coatings on the
silid reactant. Attempts wore made to accelerate the reaction of lithium hydride
by the addition of el tively a-all T antities of aluminum chlorido to convert a
small pa-b hew l•'t .. hydride to the aluminohydridc. The lttter c:ud bz re-
convcrtcd to aluainum chloride by the halide used in the reaction, and a "!etalyzedl"
raction should result. This expectation =s, ho.evcr, not realized, possibly be-
cAusc coatlng offceots preventod acc--cs of aluminum chloride to the lithium hydride.

Lithium beroh'dric is tlso soluble in other. It is evidcnt, hov.ovcr,
that the bo-on chloride formcd by the intcractLoi .f the borohydrido with, for ox-
ample, silicon chloride would immrdiatly react with more of the borohydridn to
form diborarc. The rcaetien -s briefly studied with the expected r•sult; i.,;.,
Giborance w"Vrell as Silane 'wMs obtained, thus cutting down on the yield which
might b< expt'td for thv latter.

i. th-!l diehlorouilano and othyltrichlorosilane were obtaincd from the

Dow C~rninr Cor,'.cr'.tion; the corrcsponding n-propyl derivatives wore prepared from
the propyl (ri•>.d ruct;nt tnd silicon tctrachloride. Complete purification of
these starting prodiucts =8 not undaertaken since all of the corresponding hydrogen
compounds wcro to be prcparcd. It is much simpler.to purify, the hydrogen than the
chloro creounds. It should be mentioned that sililcon alkyl chlorides arc rzrau-
fr.ctur-Ad by both Dew and General Electric CcIpany. Prepnration of trialkyl silicon
hydrides ',s not attempted since they may bo more easily prepared from silico-
chloroforn than by the present method .

The alkyl tin chlorideso ivro prepared by intoractien of t,.trariothyl tin
and tin t'Ctraahlorida. In this eas'talsaso the various chlro, ddrivatives were neot
purified, since separation of the hyoi=a oompound from each other soeeod likely
to be more cfficient, ' '

e:"
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In ...st caesor the rcactione wecre c-urricd out irf v ýe-I~t~c IDaOuri
3f the Crcatc-r rapidity of this proc'.-durc and its i-mr srna~ Cll
canti.tioc nf voln~tile matorial. VIe havo, hevxvcr, ca.~ - .d ot~t '2 n t nizm-
bar sir cx-crimncrts using the more usual typos of labtýratc.:v-
the car_-rtiin3 in a iractimnating colurvn to knot- ti""t thond prccdlur-S =,yI-C
use.d -rfhen=cvcr deirablo.

For the roastien botuocn lithium. alumirnum hydride and the tlkyl hnlogen
derivntives of silicon or tin, either diethyl ethe.r or dioxano Txns used ns nolvcnt.
Diothyl: other hras the advantage ,f dissolvinr inrgCr amounts of tho lithliur. lumni-
nuin halide; dioxano is m~ore readily separated from the roaction product. For tho

reractionn het-veon lithium hydride and the alkyl silicon chlorides, lioxato VMS used
as the m~imin order "~ make Prssible higher reaction tvnperatures.

It is not necessary to give dotailc "or each preparation. since all werer
sarried trat in simnilnr fashion. Wihon the recations wore carriod out in the racuun
systmi enmigh material vro used to yield 0.2 tn 0.3 go of product. An excess of
about 15-20O. of tho lithium aluminum hydride ma emiploycd; in the case of lithium
hydrido, tho e~xoecs wne two to threefold tho theorcticral amount but fairly Cood ro-
vi.ltg could bce obtinovd vith alight Qxcess only. Tho lithium alusinurn halide -WAs

*diss.olvcd in the solvent in the reaction vonssl itnto which the appropriaite silicon
ecrmpound va thon distilled. (1hen thc reaction vos carried out in convantional
nrpnrntus, -.he rilicon conpound vas addvd slowly from, a Irop ing funnl.) in the
case of thc solid alkycl tin Inalides, the latter vxro placed in side arr. or the ro-
notion -vessel, and tmre moltoTd to Allow lhinn to flow Into the solution of tha lithi-
um n lu-minumn hydridc. When. lithiM hydrideo vwes uscd in place of the alumninum eon-
pound, thc forrn~cr wis suspended in the colvcnt and the procedure Just outlined fol-
lovad th~roaitro

With lithium aluminum hydridce the reactions proceeded smoothly and
rapidly at r.-= taiperaturo s and mas complcte in about 15 minutes. Vahon lithium
hydride 'rra used with eth~yl silicon trichlorido, rapid reaction ensued at 40-S00C$
iz n, ýc of the dtcthyl dorivatlvo, *the rcaction, mas carried out at the re-flux
temperature. of dioxmnc (About 98-IO00C).

T ,ho yields of the monoalkyl silanos, obtained by use of lithium nliurn-1
num h-ydril~o, -woro botweeon 95-100.; the yirelds for the dialkcyl silanos rmor lovwer
because the 'Iif~llzyl chioro derivatives used As starting material wore not purc.
With lithium h.ydrid3 arn 8G' yield of the nronoothyl milane and 72-7k% yield: of di-
ethyl silane veoro vbtainod*.(Thc lower yicld of the dicthyl derivntive is duo to
the cause mentioned above.) Ns calculation of the yiolds of the tin ccnpounds was
made since the Starting material w~as in each ease a mixture of the v-arious alkyl
tin chlorides of unknowa composition, and the 6everal hydrogen deriva-tives waor
sepnarratod from each other aftor preparation of the mixtures.

All 2f those cetpounds are liquids at ordinary tcrmperatures w.ith free:-
in-, points whi~ch arc probably bolo%. 'd2~'C. They ar,4 either insoluble or only very-
slir~htly solublt in YAter, vith vhdchLthey react very slowly. For example, in the
Zase of the tin, c-ompotunds, solids arc deopsited only. after the m~ixture of the com-
p ound nnd wxater had stood for several dyays In benzene, all are soluble. Thcy car
not spontaneously inflnmnablo in Air, but are readily ignited and seem, to burn. mere
rapidly tvhem- either diethyl eather or Casolizie. Except for mononothyl sta^nrane, the
cerwpounds seem stable at ordiriary ticnpcraturos; meanomethyl stannano soen produces
adrpozit of tin but how extensivo its do ompostin ishas not yet been :fully do-

t,- rraimed. oiD~ t
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Observed mi1ccular wcights of the conrounds in all cascs aGrced to
within cxperimental errar (in all cases loss t}ran il, and usually lo. than o.k;•)
,ith the thosretieal. Vapor tensions of all of the compounds have bccn doterminod
at various temperatures; from those datra boillnC points and heats of vaporization
hnvo been calculntcd. Those valuos arc recorded in the following tnblc. At the
right arc Civon 1ho oquations wFich reproduce satisfactorily the vapor tenclons;
for more prooisc %-rk the constants of Thu t;qunlonz shouid be r '-zni,-d, 'onuo
wo havr. •- yet dealt with qmantities.too armllte, asaum,; the h-ihC t degr of
Purifi cation.

Heat of
D4i1ing Vapori-

Point zatimn Equation for
OC (Cale/molo) Vapor Tonsion

-131 log p +- + 7.304
T

SiEt 2H2  53.7 74(e9 lhg p '- *i1 7.836

-1377÷ 51siPrfl3  24.2 6301 1og p -- T .51

SiPr ý 110 8500 i,0 p -1857 + 7700
T

Sn.,,!*'. -309 5869 log p • -12-83 + 7.594

SnZe 2H2  36,9 6586 lag•yq -1440 + 7.524

-1581
59,2 7236 log p + 7

CC: (2) Coel Js H. Sans, Army Liaison Officer, Navy Dept.
(10) Direatcr, Nava-l Researmh Laboratory

(2) Chief Burew of Aeronautics
(2) Dr. Jonathan W, Williams, O.S.R.D.

cc. !-c. 17 K. 17ilzbaeh
16 C. R. Dillard
1Q J. Farr

20 A. Finholt
21 R. A. Lad
22 University of Chicago Files
23 . ;.brah-v.
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.. I. Schlesinger in Collaboration with
Be Abraham, C. Dillard, J. Parr, As Finholt, R, A. Iand and K. Wilsbach

(1) Studies on the conversion o t o B.t 5  have been continued along the lines
reported previously. In goneral it hýa boon found tKat chances in tenporaturo,
prcarturc, flo'w rate, time of contact -dth catalyst which increased the total
amount or B2 $kconverted into B0}!9 and BT1'HII also inoroasod the perconta.c of B2H6
convcrt•d into compounds other than those containing 5 boron atoms par molecule.
In othor Yords, the yield or B53H9 + B&Hll in torms of B2H6 used up remainod fairly
"oonstant, indicating that the catalysts *ich rroved cfieotive in altorinG B2116-wur< .•so •ioctiv�t in decomposing the B5 cmpounds. A very recent, as yet uncon-
firmed exp-rimont has givon a more favorable result from this point of view, but
has givcn a very .ýmll oonversion. It would be premature to si-m a more detailed d
repor-t on this preliminary experimcnt at present.

Zocause of the earlier unfavorablo rosults, ve are expanding our studios
1n -,vcrml directionst (m) Studios of the conversion of A2Hs into B•9g in sol-
-vnnts inst•ed or in the gte pumhass (b) A study of the possibility of roducing
hi'r' r hydridos to 1319 , and (o) Studios on the ccmvirsion of B2H6 at highS~procsulros °

The last named of those hau required proliminary tcsting oa suitable
nrpaintrtuc. Vaocm so of the inflarmability of diborne and oepecially of sample s of
this vbstomnce 'vhioh have boon heated, the starting prodn ots are best inzroduccd
into thr. prcsnuro tyct•m in vacuo. The o paratus must thereftre be tight bot2h
tovard ov,4cumtion and toward high pressures. Tcats or various typos aro zw under

At- k''" - (2) Wo are prcparing some or the silicon-alkyl hydrides and tin alkyl hydrides
described in previous reports in quantitios large onough for tosting in an act'ual
motor. Other compounds of thM4 type are being atudied (ce._ bbi•uh ,_and ntimern.
aikyl hydridos) but the v'ork is still in' its-initial staoes and will bo rcportod
in~ter.

(3) A revievi of the work on the stabillityctf alm-minu borohydride is appended.
• " ItOtot, . ...
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Stability of Alumintu Borchydridc

I, Naturo or the Decomposltion

This rcport is a stumary of the studies made during the past ten months
in the docconposition of aluminum borohydrido, hcroinaftrr called alidc. The dc-
compoeition pro&- cts of al ido arc h-rogr;n gas -an - 6@7-v-TZcornds 6f !.Iu-
minu:., boron and hydrogen called "polymer". The pol)y-ar cn be prepared by hcat-
ing thbi alide to 100-1500 C, but the rcaction is very scns itivo to tcnporature
changes. Mora rcccnt studios havc zhown that poly.!r for.cd at high tcnporaturoz
is not honogcneous but conbists of matcrial rilich is solubLi in alido, and an in-
soiubk residue vhich has the fonmula (.iAB 3 1H9 ). All of the components included
in the tonr "polymer" react with vmtor to give hydrogen. in addition to those,
there is oftcn formed another substance of motallic appoarznce Which does not react
vith water. The avc•rge composition of the mixture of theso three components, ob-
tainod by hotinC n sample of alide, corresponds closely to (AIB3 H8 )* (PR*III,12;
PoRe VII, 10; P.R. VIII, 18).

At room tcmpc-ture, only the alide-soluble material is A'ornod, but when
the solvent is removed this niowly losea ',ydroGm to rvic the insoluble substanco,
and from it upon prolonged standinC, in the absence of slide, traces of the motal-
-lie Lbsuncc arc albo pro uccd.d

Alido is tV' only solvcnt knovn for any form of the polymer (P.1. IV, 2).

ISince the docomposition of alido at rom trmperatures is slow (P.R. VI,7)

Sncc..'!rated tests at 600 were undertaken. IHowevor, the results obtained at this

I tenporaturc could not bc used to predict bohavior ot lower temporaturea becauscth oron he. rv-:.stion is quite differont, Thus after 20-30 da.ys at room tom-,
peraturc, the decomposition sooms to approach a limit corrosponding to n loss of
betwcon 0.5 cnd I.OM of the available hydrogon; vhorcas at 600, no retardation of

Uthe rato rac observcd aftr 70 days. (P.R. X, 3). Also considorablo amounts of
the insolubl, polymer arc formed at 6000, as well as saco of the substances of
metallic app,.-r.-anco. Tho latter, hoverer, have bcon obtained in amounts too smanll
for relinbi'; .~ls

BSonc of tho rcsults obtained at 600 are as follows:

I)e Docomposition of alido vapor is only about one-tenth as rapid as
that of the liquid. (P*R: X r 3).

S2)6 SI, • solutions of alido in be.zono, isoprmtAnc and cyclohoexno do-compoic at approx~matcly the same rate as the pure compound. In amylono
solutions of the snmo oon~omtm~tons the decomnposition in more rapid.
(P.R. X, 3)

3). Mild stool and satinloan stool soom to be without effect in 300
hours. Copper and its alloys proGiatod a dofinito increase in the rato of
decoposition. (P.R.X, 3) X

COIlFXDWi'TI;AL
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4). Careful stoar.inu or thKýl~s used to nrmkc ssns., tibcs, did not
a'-ter the rato of docom~ponition, but uzo of dichrom-qt,9 clcorning solution
'jxc-tz a hMrmful effect* (P.R. Vill, 13) In qurnrtz tubos, t~ze ra~te is
arcrox-',tcly the saro ns in glass. (P.R. X, 7)

5). Fairly ln-rGo quantitirn of aluminwn 1-hlorido ac,1cr~tcd th- dfconr-
povition, bull the effc.-,t i.- too s1lto i~cc,= 't for thfe fututtt soný rin-
p1cs of alidc docompose more rnpidly ttrnn othors. C:-rIzPl~y purifieci carqples
dlid nct bohavc difforcntly from ordinnry, ms~plca. Vh Pt 10)

63). A,'_ticn of co~ublc polyaor (,id rnýt affect the. rs-tec of dlzeecmposition
in 6o *&Ly3s (F.R. 7, 3)

AI~ II.Room. Tinpcrltourc Studies

fo3.~,: orvnticno en the stability orf A1idc at moen li ratxrc a a.-, ~

l, !decomposition oemirs t~tiicry In thc liqiid pha o. N oo~
ponsition -=% p(.rccptiblo in a sepc" cf lidr vtpor oven aft:,r 120 days.-
(Fin~il Rport, contrzct N'o-.. N1713 S-9058 vxnd N17.1 s.-M2, NGo 9.)

2). S~nplca or tlve borohydrilo, carAfully freed fr= chleridz.s, dcocm-
posed sc-mc-Ahftt moro slowily, nt room tcnpcraturos, tl-s os~plcts of crdinn.ry
purity. On tho othor hand, addition or aluminur, ohA.rido, the most probabl'
i;npurlty,, pvducc.ý' no significant accoicration of tsie docomposition. (FO..
V: V 1, 111,

*3). Addition of Plyrex glass reol did not xa'frcct th,ý deco;Lipcsition.
(P.RJ. VII, 11, 13) A large surface of cmr..:rully rcduecd iron acoelorrted
hc first'star.es vf the deceanpositian but thc rate rapidly tapers off.
(P.R. VII, 11, 13) Othor oxpernicnots vrith ir-jn surft~ces aer dcacribod bc-

4). Sv=nples or 0.56 C of alidc -.7orc introduced above 0.5315 and 1.698G
~:sof 40-60 -mesh pc-.dorod Pyrox g;lass. The development o: hydrogen --ith

J tL'io in these semplou is Ciw.. In Fig. 1. The containinG the larger
r-nount of rlars porder produccd 1.6 times an much hydrogen !a Gr days, 'ýut
this is less thin vould bo expected if the ceffect woer due to surfaoo alono,

£ since- the larger samplo contains 3 trimus ns rmch surtae.. It rh.,~uld be no-
ticcd nlso that the amount of docomposition in the prcsoenc of 0.5315 Cra~ms
of Pyrex pow~der is 3c so than In samples containing no added surf,.cc. Com-
parecarvc (2) of Fig. 2.

5). Attenpts to coat the vnlla of tho sompl-c tubes vd~th dccomposition
products of alidc in order to counteract any surfac effoctts are described
in P.R. XII, 9 and P.R. XII1, 3e Curvo (6) of Fig. 3 ahlows the doconzposi-
tion. of 'an Aido sarmle in' &,'tbeb *~idh had boon codatod with decanpozition
products at 2000o, Although the decomposition v~s rotArdad initial ly, thlD
coating gradually Pooled off and tho ratt'lior~oaod. However, tho rate
vas still much loss- t1L ,nwo~a iio.1 u~tiitt banui
f orm coatings by thd zothods,. tried, and, tti6 lato of deouspo'sition vas found
to vary with the na~ture ,o~r.tbo .coatinig.

* OONP~CIDBIJTULLOP
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6). The prescene of hydrt'gon fa cat prossuromf, po~1t~ n t
vi:apliorc. so~v,~t n1cOml3¶t(-n thn rý,tn (t dmenp nitiýn1, rn Ir -he-x, In
Firuro 2. Curm 3 roprcocntrr 1,hc da t,- -1' an e xpý ri-in in vhich thc) hydro-
rvn rcn-ollt-nC fr.;n thr. dremrpnoiti X r.4 ca pl( ct nlido rnr,, fc'o ram
th,_ -,Ltion va;nscl oftlen onautmri to provont a hydmr,, pm'nm, ,rIr~' ,.v(,,) 40

I- r. th(: cxpcri~mr.nts nh= in Cirve 2 the hydrc;on Yria alewd to r'zmaairl
in the vc.sserl; it Ins cofl that doco:nponition in rire ý,Oti:fnziv(; th:v.n 1In thc
oxp:riflcft Ci' Curve 3. Still 1l-rgcr hydrogen prc.,iuros ~v.,ro brCu'-h1t abkcUt
in t'M w-..yz: (a) !.n =count ef hydre'gon sufficicit to prceluco ra P-0n5Uro
of 571 vzn. -ma intrc.6Accd into the vessel at the berlmninC of the oxpcrimont
-.-ich is reproescntcd by the open circles in curveo 1 cf Figure 2; (b) The
t_-.ont of liquid nlidc used m~s =ade so la-rro rind the free Space in thc vcz-
e.l vms madc no small th.tA thv hydrogen, rctulting trcrn d oipositicn sotn ,,t-
tamecd a rclatively high prcssurc (solid circles of curv,: 1)* In 1-. h cr.ses
the rato- of ducmposition is considerably greatcr than in o;etsin
Y4,ich the h-.ydregcn pressurc vas kept lcr (curvoc 2 nncl 3). (Pregr.oss R,;port
X11, 6)*

The aeccelerating effect of the h''ec.prassurc dcos, however, not ccn-
tinuc i-dCIoinite~y as sheun by thr f:.c.al that botlh niirvos 1 and 2 of F'i;gurc 2
ulti:,at,-ly leoyl off. This row~lt is probr-bly duo to the sta-bilitIng Cf'Mot.
t(, 00 'jiscussod in foeleoyinG -r-agraphs.

7). All cf the oxpcrincntsn t room' tonmparaturc showied that the rate
of doeomnposition of rlido decreases -arkcdly i-ith timm. This Offoct is ii-
lustratod strikingrly in curves 1 andI 2 of Figuro 3s curve 1 represents tho
r te of deom~position cf a fresh sample cf sl ide; merc 2 the cr o doc=-
p:;iltion subsequont to 120 days standingr at room. t~'.pcrnturo cnd af tor the
remoral of tho hydroGen thrit had aecumul:atod during thc first 120 days.

That this "stabilizing" effect is not (tic to the presecnce of hydrogen
is clear not only fvrom curve 2, which rcpro-.-ts the rate ýf decomposition
nfter hydrog-on vxic-ml, lyt- aloo by thn rauý described in 6). To invos-
ti~teýt this Point further, samplec of alido were hr.ated at 401C Cfcr vmrying
len,-,ths. of' timt;, the hydrc;gen, produced 'was then removed rend the subsoquent
rate c,! dcc~rn~position vne obscerved -without rnouvin; the alidc frocm thte tube
in thic~ it vr.-. hon~odo The results are shown in Piguro 3. Attention is
cnlleýd to tln.c fact that bi the oxperimeonts recordod in this figure, hydrogen
prcnsurces correspond roughly to extents of dccor'.position since the quantities
of nlido; a,,.d the volunos of the reaction systerm wore approximately the same
in all canes.

Curve 3 of F'igure 3 reproduces the result s observed itth a 3am'ple hcat-od
Vat 400C for tvo days, hrd shows marked retardation of decomposition. Tho
effect in still more pronounced in -urve 4. The latter curve, hoylovor, shovms
thrat heating at 400C for 12 .-%yis (Wc~d etrolos) has no advantage o-.or 4 days
heating at thia toupcmi-13ro a-*s~ co the points for the zeor experiments
lie on the eerie curv-e.

F roGross Report X117T ttos thM the addition or hydrogen produceT a
groater acceleration than did the aocumualation of hydrogen in a small frce
sjvoo; evan thougrh the hydrogen pressuro in tho latter case soon became
greater than in the formers Recalc-Olat-ion or the data after more precise
oalibratibn of the apparatus ahovmd that there ,cas no ossont~al difference
in the two cases as shown- in curve 1, Figuro 2.

COHMFIENTLIh CO
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Curve 4 also bears on the cause of the stnbiliZinuC effect of the 40CC
hent trentrent. The crosses on th. curve reprc ent thrý followinC cxpcri-
mont: Alido v~s heateod for 8 eziys in a rlr tltb'. at .10 0; the. tibo as
then opened and all of the vcintli'c -.ntcerial j1 ;~r u rcs.idual alide)
was remn)v(Ad at IGT? pressurc cod ieo t-!ifv~r.y as possible,
and a 1'rosh snmrplný of a2. i ic, nt 'cŽt~z -aý 5r',t the tube
oind its rate (,A' dcco~nPo..At..er obr-ia 71w: f.. " .1, -tn~lo undcrxont
as slow docznmp:)stir:n un eld the Proh(tnI'v~ W *h'tO non-vola~tile
i-M~b~ter v.-.s fý.r:w~d durinr th-: h.rtnjc: e~

Efforts tIc vst invh-tncr. thisinWte a' t -. t, by c~vvfrin.;- tlhe
th th- vesr--l v.ith r% protrrctiv;, i, ýtnr ('r ;,- t thrc-agh szom

r iy'½ :c1' nsn iyre uni<,u -,(.- ;tVXV i.":b~teioltc
~;e ~rnhw. c * '.ny substancr,;Y'e r1 inhibitod, thr; ecm

r-- i:t ir, . Thin', lurr, In undloubtcdly dx'c to t,:@ 'suaz. Vie-ss tho rosidue
Xzft in thr~ tu*.)r r(L:;ov'.l -1f th(' pr ct:dlidc !.! ;:(pt in a hirh vrcu-
umfr~ ,,' cn,- tirme or is itr:.f huat-nd in N-cutir, it tcnaciovusly rotzins

'cof thecddo. F':r, this rc^ son it inflinors vi c14.ntly in air, :enO ca.not
L: fI\.ct'.v.;y r=. v, e frrm I hc v;:nsol. Or, thc. vther h:ýnd, 10111 1w-1,Anrin- rnd

mcdv~re-t(. hc~itlln result in arn lt'orr.tion cCý tho residun, w~ith lecif hydro-
_~ nd this 7.3] tr: d rjri dae is no lont".r <effecti-v as an inhibitor.

It aferms probahic, h-vicc7 r, tha-t tuý forci of tho nnatcrial dignAC1tCed

6). Vin~t hcctinf; rnso st-.bilizoez a1: r,%int catAlytic effcts of
.. ld ~.cIsurfc~c;-s is ChOv"VM the f.ot thAt f. sazi;,lc of s~lidc hcated for

4 4-r s at40 in the presmeoc f pullshcd nild stn-el wirc and then observed
1'ex ~ ~ ~ ~ ~ ~ ~ pre 10 osx rr c-,)muvi'tcýf 11-he; pred-,:ec(d only

of' hydrogcn pressure. it should be stfstcd, htivcvor, that nlido doorjnAt d~ccca,ýsc much nero ripidly -t stool Iha= --t g~lt~a su:fficcs.

9). The eflfect of iron carbornyl on the stability and irflarnttb~lity of
stable pentaborano (iB5l9), (Prorreess Report XV, 2 and ?rnrrne:s 'Roport. XVI, 2),
sulr'-'ý-nted thmt arnalorous stiadios ~'!- iialo with alide, 0,5,6 [_ oi* &Uk nd
6.65 cc. of' iron carbonyl vapor (4.7 riel %f) were introdiznecdmi. tl~r vs xilI ~ ~~type ot stability measurinC systemi A pale yellow solution =6 ot~r~
vtAoh tad vapor pressure of 362 mio. at 260 C. (V. p. pure alide m
No dU-=Ain reaction vas obnerved. The solution vasr caref'ally shielded

4 from light.9

After standing two days at rooma temperature, th6 sclution had turned
dnrk bromi and the tot~'l -re!skirn at 24 0C -ws lG55 mnu. (2.18 atm.). The
rirpor pressure of pure elide at this tempcraturo is 347 M=.., so at leazif
1l703 =a~. ofl the pressure v~as due to docomposition products.

The solution rims cooled in liquid nitrogen until a limitinE pressure of
487 rm was: obtained. The vapor pressureoof pure carbon mionoxide is abouit
575 mm, tlt -196CO., but should be somewhat lower over the al'ido aolution.
It 3coris* thorefore, that alido romots vdth iron carbonyl, even in t;, o l,-
liberating oarbon monoxido. Upon di ,stillation of the nixturc, r.'gligriblo
anount of iron carbonyl me recovered and cAdrk-bromx residue Yxis left in,
the vessel.

Since iron carbonyl deciomposaes so rapidly in a lido9, it can not be emplyoyd
asz an inhibitor

0O11IDEMI;.LL
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* .'h st~o). lc a c -r , pd: f 10 C .O., P~ rl:x c~ ~ ..

r 
4'~r~ccd 1ixc-u~h t- c, sid-r~ c, vhiich is t1h'2n su-. Ad ýN'A t'.

I h>:-t;td toc 40 + VCt. Afl;'r th, hofot 5.n~r, thý- tub-, is :.tý- c3 1,( 111r-
- I' "' -y 'I~~t X, ý,ndi op-cxod b% prp~ing a rjnss ceor I~ r'.- *

1vbo.%:.-cff inn:nw 5crli. 7h: yrcgn pr.oducr~d duri.ng th c o: ~ ,P
d', . ff , n-vi tir stpcnczcl: iz cols-Od c-nd scaoid vrith wnorc~ry. If ht oso-x

1 ~t O, U h~ tc3. th b -off' irm, r s is cmittcAod tht, ,,I H-~ i
-~.1di rcotiy tr'hstcýpcccck -. I'h volwrvý of th,-, cntirc ~~ is

:1-;~v~sl 7 cc. -Mho!n the mcrýýury 1cv'.1 in thc n;.n(-czctr co,,rosro,.nds to 0

In :16b(sz~ v- m. -m tc7nr: u the '4 dividunl ~.nl tubcoz .,ý
i.-'d in t .:rct.tcd fwn~, :i~~~is t 60 :t 10. kftcr n1 gic t1inc,

-,lidc ctdn~s.dl vith liquidd n-itrorsIn, tho tubo s w~rcc sopnd an~d thrc

4-ic oJidf. iuscd1 ir. thoso cxncrimcmts (vith st',ted cxccttions) v.-,s o,-rc-
fully fr::ctio=.te.d thro'rh -6,55C oýnd hod a~ wopor tonzoion 'of 119.5 :-vt Oct.

jho~;ec.~'otroof fthe room variod cor~iderabiy over the noriad of these
ex~rin.cý.ts (r cr. Fcb rur-ry t hr-;ýugh Ocýtob cr) lhius durinr tho rpring ort hs

4, c rorrm: t.-'.pom-turc rongo wxs 22 - 270 in the dartimoo; Yhile dux.rin the Su4m1-
::cr t`, 1,xyti~w t mptratjzro rangc: w~iz 27 - 3_5 C. At night tho tc:-,prr_,,tirc
.nc us-ualy 5 - 7 dogrmvs bolev; tho doytinec t~oor.-,turc. Those fluctuations
',rc undcubtodiy rzvpuonsiblc for mauch of tho irroc,-ularity in the dati.

In c-irli,:r room tompo.rturc studios tho hydmf-cr. Trrssurc uns mcaturod
by ccnd,:risinr tho a1ido weith liquid-nitrog(en o~d. r :t-dinq7. tho rusidutA pri:s-

suro Thi rwthed nrodoccd r. t(=rn(:ratujrc Crrpdio.nt ift the system, vfidh liL- "

,!c rý oisior. of th,ý ioxosuru:,.cntz. (Proirmss Roport 'Y'11, 13.) iFurt-hermor
4th '1., :.cvw-m, ior. of non-cs~densible pas in thQ system, it requirod in-

ort'.~..r2; onC; ,r t;imo- to condonso all of the, alidc.

in 1,-.tcr oxpor.mcz-ts , th( td, a~l prosturo at room tmipcratilro vns mcarvirod
m'n thc hy.droýý:n prcssurc obtainod by subtra~cting tho vapor prcssurc. of alido,
-4.r,c by loc P a7.808 - 1665 fron thc total. In tho rangr frcci 200 to

1-P,( theVOor tonsion = echangor, 2 nrm. for overy 0.10 toenporaturc- chacngo
hzaccu'racy of this nothod mu-i.aaitod to abo-it l2. In caddition, tho ac-

o~s:oinof polyr.;r loworcd thc vapor pres-sure of thc alidir, rhich loivering,
~onzto ribout 2,c., artor 40 days.
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11). Suzrxnr

(a) Alido ant CG0 C decomposos at a rate which, altho,'th not large
in p, rccntqo or docaiposition, involves the generation of,

n .Ygh uyocn to involve a hazard bccause of the high pros-
surc th.t -vould result in a containar in which the free spaco
is rolatively &nall. This dcaposition ecmirs chiefly in
the liquid ph.so and no methods of prcvont.on I.vc b,=on dic-
covered. The products of the dedomposition an7 of several
types - coMpounds, some soluble and others insoluble in alide,
all of which react with vatir to givo hydrogce, and a material - I
of metallic appearance 'which is not soluble in .lide and does 7$

not react vdth wtor at room teporature. The decec,position
is accelerated by copper and its alloys, but is not markedly
affected by steel surfaces.

(b) Alide at room tanporatures decomposes very sIculy but only
in the liquid _hso, giving rise to the alido-solibl., type
of product mentioned in (a). Althouih the dcco~positionl
over a lonC pcriod of time is sall, the initial trte of do- 4

sc.•it.oln is sufficient to produoL danr.orous hydog r
pressures if the matcrial is stored in a vessel evlnr, lit- i
tio free sixcc. The initial roto of dncooposition can, how-
over, b! markedly reduced by hoating the alideý for 4 days at .
40 0 C, after which the hydrogen is removed and furthr docon-.

-.2 •: tion, ia slow. ThA inhibitorf probably the 0oli•.m.-
terial mentioned in (a), is net volatile; for this re~ontz
the alide rch&ain its racntivity if distilled from the vessel
in vdhiah it vs preheated. The inhibitor in tho abs:mco of
alide or at even slightly elevated tempcratures (i.e. abovo
40 0 c) logos it; inhibiting propverty, n.nd could for this rca-
son not be isolated. No othut effective inhibitors havo beon
found.

cC: (2) Col. J. He Sams, Army Liaison Officer, Navy rcpt. P
(10) Dirý.ctor, Nlkval Rcascarch Lt.boratory

(2) Chi"-f Bureau of Acronautics
(2) Offico of Sdicntific Research and Dovclopment

cc. No. "17 B. Abraham
18 C. R. Dillard
19 J. Farr
20 A. Finholt
?I- Re A. Led
22 K, Wilzbach
23 tjnivorait?.t of Chicago Fileo
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For the period Jaiacry 1 - jrinuiury 31, 1946
on

-Contract Noo. l73:;-104211)

By He 1. Schlesingor in Collaboration with
B. Abraham, C. Dillard, .7. Farr, A. F'inholt, Re A. L~d, and .ilbh

Dotsnilc6 description of' the preparation of the compound LiAlH4 has hitherto
not been reported because of a difficulty which has just now 'boon o-vercone. 'When
the renfgents, lithiumn hydride1 aluminum chloride and ethyl ether aro mix~wd, a very
slight ronetion starts but usually soon dies dawn. Thereaf'ter no noticeablc reactiol
occurs for r. vrinblo period which may covor a fow'minutes or several hvurs. The
maJewrc~cinta esi very suddenly and so vigorously that it is difficult to
controlo The di f ficulty has Pinally boon overcome by tho discovtry that If lithilum
hydride is sunpended in a solution of other containing a curll amount of lithium
aluminum. hydride and the ether solution of aluminum ch.1crido is then rdded, the ro-
action. sots in 4t onctv and may bc- controlled by' eontrelling the rato of addition of
the aluminmm chloride. LI' lithium duminum hydrido is not available from previcus
propt.rations, it mry~be prepared in small amounts in the vtcuum syst(em, or by carrvir
out a small prepraration in rhich the mixture must be closely obsorved during the
induction period, and rapidly cooled with an Ice bath ts soon as thoro is indication
(tcmmeraturc rice) that the main reaction in about to start. A dott-iled description
follows I

A tliree m:r.cd, one liter, round bottom flask having a mercury sealed stirro,
a glass stoppcr and a bulb condcnser attached by ground glass joints vns dried
and fluchod thoroughly vith dry nitrogen. into the flask was placed lO0c.c. of
a solution containing 7 to 15 grams of lithium aluminum hydride pc r 100 grams
of diethyl cther. 30 grams of lithium hydride (Lithaloy Corp.--ground to 200
W!:h) -x.r tcropped into tho aolution and the mixture vra stirred fm a short time.
Throu,-h -ý dropinr, funnel at the top of the condcnser ak solntion of 100 Grems
of clLnirn.u chloride (Mo.rok anhydrous, Reagent grarde) in 5000.0. of diothyl
ether rr~ a~dud slowly vdth continuous stirring. Tho addition rate Was controllý
so that boil~in,- obscrved in the reaction vcsscl %-rs constant, indicative of
a smooth rceaction. Stirring irms cont~inued a short time after the addition of
alim~nimm chloride was finished until the reaction appcaorcd to acase. M,~
products iuý.ro filtered throurh cv sint-orcd gl:ass disk under a pressure of dry
nitrogean to rcmove the lithium chloride and excescs lithium hydridc. Tho cther
v;7, dastilled from the filtrato at atmospheric pressurc until a thick ayrup

frd.The last of tho ethor was romovcd in Vacuo heatinG the solid
product "t 70 0 C.
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Oth-r mr-i.n: for cpc~dinC thL rcaction v,ý-(e tried vi thout rucccz, ruch a
additio:. of x:~1~.outts oe iodinr., akiw m ~cpuey cnd ýýven hydrochloric
acid. onm: virirsticn of th. ;~cit) rocc~urvQ w'hih oceýCion~lly O..usd a~n

dL~tcr~.ctvx wc thýý rz~nid addition of (Ahmr to ~. nixtu rt of' solid calwUinum
chloride. :.,d lithduzn hydridc. Only the. incthad outlinod nbov,_ houvx-vr, -wrkod
-vvr;. tinc it tricd.

II. ~Vz. HYRE OFF GRn~ o~ OUP: V
;Ezo~cn cmpondsof' -_rcnic, anztimony, and 'Aisrith rcoinvczti[,.ti.At

:ý.ccrt'~i.- -`_ht.thr t~hc ruluctitution of hydro~Cn for ha.loran b.-, Means of lithium
e.1nrnintwz h'-dridc could bo -.ocw~plislyd in Group V a.s it hs,"I in Grvjpc !I! nný TV.
-Ithour! thc hydrides. of nrsc~nic, antirrorýy Ind bianmith ,nd tho alkyl hydrides of
zr-c-nlc ,,rc kno%:.n. tho rl1:yl hydridin of etniinony ar~d bismuth have not yet been

Arzino _ý- stibizc v;(.ro rrcpcxr;d from lithium oluminun hydrido by i roeation
wiith th': hn.loro- dori,;,ti-vos oft!,-. olcmcnts in anhydrous other. Tho yieldi of the
hydrid(et -xrc lowi (20 to 50,r), duc to partial. roductioii of the; halides to the
mtal or ol-,Arx non-Tolatile solids. The ro:,ctlonc for Alorming the hydridCs -.,cro

.14AnCl 3 31i.ill{4 4AsHi3 + 3LiCl + 3AlCl 3

4xSbClr 5LI.Hl M%~~f + S5iCi + S 4~ 4i1
It'-.tcmtso prepc.rc bismuth hydridv frtim bisnmth ý,hlorido felleod eithor because

th.- roduction vnnt to the mot-U or boc.-usc the instability of the hydride- prcvcnt.od
the lol,.tion of mcssurablc quantities.,

lnrcli:;.rns7ry ef fort.- to make Le2 Sbll accordin7 to the eqTuation: 4Vo SbCl +
LA:4 41:o Shbi + LiC) + AIC13 hr v, not been 6cocosfvl.loocrt~porto.1of the nt"rn ttnn conmpounds v:ill be m~do horvovr bofrcr elim~inating the

possibiii- of the for-mation of tho dosirod alkyihkydrides.

s ilzan, boiling, point SS0 C,, vm madc in 76yýýield by reaction
bctvaco:abu 1 :1con triehloridc and lithium hydrido in refluxing diozano. The
butityl trichiorl,_' -;vaz preparcel Ln 83~ yield from-. silicon tctra chlorido andl but.,l

~:;e~cpr~.io~of diothy3. silri:c vas carried ouit on a acni-_Isern f-c%1e.
0-~ Mole oP di~th'7ldichloro silano výs ,radually added to 2.25 mnoles of lit"~~
lzý'rei in `-3,C ;-,. of rofltuxinmg dio~iWL.' The roaction mixture vas filtcr'cd car"O
f'r.-coito-lly dintlliýd, yield 58S~s fdiothl y 3l $ano. This ic 7- oX h
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Prolini;-ary studies for the ar cc senlo preparnotion of dLnicthyl otx~r=%zno
hvboon -,d*Teprcparrtion o er gor qu.'titioc i i tctrr,=othyl, by the

rcaoticon of mathyl mgriasiurn with stnnnic chl6rido, offcrod no difricultics, t.-'A
310 &,s of this product huvo been proparcde The rcnetion bct-. n tin t trcr tyl
and ctannic chloride to produce dinothyl dichlorostonnano also proccodeýd smoothly
on -. larjc sw~lov Ron-itior. botzwoon 0.1 neoc quftntitione of SrJ,!oZC12 a~nd LiA.1I{.
in 100 al. or dry etiocc yioldcd 0.045 mioles of dimcthyrl stvanr~cnn or. fmntioA~ri
distillattion* The lo, ycied (43 pcreont) is in part m.ccountted for by d~coxnpocit ion~
of dinothyl. atarwnc~n at the olcvuntcd tcnp.nrftur- roquirod for distil1aticn. Attempts
to r placec the Li~1iI 4 with more rc-ýdily nvrilr~blc Lint vc~rc u: uocotssul; thcro
vas no renction bovt~cn Lil -.nd SnX~o C12 in refluxing dioxencs Similatrly, it Mns

b ~inpcssiblc to propraro stannano from Lit 'nd atftnnic chloridc in cthoee

v * ZIVC CM0UNTSM

ExporL-nets diretod to-.rd thce prcparatien or the hydridc e~nd borohydridc,
of zinc cr or p-.rtie-lly alkcylatcd dcriv:-tivesc of th~cc con~pouandsc bct- initi5Atod
by .^ study of' tho rcccticn of lithiu~n al~uminum hydridc vith zinc ftlkylso *Althogh,
cc,:,px-nds of this type cccn tfo hc-vc been obtcainot! the oxpcrinonts -zr -.a yct not
suffioiontly -.dr~iccd for a definite report.

VIb TIME P7RP.''ATI0 Býltg FRCY4 DIB0RA.4E

it In the follovinG, the torn "conve~rion"0 is uccd to roprcscn't tho
frftcticn of thc diborfno 4ticih ha3 undcrgone; chcnir zp c.-l The yiold is 1clt.

* frm. the cquo.tions

I 5B2 E6  2B5ltx + (15-x)lt2 x *9 or 11

The cnotuit Of B2.H6 which has actually undergone chcrmiw.1 clhtngc is uscd sth-e
ba~sis fcr the yield oalculontion. Thus, if 100cc. of B H (S T.P.) h--d underGone

W_ conve.rnion vith a W1. yieold, thc r-ctual amount of +*Bl wculd bo (0.4)
(0.50) (0.60)(100 - 1.0 cc* (sos at S.T.OP.)

Note 21 Figurns --nd tftblas reforred to in thin section nro found nt theý end
of thr re-port.

A. Sumrvy of Results Obtftinad ftnd Conclusions Thus Fatr Drcam:J

(1) Cattalysts have bcon found Wh~ich~ lowcr the t~clpraturo ret T~hich dibort.no
it; re-w,%.rtcA into products coutni~ng B e nd B5 H1 1  The ccetnlystv sc, far usc.il !'.evc,

hew ver t boon offoctiv o ew&ig to l1P. to % setisfoctery prcper,.tory mcthed.

()Iw he bcen sh~ovn that certaini typss of c-trelysts Inercftso th:) rntio
o.f B51eD to BSIl{l nnd others docronso this ratic. Among the forernr -.rc dojhydro-

caaysss chs ro A-23 ctor.n~ th at r ,reyr~rto cn-fLvo-
s~m i vrieht: on at porous support.

(3) ki - sing:le pass system it wv~s found thftt ns t~ho tn-icy--t-mro Trns r:eisi~d
frc'n 1200Cc to 190 0C t-ho yioel (as defined) dccrer~ces, vdiereon the oc.nvcreýicn

C0WFIDMIT L;,L



incroasczo The ovorall yiold (ioo*, tho product of yicle, and corvcrc-ion) rcrnins
1airly ewist~'.t *If there is any signif'icant ohuo.-igo, thv higher tonpcr,-turc3
pr-.'Iuco a l~I.l hiGher totiý.I .yild but at tl'.o atzi t~auc produco nczrc'undcairabalc
by-produatze

(4 ) ',t a rixed tcmpoarturo (o*Ce, 120 0 C) tho yield docrc:.scod rnpidly ft to
cocntc.ct tlnto vrs inereanod from 0.1 n4=4. to 15 rn. 2 - whercox, th3 a norcicn inroer's(Al
to a rz'a end rorxsinod .^lmost ccnstanto (coo fig-uro 1) The or,.ýntrct tiru; i.- tho
avortCo ti~ne which n olocuio spends in tho ot.n-lyst bcd, --r in tgiven beythoý
rn'tic; of bvd depth to linoar volocity.

(5) inereo:%c of' proscuro, shcort of prossl~ro hirh oncut~h to rzirftcin a liquid
phnofo B 2P.6 (Prossures upn to 33 :,.tmosphoros), hznd a dotrIn.Cntnl effoct on the yield.
The hiph Zroesuros incronsod the converaiona but deocrasedl tho yielOd rc1:ist tc. zore.

Fmrc:- the nrcood. .g it f'ollowis thzýt an effective ~roporrc.tivo nothodvtd roquire,
tho usc cf rclativoly 'or:tonportturos (o.G., 100-120 -). attheso to:p M, turmc,
honnvý.-r, it hxos nvt boor. rposiblo, as yet, to cbtorin effective, conveorsicn. The
uce of t~ circula~ir., systo-a is vnlurblo on this account bocause the rn~ournt of
convernicon enn be incronsod by recycoling tho Cas* Two lines of' furthor rosonrah
arc indiceatcds

(1) Ccntinucd search for batter catalystG.t

.1' *(2) Study~ of thc behnvior of diborano in the liquid state at very high pressure,

11 Is STATIC EP~M"~
Expri~nants in 'ohich 92HO &As hoatedI in bulbs under w-rimis conditions

resulted in rather poor yiclds of BfH 9.* Thc rosulto obtained attprczscurcc or'I 150-280 m .n.v-rc marm sntislfretory thý. theo' c'bta-inad nat prossures of 24-30
atmospharoso The, ct1v'yts used tiero Ni(CO) 4 , flCl,, 13rBr~ and Cu rowder + BC. 3 .
Thoseo xpori:-cnts in Tihich the boat results crc obtained arm listed in Tablo I1.

Ez~r~nattn si the tatle v411 shovi that the offect of tho ecittlyst Trx very slight
exeopt in theO cfase of BBr.3 , in thich case a reduction in yield =ao obscrved.

In vi u-. r:C the rosults cc far obta~ined no further work, is conta:;~plated in
StAtic systce nd4 conditions obtainnable in p lass apparactus. :.s soo r, chigh
pressure.% qtaipnent bocc:.zs cvnilznble, via pl.n to carry out, at rm;iuum-
above the ar~vical pressuro of BoUR * It has boon found that B and -ýl(B. 4 ),3are racro susceptiblo to deocuapoalt br. in th , liquiid phase than in the vapý.r, a-nd it
is hepe2 that B2? All bohave in, a sinilar fashion,

II. EXYERflITS IN THE CfRCUU.TInZ SYSTEMA

7-.rxprerticrt in the-z circulating system have yieuldcnt' the best results so far~,
By t-x use of r. dchydrcegenation catalyct, it has boo~n possible Io obt.ain a1tliost
pure B5H9 in ayield of 5M, but with l1= conversion per pacs. The dra-Wback to the
nrtbod is the length of tine roquircdo Ex-parinorts in a sinrle-pass systen,
*-Inh wsill be discussed below, have shvzzi that conditions rhich results In hdi-ii

*~~~~~! 4L*~~&TA/ oj
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rolds h7.vc, vnfrtunfr~tely, boon unsatie':.ctory fre=. the r nt ofviwo the acnrCft
r DP 13H on-3,orto'. '-n other w.,ýras, hit)b YiCld! .21 in'oSclav uzod hc o:peylo,,-

:.r,:.-, ar1 vice vorsr%. Th±;n~ c.ultr Lin tFhe c.rculnting systcr, arc sinirr;
hcm. var high ef.nvorsinr, is obttninod by rocycling the Ccaa.

Th. bv-.t ronults obi."in the circ-Ar.tinr sysl.en und1or ench cot c, condi~tioc'n
'ýro lintcd in Tt,ýblo IT. The use of w-tnlycts nakar, it -ossilble to nncimtc at lov.

r~c~jr..~~wcs c 6n7to o rt, prcduets e.f hithor p-arity. Tho bost oac-tlys dfr
the1ýf aoie~c -:'nohydrogonatiez'. ccnta1ynt (Wp. Cr2 03 Cn 4.12 03) 'which

hd bccn airt ificil - acd to the point crt vhioh it vras no longer useful ý'e- hyL~-.)
e:.rb,-.n 1~ro r..ticns. It m~s round lntor, in the curso of thi oxrorinonts "-tlh tho

si~l-'v~~Ljstcv.- 'tnrt plant a-nt c~n~lysts nro niso of fectivo for the
ro ration of P3119, frosli dohy-roa cnntior n~ytjv orr~~n

By tb's uie r n iydroronr.tion aatn'yst (nie~kcll on a porows support) it is
posribl,, tc proparo aln.ývt pure B.511U. The prod-Uct ehta.inod nzltcd at -129 0-C, !;he
nolting point r~x.,erdnd by Stock for this ccompound.

yi~d*The fý.ct vat%:ryinr, tho prossurc in thc zintjoe.pns , zyatcr frcci 203 z:z-.

t, %sodi not chanlge thc e rvcrciceL-yiold ra-tio ii;liontcos thaýt Vrocuurca
of -th lr. ct 2 tnov 'eul oratused i tn ch rcsuiti-artonx.Vnitx

Ill.~ mEr~: IN¶~sr;c.LE-PAsq SY'qTP,,

21~ ~ ~L th(. circulAtinG system, the oompccititn citepr hnl ~tn~sy
-I~noe the in tho concneitioen rirht atircot the -v-,c of resctim, tak5in-
,_.j c~pariicnts in a si: Ic-pese systc.- wierc tirdortnakcit It -,-:% fouM .1 14ic,

dchydrogenattirn ca-talysts noat offoitive in tho cirwltntinG syster-i wcro also cffoctiv'
!bcre. The results Obtallmd at 1200 C with vryinr, contact t*..nm ^arc sho.w a Figretr 1.
Thoe ,.nt,.ct tine -.Ps vnriod by chantinr, either tho iilcr into or tho bed clncnsions.
It or-. b,. soon frar~ the roscults that both hig-h yiold and high Qowvrsicn
nro iLnceompctiblo* lndiccatims~ fron other oxrprinonts aro that owciov of uin-il.e'.
shape ara obtnined at higher tonpor.,.turcs. The prrblcn hero is not ono of rate; it
is rnthe-.r th-?~iiiyo reaction products. A. ctalyst that increases the- rnteI or pyr-Alysis vill not %ltor tho situation unloss it also inarOftL;A the yield oi I-,,ig*

Tho purity cf the rotoritl obtained In .ho single.-pass syston vx~n lowor thain
that in the ciroulatin - yatosi. This iz probably due '-o the fact ttot B5H11
(n*P. ..12900) is o:ýrriod throueh the -800 trap used to c'vcdonsv P6 fr~otiens inv tho
circulating, system, and convertod to D or hirhor h-yrdridos. In ono oxpori~ncnt
in the aircul~xting syatem, it 7rscbbsorvo-4 thint t-ho rmtorSnv.. uollootA, wix liquid
at -800 a-ftor tho ritst 30 minutes, i iieoatixnr a relativl vihproontagc of
BSHll ;in thc product, whoreas the imtorial Zatind cat the and of tho a!:-, ahour: =ms

Sserias of extporinonts usinG noa 64talysits, or cattalystsa such as etche~d aluminum
rivots and. brass turnin:;s, mes run at 'various, tomporaturos but at oonstvant
eontact t:ioe. Thoso results aro ahown-in Fl. iwio 119 Here again.on cr an-c soe that
high yields aro rmcoaapaii4od by lovi coi~rT_,T these oatalysts, the mntorial-
obtt.inod at tVipor~turos below 1500 C ociaainod a lzrco omount of 851111

Other flow experiments arc listod izn Thblo III1.

CO1EFIDENT"t n

15~,I,
.. ... BES
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IV, MMR.PAAfON Oý' B5!19 FROM LITHIU BOROhMt'IDE

In an ofrort tn -roparo B5119 imorc Cirootly 4than fron diborano, v:, h:%e bctran
ai ztuety o~f thc roc-etion or bo~ron hz1.idos on lithium bcornhydridc. ht loi,-wr tonporatur
this reaction yicltls dibortno: it vnz cor.coivrnblo that at sm'o:hr~t h1Fhcr onos,
BsH9 ='n BSE1i rair~ht bo directly obtainodo Tho cxpor1nnts are rts yet iaiccL.p1,Cto
since on!-.- t-,- te-.,erat.Ures have boon urod. Abovo 150aC tho yields aro low~; at
1051C tho rosults havo boon far moer prcrnisinCo Only boron bro-ýido a~s tht? halide
h,,3 s :- ytt bwoen studied*

CalcuIntions of the yiolds in those ;ýroliminary cxpcrincnts hvid to br. bl-sod on
the somov~hat arbitrary nsounrition that one molc or BBr rcz.cts v ith three of LiB1Ls.
In ona af the most satisfactory oxpr:Lonts 2927 n olo n or s, ar uoeO
43snwmptictn ztatoc, this quantity of BBr3 shculd havo roraotod with 6.61 in. n~c~ls
of LiBH.; a total of about 9 n. moles or boron* 4fter occn'lotion of the roeocti,:n
C~t 10506p 2.5 :iq Liol16a of boron ms obtained as BH,., an equal amount ta B5~ fracetion,
0.2 in. nlemas B4lpSaom B aX~ obtained but eot netacurctYl si~noo the total
quantity vas so wx% IQ' The ifoatOlas vrorc h.-tot i- a so^alcd tubo for 16 hours
'withý..ut use of any solvent. OWhor oxport .=cnts zceinod to (givo morc fc.:,rn-blo
results but'tho qwrntition vwcro tee, small for roliable ncaouromonte

It is intondod to continue these experiments ii~th other halides, -.nd 0-ith the
use or solven-ts if satisfactory oeos can be futando It is too anrlyp hcxovr, to,

4ostimato tho likolihood of succoss*

j j DISTPMAM~ON7

act (2) Cole J, 1.4. Sw-s, Army Liaison Officer, Navy Dope.rtrncnt
(10) Diroector, Naval1 Research Lx~boratary

' (2) Chief Bureau of Aeroanutics

too Poe. 15 B. 1,braham

1 Jo Fhrr
18 .A. Fintholt
191R,. A. IA4
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21 !!ýiv~rvity vA CiU =Gc Filoz
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STATIC EXPriI mmI+S

CATALYST T 110 TEI. B-RSSS!171JE COI, * YIEL:I =~~~ine oC .. :- !

I IO.E 15 170 150 65 25.

NOl•E 60 170 150 85 15.I i
I DBR 3  240 120 280 71 1.7

BI 1C3  4500 120 280 78 31.

I I Cu+DC13 4500 120 280 77 21. 1
U I

Ni(C0) 4  60 170 1S0 u's 15.4

NO. E 120 so 24-30 0 0. ,

1 ~~ 2480 GO 25 0.

T;OlNE 120 110 45 12o

SBC13  1440 120 26 ntmos 68 14.

*11
.11

COPy

S~~CONFMDLIT IAL +

" - + - 4• -- 4.+



CIPCJIMATWIP SYSTFIM
(Flow ratet 0i 1:1/n

CM1;~ 8I. TE!T FRESURE Conl. yIELD- 1!.P. of crudes

Eg2. 250 126 87. 57.',

Gl 5 1iolioo 3. 250 120 95. 66. -583

Glass . 1% !HCL 1. 250 120 93. 45.

GlInnr + i 2 2.5 250 120 94. 46.

stcain1az Ste W. 250 103 959 55. -GO

Dohydrocyclizationf 1. 120 ISO 63,t 40. 16

Doydoontin6e 115 180 86, 54ýj47,

*Vohydrogenation M. SOD50 45. SO* -47.3

Hydrogenation 6,5 195 150 80. 64. 12J

BS* passd through this catalyst eihn ffct other thathrx
oraekintg.

-:7,,

............. : I
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T-1,12 III

SIM-LE M~SS SYSTM!!

C.~aALYST FLON, MTi. rll*2SSUTE CONNV. YIELD

F75.8 116 i325 2.7 47.

-3MDROG . 410 120 1370 62,' 7.

GlA.SS !LICES 2.4 171 320 10. so.

I LONG PATH!. - NO01ZE 4.8 126 760 2. 82.

iOT FlIicio!.- MIE 2,4 161 760 41. 19.
3.3 151 300 33. 27.

0,110-VAPOR ARC (u;.V.) 1.8 ?300 C4. 10.i ' IFo TILT&;,,S 27. 125 100 so 55.

I j' OIL 5.3 140 18. 14.

I Jf

f00
TV AOTI06 A
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PPi~rR:-SS REPORT NO. XIXý
For the Period February 1 -Fpbruar:- 28, 1946

Contraict io. N173,s-1O421I)1
!3uAcro !DthL1o. 3401

1)Ccrntriat :1o. ."173 c-1O',21 is an extension of contract Nos 1U73 s-9058 anrl s-98P?0

H. 1. Schlenirnpor in Collaboration with
v!n.nn C. D)illard; J. -Farr, A. Finholt, MA. Gerstair., R. A. Lad, and K. 1Yilzbac),

I. Preparation or~ TBeyllium Hy~dride and cd M~ethyl Seryliu Hydride.

'B~ cryllixum methyl hy dridr; inc prepared by the rernction of b(,rylliur.
me~thyl anid diract-hyl aluminun hydrido according to the equationt

Bt-(Cll3 )p + Al!(C--i3 )2 -. Al(CF3 )3 +Bell(C11, 3 )
An excess of bt-ryllium mothy! izr usaed. Since the beryllium =ethyl hydride is non-
volatile, the e:cocs berylliun alkyl together with the aluminunm mothyl rere rtmoved
by hontitnr the mixture to 150 C in vacuo. hebrlium methy'L M prepared
accordinC, te. li~rzn and Schultze, J. Chem.. Soo., 1927, p.26 3 . The dinothy1
aluminturi hydridr,, via prepared from lithium aluminum hydrido and ailuminum ntothyl as
do-5crib.-d in Prcgress ?cport Noe. X11 (p. 3). An analysis of the new compound was

-1r.yin itwth - and acid for -e~~ 1--;Ial mtnro and hydrie-z
.hl h. bcy' iu -'" c -- oge asth- oxidv fo "n-C Hl C and F., 64.0%;

licryllium methyl hydride is a white non-volatile oi.I eist
decanou whn hated to i 7obC in vucuo. Tha material hydrolyzesraiy n te

and burstv Into flarncs when it is throvm on water in air. The zatorial 'is net
apontancoazly in1flammable in air nor does ifume in air of ordinary humidity.
Althourh it npr "re complctoly soluble in the A'injIuMjjU ',athyl which VMS a product
of' tlho prcnr~ation, it did not. rodizssolvc rcadily in this. aolvcit after it had once
1) cr.n rumo-cd. Solubility in othor tlso appoared to '00 amall.

prp~rtration of boryllium hydride has bocn attemptod. Yh,. tw~o mcthtdc
vrhioh nro b,,izir pursued nt lprcsint are, indicated by tho e~~n equations:

- -C

Bo (CH3 )2 + LiAlH4 e or LiAl (CH3 )2 4112 + BcH2 j

Products have boon obtained which on, hydrolysis &nvo 25,07K to 3000ce of Car
p.-r rranr. This is considerably lover than the theory. for tha hydride (4~0C0 cc/Gi)
but ý1r~ than that for the methyl hydride (1794 cc/sn). Tho amount of gpr expecto.
fro,- th hypothatical compound, Bo(A1fl4 )2 , is 2515 tc/&,.. It in evidont thtnt the
nrodlucl~z thmzs ftcr obtaincd are not hosmognccus; improvcme~its in tho ;xporinontal
proacdure h~vc been planned in thc, hope that moru difinitive rccultn Ma~y bý-
o tnincd.
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:run~rrar -tr~rport X17C7x" Do:*~'~z

I.Prcinprtiol' of Zi.r-; kiydrid'e

%ire ydi~ . s rop~rd by r(ý.t.eticn zu.c inzc aehy nd 'Athcr
alAhy utminu:n hk'rido 'ir litthii~n, ýili=inir hyi~riec. It i; ~i *'htnoa-vol i1

solid, insolubr.1 in 'AhW.r. It doon nct sccra to rcct :th air, Qr~dt hc hydrol--is
is *lo-t: cxc'.pt in the prý:sonoc of moid or bias. !;ydrolysi&, yields 6Cý5cc of gsper
~rt~ra of uolild.

Z-In c il-Ydridc fron Din!:thyl AlnnurHydride--- Dirn-ýthyl alu;ir-Jnum hyd.ril(.

at 70 'C, ars describý'd in Progrf-ss Report X11 (p. 3). ~i~Zinc m---thyl
c0od!,scd on this et-tpound the.ro v=s rrit ornnticn of a -.-hito solid.

Vollatilt; r--tr-ria1 vms removed froma the wrlid by cevacuatinn at. 500C. (t)irinC
t.is op.rration tho. zinc hydride soriotimc-s df.r'#crcd--tho darkc~ninC, co-uld not be
corrUatrd vdith the proportion of the roaott'.nts or thc condition: of rcection.

"cnucof this 4p3jxkr~lt dcoomposition exact yic-lds ocannot bo Fiven,.

Z!~no %idridc from. Lithium Aluminum Hydrido---i more stinfactor, .cthod of
p rePr In :4ýnc hydride; vms b.,, action of zinc =,:thyl on ,it; exeý!ss of~ (th'..r
coliiticr of lithium Au1iminw3 hydride. Tho rr~cipitateý, which I 'xd ýýt O-Ce
Y.t r-novc'd by filtration, w2aslwd r.cvr.-rrl tire-- with dr-y cth',r, ind driod in
Va-ck. dtir., Th product vamc whitc.

A~lr~of Zinc Hyd~ridc--A lysis vmv acccamplishcd by mr--.suarinr, th-e
1tydrcoin-tZQtA by hyroiysis and d.t,:rmininr, tho amount of zinc irt th,.
rcrultinC solution by pirecipitaticn vrith 8 hydroxy quinolinc,.

H!ydrorcn Evolution Porr cent
pcr zcr-.rn zinc

Obevd(tnyo trialJs) 8G4cc 90. 1
Th%.sc results Give "s 9~ ,~~ the cripirical formula for zinc hydride.

III. Pretrtiono Zinc orohydi.ido

"I.-a borohydrldc Yxto propcrcd from: zinc hydridc and excess diborz*ne in,
etthcre Uppon -ev:.poration of thc resulting solution thero remaincd a -.hite solid,
which turn-d r;:i thQ t1ýmpcrature -na raised to 500C in ordor to rtmvc 1th0e
last vigorouoflh
of Uno p..-r rzr-=, in Food arrccmcnt with the vrlue of 1890oc pter gran. calcula-ted for
Zn(BI! 6)2 . itlivuotr of the hydrolysis eolution ivere rntlyzcd for zinc by prcecipita~-
tion with 8 hydroxyquinollno and for boron by distillation as -tothyl borato and
titrtution, in thv prcscnac of tmanitoi.

Thc, follow.ing results wore obtained from t".o preparations of ;the boro-
hydrldTh.

Sample I Sa-mplc II
74i 0.45% g, 0.S45 r,*

iiydrsCen liberated per gram 1935 oo., 1908 cc.
m.o. )iydrogcn 39.1 4S.5

r,. o. boron gof 10.8
me c. zinc 4 e6 5.5
Observed formuln. Zn 9 B2 4 { 1  Zn0~slq`80
Theno rccults Chec3,- the; formula Zn(BH t), fairly voll, but G~ ttempt rill

bae rl to prepare the compound from tine ch3,ori aoand lithium borohydride (ir&
ethor) to rget an irdopon~dont analysiso.. ODT



Frolvrcisc Ro:ýort XIX C*

Iv ~tol f` ý-ilicon Co;:,pound- Y. th i~orohydrick.:-'

Irn Progr-cnz Report VII, pp. 4-53, thi. reaction., of eth-.l silicictQ ~: of

silicon. t .ýtrv chlo ride vi~th aluiainurn borohydridc T:(:rc d,.-.cribcd. T±., r-.sutalt

Lindicat.;d tlirt -ilicon borohydrld,ý docs not ý.xist. Sine( tho ox-p'rii'.Lnt-.l basiz- for

this oonclu.,.Aon -;.7nn mcngcr and addition,-l silicon co:,-.-ou.nd- hcvý. b cco. vr.nirntly
nv~l~ladditionql oxporizmentn have- bc-.- carrifed olit. Since. thk.y Icd1 t~o the

5;i"1. concluaiort aso thro former onvs, thý. r~ze-ltr Ar(. briefly rocpoj-Z,:1 fZllo, to
comrlctL: th-ý records

()Dicth:,l ý'Ilieon chloride rvactý; rlo.-.ly at 5C0 
in "h(, prcn-.:ncc of dio~no

to ,,i77 diborant. and a mixturc probrbly concistinr 4hfl o A~eh iio
hyt-ld':-. Wi1th -lumiri= borohydrido at 25%C the Et 2 Si~ll rcnetz q\xnt-it.,tivcly
to yidld "-'t-2 SlY B2116 and Aid3 ..

(b) Silico chleroform, and dichierovilane reract r.t 1rluminum borohydride at
25 0 C to yit.ld silano and diboranooI(c) ;Ethyl Silioor .,Ydridc doc;ý not rcact wihdiborar;; and only nlight ±y -Aith
r-ir-.intun bcrohydrid(. Product:: not idntifi(ied.

(d) SiJ1oxanc, (S~i. 3 )zO, at 00,^C ruacttd viith diboran(o producib olnean
vihitý -solid too slatull in amo'unt for idontification. Wiith alu.n; borohydrldu

siloxtxv; produced diboranc, silnnc -,nd . ulmbevihitt. compolirld, -Pont-^no-
ously inflaarý:-abL; in air. .Uthourh it iz nnt likely that this substance rill
be uncfui, rt.....--y zt- ' 44 P-Uý4 -4--j

Prep~tic ci kr~ ,pQan titi,:o of P4 rtht I Silance and of Diit 1l 3* no

Since th,. ncv: ncthodc (leo Pro~rc.ss Reports. XII, p. 2, XII'I, p. 4, XV pp.3-'Iand XVI pp. 3-5) of preparing these compounds w~ere developed on a, very small
Coctlo, tro prep-trations Y.ith sonevhavt largcr quantities woer carried out to
make certain that no un..xpected difficulties voiold arise.

,I Of the diethyl silano 500cc ims prepared from dicthyl silicon chloride
and l-1thium hydrido without alteration of' tho procedure& previously deceribed.

Th; -,.-rlc wr approximatoly 70% of the purified comrpound. Wv now ha-ve about
701Xoc of thte _mnn On ha'nds

in th( prepnration or dim"thyl stannano 1P larger quantities difficulty

yiMl s ia cbtai zcd ng. of e dirothl tnnc sdt!na fromlvOt fof ithel rnt:ints
dichltnchlorid c anndg.o lithium a'uminun hydridc). A riaypesr

remova lof thme vratur trouiod ar tc~oaure. in 1400 dihiho prctustc thn uc
of diorabl dtcoapsdisadvntaousý product. it soldifend Dt12c.Fore (anprorcx

lit!,ium r.umi-wx-. hydride vx~s prepared in n..butyl other .solution. Lithiumc hyortric

(10&) and 2G. of previously proparod lithium- aluminum hydride were addecd to th(4
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I'''rnI '1opart XIX C'!DrLý

ýIwaiW4u uriworiac Jun gradually introdvoc-d. Thý nixturc wm.,
coolA~ ririodiot,11y by imcrsin.C th' reaction vo~scl in a m~t,.r bath, a
prc.cautiori seldom ncodcd wzhem, c~thyl is xzs d bcoau:;C thf low: boilia.i
point of ~h.latter lnmost uttPny rvtcurduý t-innrt'Urý: risq.
;,ft r all th'. c.ltminurn chloridc had bo(n fidded thc solution .,ja ta11ow:d* to
stL.nA for stm, hoturn. Thcu 65C; of dkiaithyl tin~ ahlorido acd& ith

L,:u:.lTm- hM reaction product dictill(od 4t a&..nrd roon tf.np rmituro;

din Thionthrcurh a. colurx.n,28t,. (631 yield) or the~ puro unni v*a
obr~U~tndoub-;ýbly bottcr yi11dc could bo secured by N~rtthcr rt-ud-, of the

Sconditions.

hf.v r~., ctPrc~ir o~ n hands

4(i.4 ot ditth:,y1 si1lir.
66r of .imnothyl stranr_-nr_

V. Pr -:.rt'.1ion of ii5ifq

c'io .hcvc bt.en pea ing B 9 In small q~uantities in tinticipation of r. derxr

"~o not~omrthy prorrcss has bom n adc in ir-prowalont of the prvcparti-.o
d . w ~diinJ cat-alysts--borc.- !ýni a deh.ydIr ronatic:,.-,yo~ -tir'ý

4~mt - f '~" urnizhvd by 1Mivt~rsal Oil Product's Co. havv c. v tost(,d. Th%,y,
provcd les! f~ffcctive then catalysts provicusly usod., Apparrt-us for tho hig-h
prmacur t(.-ts is bting riadc in our shop.

jVi. Wlor~t Proposod for th*:- immcdiatQ Futurc.

rs c ýult of thti conferocno at th,.; Na- Rf~comrch Lnborrntory or,
12, w! ar- ~i-ti-in7 in more dctail the proecdure for prcrparinr, calurinu-m borehydridc
fracn lithiu:- nlminurn hydrido (ProgrecP '.aort No. LXIi, P. 1) rind cro nakirr,
additio~nal stuldicpo tivw ztnbilitmtion of thc former. Likewi~c vie arc nainr,
obrcv:.ti,.ý:.: wý- th,- riUltiw; r~tkt of deterioration of lithiumi borohydride and of
lithiumi~i;:L~: h::'Irido by air of ordinary m~oisturo content both in tic case of'
the dr~y suit:. a of the-ir ctho-r so'lutions.

Cal (2) Col. J. " . Ssrnn, Arriy Lit.im n Officer, Havy Dept.

(10) Naival R~scurch'l~boartory

k(2) Chief,:urciu of Acronnutics

17 J . Farr
18 P . i . La d

20 M Goratcin
21 Uni v;--r sity of Chicaigo Filies,
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Contract 11o. !17s142
Bt&Aoro TEDT NRL Ne. 340.1

1 )Contre-ct 11o. lifl73s-104..23 Is an extension of contract Vo; 11173 n-9058 an s.-9820

Ht. I. Schlesinger in Collabortitior. with
3. tbr-hnn., C. Dillc-rd, J. Fcerr, A. F-in1holt, 11, erstoin, P. i.. La~d, rnd V. ilbc

I. Prnp:r-tion of' uluminun ooyrd

As r% result of the conference et the Navrel Rosocrch 4aboratory on L2,.r-eh 12,
.ddltiom~l studies have boon mdo on thQ prcpercrotion of celurninum borohydride Afrom
lithilum rel-minumn hydridu and dibormno tP.R. Ho. XIII, p.1). The results of the
,xperirwrtz rihich hcývo been performed are listed in Ttblc I. Thozo cxporinwnts vrere
intended to dotcrmino in a fc-; hiGh spot tens~, the, mor~t important factors in Ln
efficient uno of this proparation. Tv.-.o runs (Nloc. 1 &- 2, Table 1) vsero medu in C6

cirulý-tir,'ystm;six othors werer =.do in & s'inrlo pass systom. ' Tho yiold of
aluinum. borohydridc Y::-s found by 14nolatinC. the compound in the vnouum lino by ti-c

Run !!o. 4yte: ill~usrate m~ost clomr-lv the effect of tempo r-ýturc. on' the tiine(-

yield. increavir, the 4tcr.Freturc fro-. 75 to :)0 C, .vdth oth'or rtndtinn bcinr
identlctal. Increased the yield obt.,ined in 1.2 minutos from 2.9ý4 to li. ~ Ajjrt!hcr

Accscin tomvt~r.turc r-o precluded sitxcae 11--Oum e-lumiinvm hydrido e;n -

"co - t r around 1000 0. Even at90 r ant 950 0 in th is r ea ction th %ý evolu tlion o f s om e
non-cond7.nsiblo v..s .vidcnt. There vr~s also r. chczngce in appcnrane,ý of th,. rcsiduecI' which b. cem cnkcd cr4-M &gry at 9000 v~hilc at 700C it st,,ýyod white nnd po-vdorcd. 1 ho
lithiume clunum hydride uscd in all1 tiv: runs h-d bern ground in a dry box. Aiddition
of po..hrc:d Cla.ss vr-s ineffoctuzil in nrevcntinr, cking, .t 9000. Onl~y in Ruin 1,o. 3

in -Ach -h. m7.turc m~s agita-ted -.4ti =Gno~tic stirrer vr.s cý..kinr, ulimi=AtA.

ý-*frcct of prcssur T=*s shno-.-n In Puns 11o. 7 cand S. ,;ith ot cr-,i
ide~ntic-.I =,*itions, incrotsing the; pressure from one zntmospheýrc to t,-o a-tmosphcres

incras.~d th :dld by 11 pe~rcent, This appears to nhov,, tlrnt 1-A. rfcot-ion Is f.asterat th,. h,-vLr -~ surc ..lthoufgh theý rat; should also be- checked a~t hirCh,.r r~t lo-x.z'
prcsur,-s th%-n thos.; use;d in Puns 7 & B. Tihile not concludwv, the Ax .rn~t

sield ebaost - InRnini , iuopcidat9-Crfr tero

-nU 6970 c/'hr. a 42 b` 2$ yi ld.7z tl,? I, u o . ntrIt-z nd

h, f .-.tom ony 232 cFA ýandýin, minuoz c 900CthL ir-d col
Thusbhc!**ý flw f~t4ýlt-thcrconitins bingthe utopk.

ýqcl n~mst I _hhIf'



~rcr;Crss .crt a2 Ca*;FID-,ýý7:rLL

T{-.1f gV.-,1Mt of Rateof Of 'oi Tem~p T ir-~ Pre1nsurc Y1io1d Of40N,
Cno. ofA1Bi4 of

(-c (;j~i per

1. 0747g. 30,000 700C 5 hrs. 250-300 3. SD cc 8r,..3ý

(Circulalting 90C 3 3/4"1
system)

4 13. .. !GI . -2-;32 900CC 0d~ a ,"I* 7 cc 21.61
+5r. powdored (single pass

0.4C ;7.....7 0  2 iln. 2 c t-m 0,3 cc 2.T9,'
4#0,707SC 12 rin. 2 atmt. 303. cc 9%

90 C 7 ra-0r 12 oatn.. 72. cc ?5

i144.3 cc 45.lf,'

5. 0.300C. 5,500 90-'C -in 2 t 90. cc.
(sps)9500c 25 mil. 2 at"M. 37. cc Z1%,

.127. cc 2

E~e :z. 2,;2 1 959 :?V iL at-1

8. 0.57,ýg. . 2,750 950C 57 minn. 2 atf. 172 cc 5 11j

*The B32116 used in this experiment msa found to be vary poor in quc~litycantnining
ohigh percentage of othane.

~i ey~i~aThe experiments do show that the proocess probabl~y oe.n be developed Into
e:zbeintiustrio 1 prepartotion of '. lixinum borohydrido, The,., also show that

temporature, pressure,16,nd, concoiitrati~on' of, diborcmnej:or rate o.' flow) are ixporttnit
Vtictars In obtninine or. ff'ieiont~prooeisa The choiab batwoor. this method of
wakinG aium~ninumb ýrodrldo and the lithiu -borohydr 11doro0,luminum. chloride ronction
vi11 ho.vo to bfj =d on,;r-n ongineorixng b~iia', onhd rny roquiro somio..iorks oxporiMcnts.
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1 r-, r,: r rt )DC CC1I DYEL, 7L

II. Stability _o!' "Alida

It has bcon found thnt zanplo5 of' ai1,de which Y.%rv -aged by ions. -t1ni o
by hoc~ting~ at 400C for sevorn)l days iv.re norQ t.l ~v.hon vubscq-u~ntly stored at

rom c-~r+trc. (P.P. XN1II, 4-5, n'.so Fig. 3). I e'dnobl ttsrcfor;
a i themtcr: dosignatad ns "poly-mr"t tho in'aibitinr, :ýct Soverel further
oxpcrimmits ha-ve nort boon perfornod to support this hypothesir. Ir. onec inst'nnce (1)
a~ solid form of this Wpolynor" v~s isolkt-od, nnd vthea ndded to unstabilizcd ,'&ido.
it inhi"Jtcd deocom~position. In n scoend cxpcriy.-nt,(2) an tilidc ssolvt-ion cont:.ininr
"#polyncrll irs pourod into a fresh rlass surfrcco v-ith little subzequrnt docomporstior

':~~rmcrt~indientc th- t t6he strbilizing offect is :a proporty of' the;"oyc
solution zid is not due to a chranGe in tho rlass avrfacta of' tho vessel in thc procc,.:

Am of forminC the "polym~r".

I1. A cfmplr. of Opolynar" Tsms precxarcd by hoatinrg aluminrum borohydridc forv
several da'.s at 800C. T.he soluble '!plm~ separattd f'ro.,: insolubleý
n.'tcrinl by filterinC through -.aisntcrod disk. As rmch aluminum 1 oroh:ydridQ
asc noniblt m-s rem-oved from theý Ipoly.ncr" by distillation in vancue --t roo.
te-mperanturo. iAn atmosphuro of nitrogen -ýn ,.Jr~itted to the vrhito solid and i t
-= found to vicigh 0.0800 grms. To thi-, soli5 vma added 0.500 -r" of
unst-bilizod alido, in w~hich the solid dissolvod con.plotoly. The rtixture unc
zoaleýd off in a tub(. of' epproxit-toly 15cc volu~me. After stnnding at roo~t
tc: Dcraturo for 11 months,the tulocz wiero openod, and thc nccumulated h.-drogen
iva ~n msurcd in the To-oplor pump systcn. Thoe s^.mplci to w~hich thc "polyracr"IIvac added showed no visitle eividence of' decom.peDnition and yielded 2.1 cc of'
flydrOan, or 4.2 cc of' hydroGen par gram alido. The socond'samplo contained

metlli proolpittatot It yielded 64 &' of 'iqdroGon, or" 1301 cc r m

2. CTwo identic-al samples of 0,$6 grams of -I ida worc hvitod a~t 400 for four
days in the nanncr described in P.R. XVII 6.Cesml ue(ape1 m
than attachrd to a -.v omotor syston "nd opened The hydrorgen wams removod as
doscribcd in P.R. XVII, 6. The other tube (Smaple 2) vas attached to a nowv
storagc tube in such t :nnnor that tho elide could ba poured in vacua. The
original ti-be vma rinsed by distillinG in a little alida and than alloveod to
drain' fo n half hour. 71h4 or'Cimnl.tubc =3 detached by.V zcaiinC off ata
constricitcd point, aM- the =7v tube mzs attrched to the mnonotcr systcn.
The subeaoucnt increase in hydrogen pressurc is chomn in FiG. 1, *horc the
circles roprcsont sraple 1 and tho X's represont sample 2. The incrotso in
prcssuro for t conparablo, annple of' unstabilizad clide is given by curve 3.
(See P.R. X, 3)

II.Preparntion of B H0

High pressure ocuip:.xnt h,-as now been azssexled to study the deconposition
of diboranq at pressures u'r to 1000 '~nLc,-r sq.,inch, The studios vill be dir-
votcd to-.-rds the prcptarticor -x rimy form rapidly under stringent
conditlons. h is zciot ba ci -n tilessteol bonls w;itholl

ctlssana at roorm tonperature. ~Tw -U uMdo ryng conditions have been
plr~rmod.
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9ccrn1 o-thor ~rxxis of arc nv,' i pro~rros to ,.ccrt-cin t'U.
nature o.F' the tvhcr.-l. decon-position of diboranc. Tcein~cludir't

-. Studics or tho rvntosor rormtior, of B5!-, Bt.0 nr~ hih,. hydridcus
~t vnrious tonpczrnturcs cr.d prcssurosof diborano.

2. Studios of the thcrz-1. docomposition of at variour tciporntures.

3. Propartion of 134.H0 in approciablo quantition by a Wiurtz reaction
bt-.%on sodium- na~lgam %nd B2HSBr, an~d subsoquont studicc or the thcrr~al
decom~position of B4H10.

IV. Deterioratio:n of Lithium Aluminum Ilydrido wid Lithium ilorehydriric in MAoist Air.

The rates of decomposition or solid lithium alulninum hydridc and lithium
borohl.ydridc in air of 8CV* humidity at 25 0C. woro comparoe. S~mplos of the' p*Tidered
salts :replaced on ivateh Classes, and, at intorvuls, pcrtions woro voirhed out
nnd ih,:;dIy~d v.ith rntors The results belo-w indieoat,. that tho deteriorhtion of coli
lithiur.; borohydrido is rmch more rapid than that of solid lithiumi aluminum. hydride.

* Li~lH 4 LiBU
t Itn. do 112/g. Percent Lln. cc } 2 /g. Percent

Theoretical Thooretical

1 1915 .81
1080 756 32

On the other hana, lithiuL-. alumjinutt hydride seemod to hydrolyze more
rapidly than lithium borohydrido in other containinr, about 4C. solid per 100r,.
solution. There vac noticcableo volutioz of hydroGen from the solution of lithitit
alumi=~ hy'ridc, -n'- a prceipitato foned within'l 15minutos. The solution of 2
lithium borohydride vzo still eclar aftor an hour had ela-psed.

The difforencc in the rrtos of deterioration of solids at'd solutiolls may
ce aseribcd to rormtion of protoctive coatinG on, solid lithiua aluminumn hydrido.

V. Prq-.rant1',. of Substitut(.d 0Silanoe

7hr. pr~pnratio~ns of alkyl substituted silanoo by reaction bctutcun the
chlorides ann Aith(,r lithium hydride or lithium aluminum hydride ivvro continued.
.To nom: have available:

Prepared

Prcpyl ailano 33 IL.1H4  dioxaiio70
Dipropyl 3iluio 44 ~tc

1utyl si lane 27 ~ 1a - doxc.-ie 73ef
Phonyl silvano "-55 17?24 A7~t

_ ~BEST AVAILABLE C&IY
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h~ogross rtICi L.

in s6 pracrin-.nr:: cxrL; 1C1hYl 3i1ltm .n , ; p-rv&ac in~ 23" yicle

~nvU~tcdfurtheŽr.

VI. Pr'.parý_tion of IA'd 1.11,1roCs

I:~C~x~usvurc~ults trmc obtaince. in ru ntt#.i.,)t to pr,;p~rx lead tri-
mcJthyl h-y.rido from tht. chloride and lithium aluntinur. hydridc, Stizdy of the rcanctio:n
~will bc ccritirnuod.

cc. (2) Co!.. J. H. 3stw, ,ýrny Unison -officer, Nnvy Dort,

(2) Chietf, Bureau of, Wronutias

17 J. Fa~rr

*20 14. Gerstcin
- 21 Univvrsity cif Chicap Filc:
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CoT0! R7F n-.I LL

For -'he rcric". APril 1 I April 3.1, 1l?46

on
Contract no. I17S.-lO4lM

BuAero TE~D FEL No. &401

')Cotrect o. N17?zs-1O421 is an oxtosicn orf contract ý!ots. NZ]7V z.*f05F -n-9620

11. 1. Schlesinger in Collaboration wvith
i'O brahmm, C. PfLl1ard, J. Fa&rr, A. Firnholt, A.Gersct! and K. lJilzbnch

I. Pi reqeratiorn or Altmimnm Borohy-dridc.

Th most satir-factory methods for the preparation of aluiunnu borohydride
thus far devolope-1 are (a) the action or alkali metal bvrohydrides on aluminum
chloride, nnd (b) the reaction of lithium uluminum hydride on d-iborano. As alrendy
reported -hn farrmer method involves some hazard in mixirC the reactants and in

*dirporsine Or the residues; the second in slop-er than desirable under conditions
hitherto uced. To overcome these difficulties vwe are reinvectiratingr the possibilit-,
of carryin--thecs renctioxis out in suit-able sol cnts. Earlier attempts in this
direct ion had Ir~volved the use of hydroccnrbons which resulted in no nmprovom-nt, and
of dibut:i. oth.nr, in vhieýh no renction took rlaco until the temperature ur.as raised
to 1300C, u:ndor T~hich conditions r. complex product eontainlin- hutonv. and !iboranc

borohydride arzI lithium aluminum hycdrido arc, pr,'rarcd in t6thor solution Pr4 -;ýI
t!hus be use.d vithout previous rcmwval of the solvI~nt if th- rt.actionn vlt h alt=inumjich"'orido -Wiich is also solublo in other vicro emrriod cut in tho same solvent.

1nrtcurlaroi:, oxperacimo n th 1case novthcls lvidhiu tc, usonof hdride-y rOther boct-usc
thdi nothurat kor o alum nymechlordei one rorcmir the , stert n~ einu s for thyeiofo ltium

*. 2 cmpound. sthc. dicthorcnt~ Pof tl vlmnuIm u founhdrd thn tluinu crhloride rr bicŽ

dipacdfo sthe ahoaso bye taddtion of thn dircteoncsis off lithium chluminum

A 10 L .'l E+t .11 t~c 1r 4 )3 *3il*2l1 2

Thrs liminaryrout inditcuteb that in thethr presencei of en excss oI'Lirlii, boiv
patchloride ractstorormvý in non-vsof tilc product (pruminbl y A(dri) rcci. bc29)c
tih,, othor rr ibrao of m nm frthrios treatofn tho boaroing chloride.7hs forth i, i
comound.rerl phoo diracldsn of nluminum borchydrido b havbcnu obt orined onadition

qdid touinx calorinu. booyrd .criGt her.^to

3 LU114 + 3 C13 u~r fl(B,) .l+ AC1 2

-4

Pr~~~~liminary~~~~~ ~&S rVAILAts COPYethti h pooc f x sof . oo



In or'!.r to dckr.rminý. th,: 'cM to th, n,., 2i.-.fic, or.,,v l thw

31Ld *4:~ 301 28,I BA, 3UCIC + 3AIC 3  (3)

LiAI:H 4*-, + 2 13.11, other Uji~ + Al(!3H4) 3 ()

+ Aid- , + thcr Al( Z- -63U C I

o'85 t're) in th.' :tblon~c or ethor (P. P. YXx, p. 1-2) nn- tie of''-U
d-'*:orv:ý7. i;; t. zrcsc-::-co of other a~dct ot a.r-.tit-.tlv,. :ci.
d.Uficulti~r -.rc cncotzuntcrcd vh on .-orction (5), wihich yrooccds ti1-c i" n

t:; th. dry: ?tfito, is carricd out in cth(,r. Yiclds or thc borolhlycrieo u*- to7ý
hrx:bc~: otv~~cdbut the reactilln i!; clc; nnd ruquire.- a co:iridý;rnbh oxccns rf

ol~.m;c--1orid(. to fib--rntc th:; burohydridc nccordinC to (1).

L.rud., of 1.hc oxporimc-t-.4l. con~di~tions for obotrining7 roocd yirllý by th~csv
rc~tP:;~;is b,.inr; continuod.

S(vclr-% cx-xcrincifnts havc boon run in hirh pressure cq np:-t i: n ;L. ffort
to prcp.rt. !3c~l from dibor--.-c at prý.sturos in the. nuighbo-hood ol" '50 lbs. x~r
so. in'c%. Tk,'~ first oxprcrim-~ts urc.r run at room tompcrcaturc vzithlci-t th:. "ddition
of catlystsý- Thc only product obtained in poriods up to 120 hour::h b

~4*10 f~n t !v: yiidd6s of t~his -vorc only =rxi.-ran of zbý poracn~t. Thetic czcrinmcnts
wo-re cnrrit,. out vzitll dibors'nc cont,.in:ýtc~d zlth nbou4: S; of n~ l.rnu-t

2 r~st m-~ prcvsw~o ot vihich dibom~nc- Jiu~s dditior.4U w~~iCnc~ith
purnr xliOran--c. r!nd jjdor various -ndaticns of tomptrature nnd prossure. as ,C~ll
as socr~ involving touse of atyisroplanned.

7h,.; study cf the doccm-psitl.ni of Beisi uncer-vry but not enough drto-
for adefinitive report have n's yet b, on, cornp L.cd.

111, Roncrti.on of Lithium AIuminu. Hydridu with a~~ni nd wvith Aminos.

In rur w~xrch Por vclvents, othocr th~n hydrocc~rbons rind at-hers, for
lithitri o.lumiiu: lydridc -,( tostcd r--.onin md ardr~es wihich dissolv; curtnin o-
hydrider ;. ý conpz-ition. In contrnst thoroto those solvcents llbcrnto hydocv

fr. hrcnmon.Wthpinrý,n, ronayaios4mlso hydrgogn
arc libt~rn.td p..r :,.;elQ of lithiumn clun~inun hydride acting on 4 molos of' thc fminc.
Fho r~actio'ns -ry probcnbly bc ropresonted by the equations:

Li.UH. + 4 MoCm "g
LLl~. 4M 2 dl~n - Li10lCl~o2 )4 + 4"12

.;nareacts differently. in thzat3 noles of hydrcogn rarc cvolvd-, rnd
only. -.býut 2.3 -i~olos of nIM (avra~o of throo oxPori. nt8) ,cro rvtl-incd in thc~
for.:rticri of a product. Ris 'oosaiblo t)lim-t the roacti~o' my be cxpI' lied as
indic-.tod bclovt:

BEST AVAILABLE COPY
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Con-r:,,dý contrnining a~lkyl tCrours i:, :od(ition tlý boronc eiidc rus
f~n -.-Al .r Ik'y' 'hy. ~dridcs rv, provc, to hovo c~csirnblo pro; rtios. Thoir study

is inc1,u&d~ in tlhe; plhr~, ror tl-.: i'"turo cco of tl- projoct. In ccnnoction
t.his nrncet cf the -.trk ~-.x vc lvcpr~rcd diriothyl 1im borohydrido c 3)A!

-6 the :(: iuh u rivot ive from tho oorruspondinC, nvthyl Qst~1z~u and

D:.h11uu bo-roh~dritc~, (C 13 ) 2,*ld!4, =, riono-thyj a1uit7nur. Ucro-
:nydri. I f' i , o~ b,-(,, ~ frpr ro;, thc. correspondinig nuh: 1tinzm

1!iIor i 0ncc, I it. n bcrohydrii,..

(C3 + LiD~i. - (C4- LiC1

T-4 ilj-U~ Uoij

ic. zizfryl pe'~un vn prmpiru £c~irly puro but it. vr-c rn~t posib~k
tG ~~$x~C cpl~.o~yth. d1:.,Ahy1 alu:iintum. b~ron'*drido Cro~i sc:cvclntilo i;:,rvurities

ca~i.~,: h~oi~c 'Lho co2.rcurds w~ore
~;ZyL: fl'i.Lboron an tlhc cm~ibilnud :ynthyl oml, hydror,ý.n groups prcoscnt.

"0 bzcrvtec Cac Coscrvod Cvolc.
i !1.72.4I 71.6 74.2 71.8

~cr i en 3.
rý'orneulr (C!13 + 11Q8."l.OBl 9q (C'! "' 105. 3 i`1 1. 0 '% 9 1 j

stut~y of th,; physical mdn~ cho.iic".1 lroportics has boon d~cfrrcd fhr the
rr~tb:c-.tc of fi Inck of thc nocessary pcrsonnol to cz~ntinuo thu v~ork.

it should L• - ilr-t %, lw lost two oxncrio nctd mr. (La~d anti :braha--) v~ho hz-vc
ncocptc- v.x;: ositions e~OlsCvr-,o; Grtoir n has left fnr 'Uhshinton to obvtain
his 1iOv:Ir'~ .*;N.vy, ::ne it is no yct uncertain hovi lonG ho r.111r~n
eni thc e h.- rctur:ns to Chicaigo. Tho ndditlonzl persons vlo -rill probably
.ioi- our f7-n~q) fior: ýAth Project T~1ll not be avnilxnblc till July 1, 194G.
Progrozo or o~~r,: the prosent contme-t will, an tfust nccoumt, be rotardod.

copies (2) Col. J. '-. Sn-x,-Lrr-' Liaison OCI'iccr, ~eyDept.
(W0) !nnlfosusrch U~braotory
(2) Chiof, Buronu of i~voranutics

om" 1~5 C. R. Dillard
]IC j. Farr
17 lxbIi-cl
18 A. Fimholt,
19 Ui. Gorstoin

* 20 University of Ch-eicgo ftlo 8eS
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~cr~Es Y ~ "07 o. ZliI
L,'or thic pcriod !4-:y 1 - $a 1, 19P'1

Contract "o. 11173:-10421)
Awv:o TFD ',-L *-c.. 3401

1 )Contr-ct :io. 17l3s-10421 i.- ar. c~ztc ion. of contract 11os. Ir!173 ;s-S056 .,nd s-9820

1i . Sehlcsivo'r in Collc-'bora-tion T,,ith
C. D)ili:rd, J'. F--rr, A. Finholt n2K. Miizzb-ch

Ov.,n:; t tef-aCt tha,!t vic lozct tho srviccs of Meossrs. Abrahnn:and Lad, and
thaýt D... (Qrtcin had to '4 nvr.vm to attend to his disch:-rr.0 from the nCavy, o'rs
nas. not bccn -rrrilahithcrto. The nc- e nrisornnul to rec1z-co tho.-o -i-n wilil not

~ :.ailb~aUntil July 11

I. ,.he ?1arstion. of' Aluninu= :orohvdrjd1C.

Duriln,- the prcriod covercd th is rcport, rork- han continued on the
nrcwx~ratio:n of alu.-.inum *.oroh'rdridt, in thc~ volvcnt, dicthyl cthcer, In Progrcss

p ~ort GC- r~.iininar:- results vorc diccutrscid for the interaction of lithiium
1 ln n t.- 'h-dride and boron chloride:

3 LIA.1" + :3 DC1 3 cthc r Al(" +) ii A4 43 +3Lil21
Furthecr Y~orli- on this reaction has confirmcd our hypotht~riz (see PIP. ~.V)ta

A the 8ifficulty in obtýýinitqr -Itnintmi boroh..drido lies in the intcrmodintn st'CD2

3L3~4 * i 3 oerl(f 4 )3  + 3LiCl (2)

At prrsont tcror attempt inC, eitherT to olLdnatc this step Com-.pletely or to find
a met~hod of' drivinfC thc rcz~ction more rapidl., to thre comnphtiono

?`cr Is considerable expcriment-l ovidL-co to Indicatc th% roaction (2)
dotas not procwid r~.eid ly, or conpltoly in an tho.r solution. -ihon fa-irly dilute
solutionz (Z -:. 0 C. othe~r) or' the roaironts Ytcre nixod, only a s..all amount

of lithium :o>.jprocipitfted instecad of' the, amount indicated by c(7mtion (2).
In a more co a~ao solution a precipitate did form, but aluininumn borohydride
Y,-s not rcpd~rlvased from tho rosultanit mixture, on the caddltion of' c~luminu
chloride (se .!. o. W~). *.iith a larE~o excess of alu~minum~ clhloride end over a
pcriod or scvcral da-ys, 73ý' of the alum~inum borohydridc could be r. c&";:;rcdý In
Qiothor oxpcrinwnt, after excoss aluminum chloride had boon in contacýt -;Ath the
r',- ',tion ~rrduct fo-r 3 -to, 4 hours, onlý'Z7 of the alumirnum borohydride -=s liboraýt.cod

.taat f his same product wiith boron ohiorido -otdinterc ver of'
9-ý ofL the boron as diborano thus shorinC the ,proson'ia or DF4 groups in the mixture.

The onporiments.,6hich have 'xocfl citod'.ahovi that__equation (2) may represent
a rovor~iiblo re-action ini ether v-hich oni:'-" hhithdtfficuity ii driven complctoly to
the rirht. Further oonrir~tion v-ss foundinth re`c't'ion or cluiirnum borohydrirhc
and aenhydrou: lithium chloride' it other coluition: to' 'Givo a product from T;.hich the
aluninum borohydrido could inot bo r~covorod on additioný of aluminum chloride.'
at more complete studr of the- rovers.ityo the ocinspand
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*'~th~izof 1:'in boro.-:derid. hass b--n tricd in -,-i~ ro,:.ction' (2)
ic :ot 1 ;trtI~t n{:.v hAluinu' ;;.%s ursýd as a zta~rt-inZ r~cý-cn

OV or hii;h. ;i~ i*dridc: ýn th vqu:.tion fo~r tho rc at5.cn iz wý I'llo..-sg

3~ci3 et +ii:~ (3)

~Ih :l~i:~ LGro~vd~k ~~rc 4 rom thc euthoratc *:it.h t~l.nin= chloride.
gin ~.~11 fC71 boc:n obt. ine4 in thc first exnc~ricnt. The yield should
b, rairrit:;c hii-hor ~h~larvr runc- aro i-mdc in wvhich irnzdling los-ccs .m~ miniize
and in~ -.ich, ,ýI=inum ehloridc free, f'rom: hydro,,.vu chlorido is uscd. I:i thecx~L

-tlct G16 01'tho n'isti.-.C ,1,ai.mr- boroh, drick- ascocounited for _v
dibor:.x~ u:vio-,btý,dly forrrd bry est±1e hylioVO chlo~ridc.

Oc: ckzecrib:-d in~ esýrlicr rcrorts (?.R. XIII1, p. 1) al-uminiz%
cnc~rcd i:: cthe-,r s-Thtion by the rcnetion of lithitiuM ~u~

3

It :icy -kdso bý mrc dircct>- ir c n r,- f_` P n-mIi h _r~ dl

+ ;A .lC1 3  A- 12+ 3LiCl

If c 2 to 15: :CXLSs of alumi~l:nii chicridc is usý,d, theO lithixrm h i,-ridc ~tz
compl~ctl: ýo Ci.~~irn h.,ýidcc. Terc-atio;, rmst- be c:,.rricd cut 141" vcirv
dilutc, zol*ution ho~tvcr (2 C,. of U:.A pcr 100 g. ether) or the cthorate of

t1us.hydrido (2.UMt3*Et2O) pcita,-_ - .ý-, tho Lidl _T Z- c contý,ir.t1n ;.s2d '. I,- t r.oro-r of r~t'ncr this occurs very rr'pidly. The

Only50,,of he nlt5.on bor ohdriuz norosoyrd nt lnnrio~ in al oth olto c er rocwiro

n;o dutoitablu amount of alu:nintri boroh:,rrido,

1I, Prcnration of

.. 11.' ourn cone progrc~ss h!c. brcn rcdo in the prepara~tioni of Drai fo~
dibar--ne, --nd its nmnutacturc i:, c s;;ntcm in -0iich diborcaio is rzapidly-ciroulatcd
thrceigh, ^ hc~tcd zone scorns feas~ibleU *ý. 'he results c-ro not ::et sn~tisC ctory ,,s dcsir-
able. It in our opinion that ultincto progrosc tvill bo accciorditod by -_- i-vastigpti
of the nonsibloc ourvc of thc reacotion. The initic.l atepc of thin 2preorm a.ro
outlinzd boler, Itmty be 'ncntionod tlh- Onle scz, 3cn obge~i~r"on hnc been smdot
Pure -3 Hj undcr-ooz vory little or no-dc Iomposition in V,- hours -%t 10010c, ;id th
pretecec of hydrogen hlas littlc or no offect. But the B4 u~dronfiL. rp
docco-position in the presonoc of Miorarno. It is, as yet uncertain, hcwovor, w~icthcr

COLT, IAIL-L ~AAA



<.ct C. XIT CCK~. J

tu oc~fct i dire to eibcra,:-o itsolr, or s~'rit in u to s3onic :di~t

to o't:: h~ c~fjcc; of such itr-ciIn <,713 :do~tydc~
po~ito:' 1' Li.~ idditio:n Vhc'Cc' o -t-odics :rc r, p :sd.-

1. To ctud:- the ratle of' doocejo cJit:L:ý of ?Iborrmne _,i thc r~~of f'crnztic:i
of )1 jndhrhý-r rdz t C0.(;tth~Js trz~pcýr,.turc thedeo.-
"ro~z nrceo~rt a ~ ac :ti- IV~t epr'cvetz nrc rc Iz tvJA -t:;1jl(

2.~o~udv t rýýtcz o5"d o!t1, G to. zt 100

~. ~o~td:-th of-t-: 041 tcni2prmturc, proý-surc ~d o~:1~o., thc, dcc,-41
ponil1.- nf :!;l to D 5F9 .

Pr~1 r-r-nulr~t foi- (1) z 1 2) arc in~ thic ryip't,

~t~,,.:id c.thk~r-rcc dibomn.:c :pr,ý,pad f:- be-r a-, 0.-.dO
1ithu. ý c'-;ridc. (vr. por pr c rs 225 r, n. 112 ) h

fro. i by ho.-.ti:-.C it for v ur a 1 zýt 10000. (Vapor prc.-umrc Oza t 00
r,, i7~ pl,t -47 0 C.) z;.:,, tapt to Prop.~r - U1 ro. r..13 4 s od 3Om1 c1a 'a
,ýv pz~c r. c :it d :;. tuci or thzw dcCano'woM ! Of B4 p 13401 thcrcýto-c sZ ;Z c:
zt~rtcd.

Oft U1tCr Pi hcsc~l ortoio th0ýc crof 89 mpproxit o frt of crrcV -cticr
rws~rVby Th oc ofvof, of1 250.c MAI siblyd -'It 100 7fo ati

oft -W doraei liqui *Atroouont Thc fpo ýctio or thc hIxror b--thriv.," Ocs.
In th, firc tho p.rc;tn- Curv r r-tibut tr o total 135,;- a=C., th w-iii foracti

nonol: ý tlh? zatcric 01114 o to thc- is~:cc lofte cgis tzile dc orn~o

7~c..-L i-ia carly purti of~ xC.-.1- t docurvo -ppax=-oz ah~ first or35 c reactio

of dbor.he. fr.i usourt that the esivec foorDt, 35% a:nd h1~e ydriion evl

hour -myoc thcs do t ico DHt:hih.co:,o!ccc:,,.-

Purie purctdb' !x.r4tclts (8.94 be aicii ols. eslioo-.) tlhtiBtc.:ziet

rovve- r.a.t fthat 2c hcurvca for 1O46* B01;pl of.. h urc hyrlo:; lcv.ol o 3 )

a~phrcof hydroGon Cc.--s -.a '1o unahwlnod i&ftor 12 h irat. l003C.

contAi:- 4,8 rilliziolcs 'of b'oron) =tz_!Ccd 0.94 of1 le C Be -79 ffir

- --- -BEST AVAILABLE 01fPýý
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Pr-otros~ s Iport Y- XX CO: 7V Y U-

ii-vr :z-dixturos of' 20 cc. B r.*.,. an C5 cc. TICr0 o -tet ;,t 1O00c appreciha'.
doc-josi-v,,;of B5:: oce~trrod. The rz1sof tivo o e:orizernts amc fj. in

S.moI I 1mle

as s21 D

1 ! 12 ho{,ra 44.A 4d ~ I 9.
2 241 4.9 4 *9.8

r~ocov.orod r4covorcd jroccovcrod eis T. rucovor.-I
Hac2 ! 11j5 F~9  B4"'410

2o3.2 0.10 16.1-9
2 1053 ' 3.2C 0110o, 4185

sw'lpo 2'6i. B ilniti..2 Z" ' -I ota1 -aa 2 o

1 53 . ;.36 5c

It is of intcre~t to notc thr-t the non-v ola. ih1 roniducs f.o tho dvoopc-
siton ~ ure13~O 7c'c *clor cm raix.-s colloctoeý on thcý botto--i aid(, of --ho Mac

-is it lay in thc ovon; whilo tho solids 6;tviniod frona B F -DH m iztu.rcr vrcre2 6 0 1
w. hite ant' cowatd th. cntirfo surfeace op theD eontn.iners. 1ods.o Bof~ , ic
ebsý;rvcd! in boath c:ý vc

syst~. 'a ct t1at D rHcous wiith diboreno cxplains why the circulatiný;

on~p~s opcr'~ ra vo bottcr yiolds tha- thc stztic o:rn~*It
s a "Kv- herc-lcod pr,ýsur-:c -%P d.iinrano hze. a dotriu l e t~fZ~c~vc- o: tho i:

ofD1C i~ VI,5.Thoso rmsulta cxo also in aroumnýit, -,-.th the zc that
in th.: :ieutn .nd ono-pta.a syttfzm. bottor ykclds of 2ZH are obt:ýind for .
-. hcrt Wnt.ýýt s ltlhoul' cc--.mrsior, of diborane is low uunt',tr thosc conditions.

As *hos bco-n alrcc-dv !3titto4, tiiv -ostý LMootive prep.aratlv-e nthod w;o~1d
roc-uiro tho uzo of a circulaluing vyst-cr -.±,chi passe-d the dibornec rapidl:, th`rowr~h

hct~zono (at, 100-125, C) with ==-na of continuously s,,pcartifl o;ý,t ~~
Copics (2) Col. J. ",. Sans, U. n L.ison Officer, ;I.'r Dept.

(10) Navwl ~sac ~rt
(2), C;liof, uNreau of -1cronau't-cs

Copy 15 C. R.. ',,Illr 9i.~rt
16 J. Farr 20 Unive~rsity of Chica;co files

10 K. .71ilsba On
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CCNFMZ~jTIAL

For the period June 1 -Juno 30, 1946
on

Contract 1,07-mm

1)Contract No. ?,.l73s-10421 is an oxtonsion. of Contract Nos. 11173s-9038 and ---9820

H. I. Schlesingor in Collaboration with
C. Dillard, J. Farr, A. Flinholt, 11. Gerstci-% and X. Wilzhaeh

Is IREPARAION OF' ALMU;II U BOROHYDRIDE

j Although the study of' thc renction. bctvncen aluminum hydrido, and boron chloride
has bcum continucd to find the bost conditic.-s for this procedure f'or preparin:[ nunitum borohydridc, to &re nct convincd tha~t the ultimaute solution of tho
problcm, has as yct- born -atta-int d. Dctailetd dezacription of th(e exprxirvnts is( doferrod until cadditional data have buon scourod.

The, rtud:t of the behavior of dibomn-, at high pressures is being centinuld.
The provinusly rcpcrted expe.riments (Progreýss Report Nlo. XXI, p. 2) wcro mrri':df out ;with diboranc cntaininr, about % of othano. Diborano froie from this im-purity
has beer, found to givc no bettor results. For example, 2.-14'litars of the

*purified diborarno at an initiaml prossuro~of 700 lb.s/sq. inch, after standinc for
nine days r-t ro-on temperaturc (ci. 260 C), had producod only 4l.*Scc of BAR1o and
14.4cc. or' a mixture of B4I A.1 B.ý!n.'Tho rest, 2.31 1., or 945 Of' t:..iboer~o,vm
unchý%nrce* Expcrimcnts in wvhich boron trichioridc and' other cata'lyrta cr(v to be
used ha-.c boen strorted; ebsomrvtiens cof the pressurc changoS indic:.tc. tha.t t.h11
diboraw; undarrocs moro rapid chraige in the prrtienco of boron chloridc thnn in. the
absene of' a ont-Ayst, but thc experinont -ms still in progress at the tiime, of' the
vritinC of this report, and neither th4ý mtluro nor theo extnnt of the choa-o had as

* yet boon nccortairncd.

rirtl,,-.r wocrk is also in progress en the roactien beteen. diborano cund &
at 1000C (sec Progress Report XXII, P.4). IMixturos of 5cc*221H1 and 21le.D Hc
rea~cted at 1000C so ns to docrocac the eccentratioxn ofvboth su-bstnnces. After
45 hours tho molnr ratic of B2116 to BS9had reached. 1:1 arnd furthor ron-etit.n
scormcd very slor.,

Tha&t thin .~~ste does not ropreseo.t an equilibrium ocnditic.n, h.'n.x:cvr,
i- :mdo tvident by the fac-jt that ixturos Of B06~ and :'13 the. rolnl rativ':
I:]. und-erga further chango as sheum in expsriment (1) in. tho I-ollov.,intg tmble.

Exprie~t(a ?pru--ents thn--m~rlior.. stge o the experiment described in tho
precoding paragraph; in oxpte~non~t (2) jt cIty a6=1l propor-ti-a dr~ihbcran --s

used,~~~ a noxirnn() Im aditiba to ibomran ahd BcýI, higher hydridcs
such as 31OH4 ero Int-rodut-od ino the roaoti.'n-vossel. Th-. 'v-lunc of this vossol
in eac cas Saa25cc It cAppoarss.i an oxosof diberarnc nccolerates tho
doccinporitien oi~ adVice vcrsaz but th~oro nre as yet insufficient datm
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rinl, lzi ~in. m77I T7cc. (C.

cf! cc aI 17,o ý ~

2 o r 20.5 14.4 3 7.;

( 2) 2.8 -0 .7 :1 2 h rz 6. 16.4 34
h Z09 . S P, 0.63:.L j 2J) >ra 4r±e35 07

209 20.7 1: 1s 20 hra . C.6 C,3 1.

MI. A, i!"7S AID FPJPM1Th SOPIMJ AWjlU]wI~Z rmVýZfl

Pr, v r It. -n. ('ýf 4- puA n by s~tri s fr,-.i lithi,=a ,1tL h ydri~c, in
j *~th~r% -x~ii1-.%z fnCAlod bav",-zscý nzr oc~n f apP.cr-pi~tt Sclubility in~ othcr

h* C~pur-z th rntler.'11y nnnt fu.rba i-~, NtIdC14, ms fu-ndtl'
bct :r~--' by cthvr. The re-cti. n vif zodAu hyd-rido ?%n rmte rlumirnum thXde,

f (-which it:."~ - to the;rp~~~c: cf ~c-diur. borchydri(1b7 frmr sý.~ium ý,yd~r,
;ýLre rx -lk:;l b-t'-mtc.) rmi':o n mixturo weý hc'-m n,:t Yvct xctcuIcid in ser~rting,.

Th,-2 rr -.p"oet 1' r muce-nst by this rcr~tir~r. Arc not favible., 1~e ninvL
zsýdiu ý.1'rlinurn' alloys is tho only :ýthor pr~coedar vp 1-t-m in nin.1 but ive rrc w

y.~t rc'-.. pr: *oad rith it.

2 a :i,- -t. Col. J. H'. Sans~, Army Li~alsn Ofrincr

* -oc zChIIA.f, Bireun!i' firoatc
2 c pit, zc Of'tic c~f Ronvr~rch a~nd Inwvxt, Cr.3
1 c-,Py tc, Dr. G~. S~~ Univorziity ci' Fittnbur-+.
1 ecy tz Dr. F. Z,,-iok:1 , Aor~jý,t E i:nor-rin Ccirpom~ti,ýn
2 c.~tc, ONic"; Ir tho ChilIC of~ Ordnancc., M~r Department

18M.crstcin
19 K. Vlilnb:ý(h
20 Uni-vc.rinity of Chimgo ~cFiloc
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ABTRCT:

Preparation of lithium aluminum hydride and study Of its properties and reactions

are presented. Attempts were made to prepare beryllium hydrogen compounds,
and experiments conducted on preparation of pentaborans are discussed. Methods

were developed on procedures for preparation of hydrides of silicon and tin and of
partially alkylated derivatives. Iron carbonyl was used as catalyst in B51 9 , but
reaction was negative. ff mixture is Illuminated, Iron carbony! Is decomposed at

rate dependent on Intensity of radiation.
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