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ABSTRACT

This report covers the work on hydrides of boran in which there is re-
ported results on sodium aluminum hydride preparation in tetrahydrofuran, =
vield of 70K of scdium aluminum hydride of 928 purity was obtained. Thers is
aleo rsported the study on the preparation of burszule and B0me wWork on its
stability and preliminary atepe in the production of other boronenitrogen

hydrogen compourd,

This investigation was sponsored by the Burcau of Acronautics Project
TED No, NRL 3401, '

o

Since Juns 30, 1947, tha preject hos lost the sarvices of ita moat experie
enced personnsl, i.4,;, of Dr, A, E, Finhnlt, Oaraldine Barburas and Glen Barbaras,
The resignation of Ur. Finholt had been anticipated, and in his place, the part~
time service of LUr, G, W, Schaeffer has beon secured, The resipnations of Mro,
Barbaras (July 31) and of by, Barbaras {aug., 31) came ssoner than expected,
Furthermors, Mr, Nillard has had tn go from a full-time 4o a2 halfatime baala,

To replace the ansistants loat, kr, A, C, Stowert. (full time) and hr, R, K,
Monrs (half time) have been appointed and we have a third (full-time) appeint=
ment in prospect, Althoush the new men come to the nrojort with excellsnt repu-
tations for axpsrimontal skill, they are not thoroughly familiar with the
teohniques required for this inveatigation, Thelr tralning will requirs soms
time,

AUTHORICATION

Proprosy Report, on Uontreact. Humbar Neari-Z0 fap tho perind July 1 to
Septembrr 30, L7,

% The Progress Hepa, ‘s on Usntracts Nna, NL73aeG05R, NUT30-02300, NL73R=10471 and
Néorl-Z0 ape number 1 conaccotivaly without regard to change in contract number,

vi
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1. Complotion of Study of Conditions Undor Which Aluminun-Hydrogon Compounds
Eaus to Explosivo o0t 10nd s ~Pro¥ious rcports (?.ﬁ.gs PP ’7-5. P.R.:p; WOI)I'

. 1) Tho adbroviation F.Re rofors to tho Final Roport for the period July 1, 1846
to Juno 30, 19473 P.Re to tho Progross Report indlontod by tho Roman numoral.

mawo danaribod tho oonditions undor whioh oxplosions rosult whon esolutions of
oluminum hydrido or of soldium or lithium aluminum hydrido in dimothyl othcr
(and in dimothyl collosolve) arc avaporateds It wac shown that in tho ouso of
1ithium aluninum hydride oxplosions do not ocour with highly purifiod dimothyl .
othor, but that thoy aro brought about by tho addition of earbon dioxide to such
samplos. Although this obsorvation, togothor with cthors doscribod in tho
soations roforrod to, show that ocorbon dicxide is tho probablo oausc,* thoy ¥4d
not oomplotoly oxcludo othor possibilitios,

Ono of theoso is that carbon monoxide, cithor prosont in dimothyl cthor or as
o traco impurity or transitorily formod by roduction of carbon dioxide, might
play a rolos This possibility has now boon oxcludod by oxporiments of which tho
f2llawine ie an oxemplue Curbon monoxido wus passod continuously through o
solution of 3.8.mmoles of lithium aluminum hydrido in 15 oce of dimothyl osner av
«28° ¢ for 15 minutos. Evaporution of tho solvunt and subsoquent hoating of %ho
rosiduo wore accomplishod without oxplosion or obvious docomposition.

Although tho abrupt docomposition, which was obsorvcd whon dimothyl othor
solutions of aluninum hydridc woro cvaporatod, wes usually not of oxplosive
charantor, dutonntion oocourrud whon aluminum ohlorido was proscnt in tho solu-

& ]

f uitd Lhibiu it ve Vie e awd s ewwmeoes STV AUCUWE Y

g

i soaiwm sluminsus Aydride Irom al 5 e L owan
T to a0 hudln Whebhoer SapPodis GloedAdds ey o T L
roaction also, Whon aluminum hydrido alonu wes diswsolved in dimothyl othor and
trcoatod with corbon 2iamids undar asnditions wnioh lod to oxplosive roactions
vwith 14thium sluminum hydrido, tho solvont oould bo safoly ovaporatud {irrospec-
tive of tho age of tho aluminum hydrido uscd). But whon intimutc contadt Leiwoin
tho oarbon dioxidc and aluminum hydrido wee achioved by agitating tho susponsion
of +ho laticr in dimethyl sthor, vielsnt oxplosion rosulted aftor the volatile
naterial had beon distillod away ond the residuc hod warmed to about O° C.

i s L ol

Tho oxplosions obscrvcd when o mixturo of aluminum hydrido end cluminum
chloride in dimothyl uthor wns oveporutud mus® alsd bu asoribod to tho proscuty
of ocarbon dioxide, as shown by tho following uxpuriment. Aluminum hydride (8409
mmoles) froshly proparcd from diothyl othor eolution, was mixod with 15.8 mmolos

of sluminum chloridc, a rutio of tho two componcnts whioch corrcsponds to
thot which, according to the tablo on pe 8 of P.i. XXVII, gavc risc to dcfinite
oxplosions when impurc di. “hyl cther wos uscds In the present oxpuorimont about
18 coe of purc dimothyl cther was condonsod on tho mixture, which was Lhun waliuod
to =25° C, and thoro maintaincd for sbout onc hour with ocoasional stirrings Tho
1iquid rosiduu, obtainod aftur romoval of tho volatilo matorisl, slowly turnod
groy whon kopt nt room tompuraturc for about onu-halfl hour. Thorvaftor tho tomp-
oraturc wns reiscd from 30 to 70° C, during an inturvel of 20 minutos. A¢ 41° ¢,,
some non-oondensablo maturisl appoured but thu prossurc hid not riscn sbove 12
mme a8t tho ond of this poriods Slight furthur tcmporaturc riso thon brought about
u BuUddcn Anmer.oco of proszurc to 95 mmuand o oguddon tomporaturo riso (to ovur
110° Ce)e Thoro was, howovor, no dotonation; nmuintcnanco of the tomperature abovo
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70° C. ocouscd no furthor gas cvslution, Tho gas ovolved containcd mothanc as
shown by o vapor tunsion of 12 mm. ot <1969 C, Thoso obsurvations indicatu that
ovun in the prooence of uluminunm ehloride, truly explosive roactions do 1ot ocecur
unlces the dimothyl cthor is impuro; thoy clso contim that ¢ho stability of
oluminuz hydrido is docronscd by aluminum chloride (P.R. XXVI, pp 2=3)s The
production of muthono indicatos that the rocction is not moroly a suddon dooomBe

osition of tho hydrlido but invelves intoraction of the lattur with the cthor.

In FeRe po 8 1% was sugzostod that, ir nddition to thc impurity in tho
dimsthyl othor, an impurtty, prosunably aluminum hydrido, in tho lithium aluminum
hydridc, might also bo o factor in tho oxplosionss Tho aspooinl conditions
roquircd for tho inturaction of aluminum hydridu with carbon dioxido oxoludo this
possibility. Ropotition of tho oxporimonts which lod to tho ¢entative sonolusion
thot impurity in the lithiug oompound might havo & boaring showod that lithium
aluminum hydrido doos not givo risc to oxplosions with dimcthyl othor froc from
szrben dioxide, Tho possibility thot cluminws hydrido is ropponsiblo for tho
inflammobility oa friction of somo somplos of aluminunm hydride 4s, howovor, not

oxeludod;

One questionable noint atill romainse On ono ococusion the ovaporation of o
Solvdfes o8 atumiva hydrido in dimothyl gsollesolve rosultud in an unusuully
violont oxpiosions It has sinoc bcon ascurtaincd that tho samplc of this solvent
usod for thot cxporimont contuinod considoradl. amounts of poroxidus and smallor
quantitios of aldchtydos Sinco then soveral cxperimunts on tho proparotion of
sodium aluminum hydrido in purifiod dimothyl cvlloesolve have boun eurricd outy
tho products obtained were impuro and unquostionably wuro ceontaminetod with alum-
inum hydridos No oxplosions ooourrod. MNovertholoss, shouid this solvent bo usod
Igr zluminum hyarido, tho possibility of cxplosione should bo takun into acocount.

Tiimen. . 2y wad anwewi Vot sodium uiuminwa hydrido, iike Thi suriuspusciiE

maviiiwe ZU1T, 3 "ot oeausg cyniesions whon its dimuthyl cthur solution is ovupe
17412 I the ahacneo of oarbon dioxide, but that uvxplosiong do vulus +i waslon
AmmtAe s sroviieao ¥ paB804d into tho solutions

Wo boliovo thut tho oxporimoents horoln rosoracd togothur with these provi
roportod, domonstrutc thot tho compounds in quostion may bo gafoly usod in dis
mevvnyi vuhol suiubaoins 47 the prosence of carbon dioxido is o¥aluded. It is. b
OveT, uido imporiunt thul the hydridos do not aontoln conaidorablo quantiwics of
GiwnibWe Dulides wideh awy give Piss €5 sory ouddon prossurs inspnescs cvon thansh
they da net esuss definite dotonationss Attontion is again enlled to tho faet
thut ‘diothyl othor solutions of thcssc substancoz muy also causo cxplosions &f
oarbon dioxide has buun introduccd, but tho likolihood of thc unsuspocted prescnec
of tho lattor in this solvont is wery smolls

[s7 2]
?

IT. Further Studios on tho Proparntion of Sodium Aluminum Hydridos=-Clarificution
of the ronditions undor whioh ovaporution of solutions of aluminum hydrido or of
tho motal sluninum hydridos gives risc to oxplosions has madc it possidblo to
invostigato moro thoroughly the mothod of proparation of sodium aluminum hydrido
und of the corrcsponding calolum compound. Such an investigetion is dosiradle
sinco, for somu of tho contcmplated work of this projocty tho sodium snlt may bo
proferable to the lithium snlt, ond bucausc the proparativo mothod is not yot
satisfuotory.
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In erdor to moku olear tho ebjootives of tho oxporimcnts porformed during
tho poriod covercd by this roport on tho problom undur discuesion, it is desir=
ablo to r.vicw somo aspoots of tho provicusly dovolepod mcthed fer tho pruparce
tion of tho corrosponding lithium salt. As soon us it had boon shown thct
l1ithium c«luminum hydrido rvaots rapidly with aluminum chlorido te form cluminum
hydrido ond thot the isttor may bo rotninod im diothyl othor solutions for
oppreeiablo periods of timo, it booamo cvidont that lithium uluminua hydride
oould not bo prosont in the solutiona as long s approciable ameunts 6f uluminum
chlorido aro proscnte It may thon bo nssumed that the formation of aluminwm
hydridc by diroot intoraction of lithium hydrido with aluminum chloride is the
first stcp of thc rosotien and thut this etop is slowe Tho nluminum hydrido
would thon rouct with iithium hydrido to form tho doublo hydrido; it moy, hewe
ovor, do agssumod furthur that this ronction is also rclativuly slow os long as
oluminum chlorido is proscnt in tho solution., To oxplain tho sudden, violont
sotting in of tho majer roaction it moy bo nssumed thot cftor thoe aluminum
chlorido is ull uscd up, intoragtion botwoon tho twe hydridds is accolorntod
und dovelops 86 much hoat that tho rouction booomus almost uncontrellables, If,
howaver, proformod lithium aluminum hydrido is pruscnt in the othor uscd os sels
wvont, and aluminum chloridec is uddod rclntivoly slowly, aluminum chlorido can
novor bo prosunt in oxoocss nor oon aluminum hydride over acoumulntce The postu~
latod stops in tho roaotion would thon boi (1) tho first of tho sluminum shlorido
is gsomplotoly cnd rapidly uscd by tho proformed lithium oluminum hydride to pro-
duso nluminum hydridc, (2) tho lottor roncts with lithium hydride to form tho
doublo hydrido, und this rucction is nlso rapid beezusc aluminum chlorido is not
prosont in oxcoss; tho ronotion ccnnot booome violont boouusc of tho limited
omount of aluminum hydrido, (3) upen furthur cddition of nluminum chleridc thuso
stops ropoat thomsolvoe; it is to be notod thut, nesording te this schumo of
roactione, ooch cddition of nluminum chloridc produccs 4 molce of lithium aluminum
hydrido for cach 3 momentrrily uscd ups

3 LiALHg+ AlCly =5 3 LiC1 + 4 AlHy
¢ AlHy + 4 LiH =» 4 LiALH,

In tho onsc of tho lithium sclt, oxporimuntal verifiocction of tho procoding
assumptions did not scom fcasiblo buonusc of thu slownuss of tho initial rcnetion
ond bocuuss of tho unproedletabls timo intorvual ul'tor wnaoh tho ultimute violunt
rcaotion socts in. In vicw of tho orratis bohnvior of th. serrospending rcuction
for tho propurntion of tho sodium salt (Fe Re pp 5«7, PeRe XXVII pp 1l-4), it
scumcd dosirnblc to invustigoate mor: fully the tvpo ef renetian mochoniem
nortulndnd chave . and +a nas thn eaddum eammanmds faxm dhin mueenes sdnes b
over-cll ronotic1s are slew.r thun is tho casu with lithium scltse The prelimi-
nary ronctions - sousscd in this rcport were curricd out with small quantitios
in vaeuo to ave  the posednility thud Lrucos of wir oF meiStUrT might wsooid-
ratc the polym.: .zutdon of thu uluminwn hydrido (P.Re XXVII p 3)s Tutruhydroe
furun und, oocc:sionally, dimcthyl eulleselvo were usod us solvonts booouso
with thum highor tompurcturvs ocould bo cmploy.d than with tho dimothyl cthor
usud 18 solvont in thc originnl propurctions of sodium aluminum hydrides, Sinoo
the totruhydrofurun is likoly to pronct with aluminum chlorido tho lattor was
first convurtcd te its dimothyl or dicthyl cthoratc which wre thon dissolvod in
tho totrahydrofuran,

(a) The fist stop in this investigntion wna to demonstratu that cluminum
hydrido roucts with sodium hydridc to form the double hydridc (PoRe XAVII pp 3=4)s
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Irn tho provieus oxporimunts juct roforrcd %o, tho eluminun hydride wae pruparod
in tic usun) wuy ‘n diothyl othor solution, and thorofore contnined som: of tho
lattore Thoso cxporimonts hove now boun ropoatod with aluninum hydrido proparcd in
oithor totruhydrofuran or in dimotnyl oullosolvu, Tho solution of tho hydrido
thus odtainud was thon immudlatoly troatod with sodium hydridc suspondod in the
samc solventes Tho sodium siuminum hydrido tThus pruparvd in tutrohydrofuranm had

o purity of 93% and that prcpsrod in dimothyl ocllosolvu o purity of 88%, Proe
ducts of tho samc range of purity aro obtainud whon tho compound is prouparod
dirootly frem sodium hydrido and alumirum bromido without isolntion of the intore
ncdioto hydridue Thu products of this rango of purity contain only nugligidlo
aniounts of halidey: thu H/Al atomic rntio wurics from 3.8411 to 3.9511 as would
Yo oxpoctad if thu impurity wuro uluminum hydridos Two othur cxporimonts csscn-
tielly sinmilar to thoso just pontioncd woro oarriod out in totrahydrofuran giving
products of 88 and 85% puritys Tho ylolds worc 77% and 78% rospootivoly.

In carrying such rocotions out in vacuunm systoms, it is oonvoniont o introe
duco tho solid roagonts (o.gs lithiuwm aluminum hydrido end sluminum ohloride)
into tho roanction first, und thon to condunsc the aolvunt upon ho solida at low
tonpcraturo, whoroypon tho tumporaturo ies nllowoed %o riso o that dosirod for tho
roaetion. Whun aluninum hydridc wae prepervd in this way in totrahydrofuran,
about 3/1 hour wes roquircd for completion of tho rcnotiony in ddmothyl oullosolvoe
tho timo was nbout 1% hourss It was lotor showm that thoso timo intorvels axe
nocodod to dissolvo tho aluminum chloridoj thoe obsurvetions, thoroforo, arc not
contradictory to tho postulato that tho formotion of aluminum hydride frum tho
doudblo hydrido is a rolativoly rapid r.action.

(d) As 1s to bo oxpoctod, aluminum hydridc roancts in diothyl othor with
lithiun hydridJd to givo thc doublo hydridc. Tho purity of tho product odtainod
was 528, but tho yicld only 79% which is o low valuo for this compounds Tho
atomic retio H/AL was 3,88, Tho low yiold may have boon duc ts tho faot that
somc aluminum hydrido wos lost by prucipitution of tho psiymere

(¢) It was thon shown that oluninum hydrido may bo usod in placu of lithium
aluninun hydrido to initiato und modorutc tho ruactiun butwoon lithiunm hydeido
snd aluminum chlorido in diothyl othore Tho ruaction carriud out in this way
procoudud smoothly and gavu o good ylold (844) of n satisfactory product (92%),

(S) Tho foilure of peding aluminun hydridec mat.rinlly ta affoot tho oourse
of tho runction butweon/B§3FtHu nnd aluminum ohlorido (PeRe XXVI, p 3) o8 docs
lithium oluminum hydride in tho oorrcsponding preparation of the lithium salt,
vuuid Do aococount.d for by slownoss of tho ruaction botwoon oluminum hydridc and
sodium hydrido, usp.oially if the luttor ronotion wore further ruturdud by on
oxooss of alwninun chlorido, Slownuss of this ronotion ocould also cocount for
orratic yiolda and puritios of tho product, sinco thu slowor tho convursion . of
aluminun hydride o tho doublo hydrido the gruntor the likclihoed of its cmonvor-

sion to its insolublu, probably polymorizcd form.

Thosc consideriutions suggostod thot the proceduro night be inproved by cdding
to o nixturc of an 9xcuas of sodiun hydride tnd a "s.cd”" of sodiun sluninun
hydride on nmount of aluminwn chlorid. slightly liess than requircd teo trenaforn
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a1l of tho "so0d® to alumimmm hydrido; and thon allowing suffiocicnt timc for tho
aluninun hydride to form frush sodiun nluninum hydride wofore furthor addition
of aluninun chlorido. Such a procudurc would provent tho simultancous prosonco
of alwminuit chlorideo ond sluninum hydrido in tho solution.

Accordingly, o "sood" ‘of 0.Q1979 go (3.68.mmolun) of scdium aluminum hydride

woe diszclved in zhout 30 oo, af sotrahydrofuran in o flosk sontalning & ge

2170 re nolcs) of codium hydrido. About 30 cos of o solution containing 2.563 ge

18.96 m. molos) of cluminum chloridc was then added from o sido orm of tho
recaction voscol in over incrunasing portions, nllowing 40 ninutos botweun ocach
cddition. As clroady oxplninod, 3 moles of sodiun ulunminum hydrido roproduce
4 nolcsof tho substunco by tho postulntod surics of runctionap conscquently, coch
portion of tho chloridc addod may bo 4/3 groator than the provious oace Thug,

in thie oxpurimont; tho first portion containcd about 0416 ge (1.1 me mol) or
cbout i0% loss than 4ho anount Bf olundnum chlorido noccssary to convort all of
the original "soced™ 4o frosh lithium aluminum hydrido, ond 6 additional portlong
woro roquirude After all of tho aluminum chlorido had boon addod, tho mixturo
wos stirrod ovornight and filtorod in vaouo. Tho product obtainod woo of 23%
purity, cndithe ytold uppiroxidutuly 70%.

Tho procoding is tho first succogsful propornticn of sodium oluninum
hydride from sodiun hydrido and aluninum chloiido 4n o solwoné othor than dinothyl
other,

(o) Although tho procuding cxporiment gave the bust rosulis yob aohiovod
in solvonts othor than dinmcthyl othur, it loft unduoidod whothor tho rato of
addition of aluninum chlorido wns too rnpid to cchicve tho objootivy intendod,
or whuthuy it wos slowor thun noccssarye Obvioualy tho nmaxiwv: pessiblo ratc ef
addisicn 48 dogiradlo (i) Lo pruvunv 1080 of sluminum hydrid. by polymoris:tion
and (2) to mako tho ruaotion us prootiocnl aus possiblo,

For this rooson it suumod dosirublo to follow tho rrte of chango of tho
concantruticno of tho roactonts nnd of tho products approximetoly. Prceisc rato
mounsurcniunte in this typc of roaction urc very difficult to ccrry out beouuse of
the many eompliouting factors, such os the difficuiily of filvration; tho noocasity
of oxclunion of uir und modisturo, thc poassidl . prcoipitution of polymorized alume
inum hydridv during tho flltestion procudur., und S0 ons Horoover; procisc
monsuronunta would probubly not ropay tho offort roquired. sincs tho rutor nust
bo dopendunt on tho atotc of subdivision of tho solid sodiun hydrido; this
foctor night, indoud, owffuct thu rutc in o singlo cxporinont ninecu tho finoet
particlca of the hydrido would bu thu first to bo usod upe Novorthcloss the
rough oxporinent haeg givon duto which strongly oupport soiic phoasos of tho poatu-
1a%cd raoction muchenien, wnd hove suggectud nivune of furthur loproving tho prope
arctive nethod,

For thc oxporiment, the uwssunbly of upparitus shown in tho upper part of
Figurc 1 wns uaeds The muturdul 4n tho rucction vosscl ic stirrcd by rotating
tho stirror in tho bottom of tho flrok by mcnns of o fotuting mugnet sot undor
the fluske At thu dusircd tine, stirring is interrupted, 8 is opun.d to tho
nll gloss syringe, tho plungor is withdrawn soricwhet, and o ssmplo of the liquid
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in the rocetion wesscl is drawn through tho frittod glass filvor into tho woighod,
nitrogen filled flusk, By rocomprossing thc syringo, oxccss of solution muy ko
forocd hoek to tho roaction vessols Tho somplc flosk is quickly oxchoangod for an
upty cacs Tho samplo is wolighod and crnolyzod for hydrogon, sluminum and halogone
Tho hydrolysis appriutus, shown in the lowar portion of Figuro 1, was dosigncd

to romovc hydrogon holidos from tho uvelvod hydrogen; eiphoning baok ia2 provi.nted
by monontarily oponing thc bLy=-pass,

In tho exporimont un oxoces of sodium hydrido wosz ndded over o puriod of
thrco minutes, vin o sidg arm nddition flask, to a solution ¢f aluninum bromido
dicthylctherate in totre hydrefuran, Unfortunstoly tho sodium hydrido uscd in
this oxpoarinent wee o onowly obtained stmple, noro fincly divided than thosc
hithirto yeed, und tho tomperaturo of tho mixturo rosc slightly ovor room tcnpers
aturc (28°C)s As 0 rosultj=tho initiol rocotion was moro ropid during tho firct
fow minutcs thon 4f no tomp .raturc risc had occurrcd (as was intcndod?. Viithe
drawal of thu first somplo roquircd only 1 minutc, but os moro proeipitate formod,
filtration beoanv moro difficult boonusc of ologging of the filtor, until the

" withdrowal tino of tho 8th samplc was 20 minutess Tho fincd filtrntion hud to bo

nodo undor aitrogon prossuro, Thoso irruguluritics, of coursc, couso irrcgulare
itios in tho timv monsurononts, but tho offesd is rolutivoly smalle Somo nnalyti-
enl diffioultios woro also cnoountorcd, possidly duc tc loss of hydrogen bromidop
thus in samzlos 2=4 tho quantity of aluminum found is morc than cquivalornt to tho
sun of tho hydrogon und bromino (inmelar units,) Likcwisc tho volumctric dotcre
minction of aluminum proved unrolicbleo in tho prosonco of tho solvents uscd, and
will B0 ropleccd by gravimotrio procudurcs in futuro oxporimonts. In spite of
thosc diffioultics, inhoront and anccidental, this proliminary coxpcrimont has
brought out sovorul significant peints.

In sanmplos led ovon flamo tosts f£:1.1lud to rovoul tho prosonco of sodiunm in
solution, 1.0+, no sodiun uluninur hydrido formcd until tho dremido had cll
boon oomplotoly romoved from tho solution, as nuy be soon from the dnta of tho
accompanying toblcs This finding corroborntos tho nssunmption that aluminum hydrido
is tho initial product, In tho sccond place, the tablo shows that botweun tho
collootion of samplcs 4 ond 5, v rapid doorouse in tho dromido concontration
oocurrud, togothur with a large inerecasc in the hydrogon concontration, Also it
is striking thnt somplcs B 0 7 shaw +hrd £ho hydreogen/aluminun roticn romains
elasc *: .1 Wt i Slgwiy riaing, indloating slow transfornntion of aluminum
hydride to tho soaium 821t (Difficultios in the alumimun dotorminntion muke .tho
rosults of anmrl:z © Uncirbuin with rorpoet €0 the H/ZAY rrtin), This prolimincry
oxporimong thus anwwaven-dos L, cgoumption thrt tho prosoncc of oluminum hrlides
roturdas the reaction botwoun tho two simple hvdridas.

Tt owould ool Lo Gpuroprirte to attompt to draw any more dofinitc conclusions
from this first oxporiment. It is to bo ropeadvod, if timo dllowa, witl climinum
chloridc nnd with chungos in tochniguc that should overcome thz orrors not
irhorent in the prodlom (ve8s not duv to uncvonoss cf particlo sigo of tho sodium
hydrido)s Furthormoro, it has suggostod modificztions in the proecduro for pre-

aring sodiun aluninum hydridv and those oro now undur investigation,
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IITs Propuration of Magnosium Hydridos==In wun oxtunsion of the work roportod
in P,R; XXVI p B, Sovortl ot mpts have buud made to propare magnosium hydrido
by the roaction botweon lithiunm cluminum hydride ond nmignosium othyl in othyl
othor solution,

It has boon obsurvud that sovoral faotors influonco the yiold ond nanturc of
tho products attoinod. Most important aros

1) Purity of rocgents. In partioulur, vory purc magnosium othyl was roguirod
(95-98% purity).

2) rolativo amounts ofx;buctnnta und ordor of mixinge Tho bost rosults worc
obtoinod whon & smrll amount of lithium aluminus hydrido wus oddod to
o lorgo oxooss of othyl mognosium,

8) Tho oconocntrotions of thoothor solutiona of tho roooctants. Thus whon
lithiun ocluminun hydrido wns nddod to o soncontratod solution of othyl
regnosiun (1.9 go in 2E co, of cthor), o prooipidato wons.obtninoed which
was diffioult to filtor and from which thu last traces of othor ocould
not bo romovod. On tho other hond, o finocly dividod procipitato, which
could bo soparctod from tho mothor liquor by contrifuging ¢hc mixturo
in on atmosphoro of nitrogon, was obtaincd,

This work wns intorruptod by soricus illnces in the family of tho assistant
to whom it hnd boon nssigned, It will bo tnkon up lotor, but will bo doforrod
to pormit work on boryllium hydrido in which considorablo intorcust hns beon
oxprossod by Govornmunt projoots.

IV. Ronction of Dimothyl Zinc and Dimothyl Morcury with Lithium Borohydrido,ee
Of the mothylﬁ?h&’llt%%th borohydridos o%Iy the monomothyl dorivative has thus
for boen ootainod (PoRe XXVI, p 8) by intoraction of trimuthylboron on lithium
aluminun hydride. 8incu this proccdurc did not causc furthor muthylotion, it
soomod ndvisable to invostignto o ronotion annlogous tc tho ono which tho
dimothyl dorivnto of lithiwm nluminum hydrido (is0., LiAl(CHs)é wos obtoinod
(PeR. XIX, p 2, soo olso Finholt, Bond and Schlooinger J.A.CeSe 89 1189 (1947))
Tho dosirod roastion is roprosontod by tho oquations

LiBH & ZN(CHg)g =» LAB(CHg)p ¢ Znky

A mixturo contrining « slight oxcosa of dimothyl zine ovor that roquired by tho
oquution after stonding at room tompurnturo for 24 hours, gave no indisntion that
o' roaotion had ocecurrod, sinco practicolly nll of tho dimcthyl ginc couid bo
rocovored unchangod. Tho uso of wthor did not nltcr tho rosult, and it thoreforo;
apporrs that tho proposod roaction doos not occur under the cpooifiod conditions.
It is, on that uecount, umnocosscry to give furthor dotuils.

Similur failuro attonded the nttompt to prepar: the dusirod compound by the
intoraction of dimothyl mcrecurcy in placc of dimothyl zinee Of 7.2. m. melus
of tho morcury compound, 7.06 m. moles wory rocoverod nfter throu doys stirring
of thc mixturc at room tomporcturu.
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'Vo Ronotions of Lithium Aluminum Hydrido with Alkyl Compeunds of tho Flomontg eom
"h¢ WOTK presontud undor this hoading rcprosonts thc first part of n systomutio
atudy of tho rcuctions of lithium nluminum hydride with tho alkyl campcunds of
the cloments in the sovural groups of tho puriodic sysztome As is to be ontiil-
patod, tho olkyl dorivatos of tho olomonts to tho right of Group IV A buhavo
difforontly from thoso olomonts ut thu lofte Thosc at the right do not ronot

at all or roact! by substitubicn of hydrogen for the cioment in gurosticon, whorsns
thoso 5t the loft give hydridos or mixod ulkyl hydridous oi %ho clomonise 1nus

tho mothyl durivative of chlorine, i,ce nothyl chlorido, yiulds nothunu, whorooa
tho alkyl dorivativo of magnosium producus magnosium hydrido {incomplotod work
not finnlly dononstrotod)e In tho sixth group, noithor othors (Lece nlkyl oxidos)
nor diothyl sulfido rucct with lithium aluminum hydrido, rnd trimethyl anino,

if it roncts at all, sooms to give only an ssuadnato) the roaction roquirce furthor
study beforc o final oonclusion is rouchods Tho situ.tion in tho third group is
noro complox ns illustr:tud by tho following cquations, in which tho formulaoc in
trackots roprosent hypothotienl inturmodiatos

(CHy)yB + LiAlH, = [L8AL{CHy),H, ¢ BHpCHg| ~ LBHyCHy-p AL(CHy)pH
(CHy)gAl » L1ALH, =» LiAICHgHg *, + AL(CHy)oH

t '
(CBy)gGn ¢ LirlH, -» {T1A1(CH,) H, + ““He(CHsZ' =» LiGaCH,H, ¢ AL(CHy),H

That tho hypothotical, intormodinto substitutod lithium aluminun hydrido is notv
tho ond product in tho ronction involving trimcthyl boron is net surprising in

viow of tho fact (PeRe XIII p 1) th.t diborano complotoly roplooos tho aluminum
of lithium aluminum hydridc by beron:

LAAIH, 4 2B,Hy =3 LiBH, ¢ AL(BH,)s

Alkyl divorancs, i.0. (Bxacxs)z. should bohave in similar foshion. That gallium
dorivntivos should bohavo in rnnlogoue fnshion is n mattor of considornblo thoorot=

icnl intorcsts Tho invustigation is boing cxtondod to tho nlkyl dorivntivos
of tho first group of mot-ls,

Exporimental detalls aro givon for tho rototions of lithiuwn slunminum hydrido
with (a) mothyl chloride (b) diothyl sulfido, and (c) trimuthyl gollium

(o) Mothyl Chlerido ~nd Lithium Aluminunm Hydrido

lothyl ohiorido obtaincd from u storage tonk was fractionntud on tho
vocuun lino to o vapor “onsion of 804 mm. ot -22,9°C{liturcturoe valuo 801
mne)e A volumo of mothyl chlorido corrusponding to 4,03 moleos wns distilled
into 5 ronction flask contiining 6.33 mmAlcs of 1itRium aluminum hydride’ in
other solutions Tho mixture wos nllowod to warn to room tomper turo with
atirring, ot which point cveolutlon of bubbles rnd formntion of © white
procipitato wos noticoeds lHon-condensable gusus, which oxhibited a vapor
tonsion of approximutoly 10 mm. ut liquid nitrogon tunperaturcs (motheno)
wore romovid by tue Toopler pump, snd the romnining volatile mattor wis
rvcendonsud in the ronoction fluske The chove procoss was ropostod fivo
tines in order to nicks ccrtain thot all of tho nothyl chlorids wne brought
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into thc ronction mixturcs At the ond of this trontment no moro non=con=
dons:uble gusos woro obsurved, Total roaction timo (timu during which tho
rocction mixturo was at room tomporaturo) was approximatoly onc hour,

The rmount of mcthono liboratud corrospondod to o ylold of 103% of tho
hydroocrbon (4417 molos).

{v) Diothyl Sulfido and Lithium Aluminum Hydride

To 7475 molcs lithlum aluminum hydride in othur soluticon was ndded
2.22 maluz of diotiyi sulfide (VeTew=46.7 mm nt 20° C; 114, - 48 m=x,). Whon

thc ranetion hnd boon sarrlcd Gut ae in tho onoe of mothyl chloride, +0478
mmol:a {1.07 22,) of nonecondomsablu gasos wus found to huve boon liboratcde
This nay bo censidorad Amelimibin, Fecckispation of tho volatilo mottor
in the runction mixturc throuch o =80 bat. yloldod, aftor tho proocoss hnd
boon ropontod five times, cencr {7.t. =184 mme ot 0° C) ond dicthyl splfido

(vete = 83 mms at 20° C), No othano wzs obsorvod.

*

{e) Trimothyl Gullium and Lithiwm Aluminum Hydrido

Tho gnllium mothyl usod in this uxporimont wns propnrod from dimothyl
zinv and gnllium trichloride by a modificntion of tho method desoridod by
Kraus ¢nd Toondor, Proc. Nnte acod. 19, 282, 1v83. 4As with tho othor third
group olomonts, othor was not usod as a solvont, sinco the products of tho
rooction aro likoly to form astnblo othoratcs which would complionto thulr
isolations Tho procoduros used woro ldeontionl with thoso dosoribed carlior
in comnoction with thu ruaction butw.on trimothyl boron nnd lithium alumie
nun hydrido (PsRe XXVI, p 6)s Dry lithium oluginum hydrido (2.99 .xmolos)
wos nllowed to stond 4n contaot with 1.35'/‘“§§§50u3 trimothyl gollium (vete
at 0° C - B6.91 1it,-86). Frootionation of the volotilo contunts of tho
ronction buldb yiolded +06 occs of a wolntilo impurity ond a viscous, epar-
ingly vol-tilc liquid which was shown by tho vapor tcnsion mocsurcmonts
bolow to bo nluminum dimethyl hydrido.

T Vapor Prossuro vopor Prossuro
AlMogHe Obacrved
0 1)
36.87 ¢ 3,8 Se7
S2.8 1.7 12,0
67.2 22,9 2346

* (P.Re XXVI, p 10)

Tho moturial which romaincd bohind in the ronction buld (probobly o
mizturc of LiGuboHy und LiAlH,) turnud groyish on standing ond liborntod
non-condonaablo gasos slowly., This might bo oxpcctod in viuw of the fact
thot lithium gallium hydride itsclf iz nuch lugs stablo than lithium
boruhydridn,
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Boron-Nitrogen Compounds

As explainad in our lest conforenco with
the representativeswof thc Navy, wo havo doofdod
to ineludu the study of baron-aiircgon-hydrogen
compounde im the imvostigotion. The present
roport represonts the initial steps in this
phess cf the work,

VI, Borazolo end its dorivatives,--Borasole (BgNgHg) {8 probably the most intore
osting compcund in tho nitrogen soniaining grorp. It 1a closoly ruletced to bone
genu in its structure and physical propurtics.® Hithorto, tho most satisfectory

1, Wiborg and Bois, Bor, 78 209 (1940)

proparation of borazole has consisted of hoating diboranc and ammonia at about
3000 C for a short poriod, Yiulds aro low (about 35 to 40%), tho prosodurc is
time consuming, end tho method oannot bo readily adaptod to largo soalo prepars=
tions. Wo aro invostigating what scum moro promising mothods of pruparation.

(1) Proparation of Boratolo
It hses boen postulttodxzthlt tho roaotion botweon diborano and ammonia

1o Wiborg et al,' loo, oity. .
2. Sohlosingor, Horvits, and Burg, JeA.CeSe 63 409 (1938)

precoeds accoraing to thu following shcomoi

(1) #8,Hg ¢ NHg = HgNiBHy

(2) H3N'BH3 -> HZNBHZ ¢ H

(3) nznnnz =» HNBH ¢ Hz

(4) SHNBH = 1/3-BjNgHg

(Boratolec)

If this postulatod mcohanism is oorruct, any roaction which would give
oompounds 1 or 2 should ultimatoly produco borazole, end might pcssibly
avoid tomplicating 2ide vomctions and improve tho ylold. The following
ruactions are boing considored (X = F, Cl Br)s
(6) HaN1BXy « LiBH, or LiAlH,
(8) HaNBxa + LiBH‘ or Lihlﬂ4 :
(7) NHX  « LiBH,
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Tho ruduction of H,NBC1, (68% purity, so. below) with LiAlH, (Hcaction
8) has boon attomptod in Jiothyl othor §otrahydrofurano and dioxanocs In
all oasos, & vigorous reaction oeours/é rzo amounts of hydrogen und some
volatile products, inscparablo from tho solvont, ere produccd. An offort
is hoing mado to find a moro suitable solvont.

Tho ruaction botwogg ammonium chloride and lithium borohydride has
busn studied in diothyl othorS and dioxance In diothyl eth.r; onc mole of

-

3¢ Schauffor and Anderson, Unpublishod work

hydrogon for cach molo of borohydrido, a non-volatilo, othor-insoluble
substangc with the ompirical formula BNHS, and lithium chloride aro
formed., If the non-volatilo produots arc heated te 300° C, some boretzole
is formed, a proporty characteristic of tho diommonicte of diborano$,

4, Sohlooinger and Burg, J.A.C.83. 60 290 (1938)

Thu prodable ruaction can be oxprossed by tho oguationt

LiBH, ¢ NH,C1 = LiCl + #BpHge 2NHy + H,

In dioxano, a pruliminary oxporimont indiontos a similar roaction,
(2) The, polymeriszation ol Boravole

Whileo borazolo ie rathor stoblo, it has boen notod that thurv is a
slow docomposition to givo a whito glassy solid end ono molec of Hy por mole
of borazolo usude In onc oxporimunt, a tube whioh . »iginally containoed 121
¢o of bornzole and had tuon nllowud to stand at roem ‘umporaturv for, throo
years was opunud and found to contain 1256 oo of Ho or 103 moloes por mole

of borazolo usod. Hydriiysis of tho solid Polymer by heating it with 20%
HCl at 120° C for seviral hours suggusts that thurc urc still twe boron to
hydrogon bonds in thu polymur, although vntiruly satisfactory dntas havo

as yot not buon obtalnoud, Fpom theso duta it s.ume probably that tho poly=-
norization oorurs throurh the formation of a boron to nitrogun bond botwucn
the Porazolu nuclule Bosnusu tho rate of polymerization ircruesus a8 thu
ratyy  of thu volume of vapar to thy volumo of thu liquid in tho rouction
tubo dcoressca, it is protablo that thu rusotion ooccurs in thu liquid phasu,
Thore is sore irdicatlon that tho ratc is incronscd by ultravioloet redietion.
Investigation of thu ratv of formution of thu polymur and thu condition
undor which polymurization oocurs is in progrusa.



B AP B T g

T e i S

[y

BESTAVAILABLE Copy
Progress Report No. XXVIII wlé~

VII, Methyl derivatives g£_nminobor1ne.--Becauso the parent oompound,.B,NtBH,
doced not seem to be stable we aro attempting to prepare as many as possible of
its stoble derivatives, Study of the whele series should give us sonaiderable
information about the character of the boron to nitrogen bond,

Nedimethylaminoborine ocan be prepared by the reacticn of equimolar quane=
tities of 1ithium borohydride sand dimethyl ammonium chloride in diethyl ether
at room temperature. The rsaction is best carried out by tho addition of a cone
centrated ether solutien of lithium borohydride to the dimethyl ammonium chleoride,
During the first part of the remction, it is nocessary to cool the resction
flask, After the addition of ¥hc borohydride is oomplote, the reaction mix=
ture is refluxed for 30 minutess The cther solution ocontaining the product is
scparatod from the presipiteted lithium ohloridu by filtration, and the othsr
is then removed from thosdighitly volatils product (vepor pressure at 26°, - §
mm; mepe 74° C) by distillation. The ylolds aro about 60f% in smell snale runs,
in which the groatest losses appoar to be mochanical; they arc close to 100%
on runs carried out in tho vacuum apparatus

Beoause tha procvdure makos N-dimethylaminoborine availadble in quan-
£ity, we aro attempting to propare (CHs) EN(CHs) and (CHy)HBN(CK )ﬂ by dirost
methylation of H BN(CHS)2 with trimothylgoron. Sreliminnry exporiments show
that & reaction gnkoa place to form & oluar liquid which slowly ovolves hydrogen
at room tomporature. Identification of othor produots is at yet inccmpleto.

(b) B-dimethylaminoborino, (CHg }BUH,

B-dimethylaginoborine has boon propared by the reaction of tetramethyl-
diboreno and ammonis and by the thormal docompoziticn of ammonic=trimethylboron.

8. Schlesingor, Rittor and Burg, J.A.CeS. 60 1206 (1838)

The lattor method is moro oonvoniont becauso tho proparation of tho unstable
totramothyldidorano is avoidod.

In & typical proparation 9.RF ca, of ammonia-trimethylboron, H3NnB(CH3)3

was heated in o soaled tube (vol. 24.3 occ.) for 2% hours at 400° ¢, The tube
was opencd, mothone (v.ps ® 12 m, ot -196°) romovcd, and the condengablc material
trensferrod tq the fractionation system of the vocuwn apparatus. Fraotionation
through a =80 end a -112° bvath gave 0.91 oo of o substence of low volatility,
probably B-trimethylboraszole and 6.85 oc ef nearly purc J=dimsthyluminoborine
(Mole wt. obs. §E42, onlos 5648), Yiold:s 70.5k.

B-dimothyluminoborine adds ono molu of hydrogon chlorido, This renc-
tion and ths physioal proportios of the compound arc boing ctudicd, It is
noteworthy that trimothylboron, which is o woaker acid than hydrogon chlorido,
does not add to B-dimethylaminoborine., Thils fact suggests that tho boron-
nitrogen bond has considcradle doublc bond charactors



FETFIR

R P

BESTAVAMABLECOPY
Progress Report No. XXVIII 1%«

VIII. Miscellancous boron-nitrogon eompounds.-=~The impure BCloNHp used in tho
oxporimsnts reportod above was propared by the thormsl decomposition of BC1xNiy,
BCl.NH,, hoatod to temperatures betwesn 200 and 300 degreos givos off hydrogen
chloride, and forms a white s0lid which ‘may contain BCloNH,s Tho solid ia
not volatile oncugh to be readily hendled in a vacuum. Consucuentiy, puroe
BCL,NH, has not been isolated from the rosction products, but the impure metaminl
hes beon used in the oxperiments montionod in the precuding paragrapis  Inveatl-
gotion of thu roactiocn to detorminc optimum oonditions is summarizod in the
{oilowing table. Yields aoro celoulatod on tho busis of hydregen chdorido
releasod and on tho assumption that tho rvsiduv is e mixturc of BClaNH; and

8012N32. This assumption noods furthor vorification,

M molos BCly Tomp Hours m.o; HC1 Yiold
0.455 100 ) 0.088 21%
0,377 250 & 0.225 80%
0.378 260 1% 040239 84%
0.968 260 4 04637 66%
0.361 260 6 9,160 44%
0.388 330 % 0,207 66%

IX. Work in progross er plamnod for thu neer future,=~Since this is tho first
report of tho prosont fisoul yeor, e briol outlinc of thu work plannod for tho
coming months {s presontod with tho undorstending that it is subjoct to altera-

tion doponding on the promisc of suocoss in oach spcaific topio as it dovulops.

A, Continuution of oxporimunts dircotod toward tho proparation of hydridos
of boryilium and of magnusium hydridoa,.

B. Ruactions of lithium aluminum hydride with ethurcal solutions of halidos
of othcr motals, osge codaltous chluride.

C, Continuation of thu invostigution of the roaction of lithium aluminum
hydrides with mutal alkyls, to aseortein whothor now typos of compounds
of spuoial intorest to tho projoot can bo obtainod,

D. Improvomont in tho method for proparing scdium aluminum hydrids.

E. Proparation of aluminum borshydrido from sodium aluminum hydrido. Thuas
far, the preapucts do not look favorzklc, but success is not yot
oxecluded,

F. Expuriments direocted toward the proparation of B;CL, with the objuotivo
of ascertaining whother this compound can be hydrogonatud und thon
convorted to Bglyg o BgHge Tho ultimatc objuotive is to gain furthor
inaight intc the mochanism of the formation of the lattor. This werk
will-%ot bu undortakon until the most uxporicnovd mumbors of the staff
have complutod prusont assignmonts, sincu it will probudly prove diffi-
cults Wo rcalizu thaut tho chances of sucscss aro limitud, but novir-
theless shall duvotu somu timu to thu uxporimonts sinoc succoss, if
attained, might prove vury valuable in $ho BgHg probdlem.

G, Further wnrk on boron-nitrogon compounds along thc linos alroady out-
lincd in this roport,
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