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‘ Sandia Corporation
| Post Office Box 5800
‘ Albuquerque, New Mexico

Attn: Mr. B. B. Bergquist, 4321

Ref. Sym: 4333 /142, P, 0. 13-5966 .

Dear Mr. Bergguist:

The following constitutes the seventh monthly report for thne
period September 1 to September 30, 1963, as required under purchase order

13-5966:

s continued on Pnase 1, Pawt C of
orts have been devoted to the preparation
r

EAJ ) PN

v
4 the determination of the thermal

stabilitie of the systema lithiunm uo*onydrlde -sulfur and lithium
borohydride-ammonium chloride.

re aminoboresne decamer, (BHpNHz)10, nal
only limited success. Although the aminoborane decamer has been icdentified

by ' ceen poor and the product has been contanina-

he uﬂCXpCCted major reaction yroducb. A re—
isd
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The rate of dccompo

vorohydride-sulfur and lithiun vorohydride-ammonium chlori

for these systems to be of any velue for this program.

BACKGROULD

The preparation of
by Shore at a recent BN symposium.
not reported because
zeneral, the preparation consists of reactin
emide (Nalfip) in liquid ammonia.
several steps, the first being the fo
according to the equation:

Bofie 4 2 [Hg ——— ‘Lng(:-r::a) 2]} LBL

Tre sodium amide then abstract ]
&iornoniate of diborene +o form sodius ©
which then splits cut sxxoniae in the seilf-ass0

as Tollovs:

n
&

a([HEaBE i Hp) —— s (BHAE2)n

Tne Tinol step is though o oe the elimin

PRes

i N < - <
nr in the precizni

a4 -
(%] -
eation of the aminovorane decamer.
a cleay soiution.

moosition at 165°F of the systems lithium
de are too high

sminoborane decamer, (BHzi¥z)io, was rcportedl
Experimental details of
the system is still under study at Onio 3tate. In

g divorane (Bafa) with sodium
Tne reactlon probably proceeds through
vmation of tne dlaxmoniate of diborane

+his WOTX Were

proton Irom a coordinated axmonia of the
el hydride and apparently 1EHaBEaH2
eciation process as represented

(n-1)ia

(=:nation of ammonie by cyclizatlon,
Cyclization could

The product

2

bl B! : S - PR SRS — v K} o

alco be induced by puwEping awaly saonia ITom &

2 menat O mA Smer @il Y e ~ ontn a - - 3 . ISR A I +
is purified oY sunlimation at 150 C and Lo S0%e cases by rec.ystoilization
Pal LS POy | R SRy g ER S e S - e Pl P e

~won dirmcthiylsuwilox’de, Tac On.g yrown coLvent for tne Tmavel

3 cwution Tor the reac.ion 1o ve

Snore reports the product distridut

-oneraily as follows:

(BEpiip)10 - 8%k minilmum

(BiipiEa)a - 15k maximn
Undkmown - 2% waximum

Tne Preparction and Self-Acsociation O

Fall = ko ety
O Tas

B! Shore, Sneldon G., ct al,
Units, Department of Chemistry, The Onlo
Ohic. Prescnted at The Internchioel BH

Stote University, Columbous
% Symposium, Durbem, N. C., April 1963.
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Unf ‘va.ﬂucly, several arcas of this preparation are not well
defined. For example, the time, temperature and concentration requirements

to imluce self-association beyond irimerization are not reported. (If
elimination of ammonie occurs. with a chain of only three aminoborane units

a stable entity 1s formed that cannot be converted to aminoborane decamer.s
Other unknowns ia this preparation are the treatments of the reaction products
before sublimation and the actual conditions u? sublimation

EXPERIENTAL

Aninozorane Decamer Preparction

Four runs were made in an attempt to produce enough aminoborane
decaner for thermal stability studies. Various reaction times and tempera-
tures, hold times and temperatures and rates of ammonia removal were used
in sttenpis to obtain o reasonable yield of eminoborane decamer. In a
typical run (2705-6), 10.3 groms of scdium amide ($5.5% based on amzonia -
evolution) was charged in a &ry box to a one liter, three neck lack. The
{lask was then attached to o speciel vecuum sysitem end 900 mi of liquid

mmonie was condensed in at -T78°C. Ditorane (o.j grams) éiluted with nitrogen :
was fed under the liquid level over a period of thirtcen nours with the :
reactor temperature held at -76°C. Afier standing at a temperature of -78°C
for eighteen hours, the reaction nixture was allowed to warm olovlj witnh the
armmonia eveporating over a poericd of T2 hours. The reastion products were
gxried for several hours In id

)

-t

cr

in vacus 1o remove any augoruea ammonia. The soli

.2 was then sudblimed t nours at 160°C. Sublimate
ples collected abt room toumner 196°C were welghed and then

analyzed by x-ray, infrarced and techniques.

+

&
A o s s

A Bk bl B - vl A B I A D g A= .
Trermal Stevility--Litniws Boroavdride-Sullur Svsten

A DA e [ A R e, Pale N TRV, Fa T RO S Carfiymt A A ] x
A midMoure consicsting o S.6Y groms of lithiuwg voruaydride znd +.31

v

AR LR Vi N 13 2

crams of sulfur was vrepared in 2 dry Tox. 5.94 grams of this mixture was
chir zed to o metal thermal stabillty oomo with & free voluwne of 0.5 ml.

The bomb was attached to a vacuwwa systen and evacuated. The vomt was placed
ia o 165°F constant temperature bath where the pressure in the tomd rose

bevond the 15 PSIG gage ilimit

in 24 hours. The bomlb was then rexoved from
+he bath and the condensible and n

n-condensibles measured and analyzed.

UNCLASSIFIED
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Ammoniuna Chloride

A mixture of 2.91 grams of lithium borohydride and T.13 grams of

gzmonium chloride was charged to an 86.8 =l thermal stability bomb.

After

6% hours a* 165°F, the pressure in the bomo exceeded the 15 PSIG gage limit.
Both condensibles and nrr-condensibles vere measured and anaiyzed.

The sublimed products recovered from all four runs this month
gave evidence of containing only swmall emounts of aminoborane decemer.
X-ray analysis of the sublimates recoverced at room tcemperature indicated
that the main product wng aminoborane trimer wiih a small amount of amino-
borane decamer, ine reverse of that expected from the work of Shore. The

2 -0 o
sublimates collected at -7L°C and -196°C were amorphous or polymeric by
woth X-ray and infrared analyses. ZIlezentel analyzes of the various frac-
tions ere wvery inconsistent as shown oy the following results for Fun 2705-6.
: - -~ - ~

Temperature of B x N c =

Sublimate Collection mav/i mai /e ot /e mat/g Accountadbility
- -

Room “emperziure 31.8 138 2%.5 2.9 93
-78°C 24,3 120 3l.b 1.5 395
-196°C 35.6 S .2 <1 97

Treoory Tor Bipliip 2h.T 155 AT o]
The inconsiotency in analysiicel aocecunitasnliities indicates provlems in
analyticel techniques. The protlem is probadly ceused Uy the lack T
solubility of the aminovorane decamer wilch would affect the nitrsgen
analvsis oecause it is o Gigestive technigue. The boron and hydrogen
value are Getermined by combusiion and should not be affected by solubility.
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Thermal Stobility--Lithium Porohydride-Sulfur

The mivture of lithium borohydride-sulfur evolved 6.6% mmole of
non-condensible gas (99.7% Ez.by mass spectrophotoneter) in 24 hours at
165°F. 3Based on the 0.30 gram moies of hydrogen contained in the sample,
this amounts to 495 standard cc of Ho evolved/gran mole of contained Hz
in 24 hours. :

e i e 5, OB BT I

Thermal Stability--Lithiun Borohyiride-Anmonium Chloride

The somple of lithium vorohydride-ammoniun chloride evolved
49,3 mmoles of non-condensible gas (99.5% Ho by mass spectropbotometer)
in 63 nours ab 165°F. 2esed on the O0.51 gren moles of hydrogen contained
in the sample, this amounts to 216 stendard cc of Ha evolved/gren mole of
conteined hydrogea in 63 houxrs.

T e s Ny Vs 2mAt i o 3
Tne attempis ©o DYCparc cnougn amenoLoranc decamer for thermal
“ins s BN - - s
stability stuaies have otecn srouccessTal. In order o expedite this pre-
3 ¢ .- EOgN-1 NN 4 3 - T -
paration, Dr. Snore was contacied av LaLe tete in order ito claxily soume
Fal Y e

s b

the oreparative probleas. This contact nas led %o o vebter understending
irement wntion and has resulted in en epproach that

should roduce £ood yieid of the smin J e

Fal SRR O S = - f o a e an o K . NS e nn :
After the Gioo 2d, an asing period O abdul Lo LOWIS L5

PR T 4 - R A NN ’ - - o~ A s L -7 - A L - - e
reguired for ine sell 5o rocoss L0 ocCur. aAltor TLLL ULIme Cyct.lkzas
e I S 5 o da Fad Py - g - S A T P Y e B Fad — — £ 3 -
vion by eliminoticon o mINONZ - “wduced Ty removel of Tne amnonia Solvenst

p 2

£ ey v i S e e T T e e e - PR P Tarpt 3 end
from the cleoary SOLuv.on. csidue L5 thon rodissolved in licuia

arTmonia and ov

M yorL
¥ A Ve TRt S letsiels) E e otz
ol COTLNC v D canie A8 whnen
-\"n -
Fal I 3 e de o . RPN SN PSSR
= Tiltered oub o UhC W 2 U as diecthyl etner
3
»»;Q - I S tebero SO Bilo) At o . T N ot s e limation R I
(5% O TOELOWVC SLNDLLL, Tr.ca M QC.LalCl. M0 S SUDLImaeion SAOULl Yebusv
B - s . PR b ~ -~ - Y, A =1 ~rt WY
in o Very Dure DYoCuUlT. s our Tuns Wwe prooably produccd ICasonadle
Fad < ™ . P N e o N 2 - - o PR, ~ W4
3 of aminoborane dscamer, iU wWas DrOLDLOLY destroyed during sublines
/
! - N L. PO T P i E . - S e
ting wiin voronyéride wnd/or wmonia. «of roilissolving
a3 - Sh e

Fal LI PP, PR N L - o 0. N 2 em -
of *he product in armwonia ana vach Tiitering
s
-

e of azmonia coordinacion.
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FUTURE WORK

i e+ g e e e

1. Continue the inves‘cige.tion’ for other BNH hydrogen generating systems.
2. Prepare aminoborane decamer and determine its thermal stability at 165°F.
Very truly yours,

CALLERY CHEMICAL COMPAITYX

B Copbolan

R. B. Cruikshank
Project Leader

RBC/gz
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