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Sandia Corporation
Post Office Box 5800
Albuquerque, Nev Mexico

Attn: 	 Mr. E. B. Bergquist, 4321

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

Dear Mr. Bergquist:

The following constitutes the seventh monthly report for the
period September 1 to September 30, 1963, as required under purchase order
13-5966:

Experimental investigation was continued on Phase I, Part C of
the program. Presently cur efforts have been devoted to the preparation
of aminoborane decamer, (BH217.)10, and the determination of the thermal
stabilities of the systems lithium borohydride-sulfur and lithium
borohydride-ammonium chloride.

Four attempts to prepare aminoborane decamer , (BH2NH2)io, had-
onay limited success. Although the aminoborane decamer has been identified
by x-ray analysis, yields have been poor and the product has been contamina-
ted with aminoborane trimer, the unexpected major reaction product. A re-
evaluation of the preparatve meth:A. has resulted in an approach that should
produce aminoborane decamer in good yields.



-4.4442rak:Ailittegi#214611ZWWWwionw.atii..?.&

0 0 1 7 2 4
CALLERS' CHEMICAL COAWANY_ --UNLA

Sandia Corporation
MPR No. 7
Page 2 of 6  

erial AB-9
October 11, 1963

The rate of decomposition at 165 °F of the systems lithium
borohydride-sulfur and lithium borohydride-ammonium chloride are too high
for these systems to be of any value for this program.

BACIMROUND 

The preparation of cainoborane decamer, (BH2Irri 2)1o, was reportedl

by Shore at a recent BN symposium. Experi=ntal details of this work were
not reported because the system is still under study at Ohio State. In
general, the preparation consists of reacting diborane (B2HA) with sodium

amide (Ns2I-12) in liquid ammonia. Toe reaction probably proceeds through
several steps, the first being the formation of the diammoniate of diborane

according to the equation:

B2H3 1 2 NH3 : 	 11:0112(N1-13, 	 L-••4 

The sodium amide then abstraoi -- Q 
a proton from a cordinated ammonia of the

diami.)niate of diborane to form sodium 'corohydride and apparently NH11
4HNH2

which then splits out ammonia in the self -association process as represented

as follow:

n('a\=. 	 •- 7..H3(BH 2NE2)n / (n-1 )NH3

The final step is thought to be the elimination of ammonia by cyclization,

resulting in the pre
cipitation of the aminoborane decamer. Cyclization could

also be induced by pumpino away ammonia from a clear solution. The product

is purified by sublimation at 150 ° C and .1n some cases by reo..ystalaization

from diethylsulfoxfde, the only .::nown solvent for the mate ._L I.

Shore reports the product distribution for the reac,ion to be

;enexally as follows:

(B1:2:zi2 ) 	 - 83•;., rrdnimul-r,

(BH2::-F.2) 3 	 - 	 maximum

Un:known 	 2';.) maximum

Sheldon G., et al, The Preparation and Self-Association of 
l a.,:i
, ",

	

	
2:;H2

Department of Che-aistry, The Ohio State University, Columbus 
10,

Ohio. Presented at The Intern 	
1. BN Symposium, Durbem, N. C., April 1965.
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Unfortunately, several areas of this preparation are not well
defined. For example, the time, temperature and concentration requirementc
to inluce self-association beyond trimerization are not reported. (If
elimination of ammonia occurs. with a chain of only three aminoborane units,
a stable entity is formed that cannot be converted to aminoborane decamer.)
Other unknowns in this preparation are the treatments of the reaction products
before sublimation and the actual conditions of sublimation.

D[PF211 ,71,'NTAL 

Aminoborane Deco.= Preparation 

Four runs were made in an attempt to produce enough aminoborane
decamer for thermal stability studies. Various reaction times and tempera-
tures, hold times and temperatures and rates of ammonia removal were used
in attempts to obtain a reasonable yield of aminoborane decamer. In a
typical run (2705-6), 10.3 grams of sodium amide (95.5 based on ammonia
evolution) was charged in a dry box to a one liter, three neck flask. The
flask was then attached to a special vacuum system and 900 ml of liquid
ammonia was condensed in at -78"C. Diborane (8.3 grams) diluted with nitrogen
was fed under the liquid level over a period of thirteen hours with the
reactor temperature held at -78 ° C. After standing at a temperature of -78 °C
for eighteen hours, the reaction mixture was allowed to warm slowly with the
ammonia evaporating over a period of 72 hours. The reaction pr.:ducts were
dried for several hours in vacuo to remove any adsorbed ammonia. The solid
residta was then sublimed in vace.o for thirteen hours at 160 ° C. Sublimate
samples collected at room temperature, -78 ° C and 196° C were we:LE;hed and then
analyzed by x-ray, infrared and micro analytical techniques.

Thermal Staility--LitIlium Borohydride-Sulfur Svstem

A -..eix,ere consist_ng of ).t) ,;ramn of lithium boronydride and i+.31
crams of calfur -.as prepared in a dry :,ox. 	 am.`'i of this mixture was
ch, ced to a metal thermal stability boo w-tn a free volume of i0.5 mi.
Tae 'oomb was attached to a vacuum system and evacuated. The bomb was placed
in a 165 ° F constant temperature bath where the pressure in the bomb rose
beyond the 15 ?SIG gage limit is 24 hours. The bomb was then re7nved from
the bath and the condensible and non-condensibles measured and analyzed.

UNCLASSIFIED
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Thermal Stability—Lithium Borohvdride-Ammonium Chloride 

A mixture of 2.91 grams of lithium borohydride and 7.13 grams of
ammonium chloride was charged to an 86.8 ml thermal stability bomb. After
63 hours at 165 °F, the pressure in the bomb exceeded the 15 PSIG gage limit.
Both condensibies and neNr-condensibles were measured and analyzed.

RESULTS 

Aminoborane Decamer Preparation 

The sublimed products recovered from all four runs this month
gave evidence of containing only arn11 amounts of aminoborane decamer.
X-ray analysis of the subli-ates recovered at room temperature indicated
that the main product vas aminoboranc trimer with a small amount of amino-
borane decamer, the reverse of that expected from the wor7e: of Shore. The
sublimates collected at -7o ° 0 and -196 °C were amorphous or polymeric by
both X-ray and infrared analyses. Elemental analyzes of the various frac-
tions are very inconsistent as shown by the following results for Run 2705-6.

Temperature of
Sublimate Collection H Accountability      

Room temperature

o,- 70

-196 ° C

Th co for

	31.8	 153 	 29.5 	 2.9 	 93

	34.5	 120 	 31.4 	 1.6 	 95

	

35.6 	 145 	 51.2 	 < 1 	 97

	

54.7	 25 	 34.7 	 0

The inconsistency in analytical accsntabil -ities indic:ates problems in
analytical techniques. The =obi= is 1,robably caused by the lack of
solubility of the aainoborane decamer which would affect the nitroi;en
analysis because it is a digestive technicue. The boron and hydrogen
value are determined by combustion and should not be affected by solubility.

UNCLASSIFIED
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Thermal Stabilit, --Lithium Boroh Bride-Sulfur

The mixture of lithium borohydride-sulfur evolved 6.63 ..mole of

non-condensible gas (99.7(;, H2-by mass spectrophotometer) in 24 hours at

165 °F. Based on the 0.30 gram 1110.LOG of hydrogen contained in the sample,

this amounts to 495 standard cc of H2 evolved/gram mole of contained 
H2

in 24 hours.

Thermal Stability--Lithium Borohydride-Ammonium Chloride 

The sample of lithium borohydricle-ammonium chloride evolved
49.5 mmoles of non-condensible gas (99.5% H2 by mass spectrophotometer)

in 63 hours at 165 °F. Based on the 0.51 gram moles of hydrogen contained
in the sample, this amounts to 2165 standard cc of H2 evolved/gram mole of

contained hydrogen in 63 hours.

DTsaussio:: 

The attempts to prepare enough amdnoborane decamer for thermal
stability ptudies have been unsuccessful. In order to expedite this pre-
paration, Dr. Shore was contacted at Ohio State in order to clarify some
of the preparative Problems. This contact has led to a better understanding
of the recuirements for the preparation and has resulted in an approach that
should produce good ydeld of the amdnoborane de-comer.

After the di -:,.orane 	 ::.dded, an afinL; teriod of about 12 hours is

resuired for teor the self associatio
n process to occur. After this time cycliza-

tion 11;:r elimination of ammonia is induced by 
removal of the ammonia soi-Jent

from the clear solution. The solid reoldue is then redissolved in liquu
ammonia and at thi5 point only the by-nroduct sodium boronydride and amino-
bornne tr!mer should Jo into solution. The aminoborane aecamer is then

filtered out of the solution, wa5ned v-Ith a solvent ouca as diethyl ether
to remove ammania, dried and then sublimed. This sublimation should result

inuant
a very Pure product. Alth ou: ft was probh in our runs we probably produced reasonable

qities of aminoborane decamer, 	 ably destroyed du i: 	 marin subli-

tion by reactitk; with sodium borohydride and/or ammonia. The redisoolvinz

of the troduot in ammonia and then flits_ in should remove all materials that

are soluble in ammonia because of ammonia coordination.

UNCLASSIFIED
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1. Continue the investigation for other BNH hydrogen generating systems.

2. Prepare Aminoborane decamer and determine its thermal stability at 165 °F.

R. B. Cruikshank
Pro3ect Leader

---CALLERY CHEMICAL COMPANY
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