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The thermal decomposition of ammonia-borane has been studied by therm* 
gavimetry, diffirendal Lhcnnal analysis, and decomposition product mcasuremcnts. 
Vigorous decomposition with hydrogen evolution begins near 120°C and proceetis in 
stages as the temperature is incrcawd to 200°C leaving a white residue. The composi- 
tion of the residue was approximately BNH2_I after heating to 17OOC and 

BNH(O.8 - 1.2) after heating to 200°C. The i: _ spectrum gave evidence of further slow 
hydrogen loss above’ that temperature. 

Ammonia-boranc was first synthesized and characterized byshoreand Parry’m ’ 
who al-so reportrd some of its properties. The compound was found to be subject to 
slow hydrogen loss at room temperature accompanied possibly by conversion to the 
“diammoniate of diborane”, H,B(NH3)~BH,. It was observed that a solid sample 
of H,N - BH3 which was held in a dry atmosphere at 25” for a short period would not 

fully redissolve in ethyl ether, su_ggesting that a partial conversion to the insoluble 
“diammoniate” or some other insoiuble substance may have occurred. Furthermore, 
ether solutions of H,N - BH3 were observed to slowly precipitate an unidentified white 
solid. 

During our investigations of the synthesis and properties of ammonia-boxa&‘, 
we have hzzd an opportucity to make further obvmations on i*& thermal instibility- 

As a part of these studies, thermograsimetric (TG) and differential thermal analysis 
(DTA) curves were obtained for H,N - BH, and its static pyrolysis was studied. 

EXPERIME?ZAL 

TG and DTA meawemenls 
The TG curyes were obtained on a DuPont thermobalance, Model 950. A 

sample mass of about 10 mg was employed using a furnace heating rate of 5°C min- ’ 

and a dynamic Nt atm. DTA curves were obtained using open and scaled capillary 
tubes in an apparatus that has previously been describedf. The furnace heating rate 
employed was 10°C min- ‘. . , 
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‘Ibennomanomelry measuremen 

Tk pressure-tcmpcnture curves were obtained on an apparatus that has 
previously been described’. This apparatus was modified in that the pressure tram+ 
ducer employed consisted of a Validyne Model APIO, O-1000 ton; connected to a 
Mode! C 23 digital readout meler rather than the change in resistance technique 
previously described- A furnace heating rate of 8’C min-’ wa.. employed. 

Pruparamn of H,N - BH,. 
Ammonia-borane ws prepared and purified by a method described c!sewhere3. 

Pyrolysis apparal?rs 
The pyrolysis reactions were cvricd out either in a cylindrical tube fitted with a 

dctach.able O-ring join& or in a spAa vessel designed to minimize subiimation of the 
ammonia-boranc. This vessel consisted of a pear-shaped approximately 100-m! bulb 
connected directly to a ri&t angle Teflon vacuum valve (I 2 mm I.D.). The Teflon 
plug was fitted with an O-ring on the tip. The whole enclosed volume, including the 

lower part of the Teflon valve, was uniformly heated during the pyrolysis experiments 
so chat ammonia-bonne could not cscqc pyrolysis by subliming to a cool zone. 

RESULTS ASD DISCUSSION 

TC; DTA and 2lrermoman~mcIry mcasuremenls 

The TG and DTA curves arc given in Figs. 1 and 2. 
-!-he rapid decrezsc in mass in the TG curve buginning at about 120°C and 

terminating near I33 ‘C represented a m.ass-loss of about 31.6’4. ne tota! mass-loss 
up to 20O’C was about 35 %, the part above I33’C being lost in a very gradual wanner. 

The DTA curves obtained in both open and sea!ed capillaries exhibit sharp 
endothermic @s beginning just above I !2”C, which correspond to the observed 
meitin_r temperature” of 112-l 14°C for purified H3N - BH3. Near 117”C, a steep 
exothermic peak begins, reaching a maximum at about 13O’C in the open tube. 
External observation of ammonia-borane samples in this temperature range revealed 
a rapid, frothing decomposition rclusing copious quantities of ,a. The sample held 
in a sealed capillary c~ploded in this interval but, up to this Point, the curves from the 
sealed and open samples were nearly identical, suggesting that little, if any, sublima- 
tion occurs under these conditions. A final broad exotbermic peak is obsemed begin- 

ning near ISO’C and above 2WC the curve is featureless. 
T&e thcrmomanometry curve of H,N - BH3 is illustrated in ti;rg. 3. 
Hydrogen evolution became evident near 12O’C by the sharp pressure rise 

initiating at that temperature. Ifhis corresponds closely to rhe first exothermic peak in 
the DTA curve which accompanies the vigorous decomposition of the compound- 
When the temperature mched !45”C, a chaos in tie rate of pressure increase was 
evidenr, probabQ reflecting a d&rent hydrogen elimination reaction operative above 
rbzt temperature. This change corresponds reasonably well with the onset of the 



Fig. I. TG curve for ammonia-Mane fhating EIIC = 5% min-‘). 
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F& 3. Tk-momanofixtric awe of ammoni.a-borjnc (heating rate - 8’C min-l). 

second endothermic peak in the DTA curve. (The observed slow prcrsure decrease 
in the celi after - 180” is believed to be an artifact of ihe instrument). It thus appc3r-s 
that the d~om~si~on proceeds through two diffenznt hydrogen elimination steps 
with a rapid sup beginning just above the melting point, and a slower step which 
occurs in the temperaturt range from 145 to 200°C. 

Pyrof&s meawremen Is 

in order to learn morrz about the stoichiomctry and other features of the 
decompo$tion. n’e subjccti targcr samples of ammonia. bonne to pyrolysis at 
vi3rious rcmperutum in cxccss of its melting point in one experiment t!ic s;lniple wiis 
placed in a cyiindrical glass vessel under one atmosphere of N2_ The bottom of the 
tube was heated to 13O’C over IS min, held there for 10 min, and alfowed to cool. The 

same foaming decomposition was observe!d beginning near 102°C and the volatile 
products were allowed to pass through a - 196°C trap on the vacuum line. The only 

condensable product was a trace quantity of “gas whose i-r. spectrum resembled that 

of B,H& A white solid, presumed to be ammonia-borane sublimed to the cooier 
areas of the reaction vessel. 

In the second experiment a NZ pre~ure of 618 torr was established in the 
pyrolysis tube ovtt 31.9 mg (1.04 mmol) of H,N - BHB. The vessel was heated to 
17OT utd maintained until no further change was evident. From the, increase in the 
pressure in the system, it was estimated that 2.03 mmol I-I2 was produced which 
corresponds to about 1.96 mmol Hz per mmol HSN - BH, taken_ Upon fractionation 
of the volatiies, a small quantity of borazine (~0.045 mmol) identified by its i.r. 
spectrum*. along with a tcrulcc of B,Ha were found to be present The nomiml 
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composition of the white solid residue was calculated to be BNH2_ ,, but no elemental 
analyses were attempted_ 

A new vessel was designed to allow the entire enclosed volume of the pyrolysis 

bulb to be immersed in the oil-bath in order that no ammonia-boranc escape pyrolysis 
through sublimation out of the heated mne_ A typical pyrolysis star&d with 48.7 mg 
(IS8 mmol) H,N - BH, along with 381 torr of dry N1_ The vessel was heated to 
200°C and held there for 15 min until no further change was noted. After cooling 
there remained in the cell 31.9 mg of solid white residue, which corresponds to a 
weight loss of 34.5%. This agrees well with the TG results cited earlier. From the 
total noncondensable pressure in the s-tern after pyrolysis, it was dctcnnincd that 
3.68 mmol Hz was produced in the reaction indicating 2.33 mmol Hz lost per mm01 
H3N - BHX. A small quantity of condcn_szble gas was separated in a trap held at 
-196°C. This substance contained a trace of B,H, which was separated leaving 

0.06 mmol of a compound with an average molecular weight of 77. The gas phase i-r. 
of this product matched very closely that reported for borazine* (MW - 80.4). 

The i-r. spectrum of the solid residue exhibited N-H rend ES-H stretching 

absorptions at 3450 and 2500 cm-l, respectively, which are somewhat increased 
compared to the corresponding frequencies in the H,N - BHJ speczum’. The 
composition of the solid residue as determined from mass balance on 200°C pyrolysis 

reactions was BNHO_* to BNH 1-Z although no elemental analyses were attempted. 
One interpretation of the observations made in this investi_gation is &hat 

ammonia-borane undergoes thermally-induced hydrogen loss in two reaction steps_ 

The first step involves hydrogen elimination in either au inter- or intramolecular 
srtp [eyns (I) and (2) j. WC anot distinguish 

2H5N - BH3 f H,N - BH,-NH2 - BH, + Hz (2) 

between these (limiting) situations but either could lead to condensed B-N structtires 
including, ultimately, the borazine detected as a minor product in the 170 and 2OO’C 

pyrolyzes. 
Aminoboranes such as would be produced in eqn (I) are well known to associ- 

ate’* if stcric factors do not interfere, whereas the adduct produced in cqn (2) could 

form extended B-N structures via further intermolecular H-, elimination with addition- 

al HXN - BH5 molecules_ In both cases the ultimate result of this first stage of hydrogen 
loss is a material with BNH, composition_ Earlier workers” have isolated and 

characterizd several examples of such compounds including (BNHJz (cyclodi- 
borazanc), @NH+), (cyclotribo=ne), (BNH,), (cyclopentahorazane)) and polymeric 



(BNH,), using a difiiint synthetic approach. The pyrolysis of these compounds was 
not systematIcally studied but it was observed that heating cyclopentaborazanc to 
120’C then slowly to 145’C results in the formation of cyclodiborazanc along with 

hydrown and apparently three different soiid residues. 
It is rtasonable to suppose from thcsc and other observations that (BNH,), 

materials msy cxpcrienze a second hydrogen loss step upon heating to higher temper- 
atureseventualiy reaching the product composition shown in eqn (3). Thiscorresponds 
we11 4th the residue composition (BNHI_,) 

(3) 

obtained in the 170’C pyrolysis rcztion of ammonia-.bomnc_ Also the dettiion of 

borkne among the voiztilc pyrolysis products is further evidence thnt this stage of 
hydrozcn loss is rczwhcc!. 

Pyrolysis of HzB(NHS)f BH; or ammonia and diborane has been used’*. I3 

as a synthetic route to borazine in yields up to 40 7; but, to our knowldge, H3N - BH, 
has not betn previously studied in this role. Very probably, it is involved as an 
intermediate in the synthesis of borazine from ammonium and tctnhydroborate 
salts”. The yields of these syntheses are low. most near 300/ su_gge&ing that the 
major product(s) must be of a ditTercnt sort. 

The pyrolysis of botine itxlf has been studied under various conditions” 
resultins in hydrogen, polynuclear borazines, and non-volatile residues. The empirical 
formula of the r&due v&cd from f3NHo_s to BNH,,S as temperatures and duration 
of pyrolysis increased. Although it seems unlikely that the ammonia-borane pyrolysis 
proceeds exclusively or even in a major way throqh a borazint intcrrnediate, the 
same typl: of solid residue may u-cl1 be involved. 

The residue of 200°C pyrolysis of ammonia-bonne in our studies is more 
hydrogen-rich than those obtained from borazine pyrolysis, but indications art that 

hisher temperatures and prolonged heating will effect further H2 elimination. IL is 
dificult to propose a single structure to be associztcd with a composition approximat- 
ing (BNH),. The p-n= of ix. absorptions correspondinS to both N -H and B-H 
stretching modes as well as a broad absorption near 1440 cm- * similar to one in the 
borazine sptc-trum suz?ests condensed borazine structural features are present. The 
r&due is amorphous by X-my powder diffraction indicating the absence of long 
rang! order in the solid. 

One sampie which was pyrolyzed for a short period at %XHOO”C showed i-r. 
absorptions at 1390 and 810 cm” corresponding closely to those reprted16 for 
boron nitride a~ 1372. and 815 cm”. In this residue, the N-H stretching band at 
M50 cm-’ was attenuated and the B-H band had disappeared_ it appears that 
hydrogen elimination is accompanied by the build-up of an extended EN framework, 
leading eventually to the planar boron nitride structure. 
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