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ABSTRACT

Combined TG/DTA and pyrolysis by a bench technique have been used to study
alkylammonium, dialkylammonium, trialkylammonium and tetraalkylammonium tetraphen-
ylborates, RNH BPh;, R,NHJ BPh,, Ry;NHBPh,; and R,NBPh; (where R = Me, Et or
Bu") with the formation of polymeric compounds of the type I, II and II, and elimination of
benzene, alkylbenzene and traces of boron triphenyl.

T P
R—N—B—Ph RN—B-)-N—R
I n
R
N
__..__B/ \ [
NN
\}'3/

Ph
L _l"
I

The volatiles evolved in these reactions were measured quantitatively and reaction mecha-
nisms are suggested.

INTRODUCTION

During the last two decades, there has been considerable interest in the
study of primary alkylammonium haloborates leading to the formation of
polyborazynes (RNBX), [1-4]. The major tendency of reactions between
boron and nitrogen compounds is to generate small rings (n = 3, 4). It was
thought that it would be interesting to confine polymerisation to linear
structural compounds only by introducing steric conditions to inhibit the
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formation of a ring-type structure. In an attempt to prepare linear polymers,
a number of tetraalkylammonium haloborates were obtained and pyrolysis
studies of these compounds using thermoanalytical [5] and macroscopic
bench pyrolysis .techniques have yielded very interesting results. In this
paper we report the second part of the investigation to trace the reaction
sequence in the preparation of linear polymers.

EXPERIMENTAL

Thermal analysis was carried out using a Netzsch simultaneous thermal
analyser STA 429, which measures TG and DTA simultaneously on the
same sample.

In all the runs, the samples (30-50 mg) were placed in small platinum
crucibles. The crucibles were then mounted on a palladium-ruthenium
platform on twin ceramic stems in such a way that the beads of two
Pt/Pt-13%Rh thermocouples came within the base recess of each crucible.
The platform was also connected to the microbalance such that slight
changes in the weight of the samples were indicated. Alumina was used as
reference material. The furnace was controlled at a heating rate of 10°C
min "', All experiments were performed in normal atmosphere.

RESULTS AND DISCUSSION

+ — + —
The preparation +of tetraphenyl borates, RNH,BPh,, R,NH,BPh,,
+
R,;NHBPh, and R,NBPh, (R = Me, Et or Bu"), has already been described

TABLE 1
Preparation of tetraphenylborates
Compounds Yield m.p. Analysis (%)
(%) (°C

Found Calculated

N B N B
MeNH;BPh, 835 1397 3.89 321 3.99 3.13
Me,NH,BPh, 85.1 172.2% 3.81 2.99 3.84 3.01
Me,NBPh, 86.3 350.0 & 3.54 2.82 3.56 2.80
E«NH,BPh, 86.1 1644 ° 3.88 3.15 3.84 3.01
Et,NH,BPh, 81.62 110.2 3.60 2.85 3.56 2.80
Et;NHBPh, 82.5 116.2 331 2.63 333 2.61
Et,NBPh, 85.35 200.0 ® 314 247 312 245
Bu”NH,;BPh, 81.2 156.6 * 361 2.85 3.56 2.80
(Bu™),NBPh, 86.8 205.0 ® 2.46 195 249 1.96

* Melting with decomposition.
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in the literature [6,7]. Tetraphenylborates were prepared by the interaction
of alkylammonium halides (1 M) with sodium tetraphenylborate (1 M) in
aqueous medium. The white crystalline compounds were recovered after
recrystallisation, see Table 1.

We have studied the decomposition of alkylammonium, dialkylam-
monium, trialkylammonium and tetraalkylammonium tetraphenylborates,

+ + +_ +__
RNH;BPh,, R,NH,BPh,, R;NHBPh, and R,NBPh, (where R = Me, Et
or Bu"), in the absence of solvent, by thermal analysis, and on a larger scale,
by a macro bench pyrolysis technique.

Alkylammonium tetraphenylborates

Figure 1 shows the TG curves for alkylammonium tetraphenylborate
when R = Me, Et or Bu”. The loss of 1 and 3 molecules of benzene, see
Table 2, indicates the formation of the 1:1 complex, RNH,BPh,, and
B-triphenyl-N-trialkylborazine, 3(RNBPh),. When R represents Me or Et
groups, it appears that decomposition beyond the 1:1 complex stage does
not lead to the formation of borazine; instead, evolution of benzene (Table
2) increases to 3 molecule, indicating the formation of an ill-defined
polymer. It appears that the reaction of the 1:1 complex to yield borazine is
complicated, no clearly discernable intermediates being isolated.
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Fig. 1. Combined TG/DTA curves for mono-, di- and tri-alkylammoniumtetraphenylborates.
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Dialkylammonium tetraphenylborates

The TG curves for dialkylammonium tetraphenylborates, R,NH,BPh,,
are shown in Fig. 1. When R = Me, loss of 5 and then 13 molecules of
benzene (Table 2) was observed. Further loss of 13 molecules of methylben-
zene was indicated. No borazine was isolated in the system.

When R =Et, loss of 2 molecules of benzene and of 13 molecules of
ethylbenzene (Table 2) was observed, no intermediate being isolated in the
system.

Trialkylammonium tetraphenylborates

The TG curves for triethylammonium tetraphenylborate are shown in Fig.
1. The loss of 1 molecule of benzene and of 13 molecules of ethylbenzene
(Table 2) corresponds to the formation of an ill-defined intermediate,
(C,Hj),,sNB(Ph), 5. A further loss of 13 molecules of ethylbenzene was
observed.

Tetraalkylammonium tetraphenylborates

Figure 2 shows the TG curves for tetraalkylammonium tetraphenyl-
+_
borates, R ,NBPh,. When R = Me, the loss of 4 molecules of methylbenzene
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Fig. 2. Combined TG/DTA curves for the tetra-alkylammoniumtetraphenylborates (a) and
for the residues (b).
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leads to the formation of a probable boron nitride polymer. When R = Et,
the loss of a 3 molecule of ethylbenzene and the further loss of 31 molecules
of ethylbenzene probably results in the formation of boron nitride polymer.

Where R = Bu”, loss of 2 molecules of butylbenzene leads to the forma-
tion of dibutylaminodiphenylborane intermediate. A further loss of 1%
molecules of butylbenzene was observed.

DTA of alkylammonium tetraphenylborates

The DTA curves of alkylammonium tetraphenylborates, RNH,BPh,,
R,NH,BPh,, R,NHBPh, and R,NBPh, where R = Me, Et or Bu”, show
interesting transformations. The DTA curves are represented in Figs. 1 and
2, and the results are tabulated in Table 2. A meliting endotherm with
decomposition was observed in these cases. An exothermic peak in the range
200-300° C was observed corresponding to the borazine. The volatilisation
exothermic peak was observed at 600-680° C, corresponding to the decom-
position of the borazine ring in the formation of polymeric material which
was further confirmed by the glass transition ranging between 1000 and
1100°C.

An examination of tetraphenylborates by macro bench pyrolysis shows
the elimination of benzene and alkylbenzene leading to the formation of
intermediates. The results are given in Table 3. The ultimate products are
polymeric intermediates (residues), which were subjected to TG and DTA.
The results are given in Table 4 and Fig. 2b.

It has been observed in our present work that formation of the trimeric
linear boronamine occurs when the aminodiphenylborane or aminotriphen-
ylborane adduct is heated and both benzene and traces of triphenylborane
are evolved.

[ R ]
Ph R |
R N
R,N+B—N-;BPh, ———113 1}3———
(i) +—N N—
\]?/
L Ph 4,
(ii)

The production of polymeric material of type (i) can be accomplished by
the reaction sequence given below
Bu;NBPh, —— Bu3NBPh, + 2Bu”"—Ph
2Bu;NBPh, —— Bu;N—BPh—NBu"—BPh, + Bu"—Ph
nBu3NBPh, + nBujN—BPh—NBu"—BPh, ——
BuiN - BPh— NBu"-BPh, + nBu”"—Ph



HEHEN H(CHYD) (‘H®D-~EH"D)? - 0891 6901 -
.Q YCHO)ENT ' (CHYD) CCH®O-SH™M oxg SLEE 98'1¢ £TS
FHOENTHEH"D) O'H  opug 9¢l 9p1 Tl O'HY*(*H®D)IN T (SH"D)
uonisodwosap atardwosut
U(N-E) (*H®D~-*H®D)% - 9'€T LT9T -
YICHIMN ' CHD) CHD-*HD)L - 9'€T I8°€T -
YL(SHD)EANTA(CHD) O'HE  oxg 1'9¢ £0°8€ 201 O HEY*(*H°D)N"*(*H?D)
ELSHYD)ANY Y (FHD) (CH®D-'HD)¢  opug 2681 LSSt ¥'5€6
{CHDANHO) (CHD-THD) oxd 7681 LY'S1 1656
YEH)ENT Y (FHD) O°H80  opug 888 668 ovil  (OFHSOY"CH )N (*HD)
parenoe) puncg
rIpswIdN U] JalewW SNBIOA vid (%) sso] 1y3rom smjeredwa], anpisay
anpisal s1sKjo1Ad ysuaq Jo synsal1 y I pue HL
p AT14VL
CTEHD)ENT L(THYD) CH%D-*H™D)E ®HD 00¢ (1114 8T LL 1Z9L YydgHN 19
CIEHMENT A (CHDD) CH®D-*H% D) PH%T 00¢ 00'L S8SL 62T "Ydg*HN®T
YIEHONEANY(CHDD) (*H*>-*H%D)E *H%D¢ 00¢ 00°€ pLES ve'L8 YydgtHNE
CHD)ANT(*HYD) CH®D-*H™D)E {CH%D)X 00¢ ov'L 06°0L 08'sL Yydga*HN.nd
P CHDXANTY(CHD) (°H®D-fHD)L “H™DT 00€ 0g's ¥S'6S £9'19 Yydd*HNW
O.) ) palgnoe)y punog
anpisay JoN e 3IME[OA amjeradwo], suny (%) ssof 1y3am ajdureg

soreloq[Auaydenal jo synsax sisAjoikd youog

¢ 4T1dVL



However, when the alkyl group on the tetraphenylborate has a low
molecular weight, such as Me, Et, etc., a very similar reaction sequence to
the previous example may be postulated but on the basis of the dimerisation
and trimerisation of aminotriphenylborane complexes, rather than that of
aminodiphenylborane. The resulting trimer undergoes intermolecular ring
closure to form the borazane, which then loses benzene or alkylbenzene to
yield borazine. On further heating, ring fusion takes place with evolution of
one molecule of alkylbenzene to give polymeric materials of type (ii). The
reaction sequence is given below

2RNH,BPh, —> RNH,— BPh,—NHR—BPh, + Ph—H
RNH,— BPh,—NRH— BPh, + RNH,BPH, ——

RNH,— BPh,—NRH— BPh,—NRH— BPh, + Ph—H
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