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Figure 6. Thermogram showing
reaction of 0.1013 gram of di-
nitrotoluene with 0.0299 gram of
tolylenediamine in 0.0768 gram of
methanol at 50 p.s.i.g. Na

1. Dinitrotol melting endotherm

2. Methanol boiling

3. Completion of bolling and/or Initiation of
reaction

4, Initial condensation

5. Exotherm and pressure surge due to de-
composition

due to an initial condensation of the
tolylenediamine and dinitrotoluene to
form unstable compounds which sub-
sequently decompose.  Of course, both
steps are decomposition and degradation
of the starting materials. It is
significant that the reaction occurred at
a much lower temperature than for
dinitrotoluene alone.

Previous workers have shown that
nitro compounds react with amines at
various dilutions, but the exact
‘mechanism—i.c., oxidation, reduction,
"or condensation—has not been estab-
lished (6).

On the other hand, it has been
reported that alkaline substances will
promote the condensation of certain
nitro and amine compounds to o- and
p-nitrodiphenylamines, azo- and azoxy
compounds, and N-oxides of phenazine
derivatives (19). The presence of acid
catalysts such as NiCl, and FeCl;, may
catalyze condensation reactions (16).

Under strenuous thermal conditions,
the presence of even trace amounts of
catalyzing substances may not be
necessary to promote these rearrange-
ments and decompositions.

The importance of the investigations
of reactions of this type, which may
represent a great safety hazard on the
macro scale, cannot be overemphasized.
The previous reactions also show that a
potential safety hazard may exist if the
dinitrotoluene is not almost completely
reduced, since the tolylenediamine
formed is capable of a decomposition
reaction with the starting material
(dinitrotoluene).

To simulate more closely a reduction
condition in which dinitrotoluene is
only partially reduced, providing a
mixture of amine and nitro compound,

the concentration of Raney nickel was
decreased from that used in Figure 5,
and dinitrotoluene, Raney nickel, and
methanol were introduced into the
sample container, as before, but under
250 p.s.i.g. of hydrogen.

In this case we would expect a partial

- hydrogenation, and subsequently a

reaction of the remaining dinitrotoluene
with  the tolylenediamine formed.
This is confirmed in Figure 7. The
presence of Raney nickel appears (o
have intensified the decomposition,
causing it to beecome violent. ‘This can
be observed by comparing the de-
composition exotherm with that in
Figure 6.

The results of this experiment show
that the ratio of Raney nickel to the
nitro compound as well as contact and
agitation may be key features, since
these experiments were carried out in a
closed unagitated system. This may be
especially important during reductions
where conditions of segregation may
exist and proper hydrogenation may
oceur in only specifie or localized areas.

CONCLUSIONS

The deseribed  technique of sample
container maodifications would permit
the investigation of many reactions at
high  temperatures  and  pressures,
utilizing available equipment with little
additional expense.

The investigation of some reaclions
may prove extremely diflieult by
methods other than DTA.  Since
relatively small amounts of samples
are utilized, this method provides a
much greater safety factor, This is
especially important in exploring the
types of reactions previously shown,
where the extent of personal injury can
be great when macro samples are used.

Although  this  investigation was
undertaken primarily from a qualitative
viewpoint, hy accurate calibration
quantitative data could be obtained on
heats and yields of certain reactions.
This has been demonstrated previously
3, 12).

ACKNOWLEDGMENT

The author is indebted to Wade
Meyercord for his assistance in the
design of the sample holder, D. II.
Chadwick and R. L. Moore for their
helpful comments and assistance, and
A. M. Gemassmer for general support.

LITERATURE CITED

(1) Anderson, D. A., Freeman, 1. S8,
AnaL. Cnem. 31, 1697 (1959).

(2) Bohon, R. L., Ibid., 33, 1451 (1961).

(8) Ibid., 35, 1845 (1963).

(4) Borchardt, H. J., Thompson, B. A.,
J. Am. Chem. Soc. 82, 5630 (1959).

(5) Chiu, Jen, ANaAL. Cuem. 34, 1841

- (1962).

100°* z?o- 3?0' 4?0 *C.
1

- 4

EXO0
L]
10°C.
ENDO Yy 2
A
(]
| | |
250 300  350ps.lg

Figure 7. Thermogram showing in-
complete reduction of 0.0990 gram
of dinitrotoluene with 0.0996 gram
of Raney nickel in 0.0348 gram of
methanol at 250 p.s.i.g. He

Aath

Dinitrotol melting

. Hydrogenation starting
. Peak exotherm of reduction

. H,0 and/or CH;OH boilin

. Completion of boiling and/or Initiation of
reaction

. Initial condensation

. High exotherm and pressure surge due fo
violent decomposition

NO LArwN-—

(6) Condit, P. C., Haynor, R. L., Ind.
iing. Chem. 41, 1700 (1949).

(7) Gaines, A. I, Partington, R. G,
I'uel 39, 193 (1960).

(8) Hamilton, C. S., Org. Synth. 29, 24-9
(1949).

(9) Havekoss, TFarbenfabriken Bayer,
Leverkusen, West Germany, private
communication, 1950.

(10) Ke, Bacon, J. Polymer Sci. 50, 79-86
(1961).

(11) Kokes, R. J., Immett, P. H,, J.
Am. Chem. Soc. 81, 5032 (1959).

(12) Lodding, William, Hammell,
Laurence, ANAL. Cuem, 32, 657 (1960).

(13) Lodding, William, Hammell, Laur-
ence, Rev. Sci. Instr. 30, 885 (1959).

(14) Morita, Hirokazu, ANAL. Cuem. 28,
64 (1956).

(15) Murphy, C. B., Hill, J. A., Nucle-
onics 18, 78 (1960).

(16) Ohta, Nobuta, Kagami, Kenkichi,
Govt. Chem. Ind., Research Inst. Tokyo
49, 193-8 (1954).

(17) Raney, M., Ind. Eng. Chem. 32, 1199
(1940).

(18) Saunders, J. I, Frisch, K. C.,
“Polyurethancs, Chemistry and Tech-
nology,” Part I, “Chemistry,”” Inter-
science, New York, 1962.

(19) Serebryanyi, S. B., Ukrain Khim.
Zh. 2, 350-60 (1955).

(20) Smyth, H. T., J. Am. Ceram. Soc.
34, 221 (1951).

(21) Stone, R. L., Robert L. Stone Co.,
Austin, Tex., Bull. DTA-103.

(22) Stone, R. L., ANAL. Cuewm, 32, 1582
(1960).

(23) Stone, R. L., J. Am. Ceram. Soc.
37, 46 (1954).

(24) Vold, M. J., ANaL. Cuem., 21, 683
(1949).

(25) Yoder, H. 8., J. Geol. 60, 364 (1952).

Receivep for review August 13, 1964.
Accepted November 5, 1964,

VOL. 37, NO. 1, JANUARY 1965 ¢ BS

S=e =S

e A




