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T R I N I T R O T O L U E N E

C H A P T E R I

INTRODUCTION

T H E almost universal adopt ion of trinitrotoluene
as the most efficient explosive in modern warfare; the
development and refinement of its manufacture,
and the interesting chemistry of its compounds, as
well as those of the lower nitro-derivatives of toluene
has prompted quite extensive research as to their
composition, s t ructure, manufacture , properties and
uses. The fact t h a t t he results of these researches
have been varied; often qui te contradictory; some-
what disconnected and expressed with some confusion
of terms would seem t o war ran t the publication of this
little volume in which an a t t e m p t is made to gather
together and correlate all accessible information on
the subject, bo th theoretical a n d practical .

Since the chemical name " t r in i t ro to luene" is
ra ther mysterious to the non-scientific mind, and since
it is also much too lengthy for general use in this age
of efficiency, concentration and hust le , there have been
coined m a n y abbreviations and substi tut ions of the
word. I n general these terms are local only, but , by
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use in specifications, etc., they have spreatf tjeyond the
territory in which they originated. Little wonder is
caused, therefore, t ha t t he uninitiated should confuse
the several names now in vogue for trinitrotoluene,
and tha t he should think " T N T " to be one substance,
" t r o t y l " to be another, and so on. The entire list
of contractions and designations is much too lengthy
to give in its entirety, b u t the more familiar ones are
these:

" T N T " ; the American contraction, and the one
usually used for trinitrotoluene in this country.

" Trotyl " ; this t e rm is of English origin, and is
used almost exclusively in English specifications and
literature.

" Tolite " ; the French abbreviation.
" T r i l i t e " ; Spanish.
" Fullpulver-02 " or simply " Fp-O2 " is used by

the Germans to denote trinitrotoluene. This is, of
course, neither a contraction nor an abbreviation of
the name itself, b u t denotes merely a certain explosive
in accordance with the German system of classifica-
tion.

Some other terms are " Trinol," " t r i to l ," " tr i-
tolo " and " coal ta r sa l t , " this last being the newest
designation for trinitrotoluene. By comparing the
above terms wi th the full word, the relation of most
of them is easily seen.

Trinitrotoluene is just what i ts name implies—a
triple nitrated toluene. Toluene, itself, is a liquid
prepared usually from coal tar, by distillation. This
is the main source of this substance in Nor th America,
although it is prepared in smaller amounts from art i -
ficial gas, the cracking of crude petroleum, etc.
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B y treat ing toluene with nitr ic acid, three nitro-
groups a t t ach themselves to t he molecule in this
manner :

CH3 CH 3

O 2 N / N N O 2
+ 3 H N 0 3 - > +3H2O.

NO 2

This part icular tr ini trotoluene is one of the six
isomeric compounds of t h a t name, and is the one
formed b y the commercial n i t ra t ion of toluene. Chem-
ically it is the a, 1-2-4-6, or " symmetr ical" tri-
nitrotoluene.

Trinitrotoluene belongs to the shattering class of
explosives known as the " br i sants . " The members
of this class possess great force, and upon exploding,
shat ter the containing shell into small pieces, thus
doing more damage per shell.

T h e other well-known member of the brisant class
of explosives is picric acid, or trinitrophenol. Pre-
vious to the use of tr initrotoluene, picric acid was used
largely as the explosive charge in shells. There are
several disadvantages in picric acid, however, which
trinitrotoluene does not have. Picric acid forms salts
(picrates) with a great number of the metals. These
picrates are very unstable, a n d are quite sensitive to
shock, thus giving rise to p remature explosions which
often result fatally. Trini trotoluene is very inactive
toward the greater number of t h e metals. Further-
more, picric acid has a high melting-point (122.5°)
while the melting-point of trinitrotoluene is low enough
(80.6°) t h a t i t m a y be poured in to the shell in the
molten s tate wi thout danger from fire.
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On the other hand, trinitrotoluene is.npt quite as
powerful as picric acid, but its insensibility to shock,
together with the advantages cited above, have resulted
in its almost totally replacing the latter in warfare.
The first nation to use trinitrotoluene in shells was the
Germans, who adopted it in 1904.

The great insensibility of trinitrotoluene as com-
pared to that of picric acid, is shown in the following
table of minimum charges necessary for the detona-
tion of both explosives:

Detonator.

Mercury fulminate
Cadmium fulminate
Silver fulminate
Mercurous azide
Lead azide
Silver azide
Cadmium azide

TNT.

Gram.
.36
.11
.095
.145
.09
.07
.04

Picric Acid.

Gram.
.30
.05
.05
.075
.025
.035
.02

Aside from its use individually as an explosive,
trinitrotoluene is often mixed with other ingredients.
The most important of these blends, together with
their analyses, are:

" Thunderite"; T N T , 4 per cent; ammonium
nitrate, 92 per cent; flour, 4 per cent.

"Permoni te"; T N T , 10 per cent; ammonium
nitrate, 42.5 per cent; potassium chlorate, 32.5 per
cent; starch, 12 per cent; wood meal, 3 per cent.

" Aluminium explosive"; TNT, 31 per cent;
ammonium nitrate, 44.9 per cent; aluminium wool,
24.1 per cent.

"Plasteryl"; T N T , 99.5 per cent; resin, 0.5 per
cent.
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" M a g a n t e " ; T N T , 30 per cent ; lead nitrate, 70
per cent. „

" D o n a r i t e " ; T N T , 12 per cent ; col.cot. 0.2 per
cent ; ammonium ni t ra te , 80 per cent; flour, 4 per
cent ; nitroglycerine, 3.8 per cent.

Dinitrotoluene is also used in conjunction with
other materials as an explosive. One such mixture is
" Cheddi te -02 ." T h e analysis of the mixture i s :

D N T , 15 per cent; potass ium chlorate, 79 per cent ;
mononitronaphthalene, 1 per cent; castor oil, 5 per
cent.

One further mixture deserves mention because of
the use of D N T and T N T in the mixture. This
explosive is called " t r ip las t i te ." T h e analysis i s :

Mixture of D N T and T N T , 70 per cent; col.cot.,
1.2 per cent ; lead ni t ra te , 28.8 per cent.



C H A P T E R I I

HISTORICAL

SOME doubt exists as to whom the honor of the dis-
covery of toluene is due. Dr . W. Wilson in an article
dated 1850, (1) gives the credit of the discovery to
Deville, a French chemist, who obtained from balsam
of tolu a compound to which he ascribed the name
" benzoen." From the above article, Deville evi-
dently did not analyze the " benzoen " bu t arbitrarily
assigned to it the formula CuHie .

Beilstein and Kuhlberg, in their " Eleventh Trea-
tise on Isomers of the Toluene Series/ ' (2) give the
honor to Pelletier and Walters, also French chemists,
who obtained an oil from the distillation of pine resin,
and from which oil they separated a liquid which they
called " retinaptha." Their description of this liquid
is this: " I t is a very clear liquid, . . . boiling a t 108°
C , and it is not completely solidified a t —20°. The
results of three analyses indicate the formula C7H8."
(This is just half the molecular formula given by
Deville to his substance.) " One could also give the
formula CuHie, but there is no definite ground for
such a statement. In fact, the vapor density is 3.23—
the vapor density corresponding to the formula C7H8
would be 3.226."

From this statement it would seem tha t Pelletier
and Walters were already aware tha t a substance of the
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formula (supposedly) C14H16 had been isolated, and
that , by determining the vapor density, they had proved
it to be just half this molecular weight, or C7H8. On
the other hand, there is no reason why—if they did
know of the previous discovery of this same substance
—they should give it a new name. The dates on
which the above-mentioned men published their article
seems to point to Pelletier and Walters as the dis-
coverers—their work was completed about 1838,
while Deville's work was published somewhere about
1841. Of course, there is the possibility tha t Deville
completed his work some years before his results were
published.

I n 1843, Berzelius technically accorded the discovery
of toluene to Deville by suggesting the name " toluol "
or " toluene " for the compound, (3) the name being
derived from " oil of tolu."

Some of the scientists of t ha t period (probably
friends of Pelletier and Walters) , did not approve of
Berzelius7 choice of name for this substance, and
two of these, Muspra t t and Hoffman, in a research
paper dated 1845, take occasion to remark: (4) " Ber-
zelius has proposed for this compound the name l tol-
uol ' or ' to luene/ names which are not very well
chosen, bu t which we shall retain in the following dis-
cussion."

tc
The " re t inaptha " of Pelletier and Walters and the

benzoen " of Deville were proved to be the same sub-
stance by the preparation of the nitro-derivatives, and
by comparing the constants of those, and possibly the
acid nitro-derivatives and corresponding toluidins.

Glenard and Boudalt , a t about the same time, prob-
ably later t han both Deville's and Pelletier and Wai-
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ter's work, isolated toluene from " Dragon's blood." (5)
No further reference, and consequently no identifica-
tion of this substance, could be found. Glenard and
Boudalt gave the name " dracyl " to the substance they
isolated. Following the methods of their predecessors
they proved the identity of dracyl and toluene.

Still another man, Cahours, during the years 1847-
48 isolated a substance from crude wood alcohol by
treating the alcohol with sulphuric acid. He called
this substance " toluen/ ' which is so near " toluene "
tha t naturally it would be supposed to be the same.
Cahours demonstrated, however, tha t the formula of
" toluen " was CuHs , which gives rise to a doubt as
to whether his product was really identical with tol-
uene. An abstract, dated 1849, reads thus : (6)
" Cahours has separated from crude wood alcohol
different oily hydrocarbons, some already known;
some new. Toluen C14H8 is identical with the toluene
of Deville. I t distills between 108 and 112° C.
Cahours found the vapor density to be 3.27. Through
treatment with nitric acid he obtained mono- and
dinitrotoluene, and from these, by reduction with
ammonium sulphide, the corresponding toluidin and
nitrotoluidin."

I t is rather difficult to understand why Cahours
insisted on the formula C14H8 after having determined
a vapor density of 3.27, which so closely checked
Pelletier and Walter 's determination.

About 1850, Mansfield, an English chemist, iso-
lated toluene from coal tar . (7) This discovery of
Mansfield's practically ends the historical interest
in toluene, since it has come to be the principal source
of this substance. One further method of obtaining
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toluene \^ill be cited, however, because of its scientific
interest. I n 1846, two German chemists, Tollens and
Fittig, prepared toluene synthetically from methyl
iodide and brombenzene. (8) This method was a
modification of Wurz7 synthesis of the aliphatic hydro-
carbons, and it is interesting because the primary prod-
uct of the now commercially valuable " Fittig's syn-
thesis " was toluene, the basis of the greatest explosive
of modern times.

The earliest reference to be found concerning the
purification of coal tar toluene is contained in Wilson's
paper, (9) wherein he s ta tes : " " T h e best method of
obtaining pure toluene consists in collecting the p a r t
which passes over between 100 and 120° C. and t rea t -
ing this with one-half its weight of concentrated sul-
phuric acid. I have not determined which substances
are removed in this process; the fact remains, however,
tha t a constant boiling-point is obtained more easily
through the use of sulphuric acid than without. The
boiling-point of pure toluene was found to be 110° C.
. . . Under all conditions a series of protracted dis-
tillations is necessary to obtain this object."

As is seen from this statement, Wilson followed the
same method of procedure as is followed to-day in
order to effect the removal of the olefines from the
crude toluene. Modern plants, equipped with the
latest type of fractionating stills, with their compli-
cated columns, refluxes and fractional condensers are
fortunately not put to the same trouble in the pur i -
fication of toluene as was Wilson.

The history of the discovery and preparation of
mononitrotoluene runs parallel with tha t of toluene,
since i t was by the preparation of the former tha t tol-
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uene was identified by the several chemist^. Deville
prepared the mononitrotoluene and also the sulphonate
of toluene. The nitro-compound he called " protoni-
trobenzoen," and describes it in this manner : " I t
tastes like bit ter almonds; smells suffocating a t first
then penetrating. I t s specific gravity is 1.18 a t 16°.
I t boils a t 225°." The same chemist found the vapor
density to be 4.95. The vapor density as calculated
by him would be 7.87, basing the calculation on his
formula of C u H i 6 for toluene. (10)

Berzelius, in a research paper published in 1843,
gives in detail the preparation of nitrotoluene. (11)
The results of a series of researches to prove its con-
sti tution are mentioned also. Berzelius was misled
by his results., as was Deville. His final conclusion
states, " Nitrotoluene can be considered as a nitr ide
of toluid oxide, C i 4 H i 4 0 = N . " The chemical proper-
ties of nitrotoluene were studied a t length by Berzelius,
bu t he evidently arrived a t no definite conclusion re-
garding these properties.

Dr . Wilson, in the same article to which reference
is made above, makes this s tatement concerning ni t ro-
toluene: " The changing of toluene to nitrotoluene is
carried out without difficulty in the usual manner.
The boiling-point of nitrotoluene lies between 220
and 225° C. This body boils without decomposition."
The last statement of Dr . Wilson, concerning the ability
of nitrotoluene to be distilled without decomposition,
confirmed experiments carried out b y Glenard and
Boudalt . This question was a much mooted one at
this t ime, since other chemists had proved to their
entire satisfaction tha t nitrotoluene could not be dis-
tilled without undergoing decomposition. Comment-
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ing on tjjris question, Beilstein and Kuhlberg (12)
explain the decomposition of nitrotoluene as being due
to the probable content of higher nitro-derivatives of
toluene. This we now know to be the t ru th , and the
firms who are purifying their nitrotoluene by distilla-
tion are very careful to remove all the higher nitro-
compounds before at tempting the distillation.

About this time, another chemist entered the field
of the nitro-compounds. This man was Jaworsky.
He s tar ted out his work by preparing nitrotoluene,
which he claimed to be a solid, and not a liquid as
Deville, Wilson, and others had thought i t to be. (13)
Jaworsky represents about the best type of pure indus-
trial chemist to be found in this period of t ime. His
work on nitrotoluene had a great effect on the indus-
tries; so much so, tha t a t the Paris Exposition of 1867
there was exhibited a great quant i ty of beautifully
crystallized nitrotoluene. Whether this consisted of
the pure solid isomer of nitrotoluene or whether it
was a mixture of one or more nitrotoluenes and dini-
trotoluenes, is not known. Jaworsky was also the
first to produce toluidin—the homologue of aniline—
by the reduction of nitrotoluene with t in and hydro-
chloric acid. The immediate industrial result of
Jaworsky's work was tha t the use of nitrotoluene as a
dyestuff base was firmly established.

Kekule, the great chemist whose " benzene ring "
theory is now the basic law of the chemistry of the aro-
matic compounds, worked exhaustively with nitro-
toluene, and did much to clear the cloud caused by
Jaworsky's contradiction of Deville's work. Kekule's
work showed—to quote his words—" At least it is quite
probable t h a t the substance hitherto regarded a$ nitro-
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toluene is nothing else t han a mixture of n^rotolu<
and nitrobenzene."

Summarizing the work of these earlier invest i
tors of the nitrotoluenes, there is one fact t ha t s ta i
out very clearly throughout all their work—they 1
no thought of the possible isomerism of nitrotolue
The results obtained by all the various work done
these chemists was finally interpreted b y Kekule
meaning tha t nitrotoluene was a solid, and t h a t '
liquid obtained by Deville and others was a liqi
only because of the admixture of nitrobenzene.

This cloud began to disappear with the work
Rosenstill, who was the first to suggest the possibil
of the existence of nitrotoluene in different fori
His work was later supplemented by Beilstein a
Kuhlberg, who found in Rosenstill 's work the h
tha t led to their isolation of the three isomeric n i t
toluenes, and the classification and naming of t h
compounds. The results of Beilstein and Ku
berg's work was published in 1879, when, for the fi
time, the true constitutions of the nitrotoluenes \
established.

I t is very peculiar, indeed, tha t most of the b
liant earlier chemists, whose work did so much to '.
the foundation of the present wonderful scien
wound up their work with a probable error. 1
word " probable " is used intentionally, because in tl
formative period of the chemistry of the aromat:
with the constantly arising theories and hypothec
there may appear errors which are in reality not su
bu t which were facts when viewed in the light of •
then accepted laws. Fu tu re discoveries have chanj
many of these early ideas, and possibly it m a y be bet
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to s ta te tjiat they were led as t ray by statements and
hypotheses which later proved to be without founda-
tion. The part icular point to which I refer is the
nomenclature used b y Beilstein and Kuhlberg for the
nitrotoluenes. This m a y appear a small matter , b u t
when reference is made to the publications of these men,
and when these references are viewed in the light of
present day accepted facts, their nomenclature is con-
fusing. More so, because they made use of the terms
" or tho ," " me ta , " and " pa ra , " which are the same as
are used to-day. The meta and ortho isomeric ni tro-
toluenes appear to be just reversed from those isomers
now regarded as meta and or tho. This view was not
due to Beilstein and Kuhlberg alone, for a t least one
other scientist, V. von Richter, was of the same mind.
Von Richter states t h u s : (14) "Tr in i t ro to luene from
meta mononitrotoluene crystallizes in yellow needles
which melt a t 82° ." Now, the meta mononitrotoluene,
according to modern orientation, will have the nitro-
group in position three. (Throughout this book the
methyl group in toluene will be considered as occupy-
ing position one.) The trinitrotoluene t h a t has a melt-
ing-point of 82° (probably slightly incorrect), is the
symmetrical trinitrotoluene, with the nitro-groups in
positions 2 -4-6 . I t would therefore be impossible for
this symmetrical tr initrotoluene to result from what
von Richter and Beilstein call meta nitrotoluene, unless
one nitro-group actually shifts its position in the mole-
cule which, as is known, is impossible with the con-
ditions existing as they do in the process of nitration.

Returning, now, to Beilstein and Kuhlberg, and
their " Eleventh Trea t i se / ' there is found a detailed
summary of the constants of three nitrotoluenes:




