A thesis presented to the Department of Chemlstry
of Union College in partial fulfillment of the require-
ments for the degree of Bachelor of Science in Chemlstry.

BL@M el 29/ 4
Approved b!;;i5gé%24&&42211é222¥4§§13‘,._“~

February 12, 1944



)

& The purpose of this research was to study the reaction
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between bromoplerin, alse. referred to as nitro-bromoform or

~ tribromomononitromethane, with liquid ammenia. It seems sur-

prising, but very 1ittle has been done on the reaction be-
tween these halogen nitro derivatives of methane and liquid
ammonisa.

Franklin and Kraus® in 1905 studied the reaction be-
tween tetranitromethane and liquid ammonia and came to the
conelusion that a nitro group was replaced by a hydrogen on
the carbon atom to give nitroform ammonla. The following
equation was proposed by them to explain the reaction:

B0(NOg )y + L4lHg — 60(NOg)gNH, + 3NHgNOx + 3HgO + 4lp
Hsing-Han Liu and Peter P.T, Sahg attempted to prepare

guanadine from bromopiorin and aleoholic NHz, but reported
that the reaction exploded.

In an unpublished paper by Schmidt, Sunderlin and 0@105
the reaction between dibromodinitromethane and dichloredinitro-
methane with 1iquid ammonia was studied with the investigators
coming to the conelusion that the halogen, rather than the
nitro group, wes replaced by hydrogen. The following formula
was proposed for the reaction, which was verified partlially by
experimental resulis:

(X = halogen)
8Xg0(NOy)p + BNHg —» BXC(NOg)olHy + NHGX + Np

133238,
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A preliminary investigation of the resction between
bromoplerin and liquid ammonia was made by atann.* However,
no definite conclusione were reached by him except that a
colorless gas was evolved and a mixed salt formed.

In view of the work done previously, the following
plan of procedure was adopted in the etudy of the reaction:

(1) To prepare the bromoplerin in sufficiently pure
form,

(2) To react the bromopierin in liquid ammonia and
compute the ratio between moles of reactant and moles of
produet. A
' (3) To formulate an equation which would satisfy the
experinental evidesnce.

(4) To prove the identity of the products formed by
either lsolating them in pure form and teking physical con-
stants on them or by synthesizing from them known common com=
pounds.

- (B) To devise a mechanism which satisfactorily ex-
plains the reaction taking place.

The bromoplerin used in the work was prepared accord-
ing %o the method of Bolas and Gravbs.a 30 g. of pleriec acid
and 4 g. of Ca0 were added to 300 ¢.c. of water. After thirty
minutes of boiling, the substances dissolved, forming calcium
pierate. The solutlon was orange-red in color,



A second solution contalning 180 g. of CaC in 800 ¢.0.
of water was heated to dissolve the oxide, continuously
stirred and then cooled., 75 c.c, (231 g.) of U.P. bromine
were then added in small portions to form calcium hypobromate.
The mixture was stirred and cooled during agdiﬁlﬁa,

After both solutions had been sufficlently cooled, the
picrate wae added in about § c¢.c. portions to the hypobromate
solution., The bright yellow color of the brompierin was lm-
medlately observed. The solution was.steam dlstilled directly
until the solution became decolorized. The distillate formed
two distinet layers, the bottom one containing nearly pure
bromoplerin,

The distillate was separated by means of & separatory
funnel and dried over sodium sulfate. The lmpure bromopicrin
was then vacuunm distilled with the fraction belng collected
that came over at constant temperature. The bromopierin col-
lected dlstilled over at a temperature range of 85°-87¢ at
19 mm, pressure.

The yields by this method were 756% of theoretical.
However, 1f the reaction mixture were not allowed to stand
at least a day before steam dlstilling, the ylelds were very
poor., Optimum results were produced with about two AQyn of
standing.

The apparatus used to study the reaction is shown in
Figure I. A thin glase bulb (1) was filled with bromopierin,



The alr above it was then evacuated and the bulb sealed, The
bulb was then attached to a glass rod (2) to be used as a
plunger and put in reaction tube (3). A dewar flask (4)
filled with liquid ammonia kept the reaction tube at -33° C.
The entire system having been evacuated, ammonia gas was then
let into the reaction tube under pressure which, combined
with the existing low temperature, was sufficient to liquefy
the ammonia. When the entire bulb (B) was covered with liquid
ammonia (30 c¢.e.), the stopcock from the ammonia inlet was
closed. The bulb was then broken and the stopcocks leading
to the eudiometer tube (6) were opened.

Imnediately upon breaking of the bulb, the ammonia
became colored with an intense yellow which, upon evaporation
of ammonia, was found to be the yellow reaction produet,

After about five minutes, gas began to be evolved; evo-
lution of the gas after thie point was rapid. The ammonia
was removed from the evolved gas by maintaining a flow of
water in the contalner through which the gases passed.

‘ After the volume of gas collected in the eudiometer
tube was measured, it was drawn up into the PgOg tube (7) and
dried for several days. The gas was then drawn into the evacu-
ated density bulb (8) and its density determined.

From the density, the molecular welght of the gas was
caloculated and results of 28.0 %o 28.5 were obtained in several
different determinations. This 1s in excellent agreement with
the molecular welight of nitrogen, 28.0. From its inertness,
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its ineolublility in water, and its determined moleoular
welght, 1t wae concluded beyond a doubt that the gas was
nitrogen., This confirmed a previous bellef that the gas was
nitregkn, having come ta'thmt aonmlﬁsion from studying the
results obtained by Franklin and Kraus' and those obtained
by Sehmidt, Sunderlin and Cole.>

The next problem waa to determine the number of ﬁoloa
of nitrogen liberated per gram mole of bromopicrin. This was
accomplished by first measuring the volume of water dlaplaced
in the eudiometer tube and then correcting to S.7.P, The
International Critical Tables give the solubility of nitrogen
in water as 1.4 o.c. per 100 e.c. of water. This volume, cor-
rected, was added to the already corrected volume to compen~—
sate for the solubility of the nitrogen, the length of the
eudiometer tube being 100 ¢.c.

The values obtained for the number of moles of nitrogen
libersted as shown in Table I,

(a)  1.4214 4.77 x 107° 56.4 1.62 x 1073
(b)  2.2549 7,59 x 10°° 55.8 2,49 x 1078

The ratio of moles of bromoplorin used to moles of nitro-
gen evolved are as follows:

(&3 : ' o = 2.04
1.62 x 1%:5 |



These values showed conolusively, disregarding the
sliahtvdxnmvvpanaann inherent in any experimental procedure,
that three moles of bromoplerin were needed to produce one
mole of nitrogen,

A% thies point, cognizance was taken of the similarity
between the results thus far obtained and the conclusions ar-
rived at by Schmidt, Sunderlin and Cole.” Taking into account
the faet that three moles of bromoplerin liberated one mole of
nitrogen, and the faect that previous investigators had reported
the removal of bromine from the carbon atém, the following
equation was proposed:

3BrsO0NOp + BNHg =~ 3Brol(NOg )NHy + SNHBr + Ny

Inmediately upon setting up thls equation, it was decided
to see how well the theoretical number of moles of reamction
producted expected on the basis of this equation compared with
the number of actual moles obtained. In these caleulations,
the nitrogen was not considersd as part of the reaction product
since 1t was given off as a gas.

Aocording to the aqnnt&nuvaugguatad, an equimolar mixture
of two salte was formed. Therefore, it was reasoned that the
weight of the reaction product divided by the combined moleou-
lar weight of the tu& saltes would give the number of moles of
reaction product. The results are shown in Table II.
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4.77 x 107
2.56 7.85 x 10°°

2,46 - 7.59 x 10°°

As can be seen from the table, the agreement between
experimental values and theoretlcal values ies quite good., How-
ever, aftar‘waighins the reaction product the first time, it
was noticed that a sharp pungent odor was emanating from the
flask. After several days thle odor still persisted and the
reaction produet was weighed again, It was then discovered
that the produet had lost considerable welght. Therefore, the
next time a run was ga&o & careful check was kept on the weight
of the product lost per day. The following set of data was ob-
tained:

stion Produet

1

2 £.4580
3 2.4299
6-1/2 2.40489
7-1/2 €.4039
8 2.4038

The plot of these data is shown in the
decomposition curve.

While it was at firet supposed that the loss in weight
wag caused by the evaporation of ammonia attached to the organic
galt, this view was dispelled upon the plotting of the curve,
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The shape of the ourve has the form of a regular rate of
reactlion curve, rather than a mere evaporation curve,
Results obtained later verified this assumption that some
reaction was taking place within %he product itself. Exactly
what the reaotion was, was not determined,

In spite of the fact that the wuxght of the reaction
produet varied, the results obtained showed conclusively
that if the reaction product were weighed within a short time
of the reaction, the weight obtained agreed very well with the
expected theoretical welght on the basis of the equation pro-
posed.

As a further confirmation for the validity of this
equation, the percentage bromine in the reaction product was
deternined by titrating a 0.1% solution of remction product
with AN AglOz, The values obtained for the perscentage bro-
mine varied between 69-72%, while the theorstical percentage
of bromine is 71.3%,

The next atep was to investigate the reaction product
thoroughly and see if the structure of the organis salt could
be proven. The following procedure was used, A dewar flask
wag half filled with liquid ammonia and the bromoplerin was
added slowly. Immediately upon addition there occurred a
violent ebullition of gas and a yellow coloring of the ammonia.
In sbout 24 hours, the ammonia eveporated, leaving behind a
yellow realdue.

Reallzing from the experimental results thus far ob-
tained that the organic part of the residue was probably the
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ammonia salt of dibromonitromethane, a thorough search of
the literature was made to obtaln data on this compound.
Only two refersnces were found, one in Beilatainﬁ and one by
Sahall.? The reference in Bellstein merely summarized the
vork of Scholl. | |

Scholl claimed to have prepared dibromonitromethane
from bromonitromethane, and merely listed one physical property,
boiling point. However, in his article he mentioned that when
he treated the dibromonitromethane with concentrated potassium
hydroxide, he obtained a red precipitate.

Upon treating a water solution of the product with con-
centrated petagaiun hydroxide, a red, floceulent precipltate
‘was obtained. ‘Kyarolyzlng the szlt produced no discernible
0il. In faot, no matter what reagent the product was titrated
with (bromine, HCl, HpS04, ete.), with the exception of KOH,
no vieible results were produced. It was then remembered
that the reactlon produet had been standing quite a while, and
it was previously expounded that some type of resction might
be taking place within the reaction product itself,

A new quantity of reaction product was prepared and
immediately treated with various reagents, Both HCl and bromine
water produced oils with the fresh product, but had no effect
on it after it had been standing for several days. However,
in treating the product with KOH, the most peculiar anomaly
ocourred: On the freshly prepared product the KOH had no ef-
feat, while with the produet that was allowed to stand for
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several dayes 1t produced a red precipitate, This irrvegu~
larity was extremely puzzilng and still remains unsolved,

- The oils obtalined from treating the reaotion product
with HCL and bromine were separated from the mass of solid
particles occeurring with the olls in sach case, and atieupts
vere made to purify them so that physliecal constants might
be obtained on them, In the case of the oil obtalned with
HOL this was nearly impossible since about 60 grams of reac-
tion produst produced about 1 ¢.e., of oll., However, the oll
wae washed and dried and a refrective index taken on it:

n = 1,5430
It is possible that the product whwaunmgﬁtad with HC1
oxidized the HOL giving ehlorine, which roant;d with the
produet to produce dibromochlorenitromethane (BrpClCNO,) in

small amounts. Later treatment of the organle product sug-
gests this to be the case.

Approximately ¥ c.¢. of impure oll were obtained from
treating 60 g. of reaction product with bromine water. The
0il wags then washed and dried over anhydrous sodium gulfate.
The resulting oil wae slightly yellow and 1te odor seemed
identical with that of bromoplerin., The oll was then vasuum
distilled, coming over between BOc-8l¢ at 17 mm, |

From the curve plotted by 8ton.4 of vapor pressure of
bromopiorin against Semperature, it wag determined that at a
pressure of 17 mm., the bolling point of bromoplerin was ap-
proxinately 78,
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For further proof that the oll was actually bromopierin,
an index of refraction was taken of the oll after vacuum dis-
tillation, with a value of n = 1.5760 being obtained. When
purifying the bromoplierin for the first time an index of re-
fraction was taken on 1t after vacuun distillation and the
value obtained then agreed exactly with this latter value,
being 1.5760 in each ease, Thils value is slightly lower than
that given in the literature; probably repeated distillations
in en inert atmosphere belng necessary to glve a better value.

By means of thie syntheeleg, 1t has been definitely
established that the bromine was removed in the resctlion,
which, with the evidence already presented, proved that the
organi¢ salt must be the salt of dibromonitromethane.

It is often beneficlal, especially when dealing with
reactions of a similar nature, %o have a pletorial view as %o
how the reaction takes place., The following mechaniem, al-
thaﬁgh merely in the hypothesls stage, seeme to satliefactorily
explain the manner in which the reactlion takes place:

m/::\?\mog%

Ng "
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Three hydrogens from the two ammonia molecules combine
with the bromine of the bromopicrin to form HBr, which is
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ammonolyzed. The other three hydrogene then take the place
of the liberated bromines and molecular nitrogen is formed.
The dibromonltromethane then formed has a hydrogen attached
to the carbon atom. The excess ammonia then attaches it-

gell to the hydrogen to form the organic salt.

(1) The products of the reaction between bromopierin
and liquid ammonia were identified,

(2) An equation which satisfied the experimental evi-
dence was formulated.

(3) A secondary reaction within the reaction product
iteelf was discovered, but not explained.

(4) A mechanism for the primary reaction was proposed.
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