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Heats of Solution of Halogen liethanes

in Liquid Ammonia

Introductory experiments were carried out to see Just which
- halogen methane derivatives, if any, produce heat changes when
dissolved in liquid ammonia. There are indications glven in the
chemical literature to expect that certain of the halogen methanes
should dissolve in liquid ammonia with the evolution or absorption
of nea%? This present research work involved 1n§est1gation of such
compounds as chloroform, carbon tetrachloride, bromoform, and also
lodoform. Only introductory heat measurements were made. liore work

must be done to confirm and enlarge upon the results presented here.
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Apparatus

The apparatus used for zll heat measurements was that in general
as described in Sottysiak's tnesié?)fhe calorimeter itself was a
new one made of Nonex glass and described in a paper by Schmidt,
studer, and Sottysiaﬁ?’This calorimeter was found to have a heat
constant of 9.16 calories per degree.

It was necessary toiprepare a new thermocouple for these heat
measurements. This has not yet been calibrated, hut it is expected

to have a temperature-electromotive force equivalent of .038 milli-

volts per degree.

Procedure

The method of procedure used in this work was similar to that
desceribed by 5ottysiaé%)1n the one experimental case where ammonia
was evolved (during the solution process) and collected in the
absorbing flask, the water from the latter was made up to volume in
a 250cc. volumetric flask and portions were titrated with standard
sulfuric acid. This &cid had been standardized with anhydrous sodium

carbonate.



Results

A run was made using carbon tetrachloride a8 the solute. /hen added
to liquid ammonia, this compound produced an endothermic heat of
solution. The carbon tetrachloride used for this experiment was
obﬁained from the stock room and purified for "electrical messurements"

according to "Organiec Solvents"@QResults are listed below:=-

delght of sample 2.5563 grams

~ lioles of sample 0.01661
Temperature change 0.42°%.,
Time for the solution process 5.5 minutes
Total heat effect -14,97 calories
Heat of solution per gram molé -900. calories

The heat effeect was calculated by multiplying the weight of liquid
ammonia used as solvent (24.79 grams) by its specific heat of 1.067
and then adding this to the calorimeter constant of 9.16. This gave
& total heat constant of 35.61 calories/degres, and by multiplying
this factor by the temperature change recorded, the heat change was
obtained. Dividing by the moles of sample used gave the heat of
solutlon of one gram mole.

The next experiment involved purified chloroforﬁﬂas the solute. It
was observed beforehand that chloroform would easily dissolve in liquid
ammonia, yet when the experiment was carried out in the calorimeter,
no heat effect whatsoever was noticed. Altnough this experiment should
be repeated as a matter of course, it was quite apparent to those
carrying out the determination that no heat effect capable of being
picked up by the thermocouple occurred.

Ihis same result was obtained in the case of lodoform. The sample

ugsed was made and purified by the author and the average melting point



of severzl samples was 11800. In this case also no heat was either
glven off or absorbed, although the iodoform was found to go into
solution readily enough.

Bromoform was next tried. The compound was prepared by Zeldon
Knudson, '45, and purified by Dr. F.C. Schmidt with econcentrated
sulfuric acid, followed by dilute sodium hydroxide washing, and
finally vacuum distillation. Uﬁlike chaloroform and iodoform, bromo-
form producéd a large negative heat when dissolving in liquid ammonia.

Results are shown below:-

WVelght of cample 2.2043 grams
lioles of sample 0.00872
Temperature change ; 3%

Iime for the solution procegs 5.0 minutes
Total heat effect -39.17 calories
Heat of solution per gram mole -4494, calories

In order to measure heats of reduction of silver Xodide, the heat
of solution of this salt must be aceurately known, So one of a geries

of heat measurements was run on this compound. Results are shown below;

feight of sample 1.1810 grams
licles of sample 0.00503
Temperature change 0.0933%,

Time for the solution process 15 seconds
Welght of ammonia evolved 0.0821 grams
Heat effect due to evolved zmmonis 27.192

Heat eflect due to temperature change 5.008 calories
in calorimeter and contents

Iotal neat effect A 50.20 calofies
Heat of solution per gram mole ‘ 6004. calories

(Kraus and Ridderhof previously determined this heat to be 6700 cal.Fﬁ



The amount of ammonis evolved was determined by titrating water
from the absorbing flask with sulfuric aeid whose normality was found,

using anhydrous sodium carbonate as standard, to be .1248 normal.

- The welght of ammonia wae then multiplied by 327.l, the number of

calorles necessary to vaporize one gram of ammonia. This produced the:
heat effeet dut to the evolved.émmonia. The total heat effect wag
positive, and the heat of solution is therefore exothermie in the

case of gllver iodide. The heat of solutlon value of 6004 ecalories

per mole is almost 700 calories less than Kraus and Ridderhof's value,
but the latter obtained their value under more difficult experimental

conditions.
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The heats of solution of carbon tetrachloride, chloroform, bromo-

form, and lodoform, as well as that of silver iodide, were investigated.

The results are summarized below:-

Compound Heat of Solution
Carbon tetrachloride ~-900. caloriesimole
Chloroform no heat observed
Bromoform ~4494. calories/mole
Iodoform no heat observed
Silver lodide : 6004. calories/mole

The author wishes to thank Dr. F.C. 3chmidt and J.J. Naughton of
the Union College Chemlstry Department for their help in making these

heat mesasurements.
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A Study of the Proporuo_- and Reaction with
Liquid Ammonia of Phenylnitromethane
and Derivatives

The purpose of this research work was to investigatte more fully
the properties of three aromatic nitromethane compounds --- phenyl-
nitromethane, phenylbromnitromethane, and phenylbromeyanonitro-
methane. The available chemical literature does not contain much def-
inite data concerning these gompounds. Further, reactions of the
above-mentioned compounds with ligquid ammonia might prove of value
in understanding the type of mechanism operating for chemical
reactions in the nitrogen system. This thesis therefore deals with
the preparation, properties, and liquid ammonia reactlion of these
three aromatic nitromethane compounds.
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Phenylnitromethane

Earlier methods for the preparation of phenylnitrmmm
include nimum of toluene with dilute nltm.o acid in a sealed
tubel’ the interaction of benzenediazonium chloride and nitromethane
in alkaline solutiod and the action of silver nitrite on benzyl
chloride or &edidg_{) In 1902 Wislicenus and Endres successfully made
pPhenylnitromethane by the condensation:of ethyl nitrate with benzyl
¢yanide and conseguent hydmlynig? This method, as deseribed by
Gatterman and mala.néf) was used to prepare most of the phenylnitro-
methane used in this research work. A modification of this process,
using methyl nitrate instead of the ethyl compound, was also used
since 1t 18 a safer prsm(f)

The first step in making phenylnitromethane is the preparation
of benzyl eyanldn@ This compound was made by refluxing for four
hours an ethyl alechol solution of purified benzyl chloride and an
aqueous sodium cyanide soclution. The resulting impure benzyl eyanide
was distilled under reduced pressure. Ethyl nitrate was made by
carefully refluxing concentrated nitric acid with ethyl aleohol on
a sand mm(f) Itwas found ad¥isable to dissolve some urea in the
nitric acid before reacting it, in order to prevent resultant dang-
erous oxidation of the ethyl nitrate formed. The ethyl nitrate
was washed and distilled as directed. It was used as soon as possible.
After making an alecholic solution of sodium ethoxide and ¢ooling
this solution, an ice-cold mixture of benzyl cyanide and ethyl
nitrate was added in swmall portions. The reaction evolved much
heat and the mixture turned from orangze to a deep red finally. The
sodium salt of phenyleyanonitromethane cecurs in the following way:-

= i
CeHs CHLCN + Co Hs ONO, + NaOC, Hs —> ¢ el ‘N . 2 C2Hs. OH

O
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This sodlum salt separated as almost coloriess corystals and was
washed first with an ether-alechol soclution and then with ether alcne.
The usual yield is 69-78%. Yields 60-70% were obtained.

The sodium salt appears in the needle form and decomposes above
277 degrees C. The salt is soluble in water and to a slight extent
in ether; 1t is more soluble in aleochol.
ng %0 the other method used to prepare this sodium sals, .
of phenylecyanonitromethane, methyl nitrate was made by first mixing
¢oncentrated nitric and sulfuric aclide {(cooled well in an ice bath)
and also preparing a mixture of sulfuric acid and methyl aleohol
knder the same muom(? These two separate solutions were then
cautiously mixed together while controlling the temperature as
directed. Purification of the resulting methyl nitrate involved
only washlng with salt solution, dilute sodium hydroxide, and water.
The dried compound was reacted with sodium ethoxide and benzyl
eyanide in a manner similar to the ethyl nitrate .mt.hod. It was
found that better yields of the sodium salt were obtained when using
ethyl nitrate than when the less dangerous methyl nitrate was used.

To prepare crude phenylnitromethane, the cyanide group of the
sodium salt was hydrolyzed by lengthy gentde bolling of the salt
with two normal sodium hydroxide solution. Much ammonia was glven
off during.this hydrolysis, and the completion of this evolution
of gas indlcated the extent of hydrolysis. The resulting solution
was ¢ooled with the aid of dry ice, and the temperature was kept
below -4 degrees C. while acidification with six normal hydrochloric

acid took place. During this very vigorous reaction, large volumes
of carbon dioxide were evolved. The product first appeared as a
white precipitate, later as a grey scum lighter than the solution
1iquid, and after standing at room temperature overnight, it changed
into a dark red oll possessing a rather pleasing odor.
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This o1l was crude phenylnitromethane. The intermediste product
is identified as the aci-compound. The equations below demonstrate
both the reactions and the subseguent transition into the more stable

el _Co, Na
formi- C,Hg-c rv oty + NVaOH + Holl—> CHs—c 4/ e F NH, P

. . Mo
I o N ol FRAHE = CO1 ¢ anmact+ Clp-c N,o —> €l C- N

O

The erude phenylnit.romthnn@ was extracted with ether, the ether
then distilled off, and the residue was steam distilled. The ratio
of phenylnitromethane to water was very emall, thus prolonging the
distillation. The product came over as a light yellow oil which
darkened appreciably if not cooled and kept in the dark. Several
attempts were made t9 vacuum distill this compound in order to
further purify it, but the nature of phenylnitromethane causes it
to decompose with ease at temperatures somewhat above 100 degrees C.
This, plus the fact that pressure could not be reduced enough to
bermit efficlent distillation below 100 degrees C., forced the author
to use largely phenylnitromethane purified by steam distillation only.
Densities taken of me ¢ompound purified to this extent proved to
be satisfactorily close to the Handbook value of 1.160. gm/ce. 50
that the chemical was deemed bure enough without vacuum distillation.

As stated above, phenylnitromethane changes in color if allowed
to stand at room Mwmwm or exposed to sunlight, turning from a
light yellow transparent oil to a less transparent red liquid.
Phenylbromnitromethane, and espesially phenylbromcyanoni tromethane,
also exhibited this tendeney to darken when left at room temperatupe
or esposed %o sunlight. This photochemieal reaction appears to be a



5e

characteristic of several of the nitromethanes at any rate, because
CGole menbtions the same phenomenon in the case of &brmﬁinitrm,mnz?
iihen heated above 100 degrees C. at ordinary pressure, phenylnitro-
~ methane decomposed very violently, ﬁommg first a nsadie-nke straw-
¢olored crystal. Further decomposition produced s tarry substance.
A slight odor of benzaldehyde could sometimes be noticed during the
dna-impaazaion. It was also present in the partially decomposed
compound. The needle compound was m&yatall.tzad from hot aleohol.
Repeated recrystallization still left the substance with a yellow=
brown straw color. Melting point 239° to 243 C. The resulting.liquid
was brown. The cerystal contained nitrogen, was insoluble in hot and
¢old water, cold aleohol, ether, diludesCl, and dllute NaoH.

Uning a wi.sm p&potte construeted by David Blake,'42, and having
& volume of 1.0854cc., approximate densities were taken of two diff-
erent preparations of this organiec wmpoﬁnd. The mean value was
1.156 gm/ce. at 24 degrees C. and cheeks with the Handbook value of
1.160.°gm/ec. The densities were taken only to identify the compound.
The index or wrastian was determined with an Abbe Refractometer
calibrated to read indices for sodium vapor light (the sodium D line).
The average value obtained was l.B353. Tak:lns the molmlar ulght
of the compound as 137.06, the following molecular refraction was
found:- |
Moleaular Refraction — i, 9____% where M= 137.06
= 1.160, gm/m.
np=1.5353 (20 C.)
~ lolecular Refractlon =36,
The molecular refraction can be found in a theoretical manner by
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taking the sum of the atomic and group refractions, whose values are
, )
given in Getman and m&la".{ The following molecular refraction results

7 ¢ @ 2.501 17.507
. FH2 1.05 S 7357
3 double bonds @ 1.707 . saz
one nitro group | 6.65

lolecular Refraction — 35.635
The surface tension of phenylnitromethane was determined with a
Du Nuoy Tensimeter whiek had been calibrated with welghts and checked
with tuatulad water. The surface temsion for phenylnitromethane was
found to be 46.48dynes/em. at 20 degrees C. Sugden's Parachor was
then ealoulated from the values of the density and surface tension

according to the equatlomi~ ,_ K y e i e
o ] CL = {e

D = 1.160.gm/ec (1ig.

d £ 0.00 gm/ec (vapor
In muw mmmar was found to be J08. By taking the sum of the
atomie and group pamahors the following result was obtained:-

Toa &8 33.6
THa2 17.1 , 119.7
one nitroe group 750
3 double bonds @ 23.2 69.6
one siz-membered ring o A

P = 502.0 (Values given by Glanto&’)
The theoretical and caleulated molecular refractions vary by «25%;
while the theoretical and ealculated parachors vary by 2%.
Below is a list of bolldgg points observed for various low pressures

when vacuum distilling plenylnitromethane:- 135-136°C. at 35mm. Pe
. ll&ll? C» at 16mm. Pe
95‘ 96 C« at Omm. P

90 Ce« at Omn. Pe
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Reaction with iiguid Ammonia

Phenyinitromethane was added to liquid ammonia, with the producte
ion of a deep red-brown color during & short, rather vigorous reaction
After the ammonia had evaporated, a yellow salt containing an adherent
o4l remsined. The salt, which was soluble in water, was assumed to be
the ammonium salt of phenylnitromethane, as shown below:e

Cg Hs - gﬁ N TR cﬁf:/v;g” sie B L & rv;o"'“’““
The oil was taken up with ether and probably consisted of impure
phenylnitromethane. In one case, mctlng 20 grams of the pure
eompound and 15 grams of impure phenylnitromethane with liquid ammonis
produced 20 grams of the ammonium salt and also about 15 grams
of the residual oil mentioned above. This would point to an almost
quantitative formation of the ammonium salt from the pure phenyl-
nitromethane, whereas the impure compound in seversl cases would
scarcely react at all. This salt~formation reaction with liquid
amuonia was uﬁn‘;m in preparing phenylbromnitromethane, the
second compound studied.
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Fhenylbromnitromethane

This compound was made from the ammonium or sodium salt of
phenylnitromethane. In one case, the ammonium salt deseribed on the
preceding page was dissolved in water and an equivalent amount of
bromine added to form the monobrom derivative. This was caleulated
by assuming that a molecule of bromine would react with a molecule
of the salt to form one molecule of the eorresponding bromide and
one of the phenylbromnitromethane, accordihg to the equation:-

Cy Hs %= Nf;jw,f + 8% ~> NN, B~ + cgﬁy—c@{:m\;‘;{—a ¢ He 3% "Wy
After addition of the bromine the mixture was stirred vigorously to
bring the heavy bromine into contact with the agueous salt solution.
4 reddish eolored oil which gradually turned light yellow formed
in the bottom of the beaker. This oil was washed with bicarbonate
solution and with water, to remove aiaaaa bromine, and was then
steam distilled. 4 light yellow oil came over which was dried over
anhydrous sodium mlta&a. The reaetion of 20 grams of the ammonium
salt of phenylnitromethane with an equivalent amount of bromine
produced 11 grams of the monobrom derivative. The % yield was 39.3%.

Another method used to prepare this compound wag to react
phenylnitromethane with NaCOH solution, to form the sodium salt.
This reactlon produced a reddish water layer and a few drops of a
yellow oill at the surface. The latter was extracted with ether and
the water layer was reacted with bromine in ammanner similar to the
treatment of the ammonium salt solution. A similar yellow oil was
formed and it was also steam distilled and dried over ssdfmmsulfate.
Ihe yellow oll drops previcusly mentioned as extracted with ether
had the odor of benzaldepyde. The compound obtained from the sodium
salt was slightly darker than that obtained from the sorresponding
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ammonium salt but possessed the same physical properties and was
therefore assumed to be identical with this. i

this derivative of phenylnitrometnane was found tohave a consider-
ably greater density than the starting chemical. The average density
of phenylbromnitromethane was determined with the weight pipette to
be 1-54:@/%. The compound was found to0 be more stable than phenyl-
nitromethane but would darken yvery slowly if left at room temperature
in the sunlight. Its index of refraction at 20°C. was found to be
1.5696, and its molecular refraction, computed M use of the equation
of page 5, turned out Lo be 459 i~ U — 215.97 |

HeRe — ﬁﬁ;%‘é' = 45.9 NI 1.54, gn/ce.

| np= 1.5696

By taking the sum of the atomic refractions, the following moleculsr
refraction was obtained:-

70C@ 2501 © 37.507

6 Re105 6.306
3 double bonds & 1.707 : 5421
one nitro group : 6.65
one bromine S.927

iolecular Refraction = 44.511
This involves a 3% variance.
The surface tension was found to be 48.66dynes/em. at 20°C. Sugden'f
Parachor was then computed to be 370. By the addition of atomiec and

group parachor equivalents:- 7 C @ 4.8 33.6
. 6H@ 17 102.6

one nitro group 7340

one bromine 68.0

3 double bonds @ 69.6

one six-membered ring 6.1
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The difference involved in these two values for the parachor is 4.6%.
Since an error of 3% was found in comparing the two molecular refract-
ion values, it seeme guite possible that both of these differences
might be attributed to an error in the density wvalue. If the density
were found to be one or two per#em larger shan reported, the values
for molecular refraction and Sugden's parachor would be muech closer
the theoretical values. liore work on the density determination of
phenylbromnitromethane seems to be necessary.

In order to see¢ if phenylbromnitromethane possessed optical act-
ivity, a dilute solution of the mmpmmd in ethyl aleochol was made
up and examined in a polarimeter. The result was negative. This might
indieate elther no optical activity or a racemic mixture of dextro
and levo phenylbromnitromethane. Or it might conceivably bs that
the hydrogen atom supposedly attached to the asymmetric carbon atom
might shift to one of the oxygens of the nitro group, thus forming
& pseudo aclid even in aleochollc solution. This pseudo acid is known
to be present in a basic solution, since the sodium salt is formed
in this way. |

Fhenylbromnitromethane reacted with liquid ammonia in much the
same way as did phenylnitromethans. 4 short vigorous reaction caused
the liquid ammonia solvent to turn a deep red color. Evaporation of
the solvent left behind a yellow solid which would be the ammonium
8alt of phenylbrommitromethane, if an znalogy with the phenylnitro-
uwethane reaction in liquid ammonia be made. The reaction eguation
is probably the following:- ¥

3

H o A N T A
GHER- N -5 QH=C =Ny — QH-C= N
BT 0 ¢fsor oH & . owt

fiore work must be dome in ldentifying this reaction product as the
amunonium sald.



Phenylbromoyanonitromethane (PBCH)

This very unstable compound was produced from the scdium salt of
phenyleyanonitromethane which was an intermediate product in the
pPreparation of phenylnitromethane. It was found that ansagueous
solution of this sodium salt would react with bromine, upon vigorous
stirring, to form a cloudy yellow ailu This eleared up on being dried
over caleium chloride. An attempt to form PECN, as it 1s called, by

mination of the sodium salt resulted in a violent resction
which culminated with the combustion of the organic sodium salt.

The PBCN turned from light yellow to brown within a day or two,
even though it was kept cool and in the dark. 4 rough density taken
on the gompound gave its density as l.safém/m. at 20°C. Its surface
tenslion at the same &emm&mv was determined to be 47.85dynes/cm.
From this value, Sugden's Parachor was computed:=-

SZB;LAY# , where M = 240.97, D = 1.58,gm/ec., 4 £ 0.00
P=401.
in summing up the atomic and group parachor equivalents, the
following result was obtained:-

8¢Ca 48 3844
5 8@ 171 ' “ cia e ol
one nitro group 73.0
ene bromine 68.0
one nitrogen , 12.5
3 double bonds @ 23.2 696
oné triple bond 4646
one sixmembered ring Lol
® = 3997

Thus, the two computed parachors differ by .25%.



16 grams of the PBCN prepared was reacted with liquid ammonia. In
this case the reaction was much more violsnt than in previous trials
with phaaylnitrometnana and its bramina derivative. A gas and also
bluish smoke were evalvea, and the liquid ammonia turned deep red.
after the ammonia had evaporated, a tan colored solid was found to
be the residue. ?nia solld was soluble in water and caused a silver
nitrate sclutlion to form & yellow precipitate which was sssumed Lo
be ailver bromide, aithﬂugh it might possibly have been a complex
organic silver sslt. Since ammonia will react with dibromdinitro-
methane to form the ammonium salt of the manohrom compound and
ammonium bromidé:)ib wa.s sxpected that the 11qu1d ammonla might also
displace the bromine of PBCN in a eimilar manner, thus forming
amzonium bromlde which would produce the reaction witnessed with
ailvér nitrate. The tan solid would then be composed of ammoniunm
bromlde plus the ammohium 821t of phenyleyanonitromethane. The react-
ion equation might then be as follows:-

5 C‘Hs—cfx o s o S T A’/v/"”’r 3NH, B + N1

The solid was soluble in gther and aleohol, as well as in water,
and tafm&d a red solution wiﬁh‘hnt aleohol. From the 16 grams of
PBCH,; 1844 sréms of solid material were formed, and tals seemed to
be losing Wweight all the time. The odor of ammonia and bromine were
noticeable as coming from this solid. If ammonium bromide and the
organic aﬁmonium salt are assumed to be formed in equivalent amounts,
as 18 the case with dibromdinitromethane, then the percent yield of
the ammonium salt of phenyleyanonitromethane would be celose to 100%.
Time was not avallable for the analysis of this salt. Further study
of this reaction should be made.



Summary

The propertiss of three aromatic nitromethane compounds---

- phenylnitrometnane, phenylbromnitromethane, and phenylbromeyano-

nitromethane ---~ have been studled and the results reported. Reactions

of these compounds with liquid ammonia are also described. Below is

a summary of the physical data collected on these three compounds:-

Surface -- 46.48dynes/em.(20°C.)
tension

Im‘x Of S 105353 (nD at 2000"0)
refraction

Sugden's -~ 302.0 (theoretical)
parachor

308. (ealculated)
¥olecular -- 36,0635 (theoretical)
refraction

3675 (caleulated)

lolecular -- 137.006
welght

352.9
370.
44,511
45.9
215.97

- s v -

399.7
401.

- -

- —

240.97
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Future rossibilities for Investigation

This research work was planned with the ides of studying various
aromatle methane compounds by attaching many different combinations
of groups such as nitro, cyano, halogen, and phenyl to a single
carbon atom. Since these compounds have not yet been investigated to
any great extent, the goal was the determination of the physical
properties of these compounds, following thelr synthesis and purifi-
cation. Then, the reactions of these compounds with liquid ammonia
wa8 to be considered, especiaslly from the point of view of the
reaction mechanisms involved, as well as replacement priority.

lueh work remains to be done with sueh compounds as phenyl-
dibromnitromethane, PBUN, and chemicals such as phenylechlorbrom-
~ nitromethane. In the latter case, it should be interesting to see
‘Just which group is replaceed in the liquid ammonia reaction. In the
case of PBCH 1t has been pointed out that probably the bromine was
removed, although a complete proof of this gssumption is lacking.
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