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I. INTRODUCTION

(10)
The cellulose molecule has been assigned a structure

consisting of many cellobiose units connected by means of oxygen brid-

ges, Vize
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The long chains resulting from this linkage tend to allign
themselves in parallel bundles which aggregate into the cellulose fib-
er. The fiberlike properties of cotton and other cellulosic materials
ié due to the strong attraction set up between the long parallel chains,
largely by the secondary valences between the three hydroxyl groups of
each anhydro-glucogse unit. 1f the hydroxyl groups could be reduced, the
secondary valence forces between chains would be largely destroyed, and
the resulting product might be expected to show interesting changes in
its properties.

Degradation of the cellulose might be expected to result dur-
ing direct reduction, so it appeared necessary to attempt an indirect
reduction in order to avoid this degradation. 'he plan of approach to
this problem was to react an ester, cellulose nitrate, with an alkali
alkyl in liguid ammonia in order to remove the nitrate groups from the
cellulose nitrate and to replace them metathetically by a hydrocarbon

group. Sodium acetylide was chosen as the alkali alkyl to be used, due



to its property of being highly ionized in liguid ammonia solution
and its ease of preparation.

Specifically, this problem was the determination of the na-
ture of this reaction, the products formed, and the properties of the

productse



Il. THE KEVIEW OF LITERATURE

Liguid Ammonia as a Solvent.

A very comprehensive review of the use of liquid ammonia as
a solvent is given by Ee C. Franklin(V)in his book "The Nitrogen Sys-
tem of Compounds”, The boiling point of liquid ammonisa at standard
atmospheric pressure was determined by rrapklin and was found to be
~533.46%C,

(1)
In 1898 Cady investigated ligquid ammonia as a solvent.
In the same year Franklin and Kraus(S)carried on research along the
game lines. Among other things these invegtigators found that the
élkali metals dissolve easily and are recovered unchanged on evapor=
ation of the solvent, Sodium chloride was found to be moderately
soluble, and, in general, nitrites and nitrates were soluble, lany
organic compounds were found o be goluble or miscible,

According to Eernelius and Jehnson(s), gmmonia is a good sole
vent but is not a powerful ammonolyzing agent due to its low dissoc=
iastion constant, For this reason cellulose nitrate can be dispersed
in liquid ammonia and can then be recovered chemieally unchanged on
evaporation of the ammonia. Degspite ammonliats low dissociation con=

(4)

stant, Fernelius and Bowman state that ammonium salts exhibit a cate
(3)

alytic effect upon meny ammonolytic reactions. eild assumed that

solvent Eﬁg was catalyzed by naNHp so that it entered into a reaction

with cellulose dinitrate,



Sodium Acetylide.

(13)
The recent monograph by Nieuwland and vogt ie the re-

sult of many years research in the field of acetylene chemistry. It
states that the hylrogen atoms present in the acetylene molecule are
more labile than those of o%hef hydrocarbons. Conductivity measure-
menﬁs of acetylene in water, and in liquid ammonia have shown that it
is only very slightly ionized in solution. When one hydrogen of acet-
ylene has been replaced by a substituent group, the lability of the
remaining hydrogen atom is influenced. Nothing more is sald in the
monograph about the comparative lability of fthe atoms in mono-substi-~
tubed acetylenes as this field has received little study.

A method for prepvaration of sodium acetylide in liquid axmonia
is given by Fieser and ?ieser{O). It is pointed out that the hydrogens
of acetylene are labile and are replacable by metals. By passing a
gtream of acetylene through a solubion of sodiuwm in liquid ammonia at
- or below its boiling temperature, it is converted smoothly into a mono-
sodio derivative. Under more drastic conditions of temperature and
pressure the disodio derivative can be formed(lz). The original acet-
ylene can be obtained from the sodium derivatives on treatment with
walter.

(2)

Cottrell  showed that mixtures of ammonia and acetylene do

not show electrical conductivity. comparable with solutions of alkali

carbides or acetylides, and so inferred the non-existence of armmonium

carbide, or acetylide.



(11)
lioigsan found that nascent hydrogen when produced by sod-

ium in liquid ammonia solution hydrogenated a portion of the acetylene
which was passed through. Hydrogenation of the mono=-substituted acety-
lenes has also been reported(IZ). This hydrogenation is usually so
slight that it is neglected.

In 1913 Lebeau and Picon(g)produced l-alkynes in good yield
by the action of certain alkyl iodides on sodium acetylide in liquid
amnonia, Picon(lé)later showed that this was a general reaction for
all alkyl iodides up to the one with sixfteen carbon atoms.

Later Vaughn, et. g&,(le), investigated this reaction fur-
ther, and several metal acetylides were found to be unstable in air,
fhe degree of stability varied with each compound, Sodium and potas-
sium acetylides being the most stable, remained in white crystalline
form for approximately ten hours when exposed to dry air. Other acetyl-
ides began turning color in air almost instantly.

They mentioned the possibility that sodium acetylide in
liquid ammonia might react slightly in a reversible reaction

[aC=CH + NH; —— NaNHé + HC=CH
and so cause traces of sodamide to be present.

A number of side reactions in the alkyne synthesis were in-
vestigated by the same group. The first was the formation of alkenes,

R~CE§-CH§X<+ NaC=CH — RCHFCH? + NaX + Czﬁé
Cyclohexyl bromide gave no alkyne and moderate yields of

cyclohexene., Another side reaction resulted in the formation



(11) (1s)
of dialkylethynes, Uoissan , as well ag Vaughn , seenmed to

agree that sodium acetylide prepared in liguid ammonia was substan-
tially free from sodium carbide., The following series of reactions
was then concluded to be largely responsible for the production of the
dialkylethynes.

(1) RX + 1CsCH —» RC=CH + MX

(2) RCsCH + MC=CH = RC=CW + CoHo

(3) RCECM + RX —> RCsCR + MX

(16)

The mechanisn of these reactions was confirmed experimentally by vaughn

and fellow workers.



111, TEHE INVESTIGATION

As  Object of Investigation,

The object of the investligation of the reaction betwsen
esllulose nitrate and sodium acetylide is the determination of the
nature of the reaction, the products formed, and properties of those
products. In other words, it is a problem of fundamental research.

The original investigation also included a study of the
reaction products of other alkali-alkyls such as socdium methyl, sod-
ium ethyl, and sodium triphenyl methide, time permitting. Due to the
interesting things that developed in the study of the derivative of
sodium acetylide, however, the investigation was never extended %o
inelude these other reactions.

The first part of the investigation was primarily concerned
with the determination of conditions under which the reactions are
‘to be carried out., Tests were then made which indicated the com-
pleteness of reaction and the properties of the product which results.
After the process was adjusted so as to favor the most completekre-
action, emphasis was then placed upon purification and analysis of the
resulting product. For those groups which defy ordinary analytical
means in their detection, derivatives will be attempted by which the

groups present could be determined,



B. Apparatus and Materials,.

The ammonia used in this work was ordinary anhydrous liquid
ammonia purchased from . I. du Pont de Nemourse It was not further
purified.

The cellulose nitrate whiech was used, was obtained from the
Hercules Powder Company. It contained ll.9§ nitrate nitrogen ag deter=-
mined by the du Pont nitrometer and so corresponded approximately to
a di-nitrate.

The acetylene was obtained from the Linde Air Products Com-
pany. It was further purified for use in this work by means of the
apparatus shown in Drawing MNumber 2, Acetylene from the cylinder was
bubbled through about six inches of concentrated sulfuric acid in the
tdwer (E) in order to remove acetone vapors. The gas left the top of
the acid tower and went through a length of silicone tubing into the
bottom of a soda lime tower where sulfuric acid and sulfur dioxide
vapors were removed. After this purification the acetylene was cone
‘sidered satisfactory for this work.

The sodium used came from the stock room of the Chemistry
Department and was not marked with the manufacturer's name.

ALl other chemicals used in the course of the investiga=-
tion came from the stock room and were generally of CP grade,

The apparatus which was used in the preparation of the
product can be seen in Drawings 1 and 2., The acid tower‘(E} and the

soda lime tower (D) have already been mentioned and require no further
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‘e:zc;@lanation. It will be noticed that the Dewar vacuum flask{i), which
is called the collection flask, is shown in both drawings. 1t can be
used both with the acebtylide system and the reaction system by merely
connecting a rubber tube to the system desired, The Dewar flask (B)
shown in Drawing ioe. 1 1s the same as the other Dewar flask bub is
equipped with a mechaniecally operated stirrer which operates through a
merceury seal. The long glass tubes in both flasks (4A) and (B) can be
raised and lowered at will. The Irlemeyer flask (C) was used merely
as a safeguard to protect against any sucking back of water from the
carboy which was used to cateh ammonia fumes from the system.

Because of the system of clamps, shown in Drawing No. 1,
and the two-way exhaust system, it was possible to remove either (4)

or (B) from the system for washing while the other was in use,



Ve Experimental Data.

Inasmuech as several methods of attack were attempted in order
t0 obtain a successful reaction, it was found expedient to segregate
these experiments sv as to give the reasons for certain experimental
steps and consequently to be able to present a clearer picture of the

work as a whole,
Bxperiment No. 1

The purpose of this experiment was to debtermine whether
acetylene would itself react with cellulose nitrate.

A ten gram sample of cellulose nitrate was weighed out on
the rcugh balances and placed in the reactor flask (B). About 350 ml.
of liguid ammonia was then run from the tank inbo the collection
flask (4) and from there siphoned over to (B) under pressure. After
an bhour of stivring in the liguid ammonia the cellulose nitrate was
dispersed., ‘'he movable tube in (B) was then connected to the acety-
lene eylinder and the gas flow commenced. The tube was then lowered
below the surface of the liguid and acetyleme bubbled through for six
hours. The ammonia was allowed to evaporate off overnight. A hard
pale yellow residue remained, 7The solid was soluble ih acetone and
insoluble in water so reprecipitation from solution was domne two times
as a means of purification. The precipitate was dried. IV was ine
soluble in alecohol also in ether. However, it was soluble in a

mixture of aleohol and ether. On treating with boiling water, a



filtrate was obtained which gave a positive diphenylamine test for
nitrates, The product was fast-burning, disappearing in a flash when
a flame was applied to it.

From all of these tests it was concluded that tThe albtemp-
ted reaction between scetylene and cellulose nitrate had been unsue~-
cessful, and that the material which had been tested was unreacted

ecelluloge nitrate.



Ixperiment no. 2

This experiment describes the proportions of chemicals used,
the techniques involved, and the times of reaction for a series of
runs which were made to develop the most satisfactory procedure for
carrying out the reaction between cellulose nitrate and sodium acety-
lide in liguid ammonia.

fun #l. About two grams of meballic sodium were cut into small
pieces about one cubic centimeter on edge, and dropped into the re-
actor flask which conbtained 400 milliliters of liguid ammonis. The
sodium went inbo solution coloring the solution deep blue. Carefully
dried acetylene was then led into the solution and after a short time
tﬁe solution became colorless and flecked with white flakes which
wag an indicabtion that all the free sodium present had been used up,
Ten grams of cellulose nitrate were then weighed out, dried and added
to the sodium acetylide solubtion and a mechanical stirrer started,
As the cellulose nitrate was broken up by the action of the stirrer,
the whole solution took on a rust~brown color, After four hours, dis-
persion appeared to be fairly complete and the brown color had inten-
gified., #lve grams of ammonium chloride were then added with the
idea of removing any excess sodium acetylide through the formation
of gaseous acetylene and soluble sodium chloride. The solution lost
its rusty color and its opaque appearance and became transparent but
very dark brown in color, The smmonia was then allowed to evaporate

off overnight.
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Run #2, Ten grams of cellulose nitrate were placed in the re-
actor flask. About 400 milliliters of ammonia were run into the col-
lection flask from the tank and from there into the reactor flask with
the nitrate. The mechanical stirrer was then started so that the ni-
trate would be dispersing while the sodium acetylide was being made.
‘'his method was adopted as standard procedure in all succeeding runs,
The sodium acetylide was made in the collection flask by the method
previously deseribed. After the nitrate had been dispersed for about
an hour, the sodium acetylide solution was foreed over into the re-
actor flask., A light=brown %o yellow precipitate appeared immediately
and seemed to form an almost solid mass throughout the solution. This
was broken up by the action of the mechanical stirrer into very small
particeles, After two hours the stirrer was shut off and the reaction
mixbture allowed to evaporate to dryness overnight.

Run #3. The reaction in this case was carried out exactly as in
Run #2, deseribed above., Observations made during this run concerning
the color changes during reaction confirmed those previously deseribed.
After the reaction had proceeded for four hours, 400 milliliters of
ethyl alcohol were added in order to see if it were possible tc pre-
cipitate the produet directly from the liguid ammonia solution without
waiting for evaporation. Alecohol d4id not seem to precipitate out any
of the produet, so was discarded as a possible precipitant for fubure

worke



Run #4, Another reaction was carried out in the manner previous-
1y deseribed but using only five grams of cellulose nitrate and one
gram of sodium in the preparation of the acetylide., Again no ammonium
chloride was used in this procedure., At the end of four hours re-
action time, ether was added until the composition of the solution
was roughly seventy per cent ether by volume, A heav& precipitate was
thrown down. The product was collected by filtration and was washed
several times with an ammonia-ether solution of approximately the same
composibion as that from which it was precipitated. The product was
allowed to sit in the open air for about four hours while the ammonia
and ether vapors were evaporabing off. It was then placed in a des-
sicator to evaporate further overnight. The next morning the precip=-
itate had changed from the form of rust-colored crumbs to a shrunken,
coherent, and hard mass which was very dark brown, almost black, in
color, A small amount of the product which was sllowed to react only
forty five minutes before washing with the ammonia-ether solution
was allowed to dry overnight and did not undergo the same shrinkage
and change of color as d4id the first sample.

Run 756, The procedure of the previous run was duplicated up
through the vpoint where the product was washed with an ammonis-ether
mixture, The filter paper holding the washed product was put into a
beaker which was placed in an oven at 50°C, This was done in order
to evaporate off the ammonia and ether from the product in an atmos-~

vhere which was essentially free from moisture, and in so doing deter-

mine the possible causes behind the observed change in color and
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appearance of the product reported in the last Run. When the sample
in the oven was checked the next morning, it was discovered that the
product had ignited during the night due to some unknown cause and

had burned to ashes.

Run 76, A sample similar to that made in Run 75 was made with

only one variation. It was allowed to react only two hours before it
was removed and be washed with thé ammonia-ether mixture. After wash-
ing, this product was placed in a beaker and then put in a cold oven.
The product shrank and darkened as was observed in Run #4 but did not
ignite. It was therefore assumed that the esceping ether vapors from
the produet in Run #5 were ignited by a spark in the electrical cir-
cuit of the oven, and that spontaneous combustion of the compound did
not take place,

Run #7., Five grams of cellulose nitrate were reacted with the
acetylide produced from two grams of sodium. The added amount of
sodium was usged so as to force the reaction more nearly to completion.
The reaction proceeded normally for six hours, the solution changing
gradually from a light yellow color to a rust=brown color. Six grams
of ammonium chloride were then added slowly., As the ammonium chloride
was added, it was seen that the finely broken up brown solid which was
held in suspension was dissolving and forming a transparent dark-brown
solution similar to that one observed in Run #l. An attempt was then
made to throw the product out of solubion by the addition of ether,

but this did not work as the ether formed an immiscible layer on the
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top of the transparent brown emmonia solution, This was evidently due
to the presence of the inorganic salts in the solution. The flask was
left for two days so that complete evaporation of the ammonia and ether
could take place,

Run %g. Ten grams of cellulose nitrate were reacted with the
sodium acetylide produced from four grams of sodium. The reaction mix-
ture was stirred for five hours at which time eight grams of ammonium
chloride were added, The usual dissolution and change of color took
place, The solution was then allowed to evaporate to dryness over a
period of 36 hours,.

Run #9, Two grams of cellulose nitrate were reacted with the sod-
ium acetylide produced from one gram of sodium. After stirring for five
hours, excess ammonium chloride was added followed by four grams of
mercuric iodide to the clear, dark solution. No visible reaction oc-
cured with the addition of the mercuric iodide. The solution was allow-
ed to evaporate almost to dryness and then a small amount of ether was
added to keep the product from being exposed to the air when all the
ammonia had evaporated.

Run 7#10, One half gram of cellulose nitrate was réacted with the
sodium acetylide produced from one tenth gram of sodium, After the re-
reaction mixture had been stirred for six and one half hours, the motor
was stopped and the produet, a brown powder, settled to the bottom of
the flask. ‘the supernatant ammonia was decanted off in order to rid

the product of inorganic salts. iresh ammonia was added to the flask,
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and the washing of the product was repeated two more itimes. liore
ammonia was then added to the flask and then one gram of triphenyl
tin iodide was added to the solution. A whitish floceulent-looking
precipitate settled leaving the supernatant liguid clear and with a
slightly greenish tint. The ammonia was then allowed to evaporate

off.
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Experiment No, 3

Variations in the method of preparation of samples were
degeribed in the last experiment, It is the purpose of this experi-
ment o show how various methods were atbtempied to rid the dried pro-
duet of inorganie s=2lts which might be present and whieh would
interfere with the analytiecal work necessary in its ldentification,
Run numbers in this experiment correspond to the products obtained
from the Huns discussed in Experiment lo. 2,

Run #l. The Dewar flask containing the dried product was half
filled with water and the product dislodged from the bottom and sides
by mechanieal means, The precipitate was partially water soluble be=
cause the water was observed to turn dark brown in a week's time,

The solid material was then extracted with hot water in a Soxlett
extractor for eight hours. It was obgerved that this water was also
colored on passing throvgh the thimble containing the product,

Run #2, The dried precipitate was placed in the collection
flask and a porous glags filter was fitted onto the end of the long
glagss tube which extended to the bobttom of the flask., Armonia was
then added to the flask in an attempt to dissolve out the inorganie
salts, The ammonia above the product took on a dark brown color,

The filter was then inserted below the surface of the liquid and
the liguid forced over into the reactor flask, This was repeated
several times, and it was seen that the brown color of the wash

liguor was due to & slight solubility of the material, uost of the
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product was carried over into the reactor flask in the ammonia Til-
trate and for this particular sample, at least, washing witn ammonia
appeared to be impractical,.

Run #3., About 400 milliliters of alcohol were added to the re-
acticn mixture in ligquid ammonia. No precipitation oceurred. How-
ever, after the ammonia had evaporated off it was seen that at least
part of the product had precipitated out in particles almost colloidal
in size, An atbtempt was then made to increase the size of these part-
icles by placing a beaker containing the aleoholie solution on the
steam bath for Tifiteen minutes. The product precipitated out in a
coherent dark mass on the bottom of the beaker. After the precipi-
tated material was allowed to stand in the open air for four days, it
became a dark brown or black color. It was completely soluble in warm
water but could be reprecipitated by adding alcohol then heating to
inerease the particle size. Due to the color change which occuried in
the material obtained in this way, and to the difficulty involved in
getting a reprecipitated particle without forming a fused mass, it
was decided to discard this avenue of investigation for a means of pur-
ification,

Run #4, 4n attempt was first made to wash the precipitate from
this Run with pure ammonia, but the product itself appeared to be too
soluble in the ammonie o permit this to be done., The precipitate on
a filter paper in a funnel was then washed with a mixture of about

twenty per cent ammonia and eighty per cent ether., The product did



not seem to be soluble in this mixture,

Run fﬁ. This material was washed with the ammonis-ether mix-
ture described in Run #4.

Run #6. The same washing procedure was repeated.

Run #7, Twenty four hours after the last of the ammonia had evap-
orated from the product in the Dewar flask, about 300 milliliters of
water were added, After two days the water had only turned color
slightly indieating that this product was not extensively water-soluble,
‘The caked product wasg removed from the flask with mechanical agitation,
was ground to a fine state of subdivision in a mortar, and wasg then
transferred to a filter funnel where it was washed with cold distilled
water. VWhen the wash water no longer contained enough ¢l to give a
test with AgRoz solution, it was assumed that all chlorides and nitro-
gen=containing inorganie salts had been removed, The product was then
get aside for drying.

Other uns, All succeeding runs were washed by the procedure

described for Run #7,
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Hxperiment No. 4

It would appear that due to the variations in conditions under
whieh the runs were carried out, none of the products exhibited exactly
the same physical characteristies. This experiment attempis to describe
these different products and tihe Tests which were made on them.

Run #l. The product in this experiment was an amorphous solid and
was dark brown in color. It could not be dislodged from the bottom of
the flask so water was added, The water cuickly acgquired a brown color.
After two days the water had become a deep brown, almost black, color.
The water was tested with diphenylamine and found to contain nitrates.

A pogitive test for nitrates was also obtained from the water solution
using a brown ring test for nitrates. The solid product was dislodged
from the Dewar flask and was exiracted in a Soxlett extractor with water
for eight hours. The water became very brown in color and gave a posi-
tive diphenylamine test for nitrates when tested. A sodium fusion test
was run on the solid produet and appeared to be positive,

Hun ﬁg, Solubility tests were run on the solid produet which had been
prepared six weeks previously. All were carried out at room btemperature.
Heagents used included water, ethyl alechol, methyl alecohol, acetone,
toluene, benzene, n-bubyl aleohol, ethyl acetate, 1,4 dioxane, ethylene
glycol, chloroform, pyridine, nitroethane, glacial acetic acid, 20% NaOH,
concentrated NH OH, Of these, only water, 20% NaOH and concentrated
&HEDE dissolved the product. The glacial acetic acid appeared to react

with the solid, breasking it up into smaller pieces and turning it lighter
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in color. The product was reprecipitated from water solution by addi-
tion of aleohol.

Run #3. A beaker containing alecohol and water and some of the re-
precipitated product was placed on the steam bath for about fifteen min-
utes. The product changed from a light to a dark brown color and formed
a coherent mags on the bottom of the beaker., The supernatant liquid was
decanted off and solubility tests run on the solid. Again, organic sol-
vents had no effect, 20% NaOH dissolved it readily. 5% NaOH dissolved
it, but at a slower rate, Vater exerted only a partial dissolving effect
in eontrast to the results found in the previous run., Some of the solid
product was exposed to air for four days and became almost black in colore
Complete solution of this material occurred in hot water. On addition of
aleohol to this water solution, the product was reprecipitated as had been
previously observed, |

Run #4, The color of the precipitate as first obtained from the
ammonia solution was that of iron rust. After sitting overnight it chang=-
ed to a dark brown color ag previously described under ixperiment Hoe. 2.
Some of this product was burned. The burning solid gave rise to an ash
which resembled Charaoh's Serpents in its formation.

Run ﬁﬁ. The product of this run burned while in the oven so no
tests were possible,

Run #6, Some of the dry ash from this run was burned and gave
rise to a Fharaoh's Serpent just as did that in Run #4. Some more of the

product was then extracted ten times with acetone in order to remove any
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unreacted celluloge nitrate that might be present. After this wash-
ed material had dried, it was ignited and still produced a Pharaoh's
Serpent, Some of the acetone-treated product was placed in a test tube
and teken into solution by the addition of water. Addition of methyl
aleohol to the water solution did not result in reprecipitation.
Ethyl alcohol, on the other hand, effected reprecipitation satisfact-
orily. The reprecipitated product was filtered and allowed to dry.
Only a very small amount was avallable, This did not burn as did the
original preduct. Complete dissolution of the original product on a
large scale did not work when water was attempted as a solvent. After
repeated extractions with weter, a light brown solid was obbtained on
filtration. Vhen dried this solid burned rapidly but not with the for-
mation of the Pharasoht®s Serpent as it had done originally. This washed
product was soluble in 20% NaOH., It was washed several times with acetone
t0 remove any unreacted celluloge nitrate and was driede Diphenyl amine
tests were then carried out on the unwashed product, on the washed pro-
duct, an& on the water-goluble material, and all were positive, These
tests indicated that all nitrate groups had not been removed in the
original reaction,

Run #7. Some of the dried and washed product was dissolved in con-
centrated sulfuric acid and the diphenylamine test for nitrates run. In
previous tests the solution of the product had produced an intense blue

coloring as soon as the acid solution of diphenylamine was added., In

this case, however, no coloration appeared for several minutes, A blue
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color gradually appeared in the solution and was intense after two
hour's time. It was assumed that no nitrates or very few nitrates

were present in the product, and that the graduval development of the
blue color was due to oxidation of some of the amine groups present on
exposure to the air. This product was not inflammable. Solubility
tests were made with the following reagents at room temperature: water,
aleohol, ether, toluene, benzene, n-butyl alecohol, ethyl acetate, 1,4
dioxane, ethylene glycol, nitroethane, and pyridine. The product was
insoluble an all of these. Ten per cent NaOH swelled the product and
dispersed it completely on allowing it to stand overnight. Reprecipi-
tation was effected by adding alcohol to the NaOH solution. The repre-
cipitated product was water-soluble after it had been dried. Overnight
golution was also obtained by the uvge of benzyltrimethyl ammonium hy=-
droxide (30% solution), The product was also dissolved at elevated
temperature with a 5% solution of hydroechloric acid., This indicated
that the product might contbain amine groups. The Hinsberg test was poge-
itive for primary amines, A brown ring test for nitrates was then run
and was found to be negative. An attempt at diazotization and coupling
with B-napthol was then made, The product was dissolved in warm HCL
(3:5) and cooled to zero. One gram of maﬁoz dissolved in five milli-
liters of water was then added. Colorless nitrogen gas bubbled from
the reaction mixbure indicating that diazotation had taken place. This
liguid was added immediately to a cold solution of B-napthol in sodium

hydroxide solution, A dark substance came out of the solution., This



substance was brown by reflected light, It was water insoluble but
was benzene and alcohol soluble. If, in the above procedure, the
diazotization mixture were allowed to sit at zero degrees Pfor fifteen
minutes, a large amount of orange-red pféciyitate came oub of solubtion
and rose to the top of the test tube., This might indicate that the

diazonium chloride was unstable,
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Experiment lio. O

The work up to this point has qualitatively established the
presence of an amine group in the reaction product. The possibility
of the presence of an acetylide group must also be investigated. In
ordinary monomolecular organic compounds the qualitative detection of
sueh an unsaturated linkage could be accomplished by the use of bromins
water, permanganate or some other such means, These means fail in the
case of the product under investigation here, however, due to the dark
coloring which it has in solution, also to the other groups present
which might complicate the tests,

The problem was met by an attempt to prepare metallie salts of
the compound. This was done by adding to the resction mixture immed-
iately after the NH,Cl step a calculated amount of a salt of the metal.

In the first case ammonium chloride was added to the reaction
mixture after five and one half hours. Silver nitrate was then added
to the mixture in the flask and the flask left to evaporate for two dayse
By the time the ammonia had all evaporated off both the product and the
walls of the flask and turned a jet black in color indicating that AgCl
had been formed and had been reduced to metallie silver by the action of
light, This made it impossible to determine the amount of metallic de-
rivative because the metallic silver could not be removed.

The preparation of a copper derivative was then attempted. A

small sample of the thesis product was dissolved in warm dilute



hydrochloric acid. A solution of cuprous chloride was added and some
material precipitated out. The material was collected on a filter paper
and shed with water, then with dilube ammonium hydroxide., It was then
dried, ashed, and placed in a muffle furnace at 800°C. The residue was
then dissolved in hvdrochloric acid. On neutralization with ammonium
hydroxide the solution became blue in color, On acidifying again and
passing in hydrogen sulfide, a black substance precipitated out which
was assuned to be cupric sulfide.

A mercury derivative was then attempted. after the cellulose
nitrate-godium acebylide reaction mixture had been allowed %o react
for five hours, smmonium chloride was added. Then mercuric iodide was
added to the solution, The red mercuric iodide became colorless on
entering the ammonis solution., After the ammonia had evaporated the
red color of the iodide crystals was:again apparent, The product was
removed from the Dewar flask, and an attempt was made to wash out all of
the unreacted iodide by washing with ether. Vashing was not complete
when the ether supply gave oul and no more was available. Washing was
continued using a very dilute solution of sodium thiosulfate. ‘fhe ma-
terial was dried and then digested in a nmixbture of sulfuriec and nitrie
acids to get rid of all organic matter. 4 white crystalline substance
remained in the bottom of the test tube, This substance was soluble in
dilute nitric acid. Hydrogen sulfide was passed into the solution and
a yellow=brown solid precipitated out. The solid was soluble in sodium

sulfide solution but precipitated out again on addition of water or
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ammonium chloride., Aqua regia was added to a portion of the sulfide
precipitate. ‘The solid went into solution, and yellow sulfur separa-
ted out. Ihen a piece of copper wire was placed in this solution,
shiny mercury plated out on it. This is fairly definite evidence that
the compound contained the acetylide grouping originally.

Sinee the product obtained in the reaction between cellu~
lose nitrate and sodium acetylide exhibited certain solubility phen-
omena with ammonium chloride in liquid ammonia, it was suspected that
the acetylide grouping, if present, had a sodium atom connected instead
of a hydrogen atom., It was then decided to attempt a confirmation of
this theory by an attempted reaction with an organo-metallic tracer.
Triphenyl tin iodide was chosen., Starting with one half gram of cel=-
lulose nitrate, the reaction was carried out for six and one half hours.
The product was heavier than the ammonia solution so settled to the
bottom of the flask, The supernatant liquid was decanted off to re-
move inorganic salts. This was repeated three times., iiore ammonia was
added to the vroduct, and then one gram of triphenyl tin iodide was
added to the solution. A flocculent looking white precipitate came
down at this point. The product obtained was washed with water, dried,
and then extracted with ether to remove any unreacted triphenyl tin
icdide., It was then digested in a hot sulfuric acid-nitric aeid mix-
ture to get rid of all organic matter. The material which was obtained
was dissolved in dilute hydrochloric acid., Hydrogen sulfide was bubbled

through one portion of the solution. A yellow-brown colloidal suspension
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appeared which settled out on heating on a water bath. 7This precip-
itate was soluble in concentrated hydrochloric acid, To a second
portion of the original solution was added just enough sodium hydrox-
ide solution to make it alkaline, On standing for a few minutes, a
white gelatinous precipitate appeared. This precipitate was soluble
in an excess of base. Sodium carbonate and ammonium hydroxide also
precipitated out this white compound. #rom all this evidence, it was
evident that the organiec compound which had been decomposed had cone-

tained +tin.
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Zxperiment No. 6

In order to determine the effect of time of reaction on
amine formation a series of Kjeldahl determinations was run. 'he
procedure used was a standard one in which the sample was digested in
a Kjeldahl flask with concentrated sulfuric acid, ten grams of potas-
gium sulfate and one half gram of cupric sulfate added, and digestion
carried out on a hot plate., After digestion was complete one hundred
and fifty milliliters of water were added to the cooled solution and
the solution recooled, Iiighty~five milliliters of concentrated sod-
ium hydroxide were then added to the flask carefully so as to form two
separate layers, a pinch of zinc metal added, and the flask connected
to the condenser, The flask was then shaken, heat applied, and the
ammonium hydroxide which was formed, was collected in one hundred mil=
liliters of four per cent boric acid solution. The sample was titrated
with tenth normal hydrochloric acid using methyl red as an indicator.
The titration was carried oubt until the color of the unknown matched
the color of a blank containing the same amount of boric acid and indie-
cator,

Several total nitrogen determinations were made in the same
fashion by a slight modification of the procedure, In dissolving the
product, a sulfuric acid solution containing one gram of salieylic acid
was used. This mixture was added to the product and allowed to stand

for one half hour. Then approximately two grams of powdered zinc were

added and the mixture shaken around for ten minutes or so. FPotassium



sulfate and cupriec sulfate were then added and the process continued

exactly as deseribed for aminoc nitrogen.

The results of the nitrogen determinations are given below

in tabular form.

TABLE NO. 1

The Effect of Reaction Time on Nitrogen Content

Reaction time 9Amino nitrogen ZTotal nitrogen
gix minutes 3.7 5.11

one hour 5.0 6,06

two hours 5,9 6,25

three hours 6.2 —

four hours 767 ——

five hours , 8.0 7.9

six hours 7025 R

seven hours 5,18

It will be observed that the maximum amino content was
reached after around five hours reaction time. Beyond five hours

the amino content began to drop rather sharply.
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Determination of the Acetylide Group.

The product produced from two grams of cellulose nitrate
was then reacted Withkfour grams of triphenyl tin lodide, In order
to carry out this reaction in a satisfactory manner, it was first
necessary to remove most of the inorganic sodium salts which were
present and which would have reacted with the iodide themselves. It
was observed thet the product did not settle out in this case in the
same manner as it did when washing by decantation was carried out in
the qualitative experiment, This was attributed to the higher spe-
cific gravity of the smmonis solution in this case due to its higher
salt concentration., lMore ammonia was added, and the product then
settled to the bottom of the flask thus permitting decantation to be
effected. The product was washed three times in this way, more am-
monia was added, and then the triphenyl tin iodide wes added to this
solution, The solution was stirred for one half hour and was then
poured into a pyrex beaker where it was allowed to evaporate to
dryness in the open air. The sample was scraped from the beaker and
extracted with ether for twelve hours in order to remove all of the
unreacted triphenyl tin iodide. It was then washed with alcohol seve
eral times in order to remove any sodium iodide that was present. The
material was dried in an oven at fifty degrees for three hours while
in an open weighing bottle., A weighed porition was then placed in a
porcelain evaporating dish, covered by a watch glass, and about ten

nmilliliters of concentrated sulfuric acid added. Heat was applied
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unbil the acid began to boil, and then two or three drops of concen-
trated nitrie acid was added cautiously to aid in the decomposition
of the organic matter and to oxidize the tin. This was continued un-
+il the gsolution of acid in the dish was clear. The dish was then
taken to dryness. It was then transferred to a furnace at six hun-
dred degrees Centigrade for sbout a half hour to complete the removal
of the remaining acid and to insure the tin's being in the form of
stennic oxide. The dish was removed from the furnace, cooled, and
weighed.

This identical procedure was carried out on four samples
with but one variation each time, The triphenyl tin iodide was added
to the first sample after a total of forty five minutes reaction time,
t0 the second after three hours reaction time, to the third after five
and a gquarter hours reaction time, and to the fourth after seven hours
reaction time, ‘The results obbtained on analysis are listed below:

TABLE No. 2

Iffeet of Reaction Time on Tin Content of Product

Sample number Heaetion time %Tin in sample
1 45 minutes 2440
2 3 hours 239
3 5z hours 24.4

4 7 hours 2246
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It was observed that the tin content of this product re-
mained constant throught, which indicated a fast replacement of

aitrate groups by acetylide groups in the original reaction.
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IV, DISCUSSION

It is significant that in the preparation of the reaction
product that the addition of ammonium chloride is essential to a
stable product upon eveporation of ammonia. Originally added to re-
move excess sodium acetylide, it was soon observed that the produet
itself seemed to dissolve when the ammonium salt entered the solu-
tion. This was explained by assuning the existance on each glucose
unit of an acetylide grouping which contained a sodium atom. This
compound was assumed to be ammonia insolublé whereas, when ammonium
chloride was added, an ammonia soluble derivative was Tormed,

Cell-CsC=-Na + R3401 —> (Cell=-C=CH + NaCl
This ides was substantiated by the observation that if ammonium
chloride was not added the product was very hygroscopiec, going into
solution after several hours contact with the open air, whereas this
property was not present if ammonium chloride was added. A possible
explanation of the presence of this sodium derivative is as follows:

(1) 6e11-0N62 + NaCzCH - Cell-CsCH ¢ Nall0g

(2) Cell-CzCH ¢ NaCzCH — Cell-CzCNa + Collp

During the purification of the produet obtained after re=-
action with ammonium chloride by washing with water, there was a
slight solubility of material as evidenced by the brown color of the
wash water, The color apparently was due 4o particles which were

colloidal in size as shown by observation of the Tyndall effect.
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This colloidal material could not be precipitated from solution by
the use of alecohol., This seems to indicate the presence of a homolo-
gous series of compounds of varying solubilities.

In order to account for the presence of the amine group
found in the product, formation of a small amount of sodium amide is
hypothesized.

NaCZCH + NH; —— NaNH, + IC=CH
This might react with the cellulose nitrate as follows,

Cell-ONO, + NaNH, — Cell-NH, + NaNOgz
and once the amide is used up the reaction will proceed so as to form
more, as is indicated in the first equation, In a reaction such as
this, one would expect time to be a factor., This is shown to be the
case in Graph #1. The decrease in amino nitrogén after five hours can=-
not be explained at this time,

The tin content of the derivative obtained from the reaction
with triphenyl tin iodide is seemingly independent of time within the
range investigated. It indicates that there is one acetylide group-

ing per glucose unit.

2 4
Cell-C=CNa 4 I=-3nZg —> Cell-C=C=-Sn=-¢ + Nal
N Np
This is shown by calculations of the theoretical percentage of tin

in the compound shown below —
,/zc-CE'C-Sn-:¢
i

H/% O\Cﬁou-.“
C\II\’I'L,~ /”
‘ C — C

- e O N éH

which has a molecular weight of 517 and contains 23% Sn by calculation.
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(15)
Previous work by Dr. Philip C. Scherer had shown that

triphenyl tin iodide would not react with a trisodium cellulosate,
This would indicate that the sodium atoms of this compound did not
posess sufficient lability to permit reaction. The lability of the
godium aton in the -U=CNa group is evidently sufficient to permit a
metathetical reaction.

future attempts to reduce cellulose might profitably follow
the preparative procedure of this investigation including the addi-
tion of ammoniun chloride after five hours of reaction. The product thus
formed might be dissolved in dilute hydrochloric acid, diazotized, and
then the diazo-group replaced by hydrogen as can be doﬁe in the produc-
tion of aniline from its diazo derivative,

06H5.Ké.03 + CHz o CHyp,OH —* CgHg 4 CHzoCHO + HpO + iig
If this were possible, the remaining hydroxyl group in the cellulose
molecule might be nitrated, aminated, diazotized and replaced by hydro-
gen in exactly the seame way as the first one. In this way all three of
the hydroxyl groups of the\cellnlose unit wonld have been replaced, two
by hydrogen atoms and one by an acetylide grouping which would probably
be converted to an ethyl group by the hydrogenation step illustrated

above,
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V. CONCLUSIONS

1. Both of the nitrate groups from a cellulose dinitrate
have been replaced under optimum conditions. One nitrate group was
replaced almost instantaneously by a metathetical reaction with sod-
ium acetylide. Due to the equilibrium formation of NaNHé, the second
nitrate group is replaced more slowly by an amine group, maximum amino
nitrogen being attained at five hours reaction time.

2, 4 sodium atom, presumed to be present on the acetylide
grouping after it is attached to the cellulose molecule, must be re-
moved by reaction with ammonium chloride in order to obtain a compound
which is not hydrolyzed on exposure to the air.

3s ‘The product is insoluble in most organic solvents, but
is soluble in dilute and concentrated 1HCl, NaOH solutions, and 30% ben-
zyltrimethyl ammonium hydroxide solution.

4, A possible method for the completion of the reduction
of the cellulose molecule has been opened up in which two of the hy-
droxyl groups might be replaced by hydrogen atoms and the third by an
acetylide grouping.

5., The mechanism of the reaction between cellulose nitrate
and sodium acetylide up to the five hour reaction time has been satis-
factorily accounted for., The mechanism beyond this point, however,

is obscure.
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VIi. SUMMARY

A method for carrying out the reaction between cellulose
nitrate was used in which the cellulose nitrate was dispersed in
liquid ammonia in one flask, while in an adjacent flask sodium ace=-
tylide was being prepared by bubbling acetylene through a solution of
sodium in liquid ammonia. ‘The solution of sodium acetylide was forced
over into the flask containing the cellulose nitrate and the stirrer
started. After the reaction had proceded for a desired time, enough
crystalline ammonium chloride was added to cause dissolution of all
of the solid product in the flask. The ammonia solution was then
poured into a besker and allowed to evaporate to drynesse.

Washing was accomplished by grinding the dried product to a
powder and washing it in a filter funnel with distilled water. A pro-
duet which had been reacted five hours and so washed was brown in
color, 1t was soluble in dilute hydrochloric acid and in dilute sod-
ijum hydroxide solutions, It was insoluble in all organic solvents in-
vestigated with the exception of benzylitrimethyl ammonivm hydroxide.
It burned when a flame was applied %o it, but it did so slowly.

Hitrogen determinations were made using the Kjeldahl proce-
dure. This was modified in the total nitrogen determination by the
use of salieylie acid in the original digestion of the product and
subsequent reduction by 30 mesh zine metal. 'The product after five

hours reaction was found to contain approximately one amino group per



glucose unit, 7This was a maximum amino content which decreased sharp-
ly on further reaction time.

The presence of an amino group provided a ready explanation
for the solubility of the product in dilute hydrochloric acid. A dia-
zotization of the product and a coupling with B-napthol was then at-
tempted which gave rise to an alcohol-soluble brown dye.

Presence of a -U=CNa group was determined gqualitatively by
reaction wﬁth mercury and copper salts with triphenyl tin iodide,
Juantitative reactions with the last compound indicated the presence

of one acetylide group per glucose unit,
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