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In 1928 Philip C. Scherer Jrfvfound that when collodion cotton
was mixed with potassium amide in the presence of liquid ammonia, a
reddish-brown colloid-like precipitate was formed. The filtrate reacted
positively to the nitrate test. From these facts he concluded that a
reaction had occurred.

The investigation was resumed in 1938 by Mattofi, to deter-
mine the type of cellulose derivative that had been formed. The presence
of an amine group was demonstrated. Further, it was shown from the
amount of nitrogen present that the product was cellulose mono amine.
The compound soluble in water zpparently formed a true solution. ‘This
may offer an excellent means of determining the molécular weight of the
compound. Once this is determined, perhaps the molecular weight of
cellulose can be found. Such a determination is important, but, at
present, would require too lengthy a discussion.

For the present, let us consider the fact of determining the
molecular weight of our cellulose mono amine. This can be done only
if we have a pure compound, so that the first objective of the problem
should be to obtain such a pure product;

The theoretical amount of nitrogen present in cellulosemonoRemine
is 8.6%. It has been found that the product formed had, on analysis,
8.2% amino nitrogen. The amino content is apparently dependent on two
fzctors:

(1) the time of reaction

(2) the amount of impurity present in the final product.

| Through the work of Alfred J. Green‘, the optimum time
necessary to give a maximum amino content was determined. But a

method was not devised for isolating a completely pure product.

* This particular work not published
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The purpose of the present investigation will be to attempt
to isolate é pure cellulose mono amine. Some consideration has
already been given to the methods of purification*. However, this
investigation will expand on fhe methods suggested.
Consider the following reaction by which it is suggested

that the amine is produced with sodium amide in liquid ammonias

: OH HoNH " OH
Cell ONOz + = Cell OH + NHzNOz + NaNO3
ONOz  NaNHz NHz

From this it appears that along with the amine we would have the
salts produced in the reaction as impurities, in addition to any
excess sodium amide which may be preseﬁt. It is é known fact that
sodium nitrate is very soluble in liquid ammonia, while sodium amide
is very slightly soluble. On analysis of the product, there is
always found some nitrate present.

In this investigation it appears that there are offered
many different possibilities. Ordinary dialysis may be used as a
means of pﬁrification. By employing electrodialysis, a quicker
method of disposing of the crystalloids'may be found. By devising
new methods to prepare the cellulose amine, there may perhaps be
found one, where the salts produced might be simpler to remove, so
as to obtain a pure compound.

It is also suggested4 that a trinitrate of cellulose might
be used as a starting material in the reaction in the hope of prepar-
ing amines of different properties than those so far obtained., An
attehpt will be made to carry out this reaction, and to study the

product formed.
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Most of the work that has been done on cellulose amine has been
carried out at the Virginia Polytechnic Institute. However, as far back
as 1892 Vignon%sclaimed that he introduced 3% amine nitrogen, by treating
cellulcse with ammonia at temperature of 1009-20000. This work could not be
reproduced, and it has been suggested that the air spaces in cellulose were
filled with ammonia,

Karrer® abandoned the idea of direétly aminating cellulose, and
approached the problem by attempting to produce an amino-cellulose by an
indirect method. The method used was successful, insofar as he was able to
react a cellulosearyl sulphonate with ammonia to give a compound containing
about 1% nitrogen. This showed by the anslysis, that there was only one
amino group to every 9 to 11 CngoO5 units in the cellulose

Further attempts to aminate cellulese have not been able to give
more than 2% nitrogen. In 1928 Dr. P. C. Scherér*discovered a reaction in
liquid ammonia between cellulose nitrate and potassium amide.

Tn 1938 Mattox? investigated the reaction of cellulose dinitrate with
potassium ;mide, and also with sodium amide. In both instances he found that
the cellulose amine derivative obtained was zpparently the same. In order to
isolate this procduct it had to be converted to a derivative and the product
isolated was cellulose acetyl amine.

On investigating the reactions of the amine it was found that it
would undergo diazotization, aéetylation, bromination, and the Schotten-
Baumann reaction for amines. The absence of a hydroxylamine derivative was
shown by Feil®®. This undoubtedly was proof enough that an amino group was
attached to the cellulosic unit. The amount of amino nitrogen on analysgs
agreed with the composition of a mono amine acetyl derivative. The yields,

however, were extremely small,

* not published
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This work was cornfirmed by J. Meade ?eilda in 1939, The product
produced with sodium amide and collodion cotton gave an analysis of 8.1%
amine nitrogen. The theoretical value for smino nitrogen in a cellulose
monoamine is 8.7%. The properties of the cellulose amipe were studied at this
time. The product was soluble in water., The solution was neutral ﬁo
phenolphthélein, methyl orange and methyl red. Hewever, the prodgct‘cquld
_not be reprecipitated from the water solution. Thémémiﬁe wéé‘soluble in
alkéli éhd acids, but apparently insoluble in methanol, ethanol and acetone.
’The action of nitrous acid at high temperatures regenerated cellulose.

| With these new facts Greene® in 1940 set out to purify the product.
He found that although nitrates could be removed by washing with liquid
ammonia, the excess sodium amide was insoluble. It wés éﬁought that perhaps
NH,NO, would remove the NaNH, thus:

NH,NO, + NaNH, = NaNO; + 2NHgy

This methodeas abandoned since it was found that the amino content in the
product was reduced by it. In trying to wash out the salts, by using
methanol-~liquid ammonia mixtures, the amino content was again reduced. A
similar reduction occurred on washing, the amine with acetic anhydride.
Isolation of the amine by dialysis through an/animal membrane gave a product ‘
shoWing no nitrate or alkali, and having a fairly high aming content.

In an attempt to purify the amine Green was able to show the
optimum time for the reaction giving e maximum amine content. This was about
eight hours for the proportions used.

Investigating the advantages and disadvantages of using an excess
of either of the reactants, he founc: °

(1) Excess sodium amide would give the highest percentage of amino

nitrogen in the product, which, however, was unstable in air,
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(2) Excess cellulose nitrate gave a product whi§h settled easily,

‘but analysis showed a low amino content.

Studying the action of potassium amide on'ééii5&§5n cotton at
various time intervals gave some interesting results; Whéﬁ‘the reaction was
carried out for three minutes, a fibrous product was obtained. Amino
nitrogen on analysis was 5.7%. Reacting the potassium amide and cellulose
nitrate fbr‘six minutes showed that the amino nitrogen was about 6.0%.

A reaction of 10 hours gave a product which formed a_viscous solution, and
which was apparently soluble in liquid ammonia. |

As a result of this work, with potaséium amide, it was concluded
‘that there was no optimum time for this reaction.

Since the compound was an amine, Green went on to study the
coupling reactions possible with a diazotized product. On diazotization of
the amine, he found that it could be coupled to aromatic compouﬁds having
a hydroxyl, amino or sulfonic acid group, to give the corresponding azo
éyes. These dyes were extremely stable, since various methods of reducing

azo compounds when tried, proved unsuccessful.
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Addition of potassium or sodium to liquid ammonia is followed by
solution and the formation of an intense blue coloration. Evaporation of
the solvent allows the recovery of the metal.
It has been found that when a catalyst such as platinum black®,
a spiral iron wire8 or Fe(NOa)-9H§OI%s used, there is evolution of
hydrogen, with the formation of alkali amide., This reaction is formulated

thus:

cat.

Potassivm amide is extremely soluble in liquid ammonia at -33°C8&,

KNH, + 1/2H,

Conversely, sodium amide is soluble only to a slight exgent3;k% fhe
complete disappearance of the blue color indicates the complete conversion
either of the sodium or of the potassium to the corresponding amide. In
the case of sodium amide, a grey-white precipitate is formed. Potassium
amide gives a light straw colored solution.

In order to formulate the preparation of/cetlulose amine, the
following reaction may be assumed:

Cell ONO, + NaNH, 119-NHage11 NH, + NaNO,

In the case of potassium amide there may be a similar reaction.

Preparation of the amine, with sodium amide which is insoluble
in liquid ammonia is based on the fact that enough goes into solution to
give us the reaction. The sodium nitrate is assumed to be leached out
by successive washings with liquid ammonia. The washing may also remove
some of the excess sodium amide. After such a treatment, the product
should be free of all salts, and could be isolated by evaporating ‘the
liquid ammonia. Theoretically, this should Solve the problem. However,
it is generally true that when dealing with cellulose esters, certain

complications may arise,
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Cellulose has colloidal characteristics since it consists of
large molecules., Because of the fact that it is composed of anhydro
glucose units, and may be reduced to such, it can be referred to as a
saccharocolloid®. The structure of cellulose shows it to be composed
of long chains of anhydro gluco units which are held together by a 1,4
oxygen bridge. Wany such chains in turn are held together by secondary
valences. W

On converting cellulose to cellulose nitrate, the fibrous‘
structure is retained., Hence it can be inferred from this that if any
degradation took place in the formation of the nitrate, it was very
slight. Hence, it still retainsthe colloidal properties in the compound.

Convefsion of the nitraté to cellulose amine causes the product
to be reduced to a powder form. \The cellulose amine can be hydrolyzed
tocgive fibrous cellulose. It becomésvonigﬁé thatvin all of the products
fbfmed by the above reactions some degree of colloidal properties exists.

Consideration of cellulose amine by analogy should give a
structure similar to that of cellulose. That is, an amine substituted
chain, perhaps a little more degraded, but still held together by
secondary valences through the hydroxyl groups. When the insoluble
amine is formed in liquid ammonia with the salts, it is possible for
the salts to move into these interstices, thus making their removal more
difficult. At this point since a colloid is presént,v1ﬂinlys£sfﬁf11&11
be considered as a method of disposing of the crystalloids.

Dialysis has been used and with some success. It has been
noted that the crystalioid passed through the membrance while the amine
was retained within it. By placing the crude product in a dialytic

membrane, and then inserting the dialytic cell into liquid ammonia, a
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means may be found for preparing a pure cdmpound. Various types of
membranes will be used to see which offers the best possibility of purify-
ing the amine. ‘

It is possible to accelerate dialytic diffusion by introducing
an electrode into the inner and outer chambers of the dialytic cell. Such
an apparatus can be described in the following manmer:

Three concentric cylindrical cells, one fitting into the other,
the two inner cells both havirng the dialytic membrane;r the inner and
outer cell will éontain the electrodes, while the center compartmenf has
the solution to be elecgrodialyzed. This method ha§ been shown to remove
readily any electrolytic impurities from colloids. !

Consideration has been given to the ﬁethod of purifying the crude
product, It would be of interest to find énother method by which a
cellulose amine may be prepared.

| Use of the principle of elect;odialysis may perhaps lead to
such a method., If electrodes are iﬁtroduced into an inner and outer cell
containihg potassium nitrate dissolved in liquid ammonia, electrolysis may
take place, giving at the cathode
K* + NHy = KNHy + 1/2H, e

If we place into the tube with the cathode some cellulose nitrate,
it may be possible to produce an amine free of nitrates. The nitrate being
attracted to the anode.

It may be possible to produce a substituted amine, if reaction
would take place between cellulose nitrate and the sodium salt-of a

16

disubstituted amine. The preparation of the sodium salt of an amine“was

suggested~ by the following reaction:
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0NH2 + Na lig.NHa O NHNa + 1/2Hp
If it is possible to use diethyl amine, the following may take place:
C2Hs . CzHs
NH + Na 1iQ.Nls N-Na + 1/2Hz
~ CgHs CgH5
When this is accomplished, it may then become possible to get
a reaction with cellulose nitrate in such a fashion:
CeHs C2Hg
Cell ONO, + NaN = Cell N + 2NaNO5
Further understanding of cellulose amine and perhaps formation
of a product with different properties, may open the way to easier methods
of putrification. This may perhaps be accomplished by using cellulose

trinitrate instead of collodion cotton. It may be possible to produce a

cellulose diamine if such a reaction is assumed:

ONOz  HeNH _ OH
Cell ONO, + NaNHp 1i9-NH3 Cell NHp + 2NaNOs
ONOz  NaNHp NHz

The fact that cellulose amine is capable of being‘diazatized
suggests that the product may have aromatic properties. Whether this
property is inherent in the ceilulosic unit or not,.cannot be definitely
stated. Work by Knight and WhiteTon the feduction of nitrobenzene with
liquid ammonia gave the following equations for the reaction:

CegHgNO, + 4Na + NH; = CgHgN(Na)ONa + NaNH, + NaOH
which gave a disodium derivative of ﬂ phenylhydroxylamine., With an excess
of sodium,
CeHsN(Na)ONa +2Na + NHz = CgHs-NNap + NaOH + NaNHp
If water or NH,Cl be added to the mixture,
CgHg — NNa, + RHOH = CgHgNH, + 2NaOH

aniline is the resulting product. The presence of sodium amide was proven
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by the authors by adding ¢ bromonaphthalene to the mixture, and isolating
(- naphthylamine. This resction is:

o~ CicH7Br + NaNHz = o(- CyoH7NHz + NaBr
From the above reactions, by analogy the’ following tentative
reaction may be formulated for cellulose nitrate: |
Cell ONO, + 4Na + NH5; = Cell ON(Na)ONa + NaNH, + NaOH
Cell ON(Na)ONa + 2Na + NHy = Cell ON(Na), + NaNH, + NaOH
Cell ON(Na), + NalHz = Cell NH, + NadN(Na)2
NaON(Na), + 3NH3 = NH,OH + #NaNH, .
These reactions may be condensed into one; thus:

Cell ONO, + 6Na + 5NHy 13Q-NHs Cell NH, + 2NaOH + NHgOH + SNalNH,



IV Method of Analysis
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The modified Kjeldhal method used previously4 for determining
total nitrogen and nitrate nitrogen was not successful here. It was found
that certain precautions must be observed in the determination. The
method used and the theory of the modified Kjeldahl analysis will be givén
below.

RS = &35 graﬁs of the nitrate were accurately weighed. Two
grams of salicylic acid were dissolved in 30cc. of concentrated sulfuric
acid. It was found that if this acid mixture were added to the cellulose
nitrate a vigorous combustion would take place. At the same time, NO,
fumes were liberated. Results by this method gave low nitrogen contents.
Check results could not be obtained. .

The procedure was modified by adding the nitfate in small
quantities to the acid mixture. Solution of cellulose nitrate was slow
and no vigorous reaction was observed. The mixture was allowed to stand
until the cellulose nitrate went into solution. This took from one to
two hours, and gave colors ranging from a dark yellow to a dark brown
solution.

Thus far, the reaction can probably be formulated in this manner:

Celig OHCORH + Cell NO5 + HpS0, = CGHS(NOZ)COZH(éﬂyellcéiﬂ-xnggﬁiﬂgso4
In the presence of sulfuric acid, the cellulosé undergoes further
decomposition to a simple sugar.

To the solution of cellulose nitrate two grams of zinc were
added, wihile the flask was kept in a cooling bath. The zinc should be in

the form of an impalpable powder® and must be added gradually. Cooling
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of thgﬁnixtufe and long standing were essential in order to prevent low
_Jvéiﬂés. The reason for this lies in the fact that complete reduction of
the nitro group must take place, otherwise some nitrate nitrogen will be
lost during the digestion. It has been foundl® that commercial zinc
powder gives better reduction due to the presence of zinc sulfide. In
other methodslg, the use of zinc sulfide is suggested, but it was found
that it was difficult to obtain commercial zinc sulfide free from ammonia.

When zinc powder is added to sulfuric acid, the nascént hydrogen
liberated acts as the reducing agent; with this in mind, we may write the
following feaction:

Celiz (N0, JOHCOH + 2(H) =,‘CSP‘§(NH2)OHCOQH + Hz0
Amino salicylic acid is formed.

After all the zinc was added, in order to get equal distribution
of the zinc and insure complete reduction of the nitro groupéui, the flask
was rotated at 10 or 15 minute intervals for about 1 1/2 to 2 hours and
then allowed to stand overnight. Fﬁrther work showed that if the mixture
be rotated after each addition of a small amount of zinc, the same
purpose was served.

After allowing the mixture to stand, for the required time, it
has been suggested 1" that the mixture be heated for one to two hours with
a low flame, to prevent frothing. This step was found to be unnecessary
in this work. The mixture was brought to boiling and allcwed to boil for
about fifteen minutesl®, Then0.2 -0.3 grams of ground CuSO4'9ﬁ;é(wéteﬁidded
The purpose of the CuSO4 was to catalyze the reaction and thereby iecrease
the time of digestion. Other catalysts may be used, such as mercuric
oxide or selenium oxychloride. Lauro? found that with selenium chloride

instead of mercuric oxide or copper sulfate the time of digestion is



Page 13
reduced by 50 per cent or more. Being a volatile, corrosive liquid,
selenium oXychlbride is unpleasant to handle, and is therefore avoided.

The changes that CuSO4 undergoes as a catalyst maj be formulated
in this way®”: ’

2CuS04 = CupS0y + S03 + O
CuyS0, + RHpS504 = CuS0, +2Hz0 + SOz
The presence of the nascent oxygen increaées the rate of attack on the
organic matter. The copper sulfate remains unchanged at the end of the
reaction as is shown by the equation.

After the addition of CuSO4 the mixture was allowed to boil for
half an hour, and then 6.5 grams of potassium sulfate was added. In the
original Kjeldahl process, it was foﬁnd that with the progress of combustion,
the acid diminished in strength until it was below the concentration
represented by the formula H,S0,. Under such conditions, the oxidation
takes place more slowly. Gunningd® proposed to avoid this difficulty by
adding potéssium sulfate to the mixture. The reactions of this process
have been tabulated by Van Slyke*¥ in the following equations:

K.S0, + H;504 = RKHSO,

RKHS0, = K35,0, + Hy0
At higher temperatures,

K,5,0, = K,50, + SO,
Combining thellast two equations,

RKHS0, = K;504 + Hz0 + 504

The water is set free and leaves the reaction mixture, while the free
sulfur trioxide reacts on the organic matter. The potassium sulfaye formed

in the last reaction is set free to repeat the cycle as long as excess
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sulfuric acid is present. With increase of concentration as digestion
continues, the boiling point of the mixture increases, the effect being
similar to having the mixture under pressure.

In time, the mixture becomes colorless or tinted green due to
the copper sulfate, thus having indicated that digestion was complete.
Should the volume decrease to a marked extent and digestion still be
incomplete, as indicated by the presence of a brown color, about 1l0cc.
of HpyS04 must be added and the digestion continued. If necessary, this
should be repeated.
The reaction that took place during digestion may perhsps: be:expressed
by the following reaction®&
206 (i, JOHOOH + 4,50, + 25(0)) =" (W)s80,+ 400, + B5QE+ THO
After cooling the contents of the flask, 150cc. of distilled
vwater was ad‘ed. The flask was held at zn angle of about 45° and 10Occ.
of concentrated NaOH was carefully poured down the side of the flask.
After this was completed, two layers were present, sodium hydroxide on
the bottom, the acid solution above it. This procedure was desirable
because any ammonia liberated was trapped in the acid solution.
The Kjeldahl flask was attached to a trap which was connected
to a condenser. The end of the condenser was in 50cc. of a 4 per cent-
solution of boric acid?®, The flask was rotated and a strong flame
placed under it. The distillation was continued until 50 to 75cc. of
liquid was distilled, to insure complete washing of the apparatus
from the liberated ammonia,

To the distillate 2 - 4 drops of (0.1 per cent solution in

95% alcohol) methyl red was added. This was titrated with standard acid,
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until the end point was that of a standard previously prepared. Meeker

10 suggest this preparation of such a stondard: add 2 - 4

and Wagner
dr§ps of methyl red to 50cc. ofré 4 per cent boric acid solution; this
is then made up to the approximate volume of the distillate with |
distilled water., The standard, if tightly stoppered, may be used for a
day or more. |

For the determination of amino nitrogen, the same procedure

was followed except that,

(1) salicylic acid was not necessary
(2) reduction with zinc was not necessary

The analysis for amino nitrogen may be carried out in a few

hours.
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Reagents

Cellulose nitrate:

The nitrate used to prepare the amine was commercial

pyroxylin, which contained 11.95%, at; determined by the modified

Kjeldahl method.
Liquid Ammonias

This was of the ordinary commercial type of anhydrous
liquid ammonia supplied by
Sodium and Potassiums

The alkali metals used were always prepared with special
care, since it was important that ﬁthey be A_axidn free, The method
described by Scherer and thamylhs used ‘t'.hroughﬁut.
Ferric Nitrate:

The catalyast used in the preparation of the alkali amides
was C.P. Fe(ﬁﬂ:);* 9Hz0,
Other Reagents:

The diethylemine and o(- bromo naphthalene were of C.P.
grade, prepared in the Eastman Kodak Co. laboratories,
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Description of Apparatus

This method was used in almost all of the experiments with
liquid ammonia.

The liquid ammonia in tank (A) wés run into the intermediate
flask (B). The liquid ammonia was then forced over into Dewar flask (D)
by means of pressure through the movable tube (C). The mechanical
stirrer (E) served to odgitate the reaction mixturé. The stirrer was
aiso fitted with a mercury trap to prevent the escape of ammonia fumes.
By means of the movable tube (F) the excess ammonia was siphoned from

the reaction flask into flask (G). The tube (H) allowed part of the

vapor to pass into the atmosphere. The remainder of the ammonia fumes
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passed through the trap (I) and into bottle (J) containing water. Tube
(H) was attachable to the water pump to hasten the withdrawal of the

" excess ammonia from the reaction chamber.,
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I Method of Preparation

In the preliminary experiments the cellulose amine prepared
was a dark black viscous mass. It was found by Vaughn, Vogt and
Nieuland1%hat in the preparation of sodium amide; that the catalytic
material is in the form of a finely divided black precipitate. Sodium
oxide was‘suggested as a catalyst. In the preparation of cellulose
‘amine the sodium amide was prepared with sodium.surroundéd by a heavy
coat of the oxide. When the sodium amide was prepared with oxide free
sodium, the cellulose amine showed no trace of a black residue.

The general procedure u§ed in preparing cellulose amine with
sodium amide was as follows:

2 grams of oxide free sodium were accurately weiéhed. One
third of the sodium was added to 600cc. of liquid ammonia containing
two or three crystals of Fe(NOz); * 9H,0. The solution developed the
characteristic blue color. With continuous stirring, the blue color
gave way to a greyish color indicating sodium amide in suspension.

To this solution the remsining sodium was added, and the stirring
continued until the conversion to sodium amide was complete, this

was indicated by the disappea:ance of the characteristic blue color

of excess sodium. 10 grams of cellulose nitrate (11.95%) were added,
and the reaction allowed to proceed with stirring for seven to nine
hours. At the end of this time the solution contained a reddish-brown
precipitate which settled easily.

The excess ammonia was drawn off into a separate flask by
means of a long glass tube which was attached to the water pump. The
ammonia left in the precipitate was drawn off by using a glass tube

covered with-a piece of monel-metal screening and nainsook cloth. Thus,
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the precipitate was prevented from being sucked out with the liquid
ammonia, The cellulose amine was washed four times with 100cc. portions
.of liquid ammonia. The evaporation of liquid ammonia was accompanied
by the following color changes in the product: the reddish brown color
gave way to a light yellow color followed by a gradual change back to a
reddish brown color. The product was then placed in a desiteator to
prevent contact with tﬁe moisture.

The product formed in this manner was soluble in water aﬁd the
solution gave an alkaline reaction towards litmus and phenolphthalein.
The presence of nitrate was shown by the brown ring test. A nitrogen
analysis of the product showed 8.35 per cent nitrate nitrogen, and 7.15

per cent amino nitrogen.
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2. Dialysis

A sample of the product was placed into a dialytic cell,
" using the foll-wing membranes: (a) vegetable, (b) animal (c) gold
beaters skin. The dialysis was run using liquid armonia for two hours
using each of the membranes. In the case of dialysis with the animal
membrane the product had passed through the dialytic eell into the
dispersion medium. The membrane itself seemed to have taken up a huge.
amount of the product. The product of the dialysis with the other
membranes showed, on analysis, no appreciable change in nitrate
nitrogen. On placiné the dialyzed product into solution, a qualitative
test indicated the presence of nitrate. The solution was still
alkaline to litmus and phenolphthalein.

The product was dialyzed in liquid ammonia over night'usiné
the animal membrane and the gold beaters skin. The total nitrogen and
amino nitrogen were run, and the comparative figures are shown in the

table.

Table I

Effect of Dialysis on Nitrogen Content of Cellulose Amine

% NHz % Total % Nitrate

Membrane Nitrogen Nitrogen Nitrogen
Crude product 7.15 8,35 1.20
Vegetable

2 hours Reacted with membrane
Animal

2 hours 7,11 8432 1.21

18 hours 7.03 7.24 0.23
Gold Beaters Skin

2 hours 7.13 8.34 1.21

18 hours 7.11 7.97 0.86

Crude product
(2 weeks old) 5.89 - -
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The amino content as shown in the table remained almost
constant after dialysis in all cases. Dialysis in the animal membrane
- after 18 hours shows that the amino content had decreased to the extent
of .08 of a percent. This camnot be explained except that the product,
on standing for two weeks, also showed a great decrease in amino content.
The time of treatment seems to have had a decomposing effect.

The total nitrate was decreased to a very great extent by
dialyzing for 1€ hours. The nitrate was not completely removed in my

case.
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3. Use of Diethyl Amine
The next series of experiments had to do with an attempt to
' prepare sodium diethyl amine. The procedure used was as follows:

0. To 600cc. of liquid ammonia 2 grams of éodium were adﬁed
while constantly stirring the mixture. It was calculated that
theoretically 6.31 grams (8.87cc.) of diethylamine was required to
react with the sodium. The diethylamine was added by means of a
burette to the solution of sodium in liéuid ammonia. Similar eiperi-
ments had been carried out by Whitéﬁ'using aniline instead of
diethylamine, under the same conditions. The disappearance of the blue
color indicated that sodium aniliée had been fbrmed. In the experiment
with diethylamine used here, it was found that the blue colof still
persisted even after 4 hours of reaction. _

The liquid ammonia was allowed to evaporate, an oily solution
having the characteristic odor of diethjlamine was present. The metallic
sodium was recovered, since a piece of the solid when placed in water
reacted very violently.

47 The procedure was modified in so far as this methdd was
adopted: to 600cc. of liquid ammonia 8.87cc. of diethyl amine were
added. Two grams of sodium were mixed in ﬁith the miscible liquids.
The characteristic blue color developed immediately and was the same
after 4 hours. io this éolution the ferric nitrate catalyst used with
sodium amide was added. At the end of 1 1/2 hours no change was
noticeable.‘ It was decided to add some ammonium chloride, Wifhin 3/4
of an hour a greyish solution developed. Evaporation of the liquid am-
monia was allowed to take place over night. The ammonia free product

was olly in nature and gave the characteristic odor of diethylamine-

which was definitely present.
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This procedure was abandoned since it became obvious that

diethyl amine would not react with sodium in liquid ammonia.
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4. KNH, as Reagent

The preparation of cellulose amine with sodium amide required
an optimum time of seven to nine hours to get almost complete amination.
Green2 found that the use of potassium amide shortened the time of
reaction considerably since no optimum time was necessary. Considering
the ease of preparation and the fact that potassium amide is completely
soluble in liquid ammonia, it may be possible to get the desired
product pure. The reactions with potassium amide were studied using
first the following procedure:

300cc. of liquid ammpnia were allowed to react with 1.700
grams of potassium in the presence of the ferric catalyst used previous-
ly. After the formation of potassium amide was complete, a dialytic
cell (animal membrane) containing 5 grams of cellulose nitrate was
inserted into the potassium-liquid ammonia solution. The dialysis
tube was filled with ammonia to the level of the ammonia in the Dewar
flask. There was an appreciable change in color at the end of 48 hours,
and the liquid ammonia was allowed io evaporate off., A parchment-like
residue was present. The animal membrane had become colored reddish
brown, evidently indicating a reaction within the membrane. The product
burned up after a short exposure to air. Such spontaneous decomposition
of the compound had been observed by Feil&aand Greeﬁ{

Another procedure was followed:

1 gram of potassium was dissolved in liquid ammonia containing
the usual catalyst.r 4 gfams of cellulose nitrate were added to the
potassium amide. After allowing the reaction to proceed for ten minutes,

a dialysis tube with an animsl membrane was inserted into the Dewar flask.
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The dialytic cell was filled with pure liquid ammonia. A sample of the
liquor from the cell was withdrawn at the end of lé minutes. The cell
was then emptied and fresh liquid ammonia placed into it. At the end
of 30 minutes a sample was withdrawn again, and the dispersing medium
replaced with fresh liquid ammonia. This procedure was repeated, at
time intervals of 1 hour and 3 hours.

The liquid ammonia was allowed to evaporate from the four
samples, and the residue was placed into solution with distilled water.
In each case, a positive test for nitrate was observed. The preéence
of potassium was confirmed by a precipitate of potassium sodium
cobaltinitrite, which formed when sodium cobaltinitrite was added to an
acidified sample.

The product was dried; and on decomposing in a crucible, an
ash was observed. Analysis of the ash sihowed the presence of potassium
and gave an alkaline solution to phenolphthalein.

A microscopic comparison of the cellulose amine formed with
potassium amide and sodium amide gave the following observations:

The amine prepared with sodium amide went into a homogeneous solution
under the high power of the microscope. The potassium amide product
was also observed to go into solution, but close examination showed
minute fibers were present, thus differing from the solution of the
sodium amide product. Examination of a solution of potassium amide
cellulose amine, indicated what seemed to be a true solution. To_the
naked eye, there appeared to be a true solution, but actually véry
small fibers were present in the solution.

From these observations it became evident that reaction took
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place with potassium amide in such a way that penétration of the fiber
was not complete in the time all-wed for the reaction.

It was decided to use the same procedure as that used with
sodium amide. 3.40 grams of potassium were used, and 10 grams.of
cellulose nitrate. The reaction was allowed to proceed for 30 minutes.
It had been noted that cellulose nitrate did not go into solution,vbut
had4a1most iﬁstantly taken on a light brown color which developed in
intensity with time. To f@snmixtpye 1l gram of ammonium iodide was
added in the hope of séabilizing the pfoduct. The precipitate settled
éut nicely, and the ligquid ammonia above it was withdrawn by means of -
a water pump. The product was washed two more times.

Fxamination of the dry product showed that it retained a
fibrous form. The product was stable in contact with the air for 4
hours, and was easily powdered. An amine group was identified by
means of the Schotten-Baumann test. DTecomposing the product to an ash
gave, on analysis, a vositive test for potassium, and the solution was
alkaline toward phenoiphthalein and litmus.

It is evident fromﬂwhat was done that as yet we had imcomplete
removal of the reaction by-products. The instability of the cbmpound
made it difficult to isolate the product.

It was found that the cellulose nitrate was not completely
soluble in liquid ammonia. This was of extreme interest since claimst?
had been made that cellulose nitrate was soluble in liquid ammonia.
With this consideration in mind, a procedure was undertaken whiéh
considered this fact.

12 grams of cellulose nitrate were placed into the Dewar
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flask, and then 20Ccc. of liquid ammonia added. The mixture was stirred.
It was observed that only partial solution of the nitrate took place.
Stirring was continued, for 1 hour, but still the nitrate was not
completely soluble. it was noticed that only about 3/4 of the nitrate
went into solution. In another Dewar flask a solution of potassium
amide was prepared by dissolving 5.3567 grams of potassium in liquid
ammonia. This solution was then passed into the flask containing the
partial solution of the nitrate. The mixture turned yellow almost
instantly. The reaction was allowed to proceed with stirring. In
time, the solution became orange in color and after 12 hours of reaction
the product was dark brown in color. The ammonia was allowed to
evaporatg dut, the: produet: spontanecuslye decompogetd in titheodty leaviag
a carbonaceous mass. | '

The same procedure was again used, this time, however, an
excess of potassium was avoided.‘ A solution of 9 grams of cellulose
nitrate was allowed to react with a solution of potassium amide,
prepared by using 3.1 grams of potassium. The reaction was allowed to
proceed again for 12 hours. The contents of the flask were poured into
an evaporatiﬁg dish. After all the ammonia had evaporated off, and the
product allowed to stand in the air, a black viscous mass had formed.

- Evidently some product was ﬁresent which caused spontaneous
decomposition. Whether this was due to presence of potassium amide,
or the occurrence of a reaction which has been overlooked, could not

at this time be predicted.
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5. Use of Cellulose Trinitrate

The reaction between cellulose trinitrate and potassium amide
was studied. Since no trinitrate was at hand, the following mixturet®
was used in an attempt to prepare and stabilize a cellulose trinitrate:
The reaction mixture consisted of

75 volume parts of nitric acid (S.G. = 1.52)
25 volume parts of glacial acetic acid
5 volume parts of acetic anhydride
1-2 gms. of Pz0s per volume part of acetic anhydride

The mixture as used by Troguéus, was for 2 grams of Ramie
fibver. It was decided that a large quantity of the trinitrate was
needed, and, therefo:re, this mixture was used for every 4 grams of
cotton linters instead of two grams. The following mixture was used
for 10 grams of cotton linters:

325cc. of fuming nitric acid (S.G. = 1.49‘ﬁ 1.52)
125cc. of glacial acetic acid

25cc. of acetic anhydride

25 grams of ons'

The phosphoric anhydride was first dissolved in the fuming
nitric acid, and then the dilwent and acetic anhydride were added. It
was shown by Trogus that when time was plotted against per cent nitrogen,
the maxdmum nitration would occur after six hours or more. The mixture
was poured into a liter beaker containing 10 grams of cotton linters.
This was allowed to react for 6 hours. The product was filtered through
a Buchner funnel and washed with 6 liters of water and it was stabilized
by boiling it for 2 hours in a 50% solution of acetic acid.

A nitrogen analysis showed that only about 8% nitrogen was

present., The same nitrate was again renitrated. Analysis gave 10.80%

nitrogen. At this time, we were fortunate enough to obtain iicuih
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& cellulose trinitrate.(:13.44-per cent mitrogen):¥ ),
The calculations by which the amount of sodium necessary for
a reaction with cellulose nitrate is given below.
The molecular weight of the trinitrate was taken as 297, if

ten grams is used

_10 _ .034 moles
R97

Iet x = grams of sodium amide per nitrogen atom.

x = 1,326 grams of sodium amide.
Since in a trinitrate we have 3 nitrogen atoms per glucose unit, then
3x = 4,078 grams of sodium amide then the number
of grams of sodium will be

4.08 x 23 _ 2.407 grams
39

The theoretical trinitrate has 14.14% nitrogen, and it follows that a

compound with 13.44% nitrogen will require less sodium.

%Z:ii X 2.407 = 2,29 gms. of sodium

This can be expressed in terms of potassium

.29 x 39 '
ReR9 x 53 = 3.89 grams of potassium.

The method of preparation used was the same as with: the
cellulose dinitrate. The reaction was allowed to proceed for 8 hours
and the product washed with liquid ammonia. The color of the product
was the same as that of the cellulose amine. The difference being in
that it consisted of very smell fibers. On evaporation of the liquid

ammonia, the product spontaneously went up in flames.

* Through the kindness of G. A. Stearns.
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Potassium amide was prepared and the reaction with the cellulose
trinitrate was allowed to go for 10 minutes, at which time, 1 gram of
ammonium iodide was added. The reddish brown precipitate yés washed
a few times with liquid ammonia. This product also was composed of a
large bulk of minute reddish-brown fibers. The product was allowed
to dry, and after 4 hours was still stable. But not very mach later, it

\
- spontaneously burst into flame.

The reaction with potassium amide and cellulose trinitrate
was carried out for 30 minutes and 1 hour, though the product was

easily isolated, it spontaneously took fire,
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6. Electrodialysis

As a method of disposing of crystalloids electrodialysis should
prove to be a rapid one. The apparatus consisted of two concentric
glass cellé with animal membranes whiéh would fit into the Dewar flask.
In all, therefore, three cells including the container formed the
dialysis apparatus. Inside the Dewar flask and the inner cell were
placed iron electrodes. The center container was for the product to be
dialyzed. A 6 volt rectifier placed inside the circuit was capable of
supplying 5 amperes. However, the current passing through the dialyﬁic
cell containing KNO, in liquid ammonia caused negligible deflection on
a milliammeter. A 110 volt cépper oxide ;ectifier was introduced and
it was found that this increase of voltage caused the passage of about
200 milliamperes.

Introduction of the product to be dialyzed into the center
compartmént gave no deflection on the milliammeter. In a relatively
short time, there:was a deflection which graduvally increased to 150
milliamperes, and then decreased to zero in a short time. There was
no deflection on the milliammeter with pure liquid emmonia,

This method was not considered.as being suitable for the
following reasons:

(1) The current was not great enough to cause good conduct-
ance between the electrodes.

(2) Even though there was a passage of ions to the electrodes
as indicated by the deflection of the ammeter, the following reasons
would not make it practical:

(a) Ordinary dialysis of the crystalloids caused them
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to pass to the cells containing the electrodes. Because of
this, the attraction of the individual ions for their
respective electrodes was possible at this low current, és
shown by the deflection of the milliammeter from zero to
15C milliamperes.

(b) In time, the concentration of the crystalloids in
the center compartment would decrease. At this point the
milliammeter would read zero, since the conductivity of al-
most pure liquid ammonia is extremely low. From this, it
can be readily seen that only ordinary dialysis would take
place when the concentration of the crystalloids was low,

To completely remove the small amount of crystalloids present,

too high a potential field would be needed for practical work.

Therefore, the elsborate method of electrodialysis cannot be
readily used in this case to any greater advantage than ordinary

dialysis.
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7. Reduction of Cellulose Nitrate by Sodium
in Liquid Ammonia

A study of the direct reduction of cellulose nitrate was
undertaken.

(a) 3 grams of cellulose nitrate were placed in a Dewar
flask, and 30Ccc. of liquid ammonia were added. A large sample of
sodium was weighed out and small pieces were added until a blue
color persisted. By difference, it was found that 1.2270C grams of
sodium were added. After 3/4 of an hour, the blue .color still per=-
sisted. Since excess sodium was present, it was found that ,3120 grams
of ammonium chloride were necessary to dispose of this blue color.

The volume was made up to 600cc. and the reaction allowed to proceed
over night.

Since this reaction was analogous to the one used by Knight
and White” (so'see pageigol), the first consideration was to see
whether any sodium amide had formed.

To the resction mixture was added ¢ grams of eg—bromo
napthalenq, and no violent reaction was observed. The mixture had
two layers, the liquid ammonia, and one of eg¢-bromo naphthalene.
Stirring was continued for a few minutes, at which time any sodium
amide should have reacted with the bromo-naphthalene. -At this point,
about 125cc, of mixture ﬁas present. To this was added about 50cc.
of water, and the ammonia evaporated. The aqueous mixture was acidified
with hydrdchloric acid, This mixture was placed ina separatory funnel
and shaken with ether to remove any unchanged bromonaphthalene. The

aqueous solution was drawn off and made alkaline. When the solution



Page 35
was made alkaline, if any eg\—naphthﬂ%,%g had been present, it would
have precipitated. However, such was not the case. This offered some
evidence that sodium amide was not present.

(b) However, some doubt existed since sodium amide may have
been present before the ammonium chloride was added. The reaction by
which the excess sodium was removed is -

Na + NH,C1l = NaCl + NH, + 1/2H,
A similar reaction may possibly have taken place if sodium amide had
been present ;
NaNH, + NH,Cl = NaC} + 2NH,

To verify the factudefinitely as to the presence of any sodium
amide, this method was used: 3 grams of cellulose nitrate was placed in
liquid ammonia, and sodium added until a blue color persisted. After
allowing the reaction to proceed for two hours, a viscous orange
solvtion was present. To this, nine grams of a(—bromonaphthalene were
added, and the procecdure continued as before. eo¢-naphthylamine was not
found. This experiment showed that the reaction between cellulose
nitrate and metallic sodium must have occurred without the formation of
sodium amide as a product. According to Knight and Whitéui sodium amide
was a product of the action of sodium on nitrobenzene and up to this
point we have assumed the instability of our cellulose amine to be due
to the presence of that compound. Apparently the inflammability must
be due to some other cause,

(c) 2.400 grams of cellulose nitrate was reacted in liquid
ammonia with 2.C687 grams of sodium (4 atoms of sodium per atom of nitro-
gen). |

This reaction was allowed to proceed over night. The product
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was washed in ammonia in which it was apparently insoluble. The
product was placed in a dialysis cup and dialysis allowed to take place
in liquid ammonia. This took place for 3 hours. The dispersing
medium was placed in'a beaker and ammonia evaporated off. The follow-
- ing tests were run on the dialysis liquor: which showed the presence
of nitrite and gave an alkaline test with phenolphthalein. The product
was soluble in water. Combustion to ash, and subsequent analysis of
the ash gave a positive test for nitrite, and alkaline reaction to
phenolphthalein.

The cellulose product was dissolved in water, and the Schottan
Bauman reaction gave a precipitate. This indicated the presence of an
amino group. An analysis showed 3.43% amino nitrogen was present.

(d) 5.2 grams of cellulosé nitrate were reacted with
3.0789 grams of sodium in liquid ammonia (3 atoms of Na per atom of N).
The reaction was carried out for two hours, after which the product was
washed with liquid ammonia. On complete evagoration §f the liquid
ammonia, the product decomposed spontaneously.

(e) The reaction was carried out again using the same ratio
of 3 sodium atoms per atom of nitrogen. After two hours, the solution
was brown in color, to it was added enough ammonium chloride to react
with two atoms of sodium. The dry product decomposed violently.

(f) 4.300 gms. of cellulose nitrate was reacted with 2.6215
gms. of sodium in liquid ammonia (3 atoms of Na per atom of N). The
reaction was allowed to proceed for three hours, at the end of which
time, a dark brown viscous solution had formed. Enough ammonium

chloride was added to completely react with the 2.6215 grams of sodium
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added. After the addition, the following was observed:
(1) Solution of the product in liquid ammonia to give
the same brown color as the precipitate.
() A simultaneous settling out of a white precipitate.

The following separation was decided upon. The liquid ammonia
was passed through a Buchner funnel and separated from the precipitate.
The precipitate was washed with acetone, and the washing allowed to run
into the liquid ammonia. The precipitate was placed in a dessicator.

The filtrate was poured into a beaker, two distinct layers
were visible. That of the liquid ammonia containing the soluble product
and over it the acetone. This was allowed to evaporate over night. On
examination of the product a brown hard crust-like precipitate was
noted. The product was treated with methyl alcohol filtered, and
washed with acetone.

On analysis, the amino content was 5.49%. The product was
very slightly soluble in water, slightly soluble in hot water, slightly
soluble in dilute cold NaOH and HCl, but completely soluble in a hot
solution of either the acid or the base.

Two samples of the product were accurately weighed into
crucibles. These were placed in a muffle furnace at 450°C and allowed
to remain this way over night. The cool crucibles were treated with
sulfuric acid, and replaced in the furnace until a white residue was
present. The amount of ash present as sodium sulfate was determined, and
the per cent sodium calculated was 27.65%. |

The same product was placed into a dialysis cup inserted into

800cc. of liquid ammonia and dialysis was allowed to proceed with stirring
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overnight. Since the main interest was the amount of salt present, an
ash determination was run as before and 14% sodium was found, indicat-
ing that a large portion of’the ash was probably present as inorganic
impurities not removed by washing.

(g) Another run was made using 2.0765 grams of cellulose
nitrate and 3.0972 grams of sodium. When enough ammonium chloride
was added to react with 3.0972 grams of sodium, a heavy white precipi-
tate was found to be completely solublg‘in water. This precipitate
had a salty taste. It was concluded that this was sodium chloride
which is but very slightly soluble in liquid ammonia.

The amounts of sodium used in experiments d, e, and f were
3 atoms per atom of nitrogen. However, this was based oﬁ erroneoug
calculations as was experiment c which used 4 atoms per atom. Another
run was made.

(h) 3.2140 grams of cellulose nitrate were reacted with
3.7860 grams of sodium, and after two hours of reaction, 3.38l5 grams
of ammonium chloride were used to discharge the blue color, From fhis,
the amount of sodium unreacted was calculated.

3.3815 x Na
ﬁﬁ;ﬁi = 1.4535 grams

the amount reacted is 2.3325 grams.
The amount of nitrogen x present in 3.2140 grams of cellulose nitrate

100 3.2140
11,95 & x

x = ,3839 grams of nitrogen
If this amount of nitrogen reacts with R.3325 grams of sodium, then the

amount of sodium y reacting with one atom of nitrogen
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. 3839 ; 92,3325
T4 ¥

¥ = 84 grams of sodium or 3.65 atoms of sodium per nitrogen
atom.

The same calculation carried out on the reactants used in
experiment g, gave 3.473 moles of sodium.

We can then state that in the reduction of cellulose nitrate
there are 3.5 atoms of sodium necessary per nitrogen atom. Since =
%ﬁhE’fSiEﬁlnﬁﬁwusa.dinitrafe, then 7.0 atoms of nitrogen are necessary

for 2 nitrogen atoms.



VI Results and Conclusions
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1. It was found that ordinary dialysis could be used in the
purification of cellulose amine in so far as it would remove most of
the crystalloids. A slight decrease in amino content is indicated
during dialysis. A greater decrease in the amino content was noted
when the product was allowed to stand in a desibeator over a period
of two weeks. The comparative results are shown in Table T,

2. With potassium amide it was found that an unstable product
was produced in most of the experiments. When the method was varied
from the sfandard procedure, a product was not easily isolated. In all
cases, the ash of the different products gave qualitative tests for
potassium. The water solution of the product gave a test for both
potassium and nitrate, or nitrite.

3., Microscopic examinatioﬁ of cellulose amine showed:

(2) That when the cellulose amine was produced with

sodium.amide, a compietely~homogeneous solution was present. .

(b) TWhen the product was produced by potassium amide,
small fibers were visible after apparent solution, indiéating
‘only surface reaction. ‘

The time of reaction, therefore, is an important factor, since
it was found that the cellulose nitrate used was not completely soluble
in liquid ammonia. In time, as reaction proceeds, the nitrate perhaps
goes into solution completely as is shown by reaction with sodium amide.
However, with potassium amide, the relatively short time causes this
reaction to be incomplete, and perhaps may be one of the factors causing
the product to be unstable,

4, Preparation of sodium diethylamine was not possible, and,

therefore, preparation of a substituted amine was not realized.
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5. Reaction of cellulose trinitrate with sodium and potassium
amide in all cases gave a brown fibrous product which was unstable.

6. Electrodialysis as a means of purification was shown to be -
impractical, and in this case could not in any simpler way exceed thev
efficiency of ordinary dialysis.

7. The reduction of cellulose nitrate with sodium in liquid
ammonia gave a cellulose amine. It was found that 7 moles of sodium
were necessary to react with one mole of cellulose dinitrate. The fact
that sodium amide was not present indicated that a quicker means might
be found to purify the product. The presence of a nitrite was proven
qualitatively as a by-product of the reaction. ’The ésh of the product
when placed in solution was alkaline to éhenolphthalein, perhaps
indicating the presence of scdium hydroxide as a possible by-product. -

The\product produced was unstable wheﬂ?gmmonia was evaporabﬁd
wQ@.’ When enough ammonium chiéride was added to react with the total
sédium used, solution of the product took place with simultaneous\“
formation of a white precipitate. Separation of the solution from the
precipitate showed that this precipitate was sodium chloride which was
almost insoluble in liquid ammonia. A nitrogen analysis on the product
isolated as a result of evaporation of the ammonia, showed a nitrogen
amino content of 5.49 per cent. The formation of the sodium chloride
could perhaps be explained in this way

ONa OH

Cell ONa + 4NH4Cl = Cell OH + 4NHa + 4NaCl + 2,
N(Na)z NHz
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Such a compound would also explain its unstablllty in the
experiments in which ammonlum chlorlde was not used.
This would also account for the large amount of sodium
chloride precipitated on addition of the ammonium chloride.
With these facts in mind, perhaps the following reaction for

the reduction of cellulose nitrate can be written

OH OH
Cell ONO, + HNH, N2 Cell NH, + HNOs;
ONO2 ONOz

HNO3 + NH3 = NH4NOs
NH,NO; + Na = NaNO; + NH3 + 1/2H,

NaNO3 + 2Na = NaNO,(ONa)Na
NaNOz(ONa)Na + HNHz = NaOH + NalH + NaNO»

OH OH
Cell NHp + 2Na = Cell NHz + NaNO»
ONO2 ONa
OH OH
Cell NHz + 2Na = Cell N(Na)z + Hz
ONa ONa
OH ONa
Cell N(Na), + NaNH, = Cell N(Na), + NHj
‘ONa ONa

Expressing the sum of these equations by one reaction:

OH ONa
Cell ONOz + 7Na + 2NH3 = Cell ONa  + 2NaNOz + NaOH + 3/2Hs
ONO2 N(Na)z

Further work on the product showed that an ash was present
when the product was decomposed. In case of the crude product, 27.65
per cent of the compound was indicated as sodium since any of the anions

were made volatile by addition of HzSO4. Dialysis of this product
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showed a decrease of 124 in the sodium content, indicating that simple

washing of the product did not completely remove all sodium impurities.
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