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III. 'F.t:lE IIWESTIGATION 

A. Object of Investigation. 

The object of the investigation of the reaction between 

cellulose 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. 

11he original investigation also included a study of the 

reaction products of other alkal1-alkyls such as sodium methyl, sod-

i'um. 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 to 

include 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 iv-ere then made which indicated the com-

pleteness of reaction and the properties of the product which results. 

A:f'ter the process was adjusted so as to favor the most complete re-

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. 
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B. Apparatus and Materials. 

The ammonia used in this work was ordinary anhydrous liquid 

a:mm.onia purchased from E. I. du Pont de Nemours. It was not :further 

purified .. 

The cellulose nitrate which was used, was obtained from the 

Hercules Powder Company. It contained 11.9% nitrate nitrogen as 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 Number 2. Acetylene from the cylinder was 

bubbled through about six inches of concentrated sulfuric acid in the 

tower lE) in order to remove acetone vapors. 'rhe 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 sultur dioxide 

vapors were removed. A:f'ter this purification the acetylene was con-

sidered satisfactory tor 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 land 2. The acid tower (E) and the 

soda lime tower (D) have already been mentioned and require no further 
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Run #2. Ten grams o:f' calluJ.ose nitrate were placed in the re-

actor flask. About 400 milliliters o:f' 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. 

This method was adopted as standard procedure in all succeeding rtma. 

The sodium acetylide was ma.de in the collection flask by the method 

previously described. A:tter the nitrate had been dispersed tor about 

an hour, the sodium a.cetylide solution was forced over into the re-

actor flask. A light-brown to yellow precipitate appeared immediately 

and seemed to :f'or.m an almost sol1d ma.as throlighout the solution. This 

~s broken up by the action of the mechanical stirrer into very small 

particles. After two hours the stirrer was shut o:f'f and the reaction 

mixture allowed to evaporate to dryness overnight. 

Run £3. The reaction in this case was carried out exactly as in 

Run #2, described above. ObservatioDS made during this run concerning 

the color changes during reaction confirmed those previously described. 

After the reaction had proceeded for four hours, 400 milliliters of 

ethyl alcohol were added in order to see it it were possible to pre-

cipitate the product directly from the liquid ammonia solution without 

waiting tor evaporation. Alcohol did not seem to precipitate out an.y-

o:!' the product, so was discarded as a possible precipitant tor f'uture 

work. 
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Experiment .No. 4 

It would appear that due to the variations in eondi tions under 

which the runs were carried out, none of the products exhibited exactly 

the same physical characteristics. This experiment attempts to describe 

these different products and tne tests which were made on them. 

Run #1. The product in this e::x:periment was an amorphous solid and 

was dark bro?m in color. It could not be dislodged from the bottom of 

the flask so water was added. The water quickly acquired a brown color. 

After two days the water had become a deep brown, almost black, color. 

1l1he water was tested with diphenylamine and found to contain nitrates. 

A positive test for nitrates was also obtained from the water solution 

using a brown ring test tor nitrates. The solid product was dislodged 

from the Dewar flask and was extracted in a So::x:lett 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 product and appeared to be positive. 

Run #2. Solubility tes,ts were run on the solid product which had been 

prepared six weeks previously. All were carried out at room temperature. 

Reagents used included water, ethyl alcohol, methyl alcohol, acetone, 

toluene, benzene, n-butyl alcohol, ethyl acetate, 1,4 dioxane, ethylene 

glycol, ehlorotor.in, pyridine, nitroethane, glacial acetic acid, 200; NaOR, 

concentrated 1m4oH. Of these, only water, 20,)b NaOH and concentrated 

1'JR40R dissolved the product. The glacial acetic acid appeared to react 

with the solid, breaking it up into smaller pieces and turning it lighter 



- 24 -

in color. The product was reprecipitated from water solution by addi-

tion of alcohol. 

Run #3.• A beaker containing alcohol and water and some or the re-

precipitated product was placed on the steam bath for about fifteen min-

utes. The product changed f'rom a light to a dark brown color and formed 

a coherent mass on the bottom of the beaker. '.rhe supernatant liquid was 

decanted off and solubility tests run on the solid. Again, organic sol-

vents had no effect. 20% Na OH dissolved it readily. 5% NaOH dissolved 

it, but at a slower rate. Water exerted only a partial dissolving effect 

in contrast 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 color. 

Gom.plete solution of' this material occurred in hot v,ater. On addition ot 

alcohol to this water solution, the product was reprecipitated as had been 

previously observed. 

Run#:!• The color of' the precipitate as first obtained trom the 

ammonia solution was that of' iron rust. After sitting overnight it chang-

ed to a dark brown color as previously described under Experiment I'lo. 2. 

Some ot this product was burned. The burning solid gave rise to an ash 

which resembled Pharaoh's Serpents in its formation. 

Run #5. 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 Pharaoh's Serpent just as did that in Run #4. Some more of the 

product was then extracted ten t:tmes with acetone in order to remove any 
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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 for fifteen 

minutes, a large amount of orange-red precipitate came out of solution 

and rose to the top of the test tube. This might indicate that the 

diazonium chloride was unstable. 
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l15) 
Previous work by Dr. Philip o. 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 su.t:f'icient lability to permit reaction. The lability of the 

sodium atom in the -0: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 a:mm.onium chloride after five hours of reaction. The product thus 

for.med might be dissolved in dilute hydrochloric acid, diazotized, and 

then the diazo-group replaced by hydrogen as can be done in the produc-

tion of aniline from its diazo derivative. 

c6H5.N2.oH + Cli:;•Cli:a•OH -+ Cs% • CH:3.CBD + H20 + N2 

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 same way as the first one. In this ~ray all three of 

the hydroxyl groups of the cellulose unit would 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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