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IIuTRopucnIou

This.is the beginning work.in this laboratory dealing with the

addition of nitrogen oxides to unsaturated polymers. One other worker (1)

added nitrogen tetroxide to a maleic acid-ethylene glycol resin, but no

extensive study was made of the reaction.

The present.investigation.deals with the addition of nitrogen triox-

.ide to the unsaturation remaining in polybutadiene and the subsequent

reduction of the compound formed by this addition. The polybutadiene

was prepared by the solution polymerization of butadiene with sodium

'sand as a catalyst.

The addition of nitrogen trioxide to styrene and 2-hexene preceeded

work on polybutadiene.in order that the course of the reaction with .

simpler molecules might indicate the reaction to be expected with the

polymer. After satisfactorily carrying out the reaction with these

monomers, it was extended to the polymer.



HTSTORICAL

Butadiene was first polymerized by the Russian chemist, Lebedev,.in

1910. Following his lead, German workers successfully polymerized but—

adiene in solution using sodium sand as a catalyst and used it for making

'synthetic rubber. Butadiene, polymerized.in this way, has just half of

.its unsaturation left. It.is characterized by low molecular weight and

a predominance of "dangling double bonds" produced by ly2 addition (2).

'To these double bonds halogens, halogen acids, sulphur and sulphur

chloride have been added. However, very little work has been done on

the addition of the oxides of nitrogen to polybutadiene or to unsaturated

polymers.in general with the possible exceptions of natural rubber and

the terpenes.

Nitrogen trioxide has been prepared.in a number of different ways.

Any of the following reactions yield nitrogen trioxide.in an almost pure

form; the mixing of oxygen and nitric oxide in any preportions below

(3) (4)
110°C. ; the reduction of nitric acid by arsenious oxide ; the

. . ....(5) . .
action of mineral ac1ds on sodium nitrite ; the action of dilute

6

nitric acid on c0pper ( ); the action of water on nitrosyl sulphuric

(7)
acid ; and the decomposition of nitrogen tetroxide by a small quantity

of water (8).

When nitrogen trioxide.is added to an unsaturated linkage, a com-

pound.is formed which is known as a nitrosite. The preparation of ni—

trosites involves, not only on the method of making the nitrogen triox—

.ide, but also on the method of.its addition to the unsaturated compound.

Nitrogen trioxide, as such, does not exist as a gas (9). Possibly

because of this reason, most of the methods have been those.in which the

unsaturated compounds as well as the nitrogen trioxide formants are all



mixed together in one reaction vessel, so that as soon as the nitrogen

trioxide.is formed it reacts with the double bond.

Baeyer (10) prepared a.nitrosite.in 1894 by mixing equal amounts

of an olefin and sodium.nitrite (dissolved in water to make a saturated

solution) and adding a like amount of glacial acetic acid while cooling

the reaction vessel.in an ice bath.

'Sidgwick (11) prepared a nitrosite by dissolving an olefin.in

acetic acid and adding a saturated solution of sodium nitrite to the

mixture. This reaction was also cooled by an.ice bath.

Hickinbottom (12) gives a method for the preparation of the nitro-

‘site of trimethylethylene by passing the gases from the reaction of

10 g. of arsenious acid with 80 g. of nitric acid through 20 g. of

trimethylethene dissolved.in 60 cc. of ether.

Bond (13) describes a method for the gravimetric determination of

'styrene by the formation of the nitrosite. Be prepared the nitrosite

by dissolving styrene in "skellysolve", adding this to a saturated

solution of sodium nitrite and slowly adding dilute sulphuric acid.

The reaction was carried out at reduced pressure to exclude as much

air as possible.

'These compounds, formed by adding nitrogen trioxide to the double

bond, are now generally considered his nitroso.nitro compounds (14).

The molecular weights are double those expected, in freshly prepared

solutions, but after standing, the colorless solutions turn greenish

yellow, characteristic of nitroso compounds, and the molecular weight

.is equal to that of the mono molecular nitroso nitro compound.

‘The molecules are joined together through the nitroso nitrogens.

‘ . (15). (16).
A number of structures have been shown to be possible but

(17)
the most generally accepted formula is that of Hammick . He



considered the structural formula to be a resonance hybrid of the

43

following: g: N*N{R g:AHA/\R R\ N== N(O

R equals CH3(CH2)x?H2N02 O I R

‘In any case most of the nitrosites are not too stable. They decom-

pose readily on heating to yield nitrogen, nitric oxide, and carbon di—

oxide. 'They also decompose slowly on standing with the evolution of

nitric oxide (18)’(19).

The nitrosites.in general are soluble.in polar compounds such as

nitrobenzene,.in compounds containing saturated rings of carbon and oxygen

such as dioxan, tetrahydrofuran and tetrahydropyran, and also, to a cer-

tain extent,.in esters (20). .

Both nitro and nitroso groups can be easily reduced to primary amines.

rAccording to Adkins 021) these groups may be reduced to amines almost

quantitatively by using high pressure hydrogenation and Raney nickel

catalyst. Other workers have also successfully used Raney nickel for

(22),(23),(24).

'this reduction

>25

Nitrosites have also been reduced by tin and hydrochloric acid ..



EXPERIMENTAL

ADDITION OF NITROGEN TRIOXIDE TO STYRENE

’The styrene used was first freed of inhibitor by washing with 5%

sodium hydroxide solution and then distilled ago-4900.-2o mm, N33 1.5469).

The nitrogen trioxide was made, except where otherwise noted, by

adding dilute sulphuric acid to sodium nitrite.

The method of Bond (13) was used first with slight modifications.

One-half mole (52.07 g.) of styrene was dissolved in 50 cc. of "Skelly—

'solve" and p1aced.in a 500 cc. three necked flask with fifty cos. of a

‘saturated solution of sodium nitrite. ‘A drOpping funnel was inserted

.in the center hole and a thermometer in one of the others. 'The third

hole was fitted with a rubber stopper, with a glass tube which was con—

nected to a saran tube leading to a safety bottle. The safety bottle

.in turn had three openings, one to a manometer, one to a water aspirator,

and the third to the atmosphere through a needle valve. The reaction was

carried out at a pressure of 100 milhmeters (water aspirator) by slowly

adding six normal sulphuric acid through the dropping funnel while

maintaining the temperature of the reaction below 15°C. by means of an

ice water bath. ‘The flask was intermittently shaken to speed the re-

action which was considered complete when brown fumes appeared above the

mixture. -A white precipitate settled out which was filtered by suction

through a Buchner funnel and washed three times with small portions of

petroleum ether(3C—70°C), once with distilled water and once with 96%

ethyl alcohol. IIt was dried in a vacuum dessicator over concentrated

sulphuric acid. The melting point after drying was 940C., (yield 61%).

The reaction was also carried out without an.ice bath at room

temperature, all other conditions being as previously described. The



yield (61%) and product (m.p. 94°C.) were.identical.

The procedure was next varied.in that the nitrogen trioxide was

generated.in a separate flask and then passed into one—half mole of

styrene. Forty—two grams (46.6%) of a white solid were obtained (m.p.

950-9500.) along with a small amount of a green oil.

A still different modification was the use of acetic acid.instead of

dilute sulphuric. One—half mole of styrene yielded 47 g. (52%) of the

nitrosite melting at 950-94OC.

The next variation consisted of dissolving the styrene.in glacial

acetic acid.in the same apparatus and then adding a saturated solution of

sodium nitrite. From 54 g. of styrene, 40 g. of a red solid were obtained

which had no definite melting point. Portions of the solid melted between

120°C. and 150°C., but a residue was left that did not melt even at 250°C.

PREPARATION Osz-HEXENE

The preparation of22-hexene was accomplished by the dehydration of

normal hexanol by a method described.in "Organic Synthesis" (20) for the

preparation of'2-pentene. One hundred ccs. of normal hexanol were mixed

with 100 cos. of concentrated sulphuric acid and 100 ccs. of water, and

the resulting solution was distilled into a receiver cooled with an.ice

bath. The crude product was then redistilled and the fraction boiling

between 660 and 69°C. was collected as'2-hexene.

PREPARATION OF)2-HEXENE.NITROSITE

The first of the previously described methods used on styrene was

used to make the.nitrosite of 2—hexene. The pressure was maintained just

high enough to keep the'2shexene from boiling at 15°C. From one—half

mole of 2-hexene,-35 g. of a white solid were obtained which was 47% of

the theoretical yield. There were also 21 grams of a green oil which was

about 25% of the theoretical. The melting point of the*2—hexene nitrosite



was 850-8800. The compounds were soluble in 10% sodium hydroxide but.in-

soluble in 10% hydrochloric acid.

PREPARATION OF SODIUM CATALYST

The sodium sand catalyst used to polymerize the butadiene was pre—

pared in the following manner. Two grams of sodium were placed in a

500 cc. magnesium citrate bottle containing 50 ccs. of dry xylene. ‘The

bottle and contents were heated in an oil bath to 13500.; the bottle was

then capped and vigorously shaken until the melted sodium was divided

.into very small particles.

POLYMERIZATION OF POLYBUTADIENE

To the mixture of finely divided sodium as prepared above were added

150 cos. of dry toluene. This mixture was then cooled in an.ice bath,

and 75 ccs. of liquid butadiene were added. ‘The bottle was securely capped,

and the butadiene polymerized.in a water bath with constant shaking at

550C..(E'ZOC.) for three days“ ‘The sodium catalyst was removed from the

polymer solution by use of a centrifuge.

The polybutadiene was then titrated with standard bromine solution.

.It was assumed that each unit contained one double bond and that the

bromine added completely with no substitution. iIt was found that the

solution contained {3030 grams of polymer per 10 ccs. of solution. Evapo—

ration of the solvent gave .3120 grams of polymer per 10 ccs. of solution.

"ADDITION OF NITROGEN TRIOXIDE TO POLYBUTADIENE

'The polybutadiene nitrosite was made by reacting 20 cos. of the

polymer solution, as prepared above, with nitrogen trioxide according to

the method of Bond as used on the styrene. One and thirty—one hundredths

of a gram of a greenish white solid were obtained which was 91% of the

theoretical.

'The solubilities of the polybutadiene nitrosite were comparable with



those of styrene and 2—hexene but it went into solution with much greater

difficulty. The best solvent from all visual observations was 1,4 dioxan.

Pyridine and quinoline took only a little longer to give complete solu—

tion.

A five-tenths gram sample of the polybutadiene nitrosite was dis—

solved.in 1,4 dioxan and the resulting solution titrated with the same,

standard bromine solution that was used on the polybutadiene. It was

found that some unsaturation remained. Assuming no substitution, the

weight of bromine that added.indicated that the nitrogen trioxide added

to 88.9% of the double bonds present.

NITROGEN DETERMINATION OF THE NITROSITES

On each of the three nitrosites a nitrogen determination was made by

the method of Kjeldahl (27). The nitrosite of styrene gave 8.1% nitro—

gen, that of 2—hexene 11u20% and that of polybutadiene 7.45%. The theo-

retical percentages are 15.47%, 18.18% and 20.40% respectively.

Because of these low values, the Kjeldahl procedure was modified.

The nitrosites were allowed to stand with the salicylic and sulphuric

acids for three hours instead of one-half hour. The acids were also

cooled before adding so as to prevent excessive heating. The sodium

thiosulphate was added and allowed to stand over night. The solution

was then heated for about fifteen minutes, and the remainder of the

determination was carried out according to the regular procedure. Using

this method, results of 14.69%, 17.90% and 19.56% were obtained.

ADDITION OF NITROGEN TETROXIDE TO STYRENE AND POLYBUTADIENE

Nitrogen tetroxide was prepared according to the following method.

'Anhydrous nitric acid I ) was mixed with glacial acetic acid and cooled

.in an ice bath. 'Sulphur dioxide was passed through the cold solution to

29)
form nitrosyl sulphuric acid ( which was mixed with dry potassium



nitrate. Upon heating this mixture, pure nitrogen tetroxide was formed.

The nitrogen tetroxide was added to one—fourth mole (26 g.) of sty—

rene dissolved.in "skellysolve".in a three necked 500 cc. flask under an

atmosphere of carbon dioxide while being cooled in an ice bath. Twenty-

four grams (46.15%) of a green oil were obtained which was soluble in 10%

sodium hydroxide but insoluble in 10% hydrochloric acid.

Nitrogen tetroxide was also added to polybutadiene and a yellow solid

was obtained. Four hundred and seventy-two thousandths of a gram yielded

1.21 g. of nitrosate which was difficulthrsoluble in sodium hydroxide,

pyridine, nitrobenzene and 1,4 dioxan; that is, much less soluble than

the nitrosite. The polymer nitrosate was completely.insolub1e.in 10%

'hydrochloric acid.

REDUCTION OF NITROSITES WITH TITANIUM TRICHLORIDE

The titanium trichloride was prepared by adding.in small portions,

40 g. of titanous hydride to 400 m1. of 6N. hydrochloric acid.in a one

liter Erlenmeyer flask. After the addition was completed, the solution

was boiled on a hot plate for five minutes and then filtered into 100

m1. of 6N. hydrochloric acid in a 500 cc. glass stoppered bottle.

The reductions were carried out.in a 125 m1. Erlenmeyer flask

equipped with a reflux condenser and a tube for the passage of carbon

dioxide. Two-tenths of a gram dissolved in 1,4 dioxan, were used.

Twenty—five ccs. of titanium trichloride were added and the mixture

refluxed for 3 hours, with continuous passage of carbon dioxide through

the reactants. The titanium trichloride solution was titrated before

and after reduction with standard ferric solution using potassium

thiocyanate as an indicator.

The styrene nitrosite used 6.05 equivalents of titanium trichloride

while the'2-hexene and the polybutadiene nitrosites used 6.95 and 8.42
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respectively. 'Six equivalents would be equal to the reduction of one

nitro group, while ten would be equivalent to one nitro and one nitroso

group as contained.in the nitrosites.

REDUCTION OF NITROSITES BY CATALYSTS

The reductions with hydrogen and Raney nickel were carried out at

pressures ranging from 1200 to 2000 pounds per square_inch and at tem-

peratures ranging from'25O to’2200C. The time for the reductions was

anywhere from one to six hours. The solvent used almost exclusively was

1,4 dioxan.

‘The Raney nickel was prepared according to a method of Adkins and

Pavelac (El).

The reductions were carried out.in a Parr hydrogenation apparatus

#4001 model HC-ll, high pressure type. 'The apparatus consisted of a re-

action bomb, a bomb heater, an oscillating mechanism for rocking the bomb,

and suitable gas connections, pressure gage and valves for the controlled

release or.introduction of gas while the bomb was in motion. The material

was placed in a glass liner which was fitted with a clip to allow easy

.insertion and removal from the bomb. 'The capacity was 150 ml. with the

glass liner, 250 ml. without.

Reductions of the styrene nitrosite were carried out at temperatures

ranging from’25O to 170°C. Two gram samples were used with one—half gram

of Raney nickel as catalyst. -After reduction, the contents of the glass

liner was titrated with standard acid to a methyl orange end point.

Table.I includes a summary of the results of these reductions.

'The weight of actual amine present was calculated from the following

formula.

wt. of amine present - ccs. of acid used x normality x M.E. wt. of amine

This weight divided by the weight of theoretical amine that would be
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produced if all the nitro and nitroso groups present were reduced to

primary amines would give the percent reduction. .It was taken.into

account that the polymer was only 89.8% saturated with nitrogen tri-

oxide.in the calculations by multiplying the atomic weight of nitrogen

by .898 to find the molecular weight of the amine.

TABLEII

REDUCTIONS OF'STYRENE NITROSITE AT VARIOUS TIMES I TEMPERATURES

Tonp. Pressure Wt. Sample Out. Ht. Tin. 1 Rod.

24°C.. 1500; 2.0120 s g. 3 hrs. 0%

110 1600 12.1400 g g. 6 '28.0

130 1600 2.0005 s g. .3 2 122.2

170 1400 4 4400 6.3. 4 g 55.6

The product of the reduction was a dark red oi1.in each case. 'An

attempt was made to isolate some of the diamine by distillation at 1mm.

pressure but no product distilled over at the boiling point of pheny—

lethylene diamine, (104°C. at 1mm.). However, the compound decomposed

-into a dense white gas atIZOOOC. This oil was.insoluble.in 10% sodium

'hydroxide and difficultly-soluble.in 10% hydrochloric acid.

The 2—hexene nitrosite (solid material) was reduced at 130°C. and

1500 pounds pressure for six hours. The percent reduction was calcu-

lated to be 69.3. The product was shrilar.in appearance and in solu-

bility to that of the styrene nitrosite. It was also insoluble in 10%

sodium hydroxide and only slightly soluble.in 10% hydrochloric acid.
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The polybutadiene nitrosite was reduced.in the same manner. The

results are tabulated in table II. Immediately following the removal of

the hydrogen from the bomb the contents were p1aced.in a beaker and

titrated with standard acid using a Cenco Titration-Pb meter. Complete

titration curves were run on three samples but since the pH at the middle

of the curve was the same in each case the rest of the titrations were

carried only up to the end point of 4.9.

Table.II contains the results as calculated from the standard acid

titrations, 100% reduced being considered as the point at which every

nitro and nitroso group was reduced to the primary amine.

TABLEIII

REDUCTIONS OF POLYBUTAUIENE NITROSITE USING HYDROGEN AND RANEY NICKEL AT

VARIOUS TEMPERATURES AND TIMES ‘

Telp. Time 'Seuple Wt. Catalyst Rt. 1 Reduction

1. 108°C. 2 hrs. .476 g. 3: g. 077.

72. 146 '2 .476 i:— 2.22

6. 160 '2 .476 5;; 6.72

4. 176 2 .476 6 48.50

6. 220 2 .475 :- 20.00

6. 176 1 .476 2; 28.80

7. 176 )2 -476 51; 46.06

8. 176 6 .476 3;- 62.26

9. 175 6 - .476 .3;— 72.00

10. 160 6 32.001 g- 46.40

11. 178 6 1.827 g 66.62

'Table.III, IV, V show the results of the titrations of the reduction

products with standard acid. The results of these titrations are also



shown in graphs 1, II, and III respectively.

TABLEIIII

TITRATION VALUES OF THE REDUCTION PRODUCTS OF POLYBUTADIENE NITROSITE

NITH HYDROGEN USING RANEY NICKEL CATALYST FOR 2 HOURS AT IUSOC.

CCS. 9" 063. pH

.5 8.2 -5.0 5.6

.7 8u2 -5;2 5.5

1 O 8 0 '5.5 4 8

1 2 7 7 '5.7 4 5

1 5 7 4 4.0 4 1

1 7 7 2 -4u2 5 7

2 0 7 0 4.5 5 4

92y2 6.65 4.7 -5;5

2 5 6:20 5 O 5 l

2 7 6.0 7 O 2 5

TABLEIIV

OTITRATION VALUES OF THE REDUCTION PRODUCTS OF POLYBUTADIENE NITROSITE

HITH HYDROGEN USING RANEY NICKEL CATALYST FOR THO HOURS AT IGQC.

CCS. pH CCS. pH

.2 8:2 '5.4 6.1

..5 8.0 4.0 , 5.6

.7 7.8 4.2 5.5

1.0 I 7.4 5.0 5.0

1.5 7:2 8 5.5 4.5

'2.0 6.9 6.0 '5.4

'2.5 6.5 7.0 ‘2.4

‘5.0 6.0 9.0 '2.0



TABLE v

TITRATION VALUES OF THE REDUCTION PRODUCTS OF POLYBUTADIENE NITROSITE

NITH HYDROGEN USING RANEY NICKEL CATALYST FOR THO HOURS AT 220°C.

CCS. pH CCS. pH

.1 8.6 8.0 7.5

.5 8.4 10.0 7.1

1.0 8.25 10.5 6.9

1.5 8.20 11.0 6.7

1.6 8.05 12.0 6.5

'2.0 8.00 15.0 6y2

‘2.5 8.00 14.0 5.6

5.0 7.90 14.5 4.9

'5.5 7.90 15.0 -4.55

4.5 7.90 16.0 -5.6

6.0 7.75 20.0 '2;5
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GRAPHIUII
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DETERMINATIONS OF NITROGEN CONTENT ON REDUCED PRODUCT

The product of the reductions were large brown particles.insoluble

.in the reducing media. The Raney nickel was washed free from the solid

by placing the substances on a fine screen and washing freely with water.

'The fine nickel particles were readily washed through the screen while

the large polymer particles remained behind.

‘The longer the reaction and the higher the temperature, the darker

the color of the product and the greater.its.insolubility.in 10% hydro—

chloric acid. In no case was any solubility.in sodium hudroxide observed

except in sample numbers 1 and 2.in Table 11. Sample number three gave

a small amount of swelling but no definite solubility.

TITRATION OF REDUCED NITROSITE

The products of the reductions of runs number 6,7,8 and 9 (Table II)

were ground.in a mortar and dried.in a vacuum dessicator over concentra-

ted sulphuric acid. Two—tenths of a gram samples were p1aced.in'20 ccs.

of one-tenth normal hydrochloric acid and left to stand with.intermittent

'stirring for one hour.- The hydrochloric acid was then titrated with

standard base to a brom-thymol blue end point and the percent of theoret-

ical amine present on the polymer.itself was calculated. 'The results are

tabulated in Table VI.

KJELDAHLS ON REDUCED NITROSITES

Also on runs number 6,7,8 and 9 Kjeldahl determinations for nitrogen

were carried out in the same modified manner as with the.nitrosites.

Five-tenth gram samples were used.in the determinations, the results of

which also are tabulated in Table VI.

DUMAS ON REDUCED NITROSITES

'A micro Dumas (32)’(53).nitrogen determination was next run on each

of the same products. Five milligram samples were used and the results



likewise tabulated in Table VI.

TABLE VI

PERCENT OFIINITIAL NITROSITE NITROGEN FOUNDIIN THE PRODUCTS OF REDUCTION

OF POLYBUTADIENE NITROSITE AT I75°C. HITH HYDROGEN AND RANEY NICKEL

Tine Basic Nitrogen Basic Nitrogen Nitrogen by Nitrogen Unaccounted

by Titration Titration of Kjeldahi by Dona: for Nitrogen

of Reaotion Polyner

Mixture

1 hr. 128.80% '25.01% 81.00%- 81.55% 14.68%

)2 46.06 '50.10 60.11 66.10 16.96

-6 62.26 -66.47 46.91 60.67 15.85

6 72.00 »2.10 12.56 16.16 11.97

REDUCTION USING TIN AND HYDROCHLORIC ACID

A third type of reduction was tried using tin and hydrochloric

acid. One gram of polybutadiene nitrosite and 10 g. of mossy tin were

placed.in a 200 cc. round bottom flask fitted with a reflux condenser.

Fourteen ccs. of concentrated hydrochloric acid were slowly added through

the reflux condenser. After the reaction subsided it was heated at a

slow reflux temperature for one-half hour. The product, a light brown

solid, was separated physically from the tin mass. iIt was.irsoluble.in

10%-sodium hydroxide as well as 10% hydrochloric acid.

1A similar reaction was carried out with the same amount of materials,

but the reaction was not heated, but allowed to stand for three days.in-

stead. The appearance of the product was the same and although it was

.insoluble in 10% hydrochloric acid it exhibited pronounced swelling on

standing in sodium hydroxide solution.

On each of the products of these two reductions, titrations, Kjeldahls

and micro Dumas were run, the results of which are tabulated.in Table VII.
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TABLE VII

PERCENT OFiINITIAL NITROSITE NITROGEN FOUNDIIN THE PRODUCTS OF REDUCTION

OF POLYBUTADIENE NITROSITE BY TIN AND HYDROCHLORIC ACID

Basic Nitrogen Nitrogen by Nitrogen

Titration of Njeldahi by Dana:

Poly-er

Heated — 9.66% 16.76% 126921%

Room Temp. - 0.10% 61.06% 61.64%
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DISCUSSION

Of the methods tried for making nitrosites that of Bond appeared to

be the best since, using styrene as a control, better yields and purer

products, as evidenced by melting point and color, were obtained by this

method. Bond obtained quantitative yields in his work, but he was dealing

with 10% samples whereas in this.investigation 50% samples were used and

yields of only 61% were obtained. 'The precipitate was very fine and large

amounts ran through the filter paper. For this reason, a sintered glass

funnel should be used to minimize loss of material.

This method gave almost a pure white solid with a definite melting

point of 94°C. The other methods gave either slightly red, yellow, or

greenish colored compounds. There are a number of possible explanations.

(a) The nitrogen trioxide.is not the only gas formed; (b) once formed,

‘some of the nitrogen trioxide.is oxidized to nitrogen tetroxide or nitro—

gen pentoxide; (c) the nitrosite after forming oxidized to the nitrosate;

(d) the styrene polymerized to dimers or trimers before the addition takes

place.

In the reaction carried out by generating the nitrogen trioxide.in

a separate flask some formation of a green oil was noted along with the

white precipitate of styrene nitrosite. 'Since the passing of nitrogen

tetroxide through styrene gives only the green oil it.is possible that

the product formed was the nitrosate. However, the mono molecular ni-

trosite would also be a green oil, but since none was formed in the

first method.it is more than probable that this was not the case. ‘Also,

there.is a greater possibility of oxidation of the nitrogen trioxide

using this method since the gas has a longer distance to traverse before

.it comes.in contact with the unsaturated compound.



'22

In the method.in which the styrene was dissolved.in glacial acetic

acid and sodium nitrite was added,.it is possible that the styrene was

partially polymerized to dimers or trhmers before the addition of the

gas was complete. The high and indefinite melting point of the product

.is an.indication of this.

The 2-hexene nitrosite was made because.it was thought that it might

be more similar to polybutadiene.nitrosite in.its reactions than styrene

.nitrosite. 'The main drawback.in using.it was the fact that there.is very

little in the literature on the nitrosites of hexene or.its 1,2 diamines.

However, the results as obtained agree with the little data that is.in

the literature. ’The green oil obtained.in this reaction.is probably the

mono molecular form of the nitrosite and the white solid is the dimole-

cular form, since Ivanoff (25) studied a similar reaction with dimethyl-

butadiene and obtained similar products.

The Kjeldahls that were run on the nitrosites were particularly

.interesting. The first results were consistently low; i.e. the styrene

nitrosite contained just about half the theoretical nitrogen, the12-

hexene just a little above half and the polybutadiene about one third.

This seemed to.indicate that at least one of the nitrogen groups was not

being reduced. ‘The theory behind this type of Kjeldahl determination.is

that the nitrogen groups are first transferred to the salicylic acid and

then reduced by the sodium thiosulphate. Since the nitrosites decompose

on heating it is probable that some of the nitrogen was lost.in this

way, because of the high heat of reaction upon the addition of the

sulphuric and salicylic acids. For this reason the acids were cooled

before adding to the nitrosites. 'This slowed down the reaction con—

siderably and no noticeable amounts of heat were formed. Furthermore,

since the styrene andi2-hexene nitrosites are bimolecular addition



complexes and polybutadiene nitrosite is a complex polymer the reaction

should be considerably slower than for ordinary nitro compounds. For

this reason the nitrosites were allowed to remain.in contact with the

'salicylic acid for three hours.instead of the customary one-half hour.

'They were also 1eft.in contact with the sodium thiosulphate for a longer

time before heating. These modifications gave results very close to the

theoretical nitrogen percentages; 14.69% as compared to 15.47% for the

styrene nitrosite, 17.90% as compared to 18.18% for theIZ—hexene nitrosite

and 19.56% as compared'20.40% for the polybutadiene nitrosite.

From the titrations with bromine, from the Kjeldahls and from the

fact that the nitrosite of polybutadiene is a greenish color.instead of

the white as are the styrene andi2—hexene nitrosites, it.is probable that

the polybutadiene has a structure somewhat similar to the following,

rather than having a bimolecular structure due to association between

nitroso groups.

H H H H H H H H H H H H H H H H H H H H

— c — c - C - C - C — C = c - C — c — C — C C - c - c _ C C - C — C - c C -—

H 1H) NO H H H H Ii ii / H H H

NQ HCeNO

HC N02 1

HC—N02

H
H

'TITANIUM TRICHLORIDE REDUCTION OF THE NITROSITES

To reduce completely one nitrosite grouping.it would take ten

equivalents of titanium trichloride, six for the nitro group and four

for the nitroso group. However, the nitrosite of styrene used only six,

that of 2-hexene seven and that of polybutadiene eight and one—half

equivalents. This further substantiates the idea previously expressed

that one of the nitrogen groups.is not too stable. One explanation.is

that the compounds decomposed liberating nitrogen which would not be

reduced by the titanium trichloride. "This seems to indicate that the
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'2—hexene nitrosite.is more stable than styrene nitrosite and that the

polybutadiene nitrosite.is more stable than either.

REDUCTION OF THE EJTROSITES WITH RANEY NICKEL

The reductions of the styrene nitrosite with Raney nickel and high

pressure hydrogen were very inconclusive. The temperature for reduction

was much higher and the time much longer than expected from reduction of

other nitro compounds. ‘The catalyst used was supposed to be very active

for hydrogenations under 100°C. It reduced styrene to ethyl benzene

quantitatively at room temperature.in fifteen minutes and mesitylene to

trimethyl cyclohexane at*250°.in six hours. No tests were made on.its

activity other than to let.it dry out on a filter paper. A considerable

number of sparks were discharged and the paper.ignited. However, it is

possible that the Raney nickel was not as active as.it should have been.

Further research might be directed toward the use of more recent Raney

nickel catalysts or entirely different catalysts.

.In any case, no phenylethylene diamine could be isolated. A dark

red oil was the product of the reduction and.it did not boil at the tem—

perature of the diamine (104°C. 1 mm.) but decomposed at 200°C. (1 mm.).

Furthermore, neither acetyl picrate or benzil derivatives could be.iso—

lated. Also 55% was the maximum amount of nitrogen reduced. iIt.is

possible that as soon as any groups were reduced they reacted with other

groups with the liberation of ammonia forming a polymer or a heterocyclic

ring compound. Both types of reactions are common to amine groups

especially at these temperatures. The high boiling oil would be an

.indication of some type of polymerization. 'As.in the titanium trichloride

reductions,.it.is possible that the.nitrosite decomposed to some extent

liberating nitrogen which could not be reduced.

iIt was thought that the nitrosite of'2-hexene might be more stable
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to heat and could be reduced more easily with this method. However, as

.in the case of styrene no diamines could be isolated. Likewise no de-

rivatives could be made. An oil similar to that formed from the sty-

rene nitrosite reduction was the product, which decomposed at‘25OOC.

(1 mm.). The same conclusions about polymerization are probably true

for this compound as was for the styrene.nitrosite.

Even though no amines were.isolated reduction to some extent did

take place so the method was tried with the polybutadiene nitrosite.

‘Since polymer reactions are slower,.it was thought that the reaction

might be easier to stop before the amines reacted with each other.if

this were the case.

Reductions of polybutadiene nitrosite were carried out for two

hours at various temperatures to determine the Optimum.temperature for

reduction. From the titrations immediately following the reductions

the best temperature seemed to be 175°C. For this reason samples were

reduced at this temperature for various lengths of time and a number

of determinations run on the products.

'The graphs of the titrations of the reduction products immediately

following the reductions with Raney nickel, if the nitrosites were com—

pletely reduced to primary amines, would be curves with two definite

equivalence points at two different pHs. However, since the reduction

products are a complex mixture of at least two different and possibly

more basic substances the curve turns out as one would expect with no

clear definite and point. With careful scrutiny it.is possible to

detect a slight break.in the curve at a pH of 7, with a definite though

gradual break between the pHs of 6 and 5. This latter break is probably

enhanced by any ammonia present.in the solution, since its equivalence
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point.is just about 5. ‘The main Value of these titrations and graphs

was for the approximate determination of the end point which was very

close to the same pH.in each of the three graphs.

More extensive studies were made on the reduction products of the

polybutadiene nitrosites. Titrations were run on each of the samples

.immediately after reduction to indicate the total amount of base present

.including any ammonia, fonned by decomposition or cross linking, any

amines of low molecular weight hydrocarbons that might have split off

from the polymer under the.inf1uence of heat, as well as any polymer

amines that might be present. The reduction Kjeldahls were run to.in—

dicate any amine groups on the polymer as well as any unreduced nitro or

nitroso groups left. ‘The titration of the powdered polymer with standard

acid was used to indicate the amine groups present on the polymer. The

Dumas was used to.indicate any nitrogen present in the polymer in any

form.including any that might have formed crors linkages between polymer

chains.

'It was assumed from the bromine titrations that the nitrogen tri-

H H H H

oxide added to 88.9% of the double bonds. If — C — C C C— were

Ii NO N03 H

taken as the basic unit the compound would be-2l.5% nitrogen. This

would have a molecular weight in round numbers of 150. .Instead of

taking atomic weights of nitrogen and oxygen, as 14 and 16 respectively,

the values were multiplied by..889 and the molecular weight of 121.5

used.instead of 150.

This would give 9204 grams of nitrogen in each gram.of sample. ”If

this nitrogen was completely changed to amine groups or ammonia, it would

be 100% reduced. The percent nitrogens as determined by titrations,

Kjeldahl determinations and Dumas detenninations were divided by this

.number to give the % reduction.
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‘The'sample that was reduced for one hour at 175°C. gave a total

titration of128.8% of the nitrogen present in either amine form or as

ammonia and a polymer titration of'25.0% of the theoretical amine groups

present on the polymer. Therefore,-5.8%>must be in the form of free

ammonia or low molecular weight amines. The second sample that ran for

two hours had a difference of 15.00%, after three hours 56.5% and after

four hours 69.9%. The possible explanations are that nitro or nitroso

groups are split off and reduced to ammonia, that some type of cross

linking takes place with the liberation of amonia, that amine groups,

once formed, split off from the polymer and form ammonia or that the

long chain polymer splits certain linkages to form a few low molecular

weight amines. .It is possible that all these reactions take place to

some extent. 'The fact that the six hour sample contained very few amine

groups.is an indication of any of the last three possibilities. .It.is

also known that nitrosites liberate nitric oxide on heating which could

also easily be reduced to ammonia.

The Kjeldahls.indicate that 56.0% of the nitrogen still remained

unreduced after one hour,-50.0% after two hours, 12.4% after three hours

and .5% after six hours. 'Seventy percent of the reduction, therefore,

takes place during the first two hours.- This seems like a long time

under the conditions of the reaction, but the fact that we are dealing

with large molecules which are hard to reach even in solution might

account for the unusual length of time.

The difference between the Kjeldahl determinations and the Dumas

determinations should indicate the amount of cross linkage present.

Because Dumas determinations are usually a little high, it.is probable

that during the first hour of the reductions run at 175°C. no cross

linking takes place; after the second hour about 10.0% of the nitrogen



was.in the form of cross linkages; after 5 hours 11.5%; and after six

'hours 15.7%.

From all indications the polymer loses nitrogen by decomposition.in

the form of amine groups which form ammonia. The basis for this statement

.is the fact that whereas the three hour sample contained 60% of the nitro-

gen, 11.46% as cross linkages the six hour sample contained only 18.1%

nitrogen, 15.7% being cross linked. The decrease.in nitrogen.in amine

groups over the same period was from 56.47% down t012.1%, a loss of 54.4%.

'The cross linking would account for a loss of 4.25%. 'Therefore,

54.14% of nitrogen was lost through removal of amine groups. ‘Since the

total nitrogen difference between the two samples was 52.2%, the rest of

the nitrogen must have been lost by the splitting off of nitro or nitroso

groups either before or after reduction.

'The Dumas determination accounts for all the nitrogen.in the polymer,

and the difference between the titration of the solution and of the polymer

material would be the amount of ammonia or soluble amines present. The

'sum of the Dumas determination and this difference subtracted from one

hundred would be what might be termed the unaccounted for nitrogen. This

.is a fairly constant number of about 15%. The probable reason is that

about 15% of the nitrogen is liberated from the nitrosite as nitrogen

gas and could not be reduced. Other workers have reported nitrogen gas

as one of the decomposition products but no one has given any specific

values.

The reductions with tin and hydrochloric acid were carried out more

or less as a curiosity. No systematic study was made of the reaction.

The principle disadvantage in using tin and hydrochloric acid lies in

the fact that whereas ordinary amines can be separated from the tin mass



after reduction by steam distillation polymer amines cannot. This is the

principle reason why catalytic methods were used.

’In this reduction the polymer was not dissolved in solvent, but was

mixed with the tin and then the acid. The solid material was then hand

picked from the tin mass after reduction. 'This would not be conducive

to the greatest amount of reduction since the nitro and nitroso groups

would be difficult to reach. It was felt, however, that if the nitro-

site were first dissolved and then reduced.it would come out of solu—

tion as an inseparable mass with the tin.

In the sample carried out with no heating, there was very little,

.if any, reduction. With heating there was reduction as well as a small

amount of cross linking. With various conditions, it might be possible

to reduce the entire nitrosite to a primary diamine. However, as was

said before, there is much more research left on this phase of the

problem.



'SUHMARY

1. Various methods for making.nitrosites were tried but the method of

Bond was found to be the most satisfactory. This consisted of making

nitrogen trioxide by the action of dilute sulphuric acid on sodium

nitrite and adding it to the unsaturated compound.

12. 'Styrene and 2—hexene nitrosites were made and coniqrmed torthe

compounds as reported in the literature.

'5. ‘Styrene and 2—hexene nitrosites were reduced by Raney nickel and

high pressure hydrogen but at the high temperatures needed’decomposition

and some type of polymerization readily took place.

‘4. Butadiene was successfully polymerized by sodium sand catalyst.

5. Nitrogen trioxide added to 88.9% of the double bonds of the poly-

butadiene to give a greenish—white, rubbery solid which was soluble in

10% sodium hydroxide and in certain organic solvents particularly 1,4

dioxan.

6. Nitrogen determinations indicate the addition product to be a

nitrosite.

7. Reductions with titanium trichloride.indicate that polybutadiene

nitrosite.is more stable thanI2—hexene nitrosite which.in turn is more

stable than styrene nitrosite.

8. Reductions of the polybutadiene nitrosite were also carried out

with Raney nickel and high pressure hydrogen. The temperature and

lengths of time as with the styrene and'2—hexene nitrosites were much

higher than expected. Three hours at 175°C. gave the best product with

-56% of the possible amines present. jIndications were that a large

amount of decomposition to ammonia and low molecular weight amines as

well as cross linking took place.

9. Reductions of the polybutadiene nitrosite were also carried out



with tin and hydrochloric acid, but only 9;56% of the possible amine

groups were obtained.
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