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Master of science Department of Chemistry 

Melvin Jonathon Smith 

ThE niTRaTION OF POLYAl~IDES 

~his investigation was undertaken in an attempt to 

prepare an explosive with certain satisfactory plastic 

and adhesive properties. It seemed most likely that 

these properties would be obtained in a nitrated poly­

meric compound. The polyamides of succinic, malic, and 

tartaric acids were prepared, and the products of their 

nitration were i~vestigated. 

It was found that a satisfactory succinic acid -

ethylene diamine polymer could be prepared, and could 

easily be nitrated. The product, though possessive of 

detonating qualities, was not adequately stable for use 

as a military explosive. DiffiCulties were encountered 

in the preparation of satisfactory polymers from maliC 

and tartaric acids with ethylene diamine, due to the 

presence of the substituent hydroxy groups. HPwever, 

an interesting and original study of the relative be­

haviour of these compounds was made. 



GENERAL INTRODUCTION 

In the course of the second world war there dev­

eloped a need for an explosive which wo~ld have certain 

plastic and adhesive properties. In partic~lar, s~ch 

a substance would be usefal for demolition charges, since 

it could be molded as required; as a rocket propellent, 

since it would adhere to the wall of the container and 

hence burn smoo tbly and ani:f'ormly; and in fu.ses, since 

~iform extraded filiaments which would barn at a con­

trolled rate coald be obtained. 

Certain moldable explosives, such as plastic TNT 

and RDX, were well known. However, these consisted of 

an active agent mixed with an inert plasticizer, and the 

diluent tended to impair the explosive power. It was 

tbought possible that a single substance, suoh as a 

highly nitrated polymeric oompo~d, woald combine the re­

qaired properties of explosiveness and moldability. 

It was known that certain monomeric nitrated amides 

had been prepared, and were explosives of high power, 

though far too unstable to be of practical ase. It was 

deemed worthwhile to attempt to combine this great ex­

plosive power of nitrated amide linkages with the known 

stability of linear polyamide chains in order to obtain 

a prodact satisfactory in both respects. 

This woald, moreover, be in keeping with the modern 

,, 
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trends in explosive synthesis with regard to str~ct~re. 

the organic compo~nds first ~sed for that purpose, s~ch 

as picric acid and TNT, had the all-important ni tro grotLps 

attached directly to carbon atoms, u.su.:ally in the benzene 

nu.clea.s. Later, compoa.nds with ni tro grou.ps attached to 

oxygen atoms, su.ch as glycerine trinitrate (nitroglycerine), 

were u.sed. However, the most recently developed explosives, 

su.ch as RDX and NENO, and also the well-known tetryl, pos­

sess nitro grou.ps attached directly to nitrogen atoms. 

Nitrated polyamides, if formed from u.nsu.bstitu.ted mon­

omers, wou.ld possess the nitro-nitrogen (nitra.mine) lin­

kage; if formed from hydroxyl groap stLbstittLted monomers 

they wou.ld possess both the nitramine and the nitro-oxygen 

(nitrate} linkage. It was decided to attempt to prepare 

both types of oompou.nds. 

The investigations of this thesis concern polyamides 

of a type not tl.SU.ally studied bec~se of their tLns~it­

ability for u.se as synthetic fibres. They are the con­

densation pro~cts of ethylene diamine with su.ccinie. 

malic, and tartaric acids. The latter two compou.nds are, 

of course, mono and d.i-bydroxy s11 bsti t11 ted dicarboxyli c 

acids. In these polyamides, the number of atoms per 

basic unit is eight; W.H. Carothers' minimm for practical 

synthetic fibres is n greater than eight" (50) • However, 

the short repeating u.nit permits the optimtl.m degree of 

nitration, which is the critical factor in the synthesis 

of explosives • 
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No records whatsoever were discovered of the pre­

vio~s preparation or nitration of the polyamides of mal­

ic or tartaric acids with ethylene diamine or any other 

amine; or of the nitration or at\empted nitration of the 

s~ccinic acid polymer. The latter s~bstanoe, however, is 

quite well known (84). 



HISTORJ C~ REVIEW OF MACROMOLECULAR COl4POUNDS 

AND OF POLY.AMIDES IN P.ARTICULAR 

Polymeric compo~nds have been known almost since 

the dawn of systematic organic chemistry. ND.merous chem­

ists of the old tradition made them accidentally while 

searching for new crystalline substances, and discarded 

them as useless. For instance, simon prepared polystyrene 

in 1~9 (1) , and Baeyer made several resins from benzal­

dehyde and phenol (2}. Invariably, these materials were 

not deemed worthy of further investigation. 

The first macromoleoa.lar compound to be sttldied by 

science was nitrocelltllose, which was discovered by shOn­

bein and BOttcher in 1846. sbonbein sent some opticallY 

clear samples to Faraday and the latter, mnch impressed, 

suggested their use as mechanical articles. "Cellu.loid11 

was popularized by John Rfatt, in America, soon after­

wards. 

In 1909, Dr. Leo Baekeland made his classical syn­

thesis of a phenol-formaldehyde co-polymer (3), the :first 

true synthetic resin of industrial importance. His am­

monia catalyst was later modified to hexamethylenetetr­

amine and even acids. The phenol component was shown 

afterwards to be replaceable by naphthol (4) • and the 

formaldehyde by 2-diohloromethyl ether (5) to give Bak­

elite-like resins. 
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By the end of the First World war the search for 

new "plastic" materials was intense. In general, this 

took place along three parallel lines. First in indus­

trial importance among the tr~e synthetics were the poly­

condensates. These were materials of comparatively low 

molecular weight (up to 10,000), formed by a series of 

condensation reactions involving the elimination of cer­

tain qy-products, such as water, alcohol, or a phenol. 

usu.ally, the interaction of two different compou.nds was 

necessary, althou.gh polycondensates may be obtained from 

the intermolecular reaction of one bifunctional compou.nd, 

such a long-chain aliphatic amino acid. 

Polyaondensates are usually thermosetting, i.e., on 

the application of heat and pressu.re they become permanent­

ly infu.sible and insolu.ble. This is usually due to the 

setting-u.p of secondary cross-linkages. Important ex­

amples of industrial polyoondensates inclu.de the u.rea­

formaldehyde resins (6), whose eXcellent optical char­

acteristics had given them a leading place among all 

commercial plastics by 1933; the phenol-aldehyde polymers, 

su.ch as the already-mentioned Bakelite, the thiou.reas 

(?}, and the alkyd resins (63). 

The other major su.b-grou.p of synthetic polymers is 

the true, or addition polymers. These are u.su.ally for­

med from u.nsatu.rated monomers by simple repeated addition, 

and their average molecular weight is in general somewhat 
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higher than that of the polycondensates, in the range 

10,000 to 100,000. They rank far below the polycon­

densates in ind~strial importance. They are ~s~ally 

thermoplastic, i.e., they do not "set" or become per­

manently inf~sible on the application of heat and pres­

snre. Industrial tru.e polymers, in addition to poly­

styrene, incl11de polyvinyl alcohol (60), polyvinyl acet­

ate {61), polyvinyl chloride (83), the polyvinyl acetals 

(62), the polyacrylates (64}, the indenes (9), and the 

co11marones ( 8} • 

To an increasing degree co-polymers are being syn­

thesized, which combine the desireable properties of two 

or more monomerically derived products. TWo ontstanding 

examples are the polyvinyl chloride - polyvinyl acetate 

plastics, and the ~tadiene-styrene elastomers. 

Naturally-occnrring macro-moleclllar materials have 

been adapted, as have the synthetic, for practical nse 

by investigators. These were usually cellnlose derivativ­

es. Nitrocellulose has already been mentioned, and cel­

l~lose acetate is at present an important commercial 

polymer. 
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Probably due to their great inertness and insolu b­

ility, polyamides have not been investigated as potential 

synthetic materials until comparatively recently (1930's}. 

The first investigations were made by Wallace HU.me Oaroth­

ers, who dominated the field until,his death in 1S37. His 

first polyamides were prepared by the intermolecular cond­

ensation of 6-aminooaproic acid, on simple heating (45). 

~l.bou t twenty per-cent of the seven-membered cyclic lac-

tarn is formed simultaneously. It is interesting to observe 

that under the same conditions, 4-aminobutyric acid and 

5-aminovaleric acid yield the corresponding 5 and 6 mem­

bered lactams only. no polymer is formed. on the other 

ildnd, the reaction of 7 carbon-membered 7-aminoheptoic 

aoid with itself is exclusively intermolecular. NO lac­

tarn is formed. Evidently the steric factors tending to 

each type of reaction reach a critical state in the 6-mem­

bered chain. 

~he polymeric products were hard grey waxes, insol­

uble in all common organic solvents, but soluble in hot 

iormamide and bot phenol. The cryoscopically-obtained 

nlolecular weie,hts were in the range 800-1200. The end­

croup structure \'las indeterminate. 

tater, Carothers and his eo-workers devised a low­

mean-free-path molecular still by means of which the mol­

ecular weights of condensation polymers could be increased 

to 20,000 or higher (46). This was particularly useful 

in the case of polyamides, as it improved their tensile 



strength to the point where use as a synthetic fibre was 

possible. The external appearance of the material, and 

some of its characteristic properties, were also changed 

quite markedly (47). 
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Using this technique, Carothers endeavoured to make 

industrially useful filiaments from molecularly distilled, 

cold-drawn superpolyamides formed intermolecularly from 

8-aminocaprilic acid, 11-aminoundecanoic acid, and 17-

aminoheptadecanoic acid, as well as the 6-aminocaproic 

acid (49). In many cases the starting material was the 

ethyl ester, rather than the free acid, with evolution of 

ethanol. The minimum molecular weights obtained are placed 

at 10,000, although exact estimations were difficult be­

cause of unfavo11rable solu bill ty characteristics. X-ray 

diffraction tests showed the cold-drawn, extruded filia­

ments to be true fibres, possessing a very high degree of 

orientation of the macromolecules. 

Il'leanwhile, in 1931, another method of synthesizing 

polyamides had been devised (48}. organic diamines were 

treated directly with dicarboxyli c acids, o:r amide-forming 

derivatives of dibasic acids, such as the esters. The 

water or alcohol by-products were removed under vacuum. 

still another modification was proposed in 1938. Caroth­

ers, in a patent published on his behalf after his death 

(50), proposed that this type of polymer could conveniently 

be prepared by condensing the salt, or simple monomeric 
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amide, of a diamine and a dicsrboxylic acid. The salt 

co~ld easily be formed in alcohol sol~tion. BY prelim­

inary pQrification of the salt, exact eqnimolecnlar ratios 

of diamine and dibasic acid would be·obtained, and this 

was known to facilitate high molec~lar weight polymeriza­

tion. 

ACtQally, certain diamine-dicarboxylic acid salts 

had been known long before the work of Carothers, SQch as 

those derived from octamethylenediamine and oxalic acid 

(51}, or from ethylenediamine and SQccinic acid (52) • 

.aowever, these were "of little or no ntility as intermed­

iates in the formation of fibre-forming polyamide&". 

The dibasic acids actnally nsed for polymer synthesis 

inclQded those aliphatics of chain length, inclnding car­

bon in the carboxyl groups, of 2 to 10, 13, 14, 18; 

p-phenylene diacetic; 1,4-dicarboxycyclohexane; and 1,3-

dicarboxycyclopentane. Diamines used included ethylene, 

propylene, butylene, 1,3-diaminobutane; tri, tetra, penta, 

hexa, deca, trideca, and octadeca methylene; p-xylylene 

and cyclohexylene. 

In all of Carothers' s~bsequent patents {53,54), 

polyamides were made exclusively through salt intermed­

iates. Us~ally the salt was isolated, although occasion­

ally it was condensed in solution. In order to avoid ox­

idation, heating was carried out ll.nder an inert atmos­

phere. It is definitely stated that for fibre forming 



qu.alities the carbon chain length of the diamine and of 

the dicarboxylic acid ma.st be at least fou.r. 
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Baker and Fu.ller have stu.died the stru.ctu.re and the 

relation of physical properties to stru.ctu.re of linear 

polyamides (65), Their methods were X-ray diffraction 

patterns, elastic modu.li, and moisture sorption. The 

resu.lts indicated that certain hydrogen-bonded dipole 

layers formed by association of polar linkages in adjac­

ent chains governed physical properties. Melting point, 

hardness, elastic modu.lu.s, and moistu.re sorption phenom­

ena cou.ld all be explained by this concept. The general­

ized conclu.sion was made that macromoleca.lar solids con­

taining some crystalline regu.larity cou.ld be treated as 

defect (physical) systems in which. nevertheless, relat­

ively simple factors, sa.ch as the position and organiza­

tion of interacting polar grou.ps governed physical prop­

erties. 

Similar stu.dies were made by the same investigators 

on N-methylated linear polyamides, u.sing essentially the 

same tecbniqu.es (56}. X-ray resu.lts indicated a retraction 

of the N-methylated chains by partial folding along the 

fibre axis, to yield kinked instead of straight chains. 

The observed rapid decrease u.pon methylation of elastic 

modu.lu.s and hardness, and the increase in solubility and 

in moistu.re sorption are explained by the decline of 

hydrogen-bonding and the general disorder. An interesting 
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su.ggestion iS that the chain retraction and extention 

observed may be the first stages of ru.bbery elasticity. 

Hess and Kiessig (57) oalou.lated u.nexpeotedly small 

apparent molecQlar weights from their X-ray diagrams. 

They su.ggest that the reflections observed really rep­

resent micellar regu.larities, with len8th of crystal 

areas smaller than moleou.lar lengths. They estimated 

the length of crystal areas from electron diffraction 

diagrams at aboa.t 100 A. 

The very important qa.estion of reliable molecnlar .. 
weights was attacked by standinger and Jorder in an ex-

cellent paper (68). specific constants for stau.dinger's 

standard eqa.ations were_obtained to make possible visCOi­

metrio chain-length determinations in m-cresol, an ad­

equ.ate solvent for su.perpolyamides. It was again found 

that the molecular weights were relatively low (eg. -

12,400) considering the remarkable tenacity and great 

practical usefnlness of the fibres. However, stau.dinger 

su.pports H. stook's criticism of the assumption (see 

above) that the great strength of polyamide fibres is dQe 

to cross-linkages at right angles to the fibre axis, 

broa.ght about by residual valenoes between polar -eo 
grou.ps and polar -NH groups. stock was able to obtain 

fibres of considerable tenacity from relatively short­

chain su.perpolyesters. High tenacity may possibly be du.e 

to special spinning conditions. Carothers had already 
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demonstrated the extraordinary orientation prodaced by 

cold-drawing, and it is well known that tensile strength 

is highly dependent on molecular orientation. 

A· Matthes, in his chain-length investigation on Ger­

man commercial nylons, used both viscometric and end-group 

estimation methods (59). The latter involved the use of 

the van Slyke technique for the determination of amino nit­

rogen, and seemed to give satisfactory results. (This 

would seem to contradict carothers• early assumption (46) 

that pyrolysis during preparation would make end-group 

estimations impossible.) The viscosity measurements were 

made in 4o% and in concentrated sul'furic acid, on relati­

vely low molecular weight materials. The results obtained 

by extrapolation of the molecular weight versus viscosity 

curves to high molecular weights were checked by a study 

of depolymerization kinetics in dilate acid. Matthes in­

terpreted his results as indicating that polyamide mol­

ecules IN SOLUTION were unbranched but highly curled up. 



HISTORICAL REVIEW OF EXPLOSIVES IN GE'NERAL 

The history of explosives is a long and interesting 

one. Black powder, an intimate mixture of an oxidizing and 

a redncing agent - saltpeter plns snlfnr and charcoal - was 

known since the beginning of the thirteenth centnry. Trad­

itionally, the discovery was made by a monk of Freibnrg, 

Germany, who later was ostracized for aiding the "work of 

the devil". For six hllndred years, u.ntil the middle at the 

nineteenth centu.ry, black powder or minor variations thereof 

WdS nsed almost exclnsively. Antin~ny snfide, copper acetate, 

and potassinm chlorate, varionsly mixed with gunpowder, foQnd 

occasional w.e in pyrotechnics (10, 11). From the si~ltan­

eou.s discovery by Shonbein and EOttcher in 1846 of nitro­

cellu.lose, and of nitroglycerin by sobrero in the same year 

dates the modern period in explosives. 

The ou.tstanding characteristic of an explosive is, of 

conrse, its extraordinarily rapid rate of combnstion npon ig­

nition, or detonation. with the accompanying formation of 

large qnantities of hot gas. In black powder the rate of 

combnstion was limited by the degree of intimacy of the mech­

anical mixtnre of oxidizing and reducing agents. All later 

explosives contain both essential agents in more-or-less 

firm chemical combination on the same molecu.le, a very much 

greater degree of intimacy. us~ally, loosely held oxygen, as 

in nitro groups, functions as the oxidizing agent, and the 

carbon or nitrogen atoms of the remainder of the moleco..le 



as the reducing agent. variations in str~ct~re on this 

theme are possible only in organic compoands, and the 
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rise of organic chemistry in the nineteenth cent~ry closely 

parallels the development of modern explosives. An in­

teresting parallel is the twentieth century rise of n~c­

lear physics, which has culminated in the atomic bomb. 

A side problem is that of ignition, or detonation. 

Black powder, very insensitive to percussion, was set off 

by a flame. organic nitrates behave in opposite manner. 

Nitroglycerine burns q~ietly, b~t slight percussion will 

canse it to explode. ~~fred Nobel, who first absorbed 

nitroglycerin in kieselg~hr to make dynamite, also made 

the first detonators. Re used black powder in a metal or 

glass container, connected to a safety fuse. This was 

used to explode liquid nitroglycerin, but was cr~de and 

unsatisfactory. Later, he used mercury fulminate (12), 

which was soon universally adopted under his patent, al­

tbo~gh the compound had been suggested for this purpose 

by w~ight in 1823. 

For q~ite some time, no attempt was made to detonate 

other organic compounds by means of the mercury fulminate 

cap, altho~gh many componnds later to be nsed as power­

ful explosives were quite well known at the time. DY­

namite and nitrocell~lose were in constant and universal 

~se. 

Finally, in 18~1, sprengel suggested pure picric 
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acid as an "ideal" smokeless explosive (13), althou.gh 

credit is comroonly given to Turpin, who popu.larized the 

idea and held the French and German patents (14). The 

stability and other advantages of this compou.nd made pos­

sible the first artillery shells. However, the easy 

formation of very sensitive metallic picrates while in 

contact with the shell wall cau.sed disastrou.s accidents, 

and eventu.ally led to the abandonment of this material 

as an explosive for any pu.rpose. 

~~alagou.s compounds were postu.lated as substitu.tes, 

and for a time trinitrocresol and cresylite, a mixtu.re of 

picric acid and trinitrocresol, were u.sed. However, the 

emergence of the contact process for the manu.factu.re of 

cheap su.lfu.ric acid on a large scale in 1900 made possible 

the extensive u.se of trinitrotoluene. Trinitrobenzene, 

though a su.perior explosive, is far too difficult to pre­

pare. 

The materials u.sed as explosives at this time were 

by no means always pure componnds. Many mi:x tu.res were 

u.sed, practically all of which incorporated either ammon­

iu.m nitrate or glycerol trinitrate as major ingredients. 

4 typical example is Ammonol, a popu.lar austrian explosive 

in the period 1905-1918, which consisted of ammonium nit­

rate, TNT, carbon, and alu.minu.m. Of cou.rse, all dynamites 

are mixtu.res. 

Of the handreds of aromatic nitro compounds investigated 
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for this pQrpose (41) trinitrotoluene was by far the most 

successful. It combined great power with ease of prep­

aration, chemical inertness, absolute stability, and in­

sensitivity to accidental detonation, all of which are es­

sential qualities in any explosive. 

The list of nitric esters (possessing O-N02 linkages) 

that have been investigated is very long (41). Both al­

iphatic and aromatic compounds are included. Glycerol 

trinitrate and nitrocellulose are outstanding, of course. 

~or was RDX the first nitre-nitrogen, or nitramine-type 

compound to be utilized. others include ni trognanidine, 

a.rea nitrate, ni troamide, and ethylenedini tramine. Fin­

ally, fulminates and azides were found to be particularly 

useful as detonators. Of these, the most successful were 

mercury and silver fulminate, and lead and silver azide. 

Of minor importance are various chlorate and perchlor­

ate explosives. These are usually mixed with dinitro­

toluene and diluents such as wood-pulp or flour, and their 

period of popularity has been brief. (4o» • 

.d.l1 important component of most explosives not hitherto 

mentioned is the stabilizer. rt has been shown that all 

explosives evolve more-or-less gas continuously in accor­

dance with an equation with specific constants for each 

substance (42). The rates of evolution vary from 86,000 

ccjk~.jbou.r for glycerol trini tra.te to 0 cc.fkg.jhour for 

1,3,5-trinitrobenzene, both at 140°. TI~T yields 0.8 to 



1.8 cc.fg. in 100 honrs at 140°. The gases evolved are 

oxygen, nitrogen, carbon monoxide, carbon dioxide, and 

varions oxides of nitrogen. 

This phenomenon may lead to autocatalytic decompos­

ition. In order to be effective, a stabilizer must have 

the ability to form a uniform solution or sol with the 

explosive, absorb gaseous oxides of nitrogen, and neut­

ralize any acid present. FUlfilling these conditions, 

l"l 

the stabilizer must yet be sufficiently inactive not to 

attack the explosive. Diphenyl amine is the best all­

round stabilizer known, but it is not a solvent for nitro­

cellulose and is yet too active for glycerol trinitrate. 

It is fonnd that centralite, an ethyl phenyl substituted 

urea, is most satisfactory for nitric esters (43)~ 



RECENT INVESTIGATIONS OF EXPlOSIVE POLYMERS AND 

NI TR.cllldiNE TYPE Cmw"POUNDS 

In view of the extensive experimental work recently 

carried o~t in this field, only a brief o~tline of the 

resalts can be given here • 

..m investigation was made at I(iCGill University of 

the polyester derived from ethylene glycol and tartaric 

acid (66). The nitrate was prepared, ~t was foand to be 

unstable. The nitration of polyethylene malate gave a 

floccalent precipitate which was likewise difficult to 

parify and anstable (66). some cross-linking also took 

place between the long molecales (68). ~~ attempt to pre­

pare a mixed polyester-polyamide suitable for nitration 

by the condensation of ethanolamine with a dicarboxylic 

acid, .nas abandoned (6V). In general, experience of other 

workers seems to have shown tr..at compounds having a hyd­

roxy group on the carbon atom adjacent to a carbonyl group 

give unstable nitrates (66). 

A stable polyvinyl nitrate has been prepared from 

low residual-acetate containing polyvinyl alcohol by nr. 

R.H.. Clark at the University of British Columbia (66). 

Nitroethylene has been prepared and polymerized (85), and 

considerable interest has been shown in certain nitro­

indede polymers. Nitroguanidine has successfully been 

condensed with formaldehyde to yield a polymeric explosive 

in the form of a lyophilic colloid (80). However. 



indecisive resQlts were obtained in attempts to prepare 

an explosive polymer from lignin wastes (66). 
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Certain polymers res~lting from the action of ox­

idizing agents on nitrated amines, and from the conden­

sation of formaldehyde with nitrated amines and nitre­

paraffins were investigated by urbanski and his English 

eo-workers, in a search for satisfactory fQse powders. 

(69}. Materials res~lting from the nitration of com­

mercial dyest~ffs were also prepared. The prodncts were 

not altogether satisfactory for the p~rpose in mind, how­

ever, as they left a solid residne on burning. They were 

quite interesting, however, from a theoretical point of 

view. 

H.A. Bruson, at Rohm and Haas, Philadelphia, has 

reported very extensive work on the preparation of pol­

ymers which may be of interest as explosives (70). Hun­

dreds of new compo~nds were prepared in an attempt to 

find an explosive with satisfactory plastic and adhesive 

properties. The project can only briefly be outlined 

here. No data are available on the explosive properties 

of any of the products. 

Nitroparaffins were condensed with varioQs aldehydes 

to give resins which burned with great vigour (71}. 

The condensation of trinitrotoluene with formaldehyde 

andfor various primary and secondary amines, s~ch as di­

ethaDol amine, dimethyl amine, piperidine, and morpholine, 
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was carefully studied (72, 73). The most promising pro­

duct was trinitrophenyl ethanol Cl-hydroxy, 2-trinitro­

phenyl ethane) , formed from TNT and aqueous formaldehyde. 

It was esterified with polybasic acids and with other 

polymerizeable groups (acrylyl, methacrylyl, crotonyl, 

etc.) and later condensed. 

A material was prepared which was apparently the pol­

ymer of 2,4,6-trinitrostyrene (74). 

A number of nitrated aromatic amines were formed by 

substituting the hydroxyl gro~p of trinitrophenyl ethanol 

for NR2 gronps. The picrates of these amines were also 

made, by direct treatment with picric acid in suitable 

solvents. It was, of course, planned to tie on polymer­

izeable groups (75). 

some nitro-alkyl acrylates and methacrylates were 

prepared ('16). 

Varions esters containing nitro groups and certain 

polymerizeable groups were made (76). 

Ethy'l methacrylate was copolymerized with 2,4,6-

trinitrophenyl methacrylate to form a hard resin (76), 

and many nitro-ether type derivatives of phenolic resins 

were made (76, 73) • 

Many nitric esters were prepared that contained 

polymerizeable gro~pa, such as allyl nitroalkyl maleates, 

methallyl nitroalkyl maleates, nitroalkyl maleates, 

allyl 3,5-dinitrobenzoate, monoallyl maleic acid, and 

monomethallyl maleic acid (77). 



The reaction of amines and formaldehyde with nitro 

compounds was investigated (72) • 
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several nitro-group containing, olefin type compounds 

were polymerized (V2). 

A phenol-type resin was formed from o-cresol, form­

aldehyde, and 2,4-dinitrochlorobenzene, and was nitrated 

successfully (78). several low-melting polynitrophenyl 

ethers were prepared after previous high-melting analagous 

compounds had been found to be unsatisfactory (78). 

Finally, trinitrophenyl ethanol was condensed with 

various chlorides and acid anhydrides (~9) to give resins. 

The products mentioned above are those tbou.ght by 

Br~son to be most promising, and were given corresponding 

emphasis in his reports. about January 15, 1944, the 

project was either abandoned, or else it was decided no 

longer to publish the reports. 

During the present war, new explosives, eg. RDX, 

NEMO, have been developed containing the nitramine and 

also nitramide ( -CO-N-N02) groups. A confidential C.I.L. 

report (44) outlines an attempt to synthesize other pos­

sible explosives containing the latter type of linkage. 

TheN-substituted amides of hydroxy acids - glycolic, 

lactic, glyceric, gluconic, tartronio, tartaric, and 

~oio - were prepared and nitrated. Theoretically, the 

products would contain both ni troxy and ni tramide grou.ps. 

In the majority of oases (seven} nitration was 



complete and yielded products of explosive power greater 

than ~~T (up to 134% TNT). some were fairly sensitive to 

impact. However, all had a very poor thermal stability 

and all the nitroxy-nitramides (the fully nitrated prod­

ucts) were found to be subject to hydrolysis while in 

contact with water at room tempe-ratu.re. The ni troxy-amides, 

with one exception, also showed appreciable hydrolysis. 

It was thus concluded that, despite their high power. 

these substances would not be suitable as explosives. 

It was at this stage that it was decided to proceed 

with the nitration of poly ami des in these laboratories. 



EXPERI:MENTA£ - PREPAB.ATIOK OF POLYjly!IDJ5 

The best commercial reagents were p~rified as much 

as possible, the ethylene diamine by carefQl distilla­

tion in an all-glass apparatus, and the S1 ccinic, malic, 

and tartaric acids by _ ·r!'Pea.ted recrystallization from 

suitable solvents. The melting and boiling points were 

checked against standard data. 

Jlreparat ion of P olyamides by the Direct Method 

General;: 

Five-tenths mole ethylene diam.ine was added slowly 

to an equivalent quantity of dioarboxylic acid in a flask 

equipped with a reflux condenser. The reaction was vigo­

roQsly exothermic. The mixture was heated by means of an 

oil bath until a homogeneous melt resulted, and then re­

fluxed for twelve hours. An inert atmosphere was provided 

by a stream of deoxygenated nitrogen, which was obtained 

by passing commercial nitrogen through two gas-washing 

bottles filled with alkaline pyrogallol, and then through 

a sodium hydroxide-filled drying tube. 

The condenser was then changed to a position for 

normal distillation, and the mixture was heated under 

nitrogen at 135° to 250 11
, depending on its stability. 

This was continued until water was no longer evolved, 

and for one hour thereafter. After cooling, the products 
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were removed and p~rified as described subsequently. 

succinic acid and ethylene diamine: 

The ideal temperature of reflux was 145° to 155°. 

The final heating was carried out under reduced pressure, 

at 250°. Heating to 290° resulted in great discoloration. 

The product was a hard, light brown coloured, large­

ly homogeneous amorphous solid, wLich was powdered with 

some difficulty. The crude ~ld was 98%. The material 

was insoluble in water and in all common organic solvents. 

It was moderately soluble in hot phenol and hot formamide. 

Purification was attempted by extensive washing of 

the powdered material with boiling water. A white crys­

talline material was recovered in small amounts from the 
0 Wtl.Sn.ings, which melted at 255 , and was extensively solu.-

ble in water at 75°- 80°. The same material was obtained 

in all (succinic) preparations by this method. 
0 The purified product did not melt below 320 , but 

showed signs of decomposition at 300°in the presence of 

air. 

Anal. Calcd. for (C
6
:n

10
o

2
u

2
)n: N', 19.70. 

Found 19.48, 19.38. 

Carothers had estimated the molecular wieght of 

polyamides prepared in this manner at 1000 - 3000. This 

was not verified, however. 
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walic acid and ethylene diamine: 

On refluxing at 1~5°, a heavy viscous liquid was 

obtained, which upon drying turned into an optically 

clear, light-brown solid. It was necessary to dry not 

above 80°in the presence of oxygen, in order to avoid 

oxidation. The product was very soluble in water, but 

w~s insoluble in organic solvents. It was purified Q;· 

twice dissolving in water and precipitating with acetone. 

The powdered materict.l was highly deliquescent. The melt­

ing point was 95° and at 135° decomposition with gas evo-

1ution commenced • 

.anal. Calcd. for (c6n10o3:rr2)n: N, 17.71 

Obtdined 16~51, 16.42. 

This low figure can be accounted for by the postulated 

low molecular weight of this polymer (see discussion), 

which would decrease the theoretical proportion of nit­

rogen; and possi bJ.y by powerfully adsorbed water. 

Tartaric acid and ethylene diamine: 

Upon refluxing at the minimum possible temper~ture, 

170° t a somewhat discolou.red heavy viscous liquid .. was 

obtained, which dried to a dark brittle solid at 110°. 

The powdered solid was soluble in water and insoluble in 

common organic solvents, but not ne~rly so hygroscopic 
•.· Q 

as the malic acid product above. The melting point'wa~ 100, 

and decomposition witL gas evolution commenced at 135°. 
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Anal. Ccllcd. for (C6R12o4N2) : N, 14.60. 
n 

FoQnd 13,60, 13.76. 

This low result may also be accounted for by inadequate 

polymerization (see discussion). 

Preparation of Polyamides by the Salt Intermedi::.1te uethod 

General: 

Two-tenths mole dicarboxylic acid was dissolved wi tr .. 

heating in methanol so as toyield approximately£. ;.G'}S so­

lution. .An equivalent quantity of ethylene diamine was 

diluted wi t:r.~. methanol to a similar concentration. The 

amine solution was added slo\'lly to t :b..a.t of tLe acid with 
e 

stirr.i."lg with the imm~ate formation of a dense white pre-

cipitate. The reaction was highly exot·hermic. The crys­

talline salt was filtered, washed wit t. a little methanol, 

recrystalliZed from a water-metr~ol mixture, and dried at 

room temperature in a vacuum desiccator. 

The salts With ethylene diamine of succinic, malic, 

and tart ~.ric acids were all thus prepared. They were all 

extensiVely soluble in water, and insoluble in met:r~nol 

and all mmmon organic solvents. Solubility seemed to be 

less in hot methanol than in cold. The salts dissolved 

somewhat in ethylene diamine. 

approximately 10 g. of salt was. placed in a thick­

walled Fyrex bomb tube aboll t 20 mm. in diameter by 20 cm. 

long, and tamped down firmly. The constriction near the 
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entr<:Ulce of the tube was narrowed to about 2 mm. The 

tu.be was connected to a train supplying oxygen-free nit­

rogen, and alternatively in a vacuum pu.mp Via a three-way 

stopcock. A. pressure gauge was included in the apparatus. 

The tu. be was evacu.ated and filled with d·eoxygenated ni tro­

gen three times, this being deemed adequ.ate to remove all 

oxygen. The system was placed u.nder slight vacu.um, and the 

tu.be sealed off at its constricted neck. 

The sealed tube was then placed in a gas-fired bomb 

furnace, and heated above the melti_ng point of' tiJ.e salt 

one hour (at 200° for the succinic salt, 160° for t!1e 

malic and tartaric salts.) Especial care was taken with 

the malic and tartaric salts as these tended to decompose 

at 15 ° or 20° above their melting points. 

after cooling the tube was carefu.lly opened, sealed 

to a delivery t u.be, and connected via an ordinary distil­

ling flask trap and a dry ice trap to the ni trogen-vaou.u.m 

apparatus. The partialy condensed salt was then heated 

under nitrogen at one atmosphere and at 200° for one hou.r, 
. 0 

and finally, u.nder vacuu.m, at 250 for one hour. The tube 

was evacuated gradu.ally in order to reduce the danger of 

frothing. The final pressure was in the neighborhood of 

2 mm. of mercu.ry. The product was cooled under nitr~ 

and removed by breaking the tube. 

succinic acid and ethylene diamine: 

The melting point of the salt was 190°. 



Anal. Oalod. for C&a12o3N2 N, 17.50. 

FoQnd 17,41, 17.50. 
0 

In the condensation, if the :final heating is at 275, a 

highly discolollred material res111ts. If at 250°, the 

prod11ct is only slightly off-colour (light brown). 

Anal. Calcd. for (C 6n10o2N2)n: N, 19.70. 

Found 19.46, 19.58. 
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The polyamide was powdered and pllrified by washing 

with hot water. As expected, it was amorphous, infllsible 

and solllble only in hot formamide and hot phenol. 

Malic acid and ethylene diamine: 

The melting point of the salt was 161~ In air, it 

decomposed rapidly above its melting point. The maxim11m 

temperat11re of condensation was 250°. 

Anal. Oalcd. for c6.a12o 4N 2 : N, 15.90. 

Fo11nd 15.63, 15.68. 

The prod11ct, after cooling, was in the fonm of small. 

translllCent, yellow-red flakes. These were completely in­

solllble in water and all organic solvents and also in 

phenol and form.amide. No melting point was obsel:'ved 
0 below 300 • 

Anal. Calcd. for linear polyamide (C6H
10

o3N2)n: N, 17.71. 

Follnd, 17.66, 17.69. 

Tartaric acid and ethylene diamine: 
0 0 The salt melts at 156 and decomposes at 170 in 



the presence of air. 

anal. Calcd. for c6H12o4N2 : N, 14.60. 

FoQnd 14.22, 14.34 

The maximu.m temperature o £ condensation was 265 °. 
The physical appearance of the p ll:J:du.ct WJ.S remarkably 

like that of the malic acid polymer des cri bed above. 

Its general properties were also identiCal, i.e., it 

was completely infusible and insoluble • 
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.J.Ual. Calcd. for linear polyamide (06H10o4N2)n: N, 16.07. 

FoQnd 15.80, 15.79. 



DISDrrSSION OF RESULTS 

The two methods of polyamide preparation ~sed yield­

ed, in general, significantly different prod~cts. These 

will be dealt with individnally. 

}'r·e:paration of Folyamides by the Direct Method 

succinic ACid and ethylene diamine: 

The observed physical and chemical properties of 

this prowct are ju.st those to be expected of an ~ns~b­

stitu.ted straight-chain pol¥amide of moderate molecular 

weight. The amorphou.s appearance, infu.sibili ty and 
I 

highly specific sol~bility behaviour are all very cha­

racteristic. 

The expected molecular st~ctu.re is then 

where "n" is tbe degree of polymerization of the basic 

stru.ctu.ralu.nit~ For a molecular weight of 1000 - 3000, 

"n" equals 7 to 20. 

The water-soluble byproduct that was recovered has, 

it Will observed, a rather high melting point, viz. 255°. 

In view of the fact that the melting point of the salt, 

or mono-amide, is 187°, this may possibly be the tri or 

tetraamide. Howe~r, no f~rther identification was 
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attempted. 

I~aliC acid and ethylene diamine: 

The o~tstanding characteristic of this s~bstance is 

its great affinity for water. In view of the fact that 

the polymerized moleCQle contains only one hydroxy gro~p 

per eight atoms of chain, it does not seem reasonable to 

assign this behavour entirely to the presence of the re­

sidQal hydroxy groups. It seems likely that a consider­

able number of highly polar amino and carboxy groups still 

remain free. This would be the case had polymerization 

not proceeded to any great extent. This hypothesis is 

also favoured by the fact that the conditions of reac­

tion had been relatively mild. Thus, in the tentative 

str~cture below, the degree of polymerization "n" is set 

arbitrarily 4t three to five. 

tR ~ ±' ~ R H£NQa2Qa2Nli- C-~-~H2C-NH-Cli20H2-NH C-~R-CH2C-OR 
~ -'H o~ 4n 

TartariC aCid and ethylene diamine: 

Due to the large number of hydroxyl groups present, 

one would expect exagger~ted sol~bility Characteristics 

With respect to water. The absence of this, plu.s the 

extensive disColo~rationt suggests that at the high tem­

perature of reflux a side reaction has taken place, lead­

ing to hydrogen bonded cross-linkages between moleC~les, 

i.e. , to the structure 



_g_ ~ ?, 
-NH-CH20H2NH-C-fH-9~C -

0 OH 

P. I 9H ~ 

0 0 
11 11 

NHCH2CH2NH-C9H-9li-C 
o o:a 

~~ 9H ~ 
-NH-UH2CH2NH-C-CH-CH-C - NHCR 2CR:PH-CCH-CH-C NH-

n 

KinetiCally, this would be hit.:hly prob:...ble relative to 

t .. e Ct11J.nce of collision of a growing Chtiin with an etty­

lene di.llnlne or t;:..rtu.ric '""'cid molecule. EVen a rel.atively 

small degree of' hydro t,en bondirlt;; would be adequate greatly 

to increase the a.verage molecular weight and moAify the 

soluti li ty c.l,~,a.racteristics. 

Freparation of Folyamides by the Salt Intermediate Method 

succiniC acid and ethylene diamine: 

It is clear that this product is essentially simi­

lar to that produced by the direct method. This may be 

due to the fu.ct that, in the alternative metl..od, the 

infusibility of tLis part·icular polymide permitted final 

heating to a very high temperature (2'10°). 

It was, of course, impossible to prepare the polya­

mide by heating under vacuum above its melting point, 

as CarotLers repeatedly instructs. H.is fi bra-forming 

compounds all have adequately low melting points, a 

property whicr~ can be related to the length of their 

basic units. In t:ne following table (50) it will be 

noted that as the number of atoms per basic unit 
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increases, the melting point of the corresponding polya­

mide decreases: 

I TaBLE 11 
~----------------~ ~-------T------------------, 

POLYAMIDE FRO:M I M.P. OF FOI.YALillDE 

Propylene diamine & sebacic acid ~ 220° 

FeBtamethylene diamine & sebacic acid "' 195° 

& dodecamethylene 

dicarboxyliC acid 170° 

& hexadecamethylene 

dicartoxyliC acid 167° 

Carothers notes too that these melting points, and 

also solQbility chara~teristics, are affected only to a 

very slight extent by c11anges in ~leCQla.r weights {pre­

eQmably above a low minimum.) The one determining factor 

is the length of the strQctural unit. 

It wou.ld therefore be expected that the polyami.des 

of this investigation,possessing small basic u_nits of 

eight a toms, Wollld have very .hie,h melting points, or none 

ut all. This is confirmed. 

Malic acid and ethylene diamine: 

It is at once evident that tlus substance is very 

different from that formed from the same starting 

materials by the alternative method. There has been a 

change from deliquescence to complete insolubility in 
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water; from faCile melting to definite infusibility. 

In ex plana. tion, the extensive fo nn1.;1. tion of cross­

linkages between linear molecu.les at t:ce high tempera­

tu.re of condensation can be postulated. SJ:lCh behaviour 

among hydroxy-substituted polymers is qu.i te well known 

under these conditions, and the hydrogen bonds formed 

have stability approaching that of true inter-atomic 

linkages. The rigid three~dimensional lattice that wou.ld 

result from such a reaction would, in effect, create one 

giant moleCLlle of a crystal, or flt;.ke. This would, of 

cou.rse * lead to eo C11plete inso lu.bi li ty and iniusi bi li ty. 

Tarturic ctCid '""nd ethylene diamine: 

The properties of this subst,mce bear the same re­

lation to t:uose of the &..lternati ve product as tte pro­

perties of the probably-cross-linked maliC acid polymer:» 

bear to those of the product of its alternative syntl.:.esis. 

The impliCations reg~rdin5 structure are Clear-cut, and 

the conclusion seems wurranted that extensive cross-linking 

has also occurred here. 

The experimental results o btLtined ti.~.us far, together 

With r~ypotheses suggested in the disCt:tssion, ffi..:.LY be out­

lined in the follo win5 t le: 
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1------------.--------------------t 

Polyamide derived 
from ethylene 
diamine and the 
following acids 

JU.CCiniC 4Cid 

MaliC ACid 

Tartaric J.Cid 

rroperties 
f-------~--·-···--

Direct (Mild) salt Intermediate 
Method Drastic) Method 

Fro du. c t ".A" 

Linear. infu.sible 
inso lu. bl e. 
1,;o1. wt. 1000-3000 

Linear, water­
soluble. Low 
mol. wt. ( 300-
500) • LOW meljl­
ing point. 

somewhat cross­
linked. water­
sola. ble. LOW 
melting point. 
row mol. wt. (?) 

Produ.ct "B" 

tinea~ infu.sible, 
inso lu. bl e. 
::Iol. '.Vt. 2000 -
5000. 

!~rosa-linked, in­
soluble, infusible 
"ol ur+ '? L; • ,vu • • 

Gross-linked, in- I 
solub;e, infu.siblet 
.. ol. .Vt. ? ! 

I 
! 

I 
'---------- -------------- -- ----··-------' 



General: 

For compur.:?..tive p1.1rposes, two nitr2ting agents of 

different potency were u.sed. They were, respectively, a 

mixtu.re of commercLil concentrated nitric acid with 601b 

of 95-98% acetic anhydride; and a mixture of fu.ming, 

i.e. 97-100);, nitric a.cid with 60°~ of 95-97,~ acetic 

anhydride. Five to ten grams of polyamide Was ni truted 

in one opera.tion, e.nd in genera.! a ten-molar excess of 

nitric acid over polyamide was used. ~he reaction was 

carried out at 0°to 5°in a round-bottomed, three-necked 

one liter flask equipped with .:i mercury sealed, motor­

driven stirrer, Cl. separ6'.tory fu.nnel, and a thermometer. 

The nitric acid was pre-cooled in an acetone-dry 

iCe bs.th, 1i11d to it was added, slowly, ubout one-hulf 

of tl:e required acetic tUlhydride. The temperatu.re of 

the mixture WetS kept below 30°. d.fter cooling to abou.t 

-20°, the mixture was added r~~pidly to the polyamide in 

the flask. ~he fl~sk itself wus cooled by medlls of dn 

ice-bath. The reaction mixtLlre was stirred rapidly, and 

and remainder of the acetic anhydride, pre-cooled, Wd.S 

added slovvl.y ti~rough the separ:ttory .funnel. 

In successful ni tr.ttions t poly-::,_mide dissolved 

r~pidly, in ten to twenty minutes. The nitrated product 

was obtained by pouring the solution into an appropriate 



precipitating agent, as described s~bsegQently. 

Nitrationa with con.centrated Nitric .acid and .. ~cetic 

The succinic auid polymer (Product rt ,n} 
~'i. 

It was found that the polymer was sol~ble in the 

aCid mixture at o0 , but that no nitration was effected. 

1£1.6 original material was recovered unchanged. 

Malic ,.;.~.cid Fo lymer (Prod~ct .a.} 

The aCid mixture was ndeq~ate, however, for the 

nitration of tL.is water-sol~ble polycondensate. A 

three roolar excess of acid was fo~nd to be suffiCient. 
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The product, (I), was obtained t:tpon pouring the reaction 

mi:x:t~re into a :Large excess of a.r..;etone. 'vVater was in­

effective. 

The white flocu~lent precipitate decomposed ins t:Jllt ly 

to a bro vVh oil when exposed to tLe air in the presence of 

~cid, and hence was washed very carefully with a slightly 

alkaline water-acetone mixture in an attempt to remove the 

last t:;::.,ces of :1Cid. This was successful temporarily, 

and a white amorphous solid was isoluted, b~t the materi:.tl 

inv~rL1bly decomposed while sir-drying ctfter ~tbout forty-

eigllt hours. In view of this, further investigation of 

tJ:.ds compound was abah.doned. 



Ni trations with Fuming .. l.Cid u.nd d .. cetic .,:UJ,hydride 

The saccinic acid polymer (Fruduct B) : 

The nitrc.ttion of this polymer seemed successfully 

to be done· Nith the fnming nitric acid - acetic o.n­

hydrate mixture, (acetyl nitr~te). The yield was quan-

titative. Cijftsiderhble swelli of tLe powdered solid 

prior to solution was observed on initial contact with 
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the ni tr,;. tion mixtllre. This property is genereilly chu.rac­

teristic of high polymers. 

4-i wl.:.ite, flocculent precipitute w~;.s obt:1ined on 

ponring t.i1e re:.;;.ction mixture into u l::~rte excess of 

wuter. On extensive Wt~shing by decantation, the materi1l 

tended to coagulate and settle. :when no trace of acid 

remaiLed, filtration and air-drying yielded a W!tite 

amorpllou.s solid (IV) • 

A,..'1al. Oalcd. for c6R80 6N4 ( see discussion): n, 24.15 

Fo~~d .47, 2~.60. 

The compound W;J.s ins t :;ntly irreversibly soluble, 

With some disColor'-Ltion- apparently decomposed- in 

·dilute aqueous alkali. On treatment with liquid acetone, 

~V was chs.,nged inst~mt.:meoLJ.sly to the familiar bro-vvn 

semi-solid (V) and dissolved r,c;.pidly in the acetone. 

On the addition of water, V w~1S reprecipi t:1ted as a ligi~t­

colollred gllm. Other common organic solvents, I.e., ether, 

benzene, methu.nol, eth).no 1, ccrton disulfide, c,_,_rbon 

tetru.ci ... loride, ;llld uhlorof·orm, h.;.;.d no effect, inclG.ding 



no solvent action. 

The thermal: behaviour of IV is <.1lso very interestL1c.,. 
0 .n .. en hec.ted slowly in ~dr, it 01:..:1..nged at 60 into a 

material later identified as V above. On fllrther heatL1g, 

it sta.rted to decoapose r(t.pidly at 81°, with the evo­

lution of large qllantities of gas {second stage). Eow-

ever, wL.en tte original material was immersed in wuter, 

and t!1e temper .. ~tllre raised slowly to 100°, no decom­

position of 2ny kind took pluce. This was ulso the 

case with variolls orgunic solvents at their boiling 

points. There were signs tl.~.at melting had taken pL:1ce, 

bllt the precise melting point w~s difficult to determine 

under these co~1di ti. ons. The compOL1_nd tL.us seer.1s to h~tv e 

no inl!erent thermal instability, but to be re~dily 

attacked by oxygen at elevated temper:1tures. 

When samples were inadequately washed after nit-

rdtion (less ti_cJ.ll :five li ters of water per gram} , :Jnd 

confined in a closed cont~iner, they Ch.:.;.ne;ed sponta­

neously to the p rim,try decomposition product V wi ti.cin 

twenty-follr Lollrs. Similar s;.::c~nples left open to the 

air reqllired Glore time, about seven da.ys. In gener0.1, 

scnll gri;;.1ins seemed more st,;,.ble th .. .n large lt~mps. Lumps 

left to air-dry overni 6 ht were fou.nd freqllently to L:..:.ve 

strec1ks of brown mu.teri~'l o.long s:rurp edges ~i!ld pro-

tru beranues - ;;;:n in teres tin6 uonfirma.t ion of the pi:y-

si c'-,1 l:.;..w th,::;_ t tLo v ~pollr pressllre of a 11 qllid is greatest 



where the r~diQS of curvature is least. The water~ 

eva.po rating c ef' ly ut t:LJ.os e sL::trp ede:,es, v.ould tend to 

carry :J.ny residU.ctl de(.;{)mposition-CJQSing nitric acid 
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with it, 8Xld deposit it at its place of exit. Of collrse, 

any discoloured m::iterL.1.l was alw<~YS removed from any 

sample before further testing. 

~1hen ti:Loroughly air-dried, IV bttrned very vigorou.sly­

virtuu.lly inst ·i!ltaneou.sly - leaving a small residLle. It 

reacted eXflosively with concentrated sulihric acid. 

Vvhen tested at EXplosives tabor.:..;. to ry, H-itllr;;,.l Hesearch 

~ouncil, Ottawa, it was found to have a sensitivity 

coefficient of o2 (81} t i.e., in ratio approximately 

three times more sensitive to impu.ct deton.ition than 

The primary decomposition product V was si::own to 

be identiCal with the materials produced from IV ther­

mally :J....>td till tocatalytic tlly, by secondary decomposition 

point determinations. It wus stron61Y odoriferolls 

( u.l though the o rie,inal materi..:.l also h~td a fairly dis­

tinct acetic acid-like odour, possibly due to traces of 

V}. It burned quite vigorously. It was completely in­

soluble in cold Wciter and organic solvents except acetone, 

but seemed slightly soluble in boiling water and gave a 

strongly acid reaction. 

On st::tnding, V tended to assttme a plltty-like con­

sistency. ~.~,fter· lle.J.tine; c:1t 110°, the residue was a 



water-soluble brown oil (VI). Hec:J.ting ei.t 125° in air 

resu.l ted in complete Charring, with the li berution of 

large volumes of gas. 

The malic aCid polymer (Product a) 

On tre'""'ti.:1g the poly<.:ondensate with the mixed re-

.s.gents a materL1l was obtained whiCh was pro bii.bly the 

fully ni tr.J.ted compound (II). The yield was qllanti-

tati ve. 

In physi ca.l appearance II resembled I , but was 

precipitated from un excess of water r5.ther than of 

acetone. It WdS tLorougJ.ily washed with wc:.ter by de-

cantation. 

II was very rapidly soluble in aqueous alkali, 

with some discoloration, and tl.is Wus completely non-

reversible - indicating prob8.ble decomposition. rt 

was instd.ntcUleously decomposed to a brown gum by 

acetone. Like I, II coald be isolated as a white ., 

amorphous powder, but despite ~ill precautions, per­

sistently Cl.:..J.nged to J. brown semi-solid before it 

could be dried sufficiently for analysis. 

III had a slight odour of acetic acid, was water 

insolllble, and when sii.aken with w~ter gave a. sligntly 

acid reaction. On beating II in ~ir to 58°, Ill was 

obtained (stage 1 decomposition). Sttbsequent bedting 

resillted in the decomposition of III at ;.;.boat '78° 

(stage 2 decomposition), with the evolution of large 
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q~antities of unidentified gas. 

Nitration of cert~in salts: 

.. ~s .~ side experiment, tile nitration of the Stl.CCinic 

~cid - ethylene diamine salt was dttempted ~nder con­

ditions identical with those used above. No prod~ct 

was obtained 11pon pouring the ni trct.t ion mixture into 

water or ct.ny other organic solvent. A similar result 

was obtained with the malic acid salt under the same 

conditions. 

MdliC acid polymer (Product B) 

This Compound was stirred with acetyl nitrate for 

twenty hollrs, but was fo11nd to be almost completely in­

soluble. It was recovered u.ncL .. <.Jllged. 

Tartaric aCid polymer (Froduct B) 

The ut tempted ni tra.tion likewise failed here after 

lengthy stirring, and the starting materL.tl was recovered 

unchanged. 

DISUUSSIOli OF RESULTS - HITR.d.TION OF POLY,:ix.IID.ES 

Ni trations with l,;oncentrated IU tric ACid and .;1cetic 

~Ulhydride 

This red.gent was used for theoretiCal purposes, 

in an attempt to obtain partiul nitration. 

The succinic g,Cid polymer (Product .:1}: 

Evidently, this nitr.J.tin[. ~nt was not capable 



of SQbstitnting the nitrogen-bonded hydrogen atoms of the 

polyamide for nitro groQps. 

The maliC acid polymer {Prodnct ~) : 

As the nitrogen-bonded hydrogen dtoms of the succinic 

acid polymer rrere not attacked nnder the identical conditions 

it is unlikely that here they have been substitnted. rt 

is highly probab~ that only the hydroxy groups of this 

polymer have been nitrated. The expected structnre of the 

produ.ct is then 

0 
where "nn prbably lies between three and five. 

" 
The instability of this substance tends to Confirm 

the generally accepted fae t that compou.nds with hydroxyl 

groups adjacent to carbonyl groups give unstable nitrates. 

Nitrations with Fuming Nitric ACid and ~cetic ~hydride 

r!:'he su.ccinic ~cid polymer (Frodnct B) 

.Evidently, nitration has SllCCessfnlly been effected 

here. ~he expected strQctu.re of the product IV is 

c 
0 

H.OOC-CR2CHz-~ 

(?) 

~-CH2 CH.2NH2 
~i02 (?) 
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liere "n" may be 10 to 25 to correspond with s. molecu.lar 

weight of 2000 to 5000. 

rt is possible only to speculate regarding the nature 

of the primary decomposition product, v. nu.e to the dif­

ficulty of pu.rification and drying, no analysis was at­

tempted. The fact that burning was qu.ite vigorou.s indi­

cates that an appreciable nu.mber of nitramine (-N-NO } 
2 

grou.ps still remain. The gum-like textu.re of V, plu.s the 

well-known stability of polyamide Chains, militates against 

the possibility that extensive Chain degradation has oc­

cu.rred. The aCidity of the hot aqu.eou.s extract su.ggests 

the liberation of acid-forming su.bstances, su.ch as the 

oxides of nitrogen. Finally, the easy solu.bility in water 

of the su.bsequ.ent decomposition product VI su.ggests the 

presence of many hydroxy grou.ps in VI and implies the pos­

sibility of some in v. Thu.s V may be essentially u.n­

dee;raded lV, with some of the nitro grou.ps replaced by 

hydroxyl. 

The malic acid polymer (Product A) 

In view of the fact that the su.ccinic acid polymer 

has su.ccessfu.llY been nitrated, and in view of the dif­

ferences in properties between this produ.ct and that of 

the su.ggested partial nitration, it is virtu.ally certain 

that the completely nitrated maliC acid low polymer has 

been obtained. The stru.ctu.re, then, is 



!lDOC-'ftlCJiJ 
vNo2 

where "n" is probably 3 to 5, on the assumption that 

no degradation has taken place. 

attempted nitration of the salts: 

45 

In view of the successful nitration of the corres-

pending polymers under the same conditions, it is highly 

probable that nitration of the salts has taken place, 

to yield the compounds 

~ 
and HOOC-yHCH2-C-~!-LiH2CHzNH2 

ONOz ~:02 

but that none of the precipitating agents used was ad-

equate. 

In any event, this tends to indicate that no ex­

tensive degradation has occurred during nitration of the 

polymer, as this would be bound to produce some water­

soluble monomeric nitramine. 

The maliC acid polymer (Product B) : 

The complete insolubility of this substance in the 

mixture of fuming nitric acid and acetic anhydride tends 

strongly to verify the highly cross-linked structure 

suggested for it. 
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The tartaric acid polymer (Product B}: 

The failu.re o£ the attempted nitration here like­

wise confirms the hypothesis regarding the stru.ctu.re 

of this polymer. 



SUMMARY 

The res~lts of the experimental work of this in­

vestigation shonld first be reviewed in reference to the 

original purpose of the work. It had been decided to 

attempt to synthesize certain nitrated polya.mides for 

potential nse as explosives. These polyamides were to be 

formed from ethylene diamine and succinic acid, and from 

the hydroxyl group substituted maliC and tartaric acids. 

3Ubseqnently, it had been deCided by this investigator 

to carry out the polyamide preparations by two methods, 

one drastic and the other relatively mild; one tending 

to lead to low molecular weight prodncts, and the other 

to the highest moleCular weights obtainable by ordinary 

means. This was as a matter of theoretical interest, 

and also in order to determine optimnm conditions. FOr 

the same reason, the nitrations were carried out with 

two mixtnres of differing potency. 

It was found that the polymerization of succinic 

acid with ethylene diamine resulted, for all practical 

purposes, in identical products with both methods of 

preparation. The polymer conld be nitrated u.nder ap­

propriate conditions. The product of the nitration 

was chemically stable, but was qnite easily decomposed, 

apparently withont degradation, in the presence of traces 

of acid. It was definitely an explosive, and of the 

initiator Class, bnt a thorough and time-consuming 
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investigation of its behavionr as an explosive has yet 

to be made. However, this snbstance has one character­

istic that almost certainly Will prevent its practical 

nse as an explosive: that is, its thermal instability. 
0 rt decomposes at about 60 , and ordinary explosives 

must be stable at temperatures at least as high as 80°. 

Moreover, none of the other ni trated polymers that 

were prepared show any promise. rt mnst be conclnded, 

then, that while the compounds whose synthesis had been 

planned had, in general, succesfully been prepared, 

they nevertheless were not snitable for use as practical 

explosives. This, incidentally, is also the conclusion 

arrived at after the majority of investigations into 

the preparation of eXplosive polymers, and in particular 

in the departmental research project of which this 

work was a part. 

From a theoretical point of view, however, the 

investigation was of considerable interest. The results 

are quite decisive and easily interpreted; moreover, 

they tend to confirm some of the specific assumptions 

that of necessity have had to be made in the course of 

this thesis. 

The nitration of polymeric amides was undertaken in 

an attempt to combine the known stability of linear 

polyamide Chains with the high explosive power of nit­

rated amide linkages. 4 succinic acid - ethylene 
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diamine polymer was synthesized, nitrated, and was 

found to be both reasonably stable as a chemiCal com­

pound, and also active as an explosive. unfortunately, 

the increase in stability due to chain formation was 

not sufficient to permit of practical use of the sub­

stance under the rigorous conditions of modern warfare. 

under mild conditions, a material was synthesized 

which, it was suggested without decisive proof, was a 

low molecular weight polymer of malic acid and ethylene 

diamine. It would be expected that, when nitrated, this 

substance would be intermediate in stability between 

the relatively highly polymeric nitramides, and the very 

easily hydrolyzed nitrated amides. This was found to be 

the case. 

Under drastic conditions, materials were obtained 

which, it was suggested, likewise without decisive proof, 

were highly cross-linked polymers of maliC and tartaric 

acids with ethylene diamine. rt would be expected that 

these would be greatly resistant to nitration. This was 

also found to be the case. 

The diffiCulty of sythesizing normal polymers of 

hydroxy acids with amines is clearly indicated. Mild 

reaction Conditions lead to unsatisfactory low moleCular 

weight products. Drastic conditions lead equally unsat­

isfactorily to extensive cross-linking. It is certain 

that, in order to prepare linear polyamides of adequate 



moleC~lar weight from hydroxy dicarboxyliC acids, a 

thoroQgh investigation of optim~m conditions will have 

to be made. 

In concl~sion, an interesting program of future 

research can be drawn ~p, on the basis of these find­

ings. The relation between degree of polymerization 

and ease of decomposition of nitrated polyamides 

can be f~rther investigated, as can other methods and 

other conditions for the preparation of hydroxy­

s~bstituted poiyamides• rt is to hoped that light 

will some day be cast on these qaestions. 
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