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INTHODUCTION 

The importance and tremendous advantages of 

a truly flashless propellent for combat use by army. 

naval and anti-craft units, particularly at night, 

are self-evident. .Just after the last Great ~Jar, 

nitroguanidine, a previously known compound of only 

academic interest, was found to be an explosive equal 

in force to T.N.T., and possessing the exceptional 

property 01' exploding with a cool flame and hardly 

any visible flash (1). anen this compound was in

corporated with nitrooellulose and nitroglycerine, 

the resulting cordite was found to possess both the 

cool explosion temperature of nitroguanidine and the 

sallle propellant power of ordinary oordite. 

Picrite, as n1troguanidlne is more commonly 

known. and tlashless oordite containing picrite. 

have several disadvantages, which if overcome would 

render more easy the preparation. and greatly improve 

the properties of this new type ot propellent. It 

was during the course of a study, bent on i~proving 

Picrite or finding a substitute for it, that N-gua

nyl-Nt-nitrourea was investigated. This compound, 

previOUSly reported in the literature (2) has been 

thoroughly studied both from the technioal and 
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ballistic points of view by the Department of 

~nitions and Supply, and has been tound to fultill 

all the specifications required of the tlashless 

coraponent in f'lashless cordite. Furthermore, it is 

prepared from the same primary product as that used 

tor picrite. by a much simplified process, and 

possesses ma.ny of the desired properties of bulk and 

orystal structure which are lacking in the latter. 

Guanyl-nitrourea has been given the name of 

Rosaite. after Dr. J .. li. Hoss who wa~<director of 

research at the time that the investigation was made. 

From the theoretical point of view, guanyl

nitrourea presenta a certain interest, because it 

may be considered a member of the "urea series". 

The chemistry of this series of compounds has been 

explained by a Simple process called "Urea De

arrangement". 'rhis theory, proposed by rr .L. Davis 

(3) has been applied to the decompOSition and reaction 

of guanyl-nitrourea and twa resulted in a study which 

has added to the knowledge of the ohemistry of guanyl_ 

ni trourea i taclf and to that of the "Urea Series n. 
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HIS'l'O.d.ICi'l.L ,h..ND fl'llLO~.Q,'rIC.AL Pii.:a,T. 

Chemistry of Cyanic Acid and Cyanamide. 

Before undertaking the discussion of the re

actions of the urea series, it would be quite relevant 

to review briefly the chemistry of cyanic acid and 

cyanamide, first because of their importance in the 

preparations of the members of this series t secondly 

because both may be found in varied forms, individually 

er together, as products resulting from the breakdovfU 

of urea deriva~ives, and thirdly because the chemistry 

of the urea series is essentially that of the un

saturated isocyanate and cyanamide linkages. 

Cyanic acid has long been known to react 

according to two tautomeric forms, giving rise to cyanate 

derivatives which correspond to the ep.ol or normal form 

H-O-C~N, and to isocyanates which correspond to the keto 

or iso form H-N'=- C=O. Emil >,'orner ts theory that in urea. 

rearrangement reactions, cyanic acid reacts solely in 

its unsaturated state, that is, as isocyanic acid (4) 

has been confirmed by recent Raman spectrum studies which 

show that free ciyanic acid, many inorganiC salts and, all alkyl 

and aryl derivatives exist as. and react according to the 

isocyanate structure (5)(6). 

http:fl'llLO~.Q,'rIC.AL
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Only potassium. laad and tetramethylanwonium salts have 

the oyanate struoture. Fulminio acid, H-O-Ni=C, might 

be considered a tautomerio for~ of oyanio aoid, but is 

in no way similar to it. 

In view of its unsaturated oharaoter. Isooyanio 

aoid is ex.oeedingly react.ive. It reacts with ammonia 

to form urea. {,lohle·;: t S famous 1'680 tion (7)),wi th aminas 

it forms substituted uraes, and with aloohols forms 

esters of carbamio acid, or urethanes. Its readiness 

to t1'imerize to the oyclic oyanuric acid is explained by 

Werner (8) as due to the "unstable group of four atoms, 

which, in virtue of the 010se1y related eleotrochemical 

nature of three (CtH, and 0) is not capable of aSSuming 

a Simple moleoular configuration whioh can give rise to 

a condition of electrostatio equilibrium. This end is 

attained by polYmErization to a six me~bered ring, the 

most stable of oyclio moleoules tf. Cyanurio aoid f like 

oyanic aoid exists in two tautomeric forms. 

The dimer of isooyanio aOid, dioyanio aoid, was 

disoovered by Davis (9) who proposed as its struoture 
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the formula NH2-COl;C;O*. Dicyanic acid is unstable and 

does not exist in the free at.a te. but it reacts in n 

manner analogous to that of isocyanic acid with ammonia 

and amines to form biuret and substituted biuret, and 

with alcohols to form allophanic esters:. 

cyanam.ide differs from isocya.nic acid in that the 

oxygen atom is replaced by an imido group_ Like i60

cyanic acid it exists and reacts according to two tauto

meric forms, the acidic or imide form NlI=C=NH, and the 

basic or nitrile form Nli2 .. C=N. Raman-spectrum. studies 

have sllown the free oompound and various darivati vas to 

have the nitrile form. Instances of the imide structure 

are also evident (10). Cyanamide reacts. ( in a manner 

analogous to that 01-' cyanic acid ), with 8.Inmonia and 

amines to form guanidine and substituted guanidines. 

,Jhon neatad in the dry state it polymerizes to the 'I;'Iell

knmm dimer dicyandiamide, and to the tri.mer melamine. 

Cyanamide in aqueous solution also dimerizes to di

cyandiamide, but triere is a simultaneous hydrolysis of 

cyanamid.e to urea. This for a long while was thought to 

*Uofmann has reported t1 substance (11) which he, 

and later authors (l?) considered c .~ 

1&ti5 

to be a dimer or phenyliso

cyanate, and to which has been 

ascribed this structure: 
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be u competitive reaction, but it has been found that 

polYl!lerization occurs in solutions Vlhose pH is less than 

5.0, wllerens in solutions of pE greater than 12, polymer

ization is inhibited and hydrolysis is oon~lete (13)(14). 

Despite the numerous studies on the subjeot, the 

struotural composition of dioyandiamide is, aooording to 

Chastellain (15) still debatable. Of the five proposed 

struotures, disoussed by "lihis author, the oI-cyanoguanidine 

form (I) suggested by Bamberger (1&) is now generally 

accepted. Streoker's (17}(18) cyolic form (II) presents 

I II 

a certain interest which will be discussed later. Reoent 

studies (19), based on bond-distance measurements, have 

lEI. 

Shown dicyundiamide to exist as a resonance hybrid, and 

have brought into consideration ttle structure (Ia) pre

viously proposed by Pobl (20). 

Cyanamide polymerizes to rnele:ri.lne '/lith equal readi

ness as it does to dicyandialnide, but as a rule, only at 

higher teffiperatur~s (21)(22)(23). Melamine may also be 
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tormed in aqueous !Joltl.\..ionB trOQ dloyandiamide. in t.he 


presence 01' 


of melamine, 


formldohyde plastios (25) oonsists in :l:1eatlng a ;nixture 


of dicyn.ndl~1.mide and f,uunidin0 oarbona,te ( ). ll'Zlla:2line, 


lik~ oyanurio aoid, is extr~mely st~bla; it ~ be sub


lil.ilCd without deoomposi",ion (t~7) and also e:xlots in t'110 


taut.omeric forms: 


) 
( 

{imide term. j 

aoid. Thai::a~ two co~pounds are intoeroonvertibleby aster

wise hydrolysis .~alumine (28) or a stepwise awnonolysis 

of cyanuric aold ( ) .tl1e two intermedinte oompounds 

(III) the m.c.moacl.do, nad aillLlCline (I j) the 

diaI;;llde of' cyanuric aoid. ';.'llese proGressive reactions 

be 111u3t.ratad as ~'ollOWSt usin~: only to or imide 

for~ula~ for aimpl1clty. 
(I 

II 


( ( 

http:m.c.moacl.do
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LU::e both cyanuric acid and melamine, these com.pounds 

exist in tautomeric forms. 

It is evident that these compounds may also be con

sidered mixed trimers of isocyanic acid and cyanamide. 

This mixed polymerization occurs when urea, biuret or 

dicyandiamldine (guanylurea) are heated tOGether in the 

presence of either guanidine or dicyandia.mide t since both 

ammeline and aID.i:!lelide are found in the products (30) .. 

N;i. -co -Nil 1
2 2 ~ UNCO 

Nlla.. CO-Nli.CO·J:i1:i2 + 

) __ hll:C=NH 

1 
ammeline + amrllslide 

Urea and biuret evidently decompose to form isocyanic acid; 

guanidine and dicyandiaJlide form cyanamide. and guanylurea 

may form both. and t.hen the isocyanio acid and cyanamide 

co-polymerize to form a::nmeline and am.:,nelide. 

Very little speculation has been me.de as to the 

mechanism involved in these oo-polyme ~lzationa. Only two 

au tHors .~lave a tte:.npted to ir:terpret the for:lB. tion of' tl,ese 

cyclic trimers. In the case of the form.ation of amt:..e11de 

and cyanuric acid from biuret. Das Gupta (31) has proposed 

tHat tDC hypothetical compound triuret is first formed as 

an interru.ediate. vlll.icll, forms amuelide by loss of' water, 
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and cyanurio aoid by loss of 8.wmonia. 

Hovrever. Das Gupta based the formation of triuret on a 

reaction between dioyanic acid and urea (both products of 

the deoomposi tion of biuret) t which has been found not to 

take plaoe (32) .. 

The other theory, advanoed by Davis. (18), suggests 

tha'\# oyolization ocours tilrough a reaction between a mono

~er (oyanamide or isocyanio aoid J and a dimi,,:'1zed form of 

tnese two (dioyandiamide or dicyanic aOid). In the parti

cular case studied by Davis. oyanamide reaots witll dicyan

diamide to form melamine, and isocyanic acid reacts with 

dicyandiam1de to form aLUmeline. r!'his reaction is of 

interest and is illustrated below 

) 

This ;.oochanism is applicable to the various formations of 

all four cyclic trimers, and is.of particular interest in 

the study of guanyl-nitrourea. Evidenoe has been found 

by the aUl#hor which indioatesthat a similar reaction takes 

plaoe between the oompound guanylisocyanate and cyanamide 

itself, with forrll8tion of ammeline. 
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l>li.i. 
/I 

/1I, 
,l.lN Nu 

I I 
0=0" /C=NH 

lil~ 

The guanylisocyanate, mentioned above. has 

been called a mixed diroor of cyanamide and isocyanic 

acid, a point which is a subject for much speculation. 

The existence of such a dimer ~1J~S not been mentioned in 

the literature, but is highly probable in view of the 

fact that cyaoo!.'lide and isocyanic acid both form stable 

dimers, and chat together they form stable m.ixed trimers. 

If the structure of this mixed dimer is similar to that 

of dioyandiamide (I), then it may be considered !::s having 

t1.te cyanoures. torm indicated in (V); if it is similar to 

dicyanic acid (VI), then i 11 .us the guallylisocyanate 

structure (VII). 

I VI 

o 

v VII 

A compound obtained from dicyandiamide by hydrolysis 

in baryta, was reported in 1870 by iiallvmcks (33) who named 

it amido-dioyanl0 aoid (VIII). At that 'time, the aocepted 

structure of dicyandiamlde v;as the cyclic form (II), and 

aooordingly, this product was e:iven a similar structure. 



-11

indicatE.~d in {VIII}. Hmwver, v~hen structure (II) W5,S 

1]20 ) 

II VIII 

discarded in ravor of the cyanoguanidine form (r), am.ido

dicyanic aoid \l8S given the name and struoture of cyanourea 

(V). Tids compound is also formed by the co-polymerization 

of cyanamide and isocyanic acid (33) thereby identifying it 

as the true mixed dimer o:f these two oompounds. 

guanylisocyanate structure (VII) was proposed 

by Blair (34) as a tautomeric form occyanourea. In the 

opinion of the l3.utt.or, this is highly improbable and is 

di.t:>cussed latar. HO'J'Jever, 1 t presents a certain amount of 

interest since it i::1 sirtdlar in SOille respeots to dicYGJdc 

acid (VI). There is indication of its formation in a reaction 

ropor'ted by Blair (35) in whioh guanylurea reacts with ethanol 

to f'ormthe ethyl ester of guanidine carboxylic aCid, and 

ar:l.l:nonia.. In t~lis rCf1ction guanylurea probably undergoes a 

decornpo:.;,i 1.#1on to f'or..l in perot aw.moniu and guanylisocyanate (i), 

Whioh, acting in its unsaturated character adds etl1anol to 

(i ) 

(ii) 

form the ester (ii). In the decomposi'tion of guanyl-ni'tro

urea there is evidence of its formation, for when this is 

http:l3.utt.or


carried out in presence of arrunonia, guanylurea may be 

detected, indicating tl1e reaction (iii). In this \vay 

00r n,,·< G("" )M-C'-OJ,.'j- ) (ill)
'" 

":>11 

'guanyllsocyanate (VII) closely resembles dicyanic acid 

('lI) in structure, mode of fornlat ion and mode of reaction, 

since the latter is formed from biuret (3l) and nitrobiuret 

(36), and reacts with 8.llllllOnia and alcohols to form biuret 

and allophaniC este~s, respectively (9). 

It 1S ti16 opinion of the author thn t cyanourea and 

guanylisocyanate are not tautomeric forr~ of the same 

compound, because the former ( If) can be hydrolyzed to bLlret 

(37), a. reaction r.i! ... ich cunno't be accounted 1'01' by (VII) and 

because (V) cannot react with ethanol to form guanidine 

carboxylic ester. It follows then that cyanourea only t is 

the result of co-polymE1rization of cyanamide and isocyanic 

aCid, and that guanylisocyanate can only be formed from 

compounds having tlH~ guanylurea structure. even though it 

may decompose into the two monomers. 
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The Urea DearraA&ement: 

The conversion .of the cyanates of ammonia and 

primary amines to urea a.nd substituted ureas, by the 

evapora1iion of thoir aqueous solutions, has long been 

known as examplets of "urea rearrangement tf • istvne 

of reaction is best illustrated in,~ohlert3 preparation 

of urea (7) 

-co 

In this reaction both ar.amon.ia and oyanio acid 

react as though they d tViO-fold chemical characters. 

If the cyanic acid functions us an aCid, and the ammonia 

fUnotions in its basio character, there is the Simple 

acid-base reaction, and a:nm.onium. oyanate is formed (i). 

If ttl.e cyanic acid reacts in its unsaturated character 

(that is. as isocyanie acid). th~re is the reaction of 

addition of an amine-type compound to the unsaturated 

isocyanate linka~e. wi~h formation of urea (ii). 

Ucla + nOCN ~ N11400N (1 ) 

H- NL2 + I-.LN=C"'"Q ~NH2.CO.l~I:l2 (ii) 

1lerner has postulated the latter mechanism (8) 

stating that urea is formed as the addition compound of 

rua~onia and isocyanic acid ieh changes from the enol 

(or normal) form to the keto (or iso) form as the t'ormsr 

is liuerated by the dissociation of ammonium cyanate. 

http:ar.amon.ia
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'rhis has been confirmed by recent Haman-spectrum studies 

in which it was found tlw t cyanic acid exists and reaots 

solely in its unsaturated O:.aracter t that is as isaoyanio 

ao i d ( 5 ) (G ). 

other exampl(.:s of urea rearrangements a.re ,iurtz' s 

preparations of' metilylurea. (38) (39) trom. rnethyla:mine and 

isooyanio acid (i) and from ammonia and methylisocyanate 

(ii} 

(1 ) 

(ii) 

The torma:t.ions of guanidine and thiourea follow 

tile same pattern of urea rearrangement, by the action of 

ammonia with cyanamide (40) and isothiooyanic acid (41) 

respectively; and the general preparation of their sub

stituted derivatives consists in heating the correspond

ing amine with cyanamide and thiocyanic aoid. In general 

it iIE'y be said that tile urea rearrangement consists of two 

types of reactions,. 

a} tile reaction between a substituted amine and 1so

cyanic acid, 

arrl b) the reaction between a substituted isocyanate and 

8J.)JlDOnia. 
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'rile reverse reaction of urea rearrangement has 

long been known. .hs early as 1838 i t 't~S found that a 

boiling aqueous solutiion of urea gave a. precipitate of 

silver cyanate when silver nitrate was added (42}(43); 

and the treatment of a cold aqueous solution of urea with 

nitrous acid yielded arnmoniu:u nitrate and "cyanic acid" (44): 

and also, that when urea Vias heated above its melting point, 

certain compounds were formed 'in addition to biuret, which 

would result from the dry heating of ammonium cyanate (45)(46). 

The implications of these findings were not fully interpreted 

until l!Zn.l1 derner suggested that the "urea rearrangement" 

was really a reversiole system {a}. This author t in his 

n1.llUerous pub11car;ions on "the consti lIution of carbamides" 

(8 }(47), [J.as added much to the study of the reactions of this 


series and much may be said in favor of his proposed 


structure of urea and its derivatives. Hovrever, what ~lerner 


failed to do ,ms to eive a simple picture of the mechanism 


of reaction in the urea series, one vlhich would explain the 


many apparently c~~lex reactions vmich occur •
• 

The first and only widely applicable theory that 

has been advanced was published in 1923 by Tenney L. Davis 


(3}. This theory has been found to apply to the reactions 


of urea, thiourea, puanidine, in fact to fJl1 the members of 


this series and t:,-eir substituted deri vatives. Davis named 


the reverse reaction of urea rearrangement, "urea dearrange

nlent ff (46). Davis states that since the breakdown of a 
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urea derivative is an orderly and well- defined pat·tern. 

the term dearrangement was chosen in preference to 

dissociation or disassociation , which apply to polarized 

atoms or molecules , and in preference to decomposition or 

disarrangement . which imply a disorderly breakdown. 

In Davis ' words , the urea dearrangellent "consists 

of the breaking apart of the urea derivative, (usually on 

heating) in such a way that the hydrogen , previously attached 

to one of the nitrogen atoms goes off in combination with 

the other nitrogen atom and the atoms or groups previousl y 

attached to it , deserting the rest of t he molecule ~ 

E: } NH3 + liNGO . 

Thus in the case of urea,_ a hydrogen attached to 

the*ni trogen goes off i th the f3 - n1trogen and the hydrogen 

attached to it . forming ammonia , and leaving isocyan1c acid . 

In the same \~y , a hydrogen attached to the ~ -nitrogen goes 

8 

• 	 GO · 1.. " ~ NH3 + liNGO. 
H 

off with the ~ -nitrogen and its hydrogens to form ammo~la 

and leave isocya nic acid; thus the unsubtituted urea , thio 

urea and guunidine molecules may dearrange in only one manner . 

It may be noted that t he urea dearrangement is 
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illustrated as a reversible process ; this has been found 

to be always true , the urea , thiourea and guanidine 

derivatives dearrang ing (often in more than one manner ) 

to yield those smaller molecules by the direct combinat i on 

of which the compounds may be synthesized (48) . 

In the case of a mono- substituted urea (thiourea or 

guanidine) one of the nitrogen atoms has a substituent group , 

and accordingly , the dearrangement takes place in two manner s . 

co 

The hydrogen attached to the ~ -nitroeen eoe s off in com

bination with the ~ -nitrogen and its hydrogens to form 

ammonia leaving a substituted isocyanate . 

AeNH2 + iJ CO 

On the other hand , a hydrogen attached to the fJ - nitrogen 

goes off with the ~ -nitrogen and its hydrogen and sub

stituent group forrnng an amine and leaving isocyanic acid . 

Phenylurea as an example , dearranees in two modes 

(46) ; forming on the one hand phenylisocyanate and ammonia , 

from wh ich it may be prepared (49) , and forming on the other 

hand aniline and isocyanic acid , from which phenylurea may 

also be prepared (50). no- substituted guanidines and thio
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ureas behave in an analo~ous ::Janne~·. dearran-;ing in two 

modes, oorresponding to t'lJO ways in which they may be 

prepared (45)(5l)(52}. 

Attention may here be called to the dearrangement 

of oyanourea (V). ~)lair and .:.Imi th (12) vmra unable to 

account for the for-wation of guanidine and urea during the 

acid hydrolysis of tnis compound to biuret. and "Jere 

obliged to propose a tautomerism between (V) and guanyliso

cyanate (VII j. 

v VII 

structure (V) they claimed could account for the formation 

of biuret and urea. but not guanidine, and hence the 

necessity of structure {VII) ,{/hiah could hydrolyze to give, 

in port, guanidine. 

If however. this reaction is studied as a ''Urea de

arrangeilent" the forma tion of these compounds is eas ily 

explained by the interaction of the dearrangement products, 

and the proposed tautorJ.erisrll is unnecessary. 

During the course of normal hydrolysis of cyanourea 

to biuret, a certain portion of the former undergoes de-

arrangement in the following manner: 
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( , ) 

ll)
Nn3 + Ne · NCO q 

LH20 


N.H2·CO. NCO 


The isocyanic acid and cyanamide then react with ammonia 

to form urea and guan idine respee~ively , and "cyano- iso

cyanic acid" may hydrolyze to dicyanic acid , which with 

ammonia forms biuret . 

The t wo compounds of the mono-substituted urea 

class which are of special interest are nitrourea and 

nitroguanidine . Davis has made a detailed study of the 

dearrangement of these compounds and has found that the 

introduction of a nitro grouping into a molecule of the 

urea series , greatly increases its tendency to dearrange 

{48 )(53 ). 

Nitrourea in boiling water dearranges in two modes 

(53) forming mainly isocyanic acid and nitramdde on the one 

III 
( ) NH2 . r02 + liNCO 

1 

hand , and small amounts of ammonia and nitroisocyanic acid 

on the other . Both nitramide and nitroisocyanic acid break
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down instantan~ously on formation into nitrous oxide and 

water. and nitrous oxide and carbon dioxide respectively ; 

nitramida however , may be isolated from the solution, but 

not without difficulty . The ease with which nitrourea 

dearranges has caused Davis to suggest it as a ready source 

of isocyanic acid for synthesis; this method has the unique 

advantage that all other compounds formed decompose into 

gases . 

Nitroguanidine , on heating , dry or in aqueous 

solu~iont dearranges along the same pattern (48) forming 

1 1 

n1tramide and cyanamide by one mode and ammonia and nitro

cyanamide by the other . Nitrocyanamide ,. previous to Davis ' 
. 0

work was not known; at temperatures close to 100 c. it de 

composes to nitrous oxide and Isocyanic aCid . but at 60

70°C . it is capable of reactinp, with amines to form 

symmetrical- alkylnitroguanidines . 

ttention may be called here to a very interesting 

point in the dearrangement reaction. '{hen a urea darivati ve 
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•

undergoes dearrangement in two modes . both reactions 

occur .simultaneously . Although the velocity of one may 

be greater than that . of the other . there is however , an 

equilibrium system set up . Referring to the diagram 

below . it may happen that substances A and B are formed 

in greater quantities than substances C and D as the urea 

derivative dearranges . If there is present another substance 

with which , for example , C is capable of reacting , C is then 

removed from the equilibrium and A and B recombi ne to form 

the urea derivative , which produces more of C, and this may 

continue until no more of A and B are present in the de 

arrangement products . This may be used to advantage in 

synthesis when the compound C (or D) is not readily available , 

but when the urea derivative or even the substances A and B 

are . Davis has olearly illustrated the praotioal ity of his 

urea dearrangement theory by using this point to prepare 

alkylni troguanidines from nitroguanidine as mentioned above . 

At first sight , the dear~angement of compounds like 

biuret would appear complex , but they are found to behave l i ke 

mono - substituted urea derivatives . Biuret dearranges as 
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follows: 

\1.) 

N:.-f · CO - Nli2 + HNCO !:; 

2HNCO 

forming urea , ammonia , isocyanic acid and dieyanic acid , 

the last two polymerizing to cyanuric acid (54) (55) (56) (57) . 

Biguanide behaves like a monosubstituted guanidine and de 

arranges in the same way as biure~ yielding guanidine and 

cyanamide on the one hand , and ammonia and dicyandiamide on 

the o~her (58)(59) . 

Guanylurea (dicyandiamidine) however , is slightly 

.different , and would be expected to dearrange ei~her as a 

substituted guanidine or a substituted urea . The literature 

cites evidence which would indicate that the urea portion of 

the molecule is 'Che first to break down , because when a current 

of carbon dioxide is passed through a boiling aqueous solution 

of guanylurea . guanidine carbonate a.nd ammonia are produced 

(60 ). This implies that dearrangement takes place in the 

following \\'8.y : 

f---------~Pl 
,t) NH2. C (N'ri k ~ :" j~ 1 Q) 


NH2C {In )NI12 +HNCO ~ (Ii! NJCO !'~'Ii,FNH3 + NH2 - C (NH )NCO . 

-------'.--~\ ~ '. ~ f ~ . ~ 


The formation of guanylisocyanate by the firs~ mode is 
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indicated in the reaction of ethanol with guanylurea to 

torm guanidine- carboxylic acid ethyl ester (35) . the 

alcohol evidently adding to the isocyanate molecule : 

Another class of urea derivatives of special 

interest to t his discussion. are the symmetrical di ub

stituted ureas e In these compounds , both nitrogens have 

a substituent group , and on dearranging follow the pattern 

described be low : 

There are formed t vo different amines and two different 

isocyanates . An example of this is sym- ethylphenylurea , 

which , by one mode of dearrangement J forms aniline and 

ethyli8ocyanate , and by the other . forms ethylamine and 

phenylisocyanate (61) . It may be pointed out that if the 

groups A and B are identical , the products of dearrange 

ment are the same by both modes; in this way symdiethyl

urea forms only ethyllsocyanate and ethylamine (61) . 

Nitrobiuret has been found by Davis (36) to behave 

like a symmetrical disubstituted urea , and on dearranglng 

forms nitrous oxide , carbon dioxide , urea , and dicyanic acid . 
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This dearrangement perm1tted the same author to make a 

detailed study of the previously unknown dicyanic acid (9 ) 

which was found to react as a typical isocyanate derivative , 

forming substituted biurets and allophanic esters with amines 

and alcohols respectively . 

Guanyl- nitrourea differs from nitrobiuret only in 

having the oxygen ato~ furthest removed from the nitro group 

replaced by an imido group . Because of this similarity of 

structure it may well be expected to dearrange in an 

analogous manner to that of nitrobiuret . This has been found 

to be true , and a detailed discussion will be made later . 
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Nitro Derivatives of the Urea aeries. 

The nitro oompounds of the urea seri es are 

ni tramides and oontain the typical structure -NIl-NO 2

The general procedure for their preparation consists 

in treating the parent compound, at temperatures close 

to oOe. with eitller (a) fuming nitric aCid, or (b) a 

mixture of ooncentrated sulfuric and nitric aoids, or 

(c) treating ~he nItrate salt of'the derivative with 

concentrated sulfuric acid. 

The evident meohanism through Which nitration 

ocours, would appear to be that of' the urea. derivative 

f'ir::>t i'orming a nitrate salt, whic.tI, through the 

dehydrating action of conoentrated sulfurio aoid {or 

fuming nitric acid} would lose a moleoule of \'m.ter, 

for:ning the nitro derivative~ this tias been the generally 

aocepted, thou~h erroneous picture. 

'l'ae introduotion of an alkyl group into the 

guanidine (or urea) moleoule would be expeoted to increase 

tne basicity of the nitrogen (or Emino group) to which it 

is attached, and hence to impart greater basicity to the 

moleoule as a '",hole. In a salt of such an alkyl derivative 

it would be expected that the nitrio acid would be in 

combination witil tne alkylated nitrogen atom (or amino 

group). If now, the nitrate is formed into an alkyl

nitroguanidine (or urea) derivative, the nitro group would 
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then be attached to the nitro~en ato:n which oarries 

the alkyl group. This hovrever. has been found not to 

be so. Davis states (52) that only NNth"-trialkyl

guanidines are as strong bases as guanidine itself. 

monoalkylguanidines and UN-dimethylguanidine are slightly 

\¥eaker. whereas l~~'-dialkylguanidlnes are weak bases. 

pauling has been able to explain this (63) through 

resonance, a property of the urea series which is 

becoming more evident and important in the appreoiation 

of their properties. 

]'urther investigations of alkylated uress, 

guanidines and biurets (64){65)(66) ha~ sho\vn that when 

a nitro derivative of these oompounds is formed by direct 

nitration. the nitro group ent.ers not the a!kylated. but 

the nonalkylated amino group. There is one exception and 

that is methylurea, which forms N-nitro-N-methylurea (67). 

Where the amino group is entirely alkylated, that ls, in 

NN'-cUalkyl-ureas. ~uanidlnes and biurets. (unsy.'.;.m.etrical 

dlsubsti tuted derivatj ves) t.he nit.ro group enters on the 

unsubstituted amino group_ It would appear then. that 

tne nitro group may enter only on the non-alkylated 

amino group. 'l'his is further substantiated by the fact 

that i'H'Jt-dlalkyl-ureas and guanidines (symmetrieal disub

stituted derivatives) cannot be nitrated at all. Davis, 

therefore, concludes that the mechanism of nitration in 

this series is no\; the dehydration of the nitrate salt, 



and suggests that the basicity of urea, guanidine and 

biuret, cheir alkyl derivatives is not confined to 

any one nitrogen atOla, but is distributed through the 

molecule as a wllOle. 'rhesa facts show that the 

mechanism of ni t racdde formation in this series remains 

relatively obscure and no detailed explanation can be 

offered a.t this time. However. studies SUCll as those 

discussed by Pauling (63) t on the bond distances and 

spatial structures involved in these compounds, show 

promise of shedding m.uch light on the m.echanisms of 

these reactions. 

The industrially important nitramldes of the urea 

series are nitrourea and nitroguanidine: those of 

theoretical interest are nitrocarbamic aoid (58), its 

methyl (69) and ethyl {70} esters and biuret. '.ro this 

group is now added guanyl-nitrourea, the properties of 

wl1ioh indi cs te t.ne possibility of its becoming an 

industrially important explosive. 

Nitrourea today, is used as the intermediate 

compound in the preparat.ion of semi-carbazide. It is 

formed from its nitrate salt by the aotion of cold, con

centrated sulfuric acid (71)(72)(73) and is reasonably 

stable. but explodes Violently when detonated with a 

fulmina.te cap (74). 1.111e reduotion to semi-carbazide 

takes place quite readily and is oarried out industrially 

by means of an eleotrolytic process (75). 

http:fulmina.te
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~Utroguanldlne is an explosive of singular 


quality, having the property of exploding ~~th no 

visible flash, and '<'!lith a cool flame, whose reported 

temperature is 90?oC. (1). It is prepared by treating 

guanidine nitrate with concentrated sulfuric acid in 

the cold (?6)(??)(?8)(79)(80}(81}(82)(83). On 

reduction (catalytic!llly or electrolytically) it goes 

through the steps nitroguanidine ~ nitrosoguanidina 

-~) aminoguanidina, a process which 11a.S been studied 

by Smith (84}(85}(86). Nitros~guanidlne possesses some 

explosive properties (1)(87), and has been studied along 

dearrangement lines by Davis (88). Aminoguanidine as 

a sulfanyl derivative has bacterioidal properties in 

intestinal infections and may become an importa.nt 

'·suIra·t drUB (89). 

Nitrobiuret, important to this study becuuse of 

its sirn.ilarity to nyl-nitrourea, is prepared from 

biuret by the action of mixed acids (90). It is the 

lone member of this "nitro" series which forms a di 

nitro darivat!va (Nh!.. iinitrobiuret) by the treatment 

of nitrobiuret with fumin~ nitric acid (90). 

http:importa.nt


Preparation of Guagyl-nitrourea. 

Unlike the other nitro derivatives of this 

series, guanyl-nitrourea (nitrodicyandiamidine) (r.I) has 

not been prepared by the usual method of direct nitration 

of guanylurea. It was first prepared by Thiele and 

Uhlfelder (2) by the action of concentrated sulfuric and 

nitric acids on dicyandiamide. Alt.hough these authors did 

not propose a mechanism for this somewhat unorthodox re

action, they implied that it consisted of the addition of 

nitric acid in its pseudo forJ:ll to the cyano group (i), 

followed by rearraneeIllent to the nitrourea form (ii). 

:rlH2 ·C {HE H'fn* C=N t

ell 
I 

HO.N0 2 -..,. NH2·C (NJ:i)NH. C=N *.!'J0 2 (i) 

OH 
I 

11112 • C (liH )NIl- C=N· NO 2 12 ·C (j:JTI )NH· CO· I{I{ .. lW 2 (ii) 

IX 

There is the possibility of the dioyandiamide first 

hydrolyzing to f?uanylurea. anCl the mixed acids then acting, 

not on the primary product, but on the intermediate guanyl

urea t although under the conditions of ri'hiele's reactio:c. 

(te,uperature oelow OOG.) it is not likely that this occurs. 

hOWever. guanyl-nitrourea has been prepared from dicyandi

amide by Cheetham (91) under conditions (in dilute solution 
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and at tem.peratures as high as 65°C.) where there is great 

possibility of hydrolysis to C:tH:mylurea (92) (93). An 

attempt was made by tIle author to verify this, by 

nitrating guanylurea directly, una8!" rrhiele's conditions. 

A product, identical in physical properties with guanyl

nitrourea t was olJtained, which on decomposing in boiling 

water yielded guanidine oarbonate, the main deoomposition 

product of that compound. Because of the insolubility and 

unreactivi ty of' t2;uanyl-ni trourea. no further identification 

of the product was possible. It was therefore, concluded 

tnat the nitration of guanylurea yielded the same compound 

as that prepared from dicyandiamide. 

Guanyl-nitrourea h~s also been prepared from 

dicyandiamide, by the action of cold, fumine nitric acid. 

This reaction, however, adds no light to the mechanism 

of formation, since in this case, it may consist of simple 

addition of no- N02. or it may ta.lce place through the de

hydrating action of the fuming acid. 

properties o~ GU8gr.l-nitrourea. 

Guanyl-nitrourea is e. colorless, micro-oryst9lline 

material which when slowly heated, does not melt, but 

appears to decompose at 415°C.; when heated rapidly it 

explodes with an evolution of white fumes, but no fle..me. 

Its most important property is that when it is mixed with 

ni trocellulose and nitroglycerina, it lo,vers the explOSion 

te~u'perature to a point where 'thedetonation becomes flash
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less. 

The main charac"iieristic of guanyl-nitrourea, from 

the chemical point of view, is its insolubility and un

reactivity. It is insoluble in all common organic 

solvents (2) and dissolves in 'water to the extent of only 

0.06 gram in 100 ml. of boiling water, but at the sama 

time Slowly decomposes. Guanyl-nitrourea dissolves only 

in concentrated mineral acids, in a large excess of 

ammonium hydroxide and in equimolecular amounts of sodium 

and potassium hydroxide solutions. From these solutions 

it may be rtjprecipitated by neutralization (2). ':i.'he 

neutralization of' alkaline solu1:,ions with carbon dioxide 

gas may be used as a method of purification, becGuse guanyl

nitrourea is insoluble in cold alkaline carbonate solution, 

although it dissolves to some extent in warm (94). 

The dissolu~ion of guanyl-nitrourea in mineral acid 

is due at least in the case of nitric acid, to the formation 

of ac acid salt. Tllis salt is somewhat unstable, and on 

dilul.lion witih water or ethanol, it immediately decomposes, 

and regenerates the ori8inal ",:uanyl-nitrourea. 'i.'his compound 

forma an explosive silver derivative when its alkaline 

solut.ion is treated with silver nitrate. Like the other 

ni tramides of t:ds series. it is reduced by zinc and hydro

Chloric acid to :~uanyl-aminourea (amido-dicyandiamldine) a 

hydrazine type of' compound w~lich reacts readily with ketones 

and aldeh;des to form hydrazides (2). 
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The introduction of t he nitr o group into the 

molecule produces a drastic effect on the properties of 

guanylurea . Whereas the latter forms colored precipitates 

with salts of copper (95){96 ) and nickel (97)(98 )(99) re 

actions which are used as qualita tive and quanta t i ve 

methods of determining these metals , guanyl- nitrourea does 

not . The contrast is quite evident in the comparison of 

solubility , guanylurea and its salts being quite soluble 

in common organic solvents , in which guanyl- nitrourea is 

completely insoluble , only going into solution as it 

decomposes . 

Dearrangement of Guanyl- nitrourea _ 

Guanyl- nitrourea might be e xpected to dearrange in 

four poss ible manners indicated below: 

ill :;. C=NH + NH2 - CO· Nil - -i0 2 ~ iiNCO (iii) 

! + 20 + C0 2j. 

' 3 + N02 - NH - CO· N=C=NH ~ HN=C=NH t- N20 (1 v) 

1 t- C02 
NH2 "CN 
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The two modes indicated in (i) and (ii) suggest that the 

urea portion of the molecule, being symmetrically disub

stituted, undergoes dearrangement, leaving the guanidine 

portion intact. Modes (ii:1.) and (iv) suggest that the 

guanidine por"tiion, acting like a mono-substituted derivative 

dearraIL:?;es and leaves the nitrourea portion intact, to de

arrange in i "ts own right. 

In view of Davis t previous work on n1 trogut::midine 

and particularly nitrobiuret, dearrangement would be more 

likely to occur by the first two modes, since the breakdo\fn 

of the nitrourea portion may be promoted by the nitro group_ 

This B been found to be true. 

Thiele {2} has reported that guanyl-nitrourea 1n 

boiling water, slowly goes into solution, evolving carbon 

dioxide and nitrous OXide, and formin~ guanidine, which 

Can be recovered in the form of the carbonate salt, by 

evaporation of the solution to dryness. This indicates that 

dearrangement accordi~~ to mode (ii) occurs, the nltroiso

cyanic acid produced, breaking down ~o ~he two easeous 

products as sUb~ested by navis. 

A more detailed study of the decompOSition in v~ter, 

by the author. has Shown that iaoeyanie acid is formed 

during the process, and that the final reSidue, after 

evaporation of the solution, contains srnall amounts of 

amrneline. 
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If isocyanic acid were formed by dearrange:nent 

in mode {Iii}, it would be accompanied by the for::aation 

of nitrourea; but tests for this compound ~~re nega~ive. 

Furthermore, tile presence of nitrourea. wIth its nitro 

group intact, Is highly improbable since evolution of 

nitrous oxide has been found eo precede a positive iso

cyanic acid test. 'llhe fourth mode may be ruled out 

because alllillOnia has not been detected, nor has urea, which 

could be formed by the combination of ammonia and isocyanic 

acid. It waS then concluded, that the first mode of de

arrange!llent does occur, forming nitramide '{41:1ich decomposes 

to nitrous oxide and water, and forming guanylisocyanate, 

the presence of which has been proven by its reaction with 

ammonia to form guanylurea. ~'his reaction takes plaoe 

when guanyl-nitrourea is dearranged in the presence of 

8:mllonium carbonate. 

Guanylisocyanate may partially deoompose to 

cyanamide and lsocyanic acid. The undeoomposed portion 

oft.he guunylisocyanate cant-hen react with cyanamide to 

form the small amouniB of a:m.rneline (see page 9) which were 

detected; oyanamide also m.ay arise from. the dearrange:n.ent 

of a small portion of guanidrne. 

I,nen guanyl-ni trourea is dearranged in concentrated 

ammonium hydroxide, in whioh it is partially solubll?c, 



oarbon dioxide. 

rNiY be explained in two wa.ys. :First dearrang0cent 

taices place in the second mode.. '.i'~j,e ;:;;uanid1ne then 

denrranges to cyanlli.li de t OIl in a.lka.line fJolut1on 1s 

(11 ) 

> 

hydrolyzed to lsocysuic ncid (1!5)(14), and this reacts ~1ith 

place 

• sma!Ouia 

I'NO.~~ --7 V )NCO + (1 ) 
~ ... 

-~) l~~~~. C {lX:l . .. 
::... 2 

+ 

http:cyanlli.li
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Guanyl-nitrourea, in warill sodium hydroxide solution, 

very readily yields cfjrbon dioxide, nitrous oxide t guanidine 

curbonate, isocyanic acid and amm.onia.. However. no urea is 

formed. 711i8 discredits t.he first explana-tion given above 

for the formation of urea, since the hydrolysis of cyanamide 

is determined not by the amr~onium hydroxide present, but 

rather by the pH of the solu'Gion (13) {l4}. If tIlis hydroly·sis 

does occur, thore would be present sufficient a.mmonia (formed 

by dearrangerl1ent of f'1lanidine} to react vlith isooyanic acid 

to f'orr;l a.li least traces of' ure:! ; since this is not the case 

it may be concluded that iscey-anic acid remains inactive. in 

the form of its sodium salt. 

nearrar:.gement in warm dilute sulfuric acid solution 

takes plaoe wore readily than in water, but leas readily 

'than. in alkaline solur.ion. products are the same as 

tllose of t#he water dearrangement except that melamine J 

along witn ammeline, is for...led. rfhe formation of melamine 

may be explained by the fact that cyanamide {formed from 

guanylisocyanate or guanidine} at the low pii of tohe solution 

(l3) (14 ), polymerizes to aicyandiamide, whic11 with another 

molecule of' cyanamide, cyclizos 'to the trimer .melamine (see 

page 9). 

In attempting to hydrolyze guanyl-nitrourea to nitro

biuret as indicated below, it was found that at temperatures 

as low as o50 e., tnis compound ullderwent dearrangement 

evolvine nitrous oxide quantitatively before any hydrolysis 
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took place. Guanidine carbonate and urea. \~re recovered 

by evaporation of the solution. Evidently it wes guanidine, 

the product of the dearrangernent, rather than the guanyl

nitrourea. that was hydrolyzed. frhis experiment clearly shows 

that ~lanyl-nitrourea is essen~ially an unreactive compound, 

ing oapable 01' reaction only through the smaller compounds 

to ,':hich it dearranges. This is the characteristic property 

01' the urea series, willcri is the basis of Davis' theory of 

urea. l)earranesrnsnt. 



Preparation of Guanyl-nitrourea (Thiele fa llethod / .. 

In a typical experiment, a mixture of 500 ml. of 

concentrated sult'uric acid and 200 rnl. of conoentrated 

nitric aoid was cooledto300ut _4°C. in an ice-salt bath .. 

One hundred and twenty five grams of dicyandiamide 

(obtained from American cyanamide Go.) were added in small 

portions over a period of tJ:J.ree hours t during which tne 

mixture was mechanically stirred and the temperature 

rY1aintained belov; OoC ... After an additional one hour of 

stirring, the t.hick mixture was poured onto approximately 

5 kilograms of cracl:ed ice and nllowed to stand overnight. 

The white product which separated was then filtered on a 

large Buchner funnel and washed several times with water 

until the washings v,jere neutral to lit!!lUS paper*. The 

product was tnen washed wi til acetone or ethanol and dried 

at 100oe.! it 'Neighed 208 gra':ls. corresponding to a yield 

* Durir:.g the washing on the funnel, the finely 

crystalline form. of ;:uanyl-nitrourea caused 

channel1i~~, if it were allowed to dry. This 

could only be cvercome by keeping the funnel 

oontinually filled with water. 



-39

of 95;". persistently high yields were obtained in a 


series of similar preparations. 


11. sample of' the product was purified by dissolving 

it in a solution contQini lO/~ in excess of the required 

8lIlOunt of sodium hydroxide, 'i\and then pas sing a current of 

carbon dioxide until no more precipitate formed. Analysis, 

47.;92. 

2 •. Nitration of Dicyandiamide with Fuming Nitric Acid. 

Eight and four-tenths grams of dicyandlamide in 

small portions were added with stirring, over a period 

of one hour, to 26.2 mI. of fuming nitric aCid, previously 

cooled in an ice-salt bath. llhe resulting solution, 'Nhich 

was slightly turbid, was allowed to stand in the bath for 

an additional hour, after which it was poured through glass 

wool into 200 ml. of cold (-20 
o 
C.) methanol, and let stand 

in tlie ice-box overnight. The white product which separated 

Vias filt.ered, was;,ed with methanol until tree from acid. 

and dried .\/eiF~ht, B.6 , corresponding to a yield o~ 

5 Q ;1..
';".1/:"'. 

Iri1is rn.ateriul was found to explode flashlessly 

wit.nout ~uelting; insoluble in water and m.ethanol, it 

dissolved in 5 j c sodiuJl hydroxide solution, from which it 

was reprecipitated with hydrocidoric acid. It was presumed 

to be guanyl-nitrourea. 
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3. Decomposition '~l()rlperature of Guanyl-nitrourea. 

A sample of guanyl-nitrourea was heated in a oopper 

block. by means of a bunsen flame. If the tet71perature 

were allowed to rise rapidly. decomposi~ion occurred at 

about l650C •• If 'the temperatu.re were raised slowly, de

composition took place at 415°0 •• 

4. Dearrange.::uent of Guanzl-nitrourea in Yiater. 

Fifteen grams of guanyl-nitrourea were heated with 

300 ml.of water to about gOOe.. As the solid Vlent into 

solution, vigorous evolution of gas ooourred, but subsided 

when all had dissolved. A small portion of the solution 

was removed and cooled, pyridine was added. On adding a 

rew drops of copper sulfate solution, a deep blue oomplex 

was form.ed. which dissolved in chloroform, forming an 

azure-blue solution; this is ,/erner '8 sansitiva test for 

the isocyanate radicle (103). Heating was continued for 

an addi iiional fi l'teen minutes in order to complete the 

reactiion, and the solution was then evaporated to dryness 

on the water-bath. ';"'h6 dried reaidue weighing 8.7 gra;:ns t 

was tIlen partinlly dissolved in 12-15 all. of water and 

filtered. 

'rile insoluble portion weighing 0.1 gram (1.3~) 

did not melt, and 't;'lUS found to be insoluble in boiling 

water (different from melamine. cyanuric acid). 

insoluble in sodium carbonate solution (different from 

http:temperatu.re


-41

ammdlide) but soluble in potassium hydroxide. preci


pitated by acetic aOid, it was identii'ied as amrlleline. 


Analysis, caloulated for C3ii50lN5: N. 55.11,;. Found 


N, 54.72, 54.. 92. f.i.!he piorate \vas formed aocording to 


Qstragovich's directions (lOO) and melted at 264°C. 


{reported melting point 266°C.}. 


The water soluble portion was found to consist 

entirely of guanidine oarbonate, insoluble in alcohol, 

and decomposing \\Iithout melting at 197-199°0., weicht 

8. () gram:::; or 98. 7~~. 

5. Guanyl-ni trourea and ~:wunon1a. 

A mixture of 450 ml. of 151; ammonium hydroxide 

solution and 15 grams of guanyl-nitrourea was heated on 

ttl.e wa.ter-bath for two hours..':lhen the evolution of gas 

had ceased, a small portion of the solution was removed 

and cooled, and round to give a neeativa test for guanyl

urea. On ovaporating the solution to dryness, a. somewhat 

hygroscopic residue, weighing 10 grams, was obtained. ThiS, 

on extraction wi~h ethanol. lert 8.5 grams of an insoluble, 

carbon dioxide containing compound, whose melting point 

corresponded to that of r;uanidine carbonate. This was 

further identified by -the melting point of its nitrate and 

by a mixed melting point determination with a known sample 

of euanidine nitrate. 



The e"thanol solution, on evaporation yielded 

1.0 gram of urea, melting point 129-131°0 •• Urea was 

identified by the meltine; point of its nitrate and by 

mixed melting point with a known sample of urea nl trate. 

6. nearrangement of GU8BlI-nitrourea in Alkaline Solution. 

TWenty-five grame of euanyl-nitrourea were dissolved 

in 175 ml. of sodium hydroxide solution and slowly heated. 

Evolution of gas began as the temperature rose to 60°0. 

and abated after about one hour. .ti.fter a ~urt;ler forty

fi ve minutes of hea tinr:, during 'Nhioh 8.l1llOOnia was evolved t 

a sample, removed from the solution, gave a strongly positive 

test for isocyanic acid and a negative test for guanylurea. 

on evaporation guanidine carbonate was recovered from the 

residue, but no urea. 

7. Dearrangement of GuaAll-nitrourea in Acid Solution. 

To a solution of 50 ml. of concentrated fJulfuric 

acid in 400ml. of water, 25 grams of guanyl-nitrourea 
a were added J a.nd mixture neated to 90-95 C•• A portion 

of the tiolution was removed. neutralized and tested for 

isocyanic acid and guanylurea - both tests were negative. 

After eighty minutes the solution was cooled, and 330 grams 

of hydrated barium hydroxide \~re added. After allowing 

the mixture to stand for SOtll6 time, during which it was 

occasionally stirred, the precipitated barium sul:fate was 

removed by fil tratiion on a Buchner funnel and washed.. 'l'he 
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filtrate was sa"turated with carbon dioxide to remove any 

dissolved barium, filtered and evaporated to dryness. The 

residue, extracted with about 20 mI. of water, yielded a 

\'ewite insoluble powder. ('\'/sight 0.5 gram) v~hich was :eound 

to consist of equal amounta of melamine and amm.elins. 

separation of these 'two was made by treating the 

mixture with boiling vmter and filtering rapidly. On 

cooling the ~~iltrate, "t.here settled out a colorless 

compound, 'which was alkaline to litmus J and 'which dis

solved in dilute nitric acid (different from cyanuric acid). 

This was presumed to oe melamine. arumel1ne portion, 

insoluble in boiling water, was also insoluble in sod1u:n 

carbonate solution (different trom a:Ihlle11de) but d18

solved in potassium hydroxide solution from which it \'llaS 

reprecip1tated with acetlo acid. The piorate was for;:ned, 

and melted at 262-264
o

C•• 

'rhe water soluble portion of 'c.he original residue, 

Vias found to consi$t of '1.3 gr7~Uls of' guanidine carbonate, 

melting point 197-199°0.. Tnis was identified by its 

oarbon dioxide content, and 'tOhe rr.ellilng point of its nitrate. 

6. Guanyl-~trourea and Ammonium Carbonate. 

One and four-tenttls gran.s of {~uanyl-nitrourea were 

added to a solution of 25 graf;~ of ammonium carbonate in 

150 ml. of Viator. 'rue mixture 'f/as boiled until al1tha 
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solid had dissolved, and evolution or gas had oeased. The 

solu~lon \vas then diluted ,to a volume of 250 ml. and an 

aliquot of' 5.0 ml. was neutralized with dilute sulfuric 

acid to this solution 1.0 ml. of 10;:; copper sulfate was 

added. and then 1.0 ml. of' 10;0 sodium hydroxide. The 

resulting blue-pink oolored solution was then oompared 

v1ith the oolored solutions produced by known quantities 

of' guanylurea. and was found to contain 0.008 gram of 

guanylurea. total amount of ~~anylurea formed was 

thorol'ore, approximately 0.4 gram or 36;~ of the original 

material. 

9. Guan,v:l-nit,rourea and Baryta. 

Sixty-two grams of hydrated barium hydroxide, 


dissolved in 500 ml. of carbon dioxide-free water. and 


29.4 grams (0.2 mole) of guanyl-nitrourea were placed in 


a flask equipped l',;ith a reflux oondenser. The flask was 


, oonneoted through the oondenser to a bubbler containing 

125 mI .. of normal hydrootllorio aoid and then to a oon

tainer in whioh nitrous oxide could be oollected by dis

placement of' 'Itiater. irhe flask vms heated and maintained 

0... ' 
at 60 C........ fortwelve hours. During th time approximately 


4.5 liters (about 0.2 mole) of nitrous oxide were evolved, 

and 0.0'7 gra:ll (.OOlt m.ole) of amm,onla oolleoted in t~;,e 

* the deoomposition t0mperature of nitrobluret 
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hydroc.hloric acid trap. r1:11e barium carbOnUi:i6, formed 

in the reaction flask was filtered, washed with water, 

and then extracted witll lO/~ sodium hydroxide solution. 

On fil~ration and acidification of this solution, no 

guanyl....nitrourea was found. 

The reaction solution was saturated with carbon 

dioxide torernove t:i6 barium, filtered and evaporated to 

driness under reduced pressure, the temperature being 

maintained below sooe.O' fl.'he residue v'Jeighing 13 grams, was 

found to contain 9 .. 1 grams of urea, determined by its 

solubility in hot ethanol, and identified by its melting 

point. that of the nitrate. and by a mixed melting point of 

the lat'ver with a known sample of urea nitrate. I.rna other 

portion of the r0sidue consisted of 3.9 grams of guanidine 

was no evidence of nitrobiuret. 

10. clolubili~l of Guanyl-nitrouroa. 

one gram of guanyl-nltrourea and 100 ml. of water 

were heated to boiling for three minutes, and filtered 

rapidly t.t:"L'ough a hot Buchner funnel. The filtrate on 

cooline in ice-water depOSited a 'It/Lilie material, which, 

filtered and dried, weiglled 0.065 gram.. This was 

identified as guanyl-nitrourea by its dissolution in alkali 

and precipitation with carbon dioxide, and by the m.anner in 

which it exploded on hea..ting. 
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Further studies have shown Gunnyl-nitrourea to 

be insoluble in methanol f ethanol, ether, benzene, carbon 

disulfide, carbon tetrachloride, ahloroform, petroleum 

etl16r f acetone. acotic acid, aniline, pyridine, dioxane 

and ethyl aoetate. 

11. 	Atcempted Reaotion of Guanyl-nitrourea and 

Nitrous Aoid. 

Several 8.lttempts to introduce a nitroso group into 

the guanyl-nitrourea molecule were made. In all cases there 

'.Y8S no r,'t8..ction, the compound being recovered quantitatively 

from the rea.ction mixture. 

12. 	Attempted Formation of GuaBll-nitrourea Complexes 

and Colored salts. 

a} Phosphate. 

The preparation of a phosphate salt of guanYl

nitrourea was 8.Gterupteq by means of Lhe method described 

for that of guanylurea and dicyandiamide (lOl~ by dis

solving it in concentrated hydrochlorio acid and slowly 

adding syrupy phosphoric a.cid. l"iO reaction took place. 

b j 1..1ercuric cyanide and potassium iodide complex. 

Although guauidine and g',lan~'Y-lurea, dissolved in 

mineral acids, Save flaky t colorless crystals w.l:lOU potassiu.'1l 

iodide and mercuric cyanide solutions vJere successively 
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added (102) II a similar precipitate could not be 

obtained with guanyl-nitrourea, dissolved in e.ither 

concentrated hydrochloric, nitric or sulfuric acids. 

c) Copper derivative. 

Several attempts were made to arply the sensitive 

copper test for guanylurea (96) to E:uanyl-ni trourea and 

were unsuccessful, no reaction taking place. 

d} Nickel de vative. 

Gimilar no tive results were also obtained on 

applylngr.he nicl::el tiest for guunylu-:;,'eu (99) to this 

compound. 

13. Attempted preparation of Dinitrogu8pylurea. 

several attempts to introduce a second nitro 

group into tto guanylurea molocule v"ero [£lade and all ",vere 

unsuccessful. The procedure used v~s that of Thiele for 

dinitrobiuret (90). and consisted in dissolving guap.yl

nit.ro~rea in cold, fuming nitric acid. This solution 

was 8ub,jected "to varied met;hods of treatiment, and in all 

cases, unchanged guanyl-nitrourea was quantitatively 

recovered. 

r~'~le only com.pound isolated in these experiments, 

was obtained by allowing the nitric acid solution to 

evaporat.e to dryness under vaouum. 'rhe needle-like 

http:applylngr.he
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crystals thus obi.:luined, Viera found to explode sharply, 

in a manner different 'from that of ~uanyl-nitrourea. 

They gave a positive test for nitrate and ?rere presumed 

to be nitrate salt of ~uany1-nitrourea. 

14. Nitration of Guany;lurea. 

~:.. mixture of 13.5 ml. of concentrated sulfuric 

and 5.5 • of concent.rated nl tric acid was cooled in an 

ice-salt oatil. end 5.4 graJls of' guanylurea, prepared 

by the method 0-: G611 and ~tutzer (93) f were added in small 

portions over a period ot' an hour f durine which the mixture 

Vias vigorously stirced by hand, and the temperature 

.Jlaintained lJelow oOe •• .'1.fter allo',Jing the mixture ,to re::nain 

in the ice-salt uath for twenty minutes, it was poured 

into a beaker containing 400 grams of cracked ice, and 

let stand overnight. The white compound which settled 

to the bottom of 'I:.he beaker was fi1 tared on a Buchner 

funnel, washed until free trom. acid and dried in an oven 

at 100°C" .~leight 4.0 grams. 

The prod~ct was found ~o be insoluble in v~tert 

methanol, ethanol. acetone. ethero, chloroform, pyridine 

and carbon tetrachloride. On heating it exploded wi~hout 

:--uelting, and with no flash. It dissolved in lOj~ sodium 

hydroxide, from which it was preCipitated by neutralization 

with carbon dioxide or mineral acids, and was also soluble 

in concentrated sulfuric and hydrochloric acids. 
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One gram of' the nitrated compound was heated in 

75 nll. ot: boiling wator. During the dissolution, gas 

was evolved, part of which was found to be carbon dioxide. 

Arter evolution of gas had ceased, the solution v~s 

evaporated to dryness a.nd yielded a residua which appeared 

to consist mainly of euanidine carbonate, melting point 

195-l97oC.... This vias identi:t'ied by its insolubility in 

ethanol, carbon dioxide content, and the melting point of 

its nitrate. No evIdence of urea, guanyluraa, or biuret 

was found. 'I'his compound, by its solubility properties 

and its dearrangeruent produ.cts, is evidently identical 

with guanyl-nitrourea. 
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G;U./;U~YL-iHf.!.'~WiJdl!:A ~'l..s ii CO~iPONENT OF 

~iliiIk;,t:;S PHOPl!;LJ..EN1'S. 

~,hen the axplosiva properties ot picrite 

(nitroguanidine) were discovered, just after the 

last Great war, the idea of flashless propellents 

vias conceived by the United States Army (l). The 

present war has increased the interest in this 

type of propellent, and tor the first time, the 

industrial preparation of Picrite has been under

taken, this, in Canada, within the last two years. 

Picrite. and the cordite made from it, 

possess certain technioal disadvantages which have 

'stimulated investigations bent on eliminating. or 

at least bettering these undesirable properties. 

During the course of such a study. the compound 

guanyl-nitrourea (named aossi te) was found, a.nd 

its properties, both chemical and ballistic, 

strongly indioate the possibility of it replacing 

Picrite in these propellents. 

dosaite is prepared from dicyandlamide by 

a Simple, one-step reaction, as compared with the 

two-step process involved in the preparation of 
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piorite (dioyandiamide + ammonium nitrate ~guanidine 

nitrate (104), guanidine nitrate ... sulfurio aoid )0 

ni~roguanidine (83)) .. 

A large batch of dosalts, prepa.red on a pl1ot

plant scale, ViaS incorporated with nitrooellulose and 

nitroglyoerine and made into a special oordite. Several 

shells were charged with this and fired from a 3.74 

inoh, high velocity anti-aircraft gun. The propellent 

explosion was found to be that desired, completely 

flashless.. This is an improvement over the piorite

oordite, whioh has a small, but yet visible flash. 

1.'1113 only shortooming of the ROBsita-oordite was the 

f'aot th.at the muzzle v,e10city of the shell was de

creased to 2620 feet per second. a.s compared to 2706 

feet per second of' ordinary f1ashless cordite, a point 

which oan easily be remedied by further ballistio studies. 

several oth.er advantages ot Rossite have been 

pointed out to the author, one of which is its micro

crystalline form. picrite crystals are bulky, and 

besides presenting an important shipping problem, 

cause considerable d.ifficu1ty tnt.he kneading process 

in which Picrits. nitrocellulose, nitroglyoerine and 

other compound.s are incorporated into a dough. 'rhis 

dough is then ex.truded through a small hole and dravm 

into a cord, ':which on drying is tound to be brittle. 
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This incorporation consists mainly of the 

dispersion of the flashless component in nitro

cellulose. nitroglycerine acting as the dispersing 

agent. When HOBsit.e is used, the dough is very 

easily made, and the resulting cord1te is decidedly 

flexible. The experimental Hossi to-oord1te made 

in this "my. and used in the actual firing tests, 

had the following composition: 

-1 
'i'{t 

Rossite 55.0 

nitrocellulose .21.5 

nitroglycerine 21.5 

centralite 2.0 

chalk 0.15 to 0.10 

cryolit#e 0.3 to 0.1 

?he industrial advantages of [{oasita, Which 

are perhaps, its greutest feature, are the l.ow cost 

of production (less than one third the cost of Picrito} 

and the lack of danger involved in its preparation. 

THese two weigh heavily in ravor of its replacement 

of picrite in the explosive industry. The safety 

of Hossi te is mentioned beCDuse two explosions, 

involving several death, have occurred in the pro

duction of Picrite. 

Althou.gh still in the experimental stage, the 

use of HOsBits in flashless cordite nevertheless shows 

promise of being a step fornsrd in the bettering of these 

http:Althou.gh
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very valuable propellents. 
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The compound N-guanyl-N'-nitrourea has been 

pr&pared in two new manners. 

a} from dicyandiamide, by the action of 

fuming nitric acid, and 

b) from guanylures, by the action of con

oentrated nitric and sulfuric acids. 

studied from the !~rea Dearrangementff point 

of view, this compound has been found to behave like 

a typical symmetrical disubstituted urea, dearranging 

to guanidine, nitroisooyanic aOid, nitramide and 

guanylisocyanafl6. 

Ii-guanyl-Nf-nitrourea (named RosBite) explodes 

on heating with a cool flame and no visible flash. 

After many tests made by the Department of l>luni tiona 

and bupply, its use, as ~he flashless component of 

tlashless propellents has been strongly reoommended. 



- -

-55

BIBLIOGRAPHY 

1. 	 Davis, Army ordnance ~. 193(1923); C.A. !!. 1143 


(1923).' 


2. 	 'Ilhiele and Uhlfe:Lder .. Ann. 303, 108, (1898).-
3. 	 Davis, Froe. Am. Acad. Arts Sci., 11, 68 (1925).-
4. 	 Emil Werner, numerous papers on Carbamides, J. Chem. 


Soc., 1915 to 1924; Chemistry of Urea. Longmans 


& Green & Go., London (1923). 


S. 	 Goubeau, Ber. ~, 895 (1935). 

6. 	 Linhard, Betz, Bel". ~. 177 (1940); C.A. ~t 4005(1940). 

7. 	 'f~hler, Fogg. Ann. PhysIk g, 253 (1828). 

8. 	 Reference 4. 

9. 	 Davis, .I.A.C.B. ~,1803 (1929). 

10. 	 Kohlrauoh~. physik. Chem. tiS7, 421 (1937); C.A. 32, 

428 (1938). 

11. 	 Smolka and Friedreioh, Monatsh.. ~ 701 (1888). 

12. 	 Blair and SIdth, J .A.C .3. 56, 907 (1934). 

13. 	 Hetherington and Braham • .I.A.C.S. ![, 828 (1923). 

14. 	 Buchanan and Barsky, .I .il.C .. S. 52, 195 (1930).-
15. 	 Cha.stellaln, Iv. Chim. Acta. ~, 1287 (1935). 

16. 	 Bamberger. Bel". 16, 1074 (1883).-
17. 	 Strecker, Lehrbuch del" organischan Ohemia. 

( ~. 	 Al.o 11.U.t •• s. 637). 

18. 	 Davis, .I.A.C.S. !i. 2600 (1922}. 

19. 	 Hughes, J.A.C.S • .2.£. 1258 (1940). 



- -

20. 	 POld, J .. rrakt. 0ilem. (2) 77, 533 (1908 j. 

21. 	 DrecH18el, J. prukt.. Ghem. (2) 11. 202 (ISS?), 

ib1d .. 15. 331 (1£338). 

Ann. 	78, 229 (1851). 

23. 	 Lemoult.. Ann. chlm..(7) 1u, 409 (1899).-
24. 	 })avia, _J .1'••0 .S. 43, 2250 (1921). 

25. 	 A~rlcan Cyana~1d Co. ~lmac plastics. 

25. 	 StT'.olka and 1''r1edreich. M.onatsn. 1,0. 95 (18S9). 

27. , ~onatsh. 4, 412 (1883).-
(1855 ). 

29. 	 von Ponomarew, S~r. 18,3267 (1885).-

30. ,~lka and Ll1l'iadraich • .:.Lonat.sh. 2" 701 (1.,..'398); 

ibid. 10, 98 (1889); ibid. 11, 203 (1890). 

31. 	 ,C<a5 Gupt.a, J. Indian Chem. Soc. 11;. 20'1 (1934). 

32. 	 Davis, J.A.J.8. ----, 1063 ..47 (19?5).~ 

33. 	 ;iallwacks, ium. 153, 293 (1870). 

blair and ~lth, J • .l"t. J~.v. 55-' 
35. lr and Finck, J .,,~.G.S. 49. 509 (1927) .. 

36. 	 Davis, J ••i...C.b. a, 1001 (1929J. 

(3 ) 	 5.'), 460 (1850,.-
39. 	 Viurtz. (Jompt. rend. ~t 242 {lMS} .. 

...40. 	 Volhard .;. prakt. (2 ) 9, 21 (1874 J..-
isc. er~ Bal';"'. ~, 995 (1876 ) 

$) .....lOhl~'l" and 1.i6 ,.\.1"..11. 301 (1838 ) ..:;-:.~. 

43. 	 soc. 67. 74.7 (lS95}.-

http:Lonat.sh


- -

-57

44. 	 :>':>1 (183€3 i .. 

(2) 43, 57 (1830).-

LOlldon (1923) .. 

48.. Da:vis. proo. Am. 4cad. il.r'ts sci. 61, 43'7 (1926).-
49. 	 iiotmnn, Ann. 7,4. 14 (18S0). 

50. 	 (1875 ). 

51. 	 SChiff t Ann. 148. 338 (1868). 

52. 	 Olermont. Bel'. 2.t 446 (16'1G); ibid. !Q.. 494 (la7'1}. 

... ,i. 205 (1871) .. 


fiaeyer, An>. 130, 155 (1863). 


Finokh, AT.m,. 124. 53!) (1862).
-
l:{ernC1" , J. Cuam. 30c. ~, 1014. 22'78 (19l!). 

t:mloli. ~Jonat8l:l. 4, 412 (leaS}; ibid. 13. 11 (1891). 

59. 	 ;j~ol}:a and rl"led~r.;:loht .¥IDnatsn. lQ.. 95 (1889); 

ibid. 11, 43 (1890); ibid. 11. 203 (1890).-
00. 

01. 

63. 	 pauling, Cornell 

University press, p. 214 (1940). 

7~1 (1933}. 



-58

Degner and von peohmann Ber. 30, 652 (1897). 
" -

68. 	 rrhiele and Lachman, Ann. ~, 295 (1895) .. 

69. 	 Thiele and Dent, Ann. ~, Z49 (1898). 

70. 	 !fhiele and Laohru[mn, Bet'. ~, 1520 (1894). 

71. 	 Tidels and Lachman, i'..n.'1. ~. 281 (1895). 

72. 	 Baeker, Rec. ~, 21 (1912}. 

73. 	 dil1st'atter and Pft:iIL.'1.esteil, Ber. ~9Bt 1870 (1926). 

74. 	 Badisehe, German Patent 303,927; C.A. !i. 2713 (1920). 

Org. Syntheses, Collective vol. 1, 472 (1932). 

76. 	 Jousselin, Compt. rend. ~, 1087 (1879) .. 

77. 	 pellizzari, Gazz. ahim. ital. (2) ~, 406 (189l). 

78. 	 Franchimont, Rec. 1£, 231 (1891). 

79. 	 'rniele, Ann. ~, 17 (1892) .. 

80. 	 Ewan and Young, J. Soc. Chern. Ind. 40, 109'1.' (1921). 

81. 	 Davis, J.A.C.S. !!, 1063 (1925). 

82. 	 Smith. sabetta and Steinback, Ind. l!;ng. Chern. ~, 

1124 (1931) .. 

83. org. syntheses f Collective vol. 1, 392 (19~2) .. 

84.. SJl1ith and Sabetta, J .A.C.S. 54, 1034 (1932); 

ibid. Q!, 2478, 2730 (1935). 

85. 	 Smith and Lieber, J.~1..C.S. 57,2479 (1935): ibid. QQ., 

1417, 2170 (1936); ibid. 59, 1150, 1834, 2283 (1937). 

86. 	 Smith and Lieber, Cnern. l10V. 25, 213 (1939).-
87. 	 Kerone, U.S .. Patent 2.140,188 (1939) .. 

88. 	 Davis, J.A.G.S. ~, 2112 (1937) .. 



-59

89. 	 kJinnek and 1ioo11n, J.i,..G.;j. §i. 1582 {1942}. 

90. lele and Uhlfelder, Ann. ~J95 (1898) ... 

91. 	 Cheetham, Dept. ~,l.unitions and supply. private 

communication. 


92.. Haag, Ann. 122, 25 (lB62) .. 


93. 	 SaIl and stutzer, dar. g, 4534 {1909}. 

94. 	 Caro, ..,. anf~ew .. Ctlem. ~, 2414 (191Cl). 

95. 	 Gross:l1unn, ""Jannkeim, Chern. [Jeit. g, 17 (1918). 

96. haag, Ann. 133, 31 (1862). 


97.. GroSSUltmn and Schuck. L.. angew. Chem.. 20, 3844 (1907 b 


Bar. ~, 3357 {1906}; Chem. ~~it. 31, 335, 911 {1907}. 

98.. prettner and GroSSf1ann, Chem. i.eit. 33, 411, (1909) .. 

99. 	 Cochet, Ann. false 18, 396, 468 (1925); C.A. 20, 258 


(1926) • 


100. ostragovich, Gazz. chima ital. 60, 848 (1930).-
101. cochet, Ccmpt. rend. 195, 324 (1932). 

102. Ragni. Gazz.. chima i'tal. !?,!!, 303 (1933) .. 



TEST;:.) ON PO:~POISE-OIL. 

The author was awa.rded a soholars!lip by the 

Bureau provincial des J:t6oherclles Scientifiques in 

order to investigate, under the direction of Dr.~i. 

H. Hatcher, the composition of porpoise-oil (nuile 

de marsouin). The sample however did not arrive 

at MCGill University until the last two weeks of 

the scholastic yoar 1940-41, and only the preliminarf 

tests, listed below were oarried out. In the meam",hlle, 

the aur.hor was permitted to conduct the investigation 

which lsthe subject of this work under t11e direction 

of Dr. J. H. Hoss and Dr. H.aym.ond Boyer. 

(Abbe Refractometer) 

22.00 C••••••1.471 
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2 . 	 If.a.Bi: 'A?"IT ACID (procedure according to 

.&. O. n. . C. p . 436 (1940) 

I II III IV 

wt . of 011 7. 050g. 7. 064g. 7 . 1!\5g. 7. 18Bt;. 

ole of O. ln r.aOU 3 . 2 3 . 3 3 . 2 3 . 35 

ml . of . 25n !'taOH 1 . 28 1 . 32 1 . 28 1 . 34 . . 

%Free Fatty Aoid 1 . 28 1 . 31 1 .. 27 1. 31 

~ free la'tty AcId oxpreosed o.s 1&1 . . 25n BaOH requl1'"Eld 

for 7. 05g . of 011 . 

Factor of .In NaOll Is. 0. 8592 

{f>roeedure s.ecordins to 

A. O. l .. . C. p . 432~ (1?40) 

. IV I II III 

m. 	of 01"1 2 , 569g. 2, 522g. 2. 477g. 2 . 596g. 
-	 \, . 

'" 1 . of O
, 

. 5n ilCL 10. 9 11. 3 11 . 6 10. 8 

d6pon1tlcatibn No . 192. 5 190. 7 19l . 5 19.Q. 5 

blank requi~es 29 . 2 ml. of . Sa HeL 


Suponl:tlctlt1on No .• expressed as ml111grrunsof 'KGB 


requl1~d 'to saponify I . OS. of 011 . 


Faotor of . 5n iCL 0.9615 . 
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4. IODINE lru~R (Hans ~ethod according to 

A. O. A. C. p . 429 11940)) 

I II III IV 

m . of oil 0 . 250g . 0 . 252g . 0 . 255g . 0 . 246g . 

mI . of O. ln 

22 . 0 20 . 9 21 . 6 22 . 05 

Iodine Value 85 . 5 85 . 8 85 . 7 86 . 2 

iodine value, e~pres sed as mgm. of 12 absorbed by 

19 . of oil . 


blank r equire s 39 . 5 , 39.4 ml . 


5 . (proced~re 

accor di ng to A.O.A. C. p . 433 (1940)) 

I II III 

wt. of oil 5 . 048g . 5 . 036g . 5 . 019g . 

Soluble 1. eids 

m1 . of O'. ln NaOH 21 . 7 21 . 4 20 . 8 

Re iehert-J.~eissal Value 18 .15 18 . 00 18.10 

blank requires 0 . 4 mI . 

factor of O.ln NeOR is 0 . 8692 

Insoluble Acids 

m1. of O. ln NeOH 1 . 1 0 . 8 1 . 1 

po1enske Value 0 . 94 0 . 68 0 . 95 




