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Abstract.

The reversible denitration of several nitroguanidines in 

sulphuric acid media above in perchloric acid of 59-7^  strength

and in sulphuric acid-acetic acid media of 49-35̂  strength, has been 

investigated.

The state of the nitroguanidine molecule in strong acid and 

the condition of the acid molecules themselves have been discussed.

The equilibrium position between the nitroguanidine and 

corresponding guanidine has been established in all the media used 

and a correlation of equilibriun position with activity of water in 

the medium, deduced by Simkins and Williams, has been applied in 

suitable cases.

The rate of denitration over the measurable range has been 

obtained for several compounds in sulphuric acid-water mixtures, for 

one in sulphuric acid-acetLo acid mixtures and for two in perchloric 

acid-water mixtures. The rate of guanidine nitration was also 

measured in sulphuric acid-acetic acid. Bates in perchloric acid 

are directly proportional to the Hammett acidity function h©.

In sulphuric acid this relation does not hold but a relation with 

ho together with the activities of certain solvent i^eoies does apply.

The ultra-violet absorption spectra of the nitroguanidines 

in dilute acid were measured for use in the analysis of reactions. 

These, together with further ^ectral data, were used to furnish pKa 

values for several of the conpounds.
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Certain acidity functions were also investigated, 

including the function in sulphuric acid-water and perchloric 

acid-watw mixtures, and the Hq function in the higher ranges of 

perchloric acid.
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Section I. Introduction.

A. Nitroguanidines.

The product obtained by Jousselin (l) from the reaction 

between fusing nitric acid containing nitrous oxide, and guanidine 

nitrate thought at first to be nitrosoguanidine, was identified as 

nitroguanidine by both Fellizzari (2) and Thiele (3}« The chendstzy 

of the congpound received little  attention until the use of nitro­

guanidine as a flashless propellant (4) aroused interest. The 

explosive power being dependent on the h i^  nitrogen content, 

nitroguanidine was used as a starting-point in the synthesis of 

related compounds of even higher nitrogœ cwtent. The alkyl 

derivatives behave very similarly to nitroguanidine itself, but 

reactivity is greatly siltered by substitution of aryl groups or 

incorporation of one of the amino-nitrogens into a ripg -  e.g. as 

in 2-nitraiidnopyrimidine.

Addition of guanidine nitrate to concentrated sulphuric 

acid is the normal preparation of nitroguanidine (4# 5. 6). I t 

may be prepared directly frcan dicyandiamide by hydrolysis to 

guanidine with sulphuric acid addition of an appropriate quantity 

of "mixed add" to effect nitration, and precipitation of the 

nitroguanidine by dilution with water. Mono- and N ;N-dif̂ alkyl- 

guanidine (?) and aminodiazaĉ cloallcanes may be nitrated in this 

way, but arylguanidines undergo nitration in the ring and hydrolysis

of the guanidine grotq)ing. N:N*-dialkyl-N* *-nitroguanidines cannot 

be isolated from such a reaction (7* 8).
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Amines will react with nitroguanidine (9)# nitro- 

thioureas (lO), and'N-methyl-K-nitroso-N*-nitroguanidine (9) ' 

to provide substituted nitroguanidines# Azylamines ' are too 

weisLk to react wi#i nitroguanidine but can be used with tlie two 

other reagents# Alkyl- or azyl-guanidines and ureais are also 

formed. An additien-elimination reaction has been postulated 

by Mc£ay (4) vAiich will ezqplain satisfactorily all the products# 

The scheme represents a possible

KNH
\ C = «.SO g

® 2

C m h . ho„  C «  me
/   ̂ ',  ■■■. /

MHg M g
H5O MHg ^CH MHg
^  '^C  -MoNOo 'b « 0

^  ^  .M g  MHMOg MHg'

set of reactions#

The allgrlnitroguanidine formed in this reaction might 

conceivably react with a further molecule of amine to give a
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âiallylnitroguaniâitie#. Kozzoally, dialkylùreas are obtained, but 

N:N!-*dimet̂ l-N* •-nitroguanidine has actually been obtained as a 

side product in the reaction of inetkylamtae wi% nitroguanidine, 

in very low yield (U). These dialkyl ccmpounds are rather 

elusive (8 ,12) but have been obtained (also in veiy low yields) 

by McKay (13) as a subsidiary product in the reaction of amines 

with i-dtrose#2-dtAdj|o-l:3-diaLzacÿ*#̂  The dimethyl,

dietkyl and diben^l compounds are reported (13, 14, 15).

NO

m  N ®,—MR
,2  "sO a H^0„ ♦ HeNH, .  ̂ * HJfO,

CH2— ■ MBT (31̂—NH

Several new routes to the dimethyl ccngpound were unsuccessfully 

attempted in this work#

Triazoles may be obtained by condensing amimmitroguanidine 

with acids, e#g# formic, and cyclising the product (1^

\ - M.HO9 
/

H.00CH ÇH lyj CB----m
C « M.HOo -----> H -  C C »  N.NOo— Î

y  ^ II /  ^- NH M — NH K ----SH
Kitramino tetrazoles can also be synttoaized from aminonitroguanidine 

by reaction with nitrous acid# Nitxoguazylazide is an intermediate

(17. 18). . V

H^.MH (K,) MH---
\  HO.HO ' I \

C » M.MOg ----------> >0 * N,N»„-------» C - SH.MO2
/  /  ' « = = » /

MRg MHg M H



Although N:N*-di€LUyl-N**-fiitroguaaidl2ies are not 

preparable by nitration, i t  is possible to prepare H-alhyl- 

H* tN* •-dinitroguanidines by nitration (19), best in acetic 

anî rdride. The cyclic l-nitro-2-nitrimino-l: 3-diazaqycle- 

pen-tene and its tMoethyl analogue have been prepared by 

nitration in acetic anhydride, bat with the corresponding six- 

and seven-membered rings, the nitrimino groLÇ) hydrolysed «suiting 

in a ayoH o nitrourea (8, 20). The reason for the specificity is 

not obvious.

The nitroguanidines are usually white, crystalline solids

of high melting point, A recent Z-ray analysis of nitreguanidix»
o

gives the C - H bond-lengths as 1,34 - 1#35 A (21). Previous studies
o

on guanidinium iedide give a C - N bond length of 1,18 A (22, 23) and

for methylguanidinium nitrate a C - N bond length of 1,33 A is reported 

(24), Normal C - N bond lengths are 0 - N 1,48 A, 0=N 1,28 A,

C=N 1,14 A, so the . special nature of the guanidiniim ion is evident. 

There are two possible conventional formulae for nitre- 

guanidine, Thiele originally proposed the unsymmetrioal form (l),(25), 

but no proofs of the structure were offered until recently vhon there 

was a controversy over the nitrimino (u) and nitrandno (l) forms, 

Wright* s evidence for the nitrimino structure was based on the absence 

of nitrandno group reactions (12), Nitroguanidine and 2-nitrlmino-l:3-

^ 0  MH.NO9 C =M.MO„
^  y

m y  «=2
I n



-  5 -

diazacyclopentane did not react with diazonethane and acetyl 

chloride. The 1-nitro derivative of .the pentane did not . react 

with diazoroethane but did with acetyl chloride, which suggests some 

labile .tautomezism in the oonroound, Kixsler and Sah argued from their
V-- . .  . . • -    - -s

dipole moment and ultraviolet absorption spectrum measurements that 

nitroguanidine. aminonitroguanidine and 2-nitrimii^-l ; 3-diazaiqrclo- 

pentane are resonance hybrids with the main contribution from tte 

nitrimino form (26),

McKay. Picard and Brunet regarded the structure as a 

nitramino one on the basis of spectral measurecwnts (27),

Bryden. Burkardt, Hughes and Donohue on the strength of 

their X-ray studies of nitroguanidine disagreed with all of these 

proposals (21).

2,57

<& y  I 1
<s>

The distances observed in this work are given above along with bond 

angles. The molecule was foui&d to be nearly planar, the greatest
ft

deviation from the plane being 0,03 A for and 0 .̂ The strain
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in the molecule is relieved by the unusually large bond angles 

and rather than by reduction of planari’fy o r

enlargeowat of the angle which is normal (118"), The

C - K bond lengths are almost equal so that the 'bood order of 

all three must also be the same. The authors wrote down eight 

possible resonance structures:-

.  .
0 C-MH, 0 C-MH» 0 ^0 = MB, 0 C = MBL

\ +  /  % *  / /
M M'̂  . M-H _ H - H -  H- M-

^  ^  /  / /  * •  /  "
0^ 0̂  0 0 0~ D

-0 J - < ~ 2  0 ,'-™ 2  4, 0-
\ *  /  \ *  f \ *  /  \  . /

o '  B o -  F  - 0  ® q/  H

To these they gave arbitrary weights in ^e complete representation of the 

structure. Allowing for each of A and B and 10̂  each of G and H and 

dividing the remaining 50̂  between 0 . D. S and F. they managed to calculate 

bond lengths in reasonable agreement with thb measured values. The 

authors suggest that nitroguanidine is not a nitrimino compound (A. B) 

nor yet a nitrsonino compound (G.H) and V aat G.D, S and F do contribute 

to the actual resonance structure.

In strongiy acid media however, nitroguanidines are mainiy 

present in the mono-protonated form, and as i t  is the structure of this
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ion which is iopertant in the present investigation, this was 

studied by means of ultra-violet absorption spectra,.

Nitroguanidine is very insoluble in water and organic
e

solvents but is more soluble in acids because of its basic

character, . Solubility varies widely amongst the substituted 

conpounds, For instance. 2-nitrimino-lt>-diazoc^clohexane is 

insoluble in ethanol but the H;N*-dimethyl-N* •-nitroguanidine is 

exceedingly soluble, Ifost alkylnitrogi lani dines are soluble in 

water and alcohol but not in other solvents.

The ultra-violet absorption spectra of a large number of 

nitroguanidines have been investigated (26-33), A peak at 

approximately 2600-2700 A is observed and its position and height 

are modified by substituent groups on the amino nitrogens.

The basic properties of nitroguanidine were observed by

Thiele who prepared the nitrate by cooling a solution of nitroguanidine
1

in nitric acid. The nitrate is very readily hydrolysed to nitro­

guanidine, The pKa ef the nitroguanidine conjugate acid has been 

calculated as -0,35 (32) and that of the N-methyl-N*-nitroguanidine 

conjugate acid is -0 ,8 6  (11),

Nitroguanidine fozms a silver salt (25) and the spectrum in 

alkaline solution is different from that in neutral solution (27.29), 

indicating an acidic function. The pKa of nitroguanidine obtained 

by titration with alkali (26) and by ultra-violet abaozption determination 

of ionisation (32) are reported.
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The reactions of nitroguanidine in acid solution will he 

dealt with in the denitration section.

B, Constitution and Acidity of Media Used,

Absolute sulphuric acid has a high dielectric constant 

Qsvaluated as 101 at 25"C, and 122 at 8®C, by Gillespie and Cole (34) 

and as 110 at 20"C« Brand. James and Rutherford (35 âncl a lew ionic 

strength. The apparent ideality of electrolyte solutions in 

sulphuric acid has been attributed to the low ionic strengths 

available. Addition of water increases the imiic strength probably 

because of the reactions:-

HgO ♦ HjO* ♦ HSÔ- [l]

HgO HSO“ ♦ 80̂  = |2 j  .

The following table lists the species which have been reported 

present in the binaxy system at various compositions.

Table I,

Mole ratio ĤG t HgSÔ Less than 1 1 More than 1

% HgSÔVw 100 - 84,5 and T>el*w
Species present Ĥ 0+, HSÔ ", S0|̂ ‘

(h*SO<.) HgSÔ.

References:- (36-49).

Much of the evidence for these species is conflicting, particularly 

interpretation of Raman spectra. Woodward and Horner (39) claim that
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^lecular sulphuric, acid persists as lew as the equimpl  ̂mixture, 

but that bisuljhatc ion only riches a maximum concentration at kOfo 

Sulphate ion begins to appear at 6^  EgSĜ but is not 

appreciable above These results are not self-consistent

but seem to indicate that ĵ lj is never collate, . Bell and 

Jeppeson (42) interpret their data similarly, exciting that they 

say molecular sulphuric acid persists as low as 3 9  ̂ ^2^ 4* that 

the maximum intmisity of bisulphate is at 60^ and that sulphate

appears Bt TÔ

Rao (44) attccpted a quantitative estimation of the species 

observed in his Raman Spectra data, and his results were recalculated 

by Young and Grinstead (48), They estimated only 1^ cospletion of 

[ l  ]  in the equimolar mixture.

The most recent work on Raman Spectra of sulphuric acid-water 

mixtures lüllen and Vaal (45) states that the aonohydrate shows 

bands corresponding only to bisulphate ion. no molecular sulphinric 

acid or hydroxonium ion bands being discernible, and the interpretation 

is an ionic structure |?^4~1 • Similarly for the dilydrate.

where only sulphate bands were observed the structure ^^0^ g 

is proposed. This is in agreement with previous work on nuclear 

magnetic resonance spectra (49),

Gille^ie deduced from czycsc^ic work that water was 

inconpletely ionised in 99,^  sulphuric acid and in fact estimated 

a basic dissociation constant but this is open to doubt, Vapour 

pressure measurements indicate that only ^  of the total water is
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present as such in the dlhydrate. However this need have no 

significance as the water need not be involved either in equilibrium 

[l] or but may be involved in some l̂ drogen-bonded structure.

Less evidence is available on the perchloric acid-water system 

but some suggestions on the constitution of the equimolar mixture. 

HgO-HClOjĵ , M,Pt, 45®C,. have been made, Ittllen and Vaal (45) made 

some Raman %)ectra measurements on the mixture and obtained lines 

corresponding to the perchlorate ion. but no lines corresponding 

to molecular acid or hydroxonium ion, Ifiullhaupt and Homig (50) 

obtained apart from the perchlorate lines, two veiy diffuse bands which may 

cGzrespond to lydroxoniim ion, Taylor and Vidale (51) have actually 

assigned certain bands obtained in their Raman Spectra of the 1:1 

HClOjĵ -HgO mixture, to the hydroxonium ion. The constitution

J is thus likely for the monohydrate. Proton magnetic

resonance studies (52) (53) and infra-red work confirm this (54),

No evidence is available about acetic acid-sulphuric acid, 

except that acetic acid, present in small amount, is conpletely 

ionised in lOĈ sulphuric acid (37),

The Ho Function,

Acidity in dilute aqueous solutions is normally discussed in 

terns of pH where pH = -log (Ĥ ). $he tem (Ĥ ). meaning activity 

of hydrogen ion. can be neither rigorously defined nor rigorously 

measured. In solutions where (Ĥ ) ^  1, pH becomes negative.
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A method was developed by Hamnett and D̂ yrup (55) for measuring 

the acidity of such add solutions in teims of their ability to 

donate protons to neutral bases, ’ Th^ defined the function Ho 

such that Ho = -log (H*).fg/fgg+ . . . . . . . . . .  [g]

and f^fgg^ has the same value for all neutral bases in the same 

medium. This function will equal pH in dilute solution 

provided that the standard state to which the activities refer 

is very dilute aqueous solution.

For any taao B, = -log (H+)(B)/(BB+) = Ho - log

where ( ) denote activity and jj' ^  concehtzution of the spedes

within the brackets. ' V\ : '

For iany base C, psj®** Ho - leg .. iJ.Vi .'. [  5 J

- = l*gCB]/l”BH+3] -  log [̂ cJ /  [̂ CH+3= <»nst*.„
I I * • , . * * ;  ' V L - * . « ' * - . ;  ̂ * f ̂

There should then be a constant di^erence between leg InSHf) and 

leg C J/L®^J over a%%r range of media, Hamnett and Deyrtç) 

measured ionisation raties oolorimetrically for a series of weak 

bases and shewed lhat the log ionisation ratio plotted against acid 

concentration gave a series of parallel curves (see Fig, 1) so that 

log LB J /LBH'*Q - log ^ /L CH'̂ jwas reasonably constant and the 

fundamental assumption of constancy of justified. Choosing

as their first and strongest base an GLilne of known p#̂  and ensuring 

that the ranges of ionisation of the other bases overlapped Hamnett 

and Deyrup were able to derive Ho step^se for various acids, 

including HgSÔ-HgO O-lOCjfC and HClD̂-flgO 0-6Ĉ .
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, A method of determining (~ /jlBR^GpeGtzephptQ  ̂

was developed by KLexser, Hæimett and Dingwall (56), extending the 

possibilities for new indicators and increasing the accuracy of 

measurements. He has since been evaluated for maxnr other acids, 

including sulphuric acid-acetic acid mixtures (57) W to, 59̂

The function H© for 50-70̂  HplÔ  was required for interpretation 

of denitration kinetics and has accordingly been measured.

An indication of the species present in HgO , ^

mixtures of h i^  H2SĈ content is obtained from the work of Brand 

(58) anA of Deno and Taft (59), vAo calculated values of Bg down 

to 7^ ^2^4» in reasonable agreement with Hamnett’s measured 

values, using certain assumptions. Brand has shown that, .

Ho calcd, = -8,36 ♦ leg 3̂ hs04.-/%2 ^ 4 ............

(where denotes stoichiometric concentration and 8,56 is an arbitrary 

constant) cpplies with precision above 8^ ^2^4 ^  reaction,,,, L 1 j  

is assumed to lie ccmpletely to the right, Deno and Taft were able 

to extend the application^L 7 J  en assumption of a mole fraction
• • p— n. • — • >•

equilibrium constant X = 50 for reaction L ̂  J between 83 and 8^

®2̂ 4* i;iae of equation L 8 J

H, = 6.66 + log    [ 8 ]

alternatively to Q 7 3 is possible as low as 83^ HgSÔ but a correction 

must thw be applied for ihe rapidly changing value of f^o is

constant above 81^ ®2^4
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Ho a -6,66 + log Xg 0’*' + 1*67 + log f^Q . . •••••••

This equation will evaluate Ho correctly as low as TTfo HgSÔ,

These ’ data may be taken as evidence for the cocplete ionisation 

of water as low as 8^ Hg^  ̂ to give oxonium ion and bisulphate 

ion. and considerable ionisation to form bisulphate or bisulphate 

and sulpMte ions in acids qlb low as 7)̂  ^2^4* &re in 

agreement with the more recent Raman Spectra evidence on the 

structure of such acids,

calculation of Ho values for sulphuric acid-acetic acid 

mixtures of high sulphuric acid content is equally feasible but no 

measured values are yet available for comparison. Such data might

throw l i^ t  on the entities present in sulphuric acid-acetic acid 

mixtures.

The numerical value of Ho for certain acids does not vary 

greatly over a tenperature range of 20-80"C,. according to the 

measurements of some Russian wozkers (6p), Between o and 39̂  

HgSOjĵ . values at 80"0, are j^re acid than those at 20"C, by at 

. roost 0,15 unit, and from 30-5Ĉ  values between 20"C, and 80"C, 

are identical. Above 3% Ĥ SO,. acidity at 20"C, becomesV /  4 4 > • :v. ■- . c ' •
increasingly greater than at 80"C, until at 10(̂  HgSÔ the

respective values are -10,63 and -9,90, Temidn et al, have

, calculated Ho by the method of Brand (38) and of Deno and

Taft (59) in agreement with their remilts at 20"C,. but Ihe 
results at higher temperatures are less amenable. This
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th%r ascribe to a displacement of 1  ̂ and | 2 ”| further

to the left at higher températures. An arbitrary allowance 

could be made for this in the calculation. I t thus seems 

likely that there is more water present in highly acid 

solutions at higher tèoperatures.

The other acids studied in this paper were aqueous 

hydrochloric acid up to 6M. and aqueous phosphoric acid up to 

at 20", 40®, 60" and 80"C, and the phoî horus pentoxide- 

water system 72-8f̂  v/w at 4®» 20" and 40®0, The hydrochloric

acid solutions are slightly more acid at 80"C, than 20"C, over 

the whole range measured. Temperature does not affect phosphoric 

acid solutions of less than 2G strength, but above that value the 

solutions become more acid at lower temperatures, there being nearly 

a unit difference between the values at 20" and 80"C, for 100̂  Ĥ K),,
i

Ho for the phosphorus pentoxide-water system reaches a maximum at |

79»7? v/w pentoxide at all tenperatures and is more acid at 4® than 
r

at 40"C, tĥ ughout the range measured.

Those temperature variations presumably reflect changes in 

the degree of ionisation of solvent species gls seems to be the 

case in aqueous sulphuric acid.

The Ho function is useful in kinetic studies for deciding 

between mechanisms in acid catalysis, and it  is also usefUl for 

determining pKa s of very weak bases.

In the original paper on Ho (55)» Hamnett and Deyrup
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discussed several reactions vbose rates obeyed tiie relation 

log k + Ho s const, ,#,#»#**#*## ^103 

or k/ho = const, Fu  1

where k is the rate of axy reaction and ho = -rantilog Ho, This,

Haznnett claimed, was to be expected if the velociiy was proportional 

to the concentration of ion formed by protonatlon to a slight extent 

of the substrate. The equation may be modified to cover more
r ‘ S-- t *  * r ' 1 ‘ t ■ * ■ '

extensive ionisation of the substrate, the reaction rate beccaning 

constant at complete ionisation , . . .

Zucker and Hammett (6l) later proposed that idiile for a 

reaction proceeding by uptake of a single proton to form the transition 

state (an

A-1 2- S + H+ T—̂ SH+ Rapid equilibrium

SH+ ------  ̂ products Rate-determining step

A-1 reaction) the rate should parallel ho, reactions in which a water- 

molecule is involved in the transition state (an A-2 reaction) should 

parallel (stoichiometric acid concentration).

Long and others (62) ^ve recently attespted to verify this 

hypothesis by allying i t  to reactions idwse n̂ chanisms had been 

previously ascertained by other methods. For instance in the 

hydrolysis of simple esters such as methyl acetate, methyl benzoate, 

the mechanism is generally supposed to be A-2 (63),

A-2 :- R'.COQR + H+ R'.COOEH Equilibrium

R'.COOHH + H2O R'.COmz * Slow Step

R'.C0<®2+ E'.COm + H+ Bquilibritm



— l6  —

But for such an ester as methyl mesitoate, the presence of electron- 

releasing jgroupis would cause the reaction to proceed throu^ ionisation 

to acylium ion (A-l), (64)#

R'.COOE + H+ — R»,Co5bH Equilibrium

R'.CoSm  BOO + ROM Rats-detegnsining ste^.

Application of the Zuctoer-Hammett hypothesis to these two situations 

would lead one to expect a relation with to r  the rate of methyl

acetate hydrolysis and with ho for mesitoate hydrolysis. The 

experimental results bear this out (65, 66),

Long has collected data of this type for maiy other acid-

catalysed reactions and has interpreted them in the light of the
)

Zucker-Hamnett hypothesis. The general conclusion is that an 

A-1 mechanism normally can be correlated with ho and an A-2 with 

Crtcr • However the fact that the rate of a reaction parallels hoUnj+
is not necessarily evidence for an A-1 reaction because other mechanisms 

such as G-2 can lead to the same result,

G-2:— B + H+ slow proton uptake,

BH+ + y ------> products fast.

To distingui^ amongst possible mechanisms, a reaction should 

be performed in acid solutions for vdiich Ho has been n»asuired and at 

high enough concentrations of acid to permit the divergence between 

and ho to become obvious (above 1 ,^  for nitric, perchloric 

acids etc,) Many reactions in dilute acid solutions have been 

interpreted in this way, e,g, hydrolysis of esters, epoxides, acetals.
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anhydrides and inversion of sugars. The rate in eaĉ  case parallels 

ho or this reiatioh "being taken as diagnostic.

For an exact relation between Ho and log k, a plot of log k 

against Ho will be unity, . In dilute acid solutions this very seldom 

happens and slopes ranging f rom -0,7 to -1,5 have been used as evidence 

for the A-1 mechanism. Slopes also vary for the same reaction from 

acid to acid. There is much less data available for concentrated 

acid solutions. It has been suggested that a constancy of log k + Ho 

summations above 90? HgSÔ  ̂may be a direct result^ of the ideality of 

the medium and have no significance as regards elucidation of mechanism, 

apart from implication of general acid catalysis.

There have been several explanations of the non-unity of slopes 

of log k versus Ho, the most interesting being that of Lcmg and Mclnlyre 

(67), ; Thexmodynandcally, the relation log k + Ho = constant |̂ 101 

should be written ■ : . " %

log k + Ho ♦ log fg. f . fg = const,

where f denotes activity coefficient of subscript, B is any Hamnett 

base, R is the substrate in the reaction and T+ is the positively

charged transition state of the substrate. Consequent]y, if the 

activity coefficient tem is not constant, deviation in |_10 J should 

be observed̂ * The relation [lO J assumes that the ratio of activity 

coefficients of the reactant and its transition state will vary in the 

same way with changing medium as that of the Hamnett base used for the
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détermination of He in the same range of media and its protonated 

form. This assumption may be queried on the grounds that activity 

coefficients of non-electrolytes are very specifically affected by 

ionic strength, polarity and size of non-electrolyte molecule, 

(Established by Long and McDevitt (66) and Paul (69)), Moreover, 

the slope of log k versus Ho for the hydrolysis of methylcd was 

improved by a semi-quantitative survey of the variation of activity 

coefficients of reactant and of indicator molecule (Long and McIntyre, 

loc, cite). The bases used by Hanaett in constructing his scale 

were all aromatic and polar molecules, with the ionising groups

-HHg----> ss 0 —> a 2h, and -H=N— —̂ , The group

-HOg---  ̂ has also been used (Brand, 58).

Bell and Brown have suggested that log k might d^end on 

Ho and to a small extent on [no3^, but no theoretical justification 

has been offered (70),

The hydrogen isotope exchange reaction studied by Gold, 

Satchell (7I) and others gives rise to slopes ranging from -0,9 to 

-1,5 and Gold has suggested the non-unity sometimes occurs because 

the reaction was studied over a wide range of acidity (4 Ho units) 

vhereas reactions are normally studied over 1 or £ unit ranges.

Slopes were much nearer unity in any small ra^ge studied.

In concentrated sulphuric acid ( ^8iÿ?) the constanpy of 

activity coefficients has been postulated by Deno and Taft following 

on their elegant Ho calculation, Abève 82(̂  acid activity coefficient
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ratios should thœi necessarily be constant,idms all reactions whicdi 

follow Ho should give unit slopes* This is not always the case*

For instance in the cyclisation of anils (72, 73» Ih ) slopes ranging 

from -0*92 to -1*18 have been obtained* The possibility of some 

factor other than activity coefficients causing non-unit slopes is 

thus s\jmpoz*ted*

The H+ Function. .

The acidity function H+ governing the ionisation of a

protonated base CH*’ to the foxm may be defined as

H+ » - log (Ĥ ) ■ ^ere ( ) and f have the usual
significance*

It has been suggested by Coxyell and Fix (76) that Ho and H+ are the
I

same function or differ \sy a constant* Brand, Hoxning and Thomlcy 

(77) have estimated the difference between Ho and H+ in 100̂  H2S0|̂ to

be ^^-0*28 which they decided was negligible* In their ccmstruction
   '  '  :

of an Ho scale for oleum, the same authors used the m-nitroanilinium ion i

as an indicator and.the pl^t of

HNO m

log (base/ion) for this indicator parallelled those for the neutral 

indicators used* Thus

log Qb] /  IjEĤ  - log = constant

and so the difference between H-̂ and Ho must be constant in this medium*
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Lewis and Bigeleisen (78) also extended the Ho scale for sulphuric

acid into oleum using fluioẑ scein indicators which strictly

measured H*. "but their scale does not coincide with that of 3+

Brand* Homing and Thoml^#

An acidity function Gr based on substituted thiazine 

indicators taking up variously from one to three protons was 

measured by Ifichaelis and Granick (79) for sulphuric acids up 

to IIM. This function plotted against molarity of acid gave 

a straight line of slepeO.57 as opposed to 0*52 for Ho* Rogers, 

Campbell and lÆaatman (80) used the G function and ih e Ho function 

in the calculation of the second ionisation constants for amino- 

azobenzenes and obtained a di^erenoe in absolute but not in 

relative values*

No fixm decision on the paralleliaa of Ho and H+ was 

possible on this evidence and the H+ function was more fully 

investigated in this work*

C. State of Nitric Acid in Media Used and th e  Jo Acidity Function*

A wealth of evidence is available to show that nitric acid 

in small quantities in solution in sulphuric add of greater than 

84*  ̂ behaves as a secondazy base, ionising according to the reaction 

H HO^ + K+ ̂  HgNSSj -5=^ SOg + HgO.

Indeed, a value for nitric acid has been evaluated. (Bonner

and Williams, 75)# The evidence for nitric acid ionisation has been
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reviewed by Gillespie and Mllen (81), The nitronium ion thus 

produced is the effective agent of nitration in these media. 

However below 84,^ acid, -«diere ROgH* is not present in amounts 

detectable by usual methods, no other entity is capable of 

nitration at the rates found and so the nitronium ion was assumed 

to be foimed in veiy small amounts. When the amount of nitric 

acid in solution is very large Feneant and Chedln (82) claim that 

the reaction:

JHNOj + HSO^“  + N0+ + (fflN O ^ H g O

becomes increasingly isportant.

The relation of the rate of aromatic nitration to the 

ionisation of 4-4 * -4** -trinitrotriphenylearbinol by Westheimer and 

Kharasch (83) was the beginning of the concept of a new kind of 

acidity function, Triazyd carbinols do not ionise as sisple 

bases in strong acid but as shown (84,85),

H+
RCH ---------> ROH2+ — ^  R+ + HgO

vhich is analogous to the ionisation of nitric acid (75).

Williams and Murray (86) measured the ionisation of a 

series of tiiaiylcarbinol indicators and esta blished the constancy 

of Q R+2 giving validity to the Jo

function for which a more complete set of data was published by 

Williams and Bcyofn (88). Meanwhile a method of calculating Jo

%
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from other experimental data was proposed by Ck>ld and Hawes (87).

They considered triazylcaibinol ionisation in three steps

KOH + H* ^ KOH2 +

B0H2+ ^ ------ R* +

vhere K̂# ^2 » ^ 3  the equilibziisn constants of these steps,

and called the over-all equilibrium constant K. Then,

K — • Kg • Kj

= (B*)(HSOi,-)(HjO)/(BOH)(H2SO^)

Now Ho = -lo g  (H*) tB /tjo i*

= -logujl» 

ho = (R*)

(HS0 ^-)/(H2 S0 ^) = Kĵ  . . fBOHg* = %/(«+)

K = (R*)(H20) . fjjQj/(ROH)h. .

If is  a measure of the ••secondary” basicity of 3R0H, then 

%*t *

* Rg*®̂3

.=.[ K"] (HgO) fRf /[» ® ] bo fR0H2+

By analogy with Hanmett*s suggestion that (f^n^ *̂ B̂ B̂H+ 

will be unity in a ll solvents. Gold and Hawes then assumed fRt/fEOHg+ to
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be unity. Rearranging the last expression and taking legs.

Ho + log HgO = + log [ Kaf] / [ b+] + log fiiOTg+ZV

of. Ho a + log

Gold, and Hawes then defined Jo, such that,

Jo a Ho .  log (HgO) ;...••••............................................

♦ .  log QhOH]/[s]............. ...................................[ 14;

Knowing Ho and log (HgO) for sulpliuzic acid-watw mixtures th^ obtained 

Jo using equation I jJ  • We will call Gold and Hawes* function Jo* 

and the function obtained from indicator measurements of Williams and 

Bevdn (88) Jo*

Riblished values of Jo and Jo* are not in accord with each 

ether and a synthesis was put fwward by Deno et al (89, 90), viio 

suggested that Jo - Jo* a log (fp̂ g* fp+). They

themselves measured the ionisation of many cazbinol indicators over 

almost a complete range of sulphuric acid-water mixtures and called 

the related function Co, *

According to Williams and co"̂ workersM........W
Gold and Hawes' definition was

Jo* « Ho ♦ log (HgO) .................................................................,[13]

and Deno et al proposed

Co = ïKk+ - log /C®®]] ...........................................[lë]
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where » (BDH)(H+)/(E+)(H20)

. Co = -leg (BDH)(H+)/(B+)(H20) - log

= -l®g (H+) ♦ log (HjP) + log 

How Ho = -log (H+)

• • * R* + l̂ gCUgO) + log

. . Co - Jo* = l*g j^l?J

Co and Jo should he Identical*

Above 82̂  HgSCĴ activily coefficient ratio in j^l?^ should 

be constant and so (Co or Jo) - Jo* should also be constant, but this 

is not the case* Nowhere do the three functions agree exactly* In 

Fig* 2, Jo and Jo* are plotted agednst Co* Unit slopes should be

obtained if the functions are all varying in the same wsy with acid 

concentration but Fig* 2 demonstrates the lack of agreement* That 

the two measured sets of results disagree suggests that the function 

may not be a valid one* Notwithstanding both sets of authors claim 

a relation between nitration rates and their functions, of the type 

log k + Jo = constant (91, 92, 95). The slopes of lines obtained by 

plotting )og k against Jo are seldom unity* The tremendous

difference in size and electron distribution between the triazylcaxbinol 

and nitric acid molecules may cause a great variation in activity 

coefficients and so imperfect relations with Jo must be expected*

Such relationships do lend credence to the belief that the nitronium 

ion is still the effective nitrating agent in acids as weak as HgSOĝ,
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The most ; satisfying evidence for the existence of liie

nitronium  ion  in* d ilu te  a c id , so lu tio n  :;Oces» s frtm  the work o f

Frizel and Bonner (94) on nitric acid estérification in 50-6(̂

p erch lo ric  a c id , , The re a c tio n  ^  essentisLLly a  n itr a tio n

. ) EQH. :+ NOj - ; , >- (BOmOg)*-—y BGKOg + H*

The rate of the reaction was found to partiel exactly the ionisation

of nitrous acid in the same range of perchloric acid measured by

Singer and Vaxnplew, 95) and to bear a less precise relation to the

ionisation over the same range of a ̂ triarylcarbinel indicator (94).

Nitrous acid ionises in the same, way as nitric acid

+ HCKO—̂ N0+ -f HgO. * . . ,

These results imply that the use of Jo as measured by triazylcarbinols

for nitration reactions may be siperoeded. ...

D. Nitration and Denitration.

Direct nitration has been effected at C, N and 0 in the 

following groupings,

• H /' ; H .

H I Ç H ; . - . 0 -  H

Reaction may occur in media ranging from organic solvents to oleums
. : ' : , '. /. : ' "

according to the reactivity of the compound to be nitrated. The
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X - NOg link can be broken under the nitration conditions when X 

is -N or -0 but only a few cases of direct denitration are known 

where X is -C= and these are special cases involving steric 

hindrance* In general aromatic nitration is irreversible* 

Nitration in Strong Acids.

^̂ r̂ Œûaĵ î N̂î ora/taLon̂

Aromatic nitration in concentrated sulphsxric €tcid is 

found to be a second-order reaction, first order with respect to 

the aromatic compound and to nitric acid* The nitrating agent 

has been conclusively shown to be the nitronium ion for acids above 

84#  ̂ v/w» &nd for oleums (81), In the more aqueous media from 1 5 ^ % *  

Williams and others have concluded that nitration still proceeds 

exclusively through the nitronium ion because of the parallelism 

obtained between nitration rates and ionisation of triarylcaxbinol 

indicators (91, 92), a conclusion reached also by Deno and Stein (95)#

This conclusion is discussed more critically in the previous section G*

The rate of aromatic nitration increases to a maximum in 

sulphuric acid of 9Q̂ and then decreases as the acid concentration 

rises to lOĈ (81)* While there is no accepted explanation of this 

phenomenon, there is a suggestion that solvation of the substrate may 

be a contributory factor (96). The initial increase of rate with 

decreasing water content is ascribed to increasing ionisation to nitronim 

ion*
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In a mixture of equal amounts of nitric acid and 

nitromethane (97) or acetic acid (96), zero order kinetics for 

nitration of various reactive aromatic compounds were obtained 

showing that the rate-dietexioining stage must involve some ionisation 

of nitric acid itself* The only isilow reaction that nitzic acid can 

undwgo is a heterolytio fission with possible fozmation of the 

nitroniun ion in a fast second step*

HNÔ + HNOy ^ NOy +

^ NOg+ + HgO

With less reactive CGCpounds, nitration is of first order with 

respect to üie aromatic cecpound for, constant initial nitric acid 

concentration* In this case nitration is so slow that an - 

equilibrium concentration of the nitrating agent is set iq> and 

the rate-determining s t^  becomes .the attack of the nitzating 

agent (96)* 'v

(WTitration. Fozmation of nitrate esters*••
Nitrate esters are commonly made by alcohol estezification 

in mixed acid (98)* Nitric acid alone or mixed with acetic «mhydride 

has also been employed* . Nitronium ion is the effec^ve nitratdng . 

agent in the formation of isoGanyl nitrate from ismaisyl alcohol in 

aqueous p<at>hlopic aoid {%■)•

N-Nitration.

Secondazy amides may be directly nitrated in strong acids
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such as nitric and its mixtures with sulphuric acid* A few 

primary nitramides m^ he pz^ared in this way, hut are jrohahly 

susceptible to decomposition* . Primary aliphatic xiitraxsines also 

decompose under nitration conditions. Secondazy alipîiatijc amines 

may be satisfactorily nitrated by use of à catalyst* The weakest 

of them may react without a catalyst* \ Aromatic amines (generally 

weakly basic) may be nitrated in acetic acid or anhydride (99).

Guanidines and others do not come into aiy of these 

categories. Th^ are reversibly nltzated in sulphuric acid 

(100, 101). The nitratien of guanidine and of N-methylguanidine 

has been found to be of second ozder (102, U)* The amount of 

nitroguanidine fozmed was found to reach a maximum in 8^ ^2^4 

for both of these conpounds* The kates were too fast to be 

measured in that region but i t  seems likely that the eventual 

decrease in ̂  nitration is caused by a decrease in nitration rate 

accanpanied by continuing increase of dapitratioh rate* ' Simkins 

and Williams found a parallel between the ra^ of nitration of guanidine 

and the ionisation of tzdazylcazbinols w^ch &180 found for the

N-mèi^l guanidine case* A nitronium ion mechanism was thus proposed 

for these nitrations*. . Data on the ̂ nitration of several other 

guanidines in various solvents have been obtained in the present 

work* ,
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Denitration in Strong Acids*

C-Denitration*

Frisch, Silvermaim and Bogart, (IO3) were unable to 

obtain a quinoline when they subjected 3-^tro-4-aminoveratrole 

to the conditions of the Skraip reaction* The starting 

material rearranged under those conditions and in a mixture 

of phosphoric and acetic acids to 5-nitro-4*-oniinoveratrole*

P y - ”*  a c i a c - ^ t i o .»

elevated temperatures

More recently, Bausacker and Scroggie (104) noted

a similar migration of nitro-groups in sterically hindered

molecules* Th^ investigated the rearrangement of 2:3*-

dinitroacetanilide, 2:3-dinitroaniline, and 2;3-dinitrophenol

to 2:5  ̂and 3:4-disubstituted conpounds on heating with

concentrated sulphuric acid, and demonstrated that the 2:5-

and 3:4*-disubstituted compounds are not themselves capable of

rearrangement* The proportions of the isomers isolated were 

I  X X

- 1,

'2

d^endent on time of reaction and concentration of reactants*
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A mechanism was proposed for the first two reactions involving
“ ' I

conversion of the 2:3-dinitie compound to a 3îN-dinitro ccnQ)ound 

which then rearranges to give the various products.

iHO,

2 .

NO,

Gore (105) disagieed with the last suggestion of a reversal
■  ̂ V . ,. w .. .. ' •

of the phenylnitramine rearrangement on the grounds that a aimilay 

mechanism would he necessary for the 2;3-dinitrophenol, an unlikely 

situation. Again, the nitration and denitration of phenylnitramine 

occur at very different rates while this mechanism requires similar

speeds, Gk re th«i suggested an acid«-catalysed denitration as a
- ' ' • ' . 

more attractive mechanism.

Another instance of such a denitration was exm Laed hy Gore,

The initial denitration of 9-nitroant)oracene on treatment with sicid

was not followed hy nitration in à different aromatic position. No

free anthracene was obtained however, hut only a 20̂  yield of

anthraquinohe. He concluded that a nitro groijp on an aromatic

ring is hydrolysahle vhen its position is activated and stexicsilly

hindered, and \dien sufficiently acidic solvent conditions

avail.



31 *"

0- Dénitration» Nitrate Ester Hydrolysis,

Cryoscopic data are available on solutions of etbyl and 

isoaxqyl nitrates in concentrated sulphuric acid which point to a 

conplez ionisation to give nitronium ion and sulphate esters.

KWOg + HgSÔ -----------------------------------♦ HSÔ"

+ -----------> BOH ♦ HOg+

K» + 2 ggSÔ  -------------BOSOj H + HjO+ + HSÔ*

Van*t Hoff i-factors are given as 4#95 for ethyl nitrate (Kuhn, 106) 

and greater than 4 for amyl nitrate (Oddo and Scandola, 107). The i

ultra-^olet absorption spectrum of ethyl nitrate in concaitrated I
sulphuric acid is almost identical with that of nitric acid (106) j

indicating more or less complete denitration,

N4Denitration.

In the Bamberger-Orton Conversion - NHX substituents on 

aromatic rings rearrange with substitution of the -X group in the

ring, X may be NOp-, Cl- etc. Rearrangement of prunazy and
 ̂ . . .  . ■ e

secondazy azyl nitramines has been investigated kinetical3y by 

Hu^es and Jones (108). The nitramine in acid solution rearranged 

to a nuclear nitrated amine. A reactive aromatic compound such

as p-zylene was added to the reaction mixture in the hope of isolating 

the nitrating entity but no transfer was obtained with p-nitrophenyl- 

methylnitramine. The rearrangement of 2:4-dinitrophe%ylmethyl- 

nitramine, which is a slow process, did however release enough

1



-  32 -

nitroniim ion to nitrate a foreign aromatic nucleus but insufficient 

to account for the speed of rearrangement, so that a predominantly 

intramolecular process characterises the reaction,

A further proof of intramolecular character was offered 

by Brownstein, Bunton and Hughes (109). Th^ studied the 

rearrangement of phenyl nitramine in 74$6 containing

introduced eis KNÔ, The detenoination of in the resulting 

o- and p-nitroanilines was sufficiently precise to detect even a 

occurrence of intezmolecular mechanism, but iso topic contants 

were nonaal,

Althou^ aromatic nitramines cannot act as nitrating 

agents in strongly acid solution, maiy aliphatic nitramines do.

The extent of denitration of such conpounds has been measured by 

Holstead and Lamberton (lOO) by adding the nitro compound to 

sulphuric acid containing acetanilide and weighing the quantity 

of p-nitroacetanilide precipitated on dilution of the acid,

Potassium nitrate was used as a control. The conpounds 

examined were divided into three groups according to their 

behaviour. The first group contained the primary and secondary 

nitramides, the nitroguanidines and the N-nitrosulphonamides vdiich 

all furnished nitric acid, the sulphonamides only in small amount. 

The second group, the sinple secondary nitramines did not denitrate 

(with one exception) although th^ eventually decomposed. The
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exception, dicyclohexylnitrazzdne, gave a mixture of nitric acid 

and nitrous acid, cyclohesylamine and cyclohexanone. Primary 

aliphatic nitramines decoopose even in dilute acid solution.

The third group consisted of linear and cyclic derivatives of 

methylene diamine of which only cyclonite denitrated, hut i t  also 

decomposed somewhat. The other members of tie group showed 

remarkable stability to concentrated acid;

The nitrations of urethane, N-methylurethane, urea, 

hexahydro-1 :3-dinitre-l23v3"triazine (UO) guanidine (lûl) and 

N-ioetiylguanidine (ll)have been shown to be reversible in sulphuric 

acid, the position of equilibrium d^ending on the strength of acid 

used. The amount of nitration reaches a maximum for the last 

four compounds at , For urethane and N-me1hyl uretmne,

the amount of nitration shows an inflexion from 83-8^  and a continued 

increase above that.

Nitroguanidine euid nitrourethane also denitrate in perchloric 

acid and selenic acid, but nitration in acetic anhydride is irreversible, 

(111).
Simkins and Williams made a study of the kinetics of denitration 

of nitroguanidine in concentrated sulphuric acid and found a first-order 

reaction and an increase of rate with acid concentration over the range 

72-83̂  Th%r suggested the mechanism.

H+ + HÎ+ GH+ + NOg+

where F is a neutral nitroguanidine molecule and G is a neutral guanidine
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molecule. If the second proton uptake occurred to a v e ry  small 

extent and the breakdown of the transition state was the rate- 

determining st^ , thMi thé rate éhould be related to the acidity 

function by equation log k + BL,. * const. No figures for 

were available and a plot of leg k against Ho had a slope of -1,42, 

giving no definite conclusion.

In a more detailed stu^ of dénitration, using N-methyl-N*- 

nitroguanidine. Hardy; ( 11} obtained a similar slope (-1,3) of log k 

against Ho, assuming H+ and Ho to be similar functions df medium 

composition. This in itself did not preclude breakdown of 

as the rate-determining step, for if the second ionisation occurs 

to any extent (^  even) the log k + Ho relation will not hold.

Hardy measured the spectrum of N-methyl-N*-nitroguanidine in various 

acids and concluded that the first ionisation (to nitroguanidiniuan ion) 

is conplete in 3P̂  H28O4  and that no further ionisation occurs up to the 

region in which her kinetic results were obtfidLned, Thus she supposed 

the breakdown of could not be the rate-determining step. She

then considered a bimolecular process.

Hr* t  HA — ». or* ♦ N02* + A“

where HA is any acidic species present, and deduced the following 

relations.

If Ĥ0+ is the effective acid, then log k̂  - log (H2O) « constant.

If HgSĈ is the effective acid, then log - log (H2S0|̂ ) + H o «
constant.
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Her re s u lts  d id  no t f i t  e ith e r  o f these re la tio n sh ip s  b u t 

i t  i s  in te re s tin g  to  note th a t the summation log -  log (HgO) -  log 

(HgSOĵ ) + Ho d id  in  f a c t  remain co n stan t. The r e s u lts  o f Simkins 

on n itroguan id ine, sub jected  to  th is  treatm en t, likew ise g ive a  constan t 

summation, although the p rec is io n  i s  l e s s , , (See Table Y I l l) . However, 

d e n itra tio n  o f n itroguan id ine never occurred to  more than 20^ and the
I

concen trations used probably a ffec ted  the a c id ity  of the medium.

F u rth er k in e tic  d a ta  on the d e n itra tio n  of n itroguan id ines fozm a 

la rg e  p o rtio n  of th is  th e s is .



Section II. ‘ Experimental Work,

A. Materials.

100̂  Sulphuric Acid/

Sulphur trioxide was distilled from a strong commercial oleum 

into "Analar” sulphuric acid (9^) in an all-glass apparatus until a 

strong oleum was obtained. This colourless oleum was distilled into 

a known weight of "Analar” sulphuric acid to make a weak oleum 

(^10]^ HgSÔ ). This oleum was standardised by titrating weighed 

amounts with N NaOH solution using Screened Metl%rl Orange as 

indicator. The value obtained was used as a rough guide to the 

amount of water required to convert the oleum to lOCR?. sulphuric acid. 

Successive amounts of water were added from a micro-burette until the 

acid of maximan P.Pt. was obtained.

Sulphuric Acid Media.

Media used in kinetic and acidity function measurements were 

prepared by dilution of the Analar acid with distilled water and analysed 

by titration with N NaOH solution referred through N HCl to potassium 

iodate as standard. Sufficient sulphuric acid to give a 25 ml. 

titration of N NaOH was weighed from a weight^pipette into a clean 

conical flask and diluted with distilled water to 25 ml. volume; The 

solution was titrated with N NaOH to a gray end-point with 2 drops of 

Screened Methyl Orange.

Typical Analysis:-

85.0^, 85,11̂ , 85.1] ,̂ 85.01̂ . Average value 85.^ v/w HgSÔ

Perchloric Acid Media.

Media used in kinetic and acidity function work were pr^ared

,
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by dilution of Hopkin and Williams* Analar 7^ acid with water 

and analysed in the same way as the sulphuric acid media.

Typical Analysis:-

1 2 .2 % , 1 2 .2 % , 1 2 .2 % , 1 2 .1 % . A verage value 72.^ w/w HCIÔ.

Sulphuric Acid - Acetic Acid Media.

The amounts of lOĈ sulphuric acid and lOQ acetic 

acid (Analar material of M.pt. ^  16.2®C.) required for a particular 

medium were calculated. The sulphuric acid was carefully weighed 

into a Quickfit conical flas/rof the required size and the acetic acid 

was weighed into this. No successful method of analysis has been 

reported for such media.

Storage of strong acid media.

Media were stored in Winchesters with polythene or ground 

glass stoppers and did not deteriorate appreciably over a period of 

eighteen months.

N Sodium Hydroxide Solution,

B.D,H. N solution was used and standardised against N HOI 

referred to potassium iodate as standard.

Typical Titres.

24̂ 96
25 ml. 0.9977N HCl required 24.96

24.96
24.96

ml. NaOH

• . NaCH solution was 0.9993 N.

N Hydrochloric Acid Solution.

B,D.H. N solution was used and standardised against 

potassium iodate solution using sodium thiosulphate and starch.
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. t  -  V
T ypical T :^ s ,

^  39.17
25 ml. 0.1563 N KID, required 39.16 ) _

3 39.17 <
39.17

.
. . HCl solution was 0,09977 N.

Potassium Iodate,

The Analar salt was ground in a porcelain mortar and 

dried at .120®C. Wore use.

Potassium Chromate.

The Analar salt ( >  99.%  jgvæe) was reczystallised 

five times from 0.005 N KGH solutioh, washed once with water and 

dried for 24 hours at 120̂ 0. The crystals were finely ground and 

dried at 120̂ 0. for a further 24 hours. The spectrum of this 

material was examined and a further reczystallisation and dyring 

produced no change in the spectokn (112).

Absolute Ethanol.

Sodium was very carefully added to an ice-cooled flask

containing 99.^ ethanol (T^Htre) and 27.5 g. etlyl phthalate
r

per lltje added to the cooled solution idiich was refluxed for several 

hours using adequate precautions to exclude moisture, and then 

distilled. The first and last quarters of the distillate were 

rejected.

Nitroguanidine.

Nitroguanidine was obtained fïcm nitration of guanidine
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56 g. of corameroial guanidine nitrate was slowly stirred at 

<C 20®0. into an ice-cooled beaker containing 80 ml, 9%  

sulphuric acid. The mixture was stirred overnight at room 

temperature and poured into 600 ml. of clean, cracked ice and 

water. The precipitated nitroguanidine was reczystallised 

from water and dried in air. Further re-ciystallisation was 

not attecpted as the material had an extinction coefficient as 

high as reported data (Snco:. 14000 at 264OA); Yield = ?0̂  (3).

Methylnitroguanidine.

Me tlylni troguanidine was prepared by reaction o f  

mettylamine hydrochloride on an alkaline solution of nitro­

guanidine (9).

10.5 g# nitroguanidine was stirred into a solution of 

12 g. potassium tydroxide in 30 ml. water. The teixperature was 

raised to 40®C. and 13*5 g. metlylamine hydrochloride was stirred 

into the solution. The temperature was slowly raised to 60®C. 

and maintained at 59-61*̂ 0. for thiriy minutes. The clear solution, 

cooled in ice, deposited a heavy white precipitate of me thy Ini tro­

guanidine contaminated with potassium chloride. This precipitate 

was filtered and washed with 6x5 ml. ice-cold water and 

czystallised from water ti l l  chloride-ftree. I t was then 

czystallised from ethanol to a constant spectnan. (Bnax. « 14.040 

at A 267O-75Â at 25«C.) m.p. l6l® (ll).
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N:N*-4)imethyl-N* •-iaitroguanidine, '

Several methods of preparing this cosxpound were tried 

but the only'i^ccessful preparation, resulting in a very small yield 

was a modifica^on of the preceding preparation (ll). ' The mother 

liquor from the methylnitroguanidine precipitate.was heated at 60®C. 

for a further thirty mj^tes and af ter ̂ several days in a refrigerator 

deposited long fine needles of N:N*-dime thy 1-N’*-nitroguanidine 

nup, 167®C, These i^re recrystallised from water until they were 

chloride-free. The results of ten preparations combined gave 

0 .5  g. material, m.p. I7I-I72® (ll).

N-Metlyl-N-nitroso-N* -nitroguanidine,

A nitroso group was introduced to methylnitroguanidine 

by reaction with sodium nitrite in nitric acid (9).

A solution of 10 g. methylnitroguanidine in ml, 

concentrated nitric acid was diluted with water to 100 ml. Into 

this was stizred over a period of fifteen mteutes a soutien of 12.2 g, 

sodium nitrite in 20 ml, water, the tenperature being maintained below 

5®C,, and yellow czystals with a pinkish reflex began to deposit. 

Stirring was continued at 5® for eighteen minutes. The golden 

matezial was filtered off, washed acid-free with ice-water and 

recrystallised from ethanol. Yield = 9 g# The substance

detonates at the melting-point,

N zN-Dimethyl-Dimethyl-N* -nitroguanidine,

Dimethylamine reacts with N-methyl-N-nitroso-N*- 

nitroguanidine with substitution of dimethylamino- for the N-metlyl-H-
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nitroso-amino-group (9),

10 ml, of a 3^ alcoholic solution of dimethylamine was 

carefully stirred into a well cooled and stirred solution of 9 g# 

NMziethyl-N-nitroso-N* -nitroguanidine in 10 ml, of 5%  v/v aqueous 

ethanol. After half-an-hour effervescence ceased and the vdiite 

precipitate czystallised from water gave 5 g. of NN-dime tly 1-N * - 

nitroguanidine. This was further recrystallised from water (x lO) 

and frcxn 9%  ethanol (x 3) to a constant spectrum, (Snax, = 11,2*0 

at 272OA) m,p, 195®C,

2-Hi trimino-l : 3-diazaqyclopentane.

The preparation was identical to that for methylni tro­

guanidine (9) except 13.3 g. of ethylene diamine dihydrochloride 

was used instead of methylamine hydrochloride. The conpound was 

crystallised fraai water (x 6) and 95̂  ethanol (x 3) to a constant
o

spectrum (Bnax, « I6I6O at 2655A) m.p, 220-221 ,̂ 

44(ethyl-2-mitrimino-l 2 3-diazac)'clopentane,

The method was again that used for methylni troguanidine (9) 

and employed 13 g# propylene diamine dilydrochloride. The conpound 

was recrystallised from water and ethanol to a constant spectrum 

(Emax, or 17100 at 2660A) m,p, 170®C,

2-Nitrimino-l:3-dlazacycl©hexane,

The compound was prepared and purified analogously to the 

last two using 13 g, trimettylenedtamine dihydrochloride, (Emax, = 

15450 at 268OA) m.p.
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The crude yield of the last three cenpounds could be 

obtained in a more pure condition from a reaction described by 

Uc&ay (4).

The free diamine was added in equtmolar quantity to a 

suspension of nitroguanidine (14.1 g.) in 30 ml. water containing

1.5 g. ammonium chloride. The solution was gently heated to 60®C. 

(with tremendous effervescence of ammonia) and maintained at 59-6l®C. 

for thirty minutes. Precipitation began before the teaperatur© 

reached 60®C. and the mixture became too thick to stir mechanically. 

The material was less contaminated with chloride than before and 

required less purification.

Nitraminoguanidine.

TM procedure of Hiillips and Williams involving reaction 

of nitroguanidine with hydrazine was used (114).

Hydrazine sulphate (32.3 g.) was placed in a 2 litre
wafer

conical flask with 200 ml.̂ and 500 ml. N ammonium hydroxide. 

Nitroguanidine (26 g.) was added to the solution and dissolved 

on heating to 60®C. The tenperature was k^ t at 50-60®C. for 

one hour during vhich nitrous oxide was evolved and the solution 

went orange. The liquor was evaporated to one third volume and 

cooled. The white czystals thus precipitated were filtered and air- 

dried. Yield s 12 g. The pinkish tinge of the material was 

removed by boiling i t  in water with charcoal, filtering hot and 

allowing i t  to czystalliso.
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Fozmamido nitroguanidine. . ^

: Hitroaminoguanidine (5 g.) was heated with 15 g. ef 9Ĉ

fozmic acid at 85-90®C# for one and a half hours. , The ioer 

cooled solution deposited vhite, czystals which were filtered, and 

well-washed to remove fozmic acid and reczystallised from water.

M.P. ,i9i"c. (16).. ,' ,.

5-Nitzx»amino-l2224-trlazole.,

Fozmamido nitroguanidine undergoes an inteznal condensation 

to fozm the triazole (16). , .

Fozmamido nitroguanidine (5 g.) and anhydrous sodium 

carbonate (3.25 g.) were mixed with 44 ml. water and heated on 

a steam-bath for twenty-five minutes. The mixture was ice-cooled 

and faintly acidified to litmus with concentrated hydrochloric acid 

when a fine vdiite precipitate appeared. This mixture was allowed 

to stand in a refrigerator overnight, filtered and washed with ice- 

water. I t  was ro-czystallised from water and aiir-dried. This 

material j s ^  not be kept dzy and so spectra are not of highest 

accuracy# > . • , „ ^

. Guanidine Nitrate. .

A cocmercial specimen was reczystallised fzwm water, after 

filtering the hot solution through a sinter. I t w^.then czystallised 

6 times fzxmi water containing 10̂  alcohol. m.p. 215®C.

4:6-d)imetfcyl-2-eminopyriinidine.

This was prepared by condensation of guanidine and 

aceiylacetone (115, U6). 4.5 g. Guanidine oarbenate and 5.2 g.
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acelylacetone were refluxod together. No visible change took 

place for nearly an hour, then a vigorous effervescence took 

place and the solid dissolved. After two hours the solution
Î i ‘ ; • • -'

was cooled, filtered and the precipitate washed with acetone.

The sparkling vdiite czystals were reczystallised twice from 

acetone. Tie}d « 2 g., m.p. 154# 2 ®G.

2 :4-Dinitroaniline.

A commercial specimen (5 g#) was reczystallised by 

boiling with charcoal (2  g.) in 100 ml. alcohol for 30 minutes, 

filtering hot and boiling again with added water (20 ml.) before 

cooling. Three further boilings with charcoal and three 

reczystall isations from 5:1  ethanol :water provided material o f a 

constant spectrum = 12,300 at 34B0A in perchloric acid; 

of Emax. = 12,800 at 3480A in dilute sulphuric acid (I17).j^
\

m.p. 181®C.

4~Dimethylaminoazobenzene.

Addition of dime tty laniline to benzene diazonim chloride 

solution afforded the desired product. (118, 119).

Aniline (12.8 g.) and crushed ice (I50 g.) were hand-stirred 

in a 600 ml. beaker during the addition of 41 ml. concmtrated hydro­

chloric acid, the tenperature being maintained below 50®0 . by external 

cooling. Sodium nitrite solution (10 g. in 20 ml. water) was added 

slowly at <C 5®C. When a permanent test for nitrite (with staroh- 

iodlde paper) was obtained the reaction was judged complete.



Mechanical stirring was commenced vAien all the ice in the ‘beaker 

had melted (120).

The method of Clark and Komer for addition of diznetlyrl- 

aniline to the diazonium salt was followed (121).

Dime thy lanil ine (2 .̂6 g. ) was poured into the diazonium 

salt solution which was stirred a further hour at 5®C. 34.5 ml.

of a previously prepared solution of 19.7 g. sodium acetate in 

35 ml# water was added and the mixture stirred at c^®C. overnight#

The rest of the sodium acetate solution was adding and stirring 

continued for one hour, then the temperature was allowed to rise 

to 20̂ 0. during the course of a day# 6 ml# of a 40̂  caustic soda 

solution was added and the mixture was filtered after standing 

overnight# The tarry material was washed with acetic acid 

until the washings were pale pink# The tar was suspended in 

methanol and refluxed for several hours# Deurk brown crystals 

resulted# Sozhlet extraction of the crystals with n-propanol 

produced no improvement in the colour, but a bright golden-orange 

sanple was obtained by five crystallisations after boiling with its 

own weight of charcoal in n-propanol. m.p# 117®C# This material
o

was reczystallised to a constant spectrum#of Bnax. = 28,900 at 4050A 

(cf. 119) in absolute ethanol#

4"^itro-l:2-phenylene diamine#

The ortho nitrogroup of 2:4-dini troaniline was preferentially 

reduced by polysulphide yielding the desired coopound according to the 

method of Kehrmann (122)#
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Crystalline sodium sulphide (l6 g#} was dissolved in 

5 0  ml# water and powdered sulphur (4.2 g.) was added# Gentle 

heating caused conplete solution of the sulphur. Finely 

powdered 2:4-<ünitro aniline (10.9 g#) was su^ended in 400 ml# 

water and the water was allowed to boil gently. The disulphide

solution was added over fifteen minutes, a de^ red colour 

appearing instantly. Gentle boiling was continued for thirty 

minutes, then 50 ml. water was added and the whole was boiled vigorously 

for five minutes before being filtered hot. Fine red needles came 

out on the filter and in the filtrate. The filtrate ms cooled in 

ice and the red crystals, m.p. 197®C., filtered off. These were 

dissolved in alcohol-water and the solution was filtered hot to 

remove sulphur# This is the ortho diamine. The para diamine, 

which is also formed, remained in the filtrate# The ortho diamine

was reczystallised to a constant spectrum after several boilings in 

water with charcoal# I t was dried at 110%# m#p# 205̂ 0# %>ectrum
o

in sulphuric acid £max# = 8,700 at 2475A#

4-Aminoacetĉ henone#

A commercial specimen (pale yellow) was boiled in water 

with half its weight of charcoal for fifteen minutes, the solution 

was filtered hot and allowed to crystallise# The filtered 

crystals were dried at 80%# Eight repetitions of this provided 

colourless material m#p# 106#4%. Rzrther crystallisations
o

produced no change in the spectrum of Shtax.s 16,400 at 3100-3120A 

in water (cf# 123, 124).
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2:4H)initroz]aphtly laminé#
, Acetyl naphtiylamine was nitrated on the 2:4 positions 

and the acetyl group was hydrolysed off (125).

• iHNaphtlylamine (40 g# ) was dissolved in the minimum 

amount of ether# An equivalent wei^t of acetyl chloride was ' 

slowly added to the care:hilly cooled solution. ' After the 

reaction had subsided an equal volume of water was added and 

the precipitated acetnaphthalide reczystallised from aqueous 

ethanol. The reczystallised material was dissolved in 

glacial acetic acid (2 ml#/g#) and nitrated with a mixture 

of equal volumes of nitric and acetic acids (l ml./g#) The 

nitrating mixture was added at a . temperature of 70%. and 

the teoiperatuze was then r^sed to 96%. until the dinitro 

CGopound began to separate. On cooling a reddish-brown crop 

of czystals was obtained and reczystallised from acetic acid# 20 g# 

of this material was suspended in a cold solution of 200 ml# sulphuric 

acid and 30 ml. water and heated at 70%. for fifteen minutes. After 

exteznal cooling the mixture was poured on to 400 g# crushed ice and a 

dirty brown mud was obtained# Chromatograply of the material on 

potassium carbonate was attempted but no separation of impurity was 

effected with any of the solvents used# Eventually the material 

was purified by dissolution in excess alcohol and boiling for thirty 

minutes with twice its own weight of charcoal# „ The ethanol was 

filtered hot partially evaporated and allowed to precipitate the 

solid# This was repeated twice and the material after several
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ciystallisations from alcohol had a constant spectrum of
o

Bnax# 10,600 at 3960Â in dilute perchloric acid.

B. Velocity Measurements.

Tenperature Control#

Reaction vessels were k^ t in a thermos^t maintained 

at a theinwmeter temperature of 25®C# within t  0.05%# by a 

toluene-mercuzy regulator# The thermootteter was calibrated by 

comparison with an lf#P.L# standard thezmemeter and Üie actual 

temperature of the bath was found to be %#93®C#

Technique of a typical run#

A 25 ml# portion of the acid to be used was weighed 

into a 50 ml# Quickfit conical flask vhich was then inn»rsed in 

the thezmostat for thirty minutes to acquire temperature equilibrium. 

The required quantity of the nitroguani dine in use was weighed in a 

Email weighing bottle on an Oertling Semi-micro balance, accurate 

to t  0.00002 g#, and ejected on to the surface of the acid#

Reaction time was measured fẑ xn this moment# The flask was 

stoppered and vigorously shaken ti l l  the solid was entirely in 

solution# Solution time was from 1-2 minutes in HgSOĵ  - HgO 

<Cl min# in H#1Ĉ  - H2O and took ipto 5 mins# in H2SC|ĵ  - HQAc 

mixtures# Eight 2 ml# saisples were removed by pipette at suitable 

time-intervals, the reaction was stuped by running the contents 

of the pipette into 100 ml# ice-cold water in a 250 ml# volumetric
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flask which was instantly stoppered and shaken and these 

aqueous solutions were later made to 250 ml, €uad analysed 

for nitroguanidine by an absoiptiometric method, (ll).

Times were meeisured on a stop-clock which lost only 30 secs, 

in 24 hours. Further sanples were then removed at appropriate 

intervals to detezmine the point of equilibrium.

Calibration of Pipettes,

The. pipettes used were calibacated in tezms of the 

weight of acid delivered on copiying and dreeing for 30 seconds 

for every mediimi used. As the sulphujçdc-watar and sulphuric- 

acetic mixtures used were rather viscous, pipettes used for 

these media had the tips ground to permit rapid emptying,

Typical Calibrations* . , ..

Weights of 85.^ HgSOĵ  - HgO denvered at

3.4263 g., 3.4307 g. 3.4269 g, 3.4356 g. 3.4164 g. 3.4442 g.

Average wei^t delivàc^ = 3.430 g. -

Weights «f 67.Ĉ  HOIÔ delivered at 25®C.

3.2009 g. 3.2009 g. 3.2305 g. 3.2076 g,"

.Average weight delivered = 3.205 g.

Weights of 64.!$̂  HgSÔ in i«3Ac delivered at 25“C, ,

2.9439 g., 2,9477 g. 2.9542 g.

Average weight delivered = 2.946 g.
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Method of Analysis.

The convenient ultraviolet absorption of nitroguanidines

in a region in which neither guanidine nor nitric acid absorb

appreciably provides a sinple method of analysis. The spectra
o

of nitroguanidines between 2100 and 3000A have been measured in 

water, alcohol and other solvents (26-33)» and they show a character­

istic absorption band with a peak of £max,̂ 10,000 - 20,000 at 2600-
o o

27OOA with a smaller peak at 2100-2200A of Bnax, 5000. An

investigation of the absorption spectra of all Hie canpounds used 

in water and dilute acid was undertaken and the results together 

with cooparable previous measurements are given in Table '/11 •

The spectra were measured on a Hilger Uvii^k, - the 

cell-jacket of vhich was controlled at a ttsnp«rature of 25 ± 1®C. 

by the continuous pimping through i t  of water from a thermostat.

The peaks in acid solutions of <  0,15N strength were found to be 

similar to those in water solution but above that acid strength the 

ma-riimm extinction value began to drop. Solution for analysis were 

thus diluted to an appropriate, acid strength below 0,15H. Solutions 

obeyed Beer's Law to within 0.^ within the most accurate optical 

density range of the instrument (D = 0.2 - 1.0) where density^

D s log ^ j  7 ^  = intensity of light transmitted from the solvent 

and I is that transmitted by the solution in question.
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Compound Solvent Bnax. À  max . Reference

Nitroguanidine water 14100 . 2650 31

0.2N HgSÔ 14100 2640

N-Methyl-N' -nitroguanidine ethanol 15600 2690 27

0-0.16k HgSÔ 14040 2670 11 -/j:

0-0. 16N BCIÔ 34030 2670

N-Cyclohexyl-N • -nitroguanidine ethanol 15500 2730 2 7 ,

0-0. IN HgSOjĝ

2«4<fi trimino-1: 3*-diazacyclepentane ethanol I66OO 2670 27 ;

0-0.2NH2SÔ 16160 2655

0-0. ZN HOlOĵ 16160 2655

4-Me thyl-2-ziitrlmino-l 2 3-diaza- ethanol 17700 2655 27
cyclopentane 0-0.  2N HgSO^ 17340 2660

2-Nitrimino-l 2 3-diazacyclohexane ethanol 17400 2730 Z7

0-0. 2Î HgSÔ 15450 2680

0-0. 2N HCIÔ 15450 2680

N:N-Dimethyl N •-nitroguanidine 0-0. 2N HgSÔ 11350 2730

5-Nitramino-l : 2:4-triazole 0-0.2N HgSÔ 12400 2820

T est o f Accuracy of Method»

A known weight o f the conpound was introduced in to  a known 

weight of 5Ĝ  HgSC  ̂ contained in  a  50 ml» con ica l f la s k  imnersed in  

a  thezm ostat a t  25% , Samples were removed w ith  a  2 ml. p ip e tte  as 

in  a  normal run and run in to  d i s t i l l e d  w ater in  250 ml. volum etric
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f la sk s . The absozptlon of the solutions obtained was investigated  

on a Uvispek i^ctrophotom eter and found to agree w ith th a t calculated  

to w ithin

Exanple:-
o

2-Nitrimino-l:3*-diazacyclopentane. Optical densi^ at 2655A.

Observed Calculated 100 Dobs./-Dcalc#

.479

.483 ) Average .481 .483 99.^

.479

The absorption of guanidine (126) alkylguanidines (ll) and 

that of 2-aminotetrahydropyrimidine (127) is negligible at 2600-2700A.

The absorption of 2-aaino-l:3-diçu5oqyclopentane nitrate (p. ̂ 6) was 

investigated and found to be negligible also. The nitrate ion has 

an extinction of £ a 2 in this region and frcsn previous considerations 

(11), may be neglected so long as denitration is less than 9 ^  conplete.

C. Measurement of Ionisation Ratios.

The spectrophotemetrie method developed by Flexser, Haxon»tt 

and Dingwall was used (56). If £ is the ^tinction coefficient at 

a particular wavelength of any solution containing a partially ionised 

indicator base and £ end those of the ion and the base at the 

same wavelength then the ratio of ion to base in the solution may be 

computed from the equation £ /f = (Eg^  ̂E T £g)
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Absorption measurements were carried out on a Hilger

Uvispek, the ceUL-jacket being thermostatically maintained at

25%. (see Pm s o ) .  The spectra of indicator solutions at various
o

stages of ionisation were measured from 2100A to the limit of 

measurable absoxptlon and plotted as ^  versus wavelength. From 

such a grafh, sgiitable wavelengths for evaluating the ratio

were found. A specimen graph for the ionisation of

4-nitro-l:2-pheiylene diamine is shown. (Pig. IS )♦ The wavelengths 

chosen were J3oo  -  L 000 a i  /n^ Br vo  I s  o-f  100 /9- 

At other wavelengths insufficient divergence of the curves for the 

ionised and unionised f ozms would limit severely the accuracy of 

[[ / [  b[] values. An arithmetic mean /{jB ^ values

for axy particular acid was taken over all the calculated values.

Betozmination of Extinction Coefficients.

A solution of the compound in 23 ml. of acid solution 

was made. An appropriate amount of this solution was weighed out 

and diluted with a further 25 ml. of acid. Concentrations were 

designed to produce an optical density of 0.2 - 1.0 on the Uvii^k. 

Solutions were inserted by pipette into the closed cells used. The 

cell was rinsed with solution several times then filled and stoppered. 

The outside of the cell was rinsed with distilled water and carefully 

wiped dry with filter paper, and thecptical density of the solution 

measured at various wavelengths. The spectrum of the ooopound was
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worked out as follows from these data.

^ectrum of 4-Nitro-l:2-phenylenediainine in 72.^ 

Perchloric Acid.

1st weight of weighing bottle + cenpound = 6.16792 g.

2nd « « « « " a  6.16277

• • weight of compound used = 0.00515

Solution 1.
weight of flask + conpound » 69.4828 g.

" " " ’• + acid « 111.0196

. . wei^t of acid used s 41.5568

. . Concentration of Solution I = 0.00515/41.54 x 153 n/g. soln. 

Solution H.

weight of flask = 53# 6576 g.

“ " " + Solution I = 56.9581

® ® " ** + acid a 99.4216

. • Concentration of Solution H = .00515 x 1000 x 3.301 x 1.708 m/1

« ^ 74  z  lO"  ̂ a /1 .

Densities were obtained from the International Critical Tables.
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Solution H

A D leg D leg E • £

2100 .683 1.8344 3.8355 6850
2200 .335 1.5250 3.5261 3360
2300 .531 1.7251 3.7262 5320
2400 .759 1.8802 3.8813 7606
2450 .786 1.8954 3,8965 7880
2475 .791 1.8982 3.8993 7930
2500 .774 1.8887 3.8898 7760
2600 .5"^ 1.7619 3.7630 5800
2700 .329 1.5172 3.5183 3300
2800• > .184 1.2648 3.2659 1850
2900 ;I02 1.0086 3.0097 1020
3000 .047 2.6721 2.6752 500

Solution I

3000 .960 1.9823 2.8142 • 690
3100 .551 1.7412 2.6*01 400
3200 .210 1.3222 2.1811 150
3300 .193 1,2856 2,1445 140
350Ô ,122 1.0864 1,9453 90
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D. Recovery of D enitration TToùacta.

Each n itro  guanidine (0 ,0 1  m) was accurately weighed out 

and dissolved in  a solution of 0 ,0 1  m, ace tan ilide  in  10 ml, 9^  

sulphuric acid  kept in  a  thermostat a t  25®C, ' A fte r  solution 

the mixture was k ^ t  a t  23®C« fo r  twenty minutes and then poured 

in to  75 ml# of cracked ice  and water. The p rec ip ita ted  p-nitano- 

ace tan ilid e  was recovered and reczy s ta llised  from 25 ml# alcohol.

The alcoholic f i l t r a t e  was evaporated to 5 ml, and a  second crop 

obtained. The q u an titie s  of p -n itro ace tan ilid e  formed were thus 

ascertained .

In  the case of 2-indno-l: 5-diazoqyolopentane the base was 

recovered as n i t r a te .

The ice-w ater f i l t r a t e s  were neu tra lised  to Congo Red paper 

with bariisa hydroxide. The barium sulphate was recovered by 

f i l t r a t io n  and the f i l t r a t e  was evaporated w it^ 2  ml, concentrated 

n i t r ic  acid  to a bulk o f 4  ml, and allowed to cool, A mass of 

elongated d ir ty  brown needles m,p, 104®0 ,  was obtained. On 

re ca y s ta llisa tio n  fZom ethanol (x 10) the c ry s ta ls  were s t i l l  

straw^<x)loured and had m,p, 112-113%#

The ccnpound was id e n tif ie d  as 2-am ino-l:3-diazacyclo- 

p entene n i tr a te  by conversion to i t s  known carbonate and p ic ra te  ( 126), 

A hot so lu tion  of the conpound in  the le a s t  volume of 

alcohol was added to a  hot concentrated edcoholic solution of p ic r ic  

acid , and the p ic ra te  in s ta n tly  p rec ip ita ted  m,p, 219*220% , ( l i t ,  

218- 220% ,)  ( 128),
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A solution of the ccrapound in alcohol was treated 

with solid, carbon dioxide and a ^i^te precipitate wa.s slowly 

foimed, m,p, 134%. (lit, 135*137%.) (128), ,
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Section HI, Results and Discussion,

A, The Nature of the Reaction.

When nitroguanidine is dissolved in a concentrated 

solution of a strong acid, its concentration falls to a constant 

value with time. The concentration of nitric acid meamdiile 

rises from zero to a constant value. The reaction has been 

shown to be an equilibrium between nitroguanidine on the one 

hand and guanidine and nitric acid on the other (lOO, 101, 102), 

Holstead and Lamberten demonstrated that when 

acetanilide was dissolved in 9^ ĤSÔ prior to addition of 

nitroguanidine, transfer of the nitro-group to acetanilide 

occurred, 'Qy isolating and weighing the p-nitroacetanilide 

formed they were able to show that nitroguanidine was as efficimit 

a nitrating agent as potassium nitrate (lOO).

When 2-nitrimino-l:3-diazacyclohexane, 2-nitrhnino-l%3- 

diazacyclopentane, 4-motlyl-2-nitrimino-l:3-diazacyclopentane and 

NxN-dimetlyl-N'-nitroguanidine were dissolved in 95.^ ^2^4» 

concentration of nitroguanidine, as determined by qpec trophoteme trie 

analysis of samples diluted to 0,2N fell to a constant value,

Acetanilide was dissolved in the acid before addition éf the 

nitroguanidine and the quantities of p-^iitroacetanilide obtained 

on dilution of the acid are shown in Table IV,
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Table IV.

Ccmpound, of th e o re tica l M U tro-
acetan ilide  obtained.

P .ta» 8iv« n ito a te  (c o n tr .1 ) 72 ) ^  Ref.(ioo),
Nitroguanidine 73 )

2-Nitrimino-l :3*diazacyclopentane 72

4-Me thy 1-2-nitrimino-l 2 3-diazacyclo- 72^3

pentane

2-Nitrimino-l : 3*dlazacyclohezane 71

Ndi-tomethyl-N'-nitroguanidine 7I

The quantify of n i t r ic  acid lib e ra ted  was thus in  a l l  cases equivalent

to  th a t obtained from potassium n i t r a te  and amounted to  con^lete

d en itra tio n . These data confirm th a t d en itra tio n  analogous to  th a t

of nitroguanidine occurs fo r  a l l  the compounds in  Table IF .

B. S tructure of Nitroguanidines in  A dd Solution.

The nitroguanidine molecule i s  probably a resonance lyb rid

with appreciable contributions fZosn forms with a  nitrim ino group

presen t. When the c@o%)ound i s  dissolved in  water, the u ltra -v io le t
o

absorption spectnxn shows a band with mxiTmm extinction at 2640A of
o

14000 (26-33) and the beginning of another band a t  2100A, The 

spectnsn of nitram ide NHg.NOg shows a broad band a t  2260A with a 

peak of 5900 (29). A nitramino stru c tu re  fo r  nitroguanidine 

ixBplies no conjugation between the nitram ide and guanidine residues 

and so the spectrum would be sim ilar to th a t of nitram ide plus th a t 

o f guanidine (transparen t in  th is  reg ion). The large wavelength
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sh if t and increase in  maximum found are therefore not consistent

with the nitramino structure. The spectrum could re su lt e ither

from a nitrimino structure or a resonance hybrid with a major

contribution from the nitrimino form. See Fig. 3*

Similar spectra are observed fo r most nitroguanidines

except those with ary l substituents. .Spectra of NdJ-dimethyl-N’-^aitro-

guanidine and 3*nitramino-1 :2 :4 -triazo le  used in  th is  work were not

previously recorded and are noted in  Fig. 4  and Table V. A ll the

spectral data in  th is  Table were measured in  th is  work as previous

reeorded re su lts  were by various authors and in  various solvents.
o

In acid solutions the peak a t  ^  2700ft has a lower extinction value
o

fo r a l l  conpounds studied and a new peak appears a t  ̂  2230A. In
e

40-3(^ HgSOi t̂he peak a t  ^  2230A reaches a maximum value of ^
o

9000 fo r  a l l  nitroguanidines studied, while the 2700A peak 

disappears. The apectnm of N-methyl-N * ̂ nitroguanidine has been 

measured up to HgSÔ  ( l l )  and the re su lts  indicate tha t no

further change takes place in  structure to tha t level. Measurements
i

on th is  cenpound a t higher a c id is e  are impossible because denitration 

i s  too rapid. The change in  spectrum is  consistent with the addition 

of a paneton to the nitroguanidine molecule, and pK  ̂ values fo r Ihe 

conjugate acid of several of the oeopounds are given in  Table V.

The :Q)eotnm of the ion is  in  each case sim ilar to th a t of the 

simple nitramide (29) and methylnitramide ( 129) molecules, having
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a s lig h tly  higher ex tinc tien  maximum a t  sim ilar wavelengths.

0-  0-

lyf

C = HH -  N + ^

/  %
^  C -  NH -  N+

/  %
HI v f

Resonant fozma of H I  are  consisten t w ith the nitramino

spectrum, but IV i s  not. Resonant forms of IV w ill  in  any case

have two adjacent p o sitiv e  charges and on these grounds are unlikely

to make much contribution . Nitzoguanidines in  strongly acid  solutions

are probably resonance hybrids of a nitramino s tru c tu re .

Table V,

Gempound. £ max.
Unionised

Amax. £ max. 
Form. Ionised

A max. 
Pazm.

2-Ni trimino-1:3*diasa- 16170 2655 (27) 9440 2260 —1,36

qyolopentane.

4-Me thyl-2-nitrimin0-l : 3* 17140 2660 (27)

diazacyclopentane.

2-Nitrimino-l : 3-diaza- 15450 2680 (27) 9700 2315 -0.71

cyclohexane.

K :N4Dimetbyl4f ' -nitro­ 11350 2710 8010 ~2100 -1.20

guanidine.

Nitroguanidine 14000 2640(26r33) 9940 2250 -0.96(32

Me thy Ini troguani dine 14040 2670 (U) 8700 2260 -0.86(11;

3-Nitramino-l : 3:4-triasole 12400 2820

Nitramide 5000 2200 (29)

Methylnitramide 7000 2300 (129)
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Assuming a second proton i s  taken uç>, i t  could add 

e ith e r to the amino nitrogen or the nitramino group. Ko sinple

method of detecting a  second ionisation is  available. Hardy and

Williams (I30) have shewn from ciyoscopic measurements tha t 

guanidine, vdiich forms guanidinium ion in  d ilu te  acid, does not 

accept a second proton to any great extent in  acids weaker than 

9% By analogy, Hardy-Klein has concluded th a t ihe

weakly basic nitroguanidinium cation is  unlikely to form a 

doubly charged ion below ih is  acid strength. Urea, a base of 

sim ilar strength to nitroguanidine does however add two protons in  

concentrated sulphuric acid (I3I)# In  aiy  case only a very small 

frac tion  of diprotonated form (lO** )̂ need be necessary fo r a 

reaction to proceed through th is  form and such quantities would 

escape detection by the most sensitive methods.

C. D enitration.

Order of the Reaction.

The ra te  of approach to equilibrium fo r 2-nitrim ino- 

1 : 3*diazacyclopentane, 4-c&eth y l-2-n itrim ino-l : 3-diazacyclopentane, 

N:N-dimethyl-N*-nitroguanidine, 2w iitrim ino-l:3-diazacyclohexane and

5-*iitramino-l:5 .:4- tr ia z o le , has been measured by following the change 

of nitroguanidine concentration with time in  sulphuric acid and also 

in  perchloric acid (fo r 2-n itrim in o -l:3-diazacyclohexane and N-methyl- 

N*-nitroguanidine) and in  sulphuric acid -  acetic  acid mixtures (fo r 

the hexane only).
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Sijnkins and V/illiams ( 102) and Hardy-Kleizi ( l l )  

have previously shown th a t the den itra tio n  reaction  fo r  

nitroguanidine and i t s  m ethyl-derivative i s  f i r s t  order and i s  

opposed by a second order n itra t io n  reaction  and they Œployed 

the ra te  equation,

^( 9̂ -  ?■).........  [l8 ]
t  ( 2a -  xe) axe + x (a-x e)

(where i s  the velociiy  co e ffic ien t of the forward ( f i r s t  order) 

reac tion , a  i s  i n i t i a l  co n c ^ tra tio n  of nitroguanidine, x i s  Hie 

concentration a t  time t ,  and xe = x a t  equilibrium ), to obtain 

velocity  co e ffic ien ts  fo r  the d en itra tion  reac tion . The quantity 

log |^ a (x e  -  x)^  x(a -  xe) + a x ^  viien p lo tted  against tiiae gave 

Eiccurate s tra ig h t lin e  p lo ts  fo r  the fiv e  compounds studied in  a l l  

ranges of sulphuric and perch loric media, vgp to  about 8Ĉ  completion 

of the reac tion . Typical p lo ts  are shown in  F igs, 5 and 6.  This 

confizms th a t d en itra tio n  i s  of f i r s t  order and the back reaction  of 

second order. In  sulphuric acid-<icetic acid  m ixtures, the den itra tion  

was only followed to about completion as from there on a moz^ rapid  

secondary decomposition took p lace. The nature of th is  deconposition 

was not investigated  bu t was assumed to  be of the type mentioned by 

Hardy-Klein ( l l )  and Lamberton ( 132) . The l a t t e r  investigated  

q uan tita tive ly  the decomposition of nitroguanidine in  sulphuric 

ac id  a t  55%# Nitroguanidine i s  converted in to  urea, but the f in a l  

products depend on the concentration of acid because urea can be n itra te d  t% 

n itrou rea  which w ill  also  decompose fozming n itrous oxide, carbon dioxide
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and ammonia. Hardy-Klein noted the occurrence of th is  reaction  

a t  25®C#, hut i t s  ra te  was conveniently slow in  comparison with 

the r a te  of d en itra tion  and so v/as neglected.

V ariation of w ith Medium.

Values of obtained using the equation [^ISj are 

quoted in  Tables VI -  VHI, .

Table VI. V ariation of a t  a  fixed  i n i t i a l  concentration in  

SulphKttto Acid-iVater Mixtures a t  25% .

2-NitrinBino-ls3-dla aaqyclopentane.
-1,^  HgSO  ̂ k^(mlns.“ ) k^ (mean)

76.1  

78.5

81.2 

81.9 

83.3

0.000292
0.000312

0.00134
0.00131

0.00398
0.00399

0.00595
0.00609

0.01209
0.01204

0.00302

0.00133

0.00399

0.00598

0.01207

Concn. 0.008 M. 

% HgSO^ k^(m ins;"^)

85.1

87.5 

,89.9

92.6

0.0239
0.0247

0.0738
0.0742

0.1841
0.1992

0.522
0.529

k^ (mean)

0.0243

0.0740

0.1911

0.526

1- 2-n itrim in o -l ;3*dia2acyclopentane 
-1^  HgSO  ̂ k^(mins. )

76.1

79.2

81.2

0.000514
0.000514

0.00185
0.00186

0.00510
0.00521

k^ (mean)

0.000514

0.00186

0.00516

Concn. 0 .0 1  M.
-1^  HgSOĵ  k^(mins. ) k^ (mean)

83.3 0.0138 0.0136
0.0134

8 5 .1  0.0261 0.0260
0.0259

8 7 .5  0.0912 0.0919
0.0925
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4'4tethyl-2-nitrimino-l; 3-

% HgSÔ k̂ (ndns,~̂ ) (mean) 

81.9 0.00582 0.00595 

0.00608

2-Witrijnino-l : 3-diazacyolohexane.

f. HgSÔ k̂ (mins.*~̂ ) (mean)

68.03 0»000 0.000274

0*000

69.70 0.000 0.000546

0.000

70.5 0.000 0.000834

0.000

72.8 0.00286 0.00284

. 0.00282

H :N-DimetKvl-W' -nitroguanidine.

k̂  (mean)

69.7 0.000468

72.8

71-.8

0.00185

0.00163

0.00432

0.00441

0.00184

0.00437

Concn. 0 .0 1  M.

-1
f .  HgSO  ̂ k^(m lns. ) (mean)

Concn. 0.01 M.

fo HgSOjî  k̂ (mins.“̂ ) k̂  (mean)

74.8 0.00743 0.00738

0.00733

76.1 0.0110 0.0118

0.0125

78.6 0.0358 0.0364

0.0373

Concn. 0.01 M.
'

% HgSÔ k̂ (mins.**̂ ) k (̂mean)

79.2

81.9

0.0374

0.0353

0.121

0.116

0.127

0,0364

0.121
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5-Nitramino-l :2.:4-triazole. Concn. 0.0121.

k̂ (mine."̂ ) k̂ (mean) 55 HgSÔ l̂ (min8."̂ ) k̂ (mean)

67.0 0.000420 0.000436 74.8 0.01243 0,012̂ 3

0.000452 0.01243 4.

70.5 0.001130 0.001128 78.6 0.0622 0Z0630

0.001126 ; ; 0.0638

71.8 0.60213 0.00209

0,00205

Table VH. Variation of at a fixed initial eoncenixation in

' Btfiktfiilo AdA - «ttiv Bxtd*.'«* '2pA ' ' ‘

2-Nitriinino-l:3-dlazacyclchc0cane. Concn. O.OliL

55 HCIÔ lî (mina.~ } ' k̂ (nean) ^ HCIÔ k (̂min»,''b k̂ (mean)

59.6 0.000182 0.000186 64.6 0.00341 0.00346

0.000189 0.00350

63.6 0.00169 0.00167 67.0 0.01288 0,01274

0,00165 0.0126

NHUethrl-N ' -mitroKuanidine. Concn. O.OlHa

55 BOIÔ k̂ (mins.~ ) k̂ (iiiean) Jg HCÎÛ̂ kĵ Cjains,*̂ )̂ kŷCmean)

59.6 0.0000371 0.0000380 , 69.0 0»0301 0.0102

0.0000386 0»0102

64.6 0.000307 0.000316 72.0 0.0632 0,0632

0.000324 0,0631

66.4 0.00207

0.001)6

0.00202
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Table VHI. Variation of at fixed initial concentration in 

Sulplniric Acid - Acetic Acid 3,fixtures at 25%.

2-KitrimiJiD-l:5-diazacyclohexane. Concn. 0.01 M.

HgSÔ w/w.

52,7 0.000736

55.8 0.000894

59.1 0.00150

64.6 0.00207

65.5 0.00578

71.1 0.0105

The values of increase rapidly with increasing acid 

concentration (ets seen in Pig, 7). Simkins and Williams (102) 

and Hardy-Klein (ll) attempted to explain this effect hut without 

success, I

Nitroguanidine probably exists in a nitramino form in acid 

solutions

^  C - KH.NO„ --------> ^  C - NH, + HNO,
/  /  ^

NHg mg

and the reaction produces a guanidinium cation and a nitric acid 

molecule.
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A conraon meclianism for first-order reactions in acid

solutions is represented by the scheme

fast slow
H"** -f B — =a. BH"*"  products

where a base B takes up a proton, the conjugate acid thus fomed 

undergoing deconposition. The Zucker-Hairmett lypothesis (61, 62) 

provides a convenient method of examining a reaction in terms of 

such a mechanism. The proton-uptake is for convenience supposed 

to occur to a very aooall extent, so that Bj »  ^ .

The Bronsted equation for the rate of the reaction is 

rate = k (BH***) /  f^+ vdiere {Wl*) represents activity

^tr* activity co­

efficient of the 

transition state.

If k is the equilibrium constant for the pro ton-up take, then 

rate = k K (b)(H'̂ ) /  f^+ .

Equating t)iis vlth the experimental rate, kĵ

k^M  = k K (B)(H+) /  f^+

H  '  K (H+) fg /

Wow, H* = ho where C is any Hammett hase.

»

# 9 k̂  — k#K. ho. f^y+ * fg f̂ fQ e

Provided the activity coefficient product (f^».fg) /  (f^+.f^) 

remains constant with charge in medium, then by taking logs we
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obtain the expression

log + Ho = constant,....................  ĵ lO^

(when tlie ionisation of B is considerable, a new expression is 

necessaiy and is similarly derived log + Ho +̂ | / FHl'Q=

constant).

If the relation [ lÔ j is obeyed the mechanism of the 

reaction is assumed to be onepresented by the scheme above.

Nitroguanidine in ĤSÔ exists entirely in the 

foxm of its conjugate acid, thus the mechanism of its denitration 

possibly involves uq>take of a second proton, followed by breakdown 

of the molecule. For such a reaction, the analogous expression

log k̂  + H+ = constant..........................

may be derived, where is a Hamnett acidity function defined as 

H+ = -log (H+). .

Simkins and Williams, and Hardy-Klein also proposed this mechanian 

but in absence of data for H+ they used Hammett's Ho values. The 

best method of testing []lo] is to plot log k̂  against Hq.

Simkins and Williams obtained a slope of -1.42 for this plot of 

their results and Hardy-Klein -1,5 for hero, but not knowing 

whether K© and H+ were really parallel, they were unable to 

make a firm conclusion. The parallelism of Hq and in both 

sulphuric and perchloric acids is danonstrated in Section IH,

G ( ). Values of % for sulphuric acid (84) and perchloric

acid (84 and Section IIIF) may thus be used in Ciq3 without 

affecting the constancy. No Ho values have been publislied for
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the sulphuxdc acid-acetic acid media under consideration*

Plots of log against H q  are shown in Pig. 8 .  The 

corresponding slopes are shown in Table IX.

Table IX.

Compound Acid Slope

5-^itraadno-l:2 :if-triazole ^ ^ 4  - 1.50

2-Nitrimino-1  % 5-diazacyclo- f HgSÔ - 1.44

hexane ( HCIÔ  ̂ - 0.54

N:N-Dimethyl-N*-nitro- ĤSÔ - I.50

guanidine

N-Methçyl-W*-nitzoguanidine ( ̂ 2^4 - 1.50 (ll)

( HCIÔ - 0.96

Nitroguanidine ĤSÔ 1.42 (102)

4*4iethyl-2-nitrlmino-l:3- EgSÔ 1.40

diazacyolopentane 

2-Nitrimino-l:3-dia2a<̂ clo- ĤSÔ 1.40 -

pentane

The slopes in perchlorio acid are close to unity indicating the 

unimolecular mechanism discussed above. However in sulphuric acid 

the slopes approximate to -1.4 in all cases. Fig. 9 demonstrates 

the vexy different slopes obtained for the same oonpound in the two 

different acids.

Before dismissing a unimolecular mechanism in sulphuric acid,
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it is necessary to consider previous work on the correlation of 

rates with Ho# Slcpes ranging from -0.7 to -1.5 have been

inteipx t̂ed in favour of this znechanian.

In deriving [ loj i t  was assumed that (^+ .fg)/(f^.f^) 

would remain constant with changing medium. In seeking a 

constancy of [ l o j  we are assixning that this activity coefficient 

tezm is invariant, i.e. that f^f^+ and vary in the same

way with medium. Hamnett and Deynip (84) established that 

f|/fpp4 and f^f^+ vary in the same way with medium to a fair 

approximation, vhcre B and C are two Hamnett bases (see Pig, 1).

The f^+ term is the activity coefficient of a positively charged 

transition state which is another form of the molecule TM+. I t

is thus feasible that f  ̂  should vary in the same way with medium

as fgg+. However, even t ^  constancy of may

break down where B and C are very different in size and polarity - 

for these properties affect activity coefficients very specifially.

A review by Long and McDevitt (68) sumnarises such effects, along 

with salt effects, Paul (69) has actually measured the effect of 

concentration of various salts on the function itself at low 

acidities, establishing specific salting-in and salting-out for 

various salts. The salt order was similar to that for the 

variation of activity coefficients of weakly basic non-electrolytes. 

Salt effects on Ho might explain slight differences in slopelog k 

against Ĥ found for the same reaction in different acids, a comnon 

phenomenon.
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Long and Mclnlyre (67) found slopes of -1.25, -1.15 and

-1.08 for the hydrolysis of methylal in various acids, and obtained

a slope of -1.4 for that of ethylal in hydrochloric acid (using the 

kinetic data of Leittinger and Kilpatrick) (133). Th^ suggested 

that

log k + Ho  ̂ log = constant...... 1̂20*1

vhere and f^+ are the activity coefficients of a methylal

molecule and its transition state and f  ̂and f^-f those of a 

Hamnett indicator and its conjugate acid respectively. Long 

and McIntyre also considered the possibility of the terms in 2oQ 

being subject to salt effects. The effect of changing salt

concentration on f^, f^, fgg+ and H©, and on k (at constant acid 

concentration was measured. An estimation of all the terms in 

[  2cQ was thus made possible. Taking account of these salt 

effects the slope of log k v. Hq for methylal in hydrochloric 

acid was improved from -1.25 to -1.04.

Gold and Satchell obtained slopes of -1.36 and -1.40 for 

the rates of deuterium exchange in sulphuric acid of deuterobenzene 

(134) and p-deutero-toluene (135) respectively, d̂ille for o-deutero- 

p-cresol (136) in hydrochloric acid the slope was -1.42. For maiy 

other deuterated ccmpounds and various acids which these authors and 

others studied, slopes were veî *'close to unity and it  seems equally 

likely that the mechanism suggested (rate-determining reaction of the
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conjugate acid of the substrate) for deuterium exchange is possible

even in these three cases. Specific salt effects were invoked as

an explanation of the non-unit slopes. A complete list of these

papers will be found in a paper by Satchell (137).

Gold and Hilton (138) have applied the Zucker-ilammett

hypothesis to results for the rate of hydrolysis of acetic

anhydride in perchloric, sulphuric and phocphoric acids, obtaining 
o f

slopeŝ -0,7 to -1,3 in plots of log k v, H©. These were interpreted

in favour of the formation of acetyliim ion from a protonated acetic
n

ajtaydride molecule in the rate-determining step. Various explanations 

of the deviation were suggested (a) the wide range of H© covered 

(b) temperature effects on H© (c) variation of the activity coefficient 

term in equation [  20̂ ] (d) specific salt effects e,g, of bisulphate

or sulphate ions. Measurem̂ ts of B© at various temperatures have 

since been published (60) showing that H© can in fact vary with 

teoperature. The first two explanations cannot, of course, be 

applied to the denitration reaction.

The nitroguanidinium ion is very different in size and 

polarity from the type of indicator used by Hamnett and Deyrtp,

An explanation, similar to Long and McIntyre* s seemed at first 

likely. But data were on hand to test this. In the calculation 

of the first pk̂  of several nitroguanidines (p# 60)# values of 

log|2 were obtained and are shown in Fig, 1 plotted

against % HgSĈ, Plots of log BJ /[^ BH*̂ are parallel to those
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for the Hamnett indicators, Agai#, the fact of 

and Ho being parallel, means that the activity coefficients 

of positively charged and neutral indicators vary in the same 

way with median. Accordingly, for the positively charged 

nitroguanidinium ion, activity coefficients should vary in the 

same way as for a neutral Hamnett indicator, A slope of -1,4 

for the denitration results in sulphuric acid cannot therefore 

be regarded as satisfactozy evidence for the unimolecular 

mechanism.

It is obvious from Fig, 9» that in sulphuric acid, rates 

are increasing at a greater rate than in perchloric acid for a 

corresponding increase in acidity as measured by Hq. The reaction 

rate is satisfactorily correlated with h© in perchloric acid, but 

not in sulphuric acid. This suggests catalysis in sulphuric 

acid by some species not present in perchloric acid. In the 

discussion of species present (p,8) it was noted that in 

perchloric acids in the kinetic region investigated (60-7C[̂ ) 

the species present were CIÔ*, ĤO'*' and ĤO. In sulphuric 

acid however HSÔ*, ĤÔ, SÔ*, HgO and ĤSÔ were all present 

to some degree throughout most of the kinetic range. Little 

HgSÔ can be present in 6"  ̂ ^2^4  ̂ the lower boundary and no 

HgO or S0̂ ~ is present in 9^ ^2^4* P̂P®r boundary,

Schubert and Zahler (139) and Schubert, Donohue and 

Gardner (140) have attenpted to explain decazboigrlation of
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aldehydes and decarboxylation of aromatic acids of the lype

(vhere A is alkyl, X is -CHO 

or -COOH)

in sulphuric acid in terms of specific acid catalysis. The 

rates of these reactions reach a maximum at a particular point, 

associated with the degree of ionisation of substrate to 

conjugate eicid, and fall off towards lOĈ Long (141)

considers the unimolecular mechanism is the best e3Q)lanation of 

variation of rate with medium for these results, altlwugh it does 

not explain the fall off in the highest regions, Schubert and 

2iahler, however, consider the relation obtained with H© (slope 

-Ofif) fortuitous, and consider bimolecular or teimolecular 

reactions with unspecified solvent species to be more suitable. 

Only qualitative evidence for this is cited and no strict 

quantitative treatment seems yet possible, Iso topic effects 

(142) are in accord with a bimoleoular reaction. The decrease 

in rate at highest acid concentrations might be associated with 

decrease in concentration of some catalytic solvent species. 

Again, an ê iqplanation on the lines suggested by Hughes, Ingold 

and Heed (96) for the similar fall in rate of aromatic nitration 

in concentrated acid may be possible.
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Harây-Klein also considered bimolecular mechanisms 

such as those studied by Schubert and co-workers, and proposed 

a quantitative treabnent,

a) B + HA BE* + A" B) B + HA—̂producta.

IB* + A~ y products 

B is the neutral substrate molecule. Both i&echaniams 

give rise to the same rate equation (ll), Hardy-iQein derived 

the expressions

log k̂  - log (HgSOĵ ) * const, .,,,^1~| for HA = ĤSÔ

log k̂  + - log (HgO) = const,,,,,.,,,,.£22^ for HA = ĤO"̂

These were tested with experimental values of k̂ , using values of 

(HgO) from a paper by Gold and Hawes (87), values of (ĤSÔ) 

calculated by Abel frcxn other data (143, 144) and Hamoett and 

Deyrup*s values of H© (55)* Neither of the two e3q>re88ions 

fitted the results as will be seen in Table X, A third expression

r 23I was incorrectly derived but fortunately the results were found
\to fit this expression,

log k̂  + H© - log (HgSÔ) - log (HgO ) a constant...........

No termolecular mechaniams were considered, but expression \ 

[2 2^ can in fact be derived for more than one termolecular mechanian.
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H. Hj {y
t N H; + NAL t  M|j

w w \  ; /a .
e-NH.NÔ  C -mh.nQ( ^  C- nm/zvô

T  ®  X  ITT
Msa- I —

t  ■ " ' @

CL
IN/K, IV Hn

\  yC -NH.NCU C ^ N ^ ^  ^  NO-

P + i/jO -+

-f*

If the nitroguanidinium ion is depicted as I, imagine a rapid 

protonation to the form U, Loss of the nitronioa ion from H 

would leave an entity such as V f  which wcmld be extremely unstable 

and would rearrange to the

NH9
\ c = m

©HH^

OT

guanidinium ion. All these s t^ s  can be accooplished in 

sulphuric acid by a scheme such as step ̂  involving atteick 

of on the x  position to release the nitro-group and 

simultaneous attack of HSÔ* on the g-position to create 

the Byxnoetrical guanidinium ion. A transition state for
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this reaction might be envisaged as III,

The Bronsted rate equation for the reaction is

rate » k )(Ĥ 0̂ ) /f^+ (where brackets denote

eaç̂ rimemtal mte - [ bH*] (actinties a«d B is

X (guanidine molecule,
K

From step 1 £H ♦ H  ̂ BHg

» (BH2**)/(HI*)(H*)

Substituting for

k  K g^(B H *)(H *)(H SO ^-)(H jO *)/f^+

To ellBdaate (ĤO*) HgO ♦ B̂SÛ̂ -—» HSÔ- + ĤO*

\ 0  - (HSÔ-)(H30*)/(H20)(H2SÔ)

\\jR ^  -  k  ^+ (lH *)(H *)K g^Q  (H 20)(H 2S0^)/f^+

h . Kgg+CĤXHgOXHgSÔ) Iĝ o

Now ho a (H***) . . . . . . . . . I '33 where C is any
base.
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Taking logs of both sides and assuming constancy of the activiiy 

coefficient portion.

log + Ho - log (H^) - log (HgSÔ) « constant..,...|^23_i 

The experimental results fit this expression vezy well as seen in 

Table JgSC over the range 65-8^  Log 3̂  is plotted against

Ho • log (HgO) - log (HgSOĝ) in Pig, 2Û, and near-unit slopes are 

obtained in every case. The results of Hardy*-£lein and Simkins and 

Williams are included for comparison. Above 8^ HgSÔ the rate begins 

to increase much more sharply and the reaction may then proceed through 

another mechanism,
\

Table X

2-Nitrimino-l23-diazacyclopentane, Cone, 0,00^ at 25̂ 0.

%  Add 76.0 78.5 1 81.2 81.9 83.3 85.1 |87.51 [89.9 92.6

log -3.51 -2.871 -2.39
i

-2.22 -1.93 —1.63 -1.13 -0.72 -0,28

Ho -6,33 -6.67 1 -7.04 -7.12 -7.34 -7.57 -7.91 -8.21 -8.4)

log(HgO) -1.88 -2.10 I -2.38 -2.46 -2,61 -2.79 -3.10 -3.48 i-3.95

logCHgSÔ) 6.96 7.34 7.71 7.79 7.99 8.21 8.50 8.78 9J35

log kĵ +Ho-3og(H20) -7.96 -7.A4 -7.05 -6.88 —6,66 —6,41 -5. 94!-5.45 -4wB0

log l̂ -log(H2S0̂ ) -10.47 -10.21 -10.10 -10.01 79.92 -9.84 -9.63!-9.50 -9.35

log k,+Ho-l*g(HgO)-14,92 -14.78 —14.76 -14.67 *14.85 -14.62-14JWI - 3 4 . 2 s -13»

-log(HgSÔ )
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2 -N itrim in o -4 -m eth y l-l:3 -d iazacy clo pen tan e , C ono.0 ■01 U a t  25*0.

A cid 7 6 .0  ! 79 .2 8 1 .2  1 81 .9 83.3 85 .1 87 .5

log - 3 .29 -2 .7 3 - 2 .29 - 2 .24 -1 .8 7 -1 .5 8 - 1.04
:

Ho - 6 .33 - 6 .76 -7 .0 4  ! -7 .1 2 -7 .3 4 -7 .5 7 - 7.91

lo g  (HgO)
1

- 1 .88  1 -2 .1 8 -2 .3 8  1 - 2 .46 -2 .6 1 -2 .7 9 -3 .10

lo g  (HgSO^) 6 .96  ' 7 .45 7 .7 1 7 .79 7 .99 8.21 8.50

log  k^4Ho-log(HgO) -7 .7 4 - 7 .3 1 -6 ,9 5 - 6 .90 —6.61 - 6 .36 - 5 . »

log  k^-logCHjSO^) - 10.25 -1 0 .1 8 -10 .00 - 10.03 -9 .8 6 -9 .7 9 -9 .5 4

log  k^+Ho-log(HgO) - 14.70 - 14.76 —14.66 - 14.69 - 14.60 -14 .57 -14.35

-lo g  HgSO^

N itro g u an id in e  Concn, 0 , 2U a t  25*0. (Sim kins A Williams)

Concau O.MI Concn. O.AM.

^  A cid 82.94 79 .24 75.47 71.48 79.24 75.47 79.24 75.47

lo g  k j —1.5 6 1 - 2 ,36 -3 .0 2  -3 .7 4 -2 .1 9 -2 .9 7 -2 .3 8 - 3 .1 7

Ho - 7 .27 -6 .7 7 - 6 .2 7  - 5 .7 2

lo g  (HgO) - 2 ,32 -2 .1 8 - 1 .8 3 -1 .3 9 1

lo g  (HgSO^) ♦7.94 ♦7.46 ♦6.86 ♦6 .23 i
lo g  k^-»Ho-log(H20) - 6 .5 1 - 6 .85 —7 .4 6  - 8 ,0 7 -6 .7 7 -7 .4 1 -6 .9 7 -7 .6 2

lo g  k j^ -lo g (H ^ j^ ) -9 .4 0 - 9 .72 - 9 .90  -9 .9 7 - 9 .83 - 9 .92 -9 .8 4 *0 .05

lo g  ly^*Ho-log(RgO)
-14.45 - 14.31 -1 4 .3 4  -1430 , - 14.24 '-34. ^ -14 .43 1-34.49

- lo g  HgSO^
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Table % (contd,)

N-Methyl-N* -nitroguanidine Concn, 0Q2M at 25̂ 0, See ref, ( 11)

N ;N-Dtmethyl*4( '̂ dtroguanidine. Concn. O.OUi at 25*0

% Actd 69.7 72.8 1
•’ 1

74.8 79.2 81.9

-3.33 -2.73 -2.36 -1.44 -0.92

Ho “5.48 -5.92
.

—6.16 -6.78 -7.12

log (HgO) -1.34
Î

-1.59 —1.76 -2.18 I —2.46
!

log (HgSÔ) ' 5.93 6.43 6.74 7.45 7.79

log ly4ao-log(H20]-7.47 “7.06 -6.76 -6.04 i -5̂ 58

log k̂ -log(H2SÔ), -9.26 -9.16 -9.10 -8.89 i -8.71

log kj4Ho-log HgÔ•13.40 -13.49 -13.50
i

-13.49
I
; -13.37

2‘4fltxd]nino-l: 3-dla jvtnylohexane Oonca. O.OIH at 25*0.

^ Add 1 68.0 69.7 70.5 1 72.8 74.8 76.1 78.6

log -3 . 5 6  ' -3.26 -3.08 -2.56 i -2.13 -1.96 -1.45

Ho -5.21 -5.44 -5.61 -6.92 -6.16 -6.33 -6.67

log (HgO) ' -1.22 -1.34 -1.41 -1.59 i -1.76 -1.88 ' -2.12

log (HgSÔ) ♦5.68 5.95 6.08 6,44 6,76 6.98 7.36

log k2 ô-log(HgO ) -7.55 -7.36 -7.28 -6.89 -6.53 -5.41 -6.00

log kŷ -log(mg80̂ ) -5.24 -9.21 —9.16 1 -9.00 -8.89 -8.94 —8.81

log lŷ Ho-loĝ gO )-log
-13.23 -13.31 -13.36

i
*13.33 -13.29 -13.39 -13.36

(HgSOĵ )
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5-Nitramino-l: 2 :A-*tria2X>le. Concn. 0.01 H at 25*C

fc Acid 67.0 70.5 71 .8 74.8 78.6

log - 3.64 -2.95 -2.68 - 1.91 -1.20

Ho 1 -5 .16I
-5 .6 1 - 5.76 -6.16 - 6.67

log (H^O) -1.16 - 1.41 - 1.50 -1 .76 -2.12

Idg (HgSÔ )̂ 5.52 6.08 6.28 6.98 I 7.36

log ]yHo-log(HgO) ■ 7.64 7.35 6.94 6.31  ' 5.75

leg  l^-log(H g80^) 9.16 9.03 8 .96 8.89 1 8 .56  ^

leg  iy^Æo-ieg(HgO) , 13.16 13.23 13.22 13.29  i 13.11  1

-log(H2S0̂ )

Tablo H

 ̂3*6iaMLCvcIopeâ — .

?5 Acid 85.1

log -1.63

log (HgO) -2.79

log kj + lOgCHgO) .4.42

25°C. Conca. 0.0034

87.5 89.9 92.6

-1.13 -0.72 -0.^

-3.10 -3.48 -3.95

-4.23 -4.20 -4.23

The equation [  Z3j can he derived in otiOer ways.

Texxnolecular mechanisms between the species EH*

or between HgO* HgSÔ and EHg*̂  would give rise to the same eQuression.

But RgSÔ will not be present to any great extent in media below

HgSÔ, Oxonium and bisulphate ions will be present in large quantities
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in all the media studied and so the first termolecular mechanism 

proposed is more plausible,

Hazdy-Klein (145) has recently suggested himolecular and 

unimoleoular reactions of a solvated nitroguanidiniian ion which 

would lead to [^23] »

A typical bimoleoular reaction may be presented thus,

BH* ♦ ^2^4^=^^^ ^̂2^ 4}* (solvated complex)

HgSÔ J
+

4 ĤO —̂productsT

rate » k( £BH.H2S0j.*)(H 0̂*)/f^++

Far the solvation = ( ^BH.H280^)/(m*)(a^^)

. « rate m )(HgSÔ)( B ^ O * ) / f («gierimentàl rate)

Eliminating (ĤO*) as before (p. 79)

-  «^(HgaO^XHgOho Eĝ o

*
• • log * log (HgSÔ) + log (HgO) - Ho + constant.

Other equivalent mechaniaas include solvation by ĤO* and bimoleoular 

attack by and solvation by ĤO* and with unimolecular

breakdown of the ecnplez. The most likely solvation mechanism would 

presumably involve BHg and the iQrdroxohium and bisulphate ions, as 

these are most prevalent in the media studied.



— 84 -

Above 8^ ^SC ,̂ a few results are available for 2- 

nitrimino-*l:3-diazew?yclopentane. They do not fit any of the

relations derived previously 21̂  , [~ 22j and 23J , but the 

relation log + log (HgO) = c o n s t a n t , t o  hold,

(Table H), The Âict that the rate is increasing much more shazply 

above 8^ suggests the participation of a solvent ^ecies

previously present in very small amount, or the disappearance of 

some solvent species which previously retarded the reaction or 

sing)ly rapidly increasing diprotonation. Squation [  24̂  

inplies retardation by HgO#

The fact that a sharp rise in rate occurs just above the 

equlmolar mixture of sulphuric acid-water is definitely consistent 

with the picture of specific catalysis by the solvent species. The : 

raẑ e of acid covered was from just over the 2%1 molar ratio of water to 

sulphuric acid to just under the 1:1 ratio, Nitroguanidines with rates 

faster or slower than those measured would extend the range and this 

may clarify the picture, ,

The constancy found experimentally for Q233 is of course 

dependent on the quantities Ho, (RgO) and (HgSĈ ), The first two 

are of knownreliability* Abel*s values of (Ĥ ŜÔ) are based on 

indirect vapour pressure measurements. Activity data from direct 

vapour pressure measurement of vapour would be more valuable.
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Vdriatio& of with initial reagent concentration,

Simkins and Williams (102) and Harây-£lein (ll) fouM that 

k̂  increased slightly as the initial concentration of nitroguanidine 

was decreased. This effect has been verified for 2-nitrimino-l:3-* 

diazacyclohexane and N iN-dimetbyl-N * -nitroguanidine but for 2- 

nitxixBino-l:3-<liazacyclopentane and its 4-o»thyl analogue, no change 

in k̂  ^th reagent concentration was observed. Results are in 

Table XII.

Table XU.

Variation of Denitration Velocity Coefficients with Tifttial 

Reagent Concentration.

Compound Acid Concn. (m/1. ) k̂ (minsr 1

2-Nitrimino-l: 3-diasacyclcpentane 81,2 0.1 0,00399
# R o . o a 0.00385

m # 0,022 0.00400

m ft 0,0098 0,00405
« ft 0,0072 0.00391
* ft 0.0045 0.00384

4'4#ethyl'-2-nitidmi«Sml%3m4ia gaçyclopentane 87.0 0,0965 0,0451
w ft 0,0082 0,0444

2-nitrimino-l : 3-diazacyclohezane 78.6 0,0299 0.0302

« ft 0,01 0,0364

2-nitrimino-l :3-diazaoyclohexane 72.8 0.0296 0,00270

» ft 0,01 0,00286
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Table XII. (Contd.)

Compound Acid Concn, (ra/1. ) k,(iains.” ,

H :H-dimethyl-N* -nitroguanidine 79# 2 0.038 0,0328
m R 0.009 0.0374

« 72,8 o.oa 0.00173

It M 0.01 0.0018A

The variation in with initial concentration, vhere it occurs, 

haa been attributed (102, ll) to (l) a single dilution effect,

(2) reduction of the acidity by nitroguanidine present, (3) change 

in ionic strength. The second and third explanations are feasible 

on the grounds that salts such as ammonium sulphate (68) have been shown 

to have a definite effect on the acidily. The fact that the rates for 

2-$%itri%Dino-l:3"diaza-oyolopentane and its 4-methyl derivative do not 

alter noticeably with initial reagent concentration seems to contradict 

this, as the effect of all nitroguanidines with single alkyl substituents 

should be the same. But it should be noted that for the other two 

ocmpounds at lower acid oonoentrations (e.g. 72,^) the rates do not vazy 

nearly so markedly with initial reagent concentration.

On Pm 8^ the ̂  denitration for all con̂pounds in all media studied is 

given. The pentanes denitxate to at least 8Ĉ  in most media, and so 

the back reaction can occur only to 20̂  and the reaction is almost 

entirely a first order denitration. For the hexane and the dimethyl 

compound the amounts of denitration vazy much more with median, and in
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the region of greatest denitration, the rates are less affected 

by concentration. In regions where the back reaction takes place 

to any extent (say 5C^) a definite rate change with initial 

concentration is observed. Thus the unahAngmd nitrogtiania-i in 

a reaction may have an effect on the rate, and the phenomenon 

for particular cocçKxunds may be caused by the state of the equilibriun 

for the particular medium and concentration.

D. The Nitroguanidine - Guanidine Nitrate SquilibriMiu

The extent to which each nitroguanidine was converted to 

the corresponding guanidine was measured by means of finding the 

equilibrioB concentration of nitroguanidine, for 5-nitramino-l: :̂4- 

triazole, 2-nitrimino-l: 3-diazacyclohexane, NtN-dimethyl-N*-nitro­

guanidine, 2-nitrimino-l:3-diazacyclopentane and 4‘Haethyl*2-nitrimino-
é'

1:3-diagacyclopentane in sulphuric acid, tp to 100̂ , for the hexane 

and N-iaet̂ l-N*-nitroguanidine in perchloric add, and for the hexane 

and guanidine nitrate in sulphuric acid-acetic add mixtures. The 

 ̂ conversion is plotted against ̂  acid in Fig. 11 and the data are 

collected in Tables HII - XV. The mean value of ̂  conversion quoted 

is nozmally an average of at least two e3q>erimentally obtained values, 

except in sulphuric acid-acetic acid mixtures, where all media were 

made up separately for each individual run, and so no run could be 

repeated.
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From Fig. 11 it ia seen that in sulphuric acidnirater 

mixtures the minimum amount of denitration for all conpounds occurs 

in the 85-8Q!̂  HgSÔ region; in sulphuric acid-CLcetic acid, mixtures 

it ia a miniimm at 73̂  2̂̂ 4* Efo minimum is observed in perchloric 

acid. The results for the three media ^pear quite unrelated, but 

the quantity percentage acid ir/jf is not necessarily an appropriate 

function of medium oongpoaition. Consider instead the mole ratios 

of base to acid at which the minima occur. The minima in -

are at the mole ratio 0.77 - 0.93 of water to acid, the minimum 

in sulphuric acid-acetic acid is at 0.62 mole ratio of acetic acid 

to sulphuric add, while the mole-ratio is greater than 1 for all 

perchloric acid media studied. The mole ratio HgOzBDlÔ is less 

than unity only in acids over 8^ strength and possibly this is the 

reason no miniimao is observed in the media studied, although a trend 

to more nitration occurs at higher acid strengths.

The quantity % denitration gives a measure of the relative 

rates of the forward and the back reactions. At the lower acid 

strengths, the rate of nitration is increasing faster than that of 

dénitration, but beyond the minimum the nitration rate does not 

increase so fast, and probably begins to fall off, while continues 

to inoreeme. For 2-nitrimino-l :3-diazacyolppentane, k̂  does in fact 

inorecuM very sharply beyond the miniimsB (see Table VUI).
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Simkins and W illiam s es^ressed  the corresponding data  

fo r  n itroguanid ine i t s e l f  in  tiie form o f an equ illbriii&  product K. 

TaB l. E g .

%  D en ilro tio n  in  Sulphuric A d d ,

2-Hitrimi«o-l:3-diazacyelohe%an* Concn. O.OUi Tamerature 25®C.

^ Denitration lag E $ HgSÔ ^ Denitration log E

68.0 70.0 1.800 78.6 35.6 2.706

69.7 68,0 1.840 ; , . 81.9 27.2 2.993

72.8 53.1 , 2.221 . 85.1 ’ ; • 23.1 . 3.159

74.8 , : 47.4 • 2.369 22.0 3.207

76.1 , - 44.6 - 2.443 - . ^.9 71.6 1.744

MH-Dimetfayl-H*-«itroigiian'ir}lne' ConcB.0.01M ieoDerature 25*0.

HgSÔ ^ Denitration
- > . - . ' . 
log E ^ HgSÔ % Denitration logE

69.7 . 96.0........ 0.510 8:U9 66.8 1.871

72.8 94,6 0,790 .85*1 , 47.9 2.356

74.8 89.4 . . 1.107 87.5 43.0 2,509

79.2 77.2 1.583 . 94.9 93.9

81:2 66.1 1*838 99.1 96.8

. f ‘ ■ f • .
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Table nxt (contd. )

Conca. 0.006M Temp. 25*C.

^ Denitration log K ^ HgSÔ 5? Denitration log K

76.1 84.1 1.4487 87.0 76.9 1.689

78.6 81.5 1,542 87.5 76.6 1.689

81.2 79.7 1.601 89.9 77.3 1.677

81.9 79.3 1.614 92.6 78.7 1.633

83.3 ' 78.7 1.633 94.9 81.7 1.558

85.1 77.9 1.658

5-Nltramino-l: 2;4-triazole. Cone. O.OIH Ten®. %*C.

^ Dénitration log K HgSÔ $ Denitratlan log K

67.0 74.0 i.741 84.1 43.9 2.470

70.5 , 67.2 1.861 87.5 ■ 58.0 2.096

71.8 63.0 1.970 89.5 59.3 2.063

74.8 56.1 2.145 91.2 88.6 1.162

78.6 53.6 2.217 93.8 91.6 1.000

83.4 44.9 2.437
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Table XIV.

^ D én itration  In P erch loric AcldU

Conca» O.ODf Tag). 25”C.

^ HCIÔ ^'Dénitration log S jS W lû . 55 Dénitration log E

59.6 ,85.9 1.281 64.6 63.1 2 ,0 7 1

63,6 68.6 1.824 67.0 54.0 2.198

N-üiethyl-B* -nitroguanidine Concn. O.OIK Tens). 25*0.

JSHOID̂ ^ Dmltration log K ^ BC3C. ^ Dénitration log K

59,6 98.0 0.319 69.0 60,9 2.0231

6L.6 85.7 1.289 72.0 , 48.1 2,351

66A 76.7 1.598

Table XV.

■ •' ■
•

<£ Nitration in Sulnlî C! ■ •

Guanidine Nitrate. Concn. O.Oiâ . Tag). 25*C.

56 Nitn. • % Bg80̂  Néan ̂  Nitn.

49,6 40.4 ‘ . . . .  - 64,4 82.9

52.7 50.4 66.1 ,86,5

56,2 61.0 70.1 93.8

58,2 66.9 74,1 95.1
60.3 71,7 76.1 88.7

80.2 73.1
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” \
i

vAiere IT and G are the neutral nitroguanidine and guanidine molecules |

respectively and the velocity constants d@aitration i

and nitration, respectively# K decreases nidth initial nitroguanidine '
I

concentration# - The following treatzaent was %plied (ll, 101)#

The aijipleat expression of the denitration is

m r * ÇR*  ̂ m o^

with the otter equilibria also occurring.

HQKOg + HOg* ♦ + 2HSĈ"

HgO .♦ HgSÔ  H3O* ♦ HSO J  . i
Collecting these, the expression becomes,

NH* ♦ HgSO ;̂;;̂  OR* + NOg* ♦ HSÔ“

Eo . (HH*)(HgSÔ ) / {œ+)(HDĝ )(HSÔ -)
Eliminating (HSÔ~) and then (HgSÔ) by means of the other equilibria.

Ko » (HH*)(HgO)

=[m*] (H20)Zg f̂NH+ /  [oH'] (^ 03'] E HNOg. fGH+.ffiuOj 

b«t E ={ /[<m][mo3] (),a.«,.[%+]«[HONOg] )

. .log Ko m log K + log(HgO) ♦ log + const..

The activity coefficient ratio is sysmetrical in charge, and any variation
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in it may be attributed mainly to which could conceivably be

constant in this range.

Slopes of log K against log (5̂ 0 ) for media below the 

minima were obtained as follows frcm Fig# 12.

* :N-dime thyl-jf ' -n i troguanidine ( - 1»23)

2-Nitrimino-l% 3-diazELoyclohezane (-0.99) 

5-Nitramino-l:2:!̂ -triasole (-0#90)

and indicate that the variation in K is proportional to the variation 

of activity of water in the medium# The activity coefficient ratio 

in Q 29JI is then approximately constant#

For 2-nitrimino-12 3-diazaqyclopentane and its 4-methyl 

derivative, slopes were -0.14 and -0#22 respectively# The amount 

of denitration for these last two coopounds is never less than 7^  

(see Fig# 11) and values of log X for denitration of more than 90  ̂

would be subject to considerable error# Thus only over 2J  ̂

denitration (a range of ^2^ 4 ) CK>uld the relation Q hold in 

any case#

The possibility that the equilibrium for the last two 

compounds is not in fact a true equilibrium wsls considered, in 

view of the fact that nitration on the 4- or 5-position as well 

as the amino-nitrogen, upsets the equilibrium in sulphuric acid 

of the similar 2-nitramino--thiasole (I46). However aiy such
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ni taro compound would be revealed in the spectrum of the final 

product and no trace of it was seen. The kinetic results fit 

the kinetic equation for a reversible reaction perfectly for both 

compoundm#

In perchloric acid and sulphuric acid-acetic acid 

mixtures, a similar relation between log K and log (ĤO) or 

log (GĤ.COCM) may be deduced, but no values for the activities 

are available to test the relation.

The results for guanidine nitration in sulphuric acid- 

acetic acid media demonstrate that nitration is more complete in 

the optiimm medium than in the corrê onding sulphuric acid-water 

optimum. The maximum amount of nitration in sulphuric acid- 

water mixtures was 93»̂  (lOl) for 0.31 solutions and in sulphuric 

acid-acetic acid was 9Sfc for O.OIJC solutions. The situation is 

even more in favour of the acetic acid media than these results 

imply as the amount of nitration decreases with increasing initial 

concentration of reagent. However this more effective nitrating 

power is offset by a deeoooposition of nitroguanidine ô &er than by 

denitration (noted in IIIC p. 4,5 ) .

Beyond the point of maximum nitration (85-8  ̂H SO }
2 4

ionisation of nitric acid to nitronium ion becomes toogreat to 

pezmit the use of equation['25̂  A modified version making allowance 

for this ionisation has been used. Hard̂ -Xlein considered the extent 

of nitric acid ionisation quantitatively in her treatment of the
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equilibrium data for H-methyl-jl * -ni Lroguanidine (ll) but she 

did not succeed in explaining the fall of K beyond the msudmuga.

If the nitration rate reacdies a maximum about 9Q̂ ^

the case with aromatic nitration) and the denitration rate 

continues to increase (as is found for 2-aitrimino-l:3-diaza- 

cyclopentane) the picture is qualitatively cxxrrect^

S« Nitration.

Velocity constants for the back nitration reaction may 

be obtained indirectly from the equilibrium products (k) and the 

dénitration velocity constants (k̂ )» because K = k^k .̂ Values 

of kg calculated from this expression are given in Table XVI*

Values of kg were also obtained from velocity measurements of the 

nitration of guanidine in sulphuric acid-acetic acid mixtures and 

are given in Table XVII*

Table XVI. Nitration in Sulphuric Add - %ater Mixtures*

2-Nitrimino-l % 5-diazacyclooentane. !*.-4#ethyl-2"4iitrimino-l : 3-diagacyclo*

Concn* 0*00^ Temp* 25%. Concn* O.OIM*

pentane^ 

Tecs). 25"C.

% HgSC^ JÎHgSO^̂  kg ^HgSO^

76.1 0.00877 85.1 1.306 76.1 0.0307

78.6 O.OU-60 87.5 3.69 81.9 0.185

61.2 0.159 89.9 9.11 83.3 0.451

81.9 0.248 92.6 2.26 85.1 0.933

83.3 0.519 87.5 3.418
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Table XVI. (oontd.)

hexane.

jSHgSÔ

69.7 0.0378

72.8 0.462

74.8 1.73

76.1 3.48

78*6 18.6

'
Kuanidine. triazole.

Concn* O.OIM Temp. 25^. Concn.0.011! Imm. :

^  HgSÔ

69.7 0.00148 67.0 0*0240

72,8 0.0115 70.5 O.O8I3

74.8 0.0562 71.8 0*522

79.2 0.138 74.8 1*74̂

81.9 0.759 78.6 20*47

Guanidine Nitrate. - Concn* O.OlÜL Tecap* 25$C.

l à  h  . l à  a  y  .

49.6 0.264 ; :. 58,2 , 2.501 . . ' •

52.7 0.457 60,3 5.45

56.2 1,963  ̂ i ; .-V

Bates show a sharp increase with acid concentration* The 

nitrating agent in sulphuric acid over 8^ strength has been shown to 

be the nitronim ion. Althou  ̂its concentration below this strength 

is so small as to be undetectable by the usual physical methods, the 

nitroniun ion is still an effective nitrating agent, as the order of
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nitration rate increase with acid concentration is similar to 
that above 8 5  ̂acids.

If the nitronium ion is the nitrating agent, then a 
relation between log kg and the acidity function Jo may be derived. 
If log kg from Table xyr is plotted against the various Jo scales, 
a roî gh de%;endence is observed and the slopes all approximate to 
unity 8U3 seen in Table XVITand Fig, 14# But in view of the 
inaccuracy of kg values (especially \ihere dénitration is extensive) 
and the uncertainties of all the Jo scales, no reliable conclusion 
can be reached concerning the relationship of the rate and the 
acidity scales.
Table XVHl

Cofî Dound, Slopes of kg ,
against

Jo Jo* Co
2-eiitrimino-l: 3-diasacyclopentane +0.76 1 .0

4 -methyl-2""nitrimino-l : 3-diazacyclopentane +0,70 -0.80

5-niti amino-*l :4-triazole +0,97 -1.04 -1 .3

2-nitximino-l 2 3-diazacyclohexane +0.83 - 1.25

N iK-dimctiyl-N * -nitroguanidine +0,94 - 1.25

nitroguanidine (1 0 2) +0.95 - 1.13

Jo tt data of Bevan and Williams (8 8)
Jo' = data of Gold and Hawes (87)

Co = data of Deno, Schriescheim and Jaruzelski (69, 90).
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If the theoretical rate of guanidine nitration is given by

rate = k (NOg+)((%+) /  ff where G is the neutral guanidine

molecule and ff is the activity 

coefficient of the transition state, 

and the experimental rate » kg where |" HNÔJis

the stoichiometric nitric acid 

concentration and ĵ HOHOĝ is 

the concentration of molecular 

nitric acid.

. . %2 = k (M)2*)(œ*) /  ft

kg = k (N0g*)((3I*) /£hN0j}[gh'̂ 3 ^

. . log kg » log k + log [n°2 ]̂ Æ  + log fNOg+.fGH+ /  ^

How Jo .  -pit^ - log [s*] /  [ boh] whar. = (Ê )(HgO) /(BOH)(H+)

- -iSoHOg - l® g [N V l /[hONOj]

In media telow HgSÔ |jKIH0g3=|2 HNÔ]]

. '.  log kg .  log k - Jo - 4. log

Thus log kg + Jo should be constant in such media provided that the 

activity coefficient ratio is also constant.
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P. Substituent Effects.

Various properties of the nitroguanidines studied such as 

ultra-^olet absorption spectra, pKa values and the rates of nitration 

and denitration, vazy in a definite manner according to the particular 

substituents on the nitroguanidine molecule. Por instance, 2-nitrimino- 

l:3-diazacyclqpentane and its 4-methyl analogue were the two weakest bases 

and had the highest values of Emax. and the slowest rates of denitzration. 

The various properties (with respect to sulphuric acid) for each compound 

are collected in Table

Table SOC 

Compound

Bel. Rate of

Denitration

5-Nitremino-l:5:4- 16, 6
triazole,

2-Nitrimtno-l:3- 8,5
diazacyclohexane

KN-Dlmetlyl-N'- 6,6
nitroguanidine.

NN'-Dimethyl-N"- 6.3
nitroguanidine,

N-Metlyl-N'-nitro- 3#8
guanidine.

Nitroguanidine.

4-Methyl-2-nitrlmino- .41
1 ! 3-diaza(̂ lopentane,

I
2-Ni trimino-1 ; 3-diaza- ,33

cyclop en tane<

(mins,"̂ )

RelmEate

of

nitration

32,4

42.7

2 .0

.465

5.4

1

.063

.083

pKa

Bnax.- Aaeac. Bnax. AgMc.

(free ’base)

-0.71

- 1.20

- 0.86

- 0.96

—1.36

12400 2820

15450 2680

11350 2710

13200 2675

14040 2670

14400 2640 

17140 2660

16170 2655

( f iT 8 t lo n te e f .

9700 231^

8010 2250

(U)

8700 2260| (11) 

9940 22501 (1C4

9440 2260
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a) Spectra of free bases in dilute acid solution.

Nitroguanidine has an ultra-violet absorption spectrum

consisting of a structureless band with a Tnayimum extinction
o '  o

Bnax. = 14,400 at 2640A and a smaller band at 2300A. Addition of

a methyl groxq> causes a slight fall in Bnax. to 14040 and a batho-
o ’ '

chromic wavelength shift to 2665A.

%  /O NH_ 0* m, 0~
\  V t /  \  +/

^C*N- N ^ ^C-NsN  ̂ ^  C - N = N

^  0- ^  o~ ^ 0

Â . f 1 , Ag Â

The above three structures protebly make the largest contributions to 

the ground state of the nitroguanidine molecule, Trcm previous 

considerations (p# 9 ) we siqjposed that Â was the most important

factor,  ̂ A metlyl gro%q> on one of the amino nitrogens will increase 

electron availability on lhat nitrogen

Q ' and so the Bg form will increase in

Ms—> HH y 0~ importance; This would result in
\  B

' C * N s N 2 the diminished Boax, from that of
/  . \  A1®2 ‘ 0  ̂ nitroguanidine actually observed.

As nitroguanidine is planar (21) the experimental facts can also be 

explained by a non-planar metî lnitroguanidine molecule. If planarity 

of the molecule is sterically Inhibited by the bulk of the methyl 

group the conjugation of the molecule would be reduced with the 

observed consequence in Emax. and Amax,
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I f  a fu rth er methyl group is  added a fu rth er decrease 

in  Emax. and \wax» i s  observed. N :N*-Dim ethyl^'-nitroguanidine 

has an extinction  of 13200 a t \2 6 7 3  while in  the NN-dimethyl 

conpound w ith g max. 11350 a t A2710A, the e ffec t i s  even more 

marked. Operation of the inductive e ffec t o r a fu rth er 

deviation from a planar structu re  could again account fo r the 
Y -•

re su lt, 1 Unlike benzamide and i t s  N-methyl derivative, NN-dimethyl- 

benzamide cannot have a planar structu re  because of the in terference 

of the methyl groups. This is  apparent in  the u ltra -v io le t
dcci'CQse. 1

absoip tiony(( 347 ) • j

The five-membered ring  compound, 2n iitrim ino-l:3 -d iaza-
o

cyolcpentane has a spectrum w ith Bnax, I 6I 60 a t  2655A* This

compound i s  necessarily  planar# The inductive e ffe c t w ill

operate equally on each nitrogen and so the foxms and Cg w ill

contribute equally to the electron d istrib u tio n  of the molecule,
+

Ôio ^ ^ 0  CHg  CHp— ^
I  ̂ aN - N ^ C - N « N  ^ . 1 ^  C - N = K
CHg ''0" caig ^0" CHg—

q Cl ' Cg

The 4"«ethyl analogue, Emax. I714O a t A266O is  not aymoetrical but i t  

i s  necessarily  planar,^

Introduction of trimetlylene however, causes a drop in Bnax. 
to 15450 at A268OA although a î ectrum conparable to that of 4- 

metlyl-2-nitrimino-l: 3-diazacyclopentane might be expected. Inhibition

’•^1
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of p lan arity  by reason of the s te ric  requirements of the 6-*oerobered 

ring might produce th is  re s u lt. N-Cyclohexyl-N*-nitroguanidir»
o

has Bnax. 14000 a t  2690A. Here the bulky substituen t, i ts e lf  

non-planar, in h ib its  resonance.

5-N itranilno-l:j2:4-triazole, a five-membei%d ring , has 

Bnax. 12 .̂00 a t  2820A. The batbochromic s h if t may be a ttrib u ted  

to the th ird  ring  nitrogen. The ring must be strained  due to 

the presence of three nitrogens and two double bonds,

b) pKa Values.

Nitroguanidine has a pKa of -0.96 as calculated from 

the re su lts  of de V ries and S t.C la ir Gantz (31) by the method 

used In Section IX, e^ lo y in g  the Ho data of Hamnett and Paul 

fo r hydrochloric acid  (14B). Addition of a methyl groiQ? should 

f a c i li ta te  proton-ig)take due to electron release , and so the pKa 

should be higher. I t  is  in  fa c t -0.86 fo r N-methylnitroguanidine (11). 

In  the face of th is  argument NN-dimethyl-N'-^iitroguanidine should be a 

s t i l l  stronger base, but i t  has a pKa of -120. The inductive e ffe c t 

has been superceded, possibly by s te ric  hindrance of the dimethylamino 

group to the incoming hydrogen.

2-Ni trim ino-1 ;3-diazaoyclopentane is  the weakest base and 

the corresponding 6-monbered zing is  the strongest. Brown, Brewster 

and Soheohter (149) have in terp reted  the chemical behaviour of ce rta in  

fiv e - and siz-membered ring  compounds in  terms of the s ta b ility  of endo-
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or exo-double bonds connected with the stystem s. The 

generalisation  # iich  they make is  tha t reactions w ill proceed 

in  such a way as to favour the fonnation or re ten tion  of an exo­

double bond in  a five-mesnbered ring  and to avoid i t  in  a six - 

membered ring . The cœpounds they discussed were sinple and 

substitu ted  hydrocarbons, cyclic este rs (fo r instance, etiy lene 

and trim ethylene carbonates), lactones, thiolactones, imides and 

lactams. In  a l l  cases except th a t of the lactams, lite ra tu re  

surveys provided evidence th a t the five-membered rings w ith exo- 

double bonds and the six-menibered rings w ith endo-double bonds u/eas 

the more stab le  isomers. Both fiv e - and siz-membered lactam rings 

were stab le  but no quan tita tive data on the re la tiv e  s ta b ili tie s  we ce 

availab le . Brown & Co. c ite d  no examples where a fiv e - and a s iz -  

membered ring  w ith 2 nitrogens possessed widely d iffe ren t re a c tiv itie s .

A sp e c ific ity  of reaction  fo r 2-nitrim ino-1 % 3-diazacyc lopentane 

as opposed to  the corresponding s ix - and seven-membered rings was noted 

by McKay and Wright (8) and McKay and Manchester (19). The mono- 

n itro  five-membered ring  can be den itrated  in  ace tic  anhydride, as 

can i t s  4'*«ethyl analogue, bu t the corresponding six- and seven- 

membered rings are p re fe ren tia lly  iydrolysed to qyclic ureas. The 

p lan arity  of the five-membered ring  and consequent resonance 

. . s ta b ilisa tio n  are suggested to account fo r th is  behaviour.
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Jones ( 150) found a hundredfold difference in  the ra te s  of 

a lkaline l>ydrolysis of qyclic nitram ines w ith f iv e - and six-membered 

rin g s. Cyclotrimethylene trin itram ine decomposed 116 times fa s te r  

than l : 3-^ tin itro -l:3-diA2acyclopentane. Jones postulated a  g reater 

ring  s tra in  in  the tran sitio n  s ta te  fo r th is  la t te r  con^}ound, which 

would slow the reaction . I f  Brown's co n c^ t applies here the 

eoq)lanation might w ell involve foxmation of endo or exo double bonds.

Brown's postu late may be applicable to the case of the pKas 

we are considering.

(CHg)  ̂ C = N.1K)2 (GHg)ĵ  C - N = N

^  « , / .......................

1 2 

and Cg each have two equivalent f  onus.

The stru ctu res C, and Cg probably represent fa ir ly  

adequately the actual electron  d is trib u tio n  in  the cyclic nitroguanidines. 

From spectral considerations we have concluded th a t the nitroguanidine 

molecule has predominantly the electron d istrib u tio n  of C. In th is  

case, the six-membered ring  w ill have an exo double bond. I f  the
I

re su ltan t protonated molecule can by protonation create resonance
»■ ' - f

structu res which avoid an exo double bond, then addition of a proton
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to the six-meBttbered ring w ill occur a t ^ Icwer ac id ity  than

addition to  the five-membered rin g . Spectral data fo r the
'

protonated foim of cyclic nitroguanidines were previously 

(pp. L I ) in terp reted  in  favour of a  molecule w ith an endo 

double bond. Thus the re la tiv e  b a s ic itie s  of the fiv e - 

and sixMnembered ring nitroguanidines favour Brown's hypothesis,

c) D enitration ra te s .

The order of ra te  increase fo r nitroguanidines is  the 

same as th a t of pKa increase, except fo r K:N-dimethyl-N'- 

nitroguanidine. A p lo t of pKa against the logarithm of the 

re la tiv e  ra te  constant obtained from Table XHX i s  a s tra ig h t 

lin e . See Pig. (13). I f  the order of increase of the 

second pKa fo r these conpounds i s  the same as fo r the f i r s t  

pKa, then the observed order of ra te  increase should be obtained.

The molecules fo r Wiioh the descrip tion  strained  or 

nonr^lanar was put fczward in  a) above are those iRhich d en itra te  

most quickly. This suggests a tran sitio n  s ta te  involvi%% great 

s te ric  s tra in  and so the molecules in  the most strained  confozmatlon 

reac t fa s te s t. The p lanar molecules, nitroguanidine and the diaza- 

cyelopentanes require more energy to reach the strained  tran sitio n  . 

s ta te , and so reac t more slowly. The den itra tion  ra te s  vary 

q u a lita tiv e ly  in  the way th a t can be predicted frcmi spectral 

evidence of non-planarity.
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d) N itration  ra te s .

The n itra tio n  of 2-^trim ino--l:3-diazaçÿelohexanc 

is  f a s te s t '— 43 times th a t of nitroguanidine in  80  ̂ acid .

The triaz o le  is  25̂> slower, although i t s  dén itration  was 

actually  fa s te r  than th a t of the hexane. M ethylnitroguanidine 

has a  ra te  of the expected order bùt-üie NN-dimethyl and NN'-dimethyl 

compounds are much slower. The entrance of the nitronium ion is  

probably s te ric a lly  hindered by the presence of the methyl groips.

The ra te s  of the two diazapentanes are again sim ilar, and even 

slower than fo r nitroguanidine. The diazacyclohexane n itra te s  

500 times fa s te r  than the diazacyclopentane. The

(CHg)̂  G = 0 = (CHg)̂  0 - MHg

*

(GHg)̂  ‘^C -MHj » 

 ̂ D,

aminocycloalkane which undergoes n itra tio n  is  possibly in  some 

form interm ediate between D^, Dg, D^, Dĝ . The five-membered ring  

w ill probably inc line  more to structu res such as &nd Dg, vh ile  the 

six-membered ring  w ill be nearer td  and according to Brown's
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hypothesis. I f  the n itra tin g  en tity  is  the ^ s i t iv e ly  

charged nitronium ion, as seems quite probable, then the 

n itra tio n  of the five-membered ring w ill be retarded by 

the repulsion between the positive charges a t the point of 

n itra tio n  and the nitronium ion.

G. The Ho Function in  Perchloric Acid.

The original Ho scale in perchloric acid, measured 

by Hamnett and Deyrup (54) extends caily as far as 6]̂  perchloric 

acid, although perchloric acid is ccnmercially available and 

readily handled in strengths u p  to 7^« Hamnett and D̂ yrup 

found that 4*-«iitrodiphenylamine and benzalacetpphenone, both 

of vdiich were successfully used in sulphuric acid, deconiposed 

irreversibly in perchloric acid of strength more than 65̂ , and 

so they feared to use higher acids in case of explosion.

Various ind icators of su itab le strength fo r extending the 

scale have been prepared -  benzalacetophenone, 2s4-dinitrodipheByl- 

amine and 2:4*^initronaphthylamine. Benzalacetophenone was

rejected  because i t  was unstable to u ltra -v io le t lig h t and could 

not therefore be estim ated spectrophotom etrically. (This d iffic u lty  

is  also recorded by Thomas and Branch (5I). 2;4~Dinitrodiphenylamine

formed a rapidly darkening, brown solution in  7 ^  perchloric acid, but 

the solution in  concentrated sulphuric acid was pale yellow as expected
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from loss of conjugation of the amino group on protonation (the 

colour in  d ilu te  acid is  orange). The m aterial m ist have 

undergone decomposition in  perchloric acid  sim ilar to  th a t 

observed by Hamnett and Deyrup (54) fo r 4"»nitrodiph^:ylamine. 

2:4**Dinitronaphthyla2nine was found to  be perfectly  stab le in  

concentrated perchloric acid and i t s  ion isation  was investigated.

The weakest ind icator used by Hamnett and Deyrup (54) in  the 

construction of th e ir  scale, 2 % 4-dinitroaniline, received only 

meagre a tten tio n  and i t  has been re-investigated .

The ion isation  ra tio s  of these two ccxopounds were 

obtained by the method on and are shown in  Table XVIII.

A p lo t of log] bJ/[̂ BH'**J against HD1Û|̂  ̂ fo r  2:6- 

d ich loro-^-n itroan iline (data of Hamnett and D eynp), 2 :4 -d in itro - 

an ilin e  and 2:4-dinitronaphthylamine i s  shown in  Fig. 16. From 

such a graph the difference in  pKa of the indicators may be obtained 

using Hamnett's value of -3 • / ^ fo r 2 :6-d ichloro-4-n itroaniline.

Ho = i«a + log [ s ]  / [  BH"̂

Values of Ho can be calculated from th is  equation and are shown in  

Table XVIII. These values f i t  smoothly over Hanmett and Deynq?’s 

scale . The la s t  two points are probably inaccurate, because the 

s lig h te s t e rro r in  extinction  co effic ien t a t  extreme values of 

ion isation  i s  g reatly  magnified in  derivation of [  B ^ /C bH*̂ ] .
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Table /XX...

2 :4 -£ in ltran illne pKa = •4 .3 6 2 &4-Dinitronaph#«rlamine lâCa = —6,37

9gHCio^ log [ b ] / [ h i*] -Ho log/^B j/[BH +] -Ho

49.6 1.27 3.09 59.6 ' 1*29 . . 5.09

50.3 - 0.80 - 3.56 61.4 0.90 5.47

53.0 0.55 3.81 . 62,0 0.84 5.53

54.2 0.31 .4.05 62.7 0.58 5.79

55.5 0.04 4.32 64*0 0.25 6.12

57.2 -0.28 ; 4.64 65.0 -0.03 6.40

59.5 -0.78 5.34 65.4. . -0.05  ■ 6.42

62;2 -1.25 5.61 66.4 : -0.40 6.77

/ t ; 67.35 -0.61, , : 6.98

\ X \ ; 67.44 .< .  7 0 .69 , . 7.06

X// : ' - r. ,68.3 ro .67  , 7.24
• 70.2 ■ ' Tl.31  ' 1. 7.68

; ■ t  :'. .  ! . .  ‘ v  - ‘. X .  i  . ' 71.3 : . r l .70 ■ 8.07

S atchell,(l37), in  an attempt to re la te  the rate , of. hydrogen- 

isotope exchange between deuterated arcoaatic ocoopounds and perchloric 

acid, to the acidily  of Ihe medium, used values of Ho fo r perchloric 

a d d  extrapolated from Hamnett's re su lts  beyond the 6Ĉ  region*

Log /V  (vhere A  i s  the r a te  o f deuterium exchange) p lo tted  against 

these Ho values fo r  benzene and m -anisole gave r is e  to  slopes o f
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-1.12 and -0.98. Recalculation of these slopes using the 

values of Ho derived in  th is  work gave -1.25 and -0.90. The 

slope fo r benzene in  sulphuric acid mixtures is  - I . 36. (134).

S a tch e ll's  extrapolation appears to  have been a s tra ig h t lin e  

continuation of the f in a l portion of Hamnett's graph of Ho 

against ^  HDIO ,̂ an unwise procedure in  view of the non- 

lin e a rity  of Ho increase with acid conc«atration.

H. The H  ̂ Function in  Sulphuric and Perchloric Acids.

When Hamnett and Deyrtp f i r s t  proposed and measured 

the ac id ity  function Ho in  sulphuric amd" perchloric acids, they 

postulated other functions, fo r instance H^, which would be 

v alid  fo r positively-charged bases becoming doubly charged and 

defined as .

H+ = -  I0& fgjj+ /  fgg^++ where BH BHg ,

and H-, valid  fo r negatively charged bases becoming neutral on 

aco^tance of a proton, fo r which
H

H  ̂ * -  log a^+ fg - / f ^  yAiere b " ^  —» BH ( ^4 ).

These functions, as Hamnett has pointed out, do not necessarily  vaiy 

w ith medium in  the same fashion as Ho (54). In g la c ia l acetic  acid  

Hamnett gives a value of Ho » + 3#5 vhile R_ has a high negative 

value ( 152) . Coryell and Fix however claim th a t Ho and H- become
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parallel above 4M sulphuric acid with a constant difference of 

0.8 log units (76). These authors assume that H-, Hô  etc. 

will be parallel functions of medium composition.

The acidity function G of Michaelis and Granick (79) 

is based on the ionisation in sulphuric acid vp to UM of several 

substituted thiazine indicators, taking up variously from one to 

three protons. The slope of a plot of this function against 

molarity of sulphuric acid was 0.37 while that of Ho was 6.52 

which the authors considered an excellent agreement in view 

of the different methods of measurement,

Lewis and B igeleisen (78) attanpted to  extend the Ho

scale into sulphuric acid oleum using some Ĥ+ indicators of the

fluorescein type, but their results are not in agreement with

those of Brand (58) whose indicators took up only one proton.

Brand, Homing and Thoznley actually  used an H ind icato r, the
+

m -nitroanilinium  cation, in  a fu rth e r extension of the Ho scale 

in  oleum (77). I f  Ĥ  - Ho is  zero or constant then from the 

d efin itio n s of the two, log / [  BBg+t] -  log Q c ]  /[CH * ]

w ill he constant, idiere C i s  an Ro in d ica tw , and BH* i s  an H 

ind icato r. " A p lo t of such quan tities against ^  acid in  the 

re su lts  of Brand, Homing and Thomley shows th a t log BH"*] /L  

is  p a ra lle l to log GH"*"J • The paralleliam  of and Ho

is  thus established fo r  oleums. I t  is  not necessarily  established 

fo r le ss concentrated acid however. A divergence of H- from Ho has
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been observed (152) below a certain acid strength. It was

therefore necessazy to measure in more dilute media*

The difference between H and Ho in  10% sulphuric 

acid has been estim ated as -0.28 u n its (77)» but the authors 

place l i t t l e  reliance on the calcu lation . The G function, 

established by M ichaelis and Granick fo r m ulti-charged bases, 

i s  s l i ^ t l y  more negative than Ho (79)# Rogers, Campbell 

and Maalznan ( ^ )  used G and Ho to calcu late the second ion isation  

constants o f substitu ted  aminoazobenzenes and found a difference 

in  absolute but not in  re la tiv e  values of pK. G, however, was

not measured in  the same way as Ho, and i t  s t i l l  seemed desirable

to measure Ĥ  by Hammett's method.

The bases 4-^tro-l : 2-phenylene diamine and 4-«nino- 

acetophenone were found, on ^ectxal evidence, (see, for exasple.

Pig. 15), to undergo two ionisations in suitable acid ranges. (152).

The values of log | BH*] / [  BHg**̂] for the second ionisation of

these conpounds are given in Table XIX. These values are plotted
' . ' . 

against % HgSÔ  in  1 ^ .  1, and ^  HOIÔ  in  F ig. 16, alongside values

of. I taken from the results of Hamnett and Deyrup.

The parallelism of Ho and H is iîtms established in perchloric

and sulphuric acids. The functions as defined must equal in vezy

d ilu te  a d d , and so i t  seems probable th a t the two are id en tica l over

the Tidiole range of sulphuric and perchloric acids.
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Table XXr.
4-Nltro-l:2-phenylena , 4-Ni tro-1:2-ph%ylene 4-Nitro-aceto-

5? HClOĵ

diamine.

log [bh]/[bH2++| H g S p L

diamine.

log
phenone.

^  H2SO4 3og[BH*}l

29.1 1.30 30.0 1.08 76.0 1.08

139.8 0.49 36.6 0.58 78.5 0.61

|i0 .8 0.34 43.19 0.12 81.9 0.34

143.21 0.26 43.21 0.09 83.3 -0.05

44.5 0.17 46.8 -0.14 87.5 -0.55

146.71 0.01 52.4 -0.70 89.9 -0.81

|48.4 -0.17 55.4 -1.01 92.6 -1.06

•49.0 -0.30 p K a ^  = -2,67 lKa“  = -7.65
j

49.9
j

-0.31

151.0 -0.48

j53.0 -0.71

154.9
j

-0.93 <

- -2.64
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