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Abstract of Thesis by P.?. I'icKie submitted for the

Degree of D.So. of the University of London.

The principal products of the interaction of fuming nitric acid
with acetylene or ethylene are carbon dieidde and trinitrojuethane.

As well; in the interaction with ethylene, and intermediate to the
formation of trinitroniethane, is formed the addition compound,
nitreethyl alcohol.

The course of reaction is fundamentally the same for both com-
-poundS; and takes place under varying conditions of temperature,
concentration of acid and the presence or bsence of metallic saJ;tAg
though a marked effect - the simplification of the reaction and the i
reduction of by-products- is obtained by the addition of mercuric
nitrate.

Measurement of the quantities of carbon dioxide and of trinitro-
-methane formed show”that at a maximum only fifty per cent of the
carbon of the hydrocarbon molecule is nitrated while fifty per cent
is oxidised, and this is accompanied to a varying extent by a second
reaction involving direct oxidation to carbon dioxide.

The tetranitromethana which can be isolated by further nitration
always represents considerably more than that which can be estimated

as nitroform in the reaction mixture. Hence there are present in the

product substances other than trinitroiaethane, but possibly irter-



-mediate to its fonnation, which are capable on further nitration of
yielding tetranitr”methane.

Evidence is adduced that the reaction is in all cases one of
simple addition to the unsaturated bond of the component parts of
the nitric acid molecule, analogous to the sedition to unsaturated
compounds of the component parts of oxides of nitrogen. Hence, the
nitric acid, through the roediam of addition, is able to exercaie its
function both as a nitrating and as an oxidising agent, one carbon
of the hydrocarbon molecule becoming nitrated, the other becoming
oxidised, finally to carbon dioxide.

The influence of mercuric nitrate is largely to increase the
rate of absorption and hence of interaction. The mechanism of its
effect is complex, but is largely to prevent the alternate reaction
of simple oxidation, and hence to increase prpportionally the the
addition reaction producing the nitro alcohol.

A similar activating influence of the mercury salt is noticed *
in the nitration of aromatic compounds, and from this a theory of

the mechanssm of aromatic nitration is developed.
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The Degradation of Nitric Acid#

Consideration of the possible stages of reduction vhich may exist
between the highly oxidised nitrogen atom in nitrogen pentoxide and
the completely reduced nitrogen in ammonia illustrates very clearly
the unique susceptibility of nitric acid to degradation and reduction
The existance of seven stable.reduction products, represented by
N~Og; NOg; NO; NgO; NON; NH"OH; ; NH”; offers numerous
possibilities of interaction between nitric acid and any element or
compound which is itself capable of oxidation; and the nature of the
reduction product is influenced by the character of thr agent effect—
-ing the degradation es well as by the usual factors of temperature ,
concentration and media.

That such degradation embraces that property of the acid known
as Nitration is apparent if, as seems ligitimate, v.e consider n.vbrat—H
-ion as a complementr.ry oxidation-reduction process in which the
nitro-compound is the reduction product.

i.e. UNO5 + 2H = HNO2 ~ HgO i

HNOg + RH ~ RNO2 + HgO ii

By assuming hydroxyl ion dissociation, Ostwald, ("Gruodriss d
allgem. Chemie", 1899. S 440), accounts for the oxidisingactionof

nitric acid as follows:-

NO H ' NO on — NO OH ~odt/



2.

'0 i
the accepted structural formula for nitric acid “N.QH, or ( |)~ ,hOH
o~ 0
finding justification in such dissociation.
Hence, /
HO A 2H - H.OH -4~ R.NO* xii
By analogy equation (ii) may be expressed
/ . n
HO ¥ NO~ / RH = R.OH R.NO* iv

and similarly the reduction of nitric acid by an organic compound

would be /
HO f NO* = RH R.OH + HMO* v

Thus the course of reaction between an organic compound and

nitric acid must depend primarily on the nature of R in the expression

RH, nitration or oxidation being promoted as the case may be.

The primary product of reduction of nitric acid by an organic ’

compound is then nitrous acid, which may wholly or in part undergo

further decomposition with evolution of oxides of nitrogen. The

primary products of the nitrating action are water and nitrocompounds,

and no gaseous reduction products of nitric acid can arise except by

secondary reduction reactions.

Though for a considerable period the action of metals on nitric

acid was attributed to a simple reduction of the acid, with evolution

of the gaseous products of reduction, the metallic oxide then dissol-—

-Ting in the excess acid as nitrate, there seems no reason to doubt

that the oxides of nitrogen evolved by such interaction are here also

the products of secondary reaction, and that the primary reaction

occurs by virtue of hydrogen ion dissociation and is a simple dis-



3.
-placement of hydrogen by the metal with direct formation of the
metallic nitrate. The highly oxidised compound, nitric acid, which is
present in excess, 1immediately promotes a secondary reaction with the
displaced hydrogen, with formation of reduced nitrogen compounds.

The assumption that a dissociating medium is essential for the
oxidation reaction is substantiated by the fact that pure, anhydrous
acid, containing only undissociated molecules, does not attack pure
homogeneous metal, and a trace of water is essential for interaction.
(Stansbie. Jour. Soc. Chem.Ind. 311. 1913.)

At first sight, however, there would appear to be no grounds for
assuming that nitration proceeds by an analogous reaction according to
equation (iv). High concentration of acid and the presence of dehyd-
-rating agents are essestial factors of complete nitration, essentials
which are, however, easily understood when it is remembered that such
reactions involve the formation of water, and are governed by the
Mass Law. But there is reason to believe that, even in such media,
the reaction proceeds by virtue of hydroxyl ion dissociation, though
the concentration of such would be extremely small. In certain aromatic
nitrations, and in the interaction between concentrated sulphuric acid
and compounds containing a doubly linked carbon atom, the addition of
NO2 is accompanied by addition of OH. A full discussion of this
reaction is reserved for a later section, but it is important to

emphasise at this stage the very definite part played, as will be shown

frog experimental evidence, in organic nitrations by the radicle OH.
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Factors Causing Reduction of Nitric Acid.

Meti'Jls. The degradation of nitric acid is illustrated in so many of its
aspects by its action on metals that the whole problem can with advan-
-tage be surveyed primarily from this point of view.

A brief examination is sufficient to show that the reaction is
complex, and that it cannot be fully explained by the simple hypothesis
that the primary rection is one of liberation of hydrogen, which in
its nascent state interacts with nitric acid causing reduction.

Rather must it be considered as a complicated oxidation-reduction r
process, more nearly analogous to such a reaction as that between
nitric acid and sugars than to the behaviour towards mxHSEHixssids
metals of mineral acids in general.

The reducing action of a metal depends on the concentration of
hydrogen which would be required to precipitate the metal from its
salts, and dissolution of the metal in an acid can only occur in a
dissociating medium in which hydrogen ions are present, but in which
their concentration is below this precipitation value. It may be
supposed that, in contact with such an acid, there is a spearation of
metallic ions from the usrface of the metal due to a definite solution
pressure which wvaries with the nature of the metal and the solution.

But the concentration of such positive ions is limited on the one

hand by their osmotic pressure and by their attraction to the undis-

-sociated negative metal, and on the other by hydrion concentration.



Hence, any factor which decreases the hydrogen ion concentration
promotes the dissolution of the metal. Such a factor is nitric acid
itself, which, by its oxidation of hydrogen to water, removes hydrogen
ions from the solution.

The nature of the secondary products arising from this reducing
action of the hydrogen is dependent on its concentration, on temper-
ature, on the dilution of the acid and on the presence end nature of
other substances.

The possible primary reduction products arising by the direct

action of hydrogen on nitric acmd may be set out as follows:-

H A NO2 - HgO i
2H 7 HNU2 H20 ii
HNO3 4H ? HNO 2 H20 iii
6H __ ~ NH20H =+ 2 H20 iv
8H p NHg ~ 3 HgO v

and, with the exception of nitrogen peroxide, the possibility of the
existence of which as a primary product will be discussed later,
nitrous acid, hydroxylamine. ammonia and water can be the only primary
products of the reaction, apart from nitrates and nitrites, though by
decomposition of these primary products, and by their action on each
other, nitrous oxide, nitric oxide, nitrogen peroxide and nitrogen

may arise as secondary products, and in varying mixtures and proport-
-ions represent the sole ultimate products.

The subject is one which has received attention for a considerable



time. Miifl rriuch experimental evidence, though often of a conflicting
nature, 1is available.

A preliminary classification of the metals on the basis of the
appearance or non-appearance of these primary products in the final
mixture can he made, and it appears that the dissolution sfxthexmetsl
in nitric acid of the metals iron, nickel, cobalt, cadmium, tin, lead,
zinc and magnesium and metals of a strongly basic character give rise
to appreciable quantities of ammonia or hydroxylamine or both, though
these substances are never the sole ultimate products of the reaction.
While in the solution of silver, mercury, copper and bismuth in nitric
acid ammonia and hydroxylamine can never be detected, C Acworth &
Armstrong. Jour .Chem.Soc, 54. 1877; Divers, ibid. 1883. 443.,
1885. 0 231. 445, Jour.S0Oc.Chem.Ind, 1904. 1182,; Montemartini. Gazz,
22. 1. 250. 1891.; Freer & Higley. Amer,Chem.Jour. 15. 71. 1895.)

N.B. Under certain conditions traces of ammonia can be detected in
copper-nitric acid and in. bismuth-nitric acid mixtures. Stansbie. Jour.
Soc.Chem.Ind. 1906. 25. 1071; 1908. 27. 365.)

It seems Jjustifiable to suppose that there is a much greater
formation of ammonia; and possibly also of hydroxylamine, in reactions
involving n.etals of this second class, but that there is usually complete
oxidation to nitrogen, and only under abnormal conditions do traces of
ammonia become evident owing to the incompleteness of this oxidation.

The evolution of ammonia is not confined to dilute solutions of the

acid. At ordinary and higher temperatures ammonia is formed by the



dissolution in nitric acid, of iron, cobalt, cadmium, =zinc, lead, and
tin whatever the concentration of the acid, though the amount tends to
fall off \'/ith increase of concentration. This decrease becomes very
marked at 3 - 87C, at which temperature the evolution of ammonia
reaches a maximum at a concentration of 40-45# nitric acid, and falls
off rapidly, only a trace being detectable, at s concentration of 50#.
(Montemartini, ibid,)

Though the formation of ammonia represents a further stage of
reduction than does hydroxylamine, equations (4) and (5), the latter
compound occurs much less frequently than does ammonia. Under varying
conditions of concentration and temperature iron, cadmium and cobalt
do not yield hydroxylamine at all. On the other hand, hydroxylamine
never occurs unaccompanied by ammonia. But that such behaviour is to
be expected 1is evident when one considers the conditions under which
ammonia may be formed,

A reduction potential sufficiently high to promote the direct
reduction of nitric acid to ammonia would be favourable to the reduction
of any oxygen containing nitrogen compound. Consequently the primary
products, nitrous acid, hydroxamic acid and hydroxylamine could by
such reduction yield ammonia, Hydroxylamine is in all probability a
prolific source of ammonia, not only by reduction ’

NH"OH ~ HS% A H”O ¢,

but also by further interaction with the metal



KHgOH f~ Zn — > ZnHgNOH Ca)
ZnlloNOH /- H.,0 — > 7ZnCoil). + KHn- )

Reaction (b) takes place in neutral or alkaline solutions as well
as in acid media, and the presence of such an intermediate compound as
ZNH”"NOH in alkaline solution has actually been determined, (Divers.
JOur .Chem.Goo, 1883. 455.)

That some source of ammonia other than the direct reduction of
nitric acid by nascent hydrogen is evident when one considers that
lead, the reducing activity of which is not high, readily yields ammonia
with nitric acid, but no hydroxylamine can be detected.

It mu'stbe noted, however, that the absenceof ammonia can in no
way be taken ss evidence of its non-formation.

In an analogous manner hydroxylamine may be produced by routes
other than the “rimary reduction of nitric acid. Any metal, such as
tin, which by its capacity for further oxidation acts ss a reducing
agent; can sa undergo reaction with the undecomposed nitric acid with
formation of hydroxylamine. Nevertheless, the hydroxylamine produced
by either of these routes is liable to decomposition, not only to
ammonia, as previously indicated by further reduction by hydrogen, or
by interaction with the metal, but also by oxidation by nitric acid to
nitric oxide

HKOg + NH~OH 2HO ~ 7.

and b" a reaction which is of the nature of a condensation with nitrous



with the formation of hydroxamic acid,

HO.NH” /o O.NOH —> HOWNOH wv- H"O <.

. ' (Wislicenus. B. 26. 771. 1893, )

In fact; the presence or absence in the solution of hydroxylamine
furnishes sorewhat uncertain evidence of the occurence of reactions
resulting in its formation. At no time does its presence signify more
than the difference between what has been formed and what has been
destroyed, and the latter may or may not predominate.

Nitrous acid and oxides of nitrogen may arise as the products of
secondary reaction between metals of this class and nitric acid as
follows

MNOg m ' 2M.OH -+ M.NO*
HMO3 + M.HOg — > M.NO3 <« HNO" -

Nitrous acid therefore arises as a secondary product by the action
of the metal on its own nitrate in the presence of water, and is pro-
-portional in amount to the formation of nitrate and to the decompos-
-ition of the nitric acid.

Nitrous oxide may arise either by decomposition of hydroxamic
acid,

2 HNO - NgO = HgO H
or by decomposition of hydroxylamine,by nitrous acid,

MHgOH HNOg B 5 H2 H"O

in both cases nitrous oxidewouldbegiven off in the evolved gases.

An axamination of the gaseous products of the dissolution of lead and
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iron in nitric acid., (Freer and Etigley. Amer.Chem.Jour. 21. 277. 1899.)
shows that nitrous oxide increases with decrease in concentration of
acid, and only becomes apparent at concentrations below 1 .5%. Concur-
-rently the formation of nitrogen peroxide falls off, suggesting that
nitrous nxide and further reduction products of nitrogen arise by red-
-uction not of nitric acid but of nitrogen peroxide.
Nitrogen trioxide, together with ammonia, 'is in all probability
formed as a decomposition product of hydroxamic acid,
3 HNO —> ~ !
In the end products ammonia and nitrogen trioxide would in all probab-
-ility be present, but the smount available for estimation would not,
'.s has been shown for hydroxylamine, be a measure of the amount pro-
—duced.
Possibilities of further reaction may be represented as follows:-
i NHg ~ NgOg 4> N~ ~ H”O ~ HNO*
ii 4 NH3 ~ 6 NO -5 5N° ~6 H"O

(NOtric oxide may arise by interaction of nitric acid and
hydroxylamine.)

iii N203 f H20 -7- 2mma
3 HNOp oY, 2~ 2 NO H{3
<t
It is probable that the appearance of nitrous acid or nitrite is always

a secondary phenomenon with metals of this class, the reducing activity

of which is such that the reduction is never arrested at the first stage

of nitrite formation, equation (2). To a certain extent, also, nitrous
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acid is a product of the direct decomposition of hydroxamic acid,
a reaction which is a reversal of Wislicenus’s synthesis of this

acid#
2 HNO ~ H2P HONO NHgOH

(Hantzsch & Kaufmann. Ann. 292. 332. )

Consideration of the action of nitric acid on the weakly
basic metals, copper, silver, mercury and bismuth reveals a corres-
-pondingly variable mixture of reduction products of nitrogen, with
the distinguishing feature that the ultimate stages of reduction,
hydroxylamine and ammonia, are never reached, and that there is
apparently always an arrest sf at stage I with the formation of
nitrous acid or nitrite as the primary product. Contrary to the
behaviour of the strongly basic metals the hydrogen of the acid,
except in the initial formation of nitrous acid, 1s entirely detached
from the nitrogen as water.

Nitrogen, nitrous oxide, nitric oxide, nitrogen trioxide and
nitrogen peroxide can be detected, however, 1in varying proportions,
nitric oxide in the majority of cases largely predominating. There
is evidence, (Freer and Higley. Amer.Chera.Jour. 15. 71; ibid. 17. 18.)
that the sole products of the secondary reduction of excess of nitric
acid, (d 1*4.), by copper are nitrogen trioxide and nitrogen per-
-oxide, the latter very much predominating, and that the nitrous
and nitric oxides and nitrogen are the result of secondary reactions

which occur only in dilute media. It is further shown that nitric

oxide, the presence of which has so frequently been observed, is



in the dissolution of copper in niteic acid, the product of decom-
-position of nitrogen trioxide and nitrogen peroxide when the specific
gravity of the acid is 1*25 or greater, and of nitrogen trioxide

alone when it is less than 1%*25. Thus, as the amount of nitrogen
trioxide produced is always considerably below that of nitrogen per-
-oxide, the former gas will not in general appear in the final pro-
-ducts. With decreasing concentration of acid nitrous oxide, (at
8p.gr. 1*3) and nitrogen, (at sp.gr. 1*25) appear.

The whole question of the formation of nitrogen peroxide as
upheld by Freer and Higley, (ibid), 1is an uncertain one, but on the
face of it it is doubtful if thg conclusions of these authors can
be accepted unreservedly. Inconsistencies are seen to exist between
their various results. Moreover, 1if, as they affirm, nitric oxide
is a secondary product of the decomposition of nitrogen trioxide
and nitrogen peroxide, there should be a marked difference in the
amounts of these gases produced in the iron-nitric acid and in the
copper-nitric acid solutions; the former, by reason of its greater
reducing power, would be expected to furnish a higher proportion of
nitrogen trioxide, and hence of nitric oxide. But a more serious
criticism 1is that no account is taken of the probable formation of
nitrous acid, together with the fact that the products are expelled

from the solution for estimation at a temperature of 100°C, no

account being taken of secondarily induced temperature reactions.
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It is doubtful if under any conditions nitrogen peroxide can
be considered as a primary reduction product of nitric acid, witness
the ordinary method of formation by oxidation of nitric oxide, and
its formation in concentrated solution fromnitric acid and nitrite
by a process analogous to a condensation.

R.NO* *# HO.NO"® — ? R»OH 2 NO®
This reaction probably largely accounts for its formation in the
systems under discussion, the nitrous acid being first formed by
direct reduction of nitric acid» In confirmation of this Stansbie,
(Jour.8o0c.Chem.Ind, 28, 268. 1909), has shown that in the dissol-
-ution of copper, silver or bismuth in nitric acid nitrogen peroxide
increases in amount as the reaction proceeds, Jjl!.i.e. as nitrite

accumulates in the solution.

Effect of External BRactojgs.
Temperaturelittle quantitative knowledge of the effect of
temperature of the products of interaction between metals and nitric
acid is available. Statements that the effect of temperature is

negligible are found on examination to be based on faulty experimen-

Por
-tal conditions. In this reason must be discounted the conclusions
respecting the effect of temperature of Freer and Higley, (ibid),

in that whatever the temperature of reaction the removal of gaseous

products from the solution v/as carried out at 1000 C,
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That temperature would have considerable effect on the varied
and complicated decompositions of nitric acid is only to be expected.
M1 our knowledge of reactions involving nitric acid points to a
profound effect, and it is generally recognised that concordant
results can only be obtained by rigid definition of the temperature
of reaction. This conclusion is borne out in the reactions under
discussion by the results of Stansbie, CJour.Soc.Chero.Ind. 25. 1071
1906.), who, in his investigation of the action of nitric acid on
copper, has shown marked sensitiveness to temperature. Over a
series of experiments undertaken at different temperatures it 1is
seen that while the total evolution of nitric oxide in the gaseous
product, obtained by direct displacement from the reaction vessel,

de
does not vary appreciably, the amount of nitrous acid increases
with rise of temperature. Stansbie somewhat arroneously concludes
from this that the main reaction by which nitric oxide is produced
un-

is uninfluenced by temperature, whereas rise of temperature is fav-
-ourable to the reaction determining the formation of nitrous acid.
The tv/o statements are inconsistent, for the decrease of nitrous
acid is in the main accompanied by a concomitant increase in the
amount of nitric oxide, the decomposition of nitrous acid proceeding
largely as follows:-

3 HNO" 2 NO HNO" H"O I

There must, therefore, with the decrease of nitrous acid, be a

corresponding increase of nitric oxide with rise of temperature.
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but, since the final volume of nitric oxide is unaltered, such
increase must be balanced by a corresponding removal, porbably by
interaction with nitrous acid,

2 NO #~ HNO® f£ H"O 2 HNO ~HNO" 1T
the hydroxamic acid decomposing into nitrous oxide, or into ammonia
and nitrogen trioxide, equations (l&) and (12). The ammonia thus
produced would probably react with more nitric oxide as follows:”

6 NO f 4 NH" 5 N% ~6 H"O ITII

The total effect on the final product might, therefore, by a neut-

je)

o

-ralisation of the effect, with respect to nitric oxide, of equation
(I) by equations (II) and (ill) display itself in a decrease of
nitrous acid, the ultimate volume of nitric oxide being unaffected.
This is evident from the results of Veley, (Proc.Roy.8oc. 52.
27. 1892.), in his study of the formation and decomposition of
nitrous acid. Nitrous acid, formed by the passage of nitric oxide
through nitric acid at different temperatures, increases slightly
up to a temperature of 520, from which point it decreases, showing
clearly the effect of secondary reactions at the higher temperatures.
Concentration. The same variability of experimental conditions,
with the consequent variation in composition of the product, con-
-fronts us when we compare the results of different investigators.
Acworth and Armstrong, (ibid), show that, given similar conditions,

the gaseous product by their treatment anci analysis is always a

mixture, but of variable proportions, of nitrous and nitric oxides
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and nitrogen, whatever the concentration of the acid. In a copper
-nitric acid mixture nitrous oxide increases and nitric oxide
decreases as the concentration of the acid decreases. In a similar
reaction with sine there is a similar decrease of nitric oxide with
decrease of concentration, but the amounts of nitrous oxide and
nitrogen seem independent of the strength of the acid. The dissol-
-ution of iron in nitric acid of increasing dilution causes first a
considerable decrease in the volume of nitric oxide, followed by an

increase, while nitrogen peroxide first increases and then decreases.

Montemartini, (ibid), studying the action of nitric acid on
sine, shows that at a temperature of 5 - the formation of ammonia
increases'with concentration to a maximum at 49 - 45 per cent,- then

falls steeply to zero, only a trace being perceptible at an acid
concentration of 55 per cent. There is an increase in formation,
rapidly increasing in speed, of nitrogen peroxide which first appears
at an acid concentrationof 27 per —cent, and reaches a constant value
at 80 per cent. The amount of nitrous oxide increases to a maximum
at a concentration of 40per cent,then declines to a minimum at
80 per cent. But in theaction of concentrated nitric acid on silver
the product is nearly pure nitrogen peroxide, no nitrous or nitric
oxides being formed. (Higley and Davies. Amer.Chem.Jour. 18. 587.
1896)

Consequently, whether nitric oxide be a product of the decompos-

-ition of nitrogen peroxide and nitrogen trioxide, or of nitrogen
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trioxide or nitrogen peroxide independently.

6 NOg * 5 E.Y0 = 3 HKO” 5 HNOg

J
2 NO y. HNO2 y H"O

it would be expected to decrease in amount with dilution of the acnd.
An interesting variation appears when one considers the effect

of varying amounts of solvent on the proportions of the reduction

products. In nitric acid, sp.gr, 1'4, diron gives rise to nitrogen

peroxide and nitric oxide in proportions varying with the quantity

of acid used. Thus,
7 cc of acid gives NO~ / NO 60/40
10 cc , , 7 75 = 90 / 10
(Freer and Higley. ibid. 21. 377. 1899.)
This may be a phenomenon merely of relative solubility. It is

difficult to accept the conclusion of the authors that concentrated
nitric acid acts as an oxidising agent here, giving off oxygen to
form the peroxide, which in the greater mass of acid and hence
greater oxygen concentration 1is then formed preferentially. Rather
is it interprétable by the fact that with increased dilution nitric
acid becomes more susceptible to reduction and yields leduccion

products representing a further stage of reduction than nitrogen

peroxide.

Comparison of the relative proportions of reduction products
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observed for the different metals of the two groups shows that oon-
-siderable uniformity of behaviour exists in the more concentrated
acid media, specific action only becoming marked in acids of low
COnc en ora i/ion* The products of the lower concentration are secondarv
decomposition products, mainly of hydroxamic acid, equations (11)

and (15). a substance representing a fairly advanced stage of re-
-duction of nitric acid, equation (5). Hence its formation would
befavoured by the more dilute reducing acid, and in the dilute medium
its decomposition into nitrous oxide and nitrogen trioxide would
predominate overits oxidation by nitric acid.

But little count has been taken of the relative solubilities

of the gaseous products in nitric acid of varying dilutions, and
until our knowledge of such is considerably extended it is difficult
to estimate with any accuracy the effect of concentration of acid

t

oll the composition of the ultijnate product.

Catalysts. That the course of the interaction between nitric
acid and metals, and the composition of the ultimate gasesus products
can be profoundly influenced by factors other than temperature and
concentration has long been regocnised.
Acworth, (Jour.CheiD.Soc. 28. 828. 1875.), observed that 1in the
dissolution of copper in dilute nitric acid the formation of nitrous
oxide v/as much influenced by the presence of metallic salts, and

tiw™t previous saturation of the solution with cupric nitrate coulo.
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convert g product conta,ining 90 - 95 per cent nitric oxide to one
containing 85 per cent nitrous oxide.

Later, in conjunction with Armstrong, (Acworth and Armstrong,
Jour, Chem.Soc. 52. 54. 1877.), he shows that the presence of cupric

nitrate leads to an increased production of nitrous oxide up to

stauration of the solution with the nitrate, and suggests that the
effect is due to a preliminary reduction of cupric to cuprous nitrate,
the nitrous oxide being a direct product of the re-oxidation of
cuprous nitrate by nitric acid.

Rennie. Higgins and Cooke, (T. 1908. 1171; 1911, 1055.), show
very conclusively that addition of metallic nitrates to a neutral
metal - nitric acid mixture accelerates or retards the solution of
the metal according to conditions of temperature and concentration.
In a copper - nitric acid mixture the presence of nitrates, and of
cupric nitrate in particular, cause a marked acceleration of the
time of solution of the metal. The specific action of the cupric
nitrate in this respect provides an explanation of the autocatalysis
observed when copper is dissolved m niuric acio.. Ib 1is of wvalue
to state the author's further conclusions as to the influence of
raetallic nitrates. " With the same concentration of acid, and with
potassium nitrate, the lower the temperature the less the acceler-
-ation, (it may even become retardation), whereas the higher ihe

temperature the greater the acceleration. With the s"e temperature

increased concentration of acid tends to lessen acceleration.
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Caesium end rubidium nitrates cause marked retardation. The accel-
-eration produced by the nitrates of any one group of metals decreases
as the atomic weight'of the metal increases."

This last observation confirms what had previously been suggested
by several workers, that the action of the metallic nitrate is due
to the formation of some third substance, independent of the metal,
which is the effective agent in bringing about the dissolution of
the metal. The observation of Reynold's, (Jour.Soc.Chem.Ind. 1906.
512,)§ that nitrous-free nitric acid hah no action on copper, with
or without the addition of nitrates, is significant.

That this third substance is nitrous acid had practically Dbeen
established by Veley. Proc.Roy. 8oc, *.216, 1889.), when he found
that substances such as urea, potassium chlorate and hydrogen per-
-olide can for a time entirely prevent the dissolution of copper,
mercury and bismuth in nitric acid, and further, that in excess nitric
acid the amount of metal dissolved and the amount of nitrous acid
present are concomitant variables. Veley explains theicourse of
reaction as follows. The initial quantity of nitrous acid dissolves
a certain amount of metal v/ith the formation of the metallic nitrate
and nitric oxide- The nitric oxide, which would obviously remain in
solution owing to its high solubility in nitric acid, reacts with
nitric acid to form more nitrous acid, while the metallic nitrite
is oxidised to the nitrate by excess of nitric acid which is itself

reduced to nitrous acid.
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Thus
i Cu ©~ 4 HNO% — 9 CuCNO™M)” f~ 2 NO /-2 H"G
ii Cu(NO2)2 + 2 HNOg -"CuCNO™)" 2 HNO"
iii HNOg ~2 NO N~O 5 HNO"

imiia Similar equations represent the behaviour of mercury, silver
and bismuth.

The amount of nitrous acid is therefore increased by two
independent reactions, and, given a certain concentration, it would
be expected that ¥yhe reversal of equation (iii) would occur with the
liberation of nitric oxide.

That the speed of solution of copper in nztrxExxcxd pure
nitrous acid is considerably greater than in nitric acid, and that

to

the addition of even small gquantities of nitric acid ths the nitrous
acid merhedly retards the dissolution of the metal is sufficient
proof that nitrous acid 1is the effective agent. But one cannot
conclude, therefore, that the scheme of reaction represented above
is necessarily correct. It is, however, a significant fact that
agitation of the liquid during solution retards the rate of solution,
a phenomenon which can be explained on the above assumption in tnab

agitation would reduce the local concentration of the third factor,

nitrous acid, round the metal”

Further confirmation of the part played by nitrous acid is
given by Petit and Dhar, (.Zeit.anorg. Chei;:. 19E4. 134. 191.), by

their eXcULinatic>n of the action of diurrereno caualyscs on the sol

-ution of mercury in nitric acid. Previous addition to the nitric
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acid of rnercuious or feri-ic nunts considerfiuiy increases the

yield of nitrate, the formation of which is, however, entirely
prevented 1f urea or sbdium nitriye be first added to the mixture,
the former acting by removal of nitrous acid by decomposition, and
the latter by the formation of a complex sodium mercurinitrite.
Ferrous sulphate, either by direct reduction of nitric acid, or by
formation of the ferrous sulphate-nitric oxide complex which then
yields nitric oxide and, by reaction with nitric acid, nitrous 9.cid,
also accelerates the dissolution of the metal. It would seem, there- ;
-fore, that nitrous acid is an essential constituent, whether as
catalyst or otherwise, of the dissolution of metals in nitric acid.
It will- however, be more profitable to éiscuss the mechanism of

its action with the whole question of the catalysis of nitric acid ;

reactions.

Reduction of Nitric Acid by Coinpounds other than Metals.

Whether the course of reaction initiated by nitric acid in
contact vjith any substance capable of interaction, be one of oxidation
or of nitration or of both, such reaction is invariably accompanied ’
by secondary degradation involving further reduction of the nitric
acid to any or all of the possible reduction produsts, i-'ron resul-
-tant oxidation of the compoutffl. Such oxidation, if the degrading

agentbe organic, proceeds in part, coaipletely, v7ith evolution of
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carbon dioxide, and the formation of oxalic acid and other less fully
oxidised products depending on the nature of the organic compound.
But though this degradation may take place independently, factors
v/hich influence such reaction cannot fail to Be of influence on the
simultaneous reactions of oxidation and nitration.

Little evidence is forthcoming in the literature as to the
nature of the degradation products formed by interaction between
nitric acid and organic compounds. With one exception, (Rice. Jour.
Amer .Chem. Soc. 71920. 2665.), no examination lies been made of either
the gaseous products or any possible reduction products of nitric
acid present in the solution. In the present investigation, during
which a considerable number of reactions between organic compounds
and nitric acid have been examined, this aspect of the course of
reaction has been taken into account.

Secondary reactions must occur, in the absence of other factors,
by virtue of the oxidisable capacity of the organic compound, and
consequently may be expected to take place more extensively in a
system undergoing oxidation than in a nitrating medium. This is
borne out by experierant. The reduction products of nitric acid,
whether as oxides of nitrogen or as nitrite, decrease as the nitrating ;
action of the acid becomes more pronounced.

Nitrous acid, nitric oxide, nitrous oxide, nitrogen peroxide
and nitrogen in varying proportions according to the nature of the

organic compound and temperature of reaction are products of both
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systems, but there"is a marked preponderance of nitrous oxide and
nitrogen in a system which is undergoing nitration, while, on the
other hand, oxidation by nitric acid determines a high percentage of
nitric oxide, nitrogen peroxide and nitrous acid in the reduction
products. Similarly, 1in the latter system, oxalic acid, carbon
dioxide and carbon monoxide are increasingly present in varying but
considerable amounts, whereas these substances are formed to only a
very small extent as secondary products of a nitrating reaction.

Such, differentiation is observed, too, if one compares the early
and subsequent stages of a nitrating reaction. In the nitration of
benzene nitrous oxide and nitrogen account for two thirds of the
nitric acid decomposed other than by actual nitration, during the
first stage corresponding to the introduction of one nitro group.
During further nitration to the di- and trinitro compounds there 1is
a marked falling off in the proportion of these gases, and a corres-
-ponding increase 1in the amounts of nitrogen peroxide and nitric oxide
formed as nitration proceeds. In such a system this behaviour is
undoubtedly dependent, partially at least, on the gradual dilution of
the acid by water. Two factors play an important part here. High
concentrations of nitric acid, as was observed in the examination of
the degradation of nitric acid by metals, favours the formation of
the lower reduction products nitrous oxide and nitrogen, which tend

to decrease in -Mmount with a corresponding xncrease on nxcric oxj-de
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and nitrogen peroxide as concentration diminishes. But, also, the
solubility of nitric oxide and nitrogen peroxide is considerably
greater in concentrated nitric acid than in water, and dilution of the
acid would necessarily release more of these gases. It is impossible
at this stage to dissociate the influence of these two conditions. It
is certain, however, that temperature plays an important part, and in
general it can be stated that the lower the temperature during the
critical stages the less will be tge proportion of the higher reduction
products.

It is interesting to compare there results with the figures obt-
-ained by Rice, (Jour.Amer.Chem.Soc. 1920. 2665.), in the nitration of
phenol, where the same distinction between the first and later stages
of the reaction is noticeable. While he gives no data as to the effect
of temperature on the amount of nitrated product, he observes that
lov/ temperature during the early stages of the reaction is a factor
for the lower yield of nitrous oxide and nitrogen.

The Effect of the, Presence aiS Metallic Salts:- As can be predicted
from the preliminary examination of the action of metals and metallic
on nitric acid,
salts
the introduction of such salts into a system containing nitric acid
and an organic compound has considerable influence on the course of
the reaction.

At the outset it would be expected that those metals which, in

N

their interaction with nitric acid, cause th~*

; " uos extensive
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degradation would, by virtue of such degradation, tend to promote the
oxidising function of the acid. While, on the contrary, oxidation
might be decreased and even prevented, possibly in favour of nitration,
in the presence of metals or their salts whose power of promoting
degradation is less. The products of degradation of nitric acid in
the presence of an organic compound by the metals silver, mercury,
copper and bismuth, which promote the formation of nitrogen trioxide
and nitrogen peroxide, with secondary formation of nitric oxide, and
the effect of these metals on the processes of nitration and oxidation.
should be clearly distinguishable from that of the metals iron, tin
and lead which are powerful agents of reduction of nitric acid, giving
s
rise to the ultimate productif# of reduction, nitrous oxide, nitrogen
and ammonia. ;

The effect of the addition of small quantities of salts of copper, |
silver, mercury, tin and iron to the nitration mixtures of various
organic compounds strikingly confirms this supposition. In the
nitration of phenol, (v. table/6 4), silver, copper and mercury, inc-
-creasingly in the order named, not only do not promote oxidation of
the organic compound, but actually cause an increase in the proportion
of phenol undergoing nitration, though for silver this increase 1is ]
very small. The proportion of nitric acid represented as nitrocompound -

is greater, and the p>roportion of mi.me acad as oxides oL nitrogen

is less in the presence of these metals than in normal nitrations

when they are absent. On the other hand, iron and tin salts both
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promote oxidation of the phenol, the former to a considerable extent.
And while there is an increase in the proportion of organic compound

entering into reaction, such increase is due to destructive oxidation
at the expense of nitration, and the proportion of nitric acid repre-
ssented as nitrated compound is less, and that as oxides of nitrogen

greater than is the case in normal, uncatalysed nitrations.

In the interaction between nitric acid and the unsaturated hydro-
carbons ethylene and acetylene the course of the reaction is even more
susceptible to the presence of metallic salts. As before, mercury has
the most marked effect, and causes the greatest increase in the pro-
-portion of carbon becoming nitrated. Copper produces the same effect,
though to a less degree, while silver, without promoting oxidation at
the expense of nitration, seems to carry the reaction tia only to the

s0
intermediate stages of the nitroalcohol and allied compounds, (v, tableX
Of the other metals examined, all promote oxidation at the direct
expense of nitration.

In this survey two metals stand out by reason of the marked in-
-fluence which they exert on the course of the reaction between organic
compounds and nitric acid, and each, mercury and iron, 1is representative
though in an extreme degree, of the tv/o types of metals outlined above.

Iron salts in all the examples studied increase the decomposition

of the nitric acid, giving an increased formation of nitrous oxide and

nitrogen at the expense of the nitrated compound. In other words,

iron salts may be said to be positive ostein ,
B —-ys-cs of the oxidisxnp-
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action of nitric acid, the decreased formation of nitrated product
being directly proportional. (v. table/6<).

The effect of mercury salts is much more subtle. At first sight
it would appear that the first or immediate effect of the addition of
these compounds to a nitric acid system is to increase simultaneously
both the oxidising and the nitrating action of the acid, with the fon'G-
-ation of an oxidised nitro compound. Evidence from other previous
work 1in the main substantiates this view.

Holdermann, ( B. 59.1250. 1906.), examining the effect of mercurous
nitrate on the nitration of anthraouinone. and its derivatives, shows
that the yield of 1-nitro-2-niethylanthraouinone. the nitrated product
of -methylanthraouinone, is considerably increased by the presence of
the mercury salt. The effect, however, of such addition to the nitration
mixture of anthraquinone is uniformly negative, no nitro compound being
produced at all. It is interesting to compare this result with a srlra-
-ilar observation of the author that the addition of mercury to a
sulphonation of anthraquinone gives mainly the alpha sulphonic acid.
23.%0/, sulphonation of toluene in the presence of mercury gives thirty
one per cent of ortho compound, as compared with the forty to fifty
per cent obtained in normal nitrations.

The nitration xiri the presence of mercuric nitrate of benzene and
its homologues has been examined by Wolffenstein and Boters, (B.

586. 1913.), but their evidence is not substantiated by quantitative

data.. No modification of the reaction is observed when concentrated
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acid is used, the yield of nitro compound being unaffected. The
effect on the action of more dilute acid, (I’'Sl), is, however, marked.
The yield of simple nitro compound is decreased, but the principal
product of the reaction is an oxidised, nitrated compound, the nitro-
-phenol, in the formation of v/hich it would appear that oxidation
proceeds nitration since no nitrophenol can be obtained from nitro-
-benzene under similar conditions.

Confirmation of this behaviour is given by Vignon, (Bull.Soc. 1920.
27. 547.), who obtained considerable quantities of picric acid from
benzene under these conditions, and by Davies and Worrail, (Jour.Amer.
Chern.Soc. 1921. 43. 594.), The latter authors show that, in the
presence of mercuric nitrate, benzene 1is converted completely into
nitrobenzene and picric acid, under conditions which otherwise leave
a residue of unconverted benzene. The process has, moreover, been
patented for the preparation of picric acid from benzene, (D.R.P.1947883
1908; D.R.P. 214,045, 1909; Brit.Pat.'125"4061.) It is noteworthy
that the phenol formation is a function of the more dilute acids. At
concentrations of nitric acid of 70 per cent and over, nitration pre-
-dominates to the almost complete exclusion of the nitrophenol, /she-
presonce -of morouxr?® Consequently, the oxidation in the presence of
mercury salts, so frequently observed in tlie literature must not be
confused with the oxidising function of dilute nitric acid. There is
little evidence that mercury salts can to any appreciable extent exert

a negative catalytic influence on the process of nitration.



Examination of the nitration of aromatic sunstances under varying
conditions shows that, with the exception of aromatic aldehydes, .a
decrease in the yield of the nitrated, unoxidised compound is observable
only -c”ong the examples studied- 1in the nitration of anthracene,
bromobenzene and salicylic acid.

On the contrary, 1in a concentrated nitiic acid mixture not only is
the formation of the hydroxylic nitro compound not favoured, but the
yield of simple nitro compound is freouwntly appreciably increased.
Such positive catalysis of nitration has been observed in the nitration
of phenol; chlorophenol, ortho-, meta- and para- cresols, dinitronaph-
-thol; naphthalene, phenanthrene, benzoic acid and cinnamic acid.

This positive effect is produced by very small sunounts of the
mercury salt. In normal experiments the relative proportion varied
from 0*03 to 9*2 moles of mercuric nitrate to one mole of nitratable
substance. Increase in the proportion of nitrate has a varying effect
on different nitrations, but above a concentration of 9*95 moles the
effect of such increase is slight. Davies, Worrall &c, (ibid), have
shown that below this concentration addition of mercuric nitrate to a
nitration mixture of benzene, in quantities varying from 0*0046 moles
to 0*26 moles, produces at the lowest concentration a slight increase
of yield of picric acid, which rapidly increases with increase of
mercury until an approximately constsnt maximum value is reached.at a
concentration of 0*23 moles of mercury salt, Tne reaction is noo

s'cracGxy comparaoxe fol mexcuxy wouj.d seem to increase vne yield of
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ecne hyu.roxyj.a'bea niuro compound -plcnc acia- at, the expense of tne
Simple niiro compound, nitrobenzene. But this 1is not actually the
case. The first very small additions of mercury do actually produce
a rapid increase in the yield of nitrobenzene. The increase 1is not,
however, continuously maintained} and th@ amount o# nitrobenmone as
the concentration of the mercury salt is increased from 0*0023 moles
to 0*%046 moles falls steeply to a value representing half the initial
yield, and less than one third the maximum yield promoted by 0*0023
moles of nercuric oxide. Further increase of mercury, however,
reverses this effect, and the yield of nitrobenzene again stedily
rises to a constsnt value equal to the initial value at a concentrat-
-ion of 0%*263 moles of mercuric oxide. Thus, the striking fact emerges
that the presence of the mercury salt at a concentration varying from
0*0023 to 0*00046 moles in the nitration of benzene has a positive

catalytic effect on the formation both of picric acid and of mononitro-
-benzene. Between concentrations of 0*0023 to 0*046 moles of mercuric
oxide the yield of picric acid is increased, vdiile that of nitrobenzne
0*046 0%263

is rapidly decreased. But between concentrations EBERM and EBMBS moles
the formation both of picric acid and of nitrobenzene is again inc-
-reased.

In examining the effect of mercury in nitration, both from the

point of view of the nature of the compound nitrated and also from

that of the character of the nitrating medium, one is led to the con-

-clusion that, while the catalytio effect of mercury varies



considerably with the nature of the compound nitrated, 1its effect
seems independent of the medium.

Though it is impossible to make any comparable study of the
nitration of any one substance in different nitrating media, since
there is always an optimum condition for each, nevertheless the
examination of a large number of nitrations, carried out under very
different conditions, shows that mercury may exert a positive or a
negative catalytic effect, or be without any apparent influence,
whether the nitration be carried out in concentrated or dilute nitric
acid, concentrated nitric plus sulphuric acids, nitric acid "lus
acetic acid, nitrous acid or potassium nitrate and sulphuric acid.

No prediction of the behaviour of mercury in any given medium can be
made. This is the more surprising when one considers how different

is the physical condition of the mercury salt in the different media.
In all completely nonj”“aqueous media only minute porportion of the
mercury salt can exist in solution, the bulk of it remains undissolved
as nitrate in concentrated nitric or nitric plus acetic acid media,

or as sulphate in a concentrated sulphuric-nitric acid medium, and
there 1is no evidence that the catalytic effect is in any way proport-
—-ional to the amount which is actually present in solution in the
nitrating mixture.

But there is considerable variation in the susceptibility of

different types of aromatic compounds to catalytic influence, though

here, too, v/ith the exception of phenolic compounds, tliere is little
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specific behaviour of type. A:i. the different olienols examined, how-

-ever, sliov/ an increase in the yield of nitro compound, which may

rimount to as much as thirty per cent, (m-cresol ). . and this positive
catalysis is maintained in a nitric-acetic acid medium, (nitration of
cresols), in a nitric-sulphuric acid medium, (nitration of dinitro-

-naphthol); and in a medium in which nitrous acid is the nitrating
agont; (nitration of salicylic acid).

In the nitration of hydrocarbons the effect of mercury is variable.
Increase of yield of mononitro compound ié found in the nitration of
naphthalene - (to the dinitro stage), phenanthrene and chlorobenzene.
Benzene, toluene, xylene and methyl and etliylbenzenes in concentrated
nitric acid or concentrated nitric-sulphuric acid media give normal
yields of nitrated product. In the nitration of bronobenzene on the
other hand, addition of mercury causes a depression of yield, V.

Tables /= /3

Acetanilide and methylacetanilide have been examined, and the
influence of mercury, though mainly positive, is irregular, while in
the nitration of the base, dimethylaniline, the effect is uniformly
positive, a slight increase of yield of total mononitro compound
amounting to 5-11 per cent being obtained.

Contrary to the statement of Wolffenstein and Paar, (B. 589.
1915), there is an appreciable increase, amounting to 10 - 20 per cent,

when benzoic acid is nitrated in the presence of mercurxc nmurate.

These autnois appear, however, though 1littQ.e gquantitative data as
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given, to have examined the effect of the metallic salt only in a
dilute rcid, (nitric acid 1*35), medium in which the nitrating action
of the acid is low, and the natural oxidising function would in any
case begin to be operative. Using the non-aqueous medium of a potass-
—ium-sulphuric acid mixture I have found no trace of oxidised product
-the hydroxy nitro acid- but only a larger percentage of the nitro
acid. On the other hand, I have been unable to discover any evidence
constant
that mercuric nitrate has any/effect on the nitration of sal”icylic
acid, the yield of nitrated product of which is frequently depressed
by the presence of mercury. In the nitration of cinnamic acid there
is a slight increase in yield of nitrated product.

It would appear from the behaviour of aromatic aldehydes in nit-
-rating media containing mercuric nitrate that this substance possesses
the capacity for promoting oxidation, v/hich, however, only becomes
operative in the presence of an easily oxidisable compound. Such
susceptibility to oxidation exists in the aromatic aldehydes, and
these compounds are uniformly simultaneously oxidised and nitrated to
the corresponding mononitro acid, i.e. benzaldehyde yields m-nitro-
-benzoic acid, salicylic aldehyde 3-nitro- and 5-nitrosalicylic acids”
p-oxybenzaldehyde 3-nitro-p-oxybenzoic acid.

Examination of an entirely different reaction - the addition of
nitric acid to unsaturated hydrocarbons - at once indicates a marked

susceotibilitv to the influence of metallic salts. The course of the



reaction is fully discussed in a later section; it 1is sufficient to
indicate here that the reaction provides confirmation of the hypothesii
that the influence of mercury salts in nitration is rarely, 1if ever,
to promote oxidation at the expense of the nitrating function. These
slats, 1in the interaction between nitric acid and unsaturated hydro-
-carbons have a positive catalytio effect on the addition of the
groups (OH) and (HO",) to the double bond, resulting in the first
instance in an increased yield of the intermediate compound the nitro-
—alcohol. In the subsequent rupture and further nitration of this
compound there is consequently a proportionate increase in the yield
of fully nitrated product, corresponding in amount to an increase in
the formation of oxidised products. Thus, in the formation of tetra-
-nitrometiiane from acetylene by the direct addition of nitric acid,
the ultimate effect of mercuric nitrate in the reacting mixture is to
increase the yield of tetranitromethane by as much as 52*8 per cent.
When one examines the whole course of the reactions v/hich organic
compounds undergo in a nitrating medium, both in the presence and
absence of mercury salts, it is obvious that various factors other
than the actual yield of nitrated product have to be taken into acc-
-outit if one is to form any estimate of the favourable or unfavourable
effect of the metallic salt in the actual process of nitration.
Conditions of temperature, of purzty of rpoduct, tne presence or

absence of other compounds and the ultimate fate of the nztrio acj-u
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are all involved.

It is proposed at this stage to discuss at some length the action
of nitric acid on a double and a treble bond as repealed by the inter-
—action of nitric acid and ethylene and acetylene, and the effect on
this reaction of mercury salts. Prom a detailed study of the effect
of such salts in the nitration of aromatic compounds certain evidence
is forthcoming as to the mechanism of their catalytic action in
nitration.

It has been possible in the light of such evidence, and of the
knowledge which has Dbeen obtained of the mechanism of the action of
nitric acid on the unsaturated linkage to develops to some extent our
knowledge of the whole course of the interaction between nitric acid

and Orgamic compounds.
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The Interaction between Oxides of Nitrogen and

Unsaturated Compounds *

k survey of the literature of the interaction between oxides of
nitrogen and the double or triple bond of unsaturated compounds, aliph-
-atic or hydroaromatic. shows at once that we have to deal with a
complex series of reaction”, depending not only on the composition of

the nitrous gases, but to a certain extent on the nature of the unsat-

-urated compound.

The. .AchkiQ.].i o f . . . The behaviour towards an ethy-
-ene link of pure nitrogen peroxide suggests that this compound exists
in so].ution in three different forms in equilibrium v.ith each other ;
the proportion of each form depending upon temperature and concen-
&9eRon.
0 -H=0 0-=N=0 0=N- 0
O-KcoO 0-N=0 0=N=0
According to the predominance oC one or other of these forms the

follov/ing types of addition to the ethylene lin!,v may occur

CH -CH-0ONO -CH-NOg —-CH-NO CH-NO"
/ I I I I I
CH -CK-0-HO , CH-0-NO -CH-0-NOp CH'KOg
(1) (i1) (Bii) (iv7
-dinitrite -nitro- -nitroso- -dinitro
-nitrite -nitrate
A
I
Ch-T t

'D.ITy~ 0



Probably the higher unsaturatecl. aliphatic and hydroaroinatic
hydrocarbons give with nitrogen peroxide a mixture of all these four
types, one or other predominating under specific conditions, though
it would appear that, as the tendency to form the nitroso-chloride
with nitresyl chloride increases as the weight of the radicle in the
neighbourhood of the reactive carbon increases, (Tilden & Sudborough,
I. 1895. 479.), so the tendency to form the nitroso-nitrate increases,
hence, with such compounds, this form is the principal product.
Compounds containing a secondary carbon atom can also yield an isom-

-eric oximido compound, which is the true nitrosate.

Thus: -
-CCCHg) * (CHgi~C-0-NOg 0 NO
I Vi I
-CH(CH.O CH,,C.MO CHn.C NOH
~ H
Amylene Aiiiylene nitroso-nitrate. Ai;;ylene nitrosate.

(T/al].acTi. Anil. 2~. 161. 1888.73
When the double bond is situated between a secondary and a
tertiary, or between two tertiary carbon atoms, there is a general
tendency to form a bimolecular bisnitrosate ; solid, crystalline
compounds which separate from solution, the unimclecular form, when
present, remaining in solution. (Klingstedt. Ber. 58. 2363. B. 1925.)

Thus amylene bisnitrosate has the constitution

/\3 2_/\ j _ 4 \C//jj
aerjaz

(A t - c/i'(w



,iid tetrsjnethylethylene bisnitrosate

In the bimoleoular state, the bisnitrosate of a compound contain-
-ing a secondary carbon atom cannot exist in the oximido form.

It would appear also, that when each carbon of the ethylene 1iii:
is fully alkylated the capacity for nitrosate formation is weakened,
and varying quantities of dinitrite and of nitro-nitrate are formed.
Schmidt, (Ber. 36. 1775. 1903.) fails to detect any nitrosate form-
-ation at all in the product of the action of nitrous fumes on
tetramethylethyleneb but Demjanoff, (Ann. Inst. Agron. Moscow, 4.

155. 1899. )"the formation of nitrosate and of nitro-nitrate by the

action of nitrogen peroxide on this compound.

! (CBg)gC-C(CHg)g + 2NOg -—=? MOj C. (CMg)g— C. (CH2)g.0.KOg
— 7 NOg.C. (GHg)p- C. (CHg)g.0.I'iOg

=> HO.O0.C. -C. (CH..)o.0.KO

The existence of these bimolecular compounds was known as early
as 1860, when Guthrie, (Ann. 116" 243. 1860.), obtained a bimolecular
compound from amylene and nitric acid, the constitution, and oven the

empirical composition of which, however, he was una.ble definitely to

ascertain.
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Schmidt3 (Ber. 35. 2336. 1902.) obtained from trimothy].ethyleno,

l-y treating it in ethereal solution with nitrogen “eroxide, two

products3 - a liquid, moiioiiioleciO.ar compound, which he showed to be
the nitrosate (CH )~..C—C.CH,, , end a solid, bimolecular bisnitrc-
A N O M A
NO” NOH
-sate. An521072717272 and he nemonstrated that the two forms are

iiii;erconvartibj.e, I is yolymerised yo II on standing at ordinary
temperature 5 but slight v.'arming causes the drcomposition in solution

of II into I,

2 ~ (G51IioN204)2
Thus bal,aneed reaction 1is set up, comparable to the change
2 NOg ~ V2*~4

According as pure nitrogen peroxide. or kK solution of this gas
in nitric acid is used, so the yield of bisnitrosate varies, the
higher yield of amylene nitrosate is given in the nitric acid mediuir:,
(Klingstedt, ibid. ). It is possible that in a dissociating medium
that form of nitrogen y"eroxide which is most favourable to nitrosate
formr'.tion, 0 - ﬁ'?O , can the more easily exist. But the behaviuor
seems to 0-N-0 be specific for each compound, gnd the
yield of hexene nitrosate is slightly greater in the nonracid, (N"~O.
in ether) medium. The bisnitrosate in either medium is not stable,
and may finally completely disappear by secondary reactions. (Kling-

-stedt, ibid. ).

' Phenyl-substituted Olefii“eg
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Plion®g-substituted Pler ine # t r o - en Perox;.de. The substit-
-ution of phenyl for alkyl radicles adjacent to the double bond
initiates a still further type of addition. When phenylethylone 1is
treat': d 1th nitrous gases, .containing mainly nitrogen ti'ioxide “nd
nitrogen peroxide, the first -nd principal product is bi: olecular
pseudo-nitrosite, n addition ound iiivolving tin addition of

o (These compounds are moi'e fully discussed anc-ng the addition
compounds of nitrogen trioxide, ) The filtrate fi'on this reaction
mixture, freed from nitrous gases and ether, yields a second addition

compound, the product of addition of to the original unsaturated

compound, 1ith either the constitution of a nitro-nitrite. o' of a

dinitro- compound. The reaction has been examined in detail for
anisylidene acetone and for anisylidene acetophonone, (Wieland, Ann.
542" G3. 1905.) Jj -nd here, where, in the expression R.CH-CH.R*, R

is aromatic with a positive substituant, and R’ is negative, i.e.
marked
GO.CH” or CO.Ph, the addition compound shows such tendency to lose

nitrous acid that the isolated product is the nitrohetone.

OMe.GcHc.CH-CH.CO.CH" OMe,C.Hr .GH=C'CO.Cn
~ /O § » o
0 ; ’
NO NO”®

Anisylidene nitro-nitrite.

OMe.C”"H”.CH- CH. CO.Ph OMe.C, H .CH”C-CO.Ph
6 I NOg
NO NO”

Anisylideneacetophenone
nitro-nitrite
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The second::ry sh'-dition product of the coup.omid PIuCH-CH.R,

where R 1is positive, would be the nitro-nitrite Ph.CH-CH.R
9 tiog

which, according to the nature of R. might HO
or might not lose nitrous acid, forming the unsaturated nitro-
compound Ph.CH - G (NOp) .R.

The product of the interaction of nitrogen peroxide and stilbene
is ' ri.ixture of two symmetrical dinitro compounds, s-x.~diphenyl-

-0ij'iti'cethane and s- dinitI'odiphe;pt.uthan.e. CSolu idt, Ber.

35.36. 1901; Wielandé& Blumich. Ann. 424. VvV5.1921, )

r-
PK A ~ H PI L 1 A A
s-y-dinitrodipheny] .cthene s-/""dinitrcdiphenyleth?,n0
+KEB in addition to the normal, primary product stilbene- -nitrosite.

In the expression R*CH='CH*R*, where R’is negative, “nd R 1is
unsubstituted or negatively substituted phenyl, addition both of
nitrogen trioxide nd of nibrogen peroxide trices place differently,
the latter giving mainly a dinitro compound, but one in which only
one nitro group attaches itself to the double bond, while the other
nitrates the phenyl nucleus. Thus the'principal product of the
addition of 2 COp to benmylidene acetophenone in cooled benmene
soluticnj is v-nitro-L-nitrobonmylidene acetopiieiione
NO~C.Hpr .C(NO,,) - CH.CO.Ph, together with a small '"“'mount of the

nitro-nitrite En.GII - CIi.CO.)?ii
0.HO NO2
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Unsaturated compounds with conjugated double bonds readily add
tv/o molecules of NO in the 1:4 position when treated with nitrous
gases. (Wieiaiid & Stenzl. Ann. 360. 299. 1908. ).

Thus

Ph.CH=rCH-CH=-CH.Ph Y 270" Ph.CH(NO”) .CH:; "CH.CH (NO") .Ph

But dibenzylidene acetone, with unconjugated double bonds, adds
two molecules of NO2 in the 1:2 position, (Wieland & Blumich. Ann.
424 . 75. 1921.).

Thus: -

Ph.CH=CH.CO.CH =CH.Ph f 2NO2 Ph.CH(NO2)CH(NU2) .CO.CH=CH.Ph

Dicyclo®entadiene undergoes a similar addition, saturating one of
its double bonds by the addition of two NO2 groups. (Wieland! &

Stennl. ibid.)

CH -CH- CH - CH CH -CH - CH - CH.NO,2

\Y / f 4 + 2NO2 n I ! !

CH .CH-CH ,CH CH CH - CH /CH.KO%;
CE, CH2 CHg

The action of the higher oxides of nitrogen on acetylenic com-
-pounds has been very little studied. Sciir”idt, (Ber. 34. 610. 1901)
suggests that the addition of two NOp groups to the double bond of
stilbene with the formation of a dinitro compound, foreshadows the
manner of reaction with acetylene. This v/as confirmed i for phenyl

'cetylene by Wieland & Blumich. ibid. 100. ), who obtained dinitro-

-pnenylethylene by treatment with nitrogen peroxide.



Thus, addition of oxides of nitrogen to the triple bond takes
place usually to the incomplete saturation of the bond, an ethyleneic
compound being formed. Nothing comparable to the addition of
NO NO” followed by polymerisation is known. The reaction appears
to involve the simple addition of 7NO®, (with nitrogen peroxide), or
of 2NO, (with nitrogen trioxide), sometimes followed in the latter
case by the formation of a ring compound, a furoxane.

Thus, phenyl acetylene and toian, treated with nitrogen peroxide,

add to the triple bond 2NO2 forming the unsaturated dinitro compound.

Ph.G 5 CH Ph.C = CH
NOg NOg

Ph.C z C.Ph Ph.C = C.Ph
NOg NO~#

But evidence of an intermediate stxgE bimolecular stage 1is
obtained in the reaction with ethylphenylpropiolate, which adds the
groups 2N0O2 to two molecules forming as easily dissociable compound

which decomposes to equal parts of the unsaturated dinitro ester and

the original ester.

Ph.C ~ C.COOSt Ph.C 5 C.COOEt

f2
Ph.C C.COOEt

- Ph.C = C.COOEt
NO~
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The action of nitrogen trioxide on phenyl acetylene gives
ultimately phenyl furoxane, a condensed dinitroso compound which

may arise either by direct addition of two nitroso groups

Ph.C ~ CH — > Ph.C = CH
NO NO
— Ph.G ~ C A PRLC— T CH
H n - r
NO NOH N N~ U
0/\

or by addition of 2(NO_ NO), followed by elimination of 2NO;.

Ph.C CH — Ph.C (NO”) (HO) — C1INO”XflO )H
- Ph.C = CH
NO NO A 2NO
2
-> Ph.C — C Ph.C — CH
NO NOH / ;70
N\ /K

While fundamentally the reaction with oxides of nitrogen involves
simple addition to the unsaturated linkage, secondary and more com-
-piex reactions can occur. This, as will be shown, applies even more
considerabl.y to the reaction between acetylenic compounds and nitric
acid. But these reactions are susceptible to the influence of catal-
-ysts, and under certain conditions the course of reaction can be
simplified so that the primary, simple addition predominates. The

discussion of the effect of catalysts is reserved for a later section.



Ph.C = CH A ElOg —f Ph.cCI'lOg)— CI-KIIOA)

The Action of Nitrogen Trioxide. With equal readiness does
nitrogen trioxide react with the double bond of unsaturated compounds.
But, inasmuch as the composition of solutions of nitrogen trioxide
is variable. the r. action may t-lie place in several ways. According
to the temperature and concentration of the mixture there may be a
preponderance of nitric oxide or nitrogen dioxide, and in general,
such a solution behaves towards unsaturated compounds as a mixture
of NOMMO” , and addition takes place as such, though at the some
time a dissociation of nitrogen trioxide into 0 f 2NO undoubtedly
in small part, occurs,

i.e.

In addition to the fourtypes of addition, compounds which are
possible in the interaction between a double bond and nitrogen per-

-oxide. three further types involving addition of (1) NOfO.NO.

(ii) ©NO f NOg, or, if nitrogen pentoxide be present, of (iii) NO*"GNO"

are possible, and doubtless occur in varying degrees.

-CH.NO -CH.NO -CH.NO
I /! I 2
-CH.O.NO _ CH.NOg —-CH.O.NOg

nitro so-n; 'trite ! nitro-nitrate
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Nitrous fumes, prepared from arsenic trioxide and nitric acid,
contain mainly nitrogen trioxide and nitrogen peroxide, together
v/ith some nitric oxide, the proportions varying with experimental
conditions. Consequently. the addition products are, 1in part, those
of the addition of nitrogen peroxide. The principal product of the
interaction between nitrogen trioxide and olefinic compounds
represents the direct addition of NOfO.NO, and is a nitroso-nitrite.
or nitrosite, corresponding to the nitrosate involving the addition
of NOfO.NO".

low temp.

;jc~c; £ NpO -— ; c (ONO) - (NO) Cd

/.C"=C, N*o ;Cc(ONO) - CNO)c " ~CCOKO) - (»DOH)C
e H ! H
i.e.

CHp - CH// CHg - CH
0.NO NO 0O.NO NOH

Ethylene Ethylene nitrosite.

— 7?2 C(CH,)p- C.CH,

/ 1 /
0.NO 0.NO NOH

Amylene Amylene nitrosite.

Wallach, (ibid), and Schmidt, (Ber. 2323. 1902), have both

studies this reaction, and have shown that the product of the inter-

—action of nitrous fumes and amylene is a nitroso-nitrite, or the

oximido isomeride, havin- th<

constitution. At ordi gy
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temperatures this polymerises to a hisnitrosite, a balanced reaction
being set up, analogous to the polymerisation of the corresponding

nitrosate.
2 C5H10N203 ~ (057107203)2

Hantmscli; CBe,r. 55. 2978. 1902), criticises the nitroso-nitrite

formula for amylene nitrosite, and suggests (CH5)ﬂC-— .CH.CH
14 14
There seems little .justification for such 0 C
N
a formula, and the formation of the oximido o

isomeride and of the hisnitrosite are by it less easily explicable.

Phenyl-substituted Unsaturated Comrounds and Nitrogen Trioxide
As in the addition of nitrogen peroxide, analogous distinctions hold
between the wvarying behaviour of higher and lower defines, hydro-
—aromatic compounds and phenyl-substituted unsaturated compounds. IN
both types of reaction it is noteworthy that the lower, simple
olefines show little capacity for addition other than that of the
ordinary nitrite or nitrate.

i.e. Ethylene tends.to give 0,NO,CH — CH .0.NO

Ethylene dinitrite

or
NO.CH2 --CH2 .0.NO2
Ethylene nitroso nitrate
rather than (NOH )CH--CH”.0.NO

Ethylene nitrosite.
As has been indicated above, the principal product of the inter-

—action of nitrous gases with phenyl-substituted olefines of the type



Ph.GH GH.R 1s a pseudo nitrosite, a compound differing from nitro-
-sites and nitrosates, which are respectively nitrites and nitrates,
in being a true nitro compound, (Wieland, Ann. 329. 225. 1903.), 1i.e.
the two nitrogen atoms of the combining oxides are linked directly to
carbon.

The existence of the nitrogen trioxide addition compound of such
substances as anethol, styrol and phenyl substituted butylenes was
recognised as long ago as 1878 by Tonnies, (Ber. 11. 1511. 1878.),
who, however, failed to realise their true constitution; i.e. he
postulated for the addition compound of anethol the constitution of

a nitrosite,
CH"O0.C 'a .C -
~ b 4 , ’ -

M-I O.NO (Tonnies. Ber. 20 . 2982.1887.)
Later, Angeli, (Gaaz. 23. ii. 124. 1893; 25. 1ii. 188. 1895.)
examining in 7lbre detail the action of nitrous fumes on the derivatives
of aromatic ethers, as safrole, isosafrole, anethol and styrol, real-
-ised the true nitronic nature of these compounds, but gave them the
general formula their characteristic property,
R.CH-- CH.R'

N - U-N

6. 6

the ready loss of water, then occuring as follows:-

R.C /C.R' E.C — C.R'
111 Hi » I
N-0-N, " NN
0 0 00— 0
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Hence anethol nitrosite has the formula CH-O"CH— GH.CH"
H-0- N n

Schfflicit, (Ber. 34. 623, 3536. 1901)| obtained from stilbene, together

with a small quantity of s-/"-diphenylnitroethane, a similar pseudo
nitrosite, to which he assigned the formula Ph.GH— GH.Ph
N-0-N
d — 6
The constitution of the pseudo nitrosites has been finally
settled by t Wieland, (Snn. 329. 225. 1903.), who has conclusively

demonstrated them to be bimolecular, nitro compounds,

(KpOp) - (e.CH-CH.R* ;
: 1 HO3 1

the constitution of v/hich is probably best represented by R

R.CH — pH.R'
! NOp
(N202) ~
I HO
R.CH — CH.R'
The bimolecular natureof both nitrosites, (and nitrosates), and
pseudo nitrosites is therefore demonstrated. The intermolecular

linking takes place, in all probability, in the same way in each
type of compound, the nitrite structure of the nitrosite and the
nitro structure of the pseudo nitrosite being determined by the NO®

constituent of nitrogen trioxide.
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C.H*.CH  CH.C,H,_

(CIx0). Cgll,.CH — 'CH.CH,
1 KO/\ N ’ KOg " _
(Nigop) A vMgOg/

(GH.,0).C I C/?H (;HO(ZZI 1 C C'H QC%IZC" A
50O FOH Oy S i
Anethol nitrosite. Stilbene nitrosite
(CH, v) pCH CH.CH,,

" 9
(NpOp) HO
7 MO
1 o)
(CH, (9 neCH —  6H .CHyy

Amylene nitrosite.

Such a pseudo nitrosite is not, however, an invariable product

of the action of nitrous fumes. The capacity for pseudo nitrosite

formation weakens as the negative character of the neighbouring

radicles increases, (Wieland. Ann. 528. 154. 1903. ).

Thus Phenylisocrotonic ester gives a normal pseudo nitrosite,

Ph.CH..CH.CH".COOMe — Ph.CH — CH.CH", .CDDMe
A / MOp
(170 )

Ph. CH CHfCH”. COOMe

Benzalacetone yields only a very small quantity, while Benzal-

—acetophenone and Cinnainic aldehyde give none, and instead give a

mixture of nitro- and oximido compounds.

Hence it would appear that the immediate proximity of the group

Ph.C-C.C

G=0 to the double bond in compounds of the type
0 almost

womowowTm tor.,.tlo, PC ti., ,



entirely prevents the formation of the pseudo nitrosite. This may
be due to a reduced capacity for pseudo nitrosite formation as R
becomes increasingly negative in the expression Ph.CH = CH.R, or
there may be formation of the nitrosite, followed by its removal by
secondary changes. Examination of the products of interaction of
nitrogen trioxide and benaalacetophenone. and of nitrogen trioxide
and cinnamic aldehyde, (Wieland. loc cit. ), would seem to favour the
former hypothesis.

Wiel'iiid, (loc cit ), postulates throe types of addition of nitro-

-gen trioxide to the system Ph.CH =CH.C
0

(a) Addition of NO” to the x ~ .nR pf (NO) to thc/3 carbon atoms

occurs, forming a compound which then undergoes the following changes:

Ph.CH. CH.C - 7 Ph.CH-CH.C" _~"Ph.C — C=C
0 NO 0 NOH NOc "3H
I
—7 Pii.c-c(i'id,,)= ¢ -
/ /
H —-——- 0 Isoxamole

Molecular rearrangement with hydrogen results in the formation of the
cxime of the dihetone, which loses water giving an isoxa”olo.

(b) Direct nitration of the side chain may occur, together
nitration of the aromatic nucleus, giving the unsaturated nitro-

comiound.

Ih.CH = GH.Cc G"H”"GH -CH.GO NOg.CgH”.G” CH.CO

NOg HO NO
2

witl



or, more probably

Ph.CH -CH.CO — NO~.C"H”.CH-CH.CO MO”~.CoH”.C ~ CH.CO
NO% O.NO NO®
(c) Addition of N"O” gives also the nitro-nitrite

Ph.CH — CH.CO

O0.NO NO,

y , the tendency of which to lose nitrous

acid is often so marked that the product may be the nitro-ketone.

Ph.CH ~ C.CO
NO*

Dependent on the addition of nitrogen trioxide as NO NO”* yet

a fourth rearrangement may occur, the product being a glyoxime per-

-oxide, Ph.C — C
I fo
n-o-n'

Thus a strongly cooled solution of benmalacetophenane gives
with nitrous fumes as principal product ultimately the isoxazole.
But an intermediate bimolecular stage is arrested here, and there
first crystallises out from the reaction mixture a compound in which
two molecules of the original ketone have combined with the complex
VvV u » A Va>-

Prom a detailed stude of the reactions of this compound Wieland.

(Ann. 328. 154. 1903. ), has assigned to it the formula:-

Ph.C(OH) I — G —
I KO, NOH

0
NOg  NOH

Ph.C (OH) CH — C —



It is interesting to compare this witht the action of nitrous
gases on phenanthrene, whereby an oxy addition compound in which the
S

intermolecular linking i” through the medium of oxygen is produced,

(Schmidt. Ber. 33. 3252.).

H H,
X «
\vo13 +0
v/

Probably the normal reaction of addition of NO” of NO is foil-
-owed in both cases by one of oxidation, brought about by the oxidising
action of the higher oxides of nitrogen. Wieland, to account for the
established formula of the nitrogen-oxygen compound of benaalaceto-
-phenone, assumes an actual dissociation of the molecule of nitrogen
trioxide into 0 2NO.

This addition compound readily loses water and passes into the
final product, the isoxaaole.

Ph.C =C(N0O2,) C.C*a”NO"
” V4
0 N

A stable monomolecular oxime, which is the Bxxas oonoxime of a

1;3-diketone, can be isolated by treatment of the oxy-addition com-

-pound with ethereal ammonia. But once the reaction has been arrested

at this stage the monoxime, thus formed, shows no tendency to give the

anhydride, the isoxazole.

The stability of this monoxime is noteworthy, for among the class



0L ordinary 1:5-diketones no monoxime can be isolated, so easily does
it pass into the anhydride. Wielvid, (ibid), attributes t’iis. probably
rightly, to a decreased mobility of hydrogen in the expression
-CO — CH - , due to the opposing negative attraction o' the nitro
group, Vhereby the énolisation of the carbonyl group requisite
for dehydration is prev nted.

C(OH)* cC- n CU - CH- co — c-

HO., HO. A N
6 OH

i.e. reaction (i) is count- rb-.1 .need by ro—cbion (ii), -nd hence the
nitro-hetone is st ble,

8 .;Cvndary 1r- ducts of the interaction with ben&alacetoyhenone
involve the addition of 2HO0., and re @®») "~ 1tro-"- 'itrobona al-
—acetcr .hen.one, probably through the intermediate addition oo; go und,
the nitro-nitrite, v.hich then loses nitrous acid.

Ph.CO.CH = CH.Ph --r Ph.CO.C? -- CH.Ph Ph.CO.CH"C.CA&-Iaé—lO,h
O.NO NO* NO#

*nd (c) Benzal cetopdiononenibronitrite, Ph.CO.CH— CH.Ph.
NO2 O.NO
No such intermediate product as the bilolecular oxy-oximido
addition compound of benmalacetophenone can be isolated from cinnamic
aldehyde by the action of nitrous fumes. The primary “rroduct is the
isoXar.ole, phenylnitroisoxazole, Ph.G - C (NO" ) "~ CH
)1 A /
N 0

one secondary product only, the nitro-glyt.xii-e peroxide, and that in



small quantity, being isolated.

The formation of a second anhydride, the glyoxime peroxide, 1is
a reaction which assumes much greater importance when in the expression
Ph.CH —CH.CO.R the phenyl nucleus is positively substituted. Such
substitution completely counteracts the influence inhibitory to poly-
-merisation, and these compounds undergo the normal pseudo nitrosite
formation with nitrous fumes. Following on the decomposition of the
bimolecular pseudo nitrosite to the monomolecular nitro-oxime form,
Ph.Cf CH.R , a decomposition which is readily brought about by

NUH NO*

heating with alcohol, dehydration can take place between

the nitro and the oximido groups, the product being the glyoxime

peroxide.
Ph.C™" C.R. Ph.C — C.R
HOH HOH b I "0
M N
\Y

and this dehydration can occur regardless of whether R is positive or
negative, provided that in the latter case the phenyl nucleus is pos-
-itively substituted. Thus the peroxide formation is dependent only
on the nitro-oximido formation, and occurs regardless of the presence
of a carbonyl group, provided, as will be more fully discussed in
considering the decompositions of these compounds, the negative
influence of this group is counteracted by positive substitution on
the phenyl nucleus. Dehydration to the isoxazole, on the other hand,

structurally
isjdependent on the presence of a carbonyl group in the enol form. This

aehydratioti is, however, independent of phenyl substitution; when
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both anhydrides are theoretically possible, both are formed. Thus
anisy3.ideneaoetophenone yields both'a peroxide and an isoxazole by
the action of alcohol on the pseudo nitrosite.
If one examines the mechanism of reaction with nitrogen trioxide
and nitrogen peroxide in the three types
Ph.CH = CH.R, -w Ph.CH = CH.CO.R, EM R'.C"H*".CH =CH.CO.R
(R’ -ve)
it is at once apparent that there must be considerable similarity of
behaviour in the initial stages, the different ultimate products
arising largely from subsequent molecular rearrangements specific to
the nature of the original compound. Thus it seems probable that
the primary addition products with these three types are respectively
Ph.CH -CH.R PH.CH -CH.CO.R R'.C.H .CH --CH.CO.R
HO NU2 ! MO NO# " HO HO"
and with nitrogen peroxide
Ph.CH — CH.R Ph.CH -— CH.R
NO~# 0.NO ! O0.NO NO%
together with a small varying amount of the dinitro compound

Ph.CH — CH.R
NO” NO

o°

latter
and that theseyproducts are formed regardless of whether R is positive

or negative. Thus in all cases simple acidxtion to the double bormo.
of NOf NO, , N0~ O 0O.NO, or NO*-* NO” takes place.

Secondary reaction then occurs as follows:-



i. Ph.CH --CH.R -
NO NOo
alcohol.
heat
ii. Ph.CH -CH.CO.R
NO NO2 -
iii. R'.CgH".CH - CH.CO.R
NO NO 2 - =
aleohol
heat"

Thus the ease with which the

oxime takes place varies considerably,

Ph.CH — CH.R
/ NO+3
(NO) ;
I
Ph.CH - CH.R
Ph.C® — CH.R
*NOH NOo
Ph.CH — CH.CO.R
No ,,
(NO) ,
Ph.CH — -CH.CO.R (very unstable)
Ph.C CH.CO.R
NOH NOo

R'.C.tK.CH — CH.CO.R
! NOp
(NO )p
NO
R'.CgH".CH CH.CO.R
R\NC"H".C- -CH.CO.R '
NOH NO~

subsequent decomposition to the

and the stability of the pseudo

nitrosite is dependent on the specific nature of the compound.



As has Dbeen shown, benzalacetophenone reacts with nitrous gases

according to the equation

2 (Ph.CH = CH.CO.Ph) f£ (#0;

_m_
(NO .CgH..C — CH.C(OH).Ph)O
NOH  NO~

and though a pseudo nitrosite is not stable, a stable, bimolecular
compound is formed.

It is possible that such is the normal reaction when R is negative,
and that according to the nature of R the stability of the intermediate
bimolecular compound varies greatly, and only in certain cases can it
be isolated, (i.e. when R= CO.H no trace of the bimolecular compound
has been detected). But this is unlikely, for it would appear that
vije are in benzalacetophenone dealing with a specific reaction dependent

on the presence of the complex CO.Ph.

The great tendency to polymerise shown by the NO group is
weakened, and hence the stability of the bimolecular compound is
considerably decreased, when the compound contains an adjacent negative
group, 1.e. carbonyl, and the oxime is the more stable form. This is
completely analogous to the behaviour of the compounds bromnitroso-
-propane and chlornitroseethane ; the former cannot exist in the bi-
-molecular form, while the bimolecular compound of the latter very
readily dissociates to the monomolecular state.

But benzalacetophenone undergoes a subsequent reaction with oxides

of nitrogen by which the second phenyl nucleus is nitrated, probably
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by nitrogen pentoxide which dissociates into nitrogen peroxide and
oxygen nitrates two phenyl, nuclei of tvm molecules and simultaneously
promotes oxidation and condensation between the two molecules, inter-
-molecular linking being set up through the additional oxygen.

Hence, when R is positive, or when R 1is negative but the
phenyl nucleus is positively substituted, the primary addition product
with nitrogen trioxide is able, by direct coupling of the unsaturated
nitroso groups of two molecules, to form a stable product, the pseudo
nitrosite, from which the monomolecular oximido compound can only be
obtained by treatment with reagents. When R 1is negative and the
phenyl nucleus is unsubstituted or negatively substituted the addition
product with nitrogen trioxide is unstable and cannot be isolated
as immediate, spontaneous decomposition to the monomolecular oxime

takes place.

1:3-Diketolies and Nitr,ojis. Gase.s. It is interesting to compare the
behaviour towards nitrous gases of such unsaturated ketones as benzal-
-acetone and anisylidene acetone with that of 1:3-diketones. These
compounds react only with the nitroso constituent of nitrogen trioxide
giving a bisnitroso compound, bimolecular compounds in which, the as
in pseudo nitrosites, intermolecular linking is established by means
of the nitroso group. Thus dibenzoyl methane yields bisnitroso-

-dibenzoyl ,methane, benzoyl acetone gives bisnitrosobenzoyl acetone.
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Ph. CO Ph. CO .H H .CO.Ph
7 ch, ;C .c'
Ph.CO Ph.CO (KO)~'CO.Ph

Bisnitrosodibenzoylnethane.

Ph.CO Ph.CO H CO.Ph
; CH ; ck 'o!
CH”.CO > CH”.CO (NO )% 'CO.CH"

Bisnitrosobeiizoylacetone.

But negative substitution of one of the phenyl nuclei attached
to a carbonyl group prevents this, thus, p-nitro-dibenzoylmethane
gives no bisnitroso compound, (Wieland & Bloch. Ber, 37. 1524, 1904)
The mechanism of this reaction is not analogous to the additive
formation of nitrosites and pseudo nitrosites in which the constit-
-uents of nitrogen trioxide are added to a double bond. The reaction
between 1l:3-diketones and oxides of nitrogen is one os simple sub-
-stitution of the group NO for H. But the subsequent polymeris-
-ation of the nitroso compound is subject to the same influences as
is the formation of the bimolecular pseudo nitrosite, and the presence
of an adjacent negative group, such as the nitro group on the phenyl

nucleus prevents the polymerisation.

The Inetraction between Nitrous Acid and Unsaturated Compounds,

In such reactions with nitrous acid as have been investigated

it is clear that the reaction frequently involves merely the addition
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of NO ©NO”; and in such cases conforms in every respect with the
behaviour of nitrogen trioxide, Angeli and Rimini. (Gazz. 1895. 28
ii. 188", obtained a pseudo nitrosite by the action of nitrous acid
on safrole, Jjonnies, (Rer, 20. 2982. 1887.), obtained pseudo nitro-
-sites from styrol and anethol, while Schiiidt, (Ber, 54. 5536. 1901),
obtained from stilbene by the action of nitrous acid on the one hand
and of nitrogen trioxide on the other identical pseudo nitrosites.
There is evidence, however, that the addition may also be that
of 2NO™. Gabriel, (Ber. 1251. 2455. 1885), shows that benzyl-
-idenephthalidej by treatment with nitrous acid yields an unstable
dinitro compound.
~00 ~00
0+84 /0 - 7 A
"0=- CH.Ph 0 (NO”).CH, (NO™),Ph
This compound decomposes with loss of nitrous acid on heating

or standing giving an unsaturated mononitro compound and finally

PhtilBlic anhydride,

/CO ! /CO
CH 70 -V CeH4 . ; 0 % HNO2
A A~ CUNOg) .»!. (KOgi.Ph C= C.Ph. (NOg)
CO
— cH( ;0 ++ Ph.cm
6 4 CO

Benzali'hthaliciidine yields a corresponding dinitrooompound by

the action of either nitrous acid or of nitrogen peroxide.
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The conclusion declucecl by the author from this behaviour that
an initial decomposition of nitrous acid into the Eagz%K% radicle
NO” must be presupposed is unjustifiable. The reaction can be
accounted for by the normal decomposition of nitrous acid into
nitric acid and nitric oxide, SHNO" '"~“HNO ~ ~ 2NO H*"O ,
atmospheric oxidation of the nitric oxide then furnishing the

necessary nitrogen peroxide radicle.

Though undoubtedly involving the addition of 2H0”, the
dinitronic structure of these compounds is criticised by Wallach,
(Ann. 241, 288 1887), who, from the reactions of the addition
compounds of benaylidenephthalide and -phthalimidine and of

aethinediphthalidej prefers the nitromiitrite constitution.



The Decompositions of the Nitrogen-oxygeii Addition Compounds

of Unsaturated Bodies.

The addition compounds formed between double or triple linked
carbon atoms and oxides of nitrogen or nitrous or nitric acids may
undergo further reaction, the stability of the addition compound
depending largely on the character of the addition, as well as on the
nature of the original compound.

In certain cases, 1i.e. when the addition compound contains a
nitroso group, the remarkable tendency to polymerisation of the
nitroso group usually produces a bimolecular compound which is com-
-paratively stable. Thus nitro-nitroso, nitroso-nitrite and nitroso-
-nitrate compounds, where addition has taken place as NO+ NO , N O 0.NO
or NO 4p.NOg readily polymerise to the stable bimolecular pseudo
nitrosite, bisnitrosite and bisnitrosate respectively, 1intermolecular
linking taking place as has been indicated by means of the nitroso
group.

The characteristic property of polymerisation possessed by the
nitroso group displays itself wherever this group is found, 1irrespec-
-tive of the organic residue to which it may be attached. But the
stability of the so-formed bimolecular compound varies considerably.
Only in a few cases of halogen fatty nitroso compounds is, however, an
independent existence precluded by great instability. From the easily

dissociable chlornitrosoethane to the completely stable terpene nitroso



derivatives, 1.e. bisrdtrosyl carone, H 0, varying
degrees of stxkiiity .sris ease of dissociation are met with, the pseudo
nitrosite occnpyibg a position mid-nay between the easily dissociable
type and the stable bisnitrosyl compounds.

Two lines of decomposition of pseudo nitrosites, brought about
by acids and alkalis respectively, give rise to several types of
decomposition products.

I. The first action of diluye alkali is to depolyrnerise the
addition compound to the monoraolecular form. This, 1like all secondary

nitroso compounds in the presence of alkali, then gives the oxime.

Ph.CH — CH.R Ph.CH — CH.R
I NO9 NO NOp
(NOg - " Aot
I NOg .

Ph.CH .CH.R Ph.C — CH.R

NOH

1T, Mineral acids split off the polymerised nitroso group as

hydroxamic acid, giving an unsaturated nitro compound

Ph.CH — CH.R 2 Ph.CH C.R ~ H2N202
I NO?2 ~ NO 2
(NO >2
F 2
Ph.CH — CH.R

The nitro-olef.iiie formation op.n be expressed thus:-

NO, - C--HC A =NO™
A~ J. LoD . ./xr.
H (NOig



But it seems more probable that the two reactions are primarily
identical; the first action of the decomposing agent being in each
case the formation of the monomolecular nitroso compound, which
rearranges to the stable oxime under the influence of alkali. Such
a grouping undergoes the ordinary oxime reaction on heating with
mineral acids and is decomposed with elimination of hydroxamic acid,
and the formation of the unsaturated nitro compouhd, Dbehaviour that
finds comfirraation in the formation by mineral acids of a nitro ketone

from the corresponding oxime.

alkali
Ph.CH — CH.R — ——Ph.C — CH.R
: NOp NOH NO~*
(NO) %
I NO%
Ph.CH ~ CH.R
acids
- — " Ph.CO ""“CH.R -£ TI1HoOH
1~2
Concentrated acids act as dehydrating agents, -"nd from the pseudo

nitrosites of unsaturated ketonic compounds such dehydration produces
the isoxazole, (v.above p )

The action of dilute acids, whether with the pseudo nitrosite
itself or with the oxime, always results in the splitting off of the
nitroso group either as hydroxamic acid or as hydroxylamine. While
the oxime can be isolated by treating the pseudo nitrosite with cold
dilute alkali, a reaction which can also be brought about by heating

with absolute alcohol, treatment with hot alkali, or with alcoholic
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alkali; also brings about the alimination of the nitroso group, in

the former case,sitkxkydKS accompanied by hydrolysis, as nitrous
oxide, the compound being completely broken up into the aldehyde and
nitro compound of the side-chain residue, and in the latter as hydro
—-araic acid, a decomposition analogous to that brought about by heating
with mineral acids, except that here an intermediate stage of an

alkoxy compound can be isolated.

alkali
Ph.CH CH.R ~ 2 Ph.CHO 2 R.CH”‘NOAGL
I NO Heat
+NO)p
Ph.CH — CHT/R

2 Ph.CH — C.R + NpOoKg
O.Me MOOS

2 Ph.CH = C.R —£2 MeOH
NOo

The ease with which the formation of the oxime from the pseudo
nitrosite takes place varies considerably, and in certain cases, i.e.
benzalacetone, no pseudo nitrosite can be isolated so great is its
isnatbility that spontaneous decomposition to the oxime occurs in the
initial reaction between the ketone and oxides of nitrogen.

Under certain conditions, by conversion of the oxime into its
potassium salt and acidification, or by alkali treatment of the

pseudo nitrosite followed by acidification, further condensation
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occurs between the oximido and the aci-nitro groups involving ring

formation of a cyclic, peroxide.

Ph.C,,— CH.R alkali _ Ph.C! — C.R
NOH NO2 NOH "
KO 'N=0
acid » Ph.C C.R

NOH HO-M--0

N-O-N"u

It is interesting to compare this normal internal condensation
of the pseudo nitrosites with the isoxazole formation, previously
described, dependent oQ the presence of a carbonyl group adjacent to
the original double bond. In the light of the mechanism of the
decomposition reaction involving the formation of the oxime, this
behaviour can readily be explained.

It is evident that ready peroxide formation can only occur when
the oxime is present in that form which is anti to the aromatic
residue. This configuration, in that the oxime group contains hydroxyl,
will be favoured by positive substituents on the benzene nucleus, and
will be hindered if such substituents are negative, i.e. the more
negative the aromatic residue the more stable will be the oxime form

syn to ti it. Under such circumstances the nitro-oxime will be stable,



and will resist peroxide formation.

The non-formation of a pseudo nitrosite in compounds of the
type Ph.CH where R 1is negative and contains especially
a carbonyl group, means that the presence of the negative group in
R renders the nitroso grouping unstable and promotes formation of
an oximido group anti to the aryl group. Thus polymerisation to the
pseudo nitrosite is prevented or hindered unless the negative influence
of R 1is counterbalanced by positive substituents on the aryl nucleus.
In such cases, according to the relative influences of substituted
phenyl and R, pseudo nitrosite formation occurs to a greater or less
degree. At the same time, the anti oxime form stabilised by the
presence of carbonyl facilitates condensation between the oximido and
the carbonyl groups, and isoxazole formation occurs.

But in general, subsequent reactions of the nitrogen-oxygen
addition compounds, whether polymerisation has taken place or not,
involves elimination of nitrogen-containing, (or,”xgmthe addition
compounds with nitric acid, of hydroxyl-containing), groups with the
formation of an unsaturated nitro- or nitroso-corapound. Only when
addition occurs as NO NO”®, or as NO2+ NO2 1is the resulting add-
-ition compound capable of existing as such.

All addition compounds containing the ester group O.NO or 0O.NO"
tend to eliminate this as the corresponding acid, the tendency to lose

nitrous acid from®™! a nitro-nitrite being so marked, particularly if

adjacent negative groups are present, that the primary product is
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often the unsaturated nitro compound.

Thus

-CH.OLNO -CH HONO
1l
CH.NO2 . C.NO2

nitro-olefine

-CH.0.NO., - -OH -+ HONO2
1 1!
_ CH.NO C.NO
unstable
- CH.O.NO -CH HONO
I v
_ CH.NO C.NO
unstable
CH.O.NO -GH HONO
. =7 U
CH.O.NO - C.0.NO
unstable

The unsaturated nitrite tends again to lose nitrous acid, reverting
to the original define.
In the presence of hydrochloric acid the unsaturated nitro com-

-pounds undergo further decomposition involving the final elimination

of the nitro group.



71

The formation of a nitro-olefine here, is not always the inevitable
product of decomposition. Under certaineconditions. it would appear
that the presence in the compound of negative groups, 1i.e. carboxyl,
cab be the promoting cause, elimination of hydroxamic acid occurs, the
product being a saturated nitroketone. (Jagorov. J.Pr.Ch.1912. (ii).
86. 521.)

e.g. Oleic acid:j-

CH” (CH2 )?CH -CH1CH"1iYCOOH ~ CH5 (CH2 ) YCH-C. (CHZ2 )~COOH
NO” 0O.NO NO% 0

Hydrolysis then may take place in one or both of two ways:-

R H HO
1. C-NO~* H C-NO c=0
I A H_O I 2 1
Cc=0 H R
R 4
2 H H R H H
'cC NO HO C - NO, 'C=0
/ H 1 /
Cc=0 OH R*
R

The normal stability of such dinitro compounds as may be pro-
-duced by addition of nitrogen peroxide 1is considerably weakened if
adjacent negative groups are present in the addition compound, and

elimination of one nitro group usually occurs. Thus, Benzaldiphenyl



-Ealeide gives two addition products when treated with nitrous

fumes: a hydroxy-nitro- and a dinitro-maleide. (Cohn. B. 24. 3865.1891),
C.Ph = C.Ph . C.Ph =C.Ph
! + C =CHPh 1 I -
co - 0 co — O

C.Ph = C.Ph
2. I pT G(NO ).CHPh.MO,,
co — 0

Water is readily eliminated from (1), i.e. by treating with

acetyl chloride, giving:-

I — C=C.Ph.NO, W

while, on heating the dinitro compound at the melting point, nitrous
acid is evolved and again the unsaturated mononitro compound formed.
Similarly diphenylbutadiene readily adds two nitro groups when
treated with nitrous gases, and the dinitro compound thus formed,
under the influence of alkali loses nitrous acid giving an unsat-

-utated mononitro compound,

Ph.CH = CH -CI-1 = CH.Ph — =/ Ph.CH1IMOgl.CH = CH.CHINO”i.Ph

Ph.CCNO")- CH -CH = CH.Ph

From cinnamic acid a very unstable dinitro compound can be

obtained, which decomposes immediately in tb” presence of water

giving an unsaturated nitro compound
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Ph.CH = CH.COOH - > Ph.CH(KO, )-C(NO"~)H.COOH

Ph.CH CH.1NO"™) CO02 + HNO2

dcmtylenic Addition Cgmppunclg. The addition compounds of acety-
-lenic compounds with oxides of nitrogen are subject fundamentally
to the same type of decomposition as are ethylenic compounds, though,
owing to the greater reactivity of the acetylenic addition compound
which is still unsaturated it may be more profound and involve
cleavage. Thus, Wieland and Blumich, (A. 424. 100. 1921. ), ha,ve
shown that dinitrophenyl-acetylene, obtained by direct addition of
nitrogen peroxide, hydrolyses with rupture of the molecule and elim-
-ination of one nitro group as metallic nitrate, a reaction which

probably occurs as follows:-

KOH /OH
Ph.C.NOp = CH.NO,-,  ————— Ph.C ~C
NO " NOg
0
Ph.C - Cc~*

Ph.CN + KKO, K..QO,.— —+2H,pD

The intramolecular change of a nitro to a nitroso group v/ith
the corresponding formation of a hydroxy group on the adjacent carbon
finds analogy in the conversion by alkali of the disulpnonmc acid

of nitronaphthalene into the oxime of the corresponding guinone.

(Priedlander. B. 28. 1555. 1895)
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/votd
746 H SuH- 7
303 H P>omx i
6h u

and in the similar conversion of nitroanthraquinone into anthr?9,

-gquinone monoxime. (Meisenheimeres k>32S. 205, 1902.)
h oh g H
\yV
— 2 =7
ti tvo

The addition compound with nitrogen trioxide undergoes a per-
-oxide condensation to phenyl furoxane, but a normal course of react-
-ion via the oxime cannot obviously take place here3 and in that
nitrogen peroxide 1is an undoubted product of the reaction inxths

the condensation probably occurs as follows:-

Ph.C 5 CH ~ 2N2Ug =1 Ph.C CH
/\ /N

NO NOc NOc NO

Ph.C — CH 2N0 "
NO NO

<l Ph.C - CH
1\
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Application of Modern Theories of Valency to the Addition

of Oxides of Nitrogen to Unsaturated Compounds.

If we are to interpret in the light of the foregoing the addition
of nitric acid to an unsaturated linkage, it is necessary to seek for
some underlying cause, some condition, whether of structure or envir-
-onment, which may determine such behaviour.

from the outset the diversity of experimental conditions pre-
-cludes any profound environmental influence, and explanation must
perforce be sought for in the peculiar grouping of molecular forces
constituting an unsaturated linkage.

No advancement of chemical science has done more to elucidate
such a -complex than the developement, arising from our recent know-
-ledge of atomic structure, of the t electronic conception of valency.
But, while advancing considerably our conception of double and triple
bonds, and providing a more satisfactory basis for the reactions of
such linkages than had liitherto been reached, our knowledge of the
actual forces governing the unsaturated state,in a molecule are still
tentative.

The application of modern electronic theories of wvalency to the
reactions of organic chemistry has given rise to a perfectly intell-
-igible and comprehensive conception of the single linking between

carbon atoms.
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The acceptance of the electron as the fundenental unit of chemical
union has now been placed beyond question. While the actual structure
of the atom, and the arrangement of its planetary electrons, each in
its orbit, in groups of energy levels, is still in process of flux, the
phenonemon of chemical union seems faiily clearly established, and
independent of any present develogement of the quantum theory.

Without attempting to enter into a detailed examination of atomic
and molecular structure, a discussion which would be irrelevant here,
one may say briefly that chemical combination between atoms takes place
by virtue of the polarised electro-magnetic force fields surrounding
each atom. Condensation between points of opposite polarity occurs
'with loss of energy and the formation of a condensed field. By such
condensation a potential gradient will be established between the twwo
atoms, which, 1f sufficiently steep, will cause a transference of an
electron from the atom of positive polarity to the negative atom.
Before such a union can be ruptured there must be reabsorption of
energy sufficient to open up the closed force fields.

In this union the outer sheath of planetary electrons alone plays
a part, and the marked tendency to establish in this outer shell a
group of sight electrons offers at once an explanation of atomic union,
for a deficiency of electrons in the one outer sheath may be made up
by combination with another atom or atoms in who se outer sheath there
in an excess. The coupling of the two electronic orbits, and the

formation of an electronic wair between two electrons of two different
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atoras is then the physical unit of wunion. Thisf” union may assume a
different character according as the electron pair is equally or
unequally shared by the two atoms, an arrangement depending mainly
on the electrochemical character of the original atoms or radicles.
Such atoms or radicles which can form negative ions, tend to draw
towards themselves electrons from the outer sheath of other atoms.
Those which can form positive ions tend to repel such electrons.
Hence, atoms in which the difference between the number of electrons
in the outer sheath and the number eight is small tend to complete
their sheath by appropriating the electrons from the outer sheath

of those atoms where such difference 1is great, or where the number
of ungrouped electrons is small, negative and positive ions respect-
-ively being formed. Such ionic formation actually means a trans-
-ference of electrons, and the bond between the tvfo ions is then
purely an electrostatic one, the bonding pair being entirely shifted
towards the nucleus of the negative ion. It is conceivable that
numerous stages exist intermediate between such a completely polar
union and the union established between neutral elements such as
carbon where each of the four odd electrons in the outer shell of
each carbon atom can form one of a bonding pair of electrons with
the electrons of other carbon or other neutral atoms, such pairs
being shared equally by the atoms concenned, forming a co-valent,

non-polar union. Thus the single bonds of a saturated carbon chain

are of this co-valent character., involving no appropriavion of
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electrons. Only when the atoms linked to carbon are themselves
iRrkedly polar will there be a shifting of the electron pair towards
the element of negative polarity, or away from that of positive polarity
It is important to reaJd.ise. however, that only in a few exceptional
cases can such shifting in the unions of carbon atoms amount to com-
-plete polarisation and ionisation of the molecule.
Hence the electronic state of such a saturated system as propane

may be graphically represented as
H

" c, = C, = C,;;
H

Each carbon atom is therefore surrounded by a complete sheath of eight
electrons, each of which is invoiced in a bonding pair which is shared
equally by two atoms, and the members of each of which are furnished by
two different atoms. Thus, 1in the octet of electrons surrounding

the electrons of each pair are furnished, one by and the other by
one of the four attached atoms.

Substitution of one of the hydrogen atoms of such a system by a
polar group, e.g. hydroxyl, immediately polarises the carbon atom to
which it becomes attached, and this polarisation must be reflected,
though probably wvery weakly, through the system. Consequently the

electronic state of propyy alcohol may be represented

H:0:C : ; C/.H

B



79.

The polar or key atom, oxygen, tends to complete its octet at the
expense of Gj, and a hydrogen atom, the bonding pairs thus formed
tending to shift from a midway position to one nearer the oxygen
nucleus, A negative polarity is thus established on the oxygen
complex, which confers opposite, positive polarity on the adjacent
hydrogen and carbon atoms. The proximity of the positively polarised
carbon atom to the neutral carbon will undoubtedly cause a slight
shifting towards G” of the bonding pair between G and though
it is unlikely that the shift will be sufficient to polarise

In its application, however, to unsaturated systems, or to
what 1s by common consent known as the double or triple bond of such
systems, conflicting ideas have arisen.

When two carbon atoms or groups are united in such a way that
a single by an electronic pair still leaves one electron of each

carbon atom unaccounted for,

i.e. "fC : C

the electronic condition oS the unsaturated molecule thus produced

has not yet been placed wholly outside the field of speculation.

If the old conception of the double bond between two such groups

is realised physically we have to assume that the four, probably

;binuclear orbits of four electrons unite the two carbon atoms. Each

orbit of each external electron of a carbon atom is normally inclined
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to each other orbit at an angle of 109° 28’, thus confirming the old
tetrahedral conception of the valency lines of the carbon atom, and
it is not possible to conceive of a union in which four such orbits
are invo3.ved without considerable strain, In other words, the old
conception embodied in Baeyer's Strain Theory is revived, the distor-
-tion being not of lines of force proceeding from the nucleus, but of
the actual planetary orbit of the electron. Suchbwoul'd be the con-

-dition -one of considerable strain- graphically represented by
H H

H:0 \0 :"

Such a conception seems unjustifiable and far more rigid than
our present knowledge warrants. If the orbits of a bonding pairof
electrons between two atoms involve the two nuclei of the atoms,i.e.
are binuclear, whether the path is external to both nuclei or not,
there seems no reason vdiy a similar pair of binuclear orbits should
not be established between another pair of electrons involving the
same atoms, the planes of the firstpair being set at an angle of
109~ 28’ to the second.

In striking contrast to this conception Lowry, (T, 1923. 1~. 822)
postulates a "mixed double bond", i.e. one in which the carbon atoms
are united by one ordinary co-valent bonding pair of electrons and by
one electrovalent pair or a bond in which one electron of one carbon

atom' has been appropriated by the other atom, thus establishing a highly

polar BxxEB structure.
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Hence one carbon atom of the bond has a completed octet of electrons
ana functionally negatively, while the other possesses only a sextet
and functions positively.

The unilversality of the pairing of odd electrons prejudices the
third alternative in which each carbon atom possesses an odd unpaired
electron.

But while the mixed bond consisting of a co-valent and an electro
-valent pair by virtue of its highly polar nature expresses admirably
the behaviour of the unsaturated linkage, there is no ground for
assuming that such is the normal resting condition of the nuElxux of
the unsB.turated molecule. All available evidence, on the contrary,
points to an inert state which is best represented by a double or
triple co-valent bond, tnd the measure of reactivity of the compound
depends on the readiness with which a co-valency is transformed into
an electrovalency. With equal truth can it be said that the react-
-ivity of any compound depends on the readiness of this transformation
from co-valent to electrovalent state, the polarisation thus set up
producing latent or actual ionisation in which state chemical union
is facilitated. The following diagramatic representation of the

addition of bromine to ethylene ilJ.usti'R.tes tnms conception.
One criticism can relevantly be made in respect of sucn a theory

of mixed double bonds. A sharp distinction is,drawn between the two

bonds, electrovalent and co-valent, of the unsaturated link, whereas

it seems unnecessary to postulate more than a difference of degree



82.

— différence wiimdi is exiiibiteci iu B.U mwbs phases in the conversion
by external agency of a co-valent into an/ electrovalent bond.
The latent polarity of a system may, however, become permanantly

established by the presence of a polar or ':ey atom. In the system

CH "CH CH. CO -

the oxygen of the carbonyl bond acts as a negatively polar key atom;

the latent polarity of the double bond is established, and a alter-

-nating polarity is set up thruughou!: the system as follows:-
;€ ;, C . C. C ¢
;0

In the absence of such an atom the non-polar caadition may be
supposed stable, and the influence of tke activating agents become of
considerable importance. Thus, while a non-polar compound such as
ethylenein its resting and inert condition iscapable ofreacting
with apolar compound, e.g. hydrobromic acid, in other words, the polar
field produced by the hydrobromic acid is sufficient to activate the
molecule and hence facilitate interaction, 1interaction between tv/o
non-polar bodies such as ethylene and molecular bromine can only occur
in the tks Boresence of an activating agent or polar catalysb. The
whole problem of catalysis at once assumes a new aspeoc. fts uiie

question of catalysis 1is one which looms isery large in the influence
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of mercury salts in nitration reactions, it is proposed to reserve
that aspect of the subject for a later section.
for the purpose of this work Lowry’s conception of mixed double

bonds as representing the state of the molecules in their reacting
condition has been adopted. It has the great merit of expressing
clearly and convincingly the specific reactions, and in particular
the addition reactions of unsaturated compounds with which this work
is concerned.

Triple, Bond. It is possible to postulate for the triple bond, in
contradistinction to the double bond, an electronic condition in which
the union 1is entirely unpolarisd, each carbon atom being surrounded

by a sextet of paired electrons.

H: G:c¢c :H

Whether this or a triple co-valent state

H:c::;c @ H
represents the inert condition of the molecule, Lowry conceives of the
successive reactions of the acetylene molecule as the successive con-

-versions of two co-valencies into electrovalencies, thus:-

-h -

However the triplegoe visualised, and some common conception

must be sought &P such trebly linked groups as CO-, ~ CH',
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CH = CH, it seems evident that the high degree of unsatura tion exem-

-plified by the ready polarisation of the double bond is not reached

in the triple bond.

Application to the Reactions of Oxides of Nitrogen

and of Nitric Acid.

Application of the octet theory of valency to the structure of

the oxides of nitrogen shows very clearly the possibility of three

tautameric formulae for nitrogen peroxide.

@ b o - v~y

(€). i o -0
I »
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formula (&) represents an electronic state of six octets all shared
by single co-valencies, while the +5E electronic arrangement of* the
form Cb)j though involving six shared octets, does so in four of these
octets by double co-valent bonds. In the state represented by (c) no
perfect octet of single co-valencies exists, there being only four
octets shared each by a double co-valent bond, possibly augmented by
two. supposing the bonds (x( to partake in octet formation. Hence
Ca) would'represent the most stable form, and' may possibly represent
the state of the non-reacting molecule.

Consideration of similar formulae for the molecule of nitrogen

trioxide allows of four possible formulae.

//\
0 = a/ - a /
~0
o :
[ o) N O A/ yv . "
(0]
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I11 formula (a) one central oxygen atom, surrounded by a complete
actet of electrons, exhibits a single co-valence with each of the
nitrogen atom;, thusAin this form exhibiting double co-valencies v.dth
each of the remaining two oxygen atoms. In I (b) three completed
octets ,.re shared by single co-valent bonds between two oxygen and one
nitrogen atom, which latter is united by one co-valent bond to the
second nitrogen carrying the third oxygen by a double co-valency. A
third alternative 1s re:resented by formula Ic) in \diich a non-polar
bond, not strictly co-valent, is established between oxygen and nitro-
-gen, the pair of electrons which thus completes the octet of the
oxygen atom being part of the sphere of the adjacent nitrogen atom.
Such a bond might conceivably readjust itself so that two co-valent
bonds were established by the breaking of this nitrogen pair and of an
odd oxygen pair and consequent rearrangement. The state of gqunique-co-
-Vaient nitrogen arrived at would be peculiar to such types of compounds,
a@nd quite distinct from the quadri-co-valency of the ammonium ion, and
similarly constituted compounds where the attaciiment of the fifth atom
is established by means of an electrostatic attraction between charged
ions. But in fundamental opposition to such a postulate we have the

fact that an arrangement of this nature would allot ten electrons to

the outer sphere of the central oxygen atom. A similar objection
f
applies to the condition expressed by Cd), as the arrangement of co-

-valencies would necessitate the presence of two odd electrons, one

attached to each terminal oxygen atom, and the presence of ten electrons
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oxygen
associated with the central sarhan atom.

It seems probable that, in a non-reacting condition at least,
the atoms in the molecule of nitrogen trioxidewill take up that
position in which the strong tendency to octet formation possessed
by each atom is most fully satisfied, further, an octet in which
pairs of electrons are shared by four single co-valent bonds would

conceivably be more stable than one in which double co-valencies

/
played a part. from these considerations formula (b) would be the
most stable representation of the molecule. (a), with one such

octet of single co-valencies, would rank next in order of stability,

/

while (c) vjould be the least stable, there being no octet arrange-
-ment in such a condition in which double co-valencies do not play a
part. Langmuir postulates a fourth formula for nitrogen trioxide,
0-N=0*N-0, a condition represented by formula (d) above, but from the
ready decomposition of nitrogen trioxide into nitric oxide and nitrogen

/
peroxide he gives preference to (c) as the more easily expressive of

this decomposition than GS- He does not suggest the possibility of
1b ). It is possible, however, that, whatever view be taken of the
bond (x) in (c), the two nitrogen electrons of the bond are suffic-
-iently shared by the two atoms for a stable octet to be established
in the oxygen sphere, in which case form (c) might approach form (a)

in stability.

It is impossible to consider on the basis of the electron theory
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any formula for nitrogen peroxide in relation to its decomposition
into (NO.-), since, by such a theory, in that the nitrogen molecule
possesses five electrons in its outer shell, molecules of oxides of
nitrogen can only be stable when two atoms of nitrogen are involved,
uni.ess such a group as (NO%) can exist as an ion. Without some
graphical proof of the stability if the compound formed by such a
decomposition, it is of little value to postulate probable lines of
cleavage of the different molecular complexes. But from consideration
of octet stability in the original molecules of nitrogen trioxide and
nitrogen peroxide, formulae (b*) or (c*) for the former, and formula
(a) for the latter might be expected to allow most readily for the
decomposition into nitric oxide and nitrogen peroxide on the one hand,
and into two molecules of nitrogen peroxide, (NO"), on the other, THe
molecular states represented by (), (a') and (c) would most readily,
it would appear, dissociate into oxygen and nitric oxide.

It is important to emphasise in this connection that dissociation
can only occur in any compound when, under the influence of some force
or forces, the co-valent bond of the neutral compound is converted into
sn electrovalency, or, in other words, dissociation is preceded by a
temporary appropriation of the co-valent electron pair. But it is
conceivable that in such a condition postulated by the bond (x) in
(o") or (c), supposing such a bond can exist, since there 1is no true

co-valent union, dissociation and separation of the two atoms may be
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brought about by a force which is, much less than that required to
rupture a co-valent bond. Such dissociation could only lead in the
molecular sca'ces represented by formulae (c) and (c*) to cleavage into
oxygen and nitric oxide, a conclusion which has already been arrived
at for (c) by a priori reasoning. Hence formula (b’) may be taken to
represent most adequately the behaviour of nitrogen trioxide.
Acceptance of the above formulae, 1lb*) and (a) for nitrogen tri-
-oxide and nitrogen peroxide respectively makes the electronic con-
-ception of nitrous and nitric acids perfectly straightforward, and

these two acids may be simply represented as follows:-

o : /V : o : H : o \ /v

o\
>
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So ffi.r5§ xt has been assumed that in the electronic arranger..-ents
cf the molecules of uxides of nitrogen the bonds of u?iion between
the atoms are completely co-valent or non-polar. But this is not
strictly correct, since any linking between oxygen and nitrogen must
be conditioned by the relative polarities of the two atoms, and tkg
an incipient polarity or weak electrovalence must be recognised.
Relative to oxygen nitrogen is the less electronegative element, and

h_
in the linking N - 0 a latent polarity N'-Q 1is set up. In other
wmrds, the electron pair binding the two atoms is shifted in. each
case towards the oxygen nucleus, thus effecting a contortion of the
molecule in which the resultant condition of strain is the agent of
chemical action. Where a double co-valency exists, a double similar
shifting would, 1in a resting state, presumably occur, which, in the
initiation of chemical wunion, would divide into one slightly polar
co-valency Hnd one electrovalency.

In his definition of the electronic condition of a double bond
Lowry, (ibid), adopts a nomenclature of positive and negative signs

to indicate the electrovalent, polarised bond of the unsaturated

union, and the ordinary (=) sign between atoms bound by an unpolar-
-ised co-valency. Thus ethylene 1is written CI-I® - CH". While I am
$

anxious not to add to already existing confusion by adopting still
another nomenclature, it will be convenient for the moment to denote
a single co-valent bond, which is however slightly polarised in the

sense that the electron 'ocair is shifted somewhat towards the nucleus
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+
cf negative polarity, by the sign X Y. Obviously this expresses

a different conception to Q. :§ where polarisation has taken place,
and an electrostatic union alone binds the two atoms, as it does also
to X— Y, where by Lowry's definition the bestowal of positive and
negative signs in conjunction with the normal, simple bond (-) denotes

a second, electro- valence, and an unsaturated molecule.

In this sense nitrogen trioxide and nitrogen peroxide may be

written
oO"" N N— O ii 00— N- N....O0
r n
-0 0. '0

Taking oxygen in each case.as the key atom of strongest polarity, we

arrive .at a stg,te of crossed polarities such as Lowry has postulated
for maleic acid, (ibid

)
o 4 -t + -
0 -C(OH) - CH- CH - C(OH) - 0

Accepting, as Lowry suggests, such a condition as evidence of a state
of instability, we arrive at once at a simple explanation of the
dissociation of the molecules represented by (i) and (ii) into nitric,
oxide and (NOg.) and twice (NO") respectively. Such dissociation
would, however, only take place if the requisite energy providable by
heat or a polarised medium were available to establish permanantly the
otherwise latent polarities. But the dissociation in agqueous solution

of the molecules of into nitrous and nitric acids receives a

convincing demonstration.



incipient 0 & N N 0 polarised
0- 0O
4
H O H* f1

-> H NO2 ~ OH N02

Application to Addition Reactions.

In applying such conceptions of molecular structure to the add-
-ition E2aBtzB%a of nitrogen trioxide, nitrogen peroxide and nitric
acid .to unsaturated compounds of ethylenic and acetylenic types it is
at once apparent that not only does it offer a satisfactory explanation
of the reaction and hence the addition, but that the decomposition and
cleavage reactions laf which follow are fully accounted for, and can
v-ith fair certainty be predicted.

In the cleavage of the molecules of nitrogen trioxide preceding
addition it seems probable from an examination of the selective addition
of the decomposition products to polarised double bonds that the group
(NO”) is polarised in the positive sense and the group(NO) in the neg-

»
-ative sense. Thus, 1in the addition of nitrogen trioxide to compounds

of the type Ph.CH CH.CO, which may, on the basis of the key group

(CO), be written
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Ph.CH— CH.CO; the group (NO) always attaches itself to the carbon of
positive polarity. This 1is reasonable if it is recognised that in the
radicle (NO”) as compared with (NO) the octet of the nitrogen atom is
subject to greater strain from two negatively polarised oxygen atoms
than is the nitrogen of the (NO) group from one. On the other hand,
addition of the cleavage products of nitrogen trioxide to weakly polar-
-ised double bonds as are present presumably in ethylene and arnylene
seems to point to a dissociation into (NO) (0O.NO) ', and the posit-
Ed

-ively polarised group (NO) than attaches itself to the negative carbon

pole, (c.f. p 47 Hence, the interaction of nitrogen trioxide with

ethylene may be expressed N

A H ty

H:c ' :H 0 VA7 A, o

.0

_f y '.. y- ¥

H Vl// o) A_ .0 \/A ;0
A M

. H-c :c:h 7 E, ([
- :0: U -A/d



Polarisation and dissociation of the molecule of nitrogen trioxide into
(Wo) and (NO") promotes addition of CNO) to the negative pole of ethy-
-lene and of to the positive pole.

The contortion produced at one end of a carbon chain by the double
co-valent bond of the nitroso group, and the marked asymmetry produced
would undoubtedly lead to instability, and a readjustment between two
adjacent molecules would tend to. occur, (equation 3). That this the
factor promoting the universal polymerisation of the nitroso group
seems a not unjustifiable conclusion.

On the other handr: though the formation, of the monomolecular oxim-
-ido form, possible in all compounds which contain a hydrogen atom
attached to the nitroso-bearing carbon, 1s not precluded, the bimblec-
-ular compound is, 1in the absence of external energy, except in special
cases, the stable form. The presence of elements of marked.polarity,
such as halogen, seem to facilitate the formation of the group »N-0-H.
an j.n.sej.i more aefinn.ue.ly polar than —N*Q, and in such cases the mono-
-molecular oxime is produced. But in general, by the use of suitable

agents, the bimolecular nitroso compound can give way to the oxime.

Ph.CH - CH.R
MO2

("0) % alcohol 2 Ph.C — CH.R
! 972 e NOH NOc
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It is possible on this basis to advance an explanation of the

distinction which exists in the tendency to form addition compounds
with nitrogen trioxide and nitrogen peroxide respectively. It 1is
known; as has been already ststed, that the lower olefines do not
readily form nitrosites by the addition of nitrogen trioxide, but
show a greater inclination to add the component parts of nitrogen
. . . . , . 38
peroxide framing s dinitrite or nitrosate. (c.f. Xx If one
considers the nagatively polarised carbon group of the ethylene
double bond in ethylene and an alkyl substituted ethylene as arnylene,
we have the'following arrangement of electrons:-
H ; c”;
Ethylene, i " Arnylene, ii
- - Co: H | :n
and the addition to either of these systems of -nitrogen peroxide or

trioxide would involve the linking to these negative carbon atoms of

the positively polarised constituent of the oxide, lie. either

(a) :0 ¢« N from nitrogen trioxide
or (b) :0 : N b; ’y ,r peroxide
The attachment of (a) to in (1) would allot sixteen electrons to

the sharing of five atoms, while that of (b) to the same carbon atom
would allot twenty-two electrons to the sharing of six atoms, and it
is obvious that the latter would constitute the more stable system.

Hence, 1n a reaction with mixed nitrous gases, ethylene would prefer-

-entialjy form the dinitrite or nitrosate. Consideration of the
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carbon complex (ii), however, shov/s the influence of other factors,
the presence oc a stable octet round the carbon nucleus, C]. and
adjacent to the negatively polarised nucleus, C®, would tend to re-
-duce the negative polarity of C*. This carbon atom would therefore

tend to unite with that group which by the :ore ready loss of its

electron would the more easily re-establish its own octet. Hence,
34:.3,G.I0On wouid Giien take place oeti'/een and the nitroso grouu,
rather than bewteen the less positive comp, lex 0 -N"'0.

Phenyl .Substituteu Olefines. Pseudo nitrosite fur:-iati;.'

Viewed from the electronic standpoint, an explanation of the
preferential pseudo nitrosite formation exhibited by this group, in-
-volving the addition of the groups (NO) and (NO), and subsequ nt
polymerisation of the nitroso group, when a carbon atom of the un-
-saturated group bears a phenyl substituent, must be sought for in
the relative polarities of the. carbon atom bearing the phenyl group
and of the groups O0.NO and NOg,. Taking the generally accepted
ring of alternating positive and negative polarataes as bes'c repre—
-senti&gye of the phenyl nucleus, it is most probable that the caroon
atom of the ethylene molecule on wiiach phenyl substztuuzon Games “lace
will, owing to the state of strain and hence reactzbzuy of tne suo-
-stibuted ethylene system, %tt%ch itself to that carbon of the phenyl

nucleus which is negatively polarised, or in other words, which is

already displaying a tendency to Irrsz an electron.
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An alternating polarity will thus be set up throughout the ethylene
system as follows:- U ,

; -'c:coc:H
(o vV V

In the interaction with nitrogen trioxide the addition of the nitroso
group to the positive carbon pole may be supposed to take place iior-—
—inayyl. The distinction of behaviour then lies in the addition of the
radicle (NO”) to the negative pole in preference to the radicle (0.NO)

to this pole when phenyl is absent»

Negative Substitution. The inhibition to pseudo nitrosite form-
-ation, and the preferential formation, by addition of nitrogen tri-
-oxide, of the oximido group.when a markedly negative group, i.e.
carbonyl, 1is present adjacent to the double bond, may possibly be

A

accounted for, (v. "z), by the presence of this polar group, carbonyl,
which promotes rearrangement to the radicle (KOH) in preference to the
polymerised nitroso group. But it is difficult to visualise this
clearly. It seems more probable that the system of crossed polarities
which is inevitably set up by this substitution, and which, as is known

is a factor of instability, ¢ (Lowry, ibid.), is the main cause inhib-

-iting pseudo nitrosite formation, i.e.
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That -positive substitution on the phenyl nuclens should over-
-come this inhibition to pseudo nitrosite formation is less easy to
interpret. The substitution for hydrogen of a group such as alkoxyl
would undoubtedly stabilise the polarities of the phenyl nucleus,
and consequently those of the side chain. If such substituents are
present in the para position to the ussaturated chain, i.e.anethol,
which readily forms a pseudo nitrosute, then the carbon atom para to
the alkoxyl group will be negative, since the carbon bearing it must
be positive,

Me., 0 C*
Hence, an induced positive polarity will be set up on the carbon
atom alpha to phenyl in the side chain, and the polarities of the

whole system will be reversed.

: -
i.e. Ph. CH = CH - C.R
v
~0
ny——-—-- N — = 4+ ~
and Me 0O C -CH =CH-C.-R
/4
0

This would seem to necessitate a reverse process of addition of the
elements (NO) and (NO”), which does not actually occur. But it 1is

unprofitable to push this conception too far. Our knowledge of the
electronic state of molecules is as %/et to.o incomple'ce to interprec-

conclusively the more subtle reactions of organic chemistry. Where,
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however, our knowledge of atomic structure can be applied without p
postulating conditions which are still, owing to insufficient data,
matters of controversy, considerable light has been thrown on problemi

hitherto obscure.

The Addition of Nitric Acid to Unsatura'ced Systems.

The way has now been prepared for a detailed examination of the add-
-ition of nitric acid to unsaturated systems.

The possibility of the addition of the component parts of nitric
acid to the double bond of unsaturated compounds has long been rec-
-ognised in a few isolated cases, though the products of the inter-
-action have only recently been elucidated.

Haitinger, (A. 193. 366. 1878), obtained from thimethyl carbind
by the action of fuming nitric acid, a nitroisobutylene, which he
proved identical with the nitro butylene obtained by the same action
with butylene. The mechanism of the reaction was, however, not exarn-
-ined.

Erdmann, (B. 17* 412. 1884), examining the same reaction with
phenyl-iso-crotonic acid obtained not the expected nitropropylene
but phenylnitroethylene, Ph.CH = CH.NO", evidence of the simultaneous

oxidising action of nitric acid,
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Pii.GH".CH-CH.GOOH v HNOg - " PH.CH” .GHcC.COOH

/

NO*, !

y, Pii.CH”-CH = GH

NO2
It is signifieame however, that it 1is nitration and not oxidation
which takes place at the double bond, the latter being confined to
the terminal carbon group. He observed later, (B. 24. 2771. 1891.),
that phenylnitroethylene is also formed in very small emount v.hen
cinnamic acid is stirred into warm, fuming nitric acid, a reaction
which proceeds to a greater extent when cinnamic acid is treated in
ethereal solution with nitrous gases.

Hollemann in 1887, (B. 20. 3359.), obtained from acetophenone,
by treatment with nitric acid, a compound of the empirical formula
~2 5 to which he later, (B. d. 2835. 1888), assigned
the constitution C.Bx -NO This reaction was later confirmed
1
C.Bs - NO by Angeli, (B. 527. 1893).
Anschutz and Romig. (A, 233. 327. 1033. 1886). 1investigated the

action of nitric acid on diphenylethane, and later, (Anschutz and
Hilbert. B. 1854.-1921), the nature of the products was definitely
established to be /j-nitro-/x-diphenylethyl alcohol, 4 -nitro-77 -
-diphenylethylene and /33 -dinitro- / i -diphenylethylene. At the same
time it Has shown Eﬁat the same reaction occurs with /.A-diphenyl-

-ethylene, a result which points to a preliminary oxidising effect of

nl'cr.l.0 acid on the saturetd
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nitric acid on the saturated hydrocarbon, converting it into
-diphenyImethylcarhinol, which by loss of water gives-"7.-diphenyl-
-ethylene.

As an examination of the action of nitric acid on the double
bond, Bouveault and Wahl, (C.r. 131. 687. 1900; C.r. 136. 159, 1903;
also Bouveault and Bongest, C.r, 132. 1569. 1901), have carried out
a series of investigations of the products formed by the action of

fuming nitric acid on unsaturated esters. Of the follov/ing types

which were si:udies:-

Ethyldimethyl aerylate. — Me”C = CE. COOEt
Ethylcrotonate CH.-xCH " CH,COOEt
Ethyl tiglinate Me.CH =C.Me.COOEt
Ethyl-iso-lauronolate CH - C.Me

C .Mep

éHA—CH.— COOEt
the first alone gives a nitro compound, and it is interesting to note
that it is a substituted compound which is formed under the influence
of nitric acid, and that the reaction does not involve addition to

the double bond.

MeyC =z CH.COOEt' f UNO- — 7 Me~C = C.COOEt
NO~

fixation of nitric acid without nitration, followed in most vases by

extensive oxidation, was observed wzth all the other esters exaiflined.
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Clear evidence of simple nitration by substitution was also
obtained by these authors, (ibid. 132. 1069. 1901; 1~. 159. 1903),
nho, by treatment of the esters ethylhydrogen- and diethyl malonate
and methylacetyl acetate, obtained true nitro compounds, i.e. ethyl-
-dinitroacetate3 CHCno”)”".COOEt, from the two esters of malonic acid,
and as an intermediate product from methylacetyl acetate, methylnitro-
acetate.

CH.,CO.CHy.COOMe HNO.~ — CH, .CO.CIi.COOMe

NO~®

CHgCOOH ~ CH*1NOgJ.COOMe

Addition to Unsaturated Linkages. Of the direct addition of
nitric acid to unsaturated liid;ages little information has been avail-
-able.

In 1676 Lorenz and Blumenthall, (B. 8. 1050. 1876.), shov/ed that
stilbene in ethereal solution yields with nitric acid a crystalline,
nitrogen-containing compound, which breaks up on hydrolysis into nitric
oxide, nitrobenzene and non-nitrogenous bodies.

Dichlorallylene reacts vigorously with fuming nitric ac.'d,

(Pinner. B. 8. 959. 1876), giving trichlorpropylene and trichlornitro-
-propylene, from which the author deduces that the interaction probably
consists in the addition to the double bond of two molecules of nit-

-rogen dioxide. Thus

C'Cl. VCH ~ ENO® c.Cl, —%%5 C
-CH ~-CH (NO
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This appears to be the first recognised instance of the direct addit-
-ion to an unsaturated linkage of nitro groups, with consequent satur-
-ation of the bond.

The formation of a hydroxy nitro compound by the interaction of
nitrous gases with benzaldiphenyImaleide led Cohn, (B. 3865. 1891),
to the conclusion that the reaction is one which actually involves the
addition of nitric acid, the formation of which acid in the nitrogen

oxide medium he attributes to the possible absorption of water from

the air. The reactionthenbecomes
C.Ph = C.Ph C.Ph = C.Ph
/ — ! C =CHih +HO.NO —_ > ; C - CH.Ph.NO"
co — 0~ CO“- 0 OH

though at the sametimeadditionof two nitro groups can also occur.
C.Ph ~ C.Ph C.Ph ~C.Ph
/ — C -CH.Ph -h 2 NO2 ~ C nCH.Ph.NO"
go — O CO — 0 NO2

evidence that the interaction between nitric acid and unsaturated
ethylenic compounds follows fundamentally the same course as that with
oxides of nitrogen, but, in that the compound of the addition contains
in the former case hydroxyl together with nitro groups, the primary
product of the reaction is not a nitro nitrite or corresponding body
but a nitro alcohol.

Following on the work of- Wieland and Salellarios, (B. B.201.1920

on the nitrakion of ethylene by a nitric-sulphuric acid mixture,
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Anschutz and Hilhc”rt, (113 u), showed that the action of nitric

acid on //-diphenylethylene is to give-first a saturated hydro:a -
-nitro compound, which by loss of water yields the unsaturatod
-nitrodiphenylethylene. further addition of nitric acid then takes

_lace giving a dinitrohydro2y compound, the double bond being again
saturated by hydroxyl and nitro groups. finally, a second dehydration

yields the asymmetric dinitrpdiphenyiethylene.

O.Ph - CHp f HO.NO,, — 7 C.PIp - CHo
OH NO”

- HO -2 C.Phy =-CH.HO, "

+ HO.NOp - T C.Php — CH. NO,.
OH NO~

- HpO - 7 C.Ph.—= C(KOp)o

While the action of nitric acid alone on ethylene and similar
compounds has scarcely been examined, Wieland and Sahellarios, (ibid),
have studied a similar reaction with ethylene using a nitric-sulph-
-uric acid mixture. The action of such a reagent is found to be
purely additive with respect to nitric acid. The primary product is

-nitroethyl alcohol, CHgOH-CHzNO”, which by the further action of

the nitric acid in the presence of sulphuric acid etherified, the

final products being ethylene dinitrate,. CH20(N02) —C}12.NO
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and /3-nitroethyl nitrate, CH " OCNOGg" ) a reaction which is
exactly analogous to the interaction between ethylene and sulphuric
acid, the concentrated sulphuric acid preventing further oxidation

and hence facilitating éthérification»

~ CE"OH -CH”.S0OaH

CHg/0.SO"H) CH”.SOgH

thus the course of the reaction is represented by

CHg = ~ HO.HO" — W CH"OH — CHg.KOg

— © CH*Co.HOg) CHg.MOg

CHgCO.MOg) CHg (0.NO")

That some oxidation occurs is recognised by the authors in the presence
of nitroacetaldehyde, of ehich they obtained evidence, though they
were unable to isolate this.

That the formation of the primary addition product, the nitro-
—-alcohol, is probably independent'of the presence of sulphuric acid
is shown by the further examination of the action of fuming nitric
nitric on ,dl-diphenylethylene, carried out by Wieland and Rahn. (B»
54. 1770. 1921), simultaneously with the work of Anschutz and Hilbert
on the same substance. In both the formation of the nitroalcohol by
direct addition is fully established, further light is thrown on

this reaction, however, by Wieland and Rahn, 1liozd), who by a compar
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-ative study of the reaction of anhydrous nitrogen peroxide and of
nitric acid with /./-diphenylethylene reveal the extraordinary ease of
addition of hydroxyl and nitro groups to the double bond. /./-diph-

-enylethylene. by the action of nitrogen peroxide in light petroleum

in. the complete absence of water, yields a dinitro compound by the

addition of two nitro groups.

Ph"C = ~ CH"

But if water be not rigidly excluded the addition is that of hydroxyl

and one nitro group, and the product is the nitro alcohol,

Ph"C —

OH

The stability,of the nitroalcohol wvaries, as would be expected,
with the nature of the original compound. The nitroalcohol of all
phenyl substituted olefines which have been examined shows a marked
tendency to lose v/ater, and pass either into an unsaturated nitro-

-compound or. by condensation between two molecules, into a bimolecular

nitro ether.

C.PhSOH - CH”"NOp —7 C.Pho* CH.NOa or (CPh2==CH N02)20
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Phenanthrene reacts instantly with nitric acid, but the product

isolated is the bimolecular condensation nroduct.

H-oH HO'H

Lyly — — 4/~

The nitroalcohol of trimethyl ethylene loses water equally rapidly

with the formation of nitro-iso-arnylene,

Me<yC = CH.Me - 1 2 — CH.Me 2 -7 MeQ.C = F.Me
I I
OH NO,

It is interesting in this connection to compare this behaviour
wiht the action of dilute nitric acid on tertiary alcohols. The prim
-ary action of the acid is the removal of water, with the formation
of an unsaturated hydrocarbon, and this is followed by the immediate
nitration of the hydrocarbon so produced. (Konowalow and Manewsky.
Jour.Russ.Phys.Chem.Ges. 1904. 36. 224). But the nitration affects
not the double bond but one of the alkyl groups attached to the cen-

-tral carbon atom.
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Ph.Cig Ph.CH Ph.CHO y. Ph. COOH
CHG;F.OH - > a%}—c
Gié Gié
Ph.CH
CH"- C
)
CH_.NO".

(c.f. also the similar.action of nitric acid with tertiary halogen
compounds. (Konowolow. ibid. 1904. 56. 220 )

Prior to 1920 nothing of a quantitative nature was known of the
corresponds ng interaction between acetylene and nitric acid. Such
references as are found in the literature indicate that complete
oxidation to oxalic acid and carbon dioxide usually occur, though a
qualitative examination of the reaction involving the detection and
isolation of certain nitrogen-containing products was carried out by
Baschieri- (Atti.R. Accad. Lincei. 1901. (v). 9. i. 591), and by Test-
-oni and Mascarelli, (ibid. 1902. (v ).9xix39i ji~.i.442; .Gazzetta. 1905,
55. ii. 519), who. by the action of fuming nitric acid on acetylene,
obtained nitroform and a series of condensed, neutral and acid sub-
“stances, some explosive, in only one of which, C”"HgO”N”, a neutral
0il, which readily loses oxides of nitrogen on warming, could nitro

or nitroso groups be detected.
Our attention was first directed to this problem in 1917 when,

under the direction of Professor Orton, I carried out, with the object
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of preparing the explosive, tetranitromethane. an investigation on
the action of nitric acid on acetylene. Our object at that time was
to find for war purposes a source of tetranitrornethane from inexpen-
-sive materials, and the investigation was concentrated on the form-
—-ation and yields of this substance. At the same time much interest-
-ing light was thrown on the mechanism of the reaction. (Orton and
McKie. T. 1920. 117. 285)

I have now considerably extended this investigation, and from a
detsiiled examination of the action of nitric acid on ethylene and
acetylene the mechanism of the reaction between nitric and an unsat-
-urated linkage can be with fair certainty explained.

If fuming nitric acid is treated, under conditions when gaseous
absorption is facilitated, with a slow stream of dried ethylene or
acetylene gas, a marked absorption of the gas, which is increased by
rise of'temperature, takes place. As the passage of the gas is con-
-tinued arked decomposition of the nitric acid, indisxtEdxb”® indic-
-ative of interaction, and accompanied by evolution of nitrous fumes
and considerable darkening, in colour is observed* At the same time,
gaseous products of the reaction, of which carbon dioxide is the most
prominent constituent, appear. A point 1is reached when the nitric
acid remaining becomes too diluted by the products of the reaction
for further absorption, and it is disadvantageous to continue the
'vassage of the gas beyond this stage.

An investigation of the reaction under varying conditions of



no.

temperature, concentration and the presence of catalysts or sulphuric
acid has shovni that the nitric acid is able to exercise its function
both -as an oxidising and as a nitrating agent, and according to these
conditions so does one or other function predominate. It is ,not
possible, however, to eliminate either of these reaction types alto-
—gether.

The combined products of the oxidising and of the nitrating
action of the nitric acid are varied. The direct products of the
oxidation by nitric acid of ethylene and acetylene are in both cases
oxalic acid and carbon dioxide, and the greater the tendency to oxid-
-ation the more, as 1s usual, does the oxalic acid become completely
oxidised to carbon dioxide.

But though, under suitable conditions, the amount of oxidation,
and hence of its immediate products, can be reduced very considerably,
carbon dioxide persists, as will be shown, as a feature of the nitrat-
-ing reaction. Whatever the conditions, therefore, the gaseous pz'o-
-ducts of the action of nitric acid oh ethylene and acetylene are
carbon dioxide, a small amount of carbon monoxide and the products of
reduction of nitric acid - nitrogen peroxide, nitrogen trioxide,
nitric oxide and nitrous oxide, together v/itli any-excess hydrocarbon.

From the nitric acid mixture, when the absorption of the hydro-
-carbon 1s complete, only two products can, as a rule, be isolated,

nitroform. (trinitromethane ) and oxalic acid, though, as wall oe sxiown
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from the ethylene-nitric acid reaction mixture the primary product,
the nitro alcohol. /?-nitroethyl alcohol. can in small
amount be isolated; c.f. the isolation of the corresponding addition

product of 7/ -diphenylethylene, (Wieland and Rahn. B. 54. 3.770.1921)

It is significant that as the reaction proceeds the ratio of
nitroform to nitroalcohol increases, an indication that the latteA s

and intermediate
a preliminary” stage of nitration. If, however, the reaction 1is carried

out"in the presence of concentrated sulphuric acid éthérification of
the nitroalcohol takes place and ethyl dinitrate “nd/” -nitroethyl
nitrate "“ro produced; c.f. also Wieland and Sakellarios, (B. 1920.
55. B. 201), a reaction which supercedes the formation of nitroform
as only a very slight trace of this substance can ever be detected in
the sulphuric - nitric acid medium.
Possible routes of the The principal and characteristic
formation of nitroform
from acetylene and ethylene.product of nitration in each case 1is
therefore nitroform. The formation of
this compound from the hydrocarbons must therefore be considered.
In the examination of the action of nitric acid on the double
bond of various unsaturated compounds it was seen that, except in a
few. cases of substitution, there is a marked tendency for addition to
take place at the double bond, this addition involving the saturation
of the bond by the taking up of the constituent/ parts, hydroxyl and

nitro, of nitric acid, forming a nitro alcohol.



112,

e.qg. PIi~.C=C.E" —

(Anschutz and Hilbert, ibid, )
though grk the same time a small varying amount of nitration by sub-

-stibution nay also occur, e.g.

Php.C, = GH.. — T, Ph,,.C = CH.NO..,

~ Phé.C =C(NO@§O
(Anschutz and Hilbert, ibid.)

From the formation of ethylene dinitrate and fh-nitroethyl
nitrate by the action of concentrated sulphuric and nitric acids on
ethylene, Wieland and Sakellarios. (ibid), have concluded that the
primary product of the reaction must be the addition product, the
nitro alcohol, and it 1is obvious that in the observed formation of
a nitro alcohol from ethylene by tkrx treatment with nitric acid, we
are dealing with a similar primary addition of hydroxyl and nitro
groups, -nitroethyl alcohol is a comparatively stable compound
which, provided other reagents, such as the etherifying agent, sulph-
-uric acid, are absent, can be isolated from the reaction by fract-
-ional distillation under reduced pressure. It is clear, however,
that acetylene cannot give rise to an analogous stable compound. The
primary product of addition of nitric acid would be the unsaturated
compound, CH (OH) CH(NO”). which. in the nitrous -nitric acid

medium, might be expected to be highly susceptible to further add-

-itzon and interaction. This will be more readily understood from



111).

& consideration of the electrovalent condition of the compounds
participating in the reaction.

The-lectrovalent formula of nitric acid. (?. p*”), shows that
this acid, analogous to nitrous acid, exists in a state of latent,

simple polarity, thus:-

H *——-0 I

There are no crossed polarities, and in the absence of the requisite
dissociating energy, this would be the stable state. In the ethylene
and acetylene molecules we have a similar state of latent polarity,
which 1s also stable in the absence of polarising agents; but the
high degree of unsaturation, or the incipient polarity of the ethylene
molecule, as shown by its ready polarisation, 1is not realised in
acetylene, and the interaction between the inactive polar fields, or
fields of latent polarisation, of nitric acid and the hydrocarbon
must conceivably, therefore, Dbe slower for acetylene than for ethylene.
In both cases it is obvious that a polarising catalyst should have
considerable influence on the reaction.

And here one must note a fact of considerable importance, that
absorption of the hydrocarbon by nitrous-free nitrmc acid only pro-

—ceeds to a very limited extent. In other words, there is Imt'cle
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capacity for interaction between the inert, unpolarised molecules of
acetylene or ethylene and nitric acid. Directly, however, nitrous
acid or a metallic polarising catalyst is introduced, absorption of
the hydrocarbon takes place with great readiness, a readiness which is
increased by rise of temperature, or other'additional energy, and
interaction is promoted. It is .proposed in a subsequent section this
effect of polarising catalysts on an inert systen.

Whatever may be the activating force, the state of the system in

which interaction takes place may be represented by

0 ere

QP+
<]

and interaction occurs thus:-

-7 170 oH
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It is conceivable that th.as misaturated addition compound, owing

to the polarisation oF the molecule by the addition oF the polar

;"roups iiyilLiuxyl iii'uro wilj, Gxis'c in tiiG stzii polarised, sthylonic
condition. — 4

CH --CH (11)

NO2 OH (Lowry's notation)

in which state further addition would be facilitated and the double

addition compound be formed.

CH -— CH

(NO"ia (0OH) %
It is obviously unlikely that the compound, (11), would add the polar
elements, OH and in the reverse oredr. The usual chemical

reaction between two adjacent hydroxyl groups would then occur giving
the aldehyde. (NO£)2CH "CHO, which in the nitric acid medium would
become the corresponding acid, (NOg )2CH.COOH. (That oxidation occurs
simultaneously to a considerable extent is shown by the copious evol-
-ution of the reduction products of nitric acid.) The course of the
subsequent stages 1s conditioned, both for acetylene and etnylene, by
the formation of nitroform and carbon dioxide. As was suggested.
(Orton s.nd MoKie. T. 1820. TIIV. 283.), there are two possible routes
by wliich both these coapounus can be produced From ohe da.nli.ro addlt;
tion compound of acetylene. (1) Loss of carbon dioxide would give the
iiitroparaffin, dinitroraethane, which by interaction wi'bii 1U-uious =.cid

would yield the ison.itroso compound, (NOp; "C= KOH.
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HC (HO")a.COOH H~"C(NO") 2—+0"

~  HO. NO 7 NOH”CCNO") *

Though the nitrolic acids are extremely unstable compounds, and
n
decompose by hydrolysis in aqueous acid media to carbo/ dioxide and
oxides of nitrogen, it is probable that, 1in the concentrated acid
medium, this may be avert'd. Analogous to this is the Dbehaviour yo-

-wards concentrated acids of the oxiirido compounds of the type

Ph. — ¢ - CHO , where, instead of the decomposition with the solit-
NOH NO* '

-ting off of the oxinido' group which is the normal

reaction in dilute acid media, dehydration and formation of a cyclic

isoxaaole occurs, (v p ~"M. Wliether dehydration occurs between
two molecules a compound of a nitrogen-ether type. i.e.
- NOH 4 HOW = CCWOgJg, A (W02)2C=W - 0 - W= CCWO*)~*

which then takes up tio .olecules of nitric acid at the double bonds,
subsequent hydrolysis giving nitroform and nitrous acid, or whether

nitroform arises by direct ox”*dation of the isonitroso compound,

(NO..)p.C = MOH -7 A

must be left an open question for the momenu.

' (2) Further nitration and formation of a urmnxuiOaceu. c
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and immediate loss of carbon dioxide would give the compound, nitro-

-form,

HCtNO~Iz.COOH -=A (NOglg.C.COOH
(NO_) "»CH co”

It is, however, u-.likely that dinitroacetic acid, showing as it
would in its possession of two nitro groups adjacent to carboxyl, a
marked tendency to lose carbon dioxide, would remain sufficiently
stable to undergo further nitration, and the most probable Iternative
for the formation of nitroform is therefore one of the two routes out-
-lined in (1).

It is conceivable, though, that under the influence of nitrous
acid, idiich, as has been seen, tends to react towards the double bond
as an addition of nitroso and nitro groups, addition of these radicles
to the double bond of the unsaturated nitroalcohcl may occur. A
further possibility is indicated by the formation of glycoldini®rate
and of /3 -nitroethylnitrate under the etherifying influence of concen-
-trated sulphuric acid, (Wieland and Sakellarios, ibid,). That such
éthérification tales place, but that the compound is immediately decom-
-posed in the absence of sulphuric acid is conceivable. Both alter-

-natives would lead ultimately to the same result as (1) described

above, for the addition compound. CH -— CH , ('and 'che polaiis-
/ \ / \
NO OH NO~ NO2

of nitrogen trioxide in the groups NO vrould direct the
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addition in thié oréér,)would conceivably lose nitrous acid or nitric
acid respectively, the unsaturated compound thus produced then under-
-going oxidation to carbon dioxide and dinitromethane. (c.f. p 62 )
It is known, however, that a nitro acid can react with nitrous acid,
eliminating carbon dioxide and water and giving rise to a nitrolic
acid, (c.f*. p Lc&). Hence, at the concentration of nitric acid which
is reached in the medium under consideration, such interaction with -
di: itroacetic acid would in all probability occur, -.nrd the same di-
-nitro oximido compound, C(NO") "™ t= NOH, would be formed. Such a
compound, as has been indicated, would be expected to undergo further
OXidation to nitrofo rrri.

The formation of nitroform from ethylene under similar conditions
is less obvious. The primary product is undoubtedly the nitroalcohcl,
CH"OH. CII2 .NO”, and nitroform is produced at the direct expense of this
compound. In the light, however, of the reaction between a nitro fatty
acid and nitrous acid just described, a gHxtkex possible route becomes
evident, involving a preliminary oxidation of nitroethylalcohol to
nitroacetic acid. Granted, that such an oxiuacion is possible, iiitei
—action with nitrous acid would then tame place gmving mecnylnrurolic
<0idj which, analogous to the compound, CCNOg)” *= KOH, could undergo
oxidation to dinitrornethane. The subsequent stages would then occur

as already described For acetylene.

ConTOarison of the subsequent courses of reaction of the addj.'cion



11090%*

compounds with oxides of nitrogen and of nitric'acid reveals two
distinct Jines of decomposition. The survey of the effect of acid
reci.ig. on the addition compounds with oxides of nitrogen shows that no
cleavage occurs between the two carbon;” atoms involved in the unsat-
-urated linkage ; the products of decomposition are invariably pro-
-ducts of the nitrogen-oxide radicle, one or both of which are elim-
-inated. Only in one observed reaction, and that in alkaline medium,
is a carbon atom of the double bond eliminated, 1i.e. the decomposition
of pseudo-nitrosites by hot alkali, (v. p )»  On the other hand,
the addition compound of nitz'ic acid with the simple hydrocarbons,
ethylene and acetylene ultimately, under the further influence of
nitric acid, loses by oxidation .one carbon atom of the unsaturated
bond, the second carbon of the bond being nitrated. If, however, the
ethylene molecule carries phenyl substituents this oxidation is pre-
-vented, and the final product is a nitro compound containing both
carbon atoms, (Anschutx and-Hilbert, ibid). This difference :is obviou-
-sly intrinsic to the relative valuse of the oxidising and nitrating
function of the two types of reagenu, uhe la'cter precon;j.nauing in
interactioji with oxides of nitrogen. But it is iraportftiit to emphasise
that it is not as nitrating or oxidising agents that oxides of nitrogen
on the one hand, and nitric e.oid oné the other, undergo the ina.txal

reaction, wvdiich ig both types is purely additive. Both components of

the nitrogen oxides in their addition to the double or triple bond
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involve nitration, or some addition of a nitrogen-containing group,
whereas in the addition of the hydroxyl constituent of nitric acid we
are dealing with a group which readily undergoes oxidation, and it 1is
only at this subsequent stage that this second, oxidising function of
the acid conies into play. Simultaneously, however, it functions
equally in promoting nitration' of the second carbon atom.

In the interaction, therefore, Dbetween nitric acid and an unsat-
-urated linkage the sequence of reactions is -(1) addition to the un-
-saturated linkage, followed in acetylene by a second similar addition,
(11) simultaneous oxidation of one carbon atom and nitration of the
other. Independently ; and this may also occur, though to a less degree,
in the interaction with oxides of nitrogen, simple oxidation involving
complete decomposition and oxidation to oxalic acid and finally carbon
dioxide may and usually does occur. The carbon dioxide evolved in any
such reaction with oxides of nitrogen is therefore a simple measure of
that independent oxidation, but in the analogous reaction with nitric
acid it is more than this, and is in part a measure of the nitration.
The total amount of carbon dioxide represents the extent of the inde-
-pendent oxidation plus that of the simultaneous oxidation and nitrat-

-ion of the unsaturated bond, and may be represented thus:-

/C — O. -— 5 2 Co2
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Tae extreme znstability/ an the nitrous acid—containing acid

medium of dinitromethane and the corresponding nitrolic acid precludes
an®; o.eiinice isol ation -nd recognition of these compounds. But there
is a certain amount of evidence for their existence, and hence for

the scheme of reaction described above, in the blood-red colour
obtained when the reaction mixture is r.ade alkaline, a colour charac-
-teristic of the nitrolic acids. This colour has been observed in

V \rious cases, and is a comparatively constant product of the ethyl-
-ene-nitric acid reaction mixture. In no case would one expect to

get more than a transitory appearance of such compounds.

There are undoubtedly present in the reaction mixture, when the
absorption of the hydrocarbon is completed, compounds intermediate to
the formation of nitroform. If the product be mixed with sulphuric
acid dr oleum and heated, the nitroform is further nitrated, guantit-
-atively. to tetranitromethane, but the amount of tetranitromethane
obtained is a].ways in excess of the amount of n.atrolor:-; in one piooucu.
The quantity of nitroform, determined by titration with potassium per-
-inanganate. a method vjiiioh I have exhaustively tested, does not reyre-
-sent under the best conditions more than 85 - 87 per cent of the
tetranitroraethane which can be obtained in the second stage, and ,is"
often much less. If the product be left for some days, or be ueaocea

for some hours before mixing with oleum, the “racuirt of nitrororm Xo

found practical 1ly unaltered, whereas the amount of tetranitromernane



120 b

which can then be isclatecl is much less, and is now nearly e»qu?Jd. to
the nitroform. It appears, therefore, that there 1is present in the
product an unstable substance which ,is capable of further nitration
to give ultimately tetranitromethane. but which, failing the condit-

-ions and medium for such nitration, decomposes.
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The possibility of the presence of nitrogen peroxide or of
nitrogen trioxide in the concentrated nitric - ni'rous ©Ocid mixture”
and the consequent addition of either or both of these substances to
ciie unsaourateclL linrage mus'c not be overlooked. Since we ©Ore only
concerned with the simple primary hydrocarbons, addition to either
the ethylenic or ecetylenic link would occur, v. p 3/ ), as 2 (D.NO),
or less readily as (NO ~ 0.NO). In the strong acid medium the di-
-nitrite addition compound would be extremely unstable, and would lose
nitrous acid, reverting to the original define. As has been seen,
the primary hydrocarbons show little capacity for forming nitroso com-
-pounds, but should addition ta’c. place as (NO -h O.NO) the oxime into
which the nitroso compound would pass would, under the influence of

cids., lose the nitroso group as hydroxylamine. and the residual com-
-pound. the nibroaldehyde, undergoing oxidation to the corresponding
acid, \ould constitute the same nitroacetic acid as is produced by
other routes. But there is no evidence of either the oxinie or of its
decomposition product, hydroxylamine, and it is unlikely that this
reaction occurs to any appreciable extent.

stability of : k ] C om p t h e absence of nitroso
groups there 1is little capacity for polymerisation, and there is a
n~r!:ed absence; of such compounds among the addition procucks. No evic—
-enc.e has ever been obtained of the complex condensation products

observed by Testeal and Masos.relli, (ibibd), by passing pure acetylene
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into cooled nitric acid.
AnschuG2i ;.md oeru, Cibia), have shown thc.t the nitroalcohol

addition compound of X-/ -diphenylethylene and nitric acid loses v/ater

and passes inyo the unsaturated nitro compound.

Ph.C — CH%
; / — -y Ph.C "CH.NOr ~ H"O
OH NO» . 2

which again undergoes addition at the double bond, adding the elements
hydroxyl and nitro groups, and giving rise to 4 -hydroxy- /ya-dinitro-

-diphenylethylene. Water 1is lost from this compound, and the

primary product is the unsaturated -dinitro-x/ -diphenylethylene.
Ph.C --CE.NUO 4 OH.NOp —”~ Ph.C— CH
I I

oH (NOglJg

— 7~ Ph.C =C.CHO02)2

This 1is exactly analogous to the loss of nitrous acid from the

addition compound. -CH.NOp giving the nitro-rolefine -C.NO"
} /
e —CH.O.NO -CH.GrNO
(Schaarschffiidt and Hofiaeier.B. 58. 1047. 1925.)- and to a similar
loss ofnitrous acid from the audition compound, Ph.CH — CH.CO
where, however, the loss of the nitrogen- 0.NO NO*

-containing groups is facilitated by the presence of the adjacent,

negative carbonyl group, (Wieland. A. 328. 154. 1925.).

By an”lohy, therefore, the nitrosloohol addition compound of
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ethylene might be expected to undergo reaction in the following way:-

HNO<T
H*"G = CH* ~ H~CCOH) — GH2 (N02)
-H"O
H~C CH.NOp
HNO 3
-H%0
H"G-"C1NO"™) "
The final product, the unsaturated -hinitroethylene, by simultaneous

oxidation and nitration, would then break up into carbon dioxide and
nitroform.
Applying this series of reactions to acetylene, the f inal pro-

-duct might conceivably, also, be nitroform and carbon dioxide, as

follows: -
HNOJ
HC - CH HC (OH) = CHINO")
—HA~C
- HC s C.NO2
HNO3
=] ,HC(OH) = CtNOM)"
? COg ”~ CHCNOg) "

or, if double addition proceeded the loss of water, dinitromethane or
isonitrosodinitroEiethaiie would be formed.
Consideration of the relative stability of the addition compounds

Ph.,.C(OH) — CH.,NO,j, H C(OH)-CH.HO and HCCOH)=CH.NO
2 ~ 2 2 2,
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and the subsequent reactions which are determined by such stability,
enables one to decide in favour of one or other of these alternative

routes.

These compounds can be represented electronically as follows:-

Fk H PA
o
Fkt. -7 Ph; C e H -7 PA C c:/
3 J—
JVOA AT QL
H
PA z c c H
H H H 4
+"
7 H : ; -7 H:c
He ¢ LoH) — ctu /e C
H
( CHt - CH )
H c ic>cH) ®='0// n:c m:c ;i c,
-0

C.H ~ Ce-
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Accepting the alternate polarity of a substituted phenyl nucleus,

which in the most recent communication of Lowry. (Boll.Soc. (4) 55g
815. 1924), 1is considered the most adequate representation of the
distribution of the lectrons. -diphenylethylene is seen to lie a

highly polar structure, the key atoms oxygen and nitrogen polarising

the carbon atom of the ethylene mo3.ecule thus- A —
G ™ C

so that the incipient polarity of the phenyl . £t
o" K-0

nuclei attached to the positive ethylene carbon atom T -
0

becomes stabilised in a negative sense. The accumul-
—ation of negatively polarised groups rsu in the neighbourhood of the
alpha

carbon atom is, however, sett owing to the lower positive polarity
of nitrogen and hydrogen, not balanced by a corresponding opposite

beta

polarisation of the xlgka carbon atom. Moreover, in the nitric acid
medium, reversion to a stable, unpolarased condataon would no'G oe

facilitated, and hence such a compound would be unstable, and by loss

of one of its more negative radicles could adjust atself to a more

stable COndition.
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This unsaturmted compound, in the nitric acid medium, would,
however, undergo the some addition reaction as the original unsatur-
—awa. 0jgilen3eGiylene, an 'Xxixs case rather Bore readj.12” owing to
greater polarisation, and the dihydroxy-dinitro addition compound
would be formed.

Nitroethyl alcohol, on the other hand, 1s seen to be a compar-
—atively symmetrical polar structure, so that there is little ten-
-dency to lose water. Moreover, should such an abstraction of elem-
-ents occur, the compound GH” - CH.NOp, owing to the polarisation of
the beta carbon atom by the nitro group, would, in the absence of any
group which could stabilise the positive polarity of the alpha carbon
atom, .be unstable, and would tend to break up by oxidation. Oxidat-
—-ion of the original nitroethyl alcohol, however, would represent a
perfectly stable, (electronically), series' of reactions, and conseg-
-uently this must be talcen to constitute the normal course of reaction.

The argument of electronic stability applies with even greater
force tothe hypothetical addition compound whichwould beformed by
elimination of water from thenitro-hydroxy additioncompound of

acetylene, and such .a reaction is not conceivable. But, in the mole-

A

owing to polarisation by the
-cule

H \C : H

; o: VAN
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and nitrogen groups, it is probable that at least one of the
co-valent bonds is transformed into an eloctrovalent one, and conse-
—1i/iventl™ further addition is inztiaced. Hence, bhe ciouole aciciid.uon
conipound, CHCoh) '~ GHCNO"") ", xs forinea xn pieceience ©o one immedxace
oxidation of the primary/, unsaturaxec nxcro aloonoj..

Thus, both for acetj'-lene and for ethylene the reaction with nitric
acid follows fundamentally the sEime course, as is shwon graphically in
the accompanying diagram. Addition of hydroxyl and of itUuro groups
occurs at the unsaturated linkage giving the nitro alcohol. For acety-
-lene this becomes by further addition the dinitro-dihydroxy compound.
Oxidation to the aldehyde, and finally to the acid occurs. This acid,
from ethylene, mononitro- and from acetylene, dinitroacetic acid, may
then by reaction with nitrous acid, or by other routes, eliminate one
molecule of carbon dioxide and become the corresponding nitrolic acid.
The dinitro nitrolic acid from acetylene by oxidation becomes nitroform,
while methyl nitrolic acid, from ethylene, by a similar process of oxid-
-ation becomes dinitromethane, a repetition of the reaction with nitrous
;:.xid uhen giving xne dinxxro nxtrolic acid and finally trinitrbmetliane,

nitro.form.

That tnxs behaviour is fundamentally in harmony with the addition
reacxxons of nxtrogen peroxide and of nitrogen trioxide is seen tdieh

we compare 1t with the interaction of these gases with simple ethylenic

unci acetylenic compounds. Whatever the subsequent course of the. reaction
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unsauurated linkage of the component radicles of the
reagent.
T.e.
arc - cH " HgC —- CHo
(Nogy_ Nog) O .NO O .NO
N,,0.% HoC — CH,
I
(N O -y N O g) N O o.NO
HNO T CHc
J
(on + NoOg) oH NO%
Ph.C = CH » "Ph.C = CH
/ f
NO 2 n Ou (or O .N
N205 =7 Ph.C - CH
/ N\ /o
NO 2 N O NO 2 N O
'HC " CH HNO:B _7 HC CH
/ /
oH NO”
=7 HC — CH
7 > /"

Simple; uiipol”merised addition compounds are formed, which are

are comparatively stable, except when addo.tion takes place «.s an
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ustor group, xo0, as (0.NO) or (0.NO"), when this radicle tends to

split off as the corresponding acid, (V. * )

—§A2.Eiliil_Factors. It is not proposed here to discuss
L.ore chan Qrie™lj'' one effeox of external fFEuctors, temperature, con—
—cen.bi aldax.i, u'c, cxcepxin so far as the.” modxfx” or alter the course
of the reaction. Their influence will be dealt with in detail in the

oxperirnentol section.

Temperature.. No effect beyond that of the normal increase of
the speed of the reaction is observed carrying out the reaction
between such limits of temperature as -5° ani 50°C. Above a temper-

-ature of o0"C the réaction becomes difficult to manipulate, owing to
the copious evo3.ution of gaseous products. In that the reaction
7'roceods uv various stages, the lower the temperature the less wb.11l
the final stages of the reaction be attained, and this is made evident
by a decreasing yield of nitroform and carbon dioxide as the temper-
-ature 1is lowered, and a relatively greater proportion of the inter-
—-trediabe products. (Table XLVI1). At the ,same time there is a defin-
-ite decrease in the araount oF hydrocarbon absorbed at the lower tern-

-, ,rture. Ite rrtic oC Ei».l pr.a.te, or corbon alorite,

b'o boarocxbo,. o-bsorboa Inorea.oa ,ith rite of

Concentrp.tion. With decreased concentration of the acid, absor-
-ption of acetylene of ethylene takes place more slowly. and in dim-

—-inishinm emount. At a concentration of seventy percent nitric acid
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less than Coi/rty ..erocent of the hydrocarbon passed through is absor-
-bed. buo, rela'Give to the hydrocarbon absorbed, the |tield of nitro-
-foni -t thus concentration is aJ.iiicst negligible. If the yield of
nitroform is plotted against the proportion of hydrocarbon absorbed
at varying concentrations of nitric acid between 100 -'erd 70 -cer cent,
¥ curvo J,s docsib.n.@Ci 1B.0I1 r03,ciibs s m8x310no, for ©octj”lGiiB at a con—
-centration of 95 per cent nitric acid, and for ethylene at 90 per
cent, :nd a minimum for both at 70 per cent. It is noteworthy that
the curve reaches a point at a concentration of 100 per cent nitric
acid which is not appreciably above the minimum point, though the
absorption of the acetylene or ethylene at this concentration 1is
high. If. however, the yield of carbon dioxide be taken as the ord-
-inate there is.a progressive increase of carbon dioxide relative to
hydrocarbon absorbed as the concentration of the acid is diminished.
Oxalic acid and carbon dioxide predominate. Thus the fall in amount
of nitroform on both sides of the concentration curve is due to two
different causes. On the ascending cvrrve at high concentrations of
acid a small proportion of water is found to be necessary xn ordei
that the reaction may vroceed from the first stage of the nitroalcohol]
to the final stages. Actually, however, in the interaction vath
ethylene the yield of i.iitroa-lcohol does not reach s maximum value
auless B small yrogortion of water is -resent, though the oyo.ujuiu

value to broffiote -addition, i.e. for the maximal formation of nitro
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alcohol, 1is less thrin that for the formation of nitroform. When it
is remembered that © preliminary dissociation of nitric acid into
the groups (OH) and (NO®) 1s necessary befdre addition can take place
this is obvious.

In bne Iiore concentrated -cio.s substances are produced which
do not under anybsubseouent conditions yield ndtroform. and though
a3.l eiforts to iso].ate these substances ha.ve so far been unsuccessful,
it i1s possible that they are the complex condensation products isol-
-ated by Mascarelli and his co-workers, (ibid). Thus in 100 per
cent nitric acid at 1470 such compounds may represent 80 per cent of
the hydrocarbon absorbed.

It will, be seen, therefore, that, since in the interaction of
nitric acid and the hydrocarbon water is formed, ©nd hence the nitric
“cid progressively diluted, that the relative proportions of the
products changes with the increasing dilution. Starting with an acid
of 92.*5 per cent concentration; in which nitration appears to reach
a mexir-iur:. ; one very soon arrives at dilutions at which oxidation and
also thE possibly %he formation of other substances lay the promin-
-ent part. One is apt, therefore, by passing in excessive amounts or
hydrocarbon, and hence carrying the reaction over too extended a
period. to confuse the main issue, and instead of dealrng v/iun

B.cid of one particular dilution one is in reality observing the

effects of successive dilutions. The following diagrams will help
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At the point A, therefore, in acii of 9?'5 per cent con-
-ceu'cration. fifty per cent of the carbon reacting becomes nitroform
mid fif Gy per cent becomes carbon. clicx:i.cle. As the reaction proceeds
and the acid becomes more diluted, the percentage oarb.n becoming
carbon dioxide increases and that becoming nitroforn decreases. (Note
the points B and B*, 100 per cent nitric acid and no nitration, and
C and C at which fifty per cent of the acetylene becomes nitrated
and fifty per cent oxidised, and hence the amount of carbon becoming
carbondioxide is seventy-five nd that becoming nitroform is twenty-
-five per cent. By the time a dilution of 70 per cent acid has been
reached the formation of nitroform has ceased, and hence the nitroform
curve falls away steeply.

On the descending curve of decreasing concentration of acid in
fig, I, the fall in the yield of nitroform is due, not to an arrested
reaction and a halt at the stage of the nitroalcohol, but, as would
be expected, to an increased facility for the alternative reaction of
oxidation. The proportion of nitroalcohol in the reaction with ethy-
-ene falls off markedly, and at a concentration of 70 per cent acid
only 8'4 per cent of nitroform is formed, while at the same time, the
yield of carbon dioxide, which can only therefore arise as ~loducu

of oxidation, shows a marked increase.

phuric .Acjd® The course of the reaction is considerably

modified bv the addition.to the reaction mixture of concentrated
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su3.phui 1C 44,d« {QGuch !;.j.xtures co no'c give rise to the normP,l cleavage
products of the reaction with pure nitric acid, i.e. the second stage
of simultaneous nitration and oxidation, with the consequent formation
of hitroforu vnd carbon dioxide does not, exceptin certain limiting
cases ivi'th nitric acid largely in excess, occur. An analogy to this
iir.y be found in experiments carried out by Davis and Worrail. (J.Amer.
C,iei..Soc. 19<il, 4S» 594). in which the formation of picric acid, init—
-iated by the addition of mercuric nitrate to the nitration of bem:ene
is eliminated by addition of sulphuric acid.

It is worth while, bef: re ex:.mining this reaction in detail, to
recapitulate briefly our knowledge of the action of pure, concentrated
sT) .1”huric acid on unsaturated hydrocarbons.

Investigation of the reaction of mineral acids with such compounds
has dealt mainly with two aspects, (1) the action of dilute mineral
acids, (including phusyhoric and acetic acids), in aqueous solution,
and (2) the interaction with concentrated or fuming sulphuric acid,
the latter receiving attention mainly on the grounds of its analytical
importance.

Actign of 8ulrhuric Acid pn A One finds in the liter-
—itu're varied statements regarding the -rction botn of concencraceo
and of fuming sulphuric acid on acetylene. Berthelot, (Ann.Chim.Phys.
(5). 57. 82. 1856), first examined this reaction, and stated that he
obtained acetylene hydrate, or vinyl alcohol. Later, (Ann. IS”. 15%.

1870), he confirmed this, showing that the action of. concentrated
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sulphuric acii on acetylene 1is analogous to its interaction filth

hydrocarbons of the formula giving acetylsulnhuric acid, ,,hich,
cn dis?xllxng with wstor, yields acetylene hydrmto aulphuric ncjd.
In cou'cradxstmDctmon. the action of fuming sulphuric acid. (Berthelot

ibid), produces acetylene sulphuric acid. CAH;SAO

(B,

o

Ligermé&ck's and Eltkoff'a later investigation of this reaction,

10. 687. 1877), .Ied to the st*.tenient that crotunaldehyde is the

main product of the interictikn of acetylene and concentrated sulph-

-uric acid, but Zeisel, (Ann. 191. 366. 1878), who had previously

arrived at the same result, proved conclusively that this was erroneous

the crotonaldehyde being formed from the vinyl bromide with which the

acetylene was contaminated. He was unable to obtain anybcrotonalde-

-hyde from aoethlene freed from vinyl bromide.

Zeisel consdiered that acetylene is only attached very slowly by

concentrated sulphuric acid, and he was only able to obtain a small

quantity of the product, too small for further investigation, which

he assumed to be ethylene sulphuric acid. Muthmann, (B. 31. 1802.

z

1898), wvaii3.e oonfirrdiag (eisel's denial of tlie formation of cro'iioii—

-aldehyde, v/as unable to isolate sufficient of the product to grove

its constitution definitely as the stable nethanesulphonic acid, or

methionic %cid.

Much more rapid is the interaction betv/een fuming sulphuric acas

and acetylene ; much heat is evolved, and the reaction proceeds the



136.

the more energetically, (Muthmann, ibid), the higher the content of

sulphur trioxide. The s.me product -methanedisulphonic acid- as is

pot in the absence of sulphur trioxide is obtained. Carbon dioxide

rnd su3.phur dioxide, (no carbon monoxide), are both gaseous %.roducts
of the reaction, there are no side products or reactions, “nd this

behaviour,can be correlated with that of methane disul”lionic acid as

foi.lows :—
CH ~ CH »~ 2 CH(OH)
CH(80.<H) _
CH (OH) "
I + 0.5, — ? CH, .(S0.,H)2 COo ~ 80;
/\e(SO/\H)z LAl A A A A

the first step being an addition of hydroxyl and dithonic acid. The
subsequent oxidising action of the sulphuric acid is probably due to
the effect of high temperature, wiiich. in spite of ice-cooling, cannot
be kept down locally.

The forrnatiiw). of methanedisulphonic acid nd ether sulphoriic
acids in this reaction, involves, according to Shroeter, (Ber. jg-. 2189

1898), the formation of carbon monoxide,

CH = CH ~ 2 80g 1i%0 CE” (30"Ii)~ £ CO

but this is denied by Knorre and Arendt, (Verh. Gewnrft. 1900. 166),

as carbon monoxide is never observed.

On analogy with other fatty hydrocarbons, the form of addition
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suggested by Muthmann seems to be the most probable, but Shroeter,
(ibid. and Ann. 303. 114. 1898), investigating the nature of the other
sulphonic acids formed simultaneously with methionic acid, showed

that aldehydosulphonic acid, which he had previously suggested as an
intermediate stage in the formation of methionic acid, can by avoiding
hydrolysis, be made to predominate in the product at the direct expense
of methionic acid. By hydrolysis, aldehydodisulphonic acid yields

methionic acid and formic acid.

A A .
CH = CH 0 (50*H )g - OCH.CH (S OgH)®* 1

w H/\O

— ~ H.GOOH ~ CHgCSOgH)* ii

(N.B. Stage ii occurs in such dilution, and at such temperature that
carbon monoxide is never ebaBxxad formed).

If aldehydodisulphonic acid is actually an intermediate stage,
and not a second reaction which takes p&ace independently of the first,
its formation may be harmmnised with Muthmann*s equation, which alone
accounts for the actual observed evolution of carbon dioxide and
sulphur dioxide, as follows:-

CH CH 2 HgSOa -7 CoOH . f£ H”O

CH(SOgH)2
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COH
80 — > CHg(80gH) 2 A COp -£f so*
3 gd( gj ) d 2 2

CI!ICSOgHA
To a certain extent, also, hydrolysis of aldehydodisulphonic acid
occurs, with the formation of methionic acid and formic acid, both of
which substances were isolated by Shroeter.

The respective actions of concentrated sulphuric and concentrated
nitric acids on acetylene thus reveal considerable analogy. In both
the process seems to be one of simple addition, with the formation of

a hydroxo-nitro compound, or a hydroxy-sulphonic compound, subse-
-quent elimination of water giving the aldehyde compound, and finally
a nitrohydrocarbon or sulphonic acid, with the splitting off of carbon
dioxide. In both cases the evolution of carbon dioxide may also be
the result of direct oxidation. !

The Action of Sulphuric Acid on Ethylene Hydrocarbons. We again
owe to Berthelot, (Ann.Chim. (3) 385. 1855)| the first examination
of the reaction which occurs when ethylene is absorbed by concentrated
sulphuric acid. He established the formation of ethyl sulphuric acid,
and, further, the hydrolysis of the compound to ethyl” alcohol on
pouring the product into water. Berthelot showed, (ANN. 94. 78. 1855)
that propylene undergoes even more reqdily a similar reaction, and by
hydrolysis of the sulphuric acid addition compound can be made to

yield a theoretical quantity of propyl alcohol. %$his reaction was



139.

shown by Pritzsche, (Zeit. Angw. Chem. 9. 456. 1866), to be suffic-
-iently regular and complete to serve as a quantitative method of
estimation of the hydrocarbon. The formation of diethyl sulphate,
involving as it does the further acétylation of the addition compound,
ethyl sulphuric acid, and hence the prevention of hydrolysis, was rec-
-ognised, and late Plant and Sidgewick, (J.SOC. Chem.Ind. 1921. 147)
examined the reaction in more detail and showed that the absorption
of ethylene by 99*3 per cent sulphuric acid at 70* gives a product
whiish, on pouring into water, yields am o0il which is practically pure
diethyl sulphate. A small quantity of ethyl sulphuric acid is also
present, but this shows little tendency to hydrolyse, as only traces
of ethyl alcohol could be detected.

But it is to Damiens, (C.r. 175. 585. 1922), that we owe our
complete knowledge of this reaction, and the conditions of formation
of ethyl sulphuric acid, and from it ethyl alcohol on the one hand and
diethyl sulphate on the other. Absorption of acid of 99 - 100 per cent

strength gives mainly diethyl sulphate, but equilibrium in the equation

H2S04 ~ SO~.CgHg — ~ 2 C2H5.804H

is displaced in favour of ethyl sulphuric acid by rise of temperature,
and by hydration of the acid when further hydrolysis of the ester and

formation of ethyl alcohol occurs.

At first sight there seems to be little analogy between the
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reactions initiated by the absorption by concentrated sulphuric acid
of acetylene and of ethylene. In the former addition to the unsat-
-urated link takes place largely, ( and this predominates as the
concentration of the acid becomes high), as hydroxyl and the group
(SOgH) , leading ultimately, by a subsequent process of oxidation to
the production of methane disulphonic acid. Only, apparently, in the
slihgtty hydrated acid, i,e. in the absence of sulphuric trioxide,
does a dissociation of the acid into the groups (H) and (SO”H) occur,
and addition take place as such. On the contrary, absorption of
ethylene by anhydrous sulphuric acid, as v/ell as by more dilute acids,
promotes addition to the double bond in all cases of the elements
Ci) and (SO”H). The addition in more dilute acid of the elements (OH)
and (SO3H) giving the addition compound, CH”"OH - CH”SO”H, which by
hydrolysis yields ethyl alcohol and sulphuric acid, is not precluded,
but, in that ethyl sulphuric acid is an observed product in such
reactions, and by hydrolysis yields directly ethyl alcohol, such an
addition is improbable. In highly concentrated and anhydrous acids,
however, the formation of diethyl sulphate from ethyl sulphuric acid
by prolonged absorption of ethylene definitely precludes this form
of addition, for it is difficult to conceive of the formation of this
compound other than by the following route

CH2 H CH3 CH3 CH3 CH3

. £ / i Vi I /
CHg SOAH  CH2SO4H CHg GH2 SO4- CHg
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A probable explanation may be sought in the relative intensities
of the electric fields of the two systems. The dissociation of suljih-
-uric acid into positive hydrogen and the nagatively polarised radicle

(SO*H) involves cleavage of the molecule along the dotted line BAB,

0 ok 0o ~'/0H

0 D

while by dissociation into the radicles (OH) and the positively pol-
-arsied group (SO”H) the cleavage line CD is produced. In the first
case union with carbon is established through oxygen, and involves the
positive carbon pole of the ethylene molecule, while in the second
the union is through sulphur, and involves the negative carbon pole.
Since addition to the unsaturated linkage of acetylene or ethylene
must be preceeded by a conversion of the co-valency, of either carbon
atom into an electrovalency, and hence the creation of a polar field,
and since aceyylene is less readily, and hence more feebly polarised
than ethylene, that addition to acetylene will take place the most
readily which involves rsad radicles of highest polarity. In the rel-
-ative dissociation of sulphuric acid into (OH) and (SG”H) or into

(H) and (SO”H) it is obvious that, other thigps being equal, the

- t
groupé '0 ++ 0 H is in a highly positively polar condition, while
“y S f
-0 * the group 0 0 H , owing to the proximity
CS"

0O M 'O
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of three strongly negative groups, owes its polarity, a nagative one,
to one atom only. Hydroxyl, by virtue of its key atom, oxygen, may

be supposed more highly polar than is hydrogen, and hence the addition
to acetylene of the groups Cox) and (SO%H) is preferred to the alt-
-ernative addition of (H) and (SO”H).

Acetylene and a ''Mixed Acid** Preliminary examination of the
effect of the addition of concentrated sulphuric acid to mixtures of
nitric acid and acetylene showed that in the main the reaction foll-
-owed quite another cobrse to that undergone in the presence of nitric
acid alone. No nitroform or other coloured nitro compounds are
observed, nor can tetranitromethane be obtained from the product on
further nitration, showing that all precursors of this substance are
absent. Only in the presence of mercury, or in a large excess of
nitric acid over sulphuric acid, @ 75 per cent and upwards by weight
of the mixture), is nitroform, and subsequently tetranitromethane,
formed, and then only in very small, quantity.

Kekule, (B. 6. 329. 1869), had examined the action of a nitric-
-sulphuric acid mixture on ethylene and had isolated, besides the pro-
-ducts of simple oxidation, an o0il, to which he gave the constitution
of an ethylene glycol-nitrite-nitrate, but with this exception no
previous knowledge was available, though while the investigation was
in progress a brief examination of the products of the reaction of

ethyelne and a "mixed acid" was made by Mareschi, (Atti. Accad.Lincei.
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1919, (v). 28.i. 393), who showed that ethylene dinitrate, -dinitro-
-glocol- was the principal product.

Subsequent to our study of the absorption of acetylene by a
"mixed acid", Wieland and Sakellarios, (ibid), examined in considerable
detail the similar absorption of ethylene by a mixed acid containing
sulphur trioxide, (20%), confirming the formation of ethylene dinitrate
and /3-nitroethyl nitrate. Identification of the nitric ester of pure
nitroethyl alcohol with this nitroethyl nitrate points to the form-
-ation of nitroethyl alcohol as an intermediate stage. In the light of
the addition of nitric acid to the unsaturated linkage of acetylene
and etyylene this reaction is of considerable interest, for it 1is, as
with nitric acid and sulphuric acid independently, primarily additive,
giving rise to the addition product® /?-nitroethyl alcohol, the same
addition product as is obtained from ethylene by the interaction with
pure nitric acid. But in the nitric acid medium this compound would
be readily oxidised to nitroacetic acid, and its isolation as the
alcohol is a matter of some difficulty. Traces of the intermediate
nitroaldehyde have also been observed. The presence of sulphuric acid
promotes the éthérification of this hydroxy compound, and /s -nitroeethyl
nitrate, CH”.NO” - CH”.0.NO”, is produced, together with the dinitrate
CH2 .0.NO2 - CHg/0.NOg, arising obviously by a second process of addition

i.e. of the groups (OH) and (0.NO), which compound then undergoes simul-

-taneous éthérification and oxidation to the dinitrate.
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In the following year Wieland and Rahn, (B. 54. 1770. 1921.)
extended their study of this reaction to the interaction between -
-diphenylethylene and pure nitric acid, and here the primary addition

unsubstituted
follows exactly the lines of the addition to the hydrocarbon
giving ./Z-diphenylethyl alcohol. The rapidity and ease of addition
to the double bond is brought out here very clearly, for by heating
BtkylssB s+~ -diphenyl ethylene in light pe'feroleum with gaseous nitro-
-gen peroxide the addition of two nitro groups takes place, and the
dinitro compound, /*-dinitro-x* -diphenyl ethylene, is produced. BUt
in the presence of a trace of water, this reaction is almost entirely
superceded by the addition of hydroxyl and nitro groups, with the form-
-ation of a nitroalcohol. This compound is a crystalline solid, which
can readily be isolated from the reaction mixture, and in that the
presence of the phenyl nuclei stabilises the compound towsrdsoxidation
there is no detruction of the alcohol in the nitric acid medium, and
an almost theoretical y&eld is obtained.

Rxamination of the action of a "mixed acid" on acetylene and

ethylene reveals, as has been said, several marked differences of be-

-haviour to the normal reaction with pure nitric acid. Thereis a con-
-siderable increase in the proportion of hydrocarbon absorbedrelative
to the volume of acid. ihe absence of gaseous products of the react-

-ion other than a very slight evolution of nitrous fumes, indicated

that oxidation reactions do not occur, while corresponding with this
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the products of nitration involved in the various stages leading to
the ultimate formation of nitrogorm are absent also; a fact which
receives confirmation in the non-formation of even a trace of tetra-
-nitromethane, except bybthe further nitration of mixtures in which
nitric acid has been largely in excess. 'The most characteristic
reaction of the water-diluted product is the formation of the intensely
coloured alkali salt, characteristic of dinitromethane, on making
alkaline, which on hydrolysis readily liberates the volatile base,
ammonia.

The problem is much more complicated than the isolation of simple
sulphonic acids or nitrohydrocarbon derivatives. The presence of
both nitrate and nitrite renders the isolation of the not very in-
-soluble barium salts of methionic acid and like substances -supposing
such substances to be formed- extremely difficult. On the other hand
most pseudo-acid nitrogen compounds, -and there are various indieat-
-ions that such compounds occur in the product - are extremely sens-
-itive to nitrous acid. Nitroform is completely decomposed by heat-
-ing in aqueous solution containing nitrous acid, while the formation
of nitroso alcohols and nitrolic acids in this way is well known.

But the behaviour of the product suggests that we have present
as an intermediate stage at least, one of the unsatle nitrolic acids,
investigated by 7.Meyer, (Ann.125. 88 ; 170; 320), and
later extremely fully by Hantzsch, (B. 31. 2754. 1898) 32. 3037.1899)

These acids dissolve in alkalis with an intense red colour, changing
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immediately .to the colourless acid on addition of mineral acids, or
on standing, and by acid or alkaline hydrolysis yielding ammonia. This
behaviour is quite distinct from that of true aci-nitro compounds,

R.CH-~NOH, (Hantzsch, ibid), which decompose into the corresponding

\ /
0 aldehyde and the residue C :NOH), combination then occur-
-ing with the formation of the nitroso alcohol. None of these com-
-pounds give any but pale or colourless salts. The property of forming

intensely coloured red-brown salts, the marked intensification of col-
-our with ferruc chloride and the formation of a volatile base on boil-

-ing with acids or alkalis are all, therefore, characteristic of the

/N
linking NxsExSxSxSxSxlix N-B-C.-N, or C - A , (containing at
least one nitro and one oximido group), and their derivatives, as dis-

-tinct from aci-nitro compounds.

In the sulphuric acid medium, therefore, the principal products
of the reaction are (1) nitric esters, formed by éthérification of the
nitro alcohol in the presence of concentrated sulphuric acid, and (2)
a nitrolic acid corresponding to the hydrocarbon used. The first is
the predominating reaction, and from the quantities of esters which can
be isolated it accounts for a large proportion of the hydrocarbon. It
is in complete harmony with the course of the reaction which has beeb
described as taking place in pure nitric acid and in pure sulphuric
acid. The primary reaction consists in all cases of a simple addition

to the unsaturated linkage of the component parts of the acid. Whether
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sulphuric acid be present or not it is possible that this nitro-
-alcohol addition product of the action of nitric acid is etherified
to a slight extent by the acid, though in such circumstances this
reaction is subordinate to the formation of nitroform. But if sulph-
-uric acid be present éthérification is facilitated and becomes the
predominating reaction to the complete exclusion of nitroform, though
not to such exclusion of certain intermediate products of that react-
-ion. For, as will be remembered, however the formation of nitroform
from acetylene or ethylene be viewed, it involves at some stage the
intermediate formation of a nitrolic acid, which, in the concentrated
acid medium is oxidised, according to its kind, either to dinitro-
-methane or to trinitromethane. It is obvious, therefore, that ib
the presence of a considerable quantity of concentrated sulphuric a
acid, the oxidation of such acids would largely”or entirely be pre-
-vented, and at the same time their stability in the highly concen-
-trated acid medium would be increased, and they would actually,
therefore, appear as partial products of the reaction. The following
outline of the reactions involved in the three media will show this
more clearly.

However the reaction with these two types of hydrocarbon ye
viewed it is essentially one of simple addition to the unsaturated

bond of the dissociated products of the acid.
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H”"C - GHo
H~"C - CHg

/ J
OH NOg

OHC - CH,

NOg,

HOOC ~ CHgCNOg)

Ly
CO02 + CH(NOg) =

/

T
CCMOg) . -NOH

C(NOg) 3H



e

EEus

ri
%

o &



w

'i

~Q

l"
J
b3y

<4
vJ



149.

The Effect of Catalysts.

In the investigation of the action of nitric acid on acetylene
and ethylene it has been e stablished that the reaction is very kar
merkedly influenced by the addition to the reaction mixture of small
quantities of metallic salts. Among the metals which have been
examined mercury stands alone in having a favourable effect on the
rate of absorption and hance on the readiness of interaction, and in
considerably increasing the yield of nitroform. This effect, which
is rather less in the case of ethylene than it is for acetylene, is
not altogether a simple one, and at different concentrations as well
as at different temjieratures one or tther aspects may be the more
marked. But the most characteristic effect of the mercury salt is
largely to prevent the alternate reaction of simple oxidation, and
to increase proportionately the addition reaction producing the nitro-
-alcohol, and further the extent of the subsequent nitration-oxidation
reaction producing nitroform. Among the metals platinum, uranium,
silver and copper which have been examined in this connection, all
depresss the absorption of the hydrocarbon, and all save copper
favour simple oxidation of the hydrocarbon at the expense of the pro-
-duction of nitroform, while platinum causes an increase in the form-

-ation of by products.
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The effect of caralysts on the addition reactions of unsaturated
hydrocarbons and concentrated mineral acids has been little studied.
In 1913 Lebeau and Damiens, (C.r. 156. 557.), showed that the speed
of absorption of ethylene by sulphuric acid is considerably increased
by certain metallic salts, e.g. vanadium and uranium. A one per cent
solution of wvanadic acid in concentrated sulphuric acid absorbs one
huddred and fifty times its volume of ethylene in a few minutes, while
a one per cent solution of uranyl sulphate behaves similarly. Tungsten
and molybdenum similarly increase the reate of absorption, but more
slowly. These experiments were, however, carried out with the object
of finding a ralid absorbent of ethylene for analytical purposes, and
therefore involved the presence of mercury in the gas burette in which
the absorption was carried out. Later, Damiens, (ibid 175. 585. 1922)
submitted this reaction to a detailed study, and showed that an equally
marked increase of absorption of ethylene takes place in the presence
of cuprous oxide, this substance being more efficacious as a catalyst
for this reaction than any of the substances examined. Damiens post-
yulates the preliminary formation of a complex, which is partially

soluble in sulphuric acid.

f HgSO* + Cusor —7 SO~CUg.nCCgH")

He gives no evidence of having actually isolated this addition compound.

The complex is attacked by the acid with the formation of ethylsulph-
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-uric acid, and either ethyl alcohol or diethyl sulphate according

to the conditions. Hence the function of the catalyst is here con-

-ceived to be that of an intermediate agent, through the medium of

which a loose complex of the two reacting substances is established.

Many instances are known, of course, of the catalysis of the

addition of elements, - of halogen, of halogen acid or of water -

to unsaturated systems. Such catalytically”?influence”d reactions

form the basis of many of our common laboratory and industrial methods

of preparation of the resulting addition compounds, but the mechan-

-ism of the chemical action of the catalyst has received little

attention, and beyond the more obvious effect of accelerating the

speed of reaction, has been ignored.

It is obvious from the study of the action of mercury in the

absorption of acetylene and ethylene by nitric acid, and by mixtures

with sulphuric acid, that the metal has a far-reaching effect, not

only on the speed of the reaction, but also on the actual course of

the reaction. Before discussing this effect in more detail it is

worth while examining some of the reactions in strong acid media in

which mercury or its salts have been known to play a part.

The use of mercury as a catalyst of the oxidising function of

concentrated sulphuric acid at high tenperatures is well known, and

in such oases the action of the metal seems purely oatalytis of the

velocity of oxidation, the sulphuric acid, at the temperature em-
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-ployed acting specifically as an oxidising agent, v/hethervthe catalyst

is present or not.

As a catalyst of the sulphonation by cold, concentrated sulphuric
acid, the use of mercury is also not unknown, though here its use has
been even less explored, lljinsky, (B* 36. 4194. 1905), showed that

sulphonation of anthraquinone takes place mush more easily in the pre-

-sence of mercury. Besides the -nonosulphonic acid, which is formed
in considerable yield, the 1 :5-, 1 : 8-: 1 : 7- and 1 : 6-disulph-
-onic acids also appear among the products. The process has been paten-

-ted, D.R.P. 149. 801. Preid. Bayer &Co. 1902., for the preparation of
anthraquinone- -monosulphonic acid, and for anthraquinone-1 : 5- and

1 : 8-disulphonic acids, as described by Schmidt, CB. 37. 66. 1903)

The significance of the action of mercury in this reaction lies, however
in the change in orientation from anthraquinone- -monosulphonic acid,

the normal product of sulphonation, to anthraquinone- -monosulphonic

acid in the presence of mercury. A similar, though slighter effect has

0

been onserved in the sulphonation of toluene, where the presence of

mercury decreases the ratio of ortho and para isomers from 40 - 50
60-50

tp 31 69, (Holdermann. B. 39. 1250. 1906). But examination of the

sulphonation of benzoic acid, of -naphthbl and of the nitration of

toluene, nitrobenzene and anthraquinone reveals the absence of any effect

of the mercury salt, (Holdermann, ibid). The effect of mercury in the

sulphonation of anthraquinone is, however, parallelled by that of boric
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acid in the sulphonation of 1 : 4-amidooxyanthraquinone, by the
addition of which substitution of the sulphonic group on the already
substituted nucleus is superceded by substitution on the unsufestit-
-uted nucleus.

The use of mercury salts ip reactions involving nitric acid has
received a certain measure of attention, though little other than
purely qualitative investigation has been extablished. One fre-
-quently finds in the literature of the subject statements to the
effect that the action of mercury in such reactions has a purely
oxidative function, and that when nitration occurs at all, its
extent is very much diminished. As has been shown, this is by no
means always the case.

Wolffebstein and Boters, (B. 1913. 4”~. 586), examining the
action of mercury salts in the nitration of benzoic acid and its
homologues, state that in highly concentrated acid media the salt is
entirely without effect, but that in more dilute acid gedia the yield
of nitro product is diminished and oxidation reactions lead to the
formation of nitrophenols. A similar effect in the nitration of

benzoic acid in the presence of mercuric nitrate is observed by

Wolffenstein and Paar, (B. 1913. 589)

Vignon, (Bull.Soc. 1920. 27. 547), observes that a considerable
yield of picric acid is obtained by addition of ten per cent of

mercuric nitrate to a benzene nitration mixture.
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A lengthy investigation of the role of mercuric nitrate in
the nitration of benzene, carried out by Davis, Worrall, Drake,
Helmkamp and Young, (J.Amer .Chem.Soc. 1921. 43. 594), loses much
of its value as the authors fail to distinguish between the relat-
-ive nitrating effect of concentrated and dilute nitric acidsm and
nitration and oxidation effects are attributed to the action of

mercury w"hich can readily be interpreted as functions of the con-

-centration of the acid. Certain facts of significance, however,
Omerge. It seems clear that, in the nitration of benzene by com-
-mercial nitric acid in the presence of mercuric nitrate, (in

quantity equal to ten per cent of the benzene used), brings about

a complete conversion of the benzene into mononitrobenzene and
pieric acid, while in the absence of mercury, in a similar medium,
much of the benzene is unaffected. Moreover, the recovery of un-
-changed nitro compound from a series of experiments in which mono-
-nitro, dinitro- and symmetrical trinitro- benzene and trinitro-
-toluene respectively were asBot boiled with nitric acid, (1*4),
containing mercuric nitrate indicates that at least in the presence
of previously substituted nitro groups, mercury in no way facili-
—tates the oxidising action of the nitric acid* In the nioration
of mononitro benzene to dinitrobenzene the addition of mercuric
nitrate decreases the yield of dinitrobenzene. Increase in the

proportion of the mercury salt from 0'00046 moles to 0*263 moles
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in the nitration of benzene by a large excess of nitric acid, (1 *2),
causes a marked, though not proportional, increase in the yield of
picric acid, and, except v/ith very small concentrations of mercuric
nitrate, where a preliminary rapid incraese is obtained, decreases
the yield of nitrobenzene. The subsequent increase in this yield by
increase of the mercury concentration above 0*046 moles of mercuric
nitrate, is only substantiated in the graph given by the authors by
one point. There is little evidence for the statement that mercury
takes part in the reaction, forming an intermediate complex*

In a similar reaction with naphthalene, (Davisé&c ibid. 1588.
1922), the product contains, in addition to the normal products of
nitration, a small proportion of the nitration products of “-naphthol.

A detailed study of the relative oxidising and nitrating funct-
-ions of nitric acid in its interaction with organic compounds, and
the effect on such systems of mercuric nitrate, has recently been
made by Klemenc and Scholler, (Zeit.Anorg.Chem. 171* ~31. 1924) |
Elemenc and Poliak, (ibid. 115. 131. 1921), had previously shown
that traces of mercuric nitrate negatively catalyse the oxidation of
arsenious acid by nitric acid. Regarding nitration as a reduction-
-oxidation process, in which the nitro body is the reduced product,
i.e. HNOg ~ 2 H HNO* H”O
so HNOg RH -~ R.NO® -h H"O

mercuric nitrate, as examined by-these authors in the nitration
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of phenol, has a similar, though less extensive, effect in nitration.
The second process of oxidation, shown to accompany nitration, is also
influenced by mercury, and the supposition is put forward that the
action of the mercury ions lie in postponing, or bringing to a stand®
-still, this secondary oxidation process with which nitration is in-
-timately bound up. But nitration of phenol does not occur in the
presence of a large excess of nitrous acid and mercury, and the auth-
-ors find it impossible to !assign a definite role to the action of the
mercury salt.

Thus we are faced with two directly opposing statements, i.e. that
the oxidising action of nitric acid is considerably increased by the
presence of mercuric nitrate, and, on the other hand, that the oxid-
-ising, (and nitratingaction of the acid is depressed by mercury.

There are isolated examples in the literature of the use of other
metals as catalysts of reactions of nitric acid. Coyyer” silver, man-
-ganese and aluminium have all benn patented as promoters of the prep-
-aration of nitrophenols by the action of nitric acid on benzene.
Datis, Worrall &c, (ibid), comparing the effect of these and other
metals with that of mercury, show that it is in all cases less.

In the nitration of phenol to picric acid iron salts accelerate
the decomposition of the acid, and diminish the yield of picric acid.
Zhe nitration here is carried out in 60 - 70 per cent aqueous nitric

acid media, and the negative catalytic effect of the iron salt is cor-

-related with the known decomposing effect of metals in solution in
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nitric acid. Other examples of the catalytic effect of iron salts
in acid meaia are not lacking. In the Ihberatinn of iodine from pot-—
-assiurn iodide by hydrogen peroxide in the presence of ferrous salts,
the iron does not act catalytically, but is itself oxidised, but in
acid solution the iron is a positive catalyst, (Manchot and Wickelm.
B. 34* 2479, 1901). Mummery, (J.Soc.Chem.Ind. 52» 889* 193.3), attempts
an explanation of this catalytic function of ferrous ion by supposing
the formation of a perhydrol, Pe.O.OH, which promotes ad oxidation
by alternate production from and reconversion into ferrous salt, when
an oxidisable substance is present.

In dilute nitric acid ferric salts retard the solvent action
of the acid on mercury, while manganese and sodium nitrates are pos-
-itive catalysts for this reaction, (Ray, T. 99, 1012. 1913.). Ferrous
salts, on the other hand, are positive catalysts of the solution of
copper, silver, nickel and mercury in nitric acid, an effect to be
attributed to the formation of nitrous acid by the action of ferrous
ion on nitric acid, (Banerji and Dhar. Zeit.Anorg, iSS* 1922),
Oxidising agents are therefore negative catalysts, since they prevent
the formation of nitrous acid. By the reducing action, however”* of
of copper and silver onhferric salts, ferrous ion is produced, and
hence ferric salts are positive catalysts of thzs reaction¥*
Prom these somewhat isolated data two tentative hypotheses of the

effect of metals on the action of nitric acid, neither substantiated
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by careful quantitative investugation, emerge. (1) The effect of
metals is purely one of degradation. Reduction of nitric acid to
nitrous acid and oxides of nitrogen takes place, and the acad thus
diluted is rendered less efficient as a nitrating agent, the products
of which are nesessarily diminished. (2) As well as serving to decom-
-pose the nitric acid, it is suggested that metals, and in particular
mercury, catalyse” the oxidising function of the acid with respect to
the organic compound interacting. Oxidation products of the compound
are therefore obtained at the direct expense of the nitrated products.
Neither of these hypotheses, though embodying certain elements of
truth, are correct.

In order to establish definitely the*effect of mercury salts on
the process of nitration I have carried out a series of experiments
on the nitration of wvarying types of organic compounds, both in the
presence And absence of mercury salts. For this purpose I have examined
in turn all the main types of nitration methods involving nitric acid,
(a) concentrated and fuming nitric acid, (b) dilute nitric acid, (c)
"mixed acid", (d) nitric acid plus acetic anhydride or acetic acid,
(e) sodium nitrate plus sulphuric acid, (f) nitrous acid, and have
extended my investigation as Ear as possible to most of the principal
groups of nitratable organic compounds. The reactions have been exam-
-ined for (1) yield of nitrated product, (2 ) nature of nitrated product,

(3) yield, if any, of other products specific to the mercury-influenced
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reaction, (4) gaseous products, in particular carbon dioxide and
other evidences of oxidation.

The evidence 1is conclusive that, except in the nitration of
such organic compounds as are particularly susceptible to oxidation,
i.e. aldehydes, marcury does not favour oxidation at the expense of
nitration, that in general it does not hinder nitration, but in oer-
-tain groups of compounds -phenols-, can even act as a positive cat-
-alyst of nitration, and that the presence of the metal causes increa-
-sed interaction of the organic compound. This behaviour, moreover,
is fundamentally in agreeement with the effect of mercury on the
addition of nitric acid to unsaturayed linkages. It is proposed,
therefore, to discuss at some lenght the observed results in relation
to the possible mechanism of the mercury-influenced reaction.

The gmati question as to how all the conflicting evidence of the
literature can be harmonised, and how, in the 1light of our knowledge
of the effect of mercury on the addition of nitric acid to linsatur-
-ated linkages and on the nitration of aromatic systems, the true
function of the metal is to be interpreted must depdnd for its com—
-plete answer on an intimate knowleig# of the reacting condition of
solutions of nitric acid containing mercury, and at present such
knowledge is far from being complete or firmly established. But
here too suggestive light is thrown upon the reaction by the applic-

-ation of modern structural views, and this conception, together
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with the observed effect of mercury, enable us to suggest with a

considerable measure of probablitiy a definite course of reaction.

The effect of the addition of mercuric nijbrate to wvarious tyjes

of reaction can be briefly summarised:-

Nitrating Mixture.
Nitric acid, concentrated
rr o dilute.
Nitrous acid.

Sodium nitrate plus sulph-
-uric acid.

"Mixed acid".

Addition of nitric acid to
unsaturated linkages.

Addition of nitric acid in a

"mixed acid" to unsaturated
linkages.

Effect of Mercury.

j

aLccd Y

ak ToTa/
.A2.0*7A/o CA-Or"o/j
4/ & % -
i
o+ I 't“”lo
"+ i '"Ha.j-hrdl?
- xC-

JS

Solution of mercury ifl nitric

acid.

Comcentrated.

Dilute.

Obviously, therefore,

the effect of mercury in such reactions

is rarely negligible; it is frequently considerable, and there is

undoubted evidence that simultaneously or not, both the nitrating

and oxidising functions of the acid can be catalysed.
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A brief recapitulation of the reactions which, take place on the
dissolution Af a metal, and in particular of mercury, in nitric acid
will show the composition of the nitric acid—-mercuric nitrate mixt-—
-ure we are dealing with.

It has been shown that the same reactions are initiated, though
more slowly and to a less extent, by the dissolution of mercury salts,
copper &c in concentrated nitric acid as in more dilute acid. In
the majority of experiments carried out for this research the quant-
-ity of Kx mercuric nitrate used was small, - 0*5 - 2 per cent of
the weight of the nitric acid, but it has been established that the
reaction is fundamentallyunaltered in character, and practically in
extent by even large increase in the amount of mercury salt used.

The presence, therefore, in the concentrated nitric-nitrous

e
acid mixture of smal®. quantities of marcuric nitrate produces prim-
-arily in corresponding amount mercurous or mercuric nitrite and
nitric oxide. The nitrite formed is decomposed by the nitric acid,
reproducing nitrous acid and mercuric nitrate, while the nitric
oxide, owing to its high solubility, reaching a high concentration
in the nitric acid, reduces the excess nitric acid, thus providing
a further source of nitrous acid. (c.f. p 11) * The reaction is
therefore, if nitrous acid be regarded as the effective agent, auto-

-catalytic.*

The ionic condition of the,mixture when an appreciable quant-
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-tity of the mercuric salt * has dissolved, may be represented as
consisting of mercurous and mercuric ions, a low concentration of
NO** ions, and an increasing concentration of NOg* ions. In the
absence

Bxagaaaa of mercury or other metallic salt, the concentrated acid
mixture would contain merely a low concentration of nitrate and
nitrite ions. Further, the accumulation of nitrous acid in the sol-
-ution as the reaction proceeds probably initiates the formation of
nitrogen peroxide, (v. p 13.)

Consideration of the polar conditions of the two systems, in
the presence and absence of metallic salts respectively, shows that
in the mixture of nitric acid with an aromatic compound we have an
unpolarised compound in the presence of two substances, nitric and
nitrous acids, in both of which the component radicles are held by
electrovalencies, and in which a certain xmannt low concentration of
actual dissociated, polarised radicles exists. There is, therefore,
a weakly polar field, potentially capable of becomingly increasingly
polar with respect to the acid as more of the acid molecules comple-
-tely dissociate, but with respect to the aromatic compound, only
capable of exhibiting actual polarity in a field of high potential.
The presence of an organic, unsaturated compound would, however, inc-
-rease the potential polarity of the system, for, as has been shown,

the conversion of the co-valencies of an unsaturated linkage into

polarised electrovalencies takes place with extreme readiness. Any
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Any process of addition to a double bond should therefore require
less energy than a process of substitution in aromatic compounds with
the same reagent. Both systems are capable of catalysis, however, in
the opening up of their potentially polar fields of the organic com-
-pounds, and in increasing the dissociation of the acid. It there-
—fore remains to determine whether the “presence of mercury in such
systems can bring about this change, - its relation to other metals
in this respect must also be considered - and whether the observed
catalytic effect on nitration or oxidation can be interpreted on this
basis or by some other hypothesis.

However the action of nitric acid be viewed, whether as nitrat-
-ion hr oxidation of any organic compound, or of addition to such a
compound of the component parts of the acid, such action implies
polarisation of the compound, and potential dissociation into the
elements (OH*) and (NO**), (v. p 2, and equations i - v), the rel-
-ative extent of the two processes of nitration and oxidation de-
-pending primarily on the nature of ([Rr). It would be expected that
nitration would be the predominating reaction when (R) is negative,
and that oxidation would be favoured if CB ) were positive, a rough
basis of classification of the relative functions of nitric acid
in aliphatic and aromatic compounds being thereby obtained.

Catalysis of any one of these reactions must, therefore, consist

in dureotly influencing the hydroxyl dissociation or polarisation
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of the acid, or in facilitating the conversion of the co-valencies of
the organic compound into electrovalencies. The ready tendency shown
by mercuric salts to combine with hydroxyl to form basic compounds is
of significance in this connection. The formation of such a basic
salt as Hg(N02)2 .2H20 would increase the partial dissociation of
nitric acid into the ions (OH*) and (NOf£). This would be of wvalue
only in so far as it created a greater tendency to such dissociation
independent of the actual withdrawal of hydroxyl by the basic salt,
and it is doubtful whether any appreciable effect can be attributed
to this cause.

An interpretation of this specific case of catalysis must be
sought for in some conception of catalysis in general, and must be
based fundamentally on the mechanism of chemical change, ideas of
which, in the light of our present knowledge, have had to be materially
altered.

Chemical combination, which occurs by virtueof the polarised,
electromagnetic force fields of which each atom forms the centre, in-
-volves the condensation with evolution of energy, of these fields,
for each atom, at points of opposite polarity, the loss of energy being
in terms of the elementary quantum. Such primary condensation will
not involve the residual poles of the fields pertaining to each atom,,
and a secondary condensation between these fields must obviously

occur if the molecules are to stable, and xt on the completeness or
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incompleteness of this secondary condensation will depend o the rel-
—ative reactivity of the molecules. It is obvious that a number of
stages of reactivity must exist between a molecule which is completely
inactive, through complete secondary condensation, and one in which
“he residual magnetic fields of each atom of the molecule are so
different that secondary condensation can only occur to a very slight
extent, giving a highly unstable molecule. "The force field conden-
-sation will take place in stages, each stage corresponding to the
loss of one molar quantum of energy. A freshly synthesised molecule
is unstable, and must lose one or more quanta of energy by the con-
-densation of its atomic force fields, and so must pass into one of
a number of possible phases, each consecutive phase differing in
energy content by one molecular quantum. = ....... It is evident
that if the positive or negative affinities of the external force
fields are equal and opposite, the molecular force field condensation
will proceed far, with the escape of many molecular quanta. In such
a case the phase formed will be characterised by a highly condensed
field, with its frequency situated’in the extreme ultraviolet. On
the other hand, if the atomic fields are unequally balanced the con-
-densation will not preceed very far, and a balance of one type of
affinity will remain uncompensated", (Baly. T. 1922. 17. 590). It

follows, therefore, that the compounds whose molecules have arrived

at the completely condensed state can only interact if some ecternal

source of energy is present by which the lost quanta of

enerqgy
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can be reabsorbed, and the residual force fields thereby opened, and
rendered available for further interaction. Such external energy

may be radiant energy in the form of heat or light, of frequency equal
to the atomic frequency of the element, or it may be supplied by one
of the various groups of substances which have been included in the
term "catalyst". We have in this conception, therefore, a general
hypothesis which can account equally for all the many manifestations
of catalytic mechanism.

In order that a substance may function as a catalyst it must
possess residual.affinity, a term which muat now be re-defined to mean
an uncompensated residuum of force lines, or of affinity left over
when the maximum condensation and loss of energy hass occured between
two atoms whose original force fields were not of equal intensity.
This does not imply that such a compound can always function as a
catalyst. There are obviously ywo ways in which such an uncompensated
mEolecule, C, can effect the electromagnetic condition of two comple-
-tely closed fields of molecules XI and AB. By virtue of its resid-
-ual affinity C can form an addition compound, or complex, with mole-
-cules XY or AB in such a way that the energy given up by C in the
condensation is lost, and a second completely closed field is estab-
-lished. In such a case the addition complex will be stable and will
represent the end of the reaction. On the other hand, if the infra-

—red frequencies of the molecules C and AB, or C and XY are identical.
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or if they possess certain infra-red frequencies in common, the

quanta of energy lost by the condensation of C with one on the reag-

-ents may be wholly or in part absorbed by the other compound, which,

by such absorption, will become more reactive. In other words, catal-

-ysis of the reaction between XY and AB, or the activation of the

molecules XY or AB, with the opening up of their closed force fields

by an external souree of energy supplied by the residual affinity of

the compound C, has taken place. The following scheme will illustrate

this: -

Given reaction XY -+ AB - XA ~ YB

Add catalyst C.

(a) active molecule with uncompensated field.

(in) inactive molecule with closed field.

Then

CXy,, -a AB. e— 7C.XY.AB ii
a in a

C.XY.ABa. -~ AX -“BY v-C iii

It is important to emphasise that reaction (iii) can only occur
by virtue of an actual rearrangement of electrons, and that this
depends on the presence within the addition compound of a sufficiently
sharp potential gradient between the energy level of C.XY&AB and
C.XA.YB. Negative catalysis receives a ready interpretation on the

lines of this conception, for, in a reaction A B when one of the

molecules A or B is uncompensated, Tpv
! virtue of which the”



168.

by virtue of which the reaction takes place, any substance, C, which
preferentially combines with the uncompensated molecules, and thereby
establishes a closed field, hinders the first reaction.

This hypothesis of chemical reaction receives confirmation in the
work of Boeschen, (Proc.K.Akad.Wetensch. Amsterdam. 1922. 210), on
the photo-oxidation of alcohols in the presence of p-benzophenohe and
oxygen. The author does not, howeter, give the fullest interpretation
to his results. The velocity of oxidation is, above a certain concen-
-tration of the ketone, independent of the concentration, but proport-
-ional to the square of the intensity of light and to the concentration
of the alcohol. The significant feature is the immediate formation

of a quantity, k1l(1 - c¢“*°*), of activated ketone by absorption of
light of intensity I. (k= absorption coefficient, c=concentration of
ketone, d% thickness of layer). When k, ¢, and d are large, the
quantity of activated ketone is proportional to the intensity of light
and independent of the concentration. Combination then occurs between
the activated ketone and the alcohol molecules, and the following

sreies of reactions is postulated.

Ketone + light - A Photo-ketone
Photo—ketone alcohol - A (Photo—ketone)alcohol
(Photo-ketone )alcohol ——— (Photo-ketone ) (active

alcohol

z (photo-ketone,active alcohol) + Og ~ 2 ketone -*2 aldehyde
2 H"U

As well as demonstrating that the energy required for the interaction
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is derived from the external source, light, the experimental fact

that tkx inuimate contact between the catalyst and the reacting mole-—

-cules is essential is of interest in the present connection.

Viewed in this 1light, therefore, it must be considered how far

metallic salts can function as catalysts in the type of reaction with

which we are dealing. That metallic salts can function as catalysts

of various reactions there is ample evidence, and that they do actually

play this part in reactions in strong acid media, or in reactions
involving concentrated acids as reagents, has already been shown.

Any metal which in its salts is capable of forming addition com-
-plexes, i.e. with water, organic compounds &c, must possess residual
affinity, and by virtue of such should be able to function as a cat-
-alyst of certain reactions. But it is to be expected that the catal-
-ytic capacity of each metal will be specific, ar at least that it
will be more favourable to one type of reaction than another. This
is obvious when the nature of the residual affinity is considered.
Such affinity is the uncompensated balance of electromagnetic force
left over from the condensation of the respective force fields of two
or more atoms, and must therefore be polar. Xn this condition the
affinity will tend to display itself the more readily when brought
into contact with molecules where there is a residuam, however, slight,

of affinity of opposite polarity. Though it is conceivable that,

given an entirly closed field, the residual affinity will still be

i
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effective, though less readily. And from this point of view the tend-
-ency shown by mercury to form basic salts becomes of significance,

for it implies that the residual affinity of mercuric salts displays
itself most readily when brought into contact with hydroxyl or like
groups. Consequently, therefore, the presence of th mercuric nitrate
in a nitric acid medium will of itself tend to promote the hydroxyl
dissociation of the acid. Hence, on general grounds, any function of
nitric acid which involves such dissociation will be favoured. Further,
it is obvious that the effect of the strongly basic metals of group I,
(v. p will be wholly negative in this respect.

In the particular addition of nitric acid to an unsaturated bond
neither reagent possesses a completely closed field. Though in the
resting condition of the molecule both ypg types of unsaturated com-
-pounds exist in a sj co-valent and not an electrovalent state, their
respective force fields being entirely compensated, yet, as has been
shown, the highly unsaturated and hence reactive condition of the
ethylene molecule arises by virtue of the very ready convertibility of
the co-valencies into electr valencies, a conversion which takes place
less readily un the acetylenic type, and hence determines a less react-
-ive state. Hence it would be expected that a catalytic effect would
be the more marked in reactions involving the latter type of unsaturated
compound than in reactions with ethylenic compounds. Under equivalent

experimental conditions of concentration of acid, temperature and
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concentration of hydrocarbon the effect of addition of mercuric nitrate
is ifo per cent greater for acetylene than for ethylene, (tables*ng
and thus provides striking confirmation not only of this conception
of the ethylenic and acetylenci bonds, but also, and this is of fund-
-amental importance, of the hypothesis that chemical reaction occurs
by virtue of the conversion of co-valencies into electrovalencies,
and proportionally to the ease by which this is effected. The catal-
-ytic effect is therefore concerned mainly with the opening up of the
condensed fields of the unsaturated bond, and the conversion of the
cQ-valencies into electrovalencies through the medium of the residual
affinity of the mercuric nitrate molecules. A secondary effect, - it
is difficult to estimate the relative extent of these two functions-
lies in the increased hydroiyl dissociation of the acid, arising as
a consequence of the positively polar character of the residual affin-
-ity of the mercuric salt and its affinity for hydroxyl. It may be
supposed, therefore, that by virtue of its residual affinity the
mercury salt acts upon the undissociated nitric acid molecules form-
-ing an addition complex, the energy lost, absorbed by the acid
molecules, being sufficient to cause dissociation. In the presence
oC the sensitive Coroe field of the ethylene moleoule, or to a less
degree of the aoetylene moleoule, oondensation then oocurs between
the aotivated nitrio aoid and the hydrocarbon, and the primary add-

-ition oeobhe compound, the nitroaloohol, is formed. There seems no
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necessity to postulate the formation, other than momentarily, of a
mercury-nitric acid-hydrocarbon or a marcury-hydrocarbon complex, and
no experimental proof of the existence of such a compound is forth-
-coming. The whole essence of such addition complex formation on our
prosent theory is an enhanced reactivity and hence instability, and
any such compound which possessed sufficient stability to appear among
the products of the reaction would be functionless in catalytic
mechanism.

It would appear, on the other hand, that catalysis of the oxidising
function of nitric acid depends mainly on the nature of the organic
compound reacting, and less on the nature of the catalyst. Both
nitration and oxidation of organic compounds involve, as has been
shown, hydroxyl dissociation of the acid, the predominance of one or
other reaction for the compound RH depending largely on the nature of
R. But any salt which increases the decomposition of the acid, giving
an increased formation of nitrous oxide and nitrogen, may be supposed

a positive catalyst of the oxidising function of the acid, (v.p 21.)
But both oxidation and nitration in the interaction between nitric
acid and acetylene or ethylene takes place to a certain extent, the
relative proportion of each type of reaction depending on experimental
conditions and on the catalyst, (tablej*) . If, however, ethy'e'lenc
or acetylene be viewed as the type R.H there is no a priori reason

why of the two processes oxidation and nitration there should be a



175.

greater tendency to the one than to the other, for in the reactive
condition = CH” R may be either positive or negative according
as the alpha or beta carbon atom is affected and hence, other factors
being equal, each reaction should proceed to an approximately equal
extent. This is actually shown to be the case for acetylene. In a
normal interaction between 95 per cent nitric acid and acetylene, in
the absence of a catalyst, the proportion of carbon becoming carbon
dioxide by simple oxidation is 32** per cent, and by the process of
simultaneous nitration and oxidation =zzv:per cent. But in a similar
reaction with ethylene this relation is not maintained. Under the
same conditions of concentration, temperature &c, the proportion of
carbon becoming carbon dioxide by simple oxidation, (route i), is co
per cent of the value for acetylene, while the extent of the nitrating
Us-

reaction, (route ii), represents only per cent of the correspond-
-ing acetylene value. It is noteworthy that though in the acetylene
system reactions (i) and (ii) proceed to an approximately equal extent,
reaction (i), simple oxidation, is always slightly in excess of react-
-ion (ii). ( tables xo )

The most striking effect of the addition to the reaction mixture
of a small quantity of mercuric nitrate is markedly to increase the

total proportion of carbon undergoing reaction by either of these two

routes; in other words, side reactions are considerably depressed,

and for aoetylene eliminated. gut if the reaction is analysed it



174.

is found, that in the reaction with acetylene secondary reactions are
suppressed to the greater advantage of simple oxidation than of the
reaction by route (ii), i.e. the proportion of carbon becoming carbon
dioxide by route (i) is 41*6 per cent, while that becoming carbon
dioxide by route (ii) is 29*2 per cent. (It must be remembered that
by route (ii) an equal percentage of carbon becomes nitrated as is
oxidised. ) Hence simple oxidation in this reaction is slightly more
susceptible to catalysis than is the reaction of route (ii). Again
this relation does not hold in the corresponding interaction with
ethylene. Addition of mercuric nitrate increases the proportion of
carbon reacting by routes (i) and (ii), though to a less extent than
was observed for acetylene, but, while direct oxidation is increased
porportionally to about the same extent as for acetylene, the addition
compound of the nitration reaction is formed to a relatively greater
extent, and reaction (ii) is faxBHrsd increasedvfrom a value which is

63- per cent of that obtained for acetylene to about >3- per cent.
Hence for ethylene, that reaction which involves nitration is the
more readily catalysed.

Hence, while there is substantial evidence that catalysis of

both processes (i) and (ii) takes place, the realtive extent to which
these two reactions are affected by catalysis varies, simple oxidation
being the more readily catalysed in the reaction with aocetylene, while

nitration of ethylene is the more susceptible to catalytic influence.
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In other words, whereas in the absence of a catalyst oxidation for
acetylene represents 50 per cent of the hydrocarbon absorbed, that for
ethylene represents 3~ per cent, while addition of mercuric nitrate
causes an increase of oxidation in each case to an extent approximately
60 per cent of the hydrocarbon absorbed for acetylene, and 40 per cent
for ethylene. On the other hand, while addition of a catalyst causes
an increase in the proportion of carbon of acetylene undergoing nit-
-ration from 1 to 1*23, similar catalysis of the reaction with ethylene
raises the nitration wvalue from 1 to $ . cLtLU s y

Assuming that the two processes (i) and (ii) both occur by virtue
of the dissociation of the acid into (OH*) and (NO”), the only route
by which oxidation can be effected is by the addition of these two
radicles, and hence the mechanism of the initial catalytic effect in
the two reactions must be identical, the specific effect being con-
-fined to the subsequent phases of the reaction, which, on the process
of simple addxtxaa oxidation probably involve elimination of nitrous
acid with the formation of an unsaturated hydroxy compound. *TI\ls to
expected that this elimination of nitrous acid will take place 1less
readily from the acetylene addition compound than from that of ethylene,
and is it therefore susceptible to such catalytic influence as facil-
-itates the formation of the nitrated compound, and is the nitration
of ethylene intrinsically more susceptible to catalysis than is this

oeocess in the reaction with acetylene, are questions which must be
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asked if we are to explain the catalytic effect mn this hypoth-

-esis. Actually this implies rather less than would at first

appear. If we compare, as a percentage of the carbon absorbed,

the proportion of carbon becoming oxidised by route (i), or

nitrated by route (ii) in the two reactions, both in the presence

and absence of a catalyst, we find, representing the lowest values
by 1 and expressing the other values as multiples of this, the
following relations
Ethylene. Acetylene,
Carbon Carbon Ratio Carbon Carbon Ratio
becoming becoming becoming becoming
oxidised nitrated i oxidised nitrated
ii by, 1 o
9 1 9 1 13 11 118 : 1
12 7 1*7 1 20'5 14*8 1*4 1
1*33 7 1'53 1*35

The figurse showing the proportional increase brought about in

each case by the addition of the catalyst express the result dis-
-cussed above. But another relation becomes apparent from these
figures.' In spite of the very considerable increase of reaction
(ii) in the ethylene brought about by mercury, the proportion

of carbon becoming nitrated in relation to the hydrocarbon abs—

-orbed never quite attains the value which is reached for
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acetylene in the absence of mercury. The more obvious effect of

the metal is to bring the relative proportions of the two reactions
in the ethylene system into line with the same reactions in the
acetylene system, and the relation of the two reactions in the

two systems in the presence of mercury are not very different.

The effect of the catalyst must indeed be two-fold. Both processes
of nitration and oxidation are gimgiifzgd susceptible to its infl-

-uence, and the extent to which each takes place is increased both

for ethylene and for acetylene. No negative effect of the addition
of marcury has ever been observed. The relatively much greater
increase of nitration, (route ii), in the ethylene system is pro-

“bably a secondary effect of the catalyst due to a stabilisation
of the subsequent stages of route (ii), the products of which under
normal conditions in the absence of a catalyst are either not
formed or are removed by secondary decomposition.

Our question rather becomes, therefore, an investigation of
the electromagnetic or other causes which, in the ethylene system
largely prevent the occurence of reaction (ii), or lead to decom-
-position of its products.

The general effect of marcury asa catalyst of the hydroxyl
decomposition of nitric acid, and henceof the addition to the
unsaturated bond of the elements (OH) and (NO”) hasalready been
shown. Initially, therefore, the extent of both oxidation, (route

i) and nitration, (route ii), and the proportion of carbon in the
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hydrocarbon undergoing reaction by both routes is, in the absence
of other effective agents, proportionally increased.

If we examine the route by which nitroforra is produced from
ethylene, (p //~ ), it is obvious that the specific effect of the
catalyst in this series of reactions must be confined to the
changes ii, iii and iv, since the primary addition, i, and the
formation of nitroform from dinitromethane are common to both
systems. We are faced, therefore, with two alternatives. Either
the system, in the absence of mercury, is not sufficiently react-
-ive to proceed to any one of these three successive stages, or
the product, raethylnitrolic acid, must, under the conditions of
the reaction, undergo decomposition rather than oxidation. Decom-
-position of nitroacetic acid which, in the nitric acid medium
could only take the form of oxidation, is excluded for oxidation
is not increased under these conditions. To attribute the absence
of reaction to decomposition of the nitrolic acid would imply that
methylnitrolie acid is less stable than the compound CCNOg)“ NOH,
which in the subsequent stages of the reaction is oxidised to
nitroform, xsqBirBSxiBsaxBHBXgy or that the oxidation to nitroform
requires less energy than the corresponding oxidation of methyl
nitrolic acid to dinitromethane. That this undoubtedly plays
some part in bringing about the observed effect becomes evident

when we examine the electronic condition of these compounds.
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In the accompanying diagram,

4 17 H
P \'=
.. C_k. ) H c n/ //
/v
~0 "o~o
M " -0
TT 'l A A o
A e " A/ /y 0 B
AS /K - Al
!(j H(j A 0O ~0

is electronegative by virtue of three negative charges,
the double bond between carbon and the oxygen group consisting
probably of one co-valent and one electrovalent bond, oxygen

ITI

being the key atom in each case, while C is negative only to
the extent of two negativivcharges. In passing to the more
highly oxidised state, Illfc and IV respectively, eacg carbon atom
acquires an additional negative charge corresponding to the add-
-itional positive charge on the more oxidised nitrogen. It is to
be expected, therefore, that the nitrogen attached to that carbon
which is already the more negative, i.e. , will display a
greater tendency to oxidation than the corresponding nitrogen
atom in IIT. Consequently, therefore, methylnitrolic acid will
be less susceptible to oxidation, and, failing oxidation, will

be the readily decomposed. The presence of a catalyst, by

providing additional energy, will overcome this lesser tendency
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to oxidation, and the series of reactions leading to the final

nitration to nitroform will be promoted.

But an effect must also be attributed o the first alternative,
i.e. that the reactions following the formation of the nitroaloohol
take place with less readiness than do the corresponding reactions
of the acetylene system. The primary nitroaloohol in the latter
system is unsaturated and therefore would be expected to undergo
ready secondary addition and elimination of water, with formation
of dinitroacetaldehyde. Oxidation of the dinitroaldehyde will
obviously occur with greater ease than will the corresponding oxid-
-ation of nitroacetaldehyde produced in the ethylene system, since
the presence of the additional nitro group will endow the alpha

-v- t
carbon atom in the expression HCCNOp)? - CHO with greater positive
/3 ~

character, and therefore render it more susceptible to further

reaction than the corresponding carbon atom in the expression
f
ac - CHO
NOg'

It is clear, therefore, that both factors contribute to the
absence of nitrated product in the ethylene systen, and that the pre-
-sence of a positive catalyst, by establishing a more highly reactive
system will overcome this effect to a greater or less extent.

Turning now to'the further catalytic effect of the greater

proportional increase of oxidation, (i) over nitration, (ii) which.
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owing to the specific depression of reaction (ii) in the ethylene

mixture, can only be observed for acetylene, explanation must

again be looked for in the stages of the reaction subsequent to

the primary addition. The two routes may be outlined as follows:*
CH = CH
~“CH = CH
OH ' "NOg
(a) / (b)
C(OH) s CH + HNOp CH(OH) — CH(NO),
4 . F
2 00~» CoOg f CHCNOg)*

As for ethylene, the elimination of nitrous acid with the form-
-ation of a highly unsaturated body, which immediately succumbs
to oxidation, is the simplest interpretation of the formation of
carbon dioxide from the nitroalcohol. It is difficult to imagine
that this cleavage can the more readily appropriate to itself a
greater proportion of the additional energy introduced by the
catalyst than does the corresponding process (b/, leading ultim-
-ately to nitreform, especially as it already is known to take
pPlace with greater ease, and it is rather in the formation of

nitrous acid by the oxidation process that this behaviour can be

interpreted. As is known, TIhle., Zeit.phys.Chem. 1896. 19. 589),
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the oxidation potential of a nitric acid system is lowered by
the presence of nitrous acid, and the oxidation of (a)
must therefore become negatively autocatalytic. On the other
hand the alternate process, (b), involves the removal of nitrous
acid by interaction. Anything, therefore, which increased the
extent of this reaction would by causing a greater removal of

nitrous acid from the system by any reaction, involve an inc-
rease of the oxidation potential, and hence the extent of the
oxidation. The oxidation process is therefore subject to two
wources of energy, the catalytic source provided by the catalyst,
mercuric nitrate, which is also available for nitration, and the
increased energy arising from the increase of the oxidation
potential.

The effect of mercury salts in the interaction between
nitric acid and an unsaturated hydrocarbon is therefore complex.
The primarh effect is an enhanced activity throughout the whole
.system by which an increased yield of both oxidation and nitration
porducts is obtained. The extent of both reactions is increased,
though not proportionally, and side reactions are considerably
reduced. Secondary effects Xaxaltxxxxs specific to each ceaction,
ile. to each individual system, may result in a relatively greater
increase of the one series of reactions over the other, though

the increased interaction is always at the direct expense of the
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compound reacting, and never at the mutual expense of one or

other product.

TheJSffect of Mercury in Aromatic Systems. In the behaviour
of mercury salts towards the nitration of aromatic compounds
there is evidence that we have to do with a very similar series
of reactions, providing in this demonstration the existence of
certain intermediate stages, confirmation of the behaviour which
has been postulated for unsaturated aliphatic systems.

It has been shown that the most obvious effect of the pre-
-sence of marcuric nitrate on the products of nitration of arom-
-atic compounds, and a number of all the nitratable types have

been studied, is an increased reactivity of the whole system,

and a larger proportion of the organic compound undergoes react-
-ion than would otherwise be the case. As was found in the react-
-ion with unsaturated compounds, there is a tendency, particularly
with hydrocarbons, to form nitrophenolic compounds, (c.f. the
addition of nitrac acid to the unsatyrated bond of ethylene and
acetylene forming a nitroalcohol). In the nitration of phenolic
compounds themselves nitration alone is susceptible to catalytic
influence, and the nitrated pprduct is obtained in greater

yield, (v. p /J~ Table /T ), Destructive oxidation to oxalic

acid and carbon dioxide, wusually present to a very slight extent
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in normal nitrations, is increased by the addition of mercury as
was observed i unsaturafied systems, though proportionately to a
less degree. There is, therefore, a very marked analogy in the
superficial
/ effect of mercury on the two systems, an analogy which aannot be
without significance in the actual mechanism of the two reactions.

Both nitration of a phenyl nucleus and substitutive oxidation, i.e.

the formation of phenolic compounds,

i Ph.a ~ HO.NOg Ph.NO* ~ H.OH

ii Ph.a ao.NOg — 7 ph.oa -i- aao”
(ii occurs only in conjunction with i)
involves a dissociation of nitric acid into (oa*) and (KO”), whether
such dissociation takes place ionically with complete transference
of electrons, or whether interaction occurs with molecules of
nitric acid in which an eleotrovalent bond exists between hydroxyl
and nitro. Given that any residual affinity which the phenyl
nucleus possesses is, in such a mixture, effective in a negative
sense by virtue of which the positive (NO”) radicle is appropriated,
and hence nitration occurs, then obviously equation ii, which
implies a positive residual affinity on the phenyl nucleus, cannot
yvake place independently in the same medium. The impossibility of
forming phenolic compounds in this way confirms this. To what,

them, is the hydroxylation which frequently occurs when mercury

is present, together with nitration of the same nucleus, due?
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It is becoming increasingly evident that the mechanism of
substitution in reactions involving aromatic compounds differs
in no way from any organic molecular reaction, the initial stage
being a loose addition compound which rearranges forming the
usual substitution product. Anthracene, when treated with nitrous
gases under conditions when water is not excluded, forms a stable
addition compound in which the radicles (OH) and (NO”) have become
attached to the two para positions of the central nucleus forming
a dihydro-nitrofanthranol, (Meisenheimer. B. 22- 3547. 1900)
Simultaneously a second addition compound in which the nitro
radicle rearranges and attaches itself as the ester group O0.NO

is produced.

Treatment of either of these compounds with caustic soda promotes
the elimination of water and the formation of nitroanthracene*

The methylsalpetersaure anthracene obtained by Perkin, (T. 1891.
H

634), and shown to have the constitution ~

is further evidence of this capacity, a A o1jjin

/\



186.

u
capacity which is strikingly illistrated by the addition react-

-ions of the potassium salt.

II Tiedt.

N, K
0c//))
KocH" >C >
> I j -7
11 / \
< /3r T2

(Meisenheimer. A. 525. 205. 1902)
Several examples had previously been discovered of the existence
of unstable, complex, coloured addition compounds between aromatic
nitro compounds and alcoholates.by direct interaction, i.e. Lobry
de Bruyn and Van Leent, (Rec. trav.Chira. 14. 150. 1895), obtained
from trinitrobenzene and potassium methylate the salt,

~ Similarly trinitrotoluene yields the

addition compound CAH~tNO~Ig.OHg.CHgOK f CH~OH, (Hanzsch and Kirsel.
B. 3137.), from which the free acid can be isolated. This
formation was interpreted by assuming an addition of a molecule of
alcoholate to one of the nitro nitrogen atoms,

a formula which explained the great instability of

/HC::

“the complex and reformation of the original com-
OH O dF,
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-pound, but was quite inadequate to account for the marked colour

of the salts. Meisenheimer, (ibid), on analogy with the addition

reactions of anthracene, and the formation in particular of the

compound suggested that a more probable form-
-ula was one which would involve addition of the
metal to ! the nitro group, and the roethoxy
group to ~ the para carbon atom, hence creating

a quinonoid structure, and this he has confirmed conclusively.

A very suggestive light is thrown upon the problem by Wieland,
(p. 528. 154. 1905), who shows that only those aromatic systems
which possess the capacity to pass into the quinonoid form can
react with nitrous gases, e.g. all phenolic compounds can under-

-go this reaction. Addition, for example in quinone, would them

occur

A7.. w - ,
I n
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The formation of the pseuda—nitrosite of zi —dihydronaphthalene

by the addition of nitrous gases involves a similar addition.
/YOH

B , / | >'-7/71.

AHx L H "H z-

(Straus and Ekhard. A. 444. 146. 1925.)

But the most striking evidence that it is through the medium
of an addition compound that nitration, and hence other substit-
-ution reactions of aromatic compounds, occur is given by the
work of Schaarschmidt on the addition of oxides of nitrogen to
aromatic hydrocarbons, ( B. 2065. 1924.) Nitrogen peroxide,
which readily undergoes addition reactions with olefines and
acetylenes, reacts scarcely at all with benzene, though more
readily with toluene and xylene, and immediately, with evolution
of heat, with mesitylene. Such reaction as does occur is complex,
and involves the formation of traces of nitro derivatives, nitro-
-phenols and their easily hydrolysable nitrous and nitric esters,
and products of oxidation, - oxalic acid and carbon dioxide. By

the addition of certain metallic chlorides, - ferric chloride and

aluminium chloride, it is possible to cause direct addition to
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the aromatic nucleus, an intermediate complex addition compound

being formed between the hydrocarbon, nitrogen peroxide and the

metallic salt.

2 AlClg -i- 3 3 A~ 3(2/3 AlC1l~.CgH”.NgO*)

These compounds are characterised by great stability, and can be
heated to 100°C without decomposition. But in the presence of
water the complex is broken up into a hydroxy chloride of the
metal and a very unstable dihydro-nitro-nitrite addition compound
of the hydrocarbon, which rapidly loses nitrous acid, with the

formation of the simple nitro compound.

2 (AlClg.3 CgHg.3 NgO*) HgO 2 AlClgH”O SCCgHg N*0*)

-7 3 y- 3 HO.NO

The evidence for the existence of the addition compound,
is not, however, clear, for its activity is such that the author
was unable to isolate it. The following figures show the very

matked increase of yield of nitrated product brought about by the

addition of the catalyst.
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No AlCl AlCl,,
3
CgHs? No nitro compound 88/. nitrofluorbenzene
CeHgBr 6 '5/ nitrobrombenzene 90/ ,» brom oy
CgHgl 45/ , ,iodo ,y 79/ ,y iodo .

So considerable is the yield of nitro compound by this method that
the process is utilised on the commercial scale for the preparation
of ortho_ and. para-nitrochlorbenzene from chlorbenzene. It must
be noted here that the ortho/ para ratio of the nitrated product
is appreciably lower with respect to ortho- compound than is the
corresponding ratio obtainable by a "mixed acid" nitration.

There is, therefore, 1little doubt that the formation of
unstable addition compounds between an aromatic compound and the
reagent isshot infrequent phenomenon, such addition leading in all
cases ultimately to substitution. Moreover* it is possible by the
introduction of a metallic salt to bring about catalysis of such
reactions through the medium of an addition complex between the
catalyst and the two reacting compounds, a complex which, if
isolated in the solid state, may be of comparative stability. It
became, therefore, a matter of considerable interest to harmonise
this behaviour with the influence of mercury oh the nitration of

aromatic systems, and in general with the action of nitric scid

on organic compounds.
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It seems probable that any reaction which is not ionic, and
hence occurs by virtue of opposing affinity by simple recombin-
-aticn between ions, takes place through the medium of an inetr-
-mediate addition complex. It has been shown that molecular inter-
-action can only occur between molecules possessing residual

affinity, i.e. an uncondensed residium of electromagnetic force,

such interaction taking place by the condensation of these hitherto
unclosed fields. This must inevitably lead to a temporary, maybe
in certain cases momentary, molecular combination, in which, if a
sufficiently high electric potential is set up, a rearrangement
and transference of electrons is initiated resulting in the con-
-densation of two new force fields and the creation of two new
molecules. It is obvious that the time factor of a chemical
reaction is determined by this rearrangement and recondensation,
it being legitimate to suppose that, if combination occurs at all,
the initial stage involving the formation of the addition complex,
is a rapid one.

It would appear that the free affinity of the phenyl nucleus,
through the agency of which it is enabled to enter into reaction?”
with wvarious reagents, does not exist normally as active, wuncon-
-densed, electromagnetic force which is free to react with any"
type of compound with which it is brought into contact. The

general inertia towards each other displayed by the majority of
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aromatic compounds points to an almost completely condensed force

field in the resting kolecules, and a solvent or other medium

possessing free residual affinity is essential if interaction is

to take place. The electronic conception of the aromatic nucleus

(v. p ), enables us to conceive of a wholly internally con-

-densed force field, for by the alternate polarisation of the

carbon atoms of the nucleus not only is there condensation between

adjacent pairs of carbon atoms, but also there can be mutual con-

-densation of the residual affinities or uncondensed partial fields

of the whole system, thus creating the symmetrical, temporarily

inactive system with which we are familiar. Once such an inter-

-nally compensated field is penetrated by the force lines of a

molecule possessing residual affinity the balance of mutual com-

-pensation is disturbed, and the whole system becomes reactive

through the free affinities which are now alotted to each carbon

atom. At once, the inner meaning of the Crum Brown rule is seen

to lie in this allocation of free affinities to alternately polar-

-ised carbon atoms. An aromatic system, therefore, is one which

should readily lend itself to catalysis, only extremely reactive

compounds such as strong acids being able of themselves to upset

by the penetration of the nucleus by their own extremely active

force fields, the balance of the aromatic forces. Once this is

accepted, intermediate, molecular addition follows as the inev-
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-itable behaviour in the reactions of aromatic compounds.

Nitration, or the substitution of the radicle, (NO*), of the
nitric acid molecule, involves the dissociation of this molecule
into the groups (OH) and (NO*). Examination of the interaction
of nitric acid with unsaturated compounds has shown that at points
where free affinity is displayed, i.e. in unsaturated compounds
at the adjacent carbon atoms of the double or treble bonds, add-
-ition of each of these radicles takes place, an unstable hydroxy-
-nitro compound being the primary product of the reaction, and
this behaviour finds ample confirmation in the similar addition
reactions of nitrous gases and of sulphuric acid with unsaturated
compounds. It is to be expected, therefore, that the intermediate
addition compound of aromatic reactions, which has been shown to
be a probable agent of such reaction, is formed by a similar pro-
-cess of addition of the groups (OH) and (NO2) to adjacent carbon
atoms of the phenyl nucleus, a hypothesis which receives confirm-
-ation in the work already discussed of Meisenheimer, )ibid),
Wieland, (ibid) and Schaarschmidt, (ibid) .

It is suggested, therefore, that the primary stage of nitra-

-tion is probably represented by the following scheme, penetration

of the closed fields of the phenyl nucleus by the force lines of
the hydroxyl and nitro groups taking place, resulting in the

polarisation of the carbon atoms of the nucleus and the formation
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of the hydroxy-nitro addition compound.

P
~

Both the unsytnmetrical loading of the molecule and the juxtapos-
-ition of hydroxyl and hydrogen undoubtedly influence the elimin-
-ination of water involving the return to the aromatic, unconden-
-sed condition.

The hypothesis that substitution in aromatic compounds is
proceeded by some form of addition is not a new one. Various
theories on this basis have been tentatively put forward, but up
to the present have received little measure of proof. Kekule,
(Lehrbuch. 1867), and Armstrong and Collie, (
both put forward the suggestion that the primary reaction is one
of addition, but imagine that the addition takes place at either
the carbon atom to which the directing group is attached, or to
the directing group itself, and the idea is extended in much more
detail in Lapworth*s dyads and tryads. But it is to Plurscheim,
(J.pr.Chem. 1902. +~. 521; 76. 165.), that we owe the clearest
conception of substitution through the medium of molecular add-

-ition. Based on Claus’ and Werner’s conception of wvalency, and

of the variability of the affinity content of different bonds.
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its fundamental postulate of residual affinity as the agent of
molecular addition and hence interaction, is a foreshadowing of
what has now been rendered much more probable by our modern know-
-ledge of the structure of the atom, and Fiurscheim's explanation
that by the decreased or increased demands on the available affin-
-ity of the nucleus by a substituent an induced alternation of
greater or less affinity at successive carbon atoms approaches

as nearly as was then possible the conception of induced alternate
polarity, involving partial transference of electrons. Plurscheim
states clearly that the reactivity of a carbon atom, and hence the
rate of substitution, must be governed by the energy supplied by
such external factors as temperature and media, as well as by the
internal kinetics of the molecule, - quantity and nature of affin-
-ity, and the magnitude of steric effects.

Arising out of our modern conception of reaction in terms of
electrons and the :t electromagnetic forces resulting therefrom,
various theories of substitution have arisen, some postulating
addition, others not. Of the former, it is sKggxEXBRt supposed
that the directing group induces an alternation of electrical
charge on the carbon atoms of the ring, the hydrogen atoms being
similarly polarised. (Pry. Steiglitz, Lowry.) Such theories
are merely hypothetical, and up to the present no considered

studv of the mechanism of the reaction had been made.
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In tnis reaction it is probable that the activating influence
of marcury will be functional at both stages, and, as was the case
in unsaturated / systems, will both promote an increased disséc-
-iation of the acid, and by creating a more, highly reactive medium
will facilate and increase the formation of the addition complex.
But in the effect of mercury on the subsequent elimination from
this addition compound of adjacent radicles we are obviously deal-
-ing with a more complex phenomenen.

It is suggested that the influence of the metal at this stage
ig two-foird. There is the general catalytic effect of enhanced
activity, and there is the definite directing influence, according
to the aromatic compound interacting, on the cleavage products of
the addition compound.

Thus, as has been shown, aromatic hydrocarbons, which give
normal nitro substitution products in the absence of a aatalyst,
not only react to a greater extent in the presence of mercury,
hence frequently yielding an increased amount of nitrated prdduct,
but there is a marked tendency for this product simultaneously to
become oxidised, i.e. hydroxylated. such hydroxylation, as is
obvious from the nature of the intermediate compound, taking
pPlace ortho to the first nitro group. It is significant thst the

most marked increase of simple nitration without corresponding
hydroxylation is observed in those compounds which already contain

a hydroxyl group, i.e. phenols.
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It is probable therefore, that in the addition compound of
aromatic hydrocarbons at least, whatever may be the actual raeoh-
-anism of the reaction, that the presence of mercury facilitates
the retention by the molecule of both nydroxyl and nitro groups.
It is possible that the increased concentration of these radicles
resulting from the activating presence of the mercury salt brings
about molecular addition between the primary addition compfind

and these radicles, there being immediate rearrangement or adjust-

-ment of forces and elimination of water and nitrous acid. Thus: -
'// «
'TIO X / h X.0
an

All our evidence has gone to show, however, that the molecular

addition in a catalysed reaction involves also the molecules of
the catalyst, and it seems more probable that the addition com-
-pound is formed between the aromatic nucleus and a molecule of

the catalyst, involving at the same time further addition with

the component parts of the acid. Thus;—
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O'yio-u

/
O y/wox v

JfO

yilo8
HrIo"

there being immediate elimination of the newly constituted molecules
of HO.Hg.Q.NO” and HNO*.

To postulate, as Davis does, (j.Amer.Ghem.Soc. 44. 1588. 1922),
that the mercuric nitrate is the actual nitrating agent is not in
harmony with the most probable views of catalysis, and involves the
unneeessary complication of the assumption that the activity of the
nitric acid, which is in large excess, and which, in the absence of
mercury, displays a great affinity for the aromatic compound, becomes
markedly subordinate to that of the catalyst.

It is interesting to compare the deduction which has been
arrived at with Baly's conception of aromatic nitration.

A7. 990* 1911). He accounts for the interaction between the aromatic
compound and nitric acid by the opposing affinities of the nitro
group and the phenyl nucleus. Addition compounds are formed betv/een

the aromatic compound and nitric acid, in which closed fields are

opened up. If a sufficiently
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steep potential gradient is set up such addition compounds, by
transference of electrons, yield the nitro compound and water.

Of particular interest with reference to the influence of mercury
is this author's interpretation of the influence of other acids
in nitration. In cases where the affinity of the nitric acid o
is not sufficiently strong to open up the closed fields of the
aromatic compound, addition”/ compounds with another strong acid
will probide additional affinity. Hence the function of concen-
-trated sulphuric acid or glacial acetic acid in nitration is

not only dehyérative but catalytic.

Effect of Nitrous Acid. One frequently in the literature
comes across reference to the part played by nitrous acid in
reactions involving nitric avid. Many examples are known both
of the oxidising and nitrating functions of nitric acid in which
reaction only takes place in the presence of nitrous acid, and it
has repeatedly been suggested that nitrous acid ia an essential
catalyst of the reactions of nitric acid. It becomes of import-
-ance, therefore, to determine to what extent, if at all, the
catalytic effect of metals in nitric acid media is due to the

formation of nitrous acid which they initiate.

In 1842 Millon, (C.r. 14- 904. 1842), had shwon that the
ai..ol»tion of copper in iilnt. nitric acia is a.p.nannt on the

preo.no, of nitron, noid. «d th.t th. «Idition of onbot.no.
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e.g. potassium permanganate, which can remove nitrous acid,
entirely prveents the reaction. Veley, (Phil.Trans. 182 A. 279.
1891)§ after a lengthy investigation, (v.p. /y), of the dissolut-
-ion of metals in nitric acid, and the actual significance in this
series of reaction of the nitric acid, sums up his evidence and
that of other investigators by showing that the amount of nitrous
ac$d present and the amount of metal dissolved by nitric acid’

are concomitant wvariables, and concludes that the primary change
is between the metal and nitrous acid, producing the metallic
nitrite.

The influence of nitrous acid in the interaction of organic
compounds with nitric acid is also considerable. Jute is conver-
-ted into a nitroso derivative by nitric acid containing nitrous
acid, but is merely hydrolysed by pure nitric acid. (Cross. Ann.
279. 310.) Nitric acid, (1*4), reacts with aldehydes and ketones
in the presence of nitrous acid, giving as initial products,

(from acetone), iso-nitrosocoacetone and amyl nitrolic acid.
(Behrenfi.A. 285. 209). But Denniger, (J.Pr.Ch. (2). 550),
observed that certain hydroxy benzoic acids can benitrated by
nitrous acid alone, and his conclusion that the initial products
of nitration are nitroso compounds which are decomposed by nitric
acid cannot be of general application, for Klemenc and Scholler,

(ibid) , have shown conclusively that the nitration of phenol.
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though dependent on the presence of nitrous acid, does not proceed
by way of nitroso compounds.

Elermeno and Elk, (Monat. 1918. 39. 641), have shown that the
nitration of phenol is an autocatalytic process, the rate of nitr-
-ation being dependent on the proportion of nitrogen peroxide and
of nitrous acid in the acid. No nitration occurs in pure nitric
acid free from these two substances.

The presence of nitrous acid is necessary for the nitration
of dialkylanilines, (Orton. B. 40. 370. 1907), though this may be
a specific case due to the intermediate formation of a nitroso com-
-pound.

It has been found, too, that the oxidation of arsenious to
arsenic acid by nitric acid only occurs in the presence of nitrous

Z
acid, (Klemenc and Poliak. (eit.anorg.Chem. 115. 131. 1920).

In a lengthy investigation of the mechanism of the action of
nitric acid as a nitrating agent, Klemenc and Scholler, (Zeit.anorgqg,
Chem. 141. 231. 1924), have shown for the nitration of phenol that
nitration occurs only in the presence of a third substance. The
necessity for the formation of a hypothetical "B" acid to account
for this does not seem clear. It is* shown, however, that the vel-
-ocity of nitration is proportional to the 5/2 power of the nitric
acid concentration, and to the 1/2 power of the concentration of
nitrous acid, but the r equilibrium figures indicate that (NO )

2

has a stronger accelerating influence than (HNG") which the
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D>
tension of (NOgl is smaller. As an oxidising agent the velocity
of oxidation by nitric acid is shown ta by a graph to be proport-
*

-ional to the concentration of nitrous acid, and this wvalue falls
off to zero if nitrous acid is removed. It is interesting that the
authors, from the rapid, wunexplained changes in velocity at equal
concentrations and conditions, establish the susceptibility of the
oxidising system to strong catalytic influences.

But the suggestion so frequently made that nitrous acid is
the effective agent, both in nitrating and oxidising functions of
nitric acid, and that its presence is therefore essential in these
reactions, is not tenable, though there is ample evidence that
when present, it usually plays a significant patt. For nitration
can take place in the complete absence of nitrous acid,
Orton, (T. 1902. 807; B. ~0. 370. 1907), has shown that anilines
and symmetrical tri-substituted anilines can be readily nitrated,
and quantitatively, by nitrous-free nitric acid in a glacial acetic
acid -acetic anhydride medium.

Strong support of the view that nitrous acid acts catalytically

in reactions of nitric acid is found in data given by Ihle, (Zeit.
Elect.Chem. 1895. 174; Zeit.Phys.Chem. 1986. :19. 577), for the
polarisation of a Grove's cell. At all concentrations of the acid

the velocity of oxidation is proportional to the concentration of

the acid, and is increased by small quantities of nitrous acid. In
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dilute acid, less than 287, addition of nitrous acid appears to
raise the oxidation potential, while at concentration of acid greater
than 28% this potential is depressed by such addition. It is ob-
-vious, however, that at the low concentrations of acid the velocity
and
of oxidation is considerably retarded,ky addition of nitrous acid
increases this, and at the same time raises the electromotive force,
but to a lower value than would be attained ultimately in the
absence of nitrous acid. Such accelerating influence is typically
catalytic, and the results of Veley and others can as well be in-
-terpreted on this basis as on any other.

The particular value of nitrous acid in this respect can be

estimated when we compare the formulae of nitric acid nitrous acids.

- £ - .- 7 —
H o \ a/ \ o H o a/ \ o
£ "
o .

The bond between the nitrogen and the oxygen which is not hydrox-

-ylic is different in the two acids, and is obviously more active

in nitrous acid when it involves four electrons. As has been

shown, such a bond passes with extreme readiness into a hetero-

-polar condition, i.e. one of the bonds tends to become electro-

-valent, thus establishing an acti ve force field; and all the

conditions for catalytic action, (v.p. ~06 ) are fulfilled.
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It is possible that the mevhansim of ZB&gtzaa catalysis by nitrous
acid in this reaction is specific and exerts its activity through
the medium of the reaction
HNOg  HNO: —7HO0 -, 2 NOA

It is not suggested that by this means a new compound, nitrogen
dioxide, which is the effective agent, is produced, but rather that
the reversal of the reaction, for an equilibrium is established,
provides activated molecules of nitric acid in which the force
fields are continually being opened up for interaction. It is
difficult to decide in favour of either hypothesis; probably both
are effective in this case.

Viewed as a whole, therefore, nitrous acid as a factor in
the nitrating or oxidising functions of nitric acid falls into
line as one of the several agebts which by their special power of
activation can open up the closed fields, or nearly closed fields,
of the reacting compound, or can cause an increased activity B£
in the dissociating molecules of nitric acid. Metals, hitrous
acid, possibly also solvents, i.e. glacial acetic acid, acetic
anhydride, are all, therefore, effective agents in this respect,
and there seems no reason to postulate that the catalytic action of
metals is due ultimately to the nitrous acid which is a consequence
of their oxidation by nitric acid. Apart from other considerations
it has been shown conclusively that metals do not dissolve in

nitrous-free nitric acid.
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It is possible, however, that there is a regeneration of

nitrous acid during the reaction. Experimental results show that
this acid does accumulate in the solution, and that such systems
become autocatalytic with respect to nitroua acid. The total effect

is undoubtedly complex, but the outstanding feature remains that
both the oxidising and the nitrating functionsof the nitric acid are

susceptible to catalytic influence, which may be supplied either by

metals or by other agents.

Granted that nitrous acid, when present, can act catalytically,
it would seem that strongly basic metals, i.e. metals of the fitst
class,(p. 6 ), by causing the removal of nitrous acid by reduction
would act as negatuve catalysts of the reactions of nitric acid, ar
at least could not be positively catalytic. Moreover, the reduction
potential established by such metals would be high, (v. p. 7 ), and
consequently would be unfavourable to both the (NO”) dissociation
of the acid and to the stability of any potential nitro compounds
that mught be formed. The hydroxyl amine formation initiated by these

metals, (v.p. 8 ) would also be effective in removing nitrous acid.



The Effect of Mercury Salts on Orientation

5.n Aromatic Compounds»
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Effect of Catalysts on Orientation.

So far as the problem has received attention, it is generally
accepted that both the type of aromatic substitution and the rel-
-ative proportions of the isomers are independent of catalytic
influence. Taking the more generally accepted theory or meaning
of catalytie agents as something additional to solvent or medium, thij
this conception is still not wholly correct, whereas if we exclude,
as from our present understanding of catalysis we are entitled to
do, from the phenonemon of catalysis all effects of solvent or
medium, then there may be considerable catalyrtic effect on the
order and proportions of substitution.

Outstanding is the work of Iljinsky, (ibid) , already discussed,
in which he demonstrates the change in orientation from the beta to
the alpha isomer by addition of mercury to the sulphonation of
anthracene. Similarly, there is an obvious change of orientation
though slighter, in the sulphonation of toluene, in which the pre«
-sence of mercury decreases the ratio of ortho / para isomers from

20 - 50 / 60 - 50 to 31 / 69, (Hollemann, ibid), and a correspond-

-effect is produced by boric acid on the sulphonation of 1 : 4-amido

-anthraquinone.

An examination of the influence of wvarious media on orientat-

-ion shows that, depending on the type of substitution involved,

so may media have very varying effects on the relative proportions
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of the isomerSj though there is no evidence that the substitution
type cam be changed, by such influence.

Orientation is little effected by variation of organic solvents
in the halogénation or nitration of organic compounds, but in nitr-
-ation in a medium of nitric acid or sulphuric acid, and in sulph-
-onation in concentrated sulphuric acid the proportions of the

with
isomers formed may vary considerably both x» the nature and stren?*
of the acid used, the relative velocity of formation of isoraerides
depending frequently on the strenght of the acid. Nitration of
phenol with ten per cent nitric acid yields the same proportion of
product whatever the medium, but there is a marked variation of

the ortho / para ratio, corresponding to variation of concentration

of acid, (Arnall. J. 1924. 811).

Percentage Percentage
Medium. ortho. para.
80 “~ aqueous HNOg 40*7 59*5
90 ’r ’r 23*5 76*5
81 ~ ,y ,r Plus
10 acetic acid 30*0 68*8

while nitration in sulphuric acid yields am almost exclusively the

para isomer.

In my investigations of the influence of marcury in aromatic

nitrations I have azsBé&xaxad explored this question, and have
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discovered that in certain cases a quite definite variation in the
ortho / para ratio can be effected by the addition of a catalyst.

The most marked effect was shown by the formation of the ortho
and para isomers of nitrocinnamic acid by concentrated nitric acid.

In the absence of mercury the ortho / para ratio varies from 7*4 / 1
to 9*6 / 1, but in the presence of 10 per cent of mercuric nitrate
the limits of wvariability of ortho and para compounds wree 3*77 / 1
tp 4*5 / 1, indicating an appreciable increase, amounting to 41 per
cent, in the proportion of ortho compound relative to para, the
total amount of nitrated prbduct being little altered.

Nitration of salicylic acid in the presence of mercury by sod-
-ium nitrite and sulphuric acid reduced the ortho / para ratio from
2'1 /1, (varying to 2'4 / 1), to 1*6 / 1, (varying to 1'2 / 1).

Here the shift is slighter and is in the opposite sense, the relative
proportion of para isomer increasing by about 28 per cent. Here, too
the total yield of nitrated product does not appreciably alter.

In the mono-nitration of m-cresol in acetic acid it is impossibly
under normal conditions, to estimate the relative proportions of the
2-nitro and 6-nitro compounds, as the product is invariably a sticky

In the presence of mercury, however, a solid can be isolated
which can be recrystallised for para compound, the reiative proportion
of the liquid isomer, the 2-nitro compound, being decreased. Mercury

nitrate slightly increases the extent of the nitration of phenol in
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aqueous nitric acid, and at the same time increases the proportion
of para compound relative to ortho to about 34 per cent.

Of the monosubstituted hydrocarbons, chloro— and bromo— benzene,
examined, only the former shows an appreciable change of the relative
proportions of ortho and para isomers. In neither case can the ortho
compound be isolated in any way which would make its estimation of
mush value, but the amount of p-chlorobenzene decreases on an average
by 30*8 per cent in the presence of mercury.

Mercury would appear to be without influence on the nitration
of acetsnilide; no variation either in the extent of nitration nor
in the relative amounts of the isomers was observed. It is note-
-worthy that both the nitration of acetanilide and of bromobenzene,
in neither of which has mercury any influence, were carried out in
concentrated nitric-sulphuric acid or in glacial acetic acid media.

It is clear that appreciable effects are, as a rule, only obtained
in the absence sf£dh of dehydrating agents, i.e. in aqueous media, a
result which is in harmony with the general effect of medium on sub-
-8titutio*,ia organic, non-agueous solvents”eing without influence on
the ortho / para ratio. But an exception to this is found in the
nitration of m-cresol in acetic acid, v. above. On the other hand

marcury causes complete change of orientation in the sulphonation of

anthracene in concentrated sulphuric acid medium.
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One other faeture which emerges from these results is that both
types of compound which contain a hydroxy group yield an increased
proportion of para compound under the influence of mercury, while
cinnamic acid and chlorobenzene show a decrease of para compound
relative to ortho.

It becomes, therefore, essential to determine how far orien-
-tation of entering groups in the benzene nucleus is dependent on
external sources of energy, and how far it is directed by available
energy within the molecule. Fundamentally the direction of the
entering group is determined by the relative reactivities of the
ortho and the para carbon atoms of the nucleus, or by the relative
accelerating influence of the directing group on the substituant.
The problem, therefore, resolves itself into an estimation of the
extent to which these reactivities can be changed by external en-
-ergy factors, and of these temperature has no, -or at most a very
slight- effect, while certain catalysts, including aqueous media,
may in certain types of compounds, especially when a hydroxyl group
is present, have considerable influence.

If we consiedr the electronic condition of a monosubstituted
nucleus it is apparent that polarisation has occured, to an extent
depending on the polar intensity of the substituent. For while the
unsubstituted benzene nucleus, though possessing latent polarisation,
probably exists normally, in the absence of activating agents, in

a non-polar form, the introduction of the polar or key atom at once
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disturbs the balance of the internally compensated system, each

carbon atom becoming correspondingly polarised, and free affinity

becomes available at the negative poles.

i'G’ £ ; *

This free affinity cannot display itself equally at both ortho

and para positions simultaneously in the same molecule, otherwise

substitution would be expected at both or all these points, which

is contrary to experimental evidence. It is possible, therefore,

that the activated compound exists as an equilibrium of electro-

-magnetic forces, the relative ultimate proportions of the isomers

depending on the position of this equilibrium point.

Of the ortho- para- directing groups hydroxyl alone yields on

nitration under normal conditions a greater proportion of ortho

derivative than of para compound, while for all the other groups

of this type the reverse is true. With the exception of the two

compounds, bromobenzene and acetanilide, in the mono-nitration of

which mercury has no apparent effect, the influence of the metal

may be directed in one of two ways, (a) to the increase of para

relative to ortho isomer and (b) to the increase of mtk ortho rel-

—ative to para compound. But in each case examined, whether the

increase be of ortho or of para, the significant emerges thatthe
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variation is towards equilisation of the relative proportions of

the two isomers. In both types where negative results were obtained
the nitration in the absence of a metal is predominatingly, in

favour of para isomer, and though the extent of ortho formation
cannot in these cases bé estimated, the primary effect of the met-
-allic salt is to reduce this proportion of para to a value appro-
-aching the 50 per cent level, (v. tabled ).

This tendency towards equilisation of the reactivity of the
ortho and para positions on the nucleus may be the clue to the
mechanism of catalytis influence on substitution. It seems im-
-practicable, in the present state of our knowlegde, to pursue
further the cause of selective substitution in either ortho or para
positions. A further examination of the activating influence of
media and catalysts on substitution is needed before a profitable
discussion of this aspect of the problem can be made. But, if, as
seems probable, a low proportion of one isomer relative to- the
other is due to a depressed reactivity at that point on the nucleus
it is obvious that the activating agency of a catalyst would prob-
-ably adjust this, and a more equilised partition of affinity would
result, but further than this we cannot at present go. That the
Bproblem is centered in the relative activation of the several
carbon atoms of the nucleus, and that this activation can be mark-—

-edly altered by the presence of active molecules possessing
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residual affinity, e.g. metals, aqueous media &c, there can be
little doubt, and there would seem no necessity to complicate the
question by establishing a dépendance on the actual mechanism by

which substitution takes place.



SUMMARY,

The principél products of the interaction of fuming nitric
acid with acetylene or ethylene are carbon dioxide.and tfinitro-
-methane, together with a small amount of dinitromethane. As well,
in the reaction with ethylene, and intermediate to the formation of
trinitromethane, is formed the addition compound, + -nitroethyl
alcohol.

The course of the reaction is seen to be fundamentally the
same for both compounds, amd takes place, though modified in detail,
under varying conditions of temperature, concentration of acid and
the presence or absence of metallic salts. Other substances, in-
-cluding oxalic acid, are by-products of this reaction, and may
represent as much as 35 per cent of the carbon undergoing reaction,
but the presence of mercuric nitrate considerably re ucesthis, -in
the reaction with acetylene side reactions are by this means com-
-pletely, and the carbon of the acetylene absorbed is then entirely
represented by carbon dj.oxide and trinitromethane

The maximun; yield of nitroform, or of tetranitromethaneisol-
-ated from it by further nitration, in one operation in the absence
of catalyst, is obtained by the absorption of 2*7 - 2*9 liters of

acetylene, or of 2*9 - 3*1 liters of ethylenem by 100 grams of 9“
c

P, cant ,,iW= ,kcid. a,



The yield of tetranitromethaue is then 9-10 grams, (from acety-

i —-lane), or 277 per cent of the acetylene absorbed, or 6 - 7 grama
(from ethylene), or 231 per cent. In the presence of mercuric
nitrate, (0*33 per cent for acetylene and 0*66 pvr cent for ethy-—

-lene), both the absorption of the hydrocarbon is increased as well
as the percentage yield of tetranitromethane on the hydrocarbon
absorbed.

The carbon dioxide formed under the best conditions still
represents more than one half molecular proportion of the hydro-
-carbon molecule, while the proportion of tetranitromethane is
rather less. Consequently a reaction takes place in which fifty
per cent of the carbon of the acetylene moeéecule, (or of ethylene),
is nitrated while fifty per cent is oxidised, and this is accompanied
to a varying, though never large extent, by a second reaction invol-
-ving direct oxidation of the hydrocarbon to carbon dioxide.

The tetranitromethane which can be isolated by further nitration
from either mixture, always represents considerably more than the
trinitromethane which can be estimated in the reaction mixture.

Hence there are present in the product substances other than tri-
-nitromethane, but possibly intermediate to its formation, which
are capable on further nitration of yielding tetranitromethane.

The interaction between oxides of nitrogen and the double or
treble bond of unsaturated compounds, though involving a complex

/3
series'of rsaotions, resolves itself fundamentally into an addition



of the dissociated radicles of the nitrogen oxide to the unsaturated
link, R1lth; wusually, satur faion of the bond.
.Tliecher tne reaction be brought '-bout by ’'itrogen peroxide or
by nioiOijen bzioxioo or %“oxxed nitrous gases, this mechanism of
reaclion is iidaintxanad whatever the type of organic compound inter-—
-scoing. -'he type of compound does, however, influence the prelim-
-inary dissociation of the reagent, and addition vay take place as
SO INO”, KC fO.no, KO” tO.HO or f£.RO +C.NO, the partic-

—ul”.r tyue oexng determined by the nature of B xnd X in the expre-—

«

-ssion R.CH CH.X. Subsequent reaction determined largely by the
type of previous addition ..n.d may involve olivination of groups as
nitrous acid, hydroxanic acid or hydroxylamino, or condensation to yj

bodies of the psi.udo nitrocite tjoe, the latter being characteristic

of comp ounds in which the carbon atom of the unsaturated link is is,

secondary or tertiary. Thus sxiP?s simple non-alkylated or part-
-ially .Ikylatsd compounds of the ethylene s,r acetylene type tend to
add nitrogen peroxide and trioxide as O.NOfO.NO or NO £-0.HO,
while gHiiyxxikyiatsd alkylation of the compound increases the
tend noy to add the ro-gents as NO tMOo or iO0tO.NO. . (v. 1liter-
-ature, p 55 et seq.)

An stive study of the 1lit rature has shown that only in
fully alkylated and phenyl substituted unsaturated oompouhds is
there any tendency to fora with oxides of nitrogen or nitrous acid

stable condensation compounds of the typo of pseudo nitrosite. In



acid or alkaline solution the decomposition of these products in all
cases leads to the fonnatioq of the oxime, (with alkali), with £final
elimination of the nitroso group as hydroxaéic old. and in more
concentrated acid to the formation of an isoxazole. In no cases

has evidence of these types of comp unds been obtained, showing

that here too the characteristic reactions are wholly those of the
simple, unsaturated aliphatic compounds leading to the- formation of
the nitroalcohol or corresponding compound.

That the primary reaction for ethylene is one of addition to
the double bond of the component parts of nitric acid forming the
addition compound, /y -—nitroethyl alcohol is supported by (a) the
presence in the reaction mixture of /“-nitroethyl alcohol, and by
the formatiom of nitroform at the expense of this compound, and (B)
that it is fundamentally in harmony mith the reaction between oxides
of nitrogen and double or treble bonds, and with the addition of
nitric acid to the double bond of various unsaturated compounds ,
c.f the addition of nitric acid to diphenylethylene giving the
addition compound, PhpC (OH) (Anschutz end Hilbert, ibid),
and to diphenylmaleide, (Cohn, ibid).

This reaction has also been established in the presence of
concentrated sul huric acid where treatment of compounds of the type
of phenanthrene with a "mixed acid" yields a nitroalcohol addition

compound. (Wieland and Sakellarios, ibid) .



Thus the nitric acid, through the medium of addition, is able
to exercise its function both as a nitrating agent and as an oxid-
-ising agent, one carbon of the hydrocarbon molecule becoming
nitrated, the other becoming oxidised, finally to carbon dioxide.
One or other of these reactions may predominate, and carbon dioxide
as a product of direct oxidation be increased or diminished accord-
-ing to experimental conditions, but in no case can either reaction
be entirely eliminated.

Concentrated sulphuric acid entirely prevents the formation
of nitroform, and reduces the amount of carbon dioxide to very amall
proportions, a reaction which is accounted for in the ethylene
mixture by éthérification of the nitroalcohol to ethylene dinitrate
and s -nitroethyl nitrate, a reaction which superceeds the formation
of nitroform.

Evidence is adduced for the formation of nitroform and carbon
dioxide from acetylene and ethylene under these conditions by the

following routes:-



Acetylene. Ethylene.

Mononitrohydroxy addition compound. Mononitrohydroxy addition compound

Dinitrodihydroxy addition compound

.. Y
Qinitro aldehyde Mononitro aldehyde
. . b,
Dinitroaoetic acid Mononitroacetic acid,
\v
Diiiitromethane Isonitro somenonitromethane
_I_
Carbon dioxide carbon dioxide.
I
\% Diiiitromethane
130nitrosodinitromethane Isonitrosodinitromethane
Nitroform Nitreform.

In the presence of sulphuric acid the principal products of
the reaction are (1) nitric esters, formed by éthérification of the
nitroalcohol in the presence of the etherifying agent, sulphuric

-old; and (2 ) nitrolic acids, the first being the predominating
reaction.

Hence, the reaction is in all cases one of simple addition
to the unsaturated bond of the component parts of the nitric acid

molecule.



Tha Bffeclt. of Catalysts. Among the metals which have been
examined in this reaction, - platinum, wuranima, silver, copper and
mercury-, mercury stands alone in having a favourable effect on
the rate of absorption and hence on the rate of interaction, and in
considerably influencing and increasing the yield of nitroform¥
The effect of the mercury salt is complex, but is largely to pro-
-vent the alternate reaction of sim%le oxidation, and hence to
increase proportionally the addition reaction producing the nitro-
-alcohol. Further, side reactions are considerably reduced, and
for acetylene entirely eliminated.

In the nitration of aromatic compounds by various methods
the effect of the addition to the nitration mixture of mercuric
nitrate is rarely negligible, and may be considerable, and evidence
is forthcoming that, under varying conditions, either the nitrating
or the oxidising function of the acid can be positively catalysed.
In no case does increase of oxidation take place at the expense of
nitration, but at the direct expense of the organic compound under-
-going reaction, i.e. a larger proportion of carbon undergoes reaot-
-ion in the presence of mercury. Only in a few cases in the pre-
-sence of low concentrations of mercury in the nitration of hydro-

%
-carbons, and in the nitratioj of salicylic acid has mercury a

definitely negative effect on nitration. Total nitration is usually

increased, whether the product isolated in the presence of mercury

be the simple nitro- or the hydrozynitro compound. Direct ozidat-



-ation of the aromatic compound is ih every case very slight, and
little more th n occurs in the absence of mercury,

a comparison of the effect of mercury in the interaction
between nitric acid and unsaturated compounds and in the nitration
of aromatic compounds has revealed certain obv'ious points of
resemblance in the marked effect on the extent of nitration, and
has given support to the theory of niTration of aromatic compounds
by preliminary addition of nitric acid as (OH) and (NO”) to the
aromatic nucleus.

It is concluded, further, that mercury salts can, under
certaincconditions, act as positive catalysts of nitration,

A theory of catalysis, based on modern conceptions of val-

- ;ncy, is put forward.

The 1lf.fo.ot. of Nitrmis~JkCid, Nitrous acid is shown to fall
into line as one of the several agents which by their special
power of activation can xst cause an increased activity of the
dissociation of nitric acid, and hence of the functions of nitric
acid. The action of nitrous acid is discussed in relation to the
degradation of nitric acid in general, and the significance of
nitrous acid in the catalytic ction of metallic nitrates in
promoting the dissolution of metals in nitric acid is emphasised.
It is shown that strongly basic metals would be unfavourable both
to the dissociation of. the nitric acid, nd to the formation of

stable nitro compounds, and, further, that mercury should be the



the most effective metal in this respect.

Effect of Catalysts on Orientation. Examination of the rel-
-ative proportions of ortho and para nitro isomers in the nitration
of phenol, of m-oresol, of cinnamic and salicylic acids and of
chlorobenzene, shows that appreciable variation in the ortho/para
ratio can be brought about by the addition of mercuric nitrate.
This variation may amount to as much as a 41 per cent increase of
ortho compound relative to para, (cinnamic acid), the total amount
of nitrated product being little altered.

The variation may be in opposite senses, i.e. in the nitratior
of salicylic acid the presence of mercury causes an increase of
para nitro isomer, the ortho/para ratio decreasing from 2 *1/1 to
16/1,

From a detailed study of the results the conclusion is drawn
that the function of the catalyst is to equalise the relative
activities of the two centres of addition, the ratio of isomers

being more nearly 1/1 than is realised » the absence of a catalyst.
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A. The Influence of Mercuric Nitrate on the Nitration of

Aromatic Compounds.

Flan of Experiments:- With the onject of determining the influence
of mercuric nitrate on the nitration of aromatic compounds, parallel
series of experiments wree carried out for varying types of aromatic
nitrations, and for varying types of aromatic compounds. Experiments
were run in pairs, one following the normal type of nitration for
the particular compound, the second involving in addition the rre-
-sence of a certain quantity, (5 - 10%), of mercuric nitrate.
The following types of nitration were examined
i Dilute nitric acid,
ii Concentrated nitric acid,
iii i "litdixed Aoid".
iv Potassium nitrate and Sulphuric acid.
“v. Nitrous acid*
vi Concentrated nitric plus glacial acetic acids,

and the effect of the addition of mercuric nutrate to the nitration



mixture of hydrocarbons, phenols, aldehydes, aoids, anilides and

amino compounds was investigated.

In order to determind in all its ai”ects the influence of

mercury salts onsuch nitrations it was necessary to examine the

product of nitration not only for yield of nitrated compound, but M

also for nitrated compounds other than the normal nitro compound,

for oxidation products, gaseous or otherwise, and for evidence of

side reactions. The relative total degradation of the nitric acid

id the presence or absence of mercury had also to be taken into

account.

Expérimental Procedure:- In all the nitration experiments

carried out in this connection the normal or standard process of

nitration for each particular compound was adopted. The exact pro-

-cedure for the admixture of mercuric nitrate was modified according

to the nature of the compound to be nitrated, andwill be described

in each corresponding section.

Examination.of the Product. (a) Nitrocompounds:- In general

the product of nitration was poured onto ice or water and any solid

compound filtered under standardisai conditions, and examined for

yield, purity of compound and the presence
-pounds. (b ) Products,_o.f ,Oxidation:- The
as affecting the yi&ld of nitrated product

the oxidising action of the nitric acid to

of one or more nitro com-
presence of mercury as well
frequently also influences

an extent which is wusually
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slight, but which varies according to the type of compound nitrated.
Such action is evidenced by an increased degradation of the nitric
action and by an increased interaction and hence removal of the
compound reacting, resulting in the formation of one or more prc-
-duota of oxidation according to the energy available in the system.
Thus, oxides of nitrogen occur in varying amounts as products of the
degradation of the acid, as well as hydroxylated nitro compounds,
and oxalic acid and carbon dioxide must be looked for as the direct
products of the effect of this action.

(1) Hydroxvlated Coapoujids. 3uch compounds are invariably
nitrated and must be looked for among the products of nitration,
from wliich they are isolated by the wusual means.

(ii) Oxalic J\cid, This acid, to a greater or less extent, is
frequently found in nitration mixtures in which mercury has been
used, though in the nitratimn of certain groups, e.g.
oxidation takes place so readily that the ultimate product of tis
reaction is mainly carbon dioxide. But in no type of nitration
examined does tiiis oxidation represent more than r per cent of
the!compound reacting. The estimation of oxalic acid is the react-
-ion mixture is simply and quantitatively carried out by neutralis-
-4ng an aliquot portion of the diluted product, after filtration of

oot

a.” solid constituent, and precipitating as calcium oxalate in the
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usual way.

(iii) Gaseous Products. Quantitative examination of the gas-
-ecus products of the nitration reactions, when such was possible,
showed that oxides of nitrogen, carbon dioxide, carbon monoxide,
the latter in very small amount, wnre produced in varying amounts.
It was necessary tc devise some form of apparatus by which these
gases could be completely drawn off from the nitration vessel in

such a way that analysis of the gases could be made at intervals
during the course of the experiment.
For the nitration vessel a largo flask of about 500 cc cap-
-acity, with a neck sufficiently wide to allow of the easy removal
of solid was used. The flask was fitted with a double bored,
greased stopper, carrying a dropping funnel with drawn-out end
reaching to the botgom of the flask, and a gas delivery tube con-
-nectod to (a) a small wash bottle, cooled, for the condensation
of nitrci acid wvapour, (b) a T piece and stopcock from which
samples of gas could be drawn during the course of the experiment”
and (c) a small gas collecting vessel containing and inverted over
saturated calcium chloride. ~ Calcium chloride, which had been used
previously for ethylene nitrations and was therefore saturated
with oxides of nitrogen and carbon dioxide, was used.

The different types of nitration which have been carried out



tende to arrange themselves into two groups according to the relative
amounts of gas given off during tne nitration* In some this amount
was comparatively large, and evolution occured fairly rapidly, so that
not only could the total gas evolution be measured and analysed, but
saiaples could be taken for analysis before the completion of the
experiment, thus enabling the change in the composition of the gaseous
products as the nitration proceeded to be estimated¥* In others, ho?/-
-ever, e.g. the nitration of xylene, and especially in nitrations
which have tb be carried out in a freezing mixture, the evolution of
gas is so small that at the most only one analysis of the final mixt-
-ute can be made.

toal.vsis, of Gggeo-us Product:- ~ qualitative analysis of the
gaseous mixture can radiiy be perofrmed by rapidly v/ithdrairing into a

Lunge nitrsfometer samples of the gas which have previously been freed

from nitric acid. By shaking with a small quantity of water in the
cold any nitrous, (and nitric) anhydrides and nitrogen peroxide are
removed and can be detected as nitrous and nitric acids. In the

residua], gas carbon dioxide is detected by the usual means. On the
scale of the experiments employed it was found difficut to devise a
method of quantitative analysis sufficiently accurate to be of much
value. Moreover, the final composition of the gaseous mixture with
respect to oxides of nitrogen, owing to various possibilities of

secondary reaction, oxidation of nitric oxide by the oxygen of the
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air present in the app&eé&tus, décomposition of nitrous anhydride and
of nitrogen peroxide &c gives little idea of the relative proportions
of these compounds as they are evolved from the nitration mixture.
Any quantitative estkmation of the separate gases can have, there-
-fore little meaning and for the purpose of this discussion it has
been considered of rnore value to estimate in the gaseous mixture the
relative proportions of nitric acid, carbon dioxide and total oxides
of nitrogen, and in the solution nitric and nitrous acids and oxalic
acid. In this way, not 1 only is the total degradation of $he nitric
acid, but glso the relative amounts of oxidation and nitration
accurately estimated. In a typical experiment the requisite reagents
are introduced into the reaction vessel, (the method of admixture
varies, and will be described in detail later), kept at the requisite
temperature, and shaken continuously throughout the experiment. When
gas evolution was rapid samples of gas were drawn off at intervals of
half an hour and qualitatively analysed, the volume thus removed being
noted. At the conclusion of the reaction the apparatus was allowed
to stand at room temperature for several hours before examination of

the products.

c ' I. The Nitration of Naphthalene,

(a) Nitration to mononitro compound. Preparation of

nitronaphthedene. Beilstein and Kuhlberg. A. 14 . 83. The principal



effect of moroury in the nitration of naphthalene to the mononitro
stage by a concentrated nitric-sulphuric acid mixture is to convert
the otherwise oily product obtained by pouring the nitration mixture
into cold water, into a weighable solid form. Bxgmination of both
products by submitting them to steam distillation shows, however,

that while the total weight of s&lid material, -unchanged naphthalene
Plus .4-nitronaphthalene - which can be isolated from the distillate {
and residue of each distillation, is greater, actually less naphth-
-alene is nitrated in the presence of mercury, the weight of unchanged
naphthalene being greater in experiments where mercury has been used.
As is usually the case in nitrations in concentrated sulphuric acid
media, no apparent evolution of gas can ever be observed, and 1little
or no oxidation takes place either in the presence or absence of
mercurs»-, Table % ,

(b ) Nitration to Dinitronaphth”lene. In the method of Beilstein
and Kurbatow, (A. gOg. 219.). for the preparation of 1 : 5-dinitro-
-naphthalene from naphthalene, the nitration mixture containing three ;
parts of fuming nitric acid to one part of naphthalene, after standing
at room temperature for twenty four hours, is heated for a further
twenty four hours with 1*6 pars of concentrated sulphuric acid. The
addition of mercuric nutrate to such a mixture considerably influence*

the course of the reaction, as the most obvious and first effect of
|

which is an increased oxidation resulting in sonsiderable evolution



of gas, -carbon dioxide and oxides of nitrogen-. But if the naphth-
-alene is added to the fuming nitric acid containing mercuric nitr-
-ate sufficiently slowly to ensure no rise of temperature above that
observable in normal experiments in which mercury is absent, this
increase of oxidation 1is very slight, though the effect of marcury
an the nitration is not appreciably lessened. Such effect is first
noticeable in an increased yield of crude dinitro compound, an inc-
-rease of from 5 - 10" being obtained. That the effect of marcury
is not confined to the first stage of nitration is shown by the
following experiments. Parallel experiments were run with and with-
-out marcury, 1in which the product was isolated at the end of the
first stage, no sulphur..,j acid being added. In all cases the yield
of dinitro product was increased, but to a less extent than in the
complete experiments. Table Ly . It is noticeable that if at the
completion of such experiments the nitration mixture be warmed before
isolation of the dj.nitro compound, there 1is marked evolution of
carbon dioxide and the yield of dinitro compound is appreciably
lessened in all mixtures which contain mercury. Clear evidence is
forthcoming both here and in subsequent nitrations, that with rise
of temperature the oxidising function of the nitric acid is more
susceptible to the influence of mercuric nitrate than is the nitr-

-ating function. Tables 111



I.A. Nitration of lyleno.

Nitration is carried out with fuming nitric acid in the
presence of either oleum or concentrated su phurio acid. Hence the
mercury salt is first dissolved in the nitric aeid and forms a
fine suspension of the sulphate in the mixed acid. Its presence
occasions no apparent difference in the behaviour of the reaction
mixture while the compound is being added. There is no darkeing in
GO ‘our and no tendency to great evolution of heat. The product
isolated by pouring into water, 1is almost pure trinitro-o-xylene,
the melting point of which is scarcely raised by recrystallisation
from benaene.

In examining the effect of mercury on this reaction, involving

complete nutrition to the trinitro compound, the yield of which is
normally low, the effect was tried both of increasing the quantity
of the mercury salt, and of substituting in the presence of mercury
concentrated sulphuric acid for oleum. It is obvious from the
results, table =z , that it is impossible to attribute to the mer-
-cury salt any constant effect on the course of the nitration,
either in the presence or absence of oleum. Using five per cent
of mercuric nitrate, the positive increase of the yield of nitro
compound 1is never greater than 9*77 per cent, but this is an
extreme value,, and the effect on nitration if frequently negative,

increase of mercuric nitrate to twenty per cent produces no const-

-ant effect, and the nagative effect is more pronoun”®
GdJL



Cb»

" "1

Substitution of sulphuric acid fro oleum in those nitration mixt-

-ures containing mercury is without any apparent effect.

But the

fact that such substitution only rarely produces a lower yield of

nitro compound indicates that the mercury salt in these cases 1is

actually acting as a positive catalyst.

Estimation of oxalic acid shows that at the most only
of this compound can be isolated. And this fact, together
the absence of any akFaas& appreciable evolution of gaseous

either in the presence or absence of mercury is proof that

traces

with

products

there

is no increase of oxidation as a consequence of the presence of

mercury#



IT. Nitration of Phonanthrene.
i. Using the method of Schinidt, (B* 12. 1154), in which
the nitration is carried out by concentrated nitric acid in the

pre ence of coarse sand, no difference in behaviour could be detected
in parallel experiments, one of each pair of which contained 5 per
cent of mercuric nitrate. There was no evolution of gas, and the
respectve mixtures presented an entirely similar appearance, yield-
-ing in each case an Impure product with identical melting points.

ii Nitrous Acid Method. Mercuric nitrate is incapable of
promoting nitration of phenanthrene by this method, a theoretical
yield of unchanged phenthrene being obtained in each case.

iii Trial was made of the method of Wielaad, (B. 1921. 1770)
by which phenanthrene in carbon tetrachloride is kasts treated with
absolute nitric acid at a temperature of -12 - -4°C. The matarial
beomes very stringy and sticky during the final addition of nitric
acid. A benzene extraction of tiiis solid, (four to five extractions
are necessary), deposits on standing crystals of a solid which on
crystallisation from acetone gave the melting point of the nitro-
-ether obtined by Wielsnd. (v. p. ywo ) Addition of mercuric nitrate
produces a favourable effect on this reaction and the yield of
nitroether is increased by an amount varying from 8-12*3 per

cent. Tables 5 ~ At the temperature employed no evolution

of gas could be observed.
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ITI. Nitration of Anthracene.
In the nitration of anthracene by concentrated nitric
acid in acetic acid, (B. 321), a definitely catalytic effect of
mercury is obtained, and the yield of nitrated product is diminished
to an extent varying from seven to twenty three per cent according
to the amount of mercury present. In this nitration, too, we have
the first evidence that the effect of mercury can be cumulative.
The full effect of the mercur* salt here is, however, complex.
Though the total weight of so0lid isolated is less in the presence of
mercury, extraction with benzene, whereby any dinitro compound which
may have been formed is dissolved, removes a large proportion of
benzene soluble compound than does a similar extraction of a non-
-merouriated nitration, showing that, as iss commonly the case, the
presence of mercury favours an increased nitration to the dinitro
stage. Table W' . It will be seen that, while there is a decrease
of mononitration there is an appreciable increase of dinitration.
Iv. Nitration of Bromobenzene.
Of the various methods available for the nitration of brom-

-benaene that of Coste and Parry, (B. 788. 1896), gives the
most satisfactory results. The compound is added to a well-cooled
mixture of equal parts of concentrated nitric and sulphuric acids, in
which mercuric n/trate, when present, is precipitated from its solut-

-ion in the nitric acid as a fine suspension of the sulohate. After
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pouring into a large quantity of water, the yellow solid which separ-

-ates, on crystallisation from f:tfty per cent methyl alcohol, yields

almost pure p-nitrobrombenzene. A small further quantity of less

pure para compound separates on standing, while on prolonged standing

a quantity, representing from five to ten per cent of the original

solid, of ortho compound separates. Throughout, the effect of small

quantities of the mercury salt is negatve, and addition of five per

cent of mercuric nitrate depresses the yield of crude nitro compound

by an amount which varies considerably, but which is usually not

less than 10*. But if the quantity of mercury salt be increased to

ten per cent, and further to fifteen per cent, the yield of nitro

compound may be increased to a quantity which is greater, (six per

cent for 10%, and thirteen per cent for 15 of mercuric nitrate),

than would be obtained in the absence of mercury. A similar effect

had already been noticed by Rice, (ibid), in the nitration of phenol,

though in this case the positive catalytic effect of the matal

begins at a much lower concentration, i.e. at Estimation of

the relative proportions of the ortho and para isomers shows that

the effect brought about by the mercury salt is reflected in the

weights both of ortho and of para compounds. It has not been poss-

-ible to obtain a very accurate estimate of the relative quantities

of the isomers, but as far as can be judged, the effect of mercury

is slightly to increase the proportion of para compound at the

expense of ortho.
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VI. Nitration of Phenol.
In the nitration of phenol to ortho and para nitrophenol
by a nitrating mixture of sodium nitrate and sulphuric acid the
finely ground mercuric nitrate, when present, 1is first ground wifeh
the phenol which thus assumes a dark colour. This, partly in solution
partly in suspension in a Imttle alcohol, is added in the usual way
to the nitrating mixture cooled in ice.

If we compare the yields of total nitrated product, ortho and
para compounds, obtained in the absence of a catalyst and in the
presence of ten per cent of mercuric nitrate respectively it is
obvious that this quantity of mercury salt has no constant effect.

In certain cases the total yield is increased, 1in others it is depre-
_ 8sed. Increase of the concentration of the mercury salt to twenty
“nd forty per cent respectively shows that the presence of twenty

per cent of mercuric nitrate does bring about a marked increase of
total nitration, varying from seventeen to forty per cent. The effect
here also is not constant, but is always positive and never less than
seventeen per cent. Further increase to forty per cent mf mercury
salt shows only a very slight and variable increase above that obtain-
-ed for ten per cent of salt, i.e. increase of the concentration of
mercuric nitrate above t%7onty per cent is a disadvantage and results

in a depression of yield. Tables 1Y/ »~ #

Analysis of the nitrated product shows, however, an interesting



variation of the ortho/para ratio. This ratio, in the absence cf
mercury, the residue containing para compound being submitted throu-
-ghout to three extractions for para compound, varies between the
limits 0*8 / I bind (with one exception) ? / 1, the average value
being 2*5 / 1, Addition of tenper cent of mercuric nitrate reduces
this ratio to 1*58 / 1, the limits being 0;95 / 1 and 2;33 / 1.
Further addition of mercury salt to twenty per cent scarcely affects
this ratio, the average value of which becomes 1;65 / 1, and though
forty per cent of mercuric nitrate again raises it slightly to 1*7/1
this effect is “nly apparent, for whereas the limits of value for
this ratio for twenty per cent of marcury salt are 1*5/1 to 1*93/1,
the variation in the presence of mercury, 40", 1is only from 1’66/1 to
1*81/1. The effect of mercury in stabilising this ratio is noto-
-vTorthy, The most striking effect of the catalyst on the whole
nitration is however the appreciable increase of para constituent
corresponding to an increase of total nitration. The average yield
of ortho compound remains remarkably constant through|fouf v. tabled
by
The yield of para constituent increases markedlyxfrsm, the first
addition of m".rcury nitrate, but is scarcely affected if the catalyst
is increased to twenty per cent, though a slight further increase is
niticeable when this is increased to forty per cent. Table

This behaviour is reflected in the values of the ortxho/pora ratio

which, reaching its highest value in the absence of mercury, 1is
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derprossod to a minimum value by addition of taa per oeat of merourlo
nitrate. Each further addition of mercury salt digiitly readjusts
this ratio by » small increase in the amount of ortho oomstituent,
but to no constant value, and to a value which Is still appreciably

belowe that reached in the absence of mercury.

VII. Nitration of €ilorophonol.

(Method of Faust and Saame. B. 1025. 238.) Dilute
nitric acid is the medium of nitration here, as was fundamontally,
though by means of aqueous sodim nitrate and sulphuric o0id, in the
nitration of phenol. The mercury salt, if ground with tiie ph<smol
before mixing causes much darkening, and on adding to the react!'n
mixture the whole tends to set to a black coke. Th5.s can be ground
up and the nixtu%*e *“ULowed to stand at room temperature for %$bout
four days. Results by this process seem to compare favourably with
those obtained by a oubsequmt method, but this order of mixing was
disccntinuad* Instead, tlio norcurio m.trate ?;ns dissolved with
complete solution in the dilute nitric acid. Efficient stirring
during admixture of the phenol prevents any oalting. jlo rise of
tcBiperature above the normal tmsperature is observed by the acZmixt-
-ure. The réaction mixture, after four days standing, is diluted
with an equal volume of water, filtered, and the crude product

-jeotad to dilute caustic soda treatment and subsequent steam dis-

—tillation in the usual way# the 4-chlorc—B-nltro”“henol being vol-



-stile in steam, can tbus be obtained pure* It is not possible
to estimate with anyjiaGOuracy the relative proportions of para
compound, nor of any nnchangod ohlorophenol or of dinitrophenol
which may %e formed*

Both the effect of successive increases of mercuric nitrate,
and of decrease of concentration of nitric acid on the relative
proportions of crude nitrated product and of pure o-chlornitro-
-phsnol have been examined. Addition of ten per cent of mercuric
nitrate has in general a positive effect on both the yield of
crude and of pure ortho compound, though the results are not con-
-stent, and in two experiments a negative value was obtained. A
marked increase of yield of both products is seen when the concenQ
-tration of mercuric nitrate is increased to fifteen per cent, and
thise values are again slightly increased when trfenty per cent of
mercury salt is present. Increase of the concentration of the
catalyst to forty per cent slightly decreases the yield, a decrease
vihoih is more marked if one hundred per cent of mercuric nitrate
be present, though still well above the normal value in the absence
of mercury. Tables

The concentration of nitric acid was decreased slightly, both
by using a less weight of nitric acid, and also by increasing the
quantity of water added for the normal weight of nitric acid. A

decrease of concentration of 1%, in the absence of mercury, dec-
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-reasos the yield or crude product, though a / slight increased
yield of of ortho compound, is uniformly obtained. A further decrease
to twenty three per cent nitric acid, and again to twenty one per

1
oef#ft, produces a uniform progressive decrease of yield of both crude
and pure ortho compounds. Table . In the presence of ten per
cent of mercuric nitrate there is a corresponding decrease of yield
of both compounds as the concentration is progressively diminished,
but it is notaowrthy that, with the exception of experiments contain-
-ing tarn per cent of mercury salt, the decrease in each case 1is

considerably less when mercury is present than in its absence.

Table z/

VIIT. Nitration of o-Oresol.

Two mono nitre compounds of o-cresol can be prepared
by nitration by fuming nitric acid in glacial acetic acid solution,
(» .17»JHofmann and Miller. B. M. 536. Raff. A. 224, 175), 6-nitro-
-orthocresol, m.p. 69*5%, “nd 4-nitro-o-cresol, m.p. 79 - 80 , the
ortho 00 pohnd being volatile in steam and therefore easily separable

B

from the non-volatile para compound. But, in the presence of mercury,
the coarse of the reaction becomes very difficult to control, ad-
-mixture has to be carried out very raush more slowly, otherwise a
violent reaction, with much darkeing and evolution of gas, occurs,

mononitration becomes impossible. Experiments were therefore made

to determine the effect of mercury o» the yield of dinitro product,
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Using the sane nitration mixture as for mononitroeresol, and allow-
-ing the temperature to rise somewhat, the dinitro oocapiund -4:6-
-diriitro-o-oresol, m.p. 86 - 07, is produced in appreciable
quantity.

The cresol is dissolved in glacial acetic acid, and coé&led to
-5%. The nitric acid, in which the mercuric nitrate when present
1E dissolved, mixed r/ith glacial acetic acid, is added slowly with
strong cooling, and continual stirring. The reaction product is
isolated by pouring into water.

Addition of ten per cent of mercuric nitrate to a nitration
mixture containing 1*5 parts of nitric acid produces a very slight
increase in weight of crude product, but more marked increase,
averaging twenty per cent, of dinitrooresol. If the nitric acid
is reduced to 1*3 parts, though the yield of crude product falls
slightly, this is compensated for by the presence of ten per cent
of mercury salt, and che yield of pure dinitro compound is increased
by about fifteen per cent. The presence of mercury when further
decrease of nitric acid is made to one part and to 0*75 parts res-
-pectively, still maintains the yield of purs dinitro compound
slightly in excess of the normal yield in the absence of mercury”
when 1 parf of nitric acid is present, though the value falls below

the norrual value when the nitric acid is further reduced to 0*75

parts. If, however, the concentratuon of the mercury salt be in-
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-oroasod to fifty per cent, there Is agrdii rise in the yield of
crdue and of pure dinitro compcudéas. Tables zz-zf.
XSs. Nitration of xS p-Cresol.
Method as for o-oresol. Similar conditions of nitration

ware used for p-cresol as for o-cresol, and liera, too, the pre-
-sence of “aroury makes mononitration impracticable. The reaction
was therefore examined for the effect of the addition of mercuric
nitrate on the yield of dinitro product, :z : 6-diiiitro-p-aresol,
Admixture was carried out at 0%, and the temperature allowed to
rise slowly. The product isolated by pcuring into water the
reaction mixture which had been standing f .;r some hours, 7/as in
all cases practically pure 2 : 6-diuitro-p-crosol, though a very
characteristic effect of the mercury salt on this compound is an
intense reddish-orange colour, quite different from the normal
pPale yellow colour of this compound obtained in the absence of
mercury. It was found impossible entirely to remove this colour
by crystallisation, and as the compound gave a sharp melting point
for 2 : 5-dinitro-p-cresol it was ignored. Tables z »

A preliminary examination of the effect of masasyr mercury on
this nitration showed that results were very variable, and it was
difficult, therefore, to estimate at all accurately the real effect
of the catalyst. As can be seen, table , there is, however, a

definite variable increase of yield of dinitro compound occasioned

l)y the presence



by the presence of ten per cent of merourio nitrate, an increase
aiijounting in some oases to 26*7 per cent, but falling as low as

5*5 per cant in others. This effect is much more clearly shown if
the proportion of nitric acid be reduced to 1*6 and 2*2 parts of
nitric acid to one part of cresol. In the absence of mercury there
is a marked fall in the yield of dinitro compound in such cases,
amounting to about 12 per cent and 53 per cent respectively, a

fall which the presence of ten per cent of mercuric nitrate oorreets
to within one per cent.of the normal yield for 1*6 parts of nitric

acid, and to within twenty seven per cent for 1*2 parts. Table

X. Nitration of m-Cresol.

Using the method of nitration by fuming nitric acid in
glacial acetic acid already discussed for atk ortho and para cresols,
but carrying out the nitration at -15-—-5°, three products of
nitration of m-cresol are produced in varying amounts, 2-nitro-m-
-cresol, volatile in steam, liquid, 6-nitro-m-cresol, volatile in
steam, m.p. 56° and 4-nitro-m-cresol, non-volatile in steam, m.p.
129°. Isolation of these isomers becomes a matter of some diffic-
-ulty owing th the fact that the liquid isomer as well as the 8
solid 6-nitro-iii-cresol is volatile in steam, and ethereal extraction
of the aqueous distillate from a steam distillation of the nitration

product leaves as a rule only a semi-solid of mixed composition5
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of impure melting point.

Addition of mercuric nitrate to such a mixture has the striking
effect of diminishing the quantity of the liquid isomer and of inc-
-oreasing the proportion of the solid 6-nitro-m-cresol, thus pro-
-viding yet another instance of modification of the normal ratio
between isomers. ' Table shows both the quantitative effect of
mercury in such respect, when such can be estimated, as well as

the effect on the character of the nitration in general.

XI. Nitration of Kaphthol.
r
Nitration of naphtUol to the final stake of trinitro-
-naphthol was carried out by the method of Diel, (B. 11. 1661), by
which dinitronaphthol is treated in the cold with fuming nitric
acid, (0*26 parts), and concentrated sulphuric acid, and allowed to
stand for ten days, starring continuously.
is
As soogrs the case when sulphuric acid is used, the
mercury salt in such a mixture forma a suspension of the sulphate
and the mixture must be kept continuaouly stirred to ensure complete
admixture.
The solid product is isolated in the usual way by pouring into
water, and any aachanged dinitrocompound is separated by rapid

grinding with hot glacial acetic avid. Preliminary experiments

showed that mercury produces a positive effect, increasing the yield

of both crude nitration product well as of pure trinitronaphthol*
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That this catalytic effect might be sufficient to bring about a
shortening of the wusual, long time of standing, -ten days- seemed
vforthy of investigation, and experiments were therefore mad® in
the presence of mercuric nitrate in which the time of standing
was shortened to seven days. Tliis proved unsuccessful, even
twenty per cent of the mercury salt failing to bring the yield of
dzni trinitrocompound up to the normal value obtained without
mercury.

There is no sign of oxidation either with mercu y or without.
No catbon dioxide o%n be detected, the total evolution of gas
being very small, an®i the quantity of oxalic acid found in the
sulphuric acid residue is too small to be estimated accurately.
Increase of nitration produced by the presence of ten per cent of
mercuric nitrate is observed up to twelve per cent on the crude
nitration product, still containing unchanged dinitronaphthol,
though, as moght be expected, results vary considerably. Very

more
much iass constant values are obtained if the relative weights of
purified trinitronaphthol, freed from dinitronaphthol by acetic
acid extraction, are compared. An average increase in weight of
12*3 ler cent being obtained. The melting point of this product
however, still indicates the presence of some unchanged dinitro-

-naphthol. A double crystallisation of this product froE“cetio

»oia . .till greater «ortete. a rel.ti»
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17 per cent being obtained, the.melting point, 101 - 183°, showing

now a high purity for trinitronaphthol. Tables »

HI. Nitration of Benzoic Acid.

The use of potassium nitrate and concentrated sulphuric
acid for the nitration of benzoic acid, by which the m-nitro acid
separates as a solid, the ortho compound remaining in solution,
is very suitable for an examination of the effect of mercury ofi
the nitration, and on the ratio of the isomers formed. For, by
comparison of the weights of the crude product and of the crys-

\
-tallised meta compound, the relative proportions of meta and of
combined ortho and para compounds can be accurately estimated.
The weight of crude solid, wunchanged benzoic acid and meta nitro
benzoic acid, isolated by pouring into water, is frequently,
though not invariably, increased by the presence of mercury, but
the + yield of pure m-nitrobenzoic avid isolated from this solid
by removsil of benzoic acid by steam distillation is invariable
increased by the mercury salt. Table 3i . This increase is
sufficient to allow of a reduction of the proportion bf potassium

nitrate from two to one point eight parts, an increased yield of

about eight per cent still being maintained. Table 3o

XTIIT. Nitration of Salicylic Acid.

The effect of mercuric nitrate on the nitration of this
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acid affords an interesting comparison with benzoic acid by reason
of the presence of the hydroxy group, which, as has been seen, has
been of special significance in the susceptibility to catalytic
influence of phenol nitrations.

In thi method used, sodium nitrite and sulphuric'acid, the
mercury salt is dissolved in the water before admixture with the
sodium nitrite and salicylic acid, and the concentrated sulphuric
acid added slowly to this mixtjaee with constant stirring, the
temperature being kept below 20°. Provided the sulphuric acid is
added to the mixture immediately after mixing with mercuric nitrate,
no appreciable darkeing or evalution of nitrous fumes occurs, and
the behaviour is scarcely different to a aimixit similar mixture
containing no mercuric nitrate. But oxidation increases rapidly
with standing if the addition of the sulphuric acid is delayed.

The nitration products of salicylic acid by this method are
the 5-nitro and the 3-nitro acids, the latter being t*ice as soluble
in water as the 5-nitro acid. Separation can, therefore, be effected
by twice crystallisation of the crude product from boiling water.
The addition of mercuric nitrate produces a very slight decrease of
yield of crude product, amoanting to about one per cent. Table 33
Actually in some experiments a similarly slight positive variation

has been observed, v. experiments 1ix\o . n greater difference is

revealed if we examine the respective yields of pure 5-nitrosoli-
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-sylic acid, that obtained from raercuriated nitrations containing
ten per cent mercuric nitrate showing an average decrease of 13*2
per cent. Obviously, here, the principal effect of mercury is to
increase the formation of the 3-nitro isomer at the direct ex-
-peasc of the 5-nitro compound. Experiments in which the pro-
-portion of mercury salt is increased to twenty per cent show a
tendency, though an irregular one, to maintain this, the decrease
of 5-nitro acid falling in one experiment as low as 7*7 per cent,

but rising to 20*6 per cent in'another. Table *3

XXIV. Mtration of Cinnamic Acid.

Preliminary experiments were made to ascertain the
nature of the nitration product in the presence of mercury.

A. The addition of fummng nitric acid to a mixture of cinnamic
acid and mercuric nitrate caused, in spite of cooling, considerable
odilation, and on diluting vdth water no solid was obtained,
showing complete oxidation. Oxalic acid can be isolated from the
aqueous liquor.

B. Addition of fuming nitric acid to cinnamic acid dissolved
in glacial acetic acid to wliich finely divided mercuric nitrate
has been added causes much less oxidation and darkening, and

C

crystals of nitrocinnami* acid ore obtained on standing, and, more

extensively, on diluting with water. Nitrous fumes and carbon
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dioxide are evolved if the addition of nitrio acid is not carried
out very slowly.

C. An attempt was mads to nitrate further in the presence
mercury, the nitrocinnamic acid obtained by the above nitrations.
A mixture of finely powdered mercuric nitrate and nitrocinnamic

acid was suspended in glacial acetic acid, stirring continuously

at ordinary temperature. Fuming nitric acid was added, and during
the addition the solid completely dissolved. Further addition of
nitric acid rcprecipitated mercuric nitrate. There was no evidence

of oxidation products, either oxalic acid or carboj dioxide, and
there was no appreciable evolution of nitrous gases. One half of
this liquid was poured into water. There was no immediate precip-
-itation of solid, but some solid, which was found to be unchanged
loitrocinnamic acid, separated on standing. The remaining half of
the nitration mixture was heated at 70 - 80° for one hour. Carbon
dioxide nd nitrous fumes ware evolved, and on pouring xKte a port-
-ion into water no solid separated, though oxalic acid was found in
the aqueous liquor. Addition of (a) alcohol and (b) petroleum ether
to the remaining portions also failed to precipitate solid. It was
assumed therefore, that complete oxidation hadjthereforejoocured
Experiments were, therefore, made to determine the effect of mercury
on the yield of nitrocinnamic acid by the normal method of nitration

of cinnaiiiic acid. 0
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One part of cinnsuxiic acid plus five parts of nitric acid, (1%*5)
0

are oo/.led and stirred vigorously while powdered cinnamic acid is
added. On pouring into water or ice solid, which is mainly p-nitri-
-cinnamic acid, containing a anall quantity of ortho acid, separates.
The latter can be extracted by successive treatments with cold alcohol
in Tjhioh the para acid is insoluble. Table shows very clearly
the effect on this nitration of adding mercury salt. Thera is a
slight increase, amounting to never more than 6*5 per cent, of the
yield of crude compound. A double extraction of this product with
cold ?.lcchol raises the melting point of the residue to 281 - 283°,
(m.p. pure p-nitrocinnamic cid = 285°), but the wieght of para
compound thus isolated in the marcuriated nitration is 1less, the
decrease varying between five and ten per cent, than in a normal
nitration. Evaporation of the combined alcohol extractions yields
a small quantity of practically pure ortho compound, the proportion
of which shows a very considerable increase, amounting in some cases
to 125 per cent, in the mercuriated nitrations. Table %4 o

A comparison of the effect ;f mercury on the nitration of the
three acids, benzoic, salicylic and cinnamic, shows that salicylic
acid, containing a hydroxy group, is exceptional in that mercury
depresses nitration, oxidation of the acid being favoured at the
direct expense of nitration. That the presence of the hydroxyl

group does not in itse|f promote oxidation at the expense of nitr-
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-aticn is evident from the proceeding examination of the nitration

of phenolic compounds, in which in every caae mercury has a posit-

-ive catalytic effect on nitration, and when there is an increase

of oxidation, as with ohlorophenol and phenol, it takes place sim-

-ultaneously with nitration, i.e. at the ejrpense of the compound

reacting. The observed increase of nitration in the mercuriated

nitration of benzoic and cinnamic acids eliminates the negative

carboxyl group as of itse|f a factor for excessive oxidation.

Comparison of the average values of percentage variation in yield

of ni.trated product, (v. table -~ ), shows an approx3.rnately equal

variation in opposite senses for benzoic and salicylic acids. In

other words, introduction ihto the benzoic avid molecule of a

hydroxy group in the ortho position, not only neutralises the pos-

-itive catalytic effect of mercury, but causes a depression from

the normal value for nitration of benzoic acid to an extent equal

to the increased nitration produced by mercury. When the carboxyl

group is Xjg separated from the nucleus by a do ble bond, e.g. cinnam'

e*ic acid, the influence of mercury is restricted, and though thara

this is still favourable to nitration, the average increase in

yield of nitrated product is only 4*54 per cent.

XV. Nitration of Benzaldehyde.

The addition of benzaldehyde to a mixture of nitric acid,

1*4, and concentrated sulphuric acid containing mercuric nitrate
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is apt to cause vigorous reaction unless the addition of the aide-
-hydd is carried out slowly with cooling. The gaseous products of
this reaction contain a considerable quantity of carbon dioxide, and
nitrogen peroxide, and oxalic avid is invariably found in the solut-
-ion in mercuriated nitrations. But the product” od such nitration
is practically pure rii-nitrobensoic acid, showing that the influence
of the mercury salt is primaririly to facilitate oxidation of the
Idehyde group to carboxyl. As will be shown from an oxBjnination of
other aldehydes, a readily oxidisable group as is -CHO cannot, in
the medium of higher oxidation potential, which the presence of
mercury entails, remain unoxidised. If, however, the relative
weights of the products of merouriabed andjinon-mercuriated nitrations
be compared; it is seen that a greater proportion of aldehyde under-
-goes nitration in the former than is the case in a nomal nitration,
providing further evidence of the thesis that nercury, as well as
raising the oxidation potential of a nitric acid medium, is a pos-
-itive catalyst of the nitrating function of the acid. This is,
borne out in the results obtained in the merouriated nitration of
salicylic aldehyde and p-oxybanzaldehyde. Both these compounds
under such conditions show increased nitration, amonting in some
cases to as much as 40 per cent. Table 3s , But a comparison of
tables 35"“3J shows the great variability of results. Neither in the

increase of toral nitration nor in the percentage difference of

daoreased nitroaldahyde formation is there a”y constant effect,
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and such seems to bo the characteristic of reactions of nitric
acid in which oxidation plays any marked part. Average values of
such widely different results cannot be compared, but table ~<7 %
serves to illustrate the comparative order of effect, and to reveal
the existence of a very marked difference between the three aide-
-liydes. The introduction of a hydroxyl group in the ortho position
raises the average values by 95’6 per oeEt, while a similar intro-
-cluotion in the para position increases it ts: 230*4 per cent, or
a percentage increase of 68*0 in the change from ortho position
to para.

Attempts were made to separate the ortho and para isomers,
but neither mctiod of separation., (by the sodium salt or by the
bisulphite compound), gives asnurEte results sufficiently accurate

for them to be of any value in relative estimations of weights,

XIV. Nitration of Acetanilide.
Owing to the tendency to rapid evolution of heat when
nitration with fuming nitric acid is carried out in the presence
of mercury, the method of Notling and Collins, (B, 1~. 262), by
which acetanilide is suspended in four parts of concentrated sulph-
-uric acid, and nitrated with a mixture of 0*59 parts of fuming
nitric acid and 1*2 parts of concentrated sulphuric acid was used.

The acetanilide was dissolved in a minimum quantity of hot acetic

acid before addition of sulphuric acid, and the mercuric nitrate.
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vjhon present, 1is added in a finely divided condition to the acet-
-anilido which is kept constantly stirred. Considerable dark red
colour developes in the solution containing mercury, though, on
standing, both mixtures wultimately take on the same intensity of
colour. On pouring the product into water the para compound sep-
**"S5irates as a solid, while the ortho compound can be extracted from
the aqueous filtrate by extraction with chloroform. The yield of
crude product shows a variable, (up to 15 per cant), increase in
the presence of mercury, but the yield of ortho compound is var-
-iabla, sometimes showing an increase, up to 50 per cent, sometimes
u decrease of like amount. Consequently the ortho/para ratio,
which in the normal nitration is constant between 0*09/1 and
0*18/1, shows wider limits of variability from 0*05/1 to 0%*215/1,
V. table if! .It follows, therefore, bhat in the presence of
mercury, while the total yield of ortho and para compounds and the
yield of pure para compound shows an almost invariable increase,
there is in some cases a raising of the ortho factor in the ortho/
para ratio, in others a similar variation of the para factor,

V. table, 4f

XVII, Nitration of Methylacetanilide,
Nitration here is complete to the dinitro stage, and

the influence of mercury was examined on the yield of dinitro

compound and on the effect of varying addition of acid with inc-



Creasing amounts of mercuric nitrate.

Though the yield of dinitro compound in a normal nitration is con-
-siderably below the theoretical yield, mercury is without aSfast
appreciable effect on the yield, which in the most favourable exp-
-iments is only raised by four per cent. It seemed unlikely there-
-fore that with *~ lower concentration of nitric acid, mercury would
be able to maintain the yield at its normal value, and this was
found to be the case. The more dilute acid occasiuns a decreased
yield of dinitro compound in a normal nitration, and this can only
very slightly bo compensated for by addition of mercuric nitrate,
the increase being, for small amounts of mercury salt, roughly dopen-
-dent on the quantity of mercuric nitrate used. v. table It is
important to notice, however, that in the presence of fifteen per
cent of mercury salt the low yield due to thirty per cent nitric
acid is increased by an amount varying from 19 to 33 per cent,

A comparison of the effect of five per cent of mercuric nitrate
in otherwise normal experiments with a similar effect in the nitr-
-ation of acetanilide shows that, while the average value for the
total percentage increase of nitration in the latter, as far as it
can be estimated, is very 1low. (1*86”~), the increase of para nitr-
-ation corresponding almost exactly to the total increase of nitr-

-ation in the nitration of methyl acetanilide.

XVIITI. Nitration of Dimethylaniline.
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The nitration of dimethylaniline by a "mixed acid" at a
temperature below 5% gives, on pouring into water, the para com-
-pound as a yellow solid. On further dilution of the filtrate,
the oo our changes from yellow to deep red, and a separation of
the Beta isomer occurs In general two intermediate stages can
be isolated as the filtrate is diluted, the solid separating
during the addition of water being of an orange colour. The
melting point of this solid shows it to be a mixture if para and
meta isomers, oonsequently”no accurate estimate of ny change in
the ratio of the two isomers, which may bo initiated by the mer-
-cury salt, can be made, though ib is of interest to compare the
relative weights of pure para and meta compounds in the two cases.
There is a definite increase of total nitration in the presence of
mercuric nitrate, amounting to 4*6 per cent. The most marked

effect is seen, however, in the effect of mercury on the formation

of the para compound. The melting point of the crude para product
o

in the presence of mercury is raised from 130 - 131 to 150 - 1594,

representing almost pure “.aranitrodimethyl aniline. So that not

only is there an increased weight of crude product, but that
product contains a much higher percentage of pure para compound.
Table 13> * On the other hand, the yield of meta compound shows a
decrease, varying from 6 - 13 per cent. No change in melting

point is observed here as a result of the presence of mercury.
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Oxidation Products of Aromatic Nitrations

In the nitrations of hydrocarbons and of halogen hydrocarbons
examined, analysis of the amount of oxalic acid produced showed
that this amount is in no case .great, For example, ten grams of
broraoc benaene are only oxidised to an extent which is represented
by 0*67 grams of oxalic acid. Mercuric nitrate, by raising the
oxidising capacity of the system, may -lotually produce a lower
yield of oxalic acid, as the oxidation is carried to the further
stage of carbon dioxide, which is greater in the presence of mer-~
-cury. But in the nitrations of hydrocarbons the proportions of
both oxalic acid and carbon dioxide are, in general, g.eater in the
presence of mercury than without. Tables

Of the three compounds bromobemzene, chlorobenzene and xylene,
the latter showed the highest propotion of compound nitrated, and
the lowest of compound oxidised. Table . The percentage of
compound undergoing oxidation then increases from xylene to chlor-
-benzene to bromobenzene, where, in the presence of mercury, its

'

maximum value averages about 1-1%*3 per cent, or nearly three times
as much as occurs in normal non-mercuriated nitrations. A very

striking difference becomes apparent when we compare the relative

proportions of nitric acid undergoing oxidation ih the nitration of

xylene and bromobenzene respectively. In the latter, in a concen-
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—efcrated nitric acid mixture, as much as 68 per cent, (no mercury),
and 85 per cent, (mercury)m, disappears as oxides of nitrogen and
nitrous acid, while in the nitration of zylene by a concentrated

nitric acid-oleum or concentrated sulphuric acid mixture, this

oxidation falls to 3 per cent, (no mercury), and 10 per cent, (mer-
-cury), a decrease adequately accounted for by the “sulphuric acid
medium. Table TA . But, as is seen from the table , the total

extent of oxidation of the compound is slight, and though mercury
increases this to a small extent, it may be counterbalanced by the
increase in nitration. When the catalytic effect on nitration is
negative,as for bromobenzene, it might be expected that the increase
in oxidation products would bear a direct relarion to he decrease
in nitrated products. But this is not the case. The total amount
of carbon dioxide and of oxalic acid estiaatod in the nitration of
bromobenzene or of hydrocarbons containing mercuric nitrate never
corresponds to the decrease in nitration, and is usually consider-
-ably below it. Tables

The most marked feature of the nitration of phenols is, in
contrast to the nitration of hydrocarbons, the comparatively large
proportion of accompanying oxidation. Phenol and p-chlorophonol,
the nitration of which is carried out in dilute nitric acid media,
undergo oxidation to an extent varying from 2*3 to 3:7 per cent

Owing to the retention of nitric acid and nitrous ucid by the sticky
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nitration product of ohlorophenol it was found difficult to estimate
residual nitric acid and nitrous acid in the nitration of this
compound.

o-Cresol, which 1s nitrated in a Frrdxed acid# medium, under-
-goes still further oxadation, the extent of which is considerably
increased by the presence of mercuric nitrate, v. table 2.7, of
all compounds examined in this respect o-cresol exhibits the most
extensive oxidation of the organic compound. But the proportion of
nitric acid undergoing reduction is considerably less, averaging
31 per cent, than was the case in phenol nitrations when as high
a value as 79 per cent reduction 1is reached, , result which would be
expected in the dilute medium. The total consumption of nitric
acid in the two types of nitration is however approximately equal
and nearly complete, averaging 93 - 98 per cent, the proportion of
organic compound undergoing nitration being considerably higher
for o-cresol than for phenol. 7~"" 3%

Estimations of the oxidation products of the nitration of acids
and aldehydes shows that benzaldehyde and benzoic acid correspond
very closely in the extent to which each is oxidised to carbon
dioxide and oxalic acid, the value being low, and never exceeding
2 per cent. Both nitrations are carried out in concentrated sulph-
-uric acid media, and the reduction of nitric acid in this proceeds

to approximately the same extent in both, allowance being made for

the increased reduction of acid by the aldehyde to the oarbcayiio
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scici, an oxidation which is particularly noticeable in the presence
of nercury, v, table # Thus” rhila tlia percentage v aue of the
reduction from benzoic --aid averages from 26 - 33 per cent. It
reaches in a non-meratariated nitration of benzé&l&ehydo 4C par cent,
and in a morouriated nitration, 51 per cant. On the other hand,
benaaldehyde
the proportion undergoing nitration la lees than h”1f the
percentage nitration of the aoid, and eoncequan”ly a consldorably
lower proportion of nitric acid is used up in this than X%th former
nitration.

The introduction of 2 hydroxyl grou.., v. table J/ , markedly
increaocas the amount of compound undergoing axtrxtisH oxidation, the
value reached being about three times greater than for beazaldchyrle,
Corrceponding to thi.s is a more extensive reduction of nitric %iig,
partly accounted for by a greatly inere sad nitration.

A fact of considerable importance caergos from those raoults”
asr ely that, though, the total mount of nitrio acid consumed in the
various nitrations in every case reaches its greatest value in the
; .resence of mercury, tills increase Is accounted for mainly by an
increased nitration. In the nitration of AimicJ and o-cresol red—
—uctiott of nitric acid by reactions other than nitration of the

rg:uiic compound is only very slightly increased by the presence of

mercuryg v. table zy . This, and the facts already discussed, forms

a striking illustration of the catalytio affect of mercury on the

ftmations of
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nitrio aoid, an effect wgich in no way favours oxidation at the

expense of nitration.

|m g*;#l



Experimental.

The Effect of Mercury Salts on Orientation in

Aromatic Compounds.

o mn
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The Action of Nitric Acid on Unssturated Hydrocarbons

The interactions of nitric rcid and acetylene nnd of nitric
-cid end ethylene heve been examined under varying conditions of
concentration,ocf temperature and in the rresenco of metallic salts.
Acetylene and ethylene arc absorbed with ease, the former much more
rowdily than is ethylene, by absolute and more dilute nitric cid,
or by mixtures of nitric *cid ?»nd sulphuric acid, With dilution of
the acid the rate of interaction, and hence of the readiness of
absorption decreases, but mrtk both are markedly susceptible to
change of temperature, and to the presence of metallic salts, the
latter modifying considerably not only the rate of re ction but the
actual course of reaction. The products of interaction between the
hydrocarbon and nitric “cid are various, and the nature nd proport-
—-ion of these products is largely determined by the concentration of
the acid, Dby tem, erature .nd by the presence of a catalyst and by
concentrated sulphuric acid. The reaction is accompanied by a small
dsvelopement of heat. Throughout the following experiments the
temperature was kept at about SQO*'C.

Bxper”“nental :ir The essential parts of the apparatus are

A

shown in the accompanying figure. Acetylene and ethylene are
absorbed so readily by sufficiently concentrdtesl nitric acid at

ordinary temperatures, that the Drochsel bubbler (A), in which the
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end of the inlet tube is somewhat constricted, serves as the
reaction vessel; the bubbles of are broken by a layer cf glass
beads. This bubbler, wvrhich is ne rly full, is inmersed in a bath
maintained at a constant terajterature, usually 50~7.
The second bubbler (B), which is placed in a cooling bath, con-
-t*ins sulphuric *id of 96 ~ 97 per cent; all the oxides of
nitrogen coming from (&) are absorbed in (B). " nitrous or nitric
oxides ™re found in the gas thus passed through sulphuric a#ld.
Safety devices for meeting a developemcnt of negative pressure or
a sudden positive pressure are placed at a, b. and c. Samples of
gas for analysis cam be drawn off frcin the pipe line rt e nd f.
(Orton and MoKie. T. 1920. 117. 285),
Preparation of Materials
Acetylene: It was found most convenient to generate the
acetylene in situ for each experiment. By using weighed quantities
of: calcium chloride, the acetylene yield of wliich, and purity of
the acetylene was known from experiment, a fixed weight of acety-
lene could be introduced each time. It was necessary to devise
some form of generator which uould insure a alow and regular deliv-
-ery of gas, and wiiioh in si&e did not add materially to the total
capacity of the apparatus, and this was effected by the use of a
small Brlenmeyer flask of 75 oo capacity, fitted with a very finely

regulated water Jjet and gas delivery tube.
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Purification of the acetylene was found unnecessary, and the gas,
dried only, by passage through an adequate calcium chloride tube,
was passed straight into the reaction vessel.

Ethylene. It was found impossible to estimate with any
accuracy either the purity or quantity of the gas produced in situ
either by the methods of Newth, by dropping alcohol into heated
syrupy phosphoric acid, or by any of the ordinary methods for
generating ethylene. The methods was adopted, therefore, of
introfuoing from a gas holder ethylene of known purity and quantity.
The most satisfactory method of preparation was found to be that
devised by Sidgewick and Plant, (preiate communication), in which
ethyl alcohol is wvapourised in a long iron tube, heated to 280 -
300", and packed with pumice stofae, previously soaked in syrupy

phosphoric acid for twenty four hours. The alcohol is dropped
into an adapter fitted into one end of the iron tube, at the rate
of ten drops per aBEaad minute. Ethylene is generated instantly,
and 1s caused to pass through the tube by slight suction of the
gas holder connected beyond a condenser and small receiver to the
further end of the tube. It is obviously important that the whole
apparatus be absolutely ait-tight, and that a good alcohol seal
be kept in the stem of the adapter. The rate at which the gas
enters the holder can be regulated by the water valve of the gas

holdéer at about one bubble per second, as indicated by
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a small bubler containing little water, p'Laood between the gas
holder ancl the receiver. By thia method etnylcne of 97 - 09 per cent
purity is resi-dily obtained.

Bitrio &oicl. The ixhbric acid was prepared from a crude,
fvt ing nitric "oid 1*5), i.hicli sometimes contained much iodine
as iodic acid, by distilling from an equal weight of sulphuric acid.
The distillate had D15 1*549; and the acid contained 2*2 per cent of
nitrous acid as determined by permanganate. In all oases when an
aqueous nitrio -oid wé&s required this highly concentrated distilled
acid was «sod and the amcunt ofi distilled water requisite for the
particular dilution added. In such cases the water 1is placed first ib
the reaction vessel, end in order to prevent less of nitrous acid by
transference, metallic salts, when such are used, are introduced in a
finely groudn condition into the reaction vessel containing the water,
in which they dis”solve completely. Absolute nitric dicid dissolved
very little metallic n. trate, .diich at the beginning of such experimedb
is in suspension, but dissolved later. In & nitric”sulphuric acid
mixture the concentrated sulphuric .aid precipitates the bulk of the
salt as sulphate, which remains in suspension throughout the exper-
-iment. In a typical experiment 0*5 grams (0*33 per cent), of mercuric
nitrate, (When us d), 1is placed in the bubler A, then water, (75 /o

when a 90 per cent acid, is used), and finally the nitrio acid, (138%*6

craras, 90 oc). The quantity of nitric acid just given will dissolve
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1*2 - 1*39 grams of mercuric nitrate at ordinary temperature. Into
this mixture it is not advantageous to pass more than 4*5 « 4%*6
litres of acetylene or 4*7 - 4*9 litres of ethylene. As the
reaction proceeds the nitric acid is diluted; not only is the
reaction then more tardy, and hence the absorption poorer, but
oxidation, for acetylene, and hence evolution of carbon dioxide
becomes more prominent. At the . arly stages of the reaction very
little gas leaves A; later, oxides of nitrogen and carbon dioxide
are evolved.
Products of the Beaction. The mechanism and products of
reaction have been discussed in detail for each hydrocarbon, but
there is a fundamental similarity of behaviour which can be indie-
-ated at tiiis stage. Omittinf the products of reduction of nitric
acid, the reaction yields trinitromefhano and certain other sub-
-stances wliich can be converted into trinitromethane, carbon
dioxide, (and traces of carbon monoxide), and oxalic afid; the
latter may redominate in certain caess such as high or low con-
Y

-centration of acid”or low temperature. Of the metals which have
been tried as catalysts, mercfry causes a marked increase of the
proportion of trinitromethane and of carbon dioxide, to the
“exclusion, "or acetylene, of other products. Thus the reaction in
(the presence of mercury is simplified, and the hydrocarbon[absorbed
is represented quantitatively, for acetylene, by nitroforg¢f and

/e i) v

carbon dioxide. A
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Analysis .andisolation E..the. Prqdggt. The product, after
the passage of acetylene or ethylenf is of a deep red-brown colour,
and contains considerable quantities of nitrous acid and oxides
od nitrogen. Dilution with water causes a vigorous evolution of
oxides of nitrogen, and the aqueous liquor is found to 3aa contain
as well as nitrogen oxide , dissolved nitrofora, dinitromethane
and frequently oxalic acid.

Bitroform. The product is diluted 1 to 10, and then the
nitrous acid removed by ammonium nitrate, 20 grams to 100 co of
diluted product. The nitroform is then extracted by ether, pre-
-ferable in a continuous apparatus. The ethereal extract is con-
-centrated and added to alcoholic ammonia or alcoholic potassium
hydroxide, when the salt crystallises out. Prom 100 grams of this
product prepared under the best conditions, about 15 grams of the
crude ammonium salt can be obtained.

Analysis af latroCom. mtf 2as aM ItiJiFia Tha
estimation of nitrous acdd cannot be made directly on the product,
Cor other substances which reduce parmaiganate are present. Two
procedures have been followed. The permanganate titre of the pro-
-duot diluted 1 in 10 is determined; then either the nitrous acid
is removed by aspiration or by boiling with aiamonium nitrate,

(Sailhat. J.Pharm.ChiiD. 1900.: (wvi), 9; Gerlinger, Keit.angew.

Chem.1902. IS. 1250; they both use ammonnum chloride). In the
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aspiration, it is not necessary to remove the whole of the nitrous

acid; which is a very lengthy process. At a given temperature

and with a given air current, the percentage loss of nS.trous acid

from the solution follows the well-known law. and is independent

of the initial concentration. At 16”, with the rate of air current

0*1 litres per minute, trials with known solutions of nitroue

acid at various concentrations in aqueous nitric acid, and with

known solutions of nitreform and m.trous acid in 7 - 8 per cent
nitric acid, shew that 73*3 (72*8 - 73*9) per cent of nitrous
acid disappear in one hour. After the partial removal of the

nitrous acid by“saspiration or the complete rauoval by Ammonium
nitrate, the residual permanganate titre is determined, whence the
nitrous acid can be calculated. Determinations of the nitrous
acid made by these two methods agree fairly well, but the method
of aspiration is probably the more trustworthy. iijtrofonn can be
titrated in aqueous solution by alkali hydroxide in the presence
of phenolphthalein (llantasch and Fdnckenburger. B. 1899. 32. 631).
Recently E, Schmidt (B. 19109. (B) 400~ has described a method
in which HitssHsxEaidxisxHsad nitron is used as a precipitant. I
have tested both these methods and found them rather less accurate
than the estimation of nitroform by acid potassium penaanganate,
(LlcKie, T. 1920. jX7. 646), a method which I have exhaustively

tested and found accurate to within 0*5 per cent. The sot pro-
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substance (for example oxalic acid) which reduce permanganate.
After removal of the nitrous acid, the nitroform may be extracted
with ether and then titrated, or, preferably, distilled off and
titrated.with permanganate.

The following is a typical analysis of the acetylene reaction:
2 - 5 cc of the "product” are adde? to 18 - 45 co of K/2 - N-alkali

Y
hydroxide, 5 co are then diluted with water, 10 - 15 cc, and 2 - 3
grams of ammonium nitrate added. The mixture is gently belied for
several minutes and then diluted to 100 cc, acidifaed with 5 - 10Occ
of 10 per cent sulphuric acid, and distilled until the distillate
is colourless, (thirty minutes) . The distillate may be collected
in water or B/l1l0O-alkali; it is finally titrated with N/10-KMnOa.
One 00. of K/10-KMnO” is equivalent to 151/80.000 0.0019 grams
of nitroform.

After destruction of nitrous acid and extraction of nitroform
by ether, the residue still red ces permanganate. The reduction
is but small under xonditions most favourable for the preparation
of nitroform. Some, and sometimes most, of the reduction of the
permanganate by the residue is to be attributed to oxalic acid.

A rough estimate of the nitric acid in the product can be made by
deducting from the total alkali titre the alkali titre equivalent

to the permanganate titre of the diluted product. As this deduct-

-ion does not amoubt to mbre than 10 per cent of the total alkali

titre, a rough estimate of the nitric acid remaining in possible.
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An“*y-ais Braduot . The gas coming from the bubbler
(B) is collected oter a neutral, saturated calcium chloride solut-
-ion in a Irrge vessel of known capacity; the last part of the gas
in anybexperiment is measured in a graduated vessel. Both carbon
dioxide and acetylene or stliyelen “re less readily soluble in sat-
-urated calcium chloride than in other saline solutions; at 14°,
carbon dioxide has a solubility of 0*1 in 1, :nd acetylene 0*08 in
1 by wvoluiiio. The gas evolved during the heating of the product
with sulphuric acid was collected in a similar manner. The liquid
nearly filled the flask, which was ground on to a narrow condenser
tube; this tube was carried on as a delivery tube for the evolved
gas.
The gas consists in the main of carbon dioxide, with lesser
quantities of hydrocarbon and traces of air. The acetylene or
ethylene was abaorbed by a 5 per cent solution of potassium bromide
.saturated with bromine ; the absorption is somewhat slow towards
*
the end, but complete. Carbon dioxide is estimated previously in
the ordinary way. This procedure has been exhaustively tested on
known mixtures of gases, in the course of these experiments, and
"V'found quite accurate.

TO tr »ni trometliane. The product from the interaction of either

|
vii.iti iu

“cetylene or ethylene and nitric acid contains very little tetra-
3\ ;S5

-~“xtromethane, but both compounds can be made to yield tetranitro-
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-methane in appreciable quantity by heating the undiluted product

2
with phosphoric oxide, sulphuric acid or auming sul huric acid.

ioi
Whilst only some 4 - 5 per cent of the ben&ene nitrated can, by

any of the recognised procedures, (Will. B. 1914. 47. 704? &o,
be converted into tetranitromethane, it has been found that some
37 per cent of the acetylene and per cent of the ethylene
appears as this substance by this methdd under suitable conditions.
* 0
It is important to notice that the total nitroform in the product
does not account for the whole of the tetranitromethane thus
isolated. About 15 per cent of the tetranitromethane is derived
from substances which, v. p./%4 , in the first stage are incom-
-pletely nitrated. It is obvious that the subsequent stage in a
dehydrating medium brings about more extensive nitration than than
the conversion of nitroform into tétranitromethane. Table L, 0
A satisfactory prooeduBe, in which all the nitroform is con-
-verted into tetranitromethone and the maxiaurii yield is obtained,
is to mix the product from 90 cc of 100 per cent nitric acid with
190 - 380 grams of sulphuric acid or sulphuric acid containing ¢
25 per cent of sulphur thiojdde. The sulphuric acid is added to
the product, and care is taken that the teaparaiiure does not rise.
The mixture may be then directly distilled, but it is preferable
nr

to heat it, finally to 90 - 95%', under a feflux, until gas ceases

to be evolved ; this operation usually occupies about four hours.
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For re=ao'!i8 given in the foregoing, it ia ii“portaut that the product
bo mized with sulphuric ioid as soon aa possible after the passage
of the iiydrocarbon. That this rsizturo should then be kapt for some
time before heating or distilling is it, 'material.

OB cooling, much of the tetranitromothane «ill appear as an
0il, or even crystals; It may be collected by means of carbon
tetrachloride or petroleum, but isolate n by distillation is simplest

I'he effect of certain variations in the procedure may be noted.
The proportions of sulphuric acid may be reduced below the limits
given above without producing any considerable diiainuticn ia the
yield. The addition of 20 -, 25 grass of nitric acid to the mixture
of the product and,suithuric acid before heating loads to an impro-
-vraent of the yield, especially if the coaditions have otiierwise

been unfavourable; for instance if the tamjjorature has been too low,

or the nitrio acid too dilute. Under optimu:: conditions such
addition has, however, 1little effect. (Orton and MoEie, T. 19%.
11?. 283).

The Action of Mitric Ada on Acetylene.

Bffact .of. varviim concentration of acdd. The absorption of
acetylene by nitric aoxd of varying concoutrations, from 70 - 100
per cent, ?jid the effect of tiiis variation on the ultimate products

has been examined in detail. Uith progressive dilution of the

cid the absorption of acel”lene by a given «quantity of acid stead-
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-ily diminishes, the maximum absorption being obtained in 100 per
cent nitric acid, v. table 4%. Ifvtiie tetranitromothane which can
be isolated from the product, and which is 1. convenient easure to
which nitroform and other antecedents are produced, be expressed as
a percentage of this quantity of acetylene absorbed, this progressive
decrease is not maintained. Both - high and a low concentration of
acid are unfavourable to the nitration leading to the formation of
tetranitromethane. The optimum concentration is about 95 - 97 per
cent. Obviously in the interaction of rm/brio «cid and acetylene the
acid becomes dilu ed, and the yield will only be a maximum when a
small quantity of acetylene is absorbed by this acid. The maximum
yield of nitroform and tetranitromethane in one operation injthe ¢
absence of a catalyst is obtained by the absorption of 2*7 - 2%9
litres of acetylene by 100 grams of 90 per cent acid. The yield of

tetranitromethane ia then 9-10 grams or 277 per cent of the acety-

-lene abosrbed. (if two moles of tetranitromethane are formed from
one of acetylene, "t.n.m." would amount to 1500 per cent in a quant-
-itative yield, or, as is much more probable, if one mole

of acetylene yields one mole of tetranitromethane, 754 per cent).

Table 17 *
Effect of Temperature.BAa the temperature of reaction is raised

1N
here is a progressive increase in the proportion of acetylene abs-

-orbed, a minimum absorption being obtained at a temperature of -3o0
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There is a marked increase of absorption betv/een the temperatures
15 and 25°, the amount of acetylene absorbed at that temperature
increasing very little as the temperature is raised to 40°, but
at 50° this value falls slightly¥*

Corresponding to this change in the value of the acetylene
absorbed there is a progressive increase in the percentage of tetra-
-nitromethane calculated on the acetylene absorbed, and at 50° this
value reaches a maximum, though the actual weight of tetranitro-
-methane is lower than is produced at 50°.

The carbon dioxide evolved when small quantities, 2 - 3 1litres,
of acetylene are being passed through is variable, though there 1is
a tendenc” towards a maximum evolution at 30%. This variation is
reflected in the ratio carbon diocaide/acetylene absorbed. But the
passage of double this quantity of acetylene establishes for ths5-s
ratio a regulaaly increasing value. Tables 47 - 49,

“feot_of the” Presence of .Me“talllc Salts. The addition of
/small quantities, 5-10 per cent, of the nitrates of platinum,
silver, copper, uraniug and mercury to the reaction mixture showed
a very variable effect. Table 50. Mercury stands alone in effect-
-ing an inc rease both in the rate of and in the total amount of
absorption of the hydrocarbon. Hence mercury markedly accelerates
the rate in interaction. Concomitantly the yield of nitroform and

of tetranitromethane is increased, and this {yield, expressed as a
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percentage of the acetylene absorbed, is raised from 341 to 453»
Copper, though depressing the total absorption, promotes a yield of
tetranitromothane representing 371 per cent of the acetylene absor-
-bed, slightly higher than the normal percentage in the absence of
a metal, while the other three metals both depress the total absor-
-ptioii and the percentage yield of tetranitromethane. Consideration
of the fate of the carbon in the acetylene absorbed shows that the
carbon becoming tetranitromethane and that becoming carbon dioxide
both reach their highest wvalue in the presence of mercury, and to-
-gether account for the whole of the acetylene absorbed. In that
this means that all side reactions, other than direct nitration
and oxidation, are eliminated, this is of considerable importance,
V. p. /17/ . The effect of copper is slightly to increase both the
proportion of carbon becoming tetranitromethane and carbon dioxide,
and hence correspondingly to reduce the proportion bssHming used
in side reactions. Uranium facilitates oxidation at the expense of
al, other reactions, while platinum and silver both depress the
extent of direct oxidation and nitration and facilitate side react-
-ions. Table 50,

The proportion of mercuric nitrate used is important, and
experimental investigation has shown that a maximum concentration
of 0*33 per cent of the nitric acid has the most favourable effect

Bias reactions, and in facilitating the formation of

ITIVI:I. " j.
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tetranitromethane¥* Table 52. Table 53 illustrates the optimum
conditions, temperature, concentration &c under which mercury exerts
its most favourable effect, it p temperature of 30®, +nd4d in 95 per

cent nitric acid, 0*33 per cent of mercuric nitrcte promotes both
the maximum absorption of acetylene and xsrsdt yield of tetranitro-
-methane. Table 51 summarises the results of experiments carried
out under these conditions.

It is interesting, and from the point of view of the mechanism
of the reaction, (v. p. /tir) important, to compare the relation
between the amount of trinitromethane wlxich can be estimated in the
reaction mixture and the tetranitromethane which on be isolated
from it by heating with concentrated sulphuric acid. In ell cases
the tetranitromethane isolated represents more, (50 par cent), than
the equivalent amount of nitroform to a4 in the mixture. Tables
45 and 46. If, huwover, tlie reaction mixtui” be stood for several
days before admixture with tlie sulphuric acid for conversion to
tetranitromethane, the amount of the latter which can than be iool-
-atad from it is considerably less than the normal quantity formed
when admixture is not delayed, and represents scarcely more, - it

may even be less- than the estimated amount v: nitroform.

The Action of Nitric Acid on Ethylene.

garfpot of CaiiBs.eiri ratielJB of trio Aoid. She absorptioB of

ct/hylens hy oonosnfera'fcod iiitrio 2.3 r%$thsr less ready hhan is the
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absorption of acetylene by corresponding concentrations of nitric
acid. The most favourable concentration of acid, both in the pre-
-sence and absence of mercury, seems to lie slightly below 95 per
cent, Table 55, and for all subsequent invest&gations a concentration
of 94 per cent nitric acid was used. The most obvious difference
in the products of reaction of acetylene and of ethylene, as illus-
-trated by tables 56 and 47, is the much smaller evolution of
carbon dioxide in the latter reaction. The ratio of carbon dioxide
/ethylene absorbed at a concentration of 95 per cent nitric acid

70
is 0*4/1 for ethylene and 0*8/1 for acetylene, while for per
cent nitric acid the respective ratios arexdiJadd”lxaHdxilil/i.
0-2:98/1 and 1*09/1, shov/ing a greater approximation, it a ooncen-
-tration of 90 per cent, the two ratios are nearly equal, however.
In the presence of mercuric nitrate the discrepancy is not so
marked; 0*8 - 0*9/1 and 1*41 - 1*47/1 represent average values
for this ratio for etliylene and acetylene respectively. The yield
of tetranitromethane, expressed as a percentage of the hydrocarbon
absorbed, in the ethylene reaction, never rises to, and is often
much less,than the value obtained for acetylene, and no variation
of experimental conditions has very markedly improved this. The
maximum yield of tetranitromethane on the ethylene absorbed which

has been obtained is 231*8 per cent, teble 55, whereas, for the

same concentration of nitric acid, 95 per cent, the reaction with

acetylene
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acetylene yields tetranitromethane to the extent of 276*8 per cent*
In the presence of 0*66 “er cent of mercuric nitrate, and in 94 per
cent nitric acid, this figure rises for ethylene, to 554*8 at 400,
:nd to 501*4 at 307, the corresponding values for acetylene being
3733 per cent for C *56 per cent mercuric nitrate, and 453 - 552 per
cent for 0*35 per cent metallic salt. Table 52. In all oases,
therefore, Uhe amount of carbon in the ethylene absorbed used up in
side reactions is appreciable, and amounts to between 30 and 40 per
cent, tables 57 and 57a* This can in part be accounted for by the
formation of oxalic acid, which is usually present to a greater or
less extent. Table 63 shows that 16 - 28 per cent of the carbon
X

is undergoes reaction in this way, and, once formed, expeiCiiuent has
shown that oxalic acid is not oxidised to carbbn dioxide by nitric
acid under the conditions of these experiments. Even so, 10-20
per cent of the carbon remains unaccounted for by recognisable
products of the reaction.

Temperature. The optimum temperature is rather higher than
for the corresponding acetylene reaction, add at 40® and 50® a
higher yield of tetranitromethane is obtained than at 30®. At
these temparatures, hov/ever, the yield is not as 1liigh as is realised
for acetylene at 309, Table 58,

Proportion of 1llereuric nitrate. i higher concentration of

mercuric nitrate was requ red to bring about the maximum absorption

and yield of tetranitroEiethanft
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than was the case for acetylene, *nd 0%*66 per cent was found to
promote the best results. Table 57a. The readiness of absorption
is increased, and the yield of tetranitromethane on the ethylene
absorbed amount to 353 - 355 per cent. At the same time the pro-
-portion of carbon undergonig side reactions is reduced by a small
amount*

It will be obvious from the tables that, under the optimum
conditions, the ratio of carbon dioxide evolved/ethylene absorbed
approaches 1/1. but nly in exceptional cases exceeds it* At 307
this ration is slightly higher, 0*9/1, thxn in the absence of mer-
-curic nitrate, showing that at this temperature the formation of
carbon dioxide 1is proportionally less than it is at the higher
temperatures 40 and 50®, where the ratio becomes 0*95 - 1*04/1.

Isolation of nitroothyl Alcohol. This compound con be
isolated from the reaction product of ethylene and nitric acid, both
in the presence and absence of mercuric nitrate, by the following
procedure:- The product is diluted with t?fioe its bulk of water
and extracted rdth ether after careful neutralisation with sodium
carbonate. The ethereal extractes, washed and dried, are then
submitted to wvacuum fractional distillation. P -nitreethyl -ilcohol
is obtained as a faintly yellow oil at 117 - 121® at a pressure of
B) - 35 mm. Careful estimation by weight of this substance, and

comparison of the aitroform estimated in the fesidue from ethereal

extraction by the usual procedure. P
shows that the amount of
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nitroform is always in excess of the alcohol, the ratio of alcohol
to nitroforni being approximately 1/2*4. Table 59. The presence

of mercuric nitrate seems to have little effect on this ratio, w.
table 59, If, however, this estimation of the* two compounds be
cazriod out before the normal completion of the reaction a very
marked difference in the wvalue of this ratio is noticeable. The
amount of i /3 -nitreethyl alcohol, never a very constant quantity
though the ratios show fair constancy, 1is not appreciably differ-
-ent, but the amount of nitreform which can be isolated is very
considerably less. The ratio of the tv/o substances when half and

three quarters of the normal quantity of ethylene had been passed

through, wvaries from 1/1 to 1/1*5. The difference between these
two stages is n,t appreciable. Two facts of considerable impor-
—-toncs emerge from these facts. (1) Kitrofonn is produced subee-

-quent to, and it would appear, at the expense of /3-nitreethyl
alcohol, and (2) The formation of nitroform tadces place largely
towards the end of the passage of the hydrocarbon. The segnif-
-icanoe of this is discussed more fully in another section, (v.

p itv ).

The experimental results indicate that in the main the

reactions between acetylene and nitric acid and between ethylene

and nitric acid follow fundamentally'the same course. The
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principal reaction is one of simultaneous oxidation and nitration
to carbon dioxide and trinitromethane, together wvdth certain side
reactions, 1ih part oxalic acid, which, under suitable conditions,
can be entirely eliminated for acetylene, and appreciably reduced
in amount for etholene. Temperature and concentration of the acid
have relatively the same effect in both reactions, a tenperature
slightly above leboratory temperature, and a concentration of 94 -
95 per cent of nitric acid providing the optimum conditions. In
both reactions the presence of the catalyst, mercuric nitrate,
markedlj? increases the rate df absorption and hence the readiness

of interaction, and promotes a maximum yield of tetranitromethane.

The Effect of the Presence of Sulphuric Acid on the

Interaction of Acetylene with Nitric Acid.

Known mixtures of .concentrated nitric and sulphuric acids
were treated with acetylene under the conditions used for normal
experiments with nitric acid, (v* above), The first obvious effect
of the admixture with sulphuric acid are Cl) a marked increase in
the percentage of acetylene absorbed by a given mixture and (11) a
very considerable decrease in the amount of o&rbon dioxide evolved.
The twtal volume of gas which can be collected is also wvert much

less, and analysis of the gaseous fixture failed to reveal the pre-



-senoe of any other gas than carbon dioxide, acetylene (unabsorbed)
and a trace of carbon monoxide. It is notoowrthy that the proportion
of carbon dioxide to the total product is considerably less than is
obtained cither by the interaction of acetylene and nitric acid or
by that of acetylene and sul hurio acid. The product, after the
passage of 2 - 2*| liters of acetylene per ICO grams of "mixed acid",
is slightly turbid and is quite colourless, in marked contrast to
that obtained by the interaction with nitric avid alone, where the
reduction products of nitric acid seulku produce a deep red-brown
colour. On pouring onto ice, a nc%.ly colourless solution, with no
distinctive smell, is obtained. On mailing alkaline with sodium
carbonate an intensely red-brown ligqour, characteristic of dzHitro:
x&iathsnsi the nitrolic acids. Warming with caustic alkali gives a
copious évolution of ammonia, a reaction which is characteristic of
the alkaline hydrolysis of these compounds. No nitroform nor other
coloured nitre compounds are observed, nor can tetranitromethane

be obtained from the product on further nitration, showing that all
precursors of this substance are absent, is the proportion of
sulphuric acid to nitric acid is increased, the percentage of
acsbylene absorbed increases up to a value given by a mixture of
13780"/iIhC” in the ratio of about 2/1, beyond which it falls off
slightly. The evolution of carbon dioxide shows a slight graduual

inceease as the proportion of sulphuric acid is increased from



0*i/1 to 3/1» 3oitio nitroform is formed when the ratio is as low as
0*1/1, but for all higher ratios examined no nitroform has been
obtained. Tables®6G.
f*trig kpXd. Tsizing the ratio of

suppliuric avid to nitric acid asl/l, experiments were made with
concentrations of nitric acid of75J 85" and 95 per cent. Dilution
of the nitric acid causes no perceptible difference in the percen-
-tags of acetylene absorbed, but the proportion of carbon dioxide
increases slightly with dilution. Table 61.

Dffjcct of Catal:/,ats. Of the three metals examined, uran-
-ium, platinumand mercury, when the ratio of sulphuric to nitric
acids was 1/1, all cause decrease in the amount of acetylene
absorbed. The effect of mercury here is sharpyy contrasted with
its behaviour in acetylene-nitric acid mixtures. Ilatinum and
mercury show about equal power in this respect ; uranium depresses
the absorption to about one half the extent obtained wit.h these
two metals. The amount of carbon dioxide is concomitantly slightly
decreased. Table 62.

The probable course of the reaction v:hich takes place in

this medium is discussed fully, ps 142 et seq.
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TABLE IV.

FIRST STAGE OF O1NITRATION OF NAPHTHALENE.

No Mercury Mercury
wt. Naph- Nitration wt Crude Crude # differ-
thalene Mixture Hnoj Prod* m.p. Prod. m.p. ence Prod
by Mercury
Hno”(1.$4) 2?.1lgn 7.9 gn 150-155® 8.2 gn 150-155® +3.8
H I # 9.8 « * 8.3 " & _15 3
€ H & 8.2 ~ £ 9.2 " N +12.2
H £ £ 7.8 « H 8.3 " £ + 6*4
M i £

8.1 « H 8.6 * € + 6.1



wt of
Naphtha-
lene

EFFECT

OF

Teag). of

OF INCREASE

NAPHTHALENE

Oxalic

Mixing Cog Acid

20®
20-30°

40-50°

750

o

0.167

0.343

0.681

0.621

0.738

1.026

OF TEMPERATURE ON

IN THE PRESENCE OF
wt. of Total Vol.
Naphtha- Oxides of N.
lene oxi-

dised

4 .47 4 .5cc N.T.P.
6.24 10.Scc "

9 .84 25.9 "

reaction becomes uncontrol

THE

TABLE V.

OXIDATION

MERCURY .

Nitrous
Acid,

8.4 gn
12.2 "

27.1 »



TABLE VI.

NITRATION OF PHENANTHRENE.

Sohmidt*s Method.

Expt ¢ Nitration wt of Wt of alcohol«-washed d d1ff.
Mixture. Phenan- product. prod, toy
threne Hg
No. Hg Hg.
1 Hnogd. éh) 5 gn 8*6 gn 8*5 gn + 2%*4
+
sand
2 n n 8.1 gn g.0 " - 1.26
S *= 8*5 " 8*5 » 0
4 *= n 8.2 « 8.6 + 1.22

Nitrous air Method*

6 HgSo* 10 gn 9.8 9*7 - 1%02
+
Na Nog
6 » ® 9*6 9*8 + 2.08
7 « = 9*6 9*6 *0
8 n I 9*1 9.5 + 4*69

Wieland*s Method*

9 Abs.HnOu 10 gn 7.6 8.6 l6*1
in A
Chloroform
10 It * T*2 7*%9 9*7
11 n w 7.5 8.1 , 8*0
12 a a 7*1 8.0 12.8
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Kltra“tion of Phenol#

Bffeot of Various Motaille Salts*

Total ortho para
nitrated oom- com-
product -pound -pound

Ou.

Hg.
Kona.

-pound

nitrated.

Phenol*
o-Crésol.
Xylol~*
Bennie
acid¥*

grams. dgrams. grams.

4*90 3*0 1*9

5*0 E*9 1*6

5*6 3*6 &*0

4*6 116 1*6
3*%0

Table m XVI, B.

Metals added as nitrate. w
Hitrio icid 22*84
Ihanol ID grams.
ratio / mio.3 as
increase Kitrated Oxides of
uf total product nitrogen
orbho nitration grams. HHO2 grs,
1/1'76 3*26 2*15 9*9
1/1'81 8*69 2*26 9*4
1/1'71 21*9 2*53 7*5
1/1*87 2*08 7*7

Effect of Iron Salts*

Total
nitrated product.
Ko Fe, ?s.

4*6 grs* 2'4 era.
5'1 »%
2'8

16'3 ,, 1 13

10'0 ,, 6'4 3,

HI'J0g as

oxides of N# etc
No Fe. S's.

7*7 grs* 9'5 sea.
2'M ,, 5'7 s
1*46 ,, 7'3 o>

2'T ,, S'1 ss

Table XVI.C*

wrj Ferric iltrate*

0 Decrease ~ Increase
of of
Kitratlon. Oxidation.
4791 295'a
29'2 143'6
2C»0 393'1
41'3 142'a



TABLE XVI.

OOMIA1iATIVd; AVERAGE VALUES.

Total
nitrated Hat le
Ortho op Para op Product Para/ortho
Ko Rg 2.8 gn 1.3 gn 4.1 gn 1/2.15
10~ Hg 2.94 gn 1.86 gn 4.8 gn 1/1.58
iig 2.98 gn 1.80 gn 4.78 gn 1/1.65
40~ Hg 5.07 gn 1.80 gn 4.87 gn 1/1.70

TABLE XVII.

KITRATIOK OF P-OHLOHOPHwWKOL

Merourio Kitrate » 10”. F-ohlorophenol « 5 gn. HNO3* 50 gn m 26.2%

No Meroury Meroury
¢ Variation # Variation
Crude Ortho Crude Ortho of of

Sxpt. Product Compound Product Compound Crude ProduotQrtho, product

1. 6.3 gn 6.0 gn 6.5 gn 4.6 gn ¢ 3.17 - 10

2. 6.1 gn 3.9 gn 6.0 gn 4.4 gn - 1.64 + 7.7

3. 6.4 gn 5.4 gn 7.2 gn 5.7 gn +12.6 + 5.54

4. 6.4 gn 5.1 gn 6.8 gn 5.7 gn + 6.25 *¥11.7

5. 6.1 gn 6.1 gn 6.2 gn 5.8 gn + 1.64 +13.7

6. 6.5 gn 5.4 gn 6.7 gn 5.9 gn + 3.1 +24.07

7. 6.0 go 5.1 gn 5.9 gn 5.4 gn - 1l«6b +15.68
Average 6.257 5.16 6.47 5.34

Values
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(a)

Expté

19
20
21

(U)

22
23

(e)

24
26
26

(d)

27
28
29

MERCURIC

Ko Mercury

Crude

(o)}

o

o O
= W

oo o
0 o

oRr

.2

=

6.
« 6.
5.
T 6
MERCURIC
d 5
2 5.
MERCURIC
£ 5.
E 5
« 4 .
MERCURIC
2 5.
2
g 5.
)? 5.

O N >

Ortho

RN

2
8

NODN

NITRATE

15

Mercury

Crude

Ortho
product compound product compound

7.0 gn
qd 4.9 >?
n 7.0 R
" 6.96%
MITRA.IE i 209?
6 9 «
1 7.2 E
KITRATE - AOf.
6.9 >
e 7.0 I
¥ 6.8
iMITHATE - 100#
ft 6.8 I
€ 6.6 E
b 6.9 E

U o

oo U
o &

W 0

«

HrH

imo g - bOwX .

Variation of

omide product

o

[y

o o

©
HH

o

=~
M H KN

13.
20.

11.
16.
.25%*

(o)}

12"
0 *

29"
66"

.25"
.55
.29

Table XIX

*

26,2%

Variation of
ortho compound

0
0.
1

R o

o o

o<y

gn

=
B A

[NIFS
5 HH

[oIN¢))
Bo=he

12.96%
18.46"
19.61~*

15.32 "

11.
20.

o ©

14
75

LA41x*
23.
22.

4 n

.o1"
.oo"
.61"



Table XX

EFFECT OF MERCURY. AVERAGE VALUES
Mercuric Nitrate
Normal 10" Ibj zoi ioi 1004
Crude
product 6,26 6.47 6.96 7.06 6.9 6.7
Ortho
compound 6.0 6.84 6.96 6.1 6.1 6 b .
Table XXI
EFFECT OF COMCSNTRATIOH OF HITRIC ACID.
AVERAGE VALUES.
NO MERCURIC NITRATE
Nitric Acid
26,2#% 24 .24 28 ,6# Z1 .n
Crude
product 6,26 . 5.98 6,43 4,9
Ortho
compound 5.0 5,86 4.8 4.18
MERCURIC NITRATE - 10#
Crude
product 6.47 6.0 5,9 5,23
Ortho
compound 5,84 5,86 5,18 4,6,



(a)

RX#t

[oNNVVIN S

Average
values

(b)

o g0 !

10
11

(a)

12
13
14

NITRATION OF

Mercuric

5 grs.
Crude Product

Ho Kg. .Jte

7grs. 6.7grs.
7.2grs 7.4"
7.0" 7.3"
6.8" 7.0"
T75"7 TT1"
Mercuric
6.3" 7.0"
6.7" 7.1"
6.5" 6.9%
7.0" 7.4"
b.75 7.1

Mercuric Nitrate-

6.0" B.8"
6.2" 6.9"
5.5" 6.8"
375%* $ .0Ygrs

Mercuric Nitrate

5.1" 5.6"
5.4” 5.9”
5.2" 5.8”
5723 5746

Nitrate * 10#

0-CRE3QL

0-Cresol used throughout.

Pure Pinitro Gresol

No % .

.5grs.
LI
.3"
.5"

[ N

Nitrate* 10#

4.7"
4.9”7
4.5"
4.3"

M-.U

104

4.1"
4.0"
4.2"

THT

108

4.0”
3.9”7
4.1”

TToT

Hg,

.7grs
.6"
L1
.5"

oo,

(6}

.38grs

o oo,
[

(6]
o

n

L)}
o =

TABLE XXTI

iino 8-1 .Sparts

# increase

Crude Pinitro
-4.28 26.7
+2.78 19.1
+ 1.28 18.6
+2.94 22 .2
o0 3 - 1.Sparts
~No %,

2 .84 1.4%' 4._44
4.3"

7.1 2.8"
o " 4.2"

0' ALl
4.4"

Hao,*.- Ipart

1.44% 4.2#4 8.94%
1.1 2.8"11.1"
2.1" 4.2" 6.6"
Hno 3- U.Voperta.
2.7 3.2" 7.0"
2.3 2.7" 8.4”
2.6 2.9" 5.6"

w

7.
5.
10.

5

Y AL
.2"
.om

o#
2";
7"1i

.2"
18.
12.6"

2"



(a)

Expt
15
16

(b)

17
18

19

(0)
20
21
22

Mercuric Nitrate « 5#

Crude Product
No Hg

6.7 gre

6~
6.55

H

Mercuric Nitrate s 20~

5.0

5.2

5.13

Mercuric Nitrate =

5.1
5.0

H

M

H

H

M

Dinitro op.
Hg No Hg. Hg
6.8 greld4.9 gre 5.4 grs
t B 10
6.7 4.85 ¢ 5.2 ¢
52 M 41 ¥ 4.4 F
5,5 4.0 " 4+6
iz2 022 v
5-43 4.1 4.5
50#
6.2 " 4.0 5.0 "
6.4 M 41 T 54 F
6.1 M g1 T
6.23 M 4 13 F 5.3

Hno) *

# increase

of crude product

6.1 &rer1.49
0.2 £ 312

1.3 parts

TABLE

$

0

Hnoj s 0.75 parts

0.2 T 4.0 0.
0.3 ¥ 5.7 0
0.a T 7.7 0.
Hno3 ss (.75 parte
0.9 " 145 1.
1.4 H21.8 1.
0.7 Ti1s 1.

.5 grs
.2 E 4.2

XXTIII.

increase of
dinitro

10.1

3 5 93
6 £ 15.0
3 7-1
0 W 25,0
3 " 317
2 E 579



TABLE XXIV

(a) Bffeot of Mercury Average Values

1.3 parts of Nitric Acid

Normal 121 20M-
Crude Product 6.75 6.55 7.1
Dinitro " 4.6 4.85 5.3

O#75 parts of Nitric Acid

Crude Product 5*23 5.46 5 .43 6.23
Dinitro " 4-0 4.7 4.5 5.3
&» Effect of réduction of Nitric acid Mercuric Nitrate H 10/t

1.5 parts Hnoj Nitric Acid 1.3 parts 1 part 0.75 parts
No Hg
Crude Product y.ﬁ - TST. -Cc75" HOJ 5.4b

Dinitro " 4-5 5.38 4 VS 4.96 4.4



A 2
tfVL
%74 B
o)‘f:]ElB
tf
©
.pIIU \
Bac
A m
B
3 t£S
I
m
o8 6
Wt
ool
tfé:'EI
ea tEtEi‘tE
-4 O H
A tf
®RA O
o &
|
A
I D a3
if tf
O HH tf_tf
H % 4Bdf

w@#

Itf

Itf

00 fr-

Itf 03

00 0»
IS IS

H o»

cB
Ro

Itf

tf)

«H

R=SA At

cn W 4 T

tf) H
® *

fr* QO

tf) s"

15és

to

00
lf:) H#

ts tf»

A
#
tf) tf)

03 <1

vO tf»
th O

CO Itf
a*
. tt%E

COM
o)

03

tf);t H,

Itf O»
th» th»

th ts

IS 03
Itf ~
L]

O H

O» ts

tf#H#
H H

53
0%

IS 0

03

@* *

o< ttf

to, tv
L[]
o O

o#p

(o)



TABLE XXVI.

NITRATION OF p.ORESOL

(@) Nltrio Acid - 2 parts. Merouxio Nitrate - 10#
wt of wt of dinitro # increase i
Expt dinitro op No Hg cp Hg dinitro cp
21 5»6 grs 6.4 grs 14.3%
2 3.0 3.8 ¢ 26.7
3 3.6 3.3 *H 5.55
4 4.8 5.4 12.5
5 5.0 « 5.8 " 16.1
3.84 4.15
(a) Nitroo Acid - 1.6 parts Merourlo Nitrate - 102
6 3.4 3.6 ¢ 5.88
7 3.4 4.0 M 17. 6
8 3.0 " 4.2 « 39. 9
9 2.8 " 4.0 " 42.8
3.15 3.9
(o) Nitrio Acid - 1.2 parts
10 2.0 * 3.0 H 50.0

11 1.6 « 2.6 ¢ 62.4



NITRATION

Mercuric Nitrate =

Expt

1. No Hg
Hg

No Hg

Hg

3. NO Hg
Hg

4 No Hg
Hg

Character
of crude

product

0oil

oil

0il

0il

oil

0oil

0oil

Oil

(m.p.

(m.p.

(m.p.

224

Residue from
ether extract
of steam distillate

0il 3.
Semi- 6.
solid
0il 3.
Solid 6.
a 45-60®)
Semi- 3.
solid
solid 6.
= 60-52®)
0il 3.
Solid 6.

48-52®)

OF M-CRESAQL,

grs

grs

gre

grs

grs

grs

gre

grs

TABLE XXVII,

7 gn m-cresol

Residue from ether
extract of residue from
steam distillation.

0oil 2.6 grs
Semi- 2.5 grs
solid

m.p. after pressing on

porous plate 100®
0il 2.4 grs
Semi- 2.7 gre

solid m.p, 100®

0il 2.1 grs
semi- 2.9 grs
solid m.p. 100®
0Oil 2.5 grs
Semi- 2.4 grs
solid



NITRATION

(a)

. 10 Days
1xpt. Ko Mercury

gn

w >

Qwr w &
DNw Yy W
®a N

= % E

Qo>
W o
© w

(A « crude product.

(b) Time * 10 days.

Crude Product 2

5 5.0 an >.6 gn 12.

6 5.2 * y.6 * 11.5
7 5.1 7”7 $.5 * 7.6

OF NAPHTKOL

10# Mercuric

'Y

LY
]

Once crys-
tallised prod,

Table AAVIII

L Naphthol - 5 gns

7 Cay#
Increase 10# Mercuric
Nitrate.
1.92 4.7 gn
13 3.6 "
3.92 4.6 7
11.4 3.0 *
3.84 4.9 "
13.5 4.0 "
10.7 2.9 "
7.53 6.5 ™
5.12 4.2 *
18.50 3.0 *

pure i. nitroncphthol once crystallised.

B twice crystallised.)

Twice crys-

tallised
product.
13.4 2.9 13«4 61 17.2
1%.8 3.0 " 3.6 " 20.0
16.2 2.8 " 3.3 n 17.8



TABLE  XXIX.

COMPARATIVE VALUES OF THE EFFECT OF MJmCURY

IN THE NITRATION OF HYDROCARBONS aw

10# Mercuric Nitrate. Average Values.
Hydro- % wvaria- % Cxi- - s Nitra- % Nitra- ¢ Nitric
carbon tio# of dation. tion No. tion Hg. acid

yield Hg. reduced.
xylol + 4.1 (.006) 70 74 10
(.044)
Naphtha-— — 3*4 116.8 100.6 51.9
leno

Anthra-
cene

Phenan-
threne.

Bromo-
benzene

Chloro-
benzene

(calculated for
mono-nitro)

— S2 6 100 90.2
+ 10.9 60 64.8
(Wieland*3 method)
- 9.0 11.4 87.1 76.1 18.2
+ 1.0 7.4 48.1 49.8 21.1



COMPARATIVE VALUES OF THE
MERCURY IN THE KITRATIOK OF
Mercuric Nitrate = 10#
s Variation s Oxid* s Nitration
of ation No Hg
'henol yield
Phenol
10# Hg Ortho; 5.0
Pars. 43.0 3.6 28.3
Total 17*0
20# Hg Ortho) 6,4
Para )3&.4
Total)1l6.5
40# Hg Ortho) 9,6
Para )30.4
Total)1l8.7
Chlorophenol
Ortho 10# Hg 9.7 73.9
20# Hg 16.1
0-cresol 21.6 6.6 77 .4
P-cresol 14.9 20.94
Hapthol 12.8 56.9

EFFECT

PHENOLS.

OF

Table JXIL

Average Values

Nitration

Hg

33.7

79.0
90.26

§0.1

22.63

58.05

s Nitric
acid
reduced

77.4

32.8



TABLE XXXI

NITRATION OF BEHZOIO ACID

(2) Potassium nitrate 2 parts Benzoic acid s 10 gn
Sulphurio Aold 3 parts Merourlo Nitrate - 10#
Grude product la-nitro-aold # inorease
Expt, NO Hg % No Hg Hg of m-nitro-aoid
1 (1) 7.5 7.0 5.8 gn 6.3 8.6#
2 fi) 5.6 € 7.0 ﬁn 5.0 g; 6.4 ¥ 14.04
3 12.4 > 14.8 *» 10.9 > 12.3 » 12.8#
4 12.2 » 14.9 » 11,1 ¥ 13.2 18.44
5 14.8 % 142 % 114 » 12,7 K 11.44
6 14.0 » 14.1» 11.1 ™ 12.6 ¥ 12. 64
7 13.8 T 14.0 ¥ 11.5 & 13,7 19.14#
(b) Potassium nitrate - 1.8 parts
Sulphurio Aoid « 3 parts
8 12.6 12.4 11.0 gn 11.8 7.3%
gn gn g gn
9 12.2 gn 12.5 gn 11.1 gn 12.0 gn 8.1#
10 12.4 gn 12.3 gn 11.3 gn 11.5 gn 1.76#
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KBRCURIC KITR".TE -

NITRATION

i In-
crease

of crude Para-cin-

Eg IE

Wo

0.5gn'\9¢g
0.4 '0.6"
0.5 0.8

0.45" 0.8"

0.4" 3.9"

TION OF

ACIDS

Table XXXIV

OF CimAKIC ACID
107, CINKATUC ACID . 6 08.
r Xe- Ortho- In- Ratio
crease cinnamic crease ortho

of o-Rcid para

Hg
80.0~ 1 1
7.6 TPFi
50.3~ 1 1
9.2 FT?
59.9" I I
7.6 4. 5
77.3 X 1
é,% 4. 8
125f 1 I
Table %$%%V
OF
B5B%0IC,

Ay rage Values

'allcylic Add,

;, Crude product product n?eaio acid .fp-aoid acid
“ISplE t? Hg iig WoTg~}Ti
1 4.5 jm 4.7gn 4.4f .8gn 3.4gn 10.5#%
2 4.3 ¢ 4.4 " 2.3" 3.7 " 3.5" 5.4"
3 4.5 " 4.7 * 4.4" 3.8 ”7 8.6" 5.2"
4 4.6 4.9 7 6.5 3 3 73.5 5.4"
5 4.8 " 5.0 " 4.1" oc.o " 3.6" 0.
CWARATTVE VAIUES OF THE
MERCURIC NITRATE IB THE NITRA
SALICYLIC AND CIHH/iMIC
Benzoic Cinnamic
Percentage
Variation 13.8? -4.34<

13.24



TABLE XXXVI.

NITRATION OF BENZALDEHYDE.

(a) Merourlo Nitrate - 10# Benzaldehyde » 10 grs

Nitrio AoicL » 50 grs.

Wt of Nitro-

Wt of Nitro- aldehyde # inorease
Wt of e benzolc aoid equivalent to of
Expt nitre benzine with Meroury nitro Aoid Nitration.
1. 4.7 grs 5.7 grs 5.15 grs 9.6#
2. 4.0 grs 4.7 grs 4.24 gre 6 0F
(b) Nitrio Aoid * 45 grs
3. 3.8 grs 4.2 grs 3.8 grs 0 #
4. 4.8 grs 5.8 grs 5.2 grs 8.3#
5. 8.3 grs 9.0 grs 8.13 grs ® .0#

double quantities.
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Table XXXVIII

KITIUATIOB OF
KBiCURI1C SITRAT?: - 10%. P-DXY-bfK-UL1BHYI“E - ft OH
Total itra- In Total Hltro- 4~ ie- fo in-
ted product Orease aléafihyde creaee Nitro crease of
of Nitra- of Hitro- Aoid Acici
ricgpt .Ko Hge Hg tion. Ko Hg. Hg. aldehyde No Hg. Hg. formation
1. 5.0m 7.0 407 2.5 gn B.Dgn - 20 ? U.0 gn 3.5<a 16. 64
B. 5.2 7 6.8 30.7” 2.5 " o2.1 " - 1l6 " 2.6 5.5 " 21. 3"
8. 5.4 +« 6.6 " 22.2" 5.1 * 2.0 " - 4.7* 5.2 " 4.4 37.
4. 5.6 ”7 6.5 ' 18.1" 1.2 " 2.1 " - 8.7 3.1 " 4.3 38. 7
t« 5.5 " 6.2 7 16.9' 5.5 " @.0 " - 14.3
6. 5.6 6.1 " 8.9" 5.6 * 2.7 ” - 25. "
Table ZIJCIX
NITRATION OF SAlICYI.AL1>"ﬁY])E
1iKRCURiC KITRAIK - 13 % '"1Ai.1CYLALDEHYDE - 6 GN
l. 3.0 %n 3.6 . 16.
2. 4.1 4.6 f 12.2" 2.9 gn i.ogn - 11.84 1.2 gn 2.0 gy 66. 7t
3. 5.1, 5.2 o 1,9 1.8 1.7 * = 5.5" 3.3 7 3.5 " 6.
4. 4.9 5.2 6.1" 2.2m 2.4 v 9.1' 2.7 2.6 ™ 3. 8"
5. 5.4 '(’1! a.6 % -14.37
6. 4.0 4.3} 20.0" .
7. 4.5 " 4.3 6.6" 2.4 ® 20" - 16.6* 2.1 ™ 2.8 33. 3"
3. 5.4 6.0 > 20.0" I.GT 1.1 " 4+ 10 "4.0% 4.9 ™ 22, 5%
Table XL
COMPARATIVE VALUES OF TKE HFFECT OF MERCURIC NITRATE
IN THE NITRATION OF BETSAfJEHiIiE, F-OXY-BERTA&DEHYDB ANE
SAZ.ICYLAI,UBm. 'E.
Average Values. "
Benzwldehyde P-oxy-bengaldehylie Salicylaldéhyde
E Variation 6.9 K £2. 8 I 13. 6%
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Table XLII

KITHATIOK OF MLTHYLACGTANILIDE

(a) 40# Kitrlc Acid 5# Mercuric Nitrate
Sxpt Weight of crude Product s Variation of
No Hg. iid. Yield.
.zt
H s"
10.4 " ieis " Y
(b) 30" Nitrio Acid Mercuric Nitrate.
R 7 2.*/\ 1]
I EXTI 20> La
(c) 30# Kitric Acid 10# Mercuric Nitrate.
2.9 " 6
I k.a " :
2.7 " 3.1 ”
to 2.6 - 2.9 *
(d) 30# Nitric Acid 15* kercurlc Nitrate
11 24.04%
12 2.% ﬁ
13 2.
(e) Nitric Acid 10# Mercuric Nitrate
14 6.5 « 6.5 " 0 s
15 6'4 " 6-6 " 3 1 "
16 6,6 " 6.6 " ~Qn on
17 6.4 o 6.5 " 1.5 "



Expt.

ii
iii
iv

Total
ii
iii
iv
Total
ii
iii
iv
Total
ii
iii
iv

Total

Mercuric nitrate >

wt.

of crude
product

No Hg

O d oy

NJO NdpR

o wu o

(6] 0 o

o © W 00

[

gn
gn

an

gn
gn

gn
gn
gn
gn
an
gn
gn
gn
gn
gn
gagn

an

NITRATION OF

Hg

15.

15.

15.

15.

O RN
© U1 ® Ul

orRrRFLN O KFEN
w01 J oo

DN EEN O ()

orFEN
ON O

o

[y

»

o

gn
gan
gn
gagn

gagn

gn
gn
gagn
gagn

gn

gn
gn
gagn
gn

gn
gn
an
an
gagn

an

m.p. of crude
product

No Hg Hg
122° 158°
150° 114°
188° 121°
55-57° 56°
130° 158°
130° 120°
120° 120°
56° 56°
131° 158°
152° 118°
120° 120°
55-56° 55-57°
135° 159°
151° 119°
121° 118°
56° 56-57°

TABLUI X L 111,

DIMETHYIANILINjS.

nitric acid =

# variation Colours of

of yield crude product¥*
yellow para op
orange impure
red me ta on
6.94%
yellow
orange
red
4.074#
6 .24
6.34%



Table XLIV

(b) To show the Relative Variation of yields of para-
and meta-conipounds and of total nitration produced

of mercuric nitrate

# increase s decrease # increase of
of pure para- of pure meta* total nitration.
-compound compound
Expt

1 ) *0# 9*254 6*844

2 473" 13*7 . 4'05.

3 9*5" 9*3" 6*20.

4

38.8. 5'7. 6«38,



UBTYLEHE. Table x v .

Relation between Rltroform estimated and

Tetranitroinethane isolated.

Time of Nltroform Nitric acid
Experiment. standing "T.K.ia, ” estimated, equivalent
prior to isolated, expressgd to no”* in
mixing. as”T*N.I&.” mixture.
136 A 95 ; Hiio* 7°=ao* _ g 0 hrs £0 grs 11 grs 9.1 grs
B I 4 days 11.3 I 11.4 I
134 I I o ib.e T 156 ¢ 9.2 T
B I T 4 days 11.0 I 310.3 I 17.p I
137 i I o £1.0 T 144 T 1.9 F
B I E 5 gays 11.7 ¥ 13.3 I
c I £ 5, I 16.7 LI  ox5 I 16.5 M
13¢ I I 5 F 1005 T 133 I 1.9 9
138 1004 E £ I 35 2.0 T 16.0 % 9.5 I
133 os5§ I No HgO 3.4 £ s, R b.s I
135 100~ T I I o 1.97 * geg B 15.¢ I

( In expts. 132 and 135 half the quantity only of Acetylene was introduced)
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ACS1YJuSNX TABLE XLVII

VARYING CONCENTRATIONS 09 NITRIC ACID.

(a; 100# Hno*

absorbed Co2 evolved GOg/CJIq, *7.N.M.* as
by loo grams per 100 percentage
of nitrio acid grams of of CoH-
nitric acid by volume absorbed
Litres Litres
—« I
&xpt 32 1.610 0.306 8 .19/1 75.5
I.6120 0.375 0.238/1 126.0
101 5.051 7 653 1.5/1 390.0 (double

. acetylene)

Ibj 97 .54 Ho.,

55 1.516 0.503 0.283/I 163.0
77 6 .5a 6.706 1.051 23S .7 (double
C2H2)
so 1+.1+6 5.190 1.23/1 213.0 (treble
C:?H2)
ic7.95,4 Hno%

69 1.795 1.666 n.S0/1 258
56 1.59 0.8S62 0.61#1 314
59 1.679 0.673 0.55/1 266.5
60 2 .S55 2 .28S 0.96/1 273,7 (double
65 2 .784 1.396 0.69/1 117.9 '.P"
147 5.026 1.069 0.706/I 266.5
52 2 .855 2.227 0.77/1 209.5
55 2.902 2.29H2 0.7S/1 2/6.3
56 1.970 I.268 0.66/1 165.0
(undistiiied acid)

2 . &UL 2.219 0.79/1 273

A 1llhrs heating
for *7 N.M.*
*e ## 2/0
B 2I hrs heating
+ fresh nitric



AC3TY1EHS gABLS XLVIIT

VARYING OOHOatTRAglOS OF BITRIO AlI)

(a)

Experiment Percentage of OgHg absorbed "T.n.Di.” as CO2/C2H2
Mitrlo Aoid by 100 grama percentage of Volnme
of nitric acid OgRg absorbed
Litres
38 100.0 1.610 75.6 0.19/1
33 97.5 1.516 163.0 0.283/1
69 95.0 1.795 238.0
67 90.0 1.097 160.0 0.80/1
49 85.0 0.546 158.0 141/1
131 70.0 0.401 60.0 1.09/1
(b) Double quantities of Acetylene
101 100.0 5.051 390
97 97.5 4.385 429.6
53 95.0 2.902 276.8
49 85.0 0.767 166.0



iOSTY1SHB TABLE XLIX

VARYING miPEKATUHE

(a) Volume of acetylenei= 2,300 00

Sxpt. 70 Percentage CgHg absorbed GOg evolved CO2/Q2H2 "7.n.m" as
Nitric Acid by 100 grams per 100 grams by volume percentage
Nitric Acid of Nitric Acid of GgEe
Litres Litres absorbed
61 -3 95 1,20 0.64 0.45/1 104
14 15 95 1.296 1.04 0.8/1 238
62 25 95 2.065 2.087 1.01/1 257.8
68 30 95 2.008 1.308 0.66/1 340
83 30 95 2.066 2.169 1.06/1 330.0
71 40 95 2.076 1.630 0.736/1 412
76 50 95 1.667 1.873 1.12/1 472 .4

(b) Volumei of acetylenei= 4,600 00

63 150 95 2.902 2.263 0.78/1 276.8
81 30 95 3.726 4.10 1.09/1 424.0
72 30 95 3.358 3.73 1.11/1 428.0
76 50 95 3.232 3.688 1.14/1 440.0
79 60 95 2.972 4.210 1.41/1 493.5
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Ekpt.

84
88
90
98
123

112
114
70
87
89
92
94
100

ACETYLISNK

(a) Mercury

GgHg

absorbed

by 100

grams of

nitric acid
Litres

.178
.124
.215
.762
.157

HERENNDN

TABLE LI

EFFECT OF THE PR333mCE OF METATJ,IC SALTS.

COg

954" Nitric Acid.

evolved

per
gra

nitric acid

NMNMMDLwW

100
ms of

Litres

.077
.110
.698
.591
.224

DOUBLE ACETYLENE

.252
.178
.320
.240
.192
.196
.145
.550

W e D N

Uy LT T U

.295
.630
.907
.098
.065
.314
.947
.033

R R RRAR

RFRRHRRRBRHR

COc/CgHg
by
volume

.41/1
.46/1
.21/1
.47/1
.03/1

.24/1
.85/1
.26/1
.48/1
.44/1
.26/1
.43/1
.41/1

Temperature « 300

'7.n.m." Percentage of
as per- carbon in CgHg
centage becoming
of
absorbed

$7.n.m." GO%
528.5 34.87 70.58
524.1 34.78 71.61
467.6 80.35 60.61
528.0 34.83 73.19
549.0 36.62 51.34
364 24.13 61.97
408 28.03 71.24
319.1 21.18 68.05
383. 25.43 71.5
458 30.02 72.01
481.1 28.65 63.16
461 30.59 71.4
422 28.0 71.42



HO (no*) 2

as per-

Experiment

24 0.66

25 0.33

26 0.33

27 0.28
0.165

29 0.0

THE PROPORTION OF MERJUBIU

absorbed
oentage by 100
grams of
nitric

acid

Litres

3.

06

.02

.55

.16

.03

.81

00~

evolved as
per 100
grams of of OgHg
nitric

acid

Litres

4.39 383
4 .38 453
1.62 552
4 .34 429
3.83 431
2.72 341

oentage

TABLB L 1I

NITRATE.

HI trie Acid = 95%

percent-

age of 0
in G, B»
becoming
7 .n.m"

25.4
29.2
37.1
28.5
28.6

22.6

Percent-

ago of O
in
becoming
GOg

71.5
70.8
62.7
68.2
63.1

49.0

Percentage

of 0 in
G”~Ho
becoming
other
substances

28.4

In experiment 27 the coneentration of nitric acid was 97.5#



AGETYLEBE

(a) mercuric Nitrate

» 0.66 per cent

TABLE LUI

Temperature = 16+

00g/OgHg A*T.n.m;' aa other aub-

Sxpt. Percentage CQgcvolr-
of Nitric Borbed ed per 100 by
Acid by 100 grame of volume
grama of nitric
nitric acid
acidx* Litres
Litres
11 90 1.490 2.27 1.52/1
tb) Temperature varied
7 *
12 -3 96 1.20 0.54 0.394/1
13 15 95 1.296 1.04 0 8/1
14 30 95 1.49 1.665 1.06/1
(o) Mercuric nitrate = 0.3 - 0.66 per cent.
15 95 1.571 2.22 1.41/1
16 100 3.456 4.87 1.4/1
17 70 0.681 1.1 1.91/1

percentage atancee as

of a percentage
CgHg ab-
sorbed
204 9.82
104 61.0
238 44.0
331 25.4

Temperature 30%

523 0.0
41u 2.4
47 1.9
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(a)

iAiIWiRii ouaidSHiH#a’iGK uF 3Jjjiiaic aUIy.

Peroentage

Expt. of

151

152

146

162

b)
153
154
140

149

Nitric Acid.

100*0

97*5

95*0

90*0

70*0

82~4 absorbed
by loo grama
of Nitrio Acid
litres.
1*502
1*574
I "484

1*646

0*396

Double quantities of Ethylene.

100* 0

97*5

95*%0
90*0

2*146

3*100

2*960

2*763

"T.n.m."

U5-1
56*4
43*5
110*2

29*4

98*4
116*2
231*6

164.2

as

002
02%
Volume.

0*28/1
0*0 /I
0*4 /I
0*84/1

0+*98/1

0*41/1
0*48/1
0*62/1

0*81/1



TABLE LVI

Varying Concentrations of Bitric Acid.

ETHYLiSHfi

(a) 30¢f kno*”
J.saa.

146

147

150

155 double

quantities

156 of C2H4

(b) 95~ Kno4
148

152

150

164 double

169 quantities
170 of O2E.4

149

C3%

absorbed by

1*484
1-/49

1*397
2 .900

2.346

1*646
1*842
1*300
3-014
3%158
2*764
2*763

CO2 evolved per

140 grams of ICO grams of
Kitric Acid Bitrio Acid

382
654
594
. 746
. 699
504
*238

CO:
:25%4
Ys,t

41/1

35/1
'46/1
07/1

0 .16/1

84/1
89/1
38/1

£/ A

"Tam" as
percentage
of CgH”*
Prhssxi&i-

43-5
73-1
56%4
198.1

201*4

110%*2
118%4
99.4
173-4
194%2
204*3
164*2



EfiiiLJ "m. TABJE LVII

EB'PaCT OF MEHCUHIC NITRiETK.

Mercuric nitrate » 0,66 per cent Temperature s 30®
Nitric Aold = 95#

Expt. CgHA ab- COg evolved *T.n.m," Percentage of carbon in
Boroed per 100 gms by as a per- Ethylene becoming.
by 100 of Nitric Volume oentage
grams of Acid of CgH4 Other sub-
nitric Litres stances or
acid uncombined
Litres *3Sn.m." GOg
142 2.125 1.869 0 88/1 301.4 81.53 44.0 34.47
143 2.601 1.613 0.62/1 297.9 21.28 31.0 47.72
144 3.044 8.453 0.806/1 338.9 23.78 40.3 36.98
145 3.152 2.679 0 86/1 354.8 25.34 42.5 32.16
147% 4.818 3.011 0.625/1 456.1 32.58 31.2 36.22

Temperature rose during experiment.
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AXtUtLENE TABLE LIX

RELATION balTKOSTKI~ ALCOhHL ISOLATED

AND MITROFOHW ESTIMATED.

Ni troethyl NItroforra Ratio

~ aioohol Hi tro-alcohol
Experiment gram. grams. Nitroform
igo 95# Hno% Mo Kg 1.90 q.6 1 :2.17
191 .o % H.bo 11.1 1 ; 2.%é
192 90 /AHno” No % I.12 2.8 1 :2.5
195 .. . Hg g.io é.3 1 2.17
( 1 tiram B nltro e%l alcohol is equivalent, to 1.6%) nitroform.)
196 95/ Hno” wo Hg 1.56 1.9 1 . 1i.ho

Ci in)

195 95/ Hno. No % 2 .gd 5.01 1 ; 1.01

(i C*H*“paeeed in)

196 95/ f£fino, Hg 5.5g 5.14 1 :1.52
Vg CgHj”'passed in)

197 95/ liro % 1 .5g 7.99 1 ; 1.59
(I 02% passed in)



ACETYLENE TABLE IX

Varying ooncentretlons of Sulphuric Acid,

Nitric Aclé.

H25S04 /HNU3 evg(l){‘;ed
litres litres
0.0:1 1.296 1.04 0.26:1
0.11:1 1.326 0.396 0.25:1
0.6:1 1.41 0.137 0.09:1
1.0:1 1.88 0.098 . 0.06:1
2.6:1 1.774 0.17 0.1:1
3.0:1 3.42 0.144 0.04:1

Varying concentrations of Nitric Acid e

TABLE
*2"04/HNO3 = Vi '
# HNOg
76 1.848 0.126 0.068:1
86 1.896 0.109 0.067:1

96 1.88 0.098 0.062:1

248.

148.

LXI

OA

6"



ACISTILISNE Table LX.II

THE EFFECT OF CATLYSTS,

954 Bitrio Acid.

H"S0"HHO3 Metal CAH2 2/0 co” Co*c2u2
absorbed C evolved
Litres absorbed Litres
I 1 Ur 1'8%8 62*1 0%176 0%*947 j 1
1 :1 fr 1*724 57-0 0*140 0*0812: 1
1 :1 Hg 1692 55%7 0*138 0*0816: 1
71*6 0*098 0*052 1

1 :1 Kone 1*88



TADLE LXIII

RELATION BETWEEN OXALIC ACID AND HYDROCARBON ABSORBED.

(a) Acetylene.

hydro-

Percentage
carbon GO2 Carbon becoming carbon
£ Hi- absor- CO2 00% Oxalic O=xalic unacc-
trio bed evolved Hydro- Acid Acid Oxalic ounted
Acid Litres Litres carbon grams bv wt. CO02.1 ItJPjELi A&IA for
95 3-792 3-212 1*14/1 2*357 3*69 42*15 17*42 15*29 25*14
1
95 2-81 2-72 0*96/1 ~» 0 49*0 22-6 i— 28-4
95 3-91 - 4*246 26+*76
(b) Ethylene.
95 3*044 2*746 2 A 40*3 23*78 16*30 19 62
1
95 3-152 27099 42*5  25%*34 21*61  10%55

90 1*484  0%008 0%71  20%49 29*8 28%34  21*37



Table 1

VARIATION OF ORIENTATION.

ChLorobeXiZfine ortho compound by difference only.
Chlorobenzene = 10grs. Concentrated Nitric “cld
No Mercury Mercury
ratio

Sxprg para ortho P/o para ortho ratio

compound compound compound compound P/o

grams grams grams grams

1 5%4 1*8 3%1 5%x1 2%4 2%1:1
2 571 2%0 2*5:1 4*8 2+%8 1*7:1
3 5%2 2*3 2%2:1 4*9 2%6 1%8:1
4 5.4. 1+*9 3*0:1 5%1 2%*7 1%g:1
5 5*5 2%1 2%6:1 5*2 2*8 1%g:1

average ratios 2%*66:1
para compound decreased 30*8#

total nitration increased 4*7#

Bromobezene. concentrated nitrie-sulphuric acid
medium no variation of the

orthh : para s ratio ;



ACETANTITLTIDE

Experi-
ment

10

Medium - concentrated - Nitric
Sulphuric - Acetic acids.
Ho Mercury Mercury
Ortho Para ratio Ortho Para
compound compound compound compound
grams grams grams grams
0.9 6.a 1:5.7 1.1 5.8
0.5 5.7 1:11.4 0.3 5.7
0.7 5.5 1:7.8 0.5 5.8
0.6 5.a 1:8.9 0.4 5.4
1.1 10.0 1:9.0 1.3 10.0
1.0 9.8 1:9.8 1.8 9.4
1.1 10.0 1:9:0 1.1 10.1
0.9 9.7 1:10.0 0.8 9.7
1.0 9.9 1:9.9 0.9 9.8
0.9 9.7 1:10.7 1.8 10.0

Ho definite or constant. increase of either ortho or
para compound.

TABLE II

ratio

1:11.

1:12

1:10

1:12



SALICYLIC ACID Table III.

Medium - Sodium nitrite and
sulphuric acid.

Para compound by difference only

(a) 10 ; mercuric nitrate
No Mercury Mercury.
Ortho Para Ortho Para
Sxperi- Compound Compound o/p compound compound
-ment gram gram gram gram
1 6.7 2.7 2.4:1 6.0 3.4
2 6.9 2.8 2.4:1 6.1 3.4
3 6.7 2.8 2.3:1 5.9 3.7
4 6.5 2.9 2.2:1 5.7 3.6
5 6.6 3.1 2.1:1 5.9 3.5
(b) 20# mercuric nitrate
6 6.5 8.0 2.1:1 6.0 3.6 1
7 6.6 2.8 2.3:1 5.8 3.5 1
b 6.3 3.1 2.1:1 6.0 3.5 1

Para compound increased 28 #

No change in total nitration.

HR R RR

u/p

Noyoy NN

)}

RR KRR

[



TABLE 1IV

CIJMAMIC ACID.

Medium. Absolute nitric Acid.

Mercuric nitrate e« 10#

Experiment Para/orthe Para/ortho
No Mercury Mercuric
1 7.6 1 3.77 1
2 9.6 1 4.37 1
3 7.6 ; 1 4.5 1
4ift 7.4 1 4.27 1
6 9.0 ;01 4.0 1

fTriercascj of ortho compound * 48#

Ho change in total nitration



TABLE V

Medium - aqueous sodium nitrate and sulphuric acid
Experiment Ratio Hatio Ratio Ratio
Ortho/para Ortho/ para OrthO/para Ortho/pé&ra
Bo Mercury 10# H*(%08)v 20# Hg (KUa)$ 40# Ha(%03)a
"V
1. 2.16 ;01 1.84 ;01 1.58 I
£. 3.0 01 1.77 ;01 1.8 ;
%. F.9 2 1 1.6% : 1 2.0
4.. .6 i1 1.6 ;01 1.95
6. %$.22 i 1 1.8 1 1.8
1.5 1 1.7 1
1.69 2 1 1.7 1
1.5 1 1.7 1
1.8 ;01 1.3 1

Average decrease of ortho

Compound For 10# aa(B02)% = 24
" 20# " s 20#
" 40# " = .24#



