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XXXIIL On the Oxidation and Disoxidation effected by the Alkaline Peroxides.
By B. C. Brobig, F.R.S., Professor of Chemistry in the University of Oxford.
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Ix a former paper* I communicated to the Royal Society the results of an inquiry as to
the cause of the mutual decomposition which takes place between the alkaline peroxides
and the oxides of the less electro-positive metals. This decomposition, the first instance
of which was discovered by THENARD in the case of the peroxide of hydrogen, had been
regarded as of an exceptional and abnormal character, and ‘as such had attracted the
attention of chemists and been accounted for by several hypotheses.

" These explanations, which attempted to show that the phenomena were caused by
the repulsion of particles similarly electrified or were the consequence of the laws of
mechanical vibration, assumed their abnormal character, and tended to isolate them
from other chemical changes, rather than to comprehend them under the same laws.

In the paper referred to I ventured to suggest that this mode of viewing these decom-
positions was erroneous, that the phenomena were of a normal character, and were
to be regarded as a particular case of those general laws under which all chemical
changes are included. On the views there developed, every chemical change is con-
sidered as determined by the mutual attraction of particles, or groups of particles, in
opposite polar conditions. No & priori presumption can be raised that certain particles
are susceptible of this polarization, and others not; this point can be determined by
experiment alone: and I brought forward several examples, the applicability of which
is now very generally admitted, in illustration of the point that the elemental bodies, at
the moment of chemical change, exhibit the same phenomena of polarization and are
subject to the same laws of dieeresis and synthesis as all other chemical substances. On
these ideas, as we regard the weight of two volumes of oxygen, that is to say the weight of
a molecule of oxygen, O,, as differing from the weight of two volumes, that is, the weight
of a molecule of water, H, O, in the fact that this weight contains 16 parts of oxygen in
the place of 2 of hydrogen, so do we regard the event of the synthesis or diwresis of
oxygen as differing from the event of the synthesis or dieresis of water, in the fact that
in the one change the two atoms of oxygen fulfil the same functions, and are respectively
in the same polar conditions as the two atoms of hydrogen and the one-atom of oxygen
in the other. : ’ ,

This theory is of a purely relative character; it is connected with no special hypo-
thesis as to the nature of oxygen or water, but it states that, if we make a certain
* See Philosophical Transactions, 1850, Part II. p. 759.
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838 PROFESSOR B. C. BRODIE ON THE OXIDATION AND

ssertion as to the molecular nature of water, we must, in consistency, make certain
parallel assertions as to the molecular nature of oxygen. Our molecular hypotheses
may change, but this relation will still remain.

Views as to the polarization of oxygen, and the cause of the decompositions effected
by the alkaline peroxides, which to a great extent are identical with the preceding,
and in which the same language and the same notation are employed, have recently
been put forward, with considerable pretension, as new and originating with himself, by
SCHONBEIN, Professor of Chemistry at Basle*. This chemist can scarcely be aware of
the memoir referred to, as in his numerous publications he makes no allusion to it. A
reclamation of a priority of ten years ought not to be required, but I am compelled to
call the attention of chemists to these circumstances in order that I myself may not
be considered to appropriate without acknowledgment the ideas and discoveries of
another. S

The decomposition of the alkaline peroxides by the oxide of silver and other similar
bodies is complicated by the circumstance that not only is the peroxide decomposed bAy;
the metallic oxide, but the reduced silver, which is a necessary product of the action,
“and also probably the oxide of silver itself is capable of decomposing the peroxide by
that continuous form of action which is spoken of as Catalytic. This interferes with
the result; the amount of oxygen evolved depends upon the relative velocity with which
these two forms of decomposition occur; and while the reduction in equal atomic pro-
portions is never exceeded, and by certain modifications of the experiment may be very
closely approximated to, it yet is never absolutely realized, for the catalytic action
cannot be entirely eliminated. So that the total loss of oxygen from the oxide of silver.
in the experiment represents the relation which subsists between these two forms of
decomposition, simultaneously occurring, and varies between the limits of the infinite,
or catalytic action on the one hand, and the reduction in atomic proportions on the
other. '
*“That thisis the true account of the phenomena is seen from the fact that, where these
disturbing causes do not exist, the decomposition takes place in simple atomic propor-
tions. This was shown to be the case in the decomposition of the peroxide of barium
by iodine in the presence of water. The final result of this action is expressed by the
equation ’ ’

I, 4 Ba, 0, = 2Bal + O,. ,
It niay be considered as taking place by the decomposition and re-formation of water;
according to the two equations,

I, + Ba, 0, + H,0 =2HI + Ba,0 + O,
2HI + Ba, 0 = 2Bal + H, O.
* See A;pnalen der Chemie, vcﬂ. cviii. p. 157, Scmxeery, “ Ueber die gegenseitige Katalyse einer Reihe

von Oxyﬂéh, Superoxyden und Sauerstoffsiuren, &c.”” Also see Phil. Mag. 8. 4. vol. xvi. p. 178, “Further
Observations on the Allotropic Modifications of Oxygen, &e.” T
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The parallel character of this reaction to that of the reduction of the metallic oxide is
sufficiently evident. Nevertheless it was desirable absolutely to realize the normal
change in the case of the oxide itself, and to discover a case in which the catalytic
action should be eliminated.

In the paper referred to I gave several examples of the decomposition of the alkaline
peroxides, effected by the action of oxidizing substances in aqueous solution—such,
for example, as the decomposition of the peroxide of hydrogen by chlorine and by
permanganic acid, and of the peroxide of barium by the alkaline hypochlorites and by
a solution of ferricyanide of potassium. These reactions are free from the complicating
circumstances before mentioned. ~The present paper contains an investigation of several
of these decompositions; it will be seen that they follow the normal law of chemical
action, that is, the two substances which enter into the change are decomposed in a simple
atomic ratio, and that these decompositions differ from other chemical changes in no
single respect, and need, to account for them, no special hypothesis.

The -experiment discovered by BARRESWIL, of the reduction of the peroxide of
hydrogen by chromic acid, presents points of special interest. 'We have in this case
an action varying with the proportion present of the decomposing substances, and
apparently of an abnormal character, which, however, is shown by accurate investigation
to be subject to the atomic law, and to be capable of being broken up into two simple
reactions.
~ From the effects of reduction I proceed to consider the effects of oxidation produced
by the alkaline peroxides, which are of considerable theoretical importance. Certain
theories have been formed as to the different nature of the oxygen in the different classes
of peroxides, based on a supposed difference in the properties of this oxygen. It will
be shown that the difference of properties, to account for which these hypotheses have
been invented, does not exist, and that, by suitable modification of the circumstances
of the experiment, the results of oxidation produced by the peroxide of manganese may
equally be realized by the peroxide of barium.

Lastly, I shall give some experiments on the catalytic decomposition which this class
of peroxides undergoes, instituted with the view of discovering the cause of this action,
and the way in which these phenomena are connected with the ascertained properties
of the peroxides. This form of decomposition I believe to be the consequence of that
double function of oxidation and reduction which is peculiar to this group of sub-
stances.

In the experiments which follow, which were made by means of standard solutions,
the amount of solution employed was measured by the aid of a series of carefully cali-
brated pipettes, which were so arranged that the capacity of each was an exact multiple
of the capacity of the smallest pipette. The capacity of this pipette, which I shall
designate as P, was equal to 455 cub. centims. The other pipettes are designated as 2 P,
3P,...10P, &ec. .

5Y2



840 PROFESSOR B. C. BRODIE ON THE OXIDATION AND

- The burette employed for titration with permanganate was provided with a glass
stopcock ; it was etched and calibrated in the same manner as a tube for gas-analysis.
The readings were made with a telescope.

The peroxide of barium employed was prepared by precipitation, according to a method
elsewhere described. It was free from all impurities, except a trace of carbonate.
‘When a solution of peroxide of hydrogen is spoken of, it is to be understood as the
solution of this peroxide of barium in dilute hydrochloric acid.
~ The solutions of peroxide of sodium were prepared by digestion of the moist and
freshly-precipitated hydrate of the peroxide of barium with carbonate of sodium, and
filtration from the carbonate of barium formed, or, in some cases, by precipitation of
the solution of peroxide of barium in hydrochloric acid by carbonate of sodium, and
filtration.

In the numerous experiments and calculations which have been made in the course
of the following investigation, and of which a small part only is here recorded, I have
been much indebted to the skill and care of my assistant, Mr. F. SCHICKENDANZ.

1. Decomposition of a Solution of Peroxide of Hydrogen by Permanganic Acid.

‘When a solution of permanganate of potassium is mixed with an acid solution of the
peroxide of hydrogen, a decomposition of both substances ensues, oxygen gas is evolved,
and a colourless solution formed containing a protosalt of manganese.

The proportion in which the substances are decomposed in this reaction was deter-
mined in the following manner. :

A portion of pure peroxide of barium was dissolved in very dilute hydrochloric
acid; a measured quantity of this solution was decomposed by hydriodic acid, and the
amount of iodine formed estimated with sulphurous acid, according to the method of
Bunsenw. !

- A measured amount of the solution of permanganate of potassium was decomposed
by hydriodic acid, and the iodine formed estimated by the same method.

A measured amount of the solution of peroxide of hydrogen was decomposed by the
solution of permanganate, which was added from the burette until the solution was
faintly coloured. :

Now, if s be the parts of the standard iodine solution required for the decomposition
of 1 cub. centim. of the solution of peroxide of hydrogen, and if s, be the parts of the
iodine solution required for the decomposition of 1 cub. centim. of the solution of per-

manganate of potassium, where s and s, are determined according to the usual formula
. nt—tl

and if m be the parts of the solution of peroxide of hydrogen decomposed by the per-

manganic acid, and m, be the parts of the solution of permanganate required to effect

their decomposition, and if & be the ratio of the amount of oxygen evolved from the per-



DISOXIDATION EFFECTED BY THE ALKALINE PEROXIDES. 841

oxide of hydrogen to the amount of oxygen evolved from the permanganate, then

ms

r= M8,

Two distinct series of experiments gave the following results :—

I. s =14-1145, s, =14:127,
m= 4‘91, m,= 4‘9025;
whence 2=1-0007.
II. s =35-945, s, =148,
m= 491, m,=11-919;
whence 2=0-9945.

This experiment affords a simple and accurate method of determining by titration
with a solution of permanganate the absolute amount of oxygen in a solution of the
peroxide of hydrogen.

If ¢ be the amount of oxygen contained in 1 cub. centim. of the permanganate, and
9 the amount of oxygen in 1 cub. centim. of the peroxide, then

y="ue,
In the former of the above experiments 1 cub. centim. of the iodine solution contained
0-00243 grm. of iodine, which are equivalent to 0:00017905 grm. of oxygen.

Hence :

The oxygen in 1 cub. centim. of permanganate, as determined with iodine,
=0-000517 grm. ;

The oxygen in 1 cub. centim. of peroxide of hydrogen, as determined with
iodine, =0-0005147 grm. ;

and
The oxygen in 1 cub. centim. of peroxide of hydrogen, as determined with per-

manganate, =0:0005144 grm.

The above experiments prove that in this decomposition the decomposing substances

evolve equal quantities of oxygen*; the final result of the change may be thus stated,
4HCl 4+ H, Mn, Oy 4+ §H,0,=4Mn Cl 4 8H, 0 4 50,.

I have varied this experiment in many ways, by adding the peroxide of hydrogen to the
permanganate, and by taking the solutions excessively dilute and excessively concentrated,
with the view of eliciting a variation in the reaction, but have constantly obtained one and
the same result. Although the above equation expresses accurately the final result of
the decomposition, we are not to believe that the five molecules of oxygen are at once
eliminated, but rather that the substance passes through five successive stages of disoxi-
dation, very rapidly succeeding one another. If to an excess of an alkaline solution of
permanganate an alkaline solution of the peroxide of sodium be added, oxygen is evolved,
the solution still remains clear, but becomes of the characteristic green colour of the

% This reaction has also been investigated by AscHOFF with the same result.—Répertoire de Chimie
pure, vol. iii. p. 296.
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manganate of potassium. On the addition of a further portion of the alkaline peroxide,
oxygen is again evolved, the solution becomes colourless, and hydrated peroxide of
manganese is precipitated. If this precipitate be added to an acid solution of the
peroxide of hydrogen, oxygen is again evolved, both the peroxides are destroyed, and a
solution is formed of a protosalt of manganese, showing the successive formation and
reduction of each of the oxides before the final result is attained.

2. Decomposition of a Solution of Peroxide of Hydrogen by Ferricyanide of Potassium.

‘When an acid solution of the peroxide of hydrogen is mixed with an acid solution of
ferrocyanide of potassium, an oxidation takes place, and the ferrocyanide passes into
ferricyanide of potassium. This action requires time, and takes place with extreme
slowness in dilute solutions. ,
~ If, on the other hand, an alkaline peroxide be mixed with an alkaline or neutral
solution of ferricyanide of potassium, the reverse action takes place, oxygen gas is
evolved, and the ferricyanide passes into the ferrocyanide of potassium. -

The proportion in which the substances are decomposed in this reaction was thus
determined. .

A solution was made of ferricyanide of potassmm, of which the value 1n terms of a
standard solution of permanganate of potassium was ascertained as follows. A measured
amount of the solution was converted to ferrocyanide by adding to it a great excess of
recently precipitated hydrated peroxide of barium, the solution was boiled until the
excess of peroxide of barium was completely decomposed, and the amount of ferrocyanide
formed was determined by means of the standard solution of permanganate ¥,

A measured amount of a solution of peroxide of hydrogen, the value of which had
been estimated by the process before described in terms of the same solution of per-
manganate, was precipitated by an excess of baryta water. To this a measured amount
of the solution of ferricyanide was gradually added by means of a pipette. After the
experiment, the solution was diluted with water and acidulated. The excess of per-
oxide and the ferrocyanide present was determined by means of the same solution of
permanganate. .

It is evident that the subsequent addition of permanganate would eﬁ'ect two results,—
the decomposition of the excess of peroxide, and the reconversion of the ferrocyanide
formed to the condition of ferricyanide.

Since in an acid solution the ferrocyanide is oxidized by the peroxide of hydrogen to
ferricyanide, a portion of the ferrocyanide reduced will have undergone that conversion,
and an equivalent portion of the peroxide of hydrogen will have disappeared.

Now, putting s=the parts of permanganate solution equivalent to 1 part of the solu-
tion of peroxide of hydrogen employed, and s;=the parts of permanganate solution
equivalent to 1 part of the solution of ferricyanide employed,

* This affords an excellent method for the estimation of ferricyanide of potassium.
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and putting m=the parts of the solution of peroxide of hydrogen, and m,==the parts
of the solution of ferricyanide respectively decomposed, ’ '

~and if #==the ratio of the oxygen evolved from the peroxide of hydrogen to the oxygen
evolved from the solution of ferncyamde, then

_;z;_s_l,
The value of ms is thus given :—
Putting n=the parts of the solution of peroxide of hydrogen employed in the experi-
ment, and p=the parts of the solution of permanganate requlred after the termination-
of the reaction,

MS=NS— P18y,
whence

In the second of the following experiments the ferricyanide was taken in excess. The
experiment was conducted as before, with the exception that the solution of peroxide of
hydrogen, having been rendered nearly neutral, was dropped from the pipette into the
solution of ferricyanide. The whole of the peroxide is decomposed, in which case

n=m, M S;=p,
and

r="2.
=5
L s=106, s=04,

n=10, m, =10, p=10-6,

2=1-0000.
1I1. s=076,  p=T6,
n=m=10,
2=1:0000.

I have varied the form of these experiments in many ways without producing any
variation in the resulting value of .

The final result of this decomposition is given in the equation
2(K,; Fe, Cy,)+Ba, 0,=2(K; Ba Fe, Cy6)+0 .

8. Decomposition of a Solution of Peroxide of Hydrogen Zy Hypochlorite of Barium..

When peroxide of barium is mixed with a solution of an alkaline hypochlorite, oxygen.
gas is evolved, and both substances are decomposed.

The following experiments were made with the hypochlorite of barium. It was pre-
pared by leading chlorine through a solution of hydrate of barium to complete saturation,
the excess of chlorine being afterwards expelled by a current of air.

The amount of hypochlorite of barium present in the solution was estimated by.
decomposing the solution with hydriodic acid, according to the method of BUNSEN.
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The value of the solution of peroxide of hydrogen was estimated, as before, with per-
manganic acid. :

When the peroxide of hydrogen was taken in excess, a measured amount of the solu-

tion was precipitated by a solution of hydrate of barium. To this a measured amount
of the solution of hypochlorite was added by a pipette. After the decomposition, the
excess of peroxide of barium was estimated by determination with permanganic acid,
the solution being first diluted and rendered acid.
- When the hypochlorite was taken in excess, a measured amount of the solution was
rendered strongly alkaline with baryta water, and the measured amount of the solution
of peroxide of hydrogen added to this by means of a pipette. The excess of hypochlorite
present after the decomposition was estimated by the iodine method.

In the former case, putting

s=the parts of permanganate required to effect the decompos1t10n of 1 part of the
peroxide of hydrogen employed,

s,=the parts of permanganate equivalent to 1 part of the solution of hypochlorite of
barium employed, as calculated from the determination with iodine,

m=the parts of the solution of peroxide decomposed,

m,=the parts of the solution of hypochlorite decomposed,

x=the ratio of the amount of oxygen eVolved from the peroxide of hydrogen to that
evolved from the hypochlorite,

ms
=—
ms,
where, putting n=the parts of the solution of peroxide employed in the experiment,
and p=the parts of permanganate required to decompose the excess of peroxide after
the decomposition,

MS=ns—7p,
and
ns—p
Y=

In the second case, where the hypochlorite was taken in excess, let

s=the parts of the standard iodine solution equivalent to 1 part of the solution of
peroxide of hydrogen ;

s;=the parts of the same solution equivalent to 1 part of the solution of hypochlorite ;

m=the parts of the solution of peroxide employed in the experiment;

my;=the parts of the solution of hypochlorite decomposed ;

then, as before,
ms

mlsl

where, putting n,=the parts of hypochlorite employed in the experiment, and p,=the
parts of the iodine solution equivalent to the excess of hypochlorite present, as deter-
mined by experiment,

mys)=ms =P
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and
ms
=”131“P1.
I. Peroxide of barium in excess. '
1) n=20, m;=10, .
s=1-015, §=1113, p=92,
ms=ns—p=20-3—9-2=11-1,
2=0997.
(2) n=2, m;=2, TW'?.%?gS'Mcan. '
s=4-905,  $,=09314, P={8.005}7.'964’

ms=ns—p=1-846,
2=0-99.
II. Hypochlorite of barium in excess.
m=10, n,=20, 82:25) Mean,
s=30126, s=3124, P ‘={32'4 } 52325,
ms,=30"185, ‘
2=0999.
The final result, therefore, of the decomposition is in both cases expressed by the
equation
_ Ba C10+Ba, O,=Ba Cl14Ba, 04 0,.
I have ascertained by similar experiments that an equivalent of chlorine in aqueous

solution decomposes an equivalent of the peroxide of hydrogen, according to the

equation :
Cl, + H,0, = 2H Cl1 + O,.

Decomposition of Chromic Acid by Peroxide of Hydrogen.

The previous reactions are of a normal character. The peroxide of hydrogen and the
permanganic acid or alkaline hypochlorite are simultaneouslydecomposed in simple atomic
proportions, and the formation of the oxygen evolved is subject to the general law of
atomic combination. The decomposition of the peroxide of hydrogen by chromic acid
has a character apparently exceptional, and it is only by an attentive study of the
reaction that it is seen to be of the same class as the preceding.

BarreEswiL made the interesting observation that chromic acid in an acid solution is
oxidized by the peroxide of hydrogen, and an evanescent blue compound formed, which
is rapidly decomposed with the formation of sesquioxide of chromium and the evolution
of oxygen gas. The nature of this compound is unknown. BARRESWIL, indeed, con-
sidered that he had given reasons for believing it to be the chromic compound corre-
sponding to permanganic acid. But he was unacquainted with the peculiar features of
the reaction.

MDCCCLXIL 5z
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Having ascertained, by preliminary experiments which it is unnecessary to detail, that
the quantity of peroxide of hydrogen decomposed by the same quantity of chromic acid
was variable in amount, and depended upon the proportion in which the two substances
were present, I instituted a series of experiments with the view of determining the
law of this action.

The absolute amount of the solution of peroxide of hydrogen employed in each experi-
ment was the same, namely 20 P., or very nearly 100 cub. centims. This solution was made
up of three parts; of a standard solution of peroxide of hydrogen, of dilute hydrochloric
acid, and of water. It is readily seen how, by means of the system of calibrated pipettes
before mentioned, the bulk of this solution could be kept constant, while the amount of
peroxide of hydrogen contained in it could be caused to vary. The hydrochloric acid
employed was excessively dilute, and the same quantity of acid was used in each experi-
ment. I ascertained, however, that the absolute amount of hydrochloric acid used had,
within considerable limits, no appreciable influence on the reaction. Into this solution,
which was contained in a small flask and kept in a state of rapid agitation during the
experiment, the solution of chromic acid was allowed to run freely from the pipette in
which it was measured. After the first rapid evolution of oxygen had ceased, and the
blue colour had disappeared, the solution was allowed to remain for 16 or 18 hours, and
the excess of peroxide of hydrogen was then determined in the manner to be described.
In dilute solutions a very considerable time is required for the completion of the reaction.

When the chromic acid was in excess, the experiment was conducted in a precisely
similar way, the solution of chromic acid being brought to the standard ‘bulk of 20 P.
The result was absolutely the same, whether the peroxide of hydrogen was gradually
dropped into the chromic acid, or allowed to run freely from the pipette. On. the effects
of dilution and temperature I am not yet able to speak with precision; but the solution
may at any rate be considerably diluted (for example, mixed with an equal bulk of water)
with no appreciable variation in the results.

The value of the solutions of peroxide of hydrogen and of chromic acid employed,
was determined by means of the same standard iodine solution and the excess present;
after the decomposition, of the peroxide of hydrogen or of chromic acid *, was also
estimated in the same manner.

Now, putting

s=the parts of the iodine solution equivalent to 1 part of the solution of peroxide of
hydrogen employed ;

s,=the parts of the same solution equivalent to 1 part of the solution of chromic acid
employed ;

# Chromic acid cannot be accurately estimated by this method if the solution be very dilute. In.strong
solutions the error is inappreciable, as I have ascertained by direct experiment. Similar difficulties oceur
if it be attempted to estimate directly a solution of peroxide of hydrogen by a standard solution of
sulphurous acid. To ensure an accurate result, the peroxide of hydrogen must be first decomposed by
hydriodic acid, and the iodine formed estimated by sulphurous acid.
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m=the parts of the solution of peroxide of hydrogen decomposed in the experiment;
m,=the parts of the solution of chromic acid decomposed in the same experiment;
r=the ratio of the oxygen evolved from the peroxide of hydrogen to the oxygen
evolved from the chromic acid in the same experiment ;
then

ms

M8y
Also, putting
n=the parts of the solution of peroxide of hydrogen employed in the experiment ;
n,=the parts of the solution of chromic acid employed in the same experiment ;
r=the ratio of the oxygen contained in the peroxide of hydrogen to the oxygen con-
tained in the chromic acid employed in the experiment ;

ns

then 7 =;z;§;

This ratio I shall term the ratio of mass.

Further, putting

p=the parts of the iodine solution equivalent to the excess of peroxide of hydrogen
after the completion of the decomposition ;

p,= the parts of the iodine solution* equivalent to the excess of chromic acid after
the completion of the experiment, as determined by the formula p=nt—{, ;

then

ms ns—p
- b
ms;, n$H—h

r=

where either p or p,==0, according as the chromic acid or peroxide of hydrogen is in
excess.

And if y be the ratio of the difference of the amount of oxygen contained in the per-
oxide of hydrogen and the amount of oxygen contained in the chromic acid employed,
to the amount of oxygen evolved from the chromic acid decomposed, then

=7;ss—nls,= n,s_: (r=1).
151—P1 MSi—h N

So long as the chromic acid is not in defect, the whole of it being decomposed,
yg=r—1. If the oxygen in the peroxide of hydrogen be equal to that in the chromic
acid employed, y=0; if this oxygen be greater in amount than that in the chromic acid,
y is positive, if less, y is negative.

Also

&  ns—p
Yy ns—ms

The numerator of this fraction represents the number of atoms of oxygen evolved

* In these experiments a proportionate part of the solution was titred after the completion of the
reaction, and the values of p and p, calculated. In strong solutions the error, from this cause, is accumu-
lated and may become considerable, To this may be attributed the deviation from the mean in experiments
1, 8, and 4 of the following Table.

5z 2
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from the peroxide of hydrogen; and the denominator the difference of the number of
atoms of oxygen contained in the peroxide of hydrogen, and the number of atoms of
oxygen contained in the chromic acid employed in the experiment.
Also if #, be the ratio of the total amount of oxygen evolved from the solution, to
that evolved from the chromic acid,
__ns-l-nlsl——@:l_l_x.,

' m$H—P
The proportion of the oxygen evolved to the whole oxygen taken in the experiment

=1— Pty .
T mstns

The annexed Table contains the numerical results of the experiments, and the calcu-
lated values of », , and y.

Table of Experiments on the Decomposition of Chromic Acid
by Peroxide of Hydrogen.

s. 5y T ny. P P s. Sy 7. g (28 I p- ¥4
1.[17-713 514426 2P | 10P | 0 | 477-31 | 22.118383| 7°413| ...... | -c.... 28-841
2l v | veeiee | eenen S eo | 47850 | 23.) ... | .. e | 6P 4P | GO014
3.|16'831(17-032| 2P | 18P | .. | 27605 | 24./17:007| 6:981| ...... | ...... 53:708
4| ceovee | e veviee | eeeees we | 276°60 | 25.(17-594| 7100} .cceu. | weenee 57°114
Bul vevene | venens 2P |16 P | .. | 24023 | 26.]17-082| 6-981| 8P | 4P | 86248
6. coveee | eenns PR 23969 | 27.117°007 | cevee | vevver | eeennn 85760
Tol veeeee | veenns 2P [ 12P | . [ 171092 | 28.] eviie | ceveee | eeeven | cenene 86-581
8el voveee | eevn | SUUTOR N e | 171°92 ] 29| il | e, 10P| 4P |1166i6
9ol veevee | eernn 2P | 8P .. | 10360 |30.1723 | ..coo. | veeeer | eeennn 119:02

104 covene | vveeee | eeveee | eeenns «. 110399 | 31.118-383| 7413 ...... | «eueen 127-23
) 5 S IR N 2P | 6P .. 6962 | 32,1723 | 6-981| 12 P | 4P |14988
12,0 coeiee | eveeee | e | e, 69:64 133, ooes | vevnin | ereee | eeeees 151-48
13.]17-042| 6981 2P |12P | .. 5026 | 34.117-082| 6-981| 14 P | 4 P [182-57
) 9% R VRO OTTUTR 50-03 | 35.18515 | 7-413| ..ouut | eeeene 200-24
15.] e [ e 2P | 6P| .. 1072 | 360 coveee | evvee | vevenn | neeeen 201-04
160] wvvee | oveeie | veeeee | e, 1122 | 87| veeene | eeeens 16 P | 4P |236-82
17.116-305| 7-415| 2P | 4P | 2:906 0 38| ceveee | eenene creee | eerens 236-82
18,(17°183| 7-023 | ...... 0 R 1 7 R 18P | 4P [27291
19.]17°082 | 6:981 | ...... | ...... 40,1 coieer | eereee | eeraen | oeeeens 273-31
20, reeeee | eeenn. 4P | 4P [26213] ... 41.|35°945| 7-415| 18 P | 4 P 58535
21.|17:153 | 7023 | ...... | ..n.n. 27:656 A2, civie | cvevee | veeeee | eeenne 586-60
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From these data we obtain the following values for 7, y, and &:—

|

Mean value Mean value Mean valueMean value
. /r ¥ N j of y. . of z. r‘/ 4 O .r(: of . of z.
1.] 0068 |—12:65 | 0:959 o | |28 3720 | 272 | 14696 -
X R 0991 [ |71263 | 0975 | of" 364 | 2648 | 1-728 } 2:691 | 1709
3.0 0110 |— 9-02 | 1-103 . . 25.| 3705 | 2705 | 1-703
4l e |, 1123 } — 902 | 13 op" 4888 | 3-888 | 1-803
5.| 0123 |— 7°34 | 1-042 . ) 27.] 4364 | 3864 | 1799 S| 3876 | 1-811
6l vorvee | e 1026 } — T34 1038 p ol | . | 1833
7.| 0764~ 525 | 1037 1|_ o0 | g0 [29-] 608 | 508 | 1on
N R 1037 7 130.] 616 | 516 | 1905 % 515 | 1918
9.| 0-247 |— 316 | 1-031 ) ) 3. 620 | 520 |1-909
10.] v | e, 1043 } — 316 | 1037 | 3071 739 | 639 | 2033 630 | 2000
1| 0820 |— 211 | 1033 \|_ o0 | 1035 | 33 s | oo 1977
12 e | e 14037 35 | 34.| 83554 | 7554 | 2:023
13| 0402 — 161 | 1017 U|_ 16y | 1ora |39 8743 | 774 | Yoso bl 7647 | 1992
14| v | e, 1011 3 I 1962 |
15.] 0814 |— 0:25 | 1093 ° . ) 37.] 9993 | 8993 | 2-003 ) ,
16, coee | e, 11111 } — 025 ) 1103 | gg | T L 2003 } 8993 | 2003
17.| 17100 0410 | 1-001 010 | 1001 | 39. 1124|1024 | 2032 1| o0 | g0n
18, 1223 | 0923|1223 1| (000l 1igo | 40| e | e 2022
10.| 1-222| 0-222| 1-222 | =2 41.| 21816 | 20816 | 2079 1| 99016 | o061
20.| 2-444| 1-444 | 1-506 P R 2-043 2
21.| 2:446| 1-446 | 1-462 1457| 14492
22.| 2-480 [~ 1-450 | 1-507 [~ |

A graphic delineation of the results is given in the curve annexed, Plate XXXVII.

It will be observed, on inspection of this line, that, so long as the chromic acid is not
in defect, the two substances lose equal amounts of oxygen, according to the equation

2Cr, 034 3H,0,=Cr, 0,4 3H, 0+ 30,;
that when the amount of oxygen in the peroxide of hydrogen is greater than that con-
tained in the chromic acid, more of the peroxide of hydrogen is decomposed, but never
the whole amount taken, and that the amount decomposed increases with the propor-
tion taken until the peroxide of hydrogen contains as much as eight and a half times the
amount of oxygen contained in the chromic acid; that after this point the decomposition
becomes constant, the peroxide of hydrogen losing twice the amount of oxygen lost by
the chromic acid ; and that no further increase in the proportion of the peroxide of hydro-
gen taken causes this limit to be exceeded, the final result of the change being expressed
by the equation

2Cr, 0;+4-6 H, 0,=Cr, O;46H, 0490.

In what light are we to regard the decomposition between these extreme limits? Are
we to consider that the two substances are capable of reacting in any proportion, and
that the simple atomic decomposition is the limit of an indefinite action varying accord-
ing to the mass? or are we not rather to believe that this apparently indefinite action
is the sum of certain normal chemical changes which take place in simple atomic ratios,
but which vary in absolute amount ?

The following experiments indicate that the latter hypothesis is correct, and that the
reaction between the extreme limits is not homogeneous, but consists of two chemical
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changes which are capable of being separated, from the circumstance that they take
place with very unequal rapidity.

A definite period in the decomposition is marked by the disappearance of the blue
compound. At this point the solution was titred, and the loss of oxygen estimated.
The progress of the decomposition was followed by means of the same experiment until,
finally, the maximum loss was attained. I give two series of experiments, in which the
substances were taken in different proportions.

1.
- Time of titration. s. £ . 7. P
1. After decomposition of | 17594 7-160 4P 4P 41-98 '1>
blue compound . .J — — 41-88 J
2. After 4 an hour. 17183 7023 4P 4P 32:864
3. After 2 hours . . . — — 28-:056
4. After 18 hours . . . — — 27656
These data give the following values for 7, g, and #:—
7 8 . Mean.
0-997
1L 247 ver 00 1om
2. 2-446 1-446 1277 1277
3. — —_— 1-448 1-448
4. —_— — 1-462 1-462
II.
Time of titration. s. 83 7. 7. p
1. Tmmediate 17-594 7101 6P 4P 76'956}
76-207
2. After 1 hour. — —_— 60-12
3. After 11 hour —_ — —
4. After 2 days . — — 57-114
Hence we have
7. 4. . Mean.
1. 3:705 2706 1-007
1-033} 1:020
2. _— _— 15693 1-593
3. —_— e 1:593 1693
4, e 1-703 1-703

- It thus appears that the decomposition takes place in two stages, the former of which
is complete immediately after the destruction of the blue compound, and in which the
two substances lose equal amounts of oxygen; while the latter requires several hours
for its completion, the solution during this time being in a continual state of change.
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~ Tt is undoubtedly difficult to speak with any great probability as to the nature of the
specific changes which take place, in regard to which many hypotheses may be formed.
The following view, however, is in accordance with the facts.
1. When #=1, we have the formation and subsequent decomposition of the substance
Cr, Oy, according to the equations

2Cr, 0;4-3H,0,=Cr, 04+ 3H, O,
Cr, Oy =Cr, 0;+30,.

2. When #=2, after the reaction just expressed the substance Cr, O, is further oxi-

dized to the oxide Cr, O,,, according to the equation
Cr,; Og+4-3H,0,=Cr, O,+3H, 0.

The body Cr, O,, further decomposes with the excess of peroxide of hydrogen present,
possibly with the formation of the higher oxide of hydrogen, H, O,, and the former pro-
duct, Cr, O,,

Cr, Oy+3H, 0,=Cr, O4+3H, O,.

That the product of the first action is in a continual state of formation and decom-
position during the change, is probable from the greater permanence of the blue com-
pound when an excess of peroxide of hydrogen is present: the presence of this body,
which in a small excess of peroxide of hydrogen has only a momentary existence, is
rendered evident by the duration of the blue colour for as long as ten minutes in the
presence of an excess of the peroxide. Lastly, the substance Cr,O, decomposes very
much more rapidly than the substance H, O,, ¢. ¢. than the other oxidized product; so
that the decomposition can be broken up into its several stages in the manner described,
the chemical changes which take place being represented by the system of equations,

20r, O3 4-3H, 0= Cr, 0, +3H,0,
Cr, O, +38H,0,= Cr, 0,,4-311, 0,
Cr, 0,4 3H,0,= Cr, 0y +3H,O0,,
Cr, O, = Cr, O; 4+30,,
3H, O, =3H,0, +30;
and the result of these changes, by the equation which results from elimination between
them, namely,
2Cr, O3+6H, 0,=Cr, 0,46 H, 0490.
Since the amount of oxygen is in all probability given off in successive stages, we cannot
fix with certainty upon any one degree of oxidation as the blue compound *,

* I am unable to reconcile my own results with those of BARREswWiL, whose experiments appear to have
been carefully conducted. . The reaction according to this chemist is
2Cr, 0,4+ H, 0,=Cr, 0,+H, 0
Cr, O, =Cr, 0,420,
the analogue of permanganic acid being formed. I have not, however, repeated the experiment precisely in

the form in which it was made by him, and it is possible that under certain’ circumstances the oxidation
may be arrested at this point. See Annales de Chimie, vol. xx. p. 864.
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It may be observed that, if the decomposition of permanganic acid were, “as in this
case, preceded by an oxidation, the corresponding degree of oxidation would be formed
thus: .

Mn, O,45H, O,=Mn, O,,45H, O,

The decomposition of permanganic acid is, in a somewhat strong solution, instanta-
neous; but it is remarkable that, if the solution of peroxide of hydrogen be very dilute,
the addition of the first drops of permanganic acid produce no apparent change. A
certain time is required for the commencement of the decomposition, after which it
proceeds with regularity. It may be questioned whether this decomposition also may
not be effected by successive stages which escape observation, and whether the period
which intervenes before the commencement of the action may not be occupied in the
production of those substances by the agency of which the final result is attained, and
which are successively formed and decomposed.

On the Oxidation effected by the Peroxide of Hydrogen.

‘We have seen that the peroxides of hydrogen, potassium, and barium possess certain
chemical properties which do not belong to the analogous compounds of lead and man-
ganese. An elaborate attempt* has been made to account for the different reactions
of the two classes of peroxides, by the assumption that there are two kinds or varieties of
oxygen, a positive and a negative variety ; it is said that the peroxide of manganese acts
as an agent of oxidation because it contains the negative variety, and that the peroxide
of barium acts as a reducing agent, because it contains the positive variety of this
element. This hypothesis finds its only support in an imperfect and incorrect view of
the facts. In truth no such fundamental distinction exists between the properties of the
different peroxides as that which it is proposed thus to characterize. The chemical pro-
perties of the alkaline peroxides, as of other chemical substances, vary with the condi-
tions in which they are placed, and the substances with which they are associated ; and
it is in our power so to modify these conditions as to produce with these peroxides the
very same effects of oxidation as are produced by the peroxides of the other group. This
is evident from the following examples, to which it would be easy to add others :—

1. An acid solution of peroxide of hydrogen causes the conversion of a solution of
ferrocyanide to ferricyanide of potassium.

2. An alkaline solution of peroxide of sodium added to a solution of a protosalt of
manganese forms hydrated peroxide of manganese.

3. An alkaline solution of peroxide of sodium oxidizes an alkaline solution of sesqui-
oxide of chromium, with the formation of chromaté of potassium.

4. A strong solution of hydrochloric acid evolves chlorine with peroxide of barium .

* ScuonpeIN, Annalen der Chemie, vol. cviii. p. 166.

t Professor ScudnsrIn lays the greatest stress on the different behaviour of the two classes of peroxides

with hydrochloric acid. He says, “Die erste Gruppe ist weiter negativ dadurch charakterisirt dass kein
ihr angehdriges Superoxyd mit irgend einer wasserhaltigen Siure. ... Wasserstoffsuperoxyd zu erzeugen
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That there are important differences in the reaction of the peroxide of barium and the
:peroxide of manganese is not to be denied. But these differences are perfectly con-
formable to analogy, and are similar in kind to those which distinguish other chemical
substances. For experience teaches us that no two chemical substances, however close
may be the analogies which connect them, have identical chemical properties. Hydro-
chloric acid has not all the properties of hydriodic acid; soda has not all the properties
of potash; chlorine is not the same as iodine; and sodium is different to potassium. Ts
it then to be a matter of surprise to us that peroxide of manganese has not all the
properties of peroxide of hydrogen? is this case to have a special explanation? and are
we to refer the different properties of these substances, not to the actual and known
differences in the elements of which they consist, but to an altogether hypothetical
and imaginary difference in the oxygen, which is the element common to the two bodies ?
In each different compound, if such conventional language be admissible, oxygen has
different properties; and if we are to account for this class of differences by the assump-
tion of different varieties of oxygen, we must assume not two forms only, but an infinite
number of forms of that element. Of the precise mode in which the chemical pro-
perties of the compound are connected with the chemical properties of its constituents,
we are doubtless unable to give an adequate account. But the fact of this connexion
is not to be doubted. We take the oxygen of the peroxide of sodium, and transfer it
to the protoxide of manganese. In this new combination it will no longer produce the
effects of reduction. Again, we transfer the oxygen of the peroxide of barium to
anhydrous acetic acid, and we form one of the most powerful oxidizing agents with
which the chemist is acquainted ; while we can re-transfer this oxygen to baryta,
and restore to it its original properties. It is not the oxygen which is different, but
the elements differ with which the oxygen is associated.

The definite manner in which the final result is affected by modifying the conditions
of the reaction, is rendered evident by the following series of experiments.

Peroxide of barium, treated with a concentrated solution of hydrochloric acid, evolves
chlorine: with a dilute solution of hydrochloric acid, peroxide of hydrogen alone is
formed. Tt was therefore probable that with hydrochloric acid of a certain degree of
concentration both reactions would simultaneously occur. This is the case, and the ratio
in which the two reactions occur varies with the concentration of the hydrochloric acid,
according to a definite law. '

A weighed quantity of peroxide of barium was placed in a small flask, to which a de-
livery tube could be attached by means of a caoutchouc connector. The hydrochloric
acid was poured cold upon the peroxide, the delivery tube attached, and the mixture

vermag, und die zweite Gruppe dadurch, dass keines ihrer Superoxyde unter irgend welchen Umstinden
aus der Salzsiure oder irgend einem salzsauren Salze Chlor zu entbinden im Stande ist.”’— Annalen der
*Chemie, vol. cviii. p.167. This sweeping statement, in regard to which the truth could have been s6 readily
ascértained, is quite without foundation,

MDCCCLXIL 6 A
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rapidly boiled. The gas evolved was collected over a solution of iodide of potassium: it
consisted of a mixture of chlorine and oxygen. The iodine formed was determined by a
standard iodine solution in the usual manner. The hydrochloric acid was taken in very
great excess; the same absolute amount was used in each experiment, but diluted with
varying quantities of water. Since a solution of peroxide of hydrogen is decomposed

on boiling into water and oxygen, we may regard the oxygen evolved as the measure of
the peroxide of hydrogen formed.

Now, putting
a=the iodine contained in 1 cub. centim. of the standard iodine solution,
¢=the quantity of peroxide of barium employed in the experiment,
Z=the quantity of oxygen equivalent to the chlorine evolved,
né—1, with its usual signification,

O x Ba,0
T 03939 X #(nt—1,).

In each of the following experiments 25 cub. centims. of concentrated hydrochloric acid
were taken. The absolute amount of pure hydrochloric acid in this concentrated acid
was experimentally determined ; it amounted to 30-33 per cent. «=0-0029735.

then 7—

Experiment. | Water added. . nt—t,. Z. Mea;)r% Ealue
grm.

I 0 0-2929 1255 8015 8015

IL (1) 5 0-3019 129-8 8047 } 6015
2 5 0-3008 1275 7-983

II1. 6-25 0-3006 1286 7866 - 7866

Iv. (1) 75 02998 1226 7654 7658
2% ...... 0-3080 1261 7662

V. Q 10 03037 105:9 6528 1| g
22) ...... 0-3044 109'3 6718 | 6628

VI ()| 15 0-2964 657 4188 092
)3 03025 646 3997 :

VIL 1 20 0-3006 31:9 1-086 1962
2 ...... 0-2985 30:9 1-938 ,

VIL (1) | 25 0-2981 148 0929 } 0936
2 ...... 02990 151 0-943 ,

IX. (1) 30 0-3321 116 0-6533} 0677
@) . 0+3071 115 07005
1 35 0-3025 75 0-464 0460
2 ...... 02954 72 0-4561

XL ()| 40 03064 5+ 034811 | .06
2y | 0-3084 50 0-3035

XIL 1 50 0-3144 35 02083
g 2. 0-3008 30 0-1866 | 01974

XIIL 60 0-2973 trace. | ceieee | eeeees

Further. Let s= the ratio of the amount of water to the amount of pure hydrochloric
acid in the solution of hydrochloric acid employed; and when water is saturated with
hydrochloric acid, let s=1; s may be termed the ratio of saturation.

And let d= the amount of water added in each experiment to every 100 cub. centlms
of the solution of hydrochloric acid employed.
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Now it is estimated that at ordinary temperatures 100 parts of water absorb 38 parts
of hydrochloric acid, while the acid employed was found to contain 3033 per cent.
Hence s in each experiment is determined from the proportion
100 100+d ;.
38 * 3033 Y
whence
__38(100+d) 38  38xd
$=7100x 30333033 1 3033

=125+40:0125x d;

and if y be put =s—1,
y=0~25+0'0125>< d;

and, lastly, if 2 be put = the \oxygen equivalent to the chlorine evolved, 1 the total

oxygen in the peroxide of barium being assumed as 1, we have, assuming 16:02 as the

total oxygen
80L: 1::%Z:a,
whence ‘ :
_Z
r= 801

We have from the preceding experiments the following values for d, s, y, and 2 :—

Experir?ej\;t. d. ., s vy @
I. 0 0 125 ° 025 1-000
II. 5 20 1 15 050 1-:000
I11. 625 - 25 1:5622 0:5622 09814
IV. 75 30 1625 0625 0:9567
V. 10 40 175 0:750 0-8263
VI. 15 60 2:00 1:00 0:5104
VII. 20 80 225 1-25 0°2448
VIIIL 25 100 2:50 - 150 0-1167
IX. 30 120 275 175 0:0844
X. 35 140 3:00 2:00 0:0574
XI. 40 160 3:258 2:25 0-0406
XII. 50 200 375 2:75 00246
XIII. 60 240 425 3-25 trace.

A delineation of the experiments is given in the annexed curve, Plate XXXVTIII.

Catalytic Decompositions.

It has now been shown that the alkaline peroxides have a double function, and can
be used as agents either of oxidation or of reduction. By certain modifications of the
conditions of the experiment, we can produce separately either result. It is not
unreasonable to suppose that, among the numerous and varied forms of chemical decom-
position, instances would be found in which these phenomena would occur simul-
taneously. If this were to be the case, the result would be what is termed a contact (or
catalytic) decomposition, but caused by two successive changes of a normal chemical
character.

That the combination of the oxidizing with the reducing action of the peroxide of

642
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hydrogen is a cause adequate to produce the effects of catalysis, is evident from the fol-
lowing examples.

I. We can successively realize the chemical changes of which the result, as regards
weight, is expressed by the equations

MnCl4+KHO=KCl4MnHO,
H, 0,4-2MnHO=H, O+Mn, H, O,,
H, O,~+Mn, H, 0,2 HCl=3H, 0+2MnCl+O,.

The final result which ensues from the successive performance of these experiments is

expressed in the following equation, derived by elimination from the preceding,
2KHO+42HCl42H, 0,=4H, 04+2KCl40,;

which equation is again equivalent to the two equations,

KHO+HCl=IL, 0+KCl

and the equation expressive of the catalytic decomposition of the peroxide of hydrogen,
viz.
2H, 0,=2H, 04-0,.
II. Again, omitting for the sake of brevity certain circumstances in the reactions, we

can >produce the results expressed by the equations
3H, 0,4Cr, 0,—=3H, 042Cr, O,,
2Cr, 0;4-3H, 0,=Cr, 0;+3H,0+430,,

whence, by elimination,
921, 0,=211,040,.

IIL. Also
2Na, Fe, Cy;+4Na, 0,=2Na, O+2Na, Fe, Cy,,
2Na; Fe, Cy;+Na, 0,=2Na, Fe, Cy,+O,,
whence
2Na, 0,=2Na, 04-0,.
IV. Again,
2HCI+H, 0,=—=2H, O+Cl,,
C, +H,0,=2HC14O0,,
whence

2H, 0,=2¥, 0+O0,.

Exp. I.—1 P. of an alkaline solution of peroxide of sodium rendered acid and t1tred :
required 9:31 cub. centims. of permanganate solution. '

A solution of protochloride of manganese was precipitated by hydrate of sodium, and
1P. of the above solution added to it. An equivalent portion of the hydrated protoxide
was converted into the hydrated peroxide of manganese.

The solution was immediately rendered acid with sulphuric acid, and 2 P. of the same
solution added.
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“After the evolution of gas had ceased, the solution was titred. It required 9-81 cub.
centims. of permanganate solution.

3 P. of peroxide had been added, and 2 P. decomposed. The manganese was in the
form of protoxide, as at the commencement of the experiment.

Exp. II.—To 1 P. of a solution of ferrocyanide of potassium, which required for its
titration 5-96 cub. centims. of permanganate, was added 1 P. of an acid solution of per-
oxide of hydrogen, which required for titration 3:681 cub. centims. of the same solution
of permanganate. An equivalent portion of ferricyanide of potassium was formed.

- The solution was rendered alkaline, and to it was added 1 P. of an alkaline solution
of peroxide of sodium, which required for its titration 3-33 cub. centims. of the same per-
manganate solution.

The solution, rendered acid and titred, required 5:66 cub. centims. of permanganate.

Therefore a portion of peroxide equivalent to 7-15 of permanganate had disappeared.

The total peroxide added required 7-01 parts of permanganate.

In these experiments the final is the same as the initial condition of the chemical sub-
stances, with the single exception that the peroxide of hydrogen is decomposed. If the
oxidation and reduction which in the preceding examples are separately realized had
taken place simultaneously and under the same general conditions, no result would
have appeared but the decomposition of the alkaline peroxide, and the action would
have been termed a contact action. Now, although in the case of the catalytic decom-
position of the alkaline peroxide we are undoubtedly not able to specify in each case
the precise reaction by which the final result is attained, we have yet in several instances
indications that the decomposition proceeds by successive stages of this kind.

When an alkaline solution of peroxide of sodium is added to a solution of proto-
sulphate of manganese, a precipitate is formed of hydrated peroxide of manganese. If,
however, a few drops of an excessively dilute solution of protosulphate of manganese be
added to an excess of peroxide of sodium, there is no precipitate, but the solution
remains clear, becomes brown in colour, and the peroxide undergoes the catalytic
decomposition. If a great excess of a solution of the peroxide of sodium be added to a
very small quantity of freshly precipitated hydrated peroxide of manganese, the peroxide
of manganese dissolves, forming the same clear brown solution. It is thus seen that
the peroxide of manganese can be further oxidized.by the peroxide of sodium, and that
the product of this oxidation decomposes in solution the peroxide of sodium.

Again, if a solution of peroxide of sodium be added to an alkaline solution of per-
manganate, the latter is first reduced to manganate, the solution becoming green: on
further addition of the peroxide of sodium, the solution becomes of the same clear brown
colour as that produced by the oxidation of the protoxide. If, however, the peroxide be
sparingly added, or if permanganate be added to this solution, a precipitation takes place
of peroxide of manganese. It is the compound which forms this brown solution by the
agency of which the peroxide of sodium is decomposed ; and it is only when the decom-
position of the latter is complete, or close upon this point, that the peroxide of manga-
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nese appears. The solution then becomes turbid, and the brown flocculent peroxide is
precipitated.

It appears therefore, (1) that the protoxide of manganese can be oxidized by the per-
oxide of sodium to an oxide, forming a clear brown solution; (2) that permanganic acid
can be reduced by the peroxide of sodium to the same substance, passing through the
condition of manganate; (3) that when the reduction reaches this point, in presence of
an excess of peroxide the reduction is for a time arrested, and the catalytic decomposi-
tion commences: during this decomposition the brown compound is permanent; and
when the peroxide of sodium is nearly decomposed, the reduction again proceeds and
peroxide of manganese is formed.

These phenomena may be thus accounted for. There is a point where the oxidizing
action concurs with, and as it were meets, the reducing action of the peroxide of
sodium; and at this point the catalysis takes place. The peroxide of manganese is
formed; but so long as a sufficient excess of the alkaline peroxide is present, it is
reoxidized and destroyed as fast as it is produced. By this continuous reduction and
oxidation the peroxide of sodium is gradually eliminated. Time is needed for this, as
for other chemical changes; but ultimately, when but little peroxide of sodium
remains, the peroxide of manganese is precipitated, being produced more rapidly than
it is destroyed.

There are other examples of the same class of phenomena. When a solution of
peroxide of sodium is added to a solution of a copper salt (sulphate orchloride of copper),
at first there is no evolution of oxygen, but a yellowish green precipitate is formed, as
was observed by THENARD ; this precipitate may be thrown on a filter, and for a short
time preserved. If a small portion of this precipitate be added to an alkaline solution
of peroxide of sodium, bubbles of gas are evolved, and the peroxide of sodium rapidly
decomposed. If a solution of peroxide of hydrogen be mixed with a few drops of a
weak solution of chloride of copper, and the whole precipitated by baryta water, the
same yellow oxide of copper is formed. The peroxide of barium is gradually decom-
posed ; but during the decomposition this yellow oxide is permanent, and only ultimately
is it decomposed into hydrated protoxide.

If a very small quantity of an ammoniacal solution of protochloride of copper be added
to an alkaline solution of peroxide of sodium, the solution becomes of a yellow colour,
and is gradually decomposed. During the whole time of this decomposition, which may
be caused to extend over several hours, the yellow colour is permanent; but ultimately,
when the whole of the peroxide is decomposed, the blue colour of the ammoniacal solu-
tion of the protoxide reappears. The yellow solution of the peroxide of copper, apart
from the solution of peroxide of sodium, cannot be preserved for many minutes. The
singular permanence of this compound during the decomposition is explained on the
hypothesis, that it is continually reproduced as well as destroyed. In this reaction the
solution of oxide of copper in potash or ammonia decomposes the alkaline peroxide into
oxygen and the alkali, precisely as sulphuric acid in the process of etherification effects
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the decomposition of alcohol into ether and water. And we may regard the former
event as determined by a series of alternate and inverse changes, analogous to those to
which WiLL1AMSON has shown the phenomena of etherification to be due, according to
the equations ‘

Cu, O +Na, O;=Cu, 0,*4Na, O,

Na, 0,4Cu, 0,=Na, 0 +Cu,0+0,.

It may be desirable, for the sake of clearness, to resume the points in the preceding
argument. It appears, (1)that by means of the alkaline peroxides we can produce two
classes of effects, oxidation and reduction, and this double function is peculiar to this
group of peroxides. (2) These peroxides are decomposed by the contact of a great
number of chemical substances, and this form of decomposition is also peculiar to the
group. (3) The combination of an oxidizing with a reducing action is a cause adequate
to produce the results of contact decomposition, and we are able, in certain cases, to
imitate, as it were, the contact action by means of a successive oxidation and reduction.
(4) There are instances in which we have distinct evidence that the contact decompo-
sition is accompanied by an oxidation and subsequent reduction of the substance by
which the action is determined. ‘ '

In a matter so difficult to submit to the direct test of experiment, it is undoubtedly
desirable to offer any view with much reservation; and it would be altogether premature
to assert that this is the only form which contact decomposition can assume. Other
causes may possibly lead to the same result. At the same time every new case which
can be explained on these principles increases the probability of their more extended
application, and raises the hope that even these obscure phenomena will ultimately be
removed from the domain of conjecture and speculation, and be brought under the
methods of experimental research.

% The oxide of copper here formed is probably the sesquioxide, which is also procured by the action of
alkaline hypochlorites on the hydrated oxide of copper. The precise nature of this oxide iy immaterial to
the argument.
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