The Bakerian Lecture, on some chemical agencies of electricity ... From the
Philosophical Transactions / By Humphrey Davy.

Contributors
Davy, Humphry, Sir, 1778-1829.

Publication/Creation
London : Printed by W. Bulmer, 1807.

Persistent URL

https://wellcomecollection.org/works/dm67gmv3

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/



















THE

BAKERIAN LECTURE, &e.

Read before the ROYAL SOCIETY, November 2e, 1806.

1. Introduction.

"T'ue chemical effects produced by electricity have been for
some time objects of philosophical attention; but the novelty
of the phenomena, their want of analogy to known facts, and
the apparent discordance of some of the results, have involved
the enquiry in much obscurity.

An attempt to elucidate the subject will not, I hope, be
considered by the Society as unfitted to the design of the
Bakerian Lecture. 1 shall have to detail some minute (and I
fear tedious) experiments; but they were absolutely essential
to the investigation. I shall likewise, however, be able to offer
some illustrations of appearances which hitherto have not
been fully explained, and to point out some new properties
of one of the most powerful and general of material agents.
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‘2 Mr. Davy’s Lecture on some

II. On the Changes produced by Electricity in Water.

The appearance of acid and alkaline matter in water acted
on by a current of electricity, at the opposite electrified me-
tallic surfaces was observed in the first chemical experiments
made with the column of VoLta.*

Mr. CruicksuaNKk | supposed that the acid was the nitrous
acid and the alkali ammonia. M., DesorMEs] soon after
attempted to show by experiments, that muriatic acid and
ammonia were the products, and M. BRueNATELLI§ asserted
the formation of a new and peculiar substance, which he has
thought proper to call the electric acid. The experiments said
to be made in Italy, and in this country, on the production of
muriate of soda are recent, || and the discussions with regard
to them still alive. As early as 1800, I had found that when
separate portions of distilled water, filling two glass tubes
connected by moist bladders, or any moist animal or vegetable
substances, were submitted to the electrical action of the pile
of Vorta by means of gold wires, a nitro-muriatic solution
of gold appeared in the tube containing the positive wire, or
the wire transmitting the electricity, and a solution of soda
in the opposite tube ; € butI soon ascertained that the muriatic
acid owed its appearance to the animal or vegetable matters
employed ; for when the same fibres of cotton were made use
of in successive experiments, and washed after every process
in a weak solution of nitric acid, the water in the apparatus

* Nicuorson’s Journal, 4to. Vol. IV. p. 183. 4+ Ibid. Vol. IV. p. 261.

1 Annales de Chimie, Tom. XXXVII. p.233. § Phil. Mag. Vol. IX. p. 181.

|| By M. PaccHion1, and by Mr, Peere. Phil. Mag. Vol. XXI. p. 279.

q I shewed the results of the experiment to Dr. Beppogs at this time; and men-
tioned the circumstance to Sir JAMES Havr, Mr. CLa¥Fi1ELD, and other friends in

lﬁ-:n,



chemical Agencies of Electricity. 3

containing them, though acted on for a great length of time
with a very strong power, at last produced no effect upon
solution of nitrate of silver.

In cases when I had procured much soda, the glass at its
point of contact with the wire seemed considerably corroded ;
and I was confirmed in my idea of referring the production
of the alkali principally to this source, by finding that no
fixed saline matter could be obtained, by electrifying distilled
water in a single agate cup from two points of platina con-
nected with the Vorrarc battery. Similar conclusions with
regard to the appearance of the muriatic acid had been formed
by the GaLvanic Society of Paris,by Dr. WoLLasToNn, who
hit upon the happy expedient of connecting the tubes together
by well washed asbestus ; and by M. M. Bior and THENARD. *

Mr. SyrLvesTEr, however, in a Paper published in Mr.
NicroLsoN’s Journal for last August, states, that though no
fixed alkali or muriatic acid appears when a single vessel is
employed ; yet that they are both formed when two vessels
are used. And to do away all objections with regard to
vegetable substances or glass, he conducted his process in a
vessel made of baked tobacco-pipe clay inserted in a crucible
of platina. I have no doubt of the correctness of his results -
but the conclusion appears objectionable. He conceives that
he obtained fixed alkali, because the fluid after E%ing heated
and évaporated left a matter that tinged turmeric brown,
which would have happened had it been lime, a- substance
that exists in considerable quantities in all pipe-clay ; and even
allowing the presence of fixed alkali, the materials employed .
for the manufacture of tobacco-pipes are not at all such as
to exclude the combinations of this substance.

#» No. XL, Du Moniteur, 1806,
Be



4 Mr. Davy’s Lecture on some

I resumed the enquiry; I procured small cylindrical cups
of agate, of the capacity of about I of a cubic inch each.
They were boiled for some hours in distilled water, and a
piece of very white and transparent amianthus that had been
treated in the same way was made to connect them together ;
they were filled with distilled water, and exposed by means
of two platina wires to a current of electricity, from 150 pairs
of plates of copper and zinc 4 inches square, made active by
means of solution of alum. After 48 hours the process was
examined: paper tinged with litmus plunged into the tube
containing the transmitting or positive wire was immediately
strongly reddened. Paper coloured by turmeric introduced
into the other tube had its colour much deepened; the acid
matter gave a very slight degree of turbidness to solution of
nitrate of silver. The fluid that affected turmeric retained
this property after being strongly boiled; and it appeared
more vivid as the quantity became reduced by evaporation;
carbonate of ammonia was mixed with it, and the whole dried
and exposed to a strong heat: a minute quantity of white
matter remained, which, as far as my examination could go,
had the properties of carbonate of soda. I compared it with
similar minute portions of the pure carbonates of potash and
soda. It was not so deliquescent as the former of these bodies,
and it formed a salt with nitric acid, which like nitrate of soda
soon attracted moisture from a damp atmosphere, and became
fluid. _

This result was unexpected, but it was far from convincing
me that the substances which I had obtained were generated.
In a similar process, with glass tubes, carried on exactly under
the same circumstances, and for the same time, I obtained a
quantity of alkali which must have been more than twenty
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times greater, but no traces of muriatic acid. There was
much probability that the agate might contain some minute
portion of saline matter, not easily detected by chemical
analysis, either in combination, or intimate adhesion in its
pores. To determine this, I repeated the experiment a second,
a third, and a fourth time. In the second experiment turbid-
ness was still produced by solution of nitrate of silver in the
tube containing the acid, but it was less distinct; in the third
process it was barely perceptible: and in the fourth the two
fluids remained perfectly clear after the mixture. The quan-
tity of alkaline matter diminished in every operation ; and in
the last process, though the battery had been kept in great
activity for three days, the fluid possessed in a very slight
degree only the power of acting on paper tinged with tur-
meric ; but its alkaline property was very sensible to litmus
paper slightly reddened, which is a much more delicate test:
and after evaporation and the process by carbonate of am-
monia, a barely perceptible quantity of fixed alkali was still
left. The acid matter in the other tube was abundant: its
taste was sour; it smelt like water over which large quan-
tities of nitrous gas have been long kept; it did not affect
solution of muriate of Bar}?tes ; and a drop of it placed upon
a polished plate of silver left after evaporation a black stain,
precisely similar to that produced by extremely diluted nitrous
acid.

After these results, I could no longer doubt that some
saline matter existing in the agate tubes had been the source
of the acid matter capable of precipitating nitrate of silver,
and of much of the alkali. Four additional repetitions of the
process, however, convinced me that there was likewise some
other cause for the presence of this last substance; for it
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continued to appear to the last, in quantities sufficiently
distinguishable, and apparently equal in every case. I had
used every precaution ; I had included the tubes in glass vessels
out of the reach of the circulating air; all the acting materials
had been repeatedly washed with distilled water ; and no part
of them in contact with the fluid had been touched by the fingers.

The only substance which I could now conceive capable of
furnishing the fixed alkali was the water itse/f. This water
appeared pure by the tests of nitrate of silver and muriate of
barytes; but potash and soda, as is well known, rise in small
quantities in rapid distillations; and the New River water,
which I made use of, contains animal and vegetable impurities,
which it was easy to conceive might furnish neutral salts
capable of being carried over in vivid ebullition.

To make the experiment in as refined a form as possible, [
procured two hollow cones of pure gold containing about 25
grains of water each, they were filled with distilled water,
connected together by a moistened piece of amianthus which
had been used in the former experiments, and exposed to the
action of a VoLrtaic battery of 100 pairs of plates of copper and
zinc of 6 inches square, in which the fluid was a solution of
alum and diluted sulphuric acid. In ten minutes the water in
the negative tube had gained the power of giving a slight blue
tint to litmus paper: and the water in the positive tube
rendered it red. The process was continued for 14 hours;
the acid increased in quantity during the whole time, and
the water became at last very sour to the taste. The alkaline
properties of the fluid in the other tube, on the contrary, re-
mained stationary, and at the end of the time, it did not act
upon litmus or turmeric paper more than in the first trial: the
effect was less vivid after it had been strongly heated for a
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" minute ; but evaporation and the usual process proved that
some fixed alkali was present. The acid, as far as its properties
were examined, agreed with pure nitrous acid having an
excess of nitrous gas. |

I repeated the experiment, and carried on the process for
three days; at the end of which time the water in the tube
was decomposed and evaporated to more than one half of its
original quantity ; the acid was strong, but the alkali in as
minute a portion as in the last experiment. It acted indeed
rather more vividly on the tests, on account of the greater
diminution of the fluid, but presented the same results after
being heated.

It was now impossible to doubt that the water contained
some substance in very minute quantities, capable of causing
the appearance of fixed alkali, but which was soon exhausted ;
and the question that immediately presented itself was, Is
this substance saline matter carried over in distillation ? or is
it nitrogen gas which exists in minute portions in all water
that has been exposed to air, and which, if an element of the
fixed alkali, would under the circumstance of the experiment
have been soon exhausted, whilst its absorption from the
atmosphere would be impeded by the saturation of the water
with hydrogen ?

I was much more inclined to the former than to the latter
supposition. I evaporated a quart of the distilled water that
I had used, very slowly at a heat below 140° FAHRENHEIT,
in a silver still; a solid matter remained, equal to -L of a
grain ; this matter had a saline but metallic taste, and was
deliquescent when exposed to air: I could not obtain from it
regular crystals ; it did not affect turmeric or litmus, but a part
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of it, after being heated red, in a silver crucible, exhibited
strong alkaline properties. It was not possible to make a
minute analysis of so small a quantity, but it appeared to
me to be principally a mixture of nitrate of soda and nitrate
of lead ; and the metallic substance, it is most likely, was fur-
nished by the condensing tube of the common still.

The existence of saline matter in the distilled water being
thus distinct, it was easy to determine its operation in the ex-
periment. I filled the two gold cones with water in the usual
manner ; that negatively electrified, soon attained the maxi-
mum of its effect upon turmeric paper. I then introduced into
it a very minute portion of the substance obtained by the pro-
cess of evaporation that has been just described ; in less than
two minutes its effects were evident; and in five minutes the
tint of the paper was changed to a bright brown.

I now conceived that by collecting the water obtained in
the second process of slow distillation I should be able to
carry on the experiment without any appearance of fixed
alkali, and the trial proved that I was not mistaken.

Some of this water was introduced into the gold tubes, and
the amianthus moistened by it.

After two hours the water in the negative tube produced:
no effect upon turmeric paper ; it did produce an effect upon
litmus, which it required great minuteness of observation to
perceive; but it wholly lost the power by being heated
strongly for two or three minutes, so there is every reason
for supposing that it was owing to a small quantity of
ammonia. ;

I made a similar experiment with a portion of the same
water in the tubes of agate that had been so often used, and
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I had the pleasure of finding the results precisely the
same.

© To detail any more operations of this kind will be unne-
cessary ; all the facts prove that the fixed alkali is not gene-
rated, but evolved, either from the solid materials employed,
or from saline matter in the water. '

I have made many experiments in vessels composed of
different substances, with the water procured by very slow
distillation: and in almost every instance some fixed alkali
appeared.

In tubes of wax the alkaline matter was a mixture of soda
and potash; and the acid matter a mixture of sulphuric,
muriatic, and nitric acids.

In a tube of resin, the alkaline matter seemed to be princi-
pally potash. :

A cube of Carrara marble of about an inch, having an aper-
ture in its centre, was placed in a crucible of platina, which
was filled as high as the upper surface of the cube with the
purified water, the aperture was filled with the same fluid ;
the crucible was positively electrified by a strong Vorraic
power, and a negatively electrified wire introduced into the
aperture.

The water soon gained the property of affecting the tint of
turmeric : and fixed alkali and lime were both obtained from
it: and this effect took place in repeated experiments: the fixed
~ alkali, however, diminished in quantity every time ; and after
eleven processes conducted from two to three hours each,
disappeared altogether. The production of lime-water was
uniform. :
- I made a solution of 500 grains of this marble in nitric

C
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acid ; I decomposed the mixture by carbonate of ammonia,
and I collected and evaporated the fluid part, and decom-
posed the nitrate of ammonia by heat. About 2 of a grain
of fixed saline matter remained, which had soda for its
base.

It was possible that the Carrara marble might have been
recently exposed to sea-water ; I therefore tried, in the same
way, a piece of granular marble, which I had myself broken
from a rock on one of the highest of the primitive mountains
of Donegal. It afforded fixed alkali by the agency of negative
electricity,

A piece of argillaceous schist from Cornwall, treated in
the same manner, gave the same result; and serpentine from
the Lizard, and grauwacke from North Wales, both afforded
soda. It is probable that there are few stones that do not
contain some minute portions of saline matter, which in many
cases may be mechanically diffused through their substance:
and it is not difficult to conceive the possibility of this, when
we consider that all our common rocks and strata bear evident
marks of having been anciently covered by the sea.

I was now able to determine distinetly, that the soda pro-
cured in glass tubes came prmmpally from the glass as I had
always supposed.

I used the two cones of gold with the punﬁed water and
the amianthus ; the process was conducted as usual. After
a quarter of an hour, the negatively electrified tube did not
change the colour of turmeric. I introduced into the top of
it a bit of glass; in a few minutes the fluid at the surface
rendered the tint of the paper of a deep bright brown.

I had never made any experiments, in which acid matter
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having the properties of nitrous acid was not produced, and
the longer the operation the greater was the quantity that
appeared. :

Volatile alkali likewise seemed to be always formed in very
minute portions, during the first few minutes in the purified
water in the gold cones, but the limit to its quantity was soon
attained.

It wasnatural to account for both these appearances, from the
combination of nascent oxygene and hydrogene respectively;
with the nitrogene of the common air dissolved in the water :
and Dr. PrIESTLEY's experiments on the absorption of gases
by water (on this idea) would furnish an easy explanation of
the causes of the constant production of the acid, and the
limited production of the alkali: for hydrogene, during its
solution in water, seems to expel nitrogene ; whilst nitrogene
and oxygene are capable of co-existing dissolved in that fluid.*

"To render the investigation more complete, I introduced the
two cones of gold with purified water under the receiver of
an air pump ; the receiver was exhausted till it contained only
2= of the original quantity of air; and then, by means of a
convenient apparatus, the tubes were connected with an active
Vortaic pile of 5o pairs of plates of 4 inches square. The
processs was carried on for 18 hours, when the result was
examined The water in the negative tube produced no effect
upon prepared litmus, but that in the positive tube gave it a
barely perceptible tinge of red.

An incomparably greater quantity of acid would have been
formed in a similar time in the atmosphere, and the small

* PriesTLEY'S Expfri:mnrs and Observations, Vol. I. page 59.

Ce
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portion of nitrogene gas remaining in contact with the water,
seemed adequate to the effect.

I repeated the experiment under more conclusive circum-
stances. I arranged the apparatus as before; I exhausted
the receiver, and filled it with hydrogene gas from a conve-
nient airholder; I made a second exhaustion, and again intro-
duced hydrogene that had been carefully prepared. The
process was conducted for 24 hours, and at the end of this
time neither of the portions of the water altered in the slightest
degree the tint of litmus.

It seems evident then that water, chemically pure, is de-
composed by electricity into gaseous matter alone, into oxygene
and hydrogene.

The cause of its decomposition, and of the other decompo-
sitions which have been mentioned, will be hereafter discussed.

III. On the dAgencies of Electricity in the Decomposition of
various Compounds.

The experiments that have been detailed on the production
of alkali from glass, and on the decomposition of various
saline compounds contained in animal and vegetable sub-
stances, offered some curious objects of enquiry.

It was evident, that in all changes in which acid and alkaline
matter had been present, the acid matter collected in the water
round the positively electrified metallic surface ; and the al-
kaline matter round the negatively electrified metallic surface ;
and this principle of action appeared immediately related to
one of the first phaenomena observed in the VoLraic pile, the
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decomposition of the muriate of soda attached to the paste-
board ; and to many facts which have been since observed on
the separation of the constituent parts of neutrosaline and
‘metallic solutions, particularly those detailed by M. M. Hi-
SINGER and BErRzEL1Us.* :

The first experiments that I made immediately with
respect to this subject were on the decomposition of solid
bodies, insoluble, or difficultly soluble in water. From the
effects of the electrical agency on glass, I expected that various
earthy compounds would undergo change under similar cir=
cumstances; and the results of the trials were decided and
satisfactory. ;

Two cups made of compact sulphate of lime, containing
about 14 grain-measures of water each, were connected to-
gether by fibrous sulphate of lime, which was moistened by
pure water : the cups were filled with this fluid; platina wires
from the VoLrralc battery of 100 pairs of plates of six inches
were introduced into them, so that the circuit of electricity was
through the fibrous sulphate of lime. In five minutes the
water in the cup connected with the positive wire became
acid ; that in the opposite cup strongly tinged turmeric.
After an hour the fluids were accurately examined ; when it
was found that a pure and saturated solution of lime had been
produced in the cup containing the negative wire, which was
partially covered with a crust of lime; and that the other cup
was filled with a moderately strong solution of sulphuric acid.

I procured two cubical pieces of crystallized sulphate of
strontites, of about an inch ; a hole was drilled in each capable
of containing about 8 grains of water: the cubes were

* Annales de Chimie, Tom, LI. p. 167,






















































































































































