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axis in the same relation to it as that in which they ap-
proached it. From this we conclude, that the space round
the optic axis within the ring is traversed by only one
image, and therefore that there is only one sheet of the lami-
niferous surface in this place: the form of the two series of
cones also favours this view. This indicates what may not
inaptly be termed an eyelet-hole in one sheet, and a conical
point in the other.

To determine the real nature of the refraction about the
optic axes of biaxal crystals, will evidently require a good
deal more of minute examination.

If any fellow-labourers should enter on the subject, I should
be very glad to see their results in print, and am glad to be
able to inform them that Messis. Watkins and Hill have un-~
dertaken to fit up for sale crystals of arragonite, mounted in
a mode so as to facilitate the examination of the refraction
near the optic axes.

Queen’s College, Cambridge, Feb. 13, 1841,

LVIIL. On the Voltaic Decomposition of Aqueous and Alcoholic
Solutions. By ArtaHur CoNNEL, Esq., F.R.S.Ed., Pro-
Jessor of Chemistry in the United College of St. Salvator’s
and St. Leonard’s, St. Andrew’s.

[Continued from p. 249, and concluded. ]

11. Alcokolic Solutions.

SHALL content myself with simply referring to the ex-

periments, by which I have shown that under voltaic
agency water entering into the constitution of absolute al-
cohol is resolved into its elements, hydrogen being given off
at the negative pole, and oxygen being engaged in produ-
cing secondary effects on the hydrocarbon of the alcohol,
and to those demonstrating the extraordinary effect which the
solution of the minutest quantities of alkalies, acids and saline
bodies, have in promoting this action *,

This fact, that the water of absolute alcohol suffers decom-
position under galvanic action, furnishes the key for solving
all cases of the voltaic decomposition of alcoholic solutions, by
assimilating them to those which occur in aqueous solutions.
The analogy between the two cases is complete, with the dif-
ference merely, that in the former the appearances are less
marked, from the smaller quantity of water present, the in-
ferior conducting power of the solutiou, and the slight modi-

* Edinburgh Transactions, vol. xiii.; Jameson’s Journal, 1833 ; and Lon-
don, Edinburgh and Dubl, Phil, Mag., Dec. 1841
Phil. Mag. S. 3. Vol. 18, No. 118, May1841. 2 A
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fications of secondary action dne to the presence of hydro-
carbon. In short, as respects voltaic agency, an alcoholic so-
Intion may be regarded as an aqueous one, in which a foreign
substance is present retarding the principal action, but afford-
ing an additional source of secondary agency.

Accordingly, when the alcoholic solution of an ordinary
salt is acted on, the acid and alkali go to their proper
poles, as in an aqueous solution, but much more slowly, and
the hydrogen of the water of the alcohol is evolved at the
negative pole, whilst the oxygen enters into secondary
combination. When the base is of easy reduction, metal re-
duced by hydrogen appears at the negative; whatever sub-
stance is dissolved, if it is not of a nature to afford room for a
secondary action with hydrogen, that element is given off in
the same proportion as from water, due regard being had to
some circumstances connected with the conducting power of
the solution which have been formerly pointed out*. This
fact was verified for alcoholic solutions of alkalies, haloid
salts, and oxyacid salts.

It was also found, by experiments similar to those with
aqueous solutions of hydracids and haloid salts, that when
iodine appears at the positive pole in alcoholic solutions of
hydriodic acid or of iodides, it is due to secondary action.
Absolute alcohol was charged with dry hydriodic acid gas, and
placed in A, fig. 2, (p. 243) and water in B and C, A being
made negative, and C positive by seventy pairs of four-inch
plates. Effervescence soon arose from both poles, but no disco-
loration was anywhere observed, nor acid in B or C until after
the lapse of twenty minutes, when a slight brown discoloration
from liberated iodine commenced in C with acid reaction.
In half an hour the battery was reversed, when the hydriodic
solution was instantly discoloured without elastic fluid from
the pole in that solution, and with effervescence from the
other. This experiment would of course have had more ana-
logy to those with water, if B and C had contained alcohol ;
but the feeble conducting power of that liquid, and the risk
of interfering with the reactions if any substance was dissolved
in it, prevented its employment. Tie appearances are, how-
ever, best explained on the view that the water of the alcohol
only suffers direct decomposition.

Analogous experiments led to the same view in regard to
iodides.

The appearances with a positive pole of zinc led to the
same conclusion. When a saturated solution of dry iodide
of potassium in absolute alcohol was thus acted on by fifty

* Lond. Edinb. and Dubl. Phil. Mag., Dec. 18414
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pairs of two-inch plates in the bent tube, fig. 8, oxide of zinc
soon separated at otk poles without .

any appearance of iodine, or of effer- Fig. 8.

vescence at the positive. The de-
position of oxide at that pole is in
conformity with the view of the direct
decomposttion of water.

With a similar solution of dry
chloride of lithium, oxide of zinc soon
separated at the negative pole, with effervescence from that
pole, but none from the positive ; and it was somewhat uncer-
tain whether any separation of oxide took place at the positive:
but little doubt could exist that the oxide originated, as in the
case of iodide of potassium, by the action of oxygen of the
water of the alcohol on the zinc, and was subsequently dis-
solved and transferred to the negative pole.

The principal condition of the deposition of oxide of zinc
at the positive pole, whether in aqueons or alcoholic solutions,
appears to be a pretty rapid formation, from brisk action ;
and the less powerful the acid, and the less its quantity drawn
to the positive side, the more of the oxide separates previous
to solution and transference.

With respect to pyroxylic solutions, I have made few ex-
periments ; because if the general rule holds good in regard
to alcohol, there can be little doubt that it will embrace pyr-
oxylic spirit, since, as I formerly showed, the decomposition of
its water is much more readily effected than that of alcohol.
I found, experimentally, that when a solution of dry iodide of
potassium in rectified pyroxylic spirit was placed in a tube A ¥,
and water in a tube B, the two being connected by asbestus,
and A made negative, and B positive by fifty pairs of two-
inch plates, although iodine soon appeared in the neighbour-
hood of the positive pole in B, yet it was accompanied by acid
passing into the water of B; and after forty minutes’ action
these appearances continued the same, only more decided,
and without any appearance of iodine elsewhere. There is
little doubt that the nature of the action was just the same as
in aqueous and alcoholic solutions,

In the whole circumstances, although the evidence may not
be of quite so decided a character in some of the cases of al-
coholic solutions as in regard to those in water, still T think
there need not be much hesitation in laying down as a still
more general proposition than that above stated, that % When
solutions of primary combinations of elementary substances,
in water and in those liquids, such as alcohol and pyroxylic

* Fig. 1. (p. 243,)
2A2
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spirit, which contain water as such as an essential constituent,
are submitted to voltaic agency, the dissolved substance is not
directly decomposed by the current, but only the water of the
solvent.”

111, Zthereal Solutions.— Rectified sther gives no sym-
ptom of decomposition, nor of conducting power, under the
influence of powerful currents, such as that from 200 pairs
of four-inch plates; and although ;;1-5th of potash has a
marked influence in promoting the voltaic decompostion of
alcohol, the largest quantity of that alkali which =ther is ca-
pable of dissolving has no effect in affording room for any
galvanic agency. Neither do any of the ordinary substances
soluble in =ther, such as corrosive sublimate, chloride of
platinum, or chromic acid, produce any such effect. Nor is an
oxyacid salt, such as nitrate of uranium, when held in solution
by it, resolved into its constituents under galvanic action.
The conclusion drawn from all these experiments is, that aether
does not like alcohol contain water as a constituent¥,

Up to this point, then, sether and sethereal solutions resist all
voltaic action. I have since, however, found that when recti~
fied eether is saturated with dry muriatic acid gas, and then
submitted to moderate galvanic action, hydrogen, retaining
some zthereal vapour mixed with it, is liberated at the nega-
tive pole, and no gas from the positive, but the liquid ac-
quires a yellow colour from dissolved chlorine.

When dry hydriodic acid gas was conducted into sther
in a little Wolfe’s apparatus, the liquid immediately separated
into two layers, a lower dense and deep red, and an upper
slightly coloured, which under voltaic agency yielded gas
from the negative pole.

In regard to the latter of these experiments, there can be
no doubt that in saturating the sether with hydriodic acid gas
decomposition took place; and although the nature of this
decomposition was not fully investigated, it seems probable
that the lower liquid consisted principally of iodized hydriodic
acid, resulting from the combination of oxygen derived from
the ather with hydrogen of a portion of the hydriodic acid,
on which view water of course would be formed, and become
the subject of the subsequent voltaic action. During the sa-
turation of aether with muriatic acid, no signs of decomposi-
tion were visible ; but still it is not impossible that some inter-
nal changes may have taken place, and water resulted from
the action united to muriatic acid. Unless such a view be
adopted, I should be inclined to hold that there really was

* Edinburgh Transactions, vol, xiii. p. 331.
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direct decomposition of the muriatic acid by the voltaic cur-
rent; for when I recollect that pure wther resisted very power-
ful voltaic currents, and that even potash, which has so won-
derful an effect in promoting the galvanic decomposition of
the water in absolute alcohol, did not make sether more sus-
ceptible of electric agency, I cannot allow myself to suppose
that the decomposition in the case of an sthereal solution of
a hydracid is that of water entering into the constitution
of ather, but adhere to the original view, that sether con-
tains no water, and that alcohol consists of sether and of
water.

1V. On the state in which the Haloid Salts are dissolved by
Water and Alcokol.—The question whether haloid salts are
dissolved by water as such, or decompose it and assume the
state of hydracid salts, is one on which chemists are still di-
vided. The action of voltaic electricity on such solutions
appears to me to decide the matter: during such action it is
frequently difficult, particularly in the case of iodides, to ob-
serve any acid reaction at the positive pole, when both poles
are plunged directly into the solution, on account of the re-
ducing action of oxygen on the acid formed; and even in
those cases in which acid is observed, that circumstance will
not of itself prove the haloid to be dissolved as a hydracid
salt, because it might be held that acid is formed by secondary
action at the negative pole, from whence it is drawn to the
positive. In this way only, on the hypothesis of solution as
a haloid, and direct voltaic decomposition of water alone, can
the separation of reduced metal at the negative pole be ac-
counted for. A doubt might also exist whether the acid re-
action at the pole might not arise from an oxyacid formed by
secondary action at the positive. All such objections are,
however, obviated by placing the poles beyond the solution,
50 as to get quit of secondary actions; and if in such circum-
stances we can show that the acid and the base go to their
proper poles, and that this acid is a bydracid, we have, I con-
ceive, sufficient evidence that the salt has been dissolved as a
hydracid salt ; for even laying aside for a moment the experi-
ments by which I have endeavoured to show that the haloids,
if existing as such in water, are not directly decomposed,
let us take the different views of the nature of the galvanic
action which suggest themselves when both poles are plunged
into the solution in the ordinary manner, and consider them
on the supposition that haloids are dissolved as such. First,
let us suppose that one or other of the two substances, water
or haloid, it matters not which, is decomposed, it is evident
that we cannot account for the production of acid where
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secondary action is excluded. Next let us suppose that both
substances are decomposed, and that either the elements
going to the same pole unite on their journey, or by an in-
terchange of elements the oxygen of water unites with the
metal of the haloid, and the hydrogen of water with the electro-
negative constituent of the haloid. The former of these al-
ternations is contradicted by the fact, that the acid formed is
a hydracid; and the latter, although it might account for the
formation of acid and alkali, would not account for the li-
beration of the electro-negative constituent of the haloid at
the positive pole, and of hydrogen in fixed and definite pro-
portion at the negative, whatever be the strength of the so-
lution. It appears to me then sufficient, in order to prove the
aqueous solution of a haloid as a hydracid salt, to show the
separation of the hydracid by voltaic action, under circum-
stances which exclude secondary action.

To exhibit this result the solution was placed in the tube B,
fig. 2, (p. 248) and distilled water in A and C, A being made
negative and B positive. "When solutions of the chlorides of
potassium and of calcium, and of the iodide of potassium were
treated in this way by fifty pairs of two-inch plates, acid and al-
kali were speedily detected at their proper poles in C and A,
and on the corresponding sides of the vessel B, and continued
to increase whilst the action lasted. The acid collected in C
was found in the case of the chlorides to be the muriatic.
In the case of the iodide the nature of the acid was somewhat
ambiguous with the above power, but when seventy pairs of
four-inch plates were employed it was decidedly the iodic.
There appeared, however, little doubt that this latter acid
had originated in an oxidating action at the positive pole on
reduced hydriodic acid; and this view was confirmed by con-
necting the tube B, containing a solution of iodide of potas-
sium, with two other vessels, C and D, containing distilled
water on the positive sides, as in fig. 4, and acting with seventy
pairs of four-inch plates :—

Fiot 4.

o

N P

A B ¢ D

when the acid produced in C was found to be the hydri-
odic, and thatin D the iodic; in other words, the acid sepa}rated
from B was the hydriodic, but on passing to the poles it was
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reduced, and the iodine oxidated; thus both in the case of
chlorides and of iodides, the acid separated proved to be the
hydracid.

It must, however, always be remembered, that although
such production can be readily shown in many cases of ha-
loids, it does not necessarily follow that this would hold in all
cases. We are of course best prepared to expect it in the
case of haloids, of which the constituents have the strongest
affinity for oxygen and hydrogen, such as the ordinary ha-
loids of the bases of the alkalies and alkaline earths; and ac-
cordingly, I showed that it applied.-to chlorides and iodides of
potassium and calcium. But further, it was found to hold
good in regard to the ordinary haloids of the common metals,
such as zine. 1 was prepared, however, to consider it as
doubtful what might be the result in regard to the noble
metals. Accordingly, when a moderately strong solution of
chloride of gold was placed in the tube B ¥, and connected
by asbestus with the tubes A and C, which were filled with
distilled water, A being made negative, and C positive by a
power of fifty pairs of two-inch plates, no decided indications
of the formation of acid were obtained during an hour’s action;
for although towards the end there was a slight acid reaction
at the positive pole, it was not greater than distilled water itself
might have yielded, and there was a trace of alkali at the ne-
gative. Before, however, deciding that chloride of gold in
solution does not yield to voltaic action, it would be neces-
sary to repeat the experiment with a more powerful current,
because it may possibly only be a case of more difficult elec-
tric resolution. In such cases also atomic constitution may
have a considerable, if not the principal influence, on the re-
sult,

Whenever we have obtained a decided instance of the for-
mation of acid in the above circumstances, we may conclude,
with every probability, that all haloids, of the same nature and
atomic constitution, of metals, of equal or more powerful affi-
nities, are in the same situation. Thus having verified the
rule for chloride of zinc, we may conclude that all proto-
chlorides of more electro-positive metals, such as manganese,
cerium, magnesium, barium, potassium, &c., are dissolved as
muriates. On the other hand, for the whole series of metals
of less powerful affinities, as well as for all haloids of more
complex atomic constitution, the matter will still require to
be investigated, and I purpose making some further re-
searches on the subject.

* Fig. 2. (p. 243.)
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In regard to sal-ammoniac, I found that it was resolved
into acid and alkali in the above circumstances, a result
showing that in solution at least it is simple muriate of am-
monia,and cannot justly be regarded as chloride of ammonium,
'The same reasoning above applied to the results with com-
mon haloids, can be readily extended to the hypothetical
chloride of ammonium ; and to complete the evidence on this
point, I found that a solution of muriate of ammonia yielded
the definite quantity of hydrogen from the negative pole.

The experiments with a positive zinc pole lead to the same
result, at least when taken in conjunction with those showing
that the haloids, if viewed as existing as such in solution, are
not directly decomposed. The oxide of zinc which is dis-
solved and transferred, must have been taken up by acid
which had been previously drawn to the positive side.

The analogy of the action with a positive zinc pole in al-
coholic solutions of haloid salts, as formerly described, leads
by similar reasoning to the view, that in moderately strong so-
lutions of that description also, such as that of chloride of li-
thium, iodide of potassium, and moderately saturated alco-
holic solutions of chloride of calcium, the haloid decomposes
the water of the alcohol, and exists in solution as an oxysalt.
Many phaenomena of the voltaic action on such solutions will
thus receive a more ready explanation than on the idea of
these salts being dissolved as haloids ; such as the appearance
of alkalies and earths at the negative pole, which will thus re-
sult directly from the decomposition of a hydracid, instead of
supposing the secondary action of the hydrogen and reaction
of the metal on water.

We cannot easily get the same evidence on this subject by
the method applied to aqueous solutions, of placing the poles
in water beyond the solution, because, from the inferior con-
ducting power of the alcoholic solution, less acid will be se-
parated if it truly exist in the liquid, and we cannot distin-
guish whether it may not come from the point of junction of
the alcoholic solution with the water in which the poles are
placed.

If alcohol dissolves haloid salts as hydracid salts, there can
be little doubt that pyroxylic spirit does the same : I incline
to think that the greater solvent powers of the latter fluid than
the former in regard to some substances, such as barytes, are
due to its greater absolute quantity of water, although not
greater atomic proportion.

V. On the Conducting Powers of Solutions.— Without going
the length of holding that the additional conducting powers
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bestowed on water by dissolved substances is exactly propor-
tional to the degree of chemical change under voltaic action re-
sulting from the dissolved body, there seems in every instance
inwhichincreased conducting power is bestowed some chemical
change, or at jeast voltaic transference, attending the increase
of conduction, This chemical change may result either from
the direct action of the current or from secondary agencies ;
and both circumstances lend their aid, where they occur, in
augmenting conducting power.

In the case of salts the voltaic separation of acid and alkali
at once explains the result, and in many of such cases we have
an additional effect from secondary action at one or both
poles.

Acids alone in solution, as is now generally known, and as
I have myself verified experimentally for sulphuric acid and
the hydracids, undergo transference to their proper pole,
which circumstance appears to be the principal cause of their
promoting conduction. In some instances secondary action
at the poles also contributes to the result.

To ascertain whether alkalies have a similar action by suf-
fering transference, a moderately strong solution of caustic
potash was placed in a tube B¥*, connected by asbestus moist-
ened with distilled water, with two tubes, A and C, containing
the latter fluid, A being made negative, and C positive by
seventy-two pairs of four-inch plates. The whole tubes
were covered with a close glass covering, a piece of turmeric
paper having been introduced into the liquids A and C be-
tween the asbestus and the poles. In a few minutes alkali was
indicated at the negative pole, and went on increasing during
half an hour, whilst the test paper in C was not discoloured,
showing that the effect in A was not owing to capillary action.
The experiment was then stopped, when the water in A, al-
though not alkaline to test paper throughout, became de-
cidedly so by concentration, whilst that in C showed no alkali
even after concentration.

In the experiments also already detailed, in which acid and
alkali were separately drawn to the poles in distilled water
from saline solutions, the alkali usually reached the pole as
soon as the acid.

There can thus be no doubt, that by voltaic action, the alkali
in an aqueous solution is transferred to the negative pole.

Water coloured by bromine gives sensibly more efferves-
cence under galvanic action, showing a superior conducting
power of the solution.

The manner in which such simple substances increase the

* Fig. 2. (p. 243,
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conducting power of water requires a little investigation.
Chlorine, bromine, and iodine are generally admitted to be
non-conductors themselves; and even if a little doubt may
exist as to iodine in a state of fusion, it is scarcely possible that
the minute quantity in an aqueous solution can operate in
that way.

To ascertain whether such substances were capable of
transference in solution, an aqueous solution of bromine, with
a little undissalved bromine at the bottom, to maintain a state
of saturation, was placed in the tube B, the arrangement being
in all other respects the same as in the last-described experi-
ment with a solution of potash ; and after an hour’s action of
seventy-two pairs of four-inch plates no discoloration from
transference of bromine could be observed in the water either
of A or of C; and the latter had only a scarcely perceptible
smell of bromine, which I believe was due to the secondary
decomposition of a trace of hydrobromic acid drawn into C,
as both the liquids B and C showed some degree of acid re-
action.

An aqueous solution of iodine was then substituted in B
for that of bromine, a little iodine being also left at the bottom,
and all other circumstances the same, and the battery re-
charged. After an hour’s action there was no appearance
of iodine either in A or C.

From these experiments, it is obvious that neither of these
substances are transferred in solution by voltaic agency. We
must therefore look for some other explanation of the in-
creased conducting power, and that which readily occurs is a
secondary action at the negative pole, by the union of hydro-

en with the dissolved substance. To determine the accuracy
of this view, the current from fifty pairs of two-inch plates was
passed at the same time through a solution of bromine and
diluted sulphuric acid, and the hydrogen evolved from the
two negative poles collected, when afier half an hour thirteen
cubic inches were collected from the sulphuric solution, and
only a bubble, the size of a pea, from the bromine solution :
the difference had evidently combined with bromine.

When an aqueous solution of iodine, which had previously
been purified by sublimation, solution in alcohol and precipi-
tation by water, was substituted for that of bromine, the ac-
tion was much more feeble. In a quarter of an hour only
a small bubble of gas was collected from each negative pole,
and in two hours and a quarter ‘1 cubic inch from the sul-
phuric solution, and -077 from the iodic.

1t is thus evident, that both in the case of bromine and
jodine the action is increased by the combination of the dis-
solved substance with hydrogen of the decomposed water, but
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that, as is to be expected, this circumstance occurs to a much
larger extent in the case of bromine than of iodine*.

On connecting the rules regulating the voltaic decomposi-
tion of solutions and the transference of substances held dis-
solved, we observe that no substance, when in a state of trans-
ference, suffers direct voltaic decomposition. Acids and al-
kalies suffer transference, but not direct decomposition. On
the other hand, salts, whether oxyacid or hydracid, are not
transferred, but are resolved into their constituent acid and
alkali.

We cannot, however, say that every substance which is
not transferred is directly decomposed.  Thus we can hardly
doubt that such compounds as bromide of iodine do not suffer
voltaic transference, seeing that their constituent elements are
not transferred ; and we have further seen that this combina-
tion is not directly decomposed in solution. Probably also
some cases of chlorides exist, in which, from peculiarity of
atomic constitution, or other circumstances, there is neither
transference nor direct decomposition.

Erratum in the former part of this paper in No. 117: page 247, line
44, for non-negative read now negative,

LIX. On the Natural Arrangement of the Consonantal
Sounds. By H. WEpnewoob, Esg.

7o the Editors of the Philosophical Magazine and Journal.

GENTLEMEN,
SEEING from your last (February) Number, p. 124, that you

do not consider speculation on such a subject foreign to
the plan of your publication, I am induced to send you a
scheme of all the simple consonantal sounds, exhibiting, in a
tabular form, a complete synopsis of their relations with each
other.

The first point to be settled is the list of the souuds that
are to be the subject of arrangement, which are far from co-
inciding with those represented by the consonants of the
English alphabet. In our mode of writing many simple con-
sonantal sounds are represented by a combination of letters,
and conversely, some of our simple consonants are used to
represent compound sounds, while others are used on differ-
ent occasions as the representatives of more than one simple
or compound sound.

* Long after these experimeunts were made and conclusions drawn, I
observed that M. Becquerel had also found that bromine and iodine in
solution unite with hydrogen under voltaic action,— Institut, Juin, 1840.



