PHILOSOPHICAL TRANSACTIONS.

I. THe BakeriaN LecTURE.—On the Diffusion of Liquids.
By Tuomas Grauam, F.R.S., F.C.S.

Received November 16,—Read December 20, 1849.

ANY saline or other soluble substance, once liquefied and in a state of solution, is
evidently spread or diffused uniformly through the mass of the solvent by a sponta-
neous process.

It has often been asked whether this process is of the nature of the diffusion of
gases, but no satisfactory answer to the question appears to be obtained, owing, I
believe, to the subject having been studied chiefly in the operations of endosmose,
where the action of diffusion is complicated and obscured by the imbibing power of
the membrane, which is peculiar for each soluble substance, but no way connected
with the diffusibility of the substance in water. Hence also it was not the diffusion
of the salt, but rather the diffusion of the solution, which was generally regarded.
A diffusibility like that of gases, if it exists in liquids, should afford means for the
separation and decomposition even of unequally diffusible substances, and being of a
purely physical character, the necessary consequence and index of density, should
present a scale of densities for substances in the state of solution, analogous to vapour
densities, which would be new to molecular theory.

M. Gay-Lussac proceeds upon the assumed analogy of liquid to gaseous diffusion
in the remarkable explanation which he suggests of the cold produced on diluting
certain saline solutions, namely, that the molecules of the salt expand into the water
like a compressed gas admitted into additional space.

The phenomena of solubility are at the same time considered by that acute philo-
sopher as radically different from those of chemical affinity, and as the result of an
attraction which is of a physical or mechanical kind. The characters indeed of these
two attractions are strongly contrasted. Chemical combination is uniformly attended
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2 PROFESSOR GRAHAM ON THE DIFFUSION OF LIQUIDS.

with the evolution of heat, while solution is marked with equal constancy by the pro-
duction of cold. The substances which combine chemically are the dissimilar, while
the soluble substance and its solvent are the like or analogous in composition and
properties. A

In the consideration of solubility, attention is generally engrossed entirely by the
quantity of salt dissolved. But it is necessary to apprehend clearly another character
of solution, namely, the degree of force with which the salt is held in solution, or the
intensity of the solvent attraction, quite irrespective of quantity dissolved. In the
two solid crystalline hydrates, pyrophosphate of soda and sulphate of soda, we see
the same ten equivalents of water associated with both salts, but obviously united
with unequal degrees of force, the one hydrate being persistent in dry air and the
other highly efflorescent. So also in the solutions of two salts which are equally
soluble in point of quantity, the intensity of the attraction between the salt and the
water may be very different, as exemplified in the large but feeble solubility in water
of such bodies as the iodide of starch or the sulphindylate of potash, compared with
the solubility of hydrochloric acid or of the acetate of potash, which last two sub-
stances are capable of precipitating the two former, by displacing them in solution.
Witness also the unequal action of animal charcoal in withdrawing different salts
from solution, although the salts are equally soluble; and the unequal effect upon
the boiling-point of water produced by dissolving in it the same weight of various
salts. Besides being said to be small or great, the solubility of a substance has also
therefore to be described as weak or strong.

The gradations of intensity observed in the solvent force are particularly referred
to, because the inquiry may arise how far these gradations are dependent upon un-
equal diffusibility ; whether indeed rapidity of diffusion is not a measure of the force
in question.

I bave only further to premise, that two views may be taken of the physical agency
by which gaseous diffusion itself is effected, which are equally tenable, being both
entirely sufficient to explain the phenomena.

On one theory, that of Dr. Darron, the diffusibility of a gas is referred immediately
to its elasticity. The same spring or self-repulsion of its particles which sends a gas into
a vacuum, is supposed to propel it through and among the particles of a different gas.

The existence of an attraction of the particles of one gas for the particles of all
other gases is assumed in the other theory. This attraction does not occasion any
diminution of volume of gases on mixing, because it is an attraction residing on the
surfaces of the gaseous molecules. It is of the same intensity for all gases, hence its
effect in bringing about intermixture is dependent upon the weight of the molecules
of the gases to be moved by it; and the velocity of diffusion of a gas comes to have
the same relation to its density on this hypothesis as upon the other*.

* Both of the molecular theories of the diffusion of gases were first publicly explained, and at the same time
ably discussed, with the reference to the law of diffusion which had been drawn from observation, by my late
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The surface attraction of molecules assumed will recall the surface attraction of
liquids, which is found necessary to account for the elevation of liquids in tubes and
other phenomena of capillary attraction.

(1.) An early preliminary experiment was made upon the liquid diffusion of a body,
with whose diffusion as a gas we are already well acquainted, namely, carbonic acid
dissolved in water.

Two half-pound stoppered glass bottles were selected, of which the mouths were
1'2 inch in diameter, and the lips were ground flat so as to close tight when applied

together (fig. 1). One of them, placed firmly in an upright Fig. 1.
position, was filled to the base of the neck with carbonic acid i

water. Over this distilled water was poured, care being taken
to disturb the liquid below as little as possible, in filling up
the neck. The second bottle, filled with distilled water and
inverted upon a glass plate, was slipped over the first at the
water-trough. The solution of carbonic acid in the lower
bottle was thus placed in free communication by an aperture
of 12 inch, with an equal volume of pure water in the upper
bottle. It was expected that the carbonic acid would be
found, in time, equally diffused through both bottles. —

After forty-eight hours, the upper inverted bottle was again slipped off from the
lower one, upon a glass plate, and the ratio of the gas found in the upper to that in
the lower bottle determined by the weight of carbonate of baryta which the liquids
of the two bottles afforded respectively. It was as 118 to 1280 (about 1 to 11),
instead of the ratio of equality, which would undoubtedly be the ultimate result of
diffusion, were sufficient time allowed.

After five days, in a second experiment with a weaker solution of carbonic acid,
the gas was found to be distributed—

In upper bottle . . . . 163
_In lower bottle . . . . 844

or in the proportion of 1 to 5 nearly.

In other experiments where the liquid in the upper bottle was a solution in water
of nitrous oxide gas, instead of pure water, the carbonic acid of the lower bottle was
also observed to diffuse into the liquid above it, as freely as it did into pure water in
a comparative experiment ; the ultimate ratios being 1 to 012 in the nitrous oxide
liquid, and 1 to 0-10 in the water experiment.

With the necks of the pair of bottles occupied by sponge charged with distilled
water, the diffusion of the carbonic acid of the lower bottle proceeded with little

friend Mr. T. 8. Tromson of Clitheroe, A decided preference was given by Mr. vTHOMSON, and also by the
late Mr. Ivory, to the last, or the attraction theory of diffusion, over that of gases being vacua to each other.
See Phil. Mag., 3rd series, vol. xxv. pp. 51, 282,
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4 PROFESSOR GRAHAM ON THE DIFFUSION OF LIQUIDS.

change in its rapidity, or in the result when nitrous oxide was placed above it. The
carbonic acid found in the upper bottle, and which had diffused into it from the
lower, was 0'231 when the upper bottle contained water alone, and 0'229 when it
was water charged with three-fourths of its volume of nitrous oxide gas,—to 1 car-
bonic acid remaining undiffused in the lower bottle in both cases.

It appeared, then, that the liquid diffusion of carbonic acid was a slow process
compared with its gaseous diffusion, quite as much as days are to minutes.

That this diffusion of the liquid carbonic acid takes place with undiminished vigour
into water already saturated with nitrous oxide, the substance of all others most re-
sembling carbonic acid in solubility and the whole range of its physical qualities.
The diffusion of the liquid carbonic acid appears no morevrepressed by the liquid
nitrous oxide, than the diffusion of gaseous carbonic acid is by gaseous nitrous oxide.

But the chief interest of these observations was the practical solution which they
give to the question, whether, in conducting experiments on liquid diffusion, acci-
dental causes of disturbance and intermixture of two liquids, communicating freely
with each other, can be avoided. It was made evident that little is to be feared from
accidental dispersion when ordinary precautions are taken.

An excess of density in the lower liquid of not more than 1¢th part is found
adequate to prevent any considerable change of place of the latter,—from expansion
by heat, accidental tremors and such disturbing causes, which must exist,—for days
together.

(2.) Another early inquiry was, how far is the diffusion of various salts governed
or modified by the density of their solutions.

Solutions of eight hydrated acids and salts were prepared, having the common den-
sity of 1-200, and were set to diffuse into water in the following manner:—

Eighteen or twenty six-ounce phials were made use of to contain the solutions, and
to form what I shall call the Solution phials or cells. They were of the same make
and selected from a large stock, of the common aperture of 1°175 inch. Both the
mouths and bottoms of these phials were ground flat. The mode of making an ex-
periment was first to fill the phial to the base of the neck, or rather to a constant
distance of 06 inch below the ground surface of the lip. A little disc of cork, pro-
vided with a slight upright peg of wood, was then floated upon the solution in the
neck, after having been first dipt in water. The neck itself was now filled up with
pure water by means of a pointed sponge, the drop suspended from the sponge being
made to touch the peg of the float, and water caused to flow in the gentlest manner,
by slightly pressing the sponge. The only other part of the apparatus, the Water-jar,
was a plain cylindrical glass jar, of which the inner surface of the bottom was flat or
slightly concave, to give a firm support to the phial. The phial, with its solution
only, was first placed in this jar partly filled with distilled water, and the neck of the
former was then filled up with distilled water in this position, as before described, to
avoid any subsequent movement. The phial was ultimately entirely covered to the
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depth of an inch with water, which required about 30 ounces of the  Fig. 2.
latter, fig. 2. The saline solution in the diffusion cell or phial thus F———
communicated freely with about 5 times its volnme of pure water, the

liquid atmosphere which invites diffusion. Another modification of
this procedure was the substitution of phials cast in a mould, of the
capacity of 4 ounces, or more nearly 2080 grs., which were ground
down to a uniform height of 3-8 inches. The neck was 125 inch in
diameter and 0'5 inch in depth; and the phial was filled up with the ~——=—
solution to be diffused to that point. The solution cell or phial and the water-jar
form together a Diffusion cell.

The diffusion was stopt, after twenty-seven days in the present experiments, by
closing the mouth of the phial with a plate of glass, and then raising it out of the
water-jar. The quantity of salt or of acid which had found its way into the water-
jar,—the diffusion product as it may be called,—was then determined by evaporating
to dryness for the salts, and by neutralizing the same liquid with a normal alkaline
solution for the acids. The quantities of the acids ditfused are estimated at present
as protohydrates for the sake of comparison with the salts.

S~ —— ]

TasLe I.—Diffusion of Solutions of Density 1:200. Temp. 66° Faur.

Placed in solution cell. Found in water-jar.
Proportion of anhy- . Diffusion product.
drous salt, or of acid | Boiling-
protohydrate, to 100 point.
of water. : In grains. | Ratio.
Chloride of S0diUm ...evvvveilvennerineans 34:21 2255 | 269-80 | 100
NItric aCId vveveveeriruineneeerneneesenrnenens 37°93 227 58120 | 21542
Sulphuric acid ....covveieiiiiiiiiiennninn 29:03 223 455°10 | 16868
Chloride of potassium (denalty 1 178) 34-86 221 32030 | 11871
Bisulphate of potash .. . 31:85 216 319-00 | 118-23
Nitrate of 50da ...cevviiierinierenennnennnn. 3242 220 260-20 | 96-44
Sulphate of magnesia.........ccouveriennnnns 22:38 214 95-87 3553
Sulphate of copper..........ccceeeieireennnnn. 21-56 2133 7747 | 2871

It appears that the diffusion from solutions of the same density is not equal but
highly variable, ranging from 1 to 0°1333.

The results also favour the existence of a relation between large or rapid diffusibi-
lity and a high boiling-point. The latter property may be taken to indicate of itself
a high degree of attraction between the salt and water.
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I. CHARACTERS OF LIQUID DIFFUSION.
1. Diffusion of Chloride of Sodium.

The characters of liquid diffusion were first examined in detail in the case of this
salt.

(1.) Do different proportions of chloride of sodium in solution give corresponding
amounts of diffusion ?

Solutions were prepared of chloride of sodium in the proportion of 100 water with
1, 2, 3 and- 4 parts of the salt.

The diffusion of all the solutions was continued for the same time, eight days, at
the mean temperature of 525 Fanr.

Diffusion product.
Proportion of salt to 100 water.
In grains. | Ratio.
1 2:78 1
2 554 1-99
3 837 301
4 11-11 4:00

The quantities diffused appear therefore to be closely in proportion (for this salt)
to the quantity of salt in the diffusing solution. The density of the solutions con-
taining 1, 2, 3 and 4 parts of chloride of sodium, was at 60°, 1:0067, 10142, 1'0213,
1:0285. The increase of density corresponds very nearly with the proportion of
chloride of sodium in solution. A close approach to this direct relation is indeed
observable in most salts, when dissolved in proportions not exceeding 4 or 5 per
cent,

The relation which appears in these results is also favourable to the accuracy of
the method of experimenting pursued. The variation from the speculative result
does not in any observation exceed 1 per cent.

(2.) Is the quantity of salt diffused affected by temperature ?

The diffusion of similar solutions of chloride of sodium was repeated at two new
temperatures, 39>6 and 67°, the one being above and the other below the preceding
temperature. It was necessary to use artificial means to obtain the low temperature
owing to the period of the season. A close box of double walls, namely, the ice-safe
of the Wenham Ice Company, was employed, masses of ice being laid on the floor of
the box, and the water-jars supported on a shelf above. The water and solution were
first cooled separately for twenty-four hours in the ice-box, before the diffusion was
commenced. It was found that the temperature could be maintained within a range
of 2° or 3° for eight days. It was doubtful however whether the temperature was
constantly the same to a degree or two in all the jars; and the results obtained at
an artificial temperature were always less concordant and sensibly inferior in preci-
sion to observations made at the atmospheric temperature.
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Diffusion of Chloride of Sodium.

Diffusion product.
Proportion of salt to 100 water.

In grains.| Ratio.

1 At 39%6 263 1
2 At 39%6 527 2:00
3 At 39°6 7+69 2:92
4 At 39-°6 10-00 380

1 At 67° 3+50 1
2 At 67° 689 1-97
3 At 67° 990 2:83
4 At 67° 13:60 3-89

The proportionality in the diffusion is still well-preserved at the different tempe-
ratures. The deviations are indeed little, if at all, greater than might be occasioned
by errors of observation. The ratio of diffusion, for instance, from the solutions
containing 4 parts of salt, is 3'80 and 3'89 for the two temperatures, which numbers
fall little short of 4.

The diffusion manifestly increases with the temperature, and as far as can be
determined by three observations, in direct proportion to the temperature. The dif-
fusion-product from the 4 per cent. solution increases from 10 grs. to 13-60, with a
rise of temperature of 27°4, or rather more than one-third. Supposing the same
progression continued, the diffusibility of chloride of sodium would be doubled by a
rise of 84 or 85 degrees.

(8.) The progress of the diffusion of chloride of sodium in such experiments as
have been narrated, was further studied by intercepting the operation after it had
proceeded for different periods of 2, 4, 6 and 8 days. The solution employed was
that containing 4 parts of salt to 100 water. Two of the six-ounce phials were dif-
fused at the same time for each period. The temperature given is the mean of the
temperatures of a water-jar observed each day of the period. The daily fluctuation
was not more than two or three-tenths of a degree Faur.

In 2 days, temperature 63%7; the salt diffused was 4'04 and 3'86 grs.; mean
3:95 grs.

In 4 days, temperature 63°7; the salt diffused was 678 and 7°12 grs.; mean
695 grs. ’

In 6 days, temperature 63°8; the salt diffused was 1002 and 970 grs.; mean
9'86 grs.

In 8 days, temperature 64°; the salt diffused was 1300 and 1325 grs.; mean
1312 grs.

The proportion diffused in the first period of two days is given directly in the first
experiments. The proper diffusion for each of the three latter periods of two days is
obtained by deducting from the result of each period the result of the period which
precedes it :—
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Diffused in Ist twodays . . . . . . 3895 grs.
Diffused in 2nd two days . . . . . 300 grs.
Diffused in 8rd twodays. . . . . . 291 gis.
Diffused in 4th twodays. . . . . . 326 grs.

The diffusion appears to proceed pretty uniformly, if the amount diffused in the
first period of two days be excepted. IEach of the phials contained at first about
108 grs. of salt, of which the maximum quantity diffused is 13:12 grs. in eight days,
or 557 of the whole salt. Still the diffusion must necessarily follow a diminishing
progression, which would be brought out by continuing the process for longer time,
and appear at the earliest period in the salt of most rapid diffusion.

All the experiments which follow being made like the preceding on comparatively
large volumes of solution in the phial, and for equally short periods of seven or eight
days, may be looked upon as exhibiting pretty accurately the initial diffusion of such
solutions, the influence of the diminishing progression being still small. The volume
of water in the water-jar is also relatively so large, that the experiment approaches
to the condition of diffusion into an Unlimited Atmosphere.

2. Diffusion of various Salts and other Substances.

With these notions regarding the influence of temperature and proportion of salt
on the amount of diffusion, an examination was next undertaken of the relative dif-
fusibility of a variety of salts and other substances. The results of this first survey
I shall state as shortly as possible, as I consider these, as well as the experiments
which preceded, as of a preliminary character. The experiments were all made by
means of the diffusion phials already described, namely, the six-ounce phials, and
with similar manipulations.

In the following experiments, the diffusion took place at a temperature ranging
from 62° to 59°, mean 605, and was continued for a period of eight days; the
proportion of salt in solution to be diffused being always 20 salt to 100 water, or
1 to 5. I add as usual the density of the solutions.

TagLe II.—Diffusion of solutions of 20 salt to 100 water, at 60>5, for eight days.

Density of Anhydrous salt diffused.
Name of salt. solution at 60°. —
In grains. Means.

Chloride of sodium ........c.ceeon.| 141265 585
Chloride of sodium .......coceueenee|  1°1265 5887 58-68
Sulphate of magnesia..................| 1:185 27°42 27+42
Nitrate of soda ....c.oevvevvenieninnnn| 10120 521 .
Nitrate of soda .... 1-120 5102 51:56
Sulphate of water ......... 1-108 68+79
Sulphate of water ........c..o.eeunenne|  1°108 69-86 69-32
Crystallized cane-sugar ............... 1:070 26-74 26+74
Fused cane-sugar ............c.oeeee.|  1°066 26+21 . 26-21
Starch-sugar (glucose) ...........c...|  1:061 26-94 26-94
Treacle of cane-sugar ...............| 14069 32:55 - 32:55
Gum-arabic .......cooveuivennennienen| 14060 13-24 13:24
Albumen ..iilieciieeieiiieiniienienen. 1-0563 3:08 3:08
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The following additional ratios of diffusion were obtained from similar solutions at
a somewhat lower temperature, namely 48° ;—chloride of sodium 100, hydrate of pot-
ash 151°93, ammonia (from a 10 per cent. solution, saturated with chloride of sodium
to increase its density) 70, alcohol (saturated with chloride of sodium) 75°74, chloride
of calcium 71-23, acetate of lead 45°46.

Where two experiments upon the same salt are recorded in the table they are seen
to correspond to within 1 part in 40, which may be considered as the limit of error in
the present observations. It will be remarked that the diffusion of cane- and starch-
sugar is sensibly equal, and double that of gum-arabic. On the other hand, the
sugars have less than half the diffusibility of chloride of sodinm. It is remarkable
that the specifically lightest and densest solutions, those of the sugars and of sulphate
of magnesia, approach each other closely in diffusibility. On comparing together,
however, two substances of similar constitution, such as the two salts, chloride of
sodium and sulphate of magnesia, that salt appears to be least diffusive of which the
solution is densest.

But the most remarkable result is the diffusion of albumen, which is low out of
all proportion when compared with saline bodies. The solution employed was the
albumen of the egg, without dilution, but strained through calico and deprived of
all vesicular matter. As this liquid, with a density of 1:041, contained only 14'69
parts of dry matter to 100 of water, the proportion diffused is increased in the
table to that for 20 parts, to correspond with the other substances. In its natural
alkaline state the albumen is least diffusive, but when neutralized by acetic acid, a
slight precipitation takes place and the liquid filters more easily. The albumen is
now sensibly more diffusive than before. Chloride of sodium appears 20 times more
diffusible than albumen in the table, but the disparity is really greater; for nearly
one-half of the watter which diffused consisted of inorganic salts. Indeed the experi-
ment appears to promise a delicate method of proximate analysis peculiarly adapted
for animal fluids. The value of this low diffusibility in retaining the serous or albu-
minous fluids within the blood-vessels at once suggests itself.

Similar results were obtained with egg albumen diluted and well-beaten with
1 and 2 volumes of water. The solution diluted with an equal bulk of water, and
made slightly acid with acetic acid, contained 7} dry matter to 100 water. Diffused
from two four-ounce bottles of 1:25 inch aperture, for seven days, at a mean tempe-
rature of 435 Fanr., it gave products of 173 and 1°48 gr., from the evaporation of
two water-jars, in which cubic crystals of common salt were abundant. The whole
matter thus diffused in two cells was found to consist of—

Coagulable albumen. . . . . . 094 gr.
Soluble salts . . . . . . . . 227 grs.

—

321 grs,

The diffusion product of the same solution of albumen left alkaline, or without the
MDCCCL. c
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addition of acetic acid, in the same circumstances, was 1°41 and 120 grs. in two
cells ; and consisted of—

Coagulable albumen. . . . . . 063 gr.
Solublesalts . . . . . . . . 1'98gr.
2:61 grs.

The diffusion product of a solution of 71 parts of chloride of sodium to 100 water,
from similar cells and for the same time and temperature, would amount to about
30 grs. of salt. It is to be remarked also that 5:53 grs. of the ignited salt diffused
from albumen contained 132 gr. of potash or 23'9 per cent., which is a high propor-
tion, and indicates that salts of potash diffuse out more freely from albumen than
salts of soda.

Nor does albumen impair the diffusion of salts dissolved together with it in the
same solution, although the liquid retains its viscosity. Three other substances,
added separately in the proportion 5 parts to 100 of the undiluted solution of egg
albumen, were found to diffuse out quite as freely from that liquid as they did from
an equal volume of pure water: these were chloride of sodium, urea and sugar.
Urea proved to be a highly diffusible substance. It nearly coincided in rate with
chloride of sodium.

A second series of salts were diffused containing 1 part of salt to 10 of water; a
smaller proportion of salt which admits of the comparison of a greater variety of

salts. The temperature during the period of eight days was remarkably uniform,
60°—59°.

Tasre ITL.—Diffusion of solutions of 10 salt to 100 water at 59°5.

Density of Anhydrous salt diffused.
Name of salt. solution at 60°. Tn wrai
n grains. Means.
Chloride of sodium.......cceeevrnrannns 1-0668 32:3
Chloride of sodium..........ccecov.on|  1°0668 322 32:25
Nitrate of 80da .c..covvvriieernninnand|  1°0622 307 30:7
Chloride of potassium ...............| 1:0596 4015 40°15
Chloride of ammonium ............... 1-:0280 40-20 40-20
Nitrate of potash ......ccoceveinnnne. 1-0589 351
Nitrate of potash .........ccceevunnnd| 190589 36-0 3555
Nitrate of ammonia .................. 1-0382 353 353
Iodide of potassium .......cceevvennnd| 140673 37:0 37:0
Chloride of barium ..........eeeun.. 1-0858 270 2740
Sulphate of water ........cccceeieeenn| 140576 37-18
Sulphate of water ...........cceueeens| 140576 3653 3685
Sulphate of magnesia...........c......| 170965 15-3
Sulphate of magnesia.............. « 10965 156 15-45
Sulphate of zinc.....ccooueiieviie was 1-0984 156
Sulphate of zinC.....c.couvverniiennne 1-0984 16-0 15-80

Before adverting to the, relations in diffusibility which appear to exist between

certain salts in the preceding table, I may state the results of the diffusion of the
same solutions at a lower temperature.
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TaeLe IV.—Diffusion of solutions of 10 salt to 100 water at 37%5.

Anhydrous salt diffused.
Name of salt.

In grains. Means.

Chloride of sodium .................. 22-21
Chloride of sodium .................. 2274 22:47

Nitrate of soda .....c.cceveviinnienn.nn. 2253
Nitrate of s0da ....cvvvviiieineennnnns 2805 2279
Chloride of ammonium ............... 31°14 3114

Nitrate of potash .......cc.eevvevnnnn. 28-84
Nitrate of potash ........cceceuveenenn. 28-56 2870
Nitrate of ammonia .................. 29°19 29°19
Todide of potassium .......cc.eeunenn. 2810 2810
Chloride of barium .......cccevuee. 21-42 2142

Sulphate of water .........cccvevuenen. 3111
Sulphate of water .........cooeeernne. 28-60 29-85

Sulphate of magnesia ............... 13-03
Sulphate of magnesia ............... 1311 1307

Sulphate of zinC....coovivinienneennnen. 11-87
Sulphate of zinc..........ccvevuvennen. 13:33 12:60

The near equality of the quantities diffused of certain isomorphous salts is striking
at both temperatures. Chloride of potassium and chloride of ammonium give 4015
and 4020 grs. respectively in the first table. Nitrate of potash and ritrate of
ammonia 3555 (mean) and 353 grs. respectively in the first table, and 2870 and
29°19 grs. in the second table. Sulphate of magnesia and sulphate of zinc 1545
and 15'8 grs. (means) in the first table, with 13:07 and 12'60 grs. in the second.
The relation observed is the more remarkable, that it is that of equal weights of the
salts diffused, and not of atomically equivalent weights. In the salts of ammonia
and potash, this equality of diffusion is exhibited also, notwithstanding considerable
differences in density between their solutions; the density of the solution of chloride
of ammonium, for instance, being 10280 and that of chloride of potassium 1:0596.
It may have some relation however, but not a simple one, to the density of the solu-
tions ; sulphate of magnesia, of which the solution is most dense, being most slowly
diffusive ; and salts of soda being slower, as they are generally denser in solution, than
the corresponding salts of potash. Nor does it depend upon equal solubility, for in
none of the pairs is there any approach to equality in that respect.

A comparison was now made of the diffusibility of several acids. They were dif-
fused from the same six-ounce phials, and for eight days. Solutions were prepared in
the proportion of 4 parts of the anhydrous acid to 100 parts of water. The quantity
of acid which diffused into the water-jar was estimated by the proportion of - carbo-
nate of soda which it neutralized.

c2
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TasLe V.—Diffusion of acid solutions (4 acid to 100 water) at 59°3.

) Dénsity of Anhydrous acid diffused.
Name of acid. solution at 60°. .

In grains. Means.

Nitric acid cv.vvevvieinieevennesienionnn. 1-0243 2921

28:19 287
Hydrochloric acid .............cee oo| 140225 34-22
33-99 341

Sulphuric acid ....coeviiinininiann. 1-0317 1871
18:26 18:48

Acetic acid...cviveneeiiinieeineineinnnns 1:0094 19°13
1719 1816

Oxalic acid ..ocvvvivnvieninvenenneenn. 1-0235 12:38
12-38 12:38

Arsenic acid ....oooeiieiiiiineiiinin.., 10320 12-16
12:16 12-16

Tartaric acid ...ccovveineineriinennnnnn. 1:0194 990
9:69 979

Phosphoric acid.........ccoveeniinnnnn. 1-0284 9-09
9-09 9-09
Chloride of sodium .................. 1-0285 12°32 1232

Considerable latitude thus appears to exist in the diffusibility of the different acids.
To make the result for nitric acid fairly comparable with that for hydrochloric acid,
the former should be increased in the proportion of 54 to 63, that is estimated as
nitrate of water. This calculation gives 33'5 grs. of nitrate of water diffused, which
approaches closely to 34'1 grs., the quantity for chloride of hydrogen or hydrochloric
acid. The quantity of soda neutralized by the sulphuric and hydrochloric acids dif-
fused was as 14'32 to 28'97, or nearly as 1 to 2. Sulphuric and acetic acids, on the
other hand, appear to be equally diffusible. Phosphoric acid is the least diffusible
acid i the series, presenting only about half the diffusion product of the two last-
mentioned acids. The solution of phosphoric acid had been boiled for half an hour
before diffusion, and was therefore in the tribasic state. The same precaution was
not thought of for arsenic acid, although it is possibly required by this acid also.
These two acids do not exhibit the equality of diffusion anticipated from their recog-
nized isomorphism, but it is to be stated that the acidimetrical method of analysis
followed is not so properly applicable to these two acids as it is to all the others.

3. Diffusion of Ammoniated Salts of Copper.

It was interesting to compare together such related salts as sulphate of copper, the
ammoniated sulphate of copper or soluble compound of sulphate of copper with
2 equivs. of ammonia and the sulphate of ammonia. It is well known that metallic
oxides, or subsalts of metallic oxides, when dissolved in ammonia or the fixed alkalies,
are easily taken down by animal charcoal. This does not happen with the ordinary
neutral salts of the same acids, which are held in solution by a strong attraction.
Supposing the existence of a scale of the solvent attraction of water, the preponde-
rance of the charcoal attraction will mark a term in that scale. And if the solvent
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force is nothing more than the diffusive tendency, it will follow that salts which can
be taken down by charcoal must be less diffusible than those which cannot.

Of sulphate of ammonia and sulpbate of copper, solutions were prepared, consist-
ing of 4 anhydrous salt to 100 water, the sulphate of ammonia being of course taken
as NI O.80;,. The solution of the copper salt was divided into two portions, one
of which had caustic amwoniaadded to it in slight excess, so as to produce the azure
blue solution of ammonio-sulphate of copper.

The solutions were diffused for eight days, at a mean temperature of 64°9 for the
sulphates and nitrates, and 67°7 for the chlorides.

TasLe VI.—Diffusion of solutions, 4 salt to 100 water.

Density of solution
Name of salt. at temS;)e'rature of dﬁg:};ggl;or:‘;;:ilzs_
experiment.
Sulphate of ammonia...........c...... 1:0235 12:13
Sulphate of ammonia.................. 1-0235 11-96
Sulphate of copper ........ccceenee. 1-0369 6-19
Sulphate of copper ........ceeerenen. 1:0369 6-51
Ammonio-sulphate of copper ...... 1-:0308 1-45
Ammonio-sulphate of copper ...... 1-0308 1443
Nitrate of ammonia ..........ee...... 1-0136 16:15
Nitrate of ammonia .......ccecvueenen 1:0136 : 1544
Nitrate of COPPEr ..e.veveeerenenrnnens 10323 977
Nitrate of copper ......vceveereennenns 1-0323 977
Ammonio-nitrate of coppPr ......... 1-0228 177
Ammonio-nitrate of copper ......... 1-0228 1:36
Chloride of ammonium............... 1-0100 16-18
Chloride of ammonium............... 1-0100 17-00
Chloride of copper .....cccveeennn.e. 1-0328 10-83
Chloride of copper ......ccevvvevnnns 1-0328 | 10-48
Ammonio-chloride of copper ...... 1-0209 4-54
Ammonio-chloride of copper ...... 1-0209 3:94

It is to be observed, that in preparing the ammoniated salts, the solutions of the
neutral salts of copper were slightly diluted by the water of the solution of ammonia
added to them, so that the proportion of salt of copper which they possessed was
sensibly reduced below 4 per cent. On the other hand, the copper salt which diffused
out is estimated, not as ammoniated, but as neuatral salt. It will be observed that the
quantity of sulphate of copper diffused out in the experiments falls from 635 in the
neutral salt to 144 gr. in the ammoniated salt; of nitrate of copper from 977 to
1'56, and of chloride of copper from 1065 to 424. These numbers are to be taken
only as approximations ; they are sufficient however to prove a much reduced dif-
fusibility in the ammoniated salts of copper.

It will be remarked that the nitrate of ammonia and chloride of ammonium ap-
proximate, 15°80 and 1659 grs.; as do also the nitrate and chloride of copper, 977
and 10'65 grs. ; the chlorides, which were diffused at the higher temperature by 2°8,
exceeding the nitrates in both cases.
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4. Diffusion of Mixed Salts.

When two salts can be mixed without combining, it is to be expected that they will
diffuse separately and independently of each other, each salt following its special
rate of diffusion.

(1.) Anhydrous sulphate of magnesia and sulphate of water (oil of vitriol), one
part of each, were dissolved together in 10 parts of water, and the solution allowed
to diffuse for four days at 61°5.

The water-jar was found to have acquired—

Sulphate of magnesia . . . 560 grs.
Sulphate of water . . . . 2192 grs.

2752 grs.
The experiment with the same diffusion cell and liquid being continued for a
second period, this time of eight days, there was found to be simultaneously dif-
fused, of—

Sulphate of magnesia . . . 946 grs.
Sulphate of water . . . . 2932 grs.
3878 grs.

It is obvious that the inequality should be greatest in the first period of diffusion,
or with the initial diffusion, as it actually appears above, and become less and less
sensible as the proportion of the low diffusive salt comes to be increased in the solu-
tion phial.

In former experiments upon the solution of sulphate of magnesia alone in water,
as 1 salt to 10 water, compared with sulphate of water, also as 1 to 10, the disparity
in the diffusion of these two salts was less considerable, being only as 1 to 2:385,
instead of 1 to 3 or 4.

(2.) A solution was also diffused of 1 part of anhydrous sulphate of soda and 1 part
of chloride of sodium in 10 parts of water, for four days at 61°5. The salt which
diffused out in that time consisted of—

Sulphate of soda . . . . . 948 grs.
Chloride of sodium . . . . 1780 grs.
27°28 grs.

The sulphate of soda in the last experiment had begun to crystallize in the solu-
tion phial, from a slight fall of temperature, before the diffusion was interrupted, a
circumstance which may have contributed to increase the inequality of the propor-
tions diffused of these two salts.

(8.) A solution of equal weights of anhydrous carbonate of soda and chloride of
sodium, namely, of 4 parts of the one salt and 4 parts of the other, to 100 water, was
diffused from 3 four-ounce phials of 1'25 inch aperture, at a mean temperature of 57°9
and for seven days. The diffusion product amounted to 17°10, 17-58 and 1813 grs.
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of mixed salt in the three experiments. The analysis of the last product of 18:13 grs.
gave—

Carbonate ofsoda . . . . . 568 31'33
Chloride of sodium. . . . . 1245 6867
1813 100:00

Here the carbonate of soda presents a diffusion less than one-half of that of chlo-
ride of sodium. The difference is again greater than the peculiar diffusibilities of
the same salts as they appear when the salts are separately diffused. For in experi-
ments made in the same phials with solutions of 4 parts of each salt singly to 100
water, but with a lower temperature by 3°6, namely, at 54°3, the diffusion product
of the carbonate of soda was 7°17 and 7'34 grs. in two experiments, of which the
mean is 7°25 grs.; while the diffusion product of the chloride of sodiumn was 11-18
and 10°73 grs. in two experiments, of which the mean is 10°95 grs. The quantity of
chloride of sodium diffused being taken at 100 in both sets of experiments, we have
diffused—

| Of carbonate of soda 6618, when diffused singly.

Of carbonate of soda 45°64, when diffused with chloride of sodium.

The least soluble of the two salts appears in all cases to have its diffusibility
lessened in the mixed state. The tendency to crystallization of the least soluble salt
must evidently be increased by the admixture. Now it is this tendency, or perhaps
more generally the increased attraction of the particles of a salt for each other,
when approximated by concentration, which most resists the diffusion of a salt, and
appears to weaken the diffusive force in mixtures, as it is also found to do so in a
strong solution of a single salt.

(4.) Equal weights of nitrates of potash and ammonia dissolved, as in certain pre-
ceding experiments, in five times the weight of the mixed salts of water, and diffused
for eight days, gave in two experiments—

At 59°4, At 52°6.

Nitrate of potash . . . . . 2839 2588
Nitrate of ammonia . . . . 3616 30°36
6455 5624

The inequality in the diffusion of these two nitrates is singular, considering that
in solutions of 1 salt to 10 water, they appeared before to be equally diffusive.
But on now comparing the diffusion of solutions of 1 salt to 5 water, at 52°6, the
salts no longer diffused in equal proportions :—

Nitrate of potash gave . . . . 5793 grs.
Nitrate of ammonia gave. . . . 8208 grs.

The solution of nitrate of potash last diffused was nearly a saturated one, while
that of nitrate of ammonia is far from being so. The first has its diffusibility, in
consequence, impaired, and falls considerably below the second.
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The relatively diminished diffusibility of sulphate of magnesia, when associated
with sulphate of water, is probably connected with a similar circumstance ; sulphate
of magnesia being less soluble in dilute sulphuric acid than in pure water.

(5.) The salt which diffused from a strong solution of sulphates of zinc and mag-
nesia, consisting of 1 part of each of these salts in the anhydrous state and 6 parts of
water, did not consist of the two salts in exactly equal proportions. The mixture of
salts, diffused for eight days, as in the late experiments, gave the following results :—

Exp. L. 1I. III.
Sulphate of zine . . . . . . 8I2 749 812
Sulphate of magnesia . . . . 868 8:60 875
16:80 16°09 16:87

There is therefore always a slight but decided preponderance of sulphate of mag-
nesia, the more soluble salt, in the diffusion product. These last experiments were
made at an early period with another object in view, namely, to ascertain whether in
closely related salts, such as the present sulphates of magnesia and zinc, the two salts
might be elastic to each other, like the particles of one and the same salt, so that one
salt might possibly suppress the diffusion of the other, and diffuse alone for both.
The experiments lend no support to such an idea.

It appears from all the preceding experiments, that the inequality of diffusion
which existed, is not diminished but exaggerated in mixtures, a curious circumstance,
which has also been observed of mixed gases.

5. Separation of Salts of different Bases by Diffusion.

It was now evident that inequality of diffusion supplies a method for the separa-
tion, to a certain extent, of some salts from each other, analogous in principle to the
separation of unequally volatile substances by the process of distillation. The potash
salts appearing to be always more diffusive than the corresponding soda salts, it
follows, that if a mixed solution of two such salts be placed in the solution phial,
the potash salt should escape into the water atmosphere in largest proportion, and
the soda salt be relatively concentrated in the phial. This anticipation was fully
verified.

(1.) A solution was prepared of equal parts of the anhydrous carbonates of potash
and soda in 5 times the weight of the mixture of water. Diffused from a small thou-
sand-grain phial of 1'1 inch aperture, into 6 ounces of water, for nineteen days, at a
temperature above 60°, it gave a liquid of density 1-0350, containing a considerable
quantity of the salts. Of these mixed salts, converted into chlorides by the addition
of hydrochloric acid, 9-39 grs., being treated with bichloride of platinum in the usual
manner, gave 19-39 grs. of the double chloride of platinum and potassium, equivalent
to 591 grs. of chloride of potassium; and left in solution 3-44 grs. of chloride of
sodium : loss 0°04 gr. These chlorides represent 546 grs. of carbonate of potash and
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3'12 grs. of carbonate of soda. The salts actually diffused out were therefore in the
proportion of—

Carbonate of soda. . . . . . . . 3637

Carbonate of potash . . . . . . . 6363

100:00

(2.) In another similar experiment from a six-ounce phial into 8% ounces of water,
the liquid of the water-jar, after twenty-five days’ diffusion, contained the two carbo-
nates in nearly the same proportions as before, namely—

Carbonate ofsoda . . . . . . . . 852
Carbonate of potash . . . . . . . 648
1000

(3.) A partial separation of the salts of sea-water was effected in a similar manner.

The sea-water (from Brighton) was of density 1:0265. One thousand grs. of the
liquid yielded 3550 grs. of dry salts, of which 2:165 grs. were magnesia. The dry
salts contain therefore 610 per cent. of that earth.

Six thousand-grain phials, of 11 inch aperture, were properly filled with the sea-
water and placed in six tumblers, each of the last containing 6 ounces of water.
Temperature about 50°. The diffusion was interrupted after eight days. The salts
of the sea-water were now found to be divided as follows :—

Diffused into the tumblers . . . . 929 grs,, or 3657 per cent,
Remaining in the phials . . . . . 161'1 grs.,, or 6343 per cent.
2540 100°00

Rather more than one-third of the salts has therefore been transferred from the
solution phials to the water-jars by diffusion.

Of the diffused salts in the tumblers, 46'5 grs. were found to contain 1:90 gr. mag-
nesia, or 4'09 per cent. Hence we have the following result :—

Magnesia originally in salts of sea-water . . . 6°01 per cent,
Magnesia in salts diffused from sea-water . . . 4°09 per cent.

The magnesia, also, must in consequence be relatively concentrated in the liquid
remaining behind in the diffusion cells. ‘

A probable explanation may be drawn from the last results of the remarkable dis-
cordance in the analysis of the waters of the Dead Sea, made by different chemists
of eminence. I refer to the relative proportion of the salts, and not their absolute
quantity, the last necessarily varying with the state of dilution of the saline water
when taken up. The lake in question falls in level 10 or 12 feet every year, by eva-
poration. A sheet of fresh water of that depth is thrown over the lake in the wet
season, which water may be supposed to flow over a fluid nearly 1°2 in density,
without greatly disturbing it. The salts rise from below into the superior stratum

MDCCCL. D



18 PROFESSOR GRAHAM ON THE DIFFUSION OF LIQUIDS.

by the diffusive process, which will bring up salts of the alkalies with more rapidity
than salts of the earth, and chlorides, of either class, more rapidly than sulphates.
The composition of water near the surface must therefore vary greatly, as this pro-
cess is more or less advanced.

(4.) I may be allowed to add another experiment which is curious for the pro-
tracted immobility of a column of water which it exhibits, as well as for the separa-
tion occurring, which last may be interesting also in a geological point of view. A
plain glass cylinder with a foot, 11 inches in height, and of which the capacity was
64 cubic inches, had 8 cubic inches poured into it of a saturated solution of carbonate
of lime in carbonic acid water, containing also 200 grs. of chloride of sodium dis-
solved. Distilled water was then carefully poured over the saline solution, so as to
fill up the jar, a float being used and the liquid disturbed as little as possible in the
operation. The mouth of the jar was lastly closed by a ground glass plate, and it
was left undisturbed upon the mantelpiece of a room without a fire, from March 20 to
September 24 of the present year, or for six months and four days. Afterwards, on
removing the cover, the fluid was observed not to have evaporated sensibly, and it
exhibited no visible deposit. This I was not surprised at, as no deposit appeared in
a similar experiment with the jar uncovered, after the lapse of six weeks. The liquid
in the former jar was now carefully drawn off by a small siphon with the extremity
of both its limbs recurved so as to open upwards, in four equal portions, which may
be numbered from above downwards. Equal quantities of the four strata of liquids
gave the following proportions of chloride of sodium and carbonate of lime :—

Chloride of sodium. Carbonate of lime.
No. 1 21'91 010
No. 2 2341 022
No. 3. 2355 0-38
No. 4. 23:99 042

The diffusion of the chloride of sodium has therefore not yet reached complete uni-
formity, although approaching it, the proportion of that salt obtained from the top
and bottom strata being as 11 to 12. But the diffusion of the carbonate of lime ap-
pears much less advanced, the proportion of that substance being as 1 to 4 at the
top and bottom of the liquid column. The slight difference in density of the strata,
it may be further remarked, must have been sufficient to preserve such a column of
liquid entirely quiescent, as shown by the distribution of the carbonate of lime, during
the considerable changes of temperature of the season.

Chemical analysis, which gives with accuracy the proportions of acids and bases in
a solution, furnishes no means of deciding how these acids and bases are combined,
or what salts exist in solution. But it is possible that light may be thrown on the
constitution of mixed salts, at least when they are of unequal diffusibility, by means
of a diffusion experiment. With reference to sea-water, for instance, it has been a
question in what form the magnesia exists, as chloride or as sulphate; or how much
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exists in the one form and how much in the other. Knowing however the different
rates of diffusibility of these two salts, which is nearly chloride 2 and sulphate 1, and
their relation to the diffusibility of chloride of sodium, we should be able to judge from
the proportion in which the magnesia travels in company with chloride of sodium,
whether it is travelling in the large proportion of chloride of magnesium, in the small
proportion of sulphate of magnuesia, or in the intermediate proportion of a certain
mixture of chloride and sulphate of magnesia. But here we are met by a difficulty.
Do the chloride of magnesium and sulphate of magnesia necessarily pre-exist in sea-
water in the proportions in which they are found to diffuse? May not the more easy
diffusion of chlorides determine their formation in the diffusive act, just as evapora-
tion determines the formation of a volatile salt—producing carbonate of ammonia,
for instance, from hydrochlorate of ammonia with carbonate of lime in the same
solution? We shall see immediately that liquid diffusion, as well as gaseous evapo-
ration, can produce chemical decompositions,

6. Decomposition of Salts by Diffusion.

(1.) At an early period of the inquiry, a solution was diffused of bisulphate of pot-
ash, saturated at 68° and of density 1°280, from the six-ounce phial of 1175 inch aper-
ture, into 20 ounces of water. The period of diffusion extended to fifty days. About
the middle of that period, a few small crystals of sulphate of potash, amounting pro-
bably to 3 or 4 hundredths of a grain, appeared in the diffusion cell and never after-
wards dissolved away. When terminated, the liquid remaining in the solution cell
was found of density 1°154 ; that in the water-jar 1'0326. A portion of the latter
liquid gave by analysis—

Sulphate of potash . . . . . . 20377 .
ate of .
Sulphate of water . . . . . . 1147 } Bisulphate of potash
Sulphate of water . . . . . . 1277
44°61

It thus appears that the bisulphate of potash undergoes decomposition in diffusing,
and that the acid diffuses away to about double the extent, in equivalents, of the sul-
phate of potash. This greater escape of the acid will also account for the deposition
of crystals of the neutral sulphate in the solution cell.

(2.) A similar experiment was made with another double sulphate of greater stabi-
lity, common potash-alum. The solution of 4 anhydrous alum in 100 water, was
diffused from the six-ounce phial into 24 ounces of water, at 64°2, for eight days.
The quantity of salt diffused in that time amounted only to 7°48 grs. It contained
1'06 gr. alumina, which is equivalent to 533 grs. of alum. The diffused salt gave off
no acid vapours at 600°. We may therefore suppose the excess of salt which is dif-
fused to be sulphate of potash. The diffusion product of alum, at 64°, appears to be—

Alum . . . . . . . 5383 7126
Sulphate of potash . . . 215 2874
7°48 100-00

D2
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In a second experiment, the diffusion product amounted to 6:39 grs., of which
0'95 gr. was alumina; and it is represented by 4'77 alum and 152 sulphate of potash.

In connexion with the low diffusibility of the sulphate of alumina of alum, it was
found that the addition of caustic potash to the alum solution, so as to convert it into
an aluminate of potash, increased the diffusibility of the alumina. The diffasion pro-
duct from the 4 per cent. solution of alum so treated contained 1'62 gr. of alumina
in one experiment and 1'54 in another.

As alum is a salt of great stability, it presents a severe test of the influence in ques-
tion. The decomposition of this double salt by diffusion was farther confirmed there-
fore in experiments made by means of the four-ounce diffusion phials of 125 inch
aperture, and the alteration which the salt undergoes in the process more exactly
ascertained. The experiments were made at a mean temperature of 57°9, and lasted
seven days; the solution employed being of 4 anhydrous alum to 100 water, as
before.

In three experiments, the salt diffused out amounted to 573, 5°80 and 5'65 grs. ; of
which the mean is 573 grs. The latter quantity gave 082 alumina and 322 sul-
phuric acid, which correspond to 4°'11 anhydrous alum and 1'62 neutral sulphate of
potash. Or, we have as the diffusion product of alum, in 100 parts—

Alilm. . . . . . . . . . . . 7178
Sulphate of potash . . . . . . . 2827
100-00

This analysis corresponds closely with the diffusion product of the former ex-
periments, which gave 71'26 per cent. of alum. The solution of alum which
remains behind in the solution phials must of course acquire an excess of sulphate of
alumina.

The salt, sulphate of alumina, did not appear to be decomposed when diffused
alone. A four per cent. solution of the hydrated sulphate of alumina, which is manu-
factured at Newcastle, when diffused in the same circumstances as the preceding
solutions of alum, gave 3-40 grs. of anhydrous sulphate of alumina, in which the
acid was to the alumina as 2'95 equivalents of the former to 1 equivalent of the latter,
or as nearly as possible in the proportion of 3 equivalents of acid to 1 of base. As
the Newcastle salt contained almost exactly half its weight of water, the 3:40 grs. of
anhydrous salt diffused out are equivalent to 6:80 grs. of hydrated sulphate of alu-
mina. The sulphate of alumina appears thus to be more diffusive than the double
sulphate of alumina and potash, in the proportion of 6:80 to 5°73.

(3.) It was interesting to observe what really diffuses from the ammoniated sul-
phate of copper (CuO, SO;, 2NH;+HO), and to find if the low diffusibility of that
salt is attended with decomposition. The diffusion of the ammoniated sulphate of
copper was thevefore repeated from a 4 per cent. solution in the six-ounce solution
phial, for eight days, at 64°2. In evaporating the water of the jar afterwards, the
ammoniated sulphate of copper present was necessarily decomposed, by the escape of
ammonia, and a subsulphate of copper precipitated. The copper found, however, was
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estimated as neutral sulphate of copper. The diffusion product of two experiments
may be represented as follows, in grains:—

1. II.
Sulphate of copper . . . . . . 08l 097
Sulpbate of ammonia . . . . . 546 553
627 6'50

The abundant formation and separation of sulphate of ammonia in these experi-
ments, prove that the ammoniated sulphate of copper is largely decomposed in
diffusion.

(4.) Perhaps the most interesting result of this kind is a solution which is given
of the problem of the decomposition of the alkaline sulphates by means of lime.

Solutions were prepared of } per cent. of sulphate of potash and of chlorides of
potassium and sodium in lime-water. Two solution phials were filled with each of
these solutions, and placed for diffusion in water-jars filled with lime-water, at 49°,
for seven days.

In the sulphate no deposition of crystallized sulphate of lime took place within
the solution phial, while the water-jar acquired an alkaline reaction, which remained
after precipitating the lime entirely by carbonic acid gas and evaporating twice to
dryness. Hydrate of potash, it will afterwards appear, is an eminently diffusive salt,
having double the diffusibility of sulphate of potash. The tendency of the former
to diffuse enables the affinity of the lime for sulphuric acid to prevail, and the alkali
is liberated and diffused away into the external atmosphere of lime-water. By the
latter, hydrate of lime is returned to the solution cell and the decomposition con-
tinued. The salt diffused in the two cells amounted to 2:60 grs., of which 0'62 gr.,
or 23:85 per cent., was hydrate of potash. The chlorides of potassinm and sodium,
on the contrary, were not sensibly decomposed.

It is known that a precipitation of sulphate of lime may occur, with a larger pro-
portion of sulphate of potash in lime-water, in a close phial without external diffusion.
As the decomposition of the sulphate of potash, in the latter case, has been referred
to the insolubility of the sulphate of lime, so the decomposition in the former circum-
stances is referred, in a similar sense, to the high diffusibility of hydrate of potash.

7. Diffusion of Double Salts.

How is the diffusion of two salts affected by their condition of cownbination as a
double salt? A solution of the double sulphate of magnesia and potash, in the pro-
portion of 100 water to 4 anhydrous salt, was operated upon in the four-ounce diffu-
sion phials of 1-25 inch aperture, with a period of diffusion of seven days, at 57°9
Faur. The diffusion product of the double salt was 809 and 7'81 grs. in two expe-
riments: mean, 7°95 grs.

The constituent salts, sulphate of magnesia and sulphate of potash, were now dis-
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solved separately, in the proportions in which they existed in the double salt, namely,
165 gr. anhydrous sulphate of magnesia in 100 water, and 235 grs. sulphate of pot-
ash in 100 water, making up together 4 parts of salts. The two solutions thus con-
tain equivalent quantities of the different sulphates.

The separate diffusion of the sulphate of magnesia was 209, 2-11 and 2°40 grs. in
three cells; and of the sulphate of potash, 5'83, 5-97 and 5°54 grs. in three cells; the
circumstances of the experiments being the same as those of the double salt. The
means of the two salts are 220 and 5°78 grs. ; and the sum of the two means 7-98 grs.
The result is, that the separate diffusion of the constituent salts is almost identical
with their diffusion when combined as a double salt :—

Diffusion of the double sulphate of magnesia and potash . . . 7-95 grs.
Diffusion of equivalents of sulphate of magnesia and sulphate of } 7-98 grs

potash in separate cells .

It would thus appear that the diffusibility of this double salt is the sum of the
separate diffusions of its constituent salts.

It has been a question whether a double salt is formed at once when its constituent
salts are dissolved together, or not till the act of crystallization of the compound salt.
Equivalents of the same two sulphates, making up 4 parts, were dissolved together
without heat in 100 water. Now the diffusion from this mixture, which has the com-
position of the preceding solution of the double salt, exhibited notwithstanding a
sensibly different result of diffusion, giving 7:28, 7-37 and 7°26 grs. in three cells
mean, 7'30 grs. The diffusion of the double salt was greater, namely, 7°95 grs.
Hence a strong presumption that the mixed salts last diffused were not combined, and
that the double sulphate of magnesia and potash is not necessarily formed imme-
diately upon dissolving together its constituent salts.

In early experiments of a similar nature made upon the double salt, sulphate of
copper and potash, and upon a mixture of the two sulphates newly dissolved together,
a similar result was obtained. While the diffusion of the mixed salts was 256 grs.,
that of the same weight of the combined salts (the double sulphate) was 30 grs. The
double salt appears more diffusible, in both cases, than its mixed constituents.

These double salts appear to dissolve in water without decomposition, although the
single salts may meet in solution without combining. Hence in a mixture of salts
we may have more than one state of equilibrium possible. And when a salt, like
alum, happens to be dissolved in such a way as to decompose it, the constituents are
not necessarily reunited by subsequent mixing. Many practices in the chemical arts,
which seem empirical, have their foundation possibly in facts of this kind.

8. Diffusion of one Salt into the Solution of another Salt.

It was curious and peculiarly important, in reference to the relation of liquid to
gaseous diffusion, to find whether one salt A would diffuse into water already charged
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with an equal or greater quantity of another salt B, as a gas a freely diffuses into the
space already occupied by another gas b; the gas b in return diffusing at the same
time into the space occupied by @. Or whether, on the contrary, the diffusion of the
salt A is resisted by B. The latter result would indicate a neutralization of the water’s
attraction, and a kind of equivalency or equality of power and exchangeability of dif-
ferent salts, in respect of that effect, which would divide entirely the phenomena of
liquid from those of gaseous diffusion.

(1.) A solution of 4 parts of carbonate of soda to 100 water, of density 1:0406, was
placed in the six-ounce diffusion phial of 1°175 inch aperture, and allowed to commu-
nicate with 24 ounces of water.

Two similar diffusion phials, equally charged, were immersed in 24 ounces of a solu-
tion of 4 parts of chloride of sodium to 100 water, having the density 1:0282. The
diffusion proceeded for eight days, in all cases, at 64°. The proportion of carbonate
of soda found without in the water-jar afterwards, was ascertained by an alkalime-
trical process, the neutralization being effected at the boiling-point. The following
are the results :(— ’

Experiment I. Diffusion product into water. . . 906 grs. of carbonate of soda.

Experiment II. Diffusion product into solution of
chloride of sodium

Experiment III. Diffusion product into solutxon of
chloride of sodium

} 8'82 grs. of carbonate of soda.

} 9'10 grs. of carbonate of soda.

It thus appears that 4 per cent. of chloride of sodium present in the water atmo-
sphere of the jar has no sensible effect in retarding the diffusion into it, from the
solution cell, of carbonate of soda from a solution containing also 4 per cent. of
the latter.

(2.) The experiment was varied by allowing the solution of carbonate of soda to
diffuse into a solution of sulphate of soda, a salt more similar to the former in solu-
bility and composition. The solution of the latter, containing 4 per cent., was of
density 1-0352. The temperature and period of diffusion were the same as before :—

Experiment IV. Diffusion product into solution of
sulphate of soda . .o

Experiment V. Diffusion product into solutlon of
sulphate of soda . . . . . . . . .

}7 84 grs. of carbonate of soda.

} 7'82 grs. of carbonate of soda

Here we find a small reduction. in.the quantity of carbonate of soda diffused,
amounting to one-eighth of the whole. The sulphate of soda has therefore exercised
a positive interference in checking the diffusion of the carbonate to that extent. So
small and disproportionate an effect however is searcely sufficient to establish the
existence of a mutual elasticity and resistance between these two salts.

Still it might be said, may not the diffusion of one salt be resisted by another salt
which is strictly isomorphous with the first ?
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(3.) A solution of 4 parts of nitrate of potash to 100 of water, of density 1:0241,
placed in the solution phial, was allowed to communicate with water containing 4 per
cent. of nitrate of ammonia in the water-jar, which last solution was of density 1:0136;
with all other circumstances as before. With one solution phial having the usual
aperture, 1°175 inch, the diffusion product was 15°32 grs. of nitrate of potash. With
a second phial, having a larger aperture of 1:190 inch, the diffusion product was 18:03
grs. of nitrate of potash. No comparative experiment, on the diffusion of nitrate of
potash into water, was made at the same time. Bat nitrate of ammonia, which ap-
peared before to coincide in diffusibility with nitrate of potash, gave on a former
occasion, in similar circumstances, and at 64°9, nearly the same temperature, a dif-
fusion product of 1580 grs. The quantity of nitrate of potash (15°32 grs.) which
diffused into the solution of nitrate of ammonia approaches so closely to the number
quoted, that we may safely conclude that the diffusion of nitrate of potash is not
sensibly resisted by nitrate of ammonia, although these two salts are closely isomor-
phous. 'They are still therefore inelastic to each other, like two different gases.

These experiments have been made upon dilute solutions, and it is not at all im-
possible that the result may be greatly modified in concentrated solutions of the same
salts, or when the solutions approach to saturation. But there is reason to appre-
hend that the phenomena of liquid diffusion are exhibited in the simplest form by dilute
solutions, and that concentration of the dissolved salt, like compression of a gas, is
attended often with a departure from the normal character.

On approaching the degree of pressure which occasions the liquefaction of a gas,
an attraction appears to be brought into play, which impairs the elasticity of the gas;
so on approaching the point of saturation of a salt, an attraction of the salt molecules
for each other, tending to produce crystallization, comes into action, which will inter-
fere with and diminish that elasticity or dispersive tendency of the dissolved salt
which occasions its diffusion.

We are perhaps justified in extending the analogy a step further between the cha-
racters of a gas near its point of liquefaction and the conditions which we may assign
to solutions. The theoretical density of a liquefiable gas may be completely disguised
under great pressure. Thus, under a reduction by pressure of 20 volumes into 1,
while the elasticity of air is 1972 atmospheres, that of carbonic acid is only 1670 at-
mospheres, and the deviation from their normal densities is in the inverse proportion.
Of salts in solution the densities may be affected by similar causes, so that although
different salts in solution really admit of certain normal relations in density, these
relations may be concealed and not directly observable.

The analogy of liquid diffusion to gaseous diffusion and vaporization is borne out
in every character of the former which has been examined. Mixed salts appear to
diffuse independently of each other, like mixed gases, and into a water atmosphere
already charged with another salt as into pure water. Salts also are unequally diffusible,
like the gases, and separations, both mechanical and chemical (decompositions), are
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produced by liquid as well as by gaseous diffusion. But it still remains to be found
whether the diffusibilities of different salts are in any fixed proportion to each other,
as simple numerical relations are known to prevail in the diffusion velocities of the
gases, from which their densities are deducible.

It was desirable to make numerous simultaneous observations on the salts com-
pared, in order to secure uniformity of conditions, particularly of temperature. The
means of greatly multiplying the experiments were obtained by having the solution
phial cast in a mould, so that any number of solution cells could be procured of the
same form and dimensions. The phials were of the form represented (fig. 3), Fig. 3.
holding about 4 ounces, or more nearly 2080 grs. of water to the base of the
neck, and the mouths of all were ground down, so as to give the phial a uni-
form height of 3'8 inches. The mouth or neck was also ground to fit a gauge-
stopper of wood, which was 05 inch deep and slightly conical, being 1:24
inch in diameter on the upper, and 1-20 inch on the lower surface. These
are therefore the dimensions of the diffusion aperture of the new solution cells.

A little contrivance to be used in filling the phials to a constant distance of half an
inch from the surface of the lip, proved useful. It was a narrow slip of brass plate,

having a descending pin of exactly half an inch in length Fig. 4.

fixed on one side of it (fig. 4). This being laid across the % = \
mouth of the phial with the pin downwards in the neck, l
the solution was poured into the phial till it reached the U

point of the pin. The brass plate and pin being removed,

the neck was then filled up with distilled water, with the aid of the little float as be-
fore described. The water-jar, in which the solution phial stood, was filled up with
water also as formerly, so as to cover the phial entirely to the depth of 1 inch. This
water atmosphere amounted to 8750 grs., or about 20 ounces. A glass plate was
placed upon the mouth of the water-jar itself to prevent evaporation. Sometimes 80
or 100 diffusion cells were put in action at the same time. The period of diffusion
chosen was now always exactly seven days, unless otherwise mentioned.

II. DIFFUSION OF SALTS OF POTASH AND AMMONIA.

Solutions were prepared of the various salts, in a pure state, in certain fixed pro-
portions, namely, 2, 4, 63 and 10 parts of salt to 100 parts of water by weight. The
density of these solutions was observed by the weighing-bottle, at 60°. The solutions
were frequently diffused at two different temperatures; one, the temperature of the
atmosphere, which was fortunately remarkably constant during most of the experi-
ments to be recorded at present, and the other, a lower temperature, obtained in a
close box of large dimensions, containing masses of ice. The results at the artificial
temperature were obviously less accurate than those of the natural temperature, but.
have still considerable value! Three experiments were generally made upon the diffu-
sion of each solution at the bigher, with two experiments at the lower temperature.

MDCCCL. E
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(1.) The carbonate and sulphate of potash and sulphate of ammonia were first dif-
fused during a period of seven days, of which the temperatures observed by a ther-
mometer placed near the water-jars were 64°5, 65°, 63°5, 63°, 63°, 63°5, 65° and 66° ;
mean temperature 64°2.

Tapre VII.—Diffusion of Carbonate of Potash, Sulphate‘ of Potash and Sulphate
of Ammonia.

O.¢ 0.
Density of At 64°-2, At 37°:6.

solution at 60°.

Parts of anhydrous salt to 100 water.
Experiments. | Mean. | Experiments.| Mean.

Carbonate of potash.

10178 536 380
555 545 391 385
4 10347 10-39 6:99
1011 10:25 7:19 709
62 10572 1650 11-42
16+46 11008 | 11:25
17:05 16:67
10 1:0824 24-42
24-94

24:70 2469

Sulphate of potash.

140155 562 3:93
542 552 3:98 395
4 1:0318 1049 7-50
1065 1057 7-31 740
62 140512 17:07 1162
1689 1171 1166
17-54 1717
10 1-0742 2340
2359

23-88 2362

Sulphate of ammonia, NH, 0. SO,.

2 10117 5471 373
545 558 379 376
4 10229 1072 754
10:30 | 10°51 7-86 770
62 1-0369 17-28 1094
x 1628 10:98 | 1096
| 1680 | 1679
10 1:0529 21-86
22:49

22°25 22:20

The diffusion product was obtained by evaporating the water of each jar separately
as before, and the result is expressed in grains.

It will be observed at once, on comparing the means of the experiments, that the
three salts under consideration are remarkably similar in their diffusion, particularly
with the smaller proportions of salt. Thus the mean diffusion of the 2,4, 6% and 10
parts of the salts is as follows :—
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Diffusion at 64°2.

2, 4. 62. 10.
Carbonate of potash .......c..cc.eurenn.| 5°45 10-25 | 1667 | 2469
Sulphate of potash........c.ceeveveeeen..| 552 10-57 17.17 | 2362
Sulphate of ammonia.....................| 558 1051 1679 | 2220
Diffusion at 37°6.
2. 4. 62.
Carbonate of potash ..........cc.ceeenne 3-85 7:09 11-25
Sulphate of potash..........ccoevrunennn. 3:95 7:40 11:66
Sulphate of ammonia.....................| 376 770 10-96

27

The proportions diffused are sensibly equal, of the different salts, at the higher
temperature, with the exception of the largest proportion of salt, 10 per cent., when
a certain divergence occurs. This last fact is consistent with our expectations, that

the diffusion of salts would prove most highly normal in dilute solutions.
the irregularities at the lower temperature are evidently of an accidental kind.

Some of

(2.) The neutral chromate and acetate of potash were diffused at a temperature
ranging from 63° to 65°, or at a mean temperature of 64°1, which almost coincides
with the higher temperature of the last experiments.

TaBLE VIII.—Diffusion of Chromate of Potash and Acetate of Potash, at 64°1.

P nhydrous salt i .
40 100 water. oo 3 bov| TXperiments. | Mean.
Chromate of potash.
2 10158 579
566
586 577
4 1-0313 11-10
11-35
11-13 11-19
62 1-0512 17-76
17°72
17:32 17:60
10 1-:0750 2449
2492
24-85 2475
Acetate of potash.
2 1-:0095 593
575
588 585
4 1-:0184 10+55
10:56
10-98 10-70
62 1:0306 16-53
16-06
16-84 16-48
10 1-0447 24-27
24-82
25°46 24'85

E 2
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We have the same close correspondence in the diffusion products of these two salts
as in the preceding group, and here the correspondence extends to the 10 per cent.
solution.

Diffusion at 64°1.

2. 4. 62. 10.
Chromate of potash ......ceceeereeveennd| 577 11419 17:60 24-75
Acetate of potash ......coccveniinnnnnnn. 585 10-70 1648 | 24'85

The 10 per cent. solution of these two salts also agrees with the same solution of
carbonate of potash, which was 24:69 grs. Nor do the lower proportions diverge
greatly from the preceding group of salts.

(3). Another pair of salts were simultaneously diffused, but with an accidental dif-
ference of 04 of temperature.

TasLe IX.—Diffusion of Bicarbonate of Potash, KO .CO,+HO. CO,, at 64°1,
and Bichromate of Potash, KO .2CrO,, at 64°5.

Density of At 641 and 64>5.

Parts of anhydrous salt solution

to 100 water.

at 60°. Experiments. | Mean.
Bicarbonate of potash.
2 1-0129 5474
577
591 5481
4 1-0252 10°75
11-16

11-13 11-01

Bichromate of potash.

10139 564
573
559 565
4 1-0273 11-55
11-54

11-39 11°49

Here again the two salts approach closely in diffusion, and also correspond well
with the two preceding series.

Mean Diffusion at 64°1 and 64°5.

2. 4.
Bicarbonate of potash ...... 5481 11°01
Bichromate of potash ...... 565 11-49

It is singular to find that salts differing so much in constitution and atomic weight
as the chromate and bichromate of potash, may be confounded in diffusibility. The
diffusion products of these two salts are, for the 2 per cent. solutions, 5°77 and 565
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grs., and for the 4 per cent. solution, 11°19 and 11°49 grs. The bicarbonate of potash
also exhibits a considerable analogy to the carbonate, but resembles still more closely
the acetate. It is thus obvious that equality, or similarity, of diffusion is not con-
fined to the isomorphous groups of salts.

(4.) The nitrates of potash and ammonia have already appeared to be equidiffusive
at two different temperatures. They were diffused again in the same proportions as
the last salts, at a temperature varying from 63° to 67°5.

Tasre X.—Diffusion of Nitrate of Potash and Nitrate of Ammonia at 65°9.

Parts of anhydrous salt to 100 water. Di?sgsya‘?%zglu' Experiments. | Mean.

Nitrate of potash.

2 1-:0123 7°34
758
7°49 747
4 1:0243 13:66
14-24
14-02 1397
62 10393 22:11
22:94
22:05 2237
10 1:0581 32:06
32:90
32:50 32+49

Nitrate of ammonia, NH, O, NO,.
2 1:0080 7:85
771
764 773
4 1-0154 14:20
1479
14:45 14-48
62 10256 23-66
23:35
22:22 22:74
10 1:0375 34:94
33-49
3423 34:22

The solution of nitrate of ammonia of the water-jars was evaporated carefully at a
temperature not exceeding 120° FaHr., to prevent loss of the salt by sublimation or
decomposition.

Diffusion at 65°9.

2. 4, 62. 10.
Nitrate of potash ............| 747 1397 | 2237 | 3249
Nitrate of ammonia ......... 773 14+48 2274 34:22

Although these salts correspond closely, it is probable that neither the diffusion of
these nor the diffusion of any others is absolutely identical. The nitrate of ammonia
appears to possess a slight superiority in diffusion over the nitrate of potash, which
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increases with the large proportions of salt in solution. They are both considerably
more diffusible than the seven preceding salts.
(5.) A second pair of isomorphous salts were compared, the chlorides of potassium

and ammonium.

TasLe XI.—Diffusion of Chloride of Potassium and Chloride of Ammonium.

0, 0.
Parts of anhydrous salt Density of At 6672. At 6477,

to 100 water. solution at 60°.

Experiments.| Mean. | Experiments.| Mean.

Chloride of potassium.

2 1:0127 7:83 8:03
772 7:89 7:96
7:55 770
4 1:0248 1522 1521 .
1559 14°82 1501
1507 15°29
6% 1-0401 2488 24°83
24-64 2462 2472
2509 2487
10 10592 3623
3763 36-93
Chloride of ammonium.
2 1-:0061 710 710
852 7-81 724 717
4 10118 14+55 13-91
14-64 1460 1491 1441
6% 10190 24-30 24-30 24:12

24-13 24-12

10 1-0272 3653 3653

These two salts agree well in diffusibility, and are also evidently related to the
preceding nitrates. The quantity of chloride of ammonium diffused was determined
by evaporation, which is troublesome and may lead to small errors, from the vola-
tility and efflorescent tendency of this salt. It would be easier and more accurate to
determine this and other chlorides by the use of a normal solution of nitrate of silver,
and so avoid evaporation.

Diffusion at 66°2.

2. 4, 62. 10.
Chloride of potassium ...... 770 1529 24-87 36-93
Chloride of ammonium ....., 7-81 1460 | 2430 36-53

The quantities diffused of these two chlorides are more closely in proportion to
the strength of the original solution, than with any of the preceding salts of potash.
Thus the quantities diffused from the 2 and 10 per cent. solutions of chloride of
potassium are 7-70 and 36:93 grs., which are as 2 to 96, which is nearly as 2 to 10.
Chloride of sodium was observed before to be nearly uniform in this respect; but
other salts appear to lose considerably in diffusibility with the higher proportions of
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salt. It is possibly a consequence of the crystallizing attraction, to which reference
was lately made, coming into action in strong solutions and resisting diffusion.

(6.) The diffusion of chlorate of potash was observed at a temperature ranging
from 63° to 65° of which the mean was 64°1.

TasLe XII.—Diffusion of Chlorate of Potash.

Density of At 64711,
Parts of salt to 100 water. solution at 60°.

Experiments. | Mean.
2 1-0129 697
7°54

7°16 7:22
4 1-0246 13-03
13-64

1327 13-31
65 (saturated solution). 10395 21-30
20-29

20-76 20-78

The solutions of chlorate of potash must be evaporated and the residuary salt dried
at a temperature not exceeding 212°, otherwise a very sensible quantity of chloride of
potassium may be formed. The chlorate appears to be sensibly inferior in diffusibi-
lity to the nitrate of potash. From the 4 per cent. solution of the chlorate we have
a diffusion product of 13-27 grs., and from the corresponding solution of the nitrate
13:97 grs.; but the latter was obtained at a temperature 1°8 higher than the former.
It remains a question whether chlorate of potash does not really belong to the nitre
group of salts, but has its diffusion interfered with by some secondary agency, such
as its sparing solubility and consequent nearer approach to the saturating proportion.

It is certainly true that the uniformity of diffusion generally increases with the
dilution of the solutions. This appears on comparing the diffusion of the 4 per cent.
solution of what may be called the sulphate of potash group, with the diffusions of
the 2 per cent. solutions of the same salts.

Diffusion of Salts of the Sulphate of Potash Class.

B 2.
Carbonate of potash ......... 10-27 545
Sulphate of potash ......... 10-57 552
Sulphate of ammonia......... 10-51 558
Acetate of potash ............, 10°70 585
Bicarbonate of potash ...... 11-01 581
Chromate of potash ......... 11-19 577
Bichromate of potash ...... ‘ 11-49 565

Thus while the 4 per cent. solutions range from 10°27 to 11-49 grs., or from 100 to-
1118, the 2 per cent. solutions range from 5°45 grs. to 5°85 grs., or from 100 to 107-3.
As it appeared to be in dilute solutions that the greatest uniformity of diffusion is
to be expected, a series of experiments was instituted upon the preceding salts, with.
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the addition of acetate of potash, which appeared to belong to the same class, the
solution employed being that of 1 salt to 100 water. The experiments were made in
a vault, of which the temperature was nearly uniform, falling in a gradual manner
from 59° to 58°, with a mean of 585 during the period of seven days which the dif-
fusion lasted. Eight phials of each salt were diffused, and the liquids of four water-
jars evaporated together.

Carbonate of potash gave 1042 and 10°59 grs. of salt diffused : mean 10°51 grs., or
263 grs. for one cell.

Sulphate of potash gave 10-72 and 10°78 grs. of salt diffused : mean 1075 grs., or
2:69 grs. for one cell.

Acetate of potash,its diffusion product being treated with an excess of hydrochloric
acid, gave 8:30 and 8'04 grs. of chloride of potassium, equivalent to 1091 and 1057
grs. of acetate of potash; mean 10-74 grs. of acetate of potash, or 2:68 grs. for one
cell. The diffusion of these three salts is therefore remarkably similar :—

Diffusion of 1 per cent. solutions at 58°5.

Carbonate of potash . . . . 263 grs.
Sulphate of potash . . . . 269 grs.
Acetate of potash . . . . . 268 grs.

The 1 per cent. solution of neutral or yellow chromate of potash in good crystals
gave 11'28 and 1135 grs.; mean 11°31 grs., or 2'83 grs. for each cell. It was re-
marked of the diffused chromate in this experiment, that it contained a sensible
quantity of green oxide of chromium. The diffusion of a salt appears indeed to try
its tendencies to decomposition very severely.

The bicarbonate of potash gave 883 and 8'35 grs. of chloride of potassium, the
diffusion product being neutralized with hydrochloric acid ; equivalent to 11:25 and
11:21 grs. of bicarbonate of potash ; mean 11'23 grs., or 2:81 grs. for one cell.

The bichromate of potash gave 11'54 and 11°49 grs. of salt diffused; mean 11'51
grs., or 2°88 grs. for one cell. These last three salts give all a larger diffusion pro-
duct than the preceding three, while they agree well together. It is doubtful whether
this excess in their diffusion is occasioned by a partial decomposition in the act of
diffusion, which might be of such a kind as to increase the real or apparent diffusion
in every one of them, or whether it is a peculiar character of this little group, to
which the ferricyanide of potassium, it will be afterwards seen, falls to be added,
while the ferrocyanide appears to belong to the other group :—

Diffusion of 1 per cent. solutions at 58%5.

Chromate of potash . . . . 283 gis.
Bicarbonate of potash . . . 2'81 grs.
Bichromate of potash . . . . 2'88 gis.

The divergence from each other of two salts so closely isomorphous as sulphate and
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chromate of potash, in the proportion of 100 to 1052, is certainly remarkable, unless
due to a slight decomposition of the latter.

(7.) Ferrocyanide and Ferricyanide of Potassium.

Of these two salts the 1 per cent. solution only was diffused. The time of diffusion
was seven days, as usual ; the mean temperature 54°5. In evaporating the liquid of
the water-jars, both salts were partially decomposed, so that it became necessary to
estimate the diffusion product by a determination of the potash. Eight cells were
employed for one salt and six for the other, and the liquids of the water-jars evapo-
rated two together.

The diffusion product of ferrocyanide of potassium (anhydrous) was 5'02, 522,
502 and 5°20 grs.; mean 5°'12 grs., or for one cell 2'56 grs.

The diffusion product of ferricyanide of potassium was 5'54, 5°64 and 5°36 grs. ;
mean 5'51 grs., or for one cell 275 grs.

Three cells of a similar solution of sulphate of potash which were diffused for seven
days at a mean temperature 1° lower, or of 53°5, gave 2'56, 2563 and 262 grs.;
mean for one cell 2:57 grs., a number which almost coincides with that of the ferro-
cyanide of potassium (256 grs.). The ferricyanide of potassium, on the other hand,
is sensibly more diffusive, as 1076 to 100, and appears to rank with the bicarbonate
and bichromate of potash. The ferricyanide of potassium, again, is a salt which
probably undergoes a slight decomposition in diffusion like those salts mentioned :—

Diffusion of 1 per cent. solutions.

Sulphate of potash . . . . . 257 grs. at 53%5.
Ferrocyanide of potassium . . 256 grs. at 54>5.
Ferricyanide of potassium . . 275 grs. at 54°5.

The salts of the nitre class may also be compared in the same manner, and I shall
now add a third series of results obtained from the diffusion of 1 per cent. solutions
of the same salts. The temperature of diffusion of this new series was 64°5. Six
phials of each salt were diffused, and they were evaporated afterwards two and two.
This double diffusion product, however, is divided by 2 in the table.

Diffusion of Salts of the Nitre Class.

Nitrate of potash ............ 13-97 7:47 372
Nitrate of ammonia . .| 14+48 7:73 375
Chloride of potassium 1501 7°70 3-88

Chloride of ammonium ...... 14+41 7-81 3-89
Chlorate of potash............ 13:31 7°22 366
Mean .......coeuen.. 1423 7°58 378

MDCCCL. F
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It isinteresting to observe how the chlorate of potash rises in the lower proportions
and approaches to the normal rate of its class. The diffusion products of all the salts
are obviously more uniform for the two than for the 4 per cent. solutions, and again
more uniform for the 1 than for the 2 per cent. solutions. The extremes in the 1 per
cent. solutions are 3'66 grs. chlorate of potash, and 389 grs. chloride of ammonium,
which are as 1 to 1'0628. We have here an approach to equality in diffusion, which
appears to be as close as the experimental determinations are of the specific heat of
different bodies belonging to one class. The numbers for the specific heat of equi-
valents of the metallic elements are known to vary as 38 to 42.

The salts of potash thus appear to fall into two groups of very similar if not equal
diffusibility. What is the relation between these groups?

The diffusion of 4 per cent. solutions of carbonate and nitrate of potash was
repeated at a temperature rising gradually from 63° to 65° during the seven days of
the experiment, with a mean of 64°1. The diffusion products of the carbonate were
10°31, 10°05 and 10°44 grs. in three cells; mean 10'27 grs. Of the nitrate, 13-98,
13-86 and 13'60 grs.; mean 1381 grs. We have thus a diffusion in equal times of—

Carbonate of potash . 1027 1
Nitrate of potash . . 1381 1°3447

These experiments are almost identical with the former results, 1025 carbonate of
potash, and 13'97 nitrate of potash.

But the numbers thus obtained cannot be fairly compared, owing to the diminishing
progression in which the diffusion of a salt takes place. Thus when the diffusion of
nitrate of potash was interrupted every two days, as in a former experiment with
chloride of sodium, the progress of the diffusion for eight days was found to be as
follows in a 4 per cent. solution, with a mean temperature of 66°.

Nitrate of Potash.
Diffused in first two days . . . . 4'54 grs.
Diffused in second two days . . . 413 grs.
Diffused in third two days . . . 406 grs.
Diffused in fourth two days . . . 3'18 grs.

15°91

The absence of uniformity in this progression is no doubt chiefly due to the want
of geometrical regularity in the form of the neck and shoulder of the solution phial.
A plain cylinder, as the solution cell, might give a more uniform progression, but
would increase greatly the difficulties of manipulation.

The diffusion of carbonate of potash will no doubt follow a diminishing progression
also; but there is this difference, that the latter salt will not advance so far in its
progression, owing to its smaller diffusibility, in the seven days of the experiment, as
the more diffusible nitrate does. The diffusion of the carbonate will thus be given
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in excess, and as it is the smaller diffusion, the difference of the diffusion of the two
salts will not be fully brought out.

The only way in which the comparison of the two salts can be made with perfect
fairness, is to allow the diffusion of the slower salt to proceed for a longer time, till
in fact the quantity diffused is the same for this as for the other salt, and the same
point in the progression has therefore been obtained in both; and to note the time
required. The problem takes the form of determining the times of equal diffusion of
the two salts. This procedure is the more necessary from the inapplicability of cal-
culation to the diffusion progression.

Further, allowing the Times of Equal Diffusion to be found, it is not to be expected
that they will present a simple relation. Recurring to the analogy of gaseous diffu-
sion, the times in which equal volumes or equal weights of two gases diffuse are as
the square roots of the densities of the gases. The times, for instance, in which equal
quantities of oxygen and hydrogen escape out of a vessel into the air, in similar
circumstances, are as 4 to 1; the densities of these two gases as 16 to 1. Or, the
tirues of equal diffusion of oxygen and protocarburetted hydrogen are as 1-4142 to 1,
that is as the square root of 2 to the square root of 1; the densities of these gases
being 16 and 8, which are as 2 to 1. The densities are the squares of the equal-dif-
fusion times. It is not therefore the times themselves of equal diffusion of two salts,
but the squares of those times which are likely to exhibit a simple relation.

(1.) While the 4 per cent. solution of nitrate of potash was diffused as usual for
seven days, the corresponding solution of carbonate of potash was now allowed to
diffuse for 9°90 days; times which are as 1 to 14142, or as 1 to the square recot of 2.

The results were as follows: diffused of—

Nitrate of potash at 64°1, in seven days, 13'81 grs. . . 100
Carbonate of potash at 64°3, in 9'9 days, 13'92 grs. . . 1008

The three experiments on the nitrate of potash, of which 13'81 grs. is the mean,
were 1398, 13:86 and 1360 grs., as already detailed. The three experiments on the
carbonate were 14:00, 13°97 and 13'78 grs. The difference in the means of the two
salts is only 0-11 gr. The results appear to be as near to equality as could be reason-
ably expected from the method of experimenting. Seven and 990 may therefore be
considered as the times of equal diffusion indicated for nitrate and carbonate of
potash. The times of equal diffusion, or the diffusibilities of nitrate and carbonate
of potash, would appear therefore to be in the proportion of the square root of 1 to
the square root of 2.

The explanation of such a relation suggested by gaseous diffusion has been antici-
pated. It is that the two salts have different densities in solution, that of nitrate of
potash being 1, and that of carbonate of potash 2. We are thus led to ascribe, what

“may be called Solution Densities, to the salts. The two salts in question are related
exactly like protocarburetted hydrogen gas, of density 1, to oxygen gas of density 2.
The parallel would be completed by supposing that the single volume of oxygen to

F 2
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be diffused was previously mixed with 100 volumes of air (or any other diluting gas),
while the 2 volumes of protocarburetted hydrogen were also diluted with 100 volumes
of air; the diluting air here representing the water in which the salts to be diffused
are dissolved in the solution cell. The time in which a certain quantity of protocar-
buretted hydrogen would come out from a vessel containing 1 per cent. of that gas
being 1 (the square root of density 1), the time in which an equal quantity of oxygen
would diffuse out from a similar vessel containing 1 per cent. also would be 1'4142
(the square root of density 2).

(2.) A solution of 4 parts of sulphate of potash in 100 water was diffused simul-
taneously with the last solution of carbonate of potash, and therefore in similar
circumstances. The diffusion products of three experiments were 14:46, 14-21 and
14'53 grs.; mean 1440 grs. 'This is in the proportion of 104'27 sulphate of potash
to 100 nitrate of potash; so that the approximation to equality of diffusion with
nitrate of potash, in the selected times, is not so close for the sulphate as for the car-
bonate of potash.

(3.) The diffusion was repeated of 2 per cent. solutions of the nitrate and carbonate
of potash at a lower temperature by about 10°. The temperature of the solutions
was rather unsteady; ranging from 56° to 52°25 for the first period of seven days,
from 56° to 505 for the period of 9-90 days, and from 55° to 505 for a second
period of seven days; the external atmospheric temperature having fallen during the
same period more than 20 degrees. Six phials of each solution were diffused and
evaporated two together; so that the results are all double quantities.

At a mean temperature of 54>3, the nitrate of potash gave in seven days 1260
and 12-13 grs.; mean 12'36 grs.

Again, at a mean temperature of 52°4, the nitrate of potash gave in seven days
11'85, 12°40 and 11-95 grs.; mean 12°06 grs.

The carbonate of potash gave in 990 days, with a mean temperature of 53°4, 12'69,
12°40 and 12'12 grs.; mean 12°40 grs.

The general results are—

Nitrate of potash, in seven days, at 543 . 1236 grs.
Carbonate of potash, in 9'9 days, at 534 . 1240 grs.
Nitrate of potash, in seven days, at 524 . 1206 grs.

As the first nitrate is 09 above the carbonate and the second nitrate 1° below it, we
may take the mean of the two nitrates as corresponding to the temperature of the
carbonate. We thus finally obtain, diffused at 53°4, of—

Nitrate of potash in seven days, 12:22 grs. . . 100
Carbonate of potash in 9'9 days, 12:40 grs. . . 10147
The difference in the amount of the diffusion of the two salts in these times is only
0'18 gr., or 1} per cent. '
These last experiments may be held therefore as tending to the same conclusion as
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the former series, although the circumstances were more than usually unfavourable
to their success. To find whether the same relation existed between the salts through a
considerable range of temperature, an opportunity was taken during cold weather to
repeat the experiments at a low temperature.

(4.) Solutions of 1 salt in 100 water were diffused from eight solution cells, for
each salt. The times were increased, but the same ratio of 1 to 1°4142 was pre-
served between them. The liquids of the cells were found to retain a temperature
ranging slowly between 41° and 38°8 during the whole period of the observations.
Sulphate of potash was substituted for the carbonate, as of these two equi-diffusive
salts the former had been found to be least in accordance with nitrate of potash, in
the 4 per cent. solutions, and appeared therefore to afford the severest test of the
relation.

For nitrate of potash, at a mean temperature of 39°7, during nine days, the diffu-
sion product of two cells together was 6:97, 6:93, 6-77 and 664 grs.; mean 6'83 grs.
for two cells.

For sulphate of potash, at the same mean temperature of 39>7, during 12-728 days
(twelve days, seventeen hours, twenty-eight minutes), the diffusion product of two
cells together was 7-05, 6:93, 7:28 and 6-90 grs.; mean 7'04 grs. for two cells.

The general results are—

Nitrate of potash in nine days at 39°7. . 683 grs. . . 100
Sulphate of potash in 12-728 days at 39>7 704 grs. . . 10307

(5.) Solutions of 2 salt in 100 water were diffused simultaneously with the pre-
ceding experiments, and in precisely the same conditions of time and temperature.

The diffusion product of nitrate of potash during nine days, at a mean temperature
of 39%7, was 703, 6:63, 6'83 and 6'83 grs. for one cell ; mean 683 grs. for one cell,
or the same number as for two cells with the 1 per cent. solution.

The diffusion product of sulphate of potash during 12-728 days was 6:84, and 6°80;
mean 6'82 grs. for one cell. These experiments almost coincide with the number for
nitrate of potash. '

Nitrate of potash, 683 grs. . . . . . . . 100
Sulphate of potash, 6:82grs. . . . . . . . 9985

(6.) The existence of the relation in question was also severely tested in another
manner. Preserving the ratio in the times of diffusion for the two salts, the actual
times were varied in duration, in three series of experiments, as 1, 2and 3. The ex-
periments were made in the vault, with a uniformity of temperature favourable to
accuracy of observation. Eight cells of the 1 per cent. solution of each salt were
always diffused at the same time.

(a.) Nitrate of potash diffused for 3-5 days, at 47°2, gave for two cells, 3'55, 363,
3'33 and 3°51 grs.; mean for two cells, 3:50 grs.

Sulphate of potash diffused for 4'95 days, at 47°-3, gave for two cells, 3'54, 331,
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3:51 and 363 grs. ; mean for two cells, 3'50 grs., or exactly the same as for nitrate of
potash above.

(b.) Nitrate of potash diffused for seven days, at 48>6, gave 6°1, 6'2, 5°9 and 592
grs.; mean for two cells, 6:04 grs.

Sulphate of potash diffused for 9'9 days, at 49°1, gave 6°13, 5°92, 6:18 and 6°59 grs. ;
mean 620 grs., or, excluding the last experiment, 6:08 grs.

Chromate of potash diffused also for 9-9 days, at 49°1, gave 6°19, 6°18, 6:40 and
638 grs. ; mean for two cells, 629 grs. The diffused chromate presented no appear-
ance of decomposition on this occasion.

(c.) Nitrate of potash diffused for 10'5 days, at 48°, gave 836, 895, 8-82 and 8'84
grs.; mean for two cells, 874 grs.

Sulphate of potash diffused for 14:85 days, at 48°6, gave 899, 894, 8'66 and 8'56
grs.; mean for two cells, 879 grs.

The mean results for the three different sets of periods of diffusion are as fol-
lows :—

35 and 495 days{Nitrate of potash, at 47°'3, 3'5-0 grs. . . . 100
Sulphate of potash, at 47°:3, 3'50 grs. . . . 100
Nitrate of potash, at 48°6, 6:04 grs. . . . 100

7 and 99 days{Su]phate of potash, at 49*1, 620 grs. . . . 10265
Chromate of potash, at 49°1, 629 grs. . . 10414

Nitrate of potash, at 48°,874grs. . . . . 100
Sulphate of potash, at 48%6, 879 grs. . . . 10057

The concurring evidence of these three series of experiments appears to be quite
decisive in favour of the assumed relation of 1 to 14142, between the times of
equal diffusion for the nitrate and sulphate of potash, and consequently of the times
for the two classes of potash salts, of which the salts named are types. The same
experiments are also valuable as proving the similarity of the progression of diffusion,
in two salts of unequal diffusibility. I shall return again to the relation between
nitrates and sulphates, under the salts of soda.

105 and 14-85 days{

(8.) Hydrate of Potash.

(1.) Eight cells of the 1 per cent. solution of pure fused hydrate of potash were
diffused for seven days in the vault, with a temperature ranging only from 59° to 58°,
of which the mean was 58>6. The product of four cells evaporated together was
17°57 grs. of hydrate of potash, and of the other four cells 1719 grs.; mean 1738
grs., or 4'345 grs. for one cell. The hydrate of potash was estimated from the chlo-
ride of potassium which it gave when saturated with hydrochloric acid. The diffu-
sion product of sulphate of potash for seven days, at 58>5, or almost the same tempe-
rature, was 10-75 grs. for the four cells, as already stated, and consequently 2-64 grs.
for one cell. It thus appears that the hydrate of potash is greatly more diffusive than
the sulphate of potash in the same period of seven days, namely, as 4'345 to 2°64.
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Such a result indeed is not inconsistent with the times of equal diffusion of these two
substances, differing as much as 1 to 2.

(2.) Of pure fused hydrate of potash, a 1 per cent. solution was diffused from four
cells for 4-95 days at a mean temperature of 537, against a 1 per cent. solution of
nitrate of potash in six cells, for seven days, at a mean temperature 01 lower, or of
53°6. The hydrate of potash which diffused, is calculated as before from the chloride
of potassium which it gave, when neutralized by hydrochloric acid. Hydrate of
potash diffused from two cells 5°97 and 628 grs.; mean 6°12 grs., or 3'06 grs. for a
single cell.

Nitrate of potash diffused from two cells 6:22, 6°54 and 593 grs; mean 623 grs.,
or 3-11 grs. for a single cell. The diffusion of nitrate of potash being 100, that of the
hydrate of potash is 98'2, numbers which are sufficiently in accordance. But the
times were as 1 to 1'4142, and their squares as 1 to 2. So far then as this series of
experiments on hydrate of potash entitles us to conclude, we appear to have for the
salts of potash a close approximation to the following simple series of squares of
equal diffusion times :—

Squares of Times of Equal Diffusion, or Solution Densities.

Hydrate of potash . . . . 1
Nitrate of potash . . . . 2
Sulphate of potash . . . . 4

(3.) The bhydrate of potash was also diffused at the lower temperature, 39°7, in
company with the nitrate and sulphate of potash for a period of 6:364 days (six days,
eight hours, forty-four minutes).

The 1 per cent. sclution of hydrate of potash gave in eight cells, evaporated two
together, 6:93, 6:93, 6:93 and 6°89 grs.; mean 6'92 grs.

The 2 per cent. solution of hydrate of potash gave in three single cells, 6:77, 6:49
and 7°10 grs.; mean 6°79 grs.

The diffusion of nitrate of potash in nine days at the same temperature, as already
detailed, was sensibly the same, or 6:83 grs. for both the 1 and 2 per cent. solutions.
The times for the two salts were as 1 to 1'4142.

The diffusion of hydrate of potash, at 39°7, may therefore be stated with reference
to that of nitrate of potash, for the selected times, as follows :—

Nitrate of potash, 1 and 2 per cent. solutions. . . . . 100
Hydrate of potash, 1 per cent. solution. . . . . . . 1013
Hydrate of potash, 2 per cent. solution . . . . . . 994

These experiments at the low temperature concur, therefore, with those made at
the higher temperature, in proving that the times of equal diffusion of the two sub-
stances have been properly chosen.
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III. DIFFUSION OF SALTS OF SODA.

(1.) The only salts of soda which I have yet had an opportunity of diffusing in a
sufficient variety of circumstances are the carbonate and sulphate. These salts
appear to be equi-diffusive, but to diverge notwithstanding more widely in the solu-
tions of the higher proportions of salt than the corresponding potash salts. Itis a
question whether this increased divergence is not due to the less solubility of the
soda salts, and the nearer approach consequently to their points of saturation in the
stronger solutions.

TasLe XIIT.—Diffusion of Carbonate and Sulphate of Soda.

" At 64°. At 37°7.

Parts of anhydrous salt Density of
to 100 water. solution at 60°.

Experiments.| Mean. | Experiments.| Mean.

Carbonate of soda.

2 1-0202 415 2:78
4-08 262
421 414 273 271
4 1:0405 7:96 ' 531
7°70 4-94
7+68 778 535 520
62 10653 12-16 850
12:06 845
1245 12:22 805 833
10 1:0957 1713
16:53
17:00 16-88
Sulphate of soda.
2 1-0179 4-35 2:96
4-32 303
425 431 3-09 303
4 10352 814 563
810 564
8-28 817 542 5'56
62 10578 13-26 877
13:63 884 8-80
13-61 13-50
10 1-0847 1871
1973
1891 19°14

The range of the thermometer during the continuance of the experiments at the
higher temperature was from 64°5 up to 65° and falling again to 63°; the mean of
all the days being 64°. The temperature of the other series, or of the ice-box, was
42° the first day, 38° the second, and 37° steadily for the remainder of the period;
the mean being 37°7.

The mean results at 64° are as follows :—

2. 4. 62. 10.

Carbonate of soda. ............ 414 7478 1222 1688
Sulphate of soda ............ 4:31 817 13:50 19:14
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Another series of experiments was made upon a 1 per cent. solution of the same
salts at a mean temperature of 64>9. Six phials of each solution were diffused, and
the water of two jars afterwards evaporated together, so that the quantities stated
are double.

The diffusion product in three experiments with the sulphate of soda was 477,
4'75 and 480 grs.; mean 4'77 grs. The diffusion product in three experiments with
the carbonate of soda was 4'61, 4'68 and 4'67 grs.; mean 4'65 grs. The difference
between the carbonate and sulphate is 0°12 gr.; it is less for the present proportion
of 1 per cent. of salt, than for 2 per cent., so that the diffusion of the salts may be
converging to a perfect equality in very weak solutions. One-half of the preceding
quantities, or the mean results for a single diffusion cell, are—

Diffusion of 1 per cent. solutions at 64°9.

Carbonate of soda, 232 grs. . . . . . . . 100
Sulphate of soda, 238 grs. . . . . . . . 10258

(2.) The diffusion of the carbonate of soda was further compared with the nitrate of
the same base, to find whether their times of equal diffusion are related like those of
the corresponding potash salts. The mean temperature of the first seven days, which
was the period of diffusion for the nitrate of soda, was 66°9 ; of the last three days,
65°2; and of the whole period of 9'9 days occupied by the carbonate of soda, 66°4.
The 4 per cent. solutions were employed. :

The nitrate of soda gave a diffusion product, in three experiments, of 11:48, 11°58

and 1213 grs.; mean 1173 grs.

The carbonate of soda, in three experiments, gave 11°66, 11°53 and 11'52 grs.;
mean 11'57grs. A slight addition should be made to the latter quantity to raise the
diffusion product from 66°4 to 66>9. It will appear from a subsequent experiment
that the diffusion of the carbonate of soda increases 0°096 gr. for a rise of one degree
of temperature ; which will give 0:05 gr. for the half degree in question. Bringing
the diffusion of the two salts to the same temperature of 66°9, we have therefore
diffused, of—

Nitrate of soda, in seven days, 11'73grs. . . . . 100
Carbonate of soda, in 99 days, 11'62grs. . . . . 9906

The difference in the quantity diffused of the two salts is only 0-11 gr., or 1 per cent.,
whichsis quite within the unavoidable errors of observation.

(3.) The diffusion of a 2 per cent. solution of the same salts was repeated at the same
inferior temperature of 54°3 as with the salts of potash, and under the same diffi-
culties from fluctuation of atmospheric temperature. Two water-jars were evapo-

rated together, so that the results are double.
“Nitrate of soda, diffused for seven days at a mean temperature of 543, gave

10°15, 10-24 and 992 grs. in three experiments; mean 10°10 grs.
MDCCCL. G
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Carbonate of soda, diffused for 9-9 days at a mean temperature of 53°4, gave 9'93,
9'54 and 10°10 grs. in three experiments; mean 986 grs. But the latter amount is
to be increased by 0-09 gr. to bring it to the diffusion of 54>3. We have then for the
diffusion product of the two salts at the same temperature of 54°3—

Nitrate of soda, in 7 days, 10'10grs. . . . . . 100
Carbonate of soda, in 9°9 days, 995 grs. . . . 9851

The difference is again small, namely, 0°15 gr., or 1} per cent., and within the
limits of unavoidable error.

It appears therefore that the times of equal diffusion of the nitrate and carbonate
of soda are related like those of the nitrate and carbonate of potash, or as the square
root of 1 and 2, that is, as 1 to 1°4142.

Relation of Salts of Potash to Salts of Soda.

It appeared probable, from many of the experiments already recorded, that if any
relation, in the times of equal diffusibility, existed between the corresponding salts of
potash and soda, it was that of the square root of 2 to the square root of 3. They
were accordingly diffused for times having this ratio; namely, the nitrate of potash
for seven days, the nitrate of soda for 857325 days; the sulphate and carbonate of
potash for 99 days, and the sulphate and carbonate of soda for 12:125 days. If these
times are rightly chosen, the eventual diffusion products of all the experiments should
be equal. The 1 per cent. solution was selected, and the number of experiments
simultaneously made on each salt was eight or six. The liquids of two water-jars
were evaporated together, so that each of the results in the table below represents the
diffusion of two cells. These experiments also afford another opportunity of testing
the assumed relation between the nitrates and sulphates of the same base.

TasLe XIV.—Solution: 1 Salt to 100 Water, at 55°4—56°1.

Tempe- Time in S%}tz‘; of ‘ Diffusion product of two cells in grs.

rature. days. Sol.density.| Exp. I. Exp. IL. | Exp. IIL. | Exp.IV. Mean.
Nitrate of potash ......... 5641 7 2 6:67 6-87 6-90 6-57 675
Nitrate of soda ............ 557 857 3 6+59 680 6-94 6°57 678
Sulphate of potash......... 554 9:90 4 673 677 6-96 6-68 6:78
Sulphate of soda ......... 554 12125 6 6-43 6-94 6-80 6-68 672
Carbonate of potash ...... 554 990 4 654 6-64 640 6:67 6:56
Carbonate of soda ......... 554 12:125 6 6-40 663 660 6-67 6-54

The range of temperature during the period of these experiments rather exceeded
3 degrees, so that they cannot be considered as fortunate in that respect ; but still the
similarity between the different sets of experiments, and the near equality of their
means, is very remarkable. The two nitrates and the two sulphates may be said
to coincide, the extreme difference of the means of the four salts not being quite so
much as 1 per cent. The two carbonates fall about 34 per cent. below the sul-
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phates and nitrates, but agree perfectly with each other, showing a uniformity in their
irregularity. This deviation of the carbonates would appear essential, as it has been
observed every time they have been compared with the sulphates.

The double relation between salts of potash and salts of soda, and between the
nitrate and sulphate class of each of these bases, will, I believe, be allowed to acquire
considerable additional support from this new series of observations.

IV. DIFFUEION OF SULPHATE OF MAGNESIA.

In a set of preliminary experiments upon sulphate of magnesia in comparison with
sulphate of potash, the 4 per cent. solutions of both salts were diffused for seven days
at a mean temperature of 57°9, with very little fluctuation, the extreme range being
from 58%5 to 57>75. The sulphate of magnesia is taken anhydrous in all the follow-
ing experiments. The diffusion of sulphate of potash in three cells was 9°16, 9-22 and
957 grs.; mean 9'32 grs.

The diffusion of sulphate of magnesia in three cells was 5°21, 4'98 and 5°34 grs.;
mean 518 grs. The diffusion, in equal times, appears here to be as 100 sulphate of
potash to 55'58 sulphate of magnesia. We know, however, when unequally dif-
fusible salts are diffused for equal times, that the diffusion of the slower is exagge-
rated. Consequently the diffusion of sulphate of magnesia is likely to be represented
in excess in these experiments.

In a second preliminary series of experiments the same 4 per cent. solutions were
diffused, the sulphate of potash for eight days and the sulphate of magnesia for nine-
teen days, with the view of discovering their times of equal diffusibility.

During the first period of eight days the temperature fluctuated considerably, be-
ginning at 54°, falling gradually in four days to 50°5, and rising again in four days
to 53°; the average of the whole period was 52°2. The diffusion of sulphate of pot-
ash from three cells was 936, 9°25 and 1652 grs.; mean 971 grs.

During the second period of nineteen days, which included the first period, the
mean temperature was 54°6. The diffusion of sulphate of magnesia from three cells
was 11'81, 11-61 and 1090 grs.; mean 11-44 grs. The variation in the amounts dif-
fused of both salts is greater than usual, owing no doubt to the changes of tempera-
ture, which were imperfectly controlled.

Dividing the quantity of salt diffused by the number of days, we have of sulphate
of potash 1-214 gr. diffused per day, and of sulphate of magnesia 0°602 gr. per day;
or the latter salt exhibits sensibly half the diffusibility of the former in equal times.
This suggested the trial of times for these two salts in the proportion of 1 to 2, with
the view of obtaining equal diffusions.

(1.) A one per cent. solution of sulphate of magnesia (anhydrous) was diffused for
the long period of 19'8 days, at a mean temperature of 54>7, in eight cells. The dif-
fusion products of four pairs of cells were 7:07, 6'71, 7°07 and 7:35 grs.; mean 7:05
grs., or for one cell, 3'53 grs.

G2
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A similar solution of sulphate of potash diffused for 9-9 days, or half the preceding
period, at a mean temperature of 554, or 0°7 higher, gave a mean product, for two
cells, of 679 grs., as before stated, or for one cell, of 3:40 grs. The diffusion of sul-
phate of potash being 100, that of sulphate of mnagnesia is therefore 1037, a fair ap-
proximation to equality.

(2.) In a second series of experiments upon 1 per cent. solutions of the same two
salts, diffused in the vault for fourteen and seven days respectively, with a mean tem-
perature of 53°8 for the sulphate of magnesia, and 54°3 for the sulphate of potash,
the temperature was remarkably uniform, gradually falling from 55%2 to 53° during
the longer period, but without any injurious oscillation.

From eight cells, evaporated two together, the sulphate of magnesia obtained was
612, 6'12, 6'04 and 6°03 grs.; mean 6'08 grs., or 3:04 grs. for one cell.

The sulphate of potash gave from eight cells, in experiments already detailed, a
mean result of 5:84 grs. of salt for two cells, or 2:92 grs. for one cell. The diffusion
is in the proportion of 100 sulphate of potash to 10411 sulphate of magnesia, the
times being as 1 to 2 for the two salts respectively.

From these two series of experiments, it appears that, at 54°, sulphate of magnesia
has nearly, if not exactly, half the diffusibility of sulphate of potash, and consequently
one-fourth of that of hydrate of potash. Or, the times of equal diffusion for these
three salts appear to be 1,2 and 4. The squares of these times and the solution den-
sities are 1,4 and 16. Hydrate of potash may possibly therefore have the same rela-
tion to sulphate of magnesia in solution density and diffusibility that hydrogen gas
has to oxygen gas.

(3.) A two per cent. solution of sulphate of magnesia, diffused for fourteen days,
gave at 53%9, for two pairs of cells, 9'57 and 10-00 grs. of salt, of which the mean is
979 grs., or 4'85 grs. for one cell,

A similar solution of sulphate of potash diffused for seven days gave a mean result
of 4'97 grs. of salt for one cell, at 54>2, as already stated. The result is a diffusion
of 100 sulphate of potash to 97:59 sulphate of magnesia.

(4.) A four per cent. solution of sulphate of magnesia, diffused for fourteen days,
gave at 53°7, in two pairs of cells, 18:00 and 18'20 grs. of sult; mean 1810 grs. for
two cells, or 9°05 grs. for a single cell.

A similar solution of sulphate of potash, diffused for seven days at 54°2, gave a
mean result of 9°30 grs. of salt for a single cell, as already stated. This is a diffusion
of 100 sulphate of potash to 97-4 sulphate of magnesia.

The diffusion of the 2 and 4 per cent. solutions of sulphate of magnesia is so nearly
equal to the diffusion of the same proportions of sulphate of potash in half the time,
that they may be considered as supplying additional support to the assumed relation
between the diffusibilities of these salts.

I may add, that a 4 per cent. solution of anhydrous sulphate of zinc was diffused
for fourteen days, simultaneously with the similar solution of sulphate of magnesia,
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and of course at the same temperature of 53>7. Two cells, evaporated two together,
gave 17:40 and 1736 grs. of ignited sulphate of zinc; mean 17:38 grs. 'The salt ve-
mained, after ignition, entirely soluble. This is a diffusion of 869 grs. for one cell,
while the sulphate of magnesia gave 905 grs.; or of 100 sulphate of zinc to 104-14
sulphate of magnesia. This result is interesting, as we here find two salts which
are isomorphous, and of which the equi-diffusion is on that account in a high degree
probable, differing between themselves so much as 4 per cent.

Another numerous series of experiments was made at a considerably lower tempe-
rature, with the view of testing several of the same relations. The temperature in
commencing the diffusion was 41°, but fell in the course of three days to 388, and
afterwards rose to 39°, from which it never varied afterwards more than a degree
during the diffusion of the salts of potash and soda. The mean temperature for their
periods did not vary above 0*1 or 0°2 from 39%7, so that it may be supposed the
same for all these salts. For the sulphates of magnesia, the mean temperature was
38%9, or 0>8 lower. The times chosen are as the square-roots of 2, 3, 6 and 16.

TasLe XV.—Solutions of 1 and 2 Salt to 100 Water, at 39°7.

Diffusion product of two cells in 1 per cent. solutions,

Time in S%?x?)](’ees of and one cell in 2 per cent. solutions.
days. |q 5

o [Soldensity) gy | Exp.IL | Exp. IIL | Exp. IV. [ Mean.
Chloride of potassium, 2 per cent....| 9 2 6-58 6:79 682 | ... 673
Nitrate of soda, 2 per cent. .........| 11022 3 666 6:98 679 | ...... 681
Chloride of sodium, 1 per cent. ...| 11:022 3 6-33 663 673 7:06 6-69
Chloride of sodium, 2 per cent. ...| 11-022 3 650 6:60 664 6:74 662
Sulphate of soda, 1 per centu......... 15589 6 660 6:56 656 6:50 6:55
Sulphate of soda, 2 per cent..........| 18589 6 6:50 543 633 | ... 6°42
Sulphate of magnesia, 1 per cent....| 25:456 16 6:36 6-20 6:86 6:59 6:50
Sulphate of magnesia, 2 per cent....| 25456 16 6-42 678 6:50 6-84 663

Several other salts were diffused in the same circumstances as the preceding, of
which the diffusion products have been previously given. Of these salts, both the 1
and 2 per cent. solutions of nitrate of potash gave 6'83 in nine days, or in the same
time as chloride of potassium in the table. The latter salt maintains a sensible
equality of diffusion with the present series at the low, as well as it was found to do
at the former high temperature. Chloride of sodium is here introduced for the first
time : it appears to be equi-diffusive with nitrate of soda. If the sulphate of mag-
nesia diffused be increased by 007, for its lower temperature, this salt will be in close
accordance with the salts of potash and soda.

Taking nitrate of potash 6:83, as 100, for a standard, the salt which deviates most’
considerably is sulphate of soda, which for the 1 per cent. solution 'is 6'55, or 95'9.
A low temperature, however, must be unfavourable to diffusion experiments, from
inereasing the tendency of salts to crystallize.

In conclusion, I may sum up the results of most interest which this inquiry re-
specting liquid diffusion has hitherto furnished.
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1. T would place first the method. of observing liquid diffusion. This method,
although simple, appears to admit of sufficient exactness. It enables us to make a
new class of observations which can be expressed in numbers, and of which a vast
variety of substances may be the chject, in fact everything soluble. Diffusion is also
a property of a fundamental character, upon which other properties depend, like the
volatility of substances ; while the number of substances which are soluble and there-
fore diffusible, appears to be much greater than the number of volatile bodies.

2. The novel scale of Solution Densities, which are suggested by the different dif-
fusibilities of salts, and to which alone, guided by the analogy of gaseous diffusion,
we can refer these diffusibilities. Liquid diffusion thus supplies the densities of a new
kind of molecules, but nothing more respecting them.

The fact that the relations in diffusion of different substances refer to equal
weights of those substances, and not to their atomic weights or equivalents, is one
which reaches to the very basis of molecular chemistry. The relation most frequently.
possessed is that of equality, the relation of all others most easily observed. In liquid
diffusion we appear to deal no longer with chemical equivalents or the Daltonian atoms,
but with masses even more simply related to each other in weight. Founding still
upen the chemical atoms, we may suppose that they can group together in such
numbers as to form new and larger molecules of equal weight for different sub-
stances, or if not of equal weight, of weights which appear to have a simple relation
to each other. It is this new class of molecules which appear to play a part in solu-
bility and liquid diffusion, and not the atoms of chemical combination.

3. The formation of classes of equi-diffusive substances. These classes are evi-
dently often more comprehensive than the isomorphous groups, although I have
reason to imagine that they sometimes divide such groups; that while the diffusion
of salts of baryta and strontia, for instance, is similar, the diffusion of salts of lead
may be different.

4. The separation of the whole salts (apparently) of potash and of soda into two
divisions, the sulphate and nitrate groups, which must have a chemical significancy.
The same division of the salts in question has been made by M. GErnARDT, on the
ground that the nitrate class is monobasic and the sulphate class bibasic.

5. The application of liquid diffusion to the separation of mixed salts, in natural
and in artificial operatious.

6. The application of liquid diffusion to produce chemical decompositions.

7. The assistance which a knowledge of liquid diffusion will afford in the investi-
gation of endosmose. When the diffusibility of the salts in a liquid is known, the
compound effect presented in an endosmotic experiment may be analysed, and the
true share of the membrane in the result be ascertained.

But on the mere threshold of so wide a subject as liquid diffusion, I must postpone
speculation to the determination of new facts and the enlargement of my data, of the
present incompleteness of which I am fully sensible.



