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THURSDAY, APRIL 14, 1892. 

M E E T I N G A T B A N F F . 

THE monthly meeting of the Banffshire Field Club 
was held in the Reading-room of the Town and 
County Club on Thursday evening—the President, 
Mr Runcieman, Auchmill, in the chair. Mr J . S. 
Findlater was nominated for election as a member 
of the Club. Mr Greig, Sandlaw, then read the 
following paper prepared by the Rev. Walter J . B. 
Richards, D.D., London, on 

SOME CHEMICAL FACTS AND THEORIES. 

Before proceeding to lay before you this evening 
some of the specially beautiful and interesting facts 
of chemistry, I must, in order to insure being un-
derstood by some who have not studied the subject, 
say a few words on the constitutiou of material 
substance, and also on chemical combination, and 
simple mixture. 

Material substance, then, exists in three states— 
gaseous, liquid, and solid. Every substance, in 
whichever of these states it may be, is made up of 
an immense number of very small masses, called 
molecules, which are the smallest quantities of the 
substance which can exist in a free or uncombined 
condition. These molecules never touch each other, 
but, being in constant motion, are perpetually 
coming near to each other, and then rebounding as 
a billiard ball does from the cushion. In solids 
they approach each other within a certain fixed 
distance ; in liquids they do not come so near each 
other, and hence their mutual attraction is insuffi-
cient to give rigidity or solidity to the whole mass 
of substance ; in gaseous matter they repel each 
other in a way that seems entirely to overcome 
their mutual attraction. But in any state the 
distance between the molecules is great as com-
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pared with their size ; and in the case of gases t h i s 
distance, between the molecules f rom centre t o 
centre, seems to be the same for all substances 
under similar conditions of tempera ture and pres-
sure. 

So much about molecules is known ; b u t t h e 
actual laws of the i r mutua l a t t ract ion and repul-
sion within the exceedingly small molecular dis-
tances are a t present u n k n o w n ; though a t greater 
distances the repulsive force seems ei ther to be 
overcome or to cease to exist. A t all distances 
great enough for our senses to recognise, t h e mole-
cules obey the ordinary laws of gravity, by which 
every particle of mat te r a t t rac ts every other, 
directly as its weight, and inversely as the square 
of their distances apart . 

The molecules of every body are placed at equal 
distances from one another, whatever t ha t distance 
may be, thus— 

In all simple or uncombined substances, the mole-
cules probably consist of a t least two similar atoms, 
and in compound substances, of a t least two dis-
similar atoms. Thus a molecule has been described 
as an atom-cluster. Every molecule of the same 
substance is similar both in composition and action. 

I must next say a word on chemical combination, 
as distinguished f rom mere mechanical mixture. 

Some years ago i t was proposed to protect gun-
powder during its t ransi t by railway or otherwise, 
by thoroughly mixing i t with a t least twice i ts 
measure of finely powdered glass. The process was 
perfectly successful, for each grain of the gun-
powder was separated from its neighbours by the 
grains of glass which came between them ; and 
hence if one grain of powder took fire i t was pre-
vented by the glass from sett ing fire to the others. 
Af te r the journey was completed, the gunpowder 
could again be perfectly separated from the glass by 
sifting it in a sieve, which allowed the glass to pass 
through, bu t retained the grains of gunpowder. 
This is an example of a mechanical mixture, for t h e 
grains both of glass and of gunpowder, though 
mixed together, did not affect each other 's qualities. 
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each remaining after the mixture exactly what i t 
was before, without any change whatever. 

I take this example of a mechanical mixture 
because both glass and gunpowder are very familiar 
substances, and well known to all of us, but per-
haps a better illustration is the following. 

Iron may be obtained by a chemical process (re-
duction by hydrogen) in an exceedingly fine powder. 
If 56 parts of this powder are well mixed with 32 
parts of flowers of sulphur, we shall have a greenish 
looking powder, in which the naked eye can distin-
guish neither iron nor sulphur; but, if a small 
quantity be put under the microscope, we can at 
once see the black grains of iron and the yellow 
grains of sulphur, quite distinct the one from the 
other. The mixture is therefore a mere mechanical 
one, and the molecules of iron and sulphur remain 
unchanged as they were before they were mixed. 

If this mixture be now heaped up in a conical 
form, and a lighted match be applied to the top, a 
glow will be seen to spread at once throughout the 
whole, and a chemical change take place, in which 
both iron and sulphur disappear, and a new sub-
stance—ferrous sulphide (Fe S)—appears, with pro-
perties differing entirely from either sulphur or 
iron. This is an instance of chemical combination, 
aud the molecules of the new substance consist, each 
of them, of one atom of iron weighing 56 times a 
certain weight which some chemists have termed 
' microcrith,' and an atom of sulphur weighing 32 
m.c. each, the molecule of the compound thus weigh-
in e; 88 m.c. (a ' microcrith' is the weight of one 
atom of hydrogen, which is the smallest mass of 
matter yet known to science; and hence is adopted 
as a unit of weight, just as a barleycorn is the unit 
of English long measure). A microcrith is there-
fore as definite and precise a weight as an ounce, a 
pound, or a ton. 

I t is important to keep this idea of mechanical 
mixture and chemical combination quite distinct in 
our minds ; remembering also that all substances 
consist of molecules which keep at an average dis-
tance apart. 

I now come to the principal subject of my paper, 
viz., Solution. If we place a knob of sugar in a 
tumbler, and pour some hot water on it, what takes 
place ? The sugar disappears ; it is said to be dis-
solved, or to be in solution in the water. What 
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really happens is this. Some liquids, such as water 
and alcohol, have the power of inserting their mole-
cules between those of certain solids, and thus in-
creasing the distance between the molecules of the 
solid, which is thus reduced to the condition of a 
liquid also. The molecules of the fluid do not ne-
cessarily combine with those of the solid, bu t simply 
come between them in a certain determinate order ; 
and the fluid is then said to dissolve the solid. 
Thus in this case the water does not combine with 
the sugar, the molecules of each being supposed to 
remain exactly what they were before the solution 
took place, the molecules of the sugar being simply 
dispersed among those of the water. However 
complex each molecule may be, i t keeps its consti-
tution entirely intact and unchanged. I t is simply 
situated locally amongst neighbouring molecules of 
a different nature to itself, as the black squares on 
a chess board are situated among the white ones. 

This is the simplest explanation of what is called 
solution ; but I must add tha t for several years past 
a discussion has been going on amongst chemists on 
two rival theories, known respectively as the ' hy-
drate ' and the ' dissociation' theories ; each of 
which professes to explain more exactly the action 
of the molecules of the solvent and of the substance 
dissolved. But these theories are too abstruse, and 
at present not sufficiently proved for use in such a 
paper as this. 

Having thus explained a few necessary terms, I 
may call your at tention to some singular facts re-
garding solution in water. In the year 1840, the 
celebrated chemist, Dalton, sa id—"Only the water 
adds to the bulk, and the solid mat ter adds to the 
weight." He supposed tha t half-a-pint of water 
would measure exactly the same af te r we had dis-
solved one or several pieces of sugar in i t ; although 
he believed tha t the mixture would weigh as much 
as the sugar and water weighed separately. But 
more exact experiments show tha t this rule is not 
absolutely correct : for the volume or measure of a 
solution is sometimes the same, sometimes more, 
and sometimes less than tha t of the water alone. 

Thus, if a cubic inch of quick lime be added to 
1000 cubic inches of water, we shall And that , in-
stead of having 1001 cubic inches of lime wateri, we 
shall have considerably less than 1000 inches. The 
explanation is tha t par t of the water combines with 
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the lime, forming calcic hydrate (Ca O H 2 O), and 
this new substance dissolves in the remainder of 
the water. 

Again there are certain ammoniacal salts which, 
when dissolved in water, produce an expansion of 
volume, so that the measure of the solution ex-
ceeds that of the water in addition to that of the 
dry salt. (Phil. Mag., Nov. 1891.) 

Lastly, in the case of tlie sugar dissolved in 
water, the bulk remains unchanged ; that is, the 
measure of the solution is equal to that of the 
water, plus that of the sugar. And this is probably 
the case in most instances of solution. 

Of course water is not the only solvent. Alcohol 
and ether will dissolve many substances, such as 
resins, entirely insoluble in water; while a mixture 
of the two will dissolve gun-cotton, also insoluble 
in water, or in either ether or alcohol alone. 

Before going further, I must say a word on the 
chemical Elements, and their combining weights. 

From the metal iron we can produce a number of 
salts and oxides all different from each other, but 
in all cases the weight of the product exceeds that 
of the iron used in its formation, showing that 
something has been added to the iron. But by no 
chemical process can anything be extracted from 
the iron which weighs less than the iron, or indeed 
anything but the iron itself. 

Now, a substance like this, which we cannot de-
compose into anything else, we call a simple sub-
stance or an element; and there are known at 
present from 65 to 70 such substances. Some of 
them are solid, two are liquid, and five are gases, at 
ordinary temperatures. They are of course all 
made up of molecules, and these of atoms ; and as 
every molecule simple or compound contains a 
definite number of atoms, and as every atom of the 
same element has the same weight, it is evident 
that the elements can only combine in certain 
fixed proportions depending on the weight of their 
atoms. 

As a clear idea on this point is essential for realis-
ing some of the facts of chemistry, perhaps an illus-
tration may make it more intelligible. If we 
suppose two persons, one of whom has no money 
but sovereigns, and the other no money but shil-
lings, it is evident that the first can only give one 
or more sovereigns, i.e., 20, 40, 60, or more shillings, 
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all mul t ip les of t w e n t y , while t h e o t h e r can give any 
number of shillings, b u t n o f rac t ion of one. 

In the same way, since t h e a tom of oxygen weighs 
16 microcriths, and an a tom canno t be divided, t h e 
weight of oxygen in any compound m u s t be 16, 32, 
48, or some o ther mul t ip le of 16 microcri ths . 

Similarly t h e weight of t h e s u l p h u r a tom is 32. 
Hence su lphur can only exist in t h e molecules of 
any substance in mul t ip les of 32. So carbon can 
only exist in mul t ip les of 12, as 24, 36, 48, &c. 

These weights therefore are called t h e combining 
or a tomic weights of t h e e lements ; and if we under -
s tand t h a t they are really the ac tua l weights of 
the i r a toms in microcri ths, we shal l see t h e reason 
why i t is impossible for any substance t o exis t , e i the r 
alone or in combination, except in mul t ip l e s of t he se 
numbers . 

I give the atomic weights and symbols of a few of 
t h e be t te r known" e lements as an i l lus t ra t ion , and 
for f u t u r e use :— 

Bromine 
Atomic Weights. 

Bromine Br 80 Nitrogen N 14 Carbon C 12 Oxygen O 16 
Chlorine Cl 35.5 Silver Ag 108 
Hydrogen H 1 Sulphur 

S 
32 

Iodine I 127 Zinc Zn 65 Iron Fe 56 
Affinities.—I will now call y o u r a t t e n t i o n t o a 

fac t which in itself is very surpr is ing, a l though i t 
is so of ten before our minds t h a t we cease to be 
surprised a t it. I t is t h e affinity, or love, t h a t one 
substance shows towards ano the r ; and th i s exis ts 
in varying degrees in all t h e chemical e lements , 
each of which shows more or less affinity for cer ta in 
elements, and none a t al l for o thers . Th i s indi-
vidual taste, as i t were, or pa r t i a l i ty , is found in 
compounds as well as in s imple bodies, and wi th i t s 
o ther quali t ies makes u p t h e special charac ter of 
each ; and i t is by means of these affinities t h a t 
chemists are able t o fo rm new compounds, to 
separate or isolate one substance f rom ano ther , a n d 
also to discover t h e composit ion or n a t u r e of a new 
or unknown substance. 

The name ' a f f i n i t y ' (i.e., re lat ionship) is no t very 
well chosen to express wha t chemis ts mean by i t ; 
i t came into use in past t imes, when i t was supposed 
t h a t chemical a t t rac t ion existed only between such 
substances as resembled, or were re la ted to, each 
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other. I t has now, by long use, acquired a new 
and techuical meaning, so that now we do not in 
using it think of any 'relationship,' but simply 
understand by it the preference or special liking 
that one substance has for another. 

For instance : the metal potassium has so strong 
an affinity, or liking, for oxygen, that the two 
cannot come together without an immediate com-
bination taking place, the result being potassa or 
potash. There are few compounds containing 
oxygen which are not decomposed by potassium in 
its eagerness to get at, and combine with, their 
oxygen. Thus if dropped into water (which con-
sists of oxygen and hydrogen), the potassium seizes 
on the oxygen with such energy that sufficient heat 
is evolved to set fire to the hydrogen which is set 
free. Potassium, therefore, can only be kept in a 
vacuum, or in some liquid, like naphtha, which 
contains no oxygen; and potassium requires a 
strong electric current to separate it from the 
oxygen, of which it is so fond. 

Another case of strong affinity—tbis time between 
compounds—is that of hydrogen sulphate, or sul-
phuric acid, for water. For this it has so strong an 
affinity that it is used in the laboratory as a drying 
agent, absorbing moisture rapidly from the air or 
gas that we wish to dry. If poured upon ordinary 
white sugar, it immediately withdraws the water 
which exists in the sugar, and reduces it to a mass 
of black carbon or charcoal. So violent is tho com-
bination of this acid with water that if we wish to 
dilute the acid, the water must be added gradually 
and in small quantities at a time, on account of the 
heat that is generated. 

Alloys.—When metals are in a melted or fluid 
state, they will frequently dissolve other metals 
which melt at a lower temperature, and sometimes 
even those which melt at a higher temperature than 
themselves. If then allowed to cool, these metallic 
solutions become solid, and are called alloys. Many 
of these alloys are exceedingly useful in the arts, as 
they frequently possess qualities not to be found in 
any single metal. 

Metals are known in some bases to form real com-
pounds with one another, though in many cases the 
mixture is merely mechanical, one metal being dis-
solved in the other, as sugar is in water. Alloys are 
always more fusible than the metal most difficult to 
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melt tha t enters into their composition, and gene-
rally melt at a lower temperature than the most 
easily melted metal of the two. A singular instance 
of this is to be seen in what is known as Newton's 
Fusible Meta l ; this is a mixture of 3 parts of tin. 2 
of lead, and 5 of bismuth. I t melts readily a t about 
198° Fahr. , i.e., below the temperature of boiling 
water. I used it many years ago for making moulds 
of medals and such like small articles which I wanted 
to produce in copper by the electrotype process. I 
have also seen spoons made of i t for the purpose of 
a practical joke, as the spoon would instantly mel t 
in a cup of hot tea. 

The presence even of an impuri ty in small quant i ty 
in a metal frequently renders the metal more fus-

ible. Thus I have seen absolutely pure iron resist 
the flame of the oxy-hydrogen blowpipe, in which 
i t was held for a considerable time, wi thout showing 
any tendency to. melt, while ordinary cast iron, con-

ta ining, as it does, carbon, would melt easily in the 
same flame. 

Among the most beautiful alloys I may mention 
some of gold. Wha t is called red gold consists of 
75 parts of gold and 25 of copper ; i t seems to be a 

mere mixture. Green gold, consisting of 75 of gold 
and 25 of silver, not only is beautiful , bu t would 
also be useful if it were cheaper. The colour is very 
striking, and the green gold is so hard tha t it will 
take an edge, and would make a knife unaffected by 
ordinary acids. Another mixture of 60 of gold and 
40 of silver forms what is called water-green gold. 
A fourth alloy, consisting of 75 of gold and 25 of 
iron, is known as blue gold, and is said to have a 
blue tint, but I have not seen this alloy myself. 

Turning to alloys tha t are useful ra ther than 
beautiful, we have first the bronze of which our 
pence and half-pence are made ; i t is composed of 
95 parts of copper, four of tin, and one of zinc. 
Gun-metal, bell-metal, and speculum-metal are all 
alloys of copper and tin in varying quantities. 
They are all, says Roscoe, remarkable for the property 
of being hard and brittle when slowly cooled, but of 
becoming soft and malleable if they are cooled 
suddenly when red-hot by dipping into cold 
water. This is the very opposite of what we 
should havo expected, judging by the conduct of 
iron and steel. 

In his very interesting book on bells, Lord Grim-
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thorpe tells us, as tbe result of his great experience, 
t h a t the best proportion of copper to t in for bell-
meta l is 13 to 4 ; for this proportion gives the best 
sound, combines more firmly than other proportions, 
and the metals cool with less risk of separation or 
defect. I t is curious t ha t this proportion indicates 
the composition Cu 6 Sn, bu t as t in is a te t rad i t 
is difficult to see how bell-metal can be a t rue com-
pound. 

Moreover, he adds t h a t Lord Rosse made all h is 
specula for his great telescopes in the proportion of 
128 to 59, showing the composition Cu 4 Sn ; here 
is probably a real compound. The extraordinary 
hardness and whiteness of speculum-metal, differing 
as i t does f rom both copper and t in, also indicate 
the probabil i ty of i ts being a real combination and 
not a mere mixture . 

An alloy which has come into extensive use of 
la te years, is t hn t composed of 90 parts of copper 
and 10 of a luminium. This alloy, which has the 
colour of gold, possesses great s t rength, and is easily 
worked ; and is no doubt familiar to all present as 
the material of which cheap gold-coloured pencil-
cases are commonly made. 

Another very useful alloy is composed of 80 parts 
of lead and 20 of antimony, and is known as type-
metal, being tha t of which printers ' types are made. 
I t is easily cast, and is hard enough to bear the 
pressure of the pr in t ing press without yielding or 
losing i ts shape. 

An alloy, known as German silver, is composed of 
nickel, zinc, and copper. I t forms the basis of 
most of t he plated spoons and forks t ha t are now so 
common. 

Al though not str ict ly alloys, as they contain bu t 
one metal , I mus t here mention cast iron and steel. 
Doubt less some will be surprised to hear tha t ' cast 
i r o n ' is not iron, bu t mixture of iron, carbon, and 
silicon ; for iron itself in a pure state is only melted 
with considerable difficulty and could not practically 
be cast a t all. Wrough t iron is a much purer metal 
than cast iron, and a combination of i t with a 
certain proportion of carbon, is what we know as 

If a metal is dissolved in mercury, the result ing 
alloy is called an amalgam. The readiness of mer-
cury to dissolve gold enables i t to be used, not only 
in a gilding process, in which the mercury is driven 
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oft by heat, bu t also in extracting the gold from the 
crushed ore in gold-mining operations. 

Perhaps the most singular amalgam known is t ha t 
of the compound metal ammonium, of which the 
molecule is composed of one atom of nitrogen and 
four atoms of hydrogen. Ammonium is a dark blue 
liquid, with a metallic lustre, and can only exist 
under high pressure and at a low temperature ; i t 
very readily decomposes into ammonia and hydro-
gen. If sodium amalgam is placed in a solution of 
ammonium chloride, sodium chloride is formed, and 
the ammonia, set free f rom the salt, combines 
directly with the mercury and forms a singular 
bulky metallic mass, of light density, which rises to 
the surface of the liquid, bu t soon decomposes into 
mercury, ammonia, and hydrogen. 

In making some sodium amalgam a week or two 
ago, for the purpose of repeating this experiment, I 
noticed a circumstance which would seem to indicate 
tha t a chemical combination existed between the two 
metals. I placed a piece of sodium, t h e size of a 
large pea, with about a teaspoonful of mercury, in 
glass bottle, and shook them up together. To my 
surprise the mercury had no effect on the sodium ; 
this I supposed to be due to this fact—the sodium 
was oxidized on its surface. I therefore took i t out 
and cut it quickly into several pieces, pu t t ing them 
back into the bottle, which I then shook again. 
This time they combined suddenly and even ex-
plosively ; for the cork was blown out of the bottle, 
and the mass of amalgam became at once entirely 
solid, was so hot t ha t I could not hold the bott le in 
my hand. 

The ammonium amalgam is dark in colour, and 
has a blueish tinge ; and i t is interesting to watch this 
t in t gradually changing to the silvery white of the 
mercury, as the amalgam decomposes with a slight 
effervescence as the gases of which the ammonia is 
composed are set free. 

The power which mercury possesses of dissolving 
metals was illustrated in a somewhat amusing way 
a few years back. A friend of mine had a somewhat 
superstitious idea tha t carrying a small bottle of 
mercury in his pocket would keep off rheumatism. 
Accordingly he got a small bottle holding about a 
couple of drachms, and having filled i t with mer-
cury, he corked i t and pu t i t in his trousers pocket, 
in which he also carried his money. In the course 
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of the day, t he weight of i ts contents worked the 
cork out of the bottle, and my fr iend found the 
effect produced on a couple of gold coins and seve-
ra l silver ones was of a very evident nature. H a d 
he not discovered the accident pre t ty quickly, t he 
mercury would have done even more mischief than 
i t did, and brought the coins to the consistency of 
bu t t e r . H e has now adopted another preventat ive 
against rheumat ism, which, even if i t does not affect 
his heal th, will a t least not in jure his money. 

H i t h e r t o I have only spoken of the solution of 
solids in liquids, b u t gases, too, are soluble, as well 
as solid substances. 

Thus oxygen, t he gas on which all animal life 
depends , is soluble in ice-cold water to the ex tent 
of 4 per cent . ; while a t 50° Fahr . 100 volumes of 
water will dissolve 3 1/4 volumes of oxygen. Of the 
ord inary atmospheric air t h a t we breathe, 21 volumes 
in 100 are oxygen and the remaining 79 are nitrogen. 
"Water, when exposed to the air, takes up and 
dissolves a good deal of i t ; as may be easily seen by 
hea t ing water in a glass vessel, when bubbles will 
soon make thei r appearance, and rise to the surface 
of the water, long before i t is hot enough to form 
steam. These bubbles are the air which was dis-
solved in t h e water, and which is now being driven 
off by t h e heat . For i t is a curious thing, t h a t 
while most solid substances dissolve more freely in 
ho t water than in cold, t he reverse is the case with 
gases, of which a larger quant i ty , as a rule, can be 
dissolved by cold water than by hot. 

Sea water, as well as fresh, dissolves air in consider-
able quanti t ies , and i t is on this air t ha t fishes and 
mar ine p lan ts live. Bu t the air t hus dissolved 
differs a l i t t le f rom the ordinary air in being con-
siderably richer than the la t ter in oxygen, as i t 
contains 33 per cent, of oxygen instead of 21 per 
cent , as in the air we breathe. The reason of this 
is t h a t nitrogen is less soluble in water than oxygen, 
and this difference in the composition of the air on 
which they live mus t affect the breathing and consti-
tu t ion of the creatures t ha t live in it. 

100 volumes of water a t 32° F. will dissolve two 
volumes of nitrogen, b u t at about 60° F. i t will 
dissolve only 1.4 volumes of nitrogen. 

Hydrogen has the singular property of dissolving 
in water to one and the same extent , whether t h e 
water be ho t or cold. A hundred volumes of water 

dissolve 1.93, or nearly 2, volumes of hydrogen. 
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Chlor ine, which, l ike oxygen, h y d r o g e n , a n d 
ni t rogen, is a gas and a s imple e l emen t , is f a r more 
soluble than t h e o t h e r t h ree , f o r wate r , a t an 
ord inary t e m p e r a t u r e , will dissolve a b o u t twice i t s 
own vo lume of chlor ine. One molecule of ch lo r ine 
fo rms wi th five molecules of wa te r a de f in i t e 
crystal l ine h y d r a t e — a t r u e compound , a n d n o t a 
mere mechanical m i x t u r e . 

If we t u r n f r o m the s imple gases t o t h e c o m p o u n d 
ones, we find t h e l a t t e r general ly f a r more so lub le 
in water t h a n t h e fo rmer . T h u s carbonic acid, 
which is fo rmed by t h e b r e a t h i n g of an ima l s or b y 
burn ing coal or wood in t h e air , a n d composed of 
two a toms of oxygen t o one of carbon , is readi ly 
dissolved by wa te r a t o rd ina ry t e m p e r a t u r e s ; t h e 
water t ak ing up i ts own b u l k of t h e carbonic acid 
gas. U n d e r pressure t h e wa te r will dissolve m u c h 
more, as we see in an o rd ina ry b o t t l e of so-called 
soda water ; th i s in mos t cases conta ins n o t h i n g b u t 
carbonic acid dissolved in wa te r and no soda a t al l . 
W h e n the pressure is removed t h e wa te r i m m e d i a t e l y 
gives u p t h e addi t ional q u a n t i t y of t h e gas which 
has been forced in to i t by t h e p ressu re ; as we see 
happen in the effervescence which ensues on t h e 
removal of t h e cork. If we wai t u n t i l t h i s efferves-
cence has ceased, and t h e n t a s t e t h e water , we f ind a 
slight acidi ty in i t , due to t h e gas which to the-
ex ten t of one vo lume in one, s t i l l r ema ins dissolved 
in the water ; and which we m a y easily dr ive off by 
heat . 

Many of my hearers may have seen an adver t ise-
m e n t of a well known mine ra l water , which s t a tes 
t h a t t h e special r ichness of th i s wa te r in carbonic 
acid gas is due t o t h e f ac t t h a t i t is bo t t l ed as i t 
comes hot from the sp r ing ! I suppose t h a t t h e 
adver t iser is ignorant , or assumes t h a t t h e publ ic is 
ignorant , of t he f ac t t h a t t h e h o t t e r t he wa te r is 
t h e less carbonic acid can i t contain ; and when t h e 
water boils i t conta ins none a t a l l ! 

Ano the r compound gas, which is soluble i n 
water to qu i t e a remarkab le degree, is ammonia , 
of which t h e molecule is composed of one a tom of 
ni trogen and th r ee a t o m s of hydrogen . A m m o n i a 
is dissolved in water with grea t rap id i ty , giving off 
a considerable q u a n t i t y of h e a t in the process. I n 
th i s case also h o t water will dissolve much less of 
t h e gas than cold ; for ice-cold water will readi ly 
dissolve more t h a n 1000.times i t s bulk of ammonia ; 
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a t 60° F. water will dissolve 700 times its volume, 
and at 75° 600 times. Whenever ammonia is 
thus dissolved, it is probable that a compound is 
formed of which the molecule may be represented 
by N H5 O. 

This very remarkable solubility suggested the use 
of ammonia as a substitute for steam to drive 
-engines. Some twenty years ago I read an account 
of a proposed ammonia engine, but do not remember 

ever to have seen one. The idea of it was very 
simple, and seemed to promise exceedingly well—at 
least for small engines. The vessel which took the 
place of the boiler was to be filled with a strong 
solution of ammonia, which, when heated to a veiy 
moderate degree, would give out an immense 
volume of the gas, and thus produce sufficient 
pressure to drive the piston of the ingine backwards 
and forwards, exactly as the steam does in an 
ordinary steam engine. Instead, however, of letting 
the ammonia escape into the air when it had done 
its work, it was conducted by a pipe into another 
cylinder containing cold water, which would at once 
redissolve it, and so store it up to be used again. 
In case of leakage in the pipes or joints, it would 
not be very pleasant, to be near the engine, as the 
strong ammonia could not be breathed in any 
quantity without causing serious injury. We all 
know its powerful and stimulating smell, as it forms 
the basis of common smelling salts. 

Ammonia is also much used in medicine, and 
when dissolved in spirits of wine is known as 
spirits of hartshorn, as it was formerly chiefly 
derived by distillation from the antlers of the hart 
or stag, cervus elaphus. 

Ammonia, too, is of great value in agriculture, 
and i t forms one of the principal constituents of 
guano and similar manures, as the nitrogen which it 
contains is an important part of the plant food by 
which the soil is fertilized. I t would seem at first 
sight as if the plants could obtain what nitrogen 
they require from the air, but experience has shown 
that unless some is also supplied to the soil in the 
form of manure, the productiveness of the land soon 
begins to decline. 

Another form of solution, to which I have not yet 
alluded, is that of one gas in another. The process 
is usually known as the Diffusion of Gases, but it is 
so similar to the solution of a solid in a liquid, or of 
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one liquid in another, as alcohol in water, t h a t I 
will not quite pa6s i t over. Two gases then, which, 
when mixed together, do not combine chemically, 
become int imately mixed, or one is completely 
dissolved in the other, even though they differ in 
speci6c gravity. Thus, if two volumes of hydrogen 
and one of oxygen be placed in a glass vessel, t hey 
become completely diffused, and form one mixture , 
the same throughout the vessel, and occupying 
three volumes. This mixture is purely a mechanical 
one, bu t if the mixture be now ignited by an electric 
spark, the gases at once combine, and now only two 
volumes are occupied by the resulting steam, or 
water in the gaseous state. 

The last, and very singular form, of what may be 
called solution, is tha t of a gas in a solid. Metallic 
iron readily absorbs and retains carbon monoxide, 
although no compound of the gas and the iron has 
been detected. Iron also, under certain circum-
stances, dissolves, or occludes, a considerable 
quantity of hydrogen, and here again i t is supposed 
that no combination takes place. 

If an iron tube be closed at one end, and con-
nected at the other end to a Sprengel air-pump, i t 
may be exhausted completely, and the vacuum 
remains as long as the tube is cold ; bu t if the tube 
be raised to red heat , a considerable quant i ty of 
hydrogen and carbon may now be pumped out of i t . 
Evidently these gases were previously dissolved in 
the iron, and are separated from i t by the heat. 

In the same way platinum absorbs hydrogen ; and 
india-rubber usually contains a considerable quant i ty 
of oxygen, dissolved in i t bu t not combined with i t , 
and which may be obtained from i t by means of a 
vacuum. 

I had intended when I began this paper to have 
at tempted to explain what is known as the Periodic 
Law, but I have already occupied enough of your 
time, if, indeed, I have not over-taxed your patience 
and attention. 

A discussion on various points raised in the paper 
followed ; and, on the motion of Provost Smith, t h e 
Secretary of the Club, Mr John Yeats, M.A., was 
instructed to convey the thanks of the meeting to 
Dr Richards for his interesting and instructive 
paper. 

Mr Peter Burne t t exhibited photographs of a rare 
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