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It is thus that men engaged in trades and
professions entrust to the farmers and others the
labour of getting their food from the soil, and of
supplying wool, silk, cotton, flax, to be made into
clothing. In the case of food and clothing, there
18 a certain amount of preparation and labour
necessary, but in the case of water and air it is
different. These are the free gifts of Nature; but
air is not only free, it is the freest of all, the
primary and invariable condition of life.

8. Those requisites—food and clothing—which
involve labour in their preparation, are not unfre-
quently altered in quality by the addition, accidental
sometimes, sometimes intentional, of other sub-
stances, which, however good for their own purposes,
are not fitted for that of supporting life, for which
the requisites to which they have been added are
primarily intended. These added substances are
usually called adulterations. They were known to
the ancients, they are known to foreizn nations,
they are not unknown in our own country; indeed,
the adulterations of food come ever and anon
prominently before the public. When the extent
to which this mixture with foreign, and sometimes
with very deleterious matter, is carried in food, in
the materials of clothing, and—most cruelly—in
drugs, is considered, there is little wonder that
these corruptions of trade evoked the vehement
denunciations of the Laureate in the poem he wrote
before the Crimean war. I am not, however,
going to speak of these. I turn to the gifts of
Nature—water and air.

4. There is a word of such portentous signifi-
cance that I avoid using it before a Glasgow
audience ; but I may explain that it expresses the
used, dirty, and drainage water of a house, or a
village, town, or city. There is a natural reluc-
tance, quite apart from scientific knowledge, on
the part of one man consuming or using again, in
any way, the water which has been fouled by him-
self or by another. The reluctance may some-
times not be very strong, but, such as it is, 1t 1s a
natural hindrance to disease; and the reIuctaqce
certainly increases with knowledge. I do not wish
now, however, to trouble you with the much
debated question of—the word cannot be :_woided
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the properties of this gas also were ascertained,
and the name aitrogen was given to it. Speaking
roughly, then, the atmosphere, the gaseous ocean
at the bottom of which we live, consists of two
gases:—oxygen, active in combustion, and nitrogen,
passive 1n combustion. The proportions are 21
volumes of oxygen and 79 of nitrogen in 100 vol-
umes of air. The way to get the nitrogen is to
withdraw the oxygen by some combustible body—
most easily by phosphorus—and then we find that
there remain about four-fifths of the original vol-
ume unabsorbed ; and by this gas a burning candle
13 extinguished. The answer to the first question,
therefore, is: Becanse the oxygen is diluted with
about four times its bulk of a passive gas.

7. (5.) The second question is, What comes
of the products of the combustion of eoal gas, or
of a candle? When phosphorus or magnesium
burns, we see the product in the form of a white
vapour or solid. But when a candle burns,
nothing appears at all. The flame goes on steadily,
the wax and wick gradnally disappear, the eandle
is destroyed. Is it so really? The answer depends
on the meaning we attach to the word * destroyed.”
The form of the candle is certainly destroyed, but
the matter of the candle is still in existence; it
has entered into other combinations, and the new
forms are not visiblee These new compounds
result from the union of the oxygen in the atmos-
phere with the constituents of the candle. If the
candle had been heated to redness in a close vessel,
inflammable gases would have escaped; and after
these were gone, a black coked residue would have
been found, which consists chiefly of the chemical
element carbon. Carbon, then, is said to be one
of the chemical constituents of the candle; and
when carbon itself, or a carbonaceous substance, is
burned in the air, it combines with the oxygen,
and forms the substance called carbonic acid gas.

8. Though this gas cannot be detected by look-
ing at it, it is possessed of several noticeable
properties notwithstanding. One of these is that
it is absorbed by lime water, and gives with it a
white solid substance, or precipitate, which is
identical in composition with chalk or marble.
This precipitate is a test for carbonic acid gas, and
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candle is, in this apparatus, very readily affected.
If the access of air by the downecast funnel be
diminished, the flame becomes notably less, and if
it be stopped, the flame is extinguished ; if oxygen
be passed in, the flame burns more brightly; if
carbonic acid gas, the flame will be readily put out.
From this will be seen what is meant by a draught,
and how dependent a burning candle is on the
amount and the kind of air supplied it; if the air
be shut off, or if the wrong air be given it, it
goes out.

12. This remarkable gas was discovered last
century in 1754, some years earlier than the other
two, by Dr. Joseph Black, who was subsequently
teacher of Chemistry in the University here. He
was examining a familiar operation: the burning
of limestone in a lime kiln. What takes place in
this operation? The notion was that the limestone
acquired some burning property or principle from
the fire, which rendered it ** caustic.” Black at
first believed in this view, but he soon found that
the difference is caused not by something being
absorbed, but by something being lost; that the
limestone does not become caustic from the fire,
but is converted into quick or caustic lime by the
loss of a large quantity of gas, which, because it
was found firmly combined in a solid body, like
limestone, was called ‘fixed” air. This great
discovery—it was great, not merely as the dis-
covery of a new fact, but of a reason of a material
phenomenon, and of a scientific method of investi-
gation—was the starting-point of the discoveries
in gases which took place last century; and if a
precise origin could be ascribed to a historically
progressive course of thought like the science of
chemistry, if we could altogether ignore the past
up to a particular time, it would be more correct
to date the origin of modern chemistry from
Black’s thesis, than from any other single event.
It is impossible for me, on the present occasion,
to convey to you the clearness, the precision, the
directness, with which Black takes up the points
in establishing his view of the causticity of lime.
It was opposed, of course, at the time; but after
long discussion,—in which, however, Black m&k
little or no part,—so convinced was he of his
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13. Let me now turn to another subject in which
air is of the first importance, and which may be
introduced by an experiment described a hundred
years ago by the Swedish chemist Seheele. When
a vessel containing some blood is kept close for a few
hours, the air which has been in contact with the
blood extinguishes a candle, while the blood has
acquired a brighter red colour. This action closely
resembles that of keeping a piece of phosphorus in
air, whereby the oxygen is absorbed, and only the
nitrogen is left. It must not be forgotten, however,
that carbonic acid gas will also extinguish a candle,
and that as blood is an organic or carbonaceouns
substance, and is here in contact with air, earbonic
acid gas may also be evolved. It is a fact that
both actions do take place. Every one knows that
when a vein is opened the blood which flows is of a
dark colour, but by exposure to the air becomes
red; whereas blood from an artery is bright red.
This darkening of red blood can be shewn by
leaving it in contact with carbonic acid gas. If,
now, from a tube of such dark blood drops be
allowed to fall slowly into a globe into which air or
oxygen is passing, the blood issuing from an exit-
tube attached to the globe will be of a bright red
colour. If we were to suppose the tube of dark
blood to represent a vein,and the exit-tube an artery,
~ the intermediate globe, in which the contact with the
oxygen has taken place, would represent the lungs,
into which air is being constantly drawn, and out
of which it is being constantly expelled.

14. What action takes place in the lungs? In
brief, the blood is exposed to the air. If so, and
if the chemical actions be similar to those in the
apparatus deseribed above, the air expelled frow
the lungs must be very different from that taken
in, becanse oxygen will be partly retained by the
blood, while a considerable quantity of carbonic
acid gas will be given off. :

15. To shew that this is the case the following
experiments may be made:—By breathing or blow-
ing into lime water a white precipitate is produced;
air which has been breathed twice over extinguishes
a eandle; and if the breath be passed by the down-
cast funnel of the apparatus mentioned in section
11, the burning candle will be sensibly affected.
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performer would, in a brief time, die of suffoca-
tion.*

18. Air, then, which has been breathed, is like
water which has been used till it has become un-
wholesome; but in the ordinary treatment of the
two we encounter one of those singular anomalies
of behaviour which man occasionally displays.

There are few who would relish the proposal to
use the same water for washing until it could be
used no longer. Still fewer would like the arrange-
ment if the water were to be used by a dozen or a
hundred others; and I believe that all would revolt
from the idea of sharing it with a thousand or two
of persons. Yet we do not hesitate to breathe
over and over again the same air used already, not
only by ourselves, but by almost any number of
persons that can be brought together, without
making the slightest provision for the constant and
regular renewal of the air, and for the carrying
away of the carbonic acid gas.

19. We make boxes, which we call rooms; we
pile these boxes on the top of each other, and call
the result houses. We pack the houses as close as
we can together, and call the results streets or
wynds, as the case may be; and the whole
agglomeration of cells we call cities. Into these
boxes or cells are put human beings, each of whom
is producing, as the very condition of life, a
quantity of suffocating carbonic acid gas. This
gas, of course, goes into the air in the box or cell
called a room; but to be breathed over again
without inconvenience, it ought to be diluted with
fresh air until it reaches the normal amount of
0:04 per cent. What provision is there in houses,
or halls, or theatres, or churches, for constantly
supplying fresh air to the extent necessary f—
Absolutely none in general. If it be hurtful for
one person to be compelled to breathe the same air
repeatedly, and if there be difficulty in supplying
him with fresh air, what must it be when there
are hundreds of thousands of persons collected on

* This happenad in a historical event, to which, however, allusion
i nﬁlﬁﬂ]dﬁl made. On June 20, 1766, 146 British entlemen, mer-
chants and others in Caleutta, were seized by the nabob, and
into a dungeon, called the ** Black Hole," about 15 feot squara, In the
morning 128 of the prisoners were dead; suffocated, by having been
compelled to breathe the same air continuously.
















