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T H U R S D A Y , D E C E M B E R 1, 1887. 

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

A MEETING of this Club was held on Thursday evening 
—Rev. J ames Davidson in t h e chair. 

Several new members were admitted, and others 
proposed for election a t next meeting. 

CURIOSITIES OF CHEMISTRY. 

Mr GREIG, Sandlaw, read the following very interest-
ing paper on this subject by the Rev. W. J . B. 

Richards, D.D., St Charles' College, Nott ing Hill 
London :— 
I n the science of chemistry, which treats of the 

na ture and properties of t h e various substances of 
which the universe is composed, many curious facts 
have been discovered, a few of which will be here de-
scribed. 

The first of these is the atomicity of matter . I t appears 
t h a t no substance is perpetually divisible into smaller 
and smaller parts , bu t t h a t every element or simple 
substance is made up of atoms or very small (though 
not infinitely small) parts , which cannot be divided any 
more, and consti tute the units of which the substance 
is composed. These atoms, of course, are far too small 
to be weighed, bu t though it is impossible to find the 
actual weight of a single atom, for example, of oxygen 
gas, i t is known tha t this atom is 16 times as heavy as 
an atom-of hydrogen ; and tha t if we take the weight of 
an atom of hydrogen as 1, an atom of carbon will weigh 
12, one of iron will weigh 56, and one of nitrogen will 
weigh 14. And the weights of the atoms of all the 
elements or simple bodies are similarly known. 

Some strange things have been found out about these 
tiny atoms, one of which is tha t no single atom of any 
substance can exist by itself, but the smallest particle 
of an element which can exist in a free state (i.e., not 
combined with any other element), is a group of atoms 
called a molecule. The molecule of a simple body contains 
two or more similar a toms; and the molecule of a com. 
pound body two or more dissimilar atoms. 

Sir William Thomson gives the following suggestion 
by which some idea may be obtained of the size of a 
molecule of water. Imagine a drop of water magnified 
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until it appears of the size of the earth, i.e., of 8000 miles 
diameter. Then the molecules of the water will be 
visible, and will be seen to be larger than a pea, and 
smaller than a cricket ball. 

All known substances exist in one or more of three 
states—solid, liquid, and gaseous, of which ice, water, 
and steam are well known examples. Which of these 
states a substance is in depends on temperature, and at 
ordinary temperatures only two of the known elements 
are liquids, namely, mercury and bromine, all the rest 
are either solids like iron or sulphur, or gases like 
hydrogen. If sufficient heat could be applied to them, 
all the elements or simple bodies would become gaseous; 
and when in a gaseous state the molecules of all bodies 
would occupy equal volumes, so that a pint of hydrogen 
contains exactly as many molecules as a pint of oxygen, 
or a pint of iron in a state of gas as it would exist when 
sufficiently heated. 

Suppose now a small mass of metal or other substance; 
take for example a bullet. This is a solid mass of lead 
made up, of course, of a certain large number of mole-
cules of lead, just as a sandhill is made up of a certain, 
though large, number of grains of sand. But the mole-
cules of lead are much nearer together than the grains 
of sand, and they attract each with such force that the 
lead is a solid mass, and not a loose heap of particles. 
But though they attract each other so forcibly, they 
never touch or come within a certain distance of each 
other ; and thus each molecule has, so to speak, a certain 
elbow room, within which it is constantly moving back-
wards aud forwards. 

If the lead be heated to melting point, the molecules 
repel each other to a greater distance, and thus have 
more room in which to move. As they are thus farther 
from each other, they do not attract each other so 
strongly, and so the bullet loses its shape and cohesion, 
and is only kept together by the ladle in which it was 
melted. 

If still more heat be applied, the lead becomes vapour 
or gaseous. In this state the molecules move about 
with considerable rapidity, and repel each other strongly, 
so that a gas exercises pressure on the vessel in which 
it is contained; and this pressure is nothing more than 
the perpetual beating of the molecules against the vessel 
as they move about within the gas. 

The molecnles of which air is made up move at the 
rate of about 17 miles a second, but in spite of this great 
pace some time may elapse before any particular mole-
cule travels any considerable distance from its starting 
place. For as they are moving in every possible direc-
tion, the molecules are perpetually striking against one 
another, or rather coming to the nearest possible dis-
tance to which they can approach one another. Then 
they rebound and their paths are changed, and they go 
off in new directions as two billiard balls move in new 
directions after striking one another. 
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The average distance which a molecule travels before 
s t r iking another differs in different gases, bu t , according 

t o Professor Clark Maxwell, in hydrogen gas the mole-
cules probably t ravel about four mil l ionths of an inch on 
an average between t h e collisions, and meet with about 
18,000,000,000 collisions in a second of t ime. 

Allotropy is ano the r car iosi ty of chemistry . The 
various e lements are dist inguished f rom each other by 
the i r chemical proper t ies or the i r powers of combining 
wi th or affecting o ther bodies. They have also certain 
outward appearances or physical characters by which 
they can be usually dis t inguished f rom each other , such 
as hardness , colour, solubility, &c. Bu t i t so happens 
t h a t certain bodies have two or even three different 
s t a tes or conditions in which though the substance is 
identical i t takes different appearances, and somewhat 
different physical qualities. F o r instance the element 
carbon, of which an a tom (weighing twelve times as 
much as an a tom of hydrogen), is denoted by chemists 
by the le t ter C, has th ree different appearances. Firs t 
t he r e is t h e diamond, t ransparen t , hard , and heavy. 
Next plumbago, commonly called black lead, opaque, 
shining, soft ish so t h a t a knife will cu t i t , and heavy. 
Then charcoal, opaque, black, soft , and light. Now, all 
these t h r ee differing so greatly in appearance and 
physical character are bnt th ree forms of the chemical 
substance called carbon, which is specially character-
ist ic of animal and vegetable life. Each of them, if 
b u r n t in air or oxygen gas, yields precisely t h e same 
amount of t he same gas called carbonic acid or carbonic 
dioxide. This proper ty of existing in distinct forms is 
called allotropism. 

Another body possessing th is property is phosphorus, 
of which an atom weighs 31. Phosphorus is found 
largely in t h e bodies, and especially the bones, of 
animals . I t occurs also in t h e seeds of plants, and in 
one or two minerals. I t appears to be a very necessary 
ingredient in t h e brain, and is not unfrequent ly used iu 
medicine with a view of t reat ing the nervous system 
and the bones. 

I t is, in i t s ordinary condition, a yellowish substance, 
half t ransparent , and catches f i r e so easily t ha t i t must 
be kept in cold water . If i t is removed f rom the water 
and exposed to the air i t gives out , in the dark, a pale 

phosphorescent l ight, f rom which property i t derives 
i ts name. I t also, when exposed to the air, gives off 
white fumes, which are exceedingly unheal thy. I t is 
used in large quanti t ies for making lucifer matches, and, 
unt i l comparatively lately, with very bad effect on the 
work people employed in th is industry. For besides 
breathing the unwholesome fumes of the phosphorus, 
they were liable to many accidents in handling i t ; for 
i t takes fire by slight friction, or by a blow, or even the 
heat of the h a n d ; and when carelessly handled it 
f requent ly causes very serious if not dangerous burns. 
Happily, however, a few years ago an allotropic form of 
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phosphorus was discovered, and is now used especially 
in the so-called ' s a f e t y ' matches, instead of the old 
yellow form. Phosphorus in this allotropic condition is 
red instead of yellow, and does not take fire in air 
until i t is much hot ter than boiling water, and does not 
give off dangerous fumes. I t can t h u s be safely 
handled hy the work people without danger to the i r 
health or their hands, and with less chance of set t ing 
the premises on lire. 

A third curiosity of chemistry is Isomerism. As an 
atom of carbon weighing 12 is signified by the symbol C, 
so an atom of hydrogen weighing 1 is expressed by the 
symbol H, and one of oxygen weighing 16 by the symbol 
O. Of these elements, carbon, oxygen, and hydrogen, 
are formed most of what are called organic compounds, 
since many of them are found in the bodies of plants 
and animals. Each of these can be expressed by a 
chemical formula such as C2 H4 02, which represents 
acetic acid (or tha t of vinegar), and indicates tha t this 
acid is composed of two atoms of carbon combined with 
four of hydrogen and two of oxygen. These together 
form one molecule of acetic acid weighing sixty times 
tha t of one of hydrogen. The eight atoms which com-
pose this molecule must evidently be arranged in somo 
plan or order, and if this plan or arrangement be dis-
turbed, the group of atoms will have lost i ts distinctive 
character, and will no longer be a molecule of acetic 
acid. I t is known tha t an atom of carbon has, as i t 
were, fonr points at which other atoms may bo attached. 
Let us imagine the atom of carbon to be square in shape, 
thus having four corners to which other atoms may be 
attached. Then if the two atoms of carbon are attached 
to each other, i t is evident that there wiil be still six 
corners to which the atoms of hydrogen and oxygen 
may he attached. 

Of course, this is not a t rue representation of the 
actual molecules of acetic acid; but it shows what is 
meant by saying tha t the molecule of a compound body 
like acetic acid has a specific pattern or form. The 
substance we know as tho acid is made up of an immense 
number of molecules, all alike as to pattern and com-
position. 

We are now able to understand what is meant by 
Isomerism. This is as i t were the opposite of Allo-
tropism, for by it is meant tha t there exists several 
different substances, having each their own particular 
qualities and properties, but at the same time com-
posed of the same elements in the same proportions. 

Thus turpentine or terebene, oil of lemons, of ber-
gamot, of lavender, pepper, and cloves, and several 
other oils, all are composed 10 atoms of carbon com-
bined with 16 of hydrogen. These different atoms are 
no doubt arranged in as many different patterns or 
forms as there exist substances having the composition 
C1O H16. Some of these, by heat, or treating with 
sulphuric acid, or other means, may be changed into 
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o t h e r substances having t h e same composi t ion; j u s t as 
a p a t t e r n made u p of 10 red t i les and 16 black ones 
migh t be broken u p and rearranged in to auo ther pat-
t e r n having t h e same number of red and black tiles. 
So t h a t t h e m a t t e r of which i t is composed remaining 
the same, the n a t u r e of t h e molecule and t h e substance 
depends on t h e pa t t e rn or form. 

Two subs tances exis t of precisely similar composition, 
which are so well known as to mer i t special ment ion : 
they are s t a rch and dextr ime, commonly called 
Br i t i sh gum. F o r each of these the formula is 
C6 H10 O5, t h a t of gum arabic being C12 H20 O10, 
precisely t h e same in propor t ion, bu t containing double 
t h e quan t i ty of each e lement . Dext r ime is prepared by 
heat ing s t a rch to about 302° F a h r . I t s discovery is said to 
have been due to an accident . A large s tarch manufactory 
was on l i re ; and i ts owner, who had been contemplating 
t h e gradual des t ruc t ion of his proper ty in spite of all 
t h e ef for ts of t he firemen, happening t o look down, was 
surpr i sed to see a quant i ty of what seemed to be gum in 
t h e g u t t e r s of t h e s t ree t . He took some n p and 
examined i t , and found t h a t t he hea t of the fire and the 
water of t h e fire engines had converted his s tarch into 
excellent gum. This dextr ime or Bri t ish gum is now 
manufac tured and used in immense quanti t ies . Perhaps 
some present may remember t h a t some years ago 
something like a scare was created by a repor t that the 
cement used for postage s tamps was liable to cause 
cancer of t h e tongue. I t is hardly necessary to say t ha t 

this cement is Bri t ish gum made f rom potato s tarch, 
and the moistening th is cement with the tongue is no 
more likely to produce cancer than eat ing the potatoes 
f rom which i t is made. 

The Quantivalence of a toms is another curiosity of 
chemis t ry to which I will now call a t tent ion. I t would 
seem t h a t each atom has a certaiu number of poiuts of 
a t t rac t ion which in t h e case of carbon were compared to 
the four corners of a square. I t is remarkable t h a t hy-
drogen, oxygen, ni t rogen, and carbon, which, or some of 
which, compose nearly every organic compound, have 
respectively one, two, th ree , and four such points of at-
t ract ion,and the number of these points const i tutes what 
is called the i r Quantivalence. Thus we have seen t ha t an 
atom of carbon has four points, hence i t can combine 
with four atoms of hydrogen, each of which has one : 
or with two of oxygen, each of which has two ; or with 
one of ni trogen having three points and one of hydro-
gen. When such a molecule is formed, i t is said to be 
sa turated, haviug no more points of a t t ract ion unoccu-
pied. But one a tom of carbon combined with another , 
and the molecule t h u s formed, has six f ree points, and 
so on. So tha t t he number of a toms contained in a 
molecule of some compounds is very large; t h u s one of 
sugar contains 15 a toms, and one of stearine no less 
than 173 a toms of their const i tuent elements. Each of 
these groups of atoms is of course arranged in a special 
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and complicated pattern, which makes the substance 
built up of them to be what it is, and nothing else. 

These are a few of the conclusions of modern 
chemistry, to which I think I am justifled in apply-
ing the term 'curiosities. ' There are many others, 
such as the properties of alloys, the conditions of 
electrolysis, and the synthesis of natural compounds. 

On the motion of Dr Barclay a cordial vote of thanks 
was passed to the Rev. Dr Richards for his very interest-
ing paper, and to Mr Greig for reading it. 

Some notes on the condition of some towns on the 
North-East Coast of Scotland in the last century were 
read from a M.S. sent from Inverness. 
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