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THE GROWTH OF

The subject of which we are to treat
has to do, in a more general way, with
conditions and laws that affect equally
the evolution of any science or art, or
rather that affect the evolution of all sci-
ences, or of art considered in a broad
sense. This is necessarily so, because the
different sciences areso co-related thatit
becomes quite impossible for the proper
development of one to take place with-
out co-development of those allied. It is
not to be inferred, however, that all
branches of g science, or all sciences, ad-
vance with equal rapidity; for within a
science, many parts are subservient to
others.

The history of every science shows the®
study, grouping and correlation of “the
most obvious facts, at the beginning.
From later and more recondite studies
and observations, broader generalizations
are made. In botany, the first work was
upon the classification of plants, and,
while not valuable in itself, it paved the
way for valuable results, But a few
years have passed since laws were laid
down in regard to various kinds of oscil-
lations in rarefied media, which, if known
at all to laymen, were undoubtedly
laughed at as being absurd. Today, those
same laws are being put to practical uses
by Mr.. Tesla, the results of which will,
in a short time, startle the world.

The conditions must be suitable, or
development will be*anomalous. Tt was
not because the ancient Greeks lacked
apparatus or text-hooks or hecause Aris-
totle considered that the study of phys-
ical science was of no moment, that no
advance was made in chemistry or hi-
ology. More abstract and recondite causes
than these were at work, the true nature
of which may be forever beyond our
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ken. The Germans ascribe such illusive
conditions to the “Zeitgeist.” But the
thinking man asks for a more abstract
cause than the time spirit,  And it is
for this abstract conception that the
thoughtful mind ever strives in science,
art, or hterature, The more generalized,
the more abstruse the cause: the more
difficult it is to find. And as the ¢ir-
cling waves from a pebble cast in water
become less manifest as they recede
from the center and merge insensibly
into the glassy deep beyond. so abstract
laws hecome less sensible to our under-
standing as they approach the infinite.
The science of chemistry, in common
with other sciences, found many ob-
structions in its path in early days. Tt
was Dbesieged from without and from
within by so many enemies ; the curse of
pope and anathema of church were
hurled against it so often, that we are
filled with awe and admiration on find-
ing it occupying the place it does.
Consider for a moment its numerous
enemies from without. Organized the-
ology, the church as a political factor,
was, in early times, the archfoe of this
science. In the few hundred vears sub-
sequent to the establishment of the
Christian church, all investigation was
looked down upon by those in authority
as of no value. Scholastic methods
were assumed to be sufficient for gain-
ing scientific knowledge. This mediaeval
conviction was undoubtedly due in part
to the attitude toward science of the
Greek philosophers, Plato and Aristotle.
Deductions from the Scriptures had to
suffice for nearly all that was known in
astronomy, geology and kindred sci-
ences® Generalizations in regard to the
natural world, however sccured, were
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held in far greater esteem than were
those obtained by scientific methods. One
writer says: “The most careful induc-
tions from ascertained facts were re-
garded as wretchedly fallible when com-
pared with any view of nature whatever,
given, or even hinted at, in any poem,
chronicle, code, apologue, myth, legend,
allegory, letter, or discourse of any kind
which had happened to be preserved in
the literature which had come to be held
ag sacred.”

The mnext period is characterized by
the union of theology and science, and
for the time being, there was no fear
that the church would be injured in
the slightest degree by the rise of either
chemistry or physics. For twelve hun-
dred long years the science of chemistry
made practically no advance. A few
facts were obtained in regard to the
metals or their oxides and, to a less de-
gree, in regard to other substances, but
these facts were expressed in a langnage
so obscure and allegorical as to be nearly
unintelligible. 1f some really great in-
vestigator appeared upon the scene and
had the requisite courage to speak out.
as was the case with Roger Bacon, it
sufficed but little; for the church im-
mediately shackled and clapped him into
prison. But such a course could not
last forever. Here and there, when the
power of the church began to wane, men
arose who would not allow their minds
to be molded to forms arbitrarily fash-
ioned hy other men. To such noble
minds are thanks due that chemistry oc-
cupies the place it does today.

There was vet another enemy hostile
to the advance of chemistry and this
came primarily from within. T refer to
the mystic pscudo-philosophy which di-
rected and controlled all investigation.
One illustration of this must suffice. Al-
chemists assumed at the outset the pos-
tulate that there were only seven metals
and furthermore that there could be no
more. Why was this? Because there
were only seven planets. And this was
due to what? To the fact that there

were seven eardinal wvirtues, which fact
in turn depended upon the existence of
seven candlesticks, seven angels, seven
seals, ete., of the Apocalypse and most
important of all, the whole thing de-
pended on the basal fact that there werce
seven sacraments. Of course no real
progress could be made while such a
state of affairs existed.

Such arts as dyeing, weaving, tanning,
cte., were all well known to the ancients,
but the science of chemistry had practi-
cally no existence up to the time of
Rohert Boyle and Lavoisier. The chem-
istry extant passed under the name of
alchemy, the hidden science. The facts
composing it were isolated and subject,
apparently, to no law. They had not
yet risen to the dignity of a science.
The motive force in the minds of the
investigators was not the love of pure
truth., Their aim, in nearly all cases,
was either to find the philosopher’s stone
or the elixir of life. There is a lesson
for us in these misdirected efforts,
which, in their day, were regarded as so
practical. Men spent their lives in seel-
ing after that which would bring them
youth and fortune. which cfforts time
showed in the highest degree impractic-
able. Tf on the other hand, their time had
been spent in laying broad and sure foun-
dations. in the way of principlesandlaws
hased upon a sufficient number of facts,
practical results, such as we see mani-
fested today in a thousand different in-
dustries, would have followed much
sooner than they did. Ther were pio-
neers and we can not hold them culpable.
But even today, we und men holding
prominent positions in the scientific
world who declare with all apparent seri-
ousness that the time spent in the pursuit
of pure science is practically wasted.

Before considering the chemistry of
Lavoisier, it will be well to make a
brief resume of the science as it ex-
isted in 1730. That which commanded
most attention was the theory of com-
bustion. Stahl, supported hy many oth-
ers, held that all combustible substance
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contained a principle or clement called
phlogiston.  When the substance was
burned the phlogiston escaped, leaving a
residue called a calx, now known as ox-
ide. Thus a metal was supposed to be
a mixture of calx and phlogiston. If it
was desired to combine the calx and
phlogiston, to form the original metal or
substance, the calx was heated with a
substance rich with phlogiston; in other
words, with a reducing agent such as
coal. They conceived metals to be com-

pound instead of simple. The ideas in.

regard to the nature of phlogiston were
various. Some considered it as the flame
itself, others as something similar to
berlin blue, while others regarded hy-
drogen as the substance. Hydrogen was
given off from a metal when acted on
by an acid. A calx was restored to its
original state when heated with hydro-
gen.

The theory of the' transmutation of
metals was still prevalent.  As shown
above, the idea of a metal being ele-
mental was ill defined and chemists
could not understand why such trans-
mutation should not be effected.

Another belief, common to the chem-
istry of that day was that of the trans-
mutation of water. It was believed that
on heating water for a period of time,
it would he changed to an earthy suhb-
stance,

Along with the idea of transmutation
of metals and water. there was a haxy
notion that in some mysterious way, mat-
ter might be created.

Practically nothing more was known
as to the nature and composition of or-
ganic substances,

The nomenclature of the science was
cimbersome and unwieldy.

Lavoisier. a Frenchman, 1743-'04. was
ome of the greatest of chemists and in his
lifetime did more than any contemporary
worker to put chemistry on its present
foundation. His first important work
was the demonstration of the composi-
tion of water. This was the entering
wedge that served to overthrow the

phlogiston theory. He showed that
pure water, when boiled (o dryness, left
no  sediment  behind  in o the way  of
carthy matter.  He developed a rational,
though not entirely correet, theory of
acids. He gave the first correct defini-
tion of an element, "It is a substance
from which no simpler body has as yet
been obtained.”

About this time the balance wits
brought into common use, which was
mmstrumental in advancing a true chem-
ical theory.

It is much more important to ob-
serve corerctly than to theorize correctly.
With accurate observations we may ex-
press laws that are in some degree cor-
rect and, even if they are erroneous,
they serve as guide posts for future
thinkers, On the contrary. nothing but
evil can result from inaceurate observa-
tions,

It is worth while in passing to note
that the balance did more than anything
clse to establish that mighty doctrine.
the indestructibility of matter. Then the
chemist could satisfy himself that he
took as much from the crucible as was
put in, in one form or another. From
now on a theory had to withstand more
rigorous tests than before.

It is an interesting fact that of the
four natural sciences which stand pre-
eminent today, each has contributed a
fundamental doctrine to human thought
and without which true science could
not progress. Astronomy gave the doc-
trine of gravitation, chemistry that of
conservation of matter, physics that of
conservation of energy, and finally biol-
oy contributed the doctrine of evolu-
tion.

Finally the investigators had learned
to throw off the deadening weight of
some revered authority and henceforth
facts and theories had to go before the
world on their merits.

Dalton, 1766-1844, gave definite form
to the atomic theory. Like evolution, it
had been an apparition in the minds of










































