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VEGETABLE AND ANIMAL PHYSIOLOGY. 15

This mutual combination does not take place among all the
elu_amentary bodies. Those substances which do not combine
with each other are either destitute of both the opposite forces
referred to, or these forces are inactive in one of them, owing
to the circumstances in which it may be placed. On the
other hand, combination takes place every where if the forces
(K) and (O) be different from each other in a determinate
degree. If, for instance, there be a substance containing
20(K), and if it come in contact with another containing
1(O), the result will be a combination, and this new product
will be able to act with a force represented by 19(K).

We have no reason to assume the existence of other chem-
ical forces than those which we have called (K) and (O).*
All the elementary bodies seem to possess them, though uni-
formly in different degrees. It results from the doctrine of
chemical proportions (stochiometry) that the quantities of the
several elements which combine with each other vary accord-
ing to certain definite proportions, when the forces are excited
in_different degrees by different circumstances. Nitrogen
(N) combines with one, two, three, four or five of oxygen,
(O, 02, 0%, 0%, 05,) and so with regard to the other ele-
ments. We have thus solid grounds for assuming the exist-
ence of certain values of the chemical forces; the relative
proportions of which values may be expressed by whole
numbers.

Another result of experience is, that these forces are ex-
hibited in ordinary circumstances by all the elementary bodies,
but that the conditions require to be modified, either to excite
these forces, or to fix them in the substances in determinate
quantities, We see oxygen attracted by potassium at the
ordinary temperature, and hence conclude that such a force
1s always possessed by potassium. We cannot, however,
produce any proof of this, for it is possible that the common
temperature causes the production of that force in potassium,
seeing that it ceases to attract oxygen at a temperature of
— 150° Fahr. It is possible that the ordinary temperature
has the same effect on potassium, as a red heat has upon iron.

* The author employs these letters to designate the forces more
commonly called the ei’ectrn-pusiti?a and electro-negative powers of
substances.—S,
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. If polarity really exists in the simple molecules, so must it
In the composite molecules. We can easily imagine this, if
the substances, composed of one atom of each element, pro-
d!.lca a binary combination, as in the case of potash ; but it is
difficult to form a conception of the Fig. 1.

nature of the combination, when
two, three or more molecules of
one element are combined with one
or two molecules of another. How,
for instance, can we form an idea
of the polarity of sulphuric acid '
(SO?) and of phosphoric acid (P20%)? It is probable that

as that of tellurium ; and the rhombie octahedron of tungstate of lime
leads to the same conclusion with that of sulphur.

It is hence necessary in a compound, that the molecules of the ele-
ments combined should be so united together, as to produce the results
that would proceed from spherical and ellipsoidal molecules ; or rather,
they must actually constitute molecnles of these forms, as only thus
could the results be produced. Axial attractions in fixed directions
are required to produce solids of perfect symmetry and unvarying con-
stancy in the angles, and a uniformity in the texture of the molecule,
(varied only by those unequal attractions in different directions that
occasion the ellipticity,) in order to account for the optical effects.

In view of the above considerations, we ma Fiz. 9
well question whether the theory of juztaposi- e
tion is fully satisfactory. Take a sphere of lead
and an ellipsoid of sulphur, (see annexed figure,)
and by what process can a sphere (the molecule
of sulphuret of lead) be made from the two? or
how can axes exist in these unequal solids, juxta-
posed, that will produee the effect of a sphere—
a cubical form of crystal, and a cubic cleavage ?
The more complex compounds in chemistry,
would if possible, be a greater puzzle to the
atomic philosopher, o

We are thus led to the conclusion that molecules are not atoms, indi-
visible particles ; that in forming compounds they admit of an intimate
union into spheres and ellipsoids. Adopting the mode of expression
of our author, the forces which constitute molecules are capable of mu-
tual action, and they produce, as a resultant, the molecule of the com-
pound—as neat a sphere or ellipsoid as the molecule of an element,
similarly governed by axial attractions (at least when entering the solid
state) on which depend the form of the crystal, and its optical and
other physical characters.

By the principles of dimorphism, the same substance may present
two distinet forms, the one or the other being assumed according to the
temperature at which crystallization takes place. This is true of sul-
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the molecules of oxygen, being here the more numerous, are
arranged round the molecules of sulphur and phosphorus (S
and P), and that the force (K) of the latter element 1s neu-
tralized by a part of the (O) of the former. But we cannot
conceive how by any probable means (K) can be distributed
in S and P, or what may remain of (O), capable of acting
and manifesting itself externally. :

In every case, we may deem it probable that the simple
and the compound molecules are combined together in de-
terminate directions, and that their character is fixed by the

phur, one of the elements, as well as of some compounds. Thus the
molecule of an element even, is not constant in its figure. The form

roduced at a high temperature, often changes in the cold to the other

rm, every particle altering its character throughout the solid crystal.
We can easily understand dimorphism if we suppose it a simple change
in the molecular axes, depending on temperature. In carbonate of
lime (one of the dimorphous substances) some theorists would say that
there is a different arrangement of the juxtaposed atoms; but how is it
with sulphur, where there is but one molecule concerned ? And with
carbonate of lime there would be some difficulty in arranging the atoms
of carbon, oxygen, and calcium, to make either one form or the other.

In isomorphism the substitution of one element for another, without
a change of form, accords well with these views. The principles of
isomerism also seem to find here their only explanation. The com-
pound represented by the formula CH, resulits from the umion of a
molecule of each carbon and hydrogen into a simple molecule. In
C2H2, two molecules of each are united into a simple molecule, con-
densed probably in a different degree from that of CH ; so also with
C4+H4, CsHs8, and other cases similar. Juxtaposition gives no salis-
factory explanation of these singular compounds.

These views also elucidate the condition of gases absorbed by spon
platina, and many other analogous phenomena. According to the
principles here illustrated, we have the obvious explanation, that this
and similar cases are instances of simple cohesive attraction, without
that intimate combination of molecules which takes place in forming a
chemical compound. The surface action theory of %..iabig may there-
fore be less objectionable than is urged by our author,

The controversy among some chemical writers as to whether the
molecules in a compound have one mode of arrangement or another
—whether sulphate of lime consists of a compound molecule of sul-
phuric acid alongside of a molecule of lime, or whether it is made up
of a molecule of calcium united to a molecule of quadroxyd of sulphur,
as Graham suggests—appears to be of little value to science, iltj' the
views here stated be correct. It seems important to the chemist, onl
to distinguish what are the constituents between which the affinities
were exerted that gave origin to the chemical compound, carbonate of
lime ; and this action of affinities it is well to express in the name and
in the manner generally adopted.—S.
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form which the compound molecules assume. We see, then,
a determinate relation between the arrangement of molecules
and isomorphism, between the number of atoms and the form
of the crystals. For if the atoms of sul phuric acid and selenic
acid are arranged in the same manner, we can conceive that
when these acids combine with the same base to form salts,
the same form of crystals may be produced, although we can-
not, @ priori, determine from that arrangement of the mole-
cules what the form of the crystals may be.

The difficulty we have noticed, as to the combination of
several molecules into one whole, is greatly increased, if we
endeavor to form an idea of that state of polarization which
exists in every compound organic molecule. We cannot ex-
plain how the atoms of sugar are combined together ; and so
with every other organic compound. It is, however, certain
that here also polarization exists ; because in crystallized sugar,
C'2H11011, two equivalents of water are coptained, for
which two equivalents of oxide of lead (PbO) may be substi-
tuted. Hence it is evident that a constant proportion exists
between the 2 of oxygen in 2HO and 2PbO, and the 9 of
oxygen in C12H20¢9,

It thus appears that the oxygen of the sugar, after combin-
ing with carbon and hydrogen, and after having several times
neutralized their forces (K), has forces (O) still remaining to
oppose to water or to oxide of lead, these in their turn pos-
sessing (K), by which they are enabled to combine with the
sugar. The other elements of the sugar leave to the 9 atoms
of oxygen, after subtraction of the quantity applied to the neu-
tralization of the carbon and hydrogen, as much force as en-
ables it to combine with the same quantity of oxide of lead
as can be attracted by two of sulphuric acid (2502), thus :—

C12H®0?, require 2PbO.

ez, ¥ BSPhO,
If, then, we assume a state of polarization in the elements of
sulphuric acid and oxide of lead, and if we imagine, that result-
ants of all the forces which reside respectively in oxygen and
lead, and in oxygen and sulphur, are developed—resultants
which influence each other, though co-operating as a whole—
we cannot form any other idea, than that a similar resultant
proceeds from the elements of sugar, directly the opposite of
that which proceeds from the atoms of the oxide of lead.
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two opposite forces are excited to a certain degree by the in-
fluence of determinate circumstances. If, for instance, iron
be slightly heated in the air, the protoxide (FeO) is produced ;
if it be heated to a greater degree, the peroxide (Fe203).
Why do the same iron and oxygen combine together in two
different proportions by means of the same agent, heat ?

If we suppose, that at the ordinary temperature iron has a
tendency to combine with oxygen, and vice versa, but that
there exists no proportion at all between the quantities of the
forces (K) and (O) which reside in them respectively, then
the iron would not enter into combination. This is what we
abserve in dry air. If the iron be heated, its force (K) is
excited, and so is the force (O) in the oxygen, when in con-
tact with the heated iron. A combination of the opposite
forces, and consequently a combination of the iron and the
oxygen, (Feand O,) occurs only in the case where both forces
increase to such a degree that they both reach an equally
high maximum, with reference to the circumstances in which
they exist. A dull red heat makes these forces increase to a
limited maximum only. If we heat FeO and O to a still
greater degree, these forces get a new increase, and Fe20?2 ig
formed only when the forces of Fe and O have attained a new
maximum.

As to the production of some other compounds, we must
adopt a different principle. If, for instance, sulphur is to be
oxidized into SO? and SO?—sulphurous and sulphuric acid
—then the sulphur must in each case be placed in peculiar
circumstances. When sulphur is burned in the air, the ele-
vated temperature affects S with (K), and oxygen with (O) ;
in other words, the forces resident in sulphur and oxygen,
must be excited in such a manner that S is combined with
02. The oxidation into sulphuric acid (SO3) is effected in
a different way. Sulphurous acid (SO2) is brought into con-
tact with a substance possessing energy, and which is known
o have the power of exciting action in other substances, and
even of itself giving off 1 equiv. of oxygen, namely, with
hyponitrous acid (NO?®). SO? is thus predisposed to take
up O again; NO? excites new forces in SO?, and the com-
bination of O with SO2 is effected in the same manner, as
that of gold with chlorine, by the contact of the gold with
chloronitrous acid (aqua regia). This result is attained be-
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acquiring at this temperature, the same power which plati-
num possesses at the ordinary temperatures. A neutral sub-
stance may therefore be made equal to plafhum, by an
elevation of temperature. It is further known, that a deter-
minate temperature is required to convert alcohol into oxide
of ethyl and water, by means of sulphuric acid ; that humin
is formed from sugar by means of an acid, but not at every
temperature ; that the power which sulphuric acid possesses,
of converting starch into gum and sugar, is not unlimited, but
that a determinate temperature is required for that purpose.

If in this manner, we go over the series of catalytic phe-
nomena, we observe that the influence of temperature is almost
always indispensable.

Now it is known, from abundant experience, that heat has
the power, greatly to modify the chemical forces, resident in
substances. Thisis very clearly shown by the innumerable
products, obtained by dry distillation at different tempera-
tures. If then, the influence of heat on the substances, said
to be catalyzed, be communicated to them by the catalyzin
substance, (if the heat, for instance, which causes oxide o
ethyl and water to be produced from alcohol, be communi-
cated to the elements of alcohol by means of an acid—should
the heat in this case prefer such a medium,) the idea of cata-
lysis contains nothing repugnant to acknowledged principles.

However this may be, it cannot be denied that there are
many cases in which chemical action proceeds from a sub-
stance, which is not itself comprehended within the circle of
such action. Although this be a deviation from ordinary
chemical action, the idea seems not to be opposed to any
sound principle, and creates no greater difficulty than occurs
in the case where all the substances, which excite any action,
enter into the combination. :

The peculiar property of spongy platinum has been called
by some philosophers, surface action. To this action they
have ascribed every phenomenon, similar to that produced by
the peculiar influence of spongy platinum. I must confess,
that I understand the meaning of surface action as little as
I do that of contact action. A surface cannot produce an
action ; that must necessarily be effected by matter—by the
forces imparted to matter, which manifest themselves under
certain circumstances, especially when the matter is minutely
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are brought back to their free and proper chemical and mole-
cular condition. _

Disturbance of chemical equilibrium.—It is a property of
the chemical forces, when active in any substance, to excite
analogous forces in others. We notice this especially in or-

ic nature, and it is no where more strikingly illustrated,
than in the nutrition of animals. Blood, a homogeneous
fluid, circulates through very different parts of the body. In
the muscles it sustains muscles, in the liver it supplies the
component parts of the liver, and from it the gall is there se-
creted ; in the kidneys it maintains their various parts, and
secretes the urine, &c. None of these secretions appear n
the blood with their peculiar qualities; of some of them not
even a trace is found. But the four organic elements of the
whole are to be found in protein and its combinations, in the
coloring matter of the blood, &c. The elements of protein
might, no doubt, be transposed in the liver, &e., by means of
catalysis, and so the component parts of the liver and gall be
produced from it. It would only be necessary, then, that the
constituent parts of the liver should be put into contact with
the component parts of the blood, and the forces of affinity
resident in the substance of the liver would not require to
influence those in the protein, or to produce any chemical
alteration in its component parts.

Other causes, however, ought undoubtedly to be considered.
For instance, a change of its component parts takes place in
the liver itself, and, from the first, chemical forces actively
operate therein. For the continual change of its component
parts is a chief characteristic of every living organic sub-
stance. These forces may disturb the chemical equilibrium
of other substances, and cause the formation of new products.
If the constituents of the blood—the combinations of protein,
the coloring matter, &c.—enter the liver when it is in a state
of action, and are there put in contact with the gall during its
secretion, and with the substance of the liver itself, which is
in a state of continual alteration, then the result will be, that
this change of their component parts having taken place, the
action will be transferred to the elements of the blood, and
will maintain the secretion. If, on the other hand, the con-
stituents of the blood are in a state of continual change, then
the circle of action in which they are involved, will extend
to the mass of the liver ; and so with every organ.
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We have, however, no more knowledge of the manner in
which this secretion originally commences—whether it pro-
ceeds from the blood or lgrum the secreting organ, or whether
each of these contributes its part—than with the manner in
which the first germ of the whole organ, the liver, is pro-
duced, or in which the germ of the animal is converted into
an animal. Bat the continuance of the action—the duration
of secretion—entirely corresponds with some other phenom-
ena, which we may observe separately, and which therefore
throw light upon these animal actions. This is the case espe-
cially with fermentation, from which Liebig has drawn many
illustrations, for the purpose of clearly exhibiting his ideas ;
and with the same view we shall also avail ourselves of this
process.

Yeast changes sugar into carbonic acid and alcohol, and is
at the same time changed itself. The latter change causes
the former, and is only transferred to the sugar. If we substi-
tute blood for yeast, and the liver for sugar, we may form an
idea, more or less distinct, of the secretion of the gall. The
component parts of the blood are continually undergoing
change. This constant change of the component parts in or-
ganic bodies is a chief cause of the continuation of their exist.
ence. The liver without intermission assumes new parts and
loses others. This process we call nutrition. At the same
time that the parts of the blood in the substance of the liver
are thus undergoing change, chemical forces are excited ; these
forces are transferred to the elements of the blood, and so are
enabled to produce from them the gall. This takes place the
more easily, as the blood itself is also in a state of continual
alteration, and thus geadily yields to the impulse which, in
some way or other, is communicated to it. As-the impulse
varies, so does the effect. Hence that great diversity in the
secretion of very dissimilar substances, which are in a state
of alteration, from the same fluid—that is, the blood, which
is itself at the same time in a state of decomposition.

From the nutrition of the cellular texture, however, which
must be produced from the component parts of blood, and
from the nutrition of all the secreting organs—which, besides
producing the secretion, maintain themselves by separating
what they require from the constituents of blood—we learn
that catalysis cannot be left out of consideration in the mere
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quantity of extractive matter which has not yet been suffi-
cientlg analyzed. Thus—

rom protein, ; ; % CéoH31NsQ12
Take ammonia, . : d H1sNs
There remain, . ' ‘ CioH18 Q12

Thus it is evident, that heat is the primary cause of the
phenomena of fermentation. The protein compound in yeast,
a very complex body in common with many other substances,
such as hydrate of deutoxide of copper under water, &e., has
a temperature which forbids its permanence under water,
and induces decomposition. This decomposition is transfer-
red to the sugar, and resolves it into carbonic acid and alco-
hol. During this decomposition, especially at the commence-
ment, a small quantity of oxygen is absorbed. This absorp-
tion is not the cause, but the first effect resulting from the de-
composition of the protein compound which exists in yeast.
Thus all that has been stated as to the chief constituent of
yeast, holds good also with respect to yeast itself, provided
we regard the cellular membranes of the yeast globules as
having no influence whatsoever upon fermentation, but as
being only the vessels to contain the protein compound.
They are left behind insoluble when fermentation is finished.

During the fermentation of sugar by means of yeast, part
of the latter is decomposed, though its component parts con-
tribute nothing to the formation of alcohol ; neither do they
to any perceptible extent add to the quantity of carbonic acid
produced. For Thenard has found that 100 parts of sugar
yield 5127 of carbonic acid, and 5262 of absolute alcohol,
making together 103-89. One equivalent of water, however,
is combined with sugar when crystallized, C12H* 1011, which
thus gives nearly the same amount. In my experiments, 20
parts of yeast which had caused the fermentation of 100 parts
of sugar, left behind 13-7 parts of insoluble matter, which
being again put in contact with sugar, left behind 10 parts of
insoluble matter, which had no further power of producing
fermentation. It has been elsewhere stated, that the yeast is
also decomposed during fermentation. But a very small
quantity of yeast cannot bring a large quantity of sugar into

fermentation ; while on the other hand, the decomposition of
Vol. L o
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white substances. So in the transformation of protein with
4 of oxygen into humic acid and ammonia :
One of protein, with four of oxy- }C*DH51N5013—|—0*'

en,
Arge equal to 1 of humic acid, CtoH1s O'54-HO
And five of ammonia, H15N5

I repeat, that all these transformations correspond to such
ordinary phenomena in inorganic chemistry, as the oxidation
of iron, potassium, &ec., in the air.

This transformation has been compared to combustion ; and
whether hydrogen only, or carbon only, or both, be combined
with oxygen, it has been called combustion. It does indeed
resemble combustion. But there is this difference between
combustion and such a transformation of substances, that the
former is a complete conversion, effected by a more elevated
temperature, while the other phenomena are produced by a
mere disturbance in the equilibrium of chemical forces. These
forces are modified, while the vital functions of the animals
or plants, to which the substances belong, are in action ; they
are still present in certain circumstances, in which they are
not sensible—as when the body is dry, and is kept at a low
temperature ; but they are disturbed by heat and moisture,
especially the former, so as to make room for other forces.
Among these new forces, the tendency of hydrogen and carbon
to oxidation then appears. These forces come into opera-
tion as soon as the others are at rest. They come into full
operation if a great disturbance is effected by powerful causes,
such as when a burning substance is brought near the organic
one ; they are, however, but partially brought into operation,
if a different set of atoms of carbon, hydrogen or oxygen
meet each other in such a proportion as to produce a new and
intimate combination. This is clearly illustrated by the change
of sugar into alcohol and carbonic acid.

_ It must not be thought, however, that this power of affect-
ing substances resides peculiarly in oxygen. If our atmo-
sphere consisted either of chlorine, or of vapors of bromine
only, the power of these substances to disturb a chemical
equilibrium, (or to form promptly, in case of a disturbed equi-
librium, a combination with substances present,) would be
much greater than that which we now perceive in oxygen.
All these phenomena of oxidation, either in organic or inors
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ganic substances, ought not therefore to be classed as a deter-
minate and peculiar series. They must be referred to ordi-
nary chemical action, dependent in a great measure on the
influence of the circumstances in which a substance is placed.
This action is always terminated by the operation of the chem-
ical tendency, the production of a state of equilibrium.

The peculiar forces of the elements must, therefore, be
classed among the principal causes of the conversion of or-
ganic substances into others, accompanied by the attraction,
for instance, of oxygen. This tendency to combine with oxy-
gen is not exhibited by free carbon and hydrogen at the
ordinary temperature, but may be excited in both by heat,
and in hydrogen also by spongy platinum. We see these
forces very active in potassium and sodium, in phosphorus
and many other substances. Hence it appears, that such sub-
stances act in the same manner (4. e. attract oxygen), without
the aid of any new external circumstances, as carbon and
hydrogen do when under combustion, or when accompanied
by the conversion of organic matters. As soon, therefore, as
carbon and hydrogen cease to be influenced by those chemical
forces which modify them in the organic kingdom, they yield
to what is originally their most powerful tendency ; they com-
bine with oxygen in the same way as the nitrogen of yeast
combines with hydrogen and forms ammonia. So far, there-
fore, as the arrangement of the organic molecules is changed,
when bodies begin to decay or undergo any similar transform-
ation, the change depends partly on that primary tendency of
the elements, partly on the possibility of forming such new
and intimate combinations of the elements, when otherwise
arranged, as cannot be again disturbed in these circum-
stances, but can be decomposed only by more powerful causes.

The alteration in wood, which is called mouldering, does not
essentially differ from putrefaction. So far, however, it is
different, that during putrefaction, hydrogen combined with
carbon is given off in the form of gas, while in the former
case only oxidation, either of carbon only, or of carbon and
hydrogen, takes place. Hence it appears that, properly speak-
ing, in mouldering, the elements slowly obey their most pow-
erful tendency, yielding to the strongest forces which they
possess ; and on the other hand, that the formation of wood

1s the effect of a chemical action in an opposite direction.
Vol. L o*
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the animal substances contribute but the smaller part of the
nitrogen contained in the nitric acid produced, while the greater
part is absorbed from the atmosphere, and so the organic
substances are the chief means, whereby the nitrogen of
the atmosphere is changed into ammonia, which is afterwards
decomposed with absorption of oxygen into water and nitric
acid. This is fully proved by the nitrification which takes
place, without organic substances in putrefaction. A great
deal of nitrate of lime is found upon old walls, and in all po-
rous substances, which have been long exposed to the atmos-
phere. Insuch porous substances ammonia is not only con-
densed, but produced from the air, and afterwards converted
into water and nitric acid. (See Arable Soil, below.)

On these principles, relative to molecules in motion, for
which we are indebted chiefly to Liebig, several interesting
questions in science are explained.

The primary cause, however, of that motion may thus be
briefly described. Every chemical molecule possesses the pro-
perty of combining with others; such combination is an ef-
fect of molecular tendency elevated to a determinate degree.
Tendency, producing combination, arises from various circums-
stances. The presence of a third substance, electricity, light,
heat and vital force, give to the combination a determinate
direction—the last producing, for the most part, complex sub-
stances, which are of a peculiar character, because it is gen-
erally difficult to obtain an artificial imitation of those eircum-
stances. Ordinary chemical operations are almost uniformly
more simple. The substances produced, differ because the
circumstances differ. Temperature is a powerful exciting
cause of the chemical tendency, which effects combination.
To that tendency, we must look for the primary and principal
cause of what may be called molecules in motion, or, in other
words, molecules in the act of transposition, possessing a ca-
pacity for chemical combination, both of which qualities are
indicated by the expression chemical tendency.

By spongy platinum,—glass at a temperature of 572° Fahr.
—sulphuric acid,—any burning substance,—yeast,—a piece
of rotting wood, actions are produced in other substances,
attended with consequences which are characterized as chem-
ical, that is, with combination or decomposition.
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malcules proves, that animals, or at least their germs, gradu-
ally growing, by merely floating in a fluid, may be secreted.
What we know of the Acarus Scabiei, the Filaria aracuncu-
lus, the Echino-cocei, and a great many other entozoa, shows
that they may be produced from ordinary organic molecules
in the animal body, as every small organic globule of mucus,
for instance, or of milk, or of pus, &c., is formed. As the
germs of the spermatic animalcules are secreted animal germs,
somay the molecules of casein also be the ova of mites, though
these remain molecules of casein. The one idea is not ex-
cluded by the other:—an egg consists of the white and the
yolk ; both, however, constitute the germ of a chicken. In
the very same manner the ergot of rye (Secale cornutum) is
produced. From the top of this same fruit, under diiferent
circumstances, a different plant arises—a fungus instead of a
rass.

5 The idea of an ovum, therefore, coincides exactly with that
of an organic molecule ; thatis, of such a molecule as consists
of elements which may exhibit themselves under a change of
circumstances in infinite modifications, may form new combi-
nations, attract other elements, incorporate them, unite into
definite compounds, and thus separate from other bodies with
which they were originally combined. Among species of
this nature, formed from organic molecules, are the mites
in cheese, and the mould upon rotting fruits,—resulting from
the molecular forces of the elements, like the spermatic ani-
malcules.

Finally, the ordinary ova of plants and animals consist of
nothing but organic molecules, such as those of which all
organic substances are composed. They are products of or-
ganic bodies, and therefore differ neither in composition nor
in character from the germs of those substances which are
said to originate through equivocal generation. Nay, it is a
peculiarity of organic molecules that they produce organic
molecules. As regards this leading characteristic, ova and
organic molecules resemble each other. Of this the vegetable
kingdom exhibits an endless variety of striking examples.
The stem of a tree produces not leaves, but branches ; these
branches produce not leaves, but petioles, and the leaves grow
from the extremities of these. From the end of the foot-
stalk, a flower grows, in the same manner as a stem from the
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plant produces thousands of small seeds, each of which grows
up to a poppy plant equally perfect. Hence we are not en-
titled to admit the idea of transference of vital force, even
wliere it is not opposed to the idea of force itself. With our
own eyes we perceive the evolution of that force from its
phenomena.

What part then bears the germ of that vital force which
is afterwards to be developed? and at what point does the
development commence ? It is the poppy seed which bears
the germ,—a small quantity of organic molecules, different
in nature from all others,—some carbon, hydrogen, nitrogen
and oxygen, combined in a certain manner into substances,
which are peculiar in respect of their composition and ar-
rangement. The peculiar quality, which distinguishes these
substances from amorphous precipitates and crystals, they
owe to their origin. Their elements were brought into a
state of peculiar tendency by the forces residing in the or-
ganic molecules of the plant, whose influence had previously
governed them. They do not possess more than they exhibit,
and they exhibit nothing but a change of their chemical com-
position. The seed changes its starch into gum and sugar,
and so chemical forces forthwith appear, which seem to be
intimately connected with the development of new forms.
Another phenomenon soon succeeds, namely, the absorption
of substances from without. These bring something with
them : they are not merely substances, but the residence also
of peculiar active forces to which they owe their composition.
Of these forces, some portions combine with those which are
derived from the seed itself. And now, the previously exist-
ing molecule, and that which is formed from external matter,
both live—the former through what it received from the pa-
rent plant, the latter through its having assumed the form of
the other. This conformity arises from matter, and from the
property which matter possesses, of obeying the action of
forces, proceeding from the first molecule ; in other words,
the second molecule must necessarily be endowed with the
capacity of becoming similar to the first, through the influ-
ence of the first. Thus, the second molecule did not receive
its peculiarities, but these were excited in it; and so this
molecule also lives as well as the first, and in its turn can
take up new substances from without, and entirely assimilate
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—such for instance are potash, soda, and even iron, when
smelted in blast furnaces. Thus, the atmosphere must con-
tain not only substances consisting of carbon, hydrogen,
nitrogen, and oxygen, but a great many others besides, which
it would really be of importance to investigate, but on which
it is unnecessary for our present purpose to dwell.

We are therefore entitled to state,qas a general result of
this brief enumeration of the component parts of the atmos-
phere, that besides a countless number of accidental ingre-
dients which are continually carried down again to the earth
by the rain, the chief constituents of the atmosphere are a
mixture—nearly constant, so far as we are able to observe—
of 21 parts of oxygen and 79 of nitrogen by volume, a va-
riable proportion of aqueous vapor and a quantity of car-
bonic acid, which amounts on an average to something less
than half a thousandth part.

Two great causes of disturbance are continually at work
to diminish the quantity of oxygen in the atmosphere, namely,
the respiration of animals and combustion. By these pro-
cesses, vast quantities of oxygen are consumed and com-
bined with carbon into carbonic acid. We shall afterwards
inquire, how far these causes may tend to change the com-
position of the atmosphere ; at present we only remark, that
those two disturbing causes are opposed by a third, which,
if the equilibrium be disturbed, may restore it again, namely,
the decomposition of the carbonic acid by plants, and the sep-
aration of oxygen by their green parts. This decomposition
is one of great importance. While the larger animals by
their respiration continually extract oxygen from the atmos-
phere and give off carbonic acid, plants on the other hand
absorb carbonic acid and give off oxygen; this evolution of
oxygen being their action during the transformation of the
nutritive substances which they have absorbed, and among
which carbonic acid is one of the most important—into other
compounds, either containing little oxygen, or altogether desti-
tute of it. In relation to the atmosphere, therefore, the larger
animals and plants are directly opposed to each other, and we
shall afterwards treat of their several functions in this respect.

To this generally acting cause, tending to restore the equi-
librium previously disturbed by respiration and combustion,
a second remains to be added which is of no less importance,
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rounded by an atmosphere of carbonic acid, aqueous vapor
and nitrogen, from which last, ammonia may be produced by
the decomposition of the water—then these plants will decom-
pose the carbonic acid, and give off the oxygen ; and from the
ammonia, the carbon, and part of the carbonic acid left be-
hind, as well as the water, several vegetable substances will
be produced, which will adhere to the stony ground. The
further the decomposition of carbonic acid and the condensa-
tion of nitrogen proceed, the better do plants grow—the greater
is the amount of the four organic elements, which they fix to
the stony ground ; and the greater also the amount of oxygen
which i1s mixed with the surrounding nitrogen, carbonic acid,
and aqueous vapor.

If the plants, after the seed is matured, die within this
enclosed space, then they putrefy, and organic humus-like
substances are left behind. The decomposition of these sub-
stances proceeds still farther, and the products are carbonic
acid, which is diffused through the air, and ammonia, which
remains intimately combined with the humic substances of
the soil. In these decaying substances, the seed sprouts and
grows to a small plant; the carbonic acid from the air, and
the ammonia formed from nitrogen and aqueous vapor, are
decomposed by the young plant; the latter thereby is ad-
vanced in its growth, gives off oxygen, and produces new
organic substances, which again form constituents of® plants.
These plants putrefy in their turn, and so this rotation is con-
tinually going on. The production of plants cannot exceed
the supply of the substances on which they live; they can
only rise to a height proportioned to the quantities of food af-
forded them, which existed originally in the air in the state
of gas. The nitrogen which was in the enclosed space, along
with carbonic acid and aqueous vapor, thus becomes mixed
with oxygen on the first decomposition of the carbonic acid
by the plants; and this process is continued, till there is no
more carbonic acid to be decomposed. Then the oxygen
attains a maximum. When the dead plants decompose, their
carbon at the same time takes up oxygen, and thus the quan-
tity of the latter again falls towards a minimum, which is
attained when putrefaction is completed, and young plants
rise from the germinating seed. In such a limited space, the

largest quantity of oxygen and the smallest of carbonic acid
Yol. L 11






VEGETABLE AND ANIMAL PHYSIOLOGY. 109

carbonic acid and ammonia—formed from nitrogen and aque-
ous vapor—and so oxygen must have been diffused through
the atmosphere. With the increase of vegetation, the carbonic
acid and the nitrogen would gradually lessen in the atmos-
phere. The quantity of both would fall towards a minimum,
while that of the oxygen would rise towards a maximum—
the constituents of the primitive atmosphere being more and
more condensed into solid substances on the rocky earth.

Plants may preserve their existence, without the presence
of either animals or combustion. By the putrefaction which
one part of them undergoes, carbonic acid and ammonia are
supplied to the other part. Except the Infusoria, all animals
must have begun to live after the existence of plants, for
without plants no animals could live upon the earth. The
black layer of soil must have come into existence after the
plants, for it can be produced by plants and animals only.
Thus the substance of the organic parts of animals and plants,
and of the black layer of soil, were formerly component parts
of the atmosphere.

Animals must have vegetable food. As soon, therefore,
as animals arose on the earth, the quantity of carbonic acid
in the atmosphere, and that of ammonia in the black layer
of soil, began to be increased by their respiration ; and so the
food for plants became more abundant. Thus vegetation must
have been supported and promoted by the continual increase
of animals on the earth; and the food supplied to plants from
the atmosphere will still go on increasing with the increasing
numbers of mankind.

At the beginning of the present condition of things, also, a
very remarkable change must have been produced in the at-
mosphere, by the formation of the black layer of soil. The
first plants, which lived upon and were nourished by car-
bonic acid and ammonia, either derived or prepared from the
atmosphere, did not restore to the atmosphere on their decay
all they received from it, but left on the"ﬁarth‘s surface a
black solid substance. As that layer increased, the atmos-
phere must necessarily have been deprived of the elements
of carbonic acid—and of ammonia, either condensed or
formed from the atmosphere by the decayed plants. And in
proportion as this layer of humus increased, (as we see it at
present doing on our moors and mosses,) the atmosphere
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not yet cultivated, must have been thereby materially ob-
structed ;—that then, not only the extension of vegetation had
attained its highest point, but that without other and peculiar
causes, by which carbonic acid was again returned to the at-
mosphere, it could not have been maintained at that highest
point ;—that, by the animals which came after the plants, the
change in the constituents of the atmosphere has been consid-
erably increased, a larger portion of carbonic acid and nitro-
gen being separated from the earth’s surface, and brought
into a state fit for being moved and transported over the
earth ;—that animals, by supplying new food to plants,
namely, carbonie acid and ammonia, have again considerably
supported vegetation ;—and finally, that by the increase of
the number of mankind, by their respiration, by the putre-
faction of their dead bodies, and above all, by their fires, this
effect has been again powerfully promoted.

Has the atmosphere, since the appearance of man on the
earth, preserved the same composition as it had before ? and
will it at all times retain the same composition—the number
of mankind being continually increasing, and that of forests
diminishing ?

It is not to be denied, that the quantity of carbonic acid
must have become greater, and that of oxygen less, with the
inerease in the numbers of men, who respire and make fires,
and whose dead bodies putrefy ;—but, on the other hand, a
great many animals, on the increase of mankind, have been
expelled from the earth’s surface. By the fires, however,
which man has kindled, the quantity of carbonic acid has
undoubtedly been increased, and that of oxygen diminished ;
but it is difficult to decide with certainty whether that increase
in the carbonic acid would have ever become perceptible, even
though the very first human beings had been able to make
eudiometrical experiments. It is, however, probable, that in
any given bulk of atmospheric air, they would have found a
little more oxygen, and somewhat less carbonic acid, than in
the present day, provided the method of investigation had been
sufficiently accurate.

It is a consequence equally undeniable, that either the at-
mosphere will at last become infected by man, or that famine
will arise on the earth. By the continual increase of man on
the earth, the number of forests has been diminished. Man
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which is present every where. In this manner carbonic acid
and the traces of ammonia, which exist in the air, are also
conveyed to the small radicles of plants. And in like manner,
after having remained in the ground for a longer period of
time, those substances which are given off’ by the bodies of
animals, &c., and are at first injurious to vegetation, must be
decomposed and changed into new plants. (Ball, for in-
stance,* having left the head of a Delphinus phocena to pu-
trefy in a hot-house, found, after a time, a great many ferns,
as well as other plants, in an unhealthy condition, withered,
and discolored ; viz. Osmunda regalis, Adianthum capillus
veneris, many species of Aspidium ; also Rubus corylifolius,
Oxalis acetosella, &ec.)

But in that air-ocean itself, another, and a much more
powerful form of its uniform composition exists, namely, the
motion imparted to it by so many various causes, by which, in
the tropics, hot strata of air rise, direct themselves to the north
and south poles, and thence extend themselves over the earth’s
surface, to supply carbonic acid to plants for decomposition,
and the oxygen, thence produced, to man, to animals, and to
the support of combustion. It is owing to this effect of the
winds, which depend on the temperature, and to which a great
many other causes might be added, that an intimate mixture
of the constituents of the air is maintained, and plants and
animals alternately receive what is indispensable to each.

It deserves particular notice, that the two chief constituents
of the atmosphere—oxygen and nitrogen—are not combined
chemically, but merely mixed together. If they were chemi-
cally combined, the respiration of animals would be impos-
sible, the evolution of oxygen by plants would not restore the
atmosphere to its proper state. The absorption, by the blood,
of oxygen, which afterwards appears in the state of carbonic
acid on the decomposition of the constituents of the blood,
must be considered as a chief condition of the respiration of
animals. This function would have been utterly impossible—
the whole animal kingdom must have been entirely different
from what it is at present, if the oxygen and nitrogen of the
air had been chemically combined. During respiration, new
compounds would in such a case have necessarily been formed

* Biblioth. Univ., Nov, 1841, p. 412,
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in the animal organism itself, not only from the oxygen, but
also from the nitrogen, in consequence of its being in the
nascent state. The whole of the nitrogen of the atmosphere
would then have been included in this action, whereas it is
now almost wholly excluded. -

Further, plants which can now restore the disturbed equi-
librium of the atmosphere by a simple separation of oxygen,
would not be at all able to produce the necessary combina-
tion, were the atmosphere a chemical compound of oxygen
and nitrogen. Where the combination was to take place, the
quanlity of nitrogen required might be deficient, and some
other combination of oxygen and nitrogen might be produced ;
in other words, a higher degree of oxidation. In short, if
the oxygen and nitrogen were chemically combined, then or-
ganic nature would require to be very differently constituted ;
but as it is, the operation of the winds is sufficient to make
the mixture an intimate and uniform one.

Finally, the absolute quantity of oxygen and nitrogen
which the atmosphere now contains, depends solely on the
absence of substances from the earth, which either give to or
take from this quantity, and upon the quantity originally ap-
propriated to the formation of the atmosphere. 'This has not
been determined after any chemical rule or patural law. But
as the earth, once arid and rocky, and destitute of life, became
covered with a peculiar vegetation—whose residue, coal, for
instance, is astonishing—a vegetation possible only in the con-
dition of the atmosphere as it then existed ; so the greater
part also of the present vegetation must be destroyed, when
the constitution of the atmosphere undergoes the requisite
change. Thus,every being which now has life depends for
its existence on the presence of 21 per cent. of oxygen, and
79 per cent. of nitrogen in the atmosphere. Whenever this
proportion is materially altered, every being now alive on the
earth must die, and another series of plants and animals, per-
haps a different race of rational beings also, will appear.

It is not known how many such successive changes of or-
ganized beings have already happened on the earth’s surface ;
but that they have happened, is established as a certainty.
Ehrenberg continues to make us acquainted with races of
minute beings, which have powerfully contributed to the
transformation of the earth’s surface, and of which the influ-
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of hydrates, and those of mucilage, both of plants and ani-
mals. It is the same in so far as it keeps in suspension small
particles, which are insoluble in water—such as the globules
of chlorophyle in plants, and of the blood in animals; in so
far as it carries dissolved substances through all parts of the
organism—such as the soapy matter of Scheele in plants, the
extractive substances in animals, and in both, a series of salts
under various forms, and of diversified composition ; and
finally, in so far as it supplies to both animals and plants cer-
tain substances in a state of solution or minute division, which,
being fitted to nourish, are indispensable to the existence of
the organism.

5. The action of water differs, however, in plants and ani-
mals, chiefly as to the way in which it disappears again from
the organic substances ; by which difference, these two classes
of beings are essentially distinguished from each other. In
the greater part of animals, an aqueous fluid is circulated
through the whole structure, and enters also into certain
organs, by which a part of the substances either dissolved by
that fluid or suspended in it, are separated and expelled from
the body, so that the latter gets rid of these substances. In
plants this process is different. They are deficient in the
organs which are exclusively destined to this service, and
thus retain all the non-volatile substances which have ever
entered into their composition. Exposing a large surface to
the air, they lose aqueous vapors through their leaves, if
the atmosphere can take up aqueous vapor; that is to say,
if it be dry enough for that purpose, and if the hygroscopie
power of the parts of the leaves be less than the power of the
air to contain aqueous vapor. Though this be by no means
always the case, it is, however, a condition which often arises ;
so that plants, though not possessed of peculiar organs, fit for
the expulsion of an aqueous fluid, yet lose, in many states of
the atmosphere, almost pure water through their leaves.
This function, therefore, is wholly different in plants and in
animals. The latter, though they also lose water through
their skin—both by exhalation through the pores, and by
evaporation from the moist skin, covered with a thin epider-
mis—usually excrete, nevertheless, through peculiar organs
(urine-excreting organs) a large portion of aqueous fluid.
The leaves of plants, being possessed of stomata, and being

Vol. L 12
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besides in a moist state, lose water both through their sto-
mata and over their whole surface, and impart it to the ate
mosphere. As this water can differ but little from pure
water, a large part of the solid substances contained in the sap
of plants must remain where the evaporation takes place—
the growth of young leaves, which evaporate much, being
thereby materially promoted. There is thus a growth, an
increase of mass, in direct connection with the evaporation of
the aqueous fluid—that is, with the power of the atmosphere
to absorb water. It is not to be denied, that by this evapo-
ration of the water through the leaves and at the surface
of plants, the renovation of the sap in the drying parts, and
at the same time, the circulation of the sap in plants in gen-
eral, is materially supported. The evaporated liquid must
be restored, and besides the portion of the solid substances
contained in the sap of plants, which this water leaves be-
hind, the succeeding portion of liquid supplies a fresh quan-
tity, which, in its turn, is left behind at the place of evapo-
ration.

Another consequence of this evaporation and circulation is,
that the ascension of new fluids through the whole plant is
promoted, and so through its whole mass a new change of
constituents must be produced.

6. Pure water is scarcely ever to be found at the earth’s
surface. Generally, it holds some saline substances in solu-
tion. These are found abundantly in nature, especially in
sea-water. Without these very saline substances, animals
and plants could not exist. They are as indispensable to life
as the four organic elements themselves. This connection is
undoubtedly not an accidental, but a necessary one. It places
living nature in a peculiar relation to the so-called dead na-
ture. If we imagine the organic parts of the serum of the
blood separated from it, then there remains a saline solution,
which, in many respects, approaches in composition 1o com-
mon water. Such coineidences are by no means accidental,
neither is the necessity of common salt for animal life, and its
abundance in the earth, accidental. Besides, not only in the
serum of the blood, and in common water, but also in the

ueous fluid which circulates through plants, are contained
the chlorides of calcium and magnesium, the carbonates of
soda, lime and magnesia, and sulphate of soda, and in the se-
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rum of the blood, potash salts, and phosphates also. The
greater part of these salts, essential to the constitution of the
serum of the blood, are found in common water, and also in
the saps of those plants which are destined for the nourish-
ment of man and animals—an arrangement which establishes
an intimate connection between the subdivisions of nature,
which scientific writers commonly separate too much.

By these salts, undoubtedly, an important part is played in
the whole organic kingdom. It is known that the greater
part of them retard chemical changes among the elements of
organic bodies. By common salt, and many others of them,
for example, meat is preserved from corruption. Thus, the
first purpose for which salts exist in the organic kingdom,
is undoubtedly to limit, in a greater or less degree, the
change of materials, or to modify it here and there—which
change would undoubtedly proceed much too rapidly in the
animal body, consisting of parts very susceptible of change,
if these salts were wanting. Some of them, for instance the
alkaline carbonates, serve to dissolve the compounds of pro-
tein ; others supply suppurts for the soft parts,—such as the
phosphates of lime, and in grasses, silica,—and form chemical
compounds with many organic substances ; at the same time,
from these and from the sulphates is derived the phosphorus
and sulphur by which, in certain combinations, the organic
substances are accompanied. Finally, the oxide of iron, pres-
ent in the ash of plants, must be dissolved in water before it
can be taken up by plants, which convey it to animals, solely
in order that, through the influence of the same de-oxidizing
circumstances in the organism of animals, it may enter as an
organic element into the eoloring matter of the blood, in the
same way as phosphorus and sulphur do into many protein
compounds.

All the salts, soluble in water, which are not fixed in the
animal body, or whose constituents are not combined there,
are necessarily carried away in the urine. We cannot ima-
gine any reason why they should be retained in the kidneys,
since they occur dissolved in the serum, and are also soluble
in urine, which is an aqueous liquid. These salts must there-
fore, be continually, and to the same amount, supplied from
without. Except common salt, they are sufficiently abundant
either in animal or vegetable food, or in common water, to
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stances, present in those waters. The organized beings there
produced, vary with the nature of the water itself, the cir-
cumstances to which it is exposed, and the substances with
which it is mixed. Previous to the existence of our present
plants and animals, similar infusoria existed in innumerable
multitudes : perhaps they have contributed to condense the
component parts of the former atmosphere.

9. There subsists an intimate mutual connection between the
atmosphere and a limited portion of water. Wherever and
in whatever way a small quantity of water is prevented from
escaping into the ground, if it be exposed to the atmosphere,
such an accumulation of organic substances takes place, that
the shallow body of water becomes at last wholly filled up.
The distribution of seed causes plants to spring up within it,
which—finding abundant food in the organic substances which
have been produced from the constituents of the atmosphere,
and deposited there, altered by infusorial animals and plants,
putrefied, changed into humie acid, apoerenic acid, &c.—grow
there luxuriantly, raise their leaves beyvond the water, drink
in carbonic acid from the atmosphere, retain the carbon, and
restore the oxygen. Every shallow mass of water is thus gra-
dually filled up with peaty soil. In ponds and ditches this
happens every year, so that they require to be widened and
deepened, otherwise they would soon disappear.®

We therefore observe an intimate relation between the at-
mosphere and the water. All the particles from the atmo-
sphere which are washed down by the rains, are taken up by
the water into which the rains fall. The great variety of
substances diflused through the atmosphere, being mixed
with the water, are gradually decomposed 1n it, and at last
substances are produced similar to those which appear in the
soil. (See Chapter V.)

Hence, in every confined mass of water the same substances
are present as in the soil, and consequently, the plants living
there are surrounded by a diluted solution of inorganic and
organic salts, which are more or less the same with those of
the soil. The water of ditches is colored by apocrenates, and
from these is derived an abundant supply of organic food, to

* Wiegmann, Entst:hung des Torfs.

Vol. L



124 THE CHEMISTRY OF

be taken up by the roots of plants, which in great numbers
are floating in the water.

In the great ocean an immense number of plants grow.
Besides the sea-weeds and other water-plants with which the
shores are covered, the vast quantities of the Sargassum
Columbi, which float on the sea like the weeds on the surface
of our ditches, are for this reason remarkable. This plant
feeds on the organic substances of the sea-water, of which
substances the water contains so great a quantity, that it has
always a yellowish color, and leaves behind a colored mass
of salt after evaporation. In those large masses of water
where gigantic animals live, where their excrements are dif-
fused, and their dead bodies putrefy, an amazing quantity of
organic substances is accumulated, and for the greater part
dissolved, or diffused in a state of minute division.

It is certain, also, that by these water-plants, a relation be-
tween the water and the atmosphere is established. When
growing, all the green plants give off oxygen, which is dif-
fused through the water,and, by its intervention, partly through
the atmosphere.

By the continual evaporation of almost pure water from the
ocean, by the anti-putrescent power of the salts in sea-water,
and by the continual supply of organic substances, carried by
the rivers into the ocean,—the quantity of organic substances
in the soil must necessarily be diminished, and consequently
the quantity of food for the organized beings in the ocean, and
at the same time their very number, must be increased. Thus
we observe a tendency to enlarge that multitude of living be-

ings in the ocean.

We have seen, that oxygen is given off by plants in stag-
nant waters, as far as they possess green parts. From this
fact, and from the property which the water possesses, of ab-
sorbing oxygen more easily than nitrogen, we are forced to
conclude, that the proportion of oxygen in the air which is dis-
solved in water, is greater than in that of the atmosphere.
This was first observed in the water of the Seine, by von Hum-
boldt and Gay Lussae, and it has been ascertained by others,
in reference to every kind of water, not containing an abun-
dance of organic putrefying substances. Instead of 21 per
cent., we find 28 to 32 per cent. of oxygen in this air, dissolv-
ed by water. [Hence the fishes are supplied more readily
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with oxygen,—the water thus impregnated flowing along the
ramifications of the blood-vessels in the gills, and the carbonic
acid, which at the same time is given off, being dissolved by
the water. This carbonic acid is a food for plants, and thus in
the water almost the same succession of changes takes place
as in the atmosphere, namely, that oxygen is supplied to ani-
mals by plants, and carbonic acid to plants by animals.

It is well known, that by the plants which live upon the
earth’s surface and in the atmosphere, those organic substan-
ces are prepared, of which the bodies of animals are compos-
ed—for though some animals are carnivorous, yet the animal
food they eat obtained its first existence from vegetable food.
Such a process, however, does not take place in all the ani-
mals which live in water. First, there is an infinite number
of smaller animals,—most of the Infusoria, for instance, which
owe their production, growth, and increase, to organic sub-
stances, either diffused through the water or dissolved in it,
as is the case with plants of the lowest orders, such as moulds.
It appears, besides, that some aquatic animals, of larger size,
possess other sources of nourishment than those from which
the food of the larger land animals is derived. For we see
that many of them, for a considerable time, live, increase, and
grow, in a small enclosed quantity of river-water, provided
only it be gradually renewed by fresh river-water. It may
be that they can be satisfied with little food, but whence do
they derive that small quantity ?  Whence, if not from sub-
stances similar to those on which plants subsist—from organic
substances in a state either of minute division or of solution,
of which a small portion is present in the river-water. A
familiar example of this kind we have in the common leech.

On this point, therefore, considerable obscurity still involves
the economy of those animals that live in the water, which
science is as yet unable to clear up. And though, among
these animals, there are some herbivorous and others carniv-
orous, it is more than probable that many, like plants, can
change organic substances, when minutely divided, into food.
Perhaps from these organic substances infusoria are formed
in the first instance; then the larger-sized animals devour
these, and so are nourished in the same manner as land an-
imals are, upon vegetable and animal food.
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monia, oxygen, and nitrogen, inorganic substances—a prac-
tice, however, which I consider inconsistent with accuracy
and propriety—then surely we could not attributg the forma-
tion of the black matter of the soil to any thing but the so-
called organic substances. Its elements are combined in the
same way as cellular fibre, stareh, gum, and sugar—as every
other organic substance. From this point, undoubtedly, pro-
ceeded the first and sustaining causes of the movements 1o
which the molecules in plants and in animals are subjected.
The change of constitution, which takes place in its elements,
is unquestionably transferred to the plants, which require a
larger or smaller portion of it to be supplied to their roots for
their luxuriant growth ; and the same molecular motion passes
afterwards from plants to animals. The soil, therefore, is, as
I have said, an intermediate substance between the atmosphere
on the one hand, and plants and animals on the other, through
which that peculiar circle of chemical action, usually called
organic action, is kept up. Some plants, it is true, may grow
without soil ; but it is also true, that almost all existing plants
require to be fixed in the soil for their vigurous growth ; and
though their growth may not be in proportion to the amount of
organic substances in the soil, still, a certain quantity of them
appears to be required for the growth of many plants,—a fact
well known to every one at all acquainted with horticulture.
Hence, undoubtedly, carbonate of ammonia alone is not an ad-
equate food for plants in general, though it may be the only
food of some, if in certain circumstances it be supplied to
them by the soil. The continual decomposition of the sub-
stances in the soil is thus a principal cause of the molecules
in plants being put in motion—a motion which is transferred
by them to animals. Without this continual decomposition of
substances in the soil, many plants which now exist would dis-
appear from the earth. This continual decomposition, there-
fore, is a service performed by the black soil, which is alto-
gether different from what is called the supplying of food to
plants.

The earth, which at first was surrounded by a mere atmo-
sphere, and had nothing but rocks and water—and not even
these at the very beginning—on its surface; which was a
dead and arid mass, covered with fogs, and studded with vol-
canoes and lofty rocks, has been exposed to a great number of
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alterations on its surface. Soon after the water had been con-
densed, the influence of air, light, and moisture made its rocks
crumble down and decay, the winds dispersing their debris,
the waler carrying them away, &c., by which processes the
angular parts of the earth’s surface would necessarily become
rounded. In this manner, the exterior crust of the earth has
been covered with many pulverized or granular substances.
These must be a mixture of the fragments of those rocks
which were most elevated above the earth’s surface, and there-
fore, of silica, of salts of lime, magnesia, soda, and potash,
and of alumina, oxide of iron, and oxide of manganese, com-
bined with the aecids of the same salts—with carbonic acid,
sulphuric acid, phosphoric acid, and chlorine. In different
parts of the earth, this external, decayed, powdery substance
must be different,—no sufficient cause in most cases existing
to move it far from the place where it was first formed. From
the heights, from the mountains, or rocks themselves, they
must have been carried down to the lower districts in the
neighborhood ; but there they must have remained, until cars
ricd forth elsewhere by powerful revolutiéns. Hence the dif-
ference of the inorganic substances on the earth’s surface,—a
difference dependent on the nature of the rocks, the decaying
surface of which was crumbled down. This decay is still go-
ing on, and the surface of the globe, originally angular, has
been gradually rounded ; the crumbled rocks are still widely
dispersed by winds and streams, and by them the depths and
valleys of the earth’s surface are filled up. The high moun-
tains, covered with eternal snow and ice, will follow at the
last. After their bases have been worn down and undermin-
ed by the action of water, they, in their turn, being overthrown
and transported into the lower parts of the atmosphere, will
be subjected to the ordinary influences which tend to round
the earth, and will be finally broken to pieces and levelled.
Of these decaying rocks, some are very well known, name-
ly, those from which clay originated—that very generally dif-
fused substance, which is so valuable for the growth of plants.
This clay is produced from feldspar, albite, and poreelain spar,

Feldspar, . KO, SiO*4Al203, 3(Si0?)

Albite, . NaO, SiO2+4A1203, 3(S5i02)

Porcelain spar, NaO, SiO%+4-A1202,8i024-3(Ca0)2(Si0?)
+2(A120%, 8i03?)
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From these silicates of potash, soda, lime, and alumina, while
decaying—that is, while influenced by the action of water and
carbonic acid—part of the silica, together with the potash or
soda, is washed away by the rains, and silicate of alumina, free
silica, as well as undecomposed feldspar, albite, or porcelain
spar, mixed together as clay, in the state of a fine powder, are
carried down to the rivers or valleys, by the rains or melted
SnOws.

It is chiefly the feldspar, so generally diffused, which is of
importance here. Together with silicate of alumina, quartz,
mica, {ree silica, free alumina, a little chalk, and oxide of iron,
&e., it may be considered as mainly constituting common clay
—mixed, however, with a great many other substances, which
are met with by the clay in its course, and while it is suspend-
ed in the water. The part of these rocks, which, on their
erumbling down, becomes soluble in water, supplies the salts
of the common river-water,

The inorganic constituents of the arable soil have an unlim-
ited influence upon the organic kingdom. Animals obtain
their inorganic constituents partly from the water they con-
sume—by which they have been washed out and taken up
from the decayed rocks,—and partly from plants, which again
extract their inorganic constituents from the earth’s crust.
Hence, we perceive an intimate connection between the or-
ganic kingdom, and the composition of the upper layers of the
earth’s surface.

We cannot here present a complete view of the nature of
those substances; a few remarks, therefore, must suffice.

Every thing on the earth’s surface, which is exposed to the
influence of air, water, light, and heat, loses its cohesion, and
crumbles down more or less. This is what we call decay.

If the decaying rocks are destitute of what are more pro-
perly called metallic oxides, such as those of lead, copper, &e. ;
but, on the other hand, contain compounds of silica, alumina,
and oxide of iron, mixed with salts of potash, lime, magnesia,
&e., they then may favor vegetation. The growth of certain
groups of plants may be promoted by such decayed minerals
as contain what those groups require ; the growth of other
groups by the constituents of other rocks.

It is, therefore, of the highest importance to become ac-
quainted with these decayed rocks, which exist almost every
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oxide of manganese, lime, and magnesia, with soda, or potash.
The composition of dolerite nearly approximates to that of
basalt.

'ﬂl’uﬂ_:ina-rm:ks, to which belong alumina-slate (silica, alu-
mina, lime, magnesia, oxide of iron ;) often also potash, soda,
gypsum, and common salt.

Lime-rocks,of which the chief constituent is carbonate of lime.

Gypsum, or sulphate of lime.

Iron, oxidulated iron, magnetic oxide of iron, iron-slate.

We perceive that the substances above enumerated, and
which after their decay cover so large a portion of the earth’s
surface, contain for the most part, the same couostituents.
Their real difference consists either in their less important in-
gredients, or in the various proportions they contain of the
several constituents, whose mutual combinations form the sev-
eral minerals. Hence it is clear, that in different parts of the
earth’s surface, they must be very different.

These rocks, which covered the earth in the beginning, and
which, during the long period of their existence, have been
gradually erumbling down, have thus produced the inorganie
constituents of the soil, and are every day still doing so.

By the condensation of the four elements from the
earth’s atmosphere, carbon, hydrogen, nitrogen, and oxy-
gen, during the first growth of plants—by the continual in-
crease of this condensation in living plants—and by the pro-
duction therefrom of the black organic substance, which we
now find in the ground,—this black substance, must have been
immediately mixed with the fragments of the decayed rocks.
The final result of this process must necessarily have been
the production of a mixture, in which inorganiec compounds,
both alone and in combination with organic compounds, would
be found. On considering the chief inorganic constituents of
the soil briefly enumerated above, we see that such of them as
are soluble in water, are the same with those which we for-
merly noticed as being also found in common water, owing to
the facility with which they are dissolved out of the decayed
rocks, either by the falling rain water, or by the melted snows.
And as these salts are also indispensable constituents of plants
and animals, the whole inorganic earth appears to be in inti-
mate relation with organic nature, and vice versa. Finally,
the substances soluble in water are mixed both with the or-

Vol. L 13%
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ganic constituents of the soil, and with the insoluble remains
of decayed rocks ; and so they are supplied to plants in a fine-
ly divided state. &

Supposing the products of the decomposition of plants and
of animals to be the very same, in certain circumstances, it
is still impossible that the several kinds of soil should be the
same in different places. The inorganic substances present
in the soil influence this decomposition, and frequently mo-
dify it. The presence of bases, acids, or salts,—all acting so
powerfully in inducing changes among the elements of or-
ganic substances,—must necessarily influence the decomposi-
tion of plants and animals, and modify the products which re-
sult from it, influencing at the same time also the motion im-
parted by the decomposing molecules of the black crust of the
earth to the plants which grow there. Hence the difference
of soils which arises from a difference in their inorganic parts ;
hence the difference in the new products, which spring from
the soil, according as the inorganic constituents of the earth’s
crust differ ; hence, in other words, the relation between the
rocks of any district, and the vegetation which grows upen
their decaying fragments.

It is a known fact, that the flora of our country (the Neth-
erlands), agrees with that of the whole district on the Rhine.*
This is justly ascribed to the diffusion of seed by means of the
waters of the Rhine ; but another cause may be superadded,
namely, the uniformity of the inorganic parts of the soils, car-
ried down by the stream.
~ In different plants, different constituents of the salts, bases,
and acids are found. It may be true, that substances, to which
they are nearly allied, may be substituted for them, as potash
for soda, &c. ; but every species of plant preserves a high de-
gree of peculiarity in this respect, and often dies from want of
its peculiar inorganic constituents.

Hence the reason why certain plants prefer certain soils—
why they refuse to live in some tracts of land, though in other
respects they are placed in the same circumstances: hence
the necessity that fields, from which plants are continually
reaped, should have the ash of plants occasionally added ;
hence, finally, the increased fertility of pastures irrigated by

* Miquel, Distributio Geographica Plantarum.
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the winter floods, which restore the inorganic substances of
which the soil has been exhausted by its vegetable produce.

A fertile arable soil, therefore, is an intimate mixture of in-
organic substances, insoluble in water,—especially fitted to
make the soil penetrable, by the roots of plants, and by water ;
or, by their hygroscopic force, to retain the water, a property
of which clay 1s possessed in a very high degree—or of sub-
stances soluble in water, which can be taken up by plants,
and to which the salts already enumerated belong. 1t is a
mixture, also, of organic with inorganic substances, with the
latter of which the former may or may not be combined.

These organic substances existing in the soil, would be of
an incalculable variety, if they were not, by a general cause,
reduced to a small number. If this general cause did not ex-
ist, the first plants produced on the decayed rocks would,
when dying, have deposited on the earth’s crust all their ma-
terials ; to these, the succeeding plants would have added
their share—and thus there would have been formed every
where a mixture of all sorts of vegetable substances, differing
with the nature of the materials, from which different tribes of
plants are built up. In nature, however, this operation pro-
ceeds in a very different way.

Not only is the individual destroyed at its death, but all its
organic substances are decomposed, transformed, changed,
and modified in such a manner, that, finally, a few only are
produced, whatever may have been the plant or the animal
whose individuality was destroyed. There are, however,
some vegetable as well as animal substances, in which this
common change is not yet known; nor is it likely to take
place. As to these, the inquiry still remains, what becomes
of them in the earth’s crust ? 'The resins, fats, vegetable ba-
ses, and acids are of this class.  As to the chief component
parts of the organic kingdom, however, it is known into what
they are transformed during their decay in the soil, that is,
during the formation of humus. This decay is a peculiar de-
composition of organic bodies, not to be confounded with pu-
trefaction, from which it greatly differs ; owing, especially, to
the influence of the decayed rocks, and the division of the or-
ganic substances, effected by this cause. This chang_e 1S res
markably uniform, since, from the lm_lumerable organic coms-
binations, which exist in plants and animals, the same few con-
stituents of the black layer of soil are derived.
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2. The organic substances which are soluble in water and
alkalies, are present in certain kinds of soil in considerable
quantily, in others to a very small extent. Their characters
are analogous to those of the substances which are insoluble
in water and alkalies, with the exception of the resins above
mentioned. These soluble substances present themselves with
different characters in the soil, owing to their being combined
with different inorganic bodies ; the same organic substance,
which forms a soluble compound with potash, forming an in-
soluble one with oxide of iron or lime. There are, however,
two organic constituents of the soil which do not combine with
bases, and are insoluble both in water and in alkalies.

At present seven different organic substances are known
to exist in the soil. They are crenic acid, apocrenic acid,

eic acid, humic acid and humin, ulmic acid and ulmin.

umin and ulmin are insoluble in alkalies and in water ; the
others are readily soluble in alkalies, and more or less in water
also. In different kinds of soils the relativg proportions in
which these substances are present, are very different, as are
many of their physical and chemical properties ; but nume-
rous experiments seem to show, that a greater number can-
not at present be admitted.*

It is of importance to be acquainted with these substances.
I shall divide them into two groups, the crenic and the humic.
In the latter, I include geic acid, humic acid and humin,
ulmic acid and ulmin ; in the former, crenic acid and apo-
crenic acid.

In a good arable soil—that is, one of which the organic
constituents are as far as possible decomposed—none of these
substances contains nitrogen as a constituent element. All
their nitrogen exists in the state of ammonia. And as five
of the constituents of the soil already enumerated are acids,
five different salts of ammonia, and also double salts of pot-
ash, soda, lime, magnesia, and oxide of iron, may be formed
from these five acids ; which salts, being soluble in water, can
be supplied to plants in a state of solution.

* In a subsequent page, I shall state the result of some researches of
:rin{luwn which show that to this number others may already be ad-
-B —

5'
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If the soil is exhausted by means of water, a great many -

salts are extracted from it. Three different kinds of soil gave
of salts in 100 parts :*—
0-424

2771
1-540

These salts are the chlorides of sodium, potassium, calcium,
magnesium, and ammonium, with formic, acetic, sulphuric,
carbonic, crenic, apocrenic, and humic acids, in combination
with the oxides of the same metals. They form altogether
what is called humus extract.

From the soils treated with water in the manner described,
alkaline solutions extract substances, which may be precipi-
tated by acids. In different kinds of soils the substances thus
extracted are sometimes different. They all consist, how-
ever, of one or more of the following three, namely ;:—

Geie acid, CeoH12(Q14
Humiec acid, CioH12Q12
Ulmic acid, C4oH14012

The latter is that which, in neutral vegetable substances un-
dergoing decay, is formed first. From it, by absorption of
oxygen from the air, humic acid is produced, and finally, by
a further absorption, geic acid.

Of these three substances—soluble in alkalies, and precipi-
table by acids from their solutions—the above mentioned three
kinds of soils gave in 100 parts :T—

4249

5289

8667
The substances which are insoluble in alkalies, (ulmin and
humin,) can be rendered soluble, and so converted into ulmic
and humic acids respectively, by the decomposition which is
always going on in the constituents of the soil.

The organic substances now enumerated, which in the
mass we call humic, may thus in part be supplied to plants,
provided there be an alkali at hand to bring them into a
soluble state. This may either be one of the fixed alkalies,
or ammonia—especially the latter, which, in a way I shall

* Scheikundige Onderzoekingen, Vol II, p. 92
t Scheikundige Onderzoekingen, II, p. 92.
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begin with the humic, and treat afterwards of the crenic
g‘l’ﬂll-P.

First, however, we must advert to the ammonia, which so
powerfully supports the growth of plants, and deserves to be
particularly noticed, not only as a base, rendering the five
acids above mentioned soluble, (in which respect, like the
ashes of plants, so valuable as a manure, it plays an impor-
tant part,) but also as a substance containing nitrogen, the
only one, indeed, of this kind, which exists in a soil suffi-
ciently decomposed.

We are, I believe, entitled to conclude, from the experi-
ments of Liebig himself, (page 99,) that thisammonia cannot
be carried down to the soil from the atmosphere, by means of
the rain-water. It exists in the atmosphere in too small a
proportion—a proportion which has never been determined.
Nay, it is so minute, that it appears not to be capable of being
determined,—its mere presence even is difficult to be detected.

Nitrogen, in the state of pure gas, and also atmospheric air,
are, however, possessed of one common property, namely, that
when in contact within an enclosed space with putrefying
substances,—from which hydrogen is in consequence given off,
—the nitrogen combines with the hydrogen and forms ammo-
nia. This property of nitrogen is known. It is the principle
on which saltpetre is formed ; the production of that substance,
as has been correctly remarked by Liebig, being always prece-
ded by that of ammonia. Now, air is contained in the soil,
and is in continual contact with moist and decomposing sub-
stances. This air could produce saltpetre, if there were
only a sufficient abundance of bases, and even without the
presence of putrefying organic substances. There are in
Ceylon twenty two natural saltpetre grottoes, where there are
no organic substances, from which nitrogen might be supplied.
Nitrogen is derived from the air contained in these caverns,
and, in favorable circumstances, even the water is decompo-
sed, and ammonia at the same time produced, which after-
wards is oxidized into nitriec acid by the oxygen of the air, in
places where it has more easy access; this acid then com-
bines again with the bases from the walls of the grottoes, and
forms nitrates. >

All this would happen in the soil if organic substances were
not present to absorb the oxygen, and thus to prevent the oxi-

Vol. L 14
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of nitrogen with hydrogen at ordinary temperatures, in vari-
ous circumstances, is equally true with the result of the expe-
riments made upon the former point. It has been demonstra-
ted by many experiments, that, at an elevated temperature,
nitrogen has an indifferent character, being unable to form di-
rect combinations at a red heat, either with hydrogen or with
oxygen. This is, however, not the case with regard to car-
bon. Coke, when heated to redness with potash in the open
air, produces cyanuret of potassium. There are some cir-
cumstances also in which nitrogen does combine with oxygen
ata high temperature :(—for instance, Cavendish obtained ni-
tric acid by passing electric sparks through moist atmospheric
air, and the same acid is also produced, when a mixture of
hydrogen and nitrogen is burned in the air.

It is a fact, especially important to our present purpose,
that hydrogen, in the nascent state, combines directly with ni-
trogen into ammonia. When reddened litmus paper is hung
up in a bottle, filled with pure atmospheric air, and when pure
iron-filings, moistened with pure water, are laid at the bottom,
then the red litmus is quickly turned blue by the .action of
ammonia, formed from the nitrogen in the air, and the hydro-
gen of the decomposed water, the oxygen of which had com-
bined with the iron.

Such a formation of ammonia continually takes place in the
soil. There, atmospheric air is present, and consequently ni-
trogen ; hydrogen is continually liberated (see below,) and
thus the conditions, necessary to the formation of ammonia,
are fulfilled as often as cellulose, ligneous matter, starch, &c.,
are changed either into humic acid, or into other constituents
of the soil. |

To this formation of ammonia from the constituents of at-
mospheric air and water, we must look for the cause of one
of the most important peculiarities in the growth of plants.
It is owing to this slow formation of ammonia, that the organic
substances of the soil, insoluble in water, are rendered solu-
ble, and so can be offered to plants as organic food, even with-
out a supply of ammoniacal manure to the soil. In other
words, it is owing to this cause that the five acids already
mentioned can all be converted into soluble ammoniacal salts.

The humic substances,—that is, the substances which can be
extracted from the soil by alkalies, and precipitated from the
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alkaline solution by acids—from whatever kind of soil they
may have been prepared, have a very great uniformity, and
are remarkably similar to those substances which, by the ac-
tion of several chemical agents, may be obtained from the
materials which are generally diffused through the vegetable
and animal kingdoms. Hence, we perceive a remarkable con-
Jformity between putrefaction and chemical action, and also a
change of very dissimilar bodies into the same substances, by
which we are led to recognize a certain conformity in the na-
tural arrangement of the elements of these bodies. While,
therefore, we see woody fibre, starch, gum, sugar, and also
protein, severally yield the same chemical substances by means
both of putrefaction and of an acid,and woody fibre by means
of putrefaction, an acid, or heat (in soot,)—we have undenia-
ble proof, that putrefaction, acids, and heat, must exert on
these substances the same effect, and consequently their chems-
ical influence must be uniform. Putrefaction being thus a
chemical action, and at the same time a phenomenon which im-
mediately succeeds the individual vital force, we are, in spite
of ourselves, led to draw the conclusion, that this individual
vital force is very much regulated by chemical action, though
it may be determined by other series of chemical actions, than
those by which putrefaction is effected.

But we are not less entitled to draw the conclusion, that,
as the same substances are produced in circumstances so very
different (putrefaction and the action of acids), and from so
many different materials (woody fibre and protein, starch and
phloridzine ),*—there must exist in all these dissimilar com-
plex substances (viz. protein, woody fibre, starch, gum, su-
gar, phloridzine, and a great many others,) a uniform ar-
rangement of the molecules, or some unknown combination
of the elements, which occurs as a prototype in humic acid
and humin, and which is constantly liberated from these differ-
ent substances under very different circumstances. This pre-
sents another generality in the arrangement of the organic
world, and exhibits in a beautiful light the simplicity of the
whole scheme.

3. The soil contains a humic substance, which is insoluble

* Nitro-humie, and nitro-phloretic acid are identical ; they are both
apocrenate of ammonia. (Scheik. Onderzoek. Vol. 11, p. 105.)
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When humic acid, in whatever way prepared, or wood
charcoal, is exposed to the action of nitric acid, apocrenate of
ammonia 1s produced. Thus in every case, where humic
acid can be formed from bodies by nitric acid, apocrenate of
ammonia is the final product. For instance, phloridzine is
converted into phloretine and grape sugar by diluted nitric
acid ; this grape sugar again into humic acid, and the humic
acid into apocrenic acid,—all by the same nitric acid. ~Thus
phloridzine, when acted upon by nitric acid, gives apocrenic
acid, though always in combination with ammonia, as repre-
sented by the formula :—

C+8H120244-NH342HO

This is the composition of a compound produced by the
action of nitric acid upon humic acid from sugar, from soil,
and from turf, and dried at 284° Fahr., and which is thus an
apocrenate of ammonia. The same substance, if saturated
with ammonia, and dried at 248° Fahr., gave

C+8H120244-3NH?, 3Aq.

And again, a lead-salt, from neutral acetate of lead and a solu-
tion of neutral apocrenate of ammonia, dried at 230° F., gave
C+8H1202+4NH*04-4PbO, Aq.

It is probable, that the last atom of water might be separa-
ted at a higher temperature, but, as the salt is readily decom-

posed and difficult to be dried, this has not been attempted.

We are, therefore, entitled to call the artificial acid a five-
basic one. Iike the ulmic, humie, and geic acids, it belongs
to the gelatinizing substances, which, like alumina, exhibit

Crenate of ammonia, from another cultivated soil, at 284° Fahr.

Found. Atoms, Calcnlnted.
C 45-77 24 4553
H 9-35 15 511
N 1-94 2920
0 46-94 47-16

18
=2(C24H120164+HO)4-NH2+HO
Crenic acid, from a third kind of arable soil, at 284° Fahr.

Found. Atoma, Calculated,
C 46-87 24 4678
H 4-97 15 4-77
0 48-16 19 48-45
=(C24H1201643HO

The crenates and apocrenates, separated from the cultivated soils as
well as the erenic acid, the analyses of which are above given, were all

in combination with oxide of copper.
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lime, magnesia, or potash, be present, ammonia is first pro-
duced, and afterwards nitric acid. If;, on the contrary, {nategd
of these bases, organic substances are in excess, humic acid
is formed by their decay; at the same time, ammonia Js
produced from the nitrogen of the atmosphere ; and finally,
apocrenate of ammonia, carbonic acid, and water.

This formation of apocrenate of ammonia by the oxidation
of humate of ammonia, is continually going on in the soil
during the warmth of summer, (except on the very surface,
which is directly exposed to the air.) KEach minute portion
produced can be taken up by the roots of plants, in the form
of double apocrenates of ammonia and various fixed bases,
provided there be a sufficient supply of water at hand; and
whilst in this way the soil loses its apocrenates, a new portion
of apocrenate of ammonia is formed from the humic acid or
humin, which is present in large excess.

Thus we may call the production of apocrenic acid, in one
respect, an organic nitrification.*

We have hitherto represented the apocrenic acid as formed
directly from the humic acid. But the existence, in the soil,
of a substance which is composed of C#°H!2014, instead of
C40H120'2—pamely, the geic acid—renders it probable
that the apocrenic acid derives its origin, not from humie, but
from geic acid, the several acid substances succeeding each
other in this order,—ulmic, humie, geic, apocrenic acid. This
series is concluded by a fifth important substance, a final pro-
duct of the oxidation of organic substances before they are
entirely changed into carbonic acid and water, namely, cre-
nic acid,

The composition of this acid, as already mentioned, is
C24¢H120Q16, [t also is combined with ammonia in the soil,
and forms double salts which are soluble in water.t These
exist, along with the apocrenates, in all kinds of water, which
have been in contact with organic substances in the soil.
They were first found by Berzelius, in spring water; they
exist also in the water of ditches, marshes, and bogs. The
crenate of ammonia, when combined with oxide of copper,
contains also a variable per centage of water and ammonia,

* For the facts upon which these propositions are founded, see
Scheik. Onderz., "aﬂull:.l I1. By i

f See the note at p. 155.
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