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Brownian Movement
—A Classic of Science

A BRIEF ACCOUNT OF MI-
CROSCOPICAL OBSERVATIONS
ON THE PARTICLES CON-
TAINED IN THE POLLEN OF
PLANTS; and on the general Exis-
tence of Active Molecules in Organic
and Inorganic Bodies. By Robert
Brown. In the Edinburgh Jouwrnal of
Science, Vol. IX. April-October,
M.DCCC.XXVIII. (1828).

HE following observations have

all been made with a simple
microscope, and indeed with one and
the same lens; the focal length of
which is about 1/32d of an inch.

The examination of the unimpreg-
nated vegetable Ovulum, an account
of which was published earily in 1826,
led me to attend more minutely than
I had before done to the structure
of the Pollen, and to inquire into its
mode of action on the Pistillum in
Phenogamous plants. . . .

My inquiry on this point was com-
menced in June 1827, and the first
plant examined proved in some re-
spects remarkably well adapted to the
object in view.

This plant was Clarckia pulchella,
of which the grains of pollen, taken
from antherz full grown, but before
bursting, were fllled with particles or
granules of unusually large size, vary-
ing from nearly 1/4000th to about
1/3000th of an inch in length, and of
a figure between cylindrical and ob-
long, perhaps slightly flattened, and
having rounded and equal extremi-
ties. While examining the form of
these particles immersed in water, I
observed many of them very evidently
in motion ; their motion consisting not
only of a change in the fluid, mani-
fested by alterations in their relative
positions, but also not unfrequently
of a change of form in the particle
itself ; a contraction or curvature tak-
ing place repeatedly about the middle
of one side, accompanied by a corre-
sponding swelling or coenvexity on the
opposite side of the particle. In a
few instances the particle was seen
to turn on its longer axis. These
motions were such as to satisfy me,
after frequently repeated observation,
that they arose neither from currents
in the fluid, nor from its gradual
evaporation, but belonged to the par-
ticle itself.

Physics

Grains of pollen of the same plant
taken from antherz immediately after
bursting, contained similar subcylin-
drical particles, in reduced numbers,
however, and mixed with other par-
ticles, at least as numerous, of much
smaller size, apparently spherical, and
in rapid oscillatory motion. . . .

Having found motion in the par-
ticles of the pollen of all the living
plants which I had examined, I was
led next to inquire whether this prop-
erty continued after the death of the
plant, and for what length of time it
was retained.

In plants, either dried or immersed
in spirit for a few days only, the
particles of pollen of both kinds were
found in motion equally evident with
that observed in the living oplant;
specimens of several plants, some of
which had been dried and preserved
in an herbarium for upwards of
twenty years, and others not less than
a century, still exhibited the mole-
cules or smaller spherical particles in
considerable numbers, and in evident
motion, along with a few of the
larger particles, whose motions were
much less manifest, and in some cases
not observable.

In this stage of the investigation
having found, as I believed, a peculiar
character in the motions of the par-
ticles of pollen in water, it occurred
to me to appeal to this peculiarity as
a test in certain families of cryptoga-
mous plants, namely Mosses, and the
genus Equisetum, in which the exis-
tence of sexual organs had not been
universally admitted.

In the supposed stamina of both
these families, namely, in the cylin-
drical anthere or pollen of Mosses,
and on the surface of the {four
spathulate bodies surrounding the
naked ovulum, as it may be considered,
of Equisetum, I found minute spheri-
cal particles, apparently of the same
size with the molecule described in
Onagrarie, and having equally vivid
motion on immersion in water; and
this motion was still observable in
specimens both of Mosses and of
Equiseta, which had been dried up-
wards of one hundred years.

The very unexpected fact of seem-
ing vitality retained by these minute
particles so long after the death of
the plant, would not perhaps have
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materially lessened my confidence in
the supposed peculiarity. But I at
the same time observed, that on bruis-
ing the ovula or seeds of Equisetum,
which at first happened accidentally,
I so greatly increased the number of
moving particles, that the source of
the added quantity could not be
doubted. I found also that on bruising
first the floral leaves of Mosses, and
then all other parts of those plants,
that I readily obtained similar par-
ticles, not in equal quantity indeed,
but equally in motion. My supposed
test of the male organ was therefore
necessarily abandoned.

Are these Particles Molecules?

Reflecting on all the facts with
which I had now become acquainted,
I was disposed to believe that the
minute spherical particles or mole-
cules of apparently uniform size, first
seen in the advanced state of the
pollen of Onagrarie, and most other
phenogamous plants,—then in the
antherz of Mosses, and on the sur-
face of the bodies regarded as the
stamina of Equisetum,—and lastly, in
bruised portions of other parts of the
same plants, were in reality the sup-
posed constituent or elementary mole-
cules of organic bodies, first so con-
sidered by Buffon and Needham, then
by Wrisberg with greater precision,
soon after and still more particularly
by Miiller, and very recently by Dr.
Milne Edwards, who has revived the
doctrine, and supported it with much
interesting detail. I now, therefore,
expected to find these molecules in
all organic bodies: and, accordingly,
on examining the various animal and
vegetable tissues, whether living or
dead, they were always found to
exist; and merely by bruising these
substances in water, I never failed to
disengage the molecules in sufficient
numbers to ascertain their apparent
identity in size, form, and motion,
with the smaller particles of the grains
of pollen.

I examined also various products
of organic bodies, particularly the
gum resins, and substances of vege-
table origin, extending my inquiry
even to pit-coal; and in all these
bodies molecules were found in abun-
dance. I remark here also, partly as a
caution to those who may hereafter
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engage in the same inquiry, that the
dust or soot deposited on all bodies
in such quantity, especially in London,
is entirely composed of these mole-
cules.

One of the substances examined
was a specimen of fossil wood, found
in Wiltshire oolite, in a state to burn
with flame; and as I found these
molecules abundantly, and in motion
in this specimen, I supposed that their
existence, though in smaller quantity,
might be ascertained in mineralized
vegetable remains. With this view a
minute portion of silicified wood,
which exhibited the structure of coni-
feree, was bruised, and spherical par-
ticles, or molecules in all respects like
those so frequently mentioned, were
readily obtained from it; in such
quantity, however, that the whole
substance of the petrifaction seemed
to be formed of them. But hence I
inferred that these molecules were not
limited to organic bodies, nor even to
their products.

In Mineral Bodies

To establish the correctness of the
inference, and to ascertain to what
extent the molecules existed in mineral
bodies, became the next object of
inquiry. The first substance examined
was a minute fragment of window-
glass, from which when merely
bruised on the stage of the micro-
scope, I readily and copiously obtained
molecules agreeing in size, form, and
motions with those which I had al-
ready seen.

I then proceeded to examine, and
with similar results, such minerals as
I either had at hand or could readily
obtain, including several of the simple
earths and metals, with many of their
combinations.

Rocks of all ages, including those
in which organic remains have never
been found, yielded the molecules in
abundance. Their existence was as-
certained in each of the constituent
minerals of granite, a fragment of the
sphinx being one of the specimens
examined.

To mention all the mineral sub-
stances in which I have found these
molecules would be tedious; and I
shall confine myself in this summary
to an enumeration of a few of the
most remarkable. These were both
of aqueous and igneous origin, as
travertine, stalactites, lava, obsidian,
pumice, volcanic ashes, and meteorites
from various localities. Of metals I
may mention manganese, nickel, plum-
bago, bismuth, antimony, and arsenic.
In a word, in every mineral which
I could reduce to a powder, suffi-

ciently fine to be temporarily sus-
pended in water, I found these mole-
cules more or less copiously; and in
some cases, more particularly in sili-
ceous crystals, the whole body sub-
mitted to examination appeared to be
composed of them.

In many of the substances ex-
amined, especially those of a fibrous
structure, as asbestus, actinolite, tre-
molite, zeolite, and even steatite, along
with the spherical molecules, other
corpuscles were found, like short
fibres somewhat moniliform, whose
transverse diameter appeared not to
exceed that of the molecule, of which
they seemed to be primary combina-
tions. These fibrils, when of such
length as to be probably composed of
not more than four or five molecules,
and still more evidently when formed
of two or three only, were generally
in motion, at least as vivid as that of
the simple molecule itself ; and which,
from the fibril often changing its posi-
tion in the fluid, and from its occa-
sional bending, might be said to be
somewhat vermicular.

In other bodies which did not ex-
hibit these fibrils, oval particles of a
size about equal to two molecules,
and which were also conjectured to be
primary combinations of these, were
not unfrequently met with, and in
motion generally more vivid than that
of the simple molecule, their motion
consisting in turning usually on their
longer axis, and then often appearing
to be flattened. Such oval particles
were found to be numerous and ex-
tremely active in white arsenic.

As mineral bodies which had been
fused contained the moving molecules
as abundantly as those of alluvial
deposits, I was desirous of ascertain-
ing whether the mobility of the par-
ticles existing in organic bodies was
in any degree affected by the appli-
cation of intense heat to the contain-
ing substance. With this view small
portions of wood, both living and
dead, linen, paper, cotton, wool, silk,
hair, and muscular fibres, were ex-
posed to the flame of a candle, or
burned in platina forceps, heated by
the blowpipe; and in all these bodies
so heated, quenched in water, and
immediately submitted to examination,
the molecules were found, and in as
evident motion as those obtained from
the same substances as before burning.

There are three points of great
importance which I was anxious to
ascertain respecting these molecules,
namely, their form, whether they are
of uniform size, and their absolute
magnitude. I am not, however, en-

tirely satisfied with what I have been
able to determine on any of these
points.

As to form, I have stated the mole-
cule to be spherical, and this I have
done with some confidence; the ap-
parent exceptions which occurred ad-
mitting, as it seems to me, of being
explained by supposing such particles
to be compounds. This supposition in
some of the cases is indeed hardly
reconcileable with their apparent size,
and requires for its support the
further admission, that, in combina-
tion, the figure of the molecule may
be altered. In the particles formerly
considered as primary combinations
of molecules, a certain change of form
must also be allowed; and even the
simple molecule itself has sometimes
appeared to me when in motion to
have been slightly modified in this
respect.

Size and Uniformity of Particles

My manner of estimating the abso-
lute magnitude and uniformity in size
of the molecules, found in the various
bodies submitted to examination, was
by placing them on a micrometer
divided to five thousandths of an inch,
the lines of which were very distinct;
or more rarely on one divided to ten
thousandths, with fainter lines, not
readily visible without the application
of plumbago, as employed by Dr.
Wollaston, but which in my subject
was inadmissible.

The results so obtained can only
be regarded as approximations, on
which perhaps, for an obvious reason,
much reliance will not be placed.
From the number and degree of ac-
cordance of my observations, how-
ever, I am upon the whole disposed
to believe the simple molecule to be
of uniform size, though as existing
in various substances and examined
in circumstances more or less favor-
able, it is necessary to state that its
diameter appeared to vary from
1/15000th to 1/20000th of an inch.

I shall not at present enter into
additional details, nor shall I hazard
any conjectures whatever respecting
these molecules, which appear to be
of such general existence in inor-
ganic as well as in organic bodies;
and it is only further necessary to
mention the principal substances from
which I have not been able to obtain
them. These are oil, resin, wax, and
sulphur, such of the metals as I could
not reduce to the minute state of
division necessary for their separation,
and finally, bodies soluble in water.
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