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This invention relates to an educational appara-
tus for illustrating the atomic and molecular
structure of matter, according to the electronic
theory of matter, which theory assumes that all

5. atoms are aggregates of protons and electrons,
and that in any given species of elements all the
protons and about half of the electrons constitute
what is known as the nucleus of the atom while
the remaining or planetary electrons arrange
themselves in one or more shells or valence Iayers
outside of the nucleus.
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The electronic theory of matter assumes that:
in each successive-element of Mendeleef’s chart,.

in which chart the elements are arranged in
the order of increasing atomic weights, the num-
ber of planetary electrons increases by one. This
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theory further assumes that in most elements-
two of the planetary electrons of the system are-
stable with reference to the nucleus, while the -

90 other planetary electrons are motre or less un-
stable and constitute one or more valences ac-
cording to the nature of the atom.

Tt is further assumed that in certain. orders
of different elements, the outer valence layer
or shell of planetary electrons continues to build
up until the electrons reach a predetermined
number, hamely, eight, commonly known as an
octet, in a.stable condition, after which it is as-
sumed that another octet valence layer is started
cutside of the previously formed octet.

For example, hydrogen has one planetary elec-
tron associated with its nucleus, helium two.plan-
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etary electrons in stable relation to the nucleus,

while lithium, beryllium, boron, carbon, nitrogen,

35 oxygen, fluorine, and neon, each have the stabi-

lized pair of planetary electrons as in helium,

but in addition lithium, beryllium, boron, carbon,
nitrogen, oxygen, fluorine, and neon have re-

spectively one (1), two (2), three .(3), four (4);-

40 fye (5), six (6), seven (1), and eight (8) valence

electrons: in' an outer shell. .
By way of further illustration, it is roxssumed.
that in sodium the nucleus of the atom has asso-
45 ciated therewith two stable planetary electrons
and also a valence octet system of electrons, to~
gether with one additional electron in another
outer valence layer. In other elements succeed-
ing sodium in the table, the number of electrons in
the outer valence layer increases until another
octet system is formed.
This explanation, however, is only theoretlcal
in showing the relation of the planetary electron

systems. of atoms of different species relatively-

55. to their respective nuclei and is intended merely

(CL. 35—18)

to indicate Wherem my apparatus may be used in
illustrating. chemical relations.

In chemical reactions, it is thought that an ele-
ment tends to give up its valence eléctrons (donor
atom) if it has less than four (4) or to take on . z
electrons (acceptor atom) if it has more than four
(4) . to complete an octet of valence electrons and
that the. atoms which have thus reacted, com-
monly known as positive ions and negative .ions,
are left electrically - unbalanced, and that. in jg
other reactions electrons may not be completely
transferred from one atom to the other but may
remain shared equally between the two atoms and
commonly known as bonding electrons in mole-
culés which under some conditions are polar or 15
semi-polar, or, if the electrons are equally shared,
the molecule is non-polar.

It is also assumed that the va,lence of an atom
is related as follows to the number of its valence
electrons. That is, if the atom has one (1) elec-
tron, it.gives up one (1), thereby exhibiting a. pos-
itive valence of one (1). .If the atom has two (2)
electrons it g1ves up two (2), exhibiting a positive
valence of two (2), and so on through the suc-
cessive species of atoms. If the atom has four (4)
electrons it may either give up four (4) or take
on four (4), or. if it.has six (6), it will take on
two (2)..or give up six.(6)., exhibiting a negative
valence of two (2) or positive valence of six (6).
For example, one (1) oxygen atom takes on two
(2) electrons, while each hydrogen atom can give
up only-one (1), this ratw being required to form
H:0.

The theories heretofore advanced are probably
well-known to those skilled in this art, but it is
quite difficult for the student to understand the
structure of the atoms and molecules of different
species. and their relatio'ns to each other and
particularly the relation of the valence electrons
to the nucleus of the atom of any given species.

The main object, therefore, of the present in-
vention is to provide a simple and comparatively
inexpensive mechanical device which may be
manipulated in such manner as to permit a more
practicable illustration of the chemical properties
of atoms and molecules than has heretofore
been practised and thereby to enable the student
movre easily and quickly to understand the vari-
ous phases of chemical activity.

It would, of course, be impracticable to show all
of the positions to which the device may be ad-
justed to illustrate the different relations of the
constituent parts of -atonis and molecules of all
of the widely varying specimens arid, therefore,
I have limited the. illustrations in the drawing to
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a comparatively small number of settings of the
device for a limited number of, in this instance
four, species of atoms, viz:—hydrogen, helium,
boron, carbon and the methane molecule, but ob-
viously the same device may be set to illustrate
the theory of many other atoms and molecules.

Another object is to enable certain elements of
the models to be removed or built up to represent
the electronic structure of any type of atom or
molecule,

Other objects and uses relating to specific steps -

in the process of illustration and to the mecha-
nism for making such illustrations will be brought
out in the following description. :

In the drawing:—

Figure 1 is a diagrammatic view representing
the theoretical structure of the hydrogen atom
including its positive or proton nucleus and ‘its
negative electron. .

Figure 2 represents a mechanical model adapt-
ed to illustrate the theory of the relation of the
electron to the nucleus of the hydrogen atom.

Figure 3 is a diagrammatic view representing
the theoretical structure of a helium atom includ-
ing its nucleus and the two electrons associated
therewith.

Figure 4 represents a mechanical model for
demonstrating the theory of the helium atom in-
cluding its nucleus and two electrons associated
therewith. )

Figure 5 is a diagrammatic view of the theoreti-
cal structure of an atom of boron including its
nucleus, inner electronic shell containing two
electrons, and outer valence shell containing
three electrons.

Figure 6 represents a mechanical model for
demonstrating the atomic theory of the boron
atom shown in Figure 5.

Figure 7 is a diagrammatic view of a carbon
atom according to the electronic theory, repre-
senting the nucleus and inner and outer electronic
shells with two electrons in the inner shell and
four electrons in the outer valence shell.

Figure 8 represents a mechanical device for

-demonstrating the theory of the carbon atom

shown in Figure 7.

Figure 9 represents a mechanical device for il-
lustrating the theoretical structure of a methane
molecule.

Figure 10 is a sectional view of a device for rep-
resenting the nucleus of an atom with which the
electrons are associated including a portion of
one of the bond members and sockets for receiv-
ing the same.

The models illustrated are particularly adapted
to show the planetary and valence electrons of
an atom, the electronic changes when atoms
unite to form molecules, the electronic structure
of the various types of molecules including polar,
semi-polar and non-polar types, and may be
buill up to represent the electronic structure of
any type of atom or molecule.

This mechanical device or model, as shown in
Figures 2, 4, 6, and 10, comprises a main body sec-
tion f, which preferably consists of a spherical
ball of soft or pliable rubber representing the
nucleus or kernel of the atom, said body being
provided with a series of, in this instance five,
slits or openings 2, Figure 10, in which are releas-
ably but tightly fitted a corresponding number
of elastic rubber or equivalent tubes 3, four (4)
of which are preferably arranged in tetrahedral
relation and radial to the center of the ball.

Each of the tubes 3 is adapted to receive a
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wire or equivalent arm member 4 representing
the valence bonds between the nucleus and the
planetary electrons of the atom and having one
end releasably and adjustably inserted in its cor-
responding opening 2, but firmly held in opera-
tive position therein through friction therewith
and of sufficient length to extend or protrude ra~-
dially some distance beyond the periphery of the
nuclear body for receiving and supporting one or
more cross arms 5 having one or more relatively
small objects 6, 6’ or 6’/ mounted thereon to rep-

‘resent a corresponding number of electrons in one

or more outer shells or valence layers. The elec-
trons 6, 6°, etc., are presumed to have a planetary
motion about the nuclear body 1.

The electron arms 5 are coupled to the bond
members 4 by means of a rubber or equivalent
band T which permits adjustment of the arm 5
along the bond member 4 and serves to hold the
former in its adjusted position. ]

This radial adjustment of the electron arms 5
toward and from the nucleus member | serves to
represent the position of the electrons in differ-
ent shells or valence layers according to the re-
quirement of the illustration for atoms of differ-
ent species.

For example, in Figure 2 the electron 6 is set
to represent the relation of the electronic shell
of a hydrogen atom to its nucleus and to indicate
that when brought into proper relation to the
electronic shell of another atom, such as oxygen,
the latter may take on the electron of the hydro-
gen atom to chemically unite with the electrons
of the oxygen atom in proper ratio to form an-
other substance H20.

If the theory of the helium atom is to be dem-
onstrated, as shown in Figure 4, an additional
bonding arm 4 may be inserted in the nuclear
body I, in which case the supporting arms 5 and
their electrons 6’ will be set to represent the stable
relation of the electron shell to the nucleus.

When demonstrating the theory of the boron
atom, as in Figure 6, the two stable electrons of
the helium type may be placed upon relatively
short arms 4’ which, together with three of the
bonding arms 4 carrying a corresponding number
of electrons 6’', are then inserted into the nucleus
I in suitable relation thereto and to each other
to represent respectively the stable electronic shell
and the active outer electronic valence layer.

In Figure 8, the device is set to demonstrate
the theory of the carbon atom in which the sup-
porting arms 4’ for the electrons 6’ representing
the stable electronic shell of the helium type shown
in Pigure 6 remain in place upon the nuclear
body and four of the bonding arms 4, carrying
a corresponding number of electrons 6’’, are in-
serted in said body in suitable relation thereto
and to each other to represent the active elec-
tronic shell or valence layer of that atom.

In this figure, the nuclear body C is shown as
provided with six (6) slits or openings, two of
which are adapted to receive the pair of stabilized-
electron bonding arms 4’ while the remaining four
openings may be tetrahedrally arranged to receive
a corresponding number of the bonding arms 4
for supporting the same number of electron cross
arms 5, the latter being adjusted along their re-
spective arms 4 to the proper position to rep-
resent the position of the valence layer.

In Figure 9, the device is shown to represent
a methane molecule and comprises a nuclear
body I, of a carbon atom, to which are releasably
attached the inner ends of a plurality of, in this
instance four, bonding arms 4, carrying releas-
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ably a corresponding number of objects 8 rep-
resenting the nucleii of hydrogen atoms.

Upon the bonding arms 4 are mounted a corre-
sponding number of cross arms 5 .each carrying
a pair of electrons 6, the cross arms § and their
electrons 6 being arranged normally midway be-
tween the nuclear body | and atom bodies 8 and
are connected to their respective bonding arms 4
by couplings T similar to those previously de-
scribed. It will be understood that the couplings
7 enable the cross arms to be adjusted toward and
from the nuclear body or toward and from the
corresponding atoms 8 as may be necessary to il-
Iustrate the difference in polarity bhetween the
and -corresponding atomic
bodies- 8.

For example, in case the atomic bodies 8 as in
chlorine should be more negative than the nuclear
body, the electrons on the cross arms 5 would
be drawn toward the negative bodies and conse-
quently the cross arms 5 carrying the electrons
6’ would be correspondingly adjusted toward the
negative bodies, the reverse being true in case
the nuclear body should be more negative than
the outer bodies.

The free ends of the arms 5 in Figure 8 indi-
cate that the carbon atom can take on four more
electrons to complete an octet, thus acting as a
negative element with a valence of four. It may
also give up the four electrons 6’ shown in Figure
8, thus acting as a positive element with a valence
of four.

It will thus be seen that the same device is
adapted to be used for demonstrating the elec-
tronic theory of a wide range of atoms or mole-
cules of different species by simply changing the
number and relation of the bonding arms 4 upon
and relatively to the nuclear body [ and also
changing the position of the cross arms 5 upon
the corresponding bonding arms 4 so as to change
the relation of the electrons 6’ to the nuclear body
{ in the manner previously explained.

It will be noted upon reference to Figure 10
that at least one end of each bonding arm or
wire 4 is returned upon itself to form a loop 9
for the purpose of enlarging said end to increase
its frictional engagement in the opening in the
nuclegr body | and also to permit the loops of
different bonding members to be attached to each
other in case it should be necessary to demonstrate
the relation of the electrons or molecules of dif-
ferent correlated atoms.

It is evident, however, that the bonding arms
4 tay be made of any length suitable for illus-
tration of the theory under consideration and
that both ends of one or more of said bonding
arms may be provided with the loops 9, as for
example, when inserted in the nuclear body and
adapted to carry at their outer ends different
hodies representing other atoms which latter, in
turn, may become nuclear bodies for receiving ad-
diticnal bonding arms carrying other electron-
supporting arms, as in Figure 9.

In this manner, the device may be built up
from any one nuclear body to represent the rela-
tion of any reasonable number of atoms to each
other and also to represent the relation of dif-
ferent electronic shells or valence layers to each
other and to the corresponding nuclear-bodies.

Although I have shown the nuclear bodies | of
different atoms as substantially the same size in
Figures 2, 4, 6, 8 and 10 and made of relatively
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soft or sponge rubber or equivalent elastic mate-
rial for convenience of handling, and consider-
ably larger than the bodies which represent the
electrons, it is to be understood that the size, form
and material entering into the structure of the
device may be varied without departing from the
spirit of the invention. ’

It is found, however, that the smaller bodies-

representing the electrons may also be conven-
iently made of soft rubber to enable them fo be
readily placed upon the ends of their respective
supporting units which, in turn, are preferably
made of wire.

It is also to be understood that the rubber
sleeves 3 may be omitted in which case the ends
of the bonding members will be inserted directly
into the openings 2 which may be made in the
bodies 1 or 8 by any pointed tool or if the nuclear
body |is made of sponge rubber it may be possible
to insert the ends of the wire directly thereinto
without pre-formation of the openings 2.

It is believed that the apparatus shown in ifs
various settings is sufficient to illustrate the
numerous uses to which it may be put in illus-
trating and interpreting chemical phenomena
and particularly the chemical relationship of the
different electronic layers to each other and to
the nucleus of the atom or atoms, the chemical
relationship of different atoms, and the relation
of the atoms to form molecules including the
effect of differences in polarity of different atoms
on the positions of electrons of the molecule.

What I claim is: :

1. An educational apparatus for illustrating
the structure of matter according to the elec-
tronic theory, comprising a member representing
an atomic nucleus, a rod representing a valence
bond and inserted endwise into said nuclear
member, a cross-arm mounted on said bond rod
for adjustment along the length thereof, and a
member  representing a planetary electron
mounted on the end of said. cross-arm.

2. The apparatus as ¢laimed in claim 1 in
which the nuclear member has a socket into

which the bond rod may ke inserted, said socket 4

having elastic walls for tightly gripping the rod.

3. The apparatus as claimed in claim 1 in
which the cross-arm is mounted on the bond rod
by a rubber band.

4. An educational apparatus for illustrating
the structure of matter according to the elec-
tronic theory, comprising members each repre-
senting an atomic nucleus and having a plurality
of sockets therein, rods 'each representing a
valence bond and inserted endwise in sockets of
said nuclear members, cross-arms mounted on
said bond rods for adjustment along the length
thereof, members representing planetary elec-
trons and mounted on the ends of said cross-
arms, supporting rods of shorter length than said
valence rods. and inserted endwise in sockets of
said nuclear members, and members representing
stable planetary electrons and mounted on the
ends of said supporting rods.

5. The apparatus as claimed in claim 4 in
which the sockets of the nuclear members have
elastic walls. for tightly gripping the rods.

6. The apparatus as claimed in claim 4 in
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which the cross-arms are mounted on the bond _

rods by rubber bands.
SIDNEY J. FRENCH.



