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COMPONENT PARTS OF THE MODELS

The FMM Set is composed of two basic construction units:
metal “valence clusters” and plastic tubing by means of which
all atoms of the periodic chart can be represented. Each type
of unit is color-coded. For example, red tubing represents oxy-
gen, white is hydrogen, blue is nitrogen, black is carbon, etc.
Valence clusters are colored silver, brass, and copper for easy
identification and fast selection.

Each valence cluster has metal prongs joined end-on at a
common point representing the center of the atom. These
prongs, which fit snugly into the plastic tubing, point along
the symmetry axes of the valence orbitals, and the angles
formed determine bond angles in the assembled models.

With the three main types of valence clusters supplied—
tetrahedron, trigonal bipyramid, and octahedron—you can
represent all atoms having up to 12 electrons in their valence
shells.

Framework molecular models built from the FMM set show
to scale the mutual relations of atoms of a given molecule.
The molecular framework is specified by two parameters: One,
the internuclear distances measuring the separation between
the centers of two neighboring atoms and, two, the bond angles
which measure whether two atoms both bonded to a third are
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co-linear or bent-out, and if bent-out, to what degree. Take
methane as an example (See Figure 10). The points H and C
are the centers of hydrogen and carbon respectively and the
distance between them is called the internuclear (or inter-
atomic) distance. This distance can be conveniently thought
of as composed of two parts the C—x distance measuring the
size of carbon in the direction of the bond and known as the
covalent radius of carbon; the other (x to H) distance 034
called the covalent radius of hydrogen (See table of covalent
radii p. 6). The angle sustained by the 109° of the
H=C~—

methylene group CH, measures
about 109° and is called the tetrahedral angle. The angles en-
countered in the geometry of most molecules are 90°, 109°,
120°, and 180° and are a part of the structure of the three val-
ence clusters provided by the FMM set.

When molecules aggregate to form a crystal or when they
collide together at moderate speed their closest contact occurs
at a distance corresponding to the van der Waals' envelope
which denotes how far the atoms within a molecule extend in
the outward direction into space. It is therefore useful to know
a third parameter which measures the size of the atom in the
non-bonded direction and which is known as the van der Waals’
radius of that atom. (A table of van der Waals’ radii is given
in Table III, p. 7.) Again using the axes of the C—H bond as
an example (See Fig. 9), the distance C—x denotes the coval-
ent radius of carbon (black-tubing) the distance x—H denotes
the covalent radius of H(O.SOR), and the section H to W
extending in the non-bonded direction corresponds to the van
der Waals’ radius of hydrogen (1,203),



