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SOLID-STATE
GENERAL-CHEMISTRY

MOLECULAR VISIONS™
MODELS

Visualization of things we car. not see but know to exist is a very
important part of learning. Solid hand held models provide tactile and
visual aids to assist the mind in exploring ‘the nature of matter.
Models which are built from a minimum of pieces by association in
the manner of bonding will provide the greatest help. Textbooks try
to represent structures of three dimensional objects with two
dimensional pictures having some perspective. Unless the viewers
eye can capture this perspective the picture remains on the page as a
flat picture. Adding to the confusion are the lines used to connect the
balls representing atoms and supposedly providing perspective.
These are often mistaken by the beginner as bonds. An examination
of the face-centered-cubic lattice of anions, clear circles, shown here
should bring to the viewer the realization
that anions would not attract each other or
bond. Yet many modeling systems
represent such lines by rods used to
support the structure, thereby giving a false
impression of bonds.

The Molecular
Visions™
solid-state
models consist
of anions with
tubes and cations with rods. The two
anions and several of the cations are
shown.

L

ANIONS CATIONS

Crystal lattices and other covalent structures are produced when the
rods and tubes of their respective atoms are joined. This produces a
self supporting system from which to create solid-state models
without the fiction of supports. There is one exception and that is the
artificial volume called a unit cell. The cell shown below consisting
of anions, clear circles, and cations, black circles with bonds,
contains four corner anions which are not shown coordinated to any
cation. They are of course associated with cations in an adjacent cell
but to support them in the cell shown, four connectors below are

C

used.

O

The examples given in this text are to be used to familiarize yourself
with structures and to recognize familiar relationships. They should
not be thought of as the end, such as building a ship in a bottle. You
should try to look at the model and ask questions. Then see if there
is an answer provided by the model. With these models various
drawings of the solid state may be interpreted to yield a three



dimensional model.

The cells given above provide examples of
how to convert to a model. We see in this
cell that the cations are tetrahedral and
there are four anions surrounding each
cation, as shown by the black lines
representing bonds. Start at the bottom, in
this case the lower left. We need a
tetrahedral cation and a general anion
(because the cell is cubic and the general
anion is used for the

construction of cubic and

hexagonal cells with

tetrahedral cations). w

Construct a tetrahedron of
anions around a cation.
Align the anions so they are parallel. Next
notice that there is another cation that makes
a diagonal across
the bottom face
of the cell and
shares an anion with the tetrahedron just
made.. Add that tetrahedral cation and
continue building. You may eventually
notice that this diagonal arrangement of
anions and cations is very common in face-centered-cubic-cells
containing tetrahedral cations. Continuing with the model, notice that
the cations above the first two are also
arranged in a diagonal that is
perpendicular to the first group. Note that
they also share anions from the structure
just built. Add these two new cations. The
addition of three more anions to these
newly added cations forms another
diagonal of anions and cations. Keep the

5

anions parallel as you build. All that remains to finish the cell is to
attach four more anions. Because there are no more cations in this
cell to bond with, they must be from adjacent cells. The connectors
are used in these situations to anchor uncoordinated atoms in the cell.
At this point you might recognize that the last four anions could have
been anchored to this cell if there had
been four more cations. Ask yourself if
there is a place for these cations. You may
see that there are unfilled “holes” between
four anions which would accommodate
tetrahedral cations. Several of these
cations have been added to the model at
the right. Now you might ask why these
are empty, “holes”, or are there crystals
which do have more cations. You are now
on the way to discovery using the models.
These “holes” may make interpretation of
some drawings confusing, but if you start building from the bottom
layer the cation rods will usually point the way to coordination with
an anion.

Z=0
m Another way in which solid state structures are
e . :
represented is by the use of layers. The previous cell
could have been shown as a series of layers. To
build from this diagram you would lay out the
e anions in Z=0 and attach the tetrahedral cations of
®] layer Z=0.25. You should note that two of the
anions are not coordinated, leave them
until the end of the model building to @ O
decide what to do. You might have noted a
that if you lay one layer over the other the © “p
Z=0.25 anions that are associated with a cation
are made clearer. For example when Z=0.25 is
placed over Z=0 a diagonal of anions and cations
appears. This is the same diagonal that

®
®
was constructed above. By comparing | @
o | Z=0.25 with Z=0.5 the other two anions % af

L
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around each tetrahedral cation become visible. A comparison of
Z=0.5 and Z=0.75 will bring out the placement of the other cations
and anions.

One other
representation of the
solid state is the use

of geometric figures

as a shorthand for a
coordinated cation. Examples are squares, pyramids, and octahedra
for square planar, tetrahedral, and octahedral coordination of the
cations.

octahedron

NaCl cell layers NaCl cell NaCl core

Sodium chloride is a face-centered-cubic cell made up of octahedral
coordinated chloride and sodium ions. The central sodium ion is
shown at the right surrounded by six chloride ions, and finally by an
octahedron. The cell contains one complete octahedron and many
truncated figures. Sometimes textbooks show the complete geometric
figure to construct not just a cell but a portion of the crystal. Several
examples of building these models are given in the latter part of this
book. A classic structure that is usually portrayed with these
octahedra is perovskite, a titanium oxide lattice, which contains a
calcium cation in the central cavity. The actual unit cell contains only

the oxygen atoms of the shared vertices of the octahedra. It is of
current interest because many of the recent superconducting solids
are believed to mimic this structure. When building models from
these drawings, construct one of
the geometric figures and add the
cations that share its anions
followed by the additional anions
until the structure is formed.
Model building requires some
experimentation to see how the
atoms fit.

The above discussion has looked
at cubic lattices with tetrahedral
and octahedral coordinated
cations. There are many variations of these lattices having sides of
different lengths, the orthorhombic cells, or a cell with one 90° angle,
the monoclinic cell, or cells with no right angles, the triclinic cell.
Another class of packing is hexagonal close packing, hcp. As might
be expected there are hexagonal instead of cubic arrangements of
atoms. This is true if a large enough portion of the crystal is seen but
often only a portion of the hexagon is shown. The hexagonal packing
is distinguished from the cubic packing when using the models by
the anions and their use. With tetrahedral cations the general anion
is used but the cations are arranged at 109°.

109°
The octahedral cation

requires a new anion, the — \{
hexagonal anion, to accommodate
the new angles. ‘”

Hexagonal anion ~ General anion



The classic hep cells are that of NiAs which looks like a hexagon
of anions coordinated to octahedral cations and Wurtzite, ZnS, which
has tetrahedral cations.

ZnS, Wurtzite

Unless a hexagonal packing is indicated or some other clue is given
it is not always clear that the crystal is to be modeled with these
anions. Experimentation with the anions and cations may be
necessary to determine the best model.

The examples given in this booklet are to help you become familiar
with modeling, the models and structures. The models are meant to
be used experimentally to investigate new cells. The use of
connectors and parts from the Molecular Visions™ framework
models, in particular the bond extender, will permit the modeling of
many interesting solid-state models.
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RUTILE, TITANIUM DIOXIDE TiO,

CALCIUM CARBIDE (CaC,)

Pieces required

9t013‘ 12t028@ 6to 14 7;:;

marker ball octahedral cation

General anion Carbon Triple bond pi system

Calcium

EJ
G
S
s
=

Construction of calcium carbide

Add eight octahedral cations
to form a cubic arrangement

of the cations.

|
Eﬂ C C
: [ = = [ =
g C
8 C
-, 20 § | |
§E&=S Ca
28298
é g %é 2 & Construction of calcium carbide unit cell(s). Coordinate the calcium cation
cfwiel with the pi electrons of the triple bond by joining the rod of the triple bond

into the tube of the calcium ion.

Make this assembly
and add 2 more

Cay C5 to the central
Ca 4Cgone in front
and one in back.

Construct an octahederal group
of hexagonal anions around a octahedral
cation. Be sure the anions are all parallel.

Or make these three planes and join them into a face centered cubic cell.

may be constructed from these models by building the strings and
joining them with the central octahedral cation. The black circles

represent the body centered cubic arrangement of the cations in

crystal. It consists of edge shared octahedrons that form strings.
the cell above.

The rutile cell does not show the true structure of the rutile
Each string shares vertices with adjacent strings. The crystal

The rutile anion-cation
relationship requires a
hexagonal anion.
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YBa,Cu30,, A SUPERCONDUCTOR , . _fE
<y 8= o
= 26 &
PARTS REQUIRED ~ : 22 g
% g w Q © g 33
= g O 5 _8 =
1 22 16 ('I;: 2 == g FOETLS
Eight General anion  Octahedral Short E A2828%
coqrdmate 20, Pink = O cation = Cu connector z ¢
cation=Y. 2, Black =Ba -
Begin construction of
this cell with the central
body centered cell
containing the yttrium.
Add the 8 octahedral

THE HYPERCUBE

cations to form another
cube. Finish with the
perovskite type cell at
each end containing a
loose barium atom.

The arrows indicate that
the rods of the cation
are to be inserted into
the tubes of the anion.

WD

with connectors or
hidden connectors. Make

. 4 ofthese.

Join 4 general anions

Drag a 2-D shadow of

a cube and get
the shadow of a cube

in the 4th dimension.

v

i

Create the bee with

one color of the anions

v
and the perovskite with
the other.
(Hint: Keep the radii

A MODEL OF AHYPERCUBE, A CUBE IN THE 4TH DIMENSION

=
.9 ﬁ
é g B
A = g E =
; - g E & T
i | of the anions parallel g A E ZIZs
f during construction 2 4 E = = %"-;D 2
. N
A } 1:;: for symmetry and ease = &;._‘5 o He 588
& of assembly.) E o= = T N >
v 2 A ‘g) =N
< | »
o :
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Join two of the shadows
with some connector.

3 dimension



