The ‘Atomix’: a teaching model of atomic
structures in solids and liquids

by W. A. Miller and G. C. Weatherly

The Atomix * {pronounced atom-mix rather
than stomics), is both a fascinating toy and
0 remarkably geod dynamic model of
AtOmiC arrdgements in simple marerials. I
consists of 8 127 mm (5 in.) square aceylic
moulding 25-4mm thick, contmining [ shal-
low square-well inset of precise depth, The
well contains 6000« Imm dinmeter hall
beanmgs which can be made to move quite
dramatically by tlting, tapping, rotating or
vibmating the tray, causing the ‘atoms’ o
EEume some  imtercsting  close-packed
strsctuires (Fig. 1). The device was de-
signed by a Montreal artist whe was in-
tragued by the acsthetics of is geometrical
pattems and by its link with science as well
@ art. Its intrinsic interest to materials
scientists in addition 1o its potential value
#s 4 teaching aid has prompted the writing
of this article, We outline bricfly below
somie of the more obvious applications of
this madel,

Crystalline close] packing

When oriented such that the well contain=
ing the ball bearings is in a vertical plane,
the spheres assume positions of planar cdlose
packing in response to gravity. The Ao
s of course wseful 1o compliment the clas-
sical Bragg-Mye soap bubble model: al-
though both models exhibit many of the
same features, the Awwrx, for example, is
unsuited at present to show interstitial or
substitutional impurities, while it i3 some-
what superior o the soap bubble mode] in
demonstrating rapid atomic motion and in
s simplicity and portabiliy, The model
readily displays grain boundaries, triple
junctions, and afier shaking, the pheno-
menn of recrystallisation and grain growth.
Careful rotary manipulation of the device
W cause slow growth can result in the
formation of a single "crystal’ (Fig. 20,

The “erystals’ almest always contain de-
fects, some of which represent defects in
real crystals guite nicely, (see Fig. 1 and 2).
Vacancies are most commion, although di-,
tri- and other vacancy clusters are abo ob-
served, some of which are stable, while

* Tradesnark of Emotion Preducions Ine.,
Momireal, Canads; designed by Francols
Dallegres
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others cither collapse or, with suiable
n'ld.il.i]:-l.rluliun, mugrate o the free wurface,
Single vacancies on the other hand are com-
pletely swable, Isolated edge dislocations
are rafe; Biuin L|"||."_'.' are somelrmes ohserved
o be mssocmted with stacking faulhs which
oocur trequenthy (see the upper right hand
corner of Fig. 1).

Square pack and stackin
iy I :

"Crystals’ are nucleated by the Aat edges of
the well, but these edges are separated by
angles of 90" in comparison to the &o0®
angles between the close packed directions
of a stable single crystal. The model often
sccommodates this onentation difference
with stacking faults in preference to grain
boundaries (Fig. 2} the faults comsisting of
a layer of an stacking within an AR grain
{one also finds faults 1n which the stacking
sequence 15 not AA or AR but exhibits some
intermediate arrangement), Light tapping
af the contaner cankes these falis IO mowe
very rapidly, penerally at a rate which 15 too
fast o permit detailed atom movements to
be observed. The stacking fauls often
terminate within a grain at a dislocation or

at other intersecting faulis (Fig. 1) The
atomic configuration at such fauls 35 best
observed by slowly tilting the model to-
ward the honzontal plane and viewing along
the pows of *atoms’,

The ax stacking sequence is often ex-
vended, resulting 10 a ‘grain® which has a
Square pdﬂ!ing afrangement [_I"ig_ 11. This
‘simple cubic phase’ is often found near the
free surface and is thought to be associated
with the I.'t[.'ll.ll\.il.'m Between HF‘h:‘I‘ﬁ in con-
sequence of electrostatic charges developed
between the ball bearings and the plastic
continer. The swatic elsctricity can also
stabilise an extensive vapour phase (Fig. 2)
—when the model has not been used for a
prolonged period this effect s not pro-
nounced, however it can be accentuated by
vigoerous shaking for several’seconds before

'growing a crystal’,
Liquids

The Arowiex can be used to demonstrate the
Bernal model of simple liquids, fr. an
irregular close=packing of spheres. To do
this, the model is used in the horizontal
plane and the spheres are made to occupy
the central region of the well, sway from its

1 A packing patters showing grain boundaries, slacking faulis and interphase Boundaries. The
non=sphencsl sppearance af the stoms resulis lrom shadows casl in pholegraphy.
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2 A single crystalline packing containing ealy ane stacking faull (which osiginates At 8 cosner ol

the wall} pnd lowr vacanciss.

flar exdges (see Fig. 3). This effect is best
demonstrated after the model has been left
smtonary for some time, becawse the
electrostatic repulsion between the spheres
prevents close packing. Electrostatic attrac-
tion betwieen the container and the spheres
also has a diseuptive effect on the simulated
liquid, in that the balls become stuck to the
fHat edges which can then sumulate rapid
crystal growth. Liquid structures com-
menly display five-fold co—ordination in the
horizontal plane, and are moss readily ob-
served by using the model over a light box,

Interfaces

The mode] is abso useful for demonstrating
the structure and some of the properties of
a variety of interfaces, We have previously
referred 1o grain  boundaries, stacking
fanlts and imerphase boundaries, but it is
abo worth mentoning that sobd-vapour
and solid-liquid interfaces can be repre-
sented strikingly, With the model in the
vertical positbon, the free surface becomes a
sobid-vapour interface. The 'vapour pres-
sure” can be controlled to some extent by
varying the electrostatic charge. If the
madel is sbowly rotated about a horizontal
axis, the role of steps at faceted interfaces
in either crystal growth or dissolution be-
comes obwioos (see the interface in Fig. 2],
Rapid motion scross the interface during
rofation, sccompanied by many near-
elastic collisions between surface atoms,
clearly simulses the process of surface
diffusion. On the other hand, with the
medel near to the horizontal position, the

WARCH/APRIL 18T

solid-iquid transition can be made 1o
ocoury in which case the crystal ‘melts” with
an atomically rough surface,

Projection

The model can be projected on 10 a screen
using an overhead projector, making it
useful as a lecture demonstration devace,
Provision shewld be made for projection in
both the horizontal and vertical orientations,
gliowing freedom for rotation to demon-
sirate the warious kinetic sspects of the
model. Slow-motion photography  could
also be usefully emploved to study the
mechanism of some of the more rapid pro-
CRREEE,

Suggestions for improvement
The principal weakness of the Aromix is its
inability to demonstrate a shearing mechan-
ism, such s is easily provided in the Bragg-
Mye soap bubble model. A more claborate
model could of course be prodoced 10 in-
carporate this capability. Another worth-
while modification would be to produce a
second version with a circular well in order
to reduce the occurrence of the As stacking
faults which are not representative of close
packed structures, Finally, a third modifica-
tien emploving roughened edges would be
useful for demonstrating liquid behaviour,
although it i probably necessary to retain
the flar well bomon, which in itself tends w
promote ‘crystallisation,”

While improvements are desirable, it is
clear that much of the appeal of the Aromx

3 A loogaly packed configuration
which represenls a crystal melt-
ing. The flat well baliom makes

it difficult o “melt’ the solid
compleisly wilkhau Fu-rm-n-; an
snCagdively loesely pached iguid,

is o result of its simplicity: a teacher may
bring it to his lecture in his coat pockes.
There are other more complicated and ex-
pensive atomic models on the market, vet to
our knowledge none have this feature,
‘Improvements’ at the expense of sim-
plicity may therefore be of doubtful value,

Availability
Information on the Aromsx is available
through Emotion Prodoctions Inc., 4825
St Catherine Sr. W., Montreal 215,
Luebec, The Canadian price for a single
unit 5 $30-00,
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