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The study of small aggregates of atoms or molecules con- 
stitutes a new, exciting, and rapidly growing field. In recent 
years techniques have been developed to produce, isolate, and 
examine very small particles, consisting of from only a few to 
several hundreds of atoms (I). Such particles (commonly re- 
ferred to as clusters or wander Waals molecules) are of fun- 
damental interest, with properties intermediate between those 
of isolated (gas-phase) atoms and those of the bulk solid. Their 
structure is believed to deviate considerably from that of the 
crystalline state, with important consequences for thermo- 
dynamic and electronic properties. 

Apparently, the periodicity, characteristic of the bulk 
crystal structure, may be only poorly developed, or even 
completely absent in small clusters, to give way to other 
tendencies, more important in this size domain but inconsis- 
tent with three-dimensional periodicity, like five-fold sym- 
metry. 

Construction of a Model 
Structural features of clusters (and of small crystalline 

fragments) can be illustrated using ordinary party balloons 
and a set of Ping-PongTw balls. The balloons should be of good 
quality, so as to allow the accommodation of up to 15 balls 
without bursting. Eventually, the Ping-Pong balls may be 
replaced by hard plastic spheres, which give better perfor- 
mance as a result of less mutual friction. A laboratory glass- 
work drying frame is used to fill the balloons; the neck of a 
balloon is advanced some 5 cm over three pins of the frame 
(normally used to support an Erlenmeyer flask in upside-down 
position) that are held firmly together. When released, the 
backward springing pins keep the neck open, so that i t  be- 
comes relatively easy to introduce balls in the balloon. Before 
starting, inflate the balloon a few times to  increase its dead 
volume. Since a balloon cools on expansion, warm the empty 
balloon by holding it in your hand before inflating it again, to 
avoid condensation on the inner surface. A balloon pump is 
helpful. The bdoon is removed from the springs and pumped, 
after each ball is inserted, so that the new ball can enter 
easily. 

Configurations 

Although well over 20 balls can be put in the balloon, the 
more interesting and easily recognizable coordination poly- 
hedra occur with small numbers, for example (see figure), the 
familiar n = 4 tetrahedron, the n = 5 bipyramid, t h e n  = 6 
octahedron (not shown), the rather unexpected n = 7 penta- 
gonal hipyramid, the n = 13 cuboctahedron or its isomer, the 
n = 13 icosahedron. All these structures form sponta- 
neously-without premodelling-from a disordered cluster 
of balls that is forced in a small volume. 

Let us watch the sequence of polyhedra more closely. The 
first isomers are encountered when n = 6; both a regular oc- 
tahedron and a tritetrahedron are frequently obtained. One 
may be converted to the other by pressing into the alternate 
shape. In the tritetrahedron only tetrahedral holes are found; 
by contrast, the octahedron encloses a single octahedral hole. 
Since the tritetrahedron may be considered an incomplete 
pentagonal bipyramid, its growth will eventually incorporate 

five-fold symmetry, which inhibits further growth into a pe- 
riodic structure, but may he very important in the cluster 
domain. The octahedron, on the other hand, is part of the 
periodic fcc structure (which can be seen by removing the 
eight corner atoms from an fcc unit-cell model). With more 
balls added, the octahedral hole becomes a rare feature, 
however, the stmdures being entirely composed of tetrahedra. 
With n = 7, for example, the assembly almost invariably 
"crystallizes" in the very favorable pentagonal bipyramid; 
with n = 13 (allowing a complete coordination shell) the ico- 
sabedral structure, consisting of 20 fused tetrahedra, is fre- 
ouentlv obtained: aeain. five-fold svmmetrv is a dominant 
feature. Theoccuren~eof the n = 13;cc stru&nre, which mav 
he identified by the square arrays on the surface, indicative 
of (half-) octahedral holes, is only rare. Moreover, the fcc 
structure is only marginally stable because the model readily 
transforms into the icosahedral arrangement. 

Experimental and Theoretical Studies 
that Illustrate the Model 

Many experiments and theoretical studies suggest the ex- 
istence of pentagonal growth patterns in small aggregates. 
Thus, mass numbers of clusters of unusual stahility and high 
frequency of occurrence (termed "magic" numbers) are 
strongly indicative of closed-shell arrangements with icosa- 
hedral or polyicosahedral symmetry (2-4). The same con- 
clusion is drawn from electron diffraction patterns (5). Icos- 
ahedral metal particles have been observed by electron mi- 
croscopy (6-10). Computer simulations have shown that 
closed-shell fcc clusters of atoms, that interact through a 
Lennard-Jones potential, are unstable, and that a spontaneous 
transformation into the more favorable icosahedral arrange- 
ment is very likely (11-12). Similar results have been reported 
for molecular clusters (13). 

The balloon-and-ball model can also Le used to illustrate 
the structure of organometallic cluster-compounds, which are 
of meat interest in the studv of catalvtic reactions. Here. small 
(transition-,metal atom dusters are iurrounded by a coat of 
electron-donatine lieands tohos~hines. carbonvls. hvdrides). 
In many cases thest;uctur& of the me& clustek ili), as well 

%me SpontilneoJr y 'crysla I m g '  hard-rphcre assembles. From leh toromt: 
n = 4 telrimedron, n = 13 t c c ~ b ~ ~ l a h e d r o n ,  n = 7 penlagonal otpyamd, am 
n = 13 icosahedron. 
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