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A new scientific novelty that can be used to demonstrate a 
number of scientific principles, either in lecture demonstra- 
tions or laboratory experiments, is a pair of solid, black, 
identically appearing spheres, -2.5 cm in diameter, called 
"Happy and Unhappy Balls" by the supplier.' The harder 
(so-called "happy") ball is made of polychloroprene (neo- 
prene) rubber, while the softer (so-called "unhappy") ball is 
made of polynorbornene (trade name, Norsorex). 

Neoprene was first prepared in 1931 by Wallace Hume 
Carothers (1896-1937), of nylon fame, and co-workers ( I d ) ,  
working at  the E. I. du Pont de Nemours Laboratories in 
Wilmington, Delaware, by the polymerization of chloro- 
prene (2-chloro-1,3-butadiene): 

The number n, which may vary from 2 to many thousands, 
designates the number of monomer molecules that are 
present in the reactants and the number of repeating units 
that are present in the polymer. Polychloroprene, in which n 
is equal to about 100, is cross-linked by heating with zinc 
oxide or magnesium oxide. 

The cross-linked or vulcanized neoprene is a 3-dimension- 
al network polymer consisting of linear polychloroprene 
chains joined by occasional covalently bonded cross-links, 
which prevent irreversible slippage of the polymer chains. 
The distance between cross-links in an elastomer must be 
long enough to produce principal sections that may undergo 
reversible uncoiling and coiling. Occasional cross-links do 
not reduce the flexibility appreciably, but, if many cross- 
links are present (high cross-link density), the polymer will 
be an irreversible, hard, nonelastic, thermosetting solid. In 
contrast, neoprene, which has a low cross-link density, has a 
reversible elongation of 500% and a glass transition tempera- 
ture (T,) of -42 OC. The T, is the temperature below whicb a 
flexible polymer becomes rigid, and therefore the neoprene 
ball will not bounce a t  temperatures below -42 "C (6). 

Neo~renes are good general-purpose rubbers, but their 
high &anufacturi"g cost has limhedtheir use to applicatiuns 
requiring special properties, such as resistance to oils, chem- 
icais, air;oione, hkatiand flame, whicb are not characteristic 
of natural rubber (from the tree Heuea brasiliensis). 

Norsorex (polynorbornene) is a synthetic elastomer devel- 

1 Catalog No. P6-1000, Arbor Scientific, P.O. Box 2750, 924 North 
Main. Ann Arbor, MI 48106. 
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oped during the late 1970's by CdF Chimie of Paris and 
available in North America from Harry P. Robins, P.O. Box 
808, Akron, OH 44309. Norbornene (bicyclo[2,2,l]bept-2- 
ene), a strained molecule, is first produced by the Diels- 
Alder condensation of ethylene (CzHa) with 1,3-cyclopenta- 
diene (CsHs): 

ethylene 1,3-cyclopentadiene norbornene 

By the use of suitable catalysts, the norbornene ring is 
opened, resulting in polymerization to a linear polymer with 
one rigid, five-membered ring and one double bond in each 
repeating unit (7,s): 

norbornene polynorbornene 

Polynorbornene is manufactured in powder form, with the 
individual particles having an expanded or slightly porous 
structure. In contrast to neoprene and most other elasto- 
mers, including natural rubber, Norsorex contains relatively 
large quantities of a nonvolatile compatible liquid such as 
high-viscosity naphthenic oil. This additive counteracts 
some of the characteristics of stiffening groups, such as cy- 
clopentane, in the polymer chain. Thus the glass transition 
temperature (T,) of Norsorex is lowered from 35 "C to -60 
"C. Norsorex has an elongation of 400% and a tensile 
strength of 20 MPa at room;emperaturc and an elongation 
oi200Cio and a tensile strengrh of 30 MPa at -40 "C (91. 

The characteristic nron&ies of Norsorex have led to its . . 
application in oil spill recovery, sound insulation, damping, 
and seals and gaskets (10). Its swelling, which occurs in oil 
spill recovery, has been used to demonstrate the effect of the 
"polarity" of low-polarity solvents, either as a lecture dem- 
onstration or as a laboratory experiment (11). 

Coefficient of Friction 
A l-m-long inclined plane is set up, e.g., a table tipped 15- 

20' with books under the legs a t  one end, and students roll 
the two balls down the plane from the starting point simulta- 
neously, several times, to establish consistently which ball 
rolls faster. Because of its lower coefficient of friction, the 



"happy" (neoprene) hall arrives a t  the bottom first. The 
"unhappy" (polynorbornene) ball rolls more slowly because 
of its much higher coefficient of friction, which makes this 
type of rubber ideal for racing car tires, for which great road 
adhesion is needed a t  high speeds. However, too much adhe- 
sion will cause heat build-up and excessive tire wear so 
polynorbornene must be blended with less adhesive types of 
rubber. 

Density 
Students place the halls in water. The "unhappy" ball is 

denser than the "happy" hall; it sinks in water, whereas the 
"hannv" hall floats.'l'he densitvof each ball can be calrulat- 
ed &m its weight and volume (determined by complete 
submersion in water) or bv observine its buovancv in other - - .  
liquids of different densitiks. 

Energy Absorption Rate 
Each hall is dropped from a height of -1 m onto a hard 

surface. The "happy" ball bounces, while the "unhappy" 
hall does not. 

Because of the presence of the cyclopentane group in its 
repeating units, Norsorex is less elastic than neoprene. 
When an elastomer is stretched, the coils in the principal 
section uncoil and the entropy (AS) decreases because of the 
formation of a more ordered molecular structure as the 
chains hecome aligned with each other. 

The intermolecular forces in both neoprene and Norsorex 
are low and hence do not tend to restrigfree rotation of the 
chains as they assume different conformations by uncoiling 
and coiling. This free rotation is hindered a t  the cross-links, 
which are far enough apart so that free rotation occurs readi- 
ly in the principal sections (12). 

The pendant chlorine group on each repeating unit in 
neoprene enhances free rotation, but free rotation is restrict- 
ed by the rigid cyclopentane group present in each repeating 
unit in Norsorex. 

Roth balls are then placed in ice water or a refrigerator for 
10 min and drowed aeain. Their bouncinr! behavior is ob- 
served to have rekerse8. As the temperature drops, the rate 
of restitution of neoprene decreases, while that of polynor- 
bornene increases. Therefore the "happy" hall does not 
bounce as high as a t  room temperature, while the "unhappy" 
ball, which did not bounce a t  all a t  room temperature, now 
bounces, although not as high as the "happy" ball at  room 
temnerature. The exneriments on coefficient of friction and 
density may be repeated with the cooled halls to demon- 
strate that these ~ronerties do not chance a~preciablv with - .  .. 
variation in temperature. 

Coefficient of Restitution 
Both balls are com~ressed in a vise or hv heaw tones. a t  - - .  

room temperature and after cooling in ice water for 10 min, 
and the differences in the rates of return to their original 
shapes are observed. The "happy" ball returns much more 
quickly to its original shape than does the "unhappy" ball, 
particularly with the cooled halls. Restitution or hysteresis 
(the tendency of a substance to return to its original 
shane)-a sort of "molecular memorv" of its orieinal form- . . 
is useful in various applications. 

While the results of the four experiments may appear to 
be different, they are all related to molecular structure. The 
frictional force between the hall and the surface of the in- 
clined plane is related to the surface of the elastomer mole- 

cules. Teflon has a low coefficient of friction because the 
fluorine pendant groups slide readily over the inclined plane 
surface. ~ikewise;because of the presence of pendantchlo- 
rine groups, neoprene has a lower coefficient of friction than 
Norsorex, in which a portion of the rigid cyclopentane group 
is in contact with the surface of the inclined plane. 

Likewise, because of the cyclopentane stiffening group 
and the absorbed plasticizer, Norsorex has a smaller volume, 
and hence its density is greater than that of neoprene. 

Because of the lack of stiffening groups and the presence 
of a chlorine pendant group, neoprene has a higher elonga- 
tion and uncoils more readily than Norsorex, which has a 
cvclo~entane stiffening ~ o u ~ .  The ease of coiling and un- . . - -  - 
coiling neoprene decreases as the temperature is decreased, 
and this elastomer becomes nonelastic a t  its glass transition 
temneratnre of -42 "C. In contrast. the nolvmer chain in 
~ o r s o r e x  is swollen by a plasticizer,'whici ~dwers the glass 
transition temoerature bv almost 100 "C. Thus while the 
cooled neoprene molecules tend to become more crystalline 
when stretched, the solvent-swollen amorphous polymer 
chains in Norsorex retain considerable freedom of rotation 
a t  temperatures as low as -60 "C. 

d he faster restitution of the cooled, compressed neoprene 
hall to its original spherical shape is based on the tendency to 
return to th; mork disordered state, i.e., one with higher 
entropy, as shown by the Gibhs free energy equation, in 
which the change in free energy (AG) is equal to the change 
in enthalpy (AH)  minus the change in entropy (AS) multi- 
plied by the Kelvin temperature: 

Thus as the temperature increases, the magnitude of the last 
term (-TAS) in the Gihbs free energy equation increases, 
and hence the resiliency increases as the temperature is 
increased. That the retractive force of a stretched rubber 
hand increases as the temperature increases was demon- 
strated by Lord Kelvin in 1851. 

In running shoes, where the foot, leg, and ankle receive a 
tremendous pounding from the act of running on hard sur- 
faces, the shock-absorbing property of an elastomer, like 
that of the "unhappy" ball, is very desirable. Conversely, the 
bounce of the "happy" ball is ideal for sports, such as hand- 
hall. Students can suggest other applications for the two 
types of rubber based on the properties revealed in the above 
experiments as well as other properties that they may inves- 
tigate for themselves. 
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