
liquid drop model turned out to give too 
small a value. The deformed shell model, 
in which each of the nucleons moves inde- 
pendently, was found to give the rigid body 
value. This remarkable result was first dis- 
covered in another context by Niels Bohr, 
Aage Bohr's father and Nobel Laureate, in 
1911. Neither the liquid drop model nor 
the independent particle model is correct. 
In fact, in order to obtain the experimental 
values it is necessary to take account of the 
residual forces between the nucleons, the 
precise values thus providing information 
on their nature. 

These results are important for under- 
standing not only nuclear structure but 
also the many body problem, the funda- 
mental problem underlying all of modern 
physics. The nucleus provides a rich vari- 
ety of phenomena. Their elucidation for 
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these relatively small systems and for the 
moderately strong interactions that exist 
between the constituent nucleons will un- 
doubtedly provide new insights into the 
characteristic quantal forms of motion 
which a many body system can undergo. 

It is intended by this brief account to 
give some insight into the catalytic nature 
of Rainwater's contribution and the 
mighty edifice Bohr and Mottelson have 
built. I have concentrated on their early 
work. There have, of course, been many 
subsequent developments, both experimen- 
tal and theoretical. Many fundamental 
problems remain unsolved. The reader is 
referred to the forthcoming second volume 
of Bohr and Mottelson's book, Nuclear 
Structure, for a complete discussion. And, 
of course, I must apologize to the many 
physicists whose significant contributions 
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have not been mentioned. But with regard 
to the developments discussed above, 
Bohr, Mottelson, and Rainwater played a 
central and decisive role. 
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Malodor Counteractants: The Nose No Longer Knows Malodor Counteractants: The Nose No Longer Knows 
The complex mechanism by which we 

perceive odors is still largely a mystery. It 
is generally accepted that the shape of a 
molecule is one of the most important fac- 
tors in determining its aroma and that the 
molecule must interact with specific recep- 
tors in the nose to produce an effect, but 
the receptors have never been isolated and 
their nature can only be guessed. A little 
bit more may be learned about these recep- 
tors as the result of the serendipitous dis- 
covery of a new class of chemicals that in- 
hibit the interaction of malodorous com- 
pounds with the receptors. 

The chemicals, called malodor counter- 
actants, were discovered about 7 years ago 
by Alfred A. Schleppnik of Monsanto Fla- 

vor/Essence Inc. of St. Louis. Little was 
done with them for the first few years after 
their discovery, however, since the effect 

they produced was so contrary to estab- 
lished theories of olfaction. Only about 
2 years ago did officials at Monsanto be- 
gin to accept the fact that the phenomenon 
was real and initiate a vigorous research 
program to document the effect and to 
find commercial applications for the chem- 
icals. 

The majority of commonly encountered 
malodorous chemicals, Schleppnik says, 
are small molecules that can either accept 
or donate a proton. These include low-mo- 
lecular-weight carboxylic acids (the prima- 
ry offenders in perspiration and rancid 
foods), thiols, phenols, and amines (many 
of which produce fishy odors). How these 
molecules interact with receptors in the 
nose is still a matter of speculation, but 
there is much evidence to suggest that 
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they all interact with just one type of re- 
ceptor. 

Conventional deodorizers and air fresh- 
eners act by flooding these receptors with a 
large number of molecules, creating a 
strong odor that masks the malodor. In the 
process, a much higher total odor level is 
produced. In contrast, very small quan- 
tities of the malodor counteractants ap- 
pear to react with an allosteric site (a sec- 
ond site distant from the receptor) on the 
receptor molecule (which is presumed to be 
a protein) to produce a conformational 
change that blocks the receptor site. The 
net effect is that the olfactory nerves do not 
perceive the malodor, and there is an ap- 
parent lessening of the total odor level. The 
counteractants do, however, also interact 
slightly with trigeminus nerve receptors in 
the nose (which are thought to produce a 

warning in the form of stinging, burning, 
or tingling sensations) to produce what 

Schleppnik describes as a "fresh air" smell 
indicating that "something indefinable is 
there." 

Others Are Similar 

In one sense, the counteractants are not 
unlike other aroma chemicals. Many com- 

monly used aroma chemicals can enhance 
or inhibit the awareness of an accom- 

panying odor even though they have no 
aroma of their own. Perfumes often con- 
tain many such ingredients. The model of 
allosteric interaction proposed by Schlepp- 
nik provides one possible explanation for 
how these seemingly odorless ingredients 
can modify the aromas of the primary in- 

gredients. The malodor counteractants, he 
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adds, differ from these other modifiers 
only in the completeness of the inhibition 
and in the larger number of odors affected. 

The identity of the counteractants has 
not yet been disclosed because Monsanto 
has not completed its patent applications. 
All of the many counteractants, however, 
are relatively simple compounds with 
masses from 150 to 250 daltons. All have, 
or can assume, the same three-dimensional 
shape, and all have similar distributions of 
electron density and polarity, even though 
they do not all contain the same functional 
groups. They are not ionic, they contain no 
aromatic rings, and they are not soluble in 
water. Their activity is highly stereo- 
specific, but unresolved mixtures of stereo- 
isomers can be used commercially to re- 
duce costs. Some of the chemicals produce 
their own aromas (by interacting with a 
second receptor), while others do not. The 
counteractants are so simple, Schleppnik 
says, that the revelation of their identities 
will probably be "anticlimactic." 

The counteractant effects persist for as 
long as concentration of at least 1 part per 
million is maintained in the air. When ex- 
posure to the chemicals is stopped, sensi- 
tivity to malodors returns within seconds; a 
concentration of a few parts per million 
will remain in a room for hours, though. A 
large number of tests-including his own 
extensive exposure, Schleppnik says-in- 
dicate that there are no residual effects as- 
sociated with either prolonged exposure to 
the counteractants or exposure to abnor- 

mally large quantities of them. There are 
no government requirements for testing of 
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