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Dr. Jerry Atwood's research takes him into a world almost beyond 

imagining. It's a world where in~nitely small units of motter ore 
arranged in precise patterns to make up the complex molecules 

of living organisms. 
An internationolly known scholar, his pioneering research uses the 

latest X-ray and neutron technology to explore and mop the structure of 
these molecules. 

This new knowtedge could make it possible one day for scientists like 
Atwood to build molecules that deliver precise doses of radioactivity to 
a cancer cell, clean up lead and oil contamination, or purify the new 
moledals that will fuel tomorrow's technology. 

With his roots deep in southwest Missouri , Atwood returned to his 
home state this summer to become the new chairman of Mizzou's 
chemistry deportment. Atwood tolks about the frontiers of chemistry 
research with Missouri Alumnus stoff writer John Beohler. 
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Q. Why should people in Missouri be 
interested in basic chemistry research? 
It doesn't increase the yield of com in 
the fields; It doesn' t help to build better 
automobiles. 
A. Well, you know chemistry actually can 
influence the developmenl of the economy 
in an agricultural Slale. Agronomists here 
at MU are doing very basic chemical 
studies aimed at increasing crop yields and 
producing crops that do better under 
cenain circumstances. This work has a 
fundamental chemical basis. 

The thing I hope the good people of 
Missouri realize is that they need to 
suppon an institution like MU which 
contains a wide range of expertise. This 
expenise can then be focused on whatever 
problems come up. In our homes, for 
example. we can't wait unli l there's a fire 
in the kitchen to figure out how to put the 
fire out. We have to anticipate that cenain 
problems may come up during our 
lifetime. We need a broad base of 
expenise to be able to handle those 
problems. 

If we have a strong center for research 
- in chemistry, for example - then we 
have a much better chance of attracting 
new industry to the region. If we provide 
the kind of suppon that existing industries 
need, we have a better chance that these 
industries will prosper and grow. 

There is a long-tenn benefit to research. 
It's a benefit that I think would be familiar 
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to people from fanning communities like 
Willard, Mo., where I grew up. A fanner 
never plants a crop one day and expects to 
see a reward for his efforts the next day. 

Q. How did you get booked on science 
when you were a young student in 
Willard? 
A. In the fifth or sixth grade, I did a little 
project on the way the Chinese made 
gunpowder. I obtained my materia1 from 
the local drugstore and the loca1 genera] 
store and continued to experiment with it 
and look for better ways to make 
gunpowder. This interest carried straight 
through. When I finally got to college, I 
decided thai chemistry had a great future. 

And it' s true, chemistry is an area 
where we can reaJly make a difference. 
Chemistry can have a great impact on a lot 
of the problems that society faces. The 
difficulty is in giving the public a good 
feeling for how complicated the problems 
really are. 

Everyone knows, for example, how 
long scientists have been looking for a 
cure to the common cold. The symptoms 
are treated reasonably efficiently now, but 
there' s been no progress in my lifetime o n 
actua1ly curing the common cold. It's just 
because these problems are of such. 
complexity. Society needs to understand 
it 's going to take a lot of money and a lot 
of effort and often a lot of time to solve 
such problems. 

Q. What course are you teaching tbis 
year? 
A. 1be course is called Atoms and 
Molecules. It's set up on a 
non-mathematical basis to give students 
the kind of chemistry that's necessary to 
go oot and understand what's happening 
in the world. 

Q. Does an individual need to know 
something about chemistry to 
understand what's happening in the 
world? 
A. Absolutely. Any educated person needs 
to understand a lot about chemistry. 
Simply to be a consumer one needs to 
know more and more about chemistry. A 
good example is the nutrition labels on all 
the packaged foods we buy these days. It 
takes a decent knowledge of c hemistry to 
understand aJl the information that 's 
presented to us now. 

Q. Your research team, of coorse, is 
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looking at much more fundamental 
questions in chemistry. 
A. Our team is work.ing on analyzing and 
synthesizing large, biologically active 
molecules. The process by wh.ich life takes 
si mple constituents and makes out of them 
people, plants and animals is incredibly 
complex. These principles aren't known. 
Over the past 50 years, chemists have 
learned to synthesize small molecules 
from simple constituents. Scientists now 
are studying in greater and greater detail 
the large molecules associated with life. 

This knowledge is going to make a big 
difference in the treatment of diseases and 
the improvement of life over the next 
generation or so. But there is a break in 
the line. It 's not yet possible to start with 
simple molecules and build them up to the 
complexity of a biologica1 molecule. 

The question is, how do we go from 
simple molecular systems to complex 
systems? How do we fill in this gap in our 
understanding? 

Two people can conceive a child 
without knowing anything about science. 
It grows from a very small spark to an 
incredibly complex human being in a 
dazzlingly short period of time. All of 
these hundreds of millions of biologicaJ 
molecules are put together in a nine-month 
period. The chemistry of life is beautiful 
and elegant; it 's just based o n some 
principles that we don't understand right 

Q. How do you go about building 
molecules? 
A. In chemistry we set ootto make 
mo lecules to do a certain task. So it's 
important to understand what certain 
molecules look like. We know what we 
want the molecules to do, we have an idea 

what molecule 
would be 
appropriate. 

Fo< 
example. we 
might want to 
make a 
molecule that 
will take lead 

out of water. If you don't have a good 
picture of the molecule, then it's very 
difficult to make the right modifications. A 
technique called X-ray crystaJlography 
a1lows us to understand exactly what the 
molecule looks like. It 's a way of taking 
pictures on a molecular level. 

If we have a molecule that 's effective 

for taking lead out of ' .. .iter, but we'd like 
to make it more effective, X-ray 
crystallography gives us a clue. 

Q. How does this technique work? 
A. First, we have a target molecule in 
mind, one that 's important for some use. 
We grow a small crystal of it, which will 
look a lot like a diamond or a grain of 
table salt. Then we put this in an X-ray 
beam. The 
structure of the 
crystal scatters 
the X-ray and 
we anaJyze the 
resul ts. In a few 
hours, or a few 
days, or a few 
months, 
depending on the complexity of the 
molecule, we get a good picture. 

This complicated analysis is aided 
greatly by use of high-speed computers. 
Before we had such computers. X-ray 
crystal structures just couldn't be done for 
anything other than the simplest materiaJs. 
To anaJyze a typicaJ molecule that we 
work with involves billions of calculations 
that would take a person years and years 
to complete. Fortunately, a computer is 
able to do this in a fraction of a second. 

Q. Is this a standard tool scientists use 
these days? 
A. Yes, X-ray crystallography, or X-ray 
diffraction, is practiced in thousands of 
labs around the world. At MU, we have as 
fine an X-ray diffraction facility as one has 
at any of the thousand or so other 
institutions. On top of that we also have 
the MU Research Reactor, which provides 
us with a source of neutrons. Everything 
that's done with X-rays a lso can be done 
with neutrons, but the neutrons provide 
pictures o f a different sort. That's a very, 
very powerful combination. One which is 
not avai lable at thousands of institutions, 
but only at nationa1laboratories in a few, 
very select locations in the world. But it is 
available here on campus. 

Q. What kind of molecules are you 
putting together and why? 
A.We're looking at what are called 
calixarene molecules; they're cup-shaped 
molecules. In this case, the cup is not of so 
much fundamental interest itself as what it 
can contain within the cup. There are two 
goals to this research. One is enhancement 
of our fundamental knowledge of h.ow the 
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life processes occur. The other application 
is in environmental chemistry. 

Q. How can these molecules be used in 
environme ntal chemist ry? 
A. This general field is referred to as 
molecular recognition - the way one 
molecule recognizes another molecule o r 
ion. There are many potential applications 
for this. 

Let's say we have a water souree that is 
contaminated with something; it could be 
lead. DDT, pesticides, herbicides. We 
need to get the offending material out as 
quickly as possible. Our goal is to design a 
receptor for the unwanted molecule or ion. 
Fo r instance, if there's lead in our water 
supply, we'll design the receptor such that 
it' s just a simple filter thai re moves lead 
ions. 

The main environmental work that 
we're doing right now involves the 
removal of lead ion from soil and 
sediment. 

Lead-based paints were quite 
commonly in use until ratherrecentiy. Of 
course the problem with lead-based paint 
is that it weathers away. So if one looks 
around the foundation of a home that' s 

been painted 
for years with 
lead-based 
paints, there' s a 
very high lead 
concemrntion. 
One needs to 
get rid of that 
before it gets 

further into the soil, or before children 
play in it. or plants or animals concentrate 
that material even further. 

We're looking for a way to essentially 
take a backhoe around such a foundation, 
make a big mound out of the dirt. wash the 
d irt to remove the lead ion. capture the 
lead ion in a small cartridge o r fille r, then 
return the dirt to its original posi tion 

Q. I understand another part of your 
research is looking at buckyballs. What 
in t he world are these? 
A. Buckyballs are a new form of carbon 
that was discovered about 1985. It·s called 
a buckyball because the structure of the 
most common one of these molecules is 
that of the geodesic domes made popular 
by the architect Buckminster Fuller. The 
persons who first worked with this 
compound variously called it 
buckminsterfullerene, or full erenes, or the 
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simple term was buckyballs. 
Fullerenes were named Time 

magazine'S molecule of the year a few 
years ago; they've been written up in a lot 
of popular literature. They have certain 
very interesting properties associated with 
them and there are a lot of industrial 
applications jusl waiting 10 happen. 

One of these properties is the abilily 10 

store hydrogen gas. Perhaps buckyballs 
could be used to manufacture safe , light
weight fuel tanks for hydrogen-burning 
automobiles. There also could be 
phannaceutical applications; several 
studies indicate there's a receptor site on 
the AIDS virus which a buckyball latches 
right on to. 

Superconductivity leads to frictio nless 
movement of one surface over another. 
Nuclear magnetic resonance machines all 
have superconducting magnets in them, 
but they have to be taken down to 
extremely cold te mperatures which costs a 
lot of money. A number of studies show 
that buckyballs may be just the way of 
achieving this superconductivity at a 
reasonable cost. 

Q, How will indust ry benefit from your 
research? 
A. Our goal is to separate these 
buckyballs. to make them pure and 
inexpensive. Thousands of research 
groups work in this area. It 's probably the 
hottest area of chemistry right now. 

These fullerenes are hard 10 get; they 
cost thousands of dollars a gram. There's 
no reason for that, except for the difficulty 
in separating them and getti ng the pure 
substance. 

What we've developed is a very 
economical process for separating 
buckyballs. One company has estimated 
the baseline price is S J.40 a gram using 
our process. We use these cup-shaped 
calixarene molecules to go in and grab the 
fullerenes. We try to design the cup that 
wi ll just fit the buckyball. 

Suppose you have a baseball glove and 
it's been used for a long time. It 's 
comfortable on your hand; it has a pocket 
that's just right for a baseball. If you try to 
catch a softball. it's not going to fit quite 
as well. If you try to catch a basketball , 
it's not going to fit at all . 

1bese fullerene molecules are all 
shaped like baseballs or basketballs or 
footballs. We're going to design a g love 
Ihat has a pocket to fit the ones shaped like 
baseballs. Then when all these molecules 

come raining down, this glove is going to 
select the baseball and it's going to let the 
basketballs and footballs pass right on by. 

Once the 
fullerene is in 
the pocket we 
have a quick 
way to shake it 
oulofthe 
pockel and 
we' re ready to 
use it again. 

We published this fundamental work in 
the science magazine Na/ure last March. 

Q. Over the last decade or so a number 
of studies have reported tha t American 
children do poorly in science a nd math 
compared to students in other 
developed nations. Do you think tha t' s a 
correct perception? 
A. I'm afraid it is a correct perception. 
America' s students, I think, lose oul with 
regard to the education they get in lerms 
of time and perhaps in lerms of faciliti es 
compared to other countries. They 
generally gain a lot back because 
American society breeds initiative and 
creativity. The students who come into our 
universities are generally not as well 
versed in science and math as a student 
would be in Germany, Japan o r England, 
but they tend 10 be much more creative. 

The thing that bothers me when I look 
at little children - like my own children 
right now - they're so interested in the 
world about them. By the time they're 
ready to graduate from high school, I see 
so many students who are not interested in 
the world about them. I wonder where 
they're losing this spark, this desire. 

I don't know whal the answer is, but 
I'm pretty sure we have a difficult task 
ahead of us at the university. By the time 
students get 10 us, their study habits and 
goals have been pretty much set. It 's hard 
to change at that point. 

Q. That's a fai rly bleak picture; what 
can be done? 
A. We ll, I think our school days are too 
short. Our school years are too short 
compared to the competition in other 
countries. The question is, can we increase 
the amount of knowledge our sludents are 
taking away and still maintain the 
origi nality and creativity the American 
system somehow puts into students? If we 
can do that, then we' 1\ be well ahead of 
the game. GJ 


