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Commentary on 
the Chemistry of 
Basketball

It was interesting and enjoyable to
explore the chemistry behind the game

of basketball. I got the idea of producing
this issue from The Physics of Baseball in
issue nine of Science Spectra. Also,
Frankie Wood-Black of ACS’s Salt Lake
Local Section coordinated a National
Chemistry Week activity with the Utah
Jazz using the same idea.

As a chemist, I like to say that chem-
istry is all around us. If that is so, why
don’t we see more in real life, as we do in
the lab? How come football players wear
number 73 instead of 7.3 x 1017? Why
are no team mascots called the Amazing
Moles? Why do sports commentators who
speak of “good team chemistry” refer to
how well the athletes get along rather
than the biochemistry of their metabo-
lism? All nerd dreams, I suppose.

The truth is that when you watch or
play basketball there is an amazing
amount of chemistry in every aspect of
the activity. Materials science—the study
of the nature, behavior, and use of mate-
rials applied to science and technology—
plays a large role in the development of
uniforms, shoes, playing surfaces, back-
boards, and even the balls. In this issue
we explore the chemistry behind basket-
balls and shoes. We also investigate
sports drinks and how they have been
formulated to meet the needs of hard-
working athletes.

A great contribution from scientists
in recent years is the improvement of
equipment that makes it easier for the
athletes with disabilities to fully participate
in sports activities. Our story on wheel-
chair basketball analyzes some of the
metals and alloys that have helped estab-
lish wheelchair basketball as a competi-
tive sport.

Finally, our story about Marfan Syn-
drome dissects a genetic disease that
can predispose a lean body well-suited to
a sport such as basketball but carries
some unfortunate health concerns that
everyone who exercises hard should
know about.

I hope this issue gives you a sense
of the important role chemistry plays in all
aspects of our life—even on the basket-
ball court!

Michael Tinnesand
Administrative Officer

Keep the Game Rolling

www.nwba.org/
Visit this Web site, and learn more about the National
Wheelchair Basketball Association (NWBA). The NWBA was
founded in 1948 and today consists of 181 men’s, women’s,
intercollegiate, and youth teams throughout the United States. 

That’s the Way the Ball Bounces

www.leatherchemists.org/
Leather is big business. There is a professional 
organization devoted to just that subject—the
American Leather Chemists Association (ALCA). If you
are interested in practical applications of chemistry,
this site has much to offer.

www.wilsonsports.com/Basketball/Bktec1.html
Wilson Sporting Goods Company has an interesting
Web page that defines terms and elaborates on con-
cepts of basketball technology.

Make the Shoe Fit

www.adidas.com
www.converse.com
www.fila.com
www.nike.com
www.reebok.com

Check out the Adidas, Converse, Fila, Nike, and Reebok Web
sites. See if you can find the chemistry on each of the sites
and how it relates to the production of athletic shoes.

Sports Drinks: Don’t Sweat the Small Stuff

www.gatorade.com
What makes Gatorade a sports drink? Find out in The Science
of Gatorade at this Web site. Learn more about electrolytes
and carbohydrates, too.

Exploring Marfan Syndrome

www.marfan.org/
Visit the site of the National Marfan Foundation (NMF) to learn
more about this genetic disorder. February is National Marfan
Awareness Month and the Have-A-Heart Campaign. For more
information contact NMF.

www.thenet.co.uk/%7Emarfan/
Also visit the Marfan Association UK. This site has a biogra-
phy of Antoine Marfan, for whom the syndrome is named. 

Other Fun and Interesting Sites

earth.thesphere.com/SAS/
Visit the Web site of the Society for Amateur Scientists. It is
dedicated to helping people enrich their lives by following
their passions to pursue all kinds of scientific adventures.

whyfiles.news.wisc.edu/
The Why Files deliver the science behind the news in a clear
manner on topics as diverse as cloning and school violence.
Search for basketballs and sports topics!
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John Wagner dribbles the basketball
down the court. As a point guard, he
concentrates on moving the ball

ahead, but he also looks to pass the ball to a
teammate, trying to set up a score. “I’m try-
ing to survey the court, looking for an open
person,” he says. Defenders are trying to get
in his way, doing their best to force an error.
But Wagner concentrates on getting the ball
where it has to be and making sure he
doesn’t violate the game’s rules. He also has
to keep his mind on something else: the
wheelchair in which he sits.

“It’s called a travel if you push the
wheel twice without dribbling,” he says,
naming the penalty that he can incur. Wag-
ner, who has played wheelchair basketball
for 10 years, is commissioner of Wheelchair
Basketball for the Badger State games, a
kind of statewide annual Olympics in Wis-
consin. Wagner is one of thousands of ath-
letes who compete, or have competed, in
wheelchair basketball.

Abu Yilla, a guard for the Dallas Wheel-
chair Mavericks, is another. “I feel strong
when I’m playing. I feel liberated,” he says.
“In basketball, when you get the opportunity
to explode out of the ‘hole’, it’s like flowing,”
says Yilla, who has played wheelchair bas-
ketball for two decades. For him, playing
wheelchair basketball is “like maximizing
physically what you have to offer. You’re
really living when you’re on the court.”

Sports wheelchairs
Wagner, Yilla, 2,300 members of the

National Wheelchair Basketball Players
Association, and thousands of others not
only are able to play the game but also are
able to compete with intensity, speed, and
maneuverability. All of this is possible, in
part, because they play with specially
designed wheelchairs.

These are chairs whose designers place
a premium on lightness, durability, and ease
of maneuvering. “You can’t move laterally.
Therefore, you set the chair at an angle if
you’re trying to set a screen [block an
opposing player]. That allows you to pivot,
one way or the other, by pulling on the right
wheel or the left, to survey the court and see
where you need to go,” says Wagner. 

The design of the chair tries to accom-
modate such concerns. “You camber the
wheels. [The wheels are closer together at
the top than at the bottom.] That helps you
turn sharper,” says Rory Cooper, head of the
Rehabilitation Engineering Department at the
University of Pittsburgh. For guards such as
Yilla, who dribble the ball from the back-
court, the chairs are designed with the seat
closer to the ground. The wheels can lean in
at the top at between a 12- and 15-degree
angle, says Randy Peterson, manager of
product development at Action Top End, a
Florida manufacturer of sports wheelchairs.

The front wheels are casters, similar to
those used on in-line skates. “They’re small,
and they allow you to pull your feet in
closer, so you don’t need as much foot
clearance. They also don’t sweep out as big

a circle, when you ‘caster around’. They
make the chair more compact, so there’s
more area for dribbling,” says Cooper.

Using metal alloys
The metals from which the wheelchairs

are made must fit the heavy demands of the
game. These chairs not only must let players
sail down the court but also must be strong
enough to resist getting banged around.
Wagner knows how tough the chairs have to
be. More than once he has been catapulted
from his, when another player’s chair has
banged into him.

An alloy of chromium, molybdenum,
and stainless steel is one popular material
that is used for sports wheelchairs (and
bicycles). “It’s light, it’s durable, and is fairly
easy to work with in manufacturing,” says
Peterson. The most serious wheelchair bas-

Rehabilitation EngineersRehabilitation Engineers

Designing a wheelchair for basketball does involve understanding metals and
metallurgy: understanding the properties of metals that make them suitable for a
game in which speed and maneuverability are important. But Rory Cooper, who

heads the Rehabilitation Engineering Department at the University of Pittsburgh, notes
there’s a lot more to it than that. Knowing how to make a good wheelchair for basketball
means knowing about the human body.

Rehabilitation engineering is a field designed to develop equipment that disabled
people can use to improve their lives and extend themselves as much as possible. Not
only does this field require knowledge of engineering, but it also requires knowledge
about the human interface—including anatomy, physiology, body movement, sports,
recreation, and psychology—with rehabilitation devices. 

By Harvey Black

Abu Yilla is guard for the Dallas Wheelchair
Mavericks. Abu uses his quick hands and chair
speed to disrupt opponents' offenses. In this
photograph you can see the low seat,
cambered wheels, and front wheel casters of a
well-designed sports wheelchair.
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Harvey Black is a freelance science writer living in
Madison, WI. His article “Ozone Out of Bounds”
appeared in the February 1998 issue of ChemMatters.

RELATED ARTICLE

Noguchi, T. The Wrong Knife. ChemMatters
1985, 3 (4), pp 14–15.
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Who Plays Wheelchair Basketball?Who Plays Wheelchair Basketball?

The five players who maneuver their wheelchairs on the court have unique disabil-
ities. There are three categories of players, depending on the nature of the dis-
ability. John Wagner, commissioner of Wheelchair Basketball for the Badger

State “Olympic” games, describes the categories as follows:
Class 1 players are those with a spinal injury that has left them with no feeling 

from midchest down.
Class 2 players have no feeling from the waist down.
Class 3 players are typically amputees. Their spinal cords intact, these players 

are usually more powerful.
A team may have a total of 12 points on the court at a time. The number of points

corresponds to the number of the class. Wagner gives the example of a team with three,
class 3-point players on the court. Because they would already total nine points, the
remaining two players would have to include one player from class 1 and one from
class 2. Consequently, teams must search to find skilled players in all classes.

Class 3 players are generally more powerful than class 1 and 2 players. They also
have more lateral movement because of that power. However, class 1 and 2 players
spend their waking hours in their wheelchairs (unlike many class 3 players), so they are
often speedier and more skilled in maneuvering their chairs.

ketball players in the country use chairs
made out of this alloy because it holds up
well, he adds.

“This alloy resists corrosion, and when
you have athletes around, you have sweat
around that may lead to corrosive situations.
It has a high strength-to-weight ratio, mean-
ing for the same weight of material, you get
a higher strength,” says Garry Warren, pro-
fessor of metallurgy and materials engineer-
ing at the University of Alabama. The alloy is
also highly resistant to fatigue, he says,
meaning it won’t break easily under vibration
stress. “If you take a coat hanger and bend it
back and forth—that’s fatigue,” he remarks.
“And these chairs have to be tough. The tub-
ing on a basketball wheelchair is not much
thicker than a soda pop can,” says Cooper. 

Titanium is another metal that can be
used in these specially made wheelchairs. “It
gives you a lighter weight. It also gives you a
livelier feel,” Warren says. Such chairs would
usually be an alloy made of titanium, vana-
dium, and aluminum, notes Warren. This alloy
has a better strength-to-weight ratio than the
chromium, molybdenum, and stainless steel
alloy, he says. The drawback of the titanium
alloy, he notes, is the cost of the material.

“You will find the occasional titanium
chair, but the price and the difficulty of man-

ufacture are prohibitive,” says Bernice Ewing
of Eagle Sports Chairs in Snowville, GA. She
says that aluminum is popular in chairs; it
has strength and durability. Favorable prop-
erties of aluminum are its light weight and
strength. “It’s the optimum material,” she
contends. But Peterson favors the chro-
mium, molybdenum, and stainless steel
alloy, saying it holds up longer under more
intense use.

Future developments
As in any sport and any technology,

change is continuous. Wheelchairs for bas-
ketball look very different than they did 15
years ago. Cooper foresees the development
of new technologies as companies compete
for strength, durability, and lightness in
chairs. 

Future developments may focus on
issues such as seating that would allow
more body control, thus more ball control
for the athlete, says Cooper. One anticipated
direction is to develop a more contoured
back on the wheelchair. This would help
equalize the differences between players who
have spinal injuries and players who are
amputees. Players with spinal injuries often
lack the control and power that amputees
have.

An alloy is a solid solution or a mixture of a
metal and one or more other elements. Alloys
are desirable because mixtures of elements
usually have properties different from and often
superior to the properties of individual metals.
By properly choosing the proportions of each
element in the alloy, varying desirable
properties can be obtained.



Recent research suggests watching your
favorite team play and win raises testos-
terone levels. If your favorite team loses,
it drops.

Quantum basketball? Basketballs 
exhibit wave—particle duality, but 
moving at 1 m.s-1, the wavelength
is so small (10-34 m) it is not
noticeable.

Sports drinks contain three 
main ingredients: carbohydrates, 
electrolytes, and water.

The basketball court flooring is
made of wood that is com-
posed of cellulose and lignins.

Bigger than ever? Over the
past 150 years, the average

height of Americans has
increased about 10 cm. Why?

Better nutrition.

Ever try playing with a hairy
basketball? Lime is used to
“unhair” the hides to make

leather covers for basketballs.

Basketball uniforms are typically
100% nylon or polyester mesh.

They are breathable to allow
sweat to evaporate quickly.

Socks are usually a blend of 
cotton (a natural polymer) and

nylon (a synthetic polymer).

Modern sports shoes are marvels of 
chemical engineering, using a number of
materials from natural leather to high-

tech polymers. Each component is chosen
for specific performance characteristics.
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A lthough they can’t
give you the perfect
slam-dunk shot,

macromolecules are the key to
making a basketball durable
and bouncy. Certain macro-
molecules give bounce to the
ball, others make it durable,
and some do both. A few of the
macromolecules, called poly-
mers, are of natural origin, but
most are created synthetically. 

The tip-off
Basketballs begin as a bladder (see

Figure 1) formed out of a sheet of rubbery
material, usually butyl rubber. Butyl rubber
is a good material for the bladder because it
is a durable, stretchy substance that is
impermeable to gases, so it holds air far
better than natural rubber. It is also a
copolymer. Copolymers are mixed poly-
mers, the product of polymerization of two
or more substances at the same time. Butyl
rubber is composed mostly of isobutylene
(see Figure 2 on next page), and about 2%
of the final polymer is from isoprene.

To make butyl rubber, isobutylene, iso-
prene, and aluminum chloride (AlCl3) are
mixed in a solution of methyl chloride
(CH3Cl) at very low temperatures because
the reaction is rapid. Water is added to this
mixture to precipitate the butyl rubber poly-
mer, which is filtered and dried. The butyl
rubber is mixed with other substances to
improve its final properties and is rolled into
sheets. Finally, it is ready for vulcanization.
Vulcanization is a chemical reaction of a
substance like sulfur with rubber to
cause cross-linking, setting up
links between the long chains
in the polymer.

This process is what
changes the butyl rubber
into an elastomer, a poly-
meric material, which at
room temperature can be
stretched under low stress
to at least twice its original

length and, upon immediate release of the
stress, return with force to its approximate
original length. Vulcanization increases the
butyl rubber’s strength and resiliency,
putting the “bounce” in the ball. The sheet
of butyl rubber is then folded into a bladder
shape, and a valve is attached. The bladder
is sealed using heat and molded into the
spherical ball shape. 

Winding through the
second step

Once the bladder has been formed into
a sphere, it is wound with several thousand
meters of strong thread. This allows the
shape to be maintained and also makes the
ball more durable. Top-quality balls are
wound with more than 3,000 meters of
three-ply nylon thread. Some balls are

wound with a similar polyester
thread. Nylon is better

for strength and

shape retention, but polyester is an
adequate alternative. 

Nylon and polyester are
examples of all-synthetic fibers.
Nylon is prepared from 
hexamethylene-diamene and
adipic acid. This type of reac-
tion is called a condensation
polymerization because the

polymer is formed by the loss of
a small molecule such as water.

When polymers are formed by the
linkage of intact monomers (the sub-

stances that react to form the repeating
units of a polymer), as in the production of
butyl rubber, the reaction is called addition
polymerization.

Getting “round” to
the third step

In the third step of construction (the
final one for basketballs labeled rubber),
the wound spherical bladder is covered
with rubber and put into a mold. Basket-
balls are identified by the outer surface,
because that is what can be seen. The
rubber may be butyl rubber, natural rub-
ber, or a composite of rubbers. The mold
marks the channels and on rubber balls, it
produces the pebbled surface and
engraved logos to finish the ball. Colors
and decals are added to the rubber ball in
the mold right before it is vulcanized.
What results is durable and has the
bounce expected of a basketball. Finally,
the channels are painted black, and the
rubber ball is finished.

For top-of-the-line basketballs,
another layer is laminated to the vulcan-

By Miriam Nagel 
with Jessalynn Haley

1

3

2

4

Figure 1. Basketballs are formed in four steps. 
(1) A bladder made of butyl rubber is constructed. 
(2) Nylon thread is wrapped around the bladder. 
(3) The basketball is covered in rubber and vulcanized to

create the carcass. 
(4) Leather panels are glued to the carcass, producing 

the familiar basketball appearance.
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ized rubber balls (called a carcass because it
is not yet finished). For leather balls the
channels are formed onto the carcass dur-
ing the vulcanizing step. Panels of colored
leather or synthetic leather with a colored
pebble finish are cut and glued to the ball.
The leather panels are hand-fitted to the ball
between the channels. The ball is put into a
mold to seal the adhesive-coated leather
panels in place. The laminated balls have all
the bounce and toughness of rubber balls
with the added “feel” of leather. 

A smooth tan
Leather basketballs have full-grain,

vegetable-tanned cowhide covers. Full
grain, also called top grain, is the outer
(hair side) layer of a hide. Top-grain leather
has the natural pattern of the outer surface
of the hide. The trip from fresh hide to
tanned leather involves a complex series of
mechanical and chemical processes. A 
multistep chemical process removes hair
and adjusts acidity. The hides can now be
tanned.

The part of a raw hide that eventually
becomes leather is composed of fibrous
protein macromolecules called collagen.

Before tanning, the collagen contains
twisted rope-like strands consisting of about
1,000 amino acid subunits. The hide
becomes leather in the tanning process
when the protein molecules of collagen are
cross-linked with each other.

There are two common types of tan-
ning—chrome and vegetable. Chrome tan-
ning uses chromium compounds and is
faster than vegetable tanning, but many
chromium compounds are toxic. Vegetable
tanning makes soft but firmer leather. Veg-
etable tanning uses plant material as a
source of tannins, a complex and nonuni-
form group of compounds. An important
class of tannins includes combinations of
glucose and gallic acid called glucosides.
However, not all tannins are glucosides.
Some synthetic tanning materials called
syntans are also used in the preparation of
basketball leather. After tanning, the leather
surface is pebbled and dyed the basketball
color. 

Some basketballs are made with syn-
thetic leather. Synthetic leather is a good
imitation but quite different in composition
than real leather. The synthetic leather used
for basketballs is a polyurethane-coated,
nonwoven microfiber sheet material. The
microfiber is likely to be a polyester mater-

ial. Some microfibers are
coated with polyvinyl

chloride, usually
called PVC.

All the materi-
als in the produc-

tion of basketballs
are macromolecules

and are durable. They
make a basketball durable and bouncy; and
they make of leather basketballs feel good to
the touch.

Miriam Nagel is a freelance science writer who lives in Avon, CT. Her article
“The Strange Legend of Basil Valentine” appeared in the February 1992 issue
of ChemMatters.

Jessalynn Haley is a student at Rutgers University in New Brunswick, NJ.
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The Anatomy of a 
Macromolecule

Macromolecules are molecules with a high molecular weight, such as pro-
teins and other kinds of polymers. Proteins are natural macromolecules

made of complex combinations of amino acids. Polymers are very large molecules
composed of a series of linked small molecules called monomers. Polymers that
stretch, like rubber, are called elastomers. The prefix poly means many. The proper
names of synthetic polymers start with the pre-
fix poly and end with the name of the monomer
or monomers. If there is only one monomer, the
product is described as a homopolymer. If more
than one monomer is used, it is a copolymer.
Polyvinyl chloride (PVC) is a homopolymer.
Common names are often used for polymers
because their proper names would be so long.
Butyl rubber and nylon are examples of com-
mon names for copolymers.

Cl

CH2 CH

n

(CH3)2C=CH2
isobutylene

Figure 2. Butyl rubber is a copolymer of
isobutylene and isoprene.

Jessalynn Haley, one of the contributors to this
article, prepares herself for a jump shot. In
women’s basketball, official balls are 28.5
inches in circumference; men’s basketballs are
29.5 inches in circumference. However, the
chemistry in making basketballs is the same.

CH2=CHC(CH3)=CH2
isoprene
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The Anatomy of a 
Macromolecule

Polyvinyl chloride (PVC) is a
homopolymer—a polymer formed from a
one-monomer system. PVC is used not
only in the production of a basketball but
also as a rubber substitute, in wire and
cable coverings, nonflammable
upholstery, raincoats, and shoe soles.



the last (the form on which
the shoe is made). 

The upper is usually leather or
synthetic leather (see p 8 in “That’s the Way
the Ball Bounces”), and it has air holes or
mesh for ventilation. Most have extra eyelets
so the shoes can be laced in different ways
to tighten around your ankle or the top of
your foot.

Some basketball shoes do not have
tongues; they slide on your foot like a sock.
The important characteristics for the tongue,
if present, are that it feels comfortable and
does not slip or rub during play. As a result,
the tongue usually has foam backing.

The outsole of the shoe is important in
traction. The heel resists wearing because of
the strength of the rubber, which has carbon
fibers added. The rest of the shoe is usually
softer rubber carved with grooves and
bumps to provide grip. 

The shock absorption and arch support
come from the insole. It is made from EVA
polymers (ethylene–vinyl acetate 
copolymers) or polyurethane. These poly-
mers are foams that are spongy and cush-
ion the foot as it hits the floor.

In the midsole of athletic shoes, air and
gel chambers are added for more shock
absorption. In the past, athletic shoes con-
tained sealed pockets of pressurized air to
absorb shock; however, if the pocket was
punctured, the shoe lost its shock absorp-
tion ability. The Nike Air Jordan 13 now has

Shoe
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By Roberta Baxter

L et’s discuss an important part of a
basketball player’s performance. It is
named for famous athletes and engi-

neered to give better performance on the
court. It’s not the basketball; it’s the basket-
ball shoes. According to the National Sport-
ing Goods Association, Americans buy
about 22 million pairs of basketball shoes
each year.

The foot has 26 bones, about 30 joints,
and 30 muscles and tendons. As the foot
goes through the motions of heel strike,
midstance, and pushoff, it receives a
tremendous amount of stress and pounding.
Running and jumping are necessary for bas-
ketball players, so their shoes must protect
their feet and ankles.

Basketball players need stability and
flexibility from their shoes. The shoe must
be firm enough to support the arch and the
ankle, but also be flexible enough to with-
stand turning and stopping. Players need
shoes to be lightweight; they don’t want
bowling balls attached to their feet as they
run from one end of the court to the other.
And of course, the shoe must provide shock
absorption; landing after a jump shot or a
rebound attempt exerts a force 10 times the
player’s weight onto the feet.

Because of these needs, University of
Oregon and Olympic track coach Bill 
Bowerman was driven to improve shoe per-
formance. He envisioned waffle-soled shoes
for better traction as he ate his waffles one

morning in 1971. A few years later, Frank
Rudy, a NASA engineer, sold Nike on the
idea of air pockets in the soles. The shoe
technology competition had begun.

Shoe dissection
A shoe has six basic parts: the upper

(top part); the tongue; the outsole (which
grips surfaces and provides traction); the
insole and midsole (which are the core); and

A basketball shoe has six parts: (1) the upper,
(2) the tongue, (3) the outsole, (4) the insole, 
(5) the midsole, and (6) the last (not illustrated).
Because each basketball shoe product line is
unique, consumers need a better understanding
of the chemistry and physics involved in creating
basketball shoes.

1
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a polyurethane midsole with air pockets to
give cushion and control. Another shoe
manufacturer, Fila, uses cells of air in a 
rubber-like polymer to provide the neces-
sary cushioning. These cells are open, leav-
ing them unpressurized, so the air doesn’t
escape if a cell is ruptured.

More on midsoles
Reebok goes a step further by moving

air through the chambers of the shoe.
Before the heel comes down, the air cham-
bers in the heel are filled with air. When the
heel hits, the air is forced into the chambers
at the front of the foot. The ball of the foot’s
weight forces the air back to the heel, and
the shoe is ready for the next step. Some
shoes, such as Converse’s All Stars, use a
gel compound for shock absorption.

To envision how the technology works,
imagine a balloon full of air. When you push
your hand down on the balloon, the air
inside compresses slightly and cushions

your hand. Fill a balloon about half full of air
and tie it. Pinch the air into one half of the
balloon. Holding the center loosely, squeeze
the side with air. The air will be forced to the
other side of the balloon, like the airflow
system in Reebok shoes. 

A different-looking shoe is the Nike
Foamposite One. The upper and midsole are
molded into one unit that is composed of
polyurethane foam filled with air. This pro-
vides shock absorption as well as extra sta-
bility for the entire foot and ankle.

Last step
The shoe last is the form on which the

shoe is made. A board-lasted shoe contains

Roberta Baxter is a freelance writer who lives in Colorado Springs, CO. Her article “Glass: An Amorphous
Solid” appeared in the October 1998 issue of ChemMatters.
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Polymers

T he word polymer comes from two Greek words: poly, meaning many, and mer, meaning part. Polymer means a large 
molecule made of repeating parts. The repeating parts can be one molecule or a combination of two or more. 

Molecule(s) Polymer

The characteristics of a polymer depend on its parts and the length of the molecule. For example, polyurethane can be made
as a stiff material for protective paint coatings or as the soft foam used in basketball shoes.

a fiberboard shape that is attached to the
upper, making a moderately stiff and stable
shoe. For a flexible shoe, the last is slipped
out of the shoe after the parts are stitched
together. Some shoes have a combination
last: The last in the front is taken out after
assembly, but the board in the heel remains
in place. 

With time and use, though, the parts
of the shoe wear out. The EVA or
polyurethane foam will pack down and
lose some of its cushioning character. The
leather uppers begin to stretch with the
foot instead of supporting it. It’s important
to replace worn-out shoes before you
injure yourself. 

vinyl acetate ethylene–vinyl acetate polymer polyurethane

Polyurethane foams are polymers of two repeat-
ing molecules, forming a urethane linkage. Different R
parts (organic molecules) provide polyurethane with
different characteristics.

urethane linkage
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The foams used in basketball shoes typically are ethylene–vinyl
acetate or polyurethane. These substances become foams because of
air that is whipped into them. The structures are shown above.
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Sports Drinks:

Don’t Sweat 
the Small Stuff

ChemSumer

By Tim Graham

W hatever your favorite
sport—basketball,
skateboarding, tennis,

or mountain biking—if you do it hard,
you sweat, and when you sweat, your
body loses valuable substances that
need to be replaced. This is where
sports drinks like Gatorade, All Sport,
Powerade, and many others enter the
picture—to the tune of $700 million in
sales per year! The manufacturers of
these drinks promise that their prod-
ucts can quickly replenish substances
lost from extreme exercise, resulting
in greater endurance and improved
athletic performance for the con-
sumer. Although these claims may
seem quite reasonable, is there really
evidence to support the assertions
that sports drinks offer any benefit?

Exercise
does a
body good

Before consider-
ing the claims of
sports drinks manu-
facturers, let’s look at
what happens inside
your body during and
after a hard workout.
Your body stores car-

bohydrates in the muscles and liver in
the form of a nonreducing, white,
amorphous polysaccharide called
glycogen (see Figure 1 on p 12).
Glycogen is converted to a simple
sugar called glucose and is released
into the bloodstream to be used as
fuel to maintain normal body
processes. During moderate- to high-
intensity exercise, glycogen reserves
can be depleted within 60–90 min.
Blood sugar levels drop as the glyco-
gen reserves are used up, and lactic
acid (see As a Matter of Fact, p 16)
builds up in muscle tissue. Lactic
acid lowers the pH of muscle cells—
causing muscle fatigue, cramps, and
pain. This certainly limits the body’s
ability to perform at peak levels. 

When carbohydrates are being
depleted during exercise, muscles
also generate a large amount of heat
that must be dissipated for them to
work properly. Water, in the form of
sweat, which has a large heat of
vaporization, is used to take heat
away from these muscles. About 600
kcal (one dietician’s Calorie, as listed
on food labels, equals one kilocalorie)
of heat is eliminated per liter of
sweat. Sweating and evaporative

cooling help your body to main-
tain a constant inner tempera-
ture, but the cost is huge!
Sweating away more than 2%

of your body weight—1 L
for every 45 kg—can
stress the heart, increase

Sports drinks are also called
isotonic beverages, which means
they have the same osmotic
pressure as fluids in cells.
Experienced athletes drink them
before they begin to play. These
serious athletes believe that
sports drinks help them perform
better and longer.

Research has shown that if you plan on
exercising for less than one hour, a sports
drink is not beneficial. It takes an hour of
steady exertion to begin depleting
glycogen reserves. But if you are planning
to play in a basketball or football game, a
sports drink may be advantageous.
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body temperature, and decrease perfor-
mance. During a high-intensity workout in
hot weather, 1–3 L of water can be lost from
sweating in as little as one hour.

Excessive sweating also results in the
loss of potassium and sodium ions, which
are very important positively charged parti-
cles that are present in the fluids inside and
outside our cells. Positively charged ions are
cations, and negatively charged ions are
anions. Our bodies contain equal amounts
of both kinds of charges, and these ions
enable us to maintain normal body func-
tions. Potassium cations (K+) are responsi-
ble for activating certain enzymes,
processing and storing carbohydrates, and
helping to transmit nerve impulses to the
heart and skeletal muscles. Sodium cations
(Na+) play a major role in exchanging nutri-
ents and waste products between the cell
and its extracellular fluid environment. It is
very important for the body to maintain
proper fluid balances. A loss of one to three
liters of fluid from sweating can result in 1.5
to 8.0 g of lost mineral salts containing
potassium and sodium ions. When concen-
trations of either or both of these ions are in
lower than normal, fatigue and muscle
weakness set in, and heat exhaustion or heat
stroke is a real possibility.

The drink of 
champions

All the major sports drinks contain
three main ingredients: carbohydrates in the
form of simple sugars such as sucrose, glu-
cose, and fructose; electrolytes, including
potassium and sodium ions; and water.
Because these are the three major sub-

stances lost through sweating, one might
reasonably conclude that drinking sports
drinks should improve performance. But is
this really true? 

Recent scientific studies have con-
firmed that athletes who consume sports
drinks experience the same changes in core
body temperature, heart rate, and sweat rate
as those who consume H2O—plain old
water! Sports physiologists agree that the
number one consideration for an athlete in
maximizing performance is to stay hydrated,
and water does the job as well as or better
than any other drink. The lost carbohydrates
and electrolytes can usually be replaced by
eating a proper diet before and after exer-
cise. Therefore, it would seem questionable
whether sports drinks provide any benefit
over drinking water.

This is not to suggest that if you con-
sume sports drinks you should stop. Drink-
ing a sports drink does have one profound
advantage over drinking water—for some

people it tastes better! And if a drink tastes
better, it encourages a person to consume
more, thus hydrating cells to a greater
extent. This greater degree of hydration can
certainly help improve performance. Further,
it seems quite evident that athletes trust the
claims of sports drinks’ manufacturers—
they are buying and consuming large quanti-
ties. Reinforcing this trend, science
confirms that the more you drink, the less
fatigue you experience. 

Selecting the best
If you are considering using sports

drinks or have already tried them, here are
some guidelines to look for to achieve the
best possible advantage that a sports drink
has to offer. A good sports drink should
provide 14–20 g of carbohydrates per 240
mL of drink (see Figure 2). Too much sugar
slows down the absorption rate and
increases the amount of time it takes for
both the sugar and water to enter the blood-
stream. Recent studies confirm that fluids
containing this recommended concentration
of carbohydrates (about 6–10%) enter the
bloodstream just as quickly as water,
and performance is definitely
enhanced by the increased
hydration.

A good sports drink
should also provide at least
50–100 mg of sodium per
240 mL of drink. Sodium is
added to help maintain fluid
levels, but its most important
role as a sports drink supple-
ment is simply to
encour-
age
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Figure 2. Food labels list nutritional values in
terms of quantity or percentage of Daily Values.
The Daily Values are calculated based on a daily
2,000-Calorie intake. Caloric intake must be
adjusted for the level of physical activity and
energy demands. Good sports drinks should
provide 14–20 g of carbohydrate and 50–100 mg
of sodium per 240 mL of drink.

Figure 1. Glycogen is a storage form
of glucose. It is a large, branched
polymer of glucose residues.
Glucose residues in glycogen are
linked by α-glycosidic linkages that
form open helical polymers. Glu-
cose is used as fuel to maintain
normal body processes.

Amount/serving %DV*    Amount/serving %DV*

Total Fat 0 g 0% Total Carb. 20 g 7%

Sodium 55 mg 2% Sugars 19 g

Potassium 50 mg 1% Protein 0 g

Thiamine 10%      •    Niacin 10%    •     Vitamin B6 10%
Vitamin B12 10%              •         Panthothenic acid 10%

• Percent Daily Values are based on a 2,000-Calorie diet.
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Drink Calories Sodium Potassium Carbohydrate (g)
(C) (mg) (mg)

Total Sugars

Water 0 0 — 0 (0%) 0

Apple juice 140 25 (1%) — 34 (11%) 32

Iced tea 80 70 (3%) — 22 (7%) 22

Regular soda 100 35 (1%) — 27 (9%) 27

Diet soda 0 25 (1%) — 0 (0%) 0

All Sport 70 55 (2%) 50 (1%) 20 (7%) 19

Gatorade 50 110 (5%) 30 (1%) 14 (5%) 14

Gatorade 50 110 (5%) 30 (1%) 15 (5%) 14
(concentrate)

Table 1. Nutritional Comparison of Beverages

“G atorade” got its name because the University of Florida’s
football team—the Gators—was involved in testing this new

sports drink formula in 1965. The recipe, containing a mixture of car-
bohydrates and electrolytes, was used to prevent dehydration caused
by extreme workouts in the hot Florida climate. The Gators’ success
that season was in part attributed to its use of the sports drink for-
mula. In 1967, a modified form of this drink was marketed with the
name “Gatorade”. To this day, Gatorade is the market leader in sales
of sports drinks.

(serving size 
240 mL)

drinking. Just as eating salty potato chips
causes you to be thirsty, the extra sodium
in sports drinks encourages you to drink
more! Drinking salt solutions greater than
3% salt tends to dehydrate living cells.

When the concentration of sodium and chlo-
ride ions is too high, the kidneys eliminate
the excess by producing more urine. In the
process, your body loses a lot of water and
becomes dehydrated, limiting its ability to

perform at peak levels. Unlike salt water,
however, the small amounts of sodium
added to sports drinks tend to encourage
drinking without causing the kidneys to
work overtime to get rid of excess salt.
Once again, your body is getting more of
that valuable water from the sports drink,
and increased hydration means increased
performance! 

Fluid retention
Sports exercise experts agree that

thirst is a poor indicator to tell you when
you need to replace fluids in your body.
By the time you become thirsty, you
already have depleted fluid levels to a
point where athletic performance is going
to be adversely affected. Probably the best
indicator of the degree of hydration is
urine. If you are hydrated adequately,
urine should be clear and pale yellow, not
dark yellow. For this reason, it is impor-
tant to drink 300–480 mL of fluid before
exercise and 150–360 mL every 15 min
during exercise.

Avoid high-sugar drinks (most
juices) and carbonated beverages,
because they are harder for the body to
absorb (see Table 1). If you are going to
drink a sports drink rather than water, find
one that tastes good, and drink lots of it!
All of the leading sports drinks contain
basically the same ingredients in similar
concentrations; therefore, taste may be
the single most important factor in choos-
ing your drink. If you are not interested in
any particular sports drink, just drink
plenty of water.

Bottled Sweat

Tim Graham teaches chemistry at Roosevelt High School in Wyandotte, MI. His article “Colors Bursting in
Air” appeared in the October 1998 issue of ChemMatters.
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MysteryMatters

Exploring 
Marfan Syndrome

By Mike McClure

No one knew that Chris Patton,
a 6’ 9” sophomore on the
University of Maryland Ter-

rapins’ basketball team, had a weak
spot near his heart. He seemed healthy.
In fact, he had helped his team finish
the season with a 22–6 record. But one
day in 1976, while playing basketball
with friends, Chris caught the inbound
pass, dribbled the length of the court,
and forcefully took the ball to the hoop.
Sadly, it would be his last dunk. An
autopsy revealed the cause of death to
be a ruptured aorta—the largest blood
vessel in the human body—leading
doctors to a startling discovery: Chris
had Marfan Syndrome.

The mystery
Antoine Marfan, a French pedia-

trician, described the Syndrome that
bears his name to a meeting of the
Medical Society of Paris in 1896. His
patient, a five-year-old girl, was tall
for her age and had unusually long
arms and slender spidery-like fingers.
Marfan realized that the girl was ill
with something unknown, but he had
no way of knowing at that time how
severe and potentially fatal the dis-
ease could be.

By 1950 doctors had learned
more about Marfan Syndrome. They
knew it was a disease of the body’s
connective tissue—the stuff outside
living cells that serves as the support-
ing framework for all organs and spe-
cialized tissues. In Marfan patients the
connective tissue becomes damaged,
and many body organs, including the

eyes, skeleton, and heart, are affected.
As Marfan had observed, people with
the disease are generally tall and
lanky. Their chest walls may appear
sunken or caved in, their spines may
be severely curved, and their faces
may be long and narrow. In severe
cases, the lens of the eyes may be off-
center, or the light-sensitive retina at
the back of the eye may come loose
from its surrounding tissues. It is
common for individuals with Marfan
Syndrome to be nearsighted, but the
most serious difficulty occurs when
tissues in the valves and arteries of
the heart become weakened.

The aorta is a massive artery

leading out of the heart like a huge
pipe. During each heartbeat, the heart
pumps oxygen-rich blood into the
aorta, which branches out like a tree,
carrying the precious fluid to all parts
of the body. But in a Marfan person,
this major artery is wider, more frag-
ile, and easily torn.

When Chris Patton took the bas-
ketball up for the easy dunk, his heart
was pounding and pumping blood at
a ferocious rate. At that moment,
Chris’s blood pressure was too great
for his weakened aorta, and instead of
stretching to absorb the increased
flow, a weak spot in the tissue rup-
tured.

During Chris’s lifetime (the
1950s through the 1970s), research-
ers were puzzled. The symptoms of
Marfan Syndrome were well recog-
nized, but the cause of the disease
was still unknown. Not until the late
1980s did tantalizing clues begin to
appear.

The effects
The symptoms suggest to

researchers that Marfan Syndrome
may result from fundamental changes
in how human cells manufacture their
connective tissue—the living fabric of
the body (see Figure 1). Connective
tissue is made of fluid, cells, and
fibers. The fluid fills the spaces be-
tween cells and has a stiff, gel-like
texture. It holds water and allows food
molecules to pass from nearby blood
vessels to living cells. Inside the gel-
like stuff are tiny collagen fibers that
crisscross randomly like highways on

Chris Patton of the University of Maryland
Terrapins’ basketball team died of a
ruptured aorta while playing basketball
with his friends. Chris’s aorta was
weakened by Marfan Syndrome, a
disease that affects the connective tissue.
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a road map. These fibers are long, tough
strands of protein. A single strand of colla-
gen is stronger than a steel wire of the same
size. These ropelike fibers act as netting to
protect, insulate, and support the body’s
organs.

Another protein fiber found in the gel is
elastin. Elastin’s coiled structure allows it to
stretch and bounce back like a rubber band.
It gives arteries and blood vessels a soft
rubbery touch. When blood surges from the
heart into the aorta, the flexibility of elastin
allows the tissue to stretch and cushion the
sudden increase in blood pressure. After the
heartbeat, elastin molecules spring back,
pulling artery tissues into their original
shape. But in someone with Marfan Syn-
drome, the resilience and stretch of elastin
have vanished.

In the 1980s, researchers discovered
that the elastin fiber is not one, but several
proteins. Elastin makes up the central core
of the main fiber, which is wrapped in a
layer of smaller fibers called microfibrils.
Chemical analysis of the microfibrils shows
that they contain two tiny proteins called 
fibrillin-1 and fibrillin-2, but it’s not clear
whether each microfibril contains one or
both of these proteins. For Marfan
researchers, the discovery was exciting
because microfibrils were known to play a
major role in the development of elastin
fibers. Anything interfering with the con-
struction of elastin could potentially destroy
the elasticity of connective tissue, which is
the main symptom of Marfan Syndrome. So
how does the human body make these

microscopic fibers, or more specifically,
how is the fibrillin protein synthesized?

Protein synthesis begins in the
nucleus. Inside the nucleus are chromo-
somes. Each chromosome is made of a 
DNA molecule.

DNA is responsible for the storage and
transmission of hereditary information. It is
like a huge cookbook with recipes for mak-
ing all the proteins in a living organism.
Could the recipe for making fibrillin be
flawed? 

The cause
Early on, doctors recognized that Mar-

fan Syndrome could be inherited. Unfortu-
nately, because Marfan Syndrome is
genetically dominant and can be carried by
both men and women, parents with Marfan
Syndrome have a 50% chance of passing
the Syndrome on to their offspring. About
25% of all individuals with Marfan Syn-
drome have no family history of the disease.
The disorder has appeared in these unsus-
pecting individuals as a result of a sponta-
neous mutation.

In 1991, researchers discovered a
mutation in a gene located on chromosome
15 (see Figure 2). Somehow, a section of
that gene had changed. Researchers imme-
diately realized that the altered gene would
result in the manufacture of an incorrectly
built protein with a different shape. This was
important because the shape of a protein
determines how it behaves in living cells.
Researchers raced to find the protein
assembled by the instructions in this
mutated gene. It was fibrillin-1! This minor
mutation in the gene for making fibrillin
could easily result in a protein that lost its
elasticity. It would be like changing one
ingredient in your favorite cookie recipe
from sugar to salt. The result might look like
a cookie, but it certainly wouldn’t taste the
same. Researchers accurately predicted that
this defective fibrillin could jeopardize the
formation of elastin fibers and lead to Mar-
fan Syndrome.

The treatment
Scientists continue to probe the secrets

of the fibrillin gene. More than 250 different
mutations have been discovered, which could
explain why some people are mildly affected
and others have more serious complications.

It is only possible to find mutations in
50–80% of the patients with Marfan Syn-
drome. It is suspected that other genes that
code for proteins of the connective tissue
matrix are responsible for Marfan Syndrome.

Someday the discovery of the mutated
gene that causes Marfan Syndrome may
lead to effective treatments, but today there
is no cure. For athletes engaged in competi-
tive sports like basketball, volleyball, or
track, Marfan Syndrome remains an unfor-
giving obstacle. Still, doctors and sports
physicians have made great strides in com-
bating and managing the disease. Detached
retinas are routinely repaired and vision
problems easily corrected with prescription
eyeglasses. X-rays of the chest and spine
help physicians find areas that need special-
ized braces or corrective surgery. Because
aortic aneurysms are the most life-threaten-
ing complications faced by Marfan individu-

als, much research is focused on finding
effective ways to monitor the heart, lower
blood pressure, and surgically replace dam-
aged valves and arteries. Life expectancy is
nearly normal in individuals with Marfan
Syndrome because of advances in cardio-
thoracic surgical techniques and beta-
blocker medication used to slow the rate of
aortic dilation.

In the meantime, researchers know that
the mutation for Marfan Syndrome is a per-
manent change in the DNA molecule and is
passed down from generation to generation.
But how this specific mutation occurs is still
a mystery.

Fibrillin Gene

Fibrillin
Message

Microfibril

Fibrillin
Protein

Elastic
Fiber

Chromosome
15

Mike McClure teaches chemistry at Hopkinsville
Community College in Kentucky and is a regular
contributor to ChemMatters.

Figure 2. Researchers discovered a mutation in
a gene on chromosome 15 that altered the shape
of the fibrillin-1 protein.

Figure 1. Connective tissue is made of fluid,
cells, and fibers. Illustrated in this model of
connective tissue are the various cell types and
three classes of fibers—collagen, elastic, and
reticular. Marfan Syndrome primarily affects
elastin.
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As a Matter of Fact
By Robert Becker

Reach Us on the Web at: 
www.ChemCenter.org

Q. Why do my muscles fatigue?
Melissa Cowley

Handley High School 
Winchester, VA

A. Simply put, what causes mus-
cle fatigue is “lactic acid” (see Fig-
ure 1), a byproduct of anaerobic
respiration.

Animals like ourselves eat and
breathe so that we can obtain the
energy we need to carry out every-
day activities. The glucose from our
food reacts with the oxygen from
the air to produce carbon dioxide,
water, and energy.

This is known as aerobic res-
piration and, as readers familiar with
chemical reactions might notice, it is
also the chemical equation for the
combustion of sugar. Thus, when
we talk about “burning off” the food
we eat, these words are actually
rather descriptive ones.

Of course, there is no actual
fire inside our bodies. Instead, there
is a series of enzymatic reactions
known collectively as the Krebs
cycle. Yet, the energy released from
the process is the same as if the
substances were actually burned—
about 2,820 kJ/mol of glucose
“burned”. This reaction takes place
continuously in about every cell in
our body to supply energy for all our
needs, such as walking, breathing,
maintaining body temperature,
thinking, or even reading this page.
The CO2 and H2O byproducts are
readily excreted from each cell and
from our body as we exhale. 

But what about heavy exer-
cise—when our muscle cells require
large amounts of energy in a short
period of time? Our bodies can
stockpile the glucose pretty effec-
tively. That is why athletes will often
load up on carbohydrates the night
before a competition. 

We cannot, however, stock-
pile the oxygen. It must be taken
in one breath at a time. When the
oxygen intake cannot keep up with
the energy needs, the muscle cells
are forced to switch over to a com-
pletely different reaction—a sort of

backup plan. It is
known as anaerobic

respiration, and it involves the glu-
cose being cleaved in half to form
two molecules of lactic acid.

The energy derived from glu-
cose during this process is a small
fraction of what aerobic respiration

delivers, but with no oxygen avail-
able, the muscle tissues have little
choice! This lactic acid cannot be
excreted from cells as readily as the
CO2 and H2O. Thus, it tends to build
up in the muscles, and it interferes
with their functioning. 

The muscles start to feel
heavy and worn out and may even
start cramping. This is what causes
muscle fatigue, and although this
anaerobic pathway may seem like a
real “pain in the neck”, consider
what would happen if your muscles
did not have this emergency backup
plan. You’d probably stall out in
midstride like a car with a clogged
carburetor!

You can have your own ChemMatters T-shirt! We would like to use one of
your questions in a future issue of ChemMatters. Send us a chemistry-
related question with your name, address, school affiliation, and T-shirt
size. If we use your question, we’ll send you a free T-shirt. Send your
questions to Michael Shea, ChemMatters, American Chemical Society,
1155 16th St., NW, Washington, DC 20036–4800.

Figure 1. Muscle fatigue is caused
by (S)-2-hydroxypropanoic acid or
L-lactic acid (C3H6O3). In this
representation, black represents
carbons, red represents oxygens,
and yellow represents hydrogens.
Lactic acid concentration increases
in muscle and blood after vigorous
activity.

C6H12O6 + 6O2 ➞ 6CO2 + 6H2O + energy

C6H12O6 ➞ 2C3H6O3 + energy
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