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Q. How are new pennies different from old pennies?

A. 1982 was a big year for the ordinary
U.S. penny. That was the year the recipe
changed. Pennies minted after 1982 are
almost pure zinc, with a thin electroplat-
ed coating of copper to make them look
just like the old ones.

Why zinc and not some other metal?
Take a look at the Periodic Table and
you’ll see that zinc and copper are close
in atomic weight. Just imagine how
lightweight an aluminum penny would
feel in your hand! But zinc has an impor-
tant advantage over both copper and
aluminum. It’s cheaper. The change
in the penny recipe saves the United
States millions of dollars each year.
Without reading the dates, is it possible
to tell new pennies from old, pre-1982
pennies? As a matter of fact, you can
have some fun with this. Here is a coin
trick to try out on your friends.

What’s in a date?
Hand your friends a bandana and two
pennies minted in different years, say
1979 and 1993. Have them use the ban-
dana to blindfold you, and then pick out
one of the two pennies. Instruct them to
shake it by your ear, first left, then right.
Next, tell them to scratch the surface—
first heads, then tails—and allow you to
smell it. Then tell them to drop it on a
table top three times from a height of 30
centimeters, telling you whether it feels
warm or cold as a result. After carefully
thinking about all of this information,
you announce the date on the penny.

Here’s how it works. The only part of
the whole routine that means a thing to
you is the dropping of the penny on the
tabletop. But before the session with
your friends, you’ll need to do a practice
session using the same tabletop and

some old and new pennies.
Listen carefully. You’ll hear

the difference. Pennies minted
before 1982 are almost pure copper
(about 5% zinc was alloyed in to make
them more durable). When these older
pennies are dropped, they make an audi-
ble, higher-pitched ringing noise. But the
newer pennies lack this resonance.
When dropped, they make a hollow,
duller sound. Just remember. When you
perform the trick, your skill will be much
more baffling if you include all the other
distracters. That way, the audience has
no idea how you are distinguishing the
old and new pennies.

Now, amaze your friends with anoth-
er trick. This one is based on a property
shared by old and new pennies.

Heads or tails?
This time, a friend balances a penny, old
or new, on its edge on some smooth
level surface such as a table or counter-
top. You are blindfolded or turned away.
Your friend strikes the table as you pre-
tend to listen very carefully. As the
penny falls over onto its side, you pro-COVER PHOTO BY MIKE CIESIELSKI AND COREL PHOTODISK
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claim, “That sounded like heads.” Sure
enough, you are right!

Here’s how it works. The edge of a
penny is not quite perpendicular to the
face. It’s angled a tiny bit. In other
words, if you were to cut a penny right
down the center, the cross section
might appear to be a perfect rectangle,
but it is actually more of a trapezoid
with the tails side bulging out a bit
more than the heads side. This shape
enables the coins to fall more freely out
of the coin press during the minting
process. But this shape also causes an
edge-balanced penny to be leaning very
slightly toward the tails side. As a
result, it has a much better chance of
landing heads up when it falls.

A variation on this trick would be to
balance 10–20 pennies, all next to each
other with different orientations. Then
yell, “HEADS” as you pound down on
the table. To your friends’ amazement,
nearly all the pennies follow your com-
mand!

Of course, the tricks only work once
or twice. After that, your friends will
probably figure out that edge-balanced
pennies tend to land heads up.

?



ourists admire the beautiful blues and
blue-greens decorating the homes and

shops throughout southern France. Why such
a preference for blue doors and shutters?
Why so many blue designs on pots and
plates?

Several generations of French
chemists—interestingly, all women—devel-
oped ways to take fermenting wastes from the
local vineyards and use them for making col-
orful pigments. For more than 700 years,
these chemists of Montpellier, France, held a
monopoly on the manufacture and sales of
copper verdigris (ver-dĕ-grees) variable crys-
tals closely related to the chemical copper(II)
acetate [Cu(CH3COO)2●H2O]. Reaping sizable
profits from their industry, many of these
entrepreneurs enjoyed power, wealth, and sta-
tus to degrees highly unusual for women of
their times.

For their closely guarded recipes, the
women applied some ancient alchemical
knowledge, turning the synthesis of copper
verdigris into a profitable enterprise. Women
taught their daughters recipes obtained from
their own mothers and grandmothers—but
never in writing. In fact, the recipes were kept
so secret that even today, no one knows
exactly how it was done.

We do know that the process of making
copper verdigris is very old. An Egyptian
papyrus from about 1500 BC gives a recipe
for mixing hammered flakes of copper with
salt, honey, natron, and other ingredients to
make verdigris. Natron, a mixture of salts
once gathered from the banks of the Nile, is
an especially interesting ingredient. Its pri-
mary use was for dehydrating body tissues,
turning corpses into mummies (see
“Embalming—Chemistry for Eternity” in the
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A  WOMAN’S  ART

By Lois Fruen

In France, chemistry was once

the art and enterprise of some

remarkable women who learned

to turn wine into profits.
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October 1999 issue of ChemMatters).
A Chinese recipe for making copper

verdigris pigments called thung lu dates
back to the Han Dynasty in 200 BC–200 AD.
The Roman historian Pliny the Elder in the
first century AD recorded a recipe in his Nat-
ural History.

Clearly, the colorful blue and
green pigments have been around
for a long time. But nowhere
did the making of verdigris
meet with more success than
in the region around Montpel-
lier in France. Here, women
found abundant wastes from
the local industry to be the key
ingredients in the process.

Montpellier is one of the
wine-growing regions of France.
Here, the women learned to use grape husks
and stale wine—the vintners’ leftovers—as
important ingredients in making the dyes.

The only purchased ingredient was the
copper. This, they imported from Sweden in
the form of round thin disks.

The women of Montpellier cut up the
copper disks and hammered them into flat
strips. Then they rubbed them with copper
verdigris before placing them into special
earthenware pots. They layered the treated
strips with the sour-smelling fermenting grape
husks. Next, they placed the pots in sheds for
several days of storage.

When seed crystals formed on the cop-
per, the women removed the copper strips
from the pots and placed them on racks. For
several weeks, they kept the strips wet by
dribbling wine extract onto the copper.
Locally, this was called “feeding the
verdigris”. After about a month of
feeding, spongy-green crystals cov-
ered the copper surfaces. The
women scraped the verdigris growth
off the copper strips, redissolving it
in old wine vinegar. 

This time, they placed wooden
sticks into the verdigris-saturated
vinegar. As the vinegar mixture slowly
evaporated, the verdigris recrystallized. Since
exposure to bright light could alter the color of
the product, the women worked by candlelight
as they harvested beautiful big greenish-blue
crystals of copper verdigris from the wooden
sticks.

Before packaging, the large crystals were
crushed to a finer particle grade. For this final
step, and only for this step, men were hired.

D r. David Scott at the Getty Conservation Institute in Los Angles is a leading
expert on copper verdigris. His interest is the result of his work in con-
serving old paintings and repairing bronze pieces that have corroded over

time, leaving them coated with a greenish patina similar to verdigris.
Scott is especially fascinated with the story of the Montpellier women. Cur-

rently, he is working to repeat
their methods, attempting to
make verdigris out of materi-
als that would have been read-
ily available at the time. In the
process, Dr. Scott has tried a
variety of methods. He placed
copper strips in capped jars
half-filled with old wine vine-
gar, urine, different oils, and
honey mixed with salt. He’s
even found urine to be a suc-
cessful starting material. He
notes, “The colors of the
resulting verdigris vary from
person to person.”

Since his crystals have
different starting materials,

they vary in their composition. Scott uses mass spectrometry and
microscopic techniques to analyze the copper verdigris he has
made. By making copper verdigris compounds, he is able to com-

pare their chemical compositions to samples of verdigris taken from
the museum objects he is working to conserve. That way, he can better

understand why the objects have corroded over time and what methods
might be used to restore and conserve them.

Scott has not tried to reproduce the exact methods used by the Montpel-
lier women. He explains that the sulfites added in the current production of
wine as preservatives would impede the growth of copper-verdigris crystals. 

Scott has succeeded in recrystallizing copper verdigris crystals in old
wine vinegar. He finds that this method produces beautiful greenish-blue crys-

tals of copper(II) acetate much like the ones so sought after in Europe in the 12th
through the early 20th century.

Today, the women of Montpellier no longer pursue their once profitable verdi-
gris enterprise. Besides the problems with the sulfites, their time-intensive tradi-
tional methods for producing copper verdigris would be cost-prohibitive. Synthetic
pigments now replace copper-verdigris for most applications.

But, for 700 years, making copper verdigris was a woman’s art. Despite the
interest of many chemists, the secret recipes remain mysteries to this day.
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Dr. David Scott of the Getty Conservation Institute is
interested in discovering the Montpellier methods for
making verdigris. He describes some recent attempts
to the author.



After about a
month of “feeding”,
spongy green crystals—
verdigris—appeared on the copper.
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At last, the product was ready to be sold
through powerful official middlewomen. Thus,
the chemists of Montpellier changed copper
metal and sour grapes into profit.

By the time of the Renaissance in
Europe, copper verdigris was in great
demand. It was used to paint interiors of
French and Dutch country homes. Mixed with
oils, the verdigris simultaneously colored and
preserved woods. Artists used the pigments
to paint and tint paper. Copper verdigris was
especially popular with the Dutch master
painters. They found that paints made with the
pigment retained their greenish-blue color
over time unlike other green and blue pig-
ments.

Lois Fruen teaches chemistry at the Breck School
in Minneapolis, MN. Her article “Soil Chemistry—
Sifting Through the Past” appeared in the April
2001 issue of ChemMatters.
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Sand a set of copper strips.

Swab the copper with the salt solution.

Place the copper into one of the liquids.
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Last year, Lois Fruen’s chemistry students
at the Breck School in Minneapolis

decided to accept the verdigris challenge.
Starting with methods developed by Dr. David
Scott of the Getty Conservation Institute, they
experimented with several starting materials
in an attempt to grow the colorful crystals. 

Try it! You might discover that you have
a hidden talent for the ancient art of making
copper verdigris.

We’ll get you started. But first, a few
words about safety.

You’ll need these
materials:

Laboratory apron, safety goggles, 
disposable gloves

11 strips of copper metal (2.5 cm by 1.2 cm)
Sandpaper 
1 cotton swab
10 grams NH4Cl
1 50-mL beaker
5 baby food jars
1 cotton diaper or old cotton dish towel
1 pair of scissors
11 Beral pipettes
Liquids from the grocery store: red wine 

vinegar, tarragon white wine vinegar, white
grape juice, lemon juice, sesame seed oil,
cottonseed oil, grape seed oil, honey

5 six-inch evaporating dishes
1 plastic tub (large margarine or dessert

whip container) with snap-on cover
1 small bag of garden dirt
5 clear-glass storage bottles
25 mL linseed oil
6 small artists’ paintbrushes or cotton

swabs

Grow verdigris crystals
1. Sand five strips of copper to remove any

corrosion or coating on the copper.
2. Prepare a “slurry” of NH4Cl in a small

beaker—about one part water to three
parts salt by volume.

3. Use a cotton swab to coat the copper
strips with the moist salt.

4. Place one copper strip into each of four
baby food jars. Pour one of the first four
liquids from the grocery list into each
jar, labeling the jars accordingly.

5. Set the jars in an incubator set at 32 °C
or about 90 °F.

6. Periodically check the jars. When the
copper has corroded, pour the liquid
from each jar into one of the large, 
6-inch evaporating dishes, which has
been appropriately labeled. Set the
dishes into a fume hood and allow the
liquids to completely evaporate (several
days).

7. Note the different colors of each type of
verdigris.

8. Store the verdigris in clear-glass bottles,
labeled according to the liquid used.

Try another method
1. Sand a second set of six copper strips,

again coating them with NH4Cl slurry.
2. Cut 6 squares from an old cotton towel

or cotton diaper. Make them about 10
cm × 10 cm.

3. Dip a cloth square into one of the follow-
ing liquids: sesame seed oil, cottonseed
oil, grape seed oil, honey, white grape
juice, lemon juice.

4. Place a strip of copper into each cloth
square.

5. Sprinkle the cloth and copper with more
NH4Cl.

6. Wrap the cloth around the copper strip.
7. Bury each cloth in a tub of dirt. Mark

locations with labels stating liquid used.
8. Cover the tub with a snap-on cover, and

incubate the tub of dirt at 32 °C or about
90 °F.

9. Periodically check the buried cloth
squares.

10. When the copper has corroded, record
the color of the resulting verdigris.

Make paint
Scrape the verdigris off the dishes 

(first method) or the copper strips (second
method), and mix it with linseed oil. Experi-
ment with the resulting paint pigments on
paper.

More research ideas
Use NaCl with the set of test liquids

instead of NH4Cl. Does the NaCl produce dif-
ferent-colored verdigris than NH4Cl?

Experiment with different incubator tem-
peratures to see if the verdigris forms faster at
higher temperatures. Does the size of the
crystals vary as a result?

Try recrystallizing some of your verdigris
in old wine vinegar. When re-evaporated, is
the product different?

The chemistry
Verdigris salts that form from vinegar-

containing solutions (acetic acid) and copper
are copper(II) acetate compounds. They have
different hues of green and bluish green
depending on their chemical structures. Dif-
ferent solutions alter the conditions and result
in crystals with different chemical and physi-
cal properties.

Some copper acetate 
crystals
Color Formula
light green Cu(CH3COO)2 [Cu(OH)2]3•2HOH

blue-green Cu(CH3COO)2 [Cu(OH)2]4•3HOH

blue [Cu(CH3COO)2]2 Cu(OH)2•5HOH

blue Cu(CH3COO)2 [Cu(OH)2]2

pale blue Cu(CH3COO)2 Cu(OH)2•5HOH

Compare the color of your verdigris crys-
tals to the chart above. What are the possible
chemical formulas for each of your crystals?

What was the source of the acetate in
your verdigris compounds?

Learn more about the chemistry of cop-
per verdigris by visiting a “Web Exhibits” page
devoted to the chemistry of pigments:
http://webexhibits.org/pigments/indiv/
recipe/verdigris.html.
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Make your own 

SAFETY
In the first procedure, use cau-

tion when handling the copper metal.
It has very sharp edges. Once the
verdigris crystals begin to grow, be
aware that the crystals and the solu-
tion are poisonous. Fruen and her stu-
dents recommend growing and
harvesting the crystals in a standard
chemical laboratory where safety
equipment is available. Avoid direct
contact with the verdigris crystals or
with the solution in which they are
growing. Work in the fume hood and
wear apron, gloves, and goggles when
harvesting the crystals.
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The Explosive History 
of Nitrogen

April 16, 1947. It started with a small
fire on the S.S. Grand Camp,
a French cargo ship anchored off Texas
City, TX. The ship had recently taken on
2380 tons of ammonium nitrate (NH4NO3)
fertilizer.

Early efforts by the crew to extin-
guish the fire were unsuccessful. The
fire soon raged out of control. At 9:12 a.m., the ammonium nitrate
exploded, sending the 7200-ton ship 20 feet in the air—the first of a
series of catastrophic events. Burning debris reached surrounding oil
refineries and chemical plants. A 15-foot tidal wave caused two other
ships anchored in the harbor to collide. Both were soon ablaze. One of
impacted vessels also contained ammonium nitrate. By the time the
last flame had been extinguished, 576 people were dead and Texas
City was in ruins.

Before 1850.
By the mid-1800s, much
research on potential explo-
sives had already been done,
most of which focused on nitrat-
ing solid substances that con-
tained carbon…wood, coal, etc.

1846. Nitroglycerin
is developed by the Italian chemist
Asconio Sobrero. Believing that
organic liquid substances might
show more promise than solids,
he nitrated glycerol. The resulting
oily yellow liquid, called nitroglycerin, was a
powerful explosive that was quite sensitive to
shock. But he failed to develop a controlled
and effective way to ignite it.

1863. The blasting cap
is invented by Alfred Nobel as a means for
exploding nitroglycerin. A blasting cap is a
smaller primary explosive that is used to initi-
ate the larger explosion. Nobel placed the
nitroglycerin in an insulated container, added
a gunpowder primer with safety fuse, and
sealed the entire container. Moments after
the fuse was lit, the gunpowder cartridge
would explode and this, in turn, created
enough energy to detonate the nitroglycerin.

1863. Trinitrotoluene,
or TNT, is discovered to be a
powerful explosive by the
German chemist J. Wilbrand. It
proves to be too expensive to
manufacture in large quantities.
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By Tim Graham
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E
ver since Alfred
Nobel, the founder
of the Nobel
Peace Prize,

developed a process to
make dynamite in
1867, explosives have
played a key role in
both peace and war. 

Today, when we think of
explosives, substances like TNT
(trinitrotoluene) and nitroglycerin
come to mind.  But ammonium
nitrate? That’s just a simple fertil-
izer!  What is it about this simple
inorganic compound that can cause
it to react so violently? As you prob-
ably guessed, the answer is in the
chemistry.

All explosions share some fea-
tures. They all involve the rapid and
violent release of large amounts of
energy from a confined region of
space. Particularly true for chemical
explosions, they often involve the
rapid expansion of gases generated
during the explosion itself. Chemical
explosions like those in Texas City
and Oklahoma City are accompanied

by a loud sharp report, flying
debris, heat, light, and fire.

An explosive is a chemi-
cal compound or mixture that
does the job. The explosive
decomposition of nitrogly-
cerin illustrates several fea-
tures common to explosions:

First, the reaction is exother-
mic, meaning that it releases
energy. Second, it produces several
gaseous products, all of which
expand as the released energy
raises the temperature. Third, even
though the equation doesn’t show it,
the reaction is very rapid—once
underway, all the energy is
released in a very short time.
Finally, the reactants include the
element nitrogen.

Why do so many explosives
contain the element nitrogen? Look
at the products of explosive reac-
tions and you’ll find the same gas
showing up over and over—ordinary
nitrogen gas, N2. The irony is that

nitrogen gas is a very stable com-
pound at a very low energy state.
But when it is formed from reactants
that start out in a very high energy
state, a very large amount of energy
is released in the process. Kaboom!

Why do explosive compounds
react so rapidly? One way to speed

up a reaction is to thoroughly mix
the reactants. Mixing allows for
immediate contact to occur. You
may have read about explosions in
flour mills and grain elevators. Even
otherwise harmless substances like
flour can explode violently if thor-
oughly mixed with air and ignited by
a spark.

April 19, 1995. It was one of the most devastating acts of
domestic terrorism ever to hit our nation. A truck loaded
with roughly two tons of a mixture of ammonium nitrate
fertilizer and fuel oil was detonated with a blasting cap
on a street just outside the Alfred P. Murrah Federal
Building in Oklahoma City, OK.  A total of 168 people,
many of them children, lost their lives. In 1997, two U.S.
citizens, Timothy McVeigh and Terry Nichols, were con-
victed.  McVeigh was sentenced to death and executed
on June 11, 2001.  Nichols is serving a life sentence.

1867. Dynamite
is invented. Nitroglycerin
is a highly unstable liq-
uid likely to explode with
the slightest shock. To
reduce its obvious hazards,
Nobel uses a finely powdered silicon-based
absorbent called Kieselguhr to soak up the liq-
uid nitroglycerin—thus, stabilizing the explo-
sive without sacrificing its strength. Later, he
replaces Kieselguhr with sawdust and sodium
nitrate. He substitutes ammonium nitrate for
some of the nitroglycerin to make a new, low-
cost explosive, dynamite.

1900. TNT production
costs drop.
TNT is appreciated as a very sta-
ble solid that can be poured and
even melted with relative safety.

1914. TNT is used as a
weapon in World War I.
TNT’s big advantage over dyna-
mite is its capacity for producing
shock waves that can rupture the
steel on armor-plated vehicles.

1940. World War II 
weaponry introduces two new explosives,
RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine)
and PETN (pentaerythritoltetranitrate). With
additions of wax, motor oil, and other stabi-
lizing fillers, RDX is renamed Composition
Four, or C-4 explosive. Stable within a large
temperature range (–70 ° to 170°F), safe to
handle, and easy to mold due to it’s plastic-
like properties, C-4 is attached to bridge sup-
ports, armored vehicles, or the hulls of ships.
It is detonated with blasting caps. 

4 C3H5N3O9 (l) ➞ 6 N2 (g) + 12 CO2 (g) + 10 H2O (g) + O2 (g) + energy
nitroglycerin

ChemMatters, FEBRUARY 2003 9
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Molecules of explosive compounds like
nitroglycerin or trinitrotoluene take the mix-
ing step one step further. For these com-
pounds all of the reactants are on board the
same molecule. Immediate contact is
assured.

Let’s go back to the Texas City tragedy.
What caused the ammonium nitrate in the
holds of the ship to explode without the use
of some other explosive? Chemists found
that the answer was in the bag. The ammo-
nium nitrate fertilizer was packaged in plain
paper. The cellulose used to make paper
contains a large amount of the element car-
bon. It was the carbon and ammonium
nitrate mixture that reacted to unleash the
tragic explosion.

By analyzing the circumstances
surrounding the Texas tragedy,
chemists began to appreciate the
power and potential of ammonium
nitrate-based explosives. An effective,
relatively safe, and inexpensive explo-
sive called ANFO (ammonium nitrate
fuel oil) was developed. And there
were no risky transport problems to
be solved. To make ANFO, ammo-
nium nitrate and fuel oil were mixed
at the blast site.

But ANFO was limited as a com-
mercial explosive. Ammonium nitrate
is water-soluble. As it gains water, the energy
necessary to initiate its reaction with fuel oil
increases to levels making it useless as an

explosive. Dupont
chemists went to
work to produce a
form of ammonium
nitrate that would det-
onate even in a wet
environment. By
adding sensitizers,
they were able to det-
onate the mixture
with less-energetic
shock waves. Then by
adding thickening
agents, they produced
a syruplike mixture
called TOVEX—easy

to pour into drill holes at the blasting site.
It’s interesting that dynamite’s inventor

Alfred Nobel became a pacifist later in life.
The man whose name will forever be known
as the father of modern explosives dedicated
much of his influence and fortune to oppos-
ing their use as weapons of destruction.

Tim Graham teaches chemistry at Roosevelt High
School in Wyandotte, MI. His most recent article
“Luminol—Casting a Revealing Light on Crime”
appeared in the December 2001 issue of
ChemMatters.
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1957. ANFO 
(Ammonium Nitrate Fuel Oil)
explosive is developed by taking
ammonium nitrate “prills” and
mixing them with liquid fuel oil to
make a “slush”. Mixed at the
blast site, ANFO is relatively safe
to handle.

1945. Ammonium nitrate
is manufactured, stockpiled, and
shipped to war-torn Europe as an
inexpensive fertilizer for enriching
depleted farm soil. It’s potential
explosive power is known, but its
stability relative to other explosives
seems adequate for production and
storage.

1947. S.S.
Grand Camp
explodes in Texas City Harbor.
Chemists reconsider the stability of ammonium
nitrate.

1988. Pan AM Flight 103
wreckage is found to contain RDX
residue. Presumably, as a result of
terrorism, the plane crashed in
Lockerbie, Scotland, killing all 270
people on board.
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Ammonium nitrate, the key reactant in several explosives,
is a common ingredient in many plant fertilizers.

Ammonium nitrate replaced unstable nitroglycerin to
make the low-cost explosive—dynamite.

M
IK

E 
CI

ES
IE

LS
KI

COURTESY OF THE M
OORE M

EM
ORIAL PUBLIC LIBRARY, TEXAS CITY, TEXAS



ChemMatters, FEBRUARY 2003 11

N
o doubt you’ve heard many words
for it. We’re going to go with flatus.

A topic of serious scientific study, fla-
tus research has been going on since the
early 19th century. During World War II, the
U.S. Air Force was faced with a problem. As
new fighter planes broke ever higher alti-
tude records, pilots experienced ever more
painful intestinal cramps. Think about
Boyle’s Law, and you’ll find the explanation:
The volume of a gas increases as the pres-
sure on the gas decreases, when kept at a
constant temperature.

For the pilots, the expansion of gas was
all too personal. As altitude increases, atmos-
pheric pressure decreases. The digestive
gases trapped in the pilots’ intestines were
just following Boyle’s Law as they expanded
to proportions that were very painful. The Air
Force decided that dried beans and peas, veg-
etables of the cabbage family, carbonated
drinks, and beer were off the menu for pilots.
All of those items were known to be particular
culprits for producing intestinal gas.

In 1976, a patient walked into Dr.
Michael Levitt’s office at the Minneapolis Vet-
eran’s Hospital complaining of frequent flatu-
lence. Most people pass gas between 5 and
15 times each day, each time resulting in
35–90 mL. (You’ve always wanted to know
that! Admit it.) But this unfortunate patient
was producing far more gas than the average
individual! Had he lived in medieval Europe,

this would have been considered a sign of
manly strength and a source of pride. But
Levitt’s patient was physically and socially
miserable.

Levitt checked the medical literature and
found very few quantitative or qualitative stud-
ies on flatulence. What was unique about this
patient? Levitt knew that some people just
pass more gas than others. Vegetarians pro-
duce more gas than meat eaters because they
eat more gas-producing carbohydrates. He
considered that not everyone grows the same
species of bacteria in their digestive tracts.
Different bacteria produce different gaseous
products from the same foods.

Excess gas may also be caused when key
digestive enzymes are missing—generally an
inherited condition. Twenty five percent of
adult Americans who are of European descent
and 75% of adults of African or Asian descent
do not produce sufficient lactase. Lactase is
the digestive enzyme needed to digest a milk
sugar called lactose. Dr. Levitt finally arrived
at the conclusion that his patient was lactose-
intolerant. As soon as the patient stopped

There’s chemistry going on in
that digestive tract of yours. 
As for the products of those 

reactions? Solids, liquids, and 
a whole lot of gas!

flat·u·lence (flch-lns) n.
The presence of excessive gas in the

digestive tract.
Self-importance; pomposity.

fla·tus (flts) n.
1. Gas generated in or expelled from

the digestive tract, especially the
stomach or intestines.
[Latin fltus, wind, fart, 

from flre, to blow; see bhl- in Indo-
European roots.]

By Claudia Vanderborght



consuming milk products, his flatulence
returned to more normal and more comfort-
able levels.

It might surprise you that the odorless
gases nitrogen, oxygen, hydrogen,
carbon dioxide, and methane account
for more than 99% of human flatus.
Nitrogen (N2), which diffuses from
the blood, is usually present in the
greatest quantities; oxygen, the least.
The volumes of the other three gases
vary for individuals, their diets, and
even for time of day.

The amount of hydrogen, carbon
dioxide, and methane in flatus depends on
the population of hydrogen-consuming bac-
teria in your digestive tract. Each day, you
produce about 1 liter of hydrogen (H2) in your
intestinal colon. But other bacteria may be
present to use some of that hydrogen to pro-
duce methane (CH4) and other gases. 

Here’s an interesting fact. Only about
one-third of people in the Western Hemi-
sphere are methane producers. If you are
one of them, you produce a lower volume of
gas, and your stools tend to float in water.

Methane production by animals is
considered a contributor to global warm-
ing. Termites alone produce an estimated
165 million tons of methane each
year. A typical cow probably emits
200 liters of methane into the
atmosphere each day. What does

this have to do with climate change?
Methane is 25 times better at trapping
heat than carbon dioxide. In New
Zealand, the government has even
considered levying a special tax on
grazing animals. The goal is to reduce
their greenhouse gas emissions by
300,000 tons per year. Herders and
cattle producers are seeking feed
additives for controlling the amount of
methane generated during digestion.

Methane, the typical fuel for labo-
ratory Bunsen burners, is quite combustible.
Early in the space race, NASA scientists wor-
ried that gas emitted from the astronauts
could accidentally explode within
the sealed spacecraft. To date,
no astronauts have died
from exploding flatu-
lence, but at least one
surgical patient has! In
one notable incident, a
surgeon touched an elec-
trode to a patient’s colon,
accidentally igniting the
contained gases. The
hydrogen and methane exploded, blowing the
surgeon back to the wall of the room.

www.chemistry.org/education/chemmatters.html

Burning question

about getting

rid of 

odors

In a Boston Globe interview, flatus researcher
Michael Levitt commented on the custom of
lighting matches to rid the air of flatus odor. He
said that the strong odor of the burning match
probably masks most of the odors. But it’s likely
that combustion does change some of the
offending molecules so they no longer bind with
the same smell receptors in the nose.

Stomach

Duodenum

Small intestine

Colon

Rectum

4 H2 + CO2 ➞ CH4 +  2 H2O
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Here’s an interesting fact.

Only about one-third of
people in the Western 

Hemisphere are methane
producers.

TERM
ITE ILLUSTRATION COURTESY OF SCHERZINGER PEST CONTROL

Five moles of gas react to form one mole of
methane. Gas volume reduces dramatically in 
the process!

The amount of hydrogen,
carbon dioxide, and methane
in flatus depends on the
population of hydrogen-
consuming bacteria in your
digestive tract.
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Need help? 

Several 

products

promise gas

relief.

Beano helps break down the
complex sugars found in beans, cab-
bage, and several other “gassy” car-
bohydrates found in high-fiber diets. It
contains an enzyme, alpha-galactosi-
dase, for breaking these offending
sugar molecules into ones that our
bodies can comfortably digest.

Similarly, Lactaid supplies the
enzyme lactase to those whose bodies
are lacking sufficient amounts to suc-
cessfully convert the milk sugar, lac-
tose, into digestible products.

By accomplishing these chemical
steps, Beano and Lactaid work to
prevent gas. Since the
active ingredients in both
products are proteins, you
can’t add them to foods
before cooking. The high
heat will alter the
shape of the enzyme
active site, render-
ing it ineffective.
Both products are
recommended for peo-
ple over 12 years old.

Other weapons in
the war against gaseous
discomfort are products like Gas-X,
which contain the active ingredient
simethicone. These products work on
gas bubbles by reducing the surface
tension and thereby disrupting or
breaking the bubble. A neat trick is to
place a few drops onto a foamy bever-
age and watch the bubbles disappear.

When gas bubbles are trapped in
the stomach or lower bowel, simeth-
icone medications release the gas for
belching or flatus. They do not prevent
the formation of gas in the first place.

But what about
the more personal

connection between
flatus and air qual-
ity? Qualitative
research on flatus
requires some
sophisticated and

some not-so-
sophisticated methods. Gas

chromatography identifies compounds
in a complex
gaseous mix-
ture; infrared
spectroscopy
identifies
molecules by
how they
interact with
infrared radi-
ation; and
mass spectrometry identifies gases by
measuring their molecular masses.

One recent study
adopted a lower-tech
approach by using
people with sensitive
noses to identify flat-

ulence gases. The
subjects held

syringes 3
cm from
their
noses
where

they slowly ejected
the gas, taking several sniffs.

Despite what many females firmly
believe, studies show that they release
both the same volume of flatus as men,

with the same—um, qualities. But stud-
ies do show that females may score
higher on sensitivity to odors. Both men
and women can distinguish tens of thou-
sands of odors, but only three sulfur-
containing compounds give flatus its
characteristic odor.

Hydrogen sulfide (H2S), sometimes
called “rotten egg gas”, is the main cul-
prit. Our noses begin to detect H2S in
concentrations of 0.005 ppm. In flatus,

its concen-
tration
averages
0.36 ppm.
At concen-
trations of
50 ppm,
most find
H2S very
offensive;

and at concentrations of 300 ppm, H2S
is deadly—literally!  Two other gases—
methanethiol (CH3SH) and dimethyl sul-
fide (CH3SCH3)—are present in much
smaller concentrations, but our noses
are very sensitive to their presence.

Blame your bacteria and your diet
for the odors in flatus. Sulfur-containing
foods like onions, eggs, broccoli, beer,
and some beans are often not fully
digested when they reach the large
intestine. If your intestinal bacteria can
ferment sulfur-containing compounds,
the resulting gas products will register
it. But there is some good news. Four
moles of hydrogen gas are consumed to
make one mole of hydrogen sulfide. At
least the volume of flatus diminishes in
the process.

Claudia Vanderborght is a chemistry teacher and science writer in Swanton, VT. Her recent article
“Hot Air Balloons—Gas and Go” appeared in the April 2002 issue of ChemMatters.
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4 H2 + (SO4)2– + 2 H+ ➞ H2S  + 4 H20

At concentrations of 
50 ppm, most find H2S

very offensive; and at con-
centrations of 300 ppm,
H2S is deadly—literally! 

MIKE CIESIELSKI



Today’s paper currencies could not exist without chemists,
whose work is critical to the quality, durability, and security
of U.S. and foreign banknotes. Chemistry is fundamental to

everything from the formulation of special inks and paper to the
mechanical components vital to the printing process itself.  

“The inks and the paper have to work together, and everything
is very highly engineered, so that the ink will stay on the paper and
the paper is receptive to the ink,” said Sara Church, a research
chemist at the Securities Technology Institute at the U.S. Bureau of
Engraving and Printing (BEP).

More and more, chemists are the frontline soldiers in the con-
tinuing battle to safeguard money from increasingly sophisticated
counterfeiting methods. That role has injected an air of spy-thriller
intrigue into the chemistry of currency. The tightly held secret for-
mulas for papers, inks, and printing processes are almost as hush-
hush as the nation’s atomic weapons secrets.

Durability testing
Besides guarding our currency from counterfeiters, currency

chemists have an even greater challenge. All of the high-tech addi-
tions must be integrated into a bill that can withstand everyday wear
and tear from people like you and me. Think about it. We fold, crum-
ple, and pass our dollars from hand-to-hand. Sometimes, we even
engage in a little home-based “money laundering”—passing the bills
through the family washer and drier or sending them to the dry
cleaner in jacket pockets.  

“In the United States, we have more rigid durability require-
ments than other places,” Church said.  “We have a whole range of
tests to make sure the inks stay on the paper.”  Banknotes are
soaked in various solvents for 24 hours to certify that they can with-
stand dry cleaning and the intentional or accidental exposure to
chemicals such as gasoline.  “We also have to make sure that it’s
difficult for somebody to take the ink off of, say, a $1 bill, and reprint
it into a $100,” Church said.  “Counterfeiters have to work very hard
to do that.”

Then, there’s the tortuous washing machine test, guaranteed to
ensure that U.S. currency won’t disintegrate in the spin cycle. Leav-
ing $1 in a pocket may not be a big deal, but $20? That’s getting
serious. Crane & Co., in Dalton, MA, is the supplier of high-quality
paper used to make U.S. currency. The paper consists of a rugged
blend of 75% cotton and 25% linen. According to Crane research
chemist Robert Niebauer, “If you left a $20 bill in your pocket, you’d
want it to come out of the laundry and still be intact and have the ink
still sticking to the sheet.”
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Who are the real moneymakers of the
world?  Stockbrokers? International
bankers? In a very real sense, the
global money industry depends on

chemists and chemistry.
By Emil Venere
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Money laundering is just one durability test for U.S. currency.



The most trying test of all is probably the dreaded crumple test.
Church describes the ordeal: “A portion of the bill is rolled up tightly,
placed in a metal tube, crumpled by compression with a metal plunger,
removed from the tube, unrolled, rerolled in the opposite direction, and
crumpled again,” she said, noting that the process is repeated as many
as 32 times.

Eventually, even money suffers from old age. Federal reserve
banks constantly screen paper money with a device that uses a beam of
light to measure wear and tear. When a bill becomes too dirty or tat-
tered, it goes to the shredder and usually winds up as landfill material.

The average $1 bill survives about 18 months. Other U.S. currency
stays in circulation for years. The lower denominations, of course, get
the most use and wear out the fastest.

Making money
Currency printing worldwide is based on the intaglio process, in

which images are formed by lines etched on a metal plate. The lines
may be engraved by hand by highly skilled artisans or produced with
chemical processes.

Clearly, chemists are involved in more than just formulating
paper and inks. “Even the platemaking involves a lot of chemistry
because you use the electrochemical process and you use polymers,”
Church said.

The finished intaglio plate is fully engraved with thousands of fine
lines characterizing each denomination. To begin the printing process,
the plates are covered with ink, some of which goes into the engraved
lines. But before the note can be printed, the rest of the ink on the

plate’s surface must be quickly wiped off with plastic rollers, leaving
ink only in the engraved lines.

The rubbery wiping cylinders are masterworks of materials sci-
ence—chemistry again. They must be soft enough to work like
squeegees but hard enough to maintain the proper shape under the
high pressure of the printing press. “If it’s too soft, it’s going to mush
into those little lines and pull the ink out,” Church said. “And if it’s not
straight, it’s going to leave streaks on the plate, and you are not going
to have good contact. So there is a lot of polymer chemistry involved
there.”

Durability is another “must” for the rollers. They must be sturdy
enough to endure the constant, rapid-fire pounding of the press. The
BEP prints about 10,000 sheets of currency every hour—up to 90 bills
per second—around the clock.

After each printing, the rollers are quickly scrubbed and rinsed with
a specially formulated cleaning solution, so they are ready for the next
printing. Some of the ink that is wiped from the plates is collected,
reconstituted, and reused.

Recycling the inks is an important job for the chemists responsible
for keeping the operation as environmentally safe as possible. “There is
a lot of chemistry involved, not only in the process itself but in the con-
sequences of the process,” Church said.

High-tech inks
The success of the entire printing operation depends on one key

ingredient—those special inks that put the image on the paper. “The ink
has to do a lot of things,” Church said.  “First of all, it has to be thick
enough to be pushed into those little grooves and to stay there until you
need it to come out.  If it’s too thin, it’s going to spread out and blur. If
it’s too thick, it won’t wipe properly and will leave smears. In both
cases, poor print quality is the result.”

In addition, the ink must dry almost instantly upon hitting the
paper, because the sheets of currency fly off the presses and are imme-
diately stacked in piles 10,000 sheets high. “There’s quite a bit of pres-
sure on those bottom sheets in a stack,” said Tom Classick, a chemist
and technical director of SICPA Securink Corporation in Springfield, VA.  

“Ink tends to transfer to the back of the sheet above it, and we
can’t let that happen. The ink has got to be formulated so that it stays
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Another 1996 innovation was the addition of a watermark on the far right
side, visible when viewing the front of bills.  When put up to light, it reveals
a replica of the bill’s central portrait, which is formed into the paper by
manipulating the distribution of fibers.  Areas containing more fibers look
dark, and thin spots in the paper look brighter.

The security thread is actually a polyester ribbon visible to the naked eye that
was first added to currency in 1991. Depending on the denomination, it will
indicate “US five”, “USA TEN”, and so on, in characters produced with a
chemical process.
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fluid on the press and cures instantly upon printing onto the sheet. We
need very versatile ink, ink that has to do a lot of different things flaw-
lessly. There is a very, very delicate balance in formulating the ink with
the right properties.”

Ink of a different color
SICPA supplies both the currency black ink, printed on the front of

the bills, and the currency green ink, printed on the back. It also supplies a
new high-tech ink for modern currency—the optically variable ink that
changes color from green to black, depending on how the bill is tilted.

Formulating the color-changing ink was a challenge. “Quite a few
materials will change colors, but they usually go through a range of col-
ors,” Church noted. “It’s tough to get a shift only from green to black and
not from green to blue to purple. So we look for a good clean color flop.”

High security concerns
Throughout its history, U.S. currency paper has had a characteris-

tic appearance, tiny red and blue fibers, and a special feel—features dif-
ficult for counterfeiters to copy. During the past decade, however, U.S.
currency has undergone subtle changes designed to further enhance
security. Two examples are the security thread and watermark features.

A more recent measure, introduced on $100 bills in 1996, involved
incorporation of fluorescing security threads that become visible when

currency is illuminated with ultraviolet light.
Why so many security concerns and banknote innovations? The

last few decades have given counterfeiters some new tools of the trade.
These tools include digital computer imaging, color xerography technol-
ogy, and inexpensive ink-jet printers—all capable of producing true-to-
life images.

More advanced imaging technologies are likely to emerge in the
future, enabling counterfeiters to make even higher-quality fakes. 

In efforts to keep pace, the BEP intends to issue newly designed
notes every 7–10 years. In case you think that to be routine, here’s an
interesting fact. There were no security-related design changes in cur-
rency bills from 1928 to 1991.
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W hat’s so special about currency paper? Unlike ordinary paper made
from wood, the cellulose fibers in currency paper are from a blend—a
very secret blend—of cotton and linen. 

There’s another important difference between currency and ordinary paper. The
paper on which this article is printed is coated or sized with starch. 

Starch sizing is added to ordinary paper to fill the gaps between the cellulose
wood fibers. It stiffens the paper much like laundry starch stiffens a shirt collar. It also
makes the paper less absorbent to ink. Without sizing, the ink from your pen or
printer would spread among the paper fibers. 

In contrast, currency paper must thoroughly absorb and bind ink in its printing
(Recall the laundry test!). No starch sizing is used in its manufacture.

The presence or absence of starch is one useful way to
distinguish real currency from counterfeit bills. With a little
iodine solution, you can do the detective work yourself.

You will need: About 5 mL of dilute iodine solution, a cotton swab, goggles, apron, a piece of ordinary
paper, and some U.S. currency. And, while you’re at it, a potato.

To find out how the iodine reacts with starch, dab a little of the solution on a slice of potato. What you
see is a positive test for starch. The blue-black colored product forms when some of iodine’s loosely held elec-
trons react with atoms on the inside of the spirally arranged starch molecule. 

Next, paint some of the iodine solution on ordinary paper. What do you observe?
Now, repeat the step with the currency. Do you get a positive test for starch?
You may be thinking—“If it’s that easy to tell counterfeit bills from real currency, why go to all of the

trouble of putting in special threads and color-changing inks?” Counterfeiters are a crafty lot. Some have even
bleached the ink from lower-denomination bills and copied higher-denomination images on their surfaces.
Currency chemists won’t be running out of challenges any time soon.

Emil Venere is a science writer in West Lafayette, IN. 

The article first appeared in the Winter 2002 edition of Chemistry. It is
adapted for ChemMatters by permission of the Membership
Division of the American Chemical Society. Chemistry is a
quarterly newspaper for ACS members and science
students focusing on the science and 
people of chemistry.
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expensive clinical trials on herbal products. Companies
would be reluctant to invest in products they would have
difficulty patenting. As a result, rather than conducting the
required studies, they would be motivated to withdraw the
products from the market.

In 1994, Congress passed the Dietary Supplement
Health and Education Act (DSHEA), which places responsi-
bility on the consumer for making decisions about herbal
supplements. By law, the FDA can pull a product off the
market only when there is proof that it poses a dangerous
threat to public health and safety.

Herbal traditions
A large part of the world’s population still relies on

plants and their crude extracts as their only affordable
source of medicine. There are many examples. Cloves, for
one, have been used medicinally for thousands of years in

Southeast Asia. The unopened buds of the clove
tree are sun-dried and then used for treating

infections including malaria, cholera, and tuber-
culosis.  Digestive discomforts, such as gas, colic,

and abdominal bloating are relieved with cloves.
Cloves are even useful as a stimulant to strengthen
uterine muscle contractions during childbirth.

Likewise, many parts of the avocado tree find uses
as herbal medicines. Native peoples of Guatemala use
the pulp to stimulate hair growth, the rind to expel

worms, and the seeds to treat diarrhea.
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Extracting
Medicine

PlantsFrom

ChemSumer

Pick up a package of an herbal supplement in your
grocery store, and you’ll notice that it looks dif-
ferent than the over-the-counter medicines in the
next aisle. There are no lengthy fine-print warn-

ings about possible side effects; no cautions about drug
interactions; and no big pharmaceutical brand names on
the packages.

Herbal supplements are, after all, natural products. As
such, they are marketed as dietary supplements. Like vita-
mins, they claim to be good for you. But unlike vitamins,
the packages often carry claims for curing and easing
symptoms—claims that go well beyond our expectations
for ordinary foods.

The Mayo Clinic in Rochester, MN, reports that many
people choosing herbal therapies for their ailments rely on
family and friends for recommendations and advice, proba-
bly because there are few published clinical studies to guide
their choices.

Most of us assume that there are laws saying that
manufacturers must provide evidence for their claims. But
when the U.S. Food and Drug Administration
(FDA) proposed such a law in 1993, Con-
gress failed to pass it.

Such a law would have limited
our access to many herbal supple-
ments. To prove effectiveness and
safety, companies would have been
required to conduct lengthy and

You’ll find herbal health supplements 
in both health food stores and supermarkets.
As natural plant materials, they receive little

more regulatory attention than salad greens.
Should they?

By Carolyn Ruth



The aloe vera plant, native to Africa,
yields a clear gel from its succulent leaves.
The gel, known to be a remarkably effective
healer of wounds and burns, has a long his-
tory as a skin lotion. Cleopatra was said to
attribute her legendary beauty to aloe vera.

Herbal medicines have traditionally pro-
vided effective remedies for a variety of
human ailments. Their widespread use con-
tinues today. Projects in the Dominican
Republic and Nicaragua are teaching women
how to use the benefits of local herbs within
their communities. In Cuba, physicians some-
times prescribe medicinal herbs to
compensate for shortages of conven-
tional medicines.

How are herbal medicines,
called simply “botanicals” in the
United States, different from other
medicines? Part of the answer is
obvious. They come from plants. But
this plant source actually adds to
their complexity. A powdered plant
product contains complicated mix-
tures of related chemicals. It may not
be clear that any one single molecule
is responsible for the activity of the
extract. In fact, the most significant
characteristic of herbal medicines is
this mixture of compounds that pre-
sents a variety of possible effects.

Modern or conventional medi-
cines usually consist of individual
biologically active molecules. For
example, the active ingredient in
aspirin is acetylsalicylic acid.
Ephedrine relieves asthma and hay
fever symptoms. Morphine is a potent

painkiller. Although
these three pharma-
ceuticals are consid-
ered modern
medicines, their his-
tory lies in herbal med-
icine.

Acetylsalicylic acid was originally devel-
oped by modifying the salicylic acid found in
the willow (Salix spp.) and meadowsweet
(Filipendula ulmaria) plants traditionally used
in Europe. Ephedrine is extracted from
Ephedra sinica, an herb
long used in China. Mor-
phine comes from the
opium poppy (Papaver
somniferum), cultivated in
various parts of the world
for thousands of years.

Modern medicines
from herbal 
remedies

If the medicines aspirin, ephedrine, and
morphine were once botanicals, how did they
get to be tested and marketed as drugs?
Modern drug development and discovery
have frequently been stories of the extraction,
synthesis, and modification of molecules first
found in plants.

One such story is the development of the
heart medicine, digitalis. In 1785, the leaves

of an ordinary garden ornamental called fox-
glove (Digitalis purpurea) were introduced
into medicine when an Englishwoman was
successfully treated for dropsy—a condition
in which tissues swell with fluid due to a
weakened heartbeat.

At first, whole foxglove leaves were dried
and powdered, but eventually, the single

chemical digitoxin was isolated from the
leaves. By the 19th century, the pure chemical
compound was administered. A less toxic but
similar compound, digoxin from another
species of foxgloves, replaced digitoxin and is
still preferred by many physicians for reliev-
ing the condition.

Even better known is the story of qui-
nine. An extract of the bark of various Cin-
chona tree species had been used since the
16th century for treating malaria. In 1820, the
single chemical quinine was isolated from the
bark. This drug is still important for malarial
treatment.

Plant chemicals
as starting
materials

Sometimes, compounds
derived from botanicals are fur-
ther modified after their initial
extraction in a process called
semisynthesis. Steroids—the cat-
egory that includes many of our
major hormones—are produced
cheaply and efficiently from chem-
icals derived from plant material.
Some significant changes in mod-
ern society result from the
steroids derived from plant mate-
rial. For example, the sex hor-
mone progesterone now prevents
miscarriage in progesterone-
deficient pregnant women. Sup-
plies of this hormone were scarce

until a related hormone was discovered in
plants.  American Russell Marker developed a
method for converting plant steroids obtained
from Mexican yams (Dioscorea spp.) to the
animal steroids like progesterone. Marker’s
research eventually extended to the synthesis
of other human hormone replacements and
supplements, including the progesterone and
estrogen-like compounds used as oral contra-
ceptives.

Flowering plant sources of molecules
discovered to be biologically active in animals
have resulted in the development of approxi-
mately 25% of the drugs now prescribed by
doctors in the developed world. Despite two
centuries of active exploration and research,
an estimated 90% of the world’s flowering
plant species remain to be analyzed for their
possible pharmaceutical potential.

Discovering more medicinally valuable
plants is important. Deciding which plants to
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St. John’s Wort
(Hypericum perforatum)

A n herbal supplement receiving widespread attention is St. John’s Wort—a
freely growing field plant whose flowers were used in medieval Europe to
heal “down-heartedness”. Recent European research has restored this herb

to prominence. German doctors prescribe it for
patients with mild to moderate depression and, even
more remarkably, German insurance companies have
been paying for it.

Like many herbal medicines, St. John’s Wort relies on the complex interplay of several
active ingredients for its antidepressant actions. One of these ingredients is hypericin,
which inhibits monoamine oxidase, a body chemical often associated with depression.

Several antidepressant drugs are widely used in the United States and are considered
effective.  Patients, however, sometimes report unpleasant side effects such as a dry
mouth, nausea, headache, diarrhea, or impaired sleep. In part because of these side effects,
many affected individuals are trying herbal treatments. St. John’s Wort seems to have fewer and less severe side effects
than the prescription drugs. In addition, it costs less than most antidepressant medications, and it does not require a pre-
scription in the United States.

Like many herbal supplements or botanicals, however, it may not be as potent or as quick to act as prescribed treat-
ments. And it may actually interfere with other medications. National Institutes of Health research shows that St. John’s
Wort may reduce the effectiveness of several prescription drugs by speeding up activity in a key pathway responsible for
their breakdown. The end result is that blood levels of these drugs rapidly decrease because the body breaks them down
faster.

St. John’s Wort is thought to negatively affect cyclosporine, a drug used to prevent organ transplant rejection, birth
control pills, blood thinners such as Coumadin, some cholesterol-lowering medications, and several other prescribed medi-
cines. Patients should talk to their doctors before taking St. John’s Wort or any other herbal medication, especially when
they plan to take it in combination with other medicines.

People with mild depression who are not taking conflicting medications can opt to use this herbal medicine. Good
judgment is the key. Currently, no U.S. laws restrict its sales.

St. John’s Wort is sold as a tea, a tincture, and a capsule. Teas are made with 1–2 cups of flowers per 1 cup of boiling
water and drunk three times daily. Tinctures are mixtures of the active ingredients that have been extracted from the flow-
ers with a solvent. The dosage of tincture is 1/4 to 1 teaspoon up to three times per day.

HO O OH

CH3

CH3

HO

HO

HO O OH
Hypericin

Both biologists and chemists play important roles
in modern drug discovery.

investigate is difficult. One strategy for select-
ing plants for investigation is to study the
ones chosen for medical uses by native popu-
lations in a particular ecosystem. Traditional
medicines have yielded many important
drugs, but this line of research often proves
costly and time-consuming.

One effective way to narrow the search
for valuable plants is to focus on species bio-
logically similar to ones that have already
proven useful. Reserpine, used as a tranquil-
izer, was extracted from Rauwolfia serpentina
for years until it was discovered that there
were much larger concentrations of this valu-
able chemical in some biologically related
species.

Clearly, there are roles for both biolo-
gists and chemists in modern drug discovery.
The role of chemists is critical both for the
identification of the compounds in plants and
for the modifications necessary to improve
their usefulness.
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Green cows?
Color us 
surprised.

It’s true! Researchers are trying
to develop green cows. No, not
green-colored cows, but environ-
mentally cleaner cows. Cattle, as
they process their grassy diet,
release a significant amount of
atmospheric methane (CH4)—a
greenhouse gas, second only to
CO2 in terms of overall effect.
Researchers take that fact very
seriously. Most
scientists agree
that greenhouse
gases contribute to
global warming.

Now researchers
believe that they
can alter cattle
digestion, either
by banishing the
methane-produc-
ing microorgan-
isms from their
stomachs or by
introducing
microorganisms capable of produc-
ing alternative metabolic products.
Either way, the result is the same
—green cows.

And that’s not the only surprising
development that dairy farmers and
researchers have in store. Organic
milks are already available at

supermarkets. Now, a new line of
designer milks is on the drawing
board that will boost immunity,
improve lactose digestion, and
relieve diarrhea. Advances in
biotechnology have made it all
possible.

Biotechnologists have identified
a cattle gene for milk fat synthesis
that may one day allow scientists
to selectively breed cows for pro-
ducing low-fat milk. Although the
development of genetically modi-
fied cows and milk products shows

promise, consumer
resistance to such
products will contin-
ue well into the
future, the research-
ers predict.

These and other
developments are
described and dis-
cussed in a special
report commemorat-
ing the 50th anniver-
sary of the Journal of
Agricultural and
Food Chemistry, a

peer-reviewed publication of the
American Chemical Society, the
world’s largest scientific society.
The report, appearing in the
December 4, 2002, issue, is by
Lawrence K. Creamer, of the
Fonterra Research Centre in New
Zealand.

You can locate the article online.
By following these steps, you can
access this and many other ACS
publications, all of which might
come in handy when you need
information for a project or a
report. First, go to the ACS Web
site: www.chemistry.org. Next,
go to the “Quick Find” pull-down
menu on the left side. Choose
“ACS Publications”. Here, you’ll
find many search tools. To find the
journal we pointed out, choose the
“Journals and Magazines” link
on the left. From there, it’s an
easy find.

NexGen and the
color of money

Cows may be
turning green, but
U.S. currency is
about to take a dif-
ferent turn. As early
as the fall of this
year, the Department
of the Treasury’s
Bureau of Engraving and
Printing will launch
some design changes in
our $100, $50, and $20
bills.

The new series, called “NexGen”,
will stick with the same sizes, por-
traits, and images to preserve our
familiar U.S. appearances. But

you’re going to notice some interest-
ing and obvious differences.

The NexGen designs will include
some new background colors. While
the developers don’t consider color
alone to be a key security feature, its
use will allow them to add more
complexity to the designs. The idea
is that the more complicated a bill’s
overall design, the harder it

becomes to make coun-
terfeit copies.

There’s
another
advantage

to tinted
money, and it
makes you wonder
why they never
thought of it
before. With
color-coded cur-
rency, it will be
easier to tell
one denomina-
tion from
another.
Especially,
older adults

with failing eyesight
should appreciate this feature.

For more information about
NexGen currency and the history of
U.S. money, visit the Web site of
the Bureau of Engraving and Printing
at www.moneyfactory.gov.
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Washington, DC 20036-4800

Reach Us on the Web at 
chemistry.org/education/chemmatters.html

Chem.matters.links

PH
OT

OD
IS

C



®

FEBRUARY 2003

Money
Change for Your
Dollars and Cents

Money
Change for Your 
Dollars and Cents

NITROGEN
The Chemistry of KABOOM!

VERDIGRIS
Secret Recipes for the Blues


	Question From the Classroom
	Table of Contents
	Copper Verdigris: A Women's Art
	Activity: Make Your Own Copper Verdigris
	The Explosive History of Nitrogen
	Flatus: Chemistry in the Wind
	The Money Makers
	Extracting Medicine From Plants
	Chemmatters.links
	Years Menu
	Search CD
	All 2003 Issues
	February 2003 Teacher's Guide

