
I n 1800, William Nicholson and An
thony Carlisle announced that they 
had achieved the chemical de

composition of ordinary water with an 
electric current supplied by the "gal
vanic apparatus" of Alessandro Volta. 
The work was published in Nicholson's 
Journal of Natural Philosophy, Chemis
try, and the Arts, where it caught the 
attention of a poetic young experi
menter by the name of Humphry Davy. 
Immediately, Davy began to wonder 
what other kinds of electrochemical 
changes might be possible with that 
marvelous new invention: the battery. 

Davy's electrochemical investiga
tions were interrupted in 1801 when he 
was appointed to a lectureship at the 
Royal Institution. Davy was a highly suc
cessful public speaker. His science lec
tures became as popular and as 
fashionable as the latest piece of liter
ature. The stylish London audiences 
were thrilled to have the latest ad
vances in physics and electrochemistry 
reproduced before their eyes. 

In addition, the income helped sup-
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port the Royal Institution and provided 
the money necessary for the pursuit of 
natural philosophy in a well-equipped 
workshop. And thafs just what hap
pened. Humphry Davy's large London 
laboratory became one of the finest in 
all of western Europe. 

The Discovery of Potassium. Davy 
returned to his electrochemical studies 
in 1806. His thinking on the subject was 
already very far advanced. He was 
confident that with the new elec
trochemical techniques, it might some
day be possible to identity and even 
manipulate the "true elements" of the 
physical world. 

In 1807, Davy began a famous series 
of experiments involving the decom
position of potash (potassium carbo
nate). He placed a small amount of 

27 



(/) 
() 

z 
0 
a: 
1-
() 
UJ 
....1 
UJ 
a: 
:5 
:::> 
a.. a: 
28 

potash into a platinum spoon and at
tached the spoon to the positive pole 
of a battery. A flame was placed be
neath the spoon to melt the chemical. 
When a wire connected to the nega
tive pole of the battery was touched to 
the hot potash, a ball of fire appeared 
over the point of contact. 

Humphry Davy knew that something 
special was being collected at the 
negative wire. He also knew that a 
slightly different technique would be 
necessary in order to isolate the col
lected material. 

So, he moistened the potash with a 
bit of water to make it conductive and 
repeated the experiment without the 
heat. This time, tiny metallic globs ap
peared at the end of the negative wire. 
Some of the pieces, once again, 
caught fire; but some remained and 
became covered with a white film. 

Here, at last in free form. was the 
material he had been looking for. He 
called it potassium, one of the "true ele
ments" from which potash is made. The 
results of the experiments were re
ported to the Royal Society on 
November 19, 1806. 

Leaves and Seeds. Davy's discovery 
of potassium, as well as sodium and a 
number of other alkali metals, has be
come a classic example of elec
trochemical decomposition. But there's 
more: A close reading of Davy's lecture 
"On Some Chemical Agencies of Elec
tricity," delivered originally in 1806, re
veals work with various organic 
materials like laurel leaves. mint plants. 
and strips of beef. He even experi
mented with seeds. In a somewhat 
cryptic footnote, he says: "Seeds, I find, 
when placed in pure water in the 
positive part of the circuit. germinate 
much more rapidly than under com
mon c ircumstances; but in the negative 

part of the circuit they do not germi
nate at all." 

Clearly, Humphry Davy was fasci
nated by the physical transformations 
which so often occur in elec
trochemical circuits of all kinds. Indeed, 
he even imagined certain similarities 
between the effects of elec
trochemical change and the mystic vi
sions of the alchemical philosophers. 
Maybe you will too. 

Early Warning. There's no getting 
around it: the chemicals and reactions 

discussed in this article are potentially 
dangerous. Every effort has been 
made to minimize the risks involved. But, 
the possibility of an accident still exists. 

Please keep all of the following in 
mind while running your experiments: 
• Do not allow any of these solutions or 
materials to come into contact with 
your hands, arms, fingers, face, or 
clothing. Take no chances whatsoever 
with poisonous or corrosive substances. 
• Perform all experiments in a well-ven-

tilated room. The room should be free 
of any open fire or flame. Keep your 
face away from the apparatus and do 
not inhale any gas or chemical dust. 
• Do not experiment with large quan
tities of any chemical solid or solution. 
For one thing. it's just not necessary. All of 
the effects discussed are perfectly visi
ble in a small vessel containing only a 
small amount of conductive material. 
• If at all possible, use regular laborato
ry glassware. Chemicals do not belong 
in pots, pans, plastic cups, and paper 
plates. They do belong in glass beakers, 
flasks, tubes, and graduates. 
• Be very careful not to spill anything. 
Accidental spills can be very frighten
ing and very hazardous. Work slowly . 
and pay close attention to what you're 
doing. When transferring solutions from 
one vessel to another, use a good glass 
funnel whenever necessary. 
• Do not. under any circumstances, 
work on a valuable surface. Run your 
experiments. for example, on a heavy 
slab of plywood that will never be used 
for anything else. 
• Never store chemicals of any kind in 
unmarked containers. Keep a supply of 
gummed labels handy and put one on 
every beaker, bottle, or jar containing 
any type of experimental substance 
whatsoever. 

SeHing up your Lab. Electrochemical 
experimentation involves the use of 
some specialized hardware and glass
ware. You'll need some electrodes, a U
tube, and a dependable way of hold
ing the whole system in a stable vertical 
position . A good many elec
trochemical effects require electrodes 
made of a material that will not react 
with the conductive solution (elec
trolyte). One such material is carbon. 
Carbon rods (you'll need at least two) 
may be obtained by cutting open a 



couple of ordinary 1.5-volt dry cells. Do 
not use nickel-cadmium or lithium bat
teries; they do not contain carbon. 

Good quality carbon rods are also 
available at many large building sup
ply stores in the form of carbon-arc 
welding rods. Such rods are often cov
ered with a thin layer of copper. The 
copper coating can usually be re
moved by slitting the material with a 
sharp knife and then, very gently, peel
ing it off. The carbon electrodes in the 
photographs are about a % inch in di
ameter and were cut to a length of 
about 3 inches each. 

Next, you'll need a peculiar piece of 
laboratory glassware sometimes called 
a U-tube. A clear glass U-tube will ac-

Humphry Davy's large laboratory at the Royal Institution in London was one of the finest 
in all of western Europe. It was here that Davy performed his famous electrochemical 
experiments in the early .years of the 19th century. This engraving appeared originally in 
William Thomas Brande's Manual of Chemistry (1819). 

commodate the carbon rods nicely 
and provide an unobstructed view of 
the electrochemical reactions. U-tubes 
come in a number of sizes. The exam
ples in the photographs are about 6 
inches long and hold about 1Y2 fluid 
ounces (or about 50 ml). 

U-tubes are available from many lab
oratory supply houses. If you can not 
locate one locally, they can be bought 
through the mail from Hagenow Lobo- _ 
rotaries, a science supply company in 
Wisconsin. The catalog number is 42 
and the 6-inch length must be spec
ified. See the Parts and Materials List for 
more information. 

When you get your U-tubes, order 
several, if possible. U-tubes are difficult 
to clean and notoriously easy to break. 

Finally, we must deal with the prob
lem of holding the entire elec
trochemical system in a stable vertical 
position. That can be done by attach
ing the U-tube to a ring stand with a 
burette clamp and suspending the 
carbon electrodes over the U-tube 
from a non-conductive wooden dowel 
rod. The carbons are fastened to the 
wooden rod with a couple of two-way 
laboratory rod clamps. The power ca
bles are then connected directly to the 
rod clamps. The wooden rod is at
tached to the ring stand with another 

• two-way clamp. 
That arrangement facilitates wiring 

and makes it easy to remove the elec
trodes for cleaning. If you do not wish to 
reproduce the electrode support struc
ture that appears in the photographs, a 
similar mechanism can be made with a 
couple of large alligator clips. You can 
even use modified clothespins. 

The electrochemical decomposition of potassium iodide in water releases iodine at the 
positive electrode. The iodine dissolves in the potassium-iodide solution and sinks down to 
the bottom of the tube. 

Complete the set-up by attaching E 
the carbon rods to a variable 6-12-volt ffi 
DC power supply with two long pieces 
of hook-up wire. And remember, polar-
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All simple electrolytic systems operate in 
the same way. A direct current of 
electricity is applied to a conductive 
solution. The conductive solution is 
usually called an electrolyte. All 
conductive solutions contain ions. The 
ions that carry a negative charge (anions) 
are attracted to the positive electrode 
(anode); the ions that carry a positive 
charge (cations) are attracted to the 
negative electrode (cathode). 

Ordinary table salt (sodium chloride) 
dissolved in a cup of dilute red cabbage 
juice makes a conductive solution that will 
actually change color when subjected to 
the influence of a direct current of 
electricity. The solution around the 
negative electrode will turn green. The 
solution around the positive electrode will 
become a pinkish-red. 

ity is important, so check to make sure 
you know which electrode is which be
fore you start experimenting. 

Chameleon Colors. One of the sim
plest, as well as one of the prettiest, 
electrochemical experiments you can 
perform involves the use of little more 
than tap water, table salt, and a bag of 
red cabbage. lfs an experiment you'll 
want to perform again and again for 
your family and friends. Here's what to 
do: 

Obtain some fresh red cabbage at 
the local supermarket. If possible, get 
the pre-shredded kind; irs a lot easier to 
work with. Place one large handful of 

~ cabbage in a heat-resistant container 
~ and add 7 or 8 ounces of plain water. 
a: Now. boil the mixture until the liquid be
f-o comes a deep purplish-red. Allow the 
UJ u:l vessel with its contents to cool. Pour the 
a: red cabbage extract (the liquid) into a 
::5 labeled bottle and save it. You've 
:::> 
c... made enough extract for several dem-
~ onstrations. 
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When you're ready for the experi 
ment, mix about 1 ounce of cabbage 
extract with about 1 ounce of clear 
water. Then add about Y2 teaspoon of 
sodium chloride (ordinary table salt) 
and agitate the mixture to dissolve as 
much of the solid as possible. The liquid 
should now be a semi-transparent 
grayish-blue or bluish-purple. 

Now. set up one of your U-tubes and 
fill it with the red-cabbage/sodium
chloride solution. Then, insert the two 
carbon electrodes. For a good visual 
effect, illuminate the tube from the rear 
with small desk lamp. 

Finally, plug in your power supply and 
turn up the voltage until the electrodes 
begin to bubble. Keep your eyes on the 
tube. Almost immediately, the mixture 
around the negative electrode turns 
green, while the solution around the 
positive electrode becomes an irides
cent pink. In a few minutes, the entire 
tube will become occupied by the two 
electrochemical colors. 

What you see inside the tube occurs 
because the sodium chloride is chemi
cally decomposed by the electric cur
rent. When the salt goes into solution, 
the crystal structure of the material is 
destroyed, and the sodium and chlo
ride ions assume an independent exis
tence. The chloride ions, which carry a 
negative charge, are attracted to the 
positive electrode (the anode). The so
dium ions, which carry a positive 
charge, are attracted to the negative 

When a direct current is passed through 
an aqueous solution of copper sulfate, 
pure copper will appear on the negative 
electrode (the one on the right). Sodium 
bisulfate has been added to the solution to 
improve its conductivity. 

Early in the 19th century, Freiherr 
Theodor Von Grotthus became interested 
in the delicate plant-like deposits that 
formed on wires connected to a battery 
and placed in an aqueous solution of 
certain metallic salts. He noticed a 
resemblance between such deposits and 
the crystalline growths known within the 
European alchemical tradition as arbors 
(trees). Here, a tiny tree of tin forms on 
the negative electrode in a conductive 
mixture of water, tin chloride, and 
hydrochloric acid. 

electrode (the cathode). At that point, 
the sodium ions lose their electric 
charge and become sodium atoms. 
The sodium unites with the water in the 
tube to form a strongly alkaline sub
stance, sodium hydroxide. 

The red cabbage contains a natural 
indicator material called anthocyanin. 
The anthocyanin turns green in the 
presence of alkalis, and that accounts 
for the color of the solution around the 
cathode. At the anode, where chlorine 
gas develops, acidic substances (like 
hypochlorous acid) are formed, which 
turn the indicator red. 

Note: Sodium hydroxide is a very 
corrosive chemical and chlorine is a 
highly poisonous gas, so perform the 
experiment in a well-ventilated room, 
and, when you're done, dispose of the 
solution properly. To finish up your ex
periment, dismantle your apparatus, 
clean the U-tube thoroughly with a test
tube brush, and wash the carbon elec
trodes. 

Iodine Streamers. Similar elec
trochemical principles allow you to 
create long, flowing, sinuous streamers 
of iodine. Here's the experiment: Dis
solve 2 or 3 teaspoons of potassium 
iodide in 1-1/2 ounce of water. Pour the 
solution into your U-tube and insert the 
electrodes. 

(Continued on page 89) 



ELECTROCHEMISTRY 
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When a current is applied to the solu
tion, the iodide ions, which carry a 
negative charge, are attracted to the 
positive electrode. There, atoms of 
iodine are formed as the ions lose their 
electric charge. Immediately, the 
iodine sinks and dissolves in the po
tassium iodide solution, leaving the 
streamers as they fall. If the power is left 
on for a few minutes, the material will 
begin to accumulate at the bottom of 
the tube. 

Note: Iodine Is very poisonous stuff. 
Please be extremely careful with it. 
Do not spill the solution, and throw it 
away as soon as you're through. 

Homemade Copper. Here's how to 
make your own copper metal in a mat
ter of minutes. The copper can't really 
be used for anything; the quantity cre
ated is much too small. But still. ifs gen
uine electrolytic copper. 

Place 1 teaspoon of copper sulfate in 
1¥2 ounces of water. Agitate the liquid 
until the solid has dissolved. Now. to im
prove the conductivity of the solution, 
add a Y2 teaspoon of sodium bisulfate. 

Pour the solution into a clean U-tube, 
insert your electrodes, and turn on the 
current. The copper ions, which carry a 
positive charge, are attracted to the 
cathode. And there, at the lower end of 
the negative electrode, you'll soon see 
a thin layer of reddish-brown copper. 

Note: Copper sulfate is sometimes 
used to make insecticides and sodium 
bisulfate is sometimes used to clean 
drains. Both of these chemicals are 
highly poisonous and should be treat
ed with a great deal of respect. Be very 
careful with the solution, and, when 
you're finished, dispose of it quickly. 

Metallic Vegetation. Humphry Davy 
wasn't the only one running elec
trochemical experiments in the early 
years of the 19th century. Another ob
server of galvanic effects was a young 
German nobleman by the name of 
Freiherr Theodor Von Grotthus. Von 
Grotthus was living in Rome atthe time. 

Von Grotthus became interested in 
the delicate plant-like deposits that 
formed on wires connected to a bat
tery and placed in an aqueous solution 
of certain metallic salts. He noticed a 
resemblance between such deposits 
and the crystalline growths known with
in the European alchemical tradition as 

arbors. Arbor, or arbos, is a Latin word 
meaning tree. Arbors appeared when 
one metallic material in a solution was 
displaced by another. 

Von Grotthus found that the old al
chemical arbors could be produced 
with electricity. Writing in 1807. he 
called all such growths vegetation met
allique (metallic vegetation). But. do 
the formations really resemble vegeta
tion? Lefs find out: 

Place about Ys teaspoon of tin chlo
ride in 1¥2 ounces of water. Thafs not a 
lot of chemical; but. for our purposes, a 
little goes a long way. Now. very care
fully, add Y2 ounce of hydrochloric acid, 
20% solution. Wait a few minutes for the 
undissolved solid to settle to the bottom 
of your mixing vessel. Note: Hydro
chloric acid at 20% concentration is 
available at many hardware stores 
where it is also known as muriatic acid. 

Please remember that hydro
chloric acid is a corrosive and poi
sonous material.lfs nasty stuff, and you 
must be extremely careful when work
ing with it. Moreover, the electrolysis 
creates a small amount of poisonous 
chlorine gas, so perform the experi
ment in a well-ventilated room. Hy
drogen, a combustible gas, is also 
released, and that means keeping all 
open flames far away from your 
equipment. 

The arbor requires a special surface 
on which to grow. Obtain a 3- or 4-inch 
piece of stranded hook-up wire and 
remove all of the insulation. Twist the 
bare copper strands into a firm cable 
and straighten the piece with your fin
gers. Next, replace the negative car
bon rod with your new stranded-wire 
electrode. 

When the electrode is ready, pour the 
tin-chloride/acid mixture slowly and 
carefully into your U-tube. Note: If the 
solution is cloudy or milky to the point of 
being opaque, you've used too much 
tin chloride. Lower the electrodes into 
the tube and make sure the twisted wire 
is connected to the negative side of 
your power supply. 

Next, turn on the current and watch 
the wire. Within seconds, the electrode 
becomes covered with a mass of bub
bles. Then, tiny fern-like laminations of 
pure tin begin to appear on the sur
face. The arbor grows before your eyes 
and soon extends a dense collection of 
gleaming crystal branches down to
wards the bottom of the tube. 

Von Grotthus was right. It really does 
look like something pulled from some 
weird electrochemical garden. • 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able 
to use voltmeter, understand DC electronics) . . .. 
IF you possess average mechanical ability, and have a 
VCR on which to practice and learn .... then we can 
teach YOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho
tos and illustrations) and AWARD-WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte
nance and repair-"real world" information that is 
NOT available elsewhere! 
Also includes all the info you'll need regarding the 
BUSINESS-SIDE of running a successful service op-
eration! FREE INFORMATION 

CALL TOLL-FREE 1-800·537-0589 
Or write to: Viejo Publications Inc. 

5329 Fountain Ave. 
Los Angeles. CA 90029 Dept. PE 

"Plant a tree for 
your tomorrow " 

] oin me and plant a tree for 
your tomorrow ... and for the 
earth. For your free brochure, 

John Denver for 

write: 
Trees for 
America, 
The National 
Arbor Day 
Foundation, 
Nebraska 
City, NE 
68410. 

~The National 
~Arbor~Foundation 
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