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Why History?
• Except for the atomic theory and/or the
periodic table, most textbooks do not include
a historical background of the topics covered.
• History puts faces on theories and concepts
• Students find out where “all this stuff” comes
from
• A simplified theory aids in understanding as
the concept becomes more complex

Essays and Papers Relating to the History
of Chemistry on www.chymist.com
• This section on History of Chemistry and Science
currently consists of five parts.
• Parts 1 and 2 are essays and texts of historical
interest
Part 3 consists of photos and PowerPoint
presentations of science related travels
• Part 4 is a collection of PowerPoint presentations
for use in teaching
• Part 5 is some selected pictures of chemical art
from my personal library.

Some Items on Part 1
These are PDF files

• An Illustrated History of Alchemy and
Chemistry from ancient times to 1800
• The Splendor Solis A translation of the 1582
alchemical manuscript attributed to
Solomon Trismosin with color photographs
of 22 plates.
• J. A. R. Newlands, The Periodic Law This is
the complete text of Newlands' book,
published in London in 1884, containing all
of his published papers published from 1863
through 1878.

Items on Part 4
• The Atomic Theory looks at the
concepts of matter and atoms from
ancient times to the structure of
atoms.
• The Periodic Classification tells the
history of the development of the
periodic table
• Acids and Bases tells some history of
acid‐base concepts and pH
• Electrochemistry is a brief history of
electricity and electrochemistry

Items on Part 4 (continued)
• Nuclear Chemistry tells the story of
x‐rays and radioactivity through
nuclear weapons
• Thermodynamics relates some
history of thermodynamics
principles

Items on Part 5
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The Arrhenius Theory
• Svante August Arrhenius (1859 –1927)
– Acid: Substance that produces
hydrogen ions in water solution.
HCl(aq) → H+(aq) + Cl‐ (aq)
– Base: Substance that produces
hydroxide ions in water solution.
NaOH (aq) → Na+(aq) + OH‐(aq)
– An acid neutralizes a base
H+(aq) + OH‐(aq) → H2O(l)

The Brønsted–Lowry Theory
Johannes Nicolaus Brønsted (1879‐1947)
and Thomas Martin Lowry (1874‐1936)
independently proposed the proton
definition of acids and bases in 1923
Quoting Brønsted:
". . . acids and bases are substances that are
capable of splitting off or taking up hydrogen
ions, respectively.“
or
An acid‐base reaction consists of the transfer of
a proton (or hydrogen ion) from an acid to a
base

The Brønsted–Lowry Theory
An acid is a proton donor
That is, an acid is a substance from which a
proton can be removed.

A Base is a proton acceptor
That is, a base is a substance that has a non‐
bonded electron pair that can bond with a
proton from an acid.

No solvent is specified

The Lewis Theory
Gilbert Newton Lewis (1875‐1946)
In a 1923 paper, Lewis wrote:
"We are so habituated to the use of water as a
solvent, and our data are so frequently limited
to those obtained in aqueous solutions, that
we frequently define an acid or a base as a
substance whose aqueous solution gives,
respectively, a higher concentration of
hydrogen ion or of hydroxide ion than that
furnished by pure water. This is a very one
sided definition . . . .“

The Lewis Theory
Lewis wanted a general definition of an acid and a base:
"When we discuss aqueous solutions of substances which do not
contain hydroxyl [ion], it is simplest to define a base as a
substance which adds hydrogen ion. . . . Since hydrogen is a
constituent of most of our electrolytic solvents, the definition of
an acid or base as a substance which gives up or takes up
hydrogen ion would be more general than the one we used
before, but it would not be universal."

Lewis then gave his definition of an acid and a base:
"We are inclined to think of substances as possessing acid or basic
properties, without having a particular solvent in mind. It seems
to me that with complete generality we may say that a basic
substance is one which has a lone pair of electrons which may be
used to complete the stable group of another atom, and that an
acid is one which can employ a lone pair from another molecule
in completing the stable group of one of its own atoms."

pH
•

•

The concept of pH was first introduced by Danish chemist
Søren Peder Lauritz Sørensen (1868‐1939), the head of the
Carlsberg Laboratory’s Chemical Department, in 1909
Dr. Sørensen developed the pH scale during his pioneering
research into proteins, amino acids and enzymes ‐ the basis
of today’s protein chemistry in a paper titled “Enzyme
Studies II. The Measurement and Meaning of Hydrogen Ion
Concentration in Enzymatic Processes”:
The value of the hydrogen ion concentration
will accordingly be expressed by the
hydrogen ion based on the normality factor
of the solution used, and this factor will
have the form of a negative power of 10.
Since in the following section I usually refer
to this, I will explain here that I use the name
"hydrogen
ion
exponent"
and
the
designation PH for the numerical value of the
exponents of this power.

Sørensen and the Carlsberg Chemistry Department

pH
•
•

•
•

Today, we refer to pH as meaning ‘the power of hydrogen’.
The pH scale provides a simple and universal measurement of the
amount of hydrogen ions in a solution, which affects its acidity and
how it reacts chemically.
Each value of pH means the H+ concentration changes by a factor of
10
As the H+ concentration decreases, the OH‐ concentration increases

pH 1
strong
acid

pH 7
weak
acid

neutral

pH 14
weak
base

The pH scale according to the late Dr. Hubert Alyea, Princeton University

strong
base

The pH Meter
•
•

•

First pH meter was constructed in 1934 by Arnold
Beckman (1900‐2004).
A glass pH electrode that had a potential dependent on
activity of H+ ions had been constructed in 1906 by Fritz
Haber and Zygmunt Klemensiewicz, but there were
technical difficulties due to a large internal resistance of
glass electrodes. To obtain reliable results one was
forced to use very sensitive galvanoscope ‐ expensive
and difficult to maintain.
To overcome the problem Arnold Beckman proposed to
use simple high‐gain amplifier made using two vacuum
tubes. Amplified current was much easier to measure
with cheap miliamperometers.
Beckman’s first pH meter, 1934 (middle photo)
The Model G pH meter, the first successful marketed pH
meter, 1936 (bottom photo)
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Reversible Processes
Nicolas Léonard Sadi Carnot (1796 – 1832)
In an 1824 book Réflexions sur la puissance motrice
du feu ("Reflections on the Motive Power of Fire"), he
discussed the relation between heat and mechanical
energy and presented an idealized steam engine that
could be used to understand and clarify the
fundamental principles that are of general
applicability to all heat engines, independent of the
particular design choices that might be made.

Reversible
Processes
In Carnot’s idealized engine, a gas is allowed to expand to do work,
absorbing heat in the process, and is expanded again without transfer of
heat but with a temperature drop. The gas is then compressed, heat
being given off, and finally it is returned to its original condition by
another compression, accompanied by a rise in temperature.
This series of operations is known as Carnot's cycle.
It shows that even under ideal conditions a heat engine cannot convert
into mechanical energy all the heat energy supplied to it; some of the
heat energy must be rejected.
Carnot’s statement lead to the second law of thermodynamics.
An animation of the Carnot Cycle by Michael Fowler and Jacquie Hui Wan Ching, Department
of Physics, University of Virginia can be found at
http://galileoandeinstein.physics.virginia.edu/more_stuff/flashlets/carnot.htm

Entropy
• Entropy (S) is a term coined by Rudolph
Clausius (1822‐1888)
• In an 1850 paper, “On the mechanical
theory of heat“, he stated:
“the equivalent of the work done by heat is
found in the mere transfer of heat from a
hotter to a colder body, while the quantity of
heat remains undiminished.”

• This is the basic idea of the Second Law of
Thermodynamics.

Entropy
• In an 1865 paper, Clausius introduced the concept of
entropy.
q
• The modern form of his equation is
S 

T

“If we wish to designate S by a proper name we can say of it that it is the
transformation content of the body, in the same way that we say of the
quantity U that it is the heat and work content of the body. However, since I
think it is better to take the names of such quantities as these, …, from the
ancient languages, …, I proposed to name the magnitude S the entropy of
the body, from the Greek word η τροπη, a transformation. I have
intentionally formed the word entropy so as to be as similar as possible to
the word energy, since both these quantities, which are to be known by
these names, are so nearly related to each other in their physical significance
that a certain similarity in their names seemed to me advantageous.”

Entropy on the Molecular Scale
• Ludwig Boltzmann (1844‐1906) described the
concept of entropy on the molecular level.
• Temperature is a measure of the average
kinetic energy of the molecules in a sample.

An animation of the Maxwell-Boltzman distribution for molecular speeds in a gas can be
found at
http://www.chm.davidson.edu/chemistryapplets/KineticMolecularTheory/Maxwell.html

Gibbs Free Energy
• Josiah Willard Gibbs (1839‐1903)
• Gibbs free energy, originally called available
energy, was developed in 1873, in a footnote,
Gibbs defined what he called the “available
energy” of a body as such:
“ The greatest amount of mechanical work which
can be obtained from a given quantity of a certain
substance in a given initial state, without increasing
its total volume or allowing heat to pass to or from
external bodies, except such as at the close of the
processes are left in their initial condition.”
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A History of Electricity/Electrochemistry
•

•

•

Thales of Miletus (640‐546 B.C.) is
credited with the discovery that
amber when rubbed with cloth or
fur acquired the property of
attracting light objects.
The word electricity comes from
"elektron" the Greek word for
amber.
Otto von Guericke (1602‐1686)
invented the first electrostatic
generator in 1675. It was made of
a sulphur ball which rotated in a
wooden cradle. The ball itself was
rubbed by hand and the charged
sulphur ball had to be
transported to the place where
the electric experiment was
carried out.

Thales of Miletus

Otto von Guericke

• Eventually, a glass globe replaced the
sulfur sphere used by Guericke

• Later, large disks were used

• Ewald Jürgen von Kleist (1700‐1748),
invented the Leyden Jar in 1745 to
store electric energy. The Leyden Jar
contained water or mercury and was
placed onto a metal surface with
ground connection.
• In 1746, the Leyden jar was
independently invented by physicist
Pieter van Musschenbroek (1692‐
1761) and/or his lawyer friend
Andreas Cunnaeus in Leyden/the
Netherlands
• Leyden jars could be joined together
to store large electrical charges

• In 1752, Benjamin Franklin (1706‐1790)
demonstrated that lightning was
electricity in his famous kite experiment
• In 1780, Italian physician and physicist
Luigi Aloisio Galvani (1737‐1798)
discovered that muscle and nerve cells
produce electricity. Whilst dissecting a
frog on a table where he had been
conducting experiments with static
electricity, Galvani touched the exposed
sciatic nerve with his scalpel, which had
picked up an electric charge. He noticed
that the frog’s leg jumped.

Count Alessandro Giuseppe Antonio Anastasio
Volta (1745 – 1827) developed the first electric
cell, called a Voltaic Pile, in 1800.
A voltaic pile consist of alternating layers of two
dissimilar metals, separated by pieces of
cardboard soaked in a sodium chloride solution
or sulfuric acid.
Volta determined that
the best combination of
metals was zinc and
silver
Volta’s electric pile (right)
A Voltaic pile at the
Smithsonian Institution, (far
right)

•

In 1800, English chemist William Nicholson
(1753–1815) and surgeon Anthony Carlisle
(1768‐1840) separated water into hydrogen
and oxygen by electrolysis.

•

Johann Wilhelm Ritter (1776‐1810) repeated
Nicholson’s separation of water into hydrogen
and oxygen by electrolysis. Soon thereafter,
Ritter discovered the process of
electroplating. He also observed that the
amount of metal deposited and the amount
of oxygen produced during an electrolytic
process depended on the distance between
the electrodes

•

Humphrey Davy (1778‐1829) utilized the
voltaic pile, in 1807, to isolate elemental
potassium by electrolysis which was soon
followed by sodium, barium, calcium,
strontium, magnesium.

William Nicholson

Johann Wilhelm
Ritter

Humphrey Davy

•
•
•

•

Michael Faraday (1791‐1867) began his career in 1813 as Davy's
Laboratory Assistant.
In 1834, Faraday developed the two laws of electrochemistry:
The First Law of Electrochemistry
The amount of a substance deposited on each electrode of an
electrolytic cell is directly proportional to the amount of electricity
passing through the cell.
The Second Law of Electrochemistry
The quantities of different elements deposited by a given amount of
electricity are in the ratio of their chemical equivalent weights.

•

Faraday also defined a number of terms:
The anode is therefore that surface at which the electric current, according to
our present expression, enters: it is the negative extremity of the
decomposing body; is where oxygen, chlorine, acids, etc., are evolved; and is
against or opposite the positive electrode.
The cathode is that surface at which the current leaves the decomposing
body, and is its positive extremity; the combustible bodies, metals, alkalies,
and bases are evolved there, and it is in contact with the negative electrode.
Many bodies are decomposed directly by the electric current, their elements
being set free; these I propose to call electrolytes....
Finally, I require a term to express those bodies which can pass to the
electrodes, or, as they are usually called, the poles. Substances are frequently
spoken of as being electro‐negative or electro‐positive, according as they go
under the supposed influence of a direct attraction to the positive or negative
pole...I propose to distinguish such bodies by calling those anions which go to
the anode of the decomposing body; and those passing to the cathode,
cations; and when I have occasion to speak of these together, I shall call them
ions.
…the chloride of lead is an electrolyte, and when electrolyzed evolves the two
ions, chlorine and lead, the former being an anion, and the latter a cation.

•
•

•

•

John Frederic Daniell (1790‐1845), professor of chemistry at King's
College, London.
Daniell's research into development of constant current cells took
place at the same time (late 1830s) that commercial telegraph
systems began to appear. Daniell's copper battery (1836) became
the standard for British and American telegraph systems.
In 1839, Daniell experimented on the fusion of metals with a 70‐
cell battery. He produced an electric arc so rich in ultraviolet rays
that it resulted in an instant, artificial sunburn. These experiments
caused serious injury to Daniell's eyes as well as the eyes of
spectators.
Ultimately, Daniell showed that the ion of the metal, rather than
its oxide, carries an electric charge when a metal‐salt solution is
electrolyzed.
Left: An early Daniell Cell
Right:Daniell cells used
by Sir William Robert
Grove, 1839.

Nernst Equation
• Remember that
G = G + RT ln Q
• This means
−nFE = −nFE + RT ln Q
• Dividing both sides by −nF, we get the Nernst
equation:
RT
ln Q
E = E −
nF
or, using base‐10 logarithms,
2.303 RT
ln Q
E = E −
nF

Nernst Equation
At room temperature (298 K), and
R = 8.314 J/mol K
F = 96,485 J/V‐mol

2.303 RT
F

= 0.0592 V

The final form of the Nernst Equation becomes

0.0592
E = E −
n

ln Q

Walther Hermann Nernst (1864 ‐1941)
•
•

•

•

Nernst's early studies in electrochemistry were inspired
by Arrhenius' dissociation theory of ions in solution.
In 1889 he elucidated the theory of galvanic cells by
assuming an "electrolytic pressure of dissolution" which
forces ions from electrodes into solution and which was
opposed to the osmotic pressure of the dissolved ions.
Also, in 1889, he showed how the characteristics of the
current produced could be used to calculate the free
energy change in the chemical reaction producing the
current. This equation, known as the Nernst Equation,
relates the voltage of a cell to its properties.
Independently of Thomson, he explained why
compounds ionize easily in water. The explanation,
called the Nernst‐Thomson rule, holds that it is difficult
for charged ions to attract each other through insulating
water molecules, so they dissociate.

Where is this information?
• All the historical information, in PowerPoint
format, is available for download at:
http://www.chymist.com
• Click on History of Chemistry on the left‐hand
menu
• Click on Part 4 in the first paragraph

How do I use this information?
• Incorporate this into PowerPoint lecture
notes
• There is no charge for any of these materials
if used for non‐published educational
purposes.
• Please reference me for any materials used.

