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to elucidate the principles of science. 
Daniel Rosenberg is a 1984 Harvard 
College graduate and a chemist. Daniel 

has also applied his passion for science in other venues such 
as the annual Ig Nobel Ceremony held on campus.

Daniel Steinberg is the Director of 
Education Outreach for the Princeton 
Center for Complex Materials. He 
received his PhD in Geophysics from 
Binghamton University in 1992, and has 
worked at the NASA Goddard Space 
Flight Center, and at the Space Telescope 
Science Institute in Baltimore, where he 
has remotely steered the Hubble Space 

Telescope. Dan currently runs many educational programs 
for students and teachers and the public in materials science.

Bonnie Bassler is the Squibb Professor 
of Molecular Biology at Princeton 
University. Her research focuses on the 
molecular mechanisms that bacteria 
use for intracellular communication, a 
process called quorum sensing. She is 
a member of the National Academy of 

Sciences, and was awarded Princeton University’s President’s 
Award for Distinguished Teaching in 2008. 

Daniel Davis is excited to be the 
newest member of the Harvard lecture 
demonstration team. He received 
his PhD in Physics in 2005 from the 
University of Albany, empirically inferring 
the energy required to initiate artificial 
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A Grain of Salt:
Isn’t it Ionic?



Our Characters: Ions, Cations, Anions
Ions are atoms that have either lost or gained an electron.  Atoms are made of three 
components:  protons (positively charged), neutrons (no charge), and electrons (negatively 
charged).  The word ion was introduced by Michael Faraday, with the help of William Whewell, 
and comes from the Greek ion, or ion, which means “going”.  These words were invented to 
describe the behavior of matter that “goes” from one electrode to another in the electrolysis 
experiments that Faraday was conducting.  Ions that have negative charge are called anions 
while ions that have a positive charge are called cations. 

Silver and Sodium are positively charged cations, which means they have lost an electron.

Chloride is a negatively charged ion,  or anion which means it has gained an electron.

Sodium “gives” its electron to chloride, which makes them both happier!

Yes,	  I’m	  
posi,ve!	  

I’ve	  lost	  an	  
electron!	  

Are	  you	  sure?	  

Cl- Na+

Did you know?
Seagulls have evolved to be able to drink saltwater! They have a 
special gland that pulls the salt from their blood and expels it as an 
unltra-salty liquid from their nose. Given a choice, seagulls will drink 
freshwater because the process takes a lot of energy, but being 
able to quench their thirst at sea helps them fly long distances. 

The concentration of salt in seawater is around 3.5% by weight. 
That means that in a cubic mile of seawater, the weight of salt 
(sodium chloride) would be about 120 million tons. Some people 
estimate that if you took all the salt in the ocean and spread it 
over the earth’s entire surface, it would form a layer more than 
500 feet high.

An Ion History - Michael Faraday

Left: Michael Faraday giving the Royal Institution Christmas Lecture.  Right:  Michael Faraday in his laboratory.

Sir Humphry Davy (dark hair) gives 
a lecture at the Royal Institution.

According to Albert Einstein, Michael Faraday was one of the great heroes of science, along with Isaac 
Newton and James Clerk Maxwell.  Michael Faraday’s experiments on electricity and magnetism were 
instrumental in helping us understand the natural world, and led to many useful inventions.
Michael Faraday was born in England in 1791 to a blacksmith. The family was quite poor, and Michael 
had very little formal schooling. When he was a teenager, he became an apprentice to a bookbinder, 
where he had the opportunity to read voraciously. He became 
very interested in science during the seven years he served as an 
apprentice, and in particular electricity. With his meager pay, he 
began to purchase laboratory supplies so that he could do some 
experiments himself. Near the end of his apprenticeship, William 
Dance, a customer at the bookshop and one of the founders of 
the London Philharmonic Society, noticed his interest in science, 
and gave him tickets to lectures at the Royal Institution by 
prominent chemist Sir Humphry Davy.  After attending several 
lectures, Michael presented Sir Davy a several hundred page 
book of his notes on the lectures that he bound himself. Sir 
Davy was so impressed that a few months later, when he needed 
a laboratory assistant, he hired Michael.  
This assistantship was the start of a long and auspicious career at the Royal Institution, during which 
Michael eventually became the Director of the Royal Institution and a Professor of Chemistry. He 
made many discoveries in chemistry and physics, including making gases into liquids, electromagnetism, 
and electrolysis,  Through his work on electrolysis, he helped develop the terms ion, cation, and anion. 
In addition to his amazing work in science, he founded the Royal Institution Christmas Lectures, which 
were designed to engage young children in the excitement of scientific discovery. It is these lectures 
that served as the inspiration for our Holiday Lecture!

Program
Scene 1:  Thinking about Salt and Water
Scene 2:  Dissolution and Precipitation
Scene 3:  Puzzles and Wonders
Scene 4:  More Properties: Conductivity and Osmosis

I ... express a wish that you may, in your generation, be fit to compare to a candle; that 
you may, like it, shine as lights to those about you; that, in all your actions, you may justify 
the beauty of the taper by making your deeds honourable and effectual in the discharge 

of your duty to your fellow-men.
— Michael Faraday, concluding remarks for the final lecture (Christmas 1860-61) for 

children at the Royal Institution. 

Nothing is too wonderful to be true, if it be consistent with the laws of nature. 
— Michael Faraday
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