
../../logo

5.03: Principles of Inorganic Chemistry I

Christopher C. Cummins, Stephen J. Lippard

Massachusetts Institute of Technology

Spring, 2015

Inorganic Chemistry 5.03





../../logo

Professor Stephen J. Lippard, lippard@mit.edu

Inorganic Chemistry 5.03



../../logo

TA: Christopher Richardson, crichard@mit.edu

Inorganic Chemistry 5.03



../../logo

TA: Laura Avena, avena@mit.edu

Inorganic Chemistry 5.03









../../logo

Statement on Grading and Textbook

Problem sets, 25%

Exam 1, 20%

Exam 2, 20%

Final Exam, 35%

Textbook: Shriver and Atkins’ Inorganic Chemistry 6th Edition
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The Cosmic Kitchen

Snow is water, hydrogen and oxygen

10% of your body is hydrogen

Hydrogen all comes from the Big Bang

You are carrying the Big Bang within you!

Inorganic Chemistry 5.03



../../logo

The Cosmic Kitchen

Snow is water, hydrogen and oxygen

10% of your body is hydrogen

Hydrogen all comes from the Big Bang

You are carrying the Big Bang within you!

Inorganic Chemistry 5.03



../../logo

The Cosmic Kitchen

Snow is water, hydrogen and oxygen

10% of your body is hydrogen

Hydrogen all comes from the Big Bang

You are carrying the Big Bang within you!

Inorganic Chemistry 5.03



../../logo

The Cosmic Kitchen

Snow is water, hydrogen and oxygen

10% of your body is hydrogen

Hydrogen all comes from the Big Bang

You are carrying the Big Bang within you!

Inorganic Chemistry 5.03





../../logo

The Cosmic Kitchen

Stars are 75% H, 24% He

Stars are about 1% all other elements...

This is roughly the chemical composition of the Universe

Inorganic Chemistry 5.03



../../logo

The Cosmic Kitchen

Stars are 75% H, 24% He

Stars are about 1% all other elements...

This is roughly the chemical composition of the Universe

Inorganic Chemistry 5.03



../../logo

The Cosmic Kitchen

Stars are 75% H, 24% He

Stars are about 1% all other elements...

This is roughly the chemical composition of the Universe

Inorganic Chemistry 5.03



../../logo

The Cosmic Kitchen

H is burning to He in the core of the star

E = mc2

four protons weigh just a little bit more than the two protons
and two neutrons of the He nucleus

That mass (0.7%) is released as energy per reaction of He
formation
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The Triple Alpha Reaction

For 90% of the star’s life it burns H to He

...then it has a He core

He → C in the “triple alpha” reaction

3 He gives one C
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An Iron Core at the End

As C begins to form, we are beginning to get new elements
that were not present in the Universe at the beginning

When a star gets older it goes through more burning stages

Close to the end of a star’s life it has onion-like layers with
heavier elements closer to the core

To keep shining, to sustain luminosity as it gets older, the star
burns heavier and heavier elements

This stops at Fe, the end stage is an iron core
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Chemical Evolution

Age of the Universe: 13.8 billion years (Gyr)

Big Bang left behind a “primordial universe” that was
heavy-element free

Today we have about 1-2% heavier elements

The first stars were 10, 50, even 100 solar masses and
eventually exploded in supernova

Supernova creates a giant gas cloud containing the new
elements
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Chemical Evolution

We pass on DNA from one generation to the next

Massive stars do the same thing in passing on their chemical
composition that comes from burning and supernova

Not all elements are created equal

Big, massive stars are like gas guzzlers, not efficient with their
nuclear fuel

They get quickly to their iron core, and go boom!
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Chemical Evolution

Smaller stars could now form from the gas clouds of the first
supernovae

They may have 1 solar mass or less, and a long lifetime,
ca. 10 Gyr

Stars from this 2nd generation after the Big Bang are still
around

We can start to answer the question, which elements were
formed in the 1st supernovae, and how much?
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Chemical Evolution

The sun has 1 solar mass by definition

The sun (and its planets) formed from a gas cloud enriched in
heavy elements by many generations of stars

The Universe had to have 8 billion years of time to enrich with
elements the gas cloud from which the sun was formed

Life was not possible until cosmic chemical evolution had
progressed to this point, providing the elements needed to
form a planet such as Earth
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Back to the Periodic Table

Elements in the columns have similar chemical properties

Rows are more interesting from the standpoint of element
creation

H and He produced in the Big Bang at the beginning of space
and time

“Alpha elements” are built up by adding additional He nuclei:
C → O → Ne

Elements with odd atomic number (odd Z ) are much harder
to make; their formation is much less probable
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The R Process

Elements in the bottom part of the periodic table are formed
in a very special process; getting to elements heavier than iron
is kind of hard!

Heavy elements are formed through neutron capture processes

In a supernova there is a black hole and a neutron star being
built up in the process; lots of neutrons around to impinge on
an iron core!

Thousands of neutrons impinge on an iron atom in around a
second, generating a neutron-rich iron atom that is unstable
and undergoes radioactive decay

This is called the rapid “r process” of neutron capture
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The S Process

A similar but slow or “s process” of neutron capture happens
in late stages of low mass stars

They start pulsating and shed off their outer layer

Neutron bombardment happens in a slightly less dramatic way
than in the r process (supernova)
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The S Process

Our sun formed from a gas cloud (pre-solar nebula) that was
enriched by many r and s events

Measurements allow determination of the relative contribution
of r and s processes to the composition of the pre-solar nebula

How do we determine the chemical abundances in stars?

Spectroscopy, using starlight through a telescope! Every
element absorbs at very specific wavelengths
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Balmer Series Line Spectra of Hydrogen
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“Metallicity” Varies with the Age of Star
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Window into the Early Universe

Stars with low metallicity are much fewer in number compared
to more metal-rich stars, reflecting the chemical evolution of
the universe and also the overwhelming number of stars
formed since its early stages

Metal-poor stars are the only tool available to learn about the
nature of the first stars and their supernova explosions
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