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Tentative Course Outline

Fall term 2017
Lectures: Mondays and Wednesdays 11:35AM – 12:25AM (FDA-315)
Laboratory: Tuesdays 2:35PM- 5:25PM (FDA-211)

Week    Subject

1    Introduction 
-organization (course description and schedule), books, evaluation 

1 Origin of elements (AM)
-The Big Bang
-Cosmic abundances and nucleosynthesis
-Terrestrial abundances

2/3    Chemical thermodynamics and phase equilibria (AM)
-Thermodynamic systems
-Intensive and extensive properties
-Equilibrium versus steady state
-Reversible and irreversible processes
-Metastable equilibrium
-Fundamental relationships (DE, DH, DA, DG, Cp) and laws of thermodynamics
-Ideal gases

3/4     -Gibbs free energy, chemical potential and the law of mass action (AW-J)
-Influence of P and T on free energy and the Clausius-Clapeyron equation
-Activity and fugacity

5 The phase rule (AW-J)
-Binary phase diagrams 

6    Water chemistry (AM)
-Acid-base reactions
-Redox reactions
-Eh-pH diagrams
-Complexation reactions
-Solubility concept



7    Weathering (AM)
-Congruent dissolution reactions
-Incongruent dissolution reactions
-Redox reactions
-Soil development

8/9 Isotope Geochemistry (AW-J)
-Stable isotopes 
-Radiogenic isotopes 

10 Hydrothermal Processes (AW-J)
-Fluid-rock interaction.
-Black smokers
-Geothermal systems
-Physico-chemical controls of ore deposition

11 Elemental cycles (AW-J)

12/13 Chemical kinetics (AM)
-Rate determining step
-Elementary reactions
-Rate expressions for elementary reactions
-Reaction order
-Complex reactions
-Influence of T on reaction rate, Arrhenius equation
-Nucleation and crystal growth

14 Organic geochemistry (AM)    
-Terminology
-Maturation of organic matter
-Hydrocarbons in crude oil

Evaluation: Mid-term                      30%
Problem sets/assignments 30%
Final exam                   40%



Reference books:
White, William M. (2005) Geochemistry, Wiley-Blackwell, Hoboken, NJ, USA
On line textbook:  http://www.imwa.info/geochemistry/http://www.eps.mcgill.ca/~courses/c220

Anderson, G.M (1996) Thermodynamics of Natural Systems, 1st Edition, Wiley & Sons, Toronto, 382 pp.
(2009) Thermodynamics of Natural Systems, 2nd Edition, Wiley & Sons, Toronto, 664 pp.
(2017) Thermodynamics of Natural Systems: Theory and Applications in Geochemistry

and Environmental Science , Wiley & Sons, Toronto, 428 pp.

Faure, G. (1991) Principles and Applications of Inorganic Geochemistry, MacMillan Publishing Co., New York, 626pp.

http://www.eps.mcgill.ca/%7Ecourses/c220
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BIG BANG – first proposed by G. Lemaitre (Ph.D. MIT) in 1927
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The expanding Universe
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Nebular clouds



The birth and growth of a star

The nebula condenses into a swirling disc, with a central ball surrounded by rings. 
First generation stars are though to have been as much as 100x the mass of our Sun 
 Red Giants.

The ball at the center grows dense and hot enough for fusion - “hydrogen burning” -
to begin (>50 x106 oC). Dust (solid particles) condenses in the rings.



01_00.jpgThe expanding Universe



wavelength

The distance between between successive waves is known as the wavelength, 
whereas the time interval between the passage of each wave through a given 

point is known as the frequency. 
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The expanding Universe

Hydrogen light observed from distant galaxies, 
shifted to longer wavelengths or towards the red of 
the light spectrum– “Red Shift”. Hence, hydrogen 
light spectrum from distant galaxies is recorded on 
Earth at different wavelengths which are 
characteristic of the retreat velocity of the galaxy.



The expanding Universe

From: W.S. Broecker (1985) How to build a habitable planet

t = 13.4 x 109 years
“Hubble constant”



Background radiation from the Big Bang

Arno Penzias
Robert Wilson

1963

The shape and intensity of the 
radiation spectrum is 
characteristic of a given 
temperature



neutron  electron + proton  =  é  + H+  

t1/2 = 12 minutes

Nucleosynthesis

H+ + neutron  Deuterium (D)

2 H+ +  neutrons  Helium (He)

3 H+ + neutrons  Lithium (Li)

From: W.S. Broecker (1985) 
How to build a habitable planet



Nucleosynthesis



74% Hydrogen
24% Helium
+ traces of Lithium



10-8 cm

Structure of the atom

negatively-charged particle

positively-charged particle

neutral particle (no charge)

A neutrally-charged atom will have an equal 
number of electrons and protons, é = p

# protons = atomic number (nature of the atom)
# protons + # neutrons = atomic mass

(protons and neutrons are ~1800 times heavier than electrons)



Periodic table of the elements
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From: W.S. Broecker (1985) How to build a habitable planet



The three isotopes of hydrogen

(Protium) Isotopes of the same element have the same number of protons but 
different numbers of neutrons in their nucleus, hence different mass.

Radio-isotopes have an unstable combination of protons and neutrons in the 
nucleus and undergo radioactive decay 



Three most common modes of radioactive decay

From: W.S. Broecker (1985) How to build a habitable planet



Fission



Rate of radioactive decay

Rate = k [A] k = ln 2/t1/2 = 0.693/t1/2

The rates at which radio-isotopes decay are inherent properties of the isotope and 
are unaffected by changes in temperature, pressure or geological processes.



The “life cycle” of the carbon-14 atom

From: Broecker and Peng (1982) Tracer in the Sea



Radiometric dating

t1/2 = 5730 years



Uranium and Thorium decay series

From: Broecker and Peng (1982) Tracer in the Sea



10-8 cm

Structure of the atom

negatively-charged particle

positively-charged particle

neutral particle (no charge)

A neutrally-charged atom will have an equal 
number of electrons and protons, n = p

# protons = atomic number (nature of the atom)
# protons + # neutrons = atomic mass

Twelve grams of carbon (1.8 cc) 
contain 6.023 x 1023 atoms of carbon.
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Periodic table of the elements



Ions and the Ionic Bond

CATION
positively-charged ion

ANION
negatively-charged ion 



CATION
positively-charged ion

ANION
negatively-charged ion 

Relative size of ions



Oxygen

Hydrogen Hydrogen

H2O



Ions and the Ionic Bond 
(hard-sphere interactions)

CATION
positively-charged ion

ANION
negatively-charged ion 



Covalent Bond 
(soft-sphere interactions)



Metallic Bond 
(the electrons in the valence/outer shells move easily from atom to atom)



Bonds resulting from the 
polarity of molecules 

(molecules for which there are internal electron density gradients)



Bonds resulting from the polarity of molecules

Water is a very good solvent



States of matter

solid

liquid

gas

plasma
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