
Bonding and Substitution

Today’s topic:
Ionization potentials, electronegativity, and bonding character



Element Concentration (%)
O 45.5
Mg 3.2
Si 26.8
Fe 7.1
Ca 5.3
Al 8.4
Na 2.3
Cr 0.00
Mn 0.00
K 0.91
Ti 0.54
P 0.00
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45.5
3.2
26.8
7.1
5.3
8.4
2.3
0.0
0.0
0.91
0.54
0.0

44.2
22.9
21.4
6.3
2.2
1.9
0.43
0.30
0.11
0.11
0.10
0.03

Pyrolite model Andesite model 
     (mantle)         (crust)

From problem set #1 — mantle vs. crustal compositions



(cations - metals) (anions - nonmetallic)
Electron donors Electron acceptors



Ionic bond = Electrons are transferred  

Covalent bond = Electrons are shared  

Occurs when elements have differing metallic (or
non-metallic) character 

Occurs when elements have similar metallic (or
non-metallic) character 

Electrons are never transferred or shared completely
except for diatomic molecules such as H   , O  , or N
which are truly covalent

2      2           2



Quantitative measures of the tendency of an element
to act as an electron donor or electron acceptor are 
the first ionization potential and electronegativity



First ionization potential: Indicates how strongly the nucleus of a
neutral atom attracts an electron in a partially filled orbital (a measure 
of its metallic character). It is the energy required to remove electrons 
from a positively charged particle.



First ionization potential increases with atomic number 
(within a period), and decreases within a group



First ionization potential: Indicates how strongly the nucleus of a
neutral atom attracts an electron to a partially filled orbital (a measure 
of its metallic character). It is the energy required to remove electrons 
from a positively charged particle.



Electronegativity: Measure the ionic character of covalent bonds, 
indicating the extent to which two atoms share their valence 
electrons equally. Elements with low electronegativity are electron
donors/metals.



Electronegativities increase with increasing atomic number, 
with the noble gases at zero because they don’t attract
electrons… 



Electronegativity: Measure the ionic character of covalent bonds, 
indicating the extent to which two atoms share their valence 
electrons equally. Elements with low electronegativity are electron
donors/metals.

Also notice that electronegativities decrease within a group 
(like the first ionization potential) indicating the binding 
energy of valence electrons decreases. I.e., The larger the
atom, the more loosely it holds its valence electrons.



The difference in electronegativities between elements
is related to the ionic vs. covalent character of the bond 
between them.



The covalent character of bonding between elements 
increases with increasing atomic number in a period
but is little changed within a group



Electronegativity of the elements

CO3
NO3
SO4
SiO4

Non-metals form familiar compounds with
covalent bonds



Electronegativity of the elements

NaCl
KCl
CsF

Bonds between metals and non-metals at
opposite ends of the periodic table form 
highly ionic bonds



CaCO3           Ca2+ + CO2-
3

Minerals dissociate into ions when they dissolve
in water:

Because H2O is a polar molecule that is attracted
to electrical charges on ionic crystals… while there
is no effect on the covalent C-O bonds



Ionic radii vs. atomic number



Relative ionic radii for common valences
and coordination numbers



Electron density in coesite (Si2O8) model

Ionic radii are not
fixed — don’t 
think of the ions 
having rigid 
electron shells



Coordination number and
cation-anion ratios



Goldschmidt’s Rules of Substitution



Ions of different elements with similar ionic radii



Solid solutions
Alkali feldspars Olivine

Goldschmidt’s rules also important in trace element chemistry



Thermobarometry

e.g., Fe and Mg exchange in omphacite (Ca, Na)(Mg, Fe2+, Fe3+,Al)[Si2O6] is a 
common thermometer; Si content in phengite (high-P white mica) is a common
barometer


