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Mineral Name

Implies two things

Chemical composition A distinct set
A particular structure, or |:> of phys.lcal
properties

arrangement of atoms.




Polymorphs

© minerals that have the same chemical composition but

different structure

Examples

© C60 (fullerene, Nobel prize 1996)

o Carbon nanotubes (CNT)

)

o Graphite = graphene (2010, Nobel prize

o Name a few different properties or

applications for each?




aragonite

Examples?

Fe ,0;

o a-Fe ,0;: hematite
o corundum structure, hexagonal close
packing
 antiferromagnetic below ~260 K
o y-Fe ,05: maghemite
¢ cubic structure, meta stable, converts to
a- phase at high T
» ferromagnetic




Minerals are chemical compounds

chemical compound: stable combination of elements,
electrically neutral

stoichiometry: ratio of elements in a mineral

Example:
The stoichiometry of quartz is Si and O in a 1:2 ratio (SiO,)
Sidorenkite Na;MnPO,CO,

Must be charged balanced!

Terms

Element: simplest form of matter; can’t be separated into
different substances by ordinary chemical reactions

Atom: smallest unit of matter that retains the properties of the
element

Atomic structure:
nucleus
protons (charge=+1e; mass=1 amu)
neutrons (no charge, mass~1 amu)
electrons (mass<<1 amu; charge = -1¢)




Terms

Core electrons (filled inner shells)

Valence electrons (outer shell, available for chemical bonding

interactions)

Atomic number: number of protons in the nucleus;

characteristic of the element

The Periodic Table of the Elements
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“Lanthanides

TActinides

Terms

© Mass number: # of protons + # of neutrons

o Isotopes: elements having same atomic number, but different
number of neutrons.

Examples:

o 12C, 13C, 14C are isotopes of carbon (mass number = 6)
 285j, 29Sj are isotopes of silicon (mass number = 14)




Terms

Atomic mass (weight): mass of 1 mole of that substance
(6.02 X 1023 particles); averaged over the naturally occurring
isotopes; given in periodic table

Neutral atom: equal numbers of electrons and protons

lon: charged atom or tightly bound molecule

Bonding in Materials




(A) Electronic structure

Electronic structure: provides an understanding of the ways
and proportions that various elements occur in minerals.

Octet rule: atoms tend to gain or lose electrons to gain a filled
outer shell; which has eight electrons for elements below the
second row. Stable configuration is for the outer shell to be
either filled or empty - like that of a noble gas

Valence or formal charge on the ions

Valence = oxidation state

The charge of an atom after gaining or losing electrons to fill
the outer shell

The periodic table is arranged in such a way to make this easier




Basic orbital structure

Example: Na; Z=11; neutral atom has 11 protons in
the nucleus and 11 electrons:

NANNNNT
1s 2s 2p 3s 3p 4s 3d 4p

Na can gain a filled outer shell by giving up one electron,
acquiring the e structure of Ne

Na = Na*+ e

Na is a cation with a +1 valence (or, formal charge; oxidation
state)

Basic orbital structure

Example: Cl; Z=17

NN N NT

1s 2s 2p 3s  3p 4s 3d 4p

Cl can gain a filled outer shell by gaining one electron, acquiring

the e structure of Ar
Cl +e=CI
Cl~is an anion with a -1 valence (or, formal charge)




General Rules for assigning formal charge

Alkali metals (first column): always +1 (Na, K, etc.)

Alkaline earths (second column): always +2 (Mg, Ca,
Sr, Ba)

Halogens (column 7): always -1 (F, Cl, etc.)
Column (lll): Al, B, etc. are +3

Si: +4

C: can be anything from -4 to +4

Transition metals

correspond to filling of 3-d orbitals; more complicated

can be tricky, some have several possible valence states

most transition metals have a +2 charge from loss of 4s
electrons (leaving the 3d electrons)
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Some additional rules for Earth

1) Ois always -2
2) His always +1
3) valence for a native element is always 0

4) the charge of an ion is equal to the sum of the valence of the
atoms:

5) the total charge of a mineral formula (or any chemical
compound) is 0

6) rules 1-4 can be used to figure out the valence of something
you don’t know.

B) Electronegativity (EN)

measure of an atom’s ability to acquire an electron.

useful concept for describing types of bonds.

in periodic table: upper right are most electronegative (O and F)
left and lower left have lowest EN (metals)

difference in electronegativity can be used to deduce nature of

bond: ionic (large difference) to covalent (little or no difference).
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The noble gases are assignad electronagativities of zero and are omitted from this illustration.

FIG. 3.22 The electronegativities of the elements. (From J. E. Brady, J. W. Russell, and J. R. Holum,
2000, Chemistry, matter and its changes, 3rd ed., New York: Wiley.)

C) Types of bonding in minerals

lonic bond

o Between elements with large EN difference (e.g., between Na
and F)

o complete transfer of electrons from cation to anion
© moderately strong bond: brittle, moderately high melting point
o (Usually being) electrical insulators

12



cation

Repulsive energy E_=B-exp _d)
a

(electron clouds of cation and anion repulse each other,
l but only when the ions are very close to each other)
Distance (=d)

Energy
o

-

f =
II /"
| - c

\
\ "/’a total — Ea + Er
- d, “Coulomb attractive energy E, = Aequqzé

C) Types of bonding in minerals

Covalent bond

Between elements with similar, but high EN
(example: C-C in diamond; C-O in carbonate ion)
electrons shared between elements

very strong bonds (= short bond distances)

brittle; high melting point

13



C) Types of bonding in minerals

Metallic bond

Between elements with similar, but low EN (e.g., Cu-Cu)

All valence electrons given up to “conduction band”
cationic metal cores with mobile electrons

moderate melting point

excellent electrical and thermal conductivity

opaque; metallic luster (strong interaction with visible light)

C) Types of bonding in minerals

Van der Waal's bond

Between neutrally charged particles
polarization of electron distribution
very weak bond

often occurs between sheets in layered minerals (graphite,
some clay minerals such as talc)
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C) Types of bonding in minerals

Hydrogen bond

Between OH group (hydroxyl, or
water), and lone e pair on adjacent
oxygen

weak bond, but important in some
minerals (ice, clay minerals, gypsum)

Extremely important in biological
systems (stabilizes and determines
the structure of large
macromolecules, e.g. proteins and
nucleic acids

C) Types of bonding in minerals

It is very common for minerals to exhibit more than one type of
bonding
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Sulfur: Covalent bonds within 8-ring;

Wbonds between rings
e
o

Graphite: Covalent bonds within sheet;
van der Waals bonds between sheets

.#Et...g"..
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calcite CaCO,

Bond energy, bond length

Bond energy (E): the measure of bond strength in a chemical
bond

Relates to bond length (distance): we can use atomic radius
(metallic, ionic, or covalent) of each atom in the molecule to
determine the bond strength

Only general trend
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Anions
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Cations

Na*
Mn2+ AlR+ g4+
o o ) o
K+

CaE+ Fe3+ TE4+ P5+ SE+
o -
-2 -1 0 +1 +2 +3 +4 +5 +6
lonic charge
Perkins (2002) Mineralogy, 2" Ed; p. 274
Example

(pm)

Bond energy
(kd/mol)

C-C 154 348
C=C 134 614
C=C 120 839
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lonic Size

Coordination

lonic Radius A

lon Number with Oxygen
0%~ 1.36[31]
K* 8-12 1.51[81-1.64[12]
Na* 8—6} cubic to 1.18[8]-1.02 [6]
Ca?* 8-6 octahedral 1.12 [8]-1.00 {6]
Mn>* 6 0.83 [6]
Fe”* 6 0.78[6]
Mg?* 6 0.72 [6]
tahedral
2 0.65 [6]
T4t 6 0.61 [6]
A3t 6 0.54 [6]
AIS* 4 0.39[4]
Sit+ 4 0.26 [4]
tetrahedral
po+ 4 cHranedra 0.17 [4]
S+ 4 0.12 [4]
cH* 3 triangular -0.08 [3]
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