CHAPTER 2 ELEMENTSAND MINERALS

Minerals

Composition
and
Physical and Chemical Properties
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Arrangement of Sodium and Chloride lons in Halite

Chloride lon

Sodium lon

e Minerals are made of elements

e Elements are made up of atoms

e Atoms are the basic building blocks of all matter. They are invisible
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What is an element? e
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Elements electron

They contain 3 parts

1. Protons
Found in the nucleus
Positive charge

2. Neutrons
Found in the nucleus
Charge of 0

3. Electrons
Rotate in the orbits the -

nucleus nucleus

Negative charge Qe Atworks
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Elements

A substance in which all of
the atoms are the same.
The 6 most common
elements on the earth are
Phosphorus
Carbon

Hydrogen

Oxygen

Nitrogen

Sulfur
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A compound is a substance in which there are 2 or more types

of atoms.



Periodic Table

Where elements are arranged

Atomic number
Number of protons

Element abbreviation

Atomic mass T— Lithium
Number of protons + number of e | .
neutrons i I 1

6.941




Aluminum
Calcium
Carbon
Chlorine
Copper
Helium
Hydrogen
Iron

Lead
Gold

Symbols To Know

Al
Ca
C
Cl
Cu
He
H
Fe
Pb
Au
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e Argon

e Magnesium
e Mercury

e Nitrogen

e Oxygen

e Potassium
e Silicon

e Sodium

e Sulfur

e Uranium
Silver- Ag

Ar

o
= Z%E

Si
Na
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ELEMENTS AND MINERALS
Periodic Table

Where elements are arranged

Each element is made of all the same kind of atom.
Elements can combine together to form compounds
which have a definite chemical formula Which elements
combine depend on the electron configuration.
Substances can combine to form mixtures.




Connection to Minerals

Minerals are made up of a single element or
a compound.

Since compounds are combinations of
elements, it is important to know how and
why elements combine?

The properties of minerals are due to the
internal structure of the atoms, known as
their crystal arrangement.
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Atoms make-up minerals

charge)

Concentric shells (Negative
of electrons G charge)
An atom is the smallest component e (Positive

of matter

Each element is defined by the
number of protons

The atom must be electrically
neutral

The number of protons equals the
number of electrons

. 1
Nucleus / 3
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Atoms make-up minerals

Sodium chloride




ELEMENTS AND MINERALS

Why do sodium and chlorine combine to form salt?

The configuration of electrons determines if an atom will respond
with another atom

Electron

-

.
Sodium (Na*) Chlorine (CI7)

The sodium atom has one electron on its outer ring. The
Chlorine atom has 7 electrons on its outer ring. The two atoms
share electrons forming an ionic bond.
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Atomic structure determines the mineral’s
characteristics

A
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Salt or halite always has a cubic form and tastes salty



Atomic structure determines the mineral’s
characteristics

» The one electron is
added to Chlorines
outer shell

The one electron on the
outer shell is given up

This leaves the sodium

atom with more protons,
+1

+» This leaves the
chlorine atom with
one more electron, -1

cation

anion



Characteristics of minerals

® Minerals are ingredient of
rocks.

® This means many different
minerals make up rocks.

® Characteristics of minerals
»Naturally occurring
»Inorganic

»Solids

»They have a specific chemical
make-up.

»Have a crystalline internal
structure.
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Mineral Formation
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Minerals are formed in two
different ways

1. Cooling of magma
This is the most common.
The slower the rate of
cooling the larger the
crystal.

2. Evaporation of water
- As it evaporates the water
leaves the mineral behind.




Silicon and oxygen make-
up 70 % of the Earth’s
crust

ELEMENTS AND M.

Eight elements make-up 99% of t

NERALS

ne Earth’s crust

Table 2.1 The Eight Most Abundant Chemical
Elements in the Earth’s Crust®
Weight Atom Volume
Element Symbol  Percent Percent  Percent}
Oxygen O 46.60 62.55 93.8
Silicon Si 2772 2520 0.9
Aluminum Al 8.13 6.47 05
Iron Fe 5.00 592 0.4
Calcium Ca 3.63 .94 1.0
Sodium Na 2.83 2.64 .3
Potassium K 2.59 [i42 |.8
Magnesium Mg 2209 |.84 0.3
Total 98.59 100.00 100.00

® 2007 Thomson Higher Education
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cooling and orystalizing

Cooling of magma:
crystallization

Evaporation: salt

Hydrothermal

ne twork u:ufinterru:u.nn of yatals,
allmagmaused up




Minerals are the building block of
rocks

Feldspar

B

© 2007 Thomson Higher Education



Properties of Minerals
Physical and Chemical properties

Physical Properties:

» Color

» Streak

» Luster

»Hardness

»Cleavage/Fracture

» Crystal Form

» Specific Gravity

»Special Properties

Over 3000 different minerals exist, but
only 50 are common. These minerals are
identified using 8 basic characteristics.



Properties of Minerals
Physical and Chemical properties

Physical Properties:
Color:

Although an obvious feature,
it is often unreliable to use to
determine the type of mineral.
Color of a mineral may be useful for
determining any impurities that are
present in the mineral
For example - Rose quartz has iron
impurities; green quartz has
chlorite impurities.
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Properties of Minerals
Physical and Chemical properties

Physical Properties:
Streak:

The color of a mineral in its
powdered form; obtained by
rubbing the mineral against an
unglazed porcelain plate.

Streak is usually less variable than '
color but it can be very different =
from color! '
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Properties of Minerals
Physical and Chemical properties

Physical Properties:
Luster:

This property describes the
appearance of reflected light from
the mineral's surface. Luster is
either “metallic” or “nonmetallic”
Nonmetallic minerals are described
using the following terms: vitreous,

pearly, silky, resinous, and earthy.




Properties of Minerals
Physical and Chemical properties

Physical Properties:
Hardness: Hardness
This is the resistance of the L
mineral to abrasion or scratching.
This property doesn't vary greatly
from sample to sample of the same
mineral, and thus is highly
diagnostic. A value is obtained by
comparing the mineral to a
standard scale devised by Moh,
which is comprised of 10 minerals
ranging in hardness from talc
(softest) to diamond (hardest).

9
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Mineral

Diamond

Corundum

Topaz
Quartz

Feldspar

Apatite

Fluorite

Calcite
| Gypsum

Talc
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Properties of Minerals
Physical and Chemical properties

cratches

Photo by C C. blummer
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Properties of Minerals
Physical and Chemical properties

Physical Properties:
Cleavage:

Orientation and
number of planes of
weakness within a
mineral. Directly
reflects the orientation
of weak bonds within
the crystal structure.
This feature is also
very useful

Cleavage

Depending on how
their constituent
atoms are
arranged, minerals
may brake along
specific surfaces of
weakness called
cleavage planes.

Cleavage planes mark
those parts of the
mineral where ions
are connected by
relatively weak ionic
bonds.

Y

Cleavage in one direction. Example: MUSCOVITE
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Cleavage in two directioni‘.-Eumplo: FELDSPAR
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Cleavage in three directions. Example: HALITE
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Cleavage in two directions. Example: CALCITE
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Properties of Minerals
Physical and Chemical properties

Physical Properties:
Fracture :

This describes how a
mineral breaks if it is not -
along well defined planes. In
minerals with low symmetry
and highly interconnected
atomic networks, irregular
fracture is common.
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Properties of Minerals
Physical and Chemical properties

Copyright © McGraw-Hill Companies,. Inc. Permission required for reproduction or display.
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Planer Cleavage in Mica
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FPhoto by C. C. Plummer



Properties of Minerals
Physical and Chemical properties

Physical Properties:
Crystal form or habit:

The shape of crystals generally reflects
the internal arrangement of their atoms in their crystal lattice.
This can be altered, however, if the mineral crystallized in an
environment that did not allow it to grow properly.

Imagine wearing shoes that are too tight - your foot will
change its shape to match the shoes!
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Properties of Minerals
Physical and Chemical properties

Copyright @ McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Properties of Minerals
Physical and Chemical properties

Physical Properties:

Special Properties
Magnetism: Magnetite (Fe304) has this property and it can
be used to distinguish it from other non-magnetite iron
oxides, such as hematite (Fe203).
Double Refraction: Seen in calcite crystals. Light is split or
refracted into two components giving rise to two distinct
images.
Taste/Smell: Halite has a salty taste; Sulfur smells of rotten
eggs
Reactions with acid: Calcite fizzes on reaction with acid
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Properties of Minerals
Physical and Chemical properties

Copyright @ McGraw-Hill Companies, Inc. Permission required for reproduction or display.

LDow' le refraction

Double refraction



Properties of Minerals
Physical and Chemical properties

Chemical Properties:

The chemical properties of minerals
mainly reflect the chemical properties of the atoms present in
each. However, even here these properties depend on the way
the atoms are bound in the mineral's crystal structure. Let us
examine the property known as solubility — the ability of a
mineral to dissolve in a liquid, like salt and water.



Properties of Minerals
Physical and Chemical properties

Chemical Properties:

Nearly all minerals are soluble in water.
But most dissolve to such a limited extent as to go almost
unnoticed. A liquid is called a solvent when it's action on a
solid substance is to break apart the atoms of the crystal
structure, thus dissolving it.



The Unit Cell

Unit Cell is the smallest 3D repeating unit of a
crystal structure representative of its:

e atomic structure
e chemical composition
e crystal symmetry

Unit Cell is a regularly ordered arrangement of atoms with
a fixed geometry relative to one another

The atoms are arranged in a ‘box” with parallel sides, the
unit cell, which is repeated by simple translations to make
up the crystal. Unit cell dimensions measured in angstroms
with 1A = 10-1%m.
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The Unit Cell

TEM (transmission electron

microscopy) image of Cordierite Macrocrystals of Cordierite showing
(Mg,Al,Si:0,5) showing ordered well developed flat crystal faces that
structure typical of crystalline characterise crystals in their macro

structures form
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Crystal Systems: common groups of symmetry

CRYSTAL SYSTEMS (Fig 1)

Crystal symmetry is defined by: ,
Planes of symmetry A
Axes of rotation

Axes of inversion

Cubic

Tetragonal

Orthorhombic

All properties of a crystal x,
substance conform to symmetry,
Symmetry is the defining

jp -
ju

f ! Y

property of a crysta e (il /Z__




Unit cell dimensions of the seven crystal systems
CUBIC

a=b=ca=p0=y=90 7‘
TETRAGONAL
a=b#ca=B=y=90 |
ORTHORHOMBIC
azb#ca=F=y=90
MONOCLINIC
az b#ca=y=900(>90 —
TRICLINIC w L~
azb#ca#pP#y=90
HEXAGONAL
a=b#ca==90;y=120
TRIGONAL - Hexagonal Where a, b, and c are the unit cell axes
a=bz#ca=p=90; Y =120 dimensions and &, f5, and y are the

TRIGONAL - Rhombohedral inclination angles of the axes in the unit cell.
a=b=ca=B=y#90<120



Crystal Structures

All crystal structures can be envisaged as: the packing together of
spherical ions/atoms bonded by ionic and/or covalent and/or
metallic bonds

lonic bond:

Electrical attraction between
ions of opposite charge (Na+, Cl-)
90%  minerals are ionic
compounds

Covalent bond:

shared electrons where
electrons not readily lost/gained
E.g. Diamond

Metallic bond: e.g. NaCl - Salt
free-electron sharing in metallic

atoms (loose electrons)




Crystal Growth

Crystal growth can be envisaged as addition of unit cells in three
dimensions

If this occurs at the same rate in all directions the shape of the unit
cell will be retained in the macro crystals

If the rate of addition of unit cells is not the same in all directions
the shape of the macro crystals need not reflect the unit cell shape

The symmetry of the macro crystals ALWAYS reflects at least the
minimum symmetry of the crystal system of the unit cell.
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Pyrite

Unit Cell of
pyrite
Unit cell
Pyrite crystals:
ideal growth Pyrite nodular aggregate:

confined growth



ELEMENTS AND MINERALS

Some common minerals on the Earth....!!




Quartz SiO,

Quartz 1s a silicate mineral and 1s the second most
common mineral in the Earth’ s crust.

It 1s usually white or colorless but has a wide range
of colors; some of its colored varieties are semi-
precious gems such as amethyst and citrine.

Quartz 1s used to make glass and computer chips.

Quartz commonly forms nicely shaped 6-sided
crystals that are widely available.

Quartz 1s common 1n igneous and metamorphic
rocks. It 1s resistant to chemical weathering and 1s a
common constituent of sediments such as sand and
sedimentary rocks because it 1s resistant to
weathering.
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Feldspar NaAlS1;Og4 - CaAlS1,04 - KAISI;Og

Feldspar 1s a large, complex family of silicate minerals
and is the most common mineral in the Earth’ s crust.

Since it has a wide range of chemical compositions, its
appearance may also vary widely.

Feldspar 1s commonly white to dark gray in color. Some
common varieties are pink.

Feldspars are used in the
manufacturing of specialized glasses
and ceramics. It 1s commonly used in
aggregate and, because it 1s so
common, 1s commonly used in
construction (building facing, etc.).
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Pyrite 1s a sulfide mineral and 1s one of the most
common of the minerals with metallic luster. It is
also known as “fool s gold.”

Although 1t usually forms massive groups of
indistinct crystals, it may also form beautifully
formed cubic and soccer ball-shaped crystals.

It also commonly replaces organic material and

forms fossils.

It has no economic importance now, but in the
past, it was an important source of iron and sulfur.




Magnetite Fe;O,

Magnetite 1s an oxide mineral and 1s a
common 1ron ore mineral.

It 1s usually black in color and has a
black streak. Its luster is commonly
metallic but may appear submetallic.

Magnetite forms massive groups of
small indistinct crystals, but may
rarely form octahedral crystals.

The most distinguishing property of
magnetite 1s that 1t 1s magnetic.

netite
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Talc Mg,Si,0,,(OH),

Talc 1s a silicate mineral and 1s commonly
found in metamorphic rocks.

Although it 1s not a very common mineral, it
is a good one to show to students because of
its very low hardness. The extreme softness
of the mineral gives it a slippery feel.

It 1s usually white to light green in color and
may exhibit one-direction of cleavage. Its
nonmetallic luster may appear glassy to
pearly in appearance.

Talc 1s used as an industrial lubricant, as a
filler in paints and plastic and commonly as
a major ingredient in talcum powder and
cosmetics.
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Mica
Muscovite KAl (Si;0,,)(OH,F,Cl),
Biotite K(Fe,Mg),AlSi;0,,(OH),

Muscovite and biotite are silicates and are
two of the most common types of mica.

The micas are a complex group of minerals
that are characterized by excellent cleavage
in one direction - thus, 1t can be split into
thin flexible sheets.

Muscovite and biotite can be distinguished
from one another by color: muscovite 1s
clear to tan-brown and biotite 1s dark brown

to black. The hardness of the micas ranges
2-3.




Hornblende Ca,(Mg,Fe),Al(S1,A1)O,,(OH,F),

Hornblende 1s a silicate and 1s the most
common member of a complex family of
minerals known as the amphiboles.

Hornblende is common in igneous and
metamorphic rocks. It 1s uncommon in
sedimentary rocks because 1t quickly

alters to other minerals at the Earth’ s
surface.

Hornblende has a Moh’ s hardness of 5-6 so that its hardness is
approximately that of glass.

Hornblende has 2 directions of cleavage - thus it can be easily
distinguished from biotite mica.



Fluorite CaF,

Fluorite 1s a distinctive but relatively
uncommon halide mineral mineral. It is
most commonly associated with
hydrothermal deposits.

It comes in a wide range of colors - clear,
yellow, purple and green are common.

It has a Moh’ s hardness of 4 and has
excellent cleavage in 4 directions.

Fluorite 1s our primary source for fluorine.




Calcite CaCO;

Calcite 1s a common carbonate mineral,
especially in sedimentary rocks. It 1s also
associated with biological activity in the
production of shells.

Calcite 1s usually colorless to white 1n
color but may show a range of pale
colors including yellow, pink and green.

It has 3 directions of cleavage - forming
rhombohedra (“smooshed” cubes).

Calcite is most distinguished by its
vigorous reaction to acid.

Calcite 1s used to manufacture cement
and as a calcium dietary supplement.
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Uses of Minerals

Copper is used for wiring

Gold is used for jewelry

Talc is used for baby powder
Quartz is used for glass
Limestone can be processed to
make concrete

Gems are brighter and more
colorful than common minerals.
This makes them rare and
highly prized.

Ores are minerals that contain
useful substances that can be
mined for profit. A common
example is bauxite which is
turned into aluminum.
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Uses of Minerals

Glass is made from 6 minerals

> Silica

> Limestone
> Magnesium
> Boric acid

> Soda
> Aluminum
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Uses of Minerals
Salt
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Early people collected salt
before they understood how
important the mineral is for
survival

®Chad Slattery
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Questions 7777

Why and how the elements are combined to form a
compound?

Describe the characteristics of minerals?
Describe briefly the physical properties of the minerals?

Write down the chemical formulas of the minerals
including in Moh'’s scale of hardness?

Describe the unit cell of a crystal structure?

What are the common minerals on the earth?






