Chapter 2

Basic Chemistry

Element: A substance that cannot be broken down into simpler substances by ordinary chemical means.

Atom: The smallest particle of an element that still maintains the physical properties of the element. Composed of a positively charged nucleus surrounded by a cloud of negatively charged electrons

Structure of the atom


Nucleus: Composed of both Protons and Neutrons.

Protons positively charged with a charge equal to the unit charge of an electron 

Neutrons are electrically neutral and are equal in mass to protons.

A protons (and therefore neutron as well) is roughly 1800X heavier than an electron. Due to this, the number of protons and neutrons solely determines the mass of the atom. 

Atomic Number: The number of protons present in the atom. 

The number of protons present determines the element. For example all Hydrogen atoms have exactly one proton, all Carbon atoms have exactly 6 protons.


 Atomic Mass: The total number of protons and neutrons contained within the nucleus. Protons and neutrons both have an atomic mass of 1.0amu (atomic mass unit). 

Atomic Number -----6C12 ---------Atomic Mass 


    

If the Atomic Mass of an element is 12 and the Atomic Number is 6 how many neutrons are present in the nucleus?

Isotopes: Isotopes are atoms of the same element (therefore same number of protons) but with a different Atomic Mass.



C13 and C14  are isotopes of C12

Since the number of protons can not vary for an individual element there must be varying amounts of neutrons


Electrons: 

· Surround the nucleus

· There are an equal number of electrons as protons to achieve electrical neutrality. 

· Reside in discrete energy levels.

· Arranged such that the outermost energy level contains 8 or fewer electrons

The outermost electrons are called the valence electrons and are largely responsible for the atoms chemical behavior.  In most cases Atoms are most stable if the outer, valence, shell contains 8 electrons. This is known as the Octet rule.

Compound: A substance that consists of two or more chemically bonded atoms. The physical properties of the compound are distinctly different from the component atoms.

Bonding

Three types of bonding:


Ionic Bonding: Atoms gain or lose electrons to form either positive or negative Ions.  Bonds are formed between a positive and a negative Ion in order to create an electrically neutral compound.


Na loses an electron to form the positively charged Na+ Ion


Cl gains an electron to form the negatively charged CL- Ion




NaCl (Halite) is therefore electrically neutral.


Covalent Bonding: In covalent bonding electrons are neither gained nor lost. Atoms “share” electrons in order to complete their valence shell.
C has four electrons in its valence shell. Based on the Octet Rule it would like to have eight. In the formation of Methane it combine with four Hydrogen atoms, each of which has one electron it its valence shell. The result: Carbons ‘thinks’ it has eight electrons in its valence shell. 

(Hydrogen is one exception to the octet rule, it only requires two electron to fill its valence shell)


Metallic Bonding: In metallic bonding electrons are free to move throughout the structure.

· Responsible for the high electrical conductivity of metals
· Not very geologically important

Composition of the Earth 

1. Minerals

A. Silicate Minerals (Composed of Si and O)

i. Feldspars (60% of Earth crust) Plagioclase & Orthoclase

ii. Quartz

iii. Micas: Muscovite and Biotite

iv. Horneblend

v. Pyroxene

vi. Olivine

B. Nonsilicate minerals (8% of the Earth crust)

i. Carbonates (Contain CO2): Dolomite, Calcite, Aragonite

ii. Oxides: Hematite, Geothite, Limonite

iii. Sulfates: Gypsum

iv. Sulfides: Pyrite, Galena

v. Native Elements: Copper, Gold, Silver

2. Igneous Rocks

A. Classification and interpretation of Rocks

i. Texture (crystal or grain size)

ii. Mineral Compostion

B. Igneous Rocks (90% by volume of Earth’s crust)

i. Cooling history of magma or lava

(1) Intrusive (plutons, dikes, sills)

(2) Extrusive (lava flows, ash falls)

(3) Two stage (porphyritic texture)

ii. Mineral Composition

(1) Silica-rich rocks (granite, rhyolite)

(2) Silica-poor rocks (gabbro, basalt)

(3) Intermediate rocks (diorite, andesite)

iii. Crystallization of Magma
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First formed minerals have perfect shape

(2) Bowens reaction series-order in which minerals form

(a) Continuous reaction series (feldspar composition changes)

(b) Discontinuous reaction series (Iron-rich silicate minerals react with hot liquid) 

iv. Volcanism

(1) Silica poor magmas (partial melting of astenosphere)

(2) Silica-rich and intermediate (fractional crystallization of melting crust)

C. Sedimentary Rocks

i. Lithification: Compaction plus cementation

ii. Ubiquitous Structure: Layering (Stratigraphy)

iii. Derivation by weathering

(1) Decomposition (chemical)

(2) Disintegration (Physical)

iv. Sedimentary Textures

(1) Clastic

(2) Nonclastic

v. Classification

(1) Clastic rocks: Conglomerate, breccia, sandstone, siltstone, shale

(2) Nonclastic rocks: Carbonates, chert, rocksalt, coal, chalk

D. Metamorphic Rocks

i. Metamorphic Processes: Regional, local

ii. Textures

(1) Foliated

(2) Nonfoliated

iii. Classification

(1) Foliated rocks: Slate Phyllite, Schist, gneiss

(2) Nonfoliated: Marble, quartzite, 

iv. Metamorphic Grades (Facies)

(1) Show historical significance in terms of past conditions (temp/pressure)

(2) Delineated by index minerals.
