


Matter

ÅAtoms
ïThe smallest unit of an element that 

retain its properties
ÅMolecules- a small orderly group of atoms 

that possess specific properties - H2O

ïSmall nucleussurrounded by a cloud of 
electrons

ïThe nucleus contains protons and 
neutrons



The Nucleus

ÅProtons

ïPositive electrical charge

ïMass equal to 1 atomic unit

Å1 atomic unit = 1.66 * 10-24g

ïThe number of protons in the nucleus 
determines the atomic number



The Nucleus

ÅNeutrons

ïElectrically neutral - no charge

ïMass of 1 atomic unit

ïThe number of neutrons + protons 
equals the atomic mass

ïThe number of neutrons in the nucleus 
of a given element may vary producing 
isotopes



Electrons

ÅElectrons form clouds around nucleus
ïNegative electrical charge

ïMass is much much less than 1
ÅNot a significant contribution to the mass of the 

atom

ïElectrons = protons in electrically neutral 
atom

ïVariations in the number of electrons 
produceions



Ions

ÅAtoms may gain or lose electrons

ïNoble gas electron structure

ïLoss of electrons makes a positively 
charged ion - cation

ïGaining electrons makes a negatively 
charged ion - anion

ïOppositely charged ions may attract one 
another



Periodic Table of the Elements



Isotopes

ÅNumber of protons constant in a given 
atom

ÅNumber of neutrons vary

ÅAtomic mass varies

ÅIsotopes may be stable or radioactive

C C C
6 protons 6 6

12 protons and neutrons 13 14

stablestable Unstable, i.e., 

radioactive



Bonding

ÅAtoms are stable when their outmost 
electron shell is filled

ïElectron structure like a noble gas

ïAtoms lose, gain or share electrons to 
achieve a noble gas structure

ÅTypesor bonds

ïIonic Covalent Metallic



Bonding

ÅIonic bonds
ïFormed between ions of opposite charge

ÅCovalent bonds
ïAtoms share electrons to achieve noble 

gas structure

ÅMetallic bonds
ïOuter electrons are mobile
ÅElectrical conductivity



Ionic Bonding



Periodic Table of the Elements



Fig 3.4B

Covalent Bonding



States of Matter

ÅSolid

ïCrystalline - atoms bond together in a 
regular orderly pattern

ïAmorphous - atoms bonded together in a 
random pattern

ÅLiquid - atoms or molecules tightly packed 
but in random motion

ÅGas - particles in random motion at high 
speeds, separated by empty space



The Nature of Minerals

ÅMineral

ïA naturally occurring inorganic solid that 
has an exact chemical composition with 
an orderly internal arrangement of atoms 
generally formed by inorganic processes.



Minerals

ÅNaturally occurring inorganic solid

ïMust be solid

ÅIce vs. water

ïMust be formed by a natural process

ÅNatural vs. synthetic diamonds

ïMust be an inorganic compound

ÅCoal is not a mineral



Minerals

ÅInternal structure

ïRepetitive geometric pattern of atoms

ïExpressed in physical properties

ÅInterfacial angles

ÅCleavage

ïPolymorph

ÅMinerals with the same chemical 
composition but different internal structure



Fig 3.17

Polymorphism



Minerals

ÅExact composition
ïDefinite chemical composition expressed 

as a chemical formula

ïComposition ranges from simple to 
complex
ÅNative copper - Cu

ÅBiotite - K(Mg,Fe)3AlSi3O10(OH)2
ïIonic substitutionmay occur causing 

small variations in composition



Physical Properties

ÅCrystal faces & form
ïGrowth in unrestricted environment

ïForm reflects symmetry of internal 
structure

ÅDensity
ïRatio of mass to volume

ïCommon rock-forming minerals range 
from 2.6 to 3.4 grams/cm3



Physical Properties

ÅCleavage

ïBreakage along parallel planes of 
weakness

ïRelated to internal structure -weaker 
bonds

ïMay occur in 1 or more planes

ïFractureis uneven breakage - no natural 
planes of weakness



Cleavage Planes




