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Chemistry
The branch of science that deals with 
the identification and composition of 

matter and how it reacts .

Alchemist

“Wizards” studied 
what matter is made 
up of. 
ex: Tried to mix 
substances to make 
gold or live forever.

Matter - is anything that has mass and 
takes up space

 atom is a small particle that is a building block 
of matter

Substances
• is matter with a composition that always 

the same

Elements

Examples : gold, iron, 
nickel, oxygen and
helium

-

•substances that cannot be broken 
down into simpler substances.

•118 elements

Compounds 
• a substance containing atoms of two or more 

different elements chemically bonded together
 compounds have different properties than the 

individual elements 
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Mixtures
are

Physically Combined

Mixture

•2 or more substances combined physically
•atoms  or reacted with each other 
•each substance maintains its properties
•matter that can vary in composition

Solutions

•mixtures that are uniformly mixed
•examples; Cool Aide,  sugar in  water water, 
salt and water

Solute
• the substance being 
dissolved in a solution
• sugar in  water

Solvent •the substance that a solute is being 
dissolved in
•water that sugar is dissolved in

Water •universal solvent 
•most substances will dissolve in it

Heterogeneous Mixture 

 a type of mixture in which the individual 
substances are not evenly mixed
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Homogeneous Mixtures 
• a type of mixture in which the individual 

substance is evenly mixed

States of Matter 

Kinetic Molecular Theory

• All matter (atoms) are in constant motion.
• The rate of motion of the molecules determines 

whether it is a solid, gas or liquid. 

Properties of Matter
property - characteristic

Solid
•definite shape and volume.

•strong forces that hold the molecules close 
together
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Liquid
definite volume but no definite shape 

 Conforms to the container.

 Forces are relatively strong but weaker than solids.

Gas

 no definite shape and no definite shape volume.

very weak forces hold the molecules  
together

Plasma
•high energy state of matter 
•atoms lose their electrons  

Plasma
•high energy state of matter 
•atoms lose their electrons  
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Boyles Law
The volume of gas increases as its 
pressure decreases.

Charles Law

A fixed amount of gas at a constant pressure, 
the volume increases as the temperature 
increases. The reverse is also true the volume 
decreases as the temperature decreases.

Plasma
High energy state of matter. Particles loose 

electrons and need high temperatures and 
pressure. The Sun

Phase Changes

Freezing Point- Liquid to Solid

Boiling Point - Liquid to Gas

Melting Point -Solid to Liquid

Condensation - Gas to Liquid

Sublimation - Solid to Gas

Physical Change 
• a change in size, shape, form or state of 

matter in which the matter’s identity stays 
the same

Physical Change 
• a change in size, shape, form or state of 

matter in which the matter’s identity stays 
the same
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Chemical Change
• a change in matter in which the substances 

that make up the matter change into other 
substances with new physical and chemical 
properties

A measure of heat energy. Adding heat (thermal energy) 
to matter can cause a phase change. Energy causes the 
molecules to move faster increasing temperature, 
weakening the forces

Temperature

Potential energy Potential Energy
The energy stored  in an object.

Potential 
Energy

The energy stored  in an 
object.

Kinetic
• The energy of motion. 
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Potential energy is converted into 
kinetic energy.

What's going on? Thermal Energy
• the total potential and kinetic energy of an 

object

Physical Property
 a characteristic of matter that you can 

observe or measure 
 ex: freezing point, color, melting point, 

density

Democritus 
• Matter can be divided to its smallest part the atom.
 Greek atomos- indivisible
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Aristotle believed everything was made of 4 basic 
elements air, water, fire and earth (people believed 
that for 2 thousand years)

Dalton Model

•1800’s an English Chemist
•all elements are composed of atoms
•atoms of the same element are alike
•compounds are made by joining elements

Thomson’s Model

•atoms have positive and negative particles

Rutherford Model

•1908 an English physicist
•atoms are mostly empty space
•have a small dense positively charged center, the 
nucleus
•negative charge particles around the nucleus,
electron

Bohr Model

•1913, Danish Scientist
•electrons move in orbits around the nucleus 
•orbits or energy levels  are located at certain 
levels from the nucleus

Wave Model

•electrons do not move in a perfect orbit
•only a prediction can be made where an 
electron will be
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Modern Atomic Theory

•nucleus surrounded by 
electrons      ( an equal but 
opposite charge of the proton)

•A small positively charged 
nucleus, 
•protons      and neutrons 

• electron cloud is where electrons 
are most likely found

• the atom is mostly empty space

Atom
• the smallest piece of an element that still 

represents that element with all it s properties

Nucleus

•consists of two types of particles ( protons 
and neutrons)
•99.9 % of the mass of the atom
•hundred thousand times smaller than the 
atom

Protons

•positively charged particles

•mass of 1 amu (atomic mass unit)

+

Neutrons

•electrically neutral

•mass of slightly more than 1 amu

0 •1/2000 the mass of a proton
•negatively charged particle (-1)
•in an uncharged atom the 
electrons equals the protons
•circle the nucleus

Electron
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Atomic Number 

•number of protons in the nucleus
•always the same in each element

Mass Number

•the number of protons and neutrons in 
an atom
•on the periodic table the atomic mass is 
the average of all isotopes of an atom 
found in nature 

Average Atomic Mass 
• the average mass of the element isotopes, weight 

according to the abundance of each isotope on 
Earth

Isotopes •elements with the same # 
of protons but a different 
amount of neutrons in the 
nucleus

Quantum Forces

What's inside?

Quantum Forces

Weak Force 
• plays a role in nuclear decay or things 

falling apart
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Quantum Forces

Weak Force
Quantum Forces

Strong Force 
• holds the neutrons and protons in the nucleus

Quantum Forces

Electromagnetic Force- positive and 
negative forces of electrons and protons 
holding the nucleus atom together

Quantum Forces

Sub Atomic Particles 
(Quantum Mechanics)

Quarks - small particles that make up protons and 
neutrons

Sub Atomic Particles 
(Quantum Mechanics)

Quarks - small particles that make up protons and 
neutrons
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Sub Atomic Particles 
(Quantum Mechanics)

Leptons - small particles that make up 
electrons

Fundamental Forces of Physics

Periodic Table 
• a chart of the elements arranged into rows and 

columns according to physical and chemical 
properties

Dmitri Mendeleev

Russian Chemist who designed a 
periodic table in which the elements 
were arranged in order of increasing 
atomic mass (number of protons in 
the nucleus) , the atomic mass 
increases from left to right 

•vertical columns, react similarly in 
chemical reactions, have similar 
properties

Dmitri Mendeleev

oThe physical and 
chemical properties of 
the elements are 
periodic functions of 
their atomic masses.
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Modern Periodic Law

oElements are arranged in order of 
increasing atomic numbers (number of 
protons in the nucleus)

oThe physical and chemical properties of 
the elements are periodic functions of 
their atomic masses.

Modern Periodic Law

The physical and chemical properties of the 
elements are periodic functions of their 

atomic masses.
Low 
Atomic 
Mass

High 
Atomic 
Mass

Modern Periodic Law

Elements are arranged in order of increasing 
atomic numbers (amount of protons in the 

nucleus).
Low 
Atomic 
Mass

High 
Atomic 
Mass

Similar Reactions

Increase in Mass
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Periods
•horizontal rows across the periodic table 
(7 periods )
•first element is a extremely active solid
•last element is a inactive gas

Groups or Families 
•18 columns of element 
•elements have similar but not identical 
properties

Metals

•all elements to the left side of the stairs
•good conductors of heat and electricity
•usually shiny
•malleable, pounded into different shapes 
•drawn into wires

Nonmetals

•all elements to the right
of the stairs
•poor conductors of 
heat and electricity
•dull
•break or shatter 
instead of bending
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Metalloids

•elements on either side of stairs
•have properties of both metals and nonmetals

Natural Elements 

elements that occur naturally

elements 1-92

Synthetic Elements 

man-made in a laboratory

Alkali Metal Family

•group one 
•very reactive, 1 valence 
electron 
•react quickly with oxygen 
(explosive)
• almost never found in 
pure form 
•lowest densities of the 
metals

Alkaline Earth metals

• Group 2
•reactive 
• 2 valence electrons
•metals
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Transitional MetalsGroup 3-12

•properties similar to one another
•good conductors of heat and electricity
•usually brightly colored
•have one or 2 valence electrons

Boron Family
•3 valence electrons
Carbon Family
•4 valence electrons
Nitrogen Family
•5 valence electrons
Oxygen Family
•6 valence electrons

Nonmetals

Elements of Life

•Group 17
•7 valence electrons
•most active nonmetals

Halogen Family
Noble Gases Family

Group 18
•normally un-reactive
•8 valence electrons

Rare Earth Elements

Lanthanide
Series

•soft malleable 
metals
•high luster and 
conductivity

•all radioactive
•all synthetic (except first three) 

Actinide Series
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Coloring the Periodic  Table Electron cloud
 the space in which an electron is most likely found in an 

atom energy levels
 location in a cloud that an electron is likely to be 

found
 electrons with a higher level are farther from the 

nucleus
 electrons with lower energy are closer to the nucleus

Properties of element depend on the outer shell

o unfilled shells are unhappy and want to be filled
o 1st energy level can hold 2 electrons
o 2nd energy level can hold 8

Octet Rule
• an atom is stable (un-reactive) if it has 8 

electrons in its outer shell

Valence Electrons
• the outermost shell is the valence shell

 the electrons in the valence shell are the valence 
electrons that participate in chemical bonding

Electron Dot Diagram 
• a model that represents valence electrons in an atom 

as dots around the elements chemical’s symbol 
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Compounds
 different atoms that are 

chemically combined

Chemical Bond 
• a force that holds two or more 

atoms together

Covalent Bonds 
• electron sharing
 atoms share valence 

electrons to form molecules

2 fluorine atoms covalently bonding by sharing an 
electron and creating a new substance, the molecule 

F2

Covalent Bonding
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O
H H

H2O

Mickey  Mouse Molecule

Molecule 
• a group of atoms held together by covalent bonding

Polar Molecules 
• a molecule that has a partial positive end and a 

partial negative end because of unequal sharing of 
electrons

Nonpolar Molecules 
• a molecule that has equal sharing of electrons

Chemical Formula 
• a group of chemical symbols that represent the 

elements and the number of atoms of each 
element that make up a compound

Ion 
• is an atom that is no longer electrically neutral because it 

has lost or gained valence electrons
 gaining an electron or electrons make it a negative ion (Cl-)
 losing electrons make it a positive ion (Na+)

Ionic Bonding 
• the attraction between positively and negatively charged ions in an ionic 

compound
 One atom rips off an electron and has a negative charge (Cl-) and the 

other atoms that loses an electron has a positive charge (Na+)
 valence electrons are transferred from one atom to another
 the force of attraction between charged atoms (ions) holds the ionic 

compound together
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Formation of a NaCl (salt) an ionic 
compound by ionic bonding.

Cl- + NaNa+ NaCl

• a bond formed when many metal atoms share their pooled 
valence electrons

•
• good conductors of heat (thermal energy) and electricity because 

the valence electrons can move form ion to ion conducting an 
electrical charge

Metallic Bonding Metallic Bonding 

Physical Change 
• Any change, in which the identifying properties of a 

substance remain, and no new substances or properties 
are formed. ex. liquid water freezing
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Chemical Change 
• Any change in which the identifying properties of a substance are changed, 

so that new substances with new properties are formed. 
ex. burning wood

Chemical Reaction 
• a process in which atoms of one or more 

substances rearrange to form on or more new 
substances

 atoms rearrange to from new substances
bonds break and bonds form

Chemical Equations 
• a description of a reaction using element 

symbols and chemical formulas

Element Symbols 
• a subscript describes the number of atoms of an 

element in a compound

Chemical Formula 
• a group of chemical symbols that represent the 

elements and the number of atoms of each 
element that make up a compound

Reactants 
the starting substances in a 
chemical reaction

Products 
the substances produced by the 
chemical reaction
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Balancing Equations

Law of Conservation of Mass 
• the total mass of the reactants before the 

chemical reaction is the same as the total mass 
after the chemical reaction 

 equation must be balanced on both sides

Coefficient 
• the number placed in front of an element 

symbol or chemical formula in an equation

Types of Chemical Reactions

Synthesis Reaction 
• a type of chemical reaction in which two or 

more substances combine and form one 
compound

Decomposition Reaction 
• one compound breaks down and forms 2 or more 

substances

Single Replacement Reaction 
one element replaces another element in a 
compound

Double Replacement 
• the negative ions in two compounds switch 

places, forming two new compounds
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Combustion 
a chemical reaction in which a substance 
combines with oxygen and releases energy

Endothermic Reactions 
chemical reactions that absorb thermal energy

Exothermic Reactions 
chemical reactions that release thermal energy

Exothermic Reaction

•Chemical reaction that releases energy.

•example - burning wax

Activation Energy
 the minimum amount of energy needed 

to start a chemical reaction


