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ATOMS
The basic unit of matter is the atom.
The subatomic particles that make up atoms are protons, neutrons, and 

electrons.
Protons and neutrons have about the same mass.
Protons are positively charged particles (+).
Neutrons carry no charge. 
Protons and neutrons together form the nucleus, at the center of the atom.
The electron is a negatively charged particle (-).
Atoms have equal numbers of electrons and protons, and therefore atoms do 

not have a charge.



ELEMENTS AND ISOTOPES

A chemical element is a pure substance that consists entirely of one type of 
atom.

The number of protons in an atom of an element is the element’s atomic 
number.

Atoms of an element can have different numbers of neutrons. 
Atoms of the same element that differ in the number of neutrons they contain are 

known as isotopes.
Because all the isotopes of an element have the same number of electrons, 

they all have the same chemical properties.



CHEMICAL COMPOUNDS AND BONDS
A chemical compound is a substance formed by the chemical 

combination of two or more elements in definite proportions.
Atoms in compounds are held together by chemical bonds.
An ionic bond is formed when one or more electrons are transferred from 

one atom to another.
A covalent bond forms when electrons are shared between atoms.
The structure that results when atoms are joined together by covalent 
bonds is called a molecule.



CHEMICAL COMPOUNDS AND BONDS

Unequal sharing of electrons creates regions of positive and negative 
charges in molecules.

Slight attraction can develop between the oppositely charged regions 
of nearby molecules.

Such intermolecular forces of attraction are called 
van der Waals forces.
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The water molecule (H2O) is neutral.
The oxygen end of the molecule has a slight positive charge, and the 
hydrogen end has a slight negative charge.
A molecule in which the charges are unevenly distributed is called a 
polar molecule.
Polar molecules can attract each other.
The attraction between the hydrogen atom on one water molecule 
and the oxygen atom on another water molecule is called a 
hydrogen bond.
Cohesion is an attraction between molecules of the same substance.
Adhesion is an attraction between molecules of different substances.



HYDROGEN BONDS



A mixture is a material composed of two or more elements 
or compounds that are physically mixed together—the 
substances are not chemically combined.

A solution is a mixture in which all the components are 
evenly distributed throughout the mixture.

In a solution, the substance that is dissolved is called the 
solute. The substance in which the solute dissolves is called 
the solvent.

Water is considered the “universal solvent.”



SOLUTE VS SOLVENT



A water molecule can react to form ions.

A water molecule (H2O) can form a hydrogen ion (H+) and a hydroxide ion 
(OH-).

The pH scale indicates the concentration of H+ ions in a solution.
Pure water has a pH of 7.

An acid is any compound that forms H+ ions in solution. Acidic solutions 
contain higher concentrations of H+ ions than pure water.
A base is a compound that produces OH- ions in solution.

Basic, or alkaline, solutions contain lower concentrations of H+ ions than pure 
water and have pH values above 7.

A buffer is a substance which attempts to bring the pH of a solution to a 
neutral pH (7).



pH SCALE
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ORGANIC CHEMISTRY

Organic chemistry is the study of all compounds that contain bonds between 
carbon atoms. Carbon compounds are also called organic compounds.

Many of the molecules in living things are so large that they are known as 
macromolecules.

Macromolecules are formed in a process called polymerization.

Smaller units, called monomers, join together to form macromolecules, or 
polymers.



WHAT IS THE DIFFERENCE BETWEEN
ORGANIC AND INORGANIC?

The primary difference between organic compounds and inorganic
compounds is that organic compounds always contain carbon while
most inorganic compounds do not contain carbon. 

Almost all organic compounds contain carbon-hydrogen or C-H
bonds.



ORGANIC COMPOUNDS

Four groups of organic compounds found in living things are 
carbohydrates, lipids, nucleic acids and proteins.

Carbohydrates are compounds made up of carbon, hydrogen, and 
oxygen atoms.

Living things use carbohydrates as their main source of energy.

Plants and some animals use carbohydrates in structures.

Starches and sugars are examples of carbohydrates.



LIPIDS

Lipids are made mostly from carbon and hydrogen atoms. 
Fats, oils and waxes are lipids.

Lipids are used in living things to store energy. Some lipids 
are important parts of biological membranes and waterproof 
coverings.

Lipid molecules are made up of compounds called fatty acids 
and glycerol.



NUCLEIC ACIDS

Nucleic acids contain hydrogen, oxygen, nitrogen, carbon and 
phosphorus.

Nucleotides are the monomers that make up nucleic acids. Each 
nucleotide consists of a 5-carbon sugar, a phosphate group and a 
nitrogenous base.

Nucleic acids store and transmit hereditary, or genetic information.

There are two kinds of nucleic acids: ribonucleic acid (RNA) and 
deoxyribonucleic acid (DNA).



PROTEINS

Proteins contain nitrogen as well as carbon, hydrogen and oxygen.

Proteins are polymers of molecules called amino acids.
Some proteins control the rate of reactions and regulate cell 

processes.

Some are used to form bones and muscles.

Others transport substances into or out of cells or help to fight 
disease.
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CHEMICAL REACTIONS

A chemical reaction is a process that changes one set of chemicals 
(reactants) into another set of chemicals (products). 

Chemical reactions always involve the breaking of bonds in reactants and 
the formation of new bonds in products.

Some chemical reactions release energy, and other reactions absorb 
energy.

Exothermic reaction – releases (produces) heat energy
Endothermic reaction – absorbs heat energy (gets colder)

Chemical reactions that release energy often occur spontaneously. Every 
chemical reaction needs energy to get started, and that starting energy is 
called activation energy.



ENZYMES
A catalyst is a substance that speeds up the rate of a chemical reaction. 
Catalysts work by lowering a reaction’s activation energy.
Enzymes are proteins that act as biological catalysts.
Enzymes speed up chemical reactions by lowering activation energies.
In an enzyme-catalyzed reaction, the reactants are known as substrates. 

The substrates bind to a site on the enzyme called the active site.
Enzymes have specific functions
Enzymes have optimum working conditions – temperature and pH
Enzymes can be re-used many times without decreasing their 

effectiveness
Enzymes usually have the suffix -ase in their name 

Example  - Lactase 



COMMON ENZYMES FOUND IN HUMANS

Lactase - breaks down lactose (milk sugars)
Diastase - digests vegetable starch
Sucrase - digests complex sugars and starches
Maltase - digests disaccharides to monosaccharides (malt sugars)
Invertase - breaks down sucrose (table sugar)
Glucoamylase - breaks down starch to glucose
Alpha-glactosidase - facilitates digestion of beans, legumes, seeds, 

roots, soy products, and underground stem
Proteases - breaks down proteins found in meats, nuts, eggs, and 

cheese



LOCK KEY ANALOGY

• The specific action of an 
enzyme with a single substrate 
can be explained using a Lock 
and Key analogy

• The lock is the enzyme and 
the key is the substrate.

• Only the correctly sized key 
(substrate) fits into the key 
hole (active site) of the lock 
(enzyme).



HOW ENZYMES WORK



ENZYME REACTION RATES



ENZYME REACTION RATES

Temperature pH


