
1.1 Matter and Its Classification

Microscopic (can’t see these things with the naked eye) Classification of Matter
● Atoms are the smallest particle of an element that retain the characteristics of the

element
● Monatomic - one atom makes the particle of the element
● Diatomic - two atoms make the particle of the element
● A molecule forms when two or more atoms join together

○ Molecules can either be elements or compounds
● Elements are made of only one type of atom

○ Elements can be individual atoms or molecules of an element
○ For example, Ne and H2 are elements

● A compound is a type of molecule made of at least two different kinds of
elements

○ For example, H2O

Macroscopic (can be seen with the naked eye) Classification of Matter
● A pure substance contains only one type of particle and has distinct properties.

Pure substances are either:
○ Elements (gold) or Compound (water)

● A mixture contains two or more types of particles.
○ Homogeneous - uniform composition (aka solution) - no matter where you

sample throughout that mixture you will always get the exact same
composition of individual molecules or particles within that sample.

○ Heterogeneous - variable composition (aka trail mix) - sampling one
region of a mixture might get something different than when sampling
another region of that same mixture.

Classify the samples as pure substances (elements or compounds) or mixtures
(heterogenous or homogenous mixtures).

● A lead pipe:  a pure substance - element
● A beer (disregard the foamy head): mixture - homogeneous
● Dry ice (solid CO2): pure substance - compound
● A candy bar: mixture - it depends on the candy bar.

Periodic Table of Elements
● The periodic table of elements is arranged in:

○ Vertical columns called groups or families of elements with similar
properties
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● Precision is how reproducible your measurements are in science
● Accuracy is how close you are to the true value

In measured quantities, the last reported digit is the first uncertain (estimated) digit.
Math Toolbox 1.2

Rules for determining how many significant figures a reported measurement has:
1. All nonzero digits are significant
2. Zeros between two significant digits are significant (2004)
3. Zeros at the beginning (left) of a number are never significant (0.001062)
4. Zeros at the end (right) of a number are significant only if a decimal point is

written in the number (0.0600 mg, 3.0 cm, 300 g).

Significant Figures: Multiplication/Division

When multiplication or division is performed, answers are rounded to the least number of
significant figures in any of the numbers used in the calculations.
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● The balanced equation gives the relative ratio of moles, molecules, or atoms of
reactants and products and their states of matter (gas (g), liquid (l), solid (s), or
aqueous solution (aq)).

Balancing Chemical Equations
1. Write an expression of reactants and products, using correct chemical formulas

and physical states of matter
2. Count the number of each type of atom on each side of the reaction (reactants and

products).
3. Balance an element that appears in only one reactant and product first. Recount.
4. Balance an element that appears in the next fewest reactants and products.

Recount.
5. Repeat until all atoms are balanced on the reactant/product sides.

Combustion Reactions
● Rapid reactions with oxygen that produce a flame and heat

○ 2Mg(s) + O2(g) > 2MgO (s)
○ S(s) + O2(g) > SO2(g)

● Often involve hydrocarbons, which produce CO2 and H2O
○ CH4(s) + 2O(g) > CO2(g) + 2H2O(g)

5.4 Predicting Chemical Reactions

Precipitation Reaction:
● A solid forms from dissolved ions
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● Electrons are completely transferred, not shared in ionic Lewis structure
● Ionic compounds form a crystal lattice that maximizes attractions and minimizes

repulsion between charges
● Lattice structures are influenced by the relative sizes and charges of the ions.

8.3 Covalent Bonding

● Shared pairs of electrons are simultaneously attracted to both nuclei, rather than
being pulled completely from one atom to another

The Octet Rule
● Generally, atoms lose, gain, or share electrons in order to take on the same

number of electrons as their nearest noble gas neighbour

Multiple Bonds
● A double bond shares two pairs of electrons
● A triple bond shares three pairs of electrons
● Bond length decreases with bond order
● Bond strength increases with bond order  \

Bonding Framework
● An outer atom bonds to only one other atom

○ Usually have low bonding capacities and high electronegativities
○ Hydrogen is always outer

● An inner atom bonds to more than one other atom
○ Usually have high bonding capacities and lower electronegativities
○ Carbon is always inner

Resonance
● Resonance occurs when two or more completely equivalent Lewis structures

exist.
● The actual observed structure of ozone is a hybrid of the above structures where

both the O-O bonds are the same length and strength

Exceptions to the Octet Rule
● Expanded octets: Elements in n>=3 can have more than an octet if needed
● Odd electron Molecules (free radicals): determine the best possible structure (all

atoms will not obey the octet rule) ad put the lone electron on the less
electronegative atom
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London (Dispersion) Forces
● All atoms and molecules can exhibit momentary, instantaneous dipoles (electron

imbalances)

● Dispersion forces are attracted between an instantaneous dipole and an induced
dipole

Size Affects Dispersion Forces
● Larger molecules and atoms tend to be more polarizable because they have more

electrons
● For nonpolar molecules, the larger the molecule is, the greater the dispersion

forces are, and the higher the boiling point

Dipole-Dipole Interactions occur between Polar Molecules
● Polar molecules have permanent dipoles
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○ Removing product causes more product to form
● Changing pressure

○ For gases, increasing pressure (or decreasing volume) causes a system to
shift towards the side with fewer moles of gas

● Effects of  changing temperature
○ Equilibrium constants are temperature dependent
○ Endothermic: reactants + heat <> products

■ For an endothermic process K increases as temperature rises
○ Exothermic: reactants <> products + heat

■ For exothermic process, K decreases as temperature rises

13.1 What are Acids and Bases

● An Arrhenius acid increases the concentration of protons (H+, which turns into
H3O+) when dissolved in water

● An Arrenius base increases the concentration of OH- when dissolved in water
● A Bronsted acid donates a proton (H+)
● A Bronsted base accepts a proton (H+)
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