
Chemistry

Chemistry is the study of materials and the changes 
that materials undergo. 

It is sometimes called the central science because so 
many naturally occurring phenomena involve 

chemistry and chemical change.

1.1



Matter

Matter is anything that has mass and takes 
up space.
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Matter
• Atoms are the 

building blocks of 
matter.

• Each element is 
made of a unique 
kind of atom.

• A compound is 
made of two or more 
different kinds of 
elements.

Note:  Balls of different colors are 
used to represent atoms of different 
elements. Attached balls represent 
connections between atoms that 
are seen in nature. These groups of 
atoms are called molecules.
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Diatomic Molecules

• These seven elements occur naturally as 
molecules containing two atoms:
– Hydrogen
– Nitrogen
– Oxygen
– Fluorine
– Chlorine
– Bromine
– Iodine
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States of Matter
The three states 

of matter are
1) solid.
2) liquid.
3) gas.

 Be familiar with 
properties of each: 
shape, volume, 
organization, and 
movement
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Compounds and Composition
• Compounds have a definite composition. That means 

that the relative number of atoms of each element that 
makes up the compound is the same in any sample.

• This is The Law of Constant Composition (or The 
Law of Definite Proportions).
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Classification of Matter—Mixtures
• Mixtures exhibit the properties of the 

substances that make them up.
• Mixtures can vary in composition 

throughout a sample (heterogeneous) or 
can have the same composition 
throughout the sample (homogeneous).

• Another name for a homogeneous mixture 
is solution.
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Types of Properties
• Physical Properties can be observed 

without changing a substance into another 
substance.

◦ Some examples include boiling point, 
density, mass, or volume.

• Chemical Properties can only be 
observed when a substance is changed 
into another substance.

◦ Some examples include flammability, 
corrosiveness, or reactivity with acid.
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Types of Properties

• Intensive Properties are independent of 
the amount of the substance that is 
present.

◦ Examples include density, boiling point, 
or color.

• Extensive Properties depend upon the 
amount of the substance present.

◦ Examples include mass, volume, or energy.
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Types of Changes

• Physical Changes are changes in matter 
that do not change the composition of a 
substance.

◦ Examples include changes of state, 
temperature, and volume.

• Chemical Changes result in new 
substances.

◦ Examples include combustion, oxidation, and 
decomposition.
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Changes in State of Matter

Converting between 
the three states of 
matter is a physical 
change.

When ice melts or 
water evaporates, 
there are still 2 H 
atoms and 1 O atom 
in each molecule.
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Chemical Reactions (Chemical Change)

In the course of a chemical reaction, the reacting 
substances are converted to new substances. Here, 
the elements hydrogen and oxygen become water.
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Types of Forces

• intermolecular forces, or IMFs: the forces 
between particles

• intramolecular forces: the forces within 
substances
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Task 1.2
1. Label each of the following as either a physical 

process or a chemical process: 
a) Corrosion of aluminum metal 
b) Melting of ice 
c) Pulverizing an aspirin 
d) Digesting a candy bar 
e) Explosion of nitroglycerin 

2. Which elements exist as diatomic molecules?
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Scientific Notation

C x 10n

1≤ C < 10
n is an integer
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Task 2.1
1. Convert the following numbers to scientific 

notation. 
a) 102,500,000 
b) 0.0000656 
c) 0.18 
d) 91,380,000,000 
e) 1,020
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Task 2.1
2. Convert the following scientific notation numbers 

to standard notation. 
a) 3.70 x 106 

b) 1.92 x 10-2

c) 9.18 x 10-5

d) 1.2 x 106

e) 7.91 x 101
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Units of Measurements—SI Units

• Système International d’Unités (“The International 
System of Units”)

• A different base unit is used for each quantity.
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Units of Measurement—
Metric System Prefixes

Prefixes convert 
the base units into 
units that are 
appropriate for 
common usage or 
appropriate 
measure.
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Density

• Density is a physical property of a 
substance.

• It has units that are derived from the units 
for mass and volume.

• The most common units are g/mL or g/cm3.
• D  =  m/V 
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Dimensional Analysis
• We use dimensional analysis to convert one quantity 

to another.
• Most commonly, dimensional analysis utilizes 

conversion factors (e.g., 1 in. = 2.54 cm).
• We can set up a ratio of comparison for the equality 

either 1 in/2.54 cm or 2.54 cm/1 in.
• We use the ratio which allows us to change units (puts 

the units we have in the denominator to cancel).
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Task 2.4
1. Complete the following conversions: 

a) 0.105 days to seconds 
b) 0.0550 mi to m 
c) 0.076 L to mL
d) 5.0 x 10-8 m to nm 
e) 5.850 gal/hr to L/s 
f) 1.55 kg/m3 to g/L
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Temperature

• In scientific measurements, the Celsius and Kelvin 
scales are most often used.

• The Celsius scale is based on the properties 
of water.
– 0 °C is the freezing point of water.
– 100 °C is the boiling point of water.

• The kelvin is the SI unit of temperature.
– It is based on the properties of gases.
– There are no negative Kelvin temperatures.
– The lowest possible temperature is called absolute 

zero (0 K).
• K = °C + 273.15
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Task 2.5

1. Convert the following temperatures from one 
unit to the other. 

a) 398 K to °C 
b) 167 K to °F 
c) 23 °F to °C 
d) -13.2 °C to K 
e) 262 °C to °F
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Task 2.5

2. When discussing a change in temperature, 
why will it not matter if the change is recorded 
in Celsius or Kelvin? 

2. How does the Celsius scale compare to that 
of the Fahrenheit scale? Kelvin?
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Numbers Encountered in Science

• Exact numbers are counted or given by 
definition. For example, there are 12 eggs 
in 1 dozen.

• Inexact (or measured) numbers depend 
on how they were determined. Scientific 
instruments have limitations. Some 
balances measure to ±0.01 g; others 
measure to ±0.0001g.
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Significant Figures

• The term significant figures refers to 
digits that were measured.

• When rounding calculated numbers, we 
pay attention to significant figures so we 
do not overstate the accuracy of our 
answers.
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Significant Figures

1. All nonzero digits are significant.
2. Zeroes between two significant figures 

are themselves significant.
3. Zeroes at the beginning of a number are 

never significant.
4. Zeroes at the end of a number are 

significant if a decimal point is written in 
the number.
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Significant Figures

• When addition or subtraction is performed, 
answers are rounded to the least 
significant decimal place.

• When multiplication or division is 
performed, answers are rounded to the 
number of digits that corresponds to the 
least number of significant figures in 
any of the numbers used in the calculation.
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Task 2.6

1. Determine the number of significant figures in 
the following measurements. 

a) 358 kg 
b) 0.054 s 
c) 6.3050 cm 
d) 0.0105 L 
e) 7.0500 x 10-3 m3

f) 1010. g 
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Task 2.6

2. Use a calculator to carry out the following 
calculations and record the answer to the 
correct number of significant figures. 

a) 12.0050 + 9.05 
b) 157.2 – 19.789 
c) 6.32 x 103 x 0.1050 
d) 0.0577/0.753 
e) 320.5 – (6104.5/2.3) 
f) (0.045 x 20,000.0) + (2812 x 12)
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Accuracy versus Precision

• Accuracy refers to the 
proximity of a 
measurement to the true 
value of a quantity.

• Precision refers to the 
proximity of several 
measurements to 
each other.
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Percent Error

Percent error =   (Actual – Calculated) x   100%
Actual
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Task 2.7
a) Calculate the average percentage for each set 

of data, and tell which set is the more accurate
based on the average. 

a) Which set is more precise? Explain. 

a) Using your averages for part a, calculate the
percent error for each student.
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Law of Conservation of Mass

The total mass of substances present at the 
end of a chemical process is the same as the 
mass of substances present before the 
process took place.

This law (Lavoisier) was one of the laws on 
which Dalton’s atomic theory was based.
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Atomic Theory of Matter

The theory that atoms 
are the fundamental 
building blocks of 
matter reemerged in the 
early nineteenth 
century, championed by 
John Dalton.
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Law of Multiple Proportions

 If two elements, A and B, form more than 
one compound, the masses of B that 
combine with a given mass of A are in the 
ratio of small whole numbers.

Dalton predicted this law and observed it 
while developing his atomic theory.

When two or more compounds exist from 
the same elements, they can 
not have the same relative number 
of atoms.
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Discovery of Subatomic Particles

• In Dalton’s view, the atom was the 
smallest particle possible. Many 
discoveries led to the fact that the atom 
itself was made up of smaller particles.

Electrons and cathode rays
Radioactivity
Nucleus, protons, and neutrons
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The Electron (Cathode Rays)

• Streams of negatively charged particles were found to 
emanate from cathode tubes, causing fluorescence.

• J. J. Thomson is credited with their discovery (1897).
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The Atom, circa 1900

• The prevailing theory 
was that of the “plum 
pudding” model, put 
forward by Thomson.

• It featured a positive 
sphere of matter with 
negative electrons 
embedded in it.

3.1



Discovery of the Nucleus

Ernest 
Rutherford shot 
α particles at a 
thin sheet of 
gold foil and 
observed the 
pattern of scatter 
of the particles.
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The Nuclear Atom

Since some particles 
were deflected at 
large angles, 
Thomson’s model 
could not be correct.
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Subatomic Particles
• Protons (+1) and electrons (–1) have a charge; 

neutrons are neutral.
• Protons and neutrons have essentially the same 

mass (relative mass 1). The mass of an electron 
is so small we ignore it (relative mass 0).

• Protons and neutrons are found in the nucleus; 
electrons travel around the nucleus.
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Symbols of Elements

 Elements are represented by a one or two letter symbol.  
This is the symbol for carbon.

 All atoms of the same element have the same number of 
protons, which is called the atomic number, Z. It is written 
as a subscript BEFORE the symbol.

 The mass number is the total number of protons and 
neutrons in the nucleus of an atom. It is written as a 
superscript BEFORE the symbol.
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Isotopes
• Isotopes are atoms of the same element with 

different masses.
• Isotopes have different numbers of neutrons, 

but the same number of protons.
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Task 3.2
1. Determine the number of protons, electrons and 

neutrons in: 

36Cl17   
124I53
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Periodic Table

• The rows on the 
periodic table are 
called periods.

• Columns are 
called groups.

• Elements in the 
same group have 
similar chemical 
properties.

4.1



Groups

These five groups are known by their names.



Ions

• When an atom of a group of atoms loses or gains 
electrons, it becomes an ion.

• Cations are formed when at least one electron is lost.  
Monatomic cations are formed by metals.

• Anions are formed when at least one electron is gained.   
Monatomic anions are formed by nonmetals.
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Ionic Compounds
Ionic compounds (such as NaCl) are generally 

formed between metals and nonmetals.
Electrons are transferred from the metal to the 

nonmetal. The oppositely charged ions attract 
each other. Only empirical formulas are written.
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Inorganic Nomenclature

• Write the name of the cation. If the cation 
can have more than one possible charge, 
write the charge as a Roman numeral in 
parentheses.

• If the anion is an element, change its 
ending to -ide; if the anion is a polyatomic 
ion, simply write the name of the 
polyatomic ion.
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Writing Formulas

• Because compounds are electrically neutral, 
one can determine the formula of a 
compound this way:
– The charge on the cation becomes the subscript 

on the anion.
– The charge on the anion becomes the subscript 

on the cation.
– If these subscripts are not in the lowest whole-

number ratio, divide them by the greatest common 
factor.

4.2



Task 4.2
1. Name these binary compounds. 

a) NaCl
b) SrO 
c) AlN
d) BaCl2
e) K2O 
f) CuO
g) Cu2O 
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Task 4.2
2. Convert these names to chemical formulas. 

a) Magnesium nitride 
b) Barium bromide 
c) Aluminum phosphide 
d) Potassium iodide 
e) Lithium chloride 
f) Sodium fluoride 
g) Tin (IV) bromide
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Nomenclature of 
Binary Molecular Compounds

• The name of the element 
farther to the left in the 
periodic table (closer to 
the metals) or lower in the 
same group is usually 
written first. 

• A prefix is used to denote 
the number of atoms of 
each element in the 
compound (mono- is not 
used on the first element 
listed, however).
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Nomenclature of Binary Compounds

• The ending on the second element is changed 
to -ide.
– CO2: carbon dioxide
– CCl4: carbon tetrachloride

• If the prefix ends with a or o and the name of 
the element begins with a vowel, the two 
successive vowels are often elided into one.
– N2O5:  dinitrogen pentoxide
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Task 4.3
1. Write formula or names for the following 

molecular compounds. 
a) Dinitrogen tetroxide 
b) Phosphorous pentachloride
c) Iodine trifluoride
d) Nitrogen dioxide 
e) Dihydrogen monoxide 
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Task 4.3
2. Convert the following formulae to names. 

a) N2O5

b) PCl3
c) SF6

d) H2O 
e) Cl2O

4.3



Acid Nomenclature
• If the anion in the acid ends 

in -ide, change the ending 
to -ic acid and add the 
prefix hydro-.
– HCl:  hydrochloric acid
– HBr:  hydrobromic acid
– HI:  hydroiodic acid

• If the anion ends in -ite, change the ending to -ous acid.
– HClO: hypochlorous acid
– HClO2: chlorous acid

• If the anion ends in -ate, change the ending to -ic acid.
– HClO3:  chloric acid
– HClO4:  perchloric acid

4.4



Patterns in Nomenclature

• Central atoms on the second row have a 
bond to, at most, three oxygens; those on the 
third row take up to four.

• Charges increase as you go from right to left.
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Patterns in Nomenclature

• The one with the second fewest oxygens ends in -ite:  ClO2
− is 

chlorite.
• The one with the second most oxygens ends in -ate:  ClO3

− is 
chlorate.

• The one with the fewest oxygens has the prefix hypo- and 
ends in -ite:  ClO− is  hypochlorite.

• The one with the most oxygens has the prefix per- and ends 
in -ate:  ClO4

− is  perchlorate.
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Task 4.4-4.5

1. What are the formulae for the following ionic 
compounds? 
a) Ammonium nitrate 
b) Copper (II) bromide 
c) Copper (I) bromide 
d) Zinc hydrogen sulfate 
e) Aluminum sulfate 
f) Sodium perchlorate 
g) Copper (II) iodite
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Task 4.4-4.5

2. Convert the following formulae to names. 
a) NaNO3

b) KMnO4

c) CaCO3

d) CuSO4

e) Cu2SO4

f) KNO2

g) LiClO4
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Nomenclature of Organic Compounds

• Organic chemistry is the study of carbon.
• Organic chemistry has its own system of nomenclature.
• The simplest hydrocarbons (compounds containing only 

carbon and hydrogen) are alkanes.
• The first part of the names just listed correspond to the 

number of carbons (meth- = 1, eth- = 2, prop- = 3, etc.).

Be Familiar
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