Summer Review Packet
The AP Chemistry course is designed to be the equivalent of the general chemistry course usually taken during the first
college year. This course is taken with the idea in mind that students will take the AP Exam to receive college credit or
placement at the student’s college of choice. For some students, this course enables them to undertake, in their first year,
second-year work in the chemistry sequence at their institution or to register in courses in other fields where general
chemistry is a prerequisite. For other students, the AP Chemistry course fulfills the laboratory science requirement and
frees time for other courses. It is strongly recommended that students not only maintain a lab notebook throughout their
AP Chemistry course but that students keep their notebook to show to the chemistry department head of the institution to
which they wish to attend for review for credit or placement. Credit and placement tied to the AP Chemistry exam could
lead to students' readiness for and engagement in the study of advanced topics in subsequent college courses and
eventually the achievement of a STEM degree and successful career.
The course centers around six big ideas and seven science practices:
Big Ideas
1. Structure of Matter
2. Bonding and Intermolecular Forces
3. Chemical Reactions
4. Kinetics
5. Thermodynamics
6. Chemical Equilibrium
(exert from CollegeBoard.org)

The following note pages, and readings, review the material you learned, or should have learned, in Honor Chemistry.
As stated above AP chemistry focuses on six (6) Big Ideas that define the practice of chemistry. Please look over the
following topics and concepts, read any material that is unclear. In the course we will expand on these ideas but you are
expected to have the foundations that follow.
The AP chemistry curriculum is VERY packed and I will be hard pressed to cover all the material before May 1st, 2017 if I
have to go back over ALL the material from honors chemistry. I will do a brief over view of this material but I will not be
able to cover it in full. Please keep up at least this basic knowledge and you will be well prepared when we expand on it.

Additionally, you MUST know how to name compound before starting class. Please learn chemical nomenclature and
memorize the assigned polyatomic ions BEFORE the start of class. Notes on nomenclature can be found in this packet
and video tutorials can be found online. The lab at the end this packet is due by the second week of school (around
September 12th) for your first lab grade.
Throughout the summer I will host two (2) 90 minute tutorials to go over the introductory material and nomenclature.
The dates for those tutorials are: Aug. 23rd and Aug. 30th at 1:00pm in the library.

Join the text remind system by texting the number 81010 the message “@villapchem”.
Go to LundquistLabs.com for more information.

Summer Review
Big Ideas from Honors Chemistry

AP Chemistry Big Idea 1: The chemical elements are fundamental building materials of matter,
and all matter can be understood in terms of arrangements of atoms. These atoms retain
their identity in chemical reactions.
Prior Knowledge – AP chemistry Big Idea 1

Further
Explanation

1A: All matter is made of atoms. There are a limited number of types of
atoms; these are the elements.
• Atomic theories have developed over time according to the available experimental evidence and
the interpretation of this evidence. Theories of atomic structure have evolved from ideas of
atoms as small, indestructible spheres to the current model, which indicates that an atom has a
very small nucleus composed of protons and neutrons. The nucleus is surrounded by electrons
that take up most of the space in an atom.

2.4 to 2.5
p. 47 to 51

• Historical experiments are limited to models developed by Dalton, Thompson, Rutherford, Bohr,
and Schrödinger. Students should not be expected to memorize the names and the experiments.
Students should focus on how experimental evidence has led to changes in the atomic model.
• Because the mass of an atom is very small, the mole is used to translate the mass of an atom to
the macroscopic level. The mass of a mole of any substance is equal to its formula mass in grams.
• A mole is used as a counting unit, like a dozen.
You’re not expected to memorize Avogadro’s number or use it explicitly in calculations (e.g.,
calculate the number of oxygen atoms in 10 grams of carbon dioxide).

3.3
p. 81 to 8.7

• The reference for atomic masses is carbon‐12. One atomic mass unit (amu) equals 1/12 of the
mass of a carbon‐12 atom.
• The standard unit of concentration is molarity (mol/L), which is a measure of the amount of a
substance in solution.

8.4
p. 136 to 141

1B: The atoms of each element have unique structures arising from
interactions between electrons and nuclei.
• Protons are positively charged particles that define the chemical identity of an element.
Neutrons have no charge and have approximately the same mass as a proton.
• The nucleus is surrounded by negatively charged electrons that have a relatively small mass
compared to that of protons and neutrons. Electrons occupy most of the volume of an atom.
• The protons and electrons in an atom are equal in number.
• An ion is a species in which the number of electrons is not equal to the number of protons.
• It is difficult to predict exactly where electrons are located. Nevertheless, the exact energies of
electrons can be measured, and regions where electrons are most likely located can be defined.

2.5
p. 50 to 54

Prior Knowledge – AP chemistry Big Idea 1

Further
Explanation

1.C: Elements display periodicity in their properties when the elements are
organized according to increasing atomic number. This periodicity can be
explained by the regular variations that occur in the electronic structures of
atoms. Periodicity is a useful principle for understanding and predicting
trends in atomic properties, in the composition of materials, and generating
ideas for designing new materials.
• The modern version of the periodic table is organized in order of increasing atomic number
(number of protons).

2.7
p. 54 to 57

• Elements were originally placed in the periodic table based on their repeating properties, which
are a result of the number and type of valence electrons.
• Properties of an element can be predicted based on its placement in the periodic table. Groups
of elements exhibit similar properties with predictable variations; rows of elements have
predictable trends.
• Elements are often classified as metals, nonmetals or metalloids.
• There are a number of elements— such as nitrogen, oxygen, phosphorus, sulfur, hydrogen and
carbon— that are important for living systems. Carbon, the most important of these elements, is
central to the chemistry of biological systems because of its unique bonding characteristics.
Carbon compounds are usually classified as organic compounds.
NO Organic nomenclature for now.
• Another way to use the periodic table is to consider the elements as arranged in “blocks” based
on the elements’ outermost electrons. The elements in these blocks (s‐block, transition metals,
p‐block, lanthanides and actinides) in the modern periodic table also have similar properties of
predictable variability.
You only need to remember the s‐block and the p‐block in detail for now.
• Based on the current atomic model, electrons can be considered as clouds of electron density,
rather than as particles orbiting the nucleus.
• The position of electrons is best described as orbitals that represent the probability of finding an
electron in a region of space.
Electrons exhibit characteristics of both particles and waves. This is a property of particles at the
atomic‐molecular level. While this is beyond the scope of the class it is useful to know
• Electrons usually occupy the lowest available energy orbitals (ground state).
• Each orbital can describe the probability for a maximum of two electrons. Different types of
orbitals are represented by lowercase letters (e.g., s, p, d, and f). Each type of orbital has a
different shape(e.g., s has a spherical shape and p has a dumbbell shape).

7.11
p. 312 to 318

Prior Knowledge – AP chemistry Big Idea 1

Further
Explanation

1.D. Atoms are so small that they are difficult to study directly; atomic
models are constructed to explain experimental data on collections of atoms.
• Symbolic representations allow for the visualization of atoms and molecules that are too small to
see with conventional microscopes and for the prediction of the properties of these atoms and
molecules.
• Electrons have been observed to have definite energy levels, with no values in between. When
an electron moves from one energy level to another, it emits or absorbs a photon that has
energy equal to the energy difference between the levels. Consequently, each element has a
unique emission or absorption spectrum.

FIREWORKS
p. 298 to 299

• Both the emission and absorption spectra can be used to identify elements wherever they are
located.

1.E. Atoms are conserved in physical and chemical processes, but not in
nuclear processes.
• Atoms are central to the principle of the conservation of matter.

3.8 & 3.9
p. 97 to 102

• When a change occurs, the total number of atoms within a closed system remains the same;
therefore, the total mass of the system remains the same.
• Different kinds of models or representations give different information about materials. For
example, ball‐and‐stick models provide information about shape and bond angles; space‐filling
models give information about surface features.
• All of the elements, except hydrogen and helium, originated from the nuclear fusion reactions of
stars. This production of heavier elements from lighter elements by stellar fusion has never
ceased and continues today.
• Chemical reactions involve electrons; nuclear reactions involve only changes in the nucleus.
Neutrons have little effect on how an atom interacts with other atoms, yet the number of
neutrons does affect the mass and stability of the nucleus. Atoms with the same number of
protons and a different number of neutrons are called isotopes.
• When an atom has an unstable nucleus, the unstable nucleus emits radiation (e.g. alpha, beta,
gamma and positron). This process, called radioactive decay, increases the stability of the
nucleus. Atoms with an unstable nucleus are often called radioisotopes.
• Half‐life is a measure of the rate of radioactive decay, or the amount of time it takes for half of a
radioactive sample to decay to its products. For any radioisotope, the half‐life is constant and
unique and can be used to determine the age of the material.
• Radioisotopes have several medical applications. The radiation emitted as a result of the
unstable nucleus has high energy and can be detected. These characteristics allow radioisotopes
to be used as tracers of biological processes and to kill biological materials (e.g., cancer cells).

19.1 to 19.3
873 to 883

Prior Knowledge – AP chemistry Big Idea 1
1.E. Atoms are conserved in physical and chemical processes, but not in
nuclear processes. (continued)
•
•
•

Fission, the splitting of a nucleus into small fragments, and fusion, the combining of two nuclei,
are types of nuclear reactions.
When a nuclear reaction occurs, the mass–energy interconversion is significant. Nuclear
reactions, such as fission and fusion, are accompanied by large energy changes that are much
greater than those that accompany chemical reactions.
Nuclear reactions can be used as a controlled source of energy (e.g., a nuclear power plant).

Further
Explanation

AP Chemistry Big Idea 2: Chemical and physical properties of materials can be explained by
the structure and arrangement of atoms, ions, or molecules and the forces between them.
Prior Knowledge – AP chemistry Big Idea 2

Further
Explanation

2.A. Matter can be described by its physical properties. The physical
properties of a substance generally depend on the spacing between the
particles (atoms, molecules, ions) that make up the substance and the forces
of attraction among them.
• The physical properties of materials are determined by the strength of the attractions (bonds or
intermolecular forces) between particles.
• Matter can be represented at three different levels: macroscopic, atomic–molecular and
symbolic. The macroscopic level is observable in the real‐world setting. The atomic‐molecular
level is often represented by visual representations, including animations. The symbolic level
includes elemental symbols, chemical formulas and equations, and Lewis diagrams.
• The atomic–molecular level structure of matter determines both the macroscopic structure and
the properties of the material.
• There are four states of matter: solid, liquid, gas and plasma.
• The existence and behavior of matter in the solid, liquid, gas or plasma state can be explained by
the atomic–molecular theory (the idea that matter is composed of small particles).
• In a gas, the particles have enough kinetic energy to overcome any attractions. Generally, the
separation between gas particles is such that their interactions are minimal.
• For a given substance, the temperature (and, therefore, the average kinetic energy) needed for a
change of state to take place depends on the attractions between the particles in that substance.
In other words, the temperature at which a change of state takes place depends on the amount
of energy that is required to overcome the attractions between the particles.
• Vapor pressure occurs when the particles of solids and liquids have enough kinetic energy to
enter the vapor (gas) state. Vapor pressure increases with temperature. Liquids boil when their
vapor pressure reaches atmospheric pressure.
• The behavior of a given quantity of gas can be described in terms of its pressure, volume and
temperature.
• Each state of matter has a predictable behavior that depends on the chemical composition of the
substance and the attractions between particles of that substance.
• When a substance changes state, the relative arrangement of the particles changes, as well as
the distance between these particles. The atoms that make up the particles of the substance are
not rearranged to form a new substance.
• When thermal energy is added to a solid, liquid or gas, most substances increase in volume
because the particles have increased kinetic energy, causing a greater distance between the
particles.
• For most substances, the distance between particles increases as they change from solid to liquid
togas, meaning that the density of a solid is usually greater than the density of a liquid. The
density of a liquid is always greater than the density of a gas.

10.1 to 10.2
p. 440 to 445

Prior Knowledge – AP chemistry Big Idea 2

Further
Explanation

2.A. Matter can be described by its physical properties. The physical
properties of a substance generally depend on the spacing between the
particles (atoms, molecules, ions) that make up the substance and the forces
of attraction among them. (continued)
• Because solid water has an extensive network of hydrogen bonds that gives it an open structure,
the density of solid water is less than that of liquid water. When water freezes, its volume
expands.
• The kinetic–molecular theory (KMT) is an explanation of the macroscopic properties (e.g.,
pressure, temperature, and volume) of gases, using the idea of particle interactions and motions.
• In a solid, the kinetic energy of the particles making up the substance is not great enough to
overcome the attractions holding them together. Although the particles vibrate in place, the
distance between them does not increase.
• In a liquid, the kinetic energy of the particles making up the substance is sufficient to overcome
the attractions, thereby allowing the particles to move relative to each other. Most of the
particles, however, do not have enough kinetic energy to completely overcome the attractions
and enter the gas state.

2.B. Forces of attraction between particles (including the noble gases and also
different parts of some large molecules) are important in determining many
macroscopic properties of a substance, including how the observable physical
state changes with temperature.
• Intermolecular forces (IMFs) can be predicted based on the shape of the molecule and the
polarities of the bonds.

8.2 to 8.3
p. 344 to 349

• The shape and polarity of the molecules of a substance determine the relative strength of its
intermolecular forces (IMFs).
• There are several types of IMFs, including the following: London dispersion forces (present in all
molecules), dipole–dipole (present in polar molecules) and hydrogen bonding (a special case of
dipole–dipole).

10.1
p. 440 to 443

• Molecular compounds generally have melting and boiling points that are dependent on their
molar mass and IMFs.
• A solute will usually be most soluble in a solvent that has similar IMFs.
• Many substances dissolve in water (a polar solvent). Consequently, water is a very useful and
familiar solvent.
• Many ionic compounds dissolve in water. In order for this to occur, the forces of attraction
between the ions in the solid must be overcome by the ion–dipole interactions with the water.

11.3
p. 504 to 509

Prior Knowledge – AP chemistry Big Idea 2

Further
Explanation

2.C. The strong electrostatic forces of attraction holding atoms together in a
unit are called chemical bonds.
• The forces of attraction between the particles in molecules, ionic lattices, network covalent
structures or materials with metallic properties are called chemical bonds.

2.6 to 2.7
p. 52 to 54

• Atoms can bond to form molecules, ionic lattices, network covalent structures or materials with
metallic properties. Each of these types of structures has different, yet predictable, properties
that depend on the identity of the elements and the types of bonds formed.

8.1
p. 340 to 344

• When elements bond they form compounds that are named in systematic ways.
• The bonds in most compounds fall on a continuum between the two extreme models of bonding:
ionic and covalent.
• An ionic bond involves the attraction between two oppositely charged ions, typically a positively
charged metal ion and a negatively charged nonmetal ion. An ion attracts oppositely charged
ions from every direction, resulting in the formation of three‐dimensional lattices.

8.4 to 8.6
350 to 357

• Covalent bonds typically involve at least two electrons shared between the bonding atoms.
Nonmetal atoms usually combine by forming one or more covalent bonds between atoms.
Covalent bonding can result in the formation of structures ranging from small molecules to large
molar mass biopolymers and three‐dimensional lattices (e.g., a diamond).

8.2 to 8.3
p. 342 to 344

• Only electrons in the highest energy state (valence electrons) are involved in bonding.
• A polar covalent bond forms between two atoms with different electronegativities; the
magnitude of the polarity of the bond depends on the electronegativity difference and the
distance between the atoms (bond length).
• The atomic–molecular level structure of simple molecules can be represented symbolically in two 8.10 tp 8.11
or three dimensions as molecular formulas, structural formulas (Lewis diagrams), ball‐and‐stick
p. 365 to 371
models or space‐filling models. Each of these symbolic representations can provide some unique
information about the structure of the substance, as well as some information that is common to
all the models.
• Two‐dimensional representations (Lewis diagrams) can be drawn by using a set of simple rules.
• Lewis diagrams provide a foundation for predicting three‐dimensional electron pair geometries
and three‐dimensional shapes of simple molecules.
• The atoms of many elements are more stable when they are bonded with other atoms.
• When two isolated atoms bond in the gas phase, energy is released to the surroundings,
resulting in a lower energy system.
• Different kinds of models are more appropriate for representing different chemical substances
(e.g., ionic and covalent network species are best represented by models that incorporate
elements of the lattice structure).
• Compounds that have three‐dimensional lattice networks of bonds, either ionic or covalent, have
very high melting and boiling points because bonds must be broken in order to change state from
solid to liquid to gas.

p.414

AP Chemistry Big Idea 3: Changes in matter involve the rearrangement and/or reorganization
of atoms and/or transfer of electrons.
Further
Prior Knowledge – AP chemistry Big Idea3
Explanation

3.A. Chemical changes are represented by a balanced chemical equation that
identifies the ratios with which reactants react and products form.
• When a chemical change occurs, the numeric relationship between the reactants and products is
determined at the atomic–molecular level. In order to translate this relationship from the
atomic–molecular level to the macroscopic level, the mole and the formula mass in grams are
used as a measure of the amount of substance.

3.10
p. 102 to 107

• A balanced chemical reaction represents the conservation of matter at both the atomic–
molecular level and the macroscopic level by showing the relationship between the reactants
and products.
• A stoichiometric calculation is a conversion from one amount (mass, mole, volume of gases,
volume of solutions) of substance in any chemical change to another amount and can be made as
long as the relationships among all of the reactants and all of the products at the molecular level
are known.
• In very large molecules, a specific region may have predictable polarities and reactivities based
on the structural features of that region.

3.B. Chemical reactions can be classified by considering what the reactants
are, what the products are, or how they change from one into the other.
Classes of chemical reactions include synthesis, decomposition, acid‐base and
oxidation‐reduction reactions.
• Many acids and bases contain covalent bonds but may undergo reactions (e.g., reactions with
water) that result in the production of an ionic species.

4.4
p. 144

• The formation of a precipitate or a molecular compound, in a chemical reaction between ionic
compounds in aqueous solution, often occurs because the new ionic or covalent bonds are
stronger than the original ion–dipole interactions of the ions in solution.

4.5
p. 145

• There are structural features of molecules that can give rise to specific kinds of reactivity (e.g.,
acidity often results when hydrogen is covalently bonded to an electronegative element).
• The acidity of an aqueous solution is often expressed as pH, where pH is related to the
concentration of the hydronium ion.
• A common class of reactions (oxidation reactions) often involves the reaction of oxygen with
carbon compounds.
The common reaction classifications of single/double replacement, synthesis/decomposition, and
combustions, often lead to misconceptions because they are not based on the actual chemistry, but
on surface features that may be similar from one system to another , even though the underlying
chemistry is not the same. Therefore, these types of reaction classifications will be ignored and we
will learn new ones.

14.3
p. 647 to 650

Prior Knowledge – AP chemistry Big Idea3

Further
Explanation

3.C Chemical and physical transformations may be observed in several ways
and typically involve a change in energy
• When a substance dissolves in water, it is sometimes difficult to determine whether the process
is a physical or chemical change.
• Students are not required to determine whether dissolution is a physical or chemical process.
They can participate in an investigation of a solution of a salt in order to understand that a clear
distinction may not always be determined for certain processes.
• The process of dissolving a solute in a solvent may be considered a reaction, and the process is
affected by many of the same factors (temperature, intermolecular forces and surface area) that
affect reaction rates.

4.2
p. 132 to 136

• A chemical reaction can be considered a system. The reaction is a result of breaking bonds
and/or overcoming IMFs in reactants, and of forming new bonds and/or IMFs in products.
• In general, energy is transferred out of a system (exothermic) when the products have stronger
bonds than those in the reactants. Energy is transferred into the system (endothermic) when the
products have weaker bonds than those in the reactants.

6.1
p. 238 to 242

AP Chemistry Big Idea 4: Rates of chemical reactions are determined by details of the
molecular collisions
Further
Prior Knowledge – AP chemistry Big Idea 4

Explanation

4.A. Reaction rates which depend on temperature and other environmental
factors, are determined by measuring changes in concentrations of reactants
or products over time.
• The rate of reaction can be defined as the change in the amount of products or reactants per unit
of time.
• The rates at which reactions occur are affected by factors such as concentration, pressure,
temperature and the addition of a catalyst.
4.B. Elementary reactions are mediated by collisions between molecules. Only collisions having
sufficient energy and proper relative orientation of reactants lead to products.
• All stable species require the input of energy to initiate a reaction. The amount of energy
required is called the activation energy barrier.

12.6
p 565 to 567

• When the concentrations/pressures of the reactants are increased, the probability of a molecular
collision increases. Because a molecular collision may lead to a reaction, the rate of reaction
increases as the probability of a molecular collision increases.
• When the kinetic energy of the reactants increases, indicated by a rise in temperature, the
probability of a molecular collision increases. When molecules/atoms collide with increased
energy, they are more likely to react.
• In order for reactions to occur, the reacting particles must collide in the appropriate orientation
and with enough energy. Not all collisions are effective.
• Most reactions occur in solution or in the gas state because the reacting particles are free to
move and can collide and interact with each other. Reactions among solids are not as prevalent
because a reaction can only occur at the surface of a solid.

4.D. Reaction rates may be increased by the presence of a catalyst.
Catalysts, such as enzymes in biological systems and the surfaces in an automobile's catalytic
converter, increase the rate of a chemical reaction. Catalysts may function by lowering the activation
energy of an elementary step in a reaction, thereby increasing the rate of that elementary step but
leaving the mechanism of the reaction otherwise unchanged. Other catalysts participate in the
formation of a new reaction intermediate, thereby providing a new reaction mechanism that provides
a faster pathway between reactants and products.
• The addition of a catalyst provides an alternate pathway for reactions to occur, usually with a
lower activation energy barrier. More molecules therefore have enough energy to overcome the
activation energy barrier, leading to an increased rate of reaction.
• One of the functions of an enzyme is to hold molecules in an orientation that can lead to a
reaction.

12.7
p. 570 to 577

AP Chemistry Big Idea 5: The Laws of thermodynamics describe the essential role of energy
and explain, and predict, the direction of changes in matter.
Further
Prior Knowledge – AP chemistry Big Idea 5
Explanation

5.A. Two systems with different temperatures that are in thermal contact will
exchange energy. The quantity of thermal energy transferred from one
system to another is called heat.
• Temperature is a measure of the average kinetic energy of all particles in a substance.
Temperature is independent of the amount of matter present, while thermal energy is
dependent on the amount of matter present.
• Thermal energy transfer (heat) occurs from a warm object to a cooler object.
• The part of the universe that is being studied is called a system. A real or imaginary boundary
separates the system from the rest of the universe, or the surroundings. By defining a system,
any change the system undergoes can be tracked.
• A closed system does not interact with its surroundings — matter and energy cannot get into or
out of the system. Most systems of interest in our everyday lives are open systems — matter and
energy can be transferred into or out of the system.
• If energy moves from a system to its surroundings, the temperature of the surroundings will
increase. This is often described as an exothermic process. If energy moves from the
surroundings to a system, then the temperature of the surroundings will decrease. This is often
described as an endothermic reaction. Temperature changes in large surroundings may not be
detectable.
• Thermal energy is the energy associated with the movement (translational, rotational and
vibrational)of all particles in a system. Although thermal energy cannot be directly measured, the
effects of changes in the thermal energy of the system can be observed and calculated.
• In the “real world,” thermal energy and heat are often used synonymously; however, in the
physical sciences the term “heat” is reserved for the transfer of thermal energy (e.g., from a hot
object to a cold object). For the purposes of this standards document, and in order to avoid
misunderstandings, the terms “thermal energy” and “thermal energy transfer” are used.
• At the atomic–molecular scale, thermal energy is associated with the kinetic energy of molecules.
As the thermal energy increases, the molecules move (translate, rotate and vibrate) faster.
• The thermal energy of an object depends on its mass, temperature and chemical composition.
• When energy is transferred (e.g., from the exothermic reaction system to the surroundings),
some of the energy (in the form of thermal energy) always becomes less available to bring about
change. Consequently, the amount of useful energy decreases over time, even though the total
energy is constant.

6.1
p. 238 to 241

Prior Knowledge – AP chemistry Big Idea 5

Further
Explanation

5.B. Energy is neither created nor destroyed but only transformed from one
form to another.
• Mass–energy is always conserved for all defined systems, for all types of interactions, and at all
scales.
• In chemical systems, the interconversion of mass and energy is negligible. Therefore, in chemical
systems only energy changes need to be considered; mass–energy conversions need not be
considered.
• The total energy of a chemical system is impossible to measure. When a chemical system reacts,
its energy change can be measured by observing the effect of that change on a property of a
substance within the system (e.g., the temperature of water is easily measured and can be related
to changes in energy).
• At the atomic–molecular scale, electromagnetic radiation (photons) is absorbed by molecules.
Some of this radiation can be transformed into kinetic energy (molecules vibrate and move faster)
that appears as thermal energy and causes a rise in temperature.
5.E. Chemical or physical processes are driven by a decrease in enthalpy or an increase in entropy,
or both.
• Entropy is a measure of the number of possible arrangements of atoms, molecules or energy in a
system — the more possible arrangements, the more entropy the system has. Any
thermodynamically favored process is accompanied by an increase in the total entropy (i.e., the
entropy of the universe)and in the dispersion of energy.
While entropy is commonly discussed in terms of randomness or disorder, this can lead to significant
misconceptions — including the idea that systems cannot spontaneously become more organized. On
the contrary, increases in entropy often drive the organization of systems (e.g., protein folding and
micelle formation).

17.1
p. 773 to 778

AP Chemistry Big Idea 6: Any bond or intermolecular attraction that can be formed can be
broken. These two processes are in a dynamic competition, sensitive to initial conditions and
external perturbations.
Further
Prior Knowledge – AP chemistry Big Idea 6
Explanation

6.A. Chemical equilibrium is a dynamic, reversible state in which rates of
opposing processes are equal.
• All reactions are reversible, and many reactions do not proceed completely toward products. This
does not mean that the reaction has stopped, but rather that the rate of the reverse reaction is
equal to the rate of the forward reaction.

13.1
p. 594 to 597

• •Although some reactions appear to proceed only in one direction, the reverse reaction can
occur; however, the occurrence of the reverse reaction is highly unlikely (e.g., combustion
reactions).

6.B. Systems at equilibrium are responsive to external perturbations, with the
response leading to a change in the composition of the system.
• According to Le Chatelier’s principle, if a chemical system at equilibrium is disturbed by a change
in the conditions (e.g., temperature, pressure on gaseous equilibrium systems, concentration) of
the system, then the equilibrium system will respond by moving to a new equilibrium state,
reducing the effect of the change.

6.D. The equilibrium constant is related to temperature and the difference in
Gibbs free energy between reactants and products.
• Reactions that appear to proceed only in one direction usually release a large amount of energy.
An input of energy is required to make such a reaction go backwards.
• An unfavorable reaction can be made to occur by removing products as they are formed. The
removal of products forces the system to shift its equilibrium position.

13.7
p. 620 to 626

A plan of attack!
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The fundamental steps of the
scientific method

x

The Scientific Method

Chemistry – is defined as the study of matter and energy and more importantly, the changes between them
x Why study chemistry?
- become a better problem solver in all areas of your life
- safety – had the Roman’s understood lead poisoning, their civilization would not have fallen
- to better understand all areas of science

- reactions are reversible

- composed of atoms only 100 or so different types
- Water made up of one oxygen and two hydrogen atoms
- Pass an electric current through it to separate the two types of atoms and they rearrange
to become two different types of molecules

Chemistry: An Overview
x Matter – takes up space, has mass, exhibits inertia

AP* Chemistry
Chemical Foundations

The need for better explosives; (rapid change of solid
RUOLTXLGWRJDVZKHUHPROHFXOHVEHFRPH§
diameters farther apart and exert massive forces as a
result) for wars have led to
-fertilizers that utilizes nitrogen
- Nuclear devices

Galileo – forced to recant his astronomical observations in
the face of strong religious resistance
Lavoisier – “father of modern chemistry”; beheaded due
to political affiliations.

2

Scientific Laws – a summary of observed (measurable) behavior [a theory is an explanation of behavior]
A law summarizes what happens; a theory (model) is an attempt to explain WHY it happens.
- Law of Conservation of Mass – mass reactants = mass products
- Law of Conservation of Energy – (a.k.a. first law of thermodynamics)
Energy CANNOT be created NOR destroyed; can only change forms.
- Scientists are human and subjected to
x Data misinterpretations
x Emotional attachments to theories
x Loss of objectivity
x Politics
x Ego
x Profit motives
x Fads
x Wars
x Religious beliefs

Robert Boyle
o loved to experiment with air
o created the first vacuum pump
o coin and feather fell at the same rate due to gravity
o in a vacuum there is no air resistance to impede the fall of either
object!
o Boyle defined elements as anything that cannot be broken into
simpler substances.
Boyle’s Gas Law: P1V1 = P2V2

Good experimental design coupled with repetition is key!
Theory – hypotheses are assembled in an attempt at explaining “why” the “what” happened.
Model – we use many models to explain natural phenomenon – when new evidence is found, the
model changes!

Chemical Foundations

x

x

x

x

x

x

x

Chemical Foundations
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Chemical Foundations

The results of several
dart throws show the
difference between
precise and accurate.
(a) Neither nor
precise (large random
errors).
(b) Precise but
not accurate (small
random errors, large
systematic error).
(c) Bull’s-eye! Both
precise and accurate
(small random errors,
no systematic error).

Volume – derived from length; consider a cube 1m on each edge ?1.0 m3
- A decimeter is 1/10 of a meter so
(1m)3 = (10 dm)3 = 103 dm3 = 1,000 dm3
1dm3 = 1 liter (L) and is slightly larger than a quart also
1dm3 = 1 L = (10 cm)3 = 103cm3 = 1,000 cm3 = 1,000 mL
AND 1 cm3 = 1 mL = 1 gram of H2O (at 4ºC if you want to be picky)

1
6

of what you weigh on Earth.

w

§ 9.8 m ·
m¨ 2 ¸
¨
¸
© s ¹

? its units are
§m·
N kg ¨ 2 ¸
¨ ¸
©s ¹

F

Fw = ma
Fw = mg

Physics connection:

25 mL

Volume Shown by
Graduated Cylinder
25 mL
25 mL
25 mL
25 mL
25 mL

26.54 mL

Volume Shown
by the Buret
26.54 mL
26.51 mL
26.60 mL
26.49 mL
26.57 mL
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Note that the average value measured using the buret is significantly different from
25 mL. Thus, this graduated cylinder is not very accurate. It produces a systematic error (in this
case, the indicated result is low for each measurement).

Is the graduated cylinder accurate?

Average

1
2
3
4
5

Trial

Exercise 1
Precision and Accuracy
To check the accuracy of a graduated cylinder, a student filled the cylinder to the
25-mL mark using water delivered from a buret and then read the volume delivered.
Following are the results of five trials:

- Accuracy – correctness; agreement of a measurement with the true value
- Precision – reproducibility; degree of agreement among several measurements.
- Random or indeterminate error – equal probability of a measurement being
high or low
- Systematic or determinate error – occurs in the same direction each time

Precision and Accuracy

experience on Earth and ? you’d WEIGH

Gravity – varies with altitude here on planet Earth
x
The closer you are to the center of the Earth, the stronger the gravitational field
SINCE it originates from the center of the Earth.
x
Every object has a gravitational field – as long as you’re on Earth, they are masked
since the Earth’s field is so HUGE compared to the object’s.
x
The strength of the gravitational field v mass
x
Ever seen astronauts in space that are “weightless” since they are very far removed
from the center of Earth? Notice how they are constantly “drawn” to the sides of the
ship and must push away?
x
The ships’ mass is greater than the astronaut’s mass ? “g” is greater for the ship and
the astronaut is attracted to the ship just as you are attracted to Earth! The moon has
1 the mass of the Earth ? you would experience 1 the gravitational field you
6
6

Mass vs. Weight – chemists are quite guilty of using these terms interchangeably.
o mass (g or kg) – a measure of the resistance of an object to a change in its state of motion (i.e. exhibits
inertia); the quantity of matter present
o weight (a force? has units of Newtons) – the response of mass to gravity; since all of our measurements
will be made here on Earth, we consider the acceleration due to gravity a constant so we’ll use the terms
interchangeably as well although it is technically incorrect! We “weigh” chemical quantities on a
balance NOT a scale!!

x

KNOW THE UNITS AND PREFIXES shown in BLUE!!!

Two major measurements systems exist: English (US and some of Africa) and Metric (the rest of the globe!)
x SI system – 1960 an international agreement was reached to set up a system of units so scientists everywhere
could better communicate measurements. Le Système International in French; all based upon or derived from
the metric system

A quantitative observation, or measurement, ALWAYS consists of two parts: a number and a unit.

Units of Measure

a. three; b. five; c. four

corrected

o

pH – the number of significant figures in least accurate measurement determines number decimal
places on the reported pH (usually explained in the appendix of your text)

12.11
18.0 m limiting term (only 1 decimal place)
1.013
corrected
31.123 
o 31.1 (limits the overall answer to only one decimal place)

Chemical Foundations
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Round ONLY at the end of all calculations (keep the numbers in your calculator)
Examine the significant figure one place beyond your desired number of significant figures.
IF > 5 round up; < 5 drop the remaining digits.
x Don’t “double round”! Example: The number 7.348 rounded to 2 SF is reported as 7.3
In other words, DO NOT look beyond the 4 after the decimal and think that the 8 rounds the 4 up to a
five which in turn makes the final answer 7.4.
[Even though you may have conned a teacher into rounding your final average this way before!]

x
x

6.4

When + and (í), the term with the least number of decimal places (?least accurate measurement)
determines the number of significant figures in the final answer.

4.56 × 1.4 = 6.38

When × and y , the term with the least number of significant figures (?least accurate measurement)
determines the number of maximum number of significant figures in the answer. (It’s helpful to
underline the digits in the least significant number as a reminder.)

Rounding Guidelines for the AP Exam and This Course:

x

x

x

Reporting the Result of a Calculation to the Proper Number of Significant Figures

c. In an experiment, a span of time is determined to be 8.050 × 10s .

b. A chemist records a mass of 0.050080 g in an analysis.

a. A student’s extraction procedure on a sample of tea yields 0.0105 g of caffeine.

Exercise 2
Significant Figures (SF)
Give the number of significant figures for each of the following experimental results.

Determining the Number of Significant Figures (or Digits) in a Measurement
x Nonzero digits are significant. (Easy enough to identify!)
x A zero is significant IF and ONLY IF it meets one of the conditions below:
- The zero in question is “terminating AND right” of the decimal [must be both]
- The zero in question is “sandwiched” between two significant figures
x Exact or counting numbers have an f amount of significant figures as do fundamental constants
(never to be confused with derived constants)

Significant Figures and Calculations

17.8 cm

Chemical Foundations

1 km = 1000 m
1 m = 1.094 yd
1760 yd = 1 mi

To proceed in this way, we need the following equivalence statements (conversion factors):

We have kilometers, which we want to change to miles. We can do this by the following route:
kilometers o meters o yards o miles

Exercise 5
A student has entered a 10.0-km run. How long is the run in miles?

6

6.22 mi

64.8 in

Exercise 4
You want to order a bicycle with a 25.5-in. frame, but the sizes in the catalog are given only in centimeters.
What size should you order?

Exercise 3
A pencil is 7.00 in. long. Calculate the length in centimeters?

To convert the length of the pin from cm to inches, simply multiply your given quantity by a conversion
factor you engineer so that it “cancels” the undesirable unit and places the desired unit where you want it.
For our example, we want inches in the numerator so our numerical answer is not reported in reciprocal
inches! Thus,
1 in
= 1.12 in
2.85 cm u
2.54 cm
Let’s practice!

Start with a conversion factor such as 2.54 cm = 1 inch ? you can write TWO
1 in
2.54 cm
Conversion factors:
or
. Why is this legal? Both quantities
2.54 cm
1 in
represent the exact same “thing” so the conversion factor is actually equal to “1”.

Example: Consider a straight pin measuring 2.85 cm in length. Calculate its
length in inches.

Dimensional Analysis

Chemical Foundations

7

Notice a degree of temperature change on the Celsius scale represents the same quantity of change on the Kelvin
scale.

I suspect you are aware there are three temperature scales commonly in use today. A comparison follows:

Temperature

35 mi /gal

Exercise 7
A Japanese car is advertised as having a fuel economy of 15 km/L. Convert this rating to miles per gallon.

88 km/h

Exercise 6
The speed limit on many highways in the United States is 55 mi/h. What number would be posted if expressed
in kilometers per hour?

mass

Density = volume

Density = 0.7850 g / cm3? isopropyl alcohol

x
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Mixtures – can be physically separated
- homogeneous – have visibly indistinguishable
parts, solutions including air
- heterogeneous – have visibly distinguishable parts
- means of physical separation include: filtering,
fractional crystallization, distillation,
chromatography

Be very, very clear that changes of state involve altering IMFs not altering actual chemical bonds!!
solid – rigid; definite shape and volume; molecules close together vibrating about fixed points
? virtually incompressible
liquid – definite volume but takes on the shape of the container; molecules still vibrate but also have
rotational and translational motion and can slide past one another BUT are still close
together ? slightly compressible
gas – no definite volume and takes on the shape of the container; molecules vibrate, rotate and translate
and are independent of each other ? VERY far apart ? highly compressible
- vapor – the gas phase of a substance that is normally a solid or liquid at room temperature
- fluid – that which can flow; gases and liquids

Chemical Foundations








1.492
0.714
0.789
0.785
0.867

Density (g/cm3) at 20qC

States of Matter (mostly a vocabulary lesson)

Classification of Matter

Chloroform
Diethyl ether
Ethanol
Isopropyl alcohol
Toluene

Compound

Exercise 8
Determining Density
A chemist, trying to identify the main component of a compact disc cleaning fluid, determines that 25.00 cm3
of the substance has a mass of 19.625 g at 20qC. Use the information in the table below to identify which
substance may serve as the main component of the cleaning fluid. Justify your answer with a calculation.

Density

Distillation:

9

Electrolysis is an example of a
chemical change. In this apparatus,
water is decomposed to hydrogen gas
(filling the red balloon) and Oxygen
gas (filling the blue balloon).

Pure substances – compounds like water, carbon dioxide etc. and elements. Compounds can be separated
into elements by chemical means
- electrolysis is a common chemical method for separating compounds into
elements
- elements can be broken down into atoms which can be further broken down into
- nuclei and electrons
- p+, n0 and e- quarks

Chemical Foundations

x

Paper chromatograph of ink. (a) A line of the mixture to be separate
is placed at one end of a sheet of porous paper. (b) The paper acts as
a wick to draw up the liquid. (c) The component with the weakest
attraction for the paper travels faster than those that cling to the paper.

Paper Chromatography:

x
x
x
x

FUNDAMENTAL CHEMICAL LAWS

x

x

x

x

1,000 B.C.—processing of ores to produce metals for weapons and
ornaments; use of embalming fluids
400 B.C.—Greeks—proposed all matter was make up of 4 “elements”:
fire, earth, water and air
Democritus—first to use the term atomos to describe the ultimate, smallest
particles of matter
Next 2,000 years—alchemy—a pseudoscience where people sought to turn
metals into gold. Much was learned from the plethora of mistakes
alchemists made.
16th century—Georg Bauer, German , refined the process of extracting
metals from ores & Paracelsus, Swiss, used minerals for medicinal
applications
Robert Boyle, English—first “chemist” to perform quantitative
experiments of pressure versus volume. Developed a working definition for
“elements”.
17th & 18th Centuries—Georg Stahl, German—suggested “phlogiston”
flowed OUT of burning material. An object stopped burning in a closed
container since the air was “saturated with phlogiston”
Joseph Priestley, English—discovered oxygen which was originally called
“dephlogisticated air”

*AP is a registered trademark of the College Board, which was not involved in the production of this product.
© 2013 by René McCormick. All rights reserved.

Mass is neither created nor destroyed.

THE LAW OF CONSERVATION OF MASS:

late 18th Century—Combustion studied extensively
CO2, N2, H2 and O2 discovered
list of elements continued to grow
Antione Lavoisier, French—explained the true
nature of combustion—published the first modern
chemistry textbook AND stated the Law of
Conservation of Mass. The French Revolution broke out the same year his
text was published. He once collected taxes for the government and was
executed with a guillotine as an enemy of the people in 1794. He was the
first to insist on quantitative experimentation.

This is the highest honor
given by the American
Chemical Society.
Priestly discovered
oxygen. Ben Franklin got
him interested in
electricity and he
observed graphite
conducts an electric
current. Politics forced
him out of England and
he died in the US in 1804.
The back side, pictured
below was given to Linus
Pauling in 1984. Pauling
was the only person to
win Nobel Prizes in TWO
Different fields:
Chemistry and Peace.

x

x

x

x

THE EARLY HISTORY OF CHEMISTRY

AP* Chemistry
ATOMS, MOLECULES & IONS
1808--John Dalton stated the Law of Definite proportions.
He later went on to develop the Atomic Theory of Matter.

Illustrating the Law of Multiple Proportions

1.7500 g
0.8750 g
0.4375 g

*AP is a registered trademark of the College Board, which was not involved in the production of this product.
© 2013 by René McCormick. All rights reserved.

Show how these data illustrate the law of multiple proportions.

Compound A
Compound B
Compound C

Mass of Nitrogen That Combines With 1 g of Oxygen

The following data were collected for several compounds of nitrogen and oxygen:

Exercise 1

Therefore, Compound I may be CO while Compound II may be CO2.

Compound I
Compound II

Mass of Oxygen that
combines with 1 gram of C
1.33 g
2.66 g

Dalton considered compounds of carbon and oxygen and determined:

A = 1.750 = 4
C 0.4375 1

B = 0.8750 = 2
C 0.4375 1

A = 1.7500 = 2
B 0.8750 1

When two elements combine to form a series of compounds, the ratios of the masses of the second element
that combine with 1 gram of the first element can always be reduced to small whole numbers.

THE LAW OF MULTIPLE PROPORTIONS:

A given compound always contains exactly the same proportions of elements by mass.

THE LAW OF DEFINITE PROPORTIONS:

x

Atoms, Molecules and Ions

At the same temperature and pressure, equal volumes of different gases contain the same number of
particles.

3

1811 Avogadro, Italian—proposed his hypothesis regarding Gay-Lussac’s work [and you thought he
was just famous for 6.02 × 1023] He was basically ignored, so 50 years of confusion followed.

1809 Joseph Gay-Lussac, French—performed experiments [at constant temperature and pressure] and
measured volumes of gases that reacted with each other.

AVOGADRO’S HYPOTHESIS:

x

x

**TWO MODIFICATIONS HAVE BEEN MADE TO DALTON’S THEORY:
1. Subatomic particles were discovered. Bet you can name them!
2. Isotopes were discovered. Bet you can define “isotope” as well!

3.
4.

2.

All matter is made of atoms. These indivisible and indestructible objects are the ultimate chemical
particles.
All the atoms of a given element are identical, in both weight and chemical properties. However, atoms of
different elements have different weights and different chemical properties.
Compounds are formed by the combination of different atoms in the ratio of small whole numbers.
A chemical reaction involves only the combination, separation, or rearrangement of atoms; atoms are
neither created nor destroyed in the course of ordinary chemical reactions.

x

4

1909 Robert Millikan, American—
University of Chicago, sprayed charged
oil drops into a chamber. Next, he
halted their fall due to gravity by
adjusting the voltage across 2 charged
plates. Now the voltage needed to halt
the fall and the mass of the oil drop can
be used to calculate the charge on the oil
drop which is a whole number multiple
of the electron charge.
Mass of e = 9.11 × 1031 kg.

e
C
1.76 u 108
m
g
e is charge on electron in Coulombs, (C) and m is its mass.
Thomson discovered that he could repeat this deflection and
calculation using electrodes of different metals = all metals
contained electrons and ALL ATOMS contained electrons
Furthermore, all atoms were neutral = there must be some (+) charge
within the atom and the “plum pudding” model was born. Lord
Kelvin may have played a role in the development of this model.
[The British call every dessert “pudding”—we’d call it raisin bread
where the raisins were the electrons randomly distributed throughout the + bread]

He then measured the deflection of beams of e to determine the charge-to-mass ratio

J.J. Thomson, English (1898-1903)—found that when high voltage was applied to an evacuated tube, a
“ray” he called a cathode ray [since it emanated from the () electrode or cathode when YOU apply a
voltage across it] was produced.
o The ray was produced at the () electrode
o Repelled by the () pole of an applied electric field, E
o He postulated the ray was a stream of NEGATIVE particles now called electrons, e

Atoms, Molecules and Ions

x

x
x

x

x

THE ELECTRON

Based on the work of Dalton, Gay-Lussac, Avogadro, & others, chemistry was beginning to make sense [even if
YOU disagree!] and the concept of the atom was clearly a good idea!

Postulates of Dalton’s ATOMIC THEORY OF MATTER: (based on knowledge at that time)

1.

EARLY EXPERIMENTS TO CHARATERIZE THE ATOM

DALTON’S ATOMIC THEORY

o beta, ȕ--a high speed electron. 10 E OR 10 e
o gamma, Ȗ--pure energy, no particles at all! Most penetrating, therefore, most dangerous.

THREE types of radioactive emission:
o alpha, Į--equivalent to a helium nucleus; the largest particle radioactive particle emitted; 7300 times the
mass of an electron. 24 He Since these are larger that the rest, early atomic studies often involved them.

Henri Becquerel, French—found out quite by accident [serendipity] that a piece of mineral containing
uranium could produce its image on a photographic plate in the absence of light. He called this
radioactivity and attributed it to a spontaneous emission of radiation by the uranium in the mineral sample.

o















Those particles with large deflection
angles had a “close encounter” with the
dense positive center of the atom
Those that were reflected had a “direct
hit”
He conceived the nuclear atom; that
with a dense (+) core or nucleus.
This center contains most of the mass of
the atom while the remainder of the atom
is empty space!
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Most of the Į particles did pass straight through, BUT many were deflected at LARGE
angles and some even REFLECTED!
Rutherford stated that was like “shooting a howitzer at a piece of tissue paper and having the
shell reflected back”
He knew the plum pudding model could not be correct!

The results were astounding [poor Geiger and Marsden first suffered Rutherford’s wrath and were
told to try again—since this couldn’t be!].

1911 Ernest Rutherford, England—A pioneer in radioactive studies, he carried out experiments to test
Thomson’s plum pudding model.
o Directed Į particles at a thin sheet of gold foil. He thought that if Thomson was correct, then the
massive Į particles would blast through the thin foil like “cannonballs through gauze”. [He actually
had a pair of graduate students Geiger & Marsden do the first rounds of experiments.] He expected
the Į particles to pass through with minor and occasional deflections.

Atoms, Molecules and Ions

x

THE NUCLEAR ATOM

x

x

RADIOACTIVITY

A
Z

&

m element symbol

The actual mass is not an integral number! mass defect--causes this and is related to the energy
binding the particles of the nucleus together.

mass number o
atomic numbero

Atoms, Molecules and Ions
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F; 9 electrons and 10 neutrons

Exercise 2
Writing the Symbols for Atoms
Write the symbol for the atom that has an atomic number of 9 and a mass number of 19. How many electrons
and how many neutrons does this atom have?

x

1.67 × 10

ATOMS
atom--the smallest particle of an element that retains the chemical properties of that element.
x nucleus--contains the protons and the neutrons; the electrons are located
outside the nucleus. Diameter = 1013 cm. The electrons are located
108cm from the nucleus. A mass of nuclear material the size of a pea
would weigh 250 million tons! Very dense!
proton--positive charge, responsible for the identity of the
element, defines atomic number
neutron--no charge, same size & mass as a proton, responsible
for isotopes, alters atomic mass number
electron--negative charge, same size as a proton or neutron,
BUT 1/2,000 the mass of a proton or neutron, responsible for
bonding, hence reactions and ionizations, easily added or
removed.
x atomic number(Z)--The number of p+ in an atom. All atoms of the
Particle
Mass
Charge
same element have the same number of p+.
e
9.11 × 1031
1
x mass number(A)--The sum of the number of neutrons and p+ for an
atom. A different mass number does not mean a different element--just
p+
1+
1.67 × 1027
signifies an isotope.
27
n0
None

ELEMENTS
All matter composed of only one type of atom is an element. There are 92 naturally occurring, all others are
manmade.

THE MODERN VIEW OF ATOMIC STRUCTURE: AN INTRODUCTION

O

H

H

O

H

qq
Coulomb’s Law: Fc v 1 22 or Fc
d

qq
k 1 22
d
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ions--formed when electrons are lost or gained in ordinary chem. reactions;
dramatic change in size (more about that shortly)
x cations--(+) ions; often metals since metals lose electrons to become
positively charged
x anions--() ions; often nonmetals since nonmetals gain electrons to become
negatively charged
x polyatomic ions--units of atoms behaving as one entity ) It’s worth memorizing 9 polyatomic
ions + 3 patterns. (separate handout)
x ionic solids—Electrostatic forces hold ions together. We can calculate the magnitude of them
using Coulomb’s Law. When these electrostatic attractions are strong, the ions are held together
tightly and are close together = solids. Additionally, the stronger the Coulombic force, Fc, the
higher the melting point.

H

Chemical bonds—forces that hold atoms together
Covalent bonds—atoms share electrons and make molecules [independent units]; H2, CO2, H2O, NH3,
O2, CH4 to name a few.
molecule--smallest unit of a compound that retains the chem. characteristics of the compound;
characteristics of the constituent elements are lost.
molecular formula--uses symbols and subscripts to represent the composition of the molecule.
(Strictest sense--covalently bonded)
structural formula—bonds are shown by lines [representing shared e pairs]; may NOT indicate shape

Atoms, Molecules and Ions

x

x

x

x

x
x

Electrons are the only subatomic particles involved in bonding and chemical reactivity.

MOLECULES AND IONS

ISOTOPES
x isotopes--atoms having the same atomic number (# of p+) but a different number of neutrons
x most elements have at least two stable isotopes, there
are very few with only one stable isotope (Al, F, P)
x Hydrogen’s isotopes are so important they have
special names:
0 neutrons ) hydrogen
1 neutron ) deuterium
2 neutrons ) tritium

Antimony
Copper
Iron
Lead
Mercury
Potassium
Silver
Sodium
Tin
Tungsten

Current Name

Original Name
(often Latin)
Stibium
Cuprum
Ferrum
Plumbum
Hydrargyrum
Kalium
Argentum
Natrium
Stannum
Wolfram

Sb
Cu
Fe
Pb
Hg
K
Ag
Na
Sn
W

Symbol
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groups or families--vertical columns; have similar
physical and chemical properties (based on similar electron
configurations!!)
x group A—Representative elements
x group B--transition elements; all metals; have numerous oxidation/valence states
periods--horizontal rows; progress from metals to metalloids [either side of the black “stair step” line above
that separates metals from nonmetals] to nonmetals
MEMORIZE:
1. ALKALI METALS—1A or IA
2. ALKALINE EARTH METALS—2A or IIA
3. HALOGENS—7A or VIIA
4. NOBLE (RARE) GASSES—8A or VIIIA

Atomic number = number of protons and is written above
each symbol
metals—malleable, ductile & have luster; most of the
elements are metals—exist as cations in a “sea of
electrons” which accounts for their excellent conductive
properties; form oxides [tarnish] readily and form
POSITIVE ions [cations]. Why must some have such
goofy symbols?

Atoms, Molecules and Ions

x

x

x

x

x

AN INTRODUCTION TO THE PERIODIC TABLE

Atoms, Molecules and Ions

NAMING IONIC COMPOUNDS: The + ion name is given first followed by the name of the negative ion.

You can substitute any halogen in for the Cl.

Example: hypochlorite ClO
Chlorite ClO2
Chlorate ClO3
Hyper or more commonly Perchlorate ClO4

Naming () ions: monatomic and polyatomic
x MONATOMIC--add the suffix -ide to the stem of the nonmetal’s name. Halogens are called the halides.
x POLYATOMIC--quite common; oxyanions are the PA’s containing oxygen (Go, figure!)
hypo--”ate” the least oxygen
-ite--”ate” 1 more oxygen than hypo-ate--”ate” 1 more oxygen than -ite
hyper---ate--”ate” the most oxygen (often the “hy” is left off to read simply “per”)

x
x
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metal that is a liquid at room temperature. (Yeah, the no space thing between the ion’s name and
(Roman Numeral) looks strange, but it is the correct way to do it. It’s called the Stock system developed
by the German chemist Alfred Stock and first published in 1916.)
NH4+ is ammonium
NO ROMAN NUMERAL IS USED WITH silver, cadmium and zinc. Why not? They only make one
valence state.
[Arrange their SYMBOLS in alphabetical order—first one is 1+ and the other two are 2+]

Naming (+) ions: usually metals
x monatomic, metal, cation o simply the name of the metal from which it is derived. Al3+ is the
aluminum ion; transition metals form more than one ion; Roman Numerals (in) follow the ion’s name,
they are your friend—they tell you which charge is on that particular ion Cu2+ is copper(II);
Mercury(I) is an exception )it is Hg22+ = two Hg+ associated together also, remember Hg is a

BINARY IONIC COMPOUNDS

NAMING SIMPLE COMPOUNDS

Atoms, Molecules and Ions

Exercise 4
Naming Type II Binary Compounds
Give the systematic name of each of the following compounds.
a. CuC1
b. HgO c. Fe2O3
d. MnO2
e. PbC12

Exercise 3
Naming Type I Binary Compounds
Name each binary compound.
a. CsF
b. A1C13
c. LiH

+2

(“Heavy Metal Bad Guys”)

Give up and MEMORIZE:
Ag+, Cd2+, Zn2+

Exceptions: these never need a Roman
numeral even though transition metals.

Mercury (I) is Hg2

Involve a transition metal that needs a
Roman numeral

TYPE II:
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a. copper(I) chloride
b. mercury(II) oxide
c. iron(III) oxide
d. manganese(IV) oxide
e. lead(II) chloride

a. cesium fluoride
b. aluminum chloride
c. lithium hydride

b. CaC12

d. CrC13

a. Cobalt(II) bromide; b. Calcium chloride; c. Aluminum oxide; d. Chromium(III)

c. A12O3

b. KH2PO4
f. Na2CO3
j. Na2SeO4

c. Fe(NO3)3
g. NaHCO3
k. KBrO3

d. Mn(OH)2
h. CsC1O4

b. PC13

c. SF6

e. SO2

f. CO2

Atoms, Molecules and Ions

If the negative ion’s name ends in:
-ide ohydro[negative ion root]ic acid Ex: hydrosulfuric acid, H2S
-ate o -ic acid Ex: sulfuric acid, H2SO4
-ite o -ous acid Ex: chlorous acid, H2SO3

Hydrogen, if present, is listed first followed by a suffix and finally the word “acid”.

Naming acids is actually easy. The nomenclature follows quite an elegant pattern:

ACIDS
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a. Phosphorus pentachloride; b. Phosphorus trichloride; c. Sulfur hexafluoride; d. Sulfur trioxide; e. Sulfur dioxide; f. Carbon dioxide

a. PC15

d. SO3

Naming Type III Binary Compounds

Name each of the following compounds.

Exercise 7

NAMING BINARY COVALENT COMPOUNDS: (covalently bonded)
x Use prefixes!!! Don’t forget the –ide ending as well.

g. Sodium hydrogen carbonate; h. Cesium perchlorate; i. Sodium hypochlorite; j. Sodium selenite; k. Potassium bromate

a. Sodium sulfate; b. Potassium dihydrogen phosphate; c. Iron(III) nitrate; d. Manganese(II) hydroxide; e. Sodium sulfite; f. Sodium carbonate;

a. Na2SO4
e. Na2SO3
i. NaOC1

Exercise 6
Naming Compounds Containing Polyatomic Ions
Give the systematic name of each of the following compounds.

chloride

a. CoBr2

Exercise 5
Naming Binary Compounds
Give the systematic name of each of the following compounds.

Naming Acids

b. HBrO

c. HBrO2

e. HBrO4

f. HNO2

g. HNO3

Atoms, Molecules and Ions
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a. hydrobromus acid; b. hypobromous acid; c. bromous acid; d. bromic acid; e. perbromic acid; f. nitrous acid; g. nitric acid

a. HBr

d. HBrO3

water
ammonia
hydrazine
phosphine
nitric oxide
nitrous oxide (“laughing gas”)

Name each of the following acids.

Exercise 8

-

PAINS IN THE GLUTEUS MAXIMUS: these lovely “critters” have been around longer than the
naming system and no one wanted to adapt!! With the exception of the first 2 on this list, the AP exam
either avoids them altogether or gives you the formula. Ex: phosphine (PH3—ammonia’s cousin), etc.

Naming Various Types of Compounds

b. Nb2O5

c. Li2O2

d. Ti(NO3)4

b. Dioxygen difluoride
d. Gallium oxide

Atoms, Molecules and Ions

For the visual learners among you, here’s a “Cheat Sheet”. Practice, practice, practice!

a. VF5; b. O2F2; c. Rb2O2 d. Ga2O3

a. Vanadium(V) fluoride
c. Rubidium peroxide

Exercise 10
Writing Compound Formulas from Names
Given the following systematic names, write the formula for each compound.

a. Tetraphosphorus decoxide; b. Niobium(V) oxide; c. Lithium peroxide; d. Titanium(IV) nitrate

a. P4O10

Give the systematic name for each of the following compounds.

Exercise 9

13
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Chemical Nomenclature
Naming and Writing Chemical Formulas
VOCABULARY
Ion — an atom or group of atoms that has gained or lost electrons
Monatomic ion — an atom that has gained or lost electrons and has a charge
Polyatomic ion — a group of covalently bound atoms that has a charge
Anion — a negatively charged ion
Cation — a positively charged ion
Charge — the positive or negative value assigned to an ion as a result of having lost or gained
electrons
Oxidation number — hypothetical charge a covalently bound atom would have IF its bonds were
ionic
Acid — a compound that donates a H+ ion during a reaction
Ionic compound — a compound made of positively and negatively charged ions
Molecular compound — a compound held together by shared pairs of electrons
Hydrocarbon — a compound composed of carbon and hydrogen
Alcohol — a hydrocarbon that has had one or more of its hydrogens replaced with –OH groups



INTRODUCTION
Writing chemical formulas will open your eyes to the chemical world. Once you are able to write
correct chemical formulas there are four naming systems you will need to master. The trick lies in
recognizing which naming system to use! Use the following guidelines when making your
decisions about how to name compounds.





If the chemical formula for the compound starts with H, it is an acid. Use the Naming Acids
rules.
If the chemical formula for the compound starts with C and contains quite a few H’s and
perhaps some O’s, it is organic. Use the Naming Organic Compounds rules.
If the chemical formula for the compound starts with a metal it is most likely ionic. Use the
Naming Binary Ionic Compounds rules.
If the chemical formula for the compound starts with a nonmetal other than H or C, use the
Naming Binary Molecular Compounds rules.

It is essential that you memorize at least 9 common polyatomic ions. Polyatomic ions are groups
of atoms that behave as a unit and possess an overall charge. If more than one copy of a
polyatomic ion is needed to create a chemical formula, the ion must be enclosed in parentheses
before adding the subscripts. You need to know their names, formulas and charges. If you learn
the nine that follow, you can determine the formula and charges for many others from applying
two simple patterns.
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Name of Polyatomic Ion:
Ammonium ion

Formula & Charge:
NH4+

Acetate ion
Cyanide ion
Hydroxide ion
Nitrate ion
Chlorate ion

C2H3O2−
CN−
OH−
NO3−
ClO3−

Sulfate ion
Carbonate ion

SO42−
CO32−

Phosphate ion

PO43−

Pattern 1: The -ates “ate” one more oxygen than the -ites however, their charge does not change
as a result. For instance, if you know nitrate is NO3−, then nitrite must be NO2−. If you know
phosphate is PO43−, then phosphite must be PO33−. You can also use the prefixes hypo- and perwith the chlorate series. Perchlorate, ClO4−, was really “hyper and -ate yet another oxygen” when
compared to chlorate, ClO3−. Hypochlorite is a double whammy. It is -ite and therefore “ate” one
less oxygen than chlorate and it is hypo- which means “below” so it “ate” even one less oxygen
than plain chlorite so its formula must be ClO−. You can substitute the other halogens for chlorine
and make similar sets of this series.
Pattern 2: The -ates with charges less than negative one, meaning ions with charges of −2, −3,
etc., can have an H added to them to form new polyatomic ions. For each H added the charge is
increased by a +1. For instance, CO32− can have an H added and become HCO3−. HCO3− is called
either the bicarbonate ion or the hydrogen carbonate ion. Since phosphate is negative three, you
can add one or two hydrogens to make new polyatomic ions, HPO42− and H2PO4−. The names are
hydrogen phosphate and dihydrogen phosphate, respectively. If you continue adding hydrogen
ions until you reach neutral, you’ve made an acid! That means you need to see the Naming Acids
rules.
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Pattern 3: Use of the following periodic table will also come in handy. Notice the simple
patterns for determining the most common oxidation states of the elements based on their family’s
position on the periodic table. Notice the IA family is +1 while the IIA family is +2. Skip across
to the IIIA family, and notice that aluminum is +3. Working backwards from the halogens, or
VIIA family, they are most commonly −1 while the VIA family is −2 and the VA family is −3.
The IV A family is “wishy-washy,” and can be several oxidation states, the most common being
 4.

NAMING ACIDS
How do I know it is an acid? The compound’s formula begins with a hydrogen, H, and water
doesn’t count. Naming acids is extremely easy, if you know your polyatomic ions. There are three
rules to follow:
 H + element: If the acid has only one element following the H, then use the prefix hydrofollowed by the element’s root name and an -ic ending. HCl is hydrochloric acid. H2S is
hydrosulfuric acid. When you see an acid name beginning with “hydro”, think “Caution,
element approaching!” (HCN is an exception since it is a polyatomic ion without oxygen, and
it is named hydrocyanic acid.)
 H + -ate polyatomic ion: If the acid has an “-ate” polyatomic ion after the H, then it makes an
“-ic” acid. H2SO4 is sulfuric acid.
 H + -ite polyatomic ion: If the acid has an “-ite” polyatomic ion after the H, then it makes an “ous” acid. H2SO3 is sulfurous acid.
When writing formulas for acids you must have enough H+ added to the anion to make the
compound neutral. Also note that -ate and -ite polyatomic ions contain oxygen so, their acids are
often referred to as oxyacids.
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NAMING ORGANIC COMPOUNDS
How do I know it is organic? The chemical formula will start with a C followed by hydrogens and
may even contain some oxygen. Most of the organic carbons you will encounter will be either
hydrocarbons or alcohols. These are the simplest of all to name. Memorize the list of prefixes in
Table B found in the conclusion questions. The prefixes correspond to the number of carbons
present in the compound and will be the stem for each organic compound. Notice that the prefixes
are standard geometric prefixes once you pass the first four carbons. This silly statement will help
you remember the order of the first four prefixes: “Me Eat Peanut Butter.” This corresponds to
meth-, eth-, prop-, and but- which correspond to 1, 2, 3, and 4 carbons, respectively. Now that we
have a stem, we need an ending. There are three common hydrocarbon endings that you will need
to know as well as the ending for alcohols. The ending changes depending on the structure of the
molecule.
 -ane - alkane (all single bonds & saturated) CnH2n+2; The alkanes are referred to as saturated
hydrocarbons because they contain only single bonds and thus, the maximum number of
hydrogen atoms.
 -ene = alkene (contains one double bond & unsaturated) CnH2n; The alkenes are referred to as
unsaturated hydrocarbons because a pair of hydrogens have been removed to create the double
bond.
 -yne ≡ alkyne (contains one triple bond & unsaturated) CnH2n−2; The alkynes are also referred
to as unsaturated, because two pairs of hydrogens have been removed to create the triple bond.
The term polyunsaturated means that the compound contains more than one double or triple
bond.
 -ol – alcohol (one H is replaced with a hydroxyl group, -OH group, to form an alcohol)
CnH2n+1OH; Do not be fooled—this looks like a hydroxide ion, but is not! It does not make
this hydrocarbon an alkaline or basic compound. Do not name these as a hydroxide! C2H6 is
ethane while C2H5OH is ethanol.
NAMING BINARY IONIC COMPOUNDS
How do I know it is ionic? The chemical formula will begin with a metal cation (+ ion) or the
ammonium cation. The ending is often a polyatomic anion. If only two elements are present, they
are usually from opposite sides of the periodic table, like KCl. If the metal can have more than one
oxidation state, be prepared to use a Roman numeral indicating which oxidation state the metal is
exhibiting. Group IA alkali metals, Group IIA alkaline earth metals, aluminum (Al), silver (Ag),
cadmium (Cd) and zinc (Zn) are exceptions to the Roman numeral rule because their charges are
constant. Group IA metals are always +1, Group IIA metals are always +2, Al is always +3, Ag is
always +1, and Cd and Zn are always +2 in chemical compounds.
In order to name these compounds, first name the ions.
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Naming positive ions: Metals commonly form cations.
 Monatomic positive ions in Group A are named by simply writing the name of the metal from
which it is derived. Al3+ is the aluminum ion.
 Metals often form more than one type of positive ion so Roman numerals (in parentheses)
follow the ion’s name. Cu2+ is the copper(II) ion. Remember the exceptions — IA, IIA, Al,
Ag, Cd, Zn.
 NH4+ is the ammonium ion. It is the only positive polyatomic ion that you will encounter.


Naming negative ions: Nonmetals commonly form anions (− ions). Most of the polyatomic ions
are also negatively-charged.
 Monatomic negative ions are named by adding the suffix -ide to the stem of the nonmetal’s
name. Group VIIA, the Halogens are called the halides. Cl− is the chloride ion.
 Polyatomic anions are given the names of the polyatomic ion. You must memorize these as
instructed. NO2− is the nitrite ion.
Naming the Compound: The + ion (cation) name is given first followed by the name of the
negative ion (anion). Remember, to include the Roman numeral that indicates a metal’s charge for
the many metals that have more than one oxidation state. No prefixes are used in naming ionic
compounds.

NAMING BINARY MOLECULAR COMPOUNDS
How will I know it is a molecular compound? The chemical formula will contain a combination of
nonmetals, both lying near each other on the periodic table. No polyatomic ions will be present.
Use the following set of prefixes when naming molecular compounds.
Subscript
1
2
3
4
5
6
7
8
9
10

Prefix
Mono[usually used only on the second element; such as
carbon monoxide or nitrogen monoxide]
ditritetrapentahexaheptaoctanonadeca-

Naming the Compound: The name of the element with the positive oxidation state is given first,
followed by the name of the element with the negative oxidation state. Use prefixes to indicate the
number of atoms of each element. Don’t forget the -ide ending. If the second element’s name
begins with a vowel, then the “a” at the end of the prefix is usually dropped. N2O5 is dinitrogen
pentoxide not dinitrogen pentaoxide. PCl5 is phosphorous pentachloride not phosphorous
pentchloride.
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FORMULA WRITING
Naming is the trickiest part! Once you have been given the name, the formula writing is easy as
long as you have memorized the formulas and charges of the polyatomic ions. The prefixes of a
molecular compound make it really easy to write the formula since the prefix tells you how many
atoms are present for each element. Roman numerals are your friend; they tell you the charge of
the metal ions that can have more than one oxidation state and thus form positive ions with
different charges. Remember that Group IA, Group IIA, Al, Ag, Cd, & Zn are usually not written
with a Roman numeral; you must know their charges. The most important thing to remember is
that, the sum of the charges must add up to zero in order to form a neutral compound. The
crisscross method is very useful—the charge on one ion becomes the subscript on the other. If you
use this method, you must always check to see that the subscripts are in their lowest whole number
ratio! Here are some examples:
1+

potassium oxide  K

iron(III) chlorate  Fe
4+

tin(IV) sulfite  Sn

3+

2−

O

1

2

K

O  K2O

1−

ClO3  Fe

SO3

2−

4

 Sn

3

1

ClO3  Fe(ClO3)3
2

SO3  Sn2(SO3)4  Sn(SO3)2

zinc acetate  Zn2+ C2H3O21−  Zn 2 C2H3O21  Zn(C2H3O2)2

Copyright © 2012 Laying the Foundation®, Inc., Dallas, Texas. All rights reserved. Visit us online at www.nms.org.

Chemical Nomenclature

PURPOSE
To master the skill of writing and naming chemical formulas.
MATERIALS
Each lab group will need the following:
bag, zipper-lock, quart
copy of student formula manipulatives
scissors

PROCEDURE
Safety Alert
Use care when handling scissors.
1. Carefully cut out the models on Template 1. Group them by similar charge or oxidation state.
2. Trace over the symbol and oxidation state of each element using colored markers and apply the
color scheme below:
Color
Blue
Red
Yellow
Green
Purple
Pink

Oxidation State
+1
−1
+2
−2
+3
−3

3. Notice how the models fit together. If an element has a +3 oxidation state, it requires three
elements with a −1 oxidation state to create a complete compound and the subscripts would
reflect a 1:3 ratio.
4. Review the rules for naming acids and complete Table A on your student answer page. Use the
models you created from Template 1 as needed. Supply either the acid’s name or its formula to
complete Table A.
5. Review the rules for naming binary ionic and molecular compounds. Use the models you
created from Template 1 as needed. Supply the compound’s formula and name to complete
Table C. If the charge or oxidation state is missing from the table, it is because you should
already know them or be able to determine them due to their position in the periodic table.
6. Carefully cut out the shapes on Template 2. Each carbon model has 4 inward notches. The
model “bonds” found on Template 2 are for connecting the carbons. These shapes will be used
to help you with organic compounds. There is no need to color them.
7. Review the rules for naming organic hydrocarbons and alcohols. Use your models from
Template 2 as needed. Fill in the missing formulas and names for each compound in Table B.
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Chemical Nomenclature
Naming and Writing Chemical Formulas
All You Really Need to Know About Chemical Names and Formulas SUMMARIZED
In this flowchart, D and J in the general formula DxJy can represent atoms, monatomic ions, or
polyatomic ions.
DxJy

D=H

Yes

Compound is an acid;
use the table below

No

Compound is
binary its name
ends in -ide

Yes

Yes

More than
TWO elements?

No

D = metal

D = Group IA, IIA, _No
Al, Cd, Ag, or Zn?

Yes

Compound MUST
contain a polyatomic
icon its name ends in
-ite or -ate

No
D = Group IA, IIA, _ No
Al, Cd, Ag, or Zn?

Compound is binary
molecular; use
prefixes in the name

Yes

Name the ions; use
a Roman numeral to
indicate the charge
on the cation

Name the ions
Name the ions

Name the ions; use
a Roman numeral to
indicate the charge
on the cation
Naming Acids
Anion ending

Example
2-

Acid name

Example

–ide

S
sulfide

Hydro-(stem)-ic
acid

hydrosulfuric
acid

–ite

SO3 sulfite

(stem)-ous
acid

sulfurous
acid

–ate

SO4 sulfate

(stem)-ic
acid

sulfuric
acid

2

2
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CONCLUSION QUESTIONS
Table A
Acid Formula

Acid Name

HCl
hypochlorous acid
chlorous acid
chloric acid
perchloric acid (“hyperchloric” acid)
HNO3
hydrobromic acid
H3PO4
H3PO3
hydrocyanic acid
HC2H3O2
carbonic acid
hydroiodic acid
HF
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Table B

# of carbon atoms = n

-ane

-ene

-yne

-anol

CnH2n+2

CnH2n

CnH2n−2

CnH2n+1OH

prefix or stem

1

meth-

2

eth-

3

prop-

4

but-

5

pent-

6

hex-

7

hept-

8

oct-

9

non-

10

dec-

None here because you
must have at least 2
carbons for multiple
bonding

CH3OH
methanol

C3H6
propene

C5H12
pentane

C7H15OH
heptanol
C8H14
octyne
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Table C

Ag+

Pb2+

Cu+

Ba2+

NH4+

Al3+

N3−

O2−

Br−

S2−

SO42−

ClO2−

PO33−
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Template 1

+
NH4
2+

Mn

2+

Pb

+

Ag
H

Al

3+

+

H

+

H

+

H
+
H
+
H
+

H

+
+

H

H

+

+

H
+
H
+

Cu

2+

Ba

-

Br
Cl

NO3

N
O

3-

2-

2-

S

2SO4
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-

ClO

ClO2
ClO3
ClO4

3PO4

C2H3O2

F
I

-

3PO3

CN

-

-

2-

S

2CO3
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Template 2

C
C
C

C
C
C

C

C

C

C

C

C

H

H

OH

H

H

H

H

OH

H

H

H

H

H
H

H
H

H

H

H

H

H

H

H
H

OH
Use the models below as
single, double and triple
bonds for connecting
carbons.
Remember, DO NOT
allow C to have more
than FOUR total bonds!

H
H
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