Chemistry

UNIT I: Introduction to Chemistry

Goal 1.  The student will be able to describe what chemistry is and its scope.

Objectives - The student will be able to:

a.
b.

Define chemistry.
Explain that chemistry overlaps many other areas of science.

Goal 2.  The student will be able to identify and apply the scientific process.

Objectives - The student will be able to:

a.
b.

List and describe the steps of the scientific process.
Apply the steps to a real world example.

Goal 3.  The student will be able to identify and apply basic safety procedures and identify
basic equipment.

Objectives - The student will be able to:

a.
b.
c.

Identify appropriate safety procedures.

Apply safety procedures to a given situation.

Identify basic lab equipment (i.e., beaker, graduated cylinder, balance, Bunsen
burner, and thermometer.)

Goal 4.  The student will be able to identify and use appropriate units of measurement and the
sources and implications of uncertainty in measurements.

Objectives - The student will be able to:

a.
b.

Explain what SI units are and why scientists use them.

Measure quantities using appropriate units for measurement (i.e., grams, meters, liter,
second, etc.)

Utilize scientific notation to express numerical measurements.

Explain that all measurements have some amount of error or uncertainty and to
compensate for this scientists use significant figures.

Distinguish between accurate and precise measurements.

Identify the number of significant figures in a measurement and express the
measurement properly in scientific notation.

Round numbers to the correct number of decimal places or significant figures.
When calculating a sum or difference, determine the correct number of decimal
places in the answer.

When calculating a product or quotient, determine the correct number of significant
figures in the answer.



Goal 5.  The student will be able to convert among units.
Objectives - The student will be able to:
a. Define a conversion factor.
b.  Convert from one unit to another given a conversion factor using dimensional
analysis or factor-label method.
UNIT II: Properties of Matter
Goal 1.  The student will demonstrate the ability to classify the different kinds of matter.

Objectives - The student will be able to:

a.  Differentiate among element, compound, homogenous mixture, or heterogeneous
mixture.

b.  Identify the smallest part of each pure substance.

c.  Determine the number of each kind of atom in a compound, given the chemical
formula.

d.  Differentiate between physically blended and chemically bonded.

Goal 2.  The student will demonstrate the ability to explain how matter may be identified,
classified, and changed.

Objectives - The student will be able to:

a.  Describe the arrangement and distances among particles in the solid, liquid, and gas
state.

b.  Relate the physical state of the substance to the temperature at which the substance
exists.

Distinguish between physical and chemical properties.
Contrast physical and chemical changes.

Calculate the density of a substance from experimental data.
Contrast the properties of inorganic and organic compounds.
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Goal 3.  The student will demonstrate the ability to summarize and apply the Law of
Conservation of Matter and Energy.

Objectives - The student will be able to:
a.  Distinguish between reactants and products of a chemical reaction.
b.  Use the Law of Conservation of Mass and Energy to prove that the mass remains
constant during both physical and chemical changes.



UNIT III: Atomic Structure

Goal 1.  The student will demonstrate the ability to trace the history of the development of the
modern atomic theory and model.

Objectives - The student will be able to:
a.  Explain how science is a developing field where theories are constantly challenged.
b. Contrast the contributions of Dalton, Thomson, Rutherford, Bohr, and Schroedinger
in the development of the modern understanding of atomic structure.
c.  Contrast the modern understanding of atomic structure with historic understandings.

Goal 2.  The student will demonstrate the ability to determine the composition of any atom,
ion, or isotope.

Objectives - The student will be able to:
a.  Use language appropriate to atomic structure including atom, ion, isotope, subatomic
particle, atomic number, mass number, average atomic mass, and atomic mass unit.
b. Identify and calculate the number of protons, neutrons, and electrons in any atom,
ion, or isotope given sufficient information.

Goal 3.  The student will demonstrate the ability to analyze the fundamentals of radioactivity.

Objectives - The student will be able to:

a.  Explain how some isotopes are made of unstable nuclei, which decay over time
emitting particles and energy.

b.  Explain how the process of decay can change the isotope’s atomic and mass numbers.

c.  Contrast the three kinds of emissions (alpha, beta, and gamma), the composition of
the emission, and the material required to shield them.

d.  Differentiate between nuclear fission and fusion.

e.  Identify the common uses of nuclear fission and fusion.

UNIT IV: Electron Arrangement

Goal 1.  The student will demonstrate the ability to explain how electrons are organized
around the nucleus.

Objectives - The student will be able to:
a.  Distinguish among energy levels, sublevels, and orbitals.
b.  Use the Aufbau principle to fill an energy level diagram.
c.  Determine both the full and shorthand electron configurations for an atom or ion.
d.  Determine the orbital notation for the electron arrangement in an atom or ion using
Hund’s rule and Pauli’s exclusion principle.



Goal 2.  The student will demonstrate the ability to explain the source and common use of
atomic spectra.

Objectives - The student will be able to:

a.  Describe the process that creates atomic spectra.
b.  Explain the uniqueness of atomic spectra.
c.  Provide examples of the common applications of atomic spectra, i.e. analysis of a

mixture using atomic spectra.

UNIT V: The Periodic Table

Goal 1.  The student will demonstrate the ability to describe the origin and organization of the
modern Periodic Table.

Objectives - The student will be able to:

a.  Contrast Dimitri Mendeleev and Henry Mosely’s contributions and method of
organizing the Periodic Table.

b. Collect and use information on the Periodic Table, including atomic number, atomic
mass, family designation, period number, classification of element (metal, nonmetal,
semimetal, or metalloid), and the state of the element at room temperature.

c.  Identify regions of the periodic table including alkali metals, alkaline earth metals,
transition metals, halogens, noble gases, lanthanide, and actinide series.

d.  Relate the family or group of elements to their corresponding number of valence
electrons.

e.  Relate a period of elements to the energy level of valence electrons.

Goal 2.  The student will demonstrate the ability to explain periodicity.

Objectives - The student will be able to:
a.  Compare ionization energy, electronegativity, and atomic radius; contrast the trends
in these properties as one proceeds across a period and down a family of elements on
the Periodic Table.

UNIT VI: Bonding

Goal 1.  The student will demonstrate the ability to distinguish among ionic, polar, and
nonpolar covalent bonds.

Objectives - The student will be able to:
a.  Describe how atoms interact with one another by transferring and sharing valence
electrons.
b.  Relate the number of valence electrons and electronegativity values for two elements
to the type of bond formed in compounds.
c.  [Illustrate neutral atoms and ions using electron dot notation. Illustrate ionic, nonpolar
covalent, and polar covalent bonds utilizing electron dot notation.



Goal 2.

The student will demonstrate the ability to recognize various shapes that molecules
can exhibit.

Objectives - The student will be able to:
a.

Identify and differentiate among the linear, bent, and tetrahedral shapes.
b.

Relate the chemical formula of a compound to the shape its molecules will exhibit.

Goal 3.

The student will demonstrate the ability to differentiate properties of metallic, ionic,
and covalent solids.

Objectives - The student will be able to:
a. Classify a substance as metallic, ionic, or covalent based on data (solubility, melting
point, boiling point, conductivity).

b. Contrast the properties of metallic, ionic, and covalent solids.

UNIT VII: Nomenclature

Goal 1.

The student will demonstrate the ability to compose a proper formula for a
compound.

Objectives - The student will be able to:

a.  Obtain the oxidation number of a metal, nonmetal, or polyatomic ion and relate it to
the loss or gain of electrons.

b.  Combine a cation and an anion such that the sum of the oxidation numbers will equal
zZero.

c.

Use subscripts and parentheses, if needed, and determine the number of atoms
represented by the formula.

Goal 2.

The student will demonstrate the ability to describe and name ionic compounds
(binary or ternary) and covalent compounds (binary).

Objectives - The student will be able to:

a.  Differentiate between a binary and ternary compound.

b.  Name a binary ionic compound using roman numerals, if needed.
c.  Name a ternary ionic compound using roman numerals, if needed.
d.

Name binary covalent compounds.

UNIT VIII: Chemical Reactions

Goal 1.  The student will demonstrate the ability to write and balance simple equations.

Objectives - The student will be able to:

a.  Distinguish between reactants and products in a chemical reaction.
b.  Write a word or symbolic equation to represent a chemical reaction.
c.

Balance a simple equation.



Explain how a balanced chemical equation supports the Law of Conservation of
Mass.

Compare the amount and kinds of atoms of reactants and products in a chemical
reaction.

Goal 2.  The student will demonstrate the ability to classify chemical reactions and predict the

products.

Objectives - The student will be able to:
a.  Categorize the types of chemical reactions based on the nature of observed changes.
b.  Identify the type of chemical reactions based on the reactants given.

c.  Write the formulas for products formed during a chemical reaction based on the
nature of the observed changes.

UNIT IX: Moles and Stoichiometry

Goal 1.  The student will demonstrate the ability to explain and do calculations with the mole.
Objectives - The student will be able to:
a.  Define the mole and describe its importance.

b.  Describe how Avogadro’s number is related to a mole of any substance.
c.  Define and calculate the molar mass of a compound.
d.

Convert among the number of particles, mass, moles, and volume of a substance.

Goal 2.  The student will demonstrate the ability to determine the percent composition of a

compound.

Objectives - The student will be able to:

a.  Calculate the percent composition of a substance from its chemical formula.
b.  Calculate the percent composition of a substance from experimental data.

Goal 3.  The student will demonstrate the ability to determine the empirical and molecular

formulas of a compound.

Objectives - The student will be able to:
a.  Distinguish between empirical and molecular formulas.

b.  Derive the empirical formula for a compound by using experimentally obtained
masses of each element.

c.  Derive the empirical formula for a compound by using percent composition data.

d.

Derive the molecular formula for a compound by using the empirical formula and the
molar mass of the compound.

Goal 4. The student will demonstrate the ability to explain the quantitative relationship that

exists between reactants and products in a chemical reaction.

Objectives - The student will be able to:
a.  Define stoichiometry and describe its importance.
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b.  Apply stoichiometric ratios to balanced chemical equations.
c.  Identify and solve different types of stoichiometry problems.

Goal 5.  The student will demonstrate the ability to describe a limiting reactant.

Objectives - The student will be able to:
a.  Define limiting reactant.
b.  Explain how limiting reactants affect the amount of products formed.

Goal 6.  The student will demonstrate the ability to calculate percent yield.

Objectives - The student will be able to:
a.  Differentiate between actual yield and expected yield.
b.  Determine percent yield based on actual yield and expected yield.

UNIT X: Gases

Goal 1.  The student will demonstrate the ability to describe the behavior of gases and relate
the behavior to gas properties.

Objectives - The student will be able to:

a.  Identify the properties of gases.

b.  Differentiate among the behavior of particles in solids, liquids, and gases.
c.  Compare the behavior of real and ideal gases.
d.

Explain the effects of temperature, pressure, and volume changes on the behavior of
particles.

Goal 2.  The student will demonstrate the ability to identify the volume, temperature,
pressure, and amount of a gas.

Objectives - The student will be able to:

a.  Explain which equipment and units are used to measure gas quantities.
b.  Define standard temperature and pressure.
c.  Define molar volume.

Goal 3.  The student will demonstrate the ability to describe the relationships among the four
quantities of a gas and perform calculations based on those relationships.

Objectives - The student will be able to:

a.  State the written and mathematical expression of five gas laws (Boyle’s Law,
Charles’ Law, Gay-Lussac’s Law, Combined Gas Law, Ideal Gas Law).

b.  Apply the gas laws to problems involving the temperature, volume, pressure, and
amount of a gaseous substance.

c.  Explain how the total pressure in a mixture of gases is equal to the sum of the partial
pressures of each gas present.

d.  Compare the diffusion rates of two gases.



UNIT XI: Solutions

Goal 1.  The student will demonstrate the ability to describe characteristics of solutions.

Objectives - The student will be able to:

a.  Distinguish between homogeneous and heterogeneous mixtures. Explain how
dissolving is different from melting.

b.  Identify and compare the nine different solute-solvent combinations.

C. Compare solutions, suspensions, and colloids.

Goal 2.  The student will demonstrate the ability to describe factors affecting solubility.

Objectives - The student will be able to:

a.  Explain how stirring, surface area, temperature, and concentration influence the rate
of solution formation.

b.  Interpret a solubility curve.

c.

Apply “like dissolves like” to everyday events.

Goal 3.  The student will demonstrate the ability to determine molarity.

Objectives - The student will be able to:
a.  Calculate the molarity of a solution given the amount of solute and the volume of
solvent.

b.

Calculate the amount of solute needed to prepare a specific volume of a given
molarity.

UNIT XII: Reactions Rates and Equilibrium

Goal 1.  The student will demonstrate the ability to describe factors that affect the reaction
rate.

Objectives - The student will be able to:
a.

Predict the effects of adding a catalyst or changing the temperature, surface area,
concentration, or pressure on the rate of a reaction.
b.

Interpret a potential energy diagram including activation energy and enthalpy change.
c.  Explain the role of activation energy in chemical reactions and its change with the
addition of a catalyst.

Goal 2.  The student will demonstrate the ability to describe the energy changes occurring
during a chemical reaction or process.

Objectives - The student will be able to:
a.  Compare endothermic and exothermic reactions.

b.  Differentiate between heat and temperature.
c.  Define the terms enthalpy and enthalpy change.
d.  Calculate the change in heat energy in a system using calorimetry.
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Goal 3.  The student will demonstrate the ability to explain chemical equilibrium.

Objectives - The student will be able to:

a.  Explain that some chemical reactions are reversible.
b.  Discuss dynamic equilibrium.
c.  Calculate the equilibrium constant and use its value to judge whether reactants or

products are favored.
d.  Use LeChatelier’s Principle to explain how equilibrium systems adjust to stresses
such as temperature and concentration changes.

UNIT XIII: Acids and Bases
Goal 1.  The student will demonstrate the ability to describe and name acids and bases.

Objectives - The student will be able to:

Explain that many reactions involve the transfer of hydrogen ions.

Compare Arrhenius, Bronsted-Lowry, and Lewis theories of acids and bases.
Identify the properties of acids and bases.

Name a binary acid.

Name a ternary acid.
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Goal 2.  The student will demonstrate the ability to compare characteristics of strong and
weak acids and bases.

Objectives - The student will be able to:

a.  Discuss and compare ionization of strong and weak acids and bases.
b.  Use the ionization constant to calculate the hydrogen ion concentration for weak
acids.

Goal 3.  The student will demonstrate the ability to describe acid-base reactions.

Objectives - The student will be able to:
a.  Write a neutralization reaction.
b.  List the characteristics of a salt.
c.  Discuss the self-ionization of water and its importance in calculating hydrogen ion
concentrations.

Goal 4.  The student will demonstrate the ability to describe and use the pH scale.

Objectives - The student will be able to:
a.  Measure acidity levels of common substances using the pH scale.
b.  Calculate pH given the hydrogen ion concentration.
c.  Calculate pH given the hydroxide ion concentration.



Goal 5.  The student will demonstrate the ability to explain how the concept of neutralization
applies to titrations.

Objectives - The student will be able to:
a.  Perform a titration using an indicator to identify the endpoint.
b.  Calculate the molarity of an unknown acid or base from titration data.

UNIT XIV: Organic Chemistry

Goal 1.  The student will be able to explain why organic compounds are so numerous and
diverse.

Objectives - The student will be able to:
a.  Differentiate between properties of inorganic and organic compounds.
b.  Differentiate between alkanes, alkenes, alkynes, and cyclic hydrocarbons.
c.  Identify, name and draw structural formulas for the first ten alkanes.
d.  Recognize that many organic compounds contain functional groups, which determine
the properties and uses of that compound.
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