
Chemistry Objectives by Unit 
version for L2 & L3 20140121

These are the student objectives for the chemistry course. They are organized by units which are not necessarily chronological.

Unit of Curric   Chapter Section
Chemistry is Relevant "Peo

Objective #
ple Who Took Chemistry" Video

Rel-1 List examples of chemical compounds and chemical reactions that are present in their everyday lives. 
Rel-2 List examples of  careers in chemistry.

Lab Safety 
LS-1 State the correct lab safety rules, procedures, precautions, and correct Reponses to accidents and emergency situations.
LS-2 Follow and demonstrate the correct lab safety rules, procedures, precautions, and correct Reponses to accidents and emergency situations

Chemicals
1-3.1 Use a periodic table to name elements, given their symbols.
1-3.2 Use a periodic table to write the symbols of elements, given their names.
5-1.8 Compare the reactivates of hydrogen and helium. 
6-1.1 Define chemical bond .
7-1.1 Explain the significance of a chemical formula.
7-1.2 Determine the formula of an ionic compound formed between two given ions.
7-1.3 Name an ionic compound given its formula.
7-1.4 Name a binary molecular compound from its formula, using prefixes.
7-1.5 Write the formula of a binary molecular compound given its name.
7-1.6 Write the formula of a common polyatomic ion given its name. (such as the ammonium ion NH4+)
7-1.7 Write the  name of a common polyatomic ion given its formula. (such as the ammonium ion NH4+)
7-1.8 Determine the number  and kind of atoms in a compound from its formula. 
8-1.15 Identify the following elements as diatomic elements under normal conditions: H, O, N, Cl, Br, I, F
14-1.2 Name common binary acids and oxyacids, given their chemical formulas.
14-1.3 List five acids commonly used in industry and the laboratory, and give two properties of each.
51-1.1 Translate between the  common name, chemical name and formula for  compounds such as but not limited to …..natural gas ….. 

methane….. CH4

51-1.2 Translate between the  common name, chemical name and formula for   compounds such as but not limited to household ammonia
…..ammonia gas dissolved in H2O  ….. . NH3 (ag) 
Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Intro to Reactions

1-2.9 Verbalize that chemical reactions form new substances
5-1.7 Identify hydrogen as an  explosive element in the presence of oxygen and a flame. 
8-1.1 List  observations that suggest that a chemical reaction has taken place.



8-1.2 List three requirements for a correctly written chemical equation.
8-1.3 Write a word equation and a formula equation for a given chemical reaction.
8-1.5 Write an arrow to represent the word yields when writing chemical equation. 
8-1.7 Identify the coefficient in a balanced chemical equation.
8-1.13 Define precipitate 
8-1.14 Identify the symbols written after a formula in a chemical equation such as but not limited to (s) = solid, (l) = liquid, (g) = gas, (up 

arrow) = gas, (down arrow) = precipitate, (ag) = substance dissolved in water.
14-3.2 Explain the process of neutralization.
14-3.3 Explain how acid rain damages marble structures.
15-1.1 Describe the self-ionization of water.

Balance Equations
Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Matter, Change & Atoms
1:    Matter and Change 

 1-1.1 Define chemistry.
 1-1.2 List examples of the branches of chemistry.

1-1.3 Compare and contrast basic research, applied research, and technological development.
1-2.1 Distinguish between the physical properties and chemical properties of matter.
1-2.2 Classify changes of matter as physical or chemical.
1-2.3 Explain the gas, liquid, and solid states in terms of particles.
1-2.4 Explain how the law of conservation of energy applies to changes of matter.
1-2.5 Distinguish between a mixture and a pure substance.
1-2.6 Define matter.
1-2.7 Distinguish between a homogenous and heterogeneous mixture. 
1-2.8 Distinguish reactants from products in a chemical reaction
1-2.9 Verbalize that chemical reactions form new substances
1-3.1 Use a periodic table to name elements, given their symbols.
1-3.2 Use a periodic table to write the symbols of elements, given their names.
1-3.3 Describe the arrangement of the periodic table.
1-3.4 List the characteristics that distinguish metals, nonmetals, and metalloids.

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.
3: Atoms: The Building Blocks of Matter

3-1.1 Explain the law of conservation of mass, the law of definite proportions, and the law of multiple proportions.
3-1.2 Summarize the five essential points of Dalton's atomic theory.
3-1.3 Explain the relationship between Dalton's atomic theory and the law of conservation of mass, the law of definite proportions, and the law 

of multiple proportions.
3-1.4 Recognize Dalton as the man who conceived the principles of the modern atomic theory 
3-1.5 Explain the law of conservation of mass.
3-1.6 Explain the law of definite proportions.
3-1.7 Explain  law of multiple proportions.
3-1.8 Apply the law of Conservation of mass and the law of definite proportions in order to determine the amount of a reactant or product 

given the amount of other reactant(s) or product(s) that participle in a chemical reaction.



3-1.9 Compare and contrast Dalton's Atomic Theory with the Modern Atomic Theory 
3-2.1 Summarize the observed properties of cathode rays that led to the discovery of the electron.
3-2.2 Summarize the experiment carried out by Rutherford and his coworkers that led to the discovery of the nucleus
3-2.3 List the properties of protons, neutrons, and electrons.
3-2.4 Define atom.
3-2.5 State  that experiments using the cathode ray tube lead to the discover of the electron.
3-3.1 Explain what isotopes are.
3-3.2 Define atomic number  and mass number , and describe how they apply to isotopes.
3-3.3 Determine the number of protons, neutrons, and electrons of a nuclide, given its identity. 
3-3.16 Define  mass number.
3-3.17 Define The average atomic mass of an element as the average of the atomic masses of its naturally occurring isotopes.
3-3.18 Calculate the numbers of electrons, protons and neutrons in an isotope given the atomic number, mass number and the identity of the 

parent element.
Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Electrons
4: Arrangement of Electrons in Atoms 

4-1.1 Explain the mathematical relationship among the speed, wavelength, and frequency of electromagnetic radiation. ( Speed = Frequency x 
Wavelength )

4-1.2 Discuss the dual wave-particle nature of light.
4-1.3 Discuss the significance of the photoelectric effect and the line-emission spectrum of hydrogen to the development of the atomic model.
4-1.4 Describe the Bohr model of the hydrogen atom.
4-1.5 Describe  How Planck's equation (E= hv) can be used to calculate the energy of a photon from its frequency
4-1.6 State that all electromagnetic radiation waves have the same speed in the same medium.
4-1.7 Define a photon  
4-1.8 Define a quantum of energy 
4-1.9 Describe the work of  Max Planck 
4-1.10 Define photoelectric effect 
4-1.11 State that when an electron moves from one energy level to a lower energy level a line spectrum is produced. 
4-1.12 Describe how  "excited hydrogen atoms always produce the same line-emission spectrum" 
4-2.1 Describe  Louis de Broglie’s role in the development of the quantum model of the atom.
4-2.2 Compare and contrast the Bohr model and the quantum model of the atom.
4-2.3 Explain how the Heisenberg uncertainty principle and the Schrödinger wave equation led to the idea of atomic orbitals.
4-2.4 List the four quantum numbers, and describe their significance.
4-2.5 Relate the number of sublevels corresponding to each of an atom’s main energy levels, the number of orbitals per sublevel, and the 

number of orbitals per main energy level.
4-2.6 Identify the shapes of the following atomic orbitals:   s (spherical shaped) and p (dumbbell-shaped)  and d.
4-2.7 Identify the orientation of the following atomic orbitals: s(symmetrical about the origin) and p (directed along the x, y, and z axes)  and 
4-2.8 Describe how the quantum model of the atom explains the orbitals of electrons as waves. 
4-3.1 List the total number of electrons needed to fully occupy each main energy level.



4-3.3 Write  the electron configurations for the atoms of any element using orbital notation, electron-configuration notation, and when 
appropriate, noble-gas notation.

4-3.4 State the Aufbau principle.
4-3.5 State the Pauli exclusion principle.
4-3.6 State Hund’s rule.
4-3.7 State & Apply  the Aufbau principle.:::::::State the rule and be able to apply the rule to real situations and be able to identify situations 

in which the rule has been broken.
4-3.8 State & Apply the Pauli exclusion principle. :::::State the rule and be able to apply the rule to real situations and be able to identify 

situations in which the rule has been broken.
4-3.9 State & Apply Hund’s rule.:::::State the rule and be able to apply the rule to real situations and be able to identify situations in which 

the rule has been broken.
Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Solids, Liquids Gases & Kinetic Molecular Theory
10: States of Matter 

10-1.1 State the kinetic-molecular theory of matter, and describe how it explains certain properties of matter.
10-1.2 List the five assumptions of the kinetic-molecular theory of gases. Define the terms ideal gas  and real gas.
10-1.3 Describe each of the following characteristic properties of gases: expansion, density, fluidity, compressibility, diffusion, and effusion
10-1.4 Describe the conditions under which a real gas deviates from “ideal” behavior.
10-1.14 Define  ideal gas 
10-1.15 Describe the differences between an ideal gas and a real gas.
10-1.16 Describe the following characteristic property of gases: expansion in terms of the kinetic molecular theory. 
10-1.17 Describe the following characteristic property of gases:  density in terms of the kinetic molecular theory. 
10-1.18 Describe the following characteristic property of gases:  fluidity in terms of the kinetic molecular theory. 
10-1.19 Describe the following characteristic property of gases:  compressibility in terms of the kinetic molecular theory. 
10-1.20 Describe the following characteristic property of gases: diffusion in terms of the kinetic molecular theory. 
10-1.21 Describe the following characteristic property of gases:  effusion in terms of the kinetic molecular theory. 
10-1.22 State that gases composed of monatomic, nonpolar molecules behave most like an ideal gas.
10-1.23 Explain why gases composed of monatomic, nonpolar molecules behave most like an ideal gas in terms of forces of attraction between 

particles.
10-1.24 Predict the relative velocities of two diffusing gases with unequal molar masses.
10-2.1 Describe the motion of particles in liquids and the properties of liquids according to the kinetic-molecular theory.
10-2.2  Define vaporization.
10-2.3 Define freezing.
10-3.1 Describe the motion of particles in solids and the properties of solids according to the kinetic-molecular theory.
10-4.1 Explain the relationship between equilibrium and changes of state.
10-4.2 Interpret phase diagrams.
10-4.3 Explain what is meant by equilibrium vapor pressure .
10-4.4 Describe the processes of boiling, freezing, melting, and sublimation.
10-4.7 State that the equilibrium vapor pressure of water depends upon the temperature.
10-4.9 Define boiling point as the temperature at which the equilibrium vapor pressure of a liquid is equal to the prevailing atmospheric 

pressure. 
10-4.10 State that the atmospheric pressure decreases as the altitude increases.



10-4.12 Describe boiling point of a liquid in terms of  the strength of the attractive forces between the molecules that make up the liquid;
10-4.12 Predict the relative strength of the attractive forces between molecules of two different liquids from the relative boiling points of two 

those liquids.
10-5.1 Describe the structure of a water molecule.
10-5.2 Discuss the physical properties of water. Explain how they are determined by the structure of water.

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Methods & Measurements and Units & Conversions
2:  Measurements and Calculations
  2-1.1 Describe the purpose of the scientific method.

2-1.2 Distinguish between qualitative and quantitative observations.
2-1.3 Describe the differences between hypotheses, theories, and models.
2-1.4 Define hypothesis
2-1.5 Define theory
2-1.6 Define model
2-2.1 Distinguish between a quantity, a unit, and a measurement standard.
2-2.2 Name and use SI units for length, mass, time, volume, and density.
2-2.3 Distinguish between mass and weight.
2-2.4 Perform density calculations.
2-2.5 Transform a statement of equality into a conversion factor.
2-2.6 Perform temperature conversions 
2-2.7 Define density
2-2.8 Perform conversions within the SI system using dimensional analysis.
2-2.9 Perform conversions between  the SI system and the English system using dimensional analysis.
2-2.10 Correctly use dimensional analysis to solve conversion problems.
2-3.1 Distinguish between accuracy and precision.
2-3.2 Determine the number of significant figures in measurements.
2-3.3 Perform mathematical operations involving significant figures.
2-3.4 Convert measurements into scientific notation.
2-3.5 Distinguish between inversely and directly proportional relationships.
2-3.6 Identify the tools used by scientists for measuring.
A                    Identify  that the purpose of a  balance is to determine the mass of a substance.
B                    Identify that the purpose of a  thermometer is to determine temperature of a substance.
C                    Identify that the purpose of an  graduated cylinder is to determine volume of a substance.
2-3.7 Evaluate the relative quality of the precision of given measurements.
2-3.8 State the rules used to determine significant figures.
2-3.9 Round measurements to the correct number of significant figures.

  

Moles : This sec of chapter 3 covers moles which is not covered in class until "Conversions"
3: Atoms: The Building Blocks of Matter            SECTION 3: Counting Atoms  

3-3.4 Define mole, Avogadro's number,  and molar mass, and state how all three are related.
 Simple Mole Conversions 3-3.5 Solve problems involving mass in grams, amount in moles, and number of atoms of an element. 



Particles to moles 3-3.6 Calculate the number of moles of a substance given the number of particles of that substance.
Moles to Particles 3-3.7 Calculate the number of particles of a substance given the number of moles of that substance.

Particles to mass 3-3.8 Calculate the mass  of a substance given the number of particles of that substance.
Mass to particles 3-3.9 Calculate the number of particles of a substance given the mass of that substance.

Particles to vol 3-3.10 Calculate the volume of a gaseous substance (at STP) given the number of particles of  that substance.
Vol to particles 3-3.11 Calculate the number of particles of a substance given the volume of that gaseous substance (at STP) .
Mass to moles 3-3.12 Calculate the number of moles of a substance given the mass  of that substance.
Moles to mass 3-3.13 Calculate the mass  of a substance given the number of moles of that substance.

Mass to vol 3-3.14 Calculate the volume of a gaseous substance at STP given the mass of that substance.
Vol to mass 3-3.15 Calculate the mass  of a substance  given the volume of that  gaseous  substance at STP

3-3.16 Define mole, and Avogadro's number,  and state how all they are related.
moles to volume 3-3.14 Calculate the volume  of a substance at STP given the number of moles of that substance.
volume to moles 3-3.15 Calculate the moles of a substance given the volume of that substance at STP.

3-3.16 Define  mass number.
3-3.17 Define The average atomic mass of an element as the average of the atomic masses of its naturally occurring isotopes.
3-3.18 Calculate the numbers of electrons, protons and neutrons in an isotope given the atomic number, mass number and the identity of the 

parent element.
3-3.19 Determine the molar mass of an element using a periodic table.

10: States of Matter     SECTION 5 
Enthalpy: This sec of chapter 10 covers molar enthalpy of vaporization and fusion which is not covered in class until "The Conversions Unit"

10-5.3 Calculate the amount of heat energy absorbed or released when a quantity of water changes state
10-5.3 Calculate the mass of steam that would have to condense in order to release a given amount of heat energy. 

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Temperature & Pressure 
11: Gases

1 Gas and Pressure
 11-1.1 Define pressure , give units of pressure, and describe how pressure is measured.

11-1.2 State the standard conditions of temperature and pressure and convert units of pressure.
11-1.3 Calculate partial pressures and total pressures, using Dalton’s law of partial pressures. 
11-1.4 Identify a manometer as an instrument used to measure the pressure exerted by a contained gas.
11-1.5 State Dalton's Law of Partial Pressure
11-1.6 Identify the differences among real and “ideal” gases and the conditions that pertain to them.

 11-1.7 Convert between different units of pressure.
11-1.8 State the standard condition of temperature
11-1.9 State the standard condition of  pressure 
11-1.10 State the standard conditions of temperature and pressure. STP
11-1.11 Convert Celsius to kelvin
11-1.12 Convert kelvin to Celsius.
11-1.13 Define pressure 
11-1.14 Explain how pressure is produced: 



11-1.15 Identify a  barometer as the instrument used to measure atmospheric pressure. 
11-1.16 Convert between atm and mm of Hg.
11-1.17 Be able to compare the atmospheric pressure to standard pressure (i.e. Which is higher or lower) upon analysis of the data from an old 

school mercury barometer.
11-1.18 Look up the vapor pressure of water given its temperature.

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Gas Laws
11: Gases

11-2.1 Explain the relationships between gas volume, temperature, and pressure, using the kinetic-molecular theory.
11-2.2 Calculate volume-pressure changes at constant temperature, using Boyle’s law.
11-2.3 Calculate volume-temperature changes at constant pressure, using Charles’s law.
11-2.4 Calculate pressure-temperature changes at constant volume, using Gay-Lussac’s law.
11-2.5 Calculate volume-temperature-pressure changes, using the combined gas law.
11-2.6 Explain that the Kelvin temperature scale  has absolute zero as its zero point.
11-2.7 Explain that gas law calculations involving temperature require that all temperatures be expresses according to the Kelvin temperature 

scale. 
11-2.9 State that the pressure of a sample of gas, held at a constant volume, is inversely related to the temperature..
11-3.1 State the law of combining volumes.
11-3.2 State Avogadro’s Principle and explain its significance.
11-3.3 Define standard molar volume of a gas, and use it to calculate gas masses and volumes.
11-3.4 State the ideal gas law 
11-3.5 Calculate pressure, volume, temperature, or amount of gas when the other three quantities are known, using the ideal gas law.
11-3.6 State Avogadro’s Principle
11-3.13 Explain how R, the gas constant in the ideal gas equation, has the following units L-atm/mol-K
11-3.14 State that the standard (at STP) molar volume of a gas, is 22.4 liters. 
11-3.15 Calculate the volume of a gaseous reactant or product from the volume of a different gaseous  reactant or product given the volume of 

the two gases that react or are produced in a different trial of the same reaction.
11-3.16 Calculate the volume ratio of two gases involved in a chemical reaction given the balanced equation. 

IV: Gases 11-4.1 Describe the process of diffusion.
11-4.2 State Graham’s law of effusion
11-4.3 State the relationship between the molecular velocities of two gases and their molar masses.

IV: Gases 11-4.4 Describe the process of effusion.
11-4.5 Determine the relative velocity of each gas in a collection of gases using  the relationship between the molecular velocities of two gases 

and their molar masses (i.e. Graham’s law of effusion)
11-4.6 Correctly identify an example of diffusion.
11-4.7 Correctly identify an example of effusion. (e.g. air slowly escaping from a pinhole in a tire)
11-4.8 State that temperature is a measure of the average kinetic energy of the molecules in a sample of matter.
11-5.1 Understand and apply the relationship between  molar mass and density of a gas. 

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Stoichiometry



9: Stoichiometry
9-1.1 Define stoichiometry .
9-1.2 Describe the importance of the mole ratio in stoichiometric calculations.
9-1.3 Write a mole ratio relating two substances in a chemical equation.

Reaction Stoic to moles 9-2.1 Calculate the amount in moles of a reactant or product from the amount in moles of a different reactant or product.
Moles to mass 9-2.2 Calculate the mass of a reactant or product from the amount in moles of a different reactant or product.
Mass to moles 9-2.3 Calculate the amount in moles of a reactant or product from the mass of a different reactant or product.
Mass to mass 9-2.4 Calculate the mass of a reactant or product from the mass of a different reactant or product.

Particles to moles
9-2.5 Calculate the amount in moles of a reactant or product from the number of atoms, molecules or formula units of a different reactant or 

product.

Moles to particles
9-2.6 Calculate the number of atoms, molecules or formula units of a reactant or product from the amount in moles of a different reactant or 

product.

Particles to Particles 
9-2.7 Calculate the number of atoms, molecules or formula units of a reactant or product from the number of atoms, molecules or formula 

units of a different reactant or product.
9-3.1 Describe a method for determining which of two reactants is a limiting reactant.
9-3.2 Calculate the amount in moles or mass in grams of a product, given the amounts in moles or masses in grams of two reactants, one of 

which is in excess.
9-3.3 Distinguish between theoretical yield, actual yield, and percentage yield.
9-3.4 Calculate percentage yield, given the actual yield and quantity of a reactant.

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.
11: Gas Stoichiometry
Reaction Gas Stoic

Vol to moles

11-3.6 Calculate the number of moles of a reactant or product from the volume of a different gaseous reactant or product. Given a balanced 
chemical equation.

Moles to vol

11-3.7 Calculate the volume of a gaseous reactant or product from the number of moles  of a different  reactant or product. Given a balanced 
chemical equation.

Vol to vol

11-3.8 Calculate the volume of a gaseous reactant or product from the volume of a different gaseous  reactant or product. Given a balanced 
chemical equation.

Vol to Particles

11-3.9 Calculate the number of atoms, molecules or formula units  of a reactant or product from the volume of a different gaseous reactant or 
product. Given a balanced chemical equation.

Particles to Vol

11-3.10 Calculate the volume of a gaseous reactant or product from the number of atoms, molecules or formula units  of a different  reactant or 
product. Given a balanced chemical equation.

Vol to mass

11-3.11 Calculate the mass of a reactant or product from the volume of a different gaseous reactant or product. Given a balanced chemical 
equation.

Mass to Vol

11-3.12 Calculate the volume of a gaseous reactant or product from the mass  of a different  reactant or product. Given a balanced chemical 
equation.
Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Periodic Table
5: The Periodic Law 

5-1.1 Explain the roles of Mendeleev and Moseley in the development of the periodic table.
5-1.2 Describe the modern periodic table.



5-1.3 Explain how the periodic law can be used to predict the physical and chemical properties of elements.
5-1.4 Describe how the elements belonging to a group of the periodic table are interrelated in terms of atomic number.
5-1.5 Identify an element as a Nobel Gases (He, Ne, Ar, Kr,Xe,Rn) using the periodic table.  
5-1.6 Use the periodic table to describe  a particular element as nonreactive because it is a Nobel Gases (He, Ne, Ar, Kr,Xe,Rn). 
5-1.7 Identify hydrogen an  explosive element in the presence of oxygen and a flame. 
5-1.8 Compare the reactivates of hydrogen and helium. 
5-1.11 State The periodic law ….. The physical and chemical properties of elements are periodic functions of their atomic numbers.
5-1.12 State that elements in a group or column in the periodic table can be expected to have similar properties.
5-1.13 Correctly identify the location of the periods (rows)  and groups (columns) in the periodic table. i.e. Periods are horizontal and groups 

are vertical.
5-2.1 Describe the relationship between electrons in sublevels and the length of each period of the periodic table.
5-2.2 Locate and name the four blocks of the periodic table. Explain the reasons for these names.
5-2.3 Discuss the relationship between group configurations and group numbers.
5-2.4 Describe the locations in the periodic table and the general properties of the alkali metals, the alkaline-earth metals, the halogens, and 

the noble gases.
5-2.5 State that The period of an element can be determined from its electron configuration.
5-2.6 Determine  the period of an element from its electron configuration.
5-2.7 Given the electron configuration of in element determine the block (i.e. s, p, d,f) of the periodic table in which the element can be 

f d5-2.8 Determine  the group of an element from its electron configuration.
5-2.13 State that the energy required to remove an electron from an atom is the atom's ionization energy.
5-3.1 Define atomic  and ionic radii, ionization energy, electron affinity,  and electronegativity .
5-3.2 Compare the periodic trends of atomic radii, ionization energy, and electronegativity, and state the reasons for these variations.  
5-3.3 Define valence electrons,  and state how many are present in atoms of each main-group element.
5-3.4 Compare the atomic radii, ionization energies, and electronegativities of the d- block elements with those of the main-group elements.
5-3.5 Identify valence electrons and core electrons in an atom’s electron configuration.
5-3.7 Define atomic   radii. 
5-3.8 Define ionic radii. 
5-3.9 Define ionization energy.
5-3.10 Define electron affinity.
5-3.11 Define electronegativity . 
5-3.12 State that fluorine is the element with the greatest electronegativity.

 5-3.13 State that a positive ion is known as a cation.
5-3.14 State that a negative  ion is known as an anion.
5-3.15 State that In a row in the periodic table, as the atomic number increases, the atomic radius generally decreases.
5-3.16 State that within a group of elements, as the atomic number increases, the atomic radius increases.
5-3.17 State that in the alkaline-earth group, atoms with the smallest radii have the highest ionization energies.
5-3.18 Interpret a larger jump in the ionization energies, for removing successive electrons, 
5-3.20 Predict the most probable common ion of an element by analyzing the ionization energies required to remove successive electrons from 

the element. 
5-3.21 State that for each successive electron removed from an atom, the ionization energy increases.
5-3.22 Apply the trend that atomic radii generally decreases as you move from left to right across the p block ………..

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.



Chemical Bonding 
6: Chemical Bonding 

Sec 1-4
6-1.1 Define chemical bond .
6-1.2 Explain why most atoms form chemical bonds.
6-1.3 Describe ionic and covalent bonding.
6-1.4 Explain why most chemical bonding is neither purely ionic nor purely covalent.
6-1.5 Classify bonding type according to electronegativity differences.
6-2.1 Define molecule and molecular formula.
6-2.2 Explain the relationships among potential energy, distance between approaching atoms, bond length, and bond energy.
6-2.3 State the octet rule.
6-2.4 List the six basic steps used in writing Lewis structures.
6-2.5 Determine Lewis structures for molecules containing single bonds, multiple bonds, or both.
6-2.6 Explain why scientists use resonance structures to represent some molecules.
6-3.1 Compare and contrast a chemical formula for a molecular compound with one for an ionic compound.
6-3.3 Define lattice energy and explain its significance.
6-3.4 List and compare the distinctive properties of ionic and molecular compounds.
6-3.5 Write the Lewis structure for a polyatomic ion given the identity of the atoms combined and other appropriate information.
6-4.1 Describe the electron-sea model of metallic bonding, and explain why metals are good electrical conductors.
6-4.2 Explain why metal surfaces are shiny.
6-4.3 Explain why metals are malleable and ductile but ionic-crystalline compounds are not.

Relate electro … luster to type of bonding.
5: Molecular Geometry

6-5.1 Explain VSEPR theory.
6-5.2 Predict the shapes of molecules or polyatomic ions using VSEPR theory.
6-5.3 Explain how the shapes of molecules are accounted for by hybridization theory.
6-5.4 Describe dipole-dipole forces, hydrogen bonding, induced dipoles, and London dispersion forces and their effects on properties such as 

boiling and melting points.
6-5.5 Explain what determines molecular polarity.

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.
Advanced Chemicals: Formulas & Compounds

7: Chemical Formulas and Chemical Compounds
1: Chemical Names and Formulas

7-1.1 Explain the significance of a chemical formula.
7-1.2 Determine the formula of an ionic compound formed between two given ions.
7-1.3 Name an ionic compound given its formula.
7-1.4 Name a binary molecular compound from its formula, using prefixes.
7-1.5 Write the formula of a binary molecular compound given its name.
7-1.6 Write the formula of a common polyatomic ion given its name. (such as the ammonium ion NH4+)
7-1.7 Write the  name of a common polyatomic ion given its formula. (such as the ammonium ion NH4+)
7-1.8 Determine the number  and kind of atoms in a compound from its formula. 
7-1.9 Interpret  a molecular formula 



2: Oxidation Numbers
7-2.1 List the rules for assigning oxidation numbers.
7-2.2 Give the oxidation number for each element in the formula of a chemical compound.
7-2.3 Name binary molecular compounds using oxidation numbers and the Stock system.

3: Using Chemical Formulas 
7-3.1 Calculate the formula mass or molar mass of any given compound.  
7-3.2 Convert between mass in grams and amount in moles of a chemical compound, using molar mass.

 7-3.3 Calculate the number of molecules, formula units, or ions in a given molar amount of a chemical compound.
  7-3.4 Calculate the percentage composition of a given chemical compound.

7-3.5 Calculate the formula mass or molar mass of a SIMPLE BINARY  compound SUCH AS MgCl2.
7-3.6 Calculate the formula mass or molar mass of a "COMPLEX'  compound  composed of more than two elements with a function group 

but not containing a polyatomic ion SUCH AS C2H5OH.
7-3.7 Calculate the formula mass or molar mass of a "COMPLEX  POLYATOMIC" compound  composed of more than two elements  and 

containing more than one unit of at least one  polyatomic ion FOR EXAMPLE (NH4)2SO4

7-3.9 Calculate the number of molecules, formula units, or ions in a given molar amount of a chemically simple compound with a complexity 
of 1 (i.e.  A binary compound without any polyatomic ions)

7-3.10 Calculate the number of molecules, formula units, or ions in a given molar amount of a chemical  compound with a complexity of 2  
(i.e.  A  compound that is more than binary and contains as lease two units  of one  polyatomic ion)

7-3.11 Calculate the percentage composition  of one the elements in a named binary chemical compound given the percentage of the other 
element in the compound.

7-3.12 Calculate the mass percentage of an element or polyatomic ion  in a given chemical compound.
PNB ALSO SEE CHAPTER 3 OBJECTIVES FOR MOLE CONVERSIONS

4: Determining Chemical Formulas
7-4.1 Demonstrate Understanding of the concept of an empirical formula,  and explain how the term applies to ionic and molecular 

compounds.
7-4.2 Determine an empirical formula from  a percentage composition.
7-4.3 Explain the relationship between the empirical formula and the molecular formula of a given compound.
7-4.4 Determine a molecular formula from an empirical formula.
7-4.5 Define empirical formula 
7-4.11 Determine an empirical formula from a mass composition.
7-4.13 Predict one or more possible molecular formulas for a compound given its empirical formula.   
7-4.14 Determine an empirical formula from a molecular formula.

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Advanced  Reactions
8: Chemical Equations and Reactions

1: Describing Chemical Reactions



8-1.1 List three observations that suggest that a chemical reaction has taken place.
8-1.2 List three requirements for a correctly written chemical equation.
8-1.3 Write a word equation and a formula equation for a given chemical reaction.
8-1.4 Balance a formula equation by inspection.
8-1.5 Write an arrow to represent the word yields when writing chemical equation. 
8-1.6 Describe how the "Law of Conservation of Mass" is related to the masses of reactants and products in a  chemical reaction. 
8-1.7 Identify the coefficient in a balanced chemical equation.
8-1.8 Describe how the coefficient in a balance equation is used to represent the number of molecules or formula units.
8-1.9 Determine the number of atoms of a given substance that is represented by the coefficient and the formula for the substance as they are 

written in a balanced chemical equation .
8-1.13 Define precipitate 
8-1.14 Identify what the following the symbols written after a formula in a chemical equation represent. (s) = solid, (l) = liquid, (g) = gas, (up 

arrow) = gas, (down arrow) = precipitate, (ag) = substance dissolved in water.
8-1.15 Identify the following elements as diatomic elements under normal conditions: H, O, N, Cl, Br, I, F 
8-1.16 Determine the number of moles of a product that will be produced from a given number of moles of reactants for a commonly known 

chemical reaction such as Na   + Cl -->  NaCl

2: Types of Chemical Reactions
8-2.1 Define and give general equations for synthesis, decomposition, single-displacement, and double-displacement reactions.
8-2.2 Classify a reaction as synthesis, decomposition, single-displacement, double-displacement, or combustion.
8-2.5 Predict the products of simple reactions given the reactants.

3:  Activity Series of the Elements
8-3.1 Explain the significance of an activity series.
8-3.2 Predict whether a given reaction will occur and what the products will be, using an activity series.
8-3.3 Predict the relative reactivities of two elements based upon the results of a chemical reaction.

Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.

Acids and Bases

14: Acids and Bases

1 Properties of Acids and Bases
Section 1 describes acids and bases, defines Arrhenius acids and bases, introduces acid-base nomenclature, and characterizes strong and 

weak acids and bases.
List five general properties of aqueous acids and bases.
Name common binary acids and oxyacids, given their chemical formulas.
List five acids commonly used in industry and the laboratory, and give two properties of each.
Define acid  and base  according to Arrhenius's theory of ionization.
Explain the differences between strong and weak acids and bases.



2 Acid-Base Theories
Section 2 describes two more acid-base theories: the Brønsted-Lowry and Lewis theories.

Define and recognize Brønsted-Lowry acids  and bases.
Define a Lewis acid  and a Lewis base.
Name compounds that are acids under the Lewis definition but are not acids under the Brønsted-Lowry definition.

3 Acid-Base Reactions
Section 3 explains acid-base reactions in aqueous solutions.

Describe a conjugate acid, a conjugate base, and an amphoteric compound.
Explain the process of neutralization.
Explain how acid rain damages marble structures.

15: Acid-Base Titration and pH

1 Aqueous Solutions and the Concept of pH
Section 1 covers the ionization of water and the equilibrium concentrations of H3O+ and OH− in water and in aqueous solutions of acids 

and bases. The concept of pH is presented mathematically.
Describe the self-ionization of water.
Define pH , and give the pH of a neutral solution at 25°C.
Explain and use the pH scale.
Find pH, given [H3O

+] or [OH–]. 
Find [H3O

+] or [OH–], given pH. 

2 Determining pH and Titrations
Section 2 explains how acid base indicators work, how indicators and pH meters are used to determine the pH of a solution, and how 

titrations are used to measure the concentration or mass of a substance in a sample.
Describe how an acid-base indicator functions.
Explain how to carry out an acid-base titration.
Calculate the molarity of a solution from titration data.
Understand and apply the concepts covered in this course: in the classroom, textbook, lectures, labs and other activities.
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