PHS HONORS CHEMISTRY


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 1:  INTRODUCTION TO LAB SAFETY & PROCEDURES

2 ½ weeks

	ESSENTIAL QUESTIONS:
	
	
	
	

	C1.1 a-I / C1.2  a-k  (through out the year)
	A. Lab Safety (procedure, equipment, contract)

· Demonstrate lab safety throughout the course.
	ISD Safety Video #102567
	
	

	
	B. Calculator (TI-83+) 

· Demonstrate use of TI-83+ throughout course.
	
	
	

	
	C. LabPro Unit (Texas Instruments & Probe/Sensor types) 

· Demonstrate use of LabPro throughout the course
	
	
	

	
	D. Math refresher Math refresher (algebraic equations, exponents, notations)

· Demonstrate an ability to measure and record lab values. 

· Demonstrate an ability to isolate variables with basic Algebra I skills. 

· Demonstrate an ability to calculate with appropriate significant figures and levels of uncertainty.
	
	Unit Analysis

Height/Weight & conversion lab with graphing
	 

	
	E. Lab Techniques

· Precision/accuracy/significant figure

· Density determination

· Uncertainty (absolute deviation & error)

· Writing conclusions

· Graphical Analysis techniques (TI-83+)
	
	Density LAB with varying measurement tools to evaluate accuracy/sig figs. With unknown metals

REPORT
	  

	C1.1A

C1.1B

C1.1C

C1.1D

C1.1E

C1.1f

C1.1g

C1.1h

C1.1

C1.2A I

C1.2B

C1.2C

C1.2D

C1.2E

C1.2g

C1.2h

C1.2i

C1.2

C1.2k
	Generate new questions that can be investigated in the laboratory or field. 

Evaluate the uncertainties or validity of scientific conclusions using an understanding of sources of measurement error, the challenges of controlling variables, accuracy of data analysis, logic of argument, logic of experimental design, and/or the dependence on underlying assumptions. 

Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity—length, volume, weight, time interval, temperature—with the appropriate level of precision).

Identify patterns in data and relate them to theoretical models.

Describe a reason for a given conclusion using evidence from an investigation.

Predict what would happen if the variables, methods, or timing of an investigation were changed.

Based on empirical evidence, explain and critique the reasoning used to draw a scientific conclusion or explanation.

Design and conduct a systematic scientific investigation that tests a hypothesis. Draw conclusions from data presented in charts or tables.

Distinguish between scientific explanations that are regarded as current scientific consensus and the emerging questions that active researchers investigate.

Critique whether or not specific questions can be answered through scientific investigations. 

Identify and critique arguments about personal or societal issues based on scientific evidence. 

Develop an understanding of a scientific concept by accessing information from multiple sources. Evaluate the scientific accuracy and significance of the information. 

Evaluate scientific explanations in a peer review process or discussion format. 

Evaluate the future career and occupational prospects of science fields.C1.2f Critique solutions to problems, given criteria and scientific constraints. 

Identify scientific tradeoffs in design decisions and choose among alternative solutions. 

Describe the distinctions between scientific theories, laws, hypotheses, and observations. 

Explain the progression of ideas and explanations that lead to science theories that are part of the current scientific consensus or core knowledge. 

Apply science principles or scientific data to anticipate effects of technological design decisions. 

Analyze how science and society interact from a historical, political, economic, or social perspective.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 2: MATTER & CHANGE REVIEW

1 ½ weeks

	P4.p1A-C

C2.2A,B,d

C3.3A

C4.3C,D

C5.4C
	A. Properties of Matter


· Identify properties of materials in the solid, liquid and gaseous phases. Draw atom/molecule arrangement of various phases.

· Explain how heat affects phase.

· Differentiate between physical and chemical properties. 
	
	
	

	C3.3B

P2.p1A,B

C3.3B

C2.1C

C4.3C

C5.2B,C

C5.4B,D

P5.p1A
	B. Changes of Matter

· Discuss the process in which liquids can change to a gas or solid with impacts of temperature.

· Use reactants and products to determine if a chemical change happens.

· Classify changes as physical or chemical.
	
	Phase Change Lab FORMAL LAB REPORT
	 

	P4.p2A-D
	C. Classification of Matter

· Distinguish between a mixture and a pure substance.

· Distinguish between elements, compounds, homogeneous mixtures or heterogenous mixtures.

· Determine methods of separating mixtures
	
	Separation of a mixture SUMMARY LAB

REPORT
	

	C3.3B

P2.p1A

P2.p1B

C3.3B

C2.1c

C4.3c

C5.2B

C5.2C

C5.4B

C5.4d

P5.p1A

P4.p2A

P4.p2B

P4.p2C

P4.p2D

C4.3e
	Describe melting on a molecular level.

Describe energy changes associated with changes of state in terms of the arrangement and order of the atoms (molecules) in each state. (prerequisite) 
Use the positions and arrangements of atoms and molecules in solid, liquid, and gas state to explain the need for an input of energy for melting and boiling and a release of energy in condensation and freezing. (prerequisite)

Describe melting on a molecular level.

Compare qualitatively the energy changes associated with melting various types of solids in terms of the types of forces between the particles in the solid.

Compare the relative strengths of forces between molecules based on the melting point and boiling point of the substances.

Distinguish between chemical and physical changes in terms of the properties of the reactants and products. 

Draw pictures to distinguish the relationships between atoms in physical and chemical changes.

Measure, plot, and interpret the graph of the temperature versus time of an ice-water mixture, under slow heating, through melting and boiling.

Explain why freezing is an exothermic change of state.
Draw a picture of the particles of an element or compound as a solid, liquid, and gas. (prerequisite)

Distinguish between an element, compound, or mixture based on drawings or formulae. (prerequisite) 
Identify a pure substance (element or compound) based on unique chemical and physical properties. (prerequisite)

Separate mixtures based on the differences in physical properties of the individual components. (prerequisite) 
Recognize that the properties of a compound differ from those of its individual elements. (prerequisite)

Predict whether the forces of attraction in a solid are primarily metallic, covalent, network covalent, or ionic based upon the elements’ location on the periodic table.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 3: ORGANIZATION OF MATTER

2 weeks

	
	D. Foundations for Atomic Theory

·  Explain the law of conservation of mass, the law of definite proportions, and the law of multiple proportions. 

· Summarize Dalton's atomic theory.

· Explain the relationships between Dalton's atomic theory and the law of conservation of mass, the law of definite proportions, and the law of multiple proportions.
	
	Conservation of Mass INFORMAL LAB REPORT
	

	C4.8A-C
	E. Structure of Atoms

· Summarize early experiments that led to the discovery of the electron and nucleus. 

· Identify the properties of protons, neutrons, and electrons.
	
	Atom Model
	

	C4.8D/C4.10A-e

C4.6A,B

C4.8D

C5.2G
	C. Counting Atoms
· Describe isotopes. 
· Define atomic number, atomic mass, and mass number and describe how they apply to isotopes. 
· Define mole and molar mass. 
· Solve problems involving mass in grams, amount in moles, and the number of atoms in an element. 
	
	ACTIVITY – skittles atoms – find “types” of atoms, charges, mass number, atomic mass
	

	C4.8e

C4.8f

C4.8g

C4.8h

C4.8i

C4.9A

C4.9b

C4.9c
	Write the complete electron configuration of elements in the first four rows of the periodic table. 

Write kernel structures for main group elements. 

Predict oxidation states and bonding capacity for main group elements using their electron structure. 

Describe the shape and orientation of s and p orbitals. 

Describe the fact that the electron location cannot be exactly determined at any given time.

Identify elements with similar chemical and physical properties using the periodic table.

Identify metals, non-metals, and metalloids using the periodic table. 

Predict general trends in atomic radius, first ionization energy, and electonegativity of the elements using the periodic table.


	
	
	

	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 4: Arrangement of Electrons in Atoms

1 ½ weeks

	C4.8e-i
	A. Atomic Orbitals & Quantum Numbers 

· Use quantum numbers to specify the properties of orbitals. 
	
	
	Icon’s of science –  streaming video

Bohr’s Model of the Atom – 075DVD

	C4.8e-i
	B. Electron Configurations 

· List the total number of electrons needed to fully occupy each main energy level. 

· Describe the concept of the electron cloud and most likely position of electrons.

· Identify the s, p, d, and f blocks.
· Apply the Aufbau principle, the Pauli exclusion principle, and Hund's rule to describe electron configurations of any element using orbital notation, electron configuration notation, and noble-gas notation. 
	
	
	The Quantum Model – streaming video

	C5.5B

C5.5c

C5.5d

C5.5e

C4.3h

C4.3i

C5.4e

C5.5d

C5.5e

C4.3f

C4.3g

C4.4b

C5.4c
	Predict the formula for binary compounds of main group elements.

Draw Lewis structures for simple compounds. 

Compare the relative melting point, electrical and thermal conductivity, and hardness for ionic, metallic, and covalent compounds. 

Relate the melting point, hardness, and electrical and thermal conductivity of a substance to its structure.

Explain properties of various solids such as malleability, conductivity, and melting point in terms of the solid’s structure and bonding. 

Explain why ionic solids have higher melting points than covalent solids. (For example, NaF has a melting point of 995°C while water has a melting point of 0° C.)

Compare the melting point of covalent compounds based on the strength of IMFs (intermolecular forces).

Compare the relative melting point, electrical and thermal conductivity, and hardness for ionic, metallic, and covalent compounds. 

Relate the melting point, hardness, and electrical and thermal conductivity of a substance to its structure.

Identify the elements necessary for hydrogen bonding(N,O,F). 

Given the structural formula of a compound, indicate all the intermolecular forces present (dispersion, dipolar, hydrogen bonding).

Identify if a molecule is polar or nonpolar given a structural formula for the compound.

Explain why both the melting point and boiling points for water are significantly higher than other small molecules of comparable mass (e.g., ammonia and methane).
	
	
	

	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 5:  PERIODIC LAW

1 WEEK

	C4.8e-i/ C4.9A-c
	C. Electron Configuration and the Periodic Table 
· Describe the relationship between electrons in sublevels and the length of each period in the table. 

· Describe locations and properties of the main groups: alkalai metals, alkaline earth metals, halogens, noble gases. 

· Identify basic chemical properties of metals, nonmetals, metalloids and noble gases. 

· Define and determine valence electrons for a given atom.
· Determine ions formed and the new electron configuration.
	
	
	

	C4.9A-c
	B. Electron Configuration and Periodic Properties in the Periodic Table 

· Define atomic and ionic radii, ionization energy, electron affinity, and electronegativity. 

· Compare the periodic and group trends of each. 
	
	
	Periodic Table video – 540HOF

	C4.8e

C4.8f

C4.8g

C4.8h

C4.8i

C4.9A


C4.9b

C4.9c
	Write the complete electron configuration of elements in the first four rows of the periodic table. 

Write kernel structures for main group elements. 

Predict oxidation states and bonding capacity for main group elements using their electron structure. 

Describe the shape and orientation of s and p orbitals. 

Describe the fact that the electron location cannot be exactly determined at any given time.

Identify elements with similar chemical and physical properties using the periodic table.

Identify metals, non-metals, and metalloids using the periodic table. 

Predict general trends in atomic radius, first ionization energy, and electonegativity of the elements using the periodic table.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 6:  CHEMICAL BONDING

2 weeks

	C5.5A
	A. Electronegativity- % ionic character 

· Classify bond type according to electronegativity differences. 
	
	
	

	C5.5B
	B. Ionic/Covalent bonding
· Describe ionic and covalent bonding. 
	
	Ionic Puzzle ACTIVITY
	

	
	C. Polyatomic ions
1. Write the Lewis structure for a polyatomic ion. 
	
	
	

	C5.5C
	D. Bonding between molecules 

· Explain why most chemical bonding is neither purely ionic nor covalent. 

· Determine Lewis structures for molecules containing single, double and triple bonds. 
	
	
	

	C4.3H,I

C5.4E

C5.5D,E
	E. Metallic/Network/Crystalline solids
· Describe the electron-sea model of metallic bonding and why metals are good conductors. 
· Explain why metals are shiny, malleable and ductile. 

· Describe the effects of bond type on compound characteristics such as separation, melting point, electrical conductivity.
	
	
	

	C4.3F,G

C4.4B

C5.4C
	F. Intermolecular Forces
· Identify dipole-dipole forces, hydrogen bonding and London dispersion forces. 
	
	
	

	C5.5A
C5.5B

C5.5c

C4.3h

C4.3i

C5.4e

C5.5d

C5.5e

C4.3f

C4.3g

C4.4b

C5.4c


	Predict if the bonding between two atoms of different elements will be primarily ionic or covalent. 

Predict the formula for binary compounds of main group elements.

Draw Lewis structures for simple compounds.

Explain properties of various solids such as malleability, conductivity, and melting point in terms of the solid’s structure and bonding. 

Explain why ionic solids have higher melting points than covalent solids. (For example, NaF has a melting point of 995°C while water has a melting point of 0° C.)

Compare the melting point of covalent compounds based on the strength of IMFs (intermolecular forces).

Compare the relative melting point, electrical and thermal conductivity, and hardness for ionic, metallic, and covalent compounds. 

Relate the melting point, hardness, and electrical and thermal conductivity of a substance to its structure.

Identify the elements necessary for hydrogen bonding (N, O, F). 

Given the structural formula of a compound, indicate all the intermolecular forces present (dispersion, dipolar, hydrogen bonding).

Identify if a molecule is polar or nonpolar given a structural formula for the compound.

Explain why both the melting point and boiling points for water are significantly higher than other small molecules of comparable mass (e.g., ammonia and methane).
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 7: CHEMICAL FORMULAS & CHEMICAL COMPOUNDS

1 ½ weeks

	C5.5B
	A. Naming and writing formulas 

· Determine the formula of an ionic or molecular compound given its name
· Name an ionic or molecular compound given its formula. 
	
	
	

	C4.2A,C,D

C5.5B
	B. Assigning oxidation numbers 

· Assign oxidation numbers to a formula. 
· Name binary compounds using oxidation numbers. 
	
	
	

	C4.1A,B,C
	C Using chemical formulas 

· Calculate the formula or molar mass of a compound. 
· Use molar mass to convert between mass in grams and the amount in moles of a compound. 
· Calculate the number of molecules, formula units, or ions in a given molar amount of a chemical compound. 

· Calculate the percentage composition of a given compound. 
	
	Balancing Equations PUZZLE ACTIVITY
	

	C5.2A

C5.7F
	D.  Determining chemical formulas

· Interpret information conveyed by chemical formulas. 

· Determine chemical formulas from experimental data. 
· Compare and contrast a chemical formula and a molecular formula.
· Distinguish between empirical and molecular formulas and determine the molecular formula from an empirical formula. 
· Write a word equation and formula equation for a given reaction. 
	
	Smarties Empirical vs. Molecular Formula ACTIVITY
	

	C5.5B

C4.2A

C4.2c

C4.2d

C5.5B

C4.1a

C4.1b

C4.1c

C5.2A

C5.7f
	Predict the formula for binary compounds of main group elements.
Name simple binary compounds using their formulae.

Given a formula, name the compound. 

Given the name, write the formula of ionic and molecular compounds.

Predict the formula for binary compounds of main group elements.

Calculate the percent by weight of each element in a compound based on the compound formula.
Calculate the empirical formula of a compound based on the percent by weight of each element in the compound. 

Use the empirical formula and molecular weight of a compound to determine the molecular formula.

Balance simple chemical equations applying the conservation of matter.

Write balanced chemical equations for reactions between acids and bases and perform calculations with balanced equations.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 8:  CHEMICAL EQUATIONS & REACTIONS

2 weeks

	C5.6B
	A. Balancing Equations

· Use chemical formulas to write a balanced equation.
· Assign oxidation numbers to predict products of a reaction
	
	
	

	C5.6B
	A. Types of Reactions

· Define and give general equations for synthesis, decomposition, single-replacement, and double-replacement reactions. 

· Classify a reaction as synthesis, decomposition, single-replacement, and double-replacement. 
	
	
	

	
	B. Activity Series of the Elements
Use an activity series to predict whether a given reaction will occur and what the products will be. 
	
	Types of Reaction and will it happen? LAB
	

	C5.6b


	Predict single replacement reactions.


	Use chemical formulas to write a balanced equation.
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 9: Stoichiometry

2 weeks

	C5.2D
	A. Ideal Stoichiometric Calculations
Convert moles to moles, moles to grams, grams to moles, or grams to grams given an equation. 
	
	
	

	C5.2E
	B. Limiting Reactants and Percent Yields.
· Determine the limiting reactant for a given reaction. 
· Based on the limiting reactant, determine the mass of the excess reactant that remains or the mass of the product(s) formed. 
· Calculate percent yield, given the actual and theoretical yields. 
	
	Limiting Reactions and % yield LAB
	

	C5.2d

C5.2e
	Calculate the mass of a particular compound formed from the masses of starting materials. 

Identify the limiting reagent when given the masses of more than one reactant.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 10: GASES

1 ½ weeks

	
	A. Physical Characteristics
· State the kinetic molecular theory of matter. 
· Describe properties of expansion, density, fluidity, compressibility, diffusion, and effusion. 
	
	
	

	C2.2C

C4.5A,B,C

C5.2F
	B. Boyle's, Charle's and Gay-Lusaac's Laws
· Determine the relationships between pressure, volume and temperature experimentally. 

· Perform calculations using the gas laws. 
	
	LAB – Boyle’s & Gay-Lusaac’s Laws w/ probes (SUMMARY)
	

	
	C. The Ideal Gas Law

· State the ideal gas law. 

· Use the ideal gas law to calculate pressure, volume, temperature, or the amount of a gas when three of the variables are known. 
	
	
	

	
	D. Gas Stoichiometry

· Use the standard molar volume to calculate the molar mass of gas. 
· Calculate stoichiometric problems involving gases. 
	
	Butane vs. Air Density LAB (firefighter problem)
(FORMAL REPORT)
	

	C2.2c

C4.5a

C4.5b

C4.5c
C5.2f
	Explain changes in pressure, volume, and temperature for gases using the kinetic molecular model.

Provide macroscopic examples, atomic and molecular explanations, and mathematical representations (graphs and equations) for the pressure-volume relationship in gases.

Provide macroscopic examples, atomic and molecular explanations, and mathematical representations (graphs and equations) for the pressure-temperature relationship in gases. 

Provide macroscopic examples, atomic and molecular explanations, and mathematical representations (graphs and equations) for the temperature-volume relationship in gases.

Predict volumes of product gases using initial volumes of gases at the same temperature and pressure.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 10B: SOLIDS & LIQUIDS

1 ½ weeks

	5.4d, 2.2x, 5.4B, 2.2A, 3.3A, 3.3B, 2.2d,
	A.  Energy & Phases

· Discuss the phase diagram of water and water's Identify 3 factors affecting phase – temperature, pressure, intermolecular forces.

· Explain how heat is transferred with conduction and convection

· Discuss the process in which liquids can change to a gas or solid with impacts of temperature, pressure, and intermolecular forces.

· Explain phase changes at the molecular level

· Define phase changes as either exothermic or endothermic

· Describe properties of density, compressibility, diffusion, and surface tension in liquids and solids.
· Predict forces of attraction determining physical properties.
	
	
	

	5.4B, 
	B.  Water

· Discuss the phase diagram of water and water's unusual properties.

· Perform ice water lab recording heat absorption and phase changes.
	
	Water Phase Changes & Heat Lab - Informal
	 

	2.1C, 5.4e
	C. Phase Changes & Bond Types

· Discuss the impact bond types have on phases and phase changes.
	
	
	

	2.2X

2.2A

2.2d

3.3A

3.3B

5.4x

5.4B

5.4d

5.4e


	As temperature increases, the average kinetic energy and the entropy of the molecules in a sample increases.

Describe conduction in terms of molecules bumping into each other to transfer energy. Explain why there is better conduction in solids and liquids than gases.

Explain convection and the difference in transfer of thermal energy for solids, liquids, and gases using evidence that molecules are in constant motion.

Describe how heat is conducted in a solid.

Describe melting on a molecular level.

All changes of state require energy. Changes in state that require energy involve breaking forces holding the particles together. The amount of energy will depend on the type of forces.

Measure, plot, and interpret the graph of the temperature versus time of an ice-water mixture, under slow heating, through melting and boiling.

Explain why freezing is an exothermic change of state.

Compare the melting point of covalent compounds based on the strength of IMFs (intermolecular forces).

	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 11:  SOLUTIONS

2 weeks

	
	A. Types of Solutions

· Distinguish between homogenous and heterogenous solutions, colloids, suspensions, electrolytic and nonelectrolytic solutions. 
	
	Dehydration & water content of a hydrate – worksheet
	

	C3.4G
	B. Solubility

· List the factors that affect solubility.  Include gas as a solute.

· Explain the meaning of "like vs. like" in terms of polar and nonpolar substances. 
	
	Solubility of bond type and factors – students  develop a lab plan & summary of results
	

	
	C. Dilute and Concentrated Solutions

· Describe solutions as saturated, unsaturated or supersaturated. 
	
	Beer’s Law lab – LAB SUMMARY
	

	
	D. Expressing concentrations- molarity

· Calculate the molarity of a solution based on moles of solute and liters of solution. 
· Solve molarity problems. 
	
	
	

	
	C. Normality

· Calculate normality. 
	
	
	

	C3.4g
	Explain why gases are less soluble in warm water than cold water.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 12: Ions in Aqueous Solutions & Colligative Properties

1 ½ weeks

	
	A. Ionic equations
· Write equations for the dissolution of soluble ionic compounds in water. 
· Predict whether a precipitate will form and write the net ionic equations for precipitation reactions. 
	
	
	

	
	B. Electrolytes

Distinguish between strong and weak electrolytes and non-electrolytes. 
	


	
	

	C4.7A
	C. Colligative properties

· Identify four colligative properties. 
· Calculate freezing point depression and boiling point elevation in solutions. 
	


	Predicting boiling/freezing point changes LAB
	

	C4.7a
	Investigate the difference in the boiling point or freezing point of pure water and a salt solution.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 13: EQUILIBRIUM

1 ½ weeks

	
	A. Reversible reactions

· Distinguish between a reversible reaction that is in equilibrium and one that is not. 
	
	ACTIVITY – take a precipitate reaction & heat to see precipitate reverses
	

	
	B. Equilibrium constant and mass-action expression

· Derive mass-action expressions. 

· Calculate equilibrium constants and apply them to reversible reactions. 
	
	
	

	C5.3A,B
	C. Le Chatelier's principle

· Explain and apply Le Chatelier's principle. 
	
	
	

	
	D. Solubility equilibrium

· Derive solubility product expressions. 
	
	Predict  amount of solute dissolved or determine identity of solute by amount that is dissolved LAB
	

	
	E. Common-ion effect

· Determine common-ion in a reaction and its effect. 
	
	
	

	C5.3a

C5.3b
	Describe equilibrium shifts in a chemical system caused by changing conditions (Le Chatelier’s Principle). 

Predict shifts in a chemical system caused by changing conditions (Le Chatelier’s Principle).
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 14: CHEMICAL EQUILIBRIUM

1 ½ weeks

	C5.3C
	A. Chemical Equilibrium

Write chemical equilibrium expressions and carry out calculations involving them. 
	
	
	

	
	B. Shifting Equilibrium

· Predict the direction of shift according to LeChatelier's principle for a change in pressure, temperature and concentration. 
	
	Solubility Constant Product LAB
	

	
	D. Solubility Equilibrium

· Calculate solubilities by using solubility-product constants. 

· Carry out calculations to predict whether precipitates will form when solutions are combined. 
	
	
	

	C5.3c
	Predict the extent reactants are converted to products using the value of the equilibrium constant.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 15: ACIDS, BASES, SALTS

2 weeks

	C5.7A,D,E.G,H
	 A.  Acid-Base Theories 

· Define and recognize Bronsted-Lowry acids and bases. 

· Define and recognize a Lewis acid and base. 

· List the properties of acids, bases, and salts.

· Name common acids and bases.

· Name compounds creating acid rain.

· Compare and contrast acids and bases. 
· Explain hydrolysis of salt solutions. 

· Determine hydronium ion and hydroxide ion concentrations. 
· Calculate pH values. 
· Explain buffer solutions and indicators.
	
	Predict pH and determine concentration of acids LAB

REPORT
	

	C5.7B,C

C5.r7I
	B. Acid-Base Reactions

· Identify acid-base reactions.

· Identify and use acid & base tests.

· Describe and identify a conjugate acid and base. 
· Explain the process of neutralization. 
	
	
	

	C5.7A

C5.7D

C5.7E

C5.7g

C5.7h

C5.7B

C5.7C

C5.r7i
	Recognize formulas for common inorganic acids, carboxylic acids, and bases formed from familiesI and II.

Classify various solutions as acidic or basic, given their pH. 

Explain why lakes with limestone or calcium carbonate experience less adverse effects from acid rain than lakes with granite beds.

Calculate the pH from the hydronium ion or hydroxide ion concentration. 

Explain why sulfur oxides and nitrogen oxides contribute to acid rain.

Predict products of an acid-base neutralization. 

Describe tests that can be used to distinguish an acid from a base.

Identify the Brønsted-Lowry conjugate acid-base pairs in an equation. (recommended)
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 16: ACID-BASE TITRATION & pH

1 week

	
	A.  Titration

· Perform a variety of titrations. 
· Identify equivalence points. 

· Describe neutralization via titration.
· Calculate the molarity of a solution from titration data. 

· Identification of a diprotic acid by titration. 
	
	Titration LAB

REPORT
	

	
	B.  Equilibria of Acids, Bases & Salts

· Write acid-ionization equilibrium expressions. 
· Explain buffering. 
	
	Buffering LAB
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 17: Kinetics, Thermodynamics, and Reaction Energy

2 ½ weeks

	P3P1A

C3.2A

C5.4A
	A. Thermochemistry

· Define temperature and heat, including units. 

· Explain conservation of energy.

· Perform specific heat calculations. 

· Explain transfer of energy through photosynthesis and respiration.
· Solve problems involving heats of reaction, heats of formation, and heats of combustion. 
	
	Specific Heat LAB (blocks heating water)

(REPORT)
	

	
	B. Rate of reaction and collision rates

· Explain the collision theory of reactions. 

· Use collision theory to interpret chemical reactions. 
	
	
	

	C2.1A,B

C2.3A,B

C3.3C

C3.4A,B,F

C5.r1a,b


	C. Activation energy and activated complex

· Explain endothermic and exothermic reactions 

· Describe what is meant by a reaction mechanism, a rate-determining step, an activated complex, and activation energy. 

· Define activated complex. 
· Relate activation energy to heat of reaction.
· Account for the effect on reaction rates of the nature of the reactants, their surface area, their concentrations, the temperature of the reaction system, and the presence of a catalyst. 
	
	Endothermic vs. Exothermic LAB
	

	
	D. Reaction Rate

· Define chemical kinetics and discuss five factors that influence reaction rate. 
· Define and identify a catalyst. 
· Explain and write rate laws for chemical reactions. 
	
	Rates of Reaction LAB
	

	C2.2F

C3.1A,B,C

C3.4D
	E. Heat Content (enthalpy)

· Interpret and draw potential energy diagrams and energy distribution diagrams 

· Interpret the significance of changes in enthalpy in chemical or physical changes.

· Explain the relationship between enthalpy change and the tendency for a reaction to occur. Also for entropy.

· Perform coffee cup calorimetry.

· Describe the use of free energy change to determine the tendency for a reaction to occur.

· Use Hess's law for calculations related to heats of reaction and heats of formation. 
	  
	Calorimeter LAB

(REPORT)
	

	C2.2E
	D. Entropy

· Describe the role of changes in entropy on chemical and physical changes. 
	
	
	

	C3.1D

C3.4E
	E. Gibb's Free Energy

· Explain the concept of free energy, how it is calculated and interpreted. 

· Determine values for changes in free energy and use them to predict spontaneous reactions. 
	
	
	

	P3.p1A

C3.2a

C5.4A

C2.1a

C2.1b

C2.3a

C2.3b

C3.3c

C3.4A

C3.4B

C3.4f

C5.r1a

C5.r1b

C2.2f

C3.1a

C3.1b

C3.1c

C3.4d

C2.2e

C3.1d

C3.4e
	Explain that the amount of energy necessary to heat a substance will be the same as the amount of energy released when the substance is cooled to the original temperature. (prerequisite)

Describe the energy changes in photosynthesis and in the combustion of sugar in terms of bond breaking and bond making.

Compare the energy required to raise the temperature of one gram of aluminum and one gram of water the same number of degrees.

Explain the changes in potential energy (due to electrostatic interactions) as a chemical bond forms and use this to explain why bond breaking always requires energy. 

Describe energy changes associated with chemical reactions in terms of bonds broken and formed (including intermolecular forces).

Explain how the rate of a given chemical reaction is dependent on the temperature and the activation energy. 

Draw and analyze a diagram to show the activation energy for an exothermic reaction that is very slow at room temperature.

Explain why it is necessary for a molecule to absorb energy in order to break a chemical bond.

Use the terms endothermic and exothermic correctly to describe chemical reactions in the laboratory. 

Explain why chemical reactions will either release or absorb energy.

Explain why some endothermic reactions are spontaneous at room temperature.

Predict how the rate of a chemical reaction will be influenced by changes in concentration, temperature, and pressure. (recommended) 
Explain how the rate of a reaction will depend on concentration, temperature, pressure, and nature of reactant. (recommended)

Compare the average kinetic energy of the molecules in a metal object and a wood object at room temperature.

Calculate the ΔH for a given reaction using Hess’s Law. 

Draw enthalpy diagrams for exothermic and endothermic reactions. 

Calculate the ΔH for a chemical reaction using simple coffee cup calorimetry.

Draw enthalpy diagrams for reactants and products in endothermic and exothermic reactions.

Compare the entropy of solids, liquids, and gases.

Calculate the amount of heat produced for a given mass of reactant from a balanced chemical equation.

Predict if a chemical reaction is spontaneous given the enthalpy (ΔH) and entropy (ΔS) changes for the reaction using Gibb’s Free Energy, ΔG = ΔH - TΔS (Note: mathematical computation of ΔG is not required.)
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 18: OXIDATION & REDUCTION REACTIONS

2 ½ weeks

	C5.6A,C
	A. Oxidation and Reduction

· Assign oxidation numbers to reactants and products. 
· Define oxidation and reduction. 
· Balance redox equations using the half-reaction method. 
· Identify oxidizing and reducing agents and relate chemical activity to their relative strengths. 
· Explain the reaction of two metals.
	
	Penny LAB(s) – plating, dissolving, etc.
	

	C5.6D,E
	B. Electrochemistry

· Explain what is required for an electrochemical cell. 
· Describe voltaic cells. 
· Describe the process of electroplating. 
· Describe rechargeable cells. 
· Calculate cell potentials from a table of standard electrode potentials. 
	
	Battery LAB – perhaps focus on rechargeable batteries
	

	C5.6a

C5.6c

C5.6d

C5.6e
	Balance half-reactions and describe them as oxidations or reductions.

Explain oxidation occurring when two different metals are in contact. 

Calculate the voltage for spontaneous redox reactions from the standard reduction potentials. 

Identify the reactions occurring at the anode and cathode in an electrochemical cell.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 19:  ORGANIC CHEMISTRY

3 weeks

	C4.2E

C5.8A,B
	A. Saturated and Unsaturated Hydrocarbons

· Be able to write the name or structural formula for alkanes, alkenes, alkynes and aromatic hydrocarbons including isomers.
	
	
	

	
	B. Functional Groups and Classes of Organic Compounds

· Be able to write the name or structural formula for alcohols, alkyl halides, ethers, aldehydes, ketones, carboxylic acids, esters and amines. 
	
	
	

	
	C. Organic Reactions

· Identify substitution, addition, elimination and condensation reactions. 
	
	Student design a lab to create specific compound(s) given a list of reactants
	

	C5.8C
	D. Polymers

· Explain the relationship between monomers and polymers. 
· Describe the differences in structure between linear, branched, and cross-linked polymers and how they are related to their properties. 
	
	Toy Ball polymers LAB

Thermoset vs. Thermoform plastics ACTIVITY
	

	C4.2e

C5.8A

C5.8B
C5.8C
	Given the formula for a simple hydrocarbon, draw and name the isomers.
Draw structural formulas for up to ten carbon chains of simple hydrocarbons. 

Draw isomers for simple hydrocarbons. 

Recognize that proteins, starches, and other large biological molecules are polymers.
	
	
	


	SCIENCE BENCH-MARKS
	GRADE LEVEL EXPECTATIONS
	RESOURCES

(BOOK CHAPTERS & OTHER)
	SUGGESTED LAB OR ACTIVITY
	ASSESSMENTS & SCORING TOOLS

	UNIT 20: NUCLEAR CHEMISTRY

1 ½ weeks

	
	A. Nucleus

· Explain why nuclear reactions occur. 
	
	
	

	C2.5A

C3.5A
	B. Radioactive Decay

· Describe types of radioactive decay.

· Define half-life and explain how it relates to the stability of the nucleus.

· Determine the age of a material using radioactive decay.
· Explain why material is not conserved in nuclear reactions.
	
	
	

	
	C. Nuclear Radiation
· Compare the penetrating ability and shielding requirements for alpha and beta particles and gamma rays. 
· Discuss applications of radioactive nuclides. 
	Lab

Research Paper
	
	

	
	D.  Nuclear Fission and Fusion 

· Compare and contrast nuclear fission and fusion
	
	
	

	C2.r5B,C,D
	E.  Nuclear Reactions

· Balance nuclear reactions

· Describe potential energy of protons as it relates to their proximity

· Explain formation of elements
	
	
	

	C2.5a

C3.5a

C2.r5b

C2.r5c

C2.r5d

	Determine the age of materials using the ratio of stable and unstable isotopes of a particular type. 

Explain why matter is not conserved in nuclear reactions.

Illustrate how elements can change in nuclear reactions using balanced equations. (recommended) 
Describe the potential energy changes as two protons approach each other. (recommended) 
Describe how and where all the elements on earth were formed. (recommended) 
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