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Essential Question(s): 

What factors affect the rates of chemical reactions? 
How can a chemical reaction proceed both forwards and backwards at the same time? 
Why makes water so important on the appearance and processes of Earth?  
If we are constantly using resources, why are they not running out? 

 

Big Idea(s):  

LeChatelier’s Principle examines the effects of changing stressors on a system. 
Most chemical reactions are reversible under the right conditions. 
Water is a driving force on Earth that shapes and affects our environment. 
Many materials are cycled and recycled naturally throughout the global system. 
 

Phenomena 

Chemical weathering of monuments- Statue of Liberty article 

Erosion- Earth’s Changing Surface weathering game online http://www.kineticcity.com/mindgames/warper/ 

Properties of Water- https://www.ngssphenomena.com/surface-swimming/ 

Next Generation Science Standards (NGSS) (includes West Haven’s “Priority” NGSS in BOLD and 

“Supporting” Standards)- Prioritize Performance Expectations 

http://www.kineticcity.com/mindgames/warper/
https://www.ngssphenomena.com/surface-swimming/
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Priority Standard 

HS-PS1-5: Apply scientific principles and evidence to provide an explanation about the effects of changing the 

temperature or concentration of the reacting particles on the rate at which a reaction occurs. 

 

HS-PS1-6: Refine the design of a chemical system by specifying a change in conditions that would produce increased 

amounts of products at equilibrium. 

 

HS-ESS3-2: Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources 

based on cost-benefit ratios. 

 

Supporting Standards- 

HS-ESS2-5: Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface 

processes. 

 

Disciplinary Core Ideas (DCIs) 
 

PS1.B: Chemical Reactions 

● Chemical processes, their rates, and whether or not energy is stored or released can be understood in terms of the 

collisions of molecules and the rearrangements of atoms into new molecules, with consequent changes in the sum 

of all bond energies in the set of molecules that are matched by changes in kinetic energy. (HS-PS1-5) 

● In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction 

determines the numbers of all types of molecules present. (HS-PS1-6) 

 

ETS1.C: Optimizing the Design Solution 

● Criteria may need to be broken down into simpler ones that can be approached systematically, and decisions about 

the priority of certain criteria over others (trade-offs) may be needed. (secondary to HS-PS1-6) 



Unit 4: Reaction Rates and Equilibrium 

 

ESS2.C:  The Roles of Water in Earth’s Surface Processes 

● The abundance of liquid water on Earth’s surface and its unique combination of physical and chemical properties 

are central to the planet’s dynamics. These properties include water’s exceptional capacity to absorb, store, and 

release large amounts of energy, transmit sunlight, expand upon freezing, dissolve and transport materials, and 

lower the viscosities and melting points of rocks. (HS-ESS2-5) 

 

ESS3.A: Natural Resources 

● All forms of energy production and other resource extraction have associated economic, social, environmental, and 

geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of 

these factors. (HS-ESS3-2) 

 

ETS1.B:  Developing Possible Solutions 

● When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, 

reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (secondary to HS-ESS3-2) 

“Unwrapped” Concepts and Skills, and Bloom Levels (BL) 

Concepts 
(Need to Know) 

 
 

Skills 
(Able to Do) 

 

 

BLOOMS 
 

SEP 
LIST NOT 
NUMBER  

 

CCC 
LIST NOT 
NUMBER 

 

LA 
Common 

Core 
 

Math  
Common 

Core  
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Reaction rates and 
factors affecting 
them 
 

LeChatelier’s 
Principle 
● Concentration 
● temperature 
● Pressure 

 

Equilibrium constant 
(K) 
 

Molarity 
 

Weathering due to 
water and its 
properties 
 

Cycling of materials 
● Hydrologic 
● Rock 

 

Erosion 
Deposition 
Melt Generation 
 

Recycling solutions 
and their impacts on 
environment 

Identify 
factors/stressors 
that alter 
equilibrium 
 
Understand the 
effect of 
weathering due to 
water’s properties 
on earth’s surface 
and processes 
 
Evaluate designs 
of recycling 
solutions 
 
 

Analyze 
 
Classify 
 
Cause & 
effect 
 
Predict 
 
Evaluate 
 
Recognize 
 
Infer 
 
Write 
 
Prioritize 
 
Explain 

Constructing and 
explanations and 
designing 
solutions 
 
Developing and 
Using Models 
 
Using 
Mathematics and 
Computational 
thinking 
 
Analyzing and 
Interpreting Data 
 
Developing and 
using models 

Patterns 
 
Cause and Effect 
 
Scale, Proportion 
and Quantity 
 
Systems and 
System Models 
 
Energy and 
Matter 
 
Structure and 
Function 
 
 

RST.11-12.1 
RST.11-12.8 
WHST.9-
12.2 
WHST.9-
12.7 
 

MP.2 HSN-Q-
A.1 
HSN-Q-A.2 
HSN-Q-A.3 
 

Instructional Planning (REFER TO PERFORMANCE EXEPCTATIONS AND use clarification 

statements with examples) 

HS-PS1-5:  **Clarification Statement** Emphasis is on student reasoning that focuses on the number and energy 

of collisions between molecules. [Assessment Boundary: Assessment is limited to simple reactions in which there are only 

two reactants; evidence from temperature, concentration, and rate data; and qualitative relationships between rate and 

temperature.] 
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HS-PS1-6: **Clarification Statement**  Emphasis is on the application of Le Chatelier’s Principle and on refining 

designs of chemical reaction systems, including descriptions of the connection between changes made at the 

macroscopic level and what happens at the molecular level. Examples of designs could include different ways to increase 

product formation including adding reactants or removing products. [Assessment Boundary: Assessment is limited to 

specifying the change in only one variable at a time. Assessment does not include calculating equilibrium constants and 

concentrations.] 

 

HS-ESS2-5: **Clarification Statement** Emphasis is on mechanical and chemical investigations with water and a 

variety of solid materials to provide the evidence for connections between the hydrologic cycle and system interactions 

commonly known as the rock cycle. Examples of mechanical investigations include stream transportation and deposition 

using a stream table, erosion using variations in soil moisture content, or frost wedging by the expansion of water as it 

freezes. Examples of chemical investigations include chemical weathering and recrystallization (by testing the solubility of 

different materials) or melt generation (by examining how water lowers the melting temperature of most solids).] 

 

 

 

HS-ESS3-2: **Clarification Statement** Emphasis is on the conservation, recycling, and reuse of resources (such 

as minerals and metals) where possible, and on minimizing impacts where it is not. Examples include developing best 

practices for agricultural soil use, mining (for coal, tar sands, and oil shales), and pumping (for petroleum and natural gas). 

Science knowledge indicates what can happen in natural systems—not what should happen.] 

 

 

Suggested Resources/Materials: 

Teacher’s Guide and Student Textbook 
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PA town on fire since 1962 

 

Additional Resources: 

https://betterlesson.com/lesson/639200/water-cycle-salinity 

https://phet.colorado.edu/en/simulation/legacy/reactions-and-rates 

 

 

 

 

 

Suggested Research-based Effective Instructional Strategies: 

1. Whole group instruction 

2. Small group instruction 

3. Expanding prior knowledge through literature and observation 

4. Science Journals 

5. Compare and contrast 

6. Student driven instruction 

7. Questioning-open ended 

8. Think, Pair Share 

 

https://www.huffingtonpost.com/entry/this-abandoned-pennsylvania-town-has-been-on-fire-for-53-years_us_55df6490e4b08dc09486d4a0
https://betterlesson.com/lesson/639200/water-cycle-salinity
https://phet.colorado.edu/en/simulation/legacy/reactions-and-rates
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Assessments: 

“Dipsticks” (Informal Progress Monitoring Checks): 

See Unit Resources 

 

Common Formative Post- Assessment (Followed by Data Team Analysis): 

See Unit Resources 

 

 

 

CROSS-CUTTING CONCEPTS - 

1. Patterns. Observed patterns of forms and events guide organization and classification, and they prompt 

questions about relationships and the factors that influence them.  

2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, sometimes 

multifaceted. A major activity of science is investigating and explaining causal relationships and the 

mechanisms by which they are mediated. Such mechanisms can then be tested across given contexts and 

used to predict and explain events in new contexts.  

3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what is relevant at 

different measures of size, time, and energy and to recognize how changes in scale, proportion, or quantity 

affect a system’s structure or performance.  
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4. Systems and system models. Defining the system under study—specifying its boundaries and making 

explicit a model of that system—provides tools for understanding and testing ideas that are applicable 

throughout science and engineering. 

5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and matter into, out of, and 

within systems helps one understand the systems’ possibilities and limitations.  

6. Structure and function. The way in which an object or living thing is shaped and its substructure determine 

many of its properties and functions.  

7. Stability and change. For natural and built systems alike, conditions of stability and determinants of rates of change 

or evolution of a system are critical elements of study. 

 

 

 

 

Science and Engineering Practices (Practices in BOLD should be focused on in this unit) 

1. Asking questions (for science) and defining problems (for engineering) 

2. Developing and using models 

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using mathematics and computational thinking 

6. Constructing explanations(for science) and designing solutions(for engineering) 

7. Engaging in argument from evidence 

8. Obtaining, evaluating, and communicating information 
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Vocabulary/Word Wall Enrichment/Extension Interdisciplinary Connections 

Math/LA 

Equilibrium 

LeChatelier’s Principle 

Concentration 

Molarity 

Molality 

Erosion 

Deposition 

Chemical weathering 

Viscocity 

Acid/Base neutralization 

K(eq) 

Calculation of Equilibrium constant 

(Keq) 

Phet simulations of reaction rates 

Acid Base neutralization reaction 

Recycling solutions proposal 

Reaction Rate application to 

chemical production industry 

Global impacts of chemical weathering 

Recycling solutions for better environment 

Minimizing impacts on natural processes 

Calculation of K(eq) 

Analysis of cost-benefit rations 

 


