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Scope and Sequence 

 

Days Unit Topics Standards 

 
25 

1 Atomic Origins ● Elements from stars 
● Atomic structure 
● Nuclear reactions 
● Electron configurations 
● Periodic trends 

 

PS 1-8 
ESS 1-3 
ESS 1-1 
ESS 1-2 
ESS 1-6 
PS 1-1 

 
24 

2 Bonds ● Bond types  
● Ionic bonds 
● Covalent bonds 
● Electrical forces (IFs) 

 

PS 1-2 
PS 1-3 
PS 2-6 
ETS 1-3 
ETS 1-4 

 
45 

3 Reactions ● Balancing 
● Types 
● Moles and dimensional analysis 
● Composition and formulas 
● Stoichiometry 
● Gas laws 
● Reaction rate 
● Reversible reactions 

PS 1-7 
PS 1-4 
PS 1-5 
PS 1-6 
ETS 1-2 

 
30 

4 Energy ● Energy transfer and specific heat 
● Phase changes 
● Thermochemistry 
● Water properties 
● Solubility and concentration 
● Photosynthesis and cellular 

respiration 
● Real-world issues:  

○ EPA regulations 
○ Mineral resources 

PS 3-4 
ESS 2-5 
ESS 3-2 
ETS 1-3 
LS 1-5 
LS 1-7 
LS 1-6 

 
20 

5 Human Impact: Chemistry of 
Sustainability 

● Carbon cycle 
● Climate change causes 
● Climate change solutions 

ESS 2-4 
ESS 2-6 
ETS 1-1 
ETS 1-2 
ETS 1-3 
ETS 1-4 



Unit 1 

Atomic Origins 

Summary and Rationale 

This unit focuses on the origins of chemistry. Chemical evidence supports the Big Bang theory, and chemical methods 
are used to determine the composition of matter in the universe. The life cycle of stars includes production of the 
elements as well as the production of energy that reaches Earth as radiation. Equations for nuclear reactions help 
describe how elements are made in stars, and the decay of radioactive elements in meteorites and ancient Earth 
materials indicate the age of the Earth and the universe. Atomic structure is a component of nuclear equations. 
Electron configurations of different elements are the basis for chemical analysis of matter in the universe. The periodic 
table reflects the atomic structure of the elements, allowing it to be used to predict properties of elements.  
  

Recommended Pacing 

 25 days 

Standards 

HS-ESS1 Earth’s Place in the Universe 

ESS 1-1 Develop a model based on evidence to illustrate the life span of the sun and the role of nuclear fusion in 
the 
sun’s core to release energy that eventually reaches Earth in the form of radiation. [Emphasis is on the 
energy transfer mechanisms that allow energy from nuclear fusion in the sun’s core to reach Earth. 
Examples of evidence for the model include observations of the masses and lifetimes of other stars, as 
well as the ways that the sun’s radiation varies due to sudden solar flares (“space weather”), the 11-year 
sunspot cycle, and non-cyclic variations over centuries.] [Assessment does not include details of the 
atomic and subatomic processes involved with the sun’s nuclear fusion.]  

ESS 1-2 Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra, motion 
of distant galaxies, and composition of matter in the universe. [Emphasis is on the astronomical evidence 
of the red shift of light from galaxies as an indication that the universe is currently expanding, the cosmic 
microwave background as the remnant radiation from the Big Bang, and the observed composition of 
ordinary matter of the universe, primarily found in stars and interstellar gases (from the spectra of 
electromagnetic radiation from stars), which matches that predicted by the Big Bang theory (3/4 hydrogen 
and 1/4 helium).]  

ESS 1-3 Communicate scientific ideas about the way stars, over their life cycle, produce elements. [Emphasis is on 
the way nucleosynthesis, and therefore the different elements created, varies as a function of the mass of a 
star and the stage of its lifetime.] [Details of the many different nucleosynthesis pathways for stars of 
different masses are not assessed.]  

ESS 1-6 Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary 
surfaces to construct an account of Earth’s formation and early history. [Emphasis is on using available 
evidence within the solar system to reconstruct the early history of Earth, which formed along with the rest 
of the solar system 4.6 billion years ago. Examples of evidence include the absolute ages of ancient 



materials (obtained by radiometric dating of meteorites, moon rocks, and Earth’s oldest minerals), the 
sizes and compositions of solar system objects, and the impact cratering record of planetary surfaces.]  

PS 1-8 Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy 
released during the processes of fission, fusion, and radioactive decay. [Emphasis is on simple qualitative 
models, such as pictures or diagrams, and on the scale of energy released in nuclear processes relative to 
other kinds of transformations.] [Assessment is limited to alpha, beta, and gamma radioactive decays.]  

PS 1-1 Use the periodic table as a model to predict the relative properties of elements based on the patterns of 
electrons in the outermost energy level of atoms. [Examples of properties that could be predicted from 
patterns could include reactivity of metals, types of bonds formed, numbers of bonds formed, and 
reactions with oxygen.] [Assessment is limited to main group elements. Assessment does not include 
quantitative understanding of ionization energy beyond relative trends.]  

Interdisciplinary Connections 

NJSLSA.
R1 

Read closely to determine what the text says explicitly and to make logical inferences and relevant 
connections from it; cite specific textual evidence when writing or speaking to support conclusions drawn 
from the text. 

NJSLSA.
R2 

Determine the central ideas or themes of a text and analyze their development; summarize the key 
supporting details and ideas. 

RI.11-12.
1 
RI.9-10.1 

Accurately cite strong and thorough textual evidence, (e.g., via discussion, written response, etc.), to 
support analysis of what the text says explicitly as well as inferentially, including determining where the 
text leaves matters uncertain.  

NJSLSA.
W1 

Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and 
relevant and sufficient evidence. 

Integration of Technology 

8.1 All students will use digital tools to access, manage, evaluate, and synthesize information in order to solve 
problems individually and collaborate and create and communicate knowledge. 

8.2 All students will develop an understanding of the nature and impact of technology, engineering, 
technological design, computational thinking and the designed world as they relate to the individual, 
global society, and the environment​. 

Instructional Focus 

Enduring Understandings: Essential Questions: 

Different patterns may be observed at each of the         
scales at which a system is studied and can provide          
evidence for causality in explanations of phenomena.  
In nuclear processes, atoms are not conserved, but the         
total number of protons plus neutrons is conserved.  
 

What evidence supports the Big Bang Theory?  
How do stars produce elements?  
How do stars generate energy? 
How does energy from the sun reach Earth?  
How can radioactive elements be used to determine the age of           
the Earth?  



How are the atoms of different elements different from each          
other? 
How can the periodic table be used to predict properties of           
elements? 

Evidence of Learning (Assessments) 

Multiple formative assessments 
Laboratory write ups 
Unit assessment: Atomic Origins 

Objectives (SLO) 

Students will know: 
Science and engineering complement each other in       
the cycle known as research and development       
(R&D). Many R&D projects may involve scientists,       
engineers, and others with wide ranges of expertise. 
Scientific knowledge is based on the assumption that        
natural laws operate today as they did in the past and           
will continue to do so in the future. 
Science assumes the universe is a vast single system         
in which basic laws are consistent. 
A scientific theory is a substantiated explanation of        
some aspect of the natural world, based on a body of           
facts that have been repeatedly confirmed through       
observation and experiment, and the science      
community validates each theory before it is       
accepted. If new evidence is discovered that the        
theory does not accommodate, the theory is generally        
modified in light of this new evidence. 
Much of science deals with constructing explanations       
of how things change and how they remain stable. 
The Big Bang theory is supported by observations of         
distant galaxies receding from our own, of the        
measured composition of stars and nonstellar gases,       
and of the spectra of the cosmic microwave        
background. 
Other than the hydrogen and helium formed at the         
time of the Big Bang, nuclear fusion within stars         
produces all atomic nuclei lighter than and including        
iron, and the process releases electromagnetic energy.       
Heavier elements are produced when certain massive       
stars achieve a supernova stage and explode. 
The study of stars’ light spectra is used to identify          
compositional elements of stars.  
Atoms of each element emit and absorb characteristic        
frequencies of light. These characteristics allow      

Students will be able to: 
Develop models to illustrate the changes in the composition of          
the nucleus of the atom and the energy released during the           
processes of fission, fusion, and radioactive decay.  
Communicate scientific ideas about the way stars, over their         
life cycle, produce elements.  
Develop a model based on evidence to illustrate the life span           
of the sun and the role of nuclear fusion in the sun’s core to              
release energy that eventually reaches Earth in the form of          
radiation.  
Construct an explanation of the Big Bang theory based on          
astronomical evidence of light spectra, motion of distant        
galaxies, and composition of matter in the universe.  
Apply scientific reasoning and evidence from ancient Earth        
materials, meteorites, and other planetary surfaces to construct        
an account of Earth’s formation and early history.  
Use the periodic table as a model to predict the relative           
properties of elements based on the patterns of electrons in the           
outermost energy level of atoms.  



identification of the presence of an element, even in         
microscopic quantities. 
The star called the sun is changing and will burn out           
over a lifespan of approximately 10 billion years. 
Nuclear processes, including fusion, fission, and      
radioactive decay of unstable nuclei, involve release       
or absorption of energy. 
Nuclear fusion processes in the center of the sun         
release the energy that ultimately reaches Earth as        
radiation. 
Energy cannot be created or destroyed, only moved        
between one place and another place, between objects        
and/or fields, or between systems. 
Spontaneous radioactive decays follow a     
characteristic exponential decay law. Nuclear     
lifetimes allow radiometric dating to be used to        
determine the ages of rocks and other materials. 
Each atom has a charged substructure. 
An atom’s nucleus is made of protons and neutrons         
and is surrounded by electrons. 
The periodic table orders elements horizontally by       
number of protons in the nucleus of each element’s         
atoms and places elements with similar chemical       
properties in columns. 
The repeating patterns of this table reflect patterns of         
outer electron states. 
Patterns of electrons in the outermost energy level of         
atoms can provide evidence for the relative properties        
of elements at different scales. 
Attraction and repulsion between electric charges at       
the atomic scale explain the structure, properties, and        
transformations of matter, as well as the contact        
forces between material objects. 
 

Suggested Resources/Technology Tools 

American Association for the Advancement of Science: http://www.aaas.org/programs  
American Chemical Society: http://www.acs.org/content/acs/en/education.html 
Concord Consortium: Virtual Simulations: http://concord.org/ 
International Technology and Engineering Educators Association: http://www.iteaconnect.org/  
National Earth Science Teachers Association: http://www.nestanet.org/php/index.php  
National Science Digital Library: https://nsdl.oercommons.org/ 
National Science Teachers Association: http://ngss.nsta.org/Classroom-Resources.aspx  
North American Association for Environmental Education: http://www.naaee.net/  
Phet: Interactive Simulations https://phet.colorado.edu/ 
Science NetLinks: http://www.aaas.org/program/science-netlinks  



Modifications 

Teachers can choose from any of the suggested modifications that follow based upon teaching style, instructional                
method and needs of individual students. 
 
General Modifications for students struggling to learn: 

● Focus on building relationships in the classroom. 
● Control the stressors for the student and manage alternate pathways for completion of assignments. 
● Provide feedback utilizing a growth mindset and praise what is done correctly based upon effort, attitude and                 

strategy. 
● Boost engagement with material by providing opportunities of differentiation, group work and alternative             

assignments/assessments where appropriate. 
ELL 

● Provide additional wait time for student responses to questions to allow students the ability to undergo the                 
process of translation between languages, composition of response and attempted response. 

● Simplification of sentence structure and repetition of questions/sentences exactly as stated before trying to              
rephrase to allow ELL students to hear the sentence and try to comprehend it.  

● Rephrase idioms and teach their meanings as when learning a new language, translations are often very literal.                 
IE “Take a stab at it.”  Ensure students understand what is meant. 

● Use directed reading activities. Ensure preview of text before assigned/read, provide pre-reading questions             
about the main idea and offer help utilizing key words. 

● Allow the use of Google Translate where appropriate. 
● Utilize bilingual reading texts provided by the STC program. 

G/T 
Utilize differentiation in the areas of acceleration, enrichment, and grouping.  Examples include, but are not limited to: 

● interdisciplinary and problem-based assignments with planned scope and sequence  
● advance, accelerated, or compacted content  
● abstract and advanced higher-level thinking  
● allowance for individual student interests  
● assignments geared to development in areas of affect, creativity, cognition, and research skills  
● complex, in-depth assignments  
● diverse enrichment that broadens learning  
● variety in types of resources  
● internships, mentorships and independent study where applicable 

504/IEP 
Modifications and accommodations must be aligned to stated plan and uphold expectations of the plan lawfully. Every                 
student requires a different set of accommodations based upon need. Examples specific to science practice include, but                 
are not limited to: 

● Note taker or lab assistant 
● Group lab assignments 
● Use of scribe 
● Adjustable tables and lab equipment within reach 
● Classrooms, labs and field trips in accessible locations 
● Additional time and separate room for test taking 
● Additional time for in-class assignments 
● Additional time in lab 
● Visual and tactile instructional demonstrations 



 
 

 

 

 
 
 
 
   

● Computer with voice output, spelling and grammar checker 
● Seating in the front of the class 
● Tactile drawings and graphs, and three-dimensional models 
● Assignments in electronic format 
● Large-print handouts, lab signs and equipment labels 
● TV monitor connected to microscope to enlarge images 
● Computer equipped to enlarge screen characters and images 
● Auditory lab warning signals 
● Adaptive lab equipment (talking calculators, talking thermometers, light probes, tactile timers) 
● Staples on sticks to indicate units of measurement 
● Visual warning system for lab emergencies 

 

21ST CENTURY LIFE AND CAREER STANDARDS 

 Please select all standards that apply to this unit of study: 
❏ Act as a responsible and contributing citizen and employee. 
❏ Apply appropriate academic and technical skills. 
❏ Attend to personal health and financial well being. 
❏ Communicate clearly and effectively and with reason. 
❏ Consider the environmental social and economic impacts of decisions. 
❏ Demonstrate creativity and innovation.  
❏ Employ valid and reliable research strategies. 
❏ Utilize critical thinking to make sense of problems and persevere in solving them. 
❏ Model integrity, ethical leadership, and effective management. 
❏ Plan education and career paths aligned to personal goals. 
❏ Use technology to enhance productivity. 
❏ Work productively in teams while using cultural global competence. 

  
 Suggestions on integrating these standards can be found at: ​http://www.state.nj.us/education/cccs/2014/career/9.pdf  

LINKS TO CAREERS: 
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/ 

http://www.state.nj.us/education/cccs/2014/career/9.pdf
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/


 

Unit 2 

Bonds 

Summary and Rationale 

The periodic table organizes the elements according to the underlying atomic structure that gives rise to the properties 
of elements.  
This unit focuses on how the atomic structure of elements can be used to predict the type and strength of bonds that can 
form between atoms of the same or different elements. Bond type and molecular structure, in turn, are used to predict 
properties of materials, and to design materials for a particular function.  

Recommended Pacing 

24 days 

Standards 

PS 1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances at the bulk 
scale 
to infer the strength of electrical forces between particles. [Emphasis is on understanding the strengths of 
forces between particles, not on naming specific intermolecular forces (such as dipole-dipole). Examples 
of particles could include ions, atoms, molecules, and networked materials (such as graphite). Examples of 
bulk properties of substances could include the melting point and boiling point, vapor pressure, and 
surface tension.] [Assessment does not include Raoult’s law calculations of vapor pressure.] 

 PS 2-6 Communicate scientific and technical information about why the molecular-level structure is important in 
the 
functioning of designed materials.* [Emphasis is on the attractive and repulsive forces that determine the 
functioning of the material. Examples could include why electrically conductive materials are often made 
of metal, flexible but durable materials are made up of long chained molecules, and pharmaceuticals are 
designed to interact with specific receptors.] [Assessment is limited to provided molecular structures of 
specific designed materials.] 

 ETS 1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that 
account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible 
social, cultural, and environmental impacts. 

 ETS 1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-world problem 
with numerous criteria and constraints on interactions within and between systems relevant to the 
problem. 

Interdisciplinary Connections 

NJSLSA.
R1 

Read closely to determine what the text says explicitly and to make logical inferences and relevant 
connections from it; cite specific textual evidence when writing or speaking to support conclusions drawn 
from the text. 



NJSLSA.
R2 

Determine the central ideas or themes of a text and analyze their development; summarize the key 
supporting details and ideas. 

RI.11-12.
1 
RI.9-10.1 

Accurately cite strong and thorough textual evidence, (e.g., via discussion, written response, etc.), to 
support analysis of what the text says explicitly as well as inferentially, including determining where the 
text leaves matters uncertain.  

NJSLSA.
W1 

Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and 
relevant and sufficient evidence. 

Integration of Technology 

8.1 All students will use digital tools to access, manage, evaluate, and synthesize information in order to solve 
problems individually and collaborate and create and communicate knowledge. 

8.2 All students will develop an understanding of the nature and impact of technology, engineering, 
technological design, computational thinking and the designed world as they relate to the individual, 
global society, and the environment​. 

Instructional Focus 

Enduring Understandings: Essential Questions: 

Matter has properties related to its structure that can         
be measured and used to identify, classify and        
describe substances or objects.  
Scientific inquiry involves asking scientifically     
oriented questions, collecting evidence, forming     
explanations, connecting explanations to scientific     
knowledge and theory, and communicating and      
justifying explanations. 
Benefits and costs of scientific research and       
technological innovation include consequences that     
are long-term as well as short-term, and indirect as         
well as direct.  
 

What are materials around us made of?  
How do outermost electrons relate to ion formation, metal         
reactivity and bond type? 
How are substances named?  
How are names translated into formulas? 
How does chemical bonding (and other electrical forces) relate         
to the properties of a substance? 
How are Lewis structures used to predict molecular structure         
and polarity?  
 
 

Evidence of Learning (Assessments) 

Multiple formative assessments 
Laboratory write ups 
Unit assessment: Bonds 

Objectives (SLO) 



Students will know: 
Attraction and repulsion between electric charges at       
the atomic scale explain the structure, properties, and        
transformations of matter, as well as the contact        
forces between material objects. 
The structure and interactions of matter at the bulk         
scale are determined by electrical forces within and        
between atoms. 
Different patterns may be observed at each of the         
scales at which a system is studied and can provide          
evidence for causality in explanations of phenomena. 
When evaluating solutions, it is important to take into         
account a range of constraints, including cost, safety,        
reliability, aesthetics, and to consider social, cultural,       
and environmental impacts. 
 

Students will be able to: 
Plan and conduct an investigation to gather evidence to         
compare the structure of substances at the bulk scale to infer           
the strength of electrical forces between particles.  
Communicate scientific and technical information about why       
the molecular-level structure is important in the functioning of         
designed materials.*  
Evaluate a solution to a complex real-world problem based on 
prioritized criteria and trade-offs that account for a range of 
constraints, including cost, safety, reliability, and aesthetics, as 
well as possible social, cultural, and environmental impacts. 
Use a computer simulation to model the impact of proposed 
solutions to a complex real-world problem with numerous 
criteria and constraints on interactions within and between 
systems relevant to the problem. 

Suggested Resources/Technology Tools 

American Association for the Advancement of Science: http://www.aaas.org/programs  
American Chemical Society: http://www.acs.org/content/acs/en/education.html 
Concord Consortium: Virtual Simulations: http://concord.org/ 
International Technology and Engineering Educators Association: http://www.iteaconnect.org/  
National Earth Science Teachers Association: http://www.nestanet.org/php/index.php  
National Science Digital Library: https://nsdl.oercommons.org/ 
National Science Teachers Association: http://ngss.nsta.org/Classroom-Resources.aspx  
North American Association for Environmental Education: http://www.naaee.net/  
Phet: Interactive Simulations https://phet.colorado.edu/ 
Science NetLinks: ​http://www.aaas.org/program/science-netlinks 

www.acs.org/content/acs/en/education/resources/highschool/chemmatters.html 

Modifications 

Teachers can choose from any of the suggested modifications that follow based upon teaching style, instructional                
method and needs of individual students. 
 
General Modifications for students struggling to learn: 

● Focus on building relationships in the classroom. 
● Control the stressors for the student and manage alternate pathways for completion of assignments. 
● Provide feedback utilizing a growth mindset and praise what is done correctly based upon effort, attitude and                 

strategy. 
● Boost engagement with material by providing opportunities of differentiation, group work and alternative             

assignments/assessments where appropriate. 
ELL 

● Provide additional wait time for student responses to questions to allow students the ability to undergo the                 
process of translation between languages, composition of response and attempted response. 

http://www.aaas.org/program/science-netlinks
http://www.acs.org/content/acs/en/education/resources/highschool/chemmatters.html


● Simplification of sentence structure and repetition of questions/sentences exactly as stated before trying to              
rephrase to allow ELL students to hear the sentence and try to comprehend it.  

● Rephrase idioms and teach their meanings as when learning a new language, translations are often very literal.                 
IE “Take a stab at it.”  Ensure students understand what is meant. 

● Use directed reading activities. Ensure preview of text before assigned/read, provide pre-reading questions             
about the main idea and offer help utilizing key words. 

● Allow the use of Google Translate where appropriate. 
● Utilize bilingual reading texts provided by the STC program. 

G/T 
Utilize differentiation in the areas of acceleration, enrichment, and grouping.  Examples include, but are not limited to: 

● interdisciplinary and problem-based assignments with planned scope and sequence  
● advance, accelerated, or compacted content  
● abstract and advanced higher-level thinking  
● allowance for individual student interests  
● assignments geared to development in areas of affect, creativity, cognition, and research skills  
● complex, in-depth assignments  
● diverse enrichment that broadens learning  
● variety in types of resources  
● internships, mentorships and independent study where applicable 

504/IEP 
Modifications and accommodations must be aligned to stated plan and uphold expectations of the plan lawfully. Every                 
student requires a different set of accommodations based upon need. Examples specific to science practice include, but                 
are not limited to: 

● Note taker or lab assistant 
● Group lab assignments 
● Use of scribe 
● Adjustable tables and lab equipment within reach 
● Classrooms, labs and field trips in accessible locations 
● Additional time and separate room for test taking 
● Additional time for in-class assignments 
● Additional time in lab 
● Visual and tactile instructional demonstrations 
● Computer with voice output, spelling and grammar checker 
● Seating in the front of the class 
● Tactile drawings and graphs, and three-dimensional models 
● Assignments in electronic format 
● Large-print handouts, lab signs and equipment labels 
● TV monitor connected to microscope to enlarge images 
● Computer equipped to enlarge screen characters and images 
● Auditory lab warning signals 
● Adaptive lab equipment (talking calculators, talking thermometers, light probes, tactile timers) 
● Staples on sticks to indicate units of measurement 
● Visual warning system for lab emergencies 

  
  

21ST CENTURY LIFE AND CAREER STANDARDS 



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 Please select all standards that apply to this unit of study: 
❏ Act as a responsible and contributing citizen and employee. 
❏ Apply appropriate academic and technical skills. 
❏ Attend to personal health and financial well being. 
❏ Communicate clearly and effectively and with reason. 
❏ Consider the environmental social and economic impacts of decisions. 
❏ Demonstrate creativity and innovation.  
❏ Employ valid and reliable research strategies. 
❏ Utilize critical thinking to make sense of problems and persevere in solving them. 
❏ Model integrity, ethical leadership, and effective management. 
❏ Plan education and career paths aligned to personal goals. 
❏ Use technology to enhance productivity. 
❏ Work productively in teams while using cultural global competence. 

  
 Suggestions on integrating these standards can be found at: ​http://www.state.nj.us/education/cccs/2014/career/9.pdf  

LINKS TO CAREERS: 
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/ 

http://www.state.nj.us/education/cccs/2014/career/9.pdf
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/


 

Unit 3 

Reactions 

Summary and Rationale 

Atoms, and therefore mass, are conserved in chemical reactions. The mole concept makes quantitative analysis of 
reactants and products possible. Rates of reactions, and properties of gases, are affected by temperature and 
concentration, and can be understood in terms of Kinetic Molecular (collision) theory. Reversible chemical reactions 
can be manipulated to produce more products or more reactants by changing reaction conditions.  

Recommended Pacing 

45 days 

Standards 

PS 1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are conserved 
during a chemical reaction. [Emphasis is on using mathematical ideas to communicate the proportional 
relationships between masses of atoms in the reactants and the products, and the translation of these 
relationships to the macroscopic scale using the mole as the conversion from the atomic to the 
macroscopic scale. Emphasis is on assessing students’ use of mathematical thinking and not on 
memorization and rote application of problem-solving techniques.] [Assessment does not include complex 
chemical reactions.]  

PS 1-4 Develop a model to illustrate that the release or absorption of energy from a chemical reaction system 
depends upon the changes in total bond energy. [Emphasis is on the idea that a chemical reaction is a 
system that affects the energy change. Examples of models could include molecular-level drawings and 
diagrams of reactions, graphs showing the relative energies of reactants and products, and representations 
showing energy is conserved.] [Assessment does not include calculating the total bond energy changes 
during a chemical reaction from the bond energies of reactants and products.]  

PS 1-5 
 

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. [Emphasis is 
on student reasoning that focuses on the number and energy of collisions between molecules.] 
[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.]  

PS 1-6 Refine the design of a chemical system by specifying a change in conditions that would produce increased 
amounts of products at equilibrium.* [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 is limited to specifying the change in only one variable at a time. Assessment does not 
include calculating equilibrium constants and concentrations.]  

 ETS 1-2 Design a solution to a complex real-world problem by breaking it down into smaller, more manageable 



problems that can be solved through engineering.  

Interdisciplinary Connections 

NJSLSA.
R1 

Read closely to determine what the text says explicitly and to make logical inferences and relevant 
connections from it; cite specific textual evidence when writing or speaking to support conclusions drawn 
from the text. 

NJSLSA.
R2 

Determine the central ideas or themes of a text and analyze their development; summarize the key 
supporting details and ideas. 

RI.11-12.
1 
RI.9-10.1 

Accurately cite strong and thorough textual evidence, (e.g., via discussion, written response, etc.), to 
support analysis of what the text says explicitly as well as inferentially, including determining where the 
text leaves matters uncertain.  

NJSLSA.
W1 

Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and 
relevant and sufficient evidence. 

Integration of Technology 

8.1 All students will use digital tools to access, manage, evaluate, and synthesize information in order to solve 
problems individually and collaborate and create and communicate knowledge. 

8.2 All students will develop an understanding of the nature and impact of technology, engineering, 
technological design, computational thinking and the designed world as they relate to the individual, 
global society, and the environment​. 

Instructional Focus 

Enduring Understandings: Essential Questions: 

The total amount of energy and matter in a chemical          
reaction system is conserved. 
The amount of energy in a chemical reaction can be          
described in terms of collisions of molecules and        
rearrangement of atoms into new molecules. 
A stable molecule has less energy than the same set          
of atoms separated.  

Why do we balance equations for chemical reactions? 
Why is energy released (or absorbed) in reactions? 
What determines how fast a reaction occurs? 
How can the amount of product formed by a reaction be           
controlled? 
 

Evidence of Learning (Assessments) 

Multiple formative assessments 
Laboratory write ups 
Unit assessment: Bonds 

Objectives (SLO) 



Students will know: 
The fact that atoms are conserved, together with the         
knowledge of the chemical properties of the elements        
involved, can be used to describe and predict        
chemical reactions. 
There are patterns of chemical reactivity that help        
predict the products of a reaction.  
Balanced equations show proportional relationships     
between reactants and products at atomic and       
macroscopic scales.  
Analysis of units is a powerful calculation technique.  
Stoichiometry relates the proportional relationships     
between reactants and products to the masses of        
reactants and products.  
Gases respond to changing conditions in predictable,       
proportional ways.  
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        
rearrangement 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. 
Different patterns may be observed at each of the         
scales at which a system is studied and can provide          
evidence for causality in explanations of phenomena. 
Patterns in the effects of changing the temperature or         
concentration of the reacting particles can be used to         
provide evidence for causality in the rate at which a          
reaction occurs. 
Much of science deals with constructing explanations       
of how things change and how they remain stable. 
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. 
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 may be needed. 

Students will be able to: 
Develop a model to illustrate that the release or absorption of           
energy from a chemical reaction system depends upon the         
changes in total bond energy.  
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.  
Refine the design of a chemical system by specifying a change 
in conditions that would produce increased amounts of 
products at equilibrium.*  
Use mathematical representations to support the claim that 
atoms, and therefore mass, are conserved during a chemical 
reaction.  
Design a solution to a complex real-world problem by 
breaking it down into smaller, more manageable problems that 
can be solved through engineering.  

Suggested Resources/Technology Tools 

American Association for the Advancement of Science: http://www.aaas.org/programs  
American Chemical Society: http://www.acs.org/content/acs/en/education.html 
Concord Consortium: Virtual Simulations: http://concord.org/ 
International Technology and Engineering Educators Association: http://www.iteaconnect.org/  



National Earth Science Teachers Association: http://www.nestanet.org/php/index.php  
National Science Digital Library: https://nsdl.oercommons.org/ 
National Science Teachers Association: http://ngss.nsta.org/Classroom-Resources.aspx  
North American Association for Environmental Education: http://www.naaee.net/  
Phet: Interactive Simulations https://phet.colorado.edu/ 
Science NetLinks: http://www.aaas.org/program/science-netlinks 

Modifications 

Teachers can choose from any of the suggested modifications that follow based upon teaching style, instructional                
method and needs of individual students. 
 
General Modifications for students struggling to learn: 

● Focus on building relationships in the classroom. 
● Control the stressors for the student and manage alternate pathways for completion of assignments. 
● Provide feedback utilizing a growth mindset and praise what is done correctly based upon effort, attitude and                 

strategy. 
● Boost engagement with material by providing opportunities of differentiation, group work and alternative             

assignments/assessments where appropriate. 
ELL 

● Provide additional wait time for student responses to questions to allow students the ability to undergo the                 
process of translation between languages, composition of response and attempted response. 

● Simplification of sentence structure and repetition of questions/sentences exactly as stated before trying to              
rephrase to allow ELL students to hear the sentence and try to comprehend it.  

● Rephrase idioms and teach their meanings as when learning a new language, translations are often very literal.                 
IE “Take a stab at it.”  Ensure students understand what is meant. 

● Use directed reading activities. Ensure preview of text before assigned/read, provide pre-reading questions             
about the main idea and offer help utilizing key words. 

● Allow the use of Google Translate where appropriate. 
● Utilize bilingual reading texts provided by the STC program. 

G/T 
Utilize differentiation in the areas of acceleration, enrichment, and grouping.  Examples include, but are not limited to: 

● interdisciplinary and problem-based assignments with planned scope and sequence  
● advance, accelerated, or compacted content  
● abstract and advanced higher-level thinking  
● allowance for individual student interests  
● assignments geared to development in areas of affect, creativity, cognition, and research skills  
● complex, in-depth assignments  
● diverse enrichment that broadens learning  
● variety in types of resources  
● internships, mentorships and independent study where applicable 

504/IEP 
Modifications and accommodations must be aligned to stated plan and uphold expectations of the plan lawfully. Every                 
student requires a different set of accommodations based upon need. Examples specific to science practice include, but                 
are not limited to: 

● Note taker or lab assistant 
● Group lab assignments 



 
 
  

● Use of scribe 
● Adjustable tables and lab equipment within reach 
● Classrooms, labs and field trips in accessible locations 
● Additional time and separate room for test taking 
● Additional time for in-class assignments 
● Additional time in lab 
● Visual and tactile instructional demonstrations 
● Computer with voice output, spelling and grammar checker 
● Seating in the front of the class 
● Tactile drawings and graphs, and three-dimensional models 
● Assignments in electronic format 
● Large-print handouts, lab signs and equipment labels 
● TV monitor connected to microscope to enlarge images 
● Computer equipped to enlarge screen characters and images 
● Auditory lab warning signals 
● Adaptive lab equipment (talking calculators, talking thermometers, light probes, tactile timers) 
● Staples on sticks to indicate units of measurement 
● Visual warning system for lab emergencies 

  
  

21ST CENTURY LIFE AND CAREER STANDARDS 

 Please select all standards that apply to this unit of study: 
❏ Act as a responsible and contributing citizen and employee. 
❏ Apply appropriate academic and technical skills. 
❏ Attend to personal health and financial well being. 
❏ Communicate clearly and effectively and with reason. 
❏ Consider the environmental social and economic impacts of decisions. 
❏ Demonstrate creativity and innovation.  
❏ Employ valid and reliable research strategies. 
❏ Utilize critical thinking to make sense of problems and persevere in solving them. 
❏ Model integrity, ethical leadership, and effective management. 
❏ Plan education and career paths aligned to personal goals. 
❏ Use technology to enhance productivity. 
❏ Work productively in teams while using cultural global competence. 

  
 Suggestions on integrating these standards can be found at: ​http://www.state.nj.us/education/cccs/2014/career/9.pdf  

LINKS TO CAREERS: 
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/ 

http://www.state.nj.us/education/cccs/2014/career/9.pdf
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/


 

Unit 4 

Energy 

Summary and Rationale 

Energy is a quantitative property that depends on the motion and interactions of matter and radiation in a system. The 
total change of energy in any system is equal to the total energy transferred into or out of the system. A system can be 
global (weather, hydrologic cycles), a reaction that releases or absorbs energy, or as simple as two water samples at 
different temperatures mixed together. Energy from the sun is converted through photosynthesis to energy that 
organisms use to form macromolecules such as proteins and nucleic acids.  

Recommended Pacing 

30 days  

Standards 

PS 3-4 Plan and conduct an investigation to provide evidence that the transfer of thermal energy when two 
components of different temperature are combined within a closed system results in a more uniform 
energy distribution among the components in the system (second law of thermodynamics). [Emphasis is 
on analyzing data from student investigations and using mathematical thinking to describe the energy 
changes both quantitatively and conceptually. Examples of investigations could include mixing liquids at 
different initial temperatures or adding objects at different temperatures to water.] [Assessment is limited 
to investigations based on materials and tools provided to students.] 

 ESS 2-5 Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface 
processes. [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).] 

 ESS 3-2 Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources 
based on cost-benefit ratios.* [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.] 

 ETS 1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs that 
account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible 
social, cultural, and environmental impacts. [ See Three-Dimensional Teaching and Learning Section for 
examples]. 



LS 1-5 Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy. 
[Emphasis is on illustrating inputs and outputs of matter and the transfer and transformation of energy in 
photosynthesis by plants and other photosynthesizing organisms. Examples of models could include 
diagrams, chemical equations, and conceptual models.] [Assessment does not include specific biochemical 
steps.] 

LS 1-6 Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar 
molecules may combine with other elements to form amino acids and/or other large carbon-based 
molecules. [Emphasis is on using evidence from models and simulations to support explanations.] 
[Assessment does not include the details of the specific chemical reactions or identification of 
macromolecules.] 

LS 1-7 Use a model to illustrate that cellular respiration is a chemical process whereby the bonds of food 
molecules and oxygen molecules are broken and the bonds in new compounds are formed, resulting in a 
net transfer of energy. [Emphasis is on the conceptual understanding of the inputs and outputs of the 
process of cellular respiration.] [Assessment should not include identification of the steps or specific 
processes involved in cellular respiration.] 

Interdisciplinary Connections 

NJSLSA.
R1 

Read closely to determine what the text says explicitly and to make logical inferences and relevant 
connections from it; cite specific textual evidence when writing or speaking to support conclusions drawn 
from the text. 

NJSLSA.
R2 

Determine the central ideas or themes of a text and analyze their development; summarize the key 
supporting details and ideas. 

RI.11-12.
1 
RI.9-10.1 

Accurately cite strong and thorough textual evidence, (e.g., via discussion, written response, etc.), to 
support analysis of what the text says explicitly as well as inferentially, including determining where the 
text leaves matters uncertain.  

NJSLSA.
W1 

Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and 
relevant and sufficient evidence. 

Integration of Technology 

8.1 All students will use digital tools to access, manage, evaluate, and synthesize information in order to solve 
problems individually and collaborate and create and communicate knowledge. 

8.2 All students will develop an understanding of the nature and impact of technology, engineering, 
technological design, computational thinking and the designed world as they relate to the individual, 
global society, and the environment​. 

Instructional Focus 

Enduring Understandings: Essential Questions: 

Energy is a quantitative property of a system that         
depends on the motion and interactions of matter and         
radiation in the system.  

What happens to objects at different temperatures when they         
are in a closed system?  
How does water play a role in weather?  
Why is water considered a common solvent?  



The total change of energy in a system is equal to the            
total energy transferred in or out of the system.  
Human activities cause feedback that create changes       
to other systems.  
Photosynthesis transforms light energy into stored      
chemical energy.  
 

What is chemical weathering?  
What are the risks involved in mining and using mineral          
resources?  
How do organisms obtain and use the energy they need to live            
and grow? 
 

Evidence of Learning (Assessments) 

Multiple formative assessments 
Laboratory write ups 
Unit assessment: Energy 

Objectives (SLO) 

Students will know: 
When investigating or describing a system, the       
boundaries and initial conditions of the system need        
to be defined and their inputs and outputs analyzed         
and described using models. 
Energy cannot be created or destroyed, but it can be          
transported from one place to another and transferred        
between systems. 
Uncontrolled systems always move toward more      
stable states—that is, toward a more uniform energy        
distribution. 
Although energy cannot be destroyed, it can be        
converted into less useful forms—for example, to       
thermal energy in the surrounding environment. 
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. 
The functions and properties of water and water        
systems can be inferred from the overall structure, the         
way the components are shaped and used, and the         
molecular substructure.  
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. 
The process of photosynthesis converts light energy       
to stored energy by converting carbon dioxide plus        
water into sugars plus released oxygen. 
As matter and energy flow through different       
organizational levels of living systems, chemical      

Students will be able to: 
Plan and conduct an investigation to provide evidence that the 
transfer of thermal energy when two components of different 
temperature are combined within a closed system results in a 
more uniform energy distribution among the components in 
the system (second law of thermodynamics). 
Plan and conduct an investigation of the properties of water 
and its effects on Earth materials and surface processes 
Evaluate competing design solutions for developing, 
managing, and utilizing energy and mineral resources based on 
cost-benefit ratios. 
Evaluate a solution to a complex real-world problem based on 
prioritized criteria and tradeoffs that account for a range of 
constraints, including cost, safety, reliability, and aesthetics, as 
well as possible social, cultural, and environmental impacts. 
Use a model to illustrate how photosynthesis transforms light 
energy into stored chemical energy.  
Construct and revise an explanation based on evidence for how 
carbon, hydrogen, and oxygen from sugar molecules may 
combine with other elements to form amino acids and/or other 
large carbon-based molecules.  
Use a model to illustrate that cellular respiration is a chemical 
process whereby the bonds of food molecules and oxygen 
molecules are broken and the bonds in new compounds are 
formed, resulting in a net transfer of energy.  



elements are recombined in different ways to form        
different products. 
As a result of these chemical reactions, energy is         
transferred from one system of interacting molecules       
to another. 
Cellular respiration is a chemical process in which        
the bonds of food molecules and oxygen molecules        
are broken and new compounds are formed that can         
transport energy to muscles. 
Sugar molecules contain carbon, hydrogen, and      
oxygen: Their hydrocarbon backbones are used to       
make amino acids and other carbon-based molecules       
that can be assembled into larger molecules (such as         
proteins or DNA), used for example to form new         
cells. 
Cellular respiration also releases the energy needed to        
maintain body temperature despite ongoing energy      
transfer to the surrounding environment.  
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. 
Models can be used to simulate systems and        
interactions, including energy, matter, and     
information flows, within and between systems at       
different scales. 
Engineers continuously modify design solutions to      
increase benefits while decreasing costs and risks. 
Analysis of costs and benefits is a critical aspect of          
decisions about technology. 
Scientific knowledge indicates what can happen in       
natural systems, not what should happen. The latter        
involves ethics, values, and human decisions about       
the use of knowledge. 
New technologies can have deep impacts on society        
and the environment, including some that were not        
anticipated. 

Suggested Resources/Technology Tools 

American Association for the Advancement of Science: http://www.aaas.org/programs  
American Chemical Society: http://www.acs.org/content/acs/en/education.html 
Concord Consortium: Virtual Simulations: http://concord.org/ 
International Technology and Engineering Educators Association: http://www.iteaconnect.org/  
National Earth Science Teachers Association: http://www.nestanet.org/php/index.php  
National Science Digital Library: https://nsdl.oercommons.org/ 



National Science Teachers Association: http://ngss.nsta.org/Classroom-Resources.aspx  
North American Association for Environmental Education: http://www.naaee.net/  
Phet: Interactive Simulations https://phet.colorado.edu/ 
Science NetLinks: http://www.aaas.org/program/science-netlinks 

Modifications 

Teachers can choose from any of the suggested modifications that follow based upon teaching style, instructional                
method and needs of individual students. 
 
General Modifications for students struggling to learn: 

● Focus on building relationships in the classroom. 
● Control the stressors for the student and manage alternate pathways for completion of assignments. 
● Provide feedback utilizing a growth mindset and praise what is done correctly based upon effort, attitude and                 

strategy. 
● Boost engagement with material by providing opportunities of differentiation, group work and alternative             

assignments/assessments where appropriate. 
ELL 

● Provide additional wait time for student responses to questions to allow students the ability to undergo the                 
process of translation between languages, composition of response and attempted response. 

● Simplification of sentence structure and repetition of questions/sentences exactly as stated before trying to              
rephrase to allow ELL students to hear the sentence and try to comprehend it.  

● Rephrase idioms and teach their meanings as when learning a new language, translations are often very literal.                 
IE “Take a stab at it.”  Ensure students understand what is meant. 

● Use directed reading activities. Ensure preview of text before assigned/read, provide pre-reading questions             
about the main idea and offer help utilizing key words. 

● Allow the use of Google Translate where appropriate. 
● Utilize bilingual reading texts provided by the STC program. 

G/T 
Utilize differentiation in the areas of acceleration, enrichment, and grouping.  Examples include, but are not limited to: 

● interdisciplinary and problem-based assignments with planned scope and sequence  
● advance, accelerated, or compacted content  
● abstract and advanced higher-level thinking  
● allowance for individual student interests  
● assignments geared to development in areas of affect, creativity, cognition, and research skills  
● complex, in-depth assignments  
● diverse enrichment that broadens learning  
● variety in types of resources  
● internships, mentorships and independent study where applicable 

504/IEP 
Modifications and accommodations must be aligned to stated plan and uphold expectations of the plan lawfully. Every                 
student requires a different set of accommodations based upon need. Examples specific to science practice include, but                 
are not limited to: 

● Note taker or lab assistant 
● Group lab assignments 
● Use of scribe 
● Adjustable tables and lab equipment within reach 



 
  

● Classrooms, labs and field trips in accessible locations 
● Additional time and separate room for test taking 
● Additional time for in-class assignments 
● Additional time in lab 
● Visual and tactile instructional demonstrations 
● Computer with voice output, spelling and grammar checker 
● Seating in the front of the class 
● Tactile drawings and graphs, and three-dimensional models 
● Assignments in electronic format 
● Large-print handouts, lab signs and equipment labels 
● TV monitor connected to microscope to enlarge images 
● Computer equipped to enlarge screen characters and images 
● Auditory lab warning signals 
● Adaptive lab equipment (talking calculators, talking thermometers, light probes, tactile timers) 
● Staples on sticks to indicate units of measurement 
● Visual warning system for lab emergencies 

21ST CENTURY LIFE AND CAREER STANDARDS 

 Please select all standards that apply to this unit of study: 
❏ Act as a responsible and contributing citizen and employee. 
❏ Apply appropriate academic and technical skills. 
❏ Attend to personal health and financial well being. 
❏ Communicate clearly and effectively and with reason. 
❏ Consider the environmental social and economic impacts of decisions. 
❏ Demonstrate creativity and innovation.  
❏ Employ valid and reliable research strategies. 
❏ Utilize critical thinking to make sense of problems and persevere in solving them. 
❏ Model integrity, ethical leadership, and effective management. 
❏ Plan education and career paths aligned to personal goals. 
❏ Use technology to enhance productivity. 
❏ Work productively in teams while using cultural global competence. 

  
 Suggestions on integrating these standards can be found at: ​http://www.state.nj.us/education/cccs/2014/career/9.pdf  

LINKS TO CAREERS: 
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/ 

http://www.state.nj.us/education/cccs/2014/career/9.pdf
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/


 

Unit 5 

Human Impact: Chemistry of Sustainability 

Summary and Rationale 

Climate change is the “major global challenge” [ETS 1-1] and “complex real-world problem” [ETS 1-3] of our day. 
This unit begins with an examination of the flow of energy into and out of Earth’s systems. Geochemical data can be 
used to describe effects on climate by different causes, over different time scales. The cycling of carbon through the 
hydrosphere, atmosphere, geosphere and biosphere has been affected by human activity, and can be studied 
empirically. Topics from previous units (energy flow, combustion reactions, properties of water, behavior of gases, 
etc.) are synthesized to understand climate change. Strategies from engineering are used to propose and evaluate 
potential solutions. 

Recommended Pacing 

20 days 

Standards 

ESS 2-4 Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in 
changes in climate. [Examples of the causes of climate change differ by timescale, over 1-10 years: large 
volcanic eruptions, ocean circulation; 10-100s of years: changes in human activity, ocean circulation, solar 
output; 10-100s of thousands of years: changes to Earth's orbit and the orientation of its axis; and 10-100s 
of millions of years: long-term changes in atmospheric composition.] [Assessment of the results of 
changes in climate is limited to changes in surface temperatures, precipitation patterns, glacial ice 
volumes, sea levels, and biosphere distribution.] 

ESS 2-6 Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, 
geosphere, and biosphere. [Emphasis is on modeling biogeochemical cycles that include the cycling of 
carbon through the ocean, atmosphere, soil, and biosphere (including humans), providing the foundation 
for living organisms.] 

ETS 1-1 Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for 
solutions that account for societal needs and wants. 

ETS 1-2 Design a solution to a complex real-world problem by breaking it down into smaller, more manageable 
problems that can be solved through engineering. 

ETS 1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that 
account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible 
social, cultural, and environmental impacts. 

ETS 1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-world problem 
with numerous criteria and constraints on interactions within and between systems relevant to the 
problem. 

Interdisciplinary Connections 



NJSLSA.
R1 

Read closely to determine what the text says explicitly and to make logical inferences and relevant 
connections from it; cite specific textual evidence when writing or speaking to support conclusions drawn 
from the text. 

NJSLSA.
R2 

Determine the central ideas or themes of a text and analyze their development; summarize the key 
supporting details and ideas. 

RI.11-12.
1 
RI.9-10.1 

Accurately cite strong and thorough textual evidence, (e.g., via discussion, written response, etc.), to 
support analysis of what the text says explicitly as well as inferentially, including determining where the 
text leaves matters uncertain.  

NJSLSA.
W1 

Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and 
relevant and sufficient evidence. 

Integration of Technology 

8.1 All students will use digital tools to access, manage, evaluate, and synthesize information in order to solve 
problems individually and collaborate and create and communicate knowledge. 

8.2 All students will develop an understanding of the nature and impact of technology, engineering, 
technological design, computational thinking and the designed world as they relate to the individual, 
global society, and the environment​. 

Instructional Focus 

Enduring Understandings: Essential Questions: 

Research and examination of data to determine       
relationships between global change and human      
activity will allow students to identify and analyze a         
major global challenge. 

How do Earth’s geochemical processes and human activities        
affect each other? 
 

Evidence of Learning (Assessments) 

Multiple formative assessments 
Laboratory write ups 
Unit assessment: Human Impact 

Objectives (SLO) 

Students will know: 
The foundation for Earth’s global climate systems is        
the electromagnetic radiation from the sun, as well as         
its reflection, absorption, storage, and redistribution      
among the atmosphere, ocean, and land systems, and        
this energy’s re-radiation into space. 
Cyclical changes in the shape of Earth’s orbit around         
the sun, together with changes in the tilt of the          
planet’s axis of rotation, both occurring over       

Students will be able to: 
Use a model to describe how variations in the flow of energy 
into and out of Earth’s systems result in changes in climate. 
Develop a quantitative model to describe the cycling of carbon 
among the hydrosphere, atmosphere, geosphere, and 
biosphere.  
Analyze a major global challenge to specify qualitative and 
quantitative criteria and constraints for solutions that account 
for societal needs and wants. 



hundreds of thousands of years, have altered the        
intensity and distribution of sunlight falling on the        
earth. These phenomena cause a cycle of ice ages and          
other gradual climate changes. 
The geological record shows that changes to global        
and regional climate can be caused by interactions        
among changes in the sun’s energy output or Earth’s         
orbit, tectonic events, ocean circulation, volcanic      
activity, glaciers, vegetation, and human activities.      
These changes can occur on a variety of time scales          
from sudden (e.g., volcanic ash clouds) to       
intermediate (ice ages) to very long-term tectonic       
cycles. 
Gradual atmospheric changes were due to plants and        
other organisms that captured carbon dioxide and       
released oxygen. 
Changes in the atmosphere due to human activity        
have increased carbon dioxide concentrations and      
thus affect climate. 
The total amount of carbon cycling among and        
between the hydrosphere, atmosphere, geosphere, and      
biosphere is conserved. 
Empirical evidence is required to differentiate      
between cause and correlation and make claims about        
specific causes and effects. 
Science arguments are strengthened by multiple lines       
of evidence supporting a single explanation. 
 

Design a solution to a complex real-world problem by 
breaking it down into smaller, more manageable problems that 
can be solved through engineering. 
Evaluate a solution to a complex real-world problem based on 
prioritized criteria and trade-offs that account for a range of 
constraints, including cost, safety, reliability, and aesthetics, as 
well as possible social, cultural, and environmental impacts. 
Use a computer simulation to model the impact of proposed 
solutions to a complex real-world problem with numerous 
criteria and constraints on interactions within and between 
systems relevant to the problem.  

Suggested Resources/Technology Tools 

American Association for the Advancement of Science: http://www.aaas.org/programs  
American Chemical Society: http://www.acs.org/content/acs/en/education.html 
Concord Consortium: Virtual Simulations: http://concord.org/ 
International Technology and Engineering Educators Association: http://www.iteaconnect.org/  
National Earth Science Teachers Association: http://www.nestanet.org/php/index.php  
National Science Digital Library: https://nsdl.oercommons.org/ 
National Science Teachers Association: http://ngss.nsta.org/Classroom-Resources.aspx  
North American Association for Environmental Education: http://www.naaee.net/  
Phet: Interactive Simulations https://phet.colorado.edu/ 
Science NetLinks: http://www.aaas.org/program/science-netlinks 

Modifications 

Teachers can choose from any of the suggested modifications that follow based upon teaching style, instructional                
method and needs of individual students. 
 



General Modifications for students struggling to learn: 
● Focus on building relationships in the classroom. 
● Control the stressors for the student and manage alternate pathways for completion of assignments. 
● Provide feedback utilizing a growth mindset and praise what is done correctly based upon effort, attitude and                 

strategy. 
● Boost engagement with material by providing opportunities of differentiation, group work and alternative             

assignments/assessments where appropriate. 
ELL 

● Provide additional wait time for student responses to questions to allow students the ability to undergo the                 
process of translation between languages, composition of response and attempted response. 

● Simplification of sentence structure and repetition of questions/sentences exactly as stated before trying to              
rephrase to allow ELL students to hear the sentence and try to comprehend it.  

● Rephrase idioms and teach their meanings as when learning a new language, translations are often very literal.                 
IE “Take a stab at it.”  Ensure students understand what is meant. 

● Use directed reading activities. Ensure preview of text before assigned/read, provide pre-reading questions             
about the main idea and offer help utilizing key words. 

● Allow the use of Google Translate where appropriate. 
● Utilize bilingual reading texts provided by the STC program. 

G/T 
Utilize differentiation in the areas of acceleration, enrichment, and grouping.  Examples include, but are not limited to: 

● interdisciplinary and problem-based assignments with planned scope and sequence  
● advance, accelerated, or compacted content  
● abstract and advanced higher-level thinking  
● allowance for individual student interests  
● assignments geared to development in areas of affect, creativity, cognition, and research skills  
● complex, in-depth assignments  
● diverse enrichment that broadens learning  
● variety in types of resources  
● internships, mentorships and independent study where applicable 

504/IEP 
Modifications and accommodations must be aligned to stated plan and uphold expectations of the plan lawfully. Every                 
student requires a different set of accommodations based upon need. Examples specific to science practice include, but                 
are not limited to: 

● Note taker or lab assistant 
● Group lab assignments 
● Use of scribe 
● Adjustable tables and lab equipment within reach 
● Classrooms, labs and field trips in accessible locations 
● Additional time and separate room for test taking 
● Additional time for in-class assignments 
● Additional time in lab 
● Visual and tactile instructional demonstrations 
● Computer with voice output, spelling and grammar checker 
● Seating in the front of the class 
● Tactile drawings and graphs, and three-dimensional models 
● Assignments in electronic format 
● Large-print handouts, lab signs and equipment labels 



 
 

● TV monitor connected to microscope to enlarge images 
● Computer equipped to enlarge screen characters and images 
● Auditory lab warning signals 
● Adaptive lab equipment (talking calculators, talking thermometers, light probes, tactile timers) 
● Staples on sticks to indicate units of measurement 
● Visual warning system for lab emergencies 

  
  

21ST CENTURY LIFE AND CAREER STANDARDS 

 Please select all standards that apply to this unit of study: 
❏ Act as a responsible and contributing citizen and employee. 
❏ Apply appropriate academic and technical skills. 
❏ Attend to personal health and financial well being. 
❏ Communicate clearly and effectively and with reason. 
❏ Consider the environmental social and economic impacts of decisions. 
❏ Demonstrate creativity and innovation.  
❏ Employ valid and reliable research strategies. 
❏ Utilize critical thinking to make sense of problems and persevere in solving them. 
❏ Model integrity, ethical leadership, and effective management. 
❏ Plan education and career paths aligned to personal goals. 
❏ Use technology to enhance productivity. 
❏ Work productively in teams while using cultural global competence. 

  
 Suggestions on integrating these standards can be found at: ​http://www.state.nj.us/education/cccs/2014/career/9.pdf  

LINKS TO CAREERS: 
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/ 

http://www.state.nj.us/education/cccs/2014/career/9.pdf
https://www.mendeley.com/careers/article/top-10-chemistry-jobs/

