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Introduction  
The Chemistry course provides the opportunity to develop knowledge and understanding about the relationships between the structure and the 
properties of matter and the interaction of matter and of energy. It also provides a solid foundation to build a strong intellectual framework 
through learning problem solving skills focused on processes. Students who successfully complete the Chemistry course will have a smooth 
transition into additional science courses as well as enhanced mathematical skills. 
 
The course is comprised of the following key units of study: matter and its changes, atomic structure, electron configuration, periodicity, 
bonding, molecular geometry, intra- and inter-molecular forces, energy in chemical processes, chemical composition, reactions, stoichiometry, 
gas laws, solutions, chemical equilibrium, and kinetics.  Laboratory activities reinforce concepts and principles presented in the course.  
 

Mission  
River Dell’s curricula is designed to promote student achievement through the development of college and career readiness skills with a focus on 
equal access, inclusivity, and students’ individuality. The mission of the curriculum is to prepare students to live and to work in a global society as 
active citizens and as contributing responsible community members. The program outlined in this curriculum engages students in broad-based, 
experiential learning that will enhance the development of critical thinking, communication, and analytical/relational skills. This curriculum is 
constructed to meet students at their developmental level and to support their progression through varied levels of engagement, skill 
attainment, exploration, inquiry, and analysis assisting them to mature into their authentic selves. 
 

Vision 

To guide students along their path to becoming informed citizens who are well versed in the methods and in the ideas of science. To achieve this 
vision students will use scientific reasoning and critical thinking skills to problem solve, to communicate effectively, to work cooperatively and to 
use technology to work towards the goals of becoming lifelong learners and contributing community members in a global environment. 
 

Scope and Sequence 
Marking Period 1: (9 Weeks) 

Unit 1: The Atom 
Unit 2: The Electron 
Unit 3: Periodic Table 

Marking Period 2: (9 Weeks) 
Unit 4: Bonding  
Unit 5: Molecular Structure and Intermolecular Forces  

Marking Period 3: (9 Weeks) 
Unit 6: Reactions  
Unit 7: Stoichiometry 

Marking Period 4: (9 Weeks) 
Unit 8: States of Matter; Gas Laws  
Unit 9: Solutions 
Unit 10: Kinetics and Thermochemistry 



   
 
The sequence of topics has been designed to use a scaffolding approach in introducing key chemistry concepts to the students with emphasis on 
demonstrating inter-connectedness between microscopic structures and macroscopic material properties.  The concepts of atoms and atomic 
structures are introduced at the beginning of the course, followed by the electron configurations and organization of elements in the Periodic 
Table.  Then the interactions between the atoms lead to the formation of individual chemical bonds, followed by the formation of molecules.  
Interactions between atoms, ions, and molecules determine the macroscopic material properties.  The desire to achieve more stable states is 
the driving force behind chemical reactions.  
 
Chemistry is offered in three levels designed to accommodate individual student’s math and reading competency.   The standard level course is a 
study of select topics of Chemistry accessible to the typical sophomore in the areas of atomic structure, electron configuration, periodicity, 
bonding, interactions between molecules, chemical compositions, chemical reactions. The Honors Chemistry level course is offered to students 
who have demonstrated an advanced proficiency in math and require less instruction on some of the more elementary mathematical concepts.  
This course presents these students with a broader range of topics at a deeper level of understanding plus a greater level of mathematical rigor.  
The Environmental Chemistry course is offered to the students who require more explicit instruction on the application of algebra-based 
problem solving.  This course offers a more conceptual approach, allowing students the opportunity to master the more essential skills and 
eliminating some of the more abstract subject matters.  Students who have successfully completed Honors Chemistry courses may elect to move 
onto AP Chemistry. 
 

Technology  
Technology integration is the seamless and effective use of 21st century technology within an instructional setting to support students and 
teachers in the learning process with administrative support and evaluation:  

Standards 8.1 Computer Science  

• Computer Science, previously a strand entitled ‘Computational Thinking: Programming’ in standard 8.2 of the 2014 NJSLS-Technology, 
outlines a comprehensive set of concepts and skills, such as data and analysis, algorithms and programming, and computing systems. 

Standard 8.2 Design Thinking 

• This standard, previously standard 8.2 Technology Education of the 2014 NJSLS – Technology, outlines the technological design concepts 
and skills essential for technological and engineering literacy. The new framework design, detailed previously, includes Engineering 
Design, Ethics and Culture, and the Effects of Technology on the Natural world among the disciplinary concepts. 

New Jersey Administrative Code Summary and Statues:  
The following sections outline skills and special categories mandated by the state of New Jersey for all K-12 curriculum.  
 
Integration of 21st Century Skills and Themes and Interdisciplinary Connections  
District Boards of Education shall be responsible for the review and continuous improvement of curriculum and instruction based upon changes 
in knowledge, technology, assessment results, and modifications to the NJSLS, according to N.J.A.C. 6A:8-2.  

1. District Boards of Education shall include interdisciplinary connections throughout the K–12 curriculum.  



   
 

2. District Boards of Education shall integrate into the curriculum 21st century themes and skills (N.J.A.C. 6A:8-3.1(c). Twenty-first century 
themes and skills integrated into all content standards areas (N.J.A.C. 6A:8-1.1(a)3). 

  
“Twenty-first century themes and skills” means themes such as global awareness; financial, economic, business, and entrepreneurial literacy; 
civic literacy; health literacy; learning and innovation skills, including creativity and innovation, critical thinking and problem solving, 
communication and collaboration; information, media, technology skills; and life and career skills, including flexibility and adaptability, initiative 
and self-direction, social and cross-cultural skills, productivity and accountability, and leadership and responsibility 
  
Dissection Law: N.J.S.A. 18A:35-4.25 and N.J.S.A. 18A:35-4.24 authorizes parents or guardians to assert the right of their children to refuse to 
dissect, vivisect, incubate, capture or otherwise harm or destroy animals or any parts thereof as part of a course of instruction.  
  
Amistad Law: N.J.S.A. 18A 52:16A-88 Every Board of Education shall incorporate the information regarding the contributions of African 
Americans to our country in an appropriate place in the curriculum of elementary and secondary school students.  
  
Holocaust Law: N.J.S.A. 18A:35-28 Every Board of Education shall include instruction on the Holocaust and genocides in an appropriate place in 
the curriculum of all elementary and secondary school pupils. The instruction shall further emphasize the personal responsibility that each 
citizen bears to fight racism and hatred whenever and wherever it happens.  
  
LGBT and Disabilities Law: N.J.S.A. 18A:35-4.35 A Board of Education shall include instruction on the political, economic, and social contributions 
of persons with disabilities and lesbian, gay, bisexual, and transgender people, in an appropriate place in the curriculum of middle school and 
high school students as part of the district’s implementation of the New Jersey Student Learning Standards (N.J.S.A.18A:35-4.36). A Board of 
Education shall have policies and procedures in place pertaining to the selection of instructional materials to implement the requirements of 
N.J.S.A. 18A:35-4.35. 
  
Asian Americans and Pacific Islanders: N.J.S.A. S4021 This will ensure that the contributions, history, and heritage of Asian Americans and Pacific 
Islanders (AAPI) are included in the New Jersey Student Learning Standards for Social Studies for students in kindergarten through Grade 12. 
  
Career Readiness, Life Literacies, and Key Skills (NJSLS-CLKS): 

• Standard 9.1 Personal Financial Literacy: This standard outlines the important fiscal knowledge, habits, and skills that must be mastered 
for students to make informed decisions about personal finance. Financial literacy is an integral component of a student's college and 
career readiness, enabling students to achieve fulfilling, financially secure, and successful careers. 

• Standard 9.2 Career Awareness, Exploration, Preparation and Training. This standard outlines the importance of being knowledgeable 
about one's interests and talents, and being well informed about postsecondary and career options, career planning, and career 
requirements. 

• Standard 9.3 This standard outlines what students should know and be able to do upon completion of a CTE Program of Study. 
• Standard 9.4 Life Literacies and Key Skills. This standard outlines key literacies and technical skills such as critical thinking, global and 

cultural awareness, and technology literacy* that are critical for students to develop to live and work in an interconnected global 
economy. 

  



   
 
Climate Change (This will be modified based off of content) 
Standards in Action: Climate Change Earth’s climate is now changing faster than at any point in the history of modern civilization, primarily as a 
result of human activities. Global climate change has already resulted in a wide range of impacts across New Jersey and in many sectors of its 
economy. The addition of academic standards that focus on climate change is important so that all students will have a basic understanding of 
the climate system, including the natural and human-caused factors that affect it. The underpinnings of climate change span across physical, life, 
as well as Earth and space sciences. The goal is for students to understand climate science to inform decisions that improve quality of life for 
themselves, their community, globally and to know how engineering solutions can allow us to mitigate impacts, adapt practices, and build 
resilient systems.  
  
The topic of climate change can easily be integrated into science classes. At each grade level in which systems thinking, managing uncertainty, 
and building arguments based on multiple lines of data are included, there are opportunities for students to develop essential knowledge and 
skills that will help them understand the impacts of climate change on humans, animals, and the environment. For example, in the earlier 
grades, students can use data from firsthand investigations of the school-yard habitat to justify recommendations for design improvements to 
the school-yard habitat for plants, animals, and humans. In the middle grades, students use resources from New Jersey Department of 
Environmental Protection, the National Oceanic and Atmospheric Administration (NOAA), and National Aeronautics and Space Administration 
(NASA), to inform their actions as they engage in designing, testing, and modifying an engineered solution to mitigate the impact of climate 
change on their community. In high school, students can construct models they develop of a proposed solution to mitigate the negative health 
effects of unusually high summer temperatures resulting from heat islands in cities across the globe and share in the appropriate setting. 
 



   
 

Unit 1: The Atom 
Core Ideas PS1.A: Structure and Properties of Matter: Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons, 

surrounded by electrons. (HS-PS1-1) 
 
PS1.C: Nuclear Processes: Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, involve release or absorption of energy. 
The total number of neutrons plus protons does not change in any nuclear process. (HS-PS1-8) 
 
PS3.D: Energy in Chemical Processes and Everyday Life: Nuclear Fusion processes in the center of the sun release the energy that ultimately reaches 
Earth as radiation. (Secondary to HS-ESS1-1) The Universe and Its Stars: The star called the sun is changing and will burn out over a lifespan of 
approximately 10 billion years. (HS-ESS1-1) 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. (HS-ESS1-2), (HS-ESS1-3)  
 
ESS2.B: Plate Tectonics and Large- Scale System Interactions:  The radioactive decay of unstable isotopes continually generates new energy within Earth’s 
crust and mantle, providing the primary source of the heat that drives mantle convection. Plate tectonics can be viewed as the surface expression of 
mantle convection. (HS-ESS2-3) 
 

Essential Questions  • What is the structure of the atom, its current importance, and how did scientists discover the nature of the atom?  

• What properties of atoms are the same and which are different?  

• What role does each of the atomic particles have in atomic behavior? 

• How does the structure of the atom affect its nuclear reactivity? 
 

Enduring Understanding   • Our understanding of atomic structure came through experimentation that showed that atoms are composed of subatomic particles.  

• The configuration of subatomic particles explains the relationship between nuclear stability and radioactivity. 
 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, how 
much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., number of 
trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unexpected 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations.  

 

Performance Expectations   From a given model, students identify and describe the components of the model, including:  
a. A positively charged nucleus composed of both protons and neutrons, surrounded by negatively charged electrons.  
b. Electrons in the outermost energy level of atoms (i.e., valence electrons); and  
c. The number of protons in each element.  
d. Atomic mass of an element 
e. Evaluate the stability of an element based on the balance of protons and neutrons 
f. Communicate scientific ideas about the way stars, over their life cycle, produce elements. 
g. 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. 
h. Develop a model based on evidence of Earth’s interior to describe the cycling of matter by thermal convection. 



   
 

  

NJ Standards Student Learning Objectives  Suggested Tasks/Activities Resources/Materials 
HS-PS1-1 
HS-PS1-8 
HS-ESS1-1 
HS-ESS1-3 
HS-ESS2-3 

 

Students will be able to...  

• use logical steps to solve problems. 

• use models on microscopic scales to explain 
macroscopic material properties. 

• define “atom.” 

• distinguish between the three subatomic 
particles.  

• Describe the evolution of Atomic Theory.  

• describe the experiments in which the electron 
and nucleus were discovered.  

• explain the role of atomic numbers in 
determining the identity of an atom. 

• determine the number of protons, neutrons, 
and electrons in a neutral atom. 

• define mass number. 

• write nuclear notation and hyphenated 
notation of an element.  

• define isotope and explain why atomic masses 
not whole numbers are.  

• calculate average atomic mass and state the 
unit.  

• understand nuclear stability and radioactive 
decay.  

• Atomic Theory Timeline 

• Cathode Ray Demonstration  

• Rutherford Scattering Lab 

• POGIL: Average Atomic Mass 

• Isotope Penny Lab 
     

• Textbook and online readings, EdPuzzle 

• PheT simulations: Gold Foil experiment 

• Cathode Ray 

• Rutherford boards, marbles, large sheets of 

paper 

• Pennies, balances 

Key Vocabulary  
atom, Law of Conservation of Mass (or Matter), Dalton’s Atomic Theory, cathode ray, electron, nucleus, electron, proton, neutron, atomic number, 

isotope, mass number, atomic mass unit (amu), atomic mass, nuclear reaction, radioactivity, radiation, radioactive decay, alpha radiation, alpha particle, 

nuclear equation, beta radiation, beta particle 

 

Evidence of Learning  
 

• Atomic theory timeline project 

• Rutherford Scattering (with or without Lab Report) 

• Completion of POGIL 

• Isotope Penny Lab Report 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve 
a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of 
the subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess 
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 

http://mrsalamzai.weebly.com/uploads/6/9/3/7/69376821/atomictheorytimelineproject.pdf
https://www.youtube.com/watch?v=O9Goyscbazk
https://www.flinnsci.com/api/library/Download/00a643b932ac4478a6cad90536a3b466
https://bayanbox.ir/view/4250479907172987229/Average-Atomic-Mass.pdf
https://www.redlandsusd.net/site/handlers/filedownload.ashx?moduleinstanceid=17278&dataid=14156&FileName=CC%20%20NGSS%20Isotopes%20of%20Pennium%20Lab.pdf
https://phet.colorado.edu/en/simulations/rutherford-scattering
https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for 
citation. (HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3) 

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  
 

Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-
7), (HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)  

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those with 
disabilities.  

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities. 

• Students will investigate questions of societal and of personal relevance using scientific knowledge. 
 

Career Readiness, Life 
Literacies, and Key Skills   

9.4.12.CI.1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas  
9.4.12.CT.1: Identify problem-solving strategies used in the development of an innovative product or practice.  
9.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and problem solving.  
9.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions  
9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data. 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world phenomena. 

8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 

aesthetic and ethical considerations and share this information with an appropriate audience. 

8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints (e.g., safety, 

reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 

8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 

human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional Learning  Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 
 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated notes 
and key vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Students are asked to 
come for extra help to 
review/retake assessment 
and homework 
assignments 

• Students are allowed time 
and a half on assessments 

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 

• More complex tasks and 

projects 



   
 

 

 

Unit 2: The Electron 
Core Ideas PS1.A: Structure and Properties of Matter Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons, 

surrounded by electrons. (HS-PS1-1) 
 
PS4.A: Wave Properties The wavelength and frequency of a wave are related to one another by the speed of travel of the wave, which depends on the 
type of wave and the medium through which it is passing. (HS-PS4-1) 
 
PS4.B: Electromagnetic Radiation Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of changing electric and magnetic 
fields or as particles called photons. The wave model is useful for explaining many features of electromagnetic radiation, and the particle model explains 
other features. (HS-PS4-3); When light or longer wavelength electromagnetic radiation is absorbed in matter, it is generally converted into thermal 
energy (heat). Shorter wavelength electromagnetic radiation (ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells. (HS-PS4-
4) Photoelectric materials emit electrons when they absorb light of a high-enough frequency. (HS-PS4-5) 
 
ESS1.A: The Universe and Its Stars: The study of stars’ light spectra and brightness is used to identify compositional elements of stars, their movements, 
and their distances from Earth. (HS-ESS1-2), (HS-ESS1-3) The Big Bang theory is supported by observations of distant galaxies receding from our own, of 
the measured composition of stars and non-stellar gases, and of the maps of spectra of the primordial radiation (cosmic microwave background) that still 
fills the universe. (HS-ESS1-2)  

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word problems 

• Graphic organizers 

• Matched sentences or 
procedures with pictures 

• Alternative presentation 
options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student request 

• Reduce project workload 

• Short summaries 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cue or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance by instructional 
videos or curated videos online 

• Provide the student with 
frequent check-ins during 
class-time work 

• Scaffolding assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions and 

directions  

• Visual cue or signs  

• Small group assistance or 

collaboration  

• Partner or group work on 

skill development  

• Assistance by instructional 

videos or curated videos 

online  

• Guide with options for 

student goal setting  

• Use of timer or a clock to 

monitor time of student 

activity 

 

• Higher level questioning 

and techniques  

• Student demoing and 

explanation  

• Provide opportunities for 

students to set personal 

goals, keep records and 

monitor their own learning 

progress 

• Multiple assessments 

given in different domains, 

that showcase student 

interests, strengths, and 

needs  

• Use multiple approaches 
to accelerate learning 
within and outside of the 
school setting  

• Use enrichment options to 
extend and deepen 
learning opportunities 
within and outside of the 
school setting 

• Use individualized learning 
options such as 
mentorships, internships, 
online courses, and 
independent study 

 



   
 

 

Essential Questions  • What is the dual nature of light and electrons? 

• What is the quantum of energy and how is it related to energy change in matter? 

• How are electrons arranged in atoms? 
 

Enduring 
Understanding   

• The concept of wave–particle duality that was observed in electromagnetic radiation extends to matter as well. 

• The quantum mechanical description of electrons in an atom uses the notion of three-dimensional wave functions, or orbitals, that define the 
distribution of probability to find an electron in a particular part of space. 

 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, how 
much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., number of 
trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unexpected 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

 

Performance 
Expectations   

From a given model, students identify and describe the components of the model, including:   

• Elements and their arrangement in the periodic table.  

• A positively charged nucleus composed of both protons and neutrons, surrounded by negatively charged electrons.   

• Electrons in the outermost energy level of atoms (i.e., valence electrons)  

• The number of protons in each element.   

• The arrangement of the main groups of the periodic table reflects the patterns of outermost electrons.   

• Elements in the periodic table are arranged by the numbers of protons in atoms. 

• Show that the product of the frequency and the wavelength of a particular type of wave in a medium is constant and identify this relationship as 
the wave speed according to the mathematical relationship 𝑣 = 𝑓𝜆.  

• 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. 

 

NJ Standards Student Learning 
Objectives  

Suggested Tasks/Activities  Resources/Materials 

HS-PS1-1 
HS-PS4-3 
HS-ESS1-2 

 
 

Students will be able to: 

• Compare the wave and particle 
nature models of light and 
matter.  

• Define a quantum of energy and 
explain how it is related to an 
energy change of matter.  

• Contrast continuous 
electromagnetic spectra and 
atomic emission spectrums.   

• Flame test 

• Spectral discharge tubes 

• Electron distribution activity  

• PHet simulation for wave motion 

• PHet simulation for photoelectric effect 
 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Flame test kit with Bunsen Burner 

• Discharge tubes and power supply with 

spectrophotometers or diffraction grating 

• Bullseye with carbon paper and marbles 

or rubber-tip darts 

 

https://institute.acs.org/lab-safety/education-and-training/safer-experiments/flame-test.html
http://natasha.eng.usf.edu/gilbert/research/hsti_discs/the_atom/Quantum/Activites/qua_a7.pdf
https://phet.colorado.edu/en/simulations/wave-on-a-string
https://phet.colorado.edu/en/simulations/photoelectric


   
 

• Use the Bohr model to 

differentiate between ground 

state and excited state electrons. 

• Understand the rules which 
apply to electron configurations: 
Pauli Exclusion Principle, Aufbau 
Principle, and Hund’s Rule.   

• Write ground state electron 
configurations for atoms.  

 

Key Vocabulary 

 

electromagnetic radiation, wavelength, frequency, electromagnetic spectrum, quantum, photoelectric effect, photon, atomic emission spectrum, ground 
state, excited state, Quantum Mechanic Model, quantum number, electron configuration, Aufbau principle, Hund’s Rule, Pauli Exclusion Principle, valence 
electron 
 

Evidence of Learning  
 

• Identification of unknown substance through use of flame test 

• Completion of simulations 

• Data analysis from electron distribution activity 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical 
processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 
subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess 
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text selectively 
to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation. (HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), 
(HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-PS1-
4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those with 
disabilities.  

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities. 

https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

• Students will investigate questions of societal and of personal relevance using scientific knowledge. 
 

Career Readiness, Life 
Literacies, and Key 

Skills  

9.4.12.CI.1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas  
9.4.12.CT.1: Identify problem-solving strategies used in the development of an innovative product or practice.  
9.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and problem solving.  
9.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions  
9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data. 
 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world phenomena. 
8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 
aesthetic and ethical considerations and share this information with an appropriate audience. 
8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints (e.g., 
safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 
8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 
human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional 
Learning  

Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 
 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences 
or procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student request 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-ins 
during class-time work 

• Scaffolding assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cue or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Assistance by 

instructional videos or 

curated videos online  

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  

• Use multiple 
approaches to 



   
 

• Reduce project 
workload 

• Short summaries 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cue or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance by instructional 
videos or curated videos online 

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

 

Unit 3: The Periodic Table 
Core Ideas PS1.A: Structure and Properties of Matter: The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places 

those with similar chemical properties in columns. The repeating patterns of this table reflect patterns of outer electron states. (HS-PS1-1), (HS-PS1-2) 

Essential Questions  • How did scientists apply the scientific method to relate chemical and physical properties to the organization of elements?  

• How do Coulombic forces explain the patterns of properties observed in the periodic table?  

• Why are electrons lost, gained, or shared by atoms?   

Enduring Understanding   • The arrangement of elements on the periodic table reflects patterns in their properties. 

• Coulomb’s Law explains periodic properties. 
 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, 
how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., 
number of trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unexpected 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

 

Performance 
Expectations   

From the given model, students identify and describe the components of the model that are relevant for their predictions, including elements and their 
arrangement in the periodic table. 
  
Students identify and describe the following relationships between components in the given model, including: 

• The arrangement of the main groups of the periodic table reflects the patterns of outermost electrons.  



   
 

• Elements in the periodic table are arranged by the numbers of protons in atoms. 
 
Students use the periodic table to predict the patterns of behavior of the elements based on the attraction and repulsion between electrically charged 
particles and the patterns of outermost electrons that determine the typical reactivity of an atom. 

 
Students predict the following patterns of properties: 

• The number and charges in stable ions that form from atoms in a group of the periodic table. 

• The trend in reactivity and electronegativity of atoms down a group, and across a row in the periodic table, based on attractions of outermost 
(valence) electrons to the nucleus; and  

• The relative sizes of atoms both across a row and down a group in the periodic table. 
 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 
HS-PS1-1 

 
 

Students will be able to:  

• trace the development and identify key 

features of the periodic table.  

• understand that the valence shell 

electron configuration of elements 

determines the chemical properties. 

• use Coulomb’s Law to compare periodic 

and group trends for atomic radii, ionic 

radii, ionization energy, 

electronegativity, and valence electrons. 

• explain why elements in the same group 

have similar properties.  

• describe the relative reactivity of atoms. 

• apply the Octet Rule. 

• determine the ion form of elements.  

• Alien Periodic Table 

• Alternative Periodic Tables project 

• POGIL: Periodic Trends I and II 

• Periodic trends lab 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Alien periodic table 

• Periodic properties manipulatives 

 

Key Vocabulary 

 

Period law, group, period, representative element, transition element, metal, transition metal, non-metal, chemical property, Coulomb’s Law, nuclear 

force, atomic radius, ionization energy, electronegativity, octet rule, ion 

Evidence of Learning  
 

• Alien Periodic Table: Correct arrangement of aliens and prediction of missing components 

• Presentation of research regarding alternative periodic tables 

• Completion of POGIL 

• Period Trends Lab report 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 
subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess 
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 

https://www.d11.org/cms/lib/CO02201641/Centricity/Domain/3296/alien-periodic-table.pdf
https://riverdell-my.sharepoint.com/:w:/g/personal/andrea_mcnamara_riverdell_org/Eb2GUcxXPjpGukWHA_Vq-o8BWRIAMEGhjiiSfsZh6Iwx_w?e=SZjJpH
https://riverdell-my.sharepoint.com/:b:/g/personal/andrea_mcnamara_riverdell_org/Ec0jrhu7KipHnq_NlZJvxzsBsp9-whL0Wi3vCDaG0m0IpQ?e=0FpfSL
https://riverdell-my.sharepoint.com/:f:/g/personal/andrea_mcnamara_riverdell_org/Ej5YxtT5C3BPioEFjNKsVVkBmQkbx-D4iYUbGrBLyWf57Q?e=oZnlMw
https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation. 
(HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-
7), (HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.  

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities. 

• Students will investigate questions of societal and of personal relevance using scientific knowledge. 
 

Career Readiness, Life 
Literacies, and Key Skills  

 

9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas. 
9.4.12.CT.1 Identify problem-solving strategies used in the development of an innovative product or practice. 
9.4.12.CT.2 Explain the potential benefits of collaborating to enhance critical thinking and problem solving. 
9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions.9.4.12.TL.1 Assess digital 
tools based on features such as accessibility options, capacities, and utility for accomplishing a specified task. 

 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 

phenomena. 

8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, 

and aesthetic and ethical considerations and share this information with an appropriate audience. 

8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints (e.g., 

safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 

8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 

human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional 
Learning  

Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 
 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 



   
 

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student request 

• Reduce project 
workload 

• Short summaries 

assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cue or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance by instructional 
videos or curated videos online 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-
ins during class-time 
work 

• Scaffolding 
assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cue or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Assistance by 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

 

Unit 4: Bonding 
Core Ideas PS1.A: Structure and Properties of Matter: Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons, 

surrounded by electrons. (HS-PS1-1) The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places those 
with similar chemical properties in columns. The repeating patterns of this table reflect patterns of outer electron states. (HS-PS1-1), (HS-PS1-2) The 
structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. (HS-PS1-3), (secondary to HS-PS2-
6) A stable molecule has less energy than the same set of atoms separated; one must provide at least this energy in order to take the molecule apart. 
(HS-PS1-4) 
 



   
 

PS2.B: Types of Interactions: 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. (Secondary to HS-PS1-1), (secondary to HS-PS1-3) 

Essential Questions  • Why do atoms form bonds?  

• How does the nature of a bond affect its physical and chemical properties?  

 

Enduring Understanding   • Matter is composed of molecules, ions, and atoms.   

• Interactions between those entities on the microscopic level determine the macroscopic properties of the matter. 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, 
how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., 
number of trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unexpected 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

Performance 
Expectations   

Observable features of the student performance by the end of the course: 

• Students describe the phenomenon under investigation, which includes the following idea: the relationship between the measurable 

properties (e.g., melting point, boiling point, vapor pressure, surface tension) of a substance and the strength of the electrical forces between 

the particles of the substance. 

• Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including 

bulk properties of a substance (e.g., melting point and boiling point, volatility, surface tension) that would allow inferences to be made about 

the strength of electrical forces between particles.  

• Students describe why the data about bulk properties would provide information about strength of the electrical forces between the 

particles of the chosen substances, including the following descriptions: 

o The spacing of the particles of the chosen substances can change because of the experimental procedure even if the identity of 

the particles does not change (e.g., when water is boiled the molecules are still present but further apart). 

o Thermal (kinetic) energy influences the ability of the electrical attraction between particles to keep the particles close together. 

Thus, as more energy is added to the system, the forces of attraction between the particles can no longer keep the particles close 

together. 

o The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior at the macroscopic 

scale. 

o Together, patterns observed at multiple scales can provide evidence of the causal relationships between the strength of the 

electrical forces between particles and the structure of substances at the bulk scale. 

 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 



   
 

HS-PS1-1 
 
 
 

Students will be able to: 

• define the chemical bond.  

• relate chemical bond formation to 
electron configuration.  

• describe the formation of bonds.  

• write the formulas and names for 
compounds.  

• account for the properties of compounds.  

• discuss the energy involved in the 
formation of bonds.  

 

• Lab Activity: Analysis of bond type 

• Nomenclature Card Sort Desmos 

• Polyatomic Ion Bingo 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Laboratory glassware and chemicals for labs 

(see lab instructions for each lab listed) 

 

 

Key Vocabulary 

 

covalent bond, molecule, diatomic molecule, cation, anion, ionic bond, electrolyte, aqueous solution, molten, crystal, lattice energy, formula unit, 

monatomic ion, polyatomic ions, electron sea model, metallic bond, alloy, brittle, malleable, ductile, lustrous, conductivity 

Evidence of Learning  
 

• Analysis of bond type based on experimental observation 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 
subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess 
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 
selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation. 
(HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-
7), (HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.  

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities. 

• Students will investigate questions of societal and of personal relevance using scientific knowledge. 

https://riverdell-my.sharepoint.com/:b:/g/personal/lori_dunn_riverdell_org/EUGAJxmRDltFmmIDcIcRzjEBXvIYjTat8tbw2LCqxgGlRQ?e=PUgZsM
https://teacher.desmos.com/activitybuilder/custom/5f6feec28102317c16d17d0c
https://riverdell-my.sharepoint.com/:w:/g/personal/andrea_mcnamara_riverdell_org/EQADx00zLKBLs2j4DEJ8-zgBJ7__NR5m9G2BCpnaSrLmuw?e=sT30bX
https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

 

Career Readiness, Life 
Literacies, and Key Skills  

 

9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas 
9.4.12.CT.1 Identify problem-solving strategies used in the development of an innovative product or practice 
9.4.12.CT.2 Explain the potential benefits of collaborating to enhance critical thinking and problem solving 
9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions 
9.4.12.TL.1 Assess digital tools based on features such as accessibility options, capacities, and utility for accomplishing a specified task. 

 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 
phenomena. 
8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 
aesthetic and ethical considerations and share this information with an appropriate audience. 
8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints (e.g., 
safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 
8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 
human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional 
Learning  

Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 

 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-
ins during class-time 
work 

• Scaffolding 
assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cue or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  



   
 

• Provide notes when 
student request 

• Reduce project 
workload 

• Short summaries 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cue or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance by instructional 
videos or curated videos online 

• Assistance by 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

 

Unit 5: Molecular Structure and Intermolecular Forces 
Core Ideas PS1.A: Structure and Properties of Matter: Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons, 

surrounded by electrons. (HS-PS1-1) The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places 
those with similar chemical properties in columns. The repeating patterns of this table reflect patterns of outer electron states. (HS-PS1-1), (HS-PS1-
2) The structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. (HS-PS1-3), (secondary to 
HS-PS2-6) A stable molecule has less energy than the same set of atoms separated; one must provide at least this energy in order to take the 
molecule apart. (HS-PS1-4) 
 
PS2.B: Types of Interactions: 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. (Secondary to HS-PS1-1), (Secondary to HS-PS1-3) 
 

Essential Questions  • How does bond polarity affect the forces between molecules?  

• How does bond polarity affect physical and chemical properties of molecules? 

Enduring Understanding   • Matter is composed of molecules, ions, and atoms.  Interactions between those entities on the microscopic level determine the 

macroscopic properties of the matter. 

• Covalent bonds are formed when atoms share electrons. 

• The strength of intermolecular forces determines many physical properties of substances. 

 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, 
how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., 
number of trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible 
unexpected effects.  

http://www.nap.edu/openbook.php?record_id=13165&page=116
http://www.nap.edu/openbook.php?record_id=13165&page=116
http://www.nap.edu/openbook.php?record_id=13165&page=116


   
 

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world 
operate today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized 
criteria, and tradeoff considerations. 

 

Performance 
Expectations   

Identifying the phenomenon to be investigated  

• Students describe the phenomenon under investigation, which includes the following idea: the relationship between the measurable 
properties (e.g., melting point, boiling point, vapor pressure, surface tension) of a substance and the strength of the electrical forces 
between the particles of the substance.  

• Identifying the evidence to answer questions   

• Students develop an investigation plan and describe the data that will be collected and the evidence to be derived from the data, including 
bulk properties of a substance (e.g., melting point and boiling point, volatility, surface tension) that would allow inferences to be made 
about the strength of electrical forces between particles.  

• Students describe why the data about bulk properties would provide information about strength of the electrical forces between the 
particles of the chosen substances, including the following descriptions:  

• The spacing of the particles of the chosen substances can change because of the experimental procedure even if the identity of the particles 
does not change (e.g., when water is boiled the molecules are still present but further apart). 

• Thermal (kinetic) energy influences the ability of the electrical attraction between particles to keep the particles close together. Thus, as 
more energy is added to the system, the forces of attraction between the particles can no longer keep the particles close together.  

• The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior at the macroscopic scale.  

• Together, patterns observed at multiple scales can provide evidence of the causal relationships between the strength of the electrical forces 
between particles and the structure of substances at the bulk scale.  

• Planning investigations  

• In the investigation plan, students include:  
o A rationale for the choice of substances to compare and a description of the composition of those substances at the atomic 

molecular scale.  
o A description of how the data will be collected. 

• Students describe how the data will be collected, the number of trials, the experimental set up, and the equipment required.  

• Collecting the data  

• Students collect and record data — quantitative and/or qualitative — on the bulk properties of substances.  

• Refining the design  

• Students evaluate their investigation, including evaluation of:  
o Assessing the accuracy and precision of the data collected, as well as the limitations of the investigation; and  
o The ability of the data to provide the evidence required.  

• If necessary, students refine the plan to produce more accurate, precise, and useful data. 
 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 
HS-PS1-1 
HS-PS1-3 

 
 

Students will be able to:  

• determine the number of covalent bonds 

that an element will form.  

• draw Lewis structures/electron dot 

diagrams for molecules.  

• apply VSEPR bonding theory to predict the 

shape of and the bond angles in a 

molecule.  

• explain the relationship between the 

chemical structures of molecules and the 

relative type/strength of their 

intermolecular forces. 

• Lewis structures modeling activity 

• Molecular modeling lab (and/or PHet 
simulation) 

• “Collisions” Intermolecular Forces Game  

• Molecular Geometry: Guided simulation on 
VSEPR 

• IMF Evaporation Inquiry Lab 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• VSEPR manipulatives 

• Labware and materials for IMF lab 

 

https://phet.colorado.edu/sims/html/molecule-shapes/latest/molecule-shapes_en.html
https://phet.colorado.edu/sims/html/molecule-shapes/latest/molecule-shapes_en.html
https://k12.playmada.com/imfs-game/
https://www.simbucket.com/simulation/chemthink-molecular-shapes/
https://www.simbucket.com/simulation/chemthink-molecular-shapes/
https://www.nms.org/getmedia/c263fd8e-278e-494e-8b62-c166b10337c5/May-the-Force-Be-With-You_HS_Chemistry.pdf.aspx


   
 

• compare physical properties (e.g., melting 

and boiling point, vapor pressure, and 

surface tension) based on the strength of 

intermolecular forces. 

Key Vocabulary 

 

Lewis structure, electron dot diagram, single bond, double bond, triple bond, VSEPR, electron geometry, molecular geometry, bond angle, geometric 
shapes: linear, bent, trigonal planar, tetrahedral, trigonal pyramidal, trigonal bipyramidal, see-saw, T-shaped, octahedral, square pyramidal, square 
planar, intermolecular force, dispersion force, polar, non-polar, dipole-dipole, hydrogen bonding, melting point, boiling point, vapor pressure, surface 
tension 
 

Evidence of Learning  
 

• Molecular modeling lab (and/or simulation) report 

• “Collisions” Intermolecular Forces Game results 

• IMF Evaporation Inquiry Lab design, data collection, and analysis of results 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve 
a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of 
the subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; 
assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 
selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for 
citation. (HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-
7), (HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.  

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities. 

• Students will investigate questions of societal and of personal relevance using scientific knowledge. 

https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

 

Career Readiness, Life 
Literacies, and Key Skills  

9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas. 
9.4.12.CT.1 Identify problem-solving strategies used in the development of an innovative product or practice. 
9.4.12.CT.2 Explain the potential benefits of collaborating to enhance critical thinking and problem solving. 
9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions. 
9.4.12.TL.1 Assess digital tools based on features such as accessibility options, capacities, and utility for accomplishing a specified task. 

 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 
phenomena. 
8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 
aesthetic and ethical considerations and share this information with an appropriate audience. 
8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints 
(e.g., safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 
8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 
human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional Learning  Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 
 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-
ins during class-time 
work 

• Scaffolding 
assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cue or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  



   
 

• Provide notes when 
student request 

• Reduce project 
workload 

• Short summaries 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cue or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance by instructional 
videos or curated videos online 

• Assistance by 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

• draw resonance 

structures 

• predict the most likely 

Lewis structure based 

on formal charges 

• predict the 

hybridization on the 

central atom (limited to 

s and p) 

 

 

Unit 6: Reactions 
Core Idea PS1.A: Structure and Properties of Matter: A stable molecule has less energy than the same set of atoms separated; one must provide at least this 

energy in order to take the molecule apart. (HS-PS1-4) 
 
PS1.B: Chemical Reactions: The fact that atoms are conserved, together with knowledge of the chemical properties of the elements involved, can be 
used to describe, and predict chemical reactions. (HS-PS1-2), (HS-PS1-7) 
 

Essential Questions  • What is a chemical change? 

• How is the conservation of matter represented in chemical equations?  

• How can knowledge of reaction types be used to predict products? 
 

Enduring Understanding   • Chemists use equations to represent chemical reactions following the Law of Conservation of Mass.   

• Common reactions may be classified to aid in predicting products of reactions.    

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  



   
 

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, 
how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., 
number of trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unexpected 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

 

Performance 
Expectations   

 Students construct an explanation of the outcome of the given reaction, including: 

• The idea that the total number of atoms of each element in the reactant and products is the same. 

• A discussion of how the patterns of attraction allow the prediction of the type of reaction that occurs (e.g., formation of ionic compounds, 

combustion of hydrocarbons). 

• Students identify and describe the evidence to construct the explanation, including:  

•  Identification of the products and reactants, including their chemical formulas and the arrangement of their outermost (valence) electrons.  

• Identification that the number and types of atoms are the same both before and after a reaction; 

• Given new evidence or context, students construct a revised or expanded explanation about the outcome of a chemical reaction and justify 

the revision 

• Students identify and describe the relevant components in mathematical representations: 

• Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass;  

• Use of balanced chemical equation(s); and  

• Identification of the claim that atoms, and therefore mass, are conserved during a chemical reaction.  

• The mathematical representations may include numerical calculations, graphs, or other pictorial depictions of quantitative information.  

• Students identify the claim to be supported: that atoms, and therefore mass, are conserved during a chemical reaction.  

• Given a chemical reaction, students use the mathematical representations to 

• Predict the relative number of atoms in the reactants versus the products at the atomic molecular scale; and  

• Calculate the mass of any component of a reaction, given any other component.  

• Students describe how the mathematical representations (e.g., stoichiometric calculations to show that the number of atoms or number of 

moles is unchanged after a chemical reaction where a specific mass of reactant is converted to product) support the claim that atoms, and 

therefore mass, are conserved during a chemical reaction. 

• Analyze geoscience data to make the claim that one change to Earth’s surface can create feedback that causes changes to other Earth 

systems. 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 
HS-PS1-2 
HS-PS1-7 
HS-ESS2-2 

 
 

Students will be able to: 

• identify the possible indicators of a 

chemical reaction. 

• list three requirements for a correctly 

written chemical equation.  

• balance a chemical equation by 

inspection.  

• define and give general equations for 

synthesis, decomposition, single 

replacement, double replacement, and 

combustion reactions.  

• Laboratory Activity: Conservation of Mass 

• Laboratory Activity: Reaction Types 

• Laboratory Activity: Activity Series 

• Simulation: Activity Series Metals in aqueous solution 
(teachchemistry.org) 

• Reaction demonstrations 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Laboratory glassware and chemicals for labs 

(see lab instructions for each lab listed) 

https://www.redlandsusd.net/site/handlers/filedownload.ashx?moduleinstanceid=16694&dataid=34229&FileName=Lab%208.2a%20-%20Types%20of%20Chemical%20Reactions.pdf
https://teachchemistry.org/classroom-resources/metals-in-aqueous-solutions-simulation
https://teachchemistry.org/classroom-resources/metals-in-aqueous-solutions-simulation


   
 

• predict products of simple reactions, 

given the reactants.  

• use the activity series to predict 

whether a given reaction will occur and 

what the products will be.  

• differentiate between exothermic and 

endothermic reactions. 

 

Key Vocabulary 

 

chemical equation, coefficient (what it means in a formula equation), subscript (what it means in a formula equation), combustion reaction, 

decomposition reaction, double replacement reaction, electrolysis, formula equation, reversible reaction, single replacement reaction, synthesis 

reaction, word equation, yield, reactants, product, catalyst, endothermic, exothermic, Law of conservation of mass, precipitate 

Evidence of Learning  
 

• Completion of simulations 

• Completion of data collection and analysis for laboratory experiments (conservation of mass, activity series, reaction types) 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 
subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess 
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 
selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation. 
(HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), 
(HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.   

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities.  

• Students will investigate questions of societal and of personal relevance using scientific knowledge.  
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Career Readiness, Life 
Literacies, and Key Skills  

 

9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas. 
9.4.12.CT.2 Explain the potential benefits of collaborating to enhance critical thinking and problem solving. 
9.4.12.IML.5 Evaluate, synthesize, and apply information on climate change from various sources appropriately. 
9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions. 
9.4.12.TL.1 Assess digital tools based on features such as accessibility options, capacities, and utility for accomplishing a specified task. 
9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data. 
 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 
phenomena. 
8.2.12.ED.1: Use research to design and create a product or system that addresses a problem and make modifications based on input from potential 
consumers. 
8.2.12.ED.2: Create scaled engineering drawings for a new product or system and make modification to increase optimization based on feedback. 
8.2.12.ED.3: Evaluate several models of the same type of product and make recommendations for a new design based on a cost benefit analysis. 
8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 
aesthetic and ethical considerations and share this information with an appropriate audience. 
8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints (e.g., 
safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 
8.2.12.ED.6: Analyze the effects of changing resources when designing a specific product or system (e.g., materials, energy, tools, capital, labor). 
8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 
human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional 
Learning  

Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 
 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-
ins during class-time 
work 

• Scaffolding 
assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cues or signs  

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 



   
 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student requests 

• Reduce project 
workload 

• Short summaries 

assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cues or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance with instructional 
videos or curated videos online 

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Assistance with 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

showcase student 

interests, strengths, 

and needs  

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

 

 
  

Unit 7: Stoichiometry 
Core Ideas PS1.B: Chemical Reactions: The fact that atoms are conserved, together with knowledge of the chemical properties of the elements involved, can be 

used to describe, and predict chemical reactions. (HS-PS1-2), (HS-PS1-7) 

 

Science and Engineering Practices: Using Mathematics and Computational Thinking: Use mathematical representations of phenomena to support 

claims. (HS-PS1-7) 

Essential Questions  • Why is the mole central to understanding quantities involved in chemical reactions? 
 

Enduring Understanding   • The mole is the fundamental counting unit in chemistry 

• The chemical formula for some covalent compounds must be determined experimentally  

• The Law of Conservation of Mass must be adhered to in all chemical reactions 

• There is often a difference between theoretical results and experimental results 
 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, 
how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., 
number of trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unexpected 
effects.  



   
 

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

 

Performance 
Expectations   

1. Representation  

• Students identify and describe the relevant components in mathematical representations:  
o Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass.  
o Molar mass of all components of the reaction.  
o Use of balanced chemical equation(s); and  
o Identification of the claim that atoms, and therefore mass, are conserved during a chemical reaction.  

• The mathematical representations may include numerical calculations, graphs, or other pictorial depictions of quantitative information.  

• Students identify the claim to be supported: that atoms, and therefore mass, are conserved during a chemical reaction.  
 
2.     Mathematical modelling  

• Students use the mole to convert between the atomic and macroscopic scale in the analysis.  

• Given a chemical reaction, students use the mathematical representations to:  
o Predict the relative number of atoms in the reactants versus the products at the atomic molecular scale; and  
o Calculate the mass of any component of a reaction, given any other component.  

3.  Analysis  

• Students describe how the mathematical representations (e.g., stoichiometric calculations to show that the number of atoms or number of 
moles is unchanged after a chemical reaction where a specific mass of reactant is converted to product) support the claim that atoms, and 
therefore mass, are conserved during a chemical reaction.  

• Students describe how the mass of a substance can be used to determine the number of atoms, molecules, or ions using moles and mole 
relationships (e.g., macroscopic to atomic molecular scale conversion using the number of moles and Avogadro’s number). 

 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 
HS-PS1-7 

 
Students will be able to: 

• define the mole unit and the related 

quantity of Avogadro’s number. 

• use data to determine a compound’s 

percent composition by mass. 

• determine empirical and molecular 

formulas. 

• determine the mole ratios from a 

balanced chemical equation.  

• convert between quantities in a 

chemical reaction (e.g., particles, mass, 

gas volume, solution volume). 

• identify the limiting and excess 

reactants in a reaction. 

• calculate the theoretical yield for a 

given product. 

• determine the percentage yield for a 

chemical reaction.  

 

• Percent Sugar in Gum Lab 

• Empirical Formula Lab 

• Stoichiometry Murder Mystery  

• Percent composition of a hydrate 

• Determination of limiting reagent (iron and copper 
sulfate solution) 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Laboratory glassware and chemicals for labs 

(see lab instructions for each lab listed) 

 

Key Vocabulary 

 

mole, Avogadro’s number, empirical formula, chemical formula, molecular formula, molar mass, formula mass, theoretical yield, actual yield, percent 
yield, percent error, mole ratio, volume, STP, limiting reagent, excess reagent, reagent 
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Evidence of Learning  
 

• Completion of simulations 

• Completion of data collection and analysis for laboratory experiments (percent composition, empirical formula, limiting reagent) 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 
subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess 
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 
selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation. 
(HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-
7), (HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.   

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities.  

• Students will investigate questions of societal and of personal relevance using scientific knowledge.  
 

Career Readiness, Life 
Literacies, and Key Skills  

9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas. 
9.4.12.CT.2 Explain the potential benefits of collaborating to enhance critical thinking and problem solving. 
9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions. 
9.4.12.TL.1 Assess digital tools based on features such as accessibility options, capacities, and utility for accomplishing a specified task. 
9.4.12.TL.2 Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data. 

 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 
phenomena. 
8.2.12.ED.1: Use research to design and create a product or system that addresses a problem and make modifications based on input from potential 
consumers. 
8.2.12.ED.2: Create scaled engineering drawings for a new product or system and make modification to increase optimization based on feedback. 
8.2.12.ED.3: Evaluate several models of the same type of product and make recommendations for a new design based on a cost benefit analysis. 
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8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 
aesthetic and ethical considerations and share this information with an appropriate audience. 
8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints (e.g., 
safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 
8.2.12.ED.6: Analyze the effects of changing resources when designing a specific product or system (e.g., materials, energy, tools, capital, labor). 
8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 
human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional 
Learning  

Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 

 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student requests 

• Reduce project 
workload 

• Short summaries 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cues or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-
ins during class-time 
work 

• Scaffolding 
assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cues or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Assistance with 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 



   
 

• Assistance with instructional 
videos or curated videos online 

 and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

 

Unit 8: States of Matter 
Core Ideas PS1A: Structure and Properties of Matter: The structure and interactions of matter at the bulk scale are determined by electrical forces within and 

between atoms. (HS-PS1-3) 
 

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) 

 

Essential Questions  • How can the behavior of matter be described at the macroscopic and microscopic scale? 
 

Enduring Understanding   • The kinetic molecular theory describes how the arrangement and energy of particles determines the state of matter.  

• Phase changes require the input of energy to weaken or overcome intermolecular forces. 

• Gas laws allow you to calculate how pressure, temperature, volume, and the number of moles of a gas will change when one or more of 
these variables are altered. 

 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, 
how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., 
number of trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unexpected 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

 

Performance 
Expectations   

1. Students describe why the data about bulk properties would provide information about strength of the electrical forces between the particles of 
the chosen substances, including the following descriptions: 

• The spacing of the particles of the chosen substances can change as a result of the experimental procedure even if the identity of the 
particles does not change (e.g., when water is boiled the molecules are still present but further apart).  

• Thermal (kinetic) energy has an effect on the ability of the electrical attraction between particles to keep the particles close together. Thus, as 
more energy is added to the system, the forces of attraction between the particles can no longer keep the particles close together. 



   
 

• The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior at the macroscopic scale.  

• Together, patterns observed at multiple scales can provide evidence of the causal relationships between the strength   of the electrical forces 
between particles and the structure of substances at the bulk scale. 

 
2. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and climate change have 

influenced human activity. 
 

3. Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface processes. 

 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 
HS-PS1-3  
HS-ESS3-1 
HS-ESS2-5 

 
 

Students will be able to: 

• Use the kinetic molecular theory to 
describe the properties of the states of 
matter. 

• Describe how the input of energy 

affects substances at the particulate 

level. 

• Describe qualitatively and 

quantitatively how gases respond to 

changes in pressure, volume, and 

temperature. 

• Discuss the usefulness of the Ideal Gas 

Law for real gases. 

• PHeT States of Matter Simulation 

• Phase Change Lab (Example) 

• Collisions Phase Changes 

• PHeT Gas Properties Simulation 

• Gas Laws Demonstrations or Stations Activity 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Labware and chemicals for states of matter 

labs (see lab instructions for each lab listed) 

 

Key Vocabulary kinetic molecular theory, fluid, viscosity, phase change diagram, ideal gas, standard molar volume, STP, Boyle’s Law, Charles’ Law, Gay-Lussac’s Law, 
ideal gas law, temperature, pressure, absolute zero 
 

Evidence of Learning  
 

• Completion of simulations 

• Completion of data collection and analysis for laboratory experiments 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 
subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess 
the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 
selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation. 
(HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 

https://www.nextgenscience.org/pe/hs-ps1-3-matter-and-its-interactions
https://phet.colorado.edu/sims/html/states-of-matter-basics/latest/states-of-matter-basics_en.html
http://blogs.waukeeschools.org/pv9science/files/2012/01/Phase-Change-Lab.pdf
https://k12.playmada.com/product/#cm-product-tabs|6
https://phet.colorado.edu/sims/html/gas-properties/latest/gas-properties_en.html
https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), 
(HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.   

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities.  

• Students will investigate questions of societal and of personal relevance using scientific knowledge.  
 

Career Readiness, Life 
Literacies, and Key Skills  

9.4.12.CI.1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas  
9.4.12.CT.1: Identify problem-solving strategies used in the development of an innovative product or practice.  
9.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and problem solving.  
9.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions  
9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw conclusions about the data. 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 
phenomena. 
8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 
aesthetic and ethical considerations and share this information with an appropriate audience. 
8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints (e.g., 
safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 
8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 
human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional 
Learning  

Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 

 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-
ins during class-time 
work 

• Scaffolding 
assignments  

• Provide students with 
extra problem sets that 
challenge and involve 
higher level thinking 

• Inquiry lead discussions 
and activities 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  



   
 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student requests 

• Reduce project 
workload 

• Short summaries 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cues or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance with instructional 
videos or curated videos online 

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cues or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Assistance with 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

 

Unit 9: Solutions 
Core Ideas PS1.A: Structure and Properties of Matter: The structure and interactions of matter at the bulk scale are determined by electrical forces within and 

between atoms. (HS-PS1-3) 
 

ESS2.D: Weather and Climate: Current models predict that, although future regional climate changes will be complex and varied, average global 

temperatures will continue to rise. The outcomes predicted by global climate models strongly depend on the amounts of human-generated 

greenhouse gases added to the atmosphere each year and by the ways in which these gases are absorbed by the ocean and biosphere. (Secondary to 

HS-ESS3- 6) 

 

Essential Questions  • How can intra- and intermolecular properties predict whether a substance will dissolve in water? 

• What species are present in solutions and how do we measure them? 

• What properties make acids and bases specific types of solutions? 
 

Enduring Understanding   • Type and polarity of chemical bonds determine the solubility of a substance in water 

• Concentration (Molarity) is a measure of solute particles in a solvent 

• Acids donate protons (H+), and bases accept protons (H+) 

• Acids and bases have properties which affect biological and ecological systems 



   
 

 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, how 
much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., number of 
trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unanticipated 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

 

Performance 
Expectations   

1. Students describe why the data about bulk properties would provide information about strength of the intra- and intermolecular forces between 
the particles of the chosen substances, including the following descriptions:  

• The particles of a substance can dissociate in water to form solutions. Dissociation is dependent upon the type and polarity of the bonds 

• Thermal (kinetic) energy has an effect on the ability of the electrical attraction between particles to keep the particles close together. Thus, 
as more energy is added to the system, the forces of attraction between the particles can no longer keep the particles close together. 

• The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior at the macroscopic scale.  

• Together, patterns observed at multiple scales can provide evidence of the causal relationships between the strength of the electrical 
forces between particles and the structure of substances at the bulk scale. 

 
2. Mathematical modeling  

• Given the identity and quantity of solute and solvent, students calculate the Molarity of a solution.  

• Students will calculate the change in molarity a solution is diluted as well as the volume of solvent needed to prepare the desired 
concentration of a new, diluted solution. 

 
3. Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and 

wants.  Criteria and constraints also include satisfying any requirements set by society, such as taking issues of rick mitigation into account, and 
they should be quantified to the extent possible and stated in such a way that one can tell if a given design meets them. Humanity faces major 
global challenges today, such as the need for supplies of clean water and food or food energy sources that minimize pollution, which can be 
addressed through engineering. These global challenges also may have manifestations in local communities.    

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

engineering.  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 (tradeoffs) may be needed. 

 
5. 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.  When evaluating solutions, it is important 
to consider a range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. 

 
6. 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. 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 



   
 

HS-PS1-3 
HA-ETS1-1 
HA-ETS1-2 
HA-ETS1-3 
HA-ETS1-4 

 
 

Students will be able to: 

• Describe the basic properties of solutions and 

how they form. 

• Predict whether a given mixture will yield a 
solution based on the molecular properties of 
its components. 

• Calculate concentration in molarity. 

• Use the dilution equation calculate changes in 
molarity. 

• Define and identify acidic or basic species in 
chemical reactions. 

• Describe how the pH scale reflects the 
concentrations of acids and bases. 

• Explore how acid/base relationships are 
necessary for biological and ecological 
processes. 
 

• Kool Aid Concentration and Serial Dilutions 

• Collisions Acids and Bases 

• Red Cabbage Lab: Acids and Bases 

• Acid Base Titration Lab 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Laboratory glassware and chemicals for 

solutions labs (see lab instructions for each 

lab listed) 

 

Key Vocabulary 

 

dissolve, solubility, concentration, molarity, solute, solvent, dissociation, electrolyte, dilution, acid, base, pH, neutralization 

Evidence of Learning  
 

• Completion of simulations 

• Completion of data collection and analysis for laboratory experiments 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or 
solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating 
understanding of the subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; 
assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 
selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for 
citation. (HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-
7), (HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

http://wustlysp.pbworks.com/f/KoolAid%20M_student.pdf
https://k12.playmada.com/product/#cm-product-tabs|5
https://web.stanford.edu/~ajspakow/downloads/outreach/ph-student-9-30-09.pdf
https://ca01001129.schoolwires.net/cms/lib/CA01001129/Centricity/Domain/1288/Lab%20virtual%20titration.pdf
https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.   

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities.  

• Students will investigate questions of societal and of personal relevance using scientific knowledge.  
 

Career Readiness, Life 
Literacies, and Key Skills  

 

9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas. 
9.4.12.CT.2 Explain the potential benefits of collaborating to enhance critical thinking and problem solving. 
9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions. 
9.4.12.TL.1 Assess digital tools based on features such as accessibility options, capacities, and utility for accomplishing a specified task. 

 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 

phenomena. 

8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, 

and aesthetic and ethical considerations and share this information with an appropriate audience. 

8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints 

(e.g., safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 

8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by human needs and wants in the 

development of a technological product and present the competing viewpoints. 

Social Emotional 
Learning  

Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 

 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-
ins during class-time 
work 

• Scaffolding 
assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Provide students with 
extra problem sets 
that challenge and 
involve higher level 
thinking 

• Inquiry lead 
discussions and 
activities 

• More complex tasks 

and projects 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 



   
 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student requests 

• Reduce project 
workload 

• Short summaries 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cues or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance with instructional 
videos or curated videos online 

• Visual cues or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Assistance with 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 
Intro to equilibrium 

• Strong acid/strong 
base titration 

• Interpretation of 
titration curve 

 

Unit 10: Kinetics and Thermochemistry 
Core Ideas PS1.A: Structure and Properties of Matter: A stable molecule has less energy than the same set of atoms separated; one must provide at least this 

energy in order to take the molecule apart. 

 

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. 

 

ESS3.A: Natural Resources: Resource availability has guided the development of human society. (HS-ESS3-1) 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) 

 

Essential Questions  • What drives a chemical reaction to occur? 

• What factors affect the rate of a reaction? 

http://www.nap.edu/openbook.php?record_id=13165&page=106
http://www.nap.edu/openbook.php?record_id=13165&page=106
http://www.nap.edu/openbook.php?record_id=13165&page=106
http://www.nap.edu/openbook.php?record_id=13165&page=109
http://www.nap.edu/openbook.php?record_id=13165&page=109
http://www.nap.edu/openbook.php?record_id=13165&page=109


   
 

• How does the transfer of energy affect the bonds in a chemical reaction? 

• How is the transfer of thermal energy measured? 
 

Enduring Understanding   • A stable molecule is one in which the bonds possess the lowest possible potential energy. 

• The activation energy is the minimum amount of energy that must flow into a system for a chemical reaction to occur. 

• The rates of chemical reactions can be affected by temperature, pressure, particle size, concentration, and the use of a catalyst. 

• The rate law of a reaction is based on experimental data. 

• The energy exchanged in a chemical reaction is required to break and form bonds. 

• The total energy flowing into or out of a system can be defined by the sum of the molar energies of the bonds broken minus the sum of the 
molar energies of the bonds formed. 

• Hess’s Law is used to determine the total enthalpy changes associated with a chemical reaction. 
 

Practice  • Develop a model based on evidence to illustrate the relationships between systems or between components of a system. 

• Use a model to predict the relationships between systems or between components of a system. 

• Carry out investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.  

• Plan and investigate individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, how 
much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., number of 
trials, cost, risk, time), and refine the design accordingly.  

• Use mathematical representations of phenomena to support claims.  

• Apply scientific principles and evidence to provide an explanation of phenomena and solve design problems, considering possible unanticipated 
effects.  

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own 
investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future.  

• Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

 

Performance 
Expectations   

1. Components of the model: Students use evidence to develop a model in which they identify and describe the relevant components, including:  

• The chemical reaction, the system, and the surroundings under study;  

• The bonds that are broken during the reaction;  

• The bonds that are formed during the reaction;  

• The energy transfer between the systems and their components or the system and surroundings;  

• The transformation of potential energy from the chemical system interactions to kinetic energy in the surroundings (or vice versa) by 
molecular collisions; and  

• The relative potential energies of the reactants and the products.  
 

2.  Relationships: students include and describe the relationships between components, including:  

• The net change of energy within the system is the result of bonds that are broken and formed during the reaction (Note: This does not 
include calculating the total bond energy changes.);  

• The energy transfer between system and surroundings by molecular collisions;  

• The total energy change of the chemical reaction system is matched by an equal but opposite change of energy in the surroundings (Note: 
This does not include calculating the total bond energy changes.)  

• The release or absorption of energy depends on whether the relative potential energies of the reactants and products decrease or increase.  
 

3. Connections: Students use the developed model to illustrate:  

• The energy change within the system is accounted for by the change in the bond energies of the reactants and products. (Note: This does 
not include calculating the total bond energy changes.) 

• Breaking bonds requires an input of energy from the system or surroundings and forming bonds releases energy to the system and the 
surroundings.  

• The energy transfer between systems and surroundings is the difference in energy between the bond energies of the reactants and the 
products.  

• The overall energy of the system and surroundings is unchanged (conserved) during the reaction.  



   
 

• Energy transfer occurs during molecular collisions.  

• The relative total potential energies of the reactants and products can be accounted for by the changes in bond energy. 
 

4. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and climate change have 
influenced human activity. 
 

5. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios. 

 

NJ Standards Student Learning Objectives  Suggested Tasks/Activities  Resources/Materials 
HS-PS1-4 
HS-ESS3-1 
HS-ESS3-2 

 

Students will be able to: 

• Use collision theory to determine the 
requirements for a successful reaction.  

• Use experimental data to determine a rate 
law. 

• Describe factors that can affect the rate of a 
chemical reaction. 

• Use an energy profile to identify the effect of 
a catalyst on a reaction and determine if a 
reaction is exo- or endothermic. 

• Calculate thermal changes based on specific 
heat capacities. 

• Calculated heats of formation based on 
standard bond enthalpies. 

• Use Hess’s Law to determine the enthalpy of a 
reaction. 

• PhET Reactions and Rates 

• Factors Affecting Rate demonstration 

• Coffee Cup Calorimetry  

• Designing a Hand Warmer Lab 

• Textbook and online readings, EdPuzzle; 

simulation websites 

• Laboratory glassware and chemicals for 

demonstrations and labs  

 

Key Vocabulary 

 

Collision theory, molecular orientation, activation energy, rate of reaction, energy profile, catalyst, enthalpy, exothermic, endothermic, specific heat 
capacity, heats of formation, Hess’s Law 

Evidence of Learning  
 

• Completion of simulations 

• Completion of data collection and analysis for laboratory experiments 

• Formative Quizzes 

• Summative Test 
 

Interdisciplinary 
Connections  

ELA/Literacy -  

• RST.9-10.7, Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate 
information expressed visually or mathematically (e.g., in an equation) into words. (HS-PS1-1)  

• RST.11-12.1, Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author 
makes and to any gaps or inconsistencies in the account. (HS-PS1-3), (HS-PS1-5)  

• WHST.9-12.2, Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or 
technical processes. (HS-PS1-2), (HS-PS1-5)  

• WHST.9-12.5, Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on 
addressing what is most significant for a specific purpose and audience. (HS-PS1-2)  

• WHST.9-12.7, Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve 
a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of 
the subject under investigation. (HS-PS1-3), (HS-PS1-6)  

• WHST.11-12.8, Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; 
assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text 
selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for 
citation. (HS-PS1-3)  

• WHST.9-12.9, Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)  

https://phet.colorado.edu/en/simulations/reactions-and-rates
https://www.carolina.com/teacher-resources/Interactive/essentials-reaction-rate/tr50101.tr
https://www.nms.org/getmedia/acd053a0-f89a-43d3-a8fc-ca1e1ed7d449/Lesson_Science_Coffee-Cup-Calorimetry.pdf.aspx
http://mrsq.net/images/Files/2018/05/hand_warmer_lab.pdf
https://riverdell-my.sharepoint.com/:w:/g/personal/lori_dunn_riverdell_org/EYqbVOQuSdxJgc3THzttdJoBAJS3PHbRKkzclSfek3F03Q?e=vzQC04


   
 

• SL.11-12.5, Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance 
understanding of findings, reasoning, and evidence and to add interest. (HS-PS1-4)  

 
Mathematics - 

• MP.2, Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)  

• MP.4, Model with mathematics. (HS-PS1-4), (HS-PS1-8)  

• HSN-Q.A.1, Use units to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin in graphs and data displays. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-
7), (HS-PS1-8)  

• HSN-Q.A.2, Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7), (HS-PS1-8)  

• HSN-Q.A.3, Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-PS1-2), (HS-PS1-3), (HS-
PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8) 

 

Diversity, Equity, & 
Inclusion 

• Student materials will include names and images that reflect diversity to include people of different cultures and backgrounds as well those 
with disabilities.   

• Students will demonstrate an increased understanding of and sensitivity towards human diversity and inequalities.  

• Students will investigate questions of societal and of personal relevance using scientific knowledge.  
 

Career Readiness, Life 
Literacies, and Key Skills  

 

9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas. 
9.4.12.CT.2 Explain the potential benefits of collaborating to enhance critical thinking and problem solving. 
9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine optimal design solutions. 
9.4.12.TL.1 Assess digital tools based on features such as accessibility options, capacities, and utility for accomplishing a specified task. 

 

Computer Science and 
Design Thinking 

8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different interpretations of real-world 
phenomena. 
8.2.12.ED.4: Design a product or system that addresses a global problem and document decisions made based on research, constraints, trade-offs, and 
aesthetic and ethical considerations and share this information with an appropriate audience. 
8.2.12.ED.5: Evaluate the effectiveness of a product or system based on factors that are related to its requirements, specifications, and constraints 
(e.g., safety, reliability, economic considerations, quality control, environmental concerns, manufacturability, maintenance and repair, ergonomics). 
8.2.12.ETW.4: Research historical tensions between environmental and economic considerations as driven by 
human needs and wants in the development of a technological product and present the competing viewpoints. 

Social Emotional Learning  Integration of self-awareness, self-management, social awareness, responsible decision-making, relationship skills through lessons and personal 
interactions (I.e., Labs, Class Discussions, Collaborative Activities). 

 

Differentiation  

Resources/Materials 

 
ELL 

(English Language 
Learners) 

Special Education  At Risk  Enrichment  

• Provide translated 
notes and key 
vocabulary terms 

• Provide images of key 
vocabulary terms and 
concepts 

• Word banks  

• Bilingual dictionaries 

• Assistive translator 
technology  

• Sentence frames 

• Display reminders 

• Checklist of materials and tasks 
(printed out or digitally 
accessible) 

• Timelines and Calendar for 
benchmark goals for 
assignments/assessments/short-
term goals (Planner Microsoft) 

• Assistive technology (dictation, 
immersive reader, etc...) 

• Flash cards 

• Teacher notes  

• Students are asked to 
come for extra help to 
review/retake 
assessment and 
homework 
assignments 

• Students are allowed 
time and a half on 
assessments 

• Provide the student 
with frequent check-

• Provide students with 
extra problem sets 
that challenge and 
involve higher level 
thinking 

• Inquiry leads 
discussions and 
activities 

• More complex tasks 

and projects 



   
 

• Simplified notes 

• Reduced homework 

• Simplified word 
problems 

• Graphic organizers 

• Matched sentences or 
procedures with 
pictures 

• Alternative 
presentation options 

• 1-2 sentence short 
responses 

• Shortened written 
assignments  

• Modified tests 

• Provide notes when 
student requests 

• Reduce project 
workload 

• Short summaries 

• Graphic organizer 

• Clear parameters and student 
workspace 

• Timer to monitor task and 
duration 

• Study guides  

• Guided notes 

• Choices for alternative 
assignments 

• Students are asked to come for 
extra help to review/retake 
assessment and homework 
assignments 

• Students are allowed time and a 
half on assessments 

• Provide the student with 
frequent check-ins during class-
time work 

• Visual cues or signs 

• Rephrase of questions and 
directions 

• Partner or group work on skill 
development  

• Assistance with instructional 
videos or curated videos online 

ins during class-time 
work 

• Scaffolding 
assignments  

• Chunking of materials  

• Allow for errors 

• Pre-teach materials  

• Supply teacher demo 

• Rephrase of questions 

and directions  

• Visual cues or signs  

• Small group assistance 

or collaboration  

• Partner or group work 

on skill development  

• Assistance with 

instructional videos or 

curated videos online  

• Guide with options for 

student goal setting  

• Use of timer or a clock 

to monitor time of 

student activity 

 

• Higher level 

questioning and 

techniques  

• Student demoing and 

explanation  

• Provide opportunities 

for students to set 

personal goals, keep 

records and monitor 

their own learning 

progress 

• Multiple assessments 

given in different 

domains, that 

showcase student 

interests, strengths, 

and needs  

• Use multiple 
approaches to 
accelerate learning 
within and outside of 
the school setting  

• Use enrichment 
options to extend and 
deepen learning 
opportunities within 
and outside of the 
school setting 

• Use individualized 
learning options such 
as mentorships, 
internships, online 
courses, and 
independent study 

 

 


