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I. Rationale   

This full-year course is designed for grade 10-11 students.  This is a rigorous course that 

enforces high level academic standards, wide scope and depth in the subject area, critical 

thinking and problem solving skills, and fulfills the curriculum requirements for a college-

bound student.  The course strengthens the fundamentals of the subject and, prepares the 

students for advanced chemistry and other scientific fields of study. 

 

II. Description   

This academic course is designed for advance high school chemistry to prepare students for 

other science area at college.  Major topics include atomic structure and molecular properties, 

periodic trends in the properties of elements, nature of chemical bonding, quantitative and 

qualitative analysis of chemical reactions, solutions, thermochemistry, gas laws, acids and 

bases, and nuclear reactions.  

 

III. Core Curriculum Content Standards 
 

5.1.   Scientific Processes 

 A.  Habits of Mind 

 B.  Inquiry and Problem Solving 

 C.  Safety 

 

5.2.   Science and Society 

 A.  Cultural Contributions 

 B.  Historical Perspectives 

 

5.3.   Mathematical Applications 

 A.  Numerical Operations 

 

5.4.   Nature and Process of Technology 

 A.  Science and Technology 

 B.  Nature of Technology 

 C.  Technological Design 

 

5.6.   Physical Science – Chemistry 

 A.  Structure and Properties of Matter 

 B.  Chemical Reactions  

 

8.1.   Computer and Information Literacy 

           A. Basic Computer Skills and Tools 

           B.  Applications of Productivity Tools 

 

IV. Standard 9.1 (Career and Technical Education) 

All students will develop career awareness and planning, employment skills, and foundational 

knowledge necessary for success in the workplace. 

 

Strands and Cumulative progress Indicators: 

Building knowledge and skills gained in preceding grades, by the end of Grade 12, students 

will: 
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A. Career Awareness Preparation 

1.   Re-evaluate personal interests, ability and skills through various measures 

including self-assessment. 

 2.  Evaluate academic and career skills needed in various career clusters. 

 3.   Analyze factors that can impact on individual’s career. 

 4.    Review and update their career plan and include plan in portfolio. 

5.    Research current advances in technology that apply to a sector occupational career     

cluster. 

 

 B. Employment Skills 

1. Assess personal qualities that are needed to obtain and retain a job related to 

career clusters. 

2. Communicate and comprehend written and verbal thoughts, ideas, directions and 

information relative educational and occupational settings. 

3. Select and utilize appropriate technology in the design and implementation of 

teacher-approved projects relevant to occupational and/or higher educational 

settings. 

4. Evaluate the following academic and career skills as they relate to home, school, 

community, and employment. 

 Communication 

 Punctuality 

 Time management 

 Organization 

 Decision making 

 Goal Setting 

 Resources allocation 

 Fair and equitable competition 

 Safety 

 Employment application 

 Teamwork 

5. Demonstrate teamwork and leadership skills that include student participation in 

real world applications of career and technical educational skills. 

 

 All students electing further study in career and technical education will also: 

participate in a structural learning experience that demonstrate interpersonal 

communication, teamwork and leadership skills. 
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Unit Overview 

Content Area:                          Chemistry 

Unit 1 Title:                              Introduction – Matter and Measurements 

Target Course/Grade Level:  10 and 11 

Unit Summary:  The International System (Metric) of Measurements is introduced and students will use 

measuring tools and calculations to convert from/to different scales of magnitude.  Understanding of precision 

and accuracy concepts and practice is emphasize and reinforced. 

Primary interdisciplinary connections:  
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.  

HSN-Q.A.1 Use units as a way 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. 

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

Unit Rationale:  In most countries, scientific research and industry standards and practice are based on the 

International System (Metric) of measurements.  Students must know to convert between units of 

measurements and have a practical understanding of the orders of magnitude of the several scales given by the 

prefixes added to the metric units. 

Learning Targets 

Disciplinary Core Ideas:  The more precisely a design task’s criteria and constraints can be defined, the more 

likely it is that the designed solution will be successful. Specification of constraints includes consideration of 

scientific principles and other relevant knowledge that are likely to limit possible solutions.  

Science and Engineering Practices:  Plan and conduct an investigation 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. (HS-ESS2-5) 

NGSS#:  Next Generation Science Standard: 

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, more 

manageable problems that can be solved through engineering. 

Unit Essential Questions 

 What is the importance of study of 

Chemistry to our daily lives? 

 How can a mixture be separated? 

 Differentiate between a physical and a 

chemical property. 

 How are significant figures utilized in 

science? 

 Describe the method known as 

dimensional analysis. 

Unit Enduring Understandings 

 Students will learn how to apply, convert and 

perform math calculations using metric units of 

measurements. 

 Significant figure method will be applied to 

indicate the degree of precision in 

measurements. 

 Physical and chemical properties will be used to 

distinguish and classify substances. 

Unit Learning Targets 

Students will ... 

 To describe the study of chemistry and how it contributes to our understanding of the world. 

 To list careers that require an understanding of chemistry 

 To identify and apply the steps of the scientific method. 

 To convert from one metric measurement to another. 

 To convert from a metric measurement to an English measurement, and the reverse. 

 To differentiate between mass and weight. 

 To calculate percent error given measured and accepted values. 

 To determine the amount of uncertainty inherent in a given measurement. 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=204
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 To express uncertainty using significant figures. 

 To calculate density given mass and volume. 

 To convert between Celsius, Fahrenheit and Kelvin temperature scales. 

 To classify matter based upon its chemical and physical properties. 

 To identify and describe methods of separating mixtures. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Study of chemistry & classification of matter 

 

2 hours/days 

Lesson 2 

Physical & Chemical Properties of Matter 

 

3 hours/days 

Lesson 3 

SI Units of Measurement 

 

3 hours/days 

Teacher Notes:  

 

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  
Content Area:                          Chemistry 

Unit 2 Title:                              Atoms, Molecules and Ions 

Target Course/Grade Level:  10 and 11 

Unit Summary:  The historical scientific steps in the development of the atomic theory of matter are 

introduced and then expanded to include the formation of molecules and ionic compounds.  

Primary 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 as a way 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) 

21st century themes:   

Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic Literacy; and Health 

Literacy. 

Unit Rationale:   

Students of chemistry must understanding the fundamental ideas of: nature and structure of atoms, how atoms 

bond to each other to form a variety of molecules and compounds, how the chemical and properties of 

substances relate to the kinds of atoms they contain. Chemical, bio-chemical, pharmaceutical and medical 

research must apply basic understanding of atomic and molecular structure in order to advance their work and 

reach meaningful conclusions. 

 

 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
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Learning Targets 

Disciplinary 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) 

 Stable forms of matter are those in which the electric and magnetic field energy is minimized.  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) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

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

(HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are created and used based on mathematical models of basic 

assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances at 

the bulk scale to infer the strength of electrical forces between particles. 

Unit Essential Questions 

 Describe the importance of John 

Dalton’s Atomic theory 

 Explain the modern view of atomic 

structure. 

 What are the important periodicities 

shown by the Periodic Table? 

 Predict the ionic compound’s formula 

when two ions are given. 

 Name ionic and molecular compounds 

Unit Enduring Understandings 

 At its most basic level, matter is composed of 

atoms which form unique elements or bond 

together in compounds. 

 Atoms are composed of sub-atomic particles that 

determine the atom’s properties and bonding 

characteristics. 

 The physical and chemical properties of matter are 

determined by the types of atoms and chemical 

bonds their form with each other.\\\ 
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Unit Learning Targets 

Students will ... 

 List and describe the models of the atom in historical sequence. 

 Describe Dalton’s atomic theory of matter. 

 Describe the methods and significance of experiments performed by Lavoisier, Proust, Dalton, 

Thomson, Millikan, Rutherford and M. Curie. 

 Describe the modern model of the atom, including the location and properties of protons, neutrons and 

electrons. 

 Write and interpret atomic symbols for isotopes and ions. 

 Identify whether an element is a metal or nonmetal using the periodic table, and further describe what 

group the element is in. 

 Name simple ionic and molecular compounds when given a formula, and vice versa. 

Evidence of Learning 
Summative Assessment (12 days):   
Chapter test. 

Equipment needed:   

Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Dalton’s Atomic Theory of Matter 

 

1 hours/days 

Lesson 2 

The Periodic Table 

 

1 hours/days 

Lesson 3 

Isotopes, Ions, Atomic No. & Mass No. 

 

3 hours/days 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  

Content Area:                          Chemistry 

Unit 3 Title:                              Electronic Structure of Atoms 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Bohr’s model and the modern understanding of electron orbitals are used to explain the 

nature and behavior of atoms as the building blocks of pure chemical elements.  Quantum mechanics 

determines the electron configurations of atoms of elements and the similarities between their chemical and 

physical properties. 

Primary 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 as a way 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) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

Unit Rationale:  The knowledge of the fundamentals of quantum mechanics and electron configuration of 

atoms will be used to explain several trends in the periodic table of elements and the nature of the bonds 

between atoms. 

Sophisticate scientific and industrial instrumentation often apply our understanding of quantum mechanics and 

electron configuration of atoms to perform the task they are designed for in a variety of science fields. 

 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
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Learning Targets 

Disciplinary 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) 

 Stable forms of matter are those in which the electric and magnetic field energy is minimized. 

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) 

PS4.A:  Wave Properties 

 The wavelength and frequency of a wave are related to one another by the travel speed 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) 

 Photovoltaic materials emit electrons when they absorb light of a high-enough frequency.       

(HS-PS4-5) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use a model to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances 

at the bulk scale to infer the strength of electrical forces between particles. 

HS-PS4-1 Use mathematical representations to support a claim regarding relationships among the 

frequency, wavelength, and speed of waves traveling in various media. 
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HS-PS4-4 Evaluate the validity and reliability of claims in published materials of the effects that 

different frequencies of electromagnetic radiation have when absorbed by matter. 

HS-PS4-5 Communicate technical information about how some technological devices use the 

principles of wave behavior 

Unit Essential Questions 
 How does the wave nature of light help 

explain the electronic structure of atoms? 

 How does Bohr’s Atomic Model explain 

the discrete energy levels of electrons 

orbiting around the nucleus? 

 Why did Planck’s quantum theory lead 

to a new understanding of 

electromagnetic radiation and the nature 

of atoms? 

 How does Einstein’s Photoelectric Effect 

relate to quantized energy and protons? 

 How do quantum numbers and electron 

configuration relate to the periodic table? 

Unit Enduring Understandings 
 Electrons orbit the nucleus in discrete orbitals with different 

energy levels. 

 When electrons absorb energy, they move to a high energy 

level and then emit electromagnetic radiation when they fall 

back to a lower energy level. 

 The emission of radiation, called line spectrum, is unique to 

each element. 

 The position of the elements in the periodic table relate to 

the electron configuration of its atoms.  

 The electron configuration of the atoms of an element 

determine the physical and chemical properties of the 

element. 

 

Unit Learning Targets 

Students will ... 
 Do math calculations relating speed of light, the frequency and wavelength of an electromagnetic radiation. 

 Explain the Bohr Model of the atom 

 Explain the connection between the photoelectric line emission spectrum and the electronic structure of atoms. 

 Utilize Planck’s constant in order to find the energy of a EM wave 

 Explain the Einstein’s Photoelectric Effect 

 Explain DeBroglie’s Wave Matter Theory 

 Describe Heisenberg’s Uncertainty Principle 

 Describe the fundamentals of Quantum Mechanics 

 Explain the representations of the electron orbitals. 

 Use Pauli Exclusion Principle and Hund’s Rule to write electron configurations. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   

Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

The Wave Nature of Light 

 

1 hours/days 

Lesson 2 

Bohr’s Atomic Model 

 

1 hours/days 

Lesson 3 

Quantum Mechanics & Atomic Orbitals 

 

3 hours/days 

Teacher Notes:  

Curriculum Development Resources 

http://www.nextgenscience.org/next-generation-science-standards 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  
Content Area:                          Chemistry 

Unit 4 Title:                              Periodic Properties of the Elements 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Chemical and physical properties of the elements follow a general trend across the periods as 

well as up-and-down the groups of the Periodic Table.  Thus, we can usually predicted their properties based 

on their position in the Periodic Table. In general, these properties are determined by the electron configuration 

of the atoms of the elements. 

Primary 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 as a way 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) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  Basic understanding of the electron configuration and its relation to an element’s position in 

the Periodic table is fundamental for the students’ appreciation of the overall pattern of change in the chemical 

and physical properties of the elements. 

 

In order to be able to advance in the study of chemistry, students must be able to predict the physical and 

chemical properties of various elements based on their position in the periodic table.  

 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
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Learning Targets 

Disciplinary 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) 

 Stable forms of matter are those in which the electric and magnetic field energy is minimized. 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) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use a model to predict the relationships between systems or between components of a system. (HS-

PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are created and used based on mathematical models of basic 

assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

Unit Essential Questions 

 Why do the alkali metals behave 

similarly in chemical reactions? 

 How was Dmitri Mendeleev 

able to predict the existence and 

properties of germanium?  

 Explain how the radii of cations 

and anions differ from their 

parent atoms? 

 What is ionization energy? 

 How do the trends in the 

properties of the elements relate 

to the electron configuration of 

their atoms? 

Unit Enduring Understandings 

 The Periodic Table is one of the most significant tools 

that chemists use to predict the physical and chemical 

properties of the elements. 

 The electron configuration of the atoms of an elements 

is related to its position in the periodic table.  

 Physical and chemical properties and behavior of 

elements follow a general trend and can be predicted by 

their position in the periodic table. 



14 

 

Unit Learning Targets 

Students will ... 

 Describe in chronological order the development of the periodic table. 

 Examine the periodic table and determine the electron configuration, including number of valence 

electrons, present in the atoms of an element. 

 Differentiate between ionization energy and electron affinity 

 Define atomic radius, ionization energy and electron affinity and their trends throughout the periodic 

table. 

 Recognize the overall group trends in the periodic table 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   

Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

The Development of the Periodic 

Table 

 

1 hours/days 

Lesson 2 

Atomic Radius, Ionization Energy & 

Electron Affinity 

 

3 hours/days 

Lesson 3 

Group Trends in the Periodic Table 

 

3 hours/days 

Teacher Notes:  

 

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  

Content Area:                          Chemistry 

Unit 5 Title:                              Basic Concepts of Chemical Bonding 

Target Course/Grade Level:  10 and 11 

Unit Summary:  The electronic structure of the atoms determine the nature of the bonds and electric forces 

between them, the type and properties of the compounds they form. 

Molecular compounds are formed when atoms share their valence electrons. Ionic compounds are formed 

when metals and non-metals transfer their valence electrons. 

The electronegativity of the atoms in a compound determine the polarity of the bonds between them. 

Primary 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 as a way 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) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  In order to better understand the way substances behave and react, students need to have a 

good grasp of how atoms of the same or different elements bond to each other forming a variety of molecular 

and ionic compounds.  Materials employed in several industries (chemical, electronics, aerospace, 

metallurgical, etc.) have their properties determined by the electronic configuration of their atoms and the type 

of bonding between them. 

 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
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Learning Targets 

Disciplinary 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) 

 Stable forms of matter are those in which the electric and magnetic field energy is minimized. 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 

 Newton’s law of universal gravitation and Coulomb’s law provide the mathematical models to 

describe and predict the effects of gravitational and electrostatic forces between distant objects. (HS-

PS2-4) 

 Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating space 

that can transfer energy through space. Magnets or electric currents cause magnetic fields; electric 

charges or changing magnetic fields cause electric fields. (HS-PS2-4), (HS-PS2-5) 

 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. (HS-PS2-6), 

(secondary to HS-PS1-1), (secondary to HS-PS1-3) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use a model to predict the relationships between systems or between components of a system. (HS-

PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are created and used based on mathematical models of basic 

assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

 

HS-PS1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances 

at the bulk scale to infer the strength of electrical forces between particles. 

 

 



17 

 

Unit Essential Questions 

 How does the octet rule define the 

nature of the chemical bonding 

between the atoms? 

 What is the fundamental difference 

between an ionic and a covalent 

bond? 

 How does atom’s electronegativity 

effect bond polarity? 

 What properties and behavior can 

one infer about a molecule by 

analyzing its Lewis dot structure? 

 What are the rules for naming ionic 

compounds?  Molecular 

compounds?  Acids? 

Unit Enduring Understandings 

 Atoms interact and bond to each other forming 

molecular, ionic or metallic compounds. 

 The tendency of atoms to gain, lose or share their 

valence electrons determine the type of chemical 

bonding they form. 

 An element’s position in the Periodic Table allows us to 

predict the type of chemical bond their atoms will form. 

 Sharing valence electrons, atoms form single-, double-, 

or triple-covalent bond and molecular compounds. 

 By the transfer valence electrons, atoms form ionic 

compounds with 3-dimensional crystalline structure of 

charged particles. 

 Naming ionic compounds, molecules and acids obey 

conventional rules. 

Unit Learning Targets 

Students will ... 

 Define and predict different types of chemical bonds based on the position of the elements in the 

Periodic Table. 

 Write the formulae of ionic compounds based upon their electron configurations and ionic charges. 

 Name ionic compounds according to conventional pre-stablished rules. 

 Predict the formation of covalent bonds between no-metals. 

 Write formulae and names of molecular compounds. 

 Define electronegativity and use it to predict the polarity of a bond. 

 Identify, define and name acids. 

 Utilize bond energies to determine the enthalpy of a reaction. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   

Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Covalent & Ionic Bonding 

 

2 hours/days 

Lesson 2 

Naming Ionic & Molecular Compounds 

 

4 hours/days 

Lesson 3 

Drawing Lewis Dot Structure 

 

3 hours/days 

Teacher Notes:  

 

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  
Content Area:                          Chemistry 

Unit 6 Title:                              The VSEPR Model & Molecular Geometry 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Lewis dot structures of molecular compounds are drawn according to stablished rules.  Based 

on the analysis of the Lewis structures, valence shell electron pair repulsion theory (VSEPR models) will be 

proposed in order to determine the geometry and shape of those compounds. 

Polarity of the molecules will be determined based on bond polarity and symmetric arrangements of the electrons 

around the atoms of the Lewis structures. 

Primary 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 as a way 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) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  The size and shape of a molecule of a given substance, together with the strength and polarity of 

its atomic bonds, largely determine the physical and chemical properties of that substance. Lewis structure and 

VSEPR model of a molecule predict the size and geometry of the molecule. 

 

The behavior, properties and effectiveness of pharmaceutical compounds can be attributed to the size, shape and 

polarity of the active molecules of those compounds. 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/RH/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/ELA-Literacy/SL/11-12
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
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Learning Targets 

Disciplinary 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) 

 Stable forms of matter are those in which the electric and magnetic field energy is minimized. 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 

 Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating space 

that can transfer energy through space. Magnets or electric currents cause magnetic fields; electric 

charges or changing magnetic fields cause electric fields. (HS-PS2-4), (HS-PS2-5) 

 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. (HS-PS2-6), 

(secondary to HS-PS1-1), (secondary to HS-PS1-3) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to predict 

and show relationships among variables between systems and their components in the natural and designed 

worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or components of a 

system. (HS-PS1-4), (HS-PS1-8) 

 Use a model to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances at the 

bulk scale to infer the strength of electrical forces between particles. 

Unit Essential Questions 

 How can we use Lewis dot structures to predict 

the geometric shape of molecules? 

 How does the presence of free pairs of 

electrons affect the shape and polarity of 

molecules? 

 

 

Unit Enduring Understandings 

 Lewis dot structures largely determine the 

geometric shape of molecules. 

 VSEPR models allow us to infer molecular 

geometry based on their Lewis structure. 

 Bond polarity and distribution of electrons 

around the atoms determine the polarity of 

molecules.  
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 How does the distribution and lack of 

symmetry of electrons around the atoms affect 

the polarity of molecules? 

 Which molecular shapes usually produce non-

polar molecules? 

Unit Learning Targets 

Students will ... 

 Draw Lewis structures of molecules based on the number of valence electrons of their atoms. 

 Analyze Lewis structures in order to predict the bonding arrangements of molecules. 

 Identify elements that are exceptions to the octet rule. 

 Describe and list examples of resonance in molecules. 

 Use valence shell electron pair repulsion theory (VSEPR) to predict the 3-dimensional geometry of a 

molecule. 

 Analyze the electron distribution around the atoms to predict the polarity of the molecule. 

 Identify geometries that most likely produce non-polar molecules. 

 Identify geometries that most likely produce polar molecules. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   

Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports  

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Lewis Dot Structure & VSEPR Model 

 

4 hours/days 

Lesson 2 

Predicting Molecular Geometries 

 

2 hours/days 

Lesson 3 

Polarity of Molecules 

 

1 hours/days 

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/


21 

 

 

Unit Overview 

Content Area:                          Chemistry 

Unit 7 Title:                              Atomic & Molecular Weights – Molar Mass – Empirical & Molecular Formulas 

Target Course/Grade Level:  10 and 11 

Unit Summary:   Quantitative information about chemical properties and reactions can be gained from our 

knowledge of the chemical formulas of compounds and atomic and molecular weights.  The concept of mole, 

molar mass and percentage composition are applied in the determination of empirical and true molecular formulas 

of a compound. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media 

(e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. 

(HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.            

(HS-PS2-1), (HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.                                   

(HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1), (HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of the 

quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.                 

(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; graph 

equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving 

equations. (HS-PS2-1), (HS-PS2-2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots).       

(HS-PS2-1) 

 

 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
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21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  Quantitative determination of reactants and products involved in chemical reactions will be 

based on the students’ understanding and mastery of the concept of moles and molar mass.  Scientific instruments 

such as mass spectrometers use our knowledge of atomic and molecular mass to determine the composition of 

unknown substances. 

Learning Targets 

Disciplinary 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) 

 Stable forms of matter are those in which the electric and magnetic field energy is minimized. 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) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to predict 

and show relationships among variables between systems and their components in the natural and designed 

worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

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

(HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are created and used based on mathematical models of basic 

assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the patterns 

of electrons in the outermost energy level of atoms. 

HS-PS1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances at the 

bulk scale to infer the strength of electrical forces between particles. 



23 

 

Unit Essential Questions 

 How can we use the Periodic Table 

to determine the atomic mass of an 

element? 

 How does a chemist define the term 

“mole”? 

 How do we calculate the molar mass 

of a compound? 

 Given the percentage composition of 

an unknown substance, how does 

one determine its empirical and 

molecular formula? 

Unit Enduring Understandings 

 The Periodic Table gives us the average atomic mass of 

the elements. 

 A mole is a conceptual quantity used by chemists to 

perform calculation on the mass of reactants and products 

involved in chemical reactions. 

 One mole has precisely the Avogadro’s number of 

particles which can be either atoms, molecules or ions. 

 Molar mass is the mass in grams of one mole of a 

substance. 

 By converting percentage composition into mole ratio, 

one can determine the empirical and molecular formula of 

an unknown substance. 

Unit Learning Targets 

Students will ... 

 Use the Periodic Table and given chemical formula to calculate the formula weight or molecular mass of 

compounds. 

 Perform calculations involving number of moles and number of particles (atoms, molecules or ionic 

formula unit) in a mass sample of a compound. 

 Calculate the percent composition of a compound when given its chemical formula. 

 Determine the empirical and molecular formula of a compound base on known percentage composition. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   

Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:   

Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Atomic & Molecular Weights 

 

2 hours/days 

Lesson 2 

The Mole & Molar Mass 

 

3 hours/days 

Lesson 3 

% Composition – Empirical & Molecular Formulas 

 

4 hours/days 

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  
Content Area:                          Chemistry 

Unit 8 Title:                              Chemical Reactions 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Atoms and molecules, given suitable conditions, can react with each other to form new 

substances with different chemical and/or physical properties. 

Chemical reactions studied in this units are: synthesis, decomposition, combustion, single- and double-

replacement reactions. 

The Law of Conservation of Mass is applied in order to determine the coefficients (number of moles) of a 

balanced chemical equation. 

The speed, or rate, of chemical reactions are affected by several factors such as: concentrations and surface 

area of reactants, temperature, and the presence of a catalyst. 

Chemical equilibrium takes place when a reaction occurs in both directions and at the same rate both forward 

and reverse. Increasing the amount of reactants causes an increase in the rate of the forward reaction and thus 

producing more products until a new equilibrium point is reached. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.     

(HS-PS2-1),(HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1), (HS-PS2-2), (HS-PS2-4), 

(HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),       

(HS-PS2-2) ,(HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),         

(HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of 

the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.         
(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
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HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1), (HS-PS2-2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  
Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic Literacy; and Health 

Literacy.  

Unit Rationale:  
Students must be able to identify patterns in chemical reactions and predict their outcome in terms of the 

identity of products of the reactions. Subsequent quantitative calculations rely on the student’s capability to 

write balanced chemical equations representing different reactions. 

Most industrial processes, to some extent, involve chemical reactions which can be identified and the resultant 

products predicted with a reasonable accuracy. The efficiency and productivity of industrial chemical 

processes are based on the nature of the reactions involved as well as in the kinetics (rate) of the reactions. 

Learning Targets 

Disciplinary 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) 

PS1.B: Chemical Reactions  

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

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with 

consequent changes in the sum of all bond energies in the set of molecules that are matched by changes 

in kinetic energy. (HS-PS1-4), (HS-PS1-5) 

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

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

 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) 

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.                         

(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or components of 

a system. (HS-PS1-4), (HS-PS1-8) 

 Use a model to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 

 

 

http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
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=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=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=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
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
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
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 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the 

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns 

of chemical properties.  

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

changing the temperature or concentration of the reacting particles on the rate at which a 

reaction occurs. 

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

produce increased amounts of products at equilibrium. 

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

Unit Essential Questions 

 How to identify and predict the 

products of chemical reaction? 

 Differentiate between combustion, 

synthesis, decomposition, single- and 

double-replacement reaction? 

 How to apply the Law of Conservation 

of Mass to write balanced chemical 

equations for different reaction? 

 What variables affect the speed/rate at 

which a chemical reaction occurs? 

 How do we define the equilibrium 

point for a reaction that proceeds, at 

the same time, in both the forward and 

reverse direction? 

Unit Enduring Understandings 

 Chemical reactions can be identified and predicted 

based on the identity of the reactants. 

 Atoms and/or compounds react following well know 

patterns: synthesis, decomposition, combustion, 

single- and double-replacement. 

 Law of Conservation of Mass is used in order to 

determine the coefficients (number of moles) of a 

balanced chemical equation. 

 The speed of a reaction depends on factors such as 

concentration and surface area of reactants, 

temperature and presence of a catalyst. 

 Reactions that occurs in both directions reach an 

equilibrium point when the rates of the forward and 

reverse direction are equal. 

Unit Learning Targets 

Students will ... 

 Identify and predict the products of different chemical reactions. 

 Apply the Law of Conservation of Mass to write balanced chemical equations representing different 

reactions. 

 Define the rate of reactions and factors that affect the rate. 

 Define the equilibrium point for reactions that proceed in both forward and reverse directions. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 
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Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Nature of Chemical Reactions 

 

1 hour/day 

Lesson 2 

Predicting Products of Chemical Reactions 

 

4 hours/days 

Lesson 3 

Balancing Chemical Reactions 

 

2 hours/days 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/


28 

 

 
Unit Overview Template 

Content Area:                          Chemistry 

Unit 9 Title:                              Stoichiometry 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Quantitative analysis of chemical reactions is based on the Law of Conservation of Mass 

which states that, in a chemical reaction, atoms are not created or destroyed but separated and then re-

combined themselves forming new products with the same mass as the initial reactants. 

Stoichiometry applies the concept of moles and molar mass to calculate the amount of products and reactants 

involved in chemical reactions. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.      

(HS-PS2-1), (HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5),    

(HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),         

(HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),           

(HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of 

the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.           

(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1), (HS-PS2-2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
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http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
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HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  Stoichiometry is an important tool in chemistry.  It allows the student to examine chemical 

reactions under a quantitative point of view and thus determine or predict the amount of reactants and products 

involved in the reactions.  Subsequent units of study will often require the student to do a stoichiometric 

analysis of reactions in order to advance their comprehension of other fields of study. 

Stoichiometric analysis of reactions allows industries, and scientific work, to determine the required amount of 

reactants involved as well as the efficiency and profitability of processes. 

Learning Targets 

Disciplinary 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) 

PS1.B: Chemical Reactions  

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

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with 

consequent changes in the sum of all bond energies in the set of molecules that are matched by changes 

in kinetic energy. (HS-PS1-4), (HS-PS1-5) 

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

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

 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) 

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.                         

(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3) 

ETS1.A:  Defining and Delimiting Engineering Problems 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues of 

risk 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. (secondary to HS-PS2-3) 

ETS1.B: Developing Possible Solutions 

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

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts.           

(HS-ETS1-3) 

 Both physical models and computers can be used in various ways to aid in the engineering design 

process. Computers are useful for a variety of purposes, such as running simulations to test different 

ways of solving a problem or to see which one is most efficient or economical; and in making a 

persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

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

decisions about the priority of certain criteria over others (trade-offs) may be needed. (secondary to    

HS-PS2-3) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
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=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=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=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
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
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
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 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use models to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the 

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns of 

chemical properties.  

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

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

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

increased amounts of products at equilibrium. 

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, 

more manageable problems that can be solved through engineering. 

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 

that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well 

as possible social, cultural, and environmental impacts 

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-

world problem with numerous criteria and constraints on interactions within and between 

systems relevant to the problem. 

Unit Essential Questions 

 Starting with a balanced chemical equation, 

how can we determine the amount of reactants 

and products involved in the reaction? 

 How do we determine the limiting reactant in a 

reaction? 

 How do we calculate the percent yield of a 

reaction? 

Unit Enduring Understandings 

 Stoichiometry consists of the examination of chemical 

reactions based on the quantities of reactants required, or 

products that can be produced. 

 Concepts of moles, molar mass and Law of 

Conservation of Mass are applied in the stoichiometric 

analysis of reactions. 

 The limiting reactant is a reactant whose quantity is less 

than that required relative to the amount of other 

reactants that are available for the reaction. 

Unit Learning Targets 

Students will ... 

 Balance a chemical equation based on the Law of Conservation of Mass. 

 Starting with a balanced chemical equation, students will determine the amount of reactants and 

products involved in a given reaction. 

 Determine which, if any, reactant is the limiting reactant of the reaction. 

 Calculate the percent yield of a chemical reaction. 
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Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Stoichiometry of Chemical Reactions 

 

3 hours/days 

Lesson 2 

Limiting Reactant 

 

3 hours/days 

Lesson 3 

Percent Yield 

 

1 hours/days 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview Template 

Content Area:                          Chemistry 

Unit 10 Title:                            Solutions: Concentration – Colligative Properties - Stoichiometry 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Ratio of solute to solvent determines the concentration of a solution which may be given 

by different expressions for example: molarity, mole fraction, mass percentage or, parts per million (billion). 

Factors such as the nature of solute and solvent, pressure and temperature affect the solubility of a solute in a 

given solvent. 

Solutions behave differently from pure solvents.  Some physical properties of solutions, called colligative, 

that contrast with those of pure solvents are: freezing and boiling points, vapor pressure and osmosis. 

Most chemical reactions happen between solutions and stoichiometric analysis, using molar concentrations, 

can be applied to those reaction in order to quantify the amount of reactants and products taking part in the 

reactions. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research. 

(HS-PS2-1),(HS-PS2-5) 

Mathematics - 

HSN.Q.

A.1 

Use units as a way 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-PS2-1), (HS-PS2-2),                   

(HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),    

(HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),      

(HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties 

of the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.       

(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
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HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1), (HS-PS2-2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand 

in simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  Students must perform stoichiometric analysis of reaction involving solutions, given their 

molar concentrations and volumes, because most of the reactions done in lab experiments are reactions 

between solutions. 

Most chemical processes used in the industry involve either pure solutions, in different concentrations, or 

reactions between solutions. Engineers also control the extent and efficiency of chemical processes by 

observing physical colligative properties of the solutions. 

Learning Targets 

Disciplinary 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) 

PS1.B: Chemical Reactions  

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

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with 

consequent changes in the sum of all bond energies in the set of molecules that are matched by 

changes in kinetic energy. (HS-PS1-4), (HS-PS1-5) 

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

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

 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) 

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. (HS-PS2-6), 

(secondary to HS-PS1-1), (secondary to HS-PS1-3) 

ETS1.A:  Defining and Delimiting Engineering Problems 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues 

of risk 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. (secondary to HS-PS2-3) 

ETS1.B: Developing Possible Solutions 

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

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts.        

(HS-ETS1-3) 

 Both physical models and computers can be used in various ways to aid in the engineering design 

process. Computers are useful for a variety of purposes, such as running simulations to test different 

ways of solving a problem or to see which one is most efficient or economical; and in making a 

persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

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

decisions about the priority of certain criteria over others (trade-offs) may be needed. (secondary to 

HS-PS2-3) 

 

http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
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=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=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=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
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
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
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Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use models to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on 

the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

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

changing the temperature or concentration of the reacting particles on the rate at which a 

reaction occurs. 

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

produce increased amounts of products at equilibrium. 

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into 

smaller, more manageable problems that can be solved through engineering. 

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-

offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, 

as well as possible social, cultural, and environmental impacts 

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex 

real-world problem with numerous criteria and constraints on interactions within and 

between systems relevant to the problem. 

Unit Essential Questions 

 What forces and energy between solute and solvent 

are involved in the formation of a solution? 

 What different ways can we express the 

concentration of solutions? 

 What variables affect the solubility of a solute in a 

given solvent? 

 What are colligative properties of a solution? 

 How can we determine the freezing/boiling point of 

a solution relative to a pure solvent? 

 How can we determine the vapor pressure of a 

solution relative to a pure solvent? 

Unit Enduring Understandings 

 The nature of solute and solvent, pressure and 

temperature affect the solubility of a solute in a 

given solvent. 

 Concentration of a solution can be expressed by 

its molarity, mass percent, mole fraction or, parts 

per million (billion). 

 Physical colligative properties of solution such as 

freezing/boiling point and vapor pressure, differ 

from those of pure solvent. 
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 What is the stoichiometry procedure used for 

reactions involving solutions? 

 Stoichiometric analysis of reactions involving 

solutions can be done using molar concentrations 

and volume of the reactants. 

Unit Learning Targets 

Students will ... 

 Describe the process involving formation of solutions. 

 Calculate the concentration of solution using various mathematical expressions. 

 Define and calculate the colligative properties of solutions. 

 Perform stoichiometric analysis of reactions involving solutions. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets & homework 

 lab reports 

 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Formation of Solutions / Hydration 

 

1 hours/days 

Lesson 2 

Ways to Express Solution Concentration 

 

3 hours/days 

Lesson 3 

Colligative Properties of Solution 

 

3 hours/days 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  
Content Area:                          Chemistry 

Unit 11 Title:                            Thermochemistry 

Target Course/Grade Level:  10 and 11 

Unit Summary:  The term enthalpy is used in the context of chemical reactions carried out under constant 

pressure.  Enthalpy of reaction is defined as the amount of thermal energy (heat) either absorbed or released 

during a reaction. 

Stoichiometry analysis is also applied in order to relate quantity, or concentration, of reactants and products 

and the amount of heat involved in a reaction. 

Hess’ Law is used to determine the overall heat of reaction when the reaction is broken down into several 

simple steps. 

Enthalpy of formation of a substance is defined and calculated for reactions that occur between the 

constituent elements of the substance. Enthalpy of reaction can be calculated from the enthalpy of formation 

of products minus the enthalpy of formation of reactants. 

Calorimetry investigation is used to relate specific heat capacity of a substance and the amount of heat 

released/absorbed in a calorimeter apparatus. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.    

(HS-PS2-1), (HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1), (HS-PS2-2), (HS-PS2-4), 

(HS-PS2-5) ,(HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),      

(HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),        

(HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties 

of the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.         

(HS-PS2-1), (HS-PS2-2) 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
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HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1), (HS-PS2-2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  Thermodynamic studies in advanced chemistry and engineering rely on basic 

comprehension and problem solving skills about thermal energy involved in either chemical reactions or 

physical interaction between substances. 

Industrial processes and scientific investigations always take into account thermal energy transferred in 

chemical reactions.  The economic feasibility of most processes rest on the thermal efficiency of the 

reactions involved. 

Learning Targets 

Disciplinary 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) 

PS1.B: Chemical Reactions  

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

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with 

consequent changes in the sum of all bond energies in the set of molecules that are matched by 

changes in kinetic energy. (HS-PS1-4), (HS-PS1-5) 

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

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

 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) 

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.                      

(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3) 

PS3.A:  Definitions of Energy 

 Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object 

and grows with the square of its speed. (MS-PS3-1) 

 A system of objects may also contain stored (potential) energy, depending on their relative 

positions. (MS-PS3-2) 

 Temperature is a measure of the average kinetic energy of particles of matter. The relationship 

between the temperature and the total energy of a system depends on the types, states, and amounts of 

matter present. (MS-PS3-3), (MS-PS3-4) 

PS3.B:  Conservation of Energy and Energy Transfer 

 When the motion energy of an object changes, there is inevitably some other change in energy at the 

same time. (MS-PS3-5) 

 The amount of energy transfer needed to change the temperature of a matter sample by a given amount 

depends on the nature of the matter, the size of the sample, and the environment. (MS-PS3-4) 

 Energy is spontaneously transferred out of hotter regions or objects and into colder ones.            

(MS-PS3-3) 

http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
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=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=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=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
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
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
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ETS1.A:  Defining and Delimiting Engineering Problems 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues 

of risk 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. (secondary to HS-PS2-3) 

ETS1.B: Developing Possible Solutions 

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

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts.         

(HS-ETS1-3) 

 Both physical models and computers can be used in various ways to aid in the engineering design 

process. Computers are useful for a variety of purposes, such as running simulations to test different 

ways of solving a problem or to see which one is most efficient or economical; and in making a 

persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

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

decisions about the priority of certain criteria over others (trade-offs) may be needed. (secondary to 

HS-PS2-3) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use models to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on 

the outermost electron states of atoms, trends in the periodic table, and knowledge of the 

patterns of chemical properties.  

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

changing the temperature or concentration of the reacting particles on the rate at which a 

reaction occurs. 

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

produce increased amounts of products at equilibrium. 

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

HS-PS3-1 Create a computational model to calculate the change in the energy of one component in a 

system when the change in energy of the other component(s) and energy flows in and out of 

the system are known. 
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HS-PS3-2 Develop and use models to illustrate that energy at the macroscopic scale can be accounted 

for as either motions of particles or energy stored in fields. 

HS-PS3-3 Design, build, and refine a device that works within given constraints to convert one form of 

energy into another form of energy. 

HS-PS3-4 Plan and conduct an investigation to provide evidence that the transfer of thermal 

energy when two components of different temperature are combined within a closed 

system results in a more uniform energy 

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into 

smaller, more manageable problems that can be solved through engineering. 

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-

offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, 

as well as possible social, cultural, and environmental impacts 

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex 

real-world problem with numerous criteria and constraints on interactions within and 

between systems relevant to the problem. 

Unit Essential Questions 

 What is the difference between system and 

surroundings? 

 How is the 1st Law of Thermodynamics 

used in the thermal analysis of chemical 

reactions? 

 Compare enthalpy in exothermic and 

endothermic reactions 

 How to use Hess’ Law to figure out heat of 

reaction based on the enthalpy of step 

reactions? 

 How to use Heat of Formation to calculate 

the enthalpy of reaction? 

 How to use stoichiometry to calculate 

enthalpy of reactions? 

 What is a calorimeter and how can it be 

used to determine the specific heat capacity 

of a substance? 

Unit Enduring Understandings 

 Enthalpy of a system is the heat gained or lost 

by the system at constant pressure. 

 Stoichiometric procedure may be used to 

relate amounts or concentrations of reactants 

and products to the enthalpy of reaction. 

 Hess’ Law can be used to determine the 

enthalpy of an overall reaction based on heat 

of simple step reactions that produce the 

overall reaction.  

 Enthalpy of reaction is the sum of the 

enthalpy of products minus the sum of 

enthalpy of reactants. 

 Calorimetry, and related math formulations, is 

used to analyze the specific heat capacity of a 

material or substance based on the amount of 

heat transferred to the water in the 

calorimeter. 

Unit Learning Targets 

Students will ... 

 Identify the system and surroundings of a process. 

 Identify whether a process is endothermic or exothermic. 

 Describe the 1st law of thermodynamics. 

 Calculate the energy released by a reaction when given an equation and the enthalpy of the reaction. 

 Use calorimetric calculations to determine the amount of energy released by a process. 

 Use Hess’ Law to calculate the enthalpy of a net reaction based on the enthalpies of the step 

reactions. 

 Use standard enthalpies of formation to calculate the enthalpy of a reaction.  

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 

 homework 

 lab reports 
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Lesson Plans  
Lesson Timeframe 

Lesson 1 

1st Law of Thermodynamics 

 

1 hour/days 

 

Lesson 2 

Enthalpy of Reaction 

 

2 hours/days 

 

Lesson 3 

Calorimetry 

 

2 hours/days 

 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 
Content Area 

Unit Name 

Science 

Interdisciplinary 

Connections 

Mathematics, Technology, and English Arts, Science 

Core 

Instructional 

Materials  

including digital 

tools 

Textbooks, Classroom Resources, Digital Tools 

21st Century 

Themes and 

Skills 
 

 

For information related to the 12 Career Ready Practices follow the links 

below:  

 

http://www.state.nj.us/education/cccs/2014/career/CareerReadyPractices.pdf 

 

Personal Financial Literacy 9.1 

http://www.state.nj.us/education/cccs/2014/career/91.pdf  

 

Career Awareness, Exploration, and Preparation 9.2 

http://www.state.nj.us/education/cccs/2014/career/92.pdf  

 

Career and Technical Education 9.3 

http://www.state.nj.us/education/cccs/2014/career/93.pdf  

 

8.1 Educational 

Technology 
 

8.2 Technology 

Education, 

Engineering, 

Design, and 

K-2:  Navigate provided URL’S, Use basic word processing to create and 

illustrate a simple story, Work collaboratively with peers on project, Use 

digital tools to explore an issue and design solution for a problem, Identify 

how technology improves life, Use digital tools to design an approach to 

solving problems. 

 

3-5:  Peers collaborate to produce text about current events; Understand the 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
http://www.state.nj.us/education/cccs/2014/career/CareerReadyPractices.pdf
http://www.state.nj.us/education/cccs/2014/career/91.pdf
http://www.state.nj.us/education/cccs/2014/career/92.pdf
http://www.state.nj.us/education/cccs/2014/career/93.pdf
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Computational 

Thinking - 

Programming 
 

 

 

consequences for inappropriate use of technology and social media, Apply 

engineering designs to data collection and solutions, Understand how 

technology evolves based on need and cultural influences. 

 

6-8: Select appropriate technology and applications to create publication on 

global topic, Use technology and social media responsibly, Employ a wide 

range of digital resources to collect data and form solutions, Identify the 

forces that come into play for further development of technology; apply 

engineering design process to real world problems. 

 

9-12:  Create and edit multi-page document for public presentation. 

 

 
Considerations for classified students: 

 

Classroom Instruction: 

 All instruction for classified students will be guided by the students’ Individualized Education 

Plan (IEP). 

 Regular education teachers will be responsible for differentiating instruction for classified 

students based on the instructional modifications listed in the IEP. 

 In the case of General Education - Supported Instruction (GE-SI) Classes, the special 

education teacher will be responsible for support in modifying the curriculum for the students, 

informing the class room teacher of the modifications, and directing instructional aide(s) to 

provide support accordingly. 

 Grading will be done collaboratively by the regular and special education teachers.  

 

Modifications: 

 Modifications include but are not limited to: 

Extra time for assignments, modified classwork/homework assignments based on disability, 

preferential seating, study guides, copies of class notes, assistive technology and 

rewording/repeating or clarifying directions.   

 

In-class Assessments: 

 All assessments are to be in line with students’ IEPs.  In-class support teachers should 

modify tests for classified students.  Tests may be given in the regular education 

classroom or completed with the inclusion teacher in another location with additional 

time. Students may be tested separately according to the IEP. 

 Assessment grades may be modified based on a student’s disability and in accordance 

with their IEP.   

 

Considerations for English Language Learners (ELLs): 

 

Classroom Instruction: 

 Instruction for ESL students will be guided by their WIDA English Language Proficiency 

level.  Teachers should receive this level from the ESL teacher assigned to the building. 

 General education teachers will be responsible for differentiating instruction for ELLs with 

the assistance of the ESL teacher that promotes language, literacy and content learning. 

 Sheltered Instruction Observation Protocol (SIOP)  

http://siop.pearson.com/about-siop/  

http://siop.pearson.com/about-siop/
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The following 8 components provide all teachers with lesson planning and instructional 

strategies that support language and learning goals for all students.  This approach to teaching 

aligns with preparing students with college and career ready skills. 

The SIOP Model components:  

1. Lesson Preparation  

2. Building Background  

3. Comprehensible Input   

4. Strategies   

5. Interaction   

6. Practice and Application  

7. Lesson Delivery  

8. Review and Assessment 

 In the case of Content-Based ESL (CBE), the ESL teacher and the general education teacher 

will be responsible for identifying language objectives and additional instructional strategies 

that improve proficiency in English and academic success of ELLs.  Instructional strategies 

and the necessary scaffolds to promote student learning will be shared with the general 

education teacher for daily lessons that are aligned to District Curricula, CCSS, and WIDA 

Standards.  The general Education teacher and ESL teacher will be co-teachers for a pre-

determined amount of classroom instruction. 

 Grading will be done collaboratively by the regular and ESL teachers.  

 

Modifications:  The following are possible modifications but are not limited to this list –  

 Direct instruction, small group or pullout, about the contrasting letter sound correspondences, 

syllabication patterns and morphology in English supported with connections to their native 

language, native language text and/or resources, graphic organizers, visuals, sentence starters/ 

sentence frames, cloze activities, modeling, working with a partner, timeline and phrase wall 

and adapted text (in English) or specific sections of the original text, highlighted/bold-faced 

words within text. 

 Draw pictures instead of writing/speaking.  

 Match drawings with new vocabulary that might correspond. 

 Work in small group or pairs with their English Only (EOs) peers for authentic content 

language talk and grade level modeling. 

 Write simple sentences instead of complex sentences that demonstrates an understanding of 

academic language particular to specific content.  

 Match simple sentences with new vocabulary that might apply to edit sentences. 

 Have students provide examples/explanations of main idea in simple sentences.  Revisions 

show an attempt to improve Language Control by embedding academic content vocabulary and 

Linguistic Complexity by expanding and varying sentence structures and using correct 

punctuation. 

 Draw pictures instead of writing/speaking about seasonal changes.  Match drawings with new 

vocabulary (adjective word wall, content word walls) that might correspond. 

 Provide multiple opportunities for authentic speech acts to practice language skills and develop 

English fluency. 

 Total Physical Response (TPR) to model critical thinking skills like analyze and synthesize. 

 Study Guides 

 

In Class Assessments: 

 All formative and summative assessments will include modifications that support student’s 

English Proficiency level. ESL teachers will collaborate with regular education teachers to 

provide appropriate differentiation for assessing ELLs. 

 

http://www.youtube.com/v/o5xK5gP_Tbw?version=3&hl=en_US
http://www.youtube.com/v/mTnHonxao70?version=3&hl=en_US
http://www.youtube.com/v/rhYI3w5I0EA?version=3&hl=en_US
http://www.youtube.com/v/GjOrFN6PEDg?version=3&hl=en_US
http://www.youtube.com/v/hUrQr4GBg0g?version=3&hl=en_US
http://www.youtube.com/v/GGFTlmJmdmw?version=3&hl=en_US
http://www.youtube.com/v/sXkCZcPGxwE?version=3&hl=en_US
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Considerations for At Risk Students: 

 

 At Risk students are identified by the I&RS committee in each school.  The committee works 

to understand the reasons behind the student’s low performance level in school and to create 

and implement a plan that is carried out by a variety of staff members in the building. 

 Teachers with At Risk students are notified by the I&RS committee and provided with a copy 

of the plan and a timeframe for assessing the growth of the student.  There are academic as 

well as behavioral goals that are listed for the students with recommended strategies unique to 

each individual. 

 Classroom teachers are to follow the plan using instructional strategies that will help the 

student improve his/her performance while applying appropriate behavioral strategies 

consistent with the needs of the student. 

 Teachers will report student progress to the I&RS committee within the specified timeframe 

for the plan. 

 

Classroom instruction: 

 Teachers will use differentiated instruction for At Risk students as they do for all students in 

their class.  The strategies would be guided by the I&RS plan and be consistent with the 

student’s ability and learning modality.  

 

Modifications:  

 Clarify all assignments and place specific timeframes for completion.  Provide student with 

opportunity for one on one time for clarification. 

 Set clear expectations for all assignments, in and outside of class.  Keep expectations within 

the framework of the I&RS plan. 

 Use positive reinforcement for all successes.  Hold student to defined consequences for not 

completing work. 

 Provide time outside the normal class time for completion of work.  Not completing 

assignments is unacceptable, all assignments will be completed. 

 

In Class Assessments: 

 At Risk students should receive any modifications listed in their I&RS plan.  

 If necessary, students should be provided with extended time to complete assessments. 

 

Considerations for Gifted Students: 

 Teachers will use differentiated instruction for Gifted Students as they do for all students in 

their class. 

 Assignments and assessments can be planned and implemented with input from the student. 

 Gifted students will be provided with the opportunity to demonstrate their knowledge through 

a variety of platforms. 

 Teachers will have the latitude to provide assignments with the individual student’s ability in 

mind.  

 

 

 

 

 



44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Unit Overview  

Content Area:                          Chemistry 

Unit 12 Title:                            Gas Laws 

Target Course/Grade Level:  10 and 11 

Unit Summary:  The behavior and properties of gases are always related to physical quantities such as 

number of moles, pressure, temperature and volume.  Gas laws bring those variables together into 

mathematical equations. 

Mixtures of gases also obey laws that govern their behavior and properties. 

Stoichiometry and Avogadro’s Law can also be applied in the analysis of reactions involving gases at constant 

pressure and temperature. 

Graham’s Law relate rates of effusion and diffusion to the molar mass of gases. 

Kinetic Molecular Theory explains the behavior and properties of ideal gases. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
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appropriate; synthesize multiple sources on the subject, demonstrating understanding of 

the subject under investigation. (HS-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.   

(HS-PS2-1), (HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1), (HS-PS2-2), (HS-PS2-4),  

(HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),      

(HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),        

(HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties 

of the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.        

(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1),( HS-PS2-2) 

 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  Further studies of processes involving pure gas or mixture of gases must take into account 

the application of basic gas laws.  Students must be able to use the mathematical formulations given by the gas 

laws which relate several parameters for example, pressure, temperature, volume and number of moles. 

Fundamental gas laws are utilized in the study of the behavior of atmospheric gases and its relation to human 

activities such as industrial, transportation and energy production processes. 

Learning Targets 

Disciplinary 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) 

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 
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in kinetic energy. (HS-PS1-4), (HS-PS1-5) 

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

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

 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) 

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.                         

(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3) 

PS3.A:  Definitions of Energy 

 Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object 

and grows with the square of its speed. (MS-PS3-1) 

 A system of objects may also contain stored (potential) energy, depending on their relative 

positions. (MS-PS3-2) 

 Temperature is a measure of the average kinetic energy of particles of matter. The relationship between 

the temperature and the total energy of a system depends on the types, states, and amounts of matter 

present. (MS-PS3-3), (MS-PS3-4) 

PS3.B:  Conservation of Energy and Energy Transfer 

 When the motion energy of an object changes, there is inevitably some other change in energy at the 

same time. (MS-PS3-5) 

 The amount of energy transfer needed to change the temperature of a matter sample by a given amount 

depends on the nature of the matter, the size of the sample, and the environment. (MS-PS3-4) 

 Energy is spontaneously transferred out of hotter regions or objects and into colder ones. (MS-PS3-3) 

ETS1.A:  Defining and Delimiting Engineering Problems 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues of 

risk 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. (secondary to HS-PS2-3) 

 

ETS1.B: Developing Possible Solutions 

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

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts.            

(HS-ETS1-3) 

 Both physical models and computers can be used in various ways to aid in the engineering design 

process. Computers are useful for a variety of purposes, such as running simulations to test different 

ways of solving a problem or to see which one is most efficient or economical; and in making a 

persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

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

decisions about the priority of certain criteria over others (trade-offs) may be needed.                

(secondary to  HS-PS2-3) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use models to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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, 
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risk, time), and refine the design accordingly. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the 

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns 

of chemical properties.  

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

changing the temperature or concentration of the reacting particles on the rate at which a 

reaction occurs. 

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

produce increased amounts of products at equilibrium. 

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

HS-PS3-1 Create a computational model to calculate the change in the energy of one component in a 

system when the change in energy of the other component(s) and energy flows in and out of the 

system are known. 

HS-PS3-2 Develop and use models to illustrate that energy at the macroscopic scale can be accounted for 

as either motions of particles or energy stored in fields. 

HS-PS3-3 Design, build, and refine a device that works within given constraints to convert one form of 

energy into another form of energy. 

 

HS-PS3-4 Plan and conduct an investigation to provide evidence that the transfer of thermal energy 

when two components of different temperature are combined within a closed system 

results in a more uniform energy 

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, 

more manageable problems that can be solved through engineering. 

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 

that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well 

as possible social, cultural, and environmental impacts 

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-

world problem with numerous criteria and constraints on interactions within and between 

systems relevant to the problem. 

Unit Essential Questions 

 Which physical quantities affect the behavior 

of a gas? 

 What mathematical formulations express the 

gas laws? 

 What does STP stand for? 

 How does Dalton’s Law of partial pressures 

apply to gas mixtures? 

 How do we use stoichiometric procedure and 

Avogadro’s Law to analyze reactions involving 

gases? 

 How Graham’s Law relate effusion/diffusion 

rates to the molar mass of gases.  

 How does KMT explain the behavior of an 

ideal gas? 

Unit Enduring Understandings 

 Ideal gases behave and have properties that can be 

analyze and calculated by the Gas Laws. 

 Dalton’s Law relates partial pressure of individual 

gases and the total pressure in a gas mixture. 

 Stoichiometric procedure and Avogadro’s Law 

can be used to study reactions involving gases. 

 The effusion and diffusion rate of a gas can be 

determined using Graham’s Law. 

 Kinetic Molecular Theory explains the behavior of 

an ideal gas under a set of conditions. 

Unit Learning Targets 
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Students will ... 

 Define and calculate pressure and  

 Convert between different units of pressure. 

 Be able to read a barometer and manometer. 

 Understand the relationships described by Boyle’s, Charles’ and Avogadro’s Laws, and perform the 

related calculations. 

 Graph and interpret the relationships described by the gas laws. 

 Relate the volumes of gases to the stoichiometric ratios of chemical equations. 

 Utilize Dalton’s Law of Partial Pressures to describe the pressure and state of gas mixtures. 

 Describe and calculate the state of a gas using the ideal gas equation. 

 Apply the Kinetic Molecular Theory to describe the behavior of ideal gases, and describe the gas laws. 

 Calculate the root mean square velocity of a gas at specific temperatures. 

 Use Graham’s Law to compare and calculate rates of diffusion and effusion for gases. 

 Describe real gases and their deviations from the ideal gas law. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:    
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

 

 

 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Pressure – Barometer - Manometer 

 

1 hour/days 

 

Lesson 2 

Gas Laws 

 

4 hours/days 

 

Lesson 3 

Dalton’s Law of Partial Pressures 

 

3 hours/days 

 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  

Content Area:                          Chemistry 

Unit 13 Title:                            Intermolecular Forces – Liquids and Solids 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Most solids substances are held together by forces such as metallic, ionic and covalent 

network. 

Liquids on the other hand are mostly molecular compounds at normal room temperature and pressure 

The shape, bond energy and chemical properties of molecules are caused by the covalent bonding between the 

atoms. However, the behavior and physical properties of molecular liquids and solids are due largely to 

intermolecular forces between the molecules. 

These intermolecular forces determine various properties of materials for instance: viscosity, surface tension 

and vapor pressure in liquids, freezing and boiling points, and overall phase change behavior from solid to 

liquid to gas. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 Conduct short as well as more sustained research projects to answer a question (including a 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
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http://www.corestandards.org/ELA-Literacy/WHST/11-12
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http://www.corestandards.org/ELA-Literacy/WHST/11-12
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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-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.     

(HS-PS2-1), (HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1), (HS-PS2-2), (HS-PS2-4),    

(HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),       

(HS-PS2-2), (HS-PS2-4), (HS-PS2-5) ,(HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),         

(HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of 

the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.           

(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1), (HS-PS2-2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy.  

Unit Rationale:  A correct understanding of the nature and behavior of many materials in their solid, liquid or 

gaseous form is possible only when the student has a good grasp of the type of intermolecular forces between 

the particles of the material.  

The behavior and properties of modern materials such as liquid crystals, supercritical fluids, polymers, 

ceramics, carbon nanotubes and graphene can be explained by the nature of the interatomic and intermolecular 

forces between the particles of the material. 

Learning Targets 

Disciplinary 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) 

ETS1.A:  Defining and Delimiting Engineering Problems 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues of 

risk mitigation into account, and they should be quantified to the extent possible and stated in such a 
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way that one can tell if a given design meets them. (secondary to HS-PS2-3) 

ETS1.B: Developing Possible Solutions 

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

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts.           

(HS-ETS1-3) 

 Both physical models and computers can be used in various ways to aid in the engineering design 

process. Computers are useful for a variety of purposes, such as running simulations to test different 

ways of solving a problem or to see which one is most efficient or economical; and in making a 

persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

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

decisions about the priority of certain criteria over others (trade-offs) may be needed.                

(secondary to HS-PS2-3) 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use models to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 

 

 

 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#: Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

HS-PS3-1 Create a computational model to calculate the change in the energy of one component in a 

system when the change in energy of the other component(s) and energy flows in and out of the 

system are known. 

HS-PS3-2 Develop and use models to illustrate that energy at the macroscopic scale can be accounted for 

as either motions of particles or energy stored in fields. 

HS-PS3-3 Design, build, and refine a device that works within given constraints to convert one form of 

energy into another form of energy. 

HS-PS3-4 Plan and conduct an investigation to provide evidence that the transfer of thermal energy 

when two components of different temperature are combined within a closed system 

results in a more uniform energy 

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, 
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more manageable problems that can be solved through engineering. 

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 

that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well 

as possible social, cultural, and environmental impacts 

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-

world problem with numerous criteria and constraints on interactions within and between 

systems relevant to the problem. 

Unit Essential Questions 

 What forces hold together solids such as ionic 

compounds, metals and diamond and sapphire? 

 Define intra- and inter-molecular forces of 

attraction. 

 What are the van der Waals forces of 

attraction? 

 How are viscosity, surface tension and vapor 

pressure affected by the magnitude of 

intermolecular forces? 

 How do we calculate the amount of energy 

related to the phase change of a substance? 

 How do we analyze phase diagrams? 

Unit Enduring Understandings 

 The structure of most solid materials are 

governed by either ionic or metallic forces, 

or covalent network structures. 

 Substances that are mostly liquid or gaseous 

at normal room pressure and temperature are 

governed by van der Waals intermolecular 

forces of attraction. 

 These intermolecular forces affect the 

viscosity, surface tension and vapor pressure 

of the molecular substances. 

 Phase changes from solid to liquid to gas are 

determined by the above mentioned 

intermolecular forces as well as the amount 

of thermal energy absorbed by the substance. 

 Phase diagrams show the physical state that 

a substance is in under varying conditions of 

pressure and temperature. 

 

 

 

 

Unit Learning Targets 

Students will ... 

 Identify the force of attraction between the particles in ionic compounds, metals and extremely hard 

materials such as diamonds and gemstones. 

 Identify the force of attraction between the particles in molecular substances. 

 Describe intermolecular forces and how they alter the properties of similar molecules. 

 Describe and compare the properties of molecular and ionic solids. 

 Use properties related to heating characteristics to determine the thermal energy required the cause 

changes in the physical state of a substance. 

 Interpret heating curves and phase diagrams. 

Evidence of Learning 
Summative Assessment (12 days):  
Chapter test. 

Equipment needed:   
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes 

 class worksheets 

 homework 

 lab reports 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Ionic, Metallic and Covalent Network Solids 

 

1 hour/days 

 

Lesson 2  
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van de Waals Forces in Molecular Substances 3 hours/days 

 

Lesson 3 

Heating Curve & Phase Change 

 

3 hours/days 

 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Unit Overview  

Content Area:                          Chemistry 

Unit 14 Title:                            Acids and Bases – Definition and pH Calculations 

Target Course/Grade Level:  10 and 11 

Unit Summary:  The definition of acids and bases given by both Svante Arrhenius and Bronsted-Lowry are 

introduced and used extensively to explain the nature and properties of acid and basic solutions. 

The definition and examples of strong and weak acids and bases, and the concept of conjugate acid-base pairs 

are presented and explained in the context of chemical reactions. 

The concentration of H+ and OH- ions in an aqueous solution is usually expressed in terms of pH and pOH. 

Acidic, basic and neutral aqueous solutions are identified based on the pH value of the solutions. 

Chemical reactions involving acids and bases are analyzed in order to determine both their stoichiometric 

characteristics and the final pH of the mixture. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
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appropriate; synthesize multiple sources on the subject, demonstrating understanding of the 

subject under investigation. (HS-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.     

(HS-PS2-1), (HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1), (HS-PS2-2), (HS-PS2-4), 

(HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.  (HS-PS2-1),      

(HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context.  (HS-PS2-1),        

(HS-PS2-4) 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of 

the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.          

(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales.  (HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1), (HS-PS2-2) 

 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

Unit Rationale:  The identification of solutions as being acidic or basic is critical in numerous chemical and 

biological processes which occur in scientific research, industrial plants as well as in the environment.  

Students must be able to identify compounds, given by their formulae, as being acids or bases and, analyze 

reactions in order to determine the final pH and consequently, the acidity or basicity of the solutions. 

Learning Targets 

Disciplinary 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) 

PS1.B: Chemical Reactions  

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

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with 

consequent changes in the sum of all bond energies in the set of molecules that are matched by changes 

in kinetic energy. (HS-PS1-4), (HS-PS1-5) 

http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSA/CED
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSF/IF
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
http://www.corestandards.org/Math/Content/HSS/ID
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=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=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=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
http://www.nap.edu/openbook.php?record_id=13165&page=109
http://www.nap.edu/openbook.php?record_id=13165&page=109
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 In many situations, a dynamic and condition-dependent balance between a reaction and the reverse 

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

 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) 

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.                          

(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3) 

ETS1.A:  Defining and Delimiting Engineering Problems 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues of 

risk 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. (secondary to HS-PS2-3) 

ETS1.B: Developing Possible Solutions 

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

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (ETS1-3) 

 Both physical models and computers can be used in various ways to aid in the engineering design 

process. Computers are useful for a variety of purposes, such as running simulations to test different 

ways of solving a problem or to see which one is most efficient or economical; and in making a 

persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

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

decisions about the priority of certain criteria over others (trade-offs) may be needed.  

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use models to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the 

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns 

of chemical properties.  

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

changing the temperature or concentration of the reacting particles on the rate at which a 

reaction occurs. 

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

produce increased amounts of products at equilibrium. 

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
http://www.nap.edu/openbook.php?record_id=13165&page=109
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HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, 

more manageable problems that can be solved through engineering. 

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 

that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well 

as possible social, cultural, and environmental impacts 

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-

world problem with numerous criteria and constraints on interactions within and between 

systems relevant to the problem. 

Unit Essential Questions 

 What is the definition of an acid (base) 

under Arrhenius? 

 How does Bronsted-Lowry define acids 

and bases? 

 What defines an acid (base) as being 

strong or weak? 

 What is an acid-base conjugate pair? 

 How do we calculate the pH of a solution 

given the molar concentration of H+ or 

OH- ions? 

 How do we determine the final pH of a 

reaction involving acids and bases? 

Unit Enduring Understandings 

 According to Arrhenius, (a) acids are substances 

that release H+ ions into solutions; (b) bases 

release OH- ions. 

 Bronstead-Lowry defines acids as any substance 

that donates H+ (protons) and, bases as any 

substance that accepts H+. 

 

 Strong acids and bases dissociates completely in 

water. 

 Weak acids and bases only partially dissociates in 

water. 

 In any acid-base reactions at equilibrium, acids 

(bases) always produce conjugate bases (acids). 

 The pH of a solution is determined by applying 

pH= –log [H+] where, [H+] = molar concentration 

of H+. 

 

 

 The final pH of an acid-base reaction is 

determined by the analysis of which ion, H+ or 

OH-, is in excess when the reaction is complete. 

Unit Learning Targets 

Students will ... 

 Define acids and bases according to Arrhenius and Bronstead-Lowry. 

 List the seven strong acids and the strong bases 

 Describe the properties that differentiate strong from weak acids and bases. 

 Write the equation for the ionization of an acid or base. 

 Identify the acid-base conjugate pairs in a chemical equation. 

 Calculate the pH, or pOH, of a solution given molar concentration of H+, or OH-. 

 Perform stoichiometric analysis of reactions between acids and bases to determine the final pH of the 

solution. 

 Determine the concentration of an unknown acid or base using titration data. 

 To describe how to choose an indicator for a particular reaction. 

Evidence of Learning 
Summative Assessment(12 days):  
Chapter test. 

Equipment needed:   
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder. 

Teacher Resources:  
Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes and lab reports  class worksheets and homework 

Lesson Plans  
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Lesson Timeframe 

Lesson 1 

Classic Definitions of Acids and Bases 

 

1 hour/days 

 

Lesson 2 

Conjugate Acid-Base Pairs 

 

1 hours/days 

 

Lesson 3 

The pH Scale 

 

3 hours/days 

 

Teacher Notes:  

Curriculum Development Resources 

 

http://www.nextgenscience.org/next-generation-science-standards 

 

http://www.state.nj.us/education/aps/cccs/science/ 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/
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Unit Overview  
Content Area:                          Chemistry 

Unit 15 Title:                            Nuclear Reactions 

Target Course/Grade Level:  10 and 11 

Unit Summary:  Atom nuclei that are unstable spontaneously emit radiation and are said to be radioactive. 

Atoms containing unstable nuclei, labelled nuclides, are known as radioisotopes. 

The emission of radiation, also called radioactive decay, can be of five common types: alpha particles (2
4He), 

beta particles (-1
0e), positron (-1

0e), electron capture, and gamma radiation (0
0γ).  Each one of the radioactive 

decays has its own properties related to electric charge, mass and penetrating power. 

The rate of nuclear decay can be expressed in terms of half-life, and knowing the value of half-life allows us to 

determine the amount of radioisotope that remains intact after a given period of time. 

Analogous to chemical equations, nuclear equations, showing the initial radioisotope, the nature of emission 

and the final remaining product, can be written for each type of nuclear decay. 

Empirical observations have concluded that, in general, nuclei with eight-four (84) or more protons are 

naturally radioactive and, that the ratio neutron-to-proton determines the degree of stability of the nucleus. 

Nuclear transmutation occurs when high-velocity sub-atomic particles, such as neutrons or alpha particles, are 

made to collide with the nucleus of an otherwise stable atom. 

Fission is the splitting of heavy nuclei forming light nuclei and releasing a vast amount of energy. Fusion is the 

union of light nuclei, at extremely high temperatures, forming heavier nuclei and also releasing an enormous 

amount of energy. 

Primary 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-PS2-1), (HS-PS2-6) 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and 

media (e.g., quantitative data, video, multimedia) in order to address a question or solve a 

problem. (HS-PS2-1) 

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/ experiments, or technical processes. (HS-PS2-6) 

WHST.11-12.7 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-PS2-3), (HS-PS2-5) 

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-PS2-5) 

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.      

(HS-PS2-1), (HS-PS2-5) 

Mathematics - 

HSN.Q.A.1 Use units as a way 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-PS2-1),(HS-PS2-2),(HS-PS2-4),   

(HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),       

(HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting 

quantities. (HS-PS2-1),(HS-PS2-2),(HS-PS2-4),(HS-PS2-5),(HS-PS2-6) 

HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),         

(HS-PS2-4) 

http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RH/9-10
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/ELA-Literacy/WHST/11-12
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSN/Q
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE
http://www.corestandards.org/Math/Content/HSA/SSE


59 

 

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of 

the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4) 

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.          

(HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.2 Create equations in two or more variables to represent relationships between quantities; 

graph equations on coordinate axes with labels and scales. (HS-PS2-1), (HS-PS2-2) 

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in 

solving equations. (HS-PS2-1), (HS-PS2-2) 

HSF-IF.C.7 Graph functions expressed symbolically and show key features of the graph, by in hand in 

simple cases and using technology for more complicated cases. (HS-PS2-1) 

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots). 

(HS-PS2-1) 

21st century themes:  Global Awareness; Financial, Economic, Business and Entrepreneurial Literacy; Civic 

Literacy; and Health Literacy. 

Unit Rationale:  Radioactive elements, radioisotopes, are extensively used in medicinal procedures as 

diagnostic tools as well as treatment for an array of diseases, especially cancer.  They are also used as tracers 

in the analysis of the movement of atoms and molecules in bio-organisms and in the study of mechanisms of 

biochemical reactions. 

Nuclear reactions are also used in the generation of electricity in nuclear power plants. 

Learning Targets 

Disciplinary 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) 

PS1.B: Chemical Reactions  

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

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with 

consequent changes in the sum of all bond energies in the set of molecules that are matched by changes 

in kinetic energy. (HS-PS1-4), (HS-PS1-5) 

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

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

 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) 

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) 

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. (HS-PS2-

6),(secondary to HS-PS1-1), (secondary to HS-PS1-3) 

PS3.A:  Definitions of Energy 

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

radiation within that system. That there is a single quantity called energy is due to the fact that a 

system’s total energy is conserved, even as, within the system, energy is continually transferred from 

one object to another and between its various possible forms. (HS- PS3-1), (HS-PS3-2) 

 At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, light, and 

thermal energy. (HS-PS3-2), (HS-PS3-3) 
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 These relationships are better understood at the microscopic scale, at which all of the different 

manifestations of energy can be modeled as either motions of particles or energy stored in fields (which 

mediate interactions between particles). This last concept includes radiation, a phenomenon in which 

energy stored in fields moves across space. (HS-PS3-2) 

ETS1.A:  Defining and Delimiting Engineering Problems 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues of 

risk 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. (secondary to HS-PS2-3) 

ETS1.B: Developing Possible Solutions 

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

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (ETS1-3) 

 Both physical models and computers can be used in various ways to aid in the engineering design 

process. Computers are useful for a variety of purposes, such as running simulations to test different 

ways of solving a problem or to see which one is most efficient or economical; and in making a 

persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

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

decisions about the priority of certain criteria over others (trade-offs) may be needed. 

Science and Engineering Practices: 

Developing and Using Models 
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to 

predict and show relationships among variables between systems and their components in the natural 

and designed worlds. 

 Develop a model based on evidence to illustrate the relationships between systems or between 

components of a system. (HS-PS1-4), (HS-PS1-8) 

 Use models to predict the relationships between systems or components of a system. (HS-PS1-1) 

  Planning and Carrying Out Investigations 

 Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include 

investigations that provide evidence for and test conceptual, mathematical, physical, and empirical 

models. 

 Plan and conduct an investigation 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. (HS-PS1-3) 

Using Mathematics and Computational Thinking 

 Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using 

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 

functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data. 

 Simple computational simulations are applied based on mathematical models of basic assumptions. 

NGSS#:  Next Generation Science Standard: 

HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the 

patterns of electrons in the outermost energy level of atoms. 

HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the 

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns 

of chemical properties.  

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

changing the temperature or concentration of the reacting particles on the rate at which a 

reaction occurs. 

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

produce increased amounts of products at equilibrium. 

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are 

conserved during a chemical reaction.  

HS-PS1-8 Develop models to illustrate the changes in the composition of the nucleus of the atom and the 

energy released during the processes of fission, fusion, and radioactive decay.  
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HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into smaller, 

more manageable problems that can be solved through engineering. 

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 

that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well 

as possible social, cultural, and environmental impacts 

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-

world problem with numerous criteria and constraints on interactions within and between 

systems relevant to the problem. 

Unit Essential Questions 

 When does an atomic nucleus become 

radioactive? 

 What is a nuclear decay? 

 What are the five main types of nuclear 

decay? 

 What are the patterns that allow us to predict 

whether or not an atomic nucleus is stable? 

 How do we write an equation showing a type 

of nuclear decay? 

 What is half-life of a nuclear decay? 

 What is a nuclear transmutation? 

 What is fission? 

 What is fusion? 

 

Unit Enduring Understandings 

 Naturally, or artificially, unstable atomic 

nuclei undergoes nuclear decay releasing 

particles and/or electromagnetic radiation. 

 Each kind of nuclear decay has its own 

properties related to mass, electric charge and 

penetrating power. 

 Nuclear decay and nuclear transmutation can 

be expressed by nuclear reaction equations.  

 Using the value of the half-life for a nuclear 

decay allows us to determine the remaining 

mass of a radioisotope after a given period of 

time. 

 Fission is the splitting of heavy nuclei into 

light nuclei. 

 Fusion is the union of light nuclei into heavier 

nuclei releasing an enormous amount of 

energy. 

Unit Learning Targets 

Students will ... 

 Define radioactivity and nuclear decay. 

 Explain why nuclear decay is likely to occur in certain isotopes. 

 Identify the possible products for different types of nuclear decay. 

 Write balanced nuclear decay equations. 

 Define rate of nuclear decay and, use half-life and remaining mass calculations. 

 Identify and describe the uses of radioactivity in medicinal and industrial processes. 

 Define fission and fusion nuclear reactions. 

Evidence of Learning 
Summative Assessment (12 days):  Chapter test. 

Equipment needed:  Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated 

cylinder. 

Teacher Resources:  Textbooks, ancillary worksheets and materials, videos. 

Formative/Benchmark Assessments 

 quizzes and lab reports  class worksheets and homework 

Lesson Plans  
Lesson Timeframe 

Lesson 1 

Radioactivity and Nuclear Decay 

 

2 hours/days 

Lesson 2 

Rates of Nuclear Decay 

 

2 hours/days 

Lesson 3 

Nuclear Fission and Fusion Reactions 

 

1 hours/days 

Teacher Notes:  

Curriculum Development Resources 

http://www.nextgenscience.org/next-generation-science-standards 

http://www.state.nj.us/education/aps/cccs/science/ 

 

http://www.nextgenscience.org/next-generation-science-standards
http://www.state.nj.us/education/aps/cccs/science/

