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Abstract

In the interest of designing a hypothetical advanced or honors-level high school
chemistry course, I have conducted a literature review of relevant chemical and science
education research and the most recent national-level performance and accountability standards
for chemistry education in the United States—the Next Generation Science Standards and the
Advanced Placement (AP) Chemistry program. The purpose of this is to communicate to
educators where the overlap between effective pedagogical practices for chemistry and
professional standards-based expectations lies, how to reconcile these domains into a cohesive
instructional approach, and in the process inform curriculum design for an academically rigorous
and engaging advanced/honors chemistry course at the secondary level. The literature review
concludes with a set of design principles towards this purpose and appendices showing an
example Unit Plan implementing those principles across roughly eight to ten days of block
instruction.
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Chapter 1
Introduction
Chemistry’s nickname in academic circles is the central science. It forms a conceptual
link between the realms of physics, where the fundamental laws and properties of the universe
are studied, and biology, where those properties are applied to the complex systems of life, by
busying itself with the microscopic particles that both exemplify those laws and in turn inform
the macroscopic behavior of everyday objects and organisms.
Despite this lofty title, however, chemistry also has a bad reputation amongst its students.
Its relative importance towards other scientific disciplines has not done the field any favors in the
court of public opinion; in my several years of experience tutoring/teaching both high school and
university-level chemistry, rare was the student who expressed a genuine love for the content—
even in “Advanced” and “Honors” courses. The far more common attitude is a desire for credit
(in high school) and, in college, reaching only for shallow understanding of the material to pass
what is inevitably a required course for some other major—biology, engineering, mathematics.
My perception of students seeing chemistry as overly difficult and unintuitive is not
unique, nor is it unique even to the United States. A 2014 set of surveys conducted as far away
as Ethiopia (with students from Turkish and North Colorado universities questioned, as well)
revealed that postsecondary chemistry students saw chemistry as difficult for reasons such as the
highly “abstract” nature of the content and the unwelcome emphasis on mathematics; as the
survey analysis put it, “one in three students perceived chemistry as too mathematical.” Worse
still, not all of the students’ complaints were echoed by the lecturers and teaching assistants who
also responded; the latter groups often cited “overcrowded classes, lack of resources and staff,
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and indirect factors, such as student background and socio-economic conditions”
(Woldeamanuel, Atagana, and Engida, 2014).
For their part, the lecturers in the survey set also sometimes noted the difficulty of
chemistry’s abstraction, but the two most troubling aspects of the situation remain—the
disagreement between students and instructors over the source of underperformance and lack of
interest in chemistry (indicative of a larger lack of engagement) and the fact that chemistry, a
physical science, is seen as so abstract that learners cannot properly engage with it. If
postsecondary students of chemistry, who are predisposed to pursue the material, are
encountering these problems, then it stands to reason that they exist—and are probably first
fostered—in high school chemistry courses, even those labeled “Advanced” or “Honors” and
would thus draw those eventual university students.
As with other fields of education, chemical and science education research is conducted
precisely to identify and address these problems. It seeks to outline key pedagogical practices
that help keep students engaged with, achieve deep-level processing of, and ultimately retain and
see the practical applications of the material—in this case, of course, general principles of
chemistry. That research, however, has not always been purely objective: Cooper and Stowe
(2018) outline how early chemical education research was based instead on what they refer to as
“personal empiricism,” or essentially individual conceptions of good teaching methods—noting
how some early articles on the subject had little to no citations. They also argue that the
dominant viewpoint in chemical education research has shifted since then from an instructorfocused approach (where knowledge is “transferred intact” from teacher to learner) to a studentcentered “constructivist” approach (where knowledge must be developed by the learner
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themselves and is prone to misconceptions because they are not blank slates) (Cooper and Stowe,
2018).
In a perfect world, the sole stakeholders in education would of course be the students
themselves, and teachers would be able to focus entirely on applying science education research
to design curricula and produce the best possible learning outcomes for students. Other parties
are at play in the world of education, however—specifically, the governing and standardizedtesting bodies that set accountability and performance standards, respectively. The most
prominent recent example of the former is the Next Generation Science Standards developed in
2013 and the various sets of state science education standards that were drafted using it as a basis
(NGSS Lead States, 2013); the latter is perhaps most exemplified in the United States with the
College Board’s Advanced Placement (AP) program in chemistry (“AP Chemistry: About the
Advanced Placement Program,” 2017).
Thus, a teacher is obligated not only to heed chemical education research but also the
accountability and performance standards expected of them at their grade level and content area.
Ideally the overlap between these three domains would be extensive, but parsing them can be a
daunting prospect for a teacher amid tasks such as lesson planning and course design; adding to
the complexity is the need to apply those domains to the teacher’s specific field, students, and
setting.
Chemical and science education research is typically aimed at a broad range of grade
levels (where applicable for chemistry), whereas the Next Generation Science Standards are
divided into grade- and discipline-based standards. The Advanced Placement program in
chemistry is the limiting reactant, so to speak, in that it is a self-contained entity usually offered
to a select group of students in a given high school: students who choose/are eligible for
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“advanced” or “honors” courses. Such is a uniquely motivated and high-ability student body
worthy of special consideration in course design, especially considering the unique performance
standards the AP program that can accompany an advanced/honors high school chemistry
course.
Tasked with providing an academically rigorous and engaging experience to a unique and
demanding group of students, a high school Advanced/Honors Chemistry teacher must design a
course curriculum that pleases as many masters as possible in this complicated landscape—the
standardization of NGSS, the expectations of the AP program, and the most beneficial means of
chemistry instruction according to recent education research. The intersection of these three
domains, for the purposes of satisfying all of them and informing advanced/honors chemistry
curriculum design that leads to positive learning outcomes, is the subject of the following
literature review.
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Chapter 2
The Next Generation Science Standards
The Next Generation Science Standards refers to a set of science standards for American
schools from grades K-12, focused on the disciplines of physical sciences (chemistry and
physics), biology, and Earth/space science with various standards and examples of expectations
for each grade level (NGSS Lead States, 2013). There are also three key components the NGSS
emphasize for each individual standard: scientific/engineering practices (classroom practices that
reflect what scientists and engineers do in their professions, namely “applying science and
mathematics to design solutions to problems” to inquire into a phenomenon), crosscutting
concepts (concepts that “bridge disciplinary boundaries, having explanatory value throughout
much of science and engineering” and provide students with an “organizational framework for
connecting knowledge from various disciplines”), and disciplinary core ideas (“those that focus
K-12 science curriculum, instruction and assessments on the most important aspects of science
disciplinary content knowledge,” mostly being relevant and capable of increasing sophistication
as grade levels increase) (NGSS Lead States, 2013).
Acutely aware of the complicated politics surrounding the Common Core, a set of statedeveloped opt-in standards for math and reading, NGSS makes an effort to present itself as a
similar but unique entity for the sciences (NGSS Lead States, 2013). However, many state
boards of education, including Pennsylvania’s, have used the NGSS as a foundation for their
own sets of science standards (Pennsylvania Department of Education, 2018). Because of this,
the NGSS are still worthy of analysis and adoption in a teacher’s personal course design, on top
of having the broadest applicability—being national in scope and thus allowing a curriculum
informed by this literature review to be applicable to many different states and school districts.
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To best understand the NGSS’s structure, standards, and key domains, examples of those
standards as they apply to high school chemistry are needed. Being a broad set of standards
organized by grade level, NGSS focuses on general education in each field rather than having
specific “advanced/honors” standards, but general-level expectations obviously still apply in a
more advanced setting. In order to ensure applicability at every grade level (and not just high
school, where specific chemistry courses are typically taught), chemistry standards are grouped
with those of physics for “physical sciences”; five of these physical sciences standards for grades
9-12 are perhaps the most relevant to a prospective advanced/honors chemistry course.
The NGSS entry titled “HS.Chemical Reactions,” for instance, lists five smaller standards
(HS-PS1-2, 1-4, 1-5, 1-6, and 1-7) that describe various content knowledge expectations for
students, such as chemical reactions, periodic properties of elements, bond energy, energy
changes in reactions, effects of temperature and concentration on reactions, equilibrium shifting,
and the mathematics of the conservation of mass in chemical reactions (NGSS Lead States,
2013). Each smaller standard is also accompanied by a Clarification Statement (typically
examples of the given content) and an Assessment Boundary (generally stating the scope of the
content). Below the list of smaller standards are also descriptions of how the overall
HS.Chemical Reactions standard falls in line with the three key domains of Science and
Engineering Practices (e.g. developing and using models to explain chemical reactions),
Disciplinary Core Ideas (e.g. umbrella Physical Sciences standards such as PS1.A: Structure and
Properties of Matter), and Crosscutting Concepts (e.g. Energy and Matter transformations and
other unifying concepts of science) (NGSS Lead States, 2013).
Other example standards for chemistry follow a similar vein. “HS.Structure and
Properties of Matter” lists a set of smaller standards related to patterns in periodic trends and
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valence electrons, electrical forces/interactions between particles, atomic nuclei and radiation,
and material properties based on molecular structure; “HS-PS3-2 Energy” describes
understanding the relationship between microscopic particle motion and macroscopic energy;
“HS-PS4-3 Waves and their Applications in Technologies for Information Transfer” discusses
the wave-particle duality of electromagnetic radiation and the relevant situations for each model;
and “HS-PS1-6 Matter and its Interactions” describes analysis of a chemical system at
equilibrium and the effects of different conditions (NGSS Lead States, 2013).
The common theme in these example chemistry standards, and what is most indicative of
a research base and overall curriculum design for a chemistry course, is the emphasis on example
situations and student-generated models of the content knowledge rather than abstract problems.
This can be seen in both the key domains, which make frequent references to such Science and
Engineering Practices as “Developing and Using Models” and “Constructing Explanations and
Designing Solutions” and the phrasing of the content standards to describe tasks rather than
ideas: “construct and revise an explanation,” “develop a model to illustrate,” “refine the design
of a chemical system,” “plan and conduct an investigation,” “evaluate the claims, evidence, and
reasoning,” and so on (NGSS Lead States, 2013). This focus on student activity, reflection of
actual scientific/engineering work and problem solving in the classroom, and
inquiry/investigation-based learning in the Next Generation Science Standards for chemistry is
the foundation of its link to chemical education research.
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Chapter 3
Student-Directed Learning: Connecting Research to the NGSS
Built into the phrasing and foundations of the NGSS’s approach to chemistry (and other
physical sciences standards) is an emphasis on student-directed learning, as stated above. This
forms a key point of overlap with current chemical and science education research regarding
effective instructional methods; a wide variety of literature suggests adopting the “constructivist”
approach described by Cooper and Stowe, where students build a large part of content
understanding and concept connections themselves (Cooper and Stowe, 2018).
The NGSS’s stated research background is based on the U.S. National Research Council
(NRC) Framework for K-12 Education, which defines proficiency in science based on the three
key domains outlined earlier (science/engineering practices, disciplinary core ideas, and
crosscutting concepts) (NGSS Lead States, 2013). James Pellegrino writes for Science that the
NGSS’s grade-level scaling of science proficiency “where a student can be placed along a
sequence of progressively more ‘scientific’ understandings…that by definition includes more
sophisticated applications of practices and crosscutting concepts” (Pellegrino, 2013). He also
explains that the NRC Framework and Science Standards for College Success, two parts of the
NGSS’s research base, used a model for “expressing standards in terms of performance
expectations” (Pellegrino, 2013).
This is another useful connection to research, both for the purposes of satisfying the
NGSS and designing effective assessments in a science classroom; later in the article, Pellegrino
describes assessment involving “evidentiary reasoning,” or students explaining
phenomena/observations with evidence, and notes that the expectation that students model their
own thinking to produce explanations is an assessment practice more unique to the NGSS than to
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current state-level tests produced following the 2001 No Child Left Behind program (Pellegrino,
2013). “In essence, the performance expectations found in the NGSS are claims about student
proficiency,” he writes, noting the prevalence of the same student-focused verbiage in the
standards that I did in the previous section, such as “model,” “explain,” and “predict”
(Pellegrino, 2013). Tasking students with not only understanding content but engaging in
“scientific practices” such as modeling places learning into the hands of those students, and
“crosscutting concepts” support a more holistic, unified view of science as a general
inquiry/evidence-based means of investigating problems rather than sets of facts in separate
disciplines. Such is the link between chemical education research, the NGSS, and chemistry
course design.
This emphasis on student-directed “constructivist” learning is also not found solely in the
NGSS and Cooper and Stowe’s (2018) writing but in a wealth of chemical and science education
resources. Wilcox, Kruse, and Clough wrote for The Science Teacher that while the term
“inquiry” itself has had many definitions and interpretations over the history of science education
research, the practice of teaching science through inquiry produces positive learner outcomes
(Wilcox, Kruse, and Clough, 2015). They outline several “myths,” or common criticisms, of
such inquiry-based, student-focused learning: that it is entirely student-based “discovery
learning” with no scaffolding, that classes are entirely hands-on and encourage little thought
beyond “cookbook” or “confirmatory” steps, that it does not use time efficiently or properly
prepare students with content knowledge to succeed in careers/postsecondary education, that it is
not useful for all students, and that it cannot be used for more advanced content (Wilcox, Kruse,
and Clough, 2015).
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However, Wilcox et al’s article claims that these are in fact misconceptions and
symptomatic not of teaching science through inquiry, but poorly teaching science through
inquiry. In response, several key points are made about effective pedagogical practices for
implementing an inquiry-based teaching model: an emphasis on the teacher’s role in providing
scaffolding and being responsive to students’ prior knowledge and reasoning, requiring students
to make certain decisions about their activities rather than simply following instructions to reach
a foregone conclusion (e.g. allowing students to choose their own tests for identifying an
unknown substance as opposed to giving them a list of tests), and having students demonstrate
their understanding through application and generating their own conclusions from data (Wilcox,
Kruse, and Clough, 2015).
Arguments that inquiry-based science teaching is inefficient and improperly prepares
students are met with rebuttals that the “deep, applicable, and transferable conceptual
understanding of science content” student-directed teaching develops is actually far more useful
and relevant to students than highly directive teaching which is grounded surface-level content
memorization; the authors also cite equal or improved testing scores in science assessments for
students in inquiry-based classrooms and reports of postsecondary faculty’s dissatisfaction with
incoming students’ ability to actually do science (Wilcox, Kruse, and Clough, 2015).
“University science faculty generally regard understanding scientific practices as an important
prerequisite for success in college science courses” (Wilcox, Kruse, and Clough, 2015).
Inquiry-based science teaching is one way of approaching the student-directed
investigations that the NGSS are founded upon. The Ambitious Science Teaching model put
forth by Windschitl, Thompson, and Braaten adopts a similar mindset, proposing observable
student-focused classroom practices to avoid “broad notions like ‘inquiry’ and ‘hands-on work’”
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and framing cohesive, long-term units around testable questions and the observations and
investigation of a given “phenomenon” (Windschitl, Thompson, and Braaten, 2018). Ambitious
Science Teaching provides a four-practice framework for instruction using this phenomenonbased model of units: Planning for Engagement with Big Scientific Ideas (choosing an
appropriately complex and useful phenomenon to demonstrate the content or an application of
it), Eliciting Students’ Ideas (tasking students with making observations and forming claimsevidence-reasoning frameworks for the data they collect and how it relates to the phenomena),
Supporting Ongoing Changes in Students’ Thinking (e.g. encouraging exploratory tasks such as
modeling, scaffolding students’ reasoning and explanations, and the continued use of formative
assessments as a unit proceeds), and Drawing Together Evidence-Based Explanations (returning
to the original phenomenon and helping students form new conclusions about it using the various
observations and exploratory activities of the unit) (Windschitl, Thompson, and Braaten, 2018).
Beyond instructional practices like this, within the Ambitious Science Teaching model is
an emphasis on improving students’ communication of their ideas to both the teacher and their
peers, including a focus on group work and discussion time, classwide discussion where students
must speak for their ideas or those of their groups, and written or otherwise student-generated
forms of assessment (e.g. drawing a schematic of a phenomenon) (Windschitl, Thompson, and
Braaten, 2018). It aims to break down students’ misconceptions by treating their prior
knowledge and past experiences as valuable resources that they are encouraged to utilize and
draw upon in attempting to form reasoning about phenomena, rather than letting those potential
misconceptions linger and color their perception of events unconsciously (Windschitl,
Thompson, and Braaten, 2018). In general, student and class thinking are made visible in an
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Ambitious Science Teaching setting, with the teacher’s role (outside of planning) being that of a
facilitator and organizer for their ideas.
As stated by Windschitl et al., pedagogical methods discussion can often be bogged down
in vagaries such as “hands-on instruction” and various other broad, difficult-to-visualize terms
(Windschitl, Thompson, and Braaten, 2018). For this purpose, frameworks and examples prove
useful, such as Schwarz et al’s 2009 case study of fifth- and sixth-grade students participating in
Investigating and Questioning Our World through Science and Technology (IQWST) where they
engaged in six-week units on grade-level physics and chemistry topics, such as developing a
particle view of matter through exploring why smells can travel across a room (Schwarz et al.
2009).
In what was essentially an application of the Ambitious Science Teaching model before
such was codified (or simply an inquiry-based approach), the researchers mainly evaluated the
progression of the students’ model-making abilities as they continued to investigate this specific
phenomenon, outlining a specific instructional modeling sequence: establishing an anchoring
phenomenon, early model construction (largely illustrative or speculative), empirical testing and
evaluation of the model, testing the model against alternative ideas, and revision of the model
followed by efforts to explain the phenomenon/use the model as a predictive tool (Schwarz et al.
2009). In the same vein, they also present a tier system for assessing students’ model-making
prowess, from simple illustrations of phenomena to, without scaffolding, viewing models as
useful tools for them to generate in order to solve problems, predict new phenomena, and
compare to other models for the same purpose, noting their advantages and weaknesses (Schwarz
et al. 2009).
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In designing an effective high school chemistry course, not only does research thus
support an emphasis on students learning to generate their own explanations, reasoning
frameworks, and models of phenomena—the chief national and state standard sets of the NGSS
and its imitators seem to be directly constructed from this research base because of their focus on
framing science performance standards as student tasks and demonstrations of their
understanding rather than simple memorization of content.

14
Chapter 4
Performance Standards: The Advanced Placement Program
Though the NGSS and its derivative state-based versions are indeed an important source
of accountability standards worthy of consideration for a chemistry teacher, and though studentdirected learning has been shown to produce positive outcomes, neither of those two factors is
unique to a potential “advanced” or “honors”-level high school chemistry course. In schools
with tracking, chemistry courses are often among those with advanced or honors-level versions
for higher-track students, which typically represent students who are meant to be higher-ability
or more engaged with the material (not to delve too far into the politics of tracking themselves,
which are another matter).
While individual schools and districts can often set their own curricula for these higherlevel courses (or at least keep them in accordance with state standards), there exists a
standardized national analog to the NGSS for this specific variety of course: the College Board’s
Advanced Placement (AP) program. Though it is not the sole example of a formalized honors
program with its own standard assessment and course material—the International Baccalaureate
(IB) program also comes to mind—Advanced Placement matches the NGSS’s scope of an opt-in
program with national reach for the United States.
Aside from its main draw to schools—its offer of a standardized exam for students to
take following its course, the results of which they can submit on college applications for a
quantitative comparison to other students—the AP program is recognized by many
postsecondary institutions in the United States by providing students with credits for classes they
would otherwise have to take there if they have a qualifying score in the corresponding subject
(Carr, 2018; AP Chemistry: About the Advanced Placement Program, 2017). For instance, a
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2018 study of Medium-sized, full-time, 2-year undergraduate (MFT2) institutions by Jeremy
Carr found that such schools (often community colleges) offered credit for introductory
chemistry courses when incoming students had achieved an AP Chemistry exam score of 3/5 or
above, while “destination universities” for community college students (often four-year
undergraduate institutions) typically offered credit for scores of 4/5 or above (Carr, 2018). (I can
also vouch for this in my personal experience as an undergraduate student at the Pennsylvania
State University, where a 4/5 score is the typical benchmark to earn credits in such subjects as
English, Political Science, U.S. History, Calculus, and Chemistry.)
Thus, the Advanced Placement program is a useful and widely-recognized source of
chemistry course design and standardized performance/content knowledge expectations at the
advanced/honors level, capable of giving uniformity to what would otherwise be (and often is) a
diverse range of curricula that would still be nominally advanced/honors chemistry. The
remaining question, then, is how exactly the AP Chemistry course design is structured and where
the overlap exists between it and prevailing chemical/science education research, as well as
potential overlap with the expectations of the NGSS; a higher-level course is still serviced by
adhering to more generalized standards, after all.
The obvious source of information on the AP Chemistry curriculum is, of course, the
information published on it by the College Board itself, in this case both a short pamphlet
introducing the program and a more exhaustive course manual (AP Chemistry: About the
Advanced Placement Program, 2017; AP Chemistry Course and Exam Description, 2014). The
former, a brief overview of the course, provides sample exam questions (such as a free-response
question about a weak acid indicator and the effects of different-pH solutions on its equilibrium
reaction) and some of the expectations/organization of the course: course content broken up into
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several Big Ideas, which are more typical content knowledge standards (“The chemical elements
are the building blocks of matter, which can be understood in terms of the arrangements of
atoms”) compared to the NGSS’s task-based phrasing, and Science Practices, a set of
descriptions of expected student abilities that almost directly mirrors that task-based phrasing of
the NGSS (“Use representations and models to communicate scientific phenomena and solve
scientific problems”) (AP Chemistry: About the Advanced Placement Program, 2017).
Thus, in the AP program one can see direct connections to the NGSS’s performance
expectations that emphasize students’ ability to conduct scientific investigations and
communicate their ideas. It even makes mention of “Inquiry-Based Investigations” where
students must analyze data and present their arguments, noting that twenty-five percent of total
class time should be devoted to this sort of laboratory work (AP Chemistry: About the Advanced
Placement Program, 2017).

The full AP Chemistry course manual largely reflects and reiterates

these points of course design, just in greater detail (AP Chemistry Course and Exam Description,
2014).
The AP Chemistry program making note of laboratory work and a focus on inquiry-based
teaching is not a coincidence. Perfectly timed with the first publication of the NGSS in 2013, in
2014 the course was redesigned with a new research basis and philosophy in mind, as
demonstrated in the recent publication dates of its informational pamphlets/manuals and a wealth
of research articles focused on this change in mindset published around the same time (AP
Chemistry Course and Exam Description, 2014). In fact, the Journal of Chemical Education ran
a special issue for July 2014 highlighting “the New AP Chemistry Exam” specifically for this
purpose (AP Chemistry: About the Advanced Placement Program, 2017). Price and Kugel, for
instance, compared the “Legacy Exam” to sample questions from the redesigned edition, noting
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a shift from a focus on a mathematical and algorithmic approach to chemistry content
knowledge/problem solving to conceptual understanding of larger chemistry topics and students’
ability to visualize molecules and processes (Price and Kugel, 2014). The change was in part
motivated, the authors explained, by an unfavorable comparison to IB exams, where the legacy
AP exam did not effectively test students’ skills in applying knowledge to new situations as an
explanatory tool (Price and Kugel, 2014).
Also in that special AP Chemistry issue was Prilliman’s article explaining, in more depth,
the redesigned course’s new emphasis on conceptual understanding of molecules and molecularscale processes in defining chemistry, “including representations of particle phenomena”
(Prilliman, 2014). Prilliman makes a similar point to Price and Kugel about the so-called legacy
exam and the apparent shallow understanding developed in students by the previous AP course’s
design: that the course was originally much more “algorithmic” in its expectations and that
students could perform calculations “but not explain those calculations using particulate
representations” (Price and Kugel, 2014; Prilliman, 2014). He then goes on to provide several
examples of challenges and misconceptions even advanced students can have in visualizing
molecules and utilizing models of particulate matter, such as realizing the limitations of drawings
and animations (“novice students often interpret of all kinds as exact replicas of reality”) or that
students often conflate their intuitive-but-flawed view of matter as continuous and fail to account
for or explain the “white space” in a particle model of a system (Prilliman, 2014). Finally, he
describes various methods of teaching particulate-matter modeling effectively, such as “teaching
with inquiry” (again, this concept arises), using formative assessments (another connection to
student-directed learning and the Ambitious Science Teaching model), and asking “paired

18
questions” (scenarios that ask for both calculations and the interpretation of a related diagram)
(Prilliman, 2014).
The AP Chemistry program’s transition in mindset was also sure to include teachers, as
well—whose training in a new curriculum or pedagogical method, such as the Ambitious
Science Teaching model, is equally important if they are to implement it correctly in their
classrooms. For example, Herrington and Yezierski write for the special issue that “such
substantial shifts in beliefs and practices also requires a shift in professional development
models”; they propose and give examples of a Target Inquiry (TI) professional development
model aimed at helping teachers transition to the AP program’s new focus on conceptual
understanding and visualization, and notes that the TI program is longer and more cohesive than
typical “one-day workshops” (Herrington and Yezierski, 2014). In the same way that the
students must engage with the material in an inquiry-based classroom, they argue, so too must
teachers experience and design inquiry-based units themselves in professional development
workshops over a sustained period of time and with feedback from their peers in order to
properly adopt the practices (Herrington and Yezierski, 2014). This even applies to other science
subjects; in an article not part of the special AP Chemistry issue, Fishman presents a case study
of AP Biology teachers’ professional development and their transition to its own revisions,
essentially showing how teachers can learn to adopt new practices in a high-stakes testing
situation where they tend to be evaluated based on the test performances of their students
(Fishman, 2014). Much like the need for students to be engaged with the material and
demonstrate “buy-in,” teachers in the study needed to have a positive outlook on the value of
professional development programs in order to effect change in their instructional styles to match
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the revisions; that personal belief in PD’s value was a predictor (though not the only one) of their
students’ AP exam scores (Fishman, 2014).
Worthy of note is the presence of a “flipped” classroom model in chemical and science
education research and how it applies to potential advanced chemistry course design. Schultz et
al reported a study (leading up to the AP Chemistry redesign) where the test performances of AP
Chemistry students from two different years were compared—one class having been taught using
traditional lecture methods, and the second using the “flipped” model where lectures and general
instruction occurred at students’ homes through the use of technology like recorded videos, while
classtime was focused on collaborative work like laboratory activities (Schultz, Duffield,
Rasmussen, and Wageman, 2014). The students in the “flipped” classroom were reported as
doing statistically better than the control group on all assessments, noting that they had “a
favorable perception about the flipped classroom noting the ability to pause, rewind, and review
lectures, as well as increased individualized learning and increased teacher availability” (Schultz,
Duffield, Rasmussen, and Wageman, 2014).
In a similar case, Weaver and Sturtevant studied the implementation and effects of the
flipped classroom model on Purdue University chemistry majors and reported positive learning
outcomes, even at this higher level of instruction; “Three years of results using ACS
standardized exams showed that students’ ACS general chemistry exam scores in the flipped
class were significantly higher by almost one standard deviation when compared with the
students’ previous scores in the traditional class” (Weaver and Sturtevant, 2015). While it would
be naïve to label flipped classrooms as a sort of “magic bullet” for positive learning outcomes,
their guiding philosophy is similar to the student-directed learning emphasized in the NGSS and
the science practices of the revised AP Chemistry program in that classwork is devoted to
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students collaborating, generating their own ideas, and physically engaging with the material,
and it provides yet another useful pedagogical method—more variety is always worthy of
consideration in designing a chemistry course.
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Chapter 5
Visuospatial Reasoning: Connecting Research to the AP Program
In its task-oriented phrasing of science practices as part of its expectations, as well as its
newly revised emphasis on laboratory work and inquiry-based teaching, the AP Chemistry
program currently draws from the same research base as the NGSS and overlaps with it quite a
bit in terms of student-direct learning. However, there remains the question of what literature
forms the basis for the revised program’s stressing of conceptual understanding—or more
concretely, the visualization of molecules and microscopic processes. Chemistry, at its heart, is
separated from physics and biology by focusing study primarily on processes at the atomic and
molecular levels and how they inform macroscopic properties, and recent chemical education
research in turn supports this approach.
In a 2004 paper, for example, Habraken argues for increased emphasis on teaching
chemistry through visual models of molecules in part because of the increasingly visual nature of
children’s lives and entertainment, where they choose to interact with the world and consume
information through television, computers, and the Internet (Habraken, 2004). Children are more
accustomed to visuospatial stimuli from mass media today, she argues, and so chemical
education would be better served by highlighting those aspects of chemistry that are visuospatial
(such as molecular models and audiovisual teaching methods like videos) rather than logicalmathematical (such as calculations) (Habraken, 2004). Though this is somewhat speculation, it
also matches the philosophical transition the AP program underwent some ten years later, and is
not the only example of research on the matter; Wu and Shah, for instance, concluded from a
literature review that same year that “visuospatial abilities and more general reasoning skills are
relevant to chemistry learning” and that visual-cognitive abilities were positively correlated with
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chemistry understanding (while a lack thereof could lead to misconceptions) (Wu and Shah,
2004). They also provided examples of how best to implement said visuospatial chemistry
teaching, such as giving multiple representations of the same phenomenon, “promoting the
transition between 2D and 3D,” making information as explicit and integrated as possible, and
making visualizations interactive (such as manipulable physical or computer models) (Wu and
Shah, 2004).
Specific case studies demonstrating this correlation between visuospatial focus and
positive chemistry learning outcomes also exist. One of these, a 2014 study by McCollum et al,
reported that students were better able to analyze and construct molecular representations of
chemical phenomena when allowed to first work with manipulable projections of 3D molecular
structures on an iPad (or similar electronic tablet device) compared to those who were given 2D
ball-and-stick models, suggesting both the benefits of visuospatial learning in general for
chemistry as well as the positive effects of electronic technology and computer simulations for
that purpose (in turn supporting the audiovisual emphasis argued for by Habraken) (McCollum et
al, 2014; Habraken, 2004). Another study, by Chang and Linn in 2013, examined the
performance of middle school students in a series of online modules (dubbed a Web-based
Inquiry Science Environment, or WISE) on thermodynamics principles and found that not only
did the modules increase student comprehension of the material, but this effect was increased for
students who were tasked with critiquing experimental design/results (an element of inquirybased learning) and allowed them to “connect molecular and observable phenomena” (Chang and
Linn, 2013).
Connecting visualizations of molecules to actual observable phenomena, as described in
the Chang/Linn study, ties into what is perhaps the most succinct summary of where difficulties
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in chemistry arise and how visuospatial cognition plays a crucial role in student understanding: a
2015 presentation by Tasker in which he notes that students struggle to connect the three
domains of chemical representation—the symbolic (chemical equations), the visual (molecular
models), and the mathematical (calculations) into a cohesive picture of a given phenomenon
where all three representations are noted as having different values and are equally useful
(Tasker, 2015). Students also frequently struggle, he notes, to connect molecular processes to the
macroscopic properties observed in the laboratory (connecting the macro and sub-micro levels to
the representational), and that increased emphasis on improving visuospatial skills would help
rectify this; teachers frequently shift between different levels of chemical understanding without
making the transition explicit, confusing students (Tasker, 2015). He ends by noting the pitfalls
of various models and animations that can lead to students forming misconceptions about
molecular behavior or structure, such as directional bonds where none exist in ionic solids, no
clear distinctions being made between inter- and intramolecular bonds, and animations depicting
chemical processes as deliberate rather than random (Tasker, 2015).
Thus, the prevailing attitude towards visuospatial focus in chemistry, for the purposes of
allowing students to draw better connections between various ways of representing chemicals, is
a positive one—and fortunately, the revised AP program is based exactly on this body of
research, making potential advanced/honors chemistry course design a prime place to implement
a focus on molecular visualizations for both better student outcomes and to keep in line with the
performance expectations of the AP program.

24
Chapter 6
Science Education Research: Student Engagement
The last area of chemical and science education research at play in advanced/honors
chemistry course design is one not as clearly aligned with the expectations laid out in the NGSS
or the AP programs, but certainly present in both of them implicitly: an emphasis on student
engagement. This is seen partially in the discussions of student-directed learning and inquirybased teaching, where students must directly engage with the material and their own ideas, prior
knowledge, and conceptions of it, but “student engagement” can also be taken to mean an
emotional engagement with the material, where students are genuinely interested. While the
students in a given advanced or honors-level chemistry course would generally be regarded as
more engaged and emotionally invested in the material than an average student, such is neither a
given nor is it an excuse not to take measures encouraging student engagement. Chemistry is a
difficult subject that often fails to engage students even at the postsecondary level (supposedly
the destination of advanced/honors students); 2014 statistics from the National Science
Foundation show that, in four-year U.S. postsecondary institutions, physical sciences majors
(physics and chemistry) had the lowest retention rate of all science majors (“What Is the S&E
Retention Rate in U.S. 4-Year Institutions?” 2014).
Creating an emotional connection to the material among students is obviously not a onesize-fits-all task. Student-directed learning and the Ambitious Science Teaching Model has
elements of this in treating students’ prior knowledge as valuable resources to share with the
class and making their thinking visible (acknowledging that it has value in a public setting); for a
more concrete but older example, a 1997 study by Harwood and McMahon showed positive
effects on both student learning of and attitudes toward chemistry when students were presented
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with a series of instructional videos in class entitled World of Chemistry, which displayed
chemical phenomena in a way that removed abstraction and brought science “within the personal
meaningful realm of each individual student” (Harwood, McMahon, 1997). These positive
effects were observed across grade levels 9-12 among a culturally diverse student body
(Harwood, McMahon, 1997).
Meanwhile, Milne and Otieno in 2007 defended the use of teacher-led scientific
demonstrations in the classroom from criticism that it “stifled inquiry” (as it maintained a power
structure of the teacher being the sole possessor and agent of knowledge/discovery) by
highlighting the emotional engagement they provide as a positive learning outcome (Milne and
Otieno, 2007). While inquiry-based teaching is clearly an important part of chemistry course
design, variety is also engaging to students, and a teacher can still bolster students’ own
investigations with demonstrations of their own that would be impractical, unsafe, or unlikely for
students to build/conduct themselves.
The clearest efforts to define and codify appeals to science students’ emotions can be
found in discussions of epistemology. Jaber and Hammer define epistemic affect as the
emotional element to scientific inquiry—the engagement that would accompany inquiry-based
teaching—and argues that it should be explicitly taught as part of inquiry-based classrooms
(Jaber and Hammer, 2016). Epistemic affect, they explain, could take the form of several
emotions, such as irritation at an inconsistency, excitement at a new breakthrough, or personal
collaboration/rivalries, and that this can occur either in laboratory activities themselves or in the
subsequent discussions; their examples are case studies of elementary school children discussing
various phenomena, such as how clouds hold water and why water expands when it freezes, and
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becoming worked up with emotion in their attempts to understand or pick apart each other’s
reasoning with little teacher intervention (Jaber and Hammer, 2016).
Berland et al systematically organize and evaluate this process in an Epistemologies in
Practice framework that characterizes “how students can engage meaningfully in scientific
practices” in two different ways: “the students’ epistemic goals for their knowledge construction
work” and “their epistemic understandings of how to engage in that work” (Berland et al. 2015).
The framework in part consists of a set of “epistemic considerations” for the student and teacher
to evaluate: Nature (is the answer/knowledge product a descriptive or explanatory one?),
Generality (the degree to which connections between the knowledge product and other
phenomena are drawn), Justification (the degree to which the knowledge product is supported
via evidence, such as data and scientific theories), and Audience (an awareness of who would
potentially be interested in the knowledge product beyond “the teacher to evaluate our
understanding) (Berland et al. 2015).
In this way, student engagement with the material on an emotional level is both an
enterprise unto itself (often a matter of equity and appreciation for the diversity of students’
backgrounds) and a smaller part of the drive to push for inquiry-based science teaching. While it
is fair to expect students in an advanced/honors chemistry class to be inherently engaged to some
degree, that engagement must also be fostered by utilizing their knowledge and showing in a
public setting that it is valued, allowing them to become personally invested in their
investigations and inquiry. In the same way that it is foolish to assume perfect engagement from
advanced/honors students, a teacher would not assume that those students possess deep
conceptual understandings of content when they actually may simply be adept at surface-level
memorization of how to solve certain problems or do certain tasks.
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Chapter 7
Conclusions
The tentative conclusion of this literature review is an encouraging one. In planning and
designing a curriculum for an advanced or honors-level high school chemistry course, the three
domains of the Next Generation Science Standards (government accountability), the Advanced
Placement program (standardized testing and performance expectations), and chemical and
science education research (the pedagogical methods that produce the best learning outcomes)
can appear to be wholly different schools of thought and demands that would pull curriculum
design in three different directions.
Fortunately, however, the NGSS and AP program seem to share the same research base
that in turn informs the best learning outcomes currently known in chemical education, leading
to a surprising amount of overlap and an ability to please all masters, so to speak: studentdirected, inquiry-based learning that incorporates students’ prior knowledge and engages them in
frequent, class-led discussions to explain phenomena; visuospatial learning and drawing
connections between visual representations of molecules, macroscopic properties, the limitations
of models, and symbolic/mathematical approaches to chemistry; and student engagement in
terms of epistemic emotional investment in science.
Even with these three domains in relative harmony, such a dramatic transformation of
curriculum design will never be easy—especially for the experienced teacher who is accustomed
to teaching chemistry in a more traditional, lecture-based explicit-instruction model of pedagogy.
To summarize this harmony, and to aid the reader in adapting it for his or her own instruction,
there are several key principles of curriculum design that are informed by current research and
standards for Advanced/Honors-level chemistry: exploratory laboratory activities rather than
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confirmatory (essentially, making laboratory work consist of material not yet discussed, and then
discussing it afterward), using real-world phenomena as framing devices for units and lessons to
elicit student ideas, assessing students’ abilities to communicate their ideas and form
explanations rather than solve simple algorithmic problems, and devoting large portions of
classtime to student-led group discussion, with the teacher merely providing scaffolding and
formative assessments.
To ease this transition and provide teachers a jumping-off point for further individual
adaptations of the research presented here, the appendices of this document will outline two
examples of a basic unit plan for an Advanced/Honors-level secondary chemistry class on the
subject of chemical reaction types and energy calculations, including lesson plans, a laboratory
activity, and a summative assessment. The first unit plan, for Appendix A, will represent a more
traditional outline for such a unit based on explicit instructional methods: lecture material,
followed by guided and then independent practice. The second unit plan, for Appendix B, will
represent the traditional unit plan revised to take the aforementioned core design principles into
account, with bracketed clarifications and explanations for the choices made where relevant.
Traditional and revised versions of the unit assessment and lab activity procedure also exist in
the appendices to illustrate these differences.
Rather than showing a drastic shift to a unit resembling the Ambitious Science Teaching
model or similarly-inquiry-heavy curricula, the second unit plan will take a transitional/hybrid
approach between inquiry-based teaching and traditional explicit instruction methods in the
hopes of illustrating basic steps teachers can take to gradually adapt their instruction to new
research and standards instead of trying to change too much too quickly and growing
discouraged in the process. It is also my hope that this approach gives readers more autonomy,
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letting them take the “hybrid” unit plan and utilize the unique features of their school and
community to create a plan that is tailored to engage their own unique classes of students.
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Appendix A
Sample Unit Plan
Subject: Advanced Chemistry I
Grade Level: 9-12
Objectives: Students will learn to identify and predict the products of the five types of
chemical reactions, calculate the energy absorbed or released in combustion reactions via bond
energy values and basic structural knowledge of organic compounds, and successfully run and
observe the five chemical reaction types using copper samples and several other chemicals.
(more details in lesson plans)
Standards: PA Standards 3.2.C.A6, 3.2.10.A2, 3.2.10.A4, 3.2.C.A4
NGSS HS-PS1-4, HS-PS1-7, PS1.A, PS1.B
(more details in lesson plans)
Timeline: Day 1 – Balancing Chemical Equations, Conservation of Mass
Day 2 – Combination and Decomposition Reactions
Day 3 – Single Replacement Reactions
Day 4 – Double Replacement Reactions
Day 5 – Combustion Reactions, Bond Energies
Day 6 – Copper Cycle Lab
Day 7 – Copper Cycle Lab Follow-up, Unit Review
Day 8 – Unit Test
(lessons occur in 90-minute blocks)
Assessment: Quizzes/Tests on material; see Appendices B and E
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Formative assessments: Teacher monitoring of student work; student-generated answers
for class; class discussions and group work in lab (see lesson plans for more details)
Differentiation Plan: Students are free to work at their own pace and in groups during
independent work and the copper cycle lab; demonstrations provide feedback for more visuallyoriented learners; frequent formative assessments for the teacher to assess learning pace and
difficulties faced by each student.
List of materials and resources: Smartboard, white board, writing utensils, composition
notebooks, personal periodic table handouts, demonstration/lab chemicals and equipment (see
lesson plans for more details)
Lesson Title: Balancing Chemical Equations, Conservation of Mass
Day 1
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Previous unit test (chemical nomenclature and formulas).
PA Standards:

Standard - 3.2.C.A6
•
•
•
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
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•
•

Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
Standard - 3.2.10.A2

•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
Standard - 3.2.C.A4

•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.
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Use mathematical representations to
HS- support the claim that atoms, and therefore
PS1-7.

mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter

•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions

•

The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used to describe and predict chemical reactions.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter

•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
Safety Cautions:

•

Students should keep clear of the teacher’s desk in the event of any demonstrations.
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Objectives (Learning Outcomes):
•
•

Students will learn the characteristics and uses for chemical equations.
Students will be able to balance simple chemical equations and explain how the Law of
Conservation of Matter is related to balancing them.

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

N/A

Materials per student or per student group:
•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:
•

•

Diagnostic Test (30 mins)
o Welcome students and note that class will begin with a pre-unit assessment
o Allow 30 minutes for students to take a version of the final assessment or a quiz
on the unit material they will cover in the remaining lessons
o Collect pre-assessments for later data/student growth analysis
Lecture (60 mins)
o Discuss the nature and structure of a chemical equation and compare it to a
mathematical equation (what is permissible and what is not)
o How chemical equations abbreviate written-out descriptions of physical and
chemical processes
o Introduce subscripts and coefficients
o Give an example of an unbalanced reaction, such as hydrogen gas burning to
produce water, and show the molecule count to prove the atom imbalance
o Discuss relevance of the Law of Conservation of Mass
o Give students guided and independent practice on balancing equations, including
compounds with polyatomic ions
o Allow students to dictate answers on board for class as teacher writes them
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Formative Assessment:
•
•

Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for methodology
Following Lesson

•

Combination and Decomposition reactions.

Lesson Title: Combination and Decomposition Reactions
Day 2
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Overview of balancing equations and the theoretical framework
behind doing so (conservation of mass).
PA Standards:

Standard - 3.2.C.A6
•
•
•
•
•
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
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Standard - 3.2.10.A2
•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
Standard - 3.2.C.A4

•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.

HSPS1-7.

Use mathematical representations to
support the claim that atoms, and therefore
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mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter
•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions

•

The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used to describe and predict chemical reactions.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter

•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
Safety Cautions:

•

Students should keep clear of the teacher’s desk in the event of any demonstrations.

Objectives (Learning Outcomes):
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•
•
•

Students will identify and predict the products of simple combination (aka synthesis) and
decomposition reactions.
Students will recognize that combination and decomposition reactions are the reverse
processes of each other and will follow the same basic trends.
Students will identify the three main types of combination and decomposition reactions
and how oxidation states relate to them: Element + Element, Element + Compound, and
Compound + Compound.

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

N/A

Materials per student or per student group:
•
•
•

Composition notebook
Writing Utensil
Personal periodic table with common oxidation states for each element

Lesson Sequence with time allotment:
•

•

Lecture (60 mins)
o Introduce Combination reactions
o Note the three subtypes of combination reactions: Element + Element, Element +
Compound, and Compound + Compound, as well as the corresponding products
of each
o Review oxidation states and how they change or remain the same for elements in
each subtype of combination reactions
o Give students guided practice on identifying combination reaction products
o Introduce Decomposition reactions
o Note decomposition reactions as being the reverse process of combination
reactions with the same three subtypes and oxidation state trends
o Discuss the need for driving forces for decomposition reactions, such as heat or
electricity
Independent Practice (30 mins)
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o
o

Give students independent practice on identifying reactions as combination or
decomposition and predicting products
Allow students to write answers on board for class, explaining the oxidation state
behavior for each

Formative Assessment:
•
•
•

Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class potential decomposition reactions driving forces

Following Lesson
•

Single replacement reactions and demonstration.

Lesson Title: Single Replacement Reactions
Day 3
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Overview of combination and decomposition reactions, how to
predict their products, and the connection between the two types (being reverse reactions of each
other).
PA Standards:

Standard - 3.2.C.A6
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
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•
•
•
•
•

Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
Standard - 3.2.10.A2

•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
Standard - 3.2.C.A4

•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.
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Use mathematical representations to
HS- support the claim that atoms, and therefore
PS1-7.

mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter

•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions

•

The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used to describe and predict chemical reactions.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter

•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
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Safety Cautions:
•

Students should keep clear of the teacher’s desk in the event of any demonstrations.

Objectives (Learning Outcomes):
•
•

Students will identify and predict the products and driving forces of single replacement
reactions for both metals and nonmetals.
Students will be able to reference the activity series for predicting whether single
replacement reactions will proceed and explain in words what it signifies (i.e. relative
stability of elements).

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

N/A

Materials per student or per student group:
•
•
•

Composition notebook
Writing Utensil
Personal periodic tables and activity series

Lesson Sequence with time allotment:
•

•

Lecture (30 mins)
o Introduce Single Replacement reactions
o Note the potential for both metals and nonmetals to be the free element in a single
replacement reaction, and how they would replace metals and nonmetals,
respectively
o Note the common conditions of single replacement reactions as occurring in
aqueous solution
Demo (10 mins)
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Demonstrate (and walk around to show students) a magnesium ribbon reacting in
a copper solution; ask students to identify signs of a chemical reaction like color
change and the suspended copper powder
o Attempt to repeat the demonstration with copper wire in a magnesium solution;
ask students why this opposite process does not occur
Guided practice (20 mins)
o Introduce activity series and how it can be used to predict whether a single
replacement reaction will occur
o Give students guided practice on identifying single replacement reaction products
and predicting whether they will proceed
Independent Practice (30 mins)
o Give students independent practice on predicting single replacement reaction
products and whether they will proceed
o Allow students to write answers on board for class, explaining their reasoning for
each
o

•

•

Formative Assessment:
•
•
•

Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class why certain reactions proceed or do not proceed

Following Lesson
•

Overview of double replacement reactions and the driving forces behind them.

Lesson Title: Double Replacement Reactions
Day 4
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Overview of single replacement reactions and the driving forces
behind them.
PA Standards:

Standard - 3.2.C.A6
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•
•
•
•
•
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
Standard - 3.2.10.A2

•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
Standard - 3.2.C.A4

•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
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Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.

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

mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter

•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions

•

The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used to describe and predict chemical reactions.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter
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•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
Safety Cautions:

•

Students should keep clear of the teacher’s desk in the event of any demonstrations.

Objectives (Learning Outcomes):
•
•

Students will identify and predict the products and driving forces of Double Replacement
reactions.
Students will be able to explain why each driving force occurs for Double Replacement
reactions and predict whether a DR reaction will proceed.

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

N/A

Materials per student or per student group:
•
•
•

Composition notebook
Writing Utensil
Solubility rules/chart

Lesson Sequence with time allotment:
•

Lecture (30 mins)
o Introduce Double Replacement reactions
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Note the common conditions of double replacement reactions as occurring in
aqueous solution
Demo (10 mins)
o Demonstrate (and walk around to show students) a silver nitrate solution and
potassium iodide solution reacting and ask students to identify signs of a chemical
reaction like color change and the suspended silver iodide solid
o Briefly touch upon (and allude to further study later) full and net ionic equations
by noting how aqueous compounds are really ions in solution—if ions don’t
change, no reaction has taken place
Guided practice (20 mins)
o Introduce solubility chart/rules and how it can be used to predict whether a double
replacement reaction will occur
o Describe the three main driving forces for double replacement reactions—forming
a solid, water, or a product that will decompose into a gas—and why each is
energetically favorable
o Note common misconceptions—the important factor in driving DR reactions is
that the products include the favorable compounds, not the reactants
o Give students guided practice on identifying double replacement reaction
products and predicting whether they will proceed
Independent Practice (30 mins)
o Give students independent practice on predicting double replacement reaction
products and whether they will proceed
o Allow students to write answers on board for class, explaining their reasoning for
each
o

•

•

•

Formative Assessment:
•
•
•

Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class why certain reactions proceed or do not proceed

Following Lesson
•

Combustion reactions, calculating reaction energy from bond energy values, preparation
for the copper cycle lab.

Lesson Title: Combustion Reactions, Bond Energies
Day 5
Number of Students: 16-22
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Student arrangement or grouping: Individual/Groups of 3-4 Students
Preceding Lesson: Review of chemical reaction types; diagnostic quiz on reaction types,
combustion reactions, and ionic equations.
Standards:
PA Standards:

Standard - 3.2.C.A6
•
•
•
•
•
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
Standard - 3.2.10.A2

•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
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Standard - 3.2.C.A4
•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.

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

mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter

•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions
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•

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.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter

•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
Safety Cautions:

•
•
•
•

Students should keep clear of the teacher’s desk in the event of any demonstrations.
Students (and teacher) should wear safety goggles during Bunsen burner and methanol
cannon demonstrations.
Methanol cannon must be aimed away from people and breakable objects.
Students must react the solid copper with nitric acid in a fume hood to avoid breathing in
NO2 fumes.

Objectives (Learning Outcomes):
•
•

•

Students will learn about combustion reactions, including being able to list common
combustion reactants (hydrocarbons, carbohydrates, and alcohols).
Students will understand the visual signs of combustion reactions through Bunsen burner
and methanol cannon demonstrations, as well as proper safety techniques and the
common products of combustion reactions
Students will be able to interpret listed energy values of common bonds in combustion
reactions, draw basic organic structures, analyze bonds broken and bonds made, and
calculate the total energy change of a combustion reaction

Teacher Materials:
•
•

SmartBoard
White board
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•
•

Markers
Computer

Materials special for this lesson
•
•
•
•
•
•

Small means of ignition (lighter, striker, etc.) or nails + Tesla coil
Bunsen burner
Plastic bottle
Methanol (CH3OH liquid)
Cork for plastic bottle (preferably with string for safety)
Safety goggles

Materials per student or per student group:
•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:

•

•

•

Combustion Reaction Lecture (30 mins)
o Review typical reactants and products of combustion reactions from the previous
lesson
o Allow students to try several example reactions as independent work
o Note the effects conditions (and oxygen supply) have on combustion
Demonstrations (20 mins)
o Demonstrate combustion reactions through Bunsen burner and, if time/safety
permits, methanol cannon
o Wear goggles and demonstrate proper gas usage/lighting of a Bunsen burner
using a lighter or striker, showing the combustion of methane (write out on board)
o Methanol cannon: experimental setup can vary, but premise is to place several
drops (~1 mL) methanol in a plastic bottle, cork it, warm it with one’s hands to
vaporize the methanol, and expose the bottle to heat or a spark (nails driven into
bottle, handhold Tesla coil) to ignite the methanol gas and pop the cork (be
careful to aim away from students, and ensure everyone is wearing goggles).
Shows the combustion of methanol gas and the release of CO2 gas.
Bond/Combustion Reaction Energy Calculations (30 mins)
o Introduce concepts of bond energy and overall reaction energy for combustion
reactions
o Show table of bond energy values for typical bonds found in combustion reactions
(O=O, C-H, etc.)
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Note the basic structure of small organic compounds and how to analyze bonds
broken/formed
o Work through example reaction energy calculation as a class using listed bond
energy values
o Give students independent work on a more complex example reaction
Copper Cycle Part A (10 mins)
o Hand out copper cycle pre-lab assignment for students to complete in their lab
notebooks before next class period (see appendices)
o Describe and allow students to complete Part A of the Copper Cycle Lab (with its
own handout), leaving reaction beakers in fume hood overnight
o

•

Formative Assessment:
•
•
•

Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class what aspects of each reaction are illustrated through the
demonstrations

Following Lesson
•

Copper cycle lab (investigating chemical reaction types using copper samples).

Lesson Title: Copper Cycle Lab
Day 6
Number of Students: 16-22
Student arrangement or grouping: Groups of 3-4 students
Preceding Lesson: Combustion reactions, calculating reaction energy from bond energy
values, preparation for the copper cycle lab.
Standards:
PA Standards:

Standard - 3.2.C.A6
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•
•
•
•
•
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
Standard - 3.2.10.A2

•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
Standard - 3.2.C.A4

•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
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Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.

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

mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter

•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions

•

The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used to describe and predict chemical reactions.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter
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•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
Safety Cautions:

•
•
•
•

•

Wear safety goggles in lab.
Students must handle 3.0 M strong acid and base solutions (sulfuric acid, hydrochloric
acid, nitric acid, sodium hydroxide) with care.
Students must not spill or ingest granular zinc.
Students must handle Bunsen burners with care, making sure gas is lit when turned on
and flowing at a stable rate, then turned off when not being used. Alternatively, use hot
plates for greater safety if available.
Students must react the solid copper with nitric acid in a fume hood to avoid breathing in
NO2 fumes.

Objectives (Learning Outcomes):
•

•
•

Students will run, observe, and demonstrate several different types of chemical reactions
in a series of reactions where copper samples are converted into other chemicals and
reformed
Students will exhibit proper safety technique for several concentrated acid/base solutions
in lab
Students will compile their observations into a group Google Docs report

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

See Appendix F for full list

Materials per student or per student group:
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•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:
•

•

Lab Introduction (10 mins)
o Check that each student filled out the pre-lab assignment in their lab notebooks
o Demonstrate lab materials to class and safety precautions to the class, noting
danger of the concentrated solutions and ensuring all students are wearing safety
goggles
o Direct students to materials in back, allow them to form groups, and monitor for
safety and comprehension
o Note that students have entire period to work on lab activities, plus more the next
lesson
Lab Activity (80 mins)
o Allow students to run experimental procedures while monitoring for safety
o Full procedure in appendices; students will run a series of reactions on copper
samples to eventually return the samples to solid copper again, in the process
demonstrating several types of chemical reactions and taking notes in their lab
notebooks
o Procedure and completion of lab may take several lessons to complete
o Last 5-10 mins should be reserved for cleanup and safety checks

Formative Assessment:
•
•
•
•

Class-wide discussions
Student-generated lab notes and group collaboration
Teacher walks around listening to students’ ideas and observations and asks different
backpocket questions
Students will discuss as a class how the lab’s/method’s accuracy could be improved, as
well as error sources

Following Lesson
•

Follow-up work for the copper cycle lab, group review activities for chemical reaction
types.

Lesson Title: Copper Cycle Lab Follow-up, Unit Review
Day 7
Number of Students: 16-22
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Student arrangement or grouping: Groups of 3-4 students
Preceding Lesson: Copper cycle lab (investigating chemical reaction types using copper
samples).
Standards:
PA Standards:

Standard - 3.2.C.A6
•
•
•
•
•
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
Standard - 3.2.10.A2

•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
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Standard - 3.2.C.A4
•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.

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

mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter

•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions
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•

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.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter

•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
Safety Cautions:

•
•
•
•

Wear safety goggles in lab.
Students must handle 3.0 M strong acid and base solutions (sulfuric acid, hydrochloric
acid, nitric acid, sodium hydroxide) with care.
Students must not spill or ingest granular zinc.
Students must handle Bunsen burners with care, making sure gas is lit when turned on
and flowing at a stable rate, then turned off when not being used.

Objectives (Learning Outcomes):
•

•
•
•

Students will run, observe, and demonstrate several different types of chemical reactions
in a series of reactions where copper samples are converted into other chemicals and
reformed
Students will exhibit proper safety technique for several concentrated acid/base solutions
in lab
Students will compile their observations into a group Google Docs report
Students will review the unit’s material, including reaction types, bond/reaction energy
calculations, and the copper cycle lab observations, using a classwide Jeopardy game and
individual/group review time

Teacher Materials:
•

SmartBoard
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•
•
•

White board
Markers
Computer

Materials special for this lesson
•

See Appendix F for full list

Materials per student or per student group:
•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:
•

•

Lab Activity (50 mins)
o Allow students to continue experimental procedures while monitoring for safety
o Full procedure in appendices; students will run a series of reactions on copper
samples to eventually return the samples to solid copper again, in the process
demonstrating several types of chemical reactions and taking notes in their lab
notebooks
o Procedure and completion of lab may take several lessons to complete
o Last 5-10 mins should be reserved for cleanup and safety checks
o Groups who have completed the experimental procedure should return to their
seating area and continue working on their Google Docs report
Review Activities (40 mins)
o Review unit content—balancing chemical equations, five types of chemical
reactions, bond/reaction energy values, and the observations from the copper
cycle lab
o Variety of classwide review activities possible; recommend group-based Jeopardy
game or interactive online quizzes like Kahoot!, Quizlet
o At the conclusion of the classwide review activity, allow students free time to do
independent or group work, work on Google Docs report, and ask questions

Formative Assessment:
•
•
•
•

Class-wide discussions
Student-generated lab notes and group collaboration
Teacher walks around listening to students’ ideas and observations and asks different
backpocket questions
Students will discuss as a class how the lab’s/method’s accuracy could be improved, as
well as error sources
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•

Teacher will provide feedback on student responses during Jeopardy review game and
other individual/group question sessions or independent work time

Following Lesson
•

Post-assessment on Unit: balancing chemical equations, types of chemical reactions,
combustion reactions, the copper cycle lab, and bond energies.

Lesson Title: Reaction Types Unit Assessment
Day 8
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Follow-up work for the copper cycle lab, group review activities for
chemical reaction types.
Standards:
PA Standards:

Standard - 3.2.C.A6
•
•
•
•
•
•
•
•
•
•
•

Compare and contrast scientific theories.
Know that both direct and indirect observations are used by scientists to study the
natural world and universe.
Identify questions and concepts that guide scientific investigations.
Formulate and revise explanations and models using logic and evidence.
Recognize and analyze alternative explanations and models.
Explain the importance of accuracy and precision in making valid measurements.
Examine the status of existing theories.
Evaluate experimental information for relevance and adherence to science
processes.
Judge that conclusions are consistent and logical with experimental conditions.
Interpret results of experimental research to predict new information, propose
additional investigable questions, or advance a solution.
Communicate and defend a scientific argument.
Standard - 3.2.10.A2
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•
•

Compare and contrast different bond types that result in the formation of molecules
and compounds.
Explain why compounds are composed of integer ratios of elements.
Standard - 3.2.10.A4

•
•
•
•

Describe chemical reactions in terms of atomic rearrangement and/or electron
transfer.
Predict the amounts of products and reactants in a chemical reaction using mole
relationships.
Explain the difference between endothermic and exothermic reactions.
Identify the factors that affect the rates of reactions.
Standard - 3.2.C.A4

•
•
•
•
•

Predict how combinations of substances can result in physical and/or chemical
changes.
Interpret and apply the laws of conservation of mass, constant composition (definite
proportions), and multiple proportions.
Balance chemical equations by applying the laws of conservation of mass.
Classify chemical reactions as synthesis (combination), decomposition, single
displacement (replacement), double displacement, and combustion.
Use stoichiometry to predict quantitative relationships in a chemical reaction.
NGSS:
Develop a model to illustrate that the release or absorption of energy
HS-PS1from a chemical reaction system depends upon the changes in total bond
4.
energy.

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

mass, are conserved during a chemical
reaction.
Disciplinary Core Ideas:
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PS1.A: Structure and Properties of Matter
•

A stable molecule has less energy than the same set of atoms separated; one must provide
at least this energy in order to take the molecule apart.
PS1.B: Chemical Reactions

•

Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in the sum of all bond energies in the set of
molecules that are matched by changes in kinetic energy.
PS1.B: Chemical Reactions

•

The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used to describe and predict chemical reactions.
Cross Cutting Concepts:
Patterns

•

Different patterns may be observed at each of the scales at which a system is studied and
can provide evidence for causality in explanations of phenomena.
Energy and Matter

•

In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved.

Scientific Knowledge Assumes an Order and Consistency in Natural Systems
•

Science assumes the universe is a vast single system in which basic laws are consistent.
Safety Cautions:

•

Students should stay clear of the teacher’s desk in the event of any demonstrations.

Objectives (Learning Outcomes):
•

Students will re-take the pre-assessment diagnostic test (now a graded post-assessment
test) on the unit material of the previous few lessons: balancing chemical equations, types
of chemical reactions, combustion reactions, the copper cycle lab, and bond/reaction
energy values.
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•

Students will be able to see how their understanding has improved compared to the preassessment of the same material.

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

Post-assessment

Materials per student or per student group:
•
•
•

Composition notebook
Writing Utensil
Personal periodic table, activity series, and solubility rules/chart
Lesson Sequence with time allotment:

•

•

Individual/Group Review (30 mins)
o Allow students to ask questions about unit material before post-assessment, either
as a class or privately/as individuals
o Give students time to review personal notes and observations
Unit Assessment (60 mins)
o Give unit assessment to students
o Monitor for honesty and student questions; collect and grade
Formative Assessment:

•
•
•

Teacher answers individual and group questions prior to assessment
Teacher walks around listening to students’ ideas and asks different backpocket questions
as students review material
Teacher evaluates student assessment performance and compares scores, conducts item
analysis to find common sources of difficulty

Following Lesson
•

Acid/Base reactions, full/net ionic equations.

65
Appendix B
Sample Unit Plan (Revised)
Subject: Advanced Chemistry I
Grade Level: 9-12
Objectives: Students will learn to identify and predict the products of the five types of
chemical reactions, calculate the energy absorbed or released in combustion reactions via bond
energy values and basic structural knowledge of organic compounds, and successfully run and
observe four of the five chemical reaction types using copper samples and several other
chemicals. (more details in lesson plans)
Standards: PA Standards 3.2.C.A6, 3.2.10.A2, 3.2.10.A4, 3.2.C.A4
NGSS HS-PS1-4, HS-PS1-7, PS1.A, PS1.B
(more details in lesson plans)
Timeline: Day 1 – Balancing Chemical Equations, Conservation of Mass
Day 2 – Copper Cycle Lab
Day 3 – Combination and Decomposition Reactions
Day 4 – Single Replacement Reactions
Day 5 – Double Replacement Reactions
Day 6 – Combustion Reactions, Bond Energies
Day 7 – Copper Cycle Lab Follow-up, Unit Review
Day 8 – Unit Test
(lessons occur in 90-minute blocks)
Assessment: Test on material; see Appendix C
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Formative assessments: Teacher monitoring of student work; student-generated answers
for class; class discussions and group work in lab (see lesson plans for more details); teacher
questions with small groups of students during group discussions.
Differentiation Plan: Students are free to work at their own pace and in groups during
class discussions, independent work, and the copper cycle lab; demonstrations provide feedback
for more visually-oriented learners; frequent formative assessments for the teacher to assess
learning pace and difficulties faced by each student and group of students.
List of materials and resources: Smartboard, white board, writing utensils, composition
notebooks, personal periodic table handouts, demonstration/lab chemicals and equipment (see
lesson plans for more details)
Lesson Title: Balancing Chemical Equations, Conservation of Mass
Day 1
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Previous unit test (chemical nomenclature and formulas).
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
See corresponding lesson in Appendix A.
Safety Cautions:
Students should keep clear of the teacher’s desk in the event of any demonstrations.

Objectives (Learning Outcomes):
•

Students will learn the characteristics and uses for chemical equations.
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•

Students will be able to balance simple chemical equations and explain how the Law of
Conservation of Matter is related to balancing them.

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

N/A

Materials per student or per student group:
•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:
•

•

Introductory/Diagnostic Discussion (50 mins)
o Welcome students and note that class will begin with group discussion
o Ask students to define a chemical reaction amongst themselves and attempt to list
examples they have encountered in everyday life
o Groups present their examples to the class, attempt to note what chemicals are
involved in each example, and how to concisely represent processes (their own
versions of chemical equations)
o Scaffolded class debate on the validity of examples, including equation systems,
chemicals involved, and nature of processes
Lecture (30 mins)
o Discuss the nature and structure of a chemical equation and compare it to a
mathematical equation (what is permissible and what is not)
o How chemical equations abbreviate written-out descriptions of physical and
chemical processes
o Introduce subscripts and coefficients
o Give an example of an unbalanced reaction, such as hydrogen gas burning to
produce water, and show the molecule count to prove the atom imbalance
o Discuss relevance of the Law of Conservation of Mass
o Give students guided and independent practice on balancing equations, including
compounds with polyatomic ions
o Allow students to dictate answers on board for class as teacher writes them
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•

Copper Cycle Part A (10 mins)
o Describe and allow students to complete Part A of the Copper Cycle Lab (with its
own handout), leaving reaction beakers in fume hood overnight
[This is the first example of a revised lesson plan. Note how this places an emphasis on
student discussion rather than assessment, allowing students to work in groups for long
periods of time and attempt to create their own systems for classifying and representing
chemical reactions they can think of. The teacher not only elicits student ideas, but
shows they have value, by not correcting them with the “accepted” system until later;
students will gain a stronger sense of epistemic affect if their ideas/curiosity are valued,
and other groups of students can prove valuable assets in discussing potential
misconceptions or flaws present in a group’s ideas. This time, once reserved for
assessment, is now used for group discussions and student-generated ideas, and their
higher engagement means less time is needed for lecture. In a more complete AST-style
model, the student-generated system of chemical equations may be used for a longer
time, but analyzing chemical reaction examples should suffice for a transitional plan.]

Formative Assessment:
•
•
•
•

Student discussions and examples of chemical reactions, debate among classmates as to
the correctness of the examples and the chemicals involved
Student-generated methods of depicting chemical equations/processes, debate among
classmates as to the benefits and flaws of each system
Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for methodology
Following Lesson
Copper cycle lab (investigating chemical reaction types using copper samples).

Lesson Title: Copper Cycle Lab
Day 2
Number of Students: 16-22
Student arrangement or grouping: Groups of 3-4 students
Preceding Lesson: Overview of balancing equations and the theoretical framework
behind doing so (conservation of mass).
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Standards:
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
•

See corresponding lesson in Appendix A.
Safety Cautions:

•
•
•
•

•

Wear safety goggles in lab.
Students must handle 3.0 M strong acid and base solutions (sulfuric acid, hydrochloric
acid, nitric acid, sodium hydroxide) with care.
Students must not spill or ingest granular zinc.
Students must handle Bunsen burners with care, making sure gas is lit when turned on
and flowing at a stable rate, then turned off when not being used. Alternatively, use hot
plates for greater safety if available.
Students must react the solid copper with nitric acid in a fume hood to avoid breathing in
NO2 fumes.

Objectives (Learning Outcomes):
•

•
•

Students will run, observe, and demonstrate several different types of chemical reactions
in a series of reactions where copper samples are converted into other chemicals and
reformed
Students will exhibit proper safety technique for several concentrated acid/base solutions
in lab
Students will compile their observations in their lab notebooks for later analysis

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

See Appendix F for full list
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Materials per student or per student group:
•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:
•

•

Lab Introduction (10 mins)
o Demonstrate lab materials to class and safety precautions to the class, noting
danger of the concentrated solutions and ensuring all students are wearing safety
goggles
o Direct students to materials in back, allow them to form groups, and monitor for
safety and comprehension
o Note that students have entire period to work on lab activities, plus more the next
lesson
Lab Activity (80 mins)
o Allow students to run experimental procedures while monitoring for safety
o Full procedure in appendices; students will run a series of reactions on copper
samples to eventually return the samples to solid copper again, in the process
demonstrating several types of chemical reactions and taking notes in their lab
notebooks
o Place an emphasis on students recording everything they can determine: color,
bubbling, sounds, timing, consistency, etc. and trying to note when (and what type
of) chemical reactions are occurring, as well as what the reactants/products are.
o Procedure and completion of lab may take several lessons to complete
o Last 5-10 mins should be reserved for cleanup and safety checks
[While this plan does not at first appear very different from the traditional unit plan,
its place in the unit is very different, as is what it asks of students (see the differences
between Appendices F and G). Moving the laboratory activity to the second lesson in
the unit rather than the sixth, as well as placing an emphasis on students attempting
to formulate and discuss their own conceptions of what is going on rather than
figuring out predetermined ones, makes the copper cycle lab an exploratory activity
rather than a confirmatory one. It also provides an AST-style “guiding
phenomenon” that can drive later discussions in the unit and form the backbone of
the unit assessment.]

Formative Assessment:
•
•
•

Class-wide discussions
Student-generated lab notes and group collaboration
Teacher walks around listening to students’ ideas and observations and asks different
backpocket questions
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•

Students will discuss as a class how the lab’s/method’s accuracy could be improved, as
well as error sources

Following Lesson
•

Combination and decomposition reactions overview.

Lesson Title: Combination and Decomposition Reactions
Day 3
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Copper cycle lab (investigating chemical reaction types using copper
samples).
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
See corresponding lesson in Appendix A.
Safety Cautions:
•

Students should keep clear of the teacher’s desk in the event of any demonstrations.

Objectives (Learning Outcomes):
•
•
•

Students will identify and predict the products of simple combination (aka synthesis) and
decomposition reactions.
Students will recognize that combination and decomposition reactions are the reverse
processes of each other and will follow the same basic trends.
Students will identify the three main types of combination and decomposition reactions
and how oxidation states relate to them: Element + Element, Element + Compound, and
Compound + Compound.

Teacher Materials:
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•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

Various demonstration chemicals or videos

Materials per student or per student group:
•
•
•

Composition notebook
Writing Utensil
Personal periodic table with common oxidation states for each element

Lesson Sequence with time allotment:
•

•

•

Opening Demonstrations (30 mins)
o Perform teacher-desk, or video/technology where live demos are impractical,
demonstrations of various composition and decomposition reactions
o Examples: Sodium metal with chlorine gas, iron (ii) oxide with oxygen gas (rust
to rust), electrolysis of water to produce hydrogen and oxygen gas, potassium
chlorate decomposing (rocket fuel), burning a gummi bear
o Also consider reverse processes: heating rust, reacting KCl and O2, etc.
o Invite class/group discussions: What are the signs/natures of chemical reactions?
Which demos were destructive, and which made more complex products? Which
were multi-step, or took energy the entire time? How do they know?
Lecture (30 mins)
o Introduce Combination reactions
o Note the three subtypes of combination reactions: Element + Element, Element +
Compound, and Compound + Compound, as well as the corresponding products
of each
o Review oxidation states and how they change or remain the same for elements in
each subtype of combination reactions
o Give students guided practice on identifying combination reaction products
o Introduce Decomposition reactions
o Note decomposition reactions as being the reverse process of combination
reactions with the same three subtypes and oxidation state trends
o Discuss the need for driving forces for decomposition reactions, such as heat or
electricity
o Ask students to be mindful of connections to the copper lab activity’s steps and
what kind of reaction each could be
Independent Practice (30 mins)
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o
o

Give students independent practice on identifying reactions as combination or
decomposition and predicting products
Allow students to write answers on board for class, explaining the oxidation state
behavior for each
[Again, focus is placed on classes discussing demonstrations and real examples of
reactions before getting into formal examples and nomenclature. A more
complete transition to AST-style curriculum design would see students generate
almost all nomenclature and systematic designations themselves for the purposes
of explaining a real-life guiding phenomenon. This transitional unit plan
compromises between AST and traditional explicit instruction; students do not
generate all the chemistry information and nomenclature themselves, but they do
generate the main ideas and real-life examples of phenomena that they
continuously re-evaluate using new information the teacher provides (and they
discuss) later on in lecture. If extended time is needed to allow discussions to
involve, that is a more effective use of time than rushing into lecture. The
“accurate” terms must always come last, in other words, so that student ideas are
seen as valued and not merely a curiosity to be corrected. For future
development of the unit plan to more closely resemble AST and related research,
teachers should take notes on which student examples generate the most
discussion and adapt those into larger guiding phenomena rather than an activity
confined to the lab, as the copper cycle is.]

Formative Assessment:
•
•
•
•

Student-led discussion of potential reaction reactants/products and their natures/signs
Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class potential decomposition reaction driving forces

Following Lesson
•

Single replacement reactions and demonstration.

Lesson Title: Single Replacement Reactions
Day 4
Number of Students: 16-22
Student arrangement or grouping: Individual
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Preceding Lesson: Overview of combination and decomposition reactions, how to
predict their products, and the connection between the two types (being reverse reactions of each
other).
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
See corresponding lesson in Appendix A.
Safety Cautions:
•
•

Students should keep clear of the teacher’s desk in the event of any demonstrations.
Students should wear safety goggles in lab and must not spill or drop any
metals/solutions

Objectives (Learning Outcomes):
•
•

Students will identify and predict the products and driving forces of single replacement
reactions for both metals and nonmetals.
Students will be able to reference the activity series for predicting whether single
replacement reactions will proceed and explain in words what it signifies (i.e. relative
stability of elements).

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•
•

Various demonstration chemicals, mainly solid elemental metals found on the activity
series and solutions of those metals
Waste/experimental beakers

Materials per student or per student group:
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•
•
•

Composition notebook
Writing Utensil
Personal periodic tables and activity series

Lesson Sequence with time allotment:
•

•

•

•

Lab Activity (30 mins)
o Note to students the forms in which chemicals often appeared, and see if they can
realize themselves based on the copper cycle lab—chemicals often take the form
of solutions
o Direct students to a brief period of lab work where they form small groups and
experiment at different stations, each with different activity series metals and
solutions of those chemicals—such as iron, magnesium, zinc, lead, and acids
(hydrogen).
o Students should record signs of chemical reactions as they place each metal in
different solutions and compile data on whether reactions occurred—essentially
generating a makeshift activity series themselves
o Ideally set up more chemicals/less time than possible for all students to work
with, so they can collaborate with other groups to get all data on all
combinations—making a “class” activity series
Lecture (30 mins)
o Introduce Single Replacement reactions
o Note the potential for both metals and nonmetals to be the free element in a single
replacement reaction, and how they would replace metals and nonmetals,
respectively
o Note the common conditions of single replacement reactions as occurring in
aqueous solution
Demo (10 mins)
o Demonstrate (and walk around to show students) a magnesium ribbon reacting in
a copper solution; ask students to predict what will happen based on their data and
identify signs of a chemical reaction like color change and the suspended copper
powder
o Attempt to repeat the demonstration with copper wire in a magnesium solution;
ask students to discuss why this opposite process does not occur
Guided/Independent Practice (20 mins)
o Introduce activity series and how it can be used to predict whether a single
replacement reaction will occur; compare to students’ own activity series
o Ask for connections to copper lab once again
o Give students guided practice on identifying single replacement reaction products
and predicting whether they will proceed
o Give students independent practice on predicting single replacement reaction
products and whether they will proceed
o Allow students to write answers on board for class, explaining their reasoning for
each
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[Here, a smaller lab activity prefaces the lecture in order to engage students and
generate epistemic affect. Students gain practice in compiling observations for
unknown phenomena, here more focused than in the copper cycle lab, and
developing their own classifications and predictive tools—only to discover that
scientists have developed a very similar tool for professional chemistry. The class
demo that follows proves their tool’s effectiveness.]
Formative Assessment:
•
•
•
•

Student notes/data on reaction signs and whether they proceeded
Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class why certain reactions proceed or do not proceed

Following Lesson
•

Overview of double replacement reactions and the driving forces behind them.

Lesson Title: Double Replacement Reactions
Day 5
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Overview of single replacement reactions and the driving forces
behind them.
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
See corresponding lesson in Appendix A.
Safety Cautions:
•
•
•

Students should keep clear of the teacher’s desk in the event of any demonstrations.
Students should wear safety goggles in lab and must not spill any solutions.
Students must dispose of salt solutions and solids in the proper waste container.
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Objectives (Learning Outcomes):
•
•

Students will identify and predict the products and driving forces of Double Replacement
reactions.
Students will be able to explain why each driving force occurs for Double Replacement
reactions and predict whether a DR reaction will proceed.

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•
•

Various salt solutions common in double replacement reactions
Waste/experimental beakers

Materials per student or per student group:
•
•
•

Composition notebook
Writing Utensil
Solubility rules/chart

Lesson Sequence with time allotment:
•

•

Lab Activity (30 mins)
o Note to students that chemical solutions in the copper cycle lab often reacted with
each other, even without a free element present
o Direct students to a brief period of lab work where they form small groups and
experiment at different stations, each with different common aqueous salt
solutions such as calcium chloride, silver nitrate, sodium carbonate, etc.
o Students should record signs of chemical reactions as they mix each solution and
compile data on whether reactions occurred—essentially generating a makeshift
set of solubility patterns and rules for double reactions occurring
o Ideally set up more chemicals/less time than possible for all students to work
with, so they can collaborate with other groups to get all data on all
combinations—making a “class” list of solubility rules or DR driving forces
Lecture (20 mins)

78
Introduce Double Replacement reactions
Note the common conditions of double replacement reactions as occurring in
aqueous solution and ask students what they define as being “no reaction” when
solutions are mixed together
Demo (10 mins)
o Ask students to discuss and predict, based on their data, what should occur in a
silver nitrate/potassium iodide solution mixture
o Demonstrate (and walk around to show students) a silver nitrate solution and
potassium iodide solution reacting and ask students to identify signs of a chemical
reaction like color change and the suspended silver iodide solid
o Briefly touch upon (and allude to further study later) full and net ionic equations
by noting how aqueous compounds are really ions in solution—if ions don’t
change, no reaction has taken place
Guided and Independent Practice (30 mins)
o Introduce solubility chart/rules and how it can be used to predict whether a double
replacement reaction will occur
o Describe the three main driving forces for double replacement reactions—forming
a solid, water, or a product that will decompose into a gas—and why each is
energetically favorable
o Note common misconceptions—the important factor in driving DR reactions is
that the products include the favorable compounds, not the reactants
o Give students guided practice on identifying double replacement reaction
products and predicting whether they will proceed
o Give students independent practice on predicting double replacement reaction
products and whether they will proceed
o Allow students to write answers on board for class, explaining their reasoning for
each
o
o

•

•

[This lesson is also prefaced with a brief collaborative and exploratory lab
activity, much like the single replacement lesson. Students will have to
collaborate more with their peers because their results are not so easily
organized into one pattern, and the signs of the reactions differ to a larger extent
than in single replacement reactions. This implicitly teaches them that the driving
forces and signs of double replacement reactions are inherently more complex.]

Formative Assessment:
•
•
•
•

Student notes/data on reaction signs and whether they proceeded
Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class why certain reactions proceed or do not proceed

Following Lesson
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•

Combustion reactions, calculating reaction energy from bond energy values, preparation
for the copper cycle lab.

Lesson Title: Combustion Reactions, Bond Energies
Day 6
Number of Students: 16-22
Student arrangement or grouping: Individual/Groups of 3-4 Students
Preceding Lesson: Overview of double replacement reactions.
Standards:
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
See corresponding lesson in Appendix A.
Safety Cautions:
•
•
•
•

Students should keep clear of the teacher’s desk in the event of any demonstrations.
Students (and teacher) should wear safety goggles during Bunsen burner and methanol
cannon demonstrations.
Methanol cannon must be aimed away from people and breakable objects.
Students must react the solid copper with nitric acid in a fume hood to avoid breathing in
NO2 fumes.

Objectives (Learning Outcomes):
•
•

•

Students will learn about combustion reactions, including being able to list common
combustion reactants (hydrocarbons, carbohydrates, and alcohols).
Students will understand the visual signs of combustion reactions through Bunsen burner
and methanol cannon demonstrations, as well as proper safety techniques and the
common products of combustion reactions
Students will be able to interpret listed energy values of common bonds in combustion
reactions, draw basic organic structures, analyze bonds broken and bonds made, and
calculate the total energy change of a combustion reaction
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Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•
•
•
•
•
•

Small means of ignition (lighter, striker, etc.) or nails + Tesla coil
Bunsen burner
Plastic bottle
Methanol (CH3OH liquid)
Cork for plastic bottle (preferably with string for safety)
Safety goggles

Materials per student or per student group:
•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:
•

•

Discussion/Lecture (30 mins)
o Combustion reactions are common in students’ everyday lives—reference past
student examples given
o Students discuss in small groups or as a class common reactants and products of
“combustion,” which they will likely surmise refers to burning
o What everyday objects are flammable? What does this produce? (Climate
change/energy economy connections with carbon dioxide product)
o Note typical reactants and products of combustion reactions
o Allow students to try several example reactions as independent work
o Note the effects conditions (and oxygen supply) have on combustion
Demonstrations (20 mins)
o Demonstrate combustion reactions through Bunsen burner and, if time/safety
permits, methanol cannon
o Wear goggles and demonstrate proper gas usage/lighting of a Bunsen burner
using a lighter or striker, showing the combustion of methane (write out on board)
o Methanol cannon: experimental setup can vary, but premise is to place several
drops (~1 mL) methanol in a plastic bottle, cork it, warm it with one’s hands to
vaporize the methanol, and expose the bottle to heat or a spark (nails driven into
bottle, handhold Tesla coil) to ignite the methanol gas and pop the cork (be
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•

careful to aim away from students, and ensure everyone is wearing goggles).
Shows the combustion of methanol gas and the release of CO2 gas.
Bond/Combustion Reaction Energy Calculations (30 mins)
o Introduce concepts of bond energy and overall reaction energy for combustion
reactions
o Show table of bond energy values for typical bonds found in combustion reactions
(O=O, C-H, etc.)
o Note the basic structure of small organic compounds and how to analyze bonds
broken/formed
o Work through example reaction energy calculation as a class using listed bond
energy values
o Give students independent work on a more complex example reaction

[Because combustion reactions are the clearest, most common example of
chemical reactions in everyday life, as well as highly relevant to modern
discussions of energy economy, this lesson begins with students connecting their
past examples with combustion to uncover misconceptions and begin bringing the
unit together.]
Formative Assessment:
•
•
•
•

Student discussions of everyday combustion reactions, applications, and connections to
their examples
Student-generated answers for independent practice problems (written for class on the
board)
Teacher walks around checking students’ work and asking for reasoning
Students will discuss as a class what aspects of each reaction are illustrated through the
demonstrations

Following Lesson
•

Copper cycle lab follow-up/discussion, unit review.

Lesson Title: Copper Cycle Lab Follow-up, Unit Review
Day 7
Number of Students: 16-22
Student arrangement or grouping: Groups of 3-4 students

82
Preceding Lesson: Combustion reactions, calculating reaction energy from bond energy
values.
Standards:
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
See corresponding lesson in Appendix A.
Safety Cautions:
•
•
•
•

Wear safety goggles in lab.
Students must handle 3.0 M strong acid and base solutions (sulfuric acid, hydrochloric
acid, nitric acid, sodium hydroxide) with care.
Students must not spill or ingest granular zinc.
Students must handle Bunsen burners with care, making sure gas is lit when turned on
and flowing at a stable rate, then turned off when not being used.

Objectives (Learning Outcomes):
•

•
•
•

Students will run, observe, and demonstrate several different types of chemical reactions
in a series of reactions where copper samples are converted into other chemicals and
reformed
Students will exhibit proper safety technique for several concentrated acid/base solutions
in lab
Students will compile their observations and attempt to form complete explanations for
each step/reaction of the copper cycle lab.
Students will review the unit’s material, including reaction types, bond/reaction energy
calculations, and the copper cycle lab observations, using group discussions

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson

83
•

See Appendix F for full list

Materials per student or per student group:
•
•

Composition notebook
Writing Utensil

Lesson Sequence with time allotment:
•

•

Lab Activity (60 mins)
o Allow students to continue experimental procedures while monitoring for safety
(overnight Part A step should be pre-completed for students)
o Full procedure in appendices; students will again run a series of reactions on
copper samples to eventually return the samples to solid copper again, in the
process demonstrating several types of chemical reactions and taking notes in
their lab notebooks as to the signs of each type and the reactants/products
o Procedure and completion of lab may take several lessons to complete
o Last 5-10 mins should be reserved for cleanup and safety checks
o Groups who have completed the experimental procedure should return to their
seating area and continue working on their full explanation
Review Activities (30 mins)
o Review unit content—balancing chemical equations, five types of chemical
reactions, bond/reaction energy values, and the observations from the copper
cycle lab
o Have students fill out Copper Cycle lab chemicals assignment (Appendix E) to
ensure the focus is on reaction types and not chemical identification
o Variety of classwide review activities possible; recommend group-based Jeopardy
game or interactive online quizzes like Kahoot!, Quizlet if time permits
o Students should prepare formal explanations of reaction type, reactants, and
products of each step of the copper cycle lab in group discussions, as well as
when each reaction occurred and the signs of such
[The copper cycle lab, if time permits it to be redone, is now a confirmatory
activity rather than an exploratory one. It serves as both a guiding phenomenon
(and the basis of the unit assessment, as Day 8 shows) and a review activity of
itself. Students are asked to apply their new knowledge, gained through both
lecture and other lab activities, to re-evaluate the lab that earlier represented the
unknown nature of many chemical reaction types. This is the heart of the AST
model: a single, complicated guiding phenomenon that is observed and reanalyzed later on at the conclusion of other exploratory activities meant to
develop knowledge of its components.]

Formative Assessment:
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•
•
•
•
•

Group discussions of the chemical reaction types and species represented in each step of
the copper cycle lab
Student-generated lab notes and group collaboration
Teacher walks around listening to students’ ideas and observations and asks different
backpocket questions
Students will discuss as a class how the lab’s/method’s accuracy could be improved, as
well as error sources
Teacher will provide feedback on student responses during the review games and other
individual/group question sessions or independent work time

Following Lesson
•

Post-assessment on Unit: balancing chemical equations, types of chemical reactions,
combustion reactions, the copper cycle lab, and bond energies.

Lesson Title: Unit Reaction Types Quiz
Day 8
Number of Students: 16-22
Student arrangement or grouping: Individual
Preceding Lesson: Follow-up work for the copper cycle lab, group review activities for
chemical reaction types.
Standards:
PA Standards:
See corresponding lesson in Appendix A.
NGSS:
See corresponding lesson in Appendix A.
Safety Cautions:
•

Students should stay clear of the teacher’s desk in the event of any demonstrations.

Objectives (Learning Outcomes):
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•

•

Students will take an assessment on the unit material of the previous few lessons:
balancing chemical equations, types of chemical reactions, combustion reactions, the
copper cycle lab, and bond/reaction energy values.
Students will be able to see how their understanding has improved compared to their
original notes on the copper cycle lab.

Teacher Materials:
•
•
•
•

SmartBoard
White board
Markers
Computer

Materials special for this lesson
•

Post-assessment

Materials per student or per student group:
•
•
•

Composition notebook
Writing Utensil
Personal periodic table, activity series, and solubility rules/chart
Lesson Sequence with time allotment:

•

•

Individual/Group Review (10 mins)
o Allow students to ask questions about unit material before post-assessment, either
as a class or privately/as individuals
o Give students time to review personal notes and observations
Unit Assessment (80 mins)
o Give unit assessment to students
o Monitor for honesty and student questions; collect and grade
[The traditional unit assessment, found in Appendix C, is largely algorithmic in
nature and primarily tests shallow understanding of the material in terms of realworld contexts or observations. As such, it is more in line with typical abstract
chemistry instruction and focus on practice problems, much like how the copper cycle
lab, if saved until the end of the unit, is largely a set of practical practice problems
rather than an exploration of concepts or making observations. The revised unit
assessment, found in Appendix D, gives some basic algorithmic problems but is more
concerned with students’ abilities to make observations over the course of many
lessons and communicate their ideas effectively using standard scientific
nomenclature, hence the emphasis on the copper cycle lab explanation. This caps off
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the guiding phenomenon. More emphasis is also placed on giving reasoning for
answers, even in positive examples (i.e. not just explaining reasoning for “No
Reaction,” but also for driving forces).]
Formative Assessment:
•
•
•

Teacher answers individual and group questions prior to assessment
Teacher walks around listening to students’ ideas and asks different backpocket questions
as students review material
Teacher evaluates student assessment performance and compares scores, conducts item
analysis to find common sources of difficulty

Following Lesson
•

Acid/Base reactions, full/net ionic equations.
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Appendix C
Unit Assessment
Advanced Chemistry
Reactions Unit
Part A.

Name ___________________________
50 total points

Balancing Equations

(6 points – 2 pts each)

1.

Na + N  Na N

2.

Li + H CO  Li CO + H

3.

C H OH + O  CO + H O

2

2

3

7

3

3

2

2

3

2

2

2

Part B. Predicting Products from Formulas
(12 points – 4 pts each)
A. (1pt) Identify the type of reaction (combination, decomposition, substitution,
double
replacement, or combustion)
B. (3 pts) Write a balanced chemical equation, including state symbols.
Be careful to get the right formulas!
If a reaction will not proceed, put NR after the arrow with a brief explanation.
A. Type of Rxn

B. Balanced Chemical Equation

4. _________________

SnCl (s) + Δ 

5. _________________

C H (g) + O (g) 

6. _________________

BaBr (aq) + Na SO (aq) 

4

8

18

2

2

2

4

Part C.

Predicting Products
(30 points - 5 pts each)
A. (1 pt) Complete the following word equations by writing the names of the
product(s). If the reaction does not proceed, put NR in the blank and complete steps B and C.
B. (1 pt) Identify the type of reaction (combination, decomposition, single replacement,
double replacement, or combustion)
C. (3 pts.) If the reaction will NOT proceed, give the reason. If the reaction does proceed ,
write the balanced chemical equation for this reaction. Be careful to get the right formulas!
Include all state symbols (l, aq, s, g).

7.

Aluminum (s) + Oxygen (g) _________________________________________

A.

_
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B.

Type of reaction: _____________________

C.
8.

A. Zinc bromide(aq) + Chlorine (g) ________________________________________
B. Type of reaction: ________________________

_

C.
9.

A.
B.

Hydrochloric acid(aq) + Iron (III) hydroxide(s) ______________________________

Type of reaction: _________________________

C.
10.
B.

A. Calcium carbonate(s) + Δ  ___________________________________________________
Type of reaction: __________________________

C.
11.

A Magnesium chlorate(aq) + silver(s) ____________________________________

B. Type of reaction: ____________________________
C.
Part D: Bond energies

12. Write the balanced equation for the combustion of hexanol, C6H11OH (1 pt):

13. Calculate the energy absorbed and released for the reaction. Show your work below and include the
structure of hexanol (4 pts):
Absorbed

Released
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14.

What is the net amount of energy associated with the reaction? Is the overall reaction

endo- or exothermic? Explain how you know. (2 pts)
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Appendix D
Unit Assessment (Revised)
Advanced Chemistry
Reactions Unit
Part A.

50 total points

Balancing Equations

Part B.

7.

Name ___________________________

(3 points – 1 pt each)

1.

Na + N  Na N

2.

Li + H CO  Li CO + H

3.

C H OH + O  CO + H O

2

2

3

7

3

3

2

2

3

2

2

2

Predicting Products
(15 points – 3 pts each)
A. (1 pt) Complete the following word equations by writing the names of the
product(s). If the reaction does not proceed, put NR in the blank and complete steps B and C.
B. (1 pt) Identify the type of reaction (combination, decomposition, single replacement,
double replacement, or combustion)
C. (3 pts.) If the reaction will NOT proceed, give the reason. If the reaction does proceed ,
write the balanced chemical equation for this reaction, and give the driving force. Why does
the reaction occur, or what might cause it to occur? What might it look like? Be careful to
get the right formulas!
Include all state symbols (l, aq, s, g).

A. Aluminum (s) + Oxygen (g) _________________________________________
B. Type of reaction: _____________________

_

C.
8.

A. Zinc bromide(aq) + Chlorine (g) ________________________________________
B. Type of reaction: ________________________
C.

9.

A.
B.
C.

Hydrochloric acid(aq) + Iron (III) hydroxide(s) ______________________________

Type of reaction: _________________________

_
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10.
B.

A. Calcium carbonate(s) + Δ  ___________________________________________________
Type of reaction: __________________________

C.
11.

A Magnesium chlorate(aq) + silver(s) ____________________________________

B. Type of reaction: ____________________________
C.
Part C: Bond energies

12. Write the balanced equation for the combustion of hexanol, C6H11OH (0.5 pt):

13. Calculate the energy absorbed and released for the reaction. Show your work below and include the
structure of hexanol (2 pts):
Absorbed

14.

Released

What is the net amount of energy associated with the reaction? Is the overall reaction

endo- or exothermic? Explain how you know. (1 pt)

Part D: Copper Cycle Lab (5 pts. each)
15. Write out, balance, identify, and explain the major reaction(s) that occurred in Part A of the Copper
Cycle Lab Activity. How do you know this occurred when it did? What observations led you to this
conclusion?
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16. Write out, balance, identify, and explain the major reaction(s) that occurred in Part B of the Copper
Cycle Lab Activity. How do you know this occurred when it did? What observations led you to this
conclusion?

17. Write out, balance, identify, and explain the major reaction(s) that occurred in Part C of the Copper
Cycle Lab Activity. How do you know this occurred when it did? What observations led you to this
conclusion?

18. Write out, balance, identify, and explain the major reaction(s) that occurred in Part D of the Copper
Cycle Lab Activity. How do you know this occurred when it did? What observations led you to this
conclusion?

19. Write out, balance, identify, and explain the major reaction(s) that occurred in Part E of the Copper
Cycle Lab Activity. How do you know this occurred when it did? What observations led you to this
conclusion?
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Appendix E
Copper Cycle Chemicals Assignment

Copper Cycle Part I

Advanced Chemistry

Name: _________________

Chemicals: Use the Handbook of Chemistry and Physics or the Almighty Internet to fill
in all the information in the following table.

Substance

Copper (II)
hydroxide
Copper (II) nitrate
Copper (II) sulfate
Copper (II) oxide
Copper (I)
chloride
Copper (I) oxide
Copper

Formula

Color

State (at

Solubility in

Melting Point

room temp)

Water

(°C)

95

Zinc

Zinc chloride

Zinc sulfate

Zinc oxide

Sodium nitrate

Sodium hydroxide
Hydrogen

Nitrogen dioxide
Nitric acid

Hydrochloric acid
Sulfuric acid
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Water
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Appendix F
Copper Cycle Lab Procedure

Copper to Copper Lab
Introduction - Converting one chemical into another is a basic operation in chemistry.
In the following experiments, you will carry out a series of chemical changes to aid you
in your understanding of chemical reactions and the most fundamental law in chemistry: the law
of conservation of matter/mass.

Materials:
Evaporating dish
Beaker, 250 mL
Ice bath

Rubber policeman
Balance

Sodium Hydroxide, NaOH (3.0M)

Wire gauze

Ring stand and O-ring
Beaker, 400 mL

3

Copper

Bunsen burner

Stirring rod

Nitric Acid, HNO (conc.)

Sulfuric acid, H SO (3.0 M)
2

Litmus paper

Ice

4

Hydrochloric acid, HCl (3.0 M)

Zinc, granular

Part A:
The copper will react with nitric acid and form copper (II) nitrate [Cu(NO ) ].
3 2

This reaction is called a Redox reaction and looks as if it is a combination of a single
replacement and decomposition reaction.

Cu (s) + HNO (aq) -> Cu(NO ) (aq) + NO (g) + H O (l)
3

3 2

2

2
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Procedure
1. Obtain a piece of copper. Mass the copper on an electronic balance and record the mass
in the Table of Masses.

2. Place the copper in a 250 mL beaker. Label your beaker with a wax pencil.

3. Place the beaker in the hood. Add 5.0 mL of distilled water to the beaker with copper.

4. Add 5 mL of concentrated HNO . Be extremely careful in handling the nitric acid.
3

Remember to add the acid to the water (and copper). Do not breathe the fumes.

5. Allow the copper to react. Leave the beaker in the hood overnight.

6. Record your observations in paragraph form.

7. Start filling in Table of Compounds in your GoogleDoc report.
Part B
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In this section, the Copper (II) nitrate from Part A will be reacted with the base NaOH.
This reaction is very exothermic (gives off heat) and needs to be slowed down, so you must cool
the reaction using an ice bath.

Procedure
1. Fill a 400 mL beaker 1/4 full with crushed ice.

2. Add just enough tap water to cover the ice.
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3. Place the beaker from part A inside the 400 mL beaker.

4. While stirring, allow the Cu(NO ) to cool for 2-3 minutes.
3 2

5. Get 15 mL of NaOH. Handle with care!!

6. While stirring, add 2-3 mL of NaOH at a time. The mixture will eventually turn slushy.

7. After all the sodium hydroxide has been added, you will test the liquid with litmus
paper. Dip the stirring rod in the liquid and put a drop on the litmus paper. If the paper turns blue,
the reaction is complete. NOTE - Make sure that the paper has changed to blue and not just
discolored by the blue liquid.

8. If the reaction is not complete, repeat steps 5 and 6. Write down your observations.
Part C
In this reaction, copper (II) hydroxide from Part B will be decomposed. The water added
in step 1 is NOT a reactant. The water is used to keep the copper (II) hydroxide from spattering.
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Procedure
1. Add 50 mL of distilled water to your 250 mL beaker, which contains the Cu(OH) from
2

part B.
2. Set up an apparatus like that shown, only add a large ring around the beaker to prevent
it from falling. (An electric hot plate can be used instead of a Bunsen burner flame and ring
stand.)

3. While stirring the Cu(OH) , gently boil it until the color change is complete.
2

4. Allow the mixture to settle.
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5. Record your observations.

Part D
This is the most dramatic reaction in the experiment so pay close attention. In this part as
the Copper (II) oxide reacts with the sulfuric acid (H SO ).
2

4

Procedure
1. Make sure the CuO from part C has settled.

2. Carefully decant and discard (in the sink) the clear liquid. (To decant means to pour off
the liquid and leave the solid behind.) Use the technique shown in the picture.
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3. Add 25 mL of H SO to the beaker and stir. The CuO will react and the black color
2

4

should disappear.

4. If the black color isn't gone, add H SO , 2-3 mL at a time until the solution clears.
2

4

5. Record your observations.
Part E
In this reaction the copper(II) sulfate will react with zinc to produce pure copper (again!).

Procedure
1. Add 2.5 grams of granular zinc to the beaker of CuSO .
4

2. Warm the contents while stirring continuously. This reaction may take a period or two
of warming and stirring. Once the blue color is gone, you need to react the unused zinc. This will
leave only solid copper in the bottom of your beaker.
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3. Decant the liquid layer as before.

4. To react the remaining zinc, add 20 mL of HCl. Gently heat the beaker to speed up the
reaction. Look for bubbles coming off the pieces of zinc in the beaker as the HCl reacts with the
zinc. HCl will not react with the copper. When there are no more bubbles the reaction is
complete.

5. Decant the liquid layer.

6. Rinse the copper with 50 mL of distilled water and decant.

7. Repeat step 6.

8. Find the mass of a clean dry evaporating dish. Record the mass in the Table of Masses.
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9. Transfer the copper to the evaporating dish using the rubber policeman. You may have
to add a little distilled water to rinse the remaining pieces of copper into the evaporating dish.

10. Decant the distilled water if necessary.
11. GENTLY warm the evaporating dish until the copper is dry.
12. Mass the evaporating dish with the dry copper. Record in the Table of Masses.
13. Calculate the mass of your copper.
14. Examine your copper carefully and record your observations.
Finish the lab in your group’s GoogleDoc report.
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Appendix G
Copper Cycle Lab Procedure (Revised)

Copper to Copper Lab
Introduction - Converting one chemical into another is a basic operation in chemistry.
In the following experiments, you will carry out a series of chemical changes to aid you
in your understanding of chemical reactions and the most fundamental law in chemistry:
the law of conservation of matter/mass.

Materials:
Evaporating dish
Beaker, 250 mL
Ice bath

Rubber policeman
Balance

Bunsen burner

Stirring rod

Wire gauze

Ring stand and O-ring
Beaker, 400 mL

Ice

Nitric Acid, HNO (conc.)
3

Copper
Sodium Hydroxide, NaOH (3.0M)
Sulfuric acid, H SO (3.0 M)
2

Litmus paper

4

Hydrochloric acid, HCl (3.0 M)

Zinc, granular

Part A:
Procedure
1. Obtain a piece of copper. Mass the copper on an electronic balance and record the mass
in the Table of Masses.

2. Place the copper in a 250 mL beaker. Label your beaker with a wax pencil.
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3. Place the beaker in the hood. Add 5.0 mL of distilled water to the beaker with copper.

4. Add 5 mL of concentrated HNO . Be extremely careful in handling the nitric acid.
3

Remember to add the acid to the water (and copper). Conduct this in a fume hood (why?)

5. Allow the copper to react. Leave the beaker in the hood overnight.

6. Record your observations in paragraph form. What is reacting, and how do you know?
When has the reaction concluded, and what has been formed?

Part B
In this section, the reaction is very exothermic (gives off heat) and needs to be slowed
down, so you must cool the beaker using an ice bath.

Procedure
1. Fill a 400 mL beaker 1/4 full with crushed ice.
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2. Add just enough tap water to cover the ice.

3. Place the beaker from part A inside the 400 mL beaker.

4. While stirring, allow the solution from Part A to cool for 2-3 minutes.
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5. Get 15 mL of NaOH. Handle with care!!

6. While stirring, add 2-3 mL of NaOH at a time. What happens to the mixture’s color?
Its consistency? What does this say about the phase of matter being formed?

7. After all the sodium hydroxide has been added, you will test the liquid with litmus
paper. Dip the stirring rod in the liquid and put a drop on the litmus paper. If no change occurs in
the paper other than becoming wet, continue stirring and adding NaOH. What do you notice in
the litmus paper upon a complete reaction? What does this imply?

8. If the reaction is not complete, repeat steps 5 and 6. Write down your observations.
Part C
In this reaction, copper (II) hydroxide from Part B will be decomposed. The water added
in step 1 is NOT a reactant. The water is used to keep the copper (II) hydroxide from spattering.
Procedure
1. Add 50 mL of distilled water to your 250 mL beaker, which contains the solution from
part B.
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2. Set up an apparatus like that shown, only add a large ring around the beaker to prevent
it from falling. (An electric hot plate can be used instead of a Bunsen burner flame and ring
stand.)

3. While stirring the solution , gently boil it.
4. Allow the mixture to settle.

5. Record your observations. What reaction is occurring, and how do you know?
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Part D
This is the most dramatic reaction in the experiment, so pay close attention.

Procedure
1. Make sure the mixture from part C has settled.

2. Carefully decant and discard (in the sink) the clear liquid. (To decant means to pour off
the liquid and leave the solid behind.) Use the technique shown in the picture. (What is the
purpose of decanting the liquid? What chemicals are leaving the mixture as a result? What did
they do prior to this?)

3. Add 25 mL of H SO to the beaker and stir. Record your observations. As usual, how
2

4

do you know when a reaction has taken place? What has reacted, and what has formed?

4. If the reaction is not complete, add H SO 2-3 mL at a time until the solution clears.
2

4
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5. Record your observations.
Part E
This part contains several reactions.
Procedure
1. Add 2.5 grams of granular zinc to the solution.

2. Warm the contents while stirring continuously. This reaction may take a period or two
of warming and stirring. Record your observations and look for signs of reactions; when the
reaction is complete, you need begin a separate reaction to remove excess material. What will
that leave in your beaker?

3. Decant the liquid layer as before.

4. To react the remaining unneeded material (which is?), add 20 mL of HCl. Gently heat
the beaker to speed up the reaction. Look for bubbles coming off the pieces in the beaker as the
reaction proceeds. How do you know when the reaction is finished? What is left in the beaker,
and why did it not react?

5. Decant the liquid layer.

6. Rinse the final material with 50 mL of distilled water and decant.
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7. Repeat step 6.

8. Find the mass of a clean dry evaporating dish. Record the mass in the Table of Masses.

9. Transfer the final material to the evaporating dish using the rubber policeman. You
may have to add a little distilled water to rinse the remaining pieces into the evaporating dish.

10. Decant the distilled water if necessary.
11. GENTLY warm the evaporating dish until the material is dry.
12. Mass the evaporating dish with the dry material. Record in the Table of Masses.
13. Calculate the mass of your material.
14. Examine your material carefully and record your observations.
Consult your group and others for data and observations.
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