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There is a push to change the way science is taught in the United States, called for
by a different idea of what it means to know, understand, and be able to do science.
As described in A Framework for K-12 Science Education (National Research Council
[NRC] 2012) and the Next Generation Science Standards (NGSS Lead States 2013), sci-
ence education should be structured to emphasize ideas and practices to

ensure that by the end of 12th grade, all students have some appreciation of
the beauty and wonder of science; possess sufficient knowledge of science
and engineering to engage in public discussions on related issues; are
careful consumers of scientific and technological information related to their
everyday lives; are able to continue to learn about science outside school;
and have the skills to enter careers of their choice, including (but not limited
to) careers in science, engineering, and technology. (p. 1)

Instead of teaching with the goal of helping students learn facts and concepts,
science teachers are now charged with helping their students become proficient in
science by the time they graduate from high school. To allow for this proficiency, the
NRC (2012) suggests that students need to understand four core ideas in the physi-
cal sciences, be aware of seven crosscutting concepts that span across the various
disciplines of science, and learn how to participate in eight fundamental scientific
practices in order to be considered proficient in science. These important practices,
crosscutting concepts, and core ideas are summarized in Figure 1.

FIGURE 1

The three dimensions of the framework for the NGSS

Scientific Practices Crosscutting Concepts

¢ Asking questions and defining problems ¢ Patterns

* Developing and using models * Cause and effect: Mechanism and explanation

¢ Planning and carrying out investigations * Scale, proportion, and quantity

¢ Analyzing and interpreting data * Systems and system models

¢ Using mathematics and computational thinking e Energy and matter: Flows, cycles, and conservation
¢ Constructing explanations and designing solutions ¢ Structure and function

¢ Engaging in argument from evidence » Stability and change

¢ Obtaining, evaluating, and communicating information

Physical Sciences Core Ideas
¢ PS1: Matter and its interactions
¢ PS2: Motion and stability: Forces and interactions
¢ PS8: Energy
¢ PS4: Waves and their applications in technologies for information transfer

Source: Adapted from NRC 2012, p. 3.
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As described by the NRC (2012), new instructional approaches are needed to
assist students in developing these proficiencies. This book provides 30 lab activities
designed using an innovative approach to lab instruction called argument-driven
inquiry (ADI). This approach and the labs based on it are aligned with the content,
crosscutting concepts, and scientific practices outlined in Figure 1. Because the ADI
model calls for students to give presentations to their peers, respond to questions,
and then write, evaluate, and revise reports as part of each lab, the lab activities
described in this book will also enable students to develop the disciplinary-based
literacy skills outlined in the Common Core State Standards for English language Arts
(NGAC and CCSSO 2010). Use of these labs, as a result, can help teachers align their
instruction with current recommendations for making chemistry more meaningful
for students and more effective for teachers.
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The Importance of Helping Students Become Proficient in Science

The new aim of science education in the United States is for all students to become
proficient in science by the time they finish high school. It is essential to recognize
that science proficiency involves more than an understanding of important concepts,
it also involves being able to do science. Science proficiency, as defined by Duschl,
Schweingruber, and Shouse (2007), consists of four interrelated aspects. First, it
requires an individual to know important scientific explanations about the natural
world, to be able to use these explanations to solve problems, and to be able to
understand new explanations when they are introduced to the individual. Second,
it requires an individual to be able to generate and evaluate scientific explanations
and scientific arguments. Third, it requires an individual to understand the nature of
scientific knowledge and how scientific knowledge develops over time. Finally, and
perhaps most important, an individual who is proficient in science should be able to
participate in scientific practices (such as designing and carrying out investigations
and arguing from evidence) and communicate in a manner that is consistent with
the norms of the scientific community.

In the past decade, however, the importance of learning how to participate in sci-
entific practices has not been acknowledged in the standards of many states. Many
states have also attempted to make their science standards “more rigorous” by add-
ing more content instead of designing them so they emphasize core ideas, scientific
practices, and crosscutting concepts as described by the National Research Council
(NRC) in A Framework for K-12 Science Education (NRC 2012). Unfortunately, the large
number of benchmarks along with the pressure to cover them that results from the
use of high-stakes tests has forced teachers “to alter their methods of instruction to
conform to the assessment” (Owens 2009, p. 50). Teachers, as a result, tend to focus
on content and neglect the practices of science inside the classroom. Teachers also
tend to move through the science curriculum quickly to ensure that they “cover” all
the standards before the students are required to take the high-stakes assessment.
This trend takes us far afield from developing students’ proficiency in the practices
of science.

The current focus on covering all the standards, however, does not seem to be
working. For example, The Nation’s Report Card: Science 2009 (National Center for
Education Statistics 2011) indicates that only 21% of all 12th-grade students who
took the National Assessment of Educational Progress in science scored at the pro-
ficient level. The performance of U.S. students on international assessments is even
bleaker, as indicated by their scores on the science portion of the Programme for
International Student Assessment (PISA). PISA is an international study that was
launched by the Organisation for Economic Co-operation and Development (OECD)
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in 1997, with the goal of assessing education systems worldwide; more than 70 coun-
tries have participated in the study. The test is designed to assess reading, math, and
science achievement and is given every three years. The mean score for students in
the United States on the science portion of the PISA in 2012 is below the international
mean (500), and there has been no significant change in the U.S. mean score since
2000; in fact, the U.S. mean score in 2012 is slightly less than it was in 2000 (OECD
2012; see Table 1). Students in countries such China, Korea, Japan, and Finland score
significantly higher than students in the United States. These results suggest that
U.S. students are not learning what they need to learn to become proficient in sci-
ence, even though teachers are covering a great deal of material.

THBLE 1

PISA scientific literacy performance for U.S. students

U.S. U.S. rank/Number of
Year mean score* countries assessed Top three performers

Korea (552)
2000 499 14/27 Japan (550)
Finland (538)

Finland (548)
2003 491 22/41 Japan (548)
Hong Kong—-China (539)

Finland (563)
2006 489 29/57 Hong Kong—China (542)
Canada (534)

Japan (552)
2009 499 15/43 Korea (550)
Hong Kong—China (541)

Shanghai—China (580)
2012 497 36/65 Hong Kong—China (555)
Singapore (551)

*The mean score of the PISA is 500 across all years.
Source: OECD 2012.

In addition to the poor performance of U.S. students on national and international
assessments, empirical research in science education indicates that a curriculum that
emphasizes breadth over depth and neglects the practices of science can actually
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hinder the development of science proficiency (Duschl, Schweingruber, and Shouse
2007; NRC 2005, 2008). As noted in the Framework (NRC 2012),

K-12 science education in the United States fails to [promote the
development of science proficiency], in part because it is not organized
systematically across multiple years of school, emphasizes discrete facts
with a focus on breadth over depth, and does not provide students with
engaging opportunities to experience how science is actually done. (p. 1)

Based on their review of the available literature, the NRC recommends that sci-
ence teachers spend more time focusing on key ideas to help students develop a
more enduring understanding of science content. They also call for science teachers
to start using instructional strategies that give students more opportunities to learn
how to participate in the practices of science. Without this knowledge and these
abilities, they argue, students will not be able to engage in public discussions about
scientific issues related to their everyday lives, to be consumers of scientific informa-
tion, and to have the skills needed to enter a science or science-related career. We
think the school science laboratory is the perfect place to focus on key ideas and
engage students in the practices of science and, as a result, help them develop the
knowledge and abilities needed to be proficient in science.

How School Science Laboratories Can Help Foster the Development of Science
Proficiency

Lab activities look rather similar in most high school classrooms (Hofstein and
Lunetta 2004; NRC 2005). (We use the NRC’s definition of a school science lab
activity, which is “an opportunity for students to interact directly with the material
world using the tools, data collection techniques, models, and theories of science”
[NRC 2005, p. 3]). The teacher usually begins a lab activity by first introducing the
students to a concept through a lecture or some other form of direct instruction. The
teacher then gives the students a hands-on task to complete. To support students
as they complete the task, teachers often provide students with a worksheet that
includes a procedure explaining how to collect data, a data table to fill out, and a
set of analysis questions to answer. The hope is that the experience gained through
completion of the hands-on task and worksheet will illustrate, confirm, or otherwise
verify the concept that was introduced to the students at the beginning of the activ-
ity. This type of approach, however, has been shown to be an ineffective way to
help students understand the content under investigation, learn how to engage in
important scientific practices (such as designing and carrying out an investigation,
constructing explanations, or arguing from evidence), and develop scientific habits

Argument-Driven Inquiry in Chemistry: Lab Investigations for Grades 9-12 )(i)(

Copyright © 2015 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946226.



INTRODUCTION

of mind (Duschl, Schweingruber, and Shouse 2007; NRC 2005). Thus, most lab activi-
ties, even if they are engaging or memorable, do little to promote science proficiency.

One way to address this problem is to widen the focus of lab instruction. A wider
focus will require teachers to place more emphasis on “how we know” in chemistry
(i.e., how new knowledge is generated and validated) in addition to “what we know”
about matter and its interactions (i.e., the theories, laws, and unifying concepts).
Science teachers will also need to focus more on the abilities and habits of mind that
students need to have in order to construct and support scientific knowledge claims
through argument and to evaluate the claims or arguments made by others (NRC
2012). The NRC calls for argumentation (defined as the process of proposing, support-
ing, evaluating, and refining claims) to play a more central role in the teaching and
learning of science because argumentation is essential practice in science. The NRC
(2012) provides a good description of the role argumentation plays in science:

Scientists and engineers use evidence-based argumentation to make the
case for their ideas, whether involving new theories or designs, novel ways
of collecting data, or interpretations of evidence. They and their peers then
attempt to identify weaknesses and limitations in the argument, with the
ultimate goal of refining and improving the explanation or design. (p. 46)

In addition to changing the focus of instruction, teachers will also need to change
the nature of lab instruction to promote and support the development of science
proficiency. To change the nature of instruction, teachers need to make lab activities
more authentic by giving students an opportunity to engage in scientific practices
instead of giving them a worksheet with a procedure to follow and a data table to fill
out. These activities, however, also need to be educative for students in order to help
students develop the knowledge and abilities associated with science proficiency.
Students need to receive feedback about how to improve, and teachers need to help
students learn from their mistakes.

The argument-driven inquiry (ADI) instructional model (Sampson and Gleim
2009; Sampson, Grooms, and Walker 2009, 2011) was designed as a way to make lab
activities more authentic and educative for students and thus help teachers promote
and support the development of science proficiency. This instructional model reflects
research about how people learn science (NRC 1999) and is also based on what is
known about how to engage students in argumentation and other important scientific
practices (Berland and Reiser 2009; Erduran and Jimenez-Aleixandre 2008; McNeill
and Krajcik 2008; Osborne, Erduran, and Simon 2004; Sampson and Clark 2008).
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Organization of This Book

The remainder of this book is divided into two parts. Part I begins with two text chap-
ters describing the ADI instructional model and the development and components
of the ADI lab investigations. Part II contains the lab investigations, including notes
for the teacher, student handouts, and checkout questions. Four appendixes contain
standards alignment matrixes, timeline and proposal options for the investigations,
and a form for assessing the investigation reports.

Safety Practices in the Science Laboratory

It is important for science teachers to make hands-on and inquiry-based lab activi-
ties as safe as possible for students. Teachers therefore need to have proper safety
equipment in the classroom (e.g., fume hoods, fire extinguishers, eyewash, and
showers) and ensure that students use appropriate personal protective equipment
(i.e., indirectly vented chemical-splash goggles meeting ANSI Z87.1 standard,
chemical-resistant aprons and gloves) during all lab activities. Teachers also need
to review and comply with all the local, state, and federal safety regulations as well
as all safety policies and chemical storage and disposal protocols that have been
established by the school district or school.

Throughout this book, safety precautions are provided for each investigation.
Teachers should follow these safety precautions to provide a safer learning experience
for students. The safety precautions associated with each activity are based, in part,
on the use of the recommended materials and instructions, legal safety standards, and
current professional safety practices. Selection of alternative materials or procedures
for these activities may jeopardize the level of safety and therefore is at the user’s
own risk. We also recommend that students review Safety in the Science Classroom,
Laboratory, or Field Sites (National Science Teacher Association [n.d.]) under the direc-
tion of the teacher before working in the laboratory for the first time. The students
and their parent or guardians should then sign this document to acknowledge that
they understand the safety procedures that must be followed during a lab activity.
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LAB 13

Teacher Notes

ab 18. Characteristics of Acids and Bases: How Gan the
shemical Properties of an Aqueous Solution Be Used to
dentify It as an Acid or a Base?

Purpose
The purpose of this lab is to introduce students to the physical and chemical properties of

acids and bases. You can use this lab at the beginning of a unit on acid-base chemistry to
set the stage for future lessons and investigations. This lab gives students an opportunity
to devise, test, and refine a method that can be used to classify an aqueous solution as
being an acid or a base using the physical or chemical properties of the solution. Students
will also learn about the difference between observations and inferences in science and the
different methods used in scientific investigations.

The Content

Acids and bases have several unique physical and chemical properties. These properties,
which stem from the atomic structure of the compounds, can be used to classify an aqueous
solution as an acid or a base. Properties of acids include

* conducting electricity;
* reacting with active metals to form hydrogen gas and solutions of metal ions;
* reacting with carbonates to form a salt, water, and carbon dioxide gas; and

* reacting with a base to form a salt and water.
Properties of bases include

¢ conducting electricity,
* reacting with oils and greases, and

¢ reacting with an acid to form a salt and water.

In addition to these properties, acids and bases also interact with acid-base indicators.
Acid-base indicators are organic dyes that change color in acidic or basic solutions. The
color of an acid-base indicator depends on the concentration of H,O" ions in a solution.
The concentration of H,O" ions in a solution is often described using the pH scale. The
mathematical relationship between pH and H,O" ion concentration is pH = -log[H,O"].
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Characteristics of Acids and Bases

How Can the Chemical Properties of an Aqueous Solution Be Used to
Identify It as an Acid or a Base?

The typical H,O" concentration in water ranges from 1 M in a 1 M solution of a strong
acid (such as hydrochloric acid [HCl]) to 10** M in a 1 M solution of a strong base (such as
sodium hydroxide, NaOH). In pure water, the H,O* concentration is equal to 10”7 M. The
logarithm of the concentration is the “power of 10” exponent in these concentration terms.
Thus, the negative logarithms of typical H,O" concentrations are positive numbers from
0 to 14. The pH scale, as a result, ranges from 0 to 14. Acids have pH values less than 7,
whereas bases have pH values greater than 7.

Within the pH range of acid solutions, a strong acid or a more concentrated acid solu-
tion will have a lower pH value than a weak acid or a less concentrated acid solution.
Thus, the pH value of 0.1 M HCI (a strong acid) is 1 and the pH value of 0.01 M HCl is 2,
whereas the pH value of 0.1 M acetic acid (a weak acid) is about 3. On the basic side of
the pH scale, a strong base or a more concentrated base solution will have a higher pH
value than a weaker or a less concentrated base solution. The pH value of a 0.1 M NaOH
(which is a strong base) is 13 and the pH value of 0.01 M NaOH is 12, whereas the pH of
0.1 M ammonia (a weak base) is about 11. It is important to remember that the pH scale is
logarithmic, so a solution of pH 3 is 10 times more acidic than a solution of pH 4 and 100
times more acidic than a solution of pH 5.

Although acid-base indicators are useful for broadly classifying substances as acids or
bases, they are not able to distinguish among different strengths of acids and bases. By
using combinations of different indicators, however, it is possible to obtain a spectrum of
color changes over a wide range of acidity levels. Table 18.1 lists the colors associated with
the five different indicators that the students will use in this lab investigation.

TBLE 181

Indicators used in this lab investigation

dicato 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14
Thymol blue R P Y Y Y Y Y Y B B B B B B
Bromphenol blue Y Y Y G B B B B B B B B B B
Bromthymol blue | Y Y Y Y Y Y G B B B B B B B
Methyl red R R R P P Y Y Y Y Y Y Y Y Y
Phenol red Y Y Y Y Y P P R R R R R R R

B =blue; G = green; P = pink; R =red; V = violet; Y = yellow

Argument-Driven Inquiry in Chemistry: Lab Investigations for Grades 9-12

Copyright © 2015 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781938946226.

285



286

LAB 13

Timeline

The instructional time needed to complete this lab investigation is 130-200 minutes.
Appendix 2 (p. 501) provides options for implementing this lab investigation over sev-
eral class periods. Option C (200 minutes) should be used if students are unfamiliar with
scientific writing because this option provides extra instructional time for scaffolding the
writing process. You can scaffold the writing process by modeling, providing examples,
and providing hints as students write each section of the report. Option D (130 minutes)
should be used if students are familiar with scientific writing and have the skills needed to
write an investigation report on their own. In option D, students complete stage 6 (writing
the investigation report) and stage 8 (revising the investigation report) as homework.

Materials and Preparation

The materials needed to implement this investigation are listed in Table 18.2. The consum-
ables and equipment can be purchased from a science supply company such as Carolina,
Flinn Scientific, or Ward’s Science. We recommend using buffer capsules to prepare
standard acid-base solutions of known pH. Buffer capsules contain preweighed amounts
of stable, dry powders that dissolve in distilled or deionized water to give solutions of
known, constant pH. They can be purchased separately or as a set. The buffer solutions,
once prepared, can then be divided evenly between several 30 ml dropper bottles for stu-
dents to use. The acid-base solutions for this lab are listed in Table 18.2.

We also recommend that you use a set routine for distributing and collecting the mate-
rials during the lab investigation. For example, the consumables and equipment for each
group can be set up at each group’s lab station before class begins, or one member from
each group can collect them from a central table or a cart when needed during class.

Safety Precautions

Remind students to follow all normal lab safety rules. The acids are corrosive and toxic
by ingestion, and the bases are body tissue irritants. You will therefore need to explain
the potential hazards of working with acids and bases and how to work with hazardous
chemicals. In addition, tell students to take the following safety precautions:

* Wear indirectly vented chemical-splash goggles and chemical-resistant gloves and
aprons when they are collecting their data.

¢ Handle all glassware with care.

® Wash their hands with soap and water when they are done collecting the data.

Laboratory Waste Disposal

The solutions may be flushed down the drain with a large quantity of water according to
Flinn laboratory waste disposal method 26b. Use Flinn laboratory waste disposal method 3
to dispose of any extra zinc that has been mixed with an acid. Information about laboratory
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Characteristics of Acids and Bases

How Can the Chemical Properties of an Aqueous Solution Be Used to

THBLE 18.2

Identify It as an Acid or a Base?

Materials list

ltem Quantity

Consumables

Zinc

10 ml per group (1 dropper bottle

1 M solution of sodium bicarbonate, NaHCO,

10 ml per group (1 dropper bottle

1 M solution of HCI

Acid solution 1 (buffer solution, pH 2)

)
)
10 ml per group (1 dropper bottle)
)

Acid solution 2 (buffer solution, pH 3)

10 ml per group (1 dropper bottle)

Acid solution 3 (buffer solution, pH 4)

(

10 ml per group (1 dropper bottle
(
(

10 ml per group (1 dropper bottle)

Acid solution 4 (buffer solution, pH 5)

10 ml per group (1 dropper bottle)

Base solution 1(buffer solution, pH 9)

10 ml per group (1 dropper bottle)

Base solution 2 (buffer solution, pH 10)

10 ml per group (1 dropper bottle)

Base solution 3 (buffer solution, pH 11)

10 ml per group (1 dropper bottle

Base solution 4 (buffer solution, pH 12)

10 ml per group (1 dropper bottle

Acid test solution A (buffer solution, pH 2)

Acid test solution B (buffer solution, pH 6)

10 ml per group (1 dropper bottle

Base test solution A (buffer solution, pH 8)

)
)
10 ml per group (1 dropper bottle)
)
)

10 ml per group (1 dropper bottle

Base test solution B (buffer solution, pH 11)

10 ml per group (1 dropper bottle)

Thymol blue

10 ml per group (1 dropper bottle)

Bromphenol blue

Bromthymol blue

10 ml per group (1 dropper bottle)
10 ml per group (1 dropper bottle)

Methyl red

10 ml per group (1 dropper bottle)

Phenol red

10 ml per group (1 dropper bottle)

Equipment and other materials

Conductivity tester or probe

1 per group

Reaction plate

1 or 2 per group

Small beaker(s), 50 ml

1 or 2 per group

Whiteboard, 2' x 3' *

1 per group

Lab handout

1 per student

Peer-review guide and instructor scoring rubric

1 per student

*As an alternative, students can use computer and presentation software such as Microsoft PowerPoint or

Apple Keynote to create their arguments.
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waste disposal methods is included in the Flinn Catalog and Reference Manual; you can
request a free copy at www.flinnsci.com.

Topics for the Explicit and Reflective Discussion

Concepts That Can Be Used to Justify the Evidence

To provide an adequate justification of their evidence, students must explain why they
included the evidence in their arguments and make the assumptions underlying their
analysis and interpretation of the data explicit. In this investigation, students can use the
following concepts to help justify their evidence:

* The nature of chemical properties

¢ How atomic structure determines chemical properties

We recommend that you discuss these fundamental concepts during the explicit and
reflective discussion to help students make this connection.

Houw to Design Better Investigations

It is important for students to reflect on the strengths and weaknesses of the investigation
they designed during the explicit and reflective discussion. Students should therefore be
encouraged to discuss ways to eliminate potential flaws, measurement errors, or sources
of bias in their investigations. To help students be more reflective about the design of their
investigation, you can ask the following questions:

* What were some of the strengths of your investigation? What made it scientific?

¢ What were some of the weaknesses of your investigation? What made it less
scientific?

¢ If you were to do this investigation again, what would you do to address the
weaknesses in your investigation? What could you do to make it more scientific?

Crosscutting Concepts

This investigation is well aligned with two crosscutting concepts found in A Framework
for K=12 Science Education, and you should review these concepts during the explicit and
reflective discussion.

e Patterns: A major objective in chemistry is to identify patterns. Once the patterns are
identified, they are often used to guide classification systems and prompt questions
about the underlying cause of the observed patterns. In this investigation, for
example, students need to identify patterns in the physical and chemical properties
of acids and bases and then use these patterns to classify them.
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How Can the Chemical Properties of an Aqueous Solution Be Used to
Identify It as an Acid or a Base?

e Structure and function: The way an object is shaped or structured determines
many of its properties and functions. The observable physical and chemical
properties of acids and bases, for example, are determined by the atomic
structure of these molecules.

The Nature of Science and the Nature of Scientific Inquiry

This investigation is well aligned with two important concepts related to the nature of sci-
ence (NOS) and the nature of scientific inquiry (NOSI), and you should review these concepts
during the explicit and reflective discussion.

o The difference between observations and inferences: An observation is a descriptive
statement about a natural phenomenon, whereas an inference is an interpretation
of an observation. Students should also understand that current scientific
knowledge and the perspectives of individual scientists guide both observations
and inferences. Thus, different scientists can have different but equally valid
interpretations of the same observations due to differences in their perspectives
and background knowledge.

® Methods used in scientific investigations: Examples of methods include experiments,
systematic observations of a phenomenon, literature reviews, and analysis of
existing data sets; the choice of method depends on the objectives of the research.
There is no universal step-by-step scientific method that all scientists follow;
rather, different scientific disciplines (e.g., chemistry vs. physics) and fields
within a discipline (e.g., organic vs. physical chemistry) use different types of
methods, use different core theories, and rely on different standards to develop
scientific knowledge

Hints for Implementing the Lab

¢ Allowing students to design their own methods for identifying acids and bases
gives students an opportunity to try, to fail, and to learn from their mistakes.
Encourage students to try things out and refine their method when they uncover a
flaw or weakness with it.

® Use reaction plates rather than test tubes for the tests. It is safer and limits the
amount of consumables that are used during the investigation.

® Use small dropper bottles for acid solutions, base solutions, and indicators. They
prevent students from using too much and decrease the chance of spills.

Topic Connections

Table 18.3 (p. 290) provides an overview of the scientific practices, crosscutting concepts, dis-
ciplinary core ideas, and supporting ideas at the heart of this lab investigation. In addition,
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it lists NOS and NOSI concepts for the explicit and reflective discussion. Finally, it lists
literacy skills (CCSS ELA) that are addressed during the investigation.

THBLE 18.3

Lab 18 alignment with standards

Scientific practices * Asking questions and defining problems

* Planning and carrying out investigations

* Analyzing and interpreting data

» Constructing explanations and designing solutions

* Engaging in argument from evidence

* Obtaining, evaluating, and communicating information

Crosscutting concepts | ¢ Patterns
* Structure and function

Core ideas e PS1.A: Structure and properties of matter
e PS1.B: Chemical reactions

Supporting idea * Properties of acids and bases

NOS and NOSI » Observations and inferences

concepts * Methods used in scientific investigations

Literacy connections * Reading: Key ideas and details, craft and structure, integration of
(CCSS ELA) knowledge and ideas

» Writing: Text types and purposes, production and distribution of
writing, research to build and present knowledge, range of writing

e Speaking and listening: Comprehension and collaboration,
presentation of knowledge and ideas
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Characteristics of Acids and Bases

How Can the Chemical Properties of an Aqueous Solution Be Used to
Identify It as an Acid or a Base?

Lab Handout

ab 18. Characteristics of Acids and Bases: How Gan the
shemical Properties of an Aqueous Solution Be Used to
dentify It as an Acid or a Base?

Introduction
Acids and bases represent two important classes of chemical compounds. These com-

pounds play a significant role in many atmospheric and geological processes. In addition,
acid-base reactions affect many of the physiological processes that take place within the
human body. Acids and bases are important in atmospheric, geological, and physiological
processes because they have unique chemical properties. Acids and bases have unique
chemical properties because of the atomic composition of these compounds and how these
compounds interact with other atoms and molecules.

Some of the unique chemical properties of acids and bases include how they interact
with metals, carbonates, and a class of compounds called acid-base indicators. A metal is
a solid material that is hard, shiny, malleable, and ductile. Metals are also good electrical
and thermal conductors. Carbonates are compounds that contain a carbonate ion (CO,>),
such as calcium carbonate (CaCQO,), potassium carbonate (K,CO,), and sodium bicarbonate
(NaHCOQO,). An acid-base indicator is a dye or a pigment that changes color when it is
mixed with an acid or a base. People have used indicators to identify acids and bases
for hundreds of years. For example, in the 17th century Sir Robert Boyle described how
different indicators could be used to identify acids and bases (Boyle 1664).

In this investigation you will explore some of the unique chemical properties of acids
and bases. You will then develop a method that can be used to identify acidic or basic
aqueous solutions. This is important because, like all chemists, you will need to be able
to determine if an aqueous solution is acidic or basic as part of your future investigations.
This is an important aspect of doing acid-base chemistry.

Your Task

Devise, test, and then, if needed, refine a method that can be used to determine if an aque-
ous solution is acidic or a basic. For this method to be useful, it should provide consistent
and accurate results but should also be simple and quick to perform inside the lab.

The guiding question for this investigation is, How can the chemical properties of an
aqueous solution be used to identify it as an acid or a base?
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Materials
You may use any of the following materials during this investigation:
Consumables | Indicators Equipment Aqueous Aqueous
e Zinc e Thymol blue ¢ Conductivity solutions for solutions
¢ 1 M solution of | ¢ Bromphenol tester or probe | developing a for testing a
NaHCO, blue ¢ Reaction plate | method method
* 1 M solution ¢ Bromthymol e Small beakers |e Acid solution 1 | e Acid test
of hydrochloric blue ¢ Acid solution 2 solution A
acid, HCI e Methyl red ¢ Acid solution 3 | ¢ Acid test
* Phenol red ¢ Acid solution 4 solution B
* Base solution 1 | » Base test
¢ Base solution 2 solution A
* Base solution 3 | » Base test
* Base solution 4 solution B

Safety Precautions

Follow all normal lab safety rules. All of the acids you will use are corrosive to eyes, skin,
and other body tissues. They are also toxic when ingested. Your teacher will explain rel-
evant and important information about working with the chemicals associated with this
investigation. In addition, take the following safety precautions:

* Wear indirectly vented chemical-splash goggles and chemical-resistant gloves and
apron while in the laboratory.

¢ Handle all glassware with care.

e Wash your hands with soap and water before leaving the laboratory.

Investigation Proposal Required? [J Yes O No

Getting Started

To answer the guiding question, you will first need to learn more about the unique chemi-
cal properties of acids and bases. You will therefore need to explore how aqueous solutions
that are classified as acids or as bases react with metal, a solution of sodium bicarbonate, and
a solution of hydrochloric acid. You will then determine if these same solutions are able to
conduct electricity. Finally, and perhaps most important, you will examine how different
acidic and basic solutions interact with different indicators. You goal is to learn more about
the chemical properties of aqueous solutions that are classified as being acids or bases so
you can use these unique properties to classify other aqueous solutions. To accomplish this
task, you will need to design and conduct a series of systematic observations.

Be sure to think about how you will collect your data and how you will analyze the data
you collect before you begin your investigation. One way to collect data is to add a small
amount (about 5 to 10 drops) of each acid or base solution to the wells in a reaction plate.
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How Can the Chemical Properties of an Aqueous Solution Be Used to
Identify It as an Acid or a Base?

You can then add a small piece of metal or other solution to each well and observe what
happens. You can also create a reaction matrix to help stay organized. A reaction matrix is
a chart that allows you to record your observations (see Table L18.1 for an example). Only
use the solutions found under the heading “Aqueous Solutions for Developing a Method”
in the “Materials” section during this stage of your investigation.

TABLE L18

Example of a reaction matrix

Bromthymol

Zinc HCI blue

Compound

Acid solution 1

Conductivity

Methyl red

Observation 1

Observation 2

Observation 3

Observation 4

Observation 5

Acid solution 2

Observation 6

Observation 7

Observation 8

Observation 9

Observation 10

Base solution 1

Observation 11

Observation 12

Observation 13

Observation 14

Observation 15

Notice that the compounds being tested are included in the first column and each test is labeled as a header in the remaining
columns. Observations made during each test can be recorded in the boxes.

Once you have made your observations about the chemical properties of acids and bases,
you will need to use what you have learned to devise a method for classifying an unknown
as either an acid or a base. You can then test your method using the solutions found under
the heading “Aqueous Solutions for Testing a Method” in the “Materials” section. If you
are able to use your method to accurately classify all four of these solutions, then you will
be able to provide evidence that the method you devised will provide accurate results. If
you cannot accurately classify all four of the test solutions, you will need to refine your
method and test it again. Keep in mind that your method needs to be a simple and quick
way to classify an unknown aqueous solution based on its chemical properties.

Connections to Crosscutting Concepts, the Nature of Science, and the Nature of
Scientific Inquiry

As you work through your investigation, be sure to think about

¢ the importance of looking for, using, and explaining patterns in science;
¢ the relationship between structure and function in nature;
¢ the difference between observations and inferences in science; and

e the different methods used in scientific investigations.
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Initial Argument
Once your group has finished collecting and analyzing your data, you will need to develop

an initial argument. Your argument must include a claim, which is your answer to the

guiding question. Your argument must also include evidence in support of your claim. The

evidence is your analysis of the data and your interpretation of what the analysis means.

Finally, you must include a justification of the evidence in your argument. You will therefore

need to use a scientific concept or principle to explain why the evidence that you decided

to use is relevant and important. You will create your initial argument on a whiteboard.

Your whiteboard must include all the information shown in Figure L18.1.

FIGURE L18.1

Argument presentation on a whiteboard

The Guiding Question:

Our Claim:

Our Evidence:

Our Justification
of the Evidence:

Argumentation Session

The argumentation session allows all of the groups to share their
arguments. One member of each group stays at the lab station
to share that group’s argument, while the other members of the
group go to the other lab stations one at a time to listen to and
critique the arguments developed by their classmates. The goal
of the argumentation session is not to convince others that your
argument is the best one; rather, the goal is to identify errors or
instances of faulty reasoning in the initial arguments so these
mistakes can be fixed. You will therefore need to evaluate the
content of the claim, the quality of the evidence used to support
the claim, and the strength of the justification of the evidence
included in each argument that you see. To critique an argu-
ment, you might need more information than what is included

on the whiteboard. You might, therefore, need to ask the presenter one or more follow-up

questions, such as:

that way?

How did your group collect the data? Why did you use that method?
What did your group do to make sure the data you collected are reliable?

What did your group do to analyze the data, and why did you decide to do it

Is that the only way to interpret the results of your group’s analysis?
Why did your group decide to present your evidence in that manner?

What other claims did your group discuss before deciding on that one? Why did

you abandon those alternative ideas?

How confident are you that your group’s claim is valid? What could you do to

increase your confidence?

Once the argumentation session is complete, you will have a chance to meet with your

group and revise your original argument. Your group might need to gather more data or
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How Can the Chemical Properties of an Aqueous Solution Be Used to
Identify It as an Acid or a Base?

design a way to test one or more alternative claims as part of this process. Remember, your
goal at this stage of the investigation is to develop the most valid or acceptable answer to
the research question!

Report

Once you have completed your research, you will need to prepare an investigation report
that consists of three sections that provide answers to the following questions:

1. What question were you trying to answer and why?

2. What did you do during your investigation and why did you conduct your
investigation in this way?

3. What is your argument?
Your report should answer these questions in two pages or less. The report must be
typed and any diagrams, figures, or tables should be embedded into the document. Be

sure to write in a persuasive style; you are trying to convince others that your claim is
acceptable or valid!

Reference

Boyle, R. 1664. Experiments and considerations touching colours first occasionally written, among some
other essays to a friend, and now suffer'd to come abroad as the beginning of an experimental history of
colours. London: Henry Herringman.
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Checkout Questions

ab 18. Characteristics of Acids and Bases: How Gan the
shemical Properties of an Aqueous Solution Be Used to
dentify It as an Acid or a Base?

1. Describe three characteristics of acids and three characteristics of bases.

2. An unknown solution conducts electricity but the indicators thymol blue and
bromphenol blue do not change color when they are added to it. Should this
solution be classified as an acid or a base?

a. Acid
b. Base

c. Not enough information to determine

Explain your answer.

3. “The solution is an acid” is an example of an observation.
a. Iagree with this statement.

b. Idisagree with this statement.

Explain your answer, using an example from your investigation about the charac-
teristics of acids and bases.
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How Can the Chemical Properties of an Aqueous Solution Be Used to
Identify It as an Acid or a Base?

4. An investigation must follow the scientific method to be considered scientific.

a. Iagree with this statement.

b. Idisagree with this statement.

Explain your answer, using an example from your investigation about the charac-
teristics of acids and bases.

5. Scientists often look for and attempt to explain patterns in nature. Explain why
patterns are important, using an example from your investigation about the
characteristics of acids and bases.

6. In nature, the structure of an object is often related to function or the properties
of that object. Explain why this is true, using an example from your investigation
about the characteristics of acids and bases.
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Page numbers printed in boldface type refer to tables or figures.

A
A Framework for K—12 Science Education, xi, Xi, xvii, Xix,
19, 22
alignment of lab investigations with scientific practices,
crosscutting concepts, and core ideas in,
494-495
Acid-Base Titration and Neutralization Reactions lab,
394411
checkout questions for, 410—411
lab handout for, 402—408
argumentation session, 407
connections, 406
getting started, 404—406, 405
initial argument, 406-407, 407
introduction, 402—-403
investigation proposal, 404
materials, 403
report, 408
safety precautions, 403
task and guiding question, 403
Lab Reference Sheet for, 409
teacher notes for, 394—400
content, 394-395
hints for implementing lab, 400
laboratory waste disposal, 398
materials and preparation, 396, 397
purpose, 394
safety precautions, 398
timeline, 396
topic connections, 400, 401, 494-498
topics for explicit and reflective discussion, 398—400
Acids
Characteristics of Acids and Bases lab, 284-297
Strong and Weak Acids lab, 298-311
Additional information for students, 3, 22
Analyzing data, 5-8
role of teacher in, 15
Application labs, 19
Argument-driven inquiry (ADI) model, xii, xx, 3-16
role of teacher in, 13—-14, 14-16
stages of, 3-13, 4
stage 1: identification of task and guiding question, 3
stage 2: designing a method and collecting data, 5
stage 3: data analysis and development of tentative
argument, 5-8, 6, 8
stage 4: argumentation session, 9, 9-10, 10
stage 5: explicit and reflective discussion, 10-11
stage 6: writing the investigation report, 11-12
stage 7: double-blind group peer review, 12—13
stage 8: revision and submission of investigation
report, 13
Argumentation, xvii
components of a scientific argument, 5-6, 6
criteria for evaluation of, 6, 7
layout on a whiteboard, 7, 8
definition of, xx
role in science, xx, 9
Argumentation session, 9, 9-10, 10. See also specific labs
format of, 9-10
modification of tentative argument based on, 9, 10

rationale for, 9
role teacher in, 10, 15
Assessment(s)
international, xvii—xviii
National Assessment of Educational Progress, xvii
peer-review guide and instructor scoring rubric, 1213,
16, 19, 21, 22, 23, 513-515
teaching to conform to high-stakes tests, xvii
Atomic Structure and Electromagnetic Radiation lab,
174-187
checkout questions for, 186-187
lab handout for, 181-185
argumentation session, 184—185
connections, 183
getting started, 183
initial argument, 184, 184
introduction, 181, 181-182, 182
investigation proposal, 183
materials, 182
report, 185
safety precautions, 182—-183
task and guiding question, 182
teacher notes for, 174-180
content, 174, 174-175, 175
hints for implementing lab, 179
laboratory waste disposal, 176
materials and preparation, 176, 177
purpose, 174
safety precautions, 176
timeline, 175
topic connections, 180, 180, 494-498
topics for explicit and reflective discussion, 176,
178-179
Avogadro constant, 218-219, 222, 224
Avogadro’s law, 98, 230, 238, 238

B
Bond Character and Molecular Polarity lab, 28—41

checkout questions for, 40—-41

lab handout for, 35-39
argumentation session, 38—-39
connections, 37
getting started, 36-37
initial argument, 38, 38
introduction, 35
investigation proposal, 36
materials, 36
report, 39
safety precautions, 36
task and guiding question, 35-36

teacher notes for, 28-33
content, 28-30, 29, 30
hints for implementing lab, 33
laboratory waste disposal, 31
materials and preparation, 30, 31
purpose, 28
safety precautions, 31
timeline, 30
topic connections, 33, 34, 494-498
topics for explicit and reflective discussion, 31-32
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Boyle’s law, 98-99, 230, 238, 238

C
Careers in science, xi, xix
Characteristics of Acids and Bases lab, 284-297
checkout questions for, 296-297
lab handout for, 291-295
argumentation session, 294—295
connections, 293
getting started, 292-293, 293
initial argument, 294, 294
introduction, 291
investigation proposal, 292
materials, 292
report, 295
safety precautions, 292
task and guiding question, 291
teacher notes for, 284-290
content, 284-285, 285
hints for implementing lab, 289
laboratory waste disposal, 286, 288
materials and preparation, 286, 287
purpose, 284
safety precautions, 286
timeline, 286
topic connections, 289-290, 290, 494-498
topics for explicit and reflective discussion,
288-289
Charles’ law, 98-99, 230, 238, 238
Checkout questions, xxi, 23. See also specific labs
Chemical Equilibrium lab, 346-363. See also Equilibrium
Constant and Temperature lab
checkout questions for, 361-363
lab handout for, 354-360
argumentation session, 358—359
connections, 358
getting started, 356—-358
initial argument, 358, 359
introduction, 354-355, 355
investigation proposal, 356
materials, 356
report, 359-360
safety precautions, 356
task and guiding question, 355
teacher notes for, 346-352
content, 346, 346347, 347
hints for implementing lab, 351-352
laboratory waste disposal, 350
materials and preparation, 348, 349
purpose, 346
safety precautions, 348
timeline, 347
topic connections, 352, 353, 494—498
topics for explicit and reflective discussion,
350-351
Chemical reactions
Acid-Base Titration and Neutralization Reactions lab,
394411
Chemical Equilibrium lab, 346-363
Development of a Reaction Matrix lab, 252—-267
Identification of Reaction Products lab, 380-393
Limiting Reactants lab, 268-283
Rate Laws lab, 456472
Reaction Rates lab, 330-345
Stoichiometry and Chemical Reactions lab, 426441
Claim, 5-8, 6, 8
Classification of Changes in Matter lab, 366—379
checkout questions for, 377-379

lab handout for, 373-376
argumentation session, 375-376
connections, 375
initial argument, 375, 375
introduction, 373
investigation proposal, 375
materials, 374
report, 376
safety precautions, 374
task and guiding question, 373
teacher notes for, 366-371
content, 366—-367
hints for implementing lab, 371
laboratory waste disposal, 368, 370
materials and preparation, 367-368, 369
purpose, 366
safety precautions, 368
timeline, 367
topic connections, 371, 372, 494—498
topics for explicit and reflective discussion,
370-371
Cold pack design. See Designing a Cold Pack lab
Collecting data, 5
role of teacher in, 14
Collision theory of reaction rates
Chemical Equilibrium lab, 346, 357
Rate Laws lab, 456, 464, 464
Reaction Rates lab, 330
Common Core State Standards for English language arts
(CCSS ELA), xii, 11-12, 19, 20, 22, 496-497.
See also Literacy connections for labs
Common Core State Standards for mathematics (CCSS
Mathematics), 19, 20, 22. See also Mathematics
connections for labs
Communication skills, xvii, xix. See also Literacy
connections for labs
argumentation session, 9, 9-10, 10
explicit and reflective discussion, 10—11
investigation report, 11-13
Composition of Chemical Compounds lab, 412—-425
checkout questions for, 424—425
lab handout for, 419-423
argumentation session, 422-423
connections, 421
getting started, 420—421
initial argument, 422, 422
introduction, 419
investigation proposal, 420
materials, 420
report, 423
safety precautions, 420
task and guiding question, 419-420
teacher notes for, 412—417
content, 412—413
hints for implementing lab, 416-417
laboratory waste disposal, 415
materials and preparation, 413, 414
purpose, 412
safety precautions, 414-415
timeline, 413
topic connections, 417, 418, 494-498
topics for explicit and reflective discussion,
415-416
Computer simulations, 3, 28
Molarity, 71, 78, 78
Molecule Polarity, 30, 36, 37
Molecule Shapes, 44, 49, 49
Content of labs, 20. See also specific labs
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Core ideas, alignment of lab investigations with, xi, xi, Periodic Trends, 115-116, 117, 119-120
22,495 Pressure, Temperature, and Volume of Gases,
Acid-Base Titration and Neutralization Reactions, 401 101-102, 103, 106
Atomic Structure and Electromagnetic Radiation, 180 Rate Laws, 460, 463, 468
Bond Character and Molecular Polarity, 34 Rate of Dissolution, 60, 62, 66
Characteristics of Acids and Bases, 290 Reaction Rates, 333-334, 336, 341
Chemical Equilibrium, 353 Solutes and the Freezing Point of Water, 128-129,
Classification of Changes in Matter, 372 130, 134
Composition of Chemical Compounds, 418 Stoichiometry and Chemical Reactions, 431, 433,
Density and the Periodic Table, 209 437
Designing a Cold Pack, 447 Strong and Weak Acids, 301, 303, 307
Development of a Reaction Matrix, 259 Temperature Changes Due to Evaporation, 87,
Enthalpy Change of Solution, 319 89, 94
Equilibrium Constant and Temperature, 481 class discussions of, 11
The Ideal Gas Law, 237
Identification of an Unknown Based on Physical D
Properties, 165 Data analysis, 5-8
Identification of Reaction Products, 386 role of teacher in, 15
Limiting Reactants, 273 Data collection, 5
Magnetism and Atomic Structure, 195 role of teacher in, 14
Melting and Freezing Points, 148 Density and the Periodic Table lab, 204—217
Molar Relationships, 223 checkout questions for, 215-217
Molarity, 74 lab handout for, 210-214
Molecular Shapes, 47 argumentation session, 213-214
Periodic Trends, 117 connections, 212-213
Pressure, Temperature, and Volume of Gases, 103 getting started, 212
Rate Laws, 463 initial argument, 213, 213
Rate of Dissolution, 62 introduction, 210, 211
Reaction Rates, 336 investigation proposal, 212
Solutes and the Freezing Point of Water, 130 materials, 211
Stoichiometry and Chemical Reactions, 433 report, 214
Strong and Weak Acids, 303 safety precautions, 212
Temperature Changes Due to Evaporation, 89 task and guiding question, 211
Covalent and ionic bonds. See Bond Character and teacher notes for, 204—209
Molecular Polarity lab content, 204, 204-205
Criteria for evaluation of scientific argument, 6, 7 hints for implementing lab, 208—-209
Critical-thinking skills, 9 laboratory waste disposal, 207
Crosscutting concepts, xi, xi materials and preparation, 205, 206
alignment of lab investigations with, 22, 495 purpose, 204
Acid-Base Titration and Neutralization Reactions, safety precautions, 206

399, 401, 406 timeline, 205
Atomic Structure and Electromagnetic Radiation, topic connections, 209, 209, 494-498
178, 180, 183 topics for explicit and reflective discussion,

Bond Character and Molecular Polarity, 31, 34, 37

207-208

Characteristics of Acids and Bases, 288-289, 290, Designing a Cold Pack lab, 442-455
293 checkout questions for, 453—-455
Chemical Equilibrium, 350-351, 353, 358 lab handout for, 448-452

Classification of Changes in Matter, 370-371, 372,
375

Composition of Chemical Compounds, 416, 418,
421

Density and the Periodic Table, 207-208, 209,
212-213

Designing a Cold Pack, 445-446, 447, 451

Development of a Reaction Matrix, 257, 259, 262

Enthalpy Change of Solution, 316-317, 319, 324

Equilibrium Constant and Temperature, 478-479,
481, 487

The Ideal Gas Law, 235, 237, 241

Identification of an Unknown Based on Physical
Properties, 163, 165, 168

Identification of Reaction Products, 384, 386, 390

Limiting Reactants, 271, 273, 278

Magnetism and Atomic Structure, 193, 195, 200

Melting and Freezing Points, 146, 148, 152

Molar Relationships, 222, 223, 226

Molarity, 72, 74, 77

Molecular Shapes, 4546, 47, 50

argumentation session, 451-452
connections, 451

getting started, 449-450, 451
initial argument, 451, 451
introduction, 448

investigation proposal, 449
materials, 449, 449

report, 450-451, 452

safety precautions, 449

task and guiding question, 449

teacher notes for, 442—447

content, 442443

hints for implementing lab, 446

laboratory waste disposal, 445

materials and preparation, 443, 444

purpose, 442

safety precautions, 444

timeline, 443

topic connections, 447, 447, 494—-498

topics for explicit and reflective discussion,
445-446
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Designing a method and data collection, 5
role of teacher in, 14
Development of a Reaction Matrix lab, 252-267
checkout questions for, 265-267
lab handout for, 260-264
argumentation session, 263
connections, 262
getting started, 261-262, 262
initial argument, 262-263, 263
introduction, 260
investigation proposal, 261
materials, 261
report, 264
safety precautions, 261
task and guiding question, 260-261
teacher notes for, 252-258
content, 252-253
hints for implementing lab, 258
laboratory waste disposal, 254
materials and preparation, 253-254, 255, 256
purpose, 252
safety precautions, 254
timeline, 253
topic connections, 258, 259, 494—498
topics for explicit and reflective discussion,
256-257
Development of a tentative argument, 5-8, 6
choice of medium for, 7
example of, 8
goal of, 8
layout on a whiteboard, 7, 8
role of teacher in, 8, 15
Differential Method for Determining a Rate Law (Lab
Reference Sheet), 470
Duschl, L., xvii

E
Electronegativity effects on bond character. See Bond
Character and Molecular Polarity lab
Enthalpy change, 442, 448
Enthalpy Change of Solution lab, 312-329
checkout questions for, 327-329
lab handout for, 320-326
argumentation session, 325
connections, 324
getting started, 323, 323-324, 324
initial argument, 324-325, 325
introduction, 320-322, 321
investigation proposal, 323
materials, 322
report, 326
safety precautions, 322
task and guiding question, 322
teacher notes for, 312-318
content, 312-313, 313
hints for implementing lab, 317-318
laboratory waste disposal, 314
materials and preparation, 314, 315
purpose, 312
safety precautions, 314
timeline, 314
topic connections, 318, 319, 494—498
topics for explicit and reflective discussion,
316-317
Equilibrium Constant and Temperature lab, 474—491
checkout questions for, 489—-491
lab handout for, 482—-488
argumentation session, 487—488

connections, 487
getting started, 484—-486, 485
initial argument, 487, 487
introduction, 482-483
investigation proposal, 484
materials, 483
report, 488
safety precautions, 484
task and guiding question, 483
teacher notes for, 474—-480
content, 474-475
hints for implementing lab, 479-480
laboratory waste disposal, 478
materials and preparation, 475-476, 477
purpose, 474
safety precautions, 476
timeline, 475
topic connections, 480, 481, 494—498
topics for explicit and reflective discussion,
478-479

Evaporation. See Temperature Changes Due to

Evaporation lab

Evidence, 5-8, 6, 8

criteria for evaluation of, 6, 7
justification of, 5-6, 6

Explicit and reflective discussion, 10-11

role of teacherin, 11, 15
topics for specific labs, 21-22

Acid-Base Titration and Neutralization Reactions,
398-400

Atomic Structure and Electromagnetic Radiation,
176, 178-179

Bond Character and Molarity Polarity, 31-32

Characteristics of Acids and Bases, 288—-289

Chemical Equilibrium, 350-351

Classification of Changes in Matter, 370-371

Composition of Chemical Compounds, 415-416

Density and the Periodic Table, 207-208

Development of a Reaction Matrix, 256257

Enthalpy Change of Solution, 316-317

Equilibrium Constant and Temperature, 478-479

The Ideal Gas Law lab, 235-236

Identification of an Unknown Based on Physical
Properties, 162—-163

Identification of Reaction Products, 384-385

Limiting Reactants, 270-272

Magnetism and Atomic Structure, 192—-193

Melting and Freezing Points, 145-147

Molar Relationships, 221-222

Molarity, 71-73

Molecular Shapes, 45-46

Periodic Trends, 115-116

Pressure, Temperature, and Volume of Gases,
101-102

Rate Laws, 459-461

Rate of Dissolution, 58, 60—61

Reaction Rates, 333-334

Solutes and the Freezing Point of Water, 128—129

Stoichiometry and Chemical Reactions, 430—431

Strong and Weak Acids, 300-302

Temperature Changes Due to Evaporation, 86—-87

A Framework for K—12 Science Education, xi, Xi, xvii, Xix,

19, 22
alignment of lab investigations with scientific
practices, crosscutting concepts, and core
ideas in, 494495
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Freezing point
Melting and Freezing Points lab, 140-157

Solutes and the Freezing Point of Water lab, 124-137

G
Gas laws
The Ideal Gas Law lab, 230-247
Pressure, Temperature, and Volume of Gases lab,
98-111
Guiding question. See also specific labs
components of tentative argument for, 5-6, 6
designing a method and collecting data for
investigation of, 5
identification of, 3
Guy-Lussac’s law, 230, 238, 238

H
Hints for implementing labs, 22. See also specific labs

|
Ideal gas law, 98, 230
The Ideal Gas Law lab, 230-247
checkout questions for, 244-247
lab handout for, 238-243
argumentation session, 242
connections, 241
getting started, 240-241
initial argument, 241-242, 242
introduction, 238, 238-239
investigation proposal, 240
materials, 240
report, 243
safety precautions, 240
task and guiding question, 239
teacher notes for, 230-237
content, 230-231, 232
hints for implementing lab, 236
laboratory waste disposal, 233
materials and preparation, 233, 234
purpose, 230
safety precautions, 233
timeline, 233
topic connections, 236, 237, 494-498
topics for explicit and reflective discussion,
235-236
Identification of an Unknown Based on Physical
Properties lab, 158-173
checkout questions for, 171-173
lab handout for, 166-170
argumentation session, 169-170
connections, 168
getting started, 168
initial argument, 169, 169
introduction, 166, 167
investigation proposal, 168
materials, 167
report, 170
safety precautions, 167-168
task and guiding question, 167
teacher notes for, 158—-164
content, 158-160
hints for implementing lab, 163-164
laboratory waste disposal, 162
materials and preparation, 160-161, 161
purpose, 158
safety precautions, 162
timeline, 160
topic connections, 164, 165, 494-498

Index

topics for explicit and reflective discussion,
162—-163
Identification of Reaction Products lab, 380-393
checkout questions for, 392—393
lab handout for, 387-391
argumentation session, 390-391
connections, 390
getting started, 389-390
initial argument, 390, 390
introduction, 387, 387-388, 388
investigation proposal, 389
materials, 389
report, 391
safety precautions, 389
task and guiding question, 388-389
teacher notes for, 380-385
content, 380-381, 381
hints for implementing lab, 385
laboratory waste disposal, 382
materials and preparation, 382, 383
purpose, 380
safety precautions, 382
timeline, 381
topic connections, 385, 386, 494-498
topics for explicit and reflective discussion,
384-385
Identification of task and guiding question, 3. See also
specific labs
role of teacher in, 3, 14
Institute of Education Sciences, 19
Instructional materials for labs, 22—-23
checkout questions, 23
investigation proposal, 23, 509, 510-512
lab handout, 22
lab reference sheet, 22
peer-review guide and instructor scoring rubric, 12—
13,16, 19, 21, 22, 23, 513-515
Instructor scoring rubric, 13, 23, 513-515
International assessments, xvii—xviii, xviii
Introduction labs, 19
Investigation proposal, 5, 23, 509. See also specific labs
proposal format A, 5, 510
proposal format B, 5, 511
proposal format C, 5, 512
Investigation report, 11-13. See also specific labs
components of, 11-12
format and length of, 12
peer review of, 12-13
revision and submission of, 13
writing of, 11-12
lonic and covalent bonds. See Bond Character and
Molecular Polarity lab

J
Justification of the evidence, 5-6, 6

L
Lab equipment, 3
Lab handouts for students, xxi, 3, 20, 22. See also
specific labs
Lab investigations, xii, 19-23
alignment with standards, 19, 22
application labs, 19
authenticity of, xx, 3, 19
changing the nature of instruction for, xx
definition of, xix
development of, 19
to foster development of science proficiency, xix—xx
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Index

instructional materials for, 22-23
introduction labs, 19

research support for, 19-20
resources for, 19

review and revision of, 19

safety precautions for, xxi, 3, 21
teacher notes for, 20—22
widening the focus of, xx

Lab Reference Sheet, 22

Differential Method for Determining a Rate Law, 470
Standardization of a NaOH Solution, 409

Laboratory waste disposal, 21. See also specific labs
Law of conservation of mass

Classification of Changes in Matter lab, 366

Composition of Chemical Compounds lab, 412, 419,
420421

Development of a Reaction Matrix lab, 252

Identification of Reaction Products lab, 380, 387

Stoichiometry and Chemical Reactions lab, 426, 434

Law of definite proportions

Composition of Chemical Compounds lab, 412, 419
Development of a Reaction Matrix lab, 252
Identification of Reaction Products lab, 380, 387
Stoichiometry and Chemical Reactions lab, 426, 434

Limiting Reactants lab, 268-283

checkout questions for, 281-283
lab handout for, 274-280
argumentation session, 279
connections, 278
getting started, 277-278, 278
initial argument, 278-279, 279
introduction, 274-276, 275
investigation proposal, 277
materials, 276
report, 280
safety precautions, 276-277
task and guiding question, 276
teacher notes for, 268-272
content, 268
hints for implementing lab, 272
laboratory waste disposal, 270
materials and preparation, 269, 269-270
purpose, 268
safety precautions, 270
timeline, 268—269
topic connections, 272, 273, 494—498
topics for explicit and reflective discussion,
270-272

Literacy connections for labs, xii, 19, 22, 496—497. See

also Common Core State Standards for English
language arts

Acid-Base Titration and Neutralization Reactions, 401

Atomic Structure and Electromagnetic Radiation, 180

Bond Character and Molecular Polarity, 34

Characteristics of Acids and Bases, 290

Chemical Equilibrium, 353

Classification of Changes in Matter, 372

Composition of Chemical Compounds, 418

Density and the Periodic Table, 209

Designing a Cold Pack, 447

Development of a Reaction Matrix, 259

Enthalpy Change of Solution, 319

Equilibrium Constant and Temperature, 481

The Ideal Gas Law, 237

Identification of an Unknown Based on Physical

Properties, 165
Identification of Reaction Products, 386
Limiting Reactants, 273

Magnetism and Atomic Structure, 195

Melting and Freezing Points, 148

Molar Relationships, 223

Molarity, 74

Molecular Shapes, 47

Periodic Trends, 117

Pressure, Temperature, and Volume of Gases, 103
Rate Laws, 463

Rate of Dissolution, 62

Reaction Rates, 336

Solutes and the Freezing Point of Water, 130
Stoichiometry and Chemical Reactions, 433
Strong and Weak Acids, 303

Temperature Changes Due to Evaporation, 89

Magnetism and Atomic Structure lab, 188-203

checkout questions for, 202-203
lab handout for, 196201
argumentation session, 200-201
connections, 200
getting started, 198—-199, 199
initial argument, 200, 200
introduction, 196-198, 197
investigation proposal, 198
materials, 198
report, 201
safety precautions, 198
task and guiding question, 198
teacher notes for, 188-194
content, 188—190, 189, 190
hints for implementing lab, 194
laboratory waste disposal, 192
materials and preparation, 191, 191
purpose, 188
safety precautions, 192
timeline, 190-191
topic connections, 194, 195, 494-498
topics for explicit and reflective discussion,
192-193

Materials and preparation for labs, 21. See also specific

labs

Mathematics connections for labs, 19, 22, 497. See also

Common Core State Standards for mathematics
Acid-Base Titration and Neutralization Reactions, 401
Atomic Structure and Electromagnetic Radiation, 180
Bond Character and Molecular Polarity, 34
Chemical Equilibrium, 353
Composition of Chemical Compounds, 418
Density and the Periodic Table, 209
Designing a Cold Pack, 447
Development of a Reaction Matrix, 259
Enthalpy Change of Solution, 319
Equilibrium Constant and Temperature, 481
The Ideal Gas Law, 237
Identification of an Unknown Based on Physical

Properties, 165
Identification of Reaction Products, 386
Limiting Reactants, 273
Magnetism and Atomic Structure, 195
Melting and Freezing Points, 148
Molar Relationships, 223
Molarity, 74
Periodic Trends, 117
Pressure, Temperature, and Volume of Gases, 103
Rate Laws, 463
Rate of Dissolution, 62
Reaction Rates, 336
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Solutes and the Freezing Point of Water, 130
Stoichiometry and Chemical Reactions, 433
Strong and Weak Acids, 303
Temperature Changes Due to Evaporation, 89
Melting and Freezing Points lab, 140-157
checkout questions for, 155-157
lab handout for, 149-154
argumentation session, 153
connections, 152
getting started, 151-152, 152
initial argument, 152-153, 153
introduction, 149-150
investigation proposal, 151
materials, 150
report, 153-154
safety precautions, 150
task and guiding question, 150
teacher notes for, 140-147
content, 140-142, 141, 142
hints for implementing lab, 147
laboratory waste disposal, 145
materials and preparation, 143-145, 144
purpose, 140
safety precautions, 145
timeline, 143
topic connections, 147, 148, 494-498
topics for explicit and reflective discussion,
145-147
Mendeleev’s periodic table, 210, 211
Molar Relationships lab, 218-229
checkout questions for, 228-229
lab handout for, 224-227
argumentation session, 226—227
connections, 226
getting started, 225-226
initial argument, 226, 226
introduction, 224
investigation proposal, 225
materials, 225
report, 227
safety precautions, 225
task and guiding question, 225
teacher notes for, 218-223
content, 218-219, 219
hints for implementing lab, 222—223
laboratory waste disposal, 221
materials and preparation, 220, 220
purpose, 218
safety precautions, 221
timeline, 219-220
topic connections, 223, 223, 494-498
topics for explicit and reflective discussion,
221-222
Molarity lab, 70-81
checkout questions for, 80-81
lab handout for, 75-79
argumentation session, 78
connections, 77
getting started, 76, 76-77
initial argument, 77, 77
introduction, 75
investigation proposal, 76
materials, 76
report, 78-79
safety precautions, 76
task and guiding question, 75
teacher notes for, 70-73
content, 70

Index

hints for implementing lab, 73
laboratory waste disposal, 71
materials and preparation, 71
purpose, 70
safety precautions, 71
timeline, 70
topic connections, 73, 74, 494-498
topics for explicit and reflective discussion, 71-73
Mole ratios. See Limiting Reactants lab
Molecular Shapes lab, 42-55
checkout questions for, 52-55
lab handout for, 48-51
argumentation session, 50-51
connections, 50
getting started, 49, 49-50
initial argument, 50, 50
introduction, 48, 48
investigation proposal, 49
materials, 49
report, 51
safety precautions, 49
task and guiding question, 48—-49
teacher notes for, 42—47
content, 42-43, 43
hints for implementing lab, 46
laboratory waste disposal, 44
materials and preparation, 44, 44
purpose, 42
safety precautions, 44
timeline, 44
topic connections, 46-47, 47, 494-498
topics for explicit and reflective discussion, 45-46

N
National Assessment of Educational Progress, xvii
National Research Council (NRC), xi, xii, xvii, Xix, xx, 22
The Nation’s Report Card: Science 2009, xvii
Nature of science (NOS) and nature of scientific inquiry
(NOSI) concepts, alignment of lab investigations
with, 10, 11, 19, 20, 22, 498
Acid-Base Titration and Neutralization Reactions,
399-400, 401, 406
Atomic Structure and Electromagnetic Radiation,
178-179, 180, 183
Bond Character and Molecular Polarity, 32, 34, 37
Characteristics of Acids and Bases, 289, 290, 293
Chemical Equilibrium, 351, 353, 358
Classification of Changes in Matter, 371, 372, 375
Composition of Chemical Compounds, 416, 418, 421
Density and the Periodic Table, 208, 209, 212-213
Designing a Cold Pack, 446, 447, 451
Development of a Reaction Matrix, 257, 259, 262
Enthalpy Change of Solution, 317, 319, 324
Equilibrium Constant and Temperature, 479, 481, 487
The Ideal Gas Law, 236, 237, 241
Identification of an Unknown Based on Physical
Properties, 163, 165, 168
Identification of Reaction Products, 385, 386, 390
Limiting Reactants, 271-272, 273, 278
Magnetism and Atomic Structure, 193, 195, 200
Melting and Freezing Points, 146—147, 148, 152
Molar Relationships, 222, 223, 226
Molarity, 72-73, 74, 77
Molecular Shapes, 46, 47, 50
Periodic Trends, 116, 117, 119-120
Pressure, Temperature, and Volume of Gases, 102,
103, 106
Rate Laws, 460—461, 463, 468
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Index

Rate of Dissolution, 60-61, 62, 66
Reaction Rates, 334, 336, 341

Solutes and the Freezing Point of Water, 129, 130,

134

Stoichiometry and Chemical Reactions, 431, 433, 437

Strong and Weak Acids, 301-302, 303, 307

Temperature Changes Due to Evaporation, 87, 89, 94

Neutralization reactions. See Acid-Base Titration and
Neutralization Reactions lab
Next Generation Science Standards, xi

(0]
Organisation for Economic Co-operation and
Development (OECD), xv

P
Peer group review of investigation report, 12—13
role of teacher in, 16

Peer-review guide, 12-13, 16, 19, 21, 22, 23, 513-515

Periodic trends, 204, 204
Periodic Trends lab, 112—-123
checkout questions for, 122—123
lab handout for, 118-121
argumentation session, 120-121
connections, 119-120
getting started, 119
initial argument, 120, 120
introduction, 118, 118
investigation proposal, 119
materials, 119
report, 121
safety precautions, 119
task and guiding question, 118-119
teacher notes for, 112-117
content, 112—-114, 113
hints for implementing lab, 116
laboratory waste disposal, 115
materials and preparation, 114, 114
purpose, 112
safety precautions, 115
timeline, 114
topic connections, 117, 117, 494—-498
topics for explicit and reflective discussion,
115-116
Personal protective equipment, xxi
PhET Interactive Simulations, 30, 44, 71, 517
Preparation for labs, 21. See also specific labs
Pressure, Temperature, and Volume of Gases lab,
98—-111
checkout questions for, 110-111
lab handout for, 104—109
argumentation session, 108
connections, 106
getting started, 105-106
initial argument, 106-108, 107
introduction, 104
investigation proposal, 105
materials, 105
report, 108—-109
safety precautions, 105
task and guiding question, 104
teacher notes for, 98-103
content, 98—99
hints for implementing lab, 102
laboratory waste disposal, 101
materials and preparation, 99, 100
purpose, 98
safety precautions, 100

timeline, 99
topic connections, 102-103, 103, 494-498
topics for explicit and reflective discussion,
101-102
Proficiency in science, xi—xii, xvii-xx, 3, 19
Programme for International Student Assessment (PISA),
Xvii—xviii, xviii
Purpose of labs, 20. See also specific labs

R
Rate Laws lab, 456-472
checkout questions for, 471-473
lab handout for, 464—469
argumentation session, 468—469
connections, 468
getting started, 466—468
initial argument, 468, 468
introduction, 464, 464—465
investigation proposal, 466
materials, 466
report, 469
safety precautions, 466
task and guiding question, 466
Lab Reference Sheet for, 470
teacher notes for, 456—462
content, 456-458
hints for implementing lab, 461-462, 462
laboratory waste disposal, 459
materials and preparation, 458, 459
purpose, 456
safety precautions, 458
timeline, 458
topic connections, 462, 463, 494-498
topics for explicit and reflective discussion,
459-461
Rate of Dissolution lab, 56—-69
checkout questions for, 68—-69
lab handout for, 63-67
argumentation session, 66-67
connections, 66
getting started, 65
initial argument, 66, 66
introduction, 63
investigation proposal, 65
materials, 64
report, 67
safety precautions, 64
task and guiding question, 64
teacher notes for, 56—61
content, 56-57, 57
hints for implementing lab, 61
laboratory waste disposal, 58
materials and preparation, 58, 59
purpose, 56
safety precautions, 58
timeline, 57
topic connections, 61, 62, 494-498
topics for explicit and reflective discussion, 58,
60-61
Reaction matrix, 293, 293. See also Development of a
Reaction Matrix lab
Reaction products. See Identification of Reaction
Products lab
Reaction Rates lab, 330-345. See also Rate Laws lab
checkout questions for, 343—-345
lab handout for, 337-342
argumentation session, 341-342
connections, 341
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getting started, 339-341, 340
initial argument, 341, 341
introduction, 337-338, 338
investigation proposal, 339
materials, 338
report, 342
safety precautions, 339
task and guiding question, 338
teacher notes for, 330-335
content, 330-331
hints for implementing lab, 334-335
laboratory waste disposal, 333
materials and preparation, 331, 332
purpose, 330
safety precautions, 331
timeline, 331
topic connections, 335, 336, 494-498
topics for explicit and reflective discussion,
333-334
Reading skills, 12. See also Literacy connections for labs
Report writing. See Investigation report
Revision and submission of investigation report, 13
role of teacher in, 16
Role of teacher in argument-driven inquiry model, 13-14,

14-16

S

Safety in the Science Classroom, Laboratory, or Field
Sites, xxi

Safety precautions, xxi, 3, 21. See also specific labs
Schweingruber, H. A., xvii
Science proficiency, xi—xii, xvii-xx, 3, 19
curricular organization and, xviii—xix
definition and components of, xvii
performance of U.S. students on national and
international assessments, xvii—xviii, xviii
science labs to foster development of, xix—xx
Scientific explanations, xvii
Scientific habits of mind, xix, xx, 9
Scientific knowledge, xi, xvii, xx, 10, 46
Scientific practices, xi, xi, xii, xvii—xx, 3
alignment of lab investigations with, 22, 494
Acid-Base Titration and Neutralization Reactions,
401
Atomic Structure and Electromagnetic Radiation,
180
Bond Character and Molecular Polarity, 34
Characteristics of Acids and Bases, 290
Chemical Equilibrium, 353
Classification of Changes in Matter, 372
Composition of Chemical Compounds, 418
Density and the Periodic Table, 209
Designing a Cold Pack, 447
Development of a Reaction Matrix, 259
Enthalpy Change of Solution, 319
Equilibrium Constant and Temperature, 481
The Ideal Gas Law, 237
Identification of an Unknown Based on Physical
Properties, 165
Identification of Reaction Products, 386
Limiting Reactants, 273
Magnetism and Atomic Structure, 195
Melting and Freezing Points, 148
Molar Relationships, 223
Molarity, 74
Molecular Shapes, 47
Periodic Trends, 117
Pressure, Temperature, and Volume of Gases, 103

Index

Rate Laws, 463
Rate of Dissolution, 62
Reaction Rates, 336
Solutes and the Freezing Point of Water, 130
Stoichiometry and Chemical Reactions, 433
Strong and Weak Acids, 303
Temperature Changes Due to Evaporation, 89
Shouse, A. W., xvii
Solutes and the Freezing Point of Water lab, 124-137
checkout questions for, 136—137
lab handout for, 131-135
argumentation session, 134—-135
connections, 134
getting started, 133, 133—-134
initial argument, 134, 134
introduction, 131, 131-132
investigation proposal, 133
materials, 132
report, 135
safety precautions, 133
task and guiding question, 132
teacher notes for, 124-130
content, 124-125
hints for implementing lab, 129—-130
laboratory waste disposal, 126
materials and preparation, 126, 127
purpose, 124
safety precautions, 126
timeline, 125-126
topic connections, 130, 130, 494—498
topics for explicit and reflective discussion,
128-129
Solutions
Enthalpy Change of Solution, 312-329
Identification of an Unknown Based on Physical
Properties lab, 158-173
Identification of Reaction Products lab, 380-393
Rate of Dissolution lab, 56—-69
Standardization of a NaOH Solution (Lab Reference
Sheet), 409
Stoichiometry and Chemical Reactions lab, 426—-441
checkout questions for, 440—441
lab handout for, 434—439
argumentation session, 438
connections, 437
getting started, 436, 436437
initial argument, 437, 438
introduction, 434
investigation proposal, 436
materials, 435
report, 438—439
safety precautions, 436
task and guiding question, 435
teacher notes for, 426-432
content, 426428
hints for implementing lab, 432
laboratory waste disposal, 430
materials and preparation, 429, 429
purpose, 426
safety precautions, 430
timeline, 428-429
topic connections, 432, 433, 494-498
topics for explicit and reflective discussion,
430-431
Strong and Weak Acids lab, 298-311
checkout questions for, 310-311
lab handout for, 304-309
argumentation session, 308—309
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Index

connections, 307
getting started, 306-307, 307
initial argument, 308, 308
introduction, 304, 304-305
materials, 306
report, 309
safety precautions, 306
task and guiding question, 305
teacher notes for, 298-302
content, 298
hints for implementing lab, 302
laboratory waste disposal, 300
materials and preparation, 299, 299
purpose, 298
safety precautions, 300
timeline, 298
topic connections, 302, 303, 494—498
topics for explicit and reflective discussion,
300-302
Supporting ideas for labs, 22
Acid-Base Titration and Neutralization Reactions, 401
Atomic Structure and Electromagnetic Radiation, 180
Bond Character and Molecular Polarity, 34
Characteristics of Acids and Bases, 290
Chemical Equilibrium, 353
Classification of Changes in Matter, 372
Composition of Chemical Compounds, 418
Density and the Periodic Table, 209
Designing a Cold Pack, 447
Development of a Reaction Matrix, 259
Enthalpy Change of Solution, 319
Equilibrium Constant and Temperature, 481
The Ideal Gas Law, 237
Identification of an Unknown Based on Physical
Properties, 165
Identification of Reaction Products, 386
Limiting Reactants, 273
Magnetism and Atomic Structure, 195
Melting and Freezing Points, 148
Molar Relationships, 223
Molarity, 74
Molecular Shapes, 47
Periodic Trends, 117
Pressure, Temperature, and Volume of Gases, 103
Rate Laws, 463
Rate of Dissolution, 62
Reaction Rates, 336
Solutes and the Freezing Point of Water, 130
Stoichiometry and Chemical Reactions, 433
Strong and Weak Acids, 303
Temperature Changes Due to Evaporation, 89

T
Teacher notes for labs, xx—xxi, 20-22. See also specific
labs

content, 20

hints for implementing the lab, 22

laboratory waste disposal, 21

materials and preparation, 21

purpose, 20

safety precautions, 21

030

timeline, 20-21, 501-508
topic connections, 22, 494-498
topics for explicit and reflective discussion, 21-22
Teacher’s roles during argument-driven inquiry, 13—14,
14-16
Temperature Changes Due to Evaporation lab, 82—-97
checkout questions for, 96-97
lab handout for, 90-95
argumentation session, 94-95
connections, 94
getting started, 92, 92, 93
initial argument, 94, 94
introduction, 90-91
investigation proposal, 92
materials, 91
report, 95
safety precautions, 91
task and guiding question, 91
teacher notes for, 82—-88
content, 82-84
hints for implementing lab, 88
laboratory waste disposal, 86
materials and preparation, 84, 84-85, 85
purpose, 82
safety precautions, 85-86
timeline, 84
topic connections, 88, 89, 494-498
topics for explicit and reflective discussion, 86-87
Tentative argument
argumentation session on, 9, 9-10, 10
development of, 5-8, 6, 8
modification of, 9, 10
Timelines for labs, 20-21. See also specific labs
option A format, 501
option B format, 502
option C format, 503
option D format, 504
option E format, 505
option F format, 506
option G format, 507
option H format, 508
“Tool talk,” 3, 14
Topic connections, 22, 494-498. See also specific labs

)
Unknown compounds
Development of a Reaction Matrix lab, 252-267
Identification of an Unknown Based on Physical
Properties lab, 158—-173
Molar Relationships lab, 218-229

\'

Valence shell electron pair repulsion (VSEPR) model, 42,
48, 52

w

Waste disposal for labs, 21. See also specific labs
Writing the investigation report, 11-12. See also Literacy
connections for labs
role of teacher in, 16
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re you interested in using argument-driven inquiry for high school lab instruction
but just aren’t sure how to do it? You are not alone. Argument-Driven Inquiry in
Chemistry will provide you with the information and instructional materials you need
to start using this method right away. This book is a one-stop source of expertise,
advice, and investigations to help chemistry students work the way scientists do.

The book is divided into two basic parts:

1. An introduction to the stages of argument-driven inquiry—from investigation
design, data analysis, and argument development and evaluation to double-blind
peer review and report revision.

2. A well-organized series of 30 field-tested labs designed to be a more scientifically
authentic approach to instruction than traditional laboratory activities. The labs cover
a broad range of topics related to chemical reactions and the structure and properties
of matter. You can use the introduction labs to acquaint students with new content
and the application labs to have them try out a theory, law, or unifying concept.

The authors are veteran teachers who know your time constraints, so they designed the
book with easy-to-use reproducible student pages, teacher notes, and checkout questions.
The labs are also aligned with today’s standards and will help your students learn the
core ideas, crosscutting concepts, and scientific practices found in the Next Generation
Science Standards. In addition, they offer ways for students to develop the disciplinary
skills outlined in the Common Core State Standards.

Many of today’s teachers—like you—want to find new ways to engage students in scientific
practices and help students learn more from lab activities. Argument-Driven Inquiry in
Chemistry does all this even as it gives students the chance to practice reading, writing,
speaking, and using math in the context of science.
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