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Abstract.  The instructional unit described in this account was designed during an NSF institute for science educators.  It is a model unit for chemistry education incorporating the Virtual Molecular Dynamics Laboratory.  It includes a brief introduction to the objectives for learning, the relevance of these objectives to the standard curriculum, and an outline of instructional activities and assessment techniques.
Introduction

This unit is designed to accompany a chapter on states of matter and phase transitions.  The activities outlined explore the molecular nature of the three principal states of matter (solid, liquid, and gas) and the transitions between them.  The energy and temperatures associated with the states of matter and the transitions between them are also explored.  Kinetic Molecular Theory is used to describe the behavior of particles.  Hands-on activities combined with computer simulations provide a unique look at both the macroscopic and the molecular basis of phase transitions.

A primary focus of this unit is the incorporation of the Virtual Molecular Dynamics Laboratory into the traditional approach to teaching the states of matter.  This provides a distinct advantage in that it allows students to visualize molecular motion and molecular interactions.  When incorporated appropriately into the curriculum, this computer simulation can help students understand the macroscopic properties they observe.

Intended Audience / Adjustment

The materials that follow were developed for honors level students.  They are easily adapted for a standard level classroom by focusing on the qualitative content rather than quantitative content.  Advanced placement students might be expected to perform the more challenging calculations included in the experiments.  The varying activities and assessment techniques are designed to encompass a broad range of learning styles.

Placement in the Curriculum

This instructional unit addresses the following categories within the Grade 10 or 11 Chemistry Massachusetts Science and Technology/Engineering Framework.
  The material is revisited in units on gas laws and solutions.

1.1 Identify and explain some of the physical properties that are used to classify matter.  e.g. … melting point, and boiling point

1.2 Describe the four states of matter (solid, liquid, gas, plasma) in terms of energy, particle motion, and phase transitions.

10.3 
Analyze the energy changes in physical and chemical processes using calorimetry.

Goals and Objectives

The objectives of this unit are as follows:

1. State and describe the three states of matter.

2. Using kinetic molecular theory (KMT), explain the similarities and differences between each phase.

3. Using KMT, describe what happens within each phase and the transitions between phases.

4. Define heat and describe how it is measured.

5. Draw the heating curve of a given substance by plotting temperature as a function of time.

6. From an energy point of view, explain the heating curve.

7. Explain how heat is involved in phase transitions.

8. Define heat capacity, specific heat, heat of fusion, and heat of vaporization.

9. Experimentally determine the values for heat capacity, specific heat, heat of fusion, and heat of vaporization of a given substance.

10. Given the values for heat capacity, specific heat, heat of fusion, and heat of vaporization, calculate the amount of heat involved in a specific phase transition.

Time / Resources

It is envisioned that this unit will require twelve teaching days.  Classroom activities are designed for approximately 40-minute sessions.  Time required for preparation and clean-up is minimal.  Each activity specifies the amount of time required.  Materials for the hands-on activities are common to high school chemistry laboratories and are listed within each experiment.  Ideally, students should perform computer simulations in groups of two to four.  However, if this is not possible, the simulations can be run as demonstrations, provided the screen is large enough for students to clearly see the display.

Instructional Activities

	Day 1
	Introduction to the states of matter and phase transitions.

Teacher-guided worksheet:  “States of Matter and Phase Transitions.”

Relevant reading assignment and selected homework problems.

	Day 2
	Simple assessment to determine prior knowledge any prior misconceptions

Introduction to / Review of Kinetic Molecular Theory (KMT).

Simulab:  “Explore the Common States of Matter.” 

Provide rubric for unit project.

	Day 3
	SMD Demo:  “Boiling.”

Lab:  “Boiling Point.”

Compare simulation with laboratory results.

Teacher-assigned teams will collaborate to interpret data.

Homework:  laboratory data manipulation and analysis.

	Day 4
	Teacher-directed discussion of heat and temperature.

Demo/Minilab:  “Heat and the Calorie.”

Demo/Minilab:  “How Much Energy in a Nut.”

	Day 5
	Lab:  Melting Point Determination.

	Day 6
	Construction and discussion of the heating curve.

Introduction to heat capacity, heat of vaporization, and heat of fusion.

	Day 7
	Assessment for heating curve.

Lab:  “The Heat of Fusion of Ice.”

	Day 8/9
	Introduction to Specific Heat.

Lab:  Specific Heat of Liquids.

Lab:  Specific Heat of Solids.

	Day 10
	Teacher-modeled laboratory calculations.

Simulab:  Heating curve.

Draw connections between previous experiments and the final heating curve.

	Day 11
	Review calculations.

Provide clarification of unit project.

Make connections between all activities by generating a graphic organizer with the class.

	Day 12
	Unit Exam.

Collect unit project.


Assessment

The following is an outline of the tools for assessment used in this unit:

· Throughout the unit, reading assignments and problem sets will provide embedded assessment of student progress.

· An early simple assessment will be directed at the student’s prior knowledge of the topic and gauge comprehension of the new material.

· Halfway through the unit, another simple assessment will gauge the student’s progress within the unit and mastery of the material.

· Several hands-on activities will engage the students.  Their performance and understanding of the laboratory material will be assessed by post-laboratory assignments.

· A unit project will assess the student’s ability to make connections between several different concepts within the unit.  A rubric and exemplars will be provided to clarify expectations.

· The unit exam will incorporate several assessment tools to assess all types of learners.  Questions will include free response, calculations relating to laboratory experiments, and multiple-choice questions.

· The following three categories of assessment will be given equal weight, each accounting for one third of the unit grade:

i. problem sets and laboratory assignments

ii. unit project

iii. unit exam
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