Introduction												
The Virginia Science Activities, Models, and Simulations (SAMS) project is designed to provide middle and high school science teachers with science activities, models, and simulations correlated the 2010 Science Standards of Learning.  This resource is designed to support the science knowledge and skills all students need for the future.  The activities, models, and simulations were developed by teachers participating in the Innovative Technology in Science Inquiry Scale Up (ITSI-SU) project funded by the National Science Foundation.
The Virginia Science Activities, Models, and Simulations (SAMS) project engages students in practices that are essential for learning science through inquiry. The SAMS project was designed to offer flexibility in how a teacher chooses to use it with her/his students. It is divided into two sections.  
The first section offers correlations to activities that involve asking questions or defining problems, using models or sensors, collecting data, interpreting results, using mathematics, technology and computational thinking, constructing explanations, and designing solutions based on evidence. The activities also include a section on career connections.  
The second section includes models and simulations that are identified as those that could be used in stand-alone situations.  These may be used by teachers (indicated by a T) for demonstration purpose or by students (indicated by an S) as they work independently or in small groups.
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	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc356463199]CH.1	The student will investigate and understand that experiments in which variables are measured, analyzed, and evaluated produce observations and verifiable data. Key concepts include
a) designated laboratory techniques;
b) safe use of chemicals and equipment;
c) proper response to emergency situations;
d) manipulation of multiple variables, using repeated trials;
e) accurate recording, organization, and analysis of data through repeated trials;
f) mathematical and procedural error analysis;
g) mathematical manipulations including  SI units, scientific notation, linear equations, graphing, ratio and proportion, significant digits, and dimensional analysis;
h) use of appropriate technology including computers, graphing calculators, and probeware for gathering data, communicating results, and using simulations to model concepts;
i) construction and defense of a scientific viewpoint; and
j) the use of current applications to reinforce chemistry concepts.


	In order to meet this standard, it is expected that students will
· make connections between components of the nature of science and their investigations and the greater body of scientific knowledge and research.
· demonstrate safe laboratory practices, procedures, and techniques.
· demonstrate the following basic lab techniques: filtering, using chromatography, and lighting a gas burner. 
· understand Material Safety Data Sheet (MSDS) warnings, including handling chemicals, lethal dose (LD), hazards, disposal, and chemical spill cleanup.
· identify the following basic lab equipment: beaker, Erlenmeyer flask, graduated cylinder, test tube, test tube rack, test tube holder, ring stand, wire gauze, clay triangle, crucible with lid, evaporating dish, watch glass, wash bottle, and dropping pipette.
· make the following measurements, using the specified equipment:
volume: graduated cylinder, volumetric flask, buret
mass: triple beam and electronic balances
temperature: thermometer and/or temperature probe
pressure: barometer and/or pressure probe.
· identify, locate, and know how to use laboratory safety equipment, including aprons, goggles, gloves, fire extinguishers, fire blanket, safety shower, eye wash, broken glass container, and fume hood.
· design and perform controlled experiments to test predictions, including the following key components: hypotheses, independent and dependent variables, constants, controls, and repeated trials.
· predict outcome(s) when a variable is changed.
· read measurements and record data, reporting the significant digits of the measuring equipment.
· demonstrate precision (reproducibility) in measurement.
· recognize accuracy in terms of closeness to the true value of a measurement.
· determine the mean of a set of measurements.
· use data collected to calculate percent error.
· discover and eliminate procedural errors.
· use common SI prefixes and their values (milli-, centi-, kilo-) in measurements and calculations.
· demonstrate the use of scientific notation, using the correct number of significant digits with powers of ten notation for the decimal place.
· graph data utilizing the following:
independent variable (horizontal axis)
dependent variable (vertical axis)
scale and units of a graph
regression line (best fit curve).
· calculate mole ratios, percent composition, conversions, and average atomic mass.
· perform calculations according to significant digits rules.
· convert measurements using dimensional analysis. 
· use graphing calculators to solve chemistry problems.
· read a measurement from a graduated scale, stating measured digits plus the estimated digit.
· use appropriate technology for data collection and analysis, including probeware interfaced to a graphing calculator and/or computer and computer simulations.
· summarize knowledge gained through gathering and appropriate processing of data in a report that documents background, objective(s), data collection, data analysis and conclusions.
· explain the emergence of modern theories based on historical development. For example, students should be able to explain the origin of the atomic theory beginning with the Greek atomists and continuing through the most modern quantum models.

	





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc356463200]CH.2	The student will investigate and understand that the placement of elements on the periodic table is a function of their atomic structure. The periodic table is a tool used for the investigations of
a) average atomic mass, mass number, and atomic number;
b) isotopes, half lives, and radioactive decay;
c) mass and charge characteristics of subatomic particles;
d) families or groups;
e) periods;
f) trends including atomic radii, electronegativity, shielding effect, and ionization energy;
g) electron configurations, valence electrons, and oxidation numbers;
h) chemical and physical properties; and
i) historical and quantum models.




























	In order to meet this standard, it is expected that students will
· determine the atomic number, atomic mass, the number of protons, and the number of electrons of any atom of a particular element using a periodic table.
· determine the number of neutrons in an isotope given its mass number.
· perform calculations to determine the “weighted” average atomic mass.
· perform calculations involving the half-life of a radioactive substance.
· differentiate between alpha, beta, and gamma radiation with respect to penetrating power, shielding, and composition.
· differentiate between the major atom components (proton, neutron and electron) in terms of location, size, and charge.
· distinguish between a group and a period. 
· identify key groups, periods, and regions of elements on the periodic table.
· identify and explain trends in the periodic table as they relate to ionization energy, electronegativity, shielding effect, and relative sizes.
· compare an element’s reactivity to the reactivity of other elements in the table.
· relate the position of an element on the periodic table to its electron configuration.
· determine the number of valence electrons and possible oxidation numbers from an element’s electron configuration.
· write the electron configuration for the first 20 elements of the periodic table.
· distinguish between physical and chemical properties of metals and nonmetals.
· differentiate between pure substances and mixtures and between homogeneous and heterogeneous mixtures.
· identify key contributions of principal scientists including:
atomos, initial idea of atom – Democritus
first atomic theory of matter, solid sphere model – John Dalton
discovery of the electron using the cathode ray tube experiment, plum pudding model – J. J. Thomson
discovery of the nucleus using the gold foil experiment, nuclear model – Ernest Rutherford
discovery of charge of electron using the oil drop experiment – Robert Millikan
energy levels, planetary model – Niels Bohr
periodic table arranged by atomic mass – Dmitri Mendeleev
periodic table arranged by atomic number – Henry Moseley
quantum nature of energy – Max Planck
uncertainty principle, quantum mechanical model – Werner Heisenberg
wave theory, quantum mechanical model – Louis de Broglie.
· differentiate between the historical and quantum models of the atom.






	Activities:

CH.2 g
Probability Clouds
Investigate the probability map of electron orbitals. 
(Model)

CH.2 i
Rutherford Scattering
Simulate the famous experiment in which he disproved the Plum Pudding model of the atom by observing alpha particles bouncing off atoms and determining that they must have a small core. 
(Model)

CH.2 g, h
Neon Lights and Other Discharge Lamps
Produce light by bombarding atoms with electrons. Observe the characteristic spectra of different elements are produced, and configure their own element's energy states to produce light of different colors.
(Model)
CH.2 a, f, g
Build an Atom
Build an atom out of protons, neutrons, and electrons, and see how the element, charge, and mass change.
(Model)

CH.2 b
Isotopes and Atomic Mass
Use this simulation to learn about isotopes and how abundance relates to the average atomic mass of an element.
(Model)

CH.2 i
Models of the Hydrogen Atom
Explore different models by shooting light at the atom. Then check how the prediction of the model matches the experimental results.
(Model)

CH.2 i	
Photoelectric Effect
Investigate how light knocks electrons off a metal target, and get to recreate the experiment that spawned the field of quantum mechanics.
(Model)

CH.2 b
Alpha Decay
Observe alpha particles escape from a polonium nucleus, causing radioactive alpha decay. Then see how random decay times relate to the half-life.
(Model)

CH.2 b
Beta Decay
Observe beta decay occur for a collection of nuclei or for an individual nucleus.
(Model)

CH.2 b
Radioactive Dating Game
Learn about different types of radiometric dating, such as carbon dating. They are able to understand how decay and half-life work to enable radiometric dating.
(Model)

CH.2 b
Nuclear Fission
Start a chain reaction, or introduce non-radioactive isotopes to prevent one. They control energy production in a nuclear reactor. 
(Model)


	
	
	Models/Simulations:

Atomic Structure: The Elements 
Use the atom builder to experiment with combining different amounts of protons, neutrons, and electrons to make various kinds of atoms. (S)

Atomic Structure and Photons: The Shape Of The Orbitals Depends On The Electron Energy 
This is a model of atoms in ground and excited states. By adding energy to the electron (with light, heat, or some other source, students can make an electron have more energy and see an interactive 3D view of that orbital. (S)

Atomic Structure: Isotopes and Radioactivity
Discover what an isotope is and why some of them are radioactive. (T)






	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc356463201]CH.3	The student will investigate and understand how conservation of energy and matter is expressed in chemical formulas and balanced equations.   Key concepts include
a) nomenclature;
b) balancing chemical equations;
c)     writing chemical formulas;
d) bonding types;
e)     reaction types; and
f)      reaction rates, kinetics, and equilibrium.
































	In order to meet this standard, it is expected that students will
· name binary covalent/molecular compounds.
· name binary ionic compounds (using the Roman numeral system where appropriate).
· predict, draw, and name molecular shapes (bent, linear, trigonal planar, tetrahedral, and trigonal pyramidal).
· transform word equations into chemical equations and balance chemical equations.
· write the chemical formulas for certain common substances, such as ammonia, water, carbon monoxide, carbon dioxide, sulfur dioxide, and carbon tetrafluoride. 
· use polyatomic ions for naming and writing formulas of ionic compounds, including carbonate, sulfate, nitrate, hydroxide, phosphate, and ammonium.
· draw Lewis dot diagrams to represent valence electrons in elements and draw Lewis dot structures to show covalent bonding.
· use valence shell electron pair repulsion (VSEPR) model to draw and name molecular shapes (bent, linear, trigonal planar, tetrahedral, and trigonal pyramidal).
· recognize polar molecules and non-polar molecules.
· classify types of chemical reactions as synthesis, decomposition, single replacement, double replacement, neutralization, and/or combustion.
· recognize that there is a natural tendency for systems to move in a direction of randomness (entropy).
· recognize equations for redox reactions and neutralization reactions.
· distinguish between an endothermic and exothermic process.
· interpret reaction rate diagrams.
· identify and explain the effect the following factors have on the rate of a chemical reaction: catalyst, temperature, concentration, size of particles.
· distinguish between irreversible reactions and those at equilibrium.
· predict the shift in equilibrium when a system is subjected to a stress (Le Chatelier’s Principle) and identify the factors that can cause a shift in equilibrium (temperature, pressure, and concentration).














	Activities:
CH.2 a-f  CH.3 a, b, c, d

CH.3 d, e, f
Making and Breaking Bonds
Explore what affects the association and dissociation of diatomic molecules.
(Model)

CH.1 b, e, g  CH.3 e, f
Baggie Chemistry
Investigate the dramatic results produced by household chemicals mixed in a baggie. 
(Sensor: Temperature)

CH.1 b, e, g  CH.3 e, f
Chemical Reaction Rates
Introduced to factors that change the speed of a chemical reaction.
(Sensor: Temperature, Model)

CH.1 b, e, g  CH.3 e, f
Reaction Rates
Measure the effect of temperature on rates of reaction.
(Sensor: Temperature, Model)

CH.3 f	
Activation Energy
Investigate the minimum energy colliding particles must have in order to react.
(Model)

CH.3 f
Explosion 
Determine the energy conditions needed to start an explosion.
(Model)

CH.1 b, e, g  CH.3 e, f
Making Heat
Monitor the temperature of reactions with different concentrations of reactants.
(Sensor: Temperature)

CH.3 d
Atomic Interactions
Explore the interactions between various combinations of two atoms. They may turn on force arrows to see either the total force acting on the atoms or the individual attractive and repulsive forces.
(Model)

CH.3 c, d, e
Build a Molecule
Starting from atoms, students may see how many molecules they can build. They collect their molecules and see them in 3D.
(Model)


CH.3 a, c
Molecule Shapes - Basics
Students explore molecule shapes by building molecules in 3D. They discover how a molecule's shape changes as they add atoms to a molecule.
(Model)

CH.3 a, c
Molecule Shapes
How does molecule shape change with different numbers of bonds and electron pairs? Students find out by adding single, double, or triple bonds and lone pairs to the central atom. Then, they compare the VSEPR model to real molecules.
(Model)

CH.3 b
Balancing Chemical Equations
How do you know if a chemical equation is balanced? What can you change to balance an equation? Students investigate in this activity.
(Model)

CH.3 e, f
Reactions and Rates
Explore what makes a reaction happen by colliding atoms and molecules. They design experiments with different reactions, concentrations, and temperatures. (S)

CH.3 f
Reversible Reactions
Observe a reaction proceed over time. How does total energy affect a reaction rate? Vary temperature, barrier height, and potential energies. Record concentrations and time in order to extract rate coefficients. This simulation is best used with teacher guidance because it presents an analogy of chemical reactions.
(Model)


	
	
	Models/Simulations:
Bond Types 3: Electronegativity, Orbitals, and Charge 
This model allows users to explore how electronegativity affects the location of the electrons and the surface charge on the molecule. As electronegativities are set, students are able to see how the electrons shift between the bonding atoms. (T)

Molecular Geometry: Electron Geometry 
This model shows three different electron geometries (linear, trigonal planar, and tetrahedral). Students may explore a 3D effect for each geometrical shape and observe a real molecule that has each shape. (S)


Molecular Geometry: Unshared Electrons and the "Bent" Shape 
A water molecule is shown with the unshared pairs of electrons such that students may observe the effects of such electrons on the bent geometry of the water molecule. (T)

Activation Energy: Energy Exchange in Collision and, Perhaps, a Reaction
This model allows students to observe the exchange of kinetic and potential energy between an atom and a molecule in a collision. Reaction is rare. Students will see that additional energy is clearly needed to make the reaction occur, thus introducing activation energy. (T) 

Activation Energy: More Activation Energy
This is a model of a chemical reaction when an atom collides under certain circumstances with a molecule. Users can observe how the potential energy is converted to kinetic energy during a new bond formation by looking at the graph next to the model. This model can be used with others in the Activation Energy sequence, illustrating the impact of high activation energy. (T)


Activation Energy: Less Activation Energy
This is a model of a chemical reaction when an atom collides under certain circumstances with a molecule. Users can observe how the potential energy is converted to kinetic energy during a new bond formation by looking at the graph next to the model. This model can be used with others in the Activation Energy sequence, illustrating the impact of high activation energy. (T)






	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc356463202]CH.4	The student will investigate and understand that chemical quantities are based on molar relationships. Key concepts include
a)	Avogadro’s principle and molar volume;
b)	stoichiometric relationships;
c)	solution concentrations; and
d)	acid/base theory; strong electrolytes, weak electrolytes, and nonelectrolytes; dissociation and ionization; pH and pOH; and the titration process.





























	In order to meet this standard, it is expected that students will
a) perform conversions between mass, volume, particles, and moles of a substance.
b) perform stoichiometric calculations involving the following relationships:
mole-mole;
mass-mass;
mole-mass;
mass-volume;
mole-volume; 
volume-volume;
mole-particle;
mass-particle; and
volume-particle.
c)     identify the limiting reactant (reagent) in a reaction.
d)    calculate percent yield of a reaction. 
e)    perform calculations involving the molarity of a solution, including dilutions.
f) interpret solubility curves.
g)     differentiate between the defining characteristics of the Arrhenius theory of acids and bases and the Bronsted-Lowry theory of acids and bases.
h)    identify common examples of acids and bases, including vinegar and ammonia.
i)      compare and contrast the differences between strong, weak, and non-electrolytes.
j)      relate the hydronium ion concentration to the pH scale. 
k)     perform titrations in a laboratory setting using indicators.



	Activities:

CH.4 b
Making Water
Explore the stoichiometry of making water.
(Model)
 
CH.4 b
Stoichiometric Calculations
Learn how to associate a balanced chemical equation with a balance in mass.
(Model)

CH.4 a, b, c
Molarity
What determines the concentration of a solution? Students will learn about the relationships between moles, liters, and molarity by adjusting the amount of solute and solution volume.
(Model)

CH.4 c
Concentration
Watch solutions change color as chemicals are mixed with water.  Students can check molarity with a concentration meter and discover ways to change the concentration of various solutions.
(Model)

CH.4 c
Sugar and Salt Solutions
What happens when sugar and salt are added to water? Students can pour in sugar, shake in salt, and evaporate water to see the effects on concentration and conductivity. 
(Model)

CH.4 c, d
Salts and Solubility
Add different salts to water, then watch them dissolve and achieve a dynamic equilibrium with solid precipitate. They may then compare the number of ions in solution for highly soluble NaCl to other slightly soluble salts.
(Model)

CH.4 d
Acid-Base Solutions
How do strong and weak acids differ? Students use lab tools on their computers to find out. 
(Model)

CH.4 d
pH Scale
Test the pH of things like coffee, spit, and soap to determine whether each is acidic, basic, or neutral. They then visualize the relative number of hydroxide ions and hydronium ions in solution.
(Model)


	
	
	Models/Simulations:
Gas Laws: (Avogadro's Number) the Number-Volume Relationship
This model allows students to run a series of trials, one right after another, each time changing the number of molecules of gas and observing how the volume is affected when pressure is constant. (S)

Volume-Number Relationship (Avogadro's Relationship)
As in the previous model, this one allows students to run a series of trials, one right after another, each time changing the number of molecules of gas and observing how the volume is affected when pressure is constant (S). 
From Stoichiometry: Constructing a Larger Number of Water Molecules
This model shows diatomic hydrogen and oxygen molecules and students break the molecules apart to form water molecules. (T or S)

From Stoichiometry: Most Ammonia Molecules
Similar to the previous model, this one shows diatomic hydrogen and nitrogen molecules and students break the molecules apart to form ammonia molecules. (T or S)

Gas Laws: A Soda Can Implodes 
The model is an incomplete model of a soda can that shows gas molecules inside and outside the soda can before it is plunged in ice water. Students design a model that shows what happens after the can is placed in ice water and use tools to heat and cool the molecule where it is appropriate. (S)





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc356463203]CH.5	The student will investigate and understand that the phases of matter are explained by kinetic theory and forces of attraction between particles. Key concepts include
a) pressure, temperature, and volume;
b) partial pressure and gas laws;
c) vapor pressure;
d) phase changes;
e) molar heats of fusion and vaporization;
f) specific heat capacity; and
g) colligative properties.

	In order to meet this standard, it is expected that students will
a) explain the behavior of gases and the relationship between pressure and volume (Boyle’s Law), and volume and temperature (Charles’ Law).
b) solve problems and interpret graphs involving the gas laws.
c) identify how hydrogen bonding in water plays an important role in many physical, chemical, and biological phenomena.
d) interpret vapor pressure graphs.
e) graph and interpret a heating curve (temperature vs. time).
f) interpret a phase diagram of water.
g) calculate energy changes, using molar heat of fusion and molar heat of vaporization.
h) calculate energy changes, using specific heat capacity.
i) examine the polarity of various solutes and solvents in solution formation.

	Activities:
CH.5 a
Pressure and Temperature 
Use molecule models to explore the relationship between temperature and pressure when a gas is held at a constant volume.

CH.5 b
Boyle's Law
Explore the relationship between pressure and volume in gases.
(Sensor: Pressure, Model)

CH.5 b
Charles' Law
Explore the relationship between temperature and volume in gases.
(Sensor: Temperature,  Model)

CH.5 b
Ideal Gas Law
Explore the relationship between temperature, pressure, and volume of an ideal gas.
(Model)

CH.5 g
Making Water
Compare the polar or nonpolar property of a molecule that relates to its solubility in water.
 (Model)

CH.5 a, b
Gas Properties
Pump gas molecules into a box and see what happens as they change the volume, add or remove heat, change gravity, and more. They measure the temperature and pressure, and discover how the properties of the gas vary in relation to each other.
(Model)

CH.5 a, b
Balloons and Buoyancy
Experiment with a helium balloon, a hot air balloon, or a rigid sphere filled with different gases.  They discover what makes some balloons float and others sink.
(Model)

	
	
	Models/Simulations:
Gas Laws: What is Pressure?
The model shows molecules or atoms inside and outside a very tiny section of a balloon. Students can see what happens when the number of particles change. (S)

The Pressure-Temperature Relationship (Gay-Lussac)
This model allows students to observe the effect of changing temperature on the pressure of a gas of fixed mass and volume. A virtual gauge is shown in the container to witness the internal pressure. The output is shown with a bar graph. (S)

Gas Laws: (Avogadro's Number) The Number-Volume Relationship 
This model allows students to run a series of trials, one right after another, each time changing the number of molecules of gas and observing how the volume is affected when pressure is constant. (S)

Gas Laws 2: (Boyle's Law ) The Relationship Between the Volume and the pressure of a gas (SAM) (no line graph) 
This model shows the relationship between changing volume and pressure of a gas when temperature remains constant. The results are shown with a bar graph. (S)
[bookmark: _GoBack]
Solubility: Polarity of Molecules and Intermolecular Attractions
This model includes three pairs of molecules, each of which represents a different combination of polarities. Students try to predict what combination results in the strongest attraction between molecules. (T)

Solubility: Mixing Polar and Nonpolar
This is a model of mixing polar and nonpolar molecules. Students observe the mixture with the polar molecules and then remove the charges to witness the effect on solubility. (T or S)

Solubility: Temperature Affects Dissolving 
Use this model to investigate how increasing temperature affects solubility. (T or S)






	

Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc356463204]



CH.6	The student will investigate and understand how basic chemical properties relate to organic chemistry and biochemistry.   Key concepts include
a)	unique properties of carbon that allow multicarbon compounds; and
b)	uses in pharmaceuticals and genetics, petrochemicals, plastics and food.

	In order to meet this standard, it is expected that students will
a) describe how saturation affects shape and reactivity of carbon compounds. 
b) draw Lewis dot structures, identify geometries, and describe polarities of the following molecules: CH4, C2H6, C2H4, C2H2, CH3CH2OH, CH2O, C6H6, CH3COOH.
c)    recognize that organic compounds play a role in natural and synthetic pharmaceuticals. 
d)    recognize that nucleic acids and proteins are important natural polymers. 
e)    recognize that plastics formed from petrochemicals are organic compounds that consist of long chains of carbons.
f)     conduct a lab that exemplifies the versatility and importance of organic compounds (e.g., aspirin, an ester, a polymer).

	Activities:

	
	
	Models/Simulations:




