CHEMICAL INTERACTIONS VOCABULARY PACKET
Investigation 1 Substances
For the next several weeks we will be investigating the properties and composition of a few of the millions of different substances in the world.  The study of substances and their interactions is chemistry.  
Substance A type of matter defined by a unique particle.
Part 2
A substance is a form of matter.  There are millions of different substances on Earth.  Each substance is different from every other substance.
This label is for one of the substances in your set.  The first one is a chemical name, the second, a common name and the third, a chemical formula.
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Chemical reaction A process during which starting substances (reactants) change into new substances (products) with different arrangements of atoms.
Investigation 2 Elements
This is the periodic table of the elements.  The periodic table is a display of fundamental substances called elements.  There are over 100 elements.  They are basic substances.
Element A fundamental substance that cannot be broken into simpler substances by chemical or physical processes.
Each element has a name and is represented by a one–or two-letter symbol in the table.

Hydrogen has the symbol H.  Calcium has the symbol Ca.  Element symbols are used as a kind of shorthand when writing the names of elements. 

Part 2
All matter is made from elements.
We identified some of the elements that combine to make a lot of different products, like food, cosmetics, and cleaning products.

Investigation 3 Particles
In this investigation, we use standard procedures to determine the volume of gas produced in a reaction.

Part 2
We studied the periodic table and became familiar with the elements from which all matter is made.  The gas that formed in part one must be made from the elements present in the reactants.  Consider what could that gas be.
Air is a mixture of gases.  The gases in air have mass and occupy space.  Air is matter.

Air can be forced into a smaller space.  Air that is forced into a smaller space is compressed air.  

Compressed Reduced in volume as a result of applied pressure.
When the force holding air in a smaller space is removed, the air expands.  When matter expands, it occupies more space.

Expansion An increase of volume.

A given mass of compressed air occupies less space than the same mass of air when it is expanded.

Particle The smallest piece of a substance that is still that substance.
Air, like all matter, is composed of tiny particles too small to see.  The particles of air, like the particles of all forms of matter, are in constant motion.  

The particles of air are not touching one another.  There is space between them.  Because the particles are in constant motion, they bounce off one another and the sides of their containers all of the time.
When you continue to work with your syringes, I want you to imagine that you can see the air particles.  Try to visualize what is happening to the particles as you push and pull the syringes.  Try to develop an explanation for what you think might happen to the air particles as you compress and expand the air in the syringe.

[image: image3.emf]Part 3


Gases are composed of individual particles.  The particles are not connected to one another, and they move through space freely, traveling in straight lines until they run into something.  When gas particles collide with something, like the side of a syringe or another gas particle, they bounce off and keep going in a different direction, but still in straight lines.

Air is the name of the mixture of gases that forms Earth’s atmosphere.  It is mostly nitrogen particles.  The nitrogen gas particle in N2.  That is, two elementary nitrogen particles bonded together.  Mixed in with the nitrogen particles are a lot of oxygen (O2) particles, a few argon (Ar) particles, and few carbon dioxide (CO2) and water (H2O) particles.
Gas particles are really, really small.  A cubic centimeter of air – a volume about the size of one of the little blue cubes we worked with – contains 27 million, million, million particles.  That’s 27 quintillion particles, the number 27 followed by 18 zeros.  (27,000,000,000,000,000,000).

Particles of gas are fairly far apart.  If the air particles in this room were the size of basketballs, they would be about 2.3m (7.5’) apart.  And they move pretty fast averaging about 200m/s (670mph).  Every air particle crashes into another air particle or some other object an amazing 10 billion times per second!

What is between the particles in air?  Nothing.  Void. There is just space between particles, no matter. 
Because gas particles are pretty far apart, and there is only space between them, they can be forced closer together.  When force is placed on gas, like pushing down on the plunger of a syringe, the air particles can pushed closer together.  That is compressed air.

Why can’t you push the particles until they touch?  Because the fast-moving particles push back on the syringe plunger with a force when they hit it.  As particles in gas get pushed closer and closer together, they hit the plunger more frequently.  The harder you push, the harder they push.  Pretty soon you reach a limit to how close together you can push the air particles.   
When you stop applying force to the syringe plunger, the air particles inside the syringe push up on the plunger and it moves out the syringe barrel.  It moves out until the force applied by the air particles pushing the plunger up is equal to the force applied by the air particles outside pushing the plunger down.  

Investigation 4 Kinetic Energy
GAS REVIEW

· Gas is a form of matter.  Gases have mass and occupy space.

· Gases are composed of individual particles that are not connected to other particles.

· Gas particles are relatively far apart and in constant motion.  

· There is nothing between particles of gas except space.

· Gas particles can be forced closer together, a process called compression.

When a volume of gas gets hot, its volume increases.  The process of increasing volume is called expansion.  Air like all gases, expands when it gets hot.

Expansion An increase of volume.

When a volume of gas gets cold, its volume decreases.  The process of decreasing volume is called contraction.  Air, like all gases, contracts when it gets cold.

Contraction The reduction of volume of a sample of matter as a result of cooling.

When you put a balloon over the mouth of a bottle, you trapped a volume of air inside the bottle-and-balloon system.  When you put it into the hot water bath, the air inside the system heated up and expanded.  The volume of the trapped air was greater when it was warm than when it was cold.  The increased volume filled the bottle and the balloon.
When you put the bottle in the warm water and then put the cap on tightly, you trapped a volume of warm air in the bottle.  When the bottle was put into the cold water, the air in the bottle contracted, taking up a smaller space in the bottle.  The sides of the bottle pushed in when the air inside contracted.

Kinetic energy Energy of motion.
Kinetic energy is energy of motion.  Gas particles are always moving.  Some particles move faster and some particles move more slowly.  The speed at which a particle moves is directly related to the amount of kinetic energy it has.  Fast particles have more kinetic energy; slow particles have less kinetic energy.  

Gas particles are always hitting other particles.  Fast-moving particles hit other particles more frequently and harder.  Hard, frequent hitting pushes gas particles farther apart.  When gas particles are pushed father apart, the volume of gas increases.  The gas expands.  

Expansion of gas is the result of increased kinetic energy of gas particles.

Heat is a form of energy.  Heat is directly related to kinetic energy; the greater the kinetic energy of a particle, the greater the heat.

When hot water heated the particles of air in your bottles, the kinetic energy of the air particles increased and the air expanded.  When cold water cooled the particle of air in your bottles, the kinetic energy of the air particles declined, and the air contracted.

Part 2
When we worked with syringes and foam rubber cubes, we were able to push air into a smaller space by applying force to the air.  With added force, we could push gas particles closer together, making the volume smaller.  A volume of gas that becomes smaller because of pressure is compressed gas.

In our last activity we made a volume of gas smaller, too.  But we didn’t put pressure on it.  Instead we transferred energy away from the gas particles.  The lower kinetic energy of the particles meant they didn’t hit each other as often or as hard, so the particles could move closer together.  When a gas becomes smaller in volume becomes smaller in volume because of reduced kinetic energy, we say it contracts.

Liquid water is composed of water particles.  The particles are not, however, all flying around like the particles in air.  There are no large spaces between the particles in liquid water.  The particles in liquid water are close together – just about touching one another.  

Even so, the particles in water are always moving.  They move over and around one another and vibrate – a kind of rapid, back and forth motion.  The particles in water behave somewhat like a bunch of marbles in a box.

When a volume of water arms up, the kinetic energy of the particles increases and vibrate more.  The faster motion and increased vibration push the particles apart, the volume of the water increases.  Increased volume is expansion.  The water particles do not get larger, the get farther apart.

Water, just like air, expands when its particles are pushed farther apart.  The particles in water, just like the particle in air get pushed farther apart when the kinetic energy of the particles increases.

Part 3
Solids, liquids and gases are all matter.  They are all made of particles. 

The particles in gases all move independently.  As gases heat up, the particles move farther apart and the volume of gas increases.

The particles in liquid move around, but are in contact with one another.  As liquids heat up, the particles move farther apart and the liquid increases.  

The particles in solids are not free to move around; they are bonded together.  As solids heat up, the particles vibrate more, and move farther apart, and the volume of the solid increases.

A review:

· All matter on Earth is composed of particles.

· All particles are in motion.   Some particles move from place to place, and others vibrate.

· All objects in motion have energy.  Motion energy is called kinetic energy.  The more kinetic energy a particle has, the faster it moves.

· Particles hit each other.  The harder they hit, the farther they push each other apart.

· The kinetic energy of particles changes as a result of heat.  When particles receive heat, kinetic energy increases and matter expands; when particles lose heat, kinetic energy decreases and matter contracts.
Investigation 5 Energy
With two samples of water, they can be referred to as hot and cold so the equation to use with them is written like this Tf = Th + Tc
      2
With more than two equal volumes at different temperatures, the final temperature is still an average of the temperatures of the samples.  With multiple samples, it is more appropriate to refer to the samples by number, with n representing the total number of samples.
Tf = T1 + T2 + T3 +…+ Tn

n
The hot water particles had high kinetic energy.  The cold water particles had low kinetic energy.  We mixed hot and cold water to make warm water.  The average kinetic energy of the warm water particles was medium.

Somehow the kinetic energy of the hot water particles and cold water particles changed when they were mixed.  In our next investigation, we will see if we can figure out how the kinetic energy of particles changes.

Part 2
The movement of energy from one place to another is called energy transfer.  Sometimes matter gets hotter as a result of energy transfer.  Sometime matter gets colder as a result of energy transfer.

Change of temperature is evidence of energy transfer.

Ideas of Energy Transfer

1. KINETIC ENERGY = HEAT

2. ENERGY TRANSFERS BETWEEN PARTICLES WHEN THEY COLLIDE. 
3. ENERGY ALWAYS MOVES FROM HIGHER ENERGY (hot) TO LOWER ENERGY (cold).

A thermometer is a tool that gives information about kinetic energy.  When you put a thermometer into a cup of hot water, the kinetic energy of the hot water particles transfers to the particles of the glass.  The glass particles move faster and transfer heat to the alcohol particles inside.  The alcohol expands.  The more kinetic energy that is transferred to the thermometer, the higher the alcohol goes.
The thermometer measures temperature.  Temperature is the average kinetic energy of the particles in a substance.  Temperature is measure in degrees.  When you put a thermometer in a cup of water, and the alcohol plunges down to 5oC, you say that the temperature is 5oC.  But in your mind, you say that the average kinetic energy of the particles in this cup of water is pretty low.

Degrees Celsius is one way to measure the average kinetic energy of the particles in a substance.

Part 3
Temperature is measured in degrees Celsius (oC).  Heat is not measured in degrees Celsius.  Heat is measured in calories (cal).  The calorie is the unit of heat in the metric system.
One calorie is the amount of heat needed to raise the temperature of 1 g of water 1oC.  For instance, it takes 1 cal of heat to raise the temperature of the 1 g of water from 25oC to 26oC.

The amount of heat needed to change the temperature of mass of water is measured in calories.  What is the equation for calculating the amount of heat needed to heat up or cool down a mass of water? 

cal =
One of the most important discoveries in science was the fact that energy is conserved.  This means that the amount of energy in a system is always the same-no energy is ever created, and no energy is ever destroyed.  

Energy can, however, transfer from one place to another, and it can be transformed from one kind of energy into another kind of energy.  When we mixed hot water (high kinetic energy) with cold water (low kinetic energy), we got medium-temperature water with a medium amount of kinetic energy.  The amount of energy in the system did not change, but it did transfer from one place to another.

When hot and cold water were mixed, particles from the hot water started to collide with the particles from the cold water.  Every time a particle with high kinetic energy from the hot water hit a particle with low kinetic energy from the cold water, the kinetic energy of both particles changed: the hot water particle slowed down and the cold water particle sped up.  
This transfer of kinetic energy continued until all the water particles throughout the volume of water were moving at about the same speed.  The final average speed of the particles was faster then the particles in the original cold water, and slower than the particles in the original hot water.  

Energy transfer continues as particles continue to bang into one another.  But the number of particles gaining energy will be the same as the number of particles losing energy.  The temperature (average kinetic energy) will hold steady.  When a system is in balance, and there is no net energy transfer going on, the system is in equilibrium.

When you mixed hot and cold water, the final temperature was its equilibrium temperature.

A vocabulary review

Calorie (cal): 
A unit of heat; the amount of heat needed to raise the temperature of 1 gram of water 1o Celsius.
Conduction: 
The transfer of energy (heat) from one particle to another as a result of contact.

Conservation of energy: 
Energy is never created or destroyed during energy transfers.
Energy transfer:  

The movement of energy from one location to another with more energy to a location with less energy.

Equilibrium:  

A condition of a system when no observable change is taking place.
Heat:  

A form of energy related to the kinetic energy of particles.

Kinetic energy:  

The energy due to motion.  The kinetic energy of particles is heat.

Temperature:  

A measure of the average kinetic energy of the particles in a substance.

Investigation 7 Phase Change

Part 1

Sometimes solids turn into liquids.  How does that happen?  Some people state that solids become liquids by dissolving; while others state that solids become liquids by melting.  Consider these questions:  What is dissolving and what makes it happen? What is melting and what makes it happen?

When a solid material is placed in liquid, and the solid disappears into the liquid we say the solid disappears into the liquids, we say the solid dissolved.  When a material changes from solid to liquid, it is called melting.
A summary of melting and dissolving:

When a solid substance melts, it changes state from solid to liquid. The change is caused by heat.   Heat changes the kinetic energy of the particles of the substance.  When the particles have a sufficient level of kinetic energy, the particles start to move past one another as a liquid.  A melted substance is still made only of particle of that substance.  

When a solid substance is placed in water, or another liquid, particles of the solid substance break away and move into the liquid.  This process is called dissolving.  The liquid with substance dissolved in it is a solution.  A solution of a substance is made of particles of the substance mixed uniformly with particles of the liquid in which it is dissolved.  

Part 2
Most matter on Earth exists in one of three common phases, or states, of matter solid, liquid, and gas.  Materials change from one state to another.  Change from solid to liquid is called melting.  
Part 3

Melting is a change of state from solid to liquid.  Freezing is a change of state from liquid to solid.  Change of state is the result of change of kinetic energy of the particles of a material.  Nothing changes during change of state except the motion of the particles.  The particles do not melt, freeze contract, expand or change into any other kind of particles change into any other kind of particles.  Change of state is not a chemical reaction, so no new products are formed.  Water freezes at 0oC.  That‘s pretty cold.  Iron freezes at 1538oC.  That’s very hot.  The alcohol in your thermometer freezes at -98oC.  That’s really cold.  Substances freeze at their own temperature.  

Part 4

Melting review:
We observed four substances melting – chocolate, margarine, wax and sugar.  Each melted at a different temperature.
Melting requires heat.  When enough heat energy transfers to the particles in a solid substance, the particles start to move over and around one another.

Ice is a solid.  Everyone has seen ice melt.  Ice melts when it heated to its melting point.  The melting point of ice is 0oC.

In investigation 6 we discovered that a lot of heat had to be transferred to ice at 0oc to change it into water at 0oC.  The energy needed to melt a substance is called heat of fusion.  For water, the heat of fusion is 80 cal/g.  

Heat of fusion works the other way, too.  A lot of heat must be transferred from water at 0oC to change it into ice at 0oC.  This energy is also called heat of fusion.  In the case of water, you must transfer 80 cal away from a gram of water 0oC to change it into a gram of ice at 0oC.  Heat of fusion is the amount of heat needed to change the state of a substance from solid to liquid or from liquid to solid.  
Part 5
When energy transfers from the water vapor particles, their kinetic energy decreases.  The particles stop flying around as gas and bunch together as liquid.  The process of changing state from gas to liquid is condensation.  

When energy transfers to the particles in liquid water, they gain kinetic energy.  When a particle gains enough energy to escape the other particles, it flies off as a water vapor particle.  Changing state from liquid to gas is called evaporation.

Phases change explained:
Heat energy in the warm water increased the kinetic energy of some water particles.

The particles with sufficient kinetic energy fly free of the bunched particles in the liquid water.  This phase change is evaporation.  

Water vapor particles strike the cold ice cup.  Energy is transferred from the particles to the cold cup.  

Energy transfer from water vapor particles reduces the kinetic energy of particles.  They stop flying and bunch up with other water particles to form liquid water.  This phase change is condensation.

Salt added to ice makes it colder.  Energy transfers from liquid water particles.  The kinetic energy of particles is reduced.
Reduced kinetic energy prevents particles from moving over and around other particles, so they are locked in place.  Liquid water changes into solid ice. This phase change is freezing. 

In the four boxes above and below the arrows, write the name of the process that result in the phases change.

Investigation 8

When two substances are mixed, and it looks like one disappears in the other, the substances form a solution.  The process is called dissolving.   When salt is mixed in water, the salt dissolves in the water, forming a solution.  A solution has two parts, the solute and the solvent.  The solute is the substance that dissolves, and the solvent is the substance in which the solute dissolves.

When you dissolve a solid substance in water until no more will dissolve, the solution is a saturated solution.

When two solutions are made with the same amount of water (solvent), but different amounts of magnesium sulfate (solute), the solutions are different concentrations.

Investigation 9

All substances are made of elements.  Particles of elements combine to make all substances.  The basic particles of elements are called atoms.

Any particles made of two or more different kinds of atoms is called a compound.

If the atoms in a particle of a compound are connected to each other with strong bonds, the particle is a molecule.

If the atoms in a particle of a compound are connected to each other with a weak network of bonds, the particle is part of an ionic compound.

When atoms come together to form particles, the atoms are held together by attractive forces called bonds.

The limewater changed from clear to milky, indicating that a precipitate formed.   The precipitate is a new substance.  A new substance is evidence of a chemical reaction.

Chemical reaction:  An interaction in which the atoms in starting substances rearrange to form new substances.

Product:  A substance that is created during a chemical reaction.

Reactant:  A starting substance in a chemical reaction.
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The density of air particles in each foam cube is about even before the surround air is compressed.





The cells in the closed-cell foam are all isolated and sealed, like bubbles in a sheet of bubble wrap.  Air particles in the cells can’t move in or out of the cells.





The cells in the open-cell foam are all connected to one another.  The cube is a mass of channels and pathways that connect throughout the cube.  Air particles can pass easily through the connected cells.
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AFTER


The air inside the cells of the closed–cell foam gets compressed.  The cells get smaller.  Smaller cells makes the whole cube get smaller.





The particles get closer together and the cells get smaller, but each cell has the same number of particles inside.





The air inside the open-cell foam is compressed when the surrounding air is compressed.  The size of the cells doesn’t change, but the number of particles crowded into the cells increases.





The distance between the air particles is the same in the open-celled and closed-cell foam after pressure.  There are, however, twice as many particles in the cells in the open-cell cube. 
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