Chapter 3 – States of Matter
Section 1- Solids, Liquids, and Gases  (Part 1)
· Carpenters use a level to find out if a surface is perfectly horizontal. When a carpenter places the level on a surface that is perfectly horizontal, the air bubble stays in the middle of the horizontal tube. The metal, alcohol, and air in the level represent three states of matter.

· How can shape and volume be used to classify materials? 

· Materials can be classified as _______________, liquids, or ____________________ based on whether their shapes and volumes are definite or variable. 
· Solids
· What do these four objects have in common: a pencil, a quarter, a book, and a cafeteria tray? They all have a recognizable shape and they all take up a certain amount of space. 

· The materials in these objects are all in the solid state.  Solid is the ___________________ of matter in which materials have a definite ____________________ and a definite volume.

· Samples of solid copper have definite volume. Copper atoms are packed close together in an orderly arrangement. 

· Almost all solids have some type of orderly arrangement of particles at the _________________ level.

· Liquids
· How good are you at estimating whether the juice remaining in an almost-empty bottle will fit in a glass? The shape of the liquid __________________ as you move it from one container to the other.

· A liquid always has the same shape as its container and can be poured from one container to another. Liquid is the state of matter in which a material has a definite volume but not a definite _____________________________.

· At room temperature, mercury is a _______________________. Drops of mercury on a flat, clean surface have a round shape. Mercury in a container has the same shape as its container. The mercury atoms are close together, but their arrangement is more random than the arrangement of atoms in solid copper. 

· Gases
· If you were asked to name a gas, what would you say? Air, which is a mixture of gases, is probably the most obvious example. 
· Gas is the state of matter in which a material has neither a definite ___________________ nor a definite ____________________. A gas takes the shape and volume of its container.

· These balloons are filled with helium, a colorless gas that is less dense than air. Two of the balloons are teardrop-shaped, and two are disk-shaped. The “shape” of the helium in a balloon is the same as the shape of the balloon itself. The volume of the helium in a balloon is ______________________ to the volume of the balloon.
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· The helium atoms in a balloon are not arranged in a regular pattern. They are at ____________________ locations throughout the balloon. 

· Because of the space among helium atoms, a large amount of helium can be compressed into a metal cylinder. When helium flows from the cylinder into a balloon, the helium atoms spread out. The helium can fill balloons with much _______________________ volume than the cylinder.
· Other States of Matter
· About ______________________ percent of all the matter in the universe exists in a state that is not as common on Earth as solids, liquids, and gases. At extremely high temperatures, such as those found in stars, matter exists as ________________________. 

· At temperatures near –273°C, groups of atoms behave as though they are a single particle. This fifth state of matter is called a Bose-_____________________ condensate (or BEC). 

Section 1 – Solids, Liquids, and Gases (Part 2)
· How can kinetic theory and forces of attraction be used to explain the behavior of gases, liquids, and solids? 

· _____________________ energy is the energy an object has due to its motion.

· The kinetic theory of matter says that all particles of matter are in constant _____________________. 

· A ball thrown at 137 kilometers per hour has ____________________ kinetic energy than a ball thrown at 125 kilometers per hour. 

· According to the kinetic theory of matter, particles inside the ___________________ baseball are also moving. The kinetic theory was developed to explain the behavior of gases. It can also help to explain the behavior of liquids and solids.

· The motion of billiard balls (a solid) can be compared to the motion of particles in a gas.
· The cue strikes a ball and the ball moves in a straight line until it strikes the side of the table or another ball. 

· When a moving ball strikes a ball at rest, the first ball slows down and the second ball begins to move. 

· Kinetic energy is _________________________ during those collisions.

· Motion in Gases
· Unlike billiard balls, the particles in a gas are never at rest. 

· At room temperature, the average speed of the particles in a sample of gas is about ___________________ kilometers per hour. 

· The use of the term average is a clue that not all particles are moving at the same _____________________. 

· Some particles are moving faster than the average speed, and some are moving slower than the average speed.

· This illustration shows the possible paths of two helium atoms in a container of helium gas. 
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· Each atom moves in a straight line until it _________________________ with the other atom or the container. 

· During a collision, one atom may lose kinetic energy while the other atom ______________________ kinetic energy. 

· The total kinetic energy of the atoms remains the ____________________.

· There are forces of attraction among the particles in all matter.

· Between collisions, why doesn’t one particle in a gas affect the other particles in the gas? If the particles are far apart and moving fast, as in a gas, the attractions are too ____________________ to have an effect. Under ordinary conditions, scientists can ignore the forces of attraction in a gas.
· The constant motion of particles in a gas allows a gas to fill a container of any shape or size. 

· The kinetic theory explains the general properties of a gas. 

· Particles in a gas are in constant, ______________________ motion.   

· The motion of one particle is unaffected by the motion of other particles unless the particles _________________________.   

· Forces of attraction among particles in a gas can be ignored under ordinary conditions.

Section 1- Solids, Liquids, and Gases (Part 3)

· How can kinetic theory and forces of attraction be used to explain the behavior of gases, liquids, and solids? 

· The particles in liquids also have kinetic energy. So why does a liquid such as mercury have a definite volume at room temperature instead of expanding to fill its container? 

· The average speed of a mercury atom is much ______________________________ than the average speed of a helium atom at the same temperature. 

· The particles in a liquid are more closely packed than the particles in a gas. 
· Therefore, attractions between the particles in a liquid do _______________________ the movement of the particles.

· A mercury atom in liquid mercury can be compared to a student in a crowded hallway. The student’s path may be blocked by students moving in the other direction. The student’s ability to move is affected by interactions with other students. 

· A liquid takes the shape of its container because particles in a liquid can flow to new locations. The volume of a liquid is _________________________ because forces of attraction keep the particles close together. 

· In a liquid, there is a kind of tug of war between the constant motion of particles and the attractions among particles. This tug of war explains the general behavior of liquids. 

· Because forces of attraction limit the motion of particles in a liquid, the particles in a liquid cannot spread out and _____________________________________ a container.

·  Solids have a definite volume and shape because particles in a solid _______________________ around fixed locations.
· Vibration is a repetitive back-and-forth motion. Think about the atoms in solid copper.

· Strong attractions among the copper atoms restrict their motion and keep each atom in a _______________________ location relative to its neighbors. 

· Each atom vibrates around its location, but it does not ______________________ places with a neighboring atom.

· You might compare the particles in a solid to a polite audience in a movie theater. Although people move around in their seats, each person remains in essentially the same location during the movie. They have “fixed” locations in a total volume that does not ____________________. 

Section 2 - The Gas Laws (Part 1)
· When you inhale, the volume of your chest cavity increases, and air moves into your lungs. When you exhale, the volume of your chest cavity decreases, and air is pushed out of your lungs. Changes in the volume, the temperature, the pressure, and the number of particles have predictable effects on the behavior of a gas.

· What causes gas pressure in a closed container?

· _______________________ is the result of a force distributed over an area. 
· ___________________ between particles of a gas and the walls of the container cause the pressure in a closed container of gas. 

· A moving hockey puck exerts pressure on any object it hits. A layer of shatterproof glass protects spectators. 

· The faster the puck is traveling, the greater the force of the puck on the glass. A greater force means _____________________ pressure. 

· The __________________ the area of impact is, the greater the pressure. If the edge of the puck hits the glass, it exerts more pressure than if the face of the puck hits the glass.

· The SI unit of pressure is derived from SI units for force and area.

· Force is measured in newtons (N).

· Area is measured in square meters (m2).

· The SI unit for pressure, the _______________ (Pa), is shorthand for newtons per square meter. 

· Scientists often express larger amounts of pressure in __________________pascals. One kilopascal (kPa) is equal to 1000 pascals.

· The helium atoms in a balloon are constantly moving. There are more than 1022 helium atoms in a small balloon. 

· When many particles collide with the walls of a container at the same time, they produce a measurable pressure.

· The more frequent the collisions, the ____________________ the pressure is.

· The speed of the particles and their mass also affect the pressure.

· What factors affect gas pressure?

· Factors that affect the pressure of an enclosed gas are its ____________________, its volume, and the number of its ____________________________. 
· Raising the temperature of a gas will __________________________ its pressure if the volume of the gas and the number of particles are constant. 
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· The firefighter is using a pressure gauge to check the air pressure in a tire on a fire truck.
· If he checks the tire pressure again after a long drive on a highway, he will find that the pressure has increased.

· The motion of tires on the highway heats the tires and ______________________ tire pressure. 

· As the temperature rises, the average kinetic energy of the particles in the air increases. 

· With increased kinetic energy, the particles move faster and _________________________ more often with the inner walls of the tires. 

· Faster-moving particles hit the walls with greater force. 

· More collisions and increased force cause the pressure of the air in the tires to ___________________.

· Volume

· Reducing the ___________________ of a gas increases its pressure if the temperature of the gas and the number of particles are constant. 
· Twist the cap onto a plastic bottle and then squeeze it. What happens?

· The volume of the plastic bottle begins to ___________________.

· As the volume decreases, the particles of trapped air collide more often with the walls of the bottle. 

· The pressure in the bottle _______________________. 

· Movement of a muscle called the diaphragm changes the volume of your chest cavity.

· The volume increases when you ___________________. The pressure decreases and air flows to your lungs.

· The volume decreases when you _____________________. The pressure increases and air flows from your lungs. 

· Number of Particles

· Increasing the number of particles will increase the pressure of a gas if the temperature and the volume are _________________________. 

· The more particles there are in the same volume, the greater the number of __________________________ and the greater the pressure. 
Section 2 – The Gas Laws (Part 2)

· French physicist Jacques Charles collected data on the relationship between the temperature and volume of gases. The graph of the data showed a _________________________ relationship between the volume of a gas and the temperature of the gas.

· Charles extended the graph beyond the measured data to find the temperature that would produce a volume of 0 L.

· The temperature at the point where the line crossed the x-axis was –273.15°C.
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· This temperature is equal to 0 K on the Kelvin temperature scale. 

· A temperature of 0 K is called ______________________________ zero. 

· Charles’s law states that the volume of a gas is directly proportional to its temperature in kelvins if the pressure and the number of particles of the gas are ________________________________. 
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· T1 and V1 represent the temperature and volume of a gas before a change occurs. T2 and V2 represent the temperature and volume after a _________________________ occurs.
· Boyle’s Law

· Robert Boyle described the relationship between the pressure and volume of a gas. The graph shows an _______________________ relationship between the volume of a gas and the pressure of the gas.
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· Boyle’s law states that the volume of a gas is inversely proportional to its pressure if the temperature and the number of particles are _______________________. 
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· P1 and V1 represent the pressure and volume of a gas before a change occurs. P2 and V2 represent the pressure and volume of a gas __________________ a change occurs.

· The relationships described by Boyle’s law and Charles’s law can be described by a single law.

· The combined gas law describes the relationship among the temperature, volume, and pressure of a gas when the number of _______________________ is constant.
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· Balloons like this one are used by scientists to gather data about Earth’s atmosphere. The balloon is filled with hydrogen or helium. It carries a package of weather instruments up into the atmosphere. 

· The gas laws explain the behavior of the gas in the _______________________________. 
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Section 3 – Phase Changes (Part 1)
· A large iceberg contains enough fresh water to supply millions of people with water for a year. As it moves into warmer areas, the ice changes to liquid water and eventually disappears. What happens when a substance changes from one phase to another?

· What are six common phase changes? 

· When at least two states of the same substance are present, scientists describe each different state as a ______________________. A phase change is the reversible physical change that occurs when a substance _______________________ from one state of matter to another. 
· Melting, ____________________, vaporization, _____________________, sublimation, and deposition are six common phase changes. 

· Characteristics of Phase Changes
· [image: image14.png]Freezing




This diagram lists six physical changes that can occur among the solid, liquid, and gaseous phases of a substance. Each _____________________ in the diagram represents a different phase change. All phase changes share certain characteristics related to energy and temperature. 
· What happens to a substance’s temperature and a system’s energy during a phase change?
· Temperature and Phase Changes 

· One way to recognize a phase change is by measuring the _____________________________ of a substance as it is heated or cooled.
· The temperature of a substance does not change during a phase change. 


· This is a graph of the data collected when a solid piece of naphthalene is slowly heated. The temperature of the naphthalene _____________________ until it reaches 80°C. The temperature remains at 80°C, the melting point of naphthalene, until melting is ______________________. 

· If liquid naphthalene is cooled, its temperature will drop until it reaches 80°C. It will remain at 80°C until all the liquid freezes. The temperature at which a substance freezes—its _______________________ point—is identical to the temperature at which it melts. 

· If liquid naphthalene is heated, its temperature keeps rising until it reaches 218°C, the boiling point of naphthalene. Until boiling is complete, the temperature remains at ____________°C.

· During a phase change, energy is transferred between a substance and its surroundings. The direction of the transfer depends on the ________________________ of phase change.
· Energy is either __________________ or __________________ during a phase change. 

· This ice sculpture of a dog sled was carved at a winter fair in Fairbanks, Alaska. The ice sculpture will start to melt if the temperature rises above 0°C or sunlight shines directly on the ice.
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· During an endothermic change, the system _________________________ energy from its surroundings.   Melting is an example of an endothermic change. 

· One gram of ice absorbs 334 joules (J) of energy as it melts. This amount of energy is the heat of fusion for water. The heat of fusion ____________ from substance to substance.

· Energy released as ice forms on these strawberry plants keeps the plants from freezing at temperatures slightly below 0°C 
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· One gram of water releases 334 joules of energy to its surroundings as it freezes, the same amount of energy that is absorbed when one gram of ice melts. 

· As water freezes, it releases heat. The flow of heat slows the drop in temperature and helps protect the crops from damage. During an exothermic change, the system ___________________ energy to its surroundings. Freezing is an example of an exothermic change.

Section 3 – Phase Changes (Part 2)
· How does the arrangement of water molecules change during melting and freezing? 

· The arrangement of molecules in water becomes less orderly as water melts and more orderly as water __________________________.
· Melting 
· Each water molecule contains two hydrogen atoms and ________________ oxygen atom. In ice, attractions between water molecules keep the molecules in fixed positions. 

· Any energy gained by the water after a phase change increases the average kinetic energy of the molecules, and the temperature rises.

· When ice cubes are removed from a freezer, heat flows from the air to the ________________. 

· As the ice gains energy, the molecules vibrate more quickly.

· At the melting point of water, 0°C, some molecules gain enough energy to overcome the attractions and move from their fixed positions.

· When all the molecules have enough energy to move, _________________ is complete.

· Freezing 
· Often, people think of cold temperatures when they hear the term freezing. But substances that are solids at room temperature can freeze at temperatures that are quite ______________________. For example, silicon freezes at 1412°C (2574°F).

· Any energy removed after the freezing is complete _____________________ the average kinetic energy of the molecules, and the temperature drops.

· When liquid water is placed in a freezer, energy flows from the water to the _______________________ in the freezer, and the water cools.

· As the average kinetic energy of its molecules decreases, they move more slowly. 

· At the freezing point of water, some molecules move slowly enough for the ___________________________ between molecules to have an effect. 

· When all the molecules have been drawn into an _________________________ arrangement, freezing is complete. 

· Vaporization and Condensation
· The phase change in which a substance changes from a liquid into a __________________ is vaporization. 
· Vaporization is an endothermic process.

· One gram of water gains 2261 joules of energy when it vaporizes. 

· This amount of energy is the heat of vaporization for water. The heat of vaporization varies from substance to substance.

· In a refrigerator, phase changes keep the food cold. 

· Energy from inside the food compartment is used to change a liquid to a gas in the evaporator. 

· Energy is released when the compressed gas changes back to a ______________________ in the condenser. 

· During these phase changes, energy flows from the inside of the refrigerator to the outside.
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· Evaporation
· After a rain shower on a sunny, warm day, you may notice puddles of water. After a few hours, the puddles may be gone due to evaporation.
· _______________________ changes a substance from a liquid to a gas at temperatures below the substance’s boiling point. 

· Evaporation takes place at the ______________________ of a liquid and occurs at temperatures below the boiling point. 

· The water level in the birdbath decreases over time. Some molecules near the surface are moving fast enough to escape the liquid and become water vapor. The greater the surface area of the container, the faster the water evaporates.
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· When water evaporates in a closed container, water vapor collects above the liquid. The pressure caused by the collisions of this vapor and the walls of the container is called vapor ___________________________.
· The vapor pressure of water increases as the temperature increases. At higher temperatures, more water molecules have enough kinetic energy to overcome the attractions of other molecules in the liquid.
Section 3 - Phase Changes (Part 3)
· How are evaporation and boiling different?

· As you heat a pot of water, both the temperature and the vapor pressure of the water increase. 

· At 100°C, some molecules below the surface of the liquid have enough kinetic energy to overcome the _______________________ of neighboring molecules. 
· Because water vapor is less dense than liquid water, the bubbles quickly rise to the surface.

· When the vapor pressure becomes equal to atmospheric pressure, the water _____________________.

· The temperature at which water boils is the boiling point of water. Boiling takes place throughout a liquid. 

· The boiling point of a substance depends on the atmospheric ______________________. 

· The normal boiling point of water at sea level is 100°C. 

· At higher elevations, the atmospheric pressure is lower, so the boiling point is _________________________________ than 100°C. 

· Condensation
· ____________________________ is the phase change in which a substance changes from a gas or vapor to a liquid.

· Condensation is an exothermic process.

· Condensation is responsible for morning __________________________ and the “fog” that forms on a mirror when you take a shower. 

· Sublimation and Deposition
· Where does the name dry ice come from? Dry ice is the common name for the solid form of carbon dioxide. Solid carbon dioxide does not form a liquid as its temperature rises. At room temperature, dry ice can directly change from a solid to a colorless gas. 
· _____________________________ is the phase change in which a substance changes from a solid to a gas or vapor without changing to a liquid first. 

· Sublimation is an endothermic change. 

· As dry ice sublimes, the cold carbon dioxide vapor causes water vapor in the air to condense and form _____________________________.

· When a gas or vapor changes directly into a solid without first changing to a liquid, the phase change is called __________________________. This exothermic phase change is the reverse of sublimation. 

· Deposition causes frost to form on windows. When water vapor in the air comes in contact with cold window glass, the water vapor loses enough kinetic energy to change directly from a gas to a _______________________________.

Temperature 








