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States of Matter

Packet

Worksheet #1: States of Matter
In this packet we will discuss three general states of matter: solid, liquid and gas. In each state of matter, there are many molecules acting together. The motion and interactions of these molecules can largely be explained by considering the intermolecular forces acting between them. Below is a summary of the shape, volume and strength of the intermolecular forces in each state of matter. 

Draw the particles of the 3 states of matter in the boxes on the left below.
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Information: Phase diagrams

Figure 1: Phase diagram for water. Note that the unit for pressure on the diagram is atmospheres
(atm). Another unit is the kilopascal (kPa). Standard pressure is the pressure at sea level and it is
equal to 1 atm, which is equivalent to 101.325 kPa. Standard temperature is 273 Kelvin (K), which
equals 0°C. The abbreviation STP is used for "standard temperature and pressure” and it denotes a
temperature of 0°C and 1 atm (or 273K and 101.325 kPa).
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A phase diagram is a graph that illustrates under what conditions the states of matter exist. For
example, in the phase diagram of water above, it should be noted that at 1 atm (which equals 101.325
kPa) of pressure and 50 °C, H,O exists as a liquid. The dark solid lines represent the boundaries
between different states. The term “vapor” is used instead of “gas” because vapor describes a
substance that is normally a liquid at STP. The line that divides the liquid area from the vapor area
has a special name: the vapor pressure curve. (The vapor pressure of water at any given temperature
can be found looking at the vapor pressure curve.) To the left of the line, liquid exists. To the right of
the line, vapor (gaseous H,O) exists. Right on the line, for example when the pressure is 1 atm and
the temperature is 100°C, both liquid and vapor exist at the same time. When two or more things
coexist at the same time it is called “equilibrium”. During equilibrium, liquid changes to vapor and
vapor changes to liquid all at the same time and rate.

Critical Thinking Questions

1. When a substance melts, what happens to the motion of the molecules of the substance?
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What is the freezing point and boiling point of water when the pressure on the water is 1 atm?
(Le. at what temperature will the water freeze and boil when the pressure is 1 atm?)

How does lowering the pressure affect the boiling point?

Estimate the boiling point of water when the pressure on the water is 0.1 atm.

The triple point of a substance is the conditions under which a solid, liquid and gas all exist in
equilibrium. On the phase diagram of water, label the location of the triple point.

Dry ice sublimes; that is, it changes directly from a solid to a gas. Is it ever possible for ice to
sublime? If so, describe the conditions necessary for sublimation to occur.

What is meant by the “vapor pressure” of water?

From the phase diagram, estimate the vapor pressure of water at 25 °C.

What is the vapor pressure of water when the temperature is 100 °C?

When the atmospheric pressure equals 1 atm, what is the boiling point of water?

From your answers to questions 10 and 11, formulate a definition for boiling point in terms of
atmospheric pressure and vapor pressure of the liquid.

Is it ever possible for solid HO to exist at a temperature above 0 °C?

Is it ever possible for solid H,O to exist at a temperature above 25 °C?

Describe the region where a solid-liquid equilibrium exists.

Why might an equilibrium situation be described as a “reversible change™?
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The heating curve shown above is a plot of temperature vs time. It represents the heating of
substance X at a constant rate of heat transfer. Answer the following questions using this
heating curve:

1. In what part of the curve would substance X have a definite shape and definite volume?

2. In what part of the curve would substance X have a definite volume but no definite shape?

3. In what part of the curve would substance X have no definite shape or volume?

4. What part of the curve represents a mixed solid/liquid phase of substance X?

5. What part of the curve represents a mixed liquid/vapor phase of substance X?

6. What is the melting temperature of substance X?

7. What is the boiling temperature of substance X?




















In the summary above, the phase changes between states of matter are also included. A phase change is when a material changes from one state of matter to another. This does NOT rearrange the molecules of the substance, so we call this a physical change, rather than a chemical change. For example, water vapour, liquid water and ice are all made of H2O molecules. The only difference is how tightly packed those molecules are. Phase changes do require adding or removing energy from the system.

Worksheet #1 Continued- States of Matter

Create a Venn Diagram below to compare and contrast solids, liquids and gases.  Try to fill in each bullet point with a new idea. Use the summary on the front of this page to help you.







Explain the following phase changes in your own words:

1. Melting = _______________________________________________________________________________

2. Freezing = ______________________________________________________________________________

3. Evaporation = ____________________________________________________________________________

4. Condensation = ___________________________________________________________________________

5. Sublimation = ____________________________________________________________________________

6. Deposition = _____________________________________________________________________________

Worksheet #2: Intermolecular Forces and States of Matter

Kinetic Molecular Theory describes the states of matter in terms of the movement of the molecules in each state. The word kinetic means “to move”. Objects in motion have energy called kinetic energy. Temperature is a measurement of the average kinetic energy of all the molecules in a sample of matter. For example, molecules of H20 in water vapour at 100 º C are moving much faster than molecules of H20 in a block of ice that is 0 º C.

Considering Kinetic Molecular Theory, one might ask “If all the molecules at room temperature have the same average kinetic energy, why are some materials gases and others liquids or solids?”. To understand why this is, we must consider intramolecular and intermolecular forces. Think back to the Bonding Packet and define these terms in your own words:

· Intramolecular force = _________________________________________________________________________

___________________________________________________________________________________________

· Intermolecular force = _________________________________________________________________________

___________________________________________________________________________________________

· What are stronger- intramolecular forces or intermolecular forces?
In this packet, we will focus on the three intermolecular forces: London forces, dipole-dipole forces and hydrogen bonds.

London Forces
At room temperature oxygen molecules (02) act as a gas. Under the right conditions; however, oxygen molecules can be compressed (squished) into a liquid. For oxygen to be compressed there must be some force of attraction between its molecules. Because oxygen molecules are nonpolar, the forces is a london force. Draw a picture of this below:

Dipole-Dipole Forces

When hydrochloric acid (HCl) gas molecules get close to each other, the partially positive hydrogen atom in one molecule is attracted to the partially negative chlorine atom in another molecule. Draw a picture of this below:

Hydrogen Bonds

In a water molecule (H20), the hydrogen atoms have a large partial positive charge and the oxygen atom has a large partial negative charge. When water molecules get close to each other, a hydrogen atom on one molecule is attracted to the oxygen atom on another molecule. Draw a picture of this below:
Worksheet #2 Continued-Intermolecular Forces and States of Matter
Melting or boiling a substance breaks down (weakens) the forces between molecules in the substance. For example, melting ice into water requires adding energy (heat) to break down some of the hydrogen bonds between H20 molcules so they can move farther apart. Boiling water to create water vapor (steam) requires adding more energy (heat) to  H20 molecules so they move even farther apart.
Therefore, the stronger the intermolecular and intramolecular forces in a substance, is the more energy is required to melt the solid or boil the liquid. Below is a list of all the forces we have discussed, in order of strength.

1. Why is water a liquid at room temperature when compounds of similar mass are gases? (Hint: think about the strength of the intermolecular forces) 
2. Although network structures are covalent, they have higher melting/boiling points than ionic and metallic.  Explain why this might be true.
3. For the following, state AND EXPLAIN which one of the two has a higher melting/boiling point:
a. Water (H2O) or Gold (Metallic)?

b. Sodium Chloride (NaCl) or Ammonia (NH3)?




c. Diamond (Network Covalent) or Magnesium Bromide (MgBr2)?




d. Iron (Metallic) or Methane (CH4)?




e. Carbon Dioxide (CO2) or Sulfur Dioxide (SO2)?

Worksheet #3: Phase Changes

Think back to Worksheet #1 of this packet and answer the following questions:

1. What is a phase change?

2. Using water, give an example of a phase change.

3. Do phase changes rearrange the molecules of a substance?

4. A phase change requires ____________________ or ______________________ energy from a system.

Phase Changes that Require Energy:

Because you are familiar with the phases of water- ice, liquid and water vapor- and have observes changes between those phases, we can use water as the main example in our lesson on phase changes.

1. Melting When ice cubes are placed in water, the water is at a higher temperature than the ice. Heat flows from the water to the ice. Heat is the transfer of energy from an object at a higher temperature to an object at a lower temperature. The energy absorbed by the ice is not used to raise the temperature of the ice. Instead it disrupts the hydrogen bonds holding the water molecules together in the ice crystal. When molecules on the surface of the ice absorb enough energy to break the hydrogen bonds, they move apart and enter the liquid phase. As molecules are removed, the ice cube shrinks. The process continues until all of the ice melts. 

The amount of energy required to melt a solid depends on the strength of the forces keeping the particles together in the solid. Because hydrogen bonds between water molecules are strong, a relatively large amount of energy is required. However, the energy required to melt ice is much less than the energy required to melt table salt because the ionic bonds in sodium chloride are much stronger than the hydrogen bonds in ice.

The temperature where the liquid phase and the solid phase of a substance exist at the same time is a characteristic of many solids. The melting point of a solid is the temperature where the forces holding it together are broken and it becomes a liquid.

2. Vaporization While ice melts, the temperature of the ice-water mixture is constant. Once all of the ice has melted, more energy added to the system increases the kinetic energy of the liquid molecules. The temperature of the system starts to rise. 

Particles that escape from the liquid enter the gas phase. For a substance that is normally liquid at room temperature, the gas phase is called a vapor. Vaporization is the process of changing a liquid to a gas or vapor. If the energy is added slowly, the molecules at the surface of the liquid are the first to escape, because they are bonded to fewer molecules than molecules on the inside Evaporation is when vaporization happens on at the surface of a liquid. As the temperature rises, more and more molecules get enough energy to escape from the liquid.

As water vapor collects above a liquid it creates pressure on the surface of the liquid. The pressure of a vapor over a liquid is called vapor pressure. The temperature where the vapor pressure of a liquid is as strong as the normal pressure of the surrounding environment (atmospheric pressure) is called the boiling point. At the boiling point, molecules throughout the liquid have enough energy to vaporize. 

Worksheet #3 Continued

3. Sublimation Many substance has the ability to change directly from the solid phase to the gas phase. Sublimation  is the process where a solid changes directly to a gas without first becoming a liquid.
Define the following terms:

· Heat- 

· Melting Point-

· Vapor-

· Vaporization-

· Evaporation-

· Vapor Pressure-

· Boiling Point-

· Sublimation-

Phase Changes that Release Energy

1. Condensation When a water vapor molecule loses energy, it slows down. This means it is more likely to form a hydrogen bond with another water molecules when they collide. The formation of hydrogen bonds causes the change from the vapor phase to the liquid phase. The process of a gas or vapor becoming a liquid is called condensation. 
There are different causes for the condensation of water vapor. All involve a transfer of energy. The vapor molecules can come in contact with a cold surface such as the outside of a glass containing ice water. Heat from the vapor molecules is transferred to the glass as the water vapor condenses. The water vapor that condenses on blades of grass or a car forms liquid droplets called dew. When a layer of air near the ground cools, water vapor in the air condenses and creates fog. Dew and fog evaporate when exposed to sunlight. Clouds form when layers of air high above the surface of the Earth cool. Clouds are made entirely of water droplets. When the drops grow large enough, they fall to the ground as rain.

Worksheet #3 Continued- Phase Changes
2. Deposition Some substances can change directly into a solid without first forming a liquid. When water vapor comes in contact with a cold window in winter, it forms a solid deposit on the window called frost. Deposition is the process of a substance changing from a gas or vapor to a solid without first becoming a liquid. Deposition is the reverse of sublimation. Snowflakes form when water vapor high up in the atmosphere changes directly into solid ice crystals. Energy is released as the crystals form.
3. Freezing Suppose you put liquid water in an ice tray in a freezer. As heat is removed from the water, the molecules lose kinetic energy and slow down. The slow molecules are less likely to move past one another. When enough energy has been removed, the hydrogen bonds between water molecules keep the molecules fixed, or frozen, into set positions. Freezing is the reverse of melting. The freezing point is the temperature where a liquid is converted into a solid. 

Define the following terms:

· Condensation-
· Deposition-
	CHEMICAL

NAME
	MELTING

POINT (oC)
	BOILING POINT

(oC)
	STATE AT ROOM 

TEMPERATURE

	Hydrogen
	-259
	-252
	

	Oxygen
	-218
	-183
	

	Nitrogen
	-210
	-195
	

	Ethanol (Alcohol)
	-114
	79
	

	Water
	0
	100
	

	Common Salt
	804
	808
	

	Iron
	1535
	2750
	


· Freezing Point-
How do the melting point and freezing point of a substance compare? (Hint: What is the melting point of ice? What is the freezing point of water?)

Complete the table below: Room temperature 220C 
Worksheet #4: Phase Change Diagrams 

There are two variables that combine to control the phase of a substance: temperature and pressure. These variables can have opposite effects on a substance. For example, a temperature increase causes more liquid to vaporize, but an increase in pressure causes more vapor to condense. A phase diagram is a graph of pressure versus temperature that shows the phases of a substance under different conditions of temperature and pressure.


The diagram above shows the phase diagram for water. You can use this graph to predict what phase water will be in for any combination of temperature and pressure. Notice that there are three regions representing the solid, liquid and vapor phases of water and three curves that separate the regions from one another. At points that fall along the curves, two phases of water can coexist. 

Label the boiling point and melting point of water on the graph above.

The triple point is already labeled on the graph above. This is the point on a phase diagram that represents the temperature and pressure conditions under which solid water, liquid water and water vapor can all exist at the same time. All six phase changes can occur at the triple point: freezing and melting, evaporation and condensation, sublimation and deposition. 

The critical point is also already labeled on the graph. This point indicates the temperature and pressure above which water cannot exist as a liquid. If water vapor is at the critical temperature, an increase in pressure will not change the vapor into a liquid.

The phase diagram for each substance is different because the boiling and freezing points of substances are different. However, each diagram will supply the same type of information for the phases, including a triple point.
For each of the questions on this worksheet, refer to the phase diagram for mysterious compound X.


1)
What is difference in the shape of this phase diagram compared to the phase diagram of water? (Hint: 
Look at the liquid region AND the slope of the solid/liquid line)

2)
If you were to have a bottle containing compound X in your closet, what phase would it most likely be in? (Hint: Assume room temperature is 22ºC and pressure is 1 atom)

3)
At what temperature and pressure will all three phases coexist?

4)
If I have a bottle of compound X at a pressure of 45 atm and temperature of 1000 C, what will happen if I raise the temperature to 4000 C?

5)
Why can’t compound X be boiled at a temperature of 2000 C?

6)
If I wanted to, could I drink compound X?  Why or why not?
Worksheet #5:  Heating Curves

Along with phase change diagrams, we can also learn about the phase changes of a substance by reading a heating curve. Heating Curves are graphs that show the phase changes that occur as a specific substance is heated. Below is the heating curve for water:

Label the heating curve below with the terms “gas”, “liquid”, “solid”, “melting” and “evaporating”:


Now use this heating curve to answers the questions on the following page.

______ 8. What part of the curve would have the largest kinetic energy?

______ 9. What part of the curve would have the lowest kinetic energy?

______ 10. In what part of the curve would the molecules of the substance be the farthest apart?

______ 11. In what part of the curve would the molecules of the substance be closest together?


                                                                       
SOLIDS


Fixed shape AND volume that does not change


Intermolecular forces are very strong


Motion of the molecules is very small (molecules vibrate around a fixed location).








FREEZING





MELTING





DEPOSITION





LIQUIDS


Fixed volume, but a shape that can change


Intermolecular forces are not as strong as in a solid


Molecules are closely packed, but do not have fixed positions (molecules “slip and slide” past one another allowing liquids to flow)





SUBLIMATION





CONDENSATION





EVAPORATION





GASES


No fixed shape OR volume


Intermolecular forces are weaker in gases than in solids or liquids.


Molecules move about freely without being held together (this allows gases to expand to fill any container they are in)
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GAS





Low Melting/


Boiling Points





High Melting/Boiling Points





Network Covalent


(Intra)








Metallic


(Intra)








Ionic


(Intra)








Covalent


(Intra)








Hydrogen Bond


(Inter)








Dipole-Dipole


(Inter)








London


(Inter)











� EMBED PBrush  ���








_1078815956

