Chapter 10, 11, 12 and : States of Matter, Thermochemistry, Behavior of Gases, and Intermolecular Forces
Know definition of following terms: 
Kinetic Theory (what are the main parts), Gas Pressure, Kinetic Energy, Kelvin Temperature, Evaporation vs. Vaporization, Melting and Freezing, Condensation, Sublimation, Vapor, Diffusion, Effusion, Endothermic and Exothermic, Avogadro’s principle, Chemical potential energy, Heat (Enthalpy) of Vaporization, Heat (Enthalpy) of Fusion, Heat Capacity, Specific Heat, 
Be able to interpret and understand: 
Heating and Cooling Curve
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Temperature vs. Vapor Pressure Curve. [image: image2.png]Vapor pressure (torr)

800

760

600

400

200

Normal
boiling point

34.6°C 78.3°C,_ [100°C:

Diethyl Ethyl alcohol
ether (ethanol)

Ethylene
glycol

0 20 40 60 8 100
Temperature (°C)



 
Some Notes and Practice Problems:
Exothermic and Endothermic Processes

· System is your point of focus. Surroundings means the region in the immediate vicinity of the system.  We are studying the flow of energy from the system to the surroundings and vice-versa.
· Heat flowing into a system from its surroundings has a positive value and is called endothermic.  A process that releases heat to its surroundings has a negative value and is exothermic. 

Heat Capacity and Specific Heat

· A calorie is the quantity of heat required to raise 1 gram of water 1 oC.  The dietary Calorie (Cal) equals 1,000 cal or 1 kcal. 
· A joule is the SI unit of heat & energy.  4.184 J = 1 cal.
· Heat capacity is the amount of heat needed to raise the temperature of an object exactly 1 oC.  It varies with mass and the chemical composition of the object.
· The specific heat capacity or specific heat is the amount of heat needed to raise the temperature of 1 g of the substance 1oC. 

Q(heat) = C(specific heat) x m(mass in grams) x  (T(change in temp)

Do practice problems:
1. When 435J of heat is added to 3.4g of olive oil at 21°C, the temperature increases to 85°C. What is the specific heat of olive oil?

2. A 1.55 g piece of stainless steel absorbs 141 J of heat what its temperature increases by 178°C. What is the specific heat of the stainless steel?

3. How much heat is required to raise the temperature of 250g of mercury 52°C if the specific heat of mercury is 0.14J/g°C?
Measuring and Expressing Heat Changes

· Calorimetry is the measurement of heat changes.
· Enthalpy (H) is the heat content of a system.

(H = C x m x (T

Do practice problems:
4. A student mixed 50.0 ml of water containing 0.50 mol HCl at 22.5°C with 50.0ml of water containing 0.50 mole NaOH at 22.5°C in a foam cup calorimeter. The temperature of the resulting solution increased to 26.0°C. How much heat in kilojoules (kJ) was released by this reaction?

5. A small pebble is heated and placed in a foam cup calorimeter containing 25.0 mL of water at 25.0°C. The water reaches a maximum temperature of 26.4°C. How many joules of heat were released by the pebble?

Thermochemical Equations (examples below)
· Calcium oxide combines with water to produce calcium hydroxide and heat (exothermic reaction)
CaO(s)  +  H2O(l)  (  Ca(OH)2(s)  +  65.2 kJ







or
CaO(s)  +  H2O(l)  (  Ca(OH)2(s) 

(H = -65.2 kJ

· Sodium hydrogen carbonate absorbs 129 kJ of energy and decomposes to sodium carbonate, water, and carbon dioxide (endothermic reaction).
2NaHCO3(s)  +  129 kJ   (  Na2CO3(s)  +  H2O(g)  +  CO2(g)








or
2NaHCO3(s) (  Na2CO3(s)  +  H2O(g)  +  CO2(g)    (H = 129 kJ

Do practice problems:
6. When carbon disulfide is formed from its elements, heat is absorbed. Calculate the amount of heat (in kJ) absorbed when 5.66g of carbon disulfide is formed.

C(s) + 2S(s) ( CS2(l) 
ΔH=89.3 kJ 

7. The production of iron and carbon dioxide from iron (III) oxide and carbon monoxide is an exothermic reaction. How many kilojoules of heat are produced when 3.40 mol Fe2O3 reacts with an excess of CO? 
Fe2O3(s) + 3CO(g) (2Fe(s) + 3CO2(g) + 26.3 kJ
· Combustion reactions are when a substance combines with oxygen to produce carbon dioxide and water (either vapor or liquid).  The heat of combustion is the heat released by the burning of one mole of a substance.
CH4(g)  +  2O2(g)  (  CO2(g)  +  2H20(l) 
(H = -890 kJ

Do practice problems:

8. When solid magnesisum combines with oxygen gas, solid magnesium oxide is form and 1204 kJ of heat is released. Write the thermochemical equation for this combustion reaction. 

9. Gasohol contains ethanol (C2H5OH) (l), which when burned reacts with oxygen to produce CO2 (g) and H2O (g). How much heat is released when 12.5 g of ethanol burns?
C2H5OH(l) + 3O2(g) (  2CO2 (g) + 3H2O (g)
ΔH=-1235 kJ
Heats of Fusion and Solidification

· The heat absorbed by one mole of a substance in melting from a solid to a liquid at a constant temperature is the molar heat of fusion ((Hfus).
· The heat released when one mole of a liquid solidifies at a constant temperature is the molar heat of solidification ((Hsolid).

Do practice problems:
10. How many grams of ice at STP could be melted by the addition of 40.0 kJ of heat if the ΔHfus=6.01 kJ/mol?

11. How many kilojoules of heat are required to melt a 10.0 g popsicle at STP? Assume the popsicle has the same molar mass and heat of fusion as water. 

Heats of Vaporization and Condensation
· The amount of heat necessary to vaporize one mole of a given liquid is the molar heat of vaporization ((Hvap).
· The amount of heat released when one mole of vapor condenses is the molar heat of condensation ((Hcond).

Do practice problems:

12. How much heat (in kJ) is absorbed when 63.7 g H2O(l) at 100°C is converted to steam at 100°C if heat of vaporization is 40.7 kJ/mol? 
13. How many kilojoules of heat are absorbed when 0.46 g of chloroethane (C2H5Cl, bp 12.3°C) vaporizes at is boiling point if the heat of vaporization is 26.4 kJ/mol?
Heat of Solution

· The heat change caused by dissolution of one mole of a substance is the molar heat of solution ((Hsoln).
· Cold packs and hot packs.

Do practice problems:

14. How much heat (in kJ) is released when 0.677 mole of NaOH(s) is dissolved in water if heat of solution is -445.1kJ/mol? 

Kinetic Theory

· A gas is composed of particles that are considered to be small, hard spheres that have insignificant volume and are relatively far apart from one another.  Between the particles there is empty space.  No attractive or repulsive forces exist between the particles  
· The particles in a gas move rapidly in constant random motion.  They travel in straight paths and move independently of each other.  They change direction only after a collision with one another or other objects.
· All collisions are perfectly elastic, so average kinetic energy remains constant. 

Variables That Describe a Gas  

· Pressure (P) measured in kPa, Torr or atm
· Volume (V) measured in L
· Temperature (T) measured in K  K = oC + 273
· Amount of matter (n) measured in moles

Gas Laws

· Boyle’s Law: Pressure-Volume: As pressure increases, volume decreases if temperature and amount remain constant. Forcing particles closer together  P1 x V1 = P2 x V2 
Do practice problems:

15. The pressure on 2.50 L of anesthetic gas changes from 105 kPa to 40.5 kPa. What will be the new volume if the temperature remains constant? 
16. A gas with a volume of 4.00 L at a pressure of 205 kPa is allowed to expand to a volume of 12.0 L. What is the pressure in the container if the temperature remains constant?

· Charles’s Law: Temperature-Volume: As temperature increases, volume increases if pressure and amount remain constant. Particles gain kinetic energy, move farther apart. V1/T1 = V2/T2 ;  T has to be in Kelvin ;  K= oC + 273 
Do practice problems:

17. If a sample of gas occupies 6.80 L at 325°C, what will be its volume at 25°C if the pressure does not change?

18. Exactly 5.00 L of air at -50.0°C is warmed to 100.0°C. What is the new volume if the pressure remains constant?  
· Gay-Lussac’s Law: Temperature-Pressure: As temperature increases, pressure increases if volume and amount remain constant. Particles gain kinetic energy, move faster, more collisions P1/T1 = P2/T2 ; T has to be in Kelvin ;  K = oC + 273 
Do practice problems: 
19. A gas has a pressure of 6.58 kPa at 539K. What will be the pressure at 211K if the volume does not change?
20. The pressure in an automobile tire is 198 kPa at 27°C. At the end of a trip on a hot sunny day, the pressure has risen to 225 kPa. What is the temperature of the air in the tire if the volume has not changed? 
· The Combined Gas Law: P1 x V1/T1 = P2 x V2/T2  T has to be in Kelvin
Do practice problems: 
21. A gas at 155 kPa and 25°C occupies a container with an initial volume of 1.00 L. By changing the volume, the pressure of the gas increases to 605 kPa as the temperature is raised to 125°C. What is the new volume?

22. A 5.00 L air sample at temperature of -50°C has a pressure of 107 kPa. What will be the new pressure if the temperature is raised to 102°C and the volume expands to 7.00 L?
· Ideal Gas Law: The relationship between temperature, pressure, volume and moles P x V = n x R x T
(PV = nRT) Ideal Gas Constant R = 8.31 (L kPa)/(K mol) or .0821 (L atm)/(K mol)
Do practice problems:
23. When the temperature of a rigid hollow sphere containing 685 L of helium gas is held at 621K, the pressure of the gas is 1890 kPa. How many moles of helium does the sphere contain?

24. What pressure will be exerted by 0.450 mol of a gas at 25°C if it is contained in a 0.650 L vessel?

One mole of an ideal gas occupies 22.4 liters at STP.


STP is Standard Temperature and Pressure.

Standard Temperature = 0°C = 273°K

Standard Pressure = 101.3 kPa, 760 Torr, 1 atm
Intermolecular Forces: Molecules can attract each other at moderate distances and repel each other at close range. The attractive forces are collectively called "van der Waals forces". Van der Waals forces are much weaker than chemical bonds, and random thermal motion around room temperature can usually overcome or disrupt them. Determine properties such as boiling point, melting point, viscosity, surface tension of molecules. 
· Dipole-dipole attractions: When the molecule has a distinctly positive end and a negative end, the permanent force is referred to as a dipole-dipole attraction. Weaker (but still noticeable) permanent forces can act between any molecules with polar bonds. For example, the oxygen atoms in CO2 are electron-rich, while the carbon atom in the center is electron poor, so the oxygen atom of one CO2 can be attracted to the carbon of another during very close encounters.

· Hydrogen bonds are abnormally strong dipole-dipole attractions that involve molecules with -OH, -NH, or FH groups. When a bonded electronegative atom (oxygen, nitrogen, or fluorine) pulls electrons away from the hydrogen atom, the positive charge that results is tightly concentrated. The hydrogen is intensely attracted to small, electron-rich O, N, and F atoms on other molecules. (Larger electron-rich groups and atoms (like -Cl, for example) will also attract the hydrogen, but because their electrons aren't as tightly concentrated, the resulting dipole-dipole attraction is too weak to be considered a "real" hydrogen bond.) 
· Dipole-induced dipole attraction: A polar molecule can also induce a temporary dipole in a nonpolar molecule. The electron cloud around a nonpolar molecule responds almost instantaneously to the presence of a dipole, so this "dipole-induced dipole" force isn't as orientation-dependent as the dipole-dipole interaction.
· London dispersion forces: Arise when electron clouds oscillate on two molecules at close range. Bond vibrations in molecules may produce the oscillations or they may be triggered by random, instantaneous pile-ups of electrons in atoms. The electron-rich and electron-poor regions on the molecule may not persist for more that 10-14 or 10-15 seconds, but if they can polarize the electron distribution on an adjacent molecule, electron clouds on the two molecules may begin to oscillate cooperatively with each other. The dipoles are transitory but aligned, and a net attractive force pulls the molecules together. At closer range, the oscillation becomes even more effective. More electrons in a molecule or atom means potentially larger electron imbalances and so stronger London forces.

