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Data:  

1 kcal = 4.184 kJ, NA = 6.02 x 1023 /mol, kw = 1.0 x 10-14 M2, R = 0.0821 L atm/mol K = 62.4 L torr/mol K = 8.31 kJ/mol K, PV = nRT, 0oC = 273.16K, Hvap water = 40.67kJ/mol
[image: image2.png]Specific Heat Molar Heat Capacity
Substance Ji(g - °C) J/(mol - °C)
Air 1.01 29.1
Aluminum 0.902 24.4
Copper 0.385 244
Gold 0.129 254
Iron 0.450 25.1
Mercury 0.140 28.0
NaCl 0.864 50.5
Water(s)* 2.03 36.6
Water(l) 4.179 75.3

*At-11°C
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Substance Formula___(kJ/mol) Substance Formula___(kl/mol)
Acetylene &) 2267 Hydrogen chioride _ FICI(g) 923
Ammonia NHy(g) -46.1 Iron(l) oxide FeOys) 8242
Carbon dioxide  COx(g) -3935 Magnesium carbonate MgCOss) - 1095.8
Carbon manoxide  CO(g) - 1105 Methane CH(g) -748
Ethanol CHOHY  -277.7 Nitric oxide NO{g) 902
Ethylene CHg) 523 Water(g) HO(9) 2418
Glucose CalliOdfs) - 1260 Water) H00) -2858
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H—C 410 c—C 350 N—C
H—F 570" C—F 450 N—F
H—Cl 432" C—Cl 330 N—CI
H—Br 366" C—Br 270 N—Br
H—1 208° C—1 240 N—1I
H—N 390 C—N 300 N—N
H—O 460 Cc—0 350 N—O
H—S 340 Cc—S 260 N—S

Multiple covalent bonds *
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*Bond dissociation energies for diatomic molecules are exact.
*We'll discuss multiple covalent bonds in Section 7.5.
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Lanthanide series

Actinide series

1. (10 points) An ingot of copper at 450oC is dropped into a beaker of water containing 300.0 grams of water at 25.0 oC.  If 12.6 grams of the water evaporate, what was the mass of the copper ingot?
2. (6 points) When gasoline burns in a car engine, the heat released causes the products CO2 and H2O to expand, which pushes the pistons outward.  Excess heat is removed by the car’s cooling system.  If the expanding gases do 579 J of work on the pistons and the system loses 347 J to the surroundings as heat, calculate the enthalpy change ((H) and the energy change ((E) for the system in kcal.

3.  (15 points) One possible use for the cooking fat left over after making French fries is to burn it as fuel.  Write a balanced equation, and used the following data to calculate the amount of energy released (in kJ/g, kcal/g and kJ/mL) from the combustion of cooking fat.  (Remember that organic compounds burn in the presence of oxygen to form water and carbon dioxide.  What do you expect will be the state of the water?)
Formula = C51H88O6
Density = 0.94 g/mL

Hof = -1310 kJ/mol

H = ________________kJ/g = _________________kJ/ml = ______________kcal/g
According to nutrition tables, one gram of fat is 9 calories (remember a food calorie is 1 kcal), how does the calories per gram compare with the value you calculated above.
Why are they different?

4.  (8 points) A chemical engineer studying the properties of fuels placed 1.500 g of a hydrocarbon in the bomb of a colorimeter and filled it with O2 gas.  The bomb was immersed in 2.500 L water and the reaction initiated.  The water temperature rose from 20.00oC to 23.55oC.  If the calorimeter (excluding the water) h ad a heat capacity of 403 J/K, what was the heat of combustion per gram of fuel?
5. (5 points) Aluminum metal reacts with chlorine with a spectacular display of sparks.
2 Al(s)  +  3 Cl2(g)  (  2 AlCl3(s)


Ho = -1408.4 kJ
How much heat (in kJ) is absorbed or released on the reaction of 7.00 g of Al?  Is the reaction endothermic or exothermic?
6. (8 points) Calculate the energy of the following reaction using bond energies.  (Hint:  Do you really have to break and reform all of the bonds?)
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7. (6 points) You hold a gram of copper in one hand and a gram of aluminum in the other.  Each metal was originally at 0oC.  (Both metals are in the shape of a little ball that fits into your hand.)  If they both take up heat at the same rate, which will warm to your body temperature first?  Explain your reasoning.

8. (4 points) What does entropy measure?
9.  (5 points) Imagine that you have two identical flasks, one containing krypton and other containing argon.  How can you tell which is which with out opening them?
10. (6 points) A newly discovered gas has a density of 2.39 g/L at 23.0oC and 715 mm Hg.  What is the molar mass of the gas?
11. (8 points) Metal carbonates decompose to the metal oxide and CO2 on heating according to this general equation.


Mx(CO3)y(s)  (  MxOy(s)  +  yCO2(g)

You heat 0.158 g of a white, solid carbonate of a group 2A metal and find that the evolved CO2 has a pressure of 69.8 mmHg in a 285 mL flask at 25oC.  What is the molar mass of the metal carbonate?  (Hint:  Find the moles of Mx(CO3)y using stoichiometry.)
12. (4 points) Which has the greater polarizability CH3CH3 or CH3CH2CH3?  Why?

13. (9 points) Which has the higher boiling point and why?
a. LiCl or HCl?

b. NH3 or PH3?

c. Xe or I2?

14. (6 points) Draw a picture that shows how hydrogen bonding takes place between two water molecules.
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