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Data:  

1 kcal = 4.184 J, 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, rate1/rate2 = (MW1/MW2)1/2
[image: image1.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



[image: image2.png]Ay Ay

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




[image: image3.png]H—H 43" C—H 410 N—H
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) A 400.0 gram ingot of an unknown metal is heated to 350.0oC.  The ingot is then dropped into 80.0 grams of water at 30.0oC.  The water begins to boil and 6.67 grams of it evaporate.  What is the specific heat of the metal?  Predict the composition of the metal based on the specific heats given on the front page.
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 364 J of work on the pistons and the system loses 547 J to the surroundings as heat, calculate the enthalpy change ((H) and the energy change ((E) for the system in kcal.

3. (18 points) Oxyacetylene welding torches burn acetylene gas, C2H2(g).  The combustion reaction for acetylene is


2 C2H2  +  5 O2(g)  (  4 CO2(g)  +  2 H2O(g)  

a. Determine the heat of reaction per mole of acetylene using standard heats of formation.

b. Show how to determine the heat of reaction using Hess law

(This number will be twice as big as the answer as in part a—why?)

c. Determine the heat of reaction using bond energies. 

(This number will be different that the numbers from parts a and b.  Which numbers do you trust?  Why?)
4. (8 points) Aspirin is produced commercially from salicylic acid, C7O3H6.  A large shipment of salicylic acid is contaminated with boric oxide, which like salicylic acid is a white powder.  The heat of combustion of salicylic acid at constant volume is known to be –3.00 x 103 kJ/mol.  Boric oxide, because it is fully oxidized, does not burn.  When a 6.556 g sample of contaminated salicylic acid is burned in a bomb calorimeter, the temperature increases 4.687oC.  From previous measurements, the heat capacity of the calorimeter is known to be 17.85 kJ/K.  What is the amount of boric oxide in the sample, in terms of mass percent?

5. (4 points) What does entropy measure?
6. (5 points) Is it possible for a reaction to be spontaneous yet endothermic?  Explain.
7. (4 points) Tell whether the entropy changes for the following processes are likely to be positive or negative
a. The fizzing of a newly opened can of soda
b. The growth of a plant form a seed
8. (5 points) Imagine that you have two identical flasks, one containing chlorine gas and and other containing argon.  How can you tell which is which with out opening them?
9. (6 points) An unknown gas is placed in a 1.500 L bulb at a pressure of 583 torr and a temperature of 27.6oC, and is found to weigh 0.9926 g.  What is the molecular mass of the gas?
10. (6 points) A compressed air tank carried by scuba divers has a volume of 8.0L and a pressure of 140 atm at 20oC.  What is the volume of air at 1 atm and 18.0oC?
11. (8 points) Ammonium nitrate can decompose explosively when heated according to the equation


2 NH4NO3(s)  (  2 N2(g)  +  4 H2O(g)  + O2(g)

How many liters of gas would be formed at 450oC and 1.00 atm pressure by the explosion of 450 g of ammonium nitrate?

12. (6 points) Draw a picture that shows how hydrogen bonding takes place between two ammonia molecules.
13. (6 points) Why does a helium filled balloon lose pressure faster than an air filled balloon?  (You know this one.  You just usually do it with numbers!)

14. (6 points) Methanol (CH3OH; bp = 65oC) boils nearly 230o higher than methane (CH4; bp = -164oC), but 1 decanol (C10H21OH; bp = 229oC) boils only 55o higher than decane (C10H22; bp = 174oC).  Explain.  (Hint: think about the kinds of intermolecular forces that are important.)

15. (10 points) The phase diagram of an unknown substance is shown below:  








a. Label the solid liquid and gas regions of the phase diagram.

b. Label the triple point and the critical point.

c. Label the normal freezing and boiling points.

d. Which phase is more dense the liquid or the solid?  Explain your reasoning.
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