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7.1746 kJ/mol

1342.9 kJ/mol

4153.59 kJ.mol

38.19 kJ/mol

1584 kJ/mol

166.23 oC

4.   8.  720.398 g/mol803.5 kJ/mol
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Review For Test:


1. a.    An unknown substance is dissolved in a cup of water, the temperature of the water     


       decreases  by 12.4OC,  - is this an exothermic or endothermic reaction? 


b.     Is freezing an endothermic or exothermic process? 


      c.     The change in enthalpy for a reaction is negative, is the reaction endothermic or 


             exothermic? 


       d.   A + B + 91.2 kJ  C + D .  Is this reaction endothermic or exothermic?

2. Draw a heating curve (temperature-time graph) for Potassium as it is cooled from 575 OC to 88oC. 

Melting Point for K= 63.3oC

Boiling Point for K = 760oC

Label each section of the graph as 

t


mc


q


or


nH


H


D


=


=


D


.


       Label each section of the graph as 

p


k


E


or


E


D


D


.  


3. a.  What is the total energy required to cool 350mL of water at 23OC to 11OC


b.  Determine the amount of nergy require to completely vaporize 125g of water.


c.  Determine thee amount of energy required to completely solidify 70g of nickel.


d.  Determine the amount of energy required to  convert 250g of steam at 115 OC to steam at 100OC

e.  Determine the amount of energy required to  convert 250g of steam at 115 OC to water at 100OC

f.  Determine the mass of nickel if 2524.5kJ of energy is needed to condense it.


g.  Given 539.96J of energy is added to a  85g of copper at 30 OC , Determine the final temperature of the copper?  

4. A 200g sample of sodium is heated from 350 OC  to 1000 OC , determine the total energy change. 


5.  Given the thermochemical equation:  CaC2 (s) + 2H2O (l) ___> Ca(OH)2 (s)   + C2H2(g) ;  H= -127.2 kJ     How much heat is released when 345g of CaC2  are reacted?


6.  Given the thermochemical equation:  CaC2 (s) + 2H2O (l) ___> Ca(OH)2 (s)   + C2H2(g) ;  H= -127.2 kJ             


     How much heat is released when 345g of CaC2  are reacted?

7.  Given the following thermochemical equation:
            CH4 (g) + 3O2 (g) CO2 (g) + 2 H2O (g)          H = -802.7 kJ
     Determine the energy released in the production of 500 g of water vapor

8.    What is the energy change for the reaction: 2Al (s) + Fe2O3 (s) ___>Al2O3 (s)   + 2Fe (s) ; 

9.  What is the heat of reaction for the combustion butane to form carbon dioxide and water:  


C4H10 (g) = -125.6 kJ ;   O2 (g) = 0.0 kJ  ;  CO2 (g) = -393.5 kJ  ;  H2O (l) = -285.8 kJ


10. Determine the standard enthalpy change for      CS2(l) + 3 O2(g) → CO2(g) + 2 SO2(g)    given 

C(s) + O2(g) → CO2 (g)                   ΔHf = -393.5 kJ/mol
S(s) + O2 (g) → SO2 (g)                          ΔHf = -296.8 kJ/mol
C(s) + 2 S(s) → CS2 (l)                             ΔHf = 87.9 kJ/mol


11.  Calculate the standard enthalpy of formation ΔHf for CH4

		(1) H2(g) + 0.5 O2(g) -> H2O(l) 

		    ΔH = -285.8kJ/mol 



		(2) C(graphite) + O2(g) -> CO2(g) 

		     ΔH =  -293.5 kJ/mol



		(3) CH4(g) + 2O2(g) -> CO2(g) + 2H2O(l) 

		      ΔH =   -890.4 kj/mol





More Practice


1. Identify each of the following reactions as exothermic or endothermic. 


CH4(s) + 2O2(g) → CO2(g) + 2H2O(l)                   ΔH° = -890 kJ 


2HCl(g) → H2(g) + Cl2(g)                                            ΔH° = 185 kJ 


4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(l)               ΔH° = -1169 kJ 


2. When potassium nitrate dissolves in water, the beaker containing the solution gets cooler. Is 

     dissolving this salt an exothermic or an endothermic process?

3. Define “potential energy” and “kinetic energy”. Give some specific examples of each form of energy. 


4. What is the SI unit for energy? 


5. State the Law of Conservation of Energy. What is another name for this Law? 


6. What is the relationship between the amount of kinetic energy a particle has and how fast it is moving? Pick one of the following: 


         A. Slower moving particles have more kinetic energy than faster particles. 


         B. Faster moving particles have more kinetic energy than slower particles. 


         C. Speed of motion and kinetic energy are not related. 


Omit:  


7. A. Convert the following to Kelvin temperatures: 10°C , -20°C 


     B. Convert the following to Celsius temperatures: 25 K, 300 K 


                       8.  Using a table of thermochemical data, write heats of formation reactions for the following    


                             compounds. Include the energy term as part of the equation. 

                             Example: Write the heat of formation reaction for KOH, including the energy term as part 

                                              of the equation.     Answer:      K + ½ O2 + ½ H2 → KOH + 428.8 kJ 

   Example 2 :   C12H22O11(4   :   12C(s)  +  11 H2 (g)  +  5.5 O2(g)    →   C12H22O11(s)  + 2225.5 kJ


IMPORTANT: Be sure to memorize the seven diatomic molecules: H2, N2, O2, F2, Cl2, Br2, I2 

a. SO2(g) 


b. C3H8 (g) 

c. BaSO4 


      d. NO (g) 

9. The standard heat of formation, ΔHf, for sulfur dioxide (SO2) is -297 kJ/mol. How many kJ of energy are given off when 25.0 g of SO2 (g) is produced from its elements? 


10. The heat of reaction for the combustion of 1 mol of ethyl alcohol is -950  kJ: 


                C2H5OH (l) + 3 O2 (g) → 2 CO2 (g) + 3 H2O (l) + 950 kJ 


                 How much heat is produced when 11.5 g of alcohol is burned? 

11. ΔH for the complete combustion of 1 mol of propane is -2220 kJ: 


                       C3H8 (g) + 5 O2 (g) → 3 CO2 (g) + 4 H2O (l) 


        Calculate the heat of reaction for the combustion of 33.0 g of propane.

12. Use a standard enthalpies of formation table to determine the change in enthalpy for each of these reactions. 

a) 2 CO(g) + O2(g) ---> 2 CO2(g)



b) CH4(g) + 2 O2(g) ---> CO2(g) + 2 H2O(l) 

c) 2 H2S(g) + 3 O2(g) ---> 2 H2O(l) + 2 SO2(g) 

13. Identify each of the following as either endothermic or exothermic: 


           A. Cu(s) + Cl2(g) → CuCl2(s) + 220.1 kJ 


           B. 6 CO2(g) + 6 H2O(l) + 2802 kJ → C6H12O6(s) + 6 O2(g) 


14. If you were holding reaction 12A in your hand, would your hand feel warmer or colder? Explain

15. When potassium nitrate dissolves in water, the beaker containing the solution gets cooler. Is dissolving this salt an exothermic or endothermic process? Explain. 


16. What is calorimetry?


17.  Consider the following two potential energy graphs: 


     A. Identify the following graphs as representing endothermic or exothermic reactions: 


    B. Which graph will have a value for ΔH that is negative? 



18. Given the following equations: 


     4 NH3 (g) + 5 O2 (g) → 4 NO (g) + 6 H2O (l)               ΔH° = -1170 kJ 


     4 NH3 (g) + 3 O2 (g) → 2 N2 (g) + 6 H2O (l)                 ΔH° = -1530 kJ 


     Using these two equations, determine the heat of formation, ΔH°f, for nitrogen monoxide, NO

19. The bond energy (kJ) for H2, F2, and HF are 436, 158 and 568 kJ respectively, calculate the enthalpy 

      (energy) of the reaction:     H2(g) + F2(g )           2 HF

20. Standard enthalpies of formation are: C2H5OH(l)  = -228 , CO2 = -394, and H2O(l) = -286 kJ/mol.   


       Calculate the enthalpy of the reaction,   C2H5OH(l)   + 3 O2           2 CO2 + 3 H2O 


21. Calculate Ho for these reactions. In each case, state whether the reaction is exothermic or endothermic, rewrite the equation as a thermochemical equation to include the heat term, and indicate whether the products have a greater or smaller enthalpy than the reactants. Hfo of NH4Cl = 314.4 kJ/mol 

a) SO2(g) + ½ O2(g) ---> SO3 (g)  

b) b) CaO (s)  + H2O (l)  ---> Ca(OH)2 (s)  

c) N2(g) + 3 H2(g) ---> 2 NH3(g)

d) C6H6 (l)  + 1½ O2(g) ---> 6 C (s)  + 3 H2O (l) 

e) NH3(g) + HCl(g)  ---> NH4Cl(s) 

   Hess’s Law


1. Use the thermochemical equations shown below to determine the enthalpy for the reaction: 


                            2CO2(g) + 2H2O(l) → CH3COOH(l) + 2O2(g)                 Ans: 3484 kJ 

C(graphite) + O2(g) → CO2(g) Ho = -1576 kJ 


2H2O(l) → 2H2(g) + O2(g) Ho = 2288 kJ 


2C(graphite) + 2H2(g) + O2(g) → CH3COOH(l) Ho = -1956 kJ 


2. Use the thermochemical equations shown below to determine the enthalpy for the reaction:


      3Fe2O3(s) → 2Fe3O4(s) + ½O2(g) Ans: 465 kJ 

3Fe2O3(s) → 6Fe(s) + 4½ O2(g) Ho = 4933 kJ 


6Fe(s) + 4O2(g) → 2Fe3O4(s) Ho = -4468 kJ 


  Calorimetry

3.  If 150.0 grams of iron at 95.0 °C, is placed in an insulated container containing 500.0 grams


             of water at 25.0 °C, and both are allowed to come to the same temperature, what will that


             temperature be? The specific heat of water is 4.18 J/g °C and the specific heat of iron is 

            0.444 J/g °C)


4. When 80.0 grams of a certain metal at 90.0 °C was mixed with 100.0 grams of water at 

           30.0°C, the final equilibrium temperature of the mixture was 36.0 °C. What is the specific heat


          (J/g°C) of the metal?


5.  Calculate the specific heat of a metal if a 55.0 g sample of an unknown metal at 99.0 °C

 causes a 1.7 °C temperature rise when added to 225.0 g of water at 22.0 °C.

6. The molar heat of combustion of a compound is 1499 kJ/mol. If 0.96 moles of this compound was burned in a bomb calorimeter containing 1.80 L of water, what would the increase in temperature be?
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CALORIMETRY

1.  When sulphuric acid dissolves in water, a great deal of heat is given off. The enthalpy change for this process is called the enthalpy of solution. To measure it, 175 g of water was placed in a coffee-cup calorimeter and chilled to 10oC. Then 49.0 g of pure sulphuric acid, also at 10.0oC was added, and the mixture was quickly stirred with a thermometer. The temperature rose rapidly to 14.9oC.  Calculate the enthalpy of solution in kilojoules per mole of H2SO4. 



2.  Gram for gram, fats in food have much more chemical energy than sugar. One component of fat is stearic acid, C18H36O2.  If 8.36 g of stearic acid is burned in a calorimeter containing 1520g of water, the temperarure will rise by 6.21OC, what is the enthalpy of combustion of stearic acid?



3.  If I burn 0.315 moles of hexane (C6H14) in a bomb calorimeter containing 5.65 liters of water, what’s the molar heat of combustion of hexane is the water temperature rises 55.40 C?  The heat capacity of water is 4.184 J/g0C.



4.  If I burn 22.0 grams of propane (C3H8) in a bomb calorimeter containing 3.25 liters of water what’s the molar heat of combustion of C3H8 if the water temperature rises 29.50 C?



5. A test tube containing 10.1g of molten wax was put into 155cm3 of water at 180C.  The temperature rose to 210C.  Calculate the molar heat of fusion of the wax, assuming the formula of the wax is C14H30.



6.  A compound is burned in a bomb calorimeter that contains 3.00 L of water. If the combustion of 0.285 moles of this compound causes the temperature of the water to rise 36.00 C, what is the molar heat of combustion of the compound?



7.  The molar heat of combustion of a compound is 1,350 kJ/mol. If 0.875 moles of this compound was burned in a bomb calorimeter containing 1.70 L of water, what would the increase in temperature be?



8.  When 62.3g of a compound was burned in a bomb calorimeter that contained 0.500 L of water the temperature rise of the water in the calorimeter was 48.00 C. If the heat of combustion of the compound is 1,160 kJ/mol, what is the molar mass of the compound?
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