Chapter Review KEY - Thermochemistry

1. Explain the difference between heat capacity and specific heat capacity?

Heat capacity is the energy required to raise  the temp. of any object by 1ºC, while specific heat capacity is the energy to raise only 1 gram by 1ºC.  

*For example:  A cup of water needs more heat than a drop of water to raise it by 1ºC, but both have the same specific heat because they are both water!

2. Heat itself cannot be measured or detected directly by senses or instruments.  
Explain how is it that we can make measurements about heat?
Heat is not measured directly, but by the effect it has on a material.  As it is absorbed or released, molecules tend to speed up or slow down, which is seen as a change in temperature.  Different materials change temperature by different amounts with the same amount of heat, so we can calculate heat change if we know the specific heat of the material.  

*For example:  We can’t see wind, but we can measure the motion of objects caused by wind and assume that wind is responsible for it.  Wind blows a light feather differently than a cardboard box.


3. Explain the difference between calories, Calories, and kilocalories.
A calorie is the energy to raise 1 gram of water by 1ºC.  A Calorie is actually equal to 1000 calories, and is also called a kilocalorie.  


4. 45,150 J = 10,790 cal

1,200 cal = 5.0 kJ            
2.35 kJ = 562 cal
45,150 J (    1 cal     
       1,200 cal ( 4.184 J (  1 kJ     
 2.35 kJ  (  1000 J (    1 cal 

                  4.184 J
                           1 cal       1000 J

         1 kJ       4.184 J


5. How many kilojoules of energy are in a doughnut that contains 200.0 Calories?

200.0 Cal (  1000 cal  (  4.184 J  (    1 kJ     =     836.8 kJ
                        1 Cal          1 cal        1000 J

6. A 300 g piece of glass with a specific heat of 0.12 cal/(g ( ºC) cools from 75ºC to 32ºC.  
Calculate the heat change in the glass.

q = 300 g  (  0.12 cal/(g ( ºC) ( -43ºC =    -1,548 calories

7. The piece of glass above is at 32ºC and absorbs 2000 joules.  What will be its final temperature?
   2000 J ( 4.184 =    478 cal    =  300 g   (  0.12 cal/(g ( ºC)  (  (T


   (T = 13.3ºC = Tf – 32ºC 
 Tf = 45.3ºC

8. What is the specific heat of a substance that has a mass of 25.0 g and requires 525.0 calories to raise its temperature by 15.0(C?

C = 525.0 cal / (25.0 g ( 15.0ºC)  =     1.4 cal/(g ( ºC)
9. Suppose 100.0 g of ice releases 1255.0 J of heat.  What is the corresponding temperature change if the specific heat of ice is 2.1 J/(g ( (C)?

(T = 1255.0 J / (2.1 J/(g ( (C)  (  100.0 g) =    +6.0ºC   


10. How many joules of heat energy are required to raise the temperature of 100.0 g of aluminum by 120.0(C?  The specific heat capacity of aluminum is 0.90 J/(g ( ºC).

q = 100.0 g  (  0.90 J/(g ( (C)  (  120.0ºC  =     10,800 J


11. A metal cube with a mass of 62.55 grams is heated to 95ºC.  When placed in a cup containing 95.25 grams of water at 12.5ºC, the water warms up to 17.2ºC.  Calculate the specific heat of the metal.  Use the table on page 246 in your textbook to identify the metal.
QH2O = 95.25 g  ( 4.184 J/(g ( (C)  (  4.7ºC =  1,873 joules


Qmetal = -1,873 J = 62.55 g ( Cmetal  ( -77.8ºC      Cmetal = 0.39 J/(g ( (C)  = Cu


12. How many calories are released from the complete combustion 25 g of methane, CH4? 
((Hcomb = -890 kJ/mol)

25 g  (    1 mol    =  1.56 mol  (  -890 kJ/mol  =  -1387 kJ =   3.3 ( 105 cal
             16.042 g


13. How many grams of acetylene, C2H2, would you need to burn in order to generate enough heat to warm up 1000 g of water from 20ºC to its boiling point? (ΔHcomb = -1300 kJ/mol)
QH2O = 1000 g  (  4.184 J/(g ( (C)  (  80ºC  =  334,720 J  = 335 kJ (gained by H2O)

(Hcomb = -335 kJ  (    1 mol     =  0.258 mol  (  26.036 g/mol  =      6.72 g   

(given off by rxn)            -1300 kJ                               (molar mass)


14. A student mixed 75.0 g of water containing 0.75 mol of HCl at 25(C with 75.0 g of water containing 0.75 mol of NaOH at 25(C in a foam cup calorimeter.  As the reaction takes place, the temperature of the solution raises to 35(C.  Calculate the heat of reaction in kilojoules per mole.  Is this reaction endothermic or exothermic?
Heat gained by water = 150.0 g ( 4.184 J/(g ( (C) ( 10ºC = 6276 J =   +6.3 kJ
                                                     (total mass)      

(H of HCl reactant =    6.3 kJ    =     +8.4 kJ/mol = endothermic reaction
                                    0.75 mol

15. Calculate the amount of heat needed to melt 35.0 g of ice at 0(C.  
Express your answer in kilojoules. 

35.0 g  (   1 mol     =  1.94 mol  (  6.01 kJ/mol  =      11.7 kJ
               18.016 g


16. What is the heat change in kilojoules required to turn 200.0 g of steam at 120(C into ice at -10(C? 
#1   120ºC steam →  100ºC steam  [ Csteam = 2.0 J/(g ( ºC) ]
Q = 200.0 g  (  2.0 J/(g ( ºC)  (  -20ºC  = -8000 J  =  -8 kJ
#2  100ºC steam → 100ºC water

200.0 g  (   1 mol    = 11.1 mol  ( -40.7 kJ/mol =  -451.8 kJ

                 18.016 g

#3  100ºC water →  0ºC water  [ Cwater = 4.184 J/(g ( ºC) ]

Q = 200.0 g  (  4.184 J/(g ( ºC)  (  -100ºC  = -83,680 J  =  -83.6 kJ
#4  0ºC water → 0ºC ice

200.0 g  (   1 mol    = 11.1 mol  ( -6.01 kJ/mol =  -66.7 kJ

                 18.016 g

#5  0ºC ice → -10ºC ice  [ Cice = 2.1 J/(g ( ºC) ]

Q = 200.0 g  (  2.1 J/(g ( ºC)  (  -10ºC  = -4200 J  =  -4.2 kJ
17. Calculate the final temperature when 95.0 g of NaOH is dissolved in 450 grams of water at 22ºC.
((Hsoln = -44.4 kJ/mol)
95.0 g  (    1 mol     = 2.38 mol  (  -44.4 kJ/mol  =  105.455 kJ  =  105455 J  

                39.998 g


(T = 105455 J / [450 g  ( 4.184 J/(g ( ºC)]  = +56 ºC        Tf = 78ºC


18. A cold cup of gasoline has a higher enthalpy than a hot cup of water.  
Steam at 100ºC has a higher enthalpy than water at 100ºC.   Explain both statements.
Enthalpy measures the heat content, or energy, of a material or system.  Gasoline may not have as much temperature, but it holds a greater amount of store energy in its chemical bonds than water does.  

Gases are a higher energy state than liquids, because liquids must absorb energy to change into gases, so even though both the steam and water have the same temperature, the steam is holding a lot more energy in the gas phase.
Total (H = 





-614.3 kJ








