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More Calorimetry Practice Questions Answers

1. The combustion of 4.00 g of ethane, C2H6 causes the temperature of 1.0 kg of water and a calorimeter with a heat capacity of 1.6 kJ/oC to rise by 36.0 oC. 

a) What is the molar enthalpy of combustion of ethane?
b) Draw the potential energy diagram for the combustion of ethane.



Answer:
	System
	Surroundings

	Ethane
	water
	calorimeter

	m = 4.00 g
C2H6
mm = 30.07 g/mol
n = m/mm = 4.00/30.07
                = 0.1330 mol
ΔH = ?
	m = 1.0 kg = 1000 g
c = 4.18 J/goC
ΔT = 36.0oC
	 C = 1.6 kJ/oC = 1600 J/oC
ΔT = 36.0oC

	                                       qrxn = 
	             qwater                                            +
	     qcalorimeter

	                                             =
	            mc ΔT                            +
	     C ΔT

	                                             =
	  (1000)(4.18)(36.0)                     +
	  (1600)(36.0)

	                                             =
                                             =
	   208 100J  
  208.1 kJ

	                                       ΔH =
                                            =
                                            =
	-208.1 kJ/0.1330 mol 
= -1565 
= -1600 kJ/mol (2 significant digits)

















2. What mass of glucose, C6H12O6, must burn in a 200.0 g copper calorimeter containing of 800 mL of water so that the temperature of the calorimeter and water increases by 14oC?  (ΔHcombustion glucose = -2803 kJ/mol and              cCopper =0.385 J/goC)

Answer:
	System
	Surroundings

	Glucose
	water
	calorimeter

	m = ?? g
C6H12O6
mm = 180.16 g/mol
ΔH = -2803 kJ/mol
n = qrxn/ ǀ ΔH ǀ
m = n x mm
	m = 800 g (1g = 1mL for water)
c = 4.18 J/goC
ΔT = 14oC
	m = 200.0 g
c = 0.385 J/goC
ΔT = 14oC

	                                       qrxn = 
	             qwater                                            +
	     qcalorimeter

	                                             =
	            mc ΔT                            +
	     mc ΔT

	                                             =
	  (800)(4.18)(14)                     +
	  (200.0)(0.385)(14)

	                                             =
                                             =
	   47 890 J  
  47.89 kJ

	                                           n = 
                                            =
                                           m =
	47.89kJ/ǀ-2803ǀ mol 
= 0.01709 
=  (0.01709)(180.16)
= 3.1 g (2 significant digits)


























3. The boiling point of ethanol, C2H4O2, is 78.0oC. When 10.0 g of ethanol is vaporized in a calorimeter with a heat capacity of 2.60 kJ/oC containing 250 g of water at an initial temperature of 78.0oC, the temperature of the water and calorimeter changes by 2.6oC. HINT: think about the ice cube lab.

a) What is the final temperature of the water and calorimeter?
b) Write the thermochemical equation for the vaporization of ethanol. HINT: you need to calculate the molar enthalpy of vaporization to do this.

a) Tfinal = 78.0 - 2.6 = 75.4 oC (temperature of the surroundings goes down because vaporization is an endothermic process)
b)  
	System
	Surroundings

	ethanol
	water
	calorimeter

	m = 10.0 g
C2H4O2
mm = 60.05 g/mol
ΔH = qrxn/n kJ/mol
n = m/mm
   = 10.0/60.05 = 0.1665 mol
	m = 250 g 
c = 4.18 J/goC
ΔT = 2.6oC
	C = 2.60 kJ/oC = 2600 kJ/oC
ΔT = 2.6oC

	                                       qrxn = 
	             qwater                                            +
	     qcalorimeter

	                                             =
	            mc ΔT                            +
	     mc ΔT

	                                             =
	  (250)(4.18)(2.6)                     +
	  (2600)(2.6)

	                                             =                                  
	   9477 J  

	                                           ΔH = 
                                                =
                                                =
	+9477/0.1665 (positive it’s endothermic – see part (a))
= 56919 J/mol 
=  56.9 kJ/mol (3 significant digits)























4. CHALLENGE: A 500.0 g calorimeter made of tin (c= 0.213J/goC) is filled with 1500.0 g of water. What is the temperature change of the water and calorimeter when 10.0 g of benzene, C6H6, burns given ΔHcombustion for benzene is -4027 kJ/mol?

	System
	Surroundings

	Benzene
	water
	calorimeter

	m = 10.0 g
C6H6
mm = 78.11 g/mol
ΔH = -4027 kJ/mol
n = 10.0/78.11 = 0.1280 mol
qrxn = n x ΔH 
      = (0.1280)(4027)
      = 515.5 kJ
      = 515 500 J
	m = 150.0 g 
c = 4.18 J/goC
ΔT = ?oC
	m = 500.0 g
c = 0.213 J/goC
ΔT = ?oC

	                                       qrxn = 
	             qwater                                            +
	     qcalorimeter

	                                             =
	            mc ΔT                            +
	     mc ΔT

	                                             =
	  (1500)(4.18) ΔT                     +
	  (500.0)(0.213) ΔT

	                               515 500     =
                                           ΔT  =
                                                 =
	   6377ΔT  
  515 500/6377
80.8oC

	
	



5. How much heat will be released when 5.00 g of phosphorus is burned according to the following equation:
4P  +  5O2    P4O10
 and using the following information? (HINT: you can’t do this question until we have learned Hess’ Law)

1) P4O6   4P  +  3O2		              ΔH = 1640 kJ   (reverse)
2) P4O6  +  2O2    P4O10		ΔH = -1344 kJ  (keep the same)

4P  +  3O2   P4O6 			ΔH = -1640 kJ 
P4O6  +  2O2    P4O10		              ΔH = -1344 kJ 
              4P  +  5O2    P4O10			ΔH = -2984 kJ

	NOTE: we are only given information about the system so we can go straight to qrxn = n x l ΔH l
n = m/mm = 5.00 / 30.97 = 0.1614 mol
ΔH = -2984/4 = -746.0 kJ/mol
qrxn = n x l ΔH l = (0.1614)(746.0) = 120 kJ
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SCH4U                                             February 2016   More Calorimetry Practice Questions   Answers     1.   The combustion of 4.00 g of ethane, C 2 H 6   causes the temperature of 1.0 kg of water and a calorimeter with a  heat capacity of 1.6 kJ/ o C to rise by 36.0  o C.      a)   What is the molar enthalpy of combustion of ethane?   b)   Draw the potential energy diagram for the combustion of ethane.         Answer:  

System  Surroundings  

Ethane  water  calorimeter  

m = 4.00 g   C 2 H 6   mm = 30.07 g/mol   n = m/mm = 4.00/30.07                    = 0.1330 mol   Δ H = ?  m = 1.0   k g   = 1000 g   c = 4.18 J/g o C   Δ T = 36.0 o C    C = 1.6 kJ/ o C   = 1600 J/ o C   Δ T = 36.0 o C  

                                        q rxn   =                 q water                                              +        q calorimeter  

                                              =               mc   Δ T                            +        C   Δ T  

                                              =     (100 0 )(4.18)(36.0 )                      +     (1600 )(36.0 )  

                                              =                                                 =       208 100 J        208.1   kJ  

                                        Δ H =                                                =                                                =  - 208.1 kJ/0.1330   mol    =  - 1565     =  - 1600  kJ/mol   (2 significant digits)  

                             

