SCH4U												October 2017										

REVIEW FOR THERMOCHEMISTRY TEST

1. Compare the following terms: (similarities and differences)
a) Heat capacity and specific heat capacity
b) Heat and enthalpy
c) Chemical equations and thermochemical equations
d) Endothermic and exothermic
e) Open system, closed system and isolated system

2. Define the following terms in your own words:
a) Spontaneous reactions
b) Entropy
c) Target equations


3. Calorimetry:

Consider the following equation that represents the dissolving of ammonium nitrate (called a dissolution reaction):
   	                                          NH4NO3(s)    NH4+(aq) + NO3-(aq)

In order to determine the molar enthalpy of dissolution of ammonium nitrate, a sample of ammonium nitrate is placed in an aluminum calorimeter half-filled with water. The temperature of the water is measured before and after the ammonium nitrate dissolves. The following data is collected.

	Mass of ammonium nitrate
	7.20 g

	Mass of water
	100.00 g

	Mass of aluminum calorimeter
	56.05 g

	Temperature of water before dissolving
	30.1oC

	Temperature of water after dissolving
	25.7oC 

	Specific heat capacity of water
	4.18 J/goC

	Specific heat capacity of aluminum
	0.900 J/goC



a) What does the system consist of? What does the surroundings consist of? 
System: ammonium nitrate and water
Surroundings: water and calorimeter


b) Is the reaction exothermic or endothermic? Justify your choice.
The reaction is endothermic because it causes the temperature of the surroundings to decrease. In other words, heat has flowed out of the surroundings into the system.

c) Calculate the molar enthalpy of dissolution of ammonium nitrate. 




Answer:
	System
	Surroundings

	Ammonium nitrate
	water
	calorimeter

	m = 7.20 g
NH4NO3
mm = 80.05 g/mol
n = m/mm = 7.20/80.05
                = 0.08994 mol
ΔH = ?
	m = 100.00 g
c = 4.18 J/goC
ΔT = 30.1-25.7oC = 4.4oC
	m =  56.05 g
c = 0.900J/goC 
ΔT = 4.4oC

	                                       qrxn = 
	             qwater                        +                     
	     qcalorimeter

	                                             =
	            mc ΔT                +            
	     mc ΔT

	                                             =
	  (100.00)(4.18)(4.4)        +             
	  (56.05)(0.900)(4.4)

	                                             =
                                             =
	   2061J  
  2.061 kJ

	                                       ΔH =
                                            =
                                            
	+2.061 kJ/0.08994 mol 
= +22.9 kJ/mol (3 significant digits)


4. Representing Energy Changes:
a) Draw the potential energy diagram for the reaction in question 4.
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                                     Reaction Progress


b) Create the 2 forms of thermochemical equations that we learned in class.

NH4NO3(s)    NH4+(aq) + NO3-(aq)  ΔH = +22.9 kJ

NH4NO3(s)  + 22.9 kJ   NH4+(aq) + NO3-(aq)	










5. Hess’s Law:
i) Calculate the enthalpy for the following reaction using the given thermochemical equations.
                                  CS2(l)  +  3O2(g)    CO2(g)  +  2SO2(g)   ΔH = ?

Given:
1) C(s)  +  O2(g)    CO2(g)    ΔH = -393.5 kJ x 1
2) S(s)  +  O2(g)    SO2(g)  ΔH = -296.8 kJ x 2
3) C(s)  +  2S(s)    CS2(l)    ΔH = +87.9 kJ  x (-1)

C(s)  +  O2(g)    CO2(g)    	ΔH = -393.5 kJ 
2S(s)  +  2O2(g)    2SO2(g)  	ΔH = -593.6 kJ 
CS2(l)     C(s)  +  2S(s)   	ΔH = -87.9 kJ 
CS2(l)  +  3O2(g)    CO2(g)  +  2SO2(g)   ΔH = -1075 kJ



ii) How much heat (qrxn) will be released when 5.0 g of phosphorus is burned according to the following equation:          4P  +  5O2    P4O10
                  and using the following information? Will need molar enthalpy first

1) P4O6   4P  +  3O2			ΔH = 1640 kJ  x(-1)
2) P4O6  +  2O2    P4O10			ΔH = -1344 kJ	x 1

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

Therefore the molar enthalpy for the combustion of P is -2984/4 = -746 kJ/mol of P (note: the target equation gives us the enthalpy per 4 moles of P)
This question tells us nothing about the surroundings and we don’t need to know about the surroundings since we have enthalpy and mass which can easily be converted to moles.

np = 5.0/30.97 = 0.161 mol

qrxn = n x ΔH = (0.161mol)(746 kJ/mol) = 120 kJ

Therefore the heat released is 120 kJ.



6. Calculating ΔH using ΔHfo:
a) Write the thermochemical equation for the combustion of propane.
Create the balanced equation, then calculate enthalpy using the formula

C3H8(g)  +  5O2(g)    3CO2(g)  +  4H2O(g)   ΔH = -2044 kJ

ΔH = Σn ΔHf Products - Σn ΔHf Reactants
    = [3(-393.5)  + 4(-242) ]  -   [ 1(-104)  +  5(0) ]
    = -2044 kJ


b) Calculate ΔH for the reaction:   4NH3(g)  +  7O2(g)    4NO2(g)  +  6H2O(g)

ΔH = Σn ΔHf Products - Σn ΔHf Reactants
    = [4(34)  + 6(-242) ]  -   [ 4(-46)  +  7(0) ]
    = -1132 kJ


c) The molar enthalpy of combustion of butane is -2871 kJ/mol. What is the molar enthalpy of formation of butane? HINT: see 3 (b) for the balanced equation for the combustion reaction.

C4H10(g)  +  13/2O2(g)    4CO2(g)  +  5H2O(g)   ΔH = -2871 kJ


ΔH = Σn ΔHf Products - Σn ΔHf Reactants
-2871 = [4(-393.5)  + 5(-242) ]  -   [1 (ΔHf C4H10)  +  13/2(0)]
-2871 = -2784 - 1(ΔHf C4H10)  
(ΔHf C4H10)  = -2784 + 2871
ΔHf C4H10  = +87 kJ



7. Entropy:
a) Consider the following reactions. State whether the entropy increases or decreases and whether ΔS will be positive or negative. Justify your choice.

i) C2H4(g)  +  H2(g)    C2H6(g) – there will be a decrease in entropy because the number of moles is less on poducts side than reactants side. ΔS will be negative.

ii) Al2O3(s)  +  3H2(g)   2Al(s)  +  3H2O(g) There will be an increase in entropy because 3 gases become 3 gases but the 1 solid becomes 2 solids. ΔS will be positive.

b) Calculate the change in entropy for the reaction: 4NH3(g)  +  7O2(g)    4NO2(g)  +  6H2O(g)

ΔS = Σn S Products - Σn S Reactants
     = [4(240)  + 6(189) ]  -   [ 4(193)  +  7(205) ] * don’t forget the second set of brackets!
     = -113 J  * don’t forget that the units for entropy are J NOT kJ



8. Spontaneous Reactions:

a) Consider the reaction: 4NH3(g)  +  7O2(g)    4NO2(g)  +  6H2O(g)
i) Will it be spontaneous at 25oC?
ΔH = Σn ΔHf Products - Σn ΔHf Reactants
     = [4(34) + 6(-242)] – [4(-46) + 7(0)]
     = -1132 kJ
ΔS = ΣnS Products - ΣnS Reactants
     = [4(240) + 6(189)] – [4(193) + 7(205)]
     = -113 J = -0.113 kJ
ΔG = ΔH – TΔS
    = -1132 – (273+25)(-0.113)
    = -1098 kJ
Since ΔG is negative (i.e. there is a loss in free energy) the reaction will be spontaneous.



ii) Will it react at 500oC?
ΔG = ΔH – TΔS
    = -1132 – (273+500)(-0.113)
    = -1045 kJ
Since ΔG is negative (i.e. there is a loss in free energy) the reacts will react.






b) Consider the reaction:     NH4Cl(s)    NH3(g)  +  HCl(g)

What are the temperature requirements for the above reaction to work?

ΔH = Σn ΔHf Products - Σn ΔHf Reactants
     = [1(-46) + 1(-92)] – [1(-314) ]
     = +176 kJ
ΔS = ΣnS Products - ΣnS Reactants
     = [1(193) + 1(187)] – [1(96)]
     = +284 J = +0.284 kJ
For the reaction to work, ΔG <0 
ΔH – TΔS<0
        176 – T(0.284)<0
        -0.284T < -176
         T > 620 K
OR      T > 347 oC
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9. Putting it all Together

The combustion of methanol is shown by the following equation:

[image: ]

a) Using the data below, find the enthalpy of combustion of methanol.

			C(s)  +  O2(g)   CO2(g)			ΔH = -393 kJ

			2H2(g)  +   O2(g)    2H2O(g)		ΔH = -484 kJ

			2C(s)  +  4H2(g)  +   O2(g)    2CH3OH(l)	ΔH = -476 kJ

Target Equation: [image: ]   ΔH = ?
To arrive at the target equation:
Equation 1) x 2
Equation 2) x 2
Equation 3) x (-1)

ΔH = -1278 kJ



b) What is the molar enthalpy of combustion for methanol?

Since the above reaction represents the enthalpy for the combustion of 2 moles of methanol, 
ΔHcombustion  CH3OH  = -1278/2 = -639 kJ/mol

c) Draw the potential energy diagram to illustrate the enthalpy of combustion of methanol.
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                                     Reaction Progress

d) Write the thermochemical equation with the enthalpy embedded in the equation.

2CH3OH  +  3O2    2CO2  +  4H2O   +  1278 kJ



e) A sample of methanol is burned in a calorimeter with a heat capacity of 2.90 kJ/oC that contains 2480 g of water. What mass of methanol would cause the temperature of the water and the calorimeter to increase from 20.00 C to 35.00 C?

System						Surroundings
Methanol CH3OH				Calorimeter				Water
mm = 32.04 g/mol				C = 2.90 kJ/oC = 2900 J/oC		m = 2480 g
ΔH = -639 kJ/mol				ΔT = 35.0 – 20.0 = 15.0 oC		ΔT =15.0 oC
											c = 4.18 J/goC
qrxn = qH2O  +  qcalorimeter
       = mcΔT + CΔT
    = (2480)(4.18)(15.0) + (2900)(15.0)
    = 198 996 J = 199.0 kJ

n = q/ΔH
   = 199.0/639
   = 0.3114
m = n x mm
   = (0.3114)(32.04)
   = 9.98 g
		

f) Will entropy increase or decrease in the combustion of methanol? Will ΔS be positive or negative?
The entropy will increase because there is an increase in the number of moles from reactant to product. 

g) Calculate the change in entropy for the combustion of methanol. [image: ]
ΔS = ΣnS Products - ΣnS Reactants
     = [2(214) + 4(189)] – [2(127) + 3(205)]
     = 315 J 

h) Consider your values of ΔH and ΔS. Will the combustion of methanol always be spontaneous? Explain.
Yes. It is the perfect combination. The change in enthalpy is negative (products becoming more stable than reactants were) and the change in entropy is positive (product becoming more random than reactants). No temperature will cause the change in free energy to be anything but negative.


i) Calculate the change in Gibb’s free energy for the combustion of methanol at 100oC. Is the reaction spontaneous or non-spontaneous at this temperature? Explain your choice.

ΔG = ΔH – TΔS
    = -1278 – (273+100)(0.315)
    		    = -1395 kJ
The reaction is spontaneous at 100oC since there is a loss in free energy. i.e. ΔG is negative

NOTE: You will be expected to create the formulas for any of the hydrocarbons we studied in class as well as create their combustion reactions.
NOTE: You will be expected to understand the activities and labs from this unit. Similar questions will be on the test.
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