Answers to Hess’s Law Worksheet

Problem 1:

Calculate the enthalpy for the following reaction:

N2(g)+2O2(g)(2NO2 (g) (H(=???kJ

Using the following two equations:

N2(g)+O2(g)(2NO(g) (H( = +180kJ

2NO2 (g)(2NO(g)+O2(g) (H( = +112kJ

Answers to Problem 1:

In order to solve this, we must reverse at least one equation and it turns out that the second one will require reversal.  Here are both with the reversal to the second:

N2(g)+O2 (g)(2NO(g) (H( = +180kJ

2NO(g)+O2(g)(2NO2 (g) (H( = -112kJ

Notice that I have also changed the sign on the enthalpy from positive to negative.

Next, we add the two equations together and eliminate identical items.  We also add the two enthalpies together.

N2(g)+2O2 (g)(2NO2 (g) (H(= +68kJ

The answer has been obtained +68kJ/mol.

Problem 2:

Calculate H for this reaction:

2N2 (g)+5O2 (g)(2N2O5(g)

using the following three equations:

H2 (g)+(1/2) O2 (g)(H2O(l)


(H( = -285.8kJ

N2O5(g)+H2O(l)(2HNO3(l)


(H( = -76.6kJ

(1/2)N2 (g)+(3/2)O2 (g)+(1/2)H2(g)(HNO3(l) 
(H( = -174.1kJ

Answers to Problem 2:
2H2O(l)(2H2 (g)+O2 (g)


(H( = +571.6kJ

4HNO3(l)(2N2O5(g)+2H2O

(H( = +153.2kJ

2N2 (g)+6O2 (g)+2H2 (g)(4HNO3(l)
(H( = -696.4kJ

The change to the first equation will allow us to (1) cancel out the water, (2) cancel out the hydrogen and (3) cancel out one of the oxygens leaving the five we need for the answer.

The (H( for the reaction as written is +28.4kJ.

One last note:  I don’t write kJ/mol in this case because of the two in front of the N2O5.  However, I would need to supply the equation along with the 28.4 value.  If I divided through by two, I would get the information reaction for N2O5:

N2 (g)+(5/2)O2 (g)( N2O5 (g)

In this case, I would write (H(f = +14.2kJ/mol.  The presence of the subscripted “f” indicates that we are dealing with one mold of the target substances.

Problem 3:

Calculate (H(f for this reaction:

6C(s)+6H2(g)+3O2(g)(C6H12O6(s)

using the following three equations:

C(s)+O2(g)(CO2 (g)


(H(= -393.51 kJ

H2(g)+(1/2)O2(g)(H2O(l)

(H(= -285.83 kJ

C6H12O6(s)+6O2 (g)(6CO2 (g)+6H2O(l)  
(H(= -2803.02 kJ

Answers to Problem 3:

6C(s)+6H2 (g)+3O2( C6H12O6 (s)

6C(s)+6O2 (g)(6CO2 (g) 


(H(=(-393.51 kJ)(6) = -2361.06 kJ

6H2+3O2(6H2O 6(-285.83)

(H(=(-285.83 kJ)(6) = -1714.98 kJ

6CO2+6H2O( C6H12O6 +6O2 

(H(= (-2803.02 kJ)(-1) = +2803.02 kJ

6C(s)+6H2 (g)+3O2( C6H12O6 (s)

(H(= -1273.02 kJ

The answer has been obtained -1273.02 kJ/mol

Problem 4:

Given the following reactions and their enthalpy changes, calculate the enthalpy change for

2NO2(g)(N2O4(g)

	Equations
	Change in Heat Energy

	N2(g)+2O2(g)(2NO2 (g)
	+67.8kJ

	N2(g)+2O2(g)(N2O4(g)
	+9.67kJ


Answer to Problem 4:

2NO2(g)(N2O4(g)

2NO2(g)(N2(g)+2O2(g) 

(H(= –67.8 kJ

N2(g)+2O2(g)(N2O4(g)  

(H(= +9.67 kJ

2NO2(g)(N2O4(g)

(H(= -58.1 kJ


The answer has been obtained -58.1 kJ
Problem 5:

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

C2H6O(l)+3O2(g)(2CO2(g)+3H2O(l)

2C2H4O(l)+2H2O(l)(2C2H6O(l)+O2(g)
(H(= +203.5kJ

2CO2 (g)+2H2O(l)(C2H4O(l)+5/2O2(g)  
(H(= +583.5kJ

Answers to Problem 5:

C2H6O(l)+3O2(g)(2CO2(g)+3H2O(l)

C2H6O(l)+1/2O2(g)(C2H4O(l)+H2O(l)
(H(= [(203.5kJ) / (2)] [-1] = -101.75 kJ

C2H4O(l)+5/2O2(g)(2CO2 (g)+2H2O(l)
(H(= (+583.5kJ)(-1) = -583.5 kJ

C2H6O(l)+3O2(g)(2CO2(g)+3H2O(l)
(H(= -685.25 kJ

The answer has been obtained –685.25 kJ
