
Calculating Enthalpy Change (ΔH) given heat change

1. Find ΔH for the dissolution of potassium chlorate (KClO3) if dissolving 1.2 g in 100 mL of 
water decreases the temperature from 25.00ºC to 24.03ºC.

2. Mixing 25.00 mL of 0.1000 M NaOH with 20.00 mL of 0.8000 M HCl causes the temperature 
of the mixture (initially 25.00ºC) to increase to 29.92ºC.  What is the enthalpy of neutralization 
for this reaction?

Calculating ΔH – Four Methods ChemistNATE



Hess' Law

3. Given the following thermochemical equations:

N 2(g )+
3
2
O2 (g )→N 2O3 (s) ∆H = 83.7 kJ

N 2(g )+O2(g )→2 NO(g ) ∆H = 180.4 kJ

1
2
N 2(g )+O2 (g )→ NO2 (g) ∆H = 33.2 kJ 

 
What is ∆H for the reaction N 2O3(s) →NO(g )+NO2 (g ) ?

4. Find the enthalpy change for this reaction: 2 SO2(g )+2 P (s)+5Cl 2(g )→ 2SOCl 2( l)+2 POCl3 (l)

given:

SOCl 2 (l)+H 2O(l) →SO 2(g )+2HCl (g ) ∆Hº = +10.3 kJ

PCl3( l)+
1
2
O2( g) → POCl3 (l) ∆Hº = -325.7 kJ

P(s)+
3
2
Cl 2(g ) → PCl3( l) ∆Hº = -306.7 kJ

4HCl (g )+O2 (g) →2Cl2 (g)+2H 2O( l) ∆Hº = -202.6 kJ



Enthalpies of Formation

5. Find the enthalpy change for this reaction: 2NH 3 (g )+
7
2
O2(g ) →N 2O4 (g )+3H 2O (g) given the 

ΔHfº values in the table below.

6. Find ΔHfº for C8H18 if the following reaction: C 8H 18( l)+
25
2
O2(g )→8CO2(g )+9H 2O (l)  has 

ΔH = -5430 kJ



Bond Enthalpies

7. Use the bond enthalpies in the table on the right to estimate ΔH for 
H 2CO(g )→ H 2 (g )+CO(g ) .

(Remember: You'll have to draw the Lewis Structures to know what types of bonds are there!)

8. Use bond enthalpies to estimate the ΔH for C 2H 2 (g)+2 F2 (g )→C 2H 2 F 4(g )

9. Why are the ΔH values 
from bond enthalpies called 
estimates whereas the values 
from Hess' Law and ΔHf, are 
more accurate?



Answers

1. Find ΔH for the dissolution of potassium chlorate (KClO3) if dissolving 1.2 g in 100 mL of 
water decreases the temperature from 25.00ºC to 24.03ºC.

q = mcΔT
= (100 g)(4.184 J/gºC)(-0.97ºC)
= -405.8 J

n = m/M
= (1.2 g)/(122.55 g/mol)
= 0.00979 mol

ΔH = -q/n
= (405.8 J) / (0.00979 mol)
= 41442 J/mol
= +41.4 kJ/mol

2. Mixing 25.00 mL of 0.1000 M NaOH with 20.00 mL of 0.0800 M HCl causes the temperature 
of the mixture (initially 25.00ºC) to increase to 25.49ºC.  What is the enthalpy of neutralization 
for this reaction?

Moles of NaOH: n=CV=(0.025 L)(0.1000 M) = 0.0025 mol
Moles of HCl: n=CV=(0.020 L)(0.0800 M) = 0.0016 mol
HCl is limiting and n=0.0016 mol

q = mcΔT
= (45 g)(4.184 J/gºC)(0.49ºC)
= 92.26 J

Δ H = -q/n
= -92.26 J / 0.0016 mol
= -57660 J/mol
= -57.6 kJ/mol



3.

Flip reaction 1: N 2O3(s) →N 2(g )+
3
2
O2 (g ) ∆H = -83.7 kJ

Divide Reaction 2 by 2: 1
2
N 2(g )+

1
2
O2 (g )→NO(g ) Δ H = +90.2 kJ

Leave Reaction 3 as is: 1
2
N 2(g )+O2 (g )→ NO2 (g) Δ H = +33.2 kJ

Cancels to give: N 2O3(s) →NO(g )+NO2 (g ) ΔH = +39.7 kJ

4.

Flip Reaction 1 and Multiply by 2: 2 SO2(g )+4 HCl(g )→ 2SOCl 2( l)+2H 2O(l)      ΔH = -20.6 kJ

Multiply Reaction 2 by 2: 2 PCl3( l)+O2 (g )→2 POCl3( l)       ΔH = -651.4 kJ
Multiply Reaction 3 by 2: 2 P(s)+3Cl 2(g )→ 2 PCl3(l )       ΔH = -613.4 kJ
Flip Reaction 4: 2Cl2 (g )+2H 2O( l)→4 HCl(g )+O2 (g )        ΔH = +202.6 kJ

Cancels to: 2 SO2(g )+2 P (s)+5Cl 2(g ) →2SOCl 2 (l)+2 POCl3( l)       ΔH = -1082.8 kJ

5. Find the enthalpy change for this reaction: 2NH 3(g )+
7
2
O2(g )→ N 2O4(g )+3H 2O(g ) given the 

ΔHfº values in the table below.

ΔH = (Sum of nΔHf's for products) – (Sum of nΔHf's for reactants) 
= [(1)×(9 kJ/mol) + (3)×(-242 kJ/mol)] – [(2)×(-46 kJ/mol) + (7/2)×(0 kJ/mol)]
= -625 kJ

6. Find ΔHfº for C8H18 if the following reaction: C 8H 18( l)+
25
2
O2(g )→8CO2(g )+9H 2O (l)  has 

ΔH = -5430 kJ

In this equation, x is the unknown ΔHfº

ΔH = (Sum of nΔHf's for products) – (Sum of nΔHf's for reactants) 
-5430 kJ = [(8)×(-394 kJ/mol) + (9)×(-286 kJ/mol)] – [(1)×(x) + (25/2)×(0 kJ/mol)]
-5430 = -3152 + -2574 – x
x = -3152 + -2574 + 5430
x = -296 kJ



7. Use the bond enthalpies in the table on the right to estimate ΔH for 
H 2CO(g )→ H 2 (g )+CO(g ) .

(Remember: You'll have to draw the Lewis Structures to know what types of bonds are there!)

Bonds of reactants: 2*413 + 1*799 = 1625 kJ required to break all of these bonds
Bonds of products: 1*436 + 1*1072 = 1508 kJ released when these bonds form

Therefore, there is a net of 117 kJ required and so ΔH = +177 kJ

8. Use bond enthalpies to estimate the ΔH for C 2 H 2(g )+2 F 2 (g )→C2 H 2F 4 (g )

Bonds of reactants: 2*413+1*839+2*155 = 1975 kJ required to break all these bonds
Bonds of products: 2*413+1*348+4*485 = 3114 kJ released when these bonds form

This is a net of 1139 kJ released, and so ΔH = –1139 kJ

9. Why are the ΔH values from bond enthalpies called estimates whereas the values from Hess' 
Law and ΔHf, are more accurate?

• Bond enthalpies are average values over many different molecules in the gas phase
• Not all C–H bonds require exactly 413 kJ to break, for example.
• Also, if the molecules are in a different state, i.e. Liquid, different amounts of energy will be 

needed.


