
Thermochemistry- Chapter 6 Notes (Zumdahl Text) 

 System – object being studied 
 Surroundings – everything else in the universe 
 State properties – depend only on the state of the system, not on the 

pathway to get there (Ex.Elevation change) 
o Potential and kinetic energy & volume are examples 

 Heat flow (q) – expressed in joules  
o If q is positive, heat flows into the system from the surroundings 

 Endothermic process 
o If q is negative, heat has been lost by the system to the surroundings 

 Exothermic process 
 Joule - Unit of energy 

o 1 cal = 4.184 J   1 kcal = 4.184 kJ 

 

 q = C · ΔT   ΔT = Tfinal – Tinitial 
C = heat capacity (amount of heat required to   
   raise T of the system by 1°C –  
   units of J/°C)  

 
 q = m · c · ΔT  ΔT = Tfinal – Tinitial 

  m = mass 
  c = specific heat (amount of heat required to  
   raise T of 1 gram of substance  
   by 1°C  - units of J/g·°C) 
 

1. Copper has a specific heat of 0.382 J/g·°C.  If 1.30 g of copper releases 13.5 
J of heat, what is its change in temperature? 
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Specific heat of water 



2. A piece of copper was heated and then placed in a 50.0 g water bath.  The 
temperature of the water increased by 10 °C.  How much heat did the 
copper give to the water? (cwater = 4.184 J/g·°C) 
 
 

3. If 70.0 J are required to heat 50.3 g of mercury by 10.0 °C, what is the 
specific heat of mercury? 

 

4. If 45.0 g of water at 75.0 °C loses 2.45 kJ of energy, what is its final 
temperature? 
 

5. A coffee-cup calorimeter contains 25.0 g of water at 72.0 °C.  An 8.54 g 
piece of graphite at 18.0 °C is placed in the calorimeter.  The final 
temperature of the water and the carbon is 69.0 °C. If the specific heat of 
water is 4.184 J/g·°C, what is the specific heat of graphite? 
 

6. When 1.75 g of CaCl2 dissolves in 115 g of water in a coffee-cup 
calorimeter, the temperature increases by 2.65 °C.  What is the heat change 
per mole of CaCl2 dissolved in water?  Assume that all the heat is absorbed 
by the water.  (cwater = 4.184 J/g·°C) 
 

7. A 3.42 g sample of ethanol, C2H5OH, is combusted in a bomb calorimeter.  
The temperature of the calorimeter increases by 19.4 °C.  If the heat 
capacity of the calorimeter is 5.22 kJ/°C, what is the heat evolved per mole 
of ethanol combusted? 
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 Enthalpy – (H) chemical energy sometimes referred to as “heat content” 
o It is a state function  
o measure of amount of heat flow between system and surroundings 

under constant pressure. 
o If ΔH < 0, the rxn is exothermic 
o If ΔH > 0, the rxn is endothermic 

 

 

Enthalpy 

    (H) 

 

  Reaction path 

 

 

 

 Thermochemical Equations 
o Chemical equation that show enthalpy relation b/w products and 

reactants 

NH4NO3 (s) → NH4
+

(aq) + NO3
-
(aq)  ΔH = 28.1 kJ 

 When 1 mole of ammonium nitrate dissociates into ammonium and nitrate 
 ions, 28.1 kJ of energy is absorbed. 

 If 2 moles of ammonium nitrate dissociate into ammonium and nitrate 
 ions, 56.2 kJ of energy would be absorbed. 

 

 

Reactants 

Products ΔH < 0 



H2 (g) + Cl2 (g) → 2HCl (g)   ΔH = -185 kJ 

 When 2 moles of hydrogen chloride gas are formed from hydrogen and 
 chlorine gas, 185 kJ are evolved. 

 

 Rules for Thermochemistry 
o The magnitude of ΔH is directly proportional to the amount of 

reactant or product.   
 If 185 kJ of energy is released when 2 moles of HCl are formed, 

then 92.5 kJ would be released if 1 mole of HCl was formed. 
 

o ΔH for a rxn is equal in magnitude but opposite in sign to ΔH for the 
reverse rxn. 

 Since 185 kJ of energy are released when 2 moles of HCl form, 
that means it takes 185 kJ of energy to break 2 moles of HCl 
back down. 
 

o The value of ΔH for a reaction is the same whether it occurs in one 
step or in a series of steps.  (state property) 

 ΔHoverall = ΔH1 + ΔH2 + ….  Hess’s Law 
 

1. Calculate ΔH when  
H2 (g) + Cl2 (g) → 2HCl (g)   ΔH = -185 kJ 
 

a. 1.00 g of Cl2 reacts 
b. 2.50 L of HCl (g) at 50.0 °C and 725 mmHg is formed 

 

 

 

 



2.   C (s) + O2 (g) → CO2 (g)  ΔH = -393.5 kJ 

         2 CO (g) + O2 (g) → 2 CO2 (g)  ΔH = -566.0 kJ  

Using the equations above, calculate ΔH for the reaction 

 C (s) + ½ O2 (g) → CO(g) ΔH = ? 

 

 

 Standard Enthalpy of Formation (ΔHf°) 
o Enthalpy change when 1 mole of a compound is formed at 1 atm and 

25°C from the elements in their stable states 

Ag (s, 25°C) + ½ Cl2 (g, 25°C, 1 atm) → AgCl (s)   ΔHf° = -127.1 kJ 

o Most ΔHf° are negative values, meaning that the formation of most 
compounds is exothermic. 

o The ΔHf° of an element in its stable state at 25°C and 1 atm is zero. 
 ΔHf° for Br2 (l) = 0 

    O2 (g) = 0 

 Calculation of ΔH° 
o The standard enthalpy change for a given equation is equal to the 

sum of ΔHf° for the products minus ΔHf° for the reactants. 
 ΔHf°rxn = ∑ ΔHf°products - ∑ ΔHf°reactants 
 Elements in their standard form can be omitted.  (Fe(s), O2 (g), …) 
 The coefficients from the balanced equation must be taken 

into account. 

 

 

 
 

11/5/13 



1. Calculate ΔH° for the reaction 

C3H8 (g) + 5 O2 (g) → 3 CO2 (g) + 4 H2O (l) 

ΔH° = (3 mol · -393.5 kJ/mol + 4 mol · -285.8 kJ/mol) – (1 mol · -103.8 kJ/mol) 

ΔH° = -2323.7 kJ + 103.8 kJ 

ΔH° = -2219.9 kJ 

 

2. Calculate the heat of formation of benzene, C6H6 (l) 

C6H6 (l) + 15/2 O2 (g) → 6 CO2 (g) + 3H2O (l)  ΔH° = -3267.4 kJ 

 

3. When HCl is added to a solution of sodium carbonate, CO2 (g) is formed.  
Calculate ΔH° for this reaction using the given equation. 

2H+
(aq) + CO3

2-
(aq) → CO2 (g) + H2O (l)  Use table 8.3 in textbook. 

 

 Bond Enthalpy – “Bond energy” – ΔH when 1 mol of bonds is broken in the 
gaseous state 

o H2 (g) → 2 H (g)   ΔH = 436 kJ 
o Cl2 (g) → 2 Cl (g)  ΔH = 243 kJ 

 Energy will be absorbed to break bonds. 
 Energy will be released when bonds form. 
 Bond energies b/w 2 different atoms are approximations.  

They are averages taken from multiple species. 
 Bond energies are stronger for multiple bonds (double and 

triple bonds) 
 C  −  C   = 347 kJ 
 C  = C   = 612 kJ 
 C    C   = 820 kJ 



 Rxns will be endothermic when 
o Bonds of reactants are stronger than those of products. 

2HF(g) → H2 (g) + F2 (g) ΔHf° = +542.2 kJ 
o There are more bonds in the reactants than in the products. 

2 H2O (g) → 2 H2 (g) + O2 (g)  ΔHf° = +483.6 kJ 
 

1. Use the bond enthalpies to calculate the enthalpy of reaction for the 
combustion of ethane. 

 
2C2H6 (g) + 7O2 (g) → 4 CO2 (g) + 6 H2O (g)  ∆H = -2140 kJ 
 
Bond    ΔH (kJ)  Bond    ΔH (kJ) 
H-H      436  C=O      715 
C-H      414  O-O      138 
C-C      347  O=O      498 
C-O      351  O-H      464 

 

 Thermodynamics 
o Deals with energy transfers  

 2 types of energy: q (heat) and w (work) 
o Work – all forms of energy except heat 
o 1st Law of Thermodynamics 

 In any process, the total change in energy of a system (ΔE) is 
equal to the sum of heat (q) and work (w) transferred between 
the system and the surroundings. 

 “The energy of the universe is constant.” 
 
ΔE = q + w 
       q is positive when energy is absorbed by system 

         w is positive when work is done on the system 



1. Calculate ΔE of a gas for a process in which the gas 
a. Absorbs 20 J of heat and does 12 J of work by expanding. 

 

 

b. Evolves 30 J of heat and has 52 J of work done on it as it contracts. 


