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Kinetic and Potential Energy 

• Potential energy can be converted into kinetic energy.  

The Nature of Energy 
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Ek increases as velocity increases and 

mass increases. 

As the ball falls, it is potential energy 

is converted to kinetic energy. 

Ep = mgh 



Potential energy can be converted into kinetic energy.  
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Units of Energy 

• SI Unit for energy is the joule, J: 

 

 

 

 

 

We sometimes use the calorie instead of the joule: 

1 cal = 4.184 J (exactly) 

 

1 Cal = 1000 cal = 1 kcal 

 

The Nature of Energy 
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Systems and Surroundings 

• System: part of the universe we are interested in. 

• Surroundings: the rest of the universe. 

The Nature of Energy 





Transferring Energy: Work and Heat 

• Work is the product of force applied to an object over a 

distance: 

• Heat is the transfer of energy between two objects. 

The Nature of Energy 



  

• Energy of (system + surroundings) is constant.  

• Any energy transferred from a system must be transferred 

to the surroundings (and vice versa). 

• Internal Energy: total energy of a system. 

• Change in internal energy,  

 

The First Law of 

Thermodynamics 

initialfinal EEE 

Energy is neither created nor destroyed 





Work 

 When a process occurs in an 

open container, commonly 

the only work done is a 

change in volume of a gas 

pushing on the surroundings 



Work 

 We can measure the work done by the gas if the reaction is done in 

a vessel that has been fitted with a piston. 

      w = −PV 





   Exothermic and Endothermic 

Processes 

• Endothermic: absorbs heat from the surroundings. 

• Exothermic: transfers heat to the surroundings. 

 

The First Law of 

Thermodynamics 



 

• Enthalpy is the internal energy plus the product of 

pressure and volume: 

 
 

• Change in enthalpy (H) is the heat gained or lost by the 

system when a process occurs under constant pressure.  

• Only the change in enthalpy (H) can be measured. 

Enthalpy 
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• For a reaction: 

 

 

• Enthalpy is an extensive property (H is directly 

proportional to amount): 

CH4(g) + 2O2(g)  CO2(g) + 2H2O(g) H = -802 kJ 

2CH4(g) + 4O2(g)  2CO2(g) + 4H2O(g)   H = 1604 kJ 

Enthalpies of Reaction 
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• When we reverse a reaction, we change the sign of H: 

CO2(g) + 2H2O(g)  CH4(g) + 2O2(g) H = +802 kJ 

 

• Change in enthalpy depends on state: 

H2O(g)  H2O(l) H = -88 kJ 

Enthalpies of Reaction 

Endothermic 



Heat Capacity and Specific Heat 

• Calorimetry is a method of measuring heat flow between 

systems and surroundings (Calorimeter). 

• Heat capacity = the amount of energy required to raise 

the temperature of an object (by one degree) (J/oC). 

• Molar heat capacity = heat capacity of 1 mol of a 

substance (J/mol-°C ). 

• Specific heat = specific heat capacity = heat capacity of 1 

g of a substance (J/g-°C) . 

Calorimetry 



Constant Pressure and Bomb Calorimetry 

• The device used to measure heat flow between systems 

and surroundings is called a calorimeter.  

Calorimetry 



Specific Heats for Some Subst’s at 298K 

 H2O (l) 4.18 J.K-1g-1 

 N2 (g)  1.04 J.K-1g-1 

 Al (s)  0.90 J.K-1g-1 

 Fe (s)  0.45 J.K-1g-1 

 Hg (l)  0.14 J.K-1g-1 
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• Hess’s law:  if a reaction is carried out in a number of 

steps, H for the overall reaction is the sum of H for 

each individual step. 

• For example: 

CH4(g) + 2O2(g)  CO2(g) + 2H2O(g) H = -802 kJ 

2H2O(g)  2H2O(l)           H = -88 kJ 

CH4(g) + 2O2(g)  CO2(g) + 2H2O(l) H = -890 kJ 

 

Hess’s Law 



 

• An enthalpy of formation, Ho
f, is defined as the enthalpy 

change for the reaction in which a compound is made 

from its constituent elements in their elemental forms. 

• Standard enthalpies of formation are measured under 

standard conditions (25°C and 1.00 atm pressure)(kJ/mol). 

• Ho
f = 0 kJ/mol  for the most stable form of any element 

Enthalpies of Formation 



 

• If there is more than one state for a substance under 

standard conditions, the more stable one is used. 

Enthalpies of Formation 

Appendix C in your textbook contains Ho
f 



   Using Enthalpies of Formation of 

Calculate Enthalpies of Reaction 

• We use Hess’ Law to calculate enthalpies of a reaction 

from enthalpies of formation. 

 

Enthalpies of Formation 

Propane  



   Using Enthalpies of Formation of 

Calculate Enthalpies of Reaction 

• For a reaction 

Enthalpies of Formation 
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where n and m represent the coefficients in a balanced chemical 

equation,  



Constant Pressure and Bomb Calorimetry 

• The device used to measure heat flow between systems 

and surroundings is called a calorimeter.  

Calorimetry 





How to obtain ccal 

• Benzoic acid (C7H6O2) 

• 1.000g benzoic acid=26.38kJ of heat 


