
Unit 3: Energetics & Kinetics
(IB Topics 5 & 6)



5.1 Measuring energy changes



Work = Force x Distance
= 1N x 1m = 1Nm 

("newton-meter")

However,  the SI unit for energy
is the joule (J), where

1 J =1 Nm

Energy:  The ability to do work



Chemical Potential Energy:
Energy stored within a substance 
due to its composition or bonding. 



Enthalpy (H):
The total heat content of a system. 
Cannot be measured without a 
chemical change taking place.





Heat of Reaction (∆H):
The change in enthalpy that takes 
place in a chemical reaction.

All chemical reactions involve 
an energy change!

∆H = H(products) - H (reactants)



Energy diagrams:
Exothermic reactions (energy is released)
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Energy diagrams:
Endothermic reactions (energy is absorbed)
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Note: The lower the energy state, 
the more stable the substance.

Exothermic reactions
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∆H= HProd - HReact

∆H= -
(negative value)

Note: The lower the energy state, 
the more stable the substance.

For exothermic reactions, the products 
are more stable.



Energy diagrams:
Endothermic reactions
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For endothermic reactions, the 
reactants are more stable.



Thermochemical Equations:

Examples:

N2(g) + O2(g) +180 kJ—> 2NO(g)

2NO(g) + O2(g) —> 2NO2(g) + 112 kJ

N2(g) + O2(g) —> 2NO(g),   ∆H= +180 kJ1.

2NO(g) + O2(g) —> 2NO2(g),   ∆H= -112 kJ2.

or

or

A chemical equation that includes the 
enthalpy change that took place.



Calculating energy changes

Practice:

1. How much heat will be released or absorbed when 5.00 g of 
N2 reacts with excess O2 according to the following chemical 
equation?

N2(g)  +  O2(g)  →  2NO(g)  ,   ΔH = 180 kJ

(done in class)



Calculating energy changes

Practice:
2. How much heat will be released or absorbed when 
25.00 g of NO2 are produced according to the following 
chemical equation?

2NO(g)  +  O2(g)  →  2NO(g)  ,   ΔH = -112 kJ

(done in class)



Calorimetry: The science of 
measuring heat flow.

Calorimeter



Heat:  kinetic energy transfer at 
 the molecular level.

Heat only moves in one direction:

 Higher
temperature

 Lower
temperature

https://www.youtube.com/watch?v=qW59Y9lJso8


Specific heat (c)
[or specific heat capacity]:

The heat required to raise the 
temperature of 1 gram of a 
substance by 1°C.



Specific heat is measured under constant pressure conditions, so its 
symbol, cp, has a subscripted p as a reminder. In the equation, cp is the 
specific heat at a given pressure, q is the energy lost or gained, m is the 
mass of the sample, and ∆T  represents the change in temperature.

cp =   
q
 _ 

m × ∆T
  

This equation can be rearranged to give an equation that can be used to 
find the quantity of energy gained or lost with a change in  temperature.

Energy Lost or Gained q = cp × m × ∆T

Specific Heat

Sample Problem A A 4.0-g sample of glass was heated from 274 K to 
314 K, a temperature increase of 40. K, and was found to have absorbed 
32 J of energy as  heat.

a. What is the specific heat of this type of  glass?

b. How much energy will the same glass sample gain when it is heated  
from 314 K to 344  K?

FIGURE 1.2

 SPECIFIC HEATS OF SOME COMMON SUBSTANCES  
AT 298.15 K

Substance Specific  heat J/(gģK)

Water (l ) 4.18

Water (s) 2.06

Water (g) 1.87

Ammonia (g ) 2.09

Benzene (l ) 1.74

Ethanol (l ) 2.44

Ethanol (g) 1.42

Aluminum (s ) 0.897

Calcium (s ) 0.647

Carbon, graphite (s ) 0.709

Copper (s ) 0.385

Gold (s) 0.129

Iron (s ) 0.449

Mercury (l ) 0.140

Lead (s ) 0.129
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For water,

c = 4.18 J/g°C = 1 calorie
(1°C = 1 kelvin)= 4.18 J/gK

= 4.18 J g-1 K-1

1000 calories = 1 kcal = 1 Cal
(= 1 “nutritional calorie” found on food packaging) 

FYI:



Heat Transfer Equation:

q = cm∆T

q = heat

c = specific heat

m = mass

∆T = Tfinal - Tinitial



Practice:
1. How much heat will be needed to raise 10.0 g of 
aluminum from 22.0 °C to 36.0 °C? (c=0.987 J/g°C)

(done in class)

2. Determine the specific heat of an unknown metal 
if it requires 52.5 J to heat a 10.0 gram sample from 
10.0 °C to 25.0 °C.


