


Chapter 16 Energy and 

Chemical Change

I. Energy (16.1, pgs. 489-495)

A. Definition:

Energy is the ability to do work or 

produce heat.



I. Energy (16.1, pgs. 489-495)

B. Two Forms:

 Potential energy is energy due to the 
composition or position of an object.



The Nature of Energy



 A example of potential energy of 
position is water stored behind a dam 
above the turbines of a hydroelectric 
generating plant.

 When the dam 
gates are opened, 
the water rushes 
down and does 
work by turning 
the turbines to 
produce electrical 
energy.



B. Two Forms:

 Kinetic energy is energy of motion. 

The potential energy of the dammed water 
is converted to kinetic energy as the dam 
gates are opened and the water flows out.



C. Chemical systems contain both 

potential and kinetic energy

 As temperature increases the motion of 
the particles increases. 



The potential energy of a substance depends 
upon its composition: 

o the type of atoms in the substance, 

o the number and type of chemical 
bonds joining the atoms, 

o and the particular way the atoms are 
arranged.



D. Law of conservation of energy

To better understand the 
conservation of energy, 
suppose you have money in 
two accounts at a bank and 
you transfer funds from one 
account to another

Although the amount of money in each account has 

changed, the total amount of your money in the 

bank remains the same.



D. Law of conservation of energy

The law of conservation of energy states 

that in any chemical reaction or physical 

process, energy can be converted from one 

form to another, but it is neither created nor 

destroyed. 



E. The energy stored in a substance because 

of its composition is called chemical 

potential energy.

Chemical potential energy plays an 

important role in chemical reactions.



Temperature:

measure of the 

average kinetic 

energy of random 

motion of the 

particles in a 

substance

II. Measuring Heat



Heat: a measure of the total amount of 

energy transferred from an object of high 

temperature to one of low temperature



In the metric system of units, the amount of 
heat required to raise the temperature of 
one gram of pure water by one degree 
Celsius (1°C) is defined as a calorie (cal).

The SI unit of heat and energy is the joule
(J). One joule is the equivalent of 0.2390 
calories, or one calorie equals 4.184 joules.



Relationships 
Among Energy 
Units



The breakfast shown 

in the photograph 

contains 230 

nutritional Calories.

How much energy in joules will this 
healthy breakfast supply? 



You must convert 

nutritional Calories 

to calories and then 

calories to joules.



You’ve learned that one calorie, or 4.184 J, is 

required to raise the temperature of one gram 

of pure water by one degree Celsius (1°C).

That quantity, 4.184 J/(g∙°C), is defined as 
the specific heat (c) of water.



A. Specific heat capacity (c):

the amount of heat 

energy required to 

raise the 

temperature of 

one gram of that 

substance by one 

degree Celsius.

• 1. physical property

• 2. constant for most 

substances

• 3. metals usually low, 

and water usually high

• 4. change in heat can 

be measured



B. Specific heat capacity (c):

q = c x m x t

q = (also H) heat energy 

absorbed or released

t = change in temp 

m = mass

c = specific heat capacity



• example: how much heat energy is released to your 
body when a cup of hot tea containing 200 grams of 
water is cooled from 65 C to body temperate, 37 C? 
cp for water is 4.180 J/g  C

• q = c x m x t 

• q = (4.184J/g ºC) (200g) (37ºC - 65ºC) 

• q = - 23,430 J

• q = -23.4 kJ



B. Heat in Chemical Reactions and 

Processes
How to measure heat?

1. energy can be converted into other 

forms

2. measure changes in heat energy

Calorimeter: a device to measure heat 

energy

change in heat = change in temperature 

x mass of water x specific heat capacity



B. Heat in Chemical Reactions and 

Processes
How to measure heat?

change in heat = change in temperature 

x mass of water x specific heat capacity

q = c x m x t







Measuring heat energy

q = t x m x Cp

heat energy lost = heat energy gained 

metal = water + calorimeter 

(tm x mm x Cpm) = (tw x mw x Cpw ) + (tc x mc x Cpc )





Chemical Energy and the Universe

 Thermochemistry is the study of heat 

changes that accompany chemical 

reactions and phase changes.

In thermochemistry, the system is the 

specific part of the universe that contains 

the reaction or process you wish to 

study.



Chemical Energy and the Universe

 Everything in the universe other than the 

system is considered the surroundings. 

Therefore, the universe is defined as the 

system plus the surroundings.

universe = system + surroundings 



How does enthalpy drive changes?

1. What is a spontaneous change? 

• a change that will occur because of the 

nature of the system, once it is initiated.

• Decreasing enthalpy drives some 

spontaneous change

• - releasing energy (exothermic) is more 

likely to occur



2. Enthalpy-

a. Definition: total energy content of a 

system, total energy that substances contain 

(H)

b. compare substances before and after 

chemical or physical change



2. Enthalpy-

• c. for most physical and chemical changes 

the enthalpy of the system is the difference 

between the reactants and products

• d. Heat gained or lost is  H "change in 

heat"



 H  =  ΣHproducts - ΣH reactants

Hrxn = heat of reaction 

(energy absorbed or released during a chemical 

change as measured by calorimeter)



e. Exothermic

C6H12O6 (s)  +  6O2 (g) -

6CO2 (g)  +  6H2O(l)

 H = -2870 kJ

f. Endothermic

6CO2(g)  +  6H2O(l)   

C6H12O6 (s)  +  6O2 (g)  H = +2870 kJ



• Thermochemical equation: an equation 

that includes the quantity of heat released 

or absorbed during the reaction as written.

C6H12O6(s)  +  6O2(g)   

6CO2(g)  +  6H2O(l) +  2870 kJ

OR

6CO2(g)  +  6H2O(l)  +  2870 kJ  

C6H12O6(s)  +  6O2(g)



• g. Heat of Formation (Hºf): the heat 
released or absorbed when one mole of a 
compound is formed by combination of its 
elements.

• Given at STP is called standard heat of 
formation ( Hºf)

• Elements in their standard states are defined 
at having ( Hºf) =  ZERO

• A negative  Hºf indicates a substance that 
is more stable then the free elements.





Calculate H° for the following reactions 

using the above table: 

C2H2 (g) + H2 (g) C2H4(g)

∆H  =  ΣHproducts - ΣH reactants

∆ H = (52.3) – ((226.7) + (0))

∆ H = -174.4 kJ



Calculate H° for the following reactions 

using the above table: 

2CO(g) + O2 (g) 2CO2(g)

∆ H  =  ΣHproducts - ΣH reactants

∆ H = 2(-393.5) - (2(-110.5) + (0))

∆ H = (-787.0) – (-221)

∆ H= -566 kJ



3. Change in State 

H2O(l)  H2O(s)



Time (seconds)

(Ice)

Melting/Freezing

(steam)

Boiling 
Heat of Fusion

(energy needed to melt one mole of ice)

Heat of Vaporization

(energy needed to boil one mole of water)



Questions:

Given: 

Hfus of ice = 6.01 kJ/mole  

Heat to melt = Hfus x  moles

Hvap of water = 40.7 kJ/mole 

Heat to Vaporize = Hvap x moles

Molar mass of water = 18.0 g/mole



Question #1. How much heat is required to 

melt a 15 gram ice cube at 0.0ºC to give 

water also at 0.0ºC?

Hfus = (15g) x (1 mole)   x  (6.01 kJ/mole)

(18.0 g)

H = 5.0 kJ



Question #2. How much heat is release when 15 

grams of steam at 100.0ºC condenses to give 15 g 

of water at 100.0ºC?

Hvap =  (15g x 1 mole) x (40.7 kJ/mole) 

18.0 g

Hvap = - 34 kJ



III. Calculating Energy Changes - Heats of 

Formation (Hf)

1. Hess's Law - the overall enthalpy change in a 

reaction is equal to the sum of the enthalpy 

changes for the individual steps in the process. 

Change in enthalpy for any reaction is constant 

whether reaction is one or many steps. Data is 

treated algebraically

2. Heat involved in forming one mole of a compound

1/2N2 (g)  +   O2 (g)          NO2 (g) ∆∆  H = +8.1 

kcal

- net energy change is same, law of conservation of 

energy



Now try to calculate Hess's Law 

in steps:  Example

C (graphite)  +   O2 (g)     CO2 (g) ∆  H = ?

Two Steps:

C(graphite) + 1/2 O2 (g)     CO (g)  H = -26.4 kcal

CO (g)  +  1/2 O2 (g)     CO2 (g)  H = -67.6 kcal

C + O2 CO2 H= -94kcal



Example #2

C (graphite)  +  2 H2 (g)     CH4 (g)   H = ? kcal

choose from these:

C (graphite)  +  O2 (g)     CO2 (g)  H = -94.0 kcal

H2 (g)  +  1/2O2 (g)      H2O(l)  H = -68.3 kcal

CH4 (g)  +  2O2 (g)      CO2 (g)  + 2H2O(l) 

 H = -212.8 kcal



C (graphite)  +  2 H2 (g)     CH4 (g) H = ? kcal

C (graphite)  +  O2 (g)     CO2 (g)  H = -94.0 kcal

H2 (g)  +  1/2O2 (g)      H2O(l)  H = -68.3 kcal

CH4 (g)  +  2O2 (g)      CO2 (g)  + 2H2O(l)H = -212.8

• C (graphite)  +  O2 (g)     CO2 (g)  H = -94.0 kcal

• 2H2 (g)  +  O2 (g)      2H2O(l)  H = 2(-68.3)

• CO2 (g) + 2H2O(l)       CH4 (g) +  2O2 (g) H = +212.8

2X

reverse
C + 2H2 CH4

H= -17.8kcal



Entropy 



Entropy



IV. Entropy (S) Kcal/ ºC



IV. Entropy (S) Kcal/ ºC



IV. Entropy (S) Kcal/ ºC



IV. Reaction Spontaneity (16.5)

A. Water moving down hill – normally 

spontaneous exothermic reaction

B. Another factor influencing the direction of 

chemical change is ENTROPY



NaCl(s)               Na+
(aq)+Cl-

(aq) H = +1.02 Kcal

(_____enthalpy) (________enthalpy) Spontaneous?

(_____entropy)    (________entropy)

Low High

Yes, but why? It’s endothermic?

Low High



The degree of randomness is called ENTROPY

Units for S are J/K or J/mol•K (“joules per mole 

Kelvin”) Entropy (or Disorder) depends upon 

temperature.



Entropy increases when

Entropy or disorder increases when

1. more molecules are produced than 
were present in the reactants

2. solids are changed into liquids or 
solutions

3. gases are formed from liquids or 
solids

4. a solid or liquid dissolves to form a 
solution



-  S  =  decrease in randomness or 

disorder (less disorganized), decreases 

in entropy

+  S  =  increases in randomness (more

disorganized), increases in entropy



Predict whether the S (change in entropy) is positive 

or negative, or does not change. Briefly state 

why.

S Why?

CaCO3(s)  CaO(s)  +  CO2(s) 

N2(g) +  3H2(g)    2NH3(g) 

N2(g) +  O2(g)    2NO(g)

+
-

-



Use the table to calculate the S for the 

following reactions. Use this equation:

S  = Σ Sproducts - Σ Sreactants

Be sure to multiply the entropies of each 

reactant or product by their coefficients in 

the balanced equation.



N2(g) +  3H2(g)    2NH3(g)     

[2 moles(192.5J/mole-K)] –
[(191.5J/mole-K)  +  

3 mole(130.7J/mole-K)]   = 

-198.3J/K



S problems: 

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

CH3OH(g)   +  O2(g)       CO2(g)   + H2O(g)     

(S° for CO2(g) = 213.6J/mole)

N2(g)  +  O2(g)     2NO(g)    

(S° for NO(g) = 210.62 J/mole)



What drives the reaction?

1. Reaction driven to  maximum stability 

(minimum enthalpy)

-H

2. Reaction driven to  maximum 

randomness (maximum entropy)

+S



You can predict if a reaction is 

spontaneous (that is, if it happens), if 

the H, S, and temperature (in 

Kelvins) are known. Both changes in 

enthalpy (heat content) and entropy 

(degree of disorder) influence whether a 

reaction is spontaneous at specified 

temperatures.



Cautions: 

H is usually in KJ and S is in J, so 

convert S into kJoules 

Change °C into Kelvins



V. Gibbs Free Energy Equation G

We have discussed two driving forces –

enthalpy and entropy

-H =  Spontaneous

+S  =  Spontaneous

How do you tell what drives the reaction?



Gibbs Free Energy (G) Predicts if a 

reaction is spontaneous or able to perform 

useful work. It does not say how fast a 

reaction will go, just if it will actually 

proceed under the specified conditions. 



Gibbs Free Energy change (G)

G =  (H) - (T S) 

G =  free energy change in the system

H  =  change in enthalpy

T =  temperature in Kelvin

S  =  change in entropy of the system

The “°” means under standard conditions of 

298K and 1 atm of pressure



Gibbs Free Energy change (G)

G =  (H) - (T S) 

_____G =   reaction ________ spontaneous

_____G =   reaction ________ spontaneous

- Yes

+ No





G =  0 at equilibrium

(water at 0 ºC = freezing/melting)



( G) Sample Problem:

N2(g) +  3H2(g)    2NH3(g)

 H  =  -91.8 KJ

 S   =  -197 J/K

 S  =  -197 J  X  (1 kJ / 1000J)  = -.197 kJ

 G  =  -91.8 kJ – (298 K)(-.197 J/K)  =  -91.8 kJ  
+  58.7 kJ  =  -33.1 KJ



Solve for  G:

 H T  S  G?

a. -75.9 KJ 273 K 138 J/K

b. -27.6 KJ 535 K -55.2 J/K

c. 365 KJ 388 K -55.2 J/K

When solving for  G, don’t forget to change 

Joules for  S into KJ (because  G is in KJ)



6. Endothermic =  H

1e

2c

3a

4b

5f

7d

8f



9.Exothermic = - H



6. Endothermic =  H

1e

2c

3a

4b 5f

7d

8f

10. a) b, c, d
Catalyst 

Tunnel

10b)decrease

10c)unchanged

lowered activation energy due to catalyst (new 

path for reaction mechanism)



The End


