UNIT 14 - Reaction Energy & Reaction Kinetics
ENTROPY WORKSHEET
Entropy is the degree of randomness in a substance. The symbol for change in entropy is ∆S. Solids
are very ordered and have low entropy. Liquids and aqueous ions have more entropy because they
move about more freely, and gases have an even larger amount of entropy. According to the Second
Law of Thermodynamics, nature is always proceeding to a state of higher entropy.

Determine whether the following reactions show an increase or decrease in entropy (positive ∆S or
negative ∆S).
1.) 2 KClO3 (s) --> 2 KCl (s) + 3 O2 (g)

9.) H2 (g) + Cl2 (g) --> 2 HCl (g)

2.) H2O (l) --> H2O (s)

10.) Ag+1 (aq) + Cl-1 (aq) --> AgCl (s)

3.) N2 (g) + 3 H2 (g) --> 2 NH3 (g)

11.) 2 N2O5 (g) --> 4 NO2 (g) + O2 (g)

4.) NaCl (s) --> Na+1 (aq) + Cl-1 (aq)

12.) 2 Al (s) + 3 I2 (s) --> 2 AlI3 (s)

5.) KCl (s) --> KCl (l)

13.) H+1 (aq) + OH-1 (aq) --> H2O (l)

6.) CO2 (s) --> CO2 (g)

14.) 2 NO (g) --> N2 (g) + O2 (g)

7.) H+1 (aq) + C2H3O2-1 (aq) --> HC2H3O2 (l)

15.) H2O (g) --> H2O (l)

8.) C (s) + O2 (g) --> CO2 (g)

GIBBS FREE ENERGY WORKSHEET
The equation for Gibbs Free Energy is:
∆G = ∆H - T∆S
For a reaction to be spontaneous, the sign for ∆G has to be negative. ∆H represents the heat of
reaction. ∆S is the change in entropy. T is temperature in Kelvins.
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negative value for ∆H means that the reaction is exothermic. That means that heat is released.
positive value for ∆H means that the reaction is endothermic. That means that heat is absorbed.
negative value for ∆S means that the products are more ordered than the reactants.
positive value for ∆S means that the products are less ordered than the reactants.

Part 1 - Complete the following table for the sign of ∆G: +, -, or undetermined. When undetermined,
the temperature determines the sign of ∆G.
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Part 2 - Consider the following reactions. Determine the signs for ∆H and ∆S. Then decide whether
the reaction is sometimes, always, or never spontaneous.
3. NaOH (s) --> Na+1 (aq) + OH-1 (aq) + energy
∆H = _____
∆S = _____
∆G = _____
__________________ spontaneous
4. energy + 2 H2 (g) + O2 (g) --> H2O (l)
∆H = _____
∆S = _____
∆G = _____
__________________ spontaneous
5. energy + H2O (s) --> H2O (l)
∆H = _____
∆S = _____
∆G = _____
__________________ spontaneous
Part 4 - Solve the following problems.
6. What is the value of ∆G if ∆H = -32.0 kJ, ∆S = +25.0 kJ/K, and T = 20 oC?
7. Is the reaction described in problem 6 spontaneous?
8. What is the value of ∆G if ∆H = +12.0 kJ, ∆S = -5.00 kJ/K, and T = 290. K?
9. Is the reaction described in problem 8 spontaneous?

ENERGY & CHEMICAL REACTIONS WORKSHEET
1. Distinguish between enthalpy and entropy.
2. In your best judgment, which of the following in the pair has the highest entropy?
A. (A) messy room
(B) neat room
B. (A) ice
(B) steam
C. (A) solid salt crystals
(B) salt dissolved in water
D. (A) iron filings & sulfur powder
(B) solid iron sulfide
3. Indicate whether the following describes endothermic or exothermic reactions.
(A) reactants have higher enthalpy than products
(B) produces energy as it proceeds
(C) products have very high enthalpy
(D) ∆H is always positive
(E) needs a continuous energy supply as they proceed
4. What is meant by a spontaneous reaction? Give an example.
5. What is meant by a nonspontaneous reaction? Give an example.
6. What is the "direction" or trend most chemical reactions move toward in terms of energy and
disorder?
7. What do the following symbols represent:
(A) ∆H
(B) ∆S
(C) ∆G
8. What is the general formula for determining the free energy of a chemical reaction?
9. What does a + ∆G value indicate about a reaction?
10. What does a - ∆G value indicate about a reaction?
11. Match the following:
___ + ∆H
(A) spontaneous reaction
___ - ∆H
(B) endothermic reaction
___ - ∆G
(C) exothermic reaction
___ + ∆G
(D) nonspontaneous reaction
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