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Be sure to provide ample practice for students to:

10

conceptualize what a (+) and () value of AS° indicate
predict the sign of AS° based on

e phase changes including examining phase change diagrams and Boltzmann
distribution curves

e moles of gas in a reaction

calculate AS° using the summation equation: AS® = > S°(products) — 2.9°(reactants)

calculate AS° using Hess’s Law

conceptualize what a (+) and () value of AG® indicate

predict the sign of AG° based on data provided, including information about enthalpy, AH®,
and entropy, AS°

calculate AG®° using the summation equation: AG® = Y AGproducts) — > AG f(reactants)
calculate AG® using Hess’s Law

calculate AG® using AG® = AH° — TAS® (as well as AH® and AS°)

e UNIT WARNING: enthalpy, AH° and free energy, AG®, are typically in units of
kJ mol-* and entropy, AS®, in units of J mol™ K*; be sure to change J to kJ before
using the equation:

AG® = AH° — TAS®

e give students the occasional problem where they are asked in the prompt to solve
for AH® and AG°® in joules, J, as there have been previous problems on the AP
exam asking for an answer in joules

predict the thermodynamic favorability and the driving force for a reaction from AH®°, AS®, or

both AH® and AS°

e If students get confused have them substitute simple numbers into the equation to
reinforce the relationship. For example, show them the 3—5-10 method:

e (+/-) 3 represents TAS® at lower temperatures, when AH® > TAS®

e (+/-) 10 represents TAS®at higher temperatures, where AH® < TAS®

e (+/-) 5 represents AH°

e A rreaction that is endothermic (AH°= +) and has a value of AS° that is (+) would
be analyzed as shown in the table. Thus AS® is the driving force as the reaction is
thermodynamically favored only when TAS® > AH®

AH° > TAS° AH° < TAS° Outcome
o_ _ o 4p _ = | AG® (-) at temperatures
AG°=+5—-(+3) =2 AG® =+5—(+10) =-5 where AH® < TAS®

explain why reactions that are thermodynamically favorable do not “spontaneously or
automatically” react; i.e. they need practice explaining kinetic control versus
thermodynamically favorability
e Dbe sure students can sketch and label a reaction profile diagram and be able to
identify whether the reaction is exo- or endothermic based on the diagram; label
AH® as well as the activation energy, Ea
determine reaction favorability based on equilibrium constant or information about
equilibrium conditions: K is related to free energy by AG° = —-RTInK
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Introduction to Entropy

1. In which of the following reactions would the entropy change, AS°, be closest to
zero?

(A) CO(g) + H20(g) — CO2(g) + H2(9)
(B) Na2CO3(s) — Na20(s)+ CO2(qg)
(C) N2(g) + 3H2(9) — 2NH3(g)

(D) KCI(s) = K*(aq) + Cl'(aq)

2. In which of the following reactions would the entropy change, AS°, increase the
most?

(A) CO(g) +H20(g) - CO2(g) + H2(g)
(B) Na2CO3(s) — Nax0(s)+ CO2(qg)
(C) N2(g) + 3H2(g) — 2NHs(g)

(D) KCI(s) - K*(aq) + Cl'(aq)

3. In which reaction would the entropy change, AS®, decrease the most?

(A) CO(g) +H20(g) - CO2(g) + H2(g)
(B) Na2COs(s) — Na20(s)+ CO2(qg)
(C) N2(g) + 3H2(g) — 2NHs(g)

(D) H20(1) — H20(s)

4. Which of the following processes involves an increase in entropy?

(A) The precipitation of lead(Il) chloride,PbCl., when mixing solutions of lead(l1)
nitrate, Pb(NOs). , and sodium chloride, NaCl

(B) The freezing of ethanol, C2Hs0OH
(C) The condensation of water vapor, H20

(D) The decomposition of a solid, group 2 carbonate, MCOs, to yield carbon dioxide
gas, CO2, when heated
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Entropy Change, Free Energy, and Favorability

7. Which of the following shows the correct set-up for the calculation of the entropy

change in the reaction below?
2NO2(g) — N204(9)

Standard Molar Enthalpy, S°
NO2(g) 240 J molt K

N204(g) 304 J molt K

(A) (2(240) - 304)

(B) 240 - 304

(C) 304 - ((2)(240))
(D) 304 — ((298)(240))

. The standard Gibbs free energy of formation, AG:°, for the species in the reaction
below are provided in the data table.

CoHs + Hy = CoHs

AGs°
CoH4 68.1 kJ mol*
CoHs —32.9 kJ mol

Which of the following correctly shows the calculated AG®xn and correctly identifies
the thermodynamic favorability of the reaction?

(A) +101 kJ mol-%, not thermodynamically favorable
(B) —101 kJ mol-!, thermodynamically favorable
(C) +35.2 kd mol-%, not thermodynamically favorable
(D) —35.2 kJ molt, thermodynamically favorable
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MEGA — FREE RESPONSE

REINFORCEMENT
(20 Points)

1. Butane gas is a common component in lighters and portable burners for chemistry labs. It

undergoes combustion according to the following exothermic reaction.

2 C4H10(g) + 13 02 (g) — 8 CO2(g) + 10 H20(Q)

Substance | S° (J mol—'K1)

CsH10(9) 310.2
02(q) 205.2
CO2(g) 213.8
H20(g) 188.8

(@) Using the data provided above, calculate the standard entropy change, AS°, per mole of

butane combusted.

AHCcomp= (—)

(b) During the experiment a student determined that 0.755 g of butane were used. Calculate

the exact magnitude of the entropy change that occurred during this experiment.

(c) Justify, in terms of free energy, AG°, why we know the reaction is favorable at 298 K.
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MEGA - FREE RESPONSE
REINFORCEMENT
(20 Points)

o

Salt Bridge: KNO»

1.0 MZn(NO3); = —_— ————— ™% 1.0 M AgNO;

A student constructs an electrochemical cell as shown in the diagram above. The standard
reduction half-reactions associated with the cell are provided in the following table.

Half-reactions E° (V)
Ag*(aq) + e — Ag(s) ?
Zn?*(aq) + 2 e~ — Zn(s) -0.76

When the cell starts operating, electrons flow from the Zn electrode to the Ag electrode and the
reading on the voltmeter is +1.56 V. O

(a) Identify the electrode that is the anode. Explain your cho%.

(b) The salt bridge contains both K™ ions and NOs~ ions. Into which beaker, the one with the

Zn electrode or the one with the Ag electrode, will the NOz™ ions flow once the cell
starts to operate? Excplain your choice.

(¢
O

It is all about
balancing the
charge!
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