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ALFAROUQ SCHOOL SCIENCE DEPARTMENT CHEMISTRY

!Chapter: Energy & Chemical Change L T e
| Section (5): Reaction Spontaneity (A= f J &
-

SPONTANEOUS PROCESS

Any physical or chemical change that occurs with no outside intervention.

e However, for many spontaneous processes, some energy from the surroundings

must be supplied to get the process started.

Spontaneous

e |t's a measure of the number of possible ways that the energy of a system
can be distributed randomly.

e It's a measure of the disorder or randomness of the particles that make up

e Itisrelated to the freedom of the system’s particles to move and number

of ways they can be arranged.

Solids have lower Liquids have higher Gases have higher
entropy than entropy than solids entropy than solids
liquids or gases

Less randomness More randomness
(less entropy) - (more entropy)
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SCIENCE DEPARTMENT

| “Spontaneous processes always proceed in such a way that the entropy of

1
| the universe increases”.

CHEMISTRY

Assystem - Sproducts — Sreactants

J/K
e It's the difference between the / -\
State 1| -
entropy of the products & the . S /
A U 4
entropy of the reactants. ——— AS=S, - S,

e S products >S reactants and AS system iS QOSitiUE.

\ Sproducts < S reactantsand AS system iS negati\/e.

[- If the entropy of a system INCREASES during a reaction or process,\

o If the entropy of a system DECREASES during a reaction or process,

J

We can predict the AS gyem in the following (6] cases.

to a liquid and from a liquid to a gas.
HzO(l) — HzO(g) ASsystem = [
CH30H(s) — CH30H(I) ASsystem > 0

2333

LiQuID

SOLID GAS

AS.. 4 Increase in Entropy
vap
H

=

ASqus 1

Entropy (S)

Low Entropy
Highly Ordered

I I
melting point  boiling point
Temperature

1. Changes of state entropy increases as a substance changes from a solid

High Entropy

More Disordered




2.

entropy.

SCIENCE DEPARTMENT

decrease in entropy.

O2(g) — Oz(aq)

e
— DISSOLVING
Co

Entropy decreases

If AH qgugm< O (Negative),

ASsystem < 0

Dissolving gases in a solvent always results in a

. Dissolving solids or liquids in a solvent always results in anincrease in

NaCl(s) — Na*(aq) + Cl7(aq) ASsystem > O

CHEMISTRY

i Entropy of a gas is%

already so high that
it decreases when

the gas dissolves.

O. OO.
o‘. o ®
o0°e 0o
@0 o o

=== INCREASING ENTROPY [==—==)

HOT BODY

=

Heat transfer

. The entropy of increases when the number of gaseous product particles

is greater than the number of gaseous reactant particles.

2503(g) — ZSOZ(g) o Oz(g) Assystem >0

. The entropy of increases when the temperature of particles increases.

COLD BODY

Entropy increases

. The entropy of increases at Exothermic reactions.

then AS gyiugm> O (positive)
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Exercise

e Predict the sign of AS system for each of the following changes.
a.CIF (g) + F2(g) — CIFs(g) c. CHsOH (I) - CHs0H (aq)
b. NHs (g) — NHs (aq) d. CioHs (I) = CioHs (s)
e. Fe(s)+2Zn?* (aq) — Fe?*(aq) + Zn (s)

Gibb's FREE ENERGY (G spew)
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| It's the amount of energy available to do work. (For reactions or processes that
1
|

take place at constant pressure and temperature).

AG = Al g T AS
AG = Gibbs free energy

AH = Change in enthalpy

AS = Change in entropy

T = Temperature in K

e To calculate Gibbs free energy, it is usually necessary to convert units

because AS is usually expressed in J/K, whereas AH is expressed in kJ.

e The same rule applies for systems under standard conditions.

(298 Kand 1 atm)

AGS?ystern = AH s?ystem — TASsoystem

If the sign of the free If the sign of the free
energy change energy change
(AG® system) is Negative, (AG°® system) is positive,
the reactionis the reactionis
spontaneous. non-spontaneous.
b o e e e e e e - -
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AH<O AW >0
Spontane cus Sponvoneons
B37 O 5% o8l T o3 WahT
< (_Lo\f\Qh TAS S
(AG O) \oc(as(.)
S \>°V‘*°\V‘e°“"° Now- svow‘rome.ous
£SO a¥ low T ox a\l T
small)

negative positive always negative always spontaneous

negative negative negative or positive spontaneous at lower temperatures

positive positive negative or positive spontaneous at higher temperatures

positive negative always positive never spontaneous
Exercise

(1) Determine whether each of the following reactions is spontaneous.

a. AHsytem = —75.9 KJ, T = 273 K, ASgystem = 138 J/K
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i Table 6 Reaction Spontaneity AGsystem = AHsystem — TASsystem
|

|

|

|

|

|

|

g

E b. AHsystem = —27.6 kJ, T = 535 K, ASgystem = —55.2 J/K
i €. AHsgystem = 365 KJ, T = 388 K, ASgystem = —55.2 J/K
i d. AHgstem = 452 kJ, T = 165 K, ASgystem = 55.7 J/K

|

(2) Given AHsystem = -144 KJ and ASsystem = -36.8 J/K for a reaction,

| determine the lowest temperature in kelvins at which the reaction would be

| spontaneous.

| (3) Determine whether the system AHsystem =-20.5 kJ, T=298 K, and

! ASsystem = -35.0 J/K is spontaneous or nonspontaneous.




