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How to predict if a
reaction can occur at
a reasonable rate?
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<

ngement ofiits atoms and

the system---

* AND the K is greater than 1,

- then this is a product-favored system.

* Most product-favored reactions are
exothermic
—Dbut this Is not the only criterion



Both proeduct- and r:

equiliprium in a

AgCI(s) e Ag'(a
K=1.8x 10+

Reaction is not product-favored, but it moves
spontaneously toward equilibrium.

« Spontaneous does not imply anything about time for reaction
to occur.



Diamona Is

to convert tc
graphite, but not
kinetically favored.

Paper burns — a
product-favored
reaction. Also

kinetically favored once
reaction is begun.
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general, spon
reactions are
exothermic.

2 Fe(s) + Al,O4(S)
AH = - 848 kJ



20z01wd 1. mow

NH,NO;(s) + heat ---> NH,NO;(aq)



SPDONANEeonUS processes
that the final state IS more

DISORDERED or RANDOM
than the original.

One property common to | /

Spontaneity is related to
an increase in
randomness.

The thermodynamic property
related to randomness is

ENTROPY, S.

Reaction of K
with water




greater than
the entropy of
solid water
(ice) at 0" C.




How propanle s It that reactant
molecules will react?

suggests that a
spontaneous reaction will result in

the dispersal
*of energy

*or of matter
*or of energy & maitter.
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Exothermic reactions involve a release of
stored chemical potential energy to the
surroundings.

The stored potential energy staris out in a few
molecules but is finally dispersed over a
great rany molecules.

The final state—with energy dispersed—is
more probable and makes a reaction
spontaneous.



S° (J/Kemol)

i:t:a'q'o' o :-:t '-n'-:..

g et ) Hp0(lia)  69.95
e H,O(gas) 188.8
20m0dant mow

S (gases) > S (liguids) > S (solids)
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Entropy and States of Matter
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S°(Br, lig) < S°(Br, gas) S°(H,0 sol) < S'(H,0 liq)



EnNtropy oOf a SupS!
With tem peratur@a
Molecular motions Molecular motions of
of heptane, C-H, heptane at different temps.

M
Heptane, CoHyg i)

at 1300 K
5% =921 VK - mol

20mbdan mov

20mO0Twd 1 o




S7(J/K = mol)

Increase in molecular

GOH]QIS‘l/J"'n‘Jr “\ ,}Q 186.3

ads (C Clrease .

methane
‘Y_Q I 229.6

ethane

Methane CHy

269.9

b @I

ImUdand . mo

propane



ENTrOpPIES Of Ionic Selids depend on
coulompic attractions.

'mﬂ U

nesium Cxide Sodium Fluoride

S° (J/Kemol)
MgO 26.9
NaF 51.5

Mg?t & O? Nat & F



Entropy usually Increases whe
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Table 19.1 * Some Standard Molar Entropy Values
at 298 K

Entropy, S° Entropy, S°
Element (J/K - mol) Compound (J/K - mol)

C{graphite) 5.6 CHs( ) 186.3
C{diamond) 2.377 C:Hs(a) 229.2
C{vapor) 158.1 CaHs(g) 270.3
Ca(s) 41.59 CHaOH( ) 127.2
Ar{a) 154.9 CO(a) 197.7
Ha(g) 130.7 C0z(q) 213.7
0z(g) 205.1 Hz0{g) 188.84
Na2(q) 191.6 Ha0{ ) 69.95
F2(q) 202.8 HCL{g) 186.2
Cla(g) 223.1 NaCl(s) 72.11
Bra({) 152.2 MgO(s) 26.85

I,(s) 116.1 CaC0s(s) 91.7




Entropy Changes for Phase Cl'w.mges20

For a phase change,
AS = q/T

where g = heat transferred In
phase change

== For H,0 (lig) -—> H,O(g)
AH = q =+40,700 J/mol

As = 9 = 40,700 Jimol_ 149 3k e mol
T 373.15 K




Entropy and Temperature

Solid Liquid Vapor
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i i Heating vapor _

| i S Increases
T 5 slightly with T
- i ___Baporation 'S [ncreases a
E E Heating liquid o fquid Iarge amount

| | with phase

J; g changes
_ Melting of solid :
- | !

Temperature (K)
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AS° =2 So (products) - 22 S° (reactants)

Consider 2 H,(g) + O,(g) ---> 2 H,0O(liq)
AS° =2 S° (H,0) - [2S° (H,) + S°(O,)]

AS° = 2 mol (69.9 J/Kemol) -
[2 mol (130.7 J/Kemol) +
1 mol (205.3 J/Kemol)]

AS°® = -326.9 J/IK

Note that there is a decrease in S because
3 mol of gas give 2 mol of liquid.



A reaction Is spontaneous If' AS for the
S poSItive.

universe — A systermn +A
ASiverse > 0 fOr spontaneous
process

First calc. entropy created by matter
dispersal (ASg sem)

Next, calc. entropy created by enerqy
dispersal (AS,,round)



Process.

20m07wd 1 mow

Asuniverse =

Assysatem + Assurroum'lings

- EOUnain

20m10an1.mav




2 H5(9) + 05(9) --->2'H,0(liq)

AS®qciem = -326.9 JIK

ASO g — qsurroundings _
surroundings —

-

Can calc. that AH°,, = AH° =-571.7 kJ

system

Age. _ -(571.7 kJ)(1000 J/kJ
surroundings 29815 K

AS° = +1917 J/K

surroundings



2nd Law of Thermodynamics *

0, (gas) (gas) 2 Hy(g) + 05(g)—» 2 H,0(g)
2 Hy(9) + O,(9) ---> 2 H,0O(lig) « The entropy of
0 _ the universe is
AS%ystem SZO-IINIR increasing, so
AS° = +1917 J/K the reaction is

surroundings

inverse = +1590. J/K product-favored.

AS°



Table 19.2 * Predicting if a Process Is Spontaneous

Type AHG,. ASTys Spontaneous Process?

1 Exothermic process Less order Spontaneous under all conditions
AHgys <0 ASSy: = 0 ASTnn =0

2 Fxothermic process More order Depends on relative magnitudes of AH and AS
AHS,, <0 A5, <0 More favorable at lower temperatures

3 Endothermic process Less order Depends on relative magnitudes of AH and AS
AHos = 0 AS55,: =0 More favorable at higher temperatures

4 Endothermic process More order Not spontaneous under all conditions
AHgy:e = 0 ASC,. <0 ASS . =0

Remember that —AH" 4 is proportional to AS ',

An exothermic process has AS"_, > 0.



