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An alternative criterion of spontaneity

Quantifying spontaneity, we have learned so far:

Lecture 13 CH131 Summer 1
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An alternative criterion of spontaneity: Free energy change, AG

+ Example problems . W =S = kg In(W) —» AS = kyIn (g)
» Effect of temperature on spontaneity Wi
Begin ch14: Chemical equilibrium AStor = ASsur + ASsys
* Reaction quotient, spontaneity, and equilibrium n

AS — dsur _ _ Sfsys
Next lecture: Continue ch14 sur o T

AHsys
ASpor = — ;y + Afiys
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An alternative criterion of spontaneity 0> An alternative criterion of spontaneity
For phase transitions: = Igo'u@ For chemical reactions:

fgeatin

AH, AH,
ASor = ——22 + ASyp ol lm} _ ASior = ==+ ASgys
— _ AHtransition + AHtransition b %"’Z — _Aern + AS
- - T rxn

Ttransition /JM — O_’C/ ~— —_—
/Imﬁvu = ? S= &
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[TF] While AS;, takes into account entropy change in both the surroundings Jr An alternative criterion of Spontaneity

and the system, the expression AS,,; = — SHoa AS.n, means that for chemical
reactions, ... /'/ While the expression
H,
the entropy change of the surroundings is not important ASior = =¥+ ASpxn
L >
then entropy change of the surroundings still plays a role -
) . has only properties of the system, always remember that s the entropy
only exothermic reactions are spontaneous —_—

0% 4. Further information needed CHEREEO AT b

This shows that spontaneity is favored by exothermic reactions (AH,y, < 0)
because they increase the entropy of the surroundings.

However, whether a reaction is spontaneous (AS;,; > 0) also depends on AS,,.
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Free energy change, AG System-only spontaneity measure
To emphasize that we only have to know the system quantities AH,, and AG depends only on system quantities, but it is equivalent to AS.
AS 4, , the free energy change of reaction is defined as
D If AG < 0, then spontaneous (ASiy > 0) and process provides work
—TAStor = AGrxy = AHpxn — TASixn
~— — S —— . . S e
The components of AG are usually written with “rxn” (or “sys”) omitted ... IfAG = 0, then equilibrium (ASer = 0) and no work is involved
” AG = éﬁ —TAS If AG > 0, then non-spontaneous (AS;o¢ < 0) and process requires work

It turns out that free energy change is the work than can be done on the
surroundings (excluding any pressure volume work), and so tells us how much
work we can get from a chemical transformation.
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Problem 7e and 8e 13.31

g = 32760  { 3. ig;;‘]lqollscfgm of "p“_mjim‘ is 38.7 k] mZS a'q:j Effect of temperature on spontaneity
Z t/_\G whé§ 0 oS ¥anol is va amzeayrﬂersll;l {W 8°C — -
= _PAV = —Mg and 1 the vz 1porp1s an ideal gas a 1r:d Jllegleu AG - -A# -
M m the volume othmd cthanol relative to that of its vapor.
oo 240, fu"j);L bafut
ldﬂe*ga#J*CZigﬁg)\K AH
ez K —7‘8°c
= —29Z20X j 3P <
AU = z{—w @K 00 ~ 29z0>1 Ag= AZ—H/A
= 358001 AS=

B+ K BH
2 87 Kl féﬂﬁ@)%
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Atomic or molecular oxygen? AQ Atomic or molecular oxygen?

At what temperature will oxygen spontaneously decompos 2(g) -2 O(g)7 At what temperature will oxygen spontaneously decompose, 0,(g) — 2 0(g)?
- AHLO, g) = 249 {k)mol AG- L300 K
> 5°(0, g) = 161.1 ] XK mol) —A (,(O
- 5°(0, g) = 205\0 J /XK mol) N ZAH Qk f nﬂx AG =2 x — 300K x 103(2 x 161.1 — 205.0) = +463 k]
How to proceed? = 2‘* 2 4 ZOZ x':( O 5} At what T will decomposition become spontaneous?
hs=Z S ‘S AG=2= 2% 249.2 @ 10-3(2 -x 161.1 — 205.0)

At300K,
AG=2x — G LY @ X 161.1°- 205.0) = < T=2-249.2 X 103/(2 X 161.1 — 205.0) = 4253 K
0

Si mostly molecules at 30 So, for T abg il et
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Atomic or molecular oxygen?

At what temperature will oxygen spontaneously decompose, 0,(g)

Copyright ©

OK, we have seen that
* atlow T oxygen is mostly molecules,
* butathigh T it is mostly atoms.

AG = LK -
G >0
Why?

takes energy from surroundings to break bonds and so entropy of
surroundings is lowered. §

But, high temperature mutes lowering of S
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20(g)?
==
S

Even though breaking the molecule apart raises the entropy of the system,

, it
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temperature, water will ...

A& AH
63% 1.
38%

0% 3. More information needed

decompose into H, and O,
2. will not decompose into H, and O

At hige T AG = M-TAS

2, 15+ 0B 240 (4

‘JFOE'\IM“ — <0
71,0 S7hOMOE) M b T, ag >0
16 of 20

-2z F+El=0H i- &EK}&%

[TF]At 300 K, hydrogen an
ener; tion of watef information, at very hlgh

144@ LL%&*’ 008 m{

A60.8

| <o |

[ ]
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[TF] A certain chemical reaction is not spontaneouys at 300 K. The entropy

29% 2.
0% 3.
0% 4.

exothermic C);}f(%
neither (AH = 0)
More information needed

S W <O

W= T
#4131
17 of 20
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chane for the reaction is +130 ]/K The reaction must be )
endothermlc (‘_A 3 Agﬁ = Aﬁ + @

edu

22

Lecture 13 CH131 Summ

[TF] A chemical reaction
This means the reaction wi

nd has é sys < s

be spontaneous ..

19% 1.
38% 2. only at high temperature

only at low temperature

s<oL
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6% always
ever
0% 5. Further information required
Ll - A
IS T

- =030 g9
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Begin ch14: Chemical equilibrium
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Spontaneity of “reactants” — “products”

If products (right side) increase with time, we say the reaction is spontaneous.

If reactants (left side) increase with time, we say the reaction is

nonspontaneous.

If the amount of reactants and products do not change with time, we say the

reaction is at equilibrium.
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Spontaneous approach to equilibrium: A —-B + C
0.09 T
0.080 = .
AR —
0.05 S~
= 0.04 ;
0.03-S=—=— |
0.025 = '
00155 :
0.0Q :
t t
Time, min —>
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Reaction quotient Q measures progress
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(B —> 0.09
products/reactants ;T[B][C]/J, 0.0{

0.07

J{

Qat t; is smaller 0.06
Qat ¢, is larger = 0.05
Qthereafter no longer changes 0.04
For ¢> ¢, Q= K equilibrium constant 0.03

= 0.02

0.01

(g}
15T

0.0

4y t
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Reaction quotient Q measures progress Practice: Problem 14.5
For A— B + C, the reaction quotient s ... K = @’u /) (T"m/d“\ ) k % the macion of varbor, mononide mit waten
= [B[C]/[A] W g?g) + L0 — COYg) + 1y G
(a) Use thefaw of ﬁmss action o Write th& equilibrium

expressidg for this reaction.
(b) A the equilibrium constant for this reaction is
Kuppose that the equilibrium partial pressures of CO
and H,O are both 0.10 atm and that of CO; is 0.70 atm.
Calculate the equilibrium partial pressure of H,(g).
la—0y

The numerical value of the reaction quotient when the concentrations have
their equilibrium values ...

[Ale, [B]. and [C].

and so no longer change with time, is called the equilibrium constant ...

K= [B].[C]./[A].
2
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versus 5 is the key to assessing spontaneity

11. Using the law of mass action, write the equilibrium expres- 1 Q;[(Lproduct must form to getto equlllbrlu% > @ _
L6 <50, A O

zt
C ZM M smn =gac the fol lo\.\lng reactions.
L — @ N SpOLlBﬂEOuS
= ‘,_,_3—_ (a’ gtlaq) == Zn**(aq) ’ ) ‘{G&—'
LQ) K +l z (b) (ag) + H ow — VO3 (OHP ’ OH- (aq) o
CC A% —c) 2 AleH +6 COs(g) = AT+ If Q> K, reactants must form to get to equilibrium,
- So nonspontaneous

_6 HCO; mq) /H O(¢

(Cues An) ® to @mﬂ

O K T T4 (R ) ?@MZM

ag?ﬁ%
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Practice: Problem 14.11

\O

-
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N,O, = 2 NO,
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The figure shows how the partial pressures of the N,0, and NO, change with

time due to the chemical reaction

N,0,= 2 NO,

=
for certain initial conditions.
e
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N0, = 2 NO,
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P\/-—/«KT

The reaction quotlent is
=[NO,]?/[N,0,] E\\bxl - ?N z

The numerical value of the reaction quotient when the concemtFations hl \Ee
their equilibrium values

[N,0,]. and [NO,],
and so no longer change with time, is called the equilibrium constant

= [NO,].?/[N;0,]. H
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NO,
Time
34
[TF] The figure shows how the partial pressures of the N,0, and NO, change
with time due to the chemical reaction D
N,0,=2NO, QL{,BX 7&& "7,
for certain initial conditions. At these initial conditions, the following is known
about the chemical reaction.
C ﬁzoql
spontaneous -
Itis at equilibrium [Np,Le -
0, g NO,
l/o 3. Itis non-spontaneous (407 - 2
0% Its spontaneity is not known E<
o without further information
[HO 1 o
ey m K k]
1, ol, =
QYK ,%wpt 16 of 20 0
36
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[T7] At the initial conditions for the reaction @Gé,} @)

—a = — D
N,0,= 2 NO, — T~ q

the following is known about the rati u@ Q(ézB /5

18% 1. Itisgreater than1

18% 2. QK

65% 3. N0,

B 4. The ratio is not known without
% further information SENO
(O
P
17 of 20 0
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[T7] The figure shows how the partial pressures of the N,0, and NO, change
with time due to the chemical reaction
N,0,=2NO,
for certain initial conditions. At these initial conditions, the fo}l> ing is known
about the chemical reaction. As = éﬁ/\— = -
Suh
—=

s

29% 1. Itisspontaneous )
6% 2. Itisatequilibrium '
65% 3. Itis non-spontaneo E - S
4. Its spontaneity is no

- Aedchius
° without further information A
/Z’V 8— Asp’ts—; % Time
17 of 20 E
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