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Lecture 12 CH131 Summer 1
Tuesday, June 11, 2019

* Complete: Arrangements — entropy

* Heat (energy) flow — entropy change

* Entropy change of reaction

* System-only measure of spontaneity: AG
* Example problems

Next lecture: Complete ch13. Begin ch14 Continue ch14
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AS for osmotic pressure

/N
X0XX00 | X00y0y — X000XO0 | Xy0oyX0
Spontaneous?
Calculate the entropy change
Wi=W,(33) xW,(321) > W;=W,(42) X W,(2,22)
1200 - 1350
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Heat (energy) flow — entropy change

Adding energy increases energy dispersal (W,, the arrangements of energy).
This means that adding energy increases entropy, S = kgln(l/glfe).
Does the entropy increase depend on how much energy is initially present?

How does AS; for adding 10 J to 1 mol at 300 K compare with AS, for adding
6fte-1mol at 600 K?

: ->( @
AS = S, S, = ky In(W /W) WA oo
>\ g/ )
In(Wy/W,) = In(1350/1200) = 01164 > O
AS =S;-S;=+ 0.118 k (spontaneous!)
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Heat (energy) flow — entropy change
Adding energy increases energy dispersal (W;, the arrangements of energy).
This means that adding energy increases entropy, S = kgln(W,).

Is entropy increase greater the more energy origistzpresent?

How does AS; for adding 10 ] to 1 mol at 300 K compare with AS; for adding
20] to 1 mol at 300 K?

AS; < AS,
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Heat (energy) flow — entropy change %‘%’ How to determine AS,,, = AH,, /T ? @

AS is larger the lower T, the less the energy already present A@\ >A62__ In principle, we can get AS; by analyzing changes in particle arﬂ enﬁrg?

. . . -
AS larger the greater AH, the more energy that is transferred 4&%3_> .AQ, dispersal in the system gl) S
AS = AHJT = $Fr PY=K] But how to get AS,,? WF' L
At The key i i
= 22 y is energy conservation, namely that ...
= i (1,065 ~>+l,0@
AHsur =GAHsys A‘Lﬁ =
S8, o

DSt = DS, + AS =ONH /T + AS,,,
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How to determine A, S° ?

At equilibrium, AS,,,= 0, and so ...
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How to determine AS,?

We can get AS,; by analyzing changes in particle and energy dispersal in the

system.
ASsys = _Assur = _AHsur/T = +AHsys/T

But, in practice, it is easier to get AS, by measuring heat flow between system )
and surroundings when they are in equilibrium. At 0 K, for each substance W = 1 and so § = 0! (Third Law)

Therefore, by accumulating changes in S during heating, we can find S ata

particular temperature

4t
(
S

i T
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Get absolute entropies S
S$(300 K)AHmS/Tqu + S(heating liquid) + ...

_ M
Aﬁ@ 3K
_ AH_QE
AS@ 373K
P :/m(_’@"
1(35%.:7@
OKT (14 —r
ol
:mj CTI \
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Find S at a particular temperature
Make a sketch of how you expect the entropy of water to change with
temperature, starting from S = 0 at T = 0 K and ending at the entropy at
T =400 K.
:_[;da
77> 35+
— T
s %’/MGAI
dg= /’“OjT:/
o Y
o
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How to determine A, S° ?
'/1. Get absolute entropies S°

TRK IRK
A, =z N (RO

AS wa_ASg'g" A%u/

v
2. Axso = Sproducts - Sreactants 2 \’kb(%s + C&> - Z%ﬁ@}
— S5 7S C@i < g@
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Entropy of reaction, A.S°
1. 5°(300 K) = S(heating solid) + AH,/T5, + S(heating liquid) + ...
S(heating) = [dq/T = [cpdT/T
2. A.S° = S°(products) — S°(reactants)

Rules of thumb:

 If more gas moles formed, A S° large and positive

* If more gas moles consumed, A S° large and negative

* If gas moles unchanged, A .S° small but positive or negative
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A.S° = S°(products) — S°(reactants) A.S° = S°(products) — S°(reactants)
Rules of thumb: Rules of thumb:
» If more gas moles formed, A .S° large and positive * If more gas moles formed, A S° large and positive
* If more gas moles consumed, A S° large and negative * If more gas moles consumed, A S° large and negative
* If gas moles unchanged, A S° small but positive or negative . ) gQ ) * If gas moles unchanged, A .S° small but positive or negative
0
= 25°G@08Y-25 (s - S0
2 ZU(SQJ OZ(g)M: 2 Zn0(s) AQA - 200.2 /K N,(g) + 0,(g) > 2NO(g)
AS° =@X 43.7 — (2 x 41.6 + 205.0) {—200.8 J/K AS°=2x%210.8 — (191.6 + 205.0) = +25]/K
Ang = —1, so A.S°is large and negative Ang =0,s0A.S°is small
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System-only spontaneity measure System-only spontaneity measure
Since spontaneity depends on total entropy change, ... Gibbs free energy change is defined as A.é:"' A#Q’s - T'AS%
We cannot tell about spontaneity from AS alone. AG = ~TAS,y =~ TAS,, ~ TAS,
We need also to know about AS,.. A€H= A"SS% + A&(& = ¢ AH,,~TAS,),
But since AS,, = —~AH s /T ... ‘M(?p
. & === Asg.{s Usually written with “sys” omitte
we can express AS,,, in terms of ... T b
AS,,, AH,, and T only. “TAS, = +AJ-L¢ - _T:A’%S AG = o
Ag] = with the understanding that
AH is AH g, and AS is AS
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System-only spontaneity measure Problem 7e and 8e 13.17 e
AG depends only on “sys” quantities, ©) HLO(S.;ZDDC)QQZO&OOG> AS, R 17 :f:;'; é‘féf t:':lsslém:n:lpr;:;
e refects B oS [ReeefEmbER) e E s -
A ——— LB MEL 2
If AG > 0, then non-spontaneous (AS,,, < 0) @ gic?;*%g/a{____ zzzoj/I( A

2

N7 _
#,04,0¢ > (U AS{_; 2SS, =
© RSk | s
AS+AS B85 = 2023/ 0%, AS,= —21K
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