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[TF] For steam — liquid, the system is the water (liquid and steam), and the Lecture 18 CH 131 Fall 2020
surroundings is everything else. For steam > liquid, which of the following Thursday, November 19, 2020
must always be true,independently of temperature?
* Heat (energy) flow — entropy change
6% 1. ASsys<0andASs, <0 « Spontaneity of phase transitions
22% 2. ASgys <0andASg, =0 ¢ Absolute entropy (S°)
29% 3. ASgys<0andASg, >0 Next lecture: Complete: Absolute entropy (S°); Relative entropy values;
8% 4. ASi <0 Entropy change of reactio.n (AS°xn); Free energy change, AG; Effect of
t t t
20% 5 ASy, =0 emperature on spontaneity
13% 6. ASi >0
3% 7. None of the above
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Heat (energy) flow — entropy change Heat (energy) flow — entropy change
Adding energy increases the units of energy in the system. Does the entropy increase depend on how much energy is added?

More units of energy mean more arrangements of energy (W)

This means that adding energy increases entropy, S = kgln(W,).
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[TF] Which is larger?
AS; for adding 10 J to 1 mol at 300 K Heat (energy) flow — entropy Change
ASs foradding 20 ] to 1 molat 300 K? AS is larger the more energy added
AS~AH

71% 1. AS; <AS,
22% 2. AS; =AS,
6% 3. AS; > AS,

140 of 188 E

9 10

Lecture 18 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu Lecture 18 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu
[1F] Which is larger?
Heat (energy) flow — entropy Change AS, for adding 10 | to 1 mol at 300 K

Does the entropy increase depend on how much energy is initially present? AS; for adding 10 ] to 1 mol at 600 K?

41% 1. AS; <AS,
37% 2. AS, =AS,
23% 3. (AS; >/AS,
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Heat (energy) flow — entropy change

AS is larger the more energy added
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Heat (energy) flow — entropy change

AS is larger the less energy already present

AS is larger the lower T at which the energy is added. AS~AH

AS~L AS is larger the lower T at which the energy is added.
=
AS~=
T
Amazingly, these results combine into the fundamental relation for entropy
change due to energy flow,

As =22
T
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Spontaneity = increase in total entropy Spontaneity = increase in total entropy
Spontaneity means that what happens is always associated with an increase in Spontaneity does not require separately that ...
entropy- ASgys > 0 0r ASgyy > 0
We will see that it is useful to partition entropy change as that due to the . . . i )
chemical or physical system (what we are interested in) and the surroundings Aneatillustration of the roles of ASsys and Ay, is understanding why steam
(everything else). condenses and water boils:
ASior = ASsys + ASsyr > 0
15 16
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Spontaneity = increase in total entropy

Steam spontaneously (ASi,¢ > 0) condenses when T < 100°C —_—
tot niFk =

Water and steam are in equilibriunt’(AS;, = 0) when T = 100°C H—O(ZX _,7“,;15\
Z

Water spontaneously (AS;,; > 0) vaporizes when T > 100°C

I
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[TF] For steam — liquid, the system is the water (liquid and steam), and the

surroundings is everything else. For steam — liquid, which of the following
must always be true, independently of temperature?
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Loy — 1,04y 29,50

Super-cooled steam at 94°C condenses spontaneously to liquid water. ?:(dﬁ

steam — liquid water at 94°C

Spontaneity means AS;, = ASgys + ASgy > 0

lofy
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29% 1. ASeys<0andASg, <0 I 0(3\_3 It AN AS%
12% 2. ASy, <0andASg, =0 = —
52% | 3. ASys<0 an

7% "4, ASie <0 ! i

9% 5. ASer=0 s - Al
12% 6. AS>0 Doy, T

4% 7. None of the above
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steam — liquid water at 94°C
Super-cooled steam at 94°C condenses spontaneously to liquid water.
Spontaneity means AS = ASgys + ASgy > 0
Since condensation releases heat (qsys = —AHy,p) to the surroundings, the
entropy of the surroundings increases,
ASgyr = 22> 0
But “gas — liquid” means the entropy of the system decreases, ASsys < 0
This means it is ASgy, that makes AS;o; = ASgys + ASgy> 0
v 20
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steam — liquid water at 94°C NS, = AS, + NS steam — liquid water at 94 °C
. G T2 R
How to get the numerical value of AS;s? P At 100 °C = 373 K steam and water are in equilibrium, so ...
LR
AH,
Always, v ) “’zo LS§ - \,}70((/\ AStor = 0 = + -2t AS
AH, AH,
ASgyr =+ = ——2 From this we find that the entropy change of the system is
e
Hence we can always write AS;,; = ASgyr + ASsys as ASsys = ASper — Afvap _ g _
AStor === Ay === 3mKr - 18I \l
= =
For condensation of steam to water, AHgys = —AH
AH
{ ASier = + ‘+ ASys = O =>
f
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steam — liquid water at 94 °C Y T=3BK

For other temperatures ... Agﬁﬁf- —4& H ~ GH'ZM 5 = —ﬁﬂls ,-\C&q—l
ASiot = %?BK e 3?31’{ Zﬁﬂ
_40.6 ;03 J/mol A‘ugyg

—108.9—— _ w843 _

J
mol K

— AS, = AR
—
- 11,08 7 h5te)
T 3K
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[TF] For steam — liquid water, [TF] For steam
40.65 x 103 J/mol
ASpor = J/mol_ 4489 —
At T = 94°C, AS,; evaluates to ...
A5, AS> Agz«ls

7:/D 1. fo Asav;_ FAN
16% 2. =0 E
e

R
T=361K LBV (N "'bd‘i

5% 3. >0

\
15,20
9353172 .0 335311 -
339k
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Spontaneity = increase in total entropy How to determine AS,, for a chemical reaction?
Spontaneity means that ... We have seen that we can get ASsy for a phase transition using ASi,; = 0 at the
ASiot = ASsys + ASsyr > 0 { 1344 transition temperature
Spontaneity does not require that ... */ASSYS = where Tiransition= Tmelt» Tboil, OF Tsublimes

ASgys > 0 or ASg,r > 0
R4 sur since at that temperature the two phases are in equilibriu 6_» yA = A&w‘,

-&—-N'lfgdq
Mg

The separate roles of ASg, and ASg,, account for why steam condenses and
water boils.

g9
92714

ok 1 im

The same approach works for melting and for sublimation.
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How to determine AS,

Getting ASgy for a chemical reaction requires a different approach.

In principle we could get ASgys by analyzing changes in particle and energy
dispersal as a result of the chemical transformation.

and surroundings ey are in equ111br1um
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for a chemical reaction?

But, in practice, it g,et AS\}\ by measuring heat fl %ﬁ’syste@m
i whe

3
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W =1andso S =0.

e d,
5K,
Aok ; QS‘

BOSTON
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How to determine AS°

rxn '

The essential starting point is that at 0 K, for each substance

ahk heax

This is known as the third law of thermodyna
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