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SRR " T Wednesday, June 16, 2021

AH AH,
[TF] For steam — liquid water, ASyo; = — 37;?(’ + % = AHy,, (—

At T = 100°C = 373 K, AS;; evaluates to ...

« Complete: Spontaneity of phase transitions

0% 1. <0 » Absolute entropy (S°)

100% 2. =0 * Relative entropy values
0% 3. >0 » Entropy change of reaction (AS°®xy,)
0% 4. Note sure * Free energy change: AG

Next: Effect of temperature on spontaneity; Chapter 24: Chemical
equilibrium
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steam — liquid water steam — liquid water
Since ASsys < 0 and ASg, > 0, their contributions to What are the values of AS;s and ASg,,.?
28 Sl
ASior = ASsys + ASsur Since condensation releases heat (qsys) = —AHy,), to the surroundings, the

entropy of the surroundings increases during condensation,

oppose one another. s ——
_ Qsur __ —Asys __ AHVGP
ASgyr = 120 =—22 _w—, ol

14 15
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steam — liquid water

value

— 5 AHyap
\Assys = 7%111‘(100 C) =~ 373 K el

Butsince AS;,; = 0atT = 100ji—t:2rstem entropy change is the special
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steam — liquid water
Putting these value together, we get
ASior = + 2 = i 3

This result shows that it is the entropy change of the surroundings that
determines when condensation of steam is spontaneous.

That is, it is the temperature at which heat is transferred to the surroundings
that determines when |AS,,| > |ASgys].

BOSTON
UNIVERSITY

16
[17] For steam — liquid water, AS,,, = — i:;l‘(‘ + B = AHyap (_ ﬁ + %)
At T = 100°C = 373 K, AS;y; evaluates to .7 33K
0% 1. <0
00% 2. =0 /
0% 37 >0
0% 4. Note sure
414589
11 of 15 0
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A — AHyap | AHyap __1 1
[TF] For steam — liquid water, ASyo; = R = AHy 5y ( T T).
At T = 94°C = 367 K, ASot evaluates to ... A
0% 1. <0 @
0% ’W’
0 0
0% 4. Note sure
474529
11 of 15 0
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Qe _ _ AHyap | AHvap _ __1 1
[17] For steam — liquid water, AS;o¢ = e T = AHy5p ( TR 1)
AtT = 106°C = 379 K, AS;, evaluates to ...
=
100% 1. <0 33K

0% 2. =0

0% 3. >0

0% 4. Note sure

414529
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Spontaneity = increase in total entropy

Spontaneity means tlpat
ASior = ASsys + ASsyr >0

Copyright © 2021 Dan Dill dan@bu.edu

Spontaneity does not require that ...
ASsys >0 or ASgyr >0

The separate roles of ASgys and ASg, account for why steam condenses and
2= s =g

b= s

The same approach works for melting and for sublimation.

water boils.

BOSTON
UNIVERSITY
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How to determine AS.,. for a chemical reaction?

sys
Getting ASgys for a chemical reaction requires a different approach.

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

12 of 15 0
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How to determine AS, for a chemical reaction?
We have seen that in we can get ASgys for a phase transition usin
the transition temperature, —
A v s e L2
Hiransiti
’ ASsys = - wv where Ttransiti()n: Tmcltr Tb:)ilr or Tsublimc'
transition
since at that temperature the two phases are in equilibrium so AS;,; = 0.
25 26
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How to determine AS, for a chemical reaction? How to determine AS°,, ? ’J‘ZPQQ;K
But, in practice, it is easier to get AS by measuring heat flow between system The essential starting point is that at 0 K, for each substance
and surroundings when they are in eq'lllli_lzium. AG= f}’ W=1andsoS=0. = }\l AKEI@C\N\ = K ,&ACW\"O
This is analogous to what we did for condensation of steam to get T This—i’s:nown e

AStor =0 = + 3222 + ASy = ASyys = — T2 U

since at 373 K = 100°C the system and surroundings are in equilibrium.

27 28
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How to determine AS°,, ? How to determine AS°,, ?
Starting with § = 0 (at T = 0), adding a little heat dq;, Continuing in this way, up to a final temperature T, the sum of all of the small
entropy dS; :ill be added, raising T a little bit, say to 1 K. additions dS are S for the substance at T,
Adding a little more heat dq,, $°(T) = dS; +dS; + -+ dSy ||
entropy dS, = % will be added, raising T another little bit, say to 2 K.
T.=0
L
1
= oL g0

ne
- \K

These total values are called absolute entropies (5°) at temperature T.

29 30
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Find S at a particular temperature Find S at a particular temperature
e Copyrght © Inc. Permission il

ketch of how you expect the entropy of water to change with
temperature, starting from S =0 at7T = 0 Kand endlng at the entropy at

T = 400 Kfmo ok

5% (/Kemol

T —_— T
O s  m 4o /K

Temperature (K) |

31 32
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Find S at a particular temperature / v Relative entropy values
. . Sub S v s . . . -
Absolute entropies typically are tabulated sance JRTmolt  ifmol?  iJ-mol In assessing relative entropy values at 25°C, note the following qualitative
at 298 K. “ H,0,(1) 100.6 -1878  -1204 values.
P e ][ . -20.6 -334 ) . X
Note, these are entropies, @D u(> In general, liquids ha}e greater entropy than solids, because of the
~h- S N(g) 472.7 155.5 . . AH
not entropy changes. ¢ - contribution —2°% to their total entropy
Na(g) 1916 0 0
NHs(g) 1928 -45.9 -16.4
N, !@ A% . 50.6 149.3
NO(g) 210.8 9.3 87.6
NO,(g) 240.1 33.2 51.3
N.O(g) 220.0 81.6 103.7
N,O,(g) 304.4 1.1 99.8
N,O,(s) 178.2 -43.1 113.9
Natm e w7
33 34
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Relative entropy values

In general, gases have greater entropy than liquids, because of the

ecture 12 CH131 Summer 1 2021

Relative entropy values

In general, the more electrons in the electron clouds, the more energy levels
and so the more ways (W) energy can be stored.

Copyright © 2021 Dan Dill dan@bu.edu
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Relative entropy values

Consider following in order of increasing standard molar entropy, S°, at 25°C:
H,0(g), CH30H(1), CH,Cl, (g). &

S°[CH;0H(1)] = 126.8 ]/(K mol)
~ $°[H,0(g)] = 188.8 J/(K mol)
$°[CH,Cl2(9)] = 270.2 J/(K mol)

contribution AHT""“’ to their total entropy.
35
Rank the following in order of increasing standard molar entropy, S°, at
k the foll der of dard mol.
25°C: H,0(g), CH30H(1), CH,Cl,(g) -
O (
0% 1.  S°[H,0(g)] < S°[CH;0H(1)] < S°[CH,Cl,(9)] u‘ O %b
100% 2.  S°[CH;0H(D)] < S°[H,0(9)] < S°[CHZC12(g)]>> o
0% 3.  S°[CH;0H(D)] < S°[CH,Cl,(g)] < S°[H,0(9)] H’C OH (£>
0% 4.  S°[H,0(g)] < S°[CH,Cl,(g)] < S°[CH;0H(D)] W
0% 5.  S°[CH,CL(9)] < S°[H,0(g)] < S°[CH;0H(D)] \—\
0% 6. S°[CH,Cl,(g)] < S°[CH;0H(D)] < S°[H,0(9)] -t
0% 7. None of the above \‘\ ’g\m CA)
0% 8. Notesure L’ '
424587
B 12 of 15 0
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How to get entropy change of reaction, AS°,,, ?

Using tabulations of absolute entropies, S°, we can calculate the entropy change
of any reaction:

1. Getabsolute entropies S°

2. ASorxn = z:(Soproducts) - z:(Soreactants)
AT e

—e——

BOSTON
UNIVERSITY

b(oS( 8% 3.
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gy — 2 HE)
Slg) 25T

[ 1] Which of the following is the correct expression for
ASor)m = z:(Soproclucts) - 2:(Soreactants)
Type equation here.of the reaction C(s) + %Oz (g) — CO(9)
0% 1 +AS%(C,5) +545°%(0;, g) — AS°(CO, 9)
0,5) =5 A5°(03, 9) + AS°¢(CO, 9)
+AS°¢(CO, g) -
0% 4. —AS°%(CO,g)
0% 5. +5°(C,s) +355°(0,,g) — 5°(CO, g) /
67% 6. —5°(C,5) —35°(02,9) + 5°(CO, g) 5
0% 7. +S5°(CO,9)
0% 8. —S°(CO,g)
17% 9

8% 2.

0

4724589 '

12 of 15 E

Note sure

40

Lecture 12 CH131 SummeyA 2021

/ Copyright © 2021 Dan Dill dan@bu.edv
v/
0y + $O0L —> (OQRN

AS, = SCo8)-sLs)
~45(0,3)

42

Copyright © 2021 Dan Dill dan@bu.edu

41

Lecture 12 CH131 Summer 1 2021 Copyright © 2021 Dan Dill dan@bu.edu

Entropy of reaction, AS°,
AS®ryn :E(Soproducts) — 2(S°reactants)
e —_—
Rules of thumb: /
* If more gas moles formed, AS°yylarge and positive
* If more gas moles consumed,AS® 4, large and negative

 If gas moles unchanged, AS°.y, small but positive or negative

43
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AS°. ., = X(S°products) — X(S°reactants)
27n(s) — 2 Zn0(s)

AS°rxn =2 X 43.7 — (2 x 41.6 + 205.0) = —200.8 J /K \‘
= = = —

Ang = —1, 50 AS®y, is large and negative

6/16/2021 12:06 PM
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AS°,, = X(S°products) — X(S°reactants)

N,(g) + 0,(g9) — 2 NO(g)
A7 =2 2108 — (1916 + 205.0)

Ang =0, 50 AS®xy, is small

BOSTON
UNIVERSITY
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45
An alternative criterion of spontaneity /A&;
Quantifying spontaneity, we have learned so far: IZA& Elldg{7 0‘4[? -
W—>S=k51n(W)—>AS=kBIn(%) %
ASiot = ASaur + ASys AH% > M,wa: E‘ALQW\
ASsur = % :/_ % / —ZAH:S(MB
AG LS, = 1S ped
ASpor =(—— + A5, Fotu
oo * -5t
AG = @TA/SM AS >0, AG <O
Mgﬁz + AR -T DS, 45,50 Abyee?D
47
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An alternative criterion of spontaneity

For phase transiy}ons:

AHgys
T

AStor = — + ASgys

— _ AHtransition AHtransition

T Ttransition

Copyright © 2021 Dan Dill dan@bu.edu
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An alternative criterion of spontaneity

For chemical reayt}ons:
_ AHgy
ASpor = — -t ASsys

AH,
=- ;xn + ASixn

6/16/2021 12:06 PM
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[1F] While AS;, takes into account entropy chan

e in both the surroundings
means that for chemical

27% 1. the entropy change of the surroundings is not important

and the system, the expression AS,, =
reactions, ...

/ 36% @ then entropy change of the surroundings still plays a role

9% 3. only exothermic reactions are spontaneous /
27% 4.  Further information needed ACI = @

424529

11 of 15 E
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An alternative criterion of spontaneity

While the expression

/
ASior = ASixn /
has only properties of the system, always remember that — A”T”" is the entropy
change of the surroundings.
g g -

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,,.
51
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Free energy change, AG
To emphasize that we only have to know the system quantities AH,, and
AS;+n , the free energy change of reaction is defined as
of = AGegn = A —TA
The components of AG are usually written with “rxn” (or “sys”) omitted ...
AG = AH —TAS
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.
52
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System-only spontaneity measure

AG depends only on system quantities, but it is equivalent to AS.
If AG < 0, then spontaneous (ASy, > 0) and process provides work

If AG = 0, then equilibrium (ASy,; = 0) and no work is involved

BOSTON
UNIVERSITY
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If AG > 0, then non-spontaneous (AS;,; < 0) and process requires work

Lecture 12 CH131 Summer 1 2021

Problem 7e and 8e 13.31
€t0€\ %Eﬁg} AH, 322 31 kh]::![l;oill;\lu% ;&n@-\lmhr ‘.-::é

mol e | reversibly~>778°C
ssume that the va 1p0r is an ideal gas 1m| lwgleci

. A4
agyy =~ N =l A 1= 5700 | S 7
= =\ KT ? 0. = "27201 ’

=
— _ 2.3
(10 )2 2o 8y~ G A~ ThS. )
= 2901 - sereot GBI S0

\}
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