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[T7] The enthalpy diagram shows changes associated with the reaction LeCtU re 17 CH 1 31 Fa” 2020
Na,(g) + Br,(g) = 2 NaBr(g). Tuesday, November 17, 2020
The uppermost horizontal line corresponds to the species ...
« Standard enthalpy of formation, AH®¢

e Using AH®s to compute AH .y,

Begin ch13: Spontaneous Processes
* The essence of change: Blind chance and dumb luck

{| AHrxn » Arrangements (particles) — entropy

38% 2. 2Na(g)+2Br(g)
38% 3. Na,(g) + Bry(g)
6% 4. something else

k\ 18% 1. 2 Na(s) + Bry()

Next lecture: Heat (energy) flow — entropy change; Spontaneity of

phase transitions; Absolute entropy (5°); Relative entropy values;
+2AH¢[NaBr, g] Entropy change of reaction (AS°.y,); Free energy change, AG; Effect of
2 NaBr(g) temperature on spontaneity
t#zz
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Standard enthalpy of formation, AH®¢ Standard enthalpy of formation, AH®¢
Using Hess’s law, we can calculate enthalpy change of a reaction in terms of A formation reaction of d defined as the balanced chemical
enthalpy changes of other reactions. equation having as the singteprodtict one mole of X, and as reactants the
{ A—B AH,= +85 K] elements that X contains, each element in it sta%dard state.
{ e
C—B AH,=-52 K] Form one mole of X ... © A‘u'
g A—C AH; = AH; — AH,= +85 k] - (=52 kJ) = +137 kJ from the elemengs it contains, ... Ak £ [‘f) 2] =0 u
— — each in their standard state.
To use this method systematically, formation reactions are defined. s X
(s)
{CLod + éHL(BB +302($> s céH\z Oé
)
AH ‘é [C@uwoé tsl
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Standard enthalpy of formation, AH®¢

A formation reaction of substance X is defined as the balanced chemical
equation having as the single product one mole of X, and as reactants the
elements that X contains, each element in it standard state.

The standard state of an element is its most stable form at SATP
(1 bar and 25°C)

For solutes, their concentration is 1 M.
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Standard states at SATP (1 bar, 25°C)

Bromine?
7 Bry()
Mercury?
Hg()
Sodium sulfate?
Na,S0,(s)

Ethanol?
CH5CH,0H(0)

Hydrated chloride ions in aqueous sodium chloride solution?
1 MCl™(aq)
=
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What is the standard state at 25°C?
In tables of enthalpies of formation, such as http://goo.gl/aljmi, ...

Dinitrogen pentoxide Gas N,Os 1.3

q&&" O(&S Oxyger = /Z‘('al
z O[&S'* lOb‘L I 10:: oLrw}l oxygen Gas ) @

cygen 3:
3% z @[Q )zone Gas (o 43

Phosphorus
White phosphorus Solid Py 0

thesmrjo(> 212 (& AHM]M o, S‘l e

= 08> O o> M = ARy
S0my» 306 A=~ 031 el
$ AHM’ AH_GEO;{.("'f’A
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o
AH® of sugar, CgH4,04(s)
The standard enthalpy of formation of sugaris defined as ...
the enthalpy change when one mole of sugar is formed ...

from its elements, each in their standard states.

= DC‘—)S
L Covk b 309 — CU O My =DHE-

13




Lecture 17 CH131 Fall 2020 11/17/2020 10:06 AM

Lecture 17 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu ecture 17 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu
o o
AH® of sugar, CgH,,04(s) AH® of sugar, CgH,,04(s)
Form one mole of sugar ... Task: Write down the balanced chemical equation whose enthalpy change is
—> CgHy,04(s) the standard enthalpy of formation of sugar, C4H;,04(s)
from the elements it contains, ... The enthalpy change, AH,y,, of the chemical reaction
C.H,and 0 6 C(s) + 6 Hz(9) + 3 02(9) = CsHi206(5)
el 1S T T SIS o is the standard enthalpy of formation of sugar, AH°¢[C4H;,04, s].
C(s), Hz(g), and 02(9)
o
onacks ny = Al L]
14 15
Lecture 17 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu Lecture 17 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu
[TF] The enthalpy diagram shows changes associated with the reaction ; o o
Nay(9) + Br,(g) = 2 NaBr(g). Using AH®¢ to compute AH® 4y,
The uppermost horizontal line corresp, o ot eipecu;s(... B 4 NH,(g) + 5 0,(g) = 4 NO(g) + 6 H,0(g)
20% 1. 2Na(s) + Bry()) / o 2Ne + B 8)
58% 2. 2 Na(g) + 2 Br(g) L0+ B, () [ -T&Z_/_‘
16% 3. Na,(g) + Bry(g)
6% A
INeGS+ B ) |
Ne o> + B, @)~z Rela)+ ZR Q)
Eugolfomis +2AH¢[NaBr, g]
2 NaBi(g)
B 161 of 191 0
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Using AH®; to compute AH® .y,

/i(z g)+6H5(g9) AH, =
5.07(9) _ AHy=
207(9) + 289) «€AINO(D)  AH, =

6 Hs(9) + 30,(g9) ¥ 6 H,0(7 AH, =

+ 4AH%¢[NO, g]
+ 6AH°¢[H,0, g]
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Using AH®; to compute AH® .,
4 NH;(g) # 5 0,(g)~> 4 NO(g) + 6 H,0(9)

4 NH;(9) = 2N,(g) + 6 Hy(g) | AHy = — 4AH%[NH;, g]
502(9) = 5 0,(9) AH; =0

20,(g) + 2 Ny(g) > 4NO(g) | AH3 =+ 4AH°[NO, g]

6 Hy(g) +3 0,(9) > 6 H,0(9) | AH, =+ 6AH%[H,0, g]

Hess’s law:
AH®.y, =AH+ AH, + AH, + AH,
=\+ 4AH°¢[NO, g] + 6AH"¢[H,0, g — 4AH°¢[NH3;, g]
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Using AH®; to compute AH® .,
The key feature of standard enthalpies of formation is that,
the enthalpy change of any reaction, AH®,, , can be computed using them,
as ...
AH® .y, = Sum[AH¢(products)] - Sum[AH °¢(reactants)]
20
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The essence of spontaneous change

Why does a drop of ink in water disperse?

Why do salt water and fresh water mix?

Copyright © 2020 Dan Dill dan@bu.edu
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The essence of spontaneous change

“things happen simply because they can happen
and because they are statistically
most likely to happen.”

Michael Munowitz, "Principles of Chemistry," W. W. Norton, 2000
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A gas fills its container
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A gas fills its container
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A gas fills its container
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A gas fills its container

(O [[ e e

Gas evenly distributed throughout container

Copyright © 2020 Dan Dill dan@bu.edu
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A gas fills its container

0@ [[[TT]

Gas all on left of container
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Pressure in a gas is uniform

moveable barrier

\

BE\\:‘P‘?’ X
NOEO0

P proportional to n/V (“lattice gas”)
P higher on the right
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Pressure in a gas is uniform Gases mix evenly
moveable barrier permeable barrier
l AN
oo oo I
P proportional to n/V (“lattice gas”) One gas on left, another on right

P the same on the left and right

BOSTON
UNIVERSITY
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Gases mix evenly The essence of spontaneous change

The essential similarity in all these behaviors...

gas particles spontaneously spread uniformly thought their container, so
that pressure is everywhere the same;

permeable barrier an ink drop spontaneously disperses throughout water;

gases spontaneously mix uniformly, so that their partial pressures are
everywhere the same;

Equal amounts throughout

62 63
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The essence of spontaneous change

The essential similarity in all these behaviors...

is that all spontaneous change results in the possible arrangements (W) of
particles that is as large as it can be:

w; - Wf = Whnax

64
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The essence of spontaneous change

“things happen simply because they can happen
and because they are statistically
most likely to happen.”

Michael Munowitz, "Principles of Chemistry," W. W. Norton, 2000

All spontaneous change results in the possible arrangements () of particles
that is as large as it can be:

W; - Wf = Whax
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The essence of spontaneous change
Spontaneous change always results in the possible arrangements (/) of
particles that is as large as it can be.

For example,

gas particles spontaneously spread uniformly thought their container, so
that pressure is everywhere the same .

@@jjjjjjj W =1
o

66

Copyright © 2020 Dan Dill dan@bu.edu

65
Lecture 17 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu
Arrangements — entropy
$ = kg In(W) 5= log
SR —23
hy =3 -=14x 1072 /K
LVDWIG
BOLTZMANN
1844 1906
67
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S = kg In(W)
Why natural log?

So that doubling the size of the system double the value of the spontaneity
measure:

W — WxW =Ww?
S - kgIn(W?) = 2kgIn(W) = 28, s0 ...
Boltzmann'’s definition in terms of natural log makes S extensive ...

S scales with size of system

Copyright © 2020 Dan Dill dan@bu.edu
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The essence of spontaneous change
Gas particles spontaneously spread uniformly thought their container, so
that pressure is everywhere the same:
W;=1
[T 118 w=52_g

6!3!

68
[TF] What is the value of i—sforWi =1-> Wy =847
B
1% 1. 1
67% 2. 44
17% 3. 83
11% 4. 84
4% 5. Something else
153 of 191 0
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The essence of spontaneous change
Gas particles spontaneously spread uniformly thought their container, so
that pressure is everywhere the same:
Wi =1
_(6+3)!
[OITTOI T w, =& gy
AS = Sp- 5= kBln(%) = kyIn (%) = kp4.4 > 0
71
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S = kg In(W)

The extensive property of entropy is true for any logarithm base.

For example, if base-10 logarithm were used, the only change needed would be
the numerical value of the proportionality constant.

S = kg In(W) = kp2.303 log(W)
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