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Lecture 11 CH131 Summer 1 : o
Thursday, June 11, 2020 Standard enthalpy of formation, AH°, of X

* Standard enthalpy of formation of X, AiH°(X) Form ;me mgle fo o .
... from the elements it contains, ...

* Example thermochemistry problems.
... each in their standard state.

Begin ch13: Spontaneous Processes

* The essence of change: Blind chance and dumb luck 2<%
+ Arrangements (particles) — entropy The standard state of an element is its most stable form.

* Heat (energy) flow — entropy change H 0
. =A
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AH° of glucose, CgH{,04(S) AH° of glucose, CzH{,04(S)

The standard enthalpy of formation of glucose is defined as the enthalpy
change when one mole of sugaf is formed from its elements, each in their
standard states.

Form one mole of glucose ...
— CgH1204(s)

... from the elements it contains, ...
C,H,and O

... each in their standard state,
C(s), Hy(9), and 0,(g)
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AH° of glucose, CgH,,04(S) AH° of water, H,O(/)
Task: Write down the balanced chemical equation whose enthalpy change is U Task: Write down the balanced chemical equation whose enthalpy change is
the standard enthalpy of formation of sugar, C4H;,0.(s) the standard enthalpy of formation of water, H,0(l)
The enthalpy change of the chemical reaction The enthalpy change of the chemical reaction 8

6 C(s) + 6 Hy(g) + 3 0,(g) = CeH1,04(s) H,(g) + %Oz(g) - H,0(0) z = AH’F
is the standard enthalpy of formation of sugar.

is the standard enthalpy of formation of water.
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AH° of steam, H,0(g) AH° of water and steam
Task: Write down the balanced chemical equation whose enthalpy change is Is the standard enthalpy of formation of water the same as that of steam?

the standard enthalpy of formation of steam, H,0(g). ke it el i ges o e charmiel renstls

The enthalpy change of the chemical reaction 1 —
By H(0) +10,0) > 100 T A,

1
Hy(9) +3 0,(9) > H,0(9) Hy(g) +20,(9) > HZ AU,

is the standard enthalpy of formation of steam.

are different, since ...
H,0(l) - H,0(g) requires energy. AH’Z/AHt
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Heat of combustion
Example thermochemistry problems Calculate Aﬁ[° for the combustion of methane, CH,(g).
M Wik chamucal :
ah@+(2Z 008 0, 08) +2 D) |
© [ AH- ARG.Q)+z A0 ~ AW, G2

I, (0, 2\=~37%.5(
ro0—>09,8) Ao

& C#pl é):'_ 2*62@.93
65+ 0,00 —ZhI) 2

%f&\ “opaStHl A Oh,3)= — -0}
A Y= (-3f3.51 ~2475E3 481 /Q%uae
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Heat of combustion Problem 7e & 8e: 12.39

alculate AH° for the combustion of g ose C6H1206 > 3 /‘, é{-‘—ﬂ&s , 39. Cnl-cl‘llate the standard enthalpy change AH® at 25°C for the
c = % ) ) reaction
@ C@ }1['206 &3 yE @ 4 cq%) %} A%W NH.(€) 2 NOy(g) + 2 H,0(f)
ES
z o+ F

o using the standard enthalpies of formation (AH{) of reac-
¢ tants and products at 25°C from Appendix D.

@ A = G (a {>+Q L 4ZQA_,AL/;8((Z(/‘ZOG(£> M= 2 Al{{’ (0.8 +ZA#{'(#%4—AM‘C(M;H‘:Z;'

O
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Problem 7e & 8e: 12.43 AT(%> =ATCK)
487
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43. The dissolution of calcium chloride in water

@ Ca®*(ag) + 2 CI™(aq)
S
is used i W it hot packs. Trgiese packs, an inner pouch
containingthe ckermmifowing the salt to dissolve in
the surrounding water.
{ (a) Calculate the standard enthalpy change AH® for this

reaction, using data from Appendix®s

g 0 0 g CaCl, is dissolved

Lc’aL

og}&d*ﬁ'g‘

M’(«Aﬁ' ‘<O

Ssuming it to

capacm close to thaf off 100 g plure water (418 K

+562 CZ
N

ZP>O ma A—]’

P = 100&-

a = %3 [ri008 —7’ 55.2&
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[TF] The enthalpy diagram shows changes associated with the reaction

Na,(g) + Br,(g) = 2 NaBr(g).
The uppermost line corresponds to the species ...

33% 1. 2Na(s) + Br,(D)
33% 2. 2Na(g) + 2 Br(g)
33% 3. Nay(g) + Br,(g)
\ i
AH
+2AH(NaBr, g)

Response
Counter

Y  2NaBrig)
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Problem 7e & 8e: 12.47 8V=¢,= 2531 €1 o

COZQ +‘+H’ Da) 47. A sample szre solid naphthalene (CyHs) Wexghmg
(= 0.6410 g is burned completely with oxygen to and
H, OLfJ in a constant-volume calorimeter ahe
agrBunt of heat evolved is observed to be 25.79 ¥+
a) Write and balance the chemical equation for the com-
bustion reaction.

(b) Calculate the standard change in internal energy (AU®)
for the combustion om‘%mﬁm‘g CO,(g)
and H;O(f).

(c) Calculate the standard enthalpy change (AH®) for the
same reaction as in parf (D).

(d) Calculate the standard enrhalpy\oh‘ormation per mole
of naphthalene, using data for the standard enthalpies

of formation of CO,(g) and HyO({) from Appendix D.

A

—(-4162 b:()

|
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Chapter 13: Spontaneous Processes

29
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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?

\\_\!de Ld
f
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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

BOSTON
UNIVERSITY
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30
A gas fills its container
32
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A gas fills its container
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A gas fills its container

BOSTON
UNIVERSITY
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A gas fills its container

N

Gas all on left of container
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A gas fills its container

BOSTON
UNIVERSITY
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A gas fills its container
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Gas evenly distributed throughout container

234116 =220
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Pressure in a gas is uniform

P proportional to n/V (“lattice gas”)
P higher on the right

BOSTON
UNIVERSITY
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Gases mix evenly
permeable barrier
N
One gas on [eff, another on right
40
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Pressure in a gas is uniform

e T —— —

moveable barrier

., [ee e &
Z el ee o8 2

P proportional to n/V (“lattice gas”)
P the same on the left and right

BOSTON
UNIVERSITY
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Gases mix evenly

permeable barrier

Equal amounts throughout

BOSTON
UNIVERSITY
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The essence of spontaneous change

The essential similarity in all of these behaviors...

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

an ink drop spontaneously disperses throughout water;

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

42
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The essence of spontaneous change
Spontaneous change always results in the possible arrangements (W) 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 .
W;
L 6T, D
e T Te w=%2
\
44
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The essence of spontaneous change

The essential similarity in all of these behaviors...

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

wW; - Wf = Wax
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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 (W) of particles
thatis as large as it can be:

45
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Arrangements — entropy S=kg li(W) g;
S = kgIn(W) Why natural log?

kg= 1\%\ =14x10"2]J/K So that doubling the size of the system double the value of the spontaneity

measure: B

W—>W><W=W2” EA&A%’&E#«S h
S~ keIn(W?) = 2k (W) = 25,50 . T plycryy TP
— = §

Boltzmann'’s definition in terms of natural log makes S extensive ...

S scales with size of system

BOSTON BOSTON
UNIVERSITY UNIVERSITY
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The essence of spontaneous change [TP] What is the value er =1-W; =847
Gas particles spontaneously spread uniformly thought their container, so 0% 1. 1 5 = k gﬂ (WB
that pressure is everywhere the same: 81% 2 %
Wi =1 6% 3. 83 AS= M\NB
! ! ) 13% 4. (84) -k 1;,(‘1\)(,) —E
0% 5. Something else
_(6+3)! g
COTTO 8 w=&2og /@(\,) B//&GAQ
W ® = AL (2 X
w6« (N
108 520
16 of 20 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:
A spmomecns Fo@s;cs hare

W =1

i l OMIMUJQSOW _f
[OITTRT® W =<2 s Giew A&Jl B

613!
AS = S - S—kBln( ) ksln (%) = kgt > 0 adedce W~ o

W.
AG >0 {fo. spotmens
‘piﬁwﬁ

BOSTON
UNIVERSITY
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36% 2. No
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] Boltzmann'’s definition of entropy is proportional to the natural logarithm

of the number of arrangements, S~In(W). Could Boltzmann'’s definition of

ustaswell be defined in terms of base-10 logarithm, S~ log(W)?
G (W7 = 240
g (W) =2 g

LulW\ = 7303 08K

AL
6 = 305‘(6 6&(‘6\1)

7% 3. Notsure

19:45v40)]

14 of 20 E
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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 =kgln(W) = kp2.303 log(W)

[DVCUNSN

52
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Heat (energy) flow — entropy change

Adding energy increases the units of energy in the system.
More units of energy mean more arrangements of energy (W,)
This means that adding energy increases entropy, S = kgln(W;).

Does the entropy increase depend on how much energy is initially present?

53
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addingT0 ] to 1 molat 300 K
compare with AS; for
adding 10 ] to 1 mol at 600 K?

19% 1. AS; <AS,
38% 2. A
44%

A5 W )

)\

Dnwrsiry 16 of 20

AS—=-AS,

[ ]Howdoeor / @()(Mg P Mﬁmﬁ
aplugiod
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Heat (energy) flow — entropy change

AS is larger the less energy already present

54
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