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Thermodynamics






1. Where We’ve Been, and Where We’re Going



In the last several chapters, we’ve talked about systems in 
equilibrium and explored reaction rates. We have said that 
reactions are either driven towards the products or 
reactants, and that equilibrium is the position at which the 
forward rate equals the backward rate.



But what kind of chemical processes drive reactions and 
determine which side of a reaction is favored? What does 
changing energy levels have to do with all of this? What 
does it mean for a reaction to be spontaneous?



In this chapter, we will explore thermodynamics, which 
answers these questions.




































2. The Quest to Determine the Direction of Spontaneous 
Change



The First Law of Thermodynamics, also called the Law of 
Conservation of Energy, and states that a system’s internal 
energy (E) is dependent upon how much heat (q) and work 
(w) are absorbed or released: 







This law also informs us of an important reciprocal 
relationship. Any change of internal energy system comes 
at the expense of an negative external energy change. Put 
another way, the surroundings must lose energy in order for 
the system to gain energy, since energy cannot be created 
or destroyed: 













This principle only communicates that a system can gain or 
release energy to it’s surroundings.



Let’s also revisit another topic: enthalpy change (ΔΗ). 
Enthalpy changes tells us only if a reaction is endothermic 
or exothermic, that is, if a reaction requires or gives off heat. 
Depending on reaction conditions, reactions with both 
positive and negative values for enthalpy change can be 
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spontaneous.



Therefore, neither the First Law nor enthalpy change can 
determine the direction of spontaneous change of a 
reaction.
























































3. Introducing Entropy



In order to understand spontaneity, we must first 
understand the Second Law of Thermodynamics. The 
Second Law is all about entropy (S), which is usually 
defined as randomness or disorder. This law tells us that the 
entropy of the universe is always increasing, but it does not 
however, mean that the entropy of the system is always 
increasing: 









Entropy is extensive, so you will often see it as S°, or 
standard molar entropy, which defines entropy in terms of 

J/mol*K.



As temperature (T) increases (including when a substance 
changes from solid to liquid to gas), standard molar entropy 
increases.



As a substance is dissolved in water (except during 
complex ion formation and dissolved gasses), standard 
molar entropy increases.



As we move down a periodic table group, standard molar 
entropy increases.



As chemical complexity increases, standard molar entropy 
increases
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Entropy of the surroundings can be mathematically related 
to enthalpy change of the system and temperature:









At equilibrium, no further net change occurs, therefore:
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4. Standard Entropy of Reaction



Gasses have high entropy values, so the number of moles 
of gas in the reactants and the products gives us a good 
idea of the standard entropy of reaction (ΔS°):
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5. Gibb’s Free Energy



Note: This topic is incredibly important!



Gibbs Free Energy (ΔG) is determined by the enthalpy of the 
system, temperature, and entropy of the system:







The sign of ΔG informs us whether a reaction is 
spontaneous, at equilibrium, or non-spontaneous:



ΔG < 0 ... spontaneous (energy available to be released)

ΔG = 0 ... at equilibrium

ΔG > 0 ... non-spontaneous (energy must be added)
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Let’s now relate this topic to K and Q:









We will once again use our “King before Queen” mnemonic:



According to the above equation, what makes ΔG negative, 
and the reaction spontaneous? ΔG is negative when

ln (Q/K) is negative. ln (Q/K) is negative when Q < K. So...



If K > Q, the reaction will proceed spontaneously to the 
right, or non-spontaneously to the left.



According to the above equation, what makes ΔG positive, 
and the reaction non-spontaneous? ΔG is positive when

ln (Q/K) is positive. ln (Q/K) is positive when Q > K. So...



If K < Q, the reaction will proceed spontaneously to the left, 
or non-spontaneously to the right.



According to the above equation, what makes ΔG zero, and 
the reaction at equilibrium? ΔG is zero when

ln (Q/K) is zero. ln (Q/K) is zero when Q = K. So... 



If K = Q, the reaction will not proceed either direction (but 
we already knew this one!). 
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Problems:




For the following reaction

at 298k calculate

Asun and determine

if the reaction proceeds

spontaneously

Nygf3Hqg 2NH3cg
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For the following reaction

at 298 K calculate

Asun and determine

if the reaction proceeds

spontaneously

Nygf
3
Hug 2NH3cg

Assis 197 E
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111 E s 0 i happens spontaneously
at 298 K



Calculate the Asian for
the combustion of 1m01

of propane Hg at 250C

Soo
µg

269.9 moi

Soo 205.0 M

sooo 213.7 moi

Soyo 69.9 Folk



Calculate the Ss for
the combustion of 1m01

Of propane Hg at 250C

Soo
µg

269.9 moi

Soo 205.0 m k

sooo 213.7 moi

Soyo 69.9 Folk

Hsg 502cg 302cg t4Hz0cg

AS 3 213.7 4 69.9 269.9 5 69.9
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For which of the following
would the ASO value be

negative upon dissolution
in water

a NaCl is
b AtUs cs
c KBfes
d CHgOHce
e N

2cg
f A and C

g B and E

h D and E



For which of the following
would the ASO value be

negative upon dissolution
in water

a NaCl is
b Al Cl forms complexion3 CS

c KBfes
d CHgOHce
e Nzeg gas
f A and C

B and E

h D and E



Calculate the AG at 25 C

for the following reaction

KCI 03cg KCIOyes t KCles

AHO AS
KUO 397.7 143.1 I

3 s Mol Mol K

KCIOyes 432.8 Fo 151.0 m k

KCI 436.7 KI 82.6 IS mot Molik



Calculate the AG at 25 C

for the following reaction

4K403g 3k404g t Kaa
AHO AS

KUO 397.7 143.1 I
3 s Mol Mol K

KCIOyes 432.8 Eo 151.0 m k

KU 436.7 KI 82.6 IS moi Molik
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BG 4 432.8 436 7 4 397.7

219843 151.011 182.6 4 143.11
DG

n
133 KJ

Don't let the messiness of the
math mess with ye


