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Literature

• Book: Physical Chemistry; P.W. Atkins; edition 11, Oxford University Press

• All information will be available via in Brightspace and www.dullenslab.com/teaching

Aim

• To introduce the basic principles of Thermodynamics and primarily how to use and apply these
concepts in the context of (physical) chemistry, molecular life sciences and science in general.

Organisation

• Lectures

During the lectures the main contents of this Thermodynamics course will (obviously) be discussed
and explained. Please bring a notebook (and an active mindset) to the lectures so that you can
write (and think) along. Note that the lectures and the book supplement each other, and some
topics will be presented in a slighly different than in the book and vice versa.

• Tutorial Classes

Every week there will be tutorial classes, from 10:30 – 11:15, in which the tutors will answer ques-
tions and help with solving problems, which will appear online (www.dullenslab.com/teaching).
Please note these are not the problems from the problem classes. The division into the 4 tutorial
classes will be the same as in the previous quarter, please see schedule below.

Tutor Els Heijmen Martin Waals Ade Hoekstra André Steenbergen
Location Trans 00.005 HG00.071 HG00.062 Trans 00.012

• Problem Classes

The problems for the problem classes will appear online (www.dullenslab.com/teaching); an-
swers will be available online after the problem classes. There will be 5 (parallel) problem classes
for 1st year students, running from 11:30 – 13:15, please see schedule below. There will be an extra
problem class for 2nd and higher year students from 15:30 – 17:15 in LIN 6 (TA: Melanie van der
Vegt). The answers to the problems do not have to be handed in.

Location Trans 00.005 HG00.071 HG00.062 Trans 00.012 HFML0220
Tutors Els Heijmen Martin Waals Ade Hoekstra André Steenbergen Mathieu Baltussen
and TAs Janneke Huijbregts Ruth Crothers Miranda Bell-Davies Joska ter Steeg Sanne Kusters

• Examination

The evaluation will solely consist of a 3-hour written exam. An example exam (without answers)
will appear online at the end of the lectures series. Note that a list of formulae (Appendix B),
without further comments, will be provided at the exam. Graphical calculators are NOT
allowed during the exam (regular ones are).

• Video recordings

The lectures will be recorded and will be available on Brightspace (CHECK). However, please note
that this is not an adequate replacement of actually attending the lectures.
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Contents of Thermodynamics 1

Lecture synopsis

1. Introduction to Thermodynamics, Gases and the First Law of Thermodynamics

2. Heat Capacities, Enthalpy and Thermochemistry

3. The Second Law of Thermodynamics

4. Free energies: Helmholtz and Gibbs Free Energies

5. Phase Transitions, Chemical Equilibrium

6. Chemical Equilibrium (cont.) and Electrochemistry

7. Ideal Solutions, Colligative Properties and Condensation in Van der Waals Equation of State

The above topics are covered in the following section of Atkins’ Physical Chemistry (11th Edition):

Lecture Sections (11th edition, Atkins) Subject
1 1A + 1C + 2A Gases, First Law of Thermodynamics
2 2B + 2C + 2E Heat Capacities, Enthalpy, Thermochemistry
3 3A + 3B + 3C Second Law of Thermodynamics
4 3D, 3E, 5A(p.145) Free Energy: Helmholtz and Gibbs Free Energies
5 4A, 4B, 5A.1, 5A.2, 6A Phase Transitions and Chemical Equilibrium
6 6A, 6B, 6C + 6D(p.224) Chemical Equilibrium (cont.), Electrochemistry
7 5A.3, 5B, 1C(p.24-25) Ideal Solutions, Colligative properties, Condensation
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A Glossary

Microscopic On an atomic or molecular scale.

Macroscopic Seen from an helicopter view, in such a way that we can forget about microscopic processes
(averaging).

System That part of the universe in which we are interested; we only consider macroscopic systems with
many particles in thermodynamics.

Surroundings The rest of the universe we need to allow exchange of matter or energy with the system;
is also a system, but not the system.

Thermal bath A heat reservoir (usually as surroundings), from which you can extract heat or to which
you can deliver heat, without changing the temperature of the reservoir.

State variables Macroscopic quantities (p, V, T, n, · · ·) that describe the thermodynamic state of a
system. For a complete description a minimal amount of (independent) state variables is required.

Equation of state Relation between state variables that determines the possible states of the system
in thermodynamic equilibrium.

Thermodynamic equilibrium A system is in thermodynamic equilibrium if the state variables of the
system do not change spontaneously.

State function A (thermodynamic) single valued function of the (independent) state variables; The
value of a state function is independent of the way the system has reached a certain state.

Reversible process A process during which the system is in thermodynamic equilibrium at every mo-
ment; with that a reversible process is also reversible.

Irreversible process A process that is not necessarily reversible.

Isothermal process A process that proceeds at constant temperature (dT = 0 for the system).

Isobaric process A process that proceeds at constant pressure (dp = 0 for the system).

Isochoric process A process that proceeds at constant volume (dV = 0 for the system).

Adiabatic process A process that proceeds without heat exchange with the environment (dq = 0).

Isolated system No exchange between system and surroundings (dw = dq = dn = 0).

Closed system No exchange of matter between system and surroundings (dn = 0); there can be ex-
change of work (dw ̸= 0) and/or heat (dq ̸= 0).

Open system There can be exchange of matter (dn ̸= 0), work (dw ̸= 0) and/or heat (dq ̸= 0) between
system and surroundings.

Homogeneous system A system in which every (macroscopic) subsystem has the same properties.

Isotropic system A system that has the same properties in all directions, such as an homogeneous
fluid. A crystal is not isotropic.

Intensive quantity Does not change if we enlarge the system; e.g. T and p.

Extensive quantity Doubles if we make the system twice as large; e.g. V and n.
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B Formulae

pV = nRT = NkT

U =
3

2
nRT =

3

2
NkT

∆U = q + w

dw = −pextdV + dw′ and dw′
max = (dG)p,T

dqp = CPdT and dqv = CV dT

q1
q2

= −T1

T2

dS =
dqrev
T

≥ dq

T

dStot = dS + dSenv ≥ 0

dU = −pdV + TdS +
∑
i

µidni

H = U + pV

dH = V dp+ TdS +
∑
i

µidni

A = U − TS

dA = −pdV − SdT +
∑
i

µidni

G = H − TS

dG = V dp− SdT +
∑
i

µidni

∆rG =

(
∂G

∂ξ

)
p,T

= ∆rG
◦− +RT lnQ with Q =

∏
i

aνi
i

RT lnK = −∆rG
◦−

E = E◦− − RT

νF
lnQ and dw′ = Edq furthermore E = IR and p = EI

µi = µ◦−i +RT ln ai = µ◦−i +RT ln
pi

p◦−

Gp,T =
∑
i

µini

∑
j

njdµj = 0

∆T =

(
RT ∗2

∆trsH

)
xB

∆S = −nR (xA lnxA + xB lnxB)

Π = [B]RT =
nB

V
RT

S = k lnW
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