
Thermodynamics

• The study of the different forms of
Energy and how they are transformed
according to strict laws....

•It allows the knowledge of the energy
given up or absorbed in a
transformation as well as the
spontaneity of the same.



Principles

0. This principle explains the fact that two bodies at
different temperatures, between which heat is
exchanged, (even if this concept is not present in the
zero principle) end up reaching the same temperature.

1. Energy is not created and neither destroyed, it is
transformed into different forms

2. Spontaneous transformations of energy always go
towards forms whose dispersion (disorder -caos)
is greater

3. Nernst's theorem: “it is not possible to reach
absolute zero (0 K) in a finite number of operations
(thermodynamic transformations)”



A few definitions

• A system is a portion of real or 
imaginary matter/space, within which 
a process is observed:

• a) open, b) closed, c) insulated.
• The surroundings is made up of all the 
surrounding matter that exchanges 
matter or energy with the system.

• The Universe is the combination of 
system and environment.



Energy exchanges



Variables and Functions

• Thermodynamic variables are measurable 
properties of a system; they are extensive (V, 
m) when in a system given by the union of two 
systems, the variable is the sum of the 
corresponding original variables, otherwise the 
variables are intensive (T, p).

• Thermodynamic functions (energy values) 
define the state of a system. Many of these 
are state functions (they depend only on the 
initial and final state of the system)



Laws

• Energy can neither be created nor 
destroyed

• There are various forms of energy; 
the less noble and more dispersive 
(chaotic) ones tend to increase at 
the expense of the nobler ones



Some Formulas

• Internal Energy U includes all the energies 
contained in the matter contained within a 
system 

U = Evib+Erot+Etrasl+Eel+……

U = Q + W

• The work done by a system is given by the
force exerted on the walls * the
displacement of a movable wall



Work
W = F∙s (J = N∙m)

W = p/A; V = s∙A → W = -p∙V

Pushig against a cilinder is a positive work

for the system



Enthalpy and internal energy

W = -p∙V

at constant atmospheric pressure

U = Q + L = Qp - p∙V

Defining enthalpy as heat exchanged at constant 
pressure

H =Qp

therefore

H = U + p∙V

Enthalpy is the thermodynamic state function 
that is easily measured in the laboratory and 

then used to characterize reactions



Heat

• A less noble form of energy that can be 
detected by temperature variations 
that also depend on the matter under 
examination (by means of a quantity 
known as heat capacity)

Q = C∙T
• The SI unit of measurement is the

Joule, but the Cal is very common
1cal = 4.18 J





Temperature Scales

water melting/freezing point

water boiling/condensing point



Caos

• The second principle dictates that
universal chaos (better dispersion)
increases, numerically, the thermodynamic
variable that identifies chaos is entropy S.

Statistics S = S2 - S1 = k ln w2/w1

Thermodynamics S = QREV/T

SUN = SSIST + SAMB > 0



Entropy Representation



Spontaneity of processes
Gibbs Energy

SUN = SSIST  +  SAMB

SUN = SSIST - HSIST/T

-T SUN = HSIST – TSSIST

G  = HSIST - T SSIST < 0 

TSUN° = G° = -RTln Kc

Reazioni spontanee G < 0     (SUN > 0)

Reazioni non spontanee G > 0 (SUN < 0)

Reazioni all’equilibrio G = 0    (SUN = 0)





GIBBS

• If nature does not answer first what we 

want, it is better to take what answer we 

get. -- Josiah Willard Gibbs, Lecture XXX, 

Monday, February 5, 1900 



Exothermy and Spontaneity

• Spontaneous exothermic reactions (the 
majority)

• G<0; H<0

• Spontaneous endothermic reactions 
(rare cases)

• G<0; H>0; therefore S>>0



Exothermic-Endothermic and 
Exergonic and Endoergonic

Exothermic = indicate a reaction releasing 
heat into the surroundings (at constant p), 
decreasing the total energy of the system

Endothermic = refers to a reaction 
absorbing heat from the surroundings, 
increasing the total energy of the system

Exergonic indicates a chemical reaction 
that releases free energy making it 
spontaneous



General Scheme

Molto probabilmente spontaneo

Molto probabilmente non spontaneo



Photosynthesis

6H2O(l) + 6CO2(g) → C6H12O6(s) + 6O2(g)
 

H° = +2800kJ/mol !!!

Only plants can do this, but with difficulty: 
thanks to a protein known as chlorophyll, they 

convey the energy of photons to make this 
process take place NOT spontaneously



Enthalpy and state transitions

Enthalpy of 

Vaporization

Enthalpy of 

Melting 

(fusion)

H (Enthalpy)



Scaled graph



Hess's Law

A → B H°1

B → C H°2 

C → D H°3

_________________________________________

A → D H°TOT=H°1+H°2+H°3



Enthalpy of formation

Sostanza H°f (kJ/mol)

H2O(l) -285.83

H2O2(l) -187.8

NH3(g) -46.11

NO(g) 90.25

NO2(g) 33.2

SO2(g) -296.8

HCl(g) -92.31

HI(g) 26.5

CO2(g) -393.51



Reference
Enthalpy of Formation



H°r =  H°f (products) -  H°f (reagents)

All related to elements in the standard state



H°r =  H°c (reagents) -  H°c (products)

All related to totally oxidised elements in the 
standard state



Ionization potential

• A → A+ + e- H° sempre >0.

• Mg → Mg+ + e- PII = 738 kJ/mol

• Mg+ → Mg2+ + e- PIII = 1451 kJ/mol

• Na → Na+ + e- PII = 496 kJ/mol

• Na+ → Na2+ + e- PIII = 4562 kJ/mol



Configurazioni elettroniche 

stabili



Electron Affinity

F + e- → F-

 
H°=-328 kJ/mol  A.E.=328 kJ/mol



Energies for the addition of an 

electron



Electronegativity









General Laws to Find H°r 

according to Hess
H°r =  H°f (PRODUCTS) -  H°f (REAGENTS)

All related to items in the standard state

H°r =  H°comb (REAGENTS) - H°comb (PRODUCTS)

All related to combustion products in the standard 
state

H°r =  H°bond (REAG)- H°bond (PROD)

All related to the elements that make up reagents 
and products in the standard state



4 H2(g)+ 3C(gr)               C3H8(g) 

{8 H(g)+ 3C(g)}  

4 H2O(g)+ 3CO2(g)

Bond energy
Hbondform < 0

Combustion
Energy

Hcomb < 0

Hf
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