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2.2. 2

The internal energy of a system includes:
- kinetic energy of the progressive and rotational motion of the particles
- energy of oscillatory motion of atoms in the particle
- potential energy in the mutual attraction field of the particles
- energy of electron states
- chemical energy, associated with the possibility of rearrangement of the particles
- nuclear energy

E E E Uu k p  

The total energy of a thermodynamic 

system is equal to the sum of the 

macroscopic kinetic energy, the 

macroscopic potential energy and the 

remainder called the internal energy

Internal Energy (intrinsic)

In general, it is sufficient to know the energy 
increments (changes) during thermodynamic 
transformations rather than the total energy of 
the system. The reference state for which the 
internal energy of a body is taken to be zero 
can be taken arbitrarily.
In calculations involving physical 
thermodynamic transformations, it is not 
necessary to take into account those 
components of internal energy that do not 
change during the process under 
consideration, e.g. nuclear energy and 
chemical energy.
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2.2. 4

WQU 

elel WQdU 

Principle of conservation of energy

Part 2.2. First law of thermodynamics



2.2. 5
Heat and work
Heat and work are modes of transfer, not types of energy.

If the sole cause of the flow of a certain amount of energy between a system and 

its surroundings is a temperature difference, then this energy is called energy 

transferred in the manner of heat, or heat for short . If the total effect of the flow of 

a certain amount of energy between the system and the surroundings can be 

reduced to the vertical displacement of some weight, this amount of energy is 

called energy transferred in the manner of mechanical work, or mechanical work 

for short .

Molecular interpretation of heat and work

Heat exchange

System

Environment

Work exchange
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2.2. 6

TmCQ 

𝑑𝑄(𝑇)

𝑑𝑇
= 𝐶(T)

the amount of heat exchanged when the temperature of a unit quantity 

of the system changes by one degree
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Heat capacity
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2.2. 8 Transformation heat

mLQ 

melting

crystallisation

evaporation

condensation

Sublimation

resublimation

Tpar

T

solids

liquids

gas phase
Tkrys

heating time or amount of heat supplied
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2.2. 10

Volumetric expansion work 

against external pressure

dl

A

Fz   = Pz ·A

dVPdlFW zzvolel 


,

dV=Adl


path

zvolumetric dVPW

trzeba znać funkcję p(V,T)

Graphical interpretation of the 

effects of working under pressure
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2.2. 11
1

2

V

P

isotherm
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P

V1 V2 V

Isobaric expansion

dVPW zewel 

QU 

in the case of expansion to vacuum 

P=0 => W=0

Isothermal expansion
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Reversible and irreversible process work
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Special case: isochoric process

U = Q = n CV T

0 VpW

VelV QdU ,

VV QU 

P

V

1
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2

1
0PdVWb
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2.2. 13 Types of work

Work Force 

generalised 

Path  

generalised 

Elementary 

work 

expansion pressure (P) volume (V) -PdV 

electrical 
electrtric 

force (E) 
charge 

(Q) 
-EdQ 

surface 
surface 

tension  

() 

surface area  

(A) -dA 
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elel WQdU 

Internal energy is a function of state

The amount of work done depends on the path - it is 

not a function of the state

The amount of heat exchanged depends on the path -

it is not a function of state

Part 2.2. First law of thermodynamics
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Consequences of the first principle of thermodynamics
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Expansion coefficient

Its large values imply large volume changes with temperature change under 

isobaric conditions and in the absence of chemical reactions

Examples of expansion coefficient values
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Calculation of the coefficient of expansion for a perfect gas

 
TpV
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pnRT

VT

V

V pp

T
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The higher the temperature, the smaller the effect on the volume change

What about unit and plot?

Example
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2.2. 18 Enthalpy

•- When carrying out a thermodynamic transformation under isochoric 

conditions, heat transfer is unambiguously correlated with a change in 

internal energy and temperature.

•- Solids and liquids do not change their volume in a significant number 

of transformations. Isochoric conditions are, therefore, provided by the 

nature of these systems. Even carrying out transformations on them 

under isobaric conditions, isochoricity is also fulfilled.

•- Gases no longer have this characteristic, and under isobaric conditions 

a process of compression or expansion takes place during heat transfer 

and temperature change. This means that work is done on the 

surroundings or on the system.

•-Theinternal energy changesthen do not correspond to the measured 

heat effect - it is reduced by the amount of work done. In other words, by 

supplying heat, the temperature does not rise as much as it does in an 

isochoric transformation. 

•Under isobaric conditions, it is the change in enthalpy that is the 

measure of the heat exchanged.

• Enthalpy is a function of state.

• What is the point of introducing a new thermodynamic quantity?

Part 2.2. First law of thermodynamics
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pVUH 

VdppdVdUpVddUdH  )(

VdpQdH el 

The first law of thermodynamics 

formulated based on the enthalpy

pdVQdU el 

VdppdVpdVQdH el 
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in the absence of progress of the chemical reaction:

It can be proven (see thermodynamic identities) that:
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compressibility
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Joule-Thomson 

coefficient

Conclusion:

Since this equation is valid for any 

substance and all quantities are 

measurable, the temperature dependence 

of enthalpy can be known at any 

temperature.

Temperature dependence of enthalpy

Part 2.2. First law of thermodynamics
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Isothermal compressibility coefficient

Example values ​​of the 

compressibility coefficient

This coefficient always has a positive value. 

The minus sign compensates for the fact that 

the volume decreases due to the increase in 

pressure.

Calculation of the isothermal 

compressibility coefficient for an ideal 

gas
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Joule-Thomson Effect

Device for measuring the Joule-Thomson effect. A gas 

expands through a porous thermally insulated barrier. This 

corresponds to isoenthalpic expansion:

Change in internal energy of flowing gas:

kkpppk VpVpwUU 

pppkkk VpUVpU 

pk HH 

On the lower pressure side, a lower temperature is 

observed, and the temperature difference is proportional to 

the pressure difference. The change in temperature due to 

pressure change, i.e. the Joule’-Thomson coefficient, is 

measured.

Part 2.2. First law of thermodynamics
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It is more convenient to measure the Joule-Thomson coefficient by the 

indirect method using the isothermal Joule-Thomson coefficient
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The relationship between both coefficients

Znak współczynnika  zależy od 

warunków termodynamicznych. 

The temperature corresponding to 

the boundary between the areas is 

called the inversion temperature.

To achieve a cooling effect, the 

temperature must be below the 

inversion temperature. Adiabatic 

pressure reduction causes movement 

along isoenthalpic curves.There is an 

upper and a lower inversion temperature

Part 2.2. First law of thermodynamics
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2.2. 26 Principle of operation of the Linde refrigerator

The circulating gas below the 

inversion temperature, flowing 

through the partition between the 

tanks of different pressures, is 

cooled during expansion. The 

cooled gas pre-cools the gas at 

higher pressure, which is further 

cooled as it expands. Finally, the 

gas condenses and flows to the 

bottom of the vessel.

Part 2.2. First law of thermodynamics
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 
substr

o

ii

prod

o

ii

o

substr

o

prod

o HHHHH  '

   

VPUVPUU

VPUVPUH

oo

substr

oo

ii

prod

o

ii

substr

oo

ii

prod

i

oo

ii

o













'

'

 
substr

ii

prod

ii VVV  '

since Vgaz >> Vcondensed

og

gazowe
substr

ii

gazowe
prod

ii
P

RT
VVV    '

RTUH g

oo 

How different is internal energy from enthalpy?

Relationship between Ho and Uo ...
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)(342)(2)(32 )(3 sgcorundum SOAlSOOAl 

)(RTnQQ pV 
∆n=0-3=-3

kJQV 586298314.8)3(579000 

Example

at T=298K and under pressure of 1 atm, 579 kJ was 

released. Calculate the heat of this reaction at constant 

volume.

Part 2.2. First law of thermodynamics
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Suggested resources in Atkins

Self study: what is DSC?


