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- Equilibrium

CHAPTER 1 Introductory Thermondynamics

Contents for today’s class

- Thermodynamic system

- Gibbs and Helmholtz free energies

- Four laws in thermodynamics
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;; the investigation of energy transformations
that accompany physical and chemical changes in matter

;; use to evaluate the flow and interchanges of matter and energy

Thermodynamics
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* Isolated system : physical system that does not interact with its surroundings.

It obeys a number of conservation laws its total energy and mass stay constant. 

They cannot enter or exit, but can only move around inside. 

* Closed system : Can interchange energy and mechanical work with other outside systems   

but not matter. Ex. mass conservation

* Open system : Can be influenced by events outside of the actual or conceptual boundaries. 

Thermodynamic system

System (계)

Environment (환경) or

Reservoir (열원)

에너지 (열, 일), 물질, 엔트로피
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Isolated system (고립계) : 환경과 열, 물질, 일 모두 교환하지 않는 계이다. 

이 말은 수학적으로 TdS = 0,dN = 0,pdV = 0를 의미하며, 따라서 dE = 0를 의미한다.

Thermodynamic system
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Closed system (닫힌계) : 

환경과 에너지(열과 일)는 교환하지만 물질은

교환하지 않는 계를 말한다. 

• 단열 경계(adiabatic boundary) : 

열교환이 일어나지 않는다, TdS = 0 

• 단단한 경계(rigid boundary) : 

일(work) 교환이 일어나지 않는다, pdV = 0 

Thermodynamic system
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Open system (열린계) : 에너지(열과 일), 물질 모두 환경과 교환하는 계이다. 

이런 경계는 투과성 있는(permeable) 경계라 한다.

Thermodynamic system
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Equilibrium
Mechanical equilibriumMechanical equilibrium

: : total potential energy of the system is a minimum.total potential energy of the system is a minimum.

Thermal equilibriumThermal equilibrium

: absence of temperature gradients in the system: absence of temperature gradients in the system

Chemical equilibriumChemical equilibrium

: no further reaction occurs between the reacting substances: no further reaction occurs between the reacting substances
i.e. the forward and reverse rates of reaction are equal.i.e. the forward and reverse rates of reaction are equal.

Thermodynamic equilibriumThermodynamic equilibrium

: the system is under mechanical, thermal and chemical equilibri: the system is under mechanical, thermal and chemical equilibriumum

Chapter 1.1
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0=dG

2 1 0G G GΔ = − <

Equilibrium The properties of the system-pressure, temperature, volume
and concentrations-do not change with time.

No desire to change ad infinitum

Lowest possible value of Gibb’s Free Energy 

Phase Transformation

metastablemetastable

unstableunstable

stablestable

Activation EActivation E
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When no useful work is being extracted from the sub-system,

The energy X reaching a minimum at equilibrium, when dX=0.

If no chemical species can enter or leave the sub-system, then  ∑ μiR Ni can be ignored.

If furthermore the temperature of the sub-system is such that T is always equal to TR, 

then 

If the volume V is constrained to be constant, then

where F is the thermodynamic potential called Helmholtz free energy, F=E−TS. 

Under constant volume conditions therefore, dF < 0 if a process is to go forward; 

and dF=0 is the condition for equilibrium.

0≤dX

constVPTSEX R ++−=

'' constAconstTSEX +=+−=

Gibbs and Helmholtz free energies

Helmholtz free energy : F=E−TS.

Useful when V is constrained during thermodynamic process.
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If the sub-system pressure P is constrained to be equal to the external reservoir pressure PR, 

,where G is the Gibbs free energy, G=E−TS+PV. Therefore under constant pressure

conditions, if dG ≤ 0, then the process can occur spontaneously, because the change in 

system energy exceeds the energy lost to entropy. dG=0 is the condition for equilibrium.

This is also commonly written in terms of enthalpy, where H=E+PV.   G=H-TS

constGconstPVTSEX +=++−=

Gibbs free energy : G=E +PV-TS=H-TS

Useful when P is constrained during thermodynamic process.

Gibbs and Helmholtz free energies
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Properties of a system

Ex) V, E, H, S, G 등

Ex) T, P
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Process & Cycle
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- Zeroth law : 열역학적 평형

- 만약 계 A와 계 B를 접촉하여 열역학적 평형상태를 이루고 있고 계 B와 계 C를 접촉하여

열역학적 평형상태를 이루고 있다면, 계 A와 계 C를 접촉하여도 열역학적 평형을 이룬다.

- 열역학적 평형은 열적 평형(열교환과 온도와 관계)과 역학적 평형(일교환과 압력 같은 일

반화된 힘과 관계)과 화학적 평형(물질교환과 화학퍼텐셜과 관계)을 포함한다

- First law: : 에너지 보존 법칙

- Second law : 엔트로피

The four laws in thermodynamics

- Third law of thermodynamics : 절대 0 도

The change in the internal energy of a closed thermodynamic systThe change in the internal energy of a closed thermodynamic system is equal to the sum em is equal to the sum 
of the amount of heat energy supplied to the system and the workof the amount of heat energy supplied to the system and the work done on the system.done on the system.

The total entropy of any isolated thermodynamic system tends to increase 
over time, approaching a maximum value. 

 qS
T

=

The entropy of all system and of all states of a system is zero at absolute zero or

It is impossible to reach the absolute zero of temperature by any finite number of processes.

( ) i idE Q w d Nδ δ μ= − + ∑
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Equality of Temperature (Scales)
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;; but it can be transformed from one into another.

;; The total amount of energy in the universe is constant 
for any physical and chemical change.
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dVPQWQdE ⋅−=−= δδδ

Internal energy E of a system

: sum of the kinetic and potential energies of all parts of the system.

Chapter 1.2

: Change in the internal energy is equal to the amount added by 

heating minus the amount lost by doing work on the environment. 
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When V is constant

VVV T
E

T
QC )()(

∂
∂

=
∂
∂

= dTCE
T
EC

VVV ∫=∂
∂

= or        )(

실험적으로 V 를 일정하게 하는 것 (Cv)이 어렵기 때문에 V 보다 P를 일정하게
유지하는 것 (Cp)이 편함 pressure ex)1 atm,

When pressure is const.
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Chapter 1.3 HEAT CONTENT OR ENTHALPY



20

CP ; 온도에 따라 변함 (온도의 함수)

2−++= CTbTaCP

(경험식 above room temp)

Molecules have internal structure because they are composed of atoms 

that have different ways of moving within molecules. Kinetic energy 

stored in these internal degrees of freedom contributes to a substance’s 

specific heat capacity and not to its temperature.
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Table of specific heat capacities

Substance Phase Cp
J / g·K

Cp
J / mol·K

Cv
J / mol·K

Volumetric
heat capacity

J / cm3·K

Aluminium Solid 0.897 24.2 2.422

Copper solid 0.385 24.47 3.45

Diamond solid 0.5091 6.115 1.782

Gold solid 0.1291 25.42 2.492

Graphite solid 0.710 8.53 1.534

Iron solid 0.450 25.1 3.537

Lithium solid 3.58 24.8 1.912

Magnesium solid 1.02 24.9 1.773

Silver solid 0.233 24.9

Water liquid (25 °C) 4.1813 75.327 74.53 4.184

Zinc solid 0.387 25.2

All measurements are at 25 °C unless otherwise noted.
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The The secondsecond law of thermodynamicslaw of thermodynamics
;; The disorder of the universe always increase
;; all chemical and physical processes occur spontaneously 
only when disorder is increased.

 qS
T

=
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Thus, two statements
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(1) All energy received as heat by a heat engine cycle cannot be  
converted into work (This means that no cycle can have a 
thermal efficiency of 100%)

(2) The transformation of heat to work is dependent of a 
temperature difference and on the flow of heat from a high 
temperature reservoir to a low temparature reservoir to a low 
temperature reservoir. (In other word heat must flow from hot 
to cold)

(3) It is impossible to construct an engine that, operating in a 
cycle, will produce no effect other than the transfer of heat from 
a low temperature reservoir to a hight temperature reservoir.
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Ex) A+B C+D
; toward an equil. state

Spontaneous >> increase in entropy

; degree of irreversibility
평형에 가까울수록 줄어든다
degradation

Ex) mixing of gases

- 2nd law ; Entropy (S) ; irreversibility, disorder

What is reversible process?
Continuous maintenance of equil. state
무한히 느리다
Degree of irrevesibility가 최소 (≈0)
Imaginary process

- In an isolated system, a process can occur only if it increases the 
total entropy of the system. If a system is at equilibrium, by definition 
no spontaneous processes occur, and therefore the system is at 
maximum entropy. 

- Heat cannot spontaneously flow from a material at lower 
temperature to a material at higher temperature. 

- It is impossible to convert heat completely into work.

Enropy      :              qS
T

=
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Entropy is an extensive quantity.

Entropy is 
1) a thermodynamic variable of the system.

2) a measure of the number of ways of arranging    
the atoms or molecules composing the system

The atomistic approach leads to identical conclusions and it has the 
great advantage of being comprehensible in terms the metallurgist 
can appreciate.

Chapter 1.4 ENTROPY

wkS ln= w : degree of randomness, k: Boltzman constant

thermal; vibration ( no volume change )
Configuration; atom 의 배열 방법 수 ( distinguishable )

Entropy can be computed from randomness by Boltzmann equation, 
i.e.,

= +th configS S S
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Thermodynamic definitionChapter 1.4 ENTROPY

엔트로피 생성 (disorder 증가)

Reversible

Irreversible

Non-isolated systems Isolated systems

T
QdS δ

= 0==
T
QdS δ

T
QdS δ

> 0>>
T
QdS δ

Where dS is
the entropy 
change of
the system
only.
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Number of distinguishable way 
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Atomistic conceptChapter 1.4 ENTROPY
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Excess mixing Entropy
If there is no volume change or heat change (Sconfig),

Atomistic conceptChapter 1.4 ENTROPY

)lnln( BBAA
mix XXXXRS +−=Δ
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• In brief, this postulates that entropy is temperature 
dependent and leads to the formulation of the idea 
of absolute zero. 


