3.012 Fundamentals of Materials Science Fall 2005
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Thermodynamic variables, systems, and functions

Thermodynamic Variables
+ Remember that classical thermodynamics is concemed with macroscopic properties
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o intensive and extensive variables form coupled pairs:

. INCRemeNT = )
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e e.g. pressure and volume P <-> V

s the product of one intensive variables multiplied by its coupled extensive variables is
work

The constituents of materials: components and phases
Components

e The components are the irreducible molecules, compounds, or atoms that make up a system:
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— A iniQuay TNICIRRE oA OF A MATBRIAL, SEPARATED

FROM  omieR. FokRmg OfF T MATRAL BY AN IDENTRARKS
« Phase:
1 INrRsacs

CRISTALLINE | LoNe~RANGE PRRIODIC. e
o examples: MD = 'Dle @

Stable phases of Fe'
Stable temperature range Form of matter Phase Identification
(K) symbol of phase
> 3013 Gas Gas Gas
1812-3013 Liquid Liquid Liquid
1673-1812 Solid Body-centered cubic 3
1183-1673 Solid Face-centered cubic ¥
<1183 Solid Body-centered cubic o
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o Phases may have multiple components, and different phases may have the same components (though in
different relative amounts). Phases, particularly solid phases, are often identified using Greek letters (as
seen above for Fe- the solid phases are denoted 3, vy, and «).

¢ A multiphase system is one where the components of the system exist in multiple unique forms (structure
or composition) within the system.

¢ Phases can have dimensions from macroscopic down to a few molecules:

Figure removed for copyright reasons.

See Fig. 2 in Bockstaller et al. "Size-selective Organization of Enthalpic Compatibilized Nanocrystals in Ternary
Copolymer/Particle Mixtures." J. Amer. Chem. Soc. 125 (2003): 5276-5277.

Figure removed for copyright reasons. Figure removed for copyright reasons.
See Fig. 2 in Bockstaller et al. "Size-selective Organization of See p. 198 in Mann, S. Biomineralization: Principles and Concepts in
Enthalpic Compatibilized Nanocrystals in Ternary Block Copolymer Bioinorganic Materials Chemistry. New York, NY: Oxford University Press, 2001.

[Particle Mixtures." J. Amer. Chem. Soc. 125 (2003): 5276-5277.

(Prof. Thomas' group: Bockstaller et al., (Manns) calcium carbonate crystals
J. Amer. Chem. Soc., 125 (18): 5276-5277 2003) stacked with interleaving protein
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layers

o A few other useful definitions:

o Mixture: lNHOM%ENZO()S MULEI-PuAsE. g‘[sm Whsz= THE

CoMPoumsTs A NOT MxED ON A Mol AR Leve

o Solution:
Womocrmzous SHETeM § CoMPoryanTy AR Mxe
@ N AN A MOZewal teve, .
Z B
SowtioN M-TURS.
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Thermodynamic systems

¢« Thermmodynamic systems can have boundary conditions that limit the exchange of energy or atoms/molecules
with their surroundings. Some of the types of systems one may be interested in for materials science and
engineering problems include:

System Boundary condition:

Isolated

M BVEReY OR MoxcyreS NV OF Twe SYsiY)

Closed

NO  WMomeuims  W/ouT
Adiabatic

No HeAt vjour
Open

Momch=8 or eneRe( G PAge ivgut o SYsTaN

Tuskey: 2 formQ: HENT =@ Woke = W

Boundary allows no energy or matter to pass
Boundary allows no matter to pass

SURRDUNDINGS

- 5
|SoATeD ERIE

Boundary allows no heat (or matter that can
carry heat) to pass Boundary allows matter and energy to pass

l
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¢ In closed multi-phase systems, molecules and energy can be exchanged among phases within the system:

Matter and energy can exchange among
phases within a closed system:

P i B o

h -

¢#\Closed system

(isouateD S‘fsw:m)
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Identification of processes

Types of processes

= We've stated that thermodynamics is a theory for predicting what changes will happen to a
material/system. A key part of making correct predictions is identifying what processes can happen within
the system.

) 4
o Several common processes include:

Process type Conditions

Adiabatic PRocmas LW=RE No HexT Passza Rew NDARIES
OF SHTEM

Isochoric

PRocees WiTh NO LowwMe CAWAGE

Isothermal
Procese itk N0 TeEmPERAURE CWANCE
Isobaric
PROCRSS KT CongTANT P
Isobarothermal

PRoctSS AT GOMSTANT L P

/
> CopRect peiteiento) of PRaczsg Aueaws SMFUfLertion
Examples of classifying a system and process:  OF TTHERMSDINANM I g

1. You place a thin metal film (your system) in an oven to anneal (equilibrate at elevated temperature).

Type of System: CLoST
Process: \-BOBl\gOTH'EKV\.A'\_

2. Your system is a cold glass of water, and you place it on your porch on a sunny day.

Type of System: OV 3

Process: |\ SORARI¢
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Reversible and Irreversible Processes

Reversible Processes

¢« Reversible processes are idealized processes that: aﬂgf%
D SISTEM IS AWAHS N SQUILBRUMN  SCTRCAL RISISTANCE
D uhe MO DssiPrve PROCRESRS /’ '-

(Plocsscss wises GamRerf AS BRNT o wRRasnDNGS | )

\ occur “forward” or “backward” with no change in the surroundings

o Examples:
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Irreversible processes

¢ Natural processes typically occur in only 1 direction spontaneously

ESSTNTIAUM AL REAL PROCESSES

o These are irreversible processes

Experiment Process Observation of irreversibility
Add a drop of food coloring to a . P NV
glass of water DLWUSI.O!J DR i =R
FEORMY
Expansion of a gas into a vacuum .
Cooling of a hot object placed in a .
cold room
Melting of a solid at T = Tm + 100° .

Thus irreversible processes are driven in the one allowed direction by the second law

IND LAw ! ENTRORY oF UnweRSE MUST INCREAST

ReBSAL ¢ Tusss PRtsece( wow lowel oo/,
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