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Lab Procedures
* Prepare Solutions

Lab Procedures
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» Temperature
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thermal cell. T
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Lab Safety

» Laser: Do not look into beam.

» Wear gloves & glasses when preparing
& handling chemical solutions.

» Methyl cyclohexane: flammable, vapors
should not be inhaled.

Review: Ideal Solution Theory

* Helmholtz Free Energy:
—F=U-TS
— U: Interaction energies between solution
components
— S: Entropy of mixing

Review: Ideal Solution Theory

+ S: Entropy of Mixing

+ Filling N lattice sites with N, solvent
molecules & Ny solute molecules

* # states = NI/N,INg!

* AS)=k In(#states)
=-K (N4 Inxy + Ng In x,)

ASysi | KN = - X5 InX,4 - (1-X,4) IN(1-X4)

Review: Ideal Solution Theory

o ASyc / KN = - x4 Inx, -
(1-X,) In(1-x,)
* -TAS term is negative

) for all x,
. » Mixing reduces free
i/ energy!

/ .« Ideal case ONLY -

assumes no energy
associated with mixing.

* What about the real
world?




Review: Regular Solution
Model

* Interactions between A and B
* U=(#AA)E 5+ (#BB)Egs+(#AB)E o5

e U=

(ZEaa/2)Np+(ZEgg/2)Ng +k Ty ag(NANg/N)
— z = #A nearest neighbors
—xag = Exchange parameter
— Xag =(Z/KT) [Eg. (Eaa* Egp)/2]

Review: Regular Solution
Model
* AF = AU-TAS
« AF/NKT =
Kas(Xa)(1-Xa) + X4 INX, + (1-X,) IN(1-X,)
* xag Usually >0

» Competition between Entropy and
Mixing Energy terms!
— Entropy: Pro-Mixing
— Energy: (often) Anti-Mixing

Polymer Solutions
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Small Solute-Solvent System

Polymer-Solvent System

Polymer Solutions

« Different from regular solution model.
* Why?
* Polymers are BIG CHAINS

» Use Flory-Huggins Model to describe
polymer solutions




Flory-Huggins Model

* Need to take into account that polymers
are long chains of N segments

» Each segment takes 1 lattice site
* M=Nn, +ng
— M = Total # lattice sites
— Ny, Ng = # polymers, solvent molecules

Flory-Huggins Model

* Regular Solutions
ASy;y | KN = - X5 InX, - Xg INXg
— N = #molecules
* Polymer Solutions
ASyy, | KM = - @g Indg - (Dp/N ) In(dp)
— M = # lattice sites
— @ = Lattice fraction (of Solvent & Polymer)
— N = #monomer units

Flory-Huggins Model

* Regular Solution Energy
U = (ZEpa/2)NA+(zEg/2)Ng +kTxag(NaNg/N)
= %ag =(2/KT) [Epg. (Eaat Egg)/2]

» Polymer Solution Energy
U = (zEgs/2)ng+(ZEpp/2)Nnp +k Ty gp(NNgnp/M)
= Xsp = (z/KT) [Egp. (Esst Epp)/2]

Flory-Huggins Model

* Helmholtz Free Energy
AF /KT = U, /KTM - S/k

AF /KT = ngIn®g + np In®p+ (zEgo/2kT)ng
+ (ZEpp/2KT)NNp +xgp(NNgnp/M)




Fun with Free Energy Curves Fun with Free Energy Curves

(1/KT) 8F/dn = u[] * (1/KT) 82F/8n2C= (1/KT) 83F/8n30
— “chemical potential” i fy . .
— Common tangent defines 2-phase coexistance Critical Point - where separation first

curve occurs
* (1/KT) 82F/6n2= 0
— Spinodal decomposition curve edge
» >0 (“concave” curve) - phase split increases
Free Energy

» <0 (“convex” curve) - phase split decreases
Free Energy




