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Lab Safety	 Review: Ideal Solution Theory 

•	 Laser: Do not look into beam. • Helmholtz Free Energy: 
•	 Wear gloves & glasses when preparing – F=U-TS 

& handling chemical solutions. – U: Interaction energies between solution 

• Methyl cyclohexane: flammable, vapors components 

should not be inhaled. – S: Entropy of mixing 

l 

• ixi
• Filli l i i i A l

l l B l l l
• /NA B! 
• ΔS ln( ) 

(NA l A B l b) 
ΔS / xA lnxA - ( xA) ln( xA) 

l 
• ΔS / xA lnxA -

(1-xA) ln(1-xA) 
• -TΔ

for all xA 
• Mixing reduces free

energy! 
• 

assumes no energy
associated with mixing. 

• 
world? 

Review: Idea Solution Theory 

S: Entropy of M ng 
ng N att ce s tes w th N so vent 

mo ecu es & N so ute mo ecu es 
# states = N! !N

Mix =k #states
= - k nx + N n x

Mix kN = - 1- 1-

Review: Idea Solution Theory 

Mix kN = -

S term is negative 

Ideal case ONLY -

What about the real 
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l 
• i
• ( )E +( )E +( )E
• 
( /2)NA+( /2)NB+ χ (NANB/N) 

– i
– χ
– χ =( ) [E (E + EBB)/2] 

l 
• Δ Δ ΔS 
• ΔF/ = 
χ (xA)( A) + xA xA + ( xA) ( xA) 
• χ ll
• iti

Mixi
– ixi
– ) ixi

Small Solute-Solvent System Polymer-Solvent System 

• Di l l i l. 
• 
• l
• Fl i l i

l l i

Review: Regular Solution 
Mode

Interact ons between A and B 
U= #AA AA #BB BB #AB AB 

U= 
zEAA zEBB kT AB

z = #A nearest ne ghbors 
AB = Exchange parameter 

AB z/kT AB- AA

Review: Regular Solution 
Mode

F = U-T
NkT 

AB 1-x ln 1- ln 1-
AB usua y >0 

Compet on between Entropy and 
ng Energy terms! 

Entropy: Pro-M ng 
Energy: (often  Anti-M ng 

Polymer Solutions Polymer Solutions 

fferent from regu ar so ut on mode
Why? 
Po ymers are BIG CHAINS 
Use ory-Hugg ns Mode to descr be 
po ymer so ut ons 
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l 

• i l
l i

• l i i
• np s 

– l # l i
– np s l l l l

l 

• l l i
ΔS / xA lnxA - xB lnxB 

– l l
• l l i
ΔS / ΦS lnΦS - (ΦP/N ) ln(ΦP) 

– l i
– Φ ( l l ) 
– its 

Flory-Huggins Mode

Need to take nto account that po ymers 
are ong cha ns of N segments 
Each segment takes 1 att ce s te 
M = N + n

M = Tota attice s tes 
, n = # po ymers, so vent mo ecu es 

Flory-Huggins Mode

Regu ar So ut ons 
Mix kN = -

N = #mo ecu es 
Po ymer So ut ons 

Mix kM = -
M = # attice s tes 

= Lattice fraction of So vent & Po ymer
N = #monomer un

l 

• l l
 ( AA/2)NA+( /2)NB + χ (NANB/N) 

– χ =( ) [E (EAA+ E )/2] 

• l l
( SS/2)nS+( /2) P + χ ( SnP/M) 

– χ = ( ) [E (E + E )/2] 

l 

• l l
ΔF / = U / - S/k 

ΔF / = nS lnΦS + nP lnΦP+ ( / )nS 
+ ( / ) P +χ ( SnP/M) 

Flory-Huggins Mode

Regu ar So ution Energy 
U = zE zEBB kT AB

AB z/kT AB- BB

Po ymer So ution Energy 
U = zE zEPP Nn kT SP Nn

SP z/kT SP- SS PP

Flory-Huggins Mode

He mho tz Free Energy 
mix kT mix kTM 

mix kT zESS 2kT
zEPP 2kT Nn SP Nn
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Fun with Free Energy Curves	 Fun with Free Energy Curves 

•	 (1/kT) δF/δn = µ • (1/kT) δ2F/δn2 = (1/kT) δ3F/δn3 
– “chemical potential”	 – Critical Point - where separation first 
– Common tangent defines 2-phase coexistance occurs curve 

•	 (1/kT) δ2F/δn2 = 0 
– Spinodal decomposition curve edge 

•	 >0 (“concave” curve) - phase split increases 
Free Energy 

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