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Lab Procedures 
Methy cyc ohexane So vent
Po ystyrene So ute

MW = 2,430 
MW = 4,213 
MW = 5,193 
MW = 13,700 
MW = 29,300 
MW = 44,000 
MW = 97,400 

Concentrat on = 0001M .001M 
2 g samp es 

Determ ne trans on temperature. 

cyclohexane 

14 

• Temperature range: 60°- 5°C controlled by thermal
cell. 

• Light from laser penetrates hole in heater/chille
scatters in sample cell. 
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st rrer 

aser 

thermocoup

detector 

samp

Heater ch er Contro er 

Laser - D ode Po nter Laser, ~ 1 mW, 670 nm wave ength. 

Detector - Newport S ode, #883-SL. 

HP 3457A Mu meters w- GPIB 48 nterface, 6.5 d t reso ut on. 

VWR 375 Hot p ate- St rrer 

Thermoe ectr c Ch er Modu es, 1.5 Rated 4 A Max current, 70° 
fferent

Pent um Processor Fans 

Type K Thermocoup e. 

Newport I 16C54 Therma Process Contro er w th custom po ar power 
supp y ±20 V @2.5 A. 

uke 80TK Thermocoup e Converter Modu e: 1 mV = 1°C. 

uke Sta ess Stee Thermocoup e probe. 

Labv ew V. 7.1, C oud Po nt V. 11 wr tten by Dav d Bono. 
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cr ca

Lab Safety 

Laser: Do not ook nto beam. 
Wear g oves & g asses when prepar ng 
& hand ng chem ca so ut ons. 
Methy cyc ohexane: f ammab e, vapors 
shou d not be nha ed. 

Review: Ideal Solution Theory Review: Ideal Solution Theory 

• Helmholtz Free Energy: • S: Entropy of Mixing 
– F=U-TS • Filling N lattice sites with NA solvent 
– U: Interaction energies between solution molecules & NB solute molecules


components • # states = N!/NA!NB!

– S: Entropy of mixing • ΔSMix=k ln(#states) 

ΔS
= - k (NA lnxA + NB ln xb)


Mix / kN = - xA lnxA - (1-xA) ln(1-xA)
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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 

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 

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 

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] 

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

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
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• l l
ΔF / = U / - S/k 

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

• ( ) δF/δ µ 
– “ ” 
– Common tangent defines 2-phase 

curve 
• ( ) δ2F/δn2 

– Spinodal 
• (“ ” ) lit i

• (“ ” ) li

• (1/ ) δ2F/δn2 = (1/ ) δ3F/δn3 
– i l i

Flory-Huggins Mode

He mho tz Free Energy 
mix kT mix kTM 

mix kT zESS 2kT
zEPP 2kT Nn SP Nn

Fun with Free Energy Curves 

1/kT n = 
chemical potential

coexistance 

1/kT = 0 
decomposition curve edge 

>0 concave curve  - phase sp ncreases 
Free Energy 
<0 convex curve  - phase sp t decreases 
Free Energy 

Fun with Free Energy Curves 

kT kT
Cr tica  Po nt - where separation first 
occurs 
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