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Flory Distribution 
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Where: 
 

          =  Molecular Weight Distribution 
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Costeux, S., S. Anantawaraskul, P. M. Wood-Adams, J. B. P. Soares, Macromol. Theory Simul. 2002, 11, No. 3. 
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Molecular Weight and Long Chain Branch Distribution Model 
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Soares, JPB, A. E. Hamielec, Macromol. Theory Simul. 5, 547-572 (1996). 

 ,  frequency distribution of chain lengths
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 relates to propogation rate constant of vinyl terminated dead 
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Model Results for 0.1 Branches/1,000 Carbons 
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Determine number of insertions 

before termination 
 

NREPEAT = - ln( R )/l 
 

Determine number of ethylene 

insertions before LCB insertion 
 

XLCB = - ln( R )/m 
 

Is XLCB > NREPEAT? 

BREMAINING = BREMAINING + 1 

NREPEAT = NREPEAT - XLCB 

No 

Is BREMAINING > 0? 

BREMAINING = BREMAINING - 1 

No 

Yes 

Yes 

Sort molecule 

Simulate GPC separation by sorting 

molecules based on 

• Molecular weight 

• Hydrodynamic volume 

• Radius of gyration 

• Longest contiguous length 

START 

BREMAINING = 0 

Determine number of 

insertions before termination

NREPEAT = - ln( R )/l

Determine number of ethylene 

insertions before LCB insertion

XLCB = - ln( R )/m

Is XLCB > NREPEAT?

BREMAINING = BREMAINING + 1

NREPEAT = NREPEAT - XLCB

No

Is BREMAINING > 0?

BREMAINING = BREMAINING - 1

No

Yes

Yes

Sort molecule

l Probability of termination

m Probability of LCB insertion

R random number from 0 to 1

Simulate GPC separation by 

sorting molecules based on

•Molecular weight

• Hydrodynamic volume

• Radius of gyration

• Longest contiguous length

START

BREMAINING = 0

Monte-Carlo Fractionation 
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GPC Fractionation Process 

Does GPC sort by total chain length. . . 

. . .or longest contiguous length? 
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Model Data for GPC Fractionation 
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Effect of LCB Level on Model MWD 
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Zimm-Stockmayer Equation for Monodisperse Polymer 
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Zimm, B. H. and W. H. Stockmayer, The Journal of Polymer Physics, Vol. 17, 12, pp. 1301 – 1314 (1949).  
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Branching Equations 
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Kurata, M, M. Abe, M. Iwama, M. Matsushima, Polymer Journal, Vol. 3, No. 6 pp. 729-738 (1972). 
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Model Results for MH Plot of 0.1 Branches/1,000 Carbons 
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Linear Model Compounds – Single Site 
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Polymer!

Batch or Continuous Process 

• Activation:  create an 
olefin binding site. 

• Initiation:  the first 
monomer inserts. 

• Propagation:  
monomers insert to 
build the chain. 

» Molecular structure is 
constructed. 

• Termination:  A chain 
is released, and a new 
chain initiates. 
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Model Compounds – Polyethylene with LCB 

Continuous Process 
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Model Compounds 
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Sample Description Mn Mw Mw/Mn

Batch Reactor Sample A 24400 50900 2.09

Batch Reactor Sample B 41900 84000 2.00

Continuous Reactor Sample A 52700 105500 2.00

Continuous Reactor LCB Sample A 33700 79800 2.37

Comonomer Distribution Determination 

Molecular Weight and LCB Distribution Determination 

Sample Description Molecular Weight MWD Mole % Comonomer

Component A ~115000 2 1.3

Component B ~115000 2 0
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Triple Detector GPC 

1,2,4 Trichlorobenzene

Viscometer

Concentration

Detector

Injector

Computer

Columns

Solvent 

Delivery 

System

LALLS
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GPC Analysis of Single Site Polymer MWD 
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* L. H. Tung, J. C. Moore, G. W. Knight, J. Appl. Polym. Sci. Vol. 10, 1261 (1966) 
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Flory Distribution Versus Measured Distribution 
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BB Modified Flory Distribution Versus Batch Reactor Sample #2 
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Batch Reactor Sample B – Model Versus Real Data 
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Flory Versus Batch for 1st Order and 5th Order Fit 
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Continuous Process Linear Versus Model 
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Continuous LCB Sample A Versus Model Results 
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Mark-Houwink Plot Linear versus Model Versus LCB Sample A 
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Solvent 

Linear 

Minimally Branched  

Highly Branched 

Non-crystallizable chains 

Dynamic Crystallization 

On Column 

Crystallization Elution Fractionation (CEF) 

Detectors 

Advantages of CEF: 

• Fast – 45 minutes 

• Very reproducible 

• Commercially available 

instrument 
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Solvent 

Linear 

Minimally Branched  

Highly Branched 

Amorphous chains 

Interaction with  

column 

High Temperature Liquid Chromatography (HT-LC) 

Detectors 

Advantages of HT-LC: 

• No Co-Crystallization Effects 

• Fractionates amorphous 

polyolefins 
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 Composition accuracy with TGIC will improve the ability to verify product 

design and develop structure –property relationship. 

Blend: 1.3:0 = 50:50 

Meas.: 1.3:0 = 66:34 
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Conclusions 

• Batch reactor samples with minor adjustments for Band 
Broadening generally match GPC molecular weight distribution 
results. 

• The use of model compounds can be a very sensitive way to tell 
how well your GPC is functioning. 

• Model results for LCB Sample A match best with molecular weight 
fractionation model. 

• The use of the Zimm-Stockmayer model works well in predicting 
the Mark-Houwink relationship for Continuous LCB Sample A. 

• The HT-LC method offers the potential to finally be able to supply 
correct comonomer distributions which can greatly improve our 
ability to model comonomer distributions. 
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