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Surface Tension of Polymer Melts

Motivation

❖ Coatings and Adhesives

❖ 𝑊 = 𝛾𝐿𝑉 1 + cos 𝜃

❖Miscibility of blends
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Dependence of surface properties on 

physical chain architecture



Molecular Dynamics Simulations
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0, 𝑟 > 𝑟𝑐𝑢𝑡

LJ Interaction Potential
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FENE Bond Potential eLL 1.5 𝑘𝐵𝑇

eGG 1.0 𝑘𝐵𝑇

eGL 𝜀𝐿𝐿𝜀𝐺𝐺 3
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Diagram of States

Φ ≡
Volume of side chain monomers

Pervaded volume of side chain𝑠

Φ < 1 Φ ≈ 1 Φ > 1

Φ =

𝑣 Τ𝑛𝑠𝑐 𝑛𝑔 + 1

𝑙𝑏 Τ3 2𝑛𝑠𝑐
Τ1 2

, 𝑛𝑠𝑐 ≥ 𝑏/𝑙

𝑣 Τ𝑛𝑠𝑐 𝑛𝑔 + 1

𝑙3𝑛𝑠𝑐
2 , 𝑛𝑠𝑐 < 𝑏/𝑙

Comb

Bottlebrush

𝑏/𝑙
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Density of Chain Ends 
and Grafting Points

Comb Bottlebrush

Linear Chain

Interface

Vacuum

Interface

Linear Chain

Interface

Vacuum

Interface
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Surface Tension

𝛾𝑖 = න

𝜉1

𝜉2

𝑃𝑧𝑧 −
1

2
𝑃𝑥𝑥 + 𝑃𝑦𝑦 ⅆ𝑥
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Surface Tension

Linear Chain Interface Vacuum Interface



Surface Tension

𝑓𝑏𝑒 = 2/𝑁

𝑓𝑠𝑒 = ൞
𝑓𝑔𝑟 =

𝑛𝑔𝑟

𝑁
, 𝑛𝑔 ≥ 1

2𝑓𝑔𝑟 =
𝑛𝑔𝑟

𝑁
, 𝑛𝑔 = 0.5

𝛾𝐺𝑉 = 𝛾∞ − 𝛾𝑏𝑒𝑓𝑏𝑒 − Δ𝛾𝑓𝑠𝑒

Fitting:

𝛾∞ = 0.96𝑘𝐵𝑇/𝜎
2

𝛾𝑏𝑒 = 0.55𝑘𝐵𝑇/𝜎
2

Δ𝛾 = 0.12𝑘𝐵𝑇/𝜎
2

Fitting with 𝑛𝑔 = 0.5, 

fixing 𝛾𝑏𝑒 = 0.55𝑘𝐵𝑇/𝜎
2:

𝛾∞ = 0.88𝑘𝐵𝑇/𝜎
2

Δ𝛾 = 0.032𝑘𝐵𝑇/𝜎
2

𝛾𝐺𝑉 = 𝛾∞ − 𝛾𝑏𝑒𝑓𝑏𝑒 − 𝛾𝑠𝑒𝑓𝑠𝑒 + 𝛾𝑔𝑓𝑔𝑟

Vacuum Interface
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