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Introduction: Polydimethylsiloxane - PDMS 

The versatile surface properties of PDMS:  
 
the hydrophilic Si-O backbone along with hydrophobic methyl pendent groups confers surface 
activity at the air/water interface (A/W) 

PDMS is the central pillar of siloxane polymers 
 
Its glass transition temperature of -123 °C 
 
Features of PDMS structure:  

• low intermolecular force between methyl 
groups, 

• very flexible backbone,  
• high Si-O bond energy,  
• partial ionic character of the bond 



Introduction 

Fox, H. W.; Taylor, P. W.; Zisman, W. A. Ind. Eng. Chem. 1947, 39, 1401. 



VSFS: setup 
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VSFS: background 

〈𝑐𝑜𝑠θ〉≈ 
1

2
(〈𝑐𝑜𝑠θ1〉 + 〈𝑐𝑜𝑠 θ2〉)  

〈𝑐𝑜𝑠3θ〉 ≈
1

2
(〈𝑐𝑜𝑠3θ1〉 + 〈𝑐𝑜𝑠3θ2〉) 

 
θ1, θ2 are the tilt angles of two methyl groups.  
〈𝑐𝑜𝑠3θ1〉,〈𝑐𝑜𝑠3θ2〉 are obtained by averaging 
over all possible θ2 - 110° from the first tilt 
angle, θ1 
 
The average orientations of the two methyl 
groups: 

〈θ1〉≈ a𝑐𝑜𝑠(〈𝑐𝑜𝑠θ1〉) + 〈𝑐𝑜𝑠 θ2〉)  
〈θ2〉≈110°−〈θ1〉 

 
〈θ1〉, 𝑟  - ???  



Results & Discussions 



Results & Discussions 



 The average tilt angles of 〈B〉 and two methyl groups as a function of surface 
concentration with various values of r = 1, 1.6, and 4.2 



A new set of PDMS chain conformations for different surface concentrations at the A/W 

In regime C, there are two possible conformations; odd-numbered horizontal folding layers (Figure 8C1), or 
helices on top of a monolayer (Figure 8C2). If the chains form odd-numbered horizontal folding layers, signals 
from methyl groups in the first and second layer are canceled out as a result of centrosymmetry, but signals from 
the outermost  layer contribute to the VSFS intensity.  
Moreover, if even-numbered layers were formed, hydrophilic O atoms got in contact with hydrophobic methyl 
groups or even more hydrophobic air. If the chains form helices on top of a monolayer, signals from the helices 
would be canceled out because of centrosymmetry, while signals from methyl groups in the first monolayer 
would contribute to the VSFS intensity. 



Conclusions 

• The VSFS technique is useful for investigating the polymer chain 
conformation on monolayers 

 

• A new set of models for the chain conformation of PDMS monolayers at 
the A/W  

 

• The methyl groups are completely disordered at dilute concentrations, 
while one methyl group points toward the air phase and the other lies 
almost parallel to the interface at semidilute concentrations 

 

• At higher surface concentrations, the PDMS chains form horizontally 
folding, odd-numbered multilayers instead of standing helices 

 



Materials and Monolayer Preparation 

• Deionized water  is used as the subphase 

 

 

• The deionized water with a minimum resistivity of 18 MΩ at the outlet 

 

 

• The PDMS sample: 
– a number average molecular weight of 10,060 g/mol  

– a polydispersity index of 1.15 

 

 

• HPLC-grade chloroform is used as a spreading solvent without further purification 

 

 

• A PDMS solution with a concentration of 0.027 g/L is prepared in chloroform 

 

 

• The area per monomer is varied from 29.4 to 2.5 Å2/monomer 


