
 
 

 

Supplementary Materials 

for 

Unsymmetrical Spiroalkanedithiols Having Mixed Fluorinated and Alkyl 

Tailgroups of Varying Length: Film Structure and Interfacial Properties 

Pawilai Chinwangso, Lydia R. St. Hill, Maria D. Marquez, and T. Randall Lee* 

 

Department of Chemistry and the Texas Center for Superconductivity  

University of Houston, 4800 Calhoun Road, Houston, Texas 77204-5003, United States 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Corresponding author: trlee@uh.edu  



 S2 

 

Figure S1.  1H NMR of 2-decyl-2-(9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,16-heptadeca-

fluorohexadecyl)propane-1,3-dithiol (F8H10-C12). 
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Figure S2. 13C NMR of 2-decyl-2-(9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,16-heptadeca-

fluorohexadecyl)propane-1,3-dithiol (F8H10-C12). 
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Figure S3.  19F NMR of 2-decyl-2-(9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,16-heptadeca-

fluorohexadecyl)propane-1,3-dithiol (F8H10-C12). 

 

 

 

 

 

 

 

 



 S5 

 

Figure S4.  1H NMR of 2-(9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,16-heptadeca-

fluorohexadecyl)-2-hexadecylpropane-1,3-dithiol (F8H10-C18).   
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Figure S5.  13C NMR of 2-(9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,16-heptadeca-

fluorohexadecyl)-2-hexadecylpropane-1,3-dithiol (F8H10-C18). 
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Figure S6.  19F NMR of 2-(9,9,10,10,11,11,12,12,13,13,14,14,15,15,16,16,16-heptadeca-

fluorohexadecyl)-2-hexadecylpropane-1,3-dithiol (F8H10-C18).   
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Surface Energy Calculations.  The surface energy of the SAMs can be estimated using the contact 

angle values, found in Table 4, and Youngs' equation (1) [S1-S4], 

 𝛾"# 	= 	 𝛾&# cos𝜃 	+	𝛾"&  (1) 

Where gSV is the surface energy of the solid, gLV is the surface tension of the liquid, q is the contact 

angle, and gSL is the interfacial energy of the solid/liquid.  Using the Owens-Wendt method, gSL 

can be determined according to equation 2. 

 𝛾"& 	= 	 𝛾"# +	𝛾&# − 2	 ./𝛾"#0 𝛾&#0 +	/𝛾"#1 𝛾&#1 2 (2) 

Where gD
SV and gD

LV are the dispersive components and gP
SV and gP

LV are the polar components.  

Substitution into equation 1, gives equation 3. 

 /𝛾"#0 𝛾&#0 +	/𝛾"#1 𝛾&#1 	= 	
3
4
	 [𝛾&#(1	 +	cos 𝜃)] (3) 

To use the Owens-Wendt method, the contact angle, the surface tension, as well as the polar and 

dispersive components of the surface tension of two contacting liquids must be known.  For the 

SAMs in this study, the surface energies were estimated using the contact angles of H2O and HD. 

The surface tension and the polar and dispersive components of the contacting liquids are listed in 

Table S1[S2-S3].  The surface energies of the SAMs, listed in Table S2, were calculated using 

equation 3 and the values found in Table S1. 

Table S1.  Surface Tension, Polar, and Dispersive Components for Water and Hexadecane 

Liquid 
𝜸𝑳𝑽  

(mN·cm-1) 

𝜸𝑳𝑽𝑷   

(mN·cm-1) 

𝜸𝑳𝑽𝑫   

(mN·cm-1) 

Water 72.1 52.2 19.9 

Hexadecane 27.5 0 27.5 
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Table S2.  Calculated Surface Energy Values of the SAMs 

Adsorbate Surface Energy 
(mJ/m2) 

C10SH 19.4 

C12SH 19.1 

C18SH 18.6 

F8H10SH 

F8H10-C10 

F8H10-C12 

F8H10-C18 

9.5 

10.9 

11.5 

15.8 
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