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As a result angles that are greater than 90o on a flat surface always increase and 

those that are having an angle less than 90o can move in both directions12. In general, the 

surfaces that follow the total wetting Wenzel regime are ‘‘adhering’’ in nature, where the 

drops of water stick stronger than a flat surface of similar type; the surfaces that follow 

the regime of Cassie and Baxter are ‘‘sliding”, where the drops of water roll off higher 

than on a flat surface 15. 

2.3 Hydrophobic and hydrophilic surfaces  

In chemistry, hydrophobicity (originating from the Greek word hydro, 

meaning water, and phobos, meaning fear of), is a physical property of 

a molecule (known as a hydrophobe) that is repelled from a mass of water 16. 

Hydrophobic molecules tend to be non-polar, preferring other neutral molecules and non-

polar solvents. Hydrophobic molecules in water often cluster together, forming micelles. 

Water on hydrophobic surfaces will exhibit a high contact angle. Examples of 

hydrophobic molecules include alkanes, oils, fats, and greasy substances in general. 

Hydrophobic materials are used for oil removal from water, the management of oil spills, 

and chemical separation processes to remove non-polar substances from polar 

compounds 17.  

A hydrophile (originating from the Greek word hydro, meaning water, and philia 

meaning love), is a molecule that is attracted to, and can be dissolved by, water. 

A hydrophilic molecule or portion of a molecule is one that has a tendency to 

interact with or be dissolved by water and other polar substances 18. Hydrophilic 

substances can seem to attract water out of the air, the way salts (which are hydrophilic) 

do. Sugar is hydrophilic too, and like salt is sometimes used to draw water out of foods. 
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  Figure 8. FTIR spectra of blank silica  

 

    Figure 9. FTIR spectra of the Vinyl surface group silica 
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Figure 10. CHN analysis data silica particles. 
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Step 2 

Carboxylic acid surface group reaction step [silica particles] 

 

                           Figure 11. Carboxylic acid surface group reaction 

The previously prepared vinyl functionalized silica was modified with 11- 

mercaptoundecanoic acid, with a molar ratio of 2:1 (thiol: alkene), through a click 

reaction between the thiol group and the surface vinyl group initiated by AIBN [2, 2-

Azobis (2-methyl-propionitrile)], as depicted in Figure 11. 

In its most characteristic reaction, AIBN decomposes, eliminating a molecule of 

nitrogen gas to form two 2- cyanoprop-2-yl radicals. These radicals can initiate free 

radical polymerizations and other radical-induced reactions 32. AIBN was used here to 

initiate the anti-Markovnikov hydro halogenation of alkenes. 

As shown in Figure 12, the appearance of the FTIR peak at 1715 cm-1 (– C = O) 

supports the successful attachment of carboxyl groups on the silica particle surface as 

well as the disappearance of the vinyl peaks which were at (878 cm-1 and 1603 cm-1). 

In addition, a Leco SC-432 Sulfur Analyzer was used to measure the percentage 

of sulfur in the sample. The amount of sulfur increased to an average of 1.40 micromoles 
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per gram of silica which confirmed the conversion of the vinyl group to carboxylic acid 

in a 1.40/5.67 mole ratio. In a separate reaction the amount of thiol was doubled but no 

improvement in the mole ratio was observed.   

 

               Figure 12. FTIR spectra of the Carboxylic acid modified silica particles 
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Step 3 

Anthranilic Acid surface group reaction step [silica particles] 

 

Figure 13. Anthranilic Acid surface group reaction 

   The previously prepared carboxylic functionalized silica was modified with an 

anthranilic  acid moiety, through a reaction between the surface carboxyl group and the 

anthranilic acid amine group (NH2), with a molar ratio of 2:1 (anthranilic acid: carboxylic 

acid). This reaction was initiated by EDCl (1-Ethyl-3-(3-dimethylaminopropyl) 

carbodiimide chloride) and N- Hydroxysuccinmide at 80 0C as shown in Figure 13.  

  As shown in Figure 14, the appearance of the FTIR peaks at 1525 cm-1 and 1703 

cm-1 ( peaks for amide I and amide II) support the successful conversion from carboxylic 

acid to amide. Also, the appearance of the FTIR peaks at 1453 cm-1 and 1588 cm-1 

support the existence of the phenyl ring and the appearance of the C-N peak at 1378 cm-1. 

A CHN Analyzer was also used to measure the percentage of carbon, hydrogen 

and nitrogen in the sample. As shown in Figure 10, the amount of nitrogen increased to 
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an average of 0.1155% which is equal to 0.165 micromole per gram of silica. This 

confirmed the conversion of the carboxylic acid to an amide group at a 0.165/1.40 mole 

ratio. In a separate reaction the amount of anthranilic acid was doubled but no 

improvement in the mole ratio was observed.  

 

                 Figure 14. FTIR spectra of the anthranilic acid modified silica particles 
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Aniline surface group reaction step [silica particles] 

 

                                              Figure 15. Aniline surface group reaction 

 Previously prepared carboxylic functionalized silica was modified with an aniline 

moiety through a reaction between the surface carboxyl group and the aniline amine 

group (NH2), with a molar ratio of 2:1 (aniline: carboxylic acid). This reaction was 

initiated by EDCl (1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide chloride) and N- 

Hydroxysuccinmide at 80 0C as shown in Figure 15. 

As shown in Figure 16, the appearance of the FTIR peaks at 1544 cm-1 and 1664 

cm-1 (peaks for amide I and amide II) support the successful conversion from carboxylic 

acid to amide. Also, the appearance of the FTIR peaks at 1444 cm-1 and 1601 cm-1 

support the existence of the phenyl ring and the appearance of the C-N peak at 1374 cm-1. 
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Also, a CHN Analyzer was used to measure the percentage of carbon, hydrogen, 

and nitrogen in the sample. As shown in Figure 10, the amount of nitrogen was increased 

to an average of 0.1195% which is equal to 0.170 micromoles per gram silica. This 

confirmed the conversion of the carboxylic acid to an amide group in a 0.170/1.40 mole 

ratio. In a separate experiment, the amount of aniline was doubled but no improvement in 

mole ratio was observed.   

 

   

                        Figure 16. FTIR spectra of the aniline modified silica particles 
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We were unable to measure the contact angle on the silica particles. However, a 

small amount of the Anthranilic Acid surface group silica particles was added to a 

mixture of toluene and pH 4 buffer solution. The Anthranilic Acid group functionalized 

silica particles were found in the hydrophobic organic phase at pH 4 as shown in Figure 

17. This confirmed that this material was in a hydrophobic state at pH 4. Another portion 

of Anthranilic Acid functionalized silica particles was added to a mixture of toluene and 

pH 10 buffer solution. These Anthranilic Acid surface group silica particles were drawn 

into the hydrophilic pH 10 buffer as depicted in Figure 17. This confirmed that this 

material was in a hydrophilic state because the carboxylic acid group becomes the more 

hydrophilic carboxylate at this higher pH, it is drawn into the hydrophilic aqueous buffer 

pH 10. 

 

Figure 17. Silica anthranilic acid modified surface in a mixture of pH4, 10, and toluene 
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 A small amount of the Aniline modified surface group silica particles were added 

to a mixture of toluene and pH 4 buffer solution. The Aniline functionalized silica 

particles were found in the hydrophobic organic phase at pH 4 as it is shown in Figure 18 

which confirmed that this material was in a hydrophobic state. Another portion of aniline 

functionalized silica particles was added to a mixture of toluene and pH 10 buffer 

solution. The aniline surface group silica particles were found in the hydrophobic organic 

phase at pH 10 as depicted in Figure 18. This confirmed this material was also 

hydrophobic at pH 10. This aniline functionalized silica has no acid / base properties at 

the pHs invesigated. Therfore no hydrophobic / hydrophilic switching is expected. 

 

         Figure 18. Silica aniline modified surface group in a mixture of buffers and toluene 
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4.2 Synthesis of the TLC plate surface 

Step 1:  

Vinyl surface group reaction step [TLC Plates]  

Vinyl groups was attached to the Thin-layer chromatography (TLC) plates via 

overnight immersion in trichlorovinylsiliane in toluene as shown in Figure 7. After 

attaching the vinyl group, a FTIR analysis on the TLC plate was performed to determine 

the existence of the vinyl group on the silica particles. As shown in Figures 19, blank 

TLC plate was silica based, and 20, after the reaction,  the absorption peak 1604 cm-1, the 

characteristic peak for the vinyl group (– CH=CH2), and the absorption peak at 1411cm-1, 

the characteristic peak for Si – C vibration, appeared. This confirmed the presence of the 

Si – CH = CH2 group.  

The True spec CHN Analyzer was also used to measure the percentage of carbon, 

and hydrogen in the sample. As shown in Figure 21, the amount of carbon was increased 

to an average of 6.81% which is equal to 5.79 Micromoles per gram silica. This 

confirmed the existence of the attached vinyl group on the TLC plate.  

After the modification of the TLC plate covered with vinyl group, the contact 

angle was measured to determine the hydrophobicity of the TLC surface. The surface 

contact angle increased from 220 to 1320 , as shown in Figure 24, indicating a changing 

from hydrophilic to hydrophobic which confirmed the attachment of the vinyl group on 

the TLC plate surface. Both buffer solutions of pH 4 (hydrophobic) and pH 10 

(hydrophilic) were used to measure contact angles.  
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                                 Figure 19. FTIR spectra of the Blank TLC plate

                                       

                         Figure 20. FTIR spectra of the Vinyl surface group TLC plate 
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Figure 21. CHN Analysis data TLC plate. 
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