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NANOTHIN POLYMER COATINGS 
CONTAINING THOLAND METHODS OF 

USE THEREOF 

This application claims the benefit of U.S. Provisional 
Patent Application No. 60/867,027, filed Nov. 22, 2006, 
entitled “Nanothin Polymer Coatings Containing Thiol and 
Methods of Use Thereof.” which is hereby incorporated by 
reference in its entirety. 
Be it known that, we, Evgueni Pinkhassik, a citizen of 

Russia, residing at 258 Betty Jo Lane, Memphis, Tenn. 
381 17: Larry Todd Banner, a citizen of the United States, 
residing at 1678 North Frence Creek Cove, Cordova, Tenn. 
38016; and Benjamin Clayton, a citizen of the United States, 
residing at Route 1 Box 195 Pikeville, Tenn. 37367, have 
invented new and useful “Nanothin Polymer Coatings Con 
taining Thiol and Methods of Use Thereof. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

This invention was made with federal grant money under 
NSF grant CHE-0349315. The United States Government has 
certain rights in this invention. 

REFERENCE TO A “MICROFICHEAPPENDIX 

Not applicable 

FIELD OF THE INVENTION 

The present invention relates to a new polymer used in the 
production of a polymerization coating. The polymerization 
coating is used to coat metals, and other substances, in order 
to provide protection from corrosion and insulation. 

BACKGROUND OF THE INVENTION 

Surface coatings play a major role in our lives. They 
include paints, adhesives, and sealants, among many others. 
They are often used for decoration and protection of surfaces. 
These coatings typically utilize properties of adhered films 
with bulk thicknesses. With reference to metals, corrosion is 
deterioration of essential properties in a material due to reac 
tions with its environment. In metals and metal alloys, corro 
Sion begins with the loss of an electron and is described as an 
electrochemical process (Jones, Denny, 1996, Principles and 
Prevention of Corrosion, 2nd edition, Upper Saddle River, 
N.J., Prentice Hall, ISBN 0-13-359993-0). Existing coatings, 
Such as traditional paints and polymer coatings typically have 
thickness measured in tens of microns to ensure complete 
coverage of the metal surface and adequate adhesion proper 
ties. Due to the importance of coatings, significant efforts 
have been devoted to fabricate them with thicknesses less 
than 100 micrometers. Common thin film fabrication meth 
ods include spin-coating and polymer brushes. Spin-coating 
(Weill, A. & Dechenaux, E., 1998. The spin-coating process 
mechanism related to polymer solution properties. Polymer 
Engineering and Science 28, 945-948) can reliably create 
films with thicknesses down to 200 nm while polymer 
brushes are useful for growing films that are about 10-500 nm. 
thick (Dyer, D.J., Feng, J., Schmidt, R., Wong, V. N. Zhao, T. 
& Yagci, Y., 2004, Photoinduced polymerization from dim 
ethylamino-terminated self-assembled monolayers on gold. 
Macromolecules 37,7072-7074). Such bulky thickness is not 
practical when coatings are needed in confined spaces and the 
chemical components of such coatings may leach out of the 
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2 
coating into the environment. Accordingly, there is a need for 
nanothin insulating robust coatings to address these issues 
and provide a superior corrosion protection. 

SUMMARY OF THE INVENTION 

This invention describes a new method for preparing soft 
nanothin films with thicknesses between 1 nm and 5 nm. As 
thicknesses increase above 1 nm the materials properties 
change from two dimensional to three dimensional. Films 
with thicknesses between 1 nm and 10 nm are of interest 
because they are extremely thin (on a molecular level), but 
retain three dimensional properties. The method also results 
in the fabrication of a new material that can cover an entire 
Surface. Even though its thickness is extremely small, the 
coating has excellent insulating properties. In theory, such 
films could be useful for applications in chemical sensors, 
nano-insulators, and molecular electronics. 

Embodiments of the present invention include a compound 
of 4-vinylbenezenepropanethiol, a polymer thereof, and 
methods of use thereof. Disclosed herein is a method of 
making 4-vinylbenezenepropanethiol. Also disclosed herein 
is a method of applying that compound to a metal. That 
method includes providing 4-vinylbenezenepropanethiol as a 
Solution in an organic solvent, providing a metal, placing the 
metal in the solution of 4-vinylbenzenepropanethiol so that 
the Solution is in contact with the metal surface, and exposing 
the mixture to ultraviolet radiation. In certain embodiments, 
exposing the mixture to ultraviolet radiation further includes 
exposing the mixture to ultraviolet radiation having a wave 
length of from about 200 nanometers to about 300 nanom 
eters for a duration of from about 10 minutes to about 1 hour. 
In other embodiments, the ultraviolet radiation has a wave 
length of about 255. In certain embodiments, the metal may 
be copper, gold, platinum, or iron. Another embodiment of 
the method of applying a compound to a metal, includes 
providing 4-vinylbenzenepropanethiol, providing a metal in 
hexane, placing the 4-vinylbenzenepropanethiol in the hex 
ane with the metal in order to prepare a mixture, adding a 
thermal free radical initiator such as benzoyl peroxide to the 
mixture, and incubating the mixture at from about 50 degrees 
Celsius to about 90 degrees Celsius. In certain embodiments, 
incubating the mixture is from about 15 minutes to about 24 
hours. In certain embodiments, the thermal free radical ini 
tiator is benzoyl peroxide. Still another embodiment for 
applying a compound to metal includes providing 4-vinyl 
benzenepropanethiol, exposing the 4-vinylbenzenepro 
panethiol to air at room temperature for from about 30 min 
utes to about 24 hours, diluting the 
4-vinylbenzenepropanethiol and its oligomers in an organic 
solvent to about 1% w/w, and contacting the metal with the 
Solution of 4-vinylbenzenepropanethiol and its oligomers. In 
certain embodiments, the method further includes incubating 
the metal in the solution of 4-vinylbenzenepropanethiol for 
from about 10 seconds to about 40 hours. In certain other 
embodiments, incubating the metal in the solution of 4-vinyl 
benzenepropanethiol for from about 10 seconds to about 30 
minutes. 

Also disclosed herein is a method of making 4-vinylben 
Zenepropanethiol. The method includes providing 1-bromo 
3-phenylpropane, adding acetic anhydride and aluminum 
chloride, incubating the mixture at from about -20 to about 
20 degrees Celsius for from about 1 hour to about 12 hours, 
isolating the resulting p-(3-bromopropyl)acetophenone, add 
ing sodium borohydride to the p-(3-bromopropyl)acetophe 
none solution in methanol, incubating the mixture at about 0 
degrees Celsius for about 2 hours, isolating the resulting 
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p-(3-bromopropyl)-O-methylbenzenemethanol, adding tolu 
ensulfonic acid to the solution of p-(3-bromopropyl)-O-me 
thylbenzenemethanol in toluene, refluxing the mixture under 
inert atmosphere for about 4 hours, isolating the resulting 
p-(3-Bromopropyl)styrene, adding thiourea to the p-(3-Bro 
mopropyl)styrene, gently refluxing the mixture for about 16 
hours, adding sodium hydroxide, and gently refluxing the 
mixture for about 4 hours. 

This invention describes a nanothin polymer coating pro 
duced by either graft-to or graft from methods. Organic mol 
ecules containing both thiol and vinylbenzene functional 
groups, exemplified by newly synthesized 4-vinylben 
Zenepropanethiol, form robust coating on Such metal Surfaces 
as gold and copper with the controlled thickness in the 1-10 
nm range. These coatings provide complete coverage of metal 
Surface, act as insulators in electrochemical reactions, and are 
capable of preventing corrosion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a drawing of the chemical structure of 4-vinyl 
benzenepropanethiol. 

FIG. 2 is a flowchart showing the steps of synthesis to 
prepare 4-vinylbenzenepropanethiol from the shown starting 
materials. 

FIG. 3 is an "H-NMR spectra of 4-vinylbenzenepro 
panethiol showing the content of the composition which 
results from the steps of synthesis provided herein. As shown 
therein "H-NMR (270 MHz, CDC1) & 1.35 (t, 1H, SH), 1.91 
(m,2H, CH2), 2.51 (m,2H, CH2), 2.71 (t, 2H, CH2), 5.18 (d. 
1 H, CH), 5.69 (d. 1H, CH), 6.68 (dd. 1H, CH), 7.13 (d. 2H, 
arom), 7.32 (d. 2H, arom). 

FIG. 4 is a graph of a polymer grafting from gold Surface 
showing the increase in thickness of the polymerization coat 
ing as the incubation time of exposure to ultraviolet radiation 
increases. The wavelength of the ultraviolet radiation used 
was 255 nm. 

FIG. 5 is an "H-NMR spectra of the polymerized coating 
disclosed herein. Polymerization resulted from exposure to 
ultraviolet radiation (255 nm) for 20 hours. The decrease in 
the vinyl proton peak area and increase in peak area near 2.5 
ppm Supports the occurrence of polymerization between 
vinyl and thiol groups. 

FIG. 6 demonstrates the ability of the polymerization coat 
ing to insulate the metal Surface. Shown there are cyclic 
Voltammograms using potassium ferricyanide. Shown there 
is a comparison between an untreated gold Surface, a gold 
Surface having a 1.3 nm polymerization coating, and a gold 
Surface having a 3.2 nm polymerization coating. The redox 
mediator was 1 mM potassium ferricyanide in 1MKC1. 

FIG. 7 demonstrates the enhanced insulation characteris 
tics of the polymerization coating disclosed herein as com 
pared to the insulation capacity of monolayer of dode 
canethiol. FIG. 7A is a cyclic Voltammogram prior to any 
electrochemical stripping. FIG. 7B is a cyclic Voltammogram 
after 50 stripping cycles. 

FIG. 8 is a table showing the thickness of polymerization 
coatings after mechanical stripping or manipulation. 

FIG. 9 is a table showing the increased thickness of the 
polymerization coating (thiol-styrene polymer film) as the 
incubation period of the Substrate (gold) being Submersed in 
the 1 mM 4-vinylbenzenepropanethiol increased. 

FIG. 10 is a table demonstrating the stability of the poly 
merization coating Subsequent to treatment with the named 
chemical for 30 minutes. 

FIG. 11 shows cyclic voltammograms of electrode 
mounted nanothin films, which are the named polymerization 
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4 
coatings, dithiol multilayer and polymer film (polymerization 
coating disclosed herein), to show the insulating properties. 
By ellipsometry, the thickness of the dithiol multilayer is 
46.0+9.8A. The thickness of the polymer film is 45.2+0.6 A. 
The redox marker is 1 mM ferrocenemethanol in 0.1 MPBS 
at pH-7.0 and 1 mM MgCl2. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention disclosed herein is a compound referred to as 
4-vinylbenzenepropanethiol. 4-vinylbenzenepropanethiol is 
capable of polymerizing in order to create a polymer coating 
having a thickness of less than 10 nm. The polymer coating 
slows corrosion of metals and acts as an insulator and resister 
in electrochemical processes. Also disclosed herein is a 
method of applying 4-vinylbenzenepropanethiol to a metal 
substrate. When 4-vinylbenzenepropanethiol is applied to a 
metal. Such as copper, gold, platinum, or iron, the beneficial 
properties described above are present. Finally, also disclosed 
herein is a method of making 4-vinylbenzenepropanethiol 
which results in an abundant amount of a high quality prod 
uct. 

Shown in FIG. 1, is the chemical structure of 4-vinylben 
Zenepropanethiol. As shown therein, the 2 functional groups, 
thiol and vinylbenzene (styrene), provide the characteristics 
necessary to allow binding to a metal Surface, the formation of 
polymer chains, and cross-linking of those polymer chains. 
As further described herein, the resulting polymer coating is 
very thin, having a thickness of from about 1 nm to about 10 
nm. Suitable metallic surfaces include metals that form bonds 
with thiol groups, further examples include, gold, copper, 
platinum, iron, silica, and the like. In certain embodiments of 
the present invention, the thickness of a resulting polymer 
coating may be from about 1 nm to about 5 nm. It is believed 
that the polymer coating is covalently attached to the Surface 
of the metal. Further, the polymer coating described herein 
has greater chemical and mechanical stability than other self 
assembled alkyl thiol monolayers. As shown below, these 
polymer coatings have increased insulating ability and the 
ability to slow corrosion of metals. A method for synthesizing 
4-vinylbenzenepropanethiol is outlined in Examples 1-4 of 
this document. All of the starting materials described therein 
are widely commercially available. For example, 1-bromo-3- 
phenylpropane was purchased from Alfa-Aesar and was not 
further purified. The steps of the synthesis of 4-vinylben 
Zenepropanethiol are further outlined in FIG. 2. 

Referring to FIG. 3, there is shown the H-1-NMR Septra 
for the 4-vinylbenzenepropanethiol which was prepared as 
described herein. 

Disclosed herein are several methods for applying a poly 
mer coating to a metal. One Such method allows the Surface 
polymerization of 1 mM 4-vinyl-benzenepropanethiol for 
gold in hexane, which results in a controlled thickness of less 
than 5 nm, as shown in FIG. 4. Based upon the 'H-NMR 
spectra shown in FIG. 5, thiol and vinyl functional group 
polymerization results after 20 hours of exposure to ultravio 
let radiation. Polymerization has been demonstrated to occur 
with both ultraviolet light at 255 nm, and the use of thermally 
initiated (70-80° C. conditions using benzoyl peroxide as an 
initiator. The ultra thin polymerization coating described 
herein demonstrates the ability to provide insulation. As 
shown in FIG. 6, the electrical current in the redox mediator 
Solution is nearly identical to the background electrolyte, 
which is the theoritical value of a completely insulated film. 
The redox mediator was 1 mM potassium ferricyanide in 1M 
KC1. As shown in FIGS. 7A and 7B, when electrochemical 
stripping was performed, the polymerization coating dis 
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closed herein demonstrated enhanced Stability compared to a 
monolayer of dodecanethiol. Specifically, electrochemical 
stripping was performed in 0.1 M sulfuric acid at 300 
mV/second. The cyclic Voltamammograms were performed 
in 1 mM potassium ferricyanide in 1MKC1. Finally, as shown 
in FIGS. 7A and 7B, the polymerization coatings demon 
strated good mechanical stability. Little change in thickness 
was detected after the polymerization coatings had been 
attached to a Vortexerset on high for a period of 5 minutes, nor 
when the coated surface of the metal was gently rubbed with 
a lint-free towel, as shown in FIG. 8. 

In another embodiment of the present invention, nanothin 
polymerization coatings with controlled thicknesses were 
also fabricated as follows. In this method, a metal substrate 
Such as gold, was Submersed into a hexane solution of par 
tially polymerized 4-vinyl-benzenepropanethiol. A detailed 
example of this method is provided in Example 5. Detailed 
examples of applying nanothin polymerization coatings to a 
gold coated silicon Substrate are shown in Examples 6 and 7. 
Mild polymerization was induced by exposing the crude com 
pound to air at room temperature overnight. The polymer was 
diluted to 1% w/w in chloroform. This solution was then 
diluted to the equivalent of 1 mM 4-vinyl-benzenepro 
panethiol with hexane and the substrates were submersed in 
this solution. It is noted that while hexane was used, any 
organic solvent may also be used. As shown in FIG. 9, the 
thickness of the polymerization coating ranged from about 2 
nm to 5 nm and could be controlled with time. Further, based 
upon a phase contrast atomic force microscopy image of a 
bare-gold Substrate, and a 3 nm polymerization coating, the 
polymerization coating had a smooth texture as shown by 
analysis. It is further noted that the polymerization coating 
was resistant to 30 minutes of immersion in hexane, toluene, 
ethanol, and 1M potassium chloride. Stated another way, the 
thickness did not significantly changed, as shown in FIG. 10. 
Also, in terms of Stability, the polymerization coating was 
also resistant to 100 scans from -1.5 volts to -0.5 volts and 
0.1 molar sulfuric acid, which readily removes any self-as 
sembled monolayer of dodecanethiol. Thus, as shown in FIG. 
11, the polymerization coating was substantially more insu 
lating than the self-assembled monolayer of 1.6-hex 
anedithiol having a similar thickness. 

Evidence of the complete coverage of the metal surface 
was derived from both structural and functional characteriza 
tion studies. The structural evidence is most straightforward 
in Atomic Force Microscopy (AFM) imaging, especially 
involving polycrystalline metal Surfaces. In a representative 
AFM experiment, random areas of bare metal and coated 
metal were imaged. Samples of bare metal showed polycrys 
talline structure with individual crystals of metal averaging 
300x300 nm. The polymer-coated sample showed that the 
polycrystalline structure was completely obscured. The 
roughness of the polymer-coated Surface is identical to the 
roughness ofbare metal proving that the polymer material has 
a uniform thickness. Ellipsometric measurements of the same 
sample showed the 3.1 nm thickness of polymer material. 
These observations conclusively demonstrate the complete 
coverage of the metal Surface by the nanothin polymer coat 
1ng. 

In addition to metal Substrates, the technology disclosed 
herein may also be applied to coat other Surfaces. Ellipsom 
etry provided evidence that silicon/silica substrates could be 
coated with a polymer coating of 63.8+18.8 angstroms after 
16 hours. Also, copper Substrates, such as a copper penny, 
were submersed in a polymer solution for 16 hours. The 
pennies having the polymerization coating did not demon 
strate corrosion as did the controlled pennies. Electrochemi 
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6 
cal data conclusively demonstrate insulating properties of 
polymer coatings described in the present invention. Corro 
sion of the copper material was induced by placing it is a 
solution of bleach overnight (about 24 hours). The copper 
metal surface that was coated with the polymer described in 
the present invention, specifically Example 5, did not exhibit 
signs of corrosion. Control sample that was not coated cor 
roded significantly. 

This patent application expressly incorporates by reference 
all patents, references, and publications disclosed herein. 

Although the present invention has been described in terms 
of specific embodiments, it is anticipated that alterations and 
modifications thereofwill no doubt become apparent to those 
skilled in the art. It is therefore intended that the following 
claims be interpreted as covering all alterations and modifi 
cations that fall within the true spirit and scope of the inven 
tion. 

EXAMPLES 

Example 1 

Preparation of p-(3-Bromopropl)acetophenone 

1-bromo-3-phenylpropane was purchased from a commer 
cially available source. In a reaction flask 15 g of aluminum 
chloride was added to 100 mL of methylene chloride. The 
reaction flask was incubated in apartially Submersed ice bath. 
5.6 g of acetic anhydride was diluted by adding 5 mL of 
methylene chloride and then added to the reaction flask dur 
ing a time period of 30 minutes while under an argon atmo 
sphere. Next, the mixture was stirred for an additional 15 
minute period of time. 5g of 1-bromo-3-phenylpropane was 
diluted into 5 mL of methylene chloride and then added to the 
reaction mixture during a 30 period of time while the mixture 
was under an argon atmosphere. Subsequent to this addition, 
the mixture was stirred for an additional 2 hours while still in 
the ice bath. The mixture was then slowly poured onto 200 g 
of crushed ice, the organic phase was washed with 10% 
hydrochloric acid (2x100 mL). NaHCO, (2x100 mL), and 
sodium chloride 2x100 mL), in that order. The solvent was 
then removed under a vacuum in order to recover the product. 

Example 2 

Preparation of 
p-(3-bromopropyl-a-Methylbenzenemethanol 

The product retrieved from Example 1 is used as a starting 
material in this preparation. That product from Example 1 
was diluted into 60 mL of methynol. While that product was 
in a reaction flask that was submersed in an ice bath and also 
under argon atmosphere, 0.75 g of sodium borohydride was 
added during a 5 minute period of time. Subsequent to the 
addition, the mixture was stirred for an additional 2 hours 
while still over an ice bath. At that point, 100 mL of water was 
added to the mixture and the resulting product was extracted 
with methylene chloride. The solvent was removed under a 
vacuum in order to allow recovery of the product. 

Example 3 

Preparation of p-(3-Bromopropyl)styrene 

The product from Example 2 is used as a stating material in 
this procedure. The resulting product from Example 2 was 
diluted in 200 mL of toluene. Next, 0.125 g of toluensulfonic 
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acid was added to the reaction mixture. The reaction mixture 
was refluxed under argon atmosphere for 44 hours. The mix 
ture was thenwashed with 50 mL of water and the solvent was 
removed under vacuum. The resulting product was then puri 
fied by silica gel chromatography with the use of 90% hexane 
and 10% ethyl acetate. The resulting product was recovered 
as the solvent was removed under vacuum. 

Example 4 

Preparation of 4-Vinylbenzenepropanethiol 

The product resulting from Example 3 was diluted into 200 
mL of methynol, then 5g of thiourea was added to this 
solution which was allowed to gently reflux for 16 hours. 
Thereafter, 15 mL of 12% sodium hydroxide was added and 
the mixture was allowed to reflux for 4 hours. Next, 20 mL of 
methylene chloride was added and 10 normal sulfuric acid 
was added dropwise until the pH dropped to 9.5. Thereafter, 
100 mL of water was added to the mixture and the product 
was extracted with methylene chloride. The product was 
recovered as the solvent was removed under vacuum. 

Example 5 

Method of Applying 4-Vinylbenzenepropanethiol 
Monolayer to Gold 

A gold coated silicon Substrate was Submersed in a 1 mM 
Solution of 4-vinylbenzenepropanethiol at room temperature 
for two hours. The substrate was then removed from the 
solution and submersed into a separate container of tetrahy 
drofuran for 10 seconds. The substrate was removed from the 
tetrahydrofuran solution and was then rinsed with water. The 
Substrate was immediately blown dry in a stream of argon. 

Example 6 

Method of Applying 4-Vinylbenzenepropanethiol 
Oligomers to Gold 

A gold coated silicon Substrate was Submersed in a 1 mM 
Solution of oligomerized 4-vinylbenzenepropanethiol at 
room temperature for two hours. The substrate was then 
removed from the Solution and Submersed into a separate 
container of tetrahydrofuran for 10 seconds. The substrate 
was removed from the tetrahydrofuran solution and was then 
rinsed with water. The substrate was immediately blown dry 
in a stream of argon. 

Example 7 

Method of Applying 4-Vinylbenzenepropanethiol to 
Gold with Controlled Thickness 

A gold coated silicon Substrate was Submersed in a 1 mM 
Solution of 4-vinylbenzenepropanethiol at room temperature 
for one hour. The container holding the substrate within the 
Solution was placed in a Rayonet ultraviolet photochemical 
cabinet equipped with two, 35 watt, 253.7 nm lamps. The lid 
was removed from the container and the ultraviolet lamps 
were turned on for 30 minutes. The substrate was then 
removed from the Solution and Submersed into a separate 
container of tetrahydrofuran for 10 seconds. The substrate 
was removed from the tetrahydrofuran solution and was then 
rinsed with water. The substrate was immediately blown dry 
in a stream of argon. The above procedure was repeated up to 
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8 
four times to control the thickness of the coating between 
about one and five nanometers. 

What is claimed is: 
1. A compound having the formula: 

21 

HS 

2. A polymer of the compound of claim 1. 
3. The polymer of claim 2, wherein the polymer has a 

thickness of from about 1 to about 10 nanometers. 
4. A method of applying a compound to a metal, compris 

1ng: 
providing 4-vinylbenzenepropanethiol as a solution in an 

organic solvent; 
providing a metal; 
placing the metal in the Solution of 4-vinylbenzenepro 

panethiol so that the solution is in contact with the metal 
Surface; 

exposing the mixture to ultraviolet radiation. 
5. The method of claim 4, wherein exposing the mixture to 

ultraviolet radiation further comprises exposing the mixture 
to ultraviolet radiation having a wavelength of from about 200 
nanometers to about 300 nanometers for a duration of from 
about 10 minutes to about 1 hour. 

6. The method of claim 5, wherein exposing the mixture to 
ultraviolet radiation further comprises exposing the mixture 
to ultraviolet radiation having a wavelength of about 255 
nanometers for a duration of from about 10 minutes to about 
1 hour. 

7. The method of claim 6, wherein the metal is selected 
from a group consisting of copper, gold, platinum, and iron. 

8. A method of applying a compound to a metal, compris 
1ng: 

providing 4-vinylbenzenepropanethiol: 
providing a metal in hexane: 
placing the 4-vinylbenzenepropanethiol in the hexane with 

the metal in order to prepare a mixture; 
adding a thermal free radical initiator Such as benzoyl 

peroxide to the mixture; 
incubating the mixture at from about 50 degrees Celsius to 

about 90 degrees Celsius. 
9. The method of claim 8, wherein the incubating mixture 

further comprises incubating for from about 15 minutes to 
about 24 hours. 

10. The method of claim8, wherein the thermal free radical 
initiator is benzoyl peroxide. 

11. A method of applying a compound to a metal, compris 
ing: 

providing 4-vinylbenzenepropanethiol: 
exposing the 4-vinylbenzenepropanethiol to air at room 

temperature for from about 30 minutes to about 24 
hours; 

diluting the 4-vinylbenzenepropanethiol and its oligomers 
in an organic solvent to about 1% w/w: 
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contacting the metal with the solution of 4-vinylben 
Zenepropanethiol and its oligomers. 

12. The method of claim 11, further comprising incubating 
the metal in the solution of 4-vinylbenzenepropanethiol for 
from about 10 seconds to about 40 hours. 

13. The method of claim 12, wherein incubating the metal 
in the solution of 4-vinylbenzenepropanethiol is from about 
10 seconds to about 30 minutes. 

14. A method of making 4-vinylbenzenepropanethiol, 
compr1S1ng: 

providing 1-bromo-3-phenylpropane 
adding acetic anhydride and aluminum chloride; 
incubating the mixture at from about -20 to about 20 

degrees Celsius for from about 1 hour to about 12 hours; 
isolating the resulting p-(3-bromopropyl)acetophenone; 

10 

15 

10 
adding Sodium borohydride to the p-(3-bromopropyl)ac 

etophenone solution in methanol: 
incubating the mixture at about 0 degrees Celsius for about 

2 hours; 
isolating the resulting p-(3-bromopropyl)-O-methylben 

Zenemethanol; 
adding toluensulfonic acid to the solution of p-(3-bro 

mopropyl)-O-methylbenzenemethanol in toluene; 
refluxing the mixture under inert atmosphere for about 4 

hours; 
isolating the resulting p-(3-Bromopropyl)styrene; 
adding thiourea to the p-(3-Bromopropyl)styrene; 
gently refluxing the mixture for about 16 hours: 
adding Sodium hydroxide; 
gently refluxing the mixture for about 4 hours. 

k k k k k 


