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ABSTRACT: A simple and straightforward method for growing ultrathin, micropatterned polymer films on surfaces
with precise thickness and spatial control is presented. A difunctional ene monomer and a difunctional thiol were
photopolymerized on a surface terminated with thiol groups. The surface thiols participate in the polymerization,
and a linear polymer is formed on the surface. Brush growth was spatially controlled by selectively polymerizing
the monomers through a photomask, while the brush thickness was controlled by changing the ratio of thiol and
ene monomers or by changing the monomer functionality. Further, the surface was passivated by attaching a
patterned, cross-linked polymer film, which was then backfilled with another monomer, demonstrating the
attachment of multiple functionalities on the surface in a controlled, photolithographically patternable manner.
Thiol—ene polymerizations were carried out without an initiator and used to graft patterned, polymer films. The
films were observed using scanning probe microscopy and characterized using ellipsometry.

Introduction brushes including traditional free radical polymerization, living
or controlled radical polymerization (LRP), and atom transfer
radical polymerization (ATRP)216 Over the past decade,

ATRP, in particular, has become a popular technique for
growing polymer brushes due to its precise control over
thickness and the ability to control the lengths of blocks in the

Modification of surface properties is critical in several fields
including MEMS, biotechnology, and nanotechnology. Covalent
attachment of polymer films to substrates provides an effective
method for altering surface characteristics. Depending on the
type of polymer film attached, several characteristics such as . . . .
biocompatibility, adhesion, corrosion and friction resistance, and f||ms_2-lT prever, the ATRP t.e.c.hnlque often requires synthesis
sensing capabilities of a surface can be moditié@echniques of specialized SAM-forming initiators.
used to attach polymer films covalently to a surface are mainly ~ The two important properties of polymer brushes grown on
divided into “grafting to” and “grafting from” techniques. The surfaces include thickness and spatial control. Primarily, the
“grafting to” involves attaching an already formed polymer chain chain length of the attached polymer chains and/or the surface
to a surface and yields nonuniform films with very low grafting density of chains are controlled. While controlling the surface
densitiest The “grafting from” approach consists of initiating ~ chain density is not trivial, the chain length of attached polymer
a polymerization reaction from initiator molecules attached to chains is usually controlled by changing the polymerization time
the surface, which yields more control over surface propéftfes.  in most types of polymerizatiori8:1618The ability to spatially
Self-assembled monolayers (SAMs) have become a verycontrol the attachment of polymer chains helps in selectively
convenient and effective method for attaching initiators of modifying polymer properties and the attachment of multiple
various types of polymerization reactions to a surfaté?2 functionalities. Prucker et al. employed multiple photolitho-
Depending on the monomer system used and the polymerizationgraphic techniques to pattern surfaces including photopatterning
mechanism, either a linear polymer, called a “polymer brush”, of a SAM layer followed by surface-initiated polymerization,
or a cross-linked polymer film is formed and attached to a exposing unpatterned polymer films to UV light and etching
surface. selectively, and selectively initiating polymerization by using

Attaching a linear polymer brush is particularly attractive @ photomasR? Other groups have used microcontact printing
since several film properties are tunable. For example, a specifictechniques to obtain a patterned SAM, followed by brush growth
functionality like an antibodi?14 or a sensor molecute can to obtain selective brush formati@hA range of polymerization
be attached on the polymer brush terminus to obtain a surfacemechanisms such as ATRPring-opening polymerization?,
presenting that particular functionality. Other film properties ring-opening metathesis polymerizatihand free radical
that are controllable in a polymer brush include uniformity, polymerization8® have been combined with microcontact print-
stability, thickness, and the spatial growth of the brush. Severaling technique to form patterned films.

polymerization mechanisms have been used to form polymer |n this work, two aspects, namely, the formation of ultrathin
films (<10 nm) with control over film thickness and growing
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Scheme 1

Initiation: I-1-2I

I'-RSH — RS’ +IH (Radical formation)

R-SH+hv—=RS +H’ (Initiatorless radical formation)

Chain Transfer: RS’ +R'CH=CH, -RS-CH, -CHR'

Propagation: RS-CH, -C'HR'+RSH - RS -CH, - CH,R'+RS’

Termination: 2RS’ —RSSR

RS’ +RSCH,-C’'HR'-> RS -CH, - CHR'
|
RS
2RS- CH,- CHR'— RSCHz(IZHR'

RSCH,CHR'

films with a thickness ranging from 1 to 5 nm were grown using
this technique.
Thiol—ene polymerizations are radical-mediated, step-growth

polymerization systems, where chain transfer and propagation
steps take place in an alternating manner. Initiation usually takes

place under UV light in the presence of a cleavage-type initiator,
although these polymerizations are regularly performed in the
absence of any distinct initiator spec#s?” In these systems
the thiyl radical propagates across the carbcarbon double
bond, forming a carbon radical and a carbaulfur bond. This
carbon radical abstracts a hydrogen from another thiol moiety,

regenerating the thiyl radical. These propagation and chain

transfer steps occur recursively and form the basis of the-thiol
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of functional groups are readily incorporated in the grafted
film.825 Another advantage of thielene systems is that they
are photoinitiated systems, and hence photolithographic tech-
niques are appropriate for forming spatially patterned films. Last,
thiol—ene polymerizations are insensitive to the presence of
oxygen, and hence very thin films can be formed, which is not
possible in acrylate polymerizations. These advantages make
thiol—ene systems unique for surface modification applications
offering precise control over film properties.

In this work, patterned thietene films were grafted on a
surface by using an optical mask alignment system. A chrome
mask with 50um squares is used to obtain a model, patterned
film. The ratio of thiol to ene functionalities present in the bulk
was changed to control the thickness of the grafted films. The
thickness of the films was also controlled by the addition of a
small amount of a monofunctional ene. The thickness of the
formed films was measured using scanning probe microscopy
(SPM) and ellipsometry, and the values from the two measure-
ments were compared.

Cross-linked polymer films were attached using thiol
acrylate polymerizations and shown to passivate the surface. A
fluorescent dye, hematoxylin, was used to stain films formed
from a poly(ethylene glycol) acrylatethiol mixture to dem-
onstrate the presence of PEG only in the regions which were
exposed to light, where the film formation takes place. To
demonstrate the grafting of multiple functionalities, patterned
acrylate films were backfilled with PEG brushes and dyed with
hematoxylin. Photoinitiatorless thiekne polymerizations were
carried out to obtain patterned films attached to the surface.

ene polymerization. Termination in these systems is dominated Experimental Section

by radicat-radical recombinations where carbeararbon, sulfur
sulfur, or carbor-sulfur radicals combine to terminate?’ Steps
in a thiol—ene polymerization are shown in Scheme 1.

To graft thiok-ene based films to a surface, the surface is
first modified with a thiol-terminated silane, 3-mercaptopropyl-
trimethoxysilane, and a thislene reaction as shown above is

Materials. The thiok-ene monomer system used was a mixture
of 1,6-hexanedithiol (HDT) and triethylene glycol divinyl ether
(DVE-3). DVE-3 was provided as a sample (Rapi-cure DVE-3)
from ISP technologies, Inc. (Wayne, NJ). HDT, dodecyl vinyl ether
(DoDVE), poly(ethylene glycol) monoacrylatélf = 375), and
trifluoroethyl acrylate were purchased from Aldrictd,1H,6H,6H-

performed on and above the surface. The surface thiols becomeperfiuoro-1,6-hexyl diacrylate was purchased from Exfluor Research

part of the polymer network (or chain if it is a linear polymer),
thereby covalently attaching the film to the surface. Since
polymerization initiation takes place on the surface and bulk

Corp. (Round Rock, TX). The UV photoinitiator, 2,2-dimethoxy-
2-phenylacetophenone (DMPA), was purchased from Ciba-Geigy
(Hawthorn, NY). Thiol-functionalized SAMs were formed from

oligomers/polymers can also be reacted to the surface, this3-mercaptopropyltrimethoxysilane purchased from Aldrich. All
approach to surface modification is an intermediate between chemicals were used as obtained.

the “grafting to” and “grafting from” approacha$ A difunc-
tional thiol and a difunctional ene are reacted on a thiol-

terminated surface to form linear polymer grafts attached to the

surface, while higher functionality thiols or enes are used to
graft a cross-linked polymer film on the surface. In addition,
an acrylate monomer will undergo thiehcrylate polymerization

to form a polymer film.

SAM Deposition. Substrates.Polished, double-sided silicon
wafers (Umicore Semiconductor Processing, Boston, MA) were
used for all brush growth studies. Wafers were in the (100)
orientation and 76@m thick. Substrates used to obtain fluorescent
images were precleaned, plain microslides obtained from Gold Seal
Products (Portsmouth, NH). All substrates were cleaned using
“piranha” solution, which is a mixture of hydrogen peroxide and
sulfuric acid (1:3 by volume), for 45 min, rinsed with deionized

Thiol—ene systems have several advantages as compared tvater, and then blown dry with a JNstream prior to SAM

traditional acrylate systems for surface modificatiéh?’Since

deposition.

it is a step-growth mechanism, where thiol and ene groups add SAM Deposition A vapor-based method was used for SAM

stoichiometrically to each other, it is possible to change the ratio
of thiol and ene monomers in the bulk to control the molecular
weight of the attached chains irsalf-limiting manner8 Also,
by changing the functionalities of thiol and ene used, it is
possible to graft monolayers, brushes, or cross-linked films on
a surface.

An important advantage of using thieéne polymerizations
is the possibility of initiation in the absence of an added
photoinitiator2*28|nitiatorless systems are particularly attractive

deposition. Clean substrates were placed in a Teflon bottle with an
open vial containing-0.5 mL of 3-mercaptopropyltrimethoxysilane.
The bottle was purged with argon for 5 min, sealed, and placed in
an oven maintained at 9 for 2.5 h. After removal, the SAM-
coated substrates were rinsed in toluene and then in acetone and
blown dry with a nitrogen streant:2®

Patterned Photopolymer Brush Formation.Monomer mixtures
were prepared using HDT and DVE-3 mixed in various ratios of
thiol and ene functionalities. Before polymer brush formation, the
thiol-terminated SAM is treated with a solution of dithiothreitol

since thick, clear coatings can be formed without concerns (DTT), which reduces disulfide bonds to thiols. Substrates were
associated with light attenuation caused by initiator absorption. immersed in a 100 mM DTT solution in 10 mM phosphate buffer
In addition, thio-ene chemistry is highly versatile, and a variety for 10 min, then rinsed with DI water and acetone, and blownggv
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An ellipsometer (Multiskop, Optrel GBR, Berlin) was used to
make all thickness measurements, which were done at an angle of
incidence of 70. Five separate measurements were conducted at
different spots for each sample. Three repeats for each sample were
made to obtain an average thickness for each case.

Patterned PEG films were stained with hematoxylin for 5 min
and washed in a PBS solution. Fluorescent images were obtained
using a Zeiss Pascal LSM5 confocal microscope (Carl Zeiss,
Thornwood, NY) with a 4& oil immersion objective. The dye
was excited using a 543 nm heliazmeon laser, and fluorescence
was collected through a 560 nm long-pass filter.

Results

Harant et al. have recently demonstrated that thickness control
in grafted thiot-ene films is achieved by controlling two
variables, namely the ratio of thiol and ene functionalities in
the bulk monomer and the conversion to which the monomers
are reacted® They showed that by altering these two factors
the brush thickness could be controlled from 0.1 to 6 nm.
Controlling the polymerization up to a certain conversion is
nontrivial since the samples must be monitored continuously
using real-time conversion measurement techniques such as real-
time infrared spectroscopy. Controlling the ratio of the mono-
mers, on the other hand, is simple and does not require any
additional equipment. In this work, this technique of thickness
control is employed along with photolithographic methods to
obtain ultrathin micropatterned polymer films with a thickness
ranging from 0.1 to 5 nm.

Patterned films were formed using an optical mask alignment
system. Thiot-ene comonomer solution was sandwiched be-

) - . . tween a chrome mask with %0n squares and a thiol-terminated
Figure 1. Friction mode SPM image of a patterned thiene brush: . - L
(a) obtained with a silicon nitride tip and (b) obtained with a gold- >/*M and exposed to collimated UV light. Polymerization and

coated tip. The region inside the square has bare thiol-terminated SAM hence grafting take place only in regions exposed to light, and

and shows higher friction, whereas the regions outside have brusha patterned surface is formed.

formation and show lower friction. The side of the square i/B0 Typical friction mode SPM images of the patterned samples
o o . . ) are shown in Figure 1. The friction image in contact mode SPM

with nitrogen. The polymerization was carried out immediately gatects the lateral force experienced by the SPM tip moving

following DTT treatment. _ ) along the surface. This force depends on the chemical groups
To form patterned brushes, an optical mask alignment system present on the surface, and hence the friction image is a useful

(Optical Associates, Inc., San Jose, CA) coupledat 5 cm  method for detecting changes in surface chemistry. Thiol groups
collimated flood exposure source that generated 60 mAGEB65 show a high value of friction in SPM images as shown

nm radiation was used. Conceptually, the system provides a simple . 29 : e . -
method to expose precisely certain regions of a surface to UV light. prewouslyr.]' lr? Figure 1a, it 'Z steeLr;th:_a thtthe r:eglonz_lnhs 'fd.e ;he
A surface is covered with a monomer, and an optical mask is placed square, which are unexposed to 'ght, show a fugh friction
on it. The distance between the mask and the sample is changed a¥@lue, indicating the presence of thiol groups. The regions
required by moving the sample stage in the vertical direction. A €Xposed .to_llght, Wherg brush formgtlon has.taken place, show
chrome-on-quartz mask was used which haduB squares of a lower friction value, since there exist both thiol and ene groups
chrome that prevented the UV light from reaching the sample. The at the terminating end of the chains in these regions, along with
sample and mask were brought as close to each other as possibléhe exposed methylene or ether groups present in the chains.
so that only a thin monomer layer remains between the two. The Further, the chain density in these regions is reduced as
light was switched on for sufficient time for the monomers to react compared to the density of SAM molecules in the unexposed
to complete conversion, which was approximately-20 s. The  regions. The increased mobility of the brushes, as compared to
polymerization, and hence grafting, took place only in the regions he SAMs, further reduces the interaction between the tip and
exposed to UV light. the sample, which also results in lower friction. The friction
Following brush formation, a thick coating of the unattached mages were obtained using both silicon nitride and gold-coated
thiol—ene polymer remained on the sample surface. To remove tiss - Gold-coated tips possess higher affinity for thiol groups
this unattached polymer, the samples were rinsed in a Soxhletand were used as a means to detect the presence of surface
extraction apparatus running with methylene chloride for 48 h. thiols2® The gold-coated tips show higher friction, as seen in
Polymer Brush Characterization. A PicoPlus scanning probe Figure 1b. As is seen in Figure 1a, the edges of the square appear

microscope (SPM) (Molecular Imaging, Inc., Phoenix, AZ) was gparp indicating that brush formation takes place only in the
used to obtain all SPM images. All images were obtained in contact exposed regions with little blurring of features due to light

mode. All images except Figure 1b were obtained at a constant _. . - .
force at a scan speed of 2 lines/s with silicon nitride tips. A gold- diffraction durlng.th_e formation of these samples. .
coated tip was used in Figure 1b to enhance the friction between T he topographic images of the patterned samples for various

the tip and sample and used as a sensor for detection of surfacéhiol:ene ratios are shown in Figure 2. The thickness of the
thiol groups. In all cases both topographic and friction mode images brushes is controlled by changing the thiol-to-ene ratio used in
were obtained. the bulk monomer solution. Here, the ratio of thiol-to-e&uBV
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Figure 3. Contact mode SPM topography image of a patterned-thiol
ene brush obtained using a silicon nitride tip. Thiol:enel:1 with

1% dodecyl vinyl ether in bulk. Inset shows the height profile across
the edge of the square. Each side of the square jg®0Step height

is 0.7 nm.
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Figure 4. Confocal fluorescent image of a patterned film. The

Figure 2. Contact mode SPM topography images of patterned-thiol  fluorescent regions contain PEG monoacrylaM, (= 375) and

ene brushes with various thiol:ene ratios obtained using a silicon nitride propanedithiol in the ratio 4:1 of acrylate and thiol functional groups.
tip. Insets show the height profiles across an edge of the square. EachThe sample was dyed with hematoxylin and imaged under a confocal
side of the square is 5@m. (a) Thiol:ene= 1:1 in bulk. Step height microscope.

is 4.1 nm. (b) Thiol:ene= 0.95:1 in bulk. Step height is 1.51 nm. (c)

Thiol:ene= 0.9:1 in bulk. Step height is 0.7 nm. Since thiol-ene systems react via a step-growth mechanism,

functionalities was changed from 0.9 to 1.0. The brush thicknessthe chain lengths of the oligomers formed are controlled by

- . . .~ changing the ratio of the two functionalities taking part in the

}/rf; rg:agzgi;ﬁgégggimﬁéi@r}[ﬁgrﬁeﬁhﬁ??:e:sﬁfe“g Ee'%?épolymerization reaction. It is also possible to add a small

ges. Sev . . gn -c by quantity of monofunctional monomer of either the thiol or ene
SPM tip during scanning As mentioned earlier, bouncing of

. . . . used to achieve control over the chain lengtRatterned films
the tip at very_h|gh edges d|_storts the height measurement. Als.o’were formed by adding a small amount of dodecyl vinyl ether
the brush height changes in the presence of solvents or with

. : - o - to a thiok-ene monomer solution. The SPM images of the same
changes in atmospheric conditions. However, it is possible to

compare the relative heights of the brushes formed when all are shown in Figure 3. The step he'.ght of the br_ushes IS now
the scanning parameters and the physical properties of the ﬁlmreduced t(.) around. 0.7 nm, desplt.e the equivalent molar
; . . concentrations of thiol and ene functional groups.
remain nearly constant. The thickness of the patterned films ] i
was also measured using ellipsometry, and the values from the 10 demonstrate that grafting occurs only in the exposed
two methods are compared in later sections. regions, fluorescent tech_nlq_ues were used. A cross-hnked' film
All measurements here are made at a constant force and f PEG acrylate and dithiol was polymerized on a thiol-
constant scanning speed of 2 lines/s. The height profiles acrosd€rminated glass surface under an optical mask. The sample was
an edge are shown in the inset of Figure 2. It can be seen thatdyed with hematoxylin, which is readily absorbed in PEG
the height difference in the modified and the unmodified regions containing films. A fluorescent image of Fhe sample is shown
is around 4.1 nm for a 1:1 ratio of thiol and ene monomers, iN Figure 4. The image was obtained by imaging layers of the
which decreases to around 1.5 nm for a ratio of 0.95 and Sample from the top of the film to the bottom using a confocal
becomes 0.7 nm for a ratio of 0.9 of thiol to ene. The three Microscope. The fluorescence was observed only in the exposed
images clearly show that it is possible to control brush height regions of the sample throughout the film, indicating that there
in a self-limiting manner by changing the thiol-to-ene ratio. [t Was minimal PEG present in the unexposed regions.
should be noted that on reducing the ratio further to a value It can also be seen from Figure 4 that the surface is passivated
less than 0.9 the roughness in the height of the brushes and théy forming the cross-linked films on the surface. The thiols on
SAMs becomes similar, and the brushes cannot be observed irthe surface are, however, still active in the unexposed regions,
the topographic images. However, the friction mode image still and it is possible to graft oligomers with a different chemistry
detects the difference in the exposed and the unexposed regiondn these regions. Figure 5 shows the fluorescent image 8[’)?/
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Figure 6. SPM topography image of a patterned film formed using a
—_ stoichiometric mixture of DVE-3 and tetrathiol without an added

Figure 5. Fluorescent image of a backfilled sample. The regions Photoinitiator. The sample was exposed to UV light with an intensity
outside the squares were patterned with a mixture of perfluorohexyl ©f 60 mWi/cn# for 15 min. The side of the square is afn, and the
diacrylate and trifluoroethyl acrylate (1:10) to obtain a cross-linked ZScale is 1.5m.
film. The squares were backfilled with PEG monoacrylate. The sample

was dyed with hematoxylin and imaged under a fluorescent microscope.
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surface formed by backfilling a cross-linked film grafted on to %‘j 081 %:;-
a surface. A cross-linked film consisting of a mixture of Fosh 160 =
fluorinated acrylates was grown on a thiol-terminated surface. B 1403
PEG acrylate was then polymerized on the surface, and the % 0.4} =
sample was washed with methanol and dyed with hematoxylin. g 120 g
z =

s

It can be seen that the hematoxylin fluorescence is seen in the
regions, which had the remaining surface active thiols from
regions that were unexposed in the first step. This result shows

that PEG was grafted only on the thiol-terminated region, as __ i ] ] ) )
expected. Figure 7. Comparison of film thicknesses measured using various
techniques. Normalized thickness of patterned samples obtained using
An important advantage of using thieéne polymerizations  ellipsometry @), normalized step height obtained in SPM measurements
for surface modification is the possibility of carrying out (#), and normalized ellipsometric thickness of unpatterned samples
initiatorlgss polymerizg_tions. Thigler_le polymerizations tqke g:)) C.I:.?]gUégigdp%\i’ﬁt?%?ecrr‘]%'r"n:glri'gég f]%rr_f Slt_%p\',%rla‘gti?] pe(g)érr?igéit_lon
place without the addition of an initiator under 365 nm light.
This process was used to attach patterned treak films on
the surface without any added initiator. A mixture of tetrathiol
and DVE-3 was polymerized through a photomask on a thiol-
terminated SAM for 15 min. The SPM image of the resultant

film is shown in Figure 6. A tetrathiol was used in this case s T4 compare the thickness values, the measurements were
instead of a dithiol since the reaction in this case is faster as normalized with respect to the film thickness obtained when
compared to a dithiol, DVE-3 mixture. The need for longer q atio of limiting to excess reagents, is equal to 1. In
exposure times for thelinitiatorless reactiqn rgduces the reso'“'addition, experiments were performed under the same conditions
tion of the patterned films, as observed in Figure 6. Another yoqcriped in the Methods section, without the presence of the
effect observed in initiatorless polymerizations is the small optical mask, thereby forming unpatterned films. The thicknesses
amount of polymerization taking place in the unexposed regions. 4t these films were also measured using ellipsometry, normal-
This reaction occurs as a result of the small amount of light j;eq similarly, and are presented in Figure 7 (data set represented
reflecting back from the surface, which polymerizes the p 4) |n ali cases, three different values were taken, and the
monomer in the unexposed regions. standard deviation was plotted as error bars. It can be seen that
Thickness Comparison of Patterned FilmsAs mentioned the values obtained for all the three cases are the same within
earlier, thickness control by changing the monomer solutions experimental errors. The difference in the thicknesses for various
and polymerization conditions is an important advantage of ratios is due to the difference in chain length of the films
thiol—ene films. In addition to characterizing the films with SPM  attached to the surface, which is a function of the ratio in which
for various thiol:ene ratios (Figure 2), the thickness of the films the two monomers are mixed in the bulk. The value of the
was also measured using ellipsometry. Several factors influenceaverage chain lengtlx,, calculated for various values of thiel
the thickness value obtained by using the SPM topographic ene ratios is plotted in Figure 7. It can be seen that the theoretical
images as mentioned earlier. A comparison of the values of thevalue of X, increases in a manner similar to the observed
thickness obtained for samples with changing ratios of thiol and thickness increase. At valuesolose to unity, the theoretical
ene functionalities by these two techniques is shown in Figure chain length tends toward infinity, and the observed thickness
7. values are below the theoretical ones due to monomer impu&t&g@

0.9 0.920.940.96 0.98 1
r, Ratio of Limiting to Excess Reactant

Since the thickness is measured by different techniques, the
values of thickness are different. Whereas ellipsometry gives
an average value of the film thickness, SPM gives the change
in the thickness of the film from the bare SAM to a polymer
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and other side reactions. Figure 7 shows conclusively that it is (6) Reddy, S. K.; Sebra, R. P.; Anseth, K. S.; Bowman, CINPolym.
possible to change the ratio of thiol and ene functionalities in Sci., Part A: Polym. Chen2005 43, 2134-2144.

. . (7) Ulman, A.An Introduction to Ultrathin Organic Films from Lang-
the bulk and change the thickness in the patterned brushes. muir—Blodgett to Self-Assembljcademic Press: New York, 1991.

. (8) Prucker, O.; Ruhe, Macromoleculesl998 31, 592-601.
Conclusions (9) Prucker, O.; Ruhe, Macromolecules998 31, 602-613.
Thiol—ene polymerizations were used to pattern ultrathin (10) Ruhe, J.; Knoll, NJ. Macromol. Sci., Polym. Re2002 C42, 91~
pqumer films spgtlally on a surface with control over the (11) Bialk, M.: Prucker, O.: Ruhe, Tolloids Surf., A2002 198 543
thickness of the films at a sub-10 nm level. The thickness of 549.
the formed films was readily altered by changing the ratio of (12) Prucker, O.; Naumann, C. A.; Ruhe, J.; Knoll, W.; Frank, C.JW.
thiol and ene functionalities in the bulk monomer solution. Am. Chem. Socl999 121, 8766-8770. , _
Further, the thickness was also controlled by adding a small (13) gfgglsei‘ggh Séé)éf%vgailfg;{fgé A.; Atthoff, B.; Hilborn, Blosens.
amount of monofunctional ene monomer in the bulk. Patterned, (14 sepra, R. P.; Masters, K. S.; Bowman, C. N.; Anseth, KaBigmuir
cross-linked films were suitable to passivate a surface, which 2005 21, 1090710911.
was then backfilled with a different monomer solution to obtain (15) Yang, X. G.; Shi, J. X.; Johnson, S.; SwansonLBngmuir 1998
a surface presenting multiple functionalities. Finally, patterned 14, 1505-1507.
thiol—ene grafted films were readily formed without the addition (18) Yang, W. T.; Ranby, BMacromolecules.99§ 29, 3308-3310.
2 (17) Pyun, J.; Kowalewski, T.; Matyjaszewski, KMacromol. Rapid
of a photoinitiator. Commun2003 24, 1043-1059.
Several important advantages of thi@ne polymerizations  (18) Harant, A. W.; Khire, V. S.; Thibodaux, M.; Bowman, C. N.
for surface modification are demonstrated in this work. The Macromolecule2006 39, 1461-1466.

ability to design monomer solutions for a desired thickness offers (19) g_néckzegr,lgz.;gl;abicht, J.; Park, I J.; RuheViater. Sci. Eng., @999
unique control over film properties not possible in systems ;q) jeon, N. L Choi, I. S.; Whitesides, G. M.; Kim, N. Y. Laibinis, P.
involving chain addition polymerization. The actual polymer- E.; Harada, Y.; Finnie, K. R.; Girolami, G. S.; Nuzzo, R. &ppl.
ization time in each of the samples shown here is20 s with Phys. Lett.1999 75, 4201-4203.

iti 0 it i ti i (21) Shah, R. R.; Merreceyes, D.; Husemann, M.; Rees, |.; Abbott, N. L,;
the a(;dltlop of Om}tl %‘l wt /(IJI of :Ee phOto;mttlﬁtor' TIhIS tlme tls Hawker, C. J.; Hedrick, J. LMacromolecule200Q 33, 597-605.
an or e'_‘ 0 magm_u e _Sma er_ an mos_ otheér po ymel_'l_za '9” 22) Husemann, M.; Mecerreyes, D.; Hawker, C. J.; Hedrick, J. L.; Shah,
mechanisms, making this technique a rapid surface modification R.; Abbott, N. L.Angew. Chem., Int. EA.999 38, 647—649.
procedure. Also, the possibility of initiatorless polymer grafting (23) Hyun, J.; Chilkoti, A.Macromolecule001, 34, 5644-5652.

makes thick, clear coats on a surface a potential application of (24) Cramer, N. B.; Reddy, S. K.; Cole, M.; Hoyle, C.; Bowman, CJN.

the technique.
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