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Patterned polymer brushes were grown from organic monolayers on Si(111) using ring-opening
metathesis polymerization catalyzed by the Grubbs’ first generation catalyst. The Grubbs’ catalyst reacted
through cross metathesis with an olefin-terminated monolayer on Si(111) such that it was attached to
the monolayer. Next, a polydimethylsiloxane slab patterned in bas-relief was placed on this surface to
form microchannels. Undecenoic acid was added to the microchannels to react with and remove the
Grubbs’ catalyst from the surface exposed in the microchannels. Next, the microchannels were
etched by tens of nanometers to several micrometers withThis etching exposed fresh mono-
layers on the silicon terminated with the Grubbs’ catalyst. A solution of bicyclo[2.2.1]hept-5-
ene-2-carboxylic acid was added to the microchannels and polymer brushes grew by ring-opening
metathesis polymerization only on the newly exposed surface. A range of polymer brushes with
widths from 70 nm to several micrometers was fabricated. This method is exciting because an entire
surface can be patterned simultaneously and it is not limited by the wavelength of light. Rather, the
width of the polymer brushes is determined by the amount of polydimethylsiloxane that is etched
from the microchannels. In addition, this method can be used to pattern surfaces inside of existing
microchannels. These polymer brushes were characterized by a combination of methods including X-ray
photoelectron spectroscopy, scanning Auger spectroscopy, scanning electron microscopy, and optical
microscopy.

Introduction molecules include dip pen lithograp®:! electron-beam

. . . lithography2~-14 focused ion beam lithograph§ ¢ nanoim-
Nan_ometer to micrometer wide patterns of well-defined orint lithographyl™19 and microcontact printing. These
organic cgmpoqnd_s on surfgces have acc (_elerated advance ethods are exciting alternatives to photolithography as they
n ”a”OS.C'ef‘gce in fields ranging from med|C|ne.to molgcular combine patterning on the nanometer-size scale with the
glectromcsl. These patterns.allow for the spatlal engineer- placement of well-defined and tailored organic functional
ing of smart surfaces o display well-defined arrays .Of groups on a surface and exploit the opportunity to generate
_molecu!es .that can recognize m.etal.s, DNA, .RNA’ or prqtems many patterns quickly without the need for new chrome
in solution; act as molecular wires; or provide the basis for masks to be manufactured. This combination of patterning

devices fabricated for molecular e_Iectronlcs. Numerous on the nanometer-size scale with well-defined chemistries
methods to pattern surface chemistries on the micrometer-

. X . . . d’s critical for new applications in nanoscience.
size scale exist, but patterning surfaces with nanometer-size

dimensions is considerably more challenging. Current meth- N this article, we report a mild method to pattern polymer
ods to pattern surfaces with nm-sized features of organic brushes from 70 nanometers to several micrometers from
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monolayers on Si(111) using ring opening metathesis po-is exciting as they combine the selectivity of organic
lymerization (ROMP) catalyzed by the Grubbs’ first genera- chemistry with the multiplying effect of polymers. Polymer
tion catalyst. This method uses ko etch polydimethylsi- brushes can be used to add more functional groups per unit
loxane (PDMS) microchannels to pattern an entire silicon area of surface than monolayers and still maintain atomic
wafer with polymer brushes that are readily integrated with level control over surface chemistry. Second, PDMS mi-
microfluidic systems. Although these polymers were deco- crofluidic channels have gained widespread acceptance as a
rated with carboxylic acids or anhydrides, a wide range of useful tool. Our work is exciting because we are growing
functional groups is possible because ROMP is insensitive well-defined polymer brushes inside of microfluidic channels
to many functional groups. Recently, polymers have been that will allow their surface chemistries to be patterned from
synthesized with ROMP that exposed alcohols, carboxylic the nanometer to micrometer scales in new ways that will

acids, Pd catalysts, anhydrides, esters, amides, sugarsxtend the applications of these microchannels.

ethylene glycols, and ethers, to name a few exanfiés.
Clearly, ROMP is an important polymerization method that
can be used to grow polymers displaying many functional

groups. In this article, we choose to grow polymer brushes
exposing anhydrides and carboxylic acids as these functional
groups demonstrate our method and they can be further

Experimental Section

Materials. We purchased 10-undecanoic acid (98%), 48% HF,
cyclooctene, bicyclo[2.2.1]hept-5-ene-2-carboxylic acid (98% pure
as an endo/exo mixture), norbornene, the Grubbs’ first generation
catalyst, and all solvents from Aldrich or Acros chemicals and used

reacted in subsequent steps. We call this method “patterningsg received. Exo-7-oxa-bicyclo(2.2.1)-heptane-2,3-dicarboxylic an-

by etching at the nanoscale,” or PENs for short.

hydride was synthesized according to literature preced&ingle-

We choose to use PDMS microchannels and silicon for side polished Si(111) wafers (n-type) were purchased from Silicon

two reasons. First, silicon is the most important electronic

material; yet methods to pattern and control its surface

chemistry lag behind that of coinage metals and gi&ass.

Inc, Boise, ID.
Instrumentation. A Hitachi S-4000 scanning electron micro-
scope was used to gather the SEM images. An accelerating

Combining the successes of nanotechnology with silicon voltage of 5 kV was used to image the patterns on the surface. A

technology will open up opportunities to fabricate materials
with new properties that take advantage of the semiconduc
ing properties of silicor>~53 Patterning with polymer brushes
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micromaster optical microscope with image-capturing software

t_(Micron) was used to obtain the optical micrographs of the

surface.

The samples were studied by XPS and scanning Auger spec-
troscopy using a Kratos Axis Ultra at the University of lowa. For
XPS, the dimension of the image area was g60by 700xm and
the takeoff angle was 45The pass energy on the survey scan (0
1100 eV) was 160 eV. High-resolution scans of Si(2p)-228
eV binding energy), C(1s) (274300 eV binding energy), O(1s)
(523-539 eV binding energy), and F(1s) (68696 eV binding
energy) were performed. The atomic compositions were corrected
for the atomic sensitivities and measured from the high-resolution
scans. The atomic sensitivities were 1.000 for F(1s), 0.780 for O(1s),
0.278 for C(1s), and 0.328 for Si(2p). For scanning Auger
spectroscopy, the voltage was 5 kV and the lateral resolution was
200 nm.

Patterning of Polymer Brushes. We will describe how we
patterned polymer brushes with iF and bicyclo[2.2.1]hept-5-
ene-2-carboxylic acid, this method was followed for all patterns.
The Grubbs’ catalyst was removed from a glove box, where it was
stored under Bland exposed to ambient atmosphere. All further

(45) Basu, R.; Guisinger, N. P.; Greene, M. E.; Hersam, MAhl. Phys.
Lett. 2004 85, 2619-2621.

(46) Pike, A. R.; Lie, L. H.; Eagling, R. A.; Ryder, L. C.; Patole, S. N,;
Connolly, B. A.; Horrocks, B. R.; Houlton, AAngew. Chem., Int.
Ed. 2002 41, 615-617.

(47) Peng, Y.-c.; Fu, G.-s.; Wang, Y.-l.; Shang, Semicond. Photonics
Tecnol.2004 10, 158-163.

(48) Pei, Y.; Ma, JJ. Am. Chem. So@005 127, 6802-6813.

(49) Roth, K. M.; Yasseri, A. A,; Liu, Z.; Dabke, R. B.; Malinovskii, V.;
Schweikart, K.-H.; Yu, L.; Tiznado, H.; Zaera, F.; Lindsey, J. S.; Kuhr,
W. G.; Bocian, D. FJ. Am. Chem. So@003 125 505-517.

(50) Strother, T.; Cai, W.; Zhao, X.; Hamers, R. J.; Smith, L. MAm.
Chem. Soc200Q 122, 1205-1209.

(51) Yamada, T.; Takano, N.; Yamada, K.; Yoshitomi, S.; Inoue, T.; Osaka,
T. Electrochem. Commur2001, 3, 67—72.

(52) Yamada, T.; Takano, N.; Yamada, K.; Yoshitomi, S.; Inoue, T.; Osaka,
T. Mater. Phys. Mech2001, 4, 67—70.

(53) Yu, H.-Z.; Morin, S.; Wayner, D. D. M.; Allongue, P.; de Villeneuve,
C. H.J. Phys. Chem. BR00Q 104, 1115711161.

(54) France, M. B.; Alty, L. T.; Earl, T. MJ. Chem. Educl999 76, 659—
660.



PEN on Si(111) through Controlled Etching of PDMS Chem. Mater., Vol. 19, No. 11, 22805

Olefin-Terminated Monolayer

) (0] .
ASigiSi-giSi-gi-Gig; B ; OB Shgi§isiSsiSisiSi
INIINIINTT 1) ) JASANNANA
) PCy3
2) 2o~ Cll = .
ROMP Cl e Cross Metathesis
oH Vs 0 o
O o |Ipcy3 o |I:Cy3 HO OH
CrFE)“C“ C"F:':UC‘ S &
HO 0 ¥3 Y3
0 ) 0 o o o o )
1) ﬂb/lLOH A [AAAA~HoY
2) 2o~
S Bing Siogy S Sl S S S 8 Si. Sl S S S 8
7/ /NN N SNT/SNT NN /SN SN NN

Figure 1. Reactions and monolayers used in this study; the full characterization and reactions conditions are reported in the literature. Monolayeds termina
with olefins and methyl groups were assembled directly on Si(111) without an intervening layer of silicon dioxide. We first synthesized hydiogeede
Si(111) and reacted this surface with 1-octadecene and a diolefin with 0.1 mol % TEMPO®&Xt, these surfaces were exposed to a solution of the
Grubbs’ catalyst to yield a surface with this catalyst covalently bonded to it. This monolayer was reacted with 10-undecenoic acid to yield ia carboxyl
acid-terminated monolayer by cross metathesis. Alternatively, it was reacted with bicyclo[2.2.1]hept-5-ene-2-carboxyli¢c @cieko-7-oxa-bicyclo-
(2.2.1)-heptane-2,3-dicarboxylic anhydridg, to yield polymer brushes by ROMP.

steps in this procedure were carried out under ambient conditions.metathesis polymerization (ROMP) with the Grubbs’ first-

We mixed a 1.22 mM solution of the Grubbs’ first generation generation cataly$t~>” Metathesis is an important class of

catalyst in CHCI, and immersed a silicon wafer with an olefin-  grganic reactions that can be used to synthesize small

terminated mpnolayer in it for SQ min. The wafer was removed molecules and large polymetss7 In our previous work,

ggn:htgenfgr']‘gl'gne?f ;ﬁga'gsé ‘Zréd '\r/'lnziﬁjtg r??)'fwusnzt:{:ne%\i,?saili%c?nd we used cross metathesis and ROMP to pattern surfaces with
Y ) carboxylic acid-terminated monolayers and polymer bru%hes.

nitromethane was added to the microchannels for 60 min. The Th | Si(111 table t ¢ heri
undecenoic acid reacted with the Grubbs’ catalyst on the surface es.e. monolayers on Si( ) .are S 6,‘ e i 0 atmospheric
conditions for months and to immersion in agueous or

to yield an acid-terminated monolayer that was free of the Grubbs’ "
catalyst. 0.5 M BuNF in THF/nitromethane was added to the Organic solvents for days to weeks. They are stable enough

microchannels for different periods of time. This solution was 0 have a wide range of application in fields that currently
removed from the channels with fresh nitromethane. A 58 mM use monolayers on electrically conducting substrates such
solution of the monomer in DMF was added to the micro- as gold or electrically insulating substrates such as glass.
channels for 3-33 h. This addition of monomer resulted in polymer Method to Fabricate Polymer Brushes Inside Microf-
brushes only along the newly exposed Grubbs’ catalyst-terminated|yjdic Channels. In this paper, we report a method to pattern

monolayer. The p_onmenzanon tlmt_a varied to .obtaln clear polymer brushes on monolayers on Si(111). This method
images by optical microscopy or scanning electron microscopy. The
microchannels were rinsed with fresh nltromethane aqd the (56) Arafat, S. N.: Dutta, S.. Perring, M.: Mitchell, M.: Kenis, P. J. A.;
PDMS stamp was removed. The surface was rinsed and imaged Bowden, N. B.Chem. Commur2005 25, 3198-3200.
by optical and scanning electron microscopy. (57) Perring, M.; Dutta, S.; Arafat, S.; Mitchell, M.; Kenis, P. J. A;
Bowden, N. B.Langmuir2005 21, 1053710544.
. . (58) Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, RJHAm.
Results and Discussion Chem. S0c2003 125 11366-11370.
. . (59) Trnka, T. M.; Grubbs, R. HAcc. Chem. Re001, 34, 18—-29.
Our method to pattern micrometer- to nanometer-sized (60) Grubbs, R. HHandbook of MetathesisWiley-VCH: Weinheim,
i i AL Germany, 2003.

polymer brushes begins Wlth the assembl'y of an olefin (61) Biclawski, C. W.. Grubbs, R. Hingew. Chem., Int. E00Q 39,
terminated monolayer on Si(111) as shown in Figure 1. The 2903-2906.
assembly and characterization of these monolayers was(62) Hg.n?'sa}%;oKanaOka' S.; Grubbs, R. B. Am. Chem. Sod.996
repqrted in a previous publication, and we V_V'" repeat only (g3) Weck, M.; Schwab, P.; Grubbs, R. Macromoleculesl99§ 29,
the important details here. We assembled mixed monolayers = 1789-1793.

; : _ ; (64) Blackwell, H. E.; O’Leary, D. J.; Chatterjee, A. K.; Washenfelder, R.
ofadmleﬁn and 1-octadecene to form monolayers terminated A Bussmann. D. A.. Grubbs, R. H. Am. Chem. So@00Q 122
with olefins and methyl groups. We demonstrated that these  s5g-71.
monolayers readily react by cross metathesis or ring-opening(65) Sanford, M. S.; Henling, L. M.; Day, M. W.; Grubbs, R. Angew.

Chem., Int. Ed200Q 39, 34513453,
(66) Connon, S. J.; Blechert, 8ngew. Chem., Int. E2003 42, 1900~
(55) Dutta, S.; Perring, M.; Mitchell, M.; Kenis, P. J. A.; Bowden, N. B. 1923.
Langmuir2006 22, 2146-2155. (67) Schmidt, BAngew. Chem., Int. EQR003 42, 4996-4999.
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Figure 2. Growth of patterned polymer brush lines began with the assembly of an olefin-terminated monolayer as shown in Figure 1. The silicon wafer is
immersed in a solution of the Grubbs'’ first generation catalyst and removed. The Grubbs’ catalyst reacts with the olefins on the surface anditheonded t
monolayer. After being rinsed with fresh solvent, a PDMS slab with microchannels is placed on the surface. The microchannels are filled wititcundeceno
acid to cross metathesize with exposed Grubbs’ catalyst and remove it from the surfd¢e.dBuHF is added to the PDMS microchannels to etch the walls

and expose fresh Grubbs’ catalyst-terminated surface. A solution of monomer for ROMP is added to the microchannels to grow polymer brushes only on
the newly exposed surface. The entire method outlined here is performed outside of a glove box under ambient conditions.
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Figure 3. Amount of PDMS that was etched under a variety of conditions. The equations above each graph describe the linear fits to the data as shown by
the lines through the data. (a) Calibration curves for etching PDMS microchannels in 0.5NF Bdter the PDMS was immersed in 10% by volume

solution of undecenoic acid in MeNGor 60 min @) and without exposure to undecenoic aca.((b) Width of polymer brushes fabricated using the 0.5

M BusNF as the etchant and as measured from SEM micrographs. (c) Calibration curves for etching PDMS microchannels in 5% HF after the PDMS was
immersed in a 10% by volume solution of undecenoic acid in nitromethane for 608hien@d without exposure to undecenoic aca.(The error bars are

the standard deviations for at least 10 measurements at each point.

relies on the controlled etching of PDMS by HF or BiF of exposure of the channels to a solution of certain [ve
within microfluidic channels (Figure 2). PDMS is a com- were able to control how much PDMS was etched to reveal
mercially available polymer that is extensively used in “soft a fresh surface of Grubbs’ catalyst-terminated monolayer that
lithography” for numerous applications including patterning subsequently could be functionalized by ROMP. Two key
of monolayers or as scaffolds to generate microfluidic features of this method is its potential to pattern sub-100
channel$® 7 A PDMS mold maintains its shape when nm wide lines on a surface because it is not limited by the
placed on a surface and it is flexible enough to seal in wavelength of light, and its potential to pattern an entire
conformal contact with a surface. Thus, fluids flowing wafer concurrently.

through PDMS microchannels do not come into contact with Our method demonstrates the tolerance of the Grubbs’

su;fsces covered va'th PD'\I/,ISl; d PDMS i ised of catalysts to these conditions. Only the Grubbs’ catalysts are
e structure of cross-linke IS compris€d OF giored in a glove box; the remaining steps are carried

str(;]ng silicgr:j—.oxyg.en. bonds (fornfwla: —(Q—SiMIezg)z)z KJ out under ambient conditions. The Grubbs’ catalysts bonded
with a bond-dissociation energy of approximately to the monolayer are exposed to aqueous solutions of

—171 i
m_ol : T hese bonds are unreactive toyvar(_j nlost reagentsy o BwNF and Q, yet they still catalyze the growth of
with an important exception of the fluoride ion; Fwhich . :
. . : . polymer brushes from the surface. This result is unex-
readily cleaves the polydimethylsiloxane network into small . .
pected but welcome as it makes the formation of

molecules. We took advantage of this property of PDMS | h h imol
and passed solutions of HF or BNF through PDMS patterned polymer brushes rather simple and easy to carry

microfluidic channels to etch PDMS. By controlling the time out.
Rates of Etching of PDMS.We first measured the rate
(68) Lee, J. N.; Park, C.; Whitesides, G. Knal. Chem2003 75, 6544- at which PDMS is etched when immersed in either 0.5 M
(69) ?(E;Sn‘:a R. S.; Stroock, A. D.; Jeon, N. L.; Ingber, D. E.; Whitesides BuNF dissolved in 1/1 viv MeN@THF or 5% HF in HO
G. M. Opt. Biosens2002 571-595, A " (Figure 3). To measure the amount of PDMS that was etched,
(70) McDonald, J. C.; Whitesides, G. Mcc. Chem. Re002 35, 491~ we cut a slab of PDMS that was patterned in bas-relief with
499. microchannels to expose a series of features raised by 50

(71) Chemoweth, K.; Cheung, S.; van Duin, A. C. T.; Goddard, W. A., .
I1l; Kober, E. M. J. Am. Chem. So@005 127, 7192-7202. um on PDMS. We measured the widths of at least 10
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microchannels before and after etching the PDMS to learn
how much had been removed. From our results it is clear
that 0.5M BuNF etches PDMS faster than 5% HF {JF=

4 M). These results indicate that PDMS can be readily etched
with BuyNF, but to etch sub-micrometer wide stripes of
PDMS from the walls of microchannels, it is better to use
5% HF.

Interestingly, if we immerse PDMS into a solution of
undecenoic acid in nitromethane prior to etching, the amount
of PDMS that was etched was lowered relative to slabs of
PDMS that had not been immersed in undecenoic acid.
Undecenoic acid can diffuse into PDMS and affect the
etching rate by buffering theF It is well-known that the
rate at which SiQis etched is highly dependent on the pH
of the solution with acidic solutions more reactive than basic
solutions. Also, undecenoic acid can affect the rate at which
F~ reacts with PDMS by offering a barrier through which it
must diffuse to react. The reasons for the retarded rate is
unknown and is beyond the scope of this paper. It is
important to note that undecenoic acid had an important
effect and that it must be taken into consideration when ] ] ' T
etching PDMS. In the next section, we will further describe g:gws ii‘ &’é’;’i'tgi'gmg;ﬁgh(z)m;ﬂ?xmn?i[:?éﬁﬁgﬁf‘g’srﬁEt(Ig;easgéhg)“”\?vf
how the width of the polymer brush patterns closely match show the ends of the microchannels to emphasize that the polymer lines
the calibration curve set using PDMS immersed in unde- followed the curves of their shapes—{j SEM micrographs of polymer
cenoic acid prior to etching. This result is not unexpected, brushes (dark lines). The polymer lines appear curvy under high magnifica-

L - o tion due to imperfections in the walls of the PDMS microchannels used to
as undecenoic is flown through the microfluidic channels fabricate them. (i) SEM micrograph of a polymer brush with a width of

prior to etching. 270 nm. In each of these experiments, we used mondnfesm Figure 1
o to synthesize the pol :
Growth of Polymer Brushes and Characterization by © syninesize e poymers
Optical Microscopy and SEM. After treatment with etchant .
b 0Scopy S nels), and the polymer brushes followed their uneven

solution, polymer lines were grown on the newly exposed . .
surface according to the procedure of Figure 2 and character—comours' Thus, this method successfully replicated the

ized by optical and scanning electron microscopy (Figure cor_1tours of _the VY&||S of the microchannels. It is forgiving
4). For these experiments we used monoreén Figure 1 of imperfections in the roughness of the walls and allows
to synthesize a polymer brush exposing carboxylic acids. CUTVes on the submicrometer to tens of micrometers scale
There is a limitation in viewing these patterns by SEM as t© Pe patterned.
the lines are narrow (widths of tens of nanometers to several The widths of the patterns were measured as a function
micrometers) and do not show up well at low magnifications. of time that the microchannels were exposed taNFtiand
Therefore, we grew thick polymers that were easily viewed the data were plotted in Figure 3b. The agreement between
as bright lines under optical microscopy and show SEM the measured widths of the lines and the amount of PDMS
micrographs at high and low magnifications where the lines etched after exposure to undecenoic acid was excellent
were still clearly visible. (slopes of 0.25 and 0.24m per min) and demonstrated that
We wished to show that this technique works over a large this method could be used to grow patterned polymer brushes
area for both straight and curvy microchannels. The imagesith widths from 270 nm to at least 3.4m. Control
in Figure 4 are representative of what we observed over experiments where we did not add monomer to the micro-

numerous samples, the polymer lines were continuous overspannels after etching did not show any polymer lines.
the entire length of the microchannelgreater than a

centimeter in length. Although there were very few defects 10 9row polymer brushes with widths of less than 250
on these surfaces, occasionally a microchannel did not fill "M we had to use an etchant solution different from 0.5 M

with the liquid so a polymer line was not patterned in it. In  BUsNF. On the basis of the calibration curves, to etch 100
addition, it is clear from Figure 4e that curvy channels can "M from microchannel walls they must be exposed to 0.5
be patterned. Figure 4d shows polymer lines that followed M BusNF for only 26 s, a time that we found challenging to
the contours of the end of the microchannels. This method control. Decreasing the concentration of ;B& did not
is both robust over large areas and can be used to patterrprovide reproducible results for the widths of polymer
polymer brushes in straight and curvy microchannels. brushes, so we switched to 5% HF as the etchant because of
To better characterize the polymer lines, we imaged them its slower rate of etching, as shown in Figure 3c. With this
under high magnification by SEM (Figures—4j). These etchant 100 nm of PDMS would be etched from the
images clearly demonstrate that the lines were continuous.microchannel walls upon exposure to HF for approximately
The walls of the microchannels were not smooth (as expected5 min. In Figure 5, we show polymer brushes with widths
from the use of transparency masks to create the microchan-of 70, 90, and 140 nm that were fabricated by following the

Polymer brush

5 um 7 10 um
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Figure 5. SEM micrographs of patterned polymer brushes that were grown Binding Energy (eV) Binding Energy (eV)

from PDMS microchannels after etching with 5% HF and using monomer ¢
B in Figure 1. The polymer brush lines had widths of (a) 70, (b) 90, and

(c) 140 nm. (d, e) Crossed polymer brush lines that were fabricated by Cils

growing one set of polymer lines, removing the PDMS, immersing the wafer o

in a solution of the Grubbs’ catalyst, and following the method in Figure — —CC82%

2 to grow a second set of polymer lines on the surface. The arrows point ----C039%

to the lines of polymer brushes. ; - . . —_ - -C=09%
295 290 285 280

method outlined in Figure 2 and replacing the etchant with Binding Energy (eV)

5% HF in HO. From the results in Figures 4 and 5, it is Figure 6. Change of the C(1s) peak in the XPS spectra for (a) a mixed
clear that the edge resolution of the polymer brushes monolayer terminated with methyls and olefins, (b) after reaction with the
. . S . Grubbs’ catalyst, and (d) after reaction of the surface with monomer. (c)
increases with their widths. For the smallest lines the edge the ry(3p) peak clearly shows that it is bonded to the surface.
resolutions were much less than 50 nm, but for the widest
lines exceeding km the edge resolution increased to over

50 nm. \

To further demonstrate the potential of this method, we |
patterned crossed lines of different polymer brushes by first
growing polymer brushes of monomaArin Figure 1 along
microchannels of PDMS. Next, the surface was immersed
in a solution of the Grubbs’ catalyst again to bond Grubbs’
catalyst throughout the entire surface. The PDMS stamp was
rotated and placed back on the surface. The procedure ; 1{'30 2('10
outlined in Figure 1 was repeated to grow polymer brushes 110 um 18 Distance (um)
of monomeB at an angle relative to the first lines. Because O kil Si kil

we replenished the Grubbs’ catalyst on the surface prior to
growing the second set of polymer brushes, we grew crossed
polymer lines as shown in Figures 5d and e.
Characterization of Polymer Brushes by XPS and
Auger Spectroscopy We further characterized these poly-
mer brushes by XPS and Auger spectroscopy. We first ;

looked at these surfaces by XPS to characterize the change? . 100 200 O _ 100 200

in the C(1s) peak that would show evidence of growth of BEnea(un) Distance (um)

polymer. Polymer brushes of monom&rwere grown on Figure 7. SEM of a patterned surface taken in the Auger spectrometer.

the entire surface of a SI(LLL) waer for measurements by 1 3 e S e o e tnee e
XPS. A nonpatterned surface was imaged because oOurpolymer brushes and the one dark horizontal line is where the surface was
polymer brushes were narrower than the smallest pixel sizeimaged by Auger spectroscopy. The C(kll), O(kll), and Si(kll) scans show

that could be measured by scanning XPS. In Figure 6, we SPkes where the polymer brushes were found.

show the evolution of the C(1s) peak in the original patterned polymer brushes using monomeand imaged
monolayer, the Grubbs’ catalyst-terminated surface, and thethem by scanning Auger spectroscopy. Auger spectroscopy
polymer brush. These results demonstrate that we arehas the advantage that it can be image small area with a
growing polymers that were bonded to the surface (they were |ateral resolution approaching 200 nm. In Figure 7, we show
not removed with extensive washing in organic solvents). a SEM of a patterned surface with a dark, horizontal line
In addition, the Ru(3p) and Ru(3d) peaks clearly show that that indicates where the surface was imaged by scanning
the Grubbs’ catalyst was bonded to the monolayer as Auger spectroscopy. When the Auger imaged the po|ymer
described in Figure 1. brush, it detected a spike in the amount of C and a decrease
Because XPS is a bulk measurement over a large (ap-in the amount of O and Si. These results are consistent with
proximately 0.24 mrf) section of a surface, we grew the growth of a polymer brush with high amounts of C that
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shields the Si peak. The O(kll) peak decreases when theof microfluidic devices for use in micro total analysis systems
polymer brush is imaged because the area between thguTAS). In “these lab on a chip” systems, the increasingly
polymer brushes the surface is terminated with acids, assmall dimensions of the microfluidic channels increases the

described in Figure 1. importance of controlling their surface chemistry. To pattern
the surface chemistry inside of a microfluidic device, the
Conclusions and Summary surface is either patterned and then another slab is bonded

onto the surface to form channels or the channels are
modified using lamellar flow in the channels. These patterned
surfaces can direct the flow of liquids or the growth of
substrates in the channels. Our method allows the edges of
the channels to be patterned selectively from the rest of the
surface and will allow for further control over the surface
chemistry. Finally, we can imagine coating the newly formed
polymer brushes with other nanomaterials or inorganics. A
hard shell could be grown over the polymer brush lines, and
after the polymers are etched, a new nanofluidic device

We report a new method to pattern polymer brushes inside
of PDMS microchannels with widths from several microme-
ters down to 70 nm. All of the steps of this method are carried
out under ambient conditions using simple PDMS slabs. This
method uses the controlled etching of PDMS with different
sources of F to expose fresh surfaces of Grubbs’ catalyst-
terminated monolayer within microchannels. Although we
patterned lines with widths down to 70 nm, this method
probably can be extended to patterns with smaller widths
bylusmg tl)owehr exr\)/?/sures o Fohr IOVﬁ-moIecule}(rj—vr\]/elgrf\t he Would remain that would be readily integrated with a
polymer: brushes. Ve expect that the true wi t. s of the microfluidic channel. This method is also promising because
polymer lines where they attach to the surface is smaller it can be integrated with monolayers on coinage metals. In
than the widths measured here because polymer brushes Willtuture work, we will explore some of these application.s,

spread onto adjacent surfaces that did not grow pOIymerstudy the lower limits of line widths of polymer brushes that

b_ru.shes. The spreadmg of pO'VfT‘er brushes _and INCreasING - n be obtained with this method, and investigate the growth
difficulty of imaging nanometer-wide polymer lines by SEM of block copolymer brushes

kept us from learning the lower limit of this method.
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