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he coatings industry has had a fascinadon with “smart coatings” for
some time. $mart coalings are not new in the sense that they rake into ac-
‘count everyday applications using new materials and mechanisms te im-
prove the performance of existing coatings. On the other luind, because of
fundamental discoveries made in the field of polymeric and inorganic mate-
tials there is a potential W generate new and “sman applications.” The use of
zo-villed macromolecilar assemblies i nftrathin filins provides new ways of
azsembly of ulirathin film coarings even through a layer-by-layer approach.

Crganic m-confugated polymers and intrinsically conduating polymers
{1.Ps} hawe shown very promising belanior as alternative electrical conduct-
ing, nonlinear optical, and electroluminescent materials,! Ouher applications
include: emergy storage, elemochromic displayvs, sensors, charge-dissipation.
and antirorrosion coatings. Both doped and undoped forms ave Deing inves-
tigated for thewe applications with the ideq of replacing thelr inorganic mile-
tint counterpart A wealth of syathetic rechnigues leading to novel molecular,
macromolecularn, and microstriciural design has been reparied.
Flecirochemical methods have been otidized 1o control The oxidaton poten-
tial for polymerization and investigate the resulting electronic pruperties of
these polymers, In Lhis case, the conjugaled polymers are formed in-situ as
the monomers are polyvmerized (radical cavon mechanism) and deposited
on a conductive electrode. Recently, the importance of optical filin qualities
of these materials has been emphasized for electrochromic applications. For
non-doped film applications sach as polymer light-emitiing diode {(i71.FD))
and feld eilent tansistar (FET) devices, the oplcl dielectric constants,
charge carmier properties, thickness, morphology {crystallinity or aggrega-
tion], and Jayer order of he films are deemed W be important.
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We have demonsirated previously the deposition af
high optical quality wlrathin film coatings of conju-
gated] polvmers through the Premursor Polymer ap-
proach (Figure 1), We have reporied the synthesis and
elecrochemical deposition of "passive” polysiloxane-
precursor derivaiives (by cvdic voliammety or poten-
fiostatic methods) of thiophene and prrrole to fonn
cripsslinleed polvthiophene imd polypyrrols, respec-
tively” These polvimers can be directly deposited from
an elecuolyte soliution or spin-coated 1o the eleclrode
substrate first and elecmochemically oxidized. We
hawve alse reported the electrodeposition and electro-
chemical grafling 1o indiem tin oxide (ITO) sub-
strates of a precursor polvmer {copolymer) with an
"active” conjugated polvfluorene backbone.® The clec
tro-active carbarole side group facilitated elecrodepo-
sitlon, forming oligocarbazole linls. Recently, we
have also investigared e use of palv(vinyl carbazole)
o! PV as precutsor polymer matetials for polyear-
bhazaole thin films

I all these caves, filin formation was accomplished
by electrochemnically crowslinking and polymeriving the
precursor polymers through the eleciroe-actve
monemer side group as they deposited o the surface
oof the electrode. 'We believe that the reason the films
were of such good quality is because the mechanical
stmength is “buile in" at the precursor stage. The filme
are held togeiher by the entanglements between chains
due to the inter- and intra: molecular polymerization
pathways resulting in crosslinds, 11 is also possible W
increase the amount of linear conjugated polymer
chains simply by intraducing non-polymer bound elec-
tro-active monomers as we have demonsated in the
cave of precursor polyvpyrroles with polysiloxane and
polymaethacylaie backbones,

Lo this article we repent methods of coating and par-
terning of precuysor polymers electrochemically. We will
alwer present sevetal sirategies for the synthesis, fabrica-
tion, and characterizaton of these unigue conjugated
pizbymer ulwarhin films. The apphicadon of these
crosslinke:d] materials ix towards electro-optcal devices,
&g, podvmer light-emilimg diode (1PVED} devices will
alse be described. Micro-contact prindng {pCF) is 4 soft-
Litheygraphic approach tha has been used for creating
mictom-sized patlerns on flal sfaces, By controlling the
depositiom sile nsing micro-coning printing, patterns o1
the electrende surface cun be fomed prior to elecropaly-
merizanion. This resulied in light-emnitting regions from
the selectively deposiled siies containing carlmzode-mod-
ified polviluorenes, Fusthermore, we will also demon-
sitate the possibility of sequential elecrochemical depo-
sition of Lwo different precarsor polymers based on
precursor polycaibazole and polythiophene derivarives.
Flecmochemical Nanelithegraphy (DUNY iz 0 technique
in which a pattern s creared by applying a potential le-
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tween the AFM fip and the subsirate {conducling AFM
set-up] during *writing,”

RESULTS AND DISCUSSION

Precursor Polymers

The wnthesis of the polymers was done eliher by
pohaner analogous reactiony ¢ through direct poly-
metizatton of vinyl monomers containiog electropaoly-
inerizahle side-groups. Several synthesis strategies have
been reponted. One such copolyiner is shown n Figlie
2, where the presence of carhazole and thiophene side
aroup provided i crosslinking unii for elecuochemical
deposition. We have also utilized exlensively polvvinyl-
carbazole (PVK), which tunctions as very good hole-
ranspont Jayers and can be crusslinled 1o form polvear-
Bazole thin [itms. All of these polymers have thy
common design feature of tethered eleqropolyineriz-
able meonomers, which can be varied in composition,

The precursor podvmers were then crosslinked by
electropalymerization and monitored by cydic voltam.-
mielry at varlous solvents, substrales, solution concen-
traticns, and counter elecrolytes. the crosslinking can
alwo be done by polentiostatic inethods. Crosslinking
ocours W form very uniform and optically clear tilms
which are essentially inzoluble once forned. Most ef
the tilms investigated showed reversible color changes
{elevochromism) during the redoyx process and OV oy-
cling. The use of sutface plasmon spectroscopy (8PS}
elecimchemical quartz crvstal microbalance (L-0)CM]),
Heray phoweleciron spectroscopy [XP8), and FIIR spec-
troscopy amnd AT revealed inileresting deposition, dop-
ing, morphology, and crosslinking chemistry for these
conjugated polymer Glms.

Figura 1—Procursor Polymer approach Lo conjugated polymers with Jif-
fatent polymeric backbones.
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Fifjure 2—Synthesis of precursor homopolymers/copolymers and Lheir electrapalymerization.
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Fatteming by Microcontact Printing

Ter investigate in-sitn the growth of conjugated poly-
mers on patlerned conducting surfaces, we have em-
ploved an electrochemical surface plasmon nticroscopy
{FC-5PM) technique. The patterns on the elecrode sur-
[ace were lissl delined by micro-contact printing {Figere
4). Upon elearodeposition ol he monomer on the
surface by cyclic-voltammeuy {or potentiostatically),
the polymer wis observed to grow only on the bire Au
sufaces which have not been insulated by the ODT lay- |
ers usedl vnder a particular potential, We observed that |
the conurast aof the images where the conjugated poly-
meer has grown varied with e “helght” of tie de-
puosited polymer, the refractive index contrast, and the
angle of ochservation lor microscopy. These changes
wete hlso correlated with the specific redox stages of
the poteniial on the (3 The in-sita FC-5FM technivue
emphasizes the sensitivity of tiese palterns Lo oplical
reflectivity changes, which can have possible applica-
ticons in micro-displays and sensoms.

Grafting of Carbazole-Modified Polyfluorenes
on Electrode Sutrfaces

We have reported previously the grafling of car-
laole-modifed polyfluorenss. Lsing the precursor
polymer shown in Figute 3, we gratted the polymers di-
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rectly to an QDT microcontact printed surface, The
aratting was done elecirochernically Ty OV or hy poten
itosblic methods [rom solution. Diflerent morpholo-
gies and deposition behavlor were observed.
Interestingly. the polymer preferentially deposited on
the hydrophobic SAM modifled surfaces This wnder-
scores the impomance of matching the particular sur-
face enetgies of the electrodeposited organic polyiner
materials e the subsirate surlace. Since the elecleo-
chemical activity was limited to the carbazole side
groups, the absorption and fluorescence properties of
the: polvluorene backbone remained intacl. Tha is
why pattemed fluorescence was observed on these dots
using fluorescence microscopry, This selective elec-
tropolymertzation and electrodeposition is an inrerast-
ing methed for preparing thermally stable and me-
chanically robust comjugaied polviner patierns and
shiould be wzeful [or a number of elecvo-oprical appli-
cations including PLEMDs.

Electrochemical Nanolithography (ECN)

A negative valtage bins is applied to the ATM tip {an-
ode) and elecirochemical oxidadon ocoars on a dieles
tnc material coated on a conducting eleciode {cathode).
This vl lage: Triay [t'ﬁnﬁl.‘ml juttential) in the presence of
the right condition tor an elevieachermical reaction will
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result in crosslindding of the precucsor. The pattermns are
Termedd and the conductvity will differ, ie, direct elec
wopolymerizaticn of patterns by the AFM tip. Comtrol of
pateming will involve varving the potential, writing
speed, film thickness, and specific sites, While previous
work has deserilyed FCN based nn direqy intreduction of
electroactive monneners from the AEM i to the sub-
strate, here we emphasize the preparation of nanopal-
terns on polymer films through glecoochemical poly-
merizatonfmsslinking of a precursor polymer Gln The
method has been demonstrated recently on FPVE, spin-
coated om a conducting subsirate. [o our experiment, the
application of a biased potential from the AbM tip re-
sulted in the axidation of cathazole followed by poly-
merization o drosslinking undee ambient conditions
{2320, in qir with 734% humidity). A pallern "NLUS-UL®
was wlillen on the spin-coated PYE film. Test lines
showed that the patern varied in thickness and resolu-
tion as a function of voltage and writing spesd. The com-
ol of thickness was not explored at that time. Recenlly,
we lrave demensurated elecirochemical nanolithography
on pulyelectrolyte laver by layer Glms of polyfluorene
frrecursons with comrolled mm thicknesses.

PLED Davices

Chir recent investigalions on the application of these
cromslinked] flms 1o the fabrication PLED devices
showed dramadic improverments towards lower turn-on-
voltages and greater efficiencies. For example, the appli-
cation of (rosslinked polyvinylcarbaznle [PVK] as a
hole wansporl material for a heterojunction bilaver
PLED device with polyllucrene or Alq, showed signifi-
canl improvements and tenability with doping. " 1Tiese
interesting results show that crosslinked conjugated
polymes films play an imporiant role in the develop-
meni of these display devices and Ltheir appdication w
other types of semiconductor devices, In principle, elec-
trical or band gap tuning is possible with the vight
choice of 3 conjugated or non-conjugated polyiner
backbone. 'The difference is that these ilms are very ro-
bust both thermally and mechanically. Other applica-
tions of these films to sensors. dieleciric materialy, non-
lithographic paierning, efc., are cumrently being
investigated by our aroup.

Future Applications

The previous methods and applications have shown
the potential for ultrathin dilm applications based on
the precursor approach for conjugated polymer net-
works. It is obviaus that bulk or thick film coatings ap-
plications have vet 1o be demounsuated. The crosslind-
ing amd elecurnpuilymerization leads wo the formalion
of conjugated;conducting and electrochromic or even
(lucrescent coatings, [t is possible that applications in-
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Figure 3—Blue emitting polyfluorens precursor polymer as applied to
electrodeposition v g micrecontact printed electrode pattem.

volving anticorrosion, efecuachromic windows, anti-
static, and gven *sensing” coatings will be [ully ex-
ploited in the near Mire,
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