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In the present Communication, a new modification reaction of
polyaniline (PANI), N-nitrosation, is described. The reaction could
be reversed with traceless elimination of the incorporated functional
group. A simple chemical lithographic process to produce conduc-
tive polyaniline images is then demonstrated.

Fabrication of conductive patterns by chemical and photochemi-
cal means is of great importance in technologies such as printed
board production and microelectronics. The increased use of
conducting polymers for electronic and optoelectronic applications
requires new patterning methods of conductive polyrhetsldcroft
and co-workerssynthesized polythiophenes bearing pendant groups
which can be hydrolyzed by acids, making them amenable to
chemically amplified lithography. Similarly, lithographic patterning
of PANI has been achieved using &cimr base photogeneratérs
which could alter the solubility of the polymer by changing its
protonation state. The polymer has to be deposited from the few
solvents, likeN-methylpyrrolidone, in which PANI is soluble.
However, it would be more convenient and useful were it possible
to cast PANI films from common organic solvents or water. This
has been achieved by covalent binding of functional groups to the
backbone ringsor amine nitrogeng However, the modified poly-
mer usually exhibits inferior properties (e.g., conductivity) as com-
pared to the unmodified materiad.If the functional group respon-
sible for the increased solubility could be removed after the polymer
has been processed (a traceless functional §yainen the resultant
material will retain its intrinsic properties during processing.
Additionally, if the removal of the functional group could be
chemically or photochemically driven, direct patterning of the film
would then be possible. PANI amide formation/hydrolysis has been
previously used to reversibly change polymer conductiifity.

N-Nitrosated polyaniline (PANI-NO)2) was prepared by reac-
ting PANI (emeraldine basellY with sodium nitrite (1 M) in 1.1
M HCI solution (Scheme 13! Up to 43% of N-nitrosatiot? is ob-
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Figure 1. UV—visible spectra of PANI-NO film on quartz before (black
line) and after hydrolysis (gray line).

tained. The FTIR spectrum of the product shows bands characteristic
of polyaniline (emeraldine bak®, and new bands are observed at
1508 (str.—N=0), 1034 (str—N—N-), and 757 cm? (def. —N—
N=C-),} indicating formation of N-nitrosated polyaniline. PANI-
NO is soluble in common solvents (CHCICH,Cl,, C;H4Cl,,
secondary amines, DMSO, DMF), giving deep red solutions.

Polymer solutions in dichloromethane show bands at 298 (4.15
eV) and 495 nm (2.50 eV). The band at 298 nm is attributed to the
m — mr* transition of the aniline rindg® The band at 495 nm is
assigned to the excitation from HOMO of the benzenoid ring (
to the LUMO of the quinoid ringsr) in the quinoneimine units
The spectrum of PANI-NO solution in NMP exhibits two bands at
316 (3.92 eV) and 490 nm (2.52 eV). The UV band occurs at 327
nm in PANI, indicating a hypsochromic shift in PANI-NO for the
sz — z* transition due to the NO group. The band in the visible
region shifts to higher energy in PANI-NO (490 nm, 2.52 eV) as
compared to PANI in NMP (630 nm, 1.96 &Y. This is probably
due to the electron-withdrawing effect of the NO group.

By evaporation of solutions, it is possible to produce films on
quartz with U\VF-visible spectra similar to those in solution (Figure
1).

PANI-NO films are nonconductive as expected for an undoped
polyaniline derivative (Scheme 1). The films are stable for months
in the dry state or basic media. However, it is known that
arylnitrosamines are sensitive to acids, hydrolyzing to arylandihes.
Therefore, it would be possible to obtain PANI from PANI-NO by
acid hydrolysisi® The FTIR spectrum of PANI-NO powder treated
with 5% HCI for 1 min is indistinguishable from that of PANI
salt!® indicating that the N-nitrosated polyaniline could be hydro-
lyzed and films of PANI salt3) or base {) could be recovered
from PANI-NO films (Scheme 1). Treatment of PANI-NO films
with 5% HCI for 1 min renders films which show an optical
absorption spectrum similar to those of PANI salts (Figure 1). The
films are conductive as expected from PANI salt films.
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the unexposed region shows high resistivi 00 MQ2), suggesting

that PANI-NO has been completely removed. The process could
be easily extended to photolithography because the inert polymer
image could be created by conventional photolithography or an acid
photogenerator used to promote PANI-NO hydrolysis.

It has been shown that polyaniline could be easily converted
into nitrosated polyaniline by reaction with nitrite ion in acids. The
product is soluble in common solvents and could be deposited into
thin films. The nitrosated polyaniline could be converted back into
polyaniline by acid hydrolysis. On the basis of those properties, a
chemical lithographic process to produce conductive polyaniline
images is designed.

Acknowledgment. This work is dedicated to the memory of
Prof. Dr. Juan Jos€osa. Financial support came from SECYT-
UNRC, Agencia Cadoba Ciencia, CONICET, and FONCYT. C.B.
is a permanent research fellow of CONICET, and H.J.S. thanks
FONCYT for a graduate fellowship.

Supporting Information Available: Details of nitrosated polya-
niline synthesis, and FTIR and UWis spectra ofl. and3 (PDF). This
material is available free of charge via the Internet at http://pubs.acs.org.

References

(1) (a) Drury, C. J.; Mutsaers, C. M. J.; Hart, C. M.; Matters, M.; de Leeuw,
D. M. Appl. Phys. Lett1998 73, 108. (b) Kuzmany, H.; Mehring, M.;
Roth, S.Electronic Properties of Conjugated Polymers; IBpringer-
Verlag: Berlin, 1989.

(2) Holdcroft, S.Adv. Mater. 2001, 13, 1753.

(3) Yu, J.; Abley, M.; Yang, C.; Holdcroft, SChem. Commuril998 1503.

(4) Angelopoulos, M.; Shaw, J. M.; Lee, K.-L.; Huang, W.-S.; Lecorre, M.-
A.; Tisier, M. J. Vac. Sci. Technoll991, B9, 3428.

(5) Chandross, E. A.; Houlihan, F. M.; Partovi, A.; Quan, X. S.-W.;
Venugopal, G. U.S. Patent 6,045,977, 2000.

(6) (a) Angelopoulos, M.; Ray, A.; MacDiarmid, A. G.; Epstein, ASynth.
Met 1987 21, 21. (b) Gregory, R. V. InHandbook of Conducting
Polymers 2nd ed.; Skotheim, T. J., Elsenbaumer, R. L., Reynolds, J. R
Eds.; M. Dekker: New York, 1998.

(7) (a) Yue, J.; Wang, Z. H.; Cromack, K. R.; Epstein, A. J.; MacDiarmid,
A. G.J. Am. Chem. Sod 991 113 2665. (b) Wei, X.-L.; Wang, Y. Z.;
Long, S. M.; Bobeczko, C.; Epstein, A.J.Am. Chem. Sod996 118
2545, (c) Lee, W.; Du, G.; Long, S. M.; Epstein, A. J.; Shimizu, S.; Saitoh,
T. Synth. Met1997, 84, 807. (d) Barbero, C.; K, R.Adv. Mater. 1994
6,577. (e) Planes, G. A.; Morales, G. M.; Miras, M. C.; BarberoS¢nth.
Met. 1998 97, 223.

(8) (a) Zzheng, W.-Y.; Levon, K.; Laakso, K.; Osterholm, E.Macromol-
ecules1994 27, 7754. (b) Oka, O. U.S. Patent 5,254,670, 1993.

Figure 2. PANI image formation by hydrolysis of a PANI-NO film. (A) ©) Cé):\;/vley, A. E.; Gibson, S. EAngew. Chem., Int. E®001 40, 1012~

PANI-NO f_||m on PET. (B) PANI-NO f|_|m on PET exposed to HCI vapors (10) McCoy, C. H.; Lorkovic, V.; Wrighton, M. SJ. Am. Chem. S0d.995

with a region protected by a PMMA image sprayed through a mask. (C) 117, 6934.

PANI image after washing the film shown in (B) with dichloromethane.  (11) Salavagione, H. J.; Miras, M. C.; Barbero, C. Argentine Patent App.,

P020100570, 2002.

Because the removal is chemica”y driven, a ||thograph|c process (12) Obtained from chemical elemental analysis (INQUIMAE, Buenos Aires)
. . . of dry PANI-NO samples.
was designed to produce PANI patterns (Figure 2). First, @ PANI-  (13) wang, D.; Caruso, Fadv. Mater. 200Q 13, 351.

NO coating was deposited onto a plastic (poly(ethylene terephtha- (14) Socrates Gnfrared Characteristic Group Frequencieznd ed.; J. Wiley
late), PET) plate (Figure 2A). The red fil th d with & Sons: Chichester, 1994.

ate), ) plate (Figure 2A). The red film was then covered with  (15) (a) Stafstrom, S.; Sjogren, B.; Bredas, JSynth. Met1989 29, E219.
a metal mask, and an image of a protective layer was produced by (b) Ginder, J.' M.; Epstein, A. Phys. Re. B 1990 41, 10674.

K . . 16) Huang, W. S.; MacDiarmid, A. Qolymer1993 34, 1833.
spraying a solution of an inert polymer (poly(methyl methacrylate), §17g Furnigs, B. S.: Hannaford, A. J.: Smi)tlh, P.W. G.; Tatchell, AvBgel's

PMMA) through the mask. The plate was then exposed to HCI Iggtgbookggf4 Practical Organic Chemistith ed.; Longman Group: Essex,

: ; ;. p 984,
vapor. The PANI'NO .layer hydrglyzgs into PANI excePt in the (18) Special care has to be taken with solutions of PANI-NO in those solvents
protected region, leaving a positive image of the mask in PANI- (e.g., chlotr)oform) W?]ich clou_ld prO(Ijucle acljcidic species by photochemical

H H H reactions because the solutions slowly decompose.

NO surrounded_ by a PANI Salt_ region (Flgurg ZB)' The plate IS (19) Barbero, C.; Miras, M. C.; Schnyder, B.; &0R.J. Mater. Chem1994
then washed with CkCl,, removing the protective layer together 4, 1775. _ _
with the unexposed PANI-NO, leaving a negative image of the mask (20) The images were acquired using a scanner (Astra 610 P, UMAX).
(Figure 2C) in PANI sal® The exposed region is conductive, while JA0298693
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