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prefs[ent inv@ﬁmmmm es to a nethod of carrying out chem ca?l lﬂl' @ of 5
pol ymer pre Ur'SOF Seor in particular, curing of polyimde precursors by
cheni cal inidizdffon. Further, the invention relates to the use of a
solvent in the supercritical state as -a means of conveying the requisite
dehydrating agents, cat alésts and ot her necessary chenmicals to the
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that is nuch faster than by conventional neans. Still further, the

disclosure relates to a 10 netdyag. @lin&bf getihvdtibgnoval of residual
chemi cals and solvents fromthe cured matri Xx. Even further, it relates to a

met hod of SAQP AR (,érng and protecting thermally sensitive nol ecul ar species
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salt. Typically, this is prepared in one of a variety of dipolar am de
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250-400 C. At these conditions, the open polyam de structure in the

pol yam ¢ @dneshpricelbnang thepnally rabyst gelyinet |afidcsSorm wi t h t he acconpani ment of
| oss of a water nolecule. The heating rate influences the final product: a
gradual i pedeRasn bithk WPRERAHW € is a popul ar heating cycle 30 (V.L. Bell,
B.L. Stunp, and H Gager, J. Poym Sci., Poym Chem Ed., 14 ( 1976) 2275);
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The first step consists of 6btaining a soluble polymer precursor, namely, a

polyamic acid, ester or salt. Typically, this is prepared in one of a variety of dipolar amide
solvents. After forming as desired, the polyamic precursor is converted to the final
polyimide by thermal or chemical treatment.

25 The thermal method of imidization (i.e., converting the polyamic precursor to
polyimide) is carried out by heating the precursor to temperatures in the range of 250-400°
C. At these conditions, the open polyamide structure in the polyamic acid is converted to a
closed imide form with the accompaniment of loss of a water molecule. The heating rate
influences the final product: a gradual increase in temperature is a popular heating cycle

30 (V.L. Bell, B.L. Stump, and H. Gager, J. Poym. Sci., Poym. Chem. Ed., 14 (1976) 2275);
however, since the presence of solvent increases the plasticity and thus the mobility of the

reacting functional groups, a rapid heating that allows higher (temporary) solvent
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Pol yam ¢ acids can be converted to the corresponding polyimdes at anbient
tenperature by treatnent with m xtures of aliphatic carboxylf g_
aniydrides that act as dehydrating agents and tertiary am ne 36 t% . 8% alyze
cycl odehydration (MI. Bessonov, MM Koton, V.V. Kudryavtsev and L.A
Laius, " Polyimnmdes: Thermally Stable 10 Pol yners', New York, Plenum (1987))
Sol vents typically enployed are aromat?e in nature, such as benzene. Wile
either of these nethods is suitable for conventional curing operations,
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2004 -3 e supercritical state, often called the fourth state of matter,
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Dekker (1996)). Second, thermal imidization limits the applicability of polyimides to

20  situations that can tolerate high temperature. Thus, the thermal treatment process is
unsuitable for composite structures that contain thermally sensitive materials that either
decompose or evaporate at elevated temperatures. Though high temperatures can be
avoided in chemical imidization, this method still has to deal with long imidization times
(K.F. Schoch, W.A. Su, and M.G. Burke, ‘Deposition and Characterisation of Polyimide

25  Langmuir-Blodgett Films’, Langmuir 9 (1993) 278), dissolution of low molecular weight
materials, low diffusivities, and solvent disposal and environmental problems. Also,
chemically imidized materials will still have to undergo a heat treatment process to ensure
complete removal of solvent (P.M. Cotts, in ‘Polyimides: Synthesis, Characterisation and
Properties’,. Vol. 1, ed. K.L. Mittal, Plenum, New York (1984)). Still further, chemical

30  imidization in its present form, though not energy intensive, does not find favor for
commercial applications because of problems associated with handling of the reagents
(F.W. Harris, in ‘Polyimides’ (eds. D. Wilson, H.D. Stenzenberger and P.M.Hergenrother),
New York, Chapman and Hall (1990)).



representative of a conmbination of both these states. For instance, the
dengity of matter in 5 the supercritical state is close to tﬂ@ﬁﬁﬂyzba?
“ |iquid; however, the transport properties (diffusivity, viscosity) are nore
representati ve of the gaseous state. The enhanced solubility of many
organi c (and even inorganic) substances in the fluid is an attractive
feature of material in the supercriticér state. Coupled wth the gas-Iike
transport prOﬁ‘rties,,this characterjstic nmakes supercritic fluids (and
dense gases i %ﬁeWQF‘ESF‘}‘C%ILﬁt?tﬁbP@e%§alﬁ§i g fPélH%el YR | wattgrgreters to matter
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Japanese Patent 3,177,407 1991 i scusses the use of a supercritical
fluid as HBissRAsHristp pakes n%‘%’@ﬂ%%rﬂ‘i‘ébl%“‘ié’ﬁ%uﬁ%s t'® gf“ﬁ@ﬁyﬁ‘lé‘iag{%i‘%i ng
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an oxi danltogb){ usi ng supercritical carbon dioxide. Subsequently, pyrrole
vapour is introduced into the oxidant-containing matrix resulting in

pol yreri zat i orFasmaggn rof| polyimide by ghempen) ripgdigationns atyoleestaisheshgethaodi scuss
t he pli.cation f m_cal i m di zat{on of A4 cal di a
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di sposal of chem_.cals. Further, the references pertaining to hg{ use. of
super cr i thodymidg ﬁlfﬁfsbidF%%‘é’%%?%’é‘gé'i'%@o‘t’%‘%P@ﬁ%@o%@&@g@e‘ﬁfs t CAYKHRL i on

of the majyi AwQﬁls?ﬁg%{ng%{‘@aQHt %9!069',ts§¢l{§§88)) Redfibe Me&ﬂquQf)ﬁsing defiQI M ng

part of the two- yimde synthesis I'n a supercritical nmedium The
| atter t catidizaticn todelsteini Weathimpalgingide films dor, mpobses sed ivdulsiodaapplitaioss | t s

D LS RlpEREe e h R St LRGP G Lotetu oD Sl RGN
m | d condiitdu@8s: the use of a supercritical fluid as a solvent conveying polymerizable compounds
- to a polymer molding matrix. A polyimide was impregnated with maleic anhydride by
means of supercritical carbon dioxide. Fu et al. demonstrate a method of replacing
conventional organic solvents in the preparation of a conductive polypyrrble-polyurethane
25 foam (Y. Fu, D.R. Palo, C. Erkey and R.A. Weiss, Macromolecules 30 (1997) 7611).
Polyurethane is impregnated with an oxidant by using supercritical carbon dioxide.
Subsequently, pyrrole vapour is introduced into the oxidant-containing matrix resulting in

polymerization of pyrrole to form polypyrrole.

The above references discuss the applications of chemical imidization and use of
30  supercritical media in polymeric matrices that have been fully formed. These methods of
imidization still have to contend with long exposure times, and use and disposal of
chemicals. Further, the references pertaining to the use of supercritical fluids discuss

processing techniques subsequent to formation of the matrix polymer and do not discuss



5 This disclosure is concerned with a nmethod of chem cal curing that

" teplaces the aromatic solvent environnment with a material, t%pi@%lzbolgar bon
di okide, in the supercritical state. This techni que acconplishés a nunber
of things not possible in conventional imdization processes. It allows for
retention of functional, thermally sensitive conpounds in the cured polyner
matrix; it facilitates provision of a-fontrolled environment of specific 10
sol vent and chemicals to the desired extent for the desired duration, and
it facil perfargdng ppt of theamopten palyimige synskesisangrigpeicoteal aedigmny {Dhe latter
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state (for exanple, as a thin film. Mtered anounts of dehydrating agents
(t ypi cal hyomaiceblventerivyrdninde) witlnal nesdrial, \rgpisal {yt saphanadibxide, gy thed§upercoitical

triethyl amne).that are soluble in the su critical fluid are fed into
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pl asticizing effect of the solvent to be retained to the extent and for the

time desired. Brief Descripti oQuRnati6rthe #efiSn FIG L is a schematic

drawi ng of the experinental apparatus for chemcal 30 imdization in the

supercritical Thedsesntibh@&la2s a shemsel imadizatfon ta¢hmaquedios paotg polyhersshst 36 des
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mixture containing the unused chemicals is displaced by the pure solvent. This ensures

complete removal of the chemical agents and residual organic solvents. Finally, the vessel
is de-pressurized. This process results in a cured polymer that performs as well as
25  conventionally imidized polymers. Furthermore, it allows for incorporation of functional,
low molecular weight materials that are thermally sensitive, and also allows the

plasticizing effect of the solvent to be retained to the extent and for the time desired.

Brief Description of the Drawings

FIG. | is a schematic drawing of the experimental apparatus for chemical
30 imidization in the supercritical phase;
FIG. 2 is a series of infrared spectra of polyimides made by various methods;

FIG. 3 is a series of graphs of thermogravimetric analyses of polyimides imidized



Detail ed Description of the Preferred Enbodi nent A chem cal imdization

, technique for converting polyimde precursor to polyimde isjethigrioees. The
" pol yi mi de precursor can exist in the formof a polyam c acid or polyamc 15
acid-al kyl am ne salt. Further, the precursor can be configured as a thin
filmor as a Langnuir-Blodgett nultilayer. The precursor is held in a

hi gh- pressure vessel together with a déhydrati ng agent (typically, acetic
anhydride) and catal yst (typically, pyridine). Carbon dioxide is conpressed
to a predydifferpgimetbeds;t han 7.3 MPa, heated to a tenperature not |ess than
35 C so that it~ajtal ns. retd i - bfi e
hi gh 20 pressglrl(g' {‘,25255S‘ff}ets?ﬁﬁ%ﬁhggﬁ'ﬁi%?ggﬂgv@%%ﬁ% os?ﬁgﬁ%?ﬁsgﬁgﬁcgaﬁggent
and cat alaysipeforitical qonditiodst er m ned period of tine in the supercritical

medi um at the_specified pressure, and.tenperature.whigch i el onst ant
(the static stidge)? ¢on FoIVI‘Sé@eaﬁBiﬂW%O"of?i%Cthger p?@?mid%'e@uprg%g?ug%’fy(for
exanplse, p‘ﬁﬂmﬂ(ﬁ?ﬁ[ﬁné PRV batbehind 2 ftei MR iorRRehe@ipdRYitieAnmédiuindt r oduced

t oget her "w't e dehydrating agent and 25 catalyst to provide an '
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static stage, fresh bo ioxi.de IS 1ntr |k .hi ghpressure
colum i P agige Fﬁﬁ@ﬁ‘ ?‘ﬁgretﬂ?fiea & e&%%aé%[ggg agiogﬁr“dg?&gglg i on products in
the socal | ed dugany cisplias eisiliee aByompHoC sptagen i f pohimidegsbly o(3threododybnt
required for renoving the residual material. The experinmental conditions
under whitbiophene) &prfalm eefprepy aftsr oidizations@Rdd can be the same as that

enpl oyed for t ti a : (1 i | e
crat i st age. TGk aant b o B e e e
from t he igfifiilzed®fur tiiganegluriteondy dafiférentfrhedidn by use of a cold trap with a
-sui tabl e sol vent. 16" April 2004 -6 The dynanmic flush is foll owed by
de-pressurization to anbi i ; the imdized
precursor is renoved froad P A LB afe — ThEs: net hod el i mi nat es
the need for an RLQA! iidbAliYe RchFEd [@ohPAEAN ol imide lpraisodso Polyihidel e
for conveying reactants and products to and fromthe precursor matrix. 5
Furt her, tshiislased.nBhe pilyimte prachwsoneaac:xishin the forar pled PelyaicAsit OTRMEEYGent
to the curi.ng,step.. Chem cal. curj ' regLt B r ipes
sal 1 £ ot BRos e berg e oG Paistispl Sug U TpERbbE & LREL 4T St &
required feMgneanREsigennabltiRien Tat prevudior a held.in kOhigheressereofessel sogateart i n
a supercritical state facilitates rapid, facile tC‘:ansl[f’),o%t af li:hem'.(éal
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e

~organi-c or aromatic solvents. guest species are introduced as dopants
‘into the permmwatserwingl isbeld constanbEhg static $#ge)i ncor porated as mi xed Langmuir
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Exper i m?nﬁaéh B@Hﬁﬁ%ﬂﬁyl@é@ﬁﬁii@e&%am% iitrotleted ftogathdPobiyianhec dedyidchtingragent and i c

di anhydride (obtained from TCl) was purified by recrystallization from
acet i @5anfghistie frovideae additions yaiiahlel foFiontmigationol hePrescssyr 4 hr. 4, 4' 25

di am nodi phenyl, et her ,( S puri fi - ' LN l.panol
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anhydri de (Merck), and benzene (Fluka) were U%Fd Wthout further treatnment.
The pol ymeelleddynsmie ehasei dhedynapleatage inrqpigred Rdpe cHigRt regyirgdelsr BiroY e a4 50

m 30 flask Tl el 1@ bdrfinGHedI! ERMitioRs hAGE Whidh B @pdnReitilueh is
drying tuf)tée éér:lsttﬁaugdgé%\%&e%l' O?Etgg %frﬁ‘é‘?{ém no a: pherrllyl. et her (0.0025 nol) was
added 300 tpeefofhed kart be abelsame disythgloewdployédufietethe statict $tege; @5ic@neber PRIFAEEL | nt 0
the flask with g m ?f dra/.di nmet hyl acetam de. 0.545 g

independently of the static stage.

Unreacted chemicals and reaction products can be recovered from the effluent

during the dynamic flush by use of a cold trap with a suitable solvent.



16" . April 2004 of pyronellitic anhydride (0.0025 nol) was then added

" thrpugh a second dry powder funnel and the residue flushed I 1at"xprit@od4 ask
with 2 m of dinethyl acetanm de. The contents of the flask were vigorously
stirred and the system subjected to a vacuum environnent. Then, the system
was mai ntai ned under slight positive nitrogen pressure and 5 the m xture
stirred for 4 hr at roomtenperature. Subsequently, the solution was spin
coated onto S | . t. (o] ' I r um f or
an hour at o CRCSyel€ Aefis YRab TGNl frefubtihor 6 i ARGy 36

Ther mal | subsetjuehtie thef inlidigedprecurpsrap asmaveldrdne diel High-pressude celdnin. | m at 300 C
for 1 hr. Heati.ng heyond this time did not 10 result |n any further change
in the i nfrar BYS st alimipatepte npethior épammedic so o 15h P e 8¢ geforyinfed by

i mrer si ng § henfid st f:ér{v_@'yfn% Radfhntts Wn@ Hodaagtb andnfrydlr indepBsts@ly Fagline i n
benzene (volunetric ratio I.4:1:10) for 12 hr. Subsequent?y, the filmwas
ri nseéd clpihsusthis methid wbriatasehemded foreal thermaiotreamapigabsequenuta therramingal
imdization in a supercritical nmediumwas performed in the experinental 15
appar at U¥&hown in Figure 1. The dried filmwas placed in a high- pressure
col um t oget hgherichln cdiing Gt Ahd 8perb@Michl NBedii@Uieqdiréd s@altér @moaetdfCthe
anhydride and pyridine. The colum was held at a constant temperature in

t he r angéehyfiragng agenb agd cailysh eompagadedp whateredpimet fonceryensianglpehanzipalf | ysh
W th car&%iz {'i&{(i de to displace anbient air, the colum was filled with
carbon dioxide after the |atter had passed through a pre-heating coil and
was RP pressuThe ask b aasotvens timat supegeitiaili stare pheitisateserapid, tfhaler angport. & MPa
to 15 MPa. The entrance and exit to_.the colum were sealed, and the colum
was nai n&‘ﬁ“ﬁ%‘g agents o Progets (f Grd from @etﬁrﬁ%‘ri%a‘fwt{r‘énggﬂrﬂ?‘?o elg‘eﬁloﬁiut es
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or at a pressure different fromthe system pressure was introduced into the

col umm, &hus. aE¥dndurthers theeise pha supteraiticabmediptrarcsultshie aemydhrsbartemdur@®onaefound

the sanple wit re. carbon dioxide. .The preferred conditions for the

Stat o Spagsutzde BHSicqRige RS apadtanureddn OB RhP S gl OPRE dellmity, 1o

the ggration. UI@eoﬂJraefsgsiéréﬁfi’ti&Wﬁh’éhi@ﬂl f lowish€orehafian 6f fﬂdl?hli@d a@enpieiiesl hour

at a flowrate of 200 m/mn (neasured at STP conditions). After the

di spl aceremeiningh thegollymsengiivey compenndy efe cheraisalsr that@ra solghle 5o cammpher e.

The imdized. s r erj L r Y

t her nogr 8{ﬁ%ﬁ%t ?‘% aetwfga?qf'éé{mvvaagﬁepélrl%sggﬁg%ega{a P%%gdgjfl ?ﬁg% a({%?g@? 1§?dq¢?h ngl nin

a ni trogerecaisopspnx €he Hoet) pradte dhcdrp@tted nas-mixed tlraginRis kot i Lakgguire 2)

confirnmed the presence of_im de, e
Blodgettpmuistilayers. The performance of the guest moieties is unaffected by the

20  described imidization process.

1. Experimental Methods

Example 1: Polyimide from Polyamic Acid
Pyromellitic dianhydride (obtained from TCI) was purified by recrystallization
from acetic anhydride followed by vacuum drying at 150-180° C for 4 hr. 4,4’-
25  diaminodiphenyl ether (TCI) was purified by recrystallization from ethanol followed by
vacuum drying at 60° C for 4 hrs. N, N'-dimethyl acetamide (Merck) was distilled at
atmospheric pressure. Pyridine (Fluka), acetic anhydride (Merck), and benzene (Fluka)
were used without further treatment.
The polymerization reaction to obtain polyamic acid was carried out in a 50 ml
30 flask fitted with a magnetic stirrer, nitrogen inlet and outlet, drying tube and stopper. 0.5 g
of diamino dipheny! ether (0.0025 mol) was added to the flask through a dry powder
funnel and the residue flushed into the flask with 8 ml of dry dimethyl acetamide. 0.545 g



16" April 2004 -8- Figure 2 also shows that the IR scans for sanples
“treated thermally, chemcally and in the supercritical medi ygnag §3“§P6Q' | ar
to each other. The TG (thernogravinetric) curves for the three spanp es show
that they deconpose at about the sane tenperature (Figure 3). Exanple 2:

Pol yi m de Langnuir-Bl odgett Filns 5 PoJ(yam' c acid prepared in N,

N -dinmethyl formam de or N, N -dinethyl "acetam de as in Exanple 1 was m xed

ith n- d .am i, , I ti ' l.ved i
benzene. o REORPALTOMIRTES 0PFS REolhvie pheh Fadecdy BGIRLF riddpy powdenyt i on
was spreggh,ONa @l (RARSRNE HikhbRGRoCAB! RsROith 2 il MMiinledd Madefantitio.d gftel

deposition instrument. The aqueous nediumwas purified by distillation
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i1 con SRR oeote S v AR sFC R} btV RS fefite bt
deposs t i g2, mixt@reSstipetir ot @shihadrobeernipecheurdy Bubsdpihity,bhe tsobaionewds spit-h
ferric stearate. 20 or_nore nol ecul ar | ayers re deposited at a surface
pr essur eceted @nimelass stidss #f 60H was tetid) minviseRdnadadenvaciym ﬁ)@ apour at
supercri hscgl carbon di oxi de as described according to the preferred 15
condi tions described in Exanple 1. IR characterisation before and after

i mdization rauedilms weheingdizee theemally arthiechiemichdlyaiheormaliyomidized 7@0s evere and

tly di mnished al kyl . tion, k .at 0 , _indi.cati
uSceast Hrevamencane i griet R at 380 BrRF e ktng Pemn oS Reerifld ook o
trieqgyl auiif afy ﬁﬁﬂk%ﬁ{aﬁ%e b (O (}9&@@@&9&&@% el EhichNingliZatiérowad N t he

supercritical nmediumwas carried 20 out according to the preferred
condi t i opsrfdmsea by edmiersirix thepiried fjlmwint h npyiurelphacetie pinhgdddognd pyrding in

.am ne. significant. differen bserved in t tr '
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cat al yst .wilEHReR thd JH¥Rl20800undér vaaliyphNng conditions in the dense gas
state Chemi cal imdization was carried out jn the dense gas environnent at

varying 25 t erfghemueal imidizationpr a suparersticabisdwguwas poriormed 1n R iexpeHMERRh| es
wer e ,gcharacteri s y. th I &yl ' i i L1 ustrat t of
the. dondiPrBALSSRoug! o EHACE Ty BhEL ' O Beled i WORIRR, Thestiie, @M
faci | it atiggetie@rplieir adsotfent heldingiabbated b eachesfciceidnantgsridadnd ayedinby Thhe

absence of weight | oss of the polyimde until higher t ratures,ar
at t ai ned.colyng Was Beld @f a RaRNAnt Lumperatyine g the r@Bng?tltg&ré 9 g(?lzje n Egpzbt% W&%Bxi de

n the |iy] dafQr Shahiehl A REh GB0HEIE (PLisPIREPLAbICAN aR tHoNBIiRAGaS On.
Further, the reaction Is 1nconplete at the | owest density enployed in the

super cri tfilteall with abebon dioxide Aftéxpthe [latd(had -passed ghiolgh B: predisetieg goibRndiasact ed
Chen‘iz%al Spressurized to a constant, operating pressure in the range 7.5 MPa to 15 MPa. The
entrance and exit to the column were sealed, and the column was maintained at these
conditions for a time that ranged from 15 minutes to 1 hour; subsequently, a stream of
carbon dioxide at the system pressure or at a pressure different from the system pressure
was introduced into the column, and a flow was set in motion to replace the environment
25  around the sample with pure carbon dioxide. The preferred conditions for the static stage
were 13 MPa for pressure, 40 °C for temperature, and 1 hr for the duration. The preferred
duration for the dynamic flush stage was 1 hour at a flow rate of 200 ml/min (measured at
STP conditions).
After the displacement, the column was gradually de-pressurized to one
30 atmosphere. The imidized samples were characterized by infrared spectroscopy and
thermogravimetry. The latter was performed at a heating rate of 3° C/min in a nitrogen
atmosphere.

The peak at 1780 cm™ in the IR spectra (Figure 2) confirmed the presence of imide.



Fi | m preparation and chem cal imdization in the supercritical nedium was
.carrjied out as in the preferred conditions described in Exani%khe Jril Z%Hi ng
t he ‘dynamic flush stage, the effluent fromthe high-pressure co R was
deconpressed through a netering valve 5 kept at el evated tenperatures. The
deconpressed gas was bubbl ed through a flask contai ning benzene that was
mai nt ai ned at about 5 C. The presence of unreacted pyridine and acetic

anhydride.in the aromatic solyent s confir i nfrared spectrosgopy.
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Example 3: Employment of triethyl amine as catalyst
Film preparation and chemical imidization in the supercritical medium was carried
20 out according to the preferred conditions described in Example 1, with pyridine replaced
by triethyl amine. No significant difference was observed in the spectroscopic and

thermogravimetric characterisation relative to using pyridine as the catalyst.

Example 4: Employment of varying conditions in the dense gas state
Chemical imidization was carried out in the dense gas environment at varying
25  temperatures and pressures. Subsequently, the imidized samples were characterised by
thermogravimetry. Figure 4 illustrates the effect of the conditions on weight loss. In
general, the supercritical state facilitates completion of the imidization reaction, as
indicated by the absence of weight loss of the polyimide until higher temperatures are
attained. On the other hand, sub-critical conditions (viz., carbon dioxide in the liquid
30  state) are not conducive for completion of the reaction. Further, the reaction is incomplete

at the lowest density employed in the supercritical state.



- 10.ascertain the electrical activity of the filnms. The conposite film
“cont ai ni ng copper octabutoxy phthal ocyani ne displayed a surfﬁ,@qﬁrﬁgb@;i vity
of |05 ohms/square; this value is conparable to that obtained from

Langnui r- Bl odgett filnms of pure copper octabutoxy phthal ocyani ne. The
surface resistance of the poly (3-n-daglecyl thiophene)-containing 5
conposite Langnuir-Bl odgett filnms were above 10" ohns/square when neasured

after ”l@xsainggelgiszatli v Y(éi‘gﬁn‘gfgéi‘?@%‘mﬁgﬁd according to the preferred

condi tion sCribed In e he filnms were exposed to iodine

vapour, the al . than. L - Thi.S.1S:
conpar abl e t\gﬁ{rﬁgﬁ? 8&%@1&gﬁggﬁ?ré{%ﬁ{/ﬁlglzgﬁﬁgmﬂl?ﬁ%tﬁri}%ﬁgj&l}g{af C%r?lle?in of
poly (3-cut d?ﬁﬁhy]?rdférr‘abémﬂﬁions gj:l@scEX)alehi BxamplOUr &uring thé dreenic fush stags, on
reaction Filnms o ol yam c acid were spin-coated on silicon wafers as
descri beBe ieﬁ]@%hﬁ‘ﬁﬁbthf%‘@f@f?%ﬁlcé{% Wakidaeorapressid Ahro4gh ¢ BeeuRhYRINE i onal

means asyeSerdiatd Rfpefdiles 1ThOWecdhpRsRA pARAS HBbicl Birdligh! a 13K S-
Anot her sanple was imdized chemcally in the supercritical environnent at

t he pr efentaning beatient thas was maantpeed ataboubhtC pilThe presencded ainidaetgd pHridime
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of 1.5 hr is insufficient to conplete the imdization in the case of the
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1. A nethod of chem cal curing or chem cal imdization of a polylmde
pr ecur soBlodgett Bims or m of a polyamic acid or polyanic acid-al kyl am de salt

and nfi gur A thin. £l . ggmﬂi: B i form
an: aﬁgrrati C ;’%?rg? drlné%eslz)lcl:@lr(r)tﬁl%i @‘ﬁ%‘“?’%ﬁ%b’gﬁs 0 ﬁd aé)&g(g%&{ |arri?gh% héeﬁggpg‘é% de

pr ecur sosctatiutdx yephdiesiyahaaini iighboag 806% chnemeploat edntatt, mol bases) prees dissodveadlf ina

sol vent in supercritical . fluid to forman aromatic | yi. i de and further
react i on? pi° V&ahtvg[m[f) PRYHINeg 0§3&@?m P lmrer*w;ﬁfa%ﬁrfﬁg@r{@ai 4 S c
pol yi m dg,fohuiRBIddgBt Sfilffs W idephifei NG Altiurd aflcbriRNYRAEAT b UeAFBRY , inSai d
catalyst, and said further reaction products, wherein the said flowing is
subsequeRtample 2aiQhersehef sush filmm avas imrdarashdhamicdly dn theguesenie padperfcriticd from

said, aromatic pol.yimde to qobtain the cured,polyimde. .2 . The.nethod, of

oo 1 Sathert R, i 3¢ s sl otiSusled) GSeriFe MCEIEME La i n
cont r ol | gtrai@etNiSibieNspeairébcspp 8Eford hihd afterf thyiiftidizatiohBosmt kRsved that iem 1,
wherein the curing reaction is carried out at pressures greater than 7.3

MPa. 4. Whbalgexansng wis retagicehin thefier &igire &)-d reacting is carried out at
tenperatures apgther set of films was imidized chemically by the conventional method

(immersion in a mixture of acetic anhydride and pyridine in benzene (volumetric ratio
20  1.4:1:10) for 12 hr) as described in Example 1. The resulting films showed complete loss
of copper octabutoxy phthalocyanine when examined by UV-visible spectroscopy (Figure
6).
Spreading solutions containing polyamic acid, octadecyl amine and poly (3-n-
dodecyl thiophene) (about 50% chromophore content, mol basis) were dissolved in a
25  solvent vehicle consisting of benzene and dimethyl acetamide (1:1 by volume). Langmuir-
Blodgett films were deposited on calcium fluoride plates as described in Example 4. One
set of such films were imidized chemically in supercritical carbon dioxide according to the
preferred conditions as described in Example 1. The films were characterised by
ultraviolet-visible spectroscopy subsequent to doping by iodine (Figure 7). Imidization in
30 the supercritical medium did not compromise the functional properties of the thiophene;
however, thermal imidization did result in loss of activity of the thiophene group.

Surface resistivity of the composite Langmuir-Blodgett films was measured to



greater than 35C. 5. The nethod of claim1, further conprising recovering
unused dehydrating agent, catalyst, or supercritical fluid. gm A-rg?ﬁ 2084 hod
of 'claim 1, wherein said aromatic polyi m de contai ns phthal ocyani ne
conpounds, or poly-thiophene. SUBSTI TUTE SHEET 16 " April 2004 12 7. The
met hod of clains 1 or 6, wherein saidlgronatic polyimde is soluble in
aromatic solvents. 8. The nethod of cldim1, wherein said supercritical
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carried out for | hr. Thermogravimetry shows that an exposure of 1.5 hr is insufficient to

complete the imidization in the case of the conventional method using benzene (Figure 8).
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incorporated in controlled amounts in said supercritical fluid.

3. The method of claim 1, wherein the curing reaction is carried out at

pressures greater than 7.3 MPa.

4. The method of claim 1, wherein said reacting is carried out at temperatures

greater than 35°C.

5. The method of claim 1, further comprising recovering unused dehydrating

agent, catalyst, or supercritical fluid.

6. The method of claim 1, wherein said aromatic polyimide contains

phthalocyanine compounds, or poly-thiophene.
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10.  The method of claim 1, wherein said catalyst comprises pyridine or

triethylamine.
11.  Anaromatic polyimide prepared by the method of claim 1.

12, The aromatic polyimide of claim 11, wherein said aromatic polyimide is

cured.

13.  The aromatic polyimide of claim 11, wherein said aromatic polyimide

contains phthalocyanine compounds or poly-thiophene.
14.  The aromatic polyimide of claim 13, wherein said aromatic polyimide is
prepared by reacting a polyimide precursor with a dehydrating agent and a

catalyst in a supercritical fluid.

15.  The aromatic polyimide of claims 11, wherein the aromatic polyinﬁde is

soluble in aromatic solvents.

SUBSTITUTE SHEET



TS " 10908 () - &@ 10908 () - *10%08 ()- (Y 10908 () -

Y $10%08' ()-b[\]p]1]11]1]1XxnbC Lt 109%& ()- 100 100 6 Anril 2004

100L: 10%08&’ () - &910%08' () - 37$10%0& () - sinmt 10%0& ()-]1]1]17"_" aBnbCl'L: 169% ()-1Y
S $109&' ()-9 "109%& ()-&" 109& ()-1 109%& () - y#f 109&' ()-

' >aaaFbbdEnbC! 3$109%& () - f"10%& () - F310%& ()-s@f 10%& () - &10%& () -

Y109&' () - bbScTcUcVef ci cpcbCl SL10% & () - Y10% & () - S#S10% & ()- 10 10 10sF"
"109&' ()-s "10%& ()-pccXd{d: ef $f ~\ =bCY

10% & ()16. c3' $LO%TME drdmbaid pdhdridadiéciditn 193whdRIUPDEEd Glontatic polyimide

109%& () - &&10% & () - $f f gXgxgggz[ <bC. GLO% & () - & . .

109% & ()-!)ML0% \ &5 pheparerhioy seacting e polyigide greCyrsohwidy a deleydratingmNhhhhhhhdY

NC 10\ 10\ 10\;0*10% & ()-\81PD%U & ()-9F710% & () - 3S10% & ()-92S

10% & () - hhhFii i FﬂBFQWé? ﬂ@&‘&%&@? %‘5‘16!"5@5@ W& ()-1510965& ()-y! D&

109%%5&' () -1109%B& ()-f#2109%& ()- FjjjRk Isll1zX9.C

105<) 109%%& () -:!DL2109%%5& ()-! M.+z

109%5& ()-11CR®!'10%9 ) & ()-!HO! 109%%5&' () -99-109%& ()- I mrbrmmiV

?2109%& ()-10%& ()-10%& ()- @ 109%& ()-Yy1l0%& ()-f#yz109%& ()- 105 105
Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontfN) D3<FPZU ei bj nprtvxz| ~, PBOZXgbnmDEFGH JKm

O' #&W, p- 056;

y>HACEHI ~ KOQS4UVYb[ ]~ bpc$f ghFj | bmrL MNOPQRSTUVWKYZ[ \ | A" abcdef ghi j kl mopqr st u
vwxy6Ti mes New RonmanAri al Courier New'h Root EntryWrdDocunent B

" #$9R' ()*+,-./0123456789: ;

<=>7?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kI mopqgr st uvwxyz{|

SUBSTITUTE SHEET



