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Microstructure and morphology of
polyphenylacetylene prepared in compressed
carbon dioxide'
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Polyphenylacetylene was prepared by transition HC N
metal catalysis in compressed (liquid and super- {C: N . @«:mmmw)
critical) CO ,. Surface morphology, IR and NMR N } 3
spectroscopic properties of the resulting materi- HaC x
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RESULTS AND DISCUSSION

o N When CQ (10-24 g) was introduced into a
Compressed (liquid or supercritical state) @s  window-equipped high-pressure reactor (27 ml)
been recognized as an innovative and ecologicallontaining a mixture ofl (7 mg, 23 pmol), 4-
benign reaction medium for chemical synthésis. H2F5-TPP (30 mg, 23umol) and quinuclidine
Polymerization in such a reaction medium has(26 mg, 230umol) at room temperature, a bright
received particular attention owing to the potentialorange homogeneous solution was formed (Fig.
for controlling the morphology and microstructure 1a). Upon addition of PA (0.46g, 4.5 mmol),
of the resulting polymer&.indeed, evaluation for polymerization occurred both at room temperature
commercial-scale manufacture of fluoropolymersand at 40°C, as indicated by a bright orange
in compressed COhas been startedWe have precipitate (Fig. 1b). The resulting PPA consisted
recently demonstrated that polymerization of phe-of two species: one is yellow and soluble in THF,
nylacetylene (PA) can be achieved in compressed
CO, by using a rhodium catalyst [(acac)Rh(nbd)]
(acac = acetyl acetonate, nbd = 2,5-norbornadiene
(1).% In the present work, we prepared polyphenyl-
acetylene (PPA) by using and the ‘CQ-philic’
ligand {4-F(CR)s(CH,),CsHa}sP  (4-HF°-TPP)
and then examined the surface morphology and
spectroscopic properties of the resulting polymers.

INTRODUCTION
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ment, Tsukuba 305-8569, Japan. rlFlgure 1 Photographs showing the interior of the window-

t This paper is based on work presented at the Fifth Internationafduipped high-pressure reactor: (a) before PA introduction

Conference on Carbon Dioxide Utilization (ICCDU V), held on (22°C, 58 bar); (b) after heating and PA introduction (43
5-10 September 1999 at Karlsruhe, Germany. 110 bar).
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Figure 2 SEM imagesof (a) THF-soluble and (b) THF-
insolublePPA preparedn compresse€O..

whereagheotheris deepredandnotsolublein any
organicsolvents.The total yield was 76% andthe
ratio of solubleto insolublespeciesvas42:58when
the reactionwas carriedout in liquid CO, (26°C,
94 bar). Changesof pressureand temperature
affectedthe productratio, leadingfor exampleto
aratio of 24:76 at 41°C and 187 bar. The THF-
soluble specieshad a weight-averagednolecular
weight of approximately 4 x 10* and a broad
molecularweight distribution(M,,/M,,) of approxi-
mately 8.8, relative to polystyreneas a standard.
Figure 2 showsthe surfacemorphologyof the two
different fractionsof PPA asrevealedby scanning
electronmicroscopy(SEM)The solublespeciess
fragile and the surfaceis rough (Fig. 2a). On the
other hand, the insoluble speciesshoweda more
compactandsmoothstructure(Fig. 2b), which may
be partly responsibldor the poor solubility.
Thestereoregularitpf PPAIs reflectedn the IR
spectra.Generally, PPA hastwo absorptionbands
at740and760cm ! andthecontentof cisandtrans
units has been evaluated by the ratio of the
intensities of the two bands>™’ The trans-rich
PPA showsno absorptionat 740cm ™, but shows
absorptiorat760cm*1. Ontheotherhand,cis-rich
PPA showsboth absorptionbands,and a higher
stereoregularity (cis content) results in higher
intensityof the bandat 740cm . Figure3ashows
thelR spectrunof THF-insolublePPA preparedn
liquid CO,. The presencef two bandsat 740 and
760cm tindicatesthattheinsolublespeciess cis-
rich PPA. Taking into account the solubility
properties, this material is identified to consist
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Figure 3 IR (KBr) spectreof (a) THF-insolubleand(b) THF-
solublePPA preparedn compresse€O..

mainly of cis-cisoidalPPA.Figure3b showsthe IR
spectrumof THF-solublePPA. The doubletat 740
and 760cm ' also appearedand the former is
strongerthanthe latter, suggestinghatthis species
is also cis-rich PPA, with higher stereoregularity
thantheinsolublepolymer.

NMR measurementsprovided additional in-
formation on the stereochemistryof the soluble
PPA®19Figure4 showsthe 'H-NMR spectrunin
CDCly) of the THF-solublePPApreparedn liquid
CO.. Thesolublepolymershowedsignalsat o 5.82
(s, 1H, vinyl proton), 6.60-6.62(m, 2H, ortho
aromaticprotons),and6.88-6.93m, 3H, metaand
paraaromatic protons).It also showedsignalsat
0 126.70, 127.58, 127.80, 131.79, 139.36 and
142.90 in the *C{*H} NMR spectrum. These
values indicate that the THF-soluble material
consistsmainly of cis-transoidalPPA. The ratio
of the intensity of the vinyl resonanceo the total
areaof protonresonancess frequently usedas a
gquantitative parameter for the stereoregularity,
i.e. cis-contenf®

cis (%) = [A5.82/(Atotal)/6] x 100

whereAs g»is theareaof thevinyl protonandAota
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Figure 4 H-NMR spectrunof THF-solublePPApreparedn
compresseO,.

is the total areaof the spectrum Accordingto this

analysis,the THF-solublePPA preparedin liquid

CO, showeda cis-contentof 90%. This value is

almostthe sameasthoseobtainedin conventional
organicsolventsusingl in theabsencd-H?F°-TPP
atroomtemperatur@andnormalpressuree.g.88%
for THF and 85% for hexane.Hence, the cis-

transoidalPPA preparedn compresse€O, hasat
leastthe samestereoregularityas that preparedn

conventionalrganicsolvents.

CONCLUSION

We havedemonstratethat PA polymerizationcan
be carriedout in compressedCO, as an environ-
mentally friendly reactionmediumusing rhodium

Copyright© 2001JohnWiley & Sons,Ltd.

catalystl in thepresencef theligand 4-H*F°-TPP.
The resulting polymers consistedof THF-soluble
and THF-insoluble material. The former was
identified as mainly cis-transoidalPPA and the
latter as cis-cisoidalPPA. The stereoregularityof
the THF-soluble polymer is comparableto that
obtainedin conventionalorganicsolvents.For PA
polymerization in conventional solvents, novel
rhodium catalystswere recently reportedto cause
living polymerizations leading to very narrow
molecular-weightistributionandhigh stereoregu-
larity.*® It seemshighly rewardingfor future work
to combine such catalysts with 4-H*F5-TPP to
achieve living polymerization of PA also in
compresse€CO..
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