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Communication: A self-assemblyphenomenonin an

extruded polystyrene/clay nanocomposite sample is

observedduring a temperatureincreaseprocess.Wide-

angle X-ray diffraction (WAXD), transmissionelectron
microscopy (TEM), and infrared dichroism techniques
havebeenemployedto investigatethe self-assemblyhe-

nomenon. The results show that in the self-assembly
structurethe montmorilloniteprimary particlesorient par

allel, andthe phenylrings of the polystyrenealign perpen-
dicularto the primary particles whereasho obviousorien-

tation of the aliphaticchainwasobserved.
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In situ WAXD patternsof the extrudedpolystyrenémontmoril-
lonite pelletin the temperatureangebetweenroom tempera-
tureand200°C
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Intr oduction

Sincethe devebpmentof a nylon-6/clay narocompaite
by Toyotaresearchrs=, polymer layeredsilicate (PLS)
nanoconpositesare of much currentinterestfrom a wide
rangeof scientfic andpracticalviewpants. Besidesdra-
matically increasig the mechanical, thermal, and gas
barrierpropertie$®, PLS nanoconpostesexhibit a broad
spectrumof unusual chenical and physical phenonena,
such as highly anisdropic electical corductivity?, and
photoacivity 1. We haverecerily preparel an exfoliated
polystyrere/montmaillonite narocompgite via anin situ
intercahtive polymerization method®. A unigue shear
inducedorderedstructure wasunexpeatdly observedor
the extrudedsampe!?%. Our previousstudesrevealthat
the sheafinduced orderedstructure mainly resuts from
the orientation of the clay primary particles and their
local orderedmicrostructure andthat the phenyl rings of
the polystyreneareoriented aswell.

In this paper we showa self-asemby phenomenam in
the extruced polystyrenemontmoillonit e nanoconposite
sampleduring a temperatureincreaseprocess Molecular

or nanosale self-assemly behavigs haveattractedcon-
siderableattentionin the fields of biological investiga
tions'®, nonlinearoptical (NLO) materials”, nanoeleab-
chemical patterning®, block copolymers®), etc. Exten
sive studieson the self-asembly in PLS nanoconposites
may expandthe understading of intercaldion chemistry
and the industrial appication of PLS nanoconposites
However few researchof self-asemly phenonenain
PLS nanoconpositeshas beenrepoted so far. Here we
reporttheWAXD, TEM andinfrareddichroisminvestiga-
tions of self-asembly in an extruded polystyrene/mont
morillonite nanoconposie sample.

Experimental part

Materials

Sodiummontmorillonite (Swy-2 type) was kindly provided
by the SourceClay Repository Departmenbf Geology Uni-
versity of Missouri, Columbia, MO. The cation exchange
capacityis 92 mequiv/100g.
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Synthesi®f the exfoliatedPS/claynanocomposite

The desiredamount (5 wt.-%) of cetyltrimethylammonium
bromide-exchangedmontmaillonite (CTAB-montmorillo-

nite) was dispersedn styrene,then an aqueoussolution of

ammoniumpersulfateand sodiumdodecylsulfatevasadded
to form a stable water baseemulsion. The emulsion was
polymerizedat 70°C for 4 h in the presenceof N,. Finally,

after washingseveraltimes and drying in a vacuumoven,

the PS/clay nanocompositewas obtained. M,, and M,/M,

determinedby gel permeationchromatography(GPC) are

3.3 x 10 and4.3, respectively

Preparationof the ordered-structue samples

The pellet specimenwas obtainedby extrudingthe PS/clay
nanocompositgpowderat 200 + 10°C with a CS-183MMX
Mini Max Molder (CSI CustomScientific Instruments)nc.,
USA). It is about1.5 mm in thickness20-25mm in length
and 12 mm in width. The film sample,4 cmx 2 cm x 10
um, wasobtainedby shearinghe PS/claynanocompositer
PS melt (200 + 10°C) betweentwo glassslidesat a shear
rate magnitudeof order1(? s, andsubsequentlyuenching
to roomtemperatire.

Characterization

In situ WAXD patterns were collected using a Philips
PW1700X-ray diffractometer(Cu K, radiation). The speci-
menwas placedhorizontally scannedat room temperature,
then quickly heatedto the desiredtemperature,and kept
stablefor 1.5min, measuredndthenheatedo a highertem-
peratureand measuredand so on. The scanningrate in all
caseswas 1°/min. The temperaturecontrol was through a
TTK-HC heatcontroller (AP PAAR Inc.) andthe accuracy
was 0.5°C. TEM photographswvere obtainedwith a HITA-
CHI H-800 electronmicroscopeoperatedat an accelerated
voltageof 100kV. All of the ultrathin sections(lessthan 80
nm)weremicrotomedby LeicaMicrosystemd.td. A Perkin-
Elmer System2000 Fouriertransforminfrared (FTIR) spec-
trophotometeequippedwith a Perkin-Elmemwire grid polar
izer wasemployedto recordthe polarizedinfraredspectra.

Resultsand discussion

Fig. 1 showsthe in situ WAXD pattens of the extruded
polystyrere/montmaillonite pellet in the temperture
range betweenroom temperdure and 200°C. The four
sharp diffraction peals are due to the sheafinduced
orderedstructure. The Bragg diffractions observedat 26
=1.62,3.22,4.85,and6.48° correspondo 001, 002,003
and 004 reflecions of the ordeed structuré**®. The
intensitiesof all four diffraction peals measued at room
temperaure are high, then decieasesimultaneouslywith
increasingtemperaturein the rangebetweenroom tem
peratureand 85°C. Note that at 95°C, the intensities of
the four diffraction peakschaiacterigic of the ordeled
structurebecane rather high again. Subsequentl, they
decrese dramatically at 103°C, and monotonially with
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Fig.1. In situ WAXD patternsof the extruded polystyrene/

montmorillonite pellet in the tempeature range betweenroom
temperatur@nd200°C

temperature.Finally, no shap diffraction peals are dis-
cerrible at 200°C. Therefore,it may be deducedthat a
sdf-assemblyphenonenonoccured during the tempera
ture increaseprocessin the extruced polystyrene/mont
morillonite nanoconpositesample.

In order to clarify this self-asembly behavia, TEM
and infrared dichroian studies were carried out. An
extrudedpelletandafilm sampe were heatedunder con
ditions similar to the abore WAXD measuwemens, but
quickly cooled downafteracertan periodof heatng.

Fig. 2 shows TEM photograjps of the extruded poly-
styrene/motmorillonite nanoconposite pellet before
heatng, andafter heatng at 85, 95, and110°C. The nar
row, dak bardsandthelight regionsrepresenthe mont-
morillonite primary patticles* and polystyrene matix,
respectively. Forthe samplebeforeheatng, it canbeseen
thatthe montmoillonite primary paticles, narrowerthan
50 nm, lie parallel in accordane with the shearflow
direcion. As for the pellet sampleafter heatingat 85°C,
the silicate primary particlesarenot alignedparallelvery
well, andsone disordercanbe observedlt is interesting
thatfor the sampe afterheatng at 95°C, the TEM image
presentsa pardlel oriented structure again This is in
goad agreementwith the abovein situ WAXD investiga
tion, indicatingthata self-asemHty of clay primary parti-
cles happenedaround 95°C. After heatingat 110°C, a
disarderedstructurewasobservedsuggestingthe danage
of the self-asembledstructure.

Fig. 3 and Tab. 1 showthe infrared dichroiam study of
the polystyrene orientation. Same infrared absorpion
bards are assgnedtentatively accordirg to the previaus
literaturé®, and their dichroic ratios are illustrated in

2 Throughoutthis paper we usethe terminologyprimary par-
ticles to descrbe the microstructue featuresof the silicate
crystdlites. The crystdlites consistof a coherentstackingof
individual silicate layers including a compat face-toface
stackingandlow-angleintergrowth of silicatemorolayers.
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Fig.2. Bright field TEM images of the extrudedpolystyrene/montmadtonite pelletunder condi-
tionssimilarto Fig. 1. A: roomtempeature,B: afterheatingat 85°C, C: 95°C, D: 110°C

Tab.l. Infrared bandassignmentinddichroic ratio (D) of the polystyrenémontmoillonite nano@mpositefilm specimendefore

andafterheating
Frequency Intensity? Tentative assignment Dichroic ratio (D)?

cnr?t a b c

2923 s vad CHy), CH, asymmetricstretching 1.05 1.06 0.99

2851 ms v{(CH,), CH, symmetricstretching 1.01 1.04 0.99
760 'S v108, CH out-of-planebendingof phenylring 0.66 1.14 1.01
700 Vs vu, CH out-of-planebendingof phenylring 0.86 1.14 0.97
542 s v4, OUt-of-planedeformationof phenylring 0.85 1.15 1.02

3 s:strong;vs: very strong;ms: mediumstrong.
b a:beforeheating,b: after heatingat 95°C, c: afterheatingat 110°C.
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Fig.3. FTIR spectraof the extrudedpolystyrene/matmorillo-

nite sampék underconditionssimilar to Fig. 1. A: roomtempera-
ture (1) parallel polarizationand (2) perpendialar polarization;
B: after heatingat 95°C (1) paralld polarizationand(2) perpen-
dicularpolarizaion; C: afterheatirg at 110°C (1) parallelpolar

izationand(2) perpendiculapolarizéion

Tab.1. Thedichroicratios of the CH, asymmetric stretd-
ing (vad{CH,)) and symmetic stretchirg (v{(CH,)) of all
the specimes are essatially equalto unity, indicating
thatlittle orientation occus for the aliphaticchan of the
polystyrere before and after heating. With respet to
phenylrings, it is complex. For the film specimen the
phenylrings lie parallel to the shearflow direction and
the montmoillonit e primary particles.This is becausehe
dichroic ratios of the phenylring out-of-plane vibration
modes,vios, V11, and vy, are obviously lower than unity,
andeachof the out-of-plane vibration bandshasa transi-
tion moment perpendcular to the phenylring plare. As
for the film specimenafter heating at 95°C, the dichroic
ratios of vyg, v11, and v, are larger than unity, reveding
that the phenylrings lie pempendicuér to the montmoil-
lonite primary particles.Howewer, no apparehorientation
wasmeasuedfor the specimerafter heatingat 110°C.
The fact that the polystyrenephenylring chargesfrom
parallel to perpendtular orientation with respet to the
silicate primary paticle, and then becomesdisordered
may be explainedasfollows. In the extruced sampe, the
parallelorientatian is inducedby shearflow andfixed by
adjacentinorganic planar oriented silicate layers. With
increasingtemperaturethe phenylrings obtain a certdn
degreeof mobility. They prefer face-to-face orientation,
i. e.,pempendicubr to silicate layers,dueto theinteraction
amongthe phenyl rings. When the temperatue is high
enough, near the glass transiion temperatue (T, =
103°C, deternined by DSC) of the narocomposite the
mobilities of both aliphatic chainand phenylring of the

polystyreneare strong,resultirg in a disorderedorienta
tion of the phenylring.

In summay, we have denpnstratedthat a self-asem-
bly in anextrudced polystyrene/montnorillonite nanocom
poste happenediuring atemperatureincreaseprocessin
the self-asembledstructure,the montmoillonite primary
patticles align parallelandthe phenylringslie pempendi-
cular to themontmaillonite primary particles.
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