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Strucureandinterfacialpropertieof micrometerthick amylopectirfilms wereinvesigated. Thepolysacharideamylope-
tin formsthecrystallineregionsin nativestarch By applyingX-ray scatteringat wide andsmallangledetectionrmodesand
surfacemicroscopy(phasenterferencemicroscopyandatomicforce microscopy) we were ableto probethefilm structure
andthesurfacemorphology Thethin films werefoundto beamorphousvith somedegreeof orientationhorderin thedirec-
tion normalto the surface A step-likesurfacemorphdogy wasobservedwith atypicd step-héght of 100nm andlateral
dimensonsof 100um. We invesigatedthe interfacial interadion betweenamylopectinandpolystyreneandfoundthatthe
stability of polystyrendilms ontop of theamylopectinsubstrée depend®nfilm thicknessthin films (adsorbedayersof a
few nanometersjvere stabledueto shortrangeinteractionswhile thicker films (of a few hundeed nanometersjieweted

dueto vanderWaalsinteractions.

1. Intr oduction

Thin films of syntheic polymers have been studied
extensvely from both applied and fundanental points of
view. In a thin film configuration, interfacial interactons
are expectedto modify bulk propertes, as indeed was
found experinmentally for optical propeties [1], the glass
transition tempeature[2—4], viscosty anddiffusivity [5].
Much lessexpeimentd work has been carriedout for the
characerization of sub-nicrometerfilms of naturalpoly-
mers. Thesesystens are more complexdueto the many
relevant parametersandinteractiors of their constituents.
For example starch,which is the mostabundnt naturd
polysacharide[6], consktsof two high-mdecularweight
componats:amyloseandamylopectin.Both polymersare
highly polydispersedisplay different degeesof branch-
ing, and a high degreeof hydragen bondng. While the
amyloe moleailes are linear and form an amorgous
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solid, the amylopectn moleculesare highly brandchedand
crystalline. Thebranching pointsin theamylopectin mole-
culeareclusteredandform lamellardomainswith atypical
repeating distanceof 5—7 nm [7]. Each cluster contans
about 9—17 side chans, which are coiled into doule
helices.The differentmodesof organizaton andthe rele-
vantlengthscalesareshownschenatically in Fig. 1.

The multi-level strucuring of amylopectin and other
naturd polymers deteminestheir phydcal propertes in
the bulk. When thesematerals are confined into films
thinner thana few micrometes, their strucurd hieracchy
is disturked by the very confinement and addiionally
alteredby theactionof surfaceforces Thus it is expected
thatthebulk strucureandthereailting physicd propertes
will be modified in a thin film. Additionally, the surfa@
may exhibit a non-mndommorphobgy unlike the smooth
andstrucurelesgextureof syntheic amorpghouspolymers.
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Fig. 1. A schenaticmodelof theamylopectirmoleale atdifferentlengthscales(A) An overview

of theamylopetin moleaile, presentinghe clusteringof the branchingpoints. Thelong axis of the

molecue is of somehundedsof

adjacentinearchainsforming5—
forming thelinearchains.(Adaptedfrom J.P Robinetal., Cereal Chem 1974 51, 389,D.J.Gallart
etal., Carbchydr Polym.1997 32, 177,and[6].)
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nanometergB) A closeview of the doublehelical conformationof
7 nmlamellae.(C) Molecularstructue of thep-glucosemonomers
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The surfa@ morphology of thin films is animportantfea-
ture of the system asit affectsstrongl interfacialinterac-
tions such as wetting, adsorpion and adhesbn [8-10.

Here we descrite an experimental investigdion of the
structual propeties of amylopectn films in the thickness
rangeof a few micrometrs, by small andwide angle X-

ray scdtering (SAXS and WAXS, respetively), surface
topograhy by atomic force microscopy(AFM) andopti-

cal phasemodulated interferene@ microscopy (OPIM).

Adsoption andwetting behavior of thin films of polystyr-

eneon top of the amylopectin subgrate were studiedby

nucleareactonanalysis(NRA) andopticalmicroscopy

2. Experimental

2.1. Materials

Amylopectinwas purchaedfrom Sigma(A-7780from
Corn)andusedasreceaved. Amylopectinis a (1—4)-a-p-
glucan highly branchel through (1—6)-a-linkages and
polydisperseTheaveragedegreeof polymerizationvaries
betweenl and50 million [6]. Amylopectinis insoluble in
coldwater butmaybedissolved in hotwater(T > 50°C).

Polydyrene,either protonded or fully deuteated,was
purchasd from Polymer Laborataies. The characterstics
of the polymerswere deternined by size-exdusion chro-
matograhy andprovidedby the suppliers.Polymea cha-
acterisicsaregivenin Tabe 1.

The toluene usedwas Frutarom or Sigma aralytica
grade Waterwaspurifiedby aBarngedE-purewater puri-
fier (measuredregstivity of 18 M Q).

Polished silicon wafers (p-type, {<100), 0.5-1 Q cm?,
thicknessof 406-470 um) were purchasd from ITME
(WarsawPoland.

2.2. Samplepreparation

2.2.1. Thinfilms of amylopectin

Amylopectin solutionsin water (30 mg/ml) were pre-
paredby heding solid amylopectinin waterto above70°C
for about10 min, untl the solution changedfrom milky to
opalesent. The viscaus warm solution was than spin-

Table 1. Molecular charateristics of oligostyreneand polystyr
enes.

Material WeightaveragedDesignation  Poly-
moleallarweight dispersty
M,, [g/mol] M,/M,,
Oligostyrere 580° PS-0.58k  1.02
Polystyene 330000 PS-330k 1.04
526000 PS-526k 1.04
Deuterategbolystyrene 10500 dPS-10.5k  1.02
370000 dPS-370k  1.02

& Theglasstransitiontempeatureof PS-0.58ks Ty=-18°C. For
theotherpolystyrenesamplesy = 100°C.
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coaedontop of silicon wafersandthe films were dried at
ambient condtions. By spin-asting at different rates,
films of different thickness(in the range of a few micro-
meters)couldbeprepaed.

2.2.2. Adsorptionof polystyene

Adsorptbn experinentswere performed by incubdion
of amylopecth-coatedsilicon wafers in dilute toluene
solutions of polystyrene (0.1 mg/ml) for 12—-15 h, fol-
lowed by thoroughwashin pure toluene,to remowe the
non-alsorbel polymer, anddrying in ambient condtions
for afew days.Tolueneis a goodsolvent for the polymer
butdoesnotdissolveamylopectn.

2.2.3. Wetting experiments- amylopectin—polystgne
bilayers

Films of polystyrenein the thicknessrange of 50-400
nm were prepaed on top of amylopecin substrées. As
toluene is a sdective solvent, bilayers could be prepaed
by diredly coating polystyreneon top of the amylopectin
films. The thicknessof the polystyrene layers was con-
trolled by the spinnng frequeng andthe concentrationof
thesolutions,andmeasuedby NRA asdescibedbelow

The amylopedin—pdystyrene bilayers were annealed
for differenttime intervalsandtemperatues. For annel-
ing at temperaturs T > 60°C the sampes were sealedin
glassampailesundervacuum(5 x 10 Pa).After annal-
ing, the sampes were rapidly quencled to a temperatue
belowtheglasstranstion tenperatureof polystyrene

2.3. Characterization of the system

2.3.1. Small and wide angle X-ray scattering (SAXS and
WAXS)

The X-ray measurenentswere performed on a Kratky
compact system equiped with two positionsensitve
detedors (OED 50M from MBraun, Graz, Austria), each
contahing 1024 channelsof 51.4 um width for simutta-
neoussmall and wide anglemeasuemens (SWAX). Our
detecion range for smal and wide angle meastemens
was, respetively, 0.5° <26 <8° and 17° <260 < 23°. Cu-
K, radation of wavelength A = 0.1524 nmwas providedby
a Sefert ID-3000X-ray source opeiatingat 40 kV and40
mA. A 10um thick nicke filter was usedto removetheKg
radation, anda 1.5 mm tungstenfilt er wasusedto protect
the detector from the main bean. The sanple-todetector
distancewas 277 mm. In the strucurd analyss the pe&
postions of SAXS spectrawere detemined at the ¢-
values q=4nsin(6)/4, giving themaximumintensty. Full
spedra (3° < 20 < 30°) of powderswereobtainedfrom a
Philips generatoropematedat 40 kV and 28 mA equipped
with a gragphite monochomator PW1050-70 goniomete
and a sdntillator detedor. Sincethe morphobgical fea-
turesaremuch smaller thanthe patticle size andtheover
all orientationis uniform, SAXS spectraof powder were
andyzedusingthe Guinier approxmation [11] assunmg a
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non-interactng and globular pattern All sampes were
measuedin sealedglasscagllaries. Thethin-film sampes
were prepaed by saatchirg a thin film (of few micro-
metersthicknes$ off of the silicon wafer (diameer of 7.5
cm) onwhich it wasprepared andfilling a capillary with
thepowder.

2.3.2. Optical phaseinterferencemicroscopy(OPIM)

The surfae morphology of thin amylopectin films was
investgatedby OPIM. Thisis aninterferene techniquein
which the interference patternis recorced by a (chage-
coupla device) (CCD) cameraandprocessedy compu-
terizedimageandysis, mappng the datacarriedby inter-
ferencefringes into a detailed, threedimensonal image.
The meaurenentswere perfaomedon a Zygo Maxim-3D
systemat the Max-Panck-Institut fir Polymeforschung
(Mainz, Germany. This techngue comhlines sub-ra-
nometerresoldion in the vertical direction with micro-
meterrange spatal relution and a large field of view
(418x 418um?) [12].

2.3.3. Atomicforce microscopy(AFM)

Surfa® rougmessand structue at a nanonetric scale
werestudiedby AFM, usinga Topomnretrix TMX 2010Dis-
coverg sysem with etchel silicon tips on a cantilever
(Nanosesor)of spring constantk rangirg between0.1and
0.3N/m andatip sizeof 15 nm (asspecified by themanu
facturer).

2.3.4. Nuclearreactionanalysis(NRA)

We usedNRA to deternine thethicknessof thepolystyr-
enelayers, ontop of amylopecin subdrates,in the bilayer
45000
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Fig.2. WAXS measuremes of amylopectin(A) untreated,(B)
dissolvedn water and(C) driedasathin film. Thesmallshoulders
(seethe arrows) in the 20 > 21° region, are preserve throughout
the treatment.Theseshouldersare assignedo the double helical
conformationof the amylopectin side chains Comparisonof the
spectraof the untreatel amylopeetin (A) with (B) and(C) suggests
thatthecrystdline structueis lost.
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configuration. In this method[13, 14] a monoenegetic
®Hebeanisincidentatlow angleonasamplethatcontains
deuteatedspeciesundegoing the nuclearreacton *He +
2H—He+H + Q (Q=18.3 MeV). Themeasuedenagy
spedrum of the readion products provides directly the
film thickness The use of NRA for thicknessmeasue-
menswasrequiredbeausestandad method[15] suchas
ellipsomety and X-ray reflectivity are not applicable on
the textured amylopectin-thin film interfae asthe mea-
surementis disturbed by surfae rougmessand structur
ing. NRA measuresthe enagy lossof a particle travding
through the layer of deuterded materid and allows usto
deteminethe film thicknesswith an uncertairty of about
10%,in thethicknessrangeof 100-800nm (but> 50%for
thinneg films). The uncetainty in the thicknessreallts
from areducel resoluion dueto the step-ike topograply
of the amylopecth surfece [16]. The NRA measuemens
were performed at the Van de Graaf acceleator of the
Weizmam Institute, Rehovot Israel.

3. Results

3.1. Structural characterization of amylopectin

The strucure of amylopedin films was investgatedby
X-ray saatterirg using both the wide angle (WAXS) and
small angle(SAXS) modes of detection.Prepaationof the
thin films involves dissoltion of solid amylopecth in
water, and re-drying. Thistreamentis known to affectthe
strucure of amylopectn, andin particdar the type and
degee of crystallinity of the re-dried matrial [6]. We
therdoreinvestgatedthoroughy thestrudureof untreaed
amylopecth, amylopecth in aqueos solutions re-dried
amylopecth in the bulk, andthin films of amylopecth. In
thefoll owing we descrile thereaults of WAXS andSAXS
expeimerts.

3.1.1. WAXSmeasuements

The WAXS pattern of the untreatedamylopecin con-
sigs of two setsof peaks, distingushedby their location
andintensity Thefirst setof highintensity peakss located
attheregon of 20 < 26°, andcorrespongto thetypical A-
type pattern of amylopectin [6]. We measued the com-
plete spe¢rumandfoundourreaults consstentwith thelit-
eraure [6]. Two pe&s of this spectrum (at 17° and 22°)
areshown in Fig. 2A asobtainedby our WAXS detector
(limitedto 17° < 26 < 23°). The A-typestrucureis known
to result from the nearly close-mcked arranggment of
amylopecth doulde hdices. This setof peaksdisappeas
almost completdy in the agueos solution, and doesnot
reaparondrying (B andC of Fig. 2). The seond setof
small-but-starp peaksin the regon of 19° < 26 < 23°
appearsin the untreaed powcder, in the solution aswell as
in the dried powder (note arrows in Fig. 2B, C). These
pe&ks areassignedo thedoublehelicesformedby thelin-
earsggmentof theamylopectinmoleculeg17]. To further
testthis interpretaion, we measuedthe WAXS spedra of
amylopecth in glycerd. Glycerol is knownto form com-
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plexeswith amylopectin,andthus is expeded to disrupt
completdy the chaacteristt doulde-helix conformation
[18]. Indeed,the WAXS spectraof amylopectinsolutions
in glycerol (not shown) do not show the secondset of
peakdike thoseof Fig. 2.

3.1.2. SAXSneasuements

The small-anglerangeof X-ray scatterirg is sensiive to
thepreseceof strucureswith atypical lengthscalein the
rangeof 1-60 nm. In Fig. 3 we comparethe spectraof the
untreaed amylopectin powder with that of treated amylo-
pectinre-driedin thebulk and thethin-film configuration.
In the untreaed powder we detect the presenceof charac-
teristiclengthsthat correpondto spacigsof 7.5nm, and
4 nm. Thefirst may be attributedto the lamellar strucure
of the side-chain clustes of the amylogectin moleale.
The broad and low-intensty shodders indicate that the
degreeof orderingis low. Using the Guinier approximation
[11] for theuntreaedpowder andthethin film, assunng a
globular shagpe of somescattemg paticles, we estimae
thattheirtypical radus of gyration is in therangeof 3 nm.
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Fig.3. SAXS measuremes of amylopetin untreated(dotted
line), re-dried in the bulk (dashedine), andre-driedasa thin film
(solid line). The scatering patternis preseted asintensityvs. lat-
tice spacingd. The spectum of the untreatel material contans
shouldes at 7.5nmand4 nm. While thefirst peakdoesnotappea
in thetreatedmaterid, the4 nmpeakis preservedn thethin film.
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Fig.4. An amylopectirfilm ontop of asiliconwafer. Thefilm wasscannedy OPIM (a,b) andAFM (c, d). (a) An OPIM imageof the
surface the lateraldimensionsare 418x 418 um?, the vertical scaleis 250 nm. The differentgray-scaldevels comespondo the height
distributionof the sampe surface The baselineof the presentedmagewascorrected by subtration of asecond-ordepolynomial).(b) A
line scanthrough theimage presentingtherelative heightsalongthe sampe. (c) An AFM imageof the surface,presentinganoverviewof
the surfaceat a higher magnificaion with lateraldimensonsof 2 x 2 um?, anda vertical scaleof 2 nm. (d) A line scanthroughtheimage

presentingandomrougmessn therangeof 2 nm.
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The SAXS spectraof the re-dried amylopectn films
retainsthe strucure at 4 nm, while the spectrum of the
amylopectinre-diedin thebulk doesnotshowanyspedal
structue.

3.1.3. Birefringencemeasuements

Thin films of re-dried amylopecth viewed between
crossedpolarizers show birefringene while the aqueus
solutionsandthe bulk-driedamylopectih areoptically iso-
tropic.

3.2. Surfacecharacterization of amylopectin films

OPIM and AFM were usedto chaacterize the surfece
topogragphy of amylopectinfilms. The two metodsdiffer
in the lateral relution (micrometers for OPIM, nan-
ometesfor AFM) andin thefield of view (asdescrikedin
the experimental section) The comhnation of the two
method erablesus to obsene the characterstic surfece
morphobgy at length scalesranging from nanonetess to
somehundedsof micromeers, with height sensitivity in
the range of nanoneters.In Fig. 4 we presat two images
of the surface, measued by OPIM (Fig.4a, b), and by
AFM (Fig. 4c, d). Theline scanthrough the OPIM image
(Fig. 4b) presentsatypicd steppaternof thesurfae. The
characeristic step-teight is about100 nm andthe laterd
dimenson of a stepis in the rangeof 100 um. The AFM
imageand theline scan throwgh it (Fig. 4d) presentarela-
tively smooh surface, with random root-meansquared
(rms) rougmess<2 nm. As the lateral dimensons of the
stepsarefar largerthanthefield-of-view of the AFM scan,
theyarenotobsenedin thatscan.n Fig. 5 we analyzethe
OPIM data.We obseve (Fig. 5a) that the heigh distribu-
tion of thesurfece stepss rathernarrov aroundthetypicd
value of 100 nm and repraducible in different samples
(Fig. 5b).

Our resultssuggestthatthe surfacetopogmaphyof amy-
lopecin film s depend on the lengthscale of obsenation,
presening atopograghy of wide steps(typical areaof 100
um?) andanarrow height distribution (around 1000nm).
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3.3. Adsorption experiments

We studied the adsorption of deuteated polystyrene
dPS-10kand dPS-380kfrom toluenesolutionson amylo-
pedin substrées. The sampes wereincubatedin the sol-
ution, thoroughy washedin the solvent, dried, and mea
sured by NRA. In Fig. 6 we presennNRA spedrawhich
revealsthe presenceof athin dPS layer ontop of theamy-
lopectinsurfae. As thethicknesof theadsorkedfilm isin
the rangeof the relution limit of the techngue for the
strucuredamylopectn surface,we only usethe NRA data
asaqualitatve indication for the presenceof anadsorled
layer[19]. Wefind thatpolystyreneadsorbsspontaneusly
from toluenesolutionsontop of theamylopectinsurfae.

3.4. Wetting experiments

Thewettingbehavor of deuteratedandprotonatedooly-
styreneson the amylopectn subsgratewasinvestigdaedfor
different molealar weights (PS0.58k, dPS-D.5k PS-
330k dPS-370k, PS500k). Films of polystyrenein the
thicknessrangeof 50—-400 nm were spin-matedon top of
amylopecth substratesind annealedibove the glasstran-
sition tempeatureof the polymers Theliquid films were
foundto beunstble,anddewettedinto droplets.We com-
paredthe patternformedby theliquid dropletsof polystyr
enedewettng onamylopecin subgrateto thatformedona
siliconwafer. For thatpurpcse,we prepaedsiliconwafers
half-coveral by amylopectin. A (deuterated)polystyrene
film wasthan spin-coatedon top of the whole wafer and
annaled.In Fig. 7 we presenta picture of adewdtedfilm.
NRA wasusedto measue the thicknessof the deuteated
polystyrene layer (before annealng) on both pats of the
wafer in similarly preparedsamples.The NRA profile is
presentedn Fig. 8. We obsene thattheinitial thicknessof
the polystyrenefilm is similar (Fig. 8 (o)) and (w)), how-
eva, the drople patternformed by the dewdted layer is
remakably different(Fig. 7A andB). The polygonal pat-
tern obseved on the silicon side, with dropletsforming a
smooth contactline atthe solid-liquid interface,is typical
for polystyrenefilms dewettng on a smooh silicon wafer

100 -
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40

20 -

step height (nanometers)

sample number

Fig.5. Analysisof OPIMimagesof thin films of amylopetin. (a) A histogranpre-
sentingthe distribution of relative heightsat the amylopectinsurface (b) Datacol-

lectedfrom imagesof differentsamples.
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Fig.6. NRA profile of anadsorbe layer of dPS-380kon top of

anamylopetin substrateThe sampé was preparedoy incubating
the substratein a toluenesolution (0.1 mg/ml) of dPS-380kfol-

lowed by thorowgh washingin the solvent. The sampé wasthen
driedin ambient conditionsfor a few daysandmeasuredy NRA.

Thespectrumindicateshepresereof athin layerattheamylopes-
tin surfacgatzerodepthin thegraph).

Fig. 7. Animageof adPS-105kfilm following aweekof anneal-
ing at 160°C, undervacuum(5 x 107 Pa).In this sampe the poly-
styrenefilm wascoatedon top of a silicon waferhalf coverel by a
thin film of amylopetin (forming a bilayer) (A) andon top of the
silicon surface(B). Thedropletsresultfrom deweting of the initi-
ally homogeneuspolystyrenefilm. Theimagedisplays anareaof
1x0.75cn?.

[20]. Onthe other hand, the droplet pattern on the amylo-
pectin surfae seens to be random, with droplés of dis-
tortedshapeandform.

The instability of polystyrene films on the amylopectn
surfa@ mayseen to beincorsistentwith thereaults of the
previaus sectian, which indicate that the polystrene
adsorls sportaneowsly on the amylopectin substrée. To
furtherinvestgatethat point, we performedthe foll owing
experiment: a layer of dPS-380k was pre-adsorbedon
amylopectin  substrée (acording to the procedure
descriled before). Then, a thin film of oligogyrene (PS-
0.58k, thicknessof 100 nm and 300 nm, liquid at room
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Fig.8. NRA profilesmeasuing the volumefractionversusdepth
of athin film of dPS-10.5kspin-coatedon top of a silicon wafer
(n), half of whichwascoveral by amylopectin(o). Zerodepthis the
dPS—a interface andthecutoff atabout250nmis thefilm—silicon
interface The resolutionat the amylopetin—dPSinterface (m) is
muchworsethantheresolutionat the silicon-dPSinterface asdis-
cussedn the text. Within thelimits of the resolution thethickness
of thefilm onbothpartsof thesubstrates similar.

temperatue) wasformed on top of the adsorled layer by
spin-coatng from solution.We obsewredthatthefilm was
unstebleanddewetedinto asimilarrandompatternof dro-
plets as the one presated in Fig. 7. Theseobsenations
indicatethatthe presaceof athin adsorbedayerdoesnot
stablize thickerfilm s of polystyrene on top of amylopec-
tin. We conclule that polystyrene adsorls spontaneusly
from solution on amylopedin, while thicker films (thick-
nessof 50-400 nm) are unstdle and dewe even in the
presenceof apre-adsorbedayer.

4. Discussion

In this studywe invedigatedthe bulk strucure, surface
morphology and wetting propertes of micrometerthick
amylopecth films. We discussfirst the strucure of the
films andthesurfacemorphology:.

The structual features of amylopectin at length scales
below 100 nm were probed by WAXS and SAXS. The
reailtsindicate alossof long-rarge crystaline orderupon
dissolution,which is not restorel by drying. Howevae, the
SAXS spectra also reveal that a strucure with a typical
repeatdistanceof 4—5 nm presenin the untreatdamylo-
pedin is preservedin the re-dried materal. We suggest
thatthe origin of thattypical ordeiing is in theintra-mole
culardouHle-hdix conformation of theamylopectinmole-
cule.Ourrealltsthenindicatethatthedoule-hdix confor-
maton of the side chainsis not completely lostin the pro-
ces [21]. Theobsenedbirefringence of amylopecin thin
films, togetherwith the optical isatropy of amylopectn
that wastreaed similarly but dried in the bulk, suggsts
that the pading of amylopectn moleculesin a thin film
inducessomedegreeof orientaticnal order[22]. Theeffect
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Fig.9. A schenaticillustrationof amylopectirmolealespacked
in a thin film. The axial ratio of the moleailesandthe degee of

orientationalorder nearthe surfaceare exaggeratedA magnified
pictureof thesurfacepresemsthelow-scde roughmess.

may be relatedto the geomérical anisdropy of the mole-
cules,which areelongdaedwith along axis of about120—

400 nm (dependig on the botanical source)and a short
axisof about50—70 nm (Fig. 1a). In thethin film, surface
interactons act as a non-raaxdom force that orients the
moleailes.As therepeatistancdn thefilm isin therange
of 100 nm, it is not detected by the X-ray scdtering in

eitherthe WA XS orthe SAXSmodes.

The surfa@ morphology of the amylopectn films, as
detectedby OPIM andAFM, revealastep-lke topograhy
of narow step-feightdistribution around100nm, andlat-
eralstepdimensgonsin therangeof 100um. A low leve of
randomsurface rougmess(rms value of about 2 nm) is
detectedy the AFM. Theobsenedsurfacetextureis con-
sistentwith the notion of amylopectn moleculesdisplay
ing a preferredorientatian of thelong axis of the moleale
in the diredion normd to the surfae, rathe thanpacking
atrandom We presenttheinformation concening thefilm
structue and surfece topograghy in a schenatic drawing
(Fig. 9).

Thereallts of theadsoption andwettingexpeiments at
the polystyrene—anylopectin interfacerevealthat the sta-
bility of a polystyrenefilm ontop of theamylopectinsub-
stratedependson thethicknesof thelayer: while amono-
layer of polystyrene adsorls spontaneusly from solution,
thicker layersof polystyrenethat are forcedto sprea on
theamylopectinsurfacedewet. Moreover, thin films of the
oligomeic PS-0.8k areunstableontop of apre-adsorbe
layerof polystyreneanddewe aswell.

We discussthe wetting behavor in terms of models
derivedfor describing the interfacial interactionsof non-
volatile liquid films with solid surfa@s[23—-25]. Thefree
enegy perunitareg f, of afilm of thicknesshis descibed

by:

f=-S+V(h) 1)
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Sisthespraadingcodficient thatdescrikestheshortrange
interactiors andaccouwntsfor the changein thefreeenagy
dueto spreadingor adsorpion [25]

(@)

where s, |, andv standfor solid, liquid and vaporandyj is
the surfece tensbn betwea the i and j phases Thus
spreadingis favoredwhenS > 0. ThetermV(h) descibes
thelong-rangeinteractons. In the cas of a vanderWaals
liquid

S= 1:dry _fwet =Vsv— (Vsl + Vlv)

V(h) = A/12rth? 3
where A is the effective Hamaler constantfor the interac-
tion of the solid and air medi acros the liquid medium
[27]. At equilibrium,thevanderWaalsinteractonstendto
thin theliquid film when A < 0 and thickenit whenA > 0.

In Table2 we sumnarize the relevantparametersfor a
polystyrenefilm andanamylopectn surface.

Fromthe valuesof the surfacetensionwe estimae [32]
thatthespreadingcodficient is positive, andfrom therela
tions betwea the refradive indices [27] we find that the
effective Hamaler constant is negative. The combnation
of S> 0 ard A < 0 designesthis asa case wherea thin
film of the liquid is stabilized by the shortrangeinterac-
tions, but a thicker film beconmesunstabledueto vander
Waals interactions In this case,a film thicker than the
range of the shortrange interacton (=10 nm [33]) is
expectedto be unstdle andequilibrate by dewettng into
macioscopc droples in contactwith athin liquid film. In
the notionof the Brochard model[25] thisis desighatedas
“pseudopatial wetting”. The predicedstrorg depenénce
of film stability on film thicknessageeswell with the
expaimental obsenations. In particular, it is consisten
with the obsenation thatwhile anadsortked monolaye of
polystyrene is stable on the surface of amylopectn, a
thickerfilm of polystyreneis unstabé anddewets

Thelastpointin ourdiscussiorrelaesto theranrdomdis-
tribution of polystyrenedropletson top of theamylopectin
subgrate and their shape.Pdystyrene films of uniform
thicknesghatdewet ontop of a smoothsurfaceareknown
to form a polygoral-like droplet pattern, similar to that
obsenedin Fig. 7A. The polygond pattern resuls from
the simultaneows expansionof randomly distributedcircu-
lar holes, which grow until they codesce[9, 34]. We
believe that the step-like morphobgy of the amylopecth
surface disruptsthe dewettng processby pinning the con-

Table2. Paranetersfor thedesciption of wettingbehavor.

Material Refractiveindex SurfacetensionmJ/nf]
Polystyrene 1.571-1.591[28] 33-38[29]
Amylopectin ng=1.523

Ne= 1.53%[30]

& At 589nm;nyis theordinawy refractive indexandn, theextraor
dinaryrefractiveindex.
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tactline of therecedngliquid. Thus dropldsform (dueto
Raylegh instability [20]) before holes coalesce,and the
polyganal patern is not obsened The effect of pinning
alsocontributesto thenon-relaxeddropletshape

5. Conclusions

We demonstatedthat it is possble to chaacterize the
structue and surfacemorphology of thin films of a com-
plex materal suchas amylopectn by a combnation of
experimentaltechnguesthat are sensitve to strucures at
differentlength scales We found that amylopectin mole-
culesthatareconfinedin athin film showsurfae-indwced
orientation and a step-lke surfece texture. The interfacial
interactons betwea thin polystyrenefilms and theamylo-
pectinfilm swasfoundto depend strorgly onthethickness
of the polystyrenefilm, suggetingthat in this systemthe
intergday beaweenshortrangepolarinteractiors andlong-
rangevanderWaak interactiors leadsto thicknessdepen-
dentstablity.
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