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ABSTRACT

Densityfunctionalcomputationdiave beenperformedo investigatahestructure potentialen-
engy surfaceandreactvity for organicsystemsloselyrelatedto bisphenol-A-polycarbonate(BP
PC). Theresultsprovide the basisfor the constructiorof two differentempiricalmodels,the rst
extendingthe atomisticsimulationsinto the mesoscopicange( atomsand

s),thesecondroviding anidealizeddescriptionof polymerizationn BPA-PC. Thecombination
of modelsand computationatechniquegocusingon differentlengthandtime scalesprovidesa
routeto determinemechanicabndthermalpropertiesof materialswithout experimentainput.

INTRODUCTION

Polymersciencewasoneof the rst elds wheretheimportanceof multi-scalerelationsand
phenomenavasrecognized providing the motivationfor renormalizatiorgroup approachegl].
Standardapplicationsof thesemethodsto polymersassumehat their behaior arisesfrom the
cooperatie interactionof differentlength andtime scales,while the detailsof the atomic and
chemicalstructuredeterminesomecollective parameterdyut areotherwiseunimportant.Thevast
literatureon thesemethoddesti es to their power andsuccessNeverthelessye areincreasingly
confrontedwith problemghatrequirea detaileddescriptionof the structure dynamicsandchemi-
cal propertieson differentscalesof time andlength,sothatwe caninvestigateall thoseproperties
thatarenotuniversal.We shallshav herethatdifferentmodelsandcomputationaimethodscanbe
combinedto provide a detaileddescriptionof polymers,usingbisphenolA polycarbonatéBPA-
PC)asanexample.

Thepolycarbonatéamily includesmaterialswith outstandingnechanicalppticalandthermal
properties,and a wide rangeof applications. Although productionand processingof polycar
bonateshave beencarriedout on anindustrial scalefor several decadesthereremainimportant
guestionconcerninghe relationbetweernthe macroscopibehaior andthe structureandchem-
istry attheatomisticlevel thatrequirea multi-approachnvestigation A detailedunderstandingf
therelationshipbetweenstructure andpropertiesshouldprovide the basisfor the developmentof
new variantsof thesematerials.

Our stratgy hasbeento study the atomisticbehaior by parametefree density functional
(DF) calculationswhich provide the basisfor developingempirical modelsthat extendthe size
andtime scalednto the mesoscopicdomain( atomsand s). This allowsthe
investigatiorof inhomogeneousystemsandof mechanicahndthermalproperties Moreover, the
DF resultsprovide boththe inspirationandthe input parametergor moreidealizedmodels,with
which we have studiedthe equilibriumpolymerizationof polycarbonates.



INTER-ATOMIC INTERACTIONS: DENSITY FUNCTIONAL COMPUTATIONS

Densityfunctionaltheory[2] providesthemicroscopiddasisfor ourapproachProgressieim-
provementsn the exchange-correlatiofunctionals[3], ef cient nhumericalimplementationsand
vastly improved computerfacilities have all contributedto its acceptancasa methodwith pre-
dictive capabilityfor calculatingtotal enegies,groundstatestructuresandlow enegy dynamical
propertiedor awide variety of systemsApplicationsto polymersareamongthe mostrecent,but
theresultsto datearevery encouraging.

The analysisof the interatomicinteractionan BPA-PC beganwith a seriesof computations
for molecularfragmentgcarbonicacid, benzenephenol,mono-anddipheryl carbonateseeFig.
1), for a shortBPA-PC segmentcomprisingtwo carbonategroupslinked by a propylidenevertex
(DPBC), andfor the cyclic dimerandtetramer4]. Experimentaktructuraldataareavailablefor
mostof these.

The agreemenbetweencomputedand measuredntramolecularbondingparameterss very
satishctory with discrepancieé %) thatarenearthelimit of theexperimentakesolution.Har
monic vibrationalfrequenciesare also predictedwith remarkableaccurag, althoughin this case
discrepanciegup to % in the harmonicfrequenciesparesigni cantly largerthanthe exper
imentalerror bars. Complex intramolecularinteractionsoccurin the cyclic dimer andtetramey
wherethereis a balancebetweenocal bondformationandthe geometricaconstraintof forming
aring. The constraintis more severefor the dimerthanfor the tetramey resultingin a strained
ground statestructurefor the dimer (with the unusualcis-trans conformationfor its carbonate
groups),while it is remarkablystrainfree for the tetramey with interatomicdistancesandangles
closeto thosefound for the molecularfragments. Both moleculescrystallizein rathersimple
crystal forms, andthe DF groundstatestructuresagreevery well with the experimentalX-ray
diffractionresults.

As expected DF is lesssuccessfuin describinghelong rangeattractve forcesthatbind BPA-
PCmoleculessincedispersionnteractionsarenotincludedin standardDF approximationsAs a
result,the cohesiorof the molecularcrystalsis underestimatedyith correspondingverestimates
in the equilibrium volumes[5]. The agreemenbetweencomputedand experimentaldatacan,
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Figurel: (a-c) Carbonicacidisomers (d) benzene(e) phenol,(f-g) isomersof pheryl carbonate,
(h) Cyclic tetramerof BPA-PC

































