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ABSTRACT

Densityfunctionalcomputationshavebeenperformedto investigatethestructure,potentialen-
ergy surfaceandreactivity for organicsystemscloselyrelatedto bisphenol-A-polycarbonate(BPA-
PC).Theresultsprovide thebasisfor theconstructionof two differentempiricalmodels,the�rst
extendingthe atomisticsimulationsinto the mesoscopicrange(
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� s),thesecondproviding anidealizeddescriptionof polymerizationin BPA-PC.Thecombination
of modelsandcomputationaltechniquesfocusingon different lengthandtime scalesprovidesa
routeto determinemechanicalandthermalpropertiesof materialswithout experimentalinput.

INTRODUCTION

Polymersciencewasoneof the �rst �elds wherethe importanceof multi-scalerelationsand
phenomenawasrecognized,providing the motivation for renormalizationgroupapproaches[1].
Standardapplicationsof thesemethodsto polymersassumethat their behavior arisesfrom the
cooperative interactionof different length and time scales,while the detailsof the atomic and
chemicalstructuredeterminesomecollectiveparameters,but areotherwiseunimportant.Thevast
literatureon thesemethodstesti�es to their power andsuccess.Nevertheless,we areincreasingly
confrontedwith problemsthatrequireadetaileddescriptionof thestructure,dynamicsandchemi-
calpropertieson differentscalesof timeandlength,sothatwecaninvestigateall thoseproperties
thatarenotuniversal.Weshallshow herethatdifferentmodelsandcomputationalmethodscanbe
combinedto provide a detaileddescriptionof polymers,usingbisphenolA polycarbonate(BPA-
PC)asanexample.

Thepolycarbonatefamily includesmaterialswith outstandingmechanical,opticalandthermal
properties,and a wide rangeof applications. Although productionand processingof polycar-
bonateshave beencarriedout on an industrialscalefor several decades,thereremainimportant
questionsconcerningtherelationbetweenthemacroscopicbehavior andthestructureandchem-
istry at theatomisticlevel thatrequireamulti-approachinvestigation.A detailedunderstandingof
therelationshipbetweenstructure andpropertiesshouldprovide thebasisfor thedevelopmentof
new variantsof thesematerials.

Our strategy hasbeento study the atomisticbehavior by parameter-free density functional
(DF) calculations,which provide the basisfor developingempiricalmodelsthat extendthe size
andtimescalesinto themesoscopicdomain(
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� s). This allows the
investigationof inhomogeneoussystems,andof mechanicalandthermalproperties.Moreover, the
DF resultsprovide both the inspirationandthe input parametersfor moreidealizedmodels,with
whichwehavestudiedtheequilibriumpolymerizationof polycarbonates.



INTER-ATOMIC INTERA CTIONS: DENSITY FUNCTION AL COMPUTATIONS

Densityfunctionaltheory[2] providesthemicroscopicbasisfor ourapproach.Progressiveim-
provementsin theexchange-correlationfunctionals[3], ef�cient numericalimplementations,and
vastly improved computerfacilities have all contributedto its acceptanceasa methodwith pre-
dictivecapabilityfor calculatingtotal energies,groundstatestructuresandlow energy dynamical
propertiesfor awide varietyof systems.Applicationsto polymersareamongthemostrecent,but
theresultsto dateareveryencouraging.

The analysisof the inter-atomicinteractionsin BPA-PC beganwith a seriesof computations
for molecularfragments(carbonicacid,benzene,phenol,mono-anddiphenyl carbonate,seeFig.
1), for a shortBPA-PC segmentcomprisingtwo carbonategroupslinkedby a propylidenevertex
(DPBC),andfor thecyclic dimerandtetramer[4]. Experimentalstructuraldataareavailablefor
mostof these.

The agreementbetweencomputedandmeasuredintramolecularbondingparametersis very
satisfactory, with discrepancies( �

�

%) thatarenearthelimit of theexperimentalresolution.Har-
monic vibrationalfrequenciesarealsopredictedwith remarkableaccuracy, althoughin this case
discrepancies(up to �

���

% in theharmonicfrequencies)aresigni�cantly larger thantheexper-
imentalerror bars. Complex intramolecularinteractionsoccur in the cyclic dimer andtetramer,
wherethereis a balancebetweenlocal bondformationandthegeometricalconstraintof forming
a ring. The constraintis moreseverefor the dimer thanfor the tetramer, resultingin a strained
groundstatestructurefor the dimer (with the unusualcis-trans conformationfor its carbonate
groups),while it is remarkablystrainfree for the tetramer, with interatomicdistancesandangles
closeto thosefound for the molecularfragments. Both moleculescrystallize in rathersimple
crystal forms, and the DF groundstatestructuresagreevery well with the experimentalX-ray
diffractionresults.

As expected,DF is lesssuccessfulin describingthelongrangeattractiveforcesthatbindBPA-
PCmolecules,sincedispersioninteractionsarenot includedin standardDF approximations.As a
result,thecohesionof themolecularcrystalsis underestimated,with correspondingoverestimates
in the equilibrium volumes[5]. The agreementbetweencomputedandexperimentaldatacan,
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Figure1: (a-c)Carbonicacidisomers,(d) benzene,(e) phenol,(f-g) isomersof phenyl carbonate,
(h) Cyclic tetramerof BPA-PC






















