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ABSTRACT

Buckminsterfullerene(C60)anditsderivativeshavecurrentlybeenusedaspromisingnanomaterial
for diagnostic and therapeutic agents. They are applied in pharmaceutical industry due to their
nanostructurecharacteristics,stabilityandhydrophobiccharacter.Duetoitssparinglysolublenature,
thesolubilityofC60hasbeenofenormousattentionamongcarbonnanostructureinvestigatorsowing
to its fundamental importance andpractical interest innanotechnology andmedical industry. In
ordertostudythediverseroleofC60anditsderivativesthedependenceoffullerene’ssolubilityon
molecularstructureofthesolventmustbeunderstood.Currentstudywasdedicatedtotheexploration
ofthesolubilityoffullereneC60in156organicsolventsusingsimple,interpretableandpredictive
1Dand2Ddescriptorsemployingquantitativestructure-propertyrelationship(QSPR) technique.
Theauthorsemployedgeneticalgorithmfollowedbymultiplelinearregressionanalysis(GA-MLR)
togeneratethecorrelationmodels.Thebestperformanceisaccomplishedbythefour-variableMLR
modelwithinternalandexternalpredictioncoefficientofQ2=0.86andR2

pred=0.89.Thestudy
identifiedvitalpropertiesandstructuralfragments,particularlyvaluableforguidingfuturesynthetic
aswellaspredictionefforts.Themodelgeneratedwiththehighestnumberoforganicsolventstodate
withsimpledescriptorscanbereproducedinnotimetopredictthesolubilityofC60inanynewor
existingorganicsolvents.Thisapproachcanbeusedasanefficientpredictorforfullerenes’solubility
invariousorganicsolvents.
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1. INTRodUCTIoN

Fullerene,ahighlysymmetricalcage-likemoleculehasspecificinteractionwithorganicsolventsand
itsknowledgecanprovidesignificantinformationonthemechanismsofsolute-solventinteractions.
Thefullereneshavedefinedrigidgeometriesindistinctiontoothersoluteswhoseshapesundergo
conformationalchanges.Notonlythatintramolecularvibrationalpartitionfunctionsmayundergo
solvent-dependent changes (Prylutskyy et al., 2003). Due to sparingly soluble nature of C60 in
majororganicsolvents,theproductioncostisstillhighforthisnanomaterial(Shunaevetal.,2015).
Therefore,understandingoffullerene’ssolubilityprovidessignificantfeatureassistinginpurification,
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extraction,bioavailability,reactivity,andriskassessmentoffullerenes.Thisinformationisvitaldue
toampleapplicationofcarbonnanostructures,suchasC60anditsderivativesindiverseaspectsof
nanotechnology,pharmaceuticals,cosmetic,medicinalchemistry,environmentalapplications(Cook
etal.,2010;Bogatu,&Leszczynska,2016)andmaterialsscience(Gharagheizi&Alamdari,2008;
Sivaramanetal.,2001).

Quantitativestructure-property relationship (QSPR)representsapowerful tool formodeling
andpredictionofphysiochemicalproperties.TheQSPRmethodisdefinedonthefoundationofa
mathematicalalgorithmprovidingarationalbasisforestablishingapredictivecorrelationmodel.
Apartfromprovidingamathematicalcorrelation,italsoenablestheexplorationofchemicalfeatures
encodedwithinparameters(descriptors)(Roy,Kar,&Das,2015a;Toropova,2016).Hence,diverse
setofdescriptorsplaysanoteworthyroleintherecognitionaswellasanalysisofthechemicalbasis
involvedinastudiedphenomenon.Therefore,reliableQSPRmodelcanoffertimeandcost-effective
measureofC60solubilityvaluesinorganicsolventsintheabsenceofexperimentaldata.

AseriesofinvestigationforpredictingC60solubilityinorganicsolventsemployingQSPRmodel
hasbeenreportedinthelast12years.Liuetal.(2005)generatedalinearmodelaswellasaleast-
squaressupportvectormachine(LSSVM)modelforpredictingthesolubilityofC60in128and122
organicsolvents,respectively.Toropovetal.(2007,2009)demonstratedtwokindsofdescriptors
methodsforpredictingsolubilityofC60indifferentorganicsolvents.Samedatasetwasusedtobuild
one-variablemodeloncewith theoptimaldescriptorscalculatedwithsimplifiedmolecular input
lineentrysystem(SMILES)(Toropovetal.,2007)andinanotherworkwithInternationalChemical
Identifier(InChI)(Toropovetal.,2009)withhighstatisticalresults.Petrovaetal.(2011)depicted
successful application of the GA-MLR technique in combination with quantum-chemical and
topologicaldescriptorsyieldsreliablefour-variablemodelsfor122organicsolvents.OneGA-MLR
modelwasdevelopedtopredictthefullerenesolubilityin36benzenederivativesbyPourbasheeretal.
(2011).Ghasemietal.(2013)proposedfirst3D-QSARmodelemployingVolSurfbaseddescriptors
withSPA-SVM(successiveprojection algorithm-support vectormachine)method to predictC60
solubilityin132organicsolventswithacceptablestatisticalresults.Inrecenttime,Xuetal.(2016)
proposedaQSPRmodelforpredictingthesolubilityoffullereneC60in156diverseorganicsolvents
withthenormindexes.

In this regard, we aimed to find simple, predictive, computationally time-efficient and
mechanisticallyinterpretablemodeltopredictthesolubilityofC60inthesamesetoforganicsolvents
consideredbyXuetal.(2016).Inaddition,thestudyintendstoestimatepredictivepotentialofthe
simple1Dand2DdescriptorstomodelthesolubilityofthefullereneC60inalargenumberoforganic
solvents.

2. MATeRIALS ANd MeTHodS

2.1. data Set
Theexperimentalsolubility(S)dataofC60in156organicsolvents(Table1)werecollectedfrom
twodatasets:BeckandMándi(1997)andSemenovetal.(2010).Asthelogarithmicvaluesofmolar
fractionscorrespondedtothefreeenergychangesinthesolvationprocess,theunitofsolubilitywas
consideredaslogS,insteadofweightunits(e.g.,mg/mL).
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