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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).



 

 

14 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/exploring-simple-interpretable-and-

predictive-qspr-model-of-fullerene-c60-solubility-in-organic-

solvents/188867

Related Content

Towards Arithmetical Chips in Sub-Excitable Media: Cellular Automaton

Models
Liang Zhangand Andrew Adamatzky (2009). International Journal of Nanotechnology

and Molecular Computation (pp. 63-81).

www.irma-international.org/article/towards-arithmetical-chips-sub-excitable/4085

Understanding Advances in Nanotechnology: Minimizing Risks and

Maximizing Benefits with Application of the Appropriate Governance

Framework
Michael D. Mehta (2011). International Journal of Nanotechnology and Molecular

Computation (pp. 1-11).

www.irma-international.org/article/understanding-advances-nanotechnology/66394

Photocatalytic Activity of ZnO Nanoparticles on the Degradation of Organic

Dyes Under Solar Light
Sivakumar Krishnamoorthyand Dharani M. (2021). Research Anthology on Synthesis,

Characterization, and Applications of Nanomaterials (pp. 514-536).

www.irma-international.org/chapter/photocatalytic-activity-of-zno-nanoparticles-on-the-

degradation-of-organic-dyes-under-solar-light/279164

Polymeric Nanoparticles in Drug Delivery
Kajal Parasharand Minhaj Ahmad Khan (2024). Cutting-Edge Applications of

Nanomaterials in Biomedical Sciences (pp. 137-177).

www.irma-international.org/chapter/polymeric-nanoparticles-in-drug-delivery/336395

DNA Computing
Tao Song, Xun Wang, Shudong Wangand Yun Jiang (2010). International Journal of

Nanotechnology and Molecular Computation (pp. 12-37).

www.irma-international.org/article/dna-computing/53350

http://www.igi-global.com/article/exploring-simple-interpretable-and-predictive-qspr-model-of-fullerene-c60-solubility-in-organic-solvents/188867
http://www.igi-global.com/article/exploring-simple-interpretable-and-predictive-qspr-model-of-fullerene-c60-solubility-in-organic-solvents/188867
http://www.igi-global.com/article/exploring-simple-interpretable-and-predictive-qspr-model-of-fullerene-c60-solubility-in-organic-solvents/188867
http://www.igi-global.com/article/exploring-simple-interpretable-and-predictive-qspr-model-of-fullerene-c60-solubility-in-organic-solvents/188867
http://www.irma-international.org/article/towards-arithmetical-chips-sub-excitable/4085
http://www.irma-international.org/article/understanding-advances-nanotechnology/66394
http://www.irma-international.org/chapter/photocatalytic-activity-of-zno-nanoparticles-on-the-degradation-of-organic-dyes-under-solar-light/279164
http://www.irma-international.org/chapter/photocatalytic-activity-of-zno-nanoparticles-on-the-degradation-of-organic-dyes-under-solar-light/279164
http://www.irma-international.org/chapter/polymeric-nanoparticles-in-drug-delivery/336395
http://www.irma-international.org/article/dna-computing/53350

