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MOFnanoparticles 

FieldoftheInvention 

EOOIJ Thepresentinventionrelatestometal-organicframework(MOF)nanoparticlesin 
5 particular, coatedMOFnanoparticles, methodsofmanufacturingsaidcoatedMOF 

nanoparticlesandusesofsaidcoatedMOFnanoparticles.  

BackgroundoftheInvention 

E002J Metal-organicframework(MOF)nanoparticles(nanoMOFs)arearelativelynewfamily 
10 ofporouscrystallinehybridmaterialsthathaveshownpotentialinavarietyofapplications 

suchasgasstorageandseparationsensingandcatalysis.Inlightoftheirtuneablestructures 

andpermanentporositiesbothorganicligandsandinorganicnodes(metalions)provide 

platformsforincorporatingfunctionalityintotheirinternalandexternalsurface. External 

surfacefunctionalisationofnanoMOFshasbeenstudiedinbiologicalsystemsforimagingand 

15 therapeuticapplicationsviapost-syntheticmodifications.  

E003J WhilenanoMOFshaveshownpromiseknownsurface-functionalisednanoMOFshave 
theirlimitations. Forinstance, theinventorshavefoundthatwhenknownsurface

functionalisednanoMOFsaredriedtheycannotbeeasilyre-dispersed.Asaresultgenerally, 

20 theyhavehadtobekeptinsuspensionbeforeuse.Thishasmadethemunattractivetofields 

suchasdrugdeliveryasknownnanoparticleMOFsinsolutionmayprovidealimitedshelf

theactive.Moreoverthereisalong-feltandongoingneedfordrugdeliverysystemswith 

tuneablereleaseprofiles.  

25 

E004J ThepresentinventionaddressestheseandotherissuesassociatedwithknownMOF 
nanoparticles.  

SummaryoftheInvention 

30 E005J Accordinglyinafirstaspectthepresentinventionprovidesacompositioncomprising 

oneormorepolymer-coatedmetal-organicframework(MOF)nanoparticles.  

E006J EachnanoparticlecomprisesaMOFcomprisingapluralityofmetalions(inorganic 
nodes)andapluralityoforganicligands.Preferablythepluralityofmetalionsmay(asa 

35 plurality)consistessentiallyof(thatistosaysubstantiallyallofthemetalionswithintheMOF 

1 

lifeduetoaggregationand/orprematureoruncontrolleddrugreleaseand/ordeteriorationof
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nanoparticlearethesame),orconsistofionsofametalselectedfromthegroupconsisting 
ofzirconiumironzinchafniummagnesiumand 7 

potassiummorepreferablythepluralityof 

metalionsmayconsistessentiallyofionsorconsistofionsofametalselectedfromthe 

groupconsistingofzirconiumand ironmostpreferablythepluralityofmetalionsmayconsist 

5 essentiallyoforconsistofionsofzirconium.  

E007J Thepolymerisattachedtooneormoremetalionsofeachnanoparticlebyphosphate
metalcoordination.Preferablythepolymerincludesaphosphategroupmorepreferablythe 

polymerisphosphate-terminated.Preferablyeachpolymerhasasingleterminalphosphate 

10 group.Typicallythepolymercomprisesapolymer(basepolymer)whichhasbeenphosphate 

functionalised.Preferablythebasepolymerishydrophilic.Preferablythepolymer(and/or 

basepolymer)isselectedfromthegroupconsistingofpolyethyleneglycolhyaluronicacid, 

heparinchitosanpolyvinylalcoholpolyglutamicacidandderivativesandcopolymersthereof.  

Morepreferablythepolymercomprisespolyethyleneglycoloraderivativethereof.  

15 
E008J Inembodimentswhenthepolymercomprisespolyethyleneglycoloraderivative 
thereofpreferablythepolyethyleneglycolislinearpolyethyleneglycoloraderivativethereof.  

Preferablythepolyethyleneglycolispredominantlylinearpolyethyleneglycoloraderivative 

thereotmorepreferablythepolymermayconsistessentiallyotorconsistsoflinear 

20 polyethyleneglycoloraderivativethereof.Preferablythepolymerisnotorisfreefrom 

branchedpolyethyleneglycolorbranchedderivativesthereof.  

E009J Preferablythepolyethyleneglycolorderivativethereofcomprisesfromabout40to 

25 
EOIOJ Preferablythepolymercomprisesorconsistsessentiallyofaphosphate-terminated 
linearalkoxypolyethyleneglycol(PEG),whereinthealkoxygroupispreferablyaCitoCs 

alkoxymorepreferablyaCitoC~alkoxy.Evenmorepreferablythepolymercomprisesor 

consistsessentiallyofaphosphate-terminatedlinearmethoxypolyethyleneglycol(mPEG).  

30 

EOIIJ Mostpreferablythepolymerisaphosphate-terminatedmPEGaccordingtothe 
structureA.  

*0 
II 
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A 

35 

E012J Preferablynisfromabout40toabout250.  

2 

about250repeatingunits.
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E013J TypicallythemPEGmayhaveamolecularweightoffromabout2000g/moltoabout 
I0000glmol(mPEG2000tomPEGI0000), preferablyfromabout3000glmoltoabout9000 

gimol(mPEG3000tomPEG9000),fromabout4000g/moltoabout8000g/mol(mPEG4000 

5 tomPEG8000),fromabout5000g/moltoabout7000glmol(mPEG5000tomPEG7000),from 

about5000glmoltoabout6000gimol(mPEG5000tomPEG6000).PreferablythemPEGhas 

amolecularweightofabout5000glmol(mPEG5000).  

E014J ThepolymerisattachedtooneormoremetalionsofeachMOFnanoparticle, 
10 preferablysubstantiallyalloftheMOFnanoparticles.Preferablythepolymerisattachedto 

metalionslocatedatanexternalsurfaceofeachMOFnanoparticle.Preferablyanexternal 

surfaceofeachMOFnanoparticleissubstantiallycoatedinthepolymer.Theexternalsurface 

referstotheoutsidesurfacenotforinstanceaninternalsurfacesuchasthatofapore.  

15 E015J Theparticlesizeoftheoneormorepolymer-coatedMOFnanoparticlesmaybefrom 

about25nmtoabout450nmmorepreferablyfromabout100nmtoabout250nmmost 

preferablyfromabout100nmto200nm.Preferablyanactiveingredientmaybeencapsulated 

withinand/orlocatedontheoneormorepolymer-coatedMOFnanoparticles.Preferablythe 

activeingredientmaybeselectedfromthegroupconsistingofpharmaceuticallyactive 

20 ingredientspesticidesinsecticidesanddyes.  

E016J Compositionsaccordingtothefirstaspectoftheinventionareparticularly 
advantageousastheymayhaveimprovedstabilityatuneablereleaseprofilefacilitate 

25 polymer-coatedMOFnanoparticlesdonotagglomeratesignificantly.Theadvantagesofthe 

compositionsaccordingtothefirstaspectoftheinventionaredemonstratedintheExamples 

andFiguresdescribedherein.  

E017J Inasecondaspectthepresentinventionprovidesadrypowderpharmaceutical 
30 compositioncomprisingoneormorelyophilisedpolymer-coatedmetal-organicframework 

(MOF)nanoparticles.EachnanoparticlecomprisesaMOFcomprisingapluralityofmetalions 

(inorganicnodes)andapluralityoforganicligands.  

E018J Asinthepreviousaspectpreferablythepluralityofmetalionsmayconsistessentially 
35 oforconsistofionsofametalselectedfromthegroupconsistingof:zirconiumironzinc, 

andhafniummorepreferablythepluralityofmetalionsmayconsistessentiallyoforconsist 

3 

lyophilisationand/ordispersionofthecompositioninsolutionsuchthattheoneormore
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ofionsofametalselectedfromthegroupconsistingof:zirconiumandironmostpreferably 

thepluralityofmetalionsmayconsistessentiallyoforconsistotionsofzirconium.  

E019J Thepolymermaybeattachedtooneormoremetalionsofeachnanoparticleby 
5 phosphate-metalcoordination.Preferablythepolymerincludesaphosphategroupmore 

preferablythepolymerisphosphate-terminated.Preferablyeachpolymerhasasingle 

terminalphosphategroup.Typicallythepolymercomprisesapolymer(basepolymer)which 

hasbeenphosphatefunctionalised.Preferablythebasepolymerishydrophilic.  

10 E020J Preferablythepolymer(and/orbasepolymer)isselectedfromthegroupconsistingof 

polyethyleneglycolhyaluronicacidheparinchitosanpolyvinylalcoholpolyglutamicacid, 

andderivativesandcopolymersthereofMorepreferablythepolymercomprisespolyethylene 

glycoloraderivativethereof.  

15 E021J Inembodimentswhenthepolymercomprisespolyethyleneglycoloraderivative 

thereofpreferablythepolyethyleneglycolislinearpolyethyleneglycoloraderivativethereof.  

Preferablythepolyethyleneglycolispredominantlylinearpolyethyleneglycoloraderivative 

thereotmorepreferablythepolymermayconsistessentiallyoforconsistsoflinear 

polyethyleneglycoloraderivativethereof.Preferablythepolymerisnotorisfreefrom 

20 branchedpolyethyleneglycolorderivativesthereof.  

E022J Preferablythepolyethyleneglycolorderivativethereofcomprisesfromabout40to 
about250repeatingunits.  

linearalkoxypolyethyleneglycol(PEG),whereinthealkoxygroupispreferablyaCitoC~ 

alkoxymorepreferablyaCitoC~alkoxy.Evenmorepreferablythepolymercomprisesor 

consistsessentiallyofaphosphate-terminatedlinearmethoxypolyethyleneglycol(mPEG).  

30 E024J Morepreferablythepolymerisaphosphate-terminatedmPEGaccordingtothe 

structureA.  

0 
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25 E023J Preferablythepolymercomprisesorconsistsessentiallyofaphosphate-terminated
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E025J Preferablynisfromabout40toabout250.  

E026J TypicallythemPEGmayhaveamolecularweightoffromabout2000g/moltoabout 
5 10000g/mol(mPEG2000tomPEGIOOOO),preferablyfromabout3000g/moltoabout9000 

g/mol(mPEG3000tomPEG9000),fromabout4000g/moltoabout8000g/mol(mPEG4000 

tomPEG8000),fromabout5000g/moltoabout7000g/mol(mPEG5000tomPEG7000),from 

about5000g/moltoabout6000g/mol(mPEG5000tomPEG6000).PreferablythemPEGhas 

amolecularweightofabout5000g/mol(mPEG5000).  

10 

E027J Preferablytheparticlesizeoftheoneormorelyophilisedpolymer-coatedMOF 
nanoparticlesofthesecondaspectmaybefromabout25nmtoabout450nmmore 

preferablyfromabout100nmtoabout250nmmostpreferablyfromabout100nmtoabout 

200nm.  

15 

E028J PolymerisattachedtooneormoremetalionsofeachMOFnanoparticlepreferably 
substantiallyalloftheMOFnanoparticles.Preferablythepolymerisattachedtometalions 

locatedattheexternalsurfaceofeachMOFnanoparticle.Preferablytheexternalsurfaceof 

eachMOFnanoparticleissubstantiallycoatedinthepolymer.  

20 

E029J Preferablythepolymermaybeattachedtooneormoremetalionsofeach 

E030J Atleastoneactivepharmaceuticalingredientislocatedwithinand/orononeormore 
25 of the lyophilised polymer-coated MOF nanoparticles. Preferably the one active 

pharmaceuticalingredientislocatedwithinand/orontheoneormoreMOFnanoparticles 

beforetheyarepolymer-coatedpreferablybydiffusionfromasuspensioncomprisingthe 

activepharmaceuticalingredienttypicallyinsolutionandtheuncoatedMOFnanoparticlesin 

suspension.  

30 

E031J Drypowderpharmaceuticalcompositionsaccordingtothesecondaspectofthe 
inventionareparticularlyadvantageousassuchcompositionsmayhaveimprovedstability 

and/orthesedrypowdersmaybeeasilyredispersedinanaqueousmedium showing 

substantiallynoagglomerationoftheredispersedlyophilisedpolymer-coatedpharmaceutical

35 containingMOFnanoparticles.Moreoverthereleaseofactivepharmaceuticalingredient(s) 

fromthepolymer-coatedMOFnanoparticlesmaybetunedbyvaryingtheamountand/or 

5 

nanoparticleviametalcoordinationmorepreferablybyphosphate-metalcoordination.
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speciesofthecoatingpolymer.Theadvantagesofthecompositionsofthesecondaspectof 

theinventionaredemonstratedintheExamplesandFiguresdescribedherein.  

E032J Preferablythedrypowderpharmaceuticalcompositionisprovidedforuseinavial, 
5 preferablywhereinthevialhasavolumeoffromabout5mltoabout25ml.Preferablyduring 

manufacturethedrypowderpharmaceuticalcompositionislyophilisedinthevial.Typically, 

inusethedrypowderpharmaceuticalcompositionisredispersedinaliquidvehicleinthevial.  

E033J Thepolymer-coatedMOFnanoparticlesmaycontainapharmaceuticallyactive 
10 ingredient.Thepharmaceuticallyactiveingredientmaybepresentatanamountofatleast 

about0.5%,atleastaboutI%,atleastabout2%oratleastabout4%byweightofthetotal 

weightofthepolymer-coatedpharmaceutical-containingMOFnanoparticles.Inembodiments, 

thecomponentispresentatanamountofatmostabout10%,atmostabout15%,atmost 

about20%,atmostabout25%,atmostabout35%,atmostabout50%,oratmostabout 

15 65%byweightofthetotalweightofthepolymer-coatedpharmaceutical-containingMOF 

nanoparticles.Inoneembodimentthecomponentispresentatanamountofatmost30% 

byweightofthetotalweightofthepolymer-coatedpharmaceutical-containingMOF 

nanoparticles.Rangesoffromabout0.5%toabout60%,orfromaboutI0%toabout50% 

byweightofthetotalweightofthepolymer-coatedpharmaceutical-containingMOF 

20 nanoparticlesarepreferred.  

E034J Alternativelytheactivepharmaceuticalingredientmaybepresentatanamountofat 
mostabout0.5%,atmostaboutIatmostabout2%oratmostabout4%byweightof 

thetotalweightofthepolymer-coatedpharmaceutical-containingMOFnanoparticlesThe 

leastabout0.005%,atleastabout0.01%,atleastabout0.05%oratleastabout0.1%by 

weightofthetotalweightofthepolymer-coatedpharmaceutical-containingMOFnanoparticles.  

E035J InembodimentstheMOFnanoparticlesmaybeatleastpartiallyamorphous, 
30 preferablysubstantiallyamorphous.Fortheavoidanceofdoubtthemetal-organicframework 

persemaybeatleastpartiallyamorphouspreferablysubstantiallyamorphous.Preferably, 

theMOFnanoparticlesareamorphisedoncethepharmaceuticallyactiveingredientiswithin 

theMOFnanoparticlepreferablybeforepolymercoatingoftheMOFnanoparticlesis 

performedpreferablybeforelyophilisationthereofalso.Suitablemethodsforamorphising 

35 metal-organicframeworksaredisclosedbelowandinW02016/207397whichisincorporated 

hereinbyreferencee.g.ballmilling.  

6 

25 activepharmaceuticalingredientmaybepresentatanamountofatleastabout0.001%at
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E036J Theamorphizationprocessisintendedtodestroythelong-rangeorderthatispresent 
withinacrystallinemetal-organicframework.Theamorphousmetal-organicframeworkhasa 

highlydisorderedframeworkstructureandlackslong-rangeorder.Howevertheamorphous 

frameworkretainsbasicmetal-ligandconnectivitythatisalsopresentinthecrystallinemetal 

5 organicframework.Theamorphizationprocessmaybesaidtoresultinthestructuralcollapse 

ofthecrystallinemetal-organicframework.Thisstructuralcollapsemayinuseslowor 

augmentthereleaseofthepharmaceuticallyactiveingredientfromtheMOFnanoparticles.  

E037J Thechangeinthemetal-organicframeworkfromacrystallinetoanamorphous 
10 structuremaybeestablishedbyX-raydiffractionmethodsandpowderX-raydiffraction 

methodsinparticular.Typicallythecrystallinemetal-organicframeworkpossessesdistinct 

BraggreflectionsinthePXRDpattern.InthePXRDpatternfortheamorphisedmetal-organic 

frameworktheseBraggreflectionsarelost.  

15 E038J Advantageouslytheinventorshavefoundthatamorphisationcomplementspolymer

coatingoftheMOFnanoparticlestoprovidestillfurthertuneabilitytotheactivepharmaceutical 

releaseprofiletypicallytoanextentnotachievablebyeithertechniquetakenalone.  

E039J Inathirdaspectthepresentinventionprovidesapharmaceuticalcomposition 
20 comprisingthedrypowderpharmaceuticalcompositionaccordingtothesecondaspectmixed 

intoaliquid(i.e.avehicle).Itwillbeunderstoodthatavehicleisacarrierc j: r 

.The 

pharmaceuticalcompositionofthethirdaspectmaybeprovidedasasolutionasuspension 

25 Theaqueousphasemaybewaterbovineserumalbuminphosphate-bufferedsalineplasma, 

Dulbecco'sModifiedEagleMedium(DMEM), I 

EaglesMinimumEssentialMedium(EMEM), 
GibcoRoswellParkMemorialInstitute(RPMI)1640mediumMcCo/s5Amediumand/or 

Hank&BalancedSaltSolution(HBSS),preferablytheaqueousphaseiswater.Typicallythe 

drypowderpharmaceuticalcompositionismixedwiththeliquidvehicleimmediatelybefore 

30 use.  

E040J Preferablythepharmaceuticalcompositionfurthercomprisesapharmaceutically 
acceptableexcipientpreferablywhereintheexcipientisselectedfromthegroupconsistingof 

buffersstabiliserspreservatives colouringagentsflavouringagentscosolvents and 

35 combinationsthereof.  

7 

oracolloidpreferablyanaqueoussolutionanaqueoussuspensionoranaqueouscolloid.
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E041J Insomeembodimentsthepharmaceuticallyacceptableexcipientmaybeprovidedin 
theliquidvehiclewithwhichthepharmaceuticalactiveingredient-containingpolymer-coated 

MOFnanoparticlesaremixed.Additionallyoralternativelythepharmaceuticallyacceptable 

excipientmaybepremixedwiththedrypowdercompositionpharmaceuticalactiveingredient

5 containingpolymer-coatedMOFnanoparticlesbeforetheyarecombinedwiththeliquid 

vehicle.  

E042J Pharmaceuticalcompositionsaccordingtothethirdaspectoftheinventionare 
particularlyadvantageousbecausethe redispersed lyophilised polymer-coated MOF 

10 nanoparticlesgenerallydonotagglomerate.Additionallyoralternativelytheactive 

pharmaceuticalingredientmayremainsubstantiallywithinand/oronthepolymer-coatedMOF 

nanoparticleswhileintheliquidvehiclebeforeadministration.Moreoverthereleaseofactive 

pharmaceuticalingredient(s)fromthepolymer-coatedMOFnanoparticlesmaybetuned.This 

maybeachievedforinstancebyvaryingtheamountofpolymercoatingonanexternal 

15 surfaceofeachMOFnanoparticlewhichmayinturnbevariedbyincreasingordecreasing 

thecoatingperiod.Additionallyoralternativelythespeciesofpolymer(s)usedforcoating 

thenanoparticlesmaybevaried.Additionallyoralternativelythemetal-organicframeworks 

ofnanoparticleMOFsmaybeamorphized(fullyorpartially)asdiscussedherein.The 

advantagesofthecompositionsaccordingtothethirdaspectoftheinventionare 

20 demonstratedintheExamplesandFiguresdescribedherein.  

E043J Inallaspectstheperiodoftimeforwhichpolymercoatingoccurs(i.e.thecoating 
period)maybedeterminedbythepropertiesdesired.Typicallythecoatingtimeissufficient 

25 saturated(e.g.substantiallycoated),preferablywithlimitedorsubstantiallynoreductionofthe 

MOFnanoparticles'porosity.Typicallythecoatingtimeislessthanaboutthreehours, 

preferablylessthanabouttwohourspreferablyfromaboutIminutetoabout180minutes, 

preferablyfromabout30minutestoabout150minutespreferablyfromabout5minutesto 

about60minutes.  

30 

E044J PreferablytheN2adsorptionuptakeofthepolymer-coatednanoparticleMOFisgreater 
thanabout80%oftheidealN2uptakepreferablygreaterthanabout90%.  

E045J Preferablythepolymercoatingmakesuplessthanabout40%byweightofthe 
35 polymer-coatednanoparticleMOFpreferablylessthanabout30%byweightmorepreferably 

fromaboutI0%byweighttoabout40%byweightpreferablyfromabout20%byweightto 

about35%byweightofthepolymer-coatednanoparticleMOF.  

8 

forthemetalsitesontheexternalsurfaceoftheMOFnanoparticlestobesubstantially
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E046J Inafourthaspectthepresentinventionprovidesamethodofproducingadrypowder 
compositioncomprisingoneormorepolymer-coatedmetaL-organicframework(MOF) 

nanoparticles.EachnanoparticlecomprisesaMOFcomprisingapluralityofmetalions 

5 (inorganicnodes)andapluralityoforganicligands.  

E047J Asinthepreviousaspectspreferablythepluralityofmetalionsmayconsist 
essentiallyoforconsistofionsofametalselectedfromthegroupconsistingofzirconium 

ironzinchafniummagnesiumandpotassiummorepreferablythepluralityofmetalionsmay 

10 consistessentiallyoforconsistofionsofametalselectedfromthegroupconsistingof 

zirconiumandironmostpreferablythepluralityofmetalionsmayconsistessentiallyofor 

consistofionsofzirconium.  

E048J Polymerisattachedtooneormoremetalions.Preferablythepolymerincludesa 
15 phosphategroupmorepreferablythepolymerisphosphate-terminatedpreferablythe 

polymerhasasingleterminalphosphategroup.Typicallythepolymercomprisesabase 

polymerwhichhasbeenphosphatefunctionalised.Preferablythebasepolymerishydrophilic.  

E049J Preferablythepolymermaybeselectedfromthegroupconsistingofpolyethylene 
20 glycolhyaluronicacidheparinchitosanpolyvinylalcoholpolyglutamicacidandderivatives 

andcopolymersthereof.  

E050J Inembodimentswhenthepolymercomprisespolyethyleneglycoloraderivative 

25 Preferablythepolyethyleneglycolispredominantlylinearpolyethyleneglycoloraderivative 

thereofmorepreferablythepolymermayconsistessentiallyotorconsistsoflinear 

polyethyleneglycoloraderivativethereof.Preferablythepolymerisnotabranched 

polyethyleneglycoland/orissubstantiallyfreefrombranchedpolyethyleneglycolor 

derivativesthereof.  

30 
E051J Preferablythepolyethyleneglycolorderivativethereofcomprisesfromabout40to 
about250repeatingunits.  

E052J Preferablythepolymercomprisesorconsistsessentiallyofaphosphate-terminated 
35 linearalkoxypolyethyleneglycol(PEG),whereinthealkoxygroupispreferablyaCitoC~ 

alkoxymorepreferablyaCitoC~alkoxy.Evenmorepreferablythepolymercomprisesor 

consistsessentiallyofaphosphate-terminatedlinearmethoxypolyethyleneglycol(mPEG).  

9 

thereofpreferablythepolyethyleneglycolislinearpolyethyleneglycoloraderivativethereof.
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E053J Mostpreferablythepolymerisaphosphate-terminatedmPEGaccordingtothe 
structureA.  

5 

0* 
II 

.4.Z:nP 
I 
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A 

E054J Preferablynisfromabout40toabout250.  

10 E055J TypicallythemPEG(suchasthatofstructureA)mayhaveamolecularweightoffrom 

about2000g/moltoabout10000g/mol(mPEG2000tomPEGIOOOO),preferablyfromabout 

3000g/moltoabout9000g/mol(mPEG3000tomPEG9000),fromabout4000g/moltoabout 

8000g/mol(mPEG4000tomPEG8000),fromabout5000g/moltoabout7000g/mol 

(mPEG5000tomPEG7000),fromabout5000g/moltoabout6000g/mol(mPEG5000to 

15 mPEG6000).PreferablythemPEGhasamolecularweightofabout5000g/mol(mPEG5000).  

E056J Thesizeoftheoneormorepolymer-coatedMOFnanoparticlesmaybefromabout 
25nmtoabout450nmpreferablyfromabout100nmtoabout250nmmostpreferablyfrom 

about100nmtoabout200nm.  

20 

E057J Themethodofthefourthaspectcomprisesthefollowingsteps:mixingapluralityof 

moreuncoatedMOFnanoparticlesmixingasuspensionoftheoneormoreuncoatedMOF 

nanoparticleswiththepolymerandallowingpolymertoattachtooneormoremetalionsof 

25 theoneormoreuncoatedMOFnanoparticlestoprovideasuspensionoftheoneormore 

polymer-coatedMOFnanoparticles anddryingtheoneormorepolymer-coatedMOF 

nanoparticlesbylyophilisation(i.e.freezedrying).  

E058J Optionallythemethodsoftheinventionmayincludeacondensingstepinwhichthe 
30 polymer-coatedMOFnanoparticlesolutionismademoreconcentrated(i.e.aconcentrated 

slurry).Typicallybyincreasingtheconcentrationofthepolymer-coatedMOFnanoparticle 

suspensionbyremovingsolventforinstancebycentrifugationevaporationorothersuitable 

methods.  

10 

metalions(inorganicnodes)andapluralityoforganicligandstoformasuspensionofoneor
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E059J Preferablythesuspensionoftheoneormorepolymer-coatedMOFnanoparticleshas 
asolidscontentbyreferencetothetotalweightofthesuspensionpriortolyophilisationof 

fromabout1%toabout25%,preferablyfromabout2%toabout10%. Preferablythe 

suspensionisanaqueoussuspension.  

5 

E060J Preferablyanactiveingredientislocatedwithin(i.e.encapsulatedwithin)and/oron 
theoneormorepolymer-coatedMOFnanoparticlespreferablytheactiveingredientis 

encapsulatedwithinand/orlocatedontheuncoatedMOFnanoparticlespriortothestepof 

mixingasuspensionoftheoneormoreuncoatedMOFnanoparticleswiththepolymerand 

10 allowingpolymertoattachtooneormoremetalionsoftheoneormoreuncoatedMOF 

nanoparticlestoprovideasuspensionoftheoneormorepolymer-coatedMOFnanoparticles.  

E061J Preferablyanactiveingredientisencapsulatedwithinand/orlocatedontheoneor 
morepolymer-coatedMOFnanoparticlesbymixinganactiveingredientwithasuspensionof 

15 theoneormoreuncoatedMOFnanoparticles.Preferablytheactiveingredientmaybe 

selectedfromthegroupconsistingofpharmaceuticallyactiveingredientspesticides, 

insecticidesanddyes.  

E062J Themethodaccordingtothefourthaspectoftheinventionisparticularlyadvantageous 
20 asthelyophilisationstepofthismethodprovidesadrypowdercompositionthatmaybe 

subsequentlyredispersedinanaqueousmediumwithareducedagglomerationoftheoneor 

morepolymer-coatedMOFnanoparticles.Thiscannotbeachievedbyambientdrying.  

Advantageouslysuchdrycompositionsmayhavebettershelf-livesthancorresponding 

25 inventionaredemonstratedintheExamplesandFiguresdescribedherein.  

E063J Preferablythedrypowderpharmaceuticalcompositionisprovidedforuseinavial, 
preferablywhereinthevialhasavolumeoffromabout5mltoabout25ml.Preferablyduring 

manufacturethedrypowderpharmaceuticalcompositionformedbylyophilisingaliquidslurry 

30 containingthepolymer-coatedpharmaceutical-containingMOFnanoparticlesinoneormore 

ofthesaidvialpreferablyapluralityofvialseachcontainingaliquidslurrycontainingthe 

polymer-coated pharmaceutical-containing MOF nanoparticles undergo lyophilisation 

simultaneously.  

35 E064J Preferablyinusethedrypowderpharmaceuticalcompositionisredispersedina 
liquidvehicleinthesaidvial.  

11 

aqueoussuspensions.Theadvantagesofthemethodaccordingtothefourthaspectofthe
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E065J Inafifthaspecttheinventionprovidesamethodofproducingasuspensionof 
polymer-coatedMOFnanoparticlesthemethodcomprisingthestepoftakingthedrypowder 

compositionproducedaccordingtothefourthaspectandresuspendingthecompositionina 

liquid.  

5 

E066J Preferablytheliquidisaqueouspreferablyanaqueousliquidselectedfromthegroup 
consistingofwaterbovineserumalbuminphosphate-bufferedsalineplasmaDulbeccos 

ModifiedEagleMedium(DMEM),Eagle'sMinimumEssentialMedium(EMEM),GibcoRoswell 

ParkMemorialInstitute(RPMI)1640mediumMcCoy's5AmediumandHanks'BalancedSalt 

10 Solution(HBSS).Preferablytheaqueousliquidiswater.  

E067J Themethodaccordingtothefifthaspectoftheinventionisparticularlyadvantageous 
asthemethodmayallowthepolymer-coatedMOFnanoparticlestobedispersedinaliquid 

suchthattheoneormorepolymer-coatedMOFnanoparticlesmaynotagglomerate.The 

15 advantagesofthemethodaccordingtothefifthaspectoftheinventionaredemonstratedin 

theExamplesandFiguresdescribedherein.  

E068J Inasixthaspectthepresentinventionprovidesamethodofproducingacomposition 
comprising one ormore polymer-coated active ingredient-containing metal-organic 

20 framework(MOF)nanoparticles.EachnanoparticlecomprisingaMOFcomprisingaplurality 

ofmetalions(inorganicnodes)andapluralityoforganicligands.  

E069J Preferablythepluralityofmetalionsmayconsistessentiallyotorconsistofionsof 

25 potassiummorepreferablythepluralityofmetalionsmayconsistessentiallyoforconsistot 

ionsofametalselectedfromthegroupconsistingofzirconiumandironmostpreferablythe 

pluralityofmetalionsmayconsistessentiallyorconsistofionsofzirconium.  

E070J Preferablyatleastoneactiveingredientmaybeselectedfromthegroupconsistingof: 
30 pharmaceuticallyactiveingredientspesticidesinsecticidesanddyes.  

E071J Theparticlesizeoftheoneormorepolymer-coatedactiveingredient-containingMOF 
nanoparticlesaccordingtothesixthaspectmaybefromabout25nmtoabout450nm 

preferablyfromaboutI00nmtoabout250nmmostpreferablyfromaboutI00toabout200 

35 nm.  

12 

ametalselectedfromthegroupconsistingofzirconiumironzinchafniummagnesiumor
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E072J Thepolymerisattachedtooneormoremetalionsbymetalcoordinationpreferably 
phosphate-metalcoordination.Preferablythepolymerincludesaphosphategroupmore 

preferablythepolymerisphosphate-terminated.Typicallythepolymercomprisesabase 

polymerthathasbeenphosphatefunctionalised.  

5 

E073J Preferablythepolymer(orbasepolymer)maybeselectedfromthegroupconsisting 
ofpolyethyleneglycolhyaluronicacidheparinchitosanpolyvinylalcoholpolyglutamicacid, 

andderivativesandcopolymersthereof 

10 E074J Inembodimentswhenthepolymercomprisespolyethyleneglycoloraderivative 

thereofpreferablythepolyethyleneglycolislinearpolyethyleneglycoloraderivativethereof.  

Preferablythepolyethyleneglycolispredominantlylinearpolyethyleneglycoloraderivative 

thereotmorepreferablythepolymermayconsistessentiallyotorconsistsoflinear 

polyethyleneglycoloraderivativethereof.Preferablythepolymerisnotabranched 

15 polyethyleneglycoland/orissubstantiallyfreefrombranchedpolyethyleneglycol.  

E075J Preferablythepolyethyleneglycolorderivativethereofcomprisesfromabout40to 
about250repeatingunits.  

20 E076J Preferablythepolymercomprisesorconsistsessentiallyofaphosphate-terminated 

linearalkoxypolyethyleneglycol(PEG),whereinthealkoxygroupispreferablyaCitoCs 

alkoxymorepreferablyaCitoC~alkoxy.Evenmorepreferablythepolymercomprisesor 

consistsessentiallyofaphosphate-terminatedlinearmethoxypolyethyleneglycol(mPEG).  

*0 
II 

*11* I 0 

A 

E078J Preferablynisfromabout40toabout250.  

30 E079J TypicallythemPEG(suchasthemPEGofstructureA)mayhaveamolecularweight 

offromabout2000g/moltoaboutI0000g/mol(e.g.mPEG2000tomPEGI0000),preferably 

fromabout3000g/moltoabout9000g/mol(e.g.mPEG3000tomPEG9000),fromabout4000 

g/moltoabout8000g/mol(e.g.mPEG4000tomPEG8000),fromabout5000g/moltoabout 

7000g/mol(e.g.mPEG5000tomPEG7000),fromabout5000g/moltoabout6000g/mol(e.g.  

35 mPEG5000tomPEG6000).PreferablythemPEGhasamolecularweightofabout5000 

g/mol(e.g.mPEG5000).  

13 

25 E077J Preferablythepolymerisaphosphate-terminatedmPEGaccordingtostructureA.
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E080J Preferablythepolymerisattachedtometalionslocatedatanexternalsurfaceofeach 
MOFnanoparticle.PreferablyanexternalsurfaceofeachMOFnanoparticleissubstantially 

coatedinthepolymer.  

5 

E081J Themethodofthesixthaspectcomprisesthestepsof:i)mixingapluralityofmetal 
ions(inorganicnodes)andapluralityoforganicligandstoformasuspensionofoneormore 

uncoatedMOF , ii)encapsulatinganactiveingredientwithinoneormoreofthe 

uncoatedMOFnanoparticlestoprovideasuspensionofoneormoreactiveingredient

10 containinguncoatedMOF , iii)subsequentlymixingasuspensionoftheoneor 

more active ingredient-containing, uncoated MOF nanoparticleswith a phosphate

functionalisedpolymerandallowingthephosphate-functionalisedpolymertocoordinateto 

oneormoremetalionsoftheoneormoreactiveingredient-containinguncoatedMOF 

nanoparticlestoprovideasuspensionofoneormoreactiveingredient-containingpolymer

15 coatedMOF , v)optionallydryingtheoneormorepolymer-coatedactive 

ingredient-containingMOFnanoparticlesbylyophilisationandv)optionallysubsequently 

redispersingthelyophilisedpolymer-coatedactiveingredient-containingMOFnanoparticles 

inanaqueousmedium.  

20 E082J Preferablytheaqueousredispersionmediumisselectedfromthegroupconsistingof: 

waterbovineserumalbuminphosphate-bufferedsalineplasmaDulbecco'sModifiedEagle 

Medium(DMEM),Eagle'sMinimumEssentialMedium(EMEM),GibcoRoswellParkMemorial 

Institute(RPMI)1640mediumMcCoy's5AmediumandHanks'BalancedSaltSolution 

25 

E083J Preferablythesuspensionoftheoneormorepolymer-coatedMOFnanoparticleshas 
asolidscontentoffromabout1%toabout25%,preferablyfromabout2%toabout10%of 

thetotalweightofthesuspensionpriortolyophilisation.  

30 E084J Typicallythecoordinationstep(iii)isperformedforaperiodoftime(thecoatingtime) 

sufficientforthemetalsitesontheexternalsurfaceoftheMOFnanoparticlestobe 

substantiallysaturatedpreferablywithpolymerwithlimitedorsubstantiallynoreductionofthe 

MOFnanoparticles'porosity.Typicallystepiii)lastslessthanaboutthreehourspreferably 

lessthanabouttwohourspreferablyfromaboutIminutetoabout180minutespreferably 

35 fromabout30minutestoabout150minutespreferablyfromabout5minutestoabout60 

minutes.  

14 

(HBSS).Preferablytheaqueousredispersionmediumiswater.
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E085J PreferablytheN2sorptionuptakeofthepolymer-coatednanoparticleMOFisgreater 
thanabout80%oftheidealN2 uptakepreferablygreaterthanabout90%.  

E086J Preferablythepolymercoatingmakesuplessthanabout40%byweightofthe 
5 polymer-coatednanoparticleMOFpreferablylessthanabout30%byweightmorepreferably 

fromaboutI0%byweighttoabout40%byweightpreferablyfromabout20%byweightto 

about35%byweightofthepolymer-coatednanoparticleMOF.  

E087J Themethodaccordingtothesixthaspectoftheinventionisparticularlyadvantageous 
10 asthemethodproducesastablesuspensionofoneormorepolymer-coatedactiveingredient

containingMOFnanoparticleswhichmayhaveimprovedstabilityduringstorage.Additionally, 

iftheoneormorepolymer-coatedactiveingredient-containingMOFnanoparticlesare 

preparedbylyophilisationthecompositionmaybestableduringstorageandsubsequently, 

onredispersionprovideasuspensionoftheoneormorepolymer-coatedactiveingredient

15 containingMOFnanoparticleswithreducedaggregation.Theadvantagesofthemethod 

accordingtothesixthaspectoftheinventionaredemonstratedintheExamplesandFigures 

describedherein.  

E088J Inaseventhaspectthepresentinventionprovidesmethodofproducingacomposition 
20 comprisingaoneormoremethoxypolyethyleneglycol(mPEG)-coatedmetal-organic 

framework(MOF)nanoparticleseachnanoparticlecomprisingaMOFcomprisingaplurality 

ofmetalions(inorganicnodes)andapluralityoforganicligands.  

25 ametalselectedfromthegroupconsistingof:zirconiumironzinchafniummagnesiumand 

potassiummorepreferablythepluralityofmetalionsmayconsistessentiallyoforconsistot 

ionsofametalselectedfromthegroupconsistingof:zirconiumandironmostpreferablythe 

pluralityofmetalionsmayconsistessentiallyotorconsistofionsofzirconium.  

30 E090J TheparticlesizeoftheoneormoremethoxymPEG-coatedMOFnanoparticlesmay 

befromabout25nmtoabout450nmpreferablyfromabout100nmtoabout250nmmost 

preferablyfromabout100nmtoabout200nm.mPEGisattachedtooneormoremetalions 

bymetalcoordinationpreferablyphosphate-metalcoordination.  

35 E091J PreferablythemPEGisaphosphate-terminatedmPEGaccordingtostructureA.  

15 

E089J Preferablythepluralityofmetalionsmayconsistessentiallyotorconsistofionsof



WO2022/122983 PCT/EP20211085108 

*0 
II 

a 

*11* I 0 

A 

E092J Preferablynisfromabout40toabout250.  

5 E093J TypicallythemPEGmayhaveamolecularweightoffromabout2000g/moltoabout 
I0000g/mol(mPEG2000tomPEGI0000), preferablyfromabout3000g/moltoabout9000 

g/mol(mPEG3000tomPEG9000),fromabout4000g/moltoabout8000g/mol(mPEG4000 

tomPEG8000),fromabout5000g/moltoabout7000g/mol(mPEG5000tomPEG7000),from 

about5000g/moltoabout6000g/mol(mPEG5000tomPEG6000).PreferablythemPEGhas 

10 amolecularweightofabout5000g/mol(mPEG5000).  

E094J Themethodoftheseventhaspectcomprisesthestepsof:mixingapluralityofmetal 
ionsandapluralityoforganicligandstoformasuspensionofoneormoreuncoatedMOF 

nanoparticlesmixingasuspensionoftheoneormoreuncoatedMOFnanoparticleswitha 

15 solutionofmPEG-PC 3andallowingmPEG-P0 3tocoordinatetooneormoremetalionsofthe 

oneormoreuncoatedMOFnanoparticlestoprovideasuspensionoftheoneormoremPEG

coatedMOFnanoparticlesoptionallysubsequentlydryingtheoneormoremPEG-coated 

MOFnanoparticlesbylyophilisationandoptionallyredispersingthelyophilisedmPEG-coated 

MOFnanoparticlessuchasinaliquid(e.g.aqueousmedium),optionallyusingsonication.  

20 

E095J PreferablyanactiveingredientisencapsulatedwithintheoneormoremPEG-coated 

uncoatedMOFnanoparticleswithasolutionofmPEG-P0 3 andallowingmPEG-P0 3 to 

coordinatetooneormoremetalionsoftheoneormoreuncoatedMOFnanoparticlesto 

25 provideasuspensionoftheoneormoremPEG-coatedMOFnanoparticles.  

E096J PreferablytheactiveingredientisencapsulatedwithintheoneormoremPEG-coated 
MOFnanoparticlesbythestepofmixinganactiveingredientwithasuspensionoftheoneor 

moreuncoatedMOFnanoparticles.Typicallytheactiveingredientmaybeselectedfromthe 

30 groupconsistingofpharmaceuticallyactiveingredient(s),pesticidesinsecticidesanddyes.  

E097J PreferablythesuspensionoftheoneormoremPEG-coatedMOFnanoparticleshas 
asolidscontentoffromaboutIbyweighttoabout25%byweightpreferablyfromabout2% 

byweighttoabout10%byweightofthetotalweightofthesuspensionpriortothe 

35 lyophilisationstep.Preferablythesuspensionisanaqueoussuspension.  

16 

MOFnanoparticlespreferablypriortothestepofmixingasuspensionoftheoneormore
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E098J Themethodaccordingtotheseventhaspectoftheinventionisparticularly 
advantageousasthemethodmayproduceastablesuspensionofoneormoremPEG-coated 

MOFnanoparticleswhichmayhaveimprovedstabilityduringstorage.Theadvantagesofthe 

5 methodaccordingtotheseventhaspectoftheinventionaredemonstratedintheExamples 

andFiguresdescribed U 

E099J Inaneighthaspectthepresentinventionprovidesacompositionproducedaccording 
toanyofthemethodsdisclosedhereininparticularthemethodsofthefourthfifthsixthor 

10 seventhaspectsoftheinvention.Thecompositionmaybeadrypowderpharmaceutical 

compositioncomprisingoneormorelyophilisedpolymer-coatedmetal-organicframework 

(MOF)nanoparticles.Alternativelythecompositionmaybealiquidsuspensionofoneormore 

active-containingpolymer-coatedMOFnanoparticles.Optionallythecompositionmaybe 

redispersedlyophilisedpolymer-coatedMOFnanoparticlesinanaqueousmedium.  

15 

EIOOJ Thecompositionsaccordingtotheeighthaspectoftheinventionareparticularly 
advantageousbecausetheymaydeliverimprovedMOFstabilityfacilitatelyophilisation 

and/orfacilitateredispersioninaliquidmedium.Additionallythecompositionsmayhave 

improvedstabilityinstoragepriortouse.Theadvantagesofthecompositionaccordingtothe 

20 eighthaspectoftheinventionaredemonstratedintheExamplesandFiguresdescribedherein.  

EIOIJ Inaninthaspectthepresentinventionprovidesamethodofproducingacomposition 
comprisingoneormorepolymer-coatedactiveingredient-containingamorphousmetal 

25 AmorphousMOFnanoparticlesmaybepartiallyand/orsubstantiallyfullyamorphous.Each 

nanoparticlecomprisingaMOFcomprisingapluralityofmetalions(inorganicnodes)anda 

pluralityoforganicligands.  

E102J Preferablythepluralityofmetalionsmayconsistessentiallyoforconsistofionsof 
30 ametalselectedfromthegroupconsistingofzirconiumironzinchafniummagnesiumor 

potassiummorepreferablythepluralityofmetalionsmayconsistessentiallyoforconsistot 

ionsofametalselectedfromthegroupconsistingofzirconiumandirornmostpreferablythe 

pluralityofmetalionsmayconsistessentiallyorconsistofionsofzirconium.  

35 El03J Preferablyatleastoneactiveingredientmaybeselectedfromthegroupconsistingof: 
pharmaceuticallyactiveingredientspesticidesinsecticidesanddyes.  

1] 

organicframework(MOF)nanoparticles.PreferablyeachMOFnanoparticleisamorphous.
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E104J Theparticlesizeoftheoneormorepolymer-coatedactiveingredient-containing 
amorphousMOFnanoparticlesaccordingtotheninthaspectmaybefromabout25nmto 

about450nmpreferablyfromabout100nmtoabout250nmmostpreferablyfromabout 

100toabout200nm.  

5 

EIO5J Thepolymerisattachedtooneormoremetalionsbymetalcoordinationpreferably 
phosphate-metalcoordination.Preferablythepolymerincludesaphosphategroupmore 

preferablythepolymerisphosphate-terminatedpreferablywhereinthepolymerhasasingle 

terminalphosphategroup.Typicallythepolymercomprisesabasepolymerwhichhasbeen 

10 phosphatefunctionalised.  

E106J Preferablythepolymer(orbasepolymer)maybeselectedfromthegroupconsisting 
ofpolyethyleneglycolhyaluronicacidheparinchitosanpolyvinylalcoholpolyglutamicacid, 

andderivativesandcopolymersthereof.  

15 
E107J Inembodimentswhenthepolymercomprisespolyethyleneglycoloraderivative 
thereofpreferablythepolyethyleneglycolislinearpolyethyleneglycoloraderivativethereof.  

Preferablythepolyethyleneglycolispredominantlylinearpolyethyleneglycoloraderivative 

thereotmorepreferablythepolymermayconsistessentiallyotorconsistsoflinear 

20 polyethyleneglycoloraderivativethereof.Preferablythepolymerisnotabranched 

polyethyleneglycoland/orissubstantiallyfreefrombranchedpolyethyleneglycol.  

El08J Preferablythepolyethyleneglycolorderivativethereofcomprisesfromabout40to 

25 
E109J Preferablythepolymercomprisesorconsistsessentiallyotaphosphate-terminated 
linearalkoxypolyethyleneglycol(PEG),whereinthealkoxygroupispreferablyaCitoCs 

alkoxymorepreferablyaCitoC~alkoxy.Evenmorepreferablythepolymercomprisesor 

consistsessentiallyofaphosphate-terminatedlinearmethoxypolyethyleneglycol(mPEG).  

30 

EllOJ Preferablythepolymerisaphosphate-terminatedmPEGaccordingtothestructureA.  
0 

It 

F"b 0 

A 

ElIlJ Preferablynisfromabout40toabout250.  
35 

18 

about250repeatingunits.
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El12J TypicallythemPEG(suchasthemPEGofstructureA)mayhaveamolecularweight 
offromabout2000glmoltoaboutI0000glmol(e.g.mPEG2000tomPEGI0000),preferably 

fromabout3000glmoltoabout9000glmol(e.g.mPEG3000tomPEG9000),fromabout4000 

glmoltoabout8000g/mol(e.g.mPEG4000tomPEG8000),fromabout5000glmoltoabout 

5 7000g/mol(e.g.mPEG5000tomPEG7000),fromabout5000g/moltoabout6000g/mol(e.g.  

mPEG5000tomPEG6000).PreferablythemPEGhasamolecularweightofabout5000 

g/mol(e.g.mPEG5000).  

El13J Preferablythepolymerisattachedtometalionslocatedatanexternalsurfaceofeach 
10 MOFnanoparticle.PreferablyanexternalsurfaceofeachMOFnanoparticleissubstantially 

coatedinthepolymer.  

El14J Themethodoftheninthaspectcomprisesthestepsof:i)mixingapluralityofmetal 
ions(inorganicnodes)andapluralityoforganicligandstoformasuspensionofoneormore 

15 uncoatedMOF , ii)encapsulatinganactiveingredientwithinoneormoreofthe 

uncoatedMOFnanoparticlestoprovideasuspensionofoneormoreactiveingredient

containinguncoatedMOFnanoparticlesiii)amorphisingtheoneormoreactiveingredient

containinguncoatedMOFnanoparticlestoformoneormoreactiveingredient-containing, 

uncoatedamorphous(orpartiallyamorphous)MOF , iv)subsequentlymixinga 

20 suspensionoftheoneormoreactiveingredient-containinguncoatedamorphousMOF 

nanoparticleswithaphosphate-functionalised polymerandallowingthephosphate

functionalisedpolymertocoordinatetooneormoremetalionsoftheoneormoreactive 

ingredient-containinguncoatedMOFnanoparticlestoprovideasuspensionofoneormore 

25 dryingtheoneormorepolymer-coatedactiveingredient-containingamorphousMOF 

nanoparticlesbylyophilisationandvi)optionallysubsequentlyredispersingthelyophilised 

polymer-coatedactiveingredient-containingamorphousMOFnanoparticlesinanaqueous 

medium.  

30 El15J Preferablytheamorphisingstepiii)iscarriedoutbyball-millingheattreatingor 

irradiatingtheMOFnanoparticles.  

El16J Preferablytheaqueousredispersionmediumisselectedfromthegroupconsistingof: 
waterbovineserumalbuminphosphate-bufferedsalineplasmaandDulbeccosModified 

35 EagleMedium(DMEM).Preferablytheaqueousredispersionmediumiswater.  

19 

activeingredient-containingpolymer-coatedamorphousMOF , v)optionally
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El17J Preferablythesuspensionoftheoneormorepolymer-coatedamorphousMOF 
nanoparticleshasasolidscontentoffromabout1%byweighttoabout25%byweight, 

preferablyfromabout2%byweighttoabout10%byweightofthetotalweightofthe 

suspensionpriortolyophilisation.Preferablythesuspensionisanaqueoussuspension.  

5 
El18J Typicallythecoordinationstepiv)isperformedforaperiodoftime(thecoatingtime) 
sufficientforthemetalsitesontheexternalsurfaceoftheMOFnanoparticlestobe 

substantiallysaturatedpreferablywithpolymerwithlimitedorsubstantiallynoreductionofthe 

amorphousMOFnanoparticles'porosity.Typicallystepiv)lastslessthanaboutthreehours, 

10 preferablylessthanabouttwohourspreferablyfromaboutIminutetoabout180minutes, 

preferablyfromabout30minutestoabout150minutespreferablyfromabout5minutesto 

about60minutes.  

El19J Preferablythepolymercoatingmakesuplessthanabout40%byweightofthe 
15 polymer-coatednanoparticleMOFpreferablylessthanabout30%byweightmorepreferably 

fromaboutI0%byweighttoabout40%byweightpreferablyfromabout20%byweightto 

about35%byweightofthepolymer-coatednanoparticleamorphousMOF.  

El20J Themethodaccordingtotheninthaspectoftheinventionisparticularlyadvantageous 
20 asthemethodproducesastablesuspensionofoneormorepolymer-coatedactiveingredient

containingamorphousMOFnanoparticleswhichmayhaveimprovedstabilityduringstorage.  

Theadvantagesofthemethodaccordingtotheninthaspectoftheinventionaredemonstrated 

25 E121J AdditionallybyutilisingamorphizationactiveingredientreleasefromtheMOF 

nanoparticlesmaybefurthercontrolled.Withoutbeingboundbytheoryitisbelievedthatthe 

combinationofpolymercoatingandamorphizationmayallowimprovedcontrolofactive 

ingredientreleasefromtheoneormorepolymer-coatedactiveingredient-containing 

amorphousMOFnanoparticlesandinparticularcomparedtobyeachtechniquetakenalone.  

30 
El22J Moreoveriftheoneormorepolymer-coatedactiveingredient-containingamorphous 
MOFnanoparticlesarepreparedbylyophilisationthecompositionmaybestableduring 

storageandsubsequentlyonredispersionprovideasuspensionoftheoneormorepolymer

coatedactiveingredient-containingamorphousMOFnanoparticleswithreducedaggregation.  

35 

20 

intheExamplesandFiguresdescribedherein.
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El23J Inatenthaspectthepresentinventionprovidestheuseofaphosphate-functionalised 
polymertocoatoneormoreMOFnanoparticleswhereinanactiveingredientislocatedwithin 

theoneormoreMOFnanoparticlesbeingcoated.  

5 E124J Preferablythepolymermaybeselectedfromthegroupconsistingofpolyethylene 
glycolhyaluronicacidheparinchitosanpolyvinylalcoholpolyglutamicacidandderivatives 

andcopolymersthereofMorepreferablythepolymercomprisespolyethyleneglycolora 

derivativethereof 

10 E125J Inembodimentspreferablythepolymerisphosphate-terminatedpreferablywherein 

thepolymerhasasingleterminalphosphategroup.  

E126J Inembodimentswhenthepolymercomprisespolyethyleneglycoloraderivative 
thereofpreferablythepolyethyleneglycolislinearpolyethyleneglycoloraderivativethereof.  

15 Preferablythepolyethyleneglycolispredominantlylinearpolyethyleneglycoloraderivative 

thereotmorepreferablythepolymermayconsistessentiallyotorconsistsoflinear 

polyethyleneglycoloraderivativethereof.Preferablythepolymerisnotabranched 

polyethyleneglycoland/orissubstantiallyfreefrombranchedpolyethyleneglycol.  

20 E127J Preferablythepolyethyleneglycolorderivativethereofcomprisesfromabout40to 

about250repeatingunits.  

E128J Preferablythepolymercomprisesorconsistsessentiallyotaphosphate-terminated 
linearalkoxypolyethyleneglycol(PEG),whereinthealkoxygroupispreferablyaCitoC~ 

consistsessentiallyofaphosphate-terminatedlinearmethoxypolyethyleneglycol(mPEG).  

E129J Mostpreferablythepolymerisaphosphate-terminatedmPEGaccordingtostructure 
30 A.  

0 

It 
F"b 0 

A 

35 El30J Preferablynisfromabout40toabout250.  

21 

25 alkoxymorepreferablyaCitoC~alkoxy.Evenmorepreferablythepolymercomprisesor
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E131J TypicallythemPEGmayhaveamolecularweightoffromabout2000g/moltoabout 
I0000glmol(mPEG2000tomPEGI0000), preferablyfromabout3000glmoltoabout9000 

gimol(mPEG3000tomPEG9000),fromabout4000g/moltoabout8000g/mol(mPEG4000 

tomPEG8000),fromabout5000g/moltoabout7000glmol(mPEG5000tomPEG7000),from 

5 about5000glmoltoabout6000gimol(mPEG5000tomPEG6000).PreferablythemPEGhas 

amolecularweightofabout5000g/mol(mPEG5000).Typicallythepolymerisattachedto 

theoneormoremetalionsbyphosphate-metalcoordination.  

El32J Theuseaccordingtothetenthaspectoftheinventionisparticularlyadvantageousas 
10 itmayimproveMOFnanoparticlestabilityfacilitatelyophilisationand/orfacilitateredispersion 

inaliquidmedium.Theadvantagesoftheuseaccordingtothetenthaspectoftheinvention 

aredemonstratedintheExamplesandFiguresdescribedherein.  

E133J Inaneleventhaspectthepresentinventionprovidestheuseofapolymertoimprove 
15 redispersionofapluralityoflyophilisedMOFnanoparticleswhereinthepolymeriscoated 

ontotheMOFnanoparticlespriortolyophilisation.  

E134J Preferablythepolymermaybeselectedfromthegroupconsistingofpolyethylene 
glycolhyaluronicacidheparinchitosanpolyvinylalcoholpolyglutamicacidandderivatives 

20 andcopolymersthereofMorepreferablythepolymercomprisespolyethyleneglycolora 

derivativethereof 

E135J Inembodimentswhenthepolymercomprisespolyethyleneglycoloraderivative 

25 preferablythepolyethyleneglycolispredominantlylinearpolyethyleneglycoloraderivative 

thereotmorepreferablythepolymermayconsistessentiallyotorconsistotlinear 

polyethyleneglycoloraderivativethereof.Preferablythepolymerisnotabranched 

polyethyleneglycoloraderivativethereof.  

30 E136J Preferablythelinearpolyethyleneglycolcomprisesfromabout40toabout250 

repeatingunits.  

E137J Preferablythepolymercomprisesorconsistsessentiallyotaphosphate-terminated 
linearalkoxypolyethyleneglycol(PEG),whereinthealkoxygroupispreferablyaCitoC~ 

35 alkoxymorepreferablyaCitoC~alkoxy.Evenmorepreferablythepolymercomprisesor 

consistsessentiallyofaphosphate-terminatedlinearmethoxypolyethyleneglycol(mPEG).  

22 

thereofpreferablythepolyethyleneglycolislinearpolyethyleneglycoloraderivativethereof,
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E138J Mostpreferablythepolymerisaphosphate-terminatedmPEGaccordingtostructure 
A.  

II 

Tb I a 

A 

5 

El39~I Preferablynisfromabout40toabout250.  

E140J TypicallythemPEGmayhaveamolecularweightoffromabout2000g/moltoabout 
I0000g/mol(mPEG2000tomPEGI0000), preferablyfromabout3000g/moltoabout9000 

10 g/mol(mPEG3000tomPEG9000),fromabout4000g/moltoabout8000g/mol(mPEG4000 

tomPEG8000),fromabout5000g/moltoabout7000g/mol(mPEG5000tomPEG7000),from 

about5000g/moltoabout6000g/mol(mPEG5000tomPEG6000).PreferablythemPEGhas 

amolecularweightofabout5000g/mol(mPEG5000).Typicallypolymerisattachedtothe 

oneormoremetalionsbymetalcoordinationpreferablyphosphate-metalcoordination.  

15 

E141J Theuseaccordingtotheeleventhaspectoftheinventionisparticularlyadvantageous 
asredispersionofapluralityofMOFnanoparticlesmaybeimproved.Theadvantagesofthe 

useaccordingtotheeleventhaspectoftheinventionaredemonstratedintheExamplesand 

Figuresdescribedherein.  

20 

conditionbyadministeringacompositionaccordingtothefirstsecondthirdandeighth 

aspectsoftheinventiontoapatient.  

25 E143J Inathirteenthaspectthepresentinventionprovidesacompositionaccordingtothe 

firstsecondthirdandeighthaspectsoftheinventionforuseintherapy.  

E144J Inafourteenthaspectthepresentinventionprovidesth us 
t thefirstsecondthirdandeighthaspectsoftheinventionfrth 

30 nt.  

23 

E142J Inatwelfthaspectthepresentinventionprovidesamethodoftreatingadiseaseor
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BriefDescriptionoftheDrawings 

E145J Theinventionwillnowbedescribedwithreferencetothefollowingfigureswhichare 
intendedtobenon-limiting.  

5 

Figure1SchematicillustrationofthesynthesisofPCN-222andPCN-222@PEG-POz.  

Figure2SimulatedPXRDpatternofPCN-222andexperimentalPXRDpatternsofPCN-222, 

PCN-222@PEG-POsandmPEG-PG 3 .  

Figure33 1 PSSNMRspectraofPCN-222@PEG-POsandmPEG-PG 3 .  

10 Figure4XPSsurveyspectraofPCN-222@PEG-POzandPCN-222.  

Figure5High-resolutionZr3dspectraofPCN-222andPCN-222@PEG-POz.  

Figure6Intensity-averagediameterofthesuspensionofPCN-222(greenline),PON

222@PEG-POz(blueline)andthere-dispersedsolutionofPCN-222@PEG-POz(pinkline)in 

water(n=3).  

15 Figure7ZetapotentialofwatersuspensionsofPCN-222andPCN-222@PEG-POs.  

Figure8TEMimagesofdropcastPCN-222.  

Figure9TEMimagesofdropcastPCN-222@PEG-POz.  

Figure10SEMimageoflyophilizedPCN-222@PEG-POzinsetistheopticalimagesof 

20 nm.  

Figure11ProposedschematicofPCN-222@PEG-POzformation.  

Figure12SimulatedandexperimentalPXRDpatterns.Characterizationrecordedatdifferent 

intervalsoftime(2h,4h,12hand16h).  

Figure13N2 isothermsat77K.Characterizationrecordedatdifferentintervalsoftime(2h,4 

25 h,12hand16h).  

Figure14PSDobtainedwiththeNLDFTmethod.Characterizationrecordedatdifferent 

intervalsoftime(2h,4h,12hand16h).  

Figure15SimulatedandexperimentalPXRDpatternsofPCN-222(Hf).  

Figure16HAADF-STEMimageofPCN-222(Hf).Scalebar,500nm.  

30 Figure17SimulatedPXRDpatternsofUiO-66,MOF-808,NU-901andPCN-128and 

experimentalPXRDpatternsofUiO-66andUiO-66@PEG-POzMOF-808andMOF

808@PEG-POzNU-901andNU-901@PEG-POzandPCN-128andPCN-128@PEG-POz.  

24 

lyophilizedPCN-222@PEG-POz(left)anditsre-dispersedsuspension(right).Scalebar,500



WO2022/122983 PCT/EP20211085108 

Figure18SEMimageoflyophilisedUiO-66@PEG-POz.  

Figure19SEMimageoflyophilisedMOF-808@PEG-POz.  

Figure20SEMimageoflyophilisedNU-901@PEG-POz.  

Figure21SEMimageoflyophilisedPCN-128@PEG-POz.  

5 Figure22Intensity-averagediameterofthesuspensionofparentnanoMOFs(greenline), 

MOF@PEG-POz(blueline)andthere-dispersedsuspensionofMOF@PEG-POz(pinkline) 

inwater(n=3).MOF=UiO-66,MOF-808NU-901andPCN-128.Scalebar,500nm.  

Figure231 HNMRspectrumofmPEG-P0 3 .  

Figure243 1PNMRspectrumofmPEG-PC 3 .  

10 Figure25GPOtraceofmPEG-PC 3 (5k).  

Figure26SEMimagesofPCN-222indifferentsizesdependentonTFAaddition.  

Figure27TEMandHAADF-STEM(inset)imagesofPCN-222.Scalebar,500nm(left),200 

nm(right)(inset,15nm).  

Figure28TEMandHAADF-STEM(inset)imagesofPCN-222@PEG-POz.Scalebar,500nm 

15 (left),200nm(right)(inset,15nm).  

Figure29SEMimagesofaUiO-66,bMOF-808,cNU-901anddPCN-128.binset300nm.  

Figure30Opticalimagesofaair-driedandblyophilisedPCN-222@PEG-POzwiththesame 

mass(60mg).  

20 Figure32SEMimagesoflyophilizedPCN-222@PEG-POsatdifferentmagnifications.  

Figure33FT-IRspectra:afullspectraandbtheenlargedspectra.  

Figure34TGAprofilesofPCN-222@PEG-POz:aPEGylation2hbPEGylation4hc 

PEGylation12handdPEGylation16h.  

Figure35P2pXPSspectraofPCN-222@PEG-POz.  

25 Figure36XPSspectraofPCN-222(Hf)andPCN-222(Hf)@PEG-POz.aXPSsurvey 

spectrumandbhigh-resolutionofP2pspectrumofPCN-222(Hf)@PEG-POz.  

Figure37N2 sorptionisothermsandPSDofPCN-222andPEGylationafter2h.aandb 

beforecanddaftersubtractingtheamountofmPEG-PC 3 included.  

25 

Figure31SEMimagesofair-driedPCN-222@PEG-POzatdifferentmagnifications.
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Figure38N2 sorptionisothermsandPSDofPEGylationafter4,12and16h.aandbbefore, 

CanddaftersubtractingtheamountofmPEG-PC 3 included.  

Figure39N2 sorptionisothermsandPSDofPCN-222andPEGylationafter16h.aandb 

beforecanddaftersubtractingtheamountofmPEG-PC 3 included.  

5 Figure40N2 sorptionisothermsofPCN-222(Hf).  

Figure41N2 isothermsandPSDofMOF@PEG-POz.aUiO-66@PEG-POzbMOF

808@PEG-POs@PEG-POscNU-901@PEG-POzanddMOF-128@PEG-POs.  

Figure42Long-termdispersityofbareMOFs(greenline)andMOF@PEG-POzsuspended 

inH2 0andPBSrespectively.n=3.  

10 Figure43Doxorubicin(DOX)controlledreleaseprofilefromPCN-222andPCN-222@PEG

P03.  

Figure44UV-VisspectraofDOtbeforeandafterMOFencapsulationPEGylation 

Figure45CumulativereleaseprofilesofDCXfromDOX@MOFandDOX@MOF@PEG-POz 

inPBS(pH=7.4) 

15 

DetailedDescription 

E146J Thepresentinventionrelatestometal-organicframework(MOF)nanoparticlesand, 
inparticularcoatedMOFnanoparticlesmethodsofmanufacturingsaidcoatedMOF 

nanoparticlesandusesofsaidcoatedMOFnanoparticles.  

E147J Metal-organicframeworks(MOFs)arecrystallinematerialsconsistingofcoordination 
bondsbetweenmetalionse.g.metalcationsandmultidentateorganicligands.TheMOF 

structureischaracterisedbyanopenframeworkthatmaybeporous.  

25 E148J MOFnanoparticlescomprisemetaL-organicframeworksandmaydisplay3D 

architectures.MOFnanoparticlesdisclosedhereinmaybegenerallyrod-shapedspherical, 

orcuboid.PreferablytheMOFnanoparticlesdisclosedhereinaregenerallyrod-shaped.  

Polymer-coatedMOFnanoparticlesofthepresentinventionmayeachcompriseaMOF 

comprisingapluralityofmetalions(inorganicnodes)andapluralityoforganicligands, 

30 whereinpolymerisattachedtooneormoremetalionsofeachnanoparticle.  

E149J PreferredMOFnanoparticlesaccordingtothepresentinventionmaybePCN-222, 
UiO-66,MOF-808,NU-901andPCN-128 morepreferablyPCN-222.Nomenclaturefor 

26 

20
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coatedMOFnanoparticlesisMOF@polymer.ForexamplePCN-222whereinthepolymer 

coatingismPEGattachedviaphosphatecoordinationisdenotedasPCN-222@mPEG-POz.  

El5O~I Theparticlesizeoftheoneormorepolymer-coatedMOFnanoparticlesisfromabout 
5 25nmtoabout450nm.Fortheavoidanceofdoubtunlessotherwisestatedtheparticlesize 

disclosedhereinrelatestothecoatedMOFnanoparticles.Preferablytheparticlesizeofthe 

oneormorepolymer-coatedMOFnanoparticlesisfromabout100nmtoabout250nmmore 

preferablyfromabout100nmtoabout200nm.  

10 E151J Theparticlesizeoftheoneormorepolymer-coatedMOFnanoparticlesmaybe 

measuredaccordingtothedynamiclightscattering(DLS)methoddisclosedherein.The 

particlesizereferstothehydrodynamicdiameterwhichcanbedefinedastheradiusofa 

hypotheticalspherethatdiffusesatthesamerateastheparticleunderinvestigation.  

15 E152J PreferablytheuncoatedMOFnanoparticlesaresubstantiallymonodisperse.The 

uncoatedMOFnanoparticlesmayforinstancehaveapolydispersityindexoflessthanabout 

0.250nmlessthanabout0.120nmpreferablyfromabout0.100nmtoabout0.250nm.  

E153J TypicallyaMOFnanoparticlecontainsonlyasinglespeciesofthemetalion.  
20 Accordinglythepluralityofmetalions(inorganicnodes)mayconsistessentiallyof(orconsist 

of)ionsofametalselectedfromthegroupconsistingofzirconiumironzinchafnium 

magnesiumandpotassium.Thepluralityofmetalions(inorganicnodes)mayconsist 

essentiallyof(orconsistof)anionofametalselectedfromthegroupconsistingofzirconium 

25 zirconium.Typicallythemetalionselectedwillbebiocompatible/pharmaceuticallyacceptable.  

E154J TheorganicligandsintheMOFsaccordingtothepresentinventionmaybe 
multidentate.Amultidentateorganicligandisanorganicligandcapableofdonatingtwoor 

morepairsofelectronsinacomplexationreactiontoformtwoormorecoordinatebonds.The 

30 organicligandsmaycomprisetwoormoreoxygenand/ornitrogenatomssuitablefordonating 

apairofelectronstoformthetwoormorecoordinatebonds.Preferablytheoxygenatoms 

maybepresentascarboxylateornitrogroups.Preferablythenitrogenatomsmaybepresent 

asaminegroups.Typicallythepluralityoforganicligandsmaybeanaromaticcarboxylate, 

anaromaticamineand/oranaromaticnitro.Preferablythepluralityoforganicligandsmay 

35 beselectedfromthegroupconsistingof:tetrakis(4-carboxyphenyl)porphyrin(TCPP),I,4

benzenedicarboxylicacid(BDC), I,3,5-benzenetricarboxylicacid(H3 BTC),I,3,5,8-(p

benzoate)pyrenelinkers(H4TBAPy),4'4"'4""'4"""'-(ethene-ll,2,2-tetrayl)tetrakis((~lVP
, , 

2] 

andiron.Preferablythepluralityofmetalionsconsistsessentiallyof(orconsistsof)ionsof
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biphenylj-3-carboxylicacid))(H4 ETTC).Typicallytheorganicligandselectedwillbe 

biocompatible/pharmaceuticallyacceptable.  

E155J Thepolymermaybeattachedtooneormoremetalionsofeachnanoparticleby 
5 phosphate-metalcoordination.Advantageouslythisprovidesarelativelystrongbondwithout 

necessitatingcomplexchemistry.Polymerforthepurposesoftheinventionmayhave40or 
U morerepeatunitsandmayincludehomopolymersandcopolymersincludingalternating, 

periodicrandomblockandgraftcopolymers.Preferablythepolymersaresubstantiallylinear.  

Branchpolymersaretypicallynotpreferred.Typicallythepolymerselectedwillbe 

10 biocompatible/pharmaceuticallyacceptable.  

E156J Generallyoligomersarenotincluded.Forthepurposesoftheinventionanoligomer 
isunderstoodtobeamoleculecomprisinganumberofrepeatunitssuchthatthemolecule's 

propertiesvarysignificantlywiththeremovalofoneorafewoftheunits.Anoligomermay 

15 comprise30orlessrepeatunitsforinstancelessthan10repeatunits. Inparticular, 

oligonucleotidesandcyclodextrinsmaybeexcluded.  

E157J Preferablythepolymermaybeselectedfromthegroupconsistingofpolyethylene 
glycolhyaluronicacidheparinchitosanpolyvinylalcoholpolyglutamicacidandderivatives 

20 andcopolymersthereofTypicallythepolymercomprisesaphosphategrouppreferablya 

terminalphosphategroup.Preferablythepolymercomprisessubstantiallynobranching.  

25 E159J Thepolymermayhaveamolecularweight(Mw)offromabout2000g/moltoabout 

10000g/molpreferablyfromabout3000g/moltoabout9000g/molfromabout4000g/mol 
toabout8000g/molfromabout5000g/moltoabout7000g/molfromabout5000g/molto 

about6000g/mol.Molecularweightmaybedeterminedusinggelpermeationchromatography 

asdescribedherein.  

30 

E160J Morepreferablythepolymercomprisespolyethyleneglycoloraderivativethereot 
preferablyaphosphate-terminatedalkoxypolyethyleneglycol(alkoxyPEG),whereinthe 

alkoxygroupispreferablyaCitoCsalkoxypreferablyaCitoC~alkoxy.Evenmorepreferably, 

thepolymercomprisesaphosphate-terminatedmethoxypolyethyleneglycol(mPEG).  

35 

E161J Mostpreferablythepolymerisaphosphate-terminatedmPEGaccordingtostructure 
A.Preferablynisfromabout40toabout250.  

28 

E158J Preferablythebasepolymerishydrophilic.
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II 

Tb I a 

A 

5 

E162J Withoutwishingtobeboundbytheoryitisbelievedthatphosphate-terminated 
polymerdisplacesanyactiveingredientsadsorbedtothesurfaceoftheMOFnanoparticle(s).  

Thisisparticularlyadvantageousastheymayclearsuperfluousactiveingredientfromthe 

10 surfaceoftheMOFnanoparticle(s),whileretainingtheactiveingredientencapsulatedwithin 

theMOFnanoparticle(s),andmayaidincontrollingactiveingredientreleasefromtheMOF 

nanoparticle(s).Accordinglywithoutbeingboundbytheory, itmaybeparticularly 

advantageoustoperformtheactiveingredientencapsulationsteppriortothepolymercoating 

step.  

15 

E163J Anactiveingredientisanagentthatproducesanintendedeffectunderconditionsof 
theintendeduseoftheMOFnanoparticletypicallyinanenvironmentexternaltotheMOF 

nanoparticle.Activeingredientsaccordingtothepresentinventionmaybepharmaceutically 

activeingredientspesticidesinsecticidesperfumesanddyes.  

20 

E164J Apharmaceuticallyactiveingredientisaningredientthathasatherapeuticor 

E165J Non-limitingexamplesofpharmaceuticallyactiveingredientssuitableforuseinthe 
25 presentinventionincludeantibioticsanalgesicsalpha-blockersanti-allergyanti-asthma, 

(allergicrhinitischronicurticaria),anti-inflammatoryantacidsanthelminticsanti-arrhythmic 

agentsanti-arthritis anti-bacterials anti-anxietyanti-coagulants anti-depressantsanti

diabetics anti-diarrheals, anti-diuretics, anti-epileptics, anti-fungal, anti-gout, anti

hypertensiveanti-incontinenceanti-insomniaanti-malarialsanti-migraineanti-muscarinic, 

30 anti-neoplasticandimmunosuppressantsanti-protozoalanti-rheumaticsanti-rhinitisanti

spasmatic.anti-thyroidantiviralsanxiolyticssedativeshypnoticsandneurolepticsbeta

blockers anti-benign hyperplasia (BHP), cardiac inotropic, corticosteroids, cough 

suppressantscytotoxics decongestantsdiureticsenzymesanti-parkinsoniangastro

intestinalhistaminereceptorantagonistshormonereplacementtherapylipidregulating 

35 agentslocalanestheticsneuromuscularagentsnitratesandanti-anginalagentsanti-pain, 

29 

prophylacticeffectondiseasesorconditionsofthehumanoranimalbody.
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anti-nausea, nutritional agents, opioid analgesics, vaccines, proteins, peptides and 

recombinantdrugspreventionofchemotherapy-inducedandpost-operativenauseaand 

vomitingprotonpumpinhibitorssexhormonesandcontraceptivesspermicidesveterinary 

medicinestreatmentsfordiabeticgastricstasisinfertilityendometriosismenstrualdisorders, 

5 motion sickness, movementdisorders schizophrenia, seizure/panicdisorder, sexual 

dysfunction(maleandfemale),stimulantsvoidingdysfunctionsandthelikeorcombinations 

thereof.Theuseofcytotoxicpharmaceuticallyactiveingredientsusefulinthetreatmentof 

cancerisparticularlypreferred.  

10 

E166J Thepharmaceuticalcompositionmaybeprovidedasasolidasuspensionpreferably 
adrypowderoranaqueoussuspension.Suspensionshereinincludecolloidalsuspensions.  

Preferablythesuspension(s)is(are)acolloidalsuspension(s).Thismaybeconfirmedbyusing 

aredlasertoobservetheTyndalleffect.  

15 

E167J Thepharmaceuticalcompositionmayfurthercompriseoneormorepharmaceutically 
acceptableexcipients.Preferablytheexcipientisselectedfromthegroupconsistingof: 

solvents co-solventsbuffersstabilisersantioxidantspreservatives chelatingagents, 

20 emulsifiersflavouringslubricantssuspendingagentstonicityadjustingagentssurfactants, 

solubiliserssuspendingaidsdispersionagentshumectantsthickenerscolouringagent, 

wettingagentanti-foamingagentviscositymodifiersweetenersandcombinationsthereof.  

25 about50wttoabout100wt%,fromabout60wttoabout90wt%,fromabout70wtto 

about80wtasapercentageoftheentirecompositionofthepharmaceuticallyactive 

ingredient-containinglyophilisedpolymer-coatedMOFnanoparticles.  

E169J Preferablythepharmaceuticallyactiveingredient-containinglyophilisedpolymer
30 coatedMOFnanoparticlesreleaseslessthanabout30wtoftheactiveingredientoverthe 

firstsixhoursinaqueoussolutionpreferablylessthanabout25wtoftheactiveingredient, 

morepreferablylessthanabout20wt%.Typicallytheaqueoussolutionisdulbelocco'sPBS, 

pH7.4at250 0.  

35 E170J Methodsofadministrationofapharmaceuticalcompositionaccordingtothepresent 
inventionincludeoralparenteral(forexampleintravenoussubcutaneousintramuscularor 

30 

E168J Thedrypowderpharmaceuticalcompositionsoftheinventionmaycomprisefrom
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intraarticular),cutaneous(forexampletopical)orinhalationadministrationintravenousbeing 

particularlypreferred.Thepharmaceuticalcompositionmaybealiquidcomposition.  

E171J Lyophilisation(alsoknownasfreezedryingorcryodesiccation)isadryingprocess 
5 carriedoutatlowtemperature.Lyophilisationgenerallyinvolvesreducingtemperatureand 

pressuretobelowthesubstanceIstriplepointandremovingthefrozensolvent(e.g.waterice) 

bysublimation.Foraqueouscompositionssuchasthosedisclosedhereinlyophilisationmay 

becarriedoutattemperaturesoffromabout-50 0 Qto-800 Qpreferablyabout-700 Qand 

pressuresoffromabout1000Pa(0.01bar)toabout100Pa(0.001bar),preferablyabout800 

10 Pa(0.008bar).  

E172J Preferablylyophilisationisperformedonaconcentratedaqueousslurryofthe 
polymer-coatedMOFnanoparticlestypicallywhereintheaqueousslurryislyophilisedina 

pluralityofvialshavingavolumeoffromabout5mltoabout25ml.  

15 

El73~I Redispersionistheprocessofdispersingapreviouslydriedsolidmaterial(forinstance 
thelyophilisedcomposition(s)oftheinvention)intosuspensionforasecondorfurthertime.  

Preferablytheredispersedsuspensionisacolloidalsuspension.Typicallythecolloidal 

suspensionisstableforatleastoneweek.  

20 
E174J WhenthepolymercoatednanoparticleMOFscontainanencapsulatedactive 
ingredientpreferablytheyarewashedbetweenthecondensingstepandlyophilisationto 

removeexcessactiveingredientwhichhasnotbeenencapsulated.Typicallytheyarewashed 

25 

Examples 

E175J Theinventionwillnowbedemonstratedbyreferencetothefollowingnon-limiting 
examples.  

30 E176J Unlessotherwisementionedroomtemperatureandpressureare20ND(293.15K, 

680 F)andIatm(14.696psi,101.325kPa),respectively.  

Experimental Methods 

35 Whenreferredtohereinthefollowingmethodsandprocedureswereemployed.  

31 

usingwater.
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PowderX-rayDiffraction(PXRD) 

E177J PowderX-raydiffraction(PXRD)datawerecollectedonaBrukerD8DAVINCI 
diffractometerat298K(24.85 0Q)usingCuKcrradiation.ThecalculatedPXRDpatternswere 

5 producedusingtheMercuryprogramandsinglecrystalreflectiondata.  

ThermogravimetricAnalysis(TGA) 

E178J MeasurementswerecarriedoutusingaTAInstrumentsQ500Thermogravimetric 
Analyzer.Measurementswerecollectedfromroomtemperatureto800NDwithaheatingrate 

10 of50C/minundernitrogen.  

GasUptake 

E179J N2 adsorptionisothermmeasurementswereperformedonaMicromeritics3Flex 
analyzerat77K(-196.15ND).Samplesweredegassedundervacuumat120NDfor20hours 

15 usingtheinternalturbopump.TheBETareaswereestimatedbyapplyingtheBrunauer

Emmett-Teller(BET)equation.  

DynamicLightScattering(DL3) 

El80J MeasurementswererecordedinawatersuspensiononaZetasizerNano75,(Malvern 
20 InstrumentLtd.,U.K.)equippedwithaHe-Nelaseroperatingat633nmat25~Candanalysed 

Inductivelycoupledplasma-opticalemissionspectroscopy(ICP-OES) 

E181J IOP-QESwasperformedusingaPerkinElmerIOP-QESOptima2IOODV.Samples 
25 weredispersedin2mLofnitricacidand6mLofhydrochloricacidandlefttostandatroom 

temperatureinthefumecupboardforatleastIhuntilallreactionshaveceased.Afterthat, 

sampleswereheatedat90 0 QforI0htofullydigestthesample.Themixturewasdiluted750 

timesbeforethemeasurement.  

30 X-rayphotoelectronspectroscopy(XPS) 

E182J XPSanalysiswascarriedoutusingaThermoFisherScientificESCALAB25OXiXPS 
System.AmonochromaticAI-Kasource(1486.74eV)andachargeneutralizerwereusedfor 

allsamples.Surveyscanswereacquiredusingpassenergyof100eVIscananddwelltime 

32 

usingZetasizerSoftware.
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of5Oms.High-resolutiondatawereacquiredusing50eVpassenergy,50scansdwelltime 

of5Omsandstandardmagneticlenses.  

LiquidNuclearMagneticResonanceSpectroscopy(NMR) 

5 E183J LiquidNMRwascarriedoutusingaBruker400MHzAvanceIllHDSmartProbe 
Spectrometer.  

Solid-StateNuclearMagneticResonanceSpectroscopy(NMR) 

E184J Solid-stateNMRexperimentswereconductedonaBrukerAvanceIll200MHz 
10 spectrometerequippedwitha4.7Tmagnet(correspondingtoLarmorfrequencies:vo( 1 H)

200MHzandvoQP)=81.0MHz).ABruker1.3mmdouble-channelmagic-anglespinning 

(MAS)probewasusedwithaspinningfrequencyof60kHz.Spectrawereacquiredusinga 

rotor-synchronizedHahnechoexperimentwithoptimizedexcitationandrefocusingpulse 

lengthsofI.56and3.12psrespectively.ArecycledelayofIswasusedforallexperiments, 

15 andeither4096(mPEG-P0 3 sample)or8192(MOFsample)transientswerecollected.  

Spectrawereprocessedwith50HzofexponentialapodizationzerofillingfollowedbyFourier 

transformation.31Pchemicalshiftswerecalibratedusing85%H3P04inH20(5~~0Q1P)=0ppm) 

asanexternalreference.  

20 UV-Vis/FluorescenceSpectroscopy 

MicroplateReader.  

Fourier-transforminfraredspectroscopy(ET-IR) 

25 El86J FT-IRwascarriedoutusingaBrukerTensor27FTIRwithattenuatedtotalreflectance 

(ATR)method.  

GelPermeationChromatography(CRC) 

El87J GPOwascarriedoutusingaShimadzuHPLCsystemconsistingofanLC-2OADPump, 
30 SIL-20AautosamplerCTO-20AcolumnovenandCBM-20Acontrolunit.  

33 

E185J UV-visandfluorescencespectrawererecordedusingaTecanSpark®Multimode
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ScanningElectronMicroscopy(SEM) 

E188J ThesamplesforSEMtestswerecoatedwithPtorAufor40secondsandimagined 
usingaFEINovaNanoSEM450.  

a a 5 Transmissionelectronmicroscopy(TEM) 

E189J ThesamplesforTEMtestwerepreparedbydispersingthesamplesinethanolusing 
ultrasonication.Afterthatasmallnumberofsuspensionsweredrop-castedonacoppergrid 

withacarbonsupportfilm.TEMmicrographswerecollectedonaTecnaiF20withan 

accelerationvoltageof200kV.  

10 

High-AngleAnnularDark-FieldScanningTransmissionElectronMicroscopy(HAADF-STEM) 

imaging 

E190J Sampleswerepreparedbywetdispersionfromaqueoussolution.Scanning 
transmissionelectronmicroscopy(STEM)wascarriedoutinanFEITecnaiOsirisoperatedat 

15 200kVusinganOneViewCMOScamera.Theenergy-dispersiveX-ray(EDX)chemicalmaps 

wereacquiredusingaSuper-Xdetectorsetupwithatotalacquisitionsolidangleof0.9sr.  

EDXdatawereanalysedusingESVision.  

Sizeexclusionchromatographywithmulti-anglellghtscattering(SEC-MLAS) 

20 E191J SEC-MLASwasperformedonaShimadzuHPLCsystemconsistingofanLC-2OAD 

setwasmadeupofIxP55SUPREMAanalyticalboA(8x300mm)and2xP55SUPREMA 

analytical3000/k(8x300mm).DualdetectionwasachievedviaaWyattDAWNHELEOS-Il 

multianglelightscattering(MALS)detector(laseratA= 658nm),andWyattOptilabrEX 

25 differentialrefractiveindex(DRI)detectorwitha658nmlightsource.MilliQWatercontaining 

0.1mol/Lsodiumnitrateand0.01mol/Lsodiumazidewasusedastheeluentataflowrateof 

I.0mL/min.Thecolumntemperatureandthedetectortemperaturewerekeptat30 0Q.All 

dataanalysiswasperformedusingWyattAstraV6.1.1software.Aliteraturevalueforthe 

dn/dcofpoly(ethyleneglycol)inwater(0.134ml/g)(seeHasseetal. , MacromoleculesI995, 

30 28(10),3540-3552)wasusedtodeterminethemolecularweightofallsamples.  

34 

PumpSIL-20AautosamplerCTO-20AcolumnovenandCBM-20Acontrolunit.Thecolumn
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Molecular 
Dynamics(MD)Simulations 

El92J ThestructureofPCN-222istakenfromtheworkofFengetal(Angew.Chem.IntEd.  
2012,51(41),10307-10310.).ThestructureofthemPEG-PG 3(consistingof128monomer 

units)iscreatedinMaterialStudio.Geometryoptimizationofboththepolymerandthe 

5 frameworkisperformedusingtheForciteModuleinMaterialsStudio.Chargesforthe 

frameworkandthePEGarecalculatedusingtheEQeqprotocol(seeV\filmeretal.,JPhys.  

Chem.Lett2012,3(17),2506-2511.).AllsimulationsareperformedusingtheLAMMPS 

(PlimptonJComputPhys.1995117(1),1-19.)moleculardynamicspackageusingthe 

UniversalForceField(UFF)(Rappeetal.,J~Am.Chem.Soc.1992,114(25),10024-10035) 

10 parameterstodescribetheLennard-Jonesbondangledihedralandimpropertorsion 

potentials.Thesimulationboxconsistsofa2x2x2cellofPCN-222 whichisconsideredlarge 

enoughtoavoidanyfinite-sizeeffects andonemPEG-P0 3 chainplacedattheexternal 

surfaceoftheframework.Periodicboundaryconditionsareappliedinallthreedimensions.  

Initiallyenergyminimization(equilibrationrun)ofthemodelisdoneusingtheNVEensemble 

15 untilatemperatureof298K(24.85ND)isreached.Nexttheproductionrunsareconducted 

usingthecanonicalensemble(NVT)foradurationofI.5ns.AllMDsimulationsaredone 

usingatimestepofIfs.ThetemperatureismaintainedusingaNose-Hooverthermostat 

(Evansetal., J~Chem.Phys.I985,83(8),4069-4074)withadampingfactorof0.1ps.The 

long-rangeelectrostaticinteractionsarecomputedusingEwaldsummationandtheprecision 

20 issettoIxI0~.Thenon-bondedvan-derWaalsinteractionsarecomputedusingtheLennard

Jonespotentialandtheshort-rangeelectrostaticinteractionsarecomputedusingthe 

coulombicpotentialbothwithacutoffof12.5A.Thetrajectoriesaresampledevery0.01ns 

a 25 MaterialsandSynthesis 

El93~IAllreagentsunlessotherwisestatedwereobtainedfromcommercialsourcesandwere 
usedwithoutfurtherpurification.  

a SynthesisofmPEG5K-phosphate(mPEG-P0 3 ) 

0 
POOl3  II OH 0-P-OH 

I 
30 OH 

E194J Poly(ethyleneglycol)methylether(M~=5000,37.0mmol)wasdissolvedin150mLof 
drytetrahydrofuran(THF),thenPOOl 3(44.4mmolI.2equiv)wasaddeddropwisewithstirring.  

35 

andareviewedusingVMD(seeHumphreyetal.,J~MotGraph.1996,14(1),33-38).
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Theresultingsolutionwasheatedto60NDfor10hunderN 2 flowtoremoveHOlthatwas 

formedduringthereaction.Aftercoolingtoroomtemperaturedistilledwater(40ml)was 

addedthenthemixturewasreheatedto60NDforanadditional3handcoolingagaintoroom 

temperature.THFwasremovedunderavacuumandtherawproductwaspurifiedbydialysis 

5 usingdialysistubingwitha3,500molecularweightcut-offfollowedbyremovingtheresidual 

watertogivemPEG-PG 3 asawhitesolid(154.8g,31.45mmol,85%).1 HNMR(D2 0,400 

MHz),5:3.63(s,448H-0H2 00H2-),3.31(s,3H,-00H3 )3 1PNMR5:(D2 0,162MHz)5:0.22.  

a SynthesisofZr6cluster 

10 El95~I TheZr6 clusterwassynthesizedaccordingtothereportedprocedure(Nohetal., Chem.  

Mater2018,30(7),2193-2197).15mlofa80%solutionofZr(OBu) 4 (5mmol)inn-Butanol 

wasaddedintoasolutionofI00g(818.8mmol)benzoicacidin300mlofn-propanolresulting 

inaclearmixturesolution.Themixtureisfurtherrefluxedforovernightandwhitesolid 

precipitationappears.Afterfiltration,10.2g(yield:63%)solidwasseparatedwashedby 

15 anhydrousn-propanolfivetimesanddriedundervacuum.  

Size-ControlledSynthesisofPCN-222Nanoparticles 

E196J Tetrakis(4-carboxyphenyl)porphyrin(TCPP)(22.5mg,28.5pmol),Zrscluster(38mg, 
20 14.2pmol),8mLDMFandXpLofTFAwereultrasonicallydissolvedina20mLthreaded 

vial.Theresultantmixturewasplacedinthe120NDblockheaterfor5hours.Aftercooling 

centrifugation followedbywashingwithfreshdimethylformamide(DMF)3timesand 

exchangingwithethanol3timesthefinalproductwasre-dispersedinethanolforfurtheruse.  

25 (X=80,130,180and400pLtherelatedsize=~80,~l20~'280and~620nm).  

El97~I TocontrolthesizeofPCN-222,differentcontentsoftrifluoroaceticacid(TFA)maybe 
utilized.  

a 30 SynthesisofPCN-222(Hf) 

E198J TCPP(10mg,12.6pmol),HfOCl 2 8H2 0(25mg,62.1pmol),8mLDMFand200pL 
TFAwereultrasonicallydissolvedina20mLthreadedvial.Theresultantmixturewasplaced 

inthe120NDblockheaterfor5hours.Aftercoolingdowntoroomtemperaturetheobtained 

purplesamplewascollectedbyhigh-speedcentrifugationfollowedbywashingwithfresh 

36 

downtoroomtemperaturetheobtainedpurplesamplewascollectedbyhigh-speed
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DMF3timesandexchangingwithethanol3timesthefinalproductwasre-dispersedin 

ethanolforfurtheruse.  

a SynthesisofUIO-66(~430nm) 

5 E199J 1,4-benzenedicarboxylicacid(BDC)(320mg,1.93mmol),ZrCl 4(466mg,2.00mmol), 
benzoicacid(2.44g,20mmcl)and36mLDMFwereultrasonicallydissolvedina100mL 

threadedvialfollowedbyadditionofconcentratedHOl(0.33mL).Themixturewasheatedat 

120NDfor48h.Aftercoolingtoroomtemperaturetheobtainedsamplewascollectedbyhigh

speedcentrifugationfollowedbywashingwithfreshDMF3timesandexchangingwith 

10 ethanol3timesthefinalproductwasre-dispersedinethanolforfurtheruse.  

SynthesisofMOE-BOB(~-90nm) 

E200J I,3,5-benzenetricarboxylicacid(70mg,0.33mmol),7r014(233mgI.00mmol),formic 
acid(5.6mL)andDMF(10mL)wereultrasonicallydissolvedina50mLthreadedvial.The 

15 mixturewasheatedat120NDfor48h.Aftercoolingtoroomtemperaturetheobtainedsample 

wascollectedbyhigh-speedcentrifugationfollowedbywashingwithfreshDMF3timesand 

exchangingwithethanol3timesthefinalproductwasre-dispersedinethanolforfurtheruse.  

a SynthesisofNU-901(~240nm) 

20 E201J 1,3,6,8-tetrakis(p-benzoicacid)pyrene(H4TBAPy)(25mg,40.4pmol),ZrOC1 28H2O 

mL)wereultrasonicallydissolvedina50mLthreadedvial.Themixturewasheatedat140ND 

for50mmwhereuponayellowsuspensionformed.Aftercoolingtoroomtemperaturethe 

obtainedsamplewascollectedbycentrifugationfollowedbywashingwithfreshDMF3times 

25 andexchangingwithethanol3timesthefinalproductwasre-dispersedinethanolforfurther 

use.  

a SynthesisofPCN-128(~'160nm) 
E202J (C, 4" 4!"" 4"""-(ethene-1,I,2,2-tet-rayl)tetrakis((~1,IO-biphenylj-4-carboxylate) 

7 

30 (ETTO)(10mg,12.3pmol),7r6cluster(20mg,7.5pmol),DMF(4mL)andTFA(100pL)were 

ultrasonicallydissolvedina6mLthreadedvial.Afterwardstriethylamine(TEA)(20pL)was 

added.Themixturewasheatedat120NDfor24h.Aftercoolingtoroomtemperaturethe 

obtainedsamplewascollectedbyhigh-speedcentrifugationfollowedbywashingwithfresh 

3] 

(121mg,375.5pmol),4-aminobenzoicacid(400mg,2.92mmol),TFA(200pL)andDMF(20
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DMF3timesandexchangingwithethanol3timesthefinalproductwasre-dispersedin 

ethanolforfurtheruse.  

5 Size-ControlledSynthesisandCharacterizationofPCN-222 

E203J PCN-222isanexampleofaZr(IV)-basedporphyrinicMOF.PCN-222consistsofZre 
clusterswitheightedgesconnectedtothetetrakis(4-carboxyphenyl)porphyrin(TCPP)linkers, 

featuringIDmicro-andmesoporouschannelswithdiametersofI.7nmand3.6nm 

respectively.  

10 

E204J FirsttheZr6 clustersweresynthesisedasdescribedabove.NanoPCN-222was 
preparedthroughasolvothermalreactionbetweenTCPPandZreclustersusingtrifluoroacetic 

acid(TFA)asamodulatorasdescribedhereinbefore(Figure1).PCN-222sizecanbe 

modulatedbytuningtheamountofTFAemployed.WithhigheramountsofTFAnanoPON

15 222withincreasedparticlesizecanbeobtained(Figure26).AnanoPCN-222withaparticle 

sizeofabout120nmwaschosen.  

E205J PowderX-raydiffraction(PXRD)showedthepresenceofbroadpeaksthatmatchthe 
patternpredicted(simulated)fromthesinglecrystalstructureconfirmingthephasepurityof 

20 nanoPCN-222(Figure2).Figure13exhibitsatypicalTypeIVN 2adsorptionisothermat77K 

forPCN-222.  

nanoparticleshavearod-shapedmorphologyandsizeuniformitywhereasthehigh-angle 

25 annulardark-fieldscanningtransmissionelectronmicroscopy(HAADF-STEM)imaging 

confirmstheexistenceofhighly-orientedmesopores(Figure27).  

E207J Dynamiclightscattering(DLS)ofPCN-222showedahydrodynamicdiameteraverage 
andpolydispersityindexofI18.0nm+0.8nmand0.104nm+0.009nmrespectively(Figure 

30 6).Thezetapotential(DLS)was31.7mV+0.4mV(Figure7),suggestingthatpredominant 

endinggroupsonthesurfacearethemetal(inorganicnode)units.  

a SynthesisandCharacterizationofPCN-222@PEC-PC 2 

E208J mPEG-P03 waspreparedfromabasepolymerofpoly(ethyleneglycol)methylether 
35 (Mn=5000g/mol)in71%overallyield.  

38 

E206J Transmission electron microscopy (TEM) imaging shows thatthe PCN-222
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0 
II 

OH ~O 0-P-OH 
I OH 

E209J Nuclearmagneticresonance(NMR)andgelpermeationchromatography(GPO) 
5 spectraconfirmedtheformationandpurityofmPEG-P0 3 (Figures23,24and25).Onlyone 

singletwasobservedin3 1 PNMR(Figure24),indicatingthateitheroneortwoPEGchains 

is/areattachedtothephosphategroupwhereasM~obtainedfromGPO(Figure25)further 

demonstratedthepresenceofonePEGchain.  

10 ProcedureforPEGylationofPCN-222(PCN-222@PEC-PC2 ) 

E210J mPEG-PG3 solution(10mL,25mg/mLinH20)wasaddedintothewatersuspension 
ofPCN-222(5mL,10mg/mL).Afterstirringatroomtemperaturefor16hthereactionmixture 

wasthendialyzed(molecularweightcutoff12,000g/mol-14,000glmol)againstpure 

deionizedwaterfor12htoremoveunreactedreagents.Thedeionizedwaterwasdecanted 

15 andreplenishedwiththefreshone(20mL,80mM)every4h.Theobtainedsuspensionof 

PCN-222@PEG-POswasthenlyophilisedusingaTelstarLyoQuestbenchtopfreezedryer 

(0.008mBar,-70OQ)togiveabrownproductwithrelativelylowdensityorcollectedby 

centrifugation(18,000rpm,35mm),washedwithethanolanddriedundertheairgivinga 

relativelyhighdensityanddarkcolouredproduct.  

20 

determinedbytheratioofphosphate(mPEG-P0 3)tozirconium(PCN-222),asshowninTable 

Below.  

25 E212J ThemethodsforPEGylationofUiO-66@PEG-POzMOF-808@PEG-POzNU

901@PEG-POzandPCN-128@PEG-POzweresubstantiallythesameasthatofPON

222@PEG-P03 .  

30 DryingPCN-222@PEC-P02 

E213J ThemethodusedtodrythePCN-222@PEC-POawasshowntoaffectthemorphology 
oftheresultingdrypowder.  

39 

E211J NotethatthefinalPEGloadinginthePCN-222@PEG-POznanoparticleswas
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E214J Whentheabovedescribedfinalproductwatersuspensionwasspundownexchanged 
withethanolandallowedtodryinambientconditions(roomtemperatureandpressure),a 

relativelydenseanddeep-darksamplewasobtained(Figure30a).  

5 E215J Incontrastwhenthesuspensionwaslyophilisedabrownrelativelylow-density 
materialwasobtained(insetofFigure10andFigure3Gb).  

E216J Itwasfoundthatwhiletheair-driedmaterialwaslargelyaggregatedthelyophilised 
samplecanbeeasilyre-dispersedbysonicationintoapinksuspension(Figure10,inset).A 

10 characteristicTyndalleffectwasseenbypassingaredlaserbeamrevealingthecolloidal 

natureofthere-dispersedsuspension.  

E217J Scanningelectronmicroscopy(SEM)forthedriedsampleswasperformedtovisualise 
thepresenceofmPEG-PC 3 inPCN-222@PEG-POz(Figure31and32).TheSEMimages 

15 clearlyindicatedtheclosepackinganduniformdispersionofPCN-222@PEG-POzandtheir 

rod-shapedmorphology.  

E218J NanoMOFstightlyembeddedwithinthematrixinthelyophilisedPCN-222@PEG-POz 
wereclearlyobserved.Withoutbeingboundbytheoryitisbelievedthatthematrixisformed 

20 bythesurface-attachedmPEG-P0 3 molecules(Figure7andFigure32),whichcanactasa 

particlepartitionthusformingthefree-standingPCN-222@PEG-POzparticles.  

E219J IncontrastSEMofair-driedPCN-222@PEG-POsrevealsmonodispersedparticles 

25 observedinlyophilisedsamplesisnotpresent.Thissuggeststhatintheair-driedsamples, 

themPEG-P0 3moleculescloselyadherearoundtheparticles.Inadditionthesurfaceofthe 

nanoMOFsintheair-driedPCN-222@PEG-POzisroughcomparedtotheparentPCN-222, 

becausethesurfacefeaturesofair-driedPCN-222@PEG-POsbecomedominatedbythebulk 

ofthecappingpolymerswhichformnano-papillaeonthesurfacethusmakingthesurface 

30 relativelyrough.  

IncorporationofmPEG-P0 3 inPCN-222@PEG-P0 3 

35 E220J TableIshowsthattheamountofincorporatedmPEG-P0 3 inPCN-222@PEG-POzis 
32.9%byweightofthecoatedparticlesmeasuredusinginductivelycoupledplasma-optical 

emissionspectroscopy(IOP-QES)bymeasuringtheratioofPtoZr.  

40 

randomlypackedintocentimetre-sizedthree-dimensionalsuperstructureswherethematrix
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Table1.ICP-OESanalysisofMOF@PEG-P02 

Sample P Zr PEGloading 

(mg/L) (mg/L) (wt%) 

PEGylation2h 0.046 5.114 27.8 

PEGylation4h 0.058 4.972 33.3 

PEGylation12h 0.071 5.979 33.6 

PEGylation16h 0.057 4.926 32.9 

UiO-66@PEG-P0 3  0.038 3.939 37.7 

MOF-808@PEG-POz 0.044 4.605 38.5 

NU-901@PEG-POz 0.042 3.700 30.6 

PCN-128@PEG-POz 0.057 3.241 34.1 

E221J ThematerialwascharacterisedtodemonstratePEGylationofPCN-222.PXRDof 
PCN-222@PEG-POscorrelatedwellwiththeparentandsimulatedpatternswhichconfirmed 

5 thecrystallinityofPCN-222afterPEGylationwhilethepresenceoftwonewpeakscentring 

at2e=19.O~and23.2~areduetothepresenceofhighmolecularweightandsemi-crystalline 

PEGinPCN-222@PEG-POz(Figure12).  

E222J Fourier-transforminfrared(FT-IR)spectraprovidedfurtherevidencefortheexistence 
10 ofmPEG-PG3 .Theappearanceoftwonewbandsat2866cmI and1088cmI canbe 

attributedtothestretchingvibrationofC-HandP-CrespectivelyfrommPEG-PC 3 molecules 

1088cmmIfortheP-CbondsinthePCN-222@PEG-POzcomparedtothatofmPEG-PC 3 

(Figure33b),indicatingthepresenceofinteractionbetweenthe7r6clusterandthephosphate 

15 groupaswellasthefactthatallphosphategroupsofincorporatedmPEG-P0 3 are 

participatinginthecoordinationandnotsimplyadsorbedontheexternalsurface.  

E223J TEMimagingofdropcastedPCN-222@PEG-POzclearlyshowsthewell-preserved 
morphologyandgenerallymonodisperseparticlesoftheparentMOF(Figures8and9for 

20 PCN-222 and PCN-222@PEG-POz, respectively). Moreover, HAADF-STEM imaging 

demonstratesthepreservationofhighlyorderedmesoporesafterPEGylation(Figure28).  

E224J DLSwasalsoemployedtoinvestigatetheeffectofPEGylationonthedispersityof 
PCN-222.PEGylationofPCN-222resultedinparticleswithaparticlediameterof129.7nm+ 

25 0.9nmwhichisslightlylargerthanthatoftheparentPCN-222(Figure6).Atthesametime, 

41 

(Figure33a).InparticularashiftwasobservedintheFT-IRabsorptionfrom1095cmmIto
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thepolydispersityindexwasreduced,0.076nm+0.004nm.Withoutbeingboundbytheory, 

thiscanbeexplainedbythePEGylationprocessdispersingsmallaggregatesinparentPON

222.  

5 E225J Figure7showsthatthezetapotentialbecomesnegativefrom31.7mV+0.4mVfor 
theparentPCN-222to-43.9mV+ I.2mVforPCN-222@PEG-POzattributedtothe 

attachmentofterminalphosphategroupsontheexternalsurfaceofthePCN-222sample.  

E226J 31psolid-statenuclearmagneticresonance(SSNMR)andX-rayphotoelectron(XPS) 

10 spectrawereperformedtostudytheinteractionbetweenmPEG-P0 3 andframework.Figure 

3showsthechemicalshiftsofphosphorusresonanceinsolid-statefreemPEG-PG 3andPON

222@PEG-POz.FreemPEG-P0 3 featuresasharppeakataround-0.30ppm;after 

PEGylationofPCN-222,thepeakbroadensandupshiftsto-8.39ppm.Theshiftofphosphorus 

resonanceindicatesaninteractionbetweenthephosphategroupofthemPEG-PC 3 andthe 

15 MOF.TheXPSsurveyandhigh-resolutionofP2pspectraconfirmtheexistenceof 

phosphorousinPCN-222@PEG-POz(Figure4andFigure35),whichbelongstothe 

phosphorousofincorporatedmPEG-PG 3 .  

E227J Furthermoreinthehigh-resolutionZr3dspectratwomainpeaksataround184.4eV 
20 and182.0eVascribedtothe3d3 1 2and3d5 1 2 ofZr(IV)inparentPCN-222downshiftto183.5 

eVand181.1eVrespectively(Figure5).  

E228J Withoutbeingboundbytheoryitisbelievedthattheshiftofbindingenergytolower 

25 withmPEG-PG3inPCN-222@PEG-POz.ComparedtothetrifluoroacetategroupofTFAthe 

phosphategroupofmPEG-PC 3 islesselectronegative.Thisbondingresultsinalowerlossof 

electrondensityatZrwhichinturndecreasesits3delectronsbindingenergies.Figure4 

showsthattheFIspeakofparentPCN-222at688.2eVissignificantlyweakenedafterthe 

PEGylationsuggestingtheamountofTFAbondeddecreases.  

30 

E229J Takentogethertheshiftofchemicalresonancesandbindingenergiesafterthe 
PEGylationdemonstratestheformationoftheZr-C-Pcoordinationbonds.  

ImpactofmPEG-P0 2onInternalPorosity 

35 

E230J N2 uptakeexperimentswerethenconductedat77Ktoinvestigatetheimpactofthe 
incorporationofmPEG-PC 3 intotheinternalporosityofPCN-222.AsshowninFigure13, 

42 

energiesmaybeduetothereplacementoftheTFAcoordinatedonZr-OclustersinPCN-222
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PCN-222andPCN-222@PEG-POzadsorb526cm3 Zml N2 atP/P0 -O.8, 

respectively.  

E231J AssumingthattheincludedmPEG-P0 3 locatesattheexternalsurfaceofnanoPON
222,theidealN2 uptakeatP/Po=0.8wouldbe353cm31 

g-aftersubtractingtheamountof 
mPEG-PG3 included(Table2),theactualvalue(129cm31 

g-N2 )obtainedhereaccountsfor 

36.5%oftheidealN2 uptake.  

E232J Withoutbeingboundbytheoryitisbelievedthatthediscrepancybetweentheideal 
10 valueandtheexperimentalvaluemaybeduetotheinfiltrationofmPEG-PG 3 moleculesinto 

theinternalporosityofnanoPCN-222afterperformingPEGylationfor16h.Moreoverpore 

sizedistribution(PSD)obtainedusingtheNon-LocalDensityFunctionalTheory(NLDFT) 

methodalsorevealedthedecreasedporosity(Figure14),furtherdemonstratingthatthe 

presentinventionmodifiestheMOFnanoparticlesurfacewithapartialsacrificeofitsporosity.  

15 

Time-DependencyStudies 

E233J Time-dependentstudieswereperformedbyquenchingthePEGylationofPCN-222at 
differentreactiontimesandanalysingtheintermediateswithanumberofexsituspectroscopic 

andmicroscopiccharacterisations.TheseobtainedPEGylatedPCN-222werenamedas 

20 PEGylationxhwherexisthereactiontime(x=2,4,12,16).  

E234J Tofouridenticalvialscontaining5mLwatersuspensionof120nm-sizedPCN-222(10 
mg/mL)wereaddedwith10mLmPEG-PC 3solution(25mg/mLinH2 0),respectively.The 

25 mixturewasstirred(800rpm)atroomtemperaturefor2,4,12and16h.  

E235J Ateachtimepointonesamplewasquenchedbycentrifugetoremovetheunreacted 
mPEG-P03,followedbyputtingitintoadialysistube(molecularweightcutoff,12,000g/mol

14,000g/mol),anddialyzedagainstpuredeionisedwaterfor12h.Thedeionizedwaterwas 

30 decantedandreplenishedwithafreshone(20mL,80mM)every4h.  

E236J TheobtainedsuspensionwasthenlyophilisedusingaTelstarLyoQuestbenchtop 
freezedryer(0.008mBar,-70 0 Q)togivethedesiredproductsnamedPEGylationxh(xis 

thereactiontime),andusedforfurthercharacterizations.  

35 

43 

SynthesisforTime-dependencystudy
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ResultsofTime-dependencyStudy 

E237J Figures12and33ashownosignificantchangeintheirPXRDpatternsandFT-IR 
spectrathroughoutthewholePEGylationprocess.IOP-QESquantifiestheamountof 

5 incorporatedmPEG-P0 3atdifferentPEGylationtimesbymeasuringtheratioofZrtoP(Table 

1).TheresultsshowrapidincorporationofmPEG-PC 3,theloadingofmPEG-PG 3is27.8wt% 

after2h.Withincreasedreactiontimethevaluesplateauataround33wt%.  

E238J Additionallythermogravimetricanalysis(TGA)profilesshowasimilartrend(Figure 
10 34).TheencapsulatedamountofmPEG-P0 3wascalculatedbasedonthedifferencebetween 

theTGAcurveofthefirstplateau(376-452ND).  

E239J N2 sorptionpropertieswereexaminedtoinvestigatethelocationofmPEG-PC 3 at 
differentreactiontimes.After2htheN 2uptakeatP/Po=0.8decreasesto348cmagin 1 (Figure 

15 13),accountingfor91.6%oftheidealN2uptake(Table2).Withoutbeingboundbytheoryit 

isbelievedthatthisisduetothefactthatPEGylationmainlyoccursatthesurfacewithasmall 

amountofmPEG-PG 3moleculesorthePEGchainsofsurface-bondedmPEG-PG 3infiltrating 

intotheporosity.  

20 Table2.N2 uptakeat77K 

IdealN2 
ActualN2uptake Actual 

Sample atP/Po=0.8 uptakeatP/Po uptake/Ideal 
=0.8 

a rl STP) (cmginsTP) 

PCN-222 526 -- -

PEGylation2h 348 380 91.6 

PEGylation4h 124 351 35.3 

PEGylation12h 121 349 34.7 

129 353 36.5 

PEGylation16h 

E240J TheeffectofmPEG-P0 3 overporosityafter2hcanbemoreeasilyobservedafter 
subtractingtheamountoftheattachedmPEG-PC 3.AsshowninFigure37,N2 isothermsand 

PSDresultsindicateonlyasmalldecreaseinitsN2 isothermandPSD.Againwithoutbeing 

25 boundbytheorytheseresultssuggestthatPEGylationmainlyoccursonthesurfaceatthe 

earlystage.AfterwardswithcontinuousPEGylationfor4htheamountofmPEG-P0 3 

44 

(cmg, 31 uptake(%)
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increasesupto33.3wt%(Table1),thecorrespondingN 2 uptakesatP/Po=0.8decreasesto 
124cm31 

g-, whichaccountsfor35.3%oftheidealN 2 uptake(Table2),andthesevalues 

becomeconstantevenatprolongedreactiontimesof12hand16h(Figure13)indicatingthat 

PEGylationreachesequilibriumandmPEG-P0 3 moleculesentertheporeoftheparticles.  

5 \AfithoutbeingboundbytheoryitisbelievedthattheexcessmPEG-P0 3 moleculesstartto 

infiltrateintothechannelaftersubstantiallyfullyoccupyingtheavailablebindingsitesatthe 

externalsurface.  

E241J Takentogethertheaboveresultsdemonstrateatwo-stepPEGylationprocessfor 
10 PCN-222withmPEG-P0 3 isproposed.WithoutbeingboundbytheorythePEGylationfirstly 

takesplaceattheexternalsurfaceduetotheelectrostaticinteractionbetweenpositive

chargedPCN-222andnegative-chargedmPEG-PC 3 .Afteroccupyingtheavailablebinding 

sitesatthesurfaceunreactedmPEG-PC 3 moleculesstarttoentertheinternalchannelof 

PCN-222,thusreducingtheporosity(Figure11).  

15 

ElementalMapping 

E242J Elementalmappingwasconductedemployingenergy-dispersiveX-ray(EDX) 
spectroscopyinaSTEM.HoweverbecausetheLalineforZris2.042keVandtheKalinefor 

20 Pis2.012keVtheenergywindowcreatedforPwouldoverlapwiththatofZrleadingto 

misidentificationofelements.  

E243J Thisissuewasaddressedbyforminganalternativepolymer-coatednanoparticleMOF 

25 andN2 isothermconfirmedthecrystallinityandporosityofPCN-222(HO(Figures15,38and 

40),STEMimagingandXPSspectrumclearlyshowedtherodmorphologyofPCN-222(Hf) 

andthepresenceofHf(Figure16andFigure36).  

E244J UnderidenticalPEGylationconditionstothatofZr-basedPCN-222,theexsituSTEM
30 EDXofPCN-222(Hf)after2h,4h12hand16hwasobtainedwhichmappedoutthe 

distributionofPandHf.After2hthesignalofHfisevenlydistributedthroughoutthewhole 

particlewhereasthePsignalmainlyoriginatedfromtheedges.Thisprovidedfurtherevidence 

todemonstratethatmPEG-P0 3 moleculesmainlygraftthesurfaceattheearlystage.Withthe 

progressofreactiontimefrom4hto16hPsignalsareuniformlydistributedthroughoutthe 

35 wholeparticles.  

45 

byreplacingZr-basedPCN-222withHf-basedPCN-222,(denotedasPCN-222(Hf)).PXRD
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E245J AdditionallyEDXlinescansforthePCN-222(Hf)afterPEGylationof16hwerealso 
performedthesedemonstratedthehomogeneousdistributionofHfandPalongthesingle 

particle.TheresultsobservedhereareveryconsistentwithTGAN 2uptakeandIOP-QESas 

mentionedabove andconfirmthatthePEGylationofPCN-222andPCN-222(Hf) 

5 nanoparticleswithmPEG-P0 3proceedinatwo-stepfashion(Figure11).  

VersatilityofthePhosphateCoordinationPEGylationMethod 

E246J TheabovePEGylationmethodwasextendedtofouradditionalZr-basedMOFs, 
10 includingUiO-66,MOF-808,NU-901andPCN-128(Figure29).Therelatedlyophilised 

PEGylatedMOFsweresuccessfullyobtaineddenotedasMOF@PEG-POsusingthesame 

nomenclatureasforPCN-222.  

E247J ApronouncedTyndalleffectwasrecordedbypassingaredlaserbeamthroughthese 
15 MOF@PEG-POz.Figure17showstheretainingofcrystallinitiesandthepresenceof 

semicrystallinePEGafterPEGylationprovenbyPXRDtests.N 2 isothermsandPSDshow 

thatporositiesareallpartiallyblockedbytheinfiltratedmPEG-P0 3 ,similartothatofPON

222@PEG-POz(Figures39and41).  

20 E248J TheloadingofincorporatedmPEG-P0 3 moleculesevaluatedbyIOP-QESare37.7 

wt%38.5wt%,30.6wtand34.1wtforUiO-66@PEG-POsMOF-808@PEG-POsNU

E249J AllthelyophilisedMOF@PEG-POzhaverelativelylowdensitiesSEMimagesofthe 
25 lyophilisedMOF@PEG-POzexhibittheuniformdistributionofparticleswithinthematrix 

formedbyincorporatedmPEG-P0 3molecules(Figures18,19,20and21).  

E250J ImportantlyalloftheMOF@PEG-POsnanoparticlescouldbere-dispersedinwater 
easilyaftermildsonication.Therewasnosignificantdifferenceintheirhydrodynamic 

30 diameterscomparedwiththesuspensionsbeforethelyophilisation(Figure22).  

E251J ThecolloidalstabilityoftheseMOF@PEG-POzinwaterandphosphatebufferedsaline 
(PBS;pH=7.4)wasevaluated.Figures41and42showedthatthesuspensionsofPEGylated 

MOFsinwatercanbestableupto7dayswithoutsignificantchangesintheirhydrodynamic 

35 sizesoutperformingthebareMOFswhichaggregateseriouslyovertime.InthecaseofPBS 

(pH=7.4),MOF@PEG-POzcanremaintheirhydrodynamicsizesfor36h.  

46 

901@PEG-POsandPCN-128@PEG-POsrespectively(Table1).
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E252J IncontrastthebareMOFnanoparticlesprecipitatedinaveryshorttimeforexample, 
withinoneday.  

5 E253J Theseresultsconfirmthatthepolymercoatingmethoddisclosedhereincanactasa 
versatilestrategytonotonlyslowdowntheaggregationinwaterandbiologicalmediabutalso 

provideanalternativeforthelong-termstorageofMOF-baseddrugcarriers.  

ControlledReleaseStudy- DOX@PCN-222@PEG-P0 2 

10 E254J Thepolymer-coatedMOFnanoparticlesofthepresentinventioncanbeusedto 

encapsulateanactiveingredientasdescribedhereinabove.Thereleaseprofileof 

encapsulatedactiveingredientfromapolymer-coatedMOFnanoparticleisparticularly 

advantageouswhencomparedtotheactiveingredientreleaseprofileofuncoatedMOF 

nanoparticles.  

15 

E255J NotethatthenomenclatureusedforMOFnanoparticlesencapsulatinganactive 
ingredientisactive@MOFforanuncoatedMOFnanoparticleandactive@MOF@polymerfor 

apolymer-coatedMOFnanoparticle.Forexampledoxorubicin(DCX)encapsulatedinPON

222orPCN-222@PEG-POzisdenotedasDOX@PCN-222andDOX@PCN-222@PEG-POz, 

20 respectively.  

E256J 20mgofPCN-222wassoakedina15mg/mLdoxorubicin(DCX)indeionisedH 2 0 
solutionfor24hatroomtemperature.AfterthattheobtainedDOX-loadedPCN-222 

25 (DOX@PCN-222)wascollectedby20mm ofcentrifugationat14000rpmandrinsedwith 

deionisedwatertoremovethesurfacephysiosorbedDOXmolecules.Theobtained 

DOX@PCN-222wasthendriedinavacuumovenatroomtemperaturefor24h.  

PreparationofDOX@PCN-222@PEG-P0 3 

30 E257J 20mgofPCN-222wassoakedina15mg/mLDOXindeionisedH 2 0solutionfor24h 

atroomtemperature.AfterthattheobtainedDOX-loadedPCN-222(DOX@PCN-222)was 

collectedby20mm ofcentrifugationat14000rpmthe5equivalent(massratio)mPEG-PG 3 

wasaddedandstirredforanother16h.Thefinalsamplewascollectedby20mm of 

centrifugationat14000rpmandrinsedwithdeionisedwatertoremovethesurface 

4.7 

PreparationofDOX@PCN-222
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physiosorbedDOXmolecules.TheobtainedDOX@PCN-222@PEG-POzwasthendriedina 

TeistarLyoQuestbenchtopfreezedryer(0.008mBar,-70oQ).  

E258J Todeterminetheextentofdrug(DOX)loadingthesupernatantofthecentrifuged 
5 solutionwascollectedandsubjectedtoUV-visspectrometryat482nm.Tospecifythe 

concentrationofthedrugtherecordedabsorptionintensitywascomparedwithacalibration 

curvethatwasplottedforfreeDOX.  

Controlled-releaseTesting 

10 

E259J 8mgDCXloadedsamplewaskeptinadialysisbag(molecularcutoff:12,000-14,000 
Da).Thedialysisbagwasimmersedin30mLdeionisedwaterandstirredatroomtemperature.  

3mLofthesupernatantwastakenoutandanalysedbyUV-visspectrometerat482nmto 

determinethereleasedDOXconcentrationevery2h.Aftercompletionofeachmeasurement, 

15 theremovedsolventwasaddedtothemixturetokeepitsvolumefixed.  

E260J AsshowninFigure43,thereleaseofDOXfromuncoatedMOFnanoparticles(PON
222)issignificantlyfasterthanthereleaseofDCXfrompolymer-coatedMOFnanoparticles 

(PCN-222@PEG-POz).Approximately40%DCXreleasewasrecordedafter6hoursfrom 

20 DOX@PCN-222.Whereasapproximately40%DCXreleasewasrecordedafter40hours 

fromDOX@PCN-222@PEG-POz.  

25 E261J Afurtherstudywasperformedtodemonstratetheadvantageouscontrolledsustained 

releaseofanactiveingredientinparticularanactivepharmaceuticalingredientfromthe 

polymer-coatedmetal-organicframeworknanoparticlesofthepresentinvention.  

MOELoading with DOX 

30 E262J DOX@MOF:Anaqueousas-synthesizednanoMOF(5mg/mL,6mL)suspensionwas 

addedtoanaqueousDCXsolution(15mg/mL,4mL),themixturewasthenstirredfor48 

hoursatroomtemperature.AfterwardstheDOXloadednanoMOFswerecollectedby 

centrifugation(15,000rpm,35mm)andwashedwithwaterfor3times.Theobtained 

DOX@MOFwasdriedundervacuumorredispersedinwaterforthefutureuse.Theunloaded 

35 DCXwascombinedanddilutedtoafinalvolumeof500mLforDCXloadingdetermination.  

48 

ControlledReleaseStudy- FurtherexemplaryDOX@MOF@PEC-P03
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E263J DOX@MOF@PEG-POz;Theaqueousas-synthesizednanoMOFs(5mg/mL,6mL) 
suspensionwasaddedtoanaqueousDOXsolution(15mg/mL,4mL),themixturewasthen 

stirredfor48hoursatroomtemperature.AfterwardstheaqueousmPEG-P0 3solution(6mL, 

25mg/mL)wasaddeddirectlytheresultingmixturewasstirredforanother16h.Thereaction 

5 mixturewasthencentrifuged(15,000rpm,35mm)toremovetheunreactedmPEG-P0 3and 

unloadedDCXandredispersedinwaterfollowedbydialysis(MWCO 12,OOO~14,OOO) 

againstwaterfor12h.Thewaterwasdecantedandreplenishedwithfreshwaterevery4h.  

Thefinalsuspensionwaslyophilized(0.008mBar,-700 Q)ordriedundervacuum.The 

unloadedDCXwascombinedanddilutedtoafinalvolumeof500mLforDOXloading 

10 determination.  

E264J TheabsorbancewasdeterminedbyUV-Visspectroscopy(maximumabsorbanceat 
486nm).TheconcentrationwascalculatedbycomparingtheUV-Visabsorbancewitha 

calibrationcurve.  

15 
E265J Drugloading(wt%)=(massofdrugused- massofunloadeddrug)ImassofMOFs 
x100.  

Drug release 

20 
E266J 10mgDOX@MOFandDOX@MOF@PEG-POsweresuspendedin2mLPBS(pH
7.4)andplacedindialysisbags(MWCOI,2000- I,4000)dispersedwith2mLPBS(pH

7.4),dialyzingagainstPBS(pH=7.4)(28mL)undermagneticstirringatroomtemperature.  

ImLofPBS(pH=7.4)wastakenoutandreplacedwithfreshoneatspecifictimeintervals.  

calibrationcurvesmissionmaximumat595nmwhenexcitedat486nm.  

Drug Loading Results 

30 E267J UV-Visspectroscopyverified21.3wt%,16.8wt%,28.5wt%,22.1wtand30.2wt% 

loadingsofDCXwereobtainedforthebareUiO-66MOF-808,NU-901, PCN-128andPON

222. Onlyaslightdecreaseto17.8wt%,15.5wt%25.3wt%15.8wtand18.4wt% 

respectivelywasobservedwithPEGylation(Figure44).\Afithoutbeingboundbytheoryitis 

believedthatthiswasduetoasmallamountofloadedDOXbeingdisplacedbytheinfiltration 

35 ofmPEG-PG 3.  

49 

25 Thedrugreleasedwasanalysedbyafluorescencespectroscopythroughcomparingwiththeir
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Drug Release Results 

E268J ForbothDOX@MOFandDOX@MOF@PEG-POscumulativereleasewasmonitored 
forupto200hinPBS(pH=7.4).Figure45showsthereleasekineticsofeachofNU-901, 

5 PCN-128andPCN-222.  

E269J ForNU-901,PCN-128andPCN-222,thereleaseprofilesofDOX@MOF@PEG-P03 
drasticallydecreasedreleaseprofileswereobtainedforthePEGylatedsamplescomparedto 

thatofthebare(uncoated)nanoMOFswithlessthat'~-2OwtoftheencapsulatedDOXbeing 

10 releasedinthefirst6h.IncontrastthebarenanoMOFsreleased38.4wt%,40.1wtand 

52.5wtoftheDOXrespectively.  

E270J Theseresultsdemonstratedslowerandmoresustainedreleaseforpolymer-coated 
MOFnanoparticles.Thismaybeparticularlyadvantageousforsustainedactiveingredient 

15 deliveryparticularlysustainedpharmaceuticaldelivery.Thissustainedreleasemayfacilitate, 

amongstotherthingsreducedpharmaceuticaldosagefrequencyrelativetothedirect 

pharmaceuticaldeliveryorpharmaceuticaldeliveryfromuncoatedMOFnanoparticles.  

E271J Withoutbeingboundbytheoryitisbelievedthatthepolymer-coatednanoparticlesof 
20 theinventionmaybeparticularlyeffectiveasaconsequenceoftherelativelystrongbonding 

(e.g.phosphate-metalcoordination)betweenthepolymerandMOFnanoparticleavoiding 

dumpingofthepolymerinsolutionandsubsequentrapiddispersionofthemedicament.By 

varyingtheamountand/orspeciesofpolymerusedthedrugreleaseprofilemaybetuned.  

thereofhavebeenfoundtobeparticularlyeffective.\Afithoutbeingboundbytheoryitis 

believedthatthisisbecausethelinearnatureofthepolymershelpskeepthenanoparticles 

farenoughapartthattheycanbere-dispersed.  

30 E273J Advantageouslythereforethelyophilisedpolymer-coatedpharmaceutical-containing 

MOFnanoparticlesmayprovideimprovedstoragelifetimefacilitateredispersionwithreduced 

agglomerationandprovidetuneablesustainedrelease.  

E274J Everydocumentcitedhereinincludinganycross-referencedorrelatedpatentor 
35 applicationisherebyincorporatedbyreferenceinitsentiretyunlessexpresslyexcludedor 

otherwiselimited.  

50 

25 E272J Theuseoflinearpolymersandinparticularlinearpolyethyleneglycolandderivatives
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E275J Itwillbeappreciatedthatvariousmodificationsmaybemadetotheembodiments 
shownwithoutdepartingfromthespiritandscopeoftheinventionasdefinedbythe 

accompanyingclaims.  

5 E276J Aspectsofthepresentinventionarefurtherdescribedwithreferencetothefollowing 
numberedparagraphs 

I. Adrypowderpharmaceuticalcompositioncomprisingoneormorelyophilised 

polymer-coatedmetal-organicframework(MOF)nanoparticles, 

10 

eachnanoparticlecomprisingaMOFcomprisingapluralityofmetalionsandaplurality 

oforganicligandsandhavingaparticlesizeoffromabout25nmtoabout450nm 

whereinthepolymerisattachedtooneormoremetalions 

15 

andwhereinatleastoneactivepharmaceuticalingredientislocatedonand/orwithin 

oneormoreofthelyophilisedpolymer-coatedMOFnanoparticlespreferablywherein 

thepolymerisattachedtooneormoremetalionsofeachnanoparticlebyphosphate

metalcoordination.  

20 

2.Apharmaceuticalcompositioncomprisingthedrypowderpharmaceuticalcomposition 

ofparagraphImixedintoaliquid;preferablywhereintheliquidis , preferably 

whereinthecompositionfurthercomprisesapharmaceuticallyacceptableexcipient 

25 solventsbuffersstabilisersantioxidantspreservativeschelatingagentsemulsifiers, 

flavouringslubricants suspendingagents tonicityadjustingagentssurfactants, 

solubiliserssuspendingaidsdispersionagentshumectantsthickenerscolouring 

agent wettingagent, anti-foamingagent, viscositymodifier, sweetenersand 

combinationsthereof.  

30 

3.Acompositioncomprisingoneormorepolymer-coatedmetal-organicframework(MOF) 

nanoparticleseachnanoparticlecomprisingaMOFcomprisingapluralityofmetalions 

andapluralityoforganic ligandswhereinthepolymerisattachedtooneormoremetal 

ionsofeachnanoparticlebyphosphate-metalcoordinationandwhereintheparticle 

35 sizeoftheoneormorepolymer-coatedMOFnanoparticlesisfromabout25nmto 

about450nm.  

51 

preferablywhereintheexcipientisselectedfromthegroupconsistingofsolventsco-
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4.Thecompositionaccordingtoparagraph3,whereinanactiveingredientis 

encapsulatedwithinand/orlocatedontheoneormorepolymer-coatedMOF 

nanoparticlespreferablywhereintheactiveingredientisanactivepharmaceutical 

ingredient.  

5 

5.Amethodofproducingadrypowdercompositioncomprisingoneormorepolymer

coatedmetal-organicframework(MOF)nanoparticleseachnanoparticlecomprising 

aMOFcomprisingapluralityofmetalionsandapluralityoforganicligandswherein 

10 thepolymerisattachedtooneormoremetalionswhereintheparticlesizeoftheone 

ormorepolymer-coatedMOFnanoparticlesisfromabout25nmtoabout450nmthe 

methodcomprising: 

a)mixingapluralityofmetalionsandapluralityoforganicligandstoforma 

suspensionofoneormoreuncoatedMOFnanoparticles, 

15 b)mixingasuspensionoftheoneormoreuncoatedMOFnanoparticleswiththe 

polymerandallowingthepolymertoattachtooneormoremetalionsofthe 

oneormoreuncoatedMOFnanoparticlestoprovideasuspensionoftheone 

ormorepolymer-coatedMOFnanoparticles 

c)optionally increasing the concentration of the polymer-coated MOF 

20 nanoparticlesuspensionbyremovingthesolvent, 

d)dryingtheoneormorepolymer-coatedMOFnanoparticlesbylyophilisation.  

whereinanactiveingredientisoptionallyencapsulatedwithinand/orlocatedonthe 

oneormorepolymer-coatedMOFnanoparticlespreferablypriortostepb),preferably 

25 nanoparticles.  

6.Amethodofproducingasuspensionofpolymer-coatedMOFnanoparticlesthe 

methodcomprisingthestepoftakingthedrypowdercompositionproducedaccording 

toparagraph5andresuspendingthecompositioninaliquidpreferablywhereinthe 

30 liquidisaqueous.  

7.Amethodofproducingacompositioncomprisingoneormorepolymer-coatedactive 

ingredient-containing metal-organic framework (MOF) nanoparticles each 

nanoparticlecomprisingaMOFcomprisingapluralityofmetalionsandapluralityof 

35 organicligandsandhavingaparticlesizefromabout25nmtoabout450nmwherein 

polymerisattachedtooneormoremetalionsbyphosphate-metalcoordinationthe 

methodcomprising: 

52 

bymixinganactiveingredientwithasuspensionoftheoneormoreuncoatedMOF
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a)mixingapluralityofmetalionsandapluralityoforganicligandstoforma 

suspensionofoneormoreuncoatedMOFnanoparticles 

b)encapsulatinganactiveingredientwithinand/orlocatinganactiveingredienton 

oneormoreoftheuncoatedMOFnanoparticlestoprovideasuspensionofoneor 

5 moreactiveingredient-containinguncoatedMOFnanoparticles 

c)subsequentlymixingasuspensionoftheoneormoreactiveingredient-containing, 

uncoatedMOFnanoparticleswithaphosphate-functionalisedpolymerand 

allowingthephosphate-functionalisedpolymertocoordinatetooneormoremetal 

ionsoftheoneormoreactiveingredient-containinguncoatedMOFnanoparticles 

10 toprovideasuspensionofoneormoreactiveingredient-containingpolymer

coatedMOFnanoparticles, 

d)optionallyincreasingtheconcentrationoftheoneormoreactiveingredient

containingpolymer-coatedMOFnanoparticlesuspensionbyremovingthesolvent, 

e)optionallydryingtheoneormorepolymer-coatedactiveingredient-containingMOF 

15 nanoparticlesbylyophilisationand 

9 optionallysubsequentlyredispersingthelyophilisedpolymer-coatedactive
ingredient-containingMOFnanoparticlesinanaqueousmedium.  

8.Amethodofproducingacompositioncomprisingaoneormoremethoxypolyethylene 

20 glycol (mPEG)-coated metal-organic framework (MOF) nanoparticles, each 

nanoparticlecomprisingaMOFcomprisingapluralityofmetalionsandapluralityof 
U 

organicligandsandhavingaparticlesizeoffromabout25nmtoabout450nm 
whereinmPEGisattachedtooneormoremetalionsbyphosphate-metalcoordination 

25 a)mixingapluralityofmetalionsandapluralityoforganicligandstoforma 

suspensionofoneormoreuncoatedMOFnanoparticles, 

b)mixingasuspensionoftheoneormoreuncoatedMOFnanoparticleswitha 

solutionofmPEG-PG3 andallowingmPEG-PG3 tocoordinatetooneormore 

metalionsoftheoneormoreuncoatedMOFnanoparticlestoprovidea 

30 suspensionoftheoneormoremPEG-coatedMOFnanoparticles 

c)optionally increasing the concentration of the mPEG-coated MOF 

nanoparticlessuspensionbyremovingsolvent, 

d)optionallydryingtheoneormoremPEG-coatedMOFnanoparticlesby 

lyophilisationand 

35 e)optionallyredispersingthelyophilisedmPEG-coatedMOFnanoparticles, 

preferablybysonication 

53 

andwhereinthemethodcomprises:
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whereinanactiveingredientisoptionallylocatedonand/orencapsulatedwithintheoneor 

moremPEG-coatedMOFnanoparticlespreferablypriortostepb),preferablybythestepof 

mixinganactiveingredientwithasuspensionoftheoneormoreuncoatedMOFnanoparticles.  

5 9.Thecompositionormethodaccordingtoanyoftheprecedingparagraphswhereinthe 

pluralityofmetalionsconsistessentiallyofametalionselectedfromthegroup 

consistingof:zirconiumironzincandhafnium.  

I0.ThecompositionormethodaccordingtoanyofparagraphsIto7orparagraph9when 

10 dependentonparagraphsIto7whereinthepolymercomprisesaphosphategroup, 

preferablyaterminalphosphategrouppreferablywhereinthepolymerisselectedfrom 

thegroupconsistingofpolyethyleneglycolhyaluronicacid heparinchitosan, 

polyvinylalcohol, polyglutamicacid andderivativesandcopolymersthereof 

preferablywhereinthepolymercomprisespolyethyleneglycoloraderivativethereof, 

15 preferablyaphosphate-terminatedmPEGpreferablywhereinthepolymerand/or 

mPEG-P03 isaphosphate-terminatedmPEGaccordingtostructureA 

0 
II 

.4..z,~P 
I 

C 

StructureA 

20 whereinnisfromabout40toabout250 

particlesizeoftheoneormorepolymer-coatedMOFnanoparticlesand/ortheoneor 

moremPEG-coatedMOFnanoparticlesisfromabout100nmtoabout250nm 

preferablyfromabout100nmtoabout200nm.  

25 
12.Acompositionproducedaccordingtoanyofthemethodsofparagraphs5to8and/or 

acompositionaccordingtoanyoneofparagraphsIto4or9toIIwhereintheoneor 

moreMOFnanoparticlesareatleastpartiallyamorphous.  

30 13.Useofaphosphate-functionalisedpolymertocoatoneormoreMOFnanoparticlev 

whereinanactiveingredientislocatedwithinand/orontheoneormorepolymer

coatedMOFnanoparticles.  

54 

II. Thecompositionormethodaccordingtoanyoftheprecedingparagraphswhereinthe
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I4.UseofpolymertoimproveredispersionofapluralityoflyophilisedMOFnanoparticles, 

whereinthepolymeriscoatedontotheMOFnanoparticlespriortolyophilisation.  

15.Amethodoftreatingadiseaseorconditionbyadministeringacompositionaccording 

55 

5 toanyoneofparagraphsIto4or9to12toapatient.
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Claims 

I. Adrypowderpharmaceuticalcompositioncomprisingoneormorelyophilised 

polymer-coatedmetal-organicframework(MOF)nanoparticles, 

5 

eachnanoparticlecomprisingaMOFcomprisingapluralityofmetalionsandaplurality 

oforganicligandsandhavingaparticlesizeoffromabout25nmtoabout450nm 

whereinthepolymerisattachedtooneormoremetalions7 

10 

andwhereinatleastoneactivepharmaceuticalingredientislocatedonand/orwithin 

oneormoreofthelyophilisedpolymer-coatedMOFnanoparticles.  

15 2. Apharmaceuticalcompositioncomprisingthedrypowderpharmaceuticalcomposition 

ofanyofclaimImixedintoaliquid;preferablywhereintheliquidisaqueous;preferably 

whereinthecompositionfurthercomprisesapharmaceuticallyacceptable 7 

preferablywhereintheexcipientisselectedfromthegroupconsistingofsolventsco

solventsbuffersstabilisersantioxidantspreservativeschelatingagentsemulsifiers, 

20 flavouringslubricants7 suspendingagents7 tonicityadjustingagentssurfactants, 

solubiliserssuspendingaidsdispersionagentshumectantsthickenerscolouring 

agent wettingagent, anti-foamingagent, viscositymodifier, sweetenersand 

25 3. Amethodofproducingadrypowdercompositioncomprisingoneormorepolymer

coatedmetal-organicframework(MOF)nanoparticleseachnanoparticlecomprising 

aMOFcomprisingapluralityofmetalionsandapluralityoforganic 7 

ligandswherein 
thepolymerisattachedtooneormoremetal 7 

ionswhereintheparticlesizeoftheone 
ormorepolymer-coatedMOFnanoparticlesisfromabout25nmtoabout450 7 the 

30 methodcomprising: 

a)mixingapluralityofmetalionsandapluralityoforganicligandstoforma 

suspensionofoneormoreuncoatedMOFnanoparticles, 

b)mixingasuspensionoftheoneormoreuncoatedMOFnanoparticleswiththe 

polymerandallowingthepolymertoattachtooneormoremetalionsofthe 

35 oneormoreuncoatedMOFnanoparticlestoprovideasuspensionoftheone 

ormorepolymer-coatedMOFnanoparticles7 
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combinationsthereof.
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c)optionally increasing the concentration of the polymer-coated MOF 

nanoparticlesuspensionbyremovingthesolvent, 

d)dryingtheoneormorepolymer-coatedMOFnanoparticlesbylyophilisation.  

5 

4.Themethodaccordingtoclaim3,whereinanactiveingredientisencapsulatedwithin 

and/orlocatedontheoneormoreuncoatedMOFnanoparticlespreferablypriorto 

stepb),preferablybymixinganactiveingredientwithasuspensionoftheoneormore 

uncoatedMOFnanoparticles.  

10 

5.Amethodofproducingasuspensionofpolymer-coatedMOFnanoparticlesthe 

methodcomprisingthestepoftakingthedrypowdercompositionproducedaccording 

toclaim3orclaim4andresuspendingthecompositioninaliquidpreferablywherein 

theliquidisaqueous.  

15 

6.Thecompositionormethodaccordingtoanyoftheprecedingclaimswhereinthe 

polymerisattachedtooneormoremetalionsofeachnanoparticlebyphosphate

metalcoordination.  

20 7.Thecompositionormethodaccordingtoanyoftheprecedingclaimswhereinthe 

pluralityofmetalionsconsistessentiallyofametalionselectedfromthegroup 

consistingof:zirconiumironzincandhafnium.  

25 polymerissubstantiallylinear.  

9.Thecompositionormethodaccordingtoanyoftheprecedingclaimswhereinthe 

polymercomprisesaphosphategrouppreferablyaterminalphosphategroup.  

30 10.Thecompositionormethodaccordingtoanyoftheprecedingclaimswhereinthe 
polymerisselectedfromthegroupconsistingofpolyethyleneglycolhyaluronicacid, 

heparinchitosanpolyvinylalcoholpolyglutamicacidandderivativesandcopolymers 

thereofpreferablywhereinthepolymercomprisespolyethyleneglycoloraderivative 

thereofpreferablyaphosphate-termmatedmPEG.  

35 

5] 

8.Thecompositionormethodaccordingtoanyoftheprecedingclaimswhereinthe
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II. Thecompositionormethodaccordingtoanyoftheprecedingclaimswhereinthe 

polymerisaphosphate-terminatedmPEGaccordingtostructureA 

*0 
II 

I 
0 

5 StructureA 

whereinnisfromabout40toabout250.  

12.Thecompositionormethodaccordingtoanyoftheprecedingclaimswhereinthe 

particlesizeoftheoneormorepolymer-coatedMOFnanoparticlesisfromaboutI00 

10 nmtoabout250nmpreferablyfromabout100nmtoabout200nm.  

13.Acompositionproducedaccordingtoanyofthemethodsofclaims3to5and/ora 

compositionaccordingtoanyoneofclaimsI, 2or6toIIwhereintheoneormore 

MOFnanoparticlesareatleastpartiallyamorphous.  

15 

I4.UseofpolymertoimproveredispersionofapluralityoflyophilisedMOFnanoparticles, 

whereinthepolymeriscoatedontotheMOFnanoparticlespriortolyophilisation.  

58 

I5.AcompositionaccordingtoanyoneofclaimsI, 2or6toI3foruseintherapy.
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