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Functional Applications of Bottlebrush Polymers: From Rheology 
Control to Advanced Materials

Joona Bang

Department of Chemical and Biological Engineering, Korea University, Seoul 02841, Korea

Bottlebrush polymers (BBPs)have been of significant interest for over two decadesdue to their unique
physicaland solution properties. With recent progress in synthetic techniques, their three-dimensional
architecturescanbe preciselycontrolledwith variousmonomers. In this presentation,I will demonstratethe
potential ability of BBPsasfunctionaladditivesin variousapplications. First,I will introduceBBPscanbe used
as viscositymodifiers or effective compatibilizersto tune the rheologicaland mechanicalproperties of
biodegradablepolymerblends. In anotherexample,BBPshavebeenutilizedasfunctionalbindersin lithium-
ion batteries,enhancingperformanceby leveragingtheir distinctivearchitectureand functionalities. Finally,
bottlebrush block copolymerswere designedand synthesizedto examinetheir thin film behavior,where
removalof labilechain-endgroupssignificantlyenhancedthermal stability,enablingthe formation of defect-
free nanostructuredpatternsfor lithographicapplications.
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Structurally Engineered Silica Nano/Microstructures for Advanced 
Biomedical and Environmental Applications

JaehyukKim

1Department of Chemical Engineering, Korea University, Seoul 12345, Korea
2Department of Materials Science and Engineering, Seoul National University, Seoul 56789, Korea

Silicananoparticleshave been extensivelystudied in the biomedicalfield due to their chemicalstability,
tunable surfaceproperties,and biocompatibility. While the Stöbermethod is widely used for synthesizing
uniform solid sphericalsilica particles, increasingattention has been given to the developmentof silica
nano/microparticleswith diverseshapes(e.g., rods,spikes)andcomplexarchitectures(e.g., hollow andyolkς
shell structures). Thesestructural variationsoffer distinct advantages,suchas increasedloading capacity,
anisotropicbehavior,andmultifunctionality,whichareparticularlybeneficialfor applicationsin drugdelivery,
photothermal therapy (PTT),and photodynamictherapy (PDT). In this presentation,we introduce synthetic
strategies for fabricating silica particles with tailored shapes and hierarchical structures, as well as
characterizationresults that reveal their morphologicaland physicochemicalfeatures. We further explore
their potential in biomedicalapplications,emphasizinghow structural designcanenhancefunctionality and
therapeutic efficacy. Given the versatility of silica and the growing demand for efficient and targeted
therapeutic platforms, structurally innovative silica particles are expectedto remain a significantarea of
researchin the future.

Figure. Various shapes of silica nano/microstructures.
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Pigment-Free Full Color Electrophoretic Display Using Crystalline 
Colloidal Arrays in Non-Polar Medium

Wonmok Lee

Department of Chemistry, Sejong University, Seoul, Korea

The growing demand for low-power consumptionand outdoor-readable display deviceshas driven the
commercializationof electrophoreticdisplays(EPDs)that utilize chargedpigment dispersionsin non-polar
liquids. However,organicpigment particlesare prone to bleachingwhen exposedto UV light, makingcolor
degradationin EPDdevicesunavoidable. Recently,color tuning of electrophoreticcrystallinecolloidalarrays
(CCAs)has emergedas a promisingapproachfor pigment-free full-color EPDs. To addressthe challenges
posedby water and other polar media under an electric field, a non-polar liquid medium is required. We
recently demonstrateda CCAformed from monodispersedpolymer microspheres,stabilizedby adsorbed
inversemicellesof anionic surfactantsin an iso-paraffinic fluid. The highly chargedCCAexhibits full-color
tunability while achievinga thousand-fold reductionin operatingcurrentundera voltagebiascomparedto its
aqueouscounterpart. In this presentation,discussionwill be madeon recentadvancementsin the fabrication
of CCA-basedreflectivedisplaysusingvariouscore-shellcolloidalarraysdispersedin non-polarmedia.
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Figure. Electricalcolor tuningof crystallinecolloidalarraysconsistedof the surface
charedcore-shellparticlesby adsorbedinversemicellesin non-polarmedium.
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Light-Induced Solubility Modulation of Polynorbornenes

JeewooLim

Department of Chemistry, Kyung Hee University, Seoul 02447, Korea

Post-polymerizationmodification(PPM)providesa modularplatform for tuning polymer-solventinteractions
from a commonmacromolecularscaffold,therebycircumventingthe needfor elaboratefunctionalmonomer
synthesisand multistep polymerization. In the context of colloidal and molecular assembly,externally
addressabletransformationsthat directly regulatesolubility and intermolecularinteractionsare particularly
advantageous. Herein,we report a visible-light-inducedpost-polymerizationprocessthat enablessolubility
modulation of polynorbornenes through the decarbonylation of pendant bridged 1,2-diketone units
embedded along the polymer backbone (Figure 1). Upon irradiation, rapid decarbonylationgenerates
conjugatedaromatic segmentsin situ, producinga pronouncedshift in polymer solvophilicityand driving
changesin intermolecularassociation.

The transformation proceedsquantitatively in solution within minutes, generatingCOas the sole small-
molecule byproduct and thus constituting a tracelessmodification pathway. The resulting anthracene-
functionalizedpolymersexhibit blue photoluminescenceand undergospontaneousaggregationin selective
solventenvironments,yieldingwell-definedcolloidalstructures. Notably,applicationof this strategyto block
copolymerarchitecturesenableslight-triggeredmodulationof amphiphilicity,thereby inducingself-assembly
in solutionwithout solventexchangeor additionalchemicalstimuli.
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Figure 1. Use of light-induced decarbonylation for 
residue-free post-polymerization modification towards 
traceless photochemical nanoprecipitation.
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From Suspension Rheology to Film Conductivity: PVA/AgNW(silver 
nanowire)/SiNP(silica nanoparticle) Systems 

Kyu Hyun

School of Chemical Engineering, Pusan National University, Busan 46241, Korea 

Silver nanowires (AgNWs) have emerged as a premier material for next-generation flexible electronics,
offering a superiorcombinationof high conductivity,transparency,and mechanicalflexibility comparedto
traditional materialssuchasIndium TinOxide(ITO)[1]. While variousapplicationsbasedon thin metal films
and metal-coatedplastic films have recently been developed,these systemsstill face challengesregarding
high production costs and complex fabrication processes. To addressthese limitations, it is essentialto
simplifyproductionandreduceraw materialconsumption.
Amongthe variouscoatingmethodsemployedto fabricateconductivepolymerfilmsτincludingspincoating,
electrostatic spray deposition, roll-to-roll coating, dip coating, and curtain coatingτdoctor blade coating
standsout asone of the most effective techniquesfor continuousfilm preparation. Furthermore,it is well-
establishedthat silica nanoparticles(SiNPs) exhibit a high affinity for AgNWs, driven by van der Waals
interactionsand hydrogenbondingbetweenthe hydroxylgroupson the silicasurfaceand the aminogroups
of the polyvinylpyrrolidone(PVP)cappingagenton the AgNWs.
In this work, we systematicallyinvestigatethe effects of SiNPconcentrationand coatingconditionson the
electricalproperties of PVA/AgNWconductivefilms. First, we analyzethe linear and nonlinear rheological
behaviorsof AgNWsuspensionscontainingSiNPsdispersedin aqueouspolyvinylalcohol(PVA)solutions[2].
Second,we evaluatehow SiNPconcentrationand specificcoatingparametersτsuchas coatingspeedand
bladegeometryτgovernthe developmentof electricalproperties. Additionally,the concentrationsof AgNWs
and SiNPsare adjusted to examine the influence of filler content on the overall performance of the
conductivefilms.
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Boosting ionic conductivity of single-ion conductive polyelectrolyte 
elastomers via high-dielectric plasticizers

Jeong-Yun Sun

Department of Materials Science and Engineering, Seoul National University, Seoul 08826, 
Republic of Korea

Ionicconductionplaysa vital role in biologicalsystems,energystorageandionotronicdevices. Polyelectrolyte
elastomers(PEs)haveattractedgrowinginterestassolid-statesingle-ion conductorsdueto their inherent ion
selectivity, leakage-free nature and mechanicalelasticity. However,existingPEshave relatively low ionic
conductivity (~10-3 mS cm-1), limiting their applicability as efficient ionic conductors. Here, we present a
materialsdesignapproachthat boostsconductivitywhile preservingleakage-free operationby introducinga
solid-state additive that combinestwo key characteristics: a high dielectricconstantto increasedissociated
ion density (ὲ) and a plasticizingeffect to enhanceion mobility (‘). Demonstratedwith succinonitrile, this
approach increasesconductivity by over two orders of magnitude at room temperature across both
polycationicand polyanionicsystemswhile further enhancingelasticity. By elevating conductivity across
diversepolyelectrolytenetworks,this work demonstratesa versatileroute to achievestableandefficient ion
transportfor next-generationsolid-statesingle-ion conductors.
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Autonomous SAXS Platform Integrating Robotics, Adaptive Acquisition, 
and Machine Vision Monitoring at the PLS-II 9ABeamline 

Hyungju Ahn

Pohang Accelerator Laboratory, POSTECH, Pohang 37673, Korea

Synchrotron-based Small-Angle X-ray Scattering (SAXS)provides rapid and high-resolution structural
information at the nanoscalewithout requiring complexsamplepreparation. Owing to these advantages,
SAXShas been widely applied in diverse areas of materials science. In PLS-II, four SAXSbeamlinesare
currently in operation; however, the growingdemandfor experimentshasmade it increasinglydifficult to
accommodateall user requests within the limited beamtime available. To addressthis limitation, the
developmentof automated,remote-controlled,and unmannedexperimentalsystemshasbecomeessential
for improvingbeamlineefficiency.
Thisseminarintroducesa fully autonomousSAXSplatform integratingcollaborativerobotics,adaptivedata
acquisition,andmachine-learning-basedvisionmonitoringat the 9AUSAXSbeamlineof PLS-II. Acollaborative
robotςbasedexchangeplatform (CREP)enablesreliable cartridge exchangeand module replacementwith
highpositioningreproducibilityandstablelong-term operationover 14,400continuousexchangecycles. The
adaptivedata acquisition(ADA)systemautonomouslydeterminesoptimal exposuretimes and attenuator
conditionsbasedon real-time intensity evaluation,effectivelyreproducingoperator-leveldecision-making. A
machine-learning-based machine vision monitoring (ML-MVM) system enables real-time verification of
cartridge mounting integrity and sample positional tolerance, completing the automation workflow. The
integrated platform supportsautonomous,sequentialmeasurementof up to 2,000 samplesper day while
maintainingconsistentdata quality acrossconventionaltransmissionSAXS(Tr-SAXS),heating Tr-SAXS,and
grazing-incidenceSAXS(GI-SAXS)experiments.
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10



Programmable Magnetic Micropillar Arrays for 
Reconfigurable Microtexturesand Microrobotic Systems

Jeong Jae Wie

Department of Organic and Nano Engineering, Hanyang University, Seoul 04763, Korea

Magneticmicropillararraysprovidea versatileplatform for programmableactuationunderexternalmagnetic
fields. Theirbehaviorarisesfrom field-inducedalignmentand magnetizationof embeddedparticles,linking
particle-level organization to macroscopicdeformation. When particles are aligned within polymeric
micropillars, anisotropic responsesemerge, and deformation modes are governed by the orientation
between the applied field and particle alignment. Individualpillars exhibit bendingor twisting, highlighting
magnetic anisotropy. At the array level, control over particle distribution and magnetization enables
coordinated deformation and collective responses. [1] Moreover, combining magnetic actuation with
structuralprogrammingallowsreversibleand reconfigurablesurfacemorphologies,enablingcomplexthree-
dimensional architectures and functional interfaces. [2] These findings identify particle alignment and
magnetization as key design parameters for controlling both individual and collective actuation in
magneticallyresponsivemicrostructuredsystems,offering a pathwaytoward magneticmicroroboticsystems
with complexandadaptivebehaviors. [3]
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Figure.Magnetic micropillar arrays before (left) and 
after (right) the magnetic actuation
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Depletion-Induced Colloidal Assembly Inspired by 
Molecular Phase Behavior

Shin-Hyun Kim

1Department of Chemical and Biomolecular Engineering, KAIST, Daejeon 34141, Korea
2GIST InnoCORE AI-Nano Convergence Institute for Early Detection of Neurodegenerative Diseases, GIST, 

Gwangju 61005, Korea

Monodispersecolloidalparticlesexhibita rich varietyof crystallizationbehaviorsanalogousto thoseof atoms
and molecules,while offering the unique advantageof being directly visibleand trackablemodel systems.
Previousstudieshavelargelyfocusedon hard-sphereinteractionsto simplify thesesystemsand isolate the
role of entropy in phasebehavior. However,intermolecularinteractionsin realatomicandmolecularsystems
are more accuratelydescribedby the Mie potential, or its representativeform, the Lennard-Jonespotential,
makinghard-spherecolloidalmodelsinsufficientfor capturingmanyrealisticphenomena.
To emulate Mie-like interparticle interactions in aqueouscolloidal suspensions,we introduce depletion
attraction in combinationwith van der Waalsand electrostaticinteractions,and preciselytune the resulting
pair potential through the concentrationsof depletant and salt. When the attractive interaction becomes
sufficiently strong to overcome the entropic penalty, spontaneousself-assemblyoccurs. In this regime,
particles organize into ordered structures with maximizedcoordination numbers, thereby achievingthe
greatestenthalpicstabilizationand forming energeticallyfavorablecrystallinephases. Bycontrast,when the
attraction becomesexcessivelystrong and effectivelyshort-ranged,particlesaggregatetoo rapidly to allow
structural rearrangement,leadinginsteadto kineticallyarresteddisorderedstatessuchas colloidalglasses.
Theseattraction-driven assembliesare also frequently accompaniedby phaseseparationinto particle-rich
and particle-poor domains. Interestingly,under such tunable interaction conditions,we observedendritic
crystalgrowth,Ostwaldripening,andfractionalcrystallizationτphenomenawell knownin molecularsystems
but rarely explored in colloidal counterparts. We analyze the physical origins of these unusual phase
behaviorsthrough pair-potential calculationsand diffusion kinetics. Furthermore,by controlling the energy
barrier for heterogeneousnucleation, we achieveconfinement-free micropatterning of colloidal crystals,
offeringa promisingstrategyfor structural-colorpatterningandanti-counterfeitingapplications.
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Engineering Structural Transitions in Soft Colloids and Films:
Molecularly Triggered Lipid Bilayers and Multiscale X Ray Structural 

Analysis

Bong Soo Pi1, Suil Kim1, Jae Won Yoo1, Heung Soo Baek1, YoungkyuHan1, ChaeyeonSong* ,1

1AMOREPACIFIC Research and Innovation Center, 1920 Yonggu-daero, Yongin-si, Gyeonggi-do, 17074, 
Republic of Korea

Engineeringsoft colloidal systems that simultaneouslyachieve extreme miniaturization and structural
robustnessremainsa centralchallengeacrossdeliveryscienceandindustrialformulation research. Ultrasmall
carriers offer clear advantagesin barrier penetration and interfacial transport; however, their practical
applicationhasbeen limited by curvature inducedstructural instability and insufficient processrobustness.
Overcomingthese limitations requires not only precisemolecular level control of self assembly,but also
quantitative,multiscaleanalyticalframeworkscapableof elucidatinghow molecularinterventionspropagate
into mesoscalestructuresandmacroscopicperformance.
In addition, in industrial researchenvironments,understandingand analyzingcomplexsystemsis critically
important. In the cosmeticsindustry, particularly for powder rich formulations such as sunscreensand
makeup products, how άǎǘǊǳŎǘǳǊŀƭǊƻōǳǎǘƴŜǎǎέτthat is, performance under realistic use conditionsτis
defined and evaluated can fundamentally shape both problem identification and solution strategies.
Accordingly,approachesthat structurallylink moleculardesignto internal formulation architecture,film level
behavior,andultimatelymacroscopicperformanceareessential.
In this work, we adopt this perspectiveby integrating multiple analytical techniques to elucidate how
moleculardesignextendsinto structure and performance,thereby proposinga strategicapproachto long
standingchallengesin soft matter formulation. Without beinglimited to a specificcarriersystem,we illustrate
practical industrial researchstrategies for engineeringhighly robust soft colloids and films through the
combineduseof molecularself assembly,multiscalestructural characterization,and performanceoriented
interpretation.
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Functional Disorder in Self-Assembled Block Copolymer 
Nanostructures for Device Applications

Jang Hwan Kim

Department of Materials Science and Engineering, Ajou University, Suwon, Korea

Self-assemblyis the principlein whichbuildingblocksare alignedthemselvesthroughweaklocal interactions
to form variousstructures. Amongthese,block copolymerself-assemblyis attracting great attention as an
efficient strategyfor fabricationof nanopatternsbecauseit canform ultrafine patternsin parallelovera large
area. Despite the many advantagesof the nanopattern formation using block copolymer self-assembly,
naturallyformedblockcopolymernanostructuresareoften difficult to utilize in practicebecausethey involve
manydefectsanda low degreeof alignment. However,this presentationintroducesa strategyfor "Functional
Disorder,"whichutilizesthesestochasticallyformed blockcopolymerrandomstructuresascritical functional
elementsrather than structuralfailures. We proposeda method to exploit high-entropy randomorientations
for physical cryptography, providing unique and non-reproducible patterns for hardware security and
authentication. Furthermore,we demonstrate that such disorderednanostructurescan be engineeredto
maximizeoptical responsiveness,specificallyproviding optimized electromagneticenvironmentsfor high-
sensitivitySurface-EnhancedRamanScattering(SERS)platforms. Blockcopolymernanopatternswith random
orientation were also used to fabricate highly interconnected electronic networks similar to biological
nervoussystems,whichareutilizedfor the developmentof neuromorphicdevices. Thisapproachwill suggest
a new direction for the useof blockcopolymernanopatternswith naturally randomorientation beyondthe
minimizationof defectsand alignedpattern formation, which haslong beenthe principalresearchdirection
of the blockcopolymerresearchsociety.
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Complex Coacervates as Functional RNA and Mineral Compartments 
Inspired by Cellular Biomolecular Condensates

Saehyun Choi1,2,*, Philip C. Bevilacqua3, Christine D. Keating1

1Departmentof Chemistry & Nanoscience, Ewha WomansUniversity, Seoul 03760, Korea
2Departmentof Chemistry, Pennsylvania State University, University Park, PA 16801, USA

Compartmentalizationis a fundamental principle spanningfrom the origin of life to modern industrial
formulations. In biologicalsystems,cellsform membranelessbiomolecularcondensatesto regulatechemical
reactivity via liquid-liquid phase separation. Inspired by these natural systems, we utilize complex
coacervatesτpolymer-rich droplets formed by the associativephase separation of oppositely charged
polyelectrolytesτas protocell models to provide protective and functional microenvironments for
biomolecules. In this talk, I will first discussour work on multiphasecomplexcoacervatedropletsthat mimic
the sub-compartmentalizationobservedin cellularorganelleslike the nucleolus. Specifically,we demonstrate
that these peptide-basedmultiphasedroplets can sort RNAmoleculesbasedon their physicalproperties,
suchasstrandedness. Thisability couldfacilitatecomplex,multi-stepRNAchemistries. Secondly,I will present
findings on the stability of these complex coacervatesunder simulated prebiotic hydrothermal vent
conditions. We demonstratethat coacervates,by polyelectrolytesor peptides,canencapsulatecatalyticFeS
mineral microparticles. Our results show that in-situ mineral production within the coacervatephase
facilitates integration compared to external addition. Together, these works illustrate how complex
coacervatesserve as a robust platform for integrating RNA and minerals into functional, biomimetic
compartmentswith applicationsrangingfrom origin-of-life studiesto advancedindustrialformulations.
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Figure.Fluorescence microscopy images of multiphasic 
coacervates with RNA (a) and coacervates with FeSminerals (b). 
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Decoding structural complexity in thixotropic suspensions: Capturing 
microstructural dynamics through fractal signatures vis Rheo-XPCS

Jiho Choi

Department of Materials Science and Engineering, Soongsil University, Seoul 06978, Korea

We investigatethe microstructuraloriginof thixotropy in a canonicalthixotropicsuspensionusingrheoςX-ray
photon correlation spectroscopy(rheo-XPCS),enablingdirect, time-resolvedprobing of out-of-equilibrium
dynamics. A transient fractal dimension, extracted from two-time correlation maps, is introduced as a
quantitative descriptor of evolvingmicrostructuralcomplexity. Followingcontrolled pre-shear, the system
exhibitsgradualstructural rebuildingunder zero shear,where the fractal dimensionincreasesas dispersed
flocs reorganize into a percolated network, despite a smoothly relaxing macroscopicstress response.
Concurrent stress measurements reveal increasing stochastic fluctuations that share an identical
characteristictimescalewith the evolutionof fractaldimension,establishinga direct link betweenrheological
stochasticityand underlyingstructural dynamics. Furthermore,two-time correlationmapsexhibit recurring
decorrelationςrecorrelation patterns, evidencing persistent local rearrangements within the matured
network. Theseresultsprovide direct structuralevidencethat thixotropy arisesfrom continuouslyevolving,
fractal-like microstructuresand demonstratethat two-time correlationanalysisoffers a powerful framework
for quantitatively connecting microscopicdynamicswith macroscopicrheology in time-dependent soft
materials.
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Figure.Microstructural mechanism of thixotropy and 
its link to rheological stochasticity.
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Effect of Salt Concentration on Textural Properties and Skin Adhesion 
of Acrylate monopolymer

Ji Hoon Ha, Sung Eun Kim, Jin Young Kim, Sang Kuen Han, Jin Mo Kim*

KOLMAR KOREA, C&D Lab, Seoul 06800, Korea

Cosmetic-grade acrylatemonopolymer(AMP)is a representativepolyelectrolytethickener used in toners,
serums,and creamsbecauseof its high hydrophilicityand viscoelasticity. After topical application,however,
AMPcan interact with sweatelectrolytes,particularlyNaCl,potentially altering polymer network structure,
skinadhesion,and activedelivery. In this study,0.1ς1.0 mM NaClwasaddedto a 0.1 wt%neutralizedAMP
solution,and the resultingstructural and skin-interactivepropertieswere evaluatedusingrheology,texture
andadhesiontests,gel-network analysis,Rheo-SAXS,microrheology,DSC,FT-IR,electricalconductivity,SEM,
skin zeta potential, contact angle, Franz diffusion cell assays,and Ramanspectroscopy. NaCl induced
concentration-dependenttransitionsin the AMPnetwork: salt-bridge-mediatednetwork densificationat 0.1ς
0.3 mM, salt-shieldingeffectsat 0.4ς0.5 mM, and polymeraggregationwith gel-network collapseabove0.6
mM. Notably,0.3 mM NaCloptimized the firmnessςconsistencybalance,producedthe most negativeskin
zetapotential,andincreasedniacinamidepermeation. Thesefindingsindicatethat sweat-derivedelectrolytes
canmodulateAMP-basedcosmeticformulationsand shouldbe consideredkeyvariablesin designingsweat-
responsiveskindeliverysystems.

2022  

2019 2022  

2019   ( )

2015   ( )

2013   ( )

קּ

Figure.NaCl concentration-dependent changes 
in acrylate monopolymer gel-network size.
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Polymer Network Structure Engineering for Temperature-Adaptive 
Mechanical Properties and Friction

Donghwn Ji

Department of Polymer Science and Engineering, Inha University, Incheon 22212, Korea

Polymerichydrogelstypicallyweakenandsoftenat elevatedtemperaturesbecauseincreasedpolymerchain
mobility, particularlyabovethe glasstransitiontemperature,reducestheir mechanicalstiffness. In contrastto
suchconventionalbehavior,severalstudieshavereported solςgelmaterialsthat strengthenuponheatingby
transitioningfrom fluidic solsto elasticgels. However,becausethesematerialsexhibit a lossmodulusgreater
than their storagemodulusbefore heating,they cannot serveas freestandingstructures. In addition, most
temperature-responsivehydrogelsdisplay isotonic actuation, accompaniedby large changesin length or
volume. Here, we present mechanicallyrobust, freestanding hydrogels that exhibit isometric exercise
behavior with minimal volume change during temperature variation. These hydrogels were fabricated
through the rational design of a polymer network architecture. Linear poly(N-isopropylacrylamide)(L-
PNIPAM),which undergoesa reversible temperature-driven phase transition, was interwoven within a
poly(vinyl alcohol) (PVA) skeletal network that provides a robust three-dimensional framework with
crystallinedomains. Upon heating, the L-PNIPAMchainsaggregatealong the PVAnetwork, whereasupon
cooling they disentangle,enabling reversible thermal strengthening and weakening while maintaining
structural integrity. This thermomechanicaladaptability is reversible, repeatable, and immediate. The
aggregationand disentanglementof L-PNIPAMchains also impart switchable lubrication and frictional
propertiesto the hydrogelsurface.
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Figure. Schematicillustrations and fluorescentconfocalmicroscopyimagesof the polymer network structure
composedof L-PNIPAMchains(red color)andPVAskeleton. TheL-PNIPAMchainsuntangleandaggregatewithin
the PVAskeletonuponcoolingandheating,respectively.
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Ion crosslinking-based water-proof O/W sunscreen

JunbaeLee1, DaehwanPark*,2

1InnovationLab, CosmaxR&I, Seongnam 13487, Korea
2Departmentof Chemistry & Cosmetics, Jeju National University, Jeju 63243, Korea

The increasingprevalenceof outdoor leisure activities has rendered water resistancean indispensable
requirement in sunscreenformulations. Conventionalsunscreenshave achievedwater resistancethrough
water-in-oil (W/O) emulsiontechnology; however,this approachis associatedwith inherent limitations such
as heavy skin feel, tackiness,and difficulty in cleansing. Conversely,oil-in-water (O/W) emulsionsoffer
superior skin sensoryproperties and easeof removal, yet are prone to immediate re-emulsificationupon
exposureto water andperspiration,posinga significantchallengeto achievingadequatewater resistance. To
resolve this paradoxicalrelationship, the present study developeda novel water-resistant O/W emulsion
technologyutilizinga thin film formedvia ioniccrosslinkingreactions. Thistechnologydemonstratedsuperior
water resistancenot only under freshwater conditions but also in seawater environments. As concerns
regardingthe adverseeffectsof certainsunscreeningredientson marineecosystemshaverecentlybecomea
prominent issue, this technology representsa novel ESGinnovation with potential not only to protect
consumers'skin from ultraviolet radiation, but also to mitigate the influx of sunscreencomponentsinto
marine environments through reinforced water resistance,thereby contributing to the preservation of
aquaticecosystems.
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