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N A N O T E C H N O L O G Y

ÅòThere'sPlenty of Roomat the Bottom: An Invitation to Entera New Field of

Physicsóñ RichardFeynmanat the annualAmericanPhysicalSocietymeeting

at CaltechonDecember29, 1959.

ÅòNano-technology' mainly consists of  the processing of  separation, consolidation, and 

deformation of  materials by one atom or one molecule.ó ñ Norio Taniguchi

International Conference on Production Engineering, 1974, Tokyo.
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N A N O T E C H N O L O G Y

Nanotechnologyis the understandingand controlof matterat the nanoscale,at dimensions

betweenapproximately 1 and 100 nanometers,where uniquephenomenaenable novel

applications.

Matter can exhibit unusualphysical,chemical,and biological propertiesat the nanoscale,

differing in important ways from the properties of bulk materials,single atoms,and

molecules.

Some nanostructuredmaterials are stronger or have different magnetic properties

comparedto other formsor sizesof the samematerial. Othersare better at conducting

heat or electricity. They may becomemore chemicallyreactive, reflect light better, or

changecolorastheirsizeor structureisaltered.
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N A N O T E C H N O L O G Y  A P P L I E D  T O  

M E D I C I N E

Shah A. et al., J Drug Deliv Sci Technol. 2021;61; 102426.
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N A N O C A R R I E R S

Theyare colloidalsystemsonthenanometricscale

(1 - 100 nm),capable of transportingdrugs or

othersubstancesof differentnature.

ChitraDeviVenkatachalam,et al. Chapter5 - Greensynthesisof nanoparticlesñmetalsand their oxides,Editor(s): R. PraveenKumar,B. Bharathiraja,Nanomaterials,

AcademicPress,2021, Pages79-96, ISBN9780128224014, doi.org/ 10.1016/B978-0-12-822401-4.00012-X.
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N A N O C A R R I E R S

Mitragotri S, Lahann J. Physical approaches to biomaterial design. Nat Mater 2009, 8:15ð23. doi:10.1038/nmat2344
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AT B N A N O C A R R I E R S

Wang DY,van der Mei

HC, RenY, BusscherHJ,

Shi L. Lipid-Based

Antimicrobial Delivery-

Systems for the

Treatmentof Bacterial

Infections. Front Chem.

2020
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AT B N A N O C A R R I E R S

ÅATB Protection/Shielding
Use lower concentrations 

of ATB (rational use)

ÅSite-Specific ActionSurface Modifications

ÅPlanktonic Cells

ÅInteraction/Denaturation EPS
BF Disruption

Din, F. et al. (2017). Effective use of nanocarriers as drug delivery systems for the treatment of selected tumors.International journal of nanomedicine, 12, 

7291ð7309. 
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AT B N A N O C A R R I E R S
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Din, F. et al. (2017). Effective use of nanocarriers as drug delivery systems for the treatment of selected tumors.International journal of nanomedicine, 12, 

7291ð7309. 
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AT B N A N O C A R R I E R S

Y. Liu, G. Yang, S. Jin, L. Xu, C.-X. Zhao,ChemPlusChem2020, 85, 

2143.
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S U R FA C E  M O D I F I C AT I O N

Central venous access catheters

Urinary catheters

Endotracheal tubes

Dental implants

Joint implants

Pacemakers and Heart Valves

Ramasamy M, Lee J. Recent Nanotechnology Approaches for Prevention and Treatment of Biofilm-Associated Infections on Medical Devices. Biomed Res Int. 

2016.
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S U R FA C E  M O D I F I C AT I O N

Guzmán-Soto I. et al. Mimicking biofilm formation and development: Recent progress inin vitro and in vivobiofilm models. iScience. 2021
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S U R F A C E  

M O D I F I C A T I O N
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Antifouling coatings (hardness, filler, hydrophobicity) 

Anti-adhesive modifications (polymers) 

Addition of antimicrobials. 

Chemical modification. 

Addition of bioactive molecules (QSi).

Ramasamy M, Lee J. Recent Nanotechnology Approaches for Prevention and Treatment of Biofilm-Associated Infections on Medical Devices. Biomed Res Int. 2016.



S U R FA C E  M O D I F I C AT I O N S

16

GhiliniF,PissinisDE,MiñánA, SchilardiPL,Diaz C. How FunctionalizedSurfacesCanInhibitBacterialAdhesionand

Viability. ACSBiomaterSciEng. 2019 Oct 14;5(10):4920-4936. doi: 10.1021/acsbiomaterials.9b00849.



S U R FA C E  M O D I F I C AT I O N

17

Implants

Metallic Surface

Catheters

Polymers



M E TA L L I C  S U R FA C E  M O D I F I C AT I O N S

18

Xuereb M, et al. Int J Prosthodont. 2015 Jan-Feb;28(1):51-9. 
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M E TA L L I C  S U R FA C E  M O D I F I C AT I O N S

Plasma Spraying
Electrochemical 

Anodization

Xuereb M, et al. Int J Prosthodont. 2015 Jan-Feb;28(1):51-9. 



P L A S M A  S P R AY I N G

ÅGold Standard.

ÅCeramics (HA) and Metals.

ÅNanometer Coating.

ÅHigh stability and control.

ÅHigh deposition efficiency and low porosity.

20

Liu Jianqiao, et al. Frontiers in Bioengineering and Biotechnology, (8), 1314, 2020.



E L E C T R O C H E M I C A L  A N O D I Z AT I O N

ÅAnodic oxide films.

ÅCompact, nanoporous, or nanotubular morphology.

ÅMetal doping (Zn, Ag, Au, Cu, etc.).

ÅStructural modification.

ÅLow cost.

ÅTechnical scalability.

21

Grzegorz D. Sulka, Chapter one - Introduction to anodization of metals, In Micro and Nano Technologies, Nanostructured Anodic Metal Oxides,Elsevier,2020,Pages 

1-34.



E L E C T R O C H E M I C A L  A N O D I Z AT I O N

22

Nanotubeformationonthesurfaceof titaniumimplants.

ÅLow cost

ÅControl of surface characteristics

- Nanotube diameter can be controlled by oxidation voltage.

- Nanotube length is controlled by a combination of oxidation time, oxidation 

temperature, and electrolyte pH.

Liu Jianqiao, et al. Frontiers in Bioengineering and Biotechnology, (8), 1314, 2020.



E L E C T R O C H E M I C A L  A N O D I Z AT I O N

23

Chang F, et al. J NanosciNanotechnol. 2019 Apr 1;19(4):2070-2077. 
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Chang F, et al. J NanosciNanotechnol. 2019 Apr 1;19(4):2070-2077. 



E L E C T R O C H E M I C A L  A N O D I Z AT I O N

25

Chang F, et al. J NanosciNanotechnol. 2019 Apr 1;19(4):2070-2077. 



F D A  G U I D E L I N E S

26

The FDA does NOTapprove the individual use of materials or coatings, but 
rather the finished medical device as a whole.

FDA evaluates:

ÅMetallurgical analysis.

ÅMicrostructure of the modified surface (thickness, shape, size, diameter or area, pore diameter, 
volume).

ÅPhysical properties (hardness).

ÅMechanical properties (strength/fatigue).

ÅBiocompatibility.

ÅClinical information.

[online: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-document-testing-orthopedic-implants-modified-metallic-surfaces-apposing-bone-

or-bone].
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A T B/ A T M  N A N O C A R R I E R S



N A N O T E C H N O L O G Y  A P P L I E D  T O  

M E D I C I N E

Shah A. et al., J Drug Deliv Sci Technol. 2021;61; 102426.
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M E TA L L I C  N A N O PA R T I C L E S

30

Theyare nanomaterialsmade up
of onlyoneelement.

ÅTheycanhaveindividualatomsor groups
of atoms.

ÅAu,Ag, Pt,Cu,Pd,Re,Zn,Ru,Co,Cd, Al,
Ni y Fe.

Synthesisby differentmethods:

ÅBio-assisted

ÅHydrothermal

ÅMicrowave

ÅAmong others

Differentproperties:

ÅLocalized surface plasmon resonance
(LSPR)

ÅQuantum confinement

ÅOptoelectrics

ÅAntimicrobials

ÅAnticancer

ÅAntivirals

Saleh, Tawfik. (2022). Chapter 8: Properties of nanoadsorbentsand adsorption mechanisms. 10.1016/B978-0-12-849876-7.00010-5.



L O C A L I Z E D  S U R FA C E  P L A S M O N  

R E S O N A N C E  ( L S P R )

31

Peiris, Sunari & McMurtrie, John & Zhu, H.. (2015). Metal nanoparticle photocatalysts: Emerging processes for green 

organic synthesis. Catal. Sci. Technol.. 6. 10.1039/C5CY02048D. 



Q U A N T U M  C O N F I N E M E N T

32

Confinamientoespacialde 
pares electrón-hueco
(excitón) enunao más

dimensionesdentrode un 
material.

Nivelesde energíason 
discretos( å˂ de Broglie 

de e-).

SemiconductoresII ðVI -> 
Band Gap.

Rabouw, Freddy & Donega, Celso. (2016). Excited-State Dynamics in Colloidal Semiconductor Nanocrystals. Topics in Current Chemistry. 

374. 10.1007/s41061-016-0060-0. 



Q U A N T U M  C O N F I N E M E N T
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Confinamientoespacialde 
pares electrón-hueco
(excitón) enunao más

dimensionesdentrode un 
material.

Nivelesde energíason 
discretos( å˂ de Broglie 

de e-).

SemiconductoresII ðVI -> 
Band Gap.

H. L. Meyerheim, C. Tusche, A. Ernst, et al. Wurtzite-Type CoONanocrystals in Ultrathin ZnCoOFilms. Phys. Rev. Lett.102, 156102 ð

Published 13 April 2009



Q U A N T U M  C O N F I N E M E N T
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Confinamientoespacialde 
pares electrón-hueco
(excitón) enunao más

dimensionesdentrode un 
material.

Nivelesde energíason 
discretos( å˂ de Broglie 

de e-).

SemiconductoresII ðVI -> 
Band Gap.

Mrabet,Chokri& Kamoun,Olfa & Boukhachem, A. & Amlouk, Mosbah& Tahar,Manoubi. (2015). Somephysicalinvestigationsonhexagonal-

shapednanorodsof lanthanum-doped ZnO. Journalof Alloysand Compounds. 648. 826-837. 10.1016/j .jallcom.2015.07.009.



M E TA L L I C  N P S:  M E C H A N I S M S

35

Shaikh S, Nazam N, Rizvi SMD, Ahmad K, Baig MH, Lee EJ, Choi I. Mechanistic Insights into the Antimicrobial Actions of Metallic Nanoparticles and Their Implications for 

Multidrug Resistance.International Journal of Molecular Sciences. 2019; 20(10):2468. https://doi.org/10.3390/ijms20102468



P O L Y M E R I C  N A N O PA R T I C L E S

36

Monomers

Greek

Åpoly: many

Åmeros: part or unit

Saleh, Tawfik. (2022). Chapter 8: Properties of nanoadsorbentsand adsorption mechanisms. 10.1016/B978-0-12-849876-7.00010-5.
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P O L Y M E R I C  N A N O PA R T I C L E S

Champion JA, KatareYK, Mitragotri S. Making poly-mericmicro- and nanoparticles of complex shapes. Proc Natl 

AcadSci USA 2007, 104:11901ð11904. doi:10.1073/pnas.0705326104.
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P O L Y M E R I C  N A N O PA R T I C L E S

ElsabahyM, Wooley KL. Design of polymeric nanoparticles for biomedical delivery applications. Chem Soc Rev 

2012, 41:2545ð2561. doi:10.1039/c2cs15327k



P O L Y M E R I C  N A N O PA R T I C L E S

39

FengL,ZhuC, YuanH, LiuL,LvF,Wang S. Conjugatedpolymernanoparticles: preparation,properties,functionalization

and biologicalapplications. ChemSocRev. 2013 Aug21;42(16):6620-33. doi: 10.1039/c3cs60036j.

J. PrasadRao,KurtE. Geckeler. Polymernanoparticles: Preparationtechniquesand size-controlparameters,Progressin

PolymerScience,Volume36, Issue7,2011,Pages887-913. https://doi .org/ 10.1016/j .progpolymsci.2011.01.001.



P O L Y M E R I C  N A N O PA R T I C L E S

40

J. PrasadRao,KurtE. Geckeler. Polymernanoparticles: Preparationtechniquesand size-controlparameters,Progressin

PolymerScience,Volume36, Issue7,2011,Pages887-913. https://doi .org/ 10.1016/j .progpolymsci.2011.01.001.



P O L Y M E R I C  N A N O PA R T I C L E S

41

Del AmoL,CanoA, EttchetoM, SoutoEB,EspinaM, CaminsA, García ML,Sánchez-LópezE. SurfaceFunctionalizationof

PLGANanoparticlesto IncreaseTransportacrossthe BBBfor AlzheimerõsDisease. AppliedSciences. 2021; 11(9):4305.

https://doi .org/ 10.3390/app 11094305

Biodegradable and biocompatible

Alginate Chitosan

Polylacticco-glycolicacid



P O L Y M E R I C  N A N O PA R T I C L E S :  

C O N T R O L L E D  R E L É A S ES Y S T E M S

42

Sobot, D., Mura,S., Couvreur,P. (2014). Nanoparticles: BloodComponentsInteractions. In: Kobayashi,S., Müllen, K. (eds)

Encyclopediaof PolymericNanomaterials. Springer,Berlin,Heidelberg. https://doi .org/ 10.1007/ 978-3-642-36199-

9_227-1



P O L Y M E R I C  N A N O PA R T I C L E S

43

Rao JP, Geckeler KE. Polymernanoparticles: preparation techniquesand size-control parameters. Prog Polym Sci 2011, 36:887ð913.

doi:10.1016/j .progpolymsci.2011.01.001.



P O L Y M E R I C  N A N O PA R T I C L E S  

S Y N T H E S I S

44

ÅAdvantages: scalable, 
controllable size and morphology

ÅDisadvantage: slow process

Solvent 
Evaporation

ÅAdvantages: Simple, rapid, and 
reproducible method

ÅDisadvantage: Limited water-miscible 
solvents

Nanoprecipitation

PulingamT et all. ExploringVariousTechniquesfor the Chemicaland BiologicalSynthesisof PolymericNanoparticles. Nanomaterials. 2022;

12(3):576. https://doi .org/ 10.3390/nano12030576



P O L Y M E R I C  N A N O PA R T I C L E S  

S Y N T H E S I S

45

PulingamT et all. ExploringVariousTechniquesfor the Chemicaland BiologicalSynthesisof PolymericNanoparticles. Nanomaterials. 2022;

12(3):576. https://doi .org/ 10.3390/nano12030576

ÅAdvantages: Producespolymerswith high molar mass. Useswater as a dispersion
medium. Excellentheatdissipation.

ÅDisadvantage: Requiressurfactantremoval.

Å(micro: 10ð100 nm,mini: 100 nmð1 m˃, macro: >1 m˃).

Emulsion
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Polymers
Passives

Actives
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Minimal protein adsorption

Non cytotoxic

Polymer with negative charge, hydrophilic or low surface free energy

Electrostatic repulsions between the polymer and the bacterial cell wall 
prevent adhesion

Passive Polymers

NaveeraNaeem,et al Chapter7 - AntimicrobialGreenComposites,Editor(s): Dr. Inamuddin, Tariq Altalhi,

GreenSustainableProcessfor Chemicaland EnvironmentalEngineeringand Science,Elsevier,2023, Pages

187-206, ISBN9780323951692doi.org/ 10.1016/B978-0-323-95169-2.00012-2.



A N T I B A C T E R I A L  A C T I V I T I E S  O F  
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Passive Polymers

Harris, Llinoset al. (2004). Staphylococcusaureusadhesionto titaniumoxide surfacescoated with non-functionalizedand peptide-

functionalizedpoly(L-lysine)-graft-poly(ethyleneglycol)copolymers. Biomaterials. 25. 4135-48. 10.1016/j .biomaterials.2003.11.033.

Representativefluorescencemicroscopyimagesof S. aureus

adhering to (e) bare titaniumsurface,and (f) PLL-g-PEG

coated titaniumsurface,incubatedstationaryat 37oC for

1h. Fluorescentredox dye, CTC
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Passive Polymers

ZhangD,RenB,ZhangY,LiuY,ChenH,XiaoS,ChangY,YangJ,ZhengJ. Micro- and macroscopicallystructuredzwitterionicpolymerswith

ultralowfoulingproperty. J ColloidInterfaceSci. 2020 Oct15;578:242-253. doi: 10.1016/j .jcis.2020.05.122. .
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A N T I B A C T E R I A L  A C T I V I T I E S  O F  

P O L Y M E R S

Active Polymer

NaveeraNaeem,et al Chapter7 - AntimicrobialGreenComposites,Editor(s): Dr. Inamuddin, Tariq Altalhi,

GreenSustainableProcessfor Chemicaland EnvironmentalEngineeringand Science,Elsevier,2023, Pages

187-206, ISBN9780323951692doi.org/ 10.1016/B978-0-323-95169-2.00012-2.

Membrane destabilization Output of cellular content Death

Electrostatic Interactions

Cell inactivation and 
membrane damage by 
disrupting calcium salt 

bridges and membrane 
receptors.
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A N T I B A C T E R I A L  A C T I V I T I E S  O F  

P O L Y M E R S

Zeng M, Xu J, Luo Q, Hou C, Qiao S, Fu S, Fan X, Liu J. Constructing antibacterial polymer nanocapsulesbased on pyridine 

quaternary ammonium salt. Mater Sci Eng C Mater Biol Appl. 2020 Mar;108:110383. doi: 10.1016/j.msec.2019.11038

SEMobservationof E. coli (A) untreatedcontrol

(no polymer vesiclesor monomers),(B) mixed

withpolymernanocapsules.
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A N T I B A C T E R I A L  A C T I V I T I E S  O F  

P O L Y M E R S

Fig. 8 (A) Chemicalstructureof main chain sulfonium-

containinghomopolymer. (B)CLSMimagesof C. albicans, E.

coli and S. aureusconstructedbiofilms treated with the

control solutionand PS+-C6. Treatmentwith the PS+-C6

polymer for 24 h, thick biofilms produced mostly red

fluorescentsignals that signified the existenceof dead

microorganisms; however,most of the cells in the control

groupswerestillalive

X. Wang, G. Wang, J. Zhao, Z. Zhu and J. Rao, ACS Macro Lett., 2021, 10, 1643ð1649
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A N T I B A C T E R I A L  A C T I V I T I E S  O F  

P O L Y M E R S

ACS Macro Lett. 2019, 8, 651657. 10.1021/acsmacrolett.9b00142

Chitosan (CS) nanoparticles encapsulated with 

poly(2-methacryloyloxyethyl phosphorylcholine 

(PMPC)) and loaded with antimicrobial 

(triclosan)
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Figure 2. Penetrationand accumulationof different

Cy5-labeled nanocapsules(red) into a S. aureus

ATCC12600 GFPbiofilm (green). (a) Three-dimensional

confocal laser scanning micrographs, showing

penetrationand accumulationof nanocapsulesinto a S.

aureusbiofilm(scalebar, 50 m˃ (b) Fluorescenceimages

of the attachment of different Cy5-labeled

nanocapsules(red) to S. aureusATCC12600GFP(green)

cellsurfacesin PBSat pH 5.0 (scalebar, 2 m˃).

ACS Macro Lett. 2019, 8, 651657. 10.1021/acsmacrolett.9b00142



C AT H E T E R S  S U R FA C E  M O D I F I C AT I O N S

ÅUse of polymers with bactericidal 

properties.

ÅLow cost.

ÅUse of FDA-approved materials.

ÅCombined with active molecules 

(NPs/ATB).

56

Ramasamy M, Lee J. Recent Nanotechnology Approaches for Prevention and Treatment of Biofilm-Associated Infections on Medical Devices. Biomed Res Int. 

2016.



C H A L L E N G E S
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Biocompatibility

Long-term cytotoxicity

Tissue accumulation

Metabolization/Excretion
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Modena MM, Rühle B, Burg TP, Wuttke S. Nanoparticle

Characterization: What to Measure? Adv Mater. 2019

Aug;31(32):e1901556. doi: 10.1002/adma.201901556.
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Mayorga-Ramos A, Carrera-Pacheco SE, Barba-OstriaC, GuamánLP. Bacteriophage-mediated approaches for 

biofilm control. Front Cell Infect Microbiol. 2024 Oct 7;14:1428637. doi: 10.3389/fcimb.2024.1428637. 


