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The Scale of Things

http://www.nature.com/scitable/topicpage/what-is-a-cell-14023083

• Human hair 50,000 nm

• Bucky ball 1 nm

• Water molecule .2 nm

• Violet light 400 nm

• Cold virus 30 nm

• Bacteria 1-10 um

• Small protein 10 nm



NanoBiotechnology & Nanomedicine

Human hair width: 30 – 100 um  150 – 500 nm



What is Nanotechnology ?

Nanotechnology is the engineering of functional systems at the 
molecular scale. In its original sense, 'nanotechnology' refers to the 
projected ability to construct items from the bottom up, using 
techniques and tools being developed today to make complete, 
high performance products

Semiconducting metal junction formed      

by two carbon nanotubes An engineered DNA strand



Nanotechnology

• Nanotechnology is the study of particles 

1x10-9 of a meter in size.

• Over the past decade the field has gained tremendous ground, 
including nanomedicine.

• Nanomedicine is the application of nanotechnology to do 
everything from precise delivery of drugs to cell repair.



Definition of Nanomedicine

• Nanomedicine is defined as the monitoring, repair, cons
truction and control of human biological systems at the 
molecular level, using engineered nanodevices and nan
ostructures.

• The detection and controlled manipulation of human bi
ological system at the molecular level via engineered na
nodevices and/or nanostructures.

“An Engineered Nanodevice”
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Nanomedicines for diagnosis and therapy



The Properties of Medical Nanodevices

-Shape and size
-Biocompatibility
-Powering
-Communication
-Navigation



Potential applications of Nanomedicine



Drug Delivery

• Drugs normally injected can be injested.

• The rate at which the drug stays in the body 
can be manipulated. 약리학 (Pharmacokinetics, 
PK-약동학, Phamacodynamics, PD-약력학)

• Provides for lower doses needed.



Drug Delivery



Methods of Drug Delivery



Improved Imaging and Diagnostics



Multimodal Tumor imaging

Biomaterials, Xie et al., 2010.

(A) Schematic illustration of the multi-funtional HSA-IONPs. (B) Representative in vivo NIRF images of mouse injected with HSA-IONPs. Images 
were acquired 1 h, 4 h and 18 h post injection. (C) In vivo PET imaging results of mouse injected with HSA-IONPs. Images were acquired 1 h, 4 
h and 18 h post injection. (D) MRI images acquired before and 18 h post injection.



Tooth Cleaning Robots



Lung Cleaning Robots



Artery Cleaning Robots



Improving the memory



Practical Application of Nanomedicine

• Diagnostic 

Imaging and identification

• Therapeutic

Delivering medication to the exact location.

Killing of bacteria, viruses & cancer cells

Repair of damaged tissues.



Improved Imaging of Tumors

• Nanoparticles made of a metal such as 
magnesium oxide.

• Coated with antibodies found specifically in 
cancer cells.

• Nanoparticles localize around cancer.

• MRI done would should a more detailed image 
of where the cancer is.



Imaging



Advantages of nanomedicine

• Drug delivery to the exact location.

• Lesser side effects.

• Molecular targeting by nano engineered devices

• Detection is relatively easy.

• No surgery required.

• Diseases can be easily cured.



Disadvantages 

• Nearly not practical yet.

• High cost.

• Implementation difficulties.



Nanodreams



Nanohorrors



Summary

• Although realization of the full potential of nanomedicine may b
e years or decades away, recent advances in nanotechnology-rela
ted drug delivery, diagnosis, and drug development are beginnin
g to change the landscape medicine. 

• Nano therapies could, in the long term, be much more economic
al, effective and safe and could greatly reduce the cost of current 
medical procedures.

• Therefore, Nanomedicine is future medicine.



Types of nanomedicines



Theranostics 2014, 4, 290

Schematic representation of typical nano cores for the construction of radiolabeled nanoparticles



Liposomes





Importance of nanomedicine for cancer treatments



Magneto-fluorescent core-shell supernanoparticles (red emission) 
can be separated from non-magnetic silica-coated quantum dots 
(green emission) using a magnetic column.

Video of Magnetic Separation of Magneto-Fluorescent 
Supernanoparticles (video from Bawendi Group, MIT)



Polymeric micelles



Other types of polymeric micelles

(cisplatin)



Dendrimers

Poly(amidoamine, PAMAM)



Advantages of Dendrimers



Hydrogels Nanoparticles



Vasculogenesis and Angiogenesis



Angiogenesis in cancer



Enhanced Permeability and Retention Effect



Leaky blood vessels in tumors



Passive tumor targeting by EPR effect



Tumor targeting in nanomedicine





Synthesis and fabrication of inorganic nanomaterials



Growth of colloidal nanocrystals by reduction
in the presence of surfactants



Molecular surfactant template growth of nanoparticles



Different solute interaction possibilities can occur



Synthesis of nanoparticles using reverse micelles



Nanoparticles stabilization against aggregation





Quantum dots (QDs)



Synthesis of CdSe nanocrystals by injection of cadmium and selenium precursors into a high boiling point 
coordinating solvent at 360 degrees C. Intense color results from the quantum confinement effect on the electron 
as a result of the nanocrystal size being less than the Bohr radius of the exciton. Thus, larger particle size results 
in a red-shift in the emission. A size series was generated by allowing the crystals to grow at 280 degrees C. Over 
a period of 2 minutes, the fluorescence spectrum from 515 nm to 635 nm was covered. 

Video of Nanocrystal Synthesis (video from Bawendi group at MIT)





Y. Yin and A. P. Alivisatos, Nature, (2005) 664-670



Fullerene: A form of carbon

A fullerene is a molecule of carbone in the form of a hollow sphere, ellipsoid, tube, and many other shapes. 
Spherical fullerenes are also called Buckminsterfullerenes (buckyballs)



Different types of nanotubes





Other techniques for surfaces



Contact angle methods

Tilting plate method Add and remove volume method



Electron spectroscopy for chemical 
analysis (ESCA)

ESCA (also known as X-ray photoelectron spectroscopy, XPS) is based on the 
photoelectron effect.  A high energy X-ray photon can ionize an atom, 
producing an ejected free electron with kinetic energy KE:

KE = hv-BE

hv =photon energy (e.g., for Al Kalpha, hv = 1486.6 eV)
BE=energy necessary to remove a specific electron from an atom.  BE      
orbital energy

Depth profiles: 0.5-10 nm, AES. 0.5-5 nm, Secondary Ion Mass Spectroscopy (SIMS): 0.1-1 nm



AES, XPS, TOF-SIMS

AES XPS TOF-SIMS

Probe beam 

Analysis beam

Electrons

Electrons

Photons

Electrons

Ions

Ions

Sampling Depth 5-50 Å 5-50 Å 1-10 Å

Detection Limits 1 x 10-3 1 x 10-4 1 x 10-6

Information Elemental, SEM Elemental, Chemical Elemental, Chemical, 

Molecular

Spatial Resolution ~100 Ao ~10 mm ~1000 Ao

Restriction Inorganics

(e-beam damage of organics 

a major problem)

Few Quantification 

Standards

Required







Unsolved issues

Long-term toxicity

Biomarkers library

Success in human tri
als

3-D spatial resolution

Signal penetration



Challenges

• Multiple modality and functional nanoparticles

• Fight against the tendency of nanoparticles to be 
adsorbed by reticuloendothelial system

• Avoid aggregation of nanoparticles for in vivo 
viability

• Improve retention times of the nanoparticles 
inside the body to allow the therapeutic effect

• Substitute potentially toxic elements



Challenges

• Compromise between coating and hydrodynamic 
radius

• Eliminate the inflammatory and immune response 
triggered by some polymer coatings 

• Avoid undesired degradation exposing toxic 
elements (QD) or untimely delivering cargo 

• Increase contrast for human medical imaging 
(tissues are naturally fluorescent)


