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• Size dependent emission spectra
• Single excitation
• Higher photostability
• Narrow emission peak
• Low toxicity for coated quantum dots









Optical Properties

• Broadband Absorption
– Single laser excitation

• Sharp Emission
– 20-30 nm symmetric emission 

• High Quantum Yield
– 20 x more than R6G

• Good Photostability
– 100 x more stable for R6G (4 Hrs vs 10 mins)

• Loner fluorescent lifetime (20-40 ns vs 5 ns)



Structure 
• Core quantum dot

– CdSe, hydrophobic, not stable, lower QE (~5%)
– Defects =>Trap state 

• Core-shell quantum dot
– ZnS/CdSe, hydrophobic, stable, higher QE (~50%)
– Coated with higher bandgap materials or passivation

reduces defects
• Water soluble quantum dot

– Hydrophilic polymer coating
• Quantum dot bioconjugation

– Bioconjugate to hydrophilic quantum dot







Photo Stability



Size of Quantum dots



Surface Modification



Q-dot labeling Schemes



Biotinylation

NHS-Biotin

SulfoNHS-Biotin

Maleimido-Biotin

Biotin

Biotin is very easy to attach to most biomolecules, and then to detect. This 
244Da vitamin binds with one of the highest affinity amongst biomolecules, 

to both avidin (Ka=10-15 M-1) and streptavidin (Ka=10-14 M-1).
This is taken to advantage in detection and separation techniques 



Biotin Labeling





Multicolor Labeling 



Encoding





Cell Culture



Hemacytometer



Fluorescence Imaging Scheme



Quantum Dot Bio-conjugation



Q-dot Aggregation

Clustering Clustering

Non-Clustering



Biotinylated Cell 

Cell + Biotin



Q-dot Antibody Labeling
ab-Q-dot anti-ab-Q-dotQ-dot Q-dot



Peptide Angiotensin II (AnG II) 
mPEG-Amine-Conjugated AMP coated CdSe/ZnS

Cell lines:
1) CHO cell  parental line
2) CHO cell expressing Ang II receptor



Ang II Labeled Q-dot



Ang II Q-dot and Alexa-488



Multiple color + multiple intensity

6 color, 10 intensity = 10 x 10 x 10 x 10 x 10 x 10 = 106 coding

Carrier : polystyrene nanobeads, 
polystyrene microbeads, mesoporous silica microbeads

Multiplexing for high throughput screening 







Setup



Gold Nanoparticles

• Pregnancy test (40 nm gold nanoparticles)
• High extinction coefficient 2 x 109

(fluorescein 7 x 104)
• Easy to modify through thiol chemistry
• Size dependent extinction peaks







Gold Surface Modification



SAM for Surface Modification























Surface Functionalization




























