
Synthesis of Nanoparticles 
and Surface Modifications



Self-Assembly

• Static assembly
• Dynamic assembly

– RT = 8.314 J/mol x 300 = 2.4 kJ/mol
• Driving forces

– Chemisorption
– Surface effect
– Hydrophobic-hydrophilic
– Intermolecular forces
– Capillary force 



Langmuir-Blodgett Films



Langmuir-Blodgett Films



Isotherm



Self-Assemble Monolayer 
(SAM)

S-Au  25-30 Kcal/mole
Si-O 190 kcal/mole









Temperature Programmed Desorption



Self-Assembly

• Substrates
• Interstitial adhesion layer
• Noble metal layer
• Organo-sulfur



Organosilanes



Metal Reduction



1. A solution of AgNO3 (1.0 x 10-3 M) in deionized water was 
heated until it began to boil.

2. Sodium citrate solution was added dropwise to the silver 
nitrate solution as soon as the boiling commenced. The color 
of the solution slowly turned into grayish yellow, indicating 
the reduction of the Ag+ ions. 

3. Heating was continued for an additional 15 min, and then the 
solution was cooled to room temperature before employing 
for further experimentation.

Synthesis of Silver Nanoparticles



1. Add 20 mL of 1.0 mM HAuCl4 to a 50 mL round bottom flask 
on a stirring hot plate.

2. Add a magnetic stir bar and bring the solution to a boil. 
3. To the boiling solution, add 2 mL of a 1% solution of 

trisodium citrate dihydrate
4. The gold sol gradually forms as the citrate reduces the 

gold(III). Stop heating when a deep red color is obtained.

Synthesis of Gold Nanoparticles



1. Under vigorous stirring, 1 ml of the silver/ gold colloids solution was mixed with
250 mL of isopropanol and 25 mL of deionized water.

2. Immediately after the addition of 4 mL of 30% ammonium hydroxide, different
amounts of tetraethoxysilane (TEOS) were added to the reaction mixture.

3. To obtain different silica layer thicknesses, TEOS solutions with a concentration
between 50% and 100% was added to the suspension. The reaction was stirred
at room temperature for 30 minutes and then was allowed to age without
agitation at 4°C overnight.

4. Each suspension of silica-coated silver/gold nanoparticles was washed and
centrifuged, followed by re-suspension in water. The thickness of the silica
layers was determined from TEM images .

Construction of Core Shell Ag/Au@SiO2 Nanoparticles 



Core-Shell Nanoparticles







1. To the magnetic nanoparticle suspension obtained from commercial company, 
add 50 ml of a solution of Au (III) salt or Ag (I) salt at concentration of 0.01–1% 
mmol/L , shaking for 30 minutes, allowing Au (III) or Ag (I) ion to absorb on the 
surface of magnetic nanoparticle sufficiently, 

2. Then adding 15–40 ml of reducing agent, such as hydroxylamine hydrochloride 
at concentration of 40 mmol/L, reacting for 5–40 minutes.

3. Further adding 1–10 ml of a solution of Au (III) salt or Ag (I) salt at concentration 
of 0.01–1%, shaking for 10 minutes, coating a reduced layer of gold or silver on 
the surface of the magnetic nanoparticle, forming super-paramagnetic 
composite particles having core/shell structure, separating magnetically, 
washing repeatedly with distilled water. 

. 

Preparation of Fe3O4@Ag/Au



Synthesis of Quantum Dots
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Cooperative UV and PL spectra of CdSe core



20mL (31mg, 0.16 mmol) colloidal solution of CdSe QDs from stock solution (54mg

dissolved in 35mL toluene) was placed in a two-neck flask. TOPO (6g) and HAD (6g) were

added and then toluene was removed through vacuum, flask refilled with nitrogen. The

reaction mixture was heated at 350 0C for two hours. In another flask zinc acetate in 1:3 ratio

with respect of CdSe and was dissolved in 4mL of oleic acid stirred at 120 0C for 2 hours

obtained a light yellow coloured solution and temperature reduced to 60-70 0C. After cooling

to room temperature, TOPSe was mixed with Zn salt solution. And the mixture was injected

slowly through syringe in to reaction solution of CdSe-TOPO at 180-200 0C. The stirring was

done for another an hour. The similar procedure was followed for work up of reaction as avobe

experiment. The final product was re-dispersed in toluene.

Synthesis of CdSe/ZnS Quantum Dots
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Nanorods



Directional Growth
Cetrimonium bromide ((C16H33)N(CH3)3Br)  (CTAB) 

Ascorbic acid 





Nanorods



Nanocube and Nanorice



Template Synthesis



Porous Materials

• AAO
• MCM-41

• Micro-
• Meso
• Macro-



Polymer



Block copolymer



Phase Segregation



Surface Functionalization

• Recognition
– Molecular Recognition

• Protein
• DNA
• Saccharide

• Reporting/Detection
– Dye
– Quantum dots
– SPR
– SERS/LSPR

• Separation
– Gel/Chromatography
– Magnetic

• Surfaces
– Gold and silver
– Silicon oxide (glass)
– Quantum dots
– Polymer



Carboxyl Presenting Surfaces

EDC (1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide Hydrochloride) 



Amine Presenting Surface



Sulfhydryl Labeling



Silica Modification















Molecular Recognition



Antibody and Antigen



Enzyme-Linked ImmunoSorbent 
Assay (ELISA)

Labeling
BSA/PEG



Microarray



Microarray







Glass Surface Modification





Biotin-Streptavidin



Biotin

Avidin has a very strong affinity for biotin with a KD
(dissociation constant) of approximately 10-15 M-1





Protein Labeling



Amine Reactive Labeling

NHS ester



Sulfhydryl Labeling



SulfoSuccinimidyl-4-(N-Maleimidomethyl)Cyclohexane-1-Carboxylate
SSMCC 

The most popular NH2- and SH- crosslinker

NH2 => amide

R1NH2 + NHS-R2 = >R1NHC=OR2

N-hydroxysuccinimide



N-hydroxysuccinimide (NHS)

N-hydroxysuccinimide



His Tag



GeneChip



Scheme



cDNA Microarray



Protein Array



BSA Blocking



Cell Array



Surface Plasmon Resonance  
(SPR)



Glucose Sensor



hCG immunoassay

human chorionic gonadotropin (hCG)



Nucleotide Sensor



Microfluidic Immunoassay



Chromatography



Reverse Phase



Surface Plasmon





AC Dielectric Response 

Plasma frequency





Biomolecular Binding in Real 
Time

Principle of Detection - SPR (Surface Plasmon Resonance)



Gold-Dextran Surfaces

SPR (Surface Plasmon Resonance)
Detection System

Microfluidic System





Localized Plasmon





































Tip Enhanced Raman



Droplet of AG nano particles labelled with Rodamine 6G on cover glass

Experiment Parameters:

Excitation Laser: 532 nm
Scan Range: 4 µm x 4 µm
Resolution: 100 x 100 pixel
Integration Time: 110 ms per spectrum
Feedback: SNOM AC Mode

Topography Averaged Spectra of Marked AreaIntegral Intensity of Raman 
Peak @ 1650 rel. 1/cm

Near-Field Raman Microscopy



Periodic Hole Array




