
Advanced Nanotechnology (B)

 Class hour: every Friday, 09:30-12:10
 Classroom: P101, 1F, IoP



Tentative Schedule
• 2/23 Introduction
• 3/1 Nuclear Acids, DNA, RNA, Sequencing
• 3/8 Amino Acids, Proteins, proteomic
• 3/15 Glycobiology and lipid
• 3/22 Synthesis and Characterization of NPs
• 3/29 NPs for diagnostic
• 4/12 NPs for Therapeutic
• 4/19 Imaging or other updated topic
• 4/26 Dr. Tung
• 5/3 Midterm



• Friday 9:30-12:10
• Midterm: 5/3 (60%, tentative)
• Final: 6/7 (Dr. Tung, 40%, tentative)

• Dr Tung: 4/26, 5/10, 5/17, 5/24, 5/31



What is Nanotechnology?
• Nanotechnology is the science, engineering, 

and technology conducted at the nanoscale, 
which is about 1 to 100 nanometers.

• Significance: Manipulating matter on an 
atomic, molecular, and supramolecular scale 
for the fabrication of macro-scale products.

• Applications: medicine, electronics, 
biomaterials, energy production, and 
environmental protection



Faraday’s Gold Sol

1856
20-40 nm gold



What is nano?
http://cohesion.rice.edu/CentersAndInst/CNST/emplibrary/Scale%20of%20Nanotechnology.jpg



Chips fabricated by the Optical 
Lithography



Lithography Roadmap



Lithography Roadmap



Self-Assembly Monolayers



Self-Assembly Monolayers



Molecular Electronic



A busy cellular factory



One molecule in one drop of water

1 drop of water = 1/20 cc

1/(6 x 10^ 23)/(1/20) = 3 x 10^-20 M

(1 um)^3 = 10^-12cc=10^-15l
1/(6 x 10^ 23)/10^-15l = 1.6 nM



Virus Reproduction



Central Dogma



Definition of Life



Early Live on Earth



Miller-Urey experiment (1953)

Amino acids



1. Primordial Soup Theory
This theory suggests that life began in a "primordial soup" of organic molecules. In the 
early Earth's oceans, energy from the sun, volcanoes, and lightning helped synthesize 
simple organic compounds from inorganic substances. The famous Miller-Urey 
experiment in 1953 supported this idea by producing amino acids from a mixture of 
water, methane, ammonia, and hydrogen, exposed to electric sparks to simulate 
lightning.

2. Hydrothermal Vent Theory
Another hypothesis posits that life originated at hydrothermal vents on the ocean floor, 
where mineral-laden water provides a rich source of chemicals. These vents could 
create the right conditions for organic molecules to form and concentrate, protected 
from the harsh environment of early Earth's surface. The vents offer a stable, energy-
rich environment, with temperature gradients that could drive the formation of complex 
molecules.

3. Panspermia
Panspermia suggests that life, or the building blocks of life, did not originate on Earth 
but were brought here from space, possibly by meteorites, comets, or cosmic dust. 
This hypothesis is bolstered by the discovery of amino acids and other organic 
compounds in meteorites. However, while panspermia could explain how life's building 
blocks arrived on Earth, it does not explain the origin of life itself.



4. RNA World Hypothesis
The RNA World Hypothesis proposes that before DNA and proteins, life was based on 
RNA molecules. RNA can store genetic information like DNA and catalyze chemical 
reactions like enzymes, which makes it a good candidate for the earliest form of life. 
This theory suggests that self-replicating RNA molecules were the first forms of life, 
eventually leading to the DNA and protein-based life we see today.

5. Lipid World Hypothesis
This theory focuses on the role of lipids in forming the first cell membranes. It suggests 
that lipid molecules spontaneously formed bilayers (similar to modern cell membranes) 
that could encapsulate and protect organic molecules, facilitating the chemical 
reactions needed for life.

6. Deep-Sea Alkaline Hydrothermal Vent Theory
A variation on the hydrothermal vent theory, this hypothesis suggests that life began at 
alkaline hydrothermal vents, where warm, pH-neutral water could have mixed with the 
ocean's more acidic water, creating a natural proton gradient—a driving force for 
energy production in all living cells today.



Topics
Fundamental Knowledge and Current Literatures

• Analytical Chemistry
• Spectroscopic tools
• Microarray
• Cell-surface interaction

Ultrasensitive detection
• Physical Chemistry
• Single molecular behavior (Optical and AFM) 
• Optical properties of Q-dot 
• SERS
• Surface plasmon
• Material Chemistry:
• Nanomaterials: Q-dot, nanoparticle, DNA assembly
• Surface functionalization
• Drug delivery
• DNA, Protein, Cell interactions
•

New Development in Nanobiotechnology



Properties of Nanomaterials



Review of General Chemistry, 
Biochemistry and Cell Biology

Amino Acid
Nuclear Acid
Carbohydrate
Lipid



Imaging: 2018, 2015, 2014, 
2010, 2008
DNA Sequencing: 2022, 
2020, 2019, 2016, 2013  
Organoid: 2017



Year 2022
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