
Advanced Nanotechnology (B)

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



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



Deep Tech

Nano + Info



AI



Tentative Schedule
• 3/7 Introduction: Nuclear Acids and Amino 

Acids, Proteins
• 3/14 Glycobiology and lipid
• 3/21 Dr. Tung
• 3/28 Dr. Tung
• 4/11 NPs Synthesis and Characterization
• 4/18 NP for Diagnostic and Therapeutic
• 4/25 Imaging or other updated topic
• 5/2 AI
• 5/16 AI



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



Where Do We Come From? What 
Are We? Where Are We Going?

Artist Paul Gauguin
Year 1897–1898

French: D'où venons-nous ? Que sommes-nous ? Où allons-nous ?



A Common Language through Lives 



Central Dogma of Molecular Biology



•In RNA, the sugar is ribose.
•In DNA, the sugar is deoxyribose.









DNA Double Helix Structure



Chemical Bond Energy



Hydrogen Bond Energy

Strong hydrogen bonds of 20-40 kcal/mole

Weak hydrogen bonds of 1-5 kcal/mole

Normal hydrogen bond 3 - 12 kcal/mole



Disulfide Bond Energy

This bond length is 2.2 Å and bond energy is 60 
kcal/mol.





E=3/2 RT
R= 1.987 cal/mol/K

E=3/2 1.987 x 300 ~ 0.9 Kcal

Thermal Energy







https://youtu.be/TNKWgcFPHqw





















Triple and Quadruple Strained DNA



DNA G-quadruplex (G4)

Trends in Chemistry, February 2020, Vol. 2, No. 2 P123















Post Transcription Modification of RNA

1. RNA capping
2. PolyA tail
3. Splicing







DNA Methylation and Histone Acetylation





RNA Sequence







Self-Assembly Process in 
Nature



Definition of Life





Figure 1 

Cell 2009 136599-602DOI: (10.1016/j.cell.2009.02.002) 
Copyright © 2009 Elsevier Inc. Terms and Conditions

RNA World

http://www.elsevier.com/termsandconditions










PCR

https://www.youtube.com/watch?v=JRAA4C2OPwg











https://www.youtube.com/watch?v=1kvy17ugI4w

Real-time PCR

https://www.youtube.com/watch?v=1kvy17ugI4w








DNA Sequencing



DNA Sequencing

https://www.youtube.com/watch?v=vK-HlMaitnE

https://www.youtube.com/watch?v=vK-HlMaitnE


Dye Terminations





Human Genome Project

1990 15-year project 3B USD
20 groups



GeneChip



Scheme



cDNA Microarray



NGS Illumina

100-150 bp



NGS Illumina
https://www.youtube.com/watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=fCd6B5HRaZ8


The current version of the human 
genome reference assembly, 
GRCh38.p14 (GRCh38), has 
millions of bases represented by 
the letter “N,” which means that 
the actual base residing at that 
location is unknown.

There are also 169 sequences that 
cannot confidently be ordered or 
oriented within the assembly, 
typically owing to their repetitive 
nature
Until recently, limitations of 
sequencing technology, primarily 
that the sequencers could read no 
more than about 1000 bases at a 
time,
The HGP opted for a more 
structured approach. This involved 
cloning genomic DNA into pieces 
that could be grown in bacteria 
(clones) and indexed in 96-well 
plates. Clones from these libraries 
were first mapped to chromosome 

i  th  i di id ll  d



A next-generation human genome sequence, Volume: 376, Issue: 6588, Pages: 34-35, DOI: (10.1126/science.abo5367) 

An important attribute of the 
human reference assembly is that 
the source DNA was derived from 
multiple individuals.

when two clones from different 
haplotypes of an individual are 
adjacent in the reference assembly, 
this can create sequence 
representations that are not 
normally found in the population

T2T Consortium, eliminated the 
problem of allelic diversity by 
sequencing the genome of a cell 
line derived from a complete 
hydatidiform mole (CHM).

This is duplicated so that the cell contains 
two copies of the same parental genome





•Automatic release of sequence assemblies larger than 1 kb 
(preferably within 24 hours).
•Immediate publication of finished annotated sequences.
•Aim to make the entire sequence freely available in the 
public domain for both research and development in order to 
maximise benefits to society.

Bermuda Principles



300M USD
2.9 bbp
9 months
5 donors
5.1 folds
Whole-genome shotgun



coverage depth
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