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Nanoimprint Lithography
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Step and Flash Imprint Lithography



Nanoimprintors

NX-2000, Nanoimprintor, Nanonex



Imprinting Result



Challenges 

• Mask Fabrication (1:1)
• Lift-off process
• Resist
• Mask Design



Soft Lithography



Soft Lithography





Micro-contact Printing



Micro-contact Printing



Micro-contact Printing
http://mrsec.wisc.edu/Edetc/nanolab/print/text.html



Micro-contact Printing



Self-Assemble Monolayer (SAM)

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















Patterning of organic single 
crystals

Nature 444, 913-917(14 December 2006) 

















http://www.pnas.org/cgi/reprint/102/4/975



Fig. 11. A series of patterns that confine cells to approximately the same 
projected geometry (visualized by the actin cytoskeleton) but distribute the 
focal adhesions (FAs; visualized by immunostaining for vinculin) differently. 
The bottom row shows that new focal adhesions formed 1 h after release in 
areas that were inert to attachment of cells prior to release (arrowheads).



Soft-Lithography





Replication Result



CVD Carbon Nanotube



LP CVD



Atomic Layer Deposition



Molecular Beam Expitaxy (MBE)



MBE



Template Synthesis









Project IV: Growth of 1D Nanofibers 
Using AAO Templates



AAO Templates
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Nanosphere LithographyNanosphere Lithography

Single layerSingle layer
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Optical Image of PS Template

800 nm PS



Nanosphere LithographyNanosphere Lithography

350 nm

400 nm

550 nm
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Single Layer TemplatesSingle Layer Templates

200 nm

550 nm280 nm



Double Layer TemplatesDouble Layer Templates

200 nm

550 nm400 nm



Sol-Gel
Sol: a colloidal suspension of solid particles within a liquid
Gel: a solid that contains liquids within its pore structures



Si(OR)4 + H2O —> HO-Si(OR)3 + R-OH 
(OR)3–Si-OH + HO–Si-(OR)3 —> [(OR)3Si–O–Si(OR)3] + HOH 
(OR)3–Si-OR + HO–Si-(OR)3 —> [(OR)3Si–O–Si(OR)3] + ROH 



X-ray Diffraction



Miller Index



Scherrer Equation



Quartz Crystal Microbalance (QCM)



Dynamic Light Scattering



Nanomaterials
• Metals and Alloys

– Fe, Al, Au
• Semiconductors

– Band gap, CdS, TiO2, ZnO
• Ceramic

– Al2O3, Si3N4, MgO, , SiO2, ZrO2

• Carbon based
– Diamond, graphite, nanotube, C60

• Polymers
– Soft mater, block co-polymer

• Biological
– Photonic, hydrophobic, adhesive,

• Composites



Surfaces

• Collective surface area of nanocube 1 nm
• Porous materials

– Micropore (<2 nm)
– Mesopore (2 nm ~ 50 nm)
– Marcopore (> 50nm)

• Void volume
– Vpore/Vmaterial



Surface to Volume Ratio
Au: AAA
Atomic mass: 196.967
Density 19.31
Radii =0.144 nm

Number of Au atoms in 1 m 3.4 109

Volume of Au atom 4.19 1028

Surface area Au atom 7.22 1019

Surface/volume ratio 1.72 10-9



Review of Biochemistry





Chemical bond



Functional Groups





Amino Acid







Protein Structure and Function
• Proteins are polymers of amino acids.  
• Each amino acids in a protein contains a amino group, -

NH2, a carboxyl group, -COOH, and an R group, all 
bonded to the central carbon atom.  The R group may be 
a hydrocarbon or they may contain functional group.

• All amino acids present in a proteins are α-amino acids
in which the amino group is bonded to the carbon next to 
the carboxyl group.

• Two or more amino acids can join together by forming 
amide bond, which is known as a peptide bond when 
they occur in proteins.



Peptide bond



Primary Protein Structure
• Primary structure of a proteins is the sequence 

of amino acids connected by peptide bonds.  
Along the backbone of the proteins is a chain of 
alternating peptide bonds and α-carbons and 
the amino acid side chains are connected to 
these α-carbons.



• By convention, peptides and 
proteins are always written with the 
amino terminal amino acid (N-
terminal) on the left and carboxyl-
terminal amino acid (C-terminal) on 
the right.

N           CN           C



Secondary Protein Structure

• Secondary structure of a protein is the 
arrangement of polypeptide backbone of 
the protein in space.  The secondary 
structure includes two kinds of repeating 
pattern known as the α-helix and β-sheet.

• Hydrogen bonding between backbone 
atoms are responsible for both of these 
secondary structures.





• Protein shape determining interactions 
are summarized below:

• Hydrogen bond between neighboring 
backbone segments.

• Hydrogen bonds of side chains with 
each other or with backbone atoms.

• Ionic attractions between side chain 
groups or salt bridge.

• Hydrophobic interactions between side 
chain groups.

• Covalent sulfur-sulfur bonds.







�α-Helix: A single 
protein chain coiled 
in a spiral with a 
right-handed 
(clockwise) twist.



�β-Sheet: The polypeptide chain is held in place 
by hydrogen bonds between pairs of peptide units 
along neighboring backbone segments.





Shape-Determining Interactions 
in Proteins

•The essential structure-function relationship 
for each protein depends on the polypeptide 
chain being held in its necessary shape by 
the interactions of atoms in the side chains.  



Tertiary Protein Structure
•Tertiary Structure of a proteins The overall 
three dimensional shape that results from the 
folding of a protein chain.  Tertiary structure 
depends mainly on attractions of amino acid 
side chains that are far apart along the same 
backbone.  Non-covalent interactions and 
disulfide covalent bonds govern tertiary 
structure.
•A protein with the shape in which it exist 
naturally in living organisms is known as a 
native protein.







Quaternary Protein Structure

•Quaternary protein structure: The way in 
which two or more polypeptide sub-units 
associate to form a single three-dimensional 
protein unit.  Non-covalent forces are 
responsible for quaternary structure 
essential to the function of proteins.









Chemical Properties of Proteins

• Protein hydrolysis: In protein hydrolysis, 
peptide bonds are hydrolyzed to yield 
amino acids. This is reverse of protein 
formation.





• Protein denaturation: The loss of 
secondary, tertiary, or quaternary protein 
structure due to disruption of non-covalent 
interactions and or disulfide bonds that 
leaves peptide bonds and primary 
structure intact.  



Catalysis by Enzymes

• Enzyme A protein that acts as a catalyst 
for a biochemical reaction.



Enzymatic Reaction



Specificity



The specificity of an enzyme The specificity of an enzyme 
for one of two for one of two enantiomersenantiomers
is a matter of fit.  One is a matter of fit.  One 
enantiomerenantiomer fits better into fits better into 
the active site of the enzyme the active site of the enzyme 
than the other than the other enantiomerenantiomer.  .  
Enzyme catalyzes reaction Enzyme catalyzes reaction 
of the of the enantiomerenantiomer that fits that fits 
better into the active site of better into the active site of 
the enzyme.the enzyme.



Enzyme Cofactors

• Many enzymes are conjugated proteins 
that require nonprotein portions known as 
cofactors. 

• Some cofactors are metal ions, others are 
nonprotein organic molecules called 
coenzymes.

• An enzyme may require a metal-ion, a 
coenzyme, or both to function.



Cofactor



• Cofactors provide additional 
chemically active functional groups 
which are not present in the side 
chains of amino acids that made up 
the enzyme.

• Metal ions may anchor a substrate 
in the active site or may participate 
in the catalyzed reaction.



How Enzyme Work

• Two modes are invoked to represent the 
interaction between substrate and enzymes.  
These are:

• Lock-and-key model: The substrate is described 
as fitting into the active site as a key fit into a lock.

•• InducedInduced--fitfit--modelmodel: The enzyme has a flexible : The enzyme has a flexible 
active site that changes shape to accommodate active site that changes shape to accommodate 
the substrate and facilitate the reaction.the substrate and facilitate the reaction.







19.5 Effect of Concentration on 
Enzyme Activity

•Variation in concentration of enzyme or 
substrate alters the rate of enzyme 
catalyzed reactions.
• Substrate concentration:  At low 
substrate concentration, the reaction rate is 
directly proportional to the substrate 
concentration.  With increasing substrate 
concentration, the rate drops off as more of 
the active sites are occupied.



Fig 19.5  Change of  reaction rate with substrate Fig 19.5  Change of  reaction rate with substrate 
concentration when enzyme concentration is constant.concentration when enzyme concentration is constant.



• Enzyme concentration: The reaction rate 
varies directly with the enzyme concentration as 
long as the substrate concentration does not 
become a limitation, Fig 19.6 below.



19.6 Effect of Temperature and 
pH on Enzyme Activity

•Enzymes maximum catalytic activity is 
highly dependent on temperature and pH.
• Increase in temperature increases the 
rate of enzyme catalyzed reactions.   The 
rates reach a maximum and then begins to 
decrease.  The decrease in rate at higher 
temperature is due to denaturation of 
enzymes.  



Fig 19.7 (a) Effect of temperature on reaction rateFig 19.7 (a) Effect of temperature on reaction rate



• Effect of pH on Enzyme activity: The 
catalytic activity of enzymes depends on pH and 
usually has a well defined optimum point for 
maximum catalytic activity Fig 19.7 (b) below.



19.7 Enzyme Regulation: 
Feedback and Allosteric Control

•Concentration of thousands of different 
chemicals vary continuously in living 
organisms which requires regulation of 
enzyme activity.  
•Any process that starts or increase the 
activity of an enzyme is activation.  
•Any process that stops or slows the activity 
of an enzyme is inhibition.



• Feedback control: Regulation of an enzyme’s 
activity by the product of a reaction later in a 
pathway.
• Allosteric control: Activity of an enzyme is 
controlled by the binding of an activator or inhibitor 
at a location other than the active site.  Allosteric
controls are further classified as positive or negative.

– A positive regulator changes the activity site so that 
the enzyme becomes a better catalyst and rate 
accelerates.

– A negative regulator changes the activity site so that 
the enzyme becomes less effective catalyst and rate 
slows down.

Two of the mechanism



A positive regulator A positive regulator 
changes the activity changes the activity 
site so that the enzyme site so that the enzyme 
becomes a better becomes a better 
catalyst and rate catalyst and rate 
accelerates.accelerates.

A negative regulator A negative regulator 
changes the activity changes the activity 
site so that the enzyme site so that the enzyme 
becomes less effective becomes less effective 
catalyst and rate slows catalyst and rate slows 
down.down.



19.8 Enzyme Regulation: 
Inhibition

• The inhibition of an enzyme can be 
reversible or irreversible.

• In reversible inhibition, the inhibitor can 
leave, restoring the enzyme to its 
uninhibited level of activity.

• In irreversible inhibition, the inhibitor 
remains permanently bound to the 
enzyme and the enzyme is permanently 
inhibited.



• Inhibitions are further classified as:
• Competitive inhibition if the inhibitor binds 

to the active site.



• Noncompetitive inhibition, if the inhibitor 
binds elsewhere and not to the active site.



•The rates of enzyme catalyzed reactions with 
or without a competitive inhibitor are shown in 
the Fig 19.9 below.







An Introduction to Carbohydrates

• Carbohydrates are a large class of naturally 
occurring polyhydroxy aldehydes and 
ketones.  

• Monosaccharides also known as simple 
sugars, are the simplest carbohydrates 
containing 3-7 carbon atoms.

• sugar containing an aldehydes is known as 
an aldose.

• sugar containing a ketones is known as a 
ketose.



• The number of carbon atoms in an 
aldose or ketose may be specified as 
by tri, tetr, pent, hex, or hept.  For 
example, glucose is aldohexose and 
fructose is ketohexose.

• Monosaccharides react with each other 
to form disaccharides and 
polysaccharides.

• Monosaccharides are chiral molecules 
and exist mainly in cyclic forms rather 
than the straight chain.







• Anomers: Cyclic sugars that differs only in 
positions of substituents at the hemiacetal
carbon; the α-form has the –OH group on 
the opposite side from the –CH2OH;  the β-
form the –OH group on the same side as 
the –CH2OH group.



Some Important Monosaccharides
MonosaccharidesMonosaccharides are generally highare generally high--melting, melting, 
white, crystalline solids that are soluble in water white, crystalline solids that are soluble in water 
and insoluble in and insoluble in nonpolarnonpolar solvents.  Most solvents.  Most 
monosaccharidesmonosaccharides are sweet tasting, digestible, and are sweet tasting, digestible, and 
nontoxic. nontoxic. 







Polysaccharides





Lectin
Lectins are sugar-binding proteins which are highly specific for their sugar 
moieties. They typically play a role in biological recognition phenomena involving 
cells and proteins. For example, some bacteria use lectins to attach themselves 
to the cells of the host organism during infection.



Blood Type



DNA



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



Base



















•The following three RNA make it possible for the 
encoded information carried by the DNA to be put 
to use in the synthesis of proteins.
•Ribosome RNA: The granular organelles in the 
cell where protein synthesis takes place.  These 
organelles are composed of protein and ribosomal 
RNA (rRNA).
•Messenger RNA (mRNA): The RNA that carries 
the code transcribed from DNA and directs protein 
synthesis.
•Transfer RNA (tRNA): The smaller RNA that 
delivers amino acids one by one to protein chains 
growing at ribosomes. Each tRNA recognizes and 
carries only one amino acid.














