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Objective of the course

The course, Introduction to Nanotechnology (IN), will focus on
understanding of the basic molecular structure principals of Nano-
materials. It will address the molecular structures of various materials.
The long term goal of this course is to teach molecular design of
materials for a broad range of applications. A brief history of biological
materials and its future perspective as well as its impact to the society will
be also discussed.

Evaluation; Score: 100%:
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Human height

Length of some
nerve and
muscle cells

Chicken egg
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+ Most bacteria
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molecules

Haddison Wesley Longman, mc

©

LIGHT MICROSCOPE

ELECTRON MICROSCOPE







Cell Size

 Most cells are relatively small because as
Size increases, volume increases much
more rapidly.
— longer diffusion time

Cell radius (r) 1 unit
Surface area (4wr2) 12.57 units?
Volume (4wr?) 4.189 units3




Visualizing Cells
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Cell Theory

 All organisms are composed of one or
more cells.

e Cells are the smallest living units of all
living organisms.

e Cells arise only by division of a previously
ISt el




Cell Theory

 All living things are made up of cells.

e Cells are the smallest working units of all
living things.

» All cells come from preexisting cells
through cell division.




Definition of Cell

A cell I1s the smallest unit that Is
capable of performing life
functions.




Examples of Cells

Amoeba Proteus J

[ Plant Stem

Red Blood Cell ]

Nerve Cell




Two Types of Cells

*Prokaryotic
*Eukaryotic




Prokaryotic

, Rlbosomes

* Do not have I W)
structures < (

surrounded by
membranes

e Few Internal
structures




Eukaryotic

e Contain organelles surrounded by membranes
e Most living organisms

Animal

Cytos keleton
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“Typical” Animal Cell

plasma cell
membrane

endoplasmic
reticulum

nucleus




“Typical” Plant Cell

Golgi vesicles
ribosome

smooth ER
(no ribosomes)

nucleolus
nucleus

rough ER
(endoplasmic
reticulum)

cell wall
cell membrane

Golgi
apparatus

chloroplast

vacuole
membrane

raphide
crystal
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Table 5.3 A Comparison of Prokaryotic, Animal, and Plant Cells

Prokaryote *

Animal

Plant

EXTERIOR STRUCTURES

Cell wall
Cell membrane
Flagella/cilia

Present (protein-polysaccharide)
Present
May be present (single strand)

INTERIOR STRUCTURES

ER
Ribosomes
Microtubules
Centrioles
Golgi apparatus
Nucleus
Mitochondria
Chloroplasts
Chromosomes
Lysosomes
Vacuoles

Absent
Present
Absent
Absent
Absent
Absent
Absent
Absent
A single circle of DNA
Absent
Absent

Absent

Present
May be present

Usually present
Present
Present
Present
Present
Present
Present

Absent
Multiple; DNA-protein complex
Usually present
Absent or small

Present (cellulose)

Present

Absent except in sperm of a few species

Usually present

Present

Present

Absent

Present

Present

Present

Present

Multiple; DNA-protein complex
Present

Usually a large single vacuole




Structure
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Table 5.2 Eukaryotic Cell Structures and Their Functions

Description

Function

Cell wall

Cytoskeleton

Flagella (cilia)

Plasma membrane

Endoplasmic
reticulum (ER)

Nucleus

Golgi apparatus
Lysosomes

Microbodies

Mitochondria

Chloroplasts

Chromosomes

Nucleolus

Ribosomes

Outer layer of cellulose or chitin; or absent

Network of protein filaments

Cellular extensions with 9 + 2 arrangement
of pairs of microtubules

4 Lipid bilayer with embedded proteins

Network of internal membranes

Structure (usually spherical) that contains
chromosomes and is surrounded by
double membrane

Stacks of flattened vesicles

Vesicles derived from Golgi apparatus that
contain hydrolytic digestive enzymes

Vesicles that are formed from incorporation
of lipids and proteins and that contain
oxidative and other enzymes

Bacteria-like elements with double membrane

Bacteria-like elements with membranes
containing chlorophyll, a photosynthetic
pigment

Long threads of DNA that form a complex
with protein

Site of genes for rRNA synthesis

Small, complex assemblies of protein and
RINA, often bound to endoplasmic reticulum

Protection; support

Structural support; cell movement

Motility or moving fluids over surfaces

Regulates what passes into and out of eell; eell-
to-cell recognition

Forms compartments and vesicles; participates in
protein and lipid synthesis

Control center of cell; directs protein synthesis
and cell reproduction

Packages proteins for export from cell; forms
secretory vesicles

Digest worn-out organelles and cell debris; play
role in cell death

Isolate particular chemical activities from rest of
cell

“Power plants” of the cell; sites of oxidative
metabolism

Sites of photosynthesis

Contain hereditary information

Assembles ribosomes

Sites of protein synthesis




Cell Parts

Organelles




Surrounding the Cell




Cell Membrane

e Quter membrane of cell
that controls movement
In and out of the cell

* Double layer
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簡報者
簡報註解
Figure 3.13
Phospholipid, (a) structure and (b) icon. Phospholipids are the main structural component of all cell membranes (c).


Phospholipid Structure
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Animal Cells
« Animal cells lack cell walls.

— form extracellular matrix
e provides support, strength, and resilience




Plant cell

Middle .
lamella )|/ /
. J :

Secondary- )

wall |
Primary
wall

Plant Cell




Cell Wall

e Most commonly found
In plant cells &
bacteria

e Supports & protects
cells




Inside the Cell




Nucleus

e Directs cell activities

o Separated from cytoplasm by nuclear
membrane

e Contains genetic material - DNA




envelope nner
nuclear
membrane

ER membrane

outer
nuclear
nuclear membrane
i

ER lumen

nuclear

perinuclear b

space nuclear
pore

fibril

outer nuclear
membrane

annular
subunit

luminal
subunit

nuclear
envelope

column i

subunit

NUCLEUS
nuclear

lamina inner nuclear
membrane

nuclear “cage” |
50 nm

ring subunit

(A)



Nuclear Membrane

e Surrounds nucleus
 Made of two layers

e Openings allow
material to enter and
leave nucleus




Cytoplasm Endoplasmic
reticulum

Food Golgi
vesicle apparatus

& *ﬂ\

Phagocytosis

"

Transport

@ | vesicle
y Old or damaged

Plasma Digestion of . organelle
membrane phagocytized g f
food particles

or cells of old

Extracellular
. s morganelle
fluid o

Breakdown




Endosymbiosis
Protection (act as Intelligent Secret Service)

 Endosymbiotic theory suggests engulfed
prokaryotes provided hosts with
advantages associated with specialized
metabolic activities.




es consist of a phospholipid bilayer combined wi
n a fluid mosaic arrangement.

Hudrophilic
region of protein

Phosphalipid
bilayer

FH I ILILII

Hydrophabic
region of protein

Hydrophilic molecules tend to interact with
water and with each other. Hydrophobic




1 cell compartments from thelr environments. Different
mbranes have different properties, but all share a common
hitecture. Membranes are rich in phospholipids, which
)ntaneously form bilayer structures in water. Membrane
teins and lipids can diffuse laterally within the membrane,
ng it the properties of a fluid mosaic. Membranes are

mmetric; interior and exterior faces carry different proteins &
e different properties.

phospholipid hydrophilic

Outside of cell head groups
polysaccharide chain livid bi
; ipid bilayer
on glycoprotein hydrophobic interior
R R SRR cholesterol
lf'f’f’]! 3 1
integral protein

— peripheral membrane
protein
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terol

widely distributed in all living things. Cholesterol and other :

In most membranes; they do not form bilayers, but disso

ar. Steroids can account for up to 50% of the lipids In s

es, and are thought to strengthen the membrane and ma
to

nrotein

In containing short carbohydrate chains. In membranes

usually face the exterior of the cell. The sugars me

e, and several others are common in membrane glycop

fferent spatial combinations of these sugars are possible, re

different surface markers or antigens, which are used as sic
different




ane protein that has at least one segment anchored within t
any integral proteins contain sequences of about 20 hydrop
ids that fold into a hydrophobic alpha-helix that is embedded
er. In this shape, the hydrophobic amino acid side chains fo
obic bonds with the fatty acid portion of the phospholipids in t

layer nonpolar region

Ipids spontaneously assemble into lipid bilayers, with a

Istic thickness of 4-5 nm. In cell membranes, the two hydrop
side chains that form the "tails" of the hairpin-shaped phosp
5 are oriented to the interior of the membrane.




ane protein found on either the inner or outer face of the bila
al proteins bind either to integral proteins or to the polar heac
membrane phospholipids.

hospholipid head groups

ophilic (water-attracting) phosphate groups of phospholipids
teract with water by forming many hydrogen bonds. Each

Ipid also has hydrophobic (water-repelling) fatty acid chains
* of the hairpin-shaped molecule. Phospholipids spontaneous
2 into lipid bilayers, with a characteristic thickness of 4-5 nm.




IS (movement of water across membranes) depends on t

> concentration of solute molecules on either side of the
ane.

o
Salt lane The presence or absence

cell walls influences how ¢
respond to osmotic fluctua

in their environment.

Red Blood Cell @
® ]

iImals Cells

s lack rigid cell walls. When they are exposed to hypotonic en
2s into the cell, and the cell swells. Eventually, if water is not re
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Ic environments, water rushes into the cell, and the cell swell
from breaking by the rigid wall layer. The pressure of the cell

o m =
Movement
of Water

o




pranes are selectively permeable. Some solutes cross th
e freely, some cross with assistance, and others do not c

Extracelular fluid Inside of cell

Membtane protein

Membrane protein

Bilayer membrane

A few lipophilic substances
across the cell membrane |
diffusion. Most small molec
require the assistance of sy
protein carriers to transport
across the membrane. Larc
molecules do not cross inte
membranes, except in cert
cases.




a membrane separates two aqueous compartments, some
les can move freely across the membrane, others cannot. T
or can be seen with pure synthetic phospholipid membranes
are analogous to biological membranes, but contain no

S. In living organisms, the membrane proteins play a crucial
directing the movement of solutes across cell membranes.

fall into one of three groups:

Extracellular fluid Insicle of cell

Lipid——a—
soluble
molecule
T = [Membrane protein
Large —i. y
malecule =

Palar or —igik Mermbrane protein
charged E
molecule

Bilayer membrane

« Small lipophilic (lipid
molecules that cross t
membrane by diffusio

» Molecules that cross
membrane due to prot
mediated transport




ith pure phospholipid membranes show that certain substance
ss the membrane by a process known as passive diffusion. Di
he dispersal of molecules by random motion. For example, if
opens a perfume vial (or a smelly cheese) in one corner of a
Jradually spreads because molecules of the odoriferous subst:
ng throughout the air. In the absence of other processes (suc
activity), diffusion would eventually lead to an even distributio
5 throughout a closed volume.

bstances that diffuse across cell membranes include gases,
h as O, and CO,, and small relatively hydrophobic

lecules, such as fatty acids or alcohols. By contrast, it is
Icult for water to cross pure phospholipid membranes that
k the proteins found in cell membranes, and most polar or

arged molecules such as sugars amino acids, and ions falil
ross pure phosp insiceof cell - |,

= Merbrang protein

Membrang protein

; %—Eiil:a:_-.«'er memkrane




membranes are permeable not only to gases and small hydrc
5 (by passive diffusion processes), but also to many polar and
5, iIncluding water. Biological membranes contain many differe
he majority of which function as specific transporters to allow
cross the membrane effectively. Transport proteins are of two
annel proteins and carrier proteins. Channel proteins form hyd
allow water and certain ions to cross the membrane, while ce
)ind to specific solutes and "carry" them across the membrane
roteins and some carrier proteins facilitate the movement of st

In terms of the concentration gradient, a process known as fa
Facilitated diffusion requires no energy input, in contrast to ac
processes, which do require energy, as you'll learn in the next

Inzide of cell
Membrane protein

L= [Mernbrane protein

; %—Eiil:a:_-.«'er memkrane




ge molecules, such as proteins, polypeptides,
ysaccharides, or nucleic acids, do not diffuse across cell
mbranes at all. These molecules must be broken down into
Ir component monomers, e.g., amino acids, sugars, or
leotides, if their components are to cross the cell membra

+— Bilayer memkbrane




bgically important solutes require protein carriers to cr
)yranes, by a process of either passive or active transpo

Active Transport Facilitated Diffusiaon

Extracellular + Inside of cell r s + Inside of cell
fluicd

LA

ve transport uses energy to move a solute "uphill* against i
dient, whereas in facilitated diffusion, a solute moves down
oncentration gradient and no energy input is required.




Transport of solutes across cell membranes by protein carriers can occur in one
of two ways:

» The solute can move "downhill," from regions of higher to lower concentration,
relying on the specificity of the protein carrier to pass through the membrane.
This process is called passive transport or facilitated diffusion, and does not
require energy.

» The solute can move "uphill," from regions of lower to higher concentration.
This process is called active fransnort, and reaiiires some form of chemical
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ansport can occur as a direct result of ATP hydrolysis (4
by coupling the movement of one substance with that
symport or antiport).

- a = s
2 - ol »
PO Zael o o
o - S
o e
x 5

ATP pu r'r'll

Active transport may move solutes into the
cell or out of the cell, but energy is always
used to move the solute against its




cells maintain internal environments that are different from t
lar environment, as well as concentration differences between
d internal compartments. In human tissues, for example, all ce
gher concentration of Na* outside the cell than inside, and a hi
tion of K* inside the cell than outside. These concentration gre
d K* represent a form of energy storage, similar to a battery. A
Of a concentration difference between the cytosol and an inter
ent is found in the lysosome, where the concentration of hydrc
an be 100 to 1000 times greater than the concentration outsic

ATPF pum l




red pumps (ATPases) couple the splitting, or hydrolysis, of AT
ovement of ions across a membrane against a concentration

TP is hydrolyzed directly to ADP and inorganic phosphate, an
eased is used to move one or more ions across the cell

2. As much as 25% of a cell's ATP reserves may be spent in s
ort. Examples include:

K* ATPase pumps Na* out of the cell while it pumps K* in.

e pump moves three Na* to the outside for every two K* that
he inside, it creates an overall charge separation known as
n. This electrical potential is required for nervous system activ
es energy needed for other types of transport such as sympor

ases are responsible for keeping intracellular Ca** at low leve
/ precondition for muscle contraction.




Step 1. Three Na+ ions bind to cytoplasmic
high-affinity binding sites.
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Extraceﬂu]ar fluid

I nside of IZEH

Step 4. Ma+ ions dissociate, and two K+ ions
bind to high-affinity extracellular sites.

Step 2. ATP is hydrolyzed, transferring a
phosphate group to the pump.

Step 3. The pump confarmation changes, movi ng
Ma+ ions to the extracellular side of the
mermbrane.

Step 5. The bond Tinking phosphate to the pump
protein is hydrolyzed, releasing inorganic
phosphate.
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Step &. The pump confarmation changes,
moving K+ ions to low -affinity cytoplasmic
sites.
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Step 7. K+ ions dizsociate, and the pump is
ready for another cucle.




sport some substances against a concentration gradient, cel

ergy already stored in ion gradients, such as proton (H*) or
(Na*) gradients, to power membrane proteins called

orters. When the transported molecule and the co-transporte

ve in the same direction, the process is known as symport.

Arnino Acid—21

Wat-o oo
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I nside af Cell




entration gradient to power the transport of a second substa
' against its gradient. In this process, the two substances mo
the membrane in opposite directions.

I nside af Cell

An example of an antiport process is the t
of Ca?* ions out of cardiac muscle cells.
cells are triggered to contract by a rise in

intracellular Ca?* concentration, so it is i

that Ca?* be removed from the cytoplasm
the muscle can relax before contracting a
This antiport system is so effective that it
maintain the cellular concentration of Ca?
levels 10,000 times lower than the extern:
concentration. To view animations summe
operation of an antiporter, click on the but







Nanotechnology Applications

" Information Technoloqy
ﬁi:‘_;;‘:‘:-; £

* Smaller, faster, more
energy efficient and ducti
powerful computing gl el
— Solar cells
and other IT-based TN _ Fuel cells
systems : W - Batteries
- Bio fuels

Consumer Goods

» Foods and beverages
—Advanced packaging materials,
sensors, and lab-on-chips for
food quality testing

Medicine

e Cancer treatment
* Bone treatment




anomedicine is the medical application ¢
anotechnology and related research. It cc
reas such as nanoparticle drug delivery

ossible future applications of molecular
anotechnology (MNT) and nanovaccinolo




What is nanomedicine?

. Nanobiotechnologty:
Convergence of nanotechnology

with modern biology

e Nanomedicine:

The use of nanobiotechnology in
medicine

— Imaging agents and
diagnostics

— Real-time assessment to
accelerate clinical translation

http://nano.cancer.gov/

Targeting Imaging o
agent

Multifunctional
nanoplatform

/ \Q

Therapeutic Reporter
molecule(s)
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Technology Platform
NANOMEDICINE

Nanomedicine exploits the improved and
often novel physical, chemical and
biological properties of materials at the
nanometer scale. Nanomedicine has the

potential to enable early detection and
prevention, and to essentially improve
diagnosis, treatment and follow-up of




Technology Platform
NANOMEDICINE

Seamlessly connecting Diagnostics,
Targeted Delivery, and Regenerative Medicine

Diagnostics, targeted delivery and regenerative medicine
constitute the core disciplines of nanomedicine. The
European Technology Platform on NanoMedicine
acknowledges and wishes to actively support research
at the interface between its three science areas. It is




Advantages of Nanomedicine

« Extremely bad conditions (as cancer) will be
treated easily by modifying the body’s genetic
material.

e Disease elimination will become normal, so we
no longer will need to be worry about living with
heath conditions.

e Diagnose diseases before there are any
symptoms.




Disadvantages for Nanomedicine

What if the modification has unintended
conseguences for the person or society?

What if we lose control of the nanoparticles?

What if society determines everyone needs a
certain modification?

How do we deal with overpopulation?
How does society ensure the Government



Nanotechnology Health and
Environmental Concerns

— Human and the environment come under
exposure to nanomaterials at different
stages of the product cycle 1 —

— Nanomaterials have large surface to volume vaniicireg *I g I

Worker Exposure Consumer Exposure

ratio and novel physical as well as chemical
properties which may cause them to pose
hazards to humans and the environment

— Health and the environmental impacts %
associated with the exposure to many of the -

Human Population and Ecological Exposure







Nanotechnology in Health Care

Treatment

e Targeted drug delivery

— Nanoparticles containing
drugs are coated with
targeting agents (e.qg.
conjugated antibodies)

— The nanoparticles




Drug Delivery

W. Mark Saltzman




Drug delivery

 The science of drug delivery may be described as the
application of chemical and biological principles to
control the in vivo

of drug molecules for clinical benefit

Scientists researching drug delivery seek to address
these issues in order to (1) maximize drug activity and
(2) minimize side effects

The benefits of controlled drug delivery are: (1) more
effective therapies




| Therapeutic
window

Plasma Drug

FIGURE 19.1
Changes in plasma

drug concentration over fime.

stration of drug leads to a certain conce
g level. This concentration is decimatec




Controlled release

Zero Order

window

$Th3rapeutic

Plasma Drug

FIGURE 19.2
Changes in plasma drug concentration over time for a

zero-order release system.







TABLE 19.4

Classification of Rate-Controlled Mechanisms

Diffusion Controlled Water Penetration
System Controlled System

Polymer Degradation
Controlled System

Diffusion through polymer Osmotic pump
Diffusion through membrane Swelling controlled

Surface erosion
Bulk degradation,
Polymer sidechain cleavage




Water penetration controlled
systems

The rate of delivery is controlled
by the penetration of water into spEnEnLE |
the device VENBRAE . i

Osmotically controlled devices

An osmotic agent is contained | A
within a rigid housing and is el onee
separated from the agent by a

movable partition HOUABLE

. . PARTITION
Semipermeable membrane, in
an aqueous enviroment, water v, VOLUME OF OSNOTIC AGENT COMPARTHENT
is osmotically driven across the Yy VOLLAE OF DRUG CONPARTHENT

om E. Theeowes and . 1 Yo,

FIG, 5. Schenai reprscnatn ofa osmoKc urp Repined
A, Bioned, Erg. 4 343353, 1976




Swelling- controlled devices

henomenon just aescriveu.

Drug is dispersed in a hydrophilic
polymer that is glassy in the

dehydrated state but swells when f//
placed in an aqueous environment //
/ —f &) k—

Diffusion of molecules in a glassy Jisus 57
matrix is slow, no release occurs while
the polymer is in glassy state o

i

I

I

|

|
A

I
Water will penetrate the matrix and as |
a consequence of swelling, the glass B |
transition temperature of the polymer
is lowered below the temperature of

| |
| I
C_l_..L. |
| |
)




Surface Erosion

©
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©

9 ©° ©

Bulk Erosion

©
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Sidechain Hydrolysis

Polymer CLa v L e
PR PR S PR

FIGURE 19.8
Schematic illustrating surface erosion, bulk erosion, and side chain hydrolysis.




Nanoparticles

* Vesicular systems, which are formed by a
drug-containing liquid core (aqueous or
lipophilic) surrounded by a single
polymeric membrane

1 nm 10 nm 100 nm lpm 10 pm 100 pm

| |
e ﬁ % ok PO
n{f;?:c?usfe Ph]c;;ﬂm Protein Bacteria E’:]? Macrophage

Nanupartlc‘.les

FIGURE 8.2 Sizes of nanoparticles compared with other biclogical entities.




Nanosphere MNanocapsule

Polymeric shell +

Polymeric matrix aily or aqueous core

Legend :
Polymeric chains
Drug molecules

FIGURE 8.3 Morphology of nanospheres and nanocapsules.







Characteristic Atomic Bonds

Bonding Energy

eV/Atom, lon Melting
Bonding Type Substance kJ/mol ’ ’ Temperature
Molecule

(°C)

lonic NaCl 640 3.3 801
MgO 1000 5.2 2800

Si 450 4.7 1410

Covalent C (dia) 713 7.4 >3550
Hg 68 0.7 -39

Metallic Fe 406 4.2 1538

Adapted from: Fundamentals of Materials Science and Engineering / An Introduction,” William D. Callister, Jr., John Wiley & Sons, NY,
NY, 2001 or http://www.scribd.com/doc/8680373/Fundamentals-of-Materials-Science-and-Engineering-Callister




New Topic in Drug Delivery
Targeted Delivery

Hypoxia
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Stealth Technolog

Ine Response:
e Nanoparticles

challenges in developing effective nanoparticles in Health
IS designing them so they can perform two critical functio

normal immune response and reaching their intended targ

xactly the right combination of these properties, beca

) the right concentration of targeting molecules, they

S we want, and if they don’t have the right stealth prog

taken up by macrophages. i




Anti-Radar Stealth Jet-F-119




Anti-Radar ti-lmmune Response:
Invisible Nanoparticles
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FIGURE 8.4 Three generations of nanoparticles for drug delivery.
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FIGURE 8.6 Cell internalization of nanoparticles can lead to (a) endosomal or (b) cytosolic drug delivery.
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TABLE 9.1
Some Examples of the Block Copolymers Used to Prepare Drug-Loaded Micelles

Block Copolymers

Pluronics®

Polycaprolactone-b-PEG
Polycaprolactone-b-methoxy-FEG
Polyi N-isopropylacrylamide )-b-FEG
Poly{aspartic acid)-b-PEG
Poly{y-benzyl-L-glutamate )-b-PEG
Poly({D,L-lactide }-b-methoxy-PEG
Poly(3-benzyl-L-aspartate }-b- polyi a-hydroxy-
ethylene oxide)
Poly{8-benzyl-L-aspartate)-b-PEG
PolyiL-lysine}-b-PEG
Dligo(methyl methacrylate -b-poly{acrylic acid)
FEG-PE

Drugs Incorporated

Doxorubicin, cisplatin—doxorubicin,
epirubicin—doxorubicin, haloperidol, ATP

FK306, L-685,818

Indomethacin

Miscellaneous

Doxorubicin, cisplatin, lysozyme

Clonazepam

Paclitaxel, testosterone

Doxorubicin

Doxorubicin, Indomethacin, KEN, amphotericin B

DNA

Doxorubicin

Dequalinium, soya bean trypsin inhibitor, paclitaxel,
camptothecin, tamoxifen, porphyrine, vitamin K,




A Strctures of micelledomuing copolymmers

A - hydrophilic unit
Block copolymers B - hydrophobic unit

di- block  AAAAAAARREREE
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B. Examples of Bock copolyrrers . Mivelle forvation from di-bock
and fri-Bock co-polymers

Di-block copadymers

L HO~CHCHO)~(CHCH)pH

Polyiattolens codde)-b-poly (styrene) bladk copalymer

2 HO~(CHACH Ol CHCHipH
CH,

Polyiethorlene codde)-b-poly D, L-lactide) block copolymer

NE

Tri-block copelymers

M
—
HO—CH,CH0),~CH,CH,-H “\\—

Polylethylene codde)-b-polyipropylens oxide)-b-
pedyiethd ene axide)tri-Hock copalymer

FIGLIRE 9.1 Micelle-forming copolymers (A and B) and micells assembly (C).
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(c) Self assembling
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Polyethylenimine amphiphiles, arrow
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FIGURE 10.1 Polymeric vesicles may arise from (a) the self-assembly of polymerizable monomers that are
subsequently polymerized, (b} the cooperative self-assembly of lipids and polymers, or the self-assembly of

amphiphilic polymers. both block (¢} and random copolyvmers (d).
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FIGURE 10.2 Schematic representation of self-assembling vesicle-fornung polvmers.
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