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- What is a polymer ?

- What special properties do polymer materials possess?

- Nanostructures with polymers: self-assembly

- Nanocomposites: combining the best from the inorganic and organic world

- Drug delivery: nano-vehicles to the cell

~10 nm ~microns



Polymers

chain-‐like	  molecules

Example:	  polyisoprene	  (natural	  rubber)

What	  is	  a	  polymer?

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 



What	  is	  a	  polymer?

Chain-‐like	  molecules
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     Poly      mer
              many        repeat unit

C C C C C C
HHHHHH

HHHHHH

Polyethylene (PE)
ClCl Cl

C C C C C C
HHH

HHHHHH

Polyvinyl chloride (PVC)
HH

HHH H

Polypropylene (PP)

C C C C C C
CH3

HH

CH3CH3

H

repeat
unit

repeat
unit

repeat
unit

But	  how	  do	  they	  look	  like?



Reidar Lund, UC-Berkeley, 30.05.2011

Model: 
random chain structure?
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How	  does	  a	  polymer	  chain	  look	  like?

Rouse 1953
Flory: nobel prize 1974



Neutrons see deuterium (H2/D) and hydrogen (H1) very differently

We	  can	  see	  a	  single	  polymer	  chain	  with	  neutron	  sca:ering
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h-PI (white)
d-PI (blue)

Institut Laue Langevin (ILL), Grenoble (France)

Small-angle Neutron Scattering (SANS) at IFE, Kjeller



Reidar Lund, UC-Berkeley, 30.05.2011

“Bulk contrast“
Neutrons see deuterium and hydrogen very differently

Conforma=on	  of	  single	  polymers	  with	  SANS

h-PI (white)
d-PI (blue)

Answer:	  random	  (Gaussian)	  chain	  in	  a	  «soup	  of	  spaghe@»
Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Example: polyisoprene

Labeled: 
Scattering signature for random chains

Non-labelled



Polymers:	  example	  

Chain-‐like	  molecules
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single polymers

many polymers: «spaghetti»

In general: polymers are long molecules (varying stiffness )



Classical	  applica=ons	  of	  polymers
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Boeing Dreamliner 787: 50% composite, 20% aluminum, 15%titanium, 10% steel, 5% other.
Bullet-proof vest: Kevlar

PET bottlesPTFE (Teflon) coatings

PP for food wrapping

PI rubber 

PVA as diapers 

Composite materials

Semi-conductor 
industry 

http://aircraft.wikia.com/wiki/Composite_material?action=edit&redlink=1
http://aircraft.wikia.com/wiki/Composite_material?action=edit&redlink=1
http://aircraft.wikia.com/wiki/Aluminium?action=edit&redlink=1
http://aircraft.wikia.com/wiki/Aluminium?action=edit&redlink=1
http://aircraft.wikia.com/wiki/Titanium?action=edit&redlink=1
http://aircraft.wikia.com/wiki/Titanium?action=edit&redlink=1
http://aircraft.wikia.com/wiki/Steel?action=edit&redlink=1
http://aircraft.wikia.com/wiki/Steel?action=edit&redlink=1


Polymers	  in	  biomedical	  applica=ons
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2974 Chem. Soc. Rev., 2012, 41, 2971–3010 This journal is c The Royal Society of Chemistry 2012

products in various stages of preclinical and clinical develop-
ment.44 For a NP platform to maximally improve drug
pharmaceutical and pharmacological properties resulting in
a highly di!erentiated new therapeutic with superior safety
and e"cacy, in most cases it will need to predictably change
drug PK, BD, and tissue exposure kinetics-in a tunable and
predictable manner. The successful development of such NP
platforms is expected to create an entirely novel class of
therapeutic NPs. The combination of one or more drugs with
controlled release polymeric biomaterials for tuneable drug
exposure, and molecular targeting for di!erential delivery has
the potential to create novel therapeutic NPs for a range of
medical applications.18,45,46 These e!orts may yield NPs with
highly di!erentiated drug pharmacology and e"cacy, analogous
to creating novel drugs through conventional medicinal chemistry.
Polymeric NPs have the capability to: (1) release drugs at an
experimentally predetermined rate over a prolonged period of
time, (2) release drugs preferentially at target sites with the

possibility of controlled release rates, (3) maintain drug
concentrations within therapeutically appropriate ranges in
circulation and within tissues and; (4) protect drugs (small
molecules, proteins, nucleic acids or peptides) from hepatic
inactivation, enzymatic degradation and rapid clearance
in vivo. Polymeric NPs encapsulate various drugs and release
them in a regulated manner via di!usion of the drug molecules
through the polymer matrix or via di!erential surface and bulk
erosion rates of the particles. The systematic design of these
systems allows for the fine-tuning and optimization of the
exact polymeric NP composition that can lead to increased
e"cacy in vivo. By careful selection of the composition of
polymeric NPs resulting in optimal PK/BD, the total amount
of drug and the duration of drug exposure in target tissue
can be altered and improved substantially. Additionally, the
incorporation of targeting ligands on NPs can lead to their
increased uptake and their active agents, leading to enhanced
therapeutic outcomes. In this regard, targeted polymeric NPs

Fig. 1 Time line of clinical stage nanomedicine firsts. Liposomes,9 controlled release polymeric systems for macromolecules,10 dendrimers,11

targeted-PEGylated liposomes,12 first FDA approved liposome (DOXIL),13 long circulating poly(lactic-co-glycolic acid)-polyethyleneglycol

(PLGA-PEG) NPs,14 iron oxide MRI contrast agent NP (Ferumoxide),15 protein based drug delivery system (Abraxane; nab technologyt),16

polymeric micelle NP (Genexol-PM),17 targeted cyclodextrin-polymer hybrid NP (CALAA-01),18 targeted polymeric NP (BIND-014; Accurint

Technology),19 fully integrated polymeric nanoparticle vaccines (SEL-068, tSVPt Technology).20

Table 1 Targeted NPs in clinical development

Identity Ligand Target Nanoparticle
Active Pharmaceutical
Ingredient (API) Indication Status Reference

BIND-014 Small molecule PSMAa Polymeric Docetaxel Solid tumours Phase I 19
SEL-068 Small molecule Antigen presenting cells Polymeric Nicotine antigen

T-helper cell peptide,
TLRb agonist

Smoking cessation and
relapse prevention
vaccine

Phase I 20

CALAA-01 Transferrin Transferrin receptor Polymeric siRNA Solid tumours Phase I 28
MBP-426 Transferrin Transferrin receptor Liposome Oxaliplatin Gastric, esophageal,

gastroesophageal
adenocarcinoma

Phase Ib/II 29

MCC-465 Antibody fragment Tumour antigen Liposome Doxorubicin Metastatic stomach
cancer

Phase I 30

SGT53-01 Antibody fragment Transferrin receptor Liposome p53 gene Solid tumours Phase Ib 31

a PSMA: prostate specific membrane antigen. b TLR: Toll-Like Receptor agonist.
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polymers as drug carriers to cancer cells: targeted delivery- reduced side effects

N. Kamaly, et al Chem. Soc. Rev., 2012, 41, 2971.

polymers for tissue engineering: regeneration of tissue, implants etc.



What	  is	  a	  polymer?	  Biopolymers

Proteins	  are	  also	  polymers

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Proteins are polymers with distinct sequences of 
amino acids- encodes the structures 



DNA	  is	  also	  a	  polymer

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Distinct sequences of four bases - dictate functions and action in the body- encodes life

What	  is	  a	  polymer?	  Biopolymers



Biomolecules

colloids polymers

surfactants

Micelles

~10 nm ~microns

nanopar7cles

Drug	  delivery

Block	  copolymers

proteins

Microemulsions

Pep7de	  virus-‐like	  
par7cles

nanotubes

Pep7de-‐polymer	  
conjugates

DNA

surfactant	  micelles

Lipid-‐DNA	  complex

Vesicles

nanocomposites

self-assembly

complexation

molecular engineering

peptides

equilibrium

non-equilibrium

kinetic pathways

structure, thermodynamics

dynamics

proteins

Modern	  polymer	  science:	  nanomaterials	  for	  advanced	  technologies

dendrimers



Polymers:	  Basics



What	  is	  a	  polymer?

Chain-‐like	  molecules:	  synthe;c	  poly(ethylene)	  as	  an	  example

Ethylene to poly(ethylene)

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

monomer

polymer



What	  is	  a	  polymer?

chain-‐like	  molecules:	  other	  topologies/branches

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 



CnH2n+2

Polymers:	  when	  does	  a	  molecule	  become	  a	  polymer?

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

20 to 40 
Carbons

5 to 19 
Carbons

40 or more 
Carbons «poly

(ethylene)» 

PlasticWaxLiquidGas
methane
ethane

propane
butane

Example: n-alkanes

What	  is	  happening	  when	  the	  chain	  gets	  longer?



Polymers:	  n-‐alkanes
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CnH2n+2

Example: n-alkanes

- increased van der Waals interactions (electrons/molecule)

Increased chain-length leads to:

- increased melting point/crystallinity

- decreased molecular mobility

change in viscosity and material properties 

- increased topological interactions (entanglement, knots..)



Polymers:	  five	  characterisNc	  properNes

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

1. connectivity and chain entanglement- enhanced mechanical strength  

4. enhanced intermolecular forces per molecule- high cohesion energies 

5. low mobility (slow dynamics)  - high viscosity and elasticity

2. reduced configurational (mixing) entropy - different polymers tend to 
demix 

3. Importance of conformational entropy - chain deformation leads to 
rubber-like restoring force



Polymers:	  chain	  connecNvity	  and	  entanglements

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Connectivity and entanglement:

Entanglement - «tube model»

Other polymer chains entrap/limit a single chain- effectively a «tube» 

Physical cross-links:
«molecular knots»

Pierre-Gilles de Gennes
Nobel Prize 1991



η ∼ M3

η ∼ M

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Polymers:	  rheological	  properNes	  of	  linear	  chains
6.3 Specific Relaxation Processes and Flow Behavior 253

Fig. 6.13. Molecular weight dependence of the viscosity as observed for the indi-
cated polymers. For better comparison curves are suitably shifted in horizontal and
vertical directions. Data from Berry and Fox [71]

As the flow velocity relates to the disentangling time, this also holds for the
melt viscosity. Indeed, !0 and the disentangling time for entangled melts show
the same dependence on the molar mass. Figure 6.13 collects the results of
viscosity measurements for various polymers. As should be noted, a power law
behavior

!0 ! M! (6.96)

is generally observed. One finds two regions, with di!erent values of the expo-
nent " and a cross-over at a critical molar mass Mc. For molar masses below
Mc one has " = 1; above Mc one observes " " 3.2#3.6. If viscosity measure-
ments are further extended, up to the range of ultra-high molar masses, one
finally observes an exponent " = 3. Figure 6.14 presents such measurements
for 1,4-polyisoprene (PI), for molar masses up to Mw = 3 $106 g mol!1.

Importantly, as is also shown by Fig. 6.16, the two parts of the mechanical
response separated by the rubber–elastic plateau di!er in their molar mass
dependence. In contrast to the terminal flow region, the glass–rubber transi-

256 6 Mechanical and Dielectric Response

Fig. 6.16. Storage shear moduli measured for a series of fractions of PS with di!er-
ent molar masses in the range M = 8.9!103 to 5.81!105 g mol!1. The dashed line in
the upper right corner indicates the slope corresponding to the power law Eq. (8.82)
derived for the Rouse model of the glass transition. Data from Onogi et al. [74]

The KWW function employs two parameters: ! sets the time scale and "
determines the extension in time of the decay process. For values " < 1
a broadening results, as is always observed for the glass–rubber transition.
Typical values are in the order " ! 0.5. The KWW function holds only at
the beginning, i.e., in the short-time range of the glass–rubber transition.
Subsequently, there often follows a power law

E(t) " t!! . (6.98)

Experimentally it is indicated by a linear range in the center, when using
a log–log plot. Typical values of the exponent are # ! 0.5.

Figure 6.16 presents, as a third example, results of dynamic-mechanical
measurements. They were obtained for a series of monodisperse polystyrenes,
i.e., fractions with sharp molar masses. The curves depict the frequency de-
pendence of the storage shear modulus, G"($). As we note, the order of ap-
pearance of the viscous flow and the %-process is reversed when compared to
the time-dependent measurements. The flow-dominated long-time behavior
emerges first at low frequencies, whereas an investigation of the rubber–glass
transition requires measurements at the high frequency end. The plateau ap-
pears in between. Its width varies systematically with the molar mass, as has
already been mentioned and discussed. There is no plateau at all for the sam-
ple with the lowest molar mass (M = 8.9 #103 g mol!1), but after its first
appearance, it widens progressively with further increasing molar masses.

Viscosity Elastic shear modulus

Molecular weight leads to drastic increase in 
viscosity and elasticity:  even non-covalent bonds 
leads to network properties!



Polymers:	  chemical	  cross-‐links
Connectivity: chemical cross-links

1. Polymerization with radicals / multifunctional monomers
(branched and cross-linked polymers)

2. Post-polymerization treatment 
- i.e. oxidation of sulphur-  «vulcanization»  

MATTER, The University of Liverpool

http://www.matter.org.uk/
http://www.matter.org.uk/


Crystallinity	  in	  polymers	  

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Nanocrystallinity:

one-component nanostructured system
1-10 nm

crystal 
domain

amorphous 
domain

links

Kevlar



Crystallinity	  in	  polymers	  

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Nanocrystallinity:

Natural composites: «spider web» 



Polymers:	  effect	  of	  cross-‐links	  on	  tensile	  strength

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Temperature behaviour

first-order transition is the crystalline–crystalline transition, in which a com-
pound changes from one crystalline form to another.

By contrast, no high-molecular-weight polymer vaporizes to a gaseous state;
all decompose before the boiling point. In addition no high-molecular-weight
polymer attains a totally crystalline structure, except in the single-crystal state
(see Section 6.4.2).

In fact many important polymers do not crystallize at all but form glasses
at low temperatures. At higher temperatures they form viscous liquids. The
transition that separates the glassy state from the viscous state is known as the
glass–rubber transition. According to theories to be developed later, this tran-
sition attains the properties of a second-order transition at very slow rates of
heating or cooling.

Before entering into a detailed discussion of the glass transition, the five
regions of viscoelastic behavior are briefly discussed to provide a broader
picture of the temperature dependence of polymer properties. In the follow-
ing, quasi-static measurements of the modulus at constant time, perhaps 10 or
100 s, and the temperature being raised 1°C/min will be assumed.

8.2.1 The Glassy Region

The five regions of viscoelastic behavior for linear amorphous polymers
(3,7–9) are shown in Figure 8.2. In region 1 the polymer is glassy and fre-
quently brittle. Typical examples at room temperature include polystyrene
(plastic) drinking cups and poly(methyl methacrylate) (Plexiglas® sheets).

Young’s modulus for glassy polymers just below the glass transition tem-
perature is surprisingly constant over a wide range of polymers, having the

356 GLASS–RUBBER TRANSITION BEHAVIOR

Figure 8.2 Five regions of viscoelastic behavior for a linear, amorphous polymer. Also illus-
trated are effects of crystallinity (dashed line) and cross-linking (dotted line).

with cross-links

natural rubber

glass

liquid

melting

Gert Strobl

The Physics of Polymers
Concepts for Understanding
Their Structures and Behavior

Third Revised and Expanded Edition
With 295 Figures and 2 Tables

123



Polymers:	  nanostructrures



Nanocomposites:	  	  polymers	  and	  nanoparNcles

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

= polymer + nanoparticles (inorganic/organic) 

1. Light weight materials with high strength

2. High resistance to fracture - polymers absorb and dissipate energy

3. Functional materials with engineered properties : for e.g. photovoltaics



Nanocomposites:	  	  polymers	  and	  nanoparNcles

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Natural composites: «nacre»- CaCO3 platelets with biopolymers

H. D. Espinosa, A. L. Juster, F. J. Latourte, O. Y. Loh, D. Gregoire, and P. D. Zavattieri, Nature Communications, 2011, 2, 173–9.

2

www.advmat.de
www.MaterialsViews.com

wileyonlinelibrary.com © 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

CO
M

M
U
N

IC
A
TI

O
N  In general, the deformation behavior of polymers depends 

on factors such as temperature, strain rate, and small molecule 
plasticization (e.g., hydration) owing to the fact that the struc-
tural relaxation processes with their characteristic timescales 
govern the mechanical response. The segmental relaxation 
process, associated with the glass transition,  T  g , is of particular 
signifi cance. [  14  ]  Going substantially below the glass transition 
temperature, segmental relaxation is extremely slow, and it is 
common for polymers to be brittle in this glassy state, sup-
pressing their dissipative properties. [  15  ]  Approaching the  T  g  or 
even surpassing it leads to increased ductility by segmental 
relaxation and induces rubbery or viscous behavior. Apart from 
adjusting the temperature, it is also possible to control the 
dynamic state of hydrophilic polymers by hydration. Absorbed 
water accelerates the dynamics of many hydrophilic polymers 
by increasing the free volume and reducing segmental friction 
by disrupting physical interactions, resulting in a lower glass 
transition temperature. [  16–18  ]  These kinds of phenomena are 
well studied in the bulk state and in fi lms. Hydration can there-
fore be a decisive factor for the room temperature toughness of 
a composite, as evidenced by nacre and other biomaterials that 
become brittle when dehydrated. [  6,7  ]  

 However, as stated above, the bioinspired composites with a 
minority fraction of organic material involve nanometer-scale 
confi nement of the polymer. Dynamic processes are altered in 
confi ned space as for instance also known from studies of thin 
fi lms or within latex particles, in which interface effects become 
central. [  19–21  ]  Depending on the polymer and the type of the 
interfaces, the  T  g  may be shifted to higher or lower values, corre-
sponding to slower or accelerated dynamics, respectively. [  19  ]  Seg-
mental relaxation is a cooperative process that involves dynamic 
correlations on length scales of several monomer units [  22  ]  that 
can be completely suppressed by a tight nano meter-scale two-
dimensional confi nement. [  23,24  ]  The mass 
fraction of polymer segments that undergoes 
relaxation in a biomimetic nanocomposite 
may be negligible, making the glass transi-
tion inaccessible to thermal analysis methods 
such as dynamic scanning calorimetry (DSC). 
Therefore, methods that probe the dynamic 
processes directly need to be employed, for 
example dynamic mechanical analysis or die-
lectric spectroscopy. 

 Herein, we provide an understanding of 
hydration-induced changes of polymer 
dynamics in 2D-nanoconfi ned polymers in 
bioinspired nacre-mimetics by showing a 
brittle-to-ductile transition in a self-assembled 
poly(vinyl alcohol)/nanoclay nacre-inspired 
nanocomposite. Using dynamic mechan-
ical analysis as a direct tool to measure the 
polymer dynamics, we show that a weak glass 
transition is observable in the PVA layer. The 
glass transition temperature,  T  g , is altered 
due to the nanometer-scale confi nement 
as compared to bulk PVA and is strongly 
infl uenced by the level of hydration. Tensile 
mechanical tests reveal that the toughness of 
the composite at room temperature increases 

dramatically after  T  g  falls below 20 °C as a result of hydration. 
In the strongly hydrated case, stable crack propagation accom-
panied with a macroscopic plastic zone ahead of the crack is 
observed. The results disclose a direct relationship between 
the hydration and dynamic state of the polymer and the tough-
ness of the composite material. These fi ndings pave the way to 
design dissipative toughening mechanisms to combine stiff-
ness and strength in future bioinspired nanocomposites. 

 Our nacre-inspired nanocomposite is prepared by self-
assembly of poly(vinyl alcohol) (PVA)-coated, exfoliated mont-
morillonite (MTM) nanoclay (core-shell) platelets, which stack 
in a lamellar fashion to form a well-ordered layered structure 
upon water-removal ( Figure   1 a). [  25,26  ]  Various other approaches 
to create strong nacre-mimetic materials have been con-
ceived. [  3,27–29  ]  Nevertheless, our procedure has the advantage 
of not only providing exceptional control of the nanostructure, 
but also of being facile, allowing scale-up and large specimens 
while requiring only standard laboratory equipment. Das et al. 
recently showed how the gallery spacing can be tuned by adding 
additional polymer during fi lm preparation and how this infl u-
ences the mechanical behavior. [  30  ]  The transmission electron 
micrograph in Figure  1 b depicts well-ordered domains of alter-
nating nanoclay and polymer layers. Small angle X-ray scattering 
(Figure  1 c) quantifi es the interlayer spacing to be 2.6 nm in the 
dehydrated state and swelling to occur as a result of hydration 
(2D scattering pattern in Figure S2). The clay platelets have a 
thickness of 1 nm, making the polymer the major component 
in terms of volume (ca. 70 vol%) but the minor component 
in terms of mass (ca. 30 wt%). [  25  ]  The polymer layers between 
the inorganic layers in the structure are very thin, namely ca. 
1.6 nm. We emphasize that such well-ordered lamellar self-
assemblies represent an excellent model system for studying 
confi nement effects on polymer dynamics in general.  

      Figure 1.  Preparation and structure of the PVA/nanoclay nacre-mimetic composite. (a) A sche-
matic representation of the fi lm formation process during fi ltration. (b) A transmission elec-
tron micrograph of a PVA/clay fi lm and a schematic representation of the layered structure. A 
layer of mobile polymer segments is formed between the tightly bound interfacial regions. (c) 
Change of the structure period as a function of humidity as measured by SAXS. The error bars 
refl ect the uncertainty of peak fi tting due to the broadness of the fi rst order scattering peaks. 

Adv. Mater. 2013, 
DOI: 10.1002/adma.201301881

Artificial nacre composites: clay with poly(vinyl alcohol) 

Wide range of parameters control the properties

- dispersibility and distribution 
- interactions between particle/polymers 

- humidity
- >Etc..

- nanostructure and crystallinity

1.! T. Verho, M. Karesoja, P. Das, L. Martikainen, R. Lund, A. Alegría, A. Walther, and O. Ikkala, Adv. Mater., 2013, 25, 5055–5059.



∆H = nAΦB · kB T · χ

Nanostructured	  polymers:	  self-‐assembly

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

~10 nm ~microns
Diblock Copolymer

Hierarchical self-assembly

Enthalpy 
(favours demixing)
Driven by incompatibility: enthalpy proportional to number of A/B contacts  

-Flory-Huggins (chi-) parameter

energy per lattice point lattice coordination number

χ ≡ (�AB − 1

2
(�A + �B)Z/(kBT )

number of A-segments Concentration of B-segments 



∆H/∆S ∼ χN

∆S = kB
Φ

N
lnΦ

Reidar Lund, UC-Berkeley, 30.05.2011Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

~10 nm ~microns
Diblock Copolymer

Entropy of mixing polymers: 
(favours random mixing)

Connectivity
(restricts the phase separation)

nanoseparation governed by:

Nanostructured	  polymers:	  self-‐assembly
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Block	  copolymer	  melts:	  nanostructures	  

Morphology	  and	  size	  can	  be	  accurately	  tuned	  via	  block	  copolymer	  
composi;on	  (fA	  ),	  chemistry	  (	  	  	  )	  and	  molecular	  weight	  (N).	  

fA

χ
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Block	  copolymer	  melts:	  applicaNons	  
As masks and scaffolds-nanolitography

Moore’s law:
doubling of storage capacity every 18 months

Limit: bits/per area to smaller and smaller areas
Current standard lithographic methods provide 
absolute limit of 10-20 nm

Block copolymers provide higher storage density 
down to 1 nm!

Natural size region:1-10 nm 
data storage capacity



Polymers:	  self-‐assembly

primary structure

secondary structure

tertiary structure

quaternary structure

amphiphilic block copolymerproteins

hydrophobic part
(water insoluble)

hydrophilic part
(water soluble)

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

Driven	  by	  the	  unfavourable	  contact	  between	  water	  and	  hydrophobic	  parts	  of	  
the	  molecule



Fmicelle = Fcorona + Fcore + Fint

Block	  Copolymer	  Micelles:	  thermodynamics

stretching/interaction in corona stretching of chains in core surface energy 
(interfacial tension)

Following	  Zhulina	  et	  al.	  (Macromolecules	  2005),	  Semenov	  (JETP	  1985)	  etc:

Driven by interfacial tension (Fint) - growth is limited by (Fcorona/Fcore) 

Reidar Lund, Polymers, MENA1000, 6 Nov. 2013 

hydrophilic part
(wants to stay in solution)

hydrophobic part
(wants to hide)



Polymers	  as	  nano-‐capsules	  for	  drug	  delivery

hydrophilic	  block
hydrophobic	  block

Spherical Micelle

drug

self-assembly release

profile of biological system is greatly affected by diseases. For
instance, in solid tumors, the extracellular pH tends to be
significantly more acidic (!6.5) than the pH of the blood (7.4) at
37 °C [9]. In addition, the pH values of endosomal and lysosomal
vesicles inside the cells are also significantly lower that the
cytosolic pH. By selecting the right material composition, it is
possible to engineer nanocarriers that can exploit these pH
differences and allow for delivery of the encapsulated payload to
specifically occur in select extracellular or intracellular sites.
Temperature is another variable that can be exploited in
specifically releasing the nanocarrier-delivered drugs or genes to
a select target site [10]. For instance, using temperature-sensitive
nanocarriers one could envision a delivery system that will only
release the payload at temperatures above 37 °C. Such a system
would keep the toxic drug encapsulated in the systemic circulation
or upon contact with non-targeted tissue. However, on application
of hyperthermic stimuli to the disease area, the drug would be
readily available in a localized region [10]. Lastly, intracellular
glutathione (GSH) levels in tumor cells are 100–1000 fold higher
than the extracellular levels [11]. This concentration gradient can
be exploited using disulfide cross-linked nanocarriers that will
release the payload inside the cell. Such a system is especially
relevant in delivery of nucleic acid-based therapies, such as
plasmid DNA, small interference RNA, or oligonucleotide, since
these molecules have to reach intracellular targets in a stable form
for efficient therapeutic effect.

Another possible strategy is physical targeting of drugs and
genes by external stimuli (magnetic field, ultrasound, light and
heat) [12–16]. An interesting example is targeted delivery of
iron oxide nanoparticles using magnetic field. Upon the
administration, the drug immobilized magnetite carrier can
accumulate at targeted site under the direction of external
magnetic field [14]. During the last decade, ultrasound has
attracted growing attention in the targeted-drug delivery.
Ultrasound has been used to achieve the targeted delivery to
the tumor by local sonication after the injection of micellar
encapsulated drugs [15,16]. In addition to tumor uptake, this
technique also allows the uniform distribution of micelles and

drug throughout the tumor tissue [17]. Light-responsive
nanocarriers have also gained recent attention. Designing of
light sensitive polymeric systems that undergo reverse micelli-
zation/disruption under the action of light is an attractive idea
that would allow external control of drug release [18].
Discussion of extensive current literature on the external stimuli
is beyond the scope of the present review. Several examples
illustrating approaches to designing external stimuli are
available for further reading from the references [12–16].

1.2. Passive and active targeting

For systemic therapy, passive and active targeting strategies
are utilized. Passive targeting relies on the properties of the
delivery system and the disease pathology in order to
preferentially accumulate the drug at the site of interest and
avoid non-specific distribution. For instance, poly(ethylene
glycol) (PEG)- or poly(ethylene oxide) (PEO)-modified nano-
carrier systems can preferentially accumulate in the vicinity of
the tumor mass upon intravenous administration based on the
hyper-permeability of the newly-formed blood vessels by a
process known as enhanced permeability and retention (EPR)
effect, schematically illustrated in Fig. 2. Maeda and colleagues
[19,20] first described the EPR effect in murine solid tumor
models and this phenomenon has been confirmed by others.
When polymer–drug conjugates are administered, 10–100 fold
higher concentrations can be achieved in the tumor due to EPR
effect as compared to administration of free drug [21]. The EPR
effect has been also present in other diseases such as chronic
inflammation and infection. Thus, the application of nanocar-
riers is expected to have therapeutic benefits for treating these
diseases as well [22]. The tendency of nanocarriers to localize in
the reticuloendothelial system also presents an opportunity for
passive targeting of bioactives to the macrophages present in the
liver and spleen. For example therapies can be used to treat
intracellular infections such as candidiasis, leishmaniasis and
listeria; where macrophages are directly involved in the disease
process [23]. Other approaches for passive targeting involve the

Fig. 2. Schematic illustration for passive targeting using the enhanced permeability and retention (EPR) effect.

189S. Ganta et al. / Journal of Controlled Release 126 (2008) 187–204

Polymer micelles can deliver 
therapeutical loads to cancer tissues 

EPR-effect: enhanced accumulation of 
nanoparticles in cancer cells
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Responsive polymers: 
E.g. thermoresponsive poly (N-isopropyl acryl amide) PNIPAAM
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stimuli-responsive micelles: 
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Summary

- polymers are long chain-like molecules: 
Some key words: connectivity, entanglements, slow dynamics, high viscosity 

- Polymers provide flexibility, elasticity, strength, light-weight

- Polymers can make nanomaterials through self-assembly- precise size 
and shape. Nanolitography masks, nanofilters etc.

- Nanocomposites are dispersed nanoparticles in polymer matrices: 
flexible, strong lightweight materials. Photovoltaics, photonic crystals, tunable 
optical and electronic properties 

- Polymer materials can be used for drug delivery and tissue engineering


