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Why should you care?

– Well for one thing, your body is made of them. 

– DNA, the genetic blueprint that defines people and other living things, 

is a polymer. 

– So are the proteins and starches in the foods we eat, the wheels on 

our skateboards and in-line skates, and the tires on our bikes and cars. 

– Understanding their chemistry can help us use them wisely. 

– Once we’re familiar with the varieties of polymers that people make, 

such as plastics, we can recycle many of them and use them again. 

– That’s good for the environment.

Tiny molecules strung in long repeating chains form polymers. 

So what are polymers? 



• Organic

– Natural

• Polysaccharides (Cellulose, starch, cotton)

• Proteins (Biopolymers, wool)

• Natural rubber (cis-1,4-polyisoprene)

– Synthetic

• Rubbers, Plastics, Fibres, Coatings, adhesives

• Inorganic

– Natural

• Clays, sand

– Synthetic

• Fibres (optical fibre)

• Rubbers (silicones)

So what are polymers? 



Silkworms

– People in China discovered more than 4,500 years ago that they could unravel silk, a polymer, 
from the worms’ cocoons and weave it into soft fabrics. 

– Incredibly, a single cocoon yields 300 to 900 meters of silk. 

– For centuries, silk was so prized that exporting mulberry seeds or silkworm eggs from China
was punished by death.

Latex

– South American Indians slash the bark of trees in the rain forest to obtain a milky white fluid
called latex. They discovered that it could form a solid that was elastic; you could stretch it
and it would snap back to its original shape. 

– If you rubbed it on penciled words, the writing would disappear, so Europeans called it rubber. 

– They pressed it between layers of fabric to produce a rain slicker called a mackintosh; 

– They also molded it into tires for carriages and automobiles. 

– The British smuggled rubber tree seeds from Brazil to England, where they produced
seedlings for export to colonies in Ceylon, Malaysia, and Singapore. Descendants of those
seeds now produce 90 percent of the world’s natural rubber.

So what are polymers? 



History of Rubber

~ 1500 Columbus Stumbles Across Haiti

~ 1600 Missionaries Observe Indians Making Crude Rubber Shoes
(Caoutchouc)

1700 Joseph Priestly Invents a Name

1820 1st Rubber Shoes

1832 Charles Mackintosh (1766 – 1843)

1833 Goodyear Starts Work on Rubber

1844 Vulcanization

1942 Synthetic Rubber Project



• Natural rubber from latex, which comes from the 
sap of tropical trees, made nifty balls that you
could bounce.   But it became hard and brittle
when it got too cold, a sticky mess when it got too
warm.

• In 1839 Charles Goodyear discovered that latex
heated with sulfur—or “vulcanized”—would remain
elastic at a wide range of temperatures. 

• Although Goodyear didn’t know why his invention
worked, we do today:   

– The sulfur made bridges between the long
chain polymers in rubber to keep them
from sliding past one another or
contracting into knots.

Charles Goodyear

Vulcanized rubber 



Biopolymers

• Nearly unlimited resources

• More likely to be bio-compatible and biodegradable

• Good mechanical properties

• Already Designed and Optimized by nature to fulfill a
certain task

• Easy to make derivatives with desired property profiles

• “Natural” name on ingredient lists



Biopolymers

• Single cell organisms

• Plants

• Animals

• And their by-products
– Spider silk, etc.



• Using nature as a 
template

• Synthetic 
structures can 
duplicate natural 
structure

• Marine organisms

Synthetic Natural

Biopolymers



Natural Macromolecules

Examples of how nature is better than most

synthetic materials

– Spider webs - polymer fibers which take more energy to 

break than the same size steel

– Eyes - more sensitive than any photodetector we can 

make (in the visible region)

– Nose - more sensitive for most things than any chemical 

sensor we can make - faster too.

– Bone - tremendous strength/ weight.

– Data storage (brain) - one bit/ 3 molecules



Biomaterials Advantages

• Biological Materials 
– Self-generating

– Self-healing

Imagine a bridge (steel) 
which could detect internal flaws and could 

send resources there to 
“heal itself”



The facts of life...

• Life has an extremely simple tool kit:

• Nearly all materials needed for an organism are 
made from:

– Protein

– Nucleic acids

• Compare to building blocks of synthetic 
polymers
– Nature has about 20 amino acids -- all proteins

– Synthetic polymers have thousands of different types of 
“building blocks” - or monomers

Called “functional 
polymers”



Fundamental building blocks

Primary structure

Secondary structure

Tertiary structure

Quaternary structure

Multiple

Proteins

Amino 

Acids

The facts of Life… cont.

• Life accomplishes diversity with levels of 
structure:

Sequence of

Amino Acids

Helix

protein



Amazing Biological Materials

• Question: How can a thread almost too small to see 

possess strength enough to stop a fly-sized projectile 

moving at 1 m/sec?



Mechanical Properties of Spider Silk

• Takes more energy to break than steel

• Stronger than the strongest synthetic polymer

– e.g. Kevlar - used for anchoring oil rigs - bullet-resistant 

vests - VERY strong in tension –

– Spider silk is stronger AND more resilient

– Elongates 4 x before it breaks

– Deformation isn’t purely elastic - (otherwise bugs would 

“bounce off”)

– Almost 3/4 of the energy of the impact is dissipated as heat 

so little is left for recoil



• Fiber manufactures are most 

interested in capture silk, and 

especially dragline silk.

• On an equal weight basis spider 

silk is stronger than steel and 

Kevlar.

• Not only strong but elastic, capture 

silk can stretch up to 3 times 

original length.

• A thread of silk as thick as a pencil 

could stop a 747 in flight.

Mechanical Properties of Spider Silk



Spider Silk

• Spiders make a variety of types of silk

– Drag line - for making webs

– Glue silk - to help attach webs

– Attachment silk - strong thread to secure webs

– Wrapping silk - (to bind prey)

• Each has a different amino acid composition



Chemical Make-Up

The silk is composed of seven amino acids.

– Two primary amino acids are:

• Alanine

• Glycine 

The other five that appear in lesser amounts:

• Glutamine

• Leucine

• Arginine

• Tyrosine

• Serine



Spider Silk Structure

• Spider silk is a biopolymer, it has amorphous and 

crystalline structure. 

• The seven amino acids repeat to form the protein 

that makes up the silk.

• Forms a spring like structure.



Spider Silk Structure



Spider Silk Structure

• Crystalline sections embedded in a disordered 
matrix

• Crystals provide strength

• Matrix provides flexibility

We copy this concept with many polymers 

(e.g. polyethylene) - STILL not as strong as silk



Production of Synthetic Silk

• The entire genetic sequence of dragline silk has been found, 
it consists of over 22,000 base pairs.

– researchers disagree on the amount of base pairs to be used in 
synthetic production.

• Differences in research methods.

– DuPont is using only four short sequences.

– Plant Cell Technologies are cloning the entire genetic 
sequence.

• Work being done to identify what each silk producing gene 
does.

– Precise control of silk properties
• Mechanical Properties

• Color



Mass Production Methods

• It takes 500 spiders to make 1 m2 of a spider silk cloth.

• Other organisms that would make production faster.

– Bacteria

– Fungi

– Plants, soy beans

– GOATS



Mass Production

• The Canadian company Nexia 
Biotechnologies developed a mass 
production method using goats milk.
– The gene has been successfully spliced in to 

mice.

– The transgenetic spider goats were born in 
early 2000.

• Concentrated product 2-15g/L of milk.

• Produced at or below cost of existing 
petrochemical base fibers.

• Environmentally friendly.

• Renewable resource.





Use of Spider silk

• Safety
– Ropes,seatbelts

• Medical
– ligaments, tendons, and blood vessel support

• Public
– wear resistant clothing
– bridges

• Military
– bullet resistant clothing



Polymer Science Basics

What is it ?
The Science of Large Molecules
Poly.........mer —M—M—M—M—M—M—

This includes
– Synthesis

– Characterization

– Polymer Physics and Physical Chemistry

– Polymer Engineering

– Materials Science

Some Basic Definitions
– Polymer — A large molecule made up of small building blocks

– Monomers — The building blocks

– Homopolymer — What you get if the building blocks are all the same

– Copolymer — A polymer composed of different monomers

– Blend — A mixture of different polymers





World Oil Reserves



Spindletop-East Texas, 1901

http://upload.wikimedia.org/wikipedia/en/2/2f/Oil_Prices_Medium_Term.png


PETROLEUM CONSUMPTION

Plastics

2%

Industrial

(excluding

plastics)

25%

Residential

and

Commercial

11%

Other

62%



Crude Oil Consumption



Crude Oil Prices



BASIC NOTIONS & DEFINITIONS

Polymer:  High MW (›104) Organic Molecule Comprised Of Covalently 

Attached Repeat Units.

102-103 Å 1-10 Å

Biopolymer:  Product Of Biological Process (eg. Proteins)

Synthetic Polymer:  Product Of Chemical Synthesis Controlled By Humans.



The Past of Polymers

• Limited to specialized service in 

products such as,

– Fibers.

– Films.

– Coatings.

– Light-Duty, inexpensive plastic.



Bakelite molded products

Form 9 Novalac fixtures made of Bakelite

Baekeland

1863-1944

Rocket launcher Mounted under

P-47 Thunderbolt Wing, made of

BAKELITE composite materials

Bakelite radio

(1930s)



The Today of Polymers

• In the advancing environment of technology traditional
materials are changing.

Polymers

• Replacing or already replaced aluminum and other structural
metals exposing to high temperatures and mechanical stress.

• Replaced materials used in electronic and optical
communication and computation, substitute for further
materials.

• New usage areas occured such as Medicine and Biology.



Polymers and Plastics



Multi-layered Bottle



Therapeutic Plastics

• Electricity-conducting polymer 
that can stimulate new growth in 
damaged nerves.

• The Tube brigdes gaps in a 
damaged nerve with tubes made 
from the plastic and sugar.

• The sugar slowly breaks down, 
forming angiogenetic byproducts--
substances that encourage the 
growth of blood vessels.

• These new vessels help the nerve 
begin to regrow within the tube, 
which degrades over a period of 
two to six weeks.



Examples of Biopolymers



Wallace Carothers 
Nylon and Synthetic Rubber

• 1920 - STAUDINGER; The 
macromolecular hypothesis

– "Drop the idea of large molecules. 
Organic molecules with a molecular 
weight higher than 5000 do not exist.”

— Advice given to Hermann Staudinger*

• 1926 - CHARLES STINE; Initiates a 
program of fundamental research at du
Pont

• LATE 1920's - CAROTHERS; Set out to
prove the existence of macromolecules
by systematically building them from
small molecules using well known
chemistry

Wallace Carothers (1896-1937), depressed

by the death of his sister and convinced

that his life's work was a failure committed

suicide at the age of 41 at Du Pont. 

Historical Context



Polymer Science

• The simple, repeating chemical structure of polyethylene—a chain of carbon
atoms, each bonded to a pair of hydrogen atoms—typifies the building-block
nature of polymers. 



Type of linking of

the primary

molecule symbol

Examples:

Synthetic

macromolecules

Natural

macromoleculesBond Type

Chemical Linkages of Primary Molecules 

in Macromolecules

Polyethylene, vinyl

and acrylic

polymerizates

Caoutchouc,

gutta-percha

Carbon bond C C

Polyesters Nucleic acids

(phosphoric acid

Esters of substituted

saccharides)

Ester bond C O C

O

Polyamides

(Nylon, Perlon)

Albumin, wool,

silk

Amide bond C

O

N C

Ether bond
Polyoxymethylene,

poly(ethylene oxide)

Polysaccharides,

cellulose, starchC O C



Number Of  Potential Bonds With Other Monomers

Examples:

Styrene

H2C CH

f = 2

Glycerol HO CH2 CH CH2

OH

OH f = 3

MONOMER FUNCTIONALITY, f: 



Types of Polymerization

• Addition Polymerization (free radical or unpaired electron)

• Condensation Polymerization

C C

H H

H H

OH• + C C

H H

H H

OH • C C

H H

H H

+

+ H2O

H                 H H H

N-(CH2)6-N          OH-C-(CH2)4-C-OH

H                 H

Nylon+



Chain Polymerization

• Must be activated

• Basic individual steps
– Initiation

– Propagation

– Termination

CH2 CH

X

CH2 CH

X

n
n

sp3sp2

p



Polymerization Energy

Bond energies (kcal/mol) Heat of polymerization

DH (kcal/mol)

C=C to C – C  - 20

C=O to   C – O - 5

C=N to   C – N - 1.4

CN to   C = N - 7.2

C=S to  C – S - 2

S=O to   S – O - 7



General Polymerization Mechanism

Initiation

Propagation

Termination

CH2 CH2X* + X CH2 CH2*

X CH2 CH2* CH2 CH2+ X (CH2CH2)n CH2CH2*

X (CH2CH2)n CH2CH2* X (CH2CH2)n CH2CH2 Y

X X X*2



Generation of Free Radicals

• Thermal

– Rate constant  10-5 - 10-8 sec-1

– Decompose at 50-150 oC

• Photochemical

– Short wavelength for direct initiation

– Longer wavelength uses photochemical initiator such as 
benzoin or AIBN

• High Energy Radiation

– Electrons, gamma rays, x-rays, slow neutrons

– Relatively uncontrolled because of high energy

• Redox

– Aqueous media

– Often used for emulsion polymerization

• Electrochemical



Sources of Free Radicals

C O

O

O C

O

C

O

O2

S O

O

O

O S

O

O

-
O O

- SO4
-

2

2 H2O2 HSO4
-

+ +SO4
- 2 HO2

CH3 C

CH3

CH3

N N C CH3

CH3

CH3

CH3 C

CH3

CH3

N2
+

Benzoyl peroxide

Persulfate

AIBN – Azo-bis-IsoButyroNitrile



Chain Growth Polymerization

Monomer Repeating Unit Unit weight

Polyethylene (PE) CH2=CH2 CH2-CH2 28

Polyvinyl chloride

(PVC)

CH=CH2

|
Cl

CH-CH2

|
Cl

82.5

Polyvinylidene

Chloride (PVDC)

Cl
|

CH2=C
|

Cl

Cl
|

CH2-C
|

Cl

97



c

c
c

c
c

c
c

c

c

c
c

c
c

c
c

c

c

c
c

c
c

c
c

c




C 




Cl




H 




Cl

Dipolar Bonds

Hydrogen atoms

Chlorine atoms

Fluorine atoms

Chain Growth Polymerization



Monomer

Units are

The same

Repeating 

units in the 

polymer are 

all the same

Homopolymers

High Density polyethylene (HDPE)

Polyethylene terephthalate (PET) 



O

O CH3

+ HOCH2CH3

O

O CH2CH3

+ HOCH3

Methyl benzoate Ethyl benzoate

O

OH3C

O CH3

HOCH2CH2OH

O

OH3C

O CH3

++

Ethylene glycol

Dimethyl

terephthalate

CCOH2CH2CO

O O

OCH2CH2OC

O

C

O

OCH2CH2OC

O

C

O

CH3OH

+
Polyethylene

terephthalate

Polyethylene terephthalate (PET) 



Eugene Rochow - Silicones



Cl Si

CH3

CH3

Cl

CH3

CH3

+ 2H2O --> HO Si OH2HCl +

CH3

CH3

OHSiHO

CH3

CH3

OHSiHO

H OH+

CH3

CH3

CH3

CH3

Si OHHO Si O

Eugene Rochow - Silicones



The Polymer Parameters

Chemical Composition

– Homopolymers

• all the repeating units along the chain are the same

– Copolymers

• two or more different monomer units

– Random – Alternating – Block - Graft

Molecular Weight

Stereochemistry

– Geometrical isomers

– Configuration - atactic, isotactic, syndiotactic

Topology

– Chains

– Branches - star, comb, random

– Network



Chemical Composition

Homopolymers

~AAAAAAAAAAAAAAAAAAAAAAAAAAA~

Copolymers

Random

~AAABBBBAABBBBBBABABBBAAABBBBB~

Block

~AAA~~~~~~AAABBB~~~~~~BBB~

Graft

~AAAAAAAAAAAAAAAAAAAAAAAAAAAAA~
B
B
BBBBBBBBBB~



Topology

Chains

Branches - star, comb, random

Network



Properties of Polymers

• Physical properties of polymers depend on;

•shape

•molecular structure

•molecular weight

•Why, 

•because these factors influence intra-molecular 

forces



Shape of Molecules

• Influences the properties of polymers

• The pendant groups attached to the backbone can

vary in position.

• The arangement of position of pendant groups is

called tacticity.



Tacticity

• If the position of the pendant groups are in order

the molecule is called isotactic.

• If positions are not in order the molecule is called

atactic.

• Syndiotactic.



Stereochemistry

Geometrical isomers

Configuration - atactic, isotactic, syndiotactic

B B B BA A A A

B A B AA B A B

B B A BA A B A

iso tactic

synd io tactic

atactic

All cis-polyisoprene



Molecular Structure Stereoisomerism

Consider monomer C C

H H

H R

Possible polymer forms

C C

H H

H R

C C

H H

H R

C C

H H

R H

C C

H H

H R

isotactic

C C

H H

H R

C C

H H

H R

C C

H H

H R

syndiotactic

C C

H R

H H

C C

H H

H R

C C

H H

H R

C C

H R

H H

C C

H

HH

R

C C

H H

H R

atactic

repulsion between R 

groups

makes this configuration 

unlikely



Thermodynamics



Thermodynamics



Chain Energy (Thermodynamics)

H - bonding

HEAT

COOL

DG  =  DH   TDS



Polymer Structure - Property Behavior

Conformation

spatial arrangement

changes with rotation around bonds

Configuration

bonding arrangement

changes only through bond breakage

Chain Dimensions



Characterization



Molecular Shape Zig-Zag & “Spaghetti”

r : end-to-end distance, much smaller than chain length, 

but is proportional to chain  length



Chain Dimensions 

r

m r

m

i i
i

n

i
i

n

2

2

1

1









s

r
2

2

6


Radius of GyrationEnd to End Distance

m - mass of repeat unit (segment)

r - vector from center of gravity to atom i



Chain Dimensions
Characteristic Dimensions

r Cnl2

0

2

where:
<r2>o - chain dimensions at Θ-conditions

C - Characteristic Chain Ratio

n - number of segments

l - segment dimension (length)



Polymer Structure - Property Behavior

Chain Dimensions - Measurement

• Absolute Methods

– Mn

• Membrane Osmometry

• Freezing Pt depression

• Boiling Pt. elevation

– Mw

• Solution light scattering

– Mz

• ultracentrifugation

• Relative Methods

– GPC

– Viscosity

– Vapor phase 

osmometry

– Fractionation

– End group titration



Chain Dimensions 
Experimental Methods

• Scattering

– Absolute method (Mw)

– Light

– X-Ray

– Neutron

• Viscosity

– Relative method (Mv)

– Mark-Houwink

ZWVN MMMM 



Measurement of MW

• End group analysis

– Measure concentration of end-groups (from initiator or terminator)

– Chemical or spectroscopic analysis

– Only for Mn < 10,000 g mol-1

• Colligative properties

– freezing point depression, boiling point elevation, osmotic pressure, 
vapour pressure

– gives concentration in mol dm-3, so if we know the mass we can 
calculate Mn

• Viscosity

• GPC



Measurement of MW

• Solution viscometry

– time taken to flow through a 

capillary

– viscosity increases with MW



Measurement of MW

• Osmometry

p = r·g·h

membrane separating solvent from solution

solution

solvent

Polymer cannot penetrate the membrane so solvent passes through until 

there is sufficient pressure to equalize the chemical potentials on each side

.....32  BcAcRT
M

c
RT

M

c
pp



Measurement of MW

Osmometry

– plot of p/c vs. c has an intercept of RT/M  gives M 

– polymer must be in solution

– A is a measure of solvent-solute interaction.  

• Good solvent gives high A 

– colligative effect decreases as M increases - only 

useful up to 50,000

– absolute method - no need to calibrate against 

standards 

.....32  BcAcRT
M

c
RT

M

c
pp



Measurement of MW - comparisons

Polymer, Mn = 20,000 g mol-1, c = 0.01 g cm3

Property Size of effect

V.P. Lowering 4 x 10-3 mm 
Hg

B.P. Elevation 1.3 x 10-3 oC

F.P. Depression 2.5 x 10-3 oC

Osmotic pressure 15 cm solvent

Osmotic pressure is most sensitive



Measurement of MW - ranges

Technique Upper limit

End group analysis 10,000

BP elevation 50,000

FP lowering 50,000

Solution Viscometry 50,000

VP Lowering 50,000

Membrane Osmometry 1,000,000



Gel Permeation Chromatography (GPC)

• Very quick and fairly accurate

• Gives molecular weight distributions

• Needs standards

– not necessarily of the specific polymer

• Polymer must be soluble

– temperature can be increased to improve solubility

– wide range of solvents may be used



Gel Permeation (Size Exclusion)

Chromatography

Flow

Mixture

Partial

separation

Complete

separation

Gel Permeation Chromatography



MW
vol

Typical GPC trace

Amount of

polymer

eluted

xi

Mi








ii

ii

w

i

ii

n
Mx

Mx
M

x

Mx
M

2



Structure and Dynamics

• In order to provide a 
comprehensive
characterization of the 
dynamics of polymeric
materials one has to study
not only local motional
processes but the global
ones, too.

• With Photon Correlation
Spectroscopy (PCS), a 
broad time window from 10-7

to 105 sec can be probed. 



Characteristic Time and Length Scales

• The relationships between the 

macroscopic properties of 

macromolecules and their molecular

structure, dynamics as well as

supramolecular organization are

complex. 

– They involve enormous length and 

timescales from the molecular, via

mesoscopic to macroscopic dimensions

and from picoseconds to years

• These properties do not only depend:

– on the chemical nature of the repeat

units (monomers), but also

– on the manner how these monomers

are linked together by covalent bonds. 



Images adapted from http://www.er.doe.gov/bes/scale_of_things.html

Νανοκλίμακα (Nanoscale) 



The Origin of Light Scattering

• Occurs when the bound electron cloud in 
the material removes energy from the light 
beam, then re-emits the energy without 
otherwise altering it.

• 1869 – First quantitative experiments in by 
Tyndall (scattering of small particles in the 
air –Tyndall effect). 

• 1871 – Lord Rayleigh started a 
quantitative study and theory

– Basic idea: incident monochromatic linearly 
polarized light beam incident on a sample. 

Assume:

– No absorption

– Randomly oriented and positioned 
scatterers

– Independently scattering particles (dilute)

– Particles small compared to wavelength of 
light



The Origin of Light Scattering - Fluctuations



A test to determine multiple scattering: 
double c and see if the scattered light intensity doubles

Light Scattering



Experimental Setup

Laser

Nd-YAG

Nd-YAG Laser

λ = 532 nm

at 100 mW

beam diameter = 0,32 mm

Π1

Φ1

Κ2 Κ1

Photo 
Diode

Sample

Φ2
Π2

Ρ2

Ρ1

Θ

THRON EMI

Goniometer Control
RS-232C

Correlator



Experimental Setup

Correlator:

ALV 5000/E

288 channels

Time window 10-7 έως 105 sec

Photomultiplier Tube:

photocathode

anode

dynodes

For every 6-10 photons 1 e is emitted.

The dynode stage increases the number of
electrons.

Can Detect radiation of extremely low intensity.



Static and Dynamic Light Scattering

• The overall scattering intensity as detected by static light scattering

contains contributions from different particles (scatterers) or dynamic 

modes in the system. 

• These contributions can be separated by means of dynamic light 

scattering, supposed their time autocorrelation functions decay on 

different time scales. 

• Having the range of accessible scattering vectors (the so-called q-

window) and the time window defined, different things can be seen by 

light scattering in these windows, depending on experimental 

conditions.



Why Laser Light Scattering…

• The suitability of the technique is based on the fact that 

(i) the values of scattering vectors accessible by light scattering are 
on the order of the size of (bio)macromolecular chains, interchain
separation distances, etc., 

(ii) the range of relaxation times accessible by dynamic light 
scattering covers a substantial portion of (bio) macromolecular 
dynamics, and

(iii) absolute values of scattering intensities are thermodynamic 
quantities which enable at certain circumstances to calculate such 
important parameters as 

- (bio) macromolecule molecular weight or 

- the second virial coefficient in the virial expansion of osmotic pressure.



Static and Dynamic Light Scattering



Static and Dynamic Light Scattering



Light Scattering Pro and Cons

• Advantages

• Probes all motion

• Non-perturbing

• Fast

• Study complex systems

• Little sample needed

• Everything scatters

• High molar mass molecules 
scatter relatively good

• Apart from a clean sample no 
special conditions needed for a 
good experiment

• Disadvantages

• Everything scatters

• Cleaning a sample can be 

problematic

• as protein solutions often 

contain aggregates it is 

difficult to study single 

proteins.



Laser Light Scattering



Laser Light Scattering



Static Light Scattering





Static Light Scattering



Static Light Scattering



Chain Dimensions - Scattering Function

Kc

R M M

r
A c

W W

p



  

1 1 16

3 6 2
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where:

K - contrast factor

c - concentration of scattering species

Rθ - Rayleigh ratio (reduced intensity)

r - distance from scattering center to

detector.

I0 - incident wave intensity

A2 - 2nd virial coefficient
Rθ



Chain Dimensions
Generation of a Zimm Plot
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Chain Dimensions
Generation of a Zimm Plot
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Static Laser Light Scattering
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Dynamic light scattering experiment

• The scattered electric field time autocorrelation function measured in a 
dynamic light scattering experiment is proportional to the time autocorrelation 
function of the fluctuations in refractive index.

g(1)(t) = <δnif(q,0)δnif(q,t)>

q is the scattering vector:

• Correlation functions are Laplace transforms of the spectrum of relaxation 
time:
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Dynamic Light Scattering



and q is determined by the experimental geometry:

|ki|=|kf|=2πn/λ

q=2kisin(θ/2)=

=(4πn/λ)sin(θ/2)

where Γ=1/τ → Γ=q2D

D is the diffusion coefficient

G(τ)=1-e-Γt

Polarizer

Analyzer

ki,ωi

θ

ki

kf,ωf

q=ki-kf

PMT

Dynamic light scattering experiment



Dynamic Light Scattering Experiment



Intensity Autocorrelation
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dt)τ+t(I)t(I=)τ(G where τ is the relaxation time

A Time Correlation Function describes : the dynamic behavior of 

spontaneous fluctuations about the equilibrium state

Qualitatively, a Time Correlation Function Describes how long a

given property of the system persists until it is averaged out by the

microscopic motion of the molecules in the system.

Scattering Volume

Diffusion Volume

Time Correlation Function



What Determines the Correlation Time?

• Scatterers are diffusing – undergoing Brownian 

motion – with a mean square displacement 

given by <r2> = 6Dτc (Einstein)

• The correlation time τc is a measure of the time 

needed to diffuse a characteristic distance in 

solution

• this distance is defined by the wavelength of light, the 

scattering angle and the optical properties of the 

solvent –

– ranges from 40 to 400 nm in typical systems

• •Values of τc can range from 0.1 μs (in small 

proteins) to days (in glasses, gels).



Stokes-Einstein: Hydrodynamic Radius
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Dynamic light scattering experiment
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Polydispersity (Pd) From DLS



Kulicke et. al. (1997) Polymer 38, 1513 
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Calculated reciprocal scattering functions for 

solid spheres, ideal coils and rigid rods

• For large values of qRG the scattering function P has a 

significant dependence on molecular shape



Shape analysis: shape factor ρ= Rg/Rh
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Inferring conformational information from the relationship between 

molecular size (Rg) and molecular weight (Molar Mass)

Conformational information 





PGPR (E 476)



List of National Permissions





Dynamic Light Scattering
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Φασματομετρία μάζας  (ThermoFinnigan LCQ Advantage)

http://www.chemistry.uoc.gr/spergantis/



Vitamin E drink (Vitamin E content 10 mg/100 ml)

Commercial 
Vitamin E 
Emulsifier

“Super Emulsion” 
Vitamin E

By the use of Super Emulsion Vitamin E series a 
transparent drink containing vitamin E can be produced.  

Effect of Super Emulsion



Γαλάκτωμα - Emulsion

200 - 300 nm

High-Pressure 
Homogenization

Normal Emulsion

2000 nm

Emulsion is easily 
broken and 
aggregated

Μικκύλιο - Micelle

Super Emulsion

30 - 50 nm

Micelle

5 - 10 nm

High-stability

100 nm

Blue whiteMilky white ΔιαφανέςΗμιδιαφανές

Particle Size in the Liquid-Liquid Dispersion Model
(a key to the Stability and Deliverability of Vitamins)



The application of oil-soluble vitamins for water-
soluble foods, O/W emulsion technology is required. 
(It creates an emulsifier barrier that maintains the uniform nano-particle 
size of between 30 - 50 nanometers, increases stability and delivers the 
vitamin in a highly bioavailable form).

O/W 
emulsion 
is unstable

Super Emulsion Oil-Soluble Vitamin Agent 

Emulsifier

Oil-
soluble
vitamins

300 - 2000 nm

Large Size

Poor Stability

Development of 
Super Emulsion 
Technology

30 - 50 nm
Excellent Stability
Uniform Small Size
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