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Madame Curie, Nobel Prize
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Celebrate the achievements of
chemistry

« Improve public understanding of
chemistry

« Champion the role of chemistry in
addressing the critical challenges of
our society

— Food and nutrition
— Clean water
— Sustainable energy
— Climate change
« Broader outreach and engagement

 Get younger people more interested
in chemistry

Chemistry is the central,
useful and creative Earnest Rutherford, The
science : Ronald Breslow Structure of the Atom. 1911




THE AGES OF HUMAN KIND

Human Civilization has been marked by
several ages, which are all material
based:

- Stone Age

- Bronze Age
- Iron Age ( Steel. Aluminum)
- Polymer Age ( Carbon based materials)

- Age of Elements ( Lithium, Platinum, Tellurium,
Cadmium, Gallium, Indium, Silicon, Rare Earths, such as,
Lanthanum, Cerium, Neodymium and Ytterbium, Nuclear
Elements, such as, Uranium, etc)



CHEMISTRY CREATES MATTER THAT NEVER EXISTED (S
BEFORE eg. PLASTICS, DETERGENTS, DRUGS, e\«

INSECTICIDES, ETC. Rk

Creative

Designs structures
with new and
unique properties

Central
Underpins many other
scientific disciplines
Biology, geology,
material science

’
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Useful
Provides many materials
essential to everyday life,
knowledge to better
human, veternary and
plant care, better food,
environment
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Norethindrone ( Norlutin)

Figure 14. Norlutin, the first contraceptive pil
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RCCL Hennig Brandt of Hamburg

Years of Science

T (1630 -1710)

Discoverer of Phosphorous

The chemical reaction Brandt stumbled on was as
follows. Urine contains phosphates PO, as sodium
phosphate (i.e. with Na*), and various carbon-based
organics. Under strong heat the oxygens from the
phosphate react with carbon to produce carbon
monoxide CO, leaving elemental phosphorus P, which
comes off as a gas. Phosphorus condenses to a liquid
below about 280°C and then solidifies (to the white
phosphorus allotrope) below about 44°C (depending on
purity).

This same essential reaction is still used today (but with
mined phosphate ores, coke for carbon, and electric
furnaces).

The phosphorus Brandt's process yielded was far less
than it could have been. The salt part he discarded
contained most of the phosphate. He used about 5,500
litres of urine to produce just 120 grams of phosphorus.
If he had ground up the entire residue he could have
got 10 times or 100 times more (1 litre of adult human
urine contains about 1.4 g phosphorus).




Annalen der Physik und Chemie, 88(2), 253-
256 (1828)

Freidrich Wohler (1800 - 1882)




Chemistry creates its own
object. This creative
power, similar to that of
arts distinguishes it
fundamentally from the

other natural and
historical sciences

Marcellin Bertholet, 1860
(1827- 1907)




CHEMICAL REVOLUTION : UNDERSTANDING
CHEMICAL STRUCTURES

» The Theory of Chemical Structure

(1857-58)

» Structure of Benzene published in [ - aJ) .y Auguste Kekule
Bulletin de la Society Chimique de . = (1829 -1896)
Paris, 3(2), 98-110 (1865)

“If you want to become a
chemist, so Liebig told me,
when | worked in his
laboratory, you have to ruin
your health. Who does not
ruin his health by his
studies, now a days, will not
get anywhere in chemistry”




CHEMICAL REVOLUTION : UNDERSTANDING

CHEMICAL STRUCTURES

The Tetrahedral Nature of Carbon

( La Chimie dans l’espace, 1874 )

Jacobus van’t Hoff (1852-1911)
First Nobel Prize in 1901




“UNITED STATES PATENT OFFICE.

IEO H. BAEKELAND, OF YONKERS, NEW YORK.

METEOD OF MAKING INSOLUBLE PRODUCTS OF PHENOL AND FORMALDEHYDE

942,699, Bpectficntion of Letters Bateat.  Patented Dee. 7, 1909,
Ko Drawlag. © Application fled July 13, 1907, Berial No. 383,884,

it may concern:
Be it known that I, Leo IL DAEkeuarD,
en uf the United States, residing at
y Alarmony I Yok i
£ Westehest

new and useful |

s of Making In-
ts of Phenols
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" of, that is to suy, approximately cqual vol-
wines of commereial phenol or cresylic acid
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US Patent 942, 699, December 7,
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THE DAWN OF THE CHEMICAL INDUSTRY: “RaL

Celebrating Sixty

THE MANUFACTURE OF BAKELITE

> Baekland set out to discover a substitute
for Shellac, then wholly supplied by India
to the world

» In the process he made the first man
made material, heralding the age of
plastics, a discovery considered as
revolutionary

> Heat resistant and insulating

> Baekland named his new material
Novolak

> He founded a company called Bakelite
Corporation in 1910 to manufacture the
product




THE DAWN OF THE CHEMICAL INDUSTRY:
THE MANUFACTURE OF BAKELITE

Leo Baekland (1863-1944)

When asked why he chose to work in the
field of synthetic resins, he replied” to make
money”




SYNTHETIC POLYMERS
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« Plastics
Water bottles
Packaging materials |
Tote bag / luggage

L L tural Rice
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* Rubbers ( elastomers) p
Tires
Latex Gloves
Chewing gum

* Fibers
Fillings in Pillows
Apparels
Stockings



Natural Polymers

+ Collagen
+ Gelatin
« Keratin

 Silk
Wool




THE POLYMER MOLECULE OF LIFE : DNA
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What are Polymers?
Poly mers aremadeupofmany Mono mers

! | | | |
Marny Units One Unit
Small Molecules and Monomers:
HO COy O MacCl CeH ;04 CegHg CH,
Waler Carbon  Qxygen Sodium Sugar Shyrene Ethylens
Dioxicle Chiloride
I Q% [tuhhﬂ- salt) JQT) E ..!"
Macromolecules (Polymers):
£« Polyethylene
H 2 H: H:
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Length + Flexibility Make it Happen...

Short Molecules Long Molecules

* Can separate easily e Completely entangled
* Too short to entangle * Molecules do not easily move
« Behave independently independently

Bowl of Rice Bowl of Spaghetti
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Polypropylene for handles
Nylon 6,6 for bristles
Synthetic rubber for grip

Ox’s Bone for handles
Pig’s hair for bristles
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taamnmnnnt " NVIONS ARE ALSO FOUND IN MANY ARTICLES OF
EVERY DAY USE






HOW MANY MATERIALS CAN YOU FIND IN YOUR

When you jump, run and
play, your body weight can
put 3-6 times the force on
your feet. So you want your
shoe to absorb the shock

You want your shoe to last

You want your shoes to be
light on your feet

You want your shoes to be
flexible, assuming the
contours of your feet as you
walk, run, and bend

ATHLETIC SHOES ?

Achilles Notch

Typically a V-shaped cutout that can preveant
the achilles tendon from being irritated.

Heel Counter
Helps keep your

foot stable and
cups the heeal

Insole or Sockliner
A flexible plastic foam insert
that helps with shock absorption
and arch support

Toe Box

Part of the shoe's upper
that encases your toes
and forefoot

Midsole
A thick layer of shock absorbing
and supportive matenals.



Shoe laces are

made of polyester TONGUE
fibers Air or other gases trapped
inside polyisobutylene
rubber to provide shock
Nylon LACING absorption
fabric
| Ethylene vinyl acetate
copolymer
e <4 poly

Polyurethane or ethylene
Vinyl acetate copolymers in
the form of foam which are
flexible, provide cushioning
and light weight

Other materials : Silicone rubber ( foot bed),
sulfochlorinated Polyethylene ( toe drag) \I Styrene butadiene rubber




Synthetic Polymers
Poly (ethylene terephthalate) {PET}

— Soda bottles, laundry detergent containers

High Density Polyethylene {HDPE}
— Milk jugs, shampoo bottles, landfill liners

Poly (Vinyl Chloride) {PVC}

— Shower curtains, siding, piping

Low Density Polyethylene {LDPE}

— Garbage bags, tape, disposable diapers
Polypropylene {PF}

— Chip and cookie bags, tupperware
Polystyrene {PS}

— Packing foam, disposable cups



TANGRAM
TECHNOLOGY

Consulting
Engineers

The Periodic Table of the alaments by

Y no
chemistry and enabled chemists to sae the relatanSth between structure and
Tangram Technology

Palymers aiss have a strang relntlonshln between structure and properties and this
“Perindic Table of Polymars’ is a ﬂrst attempt to provide a simple codification of the
basic polymer types and structura

N -
e Periodic Table of Thermoplastics

j Commodity

Random molecular-“
orientation in both
molten and solid
phases.

PVC-P

Plasticised

Paly-
General vinylehloride
Characteristics
Soften gradually.
Genetally transparent,

e e et PVC-U CA CAB CAP CP
Lower Density. u i Cellul Cellul Cellul Cellulose

Low Creep Resistance. Poly- Acetate Acetate Acetate Propicnate
High Di i | Butyrate Propicnate
Seability.
Low fatigue / . " e
Egsy to bond using

e PVC-U

PVC-UX || PVC-C

Crosslinked Chlcrinated
PVC

Amorphous

Random molecular
orientation in
malten phase,

densely packed

crystallites in solid
phase.

PEK PEEK
Poly- Polystherethe
eMeq‘?gm yketam !

L <

PFA ECTFE | PCTFE | PTFE
Perfluoroalkoxy Ethylene- Polychloro- || Poly-tetrafluor-
chlorotrifluoro- triflucro- ethylens

ethylene ethylene

7

General
Characteristics
Sharp melting point.
Generally translucent
or opague.

Higher Tensile
Strength and Tensile
Madulus

Higher Density.

High Creep Resistance.
Low Dimensional
Stability.

High Fatigue
reslstance,

FEP ETFE PVDF
Fluorinated Ethylene- Paly-
athylene- tetrafluoro- vinylidene-
propylene athylens fluoride

Difficult to bord usin
adhesives and solvents
{low surface energy).
—
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This table is for comparison only and no responsioiity can be taken for the accuracy or the use of the information contalned herein. Copyright: Tangram Technology Ltd. (www.tangram.co.uk). The table may be freety reproduced for non-profit purposes provided full acknowledgement of the copyright is given. Comments and suggestions for Improvement are walcome.
Reduced Version. 1ssue 2: February 2008




