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WHAT IS GREEN CHEMISTRY?

Green chemistry is the designof chemical products and processes to reduce or 
eliminate the generation and use of hazardous substances.

Anastas, P. T., Warner, J. C. (2000). 
Green chemistry: Theory and Practice. 
New York; Oxford University Press. 



THE CHEMICAL DESIGN PROCESS

Ultimately determining the characteristics of the waste stream, energy 
requirements, and the toxicity of the entire process.

DECISION MAKING

Type of resources

ÅWhat materials (feedstocks, 
additives) are needed?

ÅAre the materials readily 
available?

ÅHow much material is 
needed?

Manufacturing process

ÅWhat technology is needed?

ÅWhat is the scale of the 
experiment?



TRADITIONAL DESIGN CRITERIA

Ç Solubility

Ç Melting Point

Ç Glass transition temperature

Ç Mechanical Properties (Tensile 
Strength, Modulus, Elongation)

Ç Refractive Index

Ç Surface Tension
Image: HP



ÅSolubility

ÅMelting Point

ÅGlass transition temperature

ÅMechanical Properties (Tensile 
Strength, Modulus, Elongation)

ÅRefractive Index

ÅSurface Tension

ÅToxicity

ÅEnvironmental Impact

!ǎ ȅƻǳ Ŏŀƴ ǎŜŜΣ DǊŜŜƴ /ƘŜƳƛǎǘǊȅΩǎ ǾƛŜǿ ƻƴ ǘƘŜ 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ǇǊƻŘǳŎǘǎ ƛǎƴΩǘ ŦŀǊ ŦǊƻƳ 
ǿƘŀǘΩǎ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ ǇǊŀŎǘƛŎŜŘΦ LǘΩǎ ǎƛƳǇƭȅ 
thinking of the toxicological effects at the 
inception of product development that makes 
it a powerful tool. 

GREEN CHEMISTRY INSPIRED 
DESIGN CRITERIA

Image: Philips



FOCUS ON CHEMICAL DESIGN

The moment chemists 
begin to design, they are 
making choices about the 
health and environmental 
impacts of their product:

ÅDesign is intentional.
ÅAll characteristics, including 

performance and toxicity, 
can be designed.

Image source: ChemDoodleWeb Components



POTENTIAL BENEFITS VERSES 
INVESTMENTS

optimize the existing 
solution 

(incrementalism)

re-engineer the 
system

re-define the 
problem
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investments (i.e., time, money, resources, energy)

As the investments increase, so do the benefits. The largest benefit is when 
the company re-defines the problem and finds a novel solution. 

LǘΩǎ ƴƻǘ Ƨǳǎǘ Ƙƻǿ ȅƻǳ ŘŜǎƛƎƴΣ ōǳǘ ǿƘŀǘ ȅƻǳ ŘŜǎƛƎƴΦ



EXAMPLE: MAUVE

Once upon a time, color was for the rich. Dyes had 
to be painstakingly derived from plants or animals; 
quality was uneven and rich hues like purple were 
reserved for royalty.

That all changed in 1856, when 18-year-old 
chemistry student William Perkin discovered a vivid 
purple that could be used to dye silk and other 
fabrics.

In tribute to the Parisian fashion world, he named 
the first synthetic dye after the French name of a 
purple plant: mauve. Image: Wikimedia Commons, Purple dye-bath 

with fresh Hexaplextrunculus, Author: Kanold



Perkin's mauve was soon followed by 
Verguin'sfuchine, Manchester brown, 
Martiusyellow, Nicholson's blue, 
Hofmann's violets, and a synthetic 
rainbow of other hues. 

The market for natural dyes collapsed.

By the time Perkin tried to file the 
patent for his third dye, BASF beat him 
by one day.Image: Wikimedia Commons, Dyed Wool Reels, Author: CSIRO

EXAMPLE: MAUVE



COMMODITIZATION

Soon everyone knew how to make 
synthetic dyes.

Lǘ ŘƛŘƴΩǘ ƳŀƪŜ ŀƴȅ ŘƛŦŦŜǊŜƴŎŜ 
whether you bought them from 
Perkin, or Nicholson or Hoffman. 

Lǘ ŘƛŘƴΩǘ ƳŀƪŜ ŀƴȅ ŘƛŦŦŜǊŜƴŎŜ ƛŦ ȅƻǳ 
bought them in the U.K., or 
Germany, or the U.S.

Dyes became commodities.

Lǘ ǿŀǎƴΩǘ ŜƴƻǳƎƘ ǘƻ ǎƛƳǇƭȅ ƳŀƪŜ 
mauve more efficiently.

Image: Wikimedia Commons, Pigments for sale on market stall, Goa, 
India. Author: Dan Brady



1856 - New colors

Mid 20th Century - Fade 
resistance dyes

1956 - Reactive dyes (for 
textiles)

1970s - Thermochromicdyes
Image: Wikimedia Commons, Thermochromismin clothing, Author:
Piercetheorganist

DYE INNOVATION OVER TIME



Innovation inspired by a butterfly which, as blue as it seems, 
ŘƻŜǎƴΩǘ ƘŀǾŜ ŀƴ ƻǳƴŎŜ ƻŦ ŘȅŜΦ

Image: Harvard Radcliff Institute,  NISE Network, and  The  
MirasolEffect

CURRENT INNOVATIONS IN COLOR: 
COLOR WITHOUT CHEMICALS



Teijin Limited of Japan

Morphotex Fibers

ωNo dyes or pigments

ωColor based on varying thickness and structure 
of fibers

ωReduced energy consumption and chemical 
release by eliminating dye processes

Image: Professor Greg Parker

CURRENT INNOVATIONS IN COLOR: 
COLOR WITHOUT CHEMICALS



Defense and aerospace
ÅAdhesives
ÅCoatings
ÅCorrosion, inhibitors

Automotive
ÅSolvents
ÅPolymers
ÅFuels

Household cleaners
ÅSurfactants
ÅFragrances
ÅDyes

Cosmetics
ÅBuilders
ÅChelating agents
ÅDyes

Agriculture
ÅPesticides
ÅFungicides
ÅFertilizers

Electronics
ÅSolder
ÅHousings
ÅDisplays

Pharmaceuticals

GREEN CHEMISTRY ACROSS 
INDUSTRIAL SECTORS



ElectronicsClothing

Home and Garden

MedicineEntertainment

Building 
materials

Cleaning 
products

Food products

Jewelry

And more!

GREEN CHEMISTRY INNOVATION IN 
OTHER FIELDS



HEADLINES


